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1 SUCCINATE AND MALONATE SALT OF
TRANS-4-((1R,3S)-6-CHLORO-3-
PHENYLINDAN-1-YL)-1,2,2-TRIMETHYLPIPERAZINE AND THE USE
AS A MEDICAMENT 5 The present invention relates to
4-((IR,3S)-6-chloro-3-phenylindan4-yl)-1,2,2- trimethylpiperazine, in
particular the hydrogen succinate aid the hydrogen malonate salts
thereof, methods for the preparation
of4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2- trimethylpiperazin and
$ecalts Ansr e DGR ATt SKEOMPB SRS SOt AN AKY-(hERH OS-H

i h includi , t [ [ r
S I R A R e 158
INZBNTAGINN'HEe compound, which is the subject of the present invention
[4-((1R,3S)-6-chloro- 15 3-phenylindan-1-yl)-1,2,2-trimethylpiperazine)
has the general formula (1): CH Cl m and is described generically in EP
638 DESIEP G380 78 e eré-d dkdapothies pbmaiadsn-1-y))-1.2,2-
%ﬁﬁ&h&(ﬂqﬂ@ﬁ%ﬁ?@ Eﬂﬁkﬁ@é’ﬁ%&?&%&gﬁ ng&il?q% e A %@Q{Qﬁeﬁﬁﬁﬁiﬂﬁ@ Gt
the piperazine ring. The compounds are described as having high affinit
fhetsapanithedpioa Bﬂe?é@@ﬁfb%ﬂaﬂéf%ﬁéﬁsﬁﬂhﬂsmé%abwg%afﬁ g/h-1.2.2-
SHAReSIREh bR daehdlsiok eaipigntahsevetl ciseRsER 8 LAY @ese salts
nervous system, including schizophrenia. EP 638 073 does not disclose
2 S BB REHC EMHER IRV EOIRRGETRE ST RS only
trangdsgnpershnitheferomef racemates are described. 25 2 The
enantiomer of formula (I) above has been described by Bogeso et al. in J.

Med. Chem.,
BACKGROUND OF THE INVENTION

The compound, which is the subject of the present invention [4-((/R, 35)-6-chloro-
3-phenyiindan-1-yi}-1,2,2-trimethylpiperazine] has the general formula ().

@
and 1s described generically in EP 638 073,

EP 638 (73 covers a group of frans isomers of 3-aryl-1-(1-piperazinyl)indanes substituted in
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 to be
useful for treatment of several diseases in the central nervous system, including
schizophrenia. EP 638 073 does not disclose the specific enantiomeric form of the above

compound of formula (1), only #rans isomers in the form of racemates are described.



16

13

25

1995, 38, page 4380-4392, in the form of the fumarate salt, see table 5,
compound (-)-38. This publication concludes that the (-)-enantiomers of
compound 38 is a potent D,/D, antagonists showing some D, selectivity in
vitro while in vivo it is equipotent as D, and D2 5 antagonist. The
compound is also described as a potent 5-HT2 antagonist and as having
high affinity for a, adrenoceptors. I€is also mentioned that the compound

es_not induce .catale in rats..The corre nding r. ] |
O O
HeXTriSeraby KRRILSPL, Bodedorin e Dhadusharain galtheeMedicinedraivendistryys.

%{Js‘%'ﬁiﬁr%ﬁ%i{k%&cﬂﬁé‘s%{‘ﬂé@-ﬁ-@l%t%%@}éaQ&&H}Bﬁﬂ&'@@_'is& 98ni$BN,
87-88085-10-4 (cf e.g. compound 69 in table 3, p47 and in table 9A, plOl).

TSRS SRAIHBLIRNS DioTHsai () 1 EirRiREH DY DY b is §BHRSBas [y ppd D.
antaganistrandditbadias alsadinity faracadrenpgerioisods: e felawingnisn
is outlined the possible linkage between different diseases and the
dEpEmiTEcD 2dfRPEsP e Apot S e TS et B e fifgspot induce
agranacaentars, 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
proyidedsadhitor etica framenid He for tmdesstandirighthabielagipaind of formula

;@f&h nisms %9%”%&?%; ig disordern its;simple tefgggafctgﬁ doRamine,r1.
pothesis states tha schlzopﬁrenla IS a%somatg with a
HyperdopairiherdiodrtendRebtioh Goniphuisds Ui 58RddBY dhe Fatt-Tidat i c.o

%%%%%Q%@%@{Méfgﬁgnm%%gggg%ﬁﬁgrt some dopamine D2

receptor antagonism 25 (Seeman Science and Medicine 1995, 2, 28-37).
However, whereas it is generally accepted that antagonism of dopamine

D2 receptorzinthelimhiaiegions afdherbrainplaynakays rate, ddhigist and it
treatment of positive symptoms of schizophrenia, the blockade of D2
rBEEH e Rl HEGTORE B I BrafR oTrioe ds s arra s Rl HB6RSs
(B s Haseriieddn bR 838 cp7direarofita of rebxethdopamine, dEp2ors and
receptor, inhibition has been observed with some so- called "atypical”

s SR B BTREE W particular with clozapine, used in treatment of
30

The aetiology of schizophrenia is not known, but the dopamine hypothesis of schizophrenia
(Carlsson, Am. J. Psychiairy 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
(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-
called "atypical" antipsychotic compounds, in particular with clozapine, used in treatment of

schizophrenic patients.
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schizophrenic patients. 3 Central a, antagonistic actions has also been
suggested to contribute in improving antipsychotic properties (Millan et al,
JPET, 2000, 292, 38-53). Further, selective D, antagonists have been
connected to treatment of sleep disorders and 5 alcohol abuse (D.N.Eder,
Current Opinion in Investigational Drugs, 2002 3(2):284-288). Dopamine
may also play an important role in tRe etiology of affective disorders (P.

illner, Brain. Res. Rev. 1983, 6, 211-224, 225-236 and 237-246;.J.
e A A T R o
conmpthets Prapimgeafiidityfer &, FAE Teo¥Btote?, iddpiticular 5-HT,
receptors antagonists, have been suggested for treatment of different
diseases, such as schizophrenia including the negative symptoms in
Semibopbrispic pRiiaHegodepressibeeo anxeticble tpaiistrbanie, divgramend
AltReKS A0 pEWAleRtieyRdYCced: PRGNSO SR DA 151 2. 808P 85 28 4-289).
antagonism has also been suggested to reduce the incidence of
extrapyramidal side effects induced by classical neuroleptics (Balsara or
abhoPauERapRaERaACA! 8 Y ABn 63104189 RN BESGRITRHON @Fwillner,
THE DRAWINGS 20 Figure 1: Shows an X-ra wder diffractogram of
R SRR T At O Ty BB SO BF o Poutid 1517
(o¥tained using copper Ka, radiation (2,=1.5406 A)) Figure 2: Shows an
X-ray powder diffractogram of the crystalline form beta of the hydrogen
succinate salt of Compound | (obtained using copper Ida, radiation (2
118 BROBSA))3 263Riguirel 3o8howscandX irayngasfioery diffrattdgranspiofthe particular
@g{ﬂq%& Qﬁ&eﬁoﬁ&%&%’ﬂ%&? tl,s@cp fg}%%ghﬂgﬂ%gfceﬂﬁgl%ﬁé %Eases, such as

radiation (2 1.5406 A)). 4 DETAILED DESCRIPTION OF THE
|RPENTION including the negative symptoms in schizophrenic patients, depression,

anxiety, sleep disturbance, migraine atfacks and neuroleptic-induced parkinsonism. 5-HT,
receptor anfagonism has also been suggested to reduce the incidence of extrapyramidal side
effects induced by classical newroleptics (Balsara et al. Psychopharmacology 1979, 62, 67-
69).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 11 Shows an X-ray powder diffractogram of the crystalline form aipha of the
hydrogen succinate salt of Compound { (obtained using copper K, radiation
(A=1.5406 A))

Figure 2: Shows an X-ray powder diffractogram of the crystalline form beta of the hydrogen
succinate salt of Compound I (obtained using copper K, 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 (2=1.5406 A)).
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Salts of the invention It has now been found that the agueous solubility of
the hydrogen succinate salt and of the 5 hydrogen malonate salt of the
compound of formula (1) is considerably larger than the aqueous
solubility of the corresponding fumarate salt. As used herein the term
"hydrogen succinate" salt of the compound of formula (I) refers to the 1:1
salt of the compound of formula (1) @nd succinic acid. 10 As used herein
erm.” 0 ) he co und of formula (1) refers
@ﬁéﬁﬁggﬁkﬁgﬂﬁﬁéﬁnﬁﬁ%ﬁﬂi% d malonic acid. The
hydrogen succinate salt was found to be more stable than the fumarate
%%a‘g%‘tlhan the. 15 hydrogen malonate salt and to be non-hygroscopic.

y rc‘))'gneﬁrlle?ngﬁlclmate salt of Compound | was found to have a stability

Sirhilendo tren famdrtate baltanien ekprsetiiightwebmoreisaahighiinf the
sxansel 108058000, relative, AURIGRY MR AU 1653 SRR 1138 NG: e

fumarate salt at 90C. 90C is however a very 20 stressed condition, and
deepotesbssef e ersredehittaattnethal 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
HEhFRPEISELT [t WitH S0 UGty SHFGPEPHESTRATIRR G dERde (1) refers to
fanourahledissebitiprupicpestiasiald Thesirvantianalso covers crystalline
salts of the invention, including, e.g. anhydrates hydrates, and solvates of
the salts of the invention. By the teen anhydrate is meant the salts of the
idsento heantainiagitvdrystalhdumdel stk By hydiateslisifeantatlie refers to

s.%lcts1 _(ffsthe0 figl\éecrc‘)triﬁ)n gx?dqt?g@?xﬁrﬁta:! dbrga, n% é"%ﬁr molecules. Hydrates
are u'suaaﬁty prepareaoby formation of the Saltin presence of some water.
By solvates is meant the salts of the 30 invention containing crystal bound

%%?ﬁéd%&éﬁ%ﬁk%&a%%@%&% A3 ALY BEE RARRT N, A MANORE NG than the

succ salt in presence of the solvent. The solvent molecules in a
sihgressn seaiamaarndl/ e sfiemebhiwesstisore different solvents. A
solvate may comprise water as

The hydrogen malonate salt of Compound I was found to have a stability similar to the
furmarate salt when exposed to light and more stable when exposed to 60°C/80% relative
humidity (REL, but less stable than the fumarate salt at 90°C. 90°C is however a very
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 1s raised fo 95%,
but with no hysterhesis. It is therefore considered as non-hygroscopie, but with good weiting

properties, which indicates favourable dissolution properties.

The invention also covers crystalline salts of the invention, including, ¢.g. anhydrates
hydrates, and solvates of the salts of the invention. By the term aphydrate is meant the salts
of the invention containing no crystal bound water. By hydrates is meant the salts of the
inveniion containing crysial bound water molecules. Hydrates are usually preparved by
formation of the salt in presence of some water. By solvates is meant the salts of the
invention containing crystal bound solvent molecules. Solvates are usnally prepared by

formation of the succinate salf in presence of the solvent. The solvent molecules in a single
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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
trans-4-((IR,3S)-6-Chloro-3- 5 phenylnidan-1-yl)-1,2,2-trhnethylpiperazine,
i.e. of the compound of formula (1), and succinic acid in the form of a
crystalline anhydrate. The inventors have discovered 2 crystalline forms of
the hydrogen succinate salt of Condpound | (named alpha and beta). 10
Thus, one emhodiment relates to g crystalline form of the hydrogen
SECBIR S SSIP PP BB GhEr B TOINY R atnbVAIp FEapRpprise water as
chardcterizatddy @penirsorosefi t) anyeRay-powderdiffractogram as
shown in Figure 1; (ii) an X-Ray powder diffractogram pattern as
illustrated in Table | obtained using copper 15 I., radiation Q,=1.5406 A)
Whictnshdwsmhaiithp eaksraditha28-aries igiab o (Hiyhaving mHBSEloro-3-
ifferenti [ lerimetry) trac ich shows an endotherm with
R T R RE R e Whe o Rl e
yerogenidieSindmemsal ofneetpomadaghich 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 pattern as
iiltis triEEems eapIdceBtEh e SusmbnedpmeT ofdhe Padragensuesas g A
whighoshewsmainaeaksabing. 28-angles given; (iii) having a DSC trace
which shows an endotherm with onset 135-138C. A further embodiment
relates to a crystalline hydrogen malonate salt of Compound | 25

charaeterizashtiynemna assase af(hlian X-Roy poveer-difr aldgiagas s

shown in Figure 3: (i) an X-Ray, powder diffractogram pattern as
R I ESBhe BLTAG (A Epralr Haehabathg S Taiot

vihicmshdws mairpéfks aithe 20mngles Hiven.130 Table 1.

S R s RS i one
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hydr8gendsetoiiatd SdRtok) which shows main peaks at the 20-angles given;
(iil) having a DSC (Differential Scanning Calorimetry) trace which shows an endotherm

with onset 139-141°C,

A further embodiment relates to a crystaliine form of the hydrogen succinate salt of

Compound I, which form is named beta and characterized by one or more of:

(1) an X-Ray powder diffractogram as shown in Figure 2;

(i) an X-Ray powder diffractogram pattern as illustrated i Table I obtained using copper
K, radiation (A=1.5406 A) which shows main peaks at the 26-angles given,

(iil) having a DSC trace which shows an endotherm with onset 135-138°C.

A further embodiment relates fo a crystalline hydrogen malonate sait of Compound I

characterized by one or more of:

(i) anX-Ray powder diffractogram as shown in Figure 3;

(i) an X-Ray powder diffractogram pattern as illustrated in Table I obtained using copper
K, radiation (3=1.5406 A) which shows main peaks at the 26-angles given.

