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WO 20051016900 PCT/DK2004/000545 1 SUCCINATE AND"
MALONATE SALT OF TRANS-4-((IR,3S)-6-CHLORO-3-

W HIOE%YLINDAN-l-YL)-1,2,2-TRIMETHYLPIPERAZINE AN%(;]’TI;IDEK%% 00543
SR OHEBICAMENT 5 The present invention relates to ?

4-((IR,38)-6-ch|oro-3-phenylindan-il-yl)-1,2,2- trimethylpiperazine, in
particular the hydrogen succinate and the hydrogen malonate salts
thereof, methods for the preparation of

4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2- tri iperazi the
SUGHIVMRE A I AL VA S eGSR et CE i
PHESTEHNGRA NSE-VIEFSQS, ITERINIT TRERPER RG] SENEIND BIDE GINErAS A
diseases _involving psychotic symptoms. BACKGROUND OF THE
MEWEABNIThe compound, which is the subject of the present invention
[4-((IR,3S)-6-chloro- 15 3-phenylindan-I-yl)-1,2,2-trimetlrylpiperazine] has
the general formula (1): /113 tN N_Cl and is described gener{call,y in EP
The Berers IEIESR BIESI0dS(Aydtp-crifsma-rismeradgp-1-yD-1.2.2-
wimeVidsRiRstazipdindanessystietoni0indt the 2henptier3rpasitionodalts
the piperazine ring. The compounds are described as having high e);fflnltg
therspHaphaideiey thaaremaiamb s Gt iheoschir ety %Fglr'é’l -1,2.2-
triﬁ%ﬁﬂ%ﬁ%a@rpﬁldﬁ%fbﬂl@ pleeatmantabsanrialdispasasis dbeigantsahese salts

nervous system, including schizophrenia. EP 638 073 does not disclose
angibespedifiel SpaREErAs ARNHR I IESBLOESLEHPRISHI SF RIATHS 8 %only
m\;g)%éﬁgm@mswﬁpfﬂgmg“of racemates are described.

BACKGROUND OF THE INVENTION
The compound, which is the subject of the present invention [4-((IR,35)-6-chloro-
3-phenylindan-1-y1)-1,2,2-trimethylpiperazine] has the general formula (I):

5

L

O
and is described generically in EP 638 073.

EP 638 073 covers a group of trans 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 (I), only #rans isomers in the form of racemates are described.
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25 WO 2005/016900 PCT/DK2004/000545 2 The enantiomer of formula
(I) above has been described by Bogeso et al. in J. Med. Chem., 1995,

W@gm%%q%g%o-%%, in the form of the fumarate salt, see table 5

mpoun 0(-)-38. This publication concludes that the (-)-engﬁtifg?nxé??g%ﬁfooms

compound 38 is a potent D,/D, antggonists showing some D, selectivity in
vitro while in vivo it is equipotent as D, and D2 5 antagonist. The

Tm@id;h 1h ﬁmbﬁs;ﬁiaﬁzd%@m%d@slasm@tﬁrﬁle'écﬂf{aiwa%géﬁsteﬁan AN Chem.,
[ affinity for a, adrenoceptors. |t is also mentioned that the compoun
198&%%&%&58—%%%@3«7 ?ﬁl?atgftiaﬁﬁea%@ﬁaﬁd%ﬁa R ARRE |f~§~s’>8‘
THRG umatate saltiafthehabove-sempasndebibsomiaudd 18 isalsent D,/D,
described by Klaus P. Bogesgo in "Drug Hunting, the Medicinal Chemistry
AMERPLISTH YNGR Ay TR R &BH%BMBB&H&&%%@@?‘]@ and D,
i 3BH8Ph QurisduBdds SoMPRLmske9sin tekiat3-A47 angdaitabitl 9fhaving high

101). Thus, the compound of formula (1) is a mixed D11D2 antagonists, a
aET SoBh ABHRARIRTS LS MSR RRBIGHAIAIoha copRamBRdie RO APHee
calRlgwing igoutlined the possible linkage between different diseases and

the dopamine D, and D. receptors, the 5-HT2 receptors and the a,
adrenoceptors, respectively. The aetiology of schizophrenia is not known,

TIRUhesSaRamine hyRethesigiofsabizaphienian ((ansseroMibudd of formula
Psychiatry 1978, 135, 164-173), formulated in the earlg[lg_G.Os a

h
MpriraelsiRed RtikardmBagse f6r thuetitatandin B%kaghgmistw of 1-
Piﬁ%?ﬂ?ﬁ&@%ﬂﬂﬂﬁéﬁ@&é'ﬂéi%&@@ﬁﬂpbﬁ&%@'TEF!‘Q?MBA@M@@QDMQ@E e.g.
y

pothesis states that schizophrenia is associated with a
compsarfbpinitibled attanrd Moabs Yhied 8supported by the fact that all

antipsychotic drugs on the market today exert some dopamine D2
receptor antagonism 25 (Seeman Science and Medicine 1995, 2, 28-37).

TlHetesermppid 26 forsn H1y mEdd1ABREABTD ASHTOR HEperRipend it
haR 26 SBRIALSHR hedimhicFrsions AEthRIOkAR RaySiRKehEYSssible linkage

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

the o, adrenoceptors, respectively.

The actiology of schizophrenia is not known, but the dopamine hypothesis of schizophrenia
(Carlsson, Am. J. Psychiatry 1978, 135, 164-173), formulated in the early 1960s, has
provided a theoretical framework for understanding the biological mechanisms underlying
this disorder. In its simplest form, the dopamine hypothesis states that schizophrenia 1s
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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in the treatment of positive symptoms of schizophrenia, the blockade of
D2 receptors in striatal regions of the brain causes extrapyramidal
Vi (EPS). As described in EP 638 073 a profile of mixed )
W@&%&%@%,/DZ receptor inhibition has been observed with SRS
called "atypical" antipsychotic com%ounds, in particular with clozapine,
used in treatment of schizophrenic patients. WO 2005/016900
Cifedl/ Q4080545103 GRPURb DR RGORIRIC A ctaRBH RS IAISH RIS
suggested to contribute in improving antipsychaotic properties (Millan et al,
mﬁ?ﬁ‘??%@éf%@@?@%@%ﬂﬁe’f@%@ ﬂé)ejﬁ%a?fﬁ“ dnists have been
connected to treatment of sleep disorders and 5 alcohol abuse (D.N.Eder,
Current Opinion in Investigational Drugs, 2002 3(2):284-288ééﬁ%opamine
Fusther 8855 Larrirgerisiitiore hsamecanstiig) to fispartie birdes dieopaers and
alcMibnenuBrainN Bes:, ReM-chP8B3ifoR lizrdn S4B 3008:28002402)9284-288).
Med. Chem., 1985, 28, 1817- 1828). 10 In EP 638 073 is described how
compounds having affinity for 5-HT2 receptors, in particular 5-HT,

D{f&%{@ IS HREQNS IS NayeReeRRIBOGSIRIIoEGalmeRL O LifRR P, Willner,

iIseases, such as schizophrenia including the negative symptoms in
BragmiFsphienidPiéntd Ldbifrekiior ¢ apdidty: éep dst e litfigrathd 817-
1g8%acks and neuroleptic-induced parkinsonism. 5-HT2 15 receptor
antagonism has also been suggested to reduce the incidence of
extrapyramidal side effects induced by classical neuroleptics (Balsara et

In3pRAYHArIARNAGRIP QMVJ’%@]%p@gm@yﬁa@%) %Jﬁ'):f Bﬁ§ﬁ|ﬂ ?&@Mr@ ) particular
THE DRAWINGS 20 Figure 1: Shows an X-ray powder diffractogram of

5-HhE: epgspitinaniaganisisnaane heen syaseten onsermens af Bffcrsn géigatet, such as
scﬁ?%ﬁg&galﬁicﬁgd%’@ﬁﬁrdegﬁﬁqgggﬁﬂpﬁﬁ?&%ﬁiﬂ)hremc patients, depression,
anxiety, sleep disturbance, migraine attacks and neuroleptic-induced patkinsonism. 5-HT,
receptor antagonism has also been suggested to reduce the incidence of extrapyramidal side
effects induced by classical neurcleptics (Balsara et al. Psychopharmacology 1979, 62, 67-
69).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Shows an X-ray powder diffractogram of the crystalline form alpha of the
hydrogen succinate salt of Compound I (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 (A=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 Ka, radiation (7+,=1.5406 A)) 25 Figure 3: Shows an X-ray
powder diffractogram of the hydrogen malonate salt of Compound |
(obtained using copper |., radiations(X=1.5406 M. 4 DETAILED
DESCRIPTION OF THE INVENTION Salts of the invention It has now
been found that the aqueous solubility of the hydrogen succinate salt and
DETAIDED & ESARIgdERGHa(an g s ANOENB €3mpound of formula (1) is
considerably larger than the aqueous solubility of the corresponding
fumarate salt. In one aspect, there is provided a succinate salt or a
Salts of tha ieftien |t of the compound of formula (I) CH3 tN Nj CI (1)
It has fjtrans: ((dul] 3%)- ﬁre:h@r&m&-phmnylnsrdamﬂwl}zﬁﬁg’éﬁrmﬁhw@lwazmef the
In a oth ra there iS_provided acr talline_hydragen SUGt
marose B S R T R PRSI B
solubil -“myéthﬂwmﬁég@rﬁﬁ&réﬁéﬁétsalt of Compound | as defined above. In a
further aspect, there is provided a pharmaceutical composition comprising
I salt a§: defined , above to, etther Wlth at eastt one mq rmaceutlé:ay}( wla (D
mone 38’&8& B8 & RSB SAY. Thastit A Rirthar APty thapLlit formula
provided a salt as deflned abov for}ﬁée in medicine. In still another
aspect, there is provided the defined above for use in the
treatment of disease selected from ? group consisting of a disease
involving

(D
Ftrans-4-({ 1 R, 38)-6-chloro-3-phenylindan-1-yl)-1 ,2,2-trimeth.ylpiperazine] .

in another aspect, there is provided a crystalline hydrogen succinate salt of Compound I as defined

above.

Yet another aspect, there is provided a crystalline hydrogen malonate salt of Compound I as

defined above.

In a further aspect, there is provided a pharmaceutical composition comprising a salt as defined

above together with at least one pharmaceutically acceptable carrier, filler or diluent.

In still a further aspect, there is provided a salt as defined above for use in medicine.

Tn still another aspect, there is provided the salt as defined above for use in the

treatment of disease selected from the group consisting of a disease involving



4a psychotic symptoms, schizophrenia or other psychotic disorders,
mania in bipolar disorder, maintenance of bipolar disorder, anxiety
disorders, affective disorders including depression, sleep disturbances,
migraine, neuroleptic-induced parkinsonism and abuse disorders, e.g.
cocaine abuse, nicotine abuse, or algohol abuse. In yet another aspect,
there is provided the use of salt as defined above in the preparation of a
medicament for the treatment of disease selected from the group

psySRREIstingRl adisaase invelyingaasychatin synpimEsGRzaRtenid RF

~ other psychotic disorders, Schizophreniform Disorder, Schizoaffective

disqigsrHENESBRSIHARP DRIBT AT Biie FRLFER SO RESraEF CEHARPBS R hotic

inclNBREARNBNA N:bipalanissrdermipainienanesl gfinalaicdispre@hsonism
anxiety disorders, affective disorders including depression, sleep

and fEHTRIHACRE TigFafhEa e ISHIES AR B aranalsARGh AR abuse

disorders, e.g. cocaine abuse, nicotine abuse, or alcohol abuse. As used
herein the term "hydrogen succinate” salt of the compound of formula (I

PREAA SRR A it e A S R

prepiatdieseindhaitarnhsdrogen-malenate dsalief deeampanmskafroup
formula (1) refers to the 1:1 salt of the compound of formula (1) and

congsigie ISR RYANOGE M SRRAHE & RHISRRs ToRIRoRY FuaNb AReLptEchotic
disdhansthe dumaiateafandsdhrn, thenihydregandmalenate sallanrhidDisorder,

_benon-hygraoscopic. The hydrogen malonate salt of Compound | was
Brigh hinehs Hav s Selb MR SR e i 831 WHER UK HSEE S light
mafchAeES, SIABIRWRRP8XRASRILD SAGHEIY 1Eakive BLiavgity (Rin)diByt

less, stable than the fumarate salt at 90C. 9QC.is however a very stressed
depgeitifition s d e AT RS PTLRIEP RS pdifty RENPRAFEBAtTiaRe
disdragrinalenaje.aksbe aiadualy bpsto doaiebhweigtwhen the relative
humidity is raised to 95%, but with no hysterhesis. It is therefore

considered as non-hygroscopic, but with good wetting properties, which
As indicatesifayeusanlen fiss alatiaR ARETHES of the compound of formuia (1)

refers to the 1:1 salt of the compound of formula (I} and succinic acid.

As used herein the term "hydrogen malonate"” salt of the compound of formula (I) refers to the 1:1

salt of the compound of formula (I) and malonic acid.

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

hydrogen malonate salt and to benon-hygroscopic.

The hydrogen maionate salt of Compound { was found to have a stability similar to the fumarate
salt when exposed to light and more stable when exposed to 60°C/80% relative humidity (RH), 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 gradualiy up to 1% of
water when the relative humidity is raised to 95%, but with no hysterhesis. It is therefore
considered as non-hygroscopic, but with good wetting properties, which indicates favourable

dissolution properties.



