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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 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;



d) adjusting the pH of said filtered solution with an

inorganic acid to a pHrange of from4.7 to 5 while
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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 relates to a process wherein the hemipentahydrate crystal

form is produced to the exclusion of the monohydrate form.



crystallizing system which can cause the unwanted
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invention thereby relates to a process wherein the
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added to the suspension of Risedronate in isopropyl 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 isopropyl 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 () 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):



6.7 granms of water - 1:6.6 ww) wth good stirring. 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 HCl, H,SO4, 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
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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 (e), inter alia, the rate of cooling or the final temperature.

Step (f):

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-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic acid salt in the
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be done in a manner which does not shock the stabilized system and cause the undesired
formation of monohydrate crystals. In addition, controlled cooling below the temperature utilized
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;



bases i nclude those described herein above for Step
(a). There are several iterations by which Step (f)
weanshesconduct ed. For Exanple, in a first itePer/iusmwo4/022703
the isopropyl alcohol and inorganic acid used to form
said 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. Alternatively, the
i sopropyl al cohol can be added separately from said
and idhor gadiiisting tegdHedftskie filteredrpilwios mithdClitma pi range of from 4.7 to 5,
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and ay yst @b affiest meskal 1saﬂjanged water (1640 mit) anfl isopepgalcohd (246 g). The
turated.sol utio fore ddi ti.on, of.
sl i gee BT R Sheste 1P R PR Ry 200
gnehddetloBkithistieing,t-alBl 1% Zqmeos yslution @NAOEBES® 14, B eq, 1.328mol) is
cgiggesi red formati on of nonohydrate crystals. In
ition, controlled cooling below the tenperature
utilbged The SShRtidn (SthenMchted RIFSUCANERM 4iQ) thrRsbra3i0of b5 05 °C until
the de i red heni pentahydrate crystals. One enbodi nent
pf theyze ‘E?%QWFOY?ﬁ]'ventl on conprises the steps of: a)

di ssg) vi n@‘hé JdhABn AR afd trar3RACORW scetind 9BRE vafdh is pre-heated
wat er’, }érl dyl -1 - hydr oxyet hyl i dene-
@
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- i Q)p h osRﬁ%ﬁﬁ‘in@ £6r aln aﬁdiﬁé}r{ai héP ﬂle 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 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 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;



f) adding to said slurry isopropyl alcohol and
sufficient HOJ to provide a pHof from4.7 to 5.2 to
wo eoostoge3nd pened slurry PCT/US2004/022703
of 3- pyri dyl -1 - hydr oxyet hyl i dene-1, | bi sphosphoni c aci d
salt in the hem pentahydrate g&rystal form The
followwng is a non-limting exanple of the process of
the present invention. a) To a first vessel is charged
wat er (1640 nL) and isopropyl alcohol (246 g). The
sol ue)i on tolisg the newtralized solution to a temperature of about 20 °C to about 40 °C to

(R Lodr onkray A0SR iy of SRS RO RRIRRIAT CorfloGponic
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nucl eating slurry and the contepts. siirred for.30.
i BLendit S PNGhPaRY Seafepe FEs SlefenEhargtrng i gt o
wathip kheGboffelothigdinvention. 5. 2. g) After stirring for an
addi ti onal hour the crystals of Ri sedronate which have
formed are collected by filtration. A further
enbodi ment of the present invention relates to a
process wherein lower yields with higher purity are
obt ai ned, sai d enbodi nent conprising the steps of: a)
di ssolving in an adm xture of isopropyl alcohol and
wat er, 3-pyridyl-I-hydroxyethylidene-
|, I -bi sphosphonic acid and an i norgani c base in
sufficient ambunt to provide a pH of 6, to forma
solution; b) heating the solution fromabout 50 OC to
about 60 OCto 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 pH range of




from4.7 to 5 while maintaining the tenperature at the

| evel obtained in step (b) to forma neutralized
wa@elaism e) cooling the neutralized sol uti on POT/ES2004/022703

tenperature of about 20 OC to about 40 0OCto forma

nucl eating slurry of 3-pyridyl21-hydroxy ethylidene-

1, 1- bi sphosphonic acid salt; and f) isolating

3-pyridyl-1-hydroxyethylidene-1,1|-bi sphosphonic acid

salt hem pentahydrate. All docunents cited in the
WhetiachietdDescr i ption of the Invention are, are, in

