WD 02/ 102794 PCT/ EP02/ 06153 POLYMORPHI C FORMS OF

1- " 4- (5- CYANO NDOL- 3- YL) BUTYL! - 4- ( 2- CARBAMOYLBENZOFURAN- 5- YL) Pl PERAZI NE
HYDROCHLAORDDE/1647ELD OF THE | NVENTI ON 5 The present i nvent ipon/Eret/edies t o
novel conpounds, to processes for preparing themand to their use in
treating nedical disorders. BACKGROUND OF THE | NVENTI ON

1-[ 4- (5- Cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzof uran-5-yl) - pi perazi ne,
its physiologically acceptable salts thereof (US 5,532,241, colum 7, lines
10 30 to 58%d a grocess (US 5,532, 241 Exang{ée 4) bé whi ch it/th%é can _be
pr epaP Y SREFIChEYFIUSE I 4t f e PR PoRe &1 1) RETTal ~ t-SHRHaIPE LB R R HEW °F r om
U S. PHERtESIEE gRPROF-ORAHE WO 00/ 72832. Exanpl e 4 of US 5,532, 241

descri bes the preparation of 1-[4-(5-
cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banoyl - benzof u ran-5-yl) - pi perazi ne
hydrochl ori de by reacting 1-[4-KI&LOy@ROTHEINVENTIDNItYI]-4-(2 15

car boxybenzof n-5-yl,)pi ' Lr St W c -

~met hyl pyri di ﬂ‘%rﬂrg?%’#tﬂ'iﬁeﬁﬁ(ﬂ%f%@?g? ﬁb\@ &gﬁ{@ﬂg@sr@ ﬁ'f?%ﬁés%snf "then with
dried NH3. Cpsaparigytheor &ndtp theirgisecis treatingrroedicakdisorders.

1-[4-(5-cyanoi ndol - 3-yl ) butyl]-4- (2-carboxybenzofuran-5-yl)pi perazine. 700
ng of the base are dissolved in 30 ml_ 2-propanol under heating and then
treated wWith 0.1 n 2-propan5?°1'QKGﬁ©_UN|alQ$iT (NEERIKIGAN: . No. 1.00326)

until precipiyghigrc ndw@kmcatw)wtkqia- i2ScaABafYRbehLofuldie5p esibBIdANE Was
filtered off a%nd washed V\flth di | el her anf% dél %gﬁ,l roPm t(;n})erature to
yield 1-[4- (5! %PQM%'P al g-%ﬂC?BWP@' _ﬁ@_reo US 5,532,241, column 7, lines
car banoyb- ben3oftoBsaih-Hpyicespi(PE 558224y Examipleod) be wivsh ithey ot beng poi nt
of 269-272C. There | | ear . ' Iy any
alternative r [ﬁpea?g{j %H@gp%lirglg{a i"fbﬁ'%?g'l@ﬁgﬁ%ﬁ‘%g@gmg%&%%ﬁRg@&érfa R new
25 crystal notl.8i RatenbhkS 5532,34 ard WQMEV AA32. 3- yI ) but yl | - 4- ( 2- car banoyl -
benzof ur an- 5- =D Daraz : S _hydrates of 1-
[4- (5 cyano nﬁékvﬁ‘@éy’?>%'ﬁ’t§?§%’§: B e . Y er st ne
hydr ochl ori de cyan@indelei-¥hbuiyllystaramhamay-oanzeivsan-por rgiperazine
1-[ 4- (5- cyanohpdichforitie) Bytitedcling 1A= @acyememeol ey aniii-an2s- y1 ) - pi per azi ne
hydrochlgri de E%I ng a nf’el ti g% oi nt_.of %59-27. \A/Ef%a 1mg)é&ll}1re .Ogo of
aor phods 1- [ 3(eyYareHERs-DIDpIpRRRIDe AL ISt 912 SRt T wemip i
yl) - pi per azi nendtliyamest ifonatedie, Nengthy/iplytrolidide and then with dried NHs.
1-[4- (5- cyanoidel i fikd e lip gties%he free base 1-[4-(5-cyanoindol-3-yl)butyl]-4-
(2-carboxybenzofuran-5-yl)piperazine. 700 mg of the base are dissolved in
30 ml 2-propanol under heating and then treated with 0.1n 2-propanolic
HCL-solution (Merck-Art. No. 1.00326) until precipitation of hydrochloride is
complete. The precipitate was filtered off and washed with diethylether and
dried at room temperature to yield 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride having a melting point
of 269-272°C. There is no clear teaching elsewhere in the document of any
alternative route or modification to the process which would generate new
25 crystal modifications of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride or new solvates or hydrates of 1-
[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride in different crystal modifications.
Former 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride having a melting point of 269-272°C was a mixture
30 of amorphous 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
yl)-piperazine hydrochloride, crystallized 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
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WO 02/ 102794 PCT/ EP02/ 06153 -2 car banoyl - benzof ur an- 5-yl ) - pi perazi ne
hydr ochl ori de and the free base 1-

[ 4- (5- cyawoiondad798- yl ) but yl ] - 4- ( 2- car banoyl - benzof u r an- 5P¢T)EPp2/p@EsRZI Ne.
Certain crystalline, i.e. norphological fornms of pharnmaceutical conpounds 5
may be of interest to those invol ved i n-the devel opment of a suitable
dosage form because if the norphological formis not held constant during
clinical and stability studies, the exact dosage used or neasured may not
be conparable from on next . a pharjmaceuti c und is
roduced for GeEaMAPenriaEnl-Pherarag iR Eh b Ere B O m

del i vered in Ba@icyarsrgeoltbyhbatyl]-s@icarbahwyl-bbazpiucatubtyl ppiperaxies.s use 10
the sane formand that the same anmount of drug is included in each dosage.
Therefore, it is inperative to assure that either a single norphol ogical
formor sone kedam cyatslling i.enmerphalegisel fegnsaif pharmecegticahcegweoundsn

addi ti op. cer ngrb%Bf’R@erQﬂoCtﬁb {eﬂwﬁ'ﬁvé@ﬁ)ﬁ tﬁé*ae%ro E&Fﬂ'@ﬁ%dsw 'TBPé modynanmi ¢

stabili yand nore suitable than ot i cal orms, for
inclusion in ﬂ%ﬁ%ﬁ%ﬁlb%usﬁdﬁ?@lf&@m{}@g@_@ 8y esid-qestagtenTngN
Met hods for pbmﬁ@éllam ﬁubmtysémareal menéxdabésé os@a@rrmés@edln)éwmdﬂ] 4- (2-

20 b I f
Found. Furt he PRapETPACAPE e i B fohe @{}%‘ia.p%@amagey 152 BOTRRERE, .
car banoyl - beanimdaoe&fqﬁ L)sepltpsrmpomtdohgcbgmm the dwrplsolegical foem+

i ydr och or | g X, BEY LBEIR, el s QVANRL BBk G AN hod- (2

car banoyl - ben f 22I'he f Nnew T or s f 1-
[ 4- (5-c¥8 not thmsamefsynm)abdttlyat]thaqametammbyfdw@nzcuwu@adﬂwacf) pi per azi ne

25 _hydr ochl Orﬂg ré'lfﬂlsrl e{é’t‘f\}@tooés ?%Yrﬁét"e‘ﬂh?fasmgje
1-[4- (5-cyanoi n 2- car banp enzof ur an- f) I%I per azi ne
hydr ochl or i derngﬁg oggp cgﬂﬁg;ge nown combination of morphologlcal orms’is

1-[4-(5- cyanOpf&@ht3n>dd)dliminybbrtém(raoqﬂrdqw@aalfohﬁ@mmmbn5nmabuc¢u peraZI ne

hydr ochl ori de_have been Locesses reparat.i

These for ms. aHBTHOCUTARYG SHCHLY and iy BE HE57F SGRabR] tnih Stfer RoAGRISGHA™

VITE, 11X X KrmsXbl Includidn lm@h@rmlac)é\dhcald‘sp'eulaltmai;y Throughout the 30
specifiggtion, the term"Form' is generally used as a synonymfor the term
"nodi fication" or "crystalline nodification".

SUMMARY OF THE INVENTION

Methods for preparing pure crystals of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride have now been
found. Furthermore, surprinsingly, 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yi)-piperazine dihydrochloride, six (five +
dihydrochloride XllII) new forms of 1-[4-(5-Cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride, three new forms of 1-
[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine

25 hydrochloride hydrate, six new forms of solvates of 1-[4-(5-cyanoindol-3-
yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride and
pure amorphous 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-
5-yl)-piperazine hydrochloride have been found as have processes for their
preparation. These forms are hereinafter referred to as |, 11, lll, IV, V, VI, VII,
VI, 1X, X, X1, X, XIV, XV and XVI respectively. Throughout the

30 specification, the term “Form"“ is generally used as a synonym for the term
“modification” or “crystalline modification®,
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WO 02/ 102794 PCT/ EP02/ 06153 -3 Accordingly, the present invention provides
sol vates of 1-[4-(5-cyanoi ndol -

3-yl) but yWWp-04A¢2Z29£ar banoyl - benzof ur an- 5-yl ) - pi perazi ne hyacod@Poedise i n
crystalline nodifications and their use for the treatnent and prevention of
depressive disorders, anxiety disorders;*%fpolar di sorders, nani a,

denentia, 5 substance-related disorders, sexual dysfunctions, eating

di sorders, obesity, fibronyalgia sl eepi ng disorders psychiatric

di sor der cer.ebr rct t f th d ffects i
t he treatS ment Agpor Y’t Eﬁgrgs‘enﬁ@erﬁw&qr%&i 5?36’L Bﬁﬂgﬁ (gl %Pﬁ' def- * 1"
acronegal v, hstybmuttaidﬂf-&mcaﬂmmOwab@nzoanmneﬁ-thnpemzmmmrodaibrldqnrdr one and

undesi r ed pueggl%{%%&%@c{aﬂ hs ]a?ig-ltﬁgiliﬂl%gsfgmhe {PYRAT? Ank HrEDGHITH &

provides 1-[4
(2-car barmyl[ Hepraskivieatisordery, qupﬁyajzaqn@ensybmtaﬂd1$¢rder$iyﬂaraiae§emﬁntla
crystal Line ”QG'bsdtbﬁéé 'réi%?eoaﬂ"élof sdéiecrii%l Hgs‘,fuh?t‘?orfsr eati '&i‘iscﬁﬂé’rs%ﬁé?f? ion of

depress5ve dis ers,. anxi et

ISO ers,
dementi a, suﬁewgiaesl@eewgoml§em$ sOSY§BB?i§féFF digpedarncesrghial | n’gfgfqtng

di sorders, obgsisioh, fonfthlértﬁébe}ffﬂd)fasidébﬁéﬁisﬂg thle ﬁ@éﬁfﬁéﬁt oftsypeliieAbions
di sorders; cerebralﬁil @ﬁ

tension, for of S|de effects I n
t he treat ment S8R SUPRTERLS: mronigé),agbiagl‘r O'B?Q%'P’dgi’%()g%i‘ﬁ%i
acronegal v, hanmn&@asmemensimhirsyndmwandinmaiesmecdai}maemerabibcmjlndr one and
undesi red puerperal |actation. The present invention al so provides
1-[4-(5-cyanoi ndol - 3-yl )butyl]-4-(2 20
car banpyD- benZbewprasers-igygntisngiurthermerenprovistasl oi4-(fecrangiodelr2y1)butyll-4-
crystalline I”géj %fb%"i‘ﬁéﬁ%n%ﬂir%ﬁ% ylégﬁferéﬂhe rdél’ﬁ'&fd@aﬁydr%ﬂ% revention of

depressive d ers, -anxl et di sor ers manj a,

denenti a, sups/sta mdéft‘-‘@@oﬂﬁé‘@ﬂdbﬁ's Us§é§2'pté‘ RAMment end ri‘geV%itqriﬂ
di sorders, Obéégfééswefdi%i@@}@'aﬂfx@ety%isﬁﬁ@er@g bﬁjo‘féi’fdigdir@ersﬁrﬁéﬂfiaa@emntia

di sorders, cerebral inf

the treatment SY stﬁ%%,relgigqt @'ﬁor%sc%@i aysfhpg%quseiegwg%risﬂ%ggrs QL §ity,° "

acronmegal y, hfipagoeyaidias sleepampdidarders, maynbratmtedi,sopfaa”ecm‘ebmilmfamdr one and
Lo 1o sl oy LRI o PERThe il a1 e-BREEETh thEYEBlER: SriyHefensif | onal 1Y
( 2- car banoy| - bergbodlaiser: g;lqiwwlp@aa"zuaﬁéomegwr bypoganagismnsecandery st al | i ne

modi T cation apfhrhheds RafdTRe bind %d%éﬁé@'bhb%br@ila@%@ubﬂss' ve 30

rérﬁénétﬁfa
di sorders, anxiety disoEder ar disor ers, nmani a, denenti a,
subst ance-rel at ed di sorders, sexual dysfunctions eating di sorders,

obesity, The present invention also provides 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride anhydrates in
crystalline modifications and their use for the treatment and prevention of
depressive disorders, anxiety disorders, bipolar disorders, mania, dementia,
substance-related disorders, sexual dysfunctions, eating disorders, obesity,
fibromyalgia, sleeping disorders, psychiatric disorders, cerebral infarct,
tension, for the therapy of side-effects in the treatment of hypertension,

25 cerebral disorders, chronic pain, acromegaly, hypogonadism, secondary

amenorrhea, premenstrual syndrome and undesired puerperal lactation.
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The present invention relates additionally to 1-[4-(5-cyanoindol-3-yl)butyl]-4-
(2-carbamoyl-benzofuran-5-yl)-piperazine dihydrochloride in its crystalline
modification and its use for the treatment and prevention of depressive

30 disorders, anxiety disorders, bipolar disorders, mania, dementia,
substance-related disorders, sexual dysfunctions, eating disorders, obesity,
fibromyalgia, sleeping disorders, psychiatric disorders, cerebral infarct,



fibronyal gi a, sleeping disorders, psychiatric disorders, cerebral infarct,
WO 02/ 102794 PCT/ EPO2/ 06153 -4 tension, for the therapy of side-effects in
t he treatwenk/1a79hypertensi on, cerebral disorders, chronPCTERIIO6153
acronegal y, hypogonadi sm secondary anenorrhea, prenenstrual syndrone and
undesi red puerperal lactation. 5 The presént invention relates additionally
to pure anorphous 1-[4-(5-

cyanoi ndol - 3-yl ) butyl ] - 4-(2- car banoyl - benzof uran- 5-yl ) - pi perazi ne

hydrochl oride,and its pyse.for the .tre nt .and preventi,on of depressive

i sorders.  antSBig e titbeE e ARaFEOh 48P SoBIBHRCS! BlhedieneEn

subst ance- r el aerabrdi disodiers, chseniogain\ecromegalynbypegdanadismdi secaheiasy oral
besity fib Lala ; : . : . )
Cnfarct. 10 cEBrnHed, profER A AR Snd KBS BY buertraPRERkEn TP o7

hypertensi on, cerebral disorders, chronic pain, acronegaly, hypogonadi sm

secondary a r . \ 0go!
actatidn. EEP% lgr8§é’nt iRVETERISIIAES ﬁﬂﬂ%ﬁﬁ@t@ﬁ@r&é\%%ﬁ&@ ﬂ{tﬁgﬁ‘l

DESCRI PTI ON O THE FI R Flg. I.1s an | R absorption
spectra of FofKaMoIn @l'?FﬁYBPUtZ/”T%(?a'ﬁa'%Q”A&J&eﬁlzpﬁga@'@eﬂipﬁ)%ﬁz'ﬁ%rm Il Fig. 3
i's an | R absonpdiocenidgiircanditd Usé&fdmthg\redtment énd?r@redtﬁn&ﬁsxygpééshge _spectr?R
i g. is an

of Form Xl Fig. I s an | R,absorpti.on spectra of Form XV ..

absorption spggtolr‘ier(?f a%‘?ﬁﬁ wsoﬁ%é.g’ b)'p&ér Qﬁorcl‘f?rﬁbw&ira@ﬁ“%@ct ra of Form VI
20 Fig. 8 is aubstBnabselapid disosgerst sexual diFsfuncidnd, eafing disbrdsrsanbesity,
absorption sp F E | AR PL.4 a of Form
B g a1 oy dibies BB diebfiers heyRnBitic BeBiRAPRaRBrg LSS O 1o
di f f r actl@gr antesTsigo fat thedberany ofigide-effaatsydntag trgpimeaiceldymeressionor m | |

Fig. 14 is anc¥rdopyl &ééﬁd@@,t&ﬁéﬁmﬁéﬁn,%&@m&;{agfh podchddisrNsecdrdary
di ffractogram of Form X Fi n X-ra | f t

. 16 is [ act ogram of rm Xl Fig.
17 is an x-r afMANOMhES, 86?@%??#“@*&6’ e aﬁéd{nd%"? P&%r%rﬁg@cg?lpﬂr act ogr am

of FormYV

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is an IR absorption spectra of Form |

15 Fig. 2 is an IR absorption spectra of Form Il
Fig. 3 is an IR absorption spectra of Form XV
Fig. 4 is an IR absorption spectra of Form Xl
Fig. 5 is an IR absorption spectra of Form XIV
Fig. 6 is an IR absorption spectra of Form V
Fig. 7 is an IR absorption spectra of Form VI
Fig. 8 is an IR absorption spectra of Form VIII
Fig. 9 is an IR absorption spectra of Form |V
Fig. 10 is an IR absorption spectra of Form llI
Fig. 11 is an IR absorption spectra of Form VI
Fig. 12 is an x-ray diffractogram of Form |

25 Fig. 13 is an x-ray diffractogram of Form I
Fig. 14 is an x-ray diffractogram of Form XV
Fig. 15 is an x-ray diffractogram of Form X
Fig. 16 is an x-ray diffractogram of Form XI
Fig. 17 is an x-ray diffractogram of Form XIV
Fig. 18 is an x-ray diffractogram of Form V

30 Fig. 19 is an x-ray diffractogram of Form VI
Fig. 20 is an x-ray diffractogram of Form VIl
Fig. 21 is an x-ray diffractogram of Form |V

20



30 Fig. 19 is an x-ray diffractogramof FormVlI Fig. 20 is an x-ray
diffractogramof FormVIIl Fig. 21 is an x-ray diffractogramof Form IV WO
02/ 102794wWB@TAEROL/ 06153 -5 Fig. 22 is an x-ray diffract @egrawonbsiForm |11
Fig. 23 is an x-ray diffractogramof FormVII Fig. 24 is an x-ray
diffractogramof FormIX Fig. 25 is an'x5Tay diffractogramof Form X Il 5
Fig. 26 is an x-ray diffractogramof Form XVl Fig. 27 is an
energy/tenperature diagramof Forms Il1l, IV and VII Fig. 28 is a diagram

of thermal analysis of Form.l Fig. 29 [s a diagramof thermal analysis of
Formll Fig. E%%{nggw—wgﬁr%’tggrﬁg@ Rgﬁo%illlysi s of Formlll Fig. 31is a
di agram of t heigr23 iamml y-sasdifffadtogran of BEOmMFMIL 32 is a di agram of thermal
anal ysis of F <Ela, i ' her mal anal ysis of Form VI

Fig. 34is a g[%}{e{ﬁwaggx {%@!@?&%@aﬁ?’?éﬁ@b@‘?' ormVIl Fig. 35 is a diagram
of thernmal anhigy25ds e ¥emndiffractogmreingof Berm Ik di agram of thermal anal ysis

of Form_I X Fi:@_ 280 ish ﬁr%} ?iﬁ‘?@éfb@farﬁ Beesmh x@nal ysis of Form Xl 15 Fig. 38
mal ana f

is a di §gram of” ther /\{SI S Form XIV FEig. 39 is a hagram of
thermal anal ySit% 26tis oy RKQY/temperajure diagram R ROFPEArIY 1A ¥drm xi1v Fig. 41
i s a Raman sppy. 28 igfa diagrankof tHdrthal 4RalysisoffRgrmn spectra of FormV Fig.
43 is a Ramanﬁﬁé%t.ra @f Formfh?\)/errZOlFlg. A4 flzfs a IIl?aman spectra of FormIl|
Fig. 45 is a IS FeUPPLRB O mal pnakesis of /@M Ranan spectra of Form |
25 DETAI LED DERCRIORS laQNagFan WEthaviaNahalsistoftffasmbiblen f ound t hat
1-[ 4- (5-cyanoj li-:3- L I : | of uran-5-yl) - pi perazi ne
hydrochl ori deF@%z;d?gy(lti%B%rﬁr%}yﬁqr\&ég égé&%goc%ffosrﬁg{%i ne nodifications.
Exanpl e40of shigh 3205 eadisgramof thermadenalysis dfr \'

Fig. 33 is a diagram of thermal analysis of Form VI

Fig. 34 is a diagram of thermal analysis of Form VII

Fig. 35 is a diagram of thermal analysis of Form VIli

Fig. 36 is a diagram of thermal analysis of Form IX

Fig. 37 is a diagram of thermal analysis of Form Xl

15 Fig. 38 is a diagram of thermal analysis of Form XIV

Fig. 39 is a diagram of thermal analysis of Form XV

Fig. 40 is a Raman spectra of Form XIV

Fig. 41 is a Raman spectra of Form Xl

Fig. 42 is a Raman spectra of Form V

Fig. 43 is a Raman spectra of Form [V

20 Fig. 44 is a Raman spectra of Form Il|
Fig. 45 is a Raman spectra of Form
Fig. 46 is a Raman spectra of Form |
25 DETAILED DESCRIPTION OF THE INVENTION

It has been found that 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride is able to form solvates in
crystalline modifications. Examples of such solvates include solvates from
water, solvates from alcohols such as methanol, ethanol, propan-1-ol or
30 propan-2-ol; solvates from organic esters such as ethyl acetate; solvates
from nitriles such as acetonitrile; solvates from ketones such as acetone
and butanone; solvates from ethers such as tetrahydrofuran and solvates



wat er, sol vates from al cohols such as nethanol, ethanol, propan-1-ol or 30
propan-2-ol; solvates fromorganic esters such as ethyl acetate; solvates
from ni t rwbeg/1ea1eh as acetonitrile; solvates from ket ones PEIGPOZB618T €t ONe
and butanone; solvates fromethers such as tetrahydrofuran and sol vates WO
02/ 102794 PCT/ EP02/ 06153 -6 from chl ori-fat ed hydr ocar bons such as

chl orof orm and sol vates of hydrocarbons such as n-heptane or tol uene.
Preferred solvates are forned w th polar solvents, preferably wat er,

al cohol s, organic sters nitri ket one Pr ferably,
Lo O ey anaAIGHGRSA Ditrgcarbess siih aRepITaoRRA SVERIT. i per azi ne
hydr ochl or i dehydrotartsmisvatohsasinihepéares omtelueret. lPaeMreratfsm‘mtes ametfdsramﬁ

et hyl acetate ns the
bound sol vent ﬁé&@%%’%}ﬁﬁ fite %@W{#&ﬁml%g3&@%?8{]%’[%&-5‘? §, ‘

car banoyl - benketboea@ng-gtherspi per azi ne hydrochl ori de build the crystal 10
structure The nol ar ratio of the sol vent to

1-[ 4- (59 cyan0| ndol - 3-yl ) but (2- car banmoyl - benzof uran-5-yl ) - p| per azi ne
hydr ochl ori de t@faraﬁ Y 1%4 é‘%—cyémmwp|t3:yl§lkmtvl]é1d(2pear§6m0wﬁenﬁ@ ugan-o-yl)-

Preferably, t b@ei’é&nﬁé hyatdcworﬁjeb»etmeealva@eeﬁttﬁ deetohe? tétrahWr@fu@éﬁf erably

bet 0,5:1 tg 1: t | vat 1) 15
e O e oS Rebihe o e BE RSl o
cont ai n unboutid bauret solkant tlogetl'rermlh Wps-€5-cyhnaihdois3-gt)betyllthédr wat er of

TV (5 oy anorira Sy HeER A @V'fé'p%%%ﬁénﬁw%catttdo SR e SYStRLi per azi ne
hydr ochffr i destrucibicele:he2modgr ratio of the solvent to 1-[4-(5-cyanoindol- 3-y|)butyl] -4-
1| 4- (5- oy anofngginc) Kehshkaf s A1 SRERETRY Ihygmgsrweaéb g ¥hiy B per azi ne

hydr ochl ori de' sol vat e W|t tone erel natter “defined) b)
1-[ 4- ( 5- cyanokrl*t‘(".M?S'ﬁ1(?5=‘5§l19313tﬁ’@iif’t’(]l’TlSél'n(tbeé‘étl= Fefeablpahe snoles ratn 5$IQQW?EBraZ| ne

ngr 003; or2 15 deo 2@ v s 2,5M ok preibieBiyobetivaieni M15H0toM i | mostprdieradiynaftt er
efine o

1-[ 4- (5- cyanozr}iaﬁptﬁi’?—%ﬂ Y&8tY19 : 4) (2- car banoy! - benzof ur an- 5-y1 ) - pi per azi ne
hydr ochl ori de solvate with tetrahydrofuran in Form XV, (as hereinafter

definedys It should be understood that the present solvates of the invention may
contain unbound water that is to say water which is other than water of
crystallization.
Preferred forms of solvates of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
20 benzofuran-5-yl)-piperazine hydrochloride include:

a) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride solvate with acetone in Form |; (as hereinafter defined)

b) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl}-piperazine
hydrochloride solvate with tetrahydrofuran in Form ll; (as hereinafter
defined)

25 c) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride solvate with tetrahydrofuran in Form XV; (as hereinafter
defined)

d) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride solvate with tetrahydrofuran in Form X; (as hereinafter
defined)

30 e) 1-[4-(5-cyanoindol-3-yl)butyi]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride solvate with methanol in Form XI; (as hereinafter defined)



d)

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] -4-(2-car banoyl - benzof uran-5-yl ) - pi perazi ne
hydr ochl owode/1exsbeate with tetrahydrofuran in Form X, (asPogreporediser
defined) 30 e)

1-[4-(5-cyanoi ndol - 3-yl ) butyl]-4-(2-car ba7nbyl - benzof uran- 5-yl ) - pi perazi ne
hydr ochl ori de solvate with nethanol in Form Xl; (as hereinafter defined) WO
02/ 102794 PCT/ EP02/ 06153 -7 f)

1-[ 4- (5-cyanojndpl - 3-yl ) hutyl] - 4- (2= caybanmpyl - benzof ur an- 5- - pi perazi ne
hydr ochl or i de%)s%%gl%ﬁy#ql'ﬂé%341'359‘9‘;tbfg'dﬁ'{?Q?%E’%{%@Pepég{uﬁ%‘?grﬂg%'P@F&i'é?i ned) .
Ceneral |y, thhydmpehldride solysttalith mbeptarssindfortrhXI\gr(es éretreinattendefired)ave 5
certain advant ages over the product obtained according to US 5,532, 241.

