;e3e*+*$3% ' v' *6*T+mMm o0 i ce zoos .~ wfi@a~a NOVEL HYDRATE FORMS OF
ALENDRONATE ' SODI UM PROCESSES\\\MM\ URE THEREOF, AND PHARMATHAN 12004L
COVPCSI TI 5 FIELD OF ON This invention r 0 new
hydr at e ag]c}k% ;Bys line forns of al esd®Bnate sodi um pr ocesgggﬂsgwgtsaﬁ%
manuf acture thereof) and pharmaceutical conpositions thereof. .
BACKGROUND OF THE | NVENT10N Al endronate sodium the sodiumsalt of

al endronic acid. also known as 4-am no- 1

- hydr oxybut yl i dene-1, } i i } the formula l: O
1O P O ton G i R PRATECEORMS TR RERARRDNRFE ) 0o P Ty
went for conbat iS@DNOME PREOESSES FOR MANE FAIGPBRESTHERROFNYNDst eopor osi s
and Pa~et's disease. Various nmethods for preparing alendronic acid are
known in the art and REARVEAGRUTI S ALS OM PASITIONRABAERKOF e i .
Synthesis and Acid - Base and Conpl exi ng 20 Properties of Am no-Substituted
a- Hydr oxyal kyl i dene- di phosphoni ¢ Acids, 1zv. Akad. Nauk USSR, Ser. Khim
2,433 ( 1978) and in U S. Patent Nos. 4,407,761, 4,621,077, 4,70S, 651,
5,039,819 and 5,159, | _08. U S Patent No. 4,922,007 describes the

prepar at | d4E ET, TION 3| endr onat e sodi um by reaction of

4-am nobutyric aci drstii R8s PIQED IR0 2D Lehloride in
t he presence of net har?e]su Ponlmg act:d?e?gq};lagme%]cﬁyygﬁgﬁgg%?ogﬁwndo alfs%odi um
hydr oxi de soditwe, poesesstfor the emnufaetype tetredéand ehaimadedioal Eampasitidns aheeerdr onat e
sodi um having water content of 1.3 to 1 1.7 percent, and processes for
their manufacture. Moreover, the present invention provides new crystalline

forms of ?3WCQWﬁDS(9ﬁiW rﬁk}'iz%ﬁhgﬂE SH' '~T (RULE 26) 10 JAN Z003
desi‘gnat e , D, E, F, a . and processes for the nmanufacture

t her eof . OBJECA&nANDaSNARY tieFsotikn $a\MENTdnOM NI CTied .l @siavoivni a3viearhinon|

provi des novel drate forms. of al.endronate sodi um hayi ng water content of
et veen 1-D4rebRelifens- | ErRBRrha EAC Ry osoig, B ee PRI ©i i tat | on,
the present invention relates to the follow ng novel hydrate forns of

al endronat e nonosodium 1/4 hydrate, 1/3 hydrate, hem hydrate, 2/3 hydrate,
3/4 hydrate, nonohydrate, 5/4 hydrate. 413 |drate, 3/2 hydrate, 5/3
hydrate, 7/4 hydrate and di hydrate. The ppesgRbnznvention pro ‘m m‘\“mm“l
crystalline Form B of al endronate sodi un}: havi ngl a powder x-rm mm\“

di ffract ogram substantial |y af2Mefeted H2F‘f§o la, with characterjgkdcC
peaks at 12.2 t0.?, 13.3 t0.2, 14.8 t0. 2HO¥P80(0.2, 16.3 0.2, 16.6 tO0. 2,
17.2 .2, 19.4 tU. 2, 21.3t0.2, 22.6 .2, .2 t0.2, 24.01t0.2, 25.2 t0.2,
25.8 t0.2, 27.4 t0.2, 29.4 t0.2, and 36.00. 2 degrees 2 theta. Al endronate
sodi um Form B has significant IR bands (Bs depicted in Fig;,lcat 654 cm ',
9551ém ', 1074 cm1, 1261 cmi', 1309 cmi', and 1614 cm'. The TGA curve, F,
i ~I b, shoWds an egeakior combatingone sesommiod iy beny discasesanglugimp ebteppRsPs!eand hat t he
crystal f%g&@dﬁ?ﬁgai ns a stoicl~ionmetric quantity of water close to that
of the nonohydrate (expected |oss on drying value: 6.2% . Another

enbodi nent of the iViyésisimétheds for prepariipysdnardringcidarerrovwef inahendamhat e

sodi um having a powder X-ray diffractogram substantially as depf' cted in
Fig. 4a, m\terbeeméqsﬁeﬁeérmé\ﬂ-il-dza&@alkrgka&al.lquthms_ gnd Agidy Bage ond ggmplerips2, | 8. 4
Q0. 20. : Q.1 ] : 0, 2 2 10l .2, and
5. 70, 0. 2 PFRg B o Amind Puipfes @k Brckyall ferkdichaprlc R 10 abpll

si gni f i catlauk BSBRNSke. &him62,4831(19,78 041l iaid.S., Pa984 Nowi 4,408%6H, épd21,071054 cml ')
1072 cm' 1297 cmd' and 1318 enl'. The TGA curve, as depicted inFig,. 4b,
shows a gf‘e?&éréflvl%ps’g?gdﬁ aaii;ilég,lé}hw % up to I180C. An additional enbodi nent
is a newcrystallin f r | Vi ; r X-ray

di ffractogram substgiﬁ;?g{é}‘l&ng‘h ezgqﬂvgt%gagl%séﬁ r&%%?tn&\)i %ﬁ%q(rzlﬂé@g%sgri stic
peaks at dlefdroMat@jodduB b@Oedtiod bf 8-atrinabutyt®.aBid Witl2 phdsphorondadd and. 3 t 0. 2,
16.2.t0.2, 17,4 .2,.and.19.4 . 2 degrees t het a, . Form as significant
'R Bands. BOHPET B IRRIb SR T e gt oGyt By gk

em ', 970 %F’idd)unm&d%ﬁ%.' , 1040 2 10 JAN 2003 cm~', 1093 cm"' 149 cm') 1
I 77 cm', 1252 tcm"' 1293 cm"' 1337 cm', | 535 cm', 1606 cm', and 1639
cm'. The TGA cur veThapresenpiroertor proFidgs neShhydrhtovisrnes efradehdadnateomsdiush dryi ng

of4.1 %up to 150 C. A strill fl1|rther enbg)di ment of .the invention is a new
crystall | ﬁ%vx%wﬁt'e[:c%tent of 1.3 to 1'1.7 percent, and processes for their manutacture.

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

SUBSTITUTE SH”ST (RULE 26)



al endronate _sodium having a powder X-ray diffractogramsubstantially as
depicted in FIG 6a, with characteristic peaks at 9.3 t0.2, 1 1.7 t0. 2,
13.0 Q.2) 13.4 t0.2, 14.2 Q@.2, 15.3t0.2, 16.2 t0.2, 17.4 t0.2, 1b0 AN 2003
Q@.2, 19.4 t0.2 and 25.5 t0.2 degrees 2 theta. FormF has significant 1R
bands as depicted in Fig. 6c at 660 cm', 893 cmi', 930 cm', 9953 cm ',
970 cm ', 982 cm', 1010 cm', 1033 cm"' 1052 cm', 1060 cm') 1069 cm', |
109 cmi' and 1 i 69 cm', 1251 cm', 1338 cm ', 1498 cm', 1544 cm', |603
cm ', 1637 ' Np T [ | oss on
dryi ng of 4&%%%%16&%@“{@10% Eﬁ?‘]’ ;—Whg{}d pg%g%\r{r@r{ﬁgﬁgﬁgéﬁgﬁv@@g?ggal l'ine
Form G of al endronate sodium having a powder X-ray diffractogram
substantially as cJepicted in FIG 7a, with characteristic peaks at 9.5
t0.2, 10. I1O8JEXTS aND SUMMARY ORPHE INVENTIQN?, 17.b t0.2, 19.1 tO0. 2,
20.4 t0.2, 20.9tQ2)_22.1t0,2, 24.8t0.2, 25 51t0..2, 28.0 t0.2, 29,0
t0.2, 29.6t0.2, 30.4 f0F Presesdinyepyprpproy as@ﬁ’.eghbfd@?@ Foray (feadengirgnais; s9divghr m G
has si gni ficaat, d j ' i 6 : m', 856
o 805 it YR ENRA BEAERELE} Fed T Beredh yBley O dpicaity pufRiboR™ o7
cm ', 1 155ligitation, ¥R Bresdiik invedid&ibreldits to tHe3RTowifg novélBhliramiformsanfd - 1639 cni '’

. The TGA ,Fig. 7b~ sh ) i of 6.5% ich i i t
Lhat the crSTRpTASmeneada aTh B SeE: BTGRP By o DY Grevilt by arete
Correspond'rﬁanére/dm%ts/&ﬁy&aemms)@aa@tr, Qiz%y(iﬁ‘e?f&g? réte,smglpdaﬁe/a g val ue:

6.2% . This TGA"step 1s sharp and occurs’at 1 . The relatively high
t enper at ur edipyddehydration inplies that the water is bound tightly to the

al endronat e nol ecul e.__The dehydration step is i medi at el ol l.owed b
anot her step due to dERERTRE} P’GH'.O“[R%‘”FBS %Wﬂé%&ﬁ&ﬁﬁ%oélﬂﬁg@t hat
occurs adj %esmtm,thfavﬁngf% gga{ax,d,{.%y APrackdPeark QYRR L PR déﬁt?ﬁgd gj GIRQ[ Y, RGtpTet ch)f'

is not feasible) and 0Ss On drying determ nation I's used.

anot her enisbdiagtenisti¢ peaks aeld. 2+0.8t b3.BAd, FbBAOR, 5.8 H0chdbdn=l. 2, 19U
having a p - i,ffractogram substantially as depicted in FIG 8a,
R e P, L&%ﬁ ®5 at 9.2 t0.2, 13.0 t0.2, 14.2 0.2, 15.0 t0. 2,
17.1 Q0. 2, 22(B+0.2,Q23, +®2.20.2140.2,,2422+:8.21 5. 2:+:0.d£19. ££6.21 M4 06K, 39.4Ear.Makd has
significant, | R bands, as depicted in Fi gu'grh{@b’ gf 664 cm', 688 cm', 722
cm ', 751 SRi0=E0-Beegressi2 hetgod iqndronategspdiigydorm Ggs significant IR hangs 3N 2003
984 cmi’, Jd@%‘fétéa%'pi ,:;g%%sqfﬁrﬁ-%, 9398 'C474,crd-99126¢ T, 1309 A CAHd 1614 248,
cm', 1303 cnm', an'og“ 38 cm*, 1499 cms, 1598 crn'", 1636 cm ~, and 1664
cmi'. The T&a oA varvEKig. Bh skdvesws clgastivergted losssonodry thgya fifeR “6ef wBick 9npliesl 70C.
Al of sodium,al endronate crystalline. forns B, ..D _E F G and H contain
wmter int HETGR R ORRS B AR UL RS R g linorma o A0 o F 8

provi des anewhhydteaterpekrdnvsfonalrgingrvaiat €2%0di um havi ng a water content of
1.3 %to 3.1 % A further eg}?o&i ment i s.,a new hydrate form of abgndronate
sodi um havi ng a wat e>nNoJI5f EmPogment SE/Q‘FH“’S?’S%‘SA”FtYrCtrM%?”’éﬁféﬂ‘i‘ ot is a
new hydr at %1ehefdﬁb&{sogiuﬁng5@ﬂ§5%_oa/a@& Mfﬂapﬁx‘ﬁ(‘;ﬁ‘@o@arﬂ@h@sﬁarﬁ%”l‘l?%@tdeﬁf:feg iB¥d O

3.9% An additiona nmbodi neht 'is a new hydrate form of alendronate sodi um

havi ng a wda,evitlc oimrasierisoic peakaost tl 8. 15:B201 5 Arvft-haib. 3erbhddi&rbn0.2i 20.8xA@w2hydr at e

form of al r t iU \i cont 5.1 %t0 7..0%_ A

St 11 ur't RO GABGa Tantt TLeta o) By L2 r o <Gt EREPETAHES ST Aavi ng
a water cogégibledh E%A%qqﬁsosigniﬁ%mm%aba@/ﬁ%t@xﬁ\-'?élmmﬂ,%hctﬁs',asm@fﬁf',
crystalline Form B of al endronate sodium_ having a water content of 6.4%to

