WO 2006/081963 PCT/EP2006/000580 Ibandronate polymorph A The
present invention relates to a new polymorph crystal form of
3-(N-methyl-N- pentyl) amino- I-hydroxypropane-1,1-diphosphonic acid
monosodium salt monohydrate (Ibandronate) with the following formula
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for its preparation. Ibandronate is one éf the most potent anti-resorptive
drugs that directly inhibit osteoclast activity and present an effective
pharmacologic alternative for controlling hypercalcemia. Ibandronate
binds to hydroxyapatite in calcified bone, rendering it io resistant to
hydrolytic dissolution by phosphatases, thereby inhibiting both normal and
abnormal bone resorption. This:drtigringeaasesane mass and decreases
the risk of fractures and is therefore particularly well adapted to bone and
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dedigrateense poth e file mng S8 entified as being thermodynamically
more stable, whereas a s gond polymorph of Ibandronate, hereinafter
also designated as polymprph B, i©gagdiiit to separate within the

producti?p chegs./ﬂlhe/ ili ﬁbgaRFe t@ist in more than one

crystal forf’is defined as 20 polymaorphiSm and tfiese different crystal
forms are known as "ponmorph;andi\fications” or "polymorphs".
Polymorphism can influence rF?an)@aisﬁ%tts of solid state prqperties of a
drug. Different crystal modifications of a substance may differ
eonsiderably from one to another in different physical properties which
may influence directly their solubilityfor

and a process for its preparation.

Ibandronate is one of the most potent anti-resorptive drugs that directly inhibit
osteoclast activity and present an effective pharmacologic alternative for controlling 7
hypercalcemia. Ibandronate binds to hydroxyapatite in calcified bone, rendering it
10 resistant to hydrolytic dissolution by phosphatases, thereby inhibiting both normal and
abnormal bone resorption. This drug increases bone mass and decreases the risk of
fractures and is therefore particularly well adapted to bone and calcium metabolic
diseases such as for instance osteoporosis or Paget's disease (BP-A 0252504).

It has been found that Ibandronate may exist in various polymorphs.

15 One polymorph of Ibandronate hereinafter also designated as polymorph A was
identified as being thermodynamically more stable, whereas a second polymorph of
Ibandronate, hereinafter also designated as polymorph B, is easier to separate within the
production process.

The ability of a substance to exist in more than one crystal form is defined as
20 polymorphism and these different crystal forms are known as “polymorph modifications”
or “polymori)hs”. Poiymorphism“‘can influence many aspects of solid state properties of a
drug. Different crystal modifications of a substance may differ considerably from one to
another in different physical properties which may influence directly their solubility-for
instance. Polymorphism is found in several organic compounds.
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instance. Polymorphism is found in several organic compounds.
RAU/26.08.2005 WO 2006(081963 PCT/EP2006/000580 -2 An
exhaustive treatment of polymorphism in pharmaceutical and molecular
V. é is given e.g. by H.G. Brittain in Polymorphism in Pharmaceutical
‘%ﬁ'%}% 9 Brittain or, Marcel Dekker Inc., New York, 1999 SHETR006/000580
Solid-State Chemistry of Drugs, SSCI'lhc., West Lafayette; Indiana, 1999
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approximately Angle 2-theta 10.2 11.5 15.7 19.4 26.3 In a second
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peavided3Giystatiighandronate RO MMOrRRWEIERAS salt monohydrate (Ibandronate)

which is characterized by an X-ray powder diffraction pattern having characteristic peaks

expressed in angie 2-thetz at approximately

Angie 2-theta
10.2°
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15.7°
i9.4°
26.3°

In a second aspect, there is provided a crystalline Ibandronate polymorph which is
characterized by an IR absorption spectrum having characteristic peaks expressed in cm™ at
approximately 3678 cm’, 3164 cm™, 2854 cm”, 1377 cm™, 1288 em™, 1157 cm™, 1094 cm™,
1069 cm™, 1035 cm™, 966 cm™, 951 em’l, 933 em!, 903 cm™, 760 cm’ and 723 cm”.

in a third aspect, there is provided a crystalline Ibandronate polymorph which is
characterized by a characieristic peak expressed in cm™ at approximately 1460 cm” in a
vibrational Raman spectrum.

in a fourth aspect, there is provided an Ibandronate containing at least 80% of a
crystalline polymorph as characterized above.

In a fifth aspect, there is providéd a process for the preparation of a crystalline
Ibandronate polymorph as characterized above comprising crystallizing a 3-(N-methyl-N-pentyl)
amino-i-hydroxypropane-1,1-diphosphonic acid monosodium salt or a monohydrate, a

polymorph or a polymorph mixture thereof at a temperature of 50°C to 70°C in a polar soivent.



characterized by a characteristic peak expressed in cm at approximately

1460 cm' in a vibrational Raman spectrum. In a fourth aspect, there is

provided an Ibandronate containing,at least 80% of a crystalline

polymorph as characterized above. In a fifth aspect, there is provided a

process for the preparation of a crystalline Ibandronate polymorph as
characterized above comprising crystallizing a 3-(N-methyl-N-pentyl)

amino- I-hydroxypropane-Il,1-diphosphonic acid monosodium salt or a
monohy?rate polymorph or.a polymarph mixture thereof at a
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The term “crystalline polymorph” refers to a crystal modjﬁcatwn which can be
characterized by analytical methods such as e.g. X-ray powder diffraction, IR
spectroscopy and Raman spectroscopy.

