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SUCCI NATE AND MALONATE SALT OF

PHENYLI NDAN- 1- YL) -1, 2, 2- TRI METHYLPI PERAZI NE AND THE
WQSBAB1AINEDI CAMENT The present invention rel aPE@EDK004/000545

4-((ii17?,3S)-6-chl oro-3-phenylindan-1-yi)-1,2,2-

trimethyl pi perazine, in panticular the hydrogen

succi nate and the hydrogen mal onate salts thereof,

nmet hods for the preparation of

su%éﬁ&%gf@%aiazﬂq&&iﬁ a"m“ﬁ%r"“a” e(sue {36E-crLoROS.

P}ﬁﬂ’g&@gl C ef?’zrg?fk?wiﬁ%?u |ng rea ment O?BﬁSE%A

D{ﬁDh@A@QﬂNTnIa or other diseases involving psychotic
synpt ons. BACKGROUND OF THE | NVENTI ON The conpound,
which is the subject of the present invention

?.3<S
T bq%lﬂw YRE] rfﬁ”ﬁ‘fﬁ R3Sy 5rchloraidmbendinger o Dhd he
trnﬁi@ﬂﬂgg%eretz%éﬁﬂ Parfidular thé %(ﬁrﬁ el scelame Eah@ﬂﬁ h ealldnate salts
638 073." EP 638 073 covers a group trans

thersccfnme&lodxsf o {lzer yyrepdrat{dn-qfi 4ol A2 Sh@-lcbllondéwgnﬁduﬂ%ﬂt}d}- &d-2-
in the 2- r 3-posit of the pl per a ine rin
tr1mﬁ@y a%c{ tgp éalaétg % ggalgg'xc«ﬂgl&ﬁl[{@ rmoa 101§ ?c?nrlialﬁmg these salts
anIl ™, 1ﬂ9<ﬂ@em1§§th@re%? qn@u{)lﬁg %@ﬁtﬁfeﬁt Sehizbshrenikibr bRcEMEkes
nd arf e suggest ed e useful for treatnent of
nn&ewﬁgphmﬂbﬁeq&qaonm the central nervous system

i ncl udi ng schi zophrenia. EP 638 073 does not discl ose
t he specific enantioneric form of the above conpound

N soners in the form of
Bgélcé are descrﬁ%ﬁﬁﬂﬁe enanti omer of formula (1)
T@Q@ﬁ@oﬁ@ﬁ vheenisdessaibjdeed thy plRgas istentibn [4-((/8,3SMedhloro-
Chem , 1995, 38, page 4380-4392, in the forn1of t he
3-phemsltindaa-ksal)tl,2 %é@m?%lwlpaﬂ%aﬂ% hpolls generyliggmulgih
publlcatloncgpncludes that the (-)-enantioners of

conmpound\ 38/7's a potent antagoni sts show ng some D
sel ecti invitro while invivo it is equipotent as

D and D /;7
Cl l R
@

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 (T), only trans isomers in the form of racemates are described.
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ant agoni st. The conpound is al so descri bed as a potent

5-HT ant agoni st and as having high affinity forC
wa@cedsnowept ors. It is also nentioned that the PONPE2VL/000545

does not induce catalepsy in rats. The correspondi ng

racemate as well as the fuparate salt of the above

conpound of formula (1) is also described by Kl aus P.
ThBgamtiomet Bf figmiiiand) abgye hincbeb desciibed by Begisstet 3i. of J. Med. Chem.,

Pi per azi no- 3- | i ndans and. Rel at ed

pheny Compqunds™,
199596, peeseRBRA3850b Sierior of tie fmagte ngreRlc Acrquipound ()-38.
t . ' : :
o R A Bl i S somaenn,
anﬁgblﬁgt@ Rh&hing Rk ) asleéth sy iakftiowhile fnorivo it is equipotent as D, and D,
adrenoceptors.In the followng is outlined the

anfageaistilhe Fompeiyd ipalsadessribied 4se ratent §rid Esasagonistiandrps having high

aQpalri ne and D receptors,..the 5- receptor,s and.the
oD R G EBon ST FeCREL POty i ey aRERhgSerit itdlEe
cafdb# fPRAfeni a is not known, but the dopam ne

hypot hesi s of schi zophrenia (Carl sson, Am .

Psychiatry 1978, 135, 164-173), fornulated in the
early 1960s, has, provided a.theoret,ic framework for
THG AERSORGR o 5 A1) B TAECR AN Shibe ARE g of formula
MLk dERAHESHy Kidhs Pl BoSidBhh EShuel Midting! M€ MGRGHA T hemistry of 1-
hypot hesi's states that schizophreniais associat ed
Pipérhzin@ 3 phpeylddpanimieR dated Soaipeynds" nOOR ol BV 7e88083-10-4 (cf. e.g.
supported by the fact, that all_ antipsychotic drugs on
Coméuﬂ‘iiﬁ?(&tag]@éaywe%&mt%t&?r%AdBHHQﬂ ne D receptor
ant agoni sm ( Seerman Sci ence and Medi ci ne 1995, 2,
28-37). However, whereas it is generally accepted that
TR} 188 eBhpSurdf o fdOPAITA (1Pisd i@ D AV, Sntagohiss, 4 5-Hl,entagonist and it
regi ons of the brain pl aéit a key role in the treatnent
haghlsp effinitnder & yadsensreptons. Biche fdloMirmisouilingd thy raskledinkpee

receptors..in striatal regiagns. oft [
ey Pay i Sy Ebor B ol DsBGerR Gy fle SHEBapptors and
thQ&IBa@eﬁg&f,{ok@r&{gemvg@d dopam ne receptor inhibition
has been observed wi th sonme socalled "atypical"
anti psychoti c conpounds, in particular with cl ozapine,

use n treatne f. . : . :
The ae%oio gy of s&x&zopﬁlt‘emoa 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 is
associated with a hyperdopaminergic state, a notion which is supported by the fact that all
antipsychotic drugs on the market today exert some dopamine D, receptor antagonism
(Seeman Science and Medicine 1995, 2, 28-37). However, whereas it is generally accepted
that antagonism of dopamine D, receptors in the limbic regions of the brain plays a key role
in the treatment of positive symptoms of schizophrenia, the blockade of D, receptors in
striatal regions of the brain causes extrapyramidal symptoms (EPS). As described in EP 638
073 a profile of mixed dopamine D,/D, receptor inhibition has been observed with some so-
called "atypical” antipsychotic compounds, in particular with clozapine, used in treatment of

schizophrenic patients.
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schi zophrenic patients. Central O antagonistic actions
has al so been suggestedto contribute in inproving
wa@niospsspehot i c properties (MIlan et al, JPET,PQDDE2004/000545
292, 38-53). Further, selective D antagoni sts have
been connected to treatneng of sleep disorders and
al cohol abuse (D. N Eder, Current Qpinion in
Cehtivlastanggbhitiahctionyyss al&06ken S0ggiSkd 28Entritdae aninfroviay
al so play an inportant role in the etiology of
anppekationsoniror @Eien el (AT, AB90. 152 S IRes. Rev.
1983, 6, 211-224, 225-236 and 237-246; J. Med. Chem,
1985, 28, 1817- 1828). In EP 638 073 is described how

FuftQ8m Qélétﬂﬁfe |I§\éhﬁigoﬁ§tfs iheVd Yeeh @bmctdl t6 @68RIAE 8F sldep disorders and
particular 5-HT receptors antagonists, have been

aloobgigased Noider, Garend Slpinion éi vettigationdil Deugse 300k §Eh284-288).
schi zophreni a i ncludi ng the negative synptons in
schizophrenic patients, depression, anxiety, sleep

jaitit REERo p Eg%@ﬂnﬁ&'téﬁt k36 kSthaRdoReY 6951%&1'\/6 disBﬂié%e(@ Willner,

arklnsonlsn1 HT receptor antagonism has al so been
Brsingfes tRed. 1963;@&%{22411225@&6 adridé-2d46; b Meda phenri 1985, 28, 1817-
side effects induced by classical neuroleptics
| sara et al. Psychopharmacol ogy 1979, 62, 67- 69).
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure : Shows an
X-ray powder diffractogramof the crystalline form

In &HPPIB3 078 i§ Bechiyell lnge compumids hiving affinity ﬁ'oxGoHﬂ" ) l:mdptbrs in particular
iéobtalned usi ng copper K radiatjon (I=1
I gtaceptors agkgarisianhaxe bagn PieRerisd igr Ffﬁ%tal(?{lb‘gfrdéﬁ?f@m dipf@ses, such as

soff B G B AL A8 B OISR RIREI RS, Bidssion,

anﬁdeﬁ/l -sfééq@ Bistudanke Ghiigeaine @fa@warﬂmeﬁrdlqmcﬁﬁd\ﬂﬁﬂ parkinsonism. 5-HT,
ffractogran1of t he hydrogen mal onate salt of

re@@tm@magomsmdm alisp been igaesteddp peduck thegasidencs of pxtrapyramidal side

ef@g Sﬂ’gg%{ﬁé_\%’gﬁ glassy %H?lil%gzts CI?ﬁzlsara et q:Ps HI%OPA\I\/ macolggly 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)).
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It has now been found that the aqueous solubility of
t he hydrogen succinate salt and of the hydrogen
woradosnatoeo salt of the conpound of fornula (1) PGI/DK2004/000545
consi derably | arger than the aqueous solubility of the
correspondi ng fumarate salty. As used herein the term
"“hydr ogen succinate" salt of the conpound of fornula
DETAINEDDESCRIPTRON.GF S8HE INVEN®EONpound of formul a
(1) and succinic acid. As used herein the term
"hydrogen nmal onate" salt of the conpound of fornula
S El)fref.erstto the 1:1 salt of the conpound of formula
alts of (e AnNeRton ¢ acid. The hydrogen succinate salt was
Tt ARURY, Bn BsulmnS B AleBud Mibiﬁt?%f e mdad Rn$aédinAd shlt and of the
than the hydrogen nmalonate salt and to be
hydoigeh ygiastopitof thEentppdndgeformuladhas eonsilerabdyf larger than the
Compound. .| found ta have a stability simlar to
aqP?ﬂ%lsfsB]E‘gP‘&' \é\?@ﬁlct)rrm@ﬂ‘%g&%ﬁ%ratetsﬁl i ght and nore
stabl e when exposed to 60C/ 80%relative humdity (RH),
but | ess stable than the fumarate salt at 90 C. 90 C
Ad web heritethe serinethy dsigee swethatet nat of tha compousioeffomatla (T) refers to
necessarily relate to stability at .nornal conditions.
therhd s ob Awicemmeurd pfogpulg (hiang sygsmieacids of water when
the relative humdity is raised to 95% but with no
hysterhesis. It is therefore considered as
Adead My @ir0He einc hybidigeviralong 0 dalnef the sempoaesitiosyla (I) refers to
whi ch indicates tavourabl e dissolution properties. The
the hilealtiob thegiogwoned of Srupladband mpdorigaqid. of t he
i nvention, including, e.g. anhydrates hydrates, and
solvates of the salts of the invention. By the term
TR R Qud @ik wishBus@lotte Mbre shaBld tAMEEif@Rarate salt and than the
containing no crystal bound water. By hydrates is
hydezgen ndienassadalisindfto béraon-hygrasdopie. cont ai ni ng cryst al
bound wat er nol ecul es. Hydrates are usually prepared
by formation of the salt in presence of sone water. By
TRAUNB LR nhadod Bt IitoniRhuhd I Vs FiRd kOMBRLd Rability similar to the
contalning crystal bound sol vent nol ecul es. Sol vat es
fuataenteisaliavhan gxpeseerie dight/anidonoratsiable wilientexpossdde 6AUE/80% relative
salt in _presence of the solvent. Th | vent. | ecul es
hupjdigy éRHg butlops,sipkle Higg t argde, 1t 905, U Crippigvever a very

stidkdehi @0 8R0S HnY QBESnot RSB AT FoldfBYo SR & RoMil €bn@fons. The

malonate absorbs gradually up to 1% of water when the relative humidity is raised to 95%,
but with no hysterhesis. It is therefore considered as non-hygroscopic, but with good wetting

properties, which indicates favourable dissolution properties.

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

formation of the succinate salt in presence of the solvent. The solvent molecules in a single
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one of two or nore organic solvents or be only a
non-wat er sol vent. One enbodi nent of the invention

wo edoavemos o the 1:1 salt of trans-4-((lR 3S)- 6PCI/DE2004/000545
0- 3- phenylindan-1-yl)-1,2 2-trinethyl pi perazine, i.e.
of the conmpound of formulas(l), and succinic acid in
the formof a crystalline anhydrate. The inventors

soRateandli scefume od two 6f msteadifferest dobreits. Afsotvae: Myylcapprise water as
succi nate salt of Conpound | (nanmed al pha and beta).
ongR{iyvo oo AsgigeYentseordecnly pnep-weales selventne f or m of
t he hydrogen succinate salt of Conpound I, which form
i s naned al pha and characterized by one or nore of:

Orlel entdAinterfdY tHRAWRSI o kdlhte st tRE 1 ANBaB DL HAAWNA-([ /R, 35 @ Th16-3-
(ii1) an X-Ray powder diffractogram pattern as

phemylpden-atydd 1,232 - Tadty Ipipotatiat iedofide sgmpoypkef figmula (1), and
radi ati.on (1 =1.5406 A) . whic hows mai n peaks at the
sulsiiia 3108 045 GER BT L e PRYEARDSC (01 fFerent | &

Scanning Calorinetry) trace which shows an endot herm
wi th onset 139-141C. A further enbodinent relates to a
Theryemadrs have dismonered 2tcnestdilul foganosthe bydagen smbinaefsalt of
Compound 1, which formis nanmed beta and characterized
C%P%IH@I@FaWﬁS’raép}@f%nd?qeja an X- Ray powder diffractogram
as shown in Figure 2; (ii) an X-Ray powder
di ffractogram pattern as illustrated in Table |
Theb} aieratbodBhdig relappera dystaltinaformof{theAydrdfm siycimdie edit of

shows main ﬁeaks_at t he 2q-ang%§s given; (iii) having
Campged {rwlieh il ngmedalrhn aehelsrasétizeddy Re psi@ere of:

~135-138_C. f r ' - es to a
(DCﬂygéiﬁvPﬁgéﬁyﬁﬁ%%ﬁ#ﬂ%ﬁ?%%%ﬁ@“é&ﬁ?hg > Conpound
(iif RAraRag howaer d¥frRiErah pAlie a®fllustratpd BNTHIRBYbtRI@BE 8sing copper
diffractogram as shown in Figure 3; (ii) an X-Ray
pdg eadiaionf(Mat 5600 Arwbinhtsbows mein palss atrthe derapglesaivee |

(iiSq;axa}{ng%qDéjé I(B%fe%glﬁglagcanning Calorimetry) trace which shows an endotherm
with onset 139-141°C.

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

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

(i) 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 at the 26-angles given;

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

A further embodiment relates to a crystalline hydrogen malonate salt of Compound I
characterized by one or more of:

(i) an X-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 26-angles given.

