TARGETTED DRUG DELI VERY TO THE BONE CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] This application clainms the benefit of priority of US provisional
appl i cat iwo 2bim/146986 184, 548, filed June 5, 2009, the contemsGabiowhizah bei ng
hereby incorporated by reference in its entirety for all purposes. FIELD OF
THE |1 NVENTI ON [ 0002] The present invention relates to conplexes of a

bi sphosphonate or a phosphonate conpound, nethods of preparing such

conpl exes and uses thereof. The invention also relates to a nethod of
treating or preventing bone-rel ated di seases or disorders and a

phar maceuti cal conposTARGETFEDIRUGBELIYERYCDOTRRBONEhe i nvention al so
rel ates to bi sphosphonate conpounds as such. BACKGROUND OF THE | NVENTI ON

[ 0003] Bi sphosphonates are_a class of drugs that have been used to treat

bone-rel at ed di seasEBOSSREFERFNCEND BELATER ARPIACATIONSer s such as

associ ated | oss of bone mass and strength. Bi sphosphonates prevent the

resorption Ltherehy redugci cyrr.ence fractures in.the spine
or hip for [@éﬁgﬁg.ap gp%aﬁ’ﬁgscgl) 1r61rs]§§ee§9rg?1g Og e’ a(fsf Q%zgf%véﬁ %al 3Pplbcg?F18[bE\I(§)Sphat e
wher e t het/183p848akiled-Jon®5) 2000age dvasenb 6 £ WhichHeigeitrdby ihdtepdtated Byliefetbncd he

di phosphonate . gro Il mparts sufficient affinity to the mneral phase of the
bone so Pp4En Fﬁfﬁpéltlgglﬂ’%‘ﬁ of bi sphosphonates results in a significant
anount of deposition to the osseous tissue of the bone. Many bi sphosphonate
anal ogues are currently avail able for enhanci na bone affinity and inproving

phar macol ogi cal activity. BeElGkR QRIHE BENYENIJOXse in treating nmetabolic
bone di sea I ' ' : | own
! 02PTROPREGR lifveafith FAMEL bi %rh
t hat bi sphg@pggnat gs can be use% |§§n %%rﬁd?’geg%ﬁ?ecssﬁﬁ ?]Ii%ygtg?}el{;%ﬁgnﬁ{] has
been r epompednd, meklgls of preparing such complexes and uses thereof. The invention also relates
to a method of treating or preventing bone-related diseases or disorders and a pharmaceutical
composition of the respective complexes. The invention also relates to bisphosphonate

compounds as such.

_ BACKGROUND OF THE INVENTION

[0003] Bisphosphonates are a class of drugs that have been used to treat bone-related
diseases such as osteoporosis and other disorders such as associated loss of bone mass and
strength. Bisphosphonates prevent the resorption of bone, thereby reducing occurrences of
fractures in the spine or hip for example. Bisphosphonates are chemical analogues of
pyrophosphate where the central P-O-P linkage has been replaced by the P-C-P bond. The
diphosphonate group imparts sufficient affinity to the mineral phase of the bone so that
administration of bisphosphonates results in a significant amount of deposition to the osseous
tissue of the bone. Many bisphosphonate analogues are currently available for enhancing bone
affinity and improving pharmacological activity. Besides their primary use in treating
metabolic bone discase. osteoporosis and Paget’s disease, recent studies have shown that
bisphosphonates can be used in tumours affecting the skeleton. It has been reported in New
England Journal of Medicine, 335: 1785-1791 (1996) that treatment with bisphosphonates
decreases the frequency of skeletal events for patients with multiple myeloma involving bone
and breast cancer with osteolytic metastases. Furthermore, adjunctive treatment with

bisphosphonates was shown to reduce the incidence and number of new bone and visceral



