SYNTHESI S OF AVRAI NVI LLAM DE, STEPHACI DI N B, AND

ANALOGUES THEREOF Rel ated Applications [0001] The
w@e@saoiiappl i cation clains priority under 35 RCBUS006/009791

119(e) to U. S. provisional patent application, USSN

60/ 662, 647, filed March 17, 2005, which is

i ncorporated herein by reference. Governnent Support

[ 0002] The work descri bed herein was supported, in

part by grants fromthe National Institutes of Health

(Rt P R R R s PR T ARSI ONs

FeI | owshi p). The United States governnment may have

certain rights iFEIEONYHEEINVENGIONT ound of the

[ nvention [0003] Many pharnaceuti cal agents work y

dbe aventioy repterdomgnersTiiintste BisrhosphonaupRIMRFitions ncluding
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mulipe R b Pmoh B8 88 ot Dol 15T ke KARSR s SR HiRtablc
formulatiova bmnpﬂlgmg)nmﬁbphmcnlmd lﬁspﬂmls]blﬁma’(ee Tthe, coh‘]pbslhenmire useful for
stel , . hydroxyl groups .of serine, .threoninge,

the treafiery 6 ISIeFS TEIRENE(R FRASTERL BTG FoRRIOS D ARG &t PSfigHlar 2
human,9r oups that bond covalently to active site

nucl eophiles, therefore, frequently formthe basis for

the design of potent and sel ective enzyne inhibitors.

foversi bly (BACKEEISH OFaBIRVINTIGN. coters) are
A. BaBRE oAl iRk diRB Bisplibsphaidtaceut i cal devel opnent (for

| eadi ng references, please see Adans, J. Curr. QOpin
Themetigids and gompasitiase the lavantiongoapriss a buphespheaje. The
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blSphOSéRgl‘l A’seo% étlﬁ%%ggiftbo%xgaj? o Fég@%g? oI 12%&%1%8%@%35%5%1%610 rrgédﬁnds of
blsphosﬁhoﬁzmdf eifBigphasgstionetes afe acolissiofidigs asedie, stl’eﬁgther[ eaenBbye is in a
been i dent i, fied and have been s own to |

constan piy qfoERedeing. WAESPENaY benes lHaann tiksel o ged&sffﬁb fagts while
old bor@lis FE¥S b lc@ll§ YRk % ﬂﬁs@ﬁ s dsﬁﬂor%ftes%hlblt bone removal

Heét er oat o ase nuc ophi t hese compounds
(resorpﬂmm)é)ykthe nstscaﬂmtsat&h}ghqspﬂmiates iashsed tatredt wsteopedsia afid tiebone
s L R R P G0 ISR 0 e

The bis &@ﬁm@ﬁ@& 1nb1%§é‘ eoSMAYARS, (al%ﬂ@@nat@'d@dﬁm?tAREDIA@ (pamidronate
bi ot. 54:911, 2001 ; each ch'i s i ncor por at ed Lo

sodunnhe‘k@T@Nw r(eﬁ@k@mﬂt@sodﬂw) awn%‘? élbmﬂaso

(etldror{flﬁe nd E%%@ﬁ;l&? &o %}on Lél%lgtcofé'p @l@sé’?%@% %%Cto treat

osteopo@oﬁ@ﬂhaﬂﬁkaus%@% treﬁﬁﬁd?ht Qflthmdiﬁcdsﬁerd)lﬁcor porated herein
by reference). Both conpounds exhibit anti

proliferative activi ty (1C50 val ues ~50-100 nM, and
vrai e Lied to exhibit

gntl - %\ﬁcr%%%ﬁq{%t% ﬁgg(glfb%sﬁeenul tidrug-resistant

bacteria. These conpounds are apparently the first

PadrdredatPEAUE] witich s @nBnéakieyly ntekaeBas FOSAMAX®, 1e>a| de

functional group. [0005] Crystalljzatign and x-ra
bisphosphenaye that #s a%WCﬁgéahl Boreftostaorlept-medated bopg {ﬁS%mafm

Blsphoéythgﬁ!ﬁam 321 t@etléﬁ aﬁb%%eggg%gﬁﬁ%hgﬁqgﬁ%m thi droxyapatite

i merization o
found inBoRe. nMehﬂmmt@esodmnnm chanicsaliy fedgcribéeagpdtanined -

i reacti on_was adyanced th i nvol ved t he
hydroxﬂ?%i’l&i?&% p%qnl%ﬁ%@moma?ﬁdagnﬁ@rm@@ %y formation
of bonds b and a, in that order, via cationic
i nternmedi ates (Q an-Cutrone et



al J . Am Chem Soc. 124:14556, 2002; i ncorporated
herein by reference). [0006] G ven the biol ogica
w@edaoeaoity7 of these newly isol ated natural prodeCT/ES2086/009791
synthetic route for preparing these conpounds and
anal ogs of these conpounds woul d be useful in
desi gni ng new t herapeutics and investigating the
structure-activity relationship of these conpou
DS SUBTRLY rolhu ale%&?dﬁh{e%ﬂdiﬁlgp@ 4, H1[heNfH-258M,0 and its formula
invention provides syntheses of avraan|IIan1ée,
weight Bt3gpHac iThiestrBetueah dorandd sgues t her eof . The conpounds of
the invention typically include the electrophilic
a, b-unsaturated nitronepgroup of avrainvillamde. In
certai n enbodi ments, theg conpounds include the novel
el ectrophilic group, 3-dkylidene-3 - indole 1 oxide,
whi ch i ncl udes an a,b-udSaturated nitrone group. These
conpounds may be used asiHghar maceuti cal agents
t hensel ves or may be usdd as | ead conpounds in
desi gni ng new phar ma¢eutiHzal agents. Particularly,
usef ul conpounds arellt hdse lhi ch exhi bit
anti proliferati vdOaefi~+dy Br- @He i*mittfobi al activity.
Phar maceut i cal conpoﬁitibns and met hods of using these
conpounds to treat dideddeIHuch as cancer
i nfl ammat ory di seases, or jnfectious diseases e a .
esviBte sotbien 5t CeBe. TN SROBIES o PRE pbaer. Tt Sidble in
water L B e gl €U A e & Mlotoorm.
FOSANAXS tabletsefof oraFadrhinstmiiere(Mertek & GoerfiRavwaynbewdersey)

e 13950k Bk, 01 A5 R BT R ey
which i G AYBrP SQuil AeRGTEE N0, 35, AO IndYhels, FepROVEAYSoBES dthd, iand the
treating proliferative di seases or infectious

followidi smabesingfimey misrenmestalbpres!iudses anbiyigue lactase, cressarmellose

.__conmpounds. i ncl u al [ e
sodiuny GERHRH et ea Sy (AR D PG apmana war.
OThehiREdsof FORA NN tisents verypooobipaldibbility, dyd/fisted
__tricyclic, or gquﬁyclic ring system. preferably a
variabilfyds pbsagptéen. erd pigBISERG S8 U eﬁtﬁ%ﬁi YRy as shown in
tAfée[P Elfx)er dhiél @g%ﬂi%%i%g%gg%&ﬁhﬁ I hicRdoRER UM, ﬁﬂfﬁiﬁ‘lal studies

use I'n co ently yi ng the nucl eophiles o
have indicatsd tecfolles/isgmbdasf gtiohe i sheorellpbl Javek hisodiodets showis

e SRSTEER B oS RO SR R o
osteoclg#§ %ﬁ%@%@llp@é{ BcRBR seitWhut RicREh fufddWrderRRsiis inditative

unsSaturated nitrone. This property nakes
of activelreseptommpdlendionats ebed ndtrintetferededi eficastasprearmiaestior cal

agents. well. .as research..to . 1.n_probj [ Q-
o8N By BB PR o Shoid RS LA ogles
radioaclivB FE18RAMoh Ste iR bbMEshdwel absia Do RE e ghdtiuptals @naistocihst

the fornmula: wherein Nu is a nucl eophile, prefgra

, bl
surfaces thamoypgesteoblast sufapes: -Benes sxamingd Agad 48 gayy ater TiiE alendronate
._nucl eophi be. pard of in (8. ne. ;.
admini{fifigBAR DS B G 2feep@idie) R Bt tine w3 Ko top of

the ale@irb@dte, BildemIvaS ilcerpokdted Risidaitite wntoind i Wikt mcomdordted in bone
~ Cysl OO of . CLIMP-63. In ot her, en‘% di nents, Nu i% .
matrix iendrenatmigarbppmarlogisplinicived g s, gfephﬁgﬁe@ st e conginuously
o j ri i i ] The
s e e B o 8 o P e e
Histombipionidue if babadna and ratwklidwedibatsiendemeteindatment redifcenbene
as in formul a: Anal ogs resulting fromthe 1,5-addition
of a nucleophile to avrainvillamde are also within
t he scope of the invention. Such conpounds are
typically of the fornmula: 2




wherein Nu is a nucleophile. [0010] Anal ogs of
stephacidin B are also provided as in the fornmula In
weerbadni1enbodi ments, anal ogs of avrainvil | am PET/E81906/009791

stephacidin B have anti proliferative or

anti-mcrobial activity and are useful in treating

di seases such as cancer or infection. [0011] The

i nvention al so provi des pharnmaceutical conpositions of
turnovek (155 8h6 RMRBENISitEOAt vifiEh bohneliE Bdthodelbd URAH d@i¢h, bone formation

veterinary di sease. The conpounds of the invention are
exceedslonmisirasuptivn 44 thesp hemodebiagsitesalcading it Pegtessiye Bampmimbone mass.

har naceut i cal conposs ti for VL SLrad . tQ

B3 BB AL GRS, Py 0L AULOLEL 00 8 Frsnons
(IV) refefencd ezt iheincaheralsenvallshliigad aldndrodiate ia women was 0.64% for

t her aﬁeut ically effective ampunt of an .inventive
doses rengiolion 3 1§ 7AdRe Hihsr adwmptiered alignneernighfagang fvo hours

. S . : .

e 20008 AFASE " XILARLL Sy S SOT 0, R RBR 090 v
similar & thapimovérdedwhSu edmimididred sftérmanl avemightidasbandiR hours before

coupling, Stille coupling, or U mann coupling of an
breakfagt j opdoenone with an aryl boronic acid, aryl stannane,

A sty J:xahﬁﬁii'ng Bhe SBIPEELIMUR! Iba théal B IEWIGIBavhilAbAKPSF ABRironate

couplm ng product. The nitroarene coupling product is
was petfoimredrie dQpestnienopaisalpy eisem cBiogtaikebily aas dewrnasgd byi nc

owder, 1o formthe nitrone. Qher.steps.,in,th
approxg‘?/a\ﬁﬂgﬁélg /“SW% 1 @’élgi aﬁ%ﬁ?qa@eew%so Hﬁgegedg?lgleg ;SOO%iln}%: U gglgre a
standardizbDbieak s, Wh¥E Bbhpated [O&sH g Theurk By ¢tingalis Studies of
provi des a net hod of identifying other conpounds. that
treatmenh arybprecItivr-of 9steararptis épndidnate wasrgietivg when adnigisiered at
i tment of various proliferative
lmmty%§§%%%§§ﬁg%gﬁ?%%§§tious di seases. The nethod invol ved
Bisdvallibiity wastregligibbnpwhethel alérdinorEtd W fiininistated eithionep to
i f the conpound, has any effect on CLI.MP-63. | ertain
two hoyirg §{tghe @gr,ﬂ)arﬁée% fd G%ayora}tmaa%mmtwwé é!énﬁ’foé‘ef@ﬁ’f“h
4R iy bPLEMERmAiN1G cBhpsPhor yl at i on
COﬂbe%¢§8@$%kg%§?ﬂg?é8§%t%§% t%e9gﬁ%ding o? C%?NP-ﬁs to
if ambidnhiniseratiorSbfthe bisphesphomatp tuiedised, ygateedly figh doses must be

. .covalently nodify their.tar.get | apel ed derivativ
adminiggrega CBNIBBRIOMES 5k VISRt DUty St et HUTGH ST e To
offset thRN& bioak Si@Milidh €8 feR8raly r6dMRACHILS thaf tiidYatieABAREShe MRY

then be used t0 refine and devel op a | ead conpounds

bisphogphipnath en an empisestoma¢h atidsfastdfesatdeast 39 mprwps #gprwards. However,

bi.ol.ogi cal pathways.. el ;
many 35 B4 s PR chORREh AT AL o R URERE BB
oral adalitdytrdtidanas Been di6edisted wirkiadeere®pBtrpnmstidsl affectzpeipedially those
_ the preparation of these conpounds as wel| as othe
relating:ioriho asnirbagusi She HigjscheBisslasnboniafesly &aite fgsedr s de@dne
n 1 nf [ . t

ravor 45 20 SANARE BSOS 00h, iR
be relatedeo eedmritputqoiateid] offthe bispkesphbdnatain the espph@iuisMPpB®lens wich is

bi o] ogi cal target of invillamd id t h
e b S GroEh S SU AU ] e g e .
pamidri\ﬁ'gétg ﬂa?ﬂlyégz a8¥ocIREH Ny AR Bs g%e%& thic¥ist We®E UlikinGBal., The

entl conpounds ar so consi dered ant of the
Pamidiomagn i dinre@etizail tFr ollem|[if) GuslomesiiniliTobargbibity, seaopprosis

functio and chemcal terns are f. tn,.
Interndigigh ot AP PD CIRa FOFS POPSORRa B P T RO SRER Rbisaety
AlthouSh 81 £aoninSsrE M@ fhiaMonhieeds bébnassridedeth Whdghapiie and/or

eriodic Table of the El ements, CAS version, Handbook

of Chem stry and Physics, 75th Ed., inside cover, and
speci fic functiona



groups are generally defined as described therein.

Addi tionally, general principles of organic chemstry,
w@sgomabliias specific functional noieties and PCT/US2006/009791

reactivity, are described in "Organic Chemstry,"

Thomas Sorrell, University Science Books, Sausalito:

1999, the entire contents of which are incorporated

herein by reference. [0016] Certain conpounds of the

esophaPéaE GRBEs. 192Y Bt ITRNGIRY, &4l SEsdp'?za%’&MsSdHuﬁéd GeANEl T OF
Stereoisoneric forns. The présent invention

Alendreysiie. Yo Ergdandldursalaif Masiqiea vdb 335 mgl bdd.my. E0-18AH(1996),
D.O. C?%%H 58 lE%Epskag?Esj—aféje (ﬁ%sre ?ﬂ% 7 ;Uc?n absn%?( rnecloﬁ%i -idl of Medicine,

vol. 335 hex em,,ppam(aissgnbﬁg (1908}, dh&8J. tAhﬂmﬁ»lan atsalf, @lsbplﬂzgztwdrﬂl n
t he scope of the invention. Additional asynmme

Alendr @W%é\l?wa%%nw il of Medésiine. VAL 338es 124, lP@nilO%éW%W%)
which 'cﬁﬁ nﬁog[%ﬂratg{i gy ?ﬁe@h%ee %éf&tﬂ %g%lﬁﬁéc aﬁngﬁ@ h!ﬁ%@é ofAdeetsces
gastrointastanat efferts ([)ﬂlﬁslp'h]osplma‘es has dex tshowes tcimnteasanwitly irongasinfy dose.

riet ner rati os ma utilized | .
see CG (olath e wilaiia s Pieeie pre ForigignopaipabQsiagiosotic
WomaW e Wiz %lé@és%@%;ﬁB%@Mﬁmm MH&'&;? The Amei ican
cont ai ni ng 60: 40, 70:30, 80:20, 90:
Joumag@‘Medlgﬁlesvol 98, 2p- Bg-152,¢Aug@0:1093, s’dndrlsnmqrwa‘@déyabference
at t he, presen
herein G s 8o PR B rotiokr P ket FoPRp o B gre et n

patient&Wab @ @UStakétheQﬁsp@;b%vH‘oﬂb]ﬁeQﬂﬂi & KBqHOE afBLR THHUEH who lie
I sonmer m xtures for inst ance, a partl cul ar

down sherdlytafigheesieg, ﬂafr@wp@n@ﬁ@ngaflletqhén%rfég@a@p ageekiellin i s
%% '1ﬁtg erehée WHY t}gqn?%v%g%ﬁ &yal&%ﬁ[ tJo'dﬁm\?/\#%hﬁ%? ffom eating

érrvation w auxi
and drmlaag,l dnidnife ﬁﬁmﬁs‘eqaamrﬁwesmaﬂrbﬁém 6fb1§plmplﬁfn’atee drea m*ﬂetcted in

patient Gt i Ll ter e i S MACS (ot B gihgelncs prescribe
that aft&ORN MoRSna P@SAMAX@%I%B 31116 191{19%1'[ a?tll&ﬁgﬁ’@ B tBObefOe taking

an acidic functional group, such as carboxyl,
food, belfeasgearredine madigalonts witke day: 8w guiddinenfuahpr mgmrathaat

Fos AR Felgls 85 LB el B8 P ey B0 S b ' Biion,

the pau@ﬁﬁ/rﬁh@lsta&yzmy epi gt a@t@f @Hﬁtgqgmm;@c@e@m 1848t 30 HMQWES dnd after

the art, "and subSequent recovery of the pure
theﬁrs’ef\?gdtoif@mag [0019] One of ordinary skill in the art
i
rlided RPRESGHAN Rics"Bk1 £ 891 SGDLY! 6 0???8%%2%25‘?)4 6,333,316,
6,432,932 061065, 448,3/ aﬁd‘l@Sléﬁ%ﬂ anﬁ@mﬁblm@ aaly Uuﬁed Sﬁﬁesd&&iﬁt No 4,621,077
her ei n i S nmea articular functi
to Rosqph pledly Unéteé States Pagent é\{oshﬁ 3§£9419§Fﬁ§|1 P01 §:089, 6&@@1&1 @ $94,004, all

to Becﬂaﬁ@{e %nga 1Jce<arst£t ngnt%sr 5%%92? 20 81?(?!5 %6? QM?'%H‘?{O Brenner et

Ive SI e Ina nmii
al. relammhej nsk, dfibigphefeohetds irbibe inveintent ogbnoteaittiong rggomution. These
reacts sel ect.ivel % yield to give a protected
U111ted§%gst$aéqrgs tRaRC rétﬁgﬁg’ée t"the projected reactions;
the protecting group should be selectively r enovabl e
in good yield by readily avail able, preferably
2on- td}ackgrmgdmgardhlgthdmianatattack t he ot her

unctional.. grou the ote t|n feot N5, an .

DABp SRR P EBTL SO bR g AR P Rstpption
inhibitdrRQaildNeIA30-9B, 60-niRe¥t $0-81p8ALIE P GnESRhEHSIdmiaeatie Each 30-

protecting group has a m ni num of additiona
functionality to avoid further sites of reaction. As
detai |l ed herein, oxygen, sulfur, nitrogen, and carbon
protecting groups may be utilized. Hydroxyl protecting
groups include nethyl, nethoxyl nethyl (MOM,

nmet hyl t hi omet hyl (MIM, -butylthionethyl,

(phenyl di net hyl si | yl') met hoxynet hyl (SMOM),

benzyl oxynet hyl (BOM, p -




met hoxybenzyl oxynet hyl (PMBM ,
(4- met hoxyphenoxy) net hyl (p-AOM, guai acol net hyl

W@ SigMig211but oxymet hyl , 4- pent enyl oxynet hyl ( PQMT/US2006/009791
si | oxynet hyl , 2-met hoxyet hoxynet hyl (MEM,
2,2,2-trichl oroet hoxynet hyl, bis(2-
chl or oet hoxy) net hyl , 2-(trinmethylsilyl)ethoxynethyl
(SEMOR), tetrahydropyranyl (THP),

mg, 6oi’m§ RAAOLSLS HAY B5RAM0E, Repkctiviey, 38hYE 60thé, QRN 198 myd of sterile,
-nethoxycyclohexyl Anet hoxyt et rah dropyranyl

lyophllmedfpamgkgm@ d@hsyzgmmnm 48@%1&,4—90 mgjand 375 mg of manmtol US)P The

Al t t.h
T e —
ARED](A@TMB)emlber%f ‘theogta’@p 3f gHemidat tompywide kuownyk blsphosphonates is an
t et r ahydr ot hi of ur anyl

analog of pyrgphosphate, ?am&iral&t%\ﬁv%lamﬁs gessenatqdrhepyally ap phosphonic

acid (3»-'?;1'131J g@ ﬁﬁ@%@%ﬁ&ﬁﬂg&%b s- Jd‘lﬁtdhﬂlﬁ ¥¥f Iﬂ¥1lltahn%drﬁ gx(yAéP]%)y a1’1d its

structurh} foetoluid isl - benzyloxyethyl
1-nethy|-1-benzy|oxy-2-f|uoroethyl,
2,2,2-trichloroethyl, 2-tP&Hylsilylethyl,
2- (phenyl sel enyl )ethyl, -butyl, allyl, p -
chl or ophenyl, /7- nethoxyp enyl, 2,4-dinitrophenyl,
benzyl , RN, £5 8- dlnethogu@ynzyl
o- ni trobenzyl, /?- n|trobe zyl, [/ 7?-hal obenzyl,
2,6-dich|orobenzy| p - cC anobenzyl p- phenylbenzyl,
2-pi col yl, 4-pico|y|, 3- vgﬁt-Z-picolyl - oxi do,
di phenyl nethyl, p,p '-dinlt? %enzhydryl ,
5-di benzosuberyl , triphenylnethyl a-

napht hy! di pheny! met met ho heny! di phenyl
dﬁagpqim%/lﬁgl 5&,9 @%1;1}/}8)3, %Vrm@thl%ewhﬂeypovx! er. It ¥s ) uble 1n water
40 ( ) . i
and in %I(I g%ﬁ[&lﬁ%@&%ggsgﬁﬁgﬁ %{]M}glﬁ n 0]1§Iehydr?c’hlonc acid and in 0.1N acetic
acid, arfl gracticallyinse(ublSin ateatit esloahs. hid moledolah fmyu)avst hyl |

C3H9N@7]j2Na415th{): a%%h’%%@qug%lﬁéﬁ ?%dei nﬁ{agﬁl\lfe' ingredients for AREDIA®

tihyl
T L R T
bmpmﬁnnwﬂ)phenyl)xantheny

%&??ﬁ%&g{ga@%ﬁg 4% l&f{)eypall %oéjﬁ citag}e el(r%%f[lc}{l (‘mc%‘cﬁng

rednesd, ivellinglop hﬁdﬁ'ratfo}_lE@d patnﬁ bh B%Bé@cm)' Sideydffectlad)include
dlnethyllsopropy si | di et hyl i sopropyl silyl.

gastroiptpgtipEpaindinghiding abldemw mu;u anormq,ypastwﬂmu@wew vorhiting,

b I silyl
diarthe C%’Sp BSia[ ;¥$ |c%{r)l/tlg'étﬂ}q éﬂﬁ %s’i%{gl%%prg teLIyI SrthKyISIs,l?/yl
(DPNB) -butylnethoxyphenyIS|IyI (TBNPS), formt e,

BenzoyBddkpraiml RegaidaigRiseditomaoncet at e,
di chl oroacetate, trichloroacetate, trifl uoroacetat e,

gﬁéﬁéﬁﬁc@eﬁ? on%erz Iéqed] eﬁ)ﬂe { ho;%)g@g Lgls%hosphonate that inhibits

osteocl@glerﬂ%(&%@ Bbﬂ@%@lﬁ)tlﬁn IXPRBALARE BbRe fkAWblidMaEeIh ACTONEL®
et hyl enedi t hi 0) pent anoat e

tablet for embhdmxmdtmrubh cpateims c)equpialeat of?, e30 ald%ﬁml@t(xf ankydrous

rearob 2R O PE S AL AL gL OB Bt B s pagronyae
The enﬁthMah o1y forGRefeRRE @odlﬁmfﬂeﬁﬁf;%ﬁwh?@ﬁfé&ib CH{ R4 N +2.5 HO.