Table 1. Characteristic X-Ray powder diffractograms obtained using copper K, radiation
(A=1.5406 A) of the crystal forms alpha and beta of the hydrogen succinate salt of
Compound I, and of the crystalline hydrogen malonate salt of Compound I. Fig; cf. also Fig.
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radi ation (l=1.5406 A) which shows main peaks at the
29-angl es given. Table 1. Characteristic X-Ray powder
waledosoaovogr ans obt ai ned usi ng copper K radi at PGIDK2004/000545
(1=1.5406 A) of the crystal fornms al pha and beta of
the hydrogen succinate saltg of Conpound I, and of the
crystalline hydrogen malonate salt of Conpound I. Fig;
1, Blg. 2ah8 Bid-3Prdviding Q. reprednthtive XRED pat@yh 8f filly@orphic form alpha and

befaeoqrﬂ?esl?ﬂfr@%én\éﬁcéﬁ?ﬁpsQﬁiﬁd@fﬂhé’ﬁaaﬁﬁﬁ% BRI BRCEmbSHA p{d@p&twely
and beta t he hydrogen sucm nate salt and of th

f\m\f\llh \lf\l \L
Su I\JllutC S

aracteri st Fka%ﬁéﬁ‘& eﬂe’ﬁ’”ﬁl H’%@Bﬁ%ks(@%éﬁe@%e?éﬂ degree of

degree of d

diffraetiomangledde 20 Succi nate, al pha 9. 36;

Sheci2Be, algha8
19.20; 19.6

19.3631015; 11681213.43,6.630;, 16.3740/.4%83&9; 19.20; 19.63;
B320.80, 20130; 20.13021.23, 21393; 24.35314. 971 2934; 27.27; 29.65

S?gcnga‘te 113%&145
18 4-

r3, 14§ 551, 44 /144)1 ’146915’@ F&J*FCM@H@ 2: g‘?tsal’?’9¢18 4 18.9;

292 L-

179
= O

I\%OI?t%I onat
14.7: 15. 8;

126]736 2_ 1772;:71
| 88; K0.6; 1161@? {25T4‘§21487‘1]§48 3653 17,51 75/ 18.0; 15.6;

152521 %72240 22? 83716288 6. 19 2: 21 2

22.0; 22.9; 23.7; 24.7; 28.8 As used herein by
expressions like "crystalline formof a specific salt

AsiseCaspaitdedpraspnatiker drysaliy fore s X-sPeifip Mdnﬁ’r Compound I
di ffract ogram shown in Figure (1)" is meant

chenay@rlwd byntde foRay Bewdd| Qlff@ﬁtoeﬁv‘ﬁbﬁw in Kigyrg &@s ?ﬁ yeant the

f f
cr\éﬁ?%ﬂnilegf': %ﬁﬂé&? ggt(lgﬁundql m .q{lgs)?(]ﬁg %r x?iﬁg%ﬂ 2(?]{& 0 A el‘ difl V%acto gram
subithdt{ad¢ irBilar RAFiEO(15 URS babitiak by Xatyooast (ﬂlffﬂrzﬁﬂioh Pattern
that Figure and neasured under conparabl e conditions

subgantipdlyas brempigiadiin taat Figaraangd nerspredairer apmparsdle conditions as
CGene dat a he underst ood to be
deg R et %%@WB}P@?@ B

nmeasur enent error
dependi n on the apparatus used and_ot he

Goaraliretle Hafa heficin, R sndeystpedie Rsoppraxgnate 3pd Slf:bé%ﬂ% to normal
m a'g %ﬂqseln{ ér?ﬁcr d Eghdtn]}gé/ %n(%n' tﬁ? @)ﬁﬁug ﬂgﬁtaﬁ%{h% Sr(ﬁ)]?llleﬂgpsslgflltlencing

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

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

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

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

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

succinate salt of Compound I.
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consist mainly of the al pha formas conpared to the
total amount of the salt. In one enbodinent, the term
w0 p@silepdo means that the solid hydrogen succi neCEDE200H/000545

of Conpound | consist of at |east 75% such as at

| east 80% at |east 90% ory at | east 95%crystalline

al pha formas conpared to the total hydrogen succinate
salt of Conpound | present. The invention also relates

to a solid hydrogen succinate salt of Conpound | which

P&ﬁﬁﬁa‘i‘ioﬁ@if&h&@zﬂ&ioﬂh@ﬁﬂv@ﬁﬁloxpf the beta form as compar ed
to the total ampbunt of the salt h one enbodi nent, the

¢ i ; 4 hv. .
i SRR oS 08 o588 DAALOBE e b e s
ofla@afipo B f RimhRIBtwilliccialc Rid ineasherDSovdat Yslloatddibye

beta form as conpared to the total hydrogen succinate

precapitation, iselaberusl eptionalberserystlization; dhdesopd.gheeryptalling ealt may

th&%{g egég ?u@%éé%«? ﬁ)d%q%:rogngﬁea{d&a ¥§c’f va%:lg !)% ﬁ;gr g)&i?lﬁ%ﬁoroa%oglgre %onvenient process,
or g& 18n QF phifigled dhra fknReidleicasibRbldcB&. form of the
ydrogen succi nate salt of Conpound I.Preparation of

Préc!g}giga:t%:ntnog tl?%w{c{;}ﬁaﬂe RYIEBE i ThvEhe 1‘Ef§ %g%fgﬁbﬁre%ﬁg{g out by dissolving the

0
e 1nvention may be tal

frderRed oftht cohpbilirl dNfe@nhadyinod suatabrriphiend swsh dsacemheor toluene,
I%%vvi th succinic acid in an inert solvent followed by .
angd tleereasier mixipa thip selpben ori wARPNSIORios selpign of succinic acid in & suitable

PR o B0l S S E  forc

mistiite BF hdetdi@ 0H Wik $1€ra Bixhine BbesNtinglegsatislly Of acetone and about 2%
preparation of particles froma solvent-enulsification

to P PYc eederalply ebpwi XVawiaten, hased ¢reths ieeight af thegaixturefThefyesulting

wBSER B0 SR8 B LR e o
su@hME 41t oSiHE RoRPo@RIESTINEInéntion b BReipitaRd, ﬂrlgﬁfa_%%f ﬁ}ﬁ?n cooling of

m xing this solution to a suspension or solution o
the slaiion. Thaciicbinate saltafitheipventmolmayneptionalbhbarscrystallisaé one or more

. aqueaqys _acet o or toluyene. 1n_one enbodi nent the
G APOROLFES B P BT BT et SHEP a&ﬁ@ﬂ%ﬂgﬁﬁ%@. g. a
m xture consisting essentially of acetone and_about 2%
Thegnyauipn shsefreletes g2 atstied foothaaiepptatipn sbthe srysiknafsiaform of the
hy(c)igro gteg %uégiﬁ%tg Salt ofT(IE]o%nlgo%%H II,tvlvl?lgh method comprises leaving an aqueous
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 recrystallisation. If desired, the crystalline salt may thereafter be subjected to
micronisation by wet or dry milling or another convenient process, or preparation of

particles from a solvent-emulsification process.

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

mixing this solution to a suspension or solution of malonic acid in a suitable solvent, e.g. 2-
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suspensi on may be heated or solvent may be added until
all succinic acid has dissolved. The succinate salt of
wao b@spoiypound of the invention is precipitatedPCT/DK2004/000545
preferably upon cooling of the solution. The succinate
salt of the invention may gptionally be recrystallised
one or nore tines and isolated by filtration, washed,
prépadol. Whi BuspediN@ay BOBeadd @il all Bealdhy 8618 hendisdoded. The malonate
relates to a nethod for the preparation of the,
salg piydhe apmipaendyed the fyepiar predipitdiydl pogenablympen seelegsyithe solution.

f d l. which method. i - .
i B RE Yt e B 5O SRl BEP By Mo s and
iso@qea)wﬁﬁrdﬁoﬁpwasﬁlb@,wg\f@@%&@gah@p aftf alie sol vent at

anbi ent conditions. The fmalonate salt nmay be obtai ned

prgg%.,lt;.gioﬁr@hg?%ﬁ?@{ﬁﬁ%mﬁh fpcordingly, the nalonate

accor e Inhventi’'on may be obtained by

t reat men the free base.of a conpound of, formyla
THe IS ERPER HlBHIG (i EPeF R T A oA SrosFR dF B 38 073
anBEBLRAHRE LOR. MbE @R, 098HE, 99%(5 A93al4392, it is described how optical

recrystallisation. |If desired, the crystalline salt
resvhytionhditieeafat @miclvemputnpdmte e tarompdisioml tyatryssallisagionef or

dry millin r anot her. cqonveni ent pr.qcess, or
digstezepqpeqiq S@ﬁs a’fer%ﬁroﬁjfa&‘?%%t reGARtLenacs |of Erpaulahil)- si f i cat i on

process. Precipitation of malonate salt of the ]
Therpyesent ioMeriters peed rovadeselanad eh dapwyed mptapisyatbesipin whish the

free ba of .the. c ound of formula (1)._.in acsuitabl. .
enigifagtor rnys AT iR e B e sitinR 5 HRlBmere
pusOVUL & @BripBurdl $HERS3SI-6RhRko-3Phhy1RTlaRf -dTBde BelowWI TS, in this

in a suitable solvent, e.g. 2-propanol. The suspensi on
progs, ltlee intamediatertfifbrmaild Vitatesolved,acd. $ylehisaldibsanitogrdphy or

The mal onate salt of the conpou of .the invention, . .
G i B s eBRHISRPT G BT g oo TS Spfhgis o obtain
the. bﬁne@#ﬁpﬁﬁgggﬂ% I)e&gx}ﬁéﬁ%br@\é?ﬁgiérﬁ RhdiBde v Q%@lltt)ibﬂed)&ystallisation

recr a nore tines and isol ate

offdidsterainharie, salt@sfidd finel ggodicn 1. 2n panivaianthe yéeld ofthiegekolution is

Ret I, L T O —
r a i dq i . i 3 .

B A R e e

the emetmthgdadeame apitting ahaterial, 7.e. maximum theoretical yield is 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 (I) 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.
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resolution of the racem c conmpound may be acconpli shed

by crystallisation of diastereoneric salts thereby
wobitalnidng t he enantionmer of fornula (1). The PCEDERG04/000545

i nventors have now devel oped an i nproved route of

synthesis in which the enaptionmer of fornmula (1) is

obtai ned via a synthetic sequence starting from
Acetdiidlymes értnfioimer of, foimla (1§ iy Ggrobtaveed(Hyi a Ho&ess involving the

- 6-chl or o- 3-pheny indan-1 -ol, see below). Thus, in
foliqyisg piebEess, the intermediate of formula Vis

resol ved, e.g. by chir chr omat ogr aphy or

enzymatically, to obta t he enanti oner of fornulabgg.

s ' f

IkqrrataA4) is nuc
ne ed crystall .8
t he.fihmal _product particul ar the yield of the
resolutidrl is substantially hi &™¥ in this new me
(45% rel ative to the amount of racemic starting
material, i.e. maximumtheoretical yield is 50% as
conpared to the yield (22%relative to the amount of
racem c starting material, i.e. maxi mumtheoretica
Beyizgl ayanide 50%9ctébwith BS-dicldotobenaomita! intthepfesengk ope bajige suitably
| hy crystalljsati of di.astereoneric salts ot
ol R G BP0 She PR ST rE icha® arusiey BB (BMD)
Crv )| : . " 0
o kL s ne By TS e BN s SR e e plgsre and
ont pet Hymhtasefstheisompoundyd fahduls@l)i on of di astereoneric
salts (95.4%e). Furthernore, the resolution of an

THeRbEHIBEA 8f RriaBl(ERE tRén dubRecleld @ heificOY Lyt t6&Brma aumpound of
nore efficient synthesis, as only the rk%?t enant i oner

foinsula §81), suitablydydehdrginermixsire p§ acetip aridgsudphyricirighad water, and

(i)

ehgrgailE e e iR oy e AR PR POt G & yfeple solvent
subys tgﬁleﬁpbﬁﬂh%gtgﬁyaﬁné’ BPNeIﬁDﬁt/IéIWOYiHG&, QR dododd of
X Nt-Bu MCA + .

st eps:
formula (IV).

0 0
Cl1 Cl
o7 H O’ .
L COOH — 3=
o ) )
) (1) av)

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

W0 20050 xi de (t-BuOK) in a suitable sol vent BUDDKa®4/000545
di met hyl ether (DME), further reaction with mnethyl
chloro acetate (MCA) | eadsjj§o spontaneous ring closure
and one pot formation of the conpound of fornmula (I1).
The conpodird of fornmula (11) is then subjected to

claci di.c drolysis to forma conmpound of fornmula (111),

Ry heating in a m xture of acetic acid,

acid and water, and thereafter

(I'11) ina—suitable solvent, such as toluene with

triet hyle or N-nmethyl pyrrolidone, to forma
compoundet/formula (1V). NH The conpound of fornula

(1V) is then Veduced, suitably with NaBH in a sol vent

The lr'clzé?né)%z% Of fa t?g?rp? reg)lve%ttg %(%f:%e%e sl %Hﬁﬂ:%kinetr gf&gmula Va),

erature in ge o -

.e?"zﬁgpwltﬁ ik colﬂﬁF@(th&Q%@S 35?5—@%102@3@1161@&&1@&1—1%1}3 or
preferably below 5 to forma conmpound of formula
(V) with cis configuration:CH (V) The conpound of
formula (V) is resolved to achi eve the desired
enant i oner (fOHTLI| a Va), i.e. also with cis

confi gur at
25", 5"S) 6

U:Pﬂl or o- 3- phenyl i ndan-1-o0l): The resolution
Va) nay, e.g., be performed using chiral

a chiral colum of silicagel coated with a
pol xmer, e.g. a nodified anyl ose, preferably

chiral

anyl ose tr4 3, 5- di net hyl phenyl car bamate) coated on
silicagel sui tabl e solvent is used for the chiral
l'iquid chrens

2 raphy, such as, e.g. an al cohol, a
nitrile, an etﬁgﬁ) or an alkane or m xtures thereof,
sui tably ethanol, nethanol, iso-propanol,
acetonitrile, or nethyl tert-butyl et her or

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 ether 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).

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

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



m xtures thereof, preferably nmethanol or acetonitrile.
The chiral |iquid chromatography can be scal ed up

W@ 200801600 t abl e t echnol ogi es, e.g. sinul ated nPWI/DE2004/000545
bead technology (SMB). Alternatively, the conpound of
formula (V) is resolved tojjachi eve Conpound Va by
enzymatic resolution. It has been found that

coRBpBhdiAesbCAl thy hyRi#6:E/1 GosHeN RlloWRd bTan @6 madtRenantioselective
derivatives thereof, may be prepared by enzymatic

deaylationossd efenzymaticsientiosskective déroylnije kasjiecirapapied for other
racem ¢ Conpound V to obtain Conpound Va or an

C°§@9Wg#ed derivative thereof with high optical purity.
Al ternatively, enantionerically pure Conpound Va nay
al so be obtained by a process conprising converting

5  Accecléangly, Kh@rrpmlmi;bn\bfﬁmmund é’stp@mhilp@gné Ytaenayi be pdnormed by
0si t natlc

hydr an e
sclgtianbumh Gt p o SRSNE oo Hr by tastha the enzymati
t
BB SRS ARREY LA SRR AR s o e
coﬁi@ﬁﬁhﬂh@ﬁokﬁﬁl@ (oaifoand ¥ vavingheloghap efsfepnmtindryof Compound V as
sel ective enzymatic acylation. Selective enzymatic
ungeryesied shihpieton maiWiche enzymatic acylation is
preferentially effective for conversion of one of the
ci s- enantioners of the compound of formula Conpound V

Alteg@itively, Thereablnebn 6ZCo@paiid Ve Comp&aiova iy Vedsrformed by
unconverted in the reaction m xture. Alternativel

selfpiever agpnati¢ ercplptiab stegive &nzyaaty ﬁ@@ﬁh@oweﬁawh %the enzymatic

rlefgg{nlr{ggreg%@@ %tle 5%{ n%tsl:r,?lor?eo !(.)ﬁé]te e{s]iﬁrs of compound of
foaY (9, 1&vARARY bkt &aehsamlah@t 6f &¥drk afé &’o&ﬁcﬁﬁl@tdf\f(ﬁqﬁlﬂ)i (V) as
conversion of one of the esters of conpound of fornmul

15 unfMverteé avihageachen otixtere. cw enant i oner of esters of a
conpound of fornula (V) as ypconverted in the reaction

nixture o Enzyne, e.g. Novazym 435

Enzyme, eg. ( Cl

Novozym 435

’ +
For example

vinylbutyrate ;
O toluene @

\% Va

10

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

20  methylbutyrate, pivalate, 2-methylvalerate, 3-methylvalerate, 4-methylvalerate
O/ R OH
cl
Hydrolase
Do @3 P U
Solvent

Vb (1R,3R) Va
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For exanple vinylbutyrate toluene Va Suitable esters

