1 PROCESS FOR CONTROLLING CRYSTAL STRUCTURE OF
RISEDRONATE FIELD OF THE INVENTION The present invention

relates to a process for controlling the crystal form of 3-pyridyl-I-
hydroxy-ethylidene-1,1-bisphosphonic acid salt (Risedronate). The

process employs a pH adjustment step,to induce the proper hydrate form
and thereby avoiding inadvertent nucleation of undesired hydrate forms.
BACKGROUND OF THE INVENTION Bisphosphonates such as
3-pyridyl-I-hydroxyethylidene-1,1-bisphosphonic acid (Risedronate) have
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It is known in the hterature that some bisphosphonic acids and their salts are capable of

forming hydrates, Risedronate sodium exists in three hydration states: mono, hemipenta and
anhydrous. Crystallization procedures which selectively yield the hemipentahydrate form over

the exclusion of the monohydrate and anhydrous forms are desirable.

SUMMARY OF THE INVENTION
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 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 pH
range of from 4.7 to 5 while maintaining the temperature at the level
obtained in step (b) to form a neutralized solution; 2 e) cooling the
neutralized solution to a temperature of about 20 C to about 40 C to form
a nucleating slurry of 3-pyridyl-lI-hydroxyethylidene-1,1-bisphosphonic
acid salt; t) adding to said slurry isoprgpyl alcohol and sufficient inorganic
acid to provide a pH of from 4.7 to 5.2 to form a ripened slurry of
3-pyridyl-I-hydroxyethylidene- 1,1-bisphosphonic acid salt in the
hemipentahydrate crystal form; and g) isolating
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DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process whereby the final crystal form of 3-pyridyl-1-

hydroxyethylidene-1,1-bisphosphonic acid salt can be controlled. 3-Pyridyl-1-hydroxy-
ethylidene-1,1-bisphosphonic acid salt can exist in several forms, inter alia, hemipentahydrate,
monohydrate, and anhydrous. The present invention provides the formulator with a process for
preparing a final product which has a single crystalline form.

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.



chemical or thermal shock to the
3-pyridyl-I-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. 3 PROCESS The
process of the present invention involves several steps, as well as several
optional steps which are not required. Step a : Step (a) of the present
invention relates to dissolving in an admixture of isopropyl alcohol and

water, 3-pyridyl-I-hydroxy-ethyliderBROTHSSphosphonic acid and adding
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a solution pH of 6. Non-limiting examples of inorganic bases suitable for use in the process of
the present invention include NaOH, NaOCHj, and NaOC(O)CH;. The base can be added as an
aqueous solution, as a solution in isopropyl alcohol/water, or as a solid. The base can be added in
one amount, in portions, or continuous depending upon the equipment being used or the relative
amounts of isopropyl alcohol and water. In one iteration the ratio of isopropyl alcohol to water in
Step (a) is adjusted to a ratio of from 0% to 30%, in another iteration from 0% to 17%.

In one embodiment, 2 equivalents of a 16.7% by weight aqueous solution of NaOH are
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 (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):



In one embodiment, 2 equivalents of a 16.7% by weight aqueous solution
of NaOH are 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 tojwater 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 coMcRRISGH BressidtrraterTriaes fothsasingihs selobontahdesmsessre of about

hatetodidbvese ddmtertnchaaracasstmor example, a 0.1 N solution is as
water is accounted

suitable as.a S0% wivx{ OIUti %erideéi. tl'$e exces 1 I o
for. Stepa 4 Step (b) c?ﬁﬁ%%%%se%qrfﬁ &h %H)@Iéft eieHiRating ! the solution is
chestitishhenaseaemyer diare oi diveting50 Cenmboutetd @ Parm higteatas) not
BRIt aRe S ' d | @)is heated to .. .
%%C ntisl; ?‘ge soll%%%gpgﬁ%ﬁ%@%&ﬂ%ﬁ%@%ﬁ%&&ﬁéﬁéﬁ%&ﬁ%gg tg') 4 cing
hyg ebéﬂraé’té e o B0 7St Hgh \H PR OE SEIMERSPERderaens afdhepresent
pivecpredentimeenitidiniéihmdicatinghis sobtiprolongage HeRBRAG Iighes$han Heating

e € e O O] sy o

present process. Another em ment maintains the so nin

nprfdhtidbeRigsBanete Fremintgn & HarHBIanshoehsaltiess at a temperature

of 55 Chéafacuntib&iap (B RAIAVHIE RERESIV Vil s tRaidBR dicated on the rate at
rocess. The amount of

