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"~ invention relates to a process for controll

crystal formof 3-pyridyl-1- hydroxy-ethylidene%syise* 1

- bi sphosphonic acid salt (R sedronate). The process
enpl oys a pH adjustnent step o induce the proper
hydrate form and thereby avoi di ng i nadvertent

nucl eati on of undesi red hydrate forns. BACKGROUND OF
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The present invention relates to the surprising discovery that the 3-pyridyl-1-hydroxy-

ethylidene-1,1-bisphosphonic acid salt (Risedronate) hydrate form can be selectively controlled in
a process which utilizes a pH adjustment step rather than a solvent based nucleation step.

The process of the present invention comprises the steps of?

a) dissolving in an admixture of isopropy! alcohol and water, 3-pyridyl-1 -hydroxy-
ethylidene-1,1-bisphosphonic acid and an inorganic base in sufficient amount to
provide a pH of 6, to form a eolution; |

b) heating the solution from about 50 °C to about 60 °C to form a heated solution;

c) filtering said heated solution to form a filtered solution;

d) adjusting the pH of said filtered solution with an inorganic acid toa pH range of
from 4.7 to 5 while maintaining the temperature at the level obtained in step (b)

to form a neutralized solution;
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d) adjusting the pH of said filtered solution with an
inorganic acid to a pHrange of from4.7 to 5 while

mai ntai ning the tenperature at the | evel obtained in

step (b) to forma neutralized solution; 2 e)

cooling the neutralized solution to a tenperature of

about 20 C to about 40 Cto fazorm a nucleating slurry

of 3 -pyridyl- 1 -hydroxyethylidene- 1, 1

- bi sphosphonic acid salt; f) adding to said slurry
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The present process, by utilizing a pH adjustment step to induce nucleation of the desired
crystal form, foregoes the induction by means of solvent addition. This removes the possibility of
chemical or thermal shock to the 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic acid salt
crystallizing system, which can cause the unwanted formation of monohydrate crystals when
hemipentahydrate crystals are desirable.

The present invention thereby felatés to a process wherein the hemipentahydrate crystal

form is produced to the exclusion of the monohydrate form.



chem cal or thermal shock to the 3 -pyridyl- 1

- hydr oxyet hyl i dene- 1, 1 -bi sphosphonic acid salt
crystallizing system which can cause the unwanted
formati on of nonohydrate crystals when

hem pent ahydrate crystals are desirable. The present
i nvention thereby relates to3a process wherein the
hem pent ahydrate crystal formis produced to the
excl usion of the nonohydrate form 3 PROCESS The
process of the present invention involves severa
steps, as well as several optional steps which are

not required. Ste a : Ste@Fbﬁgsgf the present

invention relates to dissolfving in an adm xture of .
i sopihe pipcesa bbb plesentindentign involves several steps, as well as several optional
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enibaSinB RN grdfiedf waertahé 1.62graes vfisoropyl eleyiol atecombined per gram of
Riagm'xture, an inorgani c base is added in a anount

M&ient to provide a solution pH of 6.
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NaOHn@h€&embodiment, 2 equivalents of a 16.7% by weight aqueous solution of NaOH are

added to the suspension of Risedronate in isopropy! alcohol/water (1.1 gram isopropyl alcohol to
6.7 grams of water - 1:6.6 w/w) with good stirring. In yet another embodiment of the present
invention the ratio of isopropy! alcohol to water is 1:5.9, while another embodiment provides a
ratio of water to isopropyl alcohol 1:9.1. The solution thus formed in Step (a) is stirred or
otherwise agitated until a clear solution is formed. However, the inorganic base can be added in
any concentration provide the formulator takes into account the excess water delivered into the
process. For example, a 0.1 N solution is as suitable as a 50% w/w solution provided the excess

water is accounted for.

