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present invention relates to a novel crystalline formof N (1-net hyHe&H 00
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pol yrmor phWQ 878%br asenide, to a process for its prepar at?%WRf’%mﬁ % use as
a raw material for the preparation of «crystalline nodifications | and |11
of torasem de, to anorphous torasem de nodifications and to
pharmaceutically acceptable salts of torasem de, to pharma- ceutical forns
contai ning the said novel polynorph V of torasernide as the active

i ngr edi eNovekPolghiorpk M of Tomsamide Torasenide is a new potent diuretic in
the class of the so-called "loop diuretics", which is described in DE
patent 25 16 025 (Exanple 71). Structurally, it entirely differs from
diuretics of the sanme class such as furosem de, bunetani de and azosem de.
In addition to diuretic properties it al so possesses anti hypertensive
properties. As a diuretic of Henle's loop it is useful as an agent for
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abnor mal JgPeEf%E%bﬂﬁq%??%r?h? Ss%‘heffn' Ibcfgl’efi W?%@gqer ﬁgﬁeﬁr Mﬁtlﬁggﬁgbﬁq s,
angi na pggtord _hra. ! RdSifonanpde (neiey refeered, to
primary Mé&o@i?@ﬂg%@%?%ﬁ%%ﬂﬁ%ﬁ er'ﬂf1 syndrFa(l)ne, t unours, )

gl auconabydacgersicngmed “ionserndeiaespsciadlyuoe neveltpolpmoglt Ynpk tGASAEAR | s,

in the treatnent of cerebral.edema, caused by tra eschemn i on

of the binidnProCH st ggt‘é%é’éeﬂ?lraté}% 12ty BSGAp é‘cﬁaswéﬂ%gﬁﬁlf eB}%rBlZep %ﬁtﬂ ﬁo

nasal im};ﬁ%&dlﬁﬂé ﬁ?d.ﬁﬁéa[ s 3 l,8H09NS of THSra8biblde, ¥ t&f aﬁaoﬁ%ﬁlﬁisaﬁﬁfasémi@xist
an one crysta phi s

in nmore t Ine formis defined as “pol ynor m and, t hese

di ff er enmeifiedtiinsi aed ftor piarmaceutmaliyl 2qsepipbby shlts fiorassarifiento pharma-
pol ymor %Qgﬁdal lfgrgl(sanc%rn%{ihin%()‘éh%nsoarig q{o%e bgly(%r?éjr?)ﬁd\/'bgf rtohrﬁsez}gfdle' 1Y ¥ active

ingredient as well as to its use.

Torasemide is a new potent diuretic in the class of the so-called “loop diuretics”,
which is described in DE patent 25 16 025 (Example 71). Structurally, it entirely
differs from diuretics of the same class such as furosemide, bumetanide and

azosemide. In addition to diuretic properties it also possesses antihypertensive

properties.

As a diuretic of Henle’s loop it is useful 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, nephroedema,
pulmonary edema, primary and secondary aldosteronism, Bartter's syndrome, tumours,
glaucoma, decreasing of 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.

The ability of a substance to exist in more than one crystalline form is defined as
polymorphism and these different crystalline forms are named “polymorph
modifications” or “polymorphs”. In general, polymorphism is caused by the ability of
the molecule of a substance to change its conformation or to form different inter-
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atom arrawgﬁ%?] in the crystal lattices of different poIP mﬁmow
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pol ynorphismis found in about 70% of bgrbi turates, 60% of sul fonam des and
60% of steroids, and about 50% of medi Caments of the said classes are not
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determ ne the existence of all solid state forn . rae .
form, density, melting point, colour, stability, dqs‘ﬁoluuon rate, milling facility,

granulation, compacting etc., which in medicaments may affect the possibility of the
preparation of pharmaceutical forms, their stability, dissolution and bioavailability

and, consequently, their action.

Polymorphism of medicaments is the object of studies of interdisciplinary expert
teams [J. Haleblian, W. McCrone, J. Pharm. Sci. 58 (1969) 911; L. Borka, Pharm.
Acta Helv. 66 (1991) 16; M. Kuhnert-Brandstitter, Pharmazie 51 (1996} 443; H. G.
Brittain, J. Pharm. Sci. 86 (1997) 405; W. H. Streng, DDT 2 (1997) 415; K. Yoshii,
Chem. Pharm. Bull. 45 (1997) 338, etc.]. A good knowledge of polymorphism
represents a precondition for a critical observation of the whole process of
medicament development. Thus, at deciding on the production of a pharmaceutical
form in solid state and with regard to the dose size, stability, dissolution and
anticipated action, it is necessary to determine the existence of all solid state forms
(on the market some computer programmes can be found, e.g. »Polymorph« as a
module of »Cerus2« programme, MSI Inc., USA) and to determine the physical-
chemical properties of each of them. Only on the basis of these determinations the
appropriate polymorph can be selected for the development of pharmaceutical

formulations of desired properties.
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' preparation thereof and pharmaceutical formulations of the medicament itraconazole
containing this amorphous form, whereas E. Occeli et al. (WO 90/00553) protected
crystal polymorphs I and II and amorphs of the medicament rifapentine hydrochloride
and hydrobromide. Further, for the new antidiabetic troglitazone G. Om Reddy et al.
(US 5,700,820) protected six polymorphs: five crystal polymorphs and one amarphous

one.

