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anino-I-hydroxypropane-lj-dip?psphonic aci d nonosodi um
salt nonohydrate (lbandronate) with the foll ow ng
formula Fornmula 1 and a process for its preparation.

| bandronate is one of the nbst potent anti-resorptive
drugs that directly inhibit osteoclast activity and
present an effective pharmacol ogic alternative for
control ling hypercalc Iba dronAte binds to

hydr oxyapatite in cal erdering it
resistant to hydrol ytic dlssolutlon by phosphat ases,
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or Paget's di sease GHER- A° 52 4). It has been found

t hat | bandronate eX|st ri ous pol ynorphs. One

pol y e+ afjLeryahso designated

as ng§hDrph A was |dent|f| (géh elngJD

t hernmodynam cally nore sk | e, whereas a second

pol ynor ph of | bandrona®é, caeOel nafter al so desi gnat ed
as polymorph B, is easier to separate wWFeEH it he
production process. The ability of a substance to

exist in nore than one crystal formis defined as
polynnrphisn1and these different crystal fornms are
kKnownarsa v r@ggsyfapﬁmepmioﬁll cations" or "polynorphs".
Polynorphlsn1can i nfl uence many aspects of solid state
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of a st.ance nm der a
osteoc ast activity and present ane ectlve P armacologlc alternative for controlling

hypercalcemia. Ibandronate binds to hydroxyapatite in calcified bone, rendering it
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 (EP-A 0252504).

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

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
polymorphism and these d1fferent crystal forms are known as “polymorph modifications”
or “polymorphs”. Polymorph1sm 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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spectroscopy and Raman spectroscopy.
The term IR means infrared.
Description of figures:

20 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 spectrum of crystalline Ibandronate polymorph A

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

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

Figure 6: shows a Raman spectrum of crystalline Ibandronate polymorph B.
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i nvention can be characterized by an X-ray powder
diffraction pattern having characteristic peaks
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| bandr onat e polynor ph>°A as degcri b&d above can further
be characterized hy the x-ray|powder diffraction
pattern as shown i nifjgure 1.|The pgystallin¢

| bandr onat e pollynorph A can furthernore be
characterized by itgg )R absorption gpectrum having
characteristic|peaks expressefl in cn11 at

approxi mat el y: § 1 7Y 1288
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Angle 2-theta means an incertitude of + 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

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

The crystalline Ibandronate polymorph A can furthermore be characterized by its

IR absorption spectrum having characteristic peaks expressed in cm™ at approximately:
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can further be characterized by the IR absorption
spectrum shown in figure 2. The crystalline
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The term approximately means in this context that the cm™ value can vary by about
+4cm’,

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 cm™ at approximately:
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The term approximately means in this context that the cm™ value can vary by

+8cm™.

The crystalline Ibandronate polymorph A can further be characterized by the

Raman spectrum shown in Figure 3.

The crystalline Ibandronate polymorph A described above is further characterized
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

As polar solvent preferably

polar solvent.

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.
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ractitioner. Separation of the desired pol ynorph can

gén ‘falteé103$8}§e' by common filtration techniques. As a rule
the precipitate i s washed with the polar solvent used
for tFHeapelyesidues whish msn be presentiremsithe mpnacuringaregess (adcording
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for about.9 hours to 72 hours either at nornml or at
r educ &’SBPiéé%‘H]raé a rule occurs spontaneously but can also be initiated by addition

of crystals of Ibandronate polymorph A.

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

The whole crystallization process may be controlled regarding temperature, heating
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).

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 crystalline Ibandronate polymorph according to the present invention can be
obtained with a content of the crystalline Ibandronate polymorph A of at least 80%.
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20  carrier and/or adjuvant.

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

The following examples serve as illustration of the invention.
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i nvention. Exanpl es X-ray powder diffraction
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(resolutlon 4 cm™, detector: DTGS). The IR spectra of the individual crystalline
Ibandronate polymorphs A and B are shown in Figure 2 and 5.

20 Raman measurement method

The Raman spectra of the individual crystalline 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 FT-Raman of Nicolet
coupled to a Magna 860 (Nicolet) in 90° scattering arrangement, detector: InGaAs.

