; ~e3ej |,g46TI FN- 12 MAR 200 M 4 ~ PCT/ HROO/ 00011 AMORPHOUS
TORASEM DE MODI FI CATI ON | m Patent C assification: C 07 MA[?%M 70;

A 61 K 31/44 The present invenpkion relates to an anorphous nodification of
N (1- net hyl et hyl '

am nocar bonwo0i4ecsd- net hyl - phenyl am no) - 3 pyri di nesul f onap¢TiER(/0001the
further text of the application designated by its generic nane

"torasem de"), to a process for its pregaration, to its use as a raw
material for pharmaceutically acceptable salts of torasemde, to
pharmaceutical forns containing the said anorphous torasem de nodification

as the active ingredient a ! {£. Torasemde is a
new potential diureti CWW@@?%&‘@DMW@ﬁ@& diuretics",
which is described in DE patent 25 16 025 (Exanple 71). Structurally, it
entirely differs fromdiuretics of the same class such as furosem de,

bumet ani deldernationsd Bateat Classifigation: oW P218171% & 6Kt ldberties it al so
possesses anti hypertension properties. As a diuretic of Henle's loop it is
useful as an agent for preventing heart or heart tissue damages caused by
rr]f:t alﬁol Ing The ifaBicht dbvationl idlates t@%ﬁo@in@ﬂﬁduw mdeiﬁsa:thﬂmoﬁhNi(m-mé‘thyleﬂlght ment
of thrombosis, angina pectoris,. asthnm, hypertension, nephroe :

pul monary é@gl@&?rbﬁpyﬁﬁr -methykebeny lyo)iﬁ'dl’bfélfl@ﬁﬁ}ﬁfwlﬁ%lz@e&e &%g@?ﬁj@éhe,

tumours.  SbAHRCRICHRG] Badiiedby I8 'deAf hithe m&&&%ge’g,;&g?;r@aesg 0 C

bronchitis, In the treatne cer M cause uma, 1schemn a,
concussi onpepatatienptaiits, useessa st mse materiak fot gbainsacauticallysacoegtable salts of

treatment of nasal infections,..caused b |.l ergens. .The abi.lity .

subot ance FeeBRRde b PR RERaRRoREms YultinTeS B e rRRr b2 Beeids oni sm
and these gholiffeia€ioh as thesdctive inprediestiae wellaedo itp aby/apndipketiondi fi cati ons” or
"pol ynorphs". In general, polynorphismis caused by the ability of the

nol ecul e of a substance to change its conformation or to formdifferent
i nternol ec ity I LA i i rd
bonds, i dpragide R e fend BoRafaPliukdioTh 3L kBRS or B Jo-NEL o Rliede,
PCT/ HROO/ O@fiich & ddsoribed irndfe petent 25 nl& 625 (Eyahple 719t Sirveturaly, di ehregnt
ol ynor phs.,, ol rphismis found in several, or i c_coppounds. .Anon
Do caron Gl YAGRb eSS of dHicsate SESEehoR oisaeDrdeh htadan gg o)
sul f onam dggsaRtid O alidisibR! @) Eurefid proptits W URS poBtsEs "B pefteddich sai d

cl asses are not_present on the marlcet in their noSt stable fornms (T.

Lai rd, CheBiopgftiePevel opnent and Scal e-up in the Fine Chemical |ndustry,
Principles and Practices, Course Manual, Scientific Update, Wvern Cottage,
1996). The different pol ynorphs of a substance possess different energies
of the crydsalditatic of Henletk lobhitss usdfelyassinagenti fof presantinghlysiricerd hegrtdissuet i es

of the solid state such as, for.m density, din ojnt,...colour, stability,
i ssot ut 1 ofnaAeR capsid PrRiaolif or Jorie bamabhcs S se B orith FeBeie, HAR L | )
nedi cament gredtiiénff dfe GhroitiRs RO Saghid igektofis, tigin, eRPpeHenSIdnOfnephrsedemeut i cal
foftms, their stabilijty, di ssol ution and bioavailability and, consequently,

t hei r act i BHMoRaTRAAsHIsh PEmaBT anftecendasn aldosteropisa, difrdens yndepmpy tegows,

i nterdisciplj e : I I8, j . 58
(1560 011 Bepete AT Sntornll G aplly, F 706 phonclielThn 36
Kuhnert - (Br treaisient DE cerebled rademaecadized bygfa%mxhé,l?.schbtm@ cdicudsiai of tﬂc?h chtin,rrr?
Sci. 86 (1997), 405; W, H., Streng, T 1997) 415; K, .Ypshii, em, Pharm
Bul i . a5 (DEGRESEa Chleptc 20 qad R e RO S iobARERIR GHRELN o
precondi ti grrh&is, @ critical observation of the whole process of nedi canent

devel opnent. Thus, at deciding on the production of a pharnmaceutical form
in solid state and with regard to the dose size, stability, dissolution and

anti ci pat acti.on, 4t 1s .necessary, to detern ne the existence 11 solid
STate Tor rindahifhof b SBsRRGETS Bike bR G Hh Mol 8SGH BhR S il '
Pol ynor ph gsly@offhikish @ndthece diffaent Rivren doame, ard/Bhmbd Cpolykdofph addificatidgier m ne
t he physi cal - chem cal Eéoperti es, of each_ of them Only_ on the %ﬁlqss::ufq&je