It is known that torasemide can exist in three crystalline modifications differing with
regard to the parameters of a unit cell, which is confirmed by X-ray diffraction on
their monocrystals, and in one amorphous modification (HR patent application
P20000162A). Modification I with melting point 169°C [dcta Cryst.. B34 (1978),
1304-1310)] and modification II with melting point 165°C (WO 00/20395) crystallize
monoclinically in the space group P 2,/c (prisms), while modification 1T with melting
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 torasemde
polymorph, 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 pattemns of
the powder and monocrystals were stated therein. Since the data as stated are not
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In a solution the novel polymorph V of torasemide is identical to other known
torasemide modifications, which is evident from NMR and UV spectra. On the other
hand, solid state analysis techniques such as differential scanning calonmetry (DSC),
X-ray powder pattern (XRD) and IR spectroscopy reveal a difference in comparison to

the known torasemide modifications.

DSC of the novel polymorph V of torasemide (Fig. 1) shows one exothermic
maximum at about 157.59°C (onset at about 150.74°C) (heating rate of 10°C/min)
resulting from decomposition (also evident on the basis of IR spectroscopy and thin-
layer chromatography).

The X-ray powder pattern of the novel polymorph V of torasemide differs from the X-

ray powder patterns of the known torasemide modifications (Fig. 2).

The IR spectrum of a sample of the novel polymorph V of torasemide recorded in KBr
(Fig. 3) differs from IR spectra of the known torasemide modifications. The novel
polymorph V of torasemide shows characteristic absorption bands at 2671 to 3327
cm” and at 1468 to 1705 cm™.

Fig. 1 represents a characteristic thermogram of differential scanning calonmetry

(DSC) of the novel polymorph V of torasemide.
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conpri segecor@bau“{grprepar ation of a polynorph | of torasem de according to
a known process, (ii) the dissolution of the polynorph | of torasem de in
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obtained by a rapid acidification of alkaline torasemide solutions with inorganic or

organic acids.

A process for the preparation of the novel polymorph V of torasemide comprises:

(i) the preparation of a polymorph I of torasemide according to a known process,

(ii) the dissolution of the polymorph I of torasemide in an agueous solution of a base,

(iii) the filtration of the obtained solution,

(iv} a rapid acidification of the obtained solution with an aqueous solution of an acid

at temperatures between 0°C and 35°C,

(v) the filtration of the obtained suspension,

(vi) washing the thus obtained crystals of the novel polymorph V of torasemide with

demineralized water and drying them in a vacuum dryer during 3 hours at 50°C, the

obtained crystals being characterized by the following data:

e DSC: exothermic maximum at about 157.59°C (onset at about 150.74°C) (Fig. 1);

e X-ray powder pattern (2 @): 5.610; 6.130; 7.480; 7.970, 9.310; 9.615; 10.835;
11.020; 12.340; 13.075; 13.460; 13.920; 14.200; 15.090; 16.080; 16.710; 17.445;
17.720; 18.460; 18.850; 19.825; 20.340; 20.990; 21.980; 22.075; 22.630; 22.935;
23.410; 23.845; 24.880; 25.560; 26.035; 27.285; 27.540; 28.170; 28.645; 29.350;
29.975: 30.575: 31.265; 32.300; 34.050; 35.650; 36.375; 37.100, and 38.145 (Fig.
2);

e IR-characteristic absorption bands (cm™): at 2671 to 3327 and at 1468 to 1705 (Frg.

3).



(v) the filtration of the obtained suspension, (vi) washing the thus

obt ai ned crystals of the novel polynmorph V of torasenide with NOV 7004
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an agueous ution of a base, the filtration of the obtained
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PrOCESS: jemineralized water and drying them in a vacoum dryer during 3 hours at 50°C, the

obtained crystals being characterized by the data represented in the previous process.

According to a forther embodiment of the present invention, a process for the
preparation of the novel polymorph V of torasemide also comprises:

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

(i) the dissolution of the polimorph I of torasemide in an agueous solution of a
base,

(iii) the filtration of the obtained solution,

(iv) a rapid acidification of the obtained solution with an aqueous solution of an acid
at temperatures between 0°C and 35°C,

(v) the filtration of the obtained suspension,

(vi) washing the thus obtained crystals of the novel polymorph V of torasemide with
demineralized water and drying them in a vacuum dryer during 3 hours at 50°C, the

obtained crystals being characterized by the data represented in the previous process.

According to a further embodiment of the present invention, a process for the
preparation of the novel polymorph V of torasemide also comprises:

(i) the preparation of an amorphous torasemide modification according to a known
process,

(i) the dissolution of the amorphous torasemide modification i an aqueous solution
of a base,

(iii) the filtration of the obtained solution,



According to a farther enbodi nent of the present invention, a process for
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solution of an acid at tenperatures between 0C and 35C, (v) the filtration
of the obtained suspension, (vi) washing the thus obtained crystals of the
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at tenperatures between 0C and 35C, (v) the filtration of the obtained
suspension, (vi) washing the thus obtained crystals of the novel polynorph
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data reprsparatidn ofi themeoyed eolymerpbrd oé sarasemide also comprises:
(i) the preparation of a novel polymorph V of torasemide according to the process of
the present invention,
(i1) the dissolution of the novel polymorph V of torasemide in an aqueous solution of a
base, _
(iii) the filtration of the obtained solution,
(iv) a rapid acidification of the obtained solution with an aqueous solution of an acid
at temperatures between 0°C and 35°C,
(v) the filtration of the obtained suspension,
(vi) washing the thus obtained crystals of the novel polymorph V of torasemide with
demineralized water and drying them in a vacuum dryer during 3 hours at 50°C, the

obtained crystals being characterized by the data represented in the previous process.