4b The disclosure also covers crystalline salts of the disclosure ,
including, e.g. anhydrates hydrates, and solvates of the salts of the
disclosure. By the term anhydrate is meant the salts of the disclosure
containing no crystal bound water. By hydrates is meant the salts of the
disclosure containing crystal bound ygater molecules. Hydrates are
usually prepared by formation of the salt in presence of some water. By
solvates is meant the salts of the disclosure containing crystal bound

ThSANERLMOICHIES SONILET AL HRUAM,RIERARI LY I%ml&ﬁk%“ Lfthe

succinate salt in presence of the solvent. The solvent molectfesin a

anhy Ay horipdes @1k sgvaxs vidkczeda oS sBsdosoivatdy iy bechbrdrate
is HOLPRTVQLR Liffere @ﬁ&@&‘éﬁf@%ﬁ&%ﬁ@fﬁﬁ%w'@&ﬂﬁ?&\ﬂéﬁr ng%%@i is

two or more organ!c solvents or_bg-) only a non-water solvent.
megph Hsuim B ichedselpstior rginineer i hbowrltvefter molecules. Hydrates

areHARS-HiRe38)-B5GHIARi3n 3ARE @Ximg%?é%é_ﬁgé]ogsaﬂfé%@w @9 %Egéé@ees' is

i.e. of the comBound of formula (1), and succinic acid in the form o

megp)$haIfAEsaHHpardinsl oPHE inEateine Ay disepve redverdrpstativieso Faly ks
are BRIYAINEER-SYEG R 8RM, oF &OTRenad LInamEH alpha 296 Re18n L Orhe

Thus, one embodiment relates to a crystalline form of the hydrogen

soluerimRireWaR BracB®isound 1, which form is named alpha and
characterized by one or more of (i) an X-Ray powder diffractogram as
shown in Figure 1; (ii) an X-Ray powder diffractogram pattern as
illustrated in Table | obtained using copper 15 Kg, radiation (?.=1.5406 A)
which shows main peaks at the 20-angles given; (iii) having a DSC
(Differential Scanning Calorimetry) trace which shows an endotherm with
onset 139-141C.
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A further embodiment relates to a crystalline form of the hydrogen
succinate salt of Compound I, which form is named beta and
characterized by one or more of 20 (i) an X-Ray powder diffractogram as
WO 2065/8@M94n Figure 2; (i) an X-Ray powder diffractogram pattBf/3gc2004/000545
illustrated in Table | obtained using copper Kai radiation (7,=1.5406 A)
which shows main peaks at the 20-angles given; (iii) having a DSC trace

Ivat whic sh WS an iwdotherm on et 35t]s'3 C%A yrther embodé@%g or as
Solvals e di8 8 tht S Smpound 1725

%8?1m3rrggeneﬁ% onate Salt of
one of eharacitsizas e emoe b @gmiﬁdﬁaym@emd&fractogram as
shown in Figure 3; (ii) an X-Ray powder diffractogram pattern as

illustrated in Table | obtained using copper K, radiation (%=1.5406 A)

One enffUaMhRROWSHRAIVBRGES RldRe RAIRNDIES ivan S0 TiaRle b5 isacagtessic
X-Ray powder diffraotograms obtained using copper K, radiation

phenylipdanslabB-Apet-tRaneHulaiTeHE albReCARroRBTIE o igrayda (D, and

sucoinRUESINRIR334.9f GURRRUIGd. 2R afihe crystaline hydrogen malonate
- salt of Compound I. Fig; cf also Fig. WO 2005/016900

PCT/DK2004/000545 6 1 Flg 2 and Fig. 3 providing a representative

The 111%%?11%?8 pg.'{ftee LF 88(590 dum%?% Q‘e&a"gfa“tx%gw‘[?&&-&t of
Lhecinate salt and o onate salt o Comp‘youn [, respectively. Salt

Comp&iindrhmemsﬁmtpﬁemd bcmam peaks (expressed in degree of diffraction
angle 20) Succinate, alpha 9.36; 10.23; 11.81; 13.45; 16.21; 16.57; 17.49;
18.89; 19.20; 19.63; 20.01; 20.30; 21.15; 21.53; 21.93; 22.34; 24.37;

Thus, &8 2Aibdlid(c b eSucsinagteiliatféi; dOh: hidodeh Qnddititd &abof
15.7;:16.2; 17.2; 17.5; 17.9;.18.4;: 18.9; 19.2; Zﬁd; 21.0; 21.9; 22.5; 23.3;
Compernd bl form 4 pepeflilphaand gharggterizad byoneor meis ol 7 ¢

@) antB-RdPowdd &ifiadioddat 2280w 16 Binfie28.8

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

(i1i) having a DSC (Differential Scanning Calo:ti_metry) trace which shows an endotherm
with onset 139-141°C.

A further embodirment relates to a crystalline form of the hydrogen succinate salt of

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

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

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

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

A further embodiment relates to a crystalline hydrogen malonate salt of Compound {

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 (A=1.5406 A) which shows main peaks at the 28-angles given.

Table I Characteristic X-Ray powder diffractograms obtained using cop;ﬁer K, radiation
(A=1.5406 A) of the crystal forms alpha and beta of the hydrogen succinate salt of

Compound I, and of the crystalline hydrogen malonate salt of Compound I Fig; cf. also Fig.
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5 As used herein by expressions like "crystalline form of a specific salt of
Compound | characterized by the X-Ray powder diffiactogram shown in
Figure (1)" is meant the crystalline form of salt of Compound | in Que tion
wo mgﬁ)ﬁ\}ﬁ?ﬁﬂan X-ray powder diffractogram substantially similaF%TE)lgareG&%(,ms
i.e. exhibiting an X-ray powder diffraction pattern substantially as
exemplified in that Figure and m&asured under comparable conditions as

1, Fig, 2%deseribed ergin.or hy,any camparabls mehad QR RIkRAipha and
beta if%ﬁé%md‘;%e eﬁ&%&ég §%§x§%@@é’%ﬁﬁnﬁ%lﬁ '3%{33" res ectiwlrjely.
measurement error depending e.g. on the apparatus Used and’other

ota 1 anec anl Hin mtoncitine Tha inuantian
Baraeter Inf!” oSt e v er O

Do DOl no.andnaale
|34 TATTTOTOTY orCTToTT C TN ToToT 1o PO TU A LLI L
Salt 550 relates %hgléao | t? ﬁ?/ﬁ?oré’g? ek %%?838%’5%‘;3%&3! éﬁgfceﬁ $lid
salt 15 con<difractirpr A8 20ha form as compared ta the total amaount

Succiwgithelphit. |19 36 18rBoblIntdnl 28:140R tri&idil ddhd St (2 1i9-63;
hydrogen su@iRbi@ 8300t Chmpbiddal £8ndkSar afhst 784h241ich 3365

| Succimitiedet80963 At st 90%, bF.6r 1delst 9560 ihyAtdfiiRe 1dighd 7roriy & 18.4; 18.9;

compared tolth@; B hYtdin% ecindie3sa6 3f Compound | present. The

Malonagention alshipldtes id & ;s hiAPodérs stedinblelsak.6f Compdunds.o; 18.6;
which solid 9ait2 201conzisteaial28f thatktasiérm 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%,
As use8UeReasBl ipst B80S dkleusty9Yine fathiaadi 95 fryslalinedapautalm
as compared to the total hydrogen succinate salt of Compound | present.
B e

charactprizeh D e Aoy PSS TR IR B OV hid SRR
crystal S IRHEDBUERID Ao RPARIH AT HNGUENRALIOR Bt AR W dhel Blab@ gram

and beta crystalline form of the hydrogen succinate salt of Compound I.

substantjehl P sivsiizt 60 HEBPT(iDK 20 CAIIEL A 302 PIEpBPNH O FC B ERe
subsm@/\éﬁg}tﬁgréﬂﬁ‘iﬁmt&g@ﬁi@ﬁf@Eﬂﬁ‘ﬁiégs‘iﬂ%dWﬂ%ﬁj LBAYBE: RIS as

treatment of the free base
described herein or by any comparable method.

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

peak positions and peak intensities.

The invention also relates to a solid hydrogen succinate salt of Compound I which solid salt

consist mainly of the éipha form as compared to the total amount of the salt. In one

embodiment, the term “mainly” means that the solid hydrogen succinate salt of Compound I

consist of at least 75%, such as at least 80%, at least 90%, or at least 95% crystalline alpha

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

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

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

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

succinate salt of Cornpound .
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of a compound of formula (I) with succinic acid in an inert solvent followed
by 5 precipitation, isolation and optionally recrystallization. If desired, the

H%L%Iin&j@alt may thereafter be subjected to mlc:ronlsatlor%,t@[/r\ﬁ/g%)(}ﬁ;ﬁmﬁ4

illing or another convenient process, or preparation of particles from a
solvent-emulsification process. Preglpltatlon of the succinate salt of the
invention is preferably carried out by dissolving the free base of the
compound of formula (1) in a suitable solvent, such as acetone or toluene,
to and thereafter mixing this solution to a suspension or solution of

Prepacitionoftiie satiyitahle: isoMetidnsuch as acetone, agueous acetone or
toluene. In one embodiment the solvent is a mixture of acetone and
Tlwateriea: almixturéicg nstbtingvessentiadlybef ddeionicband ahent 2thddree base
o BB Bl AR R aleL baserhon e e Sl s, e
resu g suspension lféd or solvent may dahtPall
prsmpmmmaamilhamms@ipedmﬂlyeeb@smﬁmmm sdliefiht terapetatithetiitenay
o S B R a0 B B pent o,

or m@riﬁn&@ﬁpﬁﬁ&&l@f&d@ﬂmﬂ@mml&ﬁh@doﬁ growvéath. acetone, and
dried. The invention also relates to a method for the preparation of the
Precystatiimedidha ﬂucnirxafetlaelt hydrmgsmrsimrﬁmatefsalb]gfc@wimmiw kiisdoising the
RSO0 COmOrises IeRYNgL AN ASRUS 20 SRR O A 00en C P cne,
ompou orslow evaperation o e solve itien
arﬁdhdrm 1ﬂ]xmméimrsatetsmltmrmﬂmmﬁn¢amesbhmng Magmmszxcid m a suitable

ocedures. Accordin ‘}/ Ionat(% sa alt ai:cordin to the | inven oln
50 Veﬂ sucl 5 acedag fi% 6"01}.3 & E? ?]ilﬁ OLUCIE ne emnbodine 1fe solventisa
may’be 0 biaihe y treatment o ree base of a compoun formula

m{Xhwithfmadonic adi d-teare inernsciventdotiotiredcsyepielipitftianoisalatiemout 2%
to %%2§t° “%1;[ %JS%%.?W” Isaon. {f desired, tE[Fo%f Sta”' 8 2ama kulting

there JBREERE (82 Ricromsation by we ry il mg or anoth
suepinsistientpbedteas;dosrprd paration of addeticlesd fatinuacinic acid has dissolveci The

solvent- ification PreC| itation of, ma ate
SRR S ST R AL s 0 B R e BT Taes iy cooling of
the@mmundm fasaitiiee ($linoé e takdet walwent optihn2irop aswlsatiidsed one or more
tnnes an%f 1solated by filtration, washed, e.g. with acetone, and dried.

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

ambient conditions.

The malonate salt may be obtained using analogous procedures. 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 recrystaliisation. If desired, the crystalline salt may thereafter be subjected to
micronisation by wet or dry milling or another convenient process, or preparation of

particies 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 (1) in a suitable solvent, e.g. 2-propanol, and thereafter

mixing this solution to a suspension or solution of malonic acid in a suitable solvent, e.g. 2~
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30 mixing this solution to a suspension or solution of malonic acid in a
suitable solvent, e.g. 2 WO 2005/016900 PCT/DK2004/000545 8
ropanol. The suspension may be heated until all malonic acid has
wgi%@S@ggP ¥he malonate salt of the compound of the inventfon D K2004/000545
precipitated, preferably upon cooling of the solution. The malonate salt of
the invention may optionally be recr%stallised one or more times and

pré edrRy fHipRHSRnWASIRIh&:8d Mg 1RIPRANA ARGIAI8 did JrFeRaF AL QhIonate

of the compound of formula (I) The compound of formula (1) in racemic

safopiiia &0 BROBREAEE By aE s et plagsionBly aremsBEYe 6 be gplution.
Tht MM 04899 381iPRASH 3BRARL bl 18 HRSSIREN RRWIRHEA mes and

_ resolution of the racemic compound may be accomplished by
isplajetdmshlichion WithaskeomBriE Bapsine radydeiBtaining the enantiomer of

formula (1). to The present inventors have now developed an improved
Prepnertien HiHssrempirnchohBrepda(Bmer of formula (1) is obtained via a

synthetic sequence starting from epantiomeric pure V, i.e. compound
Tl\%{?p@i@,%%?é%u.%%%%Q)dﬁéﬁgﬁm&aﬁzr.%ﬁlgﬁéwﬂws?m@wﬁé in EP 638 073,

anldBCBEedhetintermediathohforovslany, isapespivedsex iy éiéabed how optical
chroma\%(;%raphy or enzymatically, to obtain the enantiomer. of formula Va.

reseHiEI AR R/ FBB TR STU RIHERSEG BYtARY 28R BT BUFY SbRTeRLfl) is

dinsebumere efictaplthashthniabove meniwned crystallisation of
diastereomeric salts of the final product I. In particular the yield of the

Tlre sedtionriseauhstantiatiy ighasgadthisingvevee thack (Symiielsatve shitlethe

amount of racemic starting , material, i.e, maximum theoreticg| yield is . )
CIEBHETUE %ﬁfﬁﬂé’o‘ Tr?é’%i&@(ﬁﬁ%%ﬁﬁ% BIHRE B iHAE S amRomere

pustAting. reaigréakd. ¥aaxipawe-theeetionkyialiddsno0%) fof BaRWY Thus, in this
resolutjon of the final product | by crystallisation of diastereomeric salts.

PraGestnEiedaHede of fRicidentbrrielindt e BRaiRh RO ARSE R flis
enighes (higher dhamh 99Yeetshen oSYRReRiSes AEROIEW EHia:bLKIMBRLIOR obtain

as compared to the synthesis using %r%stallis tion of diastereqmerijc salts

thgioRsEs. HURFRTHA S!S TR SUTIBH P itk brite oy bprryallisation

of diastereomeric salts of the final product I. In particular the yield of the resohution is
substantially higher tn this new method (45% relative to the amount of racemic starting
material, 7. e. maximum theoretical vield is 50%) as compared to the yield (22% relative to
the amount of racemic starting material, 7. e. maximum theoretical yield 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 () 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 a 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.



final product gives a much more efficient synthesis, as only the right
enantiomer is used in 25 the subsequent steps, giving e.g. higher volume
yields and less consumption of reagents. 8a In one aspect, there is

provided a method for manufacturing 4-((1R,3S)-6-chloro-3- phenylindan-
l-yl)-1,2,2-trimethylpiperazine (forngga I) or a salt thereof, which method
comprises conversion of the compound of formula Va in cis-configuration

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

In onCHPeq] Nhei€l i§Vpotipeth anmhmbasﬁemtmbﬂnﬁmmmgid@@(mm}iﬁfm 3-

| of the ound o rmu or a sa reof co
phens B BB A (L crt! o RRIcIMPETamegod
comprigith Z;Brvhmmmydmphmz:mﬂbemlby)bﬁt&mm@ thve compwas B dedtivulato  the
wed.b eth |on the ndar ne. In a further aspect,

compoﬁ%t%eogs?proﬁaéﬂn}m%{h (ﬁf Er‘nanﬁ(?urmég j@fﬁ"GBS) -(6-chloro-3-

phenylindan-1-yl)-1,2,2-trimethylpiperazine (formula I) or a salt thereof,

which method comprises conversion of the comp@Hnd of formula VII to

the compound of formula I, wherein formula Mll i !"as defined above. WO

2005/016900 PCT/DK2004/000545 9 Accordinglyythe enantiomer of

formula (1) may be obtg@i#ed by a process inv _viﬁ

CN NHZ1.C1 0-Cl CNA-BUOK M%EA I\/ N

L)

the following steps:

(Va) @

In another aspect, there is provided a method for the preparation of the compound of formulaTor a
salt thereof comprising reacting a compound of formula Via (i.e. Compound VI for which LG is
Cl) with 2,2-dimethylpiperazine thereby obtaining the compound of formula VII, followed by

methylation at the secondary amine.

In a further aspect, there is provided a method for manufacturing 4-((1R,38)-(6-chloro-3-
phenylindan-1-y1)-1,2,2-trimethylpiperazine (formula I) or a salt thereof, which method comprises
conversion of the compound of formula VII to the compound of formula I, wherein formula VII is

as defined above.
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/ +310 CN O Cl DME 5 Benzyl cyanide is reacted with
2,5-dichlorobenzonitril in the presence of a base, suitably potassium
tert-bqlljtoxide (t-BuOK) in a suitable solvent such as dimethyl ether DMEg0
VRN 1 ion with methyl chloro acetate (MCA) leads to sﬁ&mf gLigo0s4s
ring closure and one pot formation of the compound of formula (11). The
compound of formula (11) is then subjected to acidic hydrolysis to form a
A%E&E}%lﬁgﬂ%f_ chOnRARLH B 1 (HhmSUTER b BYbR eAING 1B MPIIR OfR68HES the
acid, sulphuric acid and water, and thereafter decarboxylation by heating
fol%"é%ﬁrﬁb“@ﬁhd of formula (111) in a suitable solvent, such as toluene with
triethyl amine or N-methyl pyrgelidone, to form a compound of formg.q’@2
(IV). CIN112 O C1 C1 0 x IF'CN -~- COON H20 (11)A1Z) (I\M) 15 Fhe
ccompaund efformula (IV) ig then r%%u ?% sujtably with Na ‘
SO lich as an alcool,\e.. e ‘h% r iglcl)fé)flt‘) anol, @ bly ao/
a témpezature in the range 0f£-530 to T3¢, e.g. bélow 30 C,
below10 Cdr preferably b

Bengzyl cyanide is reacted with 2,5-dichlorobenzonitril in the presence of a base, suitably
potassium tert-butoxide (1-BuOK) in a suitable solvent such as dimethyl ether (DME),
further reaction with methyl chloro acetate (MCA) leads to spontaneous ring closure and

one pot formation of the compound of formula (I1).

