TARGETTED DRUG DELI VERY TO THE BONE CROSS- REFERENCE TO RELATED

APPLI CATI ONS [0001] This application clains the benefit of
priority of US provisional application No. 61/184,548, filed June 5,
2009, the content of which being hereby incorporated by reference in
its entirety for all purposes. FIELD OF THE | NVENTI ON 10002] The
present invention relates to conpl exes of a bi sphosphonate or a
phosphonat e conpound, nethods of preparing such conpl exes and uses
thereof: The invention also relates to a nethod of treating or

preventing bone-r el at eBABGEIIFEE DRUG PESIVERY FQTHE BNBraceut i cal

conposition of the respectl ve corrpl exes. The invention also relates

to bi sphosphonate co ﬁgﬁsmﬁﬂaﬁ bN\éEl\ﬂ'l ON
[ 0003] Bi sphosphonatcag are a c '{8 rugs Lal%'%tgeen used to
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has been replaced b P-C-P bond. The di phosphonate group inparts
sufficient affinity to the m neral phase of the bone so that

adm ni stration of bi sphosphongEe® oratE SNVENTISNTONI fi cant anount of
deposition to the osseous tissue of the bone. Mny bi sphosphonate

anal ogues al®0LiTheprerept gygntonyFlates & cammlanre oha bisphrephampterr myphasphonate
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SUMVARY OF THE | NVENTI ON [ 0006] In one aspect the invention
provi des a conplex of fornmula (1) of a bisphosphonate conpound of
formula (11), the conplex adapted to target a bone, wherein, in
formula (1), Crepresents a carrier to which the bi sphosphonate
conpound of forrmula (H) is bound thereto, and wherein in fornula
(I'l), RL and R2 are each independently selected fromthe group
consi sting of hydrogen, hal ogen, hydroxyl, optionally substituted

Cl- C10 al K&tastamtlhomhhy uﬁﬂibﬁgh trigk S Brebst - éaﬁceal(hewytn umt Joﬁﬂﬁi b¥ Medicine,

substituted C2- Kk : optlonally substituted C - g
opt onal | $5% 400 (PR Havesch b gmts + 3wt epen BIoRghes oL pvld dmgrove

C3.8 cycl aﬁglém&yalﬁr}sddeeuﬁ%@soki%tearsﬁle%ﬁeasa | i nker having a main
chain conprisi mai N, chain atons. [0007] In another aspect,

the inventi dW"ﬂ?é@P@é%ewka?frﬁa@Gﬂ?létﬁﬂ disensp &t isi netentiaifyea major orthopaedic
phar maceub o6 Qsomtaﬁict b&beﬁﬁ%k‘déﬁmH&e oawm}eﬁﬁs a8 Aol "G rABBY GRS

a phar maceut | cal y acceptable carrier excl pl ent
infecting the bone and/or the bone marrow. The infection associated with osteomyelitis may

be localized or it may spread through the periosteum, cortex, marrow, and cancellous tissue.
Osteomyelitis can be treated medically or surgically aﬁd prolonged antibiotic therapy is
normally used. However, there are serious side effects such as nephrotoxicity and
hepatotoxicity associated with such treatment. Several delivery systems and materials have
been used in order to provide efficient  antibiotic delivery. Materials such as
polymethylmathacrylate (PMMA) and other biodegradable materials such as hydroxyapatite,
plaster of Paris and chitosan were used. A porous calcium hydroxyapatite ceramic (CHA) was
used for sustained release of antibiotics by incorporating the antibiotics into the CHA blocks.
(Shinto Y. et al, The Journal of Bone and Joint Surgery, 1992, 74-B: 600-604). PMMA
loaded with 2 variety of antibiotics have been extensively studied (Jain AK et al, Skeletal -
Drug Delivery Systems, fnt. J Pharm, 2000, 206:1-12). A hydroxyapatite composite
comprising plaster of Paris, chitosan and hydroxyapatite irnpregnated with an antibiotic was
also studied (Krisanapiboon A. et al, Journal of Orthopaedic Surgery, 2006, 14(3): 315-318).
However a major drawback encountered with the treatment of osteomyelitis is the risk of
antibiotic resistance,

{0005] Thus, there is a need to provide a new way for targeting drug delivery to the bone.
This need is solved by the complex and the respective uses of the complex including its

pharmaceutical uses.
SUMMARY OF THE INVENTION

[0006] In one aspect the invention provides a complex of formula (I} of a bisphosphonate

compound of formula (II), the complex adapted to target a bone,



[0008] In a further aspect, the invention provides a nethod for the
treatnment or prevention of a bone-rel ated di sease or disorder. The
nmet hod i ncludes adm nistering a pharnaceutically active anount of a
conpl ex as defined above to a subject in need thereof. 100091 In
yet anot her aspect, the invention provides a conplex as defined above
for use in the treatnent or prevention of a bone-rel ated di sease or

di sorder. [0010] In yet a further aspect, the invention provides a
met hod of preparing the conmg ex of formula (I) The met hodg ncl udes
reacting a conpound of. f@rn* a (H) 0 c pl-1-NH2 1311 0 (TF) dyth a
conmpound of fornuLa—(III)

\::--._‘“ _0 l X
T >Fi Ly NH—C Ly ’\“’ oft
I ' - I'

ey

wherein,

in formula (I), C represents a carrier to which the bisphosphonate compound of formula.

(I} is bound thereto,

and wherein in formula (1),

R, and R; are each independently selected from the group comsisting of hydrogen,

halogen, hydroxyl, optionally substituted C;-Cjo alkyl, optionally substituted C;-Cg

alkenyl, optionally substituted C;-Cg alkynyl, optionally substituted C;-Cs acyl, optionally

substituted Cs.g cycloalkyl, and optionally substituted Ca g cycloalkenyl; and

L and L, are each a linker having a mam chain comprising 0 to 20 main chain atoms.

[0007] In another aspect, the invention provides a pharmmaceutical composition. The |
pharmaceutical composition includes the complex as defined above and a pharmaceutically
acceptable carrier or excipient,

[0008] In a further aspect, the invention provides a method for the treatment or prevention

- of a bone-related disease or disorder. The method includes administering a pharmaceutically

active amount of a complex as defined above to a subject in need thcréof.

[0009] In yet another aspect, the invention provides a complex as defined above for use in
the treatment or prevention of a bone-related disease or disorder.

{0010] In yet a further aspect, the invention provides a method of preparing the complex

" of formula (I). The method includes reacting' a compound of formula (IIa)

P -O\!J
\::.._ 'O
SO P Li—NH;
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(I'1l) under conditions to formthe conplex of fornmula (1). 10011] In
anot her aspect, the invention provides a conpound of formula (I1)
wherein 121 and R2 are each independently selected fromthe group
consi sting of hydrogen, hal ogen, hydroxyl, optionally substituted
Cl1-C10 al kyl, optionally substituted C2-C6 al kenyl, optionally
substituted C2-C6 allcynyl, optionally substituted C1-C6 acyl,
optionally substituted Cmcycloallcyl, and optionally substituted
C3.8 cycloal kenyl; and Llggnpd L2 are each a |inker having a main
chain conprising O to 20 main chain atons. [0012] In yet another
aspect, the i nyiherepoqundef fsmule (BBapl ex of fornmula (VI) N 7 A0 \
-40H L

o
J//OH

R2>< ok
OH
HOOC—L, -

P
l\\\OH
0

(11D
under conditions to form the complex of formula ().

[0011] In another aspect, the invention provides a compound of formula (II)

IO 0
HO OH
>J R, 0 R F!/
HO
—e Ly NH—C— 1, %::TOH
HO ” I OH
o 0

an
wherein
R; and R; are each independently selected from the group consisting of hydrogen,
halogen, hydroxyl, optionally substituted C;-C;o alkyl, optionally substituted C,-Cs
alkenyl, optionally substituted C,-Cs alkynyl, optionally substituted C,-Cg acyl, optionally
substituted Cs.s cycloalkyl, and optionally substituted C;¢ cycloalkenyl; and
L, and L; are each a linker having a main chain comprising 0 to 20 main chain atoms.

[0012] In yet another aspect, the invention provides a complex of formula (VI)

{/@:



\OHIm (VI) In formula (VI), Crepresents a carrier to which the
phosphonat e conpound is bound thereto, L3 is a |linker having a main
chain conprising 1 to 20 nmain chain atons; and mis an integer of Ito
10. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0013] In the conpl exes
of formula (I) or formula (VI), the respective bi sphosphonate
conpound or phosphonate conpound can be bound to the carrier (C via
any non-coval ent bonds, as long as a stable conplex of formula (1) or
(VI) is formedomSile fVDp T epresdntni cheiRt it ghitAnhe bhdsphomaEdopoinfl {sUisiind
hydr ogen bonﬁis or ionic interactions between the carrier and the
respective d.eﬁ‘ﬁtBSphonate groups of the conmpound of formula (11) or

t he phosphomngtea mileyRsvid a b cEARRbENrisdg f RAWbhAn ERdin atorhd) aR@ME

enbodi nent s, the,hydroxg i ons of the bisphosphonate compound of
formula (11238 BE8sHof 4 0 i nteractions with a netal ion of the
carrier, for exanple Ca2+ ions. The interaction can also occur via
chem sorption or other possible interaction between a typically solid
carrier and a conpoun®ERAIED DESCRIPFHON OF THE INVENHON It is al so
contenpl ated -t hat coval ent bonds between a conpound of formula (I1)
or formula (dofs) theRBnfpRxEEHE FRmbRSILARGNE TV ' i

[0014] Any garr%er gan tl))exused to fg(r)cm a corrpie ’vt&%epﬁsl{eﬁ}e%%ép%sl)honaw
bi sphosphenound pr pegsphgngte(qompourd eanebepbryng o thetcarrigr (jpvifany men-covalent:
conpl ex_ Oforfir Moy (Y1y) statls PR e, | ]
stable for | ;’sﬁé'llggigr e sfbiljr pgélgp ngf\oz %%?Jrlif qgﬁ%gafgﬁgetﬁbrﬁﬁ glggg? h@'glem
any desi grnding oghalge sxameple. lintlude didpgeh bendsxariplie interagtionebétwesy the catied
t hereon of 4t i N T jar : r I i f

coment Rt BBt pri i of oA & i\ BF e BBy Rbnar
parti cul agresps gfetht eomiplexceff foohels (Vb dn some enbodimepts;y thahyrdexel ionb of the
i nj ect abl j i i i . OF. i.nat | t her eof..
I come. csapieht ity S KRG Bh toth il GREAPR LS AT lE Ve
nat er i al .catrer,ofon exampl oCH Trinms.sThe ingeracaion icen atsarpccumnyia icb@miserption or other
ost eocon Jve i ural . ort. slimting,.
exanp! o6 TPt BRI R8s Ophi i Boie? ARPE EhoolSf Pebf ipPiie on
( Cal o( PO4h&¢aphfr2t ialscsennteaiplaeditheicordent dondsdietakn a cahpiundnof fonphlat(H) or
cal ci um phosph - di cal cium.phosphate:. tr.i cal.ci um phosphat e;

(3-tri caﬁgﬁjrﬁ N g%%aet 8@“(#3- eﬁ’gﬁg&fs; dfr%ﬁ)en'gv%l}m%i phasi ¢ cal ci um
phosphat es; [(8d4iptmsy ¢anserahn bahset tofosmlagbaiplex avith they/bispheyphpaedte bfRformula (1)
(Per Gssal (r)) ;. composites of.hydroxya ite: aster of Paris_an ,
Chi t osan-or Ao peRETa: ¢S At b PR Rk e (BEG e 2 i ifothes i
or conbi rfatnedris stahlerfooits (ested ipnippas) Ahi: kavisr fan &t ciBlomizkdUfitdadny @esigns or
Ot hopaedjc Surge 2006, 14(3): .315-8: Shinto Y. et al,. The.Journal
of ' Bone. ahEPeS 81 R LR gl en g tisorogasedherson, v forplhy Fheygacie o, 1t
al , Bi omakenplalte, in2860 Form? 6f 2éfcht,2EBdhnic JIGWUE, ceMdmie tbedds, midr6¥eads, granules,

Biomater. Artif Organs, , 18(2): 213-218. .0015] I n sone .
embodi e Rediclzics plies SPABRR: B P alaamcwf"fsnglaﬁbﬁingm%ﬁﬁ@b?fofnﬂmél in a
carrier palyaieriakagies 6 doadihatibmVBereOin XRMIMRdBRhE] METRRSRA2bAPHNe an
hydroxyapatite. In this context, the carrier can be used to coat a

pol ymer i @SEYPpfustivgmaterial. by ehpeembodimsnis, hecarmigr gan fompriss rcostraeAdpgtive

that is \didHaD ahd'@ skGoiba SGFoRl NoRSindNSY aaeptsidfistsh PRAGS Rak & d8mple
used for this purpose. Suchvfgol yneric material can be of |inear or

br anched sidgnBydsoxyapaise 6- e LIs(O3o e switshie precursesp dheyaes raglcium sulphate;
m xt ur es f I J @l j ‘Bt
are not Icialgﬂ%ggﬁ?g@g%lrm%ﬁg?ip(:illgéi%cg)t-eplgé/%i de) Sl(lélsg?fé?é %g-ic?/leng?ihg@g% Q%J e
(PMVR) , @h%ﬂ;hmoeﬁeorgiw@@qw (cPleym  phosnpatss;o pymrasdesg bl salcium yelphate )and
ol yl acti drﬁE} olrhi jo O . | .a
Bol );Crrer i ?:1 90 ar ra?gtét,ﬂ(f%rr(k%g @ﬂgaﬁﬁscﬁzhggﬁz&gﬁo}e’ g{E% ?ggg g%r%r 3‘?‘2%&‘%%
to the person of average skilled in the art and can al so be descri bed
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[0016] In line with the above, a conplex of the invention can include
an additional nedicament or drug. Such a drug or nedi canment can be

i ncorporated into or onto the carrier of the conplexes of fornula (I)
or formula (VI) using nmethods that are known to persons of average
skill in the art. These nmethods can include but are not limted to

m xi ng, dissolving, granulating, entrapping, encapsulating, |oading
and i npregnation nethods (Rausclunann M A et al, Biomaterials,