9. 0% ' The i A%%ami' ot hiR97smo\vandels 18 cmewl be JSbaurysas Repitedinfig. 4b,
al endr onat g_sodj] vin wat er, ,C topd~3.2%1t0 5.8% The invention
further prg’?ﬁ‘%&#@ﬁ%&?%r@sﬁ%‘%??éll—%’glﬁ?\qgI(SJQ Ca’I endronate sodium having a

water content of | . Afaddfichalledtbodiient DY aBWicoRtH e PR PoP¥led@dnaenew
crystalline Form G of al endronate sodium having a water content of 5.1 %

to 7.0% Thediimybatingappuderieraydifiyadiegram spesiansiell eateninigd FoFHy. Sef with

al endr onat ¢_sodi u havi n t t,ent 0 %, I L Qv i on
further pr 6dra §”§r;{q°rf§\ﬂ)<sc?t35(?§ i ﬁg j%gjrjr]n(?;gi i&géﬁg%ﬁ‘%ﬁéﬁeﬂﬁ’ 1&?&)3, Beh
£0.2, 17.4 £0.2, and 19.4 £0.2 degrees 2 theta. Form E has significant IR bands as
depicted in Fig.5¢ at 660 cm™, 897 cm™, 924 cm™!, 953 em™,970 em™, 1017 em™, 1040

’



sodi um having a water content of 2.5%to 3.5% The invention provides a
new nonohydrate and a new di hydrate of al endronate sodi um having an X-ray
di ffractogram substantially as depicted in FIG 2a 4 1 0 JAN 2043 320gh,
accordingly, with characteristic peaks at 9.3 t0.?, | 2.4 ~0." ', 13.5
Q.2,17.1 t0.2, 18.5t0.2, i 9.7 t0.2, 20.3t0.2. 21 .0 Q.2) 21.8,t0.2,
23.4 ~0.7?, 24.310.2) 24.9 t0.2, 26.30.2, 30.0 t0.2, and 34.4 t0.2 degrees
2 theta. Form C as depicted in Figs. 2c and 3c has significant 1R bands at

660 cm ', 748 o 91 5 (G 19 msa» 6 S,.-1 b
1046 cm ', 98 8%'%?@&%*&% 1338 T I",%i@M%é?n@’ﬁ, ’ gg?oszc”&mqéaé is
cm ', | b06akd639 vt TEARGABurve, 118epléréd FLFig eSOEhdWRE: draBedlyelsaheirfing m C
(Fig. 2b) shows a loss on drying of 5.6% whicCh inplies that the crystal

Form C corifai. h% @p ©t i0CKi.ometri ¢ quantity of water close to that of the
. _ 0
ronphydrate (expeeled | gss.on YL ey 1200 s ThE TRy SUE LS 2t L e
i npl i es tza?éndwﬁtef{{oﬂ%ﬁ,'haﬁﬁf(gm &mqay@fa@&uﬁrraﬁtogra@bmwmhﬁany qudgpiiteyiof wat er
ng to exp

cot Tespondi ehydrate ected | 0ss on drying value: 11.7%. The
present i rRiéntaontatizoaneisat esaktsat #Betitihott®?, 13r0eph,il g £heg déhgblind

-am no- 1- hydroxybut vyl i dene-1 ., | -bi sphosphanjc aci nosodi um sal £ havi ng
wat er contléré i@‘fyzv ’I6t¥§%~b b4 0.2, Ji’%l?ti@)'znggéﬁ 4?@%£?g2i%g%F tht3-HF Yie
equi val entg pls o W%&ds%s%%;\i/%ﬁ&!%?ﬁ%. BE gmocc_n%?!syﬁeﬁf'% Erfne,cb9f599ﬁ‘? the
group consisting of. acetone, O, , acetonitrile, alcohols,

pol yal cohd| $7Gerd/ S8 2tdnel, 10 B dret,sl03pemi 'didd2 cngul (66| cam | 06@remHy | 109 cm”’

pyrrolidino d di ne.. e, i nyention f her, proyi des th or

maki ng Foﬁ_‘?ﬂ%lgg Y eﬁéﬂo‘i’i’élt'lgéié)ﬂf‘un{]4t9§cﬂ?plr ;Tlé%“ncd“ {Bég%/iﬂﬁg 5&%%? oﬁl%é1 aci d
anhydrous dnit! arhl QWA FRY. BRB@ve Whdwk 2o RELA 1Y@ tdrRhg 8041 WnuBases@ard 0 to 4
equi val ents of water, Tollowed by isolating the crystalline aiendronate
sodi um Form D. The iAfetter embodimeheis aepndrpisisllise heh@ o ffatandnaniatersgdmor, m E of
ai endronate_sodi um . c rising treatin l,endr Qni c .aci ich is in
anhydr ous h M anpootrw‘y%ldc?lr g{zglyfdbflfrﬁ?togﬁmaglibét\%ﬂﬁa]gﬁ %éﬁﬁ%'lc“'\gvi"t’ EP(F' ch;d\fl{?]al ent of

sodi um bas@agBeriSid peakd acX| b0, MY S0, 1A, 16.0l40ved 3by0.2 Si.6£0.001% he
crystalline al endronate sodi um Form E, Thevi nvention further 02’%:10“ d857 a

met hod f o0Vt Ford 08 2 bRt oftht &0<od o 2c o PP Ay Ui leatd? g -¢

al endroni gpagkglp, 204 200YRI3 208 KEDQL o \WEd B 1k L YL ﬁ&tsigtmémm%h@ssa% and S
to 8 equivalents of water for anhydrous form and 3 0 equi val ents of

to
wat er f or. depietssyidFag.&/bfabb6d “f' 0TI lomed 839 cms'o B ¢rmyy St Beme’s 939 aml'i HYl 1 em,
al endr onat diu (m E~,The.i i.0 her A pr.ovi meth fior
oD aru%at iy TOSOL, Toa B, (RS 02T HEL N g RE R, £057 Bn TG Ul

nmonohydr atagd 166%pmi'si Tig TGARauiveFFigl Bndhows & lasbddrying of 4. 9Wewhiah katiateswi t h 1
equi val ent_ of , sodi um base and wat er ,under. the .cor}di ti ons descri bed

her ei naf t &Fat tROPYHREBY FUB1AL 7 GRS AUMERAR TSV Y ROGFF PRI G Bt 81 The
I nventi 0”tlﬁ@ﬁ{oh_@ﬁyd%@(&.\%_@ée@l&?Brﬁ"@@irﬁ@&ahﬁ@%‘.%. resmda Qtfepeié?r(h gR@ate S5
sodium conprising treating alendronic acid, i'n a | ower alkanol wth 1
equi val entocofirsgdbtiiif. bEsaelandelyhighrtempereture hdebpdraiion onliatabalthywater 15

herei nafter) faollowed, by isolating the.crystalline. al.endronat i Form
& Typi capobe SeuB Rilhr HendSndhabireuts Theh Rt Srermiondy ST
Form G ar %y%omm%beaml decbMBoshpdr. i1 th@BdcBmpbsitio@pdcasstthixbcbbgndr oni ¢
Sol vent Preferred Range Range of Acid I—?:drate Form of Water Water

Equi val entadiagantvathendchydiabern dregan vepiianahless ofirpiog methoi7s nebfresipigs andefor

Et hanol | ,5-100, 20- 80 Non a panol 5-40 10-20 IS Anhydrous

Met hanol é%sljz%lsdrﬁ@?l 5”3&?%%@%’55 t?}%ﬁ%ﬁ' | S-40 25-35 The invention further
provi des a method f oyetmathBgediydiménta$ a abw refsanaes sadi i kadmpnisi ng
treating any one or nore of the crystal fornms of al endronate sodium

sel ect ed fsp8iunm.hevigeaunswint Siray. 8iEprgogragrsubgptially aFgenitied iF5ieh 8, Witbr m E,

FormF and,FormH. in.a | r. L2l kanol ref Iy, 4 0 | -

equi val entcgaac%‘i’cepe%kﬁateér)!\%ﬁeg’éf)‘ﬁ}l%f%’AErg'sz_i(ngsggiobieod"’ngp& %}I\%&e?iﬁgl d?/ved by
i sol ating Age, oryss.al ddoh@s al& RO IR 1S a8 4P TN BharkB, dNEepidvEH Figh
further provides a nethod for making Form G of al endronate sodi um

conpri si ncBlt, 06664 erg”’ 2888y o AA2 emitoHolsou], uBA3t amihyeM3atme', i Hl Sacth 86 cal 'kanol |
preferably ethanol, with 25-35 equival ents of water under the condition
descri bed hereinafter, followed by isolating the crystalline al endronate
sodium Form G The invention further praoyides a nethod for making Form G of
al endronate 30 sodiumconprising treating any one or nore forns of

al endronate sodiumsalts preferably selected fromthe group consisting of
monosodi um di sodium trisodiumand tetrasodium 6 SUBSTI TUTE SHFF' T (RULE
26)



10 JAN 2003 salts, in a | ower al kanol preferably ethanol w th 20-40
equi val ents of water under the conditions described hereinafter, foll owed
by isolatinb the crystalline alendronate sodiumForm G 1In the evepﬁJhn?m3
the starting sodiumsalt is higher than nonosodi um (e.g. disodium
trisodiumor tetrasodium it is necessary to add an acid, preferably
aiendronic acid, in order to maintain the pH at about 4.4. The invention
further provides a nethod for nmaking Form H of al endronate sodi um

conpri sing eat i al en ni C; agk whi IS hydrous..,0 hydr at e
form in a9$ WBr @?Qﬁﬁ’oi %%tq{no @Bgaﬂmgﬁgﬁb bﬁ P@o%ﬁu’nﬁgéggq a?l%&g%gt‘q 3~
equi val ent g, pf 3 0aher | 49nder 11508 cRONMH KIS a8 5644 BRY. tTRE BEPAEre¢ Figd @bl owed
by isolating the crystalline alendronate sodium Form H The invention
further prshowdessharpiesshomdirfiog dBi7fgatAdORCB of al endronate sodi um
. conprising treating al endronic acid rmnoh){dra e i g @f ﬁge al kanol with one
equi val ent of sodi urfBageding aendrpnate crSEIIREIOBAE & &% Enat @rnd FOEINRIRY by
obt ai ni ng r i al 0 . 50di um Form B. The invention further
provi des a&/prr%{ ﬁ'o%%@%“r@ﬁ?h’gﬁmﬁg%ﬁé@g sodi um di hydrat e conpri sing
treating crystalli neTl igvehtiondliehes @ebvides amehytdrdaite fovint &f sdemded faeesodnem
anount of drying agent followed by isolating the crystalline al endronate
sodi um di HWF%%W?ICTI'P@W%V%@%@¥-d|r°ff‘~her provi des a nmethod for making
al endronat e sodi um r : 10,S] ' | D& nat e
sodi um di hydrate w t@l%gfﬂ%f‘@% 1651@5%&%@%&%@%@%@a#éo%bl%g\%l‘/e§Qﬂég
i sol ati ng 4 Wweteeeorsémlof 215% ml £pHr onat e sodi um nonohydrate. The invention
further provides a nethod for naking al endronate sodi um nonohydrate |
conpri si ng treating 4 MWEEEEMPAEMENERAMEHAYEra® rine (hlEndmnatesod ym having
suffici ent, anpupt. af .85 ¥bng Agent fol lowed by isolating the crystal |ine
al endronat e sodi um nonohydrate. The invention further relates to a
phar maceuti cal conposn éddimornvahiembodionwpris 8 @swalyeride torat & adandranare dvationg wat er
content of 1.3 to 1 1.7 Fegcgg} |(n%0}31 therapeutically effective anount, and
a phar macBVINER YHCRONSH 8ht ¢ "t @rr§@r. The invention further relates to a
phar maceuti cal conposd:hed 2 mMaldiRent RMEMdwSIREratk Eoeh ONAERIrsRAE s68iiA hadingaB, D,
E) F, Gand/or Hin a therapeutically 90JAN2003 effective amount, and a
phar maceutWaen qopteateehi dbte’.Qirri er. BRI EF DESCRI PTI ON OF THE DRAW NGS
e e, and | G SO SREGHIUA ¥ o ot %/ BONE Rl Rhalrly BB10T
spectrum the thernogravionetric curve and the i nfrar eé spect rum of
al endr onathavexgdi wareimnrenBof ¢H%&So 94%%. 2b, and 2c show, respectively, the

powder X-ray diffraction spectyum the thernogravianetrci T curve and
the infrared spectrumCdfVeaHend 8ﬁ5&"é‘§]e§6d‘femﬁr?ﬁ§ﬂ§ﬁ§/g?%{?§é@ﬁ?ﬂ%@”aﬁ GS. 3a,
3b, and 3goahmiVhavies Re@tdr \eBhint dHaReYWer,. X-ray diffraction spectrum the
t her nogravi onetric %FTGA) curve and the infrared spectrum of al endronate