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 Tbandronate 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 (methenamine buffer, HCI) or in water. The suspension was stirred



Measurenent paraneters resolution 8 cm1; |aser power
0. 95W No of scan 300. The FTRaman spectra of the

wo paicwsdeal crystalline | bandronate pol ynor phsp&r/armo8000580

10

15

20

are shown in Figure 3 and 6. Splubility nmeasurenent
The solubility of the individual crystalline
dMﬁesQM@

'Rﬁ@%@&t’a‘faﬁzd@@'a}{@%ﬂ@ aﬁdﬁmd@ﬂmoﬁﬁ%moﬁﬂst&&ﬁ
sol uti ons. pr oxXi nraqgl3 é e correspor1g
p STRRFATYS- %&1 lfBWé?fé és ﬁ&‘gfa“‘?fhacf‘?ﬁié’é torfieralassing method.
buffer sol utions at pH 4 (Titrisol-buffer >
ci t r atey neidiive W@tﬁltpﬂeﬂﬂZ r(ﬂrcétthﬁefd‘am tedeetp Sfrfilenf TitHpley IIbsolutipn were

wad &d-and BRLISUSRE leétleJ) 1\0@%11 szt ! 68RHE Mlutdsh J@@ygaaeato 25C

d h 3
¢ eerE e PRI 87 BB S ooy G oS Wit s B
t pdding $ronl pecders@f mytheranihebifédr bawiiorgonel Mdgrdrothleric acid. The

I eSliEd4Eis waétea hr{ntn@cﬂl@tdliy w%_hr'tih pETARSI1h Jre[r%% goxf@kﬁﬁhm fhe'fblor
|

of T|tr re.added

MRS %%lomto %ﬁﬁﬁ 2 RS o oot
approxi matel y of xyl enol orange indicator and

t he pBF%%arﬁaTth%rﬁ‘E@ thefoBowgingiahledi ng smal | portions of
met henam ne buffer solution or 0.1 M hydrochloric
acid. The solution is titrated imediately wth

Th- DCTA- xyl enol _orange conplex until the col or chan es

fromyellow to reddish-Vi ol epolydB@neNUPOI NboHrforp
det erni ned photonetri cal l

b8

esu af her
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t o polyrmerph—AReference c;xaupl e—+Preparation—of
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*under at least partial conversion to polymorph A

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-f-alanine hydrochloride, 233 g (2.84 mol)
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
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
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water. 75 m water were distilled off. After

filtration, theprpaRikioh bcrfseilite IBMdYaStdodebh B0 35C
and 190 m acetoneg were added in 20 m nﬁ{es. b

There 7 % . €00 il <;25¢ -

stir rengo ue N R RGP B o A

priberasedivrsals btinadagcoadins inrsfreacearempls Livgregisgolyd in 240 ml

ackRiminealizediesren 25 al wvaechwywa titillddffasfiatiilvativh, the Terfihivg .

:gbrglu%éﬁ) %&%ro&@'ﬁ t(ggﬁ‘@ini @90%%&%&%; L8484 i % gl%mafhereafter,
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
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)



hours at 400C and 24 hours at 6Q0C. Yield: 8 1 %
Identified with x-ray powder diffraction as
wa@egosgddbs ne | bandronat e pol ynorph B. (Fi gure B EERIU06/€00580
1 Preparation of crystalli ne_lngndr onat e pol ynorph A
150 gof 3-(Wnethyl-N rentyl)
am no- | - hydr oxypr opane-1, | - di phosphoni ¢ acid
nonosodi um salt (obtained according to reference
exanpl e 1) were dissolved i n§ﬁ390 dem neral i zed
water at about 70-900C. 205 HeRRier were distilled
off. After filtration the solution was cooled to 600C
and stirred forPrasrgionaf egstalbng handropstgpelpmorphct
initiated by nmeans of crystalline | bandronate
pol y miOof A (NAhetbyl-Nipystyl kiiat hedroxfpeomuepd pdiplomphasc acid
5 C %nt%g)ld'ilﬁn ?a?&%tai%@d gc'épﬁﬁréritg ?err_@rlﬁlderefca{rﬁkge WRkdrd dikdd®red in 390 ml
grggrg}ngfai%ezdaml ?Wa%n 387(%\9,\?7’6[9962:9% mlmeﬁr re)%fdlilsgiée%fﬁvaf? After filtration the
asatidereygenoladiodl0! G adl siateé fori4h nenutat Coyseilizdtioh wayliniated by
ThRaR &QQ?liﬁ@ﬁag&ﬂog%%{J&‘@é%h@ Wg% /ér?’steﬁ‘liz\éﬁgyfﬁg]s O Bion was