The term IR means infrared.
Description of figures:

Figure 1: shows an X-ray diffraction pattern of crystaliine Tbandronate polymorph
Aas obtained in example 1.

Figure 2: shows an IR-spectrum of crystalline Ibandronate polymorph A,
Figure 3: shows a Raman spectrum of crystalline Ibandronate polymorph A

Figure 4: shows an X-ray diffraction pattern of crystalline Ibandronate polymorph
B as obtained in Ref. example 2.

Figure 5: shows an IR-spectrum of crystalline Ibandronate polymorph B

Figure &: shows a Raman spectrum of crystalline Ibandronate polymorph B.



Figure 1: shows an X-ray diffraction pattern of crystalline Ibandronate

polymorph A as obtained in example 1. Figure 2: shows an IR-spectrum

of crystalline Ibandronate polymorph A Figure 3: shows a Raman

i&g d@? 9& crystalline Ibandronate polymorph A Figure 4. EE?)%?Z%/OGGS%
raction pattern of crystalline Ibandronate polymorph B as

obtalned in Ref example 2. Figure 5: shows an IR-spectrum of crystalline

Ibandronate: gabinerphnBrorigiisefn SPRWS BIR ARARS PRSI be

crysialing thandranate PN R By t;c)tgg@[%ggéﬁractenstxc peaks
PCT/EPZO 6/0 9252881e EW:he c%sta Ilp bandronate polymorph A of the

prese%lie?%eventlo canbe characterizéd by an X-ray powder diffraction
pattern having characterlstlc peaks expressed in angle 2-theta at
approximately: Angle 2-theta Intensity [%] 10.2 0.6 11.50.7 1.5.7 1.6
19.41.9 26.3 3.3 5|Anglesgziheota my Zﬁs an jpegtituds ofl0.2 (expressed
in degrees), 2-theta {represent the reflexion angle according to the Bragg
law. A reflection at alglanciggeangle 0 ?IVGS rge to a reflegtion at an angle
20 to the direction ofi the incident beam| The crystalline Ibandronate
polymorph A as des¢ribedialsve can further bg to characterized by the
x-ray powder diffract] in Fi crystalline
Ibandronate polymoiph A e¢amefurthermgre beicharacterized by its IR
absorption spectrumihaving characteristic peaks expressed in cm" at

approximately: WO 20061084963 PCT/EP2006/000580

26.3° 33

Angle 2—fheta means an incertitude of i 0.2 (expressed in degrees), 2-theta
represent the reflexion angle according to the Bragg law. A reflection at a glancing angle
0 gives rise to a reflection at an angle 20 to the direction of the incident beam.

The crystalline Ibandronate polymorph A as described above can further be
10 characterized by the x-ray powder diffraction pattern as shown in Figure 1.

The erystalline Ibandronate polymorph A can furthermore be characterized by its
IR absorption spectrum having characteristic peaks expressed in cm™ at approximately:



-4 Bands (cm-7 3678 3164 2854 1377 51288 1157 1094 1069 1035
966 951 933 10903 760 723 The term approximately means in this
context that the cm-'value can vary by about 4cni'. 15 The crystalline

Ibandronate polymorph A can further be characterized by the IR
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a sorpflon Spectrum shown in figure 2. The crystalline Ibandfona

polymorph A as described above can fufthermore be described by
Raman vibrational spectroscopy. The Raman spectrum has the following
characteristic bands expressddin 1gma'si&{:imj)rommately: e
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The term approximately means in this context that the cm™ value can vary by about
+4cm™

15 The crystalline Ibandronate polymorph A can further be characterized by the IR
absorption spectrum shown in figure 2.

The crystalline Ibandronate polymorph A as described above can furthermore be
described by Raman vibrational spectroscopy. The Raman spectrum has the following
characteristic bands expressed in cra™ at approximately:



2927 2889 2851 1460 1443 1308 1137 1056 1024 954 904 839

761 678 10 The term approximately means in this context that the cm -1
value can vary by 8 cm-1. The crystalline Ibandronate polymorph A can
{?ij(r)thoeor }())glcr}aracterized by the Raman spectrum shown in Fi ure, 236'0 ;I;QO% S50
crysztal?lne%andronate polymorph A described above is further 0
characterized 15 by a solubility in water’of about 278 g/l at 25C. The
process according to the present invention is characterized by a

crystallization of 3-(N-methyl-N-peuyd) [cm™]
amino-l-hydroxypropane-1,1-diphosph@gic acid monosodium salt or a
monohydrate, a polymorph or & mixrur2 2c}f polymarphs at a temperature
of 50C to 70C in a polar solvept-28-ASpetarselvent preferably water is
used. Preferably the crystallization také$%jace in water at a temperature
of about 60C. A polar aprotic solvent zaay be added for inducing the '
crystallization. WO 20061081963 PCT/E&R2006/000580
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The crystalline Ibandronate polymorph A can further be characterized by the
Raman spectrum shown in Pigure 3.