Step (b):



added to the suspension of Risedronate in isopropyl

al cohol /water (1.1 gramisopropyl alcohol to 6.7

grans of water - 1:6.6 ww wth good stirring. In yet

anot her enbodi nent of the present invention the ratio

of isopropyl alcohol to water is 1:5.9, while another
enbodi nent provides a ratio 4f water to isopropyl

al cohol 1:9.1. The solution thus forned in Step (a) is
stirred or otherw se agitated until a clear solution

is fornmed. However, the inorganic base can be added in
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Step (d):

Step (d) of the present invention relates to adjusting the pH of said filtered solution with
an inorganic acid to a pH range of from 4.7 to 5 while maintaining the temperature at the level
obtained in Step (b) to form a neutralized solution.

Non-limiting examples of inorganic acids which can be used to adjust the pH range
include HCI, H,SO,, and H3PO,. In one embodiment, 12 N HCI (0.35 equivalent per equivalent
of inorganic base used in Step (a) herein above) is added at a level below the surface of the stirred

solution. Once the desired amount of acid is added the formulator can continue stirring unit the



step conprising: c¢) (i) adding to said filtered

sol ution
3-pyridyl-1-hydroxyet hylidene-1, 1- bi sphosphonic acid
salt hem pentahydrate seed crystals. The seed crystals
which are utilized in this optional step can be
obtained froma prior isolate® and characterized

bat ch or conveniently obtained fromthe nucleating
solution which conprises the product of Step (e)..
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e) (i) holding said nucleating slurry to a temperature from about 20 °C to about 30°C
and holding said slurry at said temperature until said monohydrate form is

converted to said hemipentahydrate form;

e) (ii) repeating step (e).

Because these optional steps may be necessary due to unforeseen circumstances which
cause the undesirable formation of monohydrate crystals, the formulator may also modify one or
more of the conditions of Step (), inter alia, the rate of cooling or the final temperature.

Step ():

Step (f) of the present invention relates to adding to said nucleating slurry obtained in
Step (e), isopropyl alcohol and sufficient inorganic acid to provide a pH of from 4.7 to 5.2 to form
a ripened slurry of 3-pyridy]-l-hydroxyethylidene—l,1-bisphosphonic acid salt in the



However, the rate at which the solution is cool ed can
be adjusted by the fornul ator dependi ng wupon the
conmposition of the liquid phase and the concentration
of solute in Step (a). In another enbodi ment the fina
tenperature in Step (e) is from20 Cto 40 C, while in
yet anot her enbodi nent, cooli®fg to a range of from 20
Cto 30 Cis used to ensure a thorough ripening of
the desired crystal form The present invention nmakes
use of the fact that the saturated nucl eation solution
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bﬁp%@@hge thesg describad heesimaboye fooSeplé)ng to sai d nucl eati ng
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MRS BAPH: 3 MERELEERR: 1 Step (2) . The isopropyl
al cohol 'i's added to the nucl eating slurry prior to
ting the pHto the desired range. In one
enbo I
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adjusting the pH of the solute saturated solution and, therefore, addition of isopropyl alcohol must

be done in a2 manner which does not shock the stabilized system and cause the undesired
formation of monohydrate crystals. In addition, controlied cooling below the temperature ﬁtilized
in Step (b) will ensure controlled growth of the desired hemipentahydrate crystals.

One embodiment of the present invention comprises the steps of:

a) dissolving in an admixture of isopropyl alcohol and water, 3-pyridyl-1-hydroxy-
ethylidene-1,1-bisphosphonic acid and NaOH in sufficient amount to provide a
pH of 6, to form a solution;

b) heating the solution to 55 °C to form a heated solution;

c) filtering said heated solution to form a filtered solution, while maintaining a

temperature of 55 °C;



range, an inorganic base can be used to adjust the pH
to the desired range. Suitable inorganic bases:

i ncl ude those descri bed herein above for Step (a).
There are several iterations by which Step (f) can be
conducted. For Exanple, in a first iteration the

i sopropyl al cohol and inorganizc acid used to formsaid
ripened slurry is added as an adm xture. This

adm xture can be added above or bel ow the |evel of
liquid in the nucleating slurry. Aternatively, the

i sopddpyl adiustiigdhe n¥hef spid fiigrsd aolsmma?ﬂ&t BClto hipbimusggio from 4.7 to 5,

and i nor gapjiie nﬁﬁllta‘ilnm%x E&?Er)aﬁ&@ ls& t’? t§ fo xﬁut?arflzed SO}HﬁOH

al ternating manner e prese
i nveslion CP@InStt@Sletl@ahZGtﬂohlﬁpmg) 25 °C to form nucleatmg slurry of 3-pyridyl-1-

