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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 (EP-A 0252504).
1t 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 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 “polymorphs”. Polymorphism can influence many aspects of solid state properties of a
drug. Different crystal modifications of a substance may differ considerably from one
another in different physical properties which may influences directly their solubility for
instance. Polymorphism is found in several organic compounds.
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i n pharmaceutical and nol ecular crystals is given e.g.
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1999 and in Solid-State Chem stry of Drugs, SSCI Inc.
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The term IR means infrared.
Description of figures:

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

B as obtained in example 1.
Figure 2: shows an IR-spectrum of crystalline Ibandronate polymorph B
Figure 3: shows a Raman spectrum of Ibandronate polymorph B

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

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

Figure 6: shows a Raman spectrum of crystalline Ibandronate polymorph A
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Angle 2-theta means an incertitude of + 0.2 (expressed in degrees), 2-theta

represents 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 Ibandonate polymorph B as described above can further be

10

characterized by the x-ray powder diffraction pattern as shown in Figure 1.

The crystalline Ibandronate polymorph B can furthermore be characterized by its

IR absorption spectrum having characteristic peaks expressed in cm™ at approximately:
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15 The term approximately means in this context that the cm™ value can vary by

+4cm™. '

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

The crystalline Ibandronate polymorph B as described above can furthermore be
20 described by Raman vibrational spectroscopy. The Raman spectrum has the following

characteristic peaks expressed in cm™ at approximately:
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characterized by the Raman spectyum shown in Figure 3.
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The term approximately means in this context that the cm™ value can vary by
+8cm™.

The crystalline Ibandronate polymorph B can further be characterized by the
15  Raman spectrum shown in Figure 3.

The crystalline Ibandronate polymorph B described above is further characterized
by a solubility in water of about 279 g/l at 25°C (partial conversion to crystalline
Ibandronate polymorph A).

The process according to the present invention is characterized by the
20  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
thereof at a temperature of 10°C to 45°C in a polar solvent and by the addition of a polar
aprotic solvent to initialize the crystallization.
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20 Crystallization as a rule occurs spontaneously but can also be initiated by addition
of crystals of Ibandronate polymorph B.

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

The whole crystallization process may be controlled regarding temperature, heating
25 and cooling periods with equipment common to the skilled 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
(VIV).
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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 FT-Raman of Nicolet
coupled to a Magna 860 (Nicolet) in 90° scattering arrangement, detector: InGaAs.
Measurement parameters resolution 8 cm™; laser power 0.95W, No of scan 300. The FT-

25 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
measured for various solutions. Approximately 10 g of the corresponding polymorph A
30 or B were suspended in three different buffer solutions at pH 2, pH 4 (Titrisol-buffer,
citrate/HCI), at pH 7 (methenamine buffer, HCI) or in water. The suspension was stirred
for 24 hours at 25°C and was kept additonally 24 hours without stirring at the same
temperature. Solubility was calculated by titration according to the following method.
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Reference example 1

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

250 g (1.19 mol) N-methyl-N-pentyl-B-alanine hydrochloride, 233 g (2.84 mol)

15 phosphorous 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,
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

20 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 (50%) to 4.4. Thereafter, 1100 ml
ethanol were added to start crystallization. The suspension was stirred for 8 hours at 21 to
22°C. Then the solid was separated, washed with 344 ml cold ethanol/demineralized

25 water (7/5 V/V), subsequently with 344 ml acetone / demineralized water (5/2 V/V) and
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hours in a vacuum from 150 to 20 mbar at 60°C.
20 Yield: 85 %

Identified with x-ray powder diffraction as crystalline Ibandronate polymorph A.
(Figure 4)

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

25 Example 1
Preparation of crystalline Ibandronate polymorph B

55 g of 3-(N-methyl-N-pentyl) amino-1-hydroxypropane-1,1-diphosphonic acid
monosodium salt (obtained according to reference example 1) were dissolved in 240 ml
demineralized water. 75 ml water were distilled off. After filtration, the remaining

30  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.



Yield: 81 %5 ldentified with x-ray powder diffraction

as crystalline | bandronate polynorph B. (Figure 1)
waEx@ap w62 Preparation of crystalline | bandr onetBEP2006/000579
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of 150 to 20 mbar at 40°C for 12 hours and at 60°C for 24 hours.
Yield: 82 %

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

25 Example 3
Preparation of crystalline Ibandronate polymorph B

55 g of 3-(N-methyl-N-pentyl) amino-1-hydroxypropane-1,1-diphosphonic acid
monosodium salt (obtained according to reference example 1) were dissolved in 240 ml
demineralized water. 75 ml water were distilled off. After filtration, the remaining



product was separated and washed with a m xture of
acetone/dem neralized water in a ratio of 1:1 (VfV).