Table 1. Characteristic X-Ray powder diffractograms obtained using copper X, radiation
{(2=1.5406 A) of the crystal forms alpha and beta of the hydrogen succinate salt of
Compound I, and of the erystalline hydrogen malonate salt of Compound L. Fig; cf. also Fig.
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Compound I, and of the crystalline hydrogen malonate salt of Compound

I. Fig; cf. also Fig. 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 29)

Succinate alpha 9.36; 10.23; 11.814 13.45; 16.21; 16.57; 17.49; 18.89;
20 1963 L 20.01; 20.30; 21.15; 21.53; 21.93; 234 2437 25.34;

e 5

ﬁf‘f%?fé*:f%?f’? pa é&%@%"%&%ﬁ%ﬁ“-E‘ﬁ%*%f%ef%s

g .
Kvigﬁ)afiv é%t{? 'Ifz%%@f%r}af@gf%ﬁff ﬁ;ﬁ,ﬁg‘ %gj éé %93@({%5?%; fsaf.éjj; 25
Igl o af@sﬁfn )17 5

i

AL PRERdINg £ G- Q0 %1?&%%&5‘1&%19 %%%gq %@@ﬁ&ﬂ@%@ﬁﬁmmﬁ I

influencing ggals positions and peak intensities. The invention also

reiatesscrly e $oliHenydraervalse diiEte aB b OB PolheHs (Whidhserrd Balt
naistmainhaf the 11 aS:SamMatad: i RetofhamQtintelhom

salt. In one embodiment, the term "mainly” means that the solid hydrogen

SUPEHR K AIPBRCO ST b o AT HPa eSSy BOY IS Gt ipn paie™

8Q%et-atilBask 0% pairet laasi3536rerystalinaBiphal-fasmms b upaIEdas
the toé al ydrogen succinate sq)} of Compound | present. The invention
ST TRRHEE TS 8 SHhid Ry APITER SUReikAte salt of Compound | which solid.

S@enel -ally, 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 mainty 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 sali 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 mainty of the beta form as compared o the total amount of the salt. In one
embodiment, the term “mainly” means that the solid hydrogen succinate salt of Compound 1
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. 2 mixture of the alpha and beta crystalline form of the hydrogen

succinate salt of Compound L.
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20 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 | 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 | present. The invention
also relates to any mixtures of the cfystalline forms of the hydrogen
succinate 25 salt of the invention, e.g. a mixture of the alpha and beta
crystalline fomi of the hydrogen succinate salt of Compound I. 7
Ffi;(lgeo%;%g[gg é)tf tmaes gﬁ\slts %{gq%j%\ﬁe?rﬁtion The succinate salt according to
the mvention may be obtained by treatment of the free base of a

cormReuad.effarmula:tl) Wit SHceiiG-agld i andnert ﬁ#t}l&%@%@ %yl\{éﬁg AN Base

precipitation, isolation and optionally recrystallization. It desired,

ch st enichfayiiete AfiBrHecBubpseian 36 HUd rohTsatiGHBYedet or dry
nating: L ANQINSS GOMERIE RIPLR SR O PieRaralienaf Rarticlesfromiamay

solvent-emulsification process. Precipitation of the succinate salt of the
inVERHEH 7 Prafstably TAREHBIPEY diesudmgiiensacniy prpmient process,

cerppeundof fopamitaL irdha stitallesaMani:istghoagacetone or toluene,
10 and thereafter mixing this solution to a suspension or solution of

shceipiciacichiriba suitable sgohfshe, isuahiasiapetndacqueelismbegidin®ioimg the

t%Jrgee Qa?s‘e Icpf H{é%c%r{‘ ggzgdnc}F E)%pu aﬂ@gtsh%%}ggo \lfjeﬁ%, Qs%%(u: aeg:t %Qé%o%ggr toluene,
water, e.g. a m_|x_tLPre consisting essentially of acetone and about 2% to
10% sreférablycaisolis Sobramtér asaseam icsoleighodbthamgistifar Thiatable

regLingdssHSPERSINR MAKRE Deated Pt selvent mav.he added watiéawfkm isa

succinic acid has dissolved. The 15 succinate salt of the compound of the
ifVETIS R S5steRa sRAEHCh Rfe PABIB CAE B G it s ofuseRna g about 2%

sucemnatersaitel thednventionMay.@pHenal:ke: ey salisrdORe B Iting
more times and isolated by filtration, washed, e.g. with acetone, an

d
o SRS TG AT GRRiefS B s moa ARl e prenin ARG g ved: The
crystainesiietd feranapdted bydrogemtucainatesali-af fempaundol vdbiaty of
mt%ghso comprises leaving, an aqueous 20 solution of nydrogen SHCGNAle, more
sa O? ompounc‘ﬁ %OI’ Slow evaporaeflon (0] e gO ven¥a
times and isolated by filiration, washed, e.g. with acetone, and dried.

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

ambient condifions.

The malonate salt may be obtained using analogous procedures. Accordingly, 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
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 () in a suitable solvent, e.g. 2-propanol, and thereafter

mixing this solution to a suspension or solution of malonic acid i a suitable solvent, e.g. 2-
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ambient conditions. The malonate salt may be obtained using analogous
procedures. Accordingly, the malonate salt according to the invention
may be obtained by treatment of the free base of a compound of formula
() with malonic and 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 pregaration. of particles from a

SRR L MR SHREAHOPT prBE 88 8e1re Sifittibm B eHtatiAdns dafobichd he malonate
IRYERHEN: &ﬁ&ﬁﬂ@@ﬁl@&_{iﬂ&ﬁi&yﬁﬁﬁﬁjﬁ%ﬂﬂﬁgﬂﬁﬁ 8o e solution.
c&npo#nd of%imﬁulalig%m a suitable solvent, e.g. 2-propanol, and .
thErSRREPED Fihaht THis BORRBR S S S e s PUB AT 8F Mffofiees and
astflardbsiitablesoludrt, e.g.i? Bppropahahd fie=:suspension may be

heated until all malonic acid has dissolved. The malonate salt of the

cBrapoatihopiitkeicnmpoordmidomitate ) preferably upon cooling of the
solution. The malonate salt of the invention may optionally be

rel Yy SRAISEEF G BRI fAte S iR P scnae Bepysarretissnalivddn ERySRS 073,

2:praRaneksand:drietia Preparasion of thecempouns af forxuigedlh Jeptical
compound. of formula (1) in racemic form may be prepared as described in

E°BE U7, T TS RGBT PRASEBERTS R0 o5 ghisEagRor
43R0:4392:1it s Heseribe d hanmptieshseselsdioniofinr pcemic

compound may be accomplished by crystallisation of diastereomeric salts
thErepyesbtainiugpthbapnaetidaveoptdommular ¢HedlOThe! pyeters imvenitr she
heE g CeBlaneel . RIRE UG BB IAESIR LML crantiomeic
enantiomer of formula (I) I1s obtained via a synthetic sequente starting
frewreharstienmeden i (s Pé)-estipouhgbenylindan-1-ol, see below). Thus, in this

Varis,3%) Grghloas phenvlindanl:okisee 4.3@'934\/

. . v | OWniT At l(!ﬁrcjl@gzm)igraphy or
process, the intermediate of formula V is resolved, e.g. by chiral

CRTGIRAGHT AP Br8iyy fatiay” 16 Bhtat the ehaRfoT o formbtala/g obtain
This aewsoute obayathasis iaablain Lthe.compauasbof fasmslad|}dsstallisation
m{géip more effi,cierit thﬁ%t e gﬁt))ove r{}:ﬁtione%%@%allis tion, of .
diXSTEFAERIBIESEHE 8f e MRaoroGLe s R ariHe Sidhd SfeRion
resbhutionlis higher in this new method (45% relative to the amount of racemic starting
material, i.e. maximum theoretical vield is 50%) as compared to the yield (22% relative to
the amount of racemic starting material, i.e. maximum theorstical vield 1s 50%) for the
resolution of the final product I by crystallisation of diastereomeric salts. Another advantage
of this invention is that the enantiomeric purity of (1) is higher (higher than 99%ee) when
synthesised according 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 2 much more efficient synthesis, as only the right enantiomer is used in

the subsequent steps, giving e.g. higher volume yields and less consumption of reagents.
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substantially higher in this new method (45% relative to the amount of
racemic starting material, i.e. maximum theoretical yield is 50%) as
compared to the yield (22% relative to the amount of racemic starting
material, i.e. maximum theoretical yield is 50%) for the 20 resolution of the
final product | by crystallisation of diastereomeric salts, Another advantage
of this invention is that the enantionferic purity of (1) is higher (higher than
99%ee) when synthesised according to the inventjon as compared to the
SHENE G T L LORME AL BTSSR B RERPEANE {FE G5By O Ivine the
Feitthernmerpsthe resolution of an intermediate instead of the final product
gives a much more efficient synthesis, as only the right enantiome;qiﬁ
used in 25 the subsequent steps, giving e.g. higher v&lume ields and legs
capsum ption %geagents. 9 i/Accordingly, the enantiomenr0 5

hé obtgined by a progéssinvoliigthe Bffotving step

i , SUlladoTy
potassium tert-butoxide (t-BuOK) in a suitable solvent such as di @l
ether (DME), further reaction with methyl ehloro acetate (MCA) leagis'to (D)
spontaneous ring closure and one pot formation of the compound of

f ide N Teh 19. f e . it . QI itany
A A e e R A
riasraref tatdticcatle (StnsHurie asididmdsalseat saviopstAisreiattegther (DME),

decathoxation RY-Nerling the LOmP R 9LIQIMYIE, (b @ Stiailure and

solvent, such as toluene with triethyl amine or N-methyl pyrrolidone, to

oML CORIHORQ Shempmmaard of IMEngs® o

The compound of formula (II) is then subjected to acidic hydrolysis to form a compound of
formula (TII), suitably by heating in a mixture of acetic acid, sulphuric acid and water, and
thereafter decarboxylation by heating the compound of formula (IT) in a suitable solvent,

such as toluene with triethy] amine or N-methyl pyrrolidone, to form a compound of

formula (IV).
0 O
Ci Cl s
o [
COOH —3
<O
(XD (V)

(-

Cl

The compound of formula (IV) is then reduced, suitably with NaBH, in a solvent such as an
alcohol, e.g. ethanol or iso-propanol, and preferably at a ternperature in the range of —30° to
+30°C, e.g. below 30 °C, below 20 °C, below 10 °C, or preferably below 5 °C, o form a

compound of formula (V) with cis configuration:



CI COON > 30 H20 (Il) (M) (W) 15 The compound. of formula (IV) is then
reduced, suitably with NaBH4 in a solvent such as an alcohol, e.g.

ethanol or iso-propanol, and preferably at a temperature in the range of-30
to +30C, e.g. below 30 C, below 20 C, below 10 C, or preferably below 5 -
C, to form a compound of formula (V) with cis configuration: 10 OH CI M
The compound of formula (V) is res@lved to achieve the desired
enantiomer (frmula Va), i.e. also with cis configuration
(Q§,3S)-6-chl%-3-phenylindan-|-ol): 5 OH CI (Va) The resolution of (V)
to (V) v g., be performed using chiral chromatography, preferably

dimethylpheny
for the chiral
ether, or an allcaneypr mixtures thereof, suitably ethanol, methanol,
iso-propanol, acetonitrile, or methyl tert-butyl ether or mixtures thereof
p%%?é’%ﬂ?}?%%ﬁ‘% GvReig ﬁ?il"ee.df‘héc s RS SR SR SRR Ve
1% béssedlrditponsingsoitdlile I8choblogicspiegyisitam ateltt moving bead
technology (SMB). Alternatively, the compound of formula (V) is resolved
to achieve Compound V a by enzymatic resolution. It has been found that

5 enantiomerically pure Compound Va, or

O

The resolution of (V) to (Va) may, 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-
dimethylphenyicarbamate) coated on silicagel. A suitable solvent is used for the chiral liquid
chromatography, such as, e.g. an alcohol, a niirile, an ether, or an alkane, or mixtures
thereof, suitably ethanol, methanol, iso-propanol, acetonitriie, or methy! tert-butyl ether or
mixtures thereof, preferably methanol or acetonitrile. The chiral iguid 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 thereof, may be prepared by enzyimatic enantioselective acylation of the
20 hydroxyl group in racemic Compound V to obtain Compound Va or an acylated derivative
thereof with high optical purity. Altematively, enantiomerically pure Compound Va may

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



acylated derivatives thereof, may be prepared by enzymatic
enantioselective acylation of the 20 hydroxyl group in racemic Compound
V to obtain Compound Va or an acylated derivative thereof with high
opdicalspusity. Alternatively, enantiomeri.cally pure Compound V a may
also be obtained by a process comprising converting racemic Compound
V to a WO 2005/016900 11 corresponding ester in the hydroxyl position
followed by an enzymatic enantioselective deacylation. Use of enzymatic

SRARROBHREAYE de Ay MM RSB pBrRY 5t BRE o pRinTaECEve
AesonginglysERE desohtio Brafi{oeRpaune-M iR leamRaHat MR MRAY RS ther
performed by selective enzymatic acylation. Selective enzymatic
SRS ineans that the enzymatic acylation is preferentially effective for
conversion of one of the cis- enantiomers of the compound of formula
eaving.the gther CIS nt| mer of C u
i uncggnvegt%(;f |l}1 eé&retgﬁl%?n@r%rfl (L)Jl’e 0 Aterrnr?aWely, ﬁH Eg ol %%e%FV

Gdmspoust oy Gompoun deleativiagnhenpbrfernaigbinegaldbtivibeamzymatiic
deseiatian, Selarie enaxmans dsRedalon mesrs Nl e SIRIAlGy.

deacylation is preferéntially effective for conversion of one of the esters of

compouH bforaa ey daYisgrine thereheaisiepnatiomarob Cestaesnds 4 as

GAMReUR of farmula Vas.de unconverted in the reaction mixture. 0 H
C OH CI Enzyme, e.g. CI Cl Novozym 435 - Forexample / vinylbutyrate

toluene V Va
Alternatively, The resclution of Compound V to Compound Va may be performed by

10

selective enzymatic deacylafion. Selective enzymatic deacylation means that the enzymatic
deacylation is preferentially effective for conversion of one of the esiers of compound of
formula (V), leaving the other cis-enantiomer of esters of a compound of formula (V) as

15 unccnverted in the reaction mixtwe.
o}
)‘\/\
OH
Enzyme, e.g.

