;e3et&3t,,-|/]/262T&3s *166166* NOVEL HYDRATE FORMS OF ALENDRONATE ' '
SODI UM PROCESSES FOR MANUFACTURE THT‘MWAND PHARMACEUTI CAL 10 JAN 20[]3

COVPCSI Tl ON H 5 FIELD | ON This inventiop rel at
new hydr at es‘gﬁéf &%/it alline fofmml w onate sodi um pr o’é‘éygég/'gi’ﬁ t he

manuf acture thereof; and pharmaceuti@##b* conposi ti ons thereof. BACKGROUND OF
THE | NVENTI ON Al endronate sodium the sodiumsalt of alendronic acid. also
known as 4-amn no- 1 hydroxybutyl i dene- 1, 1- bi sphosphoni ¢ aci d nonosodi um

ggslzhlesfg;]rrglggnl for rébrgt_ﬁé mtg%%%LW%g ezt)-sgs_I ilnl:I uodl(ln)g

ost eoporosi s and RAIAIMS PRGCRSSES FOR PN UEA CTURE ITH BRERH,iAND 2l endr oni ¢
acid are known in the art and have been disclosed in M|. Kabachnik et al.

Synthesis and Acid - BhbARMANCEDTHCAki GQMRO ST EBYS TékEleORm no- Subst i t ut ed
a- Hydr oxyal kyl i dene- di phosphoni ¢ Acids, |zv. Akad.

Nau
R T A L Y veetorr o o

preparation of a trihydrate of alendronate sodiumby reaction of *G00002*

4- am nobut W ELDAOF T HE I NVENEIOOr ous aci d and 25 phosphorous trichloride in
the presence of net hﬁ{]]esul faonic acid foII ﬁy thel iti og of , sodi um
hydr oxi de. The presentSitrEHET Eﬁlla‘ffr‘B\?FHé‘g WE‘W’ Faysiglling pleadraalt onat e

sodi um haydign VHoedsssdbE BB maplifabue theredf, ind p%ﬁ@éﬁuca]%%g%i@i%ﬁsﬁ%@ﬁof or
t heir manufacture. Mreover, the present invention provides new crystalline

forms of al endronate sodium SUBSTI TUTE SH ' ~T (RULE 26)
BACKGROUND OF THE INVENTION

Alendronate sodium, the sodium salt of alendronic acid. also known as 4-amino- |

-hydroxybutylidene-1,1-bisphosphonic acid monosodium, has the formula I:

§
HO—!l’-—ONa
H2N—'CH2"CH2'CH2_(,:—OH
HO—ﬁ—OH

1)
15
It is an agent for combating bone resorption in bone diseases including osteoporosis and

Paget's disease.
Various methods for preparing alendronic acid are known in the art and
have been disclosed in M.]. Kabachnik et al., Synthesis and Acid - Base and Complexing
20 Properties of Amino-Substituted a-Hydroxyalkylidene-diphosphonic Acids, Izv. Akad.
Nauk USSR, Ser. Khim, 2,433 (1978) and in U.S. Patent Nos. 4,407,761, 4,621,077,
4,705,651, 5,039,819 and 5,159,108.
U.S. Patent No. 4,922,007 describes the preparation of a trihydrate of
alendronate sodium by reaction of 4-aminobutyric acid with phosphorous acid and
25 phosphorous trichloride in the presence of methanesulfonic acid followed by the addition
of sodium hydroxide.
The present invention provides new hydrate forms of alendronate sodium,
having water content of 1.3 to 11.7 percent, and processes for their manufacture.

Moreover, the present invention provides new crystalline forms ot alendronate sodium,

SUBSTITUTE SHZ=T (RULE 26)



10 JAN 2003 designated forns B, D, E, F, G and H, and processes for the
manuf acture thereof. OBJECTS AND SUMVARY OF THE | NVENTI ON The present

i nvention provides novel hydrate forns of al endronate sodi um havi nglBatAdr20p3
content of between 1. 3 and 11.7 percent water. Typically, but wthout
limtation, the present invention relates to the foll ow ng novel hydrate
forms of ., alendronate nonosodium 1/4 hydrate, 1/3 hydrate, hem hydrate,
2/ 3 hydrate, 314 hydrate, nonohydrate, 5/4 hydrate. 413 hydrate, 3/2
hydrate, 5/3 hydrate, 7/4 rate and dihydrate. The present invention
provi des a r?iéwgé?‘;ﬁgﬁcﬁmsi%ﬂ%fn&é”afkﬂépgﬂ@%éﬁ @rg&d{’&ﬁ%cﬁ‘g\?iﬂhﬁe * powder
x-ray diffractogram substantially as depicted in Fig. la, with
characteristic peaks at 12.2 ~0.7?, 13.3 Q@0.2) 14.8 t0.2, 15.8 Q.2) 16.3
Q. 2, 16.6 fOBPECKE ANDSEMMARY OPPHEIRVENPION2.6 10.2, 23.2 V.2, 24.0
.2, 25.2 0.2, 25.8 t0.2, 27.4 Q0. 2, 29.4 ~U 2) and 36.0t0.2 degrees 2
theta. Al endronate sodfhemréSennmBerhias psivgdes hioweliydiare foamelof alsndtepite satiuhn  F~
| cat 654 cm ', 955 cm ', 1074 em 1) .12 m', 1309 L, .and 1614 cm ' .
The TGA cur V8YINg WalgfgonfepLo @ﬁ%@ﬁé’]]a3c?lngir\9tﬂﬁbd-c§'t‘§?}erl'g&’%’ydgﬂ/%é%f 7.2%
whi ch i npli . : r i : AN o uantity of
wat er cl os eqtﬁgﬁ?ﬁ%ﬁ Ttl%}f‘p ltg{%tsﬁr%g%]néi?gégpggé?%@%ggmgg ﬁ%?é ﬁggﬁ%i{%ogal ue:

6.2% . Anot hiendembaedhomasbdiof: § Hehyidrate it bydrats, ermbkydretey /8 dilytiatee 3Adnydrdle, of

al endronate sodium having a p er X- i ff togra ubstantjally as
depi ct ed in”ﬁ”@&"yﬁfﬁfev &n’)ztwgﬁaﬁeard'z}cv%éﬁ?tgti@}gb éﬁfsg/gg]yg’%?el%@? ,ra‘FSY.‘AZ t0.2)
16.3 t0. 2, Jdgﬁhrgg: 2, 20.8 t0.2, 22.3 0.2, 22.51t0.2, 23.4t0.2, ?3.7
.2, 31.4t y2 and 35.7 t.0.2 degrees 2 theta. FormD as depicted in F g.
4c has significant | RThapdsertinGaBorprdvidedaDewrdrystald@AFom B of eadronhte, 1054

cm', 1072 cm.! | ,297 cm' and 1318 cm'. The TGA curve, as depicted in
Fg, | ab. - sROUEThERdRE Apve S aera e hg bty S B et B0e T Bt 1 onal
enbodi ment  kisaracienicGleyRd al1bionen. £anm £).0f1 408 ey Brete2s il won, ey, a
powder X—ra%{ diffractogram substantially as depicted in FIG Sa) with
characteristi€ §ehld84#0% 0 .2, 9.3 @.2, 11.8 t0.2, 13.3 .2, 14.0
t0.2, 15.3 §0520 51 8 2.4100. 33 216,424 0.2,2, 399 1k 45t5%2 5, .4 8§ 3anaFor m
E has signi f’lpc':’agt ' |‘Rg§2%a§’ 53'156 épi gt%)d”i n ' Fig, Sc at ’%Z%{%@n?"’% 897t " )
924 cm ') 9580&fi2 depR@s 2mhetd. Ahdropate'spdin®4®re B hasGighARc20 OB bendses 1093

cm' 149 cnml,' .. 1.177 cmd ', .1252 - i 7.6 1535 ' 1.606
cm', and | %%Ctg%’%gﬁﬂ%atéécgur%crgs%32%?@f Edb?lﬁcrﬁi Qﬁgﬁ-’-" s;f’%r(')d\(/:vgé lzf Cgmr adual
| oss on dr yTREgTWTA burke, Big)Q bl cholBQ dlear Avstiep llosk bhdheng ef.ot, seidh iafpliehe
invention is a new crystalline FormF of al endronaie sodju tgavi ng a
powder x-ra@ﬂaamq%&l6%%@&&9%&&69'&1?'?@76%@ GBI P Haicﬁdllﬁlsgo 3 of\{ig

char act er i shbaoRRAkS (Blpe8ed | oR drybnd valudd.26). 13. 0 Q0. 2,13.4 Q0. 2, 14.2
.2, 15.31t0.2)"J 6.2t0.2, | 7.4t0.2, 19.1t0.2, 19.4 t0.2 and 25,5 t0.2
degrees 2 theta. For mAPothasersbafimentciimie inrerbiondsa aew geptadinedarm [kp§. 6¢ at

660 cm ', 8 ; c. L ) T ' -
"o3s om ' 1 Oefihge ?‘?Cﬁg’@om@‘ =?ggi\g%“gr%:rﬁy'd,'%ﬁﬁ’ga@“nf”bsg“ﬁc?la]%gdegﬁé"?‘“ﬂ%1
cm ', 1338 ddyiwith ddesdteriglic peaks4d1 X irk0)2, 15.568.2c16.3 £02638.4cdl.2, 20 BadH2 @3S
The TGAFi g. 6b curve _shows a gradual _l oss .on ing of4.l % tg 150C. A
[Urther enbERIPTEhE 203 &5 AGH 2 190 Bhd Thoh ArGof S et esn bl sohp gD &
having a po X5 B, B £ 4ISRGEAGNAIR BAREhACH2 Gh Y1 88m'T 6 GhedsuRaMl G 7a,
with charact ﬁtgtfi%ea igsast?gqbﬁs t0.2. 10.1 Q0. 2, R R L T
17.3 Q0. 2, 0B46crivt).1272 £8:'1200cd;' 280.1318 On2, THROLQA QIrve, asxipictedin Pig. 28, 8
Q. 2, 25.5 .2, 28,0 .2, ,29.0 2) 29.6Q.2) 30.4 t0.2, 32.4 V.2, and
32.8 t0.2 déléWé@sgréd‘{ahgéQ” EBHNS é%é\sz‘ gp {fnﬁ%q ant | R bands as depicted in
FiV. 7b at 665 ""''", BhalenBREIAH is 2 BcGHhBine Fbin Ef alerddNatd N’ |,
101 1 cmi', 1021 cm'f‘z%%%fg’%%e'&l BE i mewe, 55’"?:m'§? 1273 cm o 1305
cm ', 1337 waivim, HSing cpdveder hchy BB coprdm subFhetiallGfesdepiceedin F1G 78, vathows a
| oss on drying of 6.5%which 'indi catzs tga{) tkE{a crﬁstal form G contains a
st oi chi omet fiacacierishe PEskst 7 \Watls: %P dspohidtAg! +d P Kat 480t é S AFlohylrat e
(expected | Wi : 9 Thi s ep. I occurs at
195 C. The o g?‘u‘?f 1*y9’ﬁj| féﬁj‘ #@%p“gﬁget%rzéh%‘ %pe;ﬁiyEdﬁést%?%’%ﬁﬁf%g%g%@%ét the
water is bogngleibd HhElysd A debend, 80vepnage ol esut®: 9T0endehydr @kl on4step is
i mredi ately foll ovved‘gby anot her step due to deconp05| tion. Due to the
deconposition process that occurs adjacent to the dehydration) the
conventional |oss of drying nmethod is not feasible, . and for [ oss on drying
deternmination the TGA is used. Yet anothe? enbodinment is a new crystalline
Form H of al endronate sodi um) having a powder X-ray diffractogram
substantially as depicted in FIG 8a, with characteristic peaks at 9.2
t0.2, 13.01t0.2, 14.2t0.2, 15.0t0.2, 17.1 0.2, 20.7 t0.2, 22.0 t0.2,

o . . - o o o o o o



water in the amount of 2.2 to 9.0% by weight. The invention further

provi des a new hydrate form of al endronate sodi um having a water content of
1.3 %to 3.1 % A further enbodinent is a new hydrate form of al enkld dAR083
sodi um having a water content of 2.5%to 3.5% A further enbodinent is a
new hydrate form of al endronate sodium having a water content of 2.8%to
3.9% An additional enbodinent is a new hydrate form of al endronate sodi um
having a water content of ~.2"/o0 to ~.8% ' Another enbodinment is a new

hydrate 1oL ol oal shifgaLe Odum 1Y ne BeLsr eantent ol S hatie
havi ng a Wata?_xrd 1%‘3%%#?“ 'ﬂw ﬁ}%’nt\? a% ng/ctthﬁF\g]\Sg%b\gpa }a%gaﬁB?svdndﬁ(;?m new

crystalline Form al endronat € a wat cont ent .4%to
9.0% The bﬂuqr%upnofugot ter provi des a new crystalline FormD of

al endronate sodium having a water content of 3.2%to 5.8% The invention
further provides a neéwsigifusthat ¢rbrogdirrentof heohverttien dy orext erysedingrhiormd\vifng a

f 0
Cryetal |1 neerdRpRte g hanoR araricsam e iRl SO O AR BR s 1

to 7.0% Thm'Glav‘%ﬂlth'c‘?l@rafcléﬁ%[h@ﬁeam oW sleg ra) newper ysbabhines Eopm 4o ab.o,
al endronat e sodi'um having a Water content of 2.8%to 3.9% The invention

further pro§i3des2,doriewd.eriyist a0.Rj ivel E@;r?niSH# gf.2ahe AflS et degsedi2ubetah&vimhg a
wat er cont 5%

of 5% . Th | te and
v, SO0 E e RlaafTie2gt bt re debie B e 400 Y oS ey S e o

subst ant i al gnoasy ogs ehedid b & Gioret 103 8113/}%@9,93 Y Rl 13080001 Nl y,
with characteristic peaks at 9. J Q.2

18.y0.2) 18nd 116 au',3@53 cend, 23382171‘0!@)8 @)1 ,211548cmd 26032314166)7 Qm "2W66d 1 0. 2,

24.9 t0.2, 2§. and 34,4 10 2 2Dthet Farm C as
depi cted |ﬁmFI 32‘3 Té@‘éﬁa&’ rY’F é’ogvl arﬁr?qughlﬁlss? rﬁg’ﬁdg%a{t °at0'°¢ r?10 € 745 cm’
865 cm |, 913 cm ' , AORZAheMdrBbodRént G new kryGlallingFosm G 3f0A8n diGh Aie de]l'lrg8

cm s, 1174 cmi s, 1235 cms, 1340 cms, 1402 cms, 1544 cm', 1606 cm ', and

1644 cni's. wagmAwéerrKéabﬂlffr%ﬁoafﬁnék\wré&aayPb#frwf&ed( mifdC- 3B)Vidhows a | oss
on drying eﬁaréct@%weﬁias 41 J:@.i ﬂohaioéh@ 'Fi%stl%l 2 E95M73 £gBt @7 8303, 19.]

st oi chionetric quantit wat'er cl ose at of tFle nmonohydrat e ( expect ed
| oss on dry? ﬁg20/dlilﬁe? 692*%2 22 THE. 2T@%8@!9r&é25dfi(ﬂ1é8diﬂtﬁﬁir-§t(bi¢:ar2ﬁ SEXFi g.

