-I- Ibandronate nOlymoroh B In a first aspect, there is provided a process
for the preparation of a crystalline ibandronate polymorph B having an
X-ray powder diffraction pattern having characteristic peaks expressed in
angle 2-theta at approximately Angle 2-theta 9.'"0 ~12-2 114.4 16.8
25.8 comprising dissolving 3-(N-methyl-N-pentyl)
amino-1-hydroxypropane -I,1-diphosphonic acid monosodium salt, a
monohydrate, a polymorpb or a mixtuye of polymorphs thereof at a
temperature between 10 C. and 45 C. in a polar solvent and adding a
polar aprotic solvent to initialize the crystallization. In a second aspect,
there is provided a process for the preparation of a crystalline
Ibandronate poiymorph B having an X-ray powder diffraction pattern
having characteristic peaks expressed in angle 2-theta at approxmately -
la - Angle 2-theta 4 "1C 2

Tn & first aspect, there is provided a process for the preparation of z crystalline
ibandronate polymorph B having an X-ray powder diffraction pattern having characteristic

peaks expressed in angle 2-theta at approximately

Angle 2-theta

comprising dissolving 3-(N~-methyl-N-pentyl) amino- | -hydroxypropane -1,1-diphosphonic
acid monosodium salt, 2 monohvdrate, a polymorph or a mixture of polymorphs thereof at a
temperature between 10° C. and 45° C. in a polar solvent and adding a polar aprotic sotvent to

initialize the crystallization.

‘In a second aspect, there is provided a process for the preparation of a crystalline
Ibandronate polymorph B baving an X-ray powder diffraction patiern having characteristic

~ peaks expressed in angle 2-theta at approximately



comprising dissolving 3-(N-methyl-N-pentyl)
amino-Il-hydroxypropane-1,1-diphosphonic acid monosodium salt, a
monohydrate, a polymorph or a mixture of polymorphs thereof at a
temperature from 10 C. to 55 C i{_r; a polar solvent and adding a cyclic
ether to initialize the crystallization. In one embodiment, there is disclosed
a polymorph crystal form of 3-(N-methyl-N- pentyl) a mmo

~ |-hydroxypropane-I,1-diphosp o&iec., igamojosodium salt monohydrate

“

(Ibandronaze) of the following formula GHs €)" /OH H sC~ PHO NCC .
H20 OH P COH OH rmmmj:mmss for its preparation. ‘
Ibandronate is one of the most potent anti-resorptioe drugs that directly
inhibit osteoclast activity-are-present-an-effective pharmacologic
alternative for controlling hyp&¥édicemia. Ibandronate binds to
hydroxyapatite in calcified hane 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 partigudarly well adapted to bone and calcium
metabolic diseases such as for instance osteoporosis or Pager's disease
(IBS'-A 0252504). it has been,[so nd that Ibandronate may exist in various
polymorphs. - b One polymofph of Ibandronate hereinafter also

designated as polymorﬁhﬁrvvas"rdernnﬁm'aé being thermodynamically‘

more stable, whereas a second polymorph of Ibandronate, hereinafter

designated as polymor , IS easier to.separate within the.. .
oompﬁsinggdisso}ving 3‘-:-)(1\32/1135eat'ngl}:ll\nl?jpvem:}%1 BTRING- | %}Pagoxyprepane— E'l “diphosphonic

acid moncsodium salt, 8 monohvdrate, 2 poiymorph or & mixture of polymorpis thereof at 2

wemperature from 10° C. 10 55° C. i, & polar soivent and adding a cyclic ether to inirialize the

orvstaliization,

In one embodiment, there is disclosed a polymorph crystal form of 3-(N-methyl-N-
pentyl) aminc»nl-h}rdroxypropane-l,z—diphcsphonic acid monosoditm satt monokydrate
. (Ibendronate} of the following formza

o O OH

[N

i
; P
/\\/\\/’N\/\K ~o "f. O
e j o0 N

22N
© OH O Formulal

and a process for its preparation.