Engl and Journal of Medicine, 335: 1785-1791 (1996) that treatnment with

bi sphosphonat es decreases the frequency of skeletal events for patients
wi t h rmul twpl2e1vmsedsone i nvol vi ng bone and breast cancer WCTISGasto®od2yti c

nmet ast ases. Furthernore, adjunctive treatnment with bi sphosphonat es was
shown to reduce the incidence and nunber of new bone and vi sceral net ast ases
in wonmren with high risk, breast cancer (New England Journal of Medi cine,
339: 398-400 (1998). However, there remains a need for new approaches that
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Cst eonyel i t| s can, be treated nedically or surgically and_ prolonged
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treatment. Several delivery systens and materials have been uséd I n order
to provibedoealized pritmaynipireaddhionghi dhe moyteumap@thamrrgwc mdagancellous tissue.
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loaded with a variety of antibiotics have been extensively studied (Jain AK et al, Skeletal
Drug Delivery Systems, Int. J Pharm, 2000, 206:1-12). A hydroxyapatite composite
comprising plaster of Paris, chitosan and hydroxyapatite impregnated 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,



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 conpl ex
and t he rwepenriscwséuses of the conplex including its phaCrsGeutiooe@4 uses.
SUMVARY OF THE | NVENTI ON [ 0006] In one aspect the invention provides a
conplex of formula (1) of a bisphosphonate conpound of fornula (I11), the
conpl ex adapted to target a bone, (1) wherein, in fornmula (1), C represents
a carrier to which the bi sphosphonate conmpound of formula (I1) is bound
thereto, and wherein in forgula (11), Rl and R2 are each ingependently

sel ected fromthe groupgcorjpi sting of hydrogen, hal ogen, hgﬂ
optionally substitudted G 10 al kyl, optionaﬁly substitutCP

roxyl ,
. i /£§¥t:alkenyl,
optional |y sudsEiiut-ed a2 Kk ', optional S

- y s itu : acyl,
optional ly substtiwed-dz -8 cyCthqal kyl, and opti onal ubstityled C -8
cycl oal kenyl ; ‘and 14 and Ih‘are edah—a—tNHkerChaving a nalnkgﬁéln
conprising O to 20 mAtnOThaj n atonms. [0007] |n anot her aspdtt~onhe
i nvention provides a pharmaceutical conpositiDon. The phar euti cal
conposition includes the conplex as defined above and a pharnmaceutically
acceptabl e carrier or excipient. [0008](hi a further aspect, the invention
provi des od for the treatnent or prevention of a bone-rel ated di sease
or disorder. & nmethod i ncludes adm nistering a pharmaceutically active
amount of i foanylh &K, Esregrbémed cahiey @ tvhich thebispledsphdhatte@tnpongd @0 formu009]
In yet ano&Per aspect, the invention provides a conplex as defined above
for use i ntb isbound thereto,

and wherein in formula (II),

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

halogen, hydroxyl, optionally substituted C;-Cyo alkyl, optionally substituted C,-Cs

alkenyl, optionally substituted C,-Cs alkynyl, optionally substituted C,-Cs acyl, optionally
substituted Cs.g cycloalkyl, and optionally substituted C;_3 cycloalkenyl; and

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

[0007] In another aspect, the invention provides a pharmaceutical 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 ofa complex as defined above to a subject in need thereof.

[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)
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the treatnment or prevention of a bone-rel ated di sease or disorder. [0010]
In yet a further aspect, the invention provides a nethod of preparing the
conpl ex ovof2orom4b®e(1). The met hod i ncludes reacti ng a eomscase/006214 or mul a
(Ha) (Ha) with a conpound of formula (111), (I1l1) under conditions to form
the conplex of formula (I). [0011] In another aspect, the invention

provi des a conpound of forrmula (11) (H) wherein R and R2 are each

i ndependently sel ected fromthe group consisting of hydrogen, hal ogen,

hydr oxyl, optionally suq?gituted C-Co alkyl, optionally substituted C2-C
al kenyl, optionally subs uted C2-C6 al kynyl, optionally substituted CpC 6
acyl., opti ona¥ithya sannsduntl wf éstmtila (IHYcl oal kyl , and optionally substituted C -
cycl oal kenyl; and Li and L2 gre each a |inker having a mai n chain
conprising @o 20 mai n chai atons [0012] In yet another aspect, the