Cl
Novozym 435
. :

For example

vinylbuiyraie
Q loitens O

v Va
Suitable esters (Vb) of the compound of formmula (V) are ester such as acetate, propionate,

butyrate, valerate, hexanoate, benzoate, lanrale, isobutyrate, 2-methylbutyrate, 3-

20  methyibutyrate, pivalate, 2-methylvelerate, 3-methylvalerate, 4-methylvalerate

o 9
Ch Hydrolase = i \ {
} i [T
P
= Sojvent
SR
S,

Vb (1R.3R)
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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,
vmettrylvalerate, 3-methylvalerate, 4-methylvalerate 0'R OH CI\ CI\
Hydrolase CI Solvent Vb (1R.3R) Ve WO 2005/016900 12 wherein R,
e.g., is acetate, propionate, butyraté;valerate, hexanoate, benzoate,
laurate, _isobutyrate, 2-methylbutyrate, 3-methylbutyrate, pivalate,

SRRy o 18 relbe B TR R AT o HE o SFH T AR OB P R GRE G vt
amobadimentretatesitoraprosess foiheepasaioneliie(S:8)sor (R,

R)- enantiomer of compound of formula V (i.e. with cis configuration)
5%#?%%6@%)%%%@%?9@% Facemic Compound V to enantioselective

enzymatic acylation using an acylating agent, or b) subjecting a racemic

mpound Vb.to entantioselective e atic deacylatjon to.form i
T A G T R L B R D
ayizitioneneé Hresctertots! @b FymmulicVabylation dis prefarentien)\coaffotsing for

CONVERSIQN.QF LREAN NG ERBMIPI R S:h A SADRAUAG AT I0L {using an

preferentially leaving the other enantiorner of the compound of formula V)
URFOBHAERBRNNCL5 the reaction mixture. Enantioselective enzymatic

deacyipfiemmeans-ihat the sazymaAlicisacyiationdsprafaRntialyiation to form
eftective for conversjon of one of the enantiomers of a compound of

O Ih e RTERTE APAIRPIBE Y the other enantiomer of the compound

of formula (Vb ) unconverted in the reaction mixture. 20 The mixtures

g%@k%%‘geﬁ%t}{?eee%%%%%tlz%;%%%';%Jﬂl%é‘ng‘f%thée%%y?xﬁ‘at%{\?%ﬁ‘a‘tﬁgﬁ % Dretarehially
effective for conversion of one of the enantiomers of a compound of formula (V)
preferentially leaving the other enantiomer of the compound of formula (V) unconverted in
the reaction mixture. Enantioselective enzymatic deacviaiion 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 ) unconveried in the reaction mixture.

The mixtures obtained by the enzymatic resolution may not be entirely pure, e.g. they may
contain a smaller amount of the other enantiomer in addition to a 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
according to the invention is that a considerably larger portion of one epantiomer is
converted than of the other. The enantioselective acylation according to the invention thus
results in & mixture containing preferentially ihe 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 mixture
containing preferentially the compound of formula (Vb} in the (S, S)-form and the
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 (8, S)-form and the compound of formula (V) in the (R, R)-form, or it may resultin a
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contain a smaller amount of the other enantiomer in addition to a larger
amount of the desired enantiomer (Va). The composition mixture
obtained after acylation or deacylation according to the invention depend,
r.a_, on the specific hydrolase used and the conditions raider which the
reaction is carried out. Characteristic of the enzymatic
acylation/deacylation 25 according 18 the invention is that a considerably

larger portion of one enangjorner is conyerted than of the other e

L SRS B ST S B BN e e g e
rRuxtpsendarithiminiy pvejencing &lySthierco Mpoopitt offotmoal(d/1H) phihec(Ry the
R - form and.the compound of formula (Va) in the. (S, S)- , orit
B B o R0, & b
ih.s:thré?.é% 8®)-form mﬁm@@ra@imﬁm nﬁauﬁﬁmnﬁm%)}immsm?%)ﬂform.
Lkaise (e AIANGSEIRE YR aNAYMAIE Jdeacyjation 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

r@Sul e 1] Ind NG L ORAHNBE RIFTELEANANY RS SAMPQURGOf Jor Midd

(V a) in the (R, R)-form and the compound of formula (Va) in the (S, _
SRR St SURR SRR S X BstRiHEaTBY tie ™ Bishda e EditorFaction of
naethed-abihe-presenkis yert onvisaiSy albsat past 20% eesydseferally at

least 9&'3% ee., more preferably at least a?g% ee and mos%pref%rabl%/ at, Ivent
AT S SRR TS O ALY AT SpARA Y ) Byace oteamic solven
asceipiabhehAdoarding:in thdinveatipmee nantidseteqiiveienzymeaticol some water
acylation i rried out under .conditions substantially suppressin

S S S e e SR RS SRe O A SURPIRSRINY enzenc and
retotion ,ethke_smlawdiﬁmahis, [dni_'sspw_rﬂpm ﬂﬂ@mé%ﬂu@@@t@m}ﬁﬁu&a&@ tert-
\(/avat ;'%%ﬁl&%ﬁ(& %E&Xm;%{h%ﬁ%{ﬂﬁﬁ& Q{é%ogégfs%@bgy a%é{&%? Fﬁ)éﬂ'lw 19%0116, butznon,

ee’organic solvent or almost anhydrous organic solvent (

e mribyh eiRbg tety Gersvach sepibs] 6P dsinelid ettt pabathiveyate, vinyl
Sulitable seiventsHnchide hyesecathangsuehas HexalensRiaN oride,

benzene and toluene; ethers such as diethyl ether, diisopropyl ether, .

tXPUFFaTaRAN, 1 b lear R BT StRATR A I StiteT Arfiols. such as terl-butano;

dimethoxyethang; kalenessich amaceian.diek)vketonas futaneni 5

and methyl ethyl ketone: esters such as methyl acetate, ethyl acetate, .

eﬁ‘?ﬁ aa[gc’i m%omtmle, and aprotic pglar so%ve%ts such as dlme%ly?su? oxide, N-
methylpyrrolidone and hexamethylphosphorous triamide. Preferred organic solvents for
enzymatic acylation are organic solvents such as toluene, hexane, heptane, dioxane and

tetrahydrofuran (THF).

Suitable irreversible acyldonors are, e.g., acyldonors such as viny!-esters, 2-propenyl-esters

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),

dimethyl sulfoxide (DMSO), 1,4-dioxane, DME and diglyme,
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butyrate and ethyl benzoate; halogenated hydrocarbons such as
methylene chloride, chloroform and 1,1,1-trichloroethane; secondary and
tertiary alcohols, such as tert-butanol; nitrogen-containing solvents such
as dimethylformamide, acetoamide, formamide, acetonitrile and
propionitrile; and aprotic polar solvents such as dimethylsulfoxide, N 20
methylpyrrolidone and hexaniethylphosphorous trianide. Preferred organic

olvents for epzymatic acylation are organic solvents such as toluene

T e B e T S TR A0 1 1) A et

aciylgdhorsare36 (aatyidonarsisuthashifynebters;y2apy dpd ks Ers-No.
2-trihalid-ethyl-esters, Enantioselective enzymati ion i

T P e ey R L S G e o e Bl

sotient] scatablein wiesenpesof @ biffrse Suitablesorgamioiseivehits cazgmes

YL APNENE {éql@%n\@éﬂﬁwaaméaf:&m@%aﬁe @ggé%ﬁmgg dmathybe
formamide (DMF), 30 dimethyl sulfoxide (DMSO), 1,4-dioxane, DME and

digilie T4-reladvBaariadniref thab el ey RaGA-EEe SPRRGHRS fdormula

inveRlQRIAY RECRIISChRULHHSIDENOYAZNRY, RIBIL6RRUILR MG GHGRsclective
lipase B, from Novozymes AS, Fluka Cat.-No. 73940). In general, the

GrAEE SeiaRoh %f%a%%ﬁﬂaaea?mﬂ%%few@ﬁﬁ%ﬁ IS RER8IAbly
CThioE D81 UsIRG &f lipaseyan, exRIase Caratylse Biam deaset (THRC) are
enzymes 5 useful according to the invention are such enzymes able_of
R T Tt S SR Sy S Ry
gtaunn dheiraeemicitomgoutich of fnmutend V) Ohsuckt erfymdsipdatch Candida
are capabhle of performi - tive deacylation or.S¢ ive. No
o S S BB T o
paticttaioivanobilided foifasdofthataseizymipain Sl Olegcross-piRkegpvozym 435

eGSRl GHECE AR IO Maelul aecarding e thernventeRnfomyces

preferred embodiment relates to use of a lipase for carrying out the
elinyaizaieTERURIIOIT oROBe Potharverrhly MRdSrEEse fiBase is
Candida antarctica lipase (Flulca Cat.-No. 62299); Pseudomonas cepacia

lipase (Fluka Cat.-No. 62309); Novozym CALB L (Candida antar tifa )
Ii%§§ élg)hﬂ“gﬁaﬁﬁ%%g W@}?ﬂ%&%@@?ﬁ%@é‘fa} 1s converted to a suitable leaving

group, such as, e.g., a halogen, e.g. Cl or Br, preferably Ci, or a sulphonate, e.g. mesylate or
tosylate, suitably by reaction with an agent, such as thionyl chloride, mesyl chloride or tosyl
chloride, in an inert solvent, e.g. an ether, suitably tetrahydrofuran. The resulting compound
has formmula (VI}, where LG is the leaving group:

LG
Cl

7\

(VD

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



(Candida antarctica lipase B) (Novozymes A/S); or Lipozyme TL IM
(Thennomyces 15 lanuginosus lipase) (Novozymes A/S), preferably in
immobilized form. The alcohol group of the cis-alcohol of formula (Va) is
converted to a suitable leaving group, such as, e.g., a halogen, e.g. Cl or
Br, preferably CI, or a sulphonate, e.g. mesylate or tosylate, suitably by
reaction with an agent, such as thionyl chloride, mesyl chloride or tosyl 20
chloride, in anépert solvent, e.g. an ether, suitably tetrahydrofuran. The
gfultin compound has formula (VI), where LG is the leaving group: LG

Vi) “H eferred embodiment, TG is Cl, i.e. the cis-chloride of

¥5 C1 Cl (Via) Compound VI, e.g. with LG as chloro, is

then reacted with 2 2-dimethylpiperazine in a suitable solvent, e.g. a
ketone such ., methyl isobutyl ketone or methyl ethyl ketone,

preferably me 50butyl ketone in presence of a base, such as e.g.,
potassium carboriate. 3 The resulting compound of formula (VII): H CU N
Cl(VU) is methy(l\ﬂta%d at the secondary amine functionality (suitably by
reductive amination using suitable agents, such as, e.g., formaldehyde,
paratsinaldb sy & itk bkarfechinrdidtivsn caseah ARE EEVY Ty Bitairviian 2
ffﬁﬁa@%sa%lg&ﬁ, QW&% @MQHQ[&!Q‘. ,(Blethyl isobutyl ketone or methyl ethyl ketone,

preferably methy! 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-trimethyl

piperazine (Formula VI 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.
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tN\J7 N-" CI 10 z (I) Alternatively, the methyl group may be introduced
directly by use of 1,22-trimethyl pip erazine (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. 16 1IJ N H (VIII)
Furthermore, the piperazine part of the molecule maybe introduced by
reacting Compound VI with a compgéund of formula (IX) below, where PG
is a protecting gToup such as, but not 5 restricted to, e.g.
phenylmethoxyq@rkynyl (often called Chz or Z), tert-butyloxycarbonyl
(often called BOC)yethoxycarbonyl, or benzyl, thereby obtaining the
compound of farmula (X) below. PG N PG CI N H (IX) (X) After
deprotection of %e o duct to (VII), methylation as discussed above gives
the final 10 produc(t, ompound. I. Alternatively, the protecting group such
as e.g. ethoxycarbonyl may be converted directly to a methyl group using

S A0 08T 0 LI AT R U

A (8B 3 EreRIBIOS forsgh SRy - TR T8, B tritFraenysi gevayie) fs, but not
frmedasan JMBLHNINNEG fiRsbRAQEHEE called Cbz or 7), tert-butyloxvearbonyl

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

(X) below.
e
§?G i N ’
s 99,
(]
) &

(1X) X}
After deprotection of the product to (VII), methylation as discussed above gives the final
product, Compound L. Altematively, the protecting group such as e.g. ethoxycarbonyl may
be converted directly to a methyl group using & suitable reducing agent, e.g. lithivm

alurninium hydride.