2005, 26: 2&iéiam2 MRhdient dpafie | (dalhStPARS, (‘I—ﬁ’(ﬁ)& 2$) df‘h@d?nlﬁnatmns thereof (see

hydr oxyapatite is used as_a carrier in nglex of i nvention,
Oh

a drug” cairisgepibeemnp et %efquﬁlﬂépbgﬂé?fé'ddlr? ﬁt"cge OQﬁydﬂ@k)ﬁééﬁt Phigto Y. et al,
pr ecur sor rpk bihes BY iBBhe taﬁdtjasu ,%hgcww 34 Eorsoeh tRAGscH Maﬂagi

and the drug. Alternativ ired e carrier can be use

a coati ngBlomﬂF@MS?]zoﬂﬁwyzﬁd?f%@ -2684; rﬁs@d@aMenft alcéfwnéeBwnwdet@‘danan@S
the conpl ¢ ﬁ(ﬁ?t’-‘ﬁ B?SI nvention as long as the desired purpose is

achi eved. € term™"drug" as used herein refers to any

t her apeut i cdP01p] &icsdmecernlsiirnerds dhd ez van ad'mg'lsa@(cepﬁﬂgdlsmg ahhef thetcatrior
be any co d t apce which |s uSe

di sease Or%%ﬁgloq’e ribed %ng or exlq%%lalca OF%ha?e og a%gt% a];gl Eilis context,
ant i bi ot i the camiencHni Heuxsgdito coat Pppliineids camqrmhdapmom fooézaiple, Aay polgheric

id nol i.naf i h I tibiot
el ude. DReaoB 6 TRNE Tht RPar R hie: SeREE AR B b Befiipn, i
i m penem pnapqmlaosm polpméic amiepipe cazbnef mhaxy;f:ybrdnbm ;&mjdn@@rﬁmmmpbma&

t hereof, t.0,mention onl n cert odi rrents the
conp! ex esPIGTRPPREeRy SSRm sy e BATeR b ub gt of Sieh REDREH: R

i R whi ch ihbladT:aﬁtraremoeJiudltéme) ﬁulﬁ(&hﬁ@da&bogl?&@é)qhnspfpﬁl;@aﬁﬁla@fﬂat@(mbpnh

ar naceut i.c act i r nents, ei the carrj

!to he bi sphtfd {ﬁ?}yﬁ B3R sgl‘ﬁ&% B’ﬁ'ﬂp@f ?}lecﬁwc‘gﬁ’ﬁﬁéﬁmﬁgﬂf‘?q{’ai“f‘?/ (ggf\p,vgr
The t er m opibidatiesetibie6f Methcils forvRatinSa piiffertafaficn foLbRMplel OmRFéphere or
substance which is useful .in the reatrre revention of dj sease,
or di sor EFPYPmE AT pewRdY Ehea&efsaﬁ of pverags ﬁE’i‘F@%’SF&'&IW EAREIS0] g dercaibgd in

human or fnieR@hplsUkingpdiboonkit 100 48lankéd Materanoon) 10719601983 andl Xu GbE
one or i |nat|on refers to a fu sat ur.at ed

| kyl " | I
ali S‘ha? i cTamgpka ché%zslaﬁ%agﬁcég 3. Epgapidtion aod gplgpre il e byipapobic drug from

hydr ocar bdray&patite a'cfh@edahiféléonﬁﬁn&foﬂbteﬂ&ﬁ”ﬁkezm ohi 86H hYearrier can also
substituted. . In_certain enbodi nents, an al k can conprise 1 to 20

car bon atiBfRd eﬁ@%O&%P@&P%H‘I%IBﬁ%‘WEfWBO% t%aff seasted o thg bone. t o g

carbon at onpo14] ol GahRAD BERIR. codfplek 601h3 HANAGH oAl GBude UACLRitdnal
(whenever it appears herein in any ofIJ t he definitions given below a

nurrer i calMydGTRgEDt ke Sych & dryg ggnedigament cambe incogpgited ity aset thacager
in the gigreme éﬂw&cs 8f ﬂmuﬁla)ca%ﬂdfaftv% IRA SefhBa th%@iuwn {3'PaHBhns of

conprising only 1 carbon _atom or carbon atons, or car bon "at ons,
or 4 car BSFrage B in te ag. These aretheds A neglpdesbut ardoen ha:tl@%o mising7 dissalviog
at ons, Orgr G GAhD UALAPANS en@atp‘éulan&go I&a@m@"ﬁqd& ﬁ#ﬁhﬂﬂ ﬂ%ﬁ'loﬁ@fm%hﬁraﬂﬁr&d.
Exanpl es of al kyl groups includ but are no te

ethyl, propyt almﬁ:@p«ypnals,s@s%pgﬁ 26BL2684). Asban yillustrative uespinple, Ywhen a
sec- butyI , t

oy GeES A pocd 4R Ea iny b iplor of WKL O ke T Crmmpleybe
and t he Imdoeporated mmhﬁmﬁ}tﬂeﬂm balctmqryrmkuas puseth thercoimmecipitatiors of the
an al | cyly ranched h dro bon
chain oneyglrog aﬁt'&%hd E\%%%'bazwing?éeﬂger%%ﬁéﬁgg%t% aB-, ? a%floearsle&a/t ken
conpri ses 0[0017]Anyadrbgnr mbdlmen‘t ozn lgdacperatid invo fhe@ampbm ofithe ﬁmentﬂnian

5 car bon,atons ,or 2.t car bon ,at ops ei,n a nunerical

such as P& & B i “’@833 5 gehipvedy BhewgeE‘H dﬁ‘fgeg%sr ugeR hefrin Q%nvgﬁb any
range, eitlggrapeizcallp aatike ayent aﬁeaﬂgcﬁeﬁtﬂlty adepidK BiNYHe G QU Pe affPémpiund of
carbon atons, 3 carbon atons, etc., up to and including 6 carbon




[0023] The term "cycloal kyl"” refers to a conpletely saturated

hydr ocarbon ring. The cycl oal kyl group used in this invention may
range fromCg to Cg. A cycloal kyl group of this invention can for
exanpl e be optionally substituted. Exanples of cycloal kyl groups

i nclude, but are not limted to cyclopropyl, cyclobutyl, cyclopentyl,
cycl ohexyl and the liKke. [ 0024] The term "cycl oal kenyl " as used
herein refers to a cycloal kyl group that contains one or nore double

bonds in ilitantd'ghich isRR6Wd troaf anky/pBVeR disBasBBF isdrH&N 0 fre ehb@dim@é’t@r{%dm
forma fully del ocal i.zed pi-electron_ systemin the ring (oth erw se

the groupS3bRR ¥ aEboke. A anﬁ@naeﬂ pretde @ peatein, a Mmeea il agicbmplscwg, or
this i nvegthviRattRY tHefdd@CEfchPMri-antifiotfcs an%emaé B 4rf GOV lim MR aH

this invention may for exanple be optionally substituted. Exa Ts&ns)}c
cycl oal keawwglﬁ@upenwell@demmmar amphstericinniB, eGEﬁogerwmoldemyline and

cycl ohept gor,’l[blﬁatghe@%}enf Wﬁﬂe&‘” w. Cycl obutenyl, cycl opentenyl,
cycl ohexeny cycl ohept'eny t'he Ilke [0025] In the conpound

of formula ([001)3] Ireawuoemhcﬁuapms Lthe ¢ampledes ok gre presentnigventinmican bévai andual

-{ge Tzi n 1&&941-:21 gy%[}n{ ?g \U@@i s dgam%bm:réa t|h§ bé hos hox{a’te/ %iosq%iate ﬁxbwi‘y are Joth

cont ext plhwmattehecallvnkmtwhashﬂ roghen Cdmhudmcsms cither the camier or the
am nobi Spm@g,@@{aﬁ@ts@g hitfnd OB ShE RSB BB 38 s " e,

U udag H FhRceut A Desi g
be used i Yphatmgacewdivplby activel’ dsowsed lharefd fe)‘er@ to Bag sobdtance which amsefidrit aha

an aliphatic and/or non-ali,phatic..npiety. | 0
ot udes BeEneREr Bley B A BGR% EiSRE o i e AR aRBipgefitotgon
La can beiniainepepndatinblsubetect ed fromthe group consi sting of

SObsti ut od TAOHs' b BamgAinT BERPBIMT ett bt dlsne S iesomProgiyy rfers o
optional ly ﬁﬂlybmrﬁtad alipianc Gy daeyrbon epdhi mmsﬁang&tLH}SlﬁrhﬁdhE(Edha’iﬂi )hh/drocarbon .

optional | ti etero onal | bstltut

Ol oar'| crpoe dha sl S 0 PR omebally “ehteed JR pietst oo an ek
| i nker cagmprcbmptsed temolcmoﬁhfougl Uto€l 55ddftfon atonty € tooltesayon Qtoni3h € Ry8 carbdre
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count ed tﬁy@@ﬂieﬂeﬁﬂh&ns‘lgﬁ@d mdavk)aﬂ R4 Farigh, su€teasl 111k 207 dm“o?rczsrﬂref@s to
cycl ohept IS cou ted to contribute 4 main chain atons to the

respect | IF fofReer vED 1angs B:8ct(prCae E)lﬁflr misapsdatan sliovherepp compgisigaoniyo

t he |i nker carbon 31&@2&12 chaitonAbris, @R 3ichrbdh s CaY QEboR R8PS @irbén atoms,
heteratom The term het er pat ont ref ers to an atom ot her than carbon

or hydr odB?. SROPAIE: BfrE CarPRn Ft9T5.4 15| SHioR goBEnElentR {P g ivslyding 3¢ erkon
oxygen, St Wxamplet bOARG] gRRFs aiamewzta& n&qimﬁédetonﬁkthlyl BHyE b1, n-

those atons. |In enbodinents in which two or nore heteroatons are

present , REPRYLt REPTERYLNBYL Hisbwyh dschuiylngeg-bubl, 58-bubd CHAMYAsPERd, hexyl,

anot her, ?tyﬁg lQBnﬂldecﬁf uﬂdaeyltdme@i urmrcﬁ &e&&&g%eg&tmyleﬂ&&emﬁe
dlfferent rom f he others. |'i nker can conprise an ether

moi ety, -a pti0FUykherem n@k@wy’ asa“%eﬁlbﬁ@ﬂlhéﬂrfefﬁr@? ax wkyh arogpithes cagfhios jo ther
an_am de ebigflof bl BRIy RRarBA thaBOOHR ok kol ddBl b e ATRLR Smbodimk 4026 1
The tenn "aryl" refers”to an aromatic ring erelrn eac he at ons

form ng talendrcomarises Ortp rﬁg)arbynatm:lar o nxampda? 106 garbor aigrs, Pty Steerbop mivex
by five, " y

aryl ri ng%ffgsg%lﬁ'rﬁgrpatg@gg%l? en an?c%l?ﬁ?%@ S&&aﬂ ?'té‘ﬁ” &acggrﬁd%tgg% eacEe
opt i onal Ilgtembstthetgxtfﬂdranﬂ'é)ee g é‘CmCs aﬂ@mﬂ‘f mansr mﬁtamsalkmya ggxupwpmpnsmg 2

conpr|5|n | en pl apar hayi del ocal j ze .

[ pThel ect fgrgﬁn(sa\é&s%’efn gcriégn%fgﬁogl?hg g, Tnpl 'gql g %‘ﬁgn RSy F%y(iléfﬁedm
i nt eger . tifs ivestion cam Yorlemarhple ive dpthynally substitated., Exaipdas of elkeril grdﬂbflﬁcludld‘,

nore than nine atons. Aromatics or aryls may be optionally



[0030] The term"arylallcyl” refers to a group conprising an aryl
group bound to an al kyl group. 100311 The term "heteroaryl"” refers
to an aromatic heterocycle. Heteroaryl rings may be formed by three,
four, five, six, seven, eight, nine, or nore than nine atons.

Het eroaryl rings may al so be fused to at |l east one ring to forma
part of a ring system The term"ring system refers to two or nore
rings, wherein two or nore of the rings are fused. The term "fused"
refers t olbat sird Giot! tigdtedvioo, cxalﬂlae}nwo pfperifl) mténdyngsat-siita(lnaw r}ﬁnﬁﬁylmrn&tlmﬁdl Sl
Het er oaryl s e, opti qna |tute Exanpl es of heteroary
groups i nEFﬂggmﬁfﬁ'“gﬁjé’m%’tl %Wﬁ‘?‘“ﬁéﬁe aromatic C3-8 heterocyclic
groups conpriogaipghe RemdXRIR1"04s Sl ToirteRit & at BIk§10grb &) Ehaf b&ﬂtﬁﬁkeﬁ the
atons, or a conbjnatiaqn qQf one oxygen or sul fur atomand up to two

nitrogen Stduit or bpgcheddivrosyben phain eng ofanare [ripleskongs 13 gertaimembodiments, an

pyri do-fi Z&%l@@ﬁbﬁs%& 0\68 carbi a@eﬁ@rm} Samp RO E Bfbo aRnRNE 10N cdll atoms,
rlngforméig car bon at ons. [0032] The term "non-aronatic

het er ocycPe? trbsashen atemy "é\e{?&pa Ewlsﬁ% such@h “hiodhenr 'C2-C5 e o b eaickhy
h iC..
one or nDie..al B/he foPfell kel g? d;ngyb éeﬁfe%[g:}rﬁét%g‘l \91;#?:9 915*@6&1 ising 2

heterocyclic rings nmay be f
ei ght, ni east bonpatoms Becartivarntoms etcavp s andNosluding frstiben ﬁemer&n:ylbm gway of

De 0P | ONgkd it sl S S TRl BRI B1BhU o ool e o8

system In certain e non- ar ona onpri se
one or nohmlt@htpb@hmyl,wonynﬂoblam&mpﬂﬂgﬂd@ps such as for exanpl e,
oxo- and th ! 1 -

het er ocycl e jc)?{lfg{eeﬁh gcyga%ggg%{‘gﬁlﬂ%gg ?gmqﬁ +mm ao_n%%( 0). An
cyclic i nicd'bsrounysﬂdl ig thdprgsenhmdw;m cycior cxa;mitbhmntssally substituted, In certain
t et rahydr r ran,. 1. 3-di e

1, 4-di om%’t'%fgﬁ%li 8?(30 per %%egté ‘%%’%‘% afﬁléexa'fp © tog dgfbﬁPgwg’s’

t et r ahydr btdl4 darbdm aimns;e),r 12613 carbdn atmmzwheﬁmmaiumenmll eange,wuch aN ‘fhitdep” or
barbi turi, i bituri.c.,acid, di oxo .ea2| hydant o
g: a¢ A reftmt} to eacli'l integer.n thg ﬁé veh ﬁaé])%gih " § ?ainé%aﬂaé{ ararl group

di hydr our a¢ Mor phi none, triox
t et rahydr@m’(pm&pgemearbbetatmﬂmydr odrbora atoms pyicy;, aipl meqndpnymlndlhgcﬁ B&bon atoms.

pyri done, raz razaol dazo

P Gl { AR 15t BT s "5 8Ge, Bt B¢ ok Htp 8 om0 pkebt propanos, 2
1,3-dit hlmbthﬁﬁzopmkanmhoyiendﬂﬁmkazol i di ne, oxazoline, oxazolidine,
oxazol i done ine, thiazglidine, and - oxat hi ql ane. J 0033
Tha Cer m 0Bt e RAL e rn SOBaTsT Sered RePSirhon phe The
cl osed (r]I Id?gloft&?lf@blﬁp ﬁiedllﬁﬂﬁi inveetion triey rhigenfratg (s ReCy. iANgycldalkg] @i 6fthis
atom and .at |.east at ormng the.ring.is

et or ooy dPTRIE Rz R AyABe b6 PREMALY SYhRieled Fumelesrt Rologts] e dlude,
ei ght, nibueareabt livhita thRgeloptopd, Gclobbiyl, ewop&uqbeycl&l{exylfha& thedikes MY

be het er oat a heterocgyclic ring one,
three, four mﬂv@w teng "o @E«?@(ﬁnﬁﬁ?@hie h'ﬁ{%r”?%-‘r "‘?Yéloeﬁahgrﬁm@at contains

het er oat Qe or nided @juble BUABORMEE nhg enmgbqr thefe i§ aloRORab¥ Biel Rarfhot form a
heterocy(ﬁﬁ i.S |ndP(£at ed (e. g het erocycl e), at [ east one
1

ot her at drlecatized phsledgn Histem ﬂ’ﬁr%‘ﬁa’efﬂ‘hwm? e BFoRRy Woplds bey iyl ot
such as d@ﬁn&ﬁw%)et??@lﬁﬂk? ‘gréuph 8F X ihVenkiBn bR§ rzmgsrhefn &fto @@rﬁoeﬁlmﬁﬁﬁ
inthe ring and do not refer to the total nunber of atons in 1he
ring. |t &revpubefeinsithisdinventiont may faeesierly| bec optiongllyvishbstifiigde Examples of
addi ti 0”%%1353&@::319%}&55 1h£1u&é‘9ou'i laRg notl Amited &4 %9M8ﬁe§§nﬁ OESIHdhéf,-tQ-q 3t d@@ay?r

nor e het ef oat ons, those two or nore heteroatons sane
di f f er entcyelpprapasiib cxelohuienyl, chrlorantrnyle Psé%ohnae,uybeyquep@nﬂlanqlthe like.
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VF (ID L) LD 0O CED. EFE DDED} W E 5 7,F) G'"-F wherein D, E, F,

and G independently represents a heteroatom Each of D, E, F, and G

may be the sane or different from one another. 100341 In certain

illustrative enbodi nents, the linkers L1 and 1d2 can be one of

Nmet hyl am ne benzene (CAS Nunber: 2739-12-0), N-ethylam no benzene

(CAS Nunber 103-
20 main chain atoms. In this context, when the linker has 0 main chain atoms, an
aminobisphosphonate of the formula CH(PO;H;);NH; as described in Uludag H., Current
Pharmaceutical Design, 2002, 8(21): 1929-1944, can be used in the compound of formula (II)
(). The main chain can contain an aliphatic and/or non-aliphatic moiety as long as the main
chain includes 0 to 20 main chain atoms. The main chain of linkers L; and L; can be
independently selected from the group consisting of optionally substituted C;-Cyp alkyl, C;-
Cis alkyl, optionally substituted Cy-Cs alkenyl, optionally substituted Co-Cs alkynyl,
optionally substituted Co-Cs acyl, optionally substituted ar}}l, optionally substituted heteroaryl,
optionally substituted C;._g cycloalkyl, and optionally substituted Cs g cycloalkenyl. In case the'
linker comprises a cyclic structure such as cyclohexyl or phenyl, the number of main chains is
counted such that the least number of atoms in the ring is obtained. That is, a cyclohexyl for
example, is counted to contribute 4 main chain atoms to the linker L; or Ly; a cycloheptyl is
counted to contribute 4 main chain atoms to the respective linker; and a cyclooctyl
contributes 5 main chain atoms to the linker.