3-pyridyl 4 Ryl p phoni c acid

salt hem pg %&%Pgééh%%‘ggpémg%%‘?s% emgccorrpl i shed

in ady maﬁﬂdmg tatsaid kluiry isopztomdaiciohdlen&\mlfﬁlclédn E1C2 epprpviedd pH of
used in the r.ein v

i sol ating t ﬁa’?e%r%éna eﬁpg rgedestl% 3&331”5‘55#{ ﬁ’fqr?fty%ﬁhdene'l -
ei ther vi éxsgmaphomys agid salt mthevlmuunﬂrnahﬂrmmstal fohe

for t I decant .the filtrate

to prbciaeviERt M ens EahbE of e BREAS ord Bispen fgBinon
present i Avedirituesseldd chamgsd wmexo(mmamu anﬂgsopmj'leﬂﬁohﬁll’@% g). The

<R3Pl SO AP DBe 2 BPor i 28 S o

g) is adiedpWithaticinbol 16796 dquetns solatien oera&)HT(B D8 &, 2Whdqs N3ZBARS) is
shock the stabilized system and cause the
undesired formati on of nonohydrate crystals. In

addi b on, Thosolutioh isalientRattd RF5E AN RIDR attEHRSAtaRE BF §5 + 5 °C until
ltj?fé-l‘e Eq qﬁ‘]&’( (b) will ensure controlled growh of
2 osé’"ler% & egent ahydrate crystals. One enbodi ment
(cj)f t df)le pr Esesolutibmisahni ﬁtlmereﬂ @ﬁ?ﬁmﬁ&ed i@Ql s%éolﬁﬂ S'%s@tlfl wkﬁc)h is pre-heated
i,ssol vin a ure o ro al cohol and
By 195 o7 TR Al doo 8, 1
- bi s@hos piwmie ﬁxaa&urdng'xaateh@@amerht abtfut | 553%6 Fﬂi Nafli@lu(@é 7 h&ho 7 eq.,

to forma sol ution; heat'l ng

o B850 B a2eg EBOuioE b oRGF o Adas Gt Toeralitiors stsed or 30 mimates.
filteri ngTeothtibeRtRH shMHEdoRA td 25 dosva @pé‘ﬂohtoﬁﬁ E(ﬂ%urs snd a

P 1 A dsehianit P i o 111t er d sl Ution with HQ
to afppH rEB}ﬁ@)yCP ElccﬁHo@{mlé g71s e to ﬁﬂghﬁc@eaﬂﬁé ﬂﬁ drlﬁ’e é%ntents stirred
S TR R LI OU
nuclgat i ngfisistitring fdfan dadMdnkichohr the crystals of Risedronate which have
formed are collected by filtration.

A further embodiment of the present invention relates to a process wherein lower yields

with higher purity are obtained, said embodiment comprising the steps of:

a) dissolving in an admixture of isopropyl alcohol and water, 3-pyridyl-1-hydroxy-
ethylidene-1,1-bisphosphonic acid and an inorganic base in sufficient amount to
provide a pH of 6, to form a solution;

b) . heating the solution from about 50 °C to about 60 °C to form a heated solution;

c) filtering said heated solution to form a filtered solution;

d) adjusting the pH of said filtered solution with an inorganic acid to a pH range of
from 4.7 to 5 while maintaining the temperature at the level obtained in step (b)

to form a neutralized solution;



hydr oxyet hyl i dene- 1, 1-bi sphosphonic acid salt; and f)
adding to said slurry isopropyl alcohol and sufficient

HC to provide a pHof from4.7 to 5.2 to forma

ri pened slurry of 3-pyridyl-I-hydroxyethylidene-1, 1-

bi sphosphonic acid salt in the hem pentahydrate

crystal formThe followng is8a non-limting exanple

of the process of the present invention. a) To a first
vessel is charged water (1640 nlL) and isopropyl