The crystalline Ibandronate polymorph A described above is further characterized
15 by a solubility in water of about 278 g/l at 25°C.

The process according to the present invention is characterized by a crystallization
of 3-(N-methyl-N-pentyl) amino-1-hydroxypropane-1,1-diphosphonic acid
monosodium salt or a monohydrate, a polymorph or a mixture of polymorphs at a
temperature of 50°C to 70°C in a polar solvent.

20 As polar solvent preferably water is used.
Preferably the crystallization takes place in water at a temperature of about 60°C.

A polar aprotic solvent may be added for inducing the crystallization.



-6 A suitable polar aprotic solvent is acetone. Expediently the
crystallization temperature is maintained for 15 minutes to 120 minutes.
Starting product for the process of the present invention can either be

N meth I 5 N-pentyl) amino-I-hydroxypropane-1,I- dlphosEhonlc acid
b Tosf ﬁ salt e.g. obtained from a process as outlined iRTEfEERA0S80
example 1, or crystalline Ibandronate pdlymorph B e.g. obtained

according ;9{3%5%%@9%%3@%&“ JCEEQBQ a mixture of crystalline

Ibandronate polymorph B with crystalline ibandronate polymorph A. The
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to tgmperature and then be warmed to the crystallization temperature or
alternatively be dissolved at a higher temperature and then be cooled to
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cooled under stirring until crystallization is co gpngte before the filtration

takes plad svotirsartsietrsdbanbadion et aelysel eantichert room
tegdrdipgyaier pedabandehveatiagd taihd crpiiiiicepen supwithre quiaresitvely be
comiivenivtd the isillechipractitionen Beparatisalab the dpsinedpolywmeephiure as
can jpeietecieddy common filtration techniques. As a rule the precipitate

is washed with the polar solvent used for the crystallization, preferably

with a mixthaehkwhiandnd acetoned:a fiato Bt ahatldukindp O (according
Dryinggfthe-chisiplinpihangdranate.pelymomb.A preferrbly haRRans.ata
Q@m%@l{%qffggz%@gﬁeto 80C for about 9 hours to 72 hours either at

normal or at

Crystallization as a rule occurs spontaneously but can also be initiated by addition
of crystals of Thandronate polymorph A.

The crystal suspension so obtained is as a rule cooled under stirring until
crystallization is complete before the filtration takes place.

20 The whole crystallization process may be controlled regarding temperature, heating
and cooling periods with equipment common to the sldlled practitioner.

Separation of the desired polymorph can be effected by common filtration
techniques. As a rule the precipitate is washed with the polar solvent used for the
crystallization, preferably with a mixture of water and acetone in a ratio of about 1:1

25 (VIV).

Drying of the crystalline Ibandronate polymorph A preferably happens at a
temperature from 40°C to 80°C for about 9 hours to 72 hours either at normal or at
reduced pressure.

The crystailine Ibandronate polymorph according to the present invention can be
30 obtained with a content of the crystalline Ibandronate polymorph A of at least 80%.



reduced pressure. The crystalline Ibandronate polymorph according to the
present invention can be 30 obtained with a content of the crystalline
Ibandronate polymorph A of at least 80%. WO 2006/081963

\%:I{{(E 3%9 /000580 -7 Alternatively the crystalline Ibandro 006/000580
pol ymorp can be obtained by tempering a moist 3-(N- me yf?\?r At ﬁ
amino- |-hydroxypropane-1,l-diphosphonic acid monosodium salt e.g.
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The invention therefore also relates to pharmaceutical compositions comprising a
crystalline Ihandronate polymorph A as defined above and a pharmaceutically acceptable
20 carrier and/or adjuvant.

The invention also encompasses a crystalline Tbandronate polymorph A as
described above for use as therapeutically active substances.

The following examples serve as illustration of the invention.