The compound of formula (IT) is then subjected to acidic hydrolysis to form a compound of
formula (1I1), suitably by heating in a mixture of acetic acid, sulphuric acid and water, and

thereafter decarboxylation by heating the compound of formula (IIT) in a suitable solvent,

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

formula IV).

O 0
C1 Cl .
LD 1
COOH ——p
TTE TG
) (Iv)

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 temperature in the range of -30°to
+30°C, e.g. below 30 °C, below 20 °C, below 10 °C, or preferably below 5 °C, to form a

compound of formula (V) with cis configuration:
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C1 (V) The compound of formula (V) is resolved to achieve the desired
enantiomer (formula Va), i.e_ also with cis configuration

W&S(IS 38)319 -chloro-3-phenylindan-I-ol): 5 OH CI (Va) The resolutlon of (V ﬂ(jf{}‘}‘“

y, e.g., be performed using chiral chromatograph
liquid chromatography, suitably on g chiral column of S|I|cagel coated with
a 10 chiral polymer, e.g. a modlfleo1 mylose, preferably amylose tris-(3,5-
dimethylphefgplcarbamate) coated on silicagel. A suitable solvent is used
il or the_chira Iqu|d chromatography, such as, e.g. an alcohol, a nitrile, an

to achieve Comppand Va by enzymatic resolution. It has been found that

T BRI by SR SRR LIRS ST SO 2

i.eQ muowmta@emmi@mmmt(nm\zsp@bmabmeophp@mdmmoman acylated
derivative thereof with high optical purity. Alternatively, enantiomerically
pure Compound Va may also be obtained by a process comprising
converting racemic Compound V to a WO 2005/016900
PCT/11K2004/000545 11 correspondlng ester in the hydroxyl posmon

(Va)

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
chiral polymer, e.g. a modified amylose, preferably amylose tris-(3,5-
dimethylphenylcarbamate) coated on silicagel. A suitable solvent is used for the chiral liquid
chromatography, such as, e.g. an alcohol, a nitrile, an ether, or an alkane, or mixtures
thereof, suitably ethanol, methanol, iso-propanol, acetonitrile, or methyl tert-butyl sther or
mixtures thereof, preferably methanol or acetonitrile. The chiral liquid chromatography can

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

Altematively, the compound of formula (V) is resolved to achieve Compound Va by
enzymatic resolution. It has been found that enantiomerically pure Compound Va, or
acylated derivatives thercof, may be prepared by enzymatic enantioselective acylation of the
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 to a
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compounds. 5 Accordingly, The resolution of Compound V to Compound
Va may be performed by selective enzymatic acylation. Selective

cylation means that the enzymatic acylation is %rceferential

n atic a I
, cix
“(gﬁ@(%vé}g%}r conversion of one of the cis- enantiomers of the c%/r%%%{ﬁ]ﬁfgugf%

formula Compound V leaving the ot?er cis-enantiomer of Compound V as
unconverted in the reaction mixturé. 10 Alternatively, The resolution of

cofr QRRRNUNE M AP AMROHBLLY BINaY-PE IRRNQ Mesh - $ 8186t K82 YMAtce

deacylation. Selective enzymatic deacylation means that the enzymatic
degradeyp b9 praryrMimratetlvdiierlopvisigs het kase sried s aflsr
o pind of formula (V), leaving the other cis-enantiomer of esters of a
compound of formula (V) as 15 unconverted in the reaction mixture. of OH
ClI OH Enzyme, e.g. CI O c | Novozym 435 1\ + (\ For example /

AHBARYT IR Col iRl BRE A Y@ P RIS ARG VR)0f e Sampauadof

formula’(V) are ester such as acetate, propionate, butyrate, valerate,

scleebian eRtEIBEn e R UTERS o BiAYRRAEC 2cheiny BiRathaldlppenzymatic
acIRIOIRURERIE PR iR ATR RIPYNRIGIAIR oF-SRE UM A8 a8 antiomers of the

4-methylvalerate O R O R OH CI Hydrolase Ol CI
compound of formula Compound V leaving the other cis-enantiomer of Compound V as

wnconverted in the reaction mixture.

Alternatively, The resolution of Compound V to Compound Va may be performed by
selective enzymatic deacylation. Selective enzymatic deacylation means that the enzymatic
deacylation is preferentially effective for conversion of one of the esters of compound of
formula (V), leaving the other cis-enantiomer of esters of 2 compound of formula (V) as

mnconverted in the reaction mixture.
0

O)J\/\ OH
Enzyme, e.g.

OH _ o
¢l Novozym 435 ¢ i
W +

For example -

vinylbutyrate 5 '
Q toluene @

vV Va

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

methylbutyrate, pivalate, 2-methylvalerate, 3-methylvalerate, 4-methylvalerate

R
o’R c
ci Hydrolase O {
e :
Solvent

Vb (1R,3R) Va
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+ Solvent Vb (1 R,3R) Va WO 2005/016900 PCT/DK20041000545 12
wherein R, e.g., is acetate, propionate, butyrate, valerate, hexanoate,

‘ te laurate, isobutyrate, 2-methylbutyrate, 3-methylbutyrate, 3
w%i%{);&g@e?% émethylvalerate, 3- methylvalerate, 4-methylvaler§tée¥.r %‘Wﬂ%’,{ms‘b
one embodiment relates to a process for the preparation of the (S, S)- or
(R, R)- enantiomer of the compound of formula V (i.e. with cis

wICQBHORIalion} R PNG S8 ECHAG, 3 IREAR)BLATDROUNG IR, laurate,
enantioselective enzymatic acylation using an ac Iatir}égggent, or b)

isQbhyEding R FRERPH B mpBaH VE T enhita e etiREnIVHARE: 3-

mélegRyiation tofeipydasamixture of deacylated Compound Va.
Enantioselective enzymatic acylation means that the enzymatic acylation

is preferentially effective for conversion of one of the enantiomers of a

TIRRMRRWRH S RERHA0) (P isiRseR Y rayi AHELE NN HEROTR )-

the compound of formula (V) unconverted in 15 the reaction mixture, .
oneriEEsY dtiverah afiCaeREy tatioh Wighrs tRRTIREEAZ) AraRrising:
a) d%ﬁ}fé@&ﬁ@g‘ dsReierentialiysiiectyedaiernversio @zﬁﬂrﬁﬁﬁ@ﬁéﬂﬁtiw using an
enantiomers of a compound of formula (Vb), preferentially leaving the
acptHEraggRtiGer of the compound of formula (Vb ) unconverted in the

b)reéﬁjQ&iﬂgﬁ&k{;@erﬁQ EB&H&%EHV% &Péﬁi&%%%é&%@@ﬁé’fﬂ?&ifc Efe%.@{ﬂ&ii%h to form
may not be entirel Sure, e.g. they may contain a smaller amount of the

a BN e PRSI 4d'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

Enntiesvienticrsnanaetioriclyine reasidnishemioarotic Chliftedsistricentially

eGS0 R RAlc-AeYIAtPHde R el i omers of 2 compound of formula (V)

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

formula (Vb ) unconverted in the reaction mixture.

The mixtui;es 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 hydroiase 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 enantiomer is
converted than of the other. The enantioselective acylation according to the invention thus
results in a mixture containing preferentially the compound of formula (Vb) in the (R, R -
form and the compound of formula (Va) in the (S, S)-form, or it may result in a 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 resulf 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 resultin a
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25 according to the invention is that a considerably larger portion of one
enantiomer is converted than of the other. The enantioselective acylation
Wg%gosr/dﬁgr} to the invention thus results in a mixture containi%%,r DK2004/000545
prePeren' |aﬂly the compound of formula (Vb) in the (R, R - fon ARY408 >
compound of formula (Va) in the ( 3S)-form, or it may result in a mixture
containing preferentially the compound of formula (Vb) in the (S, S)-form
miRddhenttGamnernehabiRrme R e tred R (Payinlikemisr) Hem and the
enantigselective en%matic deacylation may result in a mixture containin

COBFRABRE AINTEHE GBS TO7IPERa FUBSPHTIE FEO LY AR Hed bY the

optRepeend;eh fasmulpdiMhinpiaedRntRhiRims Qikmayt [esbev sV Greferably at
2005/016900 PCT/DK2004/000545 13 mixture containing preferentially

leapiednipotitdcat rSrrahlE FAaShthe pRam) mORHPEFRraRL 2olsasbifia &F
HiGEeadYa) Jarthe 4318 dpHdni pherpriicalpytiyiof the Va obtained by

the optical resolution method of the present invention is usually at least
90% ee., preferably at least 95% ee., more preferably at least 97% ee

AQImMest pietairbhoal laast S3% 86 SnioMeNes Jawes Yaliesdorinender

optical purity are acceptable. According to the invention, enantioselective

copAinnati By RIBhRIPREEE SufTeT Coftbens shisdrantigpverse reaction of
hSYRREESBIRG YSITOlSis privdrelyaisy Whishels therenarspiagstion ohihe

acylation reaction, takes place if water is present in the reaction system.
engpiiscies ErTosEIae ARl e ih BRfaR v femirs Sréfer aBIV e RfFRSPERRR solvent
orA AR LI RIRARILSRIVERER T BHRRSLANIMAIRYSQIBRNIC SR of some water

enzymes normally require the presence of some water to be active).

to Baitakile)sSHERTS RdlsaE RydvdeapsEreinen Shaxamenieptaties, benzene and
toRRRZEREANd doldenansthars sush A Aty etbesnianrapy etekane, tert-

tetrahydrofuran, 1,4-dioxane, tert- butyl methyl ether and

bugiteieritienned Renseaseibangs keterenaic afipckensrid chiitdisbimeq Butanon,
an@'lﬂeﬁl§f %ﬁtﬁé(ﬂolﬁ@}%@%rﬁﬁaﬁsﬁH%@?mta I tg@@‘eaﬁ{héﬁffz@@}%te, vinyl

ethyl butyrate, vinyl” butyrate and ethyl benzoate; halogenate

buiysate cathshel benroasnhatpgianiedchydrrserbenscisto anragigylens chloride,
chgro}o%6%051&8rﬁ?f’f‘ﬂﬂ@]ﬁl@?&&ﬂ&@%%ﬂ&ﬁ@ Y ARALYISSHSR B3ch as tert-butanol;

tert-butanol; _
nitrogen-containing solvents such as dimethylformamide, acetoamide, formamude,

acetonitrile and propionitrile; and aprotic polar solvents such as dimethylsulfoxide, 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 vinyl-esters, Z-propenyl-esters

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

Enantioselective enzymatic deacylation is preferably carried out in water or & 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, acetonifrile, dimethyl formamide (DMF),

dimethyl sulfoxide (DMSO), 1.4-dioxane, DME and diglyme.
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nitrogen-containing solvents such as dimethylformamide, acetoamide,
formamide, acetonitrile and propionitrile; and aprotic polar solvents such

imeth *sulfoxide, N 20 methylpyrrolidone and e
Wﬁéﬁ%‘%ﬁ% phosphorous triamide. Preferred organic solvents GO KA004/000543

enzymatic acylation are organic sok\fnts such as toluene, hexane,
heptane, dioxane and tetrahydrofuran (THF). Suitable irreversible

It BEYHIRR P65 € £ Ehz RAMHONISRICH Ay eSS By ariibaReRYbe siehsd out

25 or 2,2,2-trihalid-ethyl-esters. Enantioselective enzymatic deacli/lation is

usprefieApy Batrie 4 SRR Sioa Wtk BPAeraMRe YRydnike Cat-No.
739atyent suiahleHn presence.of i auinble kIBRic. ol Bl Rion is

are solvents miscible with water such as alcohols, acetonitrile, dimethyl

DRI FAE NI LD LA B BURSKIARS (BIISCAS 108 AREXEAS: DRI ERes
usSigiine- W 2085/8+6300 E@Iﬁ@r@%ﬂ{&o&%@é&f jippshrenriowasive

that enzymatic acylation according to the invention may be carried out
acylaHePNEvoR RTINS e atenRf Rsdydiiy page I8 orrriBiseAmaund/ef formula
(VIbkeuGatNered IR4P) 10 Gp RSl N e REND RS ARt aR.eydas Wil QBlective

according to the invention is preferably carried out using a lipase, an
deggykiier OhHa A5M SEUP ArphsiEnsauS IR a8 o edR A e Srdmdigular

intASINVRRIGRA 6 SHERBHAUNES 16aR 3L PeH{QUMAg Rrsel8stNRCLEC) are
acylation or S-selective acylation of the hydroxy group in the racernic

useBHRSQFHNSE fo Fhsuny coipBr Swerlared pri diFent Apleia faBhe of  lipase for
PSR RingReslaciie-deaayiatia efposaletiiverdaaealienof thesde Candida

group in the racemic compound of formula (Vb). In particular immobilized

arfgrpisotimaie Rikh Eandiadiig CroBscudaren s raparadiBasai ik ECst ablo-
s 50y elilresnrding 1o the invention.Auesaissehe mbrdinet releferdQozym 435

use’of a lipase for carrying out the enzymatic resolution of Compound V.

(CrndidnostrereripasiabeNe o 4 aliter ddpaanas el id apaqyces
13%%@889{1& HIPANES, fRRACIS) IpRse B kifRlohiR,§4309): Novozym

LB L (Candida antarctica lipase B) (Novozymes AlS); Novozym 435

The alcohol group of the cis-alcohol of formula (Va) is converted to a suitable leaving

group, such as, e.g., a halogen, e.g. Cl or Br, preferably Cl, or a sulphonate, e.g. mesylate 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 formula (VI)}, where LG is the leaving group:

In a preferred embodiment, LG is Cl, i.e. the cis-chloride of formula (Via):
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(Candida antarctica lipase B) (Novozymes A/S); or Lipozyme TL FYI~
(Thermomyces 15 lanuginosus lipase) (Novozymes A'S), preferably in
ng%ili@%g form.' The alcohol group of the cis-alcohol of forr};"léjTl?D_ _\/2%1%{/5000545
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 agjinert solvent, e.g. an ether, suitably tetrahydrofuran. The

cresulting comipound has formula (VI), where LG is the leaving group: LG

Cl a preferred embodiment, LG is Cl, i.e. the cis-chloride of
formulatway’ WO 2005/016900 PCT/DK2004/000545 15 CI CI (Vla)
Compound W, e.g. with LG as chloro, is then reacted with

2,2-dimethyip azine in a suitable solvent, e.g, a ketone such as, e.g.,
methyl isob gtone or methyi ethyl ketone, preferably methyl isobutyl

ketone in presence of a base, such as e.g., potassium carbonate. 5 The
resulting compqwg of formula (VII): Ili N CI (VII) is methylated at the

secondary amine functionality (suitably by reductive amination using
Compound VI, e.g. with LG as chloro, is then reacted with 2,2-dimethylpiperazine in a

able solvent, e.g. a ketone such as, e.g., methyl iscbutyl ketone or methy! ethyl ketone,
preferably methyl isobutyl ketone in presence of a base, such as e.g., potassium carbonate.

The resulting compound of formula (VII):

%
o

(VIh

1s 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).