Ibandronate is one of the most p;)teni anti-resorptive drugs that directly inhibit
osteociast activity and present an effective pharmacologic alternative for comrolling
hypercalcemiz. Tbandronate binds to hydroxyapatite in caicified bone, rendering it
resistant to hydrolytic dissolution by phosphatzses, thereby inhibiing both normal and
sbnormal bone resorption. This drug increases bone mass and decreases the risk of
fraciures and is therefore particulatly well adapted to bone and calciwm metabolic
Giseases such as for instance ostaoporesis or Paget's disease (EP-A (23525643,

1t has been found that Ibandronate may exist in various polymorphs.



production process. The ability of a substance to exist in more than one
crystal form is defined as polymorphism and these different crystal forms
are mown as "polymorph modifications” or "polymorphs". Polymorphism
can influence many aspects of salid, gtate 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
- solubilibpéeoijnsiance IRokmerp hisanisifotintldaigevedal organieph A was
CQERRGHAAS LW RODR/I8 196 IRGbE RAADG/MQ00R 13 2nb R yhak3 e
”?@a&%ﬁdﬁ%@ R&Q{HJJ%PQQ&A@&EQ?ﬁ%@ééﬂ%?k@%@%‘@%é&% Chyslalg s

givene.g. | %_H . Brittain’in Polymorphism in Pharmacéutical Solids, H.G
BAEATR ST RASFERI Deldcer Inc., New York, 1999 and in Solid-State

Chemiso o D15, SSEL G gt AR1s U, e, 1999.5 Obiet o

the res |nve tO é.‘g eC| 1SOlal gr Ctel‘IZ
%%#ﬁ?ﬁ LR T LD o S 1P R KRR sror
Ib%fnd’Pé‘ﬁ%‘PéP ol Bﬁ?@?@ﬁ@dﬁ?@é?ﬁé%aﬁ%éﬁ%ﬁéﬁéﬂim Frjeperties of a

idéngfiedtiorrofronp mitihecpolpned potBiastce bar dibrramnse abiiamprocess
fosridshprépdifition g dtal predar ¢heiydie sentnfiventts dirdahiitkese i ubility for
othenniseringicaiatk-thedolowing definiions.are.satdorth to define the
meaning and scope of the various terms used and described in the
description. The term "Ibandronate polymorph B" refers to the polymorph
crystal form of 3- (N-methyl-N-pentyl)
amino-Il-hydroxypropane-1,1-diphosphonic add monosodium salt
monohydrate as defined in the claims and the description of the present
invention. 15 The term "crystalline polymorph" refers to a crystal
modification 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: 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

whapsigsate polymorph B Figure 3: shows a Raman spectiym of 00000
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;/shoivsginel Regpeotruimadfrerystatine phandrendte polynobruinA

Figuies6ilsheme a Ramaa. spreiium afigrysiadine: |Pancnateizolsnergh

A WE;006/0%1 262 R4/ ER 200600589, :3dthe sy siallinghandrepale,

poIy%gefgﬂh%?v@gsyﬁf%@tse?fgﬁd@ggqggy can be characterized by an X-ray
erdi

pow raction pattern having characteristic peaks expressed in angle

2 theta ab%@&%ﬁ@/g%&%%@lﬁ&ﬁ?%%‘%&ﬁ%&% 8 Hareedri bt 4 0.6

16,%1 5,81.8.5An I%Z-t(yetg means an in r%ude of 0.2 (expressed in
bandrdga iymm&% and 10 develgp a process 1ot the prepgration of Ibafidfonate

degrees), SR8t Tepresents the reflexion ang?e according to the Bragg

law PRYPEREAiBN at a glancing angle O gives rise to a reflection at an angle

20 to the?%%%gégtrhgsf gh% Iarel:glg‘%gtwl%t %p% i(-'t[F?l Jé’z}/tlsgg |‘|3IP c%ls.lgaqflnrgeop%%%%orph B of
polymor S described abqgve can turther be k . .
[bandronate and with a process for its preparation as claimed in the present invention.

10 Unless otherwise indicated, the following definitions are set forth to define the
meaning and scope of the various terms used and described in the description.

The term “Ibandronate polymorph B” refers to the polymorph crystal form of 3-
(N-methyl-N-pentyl) amino-1-hydroxypropane-1,1-diphosphonic acid monosodium salt

monohydrate as defined in the claims and the description of the present invention.