WO 2006/081963 PCT/EP2006/000580 -8- Examples X-ray powder
diffraction measurement The x-ray powder diffraction patterns of the
individual crystalline Ibandronate 5 polymorphs A and B were recorded
Qﬁ&@g r D8 Advance AXS diffractometry (geometry:
agg ren ano; radiation: CuKa in the angle range 20= 2 Fo X
secondary monochromator; step scan v§|fh 0.02 and a measuring time of
e.g. 4.0 s per step). The samples wgj g approximately 500 mg were
prepared into carrier wells and exposed to CuKa radiation. Radiation
diffracted at the lattice levels is converted into io electronic signals by a
scintillation counter and processed by the software package "Diffrac
plus". The x-ray powder dgfractlon E’a&%" of the mdmdgal crystalline
Ibandronate polymorphs and B are shown m‘?—eﬂgureml and 4. IR

measuraien meihad & ﬁﬁéﬁslﬁ% éras%%m@mcr% rarﬁ}%%mdr nate
Elsbanqron %s'%) %@?W{em ecor(rfed erﬁru]’cs IB&%(? 4% etry of

suspensio COﬂSIS mg: o1 sam na
Nu%ﬁﬁ@ g&&ﬁﬁﬁé%%&?fae%&& é%éﬁr@ﬁref??%%v%ﬂca?ﬁed
outSGRAJAR ww@eaeéwﬁe&mmé%%mﬁérmsmmeﬁf prastrlrmesit)
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spesiresaf theukditistal-c Rrsiialiinel iffanddonalie Ipoka rRosphscdnand Brase
isheuripuligpredpnsigiidt Raman- measvemen methad.Jhe Rapan
spegiaQf la%*n@re/m st@r%{ms&%ﬁre%emma%@g angl |2 were
recBDrd%d as sam r% o&‘ﬁ%ﬁé‘tg ) ! Pow er ﬁrgd were filled into a
glass “tube sﬁ e e sarﬁufes were measured with the
FT-Raman of Nicolet coupled t&%MMe%@%QN&@let) in 90 scattering
arrangement, detector: InGaAs. 25 Measurement parameters resolution 8

- lasArRRWRED: API NG RlsCaR 3R The fdaR CAfosttr@re-
L%%éd%{é’ HE‘ﬁJBPﬁ?ﬁQ{A%teCB‘%Lk’@‘u?ngPaspér&”?sgna;o saglg W Worox. 15

Igu Hg o l\?u)gl getween two sodium chloride plates, Measurements were carried out with an
FT-IR spectrometer (IFS55 {Bruker) or equivalent instrument) in transmittance mode
(resolution 4 cm’!, detector; DTGS). The IR spectra of the individual crystalline
Ibandronate polymorphs A and B are shown in Figure 2 and 5.

&)P&Gi}( Q00580

20 Raman rmeasurement method

The Raman spectra of the individual crystailine Ibandronate polymorphs A and B were
recorded as sample of about 20 mg of the powder and were filled into a glass tube
(shortened NMR tube). The samples were measured with the FI-Raman of Nicolet
- coupled to a Magna 860 (Nicolet) in 90° scattering arrangement, detector: InGads.
25 Measurement parameters resolution 8 cm™; laser power 0.95W, No of scan 300. The FT-
Raman spectra of the individual crystalline Ibandronate polymorphs A and B are shown
in Figure 3 and 6.

Solubility measurement

The solubility of the individual crystalline Ibandronate polymorphs A and B was
30 measured for various solutions. Approximately 10 g of the corresponding polymorph A
or B were suspended in three different buffer solutions at pH 2, pH 4 (Titrisol-buffer,
citrate/HCI), at pH 7 (mnethenamine buffer, HCI) or in water. The suspension was stirred



Solubility measurement The solubility of the individual crystalline
Ibandronate polymorphs A and B was 30 measured for various solutions.
Approximately 10 g of the corresponding polymorph A or B were
suspended in three different buffer solutions at pH 2, pH 4 (Titrisol-buffer
CQtra?e/ﬁBf)J at pH 7 (methenamine buffer, HCI) or in water. 2006/ 000380
suspension was stirred WO 2006/081983 PCT/EP2006/000580 -9 for 24
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charigesfioitrated owntediacd st ibiOC Thedadp ointds cetgemimebihe color
pheiametticallyellResuksdategath @iecidghefollwingdablacdeRelymarph
A Polymorph B solubility in [g/1] solubility in [g/1]* PH 2 280 274 pH 4
276 27 ReRHs 212 9210981 iwtitefo RABZAGblEUNder at least partial conversion
to polymorph A Reference example 1 Preparation of
13-(N-methyl-N-pentyl) ammo-I-hydroxypropane-I,1- 15 diphosphonic acid

MONO0So@t-salt-250-g-(1-19-meh-N-methyl-N-pentyl-0-alanine

hydrochloride, 233 g (2.84 mol Polymorph A Polymorph B
solubility in [g/1] solubility in [g/1*

pH 2 280 274
pH7 292 299
water 278 279

*under at least partial conversion to polymorph A

Reference example I

Preparation of 3-(N-methyl-N-penty!) amino-1-hydroxypropane-1,1-
15 diphosphonic acid monosodium salt

250 g (1.19 mol) N-methyl-N-pentyl-f-alanine hydrochloride, 233 g (2.84 mol)
phosphoerous acid, 151 ml (1.65 mol) phosphorous oxychloride and 900 ml diethyl
carbonate were heated stepwise to 80°C, After 2 hours reaction time under continued
heating the mixture was cooled to 60°C and 1733 ml demineralized water were added,