(Vb) of the conmpound of formula (V) are ester such as
wa@e@sat@po propi onate, butyrate, val erate, hexaPWHEDE2004/000545

benzoate, laurate, isobutyrate, 2-nethylbutyrate, 3-

met hyl butyrate, pivalate, # nethylvalerate,

3-net hyl val erate, 4-nethylval erate Hydrol ase Sol vent

whékeif R, Rg3 R acdaitd) erapichakd, betyhte, viakra€,eefidatep baRos flagrate,
butyrate, val erate, hexanoate, benzoate, |aurate,

isqbybiseied-metylutyratehmathyleuyiate, pivelsts gripethylvalegte, 3-

| val.at 2- net.hylval erate, 3- nethyl val erate,

m -%ﬁ%lﬁry?e’\’/ngéerqg}dé’iXh el]S, one enbodi nent relates to a
process for the preparation of the (S, S)- or (R R)-
enanti omer of the conpound of formula V (i.e. with cis

Thusyrvfriegambattingem) raaiepiol aspragess & thapeparatiomofdhe (& o (R, R)-

e G B B LA BB B S B g e

2) CopRM MR cdRic U rAun@ S LSt R R B £ (eAS Y Rh 18 Ag an
to forma m xture of deacyl ated Conpound” Va.

acHnting agemtloect i ve enzymati c acyl ati on nmeans that the
enzymatic acylation is Sreferent,i ally effective fo

b) c sHbEPeghras MG eraroupnd &ﬁf%ﬂsg}eﬁi&? elgye@ﬁﬁéaw{%ipn to form
a bRl 1RGN ¥ | eaving the ot her

enantioner-o e conmpound of forrmula (V) unconverted

in the reaction m xture. Enantiosel ecti-ve enzymatic

deacyl ation nmeans that the enzymatic deacylatjon is .
Ensnisstesiive enayipaie pederqreneas thas fieemzypatiofcybationds piefgentially

effel npet tio? gc?r{vsers(i)(gn &F one of the enantiomers of a compound of formula (V)
preferentially leaving the other enantiomer of the compound of formula (V) unconverted in
the reaction mixture. Enantioselective enzymatic 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 mixtures obtained by the enzymatic resolution may not be entirely pure, e.g. they may
contain a smaller amount of the other enantiomer in addition to a larger amount of the
desired enantiomer (Va). The composition mixture obtained after acylation or deacylation
according to the invention depend, i.a., on the specific hydrolase used and the conditions
under which the reaction is carried out. Characteristic of the enzymatic acylation/deacylation
according to the invention is that a considerably larger portion of one 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 result in a mixture containing preferentially the compound of formula (Vb)

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



conpound of fornmula (Vb), preferentially |eaving the

ot her enantioner of the conpound of fornmula (Vb )
wap@snwend ed in the reaction mxture. The m xXtRPCEBDK2004/000545

obt ai ned by the enzymatic resolution may not be

entirely pure, e.g. they ngy contain a smaller anount

of the other enantioner in addition to a | arger anount

mifuré bentdesighpecieenasily theesmpdad. of Threnuls (PoSn tIieC(R R)-form and the
m xture_ obtained after acylation or deaqylat

compewrtipifgrmgadMa) indbee Siorae Jaaaptical quritysy thera obtained by the
opf E%%sfo!lucf ﬂ%étﬁ&@éﬁhé‘ gelﬁ GHS% ﬁ%@?&l{y’ a(B? Pé]?/e E%\é@efé?ably at

e reac ron it1s carr arac

leRNIIPARE |, rodEpetdrati hdeat P AtdeQRd atssOp@fasbly ot lehi® 98% ee.
invention is that a consi derably | arger portion of one

Haorevet, ilovervaiuss éorihepptical puidy atsfaccemdalde.ner . The
enanti osel ective acylation according to the invention
thus results in a mxture containing preferentially

A&Bﬁln@ﬁ‘ﬁﬁé‘ ﬁgfeﬁ’tflorf @ﬁa[ﬂﬂlb%léc\ﬁl‘@}: chfymtdiR a@ﬁatzgh Is B A ﬁnder

the compound of fornmula (Va) in the (S, S)-form or
condiyionesibktantiallysuppressimghyivolysis. rﬁIyrQOkysmf‘ehJeh id the lrajvetsheeactlon of

onmpound of fornul in the (S, formand t
@3@%@% eagtion.dals) %Q‘%"a@rﬂs ﬁ’ﬁ“éeétﬁn ﬂ?% Iefcomh SY?EF%eﬁP‘éSe
enﬁlli{ﬁ)sa@@tme' DSFnEEL AyBtBAZY ﬁe’rzﬁ)lﬁgﬁ'ﬁ <:1 ¥ 8hd iR WRMY- ﬂ’r@esdtlkﬁmc solvent

m xture containing preferentially the conpound
orfahﬁcmﬂ laﬂl}(d\;(’m)s drgartieol{et 8)zyfrms a1yt requicotinp prﬂsehaafof some water

to BAPSF e S Bhledp HES s aFRCR ROy S BHBGFRpE, benzene and

to]ﬁu%éné h%rs(%é@% aé Hle hﬂrfetifng‘ d@op og{ymetﬁ%ﬂ éét%g (?tggﬁgﬁé E% ?1 Xar%e tert-

bu‘tﬁ@nét’@yl@ﬂie@laﬂ@dmﬁ&(hd)@eth@lﬁﬁ kedhey RSB LY hdeﬂihenﬁbﬂmyﬁk@éne butanon,
the present invention is usually at | east 90% ee.

aném@fft 1By kefong;egters sysh/@%@ethyhme@t% elryd pesiats, oty batysate, vinyl
%{% Qgﬁgggoqsztg? e,[ lﬁagggr)egl?teg EV (?I’ES s%glé asa%ce:té g%‘ﬁ% Fﬁlonde

chﬁfr@%ﬁ' 48 11101 kf@1drBMB A, Qé@:on@eﬁf? Bﬁdl %ﬁ@e{r? alcbM&ls, el BPfeitbutanol;
acyl ati on 1S carried out under conditions

mtmmmcamtalmhg yolsengp subsis diméthdfamagiide, ae@tmr@udy,sfpgnamlde
is.the. re%ﬁrse rea t|o

t
acP Baijocd RS O 0 P @ B STISer)s BEBHE HApHgufoxide, N-
métﬁgﬁ)ghsf‘d(ﬁv)ésaﬁﬁ Mexali4Bylp ﬁ(ﬁ, H&&Q@ﬁiaﬁﬁ&é YR (BREY HRRhhi6 solvents for

tion I's preferab rried out in a water-free
enaypati¢ acydationend organic solvents such as toluene, hexane, heptane, dioxane and

tetrahydrofuran (THF).

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

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

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

dimethyl sulfoxide (DMSO), 1,4-dioxane, DME and diglyme.
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or al nost anhydrous organic solvent ( enzynmes normally
require the presence of sone water to be active).
w@Eiosadoer sol vent s i ncl ude hydrocarbons such aRCTIBK2008/000545
hept ane, benzene and tol uene; ethers such as diethyl
et her, diisopropyl ether, igtrahydrofuran,
1, 4-di oxane, tertbutyl nethyl ether and
It Iehis HREM RYaM € tiid BEzynietic aBdatiG LR omin oo ehome entitinatidyybe carried out
ket one, butanon, and nethyl ethyl ketone;, esters such

using Nevoryh 436 éCandida Antagetica bpasa e frost Ngyozyiey Agp < luka Cat.-No.

INOTTR TN —
r@f&qm%r chrriedt dult Gkihe %%ﬁ&aﬁl@est&ﬁ%o fiél Ady¥as8 Bel a hRItédsa The enzymes

al cohol s, such as tert-butanol; nitrogen-containing
us§01 acentdingsioche ayenfianetrh yltcﬂlcnnmmsjr@pal’elc of perfaraéng R-selective

ac%l&ﬁl%ﬂ, o%.ég—ﬁq}gﬁfvgtag L& r | %F ta? H,%q.lﬁ gllmcl)]g Ig}i{kﬁgad.en%(r:] gox% (gu%tdl of formula
(vgeﬁtdat'eﬁ & ysen §re aﬂi‘@é@ﬁ@foﬁ}ﬁ HNO3ABAIRUSadIARIN HS-selective

erre organlc solvents for enZymatic acylation are
deadydmivinefsiod acghgimup iictheascetnid cremeqund ef doreyulth@f1) almeparticular

oD e 1S 5 PSSy SC e ogs Linke Paag SglabFIC) are
usgﬂlgéﬂfprﬁiﬁl i{osth% ﬁlg?ﬁt?(ﬁ'te %raﬁ%& bBfiment Telatest to use of a lipase for

ers ant I osel ective
ca@finygoat ihe ed@ﬁﬁaltioa%wlﬁhdtﬁofmkmﬁ];&maﬂlw Thamidseprefuttedilipase is Candida
wat er or m xture of er and an organi ¢ sol vent

antugticaBibesd (FHodbrive @P5%; Burrlemonsfoamt Epase gl Cat.-No.

T LS

(CEhdTBA E.tharcﬁbli fipast @ O@%@nes 13, 6 DipaREme DMEMB(Thermomyces

diglyne.lt has been found that enzynatlc acyl ation
laugomsys Tppse(NdvezymeseMS).anelerapibia iearabilizgd derm. usi ng

Novozym 435 (Candida Antarctica |ipase B, from

Novozymes A/ S, Fluka Cat.-No. 73940). In general, the

THHOIB] &% ﬁ%ylth'%tc‘z.soﬂc&fol depevlRlivanisaeafitiing a%ﬁltiﬂl‘@leavmg
invention is preferably carried out using a |ipase, an

grewt, snds®s, e.gn adeldgase. HiIClar Br,cptrd‘alsably Gher eadpmsste)sgf mksylate or
accordin 0 the invention are

oBEcErdine (5 Lhe UL on e SUGD, SPETES, COBSPL5. 8l o vy

chg(?Y#gfrn' ne%ﬁg&ft sS10&nt Y G erh BT AHRO 1Y Retal§ oA T The GAIRBE S mpound

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

RS
)

(VD)

In a preferred embodiment, LG is Cl, i.e. the cis-chloride of formula (VIa):
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(V) or such enzynes which are capable of perform ng
R-sel ective deacyl ation or S-selective deacyl ation of
W@ b@smoepho group in the racem ¢ conpound of f orPai/RK2004/000545
(Vb). In particular imobilized fornms of the enzyne,
i ncludi ng Cross-Linked Enzygre Crystal (CLEC) are
useful according to the invention. A preferred
enbodi mentClrel ates to use of a lipase for carrying out

i pase is Candida antarctica |ipase (Fluka
62299) ; Pseudononas cepaci a |ipase (Fl uka
. §2309); Novozym CALB L (Candi da antarctica
Irpase B) J~-Novozynmes A/'S); Novozym 435 (Candi da
antarcti pase B) (Novozynmes A/'S); or Lipozynme TL
I M ( Ther neyeees | anugi nosus |ipase) (Novozynes A/S),
preferably in imobilized form The al cohol group of
the z' s-al ggpgl of fornula (Va)is converted to a
sui tabl e | eavi hg group, such as, e.g., a halogen, e.g.
Cdﬂlpcnmd BfL, e.gr itk L &bdsychldiro, ipthea rwtqdhmﬂaﬂ a; dlmﬁ@).ylmperazme ina
nmesyl ate or tosylate sui t abl rea on W
Su%léﬁ EOIVElche AR TP 2% Kigo rrrl%léyl i 5<e'ﬁr16 P lalstharfethyl ketone,

pre@EhIPLUE U hﬁﬁe@%h‘é%?ééﬁ 1% P e B carbonate.
THeatsalligg {odhpoundtoé femlula @/Ihe | eavi ng group: LG (VI) In
a preferred enbodinment, LGis C, i.e. the
cis-chl qridé of fornula (M a): (V'a) Conpound VI, e.g.
with L hloro, is then reacted with
2, 2-di hy |pera2|ne in a suitable solvent, e.g. a
ket one s e.g., nethyl isobutyl ketone or nethyl
et hyl ketone preferably nmet hyl isobutyl ketone in
e~of a base, such as e.g., potassium carbonate.
i ng compound of forrmula (VII): (VII) is

C

(VD)

is methylated at the secondary amine functionality (suitably by reductive amination using
suitable agents, such as, e.g., formaldehyde, paraformaldehyde, trioxane, or diethoxy

methane (DEM)) to obtain the free base of a compound of formula (I).

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 LG is Cl, thereby shortening the synthesis by one step.
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sui tabl e agents, such as, e.g., fornmal dehyde,
par af or mal dehyde, trioxane, or diethoxy nethane (DEM)
wao o008bt@dn t he free base of a conpound of for nRCEDKR)04/000545
Al ternatively, the nethyl group nmay be introduced
directly by use of 1,2,2-thggnethyl piperazine (Formnula
VIIl below instead of 2,2-dinethyl piperazi ne when
reacting with Conpound VI, e.g. where LGis O,
t hereby shoytening the synthesis by one step. (V1)
Furt herno e,;fﬂe pi perazine part of the nolecule my
be introduced by reacting Conpound VI wth a conpound
of formula NIX) bel ow, where PGis a protecting group
such as, but fdY) restricted to, e.g.
phenyl met hoxycar bonyl (often called Cbhz or 2),
tert-butyl oxycarbonyl (often called BOCO),
Flﬁﬁh@ﬁﬁ&l@aﬂl@?m&am&rpaﬁ%m@ molebgk R ddcODbY Fcting Compound
nﬁound of formula bel ow. (1 (X) After
bepih etcemppen of formela piXo dgtsrv, twhe(a/li’qi)ts a piotdsiinggiogp saeh as, but not

fe%'rlﬁt%i? Tt B A RatRey! (ol (e 2R B Boxyearbony!
(oBLReA NI HON %%hoﬂ?ééﬂ;{ﬁyp QPUEHAL Qhéiiéﬂ}ﬁ&;tilﬂln% Qh@cdﬁ?ﬁdﬁ)ﬁh of formula

group using a suitabl & reducing agént, e.g. lit
(Xalbalovwni um hydri de. During the synt hesis sone ci s
di ast ereoi soner of Conpound | (i.e. PG
4-( (1S, 3S)-6-chl oro-3- phenylindan- -yl /
,2,2-trimethyl pi perazine) is fornmed as N urity in
the final product. This inpurity is due reinly to the
formati on of sone of the trans form of (\)‘I (e.g.
(1S,3R) - 3, 5-di chGor o-1 - phenyni dér_w LGis d) in
the step where Cﬁnpo nd VI is for efore, the

inpurity can b zed by crysta ion of the
desired cis fo@ off Compound VI, fromthe-nj xture of
trans and cis (VN); in the case where LG a in
Conpound VI thisHca be done by stirring\thé pixture
with a suitable sol an al kane, suchas

ARGRIBRRecM T rbi\Rt gi)e@r IDeﬁeﬁiyﬁatiBﬁ EREusYEd above gives the final
preci pi tates and the undesi red

product, Compound I. Alternatively, the protecting group such as e.g. ethoxycarbonyl may
be converted directly to a methyl group using a suitable reducing agent, e.g. lithium

aluminium hydride.