(Fnoc), al kyl ethyl carbonate, alk

The chemiashhane ef Hisddrensibwdime is([Triveyoxy-2-(3-
2-(trimethylsilyl)ethyl carbonate (TMSEC), 2-
(phenyl sul fonyl) ethyl carbonate (Psec),
2-(triphenyl phosphoni o) ethyl carbonate (Peoc), alkyl
i sobutyl carbonate, al kyl vAnyl carbonate al kyl allyl
carbonate, alkyl p ~ nitrophenyl carbonate, alkyl
benzyl carbonate, al kyl p-nethoxybenzyl carbonate,
aIkyI 3 4 dlnethoxybenzyl carbonate aIkyI

o o - o o,

o o o R T



o- (di bronmonet hyl ) benzoat e, 2-fornyl benzenesul fonate,
2- (et hyl t hi onet hoxy) et hyl ,
wa2qoage1yt t hi onet hoxy) but yr at e, PCT/US2006/009791

2- (et hyl t hi onet hoxynet hyl ) benzoate, 2, 6-di chl oro-

4- et hyl phenoxyacet at e,

2,6-dichloro-4-(1,1, 3, 3-tetranet hyl butyl ) phenoxyacet at

e, 2,4-bis(1,1-dinethyl propyl)phenoxyacet at e,

re bf

R S B S e A S
risedromuapétidion hemi-pentalaydrate ad thy following:

N, N, N , N -tetranet hyl phosphor odi am dat e, al kyl

Nphenyl car barat e, bdpat EH diret hyl phosphi not hi oyl ,

al kyl 2, 4- d|n|trophdhylﬂulanate sul f at e,

nethanesulfonat’ : E}e}?—bdﬁhﬁlsulfonate and

tosyl ate (Ts). For Qrot ¢g 1,2- or 1,3-diols, the

protecting groups i muHu ng%&ylene acetal, ethylidene

acetal, 1- -butylethylidene ketal, 1- phenylethylldene

ketal, (4- nmethoxyphen ethylldene acet al ,

2,2,2-trichloroethyli cetal, acetonide

cycl opentyl i dene ket Iohexguﬁ¢%g§ ket al ,

cycl oheptyl i dene ket & oyl i dene acet al

p- met hoxybenzyl i dene atetal, 2, 4- dlnethoxybenzylidene

ketal, 3, 4- dinethoxybenzylidene acet al ,

2-ni trobenzyl i dene acetal, nethoxynethyl ene acetal,

&t fdronart Jodiven & afted, athitedo afftwidtey miadirt@sk engstalindpowder. It is

1- met hox ethylldene ort hoester h@ﬁfeth lidine
solublegp Wf%% & 2queoBs JIWHANS AN SFRpHIR H’éo SHp cRwmEn ofganic

solventg{slﬁ%wg)ﬁgféﬂ @ﬁ;‘ N@L@%&lﬁde dros(p)ewdone ferric oxide red (35-mg

dene derivative, a-
tablets onlgh, fedrieydxade yedipbze(ﬁzayiﬂﬁdgmgtabmtq ordy), hgsdroxypropyl cellulose,

hydroxé?rgégl% %g%?f‘ulg ?ac? e %c}ngﬁycﬁgtteerrnagnesmm ste é’rafcé lﬂérga(;/stalhne
‘celluloée Bolydthicde % 1}’0@1 kRcsR BIoRRK! Sidstithxandibkidene)

derivative
tSeder%ffdctSmftr@ﬁanﬁeIlmlmalstr@n@iswa dari¥ioger i vat i ve
(TBDS), cyclic carbonates, cyclic boronates, ethyl
boronate, and phenyl boronate Am no- protecting gr oups
iqncl udgnckBEdid Ragahaimgtman&tmalte car bamant e,

9- quorenyInethyI car banat

(banslggriagp §odiisp @ﬁgmfggqu yéfg],d@é %ﬁé‘f\/&@ BONIVA® is a nitrogen-
contaln_?%%%l yﬁ?ho?gl?%%%t)n% Oﬂgf:bg?( g%’t}:g@ﬂstﬂ%{ed?ﬁémt@sor}?ﬁcﬁm dflte chemical

name f&; 1med|rﬁnaﬂt@ sddtumab g E(Nahhﬂlkarnehgyﬂ)) gmimetlkyydroambereatd,l-

D Tnoc), 4-nethoxyphenacyl car.bamat
O IR T T i S
CgszI‘é?O Ry %ﬂlbﬁbﬂ!l‘ w@%ﬁp@fn%@Qﬂ T@Qfﬁi}onal?e ey ied Wilte- to

af banat € (1-adamantyl)- 1-methyl ethyl
off- whﬂap&mdam dt is Ackebcsolutle in witmpandyiractically bseluple ipprgrargpgadvents.
di et 2 d bro ca banate (DB- -BQOC)
Ibandr‘inaie 3hdinap II].%T the o \§1ntgrs P%lﬁ) car bamat e ( TCBOQ),
1- met hyl - 1- (4- blphenylyl)ethyl car bamat e (Bpoc),
| -(3,5-di- -butyl phenyl)-1-nethylethyl carbamate (
-Buneoc), 2-(2'- and 4'- pyridyl)sthyl carbamate
(Pyoc), 2-(N,iV-dicycl ohexyl cardc qudo)ethyl
carbanmate, tbutyl carbamate (B adanantyl
car bamat e ( Adc)r— CVIA—ﬂIY—I-GMQ-&f—le—Fﬂi[—Q]—(@MOC) Lal |yl
carbamate (Al loc), 1-isopggpylalllyl carbamate (Ipaoc),
ci nnanyl carbamate (Coc), Anltﬁbﬁiﬁﬁﬁnyl car bamat e
(Noc), 8-quinolyl carbamate, N—hymroxyplperldlnyl
carbamat e, al kyldithio carbamate, benzyl carbamate
(Cbz), p-nethoxybenzyl carbamate (Mdz), /7-nitobenzyl
carbamat e, -bronobenzyl cardbamate, /7-chl orobenzyl
carbamat e, 2, 4-di chl orobenzyl carbamate,
4- et hyl sul fi nyl benzyl carbamate (Msz),
9 anthrylnethyl carbanate di phenyl net hyl car banmat e,

- .



tri phenyl phosphoni oi sopropyl carbamate (Ppoc),

1, 1-di net hyl - 2- cyanoet hyl carbamat e, carbanate,
wG2enmiisobxazol yl met hyl car bamat e, PCT/US2006/009791

2-(trifluoromethyl)-6- chrononyl nethyl carbamate

(Tcroc), mnitrophenyl carbamate, 3,5-di nethoxybenzyl

carbamate, o-nitrobenzyl carbamate,

3, 4- di met hoxy- 6- ni t robenzyl carbanat e,

phenyl (o- ni trophenyl ) net hyl carbamat e,

phenot hi azi nyl - (10) - carbonyl derivative N - olueri e

ul n lamocaTb y r de-a car bamat_e,

QQM%@ mEeidably 2 2 yhie lvpgi 2.840% ﬁhﬁtceateé ﬁh)f% e daily oral
admim%gdrt%a ma%l? a whiig | (%T&% %{*ﬁﬁ%&t &6 epﬁﬁ%&l}fé-monthly oral

cycl opr Car bamat e
admimét?aﬁd)ﬁc Yine Ry erzyi- ccmtd‘lﬂﬁ’albecontalns 2. 813 mg ibandronate monosodium

2-di neth b b
monohyck]a’qq, %ﬂr{ﬁﬁ ox?{é 2: Hgg ﬁ¥ Iagl b Car E%p@ted tablet contains 168.75

mg 1ba&dr$%§{é Hﬁ)‘ilgyddiﬁn E%JI%IR Q¥ 850 ﬁil%)fré%ré%w | BONIV A® also
car bamat e, y pfopynyl carbamate, di (2
contampyh[a ﬁbj,lb‘)vnglhydnvemaagrbtanmse Jacsé moanwdrethgdw@fmebmmogfystalhne

cellulo%ea Ipl%g]?fg{igyne’ (g:%r @cfg‘i&?@kﬁ;&l éﬁl%ér? ?B)XJC% ancf' puruﬁc}él water.
The taHT@ctfhﬁP%ﬁﬁﬁg‘ YorAZial Hﬁﬁéh‘ﬂeﬂ%r BRanRhediokideEtatty %&y@ﬂhztéﬁ& glycol

carbamate, 1- nethyl cycl ohexyl carbarrate
6000€md¢ynﬁ@®ﬁ@ﬁWInethyl car bamat e, 1-net hyl -

e oM }ﬁ?%é%m%%?%m{M&%”ffq'y\y'

1- phenyl et hyl car bamat e, 1-nmethyl-1-(4-pyridyl)ethyl
car bamat e, phenyl carbamate, />-(phenyl azo)benzyl
Sar barBackgraungd e&%rfimgWWBWenyl car bamat e,
4- (tri nmet hyl ammoni um benzyl carbamat e,
ﬁ]ﬁh&a{él& %%@%‘WWaﬂ%@l‘éQ@ﬁﬁbﬁoﬂlﬁ’lﬁ@f?éﬁ'd%atea&f&ﬂﬁﬁlﬂe
oroacetam de, trichloroacetam de,
DIDRANELP tabte(bsamltaamedmr 260 emg/dn&tﬁé)tragpﬂet;ldronate disodium, the disodium

ot (RGBS RS S5, gpon seppaome

also knBRAZAHHISR, rBoulatbeBsH ReaBaHEhH et is0r Whﬂt@p&edetl JAGBlABIBE in
0-nit rophenoxyacet am de, acetoacetamd
water, witljattholetydaraydiskt,f 258 6ne llmibﬂ@wa@étr&ﬁﬁuwé formula:
3- (p- hydroxyphenyl ) propanamni de, 3-
(o-ni trophenyl ) propanani de,
2-nethyl -2-(o-nit rophéﬁ%&kay)ﬁﬁ1 fani de, 2-nethyl -
(o- phenyl azophenoxy) pr 6pana 4- chl or obut anam de,
3-met hyl - 3- ni t r obdTanfmde; —o- Fll TT80i nnami de,
I V-acetyl met hi oni ne defivatj ve,| o-nitrobenzani de,
0- (benzoyl oxymet hyl ) behzamde
4, 5- di phenyl - 3- oxazol ith- 2- one3 @ pht hal i m de,

Ndi t hi asucci ni m de (Dts) -2, 3-di phenyl mal ei m de,

~N-2,5-di neth rro N-1,1, 4, 4-
Inactive eltgr@dténthyl Bﬁ%ﬁ&?ﬁé‘z dellels dpsdirieanesnsaigicYieq e Apjenporystalline
cellulo %né)%} futed 1,3-dinethyll,
%e ri azacycl ohexan- 2-one, 5-substituted

ISide éfl'fé&&d‘tif&ﬂ)HjRGNELi® ﬁmcﬂmm:gaeﬂrmhaxmal 2[’-1‘1'(211% which can affect the

1-substituted 3, 5- ro-4- rldon? % X ne,
dosagethatgan he gqlﬁlﬁgsteq@{ lso ecause Ppotentia gastromtes n 11rr1tat10n

patlentg %f éiﬁgfsga teiJord Zﬁﬁﬁﬁﬁﬁeﬂsﬁk W hﬁm\ﬂ?hc(m dosing.

cet oxyprop -1 sopropyl -
4 ni tro-2-oxo- 3- pyrool in-3-yl)am ne, quaternary
ammoni um salts, i V-benzyl am ne, Ndi (
4- met hoxyphenyl ) et hyl ami ne, i V-5-di benzosuberyl am ne,
Nt ri phenyl met hyl am ne (Tr),
- [ (4- met hoxyphenyl ) di phenyl net hyl ] am ne (MMIT), N
9- phenyl f I uor enyl am ne (PhPF),
i V-2, 7-di chl or o- 9-f | uor enyl net hyl eneam ne, -
ferrocenyl nethyl am no (Fcm, N 2-picolylamno N
' - OXi de N- 1,1-
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I V-sal i cyli deneam ne, iV-5-chlorosalicylideneam ne,
N- (5- chl oro-2-hydroxyphenyl ) phenyl net hyl eneam ne,
wo eyehiahexyl i deneam ne, N- (5, 5- PCT/US2006/009791
di met hyl - 3- oxo- 1- cycl ohexenyl ) am ne, i V-borane
derivative, iV-diphenylborinic acid derivative,
i V- [ phenyl ( pent acar bonyl chrom um or
tungst en) carbonyl ] am ne, i V-copper chelate, iV-zinc
6chel &aekgioundiRegaadinge,oléndroniteosoani ne, ani ne

gg@é@g{eﬁg é%ﬂh@e gn%::iﬁgrga?ﬁgg!@oq% %gge)l\éEE?K& (zolendronic acid).
ZOMEUABRSMYInE RbRBRARRRID 3 Yor el DAY b e

phos phorn am d_glg)es , (chlp %e@@? Péﬂgﬁgpscpaﬁgir‘ghnﬁ%% Iélst %n, mgllbpla °é%fy|
osteoclastie Hphoresaiptian.e Zolsdronarasdiisfdesigmitdd chemically as (1-Hydroxy-2-

imidazcﬁ{i&&l%@%?@?o%@é%&@&)glgfaﬁﬂpgﬁ f&{%?}ﬁohydrate and its structural formula is

pent achl or obenzenesul f enam de,
2-nitro-4-methox enesul f enam de,
tri phenyl met hyk? i de 3- ni tR@d i di nesul f enani de
(Npys), ptol uenesul fonafm de ), benzenesul f onam de,
2,3,6,-trinethyl -4- hoxybehzen@stitbnan de (Mr),
2,4,6-trinmet hoxi 1esul f ongiN (Mb), 2,6-
di net hyl - 4- net hoxybenzenesul f on de (Prme), 2,3,5,
6-tetranet hyl -4- met hoxybenzenesul fonanmi de (Me),
4- met hoxybenzenesul f onam de (Mis), 2,4, 6-

Zoledropiq 3pid iy Weiteardalling pewsdsrd dts(malsylar formula is CsH;oN,O7P,e H,0

: - dj - Axmet-hyl benzenesul f onamni i )
and its ol B D A ARG A bhiaE PP el R giom
hydroxidetdiaties shdrtipdysddenlé Mswater and 0.1N hydrochloric acid, and practically
. b-trimethyl silyl et hanesul f onam de ( SES)
insolublg in araapucsehentsi ThsaM ofa 0.4%(selutgm.of zoledronic acid in water is
approxifif¥8} figxynapht hyl met hyl ) benzenesul f onam de ( DNMBS) ,
benzyl sul f onam de, trifluoronethyl sul fonam de, and

ﬁ@Mﬁw_ | (’i; ol clamsoni q:g). mjﬁce'nmsavyi_lﬂlegmms g agt@iﬂﬂ)gqﬂﬁ e
tall.e ereln. wever , t W e appr.ecl ate t hat
concent{ife BT Y er B nus ehnBich Sinee PR BeA BT { o
zoledrohib @88 rRéRh9&ate) %I?ésﬁ&ﬁ%ﬁhg [P BRI 201 RriRE h&ﬁ%n%& gnlrlyé%*glllﬁ lg/asis.

. additional "equival ent protecting groups can
Inactivejiagiadicnisdn ZOMBHAL esladsouanniiol, S, as Antking ddeht echtdr dor

SR e hod.. o resent invention. Additionally, a
mJeCUOIi/ga}nrq %’?&/‘%%Fltrﬁgeokgﬁt F%@“fgﬁf@&@e% e described in
IRtret@ous ¥éniistansn bhZOMETA LWl 8fsBeonlMbhy S?E%ciated with

Geene, T.W and Wits P.G, Eds., John Wley & Sons,
fever. Ggifpintsiinal Terggong fieh @pniusea awhvenitiog divebéenireported following

.. ' @r at f nce. [0020] It wll be
S P e B B8 S SR st
swellingyaverdadssolfssivieiut ed wi t h any nunber of substituents or

functional noieties. In general, the term
"substituted" whether preceded by the term

R a0 Rl o ACHRA R LBIREN ",

Nandpagienlatecdiiva bginh campositbonssfirstid¢saribednint (. St Rgt. Nad$, ¢48,684

o) | peci fied substituent en nore than one .
('the ‘658 gaftpl By rorpcBnn Rt TaAT § Bpubt thieh P bans S Ewasta agent
having adkdrBedB1it6 of ARBCIAHRE vAHDSE kiR Ih&EdELA e ERMad syrface
. specified group, the substituent nmay be either fﬁe
stabilizes e '@ niitdnt else descaibeemeihpdp obintkiog sudksnapspattinelntei active
f.erm” stituted" is captenpl ated ta incl.ude al
agent cobld oGl hy B R Flr P b i B B aSp iR
broad aspect, the perm ssible substituents include
acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and nonaronmatic
substituents of organi c compounds. For purposes of
this invention, heteroatons such as nitrogen nmay have
hydr ogen substituents and/or any perm ssible
substituents of organi c conpounds described herein
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not intended to be limted in any manner by the
perm ssi bl e substituents of organi c conpounds.

w@ovbitepat7T ons of substituents and vari abl es enrCEHUSVEE009791
by this invention are preferably those that result in
the formati on of stable conpounds useful in the
treatnent, for exanple, of infectious di seases or
proliferative disorders. The term "stable", as used

nanopahﬁ;hﬁdt@forﬁr aViehaty o i BarloPagioiReLRESe ‘Aﬁén@ BoRPGHEGS are
stability sufficient to allow manufacture and which

deseribeifon qqamnlchen UnS. digh-iNop. 5618487 ushp86HAOY, dothafor "Method of

Grindisg o R8I e B 5. B T3 Bgnyque Method of

Gnndlﬂgsmfauhaédﬁﬁcﬁlﬁbﬁtuﬁdb@ﬁ aad Ue$ atdt edo. 503 16, 1.8 foP ORkdtesI b€Preparing
term"aliphatic", as used herein, includes both
Therapeic fampesions Gavdaining Neaepari¢lesi ght chain (i.
C r l 4
AR o e e RN o e X Pl f&%ﬁ RS,
Pat. Nos ﬂﬁ@BJZEPJ tterd' Usie tolfi Ianie Clud Roie Modibtisan ﬁtevgnkﬂqmticle Aggregation

During Sigrlisagpr g hag bat N6 % HEehaenr RrGra s Befiferaniste bif Gramth
Dm1ng1%Ph1U1%ﬁc§fj" %, pal. e 5 3@k K’@‘?‘Y&r "}@RE%’ @ﬁbhtra&ﬁ%ﬁrﬁ%'sﬂf%hs Useful in

cycl oal kenyl , "and cycl oal kynyl noi eti es. as used
Medicah &neging;"{h8. Pasr No. '8320y352 fonNecd & Olsmlnlailg}hFor M@m@ﬁ@ulate X-

oy PG o N0 Pro RSSO B Rt s
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Small MagpetiG exitas Pattetesgly 8i RatlNo05,352,45% fard Use p HBwrifaedosms face

i i B 4 SR IS0y e SO 00 002

5,494, @BI Mtﬁtfblo SRR oA TRABA ntlcAnsd: Nahopdrii€les; e ThS G eNd. $,401,492
kyl, al kenyl, and al kynyl groups enpl oyed in t he

for "Watnx/@ﬁoh le l*é@nfvaagnemalﬂa@gansm?araclém gratisrcsonancy et
od | oyl I -
BahanciSFLABIREY ST N ek S B ) B Bpartioutt
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are not I|n1ted to for exanp

Pool Cﬁntpqsbﬁgpnts Ustnsridigh Molg%qiro\é{pl(gbg,][\lon-lm Sggf@qt@,rbtﬁ H,$ Pat. No.

5,45 1,393 r}?Q ;¢ ?a}y%on C{%osgﬁﬁg RIEMN in M%@f&gf 1ﬁge'r U ﬂa by No.
cyc utyl, n-penty pen

5,466 449®E'rﬂoﬂnuldtlens eb@mﬂ ﬁastrcumelsm’plé ﬂl@gn,ostiﬂélaia;w@dmipi@hﬁgd:nts in

o SRS i SLEL TSR T & BN o o
of Prepgﬁﬁg I\]Sctg&f’idlélH ek os1’%5@@Mﬁtaﬂﬁ@@ﬁargétpﬁlk&ﬁholﬁﬁﬁs RITedned

, for exanple, ethenyl, propenyl, butenyl,
Aggredatioe' 8 - BathiNo en4 72,683, for Aidartdperticilés DR@pﬁ%@é‘ﬁtX&ﬂl amic

Anhydlé{l%s{pﬁ&y}% R, %}%ﬁ%}%@%ﬁ%@bg&o&? 1 Qxﬁ aﬁﬁlc%yts{%m dhl%a}géng," U.S.

Pat. N(J I5k0,200 383N aboBartiiiBle Tk kibs¥ic Dn‘%rs ‘dshi-Rak Kyhntra& A geagdor

herein refers to an al kyl group, as previously
defined, attached to the parent nol ecul e through an
oxygen atom or through a sulfur atom In certain
enbodi nents, the al kyl, al kenyl, and al kynyl groups
contain 1-20 alipahtic carbon atons. In certain other
enbodi nrents, the al kyl,



al kenyl , and al kynyl groups contain 1-10 aliphatic
carbon atons. In yet other enbodinents, the al kyl,
w@bkdengd117 and al kynyl groups enpl oyed in the |PUBEI$10061009791

contain 1-8 aliphatic carbon atons. In still other

enbodi nents, the al kyl, al kenyl, and al kynyl groups
contain 1-6 aliphatic carbon atons. In yet other

enbodi ments, the alkyl, alkenyl, and al kynyl groups
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structure. The resulting cyclic structure ){ %ep
?@ ood Pool and

Diagnogfie Mired Caborsrinindrides & X Bayhomgastaieiie
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a2|r frolidinyl, ’pi geridinyl, norpholinyl,
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0026 S it f
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ted to aliphatic; heteroaliphatic; aryI
heteroaryl aryl al kyl ; heteroaryl al kyl ; alkoxy
aryl oxy; heteroalkoxy; het er oar yl oxy; aIkyIthio;
arylthio; heteroal kylthio; heteroarylthio; F, d; Br
I; -OH -NO2; -CN, -CF3; -@®H2CF3; -CHA 2; - CH2OH;
- CH2CH2OH; - CH2NH2; - CH2SORCH3; -C(O Rx; -CO2(Rx);
-CON(RX) 2; -OC(O) Rx; -OCORRx; -OCON(RX)2; - N(RX)2;
-S(0O 2Rx; - NRx(CO Rx wherein each occurrence of Rx



includes, but is not limted to, aliphatic,
heteroal i phatic, aryl, heteroaryl, arylalkyl, or

whedoenaAaryl al kyl , wherein any of the aliphati cPCT/US2006/009791
heteroal i phatic, arylal kyl, or heteroaryl al kyl
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Nanop&rﬁ&lﬁﬂe'@ﬂ) 91"{%115 Bgft%uoﬁfefs&féé&maﬁmz%f"' ¥ Pat. No. 6,431,478
yrazi ny yrim yrrolyl, pyrazolyl,
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can be unsubstituted or substltuted wher ei
Compmuigsa Sngﬁw Cmbma“@@l elepPelrantn Suﬁﬁceo?fébﬂlﬁwndtmia"éél Sodium

o L Bl PSS9 TR U TR BB

Cyclosgdﬁ@ﬂ.dfddi a7 9ufor l‘flifstémfﬁhﬂ ethad foaMlﬂlhigtMatenals ” 6,745,962 for

eteroallphatlc eteroaryl al k
“Small fetler ok yRMi§bd TRFReRs 6 ST P D LGt At kpsols of
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branched or unbranched, cycllc or acyclic, and wherein

any of the aryl or heteroaryl substituents descri bed
above and herein may be substituted or unsubstituted.
Addi ti onal exanpl esshown in the Exanples that are
descri bed herein. [0029] The term "cycl oal kyl", as
used herein, refers specifically to groups having
three to seven, preferably three to ten carbon atons.
SU|tabIe cycloalkyls |nclude but are not I|n1ted to



hetercyclic noieties, may optionally be substituted
W th substituents including, but not limted to
wa@bdophextiiT; heteroaliphatic; aryl; heteroaryl ;PCT/US2006/009791
aryl al kyl ; heteroaryl al kyl; al koxy; aryl oxy;
het er oal koxy; heteroaryl oxy; al kylthio; arylthio;
het eroal kyl t hi o; heteroarylthio; 7F, -d; -Br; -I
-OH, -N®2; -CN, -CF3; -CHCF3; -CcHd 2; -CH2OH, -
and is s@k@@c‘@@'ﬂnoo%@dﬁay refertnse? Qd%e of 8 RierenceFdBcRbE com os1t10ns
OC(OR x; - - OCON(R x) 2; - N(RX)
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JihkteG9 8 ndtd ik coﬁp@sﬂmﬂs%fﬂhs’@ﬁ@sﬁhﬁnﬁai Re¢h &t Déklronate,
Het er oal i phatic noieties may be branched, unbranched

pamidreneie.iand gisedrenalp.ithatdiaye p]ﬁ@plg@ﬂeblggﬁyllabllh@darghr@duced adverse side
effects qﬁﬁﬁ&lﬁgg&ﬁgfi@ S&sﬁoﬂﬁ% :f]llnglz%j?tuﬁ&l ap é;@rem? dv@ftion satisfies these
needs. heteroallphatlc noi eties are substituted by

i ndependent replacenent of one or nore of the hydrogen

ot it ed oS HMAIEY e RERERSRERERY  aryt o
helk ah @8Je¥t of RS Wvah#o fo 26¥i8E Balophalckiake bl%ﬂﬂélgh{onate

aryl oxy, heteroal koxy; "heteroaryl oxy; a
compogitigns, Hixsmphasy éwphwplmm&ieajnclhé@ buioae pot lmméed toplendgymate,

pam1dro%6§edro&%|dﬁ§16)_lp &-ﬁw tCF %g%\%mb aegfg)qﬁe nanopartlculate

bisphod$pBhdRS has afERUCRY X hveragedXartdIRsite of [SEBRY aborld20D RmX)"IZ).e
-N(RX)2; -S(O) 2Rx; - NRx(CC»R X, Wherein each
compogjiens ¢ahe Bvertiqreoniyisp ehlsasiong bisabosphenate pg atjlgashepe surface
oallphatlc aryl ,
smbﬂMﬁtﬂ%ﬁgg%&?pmﬂ&hﬁQQ%%ﬁoqyﬁh éteroarylalkyl mherein
amy dbmipbsitiahs gfithd invEidresandletfphnailbied istb ythﬁpkayﬂn'ﬁceutically

oTTieleroMylalkyl T, .s |tuentsdescr|bed hove and
acceptahls (sASTEYIhd he SHEPPHHPR BB, ﬁ%@twlﬁ?ﬁ SHERSYds

useful 1 théjﬂgﬁtﬁf%ﬁh&ddlso‘ﬁ&g ké}?tﬁfg BGhfdnfal beROrWhBHSH N any of
aryl or heteroaryl substituents described above
ém dnéembodinealy t}bmaaupaatlculaueé)@pbps@nsdbﬁuph s elgndronate,

peio 5 o OB S BRAFU e RBH AL ot o n

inj ectalﬂ@ﬁ@ﬁi‘ig@?@ﬁﬁ iR Yol AdrhSstaaBY Gfrdnhatular 6 sibs@khdd@s means.
herein. [0031] The terns "hal 0" and "hal ogen" as used

In one prbediment therinfeotable @sm fowrh semprisdsraptpminleropd Rpsoparticulate
. chl or.i ne ne,+{ 00
visphosioRk e i REF R, ARG Car b OPlir Sy AR oast one
surfacels@bilgrone, two, or three hal ogen atonB attached
thereto and is exenplified by such groups as
chl oronet hyl, bronoethyl, trifluoromethyl, and the
i ke. [0033] The term "heterocycl oal kyl" or
"heterocycl e", as used herdatn, refers to a
non-aromatic 5-, 6-, or 7- nenbered ring or a
pol ycyclic group, including, but not limted to a bi-
or tr| cycllc group conprising fused six-nmenbered



bet ween one and three heteroatons independently
sel ected from oxygen, sulfur and nitrogen, wherein (i)
we2wh/1&@1renbered ring has 0 to 1 doubl e bonds BeMUS061009791
6- nmenbered ring has 0 to 2 double bonds, (ii) the
nitrogen and sul fur heteroatons may be optionally be
oxi dized, (iii) the nitrogen heteroatom nay optionally
be quaternized, and (iv) any of the above heterocyclic
i {8 SR, Bevddises f%@inb&%%nﬁmmae is PRI REBN @sh¥Eform of
€ erocyc es Inclu but are not limted
a stablemymop;irhmlatty Ibwphtysphmﬂw,rsyd;h aqrgleraiz@tnat@ |pﬁy11dr0nate risedronate,
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zolendionchole raadi af, lea&bfoac surfage atabiizomaticrein therrompagitinag haye improved
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bmphoqmﬁggggndently selected” is used herein to indicate
hat the R groups can be identical or different,
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Iabelstyp|callyfall into three classes |sot Ic1
take the egyapesitioshiverbefery bBdipe aT BagtiP BatiBE URdR P P other
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phosphorescent; or fluorescent dyes. It w
appr eci at ed that the |abels may be |ncorporated into
the conpound at any position that does not interfere
with the biological activity or characteristic of the
conpound that is being detasgted. In certain
enbodi ments, hydrogen atons in the conpound are
replaced with deuteriumatons (2H) to slow the
degradatlon of conpound in VIVO Due to I sot ope
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sl owed thereby increasing the half-life of the
conpound in vivo. In other enbodi nents such as in the
w0 deetiofiicat i on of the biological target of a PEX/UsBN6/009791
product or derivative thereof, the conpound is | abel ed
with a radioactive isotope, preferably an isotope
which emts detectable particles, such as b particles.
In certain other enbodi ments of the invention,
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is referred to. [0042] "Effective anount”: |In general,
the "effective anount” of an activebi ol ogi ca
WO e®posae’ As will be appreciated by those of PCHUSZNG009791

skill in this art, the effective anount of a conpound

of the invention may vary dependi ng on such factors as

t he desired biological endpoint, the pharmnmacokinetics

of the conmpound, the disease being treated, the node
Coatlrlgof adm ni stration, and the patient. For exanple, the

ef fective amount of a conpound with anti-proliferative
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treatme%lﬁ%-c cﬁ n etar% Iée?% al t ﬁql%iat]] ﬁgog ret%c{‘xﬁu&kj qﬁgfélgtéﬁ? IJt #)al%rculate

bisphospHERHM c&ﬁpcﬁltﬁﬂﬁ'ﬁﬂﬂféchm&lt Suéh maﬂlodméc&ﬁlbmsaradtrﬁmtﬂeﬁng toa
anount needed to kill or prevent 'the gromﬁh of the
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7- deazagyaMAiED DESCRAYANS OETHE: DYVENIION ne,
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eudour t
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e groups phosp orothloates and 5
DIDRONED%Q&FI mmmAﬁ‘) thavé ilmk‘agém)a.val[l@ﬂzﬂték] Whileirisphespitongies, such as

pept i ide" co eS a r am no r,esl gues
alendrqn@??k%m@e@@%% sedsiige,st e o ORE R fer b e water
soluble] ?’hﬁfhris obRE AT SaskRiREQ AL HSgh BI8hvAREbility @Bon addindeptibae

Si ze, “structure, or function. Typically, a
convenpnmlénsphwphbmttes eftert @mlex Witb@atatmsn@ thecfuge undAg eﬂ‘l\ronment

BT A O
for dru§ @h$oRptibr0 MMreBaéﬁJ 6cﬁiveﬂmm® bphakphor@ltdshipugi diffiuse N\&ﬂlwcmss the

amno acids (i.e., conpounds that do not occur in
gut WaHdtlﬁli%thbbtghdfﬂfeedﬁﬂobéﬂy AEiHE SOMBPWHISi nt o a pol ypept i de

nd/ 9

T

add1tloﬁ£11}t &tﬁnrﬁf@r[gOa dedladig algeﬁtn "Il‘he\chalhtmgagmbtsqarnpcrsa@ tdoenhance the
ied, for exanple, by the addit.ion.
bioavelilitys i HOES AR o GRotio TR BESg G rect
ie. th@clﬁ@ﬁgla?&ﬁ OFPERs wAh RS Bﬁgﬂésp%ﬂ%%@for %fﬂd_f@ﬁ)%h@%ﬂoné in the
t) Tacd gropraTi nket AohJ gal f on7f u”t

gastrmhte@ﬂmai t“rad:t!, ﬁlerﬁlégtrﬁhmmgiﬁﬁ f ity oﬁblsldtcﬁphwatﬁ'fb@téilﬂdsﬁﬁ)ﬁhe

cation i BRsosk RQPEIRRIRE B f Betiter el PR b bpected

furtherQﬁEféB@b' thé( bRECMIAbiIRY onlﬁtlﬁéphoﬂfhoﬁﬁﬁ tdostese fOrnpr Ho®eerRMucing
be naturally occurting, réconbinant, or synthetic, or

any conbi nati on of these. Brief EEscrlpt|on of the
Drawi ng [ 0045] Figure 1 shows the capped-stick and
space-filling nodels of the 3- al kylidene-3/i-indole
1-oxide function of avrainufllamde from X-ray data.