Anong ot hers, the nost inportant advantages are: reduced hygroscopicity,
bet t er conpr eSsinerally $haispecitic crystalling frmspfihe peesent ipresttiond@yeshel T 1ife,
better therno ' |ddl ' bt ' dﬂfﬂa{t' hdity,
10 bett@r res?%@%g‘négg% bgé@jsé&nc?\%ért’g?? %{O@&%\vé}?{%ﬁt@ eb‘?}?iﬁc”r easegajgg?%’ggghsi ty,
i npr oved sol uﬁmqrt%/?thﬁr%éb%m%%i'mPPﬁaﬁw\@éﬁ@Gﬁ%@ﬁ%s whi ch are const ant
from one bat cRedueey ré$dupicitybet ter flow and handling properties in the

' ved .col or better filtration

tabl eti ng progess | . . tabiltiy,
properties i ng?ﬁ%r' ?39'88{?&?”&6'?9/8#888&? ta?‘ﬂ%ﬁl%q 85‘%{6355/ use of the crystalline
forns of the prodsmgdd shefelifiel on, it is possible to obtain galenic

ot ons BRI NIBAILS. bl R e B,

uniformty fromone : | _ according to the’invention
has t he1@har abeter resitatanre dp sunlightoke. Wdight.a as shown in Fig. | and the
characteri sti ;cfsady Bikidedelyon pattern as shown in Fig. 12. XRD pattern
wer e recorded, Sg?ng a x-ra p%wder diffractometer (Bruker AXS D5000) in
transm ssi on m@r@ve@h?owtalﬂ%ha 1, 25 PSD). IR absorption spectra were

measured in tBpavaRSsiltglcharacerigiidOvhich &e Constandfrom Bhe batchl tbIA8. Spectral
resol ution was, 2 cms. Sanpl e preparation was
other,
better flow and handling properties in the tableting process,
15 improved color stabiltiy,

better filtration properties in the production process.

Therefore, by use of the crystalline forms of the present invention, it is
possible to obtain galenic formulations having imporved homogenicity,

20 stability, purity and uniformity from one batch to the other.
Form | according to the invention has the characteristic IR absorption
spectra as shown in Fig. 1 and the characteristic X-ray diffraction pattern as
shown in Fig. 12. XRD pattern were recorded using a x-ray powder
diffractometer (Bruker AXS D5000) in transmission mode (Cu K alpha 1,

25 PSD).
IR absorption spectra were measured in the spectral range 4000 - 400 cm™
on a Bruker [FS48. Spectral resolution was 2 cm™'. Sample preparation was
performed generally as KBr disk. The spectra contains additionally a
specific acetone absoption band at 1709cm™.

30 Form | can be further characterized with the aid of thermal analysis
measured in the range of 30° to 350 °C. Fig. 28 shows the DSC (TA
Instruments DSC 2920) and TGA (TA Instruments TGA 2950)



performed generally as KBr disk. The spectra contains additionally a
specific acetone absoption band at 1709cm 1. 30 Form | can be further

char act erwped/10d79h the aid of thernmal analysis neasured iPaTtEPE2/0@ARHe of 30
to 350 C. Fig. 28 shows the DSC (TA Instyunents DSC 2920) and TGA (TA

I nstrunents TGA 2950) WO 02/ 102794 PCT/ EPD2/ 06153 -8 neasurenents. Form |
shows a desol vation process between 50C and 180C. Anal ysis by

t her nogravi metry showed the presence of 10 weight-% to 11 wei ght-% of

acetone (theory of 1 : | vate 10.8 ight-% . Th DSC ur enment
gives a phase"%éragHé‘?m?B# ?—%rm?ﬁf\owﬁaﬁg?@g&%&?@egﬁﬁ%wa%@%ﬁa%@a

t her roanal yt i ¢801Q. Aeaslysisibyghbrmayidvimetey showed ibe présdCeatd 0 \28igGL-%he
molar ratio o 4,0 -1 4- glspd' ol + | ] carpanoyl -
benzof ur an- 5- E{q E{?g\?eg@&aé’l onfia‘{?;%f&esogﬁ%o [ ngdljll’lsélc’yl&éé ?g%t\g?@r#ﬁggl)f fi@gt ion is
1:1, that ne meastsepenhdives atphaseriansaitianta ierer\it baiweai200€aandn of
Forml _is °C. i Iti VIl melts between 280°C and

1-[ 4-(55cyanof2g(()19 -!’-Bheym rumtoﬂn]a!y}fl-c?”2Y E:easrubg]r?ofﬂmbengnoﬁ‘l Sr fnwf?-egl ) - pi paenr azi ne
10 hydrochl or 88 Gronoacet onate. The invention al so provides a process for
preparing theTabanelale4tid bf acstens t Mg44(8-dydaoindotBLy bty jM(2leatiedrpoyises:

o ooyl nBefzoid B RRerShe Bidighfidiielin Sald cryatar BditicRAAg ¥, 2" >
1- [ 4- ( 5- cyanothalohea@y/thebeamppurd (Ptheanbeminn in drgstabmadification lof Fpirmdr azi ne
base, by additj : hhard ' ' t ' alt at
Comperatures Bot vt ouarotinPEnBULE-FE2Saridth e R BNARRTY BEIG TR
bet ween180 C hydrosploride) mprea¢gippatc on of Form | at roomtenperature (4)
recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2 20

car banoyl - benzof yran-5-yl ) - pi perazi ne hydrochl ori de acetonate b
filtration, an8edPYBMHIQN 3ISQREAMAes amsg W%grecgq;m_tﬁmqbgyﬁfqroﬁll y, Form|

can be prepar adcerdiry i the iherstiopy, ategscoprses:conprises: 25 (1) suspending
SR Eh T AR AT R T ——
yl)-piperazine in acetone
15 (2) converting the 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine base, by addition of 1N hydrochloric acid
into the hydrochloride salt at temperatures between 30°C and the
boiling point of acetone, preferably between 40° C and 50°C
(3) precipitation of Form | at room temperature
(4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride acetonate by
filtration, and drying in vacuo at room temperature.

20

Alternatively, Form | can be prepared according to a process which
comprises:

05 (1) suspending Form llI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride, which will be described later
in detail, in acetone

(2) stirring at room temperature between a few hours or days, preferably
10 to 20 days,
(3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2~

30 carbamoyl-benzofuran-5-yl)-piperazine hydrochloride solvate with

tetrahydrofuran by filtration, and drying in vacuo at room temperature.



in detail, in acetone (2) stirring at roomtenperature between a few hours
or days, preferably 10 to 20 days, (3) recovering the precipitated

1-[ 4-(5- cyanmoitendod - 3-yl )butyl]-4-(2 30 PCT/EP02/06153

car banoyl - benzof uran- 5-yl ) - pi perazi ne hydrochl ori de solvate with
tetrahydrofuran by filtration, and errﬂ?Tn vacuo at roomtenperature. WO
02/ 102794 PCT/ EP02/ 06153 -9 Form Il according to the invention has the
characteristic IR absorption spectra as shown in Fig. 2 and the

characteristig X-r diffractjon pattern ho LN Fig., 13. .. XRD pattern
wer e recordedﬁﬁgmgg‘écq{d 05'89\1% “'8Pfﬁ%sgﬁﬁ&ﬁéf%ﬂefcﬁmg?b%@%oom in
transmi 3 si ont speeird s slﬁloamﬁh&ig.,Z éntﬂ’ﬂﬁli chér@cﬂéﬂsﬂicp(—i*ayndiﬁpmﬂtonapafcs%e as
nmeasured in : - - :
Spectral rosorlPPBN g 1 K palih wehtlbdtRiad upfll b BRlabf U7 s v
converted to dﬁﬁa@tmeb@ruk@m}@@&&)ﬁ@tmsm@ionm@c@r Kadphalt h t he
aid of therma?g@)al ysis neasured in the range of 30 to 350C. Fig. 29 shows
I

t he DSC5( TA nstruments DSC 2920) and TGA (TA Instruments TGA 2950)
measur enent s. [R@PEPINLCHRRSE WrISINeasyred ipthr sractl rapgm 4990 c498Fm180C.

Anal ysi s by t BArBEIRYIFSL8 YSSEne deddigtich RB8ICeMI! TAS spBtEAtas%howd ikd

wei ght - % of TFE étheolr)(g of 1: 1 ?o vate.13. 11 weight-% . The DSC

measur ement  giVRUIWESHIRIE GONYRERH IO HAPSMISHOR-VI | bet ween 200C and  260C.
Tﬂe thler moanaFyptindbEary bedsithén crgarbctenzad withethe aid ef theemal8félysisd 15 290C,
The nol ar rati ° §A-a- i l+Rutyl]-4-(2-
car banoyl - ben%%%&gé]&y@\grgbgég)&?g &%3%%#'0%@1 %g?'ggwggﬁégsddgest al

modi fi c40i on irstriuments R28C A9203 andd GA fpbunstranentsel GAZEHG)on i n cryst al
nodi fication i ; °

17 4- (5 cyanol St Ayl FheT 9SS M SpReton mocsss betueen BOCEAL o7 ne
hydr ochl ori de 1&8Pt4. AoalysisyHhareegreximetry showed ihe sresanss qfﬂéwa@e -do

process for(gt@MWéIthT-%eofahQWchE@FWbH : 13hend 11891 1 Reldhe-% N TeRtDSC, whi ch
conpri ses:

17T 552y anoffimstrampn gyes m phaseAranslinney oyl Belagp 300°C and

260°C. The thermoanalytically resulting form VIl melts between 280°C and
15 290°C.
The molar ratio of tetrahydrofuran to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride in said crystal
modification is 1:1, that means the compound of the invention in crystal
modification of Form Il is a monosolvate of 1-[4-(5-cyanoindol-3-yl)butyl]-4-
(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride with
20 tetrahydrofuran.
The invention also provides a process for preparing the above Form Il
according to the invention, which comprises:
(1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
25 yl)-piperazine in tetrahydrofuran
(2) converting the 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine base, by addition of 1N hydrochloric acid
into the hydrochloride salt at temperatures between 10°C and 60°C,
preferably between 20° C and 30°C
(3) precipitation of Form Il between -10°C and 10°C
30 (4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride solvate with
tetrahydrofuran by filtration, and drying in vacuo at room temperature.



25 yl)-piperazine in tetrahydrofuran (2) converting the

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzofuran-5-yl)-pi perazi ne
base, by wodettoxyp of | N hydrochloric acid into the hydroekir@poziesisalt at

t enper at ures between 10C and 60C, pref er8bly bet ween 20 C and 30C (3)
precipitation of FormlIl between -10C andVzoC 30 (4) recovering the

preci pitated 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2-

car banoyl - benzof uran-5-yl ) - pi perazi ne hydrochl ori de solvate with
tetrahydrofuran by filtration, and drying in vacuo at roomtenperature. WD
02/ 102794 PCT/ EP02/ 06153 -10 Alternatively, Formll can be prepared
accordi ng to Altprratiesky, WorroH car bpprepared(accosding démdi prgc€ss whichl  of
1-[4-(5- cyanow@ﬁhééé.yl ) butyl]-4-(2-carbamoyl 5 benzofuran-5-yl)-piperazine
hydr ochl ori de, Ich™will be described later in detail, in tetrahydrofuran

(2) stirring &) sespandingEpemil of AeddviBesyanoinsnl-Barlibsityl-4d2yearbameyer abl v

15 to 39 days, (BenzSapesiyNEpibBRANERYdobRIPHe, which will be described later
1-[ 4- (5¥cyanoi ndol - B_ﬁl ) but Jiﬁ)4 (rZ- car banoyl - benzof uran-5-yl ) - pi perazi ne
hydr ochl ori de ackk @etaldnggtrahydrefyraRat i on, and drying in vacuo at room

tenperature. [r stirkMgastcoom teengedatuhe betwest b dowratirs bedapermeferablyti ¢ | R
hown in Fig. 3 and the characteristic X-ray

absor ption speci$§ §§Os

diffraction patt 0 Hown in Fi g. 14. XRD pattern were recorded using a
x-ray powder (3)i fdavaetingdhe prédipitéied 1AXSSEEED0O)Ndal-3tyl ingyli-4sRen node (Cu K
al pha 1, 15 PSD) Qrpt] eGt : i ral range
4000 - 400 cm 1 C%%bgg?‘%?ﬁbﬁﬁ?bﬁ@@iﬁeﬁéé@g 24ifle Wi Ritde acelBala) o
spectralf@ls shownfilfrationhand deine i vgus alorest tasapergtureansni ssi on. Form XV
can be further characterized with the aid of thermal analysis measured in

the range of 30 t 50 C.. . Fig.. 39 shows the DSC (TA .20 strunments DSC
2920) and TGA P"l"ﬁ%ﬁ@??‘&fﬁﬂﬁ%ﬂ*@.&“‘é@ﬁ@ﬁ hasalbgr ﬁ%t@rlsfﬂfoh%a&(@or Bls a

desol vati on pspectasabehoarn F%% 3a6d tHBORarabtaisyie DS rdyydiffrastivhgaatarneisr y
showed the pr SR&W G %flg]ﬁ YR ptaftg/?n were recorded using a x-ray powder

diffractometer (Bruker AXS D5000) in transmission mode (Cu K alpha 1,

15 psp).
IR absorption spectra were measured in the spectral range 4000 - 400 cm’™
on a Bruker IFS48. Spectral resolution was 2 cm™. The spectra as shown in
the figures were converted to transmission.
Form XV can be further characterized with the aid of thermal analysis
measured in the range of 30° to 350 °C. Fig. 39 shows the DSC (TA
Instruments DSC 2920) and TGA (TA Instruments TGA 2950)
measurements. Form XV shows a desolvation process between 75°C and
180°C. Analysis by thermogravimetry showed the presence of 13 weight-%
to 14 weight-% of THF (theory of 1 : 1 solvate 13.11 weight-%). The DSC
measurement gives a phase transition to form VIl between 200°C and

25 260°C. The thermoanalytically resulting form VIl melts between 280°C and
290°C. The molar ratio of tetrahydrofuran to 1-[4-(5-cyanoindol-3-yl)butyl]-
4-(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride in said crystal
modification is 1:1, that means the compound of the invention in crystal
modification of Form XV is a monosolvate of 1-[4-(5-cyanoindol-3-yl)butyl]-
4-(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride with

30 tetrahydrofuran.

20



to 14 weight-%of THE (theory of 1 : 1 solvate 13.11 weight-% . The DSC
measurenment gives a phase transition to formVlIIl between 200C and 25 260C.
The thernwamaliyz7pcal |y resulting formVIl nelts between 280TERNZI0612D0C. The
nmol ar ratio of tetrahydrofuran to 1-[4-(5-cyanoi ndol -3-yl)butyi]-

4- ( 2- car banoyl - benzof uran-5-yl ) - pi peraz'rﬂé “hydrochl oride in said crystal
nodi fication is 1:1, that neans the conpound of the invention in crystal
nodi fication of Form XV is a nonosol vate of 1-[4-(5-cyanoindol -3-yl)butyl]-
4- (2- car banoyls benzof ur an- 5-yl ).- pi perazi ne, hydrochl ori de wi th 30

et rahydr of uf RS TUSTB @59 BYOVRSS Bsasest o bromaing e ARAVR TR Hs o

provi des a %ac%smiiﬁg)to thed pesntivg, Whickaboverises:m XV according to the

i nvention, ' 1 56Sr, A=l i i

a5 cyanot HAgRRERNg Bitt BTy Ho R Sy - b YDA AE az ne

i n tetrahydr of ur §-E@pgraginedneirahydyofuran

1-[ 4- (5-_cyanoisdahaas Lih- -2 e 10\VRT 29fHrBRmavi! ) - pi perazi ne
base, b? addi g@oﬁb%%%h%%ﬁr%c(ﬁl%%Pgﬁ???g%}bﬁpgﬁtﬁﬁ(g %{rdr oc%?{or_i de salt at
t enper at ures bet REBROTLIEOAMPIPELEZing Paseribhditer ped R hyirechiric asid ( 3)
preci pi E at i gnlo{ Lrﬁ@gﬁ@ Kyd@ch??p@ é&t{ﬁl&é?ﬁp@r@tﬁﬁ%@z bditgféérﬁ-ﬂioﬂg drite10°C,
precipitated 1-[4-(5-cyanoj ndol -3- u -4-

car banoyl - benzof BFéjﬁr%)YX/B?{Vﬁ%bézﬁyﬂg H")% ochl oride solvate with

t et rahydr of ur @) byedipitatioat ofdrormeXy atrrgomgtemperattme at room t enper at ur e.
Form X accordi [ h r4d Syl - diffraction
pattern as shk)mré(%\)ﬁpgg tﬁ%w‘%@?aptggﬁ é¢4ﬁ(%' r%{"?‘g‘?:og‘rga@zb‘ﬁ@(#@&g X-ray

powder dDf f r act ofettam@\imeneofuss-DPpoperazine fydseahigridmsalvaie Wity K 15
alpha 1, PSD). T re@)ﬁ?fg?éﬁ PYflgFa(t?gﬁE BAGYYIAG W 98cddat room temP?rature.

1-[ 4- (5-cyanoi ndol - uty - car banoyl - benzof ur an- 5-yl ) - pi per azi ne
hydrochloride in said crystal nodificationis 0,5:1, that neans the

ﬁonpoulnd ?f t]!*grrhf)géﬁééér@mg' 0] ttlilgylll?rtlaitionnfﬁgﬂ:it ﬁ@@?rg%eﬁéti&ﬁt@yﬂiﬁ@cmn

em sol vate of 1-[4-(5;cyanoindol- 3 - _

(5 carbaroy! - palahas SHOURR s el hatkY st feborded yping a xeray

t et r ahydr of ur powdéhdiffrastentéten(Briker AXSVDHERE0)dn ramsadssido martee(Gur Kng t he
above Fa6M X goha 1, PSD),

The molar ratio of tetrahydrofuran to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride in said crystal
modification is 0,5:1, that means the compound of the invention in crystal
modification of Form X is a hemisolvate of 1-[4-(5-cyanoindol-3-yl)butyl]-4-
(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride with
tetrahydrofuran.

20

The invention also provides a process for preparing the above Form X
according to the invention, which comprises:
25 (1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
yh)-piperazine in tetrahydrofuran
(2) converting the 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine base, by addition of 1N hydrochloric acid
into the hydrochloride salt at temperatures between 10°C and 40°C,
preferably between 20° C and 30°C
30 (3) precipitation of Form X at room temperature
(4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride solvate with



according to the invention, which conprises: 25 (1) dispersing

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzof uran-5- yl)-pi perazi ne

i n tetramyorofi@7an (2) converting the PCT/EP02/06153

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banoyl - benzof uran-5-yl)-pi perazi ne
base, by addition of | N hydrochloric acild- into the hydrochloride salt at
t enperatures between 10C and 40C, preferably between 20 C and 30C 30 (3)
precipitation of Form X at roomtenperature (4) recovering the precipitated
1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ]-4-(2- carbanoyl - benzof uran-5-yl) - ni perazi ne
hydr ochl ori de so’FG\?EﬁmldetJF?'{@’ ﬁ@ﬁ&'@ﬁ?@&d BEYinEpbEraBaislres 1P t)Ege“fgor g;nydr of uran
by filtration, apthéhMimmg at tenperatures up to 80C maxi num Form Xl
according to the invention has the characteristic IR absorption 5 spectra
as shown in Fig. 4 and the characteristic X-ray diffraction pattern as
shown i n Fi g. Fdfim X{Recpaedihg to thveineentom hde theishargcteristic AR ghmadetion

PSD) | 1 B apsoPBrRhaS SLOPTIREIT ahd the ERAMECRSRE RAPal b BMngs
cm1l on a BrskewnliFSis.16spdRD patterreweraitgapndegh ysingank-ray pawdepect ra as
shown in 10 yheadio té:_sﬁ}ﬁ{kﬁrARB‘él%o(?&g ih rainsAHSEIbS Phafe (CPKMIgha §2n be

further characterized w e ai thermal anal ysis' neasured in the
range of 30 t6&%Yo C. Fi g. 37 shows the DSC (TA Instrunments DSC 2920) and

TGA (TA | nstryRepEerption stlelh wereansasuvedtia thd-epaetidl rahgae080de9ol omt i on
process between 7 CkangFgéggﬁ. Anafl ¥5i|5 by t h%rmgr?éjisrret % shogﬁgv tiﬂe
presence of 6°%7& gH<eL gAreal s SP%?%W?-S 0nt - 98 SPERER ARt Reor y
of 1 : Hosol vineefigurd8 wevei ainvebiied td franBBGsi@asur ement gi ves a phase
transition tof V JREN Lkal |y
resul ting forr%o%l%r#ér}%gﬁéﬁﬁgépgg%%nﬁﬁg&%ggﬁg% ar rlg ?@b%f met hanol
to 1-[4- (5- cyamssuded irsthg rapgeaf804 ¢ 350 °C. Fig. 37 shows the DSC (TA
car banoy| - benzafiuiaanm IS¢ JURG 5AA I TEA TYAnAshlpehtieTGA o) crystal 20
nodi fication is 1:1, that nean$ the coripound of the i V?I’lthl} L8 t he

measurements. Form X| shows a desolvation process between 75°C and

150°C. Analysis by thermogravimetry showed the presence of 6 weight-

15 weight-% to 7 weight-weight-% of methanol (theory of 1 : 1 solvate 6.28

weight-%). The DSC measurement gives a phase transition to form Vil

between 200°C and 260°C. The thermoanalytically resulting form VII melts

between 280°C and 290°C

The molar ratio of methanol to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-

carbamoyl-benzofuran-5-yi)-piperazine hydrochloride in said crystal

20 modification is 1:1, that means the compound of the invention in the
crystalline modification of Form Xl is a monosolvate of 1-[4-(5-cyanoindol-3-
yl)butyl]-4-(2-carbamoyl-benzofuran-5-yi)-piperazine hydrochloride with
methanol.

25 The invention also provides a process for preparing the above Form Xl

according to the invention, which comprises:

(1) suspending Form VI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride, which will be described later
in detail, in methanol at temperatures between 55°C and the boiling
point of methanol

30 (2) cooling down the reaction mixture to temperatures between -40° and
-10°C, preferably to -30°C



crystalline nodification of Form Xl is a nonosol vate of

1-[4- (5-cyanoi ndol -3- yl)butyl]-4-(2-carbanoyl - benzof uran-5-yl) - pi perazi ne
hydr ochl owbde/10d7phr et hanol . 25 The invention al so provi #e3/ERopocasess for
preparing the above Form XI according tﬁ the invention, which conprises:
(1) suspending Form VI of 1-[4-(5-cyanof dol -3-yl)butyl]-4-(2-carbanoyl -
benzof uran-5-yi) - pi perazi ne hydrochl oride, which will be described | ater
in detail, in nmethanol at tenperatures between 55C and the boiling point

of net hanol 3 2) coaling down .fhe regcition nixture to.t ratures
between -0 aht Feryaring e BrbtAled 1 H5e GBrBda s P PRED D) 06153 - 13
(3) recovering t barbamewylienactuan-5tyi)-phecyzine hyduchiride) imetheriolate (-
fo'” bamoy| - benzof yiafnR-of 'r%?rﬂ'tBﬁ{p%?%fﬂge,%‘ér&&mg@h'\%%uB%*P&S'Ru' t8 e*?é{tu{e.
iltration at roomtenperatureé, "an r'yl ng rn-vacuo at room tenperature. 5
Form XI'V according to the invention has the characteristic IR absorption

Do o i 1 EomyRAhordinglo the 8RAsE RS Th Shirabteritio R dsapnar pattern
di f fract orret e?P%@F@Jﬁ-ﬁﬁﬁQ‘KQ 'B&%@Cé] aq\ﬁﬂﬁ S}f‘%rﬁpg%rlsgﬁ%f%’e&fﬁﬁpt@%ﬁagﬁn #s
PSD)l. |1§ absoghbdwAlin Fﬁmaﬂéwmttmwer@cﬁdo;ﬂqéd\asm@geray powgge 4000t- 400
cm on a uKer . r SOL Ut on Was spectra as
chonn it hadfrspmeae ket EhZindd H rans it odelicy kThaR be

further charafPS8)ized with the aid of a thermal analysis neasured in the
range of 30C FiQ. _ 20) and
TGA (TA I nst rﬁ@m%rq? QR’?&R %g %n%ggﬁ??aéni}%g 5}? %gﬁ%i’e{sﬁéwgﬁ)%gﬁgﬁet ry
showed flAe pr @senBaiker IS48.55prstih resplutiprawagiZem- oJ B¢ spepEpLEFEOMMHBOry of
15 : 1 solvat %elﬁ%]reweggtcon%ﬁgg@@{r)éngmslsth_ | solvate 2.05 weight-%. The
nolar ratio of n- t ane t -1 4- (5-cyanoj ndol - 3- utyl]-4-(2- .
Car banoy! - ben BTSNG0S Rsthse Charaengsh WaRIts A0t A eI 2hakeis
nodi fication hsedseta®pnth rhAgent 30°CandtIB0°CIrEN B8 slvowothewoD8E OTA t he
invention in grystalnddhELE3b) SRa Yo AT A e irhand PeA\Rsp)of 1-14-(5

measurements. Analysis by thermogravimetry showed the presence of 1

15 weight-% to 3 weight-% of n-heptane (theory of 15 : 1 solvate 1.37 weight-

%, theory of 10 : 1 solvate 2.05 weight-%).

