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BACKGROUND OF THE INVENTION

Bisphosphonates such as  3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic  acid
20 (RISEDRONATE) have been proposed for use in the treatment of diseases of bone and calcium
metabolism. Such diseases include osteoporosis, hyperparathyroidism, hypercalcemia of
malignancy, ostolytic bone metastases, myosistis ossifcans progressiva, calcinoisis universalis,
arthritis, neuritis, bursitis, tendonitis and other inflammatory conditions. Paget's disease and
heterotropic ossification are currently successfully treated with both EHDP (ethane-1-hydroxy-

25 1,1-diphosphonic acid) and RISEDRONATE.

The bisphosphonates tend to inhibit the resorption of bone tissue, which is beneficial to
patients suffering from excessive bone loss. However, in spite of certain analogies in biological
activity, all bisphosphonates do not exhibit the same degree of biological activity. Some
bisphosphonates have serious drawbacks with respect to the degree of toxicity in animals and the

30 tolerability or negative side effects in humans. The salt and hydrate forms of bisphosphonates
alter both their solubility and their bioavailability.

It is known in the literature 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 or the
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anhydrous. Crystallization procedures which selectively yield the
hem pent ahydrate formor the 1 WO 01/56983 PCTI US01/ 03336 nonohydrate
formare ¢gshiisapdse: This application describes the hem penpg@uﬂﬁmﬁg,@nd t he
nonohydrate crystal fornms, the conpositions containing said
hem pent ahydr ate and rmnohydr ate crystal fornms and selective formation of
these crystals. 5 SUMMARY OF THE | NVENTI ON The present invention discloses
3-pyridyl-1-hydroxyet hyl i dene-1, 1- bi sphosphonic acid sodium
hem pent ahydtRfdadnonRRONGIAL € Tlﬁsogﬂﬁiéét¥ohoﬁk§cr%g§“t}?el Ht% gerﬁ'ﬁl'ygirate and the
hem pent ahydrate and/ or nonohydrate and nethods tive
cryst al | i 2eanpbysiras¢ crysiad fovarsi the serapspiioat @nmmngmwdmmeatabydram@dtrémyéymter e of
nucl eat i onapdttheadiatiecRt f&ﬁ%t?érpdfltﬁeg@‘gr&,é&ﬁs are the critical 10 variables
that control the ratio of hydrates forned. DETAI LED DESCRI PTI ON OF THE
PRESENT | NVENTI ON The present invention is directed to a
3-pyridyl -1-hydroxyet hyl i deneyhlaRySERPERIRVESTIGG! d sodi um
hem pent ahydrat e and nonohydrate and conpositions containing said 15
heni pent ahydr atlée anebertonuinign aliselosea hpyralyl- phpdresysthykideat-d d -tdipbedpberne a¢idr t he
sel ective t t [
sodium 3 sg‘;ﬁ}ﬁd@é‘d‘?&’%g‘g%%&‘ﬂ@‘f"%gene %r%g(ﬁ?gp gés}lg ﬁh?csalgc?eggé&cpfﬁ %ﬁatgs t he
heni pent alydpameonghydrais aﬁlﬁemethvﬂﬁohgldﬂestﬂee @‘stdnﬁta@n & +the Gempipent@Py@ratOr CH2
OH N 20 t .S t [ f
1 sedr onat e ok ae s T e R R et e R8O L T o
and heif pe’ml%ﬂfﬁ,%dhaaﬁmtrofrﬂhermnﬁhwidat@tfen@dd 25 hem pent ahydrate are
preferred. The hem pentahydrate is the thernmodynam cally preferred
crystalline formunder typical

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention is directed to a 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic

acid sodium hemipentahydrate and monohydrate and compositions containing said

15 hemipentahydrate and monohydrate. A novel process is also disclosed for the selective
crystallization of the geminal bisphosphonate, risedronate  sodium, 3-pyridyl-1-
hydroxyethylidene-1,1-bisphosphonic acid sodium as the hemipentahydrate and as the

monohydrate.

20

Risedronate Sodium

Risedronate sodium, the mono sodium salt of risedronate, exists in three crystalline
hydration states: anhydrous, mono and hemipentahydrate. The monohydrate and
25 hemipentahydrate are preferred.
The hemipentahydrate is the thermodynamically preferred crystalline form under typical
processing conditions based on the observation that monohydrate crystals converted to the

hemipentahydrate form.