Risedronate remains in solution throughout the
B A A SEpaRee e e o R padver el
thet repitichetmepesititionf taiiftesynyhiblvitséifracs e ce pehiiarb RO RREe Ak on.
smorgfactors, inter alia, the relative composition of the isopropyl
alcohql/water solution, and the solute concentration. Step ¢ Step (c) of the
preseRIMRGGH PATSEEGTRSRIaR s denderilisring seifihenictbsrivivn il forec filtered
saotisiorin kmonetexdibedithe il thesfiltemnis washesbnita watefanth tRent@tahined at the
iltrate majpgal erature of Step.(b) befare trapsferring.to
teigwer an%ﬁgé%%%s%fgg?%%%ﬁ ;%ai%ggglé?.éleggesfsa%eo atw el@ﬁlgfﬁ%éﬁ?ﬁel' The

T3t the el fleden Alohhresdselsd adekshplehngerstipidmpodehs whthes of the
preeseintdaentignsy e ssibeiaroReraéwR el torhaateshSIMHM IS B08ve about 50

odN %trael eauq oah%% era c%?ll{)te%cs)ed in series.

The process of the present invention can further comprise an optional Step (c) (i), said

step comprising:

c) (i) adding to said filtered solution 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic

acid salt hemipentahydrate seed crystals.

The seed crystals which are utilized in this optional step can be obtained from a prior
isolated and characterized batch or conveniently obtained from the nucleating solution which
comprises the product of Step (e).

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 § 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,S0;, 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



T. More than one filter can be used in series. The process of the present
invention can further comprise an optional Step (c) (i), said step
comprising: ¢) (i) adding to said filtered solution
3-pyridyl-|-hydroxyethylidene-l,1-bisghosphonic acid salt
hemipentahydrate seed crystals. The seed crystals which are utilized in
this optional step can be obtained from a prior isolated and characterized
batch or conveniently obtained from the nucleating solution which
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In another embodiment the final temperature in Step () is from 20 °C to 40 °C, while in

yet another embodiment, cooling to a range of from 20 °C to 30°C is used to ensure a thorough
ripening of the desired crystal form.

The present invention makes use of the fact that the saturated nucleation solution can be
re~heatedI orheldata température between the temperature of Step (b) and the final desired
temperature of Step (e) if unwanted monohydrate crystals are present, thereby providing the
following optional Steps (¢) (i) and (e) (ii), said steps comprising:

e) () 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 t0 5.2 to form
a ripened slurry of 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic acid salt in the



for homogeneous formation of the hemipentahydrate. In one embodiment

of the present invention, the solution is cooled linearly to a temperature of

25 C over a period of 2.5 hours during which time the nucleating slurry is

stirred to insure formation of the desired crystals. However, the rate at
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Step (g) of the present invention relates to isolating 3-pyridyl-1-hydroxyethylidene-1,1-

bisphosphonic acid salt hemipentahydrate. This step can be accomplished in any manner which is
compatible with the equipment used in the steps herein above.

One means for isolating the Risedronate crystals is by filtration, either via gravity or via
vacuum. However, the formulator may instead desire to decant the filtrate to provide the final
product. .

The process of the present invention relates to controlling nucleation and crystal form by
adjusting the pH of the solute saturated solution and, therefore, addition of isopropyl alcohol must
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 isopropy! 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;



Non-limiting examples of inorganic acids which can be used to adjust the
pH range once the final aliquot of isopropyl alcohol is added, include HCI,
H2S04, and H3P04. Once the desired amount of acid is added the
formulator can continue stirring unit crystallization is complete. In the
event the pH range of the final nucleating slurry is lower than the desired
final range, an inorganic base can be used to adjust the pH to the desired
range. Suitable inorganic bases include those described herein above for
Step (a). There are several iterations by which Step (t) can be conducted.
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eth nic.acid an OH in suf mentamountto
topa(t)é\%l ??JQQ rhrr&a%%uffo%a%‘f éfﬁn i Oofﬁ.)mon to 55 C to

form é)heateW@éﬁunmma@)uﬁmﬁmﬂgrgaMtWEaMmulmlm te tomCh(sidered, 0.7 eq.,
Oﬁ@ﬂ-&ﬂ@ﬂ’im&@ﬂ@g}wﬁ@gﬁ{ of from 4.7 to 5.0. The solution is stirred for 30 minutes.

e) The solution is then slowly cooled to 25 °C over a period of 2.5 hours and a

nucleating slurry of Risedronate forms.