According to a further embodiment of the present invention, a process for the
preparation of the novel polymorph V of torasemide also comprises:

(i) the preparation of polymorphs I, I and Il of torasemide according to known
processes, the preparation of an amorphous torasemide modification according to a
imown process and the preparation of the novel polymorph V of torasemide according
to the process of the present invention,

(ii) the dissolution of any mixture of the polymorphs L, Il and T of torasemide, of the
amorphous torasemide modification or the novel polymorph V of torasemide in an
aqueous solution of a base,

(iii) the filtration of the obtained solution,
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modi fication or the novel polynorph V of torasem de in an aqueous sol ution
of a basepcédiding iend intdsent ippocest, tipeconstsalutemissefl ithivm, hy@oridy, 200Wm wo

01/ 87841 PCT/ HRGO 00033 8 (i.v), a .rapid idificatian,. |
sol uti on bydroxale ang essius hydrerdeas Arpthes gaueqps f@%g&%bﬁ?%@%ﬁﬁg%at%c
and 35C .a potassium carbonate may be used for the preparation of alkaline solutions of

torasemide modifications.

The acidification of alkaline torasemide solutions may, according to the present
process, be carried out with inorganic acids such as hydrochloric, sulfuric, phosphoric
and nitric acids, and with organic acids such as formic, acetic, propionic, oxalic,

tartaric, methanesulfonic and p-toluenesuifonic acids.

It has also been established that at using the present process no decomposition of

torasemide takes place, i.e. a chemically pure novel polymorph V of torasemide (TLC
and HPLC) is obtained.

It has been additionally established that under normal storage conditions the novel
polymorph V of torasemide is stable at milling and pressing, i.e. it is not transformed
into crystalline modifications I, 11 and I of torasemide or into an amorphous

torasemide modification.

The novel polymorph V of torasemide prepared according to the present process may
be converted to crystalline modifications I, Il or II of torasemide or to an amorphous
torasemide modification according to comventional processes, 1.e. it may serve as a
starting material for the preparation of well-known crystalline modifications I, I or III

of torasemide or an amorphous torasemide modification.



(v) the filtration of the obtained suspension, (vi) washing the thlrlﬁ NOV 2004

obt ai ned crystals of the novel polynorph V of torasem de with

dem neralized water and drying themin a vacuumdryer during 3 hours at

50C, the obtained crystals being characterized by the data represented in

the previWl81Bdtess. According to the present process, dqU&O¥ %P utions

of 1ithium hydroxide, sodium hydroxi d% and potassi um hydroxi de as well as
a

aqueous sol utions of sodium carbonate nd pot assi um carbonate may be used
for the preparation of alkaline solutions of torasem de nodifications. The

acidification of al kaline tgrasem de sol utions ccordin h

present The @@@%POIH@%Hhs{&f SERSCIR{h PrAR3YE WE@@%?‘J 3@%&%@“@8&8@% oric,
sul furic; $ ' |kl LAs id Rald @FNofasRedidhe 16 UCkvells
formc, ’gggwec%%‘?é&%do%}g,ﬁ%%ag%ﬁ&htﬁgr%%???@éng?hanesSI ? oni ¢ and

p- t ol uengsithh aitingeaci ds. It has al so been established that at using the

present process no deconposition of torasem de takes place, i.e. a
chem cally pure novel polynorph V of torasem de (TLC and HPLC) is

obt ai nedyy | teﬁ%%ﬁ%a@@ﬁnofgﬂg 1£1eQQATP 23) QP! ABJel | v eotsrabersidonage

conditio olynorp orasemde 1s"stable at mlling and
pr essi Ngwater€in idonipgarizoh tvithnshermetedse i priofiler g6 thalowm ectystalliniec seragsmgide, | |

and 111 of torasem.de or into an am)éaﬂh us tora%em'd m)(ili frl. cation..The
novel pofpdifigations ¢ the FHEe MmeuRIEH A AeBFHF 63‘5(60'%1656@ P hjsgelﬁ egr ess
may be conver 7Y, | [ fab St I | & pRAThDeaE&N de
or to an"@ rgﬂ%gﬁya‘z%%&%%&%?%ﬁggﬁggpgg% rrelérfgﬁ'?g {J:orgventional

pr ocessegyeparations hatiyg isensdiatasr prolenged actipmat erial for the preparation of
wel | -known crystalline nodifications I, Il ar IIl of torasem de or an
anor phous torasem de nodification. 1 6 NOV 2004 WO 01/87841 9

PCT/ HRO04R0033e1 polymorph V of torasemide prepared according to the present process may
be, as a suitable torasemide form, used as a diuretic or 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,
nephroedema, pulmonary edema, primary and secondary aldosteronism, Bartter's
syndrome, tumours, glaucoma, decreasing of 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.

The present invention also relates to pharmaceutical forms such as tablets, capsules or
injections containing an effective amount of the novel polymorph V of torasemide as
an active ingredient, without or in combination 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

regulating flowability.
The present invention is illustrated by the following non-limiting Examples.