processi ng conditions based on the observation that nonohydrate crystals
converted to the hem pentahydrate form 2 WD 01/56983 PCTI US01/ 03336 The
monohydr alg, 1S Wei ght of water from about 5.0% to about pérdisipesssgor e
preferably fromabout 5.6%to about 6.5% and nost preferably about 5.6%
The nonohydrate is further characterized by single crystal X-ray

crystal | ography, and thernogravinetric analysis. The nonohydrate form al so
exhibits identifiable signatures when exam ned by X-ray powder 5

diffraction, difd.en@ohjddte %Qﬁ%gwopﬁit&rﬂdﬁ?&lfoﬁt’ 5. M% bkt 1. mn%fo@er&bﬂemﬂ&ar ed
spectroscopy or near infrared spectroscop entahydrate is by

wei ght of &bouf P Grfy EpRigHt @3 7ot tepstpis freab iyaab@% 5. ﬁt’?r elhegperoaydigk ys furthen
about 12. Q%ﬁaé}eﬁéé@lﬂy ]s‘l?ng%y‘éﬁﬂﬁi Rogf cr@gtﬁlﬁ?@m/ Yatﬁbtﬁéﬁnoélgv%nc-rgﬁlysw The

hem pent ahydrate is further characterized by si n% e crystal X-ray
cryst al | ogPePRydratanf@m rlioh extibitgr lontifisblei eignafesy sthen exprping by pErivalppuidet e

formal §o (ﬁffﬁbtﬂint alffega%ﬂﬁl' JehiBHRH £ ¥ B U FESHer WAR R0 HHa AR G pPofrodEob @r REMDET

diffraction fferential scanning calorinetry, Fourier tfansform infrared
spectroscdﬁ@arﬁispﬁ@‘é}scqpﬁfrar ed spectroscopy. The tenperature of nucleation

and the rate ofmerwé&mhdam@atté grbya;oe%gﬁt B?w%ﬂ frdefi @bouf #1 b@Ab &k N2t 3, 9%%&&0'
the ratio of hydrates forned he nucl eation tenperature can be controlled

by cont r ol AFfrrgbly 1801phéb°|uht1|2(§°/0ft0 vioetr 13.8%s nd;tneost tprrierelgy uabiowin 12 8%perﬁleur e,
and the rafehfheRfahRI4aNisC AfAkY Q:'ﬂ&raétghié@t 6 -sinke drj ?a?qugsatcgyﬁ%g%

hem pentahﬁdrate I's the thernodynam cal I(i/ favored form-un
pr ocesdf nghemRaiRimsHis aleipi b”’éft? hegnpaytsby drite rferne elip reiiibith jdenifiaglst Slgn‘atures

ri sedr onatge, $Q4hiHA lﬂyfé Oﬁode%PﬂH?a@Q&ht d?fglél&?y%?%{%‘f%g n{gtrﬂgéﬁlep{r%{)%%bl y

from about 80% to about nost prefera out out 100%
ri sedr onatlefr%mpecrﬁqa@mpemaamﬁrmeémecﬁmmyr om 20 about 50%to about 0% nor e

preferably fr OnTH'éQQHﬁer AN f?ucfr’éaf? a qq{?le HR%tf t?ifh%tf% Iaye ttn!; Qrmcafa\ggﬁﬁleslt oto

about 0% ri sedronate ﬁ—%I um nono rate. I’I ng t he processi ng conai tions
as descri lreutrd die g e%hyldrﬂéworpﬂeéd[k@em@lh@wmmmﬂaw begroyigdligtl b gentrolling

Conposik i QRS EQRRNASSo p&{ut@@@m n;ag tegri %&ﬁﬁ}é@gﬁ& fie 390LH PR %Mgg{o‘?\%g i SHUN about

50%to about 99% nore preferabl om about out
preferably fronhgisedrogssodamnpBenzipantahy§8%oiy ths é@rmmansdm iamrfd)fwhylddqt e

and from qpé) %wglo&oogegsﬁéjgwdltgox{% dgggﬁﬁedpré(grg}go%ﬁo% comprise by weight of risedronate

sodium hydrate from about 50% to about 100%, more preferably from about 80% to about 100%,
most preferably from about 90% to about 100% risedronate sodium hemipentahydrate and from

20  about 50% to about 0%, more preferably from about 20% to about 0%, most preferably from
about 10% to about 0% risedronate sodium monohydrate.

Altering the processing conditions as described can selectively produce the monohydrate
crystal form. Compositions comprise by weight of risedronate sodium hydrate from about 50% to
about 99%, more preferably from about 80% to about 99%, most preferably from about 95% to

25 about 99% risedronate sodium monohydrate and from about 50% to about 1%, more preferably
from about 20% to about 1%, most preferably from about 5% to about 1% risedronate sodium
hemipentahydrate.

The invention further comprises pharmaceutical compositions containing the
hemipentahydrate and monohydrate compounds.