30) shows 58131 P 55958 80, 8541a10 Pl R ORI Sl ERLL ERo (1AL G GL Yot 2

Form C contai ns'd St ol Chi one wat'er Co
di hydrate. ﬁm«ptedtxreﬁlml 05 8t G513 ‘Eh‘ WIsmngaBiﬁecm lj&%%)n qnecnpf,%émm'i nOEntrm §n

al so relat g5, f Ont NBsTRHOToR R TPEE LAY 155 SOMPRNS 1337 e, 1510 enr,

and 1639 cm™ . The TGA curve,Fig. 7b, shows a loss on drying of 6.5% which'indicates
that the crystal form G contains a stoichiometric quantity of water corresponding to that of
the monohydrate (expected loss on drying value: 6.2%). This TGA step is sharp and
occurs at 195°C. The relatively high temperature of dehydration implies that the water is
bound tightly to the alendronate molecule. The dehydration step is immediately followed
by another step due to decomposition. Due to the decomposition process that occurs
adjacent to the dehydration, the conventional loss of drying method is not feasible, and for
loss on drying determination the TGA is used.

Yet another embodiment is a new crystalline Form H of alendronate
sodium, having a powder X-ray diffractogram substantially as depicted in F1G. 8a, with
characteristic peaks at 9.2 £0.2,13.0 0.2, 14.2 20.2,15.0£0.2, 17.1 £0.2, 20‘.7 £0.2, 22.0
+0.2, 22.4+0.2, degrees two theta. Form H has significant IR bands, as depicted in Fig.
8b, of 664 cm’', 688 em™', 722 em™, 751 em™, 863 cm!, 893 cm”!, 918 cm™, 936 em”,



-am no- 1- hydroxybutyl i dene-1 , 1-bi sphosphoni c acid nonosodi um salt having
wat er content of 1.3%to 11.7% by reacting alendronic acid with one

equi val ent of sodium base in an agueous organi c sol vent sel ected frlﬂ@l\ﬁ\l%l]}
group consisting of. acetone, DMSO, DivlF, acetonitrile, alcohols,

pol yal cohol s and/or their ethers, pyridine, sulfolane, Nmrethyl
pyrrolidinone and di oxane. The invention further provides a nethod for

maki ng Form D of al endronate sodium conprising treating alendronic acid
anhydrous in a | ower with 1 equival ent sodi um_basge 0,to 4

al kanol wi Jui v f n
equi val ent $84fcmyat &40 crp ollpg%@ 'bi05E £8) aﬂ@ﬁgcnﬁ heﬁé?ﬁ@t al4 /P allgﬁg%‘nat e
sodi um Form D., . The iynvgRtion t her ! hod-,f i :Fogym E of
al endr onat émé)ddi’ AT ’cléﬁgrcfnsi’ }uéﬁ%atlpf%gﬁl’%ﬁgr]§g?§hacﬁ}Fw&ﬁﬁjvgglgﬁ%
anhydrous gk, APRQMKHTAL 6n BBAAR of 1179 2t pyeeC, al kanol with 1 equival ent of
. sodium base and 9 to 15 equivalents of water, followed by isolating the
crystal line al endr onatleofsodivme/Exdrondi cry$iellinavemntsi ByD.fHyiFt Beandgd ovitdiss a
met hod for naki.ng Form F of,)al gngronat,e sodi um conprising treating
al endr oni ¢ Y§7dn hepmpunboler-2 50 RAKY WFeH | equi val ent of sodi um base and S
to 8 equival ents of i :SmOf
wat er for nonohydr at ﬁ%ﬁ“&g%’b%g&&%@e{aﬁ@ a??%éétftﬁgnégyg%oriﬂhgml m
ai endr onat @asiadiauadraonteft. of he % ta\3enkd. on further provides a nethod for
maki ng al endronate sodium5 = wo 00itzsi~ PCTNS9911?~3~ SAN 2003 ,
rnonohydrate, conpri i Wghereabadimeniicherbhydragdpan of plerdrpraie FOHRRARYIEW t h
1 equivale [ D wat er under the conditions described
her ei naftergr,wa?%rlﬁ%ggggwb'yﬁég%?gf/f'ng t he al endronate sodi um nonohydrate The
i nvention further pravivdbs enbeinhed if osevnakdrag (Bon of Seadrosde setti omdtaeing
sodi um conprising treatin lendronic acid, in a |lower alkanol with I
equi val ent a&f“%&ﬁ&im ngsé;?og?]g-9 Ater under the conditions described
hereinafter, followednh¥ditioahednhyddirhdhe i st Ry drhirGomh 8NHENIBERe SQHIMM For m
G Typical but not limting conditions for preparing al endronate sodi um
Form G ar ehaigngaswarsegentpioheofof B8 ng table: t~ Starting Al endronic

Sol vent Preferred Ra gaﬂg ! r 3 : .

Equi val ent Equi val en?‘glﬁ}(l)]no yg?g%gﬁ%?ﬁﬁg?&%ge @g@@fg{eiég}ghg}g%%g{%a%ng b

Et hanol 15wated@o@ent&0 SNbriabyd0%t e | sopropanol S-40 10-20 15 Anhydrous

Met hanol SO 125 80- 1Q0 .Anhydr ou hanol 1 5-40 25-35 The jnventipn further

provi des a net hod fo?‘ Wﬁ&?%gﬁrﬁ&%ﬁ&@e&f 'sa?lrlfﬁdl?%‘ﬁﬁtfgor%ﬁﬁﬂ?ﬁdé ?F%‘#?‘HB

treatin2 apwipge waler 0BiEnt@f 614¥6 169,95 al forns of al endronate sodi um

sel ected fromthe group which consists of Form$, Form C, Form D, FormeE,

Form F and Form H, i hh@invewEm dsampures preat ewasllipedoradbef algpdranate- 40

equi val ent &&&mV\@aR'ﬁ{%#\ng@rrcM& cpadyt i, onp,descri bed hereinafter followed by
Lo i : .0%.

isolating the crys ne al endronate sodium Form G 25 The invention
further provides a nEbhioderftom fuakerpgovdasm revosrysthiéing forma oo Saieh dromate

conprising_treating alendronat sodi trihydrate in a | ower al kanol,

prereranly \q] , - alFent’s of water under the condition
f er abl yS%Y ¥R ’Blv%%v%ﬂz%on?@?ggﬁ?%g R of der th diti

described her ei naf t eThe inOédtnerirthet préGicta itgv érhaaltin $oah FidTaleadesdieoonat e

sodium Form G The invention further pr oviodes a nmethod for making Form G of
al endr onat ¥d3eMcBYingA woepianssmgl 1.2 &atd hy “any one or nore forns of '

al endronate sodiums X f t ] L.sting of
nonosodi um di sodi umﬂ{'?i?/és)rgl |n$¢lnﬂgér%)r?%§ége§%snog/i %R]ﬂ@]hgggg’% qu%@@?ﬁt@( RULE
26) 10 JANMMOG3ingal Waer domtént bDSVEE4 & Ko¥0l preferably et hanol w th 20-40
equi val ents of water_under the conditions described hereinafter, followed
by isolatinb the crySPalnVemonduahrPEnaees s ustEdinmierm Erofiaiedeqnet chat
the starting: i j i & nosodi um (e. g. disodiurn,
trisodium %bgl?gﬂag[s%?ﬁh%eg Llsotnreénggﬁiegé’gggrg;wt o0 add an acid, preferably

ai endronic acid, in Drd@vedtornRhidraroviddie mh afstabiogFodn # ofliendronaat i on
further provides a nethod for naki ng Form H of al endronate sodi um '
conpri si ngsadiwathanipea weier emitent a€2-47 @M. i s the anhydrous or nonohydrate
form in a |lower al k%ﬂol witth one. equi val ent o%_ sodi,um ba&ﬁ émd 25 to 3~
equi val ents of water } "GHYSPUOTHROYEYE PFE HophidpieRng aneMed iyt of f ol | owed
by isol ati NN ndr i H Hr iQn
Further proo S BT & e e S Py Sn e ey B 2
conprising treating al endronic acid nonohydrate in a | ower al kanol with one
equi val ent of sodium base and 0 to -”. equivalents of water, followed by
obtaining the crystalline alendronate sodium Form B. The invention further
provi des a nethod for naking al endronate sodi um



di hydrate conprising treating crystalline al endronate sodiumtrihydrate
with an effective. amount of drying agent followed by isolating the
crystalline al endronate sodiumdi hydrate . , The invention further pfoQwNaes
a nethod for naking al endronate sodi um nonohydrate conprising treating
crystalline al endronate sodi umdi hydrate with a sufficient anount of drying
agent followed by isolating the crystalline al endronate sodi um nonohydrate.
The invention further provides a nethod for making ai endronate sodi um
nnnohydrateampﬂpmmanagghremhmhgameygmqumme93hﬁhﬁﬂdnht@“sﬁﬁ5wﬁLd7Hyd}Ate
with a sufficient amount of dry ?@igent fol _owed by |so ati t he crystal

| i ne al endr 6H&t6. ZSijVéﬁ\’ni)%W@ré Fhel. 8ﬁ08n33 b %urtEer0.4, (ralzl%e?tié)s 2to a

h
ont ent of 1058020060 b e Bt 7 ARt e BB S 7 fe@fé?%@tw{‘bg e and
a phat -naceyfd &gﬁowar@mmmjnssmﬁ“m em?Ngs awﬁantgu@remf'urdsb% rededms to a

phar maceut i cal nposi tion conpri ses al endronat e sodiumin For m B) D,
E) F, G andi@l7 dini' niGaétdnet, apefierh€aling cm™' 1233 AN 20p40 ehf elctlizveer aMMMm ,and a

har naceuti cal | acce table,carrier. BRI F DES I
P e T ot | e 0 R O A GG OF (R EGRORUTIT QBN C AF 7 PAERIUT

t t f
AR i S B
powder X-raguadiity sfaesteoriosspe tat ofthe tivaokydeateggpasted et bh drfiigMglue: G2%E and

the infrare ct rum of  al endronate sodi um nonohydrate Form C. FI GS. 3a,
3b, and 3c gh% A%ﬁ%eﬂh\?élfvdraﬁ%@m (uiBig. 3)sh wabsshardossam drpeEof SS\O‘VB
<) 9 pe

t her mogr avi wpﬁat h és t%)th@H";yYLQI mﬁ\ & hgmmi 5%&%@! CEJ?&HE LAY o%ﬁx]@ﬂr onat e

sodi um di hy~['r or m C respectively, the
powder X-r ayoreispbrnding tm@hgdrmt(ﬁxmpteﬂﬂ@spheirmgwalwbhb?%bc (TGA) curve and
the infrared spectrumﬁof al endronat e, so

t

show, respectively, he %SWEV’VS(’[PQ)PIS&VFLFF%O[ E%Sﬁ”eéDrfﬁ%{?terﬁ?a”t”héhe éompounHQ'

(t her mogr ava.@gkd- ﬂ-%yﬂfE@But?ﬁHeM@-)l amthphddphdrit Ead etbropesbimWa Bhviag QAFONat e
sodium Form E. FIGS and 6¢c show, respectively, the powder X-ray

di ffracti onCONREEOf bﬁ‘/" ‘LOHé 7t41é¥ FRAHTHL A lisRHE eci vk) oneaviyalnmng of 9eiunhbassr ed
spectrum Ofmaaln%%d?ﬁmd&n%)sgwém f@é’cf@dﬁronﬂh@srou%aconzgun%‘ﬁﬁ alGo1PMS O,

respectively, the po X-ra iffraction spectrum
t hen- nogr aleMﬁatapQIWl(rTGm)Cowhswlmﬁ@bhph@nﬁ/nf teirethespavriding aflfoldnendr onat e

methy! pyrrolidinone and dioxane.

The invention further provides a method for making Form D of alendronate
sodium, comprising treating alendronic acid anhydrous in a lower alkanol with |
equivalent of sodium base and 0 to 4 equivalents of water, followed by isolating the
crystalline alendronate sodium Form D.

The invention further provides a method for making Form E of alendronate
sodium, comprising treating alendronic acid, which is in anhydrous or monohydrate form,
in a lower alkanol with | equivalent of sodium base and 9 to 15 equivalents of water,
followed by isolating the crystalline alendronate sodium Form E.

The invention further provides 2 method for making Form F of alendronate
sodium, comprising treating alendronic acid, in a lower alkanol with | equivalent of
sodium base and 5 to 8 equivalents of water for anhydrous form and 3 to 20 equivalents of
water for monohydrate form, followed by isolating the crystalline alendronate sodium
Form F.