Example 1



The novel polynorph V of torasem de prepared according to the present =
invention may be converted into pharmaceutically acceptable salts dff NOV 2004
torasem de in a well- known nmanner. The exam nation of the rel ease (USP 24)
of the novel polynorph V of torasemde in water in conparison with the

rel ease pMPi1/8784f known crystalline toraseni de nodificath(didRI0AIBhHe same
medi um reveal ed a sl ower rel ease thereof This nakes the novel polynorph V
of torasenmi de suitable for the preparatil®n of pharnmaceutical preparations
havi ng i mmedi ate or prol onged action. The novel polynorph V of torasem de
prepared according to the present process may be, as a suitable torasemn de
form usé&theayatafing atodificationd efrfosasemidd 6.0 1g) gvenarechaconsding toof cid&dpst.

| scher ni 51 iy 0 TN SisaRustinl SV o RRs Pl B PG bt 1 1
hyper t enshing @eR it BRASHerdtteBINAPY 1BEQGRtioR N 4Pdcidiled fopaSneasnds with

al dosteronrsm™ Bartter's “syndrone, tunours, glaucoma, decreasingﬁéof i
i nt r aocul AfY%pagpeus ydaoaltlerioacidhsodutien. Treotrybtials were snakied off cuashsd (Wil
cerebral edema caused by trauma, ischem,a, concussion .of.the brai

met ast as étenaﬂe@inzpé oY 3rtﬁlyé@‘i ggqggnea%g BH% AR 3¢ YagHRT Ry e fOr,3 bory ﬁt?%dgﬁ Shs
caused by

caused byl Engente TP SARRbr B Ofashide (0lALRsnip. HbaIFEECE KRS

, cap i njections containing an effective
anount ofglthiaedovel pol ynorph V of torasem de as an active ingredient,
W thout or in conbination with one or nore pharmaceutically acceptable
addi tives such as sugar, starch, starch derivatives, cellulose, cellul ose

Qer 12t uPfe ofBULAAL 97%C GARNLS (AR AB L ANBRE! HEFROA A docbrelBa thl Y

agents for  r Ity. present invention is illustrated by
t he fol | ewpagataeRetkiinrBlineg ISCGIhp ekeatifgantsl of W°CEmkME.2004 WO 01/ 87841
PCT/ HRO0O/ 00033 10

The characteristic X-ray powder pattern as shown in Fig. 2 was recorded on the
instrument PHILIPS PW3710 under Cu X-rays [MCuKa,) = 1.54046 A and AMCuKop)
= 1.54439 A].

The characteristic IR spectrum of the sample as shown in Fig. 3 was recorded in KBr

on the IR-spectrophotometer Nicolet-Magna 760.

Example 2

The crystalline modification II of torasemide (1.0 g) prepared according to Acta Crys!.
B34 (1978) 1304-1310, was dissolved in a 5% aqueous potassium bydroxide solution
(3 ml) and then at the temperature of 20°C the solution was acidified for 15 seconds
with a 10% aqueous acetic acid solution. The crystals were sucked off, washed with
demineralized water and acetone and dried in a vacuum dryer for 3 hours at 50°C. A
chemically pure novel polymorph V of torasemide (0.9 g), m.p. 153-155°C was

obtained.

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.

Example 3



The crystalline nodification | of torasemde (1.0 g) prepared according to
Acta Cryst. B34 (1978) 1304-1310, was di ssolved in a 5% aqueous sodi gV 2004
hydr oxi de solution (3 ml) and then at the tenperature of 20C the sol ution
was aci di fy,g¢,£R4; 15 seconds with a 5% aqueous hydrochl ordcg gdofoE®! ution.
The crystals were sucked off, washed wth dem neralized water and acetone
and dried in a vacuumdryer for 3 hoursl?t 50C. A chemcally pure novel

pol ynmorph V of torasemde (0.9 g), mp. 153-155C was obtained. The
characteristic DSC curve of the sanple as shown in Fig. | was recorded on
the apparatus Perkin-Elmer DSC7 at a heating rate of 10C/ m nute. The
characteristic X-ray powder pattern as shown in Fig. 2 was recorded on the

i nst r unenThPlrystREn PG catide rICof Xermserside X 10QU KA prepartdsdaoedingdadWo
% CuKa2) = 1.54439

A T h i sti | R. f |
shown in @0/g03%5,vwas disse ‘fefégmla%al&%.ralqﬁ%dﬁgtsﬁ it -e‘g"’tﬁég?rgrtgﬁﬁi}fhﬂ?ee Sfﬂf 3id
Ni | et - 0 h el L i £ d i ; 1 d
0100 o7 RER%: S S GHRICE of 20€ e SRk R MHIAERI sdconh Wil 8350 de

di ssol vedaduods S%ifaieosddpabhnidnunThy deryxiatte weteutsusked ( 8ffyl yashed twidh at

the tenperature of 20C the sol ution s,acidified for 15 conds it h, a
10% aqueodemueealized Frater and acstonc mﬁgﬁég%@a‘f@% @ry%i-ﬂrég S a‘i/\%(?lgfe with

demi neral | I ' yaguumn diygr 1sar1s3°0owns at
50C. A cﬁeﬁgéﬁﬁ%gﬁﬁg%ﬁﬁgwgmfp et\g/rdosgn:?%rgsem'r%’e (g. 9 g), mp.
153- 155C gb@inedbt ai ned. The IR spectrum of the sanple thus obtai ned

corresponded to the IR spectrum of the novel polynorph V of torasem de
obt ai ned according to Exanple 1. Exanple 3 18 NOV 2004 WD 01/87841 11

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.

Example 4

The amorphous torasemide modification (10.0 g) prepared according to HR patent
application P20000162A, was dissolved m a 10% aqueous potassium carbonate
solution (30 ml) and then at the temperature of 20°C the solution was acidified for 90
seconds with a 10% aqueous tartaric acid solution. The crystals were sucked off,
washed with demineralized water and acetone and dried in a vacuum dryer for 3 hours
at 50°C. A chemically pure novel polymorph V of torasemide (8.0 g), m.p. 153-155°C

was obtained.