30

Definitions and Usage of Terms

The following is a list of definitions for terms used herein:
The term "risedronate", as used herein, denotes 3-pyridyl-1-hydroxyethylidene-1,1-

bisphosphonic acid and has the following structure:
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from about 20%to about 1% nost preferably from about 5% to about 1%

ri sedronate sodi um hem pentahydrate. The invention further conprises

phar maceuwodak698dnposi t i ons cont ai ni ng the hem pent ahydr 2RGI/E80d/03336
nmonohydr ate conpounds. 30 Definitions and Usage of Terns The following is
alist of definitions for terns used herein: The term"risedronate", as
used herein, denotes 3-pyridyl-I-hydroxyethylidene-1,1- bisphosphonic acid
and has the followi ng structure: 3 WO 01/56983 PCT/ USOL/ 03336 OH OH OH O=P
-CP=O OHCH2 OH N 6~1 The conpound risedronate is further described in
U. S. Patent 5,583,122, Benedi ct gg abu, orpSsigned to the Procter & Ganble
Co., issued Decenber 10, 1996, an "An Anerican 5 Conference,

Bi sphosphonates: Current Statuys.end futuye,Prospects,” The Royal College of
Physi ci ans, London, Engl and, My|21-22, 1990, organi zed by |IBC Techni cal

Services, both references hereb Lar By Qrporated by reference. As used

herein, "solvent", is a substance ca a%le of dissol ving anot her substance
to form a uniformsolution. The sokvent may either be polar or non-polar.
Solvents are selected fromthe 10 grde consi sting of alcohols, esters,

et hers, ketones, am des, and nitrilé&sT Mst preferred is isopropanol. The

o he e Lo TSRS AR, RS RLESER) o OXCBRAs ke Shtefiacd I

product i onssighhé 6 gh¢ dwictry & ofRathblen Gd.nigsusd Alpgrember 16 199pugnd at'&n tAyaerican

processes C%Lfel‘elﬂge, Fﬁi%@%ﬁaor&a@éenbhﬁ&t Status and future Prospects,” The Royal College of
Physicians, London, England, May 21-22, 1990, organized by IBC Technical Services, both
references hereby are incorporated by reference.

As used herein, “solvent”, is a substance capable of dissolving another substance to form
a uniform solution. The solvent may either be polar or non-polar. Solvents are selected from the

10  group consisting of alcohols, esters, ethers, ketones, amides, and nitriles. Most preferred is
isopropanol.
The Process

The process according to the present invention is characterized in that the process

described herein is readily adapted to industrial production. The following non-limiting examples
15  illustrate the processes of the present invention.

The extent of hydration 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic acid sodium
can be controlled by varying the crystallization parameters to control the temperature of
nucleation and rate of crystallization. The ratio of hemipentahydrate to monohydrate crystal
forms in the product can be effectively controlled by varying the water to 3-pyridyl-1-

20 hydroxyethylidene-1,1-bisphosphonic acid sodium ratio and the isopropanol to water ratio as well

as the temperature (see below).

General Procedure

An aqueous solution of 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic acid sodium at

25 0-75 °C, preferably 25-75 °C, more preferably 45-75 °C1
will selectively yield either the monohydrate or the hemipentahydrate crystal forms depending
upon the conditions of crystallization. The temperature of nucleation and the rate of crystallization
governs the hydrate, varying the ratio of water: isopropanol and varying temperature and cooling

ramp of the aqueous solution control the ratios of the hydration states formed.
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The extent of hydration 3-pyridyl-I-hydroxyethylidene-1, 1-bi sphosphonic
acid sodium can be controlled by varying the crystallization paraneters to
control tweot/seygerature of nucleation and rate of crystalHdTAZ80i1/03836 The
rati o of hem pentahydrate to nonohydrate crystal forns in the product can
be effectively controlled by varying the water to 3-pyridyl-1 20

hydr oxyet hyl i dene- 1, 1 -bi sphosphonic acid sodiumratio and the

i sopropanol to water ratio as well as the tenperature (see below). Ceneral
Procedure An atabdolshospleighi aamples of reaction conditions which selectively produce 3-pyridyl-

3-pyridyl ;- hy i -1, 1-bi sphaosphonic _acid sodi.umat . 25 0:75 C
pr ef er abl %/l}’%gx%g@{&%%)rié %%g? & gi%%f y aﬁg- '?é(ﬂ&ml T e ‘éa@f“ll‘%/eﬁfi/mly?ne? dtoei t her
t he nonohydnatydrar ratibse The et hyadstatcelet et Gk hophsirde pefdtnend fopoie t he
condi tion f cr al.| ion. The tenperature of nucleation and the rate
of crystaﬁ?@%%#ﬁ%‘?\rtateésoiv%f}ﬁs the hydrate, varying the ratio of water:

i sopropanol and varying tenperature and cooling ranp of the aqueous
solution control the ratios of the hyflz{b?et' on states fornmed. 4 WD 01/ 56983