20 followed by azeotropic distillation of diethyl carbonate / water at 90 to 101°C. 358 ml
demineralized water were added, the mixture was refluxed and water was distilled off. 316
ml demineralized water were added and water was distilled off twice. Finally 2040 ml
demineralized water were added and the residue was cooled to 24°C. 'The pH was
adjusted at 23°C with sodium hydroxide solution {(509%) to 4.4. Thereafter, 1100 ml



phosphorous acid, 151 ml (1.65 mol) phosphorous oxychloride and 900 ml
diethyl carbonate were heated stepwise to 80C. After 2 hours reaction
time under continued heating the mixture was cooled to 60C and 1733 ml
lized water were added, 20 followed by azeotropic, disillati
dﬁ%@ﬁéﬁgéﬁnme / water at 90 to 101C. 358 ml deminerali%e %%@?@ygggﬂ
added, the mixture was refluxed and vafer was distilled off. 316 ml

derpineralized.watelowere-Added.ang watekyasdistlled Al iggoHInakY
204Dl demineralized water were,added %Ec%lr &i%%%)ﬂan%& leg, to
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to 4.4.“Thereatter, 100 mp 06108 EBS6081580580 16°
ethAHel WY atdeti Statt) Aybedfits atrsticrre tiipendisnhnass ot rses
8 hetrslat 21 to 22C. Then the solid was separated, washed with 344 ml
cold ethanol/detnineralized water (7/5 VIV), subsequently with 344 ml
acetone FFFEHIRPSTE B Watbris VS Yrdlarasbesieadudievy (7.7
%) &sfitens fiekbpioduct were obtained in the form of colorless 5 crystals.
Assay (complexometric titration): 100.6 % (calculated on the anhydrous
and solVeftHbwiBadtsf-Rasidia6ivents: 2.3% ethanol (GC) 3.9 %
water (KF) 10 Referent@ @xap(E2 Preparation of crystalline
Ibandronate polymorph B 55 g of 3-(N-methyl-N-pentyl)
Amino-I-hydroxypropane-1,l-diphosphonic acid monosodium salt
(obtained according to reference example 1) were dissolved in 240 ml 15
demineralized water. 75 mil watgravere gjicgtillebg off. After filtration, the
remaining solution was brought to 28C and T

Ozml acetone were added in
20 minutes. Thereafter, the mixture was cooled until <25C under stirring,
up to the complete crysiaitizatian b aslickwas peRalaigosand
washed with a mixture of acetone-/ demineralized water
' 55 g of 3-(N-methyl-N-pentyl} amino-I-hydroxypropane-1,1-diphosphonic acid
monosodium salt (obtained according to reference example 1) were dissolved in 240 m!
15 demineralized water. 75 m! water were distilled off. After filtration, the remaining
solution was brought to 35°C and 190 ml acetone were added in 20 minutes. Thereafter,
the mixture was cooled until <25°C under stirring, up to the complete crystallization.
The product was separated and washed with a mixture of acetone { demineralized water
in a ratio of 1:1 (V/V). The product was dried in vacuum from 150 to 20 mbar for 12
20 hours at 40°C and 24 hours at 60°C.

Yield: 81 %

Identified with x-ray powder diffraction as crystalline Ibandronate polymorph B.
(Figure 4)
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in a ratio of 1:1 (VIV). The product was dried in vacuum from 150 to 20
mbar for 12 20 hours at 40C and 24 hours at 60C. Yield: 81 % Identified
with x-ray powder diffraction as crystalline Ibandronate polymorph B.
v&;? guor;se 41) 25 WO 2006/081963 PCT/EP2006/000580 -11- E%%g] ZLOG}GGO 580
BRARHSH of crystalline Ibandronate polymorph A 150 g of ?
3-(N-methyl-N-pentyl) amino-I-hydroxyptopane-1,I-diphosphonic acid 5
monosodium salt (obtained according to reference example 1) were
dissolved in 390 ml demineralized water at about 70-90C. 205 ml water
were distilled off. After filtration the sglytipn.was cooled to 60C and stirred
for 45 minutes. Crystallization was initiated by means of crystalline

Ibandronate polymopksaiftarrerystallizaiinuihasyspensignavas cooled
to about 20-25C under stirring until the crystallization was complete. The

10 produsi yvds-SepandiedVanrdwashied-Willydanipopenef150dphosphonic acid
acetenelsleminarabizathwates iia iatie-ehds LviM).- 17 hePraduct vaso ml
| d“%‘é&%%é@@%%&%%@ﬁ% 09503 20 10: 20 RALAL O A¥IE B Botihe
Iden fied,with X &)Wéi Ixrrl%%tp r 435 Cr¥1§etsa tr')!staﬁma dorx? Q‘\%f%lllt&t&}i by

pol ymorﬁlt'uwaf “ COMELic titration):

S ay C
(calRfRt8EeEH e&hﬂ&%&?&ﬁ% &8 % SE AR E ARG P ion was
Prepaletiartorerdeifinadtstares siisbnrmsmiraiasysy eraisitdite
IthardrbuitespsetyaietphdBriobriridaactording bmbferiencdemimmpredyater
weie dissobied (W/VB5rhi pedninaralinie frateratiabout 980G FhensHutiorn
Wasnbar at 60°C.