15 The term “crystalline polymorph” refers to a crystal modification 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:

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

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

Pigure 6: shows a Raman spectrum of crystailine Ibandronate polymorph A



1o 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
jn cm' at approximately: WO 2006/081962
W%%%?@%%%%a/ooos?gpA Bands [cm | 3679 3164 52955 2854 1377
1290 1157 1093 1068 1035 10965 951 933 905 761 723 15 The
term approxiuagielsreansindhiscantext hatihe emnValuaataay by
4cm 'clﬁbﬁ'&ﬁé@@v g 1bapdronateRAIMBRRAB.GANIY NG Pt peaks
ch ar%ﬁ?&&%qrp%g%ez—lﬁeta at approximately:

Angle 2-theta Intensity [%]
9,7¢ 0:6

12,2° | 1

14,4° 0.6

16,8° 71

25,é° 1.8

Angle 2-theta meansan incertitude of & 0.2 {expressed in degrees), 2-theta
represents the reflexion angle according to the Bragg law. A reflection at a glancing angle
B 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 farther 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:



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

wihdasielistic peaks expressed in c; i i at approximatelyr. WQy wns006/000579
2006/091962 PCT/EP2006/000579 -5 Bands(cm-] 2968 2951 2928 5
2887 2849 1441 1308 1136 1056 10237954 907 839 762 10 678
The term approximately means in this context that the cm-' value can vary
by 8 cm". The crystalline Ibandronate polymorph B can further be
characterized by the

Bands [cm ]
3679
3164

; ' 2655

| 3854

1377

1290

1157

1093

1068

1035

9565

951

933

905

761

723

10

15 The term approximately means in this context that the cm™ value can vary by
t4cm’ '

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:



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 25C (partial conversion to crystalline

wdbangignaie polymorph A). The process according to the peesgpiciugptian
is characterized by the 20 crystallization ©f 3-(N-methyl-N-pentyl)
amino-1-hydroxypropane-l,l.-diphosphonic acid monosodium salt or a
monohydrate, a polymorph or a mixture of polymorphs thereof at a
temperature of 10C to 45C in a polar solvent and by the addition of a polar
aprotic solvent to initialize the crystallization. WO 2006/081962

PCTIEP2006/000579 -6 As potar

Suitable polar aprotic solvents
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§39

10

762

678

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

+8emh.

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. 7



indicated above. Ethanol residues which may be present from the
manufacturing process (according to reference example 1) can easily be
removed by known methods e.g. by distilling the ethanol off as azeotrope.

wabdisipllization as a rule occurs spontaneously but can aﬁ?r%i@d%&@?w

by addition of crystals of Ibandronate polymorph B. The crystal

suspension so obtained is as a rule be cooled under stirring until
crystallizatioprist contptetebebdrerthe ifilisation takes place. The whole
crystallization process may be controlled regarding temperature, heating

25 and covlinglpatletrwiinseyetraeniicbrtiniototosthetskiledopeastitiohgrethyl
Sepdrationoot-thHé: désiséitpalyimadpican helieifeetaddyeo mmorpfitratidnrnts

techniguesoAsadrdetheprasipitate-iswashgdrwithibe palal.solveatused
for the crystallization, preferably with a mixture of water and acetone in a
ratio of alfoefedily MADI2006/084962 RCTIERRABGHONASIR 357 rying
of the crystalline Ibandronate polymorph B preferably happens at a
temperatéiedlomi30€ (o0& foraloptAd:Irorsaiot7Rel dur sseitheteato 120
normalmmtat reduced pressure. The Ibandronate can be obtained with a
content of the crystalline Ibandronate 5 polymorph B of at least 80 %. The

crystallinétatinglporhte feolmorph:B Ohthe peasentinve BiiDaEarbbed S en-
as anpligirnaseivaliacivg compauns wWhich-asisiasan-AficieModium salt
apti-eSOHRLiNEIdHNY y}@&@;@&&%ﬁﬂtﬁhﬁ%&éﬁgg@M&t&v'y apg.thys also

Increl%ggércpr%ne a8 A%Ordl\z?a}ﬁltglacc 9(5 ?eaﬁrg;e e?calflns d for the, eof '
treatmen an r eVIéJntlon O? SeaseSW are N assSOCl eC?[ tihnb

and ESRUMRCTRSRS %ﬁ‘f*&%‘?&lﬂ’&%"é@%H”&%%Ftﬂé‘fﬁﬁéénflg’c@%%?&%ﬁ?‘@}‘B

The starting product can either be dissolved in the polar solvent at about room
temperature and then be warmed to the crystallization temperature or alternatively be
15 dissolved at a higher temperature and then be cooled to the crystallization temperature as
indicated above.