.al cohol (246 g). The solution is stirred and

3- py#) dyl cq)olmg theayiraizeddolutiomts-alterhpdatershud sipu 20 tC @abalit 40 °C to

(1? ? S/od 213 3 gtgﬁ%a x{ugﬂg%%nlggﬁlrﬂg?»f a&%@_ﬁ'& :_}\%'tdg) gédx}rﬂ{ | rrx]cghl %1sphosphomc

1. 328np1) a¢idsaliagfled. b) The solution is then heated to

of tRe sof e RRb TG B 1 rifhi: acip

filtered hemipentahydfatsrred to a second vessel mhlch i's

\?V;g hh.g %B&ﬂl}]enfsgltgd &?lg%?&?fe}f g% c&%h?neof r%%i Iﬁ: “:’Canl-[lﬁﬁ ﬁ% etrFT é“ re'levant part,

inppqrated hereia byrefetomst the Bitation 4Pani dbi@imenBi8 ndt tiybe céhsFuedths an
&h ﬁéfﬁﬂ ): f from4.7 to
2 % ellt ¢ rﬁotr?ggﬁ@sfésgfcﬁoﬁéé Slr Se%t %ﬁeﬂ Phiut es. e) The
S oI uWhde parscwahembsdlmmW oﬁh@bxeszbnt invéhfiolChave deerdillpiaic@ dnd

5 ho nd ucl of Ri_sedronate

acfi P e i o BV ST Pt aonsaiit ipopmene
modifi¢atians qag be made witientddphting from et spu'thd $copk offthd indéhtion. It is
thg"ef(])ﬁt lgfé (? fdttc? cr:%\éwr;fn%ge %}l’)%lfdlescgil%%s Isuc§1t ?I]%g%%%fr%qdl &\)/Asctihat are
wmmmﬂbmammbfmmunwmhmlcrystals of Ri sedronate which have
formed are collected by filtration. A further

enbodi nent of the present invention relates to a

process wherein lower yields wth higher purity are
obt ai ned, said enbodi ment conprising the steps of. a)

di ssolving in an adm xture of isopropyl alcohol and

wat er, 3-pyridyl-I-hydroxy- ethylidene- 1, 1

- bi sphosphoni ¢ acid and an inorganic base in

sufficient amount to provide a pHof 6, to forma
solution; b) heating the solution fromabout 50 Cto
about 60 Cto forma heated solution; c¢) filtering

said heated solution to forma filtered solution; d)
adjusting the pH of said filtered solution with an
inorganic acid to a pHrange of from4.7 to 5 while

mai ntai ning the tenperature at the | evel obtained in
step (b)



to forma neutralized solution; 8 e) cooling the
neutralized solution to a tenperature of about 20 Cto
about 40 Cto forma nucleating slurry of 3-pyridyl- 1
- hydr oxyet hyl i dene- 1, 1 -bisphosphonic acid salt;
and f) isolating
3-pyridy|-|-hydroxyethy|idene91,1-bisphosphonic acid
salt hem pentahydrate. Al docunents cited in the
Det ai | ed Description of the Invention are, are, in

rel evant part, incorporated herein by reference; the
Vet isclagRedds: any document is not to be construed as an

12dm aspredesd foAbrepdring 3-phidyA1 -BBfox WthylidbRSPESispl R ﬂoggz acid salt in the
present. i nventi on. ile partlcular_enbodln%nt% ot the
pr es BFfRIPPRRkY atesay strh frEmpeis Proqess rompsiagitha igps of:
descpy bed disédiviMPilatl 2BRixARYIAQ ' %d? ?J,-ia LN .
art t)hat vlair i_gilij\é; ot ﬁerlxchangt@r({ggldatl%ﬁnﬁ ﬁdgge{r’i ors ggﬂﬁydroxy
be made wrihksiene-dedisphesabpnicasid and en inorganic basedn suffigent@fnount to

the i nvenbf’oQﬂle abi—ldf% to FRI EloRkifn,| Nt ended to cover in
t he appended cl aims all such changes and nodifications

t hat Phar e hegtipg the selptiondranpebont 50 °Rite abauy6hiG torfornba hedded olution;
i s chai Mgy sk - | L%tion:
3- pyr)?dyl - It.- h_)gc?r g%ﬁ%ﬁ%ﬁgﬁ?@{ g@‘?édp%glsnﬁﬁ’oni c acid

sal t 9% n t Ariusting Fhe pEIrRf 5419 Blteredsobytipn with ah grorganisapid to a pH range of
process cgpRi : Vi . an.