During the synthesis some cis diastereoisomer of Compound I (i.e. 4-((1S5,35)-6-chloro-3-
phenylindan-1-y1)-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 trans form of (VI) (e.g. (1S5,3R)-
3,5-dichloro-1-phenylindan when LG is Cl) in the step where Compound VI is formed.
Therefore, the impurity can be minimized by crystallisation of the desired cis form of
Compound VI, from the mixture of 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 filtration, washed with the solvent in question and dried.
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trans form of Conmpound VI goes into solution. The
desired cis formof Conpound VI (e.g. when LGis Q)

WO g00580d9at ed by filtration, washed with the soP@BEDK2004/000545
question and dried.If the cis formof Conmpound VI is
present in the batch of (Vi{} used in the synthesis of
Conmpound VIIl, this will give raise to the formation of
the trans form of Conmpound VI | (i e. 4-((1 ,3

- 6- chl or o- 3- phenyl i ndan-1 - I%- 3-di net hyl pi per azi ne)
If the casnforrn@é ﬂompoum Vs r)reseﬂhmst gbaﬁ@so%(\’é)s%ﬁdn Hsryathesis of

di d
Bt Sl s} B P RAHE gl Bk Bftompouna VI G
4- @S’BS}JMth 35BS TBNES 3kwm ?@ﬂr&z@ﬁd) @@alofm@m in (VID);

SUItab e salt of the conpound ormul a Conpound
thig ggyves a ssend opfiomnf avaiding thearss fwrmsxﬁ Slempound! brthafinel product It

) i B 3 LSRG AT B i o

suftM1L Salt 9@&1@39 %&dﬁdfd?lf&%’ﬁﬁgcgﬂﬁ pOi VA! Eg. a salt of an organic acid, such
re-crystallisations. Furthernore, it has been found

astah@tgamxm:amd,l saaﬂ:ably tltéri@rdfrmgemfmhanate&eattloaﬁtedmdmgn rmmieatensalt of the
oro phenyl i ndan-
corr@oznfé {of W@pﬁﬁﬂ (Hﬂlaeqpslfpﬂgj Po#a eégy 8E% TES K- gpEstal Bf%\?e

by precipitation of a suitable salt of the conpound of
formula (1), e.g. a salt of an organic acid, such as
FLﬂﬂlleﬁﬁ@a,l’hit taghean if@ilndshittlﬁlbhlytws ify tiveaforrh ©f 8ialdiastegecgsontdnén (1) (i.e.
ogen fumarate salt of the conpound of, fornmul

4- ({?J;S |3§}16-|chg¢rq émhgw@gldgyldﬂbl,gﬂ tigpethylpiperazine) may ePfec(tilv)ely be
tall ti
re%]iog & M:Praeglgﬁtg ' }tllglg rsérmrlg % oA &ﬂxge ;f(r:fé 2 N %.tassalt of an

ork&fic hdle, Mbbﬁ%@mﬁ& didaRi, §1ﬁfﬁl@%ﬂ1n£ﬁcraté @ﬂmélgaﬂ(dﬂydrdgeﬁ fumarate
I'n partl cul ar the internediates (va), VI, e.g. Via,

salirod thel domporng af fosmoke (Bowbienaly follewed by org e mefstrexeystailisations.
under st ood t hat when specifying the stereoisoneric
form then the stereoisoner is the main constituent of

THNBVERITAGH A thel BspB&ts talsG lt'él@t%s toNAE MtSRRAIatesiaB deddii®ed herein for the
enantioneric form then the conpound has an

syatihasis Dﬁﬁﬁrqompemmbsfsfonﬁuhalﬁb emampartedar the inderewdiages.(Va), VL, e.g.
Acco od f the j.nvention eaes _y
Vit E g s A G bp Gt it (O oM U Sdistooq 1t fhEZppecitying
th€ SR Mo LRk (fofﬁﬁ (fl?e?lst 9£teﬁblst)§1€15fs tROYRRHRNGR b fRohound. In

excess nmeans eraloo Vato its enantioner Is
pasticder, whei kpfcrfymg ttl{eeenannmnemt form) themthelcoapbuidBés aatenantiomeric

excess of the enantiomer in question.

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



10

15

20

| east 80% at |east 85% at |east 90% at |east 96%
preferably at |east 98% Furthernore, the
waelr@svemeoneri ¢ excess of the conpound is prefBCEHDK004000545
| east 70% (70% di astereoneri c excess neans, that the
rati o of Conpound Va to 18
(I R, 3S)-6-chl oro-3-phenylindan-1-ol is 8 : 5in the
A firtietie@bodimghiesitthomyentiin 1’6&% tto ﬁﬁ%bn@bulhceatsﬁ)nﬁﬁl%(va)‘; preferably
| east 90% or_ at |east 95% enbodi ment relates to
haxige $p.gREItEMSyicsEeess chaideish QO%aatAearsw Qhett leash¥Wonttdeasb$s>%, at
Jd, Nvent rel onpound of formula (VI),
leaspg(?/&%{:g?as{ géb@}%ref%%\aﬁﬁ%%tgﬁ Spsr%ri c excess of at |east
60% at | east 70% afd east 80% at |east 85% at
| east 90%. at least P6% preferably at |east 98% LG
(V1) wherel 3 potential | eaving group,
preferably @@ omthe group consisting of a
hal ogen, e.g.>~chtoride, or a sul phonate. One
enbodi nent relates t§ the diastereomeric purity of
Conpound VI; i.e. tpe cqQnpound having a di asteroneric
excess of preferabl east 10% (10% di ast ereoneric
excess neans that the&watjg of Conmpound VI to the cis
di ast ereoi soner (e.g. (VI )
(1S, 3R)-3,5-dich orol-phen an _whe LG-CI%%‘
Wlaaselasb is anoientipkleayiag gwuau@fgf@r selegte 4 oo gy pongisting of 2
t t t
ha f‘%@ﬁ Cg%ﬁ)o&% Qﬁargﬁﬁ%gggt I(?]ré cﬁ@e]?tﬁslé%??% ﬁfg gléréltéré/omenc purity
ofl'CRi oetﬁleCI Re. Cioqompodnd hwm]gaﬁﬁﬁefc@ﬁér&%xl@sfoﬁpmﬂérably at least
Oé/ (\/ a) preferably having an enantioneric
sd@ﬁte@pme@a%cee@%eawtt pdbetatio odf ompor b ¥Y tadgcisat
ast. 85% t % 8 9 fer
dlzfsg%{§?1sc§§% (e. éq%l 8%03 dlg %,16(%1 orEr> ell-pq}%ﬁilu}dgr{ Hh iﬁe—(ﬁP Y5535 in the
mBhas LeHRAABH) & 1044t 2E% Rht lehe 50910 réﬂ}bodln%nt trBl@tes to substantially
conpound haV|ng a di astereoneric excess of, preferably
puae Compeendl¥% ( 10% di ast er eoneri ¢ excess nmeans that the
rati o of the conpound

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

Cl
D
Q (Vla)

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, (1S,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:
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to the cis diastereoisoner,

(1S, 3R)-3,5-dichloro-I|-phenylindan, is 55:45 in the
WOorRRoos01@00 n question), at | east 25% or at | easPCHOKR004/000545

One enbodi nent relates to substantially pure Conpound

VI where LGis d. The invention also relates to a

conpound (V) having the structure:( ) preferably

havi ng an enant iHoneri c excess of at |east 60% (60%

enanti oneric\exdess neans that the ratio of VIl to its

enantioner i g 80N20 in the m xture in question), at

| east 70% af\ | east 80% at |east 85% at |east 90%

at | east 96% I\breferably at | east 98% or a salt

t her@s has, e.g., a fumarate salt, e.g. hydrogen

f umar at mal eate salt, e.g. hydrogen mal eat e.

' relates to the diastereoneric purity of

Il1, i.e. the conpound having a
cess of preferably at |east 10% (10%

di ast er eoneri xcess nmeans that the ratio of Conpound

VIl to the cis- S) diastereoisoner is 55:45 in the

m xture in question); at |east 25% at |east 50% at
préfeasty Hae it enbf@shert0Hcestof heRsd 609609 enafBGherdbdcess means

at least 97% at l|least 98% One enbodinent relates to
thafihsragin ol Y1 tp ltmnent&mqmm&%%}/m the migtuseintquesismeatt leagt 70%, at

tegshiioft 1EREESh, et oy fURR Aty AERLOSs,

or 24aR 'tlﬂ:%o%’ sieh bs, QDL AfuRARIEsald, B gPRYdrbsdh fAmafitd, di Bethleddysalt, e.g.
a method of thé invention as described herein. A

hyfiurgeh maleamoéhm engblodinesnt t@atea)mbmduastwbmnc ausiylof the Compound

her he fu rate salt, obt 0

Vi Tasomponi bt TRoietomenh skeest oL BT TRL At Pash L0% (10%

LS EshBRE %s%%n Bﬁ@ﬁ{m%f@ SHhpdl Vil 6o PRY%ELQBI35)
properties o Compound s of the invention

diashdeciadreertifn 85:46 hle’ghe\mnb(hmbm cpmstiorx),ueit éﬂfalsg/li% ot Idasta®)%, at least 70%,

har maceuti cal . Ac ordln ent vent i
atfogrt e 4 kst %6136 o3 a(gﬁﬁkea SFebit feaﬁﬁéf Hiredpdinpgat relates

to substantially pure Compound VII or a salt thereof.

t he Cbnpound
di ast er eoner i£

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

described herein.

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

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

Pharmaceutical use

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

particularly useful as a pharmaceutical.

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

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



10

15

20

25

30

succinate salt, in particular the hydrogen succinate
salt as described herein (e.g. the alpha or beta form
w@sz00des®nd bed herein), or of the nal onate sal t PCT/NK2004/000545
particul ar the hydrogen mal onatesalt, of the conmpound
of formula (1). The inventpeon also relates to the
medi cal use of such salts and conpositions, such as
saf it th\@oripat BE fdrmoila @). dhs éasetionalbdielfAedtbiad mB&icyaiss of such
system including psychosis, in particular
salieHIdAopmositions. sEclbaer theiteatrems OF ndiopase tiythg SpriFd mieyous system,
. tons, such_as., £.0.. hi zophr.eni.a . . .
inGRRE B5Finaiir At B RaiaePhdphB SHRF ulprsoa imspluipg msvonoti
syptossd, Qi asDk. 89 Ke@EepHREdi £ fSchsypehikinDD ROFHRE 'Schi2bafi®dve
Psychotic Disorder as wel | other psychotic disorders
Diserddi, Debusomat Rmprdsr, Byead Psyhptic Pssprdent $lorsltgyciote, Disonger as well

ot tisBrleE g S i BT TR Phic @R g mania in
bi _ggﬁ§ﬁ§m;hat the conpound may have a relatively | ow

I sk of extrapyram dal side effects. The present
i nvention also relates to use of the succinate or

l.onate salt_of the. invention, preferably.the .
Afi'@a@%@a&nthg AT n@tasquistig ack il efopapapnd HgthPé?YﬁnHPlﬁ) Aaggests that the
f . { formul a
oo o B AR 138 gl o I o et o o oup
consi sting of anxiety disorders, affective disorders
i ncl udi ng depression, sleep disturbances, m graine,

Theaupsshieipy pretionridiocelatas de ksapfdhe sierinatseampdongta sl of the invention,

ni coti.ne,abuse I I [
o GBLBF LB =B S0 2B PRSP BE PRl By mtont
saltEdfah@SorhFormd EER@Eh1OfT) For eRkinitat SCNdiZQRE E@EItEDF6M the group

Di sorder, Schi zoaffective D sorder, Del usional

cobbistonrgiefranxiBity disordsipciffactive Diserdersdncludha deptreminne flgen disturbances,

Di sorder or .mania in bipol.ar disorder, conprisin
g ST NG R P aOr i (oS P FRUE: O BIRATHES pleohol abuse
ankiehet FRRUAG rders. _

ns-4- (6-chl oro- 3- phenyl i ndan-1-yl)-1, 2, 2-

trimethyl pi perazine or a salt thereof. As used herein

the term . . . . .
In at%ra%psasg@qtethe RFSPY-BYIHER ARt g of rentins Sejizgplghiform
DRLRIEL %%hirisaffec'tivg Dié%%&,%éluﬂ@ﬁal ?ﬁ&ﬁgléﬂ Egéf’ﬁé}r@%tic%s&fder, Shared
the énantioner form(e.g. using (+) and (-), or using
Psychotic Disorder or mania in bipolar disorder, comprising administering a therapeutically

effective amount of the compound zrans-4-(6-chloro-3-phenylindan-1-y1)-1,2,2-

trimethylpiperazine or a salt thereof.

As used herein the term "trans-4-(6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine",
i.e. without any specific indication of the enantiomer form (e.g. using (+) and (-), or using
the R/S-convention, is meant to refer to any enantiomeric form of this compound, i.e. either
of the two enantiomers, 4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine
(D) or 4-((1S,3R)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine or to a mixture of
the two, e.g. the racemic mixture. However, in this context preferably the content of the
enantiomer corresponding to that of Compound I is at least 50%, i.e. at least as the racemic

mixture, preferably Compound I is in enantiomeric excess.
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the R/'S-convention, is nmeant to refer to any
enantioneric formof this conpound, i.e. either of the
WO M9SON@Nt | omer s, PCT/DK2004/000545
4-((717?,35)-6-chl oro- 3- phenylindan [-yl)-1,2,2-trimeth
yl pi perazi ne (I) or
4-((i5,3i?)-6-chl oro- 3- phenyllndan [-yl)-1,2,2-trinet
hyIpiperazine or to a mxture of the two, e.g. the
racem c m xture. However, in this context preferably
t he content of the enant i onmer corresponding to that of
0
Inﬁg ﬁ.?e@g Fﬁ]}ﬁ)ﬁ rf‘@grt thB p@e?rtg}ag% Val&ﬁq'%% asnlaqdieeras%);odﬁﬁattwn%n specifying the
en8isHhdrIORA bE 1HR$68PSuldyrinies--SI86RE3 9Héﬂyﬁi&&arf PRLNE2-
phar maceutical uses it is understood that when
mménﬂmyq:mgn@ freg. endond iorfermiflo (1), dfentthecaapmiod idrelatively

shbobiinepria AR Rl e ufsicppgs s oft e
80%1 % Q&n‘gﬁﬁ}%ﬂb‘ e%meaﬁ%aw@ ﬁéu% LT RPEGIhGEShEMs PY18 in the

escri bed above, preferably the enantioneric excess
mlxmre in questiedsit [BOH00E Y dcastdots, onpraferaley aemestr%%] dn b pedferred
the ratio of | toits enantioner is 90:10 in t

crRROgimyTe, 8 digstessomssip exeesk ehsempeurd s 21 lead Po%dwmlastereomeﬂc
p‘?ﬁ%gﬁlgﬁla ¥ o diRHh fRHpodRda td Hf 4 &fﬁﬁ%g%ﬂlﬁ%gﬁf Fﬁﬂ{dan— -yD-1,2,2-

ereoneri Cc 'excess o

trif%oy( A PSngina it B B AEEdsC 9T attlyasﬂﬁwa,soﬁdn teaktefi3%p. of
Compound I to cw4-((l S,3S )-6-chloro-3-phenylindan-|
-yl)-1 ,2,2- trinmethyl piperazine is 95:5), at | east

In%%{efeﬁted b286dinRAlahYPreRht neafionI8Hees kda ko Fhiretthg
nbodi ment, the present invention relates to a nethod

ScmfzophEatfom D&Dmcﬂqdﬁninnmffﬁ@wmms@dmdaelus@ohh Risorfder Brief Bsychotic

Digpdgh AGied SR BLERES OF EpIaB DRSSt conifising sdiministering
a @Eﬁ?éﬁfeaﬁy \%ﬁ'&gﬁf@ anfoR PSR QAR A 8Bl \@) Bee. 4- (lR 35)-6-chloro-

apeutically effective anount of the conpoun
3-plaenylihdan(-1-y1)F1,2,8-trichefhiylpifer i) -ob achlt tremeof.
3-phenylindan-1-yl)-1,2,2-trinethyl pi perazine] or a
salt thereof. One enbodi ment of the invention rel ates

Oﬁ@%ﬁbﬁﬁl@%ﬁﬁe fn%@ﬁﬂdnr}gla{%g 3 Mn\éﬁloﬁ dg’ﬁg sitive symptoms of

I zophreni'a, negative synptons and depressive

schivoplirenia, ffgatichéyhanbme mhddeposspive SimgtoathifBelgi@phirdign eomprising

t herapeutically effective anount of the conpound
ad(rmmsgermg @gh@npemtlgalgl effective amount of the compound zrans-4-(6-chloro-3-

phe A 1[1101 2, i/ t eth2 & e%arzh{éeorlay laf? I%%oq’zﬂr f%la%'iy ﬁﬁe%gf'ni)ound of
H% St éf YRPES SSRGS

éra
formula (I) or a salt thereof, orin a preferred embod1ment 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 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 (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).
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formula (1) or a salt thereof, or in a preferred

enbodi nent a succinate or a malonate salt of the
weorepourdo of fornula (1), preferably the hydr oORENDK2004/000545

succi nate or the hydrogen nmal onate salt of the

conpound of fornmula (I). Appurther enbodi nent of the

invention relates to a nmethod of treating positive

synptons of schi zophrenia conprising adm nistering a

therapeutlcall¥ ef fecti ve anount of the conmpound

Ancghet-eprdodimhant 0 @s@m@ngiom rediies- to-ayphythed of teeatipg Begatiyr sypetoms of
Ny oA i LSRNy S SOOI e cpom
&R sB - ﬁ?ﬁéﬂﬁlﬁh&@tﬁ DI1, B2 iBhetk ?Iﬁpe‘iﬁlﬁe &fa dalt@hereof, or

conpound of formula (1), preferably the hydrogen
prefacblyntat somp omﬂd@ﬂfymdg énora rszdhfat:EOé ar in oprefamed embodiment a