Ethanol residues which may be present\from the manufacturing process (according
to reference example 1} can easily be removed by known methods e.g. by distilling the
ethanol off as azeotrope.

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

vrv).



Paget's disease. The invention therefore also relates to pharmaceutical
compositions comprising a crystalline Ibandronate polymorph B as
defined above and a pharmaceutically acceptable carrier and/or adjuvant.
w8 2JdiRdMégntion also ericoinp"asses a crystalline lbandrorigie.palymarpi.,
B as described above for use as therapeutically active substances. The
following examples serve as illustration of the invention. WO 2006/081962

PCT/EP2B0G/000BI%:vBaExanRiesmX B PR BUHTraGHYhappens ot a
mea ﬁg‘&@}e@?ﬁb?@éf aeﬁa%%xrmﬁq% fiffractionpateras. of themat or at

indivi ég}/sta Ine Ibandronate polymorphs A and B were recorded with
a Br6‘f<er AdVance AXS diffractometry 5 (geometry: Bragg-Brentano;

radiation:.GuKa in the angle gﬁ%ge%gmg;gogpen%tgggm Thandronate

monoc ont]]%tor ;te p scan with 0.02 and a measuring time of e.g. 4.0's
pdr BY & KA AL Welghing approximately 500 mg were prepared

nto cartiepels gk RXposel.  qukaenaten, Radialon iiracier dlse

the lattice Ieveer IS converte onic sig a.scinti

courtBPaHaPrGRaLEEIS R Bo #éaﬁté&fk% st £P “’*’%J%“e% that
x-raylpesaEmiiit aereriapatirig o s AR R g TSR RS r&%%ﬁ

poly marphsph and SsdisHbwrernRigLme! brprdvantiRomEdisuresibish are
methesdhed Ribpeol andfdhenindhddbial ciisstadline: lipedienate osteoporosis or
polymoiphaifand B were recorded as film of Nujol suspension consisting
of approx. 15 mg of sample in approx. 15 15' mg ofNujol between two
sodium chipsidecplate s Mpasilse RERS:WETatark et ubmptiiaonFbdfprising a
SDGC&E&?&&QB@&G&&E&@M&%&%@M\A@&@& inelrLman iR HRRSMIAR6 ptable

mode rgrresol }lon Want , detector. DTGS). The IR spectra of the
mdm&uaﬁ crystaﬁl
157 'The invention also encomipasses a crystalline Ibandronate polymorph Bas - = =

described above for use as therapeutically active substances.

The following examples serve as lustration of the invention.



Ibandronate polymorphs A and B are shown in Figure 2 and 5. Raman
measurement method 20 The Raman spectra of the individual crystalline
Ibandronate polymorphs A and B were recorded as sample of about 20

weedshepewder and were filled into a glass tube (shortengg N¥R.tukRE37s
The samples were measured with the FT-Raman of Nicolet coupled to a

Magna 860 (Nicolet) in 90 scattering arrah@"ement, detector: InGaAs.
Measurement parameters resolution 8 ciylyjaser power 0.95W, No of
scan 300. The FT 25 Raman.spectra of the individual crystalline
Ibandronate polymorphs A-apgds:@ieishawon i driguse:3:andigd Solubility
measurement The solubility of the individual crystalline Ibandronate
polymorphBhAsang Bwizs difieasreefonvaiibumdoldtidnssAppeakimatelyte
10 g gbthaxprrespandingnebsaarpini BYieE Baverasusnanded inihiee
different e Saltans &l Hdaii. fEittiselhubiet. clitrate/ R h@taH 7
(methseegoaql]ameng)u OC, ri’oHCaggrog xlsn gt\:lzfaﬁt erit T(P %ﬁgnscp ae ns!i(g{ll 'Vr\lla?ngggteq . 1:106 szir
hours at and was cept Zaotloqtonaw 54 ours wﬁ?ﬁouflsﬁr,rlng at ﬁ1e P
same™8 -%éeréw et ﬁ%ﬁ;tg&%%&ﬁs@dﬂwﬁﬁﬁmfﬁé&maﬁmﬂ& and
followfiRyiFin Ga < welztosbalivior dttricp oobelotiosrerls & wrucisinie
was filtesteahiosignadf the SilvidetimkennB bbb Miteipid ot hs oidtione weka ge
aclele dTaiffeh dpllutd dihéth-migpevte: Hialo R pakahthisdsolhtiodwanesadded to
approximnataly:Osbismabrylenel prangengicateranshthe pH was adjusted