5

these det ePtmRQAMRES 't e Sefsialo pRLyBIOEPIISN Ieauptd b fenbiliy ofthem
devel opmen) oo Aa"ERGEHEd G&lcohRMHEG bPES f8tin BBRLAnRRABRIChIaE Br intra-

molecular interactions, particularly hydrogen bonds, which is reflected in different

VIR
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Fromthe great number of such efforts only a feww || be nentioned as an
exanpl e. Thus, Chilcaraishi et al. (WD 9626197) protected, in addi1t2' ARk E(ﬁ}a
pol i mol ph form 12 MAR 2003 WO 01/ 70394 PCT/ HROO/ 00011 3 al so an

anor phous form of piretanide as well as processes for preparation thereof.
J.-B. Cha ew®@d1/7069%¢ WO 98S7967) protected an anor phous forpgT/HRpWOEASS f OF
the preparation thereof and pharnaceutical formnulations of the nedi canent

i traconazol e containing this anorphous form E. Ccceli et al. (WO 9000553)
protected crystal polinorphs I and Il and the anorphs of the nedi canent
rifapentine hydr ochloride and hydrobrom de. Further, for the new

Dol § mor phs 40F? GEAERFRRAT Thdi FEFBhETERS LY BRAPERe. AT h e
that toraseniPinGa0eaK bidanictolrtoRBdS: AtRbRY maaﬁhﬁlbﬁtatﬁomﬁgxéhfshers fongd i t h
regard to the paraneters of a single cell, i s confirmed, by X-r%GQC

whi ch
di ffracti osbait 10ferf babituwitsss 6@Yosor sutfanamidas pagh 697t sheraidsy andyabritt 20
[ Acta Cryst., 9 .304:.131, i figatd PPRVY NS g
poi nt._| eycof meERapisar diite 4l iste it RESHR I BR sh et b il sl
09/ 187046) ForedsyJt &airdz €hemivat Devélophet dnd Sdate-spircthediine Chemadal dndystiys ms)
while nodification Il with nelti poin@lG Ccrystallize rmno;l'% ically
in the spagémﬁlﬁ’w&nﬁPﬁ‘ﬁlcE?s&quﬁer}%M% grditic 1% 1 Copage, 18 g} I n
addition to the above, US patent 5,914,336 protected the use of a new
t orasem de poli norph, however, only sone of its physical -chem cal
propert i es Thaodiffaenipolymyphoiofita, stlstanceofpossessraififerant ewdrgiss| oft the eiystsl band

in | R spectr but,no X-ray pat.tern f .the powder d 1] st.al re
tatod. | nIBHRS e ek SlpRRHHERT aRy il prBrt el o8k R St i 4

sur pri si nglfyend, oBexkitN raeTin® i, tlage mbaityp didsoleibh omtehiifingagadiiiyher t o
not been | cnown.,6 The anorphous torasem de nodification has the form of an
anor phous SENYHtieBLCOMPAGBE etinhich-inimedicamentsimayaffegisthe Rosybilie of 8% ai ned

by the grindj £ he gﬁ,ﬂﬁw ' d Bk ' : @kdi ng
the X-ray goﬁ%;t%gaéfglﬁ%?ﬁgﬁ{dgﬁf ermhglt?ér}% %‘gﬁ{t%g&gﬁ%ﬁé%&rﬁ%%‘?ggﬁﬁ eof .

I n the sol ahd,@onsdysemtiy tipioacdionodi fication is identical with other known
torasem de nodifications, which is evident from NVR and LTV spectra. On the
ot her hand, solid state analysis techniques such as differential scanning

cal ori met r PolyRRephissi- dfaedicabeehdNR (RO 6B Rt I AIFinReTAHRIRIQRP A tdanppwder

pattern (XRD) and | R spectroscopy reveal the difference 1n conparison to

the known toialebtane WolloCrees, ijoddarmstrioB8 H86SnBt nouBotkss &dermddcta
modi ficat | g Fdfﬁ(l@l)sfbwﬁ{[ %ﬂu%&é{%ﬁﬁ&h?er”%a%ﬁ%@%ﬁg%%lﬂ? gonget at
POSI U1 0N en n

about 144C) “r'ésul timg’fradm decon al S0 evi e bdsi’s of IR
spect r oscopyittaing Jt Rhavrk.aSoé r 86 (19074 0% rWp Bl Streff DRI 211 990did 5 ; Kaf¥ashii, of