i nvention provides a conplegl OHormul a (W) (M)In formula (M), C
represents a carri ¢ phosphonat e conpound is bound thereto, L
is a linker having a chai n nprising 1 to 20 main chain atons; and m
is an integerHodc+it,0” 10. DESCRI PTI ON OF THE | NVENTI ON [ 0013] hi
the conpl exes of formula (1)||orolormula (VI), the respective bi sphosphonate
conpound or phosphonate co und can be bound to the carrier (C) via any
non- coval ent bonds, as long as a stable conplex of formula (1) or (M) is
fornmed. Such non-coval gill)

under conditions to form the complex of formula (I).

[0011] In another aspect, the invention provides a compound of formula (II)
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HO— ><R1 ﬁ R2>< P\OH
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—p NH—C—1, —OH
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axn
wherein
R; and R; are each independently selected from the group consisting of hydrogen,
halogen, hydroxyl, optionally substituted C;-C,q alkyl, optionally substituted C,-Cg
alkenyl, optionally substituted C,-C¢ alkynyl, optionally substituted C,-C¢ acyl, optionally
substituted Cs.g cycloalkyl, and optionally substituted Cs.g 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)

0
ol 0
oy '\P Ls PZOH
. S~ 0/ \
OH
m m



bondi ng can, for exanple, include hydrogen bonds or ionic interactions
between the carrier and the respective di phosphonate groups of the conpound
of formulwoO@2biv)y140486t he phosphonat e groups of the conpl eecofSGRaworoné2as (V1) .

hi some enbodi nents, the hydroxyl ions of the bisphosphonate compound of
formula (1) can formionic interactions with a netal ion of the carrier,
for exanple Ca2+ ions. The interaction can al so occur via chem sorption or
ot her possible interaction between a typically solid carrier and a conpound

bei ng i MDK Firefth OV} Cerepadsét®la. carfier! 1 whitR th® PhE&PROMEE CorhPRindCig LT
bonds between a conpound of fornula (Il1) or forimula (I1V) can be fornmed in
t he conpleﬂ@gﬁ%f the invention. [0014] Any carrier can be used to forma

conpl ex mﬁmeghﬁg?%%ﬁgﬁf€F@gﬁ%§hﬁ%ﬁggéggbﬁg@bk&ﬁ€é§ﬁ¥ﬁggggﬁﬁhonate group of

t he conpl ex” of conp isforned is

st abl e f ormibsgndesgerefll puipose. The carrier can be custom zed into any
desi gns or shapes so that a drug for exanple, can be incorporated thereon
or therein. The carrier can, for exanple be in the formof cenent, ceramc

bl ocks, ceram c bead ﬂ' f' ‘iﬁfﬁ% rl?i". ?{Hi , pellets,
scaffolds, mcro or ?BI.ECI‘O p]glrpous na éﬁ%?’%}%ﬁgc a ﬁr@ﬁerial in a
pol ynmeric carrier or conbinations thereof hi sone enbodinents, the carrier

can conpr i P813hnode coatmhenge of \ermide Diaal formyla diVbe theeresprstive hisphosphenatar r i er
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such carriers can for exaﬁ%le inc
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sul phate; calciu hosphat e;. di cal ci u hosphat.e;. trical ¢i um phosphat e;
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of hydroxyapatite; plaster of Paris and chitosan;cal cium deficient apatite
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A. et alcarrier, for example Ca’' ions. The interaction can also occur via chemisorption or other
possible interaction between a typically solid carrier and a compound being immobilised on
the caﬁ’ier. It is also contemplated that covalent bonds between a compound of formula (II) or
formula (IV) can be formed in the complexes of the invention.
[0014] Any carrier can be used to form a complex with the bisphosphonate of formula (II)
or the phosphonate group of the complex of formula (VI), as long as the complex that is
formed is stable for its desired purpose. The carrier can be customized into any designs or
shapes so that a drug for example, can be incorporated thereon or therein. The carrier can, for
example be in the form of cement, ceramic blocks, ceramic beads, microbeads, granules,
particulates, pellets, scaffolds, micro or macro porous material, injectable material in a
polymeric carrier or combinations thereof. In some embodiments, the carrier can comprise an
| osteoconductive material. In other embodiments, the carrier can comprise an osteoconductive
material and a structural support. Non-limiting examples of such carriers can for example
include, hydroxyapatite (Ca;o(PO4)s(OH)2) or suitable precursors thereof; calcium sulphate;
.calcium phosphate; dicalcium phosphate; tricalcium phosphate; S-tricalcium phosphate (3-
Ca;P0,); mono or biphasic calcium phosphates; composites of calcium sulphate and