f) Isopropyl alcohol (410 g) is added to the nucleating slurry and the contents stirred

for 30 minutes after which sufficient HCI is added to provide a pH of from 4.7 to 5.2.

g) After stirring for an additiondl hour 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;



temperature of 55 C; 7 d) adjusting the pH of said filtered solution with
HCI to a pH range of from 4.7 to 5, while maintaining a temperature of 55
C, to form a neutralized solution; e) cooling the neutralized solution to 25
C to form nucleating slurry of 3-pyridyl-I -
hydroxyethylidene-l,I-bisphosphonic acig salt; and adding to said slurry
isopropy! alcohol and sufficient HCI to provide a pH of from 4.7 to 5.2 to
form a ripened slurry of 3-pyridyl-lI-hydroxyethylidene-1,1- bisphosphonic
acid salt in the hemgentahydrate crystal form The following is a

non-lifiting SRAREIRORIME Pret sdlutym i adramsris ehtenit 29 16 A mpaut 40 °C to

vessel is chaf@ecbwa&eaﬁgém@braq@tﬁ@pmayh@lﬁmm(MQh “bhghosphonic

solution is stlrrecpl a‘ :‘8pyridyl-l-hydroxy-ethylidene-l,1-bisphosphonic

acid (Rlsedronate (’236l g) is added. With stirring, a 16.7% aqueous

solutidh of N&EOi8 B 1pdyid (ekjotysthghtsny-is - ifbesihpmheddhation

is then heatqgiaﬁqp‘éﬁtﬁﬁggeheld at a temperature of 55 5 C until all of the

solute dissolved. c) The is then filte nd transferred to q

seconﬁ!} 5‘2%%1 enﬁl&‘rtie FE 65%3%8 %F’E@’rthoﬁ‘e?g%?éa MYPRIONTE, aFpydiiplgvant part,
lnmmechhmﬁn\}smtefew@g)thd‘pmme chaimtdonimgpthe temipdratonetatd as an
a@QEHBé‘@)Q’m’I@ #}lx&lgljt %ze !acth @Fre%ﬁm(ﬁgﬂs added to provide a

SSs

pH of from 4.7 to 5.0. The so utlon is stirred for 30 minutes, e) The
solutioCARH A RS Eor S N RERASP TG RIERP SR =D s s sivaephand

déudﬁ&aglngvsmﬁy&fb%&gdmﬁaéesi@mﬁkﬂs@ﬁ@@ﬁﬁl@@b@dh@magw and
mog d 19 tI‘lcean usC rlrela?({ »%?xlol{x&r ae dx%g%rom (E}eens?ﬁggr dcgog 38;&3'%%'[ ?1(31'1 Itis

er W ICIe IS a rovi
ﬂmécrrgmmg%toamd mﬁhmmm@@ndth@@ystmgcbf@agg‘tﬂmrhmwmﬂmm\mat are

wietned ssspeeltastadvyiitration. 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-



10

15

20

25

30

ethylidene- 1, I-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 MCSLLP
heated solution to form a filtered solution; d) adjusting the pH of said

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

N agizkdnserdiision; 8 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 f) isolating
3-pyrid-iegese kepishidere 3-Priibdspridiorsyssiylédgne-1,1-bisphosphonic acid

bamipsRiabysretenfhdecuantsaiieddmthe Retallsrnese itiqppt tre

Invention are, are, in relevant part, incorporated herein by reference; the

citation?df anydéfseliingninigmeadmi e ohstrneerakaderhad andsvencth demyiadyl-1-

HQWO%}}-WHQI{(@&Q@PHUM%@ME inventia @nwlgaﬂ?d’ tigulai sufficient amount
embodiments of the present invention have been illustrated and
HeBetdea P obR: befopviagsibitiose skilled in the art that various other

changesy and aadiiGAEABRIEBA REMALRVSTeU-IRRAIHB(ratdha sRkkted

and scope of the invention. It is therefore intended to cover in the
sPlyEABed claims all such changes and modifications that are within the

scope @f this inueAeRaIER:El QN is aimediisich AlREraess for
preparing 3-pyridyl-I-hydroxyethylidene-1,1-bisphosphonic acid salt in the
hemipehtahyfidits ingsihs RiAT SaifferdsoRBIAp e i SigpicAckl &9 2 PH

%}ewm ay agmixtire mhisepanyileahptand natele Bxariththined in step (b)
hydroxy-ethylidene-1,1-bisphosphonic acid and an inorganic base in
L feepansHrlfedsrsbe a pH of 6, to form a 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;

) adding to said slurry 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 hemipentahydrate crystal form;
and

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

2. A process according to Claim 1 wherein the ratio of isopropyl alcohol to

water in step (a) is 1:6.7.