pat 1 or ns. o heric ot Hith A 495 st 19t b foeods FoMUReerof hehoTaym
diffracti Ofbp'i‘@séhﬁalaelﬁﬁ:cc(%ﬂcﬁﬁ&ﬁ‘ffo‘i‘”rﬁ] Efifcal THEgeRAMEN NEE Uhe (zv'ﬁg&l rP%ceSér her | R

spéctrum of "a sanp of the anorphous nodification recorde KBr (Fig. 3)

di ffers frmedicRnepidevelopmient.hEhuse abwacitingaere thedproduetidn ofiai phagmadewsical

anor phous torasen i ficat.,on_sh har.act erist]j ¢..absar ptiaon bands at
2500 1o 3obERLEE ot fate, pnd Sl RefRE0R (iK' Bt by S URhfEn A
charact eri giticipdteadtioal A dceshafyf rd@idrindle the aRdieABe 6PAIPEolid Rhte)fofrE¥Sen Of

t he anor phqQus torasem de nodification. Fig. 2 represents a characteristic

X-ray powdBie 1parkeliane compiienpioREAmaNes ¢asy bes fwndee Bovl alymarphsras Fmgdule

represents g?ag]hr T tQ ZTauTe 2 de
nodi fi cati gﬁ»reg@{é%égd n 'g?’.ﬁﬁgﬁg?mr p oé%& ?%Fasemﬂggmm%%gﬁégﬁwal
accor di ng propeties pf eaendf thewe Qnlpondhabisis obthesadeteimyinaliasothe iapgropriate

nodi fications |, .1l ot I1] or an rphous torasem de npdjf.icatipn or.any
i xt ur ot hBREBetpt berseliet BF (6 Arbriooinn SanrrBroas tygededhis o
subsequent q¢RB YRbpephiest € water and base from such sol utions.

From the great number of such efforts only a few will be mentioned as an example.
Thus, Chikaraishi et al. (WO 9626197) protected, in addition to a polimorph form,



The process for the preparation of an anorphous torasem de nodification
conpri ses: 12 MAR Z003 WD 01/70C>94 5 PCT/ HROO/ 00011 (i) the preparation
of torasemi de polinmorph | according to a known process, {ii) the 12 MAR 2003
di ssolution of polinmorph I in water with or without the addition of a base
at a tenperwowigo®iom5 to 100C within 5 mnutes to 24 haGCBHREI0DM) t he
filtration of the obtained solution, (iv) the cooling of the obtained
solution at a tenmperature from-20C to 470C, (v) the renoval of water and
the base fromthe frozen solution in order to prepare an anorphous

torasem de nodification, which is characterized by the foll ow ng data: DSC.

powder. pat £ap nhofit iy pf BlretaBltR s, il 3 Hiboes et tor bhuntton ek
(Fig. 2); JFBccaaasttﬂrl(sxloc9msevppmectaaraﬁsmﬁovpha\ﬁs farm ZQQrotess %ﬁ&hand at

1400 to 1703 (Fi g . According to, a further enhodi rreg of the pres
i nventi on Iﬁféal‘[ﬁﬂ@% éhejetpﬁ)@ncl plarmagpitical fasmudation o ipgment HECRNERO

modi 11 cal | ofhefihiiy GfMRto Cess@%@ﬂcﬁ@%@%%l c9f9ob§m§ %%teqoaly%% ph 11

accor di ng own pr issolution o 1Y nor
wat er wi t hpalimesiphk®and ddatid the mmwipls dfathenwkhmmeahpﬁlpanmu@hydlmhland@and)oc

i t hi 5m t t, 4 11 t filt f. t
Sol ut1 on, ISbERLSEJSIRG B teb BSOS & oSBT r om
-20C to -79G00,820) progcteiy polibrphet Ve @Pstal ftinkiApRs Addodhd diorbhodesne.
solution in order toagre pare an anor phous toraseni de nodification, which is

char act er i ldd lmpwinthati serasenside ceaanexdst ionthregecrysiel mndifientions shifferes avitidi ng

t furth t

br epar at | oibea B e Befimdbrs'of 5 SABR RN, WEKBOS B L OB el ) (e

pL epgr ati lomeilfmcbrftfcaﬁ&ml (Moqnﬁbaﬂimr Pwith Inhelﬁ@glpdsldt D@mﬁtd(tdmmt 0 BBSOEQ%’BR) (i :c)

t he di sso ter e addition of a

base at a f@%&%{]lﬁ%@ ng‘rﬂo t‘?‘b HIOW@}I‘\B IHPE Pfs’l% W@s patery catequ i)

the filtrapogyasoh e é’c@ﬁtadfp?ﬁgat?&l' 09/!8’71)468 éﬁ/stﬁlﬁﬁe apbbhgicaly fihe L@ ned
solution at a tenpera ure om - MAR 2003 \M) 011 70694

PCT/ HROO/ 0g0up P 2;/c (prisms), while modification I with meltmg point 162°C crystallizes
monoclinically in the space group P 2/n (foils) [Acta Cryst. B34 (1978), 2659-2662].