sodi um di hydr at e Forlhe@veptiasfuryy putyideapacweremine FeaspPafialeidionatae
powder X- rsf’%iug'i aniﬁ‘%Ei &r%Pﬁl%h{m_z%pgs_g%er nogravi onetric (TGA) curve and
rum of alen

the infrared spect ronate sodium FormD. FIGS. Sa, Sb, and Sc
show, respectively) Theenyeavide further pyovitie & newtcryumaiBpeEdmufnof klredronate
(t her nogr %\&iﬁ%pnw,shg\i/igg g'l\;%é)r ngtre\étegf ]%ng}o ttot}.e1 (;/onf rared spectrum of al endronate
The invention further provides a new crystalline Form G of alendronate
sodium, having a water content of 5.1 % to 7.0%.
The invention further provides a new crystalline Form E of alendronate
sodium, having a water content of 2.8% to 3.9%.
The invention further provides a new crystalline Form H of alendronate
sodium, having a water content of 2.5% 10 3.5%.
The invention provides a new monohydrate and a new dihydrate of

alendronate sodium, having an X-ray diffractogram substantially as depicted in FIG. 2a



sodium Form E. FIGS. 6a, 6b, and 6c show, respectively, the powder X-ray
diffraction spectrum the thernogravionetric (TGA) curve and the infrared
spectrum of al endronate sodium FormF. FIGS. 7a, 7b, and 7c show, 10 JAN 2003
respectively, the powder X-ray diffraction spectrum the

t hen-nogravi onetric (TGA) curve and the infrared spectrum of al endronate
sodium Form G Figures 8a, 8b and 8c show respectively the powder X-ray
diffraction spectrum the thernogravionetric (TGA) curve and the infrared
spect r um ofanal3eruteemiiety, sadi dharaoferibie paaks at.3 +0.Q, JAK 203 3 DEDAL LED+0.2,
DESCRI PT1I0N OF THE | NVENTI ON The i nventi on discl oses new hydrate forms of
al endr onat d 86@iZiP. Hd\ﬁl’néoxﬁaﬁtoe?r 24 Fritlhd 8550.2, 233 peeceh? =03, 343 20.-2per cent .

codi b whi G HA7e bARITAM ShAROT ERRET AL TR (IF LR P i ST EhGE ©
"vat er Comh@mx mrf@mna btaﬁdstzh%égeﬁﬁ‘eNS @' %sem—bagﬁsdcmﬁogszm 1538 2nP0)
Dryi ng net hod as descri ed in Pharmacopel al Forum Vol . '24, No." T, page

5438 (Jan F8b7 L@I) 046Tere’ ,cldP8 aindt 1 G wof ', Wl eem c,olnvt4emni sl%lasmd I§géent he
ercent of ht t i S |,0s¢ dr For Forns term "wat er

(F:)ont ent" ém@%’ gmt d’”‘gaé%ﬁﬁ‘t eﬁtﬁe gé’q\ﬁé{{ ‘%6%%@8”%(9&”5 n@% %S)e%’f@h‘fs %nd a

step anal ygieg oh@r}nﬂ?o??@%ﬂkﬁrﬁp}ré’%ﬁgﬁ tﬁ%fcr?ﬁﬂlﬁon%% c@'ntamga sto";‘ch%rifnﬁ icForm G

and 25 C - 200 Cfof FormH term "Il ower al kanol ers to anol s
havi ng 1 cquantippbwateatlosesto an@fdrermdmdhmdme (akpeatenl loss ocdnythe vetueahars).

caui val ent 36 aEEre Shiis SR SRIm a0 Iovschilin bisen Sabanel oD%

equi val ent §,hih xmhymamg@rystaTheﬁﬁc%hiatm stdlcHiBedid quahlily ARRR&CI ate that
the term "nonohydrate” when used in reference to al endroni'c acid descri bes

a cryst al | comespapding & diltadrateyeaperedloscOhdaie wiue 17980 Those skilled in the

art will also unders t thet n reference
to alendronic acid dgg%ﬂe%en EEHET B %lag%né%ﬁ Ftho\émgﬁbefta%{?ﬁ ihﬁlcf)?pf)}'"é of
wat er. Oneqabnifdil- hyardx@bﬁtlyadareti Mibikphogiioh RQicRE Bohdbatliunh ealt IRV water
“nonohydrate” when used in reference to the mpnosodiumsalt of “al endroni c
aci d descr FyEEtef érB;/sthi l| Méovrfa%%mhaien%zm%g GVl P eKa eHiof gpdium base

appr oxi mat gl a a@uzc/as o%ﬁnc.sgdlun@gelle&eé hEmakd crrWhﬂw koﬁéxsmgaowc%wn@tw;s@t the

term' dlhydrate when“used in reference to the nonosodi um sal
al endr oni cD&&H, @Cdes!mlpbé@or@lscpyly@lablmlm@dvﬁmtbmr ethersapynidjng sudolere, dbnt ent  of

appr oxi mat 1% ..0ne s I inthe art will also appreciate that the
term"114 ﬁ’y%‘?’gg%ﬁmﬁ%oﬁ’e angd OX%IC

The invention further provides a method for making Form D of alendronate
sodium, comprising treating alendronic acid anhydrous in a lower alkanol with 1
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 I equivalent of sodium base and 9 to 15 equivalents of water,
followed by isolating the crystalline alendronate sodium Form E.

The invention further provides a 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



used in reference to the nonosodiumsalt of alendronic acid describes a
crystalline material having a water content of approximately 1.6% One
skilled inyhgyfshs Wi || also appreciate that the term"1/3 pégﬁg;(ﬁg%m 2003
used in reference to the nonosodiumsalt of aiendronic acid escrllbes a
crystalline 9 10 JA~ ~—~~ 3 WO 00117517 PCT/ US99I119838 material having a
wat er content of approxinmaieiy 2.1 % One skilled in the art will also
appreciate that the term "hem hydrate" when used in reference to the

nmonosodi uméhydrate, abapdsi Of ireatigi alendedid AddESn @ |evatsiliainbl Wwizgh MR eivaRht dfavi ng
a water content of approximately 3.2% 5 One skilled in the art wll also

appr eci at odiytbaspand wpier undes thiepngitions dpseribedshageinpftgrefoipend by isglating
nonosodi u%{Sﬁlﬁfﬁdf§§at§§§£%%'}%g?§*’a describes a crystalline material havi~~g

a water conte I OXi ma .2% One skilled in the art will also

appreci ate that the Therifivendbd fimter picvidevh afethisiefdr makingfFera I 6f dlendrate
nonosodi um salt of alendronic acid describes a crystalline 10 materi al
havi Ag a wadiam. EOMPRHDE HEatHgendronas aqid ina joweralignskwvith d@apivalepeofart wil |

al so appr %gﬁlafnteoatg?%q %'ngr Lr?&emheSC]ongX)qg @és rlb%pelggf?eq iionoxrvgcﬁ 8{/ f0f&ENE© the

nmonosodi um sa ndr oni ¢ aci escripes a crystall'ine material®having
a wat er coid @pstaldihe ajepd@xaeBbéiuh FortlG. One skilled in the art will also
appreciate that the term"4/3 hydrate" when IS used in reference to the
monosodi um sal t of dIYeKal Binet hetnareadirippelor arepasiag alendrpatesedivmdioriayi ng

a water cepient dg{?rigg&)yn%kg@%%hxog. %el. % One skilled in the art will also

appreciate that the term ydrate" when used in reference to the

nongsodi u : endroni ¢ agid describes a,crystalline terial having
a wgf)er cgéga%%g é}engp%;élécoxi nat el 3%08?3‘ % 20 Fing eIfé/mt 088 s ﬁ“ﬁ%&ﬁi n the
art will apStec/4eE t9h%t the term"trihydrate"® 3t used in Y&ference to
the nonosodi um salt of alendronic acid refers E@UX2lgRlyst al | iG@IRaNeri al

havi ng a vmoégh%%{eent of approﬁer{ﬁgngl y 16.6% %(é[t;goter m "50%09{1}'5base"

refers to sodiu ydr oxi de and € 'sodi um al koxi de” of a | ower alkanol. 25
Al endr oni cpafmbAv&aR be preparedghypget hods thatsape wel | knoywgg n the art.
M Kabachnik et"al., Izv. Akad. Nauk USSR, Ser. Khim 2, 433 ( 1978)

di scl oses Moneagdraen for neki nglsabpeiani c aci $s40Al endr oni ¢ 18<30d can al so
be prepared by the process disclosed in U S. Patent No. 4,621,077. It wll
be dppreci Anbydrotmt when al endr dfethangki d is re¥d-y2ialiized 30-0Pom wat er,

as in the %la }\I/mlﬁ)srocess, t he rmggl%glrate i's foHL%j. 2535

The invention further provides a method for making Form G of alendronate
" 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
hereinafter, followed by isolating the crystalline alendronate 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)



Al endronate sodiumtrihydrate can be prepared by the process disclosed in
10 SUBSTI TUTE SHEET ( RULE 26) 10 JAN 2003 U.S. Patent No. 4,922,007. The
contents of all references cited are incorporated by reference. A endr®diR 2003
aci d nonohydrate can be converted to al endronic acid anhydrous by heating
in a vacuumoven at 1 10-220C at a vacuumof less than 5 mmHg for 24
hours. In accordance with the process aspect of the present invention,

al endroni ¢ acid anhydrous as prepared by any of the known nethods is added
to a lover qlikanallower gkeioblefereblhatinhol wiolge0Hrequivilena of editaionbeste
preferably sodi um hydroxi de, and an amount of water that depends upon the
desired crysnditidnedascofbedhemiheberafalossdibyrisolarg e kestaH e abensronsatalsadinbas e
to al endrorl,_ic acid is 1:1. Those skilqlﬁd inlt e art wi | | agﬁ.rec' ate that a
hi gher rat i fPTBY e fsetdha) the SRS QAR S Lol @G B dP RS aY M (€igs odi um
salts. The f;eagtion: -Ak; ' ' [ i i

vi gor ousl y l%‘?cﬁgﬁﬁb?lg% Mgﬁ?ﬁ%ﬁ@ﬁgﬁaﬁqg@%ﬁﬁr&?édﬁ’éan‘r’)ﬂla_'ldé rcf(?ﬁr'gﬂf% aisf%:;{uoirraélrﬁghase
remai ns corasidint ofdep pr mintgtthé)pH Lrapsttad.4.i ne al endronate sodiumis then

i sol at ed, ferabl filtrat] ft ling to ambient ture,
washi g W L asol ul o1 B8 FAFRION (URRSrGRal 15F ABENPRATAREESTN B AANATSE: ner
and dryi ng ﬁ%gﬁ%@%ﬂ&@%ﬂ@@%&m@ aBld_ ARG Ehel-AHRREAL L rﬁ?ﬁc{}gd%e a

pressure o mercury. For the purposes of
speci fi cat ifor, arsbest alkeny eviad eneeqiivalenoef sabionrt ba30 @nd D5 abdliequdbaléhts bfi
rdance with th f,this nventi rei | endr oni i
monohydr at SVILEr CBHTARE Bed PraI LA BFETEBE GO R SHITE BEFD OBy dr at e
as prepare : nmet hods is added to an al kanol, preferably
et hanol , tgéﬁ%eﬁgéymﬂdﬁ&lg(%gﬁ% base, preferably sodi um hydroxi de, and a
desired anount of watEhe inVéraioarfoninr podvidestaamedep &rdsakinmoRorithB of riesidednateor m
that is desired. The nolar ratio of .sodi.um bas o_al.endr Ei c.acid is | :1.
The react i GRAMTECAP ”isg‘gt%imi”é%alﬁ?%g?'cF%@Irﬁ%%%aé& 'Qtail?WFrn”a MYy £ or
appr oxi mat @qyivialedt BOEum BRdel Andlone sRiduRhleh e vt thilBhas By 0Bt RS teoNSt ant
(approx. pH 7). Crystalline alendronate sodiumis then isolated, preferably
by filtraticaystelfinetlcadonptagodismdigsindht t enperature fol | owed by washing with
absol ute et hanol, washj i RS t [ ' Jna
vacuum oven at anbi eﬁfﬁe{\g%ﬂé&gt ur quwf%es agﬁ%tpgi]goﬁgﬁe%z) = ]gﬁlﬁéﬁtg%dlg&mﬂ of
nercury. | @ihgafed caneasing tréatingerpsfiied slemdrohdte sodinmerihydmtewnier en affective
al endronate sodiumtri h%dritﬁ %g(ggm C%i S converhed t 0, al endrgnat e sodi um
di hydrate CEUSHR &)ArYnEgeqiAR" 9 Kis8RYPE G Y LB P AR ORRIE PRI Mas pr epar ed
by met hods 4 eln the art is added to an al kanol which is substantially
free of water, preferably absolute ethanol. This m xture is treated with a
drying agent, preferabieyinysptioafpither REPVIdE 2P (bod or impkipgradendignasesrfivger
wherei n the condensa : S I j The
weont el BRI S CaT P R LE M A A & el at e
i s preferabufficdwatmobnt ¢f dayidg apstt fodrefedrtahkglatligs the cRafallinei aigndodnardreodiomt ur e
i's preferabl%}gone for 24 hours with stirring. Al endronate sodi um di hydrate
is then i sGIRBYI 2 eferably by filtration after cooling to ambient
tenmperature, washi ng MietiRvaapisRlfitifr Bidedes ANHetBEY fop GhaR WY Al Rbnatdsaivacuum
oven at anbient tenperature and at-a pressure of 10 nmmto 15 mm of nercury.
1n accor damanohydiate ¢amprspecrentiog CD’HWB*WW@W@F@W Wdde dihyalrgediGreat e sodi um