3. A process according to Claim 1 wherein the ratio of isopropyl! alcohol to

water in step (a) is from 1:5.9 to 1:9.1.

4, A process according to Claim 1 wherein said inorganic base is step (a) is

selected from the group consisting of NaOH, NaOCHj3, and NaOC(O)CHj.
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b) heating the solution from about 50C to about 60C to form a heated
solution; 10 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 MCSLLP

obtained in step (b) to form a neutralizag solution; e) cooling the

neutralized solution to a temperature of about 20C to about 15 40C to

form a pucleatingrsti¢syaetording to Claim 4 wherein said inorganic base is NaOH.

3-pyridyl-I-hydroxyethylidene-1,1-bisphosphonic acid salt; 1) adding to

said slurry isopropyl alcohol and sufficient inorganic acid to provide a pH

of fromé}.7 to A.priméssracactipmnead Slainy Dixdwgayiidydill temperature in step (b) is
dro li -1,1-bisphosphonic acid salt in the hemipentahydrate

tciz?l?/s z§%o(‘:érrr%nX Oggnd g) isolating

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

hemipentahydyate. 2. A process accqrding to Claim 1. wherein the ratj

sopropyt alcohah S8 Be e e WA e ORERE R L.

to Claim 1 wherein the ratio of isopropyl alcohol to water in step (a) is

from 1:5.9 to 1,9.1. 30 4. A process accarding to Clai herein said .

inorgarts base SR AT T e o e S A S, T8 Spmed in

NapCHBsdhel Na© C@)E ki BraviiiB hdatetisslutipr deessdaiccsieginiy) to

Claim 4 wherein said inorganic base is NaOH. 6. A process according to

Claim 1 wherein said temperature in step (b) is from 52C to 58C.57. A

proces$.accordippteSlainoling tvditegaid vdmpenaikiimERaicicAl in step (d) is

RIRSESP ASORIR SO RN IR SR B eiRd BRprypn formed in

10. A process according to Claim 9 wherein said inorganic acid is HCI.
11. A process according to Claim 1 wherein said temperature in step (e) is
from 20°C to 40°C.

12. A process according to Claim 11 wherein said temperature is from 20°C
to 30°C.

13. A process according to Claim 12 wherein said temperature is 25°C.

14. A process according to Claim 1 wherein said inorganic acid in step (f) is

selected from the group consisting of HCI, H,SO4, and H3POj,.

15. A process according to Claim 14 wherein said inorganic acid is HCL

16. A process according to Claim 1 wherein said isopropyl alcohol and

inorganic acid used to form said ripened slurry in step (f) is added as an admixture.
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step (c) has the same temperature as the heated solution formed in step
(b). 10 9. A process according to Claim 1 wherein said inorganic acid in

step (d) is selected from the group consisting of HCI, H2SO4. and MCSLLP

H3POA4. 10. A process according to Claim 9 wherein said inorganic acid is
HCI. 15 11. A process according to Clgim 1 wherein said temperature in
step (e) is from 20C to 40C. 12. A process according to Claim 11 wherein

said temperatiarersciaacofdiOoC306:. 1L 3hArplinesiss ageopdingdshol added in
Claim_ 12 wherein said temperature i 25C. 14. A process according to

& I%%H%ﬁlrfg%?aafﬁt}'r%‘bs ‘é{@‘?a g}gﬁg?ﬁl?saofé selected from the

group consisting of HCI, H2SO4, and H3PO4. 15. A process according to

Claim 14 whergin said inorganic acid is HCJ. 16. A process accqrding t .
Claim T hor PR RO P& R A B heR SR el B seid
seocbrpereiisitepditestepdfiid atdetbasiarematimixture. MCSLLP 11 17. A
process according to Claim 1 wherein said isopropyl alcohol added in

step (f) is added separately from said and inorganic acid. 18. A process

accordirfyy to Glginodeésmoesedimgad$oprdpywhkoehodzad dsspidpl imoohahimd said

acid are add({ed seggergtelyllgut Cf)ncurrgntrl% 19. A process according to

IR Whetein s fgoapr%rf)l? "afcBhol’and said inorganic acid are

added in alternating portions. 10 20. A process according to Claim 1

wherein said prod isalated.in ste is.isolated by filtration. 2 .
e P HREL RS SR 1 HRRRCEM IO Oh A in step )
isokalettdpydbliatioy the solvent. 15

21. A process according to Claim 1 wherein said product isolated in step (g)

is isolated by decanting the solvent.