The invention further provides a method for making alendronate sodium



sodium Form G Figures 8a, 8b and 8c show respectively the powder X-ray
diffraction spectrum the thernogravionetric (TGA) curve and the infrared
spect rum of V@:@agglfqnat e sodi um of Form H. 1 0 Jl~ 200 DETA o 98]39 JAN 7003
DESCRI PTI ON NVENT10N The invention discl oses new hydr SR of
al endronat e sodi um having water contents of 1. 3 percent to 11.7 percent.
The present invention al so discloses new crystalline fornis of al endronate
sodi um whi ch have been designated Forms B, D, E, F) Gand H The term
"wat er con N : n ; tgr s dkh

ogggtys r%@%&nﬁg@r&h?ea%ﬁ b RRAroRk 2 2 &'a lg@éﬁﬁilk%‘r'rmg&ﬁh ﬁ%c}u?vﬁ%n@ﬂf

Drying net escribed i n Pharmacopei al  Forum™ Vol . . |, page
5438 (Jan FEsdiur $28) andaeraaldenithatcbmditiods desdribed hermetrafier, ifs dyesldry isgdatmgt he
percent of weight that s |lost by drying. For Forns G and H the term "water

content” rERADIFWAGOIFHIORPIYFAGat er based upon a TGA neasurement and a
t lysis in th f =
step analysis in ther Em@@#@gthgﬁ}%ﬁg%aﬂ&%ﬁ& &&%3%%%@rG%f9eB hndi M G

and 35 C - 200 C for Form ower al kano S to alkanol s
| zavin~ 1 tedidmcaunioisiral oarsing Bleadenicadid, tvelowal kikmadl svithnicéquiteniett bfinol |
met ha, cl and i sopr op%nol. The term "equi val ents of wat gg{i means nol ar
equi val ent 8od¥m RaseeAnd Wajer Wndenihe sondivensalgscsibgd hergmafims, flloavedhydsplating| ar
equi val ent ?ne%frys?a‘?ﬁﬁ %5&;&: \s,%dTm%ng'ﬁl led in the az-t will appreciate

that the term™nonohydrate en used 1n reference to alendronic acid
descri bes a crystal | TpgicatbuenoEiminay coglitonsdérepreppimpaiindaiat. sédumifome
skilled in_the art V\e I : a\lzeso understand that the term "anhydrous"” when used
in ref er enBert &5 dgsenbrdinitee toliowngdaliei bes al endronic acid that is
substantially free of water. One of'skill in the an will appreciate that

t he term " ndaBHgdraa&onithen usedSelKentef er ence thaeferied RargssodRengedl t of

al endr oni ¢ aciddixfegieFotres a crystal | i ne mat eri af Watei ng a waMatercont ent of
approximately 6.2% One skilled in the at-t w IHqualagkmt appr ecEatieal¢ehiat t he

term "di hydrate" when used in reference to the nonosodi um salt of
al endroni ¢ Mepenyederi bes a crysVgienele nmateri 20-38vi ng a wat®t7xontent of

appr oxi mat e 1.7% One skilled, in the art w,l | -al so apprecpate that the
term"1 /4 h B?I%déaLCMen used ingtpgt?oérence to t]ﬁémrgonosodi un‘?(g'g@t of

al endroni c pehohWeseribes a crysialbpag materialgfravi ng a wafgepgcontent of
approximately 1.6% One skilled in the an will also appreciate that the

terms' 1l 3 hyamairels when used i n Methatigtnce to t56-1rSnosodi um &rl0 of

al endronic acid describes a crystalline
Anhydrous Ethanol 15-40 25-35

The invention further provides a method for making Form G of alendronate
~N sodium comprising treating any one or more of the crystal forms of alendronate sodium
selected from the group which consists of Form B, Form C, Form D, Form E, Form F and
Form H, in a lower alkanol, preferably ethanol, with 20-40 equivalents of water under the
conditions described hereinafter followed by isolating the crystalline alendronate sodium
Form G.

25 The invention further provides a method for making Form G of alendronate
sodium comprising treating alendronate monosodium trihydrate in a lower alkanol,
preferably ethanol, with 25-35 equivalents of water under the condition described
hereinafier, followed by isolating the crystalline afendronate sodium Form G.

The invention further provides a method for making Form G of alendronate

30 sodium comprising treating any one or more forms of alendronate sodium salts preferably

selected from the group consisting of monosodium, disodium, trisodium and tetrasodium

SUBSTITUTE SHFET (RULE 26)



9 0 ~Aly LuG WD 0011251 7 PCT/tJS99/ 19838 materi al having a water content

of approxi mately 2.1.% One skilled in the art will also appreciate that

the term "hem hydrate" when used in reference to the nonosodi um salt ¢f) JAN 2003
al endroni c acid describes a crystalline material having a water content of
approximately 3,2% 5 One skilled in the art will also appreciate that the
term"2/ 3 hydrate" when used in reference to the nonosodi um salt of

al endronic acid describes a crystalline material havi~~3 a water content of

appr oxi mat ely 4. I%%]aﬁé‘ﬁalﬁﬁo'l bFe¢erht5)¥fem@n@r\at)thVW0 10 845021 8RPH LGL A} snaeh@}te the

term"3/4 hydrate" en used I n reterence to the nonosodi um salt of

al endroni c aonditibas dedceibed Bereing Serafdllowed by Goraingnheatryhaliinegleadsabiersodiamt ent
of approximately 4.7% One skilled in the art will also appreciate that the
term "514 hyrat€: Indheavars 8wt i srasing OAtE 120 is HEhADHGS Twingsadien (e.8f

al endroni c id.describes a S ne materia tent of
appr oxi mat elcgsofd’%‘%t MERE UG t'f’lé% #’Hmﬁ He® DESSR Oa&?% aggpprggaﬁtﬁ%aﬁzn ©Mhe
term "4l 3 hydiateorddh @ mddtaie 88 pHuthebgUeNce to the nonosodi um salt of

al endronic acid descrl bes a crystal line material having a water content of

approxi mately 8.1 % Che igkértiopduriher prowides & mwdthdd far sakagdrosmi Hibéalehdonathe
term"3/2 hydrate" when. used.in reference ta Fhe m&oaodi um sal hx%f

al endr oni ¢ STBTUSSEPTBRE lfaafeva/éfraqr?n%c’ﬁa RIFD Bt AV Y Ra®en ¥ Bakent of
appr oxi mat elgy9. 4 a%wgroalﬂ%@k»)n)‘l onEQ €a) & I kls@ﬂm'nrbats@ﬁldafstto‘%lel uRRRLEGrat e

that the term"tri hydrate" when use in reference to the rmnosodl urn salt
of al endr onlwatacuddqrelﬁfeccmdttmnadcscylbd:dilhdrcxnmcﬂrafoépwad b &elatigg ahenatygtrllinent ent
of appr oxi ma[feldg 6‘V T e t "sodi um base" refers to sodi um hydroxi de
and the sodPlFRIKEEGOM: vver al kanol . 25 Aiendronic acid can be

prepared by methods thraﬁe nammﬁlfdnrlenpmldeaawh@rfbr mifllinKaRa6 b Kal 8l drBnate
| zv, Akad, Nauk USSR, Ser. Khim 2, 433é 1978) di scl osés a reaction for

maki ng al endPGHMG CABPUSINAlERiNEINENEreds ¢Fid menahtsatpén plosystnbdnblywithenpr ocess
di scl osed i QgMa%enP@fts%ﬁhnl:\lg se%ng’gjr%gzg valEmWoHvath @@&ﬁcﬁbj&%gmn g} When

al endronic a I'S recryst a 1ize rom wat er sin rocess
t he nonohydcatsesliise 4lewdreskte sodium Form B.

The invention further provides a method for making alendronate sodium

dihydrate comprising treating crystalline alendronate sodium trihydrate with an effective

amount of drying agent followed by isolating the crystalline alendronate sodium
dihydrate .

The invention further provides a method for making alendronate sodium
monohydrate comprising treating crystalline alendronate sodium dihydrate with a
sufficient amount of drying agent followed by isofating the crystalline alendronate sodium
monohydrate, |

The invention further provides a method for making alendronate sodium
monohydrate comprising treating cr;ystalline alendronate sodium dihydrate with a
sufficient amount of drying agent followed by isolating the crystalline alendronate sodium
monohydrate.

The invention further relates to a pharmaceutical composition which
comprises alendronate sodium, having water content of 1.3 to 11,7 percent in a
therapeutically effective amount, and a pharmaceutically acceptable carrier.

The invention further relates to a pharmaceutical composition which

comprises alendronate sodium in Form B, D, E, F, G and/or H in a therapeutically



Al endronate sodiumtrihydrate can be prepared by the process disclosed in
10 SUBSTI TUTE SHEET (RULE 25) 10 JAN z003 U.S. Patent No. 4,922, 007g Tﬂ?%}
contents of all references cited are incorporated by reference. Al en rdm
aci d nonohydrate can be converted to al endronic acid anhydrous by heating
in a vacuum oven at 110-2?0C at a vacuumof less than 5 mm Hg for 24 hours.
1n accordance wth the process aspect of the present invention, alendronic
aci d anhydrous as prepared by any of the known nethods is added to a | ower
al kanol , * pregfeiiabl¥o8LNaNL] phdAgRLENy W hi A iSaium base, preferably sodi um
hydrOX|de) and an anount of mater thag depends upon the desired crystal
form of al endronate sodium The nolar ratio of sodium base to al endronic
acid is 1:1. Those skllled |n t he art wi |l appreciate that a higher ratio

of NaOH wolBRIEF B : 2O F BHEDRAYSN G and trisodiumsalts. The

reaction ntxture is b der, r R sly for
approxi mately 15 hour @d‘tﬁﬂa[ pr ﬂé SH“U? %&*’f""gﬁt‘%&‘ﬁé sé{fa n%ff%‘g&lggnst ant
(approx. pH Z&zmnsirmet}%ﬁnb@%v@h@mr(maxt)euﬁ@cthumtd % fohanrpt&AIAb LA ndrordier abl y
by f||trat|on after coolinhg to anbient tenmperature, washing with absol ute

et hanol ) opbdmmaFéyn Washi ng with absol ute ethyl ether and drying overni ght
in a vacuum oven at ot e ature and .at, a,pressurg of .. mmto 15 mm
of mercury. For the ;a)% Q;Pdtez;‘? %Og’p@@?efc eyi g poﬁﬁrﬁ'%’ﬁ?}'gi‘%ﬁﬂo{gture i's
from about mﬁ@&rdne tﬁ@%tmgéa%memcq@ew) ‘ééwe%nwtrtehsntraedee&%h;sopénetmﬁaze

i nvention erein al endronic acid nondhydrate is converted to al endronate
sodi um aIendnmnmonabﬂﬂmnﬁnohﬁdrate as prepared by any of the known nethods

or ot or bl y sodi um hydr S oy cafld % SR FarrelkOime opHicsre SRERsn: o

wat er depergéctHp®nhé hﬁrrﬁééf&%@tneﬂcrﬁr(mﬁfm@ﬁrv’e%nﬂ@t‘d ih@tred Epec vl &f alemdroRatof
sodi um base to alendronic acid is |l:l. The reaction m Xxture is boil ed under

reflux whi lsedisi diiydepte/Feyor Gusly for approxi mately 15 hours, until the pN
of the liquid phase r [ onsit

al endr onat e sodluntlgqgﬁe%§ﬂ§o¥%tég%opre é%g%Tgugz%?w§%¥gﬁﬁ%ﬁkg fg? cool i ng
t o anmbi ent spenmpes,abaitterhodreowaetrioy TGaS binvg and the iabsel wpetethefwendrossdi ng
wi t h absol ut er nd drying overnight in a vacuum oven at anbi ent

t enper at ur & gHH’éF"h pressure of 10 nmto 15 nmof nmercury. |n accordance
with the aspects of tHiGS. 541\s@MdnidGa snbterxemcamyl,ctheaab@ersodawmﬁrasdntmytdr ate
(FormC) is converted to al endronate sodi um di bydrate (Form W}

7.00 al end%‘?fé’t”@“ é}éfdfll}?ﬁ“toﬂf"}’{weéftfe( @Wé&d@eetwnﬁ%ﬂéa@wmwlr fPtat& art
is added tg which is substantially free of water, preferably
absol ute et anol |s m xture is treated with a drying agent preferably
by refluxing the m xtﬁlﬁé o 64, andfélcuhO\admnB‘eﬁﬁy,vth@P@ertXmaVcdjfﬁﬁrﬁ@at e
formed passes.throu 3A nDIec ht, n

mol ecul ar HBVEE" t?noegQ’Ie o ona te s E‘?ﬁﬁ‘l&{?'; I%;[éc]?’gt/@rigjga Sr\eg?gr%a%ﬂaﬁﬁdggna?; 2:1
and rnosi pedberRdmyF.12: 5 RefIUX|ng of the mxture is preferably done for
24 hours with stlrrlqg Al endr onat e sodluntdlhydgate I)%ihen h§o|ated
preferably by filtrathlG8 & t/8randdsishovy rePeamys Bt eP‘é‘ﬁ‘ifé ity HIErREHORI ng with
absol ute etgatmﬁn%edmeh mggnaw%wrmtrdm cBryeanU YRR RYSRdabe QR 6Phich@RRgieat ur e
and at a pressure of mercury. In accordance with the
aspects ofsmdnmnﬁqmmdﬁtlon wherei n al endronate sodiumtrihydrate (FormOQC) is
converted to al endronate sodi hydrat e .(Form C ate sodi um
trihydrate as prepar tl}ag‘ﬁi’}s é@ﬁ»é%t@%@ ﬁéff‘ﬁ?&gvﬁﬁbhvﬁwnc?wef h@fﬂé{r a§ 8%8ded ~o
an al kanol smm hife SHURSIRRibAb Y (T‘Gﬂ?c@fve‘é’ﬁ‘é e infPhrel epRlhih aSidrbhRe
ethanol. ' This mxture is treated w dryi ng agent, preferably by

refl uxing sddiumio{tfor® Hn a refl ux condenser wherein the condensate forned
passed t hrough 3~ nol ecul ar sieves. If and when a first portion of

nol ecul ar sieves is exhausted, a second portion of fresh nol ecul ar sieves
is used. 'The weight:weight ratio of nolecular sieves to al endronate sodi um
trihydrate is preferably about 2: i and nost preferably 12:5. Refl uxina of
the mxture is preferably done for 24 hours with stirring. The m xture is
al lowed to cool to ambient tenperature before recharging with an
equi val ent anount of nol ecul ar sieves. Al endronate sodi um nonohydrate is
then isol ated, preferably by cooling to anbient tenperature, filtration,
washing with absolute ether and drying overnight in a vacuum oven at

anbi ent tenperature and a pressure of 10,mm and 15 mm of nercury. In
accordance with the present invention, ﬁe new crystalline fornms of

al endronat e sodi um and t he neM/hydrate fornB of al endronate sodi um may be
prepared as pharnaceutical conpositions which are particularly useful for
the treatnent of bone resorptlon |n bone dlseases |nclud|ng osteopor05|s

P T T o "




EXAMPLES This invention will be better understood fromthe experinental
detail s which follow. However, one skilled in the art will readily
appreciate that the specific met hods and results discussed are nmerely
illustrative of the invention as described nore fully in the clains ﬂiﬂaiAN?UM
follow thereafter. Exanple 1 Preparation of Al endronic Acid Monohydrate

Al endronic acid was crystallized fromwater to nake al endronie acid 13 WO
00/ 12517 PCTNS99/ 198~~ ~~N, ~ ~~~"; nonohydrate. The resultin5 al endronic

aci d nonohydr, O('f% NVR essure for 1 S hours to
give dry al ERIEE gl W'd%% 9% wat er. Exanple 2 5
Preparation of Anhydrqtrélweﬁn&rml&eﬁﬁé\dh mteafbﬁﬁsd@mrfarmedsdmn@mmﬁgue
fromExanple 1 was further dried at 110 120Cin 1 nmHg for 4 hours to give

anhydr ous ahergdroniestsadildl pathentvat let paostent was 0. 3% by wei ght. Exanple 3
Preparation of Al endrgnate Sodi um from Anhydrous Al endropic Acid A 250 ml
flask was f| tted with éemwﬁnveaq'oww<i1té¢rloscanfwgrmee rmgAbeigndrenaiex

condenser. 1 f | ution of sodium
hydr oxi de i élf%ano%(b W4%EFB%&£M% rﬁs'LBBDgé’n}fG 0Z}?hanol water (0 to 40
nol . eq., according tahkhemCryutkt 3bntémt rafelesd medbmeﬂruiwager(ba@edlummhé Lods

anhydrous al endronic acid. The reaction 1S mixture was boiled w th
vi gorous st p® Dirwggmh@domﬁesqnbsd noﬂragﬂ@ﬂwmal F%‘e‘%f‘/obﬂ"ro?\lot heige §6d & phase

i ont tnpit S P RcUafoh N ebRen (B BB R) uls Pt PR R ALt o

et hanol , anghsdy €firdy eF gtiFghhs Gnnd H/ta@télﬂrW"Wé&fﬁ c6r34@ntf' rePershlg theadthk @R bf water
tenperat uregJ to give 96-99% sodi um al endronate having the follow ng crystal

forms; crysbased EBeme DO Avmeasuperuent pider Semiy1a)yse- ip thegmperature genegenf €Pouker e
d; I | . d;
use crystsd I:QFO?/\,I?en% g\p?ggn?{o pgo@_f SR ;wopp(?r)rn HD' eq. water were use

crystal Form eferably 1 wat er ~~~ere used,; and
crystal Form G, when Th&tedd "{qweehikpradd] ;efﬂs{o’.%ﬁ)(armdﬂ havery, | wed earbwesiemased.