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.

Example 5

The novel polymorph V of torasemide (10.0 g) according to Example 3 of the present
invention was dissolved in a 5% aqueous lithium hydrozide solution (30 ml) and then
at the temperature of 20°C the solution was acidified for 120 seconds with a 5%
aqueous phospheric acid solution. The crystals were sucked off, washed with

demineralized water and acetone and dried in a vacuum dryer for 3 hours at 50°C. A



PCT/ HR800/ 00033 The crystalline nodification IIl of torasem de (10.0 F Zﬂl]'e
prepared according to WO 00/20395, was dissolved in a 10% agueous s!
carbonate solution (30 nil) and then at the tenperature of 20C t he
sol ution fled for 60 seconds with a 5% aqueous f i d
sol ution. V@aeﬁgrsystal S were sucked off, washed wth dem ?glra |zedﬁ§vater
and acetone and dried in a vacuum dryer for 3 hours at 50C. A chemcally
pure novel polynorph V of torasem de (8. m p. 153-155C was obt ai ned.
The IR spectrum of the sanple thus obtai ned corresponded to the IR spectrum

Bxarpl ¢ AFEcARIREO0 L bAb A Y F RRARREEE QF BoitE: 33 Rar i ng
to HR patgihinedppl i cati on P20000162A, was di ssolved in a 10% aqueous

pot assi um carbonate solution (30 nil) and then at the tenperature of 20C
the solution was acidified for 90 seconds with a 10% aqueous tartaric acid

sol ution.The, cr k r

and acet oﬂe E‘i é??‘?& Of\rllﬁé%\e}%ggeum %ﬁ){m?d"@éggﬂ?\éﬂrd é@téj?ﬁ%ggﬁ%&ﬁ‘gm cafll y
pure novejowedh Mm@?hW@fftéxesaﬁﬁmo@wﬁ&i Scardingtp Exabpid 35C was obt ai ned.
The IR spectrum’of the sanple thus obtained corresponded to the Ik

spectrum of the novel polynorph V of torasem de obtained according to
Exanpl e 1 Ex e 5 The novel polynorph V of torasem de (10.0 g) according

to Exarrpl he present invention was dissolved in a 5% aqueous
l'ithium hydroxrde solution (30 m) and then at the terrperature of 20C t he
solution was acidified for 120 seconds with a 5% us phosphoric acid
sol uti on. AThexery il sinwef ecrysiellisg wofificiionsdl \Biﬂflh grﬁOﬁ%Sﬁarl & SUCREES

82?8?%250&%“&}”3% ! cC:ila &;g%t"%%ﬂ%‘?'é)\’?éoi 95 lé %ﬂrcﬁss%ﬁvép th P84 MOGQOA'
sodium carbonate solution (3 ml) and then at the temperature of 20°C the solution was
acidified for 15 seconds with a 5% aqueous p-toluenesulfonic acid solution. -The
crystals were sucked off, washed with demineralized water and acetone and dried in a
vacuum dryer for 3 hours at 50°C. A chemically pure novel polymorph V of

torasemide (0.9 g), m.p. 153-155°C was obtained.

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.

Fxample 7

A mixture (1.0 g) of crystalline modifications I and I of torasemide prepared
according to Acta Cryst. B34 (1978) 1304-1310 and WO 00/20395, was dissolved mn &
5% aqueous sodium hydroxide solution (3 ml) and then at the temperature of 20°C the
solution was acidified for 15 seconds with a 5% aqueous nitric acid solution. The
crystals were sucked off, washed with demineralized water and acetone and dried in a
vacuum dryer for 3 hours at S0°C. A chemically pure novel polymorph V of
torasemide (0.9 g), m.p. 153-155°C was obtained.

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.



12 PCT/ HROO/ 00033 chem cally pure novel polynorph V of torasem de (7.@9%
m p. 153-155C was obtained. The IR spectrum of the sanple thus obt]ﬁi d it
corresponded to the IR spectrum of the novel polynorph V of torasem de

obt ai ned ggccording to Exanple 1. Exanple 6 A mxture (1.0 talline
nodi fi cat S’gﬁgnﬁs%d Il of torasem de prepared according tpg%ﬁgéogﬁiwist. B34

(1978) 1304-1310, was dissolved in a 10%aqueous sodi um carbonate sol ution
(3 M) and then at the tenperature of 2 %Ithe solution was acidified for
15 seconds with a 5% aqueous p-toluenesul fonic acid solution. The crystals
were sucked off, washed with dem neralized water and acetone and dried in a
vacuum dr%mﬁ%lg 3 hours at 50C. A chenically pure novel polynorph V of
torasem de (0.9 g), mp. 153.155C was obtained. The IR spectrum of the

sanpl e thus obtained corresponded to the | R spectrum of the novel
pol yror phA Vinoftuteof hdeg) o wistallinedmedifaragiony ¥ oam dHpré t@.rase%fﬁepméepﬂrw

br epar od acsPEBRBR Ao At BEEYSD) BP0 1 8585 YRR B SR Sh
was di ssojoyedykupotaiéidaundexide doraohyd el ea theh ut dentefieratute) of2Gf G hen

at the tenperature of 20C the solution was acidified for 15 segonds. wWth a
5% aqueouthe sptution vaas atidifiedfoods sevmds grifhs e 4080 aaveous IRBWDHT 261d\FRI8EB: wi t h

den | i.zed d d, drjed i.n.a..
S0C A cribi cabs peReuBeE RS Bip e A AT A MRl G auf df © &
153- 155C | o vtfagﬁ\tﬁiﬁertﬁ?er Thes Ruepactsoam ¢f chhictiypperet howel qlitanogd V of

correspon _ R spectrum of the novel polynorph V of torasem de
obt ai ned tacaseradan(.? g),Eranpba-155°Cavasobtaoed. WO 01187841

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.