rele r.ef
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appended al ns es, i.fi cations
Chat e @il hie B ST T AR e s
cl ai @ed i sdjusting the pHfo eaad;ﬁftmd Sp)lhmpalwnthgn inorganic acid to a pH range of
gélpilr: 2y|t Fbi Ily& g%%?l | Ita%%e}rgge the ten%palia X 'c(#r%nl?eqesxéc (glbtgi%é(ﬁn step (b)
process cmfpmsnemgahdeéscﬂutmns of a) di ssol vi ng in an
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and an i nfihgamkclediag eluirp oﬁ?.}f))fndyl e-mydraxmthyhddne-lpir-hmphd@homc

a pH of 6 ioltforma solution; b) heating the solution
from abouf“'$5%0C to about 60 OC to form a heat ed

sol uf)i on; adlingftb btidslinngissomy! hleettobshdsoifistenbinodganié aridnogrovide a

filtered usting th H.of sai .
(11 terod S3PLEPBATA b7 RSl frridL T anromagyidene-
of from 41,T-bisphdsphnid aeidremlt ini th¢ hentigentdhedrbie nnmahﬂ’oun exnat
the level. obt aihed. i utral
ot ubt on: SERRT LA ReePYidRo Ld sRePofd fid 4
t enper at uh@mpénmlpdwﬁe 20 OC to about 40 0OCto forma
nucl eating slurry of
3-pyridyl -1 -hydroxyethylidene-I,!|-bisphosphonic acid
2.5al t A pigcesdedonding 0 Claiind vellerttiii the parogitapp pf isepromh alcotmi th water in

suff Istg;; F pls frlopnod /g ?‘o%%, %?elfegabtly thg a%o og1sopropy1 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 from the group consisting of NaOH, NaOCHjs, and NaOC(O)CHj, 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.

5. 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).



pH of from4.7 to 5.2 to forma ripened slurry
of 3- pyri dyl -1 - hydroxyet hyl i dene- 1, 1- bi sphosphoni c
wa@eood/osslisa i n the hem pentahydrate crystal forpPQT/asmogd22703
i solating 3-pyridyl- 1-hydroxyethylidene-
1, 1- bi sphosphoni c acid salt Héni pentahydrate. 2. A
process according to Caim1l wherein the percentage of
i sopropyl alcohol to water in step (a) is from0%to
30% preferably the ratio of isopropyl alcohol to
6wat el processt aepor@xag tol sy bf Glaifys IRDwherpinefid invldayictabid in stép @) is
1: 5' 8elgs «? te%%%én t%l %%ﬁfa’ lﬁ(\)ntsgtlr\llva tsfgfcallcﬁ S d,lagd f{alg04e]i>rfa{?ra%pdald ingrganic
1 oraddwti&llei n said inorganic base is step (a) is
selected fromthe group consisting of NaOH NaOCHS,
and NaOC(O) CH3, preferably NaOH 4. A process
7ac c oRAdiromgsstaocaudivg tf anCohClabnsll-@ whrein e2id teggiechture in step () is from 20

TP BLACE b gt BT 303 gy
accotempngtunr@lsaﬁgc of Clains 1-4 wherein said filtered
solution forned in step (c) has the sane tenperature

as the heated solution fornmed in step (b).6. A process
8accondiragsstaocadiyg ofanCoAClinsI-Hwhdrein eaid insia;adic iatid lirgﬂep' @) is

aCI d IIQ teﬁ{@%ﬁxd%rﬁ)l S.select g:f-l(il r}? ltg,:}g 4 %re eﬁ% S%ld 11%rganlc

aC| dam&lslﬂlm 7. A process according to any of Cl ains

1-6 wherein said tenperature in step (e) is from20 0C

to 40 OC, preferably said tenperature is from20 0Cto
930 0@, prmxseicmdiﬁgtoaﬂny yf Glaints -@whereiataid &opropydalkGhol 8nd organic

proces 0 Lo an i N, sai

or BanPEE SRR e bRapf R St B P Etich PREARIRETE oup

consi sting of HO, HZSO4 and H3PO4, preferably said

i norgani c acid A DP es.s cor di

% A iE° f"%?’ﬂ‘kﬂ%?"eaf‘?ﬁ °§‘§‘|a{5“5i 1§%‘6ﬁ%§‘9 Fa“ifSS%rﬁ%’f %%?ﬁlg"l added in step (1)
I nor gadda seppiradely ol shid ahdimorgaec acid.i pened sl urry in

step (f) is added as an adm xture. 10. A process

according to any of Clainms 1-8 wherein said isopropyl

18l cohgirocasiciecbrding taap of Clhinisd - hierein sai Bopropy] wlcblicd and said