oL L BRIl GORYSE L LA RO AR MBI e LA

in the art jgoadaae.to an al kanol v, ~hich is substantially free of water,
preferably absolute ethanol. This mxture is treated with a drying agent,
preferably by refl uxiHg inventiontethes rélateqto eplaimaewtidd roapontien eimch he

condensat e fornmed passed .t hrou 3A nol.ecul ar_. Si S f and. when a first
cort on-of CROERES AP P oye S datmer af rtos B R Bat vinsh W osh
rnoi ecul ar 1jgdr@y@Sichify bFQEve ARQuiChhd pMRIERdutically fecoptabrelcegidrar sieves to

al endronate sodiumtrihydrate is preferably about 2:1 and nost preferably
12:5. Refluxina of t HBhenihxentios firghesrelpies bl phatmaeeution! cRmpesitios whiieh

stirring. The mxtyre, is allpwed to cgol. to ient tenmperature before
rechar gi ng W%‘SWL{%MIP%? B aRE" gf br'rgt Eﬁﬁ&%ﬂé@@éﬁerﬂ’%‘&? ate

sodi um nonohydrate is then isolated, preferably by cooling to anbi ent
tenperature, filtration, washing with absolute ether and drying overnight

in a vacuum oven at anbient tenperature and a pressure of 10 mm and 15 mMm
of mercury. In accordance with the present invention, the new crystalline
forms of al endronate sodium and the new hydrate fornms of al endronate sodi um
may be prepared as pharnmaceutical conpositions which are particularly

useful for the treatnment of bone resorption in bone diseases including

. I Y o " o M



Exanple 1 Preparation of Al endronic Acrd Monohydrate Al endronic acid was
crystallized fromwater to nmake al endronic acid |3 WO 00l 12517 10 JAN 7
PCT/ US99/ 19838 J~~ ~~~~ nonohydrate. The resultins al endron~c acid 003
nonohydrate was dried at 50C at 10 nm Hg pressure for 15 hours to give dry
al endroni ¢ aci d nonohydrate containing 6,9% water. Exanple 2 5 Preparation
of Anhydrous Al endronic Acid The al endronic acid nonohydrate from Exanple 1
was further dried at 1 10 120Cin 1 mmHg for 4 hours to give anhydrous

al endr oni ceffgdtide abv@nWah@s phaifaduticaidsacdeddblbyamizr ght . Exanpl e 3

Preparati on of Al endronate Sodi um from Anhydrous Al endronic Acid A 250 mi
flask was fitted with a nechanical stirrer, a thernoneter, and a refl ux

condenser.gﬂ&mm&aﬁmw of a solution of sodium
hydr oxi de . , . —o-9 mM of ethanol, water (0 to 40
nol . eq., according tppc,g,'gg’ 1© ¥t Rl shb @Y FesplRsiVE S dhe pBWerSR-ri ¢ Qiffrabma )  of
anhydrous al endroni ¢ acid.” The reaction 15 mx’tur(g was boiled w th vigorous
stirring farecatvoythe tbermograsyianrerid (TiGre) @irveiidothe infearéd specduphdséendesmataned
constant (approx. pH 7). After cooling of the reaction m xture to anbient

t enper at ur®dWRECEBIR - material was filtered, washed with absol ute ethanol,

and dried overnight i a 9 = mg]—)gg 3?165‘:3-!' . Ure) to

gi ve 96-99% sodi um arrebn%rzéhat’g%é{%//lgﬁa(’%%ggﬁol (’)\5\}} g coﬁgg(t%?@g{aﬁé%crystal
Form D, weprcurd, thp tkdreiogialvion(ku) (TZ0A ymirve &gl thevitfearedwreetrused alendystatd  For m
F, when 5-8 é_g_{r]efer bly 6-7) éml. eq. water were used; crystal FormE, when
9- 15 (prefSdaBn nopoRydrate Fosg C-vat er were used: and crystal Form G when

1 5-40 (preferably 25pR%) 3HDip, afifl3c WRLWETesHBER NS BE poliRr ROROSPMiMSal T was
confirmed by atonic absorption and by measuring the pH of a 0.5% aqueous
sol uti on oipetiensthk thermppragiomeptd @.GH).cups: dxdiahpirdradedpe pavratoif afendfonate

Al endr onat e Sodi ym.from Al endroni c Acid Monohydrate A 250 m fl ask was
fitted wi t%‘i’d&l’ﬁégwéi‘ﬁtﬁ P"r%?i'rrer, a thermometer, and a reflux condenser.
The flask was charged]gd.ub, 48ard 44 sHaly, fesp@dtive]y0 theGovnaiefiKumy lyfiaexbsle 30 in
ethanol (0.49 N) 18.7 mml), 4.8 m_of ethanol, water (0 to 100 nol. eq.,
accor di ng SPecte, e yrarapgragiometresiTCd)curwmndgheyinfrargl speesmyn of glendrasater oni ¢
acid nono%qLﬁ,T’ ?ornﬂ?f 14 SUBSTI TUTE SHEET ( RULE 26) 10 JAN Z003

FIGS. 5a, 5b, and 5¢ show, respectively, the powder X-ray diffraction
spectrum, the (thermograviometric (TGA) curve) and the infrared spectrum of alendronate
sodium Form E.

FIGS. 6a, 6b, and 6¢ show, respectively, the powder X-ray diffraction
spectrum, the thermograviometric (TGA) curve and the infrared spectrum of alendronate
sodium Form F.

FIGS. 72, 7b, and 7c show, respectively, the powder X-ray diffraction
spectrum, the then-nograviometric (TGA) curve and the infrared spectrum of alendronate
sodium Form G.

Figures 8a, 8b and 8¢ show respectively the powder X-ray diffraction
spectrum, the thermograviometric (TGA) curve and the infrared spectrum of alendronate

sodium of Form H.



reaction mxture was boiled with vigorous stirring for about |5 hours until
stability of pH of the |liquid phase was reached (approx. pH 7). After
cooling of the reaction mxture to anbient tenperature the precipitate was
filtered, washed with absolute ethanol, and dried overnight in a vacuidAN 2003
oven ( 10-1 Smm Hg, anbi ent terrperature) to give 96-99% sodi um al endronate
having the following crystalline forns: crystalline FormB, when 0-4
(preferably 0-2) nol. eq. water were used; crystalline FormF, when 3-5
mol . eq. WGSETAYEED DESCRIETION @I TRE ROVENEIOMen 11-13 (preferably 12)
mol . eq. water were used; and crystalline Form G when 15-100 (preferably
20-80) nol . eq. waterTheenenusedisclfies newhgdnad orms af tlendronaionddivmechving
atom ¢ absorption and b nmeasuring the pH of a 0.5% aqueous solution of the
salt (appr osatergpnignig)of lTﬁéer\Rﬁfi‘é? 188&?@55 is determined using the TGA

techni que, heating t %eiﬁ&@ﬁﬁn\t n8559s&iﬁ‘{f‘lﬂge@?’e%&%ﬁeetf%ﬁ"g%ﬁfeﬂd{ng;te(l 0SS

on drying) step, which occurs a reparation of

Sodi um Al erddiomatisicidhhyedseat destgrared HoriieB, D 85K, GasdH.tted with a magnetic
bar stirrer, Soxhlet extraction funnel (operating volume | 50 ml) charged
with 3~ nol ecul ar si SWE4ErEOVaSF corlge” F@Fﬂsﬁ&‘}@ﬂdgﬁééﬁwé@hh@éﬂ ééo"é Bed.ogf yi ng

bl endr onat SAEREGHRAd Y Geg T Pk R helR B RS T SN P ESE Goni o
< 0.19 . Tireb MH9@)MThe walBulatibh 6Cwatk donent fsbafdl o tﬂélpmém%fw‘éfgmthamol ing

to anbient tenperature the 'solid material was filtered, washed wth
absol ut e elasyby entng | Ferderas Cegddi be rtﬁrghtwattn' canigat Uaferoipdhe content o vatar Hg,

anbient te te Exa

art ent ¢ SHBERALY £ A BRI NS AMALALE BB Bel |, g
W th a maglgtc e2bC &iriForreiG, abd2ht@t 2®€0ﬁaﬁFomme. unnel (operating vol une
50 m) charged with and refl ux condenser

ves 0
connected to a dryi nagf EFB‘@”&?”WE ag(a%@lnﬁq g g &l g? Cﬂé{}@gng ThR 4 CRPOR RIS char ged

wi th sodi umeaéreéadmeamaﬂdu myﬁaakﬁar(@%exhaanqn@tg%cgﬂ %Eﬁo jet hanol (450 ni,

vol . % of water < ~ 0 ~aN 2003 WO 00/ 12517 P S99/ 19838 0. 1% . The

m xture was boi | ed vabhlesml equingeftopl watetioumags nmﬂétr@nuo’@t&htsrrg"waﬁeranbl ent
tenperature, the use Gy | ey r | aced n_of 3~
nol ecul ar si eves (60?8 eé'ﬁd %Lhe l?e ﬁs’)%(’d{}\jénsgacson CAUe Og\éFqudﬁzﬁF?(F%é?

hours. Aftedasecooling to anbient tenperature the solid material was
filtered, washed vm'fh absolute ethyl ether, and 5 dried overnight in a
vacuum oven ( 10- 15/Timse-skillahibitenirt tvilipsyrediate edat tge @iy €nmadhydratal endnonat e

nonohydr at geed X ATRERce/toRI@RAIA :ic@cﬂdé%&nﬂs%@&é?ﬂﬁﬁ@m%&ﬁi‘a%@f 08 It cBent
Al endronic Acid Monohvdrate Preparation of ‘aqueous ethanoiic sodi um

hydr oxi de: of&h %6} UpeseskiigAdn the250viHajsoamdersiané that 58 tedm "JBwdr@9Awbe) uiedr e
el oL OBl a3 RAY a Rdbn 8004 0L L MBS B0 RL YEG LR 45
m of t hi s aqueous e remal nin o e s 8a ES

prepare a suspensi onOaé obdkeiniehe \\ZEBaﬁ;ﬁrbdaﬂmmlwejtreahe'moﬁthEaﬂei' tenf | ask
was fitted with ?. mechani cal stirrer 0gptherm)meter and a refl ux
9

condenser . Ustfén raferenceiqdhemanesedium el ohpleRehoaisi acidhessar PsoHyHrkne (25 g,

0. 094 nol ) 38R B38Y8RUSWERENANRNt of 65!?6%%& s heated to boiling wth
stirring. r'nl'he gqueﬁ%’s \gt hanol |ncos€b§|rurln o%?’de was added dropwi se to the

suspensi on of al endrOne skitled th the anmﬂmi,e@?ra@peecmme thguibo tenetdibybteP ovhe8 hour s

at ref7ux with vi orousl stirri.n
use{i in refetence 1a the monosodin salt o‘?’alendromc 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 to the monosodium salt of alendronic acid describes a crystalline
material having a water content of approximately 1.6%.