The nonosod] |t vva conf.irmed ] tlon nd by neasuring the
R e C A A R L S A LGRS L M S AN I
Preparation of Al endrmnateﬂnS@@lhw@nﬁsr&TWa%remﬁ@@mexaé\ewvé\remay%&tre A 280 m
flask was fitted vmthamachanlcal stirrer, a thernoneter, and a refl|ex

condenser. The flask HWASIEERAPHEWRISHS T sQ U base omeaps gustian saivy bt s ofciod m
hydroxi de 3Q..in ethanol (0.49 N, 18.7 mmol), 4.8 nl of ethanol, water (O to
100 nol . eq., according to the crystal formdesired), and S g ( 18. 7 mmol )

of al endronic acid ek ISR (HENBt will appreciate that the term “monohydrate” when
used in reference 10 alendronic acid describes a crystalline material having a water content

of 6.7%. Those skilled in the art will also understand that the term "anhydrous" when used
in reference to alendronic acid describes alendronic acid that is substantially free of water.

One of skill in the art will appreciate that the term "monohydrate" when
used in reference to the monosodium salt of alendronic acid describes a crystalline
material having a water content of approximately 6.2%.

One skilled in the art will also appreciate that the term “dihydrate’ when
used in reference to the monosodium salt of alendronic acid describes a crystalline
material having a water content of approximately 11.7%.

One skilled in the art will also appreciate that the term " 1/4 hydrate" when
used in reference 10 the monosodium salt of alendronic acid describes a crystalline
material having a water content of approximately 1.6%.

One skilled in the arnt will also appreciate that the term "1/3 hydrate” when

used in reference to the monosodium salt of alendronic acid describes a crystaliine



14 SUBSTI TUTE SHEET ( RULE 26) 10 Ju~V 7_~0~ reaction m xture was boil ed
with vigorous stirring for about 15 hours until stability of pH of thﬁUJAn' 4
[AVIT}

| i qui d phase hed (approx. pH 7). After cooling of the reactio
mxture to a%@%fsﬁzmerature the precipitate was filtered, RaShed Wt

absol ute ethanol, and dried overnight in a vacuum oven ( 10-15nm Hg)
anbi ent tenperature) to give 9b-99% sodi um al endronate having the foll ow ng
crystalline fornmns: crystal line Form B, when 0-4 (preferably 0-2) nol. eq,

wat er were used rystal line Form/FE. _when Sy . eg. water were used,
crystalline ’E@F{ﬁ?]éaymgnwaiir Qw(’b?téjpgfoéﬁpatg%) fr?DI eq. water were used;
and crystal line Form @pempenedlipthbQet ir Sdedpppddiae aBMk e "heﬁqhyd/f@c&emwre
used. The nonosodium salt was confirmed by atonic absorption and by .

measuring thsepid r@ferenc@ t@%aqmsmhum@alwf ¥andbnic heidglgsaribeappnssallipgH 4. 4) .
The water content chnl gque, heating the sanple

to 230C and 'E%ff"réﬂlhéi”i”ﬁ@ Vfaﬁ%r °§H5§P‘p°sfjlf’%°ﬂ”8§[516§n dryi ng) step, which occurs

above 3sno~ 1 ~ " ~.. ~One kMR theArtRNRIRAIAIPpEELiRE thaOfk WA ZDATRIRE Ghen
Di hydrate A one liter flask was fitted with a nmagnetic bar stitrer, Soxhlet

extraction fusethisl re{feogrer & thagnanobadimen 3800hdl¥ndrhaic geid dedcribbega grystaiirecul ar

si eves (60 ex .condens connec a drying tube with 3A

nol ecul ar s%@géaq%ﬂl‘é‘bﬁvéaﬁ{ SRAEN ‘%‘P@‘é’a R flﬁd4 ;gl um al endronate trihydrate
(25 g) and absol ute ettanplileddbhedt wividlisc®appteciiid Bt the Grd93/4 KNG Whes ©
was b0| led with stirring for 24 hours. After cooling to anmbient tenperature

the 'solid rasediniraferengs i the meanespdiuga steel wrtdﬂiomg@rid@@r@tmpr}etaﬁme and

gi ve. <80 um et afad EHEANER Stk A2t Ton of Sedtum

Al endr onat e Monohydr at@heAkiRg in fhe @t Willasde appeeclatd thedhwidri '&/4R %n@tte'r whbgr
stirrer, Soxhlet extraction funnel (operative volunme 150 m) charged with 3

A 1ol ecul ar Usebingsier@ne i the mngosasiure salbofidertdsenic acid dessrides a ervatallingi ng t ube
W t h 3 A m(’%gé%a)%%‘?{agég‘é‘ r'g?ﬁegt O%E%}%?’}é@%%eﬂ w th sodi um al endronat e

trihydrate e etha , vol.%of water < 1S ~ o0
~A~ 200s WO 001 12517 RGE/skife8inlB83a vl h¥p.appreaatethxtihe erwad/Jwydrae whih

stirring for ?4 ho er cooljng to nblent tenperature, the used
mol ectPar siUaA8 r&fgrf‘@cwﬁ 8 EWR0LoG U SRR amdrw &7 SsRcRBFeR IV atRlliE oves (60

9) and the rohd BXhY@] %Eér'&b'rﬁ%to% ;ﬁr@lﬂi’rﬁdt@?%' | %4 hours. After cooling to
anbi ent tenperature t%e solid mater al was tiltered, washed wth absol ute

ethyl ether, and S driCxd skiled i tghartlmllalsoal@nmmawbﬁ tife &M 1'3/2nhmidkige” shdni ent

terrper at ure e SO m al endr onat, e nOh rat.e.., Ex e repar ation
Lenper at ur e} |0, gLue. sod .ol cRdr.ongl e, mmnon R NN g
of aqueous elafa0haing O diatemc biyteH: ©X bpistoxifasaY Ot leet hanol (350 m) and water

(59 m , 35x0.094np1) Were m xed. Sodi um hydr oxi de ( g assay 99% 0.094
mol ) W@s di ssol ved i nFiBliysthese skiked “aﬁﬁ‘ﬁéﬁdslnealpﬁﬁﬁt%e thqu ¢ fesma b YSERIequeous

ethanol was 3£ dsddinREERAL LS HIRGRILAR sl o Bh &AM Fa AFerRT) § FRARMRYIT at e.

material having a water content of approximately 16.6%.
The term "sodium base" refers to sodium hydroxide and the sodium
alkoxide of a lower alkanol,

25 Alendronic acid can be prepared by methods that are well known in the art.
MI Kabachnik et al., Izv. Akad. Nauk USSR, Ser. Khim, 2, 433 (1978) discloses a
reaction for making alendronic acid;

Alendronic acid can also be prepared by the process disclosed in U.S.
Patent No. 4,621,077. It will be appreciated that when alendronic acid is recrystallized
30 from water, as in the above process, the monohydrate is formed.

Alendronate sodium trihydrate can be prepared by the process disclosed in

10
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A one liter flask was fitted with a mechanical stirrer, a thernoneter, and
a reflex condenser. The flask was charged w th al endronic acid nonphydg a5%
(25 g, Q094 nol) and aqueous ethanol. The m xture was heated to borling
with stirring. The aqueous ethanolic sodi um hydroxi de was added dropw se to
t he suspension of alendronic acid 20 nonohydrate in aqueous ethanol for 3
hours at reflex with vigorously stirring. Then the m xture was stirred at
reflex for additional | S hours. The m xture was cool ed to roomtenperature

With stirri The | ] filtered, washed with absol ute ethanol, then
wi th absol up&é}taﬂesﬁ ﬁgt%’gﬁ,ﬁ\@@nd dried overnight in a vacuumoven ( I 0-15 nm
Hg, anbient tenper at Uirgy cdiflerd ¥ P ickerfle OLincRl SO ADBHS AL RAnCBAVI NG
crystalline Form G 25 Exanple 8 Preparation of A nélron te Sodium Form G
from Al endroni c Acid Mbmdiontt &did mdfoBrdenacat bearonoérteaiqu @lznsrogidwidl i ¢ sodi um
hydroxi de: Absol ute ethanol (250 m) and water (59 m, 35x0.094 nol) were

m xed. Sodi ¥MYR{RNSSXiNgRINEIN G VcuB §58n ddh-280 (02t mvAcpumes legs dwpsved s 45

m of this AdueQuUs et hanol . The renmi ni ng aqueous ethanol was used to
prepare a suspension of alendronic 16 SUBSTI TUTE SHEET ( RULE 26)

~QJA~7. 003 acid nonohkddcasrdanc® viftethk ipkessfds peds oM phdskhtasventibhl endesdiani cal
stirrer, a thernoneter, and a reflux condenser. The flask was charged w th

al endr oni c 24 anlivsioiyedpeepared 3 agy ofthedaown sethadads aifad susiostenatkenol, The

m xt ure was_hegat.,ed oj Li with stirering. The aqueous ethanoli¢c sodi um
v oxi de. vBerRate s AP ke Bt AeSUb Baltepes e T A SR PR o
rnonohydr at imbiht 2 W $ha€EéRAGYE upAthSd&rared Srydfal fobldnsientidoRare isBMLAUSTHE
stirring. Then the m xture was stirred at reflux for additional 15 hours.

The ni xt ur engkas raeRfsadivg hasoin alerdserasuid & id tThose shillgdig.thera wildl i d was
filtered, ' : ' [ o vacuum
oven ( |O- %ﬁwﬁgﬁ&p&z%%@%wg ur%%lgpglég{h\%gg%eg%g&gd%?’&'g endr onat e

sodi um haurisgdicmysattal ThereadtonmiGiurEsapbdutiePreiua vetiiedringfstiAlee nidoonstye

Sodi um F G from Al i ¢ ACi dr.at, ti f
R S R N R R
35x0. 094 nohy) ompsllink mﬂdromsliswmmﬂmx'ﬁs@&xe(d?)rl%fgasb@wmra%%aﬁ@r 82inges )

was dissolved in 45 m of this aqueous ethanol. The remaining agueous

et haln_olt vva?znﬂf%}zﬁf f@@Pﬁf?tﬁaL‘;@:ﬁ’%t}ﬁiﬁéﬁﬁ;gﬁ_eﬁﬁa@h ?ﬁmnéw l'}’aﬁéfi‘]ajwﬁbﬁb?rt:}!iﬁat e A
one liter : : I gp(pg er, and a
refl ux. coné@sépr{g?é?{]g )érfgasvk \Aggtqgﬁggge@ (\S;\A&t r?%a élr?g{%rr? %Jaélg% nonohydr at e
(_Z;Shg, t 0. Ogﬁemtﬁ)ofd@dnmqmebusn ef hnlamnry Fﬁn@er;ihquqscegﬁé\tdas sha&ﬁﬁiogoadrbbihm ng :
W stirring. e_aqueous i,C m hydr oxi de was added dropwi se to
t he suspenéf%ﬁerg ur%lsce}ﬁod? gk?ﬂ”ﬁgi(?go %’Hgfﬂ{?g‘late in aqueous ethanol for 3

hours at reflux w th Miagoréanst wisitthe s5pags offhérintdneiofiiwtieteirealemdrositiatided at
reflux for additional IS hours. The m xture was, cooled to roomtenperature

with stirriRIOPYABISIEICPRYCHES 1T §IFRUPRAIC SARETEIENATANE 21 B0y Et'hdhol , and
dried over rgﬁ’htrcd Y %W@Fﬁ%o@%ﬁ‘ﬂe&o_ s 2dddmy Egalkér%l?ﬁgerﬂb@y S o1 28 g &G erf
al endronate sodium having crystalline Form G Exanple 10 17 ~ 07 JAS
7.00g VI' OvO01 4 8&tiym base, preferably sodium hydroxide, and a desired amount of water. The
amount of water depends upon the crystal form that is desired. The molar ratio of sodium
base to alendronic acid is 1:1. The reaction mixture is boiled under reflux while stirring
vigorously for approximately 15 hours, until the pH of the liquid phase remains constant
(approx. pH 7). Crystalline alendronate sodium is then isolated, preferably by filtration
after cooling to ambient temperature followed by washing with absolute ethanol, washing
with absolute ether and drying overnight in a vacuum oven at ambient temperature and at

a pressure of 10 mm to 15 mm of mercury.