[0046] Figure 2 is a series of 1H NMR spectra obtai ned
at 23 C (500 WMHz, 1:1 DVSO 5-CD3CN) of (a) synthetic
wawooaitenaiit | am de, (b) synthetic stephacidi n B, PEDYS2006/009791
stephacidin B froma fungal source (Q an-Cutrone et
al., US. Patent 6,291, 2001; Q an-Cutrone et al. J.
Am Chem Soc. 124:14556, 2002; each of which is
i ncorporated herein by reference). [0047] Figure 3
the partiblelsis@deF tHd biffHoGpHYralke ta ﬁdla%rﬁculﬁ@ sibffZahiblVRe@tatically increases
syntheti c avrainvillam de_ ( in CDC 3. [0048] Flfgure
the surface grseed die dug HeUR 1% p bisphaspbpnaie @Wémsﬂe%wéb Bigai R

o 3O SRR 300 B
iIn(aﬁmhe:r ﬁﬁﬁﬁlﬂﬁﬁlﬂat?ifgfllé;mvmﬁf@{ ﬂmmhoﬁﬂlcgﬂate bﬂ;ﬁlhosphbnate can be

i
compqurzg s mpftivaleteagionssych SbhR LR, @t %rtoé‘%ﬂ’iéélF Hﬁahw@oegD §vafsoluble,
or este%%g?) @Fr%qt ehlgti%rg 2 ré%\?vnﬁﬁr I?dgld?gpg%sﬂ S’d_'li_n}ﬁfam ?nnzgg%ﬁiaﬁlﬁ glze
reductiat oﬁﬂmrhmsphnmmhytein 8o ppreousimedsl | ght |y bet ween

y Qﬁ&%ﬂ%ﬁ@ ﬁ%m!i ygcA'a?}]r}Pg;l,ug egtug)grq,]ve&ﬁ%ﬁtgp(%gap%gtlctles oF the

bisphobpHadahie Qe éddﬁm‘i’f:aﬁﬂafﬁ piviidibR Mcdéhy 18R] a fhslkreioe to %Ve the

shows a synthetic route to internedi ates useful int
same it yivp fpkanddevdls amiprgsr é@qase amgpeis reqyited ihihe paste dMompoes:for oral
u synt te
dosage. flﬁg'lél % blé g‘g’ﬁ‘kﬁjoglg e Lﬁa (qest %aﬂ b% c%{lt%g 5&8%3111 a OQIII gﬁl%snéve cotatlng that

delays gifisidr dﬂtﬁ@i calitéitooLibe pbﬁﬁ@]unﬁl B hartBlesheavh thddrtestine.
decar boxyl ati on of the am no ester substjtuted

Accordipglyy the gpaied partioles epsap Rpssiblegmnaapied silsaifiests respkingefrem the
|
release by bk S AR Oh AR ndls i Bl alinct
I’Bié hthedd anduseafpositiong biethp irepatiat ammscﬁlbﬁ)nr;uﬂubndsg bbne
he inventipn cqntainjin the b-unsatyrate rone
resorpl ] 1 PP 201 PRI T IR e FOER{o g PRTEES
assocm‘i&?%re@wﬁly @u@ﬁ%bﬂlﬁ%ﬁﬁ@luﬁ@ﬁotﬁ IRREREAM 2ARTGLR1IAEd Bbne loss.
derivatized conpounds of the invention. [0056] Fi gure
Also, the crshbansofhidse hdwing ah ebnerurad stnwatire a3 id Ragetts Bscapachebe

sssocidi it Sl b G Lhe GOF ety PARPHRS hgmaone oss
at mulli0 2Rdlethl Giek 6r dlonousthEkldetdipdyatehOr TiRawe) localized bone loss™

am no-ester anal ogues_of avrainvillam de. [0059]
means pppeiloss ABnSE WEPTCHIBG1Era dafinesrskelsta sids. nucl eophi | e

! [

SR b R ERUTR O 14 ) bhah o | 08B i
comma@nil egtisnefausal madnmd, kihase ektro g@@ﬂﬁﬂ]lctiﬁnmas bedv gxshlthy\B

I C50 _and A 50 data for cer,‘t;aln probe co ed t
diminighedy, HWEveR @S@Pﬁﬂrﬁﬁﬁ ean alsey QLo '“51\1}9% qTals ﬁ‘?rﬂ served in

I . .

males h@@t@% ?H}Bgor}%ts g&?ﬁ\glﬂggﬁ?&ﬁp&?@a‘gé 44 Oe@hatoid arthritis, it can be
induced by secondary causes, e.g., glucocorticoid therapy, or it can about with no identifiable

cause, i.e., osteoporosis. In the present invention, preferred methods include the treatment or
prevention of abnormal bone resorption in osteoporotic humans.

Localized bone loss has been associated with periodontal disease, bone fractures, and
with periprosthetic osteolysis (in other words where bone resorption has occurred in

proximity to a prosthetic implant).
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avrainvillamde. Avrainvillamde is the major species
present under physiol ogical conditions. [0063] Figure
waooshaas? t he effect of avrainvillam de on thePCEUB2006/009791

cycle. Avrainvillamde induces arrest in G/M [0064]

Fi gure 20 i nduces apoptosis at 1-4 nM and necrosis at

8 mMM [0065] Figure 21 is a schematic of the in

cellulo affinity based probe (pull down) experinments

@ﬁgraiiged[ @B&d&fﬁd %ﬁﬂé\’fes@é\n@%cﬂ R IRALE i dipds %%n @froblem

avrai nvi experinment uses a avralnvil |l am de
for thoarmhﬁged forikiendl dra elestohair ertfonthosmwhd bave aghitmetslizdddimb set in

0066] Figure 22 shows the results of a the

acaﬂfg experinment in T-47D cells with controls.

Gl We‘tl@?dscaﬁﬂ cBRPSNQY dTuhd ReektRIMLre Dsdfilerol BERingd ahb/oD

nmM pr obe (Corrpound 4). [0067] Figure 23 shows the sane
prevenigeg the folievring gpeditionsdridiseasrestates: | QRPPBENStSs WK ren ficiile post-
menop%lus%l6 %eogl l%ur © terou%—%n%wgecf &Ft‘e ?)8@‘ rHB e do%[bbg)vgsl (&{Eeagg’ iftficed

cal targe avr a nV|

osteop&bﬁh litlid@athfestporisid] PAdet’ Risedse( ﬁEﬁrﬂlﬁlﬂ\ﬂr}X?é)asec{ lﬁlﬂl%@l]lmover
ure 26 shows the synthesis of the biotjn-|abelle

penodqwag@@ea{e@@m hzedi bpuae &osp pssoRiBled Wik RERRRSFRCTISTOSER IS ﬁl@d bone
fractur% Suzuki coupling, U Ilmann coupling, Stille coupling)
he left and ri ght hal ves of avrainvillam de anal ogs.
Retvahlages ddabe na'trmpiaﬂmulafe ephogphonkrelrodipositivss off the revention as

compell B BRI HRSESEE 2 LIE - s X, AREDIAS,

ACTORYT & BYhRONEIFE BV N ¥hd Q@J‘ME?A“D am@ma& 80136 e AimBed to: (1)
are provided hérein. The 3- al Kyl i dene- 3H-i ndol e

increastd bioiad@labilitgt (20 mdmsergngbinéestJﬂal andatao mgiec@emdﬁam @pon

adm11llfmwﬁ§%%wbqo?%dplq @1 ci) s%%e l eo J{l ?@\ﬁn§§§'g4%smallﬁr tablet
or othe@@&lid’ddsﬁg@forﬁ\/sﬁz%' O?lshiaﬁﬁﬂ d@e@@ﬂbmﬁlﬁsﬂdﬁ&f{e re@hﬁﬂhﬁ@bdimthe
The syntheses of these conpounds prOV|des f.or not

same pbﬁm}awh@y@l eléensd@huepraved Rliapmpcakacic e e ORIy of
the b1s%&%)§ E’ aFef a}fﬂ%ltﬁlﬁ LFRE %‘\}énﬁglll whef Q&l’ﬁll’hg{el}ea %m?afr%@ﬁ e mpared
B Nl 've tor

I'seases such as cancer,
to fastifl S@@HKens; (B)ahehdreaseetdteopditsoyyticat €9) 1moaﬁhﬂ&’pvjeullmslp;hosphonate:
[0073] .In one aspe t he present rov des

, e ntion
compogiFApLRAS Iyentens PRI copRRgioHs '9? eﬂ&"fenﬁs oggbe ygpd In
conj ung‘)éon 6 308, RAiRrd el?tg q?egﬁlnfg? fle! ti/eaﬁﬁé:n% of 8ofdeRMetali8e to abnormal

group consisting o rogen; hal ogen; cyclic or
bonem&onﬁhnc substituted or unsubstituted, branched or

%{}ﬁgq%)glggl | I'E{jaé G gqv?%tlaéugq,tg Eﬁgﬁ%sﬁh?féaae §éjn%§§s'1t§o%ts %gmprlsmg
one or Hﬁ)tr@ﬁ&@td)cﬁ’djﬁl{}}sfblo éé‘d)@tdct:éﬁtﬁﬂe drrieRs A ¥dntd) bedehicles, collectively
branched or unbranchéd acyl; substituted or

referred s asbeariierst EHe comporitiang con b Asraeedfor apipnteral injection (e.g.,

mtramﬁ%?%]tr,l otégi} d ut or%&llf%?suab g) é{%&ﬁdrg{n%gﬁg {cﬂﬁnﬁ@@ﬁf&e&grosol
form, Va§ﬁ§@l naﬁgaﬁa(c Rl(’;e)ﬁéﬂ R(Gular, N@al (pd\@ders N(lﬁfﬁ)aﬁts or NHPEY; Op&al

1ntramst@g@];@tqqu@pgeal Wal@}i@q@,str@pon and gh like.

Although exemplary dosage forms of the invention are a solid dosage form and an
injectable dosage form, any pharmaceutically acceptable dosage form can be utilized.
Exemplary solid dosage forms include, but are not limited to, tablets, capsules, sachets,

lozenges, powders, pills, or granules, and the solid dosage form can be, for example, a fast
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-C(RG 3; wherein each occurrence of RGis

i ndependently a hydrogen, a protecting group, an
w@bdiophexiiz noi ety, a heteroaliphatic noiety, aPCHU§1006/009791

noi ety; an aryl noiety; aheteroaryl noiety; alkoxy;

aryl oxy; al kylthio; arylthio; am no, alkylam no,

di al kyl am no, heteroaryl oxy; or heteroarylthio noiety;

whererin two or nore substituents may form substituted

melt dé¥h @ﬁ%ﬂb%dtfowﬁ toleds¥ Gbidze Y81, @i(%}ﬂ?ﬂeﬂ‘ﬁose%%)ﬂ)nn Qelayed release
h %er oaryl structures; erein and R4 and R5, or

dosageHornaregteRiedregledso dasago é@mh er a eqnbinpfon thgreo£ CAROtHl Zlose tablet

o35 S5REAE0 BSTHERFR o ol LT ons

maintath@l @4 @ aysdtifer co@ﬁﬁﬁous&éleﬁ@tt@ tm{uk‘lhanfpaﬁgmﬂjyslh&ﬂmumlhr dr
i s an _integer between O and 4. [0074] In certain

subcut@epBUIIASHER, s a nmonocyclic, bicyclic, tricyclic, or
pol ycyclic ring system pr efer ably is a nonocyclic,
bicyclic, or tricyclic ring system The ring system
A. refididowsar bocyclic or heterocyclic, aromatic or
naromat.ic, substitufe g&i or, unsubstituted,. The r
2@1& DrEeNtigEenoads d?%CﬂB heseip y5ig sy srglletingions, as; Sﬁkfgath below

andthl{)h ttlf%r ghga%gl nation thereof. In certain
di nmen I's a nonocyclic ring system preferably a

4As, us‘éd hein, “abvou? wilhbe wattrsteatioyypdrsans of nylisary iskifh in tirer at and

with v Bl G tesh e thefon BT P KR el rod! G 6 B 43 L et which

are not@X48 & perfirsio? @ﬁﬁnar sk bt art Eivef etodhitx SRDORICARN Ssed,
represents a pheny rlng I n ot her enbodi nents,

“abouty il Been i tepkis ot FeRHsel0%het e parisHar fEMr i ng. | h ot her
F‘Kg)l?sgh ﬁ&@&-ﬁé Wltﬁ?ﬁf 1%?18(}2_{3 1J1és oq’tﬂggg Eﬁérﬁ%eo aLOfB® hGans that
ring. er e ment's, s nts a

the blsﬁhwpmmﬁdcles)db ﬂtbtcuppfdcmbfyl ﬁ[tg:.culatb (&tdgglon&trdite kue to interparticle
empodi nents, represents a.five-nenbered non-aromatic
attractiyp ﬁgcesezéﬁ&ﬂrweépmﬁawuélmwe% HORYEFREEIZE ng syst ens

e e R

means iteah efplaadt 50U @tthbe blspmhmmm’eclewhqmsal sizephy weight,| afdéssghan
l.ti artlculate nolithic.oral co | ed. rel ease
about il Sep seedinad Bi; Be eommuor e RimaB e EBpgireg o
photon%ﬁ‘éféﬁf)ﬁ 'sﬁé@t@%@op?‘ ﬁ QSARANAL Bsk NG iHOARAS hﬁd StASr @EMhiques
useful for the tfreatnent of disorders relating to
knowndb ftmseraf skil metheestor pt| on in a manmal, in particular,

0, PACKROIND OF, TLE JANENTLON &\ Sagh corrpogantsl ons

blspho%fhohﬂ@ WHIMER b RBi1EedPf WBihdab b piTesRBeRatkge pdiiele size of greater
bi sg@ hosphonates of the invention are also referred to

than aont epQhamg BPRArEaIlat 8ot siREBls A SeiBtedgics PR B HBhET e tive
average Eﬁﬁ@f&oﬁi&ho%@s%ﬁan%{b%u@(fdoarﬁﬁ of drugs used to

en bone one 1s in a constant state of
rmme lhieren, thdyshradey tineupdntomnly effdctivdlardowt” Blyallc@kdrsthe drug
cal | ed ost eobl as ceIIs

S V\,hlle ol.d bone is regob%ﬁl
dosagedhpinEeiget (88 SPERASD hagmagemiei sesppRs o {ihe)
adm1n1 ﬁla s&én‘?ﬁ&'ilphﬁlﬁﬂér &%gﬁ]@&s AShRACFa8diStreatment. It is emtphasmed

p osphonates are used 'to treat osteoporosis and
that a tbempelpaa]lhy éffcmnvd iageasest sluy t}mi;lsrmitrasns‘aat@dcto arpeatéqular subject in

a partl%flmgﬁ%gxmq thrg)g “%’F bagﬁ" anﬁm;%% 8&#@%(}}5?%36%68 described

herein,%R6h HBugh ANRH ARG is((R&REANAL Berapeutically effective amount by those
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sodi um), ACTONEL(r) (risedronate sodium, BON VA (r)
(i bandronate sodiun), DI DRONEL(r) (etidronate), and
WQaNETA(1L) (zol endronic acid). The conmpounds aPET/EE®06/009791

used to treat osteoporosis that is caused by treatnent
with a corticosteroid. 1. Background Regardi ng
Al endronate Al endronate sodium which is commercially
mar ket ed as FOSAMAX(r), is a bisphosphonate that acts

of skillag i sReci fic inhibitor of osteoclast-nediated bone
resorption. Bi sphosphonates are synthetic anal ogs of
ﬂ“)hﬁdgho ‘Sbhatneal bhnt raspmpiions as heedigmjfm syeapae degree olbrnei n

dron te esc

resorp i b B et iy SRR g B g Shedton s
whole. TRRES NN Gl drmial bdhedesdrgtionTeas Bp bisociatedfoithmbedomwiation of

al endronate sodiumis CA4HL2NNaO/7P2 3H20 and its
bone haungap abngEghtricrg25. 12, The structural formula is:

A I

TP SR o &St g prveniog

bone resbipgibh by tisoditdet er indiredtaithuation afiostq@rctest formbatign olnamﬂvupl e

N EET ORE O "
inhibitﬁﬁ R oV 88exidiBreldme ‘éﬁh&%’ron@ theddinfal lasd andBr Bfc or%amc

endronat e nonosodium salt trihydrate, which is t
matrix pbiser thegpghvdaleeirar indirdst alt@ati@Bof asGoalast faonwg)n or activity.

NG ruction cootspy S8 A8 ot e o€ el Rlish 36 Ehdterizea

by the pRE&RE BF dﬁél@ﬁ%ﬁﬁ'ﬁ@éé 9§1¢et§ QRhdBr R h1d¥EEBQRLEVE of their size, shape
Stearate tabl ets al so contain

or morpllegii bEhagsm “muﬂwvtml%ge@ used Fmmgimvasans p plyelitycd dissksfe, or
Y [

aggreggtt%) ?ftlc(?% sEIaeﬁg bsﬁc{sy gﬁa}ﬁ@é %%Sﬁﬁre\éﬁ%r%es e%#e%éu{/enof their size,

shape drfthdrpAslogn. As to the clinical pharmacol ogi cal
mechani sm for al endronate sodi um ani mal studi es have
indicated the foll owm ng node of action. At the

B. dalefarkal Chanekerisiics ofl thenBis ph aiphosate (&fmep exitiors of the Invention
| ocalization to sites of bone resorption, specifically

under RstA96d BifaFaildbifiost eocl ast s adher e nor mal | y to
t he bone surface but lack the ruffled border that is

I Ak EoRite %Fsbh&%hfaﬁ:ﬁ@ rdath MaleMrSNAE, Panti@od 8 Srie@fonate,
interfere wth osteocl ast recruitnent or attachrrent
etidroriatet iiandmoets, dndriobindrayse anél cestpositiphyf the irsendoms énqluding the

oral doF%ggq fg}grg% é?egp{lgg«gsaelfi :Jig %%}IH R ér%g%g%fj f&lg%f?:ﬂa @mf %l?d dreﬁulr% smaller doses

as comié@ﬂe@ k& pAsy &)ﬁb&ﬁfdn@ﬁ&sﬁiﬂ'sﬁl&ﬁﬁﬁa ddﬁgﬂs@lﬂné) Sshﬁpﬁﬁ EESAMAX®
faces. Banes exan ne S af

AREDPS LCEANES N aDEDRONH stBr(H‘ﬂ :|aﬁ m ce,
cti R
SO
particlésf‘tﬁ’ cﬁalﬁaﬁmg(age‘ﬁh idysrov e tertpcavailgdliiyrof blom‘mspﬂ’aisp]nonate by binding to
al endronate i.s not pharnmacol ogi cafl |y active.

Thus,
cationsindprigashaintestingirash %@ﬁ@ﬁﬁl@cﬁ%w 9ERT> STe 3 g &ﬁage forms, the
bioava R A B ST o i S lalc ) o USRI LY B addition of
sodiunt beptrylalee Adsofvatertdin dasaye rfd)rmse siwhes o desagerfonnas, céating of the

) t he nunber . of |te at .which .bone is r el.ed)..In
bisphospligppiegaTicks 8 &P HueTHHvESALEaL Het 5@%% Bifoig the
blsphogﬂ'l{%ggte TEIPRECE @&aﬁ'lﬁt‘éﬁmel RELNY thLaRERECERSE VOB Rbdhagus and

one nass. to the pharnmacoki netics of absorption

the stogfaclal endr onate relative to an intravenous (1V)

ref erence dose, the nean oral bioavailability of

al endronate in wonen was 0.64% for doses ranging from

5to 70 ng when adm ni stered after an overni ght fast

and two hours before a stanglardi zed breakfast. Oral

bi oavailability of the 10 ng tablet in nmen (0.59% was

simlar to that in wonmen when adnministered after an

over n| ght fast and 2 hours before breakf ast . A st udy

o . ' Y Y e o o - o



was performed in 49 postnenopausal wonen.

Bi oavai l ability was decreased by approxi mately 40%
wob@n/1d01hy al endronate was admi ni st ered ei t hePCOUS2006/009791

1 hour before a standardi zed breakfast, when conpared

to dosing 2 hours before eating. In studies of

treatnment and prevention of osteoporosis, alendronate

was effective when admi nistered at |east 30 m nutes

Ised DleEbiplerihatite ddShgay aichabildst ¥naéed Woﬁhﬂ@ﬂcﬁlate

whet her al endronate was adninistered with or up
bisphosphgpate gpmpesitions; benght & paiaept BV sxleringithe mtﬁléttﬁlnftrafﬁpducmg the

adverséi ﬁin?és ﬂ&l’ @fthaﬁ‘l EIFH{DBE taﬁmﬁﬁgt{aqﬁ)n%rf cglﬁt?eg 1, non-
Ice re&uce B oaval |ty y appr oxi nat él % 11
nanopaﬂlcﬂtllatﬁﬁﬂplﬂ@@hmaitesomcbth Ital'tmultursqumkpxlmmméﬂeums Tﬁeﬁ affedts may

.rel ativel [ oses nmust .be adm ni.stered to . .
occur 1y gﬁféﬂ@%ﬁ% ,fsg?mqq% Ifestngs v es i Rppatfieylany gﬁﬁ‘tpﬁér gastroinestinal
tract, i. Qaﬁiere@d)ﬁl‘l gﬁ h¥edtorth5AC tNonl 8@t efsB 'g§sttcﬁ’1‘ﬂ’est1nal effects for

bi oavailability, it is generally recormende %

convengianilérgphbsibenaths smmm&&%&m & ARERPA ¢ en“pﬁJT/ONEdnac h

S S TGN O ETE N T L -

dyspep$ial hil¥erb b phdeealBfithii0 B¥HRLER! peribrh@SY @bdoringl pain, and
adnm ni strati on has been associated with adverse

constipgh@R-r oi nt esti nal effects, especially those relating to
t he esophagus. See Fl ei sch, Bi sphosphonates I n Bone
D sease, Fromthe Laboratory to the Patient, 2nd
B2di t i drhe Meitinieokinketib Profilen gf (HkA%mopartiadatedtispissphonate
appearcdp&ition dtithé Iiventiof aré hbt Affecte@bythe Fed of Fabrd

bi sth&MQﬁaﬁ@smetmg%&ﬂ@%l@om SR em which is
exacer bated by the presence of refluxed gastric acid.