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

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



m xture was stirred at reflux for additional 15 hours. The m xture was
coolhedbt oI room terrpelrat uLe W t hhst ibrr: ng. Thﬁ IsoI i ﬂ was fidl 'Ejered, vvasﬂfgwé Tod
wi t h absol ut , then with absolute ethyl ether, an ri

in a vacuum g’?@“ﬁ}??ﬂ?o-l S mm Hg, anbient tenperature) to gi vé’fg“céj‘@x@gsgf

al endronate sodium having crystalline Form G 25 Exanple 8 Preparation of
Al endronat e Sodi um Form C from Al endroni ¢ Aci d Monohydrate 30 Preparation
of aqueous et hanolic sodi um hydroxi de: Absolute ethanol (250 m) and water
(59 m, 35x ) : i 5 oxt de (3.8 g) assay 99% 0.094
nol ) was di'gglg%légp!&r% aﬁgt%mgﬁg%@g%ﬂugggye?h%nol. The remai ni ng aqueous
et hanol was used to pDegskiléedan shesayewdi also afpredien drao thectedt "IBtHREYdratdT vhSHEET
(RULE 26) 10.JA_N 2003 aci d rngnohvdr at e. Aoneg}r'ter. fl ask s fitted

Wi th a mechiRf ECRIPIGER e TonteBrRaN &f AICAGan Aokt ey ibssacensaline The f1 ask

was_char gediefi) Al ARG Ok Ceofizh o MMBARAEALE: 695 9, 0.094 ol ) and aqueous

et hanol . The m xture™was heated t ing™wth stirring. The agueous

et handl i ¢ sodi um hydr©nd stdledas thedatedilbalepaprseciate thah ehesesp &3 ihgdracd" when

al endroni c acid noh drﬁ]te in a ueou[s\%gt]hanol . for cf, hOl%JI‘S at rFfI ux with
vi gor ousl y '§Ff fHERGENSFAR HieRNospqiim salt Rf alenqropicagiddestrites arysingydi t i onal

15 hours. ThgeMPHaVh@ aWaRercRateRboft DpFdRheRPeyature wWith stirring. The
solid was filtered, washed with absol ute ethanol, and dried overnight in a

vacuum oven ( 10- | Dnerskilleg,in dresirewtl] alsongpprediate B)at the teinv &3/2 Gy@rage” ofhen

al endronate sodi u havi crystallin rmG . Ex | e..9 Preparation of

Al endr onat &< HRTEN B P emarBAl oM N RORy ok d PRt on of
aqueoys et hagneridl hadRdialimddnRxi sRippAReahidlyes e%hanol (250 m) and water (59
m, 35x0.094 nol) were m xed. Sodi um hydroxi de (3.8 g) assay 99% 0.094

mol ) was di ssol ved i rongSkiHedan thehirtswidlplesoappresidia ok theTerm {Eérhydratel vagueous

h I d ' f . al endronic..acid hyd . A
one 11 ter TIEQE TS O 0 RO Ok Nt AL i Pl % RPROter . and a

reflux. conﬁﬁmmaviﬁga wah@snieRso fapafodafateliyt 6% endroni ¢ aci d nonohydrat e
(25 g, 0.094 nol) and aqueous ethanol. The m xture was heated to boiling

with stirring. The adinesksledimiaart willaden apprasjadie i de toms" 4 Hedralgl vahse to

t he suspensj.on. i i Ln. thapel for 3
nour ot 1 e HerRrED KR pfooRSl il TRNPOYAG AR St e B UGS, ELORMNNE 7T o o
reflux for raaetidl haviag a Watdreuitent ofa@prokihatelg 83va%. cool ed to room tenperature
with stirring. The sqglid was filtered, washed w th absol ute ethanol, and

dried overnight in aQnsckikisf dvBs art vib-2{sp appraqipte Ut he gy 'S/ Yhydsato s whgn of

al endr onat i j i :EXG : ~ 0 ~aN zoos
WO 00/ 1251 P B eé‘?%dstgg"&“é%dgﬂébisgﬁog%ﬁrg‘f R &eég%glaér?%s ne’G from

Al endr oni ¢ m¢rchl Maviog g sagr eoetpdrpgpioamasély Sgu#ous et hanol i ¢ sodi um

hydr gxi de: Absol ute et hano 2 ) ,and er (59 35x0. 094 pof) were
m xed’ 5 Sodi um hydr 5¥12¥ %gé@iﬁlewaéw@éﬁiawwe mﬁf fhe fRm 8('9%%?@@ in 45
nm of this xﬁﬂH%@é@inG&ﬂ&?&'ﬂ@é to tiﬁ@ﬁxoh@iﬁ'id}g @Qt@ﬂﬁ@rﬁi@ni%&@rﬂ@ﬂers%% draedlifo

prepare a suspension of alendronic acid nonohydrate. A one liter Bask was

fitted withmaserinbbineng & adatescpmiersrof approkimatelrd 6. and a
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

SUBSTITUTE SHEET (RULE 26)



refl ux condenser. The flask was charged with al endronic aci d nonohydrate
(25 g, 0.094 nol) and aqueous ethanol. The m xture was heated tOlyUhAmgm}
with stirring. The aqueous ethanolic sodi um hydroxi de was added dropwi se to
t he suspension of al endronic acid nonohydrate in aqueous ethanol for 3
hours at reflux with vigorously stirring. Then the m xture was stirred at
reflux for additional 1 ~ hours. The m xture was cooled to roomtenperature -
with stirring. The solid was filtered, washed wi th absol ute ethanol, then
with 15 ab , and dried overnight in a vacuum oven ( 10-15
nm Hg, 40-?8%¥%§%E8F%£ﬁg%b§g of al endronate sodium having crystalline Form
G Exanpl e 11 Prepar The eshieits af #hebfaragdes cisailire dogsomntedDy fofernd. endr onat e
Sodi um Tri hydrate 20 A suspension of alendronate sodiumtrihydrate 1.0g
(3.08 Mol ) in aqueodderdrdnahanid mopohydratetarebhegnyerted o, Aendrort agidt er) was

boi |l ed at fl i th stirri f 15 VN & | i t nmbi ent
Cermer at ur BR3Pk Bie S B 2l R afeBiim & BRiETC? Sk it ner
and dried gyeumoght in a vacuum oven (10-15 mm Hg, anbient tenperature) to

give 0.9 g of alendronate sodium containing crystal formG 25 Exanple 12
Preparation of At endhosaorsaSwdyintE@roness fspechofthemtessni o vewiah, Mendiepdr at e

P tion.of t hanaf i ' hyd i de: | t 50 m
na i or T80 SIS B8 GRS 47 B e TR B0 AR a6 UEED 76 g)
assay 99% pQfHdsly Ma)\ol‘,"%?elﬂbxsﬁ% ‘é%gctiigﬁlpt%ﬁsé g'?éfeﬁfnlyts%ﬁm@ﬂ}b‘?@*’i@c,eatnh%ﬂo| . The

remai ni ng ‘aqueous et han was use epare a suspensi‘on of al endronic
aci d nonohaydewttef whgr SiaBeaHeTUN BEpGHEE tesiRUICEY sz Yorm MRiO0kdr281Sodium. The

PCT/ US99119838 SAN 2003 25 | ask was. fitted with.a nmechanical
stirrer, amPﬁ"érr t588’,” Abacﬁ? 8%%1%‘{50?'6&&‘@?3 l:elnﬁ}‘%ersgﬁlleﬁ%’ ‘@Sﬁ&e‘?‘ﬂer. The
flask was gipaécgae thadt b ihighk eREb QNGO vBulABNIA Y s ifaDletisddidh Ané0! ) and
aqueous et hanol. The aqueous et hanolic sodi um h&?rom de was added dropw se

to the suspepdivarsals. Aheisactinm BIXAHE ds brilse Hpderaeftuy white being elirsedetiBaiouplYf or
15 m nutes : i -0 LR NGO j r

ol uxed 15 GG piielnS Aol s s Bk ol ol LB B R i,

t enper at ur®. @ryktaBine rlendgnat€zedisol is chendsoldted tpe¢ferdbl Wwinsfiledtivw hfteralosbhgitoe

ethanol, then with absolute ethyl ether, and dried overpight. in a vacuum
oven (| L0-480 i EEPAEIHEN SYEh PE AR R oL TS 15 VB gAY et Hhs A o
sodi um  hayhGiedr ¥ad akyihd6veRoBR iFla VAkhieBOh SRR i RERMe! Y dRE #f erred
enbodi nents of the invention have been described herein, it wll be

appar ent tryessHesel inm ted S inim oh eeagury -t Bonihe BRPRIs of Huesreridisaper egibantt hat

vari ati ons[eﬁpgra g%“r&ﬁ%h&ﬂ%%.t& NE6oH85&F i bed enbodi ments nay be nmade

wi t hout departin romthe spirit and scope of the invention. Accordingly,
it is intended 15 t hiatactdrdaricawetit themspsetsloif tHis axterminwheayein adenexdrenacidequi r ed
by the appended ,cl ai ns anddt he1 %ﬁl‘pl i cabl.e ruII lgds of |%W. I % UBSTI TUTE SHEET
(RULE 26) MONVSRRF 5603V ¢2 AERTOFHE Sey HBotifftonie acid monohydraeas

4- am no- 1'ﬂ?¥;§’d’r@d<b!§9h'ﬁ3yéﬂtﬂ@ﬂr%v¢n Frefios P RAZREORI £ ANaind!, FRITSSOE éd!ﬁﬁn%ﬁ'té%éﬁli’e\x‘l ng
water content of 1.3 %to 11.7% 2. A hydrate formof a conpound of claiml
whi ch is awiyh asodihm Haye peaferablyrspgium 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 I: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 mmto 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),

i



selected fromthe group that consists of 1 /4 hydrate, 1/3 hydrate,
hem hydrate, 213 hydrate, 3/4 hydrate, nonohydrate, 514 hydrate, 473
hydrate, 3/2 hydrate, and di hydrate ~. 3. The conpound JAN 7003
4- am no- 1- hydr oxybut yl i dene-1, 1-bi sphosphonic acid nonosodi um sal t h!ip/i Ag
water content of 5.1 %to 7.0% 4. The conpound according to claim3 having
wat er content of about 6.2% 5. Al endronate nonosodi um nonohydrate. 6. The
conmpound according to claim 3, which is characterized by peaks in the

powder xray diffr i-0n I t 2, ' .2,
17.3 tO. 2ﬁi@ren@§%18@4ﬁgy@e%?Eéeﬁéregwgﬁé&ﬁodgkﬂgw;&n ﬁjeet%(olg agﬁ}e%ptr%ép%ri ng
the compounga Qi wiioh RfsusitiRy $eb B QHGR pRefE@BNTbSHINE dRBoSt BRIS ndktureédly
reacting one equival ent of 4-am no-1-hydroxybutylidene- |, [|-bisphosphonic
aci d wi t h teeseedegith ealrging agdnt spelfecnil olayseefluring theawerturalik amefluxcaomdenssi ng 5 t o
200 equivalents of water; and Bb) isolating,sai d conpound_ofany of clainms 3
t hrough 6.WBCTeiR thef nm@mﬂﬁaa&sss e A HREFLARIEYRS. 53WMW41% no- |
hydr oxybut yJ:i ol i e TN v.dr at 9. A
met hod acdgy asERReshisy Heu R SRMASRAAR Safl nlralels BroRABRYRE 21 ] Moel: 1o
group consirsferatgy 02:5mRefflaniol,of @tehaixalire &snpte fesabpr dpanfot 24 hours Avihistibrirds.
according to claim7 wherein the sodiumbase is selected fromthe group

consi st i nghlefidrovate sedibydtibydrate is Segiliphateb PRIYRBY tinltsten afisrcopbsg tfe. 11. A

t hod i i .8 4= A -
yar oxy burold e Bphat RalnbBSHH dhsOUf SOTAVE i BBGnn 2 vaeuumoven,
00/ 12517 -at embidnVicz0m3atREBAUSO9 hAR8RBofl ) mbs twEShas affm@teyari ng t he

conmpound of any of clains 3 through 6 conprising the steps of: a) treating
4- ani no- 1- hydr oxybut Y acerr@nge, with fhe 3peesoh gt & VRRFRISWEs M dedronate a | ower
al kanol wi_t\h: I : : 1 i i ound
of any of Srg xz;ll%ﬂgﬁﬁ dﬁgg%%?]§igve%8ﬁﬂ%@%é§o¥ ildnrg%tog]tohp %ﬁ%ﬁ%g{? ein

t he | ower addridasraite gfdigh gphyalrate-ss piehamad by adylof the methmold kobwprie harartng added

compound, b BTt Eh s NI SRR AR REcBiEhagl 9 L et 10
al kanol  Wirhit#0 i4Pe L&t MR b @RYifig Bfenv\air&ErabBIE refexiag thevaleiie iRk r&1@ endroni c
acid; and b) isolating said conpound of any of clalnms 3 through 6.
condenser wherein the condensate formed passed through 3A molecular sieves. If and
when a first portion of molecular sieves is exhausted, a second portion of fresh molecular
sieves is used. The weight:weight ratio of molecular sieves to alendronate sodium
trihydrate is preferably about 2:1 and most preferably 12:5. Refluxing of the mixture is
preferably done for 24 hours with stirring. The mixture is aliowed to cool to ambient
temperature before recharging with an equivalent amount of molecular sieves.
Alendronate sodium monohydrate is then isolated, preferably by cooling to ambient
temperature, filtration, washing with absolute ether and drying overnight in 2 vacuum
oven at ambient temperature and a pressure of 10 mm and 15 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
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15. A method according to claim 16 wherein the |ower al kanoi of step a) is
ethanol. 16. A nethod of preparing the conpound of any of clains 3 through
6 conprising the steps of: a) treating 10 JAN 2003
4- am no- 1- hydr oxybut yl i dene- 1, 1- bi sphosphonic trisodiumsalt in a | ower

al kanol with 20-40 equivalents of water and two equival ents of S alendronic
acid; and b) isolating said conpound of any of clainms 3 through 6. 17. A
nmet hod according to claim 16 wherein the | ower al kanol of step a) is
ethanol . 1 : £ clal ough
e R e R St G R