hydroxyapatite (PerOssal®); composites of hydroxyapatite; plaster of Paris and chitosan;



Bi omaterials, 2005, 26:2677-2684; Sunder M et al, Trends Biomater. Artif
Organs, 2005, 18(2): 213-218. [0015] In some enbodi ments, the carrier can
conpri se WOoOBKi4Mg6 Usi ng any of the carrier material degcriScedoabeee, for
exanpl e cal ci um phosphate or hydroxyapatite. In this context, the carrier
can be used to coat a polyneric carrier or a |liposome for exanple. Any
polynmeric material that is within the know edge of the average skilled
person can be used for this purpose. Such polyneric material can be of
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for exanRlomateriiiss 200,66:267T-26384] SPREONE. ar 4, mau@&&ndzaemﬁf epruf 2005 age
skilled in the art and can al so be described in for exanpl e, Jongpalboonklt

L., Advah$ed2Mié8ials, 2009, 21: 1960-1963 and Xu QG Tanaka Y, Czernuszka
JT (2007), [jeisprssdhd Eﬂﬂo&iﬂl@n{se!h@%ﬁﬁe?ﬁa@c&]?(@?s@%g@%g{i%gﬁj &%he carrier

hydroxyapat Ite coated |1 posones. Biomateri Such a
carrier matmdl@scnhtrdlatbdee afoxjc)uglpcbw cacipmaphvsgtatet oclydryxyapdtite: dn clnspontaxk, t 0 be

targeted,to the b 01 In,line with the. above conpl ex of the
vant ot Sarker s Wired 1 Sl o cllmed gk eognaion graraili Y Rilvgedy
medi Carrﬁﬁiteﬁ:ﬂrthbtem Wﬁﬁ;hp&héatrﬁd/lédgb ®©fthe QRtAgd BRill6@Ipeiseh cah behged qophigxes of
formula (1) or la (VI) using nmethods that are known to persons of

f
aver age RERISE- $‘|‘P?‘trl’i ymetic material oapihsoRfslinesh or heanghed pelymsrse haweprolymersed t o
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a carri %rol}Leﬂl}IlJﬁ% Wl ?IXEQ;, B&]?(pr&)\gl?engl 81 ¢olafu1%reruage)c%glyiac{1c egg?‘mi’EA?eor
combinations thereof. Methods for coating a polymeric carrier, for example a microsphere or
a liposome are known to the person of average skilled in the art and can also be described in
for example, Jongpaiboonkit L., Advanced Materials, 2009, 21: 1960-1963 and Xu QG,
Tanaka Y, Czernuszka JT (2007), Encapsulation and release of a hydrophobic drug from
hydroxyapatite coated liposomes. Biomaterials, 28, 2687-2694. Such a carrier can also
include a drug or a pharmaceutically active compound to be targeted to the bone.

[0016] In line with the above, a complex of the invention can include an additional
medicament or drug. Such a drug or medicament can be incorporated into or onto the carrier
of the complexes of formula (I) or formula (VI) using methods that are known to persons of
average skill in the art. These methods can include but are not limited to mixing, dissolving,
granulating, entrapping, encapsulating, loading and impregnation methods (Rauschmann M.