CI l ;
@

Alternatively, the methyl group may be introduced directly by use of 1,2,2-trimethyl
piperazine (Formula VIII below) instead of 2,2-dimethyl piperazine when reacting with

Compound VI, e.g. where 1.G is Cl, thereby shortening the synthesis by one step,
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suitable agents, such as, e.g., formaldehyde, paraformaldehyde, trioxane,
or diethoxy methane (DEM)) to obtain the free base of a compound of
formulaél .tN N-) CI~ 10 (l) Alternatively, the methyl group may be
Wiht'Galik 0directly by use of 1,2,2-trimethyl piperazine (Forﬁuﬂé&\ffﬁ?o“mms“s
below) instead of 2,2-dimethyl piperazine when reacting with Compound
VI, e.g. where LG is ClI, thereby shadrtening the synthesis by one step. WO
2005/016900 RCT/DK2004/000545 16 N H (VIII) Furthermore, the
piperazine parfof the molecule may be introduced by reacting Compound
VI with a compoupdof formula (IX) below, where PG is a protecting group
such as, but restricted to, e.g. phenylmethoxycarbonyl (often called
Cbz or 2), tert-&bu%wycarbonyl (often called BOC), ethoxycarbonyl, or
benzyl, thereby obtaining the compound of formula (X) below. PG PG CI
CN H (IX) (X) After deprotection of the product to (VII), methylation as
F%ﬁ%%%%?g %%%gfegﬂl%% g%lq: QPéﬁe %190 erc%qéj % CQQH&H&‘&’ e’lzd%g%g%%/e %Ompmmd
the protecting group such as e.g. et oxycar%%nyl may be converted
Vvt donzpovethyt frougudikptelsuitatieredtucirgpagesting grolithiumh as, but not

1‘e%%i'££e'&)ﬁ$’f&?gh .(%ljllgr? : }%@f‘ t)ct‘agti%%fr‘g) _éns.r?a'ﬁ%d‘i?bg'c% TRASAMES L arbony!
(often called BOC), ethoxycarbonyl, or benzyl, thereby obtaining the compound of formula

(X)) below.
PG
N
ke
cl o
f Co
g O

(tX) (X)

.

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

aluminium hydride.

During the synthesis some cis diastereoisomer of Compound I (7.e. 4-((15,35)-6-chloro-3-
phenylindan-1-y1)-1,2,2-trimethylpiperazine) 1s formed as an impurity in the final product.
This impurity is due mainly to the formation of some of the frans form of (VI) (e.g. (15,3R)-
3,5-dichloro-1-phenylindan when LG is Cl) in the step where Compound V1 is formed.
Therefore, the impurity can be 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
Compound VI this can be done by stirring the mixture with a suitable solvent, e.g. an
alkane, such as heptane, whereby the desired cis form of VI precipitates and the undesired
trans form of Compound VI goes into solution. The desired cis form of Compound VI (e.g.

when LG is Cl) is isolated by filiration, washed with the solvent in question and dried.



15 phenylindan-I-yl)-1,2,2-trimethylpiperazine) is formed as an impurity in
the final product. This impurity is due mainly to the formation of some of
the traits form of (VI) (e.g. (IS,3R)- 3,5-dichloro-I-phenylindan when LG is
Cl) in the step where Compound VI is formed. Therefore, the impurity can
be minimized by crystallisation of the desired cis form of Compound VI,
from the mixture of traits and cis (VI); in the case where LG is Cl in 20
Compound VI this can be done by stirring the mixture with a suitable

solvent, an alkane, such a hereby the desired cis form of
1 the AR T RS Bl ST A 3f EBBORR PG ground
Vii, thsolfiopvd hasdasitbel Tisnfoion of Gempoufiahy b{eCgmpvhen VG {5CH-{gS,35)-6-
chioro @9@%‘?}%'“% 013\ WF%M%)SQQVQPE Hﬁ%ﬂ?fﬁ?%g'@%y ggcond

the cis form of Com o] IS present in th VI) usedin t
option gf Aygiding &@aﬁmﬁﬁcwqw@ hin @cvé%géotﬂ&%e%ﬁﬁq%&wﬁ%wﬂq@at the cis
form oﬂmmmOVE@mpmmWéf(Ii@ BréCiTABON-6f a suitable salt of the compound of
formulgt&&rl?pégu?@%ﬂy“n ap- l %ndlm JEth l:PLBeraz neg &8 ne{n Py Ité{ tﬁ%}y the

this gives a seéorid optlon Ing the cis orm of Compound'l Nt
hydroggp, étlnﬁ?eﬁwi‘u%@g bebpersuneiaasticotibe fompoind offponvd Villbaptymally
followd@BroMedly-pracipitationafsa suitable salt of the compound of formula

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

suitably the hydrogen fumarate salt or the hydrogen maleate salt of the
Furthersgsgpdubas dbforfoutd (hat)inoptivieally thellbwedbyiodasteamgsomer in () (ie 4-
(1S, 351%- a&v&@ﬂL§ﬁ&gn§fdﬁuﬁﬂwm9§e@riﬁllaﬁ§deﬁ%£w%ﬁgﬁ&fﬁ&%ﬂﬁﬁér}émsved by

form of. cis diastereoisomer in (1)
precipigiien §£ BuARl % %ﬁﬁﬁﬁ&’ﬁﬁ“fiﬁf Wzimeetﬁymmfﬁﬂg%& acid, such

as an o@%&ld@h}daewaﬁg\teﬁlbyramempli@tlm bf draystainleasall efithe ttonuagisndd of
formul {1 gﬂHJﬁl (D1 TR &ﬂ&%?@'&ﬁ?&ﬂjsﬁ{f&% as an organic diacid,

suitably a fumarate salt, e.g. the hydrogen fumarate salt of the compound
of formula () optionally followed by one or more re-crystallisations. The
The intaveniionfinfurthesembadi mgﬂiamqwlatasefﬁléhataat@;ms&im&m for the

synthcsxseéfc ibed herem f% the }S/lnth:)sj %}foafﬂtlfg{%%qgée%und 1a esgwﬂi \S'Pé Vﬂ, and

partic i T hteTmadhate
VI, DCé?Hbdlfn@W}ROHﬂ@hﬁélbonﬁéxt% m@@td@wﬂ@ts&@hént@ewﬁymgmfymg the

stereoisomeric form, then the stereoisomer is the main constituent of the compound. In particular,
when specifying the enantiomeric form, then the compound has an enantiomeric excess of the

enantiomer in question.

In one aspect, there is provided a compound (Va) having the structure:




stereoisomeric form, then the stereoisomer is the main constituent of the

compound. In particular, when specifying the enantiomeric form, then the
compound has an enantiomeric excess of the enantiomer in question. In
one aspect, there is provided a compound (Va) having the structure: OH

Cl (Va) 17a In another aspect, there is provided a compound (V1) having
the structure: LG C1 (VI) wherein LG is a potential leaving group, e.g.

In anoﬂﬁe?lgsgg%g {ﬁgr[p iU}ﬁOQ)}Q&PaCC%QIS'%&QQ 9?)6}1!3 %!%JUQ'Q,SFUQ %:r (.)r Cl, preferably
Cl, or a sulphonate. Accor |r$gly, oﬁ‘ue embodimen othe invention relates
to the compound of formula (Va). preferably having an enantiomeric
excess of at least 60% (60% enantiomegic excess means that the ratio of
Vato its enantiomer is80:20 i jxture in question), at least 70%, at
least 80%, at least 85%, atTeast9 at least 96%, preferably at least
98%. Furthermore, the diasl excess of the compound is
preferably at least 70% (70% drasterepmeric excess means, that the ratio
of Compound Va to (IR,3S)-6-chloro-3-phenylindan-I-ol is 85:15 in the
mixture in question), at least 80%, af eas\85%, at least 90%, or at least
95%. One embodiment relates to substanttally pure Compound Va. WO
2005/016900 PCT/DK2004/000545 18 A further embodiment of the
invention relates to the compound of formula (V1), preferably having an
enantiomeric excess of at least 60fo, at least 70%, at least 80%, at least

whereingB943s atpotential leaving group, e.g. selected from the group consisting of a halogen, e.g.

Br or Cl, preferably Cl, or a sulphonate.

Accordingly, one embodiment of the invention relates to the compound of formula (Va),
preferably having an enantiomeric excess of at least 60% (60% enantiomeric excess means that the
ratio of Va to #s enantiomer is 8¢:20 in the mixture in question), at least 70%, at least 80%, at least
85%, at least 90%, at least 96%, preferably at least 98%. Furthermore, the diastereomeric excess
of the compound is preferably at least 70% (70% diastereomeric excess means, that the ratio of
Compound Va to (IR,3S)-6-chloro-3-phenylindan-1-0] 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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least 90%, at least 96%, preferably at least 98%, LG CI (VI) 5 wherein LG

is a potential leaving group, preferably selected from the group consisting

of a halogen, e.g. chloride, or a sulphonate. One embodiment relatesto
W%Wﬁ&ﬁ%omeric purity of Compound VI; i.e. the compour})d:ﬁm&ﬂ%(m(m”

diasteromeric excess of preferably at least 10% (10% diastereomeric

excess means that the ratio of Cor11| ound VI to the cis diastereoisomer

A @rthe1nBRnd endichiare lRhisnyindanvhe Bokiastdd @f%érﬁlﬁlkﬂ(\h?, 1 ferably
nt,

mixture in question), at least 25% or at least 50%. One embodime
hajangas talisssHesRyeurEatIsAspoindaIcEEB eI AblgRthDifvehisast 8fSo, at
1e48/3tR5 19 BLompRUPLRARGITe{PYswing formula (Via), C1 C1 (Via) 15
preferably having an enantiomeric excess of at least 60%, at least 70%, at
least 80%, at least 85%, ajf&ast 90%, at least 96%, preferably at least
98%. One erbadirment relates to the diastereomeric purity of the

compound, i.e. t }d having a diastereomeric excess of,
preferably at lea Q% diastereomeric excess means that the ratio
of the compound to the cisydiastereocisomer,
(1S,3R)-3,5-dichloro-I-phesylingan, is 55:45 in the mixture in 20 question),
at least 25% or at least 50%. Oe embodiment relates to substantially
pure Compound VI where T& is 4. The invention also relates to a
compound (VII) having the structuré:>19 HN CI

wherein L(3 is a potential leaving group, preferably selected from the group consisting of a

halogen, e.g. chloride, or a sulphonate. One embodiment relates to the diastereomeric purity
of Compound VI; i.e. the compound having a diasteromeric excess of preferably at least
10% (10% diastereomeric excess means that the ratio of Compound VI to the cis
diastereoisomer (e.g. (15,3R)-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 substantialty

pure Compound VL

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

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



(VIl) preferably having an enantiomeric excess of at least 60% (60%
enantiomeric excess means that the ratio of VII 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%, or a salt thereof, such
as, e.g., a fumarate salt, e.g. hydrggen fumarate, or a maleate salt, e.g.
hydrogen maleate. One embodiment relates to the diastereomeric purity
of the Compound VI, i.e. the compound having a diastereomeric excess
of preferably at least 10% (10% diastereomeric excess means that the
ratio of Compound VIl to the cis-(IS,3S) diastereoisomer is 55:45 in the
Mixturg in guestion), at least 25%, at least 50%, at least 70%, at least
SO%L,‘%Ea 90%, at least 95%, at least 97%, at least 98%. One
embodimeny relates to substantially pure Compound Vii or a salt thereof.
A furtheﬁ‘embodiment relates to Compound | or a salt thereof, in particular
marate, malonate, or succinate salt, obtainable, in particular

descril§éd hgrein. Pharmaceutical use The physical properties of the
Compo\md/salts of the invention indicate that they will be particularly
useful as a phafthaceutical. Accordingly, the present invention further
relates to a pharmaceutical composition of the suceinate salt, in particular
ehrelxdro en succinate salt as deliscribed herein (e.% the alpha or beta

Pl T REFIR o U T GHAHS KSR BB IS ieans hat e
ratio ofydrdgén enaiopate B8 inflthercommpounc afdormuled) 7THe dnlentignds, at

least 85CaI6LALES (9, (NP TaEiRa), UserohEHCh salls ARd SOMRASHIONs: SHGN8S. ¢ &

' for the treatment of a disease in the central nervous system, inclu mggJ .
fumarafssSilh 65 sHTPRT R EeniE Sohiditte Blloferhdfieaueatfwsvifge embodiment
relates py chotidiaynpioms, putly asf tg.Cothumanrenja; SCzophigbifitt Mhaving a

diaster@lﬁgxrig%gfc??sgm§8@%&2@%%9'&%05{(1%% Pl%t%sclf])ans%r%%%g%e&cess means that the ratio
of Compound VII to the cis-(15,3S) 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 embodiment relates to Compound I or a salt thereof, in particular the fumarate, malonate,
or succinate salt, obtainable, in particular obtained, by a method of the invention as described

herein.

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

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

Pharmaceuntical use
The physical properties of the Compound 1 salts of the invention indicate that they will be

particularly useful as a pharmaceutical.

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

described herein), or of the malonate salt, in particular the hydrogen malonate



Brief Psychotic Disorder, Shared Psychotic Disorder as well other
psychotic disorders or diseases that present with psychotic symptoms,
e.g. mania in bipolar disorder. Additionally, the 5-HT2 antagonistic activity
of compound of the invention suggests that the compound may have a
relatively low risk of extrapyramidabgide effects. In one embodiment, the
present invention also relates to use of the succinate or malonate salt of
the invention, preferably the hydrogen succinate (e.g. the crystalline form
alt, ofalpha)poinytiod Gemunnd)omateisalisioh the eanaad itk aidgioawa 0) Jath salts and

compogﬁﬁgltl@%ﬁgkp §%§%S?rgs?%}'?%tte9ffro s;[:Qse IHOHR cc::eonrer%sun Of anx%en}/ mcludmg

disorders, affective disorders incl u epression, sleep disturbances
PsychasifeniRUtIRBAT SRESRPIFRNR €8 %h%k.ﬁgw@w%@amesa@u@@ ioDtines, such as,

eg., S&Bu@ﬂxrai%) M&bpﬁ%@f&moﬁiﬁfr@@uS@h@§%@ﬁ% lD;%MW@&%Ml%%der

Brief BRE gltolr ven g} s0 tt]g Irsrg)e hoadS of re t Sc izophreniform
[5ysor é iZoatfe sor u3|onal B E%&%S’ilé‘seases

that Pf%méw%b@‘é@i mmxm@m@r@en bmniarﬂaswmbrpolar disorder,
comprising administering a therapeutically effective amount of the
compound trans-4-(6-chloro-3-phenylindan-I-yl)-1,2,2- trimethylpiperazine
Addil st ﬂmag%sagp%&“{ﬁe%%grﬁ%‘vﬁeﬁf (8. BPEnEgR suegetindept the
componibie;imtieapediachtibiwofsa of edicameniidosidhefieatment of a disease
selected from the group consisting of a disease involving psychotic
symptoms, schizophrenia or other psychotic disorders, Schizophreniform

In one ﬁi@&f&@?ﬂ@éﬁ PG KUK TSP [Ase Mol hreurdBRtBrianPeyERetic of the

inventibisgreémaBhaned My@imtl @u@lﬁﬁﬁfﬂ &é, gm al actﬂsﬂipﬁil@ reEisOrdptia pXiehirogen

malona%S geristh%fz%c“ olinl IS o?nﬁsu ‘gr Ingrea?gégts SP n 1sselaesgpse eI:%uJ%m ehe group
migraine, neurmPeptlc Induce kinsonism and abuse disoraers, &

°0‘151St86?c§i§1é“’&ﬁﬁsé’sﬁié@ﬁné%%é Gpafeshordadise. msmgmsé@h&etmbheces
m1ga11ﬁ9rmbuﬁﬂ£t&rélﬁ@rﬁ%0f@rﬁﬂﬂhﬁi@ﬂ'r@ﬁﬁh’ﬂe WBode2 ﬁ%{m@WEHPQf&%'&eabﬁb% and

%ut any. specific indication of the enantiomer form (e.g. using (+) and

other abuse disor

%% or using the R/S- convention, is meant to refer to any enantiomeric
form of this compound, i.e. either of the two

In a broad embodiment, the present invention relates to a method of treating Schizophreniform
Disorder, Schizoaffective Disorder, Delusional Disorder, Brief Psychotic Disorder, Shared
Psychotic Disorder or mania in bipolar disorder, comprising administering a therapeutically
effective. ~ amount  of the compound  #rams-4-(6-chloro-3-phenylindan-1-yl)-1,2,2-

trimethylpiperazine or a salt thereof.