In addition to the above, US patent 5,914,336 protected the use of a new torasemide
polimorph, however, only some of its physical-chemical properties such as melting
point, heat of formation, solubility, first band in IR-spectrum, but no X-ray patterns of

the powder and monocrystal were stated.

In our further research in the field of torasemide we have surprisingly found an

amorphous torasemide modification which has hitherto not been known.

The amorphous torasemide modification has the form of an amorphous voluminous
powder, which - in the same way as the powder obtained by the grinding thereof -
does not show any diffraction maxima at recording the X-ray powder pattern, which

demonstrates the amorphous nature thereof.

In the solution the amorphous modification is identical with other known torasemide
modifications, which is evident from NMR and UV spectra. On the other hand, solid
state analysis techniques such as differential scanning calorimetry (DSC), X-ray



6 (v) the renmoval of water and the base fromthe fi~ozen solution in order
to:prepare an anor phous torasem de nodif cation, which is~ char act bl MARd0 y
the data represented in the previous process. According to a further

enbodi nent of the present invention the process for the preparation of an
anor phous t ov@eiensde nodi fication al so conprises: (i) theP@r/Epewv@oiion of an
anor phous torasem de nodification according to the process of the present
invention, (ii) the dissolution of the aporphous torasem de nodification in
water with or without the addition of a base at a tenperature from5 to
100C within 5 mnutes to 24 hours, (iii) the filtration of the obtained

"20C to - 78wl pieRROXRRS ot IR Aot PO fl s fn e B bR T fotne O

sol uti on i mnowHesratemide el Bcationenor phous t orasem de nodification, which is
characterized by the data represented in the previous process. According to
a further enbodunent of the present invention the process for the
preparatio n Xe bfid 1O RESRYE QB! bsRSerndid ) t he
P cpar at i oyt ForRCRaRRuR: «BHAGRMBoRCk o e AR WP SRR
processes amtimina girabpatr M7°Gn(onfetam ahowtr MO0} rasultingefdrd elenompbdition (also
according to, the process the present .invention (ii) the dissolution of
any m xt urQV’&Fmtquti’Fﬁﬁ%ﬁgﬁi%épﬁfé‘E’ﬁ?ﬂWﬁﬂg tin-lgyer 5ﬂl&ﬂ§ﬁt€?éfﬁph}’§f t he anor phous
torasem de nodification in water with or without the addition of a base at
a tenperature from5 to 100C within 5 mnutes to 24 hours, (iii) the
filtrationThe X-ray povdarpetermaefithe emorghopy ternsemide madgfiestioniitfenstfzem dbe
solution a t = - : A he. I and
he base { PG Bhithis bF R i sl bkt "SR 8 s &y

t or asemni de diffrdctiorcimbxiom, whitdhodonifisms lisr andrehowadhtiby (Fige2yat a represented in
t he previ ous process . ~ z MAR 2003 WD 01/70694 7 PCT/ HROO/ 00011
According to the process of the present invention, an agueous ambnia

sol ution i %”hh"zR_@p@c%rdn*ﬂ%fB%ﬁxﬁpfe%f th® AidERHRAs ﬁiddﬂﬁba@iﬁn&@&r@é@fn@?@i@ﬂ@ﬁ
aqueous torasem de solutions. According to the process of the present

i nvent i on, diffaspHrem R ispeetias ofi shel leowinh borassnidel medifiestions e e admotphohe

Mvent fon 1838 mobio0fite 3A6Rs BRI s iR st 0BG (ERARERET) "¢
pure anor phedist 1400as emd3lemrtpdi fication is obtained (TLC and HPLC). It has

al so been found that the anorphous torasem de nodification is stable under
normal storage conditions, at crushing and conpressing, i.e. it does not

convert ingg g Qép(-d ts AQatdchfstie thérmdgtaR of! YiffePintial sBSERITAE Qalo ietry

anor phous torasem de nodification prepay ed according to the pr esent
process cafP¥e) @ﬁh@éﬁ@ﬁ@h%t@ﬂmldﬁm@ﬁqaﬂ@mi ons I, Il and Il of
torasem de by conventional processes, i.e. it may be used as a starting
material for the preparation of the known crystal nodifications I, Il and
111 of torBigefRimpresents a characteristic X-ray powder pattern of the amorphous torasemide

modification.

Fig. 3 represents a characteristic IR spectrum of the amorphous torasemide

modification recorded in KBr.

The amorphous torasemide modification according to the present invention can be
obtained by dissolving modifications I, II or III or an amorphous torasemide
modification or any mixture thereof in water with or without the addition of a base and

a subsequent removal of the water and base from such solutions.