- A. et al, Biomaterials, 2005, 26:2677-2684). As an illustrative example, when a
hydroxyapatite is used as a carrier in the complex of the invention, a drug can for example be
incorporated into the hydroxyapatite precursor mixture prior to the co-precipitation of the
hydroxyapatite and the drug. Altematively, when desired, the carrier can be used as a coating. ‘

[0017] Any drug or medicament can be incorporated into the complex of the invention as
long as the desired purpose is achieved. The term “drug” as used herein refers to any

therapeutically active agent and is generally accepted in the art to be any compound or



I ncorporated into the hydroxyapatite precursor mxture prior to the
co-precipitation of the hydroxyapatite and the drug. Alternatively, when
desi red, wbheonarpser can be used as a coating. [0017] AREZTEHGAQO®N0214

medi canment can be incorporated into the conplex of the invention as |ong as
the desired purpose is achieved. The term"drug" as used herein refers to
any therapeutically active agent and is generally accepted in the art to be
any conpound orsubstance which is used to treat any given di sease or
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have a dual function system, in which the carrier and the
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can be pharmaceutically active. The term "phar active" as used
her ei n rfohetion systeamyinswhich athe ecamder cindi the thdsphasphonate/posphgatmeiaty @re both
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I I, the Hisphosphahitylphosphbiaie ahoiety coabi bat i gharmikhedadiyt Oactive.ul ITHe Sat at ed
al i phati,c, hydrocarbon such as %elsltr,ai ght or branched chajin hydrocarbon
group. TiRBarageytically, actiye”ags, nsqde hepeinotefers, fo | any subgfance; which isjysefubip the,
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an al kyla gdlyuptwategraliphatgy bydrgcarbon such as a straight or branched chain hydrocarbon .
group. The alkyl can for example be optionally substituted. In certain embodiments, an alkyl
can comprise 1 to 20 carbon atoms, 1 to 15 carbon atoms, 1 to 10 carbon atoms, 1 to 8 carbon
atoms, 1 to 6 carbon atoms, or 1 to 3 carbon atoms, wherein (whenever it appears herein in
any of the definitions given below) a numerical range, such as “1 to 20” or “C;-Cy”, refers to
each integer in the given range, e.g. “C;-Cy alkyl” means that an alkyl group comprising only
_ 1 carbon atom, or 2 carbon atoms, or 3 carbon atoms, or 4 carbon atoms, or 5 carbon atoms,
or 6 carbon atoms, or 7 carbon atoms, or 8 carbon atoms, etc., up to and including 20 carbon
atoms. Exainples of alkyl groups include, but are not limited to, methyl, ethyl, propyl, n-
propyl, isopropyl, butyl, n-butyl, isobutyl, sec-butyl, tert-butyl, tert-amyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl and pentadecyl and the like.

[0020] The term “alkenyl” as used herein refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more double bonds. In certain embodiments, an
alkenyl comprises 0 to 6 carbon atoms, for example 2 to 6 carbon atoms, 2 to 5 carbon atoms
or 2 to 4 carbon atoms, wherein a numerical range, such as “2 to 6” or “C,-Cs”, refers to each
integer in the given range, e.g. “C,-Cg alkenyl” means that an alkenyl group comprising 2
carbon atoms, 3 carbon atoms, etc., up to and including 6 carbon atoms. An alkenyl used in

this invention can for example be optionally substituted. Examples of alkenyl groups include,



1 carbon atom or 2 carbon atons, or 3 carbon atons, or 4 carbon atons, or
5 carbon atons, or 6 carbon atons, or 7 carbon atons, or 8 carbon atons,
etc., up wo2ard40936| udi ng 20 carbon atons. Exanpl es of &CHiEG2eu0®0¢234