95 SRy DRSO PR IER Ao, s
as alendtonatePeemidromasy gsedfonatl) readmgaﬁezmdﬁimbdte,mnﬂmolendronic acid,

where1$aﬁ§eté{ }%Iggg@%éiegg!@ro l of lglé)ll I gtgsyjp.))nat or %ﬁllgs%antlally affected by the

fed or fAFt@ﬁ Etﬁg{ﬁ{a@s‘étbf&t 1&1%@&1&1% @H@%d?ﬁﬁo%itfbn' THid Iﬁeﬁﬁtthéft%éfe is little or no

not as ¢ e use of al endronate has
apprechbleniifissood iatthelquantity @’slnﬂﬁamltomatealbabrbttdastdbh ageaf drug

ul cers. .See P.C. et al Esophaqi t
sbsorp it B b R icHe ERBbOH o APk EE S DRERe B g
blspho%ﬂhbbﬁﬁt@ sueh adBh&bhfe, padlidrodse; ristaronhis etidPnatd AbSndkOZale, and
D.O Castell, Pill Esopha itis-The Case of
zolendmnmdmm @dmm@wrﬁh@l taﬁéedmahe stedsi@icei ne, vol .

engfu% of X 852}%3 ix%gcﬁt dsllggt nt ]rl %?%111n§§£thyéffa\ft ol'tgg&{ {fBfde an
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0.1M Wi B0 siasmntosGuat fm 0 Angenic Syarsh PN Rodof o8 Lindabl

o, BN 30l B G e

Womeﬁé’rRiﬁz@hzsRasf he@yp®7t3Uiledd. drugs; " 6, 908, 626 for
Conposn tions_hayi n%éa .conbi nat |

mred) at .y
TR 17 cOR PHORdehif SP OO L AR SH TG 1sdbore crtical than
the spe%ﬂ% %eﬁﬁgal 8 te{llwggg}lﬁ%}%ﬁpggoﬁ% %;%? $hd 10ARSstAPMIVahle8Gan be

YMers o vinyl acetate as
obtam@dmhhmgh siedodusi czmﬂﬁud’tioﬁs @ﬁﬁr@gicifds,rstrng bhsem satte, singlhod

mlip| oo eatehi-Posegals Ut 1<EE Sk 358 eqprpn ding ks o1t hcia),

monopPPREAHd SR ir¥tié BeOEAgiatsd by reference. In addition,
U.S. Patent Application No. 20020012675 Al published

dheprem:u@hye glectroly@olitions tandhe pui dre doFanieds to, HCI solutions,

rangln% gh%%jgr 5 I {ﬂnﬁ%n gg%%zqotlltong%uﬁ dllelgcgs.ﬂrggg : ?l sohft ons, ranging in

concerti€ieh mhaﬂﬁdt byon &6 ebin 0. MNaEmbturieh grecofefer mﬁqﬁe
descri be conpositions of nanoparticul ate

electroyte pplgt prrratbesbut et Aviicdypaabeusd- LAHGhaE fess, about 0.01 N HCI
or lessnﬁﬂ)ﬁp 6r()bﬁ ?\H{ Gr fé ag&ﬁ r@)alt N%(glr% %ﬁgpﬁoﬂﬂt 6‘6'1 A NaCl or less,

sedrona OUS sSha e conpositions are
about @iGGl‘:M Ned] of less, amhnmtenes therddf SOfBadse eNotrolyte/dBytibdd, §.0r N HCI

wd/ormaﬁéigég g{reglpooﬁgg}%?ée}n{a%gggp gg{éja%%‘guelr ﬁg%gl%éggl qaditions, owing
to the | BH ‘Pché Sfe Wécﬂﬁﬂdﬁb EPfl@pYoﬁn%PQasB%frﬁésﬁh@ﬁrd‘cf om

ter-1 nso Organi c Cbnpoun S, U.
AE188Tqlgtstohoenttatibshefd. §r N K] 6.91 %Hﬁd),ramﬂﬁ BNzIé@l corrCSpond to

o, SR L3 L SREEL ol PR b B s

condlti%ﬁg E"dtﬁlh% 116 stdhdIOr ANsciigdn 600.1 KINaappiRitidsaseBohidies
hin and Methods;" and U. S. Pat. . 5,776, 496, for

UItrasnaII Porous Particles for Enhancing U trasound
Back Scatter” all of which are specifically
i ncorporated herein by reference. There is a need for
conposi tions of bisphosphonates, such as al endronate,
pam dronate, and risedronate, that have enhanced
bi oavai l ability and reduced adverse side effects,
|nclud|ng reduced gastr0|ntest|nal |rr|tat|on The

e T Y " o o s ~1 IR M AR ™S\ 7




It is an object of the invention to provide
nanoparti cul ate bi sphosphonate conpositions. Exenplary
whe®phedaphonat es i nclude but are not |imted tRCT/US2006/009791

al endronat e, pam dronate, risedronate, etidronate,

i bandronat e, and zol endronic acid. The nanoparticul ate
bi sphosphonat e has an effective average particle size
of | ess than about 2000 nm The conpositions of the

approxXiM¥@st bfthe EAPStEHBthAdoniRRRE fRAINE thio SRS B{éod'!ﬁ}rem@l'ﬂﬂu%tthe
| east one surface stabilizer for the nanoparticul atée

gastromt%}mi dlkisnalthougirigencenrplingistighes thep O hd linny bacinplpyedip
simula} e feﬁ%ﬁfc}i 1B Qﬁlﬂﬁﬁeﬁ\ﬂ}{mp frhgceutically acceptable
0si1tions can al so one or nore

aEbohntplmya;blmeﬁpmus deRBf bsed or dofbihiatidat oL Qf/hlch exh1b1t the
isorders relating.to abnormal, bone resorption,

desire&'% Sal Mt strengeh, mehujednt prencatiBis %%%sph%@%d/p@aﬁ@hate salts
+ sodn?ré @&%@ﬂﬁﬁ)% &lc Qfﬁ@aﬁg A Hi&ride! bcceglg Faf ?""%cg‘cate‘aﬁtaitg ﬁ—g@l ufm,

ronate zolen roni ¢ aci ormul at e
potassm anj cmdxumhlseltsj@&zmmdeocarbmuc aa&/ibe:afbnnamcha‘ltmﬁsbdmm potassium
uJar r .subcut aneou an In on
and oo GGG, 1 e bl L AUS A0S T ORpi oo Geaang calcium
salts of EIBi@x of nanopartlculate bi sphosphonat e and
mul tival ent cations, such as Ca++, in conbination with

aln atless sbedimnents oftbe inventin, ﬂzeemdllswrwk bigphosplromate particles of the

mventlé)ggreglsg?rg? Of nt %%S‘IB‘%EP tr%«gv%g‘b g?? gl\{\lés%g{ %ultagﬂ: mendf)cﬁave an
effectibié @xﬁﬂﬁ@&ﬁﬁﬁ[&é Size 8£ieks tBon a0 d0GEh ElesPmbh dbQNADO0 nm, less than
ri sedronate, etidronate, i bandr onate, or zol endroni ¢

about IO dpetearabore 1 Hlspndstsiibamabent 640umadsesdhan ghaugA500 nm,
less thér{]ét%c&} s%@]r{gﬁggslt %1?1)/ Mo 1? 70 1k gleg{l tP%IIl Qi?out %?G@m% Hegssﬁlgﬁ about
1100 noh, $@ss dieamsaboed EG00MgY, tlessahmmbﬂat 9(gomea, llemhamhbamm 0@ amt tees than

about ﬂ@fﬁ%ﬁgf 3#125% : OVI g(ﬁ er&mﬁzgglta(%}ft ﬁé f ec %g@?ﬂ%gﬁéﬁte%% nm, less

than atRst B@G‘Encggpihaﬁaﬁﬁlt 450 nﬁf‘?es? Hﬁﬁ%&?cfﬂooq{m 18& than abémt 350 nm,

I nvention, the injectablé depot dosage form provi
less thamémapé(ﬂﬁ nmw, lees/th alpfut @60 g bass dlapebomcﬂoﬁmnudeﬂscbhambuut 150

Th t d
o, legs S350 TR W AP g P E IS TN GGl g s mcasured by
light-sbdtRelag htafak EnREOHOBY, or othePhshrEsiae fxdbds. aPEPMhePbls suitable
sol utrons which sequester the bi sphosphonate and then
for meggusing pfeeti eeayeragh @adiclesiza aerknown ing perseroef errdinary skill insthe art.
f t
afgé%ﬁn,{}%fs%bqﬁgfnc%%g% tesﬁ:&ﬁtsﬁ@ %Py slu %Dsl%) grb 8 a%) 1¥1J1C%q7§1} f?lmrjtﬁslz fuq 0 §9€g§ g., the

examp¥d¥eCiior\oE L S Naté N I6BTE 386 &ﬁl “1Solig Dyse Naﬁﬁparﬁﬂdatﬁt h er
probl ens associated with prior conventiona
Compwtgmﬁ SOPNBISHISS $IIeRgift C@ﬁéma%%%f aa%olmasm&x{fage Stabilizer and
(& @g%i ONEL(r), including gastrointestina
Ihoayﬁﬁ%@é%$oﬁ)pro ens. The oral dosage form can
additionally conprise a penetration enhancer, such as
s@di urvsegpaytiailate Bisphedphoh g C@BpésitiensibbeslnaCdrjugction with
coat i n@thep’ActiveAheat i on thereof. Another object of
the invention is to provide solid oral dosage forns
conprising a multiparticulate or nonotlithic
cBreposiposidions ofithe mswengoxacomlmmg grieash amopanopartighilatee
such as endr on dr ona

bisphofpiRBao RuR S AEpaHE i ek ehatd SRR Edronate, and

zolenddsii Faci@nen aliditieAdtly il bh@semdiaddinkjohifls uskha if katiddone
conp03|t|ons have i nproved bioavailability and reduced

adverse gastrointestinal effects as conpared to
conventional bi sphosphonates. Anot her object of the
invention is a multiparticulate or nonolithic ora
conposition of a nanoparti eal ate bi sphosphonate, such
as al endronate, pam dronate, risedronate, etidronate,
I bandronate, and zol endronic acid, and at |east one
surface stabilizer, wherein a patient can



take the conposition just before bedtinme or prior to
getting up in the norning. Another object of the
w0 povenolion is a nultiparticul ate or nonolithi cPO¥/EE2006/009791
conposition of a nanoparticul ate bi sphosphonate, such
as al endronate, pam dronate, risedronate, etidronate,
I bandronate, and zol endronic acid, and at | east one
surface stabilizer, wherein the conposition can be
1esorpt§(ﬁ{<@ﬂ}ef%¥ed%oﬁéﬁft1bﬁ£‘t THE E&ﬁﬂ&mﬁ&ﬂwf rtl'lé"lﬁv&ﬁiﬁ)tn dal®eRBItb@Mated
sit upright to avoidincurring the adverse
with SL@hgxt}nemanmwgemaJ orgh¢ egmposifionsiod pirospérdivatces | be co-administered or

tional ,bi sphosphonat e Qsitians, such as
sequen RN T oA BRI O ARy PR P RRONEL (1)
Mﬁ{;%ﬂy)addmeﬂaléav@égems,maa@m (btlt be nbﬁKmEtedi ttﬁbalbﬂlfrro re
bedtinme or prior to getting up in the nornin

supplemgnis esplctiMa PSURZE FRESPRD L BlakEH 0B ltaiqaﬁh@n%@\%lsﬁéq ul> igrmones

o of QOB WPGAILTEY 8ol oSyt
PTH (88} sl MI@ﬁI—Bmﬁde wftbgsdratidef (FORTE®@Yphonat es.  These

limtations affect patient conpliance wth dosing
i nstruct,ions, and consequently effectiveness of the
C. dJromposii ABS above objects are realized by a
n‘mé ihP&tioh G AE& Rnpdeiishd &Jih%qéh@%:ﬁqast bR AP lafed
| east one nanoparticul ate bi sphosphonate, such as
blsphoaplmmdtemdtaéleaﬁmﬁ duidarstseabilizes eEhfomfaée siebiligeismeg ereferably

s TS 808Y Sy Y SR B0 S gy Bt §8810" e

blspho_Silﬂ'[B?l@fel | Jakt@lesy plesdiit ik c6@PIRK ivEith zﬁcz@i@ﬁl @ikh 0 @g&cﬁ stabilizer is
bi sphosphonate particles are preferably coate

adsorbggl tqnoraasmw%wthut%%@a@ phige bFS@hpsmoﬁ@e sPEPlege |S|uvfé‘feystablhzers
1

e

individy@binoticales f thealirfaderstdbiliuzy ardasanially éree af peamobdcuianeross-

) i nventi n there is provided.a_ e e aring.a
linkaggsa 18 98P P%W%@ﬂ%ﬁ%@ﬁ%ﬁ%%atsb ﬂ%ﬁ@?ﬁ% SStichis o the
mventfbﬂ'wﬁ 'c gflsét;wo SHRALLSHRG s@atbllll&?sgt one bisp h osphonat e,

such endronat e, pam dronate, risedronate,
eTlnejmmatoa alsobadddmleparandatz @hsehdmn@ea@wplexw wilth a

il FRELEESS TR A S B splgpotonie

prodru%@ fak G1eSHodtly Qva@ér sbi®1d0i Siieh Q@ﬂb%ﬁig&:nb@le@pﬁiﬁ&lers@& reduction of
fective average particle size, e.g., |less than about

thebm@@@@hnwﬂechﬁl%ﬁwﬁwﬂ@ﬂﬁarface stabilizers can be added
d rrlla%é)go 1(1)% o bé%)rﬂf)gpq{oglﬁt% ’CRgl?B%%g%%st (%51 c%hfp?lse BAE bi £b& non-

toxic ;ﬂﬁbl@ﬂj gitally acddpeabld éa@h@'s,rﬂdﬁmahﬁ orsvehinigs] eodiaadtlmly leferred to as
mul tival ent catlons such as Ca++, to redu f t he Wﬁ %
carriergo p@mpgslwswﬁ@ B FABRGAFhBREY Pf@ﬁfé‘ﬁce&sﬁ% YedeerRjavle dosage
form, HAARLESRAE fifiliG & 61 A RMHELLOR Bladdifrbd SPhosphonat e
an “agueous ng particle size

reductlon t he nanopartlculate bi sphosphonat e
chnposBmphmmm@nahs formul ated into any

pﬂ"a ’@F&’Bat & %ﬂSﬁ g gggleglége% i ﬁmfgﬁrésrg n@ 8@10&8%?1’1%?6 including

but not fiin?teﬂ Wﬁ@ﬁdr@ﬂaté Wahli@onste SGde@foRatetetibiAel iBindiduetd)gnd
nul tlpartlculate or nmonolithic oral conposi tions of

zolendréwgic peido Fae bisphoswhendit sphe spiHisablcemen hp pEssentsibeion thaform of
th
one s GRS R S SPEr L KL M o

stabilizer, sodiumcaprylate, and preferably, a

chel ati ng agent, such as EDTA or EGTA, followed by
coating the drag particles with a pHsensitivecoating.
The invention is also direeted to nethods of treatnent
including but not limted to, the treatnent of

di sorders relating to abnormal bone resorption, using
the nanopartlculate blsphosphonate conp03|t|ons of the

o o o - . a o



Bot h the foregoing general description and the

follow ng detail ed description are exenplary and
wexpbaoatory and are intended to provide furtheCT/US2006/009791

expl anation of the invention as clainmed. O her

obj ects, advantages, and novel features wll be

readily apparent to those skilled in the art fromthe

foll owi ng detail ed description of the invention.

enantidpiekd TEOoRFRSRhHIbtdNf @ Ak NVENILON IR Rri8&Rbkngeably as the

invention Is directed to nanoparticul ate
“comppingisted Spnbesphenae pdi Risphesphonaiss p§thednemtipe getrespaed to the
dwnn&ﬂﬁﬂ%ﬁf honate such as al endronate, panidronate,
ronate, etidronate, ibandronate, and zol endronic
acid, and at |east one surface stabilizer, wherein the
bisphosphonate particl @O4iave an effective average
particle size of |ess tlhan about 2000 irni
Conventional tableks OE bl?g osphonat es, such as
FOSAMVAX(r), ACTONEL(r), EL (r), and BONI VA(r),
have limted bloavalladlllty. Wi | e bi sphosphonat es,
such as al endronate, p&@4H.onate, risedronate,
etidronate, ibandronate, and zol endronate, are water
sol ubl e, which is generally associated wi th high
whereibi oavai | ability, upon admi nistration conventi onal

bj f | e h
AR RGBTk e antt g oerchp Rt ATLIGI, rlogen
NH,, SH) fpﬂh@ﬂl}tu 09-CHJ Aikj1ac1acid swdsﬁmtesafamﬁecm@mﬁﬂhﬁmgyl

is required for drug absorption. Moreov

Substltbf@ﬁwﬁzs Cdn&ll0 pikepndsiphdAaled Oﬁﬁh%l S@Sﬂﬁl&@éhw@ 91—010 alkyl
larit
s GRUGHE 1 90y Ml 50 s o

ranpforédoing eiemidil $phody hlkﬂenaikﬁl gronpasinthe atraight, branched, or
dditi | t t
cyelic,Gheyishd g SIHBONS 5, OReSG d e ERAPIFQdoTa. The C1-C30
substlt e@% %ﬂ Eabinbiuy agxtldé i 5@&&%@&&&9%&3&%@%&%&9 which

trons in the gastrointestinal tract
1nclud@ﬁmba$alevgecb@mntth&gnp1ebessmlmng fof phenyhi ypildys @mamﬁt pyrtQirdmyl

i ShOSRE. F 0T 5 R B S Ff o

by RS rdoBi efifidal BRfulds b8 iffendddas lencokhghsP E&ﬁ?l@fé Ra®bcyclic,

such a chel ating agent would normally be expec
aromatiqarichzaterd atome aigectarae fasitlradainliap X subytitgents.en-limiting examples of

which Hgﬂ)cf gﬁt_f}yg gm&gpyiﬁ qufirgc%}{] cgagn asﬁ’earid c%?orgpﬂ%%fﬂﬁlo

MBBRERA birGéthak @resthd®, in WhicthAds @dT@dtd:cDﬁbﬂn}thd: @mmp E&Sﬂﬁsttnlg&)f H,
surface area of the dru results in a b|58 P onat e
%l@eagr 30 alkyl,

OH, andopbessnt #ashXus seheciqddiem p}llg/cw,tﬁtl@g@ Cl I, C1-C30
..hi t
s BB AR 23 TR S PSRN, o e

structukddearé thosdiin which tAhie selactop fiohi the Igai@ dmmmpﬂm@@ﬁﬁ;ﬁﬂeamh@l and X

onpl exed with a e uch S
s seleglpd §oRGRC S50 CORAFLIED 55310@9 <ol e gt Klganc
chloro@g ng tﬁi@r WSt %M&rr@f i8 vARA % oakes Xsﬁla@luﬁmoﬁlﬁoﬁll moiety, so that

exi ng enables particle size reduction
the resbitmglrosphumnhise 4-ammo- hdydouxybuytidene- Bi éﬁpﬂpbgmh@n@i@,el .
bi gavail ability can be further inproved by m xing
alendrfals.j ¢ es of the bi sphosphonate with sodi um capryl at e

Hﬂfa&ﬁﬁée%ﬁcaﬁ%@ﬂ?é[bl@ kél%vﬂnﬂﬁeﬁvétmls bPﬂledﬂﬁﬂ&oﬁlﬂloﬁhﬂéﬁaﬂéﬁ%o
same in vivo | evel s as dosage armounts

useful hengin. réeh- hmmltt@)@a@ﬂes qﬁtsaleeomehude fmse @erlgﬁtecafs@@ghe £ioMhs,
t he bi sphosphonate particles can be coated with a
pH sensitive coating that delays diffusion of the
contents of the particles until the particles reach
the intestine. Accordingly28the coated particles
| essen possi bl e unwanted side effects resulting from
the release of currently used conventiona
blsphosphonates |n the gastr0|ntest|nal tract. The

o " Y a1 L, . e o Y Y |



Al so, the creation of bone having an abnor nal
structure, as in Paget' s disease, can be associ ated
wowdok/1eamor mal bone resorption. The term " genePEl/Ugm®d6/009791
bone | oss" neans bone loss at multiple skeletal sites
or throughout the skeletal system The term"localized
bone | 0oss" neans bone | oss at one or nore specific,
defined skeletal sites. CGeneralized bone loss is often
consisHAS AELR LRI Mkl SAGAP AN Bhm, Gh BRAGL X! 8 1dIRSE1-C30-
n i'n post-menopausal wonmen, whose€ €strogen
alkyl- s;ubsntutctilannndfmsmb Pesfegyedslts yflrfdhmerﬂe@h‘@d frodo thevgroup con51st1ng of
di ost eopor osis. can _al so _be steroid-ind g. d has €N es of
sodiurg AR DI EH NG SR Do bl o BTG g2les o
der1vat1{?&Liﬁﬁﬁd@ﬁho§’é S25% fr6mGhe giohe Udmmmg oBEdtas] fiydPated, lan€ @fides.
be induced by secondary causes, e. %Iucocort|00|d
t FPéxaapWeuaealf/yt aceemaldp oastusadl h@rewdnf:@é kattheagsits apd deravatives of
I
the bisgh oo SR ARREIRE e dlelsL Bo PRk e A BBk o fs acid from
which Glicyadee deriedd dndnes desmalt fiom a oxddktyeapepehi.c humans.
Local i zed baone | oss_has_been gﬁSOCI at ed

t
pehs 5HBRt RFPhesRRonste” apd nRisphosphqrRks, aéh‘aggmﬁl@tfﬁm in referring to the
ne
therapBRIC RS o Bl v ERicf Ak Bentd fsd RS MY BpnYGEbAOONS
biphosphphiamtids Gﬂd@h}&iqspl&dnmmdlso eawell eslsddisred Idessatryam obiheser

f di sus h is oftfen.a proble
materiglsp T BRARE Bt SPOBHL Toree BGRIIRGIT B e Gise b Bl
bisphd3flYhaftld 1é AERRnt ZAEnlt i8S of the ?re‘é@fﬁtln%ubﬂ Unl&d6 kpRifically
e met hods and conpositions of the invention are
indicated e Bekatfse of theanixied gomaer] grrepruaseatly imgpetttydhossi af ovdingy skill in

v o R RSB R DL i P SRR e WO e

presen®SiveAieH RoinSan JFR] £1i06 WRHPObasd, Sinledd ﬁlﬂﬁﬁ&dldﬂh‘ﬁﬂwﬁé herein. For
osteoporosi s, idiopathic osteoporosis;

examplg, deeRtasealshowtid) my of AbersserD %éﬂ&w%bléphosphonate selected
rom B BAIS0NAL L GTATopb R AL PERS |850aPESOR) ARk
mixtup@sd t&mnetoﬁ,gm:‘,amilemdmnm anidmctvd welghabaslsﬁuwhsﬁmhdwanmunt of the

ositions Qf the_ inv as, co are 0 .
bisphagh Gopppaung selseed Bwaﬁ*&i d&@é%@“% ai%’éﬁora% acid.
an@ﬁ@@k BRANELLS o
BONI \I}}ﬂ?\%{rl)g an ﬁ)hosﬁglﬁ%ggg%fﬁvblﬁ Qgr e noiht |fmotW 61:
te: ( 1)Xlen|dmm‘a&edi %ammwa]u-hjabpkyhuyyhd(em lrleUIQB@Phomc acid.

t t I tat d
A R e s )
forms ﬂ’-fanhﬁ@llﬁil\dﬁﬁ(tyb@@hdéré)l hedphbaielaeid MbndbliRM trihydrate.
solid dosage formsize; (5) Ier doses  of

bPsphodidrnieatié gud pleerropate BteaieﬁCfth?é ig Hfpdfed States Patent No.
phar ma | h
oror i 1202 oP WSRO SRURY A, SR SRELARE States
conposPitent1So.df,0 19065 1i, ViRt iydowskie nseddvibyn 281 m%;jbom déwhich are
fed as, conpared to fasting conditions; (8) an
| ncr ealfearpogrted By reifreacs 11?(6?”6 i theyeniiebadhesi ve

spho

R
c onj ung@fimadronatt)) aptiéeeribatini Theteddtats PatertfNo. 4810,33%e
treatment of disorders relating to abnormal bone
resorption. The invention also includes
nanoparti cul at e bi sphosphonate conpositions conpri sing
one or nore non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively
referred to as carriers. The conpositions can be
fornmul ated for parenteral injection {e.g.,
i ntranmuscul ar, or subcutanepus as a depot), ora
adm nistration in solid, liquid, or aerosol form
vagi nal, nasal, otic, rectal, ocular, |ocal (pomders,
0|ntnents or drops) buccal |ntraC|sterna

-, - . I T



Al t hough exenpl ary dosage forns of the invention are a

sol id dosage formand an injectable dosage form any
w@b@sireaeut i cal | y acceptabl e dosage form can bBCT/US2006/009791

utilized. Exenplary solid dosage forns include, but

are not limted to, tablets, capsules, sachets,

| ozenges, powders, pills, or granules, and the solid

dosage form can be, for exanple, a fastnelt dosage

form contdlbediyRineastdfasatentccm (clodshhié hdidpdnd the

dosage form del ayed rél ease dosage form extended

r el easdsabisagelt {dedronae, Riogtemdnd{aahbla), deenribed in Belgbiny Batent

dose t ahl | atian i r . a preferred

form @ﬁqﬁgr{{l%@%&?‘ftﬁ’ég'i(%eplc%gﬁ{ele&&ﬁkﬂl ation is

n&i nt al-Agdkok N3 148R@LidfeN)-HopflideHed sl -bishierskordi®adill (EB-1053).
human ﬁatlent by i ntranmuscul ar or subcutaneous

i #j ect -Bydronyetivere; nl dinhesplpric gsik@dAoniIad: i on i s

dgscri [ ' - I 1o o
rorih borbarhad t AP An Ao Pld B 1 Ao Rphonic acid
her ei malsd'ladvewut ds BiMI-2-2b@9 55y Beelainped Munnhans@insdainate), described
ordi nar Ilint t and will vary to sone extent

on thén§6§5%%ﬁﬁ@ﬂlﬁgﬁgﬁﬁﬁt is used. If there are uses

of th i I dihayy
A b e e s S S F
used, G-aipouet!-hyiliokymeatidens-,b-bidphesphonici acids(ngddeondte}. he
particylar term. sed herein. with reference to

i 1§ ol iS{ng Lo pHomaY et dr kbR SRR e b

the bieRhasMagpate particles do not appreciably

floccul ate or agglonerate due to interparticle

a?t r aci-pmincf bhyéoxppropyidangi lslebisplaspherie agidypamidraniss.
. N | .' n H 1 .
o, 0P PSR Do e T S pAGEhULE B P RFRE) difbed n

that au.d. pasht §0%,p61,40% bi sphosphonate particl es have
a size wei ght, of |less than about 2000 run e

b of | | .. when
nasur EHY%‘WY%@ -rkigipilscthylidengd nt-Bisphosphprie geifl (gigdronate).
fracti ' . L ati . .
Shatt PR ol ARe AL 1 AR IRAR LAPGMtonoLD Besoribed
known idJ.ShPatentdfo.sk8761248n the art. The term

Rans HOHTERHas RO P08t o peaab B L
has a Zgﬁh@@h&gﬁbaverage particle size of greater than
about 2000 nm noparticul ate active agents as

def i nedxdmeplaiyrbisphoephonates fnsbidebet agaobbeited fq lendiorgte.e

fl bout, 2000 nm . As her e
"% ner abetip e Pt DB BRI oy, B05R0 G

dosagendrfiiadnas, BindRateh sR@tid, phidReadeaealidehatd) zolendronate,

response for which the drug is admnistered in a

si gni fphesmeceytiptbr aceeptabip selstthereol, edipssiengdiqnate sodium and

treat ' i . Fcally

ef f ec?iﬁ Qgﬁedr%%%%%}%ng{%gﬁ% lrt%lg%fﬁgfah flgn lgg%sﬁtﬁgltég ed to a

particul ar subject in a particular instance will not

al ways be effective in treating the

condi tPHifageF ekl described herein, even though such

d i filh PR sBrhliah b&ifthé ¥scllfih @ da¥Bparticulat

aﬁ%@%gm%§mﬁﬁ§§§%%z@kilﬁ in tﬁgﬂg#%k The %e#n1"abno$né?lae
bisphdsplmmateamorpositions bf ths inreatiothelwwiahlawafase stabidigere encdifde, but are

. bhone resorption that exceeds the degree of bqn "
not gty SR AR EHe P BOSHORF PTG S eSRBIvBE0 SOg espipients
includ¥hQi Gs pOlJnerB abi\Bb¥eulardPE Skt BN o RRAE n A8 RY HRIdUBHR, aréPirfactants.
be associated with the formati on of bone having an
abnormal structure. The term "inhibiting bone
resorption,” as used herein, nmeans treating or
preventing bone resorption by the direct or indirect
alteration of osteoclast feépnation or activity.
I nhi bition of bone resorption refers to treatnment or
preventi on of bone |oss, especially the



i nhibition of renoval of existing bone either fromthe
m neral phase and/or the organic matrix phase, through
walreoeao210r i ndirect alteration of osteoclast fRPCTEHS10061009791

or activity. The term "particul ate” as used herein

refers to a state of matter which is characterized by

the presence of discrete particles, pellets, beads or

granul es irrespective of their size, shape or
SurfacHStaBiiok gﬂ/cludglfbrﬁcﬁﬁénlolﬁyl dni A, ehGoiAla8d 7A%dtRAE fi8fBlafits.

means a plurality of discrete,’ or aggregated,

riémrc&t}n‘egve peini@esqf swefa@@stalghmm inskidebubring gt Bmithd e of

o SR et DE P 0 e RABRRIAR e s,

polyvifapPesliddne o diim taneyl lsiMas! disdtylbul fbsuesiaas egblatin, casein, lecithin
Bi oavai | ability The nanopartlculate bi sphosphonat g,

(phospieiedpsh denlran arpriseds halergrdnaramcarh.asrissgdebenzalkonium
t
chloruﬁ J:aqgl Hltastt%rxlegla ﬁ%ﬁ&%ﬁ@g%ﬁ%ﬁeﬁ %Qt!loﬁt'g%ér L nghcﬁﬁcéegoglaﬁrogol

emulsﬁjﬁﬁ@g,exf @ititan esfess, polyprgstiylew: dkyiidtiets (eng)ymasegol cthers such as
b|oavallab|llty g requ

[ d ed
e oL oot L B SeE S corsar e .,
acid es?éf? . %SthF%Mlﬁﬂy aﬁﬁ%ﬂe%v@ens@%%l-& &) TwBbPIS®ELd Tween

VA(r), and (r). For nanoparticul ate
80® (01 §phms]pﬂy(§]imtmcaisj)1mtyethyb¢m ghynops (e rigprbow st 36 50@ and 934®

: t th i cl f hI t.i,ng. i. t
Uniorp PRide BB PRI S g Bre sROARaHATE Gyl mir iy
carboxg/ﬁieﬂﬂm&llhﬂbsé Bfciaas t:mbﬁyxﬁahymahulbgeag@alulf%etﬁﬁaamme

osage forms, such as oral dosage forns,

hydroxie ﬂlllb)I@¢,Ihypgﬂn@ﬁlloﬁﬁéhthalﬁ@pmﬁcrwﬁlbm%c@éliul@éW%‘@ﬁﬂéﬁr’e
R

phenolflﬂﬂﬁﬁer whatihplne bxide andifephtihhdnalse Kpanias |t}HSxalpoﬂ superione,
'gl sensitive coating. tqQ prevent dlssg ?tlo before the

and tri (et rechiss HORB @Ra05Eh l9sk pepesygers of
ethyleﬁ{](?xlag é?@gp feﬁ@ﬁila%)h golto %nﬁl%??&h 9@%&9@9@% also known as

onat e Sages as those
Poloxa&mab veg®pyhich umpmmﬁmuhaltaé bhick phpsipmenddrived from sequential

osi tions, ef en r.educ
additi nfp@ﬁ?éye{’?nefw IBﬁﬂf& (f?ﬂiie @Mé&d&ﬁﬁ#f g@%@ﬁ Hyagptte
CorpoFafnt)ﬁ Chsibhaty, Najn)) IBSHntc 1908® thes@y 'QBRSFtW%ﬂd@&e Qforporatlon)
conventional, nonhnanoparti cul ate b|s§éos phonat es, and