[0026] The main chain atoms can be a carbon or a heteratom. The term ‘“heteroatom”
refers to an atom other than carbon or hydrogen. Heteroatoms are typically independently
selected from oxygen, sulphur, nitrogen, and phosphorus, but are not limited to those atoms.
In embodiments in which two or more heteroatoms are present, the two or more heteroatoms
may all be the same as one another, or some or all of the two or more heteroatoms may each
be different from the others. Thus, the linker can comprise an ether moiety, a polyoyether
moiety, a thioether moiety, an amine moiety, or an amide moiety to mention only some
illustrative c¢xamples.

[0027} The tenm “aryl” refers to an aromatic ring wherein each of the atoms forming the
aromatic ring is a carbon atom. Aryl rings may be formed by five, six, seven, eight, nine, or

- more than nine carbon atoms. The aryl ring also includes biphenyl ring for example. Aryl
groups may be optionally substituted. The term "aromatic" refers to a group comprising a
covalently closed planar ring having a delocalized [pi]-electron system comprising 4n+2 {pi]
electrons, where n is an integer. Aromatic may be formed by five, six, seven, eight, nine, or'
more than nine atoms. Aromatics or aryls may be optionally substituted. Examples of aryl or
aromatic groups include, but arc not limited to phenyl, naphthalenyl, phenanthrenyl,

anthracenyl, tetralinyl, fluorenyl, indenyl, and indanyl. The term aromatic also includes, for



69-5), N, N-di et hyl benzene am ne (CAS Nunber: 91-66-7),

N, N- di met hyl ami no benzene (CAS Nunber: 121-69-7), ethyl, propyl or
pentyl, for exanple. In other enbodinents, the |linker can be an
optionally substituted heteroaryl, for exanple an optionally
substituted Cl1-Cg or C3-C8 heterocycle conprising at | east one of

ni trogen, oxygen or sul phur. Exanples of such heterocycles can

I ncl ude any of the heterocycles as described herein and can al so

i ncl ude Seﬁn’qﬂé Pyehiatiofte gfdupS ddwabreed viaddne78f the ﬁﬁgifahnﬂlfghaﬂrﬂdﬁi d@vae| and
(CAS Nunber . 98-07-9). Wen desired, m no grQ can
i nt roduceﬂptfq‘FP ‘far'i'é” T80 P8 Stl’fﬂenésrﬁeﬁ’&‘tesgﬁmo@ agyly f B %‘ﬁ%’bﬁt‘a’f’]ﬁﬁlﬁé}

het er ocy chk @8n-atofafié Heterobfolé, o HHlE alHyBoReGn dnifio, RCHANY, € nftfd, BTLAGIaRRRT an
wi t h anot her blsggosphate conp ound. Such anination reactions are

Wi thin t haYerfo & giosys ?)&ls(brﬁékyéfagv&ﬁa@ém@ﬂﬁﬂ |alkylamipg a5y alkysidfenyl, an

i ncl ude t hieyieahiafl sl sulﬁm’lcgﬂ Kahihly), 854 RRkbRheSAG bé?ﬁupémlﬁaﬁlments an
optionally substltute pyridi ne such”as 3-ethyl pyridine (US Patent

No. 5, 003a9Eatic orwwegrommab%ﬁec} #28e PoRmSred thetass nista, ardieioydd ppetions.
exanpl e l\bﬁdﬂr#étd 19k anYﬂa‘i;Q 1)%1% sﬂ%ﬁtﬂ;ﬁy g%%ﬁe 55}9 not limited to,

nonochol or oa nes Jr.
1368- 137 1phenyio38lopheny o@wbalmhgoﬂ; ﬁfémﬁgxmml,cﬁhxﬂrmhwb rdimigophenylhé-

resent i t f
Phe i nvertiaopiedt), GRSt SmpvphclSt FHREEKARENT, +gpSepRutt &
certain eﬁr@adnm&psmﬂqeylcowmomcﬁr di4rayanapheryt i dinethyilphendan napishyl,
include e adl adi 1 SOt O can
for exanple J@Qﬁﬁuggt eﬁ %H%Hﬁ t%ﬁ%&%l a%;e(’%ger?hydg on% & e'&ﬁy Q
the co rrpl mmboluf-tl—vlpbexgﬂ,%@molldwbmhmyl bypsfrmomlplgnyi, Mmmil)d;akn)dnamr 4-
met al n@i%@m)ss' Zees Iﬁ’ﬁlel%ylllcth’&d AR K el ements i hat can %N&i‘?—d

can 131L
Cesalkyl)amino aryl.

[0028] The term “optionally substituted” refers to a group in which none, one, or more
than one of the hydrogen atoms has been replaced with one or more group(s) are
independently selected from: alkyl, heteroalkyl, haloalkyl, heterohaloalkyl, cycloalkyl, aryl,
arylalkyl, heteroaryl, non-aromatic heterocycle, hydroxy, alkoxy, aryloxy, mercapto,
alkylthio, arylthio, cyano, halo, carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl, O-
thiocarbamyi, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-
carboxy,  O-carboxy, isocyanato, thiocyanato, isothiocyanato, nitro, silyl,
trihalomethanesulfonyl, and amino, including mono- and di-substituted amino groups.

[0029] The term “alkoxy”, alone or in combination, refers to an aliphatic hydrocarbon
having an alkyl-O-moiety. In certain embodiments, alkoxy groups are optionally substituted.

. Examples of alkoxy groups include, but are not limited to, methoxy, éthoxy, propoxy, butoxy
and the like.

[0030] The term “arylalkyl” refers to a group comprising an aryl group bound to an alkyl
group. '

[0031] The term “heteroaryl” refers to an aromatic heterocycle. Heteroaryl rings may be
formed by three, four, five, six, seven, eight, nine, or more than nine atoms. Heteroaryl rings

may also be fused to at least one ring to form a part of a ring system. The term "ring system"
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i ncl ude 99mlc, a 211At. Methods for conjugating a radioisotope to a

bi sphosphonate are within the know edge of the person of average
skill in the art and can al so be described in Neves M et al,

Synt hesi s, characterization and bi odi stribution of bisphosphonates
Sm 153 conpl exes: correlation with nol ecul ar nodeling interaction
studies, Nuc. Med. & Biol., 2002, 29(3): 329-338; Ogawa K, Mikai T,
Asano D, Kawashima H, Kinuya S, Shiba K, Hashinoto K, Mori H, Saji H.
J. Nucl Megers P o MBieddigh) wherdin ftiwoddttndrd lof @ik Bids abdifuded. e tédeatradid”
G Hoff P, Bruland OS, Zalutsky MR 211At- and 1311- | abel ed

bi sphosphisas, sstichreshvhiph fw 9 M9raTings; shareyons 0a PIEH honds Hetaroamisgmay e
Nucl Med. o881y sJJHétlt@t@& @xagniaﬂ:Zbgggteroaryl ¢8R Ghclidecri a&sfﬁﬁlun&ted/ RN kroRAtic
al so provides a net hod treatment of prevention of a bone- ref ated
di sease ofsdhaierpenstic grmles BRIRINENG GIE|CHRSR OF AWHUS atomp pY yytofour nitrogen atoms,
phar maceul £abhyinedn Y€ o TBY¥en Of s@IAGOMBNSHdUp LAWE iftoden) i (¥h)en&i
the invention to a subject 1I'mT need thereof. The i nvention al sQ

provi des wbstinted exwell anbesiaer andmyride-fised desivatiess fopexamplaygerineetpd i one of
t hereof f r nt or preventl on of a bone-rel ated

di sease ot(rBEgHé rgm]rgt%%aﬁogé%e 'to treat"” as used herein is intended
to refer tol(9B2WTlt tegm nompiramate battrpesle” yefanriu agrovp camprising @Rompiromhtic

i nvention i td r

ther cof st VRtER R Bt nbfe ROBL EBSR By CURAGE Wt arbRRRE el
of a weakiirgs dnaynist/ fowmexh hgahthyfomt dive,; simrse¥eny eightowingi orgmereghids) woe ammsh
a sufficignt anmul Geut I 0S| t

e camero HEPRL Pergosile sbG T plioflly BRI ay b UTREBA bl e
and/ or t heriay Rpitansioter@in dmbedaments,t atrearomam: hetma&cbﬂ@dnmnsb’ ame or more
unheal t hy %t ate. ... %&03?}% The t one-rel ated di | sgases ar

di sor der SarboRyl ox, thiogarbon gr(?flﬁseﬁ‘fc T’ er e’faglpk)at OXgn AL O COYR TR S e
m ner al (Emyple,d oflﬂbncﬂrdnﬁﬁtme]ﬁmdtyasmmmqludwlbet are| mot dichid 3@alaersmar lactones, |

di sorders can .incl ude ases, t hat ffe o)
exanpl es FFI% JH ﬂﬁon%v‘:ﬂc ﬁ?%{{né‘%fs’dlcé'ﬁ secsaI Eeis’sg?r&%?gr%@é‘?maﬁtl lg’gymn
ost eopor asirghydidpirenMi@-dibkse, Jiedivsindelpdivrns, (pifrgie, d,Vostddar, of 4-

yper bar APRPIBF oI G s e PR B, succiigpidy baivie i

herein, tdiebirbitc' siehl, edloxopipéidise, t Rydantor®| gihgdiotracis m&ﬂjiiﬁilcﬁlﬁ trioxane,

e o D B s e i PSR, R L SR,

certain qﬁﬂaahd‘rpm&dldxbepﬁmmeclsyrmhmauﬁ@dmzolme {n@4:biidiRe, CigBvpoeNe,OF, 3-
the present inventign,

ceutic acti anount .t her eo
can be adiPiiBeelddiiole § béﬂﬁ‘}‘ ane {5pxagq . I‘%”‘%ZQYPEWﬁ’nOWP]F‘EntW‘B?"Eé'&Fr
be admi nigxhaiaehd, thifXBBAd aGL61iHiGE an QRAEIHdIARS | n whi ch the f or egoi ng
materials are nixed with swtable carriers or excipient(s)

Techni ques M833Idenisrat MeirsHdS asrifmhits i #OMD ﬁmarﬂ%ﬁajgs*wﬁ%lsm&yeclf’%ﬁ e
i n " Rem RgieRdin gt 1ERASKBHG AshnfiRg thgﬁh%i%boﬂ%kamhdaﬁmnegto@fonmng the
East on, PA., latest edition. used herein adm ni ster

or " adni mingtis afptervatope Hstesoqyeliq ﬁrégsam hﬁeﬁoyn@r Vatheesnigite Ve S S5 cight,
(1) or a r@]&aomé’tthzﬁaﬁmg%mﬁ%s | ArdyOfunter W8 s ARMLs H8) baiHRieRftdhs (ie., a
conplex of fornula (1) of the invention to a subject for the purpose
of preverelcoydic ireaEEAMPEIc ench Hie-thist.ofows fiye.cwh Sevesy cight Jingepr, more
[0043] St Lafahe lhét%taﬁﬁs?fH&giﬂ" Bhéiteball mehutiBY dfabbilCnotd W@ Hkterocycle is

limitation, oral, rectal, trahsnucosal or Tntestinal adm nistration
or i nt r arndicagdde.g., ﬁj&d@@mds), af Inast eseeadiudriatony (thel hetereptdne)omiist bejpresept in

i ntraventygi gul ouS r
i ntranas at#;e rigg, I ﬁes zg%)(r:x%}[ Ilé Céc tﬁlﬁ'l(%f%}sﬁc&%éyefer b{ﬁ}' pl%fhl%n%gl‘e@nja cyarbon atoms
adm ni st éi tltchﬁlgcmthﬂbewt (errao lﬂ%qoathumberplﬁawmceﬂwmal It ¢owplesidod dimt te

nmedi canent, in a local rather than system c manner, for exanple, via
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[ 0045] Pharnmaceutical conpositions for use in accordance with the
present invention may be fornulated in conventional manner using one
or nore physiologically acceptable carriers conprising excipients and
auxiliaries which facilitate processing of the active conpounds into
preparations which can be used pharmaceutically. Proper fornulation
i s dependent upon the route of adm nistration chosen. [ 0046] For
injection, the conplex of the invention nay be formulated in aqueous
SOl Ut i oNS hetBio8YIRI AY Will KhvB B0 8d&BAtbMKs ﬁpﬁp%g %%eﬁkﬁc?ﬁés%oﬁ%@n@?wo
Hanks' solution, Ringer's solution, or physiologica I ne buff
For tr ansﬁo@asﬁ‘é}etea@ﬁww, dhgsa e ar mp@ri@!qrmrss lagﬁpgoﬁmsame ot giffeseat from one
barrier t erc{ﬂﬁr PREERRLEL 5? b SpHodal) Osg% %Oﬂ) a REEL RGO I B0 LSa
a PEE or ora

are gener known 1n t art. admni's at|on

t he conpl hs&ergatom artyéa & mrbm 4tom. Bremplrs of bﬁtmbmeedndb;decmmon gmuhbto the
active co§§8§ wi th pharmaceutically acceptable carriers well known
inthe art u carriers enable the conpounds of the inventi-on to be
formul ated as tablets pl||S Iozenge% dr

gels, syr | urgres i ong—any t e Iike
by a pati . arfmaceu i rationsifor or
using a sq@lid cphpi eny, tio ln. grindi

and proce the nrEtur “oﬁJg?anuTEE afte
auxiliaries E deS|r

‘to ob |n tabl gts or dragee cores. Lbeful
ukef, ThEl @%FS, i ngl

exci pi ent

| act ose, ucros |, or sof biltol, cel lful ose pr h
as, for ekanp Ie i ze sganch, wheatl starch, [rice stalnkh a

starch an als S as gekatine, #fagae

cel | ul ose, hydroxypropylnethyl cel t ul ose, sodium ’

car boxynet hyl cel [ ul ose, an

desi red, disFh egr afent s suc crosy- |n

pol yvi nyl | pyrr oki done, 3gdr, or A's such sod

al gi nate aJ/so uged. cor

sui t abl e coa®¥ngs. E thi s ®rpgse, ®oncentréted sugam sojutlbns 123%
be used whi nay o aIIy coptain gum ar abi c, taIc ponV|nyI
pyrrolido ye ylene | ycol nd/or t ani

di oxi de, ac uer s Iut|on d suift rg nic ents orlso

m Xt ures. Dyest p S ad d ablet dr
coatings f entl ifon O d;ﬂﬁcha rie | feD ons
of active conpound doses. ° 049] PQarnaceutﬁcal conpOS|trons mhlch
can be us of_g€Tatne,

wel | as es na e of gel tlne an pIastFC|zer

such as ) Th ush f| capsul s can co ta|n t he
active i Lu;y’ a

bi nder such @s sfarcPR, and/orDa Iubrldhnt suc as LaJc %r gnesium
stearate andF.option , stabilizers. In soft capsules, the active

conmpoundsgfray b® dggSol ved or suspended in suitable |iquids, such as
fatty oilp, liquydjparaff{n, or liquid polyethylene glycols.
Stabilizets muy @peladded gn these fornul ati ons, al so. [ 0050] The
conpl exes e pre invention may al so be fornul ated for
parenteral a ninistration e. , by bolus injection or continuous