150 .t 2 6 . I'q:.. 7 denti f t
TR i Rt TR e (N £ L RMA I

10 potoduoirps s¢karafeliagd mashi) withsayix(uconiiex erdtete/demineralized water
Uid £ BkibeP):1 (WA 10e Prd et FA4l a8 BraB hbiS i AN AR UInATHA to 20
sol.vent free basis) Exanple 2 Preparation of
cAPRE 419 %e | bandronate pol ynorph A 150 g of
crystal line | bandronate pol ynorph B (obtained
accor dieldyg72% ref erence exanple 2) were dissolved in
185 m dem neralized water at about 900C. The sol ution
was . 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 basis)

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. Crystallization 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 (Figurel)



then cooled to 600C and stirred for 30 mn.
Crystallization was initiated by neans of crystalline
wo baxadsoeat e pol ynorph A. The suspensi on was cPOI/EB200€000580
about 20-250C until the crystallization was conplete.
The product was separated and Wwashed with a m xture of
50 mM acetone/dem neralized water in a ratio of 1:1
(MV). The product was dried for 48 hours in vacuum
from 150 to 20 nbar at 60 O Yi ?lsd: 80 % ldentified
with x-ray powder diffraction as crystalline
| bandr onat e pol ynorph A, (Figure 1)Exanple 3
Preparati on of %F%%té’lnlofﬁ%tﬁlg%@%%fﬁ?%eB@Wﬁﬁ’hﬁh A 150
gof 3-(iV-nethyl--Y-pentyl)
am nok30-ghof dr(Oxmpthppdipentyl) bmgiophbgdrhoipirapaaeil d-diphosphonic acid
5 MRRASREIMSAbbtaePiRbAEY & GFQE:He BehntDe 1)HEk BR6ved in 390 ml

exanmpl e..1).,, were_ dissoly Ln.390 m "dem neralize .
CErEPere sl 800D S 85 il et B AL A getion the
ofiltrateAbas epoléd ot60HE arslstitrdfol kb imdtes. Geystallipaioadvas dritf0€d by
apdatdr b RANHObafRoM PP AR orpE A Ak drffAliAa00h Y@Sture of

OB R AR P Spar TR PG AT o s added under
10 dehtingrThkrezitd, thaswspénaior wener o230 adut 30-8510 Yndpr stiviimg, st the

heatll 4i8n 320l ¥fse. a0 ?Qdﬁ&%@ s&Pataiddl AR wadt28 WeB alSikture of 50
coqgled to 250

thé sus si.on .wa 20- under .

S P L e Bty € ettt ST B, Db et ied g
phodus ot 2 wasus éoar @0 ¢d2Gmbareas¥€d with a nmi xture of 50
m acetone/dem neralized water in a ratio of 1:1

(VI V) Yiellhgs q@r oduct was dried for 48 hours in a vacuum
from 150 to 20 nbar at 600C. Yield: 85 % ldentified
Wth s . ey :

'V band: Shed Ry ooy 8 B8 rf R bR hate polymorph A
( SO#BEdkonetric titration): 101.0 % (cal cul ated on the
anhydr ous and

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

g

solvent free basis)

20 Example 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 %



solvent free basis) Exanple 4 Preparation of
crystalline |Ibandronate pol ynorph A 100 g of
wa@egosgdobs ne | bandronat e pol ynorph B (obt ai nedpCT/EP2006/000580
according to reference exanpl ,2) were dissolved in
304 m demineralized water, warnmed to 600C and it was

filtradegfriedh }tl?aarf .omgﬁfiﬁramncalg a%lli%?%n%né%ﬁglyﬁé%b A.

acet one were added dropw se during 1 hour.
mi&WEd) was mai ntai ned at this tenperature under
stirring for 2 hours, then cooled to 15-2Q0C. The
product was isolated by filtration and washed with 120
m of a solvent m xture of acetone/dem neralized water
1:1 (V/IV). The product was dEkxs#aplem a vacuum from 150
to 20 nbar at 400C for 14 hours and then at 600C for