Tritons X-20®, ivduttars anzailleh dryd malyethsbsnlﬁmate( b anfliaes) Gm%ﬁstas F-

1100, 35 i e PR Bonctt BRER ppre AR B oRos p

isonodylghenodpelyeGORIETY 9158 ko wh AF L -1 O®® o Stifhdtag 1@(3ﬂ0r($ﬁm
gastrointestinal effects for conventlona

Chemmlgmén@n@ro@qm Sis44RANR( Inp.); IR YQHEO, which s

C18H| nel tide b)CtHglréé%%(?ﬁ%( ;ﬁ?b’%{ gﬁggﬁgn eso%ﬁi(%,}anoyl-N-
e ppeis o el hasppasgils e ol
D-glugapaFRaBRi Tiadcey e Bnsliidst hemferonRoms s fEyRgS neby-(D-
gluco%%ﬁ?@ggﬁ Egﬁ&ﬁ(eﬁq QRicbiaBsh- Héngl g@ éﬁ\f%b@%l@r BorAbyl-N-

Fed“or Fasted te of the Subject
methylghgestideg-dyé (O ghxospmamslejh@amhbbmethy@glgcmld@,heoctyl -(-D-

gluco%%]eprs]]ygogq g&gﬁgﬁg cg@gr?ﬁrl]%ﬁ%ngii u}'ﬂf%}sgléog g’%%?hhoriestterbl PEG-

choles,?érbldde%@ﬁ@e PELRAE PR, @E@ma@ﬁi ENYsRghe, @ﬁu&n COpEl et of
he phar nacokinetic profile of the’ bi Sphosphonate is

not substantially affected by the fed or fasted state
of a subject ingesting the conposition. This neans
that there is little or no appreciable difference in
the quantity of bisphosphosdate absorbed or the rate of
drug absorpti on when the nanoparticul ate conpositions
conprising a nanoparticul ate




bi sphosphonat e, such as al endronate, pam dronate,

ri sedronate, etidronate, ibandronate, and zol endronic
w@eiod/10Aate admini stered in the fed versus the PEEUSH06/009791

state. Benefits of a dosage formwhich substantially

elimnates the effect of food include an increase in

subj ect conveni ence, thereby increasing subject

conpl i ance, as the subject does not need to ensure

vinyl p?fﬂ%hdcsr{éea)ﬁdaﬁﬁylta@&ht@,galﬂ tH98Re.€i ther with or without

his is significant, as with poor subject
dixapiplesfaisedut tatignisi sypfﬁ%ﬁﬁuhmrelncmd@nbm@mmcé limited to
nate, rise ate t|dro i bandr.on
polym G5 TifReaArE: nd SRR, S fbucy Aiiddes, bBRBET 08 5ne o
nonpoliyReridRb@Bollii, dicHds bwitheion spibeised, BE- ﬂtﬁﬁéﬂﬁxﬁ)&/ndlmum
observed. The invention also preferably provi

antmmmdmltm@h@r@smﬂpwm@oathotléﬁgxchyﬁéannaﬂldbameo cuI at e
polyviy BRARAR MR Fonct bRl B SRR, Fen R A BB romice
broml(ﬁfj(PMMﬂTMABQd &X@E&Ej’lﬁ‘lbhﬁhp]bﬁlmb mnkbft&ﬁﬂde (HDMA]S): anlien
m ni stered, to manmal i an subj ect s. esira

polyviry{g; Y%‘ﬁbi?ﬂ?ﬁe@lﬂ@tfﬁ(ﬂ%WPP%tﬁiﬁlfmt hjé%t%t?o@mp ﬂgulas bﬁ@t hggful

S .
catlométstaloﬁﬁ%{slﬂr?nﬂﬁ%% 'bﬁpA}Q?B{) 'ﬁﬂaﬁ%’gﬁgog E?ﬁgo?ﬁc? M%ls{s}%{)]ﬁgg%ﬁ a?fé(’)mum,
and qualm@hara/sanahandmatpeunctna midires rsaztaafltrhmcﬂeyiamn@nmm chloride, benzyl-

) tidro e, i bandr nat and ni c acid, n
e i A N R et D o
bromid®d8d st mathkPdihydrBRyethyd aﬁﬁﬁcﬁrﬁﬁﬁ@hlbrﬁl%%@bﬁfmlﬁs afecyNBiethyl

Cmax for a nonnanoparti cul ate fornul ati on_of t he” sane

ammonysthderpieo decye dinestlayl hyfosaahx aipmomrenihigide or bromide, C12-

15d1mé0t‘§§/r%%' é @)ethgpal gllsg%rlgrlg%%ﬁrgﬁfé 53 na?&%u{%ﬁ?@(l k&%{og%ethyl

ammoritg dhlsfRas prant emyﬁstyhtrmﬁet}@}l enthicihah enetipd u bt Nlats ]
ri sedronate, etidronate, ibandronate, and zol endronic

dimethykbepzylaramonisnshleridapribremysica iyl dmathysthsnpan4 ammonium
chlorlcl%%pjbfé(;tﬁld%,ﬁlg a‘ﬂWl g@ }A\%gwfd%?ag&ﬁ%%%g ﬁtél%lgt?{uiug ufl%thgé,q{]—%myl' (C14-
1 8)d1nfed‘fyﬂﬂbleﬂ1y1 amm:dmllrh ehlbade, Iﬁ-ita}:ﬂdespfahrreah}ébo{mybammonium chloride

mont S A M AT O D -

napthyﬁjrﬁétﬁﬁleannﬂagﬁﬁf c}ﬁ@deatrﬁﬁ?cﬁ%/lfaﬁ’ﬁ Jn'ﬂﬁn Bhsa) agphenadieylagmdhium

as al endronate pam drona ri sed ronate etidr onat e,
salts anchéinbtybdmahylammonbine salisolaiicyl aun@thylmemomygaqtémdm ethhgylated

R T T T e -

dialkylbefizede dRNAMIBRBATuLEEH 6l e, NOAIIBE AdintHthyd fanﬁﬁ‘tﬁmﬁﬁféﬁlorlde N—
blsphosphonate (e.g., FOSAMAX(r AREDI A , ACTONEL

tetradepylBRapiEyIbeyzy! BomovAe )chlogidg mo@m@te) N-allgyige - étt)edl@&thyl 1-

naphthg mc—f‘tﬂfl a?rﬁlggmguglz %%%édre-elagﬁ dgggé}icﬁltﬁl ﬁlﬁ/gjré g%&?ﬁ 1{1&1&1’ dhloride, dialkyl

benzerebldi dlrﬁmﬂfﬁﬂtﬁuﬂﬁdm&‘ ﬂaﬁlli'ylttﬁﬁletlﬁlll hmﬁiondﬂﬁ ehlofidé,dkylbenzyl methyl
bi sphosphonat e. ne _enbodi nent, a .conpositi
ammoRE g alky] be@axltdnaﬁ@yt]mam bispale C12, C15, C17 trimethyl
ﬁﬂg n 1 8% Etﬁﬁ €hloRd nat e,
mmmm?ks ?%%ggéﬁkgfﬁg ateﬂ%}1 onateo éggglendronlc
diallyldieiethylexiohiuhs chlmdm(rﬁﬁaleA@)e dphethyﬂaaammomem crhlqreEtS,l ng

with a non:na cul ate formul ati on of
alky i PG B pEges, FCEANRRIID) AR iptide,
decylt @Ehﬁﬁamuﬂb%ﬂﬂ%l-&é@ec lﬁgﬂh}){ﬁﬁfrﬂomtﬁ‘l@ngTA( r)),
stered at the sane” dosage, a Trmax not greater
than about 90% not greater than about 80% not
greater than about 70% not greater than about 60%
not greater than about 50% not greater than about
30% not greater than about225% not greater than
about 20% not greater than about 15% not greater
t han about 10% or not greater than about 5% of the
Tnax exhlblted by the non- nanopartlculate

o T oy Y T

e "



bi sphosphonat e, such as al endronate, pam dronate,
ri sedronate, etidronate, ibandronate, and zol endronic
wa@edod/108xhi bits in conparative pharmacoki neti cPCBES1006009791

with a non-nanoparticul atef ornul ati on of the sane

bi sphosphonate (e.g., FOSAMAX(r), AREDI A(r),

ACTONEL(r), DI DRONEL(r), BONTVA(r), and ZOVETA(r)),

adm ni stered at the same dosage, a Cmax which is at
tetradekglﬁfﬁhetﬁ RHmGRY RémlRaskthebRettyldHoniah dEasle QRIOUAT

200% at | east about 300% "at |east about 400% at .
336), RQIAE QU tietr b0 Qdgmmpnivguiyomidss benzyd ovsethylamezonium bounide,

0 (o) 9 .
oo 38 T80 ALy 555 AR FIAS raoiom
chloricﬁbﬁﬁiopoﬂl aclPds st@agdirimadinuh chBRana tisteaadtinad@uh chloride),

1400% at | east about 1500%l at | east about 1600% at .
cetyl pyBdisium Bewnids pogilprids. hrbdesaltapbaatarnaedpobioxgthylalyfamines,

M n?%%%l g nopar %ﬁ%‘ﬁ?%@iaﬁrggﬁ%@h on a% erg?( ’(r)Hr1 1 1&2{19@#& P%ts);/ %rtnines’
such agskylhaineendiatkyienhes, birendamnpes, ol pathydergpoiyainigesal,N-

. east one nanoparticu] ate. bi sphosphonate, such as
dialkylamanpsfion e By g iding, & _}%ﬁgw}ml&% l_a}lraﬂ gpge acetate,
stearyl! Hapd 5&@&&,ed’lkﬁlﬁ:g'icﬁﬁiluﬁpgﬂtf’ﬂ{dcalﬁﬁiﬂi’daﬁﬁiuw &l IYEhIRDxides;

exhi bits I'n conparative pharnmecokinetic testing with a
imide srohinivan egitar piotmatedeiuhrmany adrylomidds; misthydserequaternary polymers,

such oo B P S GRS SO BRY YA TS VA ginium

chlori®@Hndicstiedieduatl the sane dosage, an AUC which is at
| east about 25% at |east about 50% at | east about

7By exemplane eatippisuturfpogsigbilizers and ethgihesgiul sationic garface
.| % | . . 17
sabiiFS5k B 19 oSSt BP b S BlnbE g PR

Biolodi®@Etralabostt (MADID ékket, €884); Bhaidt D 3RMinglafEdites)s Catdadet

350% at | east about 400% at | east about 450% at .
Surfacfagiss PhyiRAlC ISty (Herpel Rekicals b0 5ok Raghonends Eatignir

% : - @8bo, t st about 700% at

Surfac%gl%épr%%%%téﬁ%g&?’ g{iar@g%dia’é?f%m% at | east about

g808fHolpherieasfaca biabiliz& @86 anytnohpalytnesib camnp OHEY Euct

geast ?ou 100%%. at | eastdab ut thSO% at | eée\st .
benzalkppii » & GEDOPREY coRRoyd. piRligSpRQRTUTS popRgund, p ggnivm
comp&%@,@ﬁﬂ&ﬁ%@{on{ﬂaﬁﬂd}a%ﬁ&g@o?%?'ﬂb&'efaﬁﬂ: npgd8d, a quarternary

non- nanoparticul ate bi sphosphonate formilation. 3. .
phospiRiroeenvmusd.cypidiniie @npohod phendindugeampaind, 6agmpfonium

the lnvention Wien Administered in t Fed t
compeisié A ERL ERpaT GEf T SP ST bbb PRt d fondary
ammoBRIPQThFdual, £RNR ShRthnaim tedsburdn endqueRalaky srhhim

bi sphosphonat e, such as al endronate, pam dronate

P
compoundeelf B seralaNRARSRARA() Banentaprunds ohikg fommun NRIRZRIRA():
sy d, | ety j Riygstration of the conposition to a
2@0] ec#gﬁe%glp%ggégd@%?’at e is bioequivalent to
a@iyi ni sig GtRIGR4e§ CH3e conposition to a subject in a
fed state. The difference in absorption of the

@b osthEgeaRIcBABRFS GHAg t he nanoparticul ate
bgi)phoﬁpgpﬁ?&@léi‘@@ﬂﬁdm nistered in the fed versus the
fast '

ed state, is preferably |ess thanabout 35% |ess

t(van atvautf BORA dre €83t eaofabioBRY i@ 6645 CERs anchenre aflibluR4 is an
0% tJess taggn agmbout 5% | ess than about 10% |ess

alkyl chai PLSEYRR CaBRn 40P B85S han about 3% In one
e di fRNG s 1f-RUuNge CRMEBd SR 1-RAGs CEMEOH2O M EAELINIISRASs an
conpositions conprising at | east one nanoparticul ate
bi sphosphonate, such as al endronate, pam dronate,
ri sedronate, etidronate, ibandronate, and zol endronic
acid, wherein adm nistration of the conposition to a
subject in a fasted state 33 bi oequi valent to
adm ni stration of the conposition to a subject in a
fed state, in particular as defined by Cmacand AUC
gui del i nes given by the U S. Food and Drug




measurenents are not relevant to bioequival ence for
regul atory purposes). To show bi oequi val ency between

WO dweaampbunds or admini stration conditions puPGU/ESI006/@09791
Eur ope’' s EMEA gui delines, the 90% Cl for AUC nust be
between 0.80 to 1.25 and the 90% Cl for Crax nust
between 0.70 to 1.43. 4. Dissolution Profiles of the
Bi sphosphonat e Conpositions of the Invention The

alkyl h@RASidtRA aPonbiBnd SUBHEI On conpri sing at | east one
nanoparti cul at e bi sphosphonate, such as al endronate,

plari) drtwoatfR 1-Rit sedCHR and one of Bit-&dfais ghe group GOBRETE2)nawtiere
>1- zol endroni ¢ acid, have unexpectedly dramatic
D=5 di ssol ution profiles. Rapid dissolution of an
a@EMh)Ni tsitoed et -Ri SRNOBB AR 1-R4 6 €bHb@BReanddnelFR1ER4
di ssolution generally leads to faster onset of action
comprisagaideashers haieroaipat | ability. To inprove the o
d('tif')s Ol Wt R PRATL @H? N, 6#1?1‘4%'4'iéﬁbhb{%ﬁzo{lndc&éﬂiﬂﬁ-ﬁﬂ
at ™l east one nanoparficul ate bi sphosphonate, 1t is
comprissehittlbast ond Ilogmse the drug' s dissolution so that it
could attajn a level close to 100%_The conpositjon
5t hearldhic R4 HAy 9% S1d AR 48T Gig: and one of Kl R4
' : [ sphonate preferably have a
COMPE ?ggg%% Plgyné%?lgff% e ?fr?] which within about 5 m nutes at
| @d)st tswoefiR 2B%acd CHRend onp ofRi iRdhisiaphdingsoigyed hi

of her enbod] ts the inv [ at | east, abaut 30%

RGeSt ate Gbadn et BomEbr i Aomsnr PR oat

| S@sicofpRui@asans, ivat bRt Binsehes perRialkenien ehissed,ved

w t hin about 5 minutes hi yet other enbodi ments of the
benzethewigm dhdaridepeadylpyadiniuna chlpade thehgndimonivyy ctderide dagalkonium

.about.. 50% at | east .about %. .at st. about . .70% -
et L3O Bl 55k PR AR b BRI i
hydrofl@aiie, eHerangAReRhbmeid dil @hiegohesphionaly, distesiykB@byi@ch chloride

within about 10 mnutes. Finally, in_anot

ot her .
(Quatesmityays iipdecst dimethyl gthythensy anpparwn ohloyidg Qratgaivg g
0 t : 0 t1 ol . 0 .
oo 22 LR o S8R R i
hydrodhdasde, oysecimalmyabactloidd, diethadnbbpmospio P (105 othtd sthiev phlosphate,

. wi_.thin abo 2 i nutes. Dissolution_is.prefer.abl
dictha i RPBET OB (HF ) A PEFPPREC R LY PHioAE REoT &g ity
diocta8hcy Bt AL ERGhE st alk R R rill MR oM Bp NenTHr b RIS Adnatonium

di §sol ution curves for two Froducps havi ng very
benzoae fhpistalkodinmsblaridephugrioionives chilorida sthylenefligindas ,

. i.€.,.the di.ssol yti nediumis di ¢t.ive of .in,Viwvo
dihydsgpdifs, eRuHIgE TxRsRBsSPmEoRRE Holelabr ar e o s
meglufiBtt BirdchlRH 2 fé nBBHb G eNinpBritddie bfoagtient

sodi um | auryl sulfate at 0.025 M Determ nation of the
oleyltrimeninm czlmlcgi;ét pedpiquesiernian-d apropaehydrochipride, cocobetaine,

ect .o - he.rLat a :
L e e
dihydiBadbisde eslobittimbyiuky cflodids and hédadedyainopaitl iaomh@tiem bromide.
Bi sphosphonat e Conpositions of the | nvgar;ii on .hi, on
eMosritasse surfagerEal iRREh e SROWP RRAASBHLRE P gRte and are
s RUEEGERIGOR SIS DA Bl URG RSy b
Ameriodni Blmrmeckusipalr Assosiatitn divbThe Pernefdetical\iocieobgeeat Britain (The

particle si f the redispers bi sphosphonat e
Pharmggquticg faess; 2003 oer Banbapempont ReroR oY HARERES
significant, as if upon adm nistration the
nanoparti cul ate bi sphosphonate conpositions did not
redi sperse to a nanoparticul ate particle size, then
the dosage formmay | ose the benefits afforded by
formul ati ng the bi sphosphonate into a nanoparticul ate
particle size. Indeed, the3manoparticul ate
bi sphosphonat e conpositions of the invention benefit



fromthe small particle size of the bi sphosphonate; if
t he bi sphosphonate does not redi sperse into a snal
w@arobiledie7 si ze upon adm ni stration, then "cl unpsi/us2006/009791
aggl oner at ed bi sphosphonate particles are forned,
owing to the extrenely high surface free energy of the
nanoparticul ate system and the thernodynam c driving
force to achieve an overall reduction in free energy.
?,%gngtlon of such aggl onerated particles, the
bloaval a Ity of the bisphosphonate dosage form may
fRuvidonkpobymeess areteRemplamopaface stabidizers osysk dis flronmdatieg an
osi ti.ons he.i nvention.exhibit. dramatic
injectaf G RaRai e Giseh BB ERE Fap P Vi< RODHRGR g knoven as
polyvuﬂtﬁf(&)' LR 'P\ﬂ?d nh 8 pstyk afylRfrdidofe, ARNEHRd undor et @fledames

or animal, as dermnstrat ed by

Kolhdcnre C@)”SSE Catpi. )crm{drRi@Hdsper d8B T echnadogieso el Je vighe aaqpﬁémsperse
ch that the effective r art Ie e, of
macrofE{se g e SR O L HSBROATE ParLharag Ineopggee A lers and

1-viny RPN roBdifbae FE1§mersU PoviioRE BbEURRA ard pHRRYEd é’ﬁiﬁimarc@aaﬂf 298 series

any “aqueous nedi a that exhibit the deS| red ionic
of prO(thCtSdmgmg TaeAd Ipﬂecwlm weighis ranging{rpmabaut ¥} 0Q0He about 700,000
dalton%tf%ﬁ%whe Cag a?s]c otl ce 1{1&31 1e§ @ﬁ@p@&%&@%%‘b@%ﬂrﬁ&éﬁd toa
mammial) Yisd llédv@@mﬁeyolﬁmdnﬁsn aie £ Aukdulanweizat billessthboayout suono

bi or el evant aqueous nedi a can be, for exanpl e,
daltongag éﬂwﬁcyld?é veaghiof grrgtest a@cf&é&l?sda%tenwp daye dléﬁaﬁty clearing

theboczf(‘ acid, or base, or a conbination thereof, which
hibit the desired pH and ionic strength. Such o
rRxlii dqrerpol yoiterb mreq;rlmanedeb;efmﬂanm@b Reppe’ ppmstesst cmepnmﬁng:

(1) obigfhipes] IR FamasH See N TR b e ook Qitiene
syntheél@;((tbz tﬁe@d%ﬁ%ﬁ?tf )ﬁtﬂﬂé 1R SRS ofVEIOd'Hg%Eﬂ Ahbbytd f%?rﬁ 4t han

t'ypita greater than or 5. In the
butyroftaink; drdt (8 fdabitng HButytdledone ity embronin }hfﬂd yrratidbrien
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pH 3, pH 2 and pH 1 respectively. Thus, a 0.01 N HCI
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salts of ch|oride, andDsliténs)t* ac(Didleodsyet e SgDiadtoms)**
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adsorbed to or associated wth the surface of the
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gmthngPﬁlgkgmglﬁﬂ%%ﬁ{ggtures for the A and/or X
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sl SRSOPUELEDLTS, SUEYSLALSS, ats, these LMD A i, mat
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chl orophenyl thio. Most preferred is when Ais OH and X
is a 3-am nopropyl noiety, 330 that the resulting
compound is a 4-am no-I,-hydroxybutylidene- 1,1

- bi sphosphonate, i.e.,



al endronate. Pharmaceutically acceptable salts and
derivatives of the bisphosphonates are al so usef ul
wheeitoe11Non- 1 i m ti ng exanpl es of salts incl udeCT/H8®06/009791
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al kal i ne nmetal, amonium and nono-, di, tri-, or
tetra-d -C30- al kyl -substituted amonium Preferred
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fumarie 0?1’%191 sugahﬁs 1&@&&&% d gd’rﬁ{%b 4Ad a@R i 33& 'ﬂaHE‘ carbonates
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Patent No. 4,927,814. [(cycloheptyl-am no) nethyl ene]
bi sphosphoni ¢ acid (incadraé#sic acid).

6- am no-| - hydr oxyhexyl i dene- 1,1 -bi sphosphonic acid
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3- (di net hyl ami no) -1 - hydr oxypr opyl i dene-1, | - bi sphosphon
ic acid (ol padronate). 3-am no-1- hydroxypropylldene
wda 2mshdxaphosphoni ¢ acid (pam dronate). PCT/US2006/009791

[2-(2-pyridinyl)ethylidene]-I,I-bisphosphonic acid

(piridronate), described in U S. Patent No. 4,761, 406.

| - hydroxy-2-(3-pyridinyl)-ethylidene-I|,I-bisphosphonic

acid (risedronate).
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hol mar c ch as ..
D RE By 80 e Bitms SRS RoSh B ot posiions of
the inRtiBA YrdferBWI @hipridehicbP Bhéjﬁanoféittﬂc@lﬂte%ﬁﬂh@%}lUﬂ'atemnﬁ%t least one
chi tosan, polylysine, polyvinylimdazole | ybrene

surfacp slabivaen yhersih fempnenastiqwatebishiosahemnte @@Hwﬂﬁx@é with a salt or a
poorl}gx&%t% %)211%15%?%}}? ﬁ%ﬁ%é}pgﬁyalstoréo%trﬂg lam%lm cation,

preferfislly v\divaydrid  ati e, bw@ms{?ﬁiiznﬁ byMafrT NOkd prgbenae bhawhyl mbleivalent
di met hyl sulfate. O;hr use catjonic, stabili %rs
or divalgel qaaen results Bydamaiicaly xe L@eéj gide eHiggts aR Erilanpy aﬁt
adm1n§s‘t‘ér£(?9c5lgg8s1tﬁ)&93ph°m um and quarternary ammoni um
oun such as stearyltrinethyl anmoni um chl ori de,
bhmr;el euiml(odﬁnelttl the cetpysijiet lsybomuteted mto lan ameciable dosagn lﬁorm for

amoni um chl ori.de .or. hr.o ¢ conut
intrangs ey O B S i S (e GO AR O on 11
compds[ticﬁhlaﬂéesm BhSHT0CIOh QP tél8houd 86! (wilymet hy |
hydr oxyet hyl amroni um chl ori de or br om de, Cl2-

1Bdarn®<temnlarm¢mbody@nhyhe mvamiinprecdeorangpattieulstedrispiesphonate

that ce%fc%%]pgltge %}ﬁ%#rgg y?n Pt[ré)tx%g ¢ hyog/ rﬁ%ﬂgﬁ %mu?rﬂels oﬁkgfl?l%%

compds@ibing lcofhiphes, fbﬁéedb@mwwammm um chl oride or bronide,
lauryl di nethyl (ethenoxy)4 anmonium chloride or

brom de, N-al kyl (Cl12-18)di nethyl benzyl anmoni um
chisprasgbonate al kyl (Cl4- 18)di mebhyi®%enzyl ammoni um
chirfack depilidet et r adecyl i dnet hyl bédzyﬁo%mmm um chl ori de
npresdryatisase, di net hyl di decyl afm®Sni @2$%hl ori de,
NoBljtlstiandedn€©12- 14) di net hyl BH abapt digdl abeuhy |
afaRp i hiebli® | de, trimethyl ammgri um hal i de,

al kyl -tri'nmet hyl anmoni um sal ts and

di al kyl - di met hyl am”moni um salts, lauryl trinethyl
aBrenplary whiavitives inetude xydtiatlpataben (about 0.18% based on % w/w),

oy BRSSP R TR 28 S o o

benzyljélé‘éﬂﬁf SMDZ% 479) C Qe 8B larNo i AR EYH 8 b Pk ydodamg ‘mde and

| ori Nt'et r adecyl di met hyl benzyl ~anmoni um ch ride
nnnohydrate N-al kyl (C12-14) dinmethyl 1-
napht hyl met hyl anmoni um chl ori de and
dodecyl di met hyl benzyl amoni um chl ori de, di al kyl
benzeneal kyl amoni um chl osdde, lauryl trinethyl
amoni um chl ori de, al kyl benzyl nethyl ammoni um
chl oride, al kyl benzyl dinethyl amoni um brom de, Cl12,
C15 C17 trlnethyl annoniun1bron1des, dodecyl benzyl




336), POLYQUAT, tetrabutyl anmoni um brom de, benzyl
tri met hyl ammoni um brom de, choline esters (such as
webwbittm1est ers of fatty acids), benzal koni um ptii/08100€009791

st ear al koni um chl ori de conmpounds (such as
stearyltrinmonium chl oride and di stearyl di noni um
chloride), cetyl pyridiniumbromde or chloride,
hal i de salts of quaternized pol yoxyet hyl al kyl am nes,

an exe%ﬁﬁfp%u a%gm%ﬂﬁ M@%@r K&t ihjec e n@)ﬁl@f uden ﬁﬁ‘&)é}vati%éf ¥H

Ium sa am nes, such as al kyl am nes
adjustiflg agdayd, and Higsid catricanat wdlde'@wnpoltb@amyl enepol yam nes,

Ndi al kyl am noal kyl | at e and .v

e Coby Sl G vl RO 88 St A nRtdpati e
b1spho%ﬁoﬂ§te@Qﬁfp%hﬁon@dhﬁb’foﬁﬁ i sbdlitaHBosab mtraﬁidscular depot to provide

kyl'i m dazolium salt, and am ne oxides; imde

contlmaza@ |d|ellmxmo£ tHetdsg fry ibe orared) et etk of taeg.y Thmpagied;of time can
v S8 AL REARE N RO I Bt Rt s o

about Piohth, Op winisduk 0mhsihs, upislatat B ainthsyupto ab%mch months up to
exempl ary cationic surface stabilizers a

n
about 3 iens, @atq a@ﬁmﬁ gionihace @t*’é’BWl 1 @@p@%%moaggew pegthsyto
S C LAh $h {12 months, up ¢
ot SR B ARG PRI IERAELRT: Sy g o o o
about I0®éhths Rip terathoit 2 Ruim g o alﬁnhlt B8O m)antiGatp tmabeut 3 years up to about
Surfactants; Physical K Chenistr ke 1991);
3 Vs yegiseup to abQuEf e, UAAQ PO 7 96 P t%ﬁpehogf’;%\%r%m oot
11fet1m9hem stry, (Marcel Dekker, 1990). Nonpolyneric surface
stabilizers are any nonpolynerlc compound, such
benzal koni um chl ori de, a carboni um conpound, a

phosphgni um an.oxo ound, a hal oni um
fg HHO%rE‘&W g%ﬁb‘bh?sd’é‘.% tliaja}rt'lc%rgcj%‘?rpou nd, a
%@Me@r}fé?éiﬂ RRegehios pURtEMRAWidhe Bagdysf tHé Rietph average particle
conpound, an anjlinium conpound,  an annonlun1conp

size asanwulfediw caRvigHion RERsiFvImeas YR Herbp GRFiSH dRp Y to those
skllled GRTROHN dSucéfx ] lyc(ljlﬁ{QTH)'il eggﬂlg n&‘aﬂﬁ&ta‘tﬁmt 418 Fd%Y

hitin® Conpoun uarternary anmoni um conpounds
fractloﬁﬁtxdri‘l Ph&t@h Rutrelalibi Ep%&i&%m} Ii gIHOSCattemrg) und giskifcenthigugation.
fornu

a NRLR2R3R4(+): (1) none e
ohlee gmmposiipns of thagnientipp yomﬁweaté?aswn Fiaap%ﬁahoea@ thvin an
s eyl SR Sl o, B
embodnlnants of thesavertionathb bisphosphenase ndrepsrticlesihpve apeldctivg arerage

partcIg e g 165 AARADOH! NORAFL 55 QAP BURL G Tbresd 2ops 100

less thEﬂVQb&ft 1630 R4, petHehi@band 500 8m0 fesfdmR4abbg 1406 ng, qmp than about
H5(CH2) n, where n>l; (viii) two of RI-R4 are

1300 mm,dessfthmab%t 120008 RBiesthamslpud h EOGRmAtEsFnaR BRqH 19%%1% less
than a%qut%O %%e Ilegse OroaL otﬁog&{&ﬁ%lestes%an ‘{}Qfﬁé (ﬁﬁnﬁrﬁs%n al%h% 650 nm,

4 conprises at

less thh® @5dut 08 nﬁﬁ'lé%gﬁ[bn ab¥it imﬁe&hﬁ%b@nesmn kassethaxﬁ about 450
Rl-R4 i s CoHBCH2, and one of RI1-R conpri ses at

nm, lesnibae gerut 40P g desn than@Rpyt Pomoilesismmbere & el Hpabou
250 mg_ﬁs%;“%laald' Pﬂ&cgutgpﬁ E%Défs flal%boR'1 564&1} I)l s%h‘ﬁ?anoefboﬁtlId%"mﬁrl%ss than

are purely a atic fragnents
about 75 nm, or less than about 50 nm, as measured by 11ght -scattering methods, microscopy,
or other appropriate methods.