The process for the preparation of an amorphous torasemide modification comprises:



The anor phous torasem de nodification prepared according to the pr@géﬂﬁzma
i.nvention can be converted into pharmaceutically acceptable salts of
torasem de by nmeans of conventional processes. The research of the rel ease
(USP 24) of the anorphous torasem de nodification in water in conparison
with the profgdige®i the rel ease of the known crystal torasenR®/00011

nodi fications in the same nedi um has shown its slower release. The

anor phous torasem de nodification as sugh is suitable for the preparation
of pharmaceutical prepartions having short-term or prol onged actions. 12
MAR 2003 WO 01/ 704 PCT/ HROO/ 00011 8 The anor phous torasem de nodification

repared according to th rocess of the present inyention is a suitable
'Ito or gsem' deag Brehre géoqjgigtgpaggmﬁetgqg\mcgpl? I:Q%ﬁ%‘ﬁﬁg t%ﬁ}ég%\gﬁplchﬁs, preventi ng
heart or ha&ﬂ&%}e Hﬁséélﬂﬁoﬂmgﬁﬁltoﬁgppﬁﬂwmr FBthakakitio@ thd SdtiGobRabasald ti es

associ ated h 1schem a, i > treatment of thronbosis, angina pectoris,
ast hma, hyteenptegatyiediom FeipoHi002Q evithin p miruiesto24l@m®, prinary and secondary

al dost eroni.st 3, rtter.s. s nours, glauconmm, for decreasing
i ntraocul atmw"gsfﬁﬁ#g,gn éfcﬁjteeo%ga?ﬁ% r(l)lﬁl}otlizl" bronchitis, in the treatnent of
cerebral edeymevaviggobthetobeiingl solsitneariadempearatups fomn-20fC the7d5Cai n,

net ast ases Qr_epileptic attaclc nd |.n the treatnent of nasal infections
caused by &0ithe g@mvalvﬁéquffre@@f@e' ﬁ%ﬁeﬁpm& e frozen plpUPR N PEler i REFRRELAY cal

forms such %uﬂﬁmth%ﬁé gﬁésenﬁ&?ﬁféhﬁfcaggﬂ, rr‘glg]b? i drafkR e 28d Bk MDIRWiIEE dR81 1 ve

anount of e ‘anpr phous torasem Ication as the active 1ngredient
wi t hout anipS&dekothemsic anaximmn atetiovt 147°C fenset atrabout PHACKEigul); cal | y

accept abl e_addi ti ves such sugat,. starch,, starch derivat.ives, cell.ulose,
ol |l ove. e pavloenstern 2 )F b Bttt GLap i, fie @ B AmEYE hapl (Lung
possi bly agpnt s for flowability regulation. The present invention is
illustrated but in no way limted by _r]he fol |l ow ng Exanpl es. f 12 MAR
7003 9 ExaHpicharactgristicalsorptiombanidsi(emt ): b 2009 to 836G endiati d40Bt®47¢ (Figepar ed
accordi ng EP Acta Cryst. Bg4 (19g8) 1304-1310 was suspended in 60 m of
dem neral i 56d water at 25C, 30 drops of an aqueous ammoni a sol ution were
added and the obtained solution was stirred at the sane tenperature for 24
the solutjon was frozen at, a

hours and then filtered. Subs ently,
t enper at ur SSEATIIgOLR 8. LSS \GRIATBER $enaIeEr Lo Ry % DRSS eiied by
| 'yophi I i Zaf)ﬂseﬁﬁl*atiﬁﬁ bfin hl%%#%fﬁh@fbrﬁieﬁﬂﬂé Hﬁdiﬂé@ﬁg:& fhl!sé%ﬁ@ﬂsé‘s‘?ssa there were

obtained 2.8~ g of an ano ous torasem de nodification; nelting point

( appar at us(iJ e prearating ofdpraserdistecnotinmeaph Hracc®disigi loBdaipwnspraeassof sof t eni ng

of the sangyand EGRRARhiqr HBhoBRIL by WARY i Br, SUBORE hEdi3h oF o BhsBRRS U
| R- spect r oghplecatmiedtonNisao 1602/ mgthin Safinutdhte Dhisowest eri stic X-ray powder
attern as,sh in,Fi 2 s recorded in the instrunment PHI LIPS PWB~i o
inder Qu ?&l?k@g\’m}{lﬁi‘@n&tﬁc obiEinEIARISRY - (CuKa2) =1.54439 | The |
characteri ?W the OSETifRbBe Shtailtd DAL é&lﬁﬁ*&i’ﬂ‘tﬁrd flonil-90°A ty@@ogecorded in

t he apparatus Perkin-El ner DSC/ at a heat i n? rate of SC/m nute. Exanple 2
The cryst afv) thaitemayal pbwater @ndtthe hassnfrers thofrogemgolytieiy endentacpregngdnt o

dom nor i 1 SaciPlptiotb oy o ERG AR AR REAFR ARy e, BBl B 0L

t he sol utiihe pr@dousqebestst o room tenperature and filtered.