1- bi sphospheni ¢ geRitinagpslilesmstalifguantabletspsyetpsadridanggensioht) f@OpAenieghi val ent s
of water and three equivalents of S alendronic acid;, and b) isolating said
conpound ohdmimjstestion the meBIANMTOYIEH BPOYES OA Vi theld neledormiquEotDochcn-m 18
wherein the | ower | |, kanol qf. S-tfP ag; i%ﬂet hanol .. 20. A rreqti Q&d according to
Claim 12 | ACERPSTOIHED oF apRthigR: for ik R HTRYR IhgERire Provigea LoBsISE b ¢
sodi um sal ty;4 ' i RY-dmat ' - ; i.ng to

ol ai m 3, B e Rt on
val ues of teosdl ietmalgford kBowd.iR)hedpt; dansferal U8liEry (hezd ar2provitd Qidhle
SUBSTI TUTEdgHEET ' RULE %%)p .10 JAN z(?ﬁOS V\%%O{ 125%}7 PCT/LJS 9&9838 and
30. 0 t0. 2. YTV ERSHHATHART KOVEB AT g T FRE NBBIHBINGEY BIETiaPR e HpPlesi ng
the steps fosAtelive@pkiNomérAsuNR-he ydroxybutylidene- | , 1-bi sphosphonic
nonosodiumtrihydrate wWth an effective anmount of a drying agent; and b)

i sol ating sai d conpoWhe powder %iray @iffraction gatteansreedscdtansidndnagotokmedven m 22

wherein thg reaction,of. step a) i fornmed in ethanol. 24 Al endronate
monosod uniReh ke 21ies s Rahdoud B HACHE H R amR s tbiasfi 0 Rtane. 1.

1- bi sphospiianhing agded dTangepaiimnesal t having water content of 2.8%to 3.9%
26. The conpound according to claim25 having water content of about 3.2%
27. The conpound accdhelthegnegrarimstng arvespyire Rbiained thamarthadsiknewnby tipearks i n
t he powder  x- i f t 1 VA f. b 2, 9.3 Q. 2,
and 14.D tﬁwg%ﬁ'%@%% éﬁ'ﬁr%ﬁ%ﬁ?ﬁ@etshﬁggg%tcs)%rqgmo@'g 'ghrlﬁ 24 or 25
conpri si ngtetiperasire pan gefwasdgyorh 26 &€ ting leksa2O0Iq; bt thy datex ) beAG/min. Samples

i dene-1, 1- bi sghosghoni c acid in a_|lower al kanol with one equival ent of

sodi um bad¥ aRYeed pithmmtregam aasiebnflewdpte R ¢ 8 ml/mined Standard d 58 mlpduns ifigm
conpound ofru€ibrk Meddusdd. 25. 29. A nethod according to claim28 wherein the
conpound 4-am no-1 hydroxybutylidene- |, 1-bisphosphonic acid is in a
nonohydrate form 30Ihqindiafadompeaiticnerdiongined by msthedsdinatariaite arhesin®aer

| kanol i - ISt f I d
oL kanol | SaRySEhEE LR e OIRHRLOAREN! S8yl IR Pl AR0
sel ect ed f3moirt hergomeined ens cwmt'iresglutibn eudli Giscany daabixi de, sodi um et hoxi de

and sodi um et hoxi de...32. A.net hod according to clajim?2 rein. the
conpound 4-anino-1 h 39%%pr(5’8%9£¥&’5 \f_g%f)%tffﬁg@bhgﬁﬁg\gggpa\vpén FW ah
anhydr ous {fsgipga P&Rin BiAer SO0DPWAE Aroaiid ABsokpiiotiheyetty Sba8@AEcohient was

1- bi sphosphoni ¢ aci d nonosodi um salt having water content of 2.5%to 3.5%

34. The coifpamyiredecemstitarfardsepdannoBrinedhicnn Mescleang Aldriehi zed by peaks in
the powder x-ray diffraction at values of two theta of 9.2 t0.2, 14.2 tO0. 2,
15.0 t0.2, 17.1t0.2, 20.7 .2, 22.0 Q0.2, 22.4 t0.2. 22 SUBSTI TUTE SHEET
(RULE 26) 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



10 JAN 2003 WD 00/ 12517 PCT/ US99/ 19838 35. A nethod of preparing the
conpound of claim2 or 33 conprising the steps of: a) treating

4- am no- 1- Ryghexdsput yl i dene- | , | -bisphosphonic acid in a h,e;fﬁfss,@{ﬂg&dm 2003
wi th one equival ent of sodium base and 17 to 22 equivalents of water; and
b) isolating said conpound of claim2 or 33. 36. A nethod according to
claim35 in which the conpound 4-am no-1 hydroxybutylidene-1,

1- bi sphosphonic acid is in a nonohydrate form 37. A nethod according to

cl ai m 35 wh@iohiydrateh €THe@usRttingl dtendednid scid aloactyritatt agdtibe 205OUD at PMfinst | Ng Of
met hanol , et hanol and _i sopropanol. 38. A nethod according to claim35

wher ei n t H8 BEERUIAIOB A3 ovrs tagive dbyeaiendronis asid nanehydratsron@ining 6§ wetrum
hydr oxi de, sodi um net hoxi de and sodi um et hoxi de. 39. The conpound

4- am no- 1- hydroxybut yl i dene-1, 1-bi sphosphonic acid nonosodi um salt havi ng
wat er content of 6.4%to 9.0% 40. Tkeangglepound according to claim 39,
which is characterized by peaks in the powder x-ray diffraction at val ues
of tWwo theta of 12.2 to.érepﬁs?eoq of Anhydrogs Adergironis Axidn. 2, 16.3 t0.2, and
| 7.2 t0.2. 41. A r ' 0 im.2 9
conprising the steg?hg?gnggon ragg]taﬁ;‘lr]\'g&]ﬁ%(r?ﬁ ﬁg-l -35‘ }%L;"é%?‘-{y\’fﬂeagﬁéq %,“O'

1- bi sphospoht én haiml Hgrfosd howeto @i amtoldros atendivaicespud. VEhewhtep tortadivib®n base
and 0 to 4 equivalents of water; and b) isolating said conmpound of claim 2
or 39. 4203k hEMedhtaccording to claim41 in which the conpound 4-anino-1
hydr oxybut yl i dene- 1, 1-bi sphosphonilgxaa@lgz,i s in a nonohydrate form 43. A
nmet hod according to claim4l whereint ower al kanol is selected fromthe
group consi st i MyephrativnldAdendronhha@rSoldiandrdns amhegens| Aleddronic Aeidhod
according to claimi4l whe[)gi n thgr Sﬁdi_l.i!‘m base js selected fromthe group
consi sting of sodi um MHPLRIHe2sdBEF WNAePRIRNGal YRS SolsTRATesipo ANd R, 45,

The compowsifl,-oabtier. TR XRO U HbdAGRE L1 1 dPaSBREABR G FuddydrdfpRosodi um
salt having water content of 3.2%7Tto 5.8% 46. '?he conmpound according to
cl ai m 45, imkthedo! i(&@481RaT06LC merdl 8@ rblyofptims!, watdr i@ t24) BOBST, FtfordiSkikdthe( RULE
26) 10 gr@'é'ta%?oorm desired), and 5g (20.1 mmol) of anhydrous alendronic acid. The reaction
15 mixture was boiled with vigorous stirring for about 15 hours until the of pH of the liquid
phase remained constant (approx. pH 7). After cooling of the reaction mixture to ambient
temperature, the solid material was filtered, washed with absolute ethanol, and dried
overnight in a vacuum oven (10-15mmKHg, ambient temperature) to give 96-99% sodium
alendronate having the following crystal forms: crystal Form D, when 0-4 (preferably 0-2)
20 mol. eq. water were used; crystal Form F, when 5-8 (preferably 6-7) mol. eq. water were
used; crystal Form E, when 9-15 (preferably 12) mol. eq. water were used; and crystal
Form G, when 15-40 (preferably 25-35) mol. eq. water were used. The monosodium salt
was confirmed by atomic absorption and by measuring the pH of a 0.5% aqueous solution

of the salt (approx. pH 4.4).

25
Example 4
Preparation of Alendronate Sodium from Alendronic Acid Monohydrate
A 250 m! flask was fitted with a mechanical stirrer, a thermometer, and a
reflux condenser. The flask was charged with 38.2 ml of a solution of sodium hydroxide
30 in ethanol (0.49 N, 18.7 mmol), 4.8 ml of ethanol, water (0 to 100 mol. eq., according to

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

14
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WO 00/ 1251 7 PCT/ US991 19838 powder x-ray diffraction at values of two theta
of 13.11t0.2, 1 S21t0.2, 16.31t0.2, 22.3t0.2, 22.5S1t0.2) 23.4 f0.2, and
23.7 Q.2. 47. A nmethod of preparing the conpound of 2 or 4S conpri si,gg hhe
steps of: a) treating 4-anino-1-hydroxybutylidene-1, 1-bisphosphoni c!4cid 2003
anhydrous in a | ower al kanol with one equival ent of sodiumbase and O to 4
equi val ents of water; and b) isolating said conmpound of claim2 or 45. 48.

A nmet hod according to claim47 in which the conpound 4-anm no-1

hydr oxybut ykidrAgnixire vabbsipdiosithakoross At ifer abdualrs leduny oitdlusathionof pf9. A
met hod according to claim48 wherein the |ower alkanol is selected fromthe
group consicfthequoe phesteheasotached iaprok. thd). i 46pt eywdinglof tBOeachonmniltide to

according to ¢laim48 wherein the sodium base is selected fromthe group
Conel st | g WIS ATTRRTRYR B PURSIP SIS araS e BESed ke SoRs MR G aedss
The conpo -am.ng-1- tiy L b ' j ' odi um
sai t havi ng At el i g RO P YR Bt SR B R R
claimsS 1, aydtidedhatesshaha e felfovdeglcriystalfieaksmsncrybrelipeWdan Bs-whay 0dé f fract i on

at values of two theta of 13.0 t0.2, 13.4t0.2, 14.2 t0.2, 19.1 t0.2, and
19. 4 Q. 2. (sxzferablindr Rorolota. prasgsavarnised Hay Eepe fAEM &5 Whemp 1h molo pq.gvater

conpri sing “}J,‘@H?édeﬁr%sgsl%ne rlfj@\;hieﬁgl-[b g%ﬁ%bﬁ%ﬁiaﬁgﬁ)ég_%%%r were l]\sed' and

i dene-1, 1- bi'sphosphon i's “aci na | owe ne equrval ent  of

sodi um baseratlire F@m20, ehen Vil @nipseferablyi0es() nasided)wateabeart used. sai d
conpound of claim2 or S 1. S4. A nethod according to claimS3 in which the
conpound 4-ami no- 1 hylhedanesedirm dalh@as qonfrmgd &y Rk ghs PR and &y i n a
monohydr at rm, I ' r,ei\n the | ower

al kanol is%s':fea e@%ﬁ;Hﬁbm%%gﬁgﬁo%%%lﬁ@%séﬂggk@* mﬁgﬁﬁgﬁgl“;‘bét hanol and

i sopropanol . S6. A n#thecchtaraootedi indettoniotdiismShel @A edchnidue, Isadngnhdase i s

and Sodi unFETsD g0 e SRTCHAE ST By Hh R 455 62181 O SAeRGH S JFERADOve
conmpound 44amigo-1 hydroxybutylidene- |, 1-bisphosphonic acid is in an
anhydrous form 24 SUBSTI TUTE SHEET (RULE 26) 10 JAN 2003
Example S
Preparation of Sodium Alendronate Dihydrate
A one liter flask was fitted with a magnetic bar stirrer, Soxhlet extraction
ﬁnnel (operating volume 150 ml) charged with 3A molecular sieves (60 g), and reflux
condenser connected to 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 solid material was filtered, washed with absolute ethyl ether, and dried