An “effective average particle size of less than about 2000 nm” means that at least
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Such conpounds include, but are not limted to,
behenal koni um chl ori de, benzet honi um chl ori de,
w@edoghmini di ni um chl ori de, behentri nmoni um chl oPCTES2006/009791

| aur al koni um chl ori de, cetal koni um chl ori de,
cetrinoni um brom de, cetrinoniumchloride, cethylamne
hydr of  uori de, chlorallyl net henam ne chl ori de
(Quat erni um 15), di stearyl di noni um chl ori de

50% off @A IRk pHBnae paRRIQDA e dipaRicydizlefiythbe he\dfedfi@aVetiPe, by
chl ori'de (Quaterni um 14), Quat erni um 22,

weighQiat, éashthamabeyt 2008 mar. nif tire “efepiea ayicrage particle size” is less than

L et hyl am noet hyl chl or i ydr o ride,. tein
about {OAIFR BT hEIGES QTR0 i P EP ROt AfioBY B {es afies
than aPORIPDALE:, Wil ilbanataBInafi Ab6vdeabied Schhigys. Ervesame is true for the
phosphate, tallow al konium chl or | de,

| di met hyl
other prrtele sreriAfarmtsdishate e embefiganiy, Roleas _r#f@m 68r%, gbleast
about qg?;' ang%t 9%5(91%186%, afjﬁgsqtag&ﬁ@ﬁ%? gf‘l%gﬁtaﬁo?t@s'% S %{ 1698 Bt 99%
chioride, "Taurtrrnmoni um chl'or ’de, et hyl enedi am ne
of the Bishebphoidte pardieles huena partiele bizdiless hanrthel effeqiiveiadierage)é.e., less

HA , i of ' hyd | oride, '
than o 2905 F476 RGPS WOR 2 Hoh AL ALV o8, ee.
B};r[ fhe RALAT RE %ﬂhg for TH 0B atx{ahﬁi%{i‘%iétﬁht% i Phb§onate composition

yquaterni'um 1, procai nehydrochl ori de, “cocobet ai ne,
is the partialeaidedelawrwhiht SO ofthe bisphosphkiaaie particles dall, bg weight.

B RN N T I ——

weighfexadecyl tri met hyl anmmoni um brom de. Mst of these
surface stabilizers are known pharnaceutica
exci pients and are described in detail in the Handbook
of. PhaCeacenttratici ofiNanqpazticelatepBisphesphanitesi Camnpownd ik
Amer i c8arfabaStuwbdkizers cal Associ ati on and The
Phar maceuti cal Society of Great Britain (The
Phras rag et dntintRf@3$HhoL0A)te a6@66 bit @ald wrfabeanitivat esh vary
~herein by reference. Povi done Pol yners Povi done
widely oTerentinal rancanbeitha indivdpd sempehetss depeads fqrgxagple, ppon the
. ulat . ) B
puicl EFHARRHARPLohEURSHSELE FARRARGH GBS of e s st
selectéd) @weh &sthe bl drephitio (i@pphifio baldareuFELEMHeltagpoint, and the surface
. pol yvinyl pyrrol i done, are sold under the trade nanes
tensiopif Mages spiopnpishe sigbikizsr, g%6d Pl asdone(r) (I SP
TocHaal 09 S ond ditmation ?PﬁXp@E}?{h&Q{&ﬁhsfﬁﬁf f£6m about 99.5% to about
macr onol’écul ar nol ecul es,” w a chem cal nane of
0.001%%, Ebheabplt 25%\to nbdutdi 196w fmm yhert §0%rtd about 0.5%, by weight, based

o ) e RS BELAE B RO PRE BT s,
inolud]i:‘? %tggr &R Aei®) H%@ﬁéoﬂé@ﬁtﬁﬁffoﬁs b EBIGHHBpAIHRALE A6 @uiferally preferred

0 to about 0,000 daltons. To be useful as a
from 3 doseand casidiffi¢iencyfstandpoiatt.ug conpound to be

L ST TR BB SR SR BB aBES: oou

99.999%] E8ASabods5.0%dMel et B 9NELH T abor@ress rabbiedp.59, BPdeight,
daltons woul d have difficulty clearing the body.

basedpamtheltsiad cpwibjied dsy yle'gglﬁg p%lgjgpl@@p]ggn’atef aé;@éxﬁtiﬂn@’surface stabilizer,
. ' r.QGC: conprising: (1) obtaining
no“ngﬁﬁﬂgﬁﬁg%ggﬁgﬁiﬁfonmacetylene and fornmal dehyde by the
Reppe but adi ene synthesis; (2) dehydrogenating the

1, 4- but anedi ql t 200 to f
D. pgthe 26 Mnine Nauopaticulaie Prsafjosplasae Gomposiionsi ¢

a%@gﬁﬁ&ﬂ?ﬂé'bﬁpﬂo Bfl&% s P@sitiiéﬁ%ﬁ B & e kB3 alH Rhbitable method
Wi cetylene"gives the vinyl pyrrolidone nonoirer.

Pol yneri zation is carried out by heating in the

presence of H20 and NH3. See The Merck I ndex, 10th

Edition, pp. 7581 (Merck &4%o0., Rahway, NJ, 1983). The
manuf act uri ng process for povi done pol ymers produces

pol ymers contai ni ng nol ecul es of unequal chain | ength,

and thus different nolecul ar weights. The nol ecul ar

o, Y a1 o - I



avai | abl e grade. Because it is difficult to determ ne

the polyner's nol ecul ar weight directly, the nost
wor@elig2ivsed nmet hod of cl assifying vari ous nol BCTUS2006/009791

wei ght grades is by K-values, based on viscosity

measurenents. The K-val ues of various grades of

povi done pol yners represent a function of the average

nol ecul ar wei ght, and are derived fromviscosity

lmowr#qﬁQﬁéJfl‘F BRALS, RPExHR}IE, %ﬁﬁﬁ? h@ﬁl‘é?érﬁkﬁﬁmt ﬁrealpﬁﬁﬂiﬁrﬁ ePQfpeferitical
a. The wei ght-avera he nol'ecul ar wei ght,

fluid phtticld genegeation mchjelqubs/ %@mﬁmmtpﬂmsphm@tg l}PﬂﬁlCiﬁhlé tevbe Fdged in
of the indiyi

size ng B g APy S g D5 P B S e S G mpivplgnt o

dwaleﬁt%ﬁ[n@'su@l@ﬁm@fﬁl ant'y oVl @R lothepeali thatis ppotly mates solable, or
which are soluble. TABLE | *Because t he npl ecul ar

esters weprgﬁtugrs ghay prsanoerly ot salibb wdrtcdhs WatgiiselupBify abhe drug.

P S AR PR A5RSL Bl Lo
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Prepa ﬁéﬁbﬁ%ﬁﬁ&@%&rﬁéﬁk p'UegtIga af i B30, 118 f&m}’ré\fe%s of Preparing

ent’s or erS are starch paste or
Therapmﬁlhﬂorﬂ:;ﬁisitmlns)GbntaEnmg‘rﬁhmg)amiclés,’f 4ridng.SagetensNer 470,583 for

| act ose non rat acto dr ous,,, and
“Methela B ERAHIE b FoBTRARAE GORATE ST B aa) ?‘%thgﬁ&mds t
” I I hiel herlid SR
B M G TEC
aRdr particlelsize yedueing(2 an piesove medizathei m@hea?houﬁfeeecmemxed with

silicified crocr st al cel I S
o By ] SRRLBL B o) S PO i o
the dr@&! Tﬂ@refsﬁl@anﬁ hawpbiticutaye Iﬁﬁpﬂobﬁldiﬂwi%mﬁo&ubﬁs ondippeessecan be
are colloidal silicon dioxide, such as_Aerosil(r) 200,
utilizadsin solid seai-palicaer Hquiddgsnesiformuniopsatugh 2t Hawd dispersions, gels,
ar.at e
s S35 i S AR 3Bkt
lyophilize@@stintilatios, wililbts coapbyles delaysiieteakd formolatibhg extended release

fomugqiﬁg%;m%& r‘é{ga@e&%ﬁ%ﬁﬁugﬁ %ﬁedl N C Eﬂe?? %{1&) co&roﬁled release

ﬁmmm%ﬁf gﬁ%gethylcellulose nethylcellulose
é}oxy propyl met hyl cel | ul ose, sodi um al gi nat e,

p @lnyewempllary ntettodod] rpeepagugﬂterrwgapmmﬂafal’mlswgmmnetd ifermulations

| es of .sweeteners artlflc I
of theéwéeé][tlgﬁ épmprsl SrSAhe;stenRs pd; 2 dlSB%ﬁflpg S d%gla dor%a% 6{1? o% a
1sphﬁb‘ﬁbﬁ'ﬁ@5@m plRR PRk igHm.digReki ACHbdih %’(‘thldﬁ%ﬁé’@h%&s pborly soluble and
avori ng agents are Magnasweet (r) (trademark of
MAFCO), bubble gum flavor, and fruit flavors, and the
i ke. Exanpl es of preservatives are potassiun1sorbate,

nmet hyl par aben, propyl paraben,
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benzoic acid and its salts, other esters of

par ahydr oxybenzoi ¢ acid such as butyl paraben, al cohols
waowb/1ed1et hyl or benzyl al cohol, phenolic conpoung®06/009791

such as phenol, or quarternary conpounds such as

benzal koni um chl ori de. Exanpl es of buffers are

phosphate buffers, citrate buffers and buffers nade

from other organic acids. Exanples of wetting or

(2) mé¢h&Res1s) ﬂéﬂucﬁﬂ%fhte&paﬁfc@a Szt tHE BlshNospEEhHLE bdifiplex to an effective
phosphat i de or exanple, lecithin or condensation

averagsﬂrn@@tard@ sizepl lessihriy pleati 2600 wa. 4 ﬁlﬁfacatstai?ﬂl@éw ¢f, beragfled to the
e
dlsperg)éﬁgg)éd?a CIH‘J?;L‘ é%?y gﬁ%lll 8ﬁer Etﬁél? (S)Iﬁg Fec clio! gj‘]ﬁ[ﬁé hg?tll%sphonate
complak cThe l1§u1dfdi)erpegmrméchuﬂneqeh bd ecasthingd anzelslwsyﬂ@glapﬁ], for@xample,
condensation products of etqilene oxide wth partia

withindQe g3nge @& fopethort ofhte 2pqy Sdbdwinedheisize P PIORRSH: TBere

prefermgﬁxﬂﬁﬂﬁe fayh %f%ﬂﬁxp bRk 5'&8%’&)91'1@7’"5 Qurn‘}g the QD ?&ﬁﬁhbl‘?ﬁrocess
ucts of hy ene oxide with partial” esters derived

Preferablgmhb dispyrsani medianstdHexihesizeaeduetion gawessfio nqusoaspltbough any

R NI T T TR NN O

safﬂoﬁb'ﬁ&l %ﬁhaﬂbpﬁ Befadslt glybéme peBle H!ﬂéih% dydo@(FE@)e hex£hnB s fycol.
caIC|un1phosphate Saccharides, /or mxtures of any

oUsinge rasiielg sizatedustionmehed ghe ﬁantlgléfrsﬂ%e afileq bigehosphonate is
reduc rg tara/%\cﬁrt% {1‘?9! :!}x}e%l%ie %81'210 ql oi e%fslgéégg% a&o :Zg(gdt %g)e Ef ichtgie methods
of proﬂ‘ﬁlﬁl@g’meélﬁhﬁ:al foacd fos partiblRyieatductian df eraiiiﬂhbqﬂfbhat)s include ball

DCL21; dibasic cal ci um phosphate such as Enctonpress
mﬂhng;medlmﬂmgo pnd kanaggenizag e, Bpt SRMPsy svibeMigaluidizgE ose.
(Mlcr??xlfld]\a?? %%fp %;f?élo A %ngssa ng?%n% A cﬁﬁé E1yoc sgﬁitlt a&krﬁﬁhng media,

drug, ﬁ&lbllizeﬁ fiat Bduid. a"llTHe ﬂi@t&rlﬁlsesﬂe plhasdcinesmilin®sesas] nmtlmﬂﬁated at
di um cross-povi done, sodium starch glycql ate,

optimeh Speest wshith thsgpedipgasiplessnd redereing dstermtidy sie @yameactwn
The m%ﬁ{ Qls¥E RfiSMave Qtlh(?é E&en%ﬁ'(f Bs %Eie?g%?gg@?s gaﬁﬁleq'e&Mmﬁ is provided

ona e or bicarbonate. ni c acl ds
bygnwnybudﬂmnﬁmmcéﬂannhemnammhmc, tartaric, malic,fumric,
adi pi c, succinic, and al ginic acids and anhydrides and

acid salts. Suitable carbonates and bi carbonates

i gcl udgisdiekp mrfrptemewgizy Redat o Btfg MAHLLM
blcarbon te, potaSS|un1car bonat e, potaSS|um

Car %ﬁépr%?ﬁhg ts %ﬁér g}rgg{r]lg?)?@ge @?ﬁ&éﬁh%e)[egéa 01%% surface

stabilidr, endVAghid %feyplaMI 113( a&éﬁér\&mcam*cumﬁlatwnﬂhehmh@momphsmg
of the effervescent coupl e

may nt. 4. . g .
grindipg mpdiaande TREERES qfﬂgnmwbpxhﬁ xo&ﬂnetsg ﬁ@eﬁﬂes%ﬁ SHagige media
s t
Wh1chCﬁB e@% tﬁé;ﬁﬁghﬁéggoé}gi Al I%y_ 0 I\}h \Zb%t%c})ltr arfgt gé;r\&ggc%%‘ tltlergby reducing
the blmm;bhonmmempﬂmlpﬂmhcée s1ec esters or prodrugs that are

ATt T
1nsolu'i5Fedt'oaformr? a pFIIRNa9E %urﬁlﬁ SPAbEIPAP §ﬂﬂ%‘?§@em@ aipe Fb@eﬂﬁlefr it can be

he Con‘pOSI tion may € acconpani e r exanp
addeden mm@hmmwlwmwemom ﬁélom@epwlplgwmeur@@uc@pn The

.t her ct ,of .the acti [
premi 35 PR 546 BBl Y Sufretingds B et pis A oS K egu 43R Frepe
b15phd>s‘§h§1@d@@5é1ﬁp1@f( pRMRNEIE thd\@isdrsion B3 leethamdbart 2000 nm. It is
bi oavailability of an active |n redi ent by pronotin

preferpask thet the sprorik ba epek&racHy vg)eetarb@ it lds ppadalor tfafaqn. ﬁﬁ%ﬂtl"el%
ani mal , such as a human. Enhancers include but are not
limted to nmediumchain fatty acids; salts, esters,
et hers and derivatives thereof,
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i ncluding glycerides and triglycerides; non-ionic
surfactants such as those that can be prepared by
w0 e@etdng? et hyl ene oxide with a fatty acid, a PEL/U§2006/009791
al cohol , an al kyl phenol or a sorbitan or glycero
fatty acid ester; cytochronme P450 inhibitors,
P-gl ycoprotein inhibitors and the |ike; and m xtures
of two or nore of these agents. 6. Solid Dosage Forns
the bl% BRzR@E B{%h@ ablesR i&ﬁ@ RieRals@siliRecan be dispersed in the liquid
artlc ate or nonolithic oral nanoparticul ate
medlah)llsmgl'soﬂqtjﬂ@ agitationparpos Condessyied mixes, unti e iipimogeneous dispersion is

refera |nclud ast .one.
T RSN R —
that th@%%&tHe%ﬁ%|ec%@m Qich aQPre PliERIRQBRRANGE @6 WhECH réSirculating media
ACTONEL(r ), DI EL(r), and BONI VA(r),
xnﬂlmhawéﬂnmﬁnnem b|oavallab|llty Wi | e blsphosphonates
wat.er :
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nvention I's propose the bi oavailability
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mediaghl. EDTA and EGTA. The nost preferred chel ating agent
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p oy b}S§EOS@hO]@8ﬁ%C(§p%]§§ particles Gan Lg?pd& IBrSéZfeé’tt a%e@perature which

IRha oy tia
doas B B o e e
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t hereof . Bi sphosphagnat g abllllé .S fﬁ%% ¢
desireflnihp HIRAESHYE ?ﬂ%’lﬁ@ﬁﬁa‘? Y E? E Wf CREVBHOPBH S9B %&“épmen
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ose to give the sane in vivo blood I'evels as
waterJ ia rcgetemptasag eGarepallyt ‘shequ:hwd efithe mweh@orpamnvw@bv?@med out
the his ho articl can be coated
undergPp AR 21 OB ARG S AL O e o pp aft safe and
effectR)'eszpﬂ’é RRANARLBoRAE.t ARIbesht Bickésidd\srearaasd typilﬁl sfmtihesls,
he intestine. Accordingly, the coated particles
aﬂnuﬁesﬂemnédﬁgwbb@ﬂUhMﬂnted side effects resulting from
the rel ease of currently used bi sphosphonates in the
gastrointestinal tract. A nulti-particulate or
ngﬁgt &%goral nodi fi ed rel ease conposition accordi ng
to the i nvention may be incorporated into any suitable
das@geinfimgmedDy fir ¢iad payticle kize d@tuagm $top manbd $eldviedafrom rigid
bl end of the differen i ons of artlc
medime BRI ARIRCE v cHiEt PUBTRaAT A 6 v Sphire B Pap dhgpt 3 mm
to abnornal bone resorption, particles of sodium
caprylate and of a chelating agent. The particles are
preferably coated with a pH sensitive coating. The
particles may be bl ended anfl the blend filled into
sui tabl e capsul es, such as hard or soft gelatin
capsul es. The ingredient-containing particles may be
conpressed (optlonally Wi th addltlonal ex0|p|ents)
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bi sphosphonat e-conpri sng particles which have
different in vitro dissolution profiles.
wEGewhdi=asol ution profiles can be altered, for PXEDR1086/009791
by varying the conmponents present in the two or nore
popul ati ons or by varying the particle size of the
bi sphosphonate particles present in each popul ation.
Preferably, in operation the conposition of the
and, phd}¥ pRiférablyares thhe asaltildn@l Suck awdBrlcsRabTs c&OpRKidRithdparticles
t he conp03|t|on do not rel ease the blsphosphonate
of theumtanfion Wathsheitererpergsing tiges andippasslepsiwesr ie thermpidling equipment.
The sgfgét%ﬁ%%gg)aft?r%ah ?OIbthes gﬁ&ﬁﬁg %{%ﬁfaels hgt ﬁ%?ileéé/cf‘t% be%‘?ltlggls %chﬁﬁﬂm
ensitive coati
oxidepsuith ue%%ﬂr@wt:ﬂﬂhzedsmm thapeRiaL yllrtaimalra lmcatregé@atmm ycamhass steel,

t1tan1q%?]§1laﬁ%% %%(g(hge Nt B‘I’ﬁ?fi %hgﬁ?%nfe g]tapﬁgglﬁda ’}.l%lél:’lg%lgt a?qﬁiepolymenc
gnnmgghﬁﬁhﬁﬁhgxggagggﬁg QQHBQe nanoparticul at e

I'sphosphonat’e Ions of the invention .
pr8feqaraiding medipcars eorapndeqmﬁtclesrthatraamptp&rably ghtztamtially spherical
' ne surface tam

in shafi T3, R RO e Ap EP BT Eb oA e Rgna € it

Alterrfe@ Bl eh8 Griviiinb nfedbRddn cQﬁnp@lsé’ Q@bcdhaviges co%ﬁh%l B £ polymeric resin
prodrug. The conpl ex can al so conprise a multival ent

adher@ch@re@nn Shepelyatsriy resinirardhavae deatiofiomahew O tagbeut 3.0 g/om’,
Zﬂiz ? natl sl\lﬁtable I%J-lo-gl?nﬂctr%g ﬂé: & %fl&lﬁ#ﬁ d‘}s‘ﬁ&s ggxﬂgrt, Qﬁbstantlally

rana

free oeﬁlfe&@, solaadl, add mb@cﬁﬁMs Qindtotf euﬁﬁdfﬁnﬂhﬁtlﬁése dn@: ﬁrlfabﬁ)lfstlyttd) ema.ble
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them varﬁ Reln By £Gehed ARt DETnding aPhiteblA palymgric resins nclude
crosslﬁ‘ﬂig&‘ ggl?glz?%ﬁ%% sﬂbl‘?&st ! st#@@@&%lsﬁuﬁcgc? w?[’h IBQ&Q% %t ene

conc I on ranges from a out 0.1%
copolylﬁelabpnlycaﬁﬁ%a(wl p!c)lyad&talsa Buctxamlany (Rhdadioneds Netbers and Co.);
i nvention provides nanoparticul ate blsphosphonate t hat

vinyl gllpridepalymews Al sRPAY MG s BAlYBietheaes: alyarpd qSow i nj ection
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fluordpOlmidEE &@g’fy@dnlsilﬁp‘olgetﬁﬁen& §51%pﬂiﬂyﬁ,b$;$:talhﬁlgsaigﬁﬁt ami-lesters such
about 6 to about 7 water for |n ction
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carboRAtES E5 1 GIN- X«%ﬁhy(ﬂ&(}%%lﬂﬁt)ésf&s %QBJQNtSpahﬁﬂQyﬂHyﬁicUx@'prolme) esters,

carfiers arée wvell -"known hi oné enbodi nent
ethylapf-vityd acetate copalpmers; Wlb’(m’ﬂ!loaﬁ@s) ppb/éqa@mlgctones) and

Poly(]gia a%ﬁegﬁu%agbel% egrﬁh'aﬁ% n@%rgrc%ggggﬁét{oéofgor% anelecﬁlg g
advan@%’é&hs’(lj‘y' eMSmeRbo VR M vab ihfdeislbsidallPadcBstabl lﬁﬂ@iuct%\/cﬁﬁt can be

eriod of tine. The period of tinme can be up to about
ehmulatq;de@cp@ntlmgquy about 2 weeks, up to about 3 weeks, up

t %h?%ﬂﬁamg #&?A(]gref #E{éif Qan%?%ﬁtm e otag %Wlt & a%gg*'# m%n For

fine ghﬁdﬁi@ ot ghinding hieslia iy @réf@rabb@ﬁﬂm @bomtrit 02sto abput Z)maih(and rrR)re
up to about nont hs, up to about 9 nonths, up
rnabthéB&%@bqﬁ ﬁ%ﬂpﬁ@omdﬂnFUnéﬁﬁut 11 nonths, up to about

p tgggaf%? é@b&%ﬁgg%tup to a@%lﬁlta{é%y ars, d‘ﬁ}gst%@%ﬁe

about 3 1A years, up to about 4 years, up to about 4
1A years, or up to about 5 years or once a
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lifetime. 8. Nanoparticul ate Bi sphosphonate Particle
Si ze As used herein, particle size is determ ned on
wao b@ehediis of the wei ght average particle sizeP@EUS2006/009791
nmeasured by conventional particle size measuring
techni ques well known to those skilled in the art.
Such techni ques include, for exanple, sedinentation
field flow fractionation, photon correlation
continﬁ@t‘?ﬁ% OP¥ethbl QBItn ﬁ%t&ﬁﬁﬁd&lslﬁﬂﬁocﬁio% the blthosphonate
cent ugation. The conposition$ of the 1 nvention
complen mpp ias@llatg dhember, gmgacmrgrjh@ gtpmmmd@ whngringingrmedia while in the
ef fecti ve. average Siz | ess..than a
charnts (el o8 BRel ske i Egingp Sy Feno ERE B AR R et e
blsphds?H@r[htté &mplehaohi hPRGERIRQAALBeranoparti cl es have an
fective average particle size of |ess than about