In one aspect, there is provided use of a salt as defined above in the preparation of a medicament
for the treatment of a disease selected from the group consisting of a disease involving psychotic
symptoms, schizophrenia or other psychotic disorders, Schizophreniform Disorder,
Schizoaffective Disorder, Delusional Disorder, Brief Psychotic Disorder, Shared Psychotic
Disorder, mania in bipolar disorder, anxiety disorders, affective disorders including depression,
sleep disturbances, migraine, neuroleptic-induced parkinsonism and abuse disorders, e.g. cocaine

abuse, nicotine abuse, or alcohol abuse.



enantiomers,

4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine (I) or

4-((1S,3R)- 6-chloro-3-phenylindan-1-yl)-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 enanggqer corresponding to that of

Compound | is at least 50%, i.e. at least as the racemic mixture,

preferably Compound I is in enantiomeric excess. WO 2005/016900

PCT/DK2004/000545 21 In the present context for the pharmaceutical

tG ifyi enantiomer f ofthe. . .
A‘s uséé!g%%%xgsn %{EE%%?A?(%%%P%%%%%%%%%%%%%Sﬂ?ﬁ%lm&ﬁgﬂplpamzm@ , LE.
without At SRERIS YK RO Be0f tiEs BRI TRCTORTTIE: @) UtE thanddmypRuirings the R/S-
converfitdafiielyesice aghemioallyradrieasdeserbatkiabeuappiaierabyihe of the two
. enanti i cess is,of at least 80% (80% enantiomeric.excess m

et S SIS LBy S0t e PR Degony G >
6-chlofierd RgOTHnditntd adt-065%; tompilaflniapige e et DB of Prefemetk. the racemic
mixtur€MIOINETH the cinslersemans excessek CRMPOMAHIneralieashAMee to that

90% diastereomeric to purity means the ratio of Compound Itg .
of ConpRU TS SUS T Fp ey MRS S S A R | i
enanti@iH, catdemst 95%, at least 97%, or at least 98%. In a preferred
embodiment, the present invention relates to a method of treating
Schizophreniform Disorder, Schizoaffective Disorder, Delusional Disorder,
Brief Psychotic 15 Disorder, Shared Psychotic Disorder or mania in
bipolar disorder, comprising administering a therapeutically effective
amount of the compound of formula (1) [i.e. 4-((IR,3S)-6-chloro-
3-phenylindan-I-yl)-1,2,2-trimethylpiperazine] or a salt thereof. One
embodiment of the invention relates to a method of treating positive
symptoms of 20 schizophrenia, negative symptoms and depressive
symptoms of schizophrenia 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 (1) or a salt thereof, or in a preferred embodiment a
succinate or a malonate salt of
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the compound of formula (1), preferably the hydrogen succinate or the
hydrogen malonate 25 salt of the compound of formula (I). A further
i t of the invention relates to a method of treating positive }

Wé}%&%ﬁ@%f schizophrenia comprising administering a the a%%’%‘@gﬂ‘f/%ﬁb“
effective amount of the compound
trans-4-(6-ch|oro-3-phenylindan-l-%-l,2,2-trimethylpiperazine or a salt
thereof, preferably 30 the compound of formula (I) or a salt thereof, or in a
preferred embodiment a succinate or a malonate salt of the compound of
formula (1), preferably the hydrogen succinate or the hydrogen malonate

S8k pitRaicompauad gt {armuladlli22u&e %E@ﬁlﬁi&@fb@mﬁﬁgﬁﬁéﬁgpedﬁ@g the

invention relates to a method of treating negative symptoms o
ergElpBshFRITCE SR SREIREFaE HitHisters i ctsePaplambiaiprefodtivedmount
112 S 15ABROIRA LIRS done in formul hen tl d is refati

e fone i P e S e
SRR BIBTABIY &S rﬁ%ﬂhﬁf/_ prafablatsaRamdieBerisy fhegss is of at least
scRrefesved empRaine Bt @S HREINaR 2%a MBIoRAIR, SRILAIHRGRITRALN iR he

formula (1), preferably the hydrogen succinate or the hydrogen malonate

m@ﬁmgﬁw%mrpbﬁﬁ%f%%n@ﬂéew %?@rmﬁ@"ﬁmmnﬁé@@ﬁbﬁﬁ(e Invemranred
mﬁ@@&ﬁﬁ_e&&,w8{&9&%&@&%@&@ewh%ammﬁe% 869 %fawaereomeric

comprising administering a therapeutically effective amount o

PEBIhpSaRt Brsion] Sanrsred Idreryinddh SV rldaadrvg eyl eraling-1,2,2-
iRk iBerenl ipwisrakly. e sompeuRdabiopnilal)Qisa salt thereof,

or in a preferred embodiment the hydrogen succinate or ma?bnate salt of
the compound of formula (I). A further embodiment of the invention relates

Inte greNetbodrabsmaidng Mmapiesandioeniainienanas ombipalardisgiaer

omprising administering a therapeutically effective amaount of the_ .
S%B%ﬂg%{fﬂ Ofﬁaﬁ%lﬁﬁr%fcﬁ %féﬁaﬁeﬁ%laaﬁ P oBAH AR FEd Aisgchotic
DRbAisalsarievkyereinr alkyrthe ccampaundipbiaraisaith, esamalidhefachistering

or in a preferred embodiment a succinate or a malonate_salt of the
2 OSFAPSIGGF FoIeRLYS %Bﬁoa%@ﬁ%aﬁ%ﬁ’é’%m& SraiiciRde ot {RER3S)-6-chloro-
3-preoEsmmalonate salhaithaemprend-of darmidad).
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One embodiment of the invention relates to a method of treating positive symptoms of
schizophrenia, negative symptoms and depressive symptoms of schizophrenia comprising
administering a therapeutically effective amount of the compound trans-4-(6-chloro-3-
phenylindan-1-y1)-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 a malonate salt of
the compound of formula (I), preferably the hydrogen succinate or the hydrogen malonate

salt of the compound of formula (1).

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-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine or a salt thereof, preferably
the compound of formula (T) or a salt thereof, or in a preferred embodiment a succinate or a
malonate salt of the compound of formula (I}, preferably the hydrogen succinate or the

bydrogen malonate salt of the compound of formula (I}.



A further embodiment of the invention relates to a method of treating
neuroleptic-induced parkinsonism 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 formua (1) or a salt thereof, or in a preferred
embodiment a succinate or a malonate salt of the compound of formula
(), preferably the hydrogen succinate or the hydrogen malonate salt of
Anothdhercomijpamnddilforimuatih). Alitether £ mbbdimehtreelaie sidgaavn ethgdonts of
schizoﬁﬁ?gﬂy goﬁHi?%ﬁﬂQ%ﬁn?iQ}é?e‘?mE ch@#ﬁﬁélﬂn%aﬁ\'fee f%h(‘)[t[‘; ATt ﬁlt%l:cﬁ)%pound trans-

comprising administering a therapeutically effective amount of the
4-(6-C*&@"ﬁxswﬁwltf*&ﬁ%mé%%itan@-fbﬁ@eﬁmﬁﬁ%-qr:yia-1&}@,zhmmétmylmﬁ@wbwethe
compo@daoSatirth tﬂﬁ%@foﬁ/y QR MM%Q&?@TJ@@%@%}C @Qgﬁﬂi'ﬁf seodipieferabiaionate
e compou f form 1).0r a salt thereof, or in.a preferre
st of 18 OB S B E b R T B o Pepmasnpaione
salt of {iiy qoraperaBipftentyalfbgen succinate or the hydrogen malonate salt of
the compound of formula (I). 5 A salt or a composition of the invention

may he administered in any sujtable way e.g. orally, buccal, sublingual or
At O e S g Beep B SRR H CUREHEP oA Ao TS of

schizogﬁuimig i@tnaﬁé}ﬁt}gagminiﬁwiﬂgmmmmaiﬁ&ﬂ%azpwmefsheswupslmﬂ irans-
4-(6-cHIHMENR Qi liSRe iR ,§,§Q{;m§9§ helRAe smgodggﬂeqﬁ@%aeltlpqﬁ%é}gbzy the

invention are administered in the” form of a solid pharmaceutical entity,
compownthabfyrautiadanret Brtahesgréute in o MRStHEAS ThotiBHid pabattgur wEhipate or
malongohaiimackrticappiepaf &iangaale well known in the art. Tablets may thus

be prepared by mixing the active ingredient with ordinary adjuvants, fillers

and diluents and subsequently compressing the mixture in a convenient
A furthggsrehndimeichite inEsuiepielates adjoeaing ofifeasianaaniyentédrosipiiaance of
bipola&&'@@rﬁ&@rs&niﬁ%ﬁ%%&ﬁlﬁﬁ@&@éﬂﬂ@ﬂﬁﬁﬂ@é@@%ﬁ&@@ﬁ@&ﬂ@ lokafﬂé)%%mpound

, and the like.. An el adjuvant or addjtive such as colqurings,

e e e 6 B RS e oA e erably e
compound of formula (I) 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 hydrogen malonate

salt of the compound of formula (I).

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

salt of the compound of formula (I).

A further embodiment relates to a method of treating substance abuse, e.g. nicotine, alcohol or
cocaine abuse, 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,
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compatible with the active ingredients. Solutions for injections may be
prepared by dissolving a salt of the invention and possible 20 additives in

art of the solvent for injection, preferably sterile water, adjusting the
W g

Ution* e desired volume, sterilisation of the solution and 2004/000545

suitable ampules or vials. Any suitable additive conventionally used in the
art may be added, such as tonicity agents, preservatives, antioxidants,

pré@itbilising RagrisHater 2ntine dpdy Ooseiafthe compouatobdombddtint a

above, calculated as the free base, is_suitably between 1.0 and 160
SUfTaS R GTE SERta s BEReRrPURd ehB TR & Brerariby ke

suBFid S oPTREIVRER:B AAI RN JhBdesMpHaRITERinAsUSed herein in
connection with a disease or disorders includes also 30 prevention as the

case may be. The invention will be illustrated in the following non-limiting

A SXRIADIQDNWEBORIAAE BRI HNBROMMARRR4R 2labXAMBRIESy .. orally,
COMPOUND PREPARATION 5 Analysis The enantiomeric excess of

bucsphpHagrA PP EEIGRI Pl sl e BReshtal MpiE suiépllp dorm for

sutt HBAk B OD; Col b forth 491 HR b b2 8, ok Ak A s I solutions or
Hexan/ethanol 95_(:);0(1vollvol) is used as mobileéj)&ase at a flow rate of 1.0

dipRprRRRsoRTdRiRFOT0 s Pe FBRREENGEng SRS therirtetionavp afpoipistersd in the

foRNaly 2isoial sRAveIsienrRiause sieh B AMAIRRIL:Gelpan: A Lichrospher
- RP-8 column, 250 x 4 mm (5 m particle size) Eluent: Buffered

MeOH/water prepared as follows: 1.1 ml Et3N added to 150 ml water,
MEYasTR RPN A s a8 A QIR ARG 4V Biehis.A0ReAH Q1T Wh 20Re art.

ml. The mixture is added to o ] . ) _
Tablets may thus be prepared by mixing the active ingredient with ordinary adjuvants, fillers

and diluents and subsequently compressing the mixture in a convenient tabletting machine.
Examples of adjuvants, fillers and diluents comprise corn starch, lactose, talcum,
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
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. 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 1n connection with a disease or disorders includes also

prevention as the case may be.

The invention will be illustrated in the following non-limiting examples.
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1.8 L MeOH. The enantiomeric excess of compound (Va) in example Ib is
determined by chiral HPLC using a CHIRALPAK(r) AD column, 0.46em
ID X 25 cm L, 10m at 21 C. 20 Heptane/ethano]IDiethylamine 89.9:10:0.1
W?V%WWSW&I(} is used as mobile phase at a flow rate of 1.0 miffafDK2004/000345
detection is performed using a UV detector at 220mn. The enantiomeric
excess of Compound | is determind by fused silica capillary
electrophoresis (CE) using the following conditions: Capillar: 50m ID X
64.5 cm L, run 25 buffer: 1.25mM (3 cyclo dextrin in 25mM sodium
EW&@& phosphate, pH 1.5, voltage: 16kV, temperature: 22 C,
injection: 50mbar for 5 seconds, detection: column diode array detection
192mn, sample concentration: 500g/ml. In this system, Compound | has a
CAERGSMNIMER B Brdkiafely 33 min, and the other enantiomer has a
retention time of approximately 35 min. 30 'H NMR. spectra are recorded
at 500.13 MHz on a Bruker Avance DRX500 instrument or at 250.13
Ana¥pis on a Bruker AC 250 instrument. Chloroform (99.8%D) or dimethyl

TRUGEHIEEMG 200RINRAAD. B d | 9%@9&@%}3 22BN SR rpr C
as solvents, and tetramethylsilane ISUSEd as internal reference
usirardaFIRMEBER A1 ralioss EdeisolRds 1ama Wi lkuderstifGdusing
HedNMRAS 9?50({139%[} % @é%g%%%ﬁls' Ih%@%t & BSW ré;tg %1? 1 %ﬁmifmiu, detection
4380-4392 (page 4388; right column). Tﬂe cis/traps ratio of compound VI
is peaficongdterimgricd Hylerativi® 23 @htoroform, using the integrals of the
signal at 5.3 ppm for the cis isomer and the signal at 5.5 ppm for the trans
isomer. Generally, a content of approximately 1% of the undesired isomer
¢ aaljist oty SR rie XsRA{o! giffreictograms are recorded at

c@%ﬂ&ﬁ'&% SIRBR gé@&%ﬁ;%e) radiation. It is

measured In re

ection mode In the 20-rangée
Eluent: Buffered MeOH/water prepared as follows: 1.1 ml Et,N added to 150 m! water, 10%

H.PO,(aq) is added to pH=7 and water is added to a total of 200 ml. The mixture is added to
1.8 L MeQH.

The enantiomeric excess of compound (Va) in example 1b is determined by chiral HPLC
using a CHIRALPAK® AD column, 0.46cm ID X 25 ecm L, 10um 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 I is determined by fused silica capillary

electrophoresis (CE) using the following conditions: Capillar: 50pm ID X 64.5 cm L, run
buffer: 1.25mM § cyclo dextrin in 25mM sodium dihydrogen phosphate, pH 1.5, voltage:
16kV, temperature: 22 °C, injection: 50mbar for 5 seconds, detection: column diode array
detection 192nm, sample concentration: 500pg/ml. In this system, Compound I has a
retention time of approximately 33 min, and the other enantiomer has a retention time of

approximately 35 min.