During the synthesis some cis diastereoisomer of Compound I (i.e. 4-((15,35)-6-chloro-3-
phenylindan-1-y1}-1,2,2-trimethyipiperazine) is formed as an impurity in the final product.
This impurity is due mainly to the formation of some of the rrans form of (VI) (e.g. (18,3R})-
3,5-dichioro-1-phenylindan wher LG is Cl) in the step where Compound VIis formed.
Therefors, 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 1s Clin
Compound VI this can be done by stirting the mixture with a suitable solvent, e.g. an
alkane, such as heptane, whereby the desired cis form of V1 precipitates and the undesired
trans form of Compound VI goes into solution. The desired cis form of Compound VI {e.g.

when LG is Cl) is isolated by filtration, washed with the solvent in question and dried.
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formula (1), i.e. in particular the ingrmediates (Va),. VI, e.%eSVIigﬁggd VII
68?5?‘?& W

This impurity is due mainly to the formation of some of the trans form of

(V) (e.g. (1S,3R)- 3,5-dichloro-I-phenylindan when LG is Cl) in the step
where Compound VI is formed. Therefore, the impurity can he minimized
by crystallisation of the desired cis form of Compound VI, from the

mixture of trans and cis (VI); in the case where LG is Cl in 20 Compound

VI this can be done by stirring the nhixture with a suitable solvent, e.g. an
allcane, such as heptane, whereby the desired cis form of VI precipitates
and the undesired trans form of Compound VI goes into solution. The
désiced disdforiCohGempBlisghivicte.op twivetrth & (S CHstd isdlmtedhingsis of
filtrati h i lvent i ion ' ' :
e e gy e
GdMBSThé-Vilothisivi givéaralsErd théitorianisarsiabat amErivon (VID;

%ﬁ%@s&éﬁrﬁ Sption of avoiding the cis form of Compound I in the final product: It
4-((1S,3S)-6-chIoro-3-phenyllndcan-l-yl)-B,3-d|rnethylplpera2|ne) asan

iRIp AR AU a5 Rie oS of SERBRETSNYIB B SVETRMNE RS RIS of @
Gempruas dimthedipaliareduatdl, haspaen found.thahther sisdeemoicid, such
Compound V]I can be removed by precipitation of a suitable salt of the

G5 BLARET S 5T Fn TR0 i BB Al G I BASRTE GRS i of e
asapeigastodiacid Vilitagdythey iylsoge hfumarate sativrdiiestydrogen
maleate salt of the compound of formula (VII), optionally followed by one
more re-crystallisation. 10 Furthermore, it has been found that impurities

ifF thidfomnmeoft Ciss diastéred domemnirifyy iethe form of cis diastereoisomer n (1) (i.e.

4.((15 38)-6-chlro-3- dan L] . . . -
R b SR M e e SRR
ofefoeridl &b eeipiiaa aaif afsaitrtde galh ief dedosmelnd afvarganic digcigalt of an

syitably afu ’Rﬁ[ﬂ?aﬁalﬂjg&g-dﬁ'ﬁ&&%ﬁ&gs&fﬂﬁﬂéﬁaﬁﬁa@ Sl & ogen fumarate

compound of formugaq]% optionally followed by one or more o
ré2&rgSthnicumened rHemRveibo i TaRn & a¥i5e O R B ralfes rfieHisations.

intermediates as described herein for the synthesis of the compound of

of SRS ST LR BUE VAT TR ReORGBPaig fid erein for the

spedifying 2thihestetaoisbimenit:fapm. cthe pdhedieteoisemendisithéVimai, c.g.

C%zit I.;[ul{g %ﬁfogshs%t%%’ﬂﬁ’%{n‘%xf&‘ VIL In this coniext is understood that when specifying
the stereoisomeric form, then the stereoisomer 1s 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 fo the compound of formula (Va),
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 ieast 70% (70% diastereomeric
excess means, that the ratio of Compound Va to (1R,35)-6-chlore-3-phenylindan-1-oi is
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.
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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 enantiomeric excess of at least 60% (60%
enantiomeric excess means that the ratio of V a to its enantiomer is 80:20
in the mixture in question), at least "%, at least 80%, at least 85%, at

least 90%, at least 96%, preferably at least 98%. Furthermore, the
R BT B THE EORTB O RNy A S F G ool
diastereomenitvrextesssmadns (dhat e, ratieafl7Comprand /e, to lcast 85%, at
(AR,33)-6-chloro: 3;phenylindan-l-ol i 85:15 in the mixture in question),
alj? ?gggs%t/@(fgm?%s Oﬁeg;/gt%%?ga% fgées Sb%%%o or at least 95%. One

embodiment relates to subsidntially pure Compound Va. 18 A further
embodiment @fithe irventiof relates to the compound of formula (VI),
preferably having pn 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%, LG CI (V) 5 wherein KG is a. potential leaving group, preferably
selected from the group cq g of a halogen, e.g. chloride, or a
sulphonate. One embodimegnt refates to the diastereomeric purity of
Compound VI; i.e. the compoundkaying a diasteromeric excess of
preferably at least 10% (10% diastereomeric excess means that the ratio
ofBoripoinea\phtentte leisindi getepepistraey @(@lgeted from the group consisting of a
(13;3R):3, - Aighlero GRha iR AamWhen b 56 i$.rR @30 dAGd omeric purity

mixture in question), at least 25% or at least 50%. One embodiment,
rélteupssishStantidlly cHuPeICe AfSHE o rF RS RIS RENTRE Atis Fdrast
relaies 10, RemRAHASE bR ihe fellawip exferBruBmYiahd CLiChis cis

diastereoisomer (e.g. (18,3R}-3,5-dichloro-1-phenylindan when LG=Cl) is 55:45 in the

mixture in question), at least 25% or at least 50%. One embodiment, relates to substantially

pure Compound VL

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

1

Cl : |
Q (Vi)

preferably having an enantiomeric excess of at least 60%, at least 70%, at least 80%, at least
25%, at least 90%, at least 96%, preferably af least 98%. One embediment 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
10 the cis diastereoisomer, (18,3R)-3,5-dichloro-1-phenylindan, is 55:45 in the mixture in
question), at least 25% or at least 50%. One embodiment relates to substantially pure

Compound VI where LG is CL

The imvention also relates to 2 compound (VII) having the structure:



10

15

25

(Via) 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 diastereoisomer,
(IS,3R)-3,5-dichloro-l-phenylindan, is 55:45 in the mixture in 20 question),
at least 25% or atleast 50%. One embodiment relates to substantially

pure Compound\ki!’ re LG is CI. The invention also relates to a
compound (VII) having/the structure: 19 HN C1 (VM preferably having
an enantlomerlc ex&bss of at least 60% (60% enantiomeric excess means
that the"Tatie p its enantiomer is 80:20 in the mixture in question), at
least 70%, 80%, at least 85%, at least 90%, at least 96%,
preferably atTeast 8%, 5 or a salt thereof; such as, e.g., a fumarate salt,
e.g. hydrogen fumgaf or a maleate salt, e.g. hydrogen maleate. One
embodiment relate e diastereomeric purity of the Compound VII; i.e.
the compound havinga diastereomeric excess of preferably at least 10%
(10% diastereomeric excess means that the ratio of Compound VII to the
BRI e 5E S A B Rt aﬁﬂéﬁi?eﬂﬁma‘ﬁ&%%éfms
2pf0inatigiasir50%, at leastiddo i at past &ﬂ%}faﬁﬂﬁﬁﬂhﬁﬁ% adlkElea®%, at

95%, at Jeast 97%, at lea One odi ubstantially
plﬁ?(se @o)l"n%éﬁ?‘% %hfab?ﬁ tl%ﬁﬂ/gr%% fh 1re§§%e ?afte%)g'[%
Gompdithetdofirsackait, thgr,ea_om;mqaarwiulag thgdhogwafat&i,rmlwmatelem salt, e.g.
Sfilcdgmate Elt‘!stdto %Iengm %’ i gn%rtl !Eo t%tac!lnaesgérg)c}ﬁlaan@%mﬁg &ftﬁg%ompound

inventon as
VII, i.e the compound having a diastereomeric excess of preferably at least 10% (10%

diastersomeric excess means that the ratio of Compound VI to the cis-(Z8,38)
diastereoisomer is 55:45 in the mixture in question), at least 25%, at least 50%, at least 70%,
at least 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 fumarats, malonate,
or succinate salt, obtainable, in particular obtained, by a method of the invention as

described herein.

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

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

Pharmacentical nse

The physical properties of the Compound [ salts of the invention indicate that they will be

particularly useful as & pharmaceutical.

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

bete form as described herein), or of the malonate salt, in particular the hydrogen malonate
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15 described herein. A further aspect relates to Compound VIl 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 | salts of the invention indicate that
they will be particularly useful as a pharmaceutical. Accordingly, the
present invention further relates to ag pharmaceutical composition of the
succinate salt, in particular the hydrogen succinate salt as described

KeVe] (& §oTRe P RAIBIBE Hard D i Rl HederiFrefiidrdin Mo st e of such

malonatecsaibsitparictiak toethy deagemrpalonaia( BaltcatdNrvous system,
compound of formula (1). The invention also relates to the medical use of
R R PO B GO R HE o e SRR O A U the
centpading swobisssyste Sthinpitding Pdiehosis fo-pdbiicutar, Sehizoghraivia
other diseases,involving psychotic s toms,such as, e.q., ...
T R SR R B W g oo v
DéiosioralcDisbsoecr Brick ReyetibtioDisordeth SiyahedcRsyghotis Disorass in
qgﬁ/ggy aQther psychotic disorders or diseases that present with psychotic
symptoms, e.g. mania in bipolar disorder. Additionally, the 5-HTZ
antagonistic activity of compound of the invention suggests that the 10

CAMRRIHAL,MAY S1avE adelativelaloniiisl afaxtrarysamidal sids efiectss mat the

The present invention also relates to use of the succinate or malonate salt
of BRSO N2 prefarBRM RN R DigeTraueemidte Y6 fhdscrystalline
form alpha) or hydrogen malonate salt, of the compound of formula (1) for

treatment of a disease s%{ected from_the group 15 consisting of anxiety
BISTE TR BRTENS RERTAb OO SRSt Ebas enon

npigfeigigy telnaleptie-inchicad (parkinsapsiiinedeainaabyschwieotn enalonate
abuse, alcohol abuse..and tlﬁr ahuse di orfe s. In a broad aspect, the
ORI
Disorderg SthizuhffdistivieBisteders DedubionatDisuy depr Brieh,Repohidtiabances,
%@fﬁﬁ& r%glaoriggtic—induced parkinsonism, cocaine abuse, nicotine abuse, alcohol abuse

and other abuse disorders.

In a broad aspect, the present invention relates to a method of treating Schizophreniform
Disorder, Schizoaffective Disorder, Delusional Disorder, Brief Psvchotic Disorder, Shared
Psychotic Disorder or mania in bipolar disorder, comprising adnuinistering a therapeutically
effective amount of the compound #rans-4-(6-chloro-3-phenylindan-1-y1)-1,2,2-

trimethylpiperazine or a salt thereof.

As used herein the term ™rans-4-(6-chloro-3-phenylindan-1-y1}-1,2,2-trimethylpiperazine”,
lLe. 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-((IR,35)-6-chloro-3-phenylindan-1-y1}-1,2.2-trimethylpiperazine
(I) or 4-({(18§, 3R)-6-chloro-3-phenylindan-1-y1)-1,2.2-trimethylpiperazine or to a mixture of
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%, i.e. at least as the racemic

mixture, preferably Compound I 1s in enanfiomeric excess.



10

15

26

25

30

Psychotic Disorder or mania in bipolar disorder, comprising administering
a therapeutically effective amount of the compound
trams-4-(6-chloro-3-phenylindan-1-yl)-1,2,2- trimethyipiperazine or a salt
thereof. 25 As used herein the term
“trans-4-(6-chloro-3-phenylindan-I-yl)-1,2,2-trimethylpiperazine”, i.e.
without any specific indication of theienantiomer form (e.g. using (+) and
(-), or using the R/S-convention, is meant to refer to any enantiorneric
form of this compound, i.e. either of the two enantiomers,
4-((IR,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine (I) or

-({{S,3Rs)-6_-chlor(3\-;3-p£ergllindan-l.— Ii—1,2,2-,trimeth Ipiperazine or to.a.
e BFET R e 8P HHE Y ‘f%ﬁ%fh?%%ﬁﬁe (Of) T eBRtHxine the
prefeialnly fhencdntenbobtiedenantiotehioosrespendingtoithat of 2-

ompound | is.at Jeast 50%, i.e. at least.as the . racemic_mixture,.
SRR e R b AR RS Ry
ctntexbforithéy phermaceuticdl aises inamide thtovdrtabeviienepesityiagcast
t@@%%‘%@%“&mﬁi%@éﬂl 9)25&? 2P ﬁﬂpﬁw ratio of 1 to its enantiomer is 90:10 in the
trans-4-(6-chloro-3-phenylindan-1-yl)-1,2,2 5 trimethylpiperazine (e.g. as
dBrEs AT tershie. cobimsblind isrraleiivably atspsottientioatiypierred
RUFE RS a8 GHDEd AhOYR R eferably %ﬁmiﬁmﬁd&%@%%simﬁﬁtsé&@%eﬁc

80% (80% enantiomeric excess means that the ratio of | to its enantiomer
IS GGNTAPHE® PTG RPROULibIR) At feldo 96960 sPlasst obgpytipdan-1-yl)-1,2,2-
preferabiyai-ieast 9896) o dcpiieferred embodiment . ithe digstereomeric

excess of Compound | is at least 90% (90% diastereomeric 10 purity
means the ratio of Compound Ito

cla-ypgefarabyobodimsis. Siprepsiiiamuisnyalges toamatrdsiDeraige is
9§é§i)zo§§ﬂ‘é‘ﬁ§&%5ﬁ{?scﬁﬁé§%%gﬁe%@ ash 8N gRrefered prier Psychotic

embodiment, the present invention relates to a method of treating o
SehZIph RIS BRSS RIS SERiY AR I ST PRSE rde I5e RIS B b tering
BrigbRsyeholie thdisordeinSitae donsyehotis RIsaden o anaiaring-6-chioro-
bipolar disqrder, comprisin inistering a therapeutjcally effective

O LS B3R P S A GF T & B FBEPb chioro-

3-phenylindan-1-yl)-1,2,2-trimethylpiperazine] or a salt thereof. One

iy rr%g%%%ed%t ol tbeanvention relates 4o, meiod QLIS POING s of

schizophrenia, negative symptoms and depressive symptoms of schizophrenia comprising
administering e therapeutically effective amount of the compound irans-4-(6-chloro-3-
phenylindan-1-y1)-1,2,2-trimethylpiperazine or a salt thereof, preferably the compound of
formula (1) or a salt thereof, or in a preferred embodiment a succinate or a malonate salt of
the compound of formuta (I), preferably the hydrogen suceinate or the hydrogen malonate

salt of the compound of formula (I).