wab@epsoerct was dried in vacuum of 150 to 20 POBEEPZENDG6/000579
400C for 12 hours and at 60C for_24 hours. Yield: 88 %
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crystal line | bandronate polynorph B. (Figure 1)

kxanple 5 Preparation of crystalline |bandronate

pol ynor ph B 55 g | bandronate nonosodi um sal t,

obt ai ned accordin

(o0t ared according Lo ref o nggygral e 1) vere
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Tetrahydrof urane (THF) were added and crystallization

i ni 69 a¥1@§dn9pamﬁmgsqd#ur@ saf, tpbrained dewnding toelprangg example 1) were

modidfsi ot 0080l demineralized water. 75 ml water was distilled off. After filtration, the

15 remaining solution was brought to 35°C and 190 ml Tetrahydrofurane (THF) was 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 20ml of THEF. The
product was dried in vacuum from 150 to 10 mbar for 12 hours at 40°C and 24 hours at
60°C.

20 Yield: 82%

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

Example 5
25 Preparation of crystalline Ibandronate polymorph B

55 g Ibandronate monosodium salt, (obtained according to reference example 1) were
dissolved in 240 ml demineralized water. 75 ml water was distilled off. After filtration, the
remaining solution was brought to 35°C, then 47 ml of Tetrahydrofurane (THF) were
added and crystallization initiates by means of 0.5 g Ibandronate crystal modification B
30 followed by addition of 143 ml THF. Thereafter, the mixture was cooled until <25°C
under stirring in order to obtain a complete crystallization. The product was separated



foll owed by addition of 143 ml THF. Thereafter, the
m xture was cooled until < 25C under stirring in order

WO eooelo8®sn a conplete crystallization. The prORPULEPWA&000579
separ at edand washed with 20m of THF. The product was
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150 to 10 nmbar at 400C for 12 hours and at 15 600C for
24 hour spreyhfich of T6ana%6da8aRé A dsb BEm WAL, o ofrohRitatePotiedorph B

diffraction as crystalline |bandronate pol ynorph B.
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2- t Rbtaip acomplete crystallization. The product was separated and washed with 20ml of
THF. The product was dried in vacuum of 150 to 10 mbar at 40°C for 12 hours and at

15  60°C for 24 hours.
Yield: 78,5%

Identified with x-ray powder diffraction as crystalline Ibandronate polymorph B.
(Figure 1)
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2. A crystalline polymorph of claim 1, characterized by the x-ray powder diffraction

pattern shown in Figure 1.

3. A crystalline Ibandronate polymorph which is characterized by an IR absorption
spectrum having characteristic peaks expressed in cm™ at approximately 3679 cm’, 3164
cm™, 2955 cm’; 2854 cm, 1377 cm™, 1290 cm’, 1157 cm™, 1093 cm™, 1068 cm™, 1035

em™, 965 cm™, 951 cm™, 933 cm™ and 905 cm™, 761 cm™ and 723 cm™.

10

4. A crystalline polymorph of claim 3, characterized by the IR absorption spectrum

shown in Figure 2.

5. A crystalline Ibandronate polymorph which is characterized by a characteristic
peak expressed in cm™ at approximately 2968 cm!in a vibrational Raman spectrum.

15

6. A crystalline polymorph of claim 5 which is characterized by the characteristic
peaks expressed in cm™ at approximately 2968 cm, 2951 cm’, 2928 cm™, 2887 cm™,
2849 cm™, 1441 cm™, 1308 cm, 1136 cm™, 1056 cm™, 1023 cm™, 954 cm™, 907 cm™, 839

20 cm’, 762 cm™ and 678 cm™ in vibrational Raman spectrum.

7. A crystalline polymorph of claim 5 and 6, characterized by the vibrational Raman

spectrum shown in Figure 3.



pol ynorph or a m xture of pol ynorphs thereof at a
tenperature of 100C to 45C in a polar solvent and by
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the crystallization. 10. Pr ocesgsaccor ding to claim?9,
characterized in that the polar 'Solvent is water and
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or
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tetrahydrofurane is used. 12. Pharnaceuti cal
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13. palysoyr ala| rhigerpef pphoropbhsdbereafdf aigmperatimg ofof0°E faed i€ in 2

1t 0 p8lapgolvebt AidHyehaaaicaionYpdle: HritcA6RSS t@hnitlidd 1B c&stauizaﬁon.
to 11 for use as therapeutic active substance. 14. The

i nventi gl pAged] ggc%w}n?t%fc%rg 9,dc%fallagt%1qud in that the polar solvent is water and

that the polar aprotic solvent is an aliphatic ketone or a cyclic ether.

10 11. Process according to claim 10, characterized in that as polar aprotic solvent
tetrahydrofurane is used.

12. Pharmaceutical compositions comprising a crystalline polymorph according to
any of claims 1 to 8 or obtained according to a process of claims 9 to 11 and a

pharmaceutically acceptable carrier and/or adjuvant.

15 13. A crystalline polymorph according to any of claims 1 to 8 or obtained according
to a process of claims 9 to 11 for use as therapeutic active substance.

14. The invention as herein before defined.
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