i nfusi on. _For. e ion nay be pres d osage
Form o sgpesein B Bkt S G dperdrn R R BRSSO b 40 oS
preserVaMkMﬂmgBh&ﬂQﬂﬁ@ﬁ@hﬂj@aﬁﬁﬂﬁy take such forns as suspensions,

sol utions or enul sions jn oily or agueous vehicles, and may contain

for mul at i nglOfRAIdR | certainsiliuprative embodimentsg theslinkisry Ly iapd) Langinohe one of N-

di sper si RGa3A8MhS benzend @OEINuRBA! FE0EYLH) Weﬂﬁfhﬁﬂiﬁ@béﬂh&ﬁs(CfA@rNumber 103-
parenteral adm nistration include aqueous solutions of a water
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[ 00541 The conpl exes may al so be fornmulated in rectal conpositions
such as suppositories or retention enemas, using, e.g., conventional
suppository bases such as cocoa butter or other glycerides. [ 0055]
In addition to the fornmul ati ons descri bed previously, the conpl exes
may al so be fornul ated as depot preparations. Such |ong acting
formul ati ons may be adm nistered by inplantation (for exanple,
subcut aneously or intranuscularly) or by intramuscular injection. A
conpl ex ofolshi N,N-B\BIYHeREnBBniRe (EASMihab&ed of 8674 "NN-UMWIS1Rhino benzene
adm ni stration with suitable polyneric or hydrophobic materials (for
i nst ance, (¢AS Ameheri| R A8-T ethyla rismal prareshdofor sxample dp efhensmbodimeyts, the
Wi th ion exehangbe difcyidRallyMbdtuidd R@bMO oy ,ﬂ{a LAkl h
as, wthout Iinitation{ %}gﬁqﬁﬁ%gfy solu r¢e§§%#?5?0 8g§%%b%ﬁma¥61Cg
non- | i mi t Ph§s-Exdwisrasyede comprisirgratcieast iope of aitiogen, fosyganhar sulphpt. Sxemplss of
t he i nvent i cosAk b Sl I .
Eﬁc‘ﬂ?lefe&»c 1 llﬂ/c% aﬁn;?( af tﬂ%}&%@cﬁﬁ .aQ@espﬁ%gl ere?nag\(a@% als ulélglltjlge

nonpol ar surfactaht, a water-m scible organic po yn%# an aq

phase suchrethylpyndine/BOAS Nwaber:eFd7- 2y Bt anch | -aPjlimidarol (€3ISUNimbero 70BI79 )
benzyl al %W/, \ no | ar rfacta ol vsorbat e 80, .and
5504 v v poTe i al aind, Sou OB bl Bilcr £ 55 M, RO BRIQN iS¢
et hanol . fifregdvRBnamisphatantycky,shendef ¥orm DIape pfos exsinglodn Akl Horduyisd

1: 1wt 5%.dextrose in olution. This cosol.ve St :
i ssol veshF RESPRAE SombotBl, Yok intiaidh sptlpds P oHiiEdbe RiFHEEe of
t oxi city pgrams fsdverdge shilllnimiigt sratandrinclude {heOfatablisiad UChichipabii’h @mination
proportions of such a.co-sol yent system may, be yari ed .considerabl

i Chout - olBasBe, i i USRS R SN reh 5 SR ReTERe SSCERent No.
][:urt her rmf,&%,@d?% Odlieﬂtam' iriitie _réabﬁ;r@cbaﬁ?l.%ﬂfbt Bl?;ﬂﬁjfbﬂnﬁﬂ'feﬁaﬂiply I\banmgdidnedf
or exa e, ,ot her w toxicity nonpolar surfagtant e e

| ot ead Dol o Biole MO, bited SRROURlos A BT T e Ui Sl

may be vardoeds9, 0348er37hj.oconpati bl e pol yners nay repl ace pol yet hyl ene
glycol, e.g o] yvi nyl rrolidone, and other sugars or |
pol ysacchar N?ég] #ﬁ%ﬁﬁ’é’g B "E‘E)?ODEF@?& HeHYELns o 3‘? gﬁ’ﬁ?‘f IKERLAP AR Pl y

other delivery systems dor the pharmaceutical conplexes may pe
enpl oyed such as_l4 @OQCWES and enul sion®. |In addition, certa;UgﬁOH

organic solzyg_-@t_’§__§_u l di thyl sul f oxj|de al so may be enpl €d,
al t hough % t&n-at_ t,ge co f ter i /[’065:}{) OH
Addi tional ly, thq“co@lPexes y be iver I n"d* a p—OH

sust ai ned-r el ease“s*psteHm such as séhiperneable matrices of Bi\b,q
hydr ophobi ¢ pol yners cent ai ni ng the conpl ex. [ 0060] Vari gus
sust ai ned-rel ease material s have been established and are wel'l kndwn
by those ski Iﬁed in the art. Sustained-rel ease capsyj es nay,

dependi ng"®n. il hei r cheni cal nature,ﬁjrel ease the conﬂl,e’ﬁes‘“or\t he

active i ngredieqtsTbr a few weeks iup tmgwo-%pgﬁﬁimg on
t he chemi MF%,aﬁNbe/Mefgiccm AbMNN Lher tHérdpeuti c
r eagent, ﬂg,eh' ional strategies for st dBi1ization ma \b.no eftpl oyed.

[ 0061] The pharnmaceutical conpositions herein also ﬁéi,y conpri se or
suitable solid or gel phase carriers or excipients. Exanples of sucCh

carriers or exci pielcgts i nclude, but are not limted tH, calcium

carbonat e, cal-ef @mlphosphat e, various sugars, §starch P,e'é’rl ul ose
derivati v@’éﬁs?;g_erjaﬂ ) a 0 as-y | 'emeotgl ycol s.
[0062] Many of- therconpPexes of the inventidh may b i ded as
physi ol ogi cal | y"&ccﬂept abl e salts wherein the conpl exefp "y formthe
negatively or the positively charged species. Exanple$ of salts in
whi ch the conplex fornms the positively charged noiety include,
without Iimtation, the sodium potassium calcium and magnesi um
salts formed by the reaction of a phosphonic acid group in the
conpound with an appropriate base (e.g. sodi um hydroxi de (NaCH),
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[ 0063] Pharnaceutical conpositions suitable for use in the present

i nvention include conpositions wherein the active ingredients are
contained in an anount sufficient to achieve the intended purpose, e.
g., the treatnment or prevention of a bone related disorder or

di sease. [ 0064] More specifically, a therapeutically effective
anount means an anmount of conpound effective to prevent, alleviate or
anel i orate synptons of bone-rel ated di sease or disorder or prolong
the survivaljopis ihie st CClmBRidthid," CahEd. compid:006G RRL €7 HvBRHdON 3
a therapeutical I'y effectlve amount is well thin the capability of
those skilled in th8 art® espe0|aoly in Ilght om t he detailed

di scl osure eﬁpv1ded ”D/”\\ [0 gﬁlhfgL\gpy\\ PHxes used in the
nmet hods of ~inventi oAP the +re€apelticaMy efdective anount or
dose can be esti mat |n|t|aIIy frontthe descri bedssays. Toxicity
and t her ape ounds or . conpl exes descri bed

ficac of t he
herein can ﬁé %ﬁ‘b I hoyinag %tF ﬂﬁ’&?ﬁ?ﬁ@é‘?ﬂ@é@‘“ﬁ“&ﬁ’é%‘r@? ipglude a

cel | cul t HdRsctive derdl oFRNadibisaidbe Bt raBioBotopd Yarfl &r kit an)nQI.@%terQhe
and the LD50 for a subject compound. The data obtained fromthese

cel | cul t pisehosehongte ornpsahnnate maiety ¢ff die complames ofbeoipresent B eRiloR LY Herming

range of Q@&ﬁtﬁﬁatfoﬂror H&%@al béhmﬁl@fr%npi&‘ 8f SRA 2f0BRYe @hhtsIBRLRTHE Gl ean
the dosage forp enploy e route of admnistration utiljzed.

The exact nelgderil Bei oﬁm r oTut el, ‘?Raeﬁi ni At Mathogs ferrenyeasing @ radipispiepe to a
chosen byblgﬂ'}ﬁsﬂ}faﬂétéf b AUAhiP Y $h6b RAed &F fd fofcRlof E@aé@%ﬁ:‘ll‘?ﬂ thesart and can also

condi tion. 67] Dosage anount  and i Mt er val ndy be adj usted

i ndi vi duabd yietqi)lbafi ori Hevesl Amat | v Slypthegis.t plarasterizations ped: j iedistibutien apk
suffici e“ﬁxgﬁh% Sﬁ?&ﬁa&&s éxli‘ftsfg SthpietksCLdriefition W%l&h?ffﬁgs%lﬁ\é%t&[aggog gfudies,

referred t mnimal e Ive concentrations
Dosages nideedded: & tﬂaolaczﬂpév@(ih52%@,V\Dgﬂwad5pmaloﬁ Aspdp I, dS@vashima H,

char act erk@t%a% dsgtt?tgd KOHbS; p smqérﬂ«e;ﬁ $f 5% HON: Nlﬁi‘fk‘&iaﬁcﬁy?aﬁ;?fes ﬂllgé%sayds

can be use asmé conceéntrations tan
al so be dearssnrRiheumdi ki, Mkebani G dof CBBdand O tﬁ;hltskyli‘éRalimAM stdel

using a redhiegs eéﬂ%@ﬁ oﬁﬁb%%eﬂgﬁpggégg %ta%‘figlf @ BOYE ac%cer y iS58, fJO u%tOM%Q%

of the tinme, prefera nost pre y be
50- 90% I199@,a19b$0(6rlﬂ9@t285 adni ni stration or selective uptake, the

effective | @ﬁ?&]afﬁéga‘}%@ﬁ C}R\Mtnﬁ& fo é{{}%&gsr 4 Befibd oﬂ?eatn?%nﬁSFArgx;cggon Sk bone-

pl asma concen n an edures
enpl oyed rtlated alisnse oedistnderc d"rlmeuettmﬂ)mgdeamhmntstmgl ai pttaana.cahucally actlve

0069 Th d
Course, BRI K e S SHBRE [ 80, of BEM BT YRS i fecl B Tre
the affl mtannon altdwowﬂmonqﬂe)aﬂmphasﬂacattmalmompbqumdg:mdmbmﬁt thdm)f for
ib
ey 1t oBgiP et o Blekpmiipn of e POt e RSt BT i R
a kit appsedkdeihys mtmégubaéfefgo pEotitiag |ahpharﬁ:|acrdnnaﬂlylihﬁmtcuf afcDfplewfof cte
may contain one or nore u%n%?a f or ne. cont ai.ni ng_Bt he

[ ngr odi AP eSO IERPRHYS B RSP 8 mtipaehy egreR SiEiEiy gp pot
such as: Epr&ﬂhbr&t:t@dalljba@ previmehp Aekel@imdit P ans@kenda\and/er UBhealtiey state; and/or
acconpani ed tructjons,_for adm n| rati 0711 The pack or
di spenserp“h‘ﬁ %F§ IEWHRAS ’é‘ttﬁlbﬂmﬂk}“ BETR e’h%rs@d.‘%i’ﬁ‘é‘ﬁ“’%“f’wp figon or
cont ai NermdditamehtOthébefl RSBItb REVIRAY oR cHRURRUNEB ¢ stad AREYr 1he Giihplotd Bf a
t he rranuf acture, use or sal e of pharpmaceuticals, which notice is '

refl ect i VeSeae Sialspansl 2iweakgned andion unheplthststatere £ or m of the conpositions
or of humanegsie] Vgl @t Hohe fdifed idibasdd bOMsorders” can in some embodiments refer to

patients having poor bone mineral density. In other embodiments, bone-related diseases or

disorders can include diseases that affect the bone. Non-limiting examples of such bone-
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[ 0072] Conpositions conprising a conpound of the invention formulated
In a conpatible pharnmaceutical carrier may al so be prepared, placed

I n an appropriate container, and | abeled for treatnent of an

i ndi cated condition. [0073] As used-herein, a

"physi ol ogi cal | y/ pharmaceutically acceptable carrier” refers to a
carrier or diluent that does not cause significant irritation to an
organi sm and does not abrogate the biological activity and properties
of the adrlated idisessdls @0 ndisvudsls can 1.{1@?134(])3&%]) ofokig, aﬁe@wehﬁbglds;ei:is dggn%m
acceptabl g, carrier or .excipient” refers o an inert substance e
Lo a phar hEAESsidisEse o RSl DRt PHLPIerR R, AT BAE PSR AHO I

of a corrpa,mteogmgmhgﬁerfewat hout limtation, of exci p| ents include
cal cium carb ?4 ci um phosphat e, various sugars and t ypes  of
starch, celll &és Reggip Ste"ﬁ‘e'ls'éhl?cﬁere eFelgeantpile sush jag magigals, including,

pol yet hyI BitGodlinitad 19, pnmatfz@@@]huﬁ(ﬁﬁsb‘%gﬁrs %ﬁeeﬂrgdl%r héteks! dtps, CRRPEBIRSraff
t he present i nventjon are W tn W edge of the person -of

average swiqeland fredlike IaFP“aW\H@PPCHQSm?’éIESUPJH@ lti‘)h‘ﬁp@x of the present .
i nvention cqgudtf ARdoSipRESE Y fé§én’9%v@1'ﬁﬁmtﬁr ARlLeRRLEy a&WQ alnd @R h&Gals,

or different blsphosphonates or nore bisphosphontaes. In sone
embodi mentas, beaadpeiniststedos 2 sehiesti oy cxanerberp | hypanfpatitns opces ba tdinimisared én

can incl ugg f
I s bound ont 0&2 dlag%h s? pﬁiﬁﬂ@ﬁ{%& i %‘;Edl“%“(msé@mma w%ﬁ%bﬁacraﬁ‘le?sr
or excipient(s). Techniques for formulation and administration of drugs may be found in

"Remington's Phannacological Sciences," Mack Publishing Co., Easton, PA., latest edition.

[0042] As used herein, "administer" or "administration" refers to the delivery of a
complex of formula (I) or a pharmaceutical composition or medicament containing a complex
of formula (I) of the invention to a subject for the purpose of prevention or treatment of a
bone-related disease or disorder. '

[0043] Suitable routes of administration may include, without limitation, oral, rectal,
transmucosal or intestinal administration or intramuscular, subcutaneous, intramedullary,
intrathecal, direct intraventn'cular,' intravenous, intravitreal, intraperitoneal, intranasal, or
intraocular injections. Alternatively, one may adminisllter the complex or a respective
pharmaceutical composition or medicament, in a local rather than systemic manner, for
example, via injection of the compound directly into a vessel, optionally in a depot or
sustained release formulation.

[0044] Pharmaceutical compositions of the present invention may be manufactured by
processes well known in the art, for example, by means of conventional mixing, dissolving,
granulating, drageemaking, levigating, emulsifying, encapsulating, entrapping or lyophilizing
processes.

[0045] Pharmaceutical compositions for use in accordance with the present invention may
be formulated in conventional manner using one or more physiologically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Proper formulation is dependent upon the

route of administration chosen.
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with a further (second) bisphosphonate conpound, for exanple a
bi sphosphonat e conpound of forrmula (I11), (1l11) under conditions to
formthe conplex of fornmula (1) (see also Exanple 3). 100761 In

ot her

enbodi ments, only one type of bisphosphonate can be used to

prepare the conplex of the present invention. This can be done by
reacting a bi sphosphonate conpound of formula (1V) 00
(W with a conpound of formula (V),

[0046] For injection, the complex of the invention may be formulated in aqueous
solutions, preferably in physiologically compatibl'e buffers such as Hanks' solution, Ringer's
solutibn, or physiological saline buffer. For transmucosal administration, penetrants
appropriate to the barrier to be permeated are used in the formulation. Such penetrants are
generally known in the art. ‘

[0047] For oral administration, the complexes of the invention can be formulated by
combining the active compounds with pharmaceutically acceptable carriers well known in the
art. Such carriers enable the compounds of the invention- to be formulated as tablets, pills,
lozenges, dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral
ingestion by a patient. Pharmaceutical preparations for oral use can be made using a solid
excipient, optionally grinding the resulting mixture, and processing the mixture of granules,
after adding other suitable auxiliaries if desired, to obtain tablets or dragee cores. Useful
excipients are, in particular, fillers sﬁch as sugars, including lactose, sucrose, mannitol, or
sorbitol, cellulose preparations such as, for example, maize starch, wheat starch, rice starch .
and potato starch and other materials such as gelatihe, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodivm carboxymethylcellulose, and/or polyvinyl-"
pyrrolidone (PVP). If desired, disintegrating agents may be added, such as cross-linked
polyvinyl pyrrolidone, agar, or algiﬁic acid. A salt such as sodium alginate may also be used.