22. A process according to Claim 1 wherein said product isolated in step (g)

is isolated by centrifugation.

23. A process according to Claim 1 having the optional step (c) (i), said step
comprising:
¢) (i) adding to said filtered solution 3-pyridyl-1-hydroxyethylidene-1,1-

bisphosphonic acid salt hemipentahydrate seed crystals.

24. A process according to Claim 1 wherein said product formed in step (f)

is in the platelet crystal form.

25. A process according to Claim 1 wherein when said nucleating slurry
formed in step () comprises an admixture of monohydrate and hemipentahydrate
crystal forms, said process having further

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;
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22. A process according to Claim 1 wherein said product isolated in step
(g) is isolated by centrifugation. 23. A process according to Claim 1
having the optional step (c) (i), said step 20 comprising: c) (i) adding to

said filtered solution 3-pyridyl-lI-hydroxyethylidene-1,1- bisphosphonic acid MCSLLP

salt hemipentahydrate seed crystals. 24.2A process according to Claim 1
wherein said product formed in step (f) 25 is in the platelet crystal form.
25. A pep¢apsrapeatidingdp €)aim | wherein when said nucleating slurry
formed in step (e) comprises an admixture of monohydrate and
hemipentahydrate crystal forms, said process having further 30 e) (i)

holding2said nAcheatissg ﬁinmparmmmﬁﬂdmm-h}mm&mhymaﬁolalbout
OC %I‘Sl %%ch'aﬁ § ﬂ5| }?ét n?f“g er ture saldS nllgnnoré)édratoem risin
P ® sa| emlp nl%aah Nf)(%f 9 efs(iﬁ} prisiig

hiSTeShVette
lthpempta@ﬁtep (e). 26. A process for preparlng

3-pyrid Ihy 0X th lidene- isphesphonic acid
remipeiany i R e A SRR B U 2 oo+
ﬁmmﬁqhmmwm memmmamm amut gaate haBepyriyfibient amount

d1r~8%/( et?%{oun e- %Ldjfo?rﬁ%hs% ho jic acid and an inorganic base in

flicient a fo provide a p of 6, to form a solution; b) heating the
solutlorb)‘rom AbatinS0E€ iohbwmf@@(ﬁtwﬂ@ﬁ%@ heabedt 60°€btatforme) heated
f||t [i said heated solution to form a filtered solution; d) adjusting the pH
o?s %%ﬁltered solution with an inorganic acid to a pH range of from 4.7 to
5 whileanaintditiergnheatd dgsdedtsniaitaoniie fovml obitsreddsatusien (b) to

form a Hfu”ali\%ﬁgsﬁgg’%%%H 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

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

27. 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;

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;

d) adjusting the pH of said filtered solution with HCI to a pH range of from

4.7 to 5, while maintaining a temperature of 55°C, to form a neutralized solution;



15 e) cooling the neutralized solution to a temperature of about 20C to

about 40C to form a nucleating slurry of
3-pyridyl-I-hydroxyethylidene-1,1-bisphosphonic acid salt; and f) isolating {CSLLP
3-pyridyl-I-hydroxyethylidene-1,1-bisphosphonic acid salt

hemipentahydrate. 20 27. A process forigreparing
3-pyridyl-I-hydroxyethylidene-I,I- bisphosphonic acid salt in the
hemipmtahy%a@ﬁqyﬁ%aﬁé&tmﬁﬁﬁl&@mﬁ&s& oo risiogmthacitensofha)y of 3-

Ry P ALY AR R St RS At amoun

to provifle a Mddmi@d@dﬂmmargo&upmpyﬂ))ahneabhgrﬂlelﬁﬁhlamanil%q‘)mlde a

heat ojution;.c) filterin heat solutign.to fqrm a r
S TG S Ao e S L R A -
bi ghickfiltenedasalshdtnimtitha hh@hp@rathytlramagmysfahﬁmmm 7 to 5, while
maintaining a temperature of 55C, to form a neutralized solution; MCSLLP
13 c) cooling the neutralized solution to 25C to form nucleating slurry of 3-
pyridyl-I-hydroxyethylidene-1,1-bisphosphonic acid salt; and f) adding to
said slurry isopropyl alcohol and sufficient HC1 to provide a pH of from
4.7 to 5.2 to form a ripened slurry of 3-pyridyl-I-hydroxyethylidene-I,1- 5
bisphosphonic acid salt in the hemipentahydrate crystal form.