sai d. and |nor an| ss according to

any Wg@lﬁﬂg g g?aéa[tﬂyélétcanc% g’t)pyl al cohol and

said
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 (c) (i), said step

comprising:



inorgani c acid are added separately but concurrently.
12. A process according to any of Clains 1-8 wherein
wa anod/oisopr opyl al cohol and sai d i norgani ¢ aci BCHIS2004/022703
added in alternating portions. 13. A process according
to any of Clainms 1-12 whereinllsaid product isolated in
step (g) is isolated by filtration. 14. A process
according to any of Clainms 1-12 wherein said product
isolated in step (g) is isolated by decanting the
sol veng) 18dingtophiddittesd aﬂa&md@gdﬁq -ydyox9éth{didehdrs, 1 bispLosphonic
wherein sai.g 2ﬁroduct hs | at eg 1gtep (g) is isolated
by cent ri eI St ispipepighydiaty jeg 8’§'§t ccording to any of
G aims 1-15 having the optional step (c) (i), said
120 lAi%ﬂ e%sl %%,Qrﬁla%}o a )oﬁgg eb{ o Sf?ih gaﬁéproauct ?ormed instep (f) isin
1, 1- epprdaphenl braci d salt hemi pent ahydrate seed
crystals. 17. A process according to any of C ains
1- 15 wherein said product forned in step (f) is in the
1pl at & pbce@sf a¢6draing fooangnof (]I&lmsA P8 wheif waeCaidhiuiBating siityy formed in

]9 I)r Sgtg;k ﬁc@éges\(,\%)ea%%\émp rggno H&Irgnuc eel?ﬁllgerrll h}sa!lrate c}/ystal forms, said
of nopakye hatisy fnkkrhem pent ahydrate crystal forns, said
process having f.urther e i) holdin ai d nucgleatin o

D or £y10k o Beleiid it Pieieind Hysib adtuaerage Bemaodg e oghou 30°C
0C and hohst thdlﬁg':lsaiﬂ shilrkirat yalﬁkn@ahtgrélmﬁp@l%hwoﬁym ifdrm is

sai d nonohydrate faq erted to sai

heni pent aﬁ%?%"tdetof‘%ﬁﬁE%mlgﬁn%%w%{fterf%‘ﬁ‘eat| ng step (e). 19.

A pr ep@ss rdpedtingkRped)i ng 3- pyri dyl - 1- hydroxyet hyl i dene-

1, 1- bi sphosphonic acid salt in the hem pentahydrate

cryst al form said process conprising the steps of: a)

19l ssal ptbd’&g; fblﬂpraﬁrlﬁgi Bip¥didyl-@-hgfrokweth3liagg! 1, iBbisghagdhonib cid salt in the
wat eF ﬂg%” %/ %)dr OX) .. X

et hy FrRiRFflahy drpleyg iPLocgss cqmarigngthe SRS fani ¢

baseaj n sufsédhangemtan adfitiie éfAsopfopyll ARhel aﬂh‘lw@fer,@rpyhﬂyl 1—hydroxy—
forma sol Fat ng}the aolutlon romat%

0C to aboff Y n‘?)b tb&FP P WAng gn WgTeapie fese i juiticient am"“nt to
filteri ngpﬁ,aidéalpﬁa{fedowmggomﬁoﬁo forma filtered

sol UL)I on " 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

1) 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;



d) adjusting the pH of said filtered solution with an
inorganic acid to a pHrange of from4.7 to 5 while
woresadsmd ng the tenperature at the | evel obtaPeEdStong/022703

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

the neutralized solution to d2tenperature of about 20

OC to about 40 OCto forma nucleating slurry of

3-pyridyl -1-hydroxyet hyl i dene- 1, 1-bi sphosphoni c aci d
salt; and f) isolating 3-pyridyl- 1-hydroxyethylidene-

1, 1- b) sphaeyihgthecolationdo SHPT tolferin pratdhydiate. 20. A
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for a filtered sol.ution
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neutralized solution to 25 0C to form nucl eati ng
slurry of 3-pyridyl -1 hydroxyet hyl i dene-
| ,1-bi sphosphonic acid salt; and f) adding to said
slurry isopropyl al cohol and sufficient HC to provide
a pHof from4.7 to 5.2 to forma ripened slurry of3
-pyridyl - 1- hydr oxyet hyl i dene-1, 1- bi sphosphonic acid
salt in the hem pentahydrate crystal form