In accordance with the aspects of this invention wherein alendronate

sodium trihydrate (Form C) is converted to alendronate sodium dihydrate (Form C),



PCTI US99119838 Preparation of Al endronate Sodi um Form G from Al endroni c

Aci d Monohydrate Preparation of aqueous ethanolic sodi um hydroxi de:

Absol ute ethanol (250 m) and water (59 m, 35x0.094 nol) were m xed. 1@ JAN 2003
Sodi um hydroxide (3.8 g, assay 99% 0.094 nol) was dissolved in 45 m "of o
this aqueous ethanol. The remai ni ng aqueous et hanol was used to prepare a
suspensi on of al endronic acid nonohydrate. A one liter flask was fitted

with a nmechanical stirrer, a thernoneter, and a reflux condenser. The fl ask

was charged,w th al endroni.c acid nonohydr at 2 0..094 nol nd, aqueous
ot hanor i ey S8 MiBuPEk s EPRER Ph bt By Srthedes REa0

et hanol i c | rXl } N Sy ] ;

a1 ondron o 35T BT hoans S ara ey eSO PR For e puRREr TABE B
vi gorousl y tedatadrwitiga difienagddne preftablyebywafiuhg the esixatre iref Fefdax fcondeackdi ti onal
15 hours. The m xture was cooled to roomtenperature with _stirring. The
solid was Phareindbe conslerrats lrmpd passwl thicasle Aandtcularisisvesi The weightaweishiut e
et hyl ether, .and dried overnight ,in a vacu oven.(_10- 1. S ) 40- SO C)
Co i ve. 2684 B maisshi Shaso oo st FdPRAER i ot Baathy U Rhng 0L 5
Prepar at i onyréferadhenms ORaiexis e aF thnfifum {s@reftra BNaBhe feh aNaes WRE kg
Trihydrate 20 A suspension of alendronate sodiumtrihydrate 1.0a (3.08

mol ) in aglesdisnat badioh dihytBatets thén sphsadopreferablp byifilwéti madfer yoalmg thoi | ed
at reflex wth Af.t er .cool. ng. to anbi.ent tenperature

irri f 15 hrs.
The sol 1d RALISMEBPeE e Jerie b Ry E e e Raina e Boha BRSNS oo
overni ght iaPaRbMAELHPeARR ahd 30z dresstre 61010 ARh ENnh @FRRFAKWre) to give 0.9
g of alendronate sodium containing crystal formG 25 Exanple 12

Preparation of Al endrionetoedabsdiwiintPorspedts f bininy estign ovtieceineieddiobatohydr at e
Preparation ! h l.i ' roxide;. Absol ut e et hanal ~(50 mnl)
and wat er f %&9’@?&%’%&0@%&@%? §°n&/g'géeﬁ%az%gfon§6 Sé%‘(‘f fnu%oﬂ%rdf)% Q@”{'& )76 g,
assay 99% a&nﬁﬂc@xamﬁo)jiuwa?ihdﬁ&smmgdpdrm 8y anyrndf tef medhbss W»@OM}?hefm&&mHeq The
remai ni ng aqueous et hano s used to prepare a suspensi on of al endronic
ol d monohyaiasUen e UBS H BT Grict of KEIEE P 2DV objeLtmpl. Ts

PCTNS99/ 1985Bturé ivhrearsllrih AR e, bASaRS, fatisthat g EhaRGR!

stirrer, a thernmoneter, a dropping funnel ,“and a refl ux condenser. The
flask was eordegees wherein shecarmdensiate fauned! prssediiyravalt A (molgeuler shaves.nifland and

aqueous et hangl. o THE-AGHANS Sl DARIL & aadlum Dysliax pde,as added digpui oe

to the suspeénsion onrc acid nono rate i n 5 aqueous ethanol for 1
~ m nut es sievesei lused. il Hehwai gigtowapist rptis df mhplienigar sdves mo xleodrenmasoditven ref | uxed

for additional ( 5 hour The npixtuyre was . then cqoled to rgomtenperature
Wt PiRarke & DRKRy, A P st SRR S Kb el YR BADF i<t o
wi th absol giegerably)done 1o, hoartwill 5@eingV Eho m@hireiiHaRowarioWHoP@mbient0- | S
mm Hb, anbient tenmperature) to give 5.2 al endronat e sodi um havi ng

f
crystal | i nEETRSFHG beforarechaiggre Wik @@Fﬂf{%@g@géﬁ*@w Wreslesyasiaitbodi ment s of
the invent A@%dp&)\ﬁ?e QR8N g‘\%ﬁgﬁ h&d ipﬁ’ﬂ'éms'alatégg pr\‘:‘f‘eHblp%%%ggﬂoe{atan‘tb%nrt hose

skilled in the art to whic e I nvention pertains’that vatiations and

nodi f i cat i enpeodtutehBlicas, rwindthgenito el sokid eharayd Beyingdeemighhudt vadeyar t | ng

fromthe sgi rit ar?)d scope of the inventi an ACCOJ?% n%ll% it is intended
ven at ambient temperature and a pressure of 10 mm an mm of mercury.

In accordance with the present invention, the new crystalline forms of
alendronate sodium and the new hydrate forms of alendronate sodium may be prepared as
pharmaceutical compositions which are particularly useful for the treatment of bone
resorption in bone diseases including osteoporosis and Paget's disease. Such compositions
may comprise one of the new crystalline and hydrate forms of alendronate sodium with
pharmaceutically acceptable carriers and/or excipients.

For example, these compositions may be prepared as medicaments to be

administered orally, parenterally, rectally, transdermally, bucally, or nasally. Suitable

12



| Sthat the invention be limted only to the extent required by the
appended clains and the applicable rules of |aw. 19 SUBSTI TUTE SHEET ( RULE
26) 10 J~t1V ?CE7,i WE CLAIl 9. 1. The conpound . 10 JAN 2003
4- am no- 1- hydr oxybut yl i dene- 1, 1- bi sphosphoni ¢ aci d nonosodi um salt havi ng
water content of 1.3 %to 11.7% 2. A hydrate formof a conpound of claim1
which is any of the hydrate forns selected fromthe group that consists of
1 /4 hydrate, |1/3 hydrat.e, hem hydrate, 213 hydrate) 3/4 hydrate,

nmonohydrate, 5/4 hydrate. . 473 h / ' o , 3.
The corrpoun%mﬁ§ g%%%-@%?&%&?%‘ﬁ%?% %glﬁg%%g%?&sg%%g% n!lg)ég%ﬁ%gse’rsr%cr}\%gbdi um
sal t havi ng,pabepe aant Ele@,fsu%alﬂng%lttéb]ezs,@gmpélan&rh@p@rﬁmyt@gpé’f‘éﬁt@faqj! ng to

cl ai m 3 havi ng ter content of about 6.2% 5. Al endronate nonosodi um

nmonohydr at eadnfinistFiméorcihepowend oapeovidts agpewesodraiias iat witiugda an 2qetoas achenr-i zed
by peaks in the powder xray diffraction at, val ueﬁ of two theta of 12.7
t0.2, 16.2 4QUeQys seiutignQy epulsiqn;dorcinctal adpunigraipniners age pgvige@puppositorics

nmet hod of p ri 1. 0 . any j: . : i sing
T oot BOSEAVHRE 5, SRRAN Oyan gl of R I OH A A

4- am no- 1- hyeeseKfobmt MatibHEREoVER #rthe SRhaapdtemb Cdeived therke AroneviegdsMabint  of
sodi um base in a | ower al kanol conprising 5 to 200 equival ents of water;
and b) i soldslivery sysiems @ kpowndn Be aBndndder rasal dedivarvithers aghprevidgd syitaist hod

according to claim 7 wherein the. und 4-am no-1 hydroxybutylidene- 1, |
- bi sphosphoaﬁfoéog%ﬁmdefyssy%g\enésq%%ﬁﬁg}q%ﬁé form 9. A nethod according to

claim?7 wherein the |'Tivefoveddsanaly diffrastiingatiehsfwepmoblamed b e 1icae khoivh irg of
nmet hanol , et hanol and i sopropanol. 10. A method according to claim?7

wher ei n t hehsaauting BadelipssX Jeayrander ¢ Hpstoammraery Fonismessignadel hep W10 addi um

hydr oxi de, I: % b sodi um et hoxide. 11. A nethod according to
claim?7 mhes}ége]?llﬁ 1 He %gﬁgoggﬁﬁ M5 no- 1

The thermogravimetric curves were obtained by methods known in the art
using a2 Mettler TGA TG50. The weight of the samples was about 10 mg. The

temperature range was from 25°C to at least 200°C, at the rate of 10°C/min. Samples

were purged with nitrogen gas at a flow rate of 40 ml/min. Standard 150 m! aluminium

crucibles were used.

The infrared spectra were obtained by methods known in the art using a
Perkin Elmer FT-IR Paragon 1000 spectrometer. Samples were analyzed in Nujol mulls.
Spectra were obtained at 4 cm"l resolution and 16 scans each.

The atomic absorption analysis was obtained by methods known in the art
using a Perkin Elmer 5000 Flame Atomic Absorption instrument. Sodium content was

determined against standard solutions obtained from Merck and Aldrich.

EXAMPLES
This invention will be better understood from the experimental details
which follow. However, one skilled in the art will readily appreciate that the specific
methods and results discussed are merely illustrative of the invention as described more
fully in the claims that follow thereafter.
Example 1
Preparation of Alendronic Acid Monohydrate

Alendronic acid was crystallized from water to make alendronic acid



hydr oxybutyl i dene- |, 1-bisphosphonic acid is in an anhydrous form 20 WO
001 12517 ~ 0 JI NN 200 PCT/US99/ 19838 12. A nethod of preparing the conpound.
of any of chgh 2314 hrough 6 conprising the steps of:a) trea};&ﬂ‘gs%“ 8'!39 JAN 7003
4- am no- 1- hydr oxybut yl i dene-1, 1-bi sphosphoni ¢ nonosodi unsalt ina ?ower

al kanoi with 20-40 equival ents of water; and5b) isolating said conpound of
any of clains 3 through 6.13. A nethod according to claim 12 wherein the

| ower al kanol of step a) is ethanol.14. A method of preparing the conpound

of any of &lRAbAFdrde! MhOHEHIR GRABINRI 0/ hbsHyaRte Rhedridd £30°0%t 10 mm

4- am no- 1- hydr oxybut yl i dene- I, 1-bi sphosphonic di sodiumsalt ina | ower

al kanol wi Hg @essde feqll halrett s vodrywandronicaatdd oweolgnity adrémningf G2Yeevaderoni ¢
acid; andb) isolating said conmpound of any of clainms 3 through 6.15. A

met hod according to claim 16 wherein the | ower al kanol of step a) is

et hanol . 16. A net hod of preparing themg%@y@d of any of clains 3 through 6
conprising thesteps of:a) treating

4- am$o- 1- hydr oxybut yl i deReeparatidn dfpimiydhans £lendraddidoid sal t i na | ower

al kanol with 20-40 equival ents of water and. t equi val ent s of 5al endr oni c
acid; andb) isol ati ngH%EllF TOBIT 6P Ydo{ﬁ‘;?%ﬁ”\"l\%ﬁﬁ?‘ﬂlﬁ I3vaspeheAred ey | h0-

met hod accesging { Anfhigifthd hdurdaesifl AMhbdiBuld ARoAL Ka0kTHETy

et hanol . 18. A net ho@ of “prepar irng "t“he c%npléungﬁor?ﬁ‘any of cl aﬁ%%s%gé%]h\?gsugh 6
conpri si ng03keby mpghof : a) treating 4-am no-1- hydroxybutyli dene-1,

1- bi sphosphonic tetrasodiumsaltin a_| owe | kanol wi th 20-40 equival ents
of water and three equivalents of 5al &xameg acid; andb) isolating said
compound of any pgpLla@bNBr AU OMaAR SBdikh ﬁonﬁpf?gdl%ﬁssgﬁmd?gn&%&ha' m 18

wherein the | ower al kanol of step a) is ethano 0. A nethod according to
claim 12 in which thé %0ami flask wahfittedwithatmydchadead stirrerl a fiesphoephonda sodi um

salt is a osodium salt frihydrate. 21 A cC ound ,accordi t | ai,m 3

whi ch | s cHATECPRTaRy 15 TRLRE T M aE PR SF Bgp i Geftan B Lo of
two theta pfetRandl t4SN, 202 vhiio); £9 rllDf Bthbkbl 2 a1éB(030140.ntol 2dq. ABSTHInEE FhSHEET
" RULE 26) ~ 0 JAfd 7.~0,~ WO 00/12517 PCT/ US99/ 19838 and 30.0 t0.2. 22. A
net hod of ¢ephiormgesirrd).coapdR! simal) efiarhydrospaiprdreningeidhd hetreassionf 1 a)
treatd ng 4-au,nQ:.1- . ' O P o i i .

tri o at LR i YL AR SR ot st PERSRE B S ERAE R T lauid g

sai d conpopiude e§maihed aon&int (appdx. pN TieAfed casioy ditiegreb@iol miixtare 2o whbiegt n t he
reaction of step a) is perfor in ethanol. 24. Al endronate nmonosodi um

is f ormed )
heni hydr at ¥MPSBIUrGHEe siypRifte 2vas IR IV Apas Suipieg)uieiehanel. and dried
1- bi Sphospmighﬁﬁla%wmao&; @m@ﬁmﬁz@@ bRt %&g{aﬁ@@tg?yg $4-985, 8%t 3- 9%

26. The conpound according to claim avi ng nt of about 3.2%
27. The coapodracktabaongiihedolioving eiystebformsterystal iFsrme Bamdicn érd peefetaplyp@aks in

t he powder x:ra iffractipn at, val ues of .t t he 7.0 t0.2, 9.3 10.2,
g 250 ° 0L Byt E Ehed By MERUERRh S AR RRERA, £7) o b hs Vst S
conpri si NngudeBEcr§ét@TTorMIE, waen L mF'rerﬂgas}y ap) met. kg hwaleoxsrbuted; ahdensral |, |

- bi sphosphonic_acid in a | ower al kanol w th one equival ent of sodi um base
gzd 9 ! 0 ém@iwbw &ﬁ%(mfew_a{ye%;éiaiﬁflmq- WakST AteTengped ail be moRpendinm 8alt c| ai m
24 or . > r o,C = am no-
nyclr oxybut 515 SR EERe 67 4R FERRLRRe St Al IR Tt B O GRG0
met hod acceftte pait (approk apHM 23 wherein the [ ower al kanol is selected fromthe
group consi sting of methanol, ethanol and isopropanol. 31. A nethod

acc@rdi ng to claim28 wherein the sodium base is selected fromthe group
consi sting of sodi um hydroxide, sodi EanlﬂFlterlOXi de and sodi um et hoxi de. 32. A
nmet hod according to claim28 wherein the conpound 4-am no- |

hydr oxybut yl i d@neparitiod oeDAtepdeapiiofodiumdi-omi Slehdronic Acidydbnosydraten 33. The
conpound 4-am no-1- hydroxybutyl i dene-1, 1-bisphosphonic_acid nonosodi um '
sal't having water coheéhildRsowasfited vthsamegbanicheiresmGamECReEnrld Ag t o

lai m 33, . , . . e Cffr it
St oVl s TSALE BoddenGROTRE BN BEnBXeRRY 383 gt SRR osYodiin Mgt g8 O
Q0. 30 22. Ointebharpl @AMN} B, 2mnd?), SRBI WS ElhEolSWtel (( BUIOE n28) eq., according to

the crystal form desired), and 5 g (18.7 mmol) of alendronic acid monohydrate. The

14
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10 JA~d 7.003 WD 001 12517 PCT/ US991 19838 35. A nethod of preparing the
conpound of claim2 or 33 conprising the steps of: a) treating

4- ami no- 1- hydr oxybut yl i dene-1, |-bi sphosphonic acid in a Power al kan?b Wi t h
one equival ent of sodi um base and 17 to 22 equival ents of water: and'H)JAN 2003
i sol ating said conpound of claim2 or 33. 36. A nethod according to claim
35 in which the conpound 4-am no-1 hydroxybutylidene-1, 1-bisphosphonic
acid is in a nonohydrate form 37. A nmethod according to claim 35 wherein
the | ower a ] I o fi ORNSILST & Q!

et hanol and}eilégtg%i rgﬁglﬁ%ﬁbﬁ%}ﬁg%%ggm Hrgd%gg(l:’gthgifgg t cL)ﬁ?:f g@rﬁ%@%@@@nﬁf #e

sodi um baseof e $iguRioiHace fvaomrrthee (gppauppld dis Aster napl ol of dieki rgmat ioydniokire e

sodi um et hoxi de and sodi um et hoxi de. 39. The conpound ‘

4- am no- 1- hirdbierl/tsmpgrature te-precipiia WisHosserbnvashecyvdh psebyodiharelsend diedvi ng

t tent of ,6.4%to 9.0%,.40.. Th d i Lt i 9
Wi oh o el ey e Ot Be e K PEG RGP Bk et Phdodin, o
of two theta.ofiodge %F]\;igg the f&ﬁo@ingwgballﬂﬁ@-f&‘rﬁs(z)c&staﬂ%e&oﬁq:giwﬁeﬁ-@tlt 0.2, and
met hod™ of i ng d of cl 39

17.2 Q.2. 41. A prepa t he conpoun claim?2 or
conpri si ng (phefembbp®-2pinol. a). wateawtrngsedi: anystabine-Hoyd foxhbnByd indbre- Water

1- bi sphospltonic acid i | oner al k |l w,th o equi val ent of sodi um base
and 0 to 4 BeGivsedenee!Bre TRmer vind 10y (PETARIG) TR GICRBEURE SEOCIE) m 2

or 39. 42. A apfihog, gp,wﬂ,ieglgs.tlg? Be ﬁlzd.@o)vmf;!e%.td_vﬁem&ws'é@

4- am no- 1lhydr oxybutyl i dene- 1, I sphosphoni'c acid is in a nonohydrate
form 43. A nethod acTths dbmggotiomcdaliwas 4dnfireddiyretohi dbeavpriombikbiol i s
selected fromthe gro onsj sting of, methanol t hanol . a i sopropanol .