A further embodiment of the invention relates to a method of treating positive symptoms of -
schizophrenia comprising administering a therapeutically effective amount of the compound
trans-4-(6-chioro-3-phenyhndan-1-v1)-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 formmuia (1), preferabiy the hydrogen succinate or the

hydrogen malonate salt of the compeound of formula (I).
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20 schizophrenia, negative symptoms and depressive symptoms of
schizophrenia comprising administering a therapeutically effective

amount of the compound trans-4-(6-chloro-3-
phenylindan-I-yl)-1,2,2-trimethylpiperazine or a salt thereof, preferably the
compound of formula (1) or a salt thereof, or in a preferred embodiment a -
succi nate or a malonate salt of thez2eompound of formula (1), preferably

the hydrogen succinate or the hydrogen malonate 25 salt of the

compound of formula (1). A further embodiment of the invention relates to
methoesidienting Raskivensympiams: Of Sehizophiiesia LS Bgnptoms of
administering a therapeutically effective amount of the compound

tFﬁH]@A’- “th %’P&Pﬁ?b%%&iéjﬁﬁ‘bs “’ﬁﬂ%ﬁ?ﬁf@?ﬁ&"@#’(ﬁ PESARS Y §° dhfrcompound
tvereof; (pretignakiypBéh thedoripyiund, Difaratulép i pariacsalt thkrbefddr dn a
preferred ebodiment ?ﬁ;”ccig‘a A Malonate salt O‘Zf(e;?e%é? mpound.of,
frmula ?‘ pre?lepraﬁy? eﬁr)ll rg(gsien Succinate or the ale rogen malonate
salcofiareotompontid Bitforhetetpre? ol fothelehbodirablttbs Hydrogen
"BERHaN LIRS 0 Mgl e LiearAg nRaAle SYBRIRMERT
schizophrenia comprising administering a therapeutically effective amount

of the compound

ANt dOspiBlRh 3P ny iRdaRsh Yk £ -Hrimeiby Resazine Qe QS8 ymptoms
thereof, or 5 preferably the compound of formula (I) or a salt thereof, or in
aoﬁreferred embodiment a succinate or a malonate salt of the compound

ofdrrmstacfl). Rrefeablvdhenhydroge meuasinaiRQrthe RYHOgRN ! the compound

malonate salt of the compound of formula (1), A further embodiment of th
e R R B R e R R SR
sdhizophrenidcdonprisiil adnssitisiering o iherapéutichilyteffectivelamatmgen

of the compound |

trans- ?(E%-éﬁ’f‘%%%@ -pﬁ%letr?glﬁ}ﬁ%%)ﬁ?ﬁ%ﬁ,%Eqﬁ?r%}eat%lpiperazine or a salt
thereof, preferably the compound of formula (I) or a salt thereof, or in a

prefered embodiment the:hydrpgen, syccinaie armalopale.sallef Wentenance of

compound of formula (). 15 A further aspect of the invention relates to a

misEE BFtrativriTmiteg dieerorpramnichapargeally effective amount of the
compound frans-4-(6~chloro-3-phenylindan-1-y]}-1,2.2-trimethylpiperazine or a salt thereof,
preferably the compound of formula (I} or a salt thereof, or in a preferred embodiment a
succinate or 4 malonate salf of the compound of formuia (T), preferably the hydrogen

succinate or the hydrogen malonate sait of the compound of formuia (I}.

A further aspect of the invention relates to 2 method of treating neuroleptic-induced
parkingonism comprising administering a therapeutically effective amount of the compound
trans-4-(6-chloro-3-phenyiindan-1-y1}-1,2,2-trimethyipiperazine or a salt thereof, preferably
the compound of formula (I) or a salt thereof, or in a preferrsd embodiment a succinate or a
malonate salt of the compound of formuia (1), preferably the hydrogen succinate or the

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

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

compound frans-4-(6-chioro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine or a salt thereof,
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bipolar disorder comprising administering a therapeutically effective
amount of the compound
trans-4-(6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine or a salt
thereof, preferably the compound of formula (I) or a salt thereof, or in a
preferred embodiment a 20 succinate or a malonate salt of the compound
of formula (1), preferably the hydrogén succinate or the hydrogen
malonate salL of the compound of formula (.4 further aspect of g, e
iRVention relateeto a method o géﬁr?g ne‘ureoqép%ic:-inguc:edf> ocimenta
paritnse visnmebmeisitigidtintimgtenintod erap éltivalsrabiictive dmsunt
A DR o msonet sl o Beogmpomna ST ISmAE Oh o o sai
thereof, preferably the compound of formula (I) or a salt thereof, or in a

PreIgGd, emhRdimen: 3, sHeenalR QLA dnalanAlesalh b ing COMRANNL O raity,

formula %)) preferably the h drogen succinate or the hydrogen malonate

SBHEEHAR %ﬁﬂdﬁﬁ&r@fﬁf&%ﬁm& (e PREYI R SHERS LT P retille dgan for

niethaanabitealing SHRSALEa RIS 8: cAHEAHN SN 1aP LOCAIRG ons or
abuse, comprising administering a therapeutically effective amount of the
CORFGITS 'Péﬁg?ﬁ@(@:éﬂ|%%?§1?)%’Z?1§‘7ﬂh&a?ﬁ%%ﬁﬁ?ﬂ%‘i?ﬁﬁ%%iﬁﬁ}ﬁ‘éﬁ%ﬁ?ﬂénthe
ofotnsaittbeire phaddagaraitarablytheicompeunabof tormuadt) or a salt

thereof, or in a preferred embodiment a succinate or a malonate salt of

the compound of formula (1), preferably the hydrogen succinate or the
hiydrtbgénion dlo peersélinofithéic phapoamdivhipmpatatidhs BrAvszltkopwn in the art.
c sition inventi ini L in.arn ' :
o B S, Sl e
amyisliitabledshsyferdusuth wamipisnatermepirithedormiotitiblaisng machme.

CRRSHIGS: PONMARRSYIHDS A SAIHANS Rl IS PSISLOAS QL HBIRCHARIN-

one embodiment, a salt of the invention are administered in the form of a
SHIRFpHEIEE e8P ety SRS Hidbleliisr ATaystHednTMIHulsve

fon.thepreparationehsolickphanmacetcakiRPAEAlD SrateIveall A IR R
the art. Tablets may thus be prepared. by mixing the active ingredient

Wi BARRIS R HeieR AS RRPESERd diluents and subsequently

compressing the mixture in a convenient tabletting machine.
Solutions for injections may be prepared by dissolving a salt of the invention and possible
additives in & part of the solvent for injection, preferably sterile water, adjusting the solution
to desired volume, sterilisation of the solution and filling in suitable ampules or vials. Any
suitable additive conventionally used in the art may be added, such as tonicity agents,

preservatives, antioxidants, solubilising agents etc.
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 mecludes also

prevention as the case may be.

The invention will be illustrated in the following non-limiting examples.
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Examples of adjuvants, fillers and diluents comprise com starch, lactose,
talcum, 15 magnesium stearate, gelatine, lactose, gums, and the like. Any
other adjuvant or additive such as colourings, aroma, preservatives, etc.
may also be used provided that they are compatible with the active
ingredients. 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 water, adjusting the solution to desired
volume, sterilisation of the solution and filling in suitable ampules or vials.
Anyasiptabte additive conventionally used in the art may be added, such
as tonicity agents, preservatives, antioxidants, solubilising agents etc. 25
The daily dose of the compound of formula (I) above, calculated as the
ffeeNfECd | NDRRBBIYRBSTEENn 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
digedisés or disorders includes also 3o prevention as the case may be. The

vention e dlustaletindtie (auing pRRY mING XAMRIES 2 e
sis The enantlomerlc

SHE3 ST PP Bl A I SHB i Y Eh el HPL G

usingnGRHRALCELNOR cRlummdASeMstIS 28t o 00 dlAR Gefdotion

Hexan/ethano| 95:5 (vol/vol) is used as mobile phase at a flow rate of 1.0
AR s tetTene HO'ideeirs Amed™Ring a UV detector at 220nm. HPLC
analysis for conversion rate used for Examples Ib: Column: A Lichrospher
olulmn 50 x4mm ' 2 1' )E]IJ&Jent Buffered

aterp ' vjils AtEtsi-added to 150 ml water,
108amtb HM@@M@ed@mﬁﬂmmaﬁeﬁm@m&h total of 200

r?iliuezgeémf{ tlu (?Mseéﬁ?xg&etf prepared as follows: 1.1 ml Et,N added o 150 ml water, 10%
H.PO,(aq) 1s added to pH=7 and water is added to a total of 200 ml. The mixture is added to
1.8 L MeOH.

The enantiomeric excess of commpound (Va) in example 1b is determined by chiral HPL.C

using & CHIRALPAK® AD column, 0.46cm 1D X 25 om L, 10pm at 21 °C.

Heptane/ethanol/Diethylamine 89.9:10:0.1 (vol/vol/vol) is used as mobile phase at a flow

rate of 1.0 ml/min, detection is performed using a UV detector at 220nm.

The enantiomeric excess of Compound [ 1s determined by fused silica capillary

electrophoresis (CE) using the following conditions: Capiliar: 50um ID X 64.5 cm L, run
buffer: 1.25mM B eyclo dextrin in 25mM sodium dihydrogen phosphate, pH 1.5, voltage:
16kV, temperature: 22 °C, injection: 50mbar for 5 seconds, detection: column diede amay
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.

"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
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1.8 L McOH. The enantiomeric excess of compound (Val in example Ib is
determined by chiral HPLC using a CMRALPAK(c) AD column, 0.46cm
IDX25cmL, 10m at 21 C. 20 Heptane/ethanoVDiethylainine 89.9:10:0.1
(vol/vol/val) is used as mobile phase at a flow rate of 1.0 ml/min,
detection is performed using a UV detector at 220nm. The enantiomeric
excess of Compound I is determined by fused silica capillary

hores a% (ge follo conéjll S: Ca illar: 50 1D
gé? %Uqrg) " 25D er’ i\? ?mﬁﬁ oo nlﬁef“rme

dihytardgen phosphate, pH 1.5, voltage. 16kV, temperature: 22 C,

injection: 50mbar for 5 seconds, detection: column diode array detection

192mn sample concentratlon SOOg/mI In this system, Compound | has a
HreHhaiafos mndsdlgnd 3 Hhis datvdnbedies SHANHGMeddagbed in

%ema &!zm@ ﬁe@w&%'@@wg@z@ﬁ ;339 @&M&@H@H%m g%@&gmm

00.13 MHz on a. Brulcer Avance DRX5 Instrument or at 250

MP&%ﬁ%“B‘PH%VA’@: Perpieminsdiy EMOYSdrRNoR BImBDYBE dnaimgls of
suifedde 25 (8984 dsHseshas.ae RS AN etameativisizng MS)

is used as internal reference standard. The cisltrans ratio of compounds |

SRS HERAT RS PRI RINITR A< femtepiatt i BnEads deisgied by NMR.

Med. Chem 1995, 38, 4380-4392 (page 4388, right column). The cis/traps

ratio of co d VI is also determ ed by -H NMR in ﬁ) using
%ek—gn'?f@gra%%rﬁhe%%ﬁ%mé X ppr(il1 orgé}' }szgr%‘ezfa%g é‘m%aﬁal at
i ippmrfetstheitrafsisoméinii@ el érathyseredntesftofiap praid mate o1 Lmef 5-
tgﬁn_undesired isomer can be detected by NMR. 10 X-Ray powder
diffractograms are recorded at a PANalytical X'Pert PRO X-Ray
Diffractometer using CukK, radiation. It is measured in reflection mode in

the AAAANIERié %Tﬁb%&ﬂ@&'&&@%ﬁﬁ%@ﬁﬁw&dd&é?&%?ﬁ&ah}e

Scanning Calorimetry (DSC).
equipment is a TA-Instruments SC-297O calibrated at 5°/min to give the melting point as

onset value. About 2 mg of sample is heated 5°/min in a loosely closed pan under nitrogen

flow.

Synthesis of key starting material

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

which also describes 1T and the synthesis thereof.

Example 1a Synthesis of (15,35)-6-chloro-3-phenylindan-1-ol (Va) by use of chiral
chromatography

Racernic cis-6-chloro-3-phenylindan-1-ol (V) (492 grams) is resolved by preparative

chromatography, using a CHIRALPAK® AD column, 10cm ID X 50cm L, 10pm at 40 °C.