i xt ur ongp | soprany rosfhne it ool a hgbidobdlyilingtep
- hydr oxy - tocfermy# pepiakized soutising phosphoni ¢ aci d and an

i norgani c : ] & 0

of 6 1o RrRE ae Retilien sbefin O THora i oA 40 R Mdyrao-c 1o
about 50 {orme nugleating elorryof bpyrisiyhi -Aydroxstethylidae; li-wisphosphonic

c) filterjhps,gai d heated solution to forma filtered

sol ution; d) adjusting the EH of said filtered

sol uli on #iding taprid Aergaerreryhalrehol endsufficientinorgamé acid foqmovide a
4.7 to 5 yhbtGodfBiRS 3o L€ 1 T Groxyethylidene.
| evel obté}?negoi n 2% gg%(%%nta?l ‘ge‘?grg?hﬁg@%ﬁejcﬁ?’r‘@f’ ilzﬂggmxyethyhdene
sol ut i on; LEPiskasphonis acidsalhiatee hemipeatshydspte civetal foon;sand

t enpgr at UsQatife 3%9&1%1- lzﬁ)ycﬁ)xtygthﬁmh‘é-l,f'-(%isﬁlclsﬁhonfi@{cm &t
nucleating slurry o
3- pyri dy| lemupspishidestet hyl i dene- 1, 1- bi sphosphonic  aci d
sal t;
2. A process according to Claim 1 wherein the percentage of isopropyl alcohol to water in
step (@) is from 0% to 30%, preferably the ratio of isopropy! alcohol to water in step (a) is

1:6.7, more preferably the ratio of isopropyl alcohol to water in step (a) is from 1:5.9 to

1:9.1.

3. A process according to either Claim 1 or 2 wherein said inorganic base is step (a) is
selected frc?m the group consisting of NaOH, NaOCH;, and NaOC(O)CH, preferably
NaOH.

4. A process according to any of Claims 1-3 wherein said temperature in step (b) is from 52

°C to 58 °C, preferably said temperature is 55 °C.

A process according to any of Claims 1-4 wherein said filtered solution formed in step (c)

has the same temperature as the heated solution formed in step (b).



f) adding to said slurry isopropyl alcohol and

sufficient inorganic acid to provide a pHof from4.7

to 5.2 to forma ripened slurry of

3-pyridyl-1-hydroxyethylidene- 1,1-bisphosphonic acid

salt in the hem pentahydrate crystal form and Q)

isolating 3 -pyridyl- 1 -hydr&%yethylidene- 1, 1

- bi sphosphonic acid salt hem pentahydrate. 2. A

process according to Claim1 wherein the percentage of

I sopropyl alcohol to water in step (a) is from0%to

6309 Apprasesy anspifingieanyof Clrims 1159’dqsremmﬁid indprgmhioicid i step (d) is

Wat Elseledle ;
o gfgﬁﬂ%% b Forskiie SHCPHISE EALPB, brottfl Bd Rorgani

1 5.9cfégsHGL o 1. 3. A process according to either

Claim1l or 2 wherein said inorganic base is step (a)

is selected fromthe group consisting of NaCH,

7Na OCHAsprogepacrding @ ! Claires b6 athlespin shisi@hinpetaturd ipstec@sis from 20

?gﬁgg? 'tac{‘ﬁbr"go?l‘@fé)’abg'fsm?b?h]l;@ tﬂ'rr gsm 5§ ‘?EO%IOQ rpore preferably said

pr ef &mpsraureisi2f°G.enperature is 55 T. 5. A process
according to any of Clainms 1-4 wherein said filtered
solution fornmed in step (c) has the sane tenperature
8as t Keprprsastaserrding tadnyef Chimelt7 Mﬂlesm@pld(lh)tganicfhmdﬁn snep ) is