39, A et hduPRuEse st o6 L5 W AR sgrisPEr AT PR sl AP BHCES s s6l ected 1 rom
the group consisting Pe w6 chmdry drdeehdmed 996b Uhe TEARCHNGIR caRChriBRERAM

et hoxi de. 45. The corrgound 4-am no- 1- hydrox%/but yl idene-1, 1-bisphosphonic
aci d nonoscéingh 930 Gavi aycwiaties the s RO 08 opodry ingbstguowhieh oddves dwvpound
accordi ng th_nclﬁai,m 45, which is characterized by peaks in the 23 SUBSTf TUT
SHEI =T (RU E 28) ~ 0 Jfifd 7.00,3 VI'O 00l 12517 PCT/ US99/ 19838 powder
x-ray diffraction at values of two theta of 13.1 f0.2, 15.2 .2, 16.3

t0.2, 22.3t0.2, 22.5 0.2, 23.4 0.2, and §3.7 t0.2. 47. A nethod of
preparing the compound of 2 or 45 conf¥4PKQ the steps of: a) treating

4- am no- 1- hydr oxybut yl i depgyakatibn Bf SRI@SPARAH o red gn?mlaygi_r ous in a | ower
al kanol with one equival ent of sodi um base and O to 4 equival ents of water;
and _ A one liter flask was fitted with a magnetic bar stirrer, Soxhlet extraction
funnel (operating volume 150 ml) charged with 3A molecular sieves (60 g), and reflux
condenser connected 10 a drying tube with 3A molecular sieves. The flask was charged
with sodium alendronate trihydrate (25 g) and absolute ethanol (450 ml. vol.% of water <
0.1%). The mixture was boiled with stirring for 24 hours. After cooling to ambient
temperature the $olid material was filtered, washed with absolute ethy] ether, and dried

overnight in a vacuum oven (10-15 mm Hg, ambient temperature) to give sodium

alendronate dihydrate

Example 6
Preparation of Sodium Alend.ronate Monohydrate
A one liter flask was fitted with a magnetic bar stirrer, Soxhlet extraction
funnel (operating volume 150 ml) charged with 3 A molecular sieves (60 g), and reflux
condenser connected to a drying tube with 3 A molecular sieves. The flask was charged

with sodium alendronate trihydrate (25 g) and absolute ethanol (450 ml, vol.% of water <



b) isolating said conpound of claim2 or 45. 48. A nethod according to
claim47 in which the conpound 4-anmino-1 hydroxybutylidene- 1) 10 JAN 2003

1- bi sphosphgnj i,d is in an anhydrous form 49. A nethod i o]
claim 48 V\hg';raeﬂmgﬁﬁe | ower al kanol is selected fromthe gr o%&qﬁéﬂ@%ﬁ ng of
met hanol , et hanol and isopropanol. 50. A nmethod according to claim48

wherein the sodium base is selected fromthe group consisting of sodium
hydr oxi de, sodi um net hoxi de and sodi um et hoxi de. 51. The conpound

4-am no- 1- roxybut.yl i dene- | - hi_sphosphoni Ci N0sadi sal t having
wat er cont@%?")'oﬂi%x%et%a .Oi])eq/oaHgfaprﬂget%{:g%gﬁg‘d/\g‘gé T linggo F%blgptai m 51,
which is cRapaehet | Bedsddmpeals sieved WerepeyEedd tgrarrae)ov gortibh €8 AaRbiddularal ues
of two theta of 13.0 t0.2, 13.4 t0.2, 14.2 t0.2, 19.1 t0.2, and 19.4 Q. 2.

53. A net heeves{6(hgegrdrthaitefiunevas o wed fafadditignsh 22 honurs 1A Germeeling tag t he
steps of: a)..treating 4-am no;1-hydrox tvlidene-1..1-bi spho onic acid in
o Fover a1 EhbH EnpRdge BB B BEr 1 Ei MARE LR A RE S Ol vl e
of weger; @nd QVbrriglidhivagugdbednG PO o ki Hof a@b@hm%pefa&%m%e sOdfugt hod
according to claim53 in which the conpound 4-am no-1 hydroxybutyiidene- 1)
1- bi sphospHenfrenasem@nekydraie.a nonohydrate form 55. A method according to
claim53 wherein the | ower al kanof is selected fromthe group consisting of
nmet hanol , et hanol and isopropanol. 56. A method according to claim53
wherein the sodium base is sel ected Ex@mpid™ group consisting of sodium
hydr oxi de, sodi um net hoxi de and sodi um et hoxi de. 57. A nethod according to
cl ai m 53 wher ei nPreparatiapeliAtengrensiteSodium/Horan (bivom Aleadeonie Acid

1- bi sphosphonic acid is in an anhydMemshydrate 24 SUBSTI TUTE SHEFf (RULE 26)

10 Jt~fd ZEQO 58. Al endronat.e rr]Dnoaodi Hn%di.g%dr ate. 59. The conpound
4- ani no- 1-HERARHQNRIAIHFRHS Fhanolic sof U BYIRHSHI ¢ aci d ronosodi um salt havi ng

wat er content of abosbsolite dfandd@250THE af@WRRHSH AL GO%ADISIP wetedhiXe®9, Whi ch
is characterized by peaks in the powder x-ray diffraction at values of two

theta of fiugphedroime3 8@, asan29%. @.0694mol) was dissolved in 45 ml of this aqueous

ethanol. The remaining aqueous ethanol was used to prepare a suspension of alendronic
15 acid monohydrate.
A one liter flask was fitted with a mechanical stirrer, a thermometer, and a
reflux condenser. The flask was charged with alendronic acid monohydrate (25 g, 0.094
mol) and aqueous ethanol. The mixture was heated to boiling with stirring. The aqueous
ethanolic sodium hydroxide was added dropwise to the suspension of alendronic acid
20 monohydrate in aqueous ethanol for 3 hours at reflux with vigorously stirring. Then the
mixture was stirred at reflux for additional 15 hours. The mixture was cooled to room
temperature with stirring. The solid was filtered, washed with absolute ethanol, then with
absolute ethyl ether, and dried overnight in a vacuum oven (10-15 mm Hg, ambient

temperature) to give 26.2 g of alendronate sodium, having crystalline Form G.

25
Example 8
Preparation of Alendronate Sodium Form G from Alendronic Acid
Monohydrate
30 Preparation of aqueous ethanolic sodium hydroxide:

Absolute ethanol (250 ml) and water (59 ml, 35x0.094 mol) were mixed.
Sodium hydroxide (3.8 g, assay 99%, 0.094 mol) was dissolved in 45 ml of this aqueous

ethanol. The remaining aqueous ethanol was used to prepare a suspension of alendronic
16
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26.3 1-0.2 and 30.0 t0.2. 61. A nethod for preparing a conpound according
to claim58 or 59 conprising the steps of: ' . a) treating

4- am no- 1- hydr oxybut ~I i dene-1, 1-bi sphosphonic acid nonosodiun1sal90JAN2M3
trihydrate with an effective anount of drying agent; and b) isolatine

4- am no- | - hydroxybut yl i dene-1, 1-bi sphosphonic acid the nonosodi um salt

di hydrate. 52. A pharmaceutical conposition conprising a pharrnaceutic:ally
ef fective amount of a conpound of any of clains 1, 3, 25, 33, 39, 45 and
51. 63. A nethod for treating andl or preventing bone Joss in a subject,
conpr|5|ngafﬁé“%?@b’8¥eadn1n|ster|ng to said subject in need thereof an
e e anount of LASnPiRs TRASMGAL APASLLNGR) 85, ASf histbrderc bl I 62

64. A nmethod of prepari ng e conmpoun nprisi ng e Steps of:

a) reactingefMiecedehenl Thé ﬂm(%a%r&hm@edlwhydreaummw)d ﬁh@ﬁﬁryldrale Wi ssyloacsrhoni ¢
acid with one equival ent of sodium base in an aqueous organi ¢c_so ‘vent

selected f mmi) arﬁreacg:eoumetbmtl The mixtwt was beaverblo OMBQ wivR)riagel bnaquqoue

al cohol s, l.coh | coh her.s ri di ne, su f ol N et hyl
oyrroli o nenehatasei B SRS Seedilrany iy L SOt ST T 65,
, ~ 11 ~et hO%o%hpaee%Iaageotubemﬁﬁmwﬁom at%@umﬁhwmmsw AGri %?Tl%tne@@ of a)
reacting one equival ent of 4-am no-1- hydr oxybut yl i dene-1,"1 10 bi sphosphoni c

acid wi th anetueqwiay stirestt atoé oo additiese] § houas E}Wewsremaganolcdsntowht

selected fromthe gro consisti of et one, , nit,r

o conol s, | HOTRRR BRI S 0By It Ve et Waphec et e SR s hy
pyi -roli di BQ&%;@”% Qw%@ﬁﬁoveﬁ@do B3 nin?Hk%htﬂ&wtﬁ@rhEerﬁﬂP&}%'@Qe% g m3. 25

~ QJf~N 7.00 66.- A method of preparing the conpound of claim conpri si ng

the steps arendrap)vateesadmnn@avneceqtailmalF@nn Gf 4- am no- | - hydr oxybut yl i dene-1, 1
bi sphosphonic acid with one equival ent of sodium base in an agueous organic
sol vent selected fromthe group consisting of acetone, DVSO DV,
acetonitrile, alcohols) polyalcohols,Exaghprabcohol et hers, pyridine,

sul fol ane, N-nethyl pyrrolidinone and di oxane, and b) isolating said
compound of claim25. 67. A method of preparing the conmpound of claim 33

conprising the s ﬁ@? o\ naokﬂl@rﬂﬁ%hm s%?uxﬁ%h HPGAREmAlendronic Acid
4- am no- 1- hydr oxybutyl 3ene I, 1 ;ﬂ eC acid with one equival ent of

sodi um base in an aqueous organic soI vent sel ected fromthe group

consi st ngr’%é’f‘ﬁ?%t %rflgqu Py?(?ha%sgé"ﬁ%th trdel e) al cohols, polyal cohols,

pol yal coho pyr sul nethyl pyrrolldlnone and
di o~ane, and b) i sol astbls@lgtesalhaﬂ\ot@ﬁbouhﬂmdo&atal @O mI335x0684 rioliyeiekeotlixat.

preparing th corrpoun f cla 0 e steps of . reacting one
equi val ent g‘b‘f’”@ ’%ji’% %&r%i"‘)’b%t/yﬁ) Ogg W.gL B’SS%Y%H@W&{%S AT t h
one equi vatgiio10ofrne QQhanlgéhaﬁeduB eBANAGHR A RPEAFCa QYR SEli@erade f rom
t he group COI’]SI sti m? acetone, DVMBSO, DM-, acetonitrile, alcohols,

re

pol yal cohotdd mpsiohydre6hol et hers, pyridine, sul fol ane, N nethyl
pyrrolidinone and di Qxx&reqtterafﬂ% was fitted with a mechanical stirrer, a thermometer, and a

reflux. condenser. The flask was charged with alendronic acid monohydrate (25 g, 0.094
mol) and aqueous ethanol. The mixture was heated to boiling with stirring. The aqueous
ethanolic sodium hydroxide was added dropwise to the suspension of alendronic acid
monohydrate in aqueous ethanol for 3 hours at reflux with vigorously stirring. Then the
mixture was stirred at reflux for additional 15 hours. The mixture was cooled to room
temperature with stirring. The solid was filtered, washed with absolute ethanol, and dried
overnight in a vacuum oven (10-15 mm Hg, 40-50°C) to give 26.2¢ of alendronate

sodium, having crystalline Form G.