"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 dimethy] sulfoxide
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40. The Melting points are measured using Differential Scanning
Calorimetry (DSC). The 15 equipment is a TA-Instruments DSC-2920
calibrated at 5/min to give the melting point as onset value. About 2 m

WS €% eated 5/ruin in a loosely closed pan under nltroggﬁTfW‘m“%m’“

Synthesis of key starting material 20 Compound V was synthesised from
IV by reduction with sodium borohy%isnde (NaBH4) adapting a method
(99886 RN PAALT O MR 1(CREM L 9882 PTRAD 15 lRE %@ﬁﬂaﬁlﬂ%ferenoe
solvent, and performing the reaction at approximately O C. Both
St@%ﬂfﬁﬁounds are described in Bogeso et al. J. Med. Chem. 1995, 38,
4380-4392. Compound IV was synthesised from Il using the general
procedures descrlbed |n Sommer etal., J. Org. Chem. 1990, 55, 4822, 25
Theraersenrelia pfibera P ARdp si%t%ﬁém@ﬁlﬁmﬁ%@h@%%&dﬁwib@flﬂ
BHSIR)A: G}“W%ﬁaﬁnwﬁﬁl%'@s{b@é@y@é eqfﬁé'rﬁ%;kﬁmﬁ 931%9%; ans

acemic cis-6-chloro-3- phenyllndan -I-ol (V) (492 grams]) Is resolv

rafipeyiznemneusd Vhisrisectataphiieddim GFRIGHRRIA CRiaKprAD s the zrm@ng of
hHRi%na05M8 by, 1}%%‘8&&%&%@%% £0hES. %ﬂ%&@ﬂé%ﬁ%&%

raté of 190 ml/min, detection Is performe using a tector at 28/mn
GapsathcermmaiantshePpryisiaiebtdoad emdosppmmosaiution bn deerted by NMR.
2005/016900 PCT/DK2004/000545 26 methanol; 90 ml is injected with
mtervals of 28 m|n All the fractions, which contain the title compound with
S0 ONETHDLS W@@E@@i%ﬁ@ Sodtabyined Bmed\EoktBdito
| retary (e ny C.
Dk déﬂ'%%f%%%% P S R B e
4®wructure, the enantiomeric excess is 5 higher than 98% according to
chiral HPLC, lab" +44.5 (c=1.0, methanol). Example Ib Synthesis of
(1S,3S)-6-chloro-3-phenylindan-Il-ol (Va) by use of
The Melting points are measured using Differential Scanning Calorimetry (DSC). The

equipment is 2 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 material

Compound V was synthesised from IV by reduction with sodium borohydride (NaBH,)
adapting a method described in Begess J. Med. Chem. 1983, 26, 935, using ethanol as
solvent, and performing the reaction at approximately 0 °C. Both compounds are described
in Bogese ef al. J. Med. Chem. 1995, 38, 4380-4392. Compound I'V was synthesised from II
using the general procedures described in Sommer et al., J. Org. Chem. 1990, 35, 4822,
which also describes II and the synthesis thereof.

Example 1a Synthesis of (18,38)-6-chloro-3-phenylindan-1-ol (Va) by use of chiral
chromatography

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

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

Methanol is used as mobile phase at a flow rate of 190 ml/min, detection is performed using

a UV detector at 287nm. The racemic alcohol (V) is injected as a 50,000 ppm solution in



10

15

20

25

enzymatic resolution 00 OH O v\ OH CI Novozym 435 Cl I\ + CI
vinylb~utyrate toluene V Va 10 Compound V (5g, 20.4 mmol) is

disso_l/vedg(i)n 150 ml anhydrous toluene. 0.5 g Novozym 435 (Candida o
WRAtrd& ipase B) (Novozymes A/S, Fluka Cat.-No. 73940] fsT difiei+/000545

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

nisiadded Aiers Sdah ANRIERAYESSIN R0 %P DS RRbHECS SIS Hain the

.and concentrated in vacuo to obtain an oil containing a mixture of (IR,
UHRyEBIRh BH s R G ahenainipprin e wensy dsdwabined sedmiprmgrated to
YA ELRR. LA MG EHCEIFoVAD P L iy K& s

g.4%, 12% 3R)- cigqf(;a-%ghloro-&pheﬁy%r%ﬁ%ﬁ%@%%ﬁ%ﬂe%?s}%%%%n%m Frems
a5 @SR P Ph BRI ihanst AT R endrsraioster sswiorthy cprotimeioprcess is

i pl ypthesis than
ARSI SO e ST oo,

Cis-(1S,38)-6-chloro-3-phenylindan-I-ol (Va) (204 grams) obtained as

EeesGribed irsgﬁtﬁe@m'?ha,y'g)%%wﬁbﬁéﬂ;ﬁ&é%@amﬂlﬁﬂy‘E&E&’f

-5C. Thionyl chloride (119 grams) is addéd dropwise as a solution in THE
(500 ml) ovEREYBEtSrefaintiqthe mixture is stirred at room temperature
over night. Ice (100 g) is added to the regction mixture. When the ice WO

2005/016900 PCT/11K2004{000545 %7)1\/\ o

OH ( o
cl Novozym 435 ¢l ;
) .
vinylbutyrate {
! toluene © Q

W Va

Compound V (5g, 20.4 mmol} is dissolved in 156 ml anhydrous toluene. 0.5 g Novozym
435 (Candida Antarctica lipase B) (Novozymes A/S, Fluka Cat.-No. 73940) is acided
followed by viaylbutyrate (13 ml, 102.2 mmol). The mixture is stitred using mechanical
stirrer at 21 °C. After 1 day, an additional 0.5 g Novozym 435 is added. After 4 daysata
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-chloro-3-phenylindan-1-ol).

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

precipitation of the hydrogen fumarate salt of (I)

Example 2  Synthesis of (15,35)-3,5-dichloro-1-phenylindan (VI, LG=C})
Cis-(18,35)-6-chloro-3-phenylindan-1-0l (Va) (204 grams) obtained as described in
Example 1a is dissolved in THF (1500ml) and cooled to -5°C. Thionyl chloride (119 grams)
is added dropwise as a solution in THF (500 ml) over a period of 1 h. The mixture is stirred

at room temperature over night. Ice (100 g) is added to the reaction mixture. When the ice
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has melted the water phase (A) and the organic phase (B) are separated,

and the organic phase B is washed twice with saturated sodium

bicarbonate (200 ml). The sodium bicarbonate phases are combined with
WRAKE DAL A, adjusted to pH 9 with sodium hydroxide (2898 TAHEPHEAR054

to wash the organic phase B once again. The resulting water 5 phase (C)

and the organic phase B are separgt d, and the water phase C is

heaRtadnuith. etk acelgisdiie ﬁ%ﬁ(ﬁ@ﬁﬁﬁ@ée(ﬁgﬂt%eséﬁaﬁ%@iﬁ?@tﬁ‘@%}t%anic

the organic phase B, dried with magnesium sulphate, and evaporate
Plefisfieds Wéﬁggda%?afylﬁ_vm%f&%mbﬂwm@m@émmd% serliim
m&%%@ﬁ%g&smw%%sﬁmﬂﬂm&%ﬁwwmm& 3 P Y YRS A,

77:23 according to NMR. 10 Example 3 Synthesis of
hglmyidsdtpipadumdionash e ssaamcalsBien(89aaimaiis) rgatting water

pieibylene diam e%gﬁ&%gg@@ DAIS stifrad awéffehé%% gg%se?g %%eﬁﬁted with

solution of ethyl Z-bromoisobutyrate (500 grams) in t S

cthpbeadiatnclSa s sieats pleiseid eorrafinsdovih Hightganid ftesed, Tiel with
mfé%ﬁés‘m}fﬁs{ﬁﬁﬂ%b%@éﬁm@ Y& %égguglggEQSt%§%%§$g{%9%§ the title

(volume 4.0'1) are heated on a watér bath and disti ing
cpmaBe nseppeitalisdild0 rraosmvbichiintsdd dotietydd de3BOplihe. Cis/trans

m@wgt%goyaﬁbﬁetgm_e is 75 C). More toluene is added (600 ml), and

another 1200 mfl distillate is collected at 76 C (the temperature in the
mixture is 80 C). Toluene (750 ml) is added again, and 1100 ml of

~disti is cgll ( in the mixture 71 20 C). The
E?n%%?ée%}s sﬁggf gﬁsﬁf %c%%ﬁég%ﬁoﬁﬁggg%%%eﬁ ,0 W ereby the product
Pojrseipitatathomite (3A0duenis mulatbyllby filiration (1083 ehw)threoltiend with

[ ex night 10 axV. ven at . Ydeld 171 9.(52%) of .
L B e e ks R SE R g o i
adiglythe sishaidirhetieod pipefhzine A mukturedofiltered. The filter cake is washed

§f l&g% i ef zllﬂ%%l%éS %ﬁ kg, 64.6 mot) tetrahydrofuran _

v THF 665%9 %15 ﬁeat%doto ef% E%’R/ Hgl%l%?iéht y Onclear ‘éé’ﬁjﬁ%?*ﬁrﬁﬁm and
digslisdti§ Stimdugiger Claisen apparatus; first 1200 ml distillate is collected at 35 °C
{the temperature in the mixture is 75 °C). More toluene is added (600 ml), and another 1200

mi distillate is collected at 76 °C (the temperature in the mixture is 80 °C). Toluene (750 mi)
1s added again, and 1100 m! of distillate is collected at 66 °C (temperature in the mixture 71
°C). The mixture is stirred on an ice bath and inoculated, whereby the product precipitates.
The product is isolated by filtration, washed with toluene, and dried over night in a vacuum
oven at 50 °C. Yield 171 g (52%) of 3,3-dimethylpiperazin-2-one. NMR consistent with
structure.

Example4  Synthesis of 2,2-dimethylpiperazine

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 unclea;r solution. THF (50 kg) is stirred under
nitrogen, and LiAlH, (250 g, in a soluble plastic bag, from Chemetall) is added, which gives
a slow evolution of gas. After gas evolution has ceased, more LiAlH, is added (a total of 3.0
kg, 79.1 mol, is used), and the temperature rises from 22 °C to 50 °C because of an exoterm.
The solution of 3,3-dimethylpiperazin-2-one is added slowly over 2 hours at 41-59 °C. The

suspension is stirred for another hour at 59 °C (jacket temperature 60 °C). The mixture is



10

15

20

25

30

nitrogen, and LiAlIH4 (250 g, in a soluble plastic bag, from Chemetall) is
added, which gives a slow evolution of gas. After gas evolution has
ceased, more LiAIH4 is added (a total of 3.0 30 kg, 79.1 mot, is usedg, _
“%ﬁﬁ%ﬂéﬁge%perature rises from 22 C to 50 C because of an g%@ﬁﬁq 015

solution of 3,3-dimethylpiperazin-2-one is added slowly over 2 hours at
41-59 C. The suspension is stirrectfor another hour at 59 C (jacket

o@D GHRAWED PR 1 DEIAKIFES \%%%%@ﬁ%!@&%%%&%i YRHI0BE 5t 4

28 cooled, and water (3 1) is added over two hours, keeping the

negsRBBf AtUTechBvaZ sckeiempriabs sy 10)cdbrn it Sdranitperdlurd 50 ke)
is QhcEhvEhen ﬁﬁ&ﬂi&é@a@ig“@‘i%iﬂag‘){?ec%sé%%?%é%eﬂgé’n@ﬂ(@ {520 FOBIEShare an

at 23 C, cooling necessary. More water (9 1) is added over half an hour

heoshedHeressary). and Bramiikin s igisthdat ek grierdsperrogdier agent
cEilter poPRtAdRii4 HohisAtdads Raddne e R Silered i ERAAIEET (40 ke).

cake is'washed with THE (40 kg). The combined filtrates are _
Theorrishipsteblirrirare seteenirpicda tepaperiatuiatihtisdomapereiis iy thereactor is

7((SES T RERR I ENRRIAMER B BCTRL A TRar- ﬁ@éﬁ{&%%@@(&%% K9 Sher

further concentrated on a rotavapor to approximately 10 1. Finally, the
copiRnireled fnetphanpotisubetbaiearlsihe finpkss Sig enianuctireimdtiuet i

di&ﬂi@&tﬁ%ﬂ‘jJs@ﬁéffi%%ﬁl%%&d@gj&éé&%?s NMREPRRIBSEN NG, 5 3 50

structure. Example 5 Synthesis o

(7T#%e: SIMR REg 6 withohs- $rphianslindan-1-yl)-3,3- dimethylpiperazine
(VII) Cis-(1S,3S)-3,5-dichloro-I-phenylindan (VI, LG=CI) (240 g) is
dissolved in butan-2-one 15 (1800 ml). Potassium carbonate (272 g) and

EgampimathybpishesisinbiipredatdRinSEteshpieo-4yhedylindre-devd.dnd

the mixture gﬁﬁﬁiﬁeﬂ %’r X {gﬁ?erature for 40 It. To the reaction

mixture is added di h@/ ether (2 1) and hydrochloric acid (1M, 6 1). The
CisHd et ateSséphlated; dadybhdm & MidtieChnA46 B lovisrell fbim 8itant2-one

ith.can eptrated ochloric acid e water phase is used to wash-the

O SRR MR A R e e
4atregpheseldsddivhtheydraxides(2896) ist aditiedi¢mplemtvet dppHakelioritib reaction
mixture is added diethyl ether (2 1) and hydrochloric acid (1M, 6 ). 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. Scdium hydroxide (28%) is added to the water phase until
pH is 10, and the water phase is exiracted 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 is used directly in the

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

Example 6 Synthesis of trans-4-((IR,35}-6-chlore-3-phenylindan-1-y1)-1,2,2-
trimethylpiperaziniuvm (I) hydrogen fumarate

Crude trans-1-((1R,38)-6-chloro-3-phenylindan-1-y1)-3,3-dimethylpiperazine (VII) (250

grams) 18 mixed with formaldehyde (37% in water, 300 ml) and formic acid (366 grams),

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
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pH is 10, and the water phase is extracted twice with diethyl ether (2 1).
The diethyl ether extracts are combined, dried with sodium sulphate, and
vaporated to dryness using a rotary evaporator. Yield 251 grams of the _
Wﬁt@%%’rlr%%eund as an oil, which is used directly in the next e%l 004/000343
Cis/traps ratio, 82:18 according to N MR. 25 Example 6 Synthesis of
trans-4-((1R,3S)-6-chloro-3-phenylifidan-1-yl)-1,2,2- trimethylpiperazinium

VhygrRgamnASBNEY UBR water phase is extracted three times with ether POO ml).
trans-I-((1R,3S)-6-chloro-3-phenylindan-1-yl)-3,3-dimethylpiperazine (VII)

Tho seetrainlyse ixeembitefordataehsteits otom((iitar) sout et water
(Stormais. agid 4386:95ame)is 0 aNd, RIS s s ey eale g heflvX 1o dryness

The mixture is stirred at reflux for 3.5 hours, and after cooling to room

O} HYBTARIE ORREr YAZO02 A e s aE aarné-thPRiD & elawmcieahsmdindan-1-y1)-

1, wish:athenl200mh. aad shen s Wls! Rhaseds, ade alkaloe by adding
sodium hydroxide WO 2005/016900 PCT/DK2004/000545 29 (28%,

acsppstagin SR Bba PR i dispriasd s brmenaerl (Arbblimvdshoitixture is
nSiBETd S0P RLi dne-AIRRiCPRERES AR ERmbINGE 393 Vgamqs%@eg;gﬁmg a