to 6.5 by adding small portions of methenamine buffer solution or 0.1 M

hydrochloric acid. The 5 solution isittated-inumeniaiely with

Th-DCTA-xylenol orange complex until the color changes from yellow to

reddish-vidlet IH heendpdiniididétel mynetiptibtadiettealhyrResults.ats were

gatheredrirdhefol oingotalgRolymainth AcPYYMRIINE of sample in approx. 15

" 15 'mg of Nujol between two sodium chloride plates. Measuremtents swere Carried out with dn

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.

Raman measurement method

20 The Raman spectra of the individual crystalline Thandronate 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.
Measurement parameters resolution 8 em™; 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/HCl), 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 calcalated by titration according to the following method.



solubility in [g11] solubility in [g/I]* PH 2 280 274 pH 4 276 278 PH 7,
.292 299 water 278 279 under at least partial conversion to polymorph A
10 Reference example 1 Preparation of 3-(N-methyl-N-pentyl) amino-
woTgigxyRropane- 1, 1- diphosphonic acid monosodium sgit. 2500 (1,19,
mol) N-methyl-N-pentyl-]3-alanine hydrochloride, 233 g (2.84 mol) 15
phosphorous acid, 151 ml (1.65 mol) pho%phorous oxychloride and 900 ml

diethyl C@@QQ%W%@Q%'[%W?ﬂrﬁ@e@%ﬂ,@fﬁr&ﬁg IS BRGNP were
tlmeaﬁﬁgaein% é}ﬁl?@%%g.ﬂ E?ﬁ %2)] u & S()?lglgn 19 GOstﬁqd 1733 ml

j#al
demineralize Waterw rea g owed tlon 0

dlettha Shatet Wﬁ ?&%f@%@é P:%[(z PRy 'éﬁglf' re
addéfd ww&ﬁ?@%agf%fmﬁwﬂ?m%@mgﬂim Brfradéoiparif. The
@mﬁbﬁ&&@é%ﬁbmm@%d@ﬂ@ﬁd%ér@%ﬂ@%@%@gmmw
204 0hmigdermngaliz edhwididr-videe doded b thé-tesitue plasseoiedto
24C. The pH was adjusted at 23C with sodium hydroxide solution (50%)
to 4.4. THimekfrer, 2heGdih btHaholingerdladded to start crystallization.
The suspension was stirred for 8 hours at 21 to 22C. Then the solid was
separated, washed With 344 ml cold ethanol/demineralized 25 water (7/5
V/V)3 subsequentiy-with-344-mi-agetone--demineralized-water-(512 V/IV)
and WO 2006/08[L962 PCT/EP2006¢ho0sriv4-10 driedraesdE 315/6 g
(73.7 %) of the title product were glstihaity iim flgdlfo|nelobiticidn &8 *
crystals.

pH?2 280 274
pH 4 276 278
pH7 292 259
water 278 279

* under at least partial conversion to polymorph A
10
Reference example 1

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

250 g (1.19 moly N-methyl-N-pentyl-f-alanine hydrochloride, 233 g {2.84 mol)

15  phosphorous acid, 151 ml (1.65 mol) phosphorous exychloride 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 f water at 90 to 101°C. 358 ml
demineralized water were added, the mixture was refluxed and water was distilled off. 315

20 ml demineralized water were added and water was distilled off twice. Finally 2040 ml
demineralized water were added and the residue Waé 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



Assay (complexometric titration): 100,6 % (calculated on the anhydrous
and solvent free basis) s Residual solvents: 2.3% ethanol (GC) 3.9%
water (IC) Reference example 2 Preparation of crystalline Ibandronate

WwelysaoiehA 10 150 g 3-(N-methyl-N-pentyl) PCT/ER2006/000579
amino-1-hydroxypropane-1,1-diphosphonic acid monosodium salt

(obtained according to reference examplélf)”, were dissolved in 390 ml

demingriadizeshwrates. sk about,y Or MG H 2R dakwvate b wareadistilad of b rAleHess
fiItratiqg,;Qg. filtrate was cooled to 60C and stirred for 45 minutes.