The molar ratio of n-heptane to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-

carbamoyl-benzofuran-5-yl)-piperazine hydrochloride in said crystal

modification is between 1:10 and 1:15, that means the compound of the

invention in crystal modification of Form XIV is a solvate of 1-[4-(5-

20 cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride with n-heptane. The DSC measurement gives phase
transitions between 80°C and 120°C and between 200°C and 260°C. The
thermoanalytically resulting form VIl melts between 280°C and 290°C

25 The invention also provides a process for preparing the above Form XIV

according to the invention, which comprises:

(1) suspending Form Il of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride, which will be described later
in detail, in n-heptane

(2) stirring at room temperature between a few hours or days, preferably

30 15 to 30 days,



20 cyanoi ndol - 3-yl ) butyl] - 4- (2-car banoyl - benzof uran-5-yl) - pi perazi ne
hydr ochl ori de with n-heptane. The DSC neasurenent gives phase transitions
bet ween 888G 0ane7920C and bet ween 200C and 260C. The t her moaree0yodisal |y
resulting formVIl nelts between 280C and 290C 25 The invention al so
provi des a process for preparing the abové -Form XI'V accor di ng to the
I nvention, which conprises: (1) suspending FormlIll of
1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] - 4- (2-car banmoyl - benzof uran-5-yl)-pi perazi ne
hydrochl ori de, _which will be descrihed |ate iLn.detail, i -h ne (2)
ST rring at r bohTecsbRates ereisobaen Savelk Of a5 eBapidorgrdiblBER 56 1
to 30 days, WO 0f2-taebédoWBENZBRRafEGLEPpipetdzind)hydeachienidagithireheptane
precipitated sol 1-[4-(5- LN - 3- yl - 4-
(2- car banoyl - benég;f@@fnq%?bﬁ) - 'Péé‘?gg#‘ﬁ‘ggm r'ﬁé%'{ﬂ@}??(%}%rew th n-heptane by
filtration, and drying in vacuo at roomtenperature. 5 Additionally, it has
been found thatqk t A9 nd et homt gl dvaholfdol-3-v)butvil-4-(2-
car barm?l - beng\g?ﬁlﬁgﬁllg’-qyﬁ??gi%pgrguzr? neﬁé{%y_ago(?h yoaﬁo e c} S %?)tfuey] 0 (?or m
hydrates in cFgameyhenzailirandayl)-oirerapnetyeeeshioridenis aRIede 19rat i 0 of wat er
tlo[ 4-(5 _hydratesé in c|:rygtallinle mgdificationsb Prefelrably, thef molar rgtio Iof waterto

-[ 4- (5- cyanoi, ngol.- 3- <4- (,2-.car bamoyl - benzof ur an-5-yl.) - pi_per azi ne
iyelr ochi of | de T G RBEIARI S 4 2 AP AR T S VD GBS 5 1t o
1:1, nost prehpdaichioridelis bEdween OiRGil do Beb: dneheres prefdraibtyabetweend esktia

hydrates of t [ | yi.4contain unbound water that is to say water
whi ch is ot he?ﬁt’r@%&\%ﬂrkg}a@m%rystal lization. Preferred forns of hydrates

of 1-[4405-cyanoi ndol -3-yl)butyl]-4-(2- 15

car banoyl - ben o i j L CH ;
1-[4-(5- cyanoft%hgmg?él E)ﬁ??@ﬁ@af‘%ﬁ%g%%n@w@‘gﬁgﬁ LHréCthv gﬁrﬁ?%&y#ger azi ne
hydr ochl ori dec%’ﬁ@dfh%%‘alt‘@]v"ﬁt@’&hﬁﬁ \§:to say VrRieewhiah lépt%’fﬁhﬁédyat% 0

1- [ 4- (5- cyanotRgedllizatidn) but yl ] - 4- (2- car banoyl - benzof ur an- 5-yl) - pi per azi ne
hydrochl oride in Form Vl; (as hereinafter defined) c)

1-[4-(5-cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banoyl - benzof ur an- 5-yl ) - pi per azi ne
20 hydr ochl or Pdefelredi foyrds af aydratéoofrl Y44(5-cybaasindel-8iyhblitydr4-@2f i ned)

15 carbamoyl-benzofuran-5-yl)-piperazine hydrochloride include:
a) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride monohydrate in Form V; (as hereinafter defined)
b) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride in Form VI; (as hereinafter defined)
c) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
20 hydrochloride hemihydrate in Form VIIl; (as hereinafter defined)
Form V according to the invention has the characteristic IR absorption
spectra as shown in Fig. 6 and the characteristic X-ray diffraction pattern as
shown in Fig. 18. XRD pattern were recorded using a x-ray powder
o5 diffractometer (Bruker AXS D5000) in transmission mode (Cu K alpha 1,
PSD).
IR absorption spectra were measured in the spectral range 4000 - 400 cm”™
on a Bruker IFS48. Spectral resolution was 2 cm™. Sample preparation was
performed generally as KBr disk.

30 Form V can be further characterized with the aid of a thermal analysis
measured in the range of 30° to 350 °C. Fig. 32 shows the DSC (TA
Instruments DSC 2920) and TGA (TA Instruments TGA 2950)



Form V according to the invention has the characteristic IR absorption
spectra as shown in Fig. 6 and the characteristic X-ray diffraction pattern
as showwpr2/d2y94 18. XRD pattern were recorded using a XPCEPPDOST 25

di ffractonmeter (Bruker AXS D5000) in tran%m ssion node (Cu K al pha 1,

PSD). IR absorption spectra were measur ed9im t he spectral range 4000 - 400
cml on a Bruker |FS48. Spectral resolution was 2 cm 1. Sanple preparation
was perforned generally as KBr disk. 30 FormV can be further
characterized with the aid of her mal ured i n.t ange of
30 to 350 C. FiRfSUESMER BE@”??A"”PW@?&I%BFR%SB 15601 25 ‘ﬁ@”?'GA (TA

| nstrunment s TEO0205AhaVEls(s/ theRridraheneEPeROAEtiZRe prdsenvessif waiit-$o Form V

her nogr avi relS 3 CHafsd Phlafr (ERR.OET: 3" buvelfian ARRNE %D& of water
ﬁgﬁglr %/| 81;] tlorr%eBMm%enbg@esa ﬁg?@g@ |t|:31w%gggt%g§§g%dayphase
gra) W& VI |
melt's bet n

resul ti ﬁg form VI | 290C. FormV
1-[ 4- (5- cyanoPAld¥- 3- yI ) but yl | - 4- (2- car banoyl - benzof ur an-5-yl ) - pi per azi ne

hédr thl oride tFEﬁﬂC\hbﬁﬂﬂ[?E(S%ty@ﬁbmd@gﬁw ) Bulfg]- quejatrbﬂtnowal@em%ﬁﬂ%r@m@yﬂg gt
advant ages wi regar O I.LS S O | um di
For m V- sccor dPIRSTRANE HyCraRrlsdR onohisdiall AeroEEREl R Bueigh gk 10"
subst ance i n borprisirig agVvdntdgés neith mgasd &b #s sTatslity nnelet condiibs® ophighi des a
process for p;ﬁﬁﬁ(ﬁl aﬂ%%ev%%ﬁdnﬁé’mh\é ind&G s UbthiRel s LANYFEUd Qg Whi ch

conpri ses:
1-[ 4- (516yanosnb@t|anseym)‘Qfms:i\]vemd(efzn@@cb@tﬁiyl benzof uran-5- yl)-pi perazine
in tetrahydrofuran 15 (2) convertl ng the

1-[4-(5- cyan0| ndoI yl ) butyl]-4-(2-carbanpyl - bepzofuran-5-yl)-pi perazine
base, by addi th srinmntm@%@rwa%émre?? nPog@irqpqrmgoh@ C}Yﬁdy Qﬂ%’hf/ori de salt

(3) precipi &abb@@r footha iNvéitidr) Widle 6D@PABYS: 62( 4) recovering the
SRR T oM e
yl)- plperazme in tetrahydrofuran
15 (2) converting the 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine base, by addition of aqueous hydrochloric
acid into the hydrochloride salt
(3) precipitation of Form V at room temperature
(4) recovering the precipitated 1-[4-(5-cyanoindol-3-yi)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride monohydrate by
20 filtration, and drying in vacuo at room temperature.
Alternatively, Form V can be prepared according to a process which
comprises:
(1) stirring of Form IV of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
25 benzofuran-5-yl)-piperazine hydrochloride, which will be described later
in detail, in water with an amount of 5 to 10 times more relating to Form
Y
(3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride monohydrate by
filtration, and drying in vacuo at room temperature untill the forming of
30 the monohydrate of Form V without excess of water.



20 filtration, and drying in vacuo at roomtenperature. Alternatively, Form
V can be prepared according to a process which conprises: (1) stirring of
Form | V ov012{142706- cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banoyl PET/EP02/06153

benzof uran-5-yl) - pi perazi ne hydrochlorlde which will be described | ater

in detail, in water with an anobunt of 5° t§ 10 times nore relating to Form
IV (3) recovering the precipitated 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2-

car banoyl - benzof uran- 5-yl) - piperazine hydrochl ori de nonohydrate by

filtration, t roomt erature untill the formng of

30 the rmnohy&ﬂﬁf’@{ R’F&%ﬁﬁf‘f}? %@LﬂreQQEeégggwg utgrau \ﬂ!ﬁeﬁﬁ)"'{'&"? )
PCT/ EPO2/ 06158ompti6edd t ernativel y, Form V can be prepared accor di ng to a
rocess mhich

2 [4- (5-cyanoi ‘Hdg{m@g )%:bourf'%%(ilféi 54 g@' éngﬂ{igl%&h!z)%fm 4 ‘12 garqa)m erazi ne

di hydr ochl ori de, banzeftiran- 5+ylbplpamm¢ dét}'dr(B?hl@ICb? whichiwilbbe deﬁﬂ”bﬁfer (3)
recovering the praqé;,l mld %E‘eqn:lﬂe{tér(S cyanoi ndol - 3-yl ) butyl ] -4-(2-

car barm?l - benzof ur an- 5- erazi ne hydrochl or| de rate by
filtration, afd ﬁﬁ%ﬂVﬁQngrﬁ %@é%méﬁte?'do[r’ﬂr@ %tﬁ%r (2according to

the invention hagaffinéNdergbhirhfis-f) biﬁe@bﬁﬁémfydﬁtfbhl&lo@m@hbﬁ%@%téb?m in
Fig. 7 and the cﬂg cter|$t|c X-ray diffractjon tttern as own in Fig.
19. XRD pattern Opedd JBANG &7 ¥gPup 3t rroé’;mt%ﬂﬂgﬁaur&lffractoneter ( Br uker
AXS D5000) in transm ssion node (Cu K alpha 1, PSD). IR absorption spectra

ver e, measur eI aBgha) iERYRnfNNos 108l 18 Aigtisiod S48

Spectral reso I'on Was
general 9 as EPects ek shpwinin\iig céﬁndém ghamtermgr&myedlﬁmlom naﬁ&l’h@Sal d of

a thermal ana 33 shows the
Lo T SR PRI R ek Al gt b g

measur enent s. %@Wetgh%kﬁrﬁéﬁyla?%@ dﬁ tiANs RSSO BQse W@é@'ﬁ%\@ho 100C.
Anal ysis by tpgDwgravinetry showed the presence of 6 weight-

IR absorption spectra were measured in the spectral range 4000 - 400 cm™
on a Bruker IFS48. Spectral resolution was 2 cm™. Sample preparation was
15 performed generally as KBr disk.

Form VI can be further characterized with the aid of a thermal analysis
measured in the range of 30° to 350 °C. Fig. 33 shows the DSC (TA
Instruments DSC 2920) and TGA (TA Instruments TGA 2950)
measurements. Form VI shows a dehydration process between 25°C and

20 100°C. Analysis by thermogravimetry showed the presence of 6 weight-%
to 7 weight-% of water (theory of 1 : 1.75 solvate 6.19 weight-%). The DSC
measurement gives a phase transition to form VIl between 200°C and
260°C. The thermoanalytically resulting form VIl melts between 280°C and
290°C.

25

The invention also provides a process for preparing the above Form VI

according to the invention, which comprises:

(1) stirring of Form IV of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride, which will be described later
in detail, in water in which the relative proportions of salt to water are

30 between 1:5 and 1:10



to 7 weight-%of water (theory of 1 : 1.75 solvate 6.19 weight-% . The DSC
measur enent gives a phase transition to formVlIIl between 200C and 260C.
The thernwamahigzrvcal |y resulting form VIl nelts between 280TERn"061290C. 25
The invention al so provides a process for @'eparl ng the above Form Vi
according to the invention, which conprise (1) stirring of Form IV of

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzofuran-5-yl)-pi perazi ne
hydrochl ori de, which will be described later in detail, in water in which
the relative pr r nd 1. 10 WO
02/ 102794 PCT/ é?s@%ﬁ{;@?@@\go{hfﬁféy trgtee\cﬁﬁi/ (5% "aﬂdgﬁé %B{hé’h RE

1- [ 4- (5- cyanoi ndo|ca3bqnnpwhb§mqofwa025 yﬁﬂw@weMéﬁgmlgﬂ@lﬂsssgwhy@r%@baz| ne

hydrochl ori de sesgjj-hxeH, (ménrq hlvfa[)géla@%orﬁqgm BYAtQfe | N vacuo at room
tenperature 5 Alternative Y, can be prepared according to a process

which conprises: (1) stirring of Form Il of
1-[4-(5- O$/an0| rmtérnéhwély g 1/ 8aih Beqareparselydccobding @b urprocdsy whigh per azi ne

hydrochl ofi de, as described above, in water for one hour (3) recovering
the precipitat MRS 5- cyanoi ndol - 3-yl ) butyl ]-4-(2 10

car banoy! - benzc(ﬂylrsai_rrir’fg ot Fomn plesfatz[4r65- bya:i"ramdirbleﬁ-ylc)lwtylﬂ,nslq@ oythaatayl-by
filtration, and drt%’én Qnyﬁ?lﬁ) ﬁra%ﬂ?@)}dgsoréﬁ&é”a% dé:ﬂ’lﬁbgléblovgcfﬁor ding to

the invention has arac pt1o0n. spectra as shown in
Fig. 8 and the chaW@t@f&?nCmahOU(-ray diffraction pattern as shown in Fig.

20. XRD patter o 1 ¢
( Bruker RXS %ggwéﬁ%vgﬁ%s%d%rgléigﬁgte% M‘[ gcigr\‘aﬁad f?—yﬁb&@ﬂ%{gﬂ. et er

t
spectra Wi e neas Lﬁaéaamﬁylrh@%%@@*r%nyl)rpawézmdap og{l'gr]grlg@nsgsqwhygrag? ?P&grl o

| FS48. Spectral r ghigatitri, ghdwdging if Maduo S0 tempeeadtatd.on was perforned
general ly as KBr disk. 20 Form VIl can be further characterized with the

aid of a thernmal analysis neasured in the range of 30C to 350C. Fig. 35
shows the DSC (Foxm VIl according to the invention has the characteristic IR absorption

spectra as shown in Fig. 8 and the characteristic X-ray diffraction pattern as
shown in Fig. 20. XRD pattern were recorded using a x-ray powder
15 diffractometer (Bruker AXS D5000) in transmission mode (Cu K alpha 1,
PSD).
IR absorption spectra were measured in the spectral range 4000 - 400 cm’™
on a Bruker IFS48. Spectral resolution was 2 cm™. Sample preparation was
performed generally as KBr disk.
20 Form VIII can be further characterized with the aid of a thermal analysis
measured in the range of 30°C to 350°C. Fig. 35 shows the DSC (TA
Instruments DSC 2920) and TGA (TA Instruments TGA 2950)
measurements. Form VIl shows a dehydration process between 25°C and
125°C. Analysis by thermogravimetry showed the presence of 1 weight-%
25 to 2 weight-% of water (theory of 1 : 0.5 solvate 1.85 weight-%). The DSC
measurement gives a melting of resulted form IX around 268°C. The
thermoanalytically resulting form Vil melts between 280°C and 290°C,

The invention also provides a process for preparing the above Form Vil
according to the invention, which comprises:
30 (1) stirring of Form VI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride, as described above, in
water for more than 12 hours



I nstrunents DSC 2920) and TGA (TA Instrunments TGA 2950) neasurenents. Form
VIIl shows a dehydration process between 25C and 125C. Anal ysis by

t her nogr aworeetiea79showed t he presence of | vvei ght-% 25 t 0o PCREPGL061%6 Of

water (theory of 1 : 0.5 solvate 1.85 wei -% . The DSC neasurenent gives
a melting of resulted formI X around 268 'The t her roanal ytically
resulting formVlIl nelts between 280C and 290C. The invention al so

provi des a process for preparing the above Form VIII according to the
[ ti h f
|1n\[/£eln(:50(r:1yanm ét)dS e{;ﬂn%ﬁﬁ@ﬁr?mﬁjf%tga '%%Xﬁno'%fgﬂ%vﬁb&é(ﬂ"‘s% ) - pi perazi ne

hydr ochl ori de, asadssnoyldehzaboaa;5- ylr)-plpm'amnefrqndrmx:iﬂend@aanﬂjﬂymawIsy WO

02/ 102794 PCT/ Epﬁﬁ(ag%b?%%t&ﬁféia z/é&? gF{)d(#g e%rngel%{tﬁ pitated

1-[ 4- (5-cyanoi ndo car enzo ur an-5-yl) - pi perazi ne
hydrochl ori de hem hydrate by filtration, and drying in vacuo at room

tenperat%?- ALBHARHVBR, 'F‘b‘?l?WlllF&{eré/ t—ép Bal&%oﬂﬂﬁ@ﬁféq;rééééy\%i&ﬂ to a

process 2whi ch  conpri ses stirri Form |
1- [ 4- (5- cyanoCREWINSSSy| ) but yl | - 4- (2- car barmyl benzof ur an- 5-yl) - pi per azi ne

hydrochl ori de(1)p Stlﬂﬁ?%ﬂl*lﬁﬁ'n Rlepv 4-(|5nc atf@irﬁfol-t%oyl blﬂyl]lm(QsCa(rBémO@poverl ng
t he preci pi tat ed

o oot Phensor bFRrO S AT BloSing h&g@ﬂﬁﬁ%d% @a@%ﬁgﬁ%wav% By

filtration, and satemfpril@ harso at room tenperature. Additionally, it has
been found th

car bam)yl - bengéo)f ile‘l’;o egl?lgﬁy@%%&ﬁgéteﬁeﬁ'k&—@ﬁ&@dom @%Y%b‘#n‘/'é gzt alline

nodi fi cd0i ons as carhwﬂwltt@zo tsant5-5tll)r@medabeeuhydé¢@tl@r&e haauhydi@tedmesent

anhydrates of tNAitHANEhGUITRY in AAIRLDdM Mifigeiplel Lhat 1 Lo say water
which is other than wafer of rystallization referred fornms of

anhydrates of 1-[4-(5-cyanoindol -3-yl)butyl]-4-(2- 20
car banoyl - benmﬂuroam - i has Pieparfédnd ehdYduoGhe ndﬂﬁidlmylw.ﬁy{]-a) (2-

yclr oGl of | de CPIPAR %e)\vz ighyevy p}éﬁar%%%gﬁé#m%ﬁenée féf crybtahind Per 22! e
modifications as anhydrates.
15 It should be understood that the present anhydrates of the invention may
contain unbound water that is to say water which is other than water of
crystallization.

Preferred forms of anhydrates of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-

carbamoyl-benzofuran-5-yl)-piperazine hydrochloride include:

a) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine

hydrochloride in Form 1V; (as hereinafter defined)

b) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine

hydrochloride in Form Ill; (as hereinafter defined)

c) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
25 hydrochloride in Form VII; (as hereinafter defined)

d) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine

hydrochloride in Form IX; (as hereinafter defined)

20

Form IV according to the invention has the characteristic IR absorption
spectra as shown in Fig. 9 and the characteristic X-ray diffraction pattern as

30 shown in Fig. 21. XRD pattern were recorded using a x-ray powder
diffractometer (Bruker AXS D5000) in transmission mode (Cu K alpha 1,
PSD).



b)

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] -4-(2-car banoyl - benzof uran-5-yl ) - pi perazi ne
hydr ochl owopde/10a19Form 1 I1; (as hereinafter defined) c) PCT/EP02/06153
1-[ 4- (5-cyanoi ndol - 3-yl )butyl] 4- ( 2- car banoyl - benzof uran- 5-yl ) - pi per azi ne
25 hydrochloride in FormVII; (as herei ndfter defined) d)

1-[ 4- (5-cyanoi ndol - 3-yl )butyl ]-4-(2-carbanoyl - benzof uran-5-yl ) - pi perazi ne
hydrochloride in FormIX; (as hereinafter defined) Form |V according to the

i nvention has the characteristic IR absorption ectra as_sho in FKig. 9
and the char aélﬁehsemtm@n%gtradwwer@eeﬁer@daattheﬁﬁegtgal r3p98 HORA %q:@ra 21.

XRD pattern wehe Bﬂﬂ@frdpswSSﬁ@ct?aMeé@l}Atlmwﬂa%Q e ' Saehs) ggfrgparéﬁoula\ers AXS

D5000) in trans 8 %y( ﬁ g ha 1, PSD). WD 02/1
PCT/ EPO2/ 0615@e irge RERGEANAS KR tra were measured in the spectral
range 4000 - 400 cm1 on a Bruker |1FS48. Spectral resolution was 2 cm 1.

Sampl e B ebar Ey1V0R LORIHALTAAOBR5A) 3o SR of b Hormy ERGfslay can be

further Scharacteri z h™t he in the
range of 300 measwedin tegrange Qfﬁ%@/\éoﬁﬁa °©5@g1361 shom theBSG(TBSC 2920) and

TGA (TA '“Str%@Mnﬁeﬁt@‘bgéi@Z FRASTEA ﬂtlﬁstrJﬁ%nﬁsﬁGmge”ﬁm gives a

phase transition to formV t ween OC and 260C. The tHernoanal {//t ically

resul ting for MRSASUreREIRNES. Tt?@t sgairemRnt Sikes a phassiragsiignite Jorm
crystal l'i ne pbepesdén 200°Chthd00° Gf Thel[thehBoaneyt Qﬂaﬂ?@és@’ﬂb@ Yot VliImelts

4- (2- car banoyl nzo -2-Yd i perazi ne hydrochloride according to the
I nvention has b?B’??ﬁri' égﬁg‘gé‘&\‘?ajrﬁo es with regard to its solubility and for
its phdOmaceuti cal processi ng into solid dosage forns. The sol ubili ty of

Eg[g} neg :312 \i\?ﬁoporl €ss so%?pmgﬁ'gﬁl Iyo@?ﬂ?!bf“]r[ﬂ B\Aé/FPBé{o;&YQBHJ taI S.

As shown i n Fédérearbamaybbanzefuran-bhi)-pipstazinebydrocblafidgtaasogtiag {0 the

t enper at ur es, lrﬁfem.oﬁ hja‘%%reﬁﬂﬁ Iaravlsﬁidgea ﬁ/ltﬁ Qegﬁrevcbdesscﬁumfy%erﬁﬁofr }5
prepari ng the ﬁ ove Form | accord nég |fnvent | on, ﬁg rises:
p armaceutlcal processing into solid dosage orms. The solublllty o)
IV in water is 0,328 pg/ml. Form IV according to the invention is obtained as
15 colorless solid substance in form of well defined crystals.
As shown in Figure 27, Form IV is the most stable form at higher

temperatures, e.g. > 100°C.

The invention also provides a process for preparing the above Form IV

according to the invention, which comprises:

(1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
yl)-piperazine in tetrahydrofuran

(2) converting the 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine base, by addition of aqueous hydrochloric
acid into the hydrochloride salt at temperatures between 20° and 30°C

25 (3) precipitation of Form V at room temperature

(4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride monohydrate
Form V by filtration

(5) drying of Form V in vacuo at temperatures of 85° to 90°C to give Form
V.