[0048] Dragee cores are provided with suitable coatings. For this purpose, concentrated

~ sugar solutions may be used which may optionally contain gum arabic, tale, polyvinyl

pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and
suitable oréam'c solvents or solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize different combinations of active
compound doses.

[0049] Pharmaceutical compositions which can be used orally include push-fit capsules
made of gelatine, as well as soft, sealed capsules made of gelatine and a plasticizer, such as

glycerol or sorbitol. The push-fit capsules can contain the active ingredients in admixture with

-a filler such as lactose, a binder such as starch, and/or a lubricant such as talc or magnesium

stearate and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved
or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene

glycols. Stabilizers may be added in these formulations, also.
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X-(a-13)n-COCH (V) under conditions to formthe conpound of formula
(I1r1), wherein Xis Br or Fand nis an integer from2 to 8. The
conpound of fornmula (H') can then react with the conpound of formula
(I'V) in which the carrier is bound thereon, in order to formthe
conpl ex of the invention. (0077) As nentioned above, the invention
al so provides a conplex of fornmula (VI) of a phosphonate conpound of
formula (VII) in which the conplex is adapted to target a bone.

(M) [007@d50] rHe@nipfdRs O (R ple@infvanoX! thay Hsé SBERAMESI orGRkdntesd]
to which the phosphonate conpound is bound the€reto. mcan be an_

i nt eger ofdminigration, e4 g.,5hy lplus7injggtiom or gentipgousTinsionr Forawlagiars foe inipgpion

of the cary.l ' _ ' . oLmok
o by ongiade AR YRR 300, Sl U il o Qe
hydr oxy apaddedepressrystize.t Be edmpositions mayutaksh such farrds hy dvsprysiqrat saletions or
hydr oxya ' | f Dl of [ chj na .

P xyanghbn TG Saflnd PSS B B RIS s o
cal ci um phurppriing: stebilizing andief dispiemitg agpms.i t e

(Calo., (PO4) . 24 a polywoerie carrier, coate ith calcium
phosphat e aégﬁﬁigﬁ%ﬁgf$%ﬁé fﬂ@?%%‘““ &Eoﬁ?ﬁf”ﬁna W@u%%ﬁ% é%g%#c aqueous
formul a (stlhtionk 3f 4 sater bdluide foriny pich as, wjthba\linrigtien, aaal of thaicamplexpr i si ng

1 to 100 nmi in..at , 1 ta 80 in chain ato 1to, 75 main ... -
Sharn st ome (093] AediBhale sufnehfions afie” sSigedts it Be aRenafta o fairophifi,
30 mai n chehidle. eluitalie lipophllid echlesniadlndeciany Gilodublinss sefdife oil}ispnthétiti fatty adid
be an aliphatic,and/or ,non-al i.phatic chai n.and can,.i nclude 1, 2, .3,
50 8" 2 BRaRSGy A0S ol wiBiags, 6 Gelon gl S A ipd e Agpous ipictiin
25, 26, 2duspetSion? thay 30ntaihCsubfibhods wiith tiferdd thebiisdodityadfith@bhdpEnsionduch as
mai n chain atons, can ingl ﬁ car bon .or etero%ton1 r both carbon and
heteroatoﬁ?ughéﬂhQQmﬁﬁngfgg?mﬁsS iidy oredextraiee OPtiopally, the syspension may also
g erb(c):(zjingElnéﬁlltaiﬁ Beitdblen L(tlﬁtlsﬂiia?s gﬁdlplbﬁgeﬁig&hcézif i:éﬁ-gisb ?E@hdlnlx{biﬁ@b@ thé ldlbliﬁﬂounds to.
- a ,.Optionally substitute - -al kenyl , optionally
substitutéﬁ“&r%fsﬁf%aﬂ{ae%gﬁ}lg%lmaowe@ﬁ@r%o POs. 100801 In this
context, a qeusd] AlBrnativeehf e dothplex MBEELIn POHAE Fornt Fir CoxsthiYiol meth al saidilgst

structure, having definite | ecul ar, i ght, shape and size. \Wen a
dendr i mer Vehicle, &), siegile, pPyrogrRsires waten REIOFRIREY i ners can be used as | ong

as the dendyopsB] TR Qbhiplskef Ohaptalicant f@RRIRA0SPNeRA @ohpaditidhdNsfzhNes
to the carrier at one location of the conplex of formula (VI), and at
| east -OneSUPPEHORHNIREAUINeCTBIRBtYFIngnS & GOy BRtional supposiigryhases such as qopea
ot her ehd&n@fmhhﬁn%gﬂgﬁﬁﬁ_of formula (VI). The dendriner can, for
exanpl e, have the tollow ng schematic structure of schene (1), in

whi ch at | e¥55hin mlditpn to thegformulgtionsylepritbed Riswigpdy. the sopplexssipay afs be

schemat i Croniihids tad r&p&%ﬂel%)ﬁatﬁmnﬁkhi 1668 htind 6ARIRMHNS Tay U adiinRfHA by
that at | east 2 phosphonate (HO2P0O) are bound to the carrier and at

| east t womplaatation (fog eyl Hsbratangousheordntrammscwlarg or By dntramuscular injection.

A complex of this invention may be formulated for this route of administration with suitable

- polymeric or hydrophobic materials (for instance, in an emulsion with a pharmacologically
acceptable oil), with ioﬁ exchange resins, or as a sparingly soluble derivative such as, without
limitation, a sparingly soluble salt.

[0056] A non-limiting example of a pharmaceuﬁcal carrier for the complexes of the
invention is a cosolvent system comprising benzyl alcohol, a nonpolar surfactant, a water-
miscible organic polymer and an aqueous phase such as the VPD co-solvent system.-VPD isa

solution of 3% w/v benzyl alcohol,8% w/v of the nonpolar surfactant Polysorbate 80, and
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H2PO HO2PO R-P032" Schene (1) (0081) The illustrative structure
of schenme (1) neans that two of the phosphonate groups, say
phosphonate group 1 and phosphonate group 2, are arranged such in the
conmpound of forrmula (VII) that they are able to interact with the
carrier (for exanple, to m mck a bi sphosphonate group) while the
phosphonate groups 3 and 4 are arranged such in the conpound of
formula (VII) such 1) that they are able to act as an accessible

target gresn wBr ?dlﬁ@ﬂeﬂmg@é@q@o Oﬂaem ﬁﬂn P OANEmBEBA AbdoRlte eméno?i) TR vPDeco-
sane are spatially separated fromth Eﬂ ﬁ@dnate gr oups 1 and 2 such

they group@lvantapgien (&DhdeSWheensistst °fV\Y chi dj with aTi¥e dgxtengpdn vater
and 4 cang¥fith. ARRRGEIIVER s§AGH . d%(h%s }B@}oﬁﬂolﬁé EGBRAdd Well, NGd GOIP PraRckes
of fornmula (VI1) that they mmnck a bi'sphosphonate groups. In case,
nmor e t hanlow i9xisiy HppTesystegicrdpEnigyaiopr esent in a conpound of fornul a
(1Vv), say f C

i ther bo anam kgl b itRTons 8P AR 4SS0 I AR Sy 1 barked Blderably
bi sphosphwithews dgstenypig, itsejolubality tand toxicaty abaragteristics. I’Esx‘thtampieeﬂleddedﬁw efsthel
as atarg I vel e
arranged g%(ls:(ﬂgeng onggfrbr\lp'}c]) nﬁpa%ne? o%ﬁﬁ?ﬂgp?%ﬁ%}@?ﬁ‘ét% xi(i)cgg/l HeR r ac flactants
t oget her miay he tifed lmdmphﬁﬁelb/mr@zte)&m%e]ﬁmhoh fzd of mbethgtenqoglgocdmagrbe whried,

the carri =35 U geds ch. that '
acts as agaci:lgrs\,%f"lfﬁmé’% P e osp or{ﬂ & P§ Dﬁeth fené Efyﬁ‘ﬂw & PO ?’V 1??'?1%‘?“’5150“3’
tgr oul[ors] f and cﬂlxeamngates orgiobsaﬂchnaiee:ngytmﬁptniteefmﬂe&rmnt be arr ang:adbI

oget her or 0 | cagrier or to eava|a e
oot ng o MRl Rkt i dilibehy ber ot W it ERbletR ot

formul a (e:ﬂlj;l)ayemssmhlausl.ipbedm dand Soieons. Ld pdditiorR) cetedinl lorgabic Sobvehis Gutthes
foIIovving Strd n use k 1.3) in.the conpl ex of
for e fohitios e RaY 8¢ SrodRrtofimonh ier &t bE haso B e SoRP R o
(M1), | t he lﬁ)(gapgﬂmhwmny ﬂﬁ:;"]bohﬁbldfxet{)hﬁjz o cﬁkve@e&%@h@ﬁbﬁ@df-ﬁkase system, -
exanpl e, endari ner, ,.can av I N, cnar at ons or exa

0080 - M A RS PR T SR BREAPR A B e iR RE RS ORRAN cdlge
of a person [01f60}iV&ﬁdi@&u§lﬁh¥d-rdld&s& Meteddls havethean establiskeddas afd WEHknowal by
exanpl e, 2005, The of .Or.gani

Nanonat ertﬁlaﬁeg,iﬂlﬁﬁ@%we ah iﬁtalfl reifase cpRsulesygay, 81’293“1%&&4‘%“ chgmic fuat%rp

al, A neWel‘eb@Sﬂ]leoerﬂHxﬁm métaaﬁ\burngfedﬁﬁt@dfbr tal fewRREQNTTY &CUVas1001
PoI ym J. 17, 117- and Zhuo R '1I.n V|tro rel ease o
5- 1 | uor ouPsREPFingop wb?r}vealc%edeﬂd#q Piologpfa} plabifiysof thy thermpepc, Feagent,

Re. 57, 24fditidad. suﬁs @sﬂ?é‘tahhﬁﬂtfohﬁlﬁy'blebﬂﬁfoﬁ/@i' ve exanple, a
pol yam doami ne dendrinmer can be synt hesi zed by successiyve

M chael addl@ﬁ&Twa&mwat% ROTpROSHIoON Aerepsalsognay pRMIRe gritalls sobid o gel

met hyl methiagd YAraé or %H&B:eﬁténEhﬁﬁlblﬁs BE5RA s O éﬁ&ﬁéﬂt@eﬂéw@ ﬁhaaﬁlé fot
D. et al., 2003, Int. J. of Pharmaceutics, 257,

dendr i rrerlsméeélrf%ﬂa%mb%afb@'@lf Fa%mtnﬁé’hwéét@manpwemrﬁ @wrfé}n%ﬁllphéff dman\w&t
are not |gelﬂtﬁ:@qm&%lyﬁeﬂ%&%%ﬁ)eﬁ@ﬁnggﬁ}&m mer, a pol yethyl enei m ne
dendrimer, a carbohydrate based déndrier, a peptl de based dendri ner,
a gl ycopept [0962lddpal phndlhc cemplexes| ofc@ﬁtlavemlwg g riapr prowided as physiolagigally

am ne de , Y
dendri rre;yé&g@%(i)e sﬂ?gsm %o?%g fm%aa%yaﬁgﬂgéyéfr ?r??@‘édy charged
pol yet hersperigsdExampdes, ofaalyolnythluéc h@nplctefwm the positivebiothargetl ancdgtie include,

dendri mrwutﬁ’mf‘ﬁﬂ:%i 511 Ghé', ngh 5 g{assuﬁn p@a‘i&nﬁhoa[nd”ﬁ&@ mﬁrﬁnsqm I}ﬁgr'i'rledaby the

catal ytic centre contal ni ng , silicon
dendr i menrgactiom b s phesphenic and aravpriy thebequdponst wlthmni ag)rq;rmeobme b sodium

e e . 5B S RRYS. R iR

functional groups for this purpose. The dendr| mer can for
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exanpl e, be PEGyl ated by nethods known to person skilled in the art
(see for exanple, Bhadra D. et al., 2003, Int. | of Pharmaceutics,
257, 111-124; Ginsdale A C. et al, 2005, The Chem stry of Organic
Nanomat eri al s, Angew. Chem hit. Ed. 44, 5592-5629). Phosphonate
functionalized dendriners can al so be synthesized through the route
simlar to dendrinmer PEGyl ation nethods, by attaching a phosphonate
nol ecul e i nstead of PEG Alternative nethods for preparing

phosphonat e [EM.‘!}%Q:%E&&EQI E5RSs{HTRS Suinbk RFSH %{%J a%h&t H&&&ﬁ%@@
skilled in the art and are described for exanple,

Am Chem cSppositiopg@hereimthe aqt0@4ngrm@48are contpig e anmqmmufmm tatsdicye
one, two, o) S I

137 ' 1 e AnERIe pRRRRE Ut Bl ofBict ol Bf £bdrRREd hRord A,
| i nker L3 ce{ﬂﬂ‘iﬁd)mrc swpedficalyne mhea:ﬁpailticaﬂlarqffepmengmuwltt med)s 8 ah(bumlbf
?Le 1§r g‘:; E?lﬁ?onve nﬁ%&% t%@m%@rqe 5116%1a|tef ol a{pneefloga?e ym)P)%o oif Y né:-rf)l?tgté) g}séa € or
reacting d;shyldrmpyﬂqn@themrmwthmu‘ageghemgmﬂede corrpound for exarrpl e

(modified h atite h_anot her osphon te d usi.r
known Coupl 183 ERRBh ko hehurRiaNT caReR PSR AR RRER Mg Ry of
nmet hods ( fhees dkillpdiethe adt, éspecdialBrid ligbaaiﬁ‘ﬂieel%taﬂec&ﬂﬁbhﬁ)ue;ﬁx\amallleﬁenﬂf such
a conpl ex of | a VI can no cI ude the follo

ot ot ndo46Bh B St SbpRe; 6B 1§t melfont OF b, et U, Prezpapeatly
ot her COrT‘éﬂfﬁﬁﬁé athéuntfor dBsel 20 Hel s3kimbted Erﬂt)alﬁ_,faﬁ‘oxﬁ it deisdtibRd aﬂsﬁys ﬂxmlll}zaﬂi’
nmore mai n_ chain atons, u3|n respective ep octy nony,
decyl noi BFPUHeEHFary g 'E%ﬁ g‘gplﬁ’chsdﬁ ?ﬁlkﬁﬁlﬁ &leé}ﬁteF’i“}E‘fdulEPé
but are nﬁﬁndafdrrph@dm&@ubheproeéduew mgcemﬁlnhéd loPxpekshedtdt! adinaltHe.g., by
cat.

determining the MIC and the LDs, for a subject compound. The data obtained from these cell
culture assays and animal studies can be used in formulating a range of dosage for use in.

" humans. The dosage may vary depending upon the dbsage form employed and the route of
administration utilized. The exact formulation, route of administration and dosage can be
chosen by the individual physician in view of the patient's condition. '

[0067] Dosage amount and interval may be adjusted individually to provide plasma levels
of the active species which are sufficient to exert the desired effect. These plasma levels are
referred to as minimal effective concentrations (MECs).