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

alendronate dihydrate

Example 6
Preparation of Sodium Alendronate 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 <

15



58. Al endronate nonosodi um dehydrate. 59. The conpound

4-ami no- 1-hydroxybutyl i dene-1, 1-bisphosphon is acid monosodi um shitay s
havi ng wat t of about I 1.7% 60. The conpound accordj 0 ai m
59, which ievgog /gsg.'gt erized by peaks in the powder x-ray di f#ﬁ%?%}?‘*gi{

val ues of two theta of 9.3 t0.2, 12.4 Q0.2, 13.5 0.2, 2b.3 1-0.2 and 30.0
t0.2. 61. A nethod for preparing a conpound according to claimb58 or 59
conprising the steps of: a) treating 4-am no-1-hydroxybut~lidene-1,

1- bi sphos i | j - iyl j : Lve anount of
0 yi g agere P ar B aAE BN AR BT R PAR, RLEG IERhbiLR

1- bi sphos pémperatuss ittt ushé mutevako sievern watk repdadey dy atrew [mittiorto ik nisdeaidri cal
conposition conprising a pharmaceutically effectivye amount of ~a compound of
any of cl &I%¥8S (%B g@pn@g}e rgggx wes COA’S‘“H?@’LOS@‘%BQW?%X‘@PWO& &5CORIMEPi ng and/ or
preventin ' ' i | S HeSddN G, - Lndast.efiyng to
sai d subj gg@ %ﬁtelr@?iat?%éﬁee%‘!marﬁaéﬁlect i J%%m&%g&?‘ h!tailgoeﬁ%ﬁe:%ﬁgc@é%’i %‘gl
conpési ti driedsvareighnada vacuchaivam 6- 1 5hm Agnetbied iechpgampdrto giyetsbéiuaonpound
of claim 1 conprising the steps of: a) reacting one equival ent of

4- ami no- 1 28p88ERRRANYEEHe- 1, 1 bi sphosphoni ¢ acid with one equival ent of
sodi um base in an aqueous organi c solvent selected fromthe group

consi sting of acetone) DMSO, DMF, acetonitrile, alcohols, polyal cohols)

pol yal cohol ethers, pyridine, sulfolEBxmempiiret hyl pyrrolidi none and

di oxane, and b) Jsolating i d,conpound of .clajm 1. 65. A nethod of
preparing the c 86%'%“@?‘5"‘?‘5%%6&?@"‘ "lhg']rg'f‘ lendronig Acidh ot ng one
equi val ent of 4-ani no- 1- hydr oxybut YYIPR&rats hi sphosphonic acid with one
equi val en adi i - - -gatlic solvent selected fromthe
gr oup con?f%%lmﬁlgqg %@?%ﬁ‘?&%@ﬂwrg{%gﬁm trile, alcohols,

pol yal cohol s, pol yalAtwblote elidmet @50 pyl) ke weter €91 rhi0 B Sx Q9N st tvBe mixed.
pyrrolidinone and dioxane, and b) isolating said conpound of claim3. 25
10 JAN 2080°¢i5m hydsetide, &8 gssapard APHBole 5idp BisRl vest indAdanhef2Bisagheaus si ng
the steps.gfq,@ i L\ al.ent, of - :

L i no- SRSl TS EARL AR 1060 NS P o prepare g suspepsion of slendronie o
sodilém basadimpnahydrgieeous or gani ¢ sol vent selected fromthe group

consi sting of acetone acetonitrile,. al cohol s ol yal cohol s,

pol yal cohgl et hers, %W%S@S ¥ap ﬁHFgﬁ’étf‘ al\‘l’-’ﬁ%‘??fﬁ% KRS t?‘ e a

di oxane, gffhxRbnddRERITHA18R WS SRR AN BfenloRichic RPmofbohydAtd@lsh0d .00k
preparing the conpound of claim 33 conprising the steps of: a) reacting one
equi val enmodfand-agne¢avs-cthahgld rideyivytuy¢ waehested tobodingprigsghoing.c Theaqhenis h one
equi val ent_, of ;sodi,um base_ .i.n_an eQus. .or i ¢c solvent. selected.fromthe

o oup. coneRt RGOS, RRFEAC R AR L o RRSLST S RSl

pol gal cohglosiohyaivdty al qleohs @&hirl for IMHOurh: ReduxSwit OigarsyNtintid)yThen the

pyrroiidinone and di o~ane, and b) isolating said conpound of claim 33.
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 2 vacuum oven (10-15 mm Hg, ambient

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

25
Exampie 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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68. A nethod of preparing the conmpound of claim 39 conprising the steps of:
a) reacting one equival ent of 4-am no-1-hydroxybutylidene-I, blspiﬁs honlc
acid with one equival ent of sodium base in an aqueous organic solv t JAN 2003
selected fromthe group consisting of acetone, DMSO, DMF, acetonitrile,

al cohol s, pol yal cohol s, polyal cohol ethers, pyridine, sulfolane, N nethyl
pyrrolidinone and di oxane, and b) isolating said conpound of claim 39. 6g,
A met hod of preparing the conpound of ciairn 45 conprising the steps of: a)
reacting ope equiyalent of 4-am no- 1-hydroxybutylidene-1, 1 bisphosphonic
acid with 3ﬂﬁngﬁﬁ%vglgnt of sodium base in an aqueous organi c sol vent

sel ected fromthe gr qugneqﬂgrsﬂa%wag f@tfed %ﬁﬁtmeoha%@tm@% tpé’r?rﬁ)tn?é?étl Bhd £,

al cohol s, pol yal cohol's, polyal cohol ethers, pyridine, sulfolane, N nethyl
pyrroli di neeflexanddelisex dfte, flaakdvab phargad with algndmnnt acahmponshydedie (3528, 10098, 70.

A met hod of greparlng t he conpound of cl |n151 conmprising the_steps of: 26
10 JAN z00BoR)andeguequigtionel %mrma %fhwab eatediQibRILNE WIHFBRDSUT I AQHSRES 1, 1
bisphospho i i organi c
sor ven: " serigrdfy Sl fy 8608 Mk ¥ B olisSih RepBRtor B AR RS

acetoni trimenoladeodaoh Squepoé ytahmttﬂbst;oups)zttyaﬂmomh viloR®IsE), stipyifig. dTine, the
sul fol ane, N-nethyl pyrrolidinone and di oxane, and b) isolating said

conpound omixspEe WaSSHITeA apeaf g dororddpioasplaky hyrs: h@“’c‘ﬁﬁ%@u s gpoled & FposY

conprisin 0 q I
4- am no- Igthhqg’%roazé/rgﬁi Jt(ﬂ%ﬁ%‘- i?ea%)thgi ﬁgférﬁo%ﬁé}%ggﬂ& ﬂ)s?lﬁte er%}éanéjtlzfua’ln\(}glngcritt of
sodi um basegverfighNinaOuous o@éxg@xrt);ts mml Ng,rﬂm&etteaﬁpﬁﬂatﬁfe@m give 262qupf

consi sting of., acetone, DMSO DM, acetonitrile, alcohols, poiyafcohols,
pol yal coho? lendragste So‘ﬂiy'i“r B VRS crysipling Kaen On- net hyl pyrroli di none and
di oxane, and b) isolating said conpound of claim59. 27 ~ 0 ~a~ zoos 72.

Crystal l i ne nonosodi um al endronat e nonohydrate. 73. A sanple of the
crystal line nonosodi um al endronat e ndhxampde at e of claim 72 having a water
content of about 6.2% weight. 74. Crystalline nonosodi um al endronate
nonohydrate characterized by its stability against dehydration at

tenperatures up Fpe‘?at}QHBn $PAlerdrorfte SEARIE Fy$indl lfi-o1e ATendysasd Asidal endr onat e
nonohydrate of c 74 further chawcﬁ,r uéfd by peaks in the powder xray

diffraction pattern at val ues of two theta of 12.7 0.2, 16.2 0.2, 17.3 0.2,

| 7.6 0.2, od of preparing,the crystalline
nonosodi un%g?gag?%ﬁg ug?r%ﬁ%ﬁang);léf%Jo h ﬂ'gﬁo clains 72 through 75

conprising the st epsAbsidIuta)ett&uslriéﬁt@lmrh)gprrdn@teqﬁpwraj Eni0.08% mol) were mixed.
4-am no- 1- dro ene 1 1S phoni c r. .al kanol , b)
2ddi ng . ST G S d S Piia P ET Dyt sl huda G pisea Fosbo
equi val ente%hé?nfol V\’ﬁh@i‘enﬁanmﬁg bQYRs @heMlas ubed th peeRHSPAREEMRIbNAL Aendfdrio- 1
hyr oxybut yl i dene-1, 1-bi sphosphonic acid and
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
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



c) isolating the crystalline nonosodi um al endronat e nonohydr at e.
met hod according to claim 76 wherein the conpound 4-am no-1 70 JANZ 003

hydroxybuty 1, 1-bisphosphonic acid is in a nonohydr
met hod accoré’d‘ﬁ ?o claim76 wherein the | ower al kanol is s?@é@%&%?%m t he
group consi sting of methanol, ethanol and isopropanol. 79. A nethod

according to claim76 wherein the sodiumbase is selected fromthe group
consi sting of sodi um hydroxide, sodi um nethoxi de and sodi um et hoxi de. 80. A

met hod accor di ngpl
hydr oxybut yl i dene- &%ﬁg@éﬁg&gﬁgﬁgﬁ%ﬁ% gfﬁgnﬁlr?grr?%%h%y gé!sc ?co'flm 8l1. A

nmet hod of preparing the conpound of any Bainms 72 tl uough 75 conpri sing

the steps Pfeparadiort diﬁﬁf.vbd?lg; @Moﬁﬂbﬁdﬂ&hﬁyﬂroﬂfde
4- am no- 1- hydr oxybut yl i dene- i sphosphoni ¢_nonosodi um salt in a | ower

al kanol with 20-40 bsq}lépé%bﬁsoldiwmi)@tnd%(é%ml 315@0ﬁ nzdbyetf)mlxgm ating
sai d fo”poé’é‘adum%ﬁdroxfmggogd 3&%@92 ! 6% %o 'msna §s% WSS 85 o*?gn %g&“&@?ﬁ)?ano'

of step a)"Ts et od o pari he cofrpoun

clains 72 dtharoUughhe ferneiing hGicdgds &th@@mpsse@lfto pet-)paterzeatspmldmrtﬁamwﬂé ent of
4- am no- hydr oxybut yl i dene- 1, 1- bi sphosphoni ¢ disodiumsalt in a | ower
al kanol wia%d PQLOYd&dEi val ents of water, and one equival ent of al endronic

acid; and b) isolati '“ﬂgs! of i I Iy 83
wherein the | ower alﬁkgﬂ(g)ﬂleqffﬁwg dl‘gﬁé ano "h&géﬁ‘ﬁ% g’ieﬁ’ga;"% es;pa;%epryarl ng
t he conpouefluotomisysesf The ﬂamis&hhiyedugtm aTcﬁadmn@mndlmohh&a&t(epg, 0094 a)

treating one eq(#u val ent of 4-am no-hydroxybuty|idene-1, 1-bi sphosphonic
tri sodi umBal eng augopsGhaancly Eaﬁm'xwetwsmat&é 1ebRilp& MithstITdE. vﬂteeqauaw t wo

equi val ent gy of, l)@ggﬂg%ﬁﬂd%xgﬁ \8\%5 L &%ng't@me%g ;%g'slqp %‘P?R%ﬁ%qlc %@d

met hod according to c ereln the lower a

et hanol . Sﬁonohydmmmchqoéomreémoh fog3 hbmseomﬂomwdthaf:gmyslpfsnmr@l ther Zhe hr ough
75 conmprising the ste a reatin ne equi val ent of

4- ani no- hy&* Bﬁ@?ﬁi”& riﬂ“’fL %‘g ﬁbﬁ%rs 3FF5§6&HF%W%%OB€4fﬁraomomer

al kanol Wik, &Qru-i@w%ﬂtgh&mnerﬁrﬁ s91f,dm&ﬁrtere@%shw&ﬁh%gwm@le 351 en with

al endronic aC| d; and b) iSolating said conpound. 88. A netho accordll ng to
cl ailih 87 vdbamleieretiu)H@tHeu\md daike& averhigbf insit vapuah oven E0hESnM HgoA0-20 1@)tthod

according tn(/)e ‘7:(]; ag gf”aﬁendronate socpum q'\eavﬂlga}:rxnystﬁlme ll-lél 8xyb“t ylidene-1, 1