Pr OC&eictted o] Mk & H‘é‘ﬁ@
i norgani c ag*l’lﬂ E]% é om%oé)éfl}s%@é%é’#gg 'ie eéasbg%ﬂipmorgamc
consPad isdflof HCl, H2SO4, and H3PO4, preferably said
inorganic acid is HCl. 7. A process according to any
of Cains 1-6 wherein said tenperature in step (e) is
94 r omAgocess apeprding © anp pE€lkeinesbl-§ whereid stid uqoproaylwl@holsnnd inorganic
from,29ude erature
is 25T %m"ﬁg?a&:e 3 %‘gﬁl{gﬁ’?g‘%{%q% a;dﬁe“das a7
wherein said inorganic acid in step (f) i's selected
16.7 ONMK IR e QééPdE%%h bt ORinR
pr ef erpg(gcfy as ai d e norganl ca é_gherelh@}—é?%bgﬁﬁ%bhd added in step ()
accotdfitry sersraigly frem S@Id&FMOIBaJBC érein said isopr opyl
al cohol and inorganic acid used to formsaid ripened
slurry in step (f) is added as an adm xture. 10. A
]pr ocAPECHE aeofingjtotany aflaigts 16§ wherein saig isppropidiatvobaliand said
| Sopieipilic e a8 AhacRdaRl bR obRuktdy, | S added

separately from said and 1norgani c

12, A process according to any of Claims 1-8 wherein said isopropyl alcohol and said

inorganic acid are added in alternating portions.

13. A process according to any of Claims 1-12 wherein said product isolated in step (g) is
isolated by filtration.
14, A process according to any of Claims 1-12 wherein said product isolated in step (g) is

isolated by decanting the solvent.

15. A process according to any of Claims 1-12 wherein said product isolated in step (g) is

isolated by centrifugation.

16. A process according to any of Claims 1-15 having the optional step (¢) (i), said step
comprising:



11. A process according to any of Clains 1-8 wherein
sai d i sopropyl alcohol and said inorganic acid are
added separately but concurrently. 12. A process
according to-any of Clains 1-8 wherein said isopropyl
al cohol and said inorganic acid are added in
al ternating portions. 13. A ptocess according to any
of Cains 1-12 wherein said product isolated in step
(g) is isolated by filtration. 14. A process
according to any of Clainms 1-12 wherein said product
i sol & eM |aﬁdlsz topsaid diitered solirtiml mwdybthtba@?ﬂ%m@nw € -bisphosphonic
sol vent . I n 0 any o aims 1-12
wherein sal pr%%ﬁénaﬁg%%éfeg tach,tep (g) is isolated
by centrifugation. 16. A process accordlng to any of
ai 0
1 ap e R S PRSP B ER s bR fger 0 s
sol uthe@iptelet crystal form.
3-pyridyl-1-hydroxyethylidene-1, 1- bi sphosphoni c acid
salt hem pentahydrate seed crystals 17. A process
1@ ¢ c oAdirergsstageqading tsf angofClaims] - IlSwhdmn @ihen saai mcpamgmrry formed in
for (d)a te
18. n%ﬁ%?@%e gg%oggﬁu&@?g&gﬁhﬁh%: $ %%mﬁﬁéﬂgphm“nSSMd
V\henP@mselhmtglfeahqrng sI urry formed in step (e)

h dr at
e 9B argBpERlY Ml afuf oy brRa Mranertyte BPbabeu 3G apout30°C
further eand(ho)dutgﬁanﬂl shorysafisaid tempéretate ungll Sidhédohl@a@ form is
t enper at qu%véH{'e(a% gad&?emn%emag{’éf?tg %f%ltjltl 30 C and hol ding

said slurry a sai d nonohydr at e
f or n§)i(8) rspenting stemi(e).o sai d hemi pent ahydrate fornm e)
(ii) repeating step (e). 19. A process for preparing