Methano! 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 irgected as a 50,000 ppm solution in
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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 nitrogen flow. Synthesis of key starting
watenak2@dEompound V was synthesised from IV by reduction with
sodium borohydride (NaBH4) adapting a method described in Bogese J
Med. Chen. 1983, 26, 935, using etk&@nol as solvent, and perfonning the

reaction ¢ roximately O C. Both compounds_are described in Begese
APl g 7580 oo b i 0 e R e
ftoin dbmysing! tvehgenertkp te dustoteserieekinaBaummendtal, oJ b ehied to

n, 1990, 55, 4822 25 which also, d crip}eis Il and,the synthesi
S e e O D T e St iy 9
b3 aselist Elirednichronissto gra phyiRenrdonicoisié sthtonee Jipheaytindais otess is
(M):4292.9rame ). 15 JasQIVe Gy REBPArgllyen 30 clvomatography, (ising a
CHIRALPAIC(r) AD column, 10%%%%1%%00%{9 &u?nt@é%n 2%%61 Methanol
is used as mobile phase at a flow rate of 190 ml/min, qletection is _
pgk&ifmwsEggltﬁewo@?Ig,@@_t@&ﬁ%?&rmgimﬁyrﬁﬁﬁmﬁ(ﬁ'E@BOAMe'%f
injected as a 50,000 ppm solution in WO 2005/016900 26 methanol; 90
ml is injected SRR TETEIBEZE min. All the fractions, which contain the
title compound with more than 98% enantiomeric excess, are combined
a_nd evapor%ggd to dryness using a ro@ﬁ\@zap\orator, followeq)Qy drying

TV 40?\1' Yield4325205 rams as a solid. Elemental.analfsis and
NMR m to the Stricture,

tiomeriq_exces yher than

aff26/+44.5 (c=1.0, meti¥anol). Example
50k (1S188)6-chloro-3-phejrylindan-I-ol (Va) by usgo

enzymatic ggo\utiono OH O" OH @ Q

v Va

Compound V (5g, 20.4 mmol) is dissolved in 150 ml anhydrous toluene. 0.5 g Novozym
435 (Candida Antarctica lipase By (Novozymes A/S, Fluka Cat.-No. 73940) is a&ded
followed by vinylbutyrate (13 ml, 102.2 mmol). The mixture is stirred using mechanical
stirrer at 21 °C. After 1 day, an additional 0.5 g Novozym 435 is added. After 4 days ata
conversion of 54%, the mixture is filtered and concentrated in vacuo to obtain an oil
containing a mixture of (1R, 3R)-cis-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% (1R,

3R}- cis-6-chlore-3-phenylindan-1-ol},

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

precipitation of the hydrogen fumarate sait of (I)

Example 2  Synthesis of (15,38)-3,5-dichloro-1-phenylindan (VI, LG=CI)
Cis-(1.5,38)-6-chloro-3-phenylindan-1-0l (Va) (204 grams) obtained as described in
Bxample la is dissolved in THF {1500ml) and cooled to -5°C. Thionyl chloride (119 grams)
1s 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 resction mixture. When the ice
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Ci\ Novozym 435 Ci CI \ + vinylbutyrate toluene V Va 10 Compound V
(59, 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.
¥3o20¥is6added followed by vinylbutyrate (13 ml, 102.2 mmol). The
mixture is stirred using mechanical stirrer at 21 C. After | day, an
additional 0.5 g Novozym 435 is adgied. After 4 days at a 15 conversion of

4%, the |xture |s filter concentr in.vacuo to obtain an oil .
glon alrtlglng he MRETRL S ?‘S& rng?)l c?ﬁ‘?%‘-lbcl‘ﬁ’ é%ﬁﬁé%ﬁ?ﬁﬁaé% Y By

gstee &nd wmcédwm@ mﬁb sack el withhantenabticm 2 exc€8sah S92 %

(99,6% oung. v 4% .
SPGB ML 0 e BB 4. agipsaia pE S spdie
imdoritden 38tm afdhesdit disgt8revigorvarbse ﬁr@mpmmrifbé thenlting water

a l 3 L i as8e U 18 extracied wi
Dt e L) S Y e s v

Y PSeas)- @béwréiféﬁgﬁfﬂ%ﬁwﬁ%%wm%ﬂ@@w@fﬁ%@)@ﬁfafﬁe@@é with

deserhechingndamnledrisdissalvadind bk (LaP0mkhanthcoolad Qe tite
-5C. Thionyl chlgride (119 grams) is added dropwise as a solution in THE

(BOBRMP OFRF R Pentt o P rarie YaikRuie s Stiredyar o rraeRiper atreens
aveb night. deelipoig NsRdded to the reaction mixture. When the ice WO
2005/016900 27 has melted the water phase (A) and the organic phase
(B) are separated, and the organic phase B is washed twice with
sEﬂam;édSodﬂmhmmmmrﬁzﬂﬁrlmbeﬂﬂzmsthﬂn bicarbonate phases

edtgsosrlnblr%eg §{S Sedb\é thSt d to l_gh(?OYvelgtrh %s dal;%’lergtlrred 1

roxiae 0 WaS e organlc ce again. e
ré@ummglvﬁﬁt@r 5 ;ﬂh@w @)ﬁfarﬁoﬁth@m@mmph‘aiéw grensepasatedt, @At mi) is

t@ﬁd‘é@.@ﬁ@ﬁ@ﬁ%&oﬁ‘ i??&&’a%&%‘?@ﬂé‘ﬂﬁ% over night, and filtered. The filter cake is washed

with toluene (500 ml). The combined filtrates (volume 4.0 1) are heated on a water bath and
distilled at 0.3 atm. using a Claisen apparatus; first 1200 ml distillate is collected at 35 °C
(the temperature in the mixture is 75 °C). More tolnene is added (600 ml), and another 1200
! distillate is collected at 76 °C (the temperature in the mixture is 80 °C). Toluene (750 ml)
is added again, and 1100 ml of distillate is collected at 66 °C (temperature in the mixtare 71
°C). The mixture is stirred on an ice bath and inoculated, whereby the product precipitates.
The product is isolated by filiration, washed with toluene, and dried over night in & vacuum

oven at 50 °C. Yield 171 g (52%) of 3,3-dimethylpiperazin-2-one. NMR consistent with
structure,

Example 4  Synthesis of 2,2-dimethvipiperazine

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 slightly unclear solution. THF (50 kg) is stirred under
nifrogen, and LiAIH, (250 g, in a soluble plastic bag, from Chemetall) is added, winch gives
a slow evolution of gas. Afier gas evolution has ceased, more LiAIH, is added (a total of 3.0
ke, 79.1 mol, 15 used), and the temperature tises 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



10

15

20

25

30

ethyl acetate. The ethyl acetate phase is combined with the organic phase
B, dried with magnesium sulphate, and evaporated to dryness using a
rotary evaporator, giving the title compound as an oil. Yield 240 grams,
which is used directly in the example 5. Cis/traps ratio 77:23 according to .
NMR. 10 Example 3 Synthesis of 3,3-dimethylpiperazin-2-one Potassium
carbonate (390 grams) and ethylengdiamine (1001 grains) are stirred with

toluene (1. solution ofe I2bro 0|so rate
et o1 TG e A S RO oS S PR B Bacf i
amdeﬁﬂbeyed cdd evttltar; saketisnyashedo b WithTiod emhxﬁﬁ@@drdmdér(es %, 3.50 kg)
copned luates (volume 4 0 Daie heated o aiater beih an dilied
2 ilfat

atm, using a alsen apparatas: t is"cofiedist &
3@1@ (¢toEnensperatilerid themuixicr & igitsdOr Vo bt tatdenetis srd ded (6REN!

'@%@@%g‘;ﬂ?%ﬂ&é 200 tti@hﬁﬁﬁ%l:a&eﬂﬁe%’d' et‘il@%t?ér%ﬁ&é@ﬁsﬁ%mﬁﬁat‘% M ko).

the mixture is 80 C). Toluene (750 ml) is added again, and 1.100 ml of

dioairarE R EbilbEiea B 6O CESHAbEr BB FeRte hRaIE P ZBrC: thageactor is
Mg aiRed o andee a@@?%@om%gtamrwﬁaraex erefyGhrther

precipitates. The %{’ oduct is isolated by filtration, washed with toluene,

A TRBR SV TR TR DAEBTRNTSVR Hh 56 ealyidle TR ssomtonalty
Bd&tmete%dﬂu@ﬁtaiﬂpx%saﬁe VR gensistent e stimtue @5 kxample

esrs —dimﬂ,glth% erazine A mixture of
3@”&] Vil %%?Q, 64.6 mol) and tetrahydrofuran (THF)
(60 kqg) is heated to 50-60 C giving a slightly unclear solution. THE (50
iS s d nltr rlrell in.as lu? astic pbag,
fr%zr\n%er%etlé%‘rs 6asdq e glv’gg< %g‘\)ﬁ(%%/ i gas Ef'ltéétéjgas
evolution has@eﬁbﬂpmm@#\mﬂ)ls added (a total of 3.0 30 kg, 79.1

mak. jpsussd)s and e te IFHE%FFEEH&E HEes Hosy, %24%)%58&0%8%‘1‘%&81 #Mne

exoterni.. ‘The solution of 3,3-dimeth i Iperazin-2-0ne Is added slowly

oA lﬁBu?etatszr&nsar@Hrﬁ@%gb%%dm%eimr%ﬁmﬁermwlaﬁeemph
C4§j@1ql3%)t§@"m%§ 00 GrlRe ML G IS A8 temperature for 40 h. To the reaction

mixture is addeé diethyl ether (2 1) and hydrochloric acid (1M, 6 1). The phases are
separated, and pH in the water phase is lowered from 8 to 1 with concentrated hydrochloric
acid. The water phase is used to wash the organic phase once again in order to ensure, that
all product is in the water phase. Sodium hydroxide (28%}) is added to the water phase until
pH 18 10, and the wafer phase is extracted twice with diethyl ether (2 1). The diethyl ether
extracts are combined, 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 directly in the

next example. Cis/irans ratio, 82:18 according to NMR.

Example 6 Synthesis of srans-4-((1R,55)-6-chiorp-3-phenylindan-1-y1-1,2.2-
trimethylpiperaziniem (I) hydrogen fumarate

Crude trans-1-((1R,38)-6-clioro-3-phenylindan-1 -v1)-3,3-dimethylpiperazine (VII} (250

grams) is mixed with formaldehyde (37% in water, 300 ml) and formic acid (366 grams),

and the mixture is slowly heated to reffux. The mixture is stirred at reflux for 3.5 hours, and

afier 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 sodivm hydroxide
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cooled, and water (3 1) is added over two hours, keeping the temperature
below 25 C (it is necessary to cool with a jacket temperature of 0 C).
Then sodium hydroxide (15%, 3.50 kg) is added over 20 minutes at 23 C,
cooling necessary. More water (9 1) is added over half an hour (cooling
necessary), and the mixture is stirred over night under nitrogen. Filter
agent 5 Celit (4 kg) is added, and tt# mixture is filtered. The filter cake is

ed with T11F kg)...The combined filtrates are concentrated in the
P AT P T 18 PURESO1 90, RSB i (900 .
téirpemtirel66eCrat&0Bimband Theheadwihanoe (@30 8akgins fuitherith water

C rated on a rofavapor. roximately 10 1. Finally, the mixture is
e et Bl el SIS s
RS AT eerd s 3Ykeid G {7 208 sNMRcohbliRsS Sifrciherstiuttergindan- 1-y)-
Example aykesisatiansci{ bR S Gealionn 3phenyindenclild. S
dimethylpiperazine (VII) Cis-(IS,3S)-3,5-dichloro-I-phenylindan (VI, .
Lseardiyg DY RisT BfsuRpstf Hdiensi vedie |- P resod . s dsigriture is
CRehenaledy . akrpe & - dimeindipirerazine LRiepared in S xample, fing a
(113 g) are added and the mixture is heated at reflux temperature for 40 h.
TOHHEFEERtOH rHiRiHE AU QistRyreteb 3 e PR apRRISKHIST P Hees The
(PMaeeil) ididieqanases-atensepaiaiediangrpkiiol el watarphasfds at 60°C.
lQwered from 8 to 1 with concentrated.hydrochloric acid. The water phase
S TR S R e SR b S SR R B G g
atnpredusid NiviRhenfatenpliesenSodiurhdwyarosic e85 @k id cid died ferthiD Y,
water phase until pH.is 10, and the wa &4ds ted.twice wi

e e e e e B S B i

sodium sulphate, and evaporated to dryness using a rotary evaporator.

Yiﬁ{ge?aﬁl]mg fRe ﬂfeg%ntfﬂg oq(zf'j' B%&i%@ﬁﬁﬂ&g&ﬂﬁ?ﬁﬂrﬁe%%‘?&ﬂ E%‘éﬂ){elmpitaﬁon

the next example. Cis/traps ratio, 82:18 according to NMR. 25 Example 6

S%W%%@T %P&M"(QBFQMf-‘@?ﬁz’?@ﬂ”@%ﬁéﬁ%lindan-l-yl)-1,2,2-

trimethylpiperazinium (I) hydrogen fumarate Crude

trans-l-(flR,38)-6-ch_|oro-3-?hen lindan-I-yl)-3,3-dimethylpiperazine (VII)

(%mp e7  Synthesis of 4-((IR,35)-6-chiore-3-phepyiindan-1-yi)}-1,2,2~

trimethyipiperazine free base (I)

Trans-4-((1R,35)-6-chloro-3-phenylindan-1-v1}-1,2 2-trimethylpiperazinium (I) hydrogen
fumnaraie (25.0 grams) 1s 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 aqueous phase is discarded and the organic phase
is dried by sodium sulphate sice. (35 grams), the slurry is filtered and the filtrate is

evaporated to dryness on a rotary evaporator, giving the iitle compound as an oil. The crude

free base (15 grams) is used without forther purification.