20

30
Alternatively, Form IV can be prepared according to a process which

comprises:



O 1 dispersing 1-[4-(5-cYanoi ndol - 3-Yl)but Y1] - 4-(2-carbanoYIl - benzof ur an- 5-
yl ) - pi perazine in tetrahydrofuran (2) converting the

1-[ 4- (5- cyameitoaiod - 3-yl ) but yl ] - 4- (2- car banoyl - benzof ur anPETEPY2/@i1pEr azi ne
base, by addition of aqueous hydrochl ori acid into the hydrochl oride salt
at tenperatures between 20 and 30C 25 (3)Czop'reci pitation of FormV at room
tenperature (4) recovering the precipitated

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2- carbanoyl - benzof uran-5-yl) - pi perazi ne
hydr ochl ori de hydrate Rarm, V. oy filtrati o) ryisngd. of FormV in
vacuo at terrpé{sgpﬁf’ oﬁ:ogg ﬁ&rpgﬁ%' 0 ygﬂ“?ﬁ@é%é/ 'SWQ}Y'?&O(Z‘A‘?‘?"@?W&&[‘ve| y, Form
| V can be prepar bénzecftioantbnd)-pipesazine bgdrochivride mooometssmlatead?2/ 102794
PCT/ EPO2/ 06153 - g i ° 0 :

1-[ 4-(5-cyanoi ndgﬁggﬁ@%g %E%&#%ti%TEQE@%E%W?GBQ?Zgfngr%SnPSt-oﬂly? Eio{fé‘r azi ne
hydr ochl ori de nohbmet hanol ate, as described above, at t enper at ures bet ween
55 and @5C to give Form 1V. 5 This particular polynorphic form (herein

desi gnat’ed "Fgrm I V') has superij or roperties. over other grystalline forns
ond Do more s dSBAEHET PoRERGIEnG forh (BRI HEsiSBR I orat WD H3 SHRSTGior m
111 accordi n% prepdrties bv&e%@@g'w@hliﬁélﬁ)liﬁbiS&hbﬁé ér;(@itddb é&h??clpsibﬁrln 10
spectra as s ILn Fig. 10 and.the characteristic X-ray diffraction
pattern as sﬁﬁaﬂn?ﬁe%ﬁ:&! %OZTUI ﬂﬂspattern were recorded using a x-ray
powder diffractonmeter (Bruker AXS D5000) in transm ssion node (Cu K al pha

400 om .1 on' O NACRBERGES Ut ELRCFASL R ehsfabRfisHE B dfbrifd " 000
pr epar aflfon w&Becti® apshpwnnadigeHbaad the ghanasterigtisik-rasodiffragtiondeaitase
further charagkghonedin'Figh22 HerPI shtin dverd f6EBHeaNRINGA X-raffgRwderd in the
range of 30 t %ifﬁggto%etglr %ruﬁgr ﬁ&g\IBS(B(S]OP) ir? %rce:mgr;lpi\ssion mode (Cu K alpha 1,

PSD).

IR absorption spectra were measured in the spectral range 4000 - 400 cm™

on a Bruker IFS48. Spectral resolution was 2 cm™. Sample preparation was

15 performed generally as KBr disk.

Form Il can be further characterized with the aid of a thermal analysis
measured in the range of 30° to 350 °C. Fig. 30 shows the DSC (TA
Instruments DSC 2920) and TGA (TA Instruments TGA 2950)
measurements. The DSC measurement gives a phase transition to form VIl
between 200°C and 260°C. The thermoanalytically resulting form VIl melts
between 280°C and 290°.

20

Owing to its crystalline properties, Form Il of 1-[4-(5-cyanoindol-3-yl)butyl]-
4-(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride according to the

25 invention is the most stable form at room temperature, that means the
thermodynamically stable form at room temperature (Fig. 27). Form Il
according to the invention is obtained as colorless solid substance in form
of well defined crystals.

The invention also provides a process for preparing the above Form lli
30 according to the invention, which comprises:
(1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
yl)-piperazine in tetrahydrofuran



I nstrunents DSC 2920) and TGA (TA Instrunents TGA 2950) neasurenents. The
DSC neasurenent gives a phase transition to formVlil 20 between 200C and
260C. ThewOheneyanal ytically resulting formVIIl nelts betrae@EPI26083 and
290. OMng to its crystalline properties, FormIll of

1-[4-(5-cyanoi ndol -3-yl ) butyl]- 4-(2-car Bérmyl - benzof uran- 5-yl ) - pi perazi ne
hydr ochl ori de according to the 25 invention is the nost stable form at
roomtenperature, that nmeans the thernodynamcally stable format room

tenperature (Fig. 27).. Form/Ill, accordj t igvention i s obtained as
ol br1 ass. sol 141 EaBidtine e 1 - egp e - ibuiEa G plbamByl-The i nvent on
alhso provi des a benzMaﬁéFylppi@p?aZim‘egbake, abadditiboofim Nl hydr8chledcaciti ng t o
t he inventi on, ' ' : [ rSi 0 °
1-[4- (5-cyanoi nmtggb§ﬁ%'ﬂ4@ﬁ”—d&%{%&?@%@%ﬁ%se%%%"fef rna1nQ éz ar)}ﬁi )40 pICbeI‘ azi ne
i n tetrahydr of ur prefe@ldy betrsu2@FCe/aR30€6153 -21 (2) converting the
1-[4-(5- Al 3niyd 7 f -5-yl)-pi [
[ 4-( cyanoyy E}%?’?pl%tmfmdmﬁp(ag].&;arﬁt@@,%&atu@enzo uran yl) - pi perazi ne

base, by’i additi’o ochloric acjd 1nto the Suydroch oride salt at

t enper at ures Kbt IRGEYVelbe the pregieitated Aafaldagyanahdales)BuY 4440 30C 5 (3)

precipitation of cEﬁﬁdﬁléyl-b'ﬁnzbﬂﬁéh@Yf{lgrp@r#iiﬁe HracHiericRs sdigateheith

precipitated 1-[4-,[%5@ o] ngol.- 3-% utyl]-4-(2-

car banoyl - benzof trttan -éj/flnufa'b }Sé’#gﬂl e hydr ochl ori de solvate with

t et r ahydr of ur &B) dyyihg lof Fatmdhin(\&cudrattempefattesnofl dt [eastviDOIC tatgive

t enper at ures of %to{ljp?qﬂst 100C to give Formlll. 10 Form VIl according to
S

the invention ha e tharacteristic IR absorption spectra as shown in
Fig. 1118nd the characteristic X-ray diffraction pattern as shown in Fig.

23. XRD patte ! I o K RYthi Aidd g ti8f ( Bruker
i Bl ARG pe o A g
spectra were FPASHR a8 ShﬁthHB Fgett pad theraragtrsistic Y giffractionpatierdr uker
| FS48. Spectr ak shewl MtFign23vaeRD satteln wWerePecordeeRRIR) & Xrayawder

diffractometer (Bruker AXS D5000) in transmission mode (Cu K alpha 1,

PSD).

15 IR absorption spectra were measured in the spectral range 4000 - 400 cm™
on a Bruker IFS48. Spectral resolution was 2 cm™. Sample preparation was

performed generally as KBr disk.

Form VII can be further characterized with the aid of a thermal analysis
measured in the range of 30° to 350 °C. Fig. 34 shows the DSC (TA
Instruments DSC 2920) and TGA (TA Instruments TGA 2950)
measurements. The DSC measurement indicates the melting point of the
pure Form VIl at 288°C.

20

Form Vil is the high temperature form of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-

25 carbamoyl-benzofuran-5-yl)-piperazine hydrochloride according to the
invention. Form VIl according to the invention is obtained as colorless solid
substance in form of well defined crystals.

The invention also provides a process for preparing the above Form VIi
according to the invention, which comprises:
30 (1) tempering Form IV of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride, as described above, at
temperatures of at least 200°C, preferably at 250°C, for 30 minutes.



performed generally as KBr disk. Form VIl can be further characterized with
the aid of a thernmal analysis neasured in the range of 30 to 350 C. Fig.
34 shows wbe2®29{ TA 20 Instruments DSC 2920) and TGA ( TRCIrePhr/egment s TGA
2950) neasurenents. The DSC neasurenent indicates the nmelting point of the
pure Form VIl at 288C. FormVIIl is the h?éh‘ t enperature form of

1-[4- (5-cyanoi ndol -3-yl)butyl]-4-(2- 25

car banoyl - benzof uran-5-yl ) - pi perazi ne hydrochl ori de according to the
invention. Form VIl according to the invention is obtained as col orl ess
solid substance in formof well defined crystals. The invention al so

provi des a prﬁoensinaUcopdlagam timginvbatiam bae e charcterisiicoéray diffradiionhe

i nvention, gm
1-[4-(5- cyanobggol - h?@ﬁt’nﬁgﬁ -ca %ﬁbwwgp%%léfg?ﬁé gﬁm zra%&p;er azi ne
hydr ochl or i depowsiedé acipmet@b(ﬁrékem\xst[é )dn drassmissigp m

preferably at aﬁ{ﬁ%ﬁ b9 D 30 m nutes. WO 02/102794 PCT/ EP02/ 06153 -22 Form

| X accoPdi ng t € inv ntion has the characteristic X-ray diffraction
pattern as shown in Fig. 24. XRD pattern were recorded using a x-ray

p;)wﬂer 10“ LgrD?FbgﬁHKQTa)E(& ﬂkg’fer%%ﬁgréb&@ﬁiéd WHh:th@@aﬁbfsa itim*rmm@aa(yd@is ]t< 5
al pha orm an be e of a
thgr mal anal yg?esas rrr% toﬁéto §%8§Ba¥’a€'@0éb§%§ggth‘gé 6 shows t he
DSC (TA | tnst inatnmﬂsntl%(zmp)a?d TEA ([AAnsingmeatsee hGA 2950 2950) o

r
measurement s ngébesaPérgeﬂFsa% IBL!mELY BRIt AGsB thi Melfho b fdfh X af

267C fol | owed recrysta Ilsatlon ytlcally
resul tifn§ for &5 ¢ fotiawed béamswstaihﬁat@ﬁdoz‘gmwt:&mthﬁrra@em WGt o the

invention is pﬁéﬂ,@g}rﬁvg%éﬁg BSHvepl 280°81isd gogec. i n form of well defined
crystals. 15 The invention also provides a process for preparing the above

Form |1 X according to the invention, which conprises: (1) drying of Form
VI of 1-[4- F@rmwa(mndmddahgaoyhé heytibn 4 6Btaraschasroglorless solid substance

benzof ur an- 5- | ori de, as descri bed above, at
t enper at ur es %qxﬁ‘bﬁfe\gglédgﬁr&e% %%p% give Form I X

15 The invention also provides a process for preparing the above Form IX
according to the invention, which comprises:

1) drying of Form VIlI of 1-[4-(5-cyanoindol-3-yl)butyi]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride, as described above, at
temperatures between 90°C and 110°C to give Form IX.

20 Additionally, it has been found that 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine dihydrochioride form crystaliine
modifications.

It should be understood that the present dihydrochlorides of the invention
may contain unbound water that is to say water which is other than water of

25 crystallization.

A preferred form of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine dihydrochloride is 1-[4-(5-cyanoindol-3-
yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine dihydrochioride in
Form XIlI; (as hereinafter defined).

30
Form XIlI (dihydrochloride) according to the invention has the characteristic
X-ray diffraction pattern as shown in Fig. 25. XRD pattern were recorded



20 Additionally, it has been found that

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2- carbanoyl - benzof uran-5-yi) - pi perazi ne
di hydr ochworoede27por m crystalline nodifications. It shoul ¢#Ch&EPanadasst ood
that the present dihydrochlorides of the_nvention nmay contain unbound
water that is to say water which is ot héZ3than water of 25
crystallization. A preferred form of

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] - 4- (2-car banmoyl - benzof uran-5-yl)-pi perazi ne

di hydrochloride.is 1-[4-(5- indol - 3- . -

V) butyt] - a- ( 35 TrmyPouey BREieRasl (Brukee s REOUNDABSHISTPRe | n
Form Xl || ; (asndoe (CunkfalphadePStBd). 30 Form X 1|1 (di hydrochl ori de)
according to the invention has the characteristic X-ray diffraction
pattern as shown in Fig. 25. XRD pattern_ were recorded WO 02/102794

PCT/ EP02/ 06158 0orm28lliagoegding o the Inyentien isiphipingsk aneelerlesspalier AXS D5000)

in trang_n’i ssi QQbstaRee i BBrmtoplveNaefinedefistal§or m X I I according to the
inventi®n is obtained as col orl ess soli 5 substance in form of well

defined crystals. The invention also provides a process for preparing the
above Form Xl IThe iavarttiah slgo toeovities arprosésior préparingcibenibovesFortd XI!|

di spersing 1- 44{%3,(@/@)? i ndol -@-ﬂlg%tfu@ﬁl %, 4- ( 2- car banoyl - benzof ur an- 5-

yl) - pi perazin cp @‘&HPXG%!S% CEHRTTRAS?Y-om t he group consi sting of

10 t et r ahydr of Uy dispeesingrield; (S-cyamoinodS-yldrutyli-4t(@resbameyebénzdfutansdt er (2)
converting the 1y\4s45 | I omRi V=4 s FS??:H n

benzof uran-5-yl) y %iﬁbﬁé%g%?%gﬂbase,gaa)l/&éa(%]‘zﬁti d(;‘Jr? Sé{‘ (fé)qubﬁﬁé)gon Q%c%r}szlﬁtgg of
hydrochl@ri c aci tetrattvsireiveamaiha@rell seprmpasgl or mixtuasbeseef vt watekeen 20

and 30C (3) p{Ectehiatingthe-HsmyShbindi-3LAMByIRARS irbaRolR (4)
recovering the pbem&J tated 1-]4- 5-c%an0| ndol f;%/l }12&%3@4 }1%
car banoy! - benzof ?%-S'I"i‘ﬂ‘fe’ﬂﬂ)ﬂ' PIEZING DEPEn/ M BAFFIRR O rGANReNraRA
filtration (5) dhydrrghiricragidint lthe hpdrchloridat salioatrtehriyapatiuadsibetweth
Preferably, the §BL \é%%o&f the present invention are in a formhaving a
(3) precipitation of Form XlII at room temperature
15 (4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl}-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine dihydrochloride Form XIlII by
filtration
(5) drying of Form XllII in vacuo at room temperature.

Preferably, the solvates of the present invention are in a form having a
dense crystalline structure which enables the raw active ingredient to be
easily formulated into final dosage form.

20

Additionally, Form XVI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride has been found.

25
Form XVI according to the invention has the characteristic X-ray diffraction
pattern as shown in Fig. 26. XRD pattern were recorded using a x-ray
powder diffractometer (Bruker AXS D5000) in transmission mode (Cu K
alpha 1, PSD).

30 The invention also provides a process for preparing the above Form XVI
according to the invention, which comprises:



dense crystalline structure which enables the raw active ingredient to be
easily formulated into final dosage form Additionally, Form XVl of

1-[ 4- (5- cyameitoaiod - 3-yl ) but yl ] - 4- (2- car banoyl - benzof ur anPETEPY2/@i1pEr azi ne
hydrochl ori de has been found. 25 Form XVl according to the invention has
the characteristic X-ray diffraction pa2flern as shown in Fig. 26. XRD
pattern were recorded using a x-ray powder diffractoneter (Bruker AXS
D5000) in transm ssion node (Cu K alpha 1, PSD). 30 The invention al so

provides a process for preparing the aboye Form XVI according_to the

i nvention, \/\hﬂ‘)hdﬁﬁﬁm%@j@@y QSD'I‘é?'7@'4”)EWﬂéD@PQ@PS@OVEWngWaBT Ssol vi ng
1- [ 4- (5- cyanoi ndgi)-phoerbripethildrochléddes iy featonitrild @mdafateain the nb)arpraer azi ne
hydr ochl ori de i n1_ cetonitrile and water in the nolar ratio 1:1 (2)
freeze-drying or 'spray-driying overnight to give Form XVl of 1-[4-(5- 5
cyanoi ndol - 3- {2)) freegéddrving 2r sprdyadmying oremighirtarmgive ojm pX\fefdzj4nEd-

hydr ochl ori de. Sjm , SCLLA ) ke ek i n other
m xtured of wat le:)?gujlrﬁﬁ rsnl(j:ﬁylb?f gﬁ@#*&ﬁ?’??&%ﬁ’é@ﬁw?? @??@%@?34’ﬁ§@ﬁ?éiﬁgoho| s, N
met hyl pyr r ol i donhysliochlofigeer . 10 Additionally, a pure amorphous Form of
1-[4-(5-cyanoi ndol - 3-yl ) butyl ]-4-(2- carbanoyl - benzof uran-5-yl) - pi perazi ne
hydr ochl ori de _has been found. It has been found that due tq the splubility
and bi oavai | aSimilaRy. ihe fepze-sky Pragess oan bgpeteimean othgr BINEERSPT as an

i ngredi ent of wexdraneiblé ergatie sollenf QetrahyairoRiran, dlestals) NL s especi al |y
useful as an H%E}ﬁdl enlt of. e ten{jed rel ease fornul ati ons. These Forns of
1-[ 4- (5- cyano pg[r9fq°60tv¥)ﬁwﬁ-e("27 car banoyl - benzof uran- 5-yl) - pi perazi ne
hydrochHQri de or di hydrochloride, as referred to as Forns |, 20 II, III,
1V, V, VI, VI Ly ! | > iel yo.and al |
of which are ﬁ‘gg }(\aﬁlorrng%egr(erj?e%ae'ﬁ%b ‘rgoﬂdg %%rﬁi %{fe1 %ﬁ%%ﬁg@h% F?ﬁ@gph{ﬂeﬁ{?’on" can

be used to tradr@med-hengohantng)-vipssaziee siydrochloride has been found.

It has been found that due to the solubility and bioavailability properties,
Form [l and Form VIl are useful as an ingredient of extended release

15 formulations. Form Il is especially useful as an ingredient of extended
release formulations.

These Forms of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-
5-yl)-piperazine hydrochloride or dihydrochloride, as referred to as Forms |,
20 I, U, 1V, V, VL, VI VI X X, X X XTIV, XV and XV respectively and all
of which are hereinafter referred to as the "products of the invention" can be
used to treat and prevent the disorders:
depressive disorders, including the sub-type disorders major depressive
disorder and dysthymic disorder, adolescent depression, anxiety disorders,
including the sub-type anxiety disorders chosen from the sub-types panic
25 disorder with and/or without agoraphobia, agoraphobia, obsessive-
compulsive spectrum disorders, social phobia, specific phobia including
neophobia, posttraumatic stress disorder, acute stress indication or
generalized-anxiety disorder, bipolar disorders, mania, dementia, including
Alzheimer's disease and multi-infarct, substance-related disorders, sexual
dysfunctions including premature ejaculation, eating disorders including
anorexia nervosa and bulimia nervosa and/or obesity, fibromyalgia, chronic
pain, sleeping disorders including dyssomnias and narcolepsy, psychiatric
disorders like psychoses, schizophrenia or schizoaffective disorder,

30



depressive disorders, including the sub-type disorders major depressive

di sorder and dysthym c di sorder, adol escent depression, anxiety disorders,

i ncl udi ngwolve/1ea1bt t ype anxi ety di sorders chosen fromthe sabAPgpedspani c 25
di sorder with and/ or w thout agoraphobi a, agoraphobia, obsessive-
compul si ve spectrum di sorders, social ph Bra, speci fic phobi a including
neophobi a, posttraumatic stress disorder, acute stress indication or
general i zed- anxi ety di sorder, bipolar disorders, mani a, denentia, including

Al zhei ‘s di .and I f d I
RIS - Tl R M R AR R

anor exi a ner vigagiond bul i m a nervosa and/ or obesi ty, fibronyalgia, chronic

AR e K
G sof der s 11 kanok OB B LiseR BEUBNEIIPIVIEE SREEIRIAD HERBtenb R CT 210 ©
02/ 102794 PCThgratresuse.g- wih @en@mwom@f@cﬁornhe@r@m@@s and therappr a|
i scheni 2 CNS ﬂ&é%?%rd%o?r%l% #PendGIdy %ﬁ?ﬁ écol ﬁ%ﬂﬂe for the

t her apy9of Slg ects in the treatnment. o pert SIO W th
a- met hyl dopa) traaimensof aseomeaplyy NERIIONANSTD neacaRdansagengg, Er al disorders,

i n endocr i nol g@maisir i BRG0P or Bndesifed plidrpetdl ¢itaken. of acronmegal y,
hypogonadi sm secondary anenorrhea, prenenstrual syndrone or undesi red
puerperal lactation. These disorders are herein after referred to as "the
Di sorders". 1Uhdéedoedastare meegini after referiedrto@sdihe Bssqrarstaceut i cal
conposi tions or medicanents conprising a Product of the Invention. The
phar maceutical conposition nmay conprise additionally one or nore
convent iBnal &beiprésant inartiondugber amldﬁs Rharmasesticatragspagiiory @duct s of
the Invention r a

nfedic erg@ d&ﬂp@rfsgr?%F &%f"cﬁ@‘fﬁ\ﬂériti%ﬂr *I'heiﬁ’la?r?léaﬁut‘iﬁal

adm ni stration, 1nc arent er al dm nistration.
Tabl ets or ca@@mpegltlanén@y EPRIPFigq aﬂdﬁmah\y PBASI MeyEyCygNH@Na pﬁ%@&éd by
conventional gipdtaficds asEosearts. Wi th the use of conventional auxiliary
substances and carriers, as well as binders, disintegrants, flavorings and
the |like. The dose corresponds to that 20 nentioned in US 5,532, 241.

Addi tional | y, Thbe, the\Rotucis ofehatlmertiontdaa bsﬁ)mmlaieﬂﬁraorthe@oni/emﬁonal

15 forms of administration, including peroral and parenteral forms of
administration. Tablets or capsules are preferred formulations. They can be
produced by conventional mixing processes and with the use of
conventional auxiliary substances and carriers, as well as binders,
disintegrants, flavorings and the like. The dose corresponds to that
mentioned in US 5,532,241.

20
Additionally, the invention relates to the use of a pharmaceutical
composition containing at least one product of the invention for the
treatment of the Disorders.

25 The following compositions are prefered:

A Composition comprising Form IV and Form V.
A Composition comprising Form IV and Form V in a molar ratio of about
100to 1to 10 to 1.
A Pharmaceutical preparation comprising an active ingredient consisting
essentially of a mixture of Form IV and Form V.

30 A Pharmaceutical preparation comprising an active ingredient consisting
essentially of a mixture of Form IV and Form V in a molar ratio of about 100
to1to10to 1.



conposition containing at | east one product of the invention for the
treatnent of the Disorders. 25 The foll ow ng conpositions are prefered: A
Conposi t iwo oeaemipd sing Form 1V and Form V. A Conposition ecrmpPoyidie Form |V
and FormV in a nolar ratio of about 100 to 1 to 10 to 1. A Pharnuaceuti cal
preparation conprising an active ingredi 88t consisting essentially of a

m xture of FormIV and Form V. 30 A Pharmaceutical preparation conprising
an active ingredient consisting essentially of a mxture of FormIlV and
FormV in a nolar ratio of about 100 to 1 to 10 to 1. WD 02/102794

PCT/ EPO2/ 06153 -26 An extended rel ease fornul ation conprising Form |

and/ or Form | A\h éxiehddd rdl@448 Mrﬂnhlatﬁmad ied Fohed.arkl/GuF e finahRe/ort he

pr esent |nven%) nﬁgﬁlates t% 8 use of Products of the Invention for the
manuf act ure ofP™ YLLS@IFRRAIEPBFYt he treatment of and prevention of the

Di sorders, such as depressive disorders, adol escent depression, anxiety

di sorders, 0 t | sorders,
sexual Bysf un ﬁh@érsr%r% E@&BFegeﬁFm(y%ntlgﬁ?@B{és%o tﬁH?@%adﬁfroFiﬁl:@,o?gwgom

pai n, sl eepi npvention desrtbe Mayeiacture iof aome@nca@mt fcm'dheéwgnt phand ct
tension, for P@eﬁﬂ@ﬁ%?i’hé’bls%rgérsefs&@ﬁ% d'ePréé?ﬁ’vé H%BFd’B?Qta@éleséBfﬁertens' on,

cerebral di so chronj ¢ paln, acrong hypogonadi sm . secondary
anmenorrhea, p @m§manxwa&8@m&er§n@pem@@W@@Spﬂ@%r@ﬁmemf&t ation. The

present | nvenéu@s”taﬁcké-ﬁ’élafedod@l‘étdﬁ§ gexiil b?ﬁuﬁ@ﬁortsf eatihg disurdés obbsity,
preventing an or fering an effective

one
and/ or prophyf(g@[m@ ﬁnﬁ'ﬁ'iondﬁ p"f"ﬂes'|3r68mgc‘f§o%i? ¥ I&syf:ﬁ@ g'&ﬂﬂiecg a patient in
need t hegeof . c&ebrariafaret, tarsiorDifsothedhsragyi aftside-effectsdn dioe tneatrdeprafssi on,
anxi et di so I o] -'e ' or der
20 gengr al i sehgéé\@e%{fgﬁ }e@%@f Z?%ﬁ%%rgt (?Fé@h %c%(rggrﬁs I)g’g{rsﬁggaﬁé(g’f’ FH >
obsessi ve conpmmdeéy@rrmmmea measﬁn@alwyndm@reaéemdasrredrmuemeriab
further concefpegdiod. th pharnaceuti cal

The present invention further provides a method for treating and/or

15 preventing any one or more of the Disorders by administering an effective
and/or prophylactic amount of the Products of the Invention to a patient in
need thereof.