PCTI US01/ 03336 Table 1 shows ei ght exanpl es of reaction conditions which

sel ectively profuce 3-pyridyl 1-hydroxyethyliden¢-1, | -bisphosphonic acid
moi st ur d Pevele | aroie By aRaat b s IEDAAGo! oCophe Rivantpenkarlydr at & | s
12.9% 5 Talzl e [ Exarpeldt Meighioptipattht er TV gl@t) f)f | PA-Addi t i jom2€ojol i ng
Ranp % [(X = we| ght of isoprijopanol Tenp (C) C) "H2O conpound 2) KH 1 8. 72X
2.94X 70 70 hol g sompoundzyy 160X@ C 70 70-0 in 2 min. 5.9 Cuéﬂ“&h 3 7.2X
1.08X 79 751- 6D 1 n @y s60[9.6293x25 I|n 2 JysS. 70 hold 57
2 22X 160X@0 °C 70 70-0 in 2 min. 5.9
Quench
3 7.2X 1.08X 75 75-60in4 hrs60 | 9.6
-251n 2 hrs.
4 9X 1.26X 75 75 - 60 in 4 hrs 114
60 -251n 2 hrs
5 8.2X 0.9X 60 60 hold 4 hrs. 12.3
60 - 25 in 2 hrs.
6 . 9.5X 1.05X 60 60 -251in 2 hrs 13.0
7 8.2X 1.39X 60 60 hold 4 hrs.60 - | 13.0
251n 2 hrs.
8 8.2X 1.15X 60 60 -251in 2 hrs 13.1

Example 1. Hemipentahydrate
Conditions leading to nucleation between 25-70 °C, preferably 50-70 °C with a cooling
10 ramp of 0.1-5 °C per minute, preferably 0.1-2 °C per minute produce the hemipentahydrate. The
hemipentahydrate is formed by suspending 3-pyridyl-1-hydroxyethylidene-1,1-bisphosphonic
acid in water at about 60 °C, adjusting the pH to 4.7-5.0 with sodium hydroxide, adding

isopropanol to the resulting solution, cooling the suspension and collecting the product by
filtration.
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4 9X 1.26X 75 75 - 60 in 4 hrs 11.4 60 - 25 in 2 hrs 5 8.2X 0.9X 60 60
hold 4 hrs. 12.3 60 - 25 in 2 hrs. 6 9.5X 1.05X 60 60 - 25 in 2 hrs 13.0

7 8.2X 1. 30 43e0 hold 4 hrs.60 - 13.0 25 in 2 hrs. 8 8. gXsdiisR0 60 -
25 in 2 hrs 13.1 Exanple 1. Hem pentahydrate Conditions Ieac!ijng to

nucl eati on between 25-70 C, preferably 50-70 Cwith a cooling 10 ranp of
0.1-5 C per mnute, preferably 0.1-2 C per m nute produce the

hem pent ahydrate. The hem pentahydrate is forned by suspendi ng

3-pyri dyl - dzbhpiroxpgbimtaddene- 1, 1- bi sphosphonic acid in water at about 60
C, adjusting the pHto 4.7-5.0 W|th sodi um hydr oxi de, addi ng isopropanol
to the resul t| n@onslaiom leading (tmolllqleagort h@vs&éiﬂénmf@nablarwowoiiféotditlng)mckpeiate

pr oduct byt tt ration d1 /56983 /USC%//OS %& d
Monohydr at éme&a) %imfera(gur{% ap e‘%g'oﬁba foo 1%cafné’a(¥ |Wd P oL R Te S 1 rné(H’loéy Hove
55C wi th agpinopidgtie aguenes a«blumcemoérapwrd@l ahgzhrWyt:ihghnenalQQﬁthmhmﬁxrmciar
with a rapid quench produce the nonohy te. _Maintaining the agueous

sol ution ofd @mp%fﬂp‘%;uthq mﬂ%?"éﬁtﬁé{owx F@%ﬁézqs apd 15i sphatsd S drirasionef @1651')@%}5. um
t 70C, th | | | t
gf the cr ytg(f glrﬁgeoﬁ%{r om ?rh Ohoefr}’/e dlr%‘?&%mgloégnver se%cf}leéuéasgﬁkﬂn dlr%ﬂ?' I"tltﬁroaf;l 4

aqueous sokapropanioldiso gzids yheichtsallE€monsig@dratganol al so yi el ds the crystalline
nonohydrate. Conpositions 10 The conpounds nade herein may be used in
pharmaceutical conpositions. The term "pharmaceutical conposition” nmeans a
dosage form conprised of a safe and @frﬁ@itibn/se anount of an active
| ngr edi Snt and ﬂl@ago%ggn%tsln?a hgremcr(r:lgp E)g' ?llse in p al%lagerl]l%gal c;rrrr}gos tﬂ%g rr%gee uetrrlncal
"pharmaceutical composition" means a dosage form comprised of a safe and effective amount of
an active ingredient and pharmaceutically-acceptable excipients. The pharmaceutical
compositions described herein are comprised of from about, 0.1% to about 99%, preferably from
about 0.5% to about 95% of a bisphosphonate active ingredient, and from about 1% to about
15 99.9%, preferably from 5.00% to about 99.90% of pharmaceutically-acceptable excipients. For
risedronate sodium monohydrate or hemipentahydrate, an oral composition comprises, preferably
0.25% to 40%, preferably from about 0.5% to about 30% of a risedronate active ingredient and
from about 60% to about 97%, preferably from about 70% to about 99.5% of pharmaceutically-
acceptable excipients.
20 The phrase "safe and effective amount”, as used herein means an amount of a compound
or composition high enough to significantly positively modify the symptoms and/or condition to
be treated, but low enough to avoid serious side effects (at a reasonable benefit/risk ratio), within
the scope of sound medical judgment. The safe and effective amount of active ingredient for use
in the method of the invention herein will vary with the particular condition being treated, the age
25 and physical condition of the patient being treated, the severity of the condition, the duration of
the treatment, the nature of concurrent therapy, the particular active ingredient being employed,
the particular pharmaceutically-acceptable excipients utilized, and like factors within the
knowledge and expertise of the attending physician.
The term "risedronate active ingredient" includes the risderonate, risedronate salts, and
30 risedronate esters or any mixture thereof. Any pharmaceutically-acceptable, non-toxic salt or
ester of risedronate may be used as the risedronate active ingredient in the dosage forms of the
present invention. The salts of risedronate may be acid addition salts, in particular for risedronate
the hydrochloride, but any pharmaceutically-acceptable, non-toxic organic or inorganic acid salt