Yield: 75 %

. Identified with x-ray powder diffraction as crystalline Ibandronate polymorph A.
15 {Figure 1)

Assay (complexometric titration): 101.0 % (calculated on the anhydrous and
solvent free hasis)

Example 2
20 Preparation of crystalline Ibandronate polymorph A

150 g of crystalline Ibandronate polymorph B (obtained according to reference
example 2) were dissolved in 185 ml demineralized water at about 90°C. The solution was
then cooled to 60°C and stirred for 30 min. Crystailization was initiated by means of
crystalline Ibandronate polymorph A. The suspension was cooled to about 20-25°C until

25 the crystallization was complete. The product was separated and washed with a mixture
of 50 ml acetone/demineralized water in a ratio of 1:1 (V/V). The product was dried for
48 hours in vacuum from 150 to 20 mbar at 60 °C.

Yield: 80 %

Identified with x-ray powder diffraction as crystalline Ibandronate polymorph A.
30 (Figure 1)



then cooled to 60C and stirred for 30 min. Crystallization was initiated by
means of crystalline Ibandronate polymorph A. The suspension was
cooled to about 20-25C until 25 the crystallization was complete. The
roduct was separated and washed with a mixture of 50 m|
‘2%3?8?{3%9§ﬁ1merahzed water in a ratio of 1:1 (VIV). The prolactj%F asaned’
for 48 hours in vacuum from 150 to 20fribar at 60 C. Yield: 80 %
Identified with x-ray powder diffraction as crystalline Ibandronate
polymorph A. 30 (Figure 1) WO 2006/081963 PCT/EP2006/000580 -12-
Example 3 Preparation of crystalline {gangdresate polymorph A 150 g of
3-(N-methyl-N-pentyl) amino-I-hydroxypropane-I,|-diphosphonic acid s

monosodium salt (olptapegiacensging e reiamaeg-eoamptenl), were
dissolved in 390 ml demineralized water at about 70-90C. 205 ml water

were digtitlgaCH(pMfterhfiltrapenshenfilisaté ywasgpoleddd, 6d@anphstiiredd
for ABnakuHess.& (ystalization was.initiateddy. means efeaistaiiae 300 ml
'b%%%%Mmmﬁt 'ﬂﬁﬁf eryssafiizationa-mixtuie of demineralizad.
RSSO B il D Vin e,
tirrin ere afner t]ﬁ suspens oled to about 5C
un(‘féetagil? ﬂﬁ“?ﬁﬁﬁ? tRg: 5?%?%1]1?; ?F%éb‘é%ﬁwc etfﬁmf‘hon roamf: Was
seplarinseliid Vet Rt 2 it e Omsey inm i dstRTenRintines arsedjunder
1yvatdrtinga Fatieatifrithe piRepsipnavpy oepled twab st 30 1C4B dpoitirsing gutil the
vacigsmltiremilbs tor2femiitir at RO, Wiskpa8B8:Un id adadifidd switixoneagf 50
povydescgliffrarction.asca/wiadling: landronate/pRIvIReHBubs whk i tedrck)4s
Assay.Leamplexpmalric sitratiemh 01 £% (calculated on the anhydrous

and solvent free basis) 20 Example 4
Yield: 85 %

15 Identified with x-ray powder diffraction as crystalline Ibandronate polymorph A.
(Figure 1)

Assay (complexometric titration): 101.0 % (calculated on the anhydrous and
solvent free basis)

20 Bxample 4
Preparation of crystalline Ibandronate polymorph A

100 g of crystalline Ibandronate polymorph B (obtained according to reference
example 2) were dissolved in 304 m! demineralized water, warmed to 60°C and it was
filtrated. To the filtrate which was kept at 55°C, 347 ml acetone were added dropwise

25  during 1 hour. The mixture was maintained at this temperature under stirring for 2
hours, then cooled to 15-20°C. The product was isolated by filtration and washed with
120 ml of a solvent mixture of acetone/demineralized water 1:1 (V/V). The product was
dried in a vacuum from 150 to 20 mbar at 40°C for 14 hours and then at 60°C for 24
hours.