3-pyridyl- | -hydroxyethylidene- 1, 1 -bisphosphonic
19ci dA§E€1°PSS ifor prmrmgﬁemrrwm -dlmrdxwﬂghdﬂny-sltlalbls;fht)ﬁphibms atid salt in the
pro olving in an
adm xt %tgg ropyﬁn% ﬁgﬁ 58 cm'ﬁg’l?/véﬁge © steps grl dyl - 1

- hy o) oxy d@pr in emghm;(tmremf gppmmd hizohal and weker) Behyeidyl- 1-hydroxy-
of 6. o e LB oL e IR B b BmC Y i et ppunt
about 50 RBOYlée apbaf 6, 6®f0@nta@olhmmm a heated sol ution;

b) heating the solution from about 50 °C to about 60 °C to form a heated solution;

c) filtering said heated solution to form a filtered solution;

d) adjusting the pH of said filtered solution with an inorganic acid to a pH range of
from 4.7 to 5 while maintaining the temperature at the level obtained in step (b)
to form a neutralized solution;

e) cooling the neutralized solution to a temperature of about 20 °C to about 40 °C to
form a nucleating slurry of 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic
acid salt; and

b)) isolating 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic acid salt
hemipentahydrate.

20. A process for preparing 3-pyridyl-1-hydroxyethylidene-1,1 -bisphosphonic acid salt in the
hemipentahydrate crystal form, said process comprising the steps of:
a) dissolving in an admixture of isopropyl alcohol and water, 3-pyridyl-1-hydroxy-
ethylidene-1,1-bisphosphonic acid and NaOH in sufficient amount to provide a
pH of 6, to form a solution;



c) filtering said heated solution to forma filtered
solution; d) adjusting the pH of said filtered
solution with an inorganic acid to a pH range of from
4.7 to 5 while maintaining the tenperature at the
| evel obtained in step (b) to forma neutralized
solution; e) cooling the neutk¥alized solution to a
tenperature of about 20 C to about 40 Cto forma
nucl eating slurry of
3-pyridyl -1 -hydroxyet hyl i dene- 1, 1- bi sphosphonic acid
sal t b) andheafing thelseltiongo 55 °C to form a heated solution;
3 pyey ] ikedigdhiaRUALdWhidR RO 4 L SPRATRADA Ferﬁaclﬁtgmmg a
salt = hem pentahydrate. . A process pt epar
3- pyrldylﬁmmﬁyﬂ¥%%yﬁtﬁyl|dene 1, 1- blsphosphonlc aC|d
sal tg) n t RGustig fﬂeBﬁer ahy ﬂft&E@s ?Jt%ﬁtvﬁtlg H&k 5 ¢ of from 47t0 5
process conprising the steps o i SSO ’
adm xt ur eWbHe maiplgméRyA temparashrg lof éfhdﬂ weafoemn 2 neutrahzed solutlon
3 py dyl lo, h

L i g S A PO e o B ASOSRIDILG BFL a1
to for m ahmiﬂﬁﬁhblrﬂenizl-bhsphdsemcmglddake &dl ution to 55

Ct of)?c or nlcﬁlﬂ%ecégaqgsl?ﬁ Héﬂrg;gd al@%hotl :;rgfns"xﬁr V%e:r]l?léléﬂo%rgv%% a pq{ of from

solution to Torma

mai nt ai ni fd w32 taliope s dpened slofry 563-pyridy)-1-hpdrasgethydidénad, 1-
pH of sai j : range of
rom 4 7 Dbl it St R Retlbflutfdad 8y ulbinl “00° 2
C, to forma neutralized solutlon e) coollng t he
neutralized solution to 25 Cto fornmnucleating slurry
of 3-pyridyl-1- hydroxyethylidene-1, 1-bi sphosphonic
acid salt; and f) adding to said slurry isopropyl

al cohol and sufficient HJ to provide a pH of from
4.7 to 5.2 to forma ripened slurry of
3-pyridyl-1-hydroxyet hyl i dene-1, 1- bi sphosphoni ¢ aci d
salt in the hem pentahydrate crystal form