Example 9

A mixture (1.0 g) of crystalline modifications I, II and III of torasemide prepared
according to Acta Cryst. B34 (1978) 1304-1310 and WO 00/20395, was dissolved in
a 5% aqueous lithium hydroxide solution (3 ml) and then at the temperature of 20°C
the solution was acidified for 13 seconds with a 10% aqueous oxalic acid solution.
The crystals were sucked off, washed with demineralized water and acetone and dried
in a vacuum dryer for 3 hours at 50°C. A chemically pure novel polymorph V of
torasemide (0.9 g), m.p. 153-155°C was obtained.

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.

Example 10

A mixture (1.0 g) of a crystalline modification I of torasemide and an amorphous
torasemide modification prepared according to Acta Cryst. B34 (1978) 1304-1310 and
HR patent application P20000162A, was dissolved in a 10% aqueous sodium
carbonate solution (3 ml) and then at the temperature of 20°C the solution was



13 Exanpl e 8 PCT/ HROO/ 00033 A m xture (1.0 g) of crystalline nodifi c%' ons
Il and |11 of torasemide prepared according toActa Cryst. B34 (19T78)N0V 200
1304-13 10 and WD 00/ 20395, was dissolved in a 5% agueous potassium

hydr oxi de Lon (3 mM) and then at the tenperature of FrdddBoesP! ution
was aci di f‘?‘gh}’#%?} 15 seconds with a 10% aqueous propi oni c%gc{ﬁtﬁ so? ution.

The crystals were sucked off, washed w yf deum neral i zed water and acetone
and dried in a vacuumdryer for 3 hourS at 50C. A chem cally pure novel
pol ymorph V of torasemde (0.9 g), mp. 153-155C was obtained, The IR

spectrum of ,.ph anple thus agbtain resp _ S ; t he
novel polas%ﬁﬂ*jﬁﬁ tf‘?rgﬂ t%?%fé%m“?itil Sb%i %@‘[aaog%cglr%gﬁﬁ%‘geg@g&ﬂga@e ? dl%ixngrrlg% e 9
A i Xt ur @r{dald wre Quckéd SHabiabd willidemoadrainad Watdr andnatetdde aid drodaimenri de
prepared according to Acta Cryst. B34 (1978) 1304-13 10 andl WO 0&/%031915,
was di ssolagawmi dryex §% 3qbewigsal SORCur raheoycalie Ryeurpvs] PRYHIPANY Phen

at the t erat ur f\20C oyt acidified for 15 seconds with a
10% aque ggasgggé&q @Jg@?’dﬂfollégﬁgﬁ.t%@é%@éé'al s were sucked of f, washed
Wi th dem neralized water and acetone and dried in a vacuumdryer for 3

hours at 50C. A chem cally pure novel polynorph V of torasem de (O, ),
m p. 153-TESH wpectobn aif thel sampls ths epamedusarsssporded fonthe ﬁH%CtBBTSzQif %é%

obt af nod HEELPAYFRTP ERbamre e e AR R R ERRRRS Yo 0 75 O

crystalline nodification | of torasem de and an anorphous torasem de
nodi fi cation prepared according to Acta Cryst. B34 (1978) 1304-13 10 and
HR pat entExgmppleddt i on P20000162A, was di ssol ved in a 10% aqueous sodi um
carbonate solution (3 m) and then at the tenperature of 20C the sol ution
was -1 B. AV 2004

A mixture (1.0 g) of a crystalline modification I of torasemide and of the novel
polymorph V of torasemide prepared according to Acta Cryst. B34 (1978} 1304-1310
and according to Example 1 of the present invention, was dissolved in 2 10% aqueous
potassium carbonate solution (3 ml) and then at the temperature of 20°C the solution
was acidified for 15 seconds with a 5% aqueous hydrochloric acid solution. The
crystals were sucked off, washed with demineralized water and acetone and dried in a
vacuum dryer for 3 hours at 50°C. A chemically pure novel polymorph V of
torasemide (0.9 g), m.p. 153-155°C was obtained.

The IR spectrum of the sample thus obtained corresponded to the IR spectrum of the
novel polymorph V of torasemide obtained according to Example 1.

Example 12

A mixture (10.0 g) of crystalline modifications I, I and II of torasemide, of an
amorphous torasemide modification and of the novel polymorph V of torasemide
prepared according to Acta Cryst. B34 (1978) 1304-1310, WO 00720395, HR patent
application P20000162A and Example 1 of the present invention, was dissolved in a
5% aqueous sodium hydroxide solution (30 ml) and then at the temperature of 20°C
the solution was acidified for 60 seconds with a 10% aqueous acetic acid solution.

The crystals were sucked off, washed with demineralized water and acetone and dried



WO 01/87841 PCT/ HROO 00033 14 acidified for 15 seconds with a 5% aqueous
met hanesul foni.c acid solution. The crystals were sucked off, vvashﬁ(ﬂ[]Wmm

dem neral i zed water and acetone and dried in a vacuumdryer for 3 hours at
50C. A chemical |y pure novel polynorph V of torasemnde ( .