Example 8 Synthesis of frans-4-((1R,35)-6-chlore-3-phenylindan-1-yI}-1,2,2-
trimethyl-piperazininm (I) hydrogen succinate

Crude trans-4-((1R,38)-6-chloro-3-phenylindan-1-yD)-1,2,2-trimethylpiperazine (I) (8,50

grams of oil) obtained as described in Exampie 7 is dissolved in acetone (30 ml). A

suspension of suceinic acid (3,25 grams) in acetone (32 ml}) is prepared and the rramns-4-
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grams) is 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
29 (28%, approximately 500 ml). THé water phase is extracted three

ti it er (900 ml)..Th ic phases are combjned and washed
P A Bhaaeh (e
driediby sodilisrobusphalehditts thedreuicaia parate d (IR SiSress oan Bpteiaindan-
evaporater..Yield:;212 grai ) . . .
EraRor St LA ) g succimats rogiptates, T o spension i
freeatediS A 4R Binwsthaozths Brecitidatiasteretis binentafmtting te

matie: GORRARd dﬁdchrcssﬁjé/&ﬁtlﬂejlmgﬂe@%@ é]céoll)e W{é@egﬂéxst WS s

is heated to 50C, which givés a clear solution. Fumaric acid (6 grar"ﬁéjj
iSHREeG R o s wemreshitidiscar i msihrorscamiti dEbon vereramp0°C.
theditle sempatind precipitates. The product is isolated by filtration,

hed with 1-propanol, and dried "in vacuo" at 60C. 10 Yield: 182
oV AR S R YA R A 0B B BF P S A R QUPRIIRE the et

Elemefitalvanalysistnd MRCootmdontbe el g enaptiameric
excess i% fglh%[ than 99.%taccording to chiral capillary electrophoreses

( Igjfp[%l]lnzo:z 3g§n(3%°f.18? F’nethanol). Liberation of the free amine of (1)
fronstthie Intlecgers flasaitme esatramchireprdeipitation:d bashydrogene (95%)
SUGGI : nspal salts Example 7. thesis of .
S T St e
bBédereytial Scamning Calorimetry (DSC) shows an endotherm with an onset temperature of

TranscAz( R ia)-&-rhlorosssphemlindands st 2axrimeity piasiaziniym
(1) hydrogen I%?%uma\ratec(%. grar&r%sﬁs gu)gsgf)ear%(%é In toluc!a%{eﬁ%%%qn%).
ASTESHS ZHBHEPISH 75 ml) is added. The three phases are stirred
until all solids have disappeared. The organic phase is separated, and the

agueous phase is washed with toluene (25 ml). The combined toluene
p%ﬁ%&?ﬁ? & WSS Wi ety PRAY Bt S Briade-is discarded

and the organichpbaisepiscelioahby G divdncgelphaiensite. (35 grams), the
Sl&%é%@}%&@&lwﬁ%ci tor%t—%-ighenylmdan—l-yl}l,Z,Z—h-imethyipiperazine .0
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-propanol (5 ml) is prepared and the
trans-4-((1R,35)-6-chloro-3-phenylindan-1 -yl)—l,2,2~trimethyipiperazine solufion is added,
whereby the frans-4-((1R,38)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazininm
hydrogen malonate precipitates. The suspension in cooled to room temperature before the
precipitate is isolated by centrifugation. The supernatant is discarded and the precipitate is
washed with 2-propanol (5 mtl). The slurry is centrifuged and the supematant is discarded
and the precipitate is dried “in vacuo” at 50°C. Yield: (.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.
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25 evaporated to dryness on a rotary evaporator, giving the title

compound as an oil. The crude free base (15 grams) is used without

further purification. Example 8 Synthesis of
trans-4-((1R,3S)-6-ehloro-3-phenylindan-I-yl)-1,2,2- trimethyl-piperazinium

(1) hydrogen succinate 30 Crude
trans-4-((1R,3S)-6-chloro-3-phenyliatlan-1-yl)-1,2,2-trimethylpiperazine (1)
(§,5(2 %r,an%sgﬁ)f oklg fobtained as described in Example 7 is dissolved in

SOBHISEE 96 Wnsak ferresaanp  OEs i enter deinepers ot dirgersokasmsn ef (VID),
(82dnidy inpiapaf titk Aipdried kosikBalt from crude (D
((1R,3S)-6-chloro-3-phenylindan-I-yl)-1.2,2-trimethylpiperazine (1) solution
added, the succinic acid dissolves and shortly thereafter the

tisrenp i LR, I3 pGroi of a3 phdifisdas-dryhel3 hRetritathy!pippraginium

() hydrogen i . ipitate wenlension is cooled to OC for 90
minutes befoﬁé{%ﬁéﬁggé?%%}%%gﬁa}?edv %goégﬁtrﬁfé%aéﬁon. The 5
stpernitan tid discargedednd the prafipitateli<(Mashed dhithatetonglidtn-1-y1)-
- e shidaocentiead A e suge R BRI IRCALISAANE Hhass

precipitate is dried "in vacuo" at 50C.” Yield 856 grams. When this
PFECEIRETVAE PefbfAsed Torthsthidranmcivdselirsthyeine Sas tifeliowed by

batatenss olipwiag sepetitions sesullad inarmation:Qf-the ew s as an
alpha-form of to Comig)ound | hydrogen succinate. Acetone in the above

pha- : 1a ]
AR B AD SSFPEE S SRSt By AL SR BRI Oardy 20
resthting hfermmatioiof thiglpbarderm: ot ampematid Y odeNSUGaIaaBture
Differen iatl Sca ning% Calorm%g DSC:&dSBO s an endotherm with an
onsSeF temperatura O 145 & and W e aids L BrreRhAR AT G e tREbY
alphaifermhxX R diffreictogramedib abnio rmsiwithatbie dlplaifatm is collected.
E I - -6-chloro-3-phenylindan-1-yl)-1,2 2- ..
e T I G SR 0kt &ving o vy
trdsliag peRt383-678Kforo-3-phenylindan-I-yl)-1,2,2-trimethylpiperazine (1)
(1.0 20 gram, 2.81 mmnol, obtained as described in Example 7 is

~ dissolved in 2-propanol (5 ml). A
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Example 11  trans-1-((1R,35)-6-chloro-3-phenylindan-1-y1)-3,3-dimethylpiperazine
(VID

A mixture of trans-1-((LR,38)-6-chloro-3-phenylindan-1-yl)-3,3-dimethyipiperazinium
hydrogen maleate (VII) (9.9 grams), concentrated aqueous ammonia (100 ml), brine (150
ml} and ethyl acstate (250 ml) is stirred af room temperature for 30 min. The phases are
separated, and the aqueous phase is extracted with ethvl acetate once more. The combined
organic phases are washed with brine, dried over magnesium suiphate, filtered and

evaporated to dryness in vacuo. Yield 7.5 grams of oil.

Example 12 Preparation of trans-4-((1R,35)-6-chloro-3-phenylindan-1-yI}-1,2,2-
trimethylpiperazine free base ()
Trans-1-({1R,3S5)-6-chloro-3-phenylindan-1-yl)-3,3-dimethylpiperazine (8.9 grams) (VII) is
dissolved in formic acid (10.5 ml) and to the solution is added formaldehyde (10.5 mi}.
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 NaOF (27%,
33 ml) to pH > 12. The hexane phase is washed with aq. NaCl (20 ml) and water (20 mi).
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solution of malonic acid (0.291 grams, 2.46 mmol) in 2-propanol (5 ml) is
prepared and the
trans-4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine
solution is added, whereby the
trans-4-((IR,3S)-6-chloro-3-phenylindan-I-yl)-1,2,2-trimethylpiperazinium
hydrogen malonate precipitates. Th&suspension in cooled to room

t erature before the 25.precipitate is jsolated by centrifugation. The
S R S TR I S T e
refRcT Freedtaseynisicdmteiflged) ands¢h evsbperhatantisidietarded and the
precipitate is dried "in vacuo" at 50C. Yield: 0.98 grains (84%). Elemental
analysis conforms to the structure. The X-ray diffractogram conforms to

tH&mls dib grarotHe Aipifogdarmatphensladishdvwh-hZigure 3. 30 31
Synthesis of @isaliyermatianial(t LRGeS oLemave cis

diastereoisomer of (VII), and formation of the hydrogen succinate salt

fromieRmE n@L -@éch@rg-);ﬁgﬁggig@pn-I—y1)~1,2,2~tr1methy1piperazine @ in

teaBsmk-(CURAS)-6 6hIoteudppetvindaBmiy ledids 2 AN RIRSHRZHNWN is
(V1) hydrogen maleate Examples 2 and 5 are repeated, giving crude _
(PR e e e SR Srcrte T BOraE i
(¢B s@Bignaina)dsl andalle wihiahe & fuwdharptuified 33y daghe cheamatRar apbyives
on silicagel (eluent. ethyl acetate/ethanaql/triethylamine 90:5:5) followed b
o e B s L P e e
compbuidpasznit g)l (eistrens:caitiol30:iOmedpidiing tSubliRipalhe oikisight

Ao A (0 g S PO

g mixt IS Stirre
téiipesansrsdopEasheltsddnditretifor mddvpsbeipitihestonti6dted)bYhe product is
fillraties), Jherolume-of ethanol is reduced and another batch of

precipitate is collected. Yield 3.5 grain solid of the title compound (no cis
isbifier i’ #&t®¢éted according to NMR) . 1s Melting point 175-178 C.

EsarapleidilScanning Calorimetry shows an endotherm with an onset temperature of 140 °C
trans-I-((1R,3S)-6-chloro-3-phenylindan-1-yl)-3,3-dimethylpiperazine (VII
anr;'isa pg(a}c at 14& §C corresponding tc)! the alpha or)m. XRPD difﬁyag{ggram confo(nns)with

the alpha form. [o],*=-22.04° (c=1.0, methanol).
Synthesis of T using 1,2,2-trimethylpiperazine

Example 14 Syathesis 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
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 0il 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 methy! 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
cake 1s washed with DME. The filtraie is evaporated to dryness giving 41 grams of the title
compound. NMR complies with the structure.
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A mixture of trans-
I-((IR,3S)-6-chloro-3-phenylindan-1-yl)-3,3-dimethylpiperazinium 20
hydrogen maleate (VII) (9.9 grams), concentrated aqueous anunonia (100
nil), 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 acetaté2once more. The combined organic
ases a d Wlt ne,. dri ver magnesium sulphate, filtered
éae%é%ratg ﬁ' ryr?egg In \/lélmc‘%oy %?83?% ‘grams of oil. 25 Example

12 Risperatibhoftransdigt8B)i6xc oy drphemy BN -9 DAL Adich cat. no.

tr &
R S e st o s By

(\(/malsw@i@gmdé@ i Foihsied e Mopdn Bldat). ahdnpativdusolutideris Fddextiting
formaldebyde. 410 5 mb 3@, Heaied f@&?&ﬁﬁ‘%@8&%&%‘%%@%?“&%5 r

2'/ hours. After cooling of the reaction mixture, water (50 ml) an xane

(SEPRAH & ABMR dn Al Aeht @Plaprwatm@mm) B miie iplepsied, and
12ithe hexana:phaseiisiyvashadonith ag. Nk Q.0 andwaler/@0.m1 in

32 He é><ame Is exchanged azeotropic with acetone (90 mlg and the mixture
is" G centrated™ TR EHia & a8 ISR AEL i ot 18 tbea st e
furtlaenqam rifieadipanER@Ifiple chBe is washed with THF (1(}0 ml) The filtrates are

Trans-4-((1R,3S)-6-chloro-3- lindan- Y Aég;
trfr%né:t 1 %Fpeor’réz%l ? or lt,%r %mlsuccaﬁ Qin éhe Water batch), The residue is

tréxas;wa@( 1RIBK) (Bgﬁhiﬂ}anﬁ -pinehylihdediub: y)ighas 2 ﬂmethmmﬂm&zﬂl&zﬁdj and
;”Ez%ﬁﬁi %s%%lﬁk%ﬂﬁa%é) - é uspae@% N @ pugeinis aeid (3.4 arams) in,

IS prepare

traﬁézaﬁ(el R@@)ﬂé@hl@ﬂ@@pﬁ@ﬁgﬂl@Mﬁmlpi’mmthrmwmwmpemmw@e
sQlition.is,addeg-and the mixture is heated to reflux (55C). The succinic
acid dissolves 1o and during cooling of the solution
trans-4-((1R,3S)-6-chloro-3-phenylindan-I-yl)-1,2,2- trimethylpiperazinium

(13:hyshrgen SyaeHsiecsiaisAaTRIBIBGLISPERRIGN RN AeMIgh: 10
pre
eti]y(lﬁlﬁe% ioan Gy BYersRem irmastte dsan conponbifly Ipiperazinivn -
hyﬂrqgemgs;mm)ms@k&mlmumm@m ans-yashed withsaceieng-(20ith
nlcli)ﬂst-ﬁﬂ:% R&?ﬂ%{%{lghylpipemzine (VIL) (8.7 grams), using the procedure described in
example 5. The raw product of the free amine (15.7 grams), containing 6% of the ¢is isomer,

1s 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 succinate salt

Example 17 Synthesis of trans-4-({1R,3S)-6-chloro-3-phenylindan-1-yD-1,2,2-
trimethyl-piperazininm (I) hydrogen suecinate, beta form

Compound I hydrogen succinate (50 mg) is suspended in of water (1 ml) and allowed to

equilibrate for 3 days. Any undissolved material is removed by filtration. The beta -form of

Compound I hydrogen succinate forms during the natural evaporation of the solvent. The

beta form is analysed afier full evaporation of the solvent by XRPD and DSC.
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15

25

dried "in vacuo" at 60C. 15 Yield: 7.9 grams. Differential Scanning
Calorimetry shows an endotherm with an onset temperature of 140 C and
a peak at 141 C corresponding to the alpha form. XRPD diffractogram
conforms with the alpha form. [a]D20=-22.04 (c--1.0, methanol). 20
Synthesis of | using 1,2,2-trimethylpiperazine Example 14 Synthesis of
3,3,4-trimethylpiperazin-2-one 3,3-difhethylpiperazin-2-one (50 grams) is
suspBidaddn s 2egimetharysthan P o) gand potassi -
carboqate 70 grams) is added. Mgg%%ggﬁ% %5@ S%rlg%l%l}se nag(?gﬁeg%g’ ith an
Uiy FARER R i SwHiE #he stk 1S toSicestightgiallowingdadorm. XRPD
temdenaturiitichearehidf 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
afERAGTGRIBS TN Oie THIRtSra s stirred for another 2'/z hour at 40 C,
and a new NMR sample shows fall conversion. The mixture is filtered, and
the filter 30 cake is washed with DME. The filtrate is evaporated to
dFyrieaRigfin§ dubilisnes ticthethivé toomppundd MTiMepnplies with the
SHHCIUIENBS k& - is of 1.2.2-trimethylpiperazine A
solution of%ﬁhﬁ%ﬁ{ﬁ’iﬁ?&%ﬂ%ﬁ%%ﬁ%“%%‘f’?jﬁ%?fgfﬁﬁﬁ %(i—eﬁg)g%ﬁ B ?f saltto 2
ATRIREAVELE: hle sosporits, wuanie Heameau 50:Gdemst? dildatcmCrude
3s3detiimethyipiparazinsg IS, SU inTH ag—‘iPiﬁ lawly ..
ad_ole‘dt,r iving evolution 01‘6%r gﬁék.? ?@%ﬁ%ﬁ%ﬁ%&%@n&mg a 3?5‘]11% solid
PRTBTSIE ST oM i erSion s iAo tRie b OPpowS srscoraimgitod i bl
NMR (no signal at 1.2 ppm from starting material). The mixture is cooled,
ter (3.3 ml).is added, giving evolution of gas. Then a solution of

ﬁ%u%r?h%yo r%%t e%%wésrlﬁ‘@%’{ % YOOM)SBFEREE giving more gas, and
fihaihplvater (10 mipis addesbribiic g 1S filtered, and the filter cake is

shed-y f j 0 concentrated on a rotary

evaporator: d. hzflitm.' and 60 C in the water batch). The residue is
Malonate 111 3.8 15

Fumarate 3.8 1.5

Example 19 Stability of the salts of the compound of formula (I

The stability of the salts was investigated under the foliowing circumstances:

Heat, 60°C/80%R¥H: Samples were stored at 60°C with 80%RH for one week. Then they
were dissolved and analysed by HPLC.