Crystallization was initiated by means of crystalline polymorph A. After

crystallizatiQR.q @abpie.pldpminerlizas 4 dwalaraceians. 220 mle 18
ml) preyigusieheatsd to 50C was added under stirring. Thereatfter, the

suspension was cooled to about 20-25C under stirring, until the

crystallizatiQuyuas:aompletey, The Riedusct was separated and washed with
a mixture of 50 ml acetog%gqmg% lized water in a ratio of 1:1 (V/V).

The product was dried for 48 hours in a vacuum from 150 to 20 mbar at
60C. 20 Yield: 85 % Identified with x-ray powder diffraction as crystalline
Ibandronate polymorph A. (Figure 4) Assay (complexometric titration):
101.0 % (calculated on the anhydrogscanst.sQlwgnt free basis) 25
Example 1 Preparation of crystalline Ibandronate polymorph B 55 g of

3-(N-methyl-N-pentyl) amineslohysioxyprapanedich-6iphosRRanic acid

monosodium salt (obtained according to reference example 1) were

dissolved irb@48-(h-naekmine falirgtawaien-falretwalehweneddistiad atfacia

After fHEatiRRHRRAEMRANMNBY according to reference example 1), were dissolved in 390 ml
demineralized water at about 70-90°C. 205 ml water were distilled off. After filtration the

filtrate was cooled to 60°C and stirred for 45 minutes. Crystallization was initiated by
means of crystalline polymorph A. After crystallization a mixture of demineralized
15 water/acetone (290 ml/518 ml) previously heated to 50°C was added under stirring.

Thereafter, the suspension was cooled to about 20-25°C under stirring, until 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 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-meéthyl-N-pentyl) amino-1-hydroxypropane-1,1-diphosphénic acid
monosodium salt (obtained according to reference example 1) were dissolved in 240 _nﬂ
demineralized water, 75 m] water were distilled off. After filtration, the remaining

30  solution was brought to 35°C and 190 mi acetone were added in 20 minutes. Thereafier,
the mixture was cooled until < 25°C under stirring, up to the complete crystallization.



30 solution was brought to 35C and 190 nd acetone were added in 20
minutes. Thereafter, the mixture was cooled until < 25C under stirring, up
to the complete crystallization. WO 2006/081962 PCT/EP2006/000579
wobboblagroduct was separated and washed with a mixturg @f ¢ p2o0s/000579
acetone/demineralized water in a ratio_qfllzl (V/V). The product was
dried in vacuum from 150 to 20 mbar for 12 hours at 40C and 24 hours at
60CTeldded vesSopheritified withed reish powiderdiffiactioniasarystallingter in
Ibandrahater palyrinrph: BrodkiguedhExamplen:Brepar alian.oh crysiating:s
Ibandmrate pobypah 880 55 g of 3-(N-methyl-N-pentyl)
amino-1-hydroxypropane-l,1-diphosphonic acid monosodium salt
(obtainedraiza@nding to reference example 1) were dissolved in 240 ml
demineralized water. 75 ml water were distilled off. After filtration, the
remainingescliedoritwasaprought dBAoGthanydzmk acelonswer addads.
and(rystalljzation was initiated by means of 0.5 g crystalline Ibandronate
polymorph B followed by addition of 15 144 nil acetone. Thereatfter, the
mixture was cooled until :S 25C under stirring in order to obtain a
complete crystallization. The product was separated and washed with a
mixture of acetone/demineralized watetaiieratio of 1:1 (V(V). The
product was dried in vacuum of 150 to 20 mbar at 40C for 12 hours and
at 60C for 24 hours. Yielgh:8R2:96{20 td8ntiflbehdrithaxe gajypovpiiar diffraction
as crystalline Ibandronate polymorph B. (Figure 1) 25 Example 3
Breparafio s of tr)stadte-hamird nate potrdomptyp®Bpane-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
solution was brought to 35°C, then 47 ml acetone were added and crystallization was
initiated by means of 0.5 g crystalline Ibandronate polymorph B followed by addition of
15 144 ml acetone. Thereafter, the mixture was cooled until < 25°C under stirring in order to
obtain a 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
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.
(Figure1)
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 m!
demineralized water. 75 ml water were distilled off. After filtration, the remaining