Suf AT B BL oF g OB IO Lo R BT W by drogen

i 86k ring a
o RS S e dREh EPRERILE °§9*m5%un@8?@% PG cﬂfﬁé‘éﬂn
Ara"5-4-(6- chloro 3-phenylindan-1-yl)-1,2,2-trimethylp

i perazine or a salt thereof, or preferabl thg
A Ethss amBodimenbeihe ivenyonielatesda panqths denting densesgive symptoms

referred enmbodi mrent a succinate or a nal onate salt of
the conpound of fornula (1), preferably the hydrogen

scﬁﬂi@}@lﬁr@@b @ombriting al‘hmﬁﬁﬂ@ﬁfg Amhknpaitalpkbifeive tl@unt of the compound
ggound of formula (1). A further enbodi nent of the
trang (ﬁrcfdﬁrw%pbwémﬂ@-hy})ek %8&1@&%@@%@6 %@iﬂ&é@@%’f preferably

th? %%B Ii%i(l:l{j é? 52% %eatrl]tI t ereo g n n 2'1 nr%{e%%@ g%l'bg%lﬁ]e dtpgle%ydrogen
su¥ciftate @r ﬁﬁl&fa& st &féwoh@aaﬁﬁ of Btrhulha (B, 2- tri met hyl pi per
azine or a salt thereof, preferably the conpound of

formula (1) or a salt thereof or in a preferred

d f
R SO O AR & ”%ﬁ%ﬁ@%@%@%ﬁ oo} printenance of
bdgﬁlﬁﬁ(ﬂ%&lﬂ@f 60% sﬁfg Jdﬁnﬁst%ﬁh@%e@i elifi@al PPt Hnfoudn 8f Qe

I nt enance 0 ar di sorder conpri Si ng
coatpound $Taﬁ$—|4|f(§-chldrdnélﬁpém&ylindaa-lll-ﬂ) -é2{ 2 trinatleylpipotanine of a salt thereof,

t he conpound W _ )
prsfeaabﬁseﬁ@wpwemsd piery e fol g 2 saly fherqof. or 1 ¢ preftedAnhogapent 2
suBGh G o b nRiSiRkd satltl'b?rﬂ‘feoéompomld of formula (I), preferably the hydrogen

succinate or the hydrogen malonate salt of the compound of formula ().

A further aspect 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-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).

The invention further 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-yl1)-1,2,2-trimethylpiperazine or a salt thereof,
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preferably the compound of fonnula (1) or a salt

thereof, or in a preferred enbodi nent a succinate or a
woradosnatoeo salt of the conmpound of fornula (1), PCI/DK2004/000545

preferably the hydrogen succinate or the hydrogen

mal onate salt of the conpogmd of forrmula (1). A

further aspect of the invention relates to a nethod of
prefematyi thy copowideyitfommila d) oed sqitihkient onimsapre famerd iesribnglment a

amstering e speutcally elfect e amunc ol o
sugrﬁngte bf (T8 kgwggﬁ ?ﬁ[oqﬁ erlﬁ? § e ntpog.rllﬂf5@ﬁnula f(ﬁf erably

€ conp or a's ereo in a
preferred enbodi nent a succinate or a malonate salt of
the conpound of fornmula (1), preferably the hydrogen

A gajt el hearepasiionpd ﬂwar@g@n TRE] hﬂmmqud ippny ptable way e.g. orally,

buf:%aqpsuﬁ,g{l%%ag og?ar?}#grg 1§r %1d tléjrhs?atlt Jnay nt | gspe I QI%E sul{salblEl fo2m for
sublh 6@hinratioh, GO o tHRIfok® 6ﬁﬂaBl%tsaBA{>’§ﬁles C}‘)@Wﬂéﬂsséy@@s or solutions or

adm ni stering a therapeuti cal fy effecti ve anount of
dmmmrms@nmtlon In one embodiment, a salt of the invention are administered in the

topaf As¢ bt FRE, SiEPhr Rtk g R b mound of

formula (I) or a salt thereof, or in a preferred
enbodi nent a succi nate or a rral onate salt of the
Methopofon (theqfrelﬁzwatinml af splid phaymetertiadll preganationy dreogeahknown in the art.
ccinate or the hydrogen nal onat.e salt of the
%3%5% dhusd efpérmmdd)Y(m nggh eartrvedrlgrag Binitls pidingsy gdiuvants, fillers

anﬁl?ﬁl.uleﬁ]t\é éélﬁﬂ%(ﬂﬁ}{tl @oﬁﬁ%}ﬂ%%@ Pﬁgtur&n%%n%ﬂl%lﬁ%tﬁe machine.

or a parentera
Eiah@lﬁsﬁiﬂadﬁﬁﬁntb efiltﬁrﬁﬁﬁfﬂlhdnﬂs moﬁrpplseswrh afatoh, faorom: ftaﬂbum
such adm ni stratjon, e. the form of tabl
m@ewgwnbeearﬁewéai@e lggr%rp g, a@é It flgsn Sy other g@@r@m O dditive
sucl? as c l)r?r(fﬁ Q%o rgge?\{a%@‘gé) %Jrcng‘;?& ‘als Etlrlsédfﬁ)r Vlidgr]? théfr they are

FAYRRTT ON re a ered

copfjRrkiBRGR iheattivihpilciliensui t abl y as a tablet or a
capsul e. Methods for the preparation of solid

phar maceuti cal preparations are well known in the art.

S e Ry PR Pt 0 b ER 5480 nd possivte

additt e $ pARHr G RSIREMEBE injecEONEEERbRGtdrNe wileX tadfifitih§ IRk solution
conveni ent tabl etting machi ne. Exanpl es of ofj uvant s,

tofdebikak wland stirllsainnsofdhagnlitem andriiiling mrsuliable ampolkse or vials. Any

sultg{)le aH]dluve conventionally used in the art may be added, such as tonicity agents,

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

2 and 55, or between 3 and 55 mg.

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

prevention as the case may be.

The invention will be illustrated in the following non-limiting examples.
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magnesi um st earate, gelatine, |actose, guns, and the
i ke. Any other adjuvant or additive such as
W@ 00601490 s, aronma, preservatives, etc. nay al BOI/DE2004/000545
used provided that they are conpatible with the active
i ngredients. Solutions foraknjections may be prepared
by dissolving a salt of the invention and possible
additives in a part of the solvent for injection,
referably sterile water, adjusting the solution to
E PBSvol ume, sterilisation of the solution and
filling in suitable anpules or vials. Any suitable
additive conventionally used in the art nmay be added,
COMPOEND PREPANARIONL S, preservatives, antioxidants,
sol ubilising agents etc. The daily dose of the
conpound of formula (1) above, calculated as the free
ALb.‘ﬂse is suitably between 1.0 and 160 ng/day, nore
Y98 hl e between 1 and 100 my, e.g. preferably between
THe Bk AReri OdxcB& SR uRNT 2P B PEmpld €a LsQfePrmidcady ik HPLC
€ erern in connection W a di sease or
ustligsoCHER AT CEERUOPcohingg Opttewrelit K@ cas Lt Hiune as4) hw- be.

The invention wl] be illustrated in the foll ow ng . )
Hesn/sthanpk 95¢ (el xap |1se%8.eé>@\mﬁﬁzﬁgpw ﬁﬁgpﬁ\%&vp%nma detection
. 145, 0 [ | cess of conpound (Va) in
18@%2#%?&&%5;@%2& [gg?%{rer%%gg{ii%oyﬁghi ral HPLC using a

CHI RALCEL(r) OD colum, 0.46cmID X 25 cmL, mmat 40

C. n- Hexan/ethanol 95:5 (vol/vol) is used as nobile
HINHa apalygis foropavgryien mteypsed for Brangmles 1bget ection i s

Cph oA Todr bR R B s e Bl o8 Bonf S Mg A. VA ©

Bl B OFHRBE MJRR/Bratp briPared 26 Sollowk: MMNHABELN Raddd 61180 ml water, 10%
size) Eluent: Buffered MeOH water prepared as foll ows:

HPOu(dq) Btadiedtdddt-T andisgat iswddasrto at0i@d of 200 ml. The mixture is added to
1.8 L MeOH.

The enantiomeric excess of compound (Va) in example 1b is determined by chiral HPLC

using a CHIRALPAK® AD column, 0.46cm ID X 25 cm L, 10pum 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: S0pum ID X 64.5 cm L, run
buffer: 1.25mM B 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: 500pug/ml. In this system, Compound I has a
retention time of approximately 33 min, and the other enantiomer has a retention time of

approximately 35 min.

"H NMR spectra are recorded at 500.13 MHz on a Bruker Avance DRX500 instrument or at
250.13 MHz on a Bruker AC 250 instrument. Chloroform (99.8%D) or dimethyl sulfoxide
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HP (aq) is added to pH=7 and water is added to a
total of 200 mM. The m xture is added to 1.8 MeOH. The
wepasnioneri ¢ excess of conmpound (Va) in exanpPEI/DKR®4/000545
determ ned by chiral HPLC using a CH RALP AK(r)AD
colum, 0.46cmID X 25 cmbs IOmat 2 C
Hept ane/ et hanol / Di et hyl ami ne 89.9:10: 0.1 (vol/vol/vol)
(99.8%dI»asluad QVEIvEsts HndIEradictiay]filaaw( TSP isafsed adinfrhdlirference
detection is perfornmed using a UV detector at 220nm
stapdardenant i oneri ¢ excess of Conpound | is deternined by
fused silica capillary el ectrophoresis (CE) using the
followi ng conditions: Capillar: 50mmID X 64.5 cm L,
THeWHk/ Pl 186 of EpdRdSY SdVHeXEstbriihéd ARRIMEBRUIRIBY described in
di hydr ogen phosphate, pH 1.5, voltage: 16kV,
Bagssmperadt drided Lhe@, 1991, 86t 4350-4350 e 4888, right eclomay, The cis/trans

det ecti on: l.u i.ode arra cti.qn 192nm. s I
e e S S fespiind] 7 R Lo kR TR P nfograts of
thd) ﬁgnzﬁ af €8 ?{Mﬂ R thld ATBisOhePRRIA 5iBRIIGE ¥.53PnlTdR thePPhstiBGner.

ot Rer enantioner has a retention tinme of approxi mately
G&srafiyna cohtedviRf spmokimeately é % efdbe dedbsatd 5Q0er GinMdzaletaated by NMR.

Bruker Avance DRX500 instrunent or at 250.13 MHz on a

Bruker AC 250 instrunent. Chloroform (99.8%) or

j j +8% i b
XSRS 1 35, P PRt R iR oy
Distravistaster usiieCeK gl rhdiatien. bk n@agired@npestida nhoderid thd 20-range 5-

is determned using HNVR as described in Bges et al,
403. Med. Chem 1995, 38, 4380-4392 (page 4388, ri ght

colum). The cisltrans ratio of conpound VI is also

determ ned by HNVRi n chloroform using the integrals

TR MRS e Pofiiddre Mealurdd RAZ Doffertiifil Si:a&mirfg@ﬁbriﬁh@ﬁ?r {1b8C). The
signal at 5.5 ppmfor the trans isoner. Cenerally, a

eqoipmeshis 0F AdpgiruaemaD8Cy2920calibratad alidai toexivd tho melting point as
can be tected NVR. X- powder .di ffractograns .
or . AP S Of SEARBIR e R el g Bt W nitrogen

add ffractometer using CuK radiation. It is nmeasured in
reflection node in the 2g-range 5-

Synthesis of key starting material

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

Example 1a Synthesis of (1S,3S)-6-chloro-3-phenylindan-1-o0l (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, 10pm at 40 °C.

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

a UV detector at 287nm. The racemic alcohol (V) is injected as a 50,000 ppm solution in
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40. The Melting points are nmeasured using Differenti al
Scanning Calorinetry (DSC). The equipnent is a
wazeobnstoounent s DSC- 2920 cal i brated at 57m n tBCYDK004/000545
the nmelting point as onset value. About 2 g of sanple
Is heated 57mn in a | oosebhy cl osed pan under nitrogen
flow Synthesis of key starting material Conpound V
methancly9U e & isfedtel math ihidrbys ¢fdutin. ol thé frbctioad] wiich contain the
_borohydride (NaBH ) adapting a nmethod described in
titigroappung/adth raprstham PG enapgomgBe exqess, gt enthingsl anggvaporated to
nt, a ' e.feaction at app ' .el
ey e P Sk e 8biE oF flne in B B ATV 80%20 grams
as'Esdlid QPeMenthd SinlystBandAAR- b3 2dm tGIRPQHRELrE h¥\@Santiomeric excess is
_s%agt hesi sed from Il using the general procedures
higless dhand2de perostingrr charal HPLC, [a],” @44.5° Gdr, m@igol)55,
whi ch al so describes Il and the synthesis thereof.
Exanpl e a Synt hesi s of
EfdnpRIb- Byaith Q6131 98S N6l chFB3-pnHylin¥a-101 (VaFbPlise of
chiral chromat ography cemc cC
- 6- chl or enZymatnyesohdam- | -ol (V) (492 granms) is
resol ved by preparative chromatography, using a
CHI RALP K(r)AD colum, 10cm D K 50cnL, Om at 40 C
Met hanolpyi s used as nobil e phas a flow rateosf 190

nd i n detﬁoc\:“t)zi nqq:ig' sciperfor ped using a det ecl

: e FACEm ¢ alc i's i_rgjecte

at i oRinjiniRkdhanol 86~ is inject ed

[ of ®8ed@ Nn. AUt he ftractions, which co' n
onpound wi th rnor @an 98% enanti o @
excess,\=aye conbi ned and ev ated to dryness ‘'ssing a
rotary evaporator, followed by drying "in vacuo" at 40

C. Yield 220 grans as a solid. Elenental anal¥sis and
NMR conformto the structure, the enantiomeric excess

chijdt FLsé. 40% miph S s ndinn Pa i ek pluchf 0. S8 Novozym
434 @aﬁ@ia Mbt%a%p%s@ﬁfmdvioﬂﬁﬁ&‘ A/Q !Fhﬁc\af@at.ml’o.uggm%fis added

followed by vinylbutyrate (13 ml, 102.2 mmol). The mixture is stirred using mechanical

stirrer at 21 °C. After 1 day, an additional 0.5 g Novozym 435 is added. After 4 days ata
conversion of 54%, the mixture is filtered and concentrated in vacuo to obtain an oil
containing a mixture of (1R, 3R)-cis-6-chloro-3-phenylindan-1-ol-butyrate ester and desired
compound Va with an enantiomeric excess of 99.2% (99.6% compound Va and 0.4% (1R,

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

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

precipitation of the hydrogen fumarate salt of (I)

Example 2  Synthesis of (15,35)-3,5-dichloro-1-phenylindan (VI, LG=Cl)
Cis-(1S,35)-6-chloro-3-phenylindan-1-ol (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



10

15

20

25

30

enzymatic resol ution o Novozym 435 vinyl butyrate
tol uene V Va Conpound V (5g, 20.4 mmol) is dissol ved
WO 008505900 anhydr ous tol uene. 0.5 g Novozym 435PCTZRKQ0d@00545
Antarctica |lipase B) (Novozynes A/'S, Fluka Cat. - No.
73940) is added fol |l owed byyvinyl butyrate (13 ni,
102.2 mmol ). The m xture is stirred using nechani cal

has hidlte@ theatatgdpiase @) 41 tHe St@inic pRasedB) kieGBPdratdd, 2nd the organic
Novozym 435 is added. After 4 days at a conversion of