18be grinding sediaip sepazaieds fromgbe miligd m@gﬁaﬁlﬁ@ﬁte&w&tﬁpﬁ?@@te
compl:%glggmg %gl}]\;eggg%aﬁ g%%%tiloqlqgclﬁ) ueg q 2 s%&ggfg ﬁﬁ%g%egg 51mple

filtratioh pdievdh® throulghQOmesh filtess stl’ea{] aﬁﬂ)dwtllk’bl Qﬂhmﬂepdtressn teb]amques
about. 1000 nm | ess th%n bout 900 nm | ess than about
such aggentrifySafien Ay ke nm |ess than about 650
nn] | ess than about 600 nm |ess than about 550 nm
?e?zléﬁﬁdﬂu@zbﬂ%u O8mp |ess than about 450 nm less
out 400 nm | eSs than about 350 nm | ess than
about 300 nm | ess than about 250 nm | ess than about
2 0B velapmerisd injhetablgisomposiBonsigguirasdhe prednctipnaita stgie product.
The nh%gxss‘gégoac% abe[H 176§61R Ve?l{IOIll% ‘T’x{xﬂﬂgg tﬁﬁgﬁtlmg‘\gnnm

scat m croscopy,
manufktu@ind ®Focd ek @cﬂrrslte’iﬂe sd‘ﬁpéﬂfl@cﬁﬁ ANyp caf §tedicisuspeasion agaufacturing
particle size of |ess than about 2000 nni' neans t hat
procegg flovedigttsnas Bilowke bi sphosphonate particles have a
particle size less than the effective average, by
wei ght, i.e., |ess thppighodddd@g)nm If the
"effective average particle size" is | ess than about
1900 nm then at |east aboutt 50% of the bi sphosphonate
particles have a size oé | ess an about 1900 nm when
measur ed by the above-n P@Bo‘ﬂl&éﬁq%l ques. The same is
true for the other particlesizes referenced above. In
ot her enbodi nents, at |east about 60% at |east about
70% at | east about Biiftigledizd Rabctiabout 90% at | east
about 95% or at |east about, 99% of the bi sphosphonate
particles have a particle sPl'ze | ess than the effective
average, i.e., less thany, ?ag 000 nm less than
about 1900 nm less than a out 1800 nm etc.. In the
i nvention, the value for D5Q of a nanop articul ate
bi sphosphonat e conposition is the particle size beI ow
whi ch 50% of(Itynnhlbzgtm%%ci{eh@ie@nwfﬁeeﬂlé%ﬂ i
weight. Simlarly, D90 is the particle size beI ow
I .&h 1909 r
e B R PR e, b g loesslil s dependent
upon Biespbthspbbytatiele Sapelucton mmﬂ/&méthoda ofttatiiitatioar FoM¢grample,
relative amounts of bi sphgosphonat one, or
medi SRR AT A P! FRne! £ KON TAPGRH 1ot G058 MopRo TS I teminal
stenh%ﬁ@dfﬂ% n8f feﬁﬁﬁle'dﬁg ky Eitatal GRARS PRI HRRBNAS, askfic processing can
upon the particul ar bi sphosphonate, and the
beus@hy5| cal and chenical attributes of the surface
stabilizer(s) selected, such as the hydrophilic
|'i pophilic balance (HLB), nelting point, and the
surface tension of water solutions of the stabilizer,
etc. Preferably, the concentration of bisphosphonate
can vary from about 99.5%to about 0.001% from about
95% to about 0.1% or from about 90%to about 0.5% by
wei ght, based on the total 4tonbi ned wei ght of the
bi sphosphonate and at | east one surface stabilizer,
not



i ncl udi ng ot her excipients. Hi gher concentrations of

bi sphosphonate are generally preferred froma dose and
w@omb/1ef1i1 ci ency standpoint. Preferably, the PCT/US2006/009791

concentration of surface stabilizer can vary from

about 0.5% to about 99.999% from about 5.0%to about

99.9% or fromabout 10%to about 99.5% by weight,

based on the total conbined dry wei ght of

bizs pho HaéyHesh Korte Pattidl €Sk RRAachioh Ushifz MombhdniZAion
not i ncluding other excipients. D. Method of Making
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reduce the water solubility of the dru npl ary
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is splﬂﬁtﬁﬁ tw6 efRes dllﬂ@ﬁ&laﬁ&dab ﬁﬂtrdﬁﬁy highedtlocitidd. ThePatnedltjets are

518, 187 for "Method of Gindihg Phar rraceutl cal
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exchéﬂ@@ff tﬂ&@l@bﬂdo@ﬁhg SRS pmas U.SUPBenta6.en5 1 0Nd. 8 thﬁﬁﬁs §&tifically
for "Co-Mcroprecipitation of Nanoparticu
incorpratiedhy eelerenas, ralgesio $ WiPgess @W&F Mlcl‘aﬂ(‘ﬂ/ﬁl??fi\/bdl fiers;
U S. Patent No. 5,662,883 for "Co-M croprecipitation
of Nanoparticul ate Pharmaceutical Agents with Crysta
Grpwt h BibglidspRéwité Peréicle BadecRédution TsEOPA@itation
"M cropreC|p|tat|on of Nanoparticul ate Pharmaceuti ca
Ageiiiter mdthdd offetifinl tiNodestre® Agnobadiclobispiidisplagite difpersion is by
Prepari ng X-Ray Contrast Conpositjons Contai_ning
mlcrqnm@iwtlpnc lis;i8 2 mrethodmyasparing stableghisperspenssaf manqpaptifgipte
f
pr PR 545 A2 APRBL R Se r  or e
stabilzRAgasli dnic @R snote o1 ki d stabiliNaedpacihg shréae acandagdnt. free of any trace

toxic Eéfw%%tapf"'?@u@hgﬁﬁggi’ eGSR g nprises, forexample,
(D d@&‘i’ﬁﬁgl el ﬂ}%sﬂl&nﬁ%dﬂ o$¥88h %&%‘i’dhﬁ@ to th@'n'we@ltloﬂ\hh GRuie

speci I'ncor porated herein by reference. For
solveptawith oliringj @& ad&idg terfgrinmlation Goueteps(Lrivithanixirgdo a solution

compgl:sfp%{]ag ?ﬁggtgogll%itseﬁageﬁg%ﬁnpzaeg )t(ctgoﬁ_lpvI a{ %:]ag gnﬂllé)ltlc)lrl,l\\/?r]anéle(g Pxoempﬂatmg the
formﬁl@%?ﬁoﬁlhs@epv(éz SAith @ik dsidgyanipptdpeiath iigisolvae. rms uthdtlgnt can be
nanoparticul ate bi sphosphonate conpositions. o

fouowtcckpser@nmkom foamed salt, Hadesent, by IdlaéIYSl%@rﬁlafslBﬁ'il@P ang}
ge for asql.i
conc%ﬁtrgﬁgxil gf’ @1&? parés Oélnty acg)trngg%t dnafsxlg:é%} thte rgslﬂl'ltgnt nanopartlculate
blsph%%}bh@de'c@ﬂlpbﬁhsﬁlﬁ@ohﬁﬁgfw @k iidRation 6ﬁibemﬁiltzed ina pharmaceutically
fornul ations, |yophilized fornul ations, tablets,
acceptalje dpsage T8l ayed rel ease formul ations, extended
rel ease fornul ations, pulsatile release formul ati ons,
m xed i medi ate rel ease and control | ed rel ease
fornul ati ons, etc. An exenplary nethod of preparing
t he nanoparti cul at e bi sphosphonate formul ati ons of the
i nvention conprises the stdaps of: (1) dispersing the
desi red dosage anount of a bi sphosphonate conplex in a
liquid dispersion nedia in which the drug is poorly
soluble and(2) nechanlcally redu0|ng the partlcle
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conpl ex. The liquid dispersion nmedium can be
mai nt ai ned at a physiologic pH, for exanple, within
wao b@onexige of from about 3.0 to about 8.0 duriPQr/Ukm®06/009791
size reduction process; nore preferably within the
range of from about 5.0 to about 7.5 during the size
reduction process. Preferably, the dispersion nedia
used for the size reduction process i s aqueous,
E. a!MrQ @@Mng 'tlf’epﬁﬁﬁhﬁ’lﬁtlﬂﬁﬁhﬁ’d COmokitiont BE the Invention
|sp onat poorly sol uble can be used, such as
sahe motvrg]artmulla,te bnspilamphonate- tumposiions gf tJn@envqmmn are useful in

SRR S35, A e e P
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particle size of |ess than about 2000 nm Effective
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beﬁ@ddmded or lacilizgdibdnevieds cani omcmhﬁr«zrh ditusé,svieels srtfiealal problem

i nsol yble to form m X. surface stabilizer n :
for thy BPUBER 4 PG BRETRToP P CIo3h G AUt e b st n
a cast¥r$phRasRfonat e conpl ex di spersion follow ng particle

si ze reduction. The prem x can be used directly by

lm;eenerthwr@ antl comprsitireadighe inveatien are upailive trediEmg and/or

aver hos nat e |cIe
prevegt 11&@%39]@ E@golesr%n(ﬁ%e%g%gtxtfg eolji;)]orcis ?*’zﬂ%lrcew&l“%? post-
menopfihl éﬁ&)pléfc%m ¥teRfpd-UERdedlbstespotisispirile Gstddpblosts tisedss-induced
used for attrition. Alternatjvely,the bjsphosphonate

osteoponpis.ddiopaticest¢aparnsisy Reses sidigase; abnesmplly Brcreaged pene turnover;
per1o<gc61%§l c{lssegge llor}:at 1126d ﬂon%od\)laq agggoq{a@ed%fth ge@%é’rﬁa}rc osteolysis; and bone

fractuh€@yogeneous dlsper3|on is observed in which there are
no | arge aggl onerates visible to the n

ed gﬁe. It i.s
pr¥mepiréguiekeAtisRInE onalTi cRIpes S b sé‘étta'é]& fralinjection may
dridad
oL SO My BN
suspeamphs ederhalsioas] noé stehite ﬁnv&ﬂmﬁop r@nastmutc@nlpt(es&erpla rlltIJre@tﬂlele
Size an take:$he for

solutGé G restion 1 1SR s a0 74 PRrosyopp PR duents,
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nd a bead ifamIll is preferred due t
the reIatlver shorter nrlllng time required to
provide the desired reduction in particle size. For
media mlling, the apparent viscosity of the premx is
preferably from about 100 u® about 1000 centi poi se,
and for ball mlling the apparent viscosity of the
prem x is preferably fromabout 1 up to about 100
centrporse Such ranges tend to afford an optlwm
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mechani cal nmeans and processi ng conditions sel ected.
For ball mlls, processing tinmes of up to five days or
wo oovgre2impy be required. Alternatively, procesBCTYS2006/009791

times of less than 1 day (residence tinmes of one
mnute up to several hours) are possible with the use
of a high shear nedia mll. The bi sphosphonate conpl ex
particles can be reduced in size at a tenperature

glycei’ér“ a‘ilia tHORRe Rnﬁfltaﬁle%l xﬁdrgsat'ﬁEller degtasl8 ol ®uch as olive oil) and
bi’sphosphonate co ex mol ecul e Processi ng
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by Jacket|ng or inmmersion of the mlling chanber in
blodeg@éalvlapekqur%a@domléﬁ@maieé@ﬁ General ly, the method of

{

c s BEEHe BolRa ARNRD S ok SR o 4B Rk erving, woting

emulgifyRss dne Slspklistﬂ'g aeatss Btventich ef the gidwik of ﬁflcrbh@aﬁilsinls Icmtgbe

cnsurgL Y VRGO SR R B P RS G G orobtanol,

phend® dosit led'\@gi e TRE. ﬁrrﬁdr}ﬂdlwbé'@é!irgblfa & incRie RYdLiC la§‘ents such as
size reduction step can be selected fromrigid nedia

sugarprsefienadilgridy bed ihedlkeo ﬁ’rcgiamgadcabls@peom of the imje¢tale pharamceutical

&ss t han about 3 referabl
formn Ry BRuRi e Bau Sl et dalea e Bt Bl
monokfRSraRtddd gl#%. of the invention with shorter processi ng
tinmes and inpart less wear to the mlling equipnent.
THéhesempositions ofd fennelations dféhe whentinni qanib gdmenistaredgo a subject
not belle ed to Zi r.con X as
by anf 8o Aol Hieeh D i bR el O R oFEl
paren€@AlqN{els., iGtravdhbas Sntﬁdnﬁmbulai ok suic@tanadusii 1ﬁ@a01£5%ﬂy,@ulmonary,
stabjlized with yttrium glass grindi ng nedla and
1ntrav|ggqrh9}h§r1p‘@a@ﬂtwﬁ§ logedlyde 8p @ogﬂ@rﬁpcpgtfngpn& [t I?FQ or as a buccal or
ridl gl ” | t
nasal JRp 18ted IO IB TR REL s R0 G Bh o0 3L SRSy o
mam@alg inchhhlagis humenn st Mn-lmgna&s S’E’ﬂiﬂeﬁhd &paﬂéntﬁ @hy fHerbj @t’fmsy he used
, r other suitable material. Alternatively, the
interc§pngsabg nedi a can conprise a core having a coating of
a %ﬁhﬂ@a{ge@oﬁﬁssfo@ o ReGHstEABh §Rlude] B afi?@hbftrlﬁﬁité‘cl lroe§alp@ules
can have a density fromabout 0.8 to about 3.
tabletk,pifjs pewakss, snd gratles. dol syetesalic dogsgerfgna&éhe:m@lﬁp@mqlﬁgs of the

. .an si cal | t free of
visphGiRgBE: ot Mo o e B - it 45 Rl FrBlngg i o
least bid Githé fdlhb\xtlﬁ’g ey he of MEFB ihert a¥&hi@nREbNGrEHE)) Pesh Rrsodium
crushed during grinding. Suitable polyneric resins

citrat¢ prdigeleivar prasbhairel) Boety ot W@rﬁ@s saheds starclys) ipsioys enerose,

gluco:s;r %%Ag?tnf( %g? g‘fh%ﬁ a%}ci‘[ g@)ﬁltnpcﬁpsz §'S 1 as Sbteﬂ'brc) e&%ﬁ%&lﬂf?ﬁé S‘ahgnates

gelatﬁppcﬂ?ﬂhy@@rrb&dmm suoimsfé 4l geacivy (ﬂ}’humladtmts d;ﬁc]paﬂ glmaerrel (e)
and copol yners; polyurethanes oly

dlsmtesqam BT, FUt BASRY PERR/oIuR. C@rbonq’féﬂ?ocsﬁe (°F tapiqca stpyeh, alginic

acid, 8"{5&'11 Qgﬂfoﬁ e gPdﬁJ.m c%% g{ehﬁg sE1LHEE fé‘?ﬁhé’l@esru%h as paraffin;
density po yet enes; pyl enes; cellul ose

(8) alﬁbi‘peubﬂ aasrfdiere’&)tse Is&clsasajma’&mau:p Iaﬂnl:tiomﬂﬂn a«)mpameiﬁ (h) wetting agents,

po y acr | at e; . pol dr.oxyet hyl acr
such B ep i HGR s haeeHy ok iTAgAGstsP Ykt Shelt gk B i gentonite
and (j nlgoﬂclaﬁtsl éuléﬁ as 1416 AR U)fﬁr%al%%nnﬁgmghﬁﬁi §ﬁ£ﬁ€€a Bo1R polyethylene

enpl ary bi odegradabl e pol yners incl ude

pol y(l acti des), poly(glycolide) copolyners of |actides

and gl ycolide, polyanhydrides, poly(hydroxyethyl

nmet hacyl ate), poly(im no carbonates),

pol y( N-acyl hydr oxyproline)&gters, poly(N pal mtoyl

hydr oxyprol i ne) esters, ethylene-vinyl acetate

copol ynmers, poly(orthoesters), poly(caprolactones),

and poly(phosphazenes) For blodegradable pol ymers,

) -,




advant ageously can netabolize in vivo into
bi ol ogi cally acceptabl e products that can be
we@bkdoaireeated fromthe body. The grinding nmedi a PCT/US2006/009791

preferably ranges in size fromabout 0.01 to about 3

mm For fine grinding, the grinding nedia is

preferably fromabout 0.02 to about 2 mm and nore

preferably from about 0.03 to about lmmin size. In a
glycolQ,rs%%ﬁan ?a%}grshﬁgt'e,n& REARESBelPE RIIRPQIRNABRLE af@PMIsEhe dosage

particles -are madeconti nuously. Such a net hod
forms aeaypaiscs@snmrose thuffeong hgenitat r oduci ng t he bi sphosphonat e

c lLex into a.ml]i chanber, contact] he

c BrButhreh et BieniseltR GSRBAT GO Ao eie s
wettidg@QUGS, dnQsiPAhS hid QJSE_&I?(Eng BRMtsC MRSt did) Flayorigf @Md perfuming

the nanopart’ cul at e bi sphosphonate conplex fromthe

agentsri | 1 i ng chanber. The grinding nmedia is separated from
the mlled na riicul at ' :
O p g S IERTI VBB ARIRR RSSO tompouncs o

bisphSPROMAE Phalh RS §WeEeptebldialts tligpdad, dstdré thetdofirand mixtures
sieving through a nmesh filter, or scréga, and the like.
thereody thell mecap shaidoengeraaal thalbyovidenths specitis Pharingselprgiqalggponse

for w%él?/ %eﬁ%ﬁ%h&%@t@'is %ﬂ?%%t&ef OAYSTiAMIULABELES 29 etcts in need of

i nj ec e conpositions requires the
treatnjeno fha disooderofel dingtte ubha@mpl beheatsorftver amdrakatect disardeys. It is

oo B RO AL S Rt

i . e HONinTRAYH @ eHeli Atk sRIcO8 58 herein, even
partioflfak ¥RiaFi, wil G611 Fa R e e o

thougBengiodusdgaiy deamed e [“theSipzatiREs efestiie amaant Hyy thopgyskilled in the art.
ophi li.zat i “and/or .(Termpal. Sterj|. '
| ohReleslitgy Bt BeLyR8 Skl R Lie i Sphonate can

be deRfminke BHRERNSIang chbbéleppRdenin pipeforinhe, Whtlkadclpforms exist, in
particl e size reduction and/ or method of

pharmeacewtidaily ac¢eptablawsit, esternpl Rodmedpan.c AaWRL dsagHIFVFlS ofot
. . regqujred r )1 ' .
st SRS s P B A P, AR ot
an anfoReNdBé bRpEdsPhoiy tat &l effettbiteabiobtaiy a desegttharapeutic response for
processi ng .can be used. 2. Bi.sphosphgnate Particl ize
a partaidas cpmpASIERT And MEHvgE! iaér&%tp%ﬁltlpﬁ.n& E@ ﬁqlczcé?cfl dosage ?egesl therefore

' ' obel btation, th fth
depe | glgﬁllé L& ke thg&gg\ﬂﬁebgéffédﬁ ?l%é?olujce' Jigtd_fﬁ?ﬂb@anon,t eploiteala?/ 8 e

sphonate co , surface stabilizer, and
admifisteredroognpasitioh iofj thednvéntion tthe desinefl doration af ireatzwent, sud ether
after particle size reduction) constitute a process
factost r eam propel l ed into a process zone, which in the

Mﬁ&sgéé WhifbGBpdditlornsSn3Addnfeh §E ahituafsatishensubhanhiples thereof as
The product to be treated is inducted into the

. pump, .
may rdbet hemakeonp gt daily dohelt pill he Hodsrsiped hepvey ere that the specific dose
crof l uidizer(r rges .air -
vt B e B R ST B e P s o
the c&lu@F Q7 pAioloBRaPIeOsbEE td 5 doateved) dctiviopehtht lBpecific agent or
interaction chanmber, The geonetry of the iEt ractibog>h ot
compepisinh eMPEsaLIbe SPseiiferganls oF SPRReSIEPN sHRIOYC =itﬁi>3%% bogngerent,
CVl t n b I . .ﬁl@@lﬁ%‘dl..trt. )
s, LT LT AR pRRAILEl Byt Abdmiiscn
and reBameedretidhes the agatty thz dorafiowdfitit tiestnsgmk; drugansed imeombination or

. streans_and accelerated . to extrene hi gh vel ocj.ties.
coinoRie A DS PRACGAE HEh i Freiretcl Suaya e AT
and collide in the interaction zone. The resulting

product has very fine and uniform particle or dropl et
size. The Mcrofluidizer(r) also provides a heat
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exchanger to allow cooling of the product. U S. Patent
No. 5,510,1 18, which is specifically incorporated by
wOo efoenexice, refers to a process using a PCT/US2006/009791
M crofluidizer.(r) 3. Bisphosphonate Particle Size
Reduction Using Precipitation Another mnethod of
form ng the desired nanoparticle bi sphosphonate
di spersion is by mcroprecipitation. This is a nethod
OfThPY GRAKJI RS HaEANIeti HIS RS8R i Alint BARRPBE E%déiﬁs’ﬂtiﬁ advance and
particles of the conposition according to t
can bq readilyt deserniined biethg carsgivse oglingsian. oApproPEats @pfodgts can be
detemélﬁﬁtgh% rng S?Q%gggrg%t on, | h Seff]r?l l o:dgles aoﬁ%llﬂﬂa{l)éhmcal studies.

Geneﬂanyl & pptopeidteantduns 6f [H)dehbs@ﬁdnahe awlogmmlobtmm bbhd ®sorption
a nethod conprises, for exanp oIV|n

mhlblilﬁé eﬁ@%ﬁkﬁoﬂhﬂméﬁ@f@tﬂm@@btt}%@%&P%ﬁhﬁ élSP phgnate 15
t tydidally from about
adrmir BE. PR burpdbearfdicobt Braf QO oifoRpHrbleld ysiebty from abou
1.5 tosibbuttd, @00 egkmbodyi weight ardeasferabiyeatout 1@ teatmuaBOD0 natkgtas body
. forma clear solution; and (3) precipitating the

weight-or nul ation fromstep (2) with mxing using an

a BARAHS RempBihadnaRNpRemhedutieu®Hada¥ptabl

rgﬁgﬂﬁﬁ&%éégny o?ﬁgﬁko § ngﬁ regéntp by d|5]§§F2 o$a °
salts tHembf, bt plarinecewdically mptrablueaﬂtenmtn@fs thetieofd Bnjedesag typjcally

conventi.on an Th sul t t.e
comp IS FHONACS oRbUE i EeiSRA REIORR: haboiton
alendfoRit R8 Wtiveiwigghtibasig. phar maceutical Iy acceptable

dosage form E. Methods of Using the Formulations

Cdﬂffp@s&smtan*sen@pntfwéhqr @m@qsananh@d ﬁﬁ%@ﬁlﬂgramaélamaselgfggng from
sl AR S LARRS A Ak SR rpgeats

effectivedtidimn bf 10k felinmster z&cmd[r%ttb mlge ineertivmao pedvidomdsed
resorption. The net hods nd co

t
i P e B SIS MOPRRER iRl I s B dpplude
reducﬁ’%qhg 8{3511&%%@(?}#3%}6 i QirBd BY @&ﬁdeﬁﬂoﬁ’éﬁ RAMTRE I@Ql@@age re 1mﬁs while

I't1ons associated therewith. Suc
still nmmmnﬁng]hs bemfitsiderivedtiony e pelsaiile pimandofilec élhiszrédmﬁé qesing

et G e P e T AR thth i
be adRRSkteRNP Péﬁ‘\i@é’d FTURBREY. ThOSEuQRhiAdefhgefrduaidyanadeamssible by
been greatly di m ni shed. However, osteoporgsis can

utiliziaigshe Gempisirasi ¢f fhedneedionmpulheondarie Bb@éFQ}é%I heglthfgregosts by
reducgijgithte g@ﬁgﬁ t 3 oﬂ%P{ l%?h?altﬁ% rett{)@%ljggl% %ﬁ%ﬂe g i %ﬁéﬁ of
bisph®§sHenstes dnd Wﬁﬁﬁcul@r @lendhnbie @6 difirtri modeI dose ﬁpryilsomalers telatlng to
can about wth no identifiable cause, i.e.,
abnm@@ﬂé@@bﬁ@@@§0h1 the present invention, preferred
olﬁ,a? ﬁlﬁacakéﬁq %o HidGe %lﬁﬁ@& R arf Ehap{lﬁjfcﬁﬂtﬂléﬁiﬁégtmns and variations
esorption 1n osteoporotic humans.
can bla mb iz €@ rhethedd amﬂs:othMGmlofaths presett éaventivi without departing
peri odontal disease, bongrfractures

from lag SO SRHRRS of tlég}(né(elp% h@p,nlt gtlpl@pd%g’[ﬂatstﬂdméers%ntB%Y]eéltlon cover
the n{o%ﬁﬁaﬂ&gsoﬂlge nﬁa@ GUWried 1ﬁ\)'én9619ﬁ§ﬂomdeﬁ they dnfy WEkiA&kd scope of the

eral 1 zed or |ocalized bone | oss can occur
appeiidedrelaiins usé thentiqotvaieatsof t en a probl em for those
confined to a bed or a wheelchair, or for those who
have an immbilized linb set in a cast or in traction.
The net hods and conpositions of the invention are
useful for treating and/or preventing the foll ow ng
conditions or disease states: osteoporosis, which can
i nclude p ost nenopausal osteoporosis, steroid-induced
ost eoporosi s, nale osteoporosis, disease-induced
osteoporosi s, idiopathic osteoporosis; Paget's
di sease; abnornmally increased bone turnover;
peri odontal disease; |ocalized bone | oss associ ated
with periprosthetic osteolysis; and bone




fractures. Nanoparticul ate bi sphosphonate conpositions
suitable for parenteral injection nmay conprise
w@bysitadiopi cal | y acceptabl e steril e agueous orPCT/US2006/009791

nonaqueous sol utions, dispersions, suspensions or
enmul sions, and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Exanples
of suitabl e agueous and nonaqueous carriers, diluents,

We claid@l vents, or vehicles including water, ethanol
pol yol s (propyl enegl ycol ,
pol yet hyl ene-gl ycol, glycerol and the like), suitable

t t h f t abl. | h | |
L Drnhrderdsreep iR o BBEERE such as ethyl ol eate.’
) opepartibiel BF §1¥cABBnEispRs P HattthvingQin SRR3R verdpe pafivle

use o? a coating such as lecithin, by the maintenance

of t heize efjlgbsthan phout 200@nm; 2rd i n t he case of
sper.sions se of surfactants. The

a% S?a%ﬂneﬂ%gwg¥%%p?ﬁglude bi odegr adabl e pol yners

and I|p|d conplexes The i njectable fornmul ati ons may

al so contain adjuvants such as preserving, we

2. Eherenposting ofakamdl, Sperdn Hiy tigbrerhongieds %ﬁttqttfft%f%m%%%foup
C e

o 1 A A M S e,

incadroadtk,oslplirb@ane Ineripiloaate] tlseslmﬂate(; petmdrdnatamdmtﬂh@nhﬂekm1eﬂdtronate

may. al so be desirable to. include isotoni
pharmegg gl e o ablg el GRear PURT A H SR ERGohpreRt S
mixturcdPSQEqt i on of the injectable pharmaceutical form can

be brought about by the use of agents del aying
absorption such as al um num nonost earate and gel ati n.

t d .f t. j
SRR R e A
alendroh#te lsb@uftrinhdtbtenot limted to, orally, rectal ly,

ocul arly, parenterally (e.g., intravenous,

i ntranuscul ar, or subcutaneous), intracisternally,
vagi
4, gﬂt 5‘81{1853\{%1 Mna (A oPBlalnfs 1 14" taﬁﬁ;ertt@rt@ Pl Hiod Bl ke
form, whafeith t}ﬁ:pﬁ@ytosp%mats wcdmﬂatad witlmulterabant satlnect " i s
used to nmean an ani mal , preferably a nannal, i ncl udi ng
a human or non-human. The terns "patient" and
5. %[‘ﬁH @bﬁ?&smm &ﬁgl“@ &her&th %éxﬁﬂﬁ‘ﬁ'@ﬁ:ﬁ{ dation?d éeleHAISRER the group
or ora m’ni'stration include, but, are not,
consistinig i ﬂezdldnocatmap),whlbm theabliat & selpttet §1;0Hp6@ﬂeZB , Wind" or the like,
ranul es, I n such e for
& poortfRF pilibiechlbct TRorpiTec Hr SRE o ae: Pg T uRcE shvylp pragroe
and preferably, chelating agent may be adm xed with
at least one of the followi ng: (a) one or nore inert
6.  &ke ppmemr@or( off anyaaneiof eleyms & i@ ﬁ farsudaed e ap yeptabledosage
ci um [ rs
form, Wg‘l[e]ét‘?l& Hg%n egglf)fg H‘te com ((:o?l)(glgé fJnJrrFs ) su%Eut%n%)Etﬁ gt? O anﬁté@halaci%pot
for extehidbd Bisphatghéhiatd ﬁ:leaba} nders, such as
car boxynet hyl cel | ul ose, allgnates gel atin,
pol yvi nyl pyrrolidone, sucrose, and acacia; (d)
7. %@%{Sﬁ@g&ﬁo 81"2&@ A% FeHHRE ?lto F(fgﬂntﬁ.ﬁé& & 9 &ljkdisble dosage
agents, SUCh as agar - agar, cl um car bonate, potato
form fo®linttzpisoalar ot albmlﬁan@iug tmectttoapwﬂerenﬁhe hlsph@s(phpm@e( concentration
silicates, and sodi carb nat sol ution
in compesitignfanges L AOYY 0;‘% 4P {9 59%(3(8‘)4@5' ption
accel erators, such as quaternary ammoni um conpounds;
(h) wetting agents, such as cetyl alcohol and glycero
nonostearate; (i) adsorbents, such as kaolin and
bentonite; and (j) lubricants, such as talc, calcium
stearate, magnesium stearate, solid
pol yet hyl enegl ycol s, sodi ussl auryl sulfate, or
m xtures thereof. For capsules, tablets, and pills,
the dosage fornms nmay al so conprise buffering agents.
Besrdes such I nert dlluents the conposrtlon can also