Fleat, 90°C: Samples (~10 mg) were stored at 90°C in closed containers containing 1 droplet
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
at all.



dissolved in THE (200 ml) and dried with sodium sulphate, then the
mixture is filtered, and the filtrate is concentrated on a rotary evaporator
(0.2 atm and 60 C in the water batch) giving 6.4 grams of the title
compound. NMR complies with the structure, the substance contains
some THE 15 Example 16 Synthesis of
trans-4-((1R,38)-6-chloro-3-phenylinﬂ%n-l-yl)-l,z,z- trimethylpiperazinium
(Draydrogen fumarate from compound VI
Cis-(1S8,35)-3,5-dichloro-I-phenylindan (VI with LG=CI) (17.8 grams) is
c&ﬁﬁl@é with distilledS®e2 of irigathyhorenazite (V1) (8.7 grams), using
the procedure deschiBBdan’REREple 5. Thawaw product of the free
afrienti5 7 gipims), containing G%of the gigdgsomer, is used to form the
hydroget: flumarategsalt, using the proceduge in example 6. Yield 15.7
g@mmsefthe title compound; NM{I}gog‘ompliqﬁ(ygith the structure, no cis
isomer is observed. Synthesis of ctystattimebeta-form of Compound |

h%dro CGJ %E salt 25 Example 17 Synthesis of

R 2 3R BREBI e TR S8 pompond of formuta ()
trifhethig:pipedaizinit the(Huyafogan sliceinaaatafor %kﬁ%’ﬁi Wi matonate
h)@{ nn%‘é&?igtéé%ér% mq).is suspended in of water (1 ml) and allowed

to equﬁiﬂ)rate for 3 dtays” ﬁ\}’?ﬁ&?&&%ﬂ%%@ idedhrerral ByiRReatierinate
THébetac-fornd of BOnGehygousnchih FHtagapsHcsisate formsIdiing e of water

n i ti .the solvent. beta form is analysed after full
e%g}%ﬁ%@ﬁ%@%ﬁﬁ%#ﬁ ﬁ?i?&%%%‘%&”b ' AREE Y fical results:
Differential Scanning Calorimetry (DSC) shows an endotherm with an
onset temperature of 135.6C and a peak at 137.5C corresponding to the
beta form. XR.PD conforms with the beta-form. 5 CHARACTERISATION
OF THE SALTS Example 18 Solubility of the salts of the compound of
formula (1) 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 to dry in
the laboratory. The results are summarized in table 1. Table 1: Solubility
of the salts in water at room temperagure. Sample PH Solubility(mg/ml)
Succinate 1:1 alpha 4.4 13 Malonate®P'1 3.9 15 Fumarate 3.8 1.5 15

ample 19 Stability of the salts of the compound of formula (I) The

ity of the salts was investigated under the following circumstances:

Hedt, 6OLI80%(RH nSaiplisriveretsiore 3 St- 608 anitid 80 RIndandng)-1,2,2-
Wegm LG giﬁﬁ:ﬁwgr%f&'mv?fj 1% anaty sedt Hifikn HeAhod0Comprises

Samples (- were stored at 90C in closed containers containing
dropRYVEIBIST Qidt CoReRURRVRTE WY I B SRendadipten iByhameapound
Light: iSamejz e swihereiplfacadiin thedlighteabingtiatvd50 w/m2 for 24 hours.
Then they were dissolved and analysed by HPLC. The agga of peaks in

the chromatograms besides the peaks corresponding, to_the substance or
the acid was summarized. The succinate salt of thef\iv’e‘n ion does not
show any degradation¢ci% at all. 35 Table 2 Sample qurﬁ%f impurity peak
area 6p¢/80% Light Malonate 1:1 alpha 0 6,19°0,06 Succinate

87 0,09 0,06 Cl O

(Va) @

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

vV

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 any of claims 2 or 3, wherein Compound VI is reacted with 2,2-
dimethylpiperazine to obtain the compound of formuia VIl.



Example 20 The hygroscopicity of salts of the compound of formula (1)
The hygroscopicity of the fumarate salt, the succinate salt (the alpha form)
and the rnalonate 5 salt was investigated by Dynamic Vapour sorption
(DVS). The frunarate and the succinate salts were found to be
non-hygroscopic. The malonate abs rps gradually up to 1% of water
when the relative humidity is raised t8°'95%, but with no hysteresis. 36
Claims 1. A method for manutcilcturing
4-((1R,3S)-6-chloro-3-phenylihdan-1-yl)-1,2,2- trimethylpiperazine
(formula 1) or a salt there%}lﬂ,”w ich method comprises conversion of the
compound of formula Va i cis-tonfiguration to the compound of formula
I, wherein formula | and Vahire as follows: CH, OH CI Cl (Va) (I) 2. The
method of claf¥ coqaprising conversion of the alcohol group of the cis
alcohol of formula itable leaving group LG resulting in the
compound of formwleeVi G CI (VI) 3. The method of claim 2, wherein
LG is a halogen, e.g. Cl or Br, preferably Cl or a sulphonate. 4. The
wherein Compound VI is reacted with 2,2-

method of any of claims
dimethylpiperazine to obtainth€ compound of formula VII. 37
(VID

5. The method of claim 4 comprising methylation at the secondary amine to

obtain the free base of the compound of formula 1.

6. The method of claim 4 or 5 wherein the compound of formula VII is
precipitated as a suitable sait, e.¢. a salt of an organic acid, such as an organic
diacid.

7. The method of any of claims 2-4, wherein compound VI is reacted with 1,2,2-
trimethylpiperazine (formula VIII) to obtain the free base of the compound of

formula (1).

|
[N /
N
H v

8. The method of any of claims 3-5, comprising
- reacting Compound VI with 1-protected 2, 2-dimethylpiperazine (IX),
wherein PG is a protection group, thereby obtaining a compound of formula
X and
- deprotecting Compound X to obtain Compound VI or converting
Compound X directly to Compound I,

wherein Compound IX and X are as follows:



t CI (VII) 5. The method of claim 4 comprising methylation at the
secondary amine to obtain the free base of the compound of formula I. 6.
The method of claim 4 or 5, wherein the compound of formula VIl is
precipitated as a suitable salt, e.g. a salt of an organic acid, such as an
organic diacid. 7, The method of amé%f claims 2-4, wherein compound VI
is reacted with 1,2,2- trimethylpiperazine (formula VIII) to obtain the free
base of the compound of formula (I). CND H (\jl) 8. The method of any
of claims 3-5, comprising reacting Compotind VI with 1-protected
2,2-dimethylpiperazine (IX), wherein PG%& tection group, thereby
obtaining a compound of formula X; and pr%;cting Compound X to
obtain Compound VIl or converting Compodnd X directly to Compound I,
wherein Compound IX ag X aré ows+38 PG N) NPG CIN i CNf
| )

9. A method for the preparation of the compound of formula | or a salt thereof
comprising reacting a compound of formula Via (i.e. Compound Vi for which
LG is Ci) with 2 2-dimethylpiperazine thereby obtaining the compound of

formuta Vii, followed by methylation at the secondary amine.

10. A method for manufacturing 4-((1R,3S8)-(6-chicro-3-phenylindan-1-y)-1,2,2-
trimethylpiperazine (formula |) or a salt thereof, which method comprises
conversion of the compound of formula Vil to the compound of formula |,
wherein formula VIl is as defined in claim 4.

11. The method of any of claims 1-10, 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.

12. The method of any of claims 1-10 comprising conversion of the free base of the
compound of formula (1) to a succinate salt or a malonate salt of Compound |,
wherein Compound [ is of formula (1)



H (IX) (X) 9. A method for the preparation of the compound of formula | or
a salt thereof comprising reacting a compound of formula Vla (i.e.
Compound VI for which LG is CI) with 2,2-dimethylpiperazine thereby
obtaining the compound of formula VII, followed by methylation at the
secondary amine. 10.A method for manufacturing
4-((1R,3S)-(6-chloro-3-phenylindan-1-yl)-1,2,2- trimethylpiperazine
(formula 1) or a saff thereof, which method comprises conversion of the
compound\ifjio[{]fmdla VII to the compound of formula I, wherein formula
VIl is as defihed i claim 4. 11. The method of any of claims 1-10, wherein
the compou dcrlﬁ(ﬁormula () is precipitated as a suitable salt, e.g. a salt of
, such as an organic diacid, in order to remove undesired
omer. 12. The method of any of claims 1-10 comprising
the free base of the compound of formula (1) to a succinate

an organic a

Eis-dias

() 39 C1-13 N_N-) CI(I) [trans-4-((1 R,
38)-6-ch|or nylindan-1-yl)-1,2,2-trimethylpiperazine]. 13. The
method of any-gfclaims 1-12 followed by isolation of the compound of

formula (I) as the free base ofijas a salt thereof, e.g. as a succinate salt or
ARELETAE S8 L GTRORh STl FY DR S ebiomng O o

13. The method of any of claims 1-12 followed by isolation of the compound of
formula (1) as the free base or as a salt thereof, e.g. as a succinate salt or a
malonate salt of Compound | wherein Compound | is of formula (I)

8]
[trans-4-({1R, 3S)-6-chloro-3-phenylindan-1-yl)-1,2 2-trimethylpiperazine].

14. The method of claim 12 or 13 wherein said succinate salt is a hydrogen

succinate salt of Compound 1.

15. The method of claim 12 or 13 wherein said succinate salt is a crystalline

hydrogen succinate salt of Compound 1.

16. The method of claim 15 wherein the salt is crystal form alpha.



N N-) C1(l) [trans-4-((1 R,
3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine]. 14. The
method of claim 12 or 13 wherein said succinate salt is a hydrogen
succinate salt of Compound I. 15. The method of claim 12 or 13 wherein
said succinate salt is a crystalline hygrogen succinate salt of Compound 1.
16. The method of claim 15 wherein the salt is crystal form alpha. 40 17.

T meth f a m 1 Wh rein the crystal form is hara terized b
RO A o e R B Rl B i R
meihb’@sop@ﬁsieélaiﬁﬁ%ci@@m \mré@émmﬁ@@ﬁystfaatf@friﬁi@si@hractenzed by
an X-Ray powder diffractogram obtained using CuKal radiation 0,=1.5406

h t the following 20-an: 9.36; 23:11.81: 13.45;
R 20E TERIT R3S TES T o0 ARt SBeo St o pday e by
21.88; R34 p@Rddar dﬁﬁﬁﬂo@ﬁrﬁhiﬁ@hﬁﬁi L8ing heukgthadiaticany. € lafi#ds A)

15- 8 wherein,the cr st iarm |s ara teri [ I
shoﬁ"vn mgnpea othert%n LQWE 8nset apout %eg ﬁ@gg %fqgét 0?0%1’
claitf- EBM Whéfeihaiss sé& Aa thETa ot BRE30221THe Rlelilo@ bP8lada 34;
15 91 20, yheiehy e ekyatal form is characterized by an X-Ray powder
diffractogram corresponding to that of Figure 2. 22. The method of any

one claims 15, 20-21, wherein the crystal form is characterized by an

X8 Ride powiiclel difragtoignaus thtdinetarsingr@uilgetalr fatiatiorciizratt&ddsl by
~) S0R0G BSESALIBCRHRIRG AARRRIESfl A theu Aol H40idd

15.6; 15.7;16.2; 17.2; 17.5;17.9; 18.4; 18.9; 19.2; 2

20. The method of claim 15, wherein the salf is a crystal form beta.

21. The method of claim 15 or 20, wherein the crystal form is characterized by an
X-Ray powder diffractogram corresponding fo that of Figure 2.

22. The method of any one claims 15, 20-21, wherein the crystal form is
characierized by an X-Ray powder diffractogram obtained using CuKg.
radiation (K:1.5406 A) showing peaks at the following 26-angles: 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; 225, 23.3; 26.3.

23. The method of any one claims 15, 20-22, which crystal form is characterized by

having a DSC trace which shows an endotherm with an onset about 135-138°C.

24. The method of claim 12, wherein the salt is a hydrogen malonate salt of

Compound .

' 25. The method of claim 12 whersin the hydrogen malonate salt is a crystalline

hydrogen malonate salt of Compound |

28. The method of claim 25, wherein the crystal form is characterized by an X-Ray

powder diffractogram shown in Figure 3.



21.9; 22.5; 23.3; 26.3. 23. The method of any one claims 15, 20-22, which
crystal form is characterized by having a DSC trace which shows an
endotherm with an onset about 135-138C. 24. The method of claim 12,
wherein the salt is a hydrogen malonate salt of Compound I. 25. The
method of claim 12 wherein the hydrogen malonate salt is a crystalline
hydrogen malonate salt of Compouné I. 26. The method of claim 25,

erein the cr form is aracterlzed by an X-Ray powder
ﬁé&%ﬁ’aﬁ{‘@m&’ﬁ%"% SYrUEfUTs A compound (Va) having the
structure: OH Cl/ (Vapi28. A compound (VI) having the structure: LG CI
(VI) whgrein LG is a potential, leaving group, e.g. selected from the group
consisting e.g. Br or Cl, preferably Cl, or a sulphonate. 29. A
compound & any of claims 27 or 28, which compound is

substantially ptre.

(Va)

28. A compound (VI) having the structure:

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

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

29. A compound as defined in any of claims 27 or 28, which compound is
substantially pure.