PhesaB lft Wésfmiiwme éVlthssaf‘WtP‘é?%UUIa ﬂ@@patbme@r(i%m@d Theysediwno
il S s Ak SLAmBAR R8Pl S h M b bR S with odim

h}@@&duﬂ@ SoHNBRURED Mﬁwéﬁdhttﬁe afia n&gecmsﬁdeca HC BBSreRfilting water
99. 2%?9396% conpound Va g%d 0$4% [5)3 e

phessB-anh It erg@nip hbasg B ard aeparated, pnd Sycmfetteml@sm@ i ¢xtragied with

noval r|t |nfo nmof t.
oty E¥ Bl D G aSE red P e PIRC s G Oiegaie ey B dried with
m it QuSiatd ahd & o@&ﬁrfg |d©m%s§¥s'iﬁé~'§§it§ry @lagokator, Biving the title
- di chl oro- I - phenyl'i ndan ,
compo(m‘SaSéi@ﬂ 6¥iehl 230 8ngp Nﬂmg?duls chagtt dhre:otly (e ek@bdle 5. Cis/trans
9"&& obt ned described in Exanple a is dissolved
rafle, 7 g ages ﬁ1t9 - cooled to -5C. Thionyl chloride
(119 grans) is added dropwi se as a solution in THF
(500 M) over a period of 1 h. The mxture is stirred

Egimpledm tSynikésid ofr B3-ditacthpipdpérazincBond 00 g) is added
to the reaction m xture. Wien the icehas nelted the
Paofpssiaim prihenaty (BP0 gr?an&) [red ethylene diapiagd 00 Bpragyse are stirred with

h i -1 Wi .
o EBRCEATE AR5y SR SpRABRTR L SR e o i
adab@ al"lfé@ﬁé}ieﬁs@ﬁ mteart@ réfRtIveCEighd, bid fiRéred. THRFHRr fake is washed

adjusted to ?H 9 with sodium

with toluene (500 ml). The combined filtrates (volume 4.0 1) are heated on a water bath and
distilled at 0.3 atm. using a Claisen apparatus; first 1200 ml distillate is collected at 35 °C
(the temperature in the mixture is 75 °C). More toluene is added (600 ml), and another 1200
ml distillate is collected at 76 °C (the temperature in the mixture is 80 °C). Toluene (750 ml)
is added again, and 1100 ml of distillate is collected at 66 °C (temperature in the 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 unclear 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
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hydr oxi de (28%, and used to wash the organic phase B

once again. The resulting water phase (C) and the
woee@anie@ophase B are separated, and the water PCEDE2@4/000545

is extracted with ethyl acetate. The ethyl acetate

phase is conmbined with thesgrgani c phase B, dried with -

magnesi um sul phate, and evaporated to dryness using a

coblilpdnd emMaPGIfsededber BYo hbigs tickpifg E¥ERYaLnRSbelbw 25 °C (it is
oil. Yield 240 grans, which is used directly in the

negssgaRylte cgol aitlst taeketsemparatareri: W@)aﬂ@@rsadlﬁgl lmirwuic (15%, 3.50 kg)

s TR B ACa "D b m BT (2 Ve At ver hatfan

holud Qdb1i8E ﬁé’@%ﬁsaﬁf)earfdtthé Efctu it Bridr@ S\RPRi ﬂurﬁﬂr i@tro@en Filter agent

solution of ethyl 2-bronoisobutyrate (500 grans) in
Celib (41 bgeis @idal, and the snizided filtered. Shisfikersabnisiveashedhwgl THF (40 kg).

Tcrombingl e{es R Pt if (e Teirio: M bib dGnpeir e dae reactor s
Y:O%i%ﬁaémpteﬁ%pel%ﬁe BE 9@?&%’00 %B’él?t"ﬁ{e r@ﬁﬁﬁbn@@?l %} ik hGther
at 120

atm ing a U alsen apparatus; firs
codcaitiatddatnen no‘aavapxtrl te aplﬁdxmtatélﬁ 1C1.(Rihedlyt thepeixatre issfrdctionally

the m xture is More toluene is dded 2600011@
digiHkpd 2 6%?11%23(1@6%?1%@1?@@113 prpdact;ig C%léﬂcr & Lop-4f C¥ied 5.3 kg

%Iﬁﬁi‘% [ xture is 80 C). Toluene (750

(7%(05' i's a gﬁe@ eg%gtlhﬁﬂegtjagzt%om of distillate is
col l ected at 66 C (tenperature in the mxture C) The
m xture is stirred on an ice bath and inocul ated

Exgrepleisy tSyetlims@dlfé'tanﬁﬂe((l&ﬁﬂhﬁc&lowﬁeplpﬁvcyauéanwlsyl) -3,3-
i sol at edhcﬁ%e@)gﬁbgcazﬁpe’ shed with to! uene, and dried

over nig cuaum nat 50 C. Yield 171 g (52%
C9¥(18 38)-dbreihyopi ﬂ%@ﬁhdm%w q@(}—@!}@zﬂpg)ss 8ls 8 ed¥ntbiitan-2-one

structure. Exanple 4 Synt hesi s of
(180 md). Retabsiimpicpebonate (272¢)minst 212+ dimsthyl piperazine (prepared in Example

LT Bhaeodeda et scheuss s e demaeto R g Bl the reaction
mBkYk AOaRied kil Bty ket 3Tl GRY hﬁﬂbéﬂl(’)t@qamc-lr gll_VI (8. 1o Ha§es are

stirred under "nitrogen, and Li AlH (25 |naso ubl e
sephratstl] andydfyin the emteCipbasetialoweredsirad (8€d 1 wwth ainceitveds] hydrochloric
acid. The water phase is used to wash the organic phase once again in order to ensure, that
all product is in the water phase. Sodium hydroxide (28%) is added to the water phase until
pH is 10, and the water phase is extracted twice with diethyl ether (2 1). The diethy] 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-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-
trimethylpiperazinium (I) hydrogen fumarate

Crude trans-1-((1R,35)-6-chloro-3-phenylindan-1-yl)-3,3-dimethylpiperazine (VII) (250

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

and the mixture is slowly heated to 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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a slow evolution of gas. After gas evol ution has

ceased, nore LiAIH is added (a total of 3.0 kg, 79.
worios/oi@oused), and the tenperature rises fronPQRDE2G08/000545

50 C because of an exoterm The sol ution of

3, 3-di net hyl pi perazi n-2-onegi s added slowy over 2

hours at 41-59 C. The suspension is stirred for
(289 by bxieiely 800 BY). CThé vtk phadeaiperated tigred Onfe} withhgher (900 ml).

m xture iscooled, and water (3 1) is added over two
Theoreanic Rbasgs #g combined #pe mashedavibebring (950 ml), iand fvgice with water

R B earic o B Pouiulopaly it fabivbaiesgo arvmess
ol P9 Svoraer. @ielg opId E‘@Pﬁﬁﬁ@ﬂ Y¢IRMP) %-0Md18L3 ﬁl%nﬁmdan— 1-yD)-

IS added over half an hour (cooling necessary)
1,2 Rerimesttylpiperazing free basd (Dvaean pilgiith ket the ¢is d@einremsomer

achbichegs i MR TF porhadug st dvaa dtronroh BT it Hegpfure is
1l (6 SR ALl vt SHER: RRFioROREEING A1 RO ) 3R Ohiving a

until "the tenp@rature in the reactor
cléatisshikibh. a]fheonlxttemlbmdeo 6601 GyhatbyBihe tirb aompa'll[lﬁi precipitates. The
emanence ( further concentrated on

prpé%fé%lﬁd@teé@ya’ﬁwm Fashsdyvith Epropengl, andflricd;“yy &%ceol at 60°C.
VRS2 208k Yottt i LRSS RLBEAM B Bemnta

arfaii2g)and NWRR @oATIrnas tivd dtimctulﬁ@ Th et@ttidheeric EXxed¥P ischifher than 99%
Synthesis of frans-I-(

accstsl}n%mc:hlrdrceprélaah@mtrqphqu (G [0y 5-22.8° (c=1.0, methanol).
di met hyl pi perazine (VI1)
@uf - (75, 35)-3,5-di chl oro-1| - phenyli ndan (VI, LG=Q)
Libéf4ich of the hice aRNiKE Gf fl*ékﬂ e %ﬂ@ﬂ%n(fﬁ%ﬂﬂaf@ shlt and reprecipitation
n

Pot assi um car bonat e ( 2 g) a di net h

asdiyskrogeni swecinpteput bydriogeExmigiate salts( 3 g) are added
and the mxture is heated at reflux tenperature for 40
h. To the reaction mxture is added diethyl ether (2

Eddmfiady hﬁﬁ%gﬁ%hs‘)&ﬂ&((?ﬁ 138)-6ld1orB- 31 henWﬁdaﬁﬁSﬁy-ﬁ £

separ at e Hin the water se’is lowered from8
to 1 vmtftrnme‘thplpipemhmﬂeﬁ;edrbasﬂ‘n{l))rl c acid. The water
hase is used to magllt e organi ¢ phase Snce again
2

T”dﬂ&“ér((%'ﬂ’@n@'&]iﬂ@m - wienydindans !yl be.2rtgmehymperggim (1) hydrogen

N e
addetl CEhevthich ptlhset byl stigdet @ntil 21 sblids Iﬂik& dis;@péatéd. dhb@kganic phase is

separated, and the aqueous phase is washed with toluene (25 ml). The combined toluene

phases are washed with water (25 ml). The aqueous phase is discarded and the organic phase
is dried by sodium sulphate sicc. (35 grams), the slurry is filtered and the filtrate is
evaporated to dryness on a rotary evaporator, giving the title compound as an oil. The crude

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

Example 8 Synthesis of trans-4-((1R,3S)-6-chloro-3-phenylindan-1-y)-1,2,2-
trimethyl-piperazinium (I) hydrogen succinate

Crude trans-4-((1R,3S)-6-chloro-3-phenylindan-1-y1)-1,2,2-trimethylpiperazine (I) (8,50

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

suspension of succinic acid (3,25 grams) in acetone (32 ml) is prepared and the frans-4-
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extracts are conbined, dried wth sodi um sul phate, and
evaporated to dryness using a rotary evaporator. Yield
wQahsgrans of the title conmpound as an oil, wWhPCIDK2004/000545
used directly in the next exanple. Cs/trans rati o,
82:18 according to NVR Exapple 6 Synthesis of
trans-4-((I R 3S)-6-chl oro-3-~henylindan-1-yl)-1,2, 2-
((ﬂRﬁS)}B#chlopo-ﬁqﬂﬁﬂy]mdamléﬁ) 1]Iy1ifrﬁﬂ&ﬂylf)ipﬁﬁﬁﬂfeﬂ)@6hlﬁ6n is added the
Arafrt -I-% ).- 6- chl or o- 3- Fhen yl 1 ndan-1 -yl) -3, 3-di
SUSERNA oiid @Fodiqsrﬁéld(smlﬂ)’ therengtey thgriesids((hR.2 &0 lorp 3-phenyhndan—

B L N Ay S -

cdoddd 1X0°CEBeIMnkiesshelfisre Sid gre@plitAb is'iS1htdd bl @EntAfilation. The
hours, and after cooling to roomtenperature, water

sypemRBmhis)discarded dad them@clmtam urveash@i exh aaaddmadzo wlg érhe slurry is
h 1200 ni e wat er
Cegltrkiglg &n%%ét%}g g%pc?%al% 6s0(? edgeeé-l@](%te ggp%lﬁgx F%cgp y at 50°C.

YR8 Bk oranldle water phase is extracted three tinmes with
ether (900 m). The organi c phases are conbi ned and
Wlma el preicedurb mian perf@SRdridy) the find tiwi theisolatdd pwadet waS @R beta-
The or anlc phase. js.dried b sodlun1sulphat
T foUP B s Sraretin B e IOt SRbiarphaorin of

2 grans of
C%rﬁ&%dqt drog?h%ﬁ%h% ‘or o- 3- phenyl ndan-1 -yl ) -

Adet@nezmtthd aiiBIbelleqmnbed agpeniencht € Heasbstthied B$ agileodk beetone (95%)
with 19% of the cis diastereoi soner according to NVR

alyhEsselghp b ﬁ%la#l@n af S ainrhedoin ofl Compprndl hydgeees sylccarwde

[ | ves. cI ea
fogﬁ??ﬂﬂai(ts ?gﬁggg}a I?%@Osglgwrs\agﬁnsﬁg ferm dxg an 8P§}3t heénpgrature of
140 °€adndsan;bdakla0m Theorfespdrdirg toShhlpRIREm! kalfﬂactogram

whereby the title conmpound precipitates. The product

CQ“@%O’}’I&@Gab}baffPMratl on, washed with 1-propanol, and
dried "in vacuo" at 60 C. Yield: 182 grans, contains
<1% of the cis diastereoi soner according to NVR

EEAPRIY alranal (QRBHER-EPEMITS- 15151 suct ure.

The enanti omeric excess is higher than % accor di ng
to chi raltrun«pthylpapq,rwhaun (I)ﬂnlydrwesnﬂﬁate [ 1 =22

RENL DA R T
grandD QY SL 66taRRl Gs BALrBYChIEMpIRY RNALBIVeR i S-propanol (5 ml). A
solution of malonic acid (0.291 grams, 2.46 mmol) in 2-propanol (5 ml) is prepared and the
trans-4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-trimethylpiperazine solution is added,
whereby the trans-4-((1R,3S)-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 mtl). 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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Exanple 7 Synthesis of 4-((li?,3
S) - 6-chl or o- 3- phenyl ndan-1 -yl ) -1, 2, 2-

W@ pios®1deyd pi perazi ne free base (1) -4-((1i?, 3SPCT/DK2004/000545
- 6-chl or o- 3- phenyl i ndan-1 -yl )-I
, 2, 2-trimethyl pi peraziniumgl) hydrogen fumarate (25.0
granms) is suspended in toluene (125 m ). Agueous

Syarthesis of (2 %al¢ férmdtioni of @8 ordédito trbin@ee BB AxREerdsiSomer of (VII),
stirred until all soli have di sappeared. The organic

anghfpsmation f lag M@@gelaﬁt;cmée sdufromscrpiadld i s washed
with toluene (25 m). The conbi ned tol uene phases are
washed with water (25 m ). The aqueous phase is

E gipR1de dsyathlesis 6 tﬂfngaln((fk}?;@ﬁe-ech'l(ﬁ'o‘y bﬁéh}‘?iﬁdﬁﬂ-qLﬁif‘Sﬁ-

sul phate sice. (35 grans slurry isfiltered and
the filt rthmth)épmmmlame(d’ll)dlymygesmalmtea rotary

BEPING 1 POES BRSO, G s ot ERBOE oG B indan-1-5D

3, DMirhéth odY, L£2
*rns- 91?(1526 énSeE(X%nghl o?o%ﬁ% Egﬁﬁ §1|1 ﬁglgﬁl} |15_f§/1|rt§1er| puﬁlﬁfd by flash

cliromategtaphy pn plém@il (el wemt: (ekhyl laye:ﬂate/gﬁmnslltueﬂhyhh&n@@l 88) followed by

ANNN _ || AA-

eVARHRBPTH oSl AeS PP AR Fvapesaior~Yielq Hegmrps of Piertileicqapepyd as an
01f QC’[.SZ& 7 o f 10°icl:3rdg%gc8 ?\%ﬁ?ﬁ?ﬁ%ﬁsﬁ Eﬂs?cﬁged ) gpd 180 an), and

acet suspensit on

to3hi€ §bINti6n asCadded B sAbtieH @ﬁl’ﬁhleicfhcﬁﬁﬁteﬂmﬁol(ﬁ DH. )The&esulting mixture
prepared and the trans-A((li?,3S -6-chl oro-3-

Y
is shyed ﬁd'gﬁm| temyq:r;imre fop lthlpr}s,n@[d t];yq: fgr@gqi aicipetate)iy collected by
ﬁl%r%%&% : he Vﬁ (?ff gl}anpplg e ug énllff an(ol dggcﬁ !Bflegﬁ’nl% c4s collected.
YW 3. Q%Tam kol ¢ the &tl€ cdrhpdTRIANMS Pis BeMBE iNdidBtdd dccording to NMR) .
hydrogen succi nate precipitates. The suspension is

Mebogedintd 76-1¢8f6r 90 nmi nutes before the precipitate is
i sol ated by centrifugation. The supernatant is
di scarded and the precipitate is washed with acetone

E&a?rgpm 01 - fJ(éiRr )l cIGY-3. thﬂﬁﬂuﬁﬁdl Srg% SHBRREDFIpRPrazine

di scarded and thé precipitate is drie I n vacuo
(VéI[) 50C. Yield 8.56 grams. Wien this procedure was

d f h fi I
Ate‘i?%ré“’é%f’ Fpn- D ﬁ&rq é%@wﬁm&ﬁs Yk 34%(@81831.5( piperazinium
h}rd% g@ﬁ%&i&t@ EVfIf‘@.maﬁls)c; LAt Rerded Q@uefoﬁg Bafonia (100 ml), brine (150

ml) and ethyl acetate (250 ml) is stirred at room temperature for 30 min. The phases are
separated, and the aqueous phase is extracted with ethyl acetate once more. The combined
organic phases are washed with brine, dried over magnesium sulphate, filtered and

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

Example 12 Preparation of trans-4-((1R,35)-6-chloro-3-phenylindan-1-yl)-1,2,2-
trimethylpiperazine free base (I)
Trans-1-((1R,3S5)-6-chloro-3-phenylindan-1-y1)-3,3-dimethylpiperazine (8.9 grams) (VII) is
dissolved in formic acid (10.5 ml) and to the solution is added formaldehyde (10.5 ml).
Heated to 60°C and kept at this temperature for 2%, hours. After cooling of the reaction
mixture, water (50 ml) and hexane (50 ml) are added. Adjustment of pH with NaOH (27%,
33 ml) to pH > 12. The hexane phase is washed with aq. NaCl (20 ml) and water (20 ml).
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Compound | hydrogen succi nate. Acetone in the above

descri bed experinent can be substituted by aqueous
wae@son®oq 959 al so resulting | formati on of tPEI/DK2004/000545

al pha-form of Conpound | hydrogen succi nate.