524 hours. Yi el dp38.08.080sflied IWnﬁanéfe%gX’n{al ym)q ll\mpﬁr A

diffraction as crystalline |bandronate

(Figu 1 e Pr epar at | f_crystalline

| baod 8 SRR s R R PRl bhd RSl resisncs

pSkymmle phvee distolvar e 4aeldsmitieralizebwatert wrmmddo 68t the

2)30Mﬁbl€xtNQé tggfpﬂcﬂl‘t&@ﬂ:dj 'It'bhtﬁgﬂltllmetvﬁﬁéﬁ wea tihal @5“0’%{7 &l aceaone _\Iz_vere

war Q. a al utio s then filtrated.. To

¢ AR PR Hholgide st lteapse A B Ve o
10 o d g ranatsnalyseoraly Aiveee atldemigrorder o initiateapstalizagon. (The mixture was

ac‘r@aﬁﬁaﬁe@%dms E@ﬁpeeertuxt%mah&_s?{rintkg Mdﬁtﬁﬂ:h@q a%ltlaﬂrf@w_br%o@s. The

wer e, added _in or 0 inpitiate.cr i zation. e

e A SR R A B T Rl

s targtone/dgrfipgralized wakes (1 h ebhe@aesustiwasalried ipg@cumhdrom 150 to 20

Progishe 6 40v@Sori18 Bbards @Ad Bign hi dobC RIri2@Ro@ed washed with 120
m of a solvent m xture of acetone/dem neralized water

15 (1:1) 4516y oy oduct was dried in a vacuum from 150 to
20 '

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 9 hours under rotary motion.

Yield: quantitative

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



nbar at 400C for 14 hours and then at 600C for 24
hours. Yield: 90 % ldentified with x-ray powder

wal2dobnsss on as crystal line | bandronate pol ynmoP@IVER006/000580

10

(Figure 1) Exanple 6 Preparatign of crystalline

| bandr onat e pol ynorph A (tenﬁé ing) 30 g freshly

preci pitated | bandronate obtai ned according to
reference exanple 2, but directly used after
filtration without drying and verified as pol ynorph B
(nmoi sture content about 10% dried sanple verified as
pol ynorph B) were heated for 45 mn at 600C and 60
mbar until acetone is evaporBfaeple ol | owed by
tenpering at 600C and 900 nbar for 19 hours and drying
at 600C and 40 Prbparaticarof Aryallins Ibandtenate pblamprpoig i on.
Yield: quantitative Identified with x-ray powder

?i ff tr @@% érsa@alu@ffe Igmrg%ﬁké bdMindiBR BQ):I:EAE}%H %ccﬁ?ﬁiﬂg%_rr%reﬁ%e example
ont en V. Tor ; a repa n.o
SRR A B> AT Tra B et o Sk foptone o
| BEKAT bransrengoh yavepted Bobi aiim & doacgiored ford Staing, edabeden08°C in
SK%B} eﬁld%tiw@cg Rrs tﬁ%ﬁﬁ.ea@ dg’@l'ggls iycmvﬁg %t@a’c&f tw@ct%: ']g%égusp_lglﬁsion was

em neraljze er .an . et.one C. e
o Ssere b Mt Sbefiths’ wave and fouttor Whanfol st rom
milpQ to 20 odtaeet 0OYC.200C in 1 hour and stirred for 5 min.
at 200C. This cycle was repeated twi ce. The suspension
was  stdehtifeahidrowitl f-rdyopdvider diffeacH6 08U stallRS @R AIate@@lymorph
ﬁ@ﬂ;ggéﬁgoﬁﬁ{g&$3289£3 in a vacuum from 150 to 20

ara T aEnt T |c£tion W th x-ray-powder

diffraction as crystalline |bandronate pol ynorph A
(content polynorph B: 23 %.C ai ns



1. Acrystalline polymorph of 3-(N-nethyl-N rentyl)
am no- 1-hydroxypropane-|, 1-di phosphonic acid,

wowessndsiim sal t nonohydrate (1 bandronate) whi BOT/EB2006/000580

10

15

20

25

characterized by an X-ray pomg r diffraction pattern
havi ng characteristic peaks e gfessed in angle 2-theta
at approxi mately Angle 2-the{3,10.2 11.5 15.7 19.4
26.3 2. A crystalline poly of claiml1,
characterized by the x-ray pomder diffraction pattern