[0068] Dosages necessary to achieve the MEC will depend on individual characteristics
and route of administration. HPLC assays or bioassays can be used to determine plasma
concentrations. Dosage intervals can also be determined using MEC value. Complexes should
be administered using a regimen that maintains plasma levels above the MEC for 10-90% of

- the time, preferably between 30-90% and most preferably between 50-90%. In cases of local
administration or selective uptake, the effective local concentration of the drug may not be
related to plasma concentration and other procedures known in the art may be employed to
determine the correct dosage amount and interval. ‘ .

[0069] The amount of a composition or complex administered may, of course, be
dependent on the subject being treated, the severity of the affliction, the manner of

administration, the judgment of the prescribing physician, etc.
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PN-C O 0O MHP OH [ 0087] The above aspects of the present

I nvention and the advantages will be nore fully understood in view of
the foll ow ng description of the drawings and the non-limting

exanpl es. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0088] Figure 1 shows
a FTIR spectrum of 11-am no- 1-hydroxyundecyli dene-1,1- bi sphosphonic
acid (AHBA) -attached to hydroxyapatite (HA) obtained from Exanpl e 1.
"HA- AHBA" represents the conpound in which 11-am no-

1- hydr oxyun | C t 0;
hydr oxyapat Icl??(ﬁ "'I%ﬁ&n;p?éﬁ?lgs gﬁ?gﬁi Qé!a ﬁlaij1 ifdde'sﬁeda YeOpiasislteli®in 2 pack or

hy dr oxy undispsps¢ralemise,1such |5 g;#no@pmnd by acrmlmrm ratharity, Sudh aF[BEMEBA or FDA,

t n r
i cat od "FRACHY SRR ey rhiE utt KR P SRR ke e RARA ST R
anot her FfﬁlathErﬁasmple reowpriselmetad qfrcplasmc boild sweshyes a ity padk.rﬁlenaﬂk or dispenser

bi sphosphgqnj. ¢ I.d, ( AHBA ach ro atite (HA) obtained
from Exam% wcef&l%’be a(: ﬂb@é‘] %%&éﬁsﬁég?ngﬁomgmgu%?ﬁﬁ spect rum of ‘HA- AHBA
i mrer sed i n [(BY] (I‘hﬂdacd:aﬁreﬂsmssef Ity AllS Abe( AeBShpanizh thyi asdict mexotibbed mithethe

2. Th bet HAAHBA d HA- AHBA,
Showi g sTOHAHTer ot & G PRRRRER b A AREer el Ay "o acine Ao AR Pt o

sale of pharmaceuticals, which notice is reflective of approval by the agency of the form of

the compositions or of human or veterinary administration.

[0072] Compositions comprising a compound of the invention formulated in a compatible
pharmaceutical 6am'er may also be prepared, placed in an appropriate container, and labeled
for treatment of an indicated condition.

[0073] As used herein, a "physiologically/pharmaceutically acceptable carrier” refers to a
carrier or diluent that does not cause significant irritation to an organism and does not -
abrogate the biological activity and properties of the administered compound.

[0074) A "pharmaceutically acceptable camier or excipiént" refers to an inert substance
added to a pharmaceutical composition to further facilitate administration of a compound.
Examples, without limitation, of excipients include calcium carbonate, calcium phosphate,
various sugars and types of starch, cellulose derivatives, gelatine, vegetable oils and

_ polyethylene glycols.

[0075] Methiods of preparing the complexes of the present invention are within the
knowledge .of the person of average skill in the art. When desired, the complex of the present
invention can be prepared by using one bisphosphonate, two identical or 'different
bisphosphonates, or more bisphosphontaes. In some embodiments, a method of preparing a

- complex of the present invention can include reacting a compound of formula (Ilz) in which

the carrier is bound onto a bisphosphonate

O
-~ -0 I
o"’—‘ >F R1
\\-"-_‘ -O
~ ~ T—
. /I 1 2
-0
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[ 0091] Figure 4 shows a FTIR spectrum of (am nonethyl)phosphonic acid
(AMPA) attached to hydroxyapatite (HA) as obtained in Exanple 5.

"HA- Phosphonat e" indicates the spectra of AMPA-HA [ 0092] Figure
5 shows a FTIR spectrum of the conmpound (am nonet hyl ) phosphonic acid
(AMPA) coupl ed to 6-phosphonohexanoi c acid (PHA) according to one

enbodi nent of the invention. [ 0093] Figure 6 shows a FTIR spectrum
of a conplex according to an enbodi nent of the invention, in which
HA- AMPA obt ai ned from Exgmple 5 is coupled to PHA [0094] Figure 7

shows am de bond formation of HA- AHBA and. 4, 4- di phosphonobut anoi c
aci d ( DPBRth adurdisr &cernd) bispisnkamats compound; eRImyle g bisshespherstseompommy
i mage of hagpe.s Aq 16i5:S used as a control. Figure 8B shows an image of a
sanpl e of bone siiCes treated or adm nistered with the nodified.

hydr oxyapatite, HA- AHBA- DPBAo as obtained in Exanple 3. [ 0096]
Figure 9 shows SEM i mages of slices treated or admnistered with
nodi fi ed hydr oxyapaRip{ e P%PBA, as obtained in Exanple 3. The
i mages having a nagnlfl ion x3 x500, x1000 and x3000 are ‘
indi cated as HigpEes, p9€' Rd 9D respectivel y. [0097] Figure
10A shows a SEM i mage of bong difes treated or admnistered with
nodi fi ed hydroxyapatite, HA-AHBA- DPBA obtai ned in Exanple 3. Figure
10B shows an i mage of bone slices treated or -adm nistered with

hydr oxyapatite only. (ID098] Figure 11 shows SEM [ rrages of bone
slices trea nls ered Wt a (wi t hout

bi sphosphon?artcé)ﬁu%q’f’fe°f (ﬁ%R/lex Dﬁonxuqaﬁf%l éé% |on F3>\§5 x300,

x1000 and xmom Iaéher anibmchﬂaents aml)ﬁrguymf bisphosphdrBte chd Ge asasd td fil8pare the

?L is gren C J|[1 IOV e mﬁ(?ﬁ s LR{&E&% %ﬁg ’%h_‘i ) lée (?1085 BH 6?ﬁcengd% Pﬁplto'gﬁg’&?te compound

of formula (IV)

' 8]

OH

R J/

2>< o

__OH
HoN—(CH B

3/n I\ OH
0]
(Iv)
" with a compound of formula (V),

X——=(CHz),—COOH
V)

under conditions to form the compbuud of formula (III), wherein X is Br or F and n is an
integer from 2 to 8. The compound of formula (III} can then react with the compound of
formuia (IV) in which the carrier is bound thereon, in order to form the complex of the-
invention. |

[0077} As mentioned above, the inventjon also provides a complex of formula (VI) of a

phosphonate compound of formula (VII) in which the complex is adapted to target a bone.
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attachnment onto hydroxvapatite (HA) [ 0099] The present exanple
illustrates the reaction between a bi sphosphonate used according to
an enbodi nent of the present invention,

11- am no-| - hydr oxyundecyl i dene- 1, 1- bi sphosphonic acid (AHBA), with
hydr oxyapati te. [00100] 5 ng of HA (Fluica) was suspended in 2ml of
dei oni zed (DI) water. In a separate reaction mxture, 20 ng of fnely
ground ARI BA was dissolved in 0.5 m of sodi um hydroxi de, NaOH I N.
Subsequently, 0.5ml of deionized ter, was added to the AHBA sol ution
and heated gently. The AREA sol ufion s the filtgred using 0.2um
cellulose nenbrane filter. The W pen5| Gas m xed with the
AHBA solutlon and stirred Car” 1 hou xture was
centrifuged 'at 10000 rpn1for‘5 e aﬁd sup rnat ant was .
decanted. The pellet was redisp rsed yth 3 o OH IN and
vortexed. The centrifugati on and\vort |n9Isteps e-repeated tw ce.
After repeating these steps for two times in the presence of ‘NaCH,
the centrifugation and vortexing step @B repeated for another three
times in the presence of deionized water. Exanple 2: | mrersion of

1 A-AIBIA'in PBS [00101] To ascertain the stability of

bi sphosphoniegssimathe lcoipleR fof frfRBOSIIRN atpredintas bafemd wiidtothephosphonate

nanopartlcles of . PBS sol utio ) dtot HBA -
fornmed i B oSl ihErein 3t Hhse AR O] 2 ot b SOB1D. T80 SPRR
37C ;or gcadavestany‘r hg téletcuba&h egh ab%hwdeamdmea?pgm%fwaﬁ@? 14Re4A010
rpm f or nut es e.su s decant e e pellet was

r edi sper slB’H}WTH?“ agfP %@Eﬁa %??ra"wm%%dl “ﬂ’féal’é%ﬁ‘itﬁ"f“ﬂ’ﬂﬁ% o6 falgiyen
vort exi r t gilphhte anWasydr xR eies] Hyﬂfox?aﬁabﬁ%mpﬁ&ﬁe@fofﬁﬂﬂ&ﬁtdf%n’& hesRsat 81
for two tines in _the presence of NaQH, the centrifuga |on and

vort exi nghVé{Oépsanfeage r% &8 0aq tHGsiciugm, ophesphatey, raono; prbiphasic ¢ saleiyin crhopehate
of dei Onlcé&ﬂllﬂ\@@ﬁélem'rmn{el (@Aml xpp@gyxgtrp(\pgf(ohﬁ e pbneAc Raked caaed thEn

freeze-dri ed overni bon formati on of 14A- ARBA
and 4, 4- dﬁabh’é% r?@f”é‘m&ﬁ?‘%fﬂ(‘%ﬁéA) [ 00102] The present

exarrpl e il ppayiahese LBRipleg At fofRulRiESD 1!;"% MBALPREAY Mednd HOMbin chain -
Exanple 1 wth a blaﬁposphonate used accaording to an enbodi nent of

the preséRUPHFNRAL? Y mainehaip giogsphiimain slaie 2tgws.d PBOEm™N clporrtess, 1

5ny of D'?@éo Wamh éiiaﬁxs%ﬁc’@ci tb Qo@ﬁﬂm ElIaniﬂﬁbrﬁéﬂlzts% \P@hﬁéha{n]d?a{l%} L t0 20 main
1- et hy1- 3-( 3- di et hyl ai ni nopr o car bodi i m de (EDC) and

coupl i ng chge atomsyEhemaigsheinican ge an aliphatic and/or non-aliphatic chain and can include 1,
2,3,4,5,6,7,8,9,'10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 23, 24, 25, 26, 27, 28, 29, 30, 40,

50 or up to 100 main chain atoms. The main chain atoms can include carbon or heteroatom or

both carboﬂ and heteroatoms such as N, O, S, B, P for example. In certain embodiments, the
linker L3 can be one of optionally substituted C,-Cyq alkyl, optionally substituted C,-C,s
alkenyl, optionally substituted C,-C;5 alkynyl, and a dendrimer.

[0080] In this context, a dendrimer rcfers to a hyperbranched, uniformly distributed
structure, having definite molecular weight, shape and size. When a dendrimer is used as a
linker L3, any dendrimers can be used as long as the dendrimer provides for at least one
phosphonafe that can bind to the carrier at one location of the complex of formula (VI), and at-
least one free phosphonate moiety spaced apart, for example, at ‘the other end’ of the complex
of formula (VI). The dendrimer can, for example, have the following schematic structure of

scheme (1), in which at least 4, 5, 6, 7, 8, 9 or 10 phosphonates are present. This schematic
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DPBA solution and stirred for 10 m nutes. HA- AHBA that was obt ai ned
in Exanple 1 was added to the m xture solution and stirred for 1
hour. The reaction m xture was centrifuged at 10000 rpmfor 5

m nut es. The supernatant was decanted. The pellet was redispersed
wi t h dei oni zed water and vortexed. The centrifugati on and vortexing
steps were repeated 3 tinmes. After which, the final product was
frozen for 3 hours and freeze-dried overnight. Exanple 4. Am de bond
f or mat i ongafcafdBd RAYmBRBAalf adare® HOSBNANGRH AR G Ras 0 ipHdsphSiAiddio, PO
This exanple illustrates theﬂreg%tion_betmeen AHBA andprgA aggbréiné
to an emb#@ibaurkto die qapier gpcdbatdenst twowndher fregphosphonatoparg af thepterend. ppBA
was dissolved in 5 m deionized (D) water (1ng/ml). EDC and NHS
(coupling agents) were added to the DPBA solution and stirred faor 10

mnutes. In a S?@Bﬁﬁse sol uta on, AHqg s dissolved in 0.5 mM NaOH IN
and 0.5 m DI waté&f. 1?&?4%%%? SokaTi0h “fas added to the m xture
solution and stirred Eégpn?' tfxlhgh;inal product was frozen for 3
hours and then fpegge-dri ed tover ni -POBXanpl e 5: Attaching _
(Am nomet ht hphosphoni ¢ acid (AMPA) to hydroxvapatite (HA) to form

HA- AMPA [ 00106] The present exanple illustrates the reaction
bet ween a bi sphosphonat e use8chamedl)di ng t o an enbodi ment of the

' PPse 1AM hosphonj i d, (AVPA} . with »
Py ar oxyapat RO The PAMEREE RSP Of RBEREL T altatedy e Qe ShdePhpreis s

Exanpl e Ilsapiphbsphbreatee goeptli omd gHosihoAMPArona 2, uscdraaged fieh lin shrhaspoonhof
i nst ead Al fi | duct, | db TI R Exar

IS M WU I S B S T
HA- AI\/::’A fiifilﬁj)hﬁspﬂibmqﬁ) |gﬁﬂlpb'l®i>¢ﬁl&0@he ﬁg&pﬁoﬁd&l-lér)oup; |§| I\KHO%?E &h%e@rmdem the

e illustrat t he ct etween HA- obt ai n rom

Examnl & oot opuilE chibRish & neEE ER sbls hathes o8 ot a i eroyp for
t he presdagr interedionowith Gofd @spdtiahah® 2pnoite aeiedart Rpétally Tdeparated from the
nmet hodol o yﬁﬁsed in this

a is simlar to Exanple 3.wi.th the
o Cont | ORIy BRERAL 2P 2CHRR SheY BB e 4 ot PiEc: Vi Garm. The
Foulr ier Tg&aipsfgoe{dtmtlf Bzfdt’ aitireekpédt kb ?)lch otléer[&ﬁlkﬂﬁ]anl ged iﬁ%th#ﬁ& cahd W go_rmula ’
anal yse l.dentl e (6] oynds an C exes I he accordrn
to the i M‘Mh%ﬁ?y fmylrlrcgraéﬁs B@@fﬁ"ﬁe gispns- Bsess Aot Heh %@Q‘tsn‘éoﬂate roups dre
Per ki n- Efpi@entSi 8 coip AHAG ol LIV, say for exaimplé) for d@oRe OptobpHoites groups 5 or
spectronetry. For FUR analysis, sanples were. grqund together wth
oven- dr i SFaREIEIEHRATANESH S & SiieE BABHSHA M ke 2 Disprpphprpiggroup)pitherto
wer e obt gheaaet Witk the larfe? 3P be R 43I SErgeif grblis? AIRRGAVEY, phoGfofld golp k-

can be arranged such in the compound of formula (VII) that is interacts together with the

phophonate' groups 1 and 2 in the complexation of the carrier while phosphonate group 6 can

be arranged such that is acts as accessible target phoéphonate group. Likewise, further

groups, for example, phosphonate group 7 and 8 can be arranged together or alone to interact
- with the carrier or to be available as targeting groups. ‘