may be used. In addition, salts formed with the phosphonic acid group may be used, including,
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conpositions described herein are conprised of fromabout, 0.1 %to about
99% preferably from about 0.5%to about 95% of a bi sphosphonate active

i ngredi enWo0 ®Ersd9sBr om about 1% to about 15 99. 9% pref er abl BCT/U8IN033360% t 0
about 99. 90% of pharmaceutically-acceptabl e excipients. For risedronate
sodi um nonohydrate or hem pent ahydrate, an oral conposition conprises,
preferably 0.25%to 40% preferably fromabout 0.5%to about 30% of a

ri sedronate active ingredient and from about 60%to about 97% preferably
f r om aboutburegdimdtedivclitaliggetd 3sltsf(KpNalramd ebselinecaith ymetabmbe(itaabeetheXeiapd ¥at s.
20 The phrgs e&%?k%“%ﬂd effective anount”, as used herein neans an anount
of a conpoun conposi tion high enough to significantly positively

modi fy the synpladisladnddtber esteredpt bisphosghondse whichatre dhpitdblet fdrowse em ghig hctive
avoi d seri; Sl f : blLe. bhenefit{ri at i 1L [ n
fhe scope Dpeudt AR 4 Shfel Thaf & BRRANANENICLEL LBl g,
active § ngimgeiastmémyl, vhgl, ptopyl i@pipyiNeetyDfisobite, iaﬂl\ygnﬁganh LbdiylWhdnlyl, vary
with the particular condition being treated, the age 25 and physi cal

condi ti on 6fYlt h@vﬁd{wr@ » EBnEd ftehxle draighh shaje e dranghadr Ca-fres @bkl P t he
duration . he. t.r eat wathe . n r hr t perap
particu|a?£%%%¥%2&ﬂﬁ§9§§?g&? b ﬂh%kgh%Fggﬁg?qg¥ﬁ%g%%¢t?éﬁ%a%““ﬁﬁ?le““&

phar nmaceutihdralidgy bace pinibd &, @Wﬁi’é}ﬁ}[}tcijclbﬁdg!lj @@Qﬁe Ndcylciokexyl, agtiokepty dabi N
In S

the know edge and expertise of the atten g.p ician. The term
" 1 sedr ond Uo7 SlegrediarE DU FREFTied o BETY! Sl gRitand e Gt

sal ts, 1@ntsteR0intuGAL! BN FHL1IAREER E0S nRhth{ YindThralky! Bstdrflah@@ding, MW not limited to
pharnaceutlcalIy-acceﬁtable, non-toxic salt or ester of risedronate may be

used as t N8N 2BYPRSALHY. active ingredient in the dosage forns of the

present inventige. eehie "Sath&e@fcaly-seehipnatReipRiisPesacied addint iRMdasald§, in
particul ar for risedronate the hydrochloride, but any ) ]
phar maceutPh¥sielpgicakly dngst Bharmacolpgically, pretive mpsgsiaLknowni t ghgsilied i dieeris which nay

be used. Ii§ caishkible Gith ﬁl@-lfh sidaP BAE SheWidal cilaRR eRRRS RIPARY Far@Gilad a0 \QURgrB®B¥nt be
used, includin 6 WO 01/56983 PCTI USOL1/ 03336 but not limted to alkal

met al &2 tseleqtpd fonpse- Rhprmagqutisallinaccsninblp exiniets elpdes byt@ze nogdmitedie, ROVBER Na

sal ts bei ngsiRl fieic&4, AIRA! fubGshal biXderQtilRleoRils SlobreRf, BLSRBAS IR &M Ch
are suitable for use as the active ingredient herein are strai ghf chain or