153- 155C ﬁb‘%ﬁﬂwgﬁ ned. The IR spectrum of the sanple thus?g%pﬁ%ﬂg@@‘a?
corresponded to the 1R spectrum of the govel pol ynor ph V of torasem de
obt ai ned according to Exanple 1. Exarrplér 11 A mixture (1.0 g) of a
crystalline nodification | of torasem de and of the novel polynorph V of

t i d, d di to A ¢t B 8

accor d ngtt b VBRaHRI GIF 3¢t Bttt el i vt EReT s, AR et Lol ViBh,

agueous @F&S@ﬁﬁay@g_ggf,,t}ﬁ&@_tlggsgw@@& dBamkd. and then at the tenperature of
wa

20C the solution aci'difred for 15 seconds with a 5% aqueous
hydrochloric acid solution. The crystals were sucked off, washed with

dem neral i zed water an ceton nd dri.ed, in_a_ vac dr yer s at
S0C. A oERE SRISP5Cipum By st G oBHeF e fepo BETEEAY Y spigtrunt E e
153- 155C i ; : ] qugrdﬁwq;, obt ai ned
corresponde lgg%@%ﬁg:sggg%?%?riﬁegpbga@(pﬂ%?gﬁﬂ%ol ynorph V of torasem de
obt ai ned according to Exanple 1. Exanple 12 A m xture (10.0 g) of
crystalline nodifications 1, Il and Ill of torasem de, of an anorphous

t or aseni dexgigieti3cat i on and of the novel pol ynorph V of torasenide
prepared according to Acia Cryst. B34 (1978) 1304-1310, WD 00120395, HR
patent applicati on P20000162A and Exanple | of the present invention, was
di ssol vedThénavel Jlpauahy fadiasemidedstixindd asodrditigote Esomple)l ahthetpresent

h f 20C. the sol uti idified for. 60 :
0% e ehtion s aobiscl s s TS AbE vk SR B PR ™
with dem perallefdo#9iqF (968 285 A PAR RO ik QvekBin' 3612904




WO 01/87841 PCT/ HROO 00033 15 in a vacuumdryer for 3 hours at 50C. A
chem-cally pure novel polynorph V of torasemde (8.0 g), mp. 133@5& pas
obtai ned. The IR spectrum of the sanple thus obtained correspond 0 Ple

| R spectrum of the novel polynorph V of torasem de obtained according to
Exanpl e 1WERHBtle 13 The novel pol ynorph V of toraseni de FGBEHIOAAY33
according to Exanple 1 of the present invention was subjected to testing
the rel ease of the active substance in Witer at the tenperature of 37C

(USP 24) and the results are given in Table 1. 1 8 NOV 2.004 WD 01/87841 16
PCT/H R0O0100033 Tabl e 1: Rel ease, of the_npvel polyoorph V. of rasemi in
wat er (USkalde): Relzase gﬁtherlmﬁelmgbmmm%rp Iﬁérlléééé‘a Wé&%ﬁ%@@%‘% 9 00
1511. 3 30%%75063%%0 6030. 0 9036. 0 12040.7 18 Nov 2064 17

Time Released torasemide
(un) (%)
0 0
15 11.3
30 20.5
45 26.0
60 30.0
50 36.0
120 40.7




CLAI M5 Pol yrnorph V of torasem de c haracteriz ed by the follow i ng gditVazons
] .DSC. exotherm c maxi mnuma t about 157.59C (onset at about 150.74
withthe Cmn; beating rate of 10 }: 5.610;6.130; 7.480;7.970; 9.310;
9. 615; 10. 835; X-ray powder pattern (2 11.020;12.340;13.075; 13. 460; 13. 920;
14. 200; 15. 090; 16. 080; 16. 710; 17.445;17.720; 18. 460; 18. 850; 19. 825; 20. 340;
20. 990; 21. 980; 22. 075; 22.630; 22. 935; 23. 410, 23. 845; 24. 880; 25. 560; 26. 035;
27. 285; 27.540; 28.170; 28. 645; 29. 350; 2. 9. 975; 30. 575; 31. 265; 32. 300; 34. 050;
35.650; 36.375; 37.100, and 38.145; |Rqgharacteristic absorption bands at
2671 to 3327 and at 1.468 to 1705 cm. 2. Polyinorph V of torasenaide
according to clairn 1, characterized in that it is chemcally pure. 3.
Pol ynor ph V of torasem de according to [m1, characterized in that it
contains no water. 4. Polynorph V of G mi de according to claim1,
characterized in that it contains no solvent. 5. Process for the
preparation of the novel polynorph V of torasem de according to

1. Polymorph V of torasenude characterized by the following data:

DSC: exothermic maximum at about 157.59°C (onset at about 150.74°C) with the
heating rate of 10°C/min;
X-ray powder pattern (2 ©): 5.610; 6.130; 7.480; 7.970; 9.310; 5.615; 10.835;
11.020; 12.340; 13.075; 13.460; 13.920; 14.200; 15.090; 16.080; 16.710;
17.445; 17.720; 18.460; 18.850; 19.825; 20.340; 20.990; 21.980; 22.075;
22.630; 22.935; 23.410; 23.845; 24.880; 25.560; 26.035, 27.285; 27.540;
28.170; 28.645; 29.350; 29.975; 30.575; 31.265; 32.300; 34.050; 35.650;
36.375; 37.100, and 38.145;

IR-characteristic absorption bands at 2671 to 3327 and at ].468 to 1705 e

2. Polymorph V of torasemide according 1o claim 1, characterized in that it1s
chemically pure.

3 Polymorph V of torasemide according 1o claim 1, characterized in that it contains 10
water.

4, Polymorph V of torasemide according to claim 1, characterized in that it contains no
sofvent.