Example 10



b) isolating said conpound of claim39. 69. A nethod of preparing the
conmpound of claim45 conprising the steps of: a) reacting one equi vall Edaf W3
4-am no- 1- utyl i dene-1) 1 bi sphosphonic acid with o i nt of
sodi um basewaggogégg’queous organi ¢ solvent selected fromt hen'gcrﬁ%ﬁ%ﬁ
consi sting of acetone, DMSO, DM-, acetonitrile, alcohols, polyaicohols,
pol yal cohol ethers, pyridine, sulfolane, N-nethyl pyrrolidinone and
di oxane, and b) isolating said compound of claim45. 70. . A nethod of
preparing the conpound . of cl.ai | Si t f::.26.:y ~ D JAS
20d3 a) reacti ngrpc){ﬁgareaé't?lnvoglﬁﬁ'frﬂ rggi at %ur@ig?'ﬁy@j&oi’?f%ﬁ?@ﬁ%gn c—’fj, 1
bi sphosphonic acid with one equi val .?“0_(5‘5 548i um base in an aqueous organic
sol vent ser%aﬁqo%pﬂ&% SRR SoNEh e iRgdiRf acetone, DVSO, DM,
acetonitrile, alcohols, polyal cohols, polyalcohol ethers, pyridine,
sul fol ane, N-nethyl Apsoloieiettianon@S@md) abidoyedere 59 and3 3%0.094 oh @) ey mixied.
conpound of ¢laim51. A _nethod qof pr ring the c aQu f cl.aim59
Corrp_rﬁ Si ngg@qﬁgmsl}ygbcguq)er (3n§§, assay t9°h8%§%§10®q\\j?s\/§§s€ﬁ\g%df 29 mci of this aqueous

e C : 1 queous et r spens i
4-ami no- 1- byt xRt diARB S ddoud R RS BRRAND Grdatdh Wishihsteoraftigyaient  of
sodi um base 1'n an aqueous organi ¢ solvent selected fromthe group
consi sti ngaod moackydyme, DVSO, DM, acetonitri le, al cohols, pofyal cohols,
pol yal cohol ethers, pyri gi ne, sulfoglape, N-nethyl pyrrolidinone and
di oxane, and b) isol gtqnﬁ nerflegk BahpRmbIt F MechiTia6leya thepmomsier. 284 2003
72, OrystaldhReoimaesodindMagl 6adinALSy NG aiaL&d n?&ohgmﬁ?crms g ®bo4 he
crystal line nonosodi um al endr onat e nonohydrate of claim 72 haviing a water
cont ent of mah@nd aguedyus wehiagdlt The mixiQreysasaickied ¢o bwiliog edihutirat S ithecgataus
nonohydr ate, characterized by its stability against dehydration. at.
enper at ur 5T eage apEEraate v sdied heplyish a8 B AR nent SRb o RBURAIN tibnar onat o
nmonohydr at gofdhyarAé IR dthebbl dthfiol oh3MBGAQE FePRR vibh VBaMEs!y BrifrHy. AReH@te X ay
diffraction pattern at values of two theta of 12.7t0.2, 16.2 t0.2, | 7.3
0.2, 17.6 wixurexpsgtiged at iwhyx 58 agdigomel 17houra. e moytust Wt eqsded tagoeme
crystal | i ng, mop r?‘ii!i%ﬁ'?zﬂifgr.‘df@%’}%hg gﬂ%&’f@&s‘ﬁe&’&jzﬂ%so‘f{ue%}rﬁwﬁ theh Wiy Ough
75 conprising the steps of% a) ‘suspendi ng 'oneé equi val'ent 0
4- anfisno- 1- kbsciucxathyiteyhdrdendeadrikd olbrniphhmgienirg ozed ¢l G- 5 mnrd Hpp40-5809@Nne! , b)
addi ng a solutiagn gf one equival ent of a sqQdium base and from5 to 200
equi val ent &V FO-R&PERIENAOR2IE SQEEM eI BIRATYSIAIBNG heMstispensi on of
4- am no- 1lhyroxybutyl i dene-1, 1-bi sphosphonic acid and c¢) isolating the
crystal line nonosodi um al endronat e nonohydrate. 77. A nethod according to
claim 76 wherein the conpound 4-am ribxabpldddxybut yl i dene- 1,

1- bi sphosphonic acid,is i,n a nonoh ate rm 78. . A nethod acgcording to
o1 i m 76 WRIPRATATERGT plsadFoth SO ey dral AWPAH PR SrBu TOREH g o
net hgnol , et hanol and sisRRsiePaNéndrdiidte Bl Y daes 008308 hngl) i M 76
wherein the sodium base is selected fromthe group consisting of sodium

hydr oxi de,acseetsiathanet tdxmiors eshipdolst & umh cd tHaest) was b@ted anrefbrhvich gitag Hitng t o
| ai m 76 i . 4 ami.no- i ‘
T bl Sphosproiv Al oIBERG Ui ARhBRnF PYSORNYRLENLLEDEES pith absolute e

conpound odthamoy anf ethéraamdBdried dviemighgin 7 Sacvoniovies i N 15 fren Bligepabeht a)
treati ng one equival ent of 4-am no-1-hydroxybutylidene-1, 1-$i sphosphoni c
monosodi unEBRERIUE 19 FRRY 2 RERHPNAE 30140 APOLARI 08 FRISBhI¥™J®: wat er . and

25

Example 12
Preparation of Alendronate Sodium Form H from Alendronic Acid Monohydrate
Preparation of aqueous ethanolic sodium hydroxide:
Absolute ethanol (50 ml) and water (6.7 ml, 20x0.019 mol) were mixed.
30 Sodium hydroxide (0.76 g, assay 99%, 0.019 mol) was dissolved in 8.5 ml of this aqueous
ethanol. The remaining aqueous ethanol was used to prepare a suspension of alendronic

acid monohydrate.

18
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28 ~ D JAN 7.003 b) isolating said conpound. 82, A nethod according to
claim8l wherein the | ower al kanol of step a) is ethanol, 83. A neth
preparing tRegogp@pund of any of clainms 72 tlv~ough 75 CDll%,g@;ﬂ,;Qitmmm
steps of: a) treating one equivalent of

4- am no- hydr oxybutyl i dene-1, 1- bi sphosphoni ¢ di sodiumsalt in a | ower

al kanol with 20-40 equi val ents of water, and one equival ent of al endronic
acid; and b) isolating said conpound. 84. A method according to claim 83
wherein the |ower al kanod mPflaskiveR fRkd wath@l Médhahical&BirreA aTRERREL e, Prepari ng

t he conmpound of any of clains 72 through 75 conprising the steps of: a)
tfeating orabo;:epmg ﬁuahdnnncba‘ reﬂu:anmmionshydfhm%htwdsmtﬂaged wijth -abindpinasghdni ¢
trisodiumsalt \Mﬁ nol, with Zg 402 ui val ents of water and two
equi val ent $"WP )éﬂiré‘ﬁd?cgn ¢! E‘io ang AGHEGYS FIAR0kt | "ga%“éP%F ‘%fg‘m&(’iﬁﬁa Ugs. A

met hod acc t I s

ot hanol - 63 R e B R o ol

t | u~ofigh 7aqusapupeihansigot h:emstueqssat eflux a)ithtvigabushgstoneg.efheé vt reret wasfthen

4- am no- hydr oxbytyl i dene- 1, hosphoni ¢ etra odiumsalt inalog

al kanol trﬁ?%gi%' aé‘gl}i‘\?é'illédloé‘“of g‘r“reaWEF ﬁ'?%‘é)?éjq‘é?lrf)%fpé?ff‘ger@)‘luremé dr oni ¢
aci d; and Bhrrln 0 THelsBEd 3L ﬁn&eam@m witBabsBlL AL ARGPY A B Qe Eltgl m 87
wherein the | ower al kanol of st’ep a) 1s ethanol é)acco ding to
claim81 i nthnhmoh dtibeé oderaighhio-alvabyioin oxgndtllt)yblmterh% ambibnbtcsmemmph})m givsodi um
salt is a gﬂ salt tri drate ag, JO:E% al It ne nonosodi um

al endr onat VH:P% aéef:‘?‘?éﬁma" Xine sogt e fOmRdli n t he powder x-ray
dlffractlon pattern at values of two theta of 9.3 0.2, | 2.4 0.2, 13, 5
t0.2, 26.3 0.2 and 30.0 0.2. 91. A nethod of preparing the corrpound of any
of C| aim 90 conpri s| Adthohgh @mg@rmntlhpretwgtembgdxments of the mvenuon have

4- am no- hydr ox but |den bi s hos honi ¢ ~h~ 7.00
tri hydr ai e%vﬁq FoEN efqEerm '%‘g'[a al?ﬁ eB‘ft than S“ﬂo dg?ﬁ?" t%‘ﬁ’g cB)thei 5‘5F%{Hnng

sai d conmpopeeaid thel edrmxaﬁ)sanaznod@ﬁdahbﬁim a&eﬁmldagaoﬁﬁn@wm@yeém/mr ein the
reaction of step a) erformed in ethanol, 93, A nethod of preparing the

crystalli n@nﬁbﬁmmw&] Ene b sBifA e S9BPOA AR é[tvémtﬁ” Auprainy cibiiriesdasy t he
step

Tbi SEhosph i HERRAHLR e AR P R e e A R e
conpri si ngappliceblgamiec oflabwent sel ected fromthe group consisting of

acetone, DMSO, DMF, acetonitrile, alcohols, polyal cohols, polyal cohol

et hers, pyridine, sulfolane, N-nmethyl pyrrolidinone and di oxane, and water,
and b) separating the crystalline nonosodi um al endronate nonohydrate frolll
t he solvent m xture. 30

A A A3a. AF(. AE. A" .. An&l . AYyy. A  Any. Aa@ A3[ . A3{9. A. A. A. A3(. AA. AS. Al @0 AA A
Af.A . A A3Sr. A A A& . AS, -"A]25=

Q" . zupke [ V] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aJ ca] cfa] ca] ca] c”aU] c<a]ca] ca]ca]calcalc<a! Kj u

19
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@!-?2JC:!izupkfa\W]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal ca] ca] ca] c"a] ca] ca] ca] cMa]Jca]ca]calcalcalctali8d < 10 JAN 2003
hnltle " HKHAHAKSLST ' P u++- -} wrmhc”Y] ] ] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca] cal]
a] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] calcalca]calcalca]calcalcaljcajcal-!-/-8--.1

/10}0023344444444d66788- 99,

;' <zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal' <<

=Nzj ===>e>t >>?, ?r 2?7 ( @ @agrA: AAAA+BBBB, CACNCsCC|l wr mhc] X] ] ] ca] c*a] ca] ca] ca] ¢
a] ca] ca] capyqa]:c_a]m/a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]
ca] ca] ca! CC5Dr DDVFFF¥#GTGUGHXHHI s1 11 JJJJ&K] KKKL) LaLLMOMVMWN} xsni d_Z]]]] ca] ca]
ca] ca] ca] ch] ca] Fht cahpajrdad-emjnodihydicxabueta)idee h]-bispbedpbahicalcabhondsodiuoa] cal
caj ca] ca] ca] ca] Na NNN=OOOP! PPPE8a ?S\ SSS

TcTTTTTTTU&VZTZf"a}r RGNS VRIET EHY AP %?/a}% 4 caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal ool g2l cohagkeak sahrel LakRalrrbralingl SHanl afy it hyante Rpagt oo Th b

nnnnoobphp PpPOq
rr'rhr{vgl gb] X] Hle@&@ﬁbmhsgﬂoﬁflma&mlswdfmaa badrer] LRlhyattalealipirdieal/zal ca]

ca] ca] ca] caj ca] crcha] cal] ca] cal| ca] ca c"l\]a(caI hrrsesst vuuvvwOMmwAXxxxxt {{| | 1} G
Yixsnid Z]]]]cab ]ak,ea?/daméa}%wp@fa]déaf f bafeg 43 odrae) dapedktaped] cal cal ¢
a] ca] ca] ca] ca] % % a] ca] ca] ca] ca] ca! C@QIOPS] #y

Z91 p| wr mhc”™Y] | ]‘]a ‘]ﬂ gf’] ‘ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] cal ca] caheadapddl4acahval dakiealybalyl ks gVOkcRaRbReHvaeiab] X] 1] ca] cal]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] caj ca] calﬂca ca] ca] ca] ca] ca] ca] ca] ca]

caV] ca] ca] ca] caeaesofmm Rt waeRsergoniepeal edj’e Yea] ca] ca] ca] ca] ca] ca] ca
] Ca] ca] calg£a] capgal G SakGAlGahE 1PdisR § abFdkGRtS AbRhCAILBLLEARSR! | B<HUd+7FU

% xs nid_Z]311] cﬁ]eod]m]eoac]rma])d}ar]xma]rma]'dm]eca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
1 0
e rheh ] oa %sq%a? BELOTR S 1 TpR o afrcteried bupestscafita) cad) cal ¢
a] ca] ca] ca] ca] C;fﬂv%}‘ ]f%h&ﬁﬂt%i&@bf Glsaeiotibxsni o141 kb heal sabea] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca&ca caj ca%ca] C %ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cal j ! 4h-D7Zz£02 24 erFQi~ 2,214 B Ppedt4a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
t(-u
co ol ool on) ol chambeiaalagl lahepkol ool s sl gl ) care
a] ca] ca] caj ca] cs@ps@]fca] caj ca] caljcalca -~fE $10%& ()- zZ 10% & () -
AT SR LR i s
0% & ()- %W0o% & () a'cild)\%th &nd dquitlatehd YRS diubBded%E 16 Wemd Ik ddHocokpfising™ télE- | LO

10% & ()-1.Z10% & ().- #10%&() ||+ 1096 & ()-)210% & ()-13(10% & () -
QZdE 3:10% & () - sSMLOW gapivalept 9bavater)ands: $1004 & ()- |3t 10% & () - 110%& ()-

DG, 910% hé. - @ 2910% &' (
oW & () - KY@% o I s%gd°°"%E%&Q%Ay)°1fo&?h"§%% ik () ! 10%
Q ()| 10% haA x)uc@)dB?@rdmghofdmm%“ﬁ&re(m L ¢ oY h 4 {2ni 8021 0% h& ()-)110%

& 110% h 11 - 0. h3. s109& 39! (V
1% %) y9! 10% &A’WYL‘#Uﬁé%J % isphndne AR S mbEo e e ook () 10 10
10LF=MLO%' () - lAdtndQ¥& aeaordlng\{d-&%&x § Whetel DU 10)vel IREHEGE selected from the

group consisting of methanol, ethanol and isopropanol.

10. A method according to claim 7 wherein the sodium base is selected from the group
consisting of sodium hydroxide, sodium methoxide and sodium ethoxide.
1. A method according to claim 7 wherein the compound 4-amino-1-

hydroxybutylidene- 1, 1-bisphosphonic acid is in an anhydrous form.
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10 h3 Ss10%& ()-10%&' ()-3 109& ()-910%& ()- | !10%& ()- 10%& ()- !i8dEnbC
10 h  109%&' ( ) 9109@& ()- 10%& ()-Y910%& ()- 109%& ()-MLO% ()-8d < gEnpe
10 h$10%& ( 0/1195/«1;4 ()- "110%& ()-110% ()- 910% ()-1t10%& ()- 2003
it dErrb S99/19838
h. 109%& () - Yy, 10%&' ()-*10% ()- Y@ 10%&' ()-' 109& ()- Y& 109%& ()-!" """ #K#IEnDC
10 h 810%& () -
Y 6' 109%&' ()-410% ()-Y3' 109%&' ()- Y110%& ()- F/ S109&' () - K#######% ' bC 10

| 0 ! -1 0 ! 0 - o/R' -
hool/g/% () 10 /%;&Qi%glé%a4ﬁgé t%g cor%gouln o]f?m)§ % c{f? (5)3 t\}grgouah 6 comprising the
@! 109G ()-I ! ;g};@gg) 11 10%GGE ()-!! 109668 ()-!! 10%6G& () -
y10%6& ()-, ----- 28--~ @{Si!10% ()-0@109%& ()-10%& ()- 10G 10G
10G < 10%G8 () 2) @' 1@EAg J-aminbl V- B}d)@vwﬁxfy_@ﬁe BYABREA(sphdrc BMOKRIM) - ! . (
304098 ()-! 3%0UQQE E)_I 3()/&00/% t%
39409VE () - 0p223344§ ina lgwersligpg it 20-40eaubrelents 9f walpandi ooge8: () - YY1 ! 10
& (§- & %'O%&b§ ) 1so‘¥dt1@(§e/f’§‘c6%pound of any of claims 3 through 6.