. 4 4 o



"Therapeutically effective amount™ as used herein wth
respect to the conpounds of bi sphosphonate,
w@basireaeut i cal |y acceptable salts thereof, esPE&r/ES2006/009791
thereof, and m xtures thereof, shall nean that dosage
amount that provides the specific pharmacol ogi ca
response for which the bisphosphonate is adm ni stered
in a significant nunmber of subjects in need of
: t
. PEEGIRMonNL ol SRE RSl 8], Ml FRIAGTR IRAAE Josage i
about 1 5hatboutlbedtdpeauitd oalyl weiglitf ect i ve anount, " adm ni st er ed
to a particular subject in a particular instance wll
not al ways be effective in treating the di seases
9. RS eéﬂl}bc%ﬁldlecrf%wm & \WBRrdiN e ihd 6 QS8 B vieb a aRRECA
"therapeutically effective amunt” by those skilled in
selecteci fremahg gro@meonsistiongdif ba ity abuit [l wagk] wp fgmbericd weekss pfo about 3

Weeks { ?(H: Uﬁg 3/68 u ﬂ% I%% %}Cqutc lil?'n tﬁ' th qﬁé %leﬂ% o1 0y egg 1%6‘130 about 3

monthsf @ 10 Bout AMSHtsSHCld afbeﬁﬂlffsmaﬁthstup fiorabpias ﬂiﬁﬁﬁstupctalabyut 7
acceptable salt, ester, or prodrug form_ Act dosglé;u
months/ gn/ie) abow 8 mpa@ﬁd@pmhatﬂe‘? mﬁnﬂlﬁémnfaﬁ@%ﬂq BoR ?é‘P to about 11
C [ t [ [ 0
SRR P ks i A ONIEp 0 sl i 2
monthsollqi @i dboat esirs, &g td heswapedtybars, ngslpcahsui 4 yrarsaup &o ehasitih e
onposition and nethod of admi nistration. The sel ected
YGHSaﬁé§ﬁé%aW§WéWeFﬁerefore depends upon the desired
therapeutic effect, the route of adm nistration, the
pot ency of the adni ni st er ed conmposition of the
10. The emhpmnt;ort dffeandwﬁ oédlagos hta drwlstrein teebisphnsphanste particles

e s 550K 8, SRRES o PAERRL L g L ifsus

1800 mHS%Qs fhen Hl%ﬁ@ 1960 hideled@dhhl 268088 600 hmMdss tHag adeldGISSO ao Jess
however, that the speC|f|c dose | evel for

any
than abp@tr 1408 umrrarlesp éhan@hpuw 300 nge s dhagrbR Ul %Pé)rmlétlwdhan about 1100
s, A5 0 Y 8 AR 95000 2 A5 40 1t s
700 nm$ RLE tHah @bAGH3Y nad, 166 mYpmsdbbhto@OOann,l legsethign dHomt sﬁelmlnf Jess than

ot e R L oLt MO BB, s
than abg{;t ﬂfé)rﬂnq | léstsrtﬁ% a%r(‘)ut A REs BRSO hinObss 8AH ab&it€l 50 nm,

excretion of agent; the duration of the

less thahrabaﬁmmmn,dessg]sanﬂa«adt 7 immombhesﬁhamaqut S@ommci dent al
wth the specific agent; and |ike factors well known
in the nedical arts. Thus, a precise pharmaceutically

11. %E%eﬁlwﬁu@rﬂ@pﬁ{ GRVIRLihE 1 980 Hiies comipAsaabRdamddable
can be readi | a%tern1ned by the caregiver or

polymec) 4 hpldlcamplc&pm oibsolutien, arrp gpmbinetion BeTenét er mi ned by
routi ne experinmentation from ani mal nodel s and human
clinical studies. Generally, an appropriate anount of

12. g Qbﬂ?ﬁﬁﬁ&@bﬁaﬂ}ﬁoﬂém&ﬁﬁmb 0 t® 1 dirthed chmprsing s chelhiionagent.
inhibiting effect, i.e., a bone resorption inhibiting
anmount of the bi sphosphonate is adm ni stered. For

13. I:j-;;‘l ﬁ'ﬂ‘pP 1? bF agkh E? \gﬂegém%eg%ggz{tmg g&ﬁ:%c' E@éﬁ’ﬂ&i ﬁoﬂnsthe group

roma o

consistitpl et hﬁjﬂdx}pfaetif acidb) galrah:mwbldl Phytoc @hxb Lﬂac@féﬁﬁﬁ) m(gblydgom acids,

humic gq(ig,,ﬁ],\ggqghtbﬂe g%garcltlsa E}ﬂ?l{}a 13(% ostbﬁy%faa }q%) getracer%% acid,
ethylentteggfr gfgr;-s-(géta-ﬁﬁﬁﬁd@iﬁﬁ WiHepaAN X, I@N@ CR{ALYE atRlI (FEGTIAYEEDTA

a unit dosage typically conprises from about
8.75 ng to about 140 ng of the al endronate conpound,
on an alendronic acid active weight basis. The present
invention further provides a nethod of treating a
patient suffering fromdisé#ders relating to abnornal
bone resorption conprising adm nistering a
therapeutically effective amount of the formnul ation
accordlng to the |nvent|on to prOV|de pulsed

o, o " . .

o Y



reduci ng the dosing frequency required by conventiona
multiple IR dosage reginmes while still naintaining the

whemwefld2is7 deri ved froma pul satile plasma prof PCBUS200é/609791
reduced dosing frequency is advantageous in terns of
patient conpliance to have a formul ati on which may be
adm ni stered at reduced frequency. The reduction in
dosage frequency made possible by utilizing the

derivatiGQTReF A h%ﬂ%ti@%s, LS NR FhityPAL MO Yh Rl FARM R EQivatives,
eal t b f

reducli ng care costs by reducing the "amount o
folic actd, fidicsgoahderivptihesabndalesinedigestik ecid. on t he
adm ni stration of bisphosphonates and, in particul ar,
al endronate sodiumin an IR dose for disorders
14.  T8E 8bhp&hitich sngiomlof BaRes T &S0, Ritiedin tHebivghobpte@ate particles
apparent to thoSe skilled in the art that various
are coated oNifhi aplilisonsitivenepating that delaws deselusionmpddes hipphogehonate when
a&nhﬁ%ﬁiﬁogﬁ.and conpositions of the present invention
tr38U ydeparting fromthe spirit or scope of the
invention. Thus, it is intended that the present
i nvention cover the nodifications and var,iations of
15, The §ompRAAT HrAnyB¢iodeimh (o t4 i thgr CAMRTIFIRG Sg@&iﬁ]ecaaifyla‘fe-
the appended clains and their equivalents.We claim 1.
A bi sphosphonat e conposition conprising: (a) particles
16.  Ghe abmbesiisin afwmyhine pliokphohas &5, vawprigingra érfdeefiat least two

iero g R h B s Sl B 5B 008 il

profile£OMPOSi tion of claim1, wherein the bisphosphonate is
sel ected fromthe group consisting of al endronate,
ci madronate, clodronate, tiludronate, etidronate,
Lhandronate, i ncadronate I r - [ t
7. IREgarBRaLe o R o arns BbT b oRehE oS AR e
comprifRRVINTBE fHokd SlddrhvicAticaD} alebptableleksipichey enfiers, or a combination
fpharmaceutically accept abl e aci ds thereof, and
thereofri xt ures thereof. 3. The conposition of claim?2
wherei n the bi sphosphonate is al endronate sodi um or
i SRt dElcPE 34617, AvhelBR (GOAMORE bhOffake
18. gﬁg%gﬁﬁggp&%?§?ﬁ§H%(F8E§ %ornu%atéﬁ Into an iﬁ ectabl e
stabilizeos agesefitin am andoanesetectdderdn siphgreph corsisting of Gompibexed.5% to
Wi t h ltivalent catiaon. 5. . Th osi t.ipon of .cl ai,m
about S o0 eI AL e R SIS R PO VR BB & FPBPHE 0%
to abou®99Y4H; GPRBIhE, ibAsdn Wk YthIRWnERd @Y ueidl bethe Bishhosphonate and
cation s selected from Ca++, Zn+ Mi++ or the like, a
at leastpoe stifaosatabilizeg Ineb inslusking other gxeiens.wat er sol ubl e
ester, and a poorly water soluble prodrug. 6. The
nmpasiti.on of any o . ai : B ; t
19, FRERSHRbr APl afi e Ss F B kil e bRODANES, s prosen
in an atBEntGEREPRE iffondthel R WEBcomstihg uf Aavabsutd9.5%to abaig OI0aPo, from
depot for extended bi sphosphonate r%J ase.. 1. Thg he total
about Y5gmisoRbont @A%e NG APIAREULT0 e IR RANT 95 By Y oRHwPHEE g0 the tota
combirled&ei A1 o AR HARIHA af RALD 8 sur At BIBHIEAN Rk iRluding other
Subcutaneous i'njection, whereln the bisphosphonate
excipied@ncentration i n conposition ranges from about 0.1% up
to about 60% (w v).8. The conposition of any one of

20, SsPmpostion OLRBTG GH0 i R oGP R Sor g fee

stabiliZegposi tion of claim6, wherein the extended rel ease
I's over a tinme period selected fromthe group
consisting of up to about 1 week, up to abqut 2 weeks,
21, (fhetcommpsifion 9f giveqes ofiphims 14p @0t whergigdke suriase sEbHIFsTIS
1 nonth, up to about 2 nonths, up to about 3 nonths,
up to about 4 nonths, up to about 5 nonths, up to
about 6 nonths, up to about 7
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nont hs, up to about 8 nonths, up to about 9 nonths, up
to about 10 nonths, up to about 11 nonths, up to about
wa2ooanexihs, up to about 18 nonths, up to aboutPQI/YsENE&(009791

up to about 30 nonths, up to about 3 years, up to

about 3 1 years, up to about 4 years, up to about 4 V

years, and up to about 5 years. 10. The conposition of

any one of claims 1 to 9, wherein the bi sphosphonate
selecte® &bk Bt §RoupR¥8sigtitl FanSalRsd 89kt oUbiliRE:, dtibhic surface

consi sting of |ess than about 1900 nm [ess than about
stabilizgg @@wittgrionéssiirfane stabibzen a 1g0omesurfass stabiizar, abd an iopgorface
nm |ess than about 1500 nm | ess than about 1400 nm
Pess than about 1300 nm |ess than about 1200 nm |ess

t han about 1100 nm |ess than about 1000 nm | ess than
22. athe labmgeﬁummf argSenetdiahiab o wé 2 BOMhenein thestdedshaie abfaoé

nm | ess than about, 650 n | ess. t han, abaqut 0 .
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phosphliﬁ&e% (ﬁ&%@n é&olﬁ?&r%@&mﬁ &RSlebBAN tﬁ%g%tﬁg%aﬂ%cﬂdess

an about’ ess than about | 'ess t han
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radabl e pol yne a lipid conplex, an oil
polyethyisngteilysnals, md@ybmmﬂnétanmmm foe@mdemlyqx’y@thylene stearates,

QMpPos Q one ,of 1
colloiafTRAR i x30 BoniePiigo Rt PetfButt, Jal bl igpe
calcmm; |I@df6x§t§nop¥>«h§§ll@ldse§ hepohriladd, ngagﬁﬁéthylaelﬁﬂbﬁﬁoemrﬁ rom
group conS|st|nﬁ§of a- hydroxy fatty

methylﬁeauuAQsm Ityda@%thywﬂ e éwp@me(ﬂloa%ﬂah@ﬁﬁer w;%rw%@? estiplose,

magne%&ﬂln Jﬂﬂﬁﬁ] S(kf)h(%‘evere ?Ando?an?ﬁé qjo r%h}nl(l]ﬁ g?n%hélaggl?v 8/ é)tyrrohdone 4-
(1,1,3 ’;Htﬂtxdme&tylbdtﬁm-pgdmod: pblynes %(itbeiﬂ&ylam axdadt dndl foehsidelyydeNSN

NSN1 -tetracetic acid EDT erivatjv
poloxaigrs palpF YRR et abé%rﬁci{wf*ydlaewg et SetiaTesters of
sodlumf RlbYuckidade rs'oHﬁﬁﬂ ME8/1 shigltd, araghsll pBBIeth%r ﬁﬂfcﬁllates mixtures of
derivatives, and al ani'nedi acetic acid
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glucop graipsides nH@ps0 G- DRhidghicysiad; e-hek§l f-Ihelueoppassside) omdnoyl-N-
any one of clains 1 to 15, conprising a blend of at

methylglela@md@mnqylfﬁ -Br-gliacopyopeside; efianoyt- I\Eamgﬁmﬁwané%el—octyl -p-D-

e different in oI t
slucopfi3ged s §-15-eEb St s o mty BRI R
cholestb@1, FBG-WAEQLR] §RGO8RaR:-itaRid A PHELviReIREl f@doane
or nore pharnaceutically accept abl e exci pi ent s,

COpolymarsrqf @iny] acstatg apd nimyhlaynrfdrdonhew eatibnicTRIyMRTea cationic biopolymer,

a catlorgf nF]grgalsc:c %}'hdee gﬁ%‘l%]&c ceg Z%sllﬁ a é;atlomc alt ?né%eé %tc\g‘pc?x{lg nonpoh}%nenc
compo@ma dihtiGet fhéspHolipiasNchiiehiglipidp, pontethyintghaetylaieom

about 0.5%to, about 99.999% by wei ght, from about 5.0%
trimethy lpmaheivmdgomidensul feaivgm compeiaids, Reky ARYRYITAliAtE 2 about
dlmeth%m%q@elaﬁrfl Yife{%l%brl%tg Eigrggt ugtgﬁafln ﬁ%cﬁtglg{?ttﬁ]}g % erglgé&}n%m bromide,
phosphShﬂlhi &dlﬂ}&iundmaplartmhnychmngomtimaron@onndn, eatzyl-diQ- The

conposi tion of any .one of clai to 18, erein the
chlom%lpﬁfﬂ%é%@ﬁaw b@n}ﬁ Sapfnuf Hn%%ﬁ&lr?é‘ﬂﬁ?m&’é’i QUKLP> FOOR

the group consisting of from about 99.5%to about

0.001% from about 95%to about 0.1% and from about

90% to about 0.5% by weigls6, based on the total

conmbi ned wei ght of the bi sphosphonate and at | east one

surface stabilizer, not including other

stabilizer



exci pients. 20. The conposition of any one of clains 1

to 19, conprising at |east two surface stabilizers.
WQ2006/Told1TONMPoOsi ti on of any one of clainms 1 toPRODUS2006/009791

wherein the surface stabilizer isselected fromthe

group consisting of an anionic surface stabilizer, a

cationic surface stabilizer, a zwitterionic surface

stabilizer, a non-ionic surface stabilizer, and an

tnmeth&%rﬁoﬁuﬁlflﬁ@ﬁnd%t @@dohhtzlﬁéthy?@hy&i@ﬁ &Hﬁ%ﬁh&ﬂl@ﬁ dhforfidycoconut
one of clains 21, wherein the at | east one

methyl ddlyﬂmxefethvhm?mpnm bromids, deeyd drigthyrammenigighipride, decyl
t
s G000, S BTG BBl

chlorid€ Bndaé, €19\ sdirhdtagagdrdxyethst zﬁﬁihbﬁmﬁﬁd:lﬂon&tﬁ nzgis&muthyh
chlorlde cal cium stearate, glycerol_ nonostearate,
hydroxz@hﬁdsae%wyummh@m roicleqtpseRwgbme i droxyehy! gasmonium

hlorldé Q:ropél{u@ Hmﬁé{i Cdg@%:%&i( tniag WG Groftli Y, lmﬁ{sﬂq t¥methyl ammonium

yoxyet erivati ves,
methyl B@]bhﬂx,ylemﬂyy ﬂlamehyﬂ (beimyl amrr[calﬁu:ny chloride dsmrgt dimethyl benzyl

t hy!| d t [
ammorfs e e 61y DS (ehEay b ety Sme by
(ethenogigr %ﬁ@o&%ﬁ%@%ﬁfe%&l@ﬁQC#@)@ﬁﬂ&ﬁMb%yﬁ Qitnﬁ‘lonllum chloride, N-

l'ul ose cal ci'um hydroxypropy
alkyl (Geld)dineted-behxyb pomeinios ehlouéc,%ﬁqtraéﬁmhdmﬂth}dlp gl ammonium

chlord A E SN A1 i P O S B 10 dimety

1-naptHyBASES] dﬂiﬁh@ﬁl‘dﬂi é}ﬂéﬁé‘d trirﬁ@thﬁam&ﬂdn@lrﬁ hnkde ﬁlklyEtnmethylammomum
pol yvi nyl al cohol V|nylpyrroI|done
salts, d(allkyll danqhylémmmmya Eﬁui, Ayl imethy] apBiopiE: Clwlpmiﬁ ethoxylated

alkyam%qa TS nqlgo@%grsélg, ng }gog(gﬁagﬁ tg?tg%y?mﬁﬁm salt,

am nes,
d1alkylﬂd:rﬁéﬁeydhsﬂtlyfaﬁﬁﬂmumaﬂl&mdé; Whdigdeghlimethybimswdiunmrhloride, N-
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naphthglggeglﬁg %’nﬂ}\(ﬁ%ﬁlﬁﬁyﬁfoﬁge Riddéﬂn&lﬁ)@tlﬂh@éﬁgﬁyzﬁ%%m(lﬁi SHEdER Bialkyl

cam de; n-decy
benzenbalBylgimmagymarhdsidtelauryd dtanyﬂhybarmﬁnnalluno@iyola&m slkgthenzyl methyl
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bromld@s I@Ffrﬂﬁet 'l%ﬁ&ﬁ%'ﬁ&ﬁﬁeg 9(317 'fhl’ﬁ@lﬁ&]yzimmomum bromides,
hi ogl'ucosi de; n-hexy | ucopyr anosi de;

dodecyﬁmnayiayeﬂammn@nu@a@m@m polry ch@l ldimengameepyrheibeiidre:

(DAD]ﬁ(AgSt @%{1 @Nba% %}bl%l} ;ﬁlg)glldgsé alkgldtlmFthylammomum halogenides, tricetyl

methyl%rﬁj&ﬁmﬁgﬂhl&mlé)’(ﬂ@@ﬁﬁhﬁﬂ;yldn)&ﬁ@iiyﬂiﬂamlﬁﬁﬁ- podespha¢thpiathmonium
PEGchol est er ol PEG- chal est er ol dgrlvatlve

bromidepigiredecaliimety aEmpripmdypmide, metylBIRcEAyBmpRisNg clypride,

I
POLY%Q?E’&I 1 %ﬂ%a S %%F?éérg?ﬁ]ggg?&fd% ﬁé?]%?litg{ﬂ?%l%@ﬁrh&%hfﬁm bromide,
choling&sters Mﬁi&&lﬁdrﬂt&n chlomdb,l serrdkeainchbside compoamdso pgtyl pyridinium

al ginate,  a ca C_nonp ric ¢ ti.oni c
bromldﬁh%ﬁéﬁipdlﬂidml% chloRl e P e ety e P il g
O et T g}ﬁj(ﬁ | ARRURUS , amine oxides,
po yVvi ny p6¥9g¥|dgﬁi - d?%%#%yﬁgﬁgﬁﬁigw
imide avetihiaor seltatpowinated qyteruatyf m:elamnbx,auetbylatqdl qvetergary polymers,
annnnlun1bron1de phosphoni um conpounds, quarternary
and caligfit 8%m conpounds, benzyl - di ( 2-
chl or oet hyl ) et hyl ammoni um broni de, coconut trimethyl
23,  rAERRLIpILiEbh OF hikeoncETPabts i rtb TR dithprasiiEDay d i fac o stabiéizer a
coconut rmet hyl di hydroxyet hyl annnnlun1chlor|de
coconut nethyl dihydroxyethyl ammoni um brom de, decyl
triethyl ammoni um chloride, decyl dinethyl
hydr oxyet hyl ammoni um chl os7de, decyl di net hyl
hydr oxyet hyl amoni um chl ori de brom de, C12-15di net hyl
hydr oxyet hyl amroni um chl ori de, C12-15di net hyl
hydroxyethyl annonlun1chlor|de bron1de coconut
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amoni um brom de, |auryl dinethyl (ethenoxy)4 amoni um
chloride, lauryl dinethyl (ethenoxy)4 amoni um
whemaitela17 N- al kyl (C12-18) di met hyl benzyl anmonPCUS2006/009791
chloride, Nalkyl (Cl4-1 8)di nethyl-benzyl ammoni um
chloride, N-tetradecylidnethyl benzyl ammoni um chl oride
nonohydr at e, di nethyl didecyl amoni um chl ori de,
N-al kyl and (Cl12-14) dinethyl 1-napthyl nethyl amoni um
pov1do§%o@?rh%%av§r{§n g%ﬁ%@g@ %’%h{ 9@,000 daltons or less.
di aI kyl - di net hyI ammoni um sal ts, lauryl trinethyl
24. Elwrwmpmmlmd»ﬂ off angeneet hlakyd hte?B, additionally comprising one or more

oal kyl di al kyl ammoni um sal t, an et hoxyl at ed
non'blsla’#‘i’%ﬁ?%qe ‘H‘H% 'sal t, dial kyl benzene di al kyl ammoni um

chl oride, N-didecyldinethyl amoni um chl ori de,
25.  NEhetsmpesiidbmeiyncREoryths 8624 iviereis Hedonti@sition redisperses in
nonohydrate, N-al kyl (C 12-14) dinethyl 1-
a blorelﬁ‘gpﬁ frwg;afﬁyph yhat Sheckisphesphonpigmagiisles have an effective average particle
| kil about 1900
e s EIOY IR ST 616y, Sl b 1500 o,
less thadmboWti 1800 aid, ddss tean %bktyl 106 my, Ilesnﬂtdmyeiboammﬁlnmnnless than about

ch] ori de, alk | benzyl thyl _ammo 2
1500 nfy el bHHAD e o out 60 pity st ﬂ{;{ g s tess
than abpﬁtglecy%f‘?e 164 tﬁa[n' d%%hm/dooméﬁs WSR3 SR Sam, less than about 800

nzyl triethyl anmoni um chloride
nm, lesptiay -atiowt] 109Inahi, mnmmwhémmmmmthmaqmmp, less than about

550 e 4BO0 O SRRy« A e g i ess than

about 3@@% tdsk ﬁﬁh%bm Med&tRdA ﬂﬁut 250 nm, less than about 200 nm, less
dodecyl tri et hyl ammoni um br oni d

than abpett k58dwelpssthareatiopt AoRvomi leps vba@ ARQIS 75 i, g Less than about 50 nm.
trioctylamoni um chloride, POLYQUAT 10(tm),
26 okl Ht&hgﬂ{ pﬁﬁ@hﬂ @ﬁp@ﬁon&e' Hﬁlﬁobéﬂﬁmﬁpmg
romde, C e esters oni um chlori de
gaear abhpmxurg at dast mmbdnqﬂm;mmahs withed mmltpzyttanu catiomm

brom de, cet di. ni chI i de 0
it crvivsa BopRbilsamAtarimaalp sAsE g o age
ALKlA%E {d Do @i*l%éé'thﬁi/éﬂdﬁt podommal ts; amnes, amne
salts, amne oxid i mde azoliniumsalts, protonated

qmraem AEleyst ane wr&ned@@;llmmsmmmd vejthathe bisphgsphonate either
mers,. and .cationi uar. 23. The conposition of
before’élw}é%’ﬁ)é agtFrB’i‘rHFﬁsmf rF(gucglﬁn conprising as a surface
stabilizer apovi done pol ynmer having a nol ecul ar wei ght
of about 40,000 daltons or |ess. 24. The conposition
27. ¢t mathpdefénabitisg ApaeresomEon R a mawinal dhagady herepiHOIATIFiNS
ne or 0 |ve agents. 25. The
admm%g%%b{'gﬁospﬂ?ﬁ] tg)b&ﬁﬁgﬁt@#}l &g{zﬁls 1l to 24, wherein the
O lattichdy of! %dleﬁﬁ&fns ®gsphosphofdtehetiny mmtffet&dzeavmaghpamcle
that the bisphosphonate particles have an effective
aver a@ézepf’irl?sﬁéllwé‘ byl WANEE8E from t he group

Si f, e:ilbout 2 mcrons, |less than
g@c:ut Sa?lb%% hﬁgss t han about 1800 nm | ess than
about 1700 nm | ess than about 1600 nm | ess than

500. nm ss than about 1400 nm .l es han

28, ABeiciaber fim Lo BgtosTianes Mo inEe@bleBieee forms
ﬁ%gaj Lessidihgpn.about 1000 nm | ess than

that fo utpé%ggﬁﬁ?h%ess t han about 800 nm | ess than about
700 nm | ess than about 650 nm | ess than about 600
nm |ess than about 550 nm | ess than about 500 nm
| ess than about 450 nm |ess than about 400 nm | ess
t han about 350 nm | ess than about 300 nm |ess than
about 250 nm |ess than about 200 nm |ess than about
150 nm | ess than about 1088nm | ess than about 75 nm
and | ess than about 50 nm 26. A nethod of making a
nanoparti cul at e bi sphosphonate conposition conpri sing:
(a) coaneX|ng at Ieast one blsphosphonate mnth a

. o s - Y




wherein at | east one surface stabilizer is conbined
Wi th the bi sphosphonate either before, during, or
w@bdoenoparticle size reduction. 27. A nmethod oPCT/US2006/009791
i nhibiting bone resorption in a mammal in need thereof
conprising adm nistering a bi sphosphonate conposition
conprising: (a) particles of at |east one
bi sphosphonat e having an effective average particle
29.  §héeeBlod ERaitn oAt 282 ABerefiMhe aB6hidiB-atRth 1 gﬁsﬁ tOMme
surface stabilizer. 28. The method of claim 27,
mammaltie neddofistieh thempysit fiegwencs intervals of gjeater dineonggeslyap to and
el d.forrrs t hat folt'orrs 2 qggt%tefol | owi ng adm ni stration. 29.
including onq yeap and 4 to.gng: OF clai m 28, wherein the
adm nistration is given to the manmmal in need of such
therapy at frequency intervals of greater than one

30 deerctlipd o an@ne REFlaimny Brid Wiigh dasrnal pradyce fgailigant

csophale 8 s oI ORL U0 b, S000L b R s o

bisphospppeate.gast r oi ntestinal tract disconfort resulting from
the admi nistration of a bi sphosphonat e.
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