5. Process for the preparation of the novel polymorph V of torasemide according to

claim 1, characterized in that an alkaline solution of torasemide is subjected 10 a
rapid acidification from 15 to 120 seconds with inorganic or organic acids at

temperatures between 0°C and 35°C.

6. Process according to claim 5, characterized in that as a starting material there are
used crystalline modifications 1, 1I end 111 of forasemide, an amorphous torasermide

modification or the polymorph V of torasemide or any puxture of crystalline



claim1l, characterized in that an al kaline solution of torasernide is
subjected to a rapid acidification from15 to 120 seconds wi th i nbgd@higlk
or organic acids at tenperatures between 0C and 35C. 6. Process according
to claimb5, characterized in that as a starting material there are used
crystalline nodifications 1, 11 and 111 of torasem de, an anorphous
torasem de nodification or the polynorph V of torasenvde or any m xture of
crystalline 1 $ NOV 2004 18 nodifications 1, Il and Il1l of torasemide, an
anor phous torasem de nodification or {de pol ynor ph V of torasem de. 7.
Process according to claim5, characterized in that for the preparation of
al kaline solutions of torasem de aqueous sol utions of |ithium hydroxide,
sodi um hydroxi de and potassi um_hydr oxide 18O ddektidn awns of
sodi um car bonan@iﬁmoni)btna%@ilﬁrﬂfééflﬁg}{g%5n§§]g\oﬁglgkelgi?&%§ﬂpr ocess according to
claims5, charagteri zs WA of Rdsefnle. t he acidification inorganic acids such
as hydrochl ori ric, phosphoric or nitric acid, and organic acids
such as formc, acetic, propionic, oxalic, tartaric, methanesul fonig or p-
tol uenesul fonic acid are used, .9.. A t TRé Phep¥ratibn todradkebng de
accordi ng/-t o ciTasess RCCOASNG ¢ GpiRat & ?%T?Ieﬁ%erd Btel ﬁgp f)dr{e a?atpi on. of _the..
crystal line modifiinak fisseinidd dqieods bdhbridnorad Semhuen O@ﬂe,aﬁﬁdwgh{w%%ﬂ%
toraseni de nodification. 10. A use of the %)ol yngrt he o dht 2288haE and
according to cimi potdssivas hadioawdenast well 25 3BFOUStRE P8 partat | on of
pharmaceutical |y acceptabl e sal of torasem de. 11. A use of the pol ynorph
V of torasem d@‘%ﬁ@?gqrﬁ(a‘a?eoargf%eﬁjm 1, as an active conpound serving as a
diuretic or as an agent for preventing heart or heart tissue danmages
caused by nmetabolic or ionic abnornglities i j & 4 i Sednefoanic n
the treat fent Bfocessrasaeydissto dagh ﬁggﬁéﬁ%}zie@?ﬁglgdtt%ng?w\%ﬁoertensi o_n;%a_
nepl uoedens, EU' ONAT ¥ HIEHE oY, IS, 3 spireiondaniyriabdds tet BFfiaBi, acids
Bartter's syndfgfte’ S _ . hanesulfonic o -

such as formic, acetic, propionmic, oxalic, tartanc, methan

toluenesulfonic acid are used.

9 A use of the polymorph V of torasemide according to claim 1, as a raw material for

the preparation of the crystalline modifications I, I and 11 torasemide or of an

amorphous torasemide modification.

10 A use of the polymorph V of torasemide according to claim 1, as a raw material for

the preparation of pharmaceutically acceptable salts of torasemde.

11 A use of the polymorph V of torasemide according to claim 1, as an actve

j ] ic or - nreventine heart or heart tissue
compound serving as a diuretic or as an agent for pre g

damages caused by metabolic or ionic abnormalities associated with ischemia, 1n

the treatment of thrombosis, angina pectoris, asthma, hypertension, nephroedema,

pulmonary edema, primary and secondary aldosteronism, Bartter's syndrome,

: . ) . s
tumours, glaucoma, decreasing of intraocular pressure, acute or chronic bronchitis,

] ' ] the
in the treatment of cerebral edema caused by trauma, ischemsa, cONCUssIOn of

brain. metastases or epileptic attacks and in the treatment of nasal infections caused
H

by allergens.



tumours, gl aucoma, decreasing of intraocular pressure, acute or chronic
bronchitis, in the treatnent of cerebral edema caused by trauns, isdmemjvamm
concussion of the brain, nmetastases or epileptic attacks and in the
treatnment of nasal infections caused by allergens. 18 NO V 2004 19 12,
Phar maceutical form characterized in that as an active ingredient it
contains an effective anount of the novel polyrnorph V of torasem de
according to claiml1l, wthout or in conbination with one or nore
phar maceutically acceptable additives sgch as sugar, starch, starch
derivatives, cellulose, cellulose derivatives, nmould release agents, and
ant i adhesi ve agents and possibly agents for regulating flowability. 13.
Phar maceutical formaccording to claim 12, characterized in that it is a
tablet, a capsule or an injection. .

12.  Pharmaceutical form, characterized in that as an active ingredient it contains an

effective amount of the novel polymorph V of torasemide according to claim 1,
without or in combination 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 regulating

flowability.

13 Pharmaceutical form according to claim 12, characterized in that it is a tablet, a

capsule or an injection.