Differential Scanning Cal onpnetry (DSC) shows an

endothermw th an onset tenperature of 140 C and a

Hpemle iséxchdidged aeautiopineitld hdtgordeqo0 he) aldahenfiaura is ¥R¥ntrated. The
di ffractogram conforns with the alpha form Exanple 9

crugde freobaseiin scotome (50 a1) s usew ket fiuthea anrificajion- | | 2, 2-
trimet hyl pi perazi nium (1) hydrogen nal onate Crude
?rar-4-((l17?,35)-6-chl oro-3-phenylindan-|-yl)-I,2,2-tr

Exampleyl3pi Pemad-(ER,65)-6-chloPo-Bipitnyin &in-103L1,2,0bt ai ned
as described in Exanple 7 is dissolved in i-propanol
(5 m). Ariaethylpiperazinimm ¢hibydsegen sgocipgte grans, 2. 46

I35 PRRRGr S aBoh By SEEL 2B v

acieﬁ)é@ ;mﬁeﬁttwﬁmi R0&FEBn 3PsUbinR adiB(PHG@Hhs) WRERRY (20 ml) is
pregaréd hid?thg Bans-4e(hl R B8-S chlosn§pherddindin-11y))-1,2 2 tPintethiyigiperazine

LFLGRSH AL ST 505" PR BioRLBEIE) it it o
B 08 4 S AL L ORI R L D 22
trim ety 1@ippraoipamo (T) hpdokn sutbimatelstarts précipiaeng. rSukspgribndef overnight
the supernatant is discarded and_ the precipitate is. .
toRrPeRftais. o gt RedS) - feehdoroviheaylinglagdl -gp-drs2-trgmogtylpiperazinium
h _r?%@?}r%\?&#i?ﬁg A ¥olhtRd %g glflt?:{tﬁ a?n? (\)ﬁa?ﬁeedsx%zjlﬁl#‘ ?ée q%é%é_ ghm g]he product is

ract ogram ctonf orns rac
ddidieihyshonensoral, onat e as shown in figure 3. Synthesis
of (I), salt formation of (VIl) in order to renobve cis

Yigldistegnissomer of (VI1), and formation of the

D@%e%«%rﬁ%ﬁ?ga%%?n%l @eﬂgr?mg’t%ll ghofvs;soarrrl1 e(r:l{:lcl)'ltﬂgm{ {V)ith%ﬁ%gpét %en%f())erature 0f 140 °C

arfdlf 4" pagat 141040 gor?e'éﬂ:orﬁiﬁ‘%‘/ﬂo‘%ﬁ@alﬁh@fb%ﬂy KRPOAA facyd gramd cdnforms with
di met hyl pi perazi nium (VI1) hydrogen nal eate Exanples 2

thaatphs feme [ehPead2ed® (¢ M), mpthanote
-((11?,39)-6-chl oro-3-phenylindan- | -yl)-

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.
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3, 3-di net hyl pi perazine (M1) (ca. 20 grans) as an oil

which is further purified by flash chromat ography on
waepiosoaged (el uent: ethyl acetate/ethanol/tri epP¢yDEAI0ABOOS4S

90:5:5) foll owed by evaporation to dryness on a rotary

evaporator. Yield 12 grans3gf the title conpound as an

oil (cis/trans ratio, 90:10 according to NVMR). The oil
Examglesi$ol $ytthesis of h22ekinfetbPipiperazia@d to this sol uti on

added_a . solution of naleic acid in ethanol to

A‘F;B‘UP@ silthivg amipiwehydidsin fotaby dpfirgorhHID r{fa@th md@ch cat. no.
];?f - gQ}HlﬁH @ff.%aéé({)tgl%)gg@lfdanpc{ ﬁb; 81 Iruc% é 3 4Cc9 eﬁﬁ/%pelgerg n -2-one

tratio CGudiced

(19npishaspdaatcin THE pheBisiiviaheddds ghald &ollidn ofighd. dhd r&ulting
gramsolid of the title con‘pounfﬂ’(lno cis isomer is

Mg ds etresiod dhdiont oot v, givingfell pepvietsion to1etitly @ngound

PR B 1R gl g oo S ey The g gpoled.and
whitt 3. PRINRE 'aﬂ@edg Wiving &oﬂt%h%?a@ frhtf 88Stution 6 dodium hydroxide in
, 35) - 6- chl or 0- 3- phenyl i ndan

watgt 153, 3- Hinbes h@dqdu gwrr@zmqmelgm land fipgknweret €t i) (8/4dded. The

st Beiate s o G R T  aape e 268 wip{ itk e ikies are
cdcedtPRA 6&%&@%%‘3&&@{ Og.patfﬂh Bnd 0 BP@AS %té?‘ggtch% The residue is

separated, and"th aque us phase is extracte

dieddiydd ia GeTREO0 amiy endwiricel witlhsodhnmisiipaste othgathie emmhms ﬁiiltered and
e washed with brine, dried over magnesi um sul pha

ar e
the ifiltyalf EPoRRENTBiEA RSN BiokY EGPAFARI8 ath apdOoC nyihs \Matw tptch)

R
S5 B n SRR kR OPRLAN D0 e e g bsance
cdntdin®domd PHPer azi ne free base (1) r
s'-1-((li?,36)-6-chl oro-3-phenylindan-1|-yl)-3,3-dineth
yl pi perazine (8.9 grarrs) (V1) is di ssol ved in formc

ER g Rle 0 Sylnbs 0Er i A LRSI Pt RS lame1-5p-1.2.2-

trhhb&fyl;ﬁm&ﬁﬁmemfwdragéipmmra&f fr6in &ﬂﬂiduﬁm o t he

reaction mxture, water (50 m) and hexane (50 m) are
Cadd&ds)-Adidishlomnt-pbénypipdan (Vi witlOHGELD A 7.8 grams) is coupled with

distilled 1,2,2-trimethylpiperazine (VIII) (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,
1s used to form the hydrogen fumarate salt, using the procedure in example 6. Yield 15.7

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

Synthesis of crystalline beta form of Compound I hydrogen succinate salt

Example 17 Synthesis of trans-4-((1R,3S)-6-chloro-3-phenylindan-1-yl)-1,2,2-
trimethyl-piperazinium (I) hydrogen succinate, beta form

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

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

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

beta form is analysed after full evaporation of the solvent by XRPD and DSC.
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33 m) to pH > 12. The hexane phase is washed with aq.
NaCl (20 ml) and water (20 nl).Hexane i s exchanged
wW@2@entopl c With acetone (90 m) and the m xt UPET/DK2004/000545
concentrated. The crude free base in acetone (10 ni)
is used vvithout further puri4 i cation. Exanple 13
f\"s 4- ( -chl oro- 3- phenyli ndan-1-yl)-1, 2, 2-
Appiytigal 5% f@ﬁ@i@ﬁﬁlﬁhﬁmg Kiadhrogeiry Q8Dishave alCBmﬁﬁherm w1th an

nylindan-1-yl)-|

onsre?te'm t ﬁat‘ﬁr(elogg?gm he 6(1(3[ 3ea?ﬁ95€7egﬂgﬁ m%ﬁr%ﬁ%@bm ;“orm XRPD
cdhfsms@@nstmecﬁfoﬁucm nic acid (3.4 grans) in acetone

(20 M) is prepared and the r

r-4-((1i?,3 S)-6-chl oro-3-phenylindan-1-yl)-1,2,2-trim

I\ pi I I 1on i s added and the m xture

C?é%?t@%ﬁ@hﬁ?%&%ﬁe succinic acid dissolves

and during cooling of the solution 7 -4-((1i17?,3S

- 6-chl or o- 3- phenylindan-1 -yl)-1 |2, 2-

Eﬁmn@tlﬁ?yl Holpbilidy pfithersalts pf tmdmﬁqmnnamﬁmlg @tarts
T ng Sus enS| on | eft overnight to
e S gl]ﬂ:g cl_fl 4k §alts ater was determined by adding an excess (50 mg) of salt to 2

mf ofﬂwﬁt@f The %uﬁ%ngoﬁ‘shjv%E ?eﬂ'.‘)’atgﬂéef&[ i gor aL1e¥$5t o J{OZ@ZB%}{ I'm

et hyl pi perazi'ni um hydr ogen ‘suc

subsdcuenily i veas dneaa&b@ alndriht boﬁﬁ:ﬁir&[tﬁl W2 M rninel HPLC. The solid
|Sdr|ed 'in vacuo" at 60 C. Yield: 7.9 gr

r.oduct
Pf%l?]ﬁ%?? 336 iselatescandrpihép dmin thenebargtonh dine r@snltemeuimmamzed in table
(W th an onset tenperature of 140 C and a peak at 141 C
corresponding to the al pha form XRPD diffractogram

Tatdefl 0§ slabilityt @fthaeamllﬂmtefr@fﬁbn{t@ﬂnperaaﬁe 04 (c=1.
nethanol ). Synthesis of 1 using

Sample2- ¢ ri met hpHpi perSIJdulnht)EEmgv‘ml)e 14 Synthesis of

et RY# pifer azild- 2- one (50 grams) is suspended in

Mglogatgllnpt hoxygthane (;DVE) (150 nl) and potassium
carbonate (70 grarrs) |s added. Methyl iodide (66.4

Fugrasats) is add®d duriimg half an hour, while the mixture
is cooled slightly, allow ng the terrperature to reach
50 C. The mxture is stirred 9 hours at an oil bath at

Exifligle 15 shify SRR sSied oF dhe LOSHE of formuta )

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 droplet
of water. Then they were dissolved and analysed by HPLC.

Light: Samples were placed in the light cabinet at 250 w/m? for 24 hours. Then they were
dissolved and analysed by HPLC.

The area of peaks in the chromatograms besides the peaks corresponding to the substance or
the acid was summarized. The succinate salt of the invention does not show any degradation

at all.



for NMR, which indicates, that there is still 8%
starting material left (singal at 2.8 ppm). Mre
woreilpleododi de i s added (4.6 grams), and the nMPEI/DKEOMDH00545
stirred for another 2A hour at 40 C, and a new NMR
sanpl e shows full conversiod The mixture is filtered,
Laag, the filter cake is washed with DME. The filtrate
"e%/aporated to dryness giving 41 grans of the title

gconpound——NwR—qgEg%res~mr%h—%he—sLﬁgeLuxe Exanpl e
&Rithesi s of 1, of FPPRETLH PP 4562 %zi ne A sol ution of

| ithium al um HQIET8YERH AR°Cn t etliiglitydr of ur an ( THF)
Maloh 1:Alagijach cat. no. &l 27/-(0,06% m) is heated to
Sﬁ%”&ﬁgT an 0|b bat ch. Criide 3, 3,2 -trimethyl pi perazin
810 g) IS suspen ed in T and is sl owl y added,
aﬁh evol ut P8R of gas.0.8%he re§UKi|ng m xture is
stirred at 45-56 C for 4 hours, giving full conversion

Pl | 15 hSPERERGaL B f fhe camepawnikalteriuia @)
Tﬁ@%ﬁgscogﬁﬂy\@ﬁgﬁlﬁéra%e ) tHe% yecing %Saétg@he aggh%efﬁnﬂg?rgftﬂ% malonate

of ‘gas henh a sol ution of
Sﬁwaﬁnsesm@ted by &aentic Yapoun gorpﬁéxe(m\as) TAB tuhirAR! dn¥ the succinate
ter flo m) is added. The mxture is filtered, and
Pl d to. bgBon-Bygiasonais- Whe matpnaie(ahmbmgmdumymp to 1% of water

j egko tary evaporator (0.3
W&%ﬂnﬁh%%ﬁv DAL EIES EEn B i RESRLe | <
di ssolved in THF (200 M) and dried with sodi um
sul phate, then the mxture is filtered, and the
filtrate is concentrated on a rotary evaporator (0.2
atmand 60 Cin the water batch) giving 6.4 grans of
the title conpound. NVR conplies with the structure,
t he substance contains sonme THF. Exanple 16 Synthesis
of mms-4-((li?,35)-6-chl oro-3-phenylindan-I-yl)-1,2,2-
tri met hyl pi perazi nium (1) hydrogen fumarate from
compound VI C -(i,S ,5"S)-3,5-dichloro-1-phenylindan
(M with LG=Cl) (17.8 grans)is coupled with distilled
1,2,2-trinethyl pi perazine (VIIl1) (8.7 grams), using
the procedure described in exanple 5. The raw product
of the free amne (15.7 grans), containing 6% of the
cis isoner,
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is used to formthe hydrogen fumarate salt, using the
procedure in exanple 6. Yield 15.7 grans of the title

w@ommsowrd) NVR conplies with the structure, noPCT/DK2004/000545
i somer is observed. Synthesis of crystalline beta form

of Conpound | hydrogen sucB86nate salt Exanple 17
Synt hesi s of

Chahns - 4- ((217?,3S)-6-chl oro- 3-phenylindan-I-yl)-1,2,2-

trinmethyl - pi perazinium (1) hydrogen succinate, beta
form Compound | hydrogen succinate (50 ng) is
1. SUS PeRELEh atdsaftfor Wal Bbnatelsald of 1R bni JuRWBHdrRula (1)

equi l I brate for 3 days. Any undissolved nmaterial is
renoved by ﬁHJtraIion. The beta -form of Conpound I
hydr o Nccinate forns during the natura

evapor at/ionNof the solvent. The beta formis anal ysed
after fu | e¢vaporation of the solvent by XRPD and
DSC. Anal Wi cal results: Differential Scanning

CHARACTERI SATI ON OF THE SALTS Exanpl e 18

Sol ubi |'i4 f the salts of the conpound of formula (I)
The sol y of the salts in water was determ ned by
addi ng an—e&xcess (50 ng) of salt to 2 nl of water. The
suspensi ons were lefat the rotarmix for at |east 24

hou g[%an_@-ﬁ%ﬁy%%g&g%@ﬁﬁ]ﬂﬁgg@ zilﬂ]ﬁ-gﬁw,,’?ﬁ-tﬁﬂl@t}ﬁ/ dperazine].

concentration eter LC.” The sofli
precipitate was isolated and left to dry in the

| aboratory. The results are summarized in table 1.
2. Tabl Bresucapate silt sacqrding torrdaimal, mdushys fhg hyidrogen spsiate salt of the

t enper at pH Sol ubility(nmg/ mM) Succinate 1:1
al phcg‘“g’.°§£‘f§f§§ﬁomﬁzpé 1:1 3.9 15 Funarate 3.8 1.5
3. A crystalline hydrogen succinate salt of Compound I defined in claim 1.