Preferably, the Disorders which are treated are depression, anxiety
disorders, more preferably social anxiety disorder, panic disorder
generalised anxiety disorder, posttraumatic stress disorder and/or
obsessive compulsive disorder.

20

Accordingly, the present invention is further concerned with pharmaceutical
formulations comprising this polymorphic form as an active ingredient, and

25 the use of this polymorphic form and its formulations in the treatment of
certain disorders.

For the treatment of certain conditions it may be desirable to employ the
specific crystalline forms of the present invention in conjunction with
another pharmacologically active agent. It will be appreciated that the

30 compound of the present invention may be presented together with another
therapeutic agent as a combined preparation for simultaneous, separate or



formul ati ons conprising this polynorphic formas an active ingredient, and
25 the use of this polynorphic formand its formulations in the treatnent
of certawpoditexypders. For the treatnent of certain condi PCOmPo61aRy be
desirable to enploy the specific crystalline forns of the present
invention in conjunction with another pﬁar'macol ogically active agent. It
w Il be appreciated that the 30 conpound of the present invention nay be
presented together with another therapeutic agent as a conbi ned

preparation for sinultaneou e 02/ 102794 PCT/ EP02/ 06153 -27
sequential us&8HY" HHES?E‘P"@‘P@F&F@QS'SS%D ng?éjdpr PEFAIPREIBAS may
be, for exanpbe, forexahplédniheforen bf/\artwrpqmck.Wthout further el abor ati on,

it is believed that one skilled in the art can, 5 using the preceding
description, utilize the present invention to its fullest extent. The

preferred speWIthcut &t etaboratiangit isdeetisived thateona sidlied oy the arbcamne
construed as (I @tMe #réééﬁrﬁ%bgémptﬁﬂrduﬂﬁ%e tHe%r%%éht"rﬁvéﬁtrémﬁ) |'E§f;@b§?er of

t he C| osur e at soever tire disc|osures

appl i cat i ons, ebt&ﬂértltl’te p(ﬁﬁ@"ﬁ@ll{ip%lﬁﬁ remﬁod@n?att anghexamRias el Berefre ther eby

i ncor porated By obﬂfsﬁeu@@@@ mér%l)Emagtaémﬁe aﬁkﬂa‘l”d?|I|ﬁ1|ﬂatrv5’lt@@htﬁerﬁarn@ér &pthen | of
1-[4-(5- cyanor nd etﬁb but %2 car banmoyl - benzof uran-5-yl) - pi perazi ne

hydrochlorrde
1-[4-(5- cyanoThdcaalntrBe sdls):mwyés] eﬂal( appladtiansypatbeisz ahd pamtiGatjdns- cifgdper azi ne

al l owed 1o conbots 20 Etnd edheod MRl e incel o7 < “auded o the

reacti odOmi xture. After stirring for 2 to 3 mnutes the reaction mxture is
20 cooled to EQgmjgiegperature and precipitation occurs. Suction filtration
of the preci grtatﬁd crystals is effected. Drying in vacuo at room
tenperature t nt weight |leads to

1-[4-(5- cyanOPmchtramdf)thhv df 14f4-as G?ér’iﬁlﬁwl&ybqumuméa@aﬂdyl-pl perazi ne

hydrochl ori debgﬁzegfapaaﬁg I) plperazme Ftygrocﬁrorlde

15 Method 1:
1 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine is dissolved in 80 ml of acetone. The temperature of the solution
is allowed to come to 50°C and 0,5 ml of 1N hydrochloric acid is added to
the reaction mixture. After stirring for 2 to 3 minutes the reaction mixture is
cooled to room temperature and precipitation occurs. Suction filtration of
the precipitated crystals is effected. Drying in vacuo at room temperature to
constant weight leads to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yi)-piperazine hydrochloride acetonate Form I.

20

Method 2:

25 2,25 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride Form lll are dispersed in 200 ml of acetone. After
stirring for 14 days the precipitated crystals are recovered by filtration, and
drying in vacuo at room temperature to constant weight leads to 1-[4-(5-
cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride acetonate Form | which present the IR absorption spectra of

30 Fig. 1 and the x-ray diffraction spectrum of Fig. 12.

Example 2:



25 2,25 g of

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzof uran-5-yl ) - pi perazi ne
hydr ochl owode/1egeam 111 are dispersed in 200 mM of acet onePCAfPE2/061S3i rri ng
for 14 days the precipitated crystals arg recovered by filtration, and
drying in vacuo at roomtenperature to ¢ Rst ant wei ght |leads to 1-[4-(5-
cyanoi ndol - 3-yl ) butyl ] - 4- ( 2- car banoyl - benzof ur an-5-yl ) - pi perazi ne

hydr ochl ori de acetonate Form | which present the IR absorption spectra of

30 Fig. 1 and_t X-Ia |ffra spectr le 2. WO
o2/ 105704 perPEisTioh T FormhEIiala R aR0 BHOkgu Pl Rsf-t2-caB By

1- [ 4- ( 5- cyanobexxdfuansbiyepipelazing Bydrachlandg! - benzof ur an- 5-yl ) - pi per azi ne
hydrochl ori de: Method 1. 5 1 g of

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banoyl - benzof ur an-5-yl ) - pi perazine
i s dissolved Meta®] 6: g tetrahydrofuran and 2,2 g 1 N hydrochloric acid is

added to t he 11?’5@1 . .g éh’(Slﬁdol'-Aé g fﬁlc Zlbal%ta!‘ﬁtg/l-%@ﬂzéfdréh—fggylf or 30

m nut es9sucti o n of th |p| at e I ected. Drying
in vacuo at P@GF@%"@%"E%’@W@ ﬂ%%&ﬁﬁtfﬁhw&é@fgrﬁ @éﬁ 9&?‘4 E)édff?& 9551 vat e

if [4- (5 amg I|S added to the reaction 2mlxtureb After prgmpltatlon and stiring for 30
cyanoi ndal - car ba enzof ur era2|ne
10 hydr ochl or T c“ﬁﬁSH}é é@ ?&%’\}%Pﬁ &‘P%Hr‘%ﬁp'fégg%cms '%ﬁﬁﬁ(thgeh%v 'FQ\

absor pti on speatumabfodfn tempembulettb coxstamy weidHtleads tnthepaonhosotvate CFf-I g. 13.
Method 2: 3 g

1-[4-(5- cyano;I ﬁ%d? Cé/anf)}r}gju! I}jl b}ft}(l]24 é2 cgrbam?yl benzof‘uran oy gl ﬁgeramlnger azi ne
hydr ochflr i dehvdmnhldrldeamth tﬁtabwdgﬁurarmf@nmﬂl vdtich prasent e/t of uran. After

stirring for éesdgﬁantsb%cﬁé%mq 24 RAtH WPhPHFrACBN RGP 6

filtration. Drying In vacuo at Toomtenperdature to constant we@!ght | eads
to the solvate of 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2-carbanoyl -
benzof ur an- 5- ylethdd per azi ne hydrochloride with tetrahydrofuran of FormlIl.
Exanpl e 3: 20 Pro of

1-[ 4- (5- cyano?md %ﬁ M%.'P?)f‘ﬁogé ﬁb‘dté( ftogrroama erairar P Y i per azi ne

hydr ochl or i depip&fazihe tifyddodNIdriddr barimh B+ ak dispersaeddn 4@0edl ofo a sol uti on of
1-[4- (54syano | )pi perazi ne
nyclr ool o  de Suaygrgiular Aok shf #f%@ﬁ?‘*“% e
t et r ahydr of ur egcovenediBy ﬁﬁtat@c Drying in vacuo a room temperature to constant
weight leads to the solvate of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride with tetrahydrofuran of Form Il.

Example 3:
Production of Form XV of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride:

20

10 ml of 1N hydrochlorid acid are added to a solution of 1-[4-(5-cyanoindol-
3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride in

25 tetrahydrofuran [200 ml] (molar ratio base to tetrahydrofuran = 1:48) at 0°C.
After stirring for 30 min the precipitated crystals are recovered by filtration.
Drying in vacuo at room temperature to constant weight leads to the solvate
of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride with tetrahydrofuran of Form XV which present the IR
absorption spectra of Fig. 3 and the x-ray diffraction spectrum of Fig. 14.

30
Example 4:



After stirring for 30 mn the precipitated crystals are recovered by
filtration. Drying in vacuo at roomtenperature to constant wei ght | eads
to the sowoareo27ef PCT/EP02/06153

1-[ 4-(5-cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banoyl - benzof ur an- 5-yl ) - pi per azi ne
hydrochl ori de with tetrahydrofuran of Fo2fh-XV whi ch present the IR
absorption spectra of Fig. 3 and the x-ray diffraction spectrumof Fig. 14.
30 Exanple 4: WO 02/ 102794 PCT/ EP02/ 06153 -29 Production of Form X of

o os b oY B obTRigtign g ot X ot 1445 Y anomaor3-bli 4 B batbamby R Per 2! ne
1- [ 4- ( 5- cyanobenizofufanblybupipelazing Rydrachianidgl - benzof uran-5-yl) 5 pi perazine
is dissolved in tetrahydrofuran and 19,4 ml 1 N hydrochloric acid and 7,4
m water are added within 30 mnutes to this solution at 35-37C. After
s]E :c rri ng o1|‘:)r f 8:eg _bf)illf[é-,(51sﬁyaﬁbmdDhBﬂtb)bUQd]cﬁ-r(g-C@ﬁbBrﬁthbWOfﬂuﬂa_mr?vl)f)nﬁ;js
ef fect ed. Vi g cTane QOGORSY El9BFic lberds to
the sol Qate o?'ﬁ%féfiirgggfé%ﬁ&eﬂﬂgﬁté;gﬁ &ggﬁﬁ ?n% ?2-,car g{;ﬁ%dﬁ ber:cz;ogf ur an- 5-
yl ) - pi per azi n@nthyet BE Mrader are addad withinatl aumitas dnthis spienetiréh Gor esent
|1:0 thil X- ][a{ AfteF %mﬁhg%_fﬁge@gwqr@%ip{faﬁmn %&uzrs@r@b@kﬁiofiifilﬂtﬁﬁvi@t i on of
orm of 1-[4-(5-cyanoindol - 3- u -4- (2-car ba -
benzof ur an- 5- %ﬁ?&ﬁp pé%‘ig HEVARHE %E'%‘?PB? f/qg’éperféﬂggta C(S’f]gp%t weight Ieads. to _
ﬁ- ([j4- ( ﬁl cyagoihmhdlvﬁewfﬂb[sﬂt-w-d:yaﬁh(ﬁr%d&-ﬁMylﬂAb(@qaarbanmyl-ﬁeytofurqm-{:')eL azi ne
ydrochl ori de,F r d : d e
reaction m xtkﬁlsg’w%%8§|h§’é‘? é@ﬁg'g%%%ghgeépggéﬁfﬁé? ﬁgﬁ%ﬁ@%}@ﬁch ug'? Pgn
filtration of theneray difftagianespatirtiny ot bigs 16s ef fect ed at room tenperature.
Drying in vacuo to constant weight leads to 1-[4-(5- _ _
ﬁygnm E?ol g El ) but yl ] :1 ( 2]: cgr barrg(lyl \-Agenﬁof u ran; 5;* )l-gl pgram [le 20
ydrochl ori de ate of Form ich presen e absorption
spectra of Fi BroduciBd dfFor#r Xipof ﬂ[4—§55—@95ﬁ&ﬁd@lmgbuﬂwlﬁ-@?bgrbaﬁb l- Exanpl e
6: Producti onbof Ffor m él )g aof 1- .4-{1 - c¥€|nal ndol - 3-yl') butyl ] - 4- (2- car banoyl -
25 benzof ur an®813AN -3 éQ'Pﬁ@%llﬁj YRPRIeNgs: 3.6 g of
1-[4- (5-cyanoi ndol - 3-yl ) butyl ] -4-(2-car banoyl - benzof uran-5-yl) -
15 3 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride Form IV are dispersed in 500 ml of methanol at
60°C. The reaction mixture is cooled to -30°C and precipitation occurs.
Suction filtration of the prepcipitated crystals is effected at room
temperature. Drying in vacuo to constant weight leads to 1-[4-(5-
cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine

20 hydrochloride methanolate of Form XI which present the IR absorption
spectra of Fig. 4 and the x-ray diffraction spectrum of Fig. 16.
Example 6:
Production of Form XIV of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
25 benzofuran-5-yl)-piperazine hydrochloride:

3,6 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride Form Il are dispersed in 75 ml of n-heptane. After
stirring for three weeks suction filtration of the prepcipitated crystals is
effected at room temperature. Drying in vacuo to constant weight at room
30 temperature leads to the solvate of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride with n-heptane of



pi perazi ne hydrochloride FormIll are dispersed in 75 m of n-heptane.
After stirring for three weeks suction filtration of the prepcipitated
crystal s woe 02a6X7ect ed at room tenperature. Drying in vacu®@CrEPonmasant

wei ght at room 30 tenperature |eads to th§ sol vat e of

1-[4-(5-cyanoi ndol - 3-yl ) butyl]-4-(2- car® moyl - benzof uran-5-yl) - pi perazi ne
hydr ochl ori de wth n-heptane of WO 02/ 102794 PCT/ EP02/ 06153 -30 Form XV
whi ch present the IR absorption spectra of Fig. 5 and the x-ray

diffraction spectr A 5Pr .0Nn_0 rmV of
1-[4-(5-cyanoFHHBI>ay‘§/F'5°ELﬂg9§ tih?EEﬁ speg: th'ﬂgaﬁ ﬁ‘d)ﬁﬁ? Xf¥er azi ne
hydr ochl or i dedifivettiadspgectiion af &a. Ut on of 1 g of

1-[ 4- (5-cyanoi ndol - 3-yl )butyl]-4-(2-car bam)yl - benzofuran-5-yl)-pi perazi ne
in 32,6 g tetrahydrofuran 2,1 g hydrochloric 10 acid (37weight-% are
added. After &xampled:suction filtrati on of the precipitated crystals is

ef fected. Dryphgy OL?d%lé)\ﬁacfﬂlfbthV‘Hm (43 cFioHTicI A NEIRTR 4 TSR | cads (o

1-[ 4- (5 cyan0|nd uran-5-yl)-pi perazine
hydr ochl or i dePRy&RHaN §fy|):B'Pﬁf3\Z'%hMWQ§PE¥ # the IR absorption spectra of
Fig. 6 and the x-ray diffraction spectrumof Fig. 18. 15 Method 2: 2,25 ¢

of 1-[4-(5- cymeg%néigl_ -3-yl)butyl]-4-(2-carbanoyl - benzof uran-5-yl) -
pi perazi ne hy A dride Form1V are di spersed in 10 bis 20 g water. After
stirring for 74 a sold8ohoiingy d)h‘b[éb—l(&-syalhcsindole3-ryébuwﬂi=de(2—byrtfarhcbylati on, and

dryi 4- (5 20
cvanorndol - 3. SESzofiPBYPobelEhilin 8.l SRR AR %Erti?q Hfifddohrt L4
hydr ochll@r i de aniddBgweigt-%6para add%tAcftﬁf skrrrlr]g)sgctmn flltra ion of the

1-[4-(5-cyano F%f?;&uta%ebf'&%ﬂél%hi eﬁeét%dcéfrﬁﬁgwba&%'@ééﬁswntﬁnéu ht 8§rofom

pi per azi ne d| loride Form XLII

er. After
stirring fort PW@W'@ '@ﬁ@sg?93[43(5@&%inﬂ%gv@b@@'w?ﬁqa{b%f) and drying
in vacuo to @@ﬁzém?én-wlpbbeaézmmwmmﬂrd@thyoeaieeadsorhov which present

1-[4-(5- cyanoyd ﬁi Eégrp}lon s%el:tra of Fig. 6 and the x-ray diffraction spectrum of Fig.

18.

15
Method 2:
2,25 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride Form IV are dispersed in 10 bis 20 g water. After
stirring for 24 to 48 hours the crystals are recovered by filtration, and drying
in vacuo to constant weight at room temperature leads to 1-[4-(5-
cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride hydrate of Form V.

20

Method 3:
10 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-

25 piperazine dihydrochloride Form XllI are dispersed in 1 | water. After stirring
for 48 hours the crystals are recovered by filtration, and drying in vacuo to
constant weight at room temperature leads to 1-[4-(5-cyanoindol-3-yl)butyl]-
4-(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride hydrate of Form
V.

30 Example 8:
Production of Form VI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride:



4- ( 2- car banoyl - benzof uran-5-yl ) - pi perazi ne hydrochl ori de hydrate of Form
V. 30 Exanple 8: Production of Form VI of

1-[ 4- (5- cyameitoaiod - 3-yl ) but yl ] - 4- (2- car banoyl - benzof ur anPETEPY2/@i1pEr azi ne
hydrochl ori de: WD 02/ 102794 PCT/ EPO2/ 0613&0 -31- Method 2: 10 g of

1-[4- (5-cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banoyl - benzof uran-5-yl ) - pi perazi ne
hydrochloride Form Il are dispersed in 100 mM water. After 5 stirring for
1 hour the crystals are recovered by filtration, and drying in vacuo to
constant weight at roomtenperature |eads to 1-[4-(5-cyanoi ndol
3-yl)butyl]-4-(2-carbanoyl - benzof uran-5-yl ) - pi perazi ne hydrochl ori de
hydrat e of FoMathMbd 2Exanpl e 9: 10 Production of Form VI of

1-[ 4- (5-cyanoi Al . -4 . HTBY k5 f =¥ I=)viRl perazi ne
A e deh%&%ﬁﬁ&l (8 BYéHélégéi é%r)ﬁﬁtﬂlﬁad"@%arb%%. B bdha8ran blyiR

1- [ 4- ( 5- cyanopipgsazige yiyyl ridesE@rm §arp shienarsed iy H9Q miwagey Afterpi per azi ne

hydr ochl ori de i i atiQht fimd ipg 15 for
pydrochigor @ gff@@p‘aflgg 1 ¥oBir Hes BEEAS afd rekdvBledBY fiftratibht 8Rd BhiRd i

are recovered by filtratiqn, apd dryLng Tn vacuo to
constant wei ghecug 1 eRjitarinyeioht at o {gRpergiure leads o 144457 andindof
1- [ 4- (5- cyanopngputydr-4l(2leattyarhoyldbdrzotaah Bl pigsraziekbunainohiytide pi per azi ne
hydr ochl ori dehh%_drtatf of rm VIII which present the I'R absorption spectra
of Fig. 8 and YHE% o 59"” I'ffraction spectrumof Fig. 20. 20 Method 2: 10 g
of 1-[4-(5-cyanoindol -3-yl)butyl]-4-(2-carbanoyl - benzof uran-5-yl) -
pi per azi ne hyg;(g @pi de Form 11l are dispersed in 10 to 20 g water. After
stirring for n 1 hour the cr}/stals are recovered by filtration, and

dryi ng 118 vacBeodustionrftranm i efit-[4t5-cvaneindepEybbutyd-4-coarbesrayl{ 4- (5- 25
cyanoi ndol - 3- Mbhfbfhvérl-w)(ﬁ;%péﬁeréﬁ?éfﬁydroémﬁ%yr an- 5-yl ) - pi perazi ne

hydrochl ori de hydrate of 'Form VII1I1." (After stirring for about 1 hour Form
VI ocurrs as an internedi ate which is subsequently converted into Form

Vi) Method 1:

1 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride Form VI are dispersed in 10 ml water. After stirring

15 for 12 hours the crystals are recovered by filtration, and drying in vacuo to
constant weight at room temperature leads to 1-[4-(5-cyanoindol-3-yl)butyl]-
4-(2-carbamoyl-benzofuran-5-yl)-piperazine hydrochloride hydrate of Form
VIl which present the IR absorption spectra of Fig. 8 and the x-ray
diffraction spectrum of Fig. 20.

20 Method 2:
10 g of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride Form Il are dispersed in 10 to 20 g water. After
stirring for more than 1 hour the crystals are recovered by filtration, and
drying in vacuo to constant weight at room temperature leads to 1-[4-(5-

25 cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride hydrate of Form VIII. (After stirring for about 1 hour Form VI
ocurrs as an intermediate which is subsequently converted into Form VIII)

Example 10:
Production of Form IV of 1-[4-(5-cyanoindol-3-yl)butyl}-4-(2-carbamoyl-
30 -benzofuran-5-yl)-piperazine hydrochloride:

Method 1:



Exanpl e 10: Production of Form IV of

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - 30

benzof ur awo32502794pi per azi ne hydrochl ori de: Method 1: WO 0PCIXPTDd6153

PCT/ EP0O2/ 06153 -32 Drying of Form YV pr eggr ed according to exanple 7 in
vacuo to constant weight at 85 to 90C teéds to

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2- carbanoyl - benzof uran-5-yl) - pi perazi ne
hydrochl ori de of Form IV which present the IR absorption spectra of Fig. 9
and the x-ray_di.ffr ectrumof Fjg. 21. t hod i of Form
Xl prepared aE’ESGPQIOigto r\éﬁéﬁ%fﬁdé‘cf’ﬂ“\fé&t&’g“}%ﬁdﬂi}'& \mcuo\,\‘;&c&%ﬁiﬁ 60C

| eads to 1-[4weight @6t twi60® CBJe;dc)shntMﬁﬂ-(&'ﬂe‘_(éhcuadddmlybutyl]A (2-

benzof ur an- 5- - ' APPARRL L

Pr oducti on of XiL—')b b%ﬁ?&‘% %‘i% @f@#p%ﬁ%ﬂﬁeﬂ&d@%ﬁ kj\é it - -(2 car banoyl -
benzof ur an- 5- pre)septﬁawzaheomyam@eacm pEEig. Bran tj\edf-rasbdnﬁfraq iofr epar ed

accor di ng to §|§ Jﬁ = acuo to constant 15 weight at 100 to 110C | eads
t01[4(5 cyahol ndol - @?butyl]-4-(2-

car banoyl - benzof ur an- 5- yI ) - pi perazi ne hydrochloride of FormlIll which

present the Imeaﬁ)@@gption spectra of Fig 10 and the x-ray diffraction
spectrum of Fj

n of m_VI | , of
1-[4-(5- cyanob%ﬂﬁg [« '%F’T%t@fﬁf’a'?d(z%@é é‘?‘lgdtﬁ C(?%ng 9?'5'S-tﬁpber azi ne
hydr ochl ori deweightaé¢60HQ leddsor tH4 (b-pyarmnddl &qbbutyi]rﬂg(z-oamemqyle 10 for 10
m nut es at
1-[4-(5- cyano?%ﬁ#-@??t}@ ?'9? azhne% Ey%rg%lgrqg?/lo‘cggﬁ?oyuran 5- 25
yl ) - pi pdPazi ne hydrochl ori de of Form VII which present the IR absorption
spectra of Fi gyahbi&h4- the x-ray diffraction spectrum of Fig. 23. Exanple

13: Productio cyanqQi ndal - car banoyl -
benzof ur an- 5- ?F@d%t'ﬁércﬁf ety |Hﬁfrh@h?%?¥%@‘nd° Sbl}i[ylﬁ {2yc4rbam(oyl- Y

benzofuran-5-yl)-piperazine hydrochloride:

Drying of Form Il prepared according to example 2 in vacuo to constant

15 weight at 100° to 110°C leads to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride of Form Il which
present the IR absorption spectra of Fig. 10 and the x-ray diffraction
spectrum of Fig. 22.

Example 12:
Production of Form VII of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-

benzofuran-5-yl)-piperazine hydrochloride:

20

Tempering of Form IV prepared according to example 10 for 10 minutes at
250°C leads to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-

25 yl)-piperazine hydrochloride of Form VIl which present the IR absorption
spectra of Fig. 11 and the x-ray diffraction spectrum of Fig. 23.