(650 nll), and twice with water (500 ml). The organic phase i$ dried by
clegdihbenipharalfiterda dinvedspepateherdhyns §tiowempanng precipitates. The

pﬁ&ﬁ&q@m:ﬂ%@w i%li%tgf@%s%fed with I?ro anol, and dried “in vacuo™ at 60°C.
trans-4-((IR,3S)-6-chloro-3-phenylindan-I-yl) 5 1,2,2-trimethylpiperazine
Yiedd baserppascanans wite eotheoitkasierenissioroienoming de dvtin§lmnental

VR Jﬁ%@ﬁ"E%%%&%ﬁé%?&ﬂ%%ﬂ%%%&&@eﬁ@ &o@mé*ﬂggﬁ%mﬁ 9%

is "heated to 50C, which gives a clear solution. Fumaric acid (6973 grams
adecditiedy ghitabraritiearcdoitiiphoFive (Mulelis sHond wicdohaiantby

the title compound precipitates. The product is isolated by filtration,

washed with 1-propanol, and dried "in vacuo" at 60C. 10 Yield: 182 grains,
Liteneting efithedt¢thawigelefdiobomdinehydurgelidgyumkinekak sndongecipitation

R Crophoreces (CB).
[a]DZ=-22.8 (c=1.0, methanaol).
Example7 Synthesis of 4-({(IR,35)-6-chloro-3-phenylindan-1-y1)-1,2,2-
trimethylpiperazine free base (I)
Trans-4-((1R,3S)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazinium () hydrogen
fumarate (25.0 grams) is suspended in toluene (125 ml). Aqueous ammonia 25% (75 ml) is
added. The three phases are stirred until all solids have disappeared. The organic phase is
separated, and the aqueous phase 1s 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 sicc. (35 grams), the slurry is filtered and the filtrate is

svaporated 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,35)-6-chlore-3-phenylindan-1-y1)-1,2,2-
trimethyl-piperazinium (I) hydrogen succinate

Crude #rans-4-((1R,35)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine (I) (8,50

grams of oil) obtained as described in Example 7 1s dissolved in acetone (30 ml). A

suspension of succinic acid (3,25 grams) in acetone (32 ml) is prepared and the frans-4-
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Liberation of the free amine of (1) from the hydrogen fumarate salt and
reprecipitation 15 as hydrogen succinate and hydrogen malonate salts
le 7 SyntheS|s of 4-((IR,3S)-6-chloro-3-phenylindan-1-
(Elmgzﬁyﬁplperazme free base (1) sDitamss
Trans-4-((1R,35)-6-chloro-3-phenylipdan-1-yl)-1,2,2-trimethylpiperazinium
(I) hydrogen 20 fumarate (25.0 grams) is suspended in toluene (125 ml).
(ARGSPES AINBAREYn {45 TS @dﬂtﬁﬁaeﬁnﬁgm@m?@%ﬁfﬁoﬁtsggﬂded the

until all sqlids have disappeared. The organic phase is separated, and the

SUCIEb R b SRS e arewtﬂl%?a@ﬁeﬂzgy FrRY- ATl RdMitsbipTetdaenylindan-
1 giasepararwasieidmiimaien)Brirohen IR AAME PR HIARS IFHISCREIEon is

and the or anlc(i)hase is dried by sodium sulphate sicc. (35 grams), the

QT htdrEq ArBHesHFRe o eiaissrdtcaclstefy e biigrtamryThe
S@‘éﬁmmt@i*dﬁyﬂ?@eﬁ‘ﬁlﬂt{ﬁeﬁ%&ﬁﬁ’e&@@%%&'th‘B%&é’céﬁ@ %@&B&ﬁﬁe(&ﬁw is

grams) is used without further purification. Example 8 Synthesis’of
C%ﬁ@&%@ﬁ Seyweemaidsshesytedant ﬂlylyljﬁczp@:a’[e is dried “in vacuo” at 50°C.
Yiernethylspipgrazinium (1) hydrogen succinate 30 Crude

trans-4- ((lR 3S)-6-chloro-3- phenyllndan l-yl)-1,2,2-trimethylpiperazine (1)
Wiesn hig e Braiy Bitee o e fsttimeshsriseleted srarims ve e beta-

eIy P S
Copprink 3 God1asosuscisefe.
ALRSDRechiore &&ﬁsw@%ga&}ﬂaa@c%ﬁb% &HH&GHEQEW%EH%%%@%H&' %)

is added, the succinic acid dissolves and shortly thereaft

aimu&u«a hf@g}a@%ﬁr@@mﬁymﬂqwm@ Ihydmethyiptpardziniuin
DURAcRASHAESIGREREPBES B SHoRs &ﬂ%ﬁ%%@ﬁ&?&%%?% of

minutes before the precipitate is isolated by centrifugation. T

14 Serndimneal aidddrdeguarmspensipgtishankafoshc¥RA dfetoer@0

oAb DG RIRY 15p Egmﬁ{pged and the supernatant is discarded and the
precipitate is drled 'in vacuo" at 50C. Yield 8.56 grams.

Example9  trans-4-((1R,38)-6-chloro-3-phenylindan-1-yi)-1,2,2-

trimethylpiperazinium (I) hydrogen malonate
Crude trans-4-((1R,38)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine (I} (1.0
gram, 2.81 mmol, obtained as described in Example 7 is dissolved in 2-propano! (5 ml). A
solution of malonic acid (0.291 grams, 2.46 mmol) in 2-propanol (5 ml) is prepared and the
Ifmns~4~((1R,3S)—6—chloro-3»phenylin(ian—1—yi)-1,2,2~trimethylpiperazine solution is added,
whereby the trans-4-((1R,35)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazinium
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 ml). The slurry is centrifuged and the supernatant is discarded
and the precipitate is dried “in vacuo” at 50°C. Yield: 0.98 grams (84%). Elemental analysis
conforms to the structure. The X-ray diffractogram conforms to the diffractogram of the

hydrogen malonate as shown in figure 3.
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When this procedure was performed for the first time the isolated product

was the beta- form, following repetitions resulted in formation of the more
W&ta}) Iqelzﬂ?lg(pa-form of to Compound | hydrogen succinate. Acgto}ne in th(/—:-

ABove dastribed experiment can be substituted by aqueous SCEPSRQ04/000545

(95%) also resulting | formation of the alpha-form of Compound |

hydrogen succinate. Differential Scanning Calorimetry (DSC) shows an

sandeshesmy iR foPARIE BN AL Rl feMBYeReBk A ik fmer of (VI),
correspondlnﬂ% to the alpha form. XRPD diffractogram 15 conforms with

aqﬁeﬁg}ﬂng@r _tEg(ngmlggn succinate salt from crude (I)
trans-4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2- trimethylpiperazinium
(1) hydrogen malonate Crude

Exangle J§1 o gheisnbronspht i Batreldgyor phensinfgiphsbadite (1)
(1.0 20 graygeBiy PpReaARiRne0as lgddm&Example 7 is

dissolved in 2-propanol (5 ml). A ‘solution of malonic acid (0.291 grams,
ExemplaiAdndr 2pEspemiel (Sivingiapie parediaitéitse)-6-chloro-3-phenylindan-1-yl)-
3,%@%-&&%&%{1&@19@;%%% A0 ¥ Tni I AGHRUINIRR ARG flash
solution is added, whereby the

CW%}H@M@(@M{@S)S%‘&%@%@@waﬁeﬁrﬁwmﬁam}hmmﬁmmpwéﬂh ifaowed by
VYRGS A AR SRR GRS LRRS VRGNS B IR SRRl Eﬁlgo&%?ﬁgnd as an

temperature before the 25 precipitate is isolated by centrifugation.

oib(pefraarntis diedArawsedig ted ProipizreikisWisshivgdintetband f 20b (B, and
ol SERINERLImcENIfHesd andhe supern %ﬁ&nﬁéﬁdﬁ% %@&&ﬂg ixture
d %). Eleme tgl

_ precipitate is dried "hi vacuo" at 50C. Yield: 0.98 grains (84
is sHaRb K reomftrmretatine forrbefuresing she dgrditdavesiraate cordlneisdby

ﬁf@a@gﬁfrfﬁé%ﬁaﬂeoéftgﬁaﬁyﬂms&gaadg@%%%%3%9%%%%#{%% RN Geed.

20051016900 PCT/DK2004/000545 31 Syn ormation o
Yl pin sratestbitahibedibis diasmvebisorie ison(s iy, dedddapetidmptaR@ViR) .
Mlg}{g{gggﬁtsygjﬁgeéalt from crude (1)

Example 11  frans-1-((1R,35)-6-chloro-3-phenylindan-1-yl)-3,3-dimethylpiperazine
(VII)

A mixture of trans-1-((1R,35)-6-chloro-3-phenylindan-1-y1)-3,3-dimethylpiperazinium
hydrogen maleate (VII) (9.9 grams), concentrated aqueous ammeonia (100 ml), brine (150
ml) and ethyl acetate (250 ml) is stirred at room temperature for 30 min. The phases are
separated, and the aqueous phase is extracted with ethy! acetate once more. The combined
organic phases are washed with brine, dried over magnesium sulphate, filtered and

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

Example 12 Preparation of frans-4-((1R,35)-6-chloro-3-phenylindan-1-yI)-1,2,2-
trimethylpiperazine free base (I)
Trans-1-((1R,3S)-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 ml).
Heated to 60°C and kept at this temperature for 2% hours. After cooling of the reaction
mixture, water (50 ml) and hexane (50 ml) are added. Adjustment of pH with NaOH (27%,
33 ml) to pH > 12. The hexane phase is washed with ag. NaCl (20 ml) and water (20 ml).
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Example 10 Synthesis of

trans-I-((1R,3S)-6-chloro-3-phenylindan-1-yl)-3,3- 5 dimethylpiperazinium
{)VI dro en maleate Examples 2 and 5 are repeated, giving crude )
rans: f(’f ,3S)-6-chloro-3-phenylindan-I-yl)- 3,3- dlmethylpl g?é‘%tf&?“(\il?j’“’
(ca. 20 grams) as an oil, which is fu%@er purified by flash chromatography
on silicagel (eluent: ethyl acetate/(-tHanolltriethylaneine 90:5:5) followed

Hey @/ Raraliando Aamme st ond letay L doRerpian Kisid 4 t@%%@ént?ﬁed The

t|tIe ompound as an 10 oil (cis/trans ratio, 90:10 according to NMR).
5981661 dretana kit & (‘)Sh]lﬁda‘ﬁ@h%ttﬁﬁ%m%ﬁ%ﬁﬁﬂded a solutlon

of malelc acid in ethanol to pH 3. The resulting mixture is stirred at room

temperature for 16 hours, and the formed precipitate is collected by

EaamanlnL 3 droaite B amane iernsduea dinsanduid- badh of

precipitate isrsalesigsiperightam @mm #&ifeiHlle compound (no cis
isomer is detected according to NMR) Meltlng point 175-178 C.

C%ﬂﬁf@'ﬁl( 39)-6~chloro- —phenyhndan- -yD)-1,2,2-trimethylpiperazine (I) in
ad BRI k6roR PloGrah|arensspheaty Wrdathay Deda Himenip GERZIne (AY W 1s

A mixture of

PiFRSY-terbs gy mbiR 3 Drerimenphepylindeeineihlipideraxthulpipeozine
(hysragarimaleae Mk Bi AR LA eHHAIGYRaY epLS AMMANA 400 1ves

ml), brine (150 ml) and ethyl acetate (250 nil) is stirred at room

and Fang enaling it s’ (18- XBrarhlen-3rbene adeedad)-1,2,2-
trRRARQIsRYIAced H%@Hﬂr YLACRIRI RS IGiDRCD @Q&B@i%tgﬂqgﬂ'gvenught

phases are Washe brine, dried over magnesium sulphate, filtered

t%&ﬂ@%&ﬂéﬁﬂfb@tﬁ@&ﬁh}w}a phrst ipdsueraiily b Gittrhsetpdpipiezinium
hydrSenaraiion.qt E@T‘aﬁeﬂﬂgﬁﬁéﬁ)ﬁ HHAY R ey AIR %anjr) 2% product is

trimethylpiperazine free baSe (1)
drgdni Ve 38) 88°€hloro-3-phenylindan-1-yl)-3,3-dimethylpiperazine (8.9
yEiRing) (lbhis dissolved in formic acid (10.5 ml) and to the solution is

added formaldehyde (10.5 nil). 30 Heated to 60C and kept at this
Diflgipeiist hetsrziiz pomennihemsoslisnglethtne redltioronset temperature of 140 °C

and a peak at 141 °C corresponding to the alpha form. XRPD diffractogram conforms with
the alpha form. [0],"*=-22.04° (¢=1.0, methanol).

Synthesis of I using 1,2,2-trimethylpiperazine

Example 14 Synthesis of 3,3,4-trimethylpiperazin-2-one

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



10

i3

20

25

30

mixture, water (50 ml) and hexane (50 ml) are added. Adjustment of pH
with NaOH (27%, 33 ml) to pH > 12. The hexane phase is washed with
W é%ij%CI 20 ml) and water (20 ml). WO 2005/016900 o P
MR2804/000545 32 Hexane is exchanged azeotropic With Atargia0s+s
(90 ml) and the mixture is concentrated. The crude free base in acetone
(10 ml) is used without further purification. Example 13

EXhansrd1€IRs3Sh&wip10z 3-phanylipgapetavihd 2,2- 5
trimethylpiperazinium (1) hydrogen succinate Crude _
Qg of KBS Te RIS B PR Hbisatyyre Dron RRETth (A ddr ddsfvichypat. no.
2 ACeioneEpiylienéd Qi «A sueRenINRPiEHecNig asith (S BIRMSHIN 2-one
acetone (20 nggjs ﬁﬁpared and the o ) )
(Ppds aymadss )i Ihoreddsimbipieed. jning suolvimemlagndiepaline

nfRIition isiReldacand toempixiwedds heme P i{aR ) tERRIS USRI nd

acid dissolves to and during cooling of the solution ‘ _
2GFQHUDA fo RME) (BOH D X -bR U Aipam stapie mpterinh e Bibevszisieraled, and
willeRySlroger Sheeinate, SadedMasPEALNY TRESRIBRIAD St QUerH MdRide in

tate.
e WA R B0 el i ipn Bty aa ey Fnally Dt Gy il e

niyaiegenisyeeinatens slateg by iltatian.andrwashed WihaesiangL20.
ml). The product is dried "in vacuo" at 60C. 15 Yield: 7.9 grams.