[0082] An exemplary embodiment of a compound of formula (VII) as illustrated in
scheme (I) is a dendrimer having the following structure, when used as the linker (L;) in the
complex of formula (VI) of the present invention. In ﬂﬁs compound of formula (VII), the R
substituent can be replaced by a phosphonate for example, the dendrimer can have 24 main

chain atoms, for example. -
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Exanpl e 8: HA-bi sphosphonat e nanoparticles showi ng accunul ation in
bone slices [ 00109] 10nmg of HA-particle was suspended in 15m of
DI water. At the sane tine, 5ng of AHBA- DPBA was dissolved in 3nl of
DI water and sonicated for about 2 mn. Both solutions were m xed and
stirred overnight at 800 'pm The m xture was then washed by
centrifugation 3 tinmes using DI water. Im of D water was
subsequent|y added to the fina, washed precipi ta#le and vortexed

bef ore use. Bone slices, of ag§iimal origin, were iiggroduced to the Im
sol uti on (HA- AHBA- DPBA) and i =¥e HA particles

wi t hout bi sphosphonate attachg ol . After which,
the bone slices were Washed2 b &l er.for 5 mn. They

wer e subsequent]y pl aced Q / ? eRs wat er
bef ore SEM observati on. \g @ssion of a
previ ously published doBune £C|,fETRt i on—shoul d not

necessarily be taken as an ac e docunent is part
of the state of the art or is 7 edge. Al |l docunents
| isted are hereby incorporated reference in their entirety.
[00111] The invention has been dg i bfemB\br g y and generically
herein. Each of the narrower spegLgS a suNgefieri c groupings falling
wi thin the generic disclosure also form 2rt of the invention. This
i ncl udes the generic description of tgﬁ /hwention with a provi so or
negative limtation renoving any subj ect, matter fromthe genus,
regardl ess of whether or not the excised material is specifically
recited herein. [00112] Ot her enbodinents are within the foll ow ng
clainms. In addition, where features or aspects of the invention are
descri bed i r rkush_ gr t hose ski.llgd,in e art will
Fecogn se t NOpSY PEnSds REbE NN Bindrinld e Wil B olivlelss 8 4 a8t ot
any i ndi vavenage skilb mbxbe ard endsarb giso dgscnbediforbemple fin Glimsddle A ¢l shal 2006, The
CLAIMS What .S clalned is: 1. A conplex of for ( ] .

bi sphos \m%r? g]tlszrycoc%é U r%Nga?or?%?nr?E "a f‘i“f‘ )d?'e?hg't' rcEJoJr"rpg'i"egéi) %’3&%{?}3‘3’1{383 D. A,
target a dbeleé\ new class of polymer: starburst-dendritic macromolecules, 1985, Polym. J. 17, 117- -

P ha

132; and Zhuo R. X. et al., “In vitro release of 5-fluorouracil with cyclic core dendritic
particles”. J. Control - Re. 57, 249-257. As a non-limiting  illustrative example, a
polyamidoamine (PAMAM) dendrimer can be synthesized by successive Michael addition
'. and amidation reactions using ethylenediamine and methylmethacrylate. Such synthesis
methods also described in Bhadra D. et al., 2003, Int. J. of Pharmaceutics, 257, 111-124.
Other dendrimers can also be used in the present invention and include, but are not limited to,
a polypropylene dendrimer, a polyethyleneimine dendrimer, a carbohydrate based dendrimer,
a peptide based dendrimer, a glycopeptide dendrimer, a metal containing dendrimer, a poly
. aryl amine dendrimer, a polyami_de dendrimer, a poly (alkyl amine) dendrimer, a polyamido
alcohol dendrimer, a cyano dendrimer, a polyether dendrimer, a polythioether dendrimer, a
polysiloxane dendrimer, a dendritic aryl ester, a perchlorinated dendrimer, a catalytic centre
containing dendn'mer, a silicon containing dendrimer, a phosphorus containing dendrimer,
and a hydrocarbon dendrimer.
[0084] As mentioned above, a dendrimer used according to the present invention can be

surface-modified with different functional groups for this purpose. The dendrimer can for
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00 O11/OHNH G (I1)hOH O (1) wherein, in fornmula (1), C represents a
carrier to which the bi sphosphonate conpound of formula (H) is bound
thereto, and wherein in formula (I11), RlL and R2 are each

i ndependent|ly selected fromthe group consisting of hydrogen,

hal ogen, hydroxyl, optionally substituted Cl-Cl0 al kyl, optionally
substituted C2-05 al kenyl, optionally substituted C2-05 al kynyl,
optionally substituted Cl1-C6 acyl, optionally substituted C3_8

cycl oal ky bxarﬁ:}:lld BPPEGlakd Bbysaﬁbtﬁédst]d{oﬁvﬁ 1o3pefof kiR d lid @Y Art é@@@)ﬂ—éxaﬁ@%

Ll e oA D. WS, 2008 AY P of Bharmaveutics, 29011124 0G medale &.C. ot ), 2005,
The Chemistry of Organic Nanomaterials, Angew. Chem. Int. Ed. 44, 5592-5629).
Phosphonate functionalized dendrimers can also be synthesized through the route similar to
dendrimer PEGylation methods, by attaching a phosphonate molecule instead of PEG.
Alternative methods for preparing phosphonate functionalized dendrimers are also available
to persons skilled in the art and are descnbed for example, by Chen et al., J Am Chem, Soc.,
2004, 126, 10044-10048.

[0085] As mentioned above, one, two, or more phosphonate moieties can be attached to .
the linker L; in the complex of formula (VI).

[0086] In some embodiments, the linker L; can comprise of a main chain comprising up
to 8 9, 10, 11, or 12 main chain atoms in order to form a complex of formula (VI) of the
present invention. Such a complex can for example, be prepared by reacting a hydroxyapatite
bound to a phosphonate compound for example (modified hydroxyapatite), with another .

' phosphonate compound using known coupling methods such as click chemistry or amide
coupling methods (See Figures, 4 to 6 and Examples 5 and 6). Examples of such a complex of -
formula (VI) can not only include the following complex in which the linker (L) consists of 8
main chain atoms, but also other complexes in which the linker (L3) can contain 9, 10, 11, 12
or more main chain atoms, by using a respective heptyl, octyl, nonyl, or decyl moiety in the

linker Lj, Examples of such a complex can include buf are not limited to the following:

o 0
_~ N—C P\
~ O OH

\”/\N_ﬂ/\/\/\/u\ OH

"_'O

Ca"‘-l'::‘“ \”/\N—ﬂ/\/\/\/\u\on

"0
’
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2. The conplex of claim1l, wherein each of LI and L2 is independently
selected fromthe group consisting of optionally substituted G -C20
al kyl, optionally substituted CO-C6 al kenyl, optionally substituted
CO0- 05 al kynyl, optionally substituted CO-05 acyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally
substituted C34 cycl oal kyl, and optionally substituted C34

cycl oal kenyl . 3. The conplex of claim1l or 2, whergin L1 and L2 are
each independently selaxted fromthe group consistin ofcgptlonally
substituted CI~€I@\QL£. optlo Plly substituted aryl, ~and optionally
substltutéa?heteroary m ér<eion t he
optionally subyt-b wsd CI-CuHaIkyI is one of nethyl et hyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl ,
tridecyl, tetradecyl and pentadecmi. 5. The conpl ex of claim 3,
wherein the optionally substituted aryl is N (Cl- C6al kyl)am no
substituted aryl--gr (CI-CBaPkyI)anino aryl. 6. Thelcoan Hex of
claimb5, wgerein théxhjfﬁ?\(ﬁ IM ] S P is one of
N- et hyl ami no~henzene—8r N-eNAyFani no benzene. 7. The Conplogk of
claim5, wherein Phe N, N-(Cl -C6al kyl )am no aryl is one of

N, Ndi et hyl benzene am ne or N, N-di net hyl am no benzene. 8. The conpl ex
of claim2, wherein the optionally substituted heteroaryl is.a C3-C8
het er ocycl e [8#bThesatoye atperte af theqmesentfinventiow grahthe edyagrpesowilisiel mérafully
9. The ¢ f. C r e o t i di ne
o1 ﬁ%}%&%& 8 inf Jg%"%ﬁtbf""fbﬁo%kr% 6 %h 5foﬁx\é Arg?dngf 38 tﬂ{ gy liggin
wher ei n Rixapplts.R2 are each |ndependently hydrogen hydroxyl or
optionally substituted C1-C6 al kyl. 11. The conpl ex of any one of

claims 1 to 10, wherei nghiif: ARSPRIBTION OF THE DRAWINGS
[0088] Figure 1 shows a FTIR spectrum of 11-amino-1-hydroxyundecylidene-1,1- .
bisphosphonic acid (AHBA) -attached to hydroxyapatite (HA) obtained from Example 1.

“HA-AHBA” represents the compound in which 11-amino-1-hydroxyundecylidene-1,1-
bisphosphonic acid is attached to hydroxyapatite, “AHBA” represents 1l-amino-1-
hydroxyundecylidene—l,l-bisphosphom'c acid alope and “HA Fluka” represents
hydroxyapatite. The C-H and phosphate (PO43" ) peaks are indicated in the circles on the
- spectrum.
[0089] Figure 2 shows another FTIR spectrum of 11-amino-1-hydroxyundecylidene-1,1-
bisphosphoﬁic acid (AHBA) attached to hydroxyapatite (HA) obtained from Example 1.
[0090] Figure 3 shows a FTIR spectrum of HA-AHBA immersed in PBS (indicated as
“HA-AHBA (PBS)) obtained from Example 2, There is no change in spectra between HA-
AHBA(PBS) and HA-AHBA, showing stability of bisphosphonate attachment to HA
nanoparticles. ‘
[0091] Figure 4 shows a FTIR spectrum of (aminomethyl)phosphonic acid (AMPA)
attached tolhydroxyapatite (HA) as obtained in Examﬁle 5. “HA-Phosphonate” indicates the
spectra of AMPA-HA.
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[0092] Figure 5 shows a FTIR spectrum of the compound (aminomethyl)phosphonic acid
(AMPA) coupled to 6-phosphonohexanoic acid (PHA) according to one embodiment of the
invention. S

[0093] Figure 6 shows a FTIR spectrum of a complex according to an embodiment of the
invention, in which HA-AMPA obtained from Example 5 is coupled to PHA. _

[0094] Figure 7 shows amide bond formation of HA-AHBA and 4,4-
diphosphonobutanoic acid (DPBA) as obtained in Example 3.

[0095] Figure 8A shows 2 SEM image of bone slices ﬁsed as a control. Figure 8B shows
an image of a sample of bone slices treated or administered with the modified hydroxyapatite, .
HA-AHBA-DPBA, as obtained in Example 3.

[0096] Flgure 9 shows SEM images of bone slices treated or administered wnth modified
hydroxyapatite, HA-AHBA-DPBA, as obtained in Example 3. The images having a
magnification %30, x500, x1000 and x3000 are indicated as Figures 9A, 9B, 9C and 9D
respectively. _

[0097] Figure 10A shows a SEM image of bone slices treated or administered with
modified hydroxyapatite, HA-AHBA-DPBA obtained in Example 3. Figure 10B shows an -

image of bone slices treated or administered with hydroxyapatite only.
- [0098] Figure 11 shows SEM images of bone slices treated or administered with

hydroxyapatite only (without bisphosphonate). The images having a magnification of x50,
'7 x300, x1000 and x2000 are indicated as Figures 11A, 11B, 11C and 11B respectively.

EXAMPLES

Example 1: 11-amine-1-hydroxyundecylidene-1,1-bisphosphonic acid (AHBA)
attachment onto hydroxvapatite (HA)
[0099] The present example illustrates the reaction between a bisphosphonate used

according to an cmbodiment of the present invention, 11-amino-1-hydroxyundecylidene-1,1-
bisphosphonic acid (AHBA), with hydroxyapatite.

[00100]. 5 mg of HA (Fluka) was suspended in 2ml. of deionized (DI) water. In a
separate reaction mixture, 20 mg of finely ground AHBA was dissolved in 0.5 ml of sodium
hydroxide, NaOH IN. Subsequently, 0.5ml of deionized water was added to the AHBA
solution and heated gently. The AHBA solution was then filtered using 0.2um cellulose
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membrane filter. The HA suspension was mixed with the AHBA solution and stirred for 1
hour. The reaction mixture was centrifuged at 10000 rpm for 5 minutes and the supernatant
was decanted.  The pellet was redispersed with 3ml of NaOH IN and vortexed. The
centrifugation and vortexing steps were repeated twice. After repeating these steps for two
times in the presence of NaOH, the centrifugation and vortexing step was repeated for another

three times in the presence of deionized water.

Example 2: Immersion of HA-AHBA in PBS
[00101] To ascertain the stability of bisphosphonate stability of bisphosponate

attachement into HA nanoparticles, Sml of PBS solution (pH= 7.4) was added to the HA-
AHBA formed in Example 1. The rhixture was vortex and incubated at 150 rpm, 37°C for 2
days. The incubated mixture was then centrifuged at 10000 rpm for 5 minutes and the
supemnatant was decanted. The pellet was redispersed with 3ml of NaOH 1IN and-vortexed.

The centrifugation and vortexing step was repeated for 2 times. After repeating these steps for .

"two times in the presence of NaOH, the centrifugation and vortexing step was repeated for

another three times in the presence of deionized water. The final product was frozen for 3

hours and then freeze-dried overnight.

Example 3: Amide bond formation of HA-AHBA and 4.4-diphosphonobutanoic acid
PBA
[00102] The present example illustrates the reaction between HA-AHBA obtained from

Example 1 with a bisphosphonate used according to an embodiment of the present invention,
4.4-diphosphonobutanoic acid (DFBA).
[00103] Smg of DPBA was dissolved in 5mli of deionized water (1mg/ml). 1-ethyl-3-

- (3-dimethylaminopropyl) carbodiimide (EDC) and NHS coupling agents were added to

DPBA solution and stirred for 10 minutes. HA-AHBA that was obtained in Example 1 was
added to the mixture solution and stirred for 1 hour. The reaction mixture was centrifuged at
10000 rpm. for 5 minutes. The supematant was decaﬁted. The pellet was redispersed with
deionized water and vortexed. The centrifugation and vortexing steps were repeated 3 times.

After which, the final product was frozen for 3 hours and freeze-dried overnight.
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11< 0 110H PC F1 110 1-1 0 12. The conplex of any one of clains 1 to
11, wherein the carrier is selected fromthe group consisting of

hydr oxyapatite (Cal o(PO4)6(OH)2), cal cium sul phate, hydroxyapatite
conposites of cal cium sul phate and hydroxyapatite, hydroxyapatite
conposites of plaster of Paris, chitosan and hydroxyapatite,
fl-Ca3POX4, trical cium phosphate, nono or biphasic cal ci um phosphat e,
calciumdeficient apatite (Caio_ x(PX)s-x(HPO4) x(OF02-0, a polyneric
carrier cExhfglet: Ainidebehd l’ﬂrﬂih@i%ﬁf&ﬁhﬂmﬂhmphmﬂld?ﬁlﬁ:sﬁmfoseianoﬁ%cid)
The conpl ex of "any one of cla 1T to 12, wherein the carrier rs._
coated withl ﬁ Fbxy%?ﬁwlwluetﬁatféu th?ﬁeﬁﬁwﬂwa’feén AFIBA A DEBApAcesrdisg to
any one Ofq %@ddﬁﬁer&o?ﬂxc%%scﬁt%&eﬁ%n conprising an additi onal

medi cament or dr .
[00105] Smg of DPBA was dissolved in 5 ml deionized (DI) water (1mg/ml). EDC and
NHS (coupling agents) were added to the DPBA solution and stirred for 10 minutes. In a
separate solution, AHBA was dissolved in 0.5 ml NaOH 1IN and 0.5 ml DI water. The AHBA

solution was added to the mixture solution and stirred overmght The final product was frozen

for 3 hours and then freeze-dried overnight.

Example 5: Attaching (Aminomethvl)phosphonic acid {AMPA) to hydroxyapatite (HA)
' to form HA-AMPA

[00106] The present example illustrates the reaction between a bisphosphonate used

according to an embodiment of the present invention, (aminomethyl)phosphonic acid
(AMPA), with hydroxyapatite. In this example, the methodology used is similar to Example 1 .
with the exception that AMPA was used as the biSphbsphonate instead of AHBA. The final
product was analysed by FTIR (see Example 7) and illustrated in Figure 4.

Example ¢: Amide bond formatioh of HA-AMPA and 6-phosphonohexanoic acid (PHA)

[00107] The present example illustrates the reaction between HA-AHMA obtained

'. from Example 5 with a bisphosphonate used according to an embodiment of the present

invention, 6-phosphonohexanoic acid (PHA). The methodology used in this example is
similar to Example 3 with the exception that HA-HAMA and PHA were used as reactants.