According to a further embodiment of the present invention the process for the
preparation of an amorphous torasemide modification also comprises:

(i) the preparation of torasemide polimorph III according to a known process,

(ii) the dissolution of polimorph III in water with or without the addition of a base at a
temperature from 5 to 100°C within 5 minutes to 24 hours,

(iii) the filtration of the obtained solution,

(iv) the cooling of the obtained solution at a temperature from -20°C to -70°C,



~ .z May 2003 WO 01/70394 10 PCT/HROO/ 00011 After isolation fromthe

l.yophi | i zation vessel there were obtained 0.05 g of an anorphous| 2 Mggg de
nodi f cation; nelting point (apparatus for nelting point determnation:
Btlchi 535): start of softening at about 80C, deconposition at about 148C.
The | R specwuin76694t he t hus obt ai ned sanpl e corresponded POI/HR&/MOR1Spect rum
of the new anorphous nodification obtained in Exanple 1. Exanple 3 The
crystal nodification Il of torasem de (% 00 g) prepared according to Acta
Cfyst. B34 (1978) 1304-1310 was suspended in 50 ml of dem neralised water
at 10C, 10 drops of an aqueous anmmoni a sol uti on were added and the obtai ned
sol ution i t t . :

filtered. b@é(ﬁ%@ﬁﬁlgﬁf‘%ﬁg SO uteibg%g)%@ ?l%;ﬁz%zgﬁgéﬁga{??ngg%g?%?gﬁgfe ?ﬁ)out
-60C, wher ampeshoub ¢orageneide amatlification] whickrie characterzedly thealatd tepreseited in Af t er
isolation fromthe |yophilization vessel there were obtained 0.98 g of an
anor phous lﬂlﬁﬁﬂé‘ﬁpﬁﬁ%ﬁﬁ?ﬁ-fi cation; nelting point (apparatus for nelting

poi nt determ nation: Bitchi 535): start of softening at about 80C,
deconposition at about 148C. The IR spectrum of the thus obtained sanple
cor r espondédcomingh¢o laRfigrtlert erabodithenthef teewvpresentpinyestion did ipregcss foolihai ned
in Example | . anple 4 The crystal,..nmodification 11l of torasem de (1.00
g) prepar ey@@@ﬁ?g%ﬁéﬂ@gﬁ:&%ﬁéﬁ?m& f)HOSﬁﬁagﬂnégg&g?@RSﬁ-Ts pat ent

appl i cati ogy) @&/ ?reﬁixﬁﬁ@ﬂ ofiaf astsplaing eskabdinide moldifdatidarcosidalg etle wadwss at
20C, 10 drops of an aquegus anmoni a sol uti on were added 12 MAR 2003 WO

O / 7004 PefihemueseobipYention, and t he obt ai ned sol ution was stirred at the
same_t eMpe{il e isklhton B HicaAPndABralhide ifickin SHREGAUARE! ith bR iRl | on
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dem ner al ilegulevietsproaessa t enper at ure of about 90C within 10 hours,

wher eupon the solution was cooled to roomtenperature and filtered.
Subsequently, the solution was frozen at a tenperature of about -40C and

then the Wakesrdinstd @nBiredr Rimbodanéit! ofZ el preserftf infenticiokiad pRiteld ¥5 tie
| yophi li zation vessel there were obtained 0.06 g]ﬁof an anor phous torasem de
i

modi f i cat i BifPaisEPR Phan paiorhous fsasemidampgification pPHtesiet el ~ri i nati on:
i 5o ) iRl R Al O0 U iy I 0S|
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of the present invention,

(ii) the dissolution of any mixture of the torasemide polimorphs I, IT and III or of the

amorphous torasemide modification in water with or without the addition of a base at

a temperature from 5 to 100°C within 5 minutes to 24 hours,

(iii) the filtration of the obtained solution,

(iv) the cooling of the obtained solution at a temperature from -20°C to -70°C,

(v) the removal of water and the base from the frozen solution in order to prepare an

amorphous torasemide modification, which is characterized by the data represented in

the previous process .



Exampl e 6 12 MAR 2003 WO 01/70694 12 PCT/ HROO/ 00011 A m xture (0.08 g) of
crystal nodifications Il and Il of torasem de prepared accordi ng t, J@E@
Cryst. B34 {1978) 1304-1310 and HR patent application P980532A (US 2 03
application 09/187046) was di ssol ved under stirring in 60 m of

dem neral i sgdh aégef at a tenperature of about 100C wi t hi neGr/BRsI8011

wher eupon the solution was cooled to roomtenperature and filtered.
Subsequently, the solution was frozen ay a tenperature of about -50C and
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m xture (1sdatigps. of crystal nodifications | and 111 of torasem de prepared
according to Acta Cyyst. B34 (1978) 1304-1310 and HR patent application
P980532A (US patent application 09/187046) was suspended in 50 m of
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The amorphous torasemide modification prepared according to the present process can
be converted to crystal modifications I, II and II of torasemide by conventional
processes, i.e. it may be used as a starting material for the preparation of the known
crystal modifications I, I and III of torasemide.