branched GHAIGNE, Pregsriatives Ryypetendicerasnts, frypiies pFntshpharfencutis] piads disy g,
et hyl, etgythentsPr ORN| or ipa@PSORY] phia¥duticdli§ABLMble BBHientN 6N thine1GRT k.
octyl, nor]]a)(lar’maceutical compositions described herein is used to make the film coating which is to be
20  utilized in the novel oral dosage forms described herein.
The term "oral dosage form" as used herein means any pharmaceutical composition
intended to be administer to the stomach of an individual via the mouth of said individual
As stated hereinabove, pharmaceutically-acceptable excipients include, but are not limited
to polymers, resins, plasticizers, fillers, lubricants, binders, disintegrants, solvents, co-solvents,
25 surfactants, preservatives, sweetener agents, flavoring agents, buffer systems, pharmaceutical-
grade dyes and pigments.
The preferred solvent is water.
Flavoring agents among those useful herein include those described in Remington's
Pharmaceutical Sciences, 18th Edition, Mack Publishing Company, 1990, pp. 1288-1300,
30 incorporated by reference herein. Dyes, or pigments among those useful herein include those
described in Handbook of Pharmaceutical Excipients, Second Edition pp. 126-134, 1994 by the
American Pharmaceutical Association & the Pharmaceutical Press, incorporated by reference

herein.



decyl, lauryl, nyristyl, cetyl, and stearyl; straight chain or branched
C2-C18 al kenyl, esters, including but not limted to vinyl, alkyl,
undecenylwoanesoss nol enyl ; C3-C8 cycl oal kyl esters, i ncl udiamgysobos3dnot
limted to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
and cyclooctyl; aryl ester, including, but not limted to phenyl, toluyl,
xylyl, and naphthyl; alicyclic 10 esters, including, but not limted to,
ment hyl ; and aral kyl esters, including, but not limted to benzyl, and
phenet hyl . The Ptefarred "cphalveacieoinile &bl are actdepted b, ettexnd] glye@nnspromdenagbadolher ei n
i ncludes a hysiol pgically inert, pharmacol ogically inactive materi al
known to BBr}éetgﬁ?rrelgéych?n the art, which 1is conpatible with the physical and
chem cal char a®tedaried buffer sgsterhdimclpde;, butcud sat liadted wepatangjne deant, bibe seboast ed
for use. Pharmaceuti.call Y 26CERt a . e ents i.nclud ut .ar Qt

exci,pi er . e n
| reg  BRORERG A bR i GRERE BN a8 RIS Pclill tRs, lbinidhlnePRlona, o

di si nt égr ghtasic. Skartivahitls prefores atevphniphorid) tirthed, cBiys tshmotassistfatat. ant s,
preservatives, ,sweet.eni.n ents, . flavorin ent phar maceuti c r.ade
yes and  pi grEmaed qpigptaneds pit e A I e Dol e ety 58
exci pi ent ssteqpoBoxethyldne trfoeoaliph atheracetrbieaadnoestdrpaslilinobn sstadeaclrettieesd her ei n
is used to mak he filmcoatin ich is to be. 20 utilized,in the novel
oral dosage fo?ﬁ%erﬁfgsg?efeﬁ\éa V?lserng.'lh%g’ ‘QFHte Feris 5’?16]% E?%%gglf c?}l%v e§§rsus()gd
her ei n neaashyikypdnasinacidyberzaic acngndsthé isds théredfe hetdadid alethadaitsnihsieeff t o
the stgmach, of an indjviduyal, via the nouth of sajd individual st at ed
nor et ribos8oeppa el 1 o GBTRNRE opBiesl B MPHaSR pOTroRr B oy
limted benzplbyitmar shlofiési oylpyldagin cthl@ide, théthylepsrabdniibanidc arobgl, pbiabaer s,
di sintegrants, sol vent o-solvents, 25 surfactant PQreservatiyves
sveet enor PAYEHED, PFIHSO e Y Gl B 198 repurapim BloaPrridol PEAIT 288 ade
dyes and pigpyBitden. The preferred solvent is water. Flavoring agents anong

t hose useful herein .include those described in Rem ngton's Pharnmaceuti cal
Soi encos. 16t h PTGt co Ry BRI Sy Bl . 15Re o ZAGMTI0GH | S0
i ncor pry abgdrthiye. rRHRLRAQ preiefedark. suddyRSnd Gcciptigent s anong t hose usef ul

herein include _thos escribed in Handbook of .Pharmaceutical Excipients,
Second Edition Pb%?”%zgllﬂ % ‘fglﬁﬁe byt & Afr }"@é{f’f[ PHPar B %“Ghﬂff%?r Codii
Associ at i @ab&ynttehyBhmiodgasdidxgmbpyiinefcellusqr ok obidordeg aeicRNgear duay; ei n.
! xanthan gum and tragacanth. Particularly preferred are methycellulose, carbomer, xanthan gum,
guar gum, povidone and sodium carboxymethycellulose.
20 Preferred fillers include, but are not limited to lactose, sucrose, maltodextrin, mannitol,
starch, and microcrystalline cellulose.

Preferred plasticizers include, but are not limited to polyethylene glycol, propylene
glycol, dibutyl phthalate, and castor oil, acetylated monoglycerides, and triacetin.

Preferred lubricants include, but are not limited to, magnesium stearate, stearic acid, and

25 talc.