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

5. The salt of claim 3 or 4, which 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, which crystal form is characterized by an X-Ray
powder diffractogram obtained using CuK,, radiation (A=1.5406 A) showing peaks
at the following 20-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, which crystal form is characterized by having a DSC

trace showing an endotherm with onset about 139-141°C.
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Exanple 19 Stability of the salts of the conmpound of
formula (I) The stability of the salts was

WO pwssidogat ed under the foll owi ng circunst anceBCT/BEaG04/000545

60C/ 80%RH:. Sanpl es were stored at 60 C with 80%H for

one week. Then they were di%¥&ol ved and anal ysed by

HPLC. Heat, 90 C. Sanples (~10 ng) were stored at 90 C

8 n cilBe Brlegitsaltsesarding e elaim hgwhichl ik bydrogemmb®nate salt of the

Then I I ssalved and anal ysed by HPLC. Light:
Sanpfégg%%ﬁgﬁgvg%éﬁabn the |ight cabinet at 250 w nR

for 24 hours. Then they were dissol ved and anal ysed by
HPLC. The area of peaks in the chromatograms besides
9%t he Pearsialine hedrpgandinalgnate salhef Guhsdmddes defiidden 2t 1.
was sunmmari zed. The succinate salt of the invention
does not show any degradation at all.Table 2 Sanple

um ' ' ; o { - i ght
S O RS 93 DU il
Funapewder @jfiactogof shosnmpih &iglle The hygroscopicity of
salts of the conmpound of formula (1) The .
hygroscopicity of the fumarate salt, the succinate

alt - | onat . sal.t was, .
(8 B 1 B, L BSEE B g an
f unepatder difftattograglicitained esis@ChE ,WadigidOURd. 5406 A8 showing peaks

non- hygroscopi c. The mal onate absorbs gradually up to
1% oft tﬁ%@@@m&%ﬁ-@m@w 81341 9.021 hEini2d8;tiyh.2; 441521 46.80011.8; 16.5; 17.4;

or o R SR R B S R S daaeer e 2 (1)

12. A pharmaceutical composition comprising a salt according to any of claims 1-11

together with at least one pharmaceutically acceptable carrier, filler or diluent.
13. A salt according to any of claims 1-11 for use in medicine.

14.  Use of a salt according to any of claims 1-11 in the preparation of a medicament for
the treatment of a disease selected from the group consisting of a disease involving
psychotic symptoms, anxiety disorders, affective disorders including depression,
sleep disturbances, migraine, neuroleptic-induced parkinsonism, or abuse disorders,

e.g. cocaine abuse, nicotine abuse, or alcohol abuse.

15.  Use of a salt according to any of claims 1-11 in the preparation of a medicament for

the treatment of schizophrenia or other psychotic disorders.

16.  Use of a salt according to any of claims 1-11 in the preparation of a medicament for
the treatment of a disease selected from the group consisting of Schizophrenia,
Schizophreniform Disorder, Schizoaffective Disorder, Delusional Disorder, Brief

Psychotic Disorder, Shared Psychotic Disorder, and mania in bipolar disorder.



(1) [trans-4-((I R 3S -6-chloro-3 phenylindan- -yl)-
,2,2-trimethyl pi perazine] . 2. The succinate salt
wW@e@wsHndiong to claiml, which is the hydrogen SPCT/DE2G08/000545
salt of the compound of fornula (1). 3. A crystalline
hydrogen succi nate salt of3&onpound | defined in claim
. 4. The salt of claim3, which is crystal form al pha.
175. The of alsalt efconting tm By of clhjmswhild hin theysengratfoprodaingedicament for

characterized by an y_powder diffractogram

cor HESEOHAFHGTOEe PHEPTgT. PARRS SHTPMSRERY prfoms gnd
of gle%Jaggfvéss\Xgﬂ t9E 6Fschi¥pir@hiaf Ormis characterized by
an X- é’ di ff ract ogram obt ai ned usi ng CuK

radi ation (I=1.5406 A) showi ng peaks at the follow ng

s 1805 FoRelpige: ma s gA-HaR S ot By Brdagel-v1-1,2,2-
The%ﬁ@@%@?gﬂaﬁ% (? 4mru%f' R&Z § gﬁ.’ tl%ﬁ eof, %Zhlglzme@rﬁd(?:% r}()?lses conversion

I ch crystal for

charod ﬁie&fohijﬁdn&) yf foavinagy @inRSCednfizomtish thB gompound of formula I,
endot herm with onset about 139-141C 8. The nual onate
sal twheeein fermwda band) 63 #¢ as {loei s t he hydr ogen mal onat e
saol ft the conpoundof formula (1). 9. A ¢qystalline
hydrogen mal onate sal ot f Conpounl das\defi fiei nd cl ai m
10. The crystalline salt of claim?9, |1\& crystal
formis char act&ry zed by an X-Ray po ;i ffractogram

11. The crystalllne t of claim9

or 10 > sfal formis @ acterfzed by an X-Ray
powder ram obt ai ned ug radi ation
(1=1.5408 hOwi ng peaks at t i ng 2Q- angl es:

8.3; 10. 6 11.5\ 12.8; 14.2; 14.5; .Y; 15.8; 16.5;
17.4; 17.6; 18.4 86 192 21.2; 22,08~ 22.9; 23.7;
24. 7; 28.8 12. rrmceutl cal conposg n conpri sing
a salt according-to any of clainms 1-11

(Va) M
10
19.  The method of claim 18, comprising conversion of the alcohol group of the cis-
alcohol of formula Va to a suitable leaving group LG resulting in the compound of
formula VI.
LG
Cl O ’
SN
15

20.  The method of claim 19, wherein LG is a halogen, e.g. Cl or Br, preferably Cl or a

sulphonate.

21. The method of claim 19 or 20, wherein Compound VI is precipitated from a suitable

20 solvent.



10

15

20

together with at | east one pharmaceutically acceptabl e

carrier, filler or diluent. 13. A salt according to
w@rysoicoed ai ms 1- 11 for use in nedicine. 14. WRET/DK2@4/000545

salt according to any of clainms 1-11 in the

preparation of a nmedicanent9for the treatnent of a

di sease selected fromthe group consisting of a

di sease invoIving psychotic synptons, anxi ety

dIS
sle

S5 o SbLE RS 51 BRS04 s

par%h@ﬂgﬂbgyglﬁﬁmﬁpuse dlsorders e.g. cocai ne abuse,
ni cotine abuse, or al cohol abuse. 15. Use ofa salt

accordlng to any of clainms 1-11 in the preparation of

s 230 nae GegRbRY By AF S L2 ThrR o%?ﬂoéﬁﬁ AT et with g2

to Ql etﬁ?lpgde?dzﬁﬁa tbo Ptaﬂlﬁg@%oﬁ <?ft /g medi canent

for

atnment o sea e se ecte fron1the gr oup

conS|st|ng of Schizopghrenia, Schizophreniform

Di sorder, Schizo sti ve D sorder, Delusiona
Di sorder, Brief Psychoiic Disorder, Shared Psychotic
Di sorder, and mania i bipolar disorder.17. Use of a

sal t accordlng to @y of clainms 1-1 in the preparation

positives sy
synptons of s
manuf act uri ng
4-((1i?,36)-6-chlq
trimet hyl pi perazi ne
whi ch net hod conpris

the treatnent of one or nore of:
negati ve synptons and depressive
renia. 18. A nethod for

8- phenyl i ndan-1-yl)-1,2, 2-
ormula 1) or a salt thereof,
S versi on of the conpound of

formula Va in czs-configurationto the conpound of
formula I, wherein fornmula | and Va are as foll ows:

24t (16 i ) GO P EHE TR YRR T PP S pgbrain the

of

25.

26

27.

28.

a S%Je%%@oft}?@!blﬂﬁo&{d%f@oﬁrﬁléF.S‘“t' ng in the conmpound

formu

The method of claim 23 or 24, wherein the compound of formula VII is precipitated

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

The method of claim 25, wherein the formed salt is the hydrogen fumarate salt or the
hydfo gen maleate salt of Compound VII.

The method of any of claims 19-22, wherein compound VI is reacted with 1,2,2-

trimethylpiperazine (formula VIII) to obtain the free base of the compound of

Y

H vy

formula (I).

The method of any of claims 20-24, comprising
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LG 20. The nethod of claim 19, whereinLG is a hal ogen,
e.g. O or Br, preferably O or a sul phonate. 2 . The

woredobothoed cl ai m or 20, wherein Conpound VI i SPCT/DK2004/000545

precipitated froma suitable solvent.22. The net hod of

claim 21, wherein LGis a hgogen, preferably O, and

the solvent is an al kane, e.g. heptane. 2 . The nethod

of anyresfiteg @ompond?¥] with éreotectes apedindthylpipaatit@dkgOwherein PG
with 2, 2- d{ngth%!ﬁipﬁégégne fo obtain the conpound of

f or mul 1 AATPtecHon Srpp. therehnabiaming agommynd gffarmaiang; and

met hyl atd A ' . free

pase of Hpacs CORpaRR RS AT b LS (b gt G mpouna x
cl ai m @Bealy t8€ompoandi,n t he conpound of formula VII is
recipitated as a suitable salt, e.g. a salt of an

gr ga 'Eregbéﬂ?lpglﬁ@fp%@da?ﬁa@r@afﬁm%”&ii acid. 26 The nethod

of claim25, wherein the formed sakt is the hydrogen
fumarate salt or the hydrogen | gate salt of Conpound

VII. 27. The nethod of any of ce:ﬁ?s 19-22, wherein

conpound VI is reacted with ,2,2- t/ri methyl pi perazine
(formula VIIl) to obtain the fr
of fornula (1). EAII) B,
20- 24, conprising- reacti
- prot ect ed 2,2-{ | pip

ase of the compound
fet hodof anyof clains
gund VI with
pe (1 X), wherein PGis

a protection grloup,| thereby obta ning a conpound of
formula X; and protecting Gohpyund X to obtain
Conpound VII or $bnverting Conpaung X directly to
Compound 1, wherei n(IBnpound | X and (X) are as fol | ows:

29.  The method of claim 28, wherein the protection group PG is selected from the group
of phenylmethoxycarbonyl, tert-butyloxycarbonyl, ethoxycarbonyl, and benzyl.

30. A method for the preparation of the compound of formula I or 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 V11,

followed by methylation at the secondary amine.

31. A method for the preparation of a compound of formula I or a salt thereof

comprising reacting a compound of formula Vla (i.e. Compound VI for which LG is

Cl)

Cl
D
Q (Vla)

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

with suitably reagents, such as formaldehyde, paraformaldehyde, trioxane or
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(IX) (X) 29. The nethod of claim 28, wherein the
protection group PGis selected fromthe group of

w@hb@apldyed hoxycar bonyl, tert-butyl oxycarbonyl , PCT/DK2004/000545

et hoxycar bonyl, and benzyl. 30. A nethod for the

preparation of the conpounddlof fornmula | or a salt

t hereof conpri si ng% reacting a conpound of fornmula Via

(i edleti:@@mm@h | thene/fo lbmed\bmgsoﬂatig@ oifﬁhe(do)npﬂuhﬂl ﬁf formula I as dthe free base
2, 2-dj et i perazi ne thereby obtaining the conpoun

of fg¢ﬁ51%%vﬁ?€oéollomed by nethyl ation at the

secondary am ne. 31. A nethod for the preparation of a
compound of forrmula | or a salt thereof conprising
32.eactimghed Gwmpoufitungfof RBS)-16-ehléro- BphdagREHOy N1 2 2.

for ﬁhn",té{? L.Gis.CI%I f\ﬁa)vvith )

2, 2- gt ﬂQ}Pﬁ{aﬁg}eé rigle; I ofy ealitherso b whichyasthod bathpises donversion
by r i i i i itably.r ent s uch as

For oy ey o R Tl VLR L0 BB GBS, whefeth Rbmmuta v
or di Btahdxfymettihabdmf2sl | owed by i sol ati on of the

conpound of fornmula | as the free base or as a salt
thereof. 32. A nethod for manufacturing

- (i 2 - LO- 3- nylindan-1-yl)-1,2, 2- i
o] P e R RPN catipbind itGmua i
whi cretipitited a£® SitabRasIt COR R 109 9n Qfgamea\?\ﬁf,) M%QH%Eganic diacid
formula V to the conpound of formula I, erein ’
f or rHozdeyte rqmovegindedited et diastarbaisom@3. 3 . The met hod

of any of clains 18-32, wherein the conpound of
formula (I) is precipitated as a suitable salt, e.g. a

362l tTIf mao® baBInE 3AG1breis erl'!fog-lﬁ%@&h% g%gglﬁ)é?l{l ﬁ@lagat?hglt of

order to renove undesired cis st ereoi
met Hoenpdundllai m 34, wherein the formed salt is a
hydrogen fumarate salt of
35.  The method of any of claims 18-34, comprising preparing the succinate salt defined

in any of claims 1-7.

36.  The method of claim 35, wherein the Compound I hydrogen succinate is prepared in

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

37.  The method of any of claims 18-34, comprising preparing the malonate salt defined

in claim 1 or any of claims 8-11.

38.  The method of claim 37, wherein the Compound I hydrogen malonate is prepared in

ain a alcohol solvent, e.g. 2-propanol.

39.  The method of any of claims 18-38 comprising conversion of the free base of the

compound of formula (I) to a salt as defined in any of claims 1-14.

40. The method of any of claim 39, wherein the base of formula (I) obtained is first

isolated as the-fumarate salt thereof, which is optionally recrystallised one or more



Compound 1. 35. The nethod of any of clains 18-34,
conprising preparing the succinate salt defined in any

wokooshaidnes 1-7. 36. The method of cl aim 35, whRCEDR240AO00545

Compound | hydrogen succinate is prepared in a ketone

sol vent, preferably acetone42 e.g. aqueous acetone. 37.
The nethod of any of clains 18-34, conprising

pr epéifmeaghe ﬁenmﬂe(wﬂatseh&aimatﬂbmm edaseto dibaiaro the Giee BARE of the

of cl ai ns of claim37, wherein

t he E%IH*B% 1 O‘Wﬁ‘i‘ Q&@’E‘l BtC@an‘é’feé i@ fhgsaeriaie ar malogate salt
al coplegol vent, e.g. 2- propanol 39. The net hod of

any of clains 18-38 conprising conversion of the free

base of the conmpound of formula (1) to a salt as

s 4 eflrfg ny of@gl ainms 1-14. 40. The nethod of any

10

15

Haimel Srd ollgpved by iglasiop jof ﬂmbctommedd of
f at It th
2 LERILERR B 88 UPR LUPORLSL 1Y b LUEERL et

f unaoAtleinsal- of s 4 mamnweeam edldfideld iRal3ASR1digs/sL per at e
the free base of the conpound of formila (I) which is
then converted to the succi nate or mal onate salt

her f any of clains 18-39
%ol I%\%flg %E‘nd&‘éﬁ ?‘gefsq{uﬁﬁ“%onpound of fornula | as

the free base oro|qs a salt thereof, e.g. as a

succ ds defined in any of clains 1-7 or as a
mal onat® defined in any of clainms 8-11. 42. A
conmpound i ng the structure: OH O 43. A
conpound aving the structure: LG

(Va)

43. A compound (VI) having the structure:

wherein LG is a potential leaving group, e.g. selected from the group consisting of a

halogen, e.g. Br or Cl, preferably Cl, or a sulphonate.
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wherein LGis a potential |eaving group, e.g. selected
fromthe group consisting of a halogen, e.g. Br or d,
w@e@bera@am y C, or a sul phonate. 44. A conpoundPC/DK}P004/000545

having the structure as follow. (V) or a salt
thereof. 45. A conpound as 4kfined in any of clains
ound i s substantially pure. 46. The

2-44, which co ]
4%eth %P%Q(Xﬁ?m‘an&ﬁleﬁsugmremsfalm:of cl ai ms 33-41,
wher ei n Conpound Va i s obtained by enzymati cal
resol ution of und V.

Cl

o
o
S

(VID

2

or a salt thereof.

45. A compound as defined in any of claims 42-44, which compound is substantially

pure.

46.  The method of any of claims 18-31 or any of claims 33-41, wherein Compound Va

is obtained by enzymatical resolution of Compound V.