55 g of 3-(N-methyl-N-pentyl) amino- |-hydroxypropane-l,1-diphosphonic
acid monosodium salt (obtained according to reference example 1) were
dissolved in 240 nil demineralized water. 75 ml water were distilled off.
witRndiligasion, the remaining WO 2006/081962 PCTIFP2005/Q005.8 dedo
solution was brought to 35C and 382 ml acetone were added in 20
minutes and in parallel 0.5 g crystalline 1bandronate polymorph B were

addeghiJheraafighulie auxedre, W S Ple g Rl £ ZREAURIE HIHEFR GHllin
orderin.ahipin 2 compiels.carstallzanan. Je Rioduel A asRar e An.
washed Wltﬁ(? m @5508 agetone,/ emin allzebq: water in 1atS rat__ﬁ of 1:1 h
(VIV)\f'”TZ\ShC((af0 roductwas drie isﬁlf/rgf Tilsil p?i%ﬁ 16"20 Wb reéetcﬁﬁv%art’fﬂ: ¢
hourBAACEYBUEPIoH S pOURShoFidith BB B Tah fiftberf/AmEs Felwaey 2
diffragsisrr B 1cryAal The nstdrasdasddnreryh & L{Fgdferbre SXample

4 Preparatioha06¢iy staliineiibandronate polymorph B 55 g Ibandronate
monosodium salt, (obtained according to reference example 1) were
dissolved Tie24881#l demineralized water. 75 ml water was distilled off.

After filtration, the 15 remaining solution was brought to 35C and 190 ml
Tetrahydrbfeniins (rRErwas eredacormi sued irnbradaurterolimeanie.
was ¢Bgleeluntil :5 25C under stirring, up to the complete crystallization.
The product was separated and washed with 20n 1. of THE. The product
was dried in vacuum from 150 to 10 mbar for 12 hours at 40C and 24

hours at 60C. 20 Yield: 82% ldentified with x-ray powder diffraction as
crystalline Ibandronate polymorph B. Example 4

Preparation of crystalline Ibandronate polymorph B

55 g Ibandronate monesodium salt, (obtained according to reference example 1) were
dissolved in 240 m! demineralized water. 75 ml water was distilled off. After filtration, the
15 remaining solution was brought to 35°C and 190 mt Tetrahydrofurane (THF) was added
in 20 minutes. Thereafter, the mixture was cooled until < 25°C under stirring, up to the
complete crystaliization. The product was separated and washed with 20ml of THE. The
product was dried in vacuum from 150 to 10 mbar for 12 hours at 40°C and 24 hours at

60°C.
0 Yield: 82%
Identified with x-ray powder diffraction as crystalline Ibandronate polymorph B.
(Figure 1)
Example 5
25 Preparation of crystalline Ihandronate 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 filiration, 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



(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
wivasdistiled off. After filtration, the remaining solution Waspgti%llgzraaot}ammg

35C, then 47 ml of Tetrahydrofurane (THF) were added an

crystallization initiates by means of 0.5 gltbandronate crystal modification

B 30.fpllowed Qﬁ}?gﬁuﬁiQﬁﬁﬂ%ﬁﬂoﬁh@wﬂlﬁiﬁﬁﬁq{ac%mﬁwﬁ WARbar at -

coolg&te?tilé 25C agglg@gﬁsgriringéiﬂ order to obtain a complete
(:rystallizaqtjlron.hﬁ2 e product was sepoaurma'ted WO 2006/081962