Example 7: Fourier Transform Infra-Red (FTIR)
[00108] To structurally analyse and identify the compounds and complexes obtained

according to the invention, infrared spectra were obtained using the Perkin-Elmer system

2000 Fourier Transform Infra-Red (FTIR) spectrometry. For FTIR analysis, samples were
ground together with oven-dried KBr powder and compressed into a disc. The FTIR spectra

were obtained with 16 scans per disc over the range of 4000400 cm™.
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15. The conmplex of claim 14, wherein the drug is an antibiotic, an
antifungal, a peptide, a protein, a polyner, a nucleic acid nol ecul e,
or conbinations thereof 16. The conplex of any one of clains 1 to 15,
further conprising a radioactive elenment. 17. The conplex of claim
16, wherein the radioactive elenent is one selected fromthe group
consi sting of99"Tc, 153sm 131j, 123/, 186Re and znAt. 18. A
pharmaceutical conposition conprising the conplex of any one of

clains 1 tOEdain@ed: mmﬁﬁ‘dﬂﬂ@ﬂ&ﬂo}fmﬁM@Bm ab@iil§ionGh bone slices
exci pi ent. TO. "The phar naceutical conpositlon clarm ur

conpri si ng #019%di 1 Pwesnf Hi-gptiskstrs yppeadedgn légﬂ of)Dd V@F“a‘*&@ﬁﬁﬁ‘@?e(il@%
any one OfpehAkABAL bﬁnﬂwa{smlésbﬁemma&tmr@m&fm@sém&teﬁ fﬂ)guf Phird. Both

treatnment or_ prevention of bone-rel ated di sease or dis
wherein. tﬂ@éltlpn%amemxeé@ﬁérsnge% oxermight af 300) Mo Thp Meixtrecweas heaWaghed by

ti t r
oLy 2yl VB 0L e, THILESL VA yAIELRY uily THE e
The use deaSthmelmt@de\mrtemrbbeéqlm usd Boho slices, of animdl ofigie acee mtroduced to
di sorder. he ReuFleRChed ABLP OLOGANS! S AL AL BARDKOS)dou

ost eonyel | ornans ( S di Sease of
met ast as |lssphmp[homqm attache] wera uset asrmn;mhy\[fm paichi thy banedilicen werd washed by

For “use 1RO P2l 8> il TRRPMER Syl Bed] of bl Red bdedifve

di sor der .excess water before SEM observatlon

[00119] The listing or discussion of a previously published document in this
specification should not necessarily be taken as an acknowledgement that the document is part
of the state of the art or is common.general knowledge. All documents listed are hereby
incorporated herein by reference in their entirety.

[00111] The invention has been described broacily and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form part
of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any sﬁbj ect matter from the genus, regardless of whether or not
the excised material is specifically recited herein.

. [00112] Other embodiments are within the following claims. In addition, where
features or aspects of the invention are described in terms of Markush groups, those skilled in
the art will fecogm'se that the invention is also thereby described in terms of any individual

member or subgroup of members of the Markush group.
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24. A nethod of preparing the conplex of fornula (1), the nethod
conprising reacting a conpound of formula (Ha) O 1 CGO--- 0-" p % %%

0

(Ha)

CLAIMS

What is ¢laimed is;

1.

A complex of formula (I) of a bisphosphonate compound of formula (II), the

complex adapted to target a bone,

0
e O\U ||/OH

—”’ e R1 O R2 P
Cgz—" 0 >< H >< ~—0H
\\""-. - 0 H
S >k Ly NH—C—— L, g ©
o [ on

(1)
o 0
D

wherein,

in formula (I}, C represents a carrier to which the bisphosphonate compound of
formula (II) is bound thereto,

and wherein in formula (IT),

R; and R, are each independently selected from the group consisting of hydrogen,
halogen, hydroxyl, optionally substituted C;-Cio alkyl, optionally substituted C,-Cg
alkenyl, optionally substituted C,-Cs alkynyl, optionally substituted C;-Cs acyl,
optionally substituted Cs 5 cycloalkyl, and optionally substituted Cs_s cycloalkenyl; and

L, and L; are each a linker having a main chain comprising 0 to 20 main chain atoms.

2. The complex of claim 1, wherein each of L; and L; is independently selected from
the group consisting of optionally substituted C;-Cyp alkyl, optionally substituted Cy-Cs
alkenyl, optionally substituted Cy-Cs alkynyl, optionally substituted Cy-Cs acyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted Cs.g
cycloalkyl, and optionally substituted Cs s cycloalkenyl.
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with a conmpound of formula (I11), OH 0 pLH HOOC-L2PII OH O (I111)
under conditions to formthe conplex of forrmula (1). 25. The nethod

of claim 24,

wherein the conmpound of fornmula (Il11) is formed by

reacting a conpound of fornula (1V)

3.

The complex of claim 1 or 2, wherein L; and L, are each independently selected

from the group consisting of optionally substituted C;-C,s alkyl, optionally substituted

aryl, and optionally substituted heteroaryl.

10.

11.

The complex of claim 3, wherein the optionally substituted C;-C,s alkyl is one of
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl and pentadecyl.

The complex of claim 3, wherein the optionally substituted aryl is N-(Ci-
Cgalkyl)amino substituted aryl or N,N-(C,-Csalkyl)amino aryl.

The complex of claim 5, wherein the N-(C;-Cgalkyl)amino substituted aryl is one

of N-methylamino benzene or N-ethylamino benzene.

The complex of claim 5, wherein the N,N-(C,-Csalkyl)amino aryl is one of N,N-

diethylbenzene amine or N,N-dimethylamino benzene.

The complex of claim 2, wherein the optionally substituted heteroaryl is a Cs3-Cg

heterocycle comprising at least one of nitrogen, oxygen or sulphur.

The complex of claim 8, wherein the heterocycle is 3-ethylpyridine or 1-

ethylimidazole.

The complex of any one of claims 1 to 9, wherein Ry and Ry are each

independently hydrogen, hydroxyl or optionally substituted C;-Cs alkyl.

The complex of any one of claims 1 to 10, wherein the complex is
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(I'V) with a conpound of fornula (V), X --(Cl-12),, -COON (V) under
conditions to formthe conpound of formula (111), wherein X is Br or
Fand nis an integer from2 to 8. 26. A conpound of formula (11) 00
HO1 0/CFl1 P--,

Q 0
-~ 0 o] |
- \Il | OH
- _—P OH | -
Ca?t v~ ——""0 P~
N /C /\< OH
\\\\"- O>P N NH P/OH
\\ H
0 ” ||\0H
O o )
i i
O "~
Ho\p OH ﬁ HO FI’< ‘\"‘-.
HO/ /\>< e ----::-_S_” Ca?*
HO~ ANy e e
/:: NH P\ Lo
g | o -
9] O
or
i 1
e o\u 0 F|3/0|-|
Caz+‘5: _____ o~ | T~oH
\\ - "‘-/-...P OH H P/OH
o7 || |[\OH
o]

12. The complex of any one of claims 1 to 11, wherein the carrier is selected from the
group consisting of hydroxyapatite (Cajo(PO4)s(OH),), calcium sulphate,
hydroxyapatite composites of calcium sulphate and hydroxyapatite, hydroxyapatite
composites of plaster of Paris, chitosan and hydroxyapatite, 8-CazP Oy, tricalcium
phosphate, mono or biphasic calcium phosphate, calcium deficient apatite (Cajo-
(PO4)sx(HPO4)(OH)2), a polymeric carrier coated with calcium phosphate and

combinations thereof.

13. The complex of any one of claims 1 to 12, wherein the carrier is coated with

hydroxyapatite or calcium phosphate.

14, The complex of any one of claims 1 to 13, further comprising an additional

medicament or drug.
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HO---1 IOH (I1) wherein RL and R2 are each i ndependently sel ected
fromthe group consisting of hydrogen, hal ogen, hydroxyl, optionally
substituted Cl-Cl10 al kyl, optionally substituted C2-C6 al kenyl,
optionally substituted C2-C6 al kynyl, optionally substituted G -C6
acyl, optionally substituted C34 cycl oal kyl, and optionally

substltuted 4 cycl aIk nyl; and L1 and L2 are each_a |inker Vi
a main chail ﬁ%ﬁ?m %anzkﬁ NERSHCIB HAP ATHE dirgn HHIbIQtICH a@a%f%wgah

and L2 is |nd i

opti onal 1y supgrera ‘3*’6 S BEER | PTE B REApRAS R Shb R Gereaf

al kenyl , opti onal |y substituted CO-C6 al kynyl, optionally substituted
CO0- 05 acyl, i onal substi t ut aryl p substl tute

et er oar y1 1605k GRple SLERX ot aelbil L, BF b Riher sRPIHRE dnidigpctive
substit ut ed C3émseyicl oal kenyl . 27. A complex of fornmula (VI) of a

phosphonat e conpound of fornula (VI1), the conplex adapted to target
a bone, (VI) wherein in fornula (VI) C represents a carrier to

whi ch the Fi*?o‘f I?ehc(:)oq%lgx PR Tg wﬁere éj ra%ﬁ)%ct?veoélement is one selected from the

group consisting of *™T¢, '*Sm, "*'I, 'L, "®Re and *''At.

18. A pharmaceutical composition comprising the complex of any one of claims 1 to

17 and a pharmaceutically acceptable carrier or excipient.

19. The pharmaceutical composition of claim 18, further comprising an additional

medicament or drug.

20. Use of a complex of any one of claims 1 to 17 in the manufacture of a medicament
for the treatment or prevention of a bone-related disease or disorder, wherein the
treatment comprises administering a pharmaceutically active amount of the

complex to a subject in need thereof.

21. The use of claim 20, wherein the subject is a mammal, preferably a human.

22. The use of claim 20 or 21, wherein the bone-related disease or disorder is one
selected from the group consisting of osteoporosis, osteomyelitis, osteitis
deformans (“Paget’s disease of bone”), bone metastasis, multiple myeloma,

primary hyperparathyroidism and osteogenesis imperfecta.

23. A complex of any one of claims 1 to 17, for use in the treatment or prevention of a

bone-related disease or disorder.
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L3 is a linker having a main chain conprising 1 to 100 nmain chain
atons; and mis an integer of 1 to 10, wherein the linker L3 is

sel ected fromthe group consisting of optionally substituted Cl-Cm
al kyl, optionally substituted C2-Cl5 al kenyl, optionally substituted
C2-C15 al kynyl, and a dendriner. 28. The conplex of claim27, wherein
the carrier_is selected fromithe group n5|s ng of hydroxyagpatite

( Cai o( PO4) ¢taRymsthodaf Rreparing the rplex ﬁ§ (ﬁbﬂn@e@e %@P&l@%g Fracting
cal ci um sul pha ite, hydroxyapatite conposites of

pl ast er of Par?s ﬂﬁﬁ??ﬁ?@ﬁﬁgﬁgﬁﬂydroxyapatite, i 3-Ca3PM4, tricalcium
phosphat e, nono or bi phasi c@cal ci um phosphate cal ci um defi ci ent
apatite (Calo.x(PX4)6--41ROAx(OH) 2- a polyneric carrier coated with
caIC|un1phosphate»and conbrpat i onsrf hereof 29. The conpl ex of claim
27 or 28, whefekp the-dendri as a schematic structure of schene
(1): FKQPOR—PO&Z mh@&elﬁ st to 10 phosphonate groups are

present. 30. The conpl ex-off any one of 2clains 27 to 29, wherein the
dendrimer is selectedfPomlihe group consisting of a pol yan doami ne
dendrinmer, a polypropyl ene @endrinmer, a polyethyl eneimne dendrimer,
a car bohydrate based den&ilner a peptide based dendrinmer, a

gl ycopeptide dendri mer ﬂetal containing dendriner, a poly aryl

am ne dendrln@ﬁha@oﬂ@bﬁﬁyﬂﬂkﬁﬂygggng a poly (al kyl am ne)
dendrinmer, a polyam do al cohol den rlner a cyano dendriner, a

pol yet her dendriner, a pol ytHi oet her dendriner, a pol ysil oxane
dendriner, a dendritic aryl gste&H a perchlorinated dendriner, a
catalytic centre c ai nin drlner a silicon containing

dendri mer, a phosphoru ntai ni A dendrimer, and a hydrocar bon
dendri ner. _ p—0OH
HOOC—L, |r\‘
(IID)

under conditions to form the complex of formula ().

25. The method of claim 24, wherein the compound of formula (IIT) is formed by

reacting a compound of formula (I'V)

| on

Ra P
H,N T0H
P/OH
HzN _(CH2 n ||\

(V)

with a compound of formula (V),
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31. The conplex of any one of clains 27 to 30, wherein the conplex is
000 I wil I 110H --%--- -O0HOH

X —(CHy)y —~COOH

V)
under conditions to form the compound of formula (III), wherein X is Br or F and

n is an integer from 2 to 8.

26. A compound of formula (II)

O
HO | OH
HO>||: R4 O Ra F!< H
]
> | < T
—r Ly NH—C— L, ID::::?()
HO | ” OH
O o}
(1)

wherein

R; and R; are each independently selected from the group consisting of hydrogen,
halogen, hydroxyl, optionally substituted C;-Cyy alkyl, optionally substituted C;-Cs
alkenyl, optionally substituted C;-Cs alkynyl, optionally substituted C;-Cs acyl,
optionally substituted Cs.g cycloalkyl, and optionally substituted Cs.5 cycloalkenyl; and

L; and L, are each a linker having a main chain comprising 0 to 20 main chain atoms,

wherein each of L; and L, is independently selected from the group consisting of
optionally substituted C;-Cyg alkyl, optionally substituted Cy-Cq alkenyl, optionally
substituted Cy-Cs alkyny!, optionally substituted Cp-Cg acyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted Cs.3 cycloalkyl, and
optionally substituted Ci¢ cycloalkenyl.

27. A complex of formula (VI} of a phosphonate compound of formula (VII), the

complex adapted to target a bone,
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28.

29.

0
Cs:\“ o> p9~L3~<P/<OH
OH
m v m

(VD)
wherein in formula (VI), C represents a carrier to which the phosphonate
compound is bound thereto,
Ls is a linker having a main chain comprising 1 to 100 main chain atoms; and
m is an integer of 1 to 10, wherein the linker L; is selected from the group
consisting of optionally substituted C;-Cpy alkyl, optionally substituted C;-Cis
alkenyl, optionally substituted C,-C,s alkynyl, and a dendrimer.

The complex of claim 27, wherein the carrier is selected from the group consisting
of hydroxyapatite (Ca19(POs)s(OH)), calcium sulphate, hydroxyapatite composites
of calcium sulphate and hydroxyapatite, hydroxyapatite composites of plaster of
Paris, chitosan and hydroxyapatite, $-Ca;PQs, tricalcium phosphate, mono or
biphasic calcium phosphate calcium deficient apatite (Cajo-x(PO4s)sx(HPO4)x(OH),-

x), a polymeric carrier coated with calcium phosphate and combinations thereof.

The complex of claim 27 or 28, wherein the dendrimer has a schematic structure of

scheme (1):

wherein at least 4 to 10 phosphonate groups are present.
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30. The complex of any one of claims 27 to 29, wherein the dendrimer is selected from
the group consisting of a polyamidoamine dendrimer, a polypropylene dendrimer,
a polyethyleneimine dendrimer, a carbohydrate based dendrimer, a peptide based
dendrimer, a glycopeptide dendrimer, a metal containing dendrimer, a poly aryl
amine dendrimer, a polyamide dendrimer, a poly (alkyl amine) dendrimer, a
polyamido alcohol dendrimer, a cyano dendrimer, a polyether dendrimer, a
polythioether dendrimer, a polysiloxane dendrimer, a dendritic aryl ester, a
perchlorinated dendrimer, a catalytic centre containing dendrimer, a silicon
containing dendrimer, a phosphorus containing dendrimer, and a hydrocarbon

dendrimer.

31. The complex of any one of claims 27 to 30, wherein the complex is
-0 ﬁ 0 0
L OH
] / H ~

0 OH
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