shown, i n ures, 1. ndr
po nblAp ﬂ?\%lﬂrﬁ?o anorﬁja? eri ze}é_l% o 1?? absor p?XYBIOPane L
ﬁreivsn oﬁmﬁgmeh@p@z@meqalt mqn@hxfkﬁkél aé @fpidhis cm 1
aEha@&n@él rR¥d HP&I@( Yay g;gercdiffriacu&ﬂ{ﬁrﬁtloglleﬁm&rm Zlgig&teﬁ'mld. pealt377
cm cm cm1l, 1069 cm 1, 1035
cﬁ’fpféssﬁé a%ﬁ?n}l%h%%%a FAMEY3 cm 1, 903 cm 1, 760 cm 1
and 723 cm 1. 4. A crystattime—potymgrph of claim 3,
charact eri zed by the 1|R_ah88Epth&H sgect rum shown in
Figure 2. 5. A crystal|line Ihgpdronate pol ynmor ph whi ch
is characterized by a gharactreristic |peak expressed in
cm 1 at approxi mately (1460 ch in alvi brational Raman
spectrum 6. A crystal|ine pm.ynorph jof claim5 which
is characterized by thge cnar%ﬁoerlsflc peaks expressed
in cml1l at approxi mately 2950tm 1, 2027 cm 1, 2889 cm
1, 2851 cm 1, 1460 cm{l, 144%.%¥nf'1l, 12,308 cm 1, 1137 cm
1, 1056 cnf1l, 1024 cm I, 954 cm I, 904 cm 1, 839

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

3. 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 em™, 1288 cm™, 1157 cm™, 1094 cm™, 1069 cm™, 1035 cm™, 966
cm™, 951 cm™, 933 cm™, 903 cm™?, 760 cm and 723 cm™.

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 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 cm,
1460 cm™, 1443 cm™, 1308 cm™, 1137 cm?, 1056 cm™, 1024 cm™, 954 cm ™, 904 cm™, 839

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

7. A crystalline polymorph of claim 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 claims 1 to 7.



cm1, 761 cnfl and 678 cm 1 in a vibrational Raman

spectrum 7. A crystalline polynorph of claim5 and 6,
w@bawagives i zed by the vibrational Raman spect r BCEHERER206/000580

in Figure 3. 8. Ibandronate qg taining at |east 80% of

a crystalline polynorph as characterized by clains 1

to 7.9., A QU1 i ne

| bandr ah RO ER I e BlerdiBf oPL BARIR B Rhodte BT By

1tcgar8ct@r(1)zﬁé oy ghestinay g)tsaﬂo;nip?plﬁ% crystallizing a 3-(N-methyl-N-pentyl)

3-afrdinG -y Ayoxyprypae it lydiphosphonic acid monosodium salt or a monohydrate, a

a =] - =] = o ;
kLR aR S o R RO s BEIAC o 1Gne ot
5péPWﬁﬁrph m xture thereof at a tenperature of 500C to
7Q0C in a polar solvent. 10. Process according to

cl ai mi@ Prodessaacirding medkimr?, thasdcterined ip thathegwlay eslvent & water.
water. 11. Process according to clainms 9 or 10,

char ag{ grrb&athcididinb & claeeb N, Afaract@Rb@in tBftfacdtbree as a polar

sol vent s added, for .inducing . the crystallization. 12.
A aB Fogiggglge%t <5‘°’ra%?1 ﬁdeffofalrnglﬁgrrl%tt F(CJ‘%St%]ﬁizl‘glog'r ystal line

| bandronat e pol ynmorph as characterized py the clai

1to 8 1%.%1}0@\@;; f?@t}teéﬁlﬁ?éﬁtlﬁﬁ oga ¢ptaedline Ibandronate polymorph as

10 3-chhr¥etsiied by theNigant yol § coatprising kentpecing x yroiso p&Nemdthyl-N-pentyl)
1-di. . b , A
< ST o S G o
t étop@RcaPliPR? BIlyBeRE niigutrdnEreol pRa toppsratre 813t &P 20°C-
conpositions conprising a crystalline pol ynorph
accor db.Rpatmacauycabdonplositions comprigngea cryialiinerdymaepb reiordjng to

t Q@ oPHARRT S0 8br GhtALEPacSortiRig }Pa BRfesRoMaMEBESIE dndal | Y
arrier._and/o g 14. A crystalline

..acgept abl e r vant..

15 pcﬁc}? T %%??Htﬁli’éeﬁabtleéﬁ’ﬁfﬁ%%a%é‘fvﬁwns 1to 8 or obtai ned
according to a process of clains 9 to 12 for use as )
t her apéut Fostalling Radyrserph eesarding tesny girdaimp énd 9rtbtaired according

heab QipRhedsQF Elash@sb i1 DRM use as therapeutic active substance.

15. The invention as herein before described.