Example 13:
Production of Form IX of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride:

30
Drying of Form VIl prepared according to example 9 in vacuo to constant
weight at 100° to 110°C leads to 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-



30 Drying of FormVIIIl prepared according to exanple 9 in vacuo to constant
wei ght at 100 to 110C leads to 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2 WO

02/ 102794WB@TAEROL/ 06153 -33 car banoyl - benzof u ran-5-yl) PpirEPoaed1se
hydrochl ori de of Form |1 X which present the x-ray diffraction spectrum of
Fig. 24. Exanple 14: 5 Production of Forsexi 11 of

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzofuran-5-yl)-pi perazi ne
di hydrochi oride: 3 g of

1-[4-(5-cyanoindol - 3-yl ) butyl ] -4-(2-carha |- benzof ur an- 5-yl, ) - .Qi perazi ne
i s dissol ved Pﬂfdbf@boxh%%ﬂmf%?'}%v&m%ﬂﬂgﬁﬂf 1o eocpﬁgcp\fnai(lev& ent rat ed
hydrochl ori c pmasgnt Ahterraytdiffractign fspecutmoofFigi 2t es suction 10 filtration
of the precipitated crystals is effected. Drying in vacuo at room
tenperature to constant weight |leads to

1- [ 4- (5- cyanoExanmple141 ) but yl ] - 4- (2- car banoyl - benzof ur an- 5-yl ) - pi per azi ne
di hydrochl ori peo@ictiohrdn Perh] XWHbIC{L[4- -?Z@ﬁk%inéqgs-gp@ﬁ%hﬁ 2-Shifanfoylay

di ffracPi on spectrum of Fi . 25, oducti on of Form XVl of
1-[ 4- (5- cyanoBﬁB@fU@Wﬁjyébg'??]’aﬁn?Egﬁb’QF e penzof uran-5-yl ) - pi per azi ne
hydr ochl ori de: Method 1: Freeze-dry 500 ng of

1-[4- (5-cyanoi,ndol - 3: yl) butyl]-4-(2:carb | .-benzaof uran:5-yl) -, 20

pi per azi ne hyé rgo@Jh1 %Hl gy%'ﬁg'ﬁhplfﬁ'lg'bpuﬁ'ﬁTé@%?rb(ﬂm? bfﬂéoﬁiréét??%'d in a

m xture of 1Plpendziaedd dissolvet iar 60 N0ofrittrabydrofurdihe@nslol Qitril oh 2Nsor
freeze-dried | | 0 : J |&h present
the character ?éﬁ%ﬂt%@(}rj‘gﬁﬁ?%#ﬁ!ﬁ%?‘?@ﬁ@%e%wﬁ%%é E g%gf%@v@%{‘ age:

1- [ 4- ( 540yanofili@sipn Df §hg pragipitatad cpysials isatigricd eRrdng imvasug atl) roops
piperazine hygicdiaRireds donski Weigabatd & 11452y aRbIEBL3IBLYIRS(BAN |
each solvent alone. Simlarly the ?_reeze-dr ocgss can_be formed in
ot her ni xt ur e§@ nwa)t-@ren%p%%bﬁeylbpw%n@@ﬁ'h»@fﬁ@cm%@@ QWBFfBBﬁ['éNh'Ch

al cohol's, N prideyk I cledradmnstivixtraywiffiectioMebbetdud: of RB§. 25. Spray-dry 500
ng 1-[4-(5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzof uran-5-yl) -

Example 15:
15 Production of Form XVI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-

benzofuran-5-yl)-piperazine hydrochloride:

Method 1: Freeze-dry

500 mg of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride of Form IV, Ill, VI or IX are dissolved in a mixture
of 100 ml acetonitril and 100 ml water. The solution is freeze-dried over
night to yield 500 mg of a white powder which present the characteristic x-
ray diffraction spectrum of Fig. 26.

20

Advantage: 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-

25 piperazine hydrochloride is better soluble in the solvent mixture than in
each solvent alone. Similarly the freeze-dry process can be performed in
other mixtures of water miscible organic solvent (tetrahydrofuran, alcohols,
N-methylpyrrolidon) with water.

Method 2:

30 b) Spray-dry
500 mg 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-
piperazine hydrochloride of Form IV, Ill, VIl or IX are dissolved in a mixture



pi perazi ne hydrochloride of Forml1V, Il1l, VII or IX are dissolved in a

m xture WO 02/102794 PCT/ EP02/ 06153 -34 of 100 ml acetonitril and 100 mi
wat er. Thwogoho7pon is spray-dried to yield Form XVlI. Ex®aeplEPodeéa1sdh
Solubility data of Forns II, IIl, IV, V, VI and VII|I are neasured according
to Al ex Avdeef et al, Pharm Pharmacol - 3¢ommun. 1998, 4, 165-178 and Al ex
Avdeef et al, Pharmaceutical Research 2000, 17, 85-89 via potentionetric
titration. The pSOLTM sol ubility profiler, automatically collects
potentionetric Icul tes the ol upi lit, rofi prints
Phe val ues. at 06100 ik assronit anaripel Watdh TRE soion s sPrai-sT 1o FRE B 1 1S
m cro- and naRoghalil evel s can be determ ned. Al so presented are two new
concepts, the Flux Factor Profile and Dose Limt Profile. Both concepts
foll ow the guidelines consistent with the Bi oPharnmaceutics C assi fi cation
Schenme. 15 Takkemple 18bl ubility dat ain ~Lg/ Forml FormlIl Form|l | Form

|V FormV Forgb‘r{lbnﬁgaﬁ‘éa\ll g H)rmé’ B;j’voﬁ \9‘ %ﬁd Q/H?%ré’nﬂs%sﬁﬁ&?aé’ dp"r@m Be' ow
vdeqf.e

are giveén the nost pea spectra e in

Forms: Form | %3’3 3., PhrmecohyCorgoum. (1 @X( m,

3148 (M, 30A9dé¥ et eﬂOPHa(méeelﬁ%ilRé%arcﬁaﬁﬁ)O(ﬂ)? 88%@7V|éfﬁoterﬂﬁﬁﬁethﬁ? 2579
(m), 25 2487 ;I%fi%%%l (M, 2212 (ny, 1761 (w), 1711 (s), 1673 (s), 1617

(m, 1597 7 (n), 1473 (n), 1468 (m), 1444 (n), 1423 (w), 1400 (m),
1364 (s), 1319 (W), 1302 (w), 1279 (w), 1265 (m), 1244 (w), 1225 (s), 1197

: ié?g ("?I'he Wscgétéﬁt?/ ﬁr%lg&ﬂﬁw%ﬂé%l@tl%&& cite?{‘a %eg'g@éi t 1?33 41
, 8320(vv) calsgmteésﬁhe pasquhility 78efiles) and genisithe vaes(ah.16dbunish), 673
, 644 (m, wﬁ@rv@%zlﬁtw}\sm%mtflm es indHe (illi-, mAftfo{ #Ad narRdgrla leveRScdi . 500

491
(. be determlned Also presented are two new concepts, the Flux Factor
Profile and Dose Limit Profile. Both concepts follow the guidelines
consistent with the BioPharmaceutics Classification Scheme.

3355

15 Tablell:

Solubility data in pg/ml
Form| | Form Il | Form Il | Form IV | FormV | Form VI | Form
Vill
0.08 0,03 0,12 0,33 0,18 0,23 0,10

20
Below are given the most relevant peaks of the IR-spectra of the individual

Forms:
Form |
3459 (m), 3335 (w), 3271 (m), 3252 (w), 3202 (m), 3180 (m), 3148 (m),
3039 (w), 3009 (w), 2941 (m), 2868 (m), 2847 (m), 2660 (m), 2579 (m),
25 2487 (w), 2451 (m), 2212 (m), 1761 (w), 1711 (s), 1673 (s), 1617 (m), 1597
(s), 1577 (m), 1473 (m), 1468 (M), 1444 (m), 1423 (w), 1400 (m), 1364 (s),
1319 (w), 1302 (w), 1279 (w), 1265 (m), 1244 (w), 1225 (s), 1197 (w), 1184
(m), 1171 (m), 1136 (w), 1115 (m), 1100 (m), 1093 (sh), 1034 (w), 1013
(w), 973 (w), 956 (m), 939 (m), 925 (w), 881 (m), 864 (m), 841 (w), 832 (w),
821 (m), 801 (m), 762 (m), 738 (m), 730 (w), 689 (sh), 673 (m), 644 (m),
30 622 (w), 607 (w), 580 (w), 543 (w), 534 (w), 508 (m), 500 (m), 491 (m), 471
(w), 454 (w).



, 454 (w). WD 02/102794 PCT/EP02/ 06153 -35- Form |l 3458 (m), 3424
, 3348 (w), 3277 (w), 3204 (m), 3184 (m), 3036 (w), 3008 (w), 2972
. 29380(0210272863 (m), 2659 (m), 2597 (m), 2579 (m), PEFAEPIINGISRA5O
, 2210 (m), 1736 (w), 1677 (s), 1618 ggy 1601 (s), 1578 5 (m), 1552
. 1474 (), 1446 (nm), 1402 (m), 1376°Pm), 1368 (m), 1320 (m, 1302

e Y e e
wm [7207)]
~ ~——

w, 1275 (w), 1262 (n), 1250 (m), 1221 (m), 21198 (w), 1186 (m, 1169 (m,
156 (w), 1131 (w), 1116 (w), 1101 (w), 1065 (n), 1034 (w), 1011 (w), 974
w), 955 (m, 941 (m, 925 (w), 913 (w), 881 (m, 859 (w), 833 (w) 817
(w), 809 (w, FQUU tn'), 762 (w), 739 (w), 694 (w), 676 (w), 640 , 607
(W, 583 (W) , 3882 () 34BDEH)VB34318E), BAT7 (wassaz%(m)lmsér(m)l msesmn (m,

(v). 2950 326%0@%’4&0 e &%ﬁn@( 25 ) 5265597@;99’? i, Eéﬁgw i oL, 208

2457 (n')255@181)(21§ 9 (roy 16136 (w),,1673ds). (118 (187 160 1@1&3 (m)
1463 145 8
(?ﬁ g 5147@( 1)%3%3?&5@ 148 4GB, 37 1368 (

3(
1320 (2320 e Lo A (o, v

(m, 1215 (m(m
(w), 1035 (W)118§ZmQW)1569 )(1'113"3\%11’(1'6 ;35( 401 W), 1965 m)h)1034%\ll§9 (m, 853

835

(w0 038 (0 4808 o740, v%&rkwiwﬁ%a?ﬁfmaé%%w %0

Form | \2/9%3(7 88% (WR2E (W) BOQZ{W& q00 (mBm (W))73%(Wﬁ 60d) () ;Vz)ggﬁ?s\gl)’fﬁf%?? )
W,

(1?70 (s), 160 %65 (y@”i;sisgﬁﬁi@@v)(éﬁé%ﬂ'ﬁgséf) gié%)(s) 1320 (n), 1304

M, 1280 (m), 1275 (r‘r) 1249 (m), 1227 (s), 1186 (nm), 1162 (m), 1141 (w),

25 1131 (W), , 71099 (W), 1082 (w), 1032 (w), 971 (w), 951 (nm), 942

E&AA 10
Ev'?) 92?12(\(,\/\)/\/) 34@@2@‘”()\/@33766"?(@&}}39%%‘5 &g@ g%é%rﬁn 738&%@ 6@3&?% 6471
(W), 461 (W) 30B81(M)V3001 (w), 2936 (m), 2922 (sh), 2865 (m), 2837 (w), 2787 (w),
2655 (m), 2591 (m), 2457 (m) 2218 (m), 1674 (s), 1618(m) 1598 (s), 1577
(m), 1473 (m), 1463 (m), 1453 (sh), 1445 (m), 1402 (m), 1380 (m), 1368
15 (m), 1356 (m), 1329 (m), 1320 (M), 1304 (w), 1284 (w), 1265 (m), 1256 (m),
1240 (m), 1226 (m), 1215 (m), 1186 (m), 1172 (m), 1124 (m), 1097 (m),
1088 (sh), 1059 (w), 1035 (w), 987 (w), 955 (m), 941 (m), 924 (w), 918 (sh),
879 (m), 853 (w), 835 (w), 809 (m), 800 (m), 784 (w), 762 (m), 736 (w), 677
(w), 659 (W), 629 (m), 608 (w), 581 (w), 544 (w), 495 (w), 478 (m), 454 (w).

358

20 Form IV

3437 (m), 3328 (w), 3273 (w), 3030 (m), 3006 (m), 2987 (M), 2938 (m),
2915 (m), 2875 (m), 2845 (m), 2660 (M), 2459 (m), 2222 (s), 1899 (w),
1670 (s), 1602 (s), 1577 (s), 1475 (m), 1444 (s), 1370 (s), 1320 (m), 1304
(m), 1281 (m), 1275 (m), 1249 (m), 1227 (s), 1186 (m), 1162 (m), 1141 (w),

o5 1131 (w), 1112 (m), 1099 (w), 1082 (w), 1032 (w), 971 (w), 951 (m), 942
(m), 909 (w), 881 (m), 854 (w), 822 (m), 768 (w), 733 (w), 691 (w), 660 (W),
642 (w), 628 (w), 607 (w), 581 (w), 526 (m), 502 (w), 493 (w), 471 (w), 461
(w).

FormV

30 3483 (s), 3460 (s), 3222 (s), 3192 (m), 3007 (w), 2947 (m), 2864 (w), 2838
(W), 2784 (w), 2682 (m), 2606 (m), 2478 (w), 2461 (w), 2219 (m), 1669 (s),
1604 (s), 1575 (m), 1474 (m), 1461 (m), 1444 (m), 1402 (m), 1382 (m),



30 3483 (s), 3460 (s), 3222 (s), 3192 (n), 3007 (w), 2947 (n), 2864 (w),
2838 (W), 2784 (w), 2682 (nm), 2606 (n), 2478 (w), 2461 (w), 2219 (n), 1669
(s), 160W0(0e)N9278675 (), 1474 (m), 1461 (nm), 1444 (n), 1202/EPnY9615882 (M),
WO 02/ 102794 PCT/ EP02/06153 -36 1371 (sh). 1362 (m), 1321 (w), 1304 (w),
1271 (m), 1263 (sh), 1247 (m), 1226 (291185 (m), 1160 (m), 1137 (w),
1113 (m, 1101 (w), 1091 (vv) 1082 (w), 1058 (w), 1048 (w), 1030 (w), 1008
(W), 972 (w), 954 (m), 942 917 (w), 883 (w), 857 (w), 822 (nm), 815

2 0 e A o Sl

3188 (s) 3172226xm),30t% (mp)1,16R989, 1137 (WRALA3((m), 126846w), m)0912(@/35 (m,

2581 253 1

1577 (s) 147 %’Js)nho"i%g‘gf% e (4 ﬁ@l \/?%7)97%?%,9 gs%m
1323 1306ml @@7@8 ), 8B 2(mi,2&’96 (r@) 671(&72 ( 1132

020 (vlvizosé?’ 4@@35%@@@%%91 Bghaot . Stk %@7 9‘7‘39(2%,

727 (sh), 677 (w), 655 (w), 635 (n), 607 (w), 542 (w), 530 (w) 499 (W),
472 (W), 426 Ewdm W5 Form Vi1 3480 (sh), 3459 (s), 3166 (m), 3146 (n), 3031

(o}, 240 (p4T85h 3Bl (o1 6431 19) 529£19). olip (h ddzoly I8 sh 29381

(M, 1475 (m) ()R85 (m), 2864696)( 2§75 (BHE5EM(M)12599 (1), 24805m)§2161275 (),

(15\,;18 Lok (15\,)2 (g%a%%lgé é'@ﬁ%%ﬂs(gigz? %fjmgggm gi 349%() Zgﬂ gW%W)1101

882 (m) 10855 (387 (s)843691tsh), 8350((m ), 132( m)u)13043(m)( 72 690, 1247 (B2 (),

627 (W, 608 (§)81;18 1 1132 n{)W)Mz@% (#1999 éﬁ)l 8D (1 orm Vil
2038 ( mzsé@%\(w 3%%;6?’?@2%4% 3’ %é%(% % %§§§§V 10

(s). 1658 (3815%61}171@ h)1286 \(/)/\/)7391(55672 h1672(W)T)6551(4®461BBXm)1443 (s).
ot (0 S < A P D s
15 Form V1|

3480 (sh), 3459 (s), 3166 (m), 3146 (m), 3031 (m), 3007 (m), 2926 (m),

2870 (sh), 2853 (m), 2664 (m), 2570 (m), 2540 (sh), 2460 (m), 2221 (m),

1673 (s), 1613 (sh), 1592 (s), 1578 (sh), 1552 (m), 1475 (m), 1445 (m),

1398 (m), 1366 (m), 1319 (M), 1303 (m), 1275 (m), 1248 (m), 1226 (m),

1187 (m), 1177 (m), 1161 (m), 1133 (w), 1114 (w), 1101 (w), 1033 (w),

1009 (w), 973 (w), 952 (m), 942 (m), 925 (w), 919 (w), 882 (m), 855 (w),

823 (m), 815 (m), 769 (w), 735 (w), 690 (W), 642 (m), 627 (w), 608 (w), 581

(W), 571 (w), 559 (w), 547 (w), 501 (w).

20

Form VI

25 3379 (m), 3342 (m), 3298 (m), 3234 (m), 3188 (s), 3141 (s), 3027 (w), 2938
(m), 2866 (w), 2844 (m), 2787 (w), 2729 (w), 2679 (m), 2598 (m), 2210 (s),
1658 (s), 1611 (s), 1576 (w), 1556 (m), 1472 (m), 1464 (m), 1443 (s), 1404
(s), 1385 (sh), 1369 (m), 1331 (sh), 1321 (m), 1302 (w), 1286 (w), 1264 (w),
1249 (m), 1230 (s), 1177 (m), 1162 (m), 1128 (w), 1117 (w), 1099 (w), 1084
(w), 1033 (w), 1008 (w), 971 (w), 958 (m), 941 (m), 926 (w), 917 (w), 898

30 (w), 882 (w), 870 (w), 857 (w), 836 (w), 826 (w), 803 (s), 767 (w), 733 (W),
687 (m), 655 (w), 641 (m), 618 (w), 599 (w), 554 (w), 535 (w), 503 (w), 493
(w), 470 (w), 439 (w).



(W), 1033 (w), 1008 (w), 971 (w), 958 (m), 941 (m), 926 (w), 917 (w), 898
30 (w), 882 (w), 870 (w), 857 (W), 836 (w), 826 (w), 803 (s), 767 (w), 733
(W), 68WOmRI0B36 (W), 641 (n), 618 (w), 599 (w), 554 (WPCTHEPB2/¢6F3 503
(W), 493 (w), 470 (w), 439 (w). WD 02/102794 PCT/ EP02/ 06153 -37- Form X
3415 (s), 3290 (m), 3282 (m), 3234 (s),-3196 (s), 3176 (s), 3005 (m), 2993
(M), 2938 (m), 2849 (m), 2678 (n), 2629 (nm), 2592 (m), 2473 (n), 2457 5
(m, 2217 (s), 1680 (s), 1673 (s), 1608 (s), 1594 (sh), 1576 (s), 1474 (m,
1457 (sh), 1440 (s), 1427 (sh), 1401 (n), 1372 (m), 1365 (n), 1354 (m),
1321 (m), 1304 (sh), 1281 (m), 1263 (w), 1247 (m, 1236 (n), 1222 (s),
1185 (m), 117sofrrr)x| 1169 (n), 1160 (sh), 1128 (m, 1121 (m), 1100 (rr)

304 (856 0415 Sh 2ol 5287 %59%%5@%@?@*%1% w673

10 (m), 658 (w)w m«m)%eee{n()n?ﬁ?&eﬂ 2629 (a) 26

(Z‘é%é (47? (Z‘é% 2?1( @9') 61‘:9 %%%Oé %5 éé)(sh 2?3 14?@3&35)
(sh), 1559 (sA¥:

T)’ 1304 (W) 13228m)( $504 ﬁ%@z& m) MO ( %)1242%)(1936 (kﬂ)Basz (s),1169 (M,

(MBIBATM).SHB7(w) , 492

1580
713.'7)216&9 4437 ) 1#R61m) 21@ 1‘5”@? 1304do)(m , 1321

o () 12 g PP o o Yo G et B, 500 () 24

, 641 (w), 1688 ({n)) 108D tw), MD19K@) N9 28/(Z) 9385 fh)( 942 (@13/892’( (%), 8932(W)(rf)

, 1380 (m (mlmﬁ(vmfma‘w 6@% (M), 15870(m), |4 (190535 i) ) AP2 (Wr41

. 1227 1186 1172 1123 1097 ,
(W), (1(?33‘7%3&549 ("k'%va'@’%éwgv)(w) 94(1W)25 (m, 9(2? (W), 88(2W%w) 853(W)
835 (w), 812 (w), 802 (w), 762 (w), 736 (w), 676 (W), 641 (w), 630

m
e e T
b

W,
(W) . Below ar goghvely the nost rel evant peaks of the Raman-spectra of the

dividual FoLysa Wil B3 &5 baBs ) 360l @5Y 2805 Ty, 2458 ) 2218 (m), 1674
(s), 1617 (m), 1598 (s), 1580 (sh), 1559 (sh), 1472 (m), 1445 (m), 1401 (m),
15 4383 (m), 1369 (m), 1321 (m), 1304 (w), 1263 (sh), 1240 (m), 1226 (m),
1216 (m), 1186 (m), 1169 (m), 1159 (m), 1123 (m), 1096 (m), 1057 (w),
1034 (w), 986 (w), 956 (M), 941 (m), 924 (w), 883 (w), 864 (w), 853 (m),
810 (m), 801 (m), 762 (m), 735 (m), 641 (w), 629 (m), 501 (m).

Form XV
3458 (s), 3281 (m), 3227 (m), 3187 (sh), 2935 (m), 2925 (sh), 2866 (w),
2701 (w), 2594 (w), 2455 (w), 2217 (m), 1675 (s), 1617 (m), 1598 (m), 1578
(m), 1472 (m), 1444 (m), 1401 (m), 1380 (m), 1369 (m), 1357 (sh), 1320
(w), 1303 (w), 1265 (m), 1241 (m), 1227 (m), 1215 (m), 1203 (w), 1186 (w),
1172 (m), 1123 (w), 1097 (w), 1087 (w), 1032 (w), 986 (w), 956 (w), 941

25 (m), 924 (w), 882 (w), 853 (w), 835 (w), 812 (w), 802 (w), 762 (w), 736 (w),
676 (w), 641 (w), 630 (w).

20

Below are given the most relevant peaks of the Raman-spectra of the
individual Forms with an estimated accuracy of +/- 5 cm™:
Form I:

30 3128 (m), 3071 (m), 3044 (w), 3011 (w), 2993 (m), 2975 (m), 2956 (m),
2912 (m), 2868 (m), 2849 (m), 2214 (s), 1674 (m), 1618 (m), 1594 (s), 1578
(s), 1553 (m), 1475 (w), 1446 (m), 1400 (w), 1367 (m), 1347 (m), 1337 (m),



Forml: 30 3128 (m), 3071 (m), 3044 (w), 3011 (w), 2993 (m), 2975 (m), 2956
(M), 2912 (), 2868 (n), 2849 (m), 2214 (s), 1674 (m), 1618 (nm), 1594 (s),
1578 (s)WODBA®7041), 1475 (w), 1446 (m), 1400 (w), 1367 (mCI/EPBATe163), 1337
m), WO 02/102794 PCT/ EP02/06153 -38 1322 (m), 1303 (m), 1282 (m), 1267
(M, 1244 (s), 1229 (m), 1184 (m), 1174 ?rﬁ, 1138 (m), 1097 (m), 1052 (m,
1033 (m), 1014 (m), 974 (w), 957 (w), 940 (m), 925 (w), 914 (w), 881 (m),
836 (W), 818 (m), 794 (w), 783 (w), 767 (W), 753 (W), 729 (w), 693 (w),

203 (w495 (up2 G134 mbaseaim). 2387 Ty 2480 1920 aBE i midg by
208 (w), 268 (474 (28521138 (mR3DATvM), 2032 (m), 10FDerm), 10:14ADSOT4w), BET3 (W),
iy Yo ?%‘M%&iﬁg’@éﬁ% G060 by 7§3§8%§f$9@7 9%@%%4‘"1573865

(s), 1552 (m) /614w w1429 Wr)r)693l€w))46 w(W) 18T (W), @)44 (W3582% ), 69847 (m),

1323 (m., 1304y /884 @’5 (%3 (W42 4771 WS )1329 (\(vy;o 1186
1196 134 1 4

bor (| o4p) ¢Ay | w@ﬁ%«y) 36@7((5%98 8@22%ﬁ)< ), %@? x,véabgwg tzo (m

819 (m, 786 (w), 767 (w), 755 (w), 735 (w), 695 (w), 679 (w) 661 (w),

641 (w), 632 %&ml 08 (w), 586 (W), 541 (w), 506 (w), 15 495 (w), 477 (W),

447 (w), 438 05 (W), 379 (w), 330 (w), 298 (w), 270 (w), 255 (w),
228 (w), 212 BAR8 (Whr3n13 (w), 3088 (W) 304087, BB (WRCEID (m), 22895m);m) , 2984

(21) 2966 (m pg )( % (49 £k )21 2220

(142)4 (13/;8 (1?76 %)i(é).li@ %ﬁﬁgﬁ%@z@%@ f Sm()nigz?@%@ﬁ? 1266

(m, 1247 (s) (m ’&;/212\3358(@) 131;?3@1 (‘1‘323 %501301) m)11§7 J&¥ fn, Mp451058 (w)
(

1034 (w), 989 1’273532(\/\(),@ %Of\gi 1(1%9 (o3 1 Zéﬁﬁ)ﬁ%&‘t &@16828@\0?05@2&%

826 783
609 Evr?) 581 (oB3 (AH31¢ 1) (WHHF43w) (967 (WRO4Lvm), 982 (W) 17469, 882 (m344 (vv)
409 (| 367 g 3920328 (Vo Aok, 209 (W15 P s -
(w), 679 (w), 661 (w), 641 (w), 632 (w), 608 (W), 586 (W), 541 (w), 506 (W),
15 495 (w), 477 (w), 447 (w), 438 (w), 405 (w), 379 (w), 330 (W), 298 (w), 270
(W), 255 (w), 228 (w), 212 (m).

Form IlI:
3128 (w), 3087 (sh), 3061 (m), 2995 (m), 2984 (m), 2966 (m), 2957 (m),
2939 (m), 2916 (m), 2867 (m), 2790 (w), 2220 (s), 1675 (m), 1619 (s), 1595
(s), 1579 (s), 1554 (m), 1476 (w), 1446 (m), 1404 (w), 1376 (w), 1352 (m),
1328 (m), 1303 (m), 1285 (m), 1272 (m), 1266 (m), 1247 (s), 1228 (W),
1215 (w), 1170 (m), 1137 (w), 1098 (m), 1058 (w), 1034 (w), 989 (w), 957
(m), 942 (m), 924 (m), 884 (m), 858 (w), 839 (m), 826 (m), 783 (w), 752 (w),
731 (w), 702 (w), 678 (w), 659 (w), 628 (w), 609 (w), 581 (w), 563 (w), 546
o5 (w), 496 (w), 482 (w), 469 (w), 444 (w), 409 (m), 367 (w), 352 (w), 328 (w),
285 (w), 264 (w), 249 (w), 212 (m).