30 Yield: 88 %



Preparation of crystalline Ibandronate polymorph A 100 g of crystalline
Ibandronate polymorph B (obtained according to reference example 2)
were dissolved in 304 nil demineralized water, warmed to 60C and it was
fiItr%gﬁ%.sl'o the filtrate which was kept at 55C, 347 ml acetongTyl\é%E(geglg{goe A
\g?opwse 2% during 1 hour. The mixture was maintained at fid >
temperature under stirring for 2 hours; then cooled to 15-20C. The

product wassisalasacby,filtationandwasbed with,. 10 ml of 2,.30e R A.

mixwre I%fl?cetone/demlneralized water 1:1 (VAV). The product was dried

in a'v&cuum from 150 to 20 mbar at 40C for 14 hours and then at 60C for
24 hours. 30 Yield: 88 % WO 2006/081963 PCT/EP20061000580 - 13
Identified with x-ray powder diffraction as crystalline Ibandronate
polymorph A. (Figure 1) Example 5 SgRfgparation of crystalline
Ibandronate polymorph A 100 g crystalline Ibandronate polymorph B

(pbtained according @dgfQtRnes gxampendpwaiadissabseshin 304 ml
demineralized water, warmed to 60C and the solution was then filtrated.

To the filtdatecwhidinniassdeptat phth 34K Bfcdhesiadecviedmgaddeetence
dropwisgichiring iiaredin te sousamebthenseioneadditiogerysiaia.of to
e e M . D Sy e
e e o e
Wit T PR SR B LT TS5 18 AR S MG R p Euure vas
ThePppid wabitieasrias saderiromiasd herpobensarlel woE-#8iG 4he
houpsodid thehclat8e fravtandryashsdyyitll 1 B0 idepivtieidninitirxofay
powdengiffeactionlasicrysidlline Thapdrbratepbigiiarphdu(FHigurest o 20
mbar at 40°C for 14 hours and then at 60°C for 24 hours.

15 Yield: 90 9%

Identified with x-ray powder diffraction as crystalline Ibandronate polymorph A.
(Figure 1) _

Example 6
20 Preparation of crystalline Ibandronate polymorph A (tempering)

30 g freshly precipitated Ibandronate obtained according to reference example 2,
but directly used after filtration without drying and verified as polymorph B (moisture
content about 10%, dried sample verified as polymorph B) were heated for 45 min at
60°C and 60 mbar until acetone is evaporated, followed by tempering at 60°C and 900

25 mbar for 19 hours and drying at 60°C and 40 mbar for ¢ hours under rotary motion.

Yield: quantitative

Identified with x-ray powder diffraction as crystalline Jbandronate polymorph A.
(content polymorph B: 19 %)



Example 6 20 Preparation of crystalline Ibandronate polymorph A
(tempering) 30 g freshly precipitated Ibandronate obtained according to
reference example 2, but directly used after filtration without drying and
rifi olymorph B (moisture content about 10%, drie
d@ér%ﬁgﬁzﬁgig%olymorph B) were heated for 45 min at 60C an%l m aGrIOl??l%ﬁO
acetone is evaporated, followed by temffering at 60C and 900 25 mbar for
19 hours and drying at 60C and 40 mbar for 9 hours under rotary motion.
Yield: quantitative Identified with x-ray powder diffraction as crystalline
Ibandronate polymorph A. (content polymorph B: 19 %) WO 2006/081963
PCT/EP2006/000580 -14- Example 7 Preparation of crystalline
Ibandronate polymorph A 5 30 g crystadiiagidyandronate polymorph B
obtained according to reference example 2 were suspended in a mixture
of 95.4 ml demineralzregiwaderodngskd.4lmhacetongohin2QE AThe
suspension was heated to 60C in 1 hour, stirred for 15 min., cooled to 20C.
in 1 houwOanuysstifieed fordsomite. ral20Cp Thid eycié anasdiep iatde dwriceample
The skspensiofedias nstirreddtons Ul dursnctieqarediacinid s separatechand
driegiformi8 aepsiin aaaeedmdrarnt 10 164 ai20damnhas atif0oled to 20°C in

v
pCHER, 85%&86@-%3“?{%%%.r%sseﬁélzeéiy'sta R B g o
1%-(!\]1531@@‘1 - -baérq?yﬁ‘amino-I-hydroxypropane-l, 1-diphosphonic acid,
monosodiju It monohydrate (lbandronate) which is characterized b
Pdenmﬁs atl(ﬁll ﬁ?% ¥a/§>§Y§r§:ﬁ tglg{actlon I%Sa (I:,arst;[atﬁmfi 1 ancqr%%ate pogfmgrph

an X-ray powder aifraction pat aving characteristic pea
A (content polymorph B: 23 %).



5 expressed in angle 2-theta at approximately Angle 2-theta 10.2 11.5
15.7 19.4 26.3 2. A crystalline polymorph of claim 1, characterized by
the x-ray powder diffraction pattern shown in Figures 1. 3. A crystalline
wibandrenade polymorph which is characterized by an IR abrorptiEmoskesosso
spectrum having characteristic peaks expressed in cm' at approximately
3678 cni', 3164 cml, 2854 cni', 1377 cm 1, 1288 cm1,1157 cm', 1094
cmi1, 1069 cni 1, 1035 cm’, 966 cirZl€@8% cm-', 933 cm’, 903 cm 1, 760
cm™ and 723 cm'. 4. A crystalline polymorph of claim 3, characterized by
the IR absorptlon spectrum s own in Ei 5. A Sy talline
Ibandron&& BERAGHHIARRR gvgﬂarrnagf fized %ol e %%xgpmgéﬂe b
expréBhewhariAck aP s BRI L I TREBIERE | FPWBF&%P’?’EFﬁéﬁman
spe;mmnqnz@iw@ry&tamwémm@mmm?mm@ﬁrﬁ%ﬁ%m’med by