13. A method according to claim 12 wherein the lower alkanol of step a) is ethanol.
14. A method of preparing the compound of any of claims 3 through 6 comprising the
steps of:
a) treating 4-amino-1-hydroxybutylidene-1, | -bisphosphonic disodium salt in

a lower alkanol with 20-40 equivalents of water, and one equivalent of

5 alendronic acid; and
b) isolating said compound of any of claims 3 through 6.
15. A method according to claim 16 wherein the lower alkanol! of step a) is ethanol.

16. A method of preparing the compound of any of claims 3 through 6 comprising the
steps of:
a) treating 4-amino-1-hydroxybutylidene-1,1-bisphosphonic trisodium salt in

a lower alkanol with 20-40 equivalents of water and two equivalents of

5 alendronic acid; and
b) isolating said compound of any of claims 3 through 6.
17. A method according to claim 16 wherein the lower alkanol of step a) is ethanol.
18. A method of preparing the compound of any of claims 3 through 6 comprising the
steps of:
a) treating 4-amino-1-hydroxybutylidene-1, 1-bisphosphonic tetrasodium salt

in a lower alkanol with 20-40 equivalents of water and three equivalents of

5 alendronic acid; and
b) isolating said compound of any of claims 3 through 6.
19. A method according to claim 18 wherein the lower alkanol of step a) is ethanol.

20. A method according to claim 12 in which the 4-amino-1-hydroxybutylidene-1, 1-
bisphosphonic sodium salt is 2 monosodium salt trihydrate.
21. A compound according to claim 3, which is characterized by peaks in the powder

x-ray diffraction at values of two theta 0f 9.3 £0.2, 12.4 £0.2, 13.5£0.2, 26.3 £0.2
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444444d667bC! (& 10%G& () - 10%G& () - @ 10%E& () - (&MLO%EE ()- 10 10
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22. A method of preparing the compound of claim 21 comprising the steps of:
a) treating 4-amino-l-hydroxybutylidene-1,1-bisphosphonic monosodium

trihydrate with an effective amount of a drying agent; and

b) isolating said compound of claim 21.
23. A method according to claim 22 wherein the reaction of step a) is performed in
ethanol.

24.  Alendronate monosodium hemihydrate.

25.  The compound 4-amino- 1-hydroxybutylidene-1, 1-bisphosphonic acid
monosodium salt having water content of 2.8% to 3.9%.

26. The compound according to claim 25 having water content of about 3.2%.

27. The compound according to claim 25, which is characterized by peaks in the
powder x-ray diffraction at values of two theta of 7.0 £0.2, 9.3 £0.2, and 14.0 +0.2.

28. A method of preparing the compound of claim 24 or 25 comprising the steps of:
a) treating 4-amino-l-hydroxybutylidene-1,1-bisphosphonic acid in a lower

alkanol with one equivalent of sodium base and 9 to 15 equivalents of

water; and
b) isolating said compound of claim 24 or 25.
29. A method according to claim 28 wherein the compound 4-amino-1-
hydroxybutylidene- 1, 1-bisphosphonic acid is in a monohydrate form.
30. A method according to claim 28 wherein the lower alkanol is selected from the

group consisting of methanol, ethanol and isopropanol.

3L A method according to claim 28 wherein the sodium base is selected from the
group consisting of sodium hydroxide, sodium methoxide and sodium ethoxide.

32. A method according to claim 28 wherein the compound 4-amino-1-
hydroxybutylidene- 1, 1-bisphosphonic acid is in an anhydrous form.

33.  The compound 4-amino-I-hydroxybutylidene-1, 1-bisphosphonic acid
monosodium salt having water content of 2.5% to 3.5%.

34, The compound according to claim 33, which is characterized by peaks in the
powder x-ray diffraction at values of two theta 0f 9.2 £0.2, 14.2 £0.2, 15.0 £0.2,
17.1 £0.2,20.7 £0.2, 22.0 £0.2, 22.4 =0.2.
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treating 4- ammo-l hydroxybutyhdene l I blsphosphomc acid in a lower
alkanol with one equivalent of sodium base and 17 to 22 equivalents of

water; and
b) isolating said compound of claim 2 or 33.

36. A method according to claim 35 in which the compound 4-amino-1 -
hydroxybutylidene-1, 1-bisphosphonic acid is in a monohydrate form.

37. A method according to claim 35 wherein the lower alkanol is selected from the
group consisting of methanol, ethanol and isopropanol.

38. A method according to claim 35 wherein the sodium base is selected from the
group consisting of sodium hydroxide, sodium methoxide and sodium ethoxide.

39.  The compound 4-amino-1-hydroxybutylidene-1, 1-bisphosphonic acid
monosodium salt having water content of 6.4% to 9.0%.

40.  The compound according to claim 39, which is characterized by peaks in the
powder x-ray diffraction at values of two theta of 12.2 0.2, 13.3 0.2, 14.8 0.2,
15.8+0.2, 16.3 £0.2, and 17.2 £0.2.

41. A method of preparing the compound of claim 2 or 39 comprising the steps of:

a) treating 4-amino- | -hydroxybutylidene-1, 1-bisphosphonic acid in a lower

alkanol with one equivalent of sodium base and 0 to 4 equivalents of water;

and
b) isolating said compound of claim 2 or 39.
42. A method according to claim 41 in which the compound 4-amino-1-

hydroxybutylidene- 1, I-bisphosphonic acid is in a monohydrate form.

43, A method according to claim 41 wherein the lower alkanol is selected from the
group consisting of methanol, ethanol and isopropanol.

44, A method according to claim 41 wherein the sodium base is selected from the
group consisting of sodium hydroxide, sodium methoxide and sodium ethoxide.

45.  The compound 4-amino-|-hydroxybutylidene-1, 1-bisphosphonic acid
monosodium salt

having water content of 3.2% to 5.8%.

46.  The compound according to claim 45, which is characterized by peaks in the
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47. A method of preparing the compound of 2 or 45 comprising the steps of:

a) treating 4-amino-]-hydroxybutylidene-1, 1-bisphosphonic acid anhydrous
in a lower alkanol with one equivalent of sodium base and 0 to 4
equivalents of water; and

b) isolating said compound of claim 2 or 45,

48. A method according to claim 47 in which the compound 4-amino-1-
hydroxybutylidene- I, I-bisphosphonic acid is in an anhydrous form.

49. A method according to claim 48 wherein the lower alkanol! is selected from the
group consisting of methanol, ethanol and isopropanol.

50. A method according to claim 48 wherein the sodium base is selected from the
group consisting of sodium hydroxide, sodium methoxide and sodium ethoxide.

51.  The compound 4-amino-1-hydroxybutylidene-1, 1-bisphosphonic acid
monosodium salt having water content of 1.3 % to 3.1 %.

52. The compound according to claim 51, which is characterized by peaks in the
powder x-ray diffraction at values of two theta of 13.0 £0.2, 13.4 £0.2, 14.2 £0.2,
19.1+0.2, and 19.4 £0.2.

53. A method of preparing the compound of claim 2 or 51 comprising the steps of:
a) treating 4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid in a lower

alkanol with one equivalent of sodium base and 3 to 20 equivalents of
water; and

b) isolating said compound of claim 2 or 51,

54. A method according to claim 53 in which the compound 4-amino-1-
hydroxybutylidene- 1, 1-bisphosphonic acid is in a monohydrate form.

55. A method according to claim 53 wherein the lower alkanol is selected from the
group consisting of methanol, ethanol and isopropanol.

56. A method according to claim 53 wherein the sodium base is selected from the
group consisting of sodium hydroxide, sodium methoxide and sodium ethoxide.

57. A method according to claim 53 wherein the compound 4-amino-1-

hydroxybutylidene- 1, I-bisphosphonic acid is in an anhydrous form.
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61. A method for preparing a compound according to claim 58 or 59 comprising the
steps of:
a) treating 4-amino-1-hydroxybutylidene-1, 1-bisphosphonic acid

monosodium salt trihydrate with an effective amount of drying agent; and

b) isolating 4-amino- | -hydroxybutylidene-1, I-bisphosphonic acid the
monosodium salt dihydrate,

62. A pharmaceutical composition comprising a pharmaceutically effective amount of
a compound of any of claims 1, 3, 25, 33, 39, 45 and 51.

63. A method for treating and/or preventing bone Joss in a subject, comprising the step
of administering to said subject in need thereof an effective amount of the
pharmaceutical composition as defined in claim 62,

64. A method of preparing the compound of claim 1 comprising the steps of:

a) reacting one equivalent of 4-amino-!-hydroxybutylidene-1,1-
bisphosphonic acid with one equivalent of sodium base in an agqueous
organic solvent selected from the group consisting of acetone, DMSO,
DMF, acetonitrile, alcohols, polyalcohols, polyalcohol ethers, pyridine,
sulfolane, N-methy] pyrrolidinone and dioxane, and

b) isolating said compound of claim 1.

65. A method of preparing the compound of claim 3 comprising the stepﬁ of :
a) reacting one equivalent of 4-amino-1-hydroxybutylidene-1,1-
10 bisphosphonic acid with one equivalent of sodium base in an aqueous
organic solvent selected from the group consisting of acetone, DMSO,
DMF, acetonitrile, alcohols, polyalcohols, polyalcohol ethers, pyridine,
sulfolane, N-methy! pyrrolidinone and dioxane, and

b) isolating said compound of claim 3.
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67. A method of preparing the compound of ¢laim 33 comprising the steps of:

a) reacting one equivalent of 4-amino-1-hydroxybutylidene-1, 1-
bisphosphonic acid with one equivalent of sodium base in an aqueous
organic solvent selected from the group con'sisting of acetone, DMSO,
DMF, acetonitrile, alcohols, polyaicohols, polyalcohol ethers, pyridine,
sulfolane, N-methyl pyrrolidinone and dioxane, and

b) isolating said compound of claim 33.

68. A method of preparing the compound of claim 39 comprising the steps of:

a) reacting one equivalent of 4-amino- I-hydroxybutylidene-1,1-
bisphosphonic acid with one equivalent of sodium base in an aqueous
organic solvent selected from the group consisting of acetone, DMSO,
DMF, acetonitrile, alcohols, polyalcohols, polyalcohol ethers, pyridine,

sulfolane, N-methy! pyrrolidinone and dioxane, and

b) isolating said compound of claim 39.
€9. A method of preparing the compound of claim 45 comprising the steps of:
a) reacting one equivalent of 4-amino- 1-hydroxybutylidene-1, 1-

bisphosphonic acid with one equivalent of sodium base in an aqueous
organic solvent selected from the group consisting of acetone, DMSO,
DMF, acetonitrile, alcohols, polyalcohols, polyalcohol ethers, pyridine,
sulfolane, N-methyl pyrrolidinone and dioxane, and

b) isolating said compound of claim 45.

70.. A method of preparing the compound of claim 51 comprising the steps of:
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sulfolane, N-methy] pyrrolidinone and dioxane, and

b) isolating said compound of claim 51.
71. A method of preparing the compound of claim 59 comprising the steps of:
a) reacting one equivalent of 4-amino-I-hydroxybutylidene-1, 1-

bisphosphonic acid with one equivalent of sodium base in an aqueous
organic solvent selected from the group consisting of. acetone, DMSO,
DMF, acetonitrile, alcohols, polyalcohols, polyalcohol ethers, pyridine,
sulfolane, N-methy| pyrrolidinone and dioxane, and

b) 1solating said compound of claim 59,
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73. A sample of the crystalline monosodium alendronate monohydrate of claim 72
having a water content of about 6.2% weight.

74. Crystalline monosodium alendronate monohydrate characterized by its stability
against dehydration at temperatures up to about 150 ° C.

75. The crystalline monosodium alendronate monohydrate of claim 74 further
characterized by peaks in the powder xray diffraction pattern at values of two
theta of 12.7 £0.2, 16.2 £0.2, 17.3 20.2, 17.6 £0.2, 24.8 £0.2, and 25.5 +0.2.

76. A method of preparing the crystalline monosodium alendronate monohydrate of
any of claims 72 through 75 comprising the steps of:

a) suspending one equivalent of 4-amino-1-hydroxybutylidene-1, 1-
bisphosphonic acid in a lower alkanol,

b) adding a solution of one equivalent of a sodium base and from 5 to 200
equivalents of water in a lower alcohol, to the suspension of 4-amino-1-
hyroxybutylidene-1, 1-bisphosphonic acid and

c) isolating the crystalline monosodium alendronate monohydrate.

77. A method according to claim 76 wherein the compound 4-amino-1-
hydroxybutylidene- 1, 1-bisphosphonic acid is in a monohydrate form.

78. A method according 1o claim 76 wherein the lower alkanol is selected from the
group consisting of methanol, ethanol and isopropanol.

79. A method according to claim 76 wherein the sodium base is selected from the
group consisting of sodium hydroxide, sodium methoxide and sodium ethoxide.

80. A method according to claim 76 wherein the compound 4-amino-1-
hydroxybutylidene-1, 1-bisphosphonic acid is in an anhydrous form.

81. A method of preparing the compound of any of claims 72 through 75 comprising
the steps of:

a) treating one equivalent of 4-amino-1-hydroxybutylidene-1,1-bisphosphonic

monosodium salt in a lower alkanol with 20-40 equivalents of water; and
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equivalents of alendronic acid; and

b) isolating said compound.

86. A method according to claim 85 wherein the lower alkanol of step a) is ethanol.
87. A method of preparing the compound of any of claims 72 through 75 comprising
the steps of:

a) treating one equivalent of 4-amino-hydroxbutylidene-1, 1-bisphosphonic
tetrasodium salt in a lower alkanol with 20-40 equivalents of water and three
equivalents of alendronic acid; and

b) isolating said compound.

88. A method according to claim 87 wherein the lower alkanol of step a) is ethanol.

89, A method according to claim 81 in which the 4-amino-1-hydroxybutylidene-1, 1-
bisphosphonic sodium salt is a monosodium salt trihydrate.

90. Crystalline monosodium alendronate monohydrate characterized by peaks in the
powder x-ray diffraction pattern at values of two theta of 9.3 0.2, 12.4 £0.2,13.5

10.2, 26.3 0.2 and 30.0 +0.2.

91. A method of preparing the compound of any of claim 90 comprising the steps of:

a) treating 4-amino-hydroxybutylidene-1, 1-bisphosphonic monosodium
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