Preferred disintegrants include, but are not limited to, crospovidone, sodium
carboxymethyl starch, sodium starch glycolate, sodium carboxymethyl cellulose, alginic acid,
clays, and ion exchange resins.

Preferred polymers, include but are not limited to hydroxypropylmethylcellulose (HPMC)

30 alone and/ or in combination with hydroxypropylcellulose (HPC), carboxymethylcellulose,
acrylic resins such as Eudragit® RL30D, manufactured by Rohm Pharma GmbH Weiderstadt,
West Germany, methylcellulose, ethylcellulose, and polyvinylpyrrolidone or other commercially
available film-coating preparations such as Dri-Klear, manufactured by Crompton & Knowles

Corp., Mahwah, NJ or Opadry manufactured by Colorcon, West Point, PA.
8



WO 01/ 56983 PCTI USOL/ 03336 Preferred co-sol vents include, but are not
limted to, ethanol, glycerin, propylene glycol, polyethylene glycol.
Preferred“QHﬁ5@%3systens include, but are not limted to pptpgsiuBzRcet ate,
boric carbonic, phosphoric, succinic, malic, tartaric, citric, acetic,
benzoi c, Iactrc gl yceric, gluconic, glutaric and 5 glutamc. Particularly
preferred are phosphoric, tartaric, citric, and potassium acet ate.
Preferred surfactants include, but are not limted to, polyoxyethylene
sorbitan fatty @kd forRRlBbiS: wmhméye&ehxéeen% rremr’skéfyrheeﬁ bShoRE ARG
nonoesters and lanolin esters and ethers. Preferred pres tirves 1 nclude,
but are nofgkdipitt exrck dormylaprs| incladdchut ass petr migd pagehfgrmﬂl@nwaamc@s@cmd
benzoi ¢ aciygoangysuhgnssabt s 4bhef4QOfeffelb9$'e&rﬁ Bfth atf%gg ak scﬁ)élécf #OW@WA%M 10

sorbic acid and the salts thereof, chorbutano enzyl alco t hi ner'osal ,
ni t r omer soiPtophsesiis Apnewhations asdisslopaden L@eltayqnp;‘/,ﬂﬁ(d? [ emd re&mls@rmdefommlhw as

par abens angRELRYP PRpaken. Particularly preferred are the salts of
benzoic acid, cetylpyridiniumchloride, nethyl paraben and propyl paraben.
Preferred sweetBieeyniosiEpurdel thupresing inomtion milevedfor greaten ctesihdity gih udasass,
sacchari nradﬂﬂﬂstra&% %ﬁi%@ﬁlg%ervzﬁérlfdr %k'zlngﬂlé XheDJoﬁ'{pgglﬁ(ﬁrq of"{h% ?elggr{t %@ntﬁ)ﬂqnay
saccharin. Preferred binders includ ut are ed 1

met hycel | hegipeed dadii WIYC@WB@QX/WEWWUQ‘I |l ¢afe and effective amount w111 vary with the

hydr oxypr I

ot b U Al PAEh LU Sy B3R PRSI ATAE AupYohs i 0

car bo né@ %@mﬁheﬁﬁh@mﬂmog Wizer dugagiop oplonpirckmh @nd ihd nefoiofj aencurrent therapy.
carboxynethycellulose. 20 Preferred fillers include, but are not limted to
| act ose, sucrose, maltodextrin, mannitol, starch, and mcrocrystalline
cellulose. Preferred plasticizers include, but are not limted to

pol yet hyl ene gl ycol, propylene glycol, dibutyl phthalate, and castor oil,
acetyl at ed nonogl ycerides, and triacetin. Preferred |lubricants include, but
are not limted to, magnesium stearate, stearic acid, and 25 talc.
Preferred disintegrants include, but are not Iimted to, crospovidone,

sodi um carboxynet hyl starch, sodium starch glycol ate, sodi um carboxynet hyl
cellul ose, alginic acid, clays, and ion exchange resins.



Preferred polyners, include but are not limted to

hydroxypropyl nmet hyl cel | ul ose (HPMC) 30 alone and/ or in conbination with
hydr oxypr ul ose (HPC), carboxynethylcellul ose, acr S such
as Eudr agﬁ’t%z/rgs IQEBOD manuf act ured by Rohm Pharma GrbH WslIyd&'trlfsiggﬂlgﬁﬁit
Germany, nethyl cellul ose, ethylcellul ose, and pol yvinyl pyrrolidone or other
commercially available filmcoating preparations such as Dri-Klear,

manuf actured by Cronpton & Know es Corp., Mahwah, NJ or Opadry

manuf act urggahycifRk@iscon, West Point, PA. 8 WO 01/56983 PCTI USOL/ 03336

Gt her fornulations which may be used to adm nister the bi sphosphonate
active ingredi ehProcssén selestively arddueing 3 -mutidydre-hydnox gathdidenst 1, | -bisphasphonis agid|
formul ati 7 344; effervescent
formul ati ggr%glugl?eg]:lp?gdaose e%drz:l n@%@?ﬁ%‘g%ﬂpr@ﬂgm ()Sgﬁ%éigtl c fornul ations as