COIHFEIEHER S CdRRCCaRemtethAsHBIad PR A diibaivarmbarslondke residue is
df@&?@&%ﬂ»’f@l??é@rﬁ) Q:H&"&i@@%tﬁ%&é%ﬁ%ﬁ%@&m%%@ﬁ;%zﬂed, and

form. XRPD diffractogram conforms with the alpha form. [a]D'-0=-22.

e BlireicrifetpRimsiTalg SyAtmsLs SRpoming (0.2, 2tmimetIipartsimater batch)
RS, o Y PHRE SR ot A HMEIRY RIRGRARRIONE structure, the substance

3,3-dimethylpiperazin-2-one (50 grams) is'suspended in
combugisemkthane (DME) (150 nil) and potassium carbonate (70
grams) is added. Methyl iodide (66.4 grams) is added 25 during half an

hour, while the mixture is cooled slightly, allowing the temperature to
Epameple 16  Synthesis of srans-4-((1R,35)-6-chloro-3-phenylindan-1-y1)-1,2,2-

trimethylpiperazinium (I) hydrogen fumarate from compound VI
Cis-(15,35)-3,5-dichioro-1-phenylindan (VI with LG=C1) (17.8 grams) is coupled with
distilled 1,2,2-trimethylipiperazine (VIIL) (8.7 grams), using the procedure described in
example 5. The raw product of the free amine (15.7 grams), containing 6% of the cis isomer,
is used to form the hydrogen fumarate salt, using the procedure in example 6. Yield 15.7

grams of the title compound; NMR comﬁﬁes 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,35)-6-chloro-3-phenylindan-1-yi)-1,2,2-
trimethyl-piperazinium (I} hydrogen succinate, beta form

Compound I hydrogen succinate (50 mg) is suspended in of water (1 mi) 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 after full evaporation of the solvent by XRPD and DSC.
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50 C. The mixture is stirred 9 hours at an oil bath at 40-45 C, and a
sample is withdrawn for NMR, which indicates, that there is still 8%

tarting material left (singal at 2.8 ppm). More methyl iodide is added (4

W r%lﬂr%:’ (%d the mixture is stirred for another 2V2 hour at 40 %T/ DG4 / 000"45
new NMR sample shows full conversjpn. The mixture is filtered, and the

filter 30 cake is washed with DME. The filtrate is evaporated to dryness

lfeﬁ%ahss}@sifffher?m Scmmmwﬂﬂﬁﬁmq}e%ﬁ@ éﬁﬁxﬁéﬂ?&#ﬁewith an
xample nthesis o

R b s he AL A A VP SR B o, XRED

ceatfareirofhrtin (FeHRd.0 M, Aldrich cat. no. 21,277-6, 90 ml) is heated

to 50 C on an oil batch. Crude 3,3,4-trimethylpiperazin -2-one (10 g) is

suspended in THE and is slowly added, giving evolution of gas. The

GHARinG BERISNETONSHDE T HiIASAF6IG for 4 hours, giving full conversion

to the title compound according to NMR (no signal at 1.2 ppm from

starting material). The mixture is cooled, and water (3.3 ml) is added,

Eg‘m’ngl@ii/&luﬁohbil@;a&ﬁhem&sofuﬁem«ﬂﬁﬁ@ﬂﬂmfwiﬁmg Water

(oY% ore gas, and finally water (1
a céqél §II’ g mix uretsls'} %’ered 3?1‘&%%@“?&%4 I&éﬁg‘%@%ﬁ’é@%ﬁ FOf salt to 2
O me filtypdes arerdedonca itkAlet Ao A RY ARARIQY (03
S@t}%n &p |n trr}l%wate #gt The residue is dissolved in THE (200
B T S MRS e A ey AR Grdhe solid
pmax@uswmmetwmeddaefatmyrﬁmam&t%@ Fimeand 59 &ﬁﬂﬁ!}&ed in table
water batch) giving 6.4 grams of the title compound. NMR complies with

the structure, the substance contains some THF. 15 Example 16

TeyjheSis ot dd GREMAEPlatosERbARYgRN-1y)1.2,2-

SwaipedIWitipha 4.4 13
Malonate 1:1 3.9 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 following circumstances:

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

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



distilled 1,2,2-trimethylpiperazine (VIII) (8.7 grams), using the procedure

described in 20 example 5. The raw product of the free amine (15.7
wﬁjam%sg cgontaining 6% of the cis isomer, is used to form the h dr%%gfg] )

i {8 g%ﬂt, using the procedure in example 6. Yield 15.7 Pgﬁém 110545

title compound; NMR complies with the structure, no cis isomer is

observed. Synthesis of crystalline beta form of Compound | hydrogen

TaldeiRate salt 25 Example 17 Synthesis of

; i - trimethyl-piperazinium

A MYdrogen succinafERBELHOIHY esskdsatd | hydrogen succinate (50
_mg) is suspended #Yd# Rk ANCand alfowled to equilibrate for 3 days.
Malgnatriisbelpba Material is remGyed by filagon. The beta -form of 30
Sgormatuhd | hydrégen succinate forms duging the natural evaporation of
Finesalyent. The begta form is ar@@psed aftgrOBJII evaporation of the solvent

by XRPD and DSC. WO 2005/016900 PCT/DK2004/000545 34 Analytical
Ergsult . Differential Scanning Calorimetry (DSC) shows an endotherm with

ARBNEH ierhPe iteressrriskysef siHts afibalcempemBL frresgdariing to
TihenpetastoimbiBPRe it 7

CHE%ACB?%% |t>éAT|or?i%1 llfésP #ﬁ%ﬂéﬂé%@a%ﬁ(é%@{@%%ﬁ% (R751 fRd tigpalonate
S YRS SO tsaRet oy Fobmmc(Y anearswitinn (DR Shitdimavattesandale succinate
sdletermineghlyaeding, ¢ ( It to 2. ml of water. Th

uspensions were %g% gitg} t%g%%?g?iﬁ %%%eggs%ﬁﬁrﬁgﬁ%é%arﬁg ol 105 of water

W&B&%E@ﬁﬁ&%ﬁgyﬂ%@ﬁ%@ 2atthatoviteenthaticrevias determined by
HPLC. The solid precipitate was isolated and left to thy in the laboratory.
The results are summarized in table 1. Table 1: Solubility of the salts in
water at room temperature. Sample PH Solubility(mg/ml)




Succinate 1:1 alpha 4.4 13 Malonate 1:1 3.9 15 Fumarate 3.8 1.5 15
Example 19 Stability of the salts of the compound of formula (1) The
stability of the salts was investigategqunder the following circumstances:
Heat, 60C/80%RH: Samples were stored at 60C with 80%RH for one
week. Then they were dissolved and analysed by HPLC. Heat, 90C:
Claims Samples (-10 mg) were stored at 90C in closed containers containing 1
droplet 20 of water. Then they were dissolved and analysed by HPLC.
Light: Samples were placed in the light cabinet at 250 w/m2 for 24 hours.
1. A dhemiheyawere sligsahed:ans Py, RRLEn I RI8af ReBK S ula (1)
the chrgmatograms besides the peaks corresponding to the substance or
the\acid'was summarized. The succinate salt of the invention does not
S ny degradation 25 at all. WO 2005/016900 PCT/DK2004/000545
35(Tablg 2 Sample Sum of impurity peak area % 60C/80%RH 90C Light
e 1:1 alpha 0 6,19 0,06 Succinate 1:1 000 Fumarate 0,07 0,09
3 Example 20 The hygroscopicity of salts of the compound of formula
e hygroscopicity of the fumarate salt, the succinate salt (the alpha
¥) and the malonate 5 salt was investigated by Dynamic Vapour
sorption (DVS). The fumarate and the succinate salts were found to be
non oscopic. The malonate absorbs gradually up to 1% of water

Mal

Cl

iy
[trans-4-((1 R, 38)-6-chloro-3-phenylindan-1-y1)- 1,2, 2-trimethylpiperazine].

2. The succinate salt of claim 1, wherein the sait is a hydrogen succinate salt of Compound 1.

3. A crystalline hydrogen succinate salt of Compound I, wherein Compound 1 is as defined in
claim 1.

4. The salt of claim 3, wherein the salt is crystal form alpha.

5. The salt of claim 3 or 4, wherein the crystal form is characterized by an X-Ray powder

diffractogram corresponding to that of Figure 1.

6. The salt of any of claims 3-5, wherein the crystal form is characterized by an X-Ray powder
diffractogram obtained using CuK,; radiation (A=1.5406 A) showing peaks at the following
28-angles: 9.36; 10.23; 11.81; 13.45; 16.21; 16.57; 17.49; 18.89; 19.20; 19.63; 20.01; 20.30;
21.15;21.53; 21.93; 22.34; 24.37, 25.34, 27.27; 29.65.

7. The salt of any of claims 3-6, wherein the crystal form is characterized by having a DSC trace

showing an endotherm with an onset about 139-141°C.
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11.

12.

13.

i4.

i3

16.

when the relative humidity is raised to 95%, but with no hysteresis. 36
Claims I. A succinate salt or a malonate salt of Compound |, wherein
Compound | is of formula (I) CH, N3 C1
[trans-4-((IR,3S)-6-chloro-3-phenylindan-I-yl)-1,2,2-trimethylpiperazine].
2. The succinate salt of claim 1, wherein the salt is a hydrogen succinate
TheaHlofGhriipcundéredh A«ryBtallinestaydsegesesticcinate salt of Compound
I, wherein Compound | is as defined in claim 1. 4. The salt of claim 3,
wherein the salt is crystal form alpha. 5. The salt of claim 3 or 4, wherein
ThthalenStalifodvitcharaetenize drpytanokmRaypawsern zdiffsacteoglamay powder
orresponding to that of Fi ureg_gﬁ. The salt of any of claims 3-5, wherein
oS Erpur x

dif} F]agt&%/%fglcf%r RS CHAR G -Ray powder diffractogram

obtained using CuKal radiation (?,=1.5406 A) showing peaks at the

following 20-angles: 9.36; 10.23: 11.81: 13.45; 16.21; 16.57; 17.49;
T BT 6 56 61 20 5051 s S, 3ibls HaraeBAey an X-Ray
powdeddiZréddgRoahidindhassait OiRNyrafistaime 30 5 iteleishheiesyséaks at the
form is characterized by having a DSC trace showin%/an endotherm wi

h
follyiigset-ap8l5e139:1410 1348 Hhd 41 bt Blalim 3 ! @éﬂeﬁ@iﬁg-gah—’ﬁ@g 18.4;18.9;

19 orysial form. beta. 92 Thesalbgfclaim 3 or 8, wherein the crystal form is

ey Al

characterized by an X-Ray powder diffractogram corresponding to that of
Figure 2. 10. The salt of any one of claims 3, 8-9, wherein the crystal form

ThissehaRaierzRG by amX Rey ewier difiarioaiam abtainesd-Hsipg Kavlhea DSC

radiation (k=1.5406 A) showing peaks at the
trace which shows an endotherm with an onset about 135-138°C.

The malonate salt according to claim 1, wherein the salt is a hydrogen malonate salt of

Compound L.
A crystalline hydrogen malonate salt of Compound I as defined in claim 1.

The crystalline salt of claim 13, wherein the crystal form is characterized by an X-Ray

powder diffractogram shown in Figure 3.

The crystalline salt of claim 13 or 14, wherein the crystal form is characterized by an X-Ray
powder diffractogram obtained using CuKy; radiation (A=1.5406 A) showing peaks at the
following 26-angles: 8.3; 10.6; 11.5; 12.8; 14.2; 14.5; 14.7, 15.8; 16.5; 17.4; 17.6; 18.0; 18.6;
19.2,21.2,22.0,22.9;23.7,24.7, 28.8

A pharmaceutical composition comprising a salt according to any of claims 1-15 together

with at least one pharmaceutically acceptable carrier, filler or diluent.



17.

18.

19.

20.

21.

22,
23.

24,

25,
26.
27,

28.

following 20-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; 22.5; 23.3; 26.3. 11. The
salt of any one of claims 3, 8-10, which crystal form is characterized by
having a DSC trace which shows an enddtherm with an onset about
135-138C. 12. The malonate salt according to claim 1, wherein the salt is
Thadyapegemdlenaie sahatr&ameMagoh3rid Srysialine YHEEQEEM is at least
alonate salt of Compound | as defined in claim 1. 14. The crystalline salt
80%F claim 13, wherein the crystal form is characterized by an X-Ray powder
diffractogram shown in Figure 3. 15. The crystalline salt of claim 13 or 14,
... Wwherein the crystal form is characterized by an X-Ray powder ,
The R A D AITEA kAT SO I THRTBR SO Ay RO is o leas
90%eaks at the following 20-angles: 8.3; 10.6; 11.5; 12.8; 14.2; 14.5; 14.7;
15.8; 16.5; 17.4; 17.6; 18.0; 18.6; 19.2; 21.2; 22.0; 22.9; 23.7; 24.7; 28.8
16. A pharmaceutical composition comprising a salt according to any of

. Thelaimgokifibriogethen Mithairtaashovrphianiaicaiiically PCERPIAME I is at least

9609arrier, filler or diluent. 38 17. The composition of claim 16, wherein the
enantiomeric excess of Compound | is at least 80%. 18. The composition
of claim 17, wherein the enantiomeric excess of Compound | is at least

90%. 19. The compositian of clai , Wherein the enantiomeric excess of
LSBT & SUTGASE 93501 AL GAABERBHR ShyPeh Shinse qaate o the
freavinareiinz theveenteahdfSaitksalt, calculated as the free base, is between 2

and 55 mg. 21. The composition of claim 20, wherein the content of said

salt, calculated as the free base, is 3 mg.
The composition of claim 20, wherein the content of said salt, calculated as the free base, is 3

mg.

The composition of any of claims 17-21 for use in the ireatment of schizophrenia.

A salt of any of claims 1-15 for use in medicine.

The salt of any of claim 1-15 for use in the treatment of disease selected from the group
consisting of a disease involving psychotic symptoms, schizophrenia or other psychotic
disorders, mania in bipolar disorder, maintenance of bipolar disorder, anxiety disorders,
affective disorders including depression, sleep disturbances, migraine, neuroleptic-induced
parkinsonism and abuse disorders, e.g. cocaine abuse, nicotine abuse, or alcohol abuse.
The salt of claim 24, for use in the treatment of schizophrenia.

The salt of claim 25, for the treatment of negative symptoms of schizophrenia.

The salt of claim 235, for the treatment of positives symptoms of schizophrenia.

The salt of claim 25, for the treatment of depressive symptoms of schizophrenia.



29,

30,

31.

32.

22. The composition of any of claims 17-21 for use in the treatment of
schizophrenia. 23. A salt of any of claims 1-15 for use in medicine. 24.
The salt of any of claim 1-15 for use in the treatment of disease selected

- from the group consisting of a disease invlving psychotic symptoms,
schizophrenia or other psychotic disorders, mania in bipolar disorder,
maintenance of bipolar disorder, anxiety disorders, affective disorders
including depression, sleep disturbances, migraine, neuroleptic-induced
parkinsonism and abuse disorders, e.g. cocaine abuse, nicotine abuse, or

UscaltahalabuseiRbioThe sdltofelaim 24, for yeepirdhetiratmeRt@tnent for the

o« schiz%re,nia. 26; The salt of claim 25, for the treatment of negative _
A A SFEEHTZSHIL Ma™ 2% FRURSRBICIRMT DS dRFad toAtinapepehotic

sympasity/esisyspptens of aekizopfania did8:dERe Salt A Hiaimr35, ol ihee:

treatment symptoms of schizophrenia. 39 29. Use of a salt

d
e At SR Gk (PSR CL A SIS brFiar SRSANGHS RisedanShttrst RhEchotic

Dissreaiment ofrabiietase setectediom ihe.1oupoansising 0ha.disease rders,
phrenia or other psychotic '

involving psychotic,. symptoms, schizoph
o e DS FEFF BIor D SR MRV BrReTeRaroleptic-induced
pariBelusionahDiserdeti Brinf-PsyehalicRisesder. Shared Rsychotin Diserder.

mania in bipolar disorder, maintenance of bipolar disorder, anxiety

disorders, affective disorders including depression, sleep disturbances,
Themigraintinelfrokpieinnbticad paikinsonism-ang abuse disorders cocaine

a use, nicotine abuse, or alcohol abuse. 30. The use of claim 29, wherein

the disease is schizophrenia. 31. The use of claim 29 or 30, wherein the

Thedady floiatmot Compoundrkisaleulpied Rsdhe e pase) ishetNean2 Mdee base,
32. The use of claim 31, wherein the daily dose of Compound I, '

. .. 55m
18 be&ﬁ%fﬁ%@&%ﬁt%free base, is 3 mg.

The use of claim 31, wherein the daily dose of Compound I, calculated és the free base, is 3

mg.