Example 11
Preparation of alendronate sodium Form (G) from Alendronate Sodium Trihydrate
20 A suspension of alendronate sodium trihydrate 1.0g (3.08 mmol) in
aqueous ethanol (10 mi of ethanol + 1.9 mi of water) was boiled at reflux with stirring for
15 hrs. After cooling to ambient temperature the solid was filtered, washed with absolute
ethanol and ether, and dried overnight in a vacuum oven (10-15 mm Hg, ambient
temperature) to give 0.9 g of alendronate sodium, containing crystal form G.
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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bi sphosphoni ¢ sodiumsalt is a nonosodiumsalt trihydrate. 90. Crystalline

nonosodi um al endronat e nonohydrate char acterized by peaks in the p

x-ray diffragdoanspattern at values of two theta of 9.3 0. ZPé%ﬁgﬁgﬁm@w

0.2, 26.3 0.2 and 30.0 0.2. 91. A nethod of preparing the conpound of any

of cIa|m90 conprising the steps of: a) treating

4- am no- hydr oxybut yl i dene-1, 1-bi sphosphoni c nonosodi um 29 ~ 0 ~aN zoos

trihydrate with an effective anount of a drying agent; and b) isolating

sai d conpound of cl ajpms9Qal fRidk wAs AREOAGth aGRaThahiog stifre hahdRndevdres ei n t he

reaction of step a) is perforned in ethanol. 134. A nethod of preparing the

crystalli néronpmes“wehrandlaéwb*waﬂ@lswnﬂwww@s eharggdayith alzndwmnracsd ng t he

st eps of. y e Y. dene- |,
5@@@5&@%@3}]9@ mglg%a/ %Q& é?ﬁafn%so fhd %odl e‘?ﬁané}’l?% il

1bi sphosph one" equi VAl a so W8t mixture
conpri si ngh@dtoid@aak added| drgiwissel tﬁ@i&ﬁerfsrdhmfbft@d@h%l&ﬁxﬂﬁbl@tdrﬂe iof

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

et hers, py#qugpweethangl fas) [aneinutes areflys wish vigsroushingivang nBhamestaigevasdhen wat er
and b) separ n from
the sol Venfeﬂ%&é %rrtg&ﬁggﬁa\fiB ?H‘"ﬁ XWE%%#W@ %%?’efd%@&&m'?&ﬂ&é}xﬂ@&/ﬁh

YE. A Ay. A3aieBind\ Thédéolidd vasATHerdd, AdsHadAathBolbtefstifinbl, Aidn, wikif\Ybsdlute ethyl

S. A. AR ALy. AASy >0Vr - 8@ >ADM

] =B| wr | gb] Sthefaprechgrass] %stregfa]n& a]vefa]uevacy‘cwé - &up Elg) embicpFEREEUFLRGIYA] ca] ¢

E\4\
?]G!C?]l ?i]s(r:]?%f ﬁa(]f% n(ar(?la ?%t ?&Lfgg] ?N?(?g] La] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljca!!"9" " HQHAHH#NBNS ++4-9-E-T-]1-.2. . *

e R e e
K<<, =====hez %1%&?#623 %@%@@@@mb%g%emta) %]s& allﬁ&i mﬂ;ﬁc% f@\k?ﬁ})(ﬂ‘?& mabghcal cal

ca] ca]c”™a] calca]calca]calca]ca]c aj ca] ca] ca] cal ca ca] ca! | AXAAABI BBB
BJC\ CaCmCORiPtaidBmaE FEHGRES lirtHR ok | fitati drsvaf thecde¥¢rjed jeamp dmpaned may bahmd¢ ca] ca] ca
ca] cal] ca] cal ca]cal ca al.chal calc calcal c C ca! JJBK
VKKLL - LoL ST B ERRARI KR B RS OEN RS Ofc ACb E b CAT A1) ca] ca]
ca] cpy ca] cahcft fRkaA LR mﬂté‘@arﬁglmla eﬁdeaarle éaw]tﬁ@ pended clalms and the
UV] cal] ca] ca] ca] ca] ca] ca] ca] cal R) SzSSS>TTT TTTUUEV A faae?f ghohuhhk”
k( | wr mhcapylicjbdafules) fddwal) ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]
ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! nnnppppppg”*ghqgq3r Cr M rr/ sss>t uuwww
bwwx ™ xxx| wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] cal! xxxx{{| _| || H] go2eVke{vqgl gb] X] ]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] caU]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! eehr 8% RS*dq} Q w mhc”Y] ] ] ca
] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]
ca] cal ca] ca] ca]ca] ca] cal [eTCvnHad{vql ga\ W] ca] cal] ca] ca] ca] ca] ca] ca]ca]ca]c
aV] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ] Qegl
k7=I W | wr | gb] X]]] ca] ca] ca] c(al] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c”al r\-. &h2u"Hzuoj e [V] ca]ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca! Y&v=W1" H} xsnmhc”Y] c] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3c95[. sO MXadw
} xsni d*Y] c] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca! V. H gp: y~q3Z kh}xsnid_Z] c]]ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca! h#c-gj] X?9~W xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calc
aJca]ca]ca]calc(a]ca] ca]ca]ca]ca]ca]ca]ca]calca]lca]calcalcalWz".IJSuW7k!' 4
D }xsnid_Z]c]]ca]ca] c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] cal ca]ca]lcalcalcalcalcalcalcalcalcal!'*)z".IJ$uWT7k!"' 4D }xsnid_Z] c]]ca]ca]
c(a] calcal cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca
]calcalcalcalcalca>or}\:! @10%u& ()-- 1@ 109®& ()--!(, 10%& ()-S
#109&
f 109& 8' | f#109%& ()- " r-@IMIB! vA@ 10%WGEIGE ()--'@10%& ()--!'!"@ 104 ] & ()--!
A(@10%?& ()--'6@10% & ()--!@L10% ()--% >?@wXvB7! 10 10
10?7L10%&' () -'k@10% L& ()--'{@109BB& ()--!'z@10%& ()--! @10%& ()--AM
idBvB7! 10! " 1'10%&' ()-& !'10%r& ()-& 10%r& ()- 10%r& ()-ysl0%m& () -
s' 10%r&' ()- w =dEMB7! 19
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10! 1 4! 10%1& ()-'F 2-10%&' ()-)!10%m& ()-Y s' 10%8& ()- 3! 10%r& () -

31 10%r& ()- =?@BNb~ @ 10! 10%08&' () - N.2003
10%0& () - 3Ss! 10%0& ()-! TYYd0% O O%' ()-4 10m 10m 10m=" 10%r& () - npqrdeNC' ﬁ

100 100 1009=MLO%D& () - 3Y4! 10%0& () - 210%0& () -

Y 10908 () - 10%0& ()-s.]dEYNC! 10 Y 10% & ()- 10% & ()-110% & ()- |

110% & ()- If 10% & ()- &10% & ()-EJEYNC! 10

FFMLO% & ()-310% & ()-F: 109% & ()-S310% & ()-Y 10% & ()-10% & ()-\4 \ dEYNC
10 3"10% & ()- & 10% & ()-3&L0% & () - 10%& ()- 31 s10% & ()-10% & () -\

| G || dEYNOWEIOLABMI0% & ()-*10% & ()- ) 910% & ()-' 10% & () -

9910% & ()- $10%& ()-!"9""""' #dEYNC! 10 96L10% & ()-410% & ()-

2910% & ()L 3110'5/1(38PC('T)P0LW§M’&OQj’é’dfmwl&)”("ﬁﬁ”e#ﬂg 15ph e ag@ monosodium

;iggﬁgf%) gigjstyﬁl‘%%b%(‘?r\lﬁ%g}&@/&é % %O & 1@'%7 '3?) 1 IO% &Iog/«)&' ()-!1Y109%& ()-!

" 109U ()2 F 10¥%&dfale fotmAsr@-chm O\QTdEoﬂC'lmm@ WMQ%% &f)thé(%%/t&te(f)omé-o 10
109<" 10%& ()-!YS2""10% P & () - ¥YS2 "10%&' ( L AZ=T@11 T10%& () -
3109%& ()-!F3 $1edcte! fiom Begognibeonpis of 1/4 ydrate, l/.) hydrate hemihydrate, 2/3

hydrate, 3/4 hydrate, monohydrate, 5/4 hydrate, 473 hydrate, 3/2 hydrate, and

dihydrate:.
3. The compound 4-amino-1-hydroxybutylidene-1, 1-bisphosphonic acid

monosodium salt having water content of 5.1 % to 7.0%.
g

4. The compound according to ciaim 3 having water content of about 6.2%.
5. Alendronate monosodium monohydrate.
6. The compound according to claim 3, which is characterized by peaks in the

powder xray diffraction at values of two theta of 12.7 £0.2, 16.2 £0.2, 17.3 £0.2,
17.6 £0.2, 24.8  £0.2,and 25.5 £0.2.

7. A method of preparing the compound of any of claims 3 through 6 comprising the

steps of:
a) reacting one equivalent of 4-amino-l-hydroxybutylidene-1,1-bisphosphonic
acid with one equivalent of sodium base in a lower alkanol comprising 5 to
200 equivalents of water; and
b) isolating said compound of any of claims 3 through 6.
8. A method according to claim 7 wherein the compound 4-amino-I1-
hydroxybutylidene- 1, ! -bisphosphonic acid is in 2 monohydrate form.
9. A method according to claim 7 wherein the lower alkanol is selected from the
group consisting of methanol, ethano! 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.
11. A method according to claim 7 wherein the compound 4-amino-1-

hydroxybutylidene- 1, 1-bisphosphonic acid is in an anhydrous form.

20



109%& () - 3@ 10%&: () -/ 000223y Z;
~_@! F11 109 ()-9%0% ()-!p9vao%& ()-! PNOYAOYE ()-!Y9%40% { {& ()= 1 san
9%10%%}&"%0%4} 44444} T g\ =1 1 (109%& ()- 10 10 2003
10>MLOY&! %7 ()-1° 7$10% ' & ()-! F1! 10%p& () - 4667; 8 9S§EE&S”’19838
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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, 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- | -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
S alendronic acid; and
b) isolating said compound of any of claims 3 through 6.
19. A method according to claim |8 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 a 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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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.

31. 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-l-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 of 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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37. A method according to claim 35 wherein the lower alkanol is selected from the
group consisting of methanol, ethanof 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 ctaim 2 or 39.

42. A method according to claim 41 in which the compound 4-amino-1-
hydroxybutylidene- 1, 1-bisphosphonic acid is in a monohydrate form.

43. A method according to claim 4] 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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48. A method according to claim 47 in which the compound 4-amino-1-
hydroxybutylidene- 1, 1-bisphosphonric 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 33 in which the compound 4-amino-1-

hydroxybutylidene- 1, I-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, 1-bisphosphonic acid is in an anhydrous form.
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powder x-ray diffraction at values of two theta of 9.3 0.2, 12.4 0.2, 13.5£0.2,

26.3 £0.2 and 30.0 =0.2.

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- 1 -hydroxybutylidene-1, 1-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 loss 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-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 1.

63. A method of preparing the compound of claim 3 comprising the steps 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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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 25.

67. A method of preparing the compound of claim 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 consisting of acetone, DMSO,
DMF, acetonitrile, alcohols, polyalcohols, polyalcohol ethers, pyridine,
sulfolane, N-methy! 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-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 39.
69. 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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a) reacting one equivalent of 4-amino-|-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 51.
71. A method of preparing the compound of claim 59 comprising the steps of:
a) reacting one equivalent of 4-amino-l-hydroxybutylidene-1, 1-

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

b) isolating said compound of claim 59.
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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 £0.2, 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

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

disodium salt in a lower alkanol with 20-40 equivalents of water, and one
equivalent of alendronic acid; and
b) isolating said compound.
84. A method according to claim 83 wherein the lower alkanol of step a) is ethanol.
85. A method of preparing the compound of any of claims 72 through 75 comprising
the steps of:
a) treating one equivalent of 4-amino-hydroxybutylidene-1,1-bisphosphonic
trisodium salt in a lower alkanol with 20-40 equivalents of water and two
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 0of 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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92. A method according to claim 91 wherein the reaction of step a) is performed in
ethanol.
134. A method of preparing the crystalline monosodium alendronate monohydrate of

claim 72 comprising the steps of:

a) suspending one equivalent of 4-amino-1-hydroxybutylidene-1, 1-
bisphosphonic acid with one equivalent of sodium base in a solvent mixture
comprising an organic solvent selected from the group consisting of acetone,
DMSO, DMF, acetonitrile, alcohols, polyalcohols, polyalcohol ethers,
pyridine, sulfolane, N-methyl pyrrolidinone and dioxane, and water, and

b) separating the crystalline monosodium alendronate monohydrate from the

solvent mixture.
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