The amorphous torasemide modification prepared according to the present invention
can be converted into pharmaceutically acceptable salts of torasemide by means of

conventional processes.

The research of the release (USP 24) of the amorphous torasemide modification in
water in comparison with the profile of the release of the known crystal torasemide
modifications in the same medium has shown its slower release. The amorphous
torasemide modification as such is suitable for the preparation of pharmaceutical

prepartions having short-term or prolonged actions.
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The present invention is illustrated but in no way limited by the following Examples.



within 5 mnutes to 24 hours and then the solutions are cooled to a
tenperature from-20C to -70C and water is renoved. 4. Process fOJ" t@ﬁ
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m xture of the crystal torasem de nodifrcations I, Il and Il and of an
anor phous torasem de nodification are used. 5. Process for the preparation
of the anorphous torasem de nodification according to claim 3,

char act edixanple 1 hat aqueous ammoni a solution is used as the base. 6.
Process for the preparation of the anorphous torasem de nodification
according to claim 3, characterized in that |yophilization is used as the
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The characteristic X-ray powder pattern as shown in Fig. 2 was recorded in the
instrument PHILIPS PW3710 under Cu X-rays [A(CuKo,) = 1.54046 and

MCuKa.) = 1.54439 1.

The characteristic DSC curve of the sample as shown in Fig. 1 was recorded in the

apparatus Perkin-Elmer DSC7 at a heating rate of 5°C/minute.

Example 2

The crystal modification I of torasemide (0.08 g) prepared according to Acta
Cryst. B34 (1978) 1304-1310 was dissolved under stirring in 50 ml of
demineralised water at a temperature of about 80°C within 3 hours,
whereupon the solution was cooled to room temperature and filtered.
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Example 3

The crystal modification II of torasemide (1.00 g) prepared according to Acta Cryst.
B34 (1978) 1304-1310 was suspended in 50 ml of demineralised water at 10°C, 10
drops of an aqueous ammonia solution were added and the obtained solution was
stirred at the same temperature for 12 hours and then filtered. Subsequently, the
solution was frozen at a temperature of about -60°C, whereupon the water and

ammonia were removed by lyophilization.

After isolation from the lyophilization vessel there were obtained 0.98 g of an
amorphous torasemide modification; melting point (apparatus for melting point
determination: Biichi 535): start of softening at about 80°C, decomposition at about
148°C,

The IR spectrum of the thus obtained sample cortesponded to the IR spectrum of the

new amorphous modification obtained in Example 1.
Example 4
The crystal modification III of torasemide (1.00 g) prepared according to HR patent

application P980532A (US patent application 09/187046) was suspended in 50 m] of

demineralised water at 20°C, 10 drops of an aqueous ammonia solution were added
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filtered. Subsequently, the solution was frozen at a temperature of about -60°C,

whereupon the water and ammonia were removed by lyophilization.

After isolation from the lyophilization vessel there were obtained 0.98 g of an
amorphous torasemide modification; melting point (apparatus for melting point
determination: Biichi 535): start of softening at about 80°C, decomposition at about
148°C.

The IR spectrum of the thus obtained sample corresponded to the IR spectrum of the

new amorphous modification obtained in Example 1.

Example 5

A mixture (0.08 g) of crystal modifications I and II of torasemide prepared according
to Acta Cryst. B34 (1978) 1304-1310 was dissolved under stirring in 60 ml of
demineralised water at a temperature of about 90°C within 10 hours, whereupon the
solution was cooled to room temperature and filtered. Subsequently, the solution was
frozen at a temperature of about -40°C and then the water was removed by

lyophilization.

After isolation from the lyophilization vessel there were obtained 0.06 g of an
amorphous torasemide modification; melting point (apparatus for melting point
determination: Biichi 535): start of softening at about 80°C, decomposition at about
148°C.

The IR spectrum of the thus obtained sample corresponded to the IR spectrum of the

new amorphous modification obtained in Example 1.

Example 6
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a temperature of about 100°C within 5 hours, whereupon the solution was cooled to

room temperature and filtered. Subsequently, the solution was frozen at a temperature

of about -50°C and then the water was removed by lyophilization.

After isolation from the lyophilization vessel there were obtained 0.07 g of an
amorphous torasemide modification; melting point (apparatus for melting point
determination: Biichi 535): start of softening at about 80°C, decomposition at about
148°C.