PCTHR2A081000579 -13 and washed with 20m1 of THE. The product
was dried in vacuum of 150 to 10 mbar at 40C for 12 hours and at 60C

for 24 hoyys, el didS%-ldentifiedimith:xray-RRMASE BIAcHIR Afymorph B.
cgys@lg{}% llyandronate polymorph B. 5 (Figure 1) Example 6 Preparation
of Ibandronate monosodium salt, monohydrate, polymorph B 55 g
Ibandronate monosodium salt, (obtained according to reference example
1) were 10 dissolved in 240 nil demineralized water. 75 ml water was
distilled off. After filtration, the remainipgasglidipn was brought to 55C and
190 ml of Tetrahydrofurane (THF) were added in 1 h. Thereafter, the
mixture waggalaschnttSeetak pAas SUIHNGAR, arcehiRl-abtaiAorph B
complete crystallization. The product was separated and washed with
20mbof [TdErohite prodsetivwvas: by ebtamubauuntinf (h5edeko mbarlat 46c:
fior 12dkausiandoahi s Sl6efarthnanrss niietderA58tilled off. After filtration, the
remaining solution was brought to 55°C and 190 ml of Tetrahydrofurane (THE) were
added in 1 h. Thereafter, the mixture was cooled until <25°C under stirring in order to
obtain a complete crystallization. The product was separated and washed with 20ml of
THE. The product was dried in vacuum of 150 to 10 mbar at 40°C for 12 hours and at
15 60°C for 24 bours.

Yield: 78,5%

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



Identified with x-ray powder diffraction as crystalline ibandronate
polymorph B. (Figure 1) 14 CLAI i. A process for the preparation of a
crystalline ibandronate polymorph B having an X- ray powder diffraction
pattern having characteristic peaks expressed in angle 2-theta at
approximately Angle 2-theta 9.7CI22.2vi$4.4 16.8 25.8 comprising
dissolving 3 -(N-methyl-N-pentyl) amino-I -hydroxypropane
-1,1-diphosphonic acid monosodium salt, a monohydrate, a polymorph or
1. a mikteiesst foliimorprsatinerebt e sativin Jundive B eabesy riobo aung 35X
C. ina polaesaieitang:.acding apelasapratic salvesidesdnitializgitheheta
crystallization. 2. The process according to claim 1, wherein the
temﬁtear%?hor)émﬂsf“ﬁg C., the polar solvent is water, and the polar aprotic
solvent is an aliphatic ketone. 3. The process according to claim 2,
wherein the aliphatic ketone is acetone. 4. The process according to claim
1, wherein the temperature is 35 C., the polar solvent is water, and the
polar aprotic solvent is tetfahydmftrraﬁ-.—tS&—ﬁT process for the
preparation of a crystalline Ibandagiatetpeifymorph B having an X-ray
powder diffraction patternthaving-characteristic{peaks expressed in angle
2-theta at approximately 9.7°

comprising dissoiving 3-(N-methyl-N-pentyl} amino-1-hydroxypropane -1,1-diphosphonic
acid monosodium salt, a monohyvdrate, a polymorph or a mixture of polymorphs thereof at a
temperature between 10° C. and 45° C. in a polar solvent and adding a polar aprotic solvent to

initialize the crystallization.

2. The process according to claim 1, wherein the temperature is 35° C., the polar solvent

is water, and the polar aprotic solvent is an aliphatic ketone.

3. The process according to claim 2, wherein the aliphatic ketone is acetone,

4, The process according to claim 1, wherein the temperature 1s 35° C., the polar solvent

is water, and the polar aprotic solvent is tetrahydrofuran,



5.

Angle 2-theta 9.7 12.2 14.4- 16.80 25.8 comprising dissolving
3-(N-methyl-N-pentyl) amino- |-hydrpxypropane i,1-diphosphonic acid
monosodium salt, a monohydrate, a polymorph or a mixture of
polymorphs thereof at a temperature from 10 C. to 55 C. in a polar

So'xeg’%c%@sdf&%?tega%%k? SREH0NHAAE A CYHMERI M Q1olG x.roy

process accordin claim 5 whérein the cyclic ether is tetrahydrofuran.

powder diffraction pattern having characteristic peaks éxpressed in angle 2-theta at

approximately

Angle 2-theta

8.7¢

14.4°

16.8°

25.8°

comprising dissolving 3-(N-methyi-N-pentyl) amino--hydroxypropane-1.1-diphosphonic

acid monosodium salt, a monohydrate, 2 polymorph or a mixture of polymorphs thereof at a

temperature from 10° C. to 55° C. in a polar solvent and adding a cyclic ether to initialize the

crystallization.

6.

The process according to claim 5 wherein the cyclic ether is tetrahydrofuran.