sthe:ghasadieristie peskszexpressededy cm' at approximately 2950 ctri',
2927 cnf', 2889 cm', 2851 cm.--1460 cm*~;-1443.cm’, 1308 cm’, 1137

cni',1056 cni', 1024 cm', 954 ¢ni', 96dichthe®39 PO cm-1, 761 cm -1 and
678 cm' in a vibrational Raman spectigin. 7. A ctystalline polymorph of
claim 5 and 6, characterized py the VRI‘,J&'[IOHBJ Raman spectra shown in

Figure 3. 8. Ibandronate contatrirg-atteast-8696iof a crystalline polymorph
as characterized by claims 1ito 7 25830 2006/D81963

PCT/EP2006/000580 -16 19.4°
26.3°

2. A crystalline poiymorph of claim 1, characterized by the x-ray powder diffraction
pattern shown in Figures 1.

3. A crystalline Jbandronate polymorph which is characterized by an IR absorption
10 spectrum having characteristic peaks expressed in cm™ at approximately 3678 cm ™, 3164
cm™, 2854 cm™, 1377 em™, 1288 cm’l, 1157 cm™, 1094 cm™, 1069 cm™, 1035 em™, 966
cm™, 951 cm, 933 cm™, 903 cm™, 760 e and 723 cm™.

4. A crystalline polymorph of claim 3, characterized by the IR absorption spectrum
shown in Figure 2.

15 5. A crystalline Ibandronate polymorph which is characterized by a characteristic
peak expressed in cm™ at approximately 1460 cm™ in a vibrational Raman spectrum.

6. A crystalline polymorph of claim. 5 which is characterized by the characteristic
peaks expressed in cm™! at approximately 2950 cm ™, 2927 cm™, 2889 cm™, 2851 cnt™,
1460 cm™, 1443 e, 1308 am™l, 1137 cm™, 1056 em™, 1024 cm™, 954 em™, 904 cm 7, 839

20 cm’, 761 com™ and 678 cm™ in a vibrational Raman spectrum.

7. A crystalline polymorph of dlaim 5 and 6, characterized by the vibrational Raman
spectra shown in Figure 3.

8. Ibandronate containing at least 80% of a crystalline polymorph as characterized
by daims1to7.
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9-.A process for the preparation of a crystalline Ibandronate polymorph as
characterized by the claims 1 to 8 comprising crystallizing a
3-(N-methyl-N-pentyl) amino-I-hydroxypropane-l,I-diphosphonic acid
WaoResessen salt or a monohydrate, a polymorph or a polypaaipp,iskitbbSse
thereof at a temperature of 50C to 70C jn a polar 5 solvent. 10. Process
according to claim 9, characterized in that the polar solvent is water. 11.

ProcesspasgoodingdpthlaimsQ:on 10s W@E@ﬁﬂ&&k@@ﬁﬁé@ﬂea@s a
polaaﬁa@%@@mgﬁq%gmm Iags §t§'ﬂﬁr‘5}H9ﬂy1]i3 o)
pro&ﬁﬁ%f%%‘?o y Po% '%% %‘%St& 0 ?n%’ﬁgggd‘}ateégﬁé/morg LB

RO R a'ﬁ?rﬁw S AR fgﬂo%ﬁ’i@n?cl%&%"‘“

moff 'é%‘&lum salt or a monohydrate, a polymorph or a polymorph mixture
thereof at eratucénlgof 30C to 90C. 13. Pharmaceutical compositions

comprlsm y%?&‘iﬂﬁ 6%’8?8#5”5&8?&%@1% léf’r‘i)?hSPe Holaets e
obtalneqla%cordlnaqtodz}?pro%iass %f cl%m 9t 12
a

pharmaceugicalty & Carrier anbior adj %n ﬁc%tf’ﬁlstaﬁﬁ? glar
poI%%%f‘f’]a‘(E’éB’Pcﬁ%“M"é ek @F@Wﬁbtamed according to a

process g gl 9o 2 foruse 2s/herapsyis active subsiance,

10 characterized by the claims 1 to 8 comprising tempering a moist 3-(N-methyl-N-pentyl)
amino-1-hydroxypropane-1, 1-diphosphonic acid monosodium salt or a monohydrate, a
polymorph or a polymorph mixture thereof at a temperature of 30°C to 90°C,

13. Pharmaceutical compositions comprising a crystalline polymorph according to
any of claims 1 to 8 or obtained according to a process of claims 9 to 12 and a
15 pharmaceutically acceptable carrier andfor adjuvant. '~ e

14. A crystalline polymorph according to any of claims 1 to 8 or obtained according
to a process of claims 9 to 12 for use as therapeutic active substance.