i nclude, but are not limted to, nethyl, ethyl, propyl, npropyl, isopropyl,
butyl, n-butyl, isobutyl, sec-butyl, tert-butyl, tert-anyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl and
pent adecyl and the like. [0020] The term "al kenyl" as used herein refers to
an al kyl iRt iited 451 Ahdh3i, Ropdi, HuidhNla- BaEANCHGRMY U ALABRR 1chal n
one or nore doﬂblle gonds. éi?l% cﬂg(r)l% a?n_ enbogi rrentg, %’ a entr%y’l con‘girhl ses 0 to
6 car boreml, dnethylfZomethythept leeyl pud hedikebon atoms, 2 to 5 carbon atons or 2
to 4 carbo ergin & numerj cal. rapge, suc s "2 10 6" or "C2-C",
refers to @"a“?%??ﬁ? é%}[g‘lr iﬁiﬁmyﬁe 3 iuic’/eednﬁerr%lﬁgr {,:‘legse?)g".ln a@f‘g@é}pl}hﬂyﬁmtwalﬂgﬁf hat
an al kersglaight otipranchiedrhiydiotgrbdn ¢hsih @he ot aivse tr@lé:@driﬂ@.ﬂna'feﬂﬁiﬁ,enﬁbﬂin%entbp ah O a:’ld
i ncluding 6 carbon atons. An al kenyl used in this invention can for exanple
be opti &ﬁISMY§°%m%eF bd? éd’?‘rbE?&FPﬁ‘FSegor@F‘a‘HP]I?eznt?I6 C@f‘@?&rﬁéom%@ltﬁéé’?ﬂl?fl agms, not
lim ted dro ol ARHBA atom, ARRIS a otefBMIrangk; SicRUYt asltEEYbp “«REAY EfY¥drs to each
4- et hyl hex-1 enyl, 4-ethyl-2-nmethyl hex-1-enyl and the |iKke. ’[00le ~The term
"al kynylinteger insthel ghendiange; efger‘S21(a alkynal kypkangrtbatpant dlkynyd @ooupi evenpinsingh2:

st rai ght ) e rbon chain.one,.or .nore triple bonds, hi certain
enbodi neRt s bag(ﬁﬂsglgké}ﬁy d‘{é%?lr%rell?%’}sp gagtng ‘%&%Cg%gr? athpn Aomsy gln a%?g%gguﬁo 06
car bon ahBribyenflon may beaphionalbt subwtituted. Rxdngples cfatlynnl groopsincbeE hat freaot
nunericgl range,. such as "2.to 6" 0 hﬁﬁc , refers to each integer in

t he gi vgﬁn‘f%ﬁg’e‘?th@y propsayt bufypyl, gpd t fis that an al kynyl group conprising
2 carbon ajopas} TRe EANKLAEYIRLOTFed HRFdn refHR td @ gAftg Halink il ﬁanﬁlacmg%b%ms-

An al kynyl group of this invention nay be optionally substituted. anpl es
of al kyrdgyl gperipsediindhqpreseny inventien east fof pyamplebe eptianaHy syhstitutedo by egrtain

but ynyl , : ' ) " as ' to a

ar oup. nSotsginhotf, ph 5y, e EmplaEs | BBt bomrob SEIET 5 ShBbERnl

i nvent i dntocaerrthar atema,npl letobcayhén anms) wheeibsit ivmetrieal. rahge, swhtagi‘n to 20” or

“Cy-Cy0”, refers to each integer in the given range, e.g. “C;-Cs acyl” means that an acyl group
comprising 2 carbon atoms, 3 carbon atoms, etc., up to and including 6 carbon atoms.
Examples of acyl groups include, but are not limited to formyl, acetyl, propanoyl, 2-
methylpropanoyl, butanoyl and the like.

[0023] The term “cycloalkyl” refers to a completely saturated hydrocarbon ring. The
cycloalkyl group used in this invention may range from C; to Cs. A cycloalkyl group of this
invention can for example be optionally substituted. Examples of cycloalkyl groups include,
but are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like.

[0024] The term “cycloalkenyl” as used herein refers to a cycloalkyl group that contains
one or more double bonds in the ring although, if there is more than one, they cannot form a
fully delocalized pi-electron system in the ring (otherwise the group would be “aryl” as
defined herein). Cycloalkyl groups of this invention may range from Csto Cs. A cycloalkenyl
group use in this invention may for example be optionally substituted. Examples of
.cycloalkenyl groups include, but are not limited to cyclohexenyl, cyclohepta—1,3-dienyl,'
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl and the like.