20

Form IV:

3160 (w), 3145 (w), 3109 (m), 3073 (m), 3008(w), 2987 (m), 2973 (m), 2959

(w), 2936 (W), 2910 (m), 2870 (w), 2849 (m), 2797 (w), 2226 (s), 1665 (W),
30 1622 (m), 1588 (s), 1549 (m), 1478 (m), 1445 (m), 1410 (w), 1355 (m),

1346 (m), 1322 (m), 1277 (m), 1252 (m), 1189 (m), 1144 (w), 1116 (m),

1049 (w), 1034 (w), 1005 (w), 973 (w), 943 (m), 927 (w), 916 (w), 883 (m),



3160 (w), 3145 (w), 3109 (nm), 3073 (n), 3008(w), 2987 (m), 2973 (n), 2959
(W), 2936 (w), 2910 (n), 2870 (w), 2849 (m), 2797 (w), 2226 (s), 1665 (w),
30 1622 (WP,0218884 (s), 1549 (m), 1478 (m), 1445 (n), 1410 PCHEPOLGESS (),
1346 (m), 1322 (m), 1277 (m), 1252 (m, %)89 (m), 1144 (w), 1116 (n), 1049
(w), 1034 (w), 1005 (w), 973 (w), 943 (APY 927 (w), 916 (w), 883 (m, WO
02/ 102794 PCT/ EP02/ 06153 -39 831 (rr) 817 (W), 770 (W), 757 (W), 736 (W),
695 (W), 685 (W), 661 (w), 642 628 (w), 610 (w), 587 (w), 536 (vv)

S0t (111 155 L0 o7t . AR i 800 g B8 )
(m, 3025 (1) (w338 () 61008), Tam(1)2930 ()04 (91803 @,) LRSSV 450 <ws41 (W,

(. aab (m 22y 4070l g (44 Py i, S0m0 208 G Rer S5y ()

1276 (m), 1252 (m) 1235 (m, 1189 (m), 1143 (w), 1105 (w), 1092 (w), 1052
(W), 1012 (vv) A/€wW), 944 (m), 927 10 (w), 918 (w), 885 (m), 860 (w), 847

E%: 626 (w) 35% ?‘/5? 30921%‘”)( £P74§%$ éé%B (\'ﬁb%%oélz&v 2?1%1 éwﬁ% 29 gow()w) %(2)

(W, 381 (W), 2828 () 2880 AvY, BBA1383, 1797 (W)39222)s), 1888 (W) 16 18o(), XB0715

(1), 2055 (w) %“%3773%58 7@?&%4%21%%?%2%62@&391%%1 (oEBE ()

1613 (s), 1578348)m)15321 (rn) 130773 ) MR76 14d,71259 (m)14285((m), 118D (m),w) , 1375

1555 (o &2’231%@%( 73067k, 1852 () 1012 ), P (w)204a | ﬂo%z?”“ﬁ {ovs
(n, 1049 (W) | W)L 8 (W) 889$m)(860 ( v9)5§4(»@v> 833ﬂz(mhq)7719(m>) y (Wh/ 38

gg; mg 222 695 ( w%?&% ), 66@5( w342 é 8)96@6/) w)7§’ﬁ) gvg% 58@ %)(5\!)1 é%m(W)
492 (w), 481 6&7}"' th‘ %‘é’)m)3234®8 (w b 2(&)5) 23 Zws | 327

(W), 285 (w), 226 . 25 FormXIV 3128 (w), 3061 (m), 3002 (m), 2995 (m,
2983 (w), 2966 (m) 2957 (M, 2938 (m), 2914 (), 2867 (M), 2219 (s), 1675
(m, 1619 (s),F159X6‘(s), 1579

orm iy

15 3133 (m), 3094 (w), 3078 (m), 3060 (m), 3004 (w), 2989 (m), 2968 (m),
2943 (m), 2923 (w), 2897 (m), 2871 (w), 2852 (w), 2835 (w), 2221 (s), 1676
(m), 1613 (s), 1578 (s), 1544 (m), 1473 (m), 1447 (M), 1424 (m), 1401 (w),
1375 (m), 1353 (m), 1342 (m), 1325 (m), 1302 (m), 1279 (m), 1264 (m),
1246 (m), 1233 (m), 1222 (w), 1197 (w), 1186 (w), 1171 (m), 1130 (w),
1102 (w), 1078 (m), 1049 (w), 1018 (w), 983 (w), 959 (w), 942 (m), 923 (m),
886 (M), 857 (w), 838 (m), 817 (m), 765 (w), 749 (w), 733 (w), 698 (w), 673
(W), 658 (w), 634 (w), 627 (w), 609 (W), 566 (w), 546 (w), 535 (W), 503 (W),
492 (w), 481 (w), 467 (w), 440 (w), 432 (w), 406 (m), 366 (w), 354 (w), 327
(w), 285 (w), 241 (w).

20

o5 Form XIV:
3128 (w), 3061 (m), 3002 (m), 2995 (m), 2983 (w), 2966 (m), 2957 (m),
2938 (m), 2914 (m), 2867 (m), 2219 (s), 1675 (m), 1619 (s), 1596 (s), 1579
(s), 1554 (m), 1475 (w), 1446 (m), 1404 (w), 1374 (w), 1352 (m), 1329 (w),
1322 (w), 1303 (m), 1285 (m), 1273 (m), 1265 (m), 1247 (m), 1228 (w),
1216 (w), 1204 (w), 1187 (w), 1170 (m), 1137 (w), 1098 (m), 1058 (w),

30 1034 (w), 989 (w), 958 (w), 942 (m), 924 (m), 884 (m), 858 (w), 840 (m),
825 (w), 782 (w), 752 (w), 732 (w), 701 (w), 678 (w), 657 (w), 629 (w), 609
(w), 581 (w), 563 (w), 546 (w), 536 (w), 496 (w), 482 (w), 469 (w), 443 (W),



(s), 1554 (m), 1475 (w), 1446 (nm), 1404 (w), 1374 (w), 1352 (m), 1329 (w),
1322 (w), 1303 (m), 1285 (m), 1273 (m), 1265 (m), 1247 (m), 1228 (w), 1216
(W), 1204Wewp102r887 (w), 1170 (nm), 1137 (w), 1098 (n), 10BET(EEY2/0QA6 1034
(W), 989 (w), 958 (w), 942 (m), 924 (nm), 884 (m), 858 (w), 840 (nm), 825
(W), 782 (w), 752 (w), 732 (w), 701 (w) 4878 (w), 657 (w), 629 (w), 609
(W), 581 (w), 563 (w), 546 (w), 536 (w), 496 (w), 482 (w), 469 (w), 443
(w), WD 02/102794 PCT/ EP02/ 06153 -40 409 (nm), 397 (w), 367 (w), 328 (w),

povder . XD pat'DBRIoPoT BN, e 28 E 51PN Ae8 TR 2t ZRIE B cacn

pol ynor ph havéwheen taken for evaluation. The XRD instrunent is controlled
for 2Theta 0.1 ). Forml: 10 No. d (A) 20 1/1 1 8,501 10,40 21 2 7,898
11,19 17 3 6,606 13,39 31 4 6,532 13,54 25 15 5 6,416 13,79 26 6 5,590
15,84 28 7 4,210 21,09 63 8 3,761 23,64 18 9 3,632 24,49 100 20 10 3,452
25,79 26 Form %le',”lz\lo. d (A 20 1110 25 1 8,426 10,49 29 2 7,541 11,73 25
3 6,742%13, 12 2 46,119 14 46 33 f5 5,455 16,24 39

Data of powder-XRD-pattern of polymorphic Forms.

(10 characteristic peaks of each polymorph have been taken for evaluation.

The XRD instrument is controlled for 2Theta +0.1 °).

Form [:
10
No. d (A) 20 I,
1 8,501 10,40 21
2 7,898 11,19 17
3 6,606 13,39 31
4 6,532 13,54 25
15 5 6,416 13,79 26
6 5,590 15,84 28
7 4,210 21,09 63
8 3,761 23,64 18
9 3,632 24,49 100
20 10 3,452 25,79 26
Form i
No. d (A) 20 /1y
25 1 8,426 10,49 29
2 7,541 11,73 25
3 6,742 13,12 41
4 6,119 14,46 33
5 5,455 16,24 39
6 4,592 19,32 30
30 7 4,425 20,05 26
8 4,083 21,75 54




6 4,592 19,32 30 30 7 4,425 20,05 26 8 4,083 21,75 54 WD 02/102794

PCT/ EPO2/ 06153

-41 9 3,782 23,50 100 10 3,380 26,35 37 S5 Formlll:

No. d

(A) 20 1/Wo 021059465 5,82 32 2 8,034 11,00 27 3 5,944 12C8EPA%06ciSB 4 5, 224
16,96 23 5 5,089 17,41 15 6 4,932 17,97 18 7 4,195 21,16 23 8 4,029
22,05 35 15 9 3,520 25,28 100 10 3,181-24,03 16 FormIV: 20 No. d (A 20
I/|01973290822 2 6,885 12,85 10 3 6,102 14,50 22 4 5,246 16,89 9
5 4,695 18,89 100 25 6 4,344 20,43 20 7 4,088 21,72 12 8 3,615 24,61 67

9 3,258 27,35

10

15

20

25

30

1/9 0 3; lgﬁs 18 12%505 For m%:0
10 3,380 26,35 37

Form Il
No. d (R) 20 Il
1 15,165 5,82 32
2 8,034 11,00 27
3 5,944 14,89 27
4 5,224 16,96 23
5 5,089 17,41 15
6 4,932 17,97 18
7 4,195 21,16 23
8 4,029 22,05 35
9 3,520 25,28 100
10 3,181 28,03 16

Form IV:
No. d () 20 Il
1 9,732 9,08 22
2 6,885 12,85 10
3 6,102 14,50 22
4 5,246 16,89 9
5 4,695 18,89 100
6 4,344 20,43 20
7 4,088 21,72 12
8 3,615 24,61 67
9 3,258 27,35 17
10 3,164 28,18 12

Form V;

WD 02/ 102794 PCT/ EP02/ 06153



-42 No. d (A) 20 1110 1 9,466 9,34 14 2 8,166 10,83 15 5 3 6,807 13,00 20
4 6,569 13,47 12 5 4,742 18,70 16 6 4,563 19,44 100 7 4,416 20,09 32 8
4,231 20,W8 02202104 9 3,503 25,41 64 10 3,408 26,13 14 ForemNPn2/ddsNo. A(A)
20 1/10 1 9,762 9,05 29 2 8,841 10,00 17 3 6,780 13,05 52 4 4,250 20, 89
42 20 5 4,177 21,26 100 6 3,888 22,85 3%2-7 3,846 23,11 20 8 3,766 23,61
41 9 3,724 23,87 17 25 10 3,594 24,76 20 FormVII: No. d 20 1/10 30 1
8,472 10,43 18 2 6,336 13,97 10 3 5,476 16,17 10 WD 02/ 102794

PCT/ EPO2/ 06153 -43 4 4,893 18,12 9 5 4,664 19,01 100

No. d (R) 20 Il
1 9,466 9,34 14
2 8,166 10,83 15
5 3 6,807 13,00 20
4 6,569 13,47 12
5 4,742 18,70 16
6 4,563 19,44 100
7 4,416 20,09 32
8 4,231 20,98 12
10 9 3,503 25,41 64
10 3,408 26,13 14
Form VI:
15
No. d (A) 20 Il
1 9,762 9,05 29
2 8,841 10,00 17
3 6,780 13,05 52
4 4,250 20,89 42
20 5 4177 21,26 100
6 3,888 22,85 37
7 3,846 23,11 20
8 3,766 23,61 41
9 3,724 23,87 17
10 3,694 24,76 20
25
Form VII:
No. d (A) 20 I,
30 1 8,472 10,43 18
2 6,336 13,97 10
3 5,476 16,17 10




6 4,236 20,96 30 7 3,676 24,19 10 5 8 3,609 24,65 71 9 3,561 24,99 8 10

3,071 29,05 16 FormVIII:

10 No. d (A 20 1/10 1 7,656 11,55 18 2 6,672

13,26 34 WB 0816384 13,53 20 15 4 5,721 15,48 20 5 5,244 1®C3%EPH06163 4, 700
18,87 25 7 4,475 19,82 45 8 4,330 20,49_34 9 3,745 23,74 100 20 10 3, 240
27,50 20 FormIX: No. d (A) 20 1/10 25-#37, 044 12,56 31 2 6,712 13,18 22
3 5,487 16,14 40 4 5,218 16,98 30 5 4,897 18,10 46 30 6 4,714 18,81 42 7

4,445 19,96 67 8 3,554 25,04 100 WO 02/ 102794 PCT/ EPO2/ 06153

26,72 32

10

15

20

25

30

10

,113 8, 104’%393 5 For1r§|’f§ No. d (6‘)
5 4,664 19,01 100
6 4,236 20,96 30
7 3,676 24,19 10
8 3,609 24,65 71
9 3,561 24,99 8
10 3,071 29,05 16

Form VIII:

No. d (A 20 I/ly

1 7,656 11,55 18
2 6,672 13,26 34
3 6,538 13,53 20
4 5,721 15,48 20
5 5,244 16,89 54
6 4,700 18,87 25
7 4,475 19,82 45
8 4,330 20,49 34
9 3,745 23,74 100
10 3,240 27,50 20

Form IX:

No. d (A 20 I,

1 7,044 12,56 31
2 6,712 13,18 22
3 5,487 16,14 40
4 5,218 16,98 30
5 4,897 18,10 46
6 4,714 18,81 42
7 4,445 19,96 67
8 3,654 25,04 100

-44 9 3, 333
20 1/10



1 15,817 5,58 31 2 9,123 9,69 23 3 8,280 10,68 27 10 4 7,953 11,12 28 5
6,561 13,48 42 6 6,440 13,74 36 7 5,507 16,08 35 8 4,167 21,30 98 15 9
4,132 21,%0 04802790 3,576 24,88 100 Form Xl :
8,54 39 2 7,077 12,50 25 3 6,717 13,17 28 4 4,778 18,56 23 5 4,599

19,28 34 25 6 4,490 19,76 100 7 4,239 26494 51 8 4,186 21,21 18 9 3,504

25,40 66 10 3,391 26,26 69 30 Form XII1I:

20

No. d (A) PRO/HPOY/Gs153 10, 348

WO 02/ 102794 PCT/ EPO2/ 06153 -45

No. d (A) 20 1/10 1 6,579 13,45 85 2 6,121 14,46 63 5 3 5,424 16,33 28 4

5,047 17,56 4

10

15

20

25

30

7 é) 47884 é,%’Sén 27T 2%,%2 344 AU,%%
10 3,173 28,10 31

Form X:
No. d (A) 20 1A
1 15,817 5,58 31
2 9,123 9,69 23
3 8,280 10,68 27
4 7,953 11,12 28
5 6,561 13,48 42
6 6,440 13,74 36
7 5,507 16,08 35
8 4,167 21,30 98
9 4,132 21,49 49
10 3,576 24,88 100

Form XI:
No. d (R) 20 I,
1 10,348 8,54 39
2 7,077 12,50 25
3 6,717 13,17 28
4 4,778 18,56 23
5 4,599 19,28 34
6 4,490 19,76 100
7 4,239 20,94 51
8 4,186 21,21 18
9 3,504 25,40 66
10 3,391 26,26 69

Form XIllI:

64 7 4,301 20,63 25



8 4,181 21,24 100 10 9 3,414 26,08 45 10 3,145 28,36 23 Form XIV: 15 No.
d201/10 1 15,012 5,88 29 2 7,980 11,08 20 3 5,182 17,10 24 4 4,886
18, 14 100WD0250249489 21,19 20 6 3,999 22,21 24 7 3,494 PETAPBGE6158* 9
10* 25 * Further peaks exhibit intensities < 3*noise. Form XV: 30 No. d
20 1/10 1 16,422 5,38 27 2 9,225 9, 58-89 WD 02/ 102794 PCT/ EP02/ 06153 - 46
3 8,281 10,68 38 4 6,430 13,76 66 5 5,541 15,98 44 6 3,985 22,29 65 5 7
3,782 23,50 43 8 3,592 24,77 60 9 3,389 26,28 100 10 3,358 26,52 30 10

Form XVI:

No. d (A) 20 1/10

No. d (A 20 1o
1 6,579 13,45 85
2 6,121 14,46 63
5 3 5,424 16,33 28
4 5,047 17,56 47
5 4,884 18,15 21
6 4,344 20,43 64
7 4,301 20,63 25
8 4,181 21,24 100
10 9 3,414 26,08 45
10 3,145 28,36 23
Form XIV:
15
No. d (R) 20 Il
1 15,012 5,88 29
2 7,980 11,08 20
3 5,182 17,10 24
4 4,886 18,14 100
20 5 4,189 21,19 20
6 3,999 22,21 24
7 3,494 2547 64
g+
g*
10*
25 s . ,
* Further peaks exhibit intensities < 3*noise.
Form XV:
30 No. d (R) 20 Il
1 16,422 5,38 27
2 9,225 9,58 55




1 11,249 7,85 36 2 10,139 8,71 46 15 3 8,348 10,59 100 4 4,555 19,47 31
5 4,201 21,13 51 6 3,955 22,46 50 7 3,749 23,72 40 8 3,629 24,51 87 20 9

3,325 26,w0 04402790 2,817 31,74 44 25 30 WD 02/ 102794 PCTPEPEPHIDE:ISSB
Clains 1. A conpound which is

-47-

1-[4-(5-cyanoindoI-3-y|)butyl]-4-(2-carbéﬁﬁyl- benzof uran- 5-yl) - pi perazi ne

hydrochl ori de solvate in its crystalline

5 nodi

fication. 2. A solvate

according to claim1 as 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2-

car banoyl - ben
crystalline n
1-[4-(5-cyano

AR

63 108

ydrochl_gr
vato adly

hydr ochl ori de
nodi fication

i de nonoacetonate in
)rding to claim1l as

enzof uran-5-yl) - pi perazi ne
an in crystalline

m1l as

1-[4-(5-cyano
hydr ochl ori de

enzof ur an- 5-yl ) - pi perazi ne

an in crystalline

nodi fication
1-[4-(5-cyano

1 as
enzof ur an- 5-yl ) - pi perazi ne

hydr ochl ori de

in crystalline nodification

X. 20 6. A so

1-[4-(5-cyano

ndél - B-yl ) B3] - 4- (13,76 Ar banoy I66t
[ t hydr of

el IR KSR
nd®l - B-yl ) Big8d || - 4- (22,2@ar banoy 664
Wi ISR 7 = L NP i
nd®l - B-yl ) BiEOA|] - 4- (2, 7Car banoy|60k
heg sopl vatggggt h teéer%ydr of Ur{yd
vate—aceorarng—to—ctatirt——as

nd® - B-y1) B I]-4-0¥i5%arbanovﬁﬂd

enzof uran-5-yl) - pi perazi ne

hydr ochl ori de

nonomnet hanol at e

in crystalline nodification A

10 Form XVI:
No. d (A 20 Il
1 11,249 7,85 36
2 10,139 8,71 46
15 3 8,348 10,59 100
4 4,555 19,47 31
5 4,201 21,13 51
6 3,955 22,46 50
7 3,749 23,72 40
8 3,629 24,51 87
20 9 3,325 26,79 44
10 2,817 31,74 44
25

30



7. A solvate according to claim1 as 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2 25
car banoyl - benzof uran- 5-yl ) - pi perazi ne hydrochl ori de nonosol vate with

n- hept anewpD2a027%4 al | i ne nodi fication XIV. 8. A pharmaceuPCtalPopeipdsi tion
conprising a conmpound according to any one of clainms 1 to 7. 30 9. Use of
conpounds according to any one of clains4l+to 7 for the manufacture of a
medi canent for the treatnent of and prevention of depressive disorders,
anxi ety disorders, bipolar disorders, nmania, WO 02/ 102794 PCT/ EP02/ 06153
-48 denentia, substance-related disorders, sexual dysfunctions, eating

di sorders, obesity, fibronyalgia, sleedﬂﬁﬂnaisorders, psychi atric

di sorders, cerebral infarct, tension, for the therapy of side-effects in

the treatnent qQf hypertension .cergbral disordets ranic, pain

acromegal vy, 51hg\p%ﬁﬁ%lﬂ?cgﬁ"‘g‘ééJﬁ@é&%cmq?ﬁéﬁgb%ylgaé §?qr85m°§{7ndr ome and
undesi red puer peeakofuearn-&tylppipetdzindhydmpblonidevduledteiis its crystalline

1-[4- (5-cyanoi nﬂg&diﬁée}ﬁo)nbm yl]-4-(2-carbanoyl - benzofuran-5-yl)-pi perazi ne
hydrochloori de hydrate in‘its crystalline nodification. 10 11. A hydrate
according to claim10 as 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2-

car banoyl - benzo Q- j ' I 1986} qh%gl pN
crystalline ngdkﬁ%t?mmqg% gém[%gt/g Fgggﬁgpﬁgld?ggcl ai 'ﬁ%(‘%f .

1- [ 4- (5- cyanoi ngg[b%ncg,yqui,ngafqraa-_q-gl -piperazine hydrochloride monoacetonate in

car banoyl - benzoth/sdllie Wodifiddiiehdzi ne hydrochl ori de sesqui hydrate in
crystalline nodification VI. 13. A hydrate according to claim10 as

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2- carbanoyl - benzof uran-5-yl) - pi perazi ne
hydr ochlfor i de 3hdnsdiyateatogording 20 claimstt as N i[4€5mydnbindat-Be)butyi}4-(24. A

phar maceuti cal L iSing: j one of
laims 10 to 13?8_5%%%)@eb"éohzﬁﬁfcf%%éhmg'%éé%ﬁgﬁ’@%@ﬁ@e"%%%%@S?I‘é.f%s 10 to
13 for the 25 mdthuttrahydrefwandn erditallinemodifinationdl.t r eat ment of and
prevention of depressive disorders, anxiety disorders, bipolar disorders,
mani a, . _ _

4. A solvate according to claim 1 as 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-

carbamoyl-benzofuran-5-yl)-piperazine hydrochloride monosolvate with
15 tetrahydrofuran in crystalline modification XV.

5. A solvate according to claim 1 as 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride hemisolvate with
tetrahydrofuran in crystalline modification X.

20 6. A solvate according to claim 1 as 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride monomethanolate
in crystalline modification XI.

7. A solvate according to claim 1 as 1-[4-(5-cyanoindol-3-yl)butyl}-4-(2-
05 carbamoyl-benzofuran-5-yl)-piperazine hydrochloride monosolvate with
n-heptane in crystalline modification XIV.

8. A pharmaceutical composition comprising a compound according to any
one of claims 1 to 7.

30 9. Use of compounds according to any one of claims 1 o 7 for the
manufacture of a medicament for the treatment of and prevention of
depressive disorders, anxiety disorders, bipolar disorders, mania,



dementi a, substance-rel ated di sorders, sexual dysfunctions, eating

di sorders, obesity, fibronyalgia, sleeping disorders, psychiatric

di sor der swomenetypal i nfarct, tension, for the therapy of ®CuaPet/bédsis in
the treatnent of hypertension, cerebral disorders, chronic pain,
acronegal y, 30 hypogonadi sm secondary af8ror r hea, prenmenstrual syndrone
and undesired puerperal lactation. WO 02/102794 PCT/ EP02/ 06153 -49 16. A
conmpound whi ch is 1-[4-(5-cyanoindol -3-yl)butyl]-4-(2-carbanoyl -

benzof uran- 5-yl) ra2|ne hdroc | or.i de, anhydra inits crystalline

nodi fi cati on. d@%en ac PR é%'@??rdoqi'ﬁ%rdﬁés eéi“ﬁi 3%3 PHCQ,‘?%P%?W ne

nodi fication | lesoi@ersAobeﬁmtﬁbdarﬁmgradslwpir@ diserderd fpsychitsist al | i ne

modi 11 cat i on w1 FisoidEtoCoRBBATARIRIAE. Bt 48 GoRleY dhaeelRYR s | e
nmodi fi cati on | Xireatmewt cpfﬁmm@eatuncaerebmlphsmrdem ahoomicipsiim@cromegplyund
according to an I %?%% ording to
any one%f cl ai ﬁ\épq%@qéﬂ‘l%@ ?é&ﬁﬂla@y% h%%égtgrﬁeﬂé{ﬁﬁ%gftgﬂen%ﬁ? for the
treatment of andngesiiethpuempesdl lacidferssi ve disorders, anxiety disorders,

bi pol ar disorders, mania, denentia, substance-rel at ed di sorders, sexual

dysfuncti : i di t d
paychi atric. dPsbrabrRoinbhBEnds TarGrolnndot Dl 4 GectRerRyl of
si de- ef f ect s i nbeheofutdrestylepipeadzity ppdioehkiride, hyeeatehbindls ctystaliider s, chr oni c

pai n, acronegal ﬁ}?é‘if?ﬁaz'ﬁﬂogonadi sm secondary anenorrhea, pr errenstrual
syndrone and puer peral |actation. 23. A conpound which is

1-[ 4- (546yanoi ndol - 3-yl ) butyl ] - 4- (2- carbanoyl - benzof uran-5-yl) - pi perazi ne

di hydr ochl ori dg Arhyggétecéc)b%ﬁ@h{; %8%!4%0'16 %ﬁt[%% -cyafoirtdl-30IfHulyiflaqeh! or i de

according to claim
yl ) but yl ] - 4- ( 2- caMIgMRHLRER amﬁayi)-ataﬂ@zme@wmwldﬁ maobYATade ide i n
crystal line nodg S{é}ﬁﬁ@ﬁ—]d&ﬂda’uoa&/ A pharmaceutical conposition conprising
a conmpound according to 30 claim23 or 24.
12. A hydrate according to claim 10 as 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
15 carbamoyl-benzofuran-5-yl)-piperazine hydrochloride sesquihydrate in
crystalline modification VI.