di scl osed in US)Pat eFl’i@VIQHQSOan@queamj tsplaterde rofal 3-pyidyitl-aydronsthiidencsl, 1-
disclosed in E onpositions of the present invention allow
for greater fl ?ﬁ%ﬁ?ﬁ?@ I'n Egglgge adm ni stration and dosing intervals. For
exanpl e, the cdhposiliepineshoiquedve spintemdnt timpeahird om plgut 4HE Wesed 73| y,
weekl y, biweekly or f { th
the particul ar&jcond"mmgh‘J %é‘.’%g?‘% rﬁg aeqeg&‘g ﬁ%‘lg&éha\éﬁ:ﬁqﬁ&sﬂ} (t:h dgosr?g{e%{tl }gln of
the patient belﬂq@cw degnedhe gioep caBistey of jalopha$, ttstnreS, @ﬂﬂdil tkitongs, tmaleglandt i on
of treatnent, hggnature of concurrent therapy. 9 WO 01/56983

PCT/ USO01/ 03336 V\%ai Is claimed is: 1. A process for selectively producing
3- pyri dyl - I - hydboxy ewtibiadig geclihg thelsigggphosphioni ¢ acid sodi um

hem pent ahydrat e and nonohydrate conprising the steps of: a) providing an
aqueous sol ution of 3-pyridyl-I-hydroxyethlidene-1,1- bisphosphonic acid
sodi um b)2.heatThegpotres afj(dons | sdlanattenmdtio that tpepedusrselufipons dbaet tds C to
about 75 lo stope aqueous sol ution characterized in
that the ggT@e%@g%gﬁgabg?te%gtg #brolgt% tEe group consi sting of al cohols,
esters, ethers, ketones, am des, and nitriles; and

3. The process of Claim 1 characterized in that the aqueous solution is heated to about 70 °C

and the aqueous solution is not cooled.

4. The process of Claim 1 characterized in that the aqueous solution is heated to a

temperature from about 50 °C to about 70 °C.

5. The process of Claim 4 characterized in that the aqueous solution is cooled at a rate of

about 0.1 °C to about 2 °C per minute.

6. The process of Claim 1 characterized in that the aqueous solution is heated to about 60 °C

then cooled to about 25 °C in about 2 hours.

7. The process of Claim 11 characterized in that the aqueous solution is heated to about 60

°C and maintained at about 60 °C for about 4 hours then cooled to about 25 °C in about 2 hours.

8. The process according to any of the preceding claims characterized in that the solvent is
1sopropanol.
9. A pharmaceutical composition comprising  3-pyridyl-1-hydroxyethlidene-1,1-

bisphosphonic acid sodium characterized in that the 3-pyridyl-1-hydroxyethlidene-1,1-

10



d) optionally cooling the aqueous solution. 2. The process of Claim1l
characterized in that the aqueous solution is heated to a tenperature from
about 55 @dam/sspssut 75 C. 3. The process of C aim1 characperiuser3sss t hat
t he agqueous solution is heated to about 70 C and the aqueous solution is
not cooled. 4. The process of Claiml characterized in that the aqueous
solution is heated to a tenperature fromabout 50 Cto about 70 C. 5. The
process of Claim4 characterized in that the agueous solution is cool ed at
a rate of bap@uphoBiclacid sodivabie fitom2abQutpdfo wiabutte.00%. hethliyenfahyites sndofronChladum 1
characteri i th eous solution is heated to about 60 C then
cooled to § Sﬁ?gbfgh@’fnﬁn%g%'z hours. 7. The process of Caim1ll
characterized in that the aqueous solution is heated to about 60 C and
mai nt ai ned jat akout f.or, about..4 h S. then copl.ed to abaout .25 .C in
about 2 hoMﬁgﬂ%lgg%?%uélggs%g 8%)1}1%? r?g%;l%lmaﬁy&c?facfe I%e%p%ne(t:hggi%heg 3'(?P'%11c|%rlﬁsl'
char act er i bgdtoxyethfilerte-1t heisgobphent kad ssibpn oparfmim  foutA ob@rtaekat i ¢@l%
conposition_conpri Si -pyridyl.-.l -h xyet hli dene- 1, 1- bi sphosphonic
aci d sodi u%erg g@%hg g?ﬁga?gg%l nabf)%alto/%tﬂéb%l?%’r%od’ﬁ{gy-‘#gﬁydr oxyet hl i dene-1,1- 10
WO 01/56983 PCTI USOL/ 03336 bi sphosphonic acid sodiumis from about 50%to
about 100% hem pent ahydrate and from about 50% to about 0% nonohydrate.
10. The pharmaceutical conposition of Caim9 characterized in that the
3-pyridyl-1- hydroxyethlidene-1, 1-bi sphosphonic acid sodiumis from about
90% to about 100% hem pentahydrate and from about 10%to about 0%
nonohydrate. 11
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