The IR spectrum of the thus obtained sample corresponded to the IR spectrum of the

new amorphous modification obtained in Example 1.
Example 7

A mixture (1.00 g) of crystal modifications I and III of torasemide prepared according
to Acta Cryst. B34 (1978) 1304-1310 and HR patent application P980532A (US patent
application 09/187046) was suspended in 50 m]l of demineralised water at 5°C, 10
drops of an aqueous ammonia solution were added and then the solution was stirred at
the same temperature for 18 hours, whereupon it was filtered. Subsequently, the
solution was frozen at a temperature of about -60°C and then the water and ammonia
were removed by the lyophilization.

After isolation from the lyophilization vessel there were obtained 0.98 g of an
amorphous torasemide modification; melting point (apparatus for melting point
determination: Biichi 535): start of softening at about 80°C, decomposition at about
148°C.
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Example 8

The amorphous torasemide modification (3.0 g) prepared according to Example. 1 of
the present invention was suspended in 60 ml of demineralised water at 25°C, 30
drops of an aqueous ammonia solution were added and the obtained solution was
| stirred at the same temperature for 30 minutes and then filtered. Subsequently, the

solution was frozen at a temperature of about -30°C, whereupon the water and

ammonia were removed by lyophilization.

After isolation from the lyophilization vessel there were obtained 2.94 g of an
amorphous torasemide modification; melting point (apparatus for melting point
determination: Biichi 535): start of softening at about 80°C, decomposition at about
148°C.

‘The IR spectrum of the thus obtained sample corresponded to the IR spectrum of the

new amorphous modification obtained in Example 1.
Example 9

A mixture (1.20 g) of crystal modifications I, II and III of torasemide prepared
according to Acta Cryst. B34 (1978) 1304-1310 and HR patent application P980532A
(US patent application 09/187046) and of the amorphous torasemide modification
prepared according to Example 1 of the present invention was suspended in 60 ml of
demineralised water at 25 °C, 10 drops of an aqueous ammonia solution were added
and the obtained solution was stirred at the same temperature for 30 minutes,
whereupon it was filtered. Subsequently, the solution was frozen at a temperature of
about -30°C and then the water and ammonia were removed by the lyophilization.
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148°C.

The IR spectrum of the thus obtained sample corresponded to the IR spectrum of the

new amorphous modification obtained in Example 1.

i Example 10
The amorphous torasemide modification prepared according to Example 1 of the
present invention was subjected to the test of the release of the active substance in

water at a temperature of 37°C (USP 24) and the results are represented in Table 1.

Table 1: Release of the amorphous torasemide modification in water (USP 24)
(37°C, 50 rpm, 1000 ml)

Time Released torasemide
(minutes) (%)
) 0 0

15 6.8

30 10.2

45 13.0

60 15.9

90 20.4

120 24.9
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Claims

1. Amorphous torasemide modification characterized by the following data:
DSC: exothermic maximum at about 147°C (onset at about 144°C);

X-ray powder pattern (2 ®): no diffraction maxima due to the amorphous nature;
IR characteristic absorption bands at 2900 to 3366 om’ and at 1400 to 1703 cm™.

2. Amorphous torasemide modification according to claim 1, characterized in that

) it is chemically pure.

3. Process for the preparation' of the amorphous torasemide modification
according to claim 1, characterized in that torasemide modifications are dissolved in
water with or without the addition of a base at a temperature from 5°C to 100°C
within 5 minutes to 24 hours and then the solutions are cooled to a temperature from

-20°C to -70°C and water is removed.

4. Process for the preparation of the amorphous torasemide modification
according to claim 3, characterized in that as the torasemide modifications crystal
torasemide modifications I, II or III or an amorphous torasemide modification or any
mixture of the crystal torasemide modifications I, II and II and of an amorphous

torasemide modification are used.

5. Process for the preparation of the amorphous torasemide modification

according to claim 3, characterized in that aqueous ammonia solution is used as the

base.

6.  Process for the preparation of the amorphous torasemide modification
according to claim 3, characterized in that lyophilization is used as the method for the

removal of the water and the base.
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8. The amorphous torasemide modification according to claim 1, characterized in
that, as a form of torasemide, it is used as a diuretic, as an agent for preventing heart
or heart tissue damages caused by metabolic or ionic abnormalities associated with
ischemia, in the treatment of thrombosis, angina pectoris, asthma, hypertension,
1 nephroedema, pulmonary edema, primary and sécondary aldosteronism, Bartter's
syndrome, tumour, glaucoma, for decreasing intraocular pressure, acute or chronic
bronchitis, in the treatment of cerebral edema caused by trauma, ischemia, concussion
of the brain, metastases or epileptic attacks and in the treatment of nasal infections

caused by allergens.

9. A pharmaceutical form, characterized in that, as the active ingredient, it
contains an effective amount of the amorphous torasemide modification according to
claim 1 without or, for that purpose, combined with one or more pharmaceutically
acceptable additives such as sugar, starch, starch derivatives, cellulose, cellulose
derivatives, mould release agents, and antiadhesive agents and possibly agents for

flowability regulation.

10. A pharmaceutical form according to claim 9, characterized in that it is a tablet,

a capsule or an injection.