13. A hydrate according to claim 10 as 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride hemihydrate in
20 crystalline modification VIII.
14. A pharmaceutical composition comprising a compound according to any
one of claims 10 to 13.

15. Use of compounds according to any one of claims 10 to 13 for the

25 manufacture of a medicament for the treatment of and prevention of
depressive disorders, anxiety disorders, bipolar disorders, mania,
dementia, substance-related disorders, sexual dysfunctions, eating
disorders, obesity, fibromyalgia, sleeping disorders, psychiatric
disorders, cerebral infarct, tension, for the therapy of side-effects in the
treatment of hypertension, cerebral disorders, chronic pain, acromegaly,

30 hypogonadism, secondary amenorrhea, premenstrual syndrome and
undesired puerperal lactation.



WO 02/ 102794 PCT/ EP02/ 06153 -50 26. Use of conpounds according to clains
23 or 24 for the manufacture of a nedicanent for the treatnent of and
prevent i owOmk/1609ps essi ve di sorders, anxiety disorders, biPpolERO2/0hi1Sdr der s,
mani a, denentia, substance-related disorders, sexual dysfunctions, eating
disorders, 5 obesity, fibronyalgia, sleed9qg disorders, psychiatric

di sorders, cerebral infarct, tension, for the therapy of side-effects in
the treatnment of hypertension, cerebral disorders, chronic pain,
acronegal y, hypogonadi s secondary anenorrhea, prenenstrual syndronme and
undesi red” puedBefgompetnd which isd -B7(5-avansipningy e tyllr-4- @-earbapiavirs

1- [ 4- (5- cyanoi ndghzdfurhnBUWiYbipefatide hyafdthliide ASMARA iAfttsryéthiipeper azi ne
hydr ochl ori de. 28kﬂﬁ%§harnaceutlcal conposition conprising a conpound
according to cl{GRIGHIOM5 29 Use of compounds according to claim27 for
t he manufacture of a nedicanent for the treatnment of and prevention of

depressive di sorgers i | sor i .dl sor : ni a,

denenti &, subg? a&%@%ﬁ’@%ﬁg‘g#@‘&@e&%?1%35@&3@'&%}5{% %ﬁ'?n ating

di sorders, obesity, fibronyalgia, sleeping disorders, psychiatric

di sorders, ceiab ' i ; : ; Ofingiige-effects in
the treatment ot roape SEheelBRE Gkl gt EnghRehRmeroRI T
acronegal y, hypogonadi sm secondary anenorrhea, prenenstrual syndronme and
undesi red puerpenadorhp6iliid heEordify toFRIARESE il eFysRilRRARiJ¥ida@bAMIl. accor di ng
to claim2, which conprises: (1) dispersing

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] -4-(2-carbanoyl - benzof uran-5- 25

yl ) - pi peligazi n@0i A eorepouned &23ordimyverdlaing16 five crystalline modification IX.

1-[ 4- (5-cyanoi ndol - 3-yl ) butyl ] - 4- (2- car banmoyl - benzof uran-5-yl)-pi perazi ne
base, by addition of 1 N hydrochloric acid into the hydrochloride salt at
t enper at ur es 24t fepharstCeatidaltdempasition eempasing atorapetnn @cceidiiceioatny

bet ween 40 C an {phtation of Form| at roomtenperature 30 (4)
recovering the %ngﬁgﬁégFﬁﬁyﬁi?ml(5-cyanoindol-3-y|)buty|]-4-(2-

car banoyl - benzof uran- 5-yl ) - pi perazi ne hydrochl ori de acetonate by
filtration, apg dgidfEConpolaidadtbrdifg® bAYRRABaIHAms 16 to 20 for the

15 manufacture of a medicament for the treatment of and prevention of
depressive disorders, anxiety disorders, bipolar disorders, mania,
dementia, substance-related disorders, sexual dysfunctions, eating
disorders, obesity, fibromyalgia, sleeping disorders, psychiatric
disorders, cerebral infarct, tension, for the therapy of side-effects in the
treatment of hypertension, cerebral disorders, chronic pain, acromegaly,

20 hypogonadism, secondary amenorrhea, premenstrual syndrome and
undesired puerperal lactation.
23. A compound which is 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine dihydrochloride in its crystalline modification.
25

24. A dihydrochloride according to claim 23 as 1-[4-(5-cyanoindol-3-
yhbutyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine dihydrochloride in
crystalline modification XIII.

25. A pharmaceutical composition comprising a compound according to
30 claim 23 or 24.



WO 02/ 102794 PCT/ EP02/ 06153 -51 31. Process for preparing Forml
according to claim2 which conprises: (1) suspending Form 1l of

1-[ 4- (5- cyameitoaiod - 3-yl ) but yl ] - 4- (2- car banoyl - benzof ur anPETEPY2/@i1pEr azi ne
hydr ochl ori de according to claim18 in 5 acetone (2) stirring at room
tenmperature between a few hours or days;-9Preferably 10 to 20 days, (3)
recovering the precipitated 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2-

car banoyl - benzof uran-5-yl ) - pi perazi ne hydrochl ori de acetonate by
filtration, and drying in vacuo at roomtenperature. 10 32. Process ffor
preparing For #0 Hsad soapaynds aacarding to Glaires 28174 oedhe manpiagtdiseelsi ng

1- [ 4- (5- cyanoi néghedicamdnitfor thedrdalmeat bamY bréventioh of depfessivie) - Pi per azi ne
i n tetrahydrofuran 2%? con
d

: . t he . . . .
1- [ 4- (5- cyanoi ng&iorde ?Bﬁ'\é&r‘]s'l-sggj(eéggtﬂi)%léﬁgﬂﬁofd%@n?@f‘ﬁﬂ’ﬂ‘?—'%e-%a)- pi per azi ne
base, by additi sobstanteMelnjeli disbrders csexaiall dydfunctions, teading\disavdérfsor i de sal t

o, L o5 RENE Tl 0K NP BB, bctrr oom
1- [ 4- ( 5- cyanoi nirfarcs, iensiom, forjtha therapy of sislessffedie ity thfeulreain®nyof - pi per azi ne

hydrochl ori de sg éﬁ@n%ﬁ,r‘cer%kgg@bgﬂé’rfs%%p?r’p%ih[ bERnhé&dhly,and drying in

vacuo at roomtenperat ure. r ocess reparing Form || according
to clai m3 whi cRYPegpradis, segandagy apaidrigargremenstrggl syndrome and

1- [ 4- (5- cyanoi ndalesirad pustpdral-l4ctafiosar banoyl - benzof uran- 5-yl ) - pi perazi ne
hydrochl ori de according to claim18 in tetrahydrofuran (2) stirring at
roomtenperature between a few hours or days, preferably 25 15 to 30 days,

(3) recageri n@7t Accmpairpd thtchds Brfiekphbus Yl raErejanomdd-Bayliheitil}-4-(22-
car banoy! - benzofpafiadyildrBkhehazine divdrach aridfoget onat e by

filtration, and yi ng’in vacuo enperature. 34. Process for
preparing Form XV according to claim4, which conprises: 30 (1) dispersing

1- [ 4- (5- cyanobrdal srmtadeutivall comp kit SARBMSIngeNERhPbERd ccording to

claim 27.

15 29. Use of compounds according to claim 27 for the manufacture of a
medicament for the treatment of and prevention of depressive disorders,
anxiety disorders, bipolar disorders, mania, dementia, substance-related
disorders, sexual dysfunctions, eating disorders, obesity, fibromyalgia,
sleeping disorders, psychiatric disorders, cerebral infarct, tension, for the
therapy of side-effects in the treatment of hypertension, cerebral
disorders, chronic pain, acromegaly, hypogonadism, secondary
amenorrhea, premenstrual syndrome and undesired puerperal lactation.

20

30. Process for preparing Form | according to claim 2, which comprises:
(1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
25 yl)-piperazine in acetone
(2) converting the 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine base, by addition of 1N hydrochloric acid
into the hydrochloride salt at temperatures between 30°C and the
boiling point of acetone, preferably between 40° C and 50°C
(3) precipitation of Form | at room temperature
30 (4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride acetonate by
filtration, and drying in vacuo at room temperature.



yl)-pi perazine in tetrahydrofuran WO 02/102794 PCT/ EP02/ 06153 -52 (2)
converting the 1-[4-(5-cyanoi ndol - 3-yl) butyl]-4-(2-carbanoyl -
benzof ur awo3240279pi per azi ne base, by addition of 1 N hydr ®@chiEpo2/es18xi d
into the hydrochloride salt at tenperatures between -10C and 10C (3)
precipitation of Form XV at room tenperat?te 5 (4) recovering the

preci pitated 1-[4-(5-cyanoi ndol -3-yl)butyl]-4-(2-

car banoyl - benzof uran-5-yl ) - pi perazi ne hydrochl ori de solvate with
tetrahydrofuran by filtration, and drying in vacuo at roomtenperature. 35.
Process for preparing Form X according to claim5, which conprises: (1)

di )SDersi ng 1- [&.(Fﬁﬂg)@?@élﬁir@ﬁ%arﬂwg/%ﬁﬂﬂ)abbo@irgg?tocdtémmmh%@mj‘rlsb@ﬂ-5- 10
- Pl perazl ne, n etr OT U n, onver.ti,n
P oo o s G Ik (S ERES bR DBty R cambamovte azi ne

base, by additi orberfzofurbintigi)-pigdrazine tacirachlonde atberdmgdioodaiod 8de sal t at
t enper at ures bet C and 40C (3) precipitation of FormIl at room

t enper atre (4 recovering the precipitated

1- [ 4- ( 5- cyanoi @Y dtirdng b meny tgmperaturesbetween a few hours or days, preferably

car banoyl - benzof ufafy 20 Yhys,Pi perazi ne hydrochl oride solvate wth.
tetrahydrofuran by fil{ration, and dryi at tenperatures to 80C

ar n u
maxi mum  36. Fi%c’ég@vermg %\eerﬁgpapﬁatqﬂoﬁﬁ-?@-%e@naphayﬁeuwaff-ﬁz—e, whi ch
conprises: (1) wb@rlhd'glplgeﬂfid‘fma\ﬁl-5-ﬁjf)-pia%erazine hydrochloride acetonate by
r
i

1-[4-(5- indqgl-3-vyl)b | ]-4-(2- l,.- 20
beLzo#urg?g?;r) %B‘if%@fhﬁnlﬁ@/rﬁi}@r'eg’ﬁf’ﬁs ggg{ﬁé‘a‘?‘&eﬁ@”f% claim12 i n nethanol

met hanol1(t tenperatures between 55C and the boiling point of nethanol (2)
cool ing down t i ] I t - -10C 25
(3) recoveri ngﬁ?rfgsg%eé_cfbgip%@e@gi%ﬁgzl - c%g(%w\(g%' - %\Wﬂﬁ? égiﬁ?’ﬁg?ﬁ

car banoyl - benZd} ispersing| 3-{40(@9‘)@2@!n@oII-»%I?Sb@hyllrﬂ«(?ﬁ@arrb@mwweaz@ﬂmyn-&
filtration at rog HipBREAmd I Rirafdrdflidnng i n vacuo at room tenperature.

(1) di spersi nd2) QR eBI e Kb ceantnRle i od A 2Rty benz o ur an- 5-
30 yl) - pi perazi nebanzofiebndhyiHpiferagine base, by addition of 1N hydrochloric acid
15 into the hydrochloride salt at temperatures between 10°C and 60°C
(3) precipitation of Form Il at room temperature
(4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride solvate with
tetrahydrofuran by filtration, and drying in vacuo at room temperature.
20 . : , : ,
33. Process for preparing Form Il according to claim 3 which comprises:
(1) suspending Form Il of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride according to claim 18 in
tetrahydrofuran
(2) stirring at room temperature between a few hours or days, preferably
25 15 to 30 days,
(3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride acetonate by
filtration, and drying in vacuo at room temperature.

34. Process for preparing Form XV according to claim 4, which comprises:
30 (1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
yl)-piperazine in tetrahydrofuran



WO 02/ 102794 PCT/ EP02/ 06153 -53 (2) converting the

1-[4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-carbanoyl - benzofuran-5-yl)-pi perazi ne
base, by wodettoxyp of aqueous hydrochloric acid into the Rrgdmpohdass de salt
(3) precipitation of FormV at roomtenperature 5 (4) recovering the

preci pi tated 1-[4-(5-cyanoi ndol - 3-yl ) butpl]~ 4- (2-

car banoyl - benzof uran- 5-yl ) - pi perazi ne hydrochl ori de nonohydrate by
filtration, and drying in vacuo at roomtenperature. 38. Process for
preparing FormV according to claim1], ich conprises: stirring of

wh 1
Form IV of 1-[4) egnwﬁﬁgiﬂg@6r[43(5;ﬂyﬁ|@9ir3¢i0]-34ylIbzﬁxdhﬂtiaxﬁﬂrbam(@y?-
benzof uran- 5-yl) bBhASTUAIA-BE/IPYIPERSIMO DRLES, AEEEdIHOA B HN IBYdroBhibriciaid wat er

I A R Xt e

??Ir ??g?iyl);]begﬁ@)f prﬁpi@tﬁn)efﬁqrm)ﬁ/iat&gbmbeaq:kdraﬂjrde rmn_ohyd{ at ef l;%/m o
t he nonéhyara{® g«%c}'o&%ﬂﬂwb{f/h%%fﬁcg%@t@gé 5@%@5’%@%%'& cess forg
preparing For m Vcateoneylgnzofuraeisny)-pipemazios hydratilerids solyate withrri ng of
Form XI11 of 1-[ fétﬁér?\é/a)‘é’fﬂ?ér{‘g?lrf]i;t%;t%h) ?HB)& eihg‘lr( 9a&d BB temperature.

benzof uran-5-yl) - pi pérazi ne ochlori ccording to claim24 in water
(3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2 20
car bamoyl - benzggf PradEs8fyt prapabithForAeX Heeoriing €5 tidém B Rty cetnpribys:
filtration, azﬁ g{s)él n |g vacuo at .rﬁ@tﬁ% at(ére.bm. F@oces,rs fog
preparing VI AbcHISEeRRNY d-ér@rmeneingghicaH ﬁi)'rl' garoampyl-Reic I8 For m
|V of 14p4- (5- cygh)pipetakzing-inltgtahydrbftal 2- car banoyl - 25
benzof ur an- 5- - Ri Aazi ochl or i ' t M 17 in water in
whi ch the rel ﬁ),) 9@“@%@@.1'5‘?3Hé%f%&ﬁ[”G@Pﬁ@ﬁﬂﬁgzb@ﬂr%@r‘? 1:5 and 1:10
(3) recovering t henpefecambtid)-pigetazie pasenatidition 081N hysiroghlpria acil
car bamoyl - benzof i@ ind hybochidRiedz'S 1BHIHePaldral befergtid4Ad Abechy
filtration, and ryl.n_g in vacuo at room tenperature. 30
(3) preécipitation of Form Il at room temperature
(4) recovering the precipitated 1-[4-(5-cyanoindol-3-y!)butyl]-4-(2-

15 carbamoyl-benzofuran-5-yl)-piperazine hydrochloride solvate with,

tetrahydrofuran by filtration, and drying at temperatures up to 80°C

maximum.

36. Process for preparing Form Xl according to claim 6, which comprises:
(1) suspending Form VI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride according to claim 12 in
methanol methanol at temperatures between 55°C and the boiling point
of methanol
(2) cooling down the reaction mixture to temperatures between -40° and
-10°C
25 (3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl}-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride methanolate by
filtration at room temperature, and drying in vacuo at room temperature.

20

37. Process for preparing Form V according to claim 11, which comprises:
(1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
30 yl)-piperazine in tetrahydrofuran



41. Process for preparing FormVl according to claim 12, which conprises:
WO 02/ 102794 PCT/ EPO2/ 06153 -54 (1) stirring of Formll of

1-[ 4- (5- cyameitoaiod - 3-yl ) but yl ] - 4- (2- car banoyl - benzof ur anPETEPY2/@i1pEr azi ne
hydr ochl ori de according to claim2 in water for at |east one hour (3)
recovering the precipitated 1-[4-(5-cyan®3ndol -3-yl)butyl]-4-(2 5

car banoyl - benzof uran- 5-yl ) - pi perazi ne hydrochl ori de sesqui hydrate by
filtration, and drying in vacuo at roomtenperature. 42. Process for
preparing Form VI I accordinﬁﬂto claim 13 ' conprises: (1) stirring

whi ch

of Form VI of (4- paoyesting dheil d!5=<a/ay\pjrm§n]l)biﬁs(llzélz(arq?é%mpyl-1o

benzof uran-5-yl) b@h@@lﬁ?é’ﬁ-ﬁ%/lﬁﬁiééﬁ@iﬁh@bbgé, IBea6tON OF atieedgs RydhiodBIdiie ¢l ai m
r

12 in water for more fhan 12 rs.(3),recovering the precipitated
1- [ 4- ( 5- cyanoi nd@P'—d§D§ﬂ ?’&mﬂﬂ ?gﬂgf@é S%Er banoyl - benzof ur an- 5- yl ) - pi per azi ne

hydr ochl ori de(3)eprdujipitation dfiforfm Viatabomrempedatirgi ng i n vacuo at room
Lrmer aLur e U8, Ty BG5S LSl PABRA I ARl s s l-  © of alm 12
1- [ 4- (5- cyanoi ndo@ glmﬂryb?uran@yld-aiﬂﬁaﬁyehydmmlﬁrm@mwopqube P¥r azi ne

hydr ochl ori de ac LAY iad ' ours (3) recovering
t he precipitat edﬁ?lf Eﬂ(gﬁg)&@h@ rllmijg?é%b y; ) but 5%’?'—5%%@'20

car banoyl - benzof uran- 5-yl ) - pi per azi ne hydrochl oride hem hydrate by
filtration, agd. Prode’g fonprsparingdorfirograccerdity & diaim 144 wHREEesprises:

DD .o SRR Ao BT e OhET SRR galobbuY 03 4
Process 10or pr epbenngfufan-svyli Mpipecarine hgditoehtdrigieraccordingite loladmnf inses: (1)
benzofuran 5. yl ) RIS SRiaGUR MR o St e S ARy (o
claim6 at tefPeresavessgtibe msesipisned fdldeteyamwingnl-Fyijedyd-4+@- preparing
Form 111 accordi pgren&f1HeRzdfiraldy-fi pfifezihé $drochloride monohydrate by
filtration, and drying in vacuo at room temperature untill the forming of
the monohydrate of Form V without excess of water.
15
39. Process for preparing Form V according to claim11, which comprises:
(1) stirring of Form XlII of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine dihydrochloride according to claim 24 in
water
(3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride monohydrate by
filtration, and drying in vacuo at room temperature.

20

40. Process for preparing VI according to claim 12, which comprises:
(1) stirring of Form 1V of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
25 benzofuran-5-yl)-piperazine hydrochloride according to claim 17 in
water in which the relative proportions of salt to water are between 1:5
and 1:10
(3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride sesquihydrate by
filtration, and drying in vacuo at room temperature.
30
41. Process for preparing Form VI according to claim 12, which comprises:



WO 02/ 102794 PCT/ EP02/ 06153 -55 (1) drying of FormIl according to claim3
in vacuo at tenperatures of at |east 100C. 46. Process for preparing Form
VIl accorwprgiomo£l ai m 19, which conprises: 5 (1) tenperiPag/EPo2/0a153/ of
1-[ 4- (5-cyanoi ndol - 3-yl ) butyl]-4-(2-car barmyl benzof uran- 5-yl) - pi perazi ne
hydr ochl ori de according to claim17 at f5ﬂn’per atures of at |east 200C. 47.
Process for preparing Form | X according to claim 20, which conprises: (1)
drying of FormVIIl of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbanoyl 10

b f -5- - pi ' d I 13
Cenper at tr es bUl SERGGIE ST EL A ebyePp SEECe bk B AR By 1 1
accordi ng to cl aben2dfurambe)-pipergrine hgdrochloridiesgueosding to claim 2 in water

1-[4-(5-cyanoind 4- ( 2- car banoyl - benzof uran-5- 15
yl ) - pi per azi ne |ﬁdraa§ I%%Q&%%ﬁéuorl vent chosen fromthe ?mg E) consi sting of

t et r ahydr of ur &%), reaaveniog the pogsipitatad 1-dr(Sreyaneinsdol3hy “#@h wat er (2)
converting the lehdsfrof bb%fh% RHeh-53 |¥E@§%ﬁhéh§g(&hﬁfd@§@ﬂgh ydrate

benzof uPan- 5- yl) - 'DI pera2| ne ase tion 2N or concentrate
hydrochl ori ¢ aci flitiaties. apdd WGQU&WP% algroen) teraperaliffer at ur es bet ween 20
and 30C 20 (3) precipitation of FormXIIIl at room tenperature (4)

recovering the,pgecipitated - 5- noind A4-(2-
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carbamoyl-benzofuran-5-yl)-piperazine hydrochloride hemihydrate by
filtration, and drying in vacuo at room temperature.

cyanoi ndol -

15 43. Process for preparing Form VIl according to claim 13, which
comprises:

(1) stirring of Form Il of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride according to claim 2 in water
for 12 hours

(3) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine hydrochloride hemihydrate by
filtration, and drying in vacuo at room temperature.

20

44. Process for preparing Form IV according to claim 17, which comprises:
(1) drying of Form V according to claim 11 in vacuo at temperatures of 85°
25 to 90°C.

45. Process for preparing Form IV according to claim 17, which comprises:
(1) drying of Form XI of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine hydrochloride monomethanolate according
to claim 6 at temperatures between 55° and 65°C.
30
45. Process for preparing Form Il according to claim 18, which comprises:



hydrochl ori de. WD 02/ 102794 PCT/ EP02/ 06153 -56 50. Conposition conprising
Form 1V according to claim 17 and FormV according to claim1l. 5 51.
Conposi t iwo oeaemipd sing Form |V according to claim 17 and PermPe2/0@sxor di ng
toclaim1l in a nolar ratio of about 100 to 1 to 10 to 1. 52.

Phar maceuti cal preparation conprising an®&ctive | ngr edi ent consi sting
essentially of a mxture of Form 1V according to claim 17 and FormV
according to claim11l. 10 53. Pharnaceutical preparation conprising an
active ingredignt,_consistin essentially of.a mxture of Fporml ccordi ng
Fo ol ai m 57 ek HBARG Of FoEBd) efcting Biclald it vabd HBaiperafire® B aBbout 100
to 1 to 10 to 1. |dakt 1088Cof a conposition according to clains 50 and/ or 51
for the 15 manufacture of a nedicanent. 55. Extended rel ease formul ation

conprising Form| according to claim2 and/or Formlll according to claim
18 and/ or f or AB\VPracessdor piapgring Farmay thatgording tpelaingd 9, which comprises:
5 (1) tempering Form IV of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-

benzofuran-5-yl)-piperazine hydrochloride according to claim 17 at
temperatures of at least 200°C.

47. Process for preparing Form IX according to claim 20, which comprises:
(1) drying of Form VIII of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
10 benzofuran-5-yl)-piperazine hydrochloride according to claim 13 at
temperatures between 90°C and 110°C.

48. Process for preparing Form XlII according to claim 24, which
comprises:

(1) dispersing 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-

15 yl)-piperazine in an organic solvent chosen from the group consisting of

tetrahydrofuran, ethanol, isopropanol or mixtures thereof with water

(2) converting the 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-
benzofuran-5-yl)-piperazine base, by addition of 2N or concentrated
hydrochloric acid into the hydrochloride salt at temperatures between
20° and 30°C

20 (3) precipitation of Form XlII at room temperature
(4) recovering the precipitated 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoyl-benzofuran-5-yl)-piperazine dihydrochloride Form Xlll by
filtration
(5) drying of Form XIlI in vacuo at room temperature.
25

49. Process for preparing Form XVI according to claim 27, which
comprises:

(1) dissolving 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-
yl)-piperazine hydrochloride of Form IV, Il, VIl or IX in acetonitrile and
water in the molar ratio 1:1

30 (2) freeze-drying or spray-driying overnight to give Form XVI of 1-[4-(5-

cyanoindol-3-yl)butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazine
hydrochloride.
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Composition comprising Form IV according to claim 17 and Form V
according to claim 11.

Composition comprising Form |V according to claim 17 and Form V
according to claim 11 in a molar ratio of about 100 to 1 fo 10 to 1.

Pharmaceutical preparation comprising an active ingredient consisting
essentially of a mixture of Form 1V according to claim 17 and Form V
according to claim 11.

Pharmaceutical preparation comprising an active ingredient consisting
essentially of a mixture of Form IV according to claim 17 and Form V
according to claim 11 in a molar ratio of about 100 to 1 to 10 to 1.

Use of a composition according to claims 50 and/or 51 for the
manufacture of a medicament.

Extended release formulation comprising Form | according to claim 2
and/or Form Il according to claim 18 and/or form VIl according to
claim 13.