[0025] In the compound of formula (II), each of L, and L is a linker having a main chain.
The main chain can include 0, 1, 2, 3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 and



enbodi nents, an acyl group conprises 1 to 6 carbon atons, for exanple 1 to
5 carbon atons, 1 to 4 carbon atons, or 1 to 3 carbon atons, wherein a
nuner i calwoange4omsach as " 1 to 20" or "G -C 20", refer@Crsceaolhointeger in
the given range, e.g. "Cl-C acyl"™ neans that an acyl group conprising 2
carbon atons, 3 carbon atons, etc., up to and including 6 carbon atons.
Exanpl es of acyl groups include, but are not limted to fornyl, acetyl,
propanoyl, 2- nethyl propanoyl, butanoyl and the like. [0023] The term

"cycl oali@/'maut; &S ag?%sa GOMRL & blo¥ SO Al M&%&g ot H%g, ;cigng- z_n&gs, an

cycl oal kyl group use hi's inventfion nay range
cycl oal kaphingrisphospionatei of thnvfennmlarCH(&ﬂ&H@)ﬁNHxasrpﬂee:ribed dptUlodeg] HY Current

substitu S . of l.0al k r ncI but are limted to
cycl opr oﬁrfﬂ%r maﬁ%}‘im%} S 2@% Igg%éhil%jgwg «ﬁaab? laﬁl&e ?‘1’?@"%‘1}‘@8? T‘BBQA(*SThe
t erm " cyg! Tiad MeinydhaindanUsoRehih @k Qliphdtie faaaer h@n-@h?l')é@il: Qﬁ’dl&?{/'as 95UEs thBaain
cont ai ns_one  or nore double bonds in the ring althou If there is nore

t han one&hainimgludes, Qoto 2@ mip ghgin gtoms| dbaimair Fhpin- ef gelfqrsbhl Apdt ensdmbe he
ring (Otlﬂ@e,rtp%&?ltlgl@‘éleglreg Yon{ it grngg c?l?srléfﬂn o?%pggxfldll esqbg {i@é ﬂﬁ(&g? kyl

groups of this inhvention nay r rom cyc use
in this Cuvakyli cptivasllyf cubstiiatep! €o-0e aimnyd),napilgnaﬁybstbsnmtedd COExalandyﬂgl, of

| oal k t d t h |
Y el oneysPitbhayGh8RuteA Cout st Bhicifly Ssntusgl s pn fonfifE e gteroaryl,
cycl ohexspeiyhallyaybitabiea G Ry cladlidyl) el dpti@ﬁall}[ Q825ditelic;kgclcaRRHUNE o8 thor nul a

(rry, each O L1 and L2 |s a |inker having mai n chain. The main chain can
i ncl ude ltpkericomprises a gyclig strgcture sugh aﬁacycl@exﬂfr phenyl, the n%berffama%c aip is 18,
19 and2Qo(ged stdhithi tﬁE LBt ndxﬂbér%ﬁmﬁmh% gﬂ’&%ﬁb& poe%% %@ﬁf@xﬁ%xﬂ

chain atonms, an am nobi sphosphonat e of the orrrul a CH
descri b@aammeusmggteﬂ to canfribatatd lﬁhlarqhameltmms:wl th@d;skgrl,l 20023 cgl@tieptyl is

12?033%%@&% onﬁﬁ#ec atnheo(?l%no(r?il ar p a[“?(r:r%c é‘g %{%&r (?Hg 4 %8“ a| "
chain i rcohmﬂie&semam Zhhiaiomsab dhelirkeons. The main chal n of linkers L1 and
L2 can be [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 examples.
[0027] The term “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, orA
more than nine atoms. Aromatics or aryls may be optionally substituted. Examples of aryl or

aromatic groups include, but are not limited to phenyl, naphthalenyl, phenanthrenyl,

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



I ndependent|ly selected fromthe group consisting of optionally substituted
C -C20 alkyl, Q- Cl1 alkyl, optionally substituted CO-C al kenyl, optionally
substi t utwo 200/ dowbkynyl , optionally substituted CO-C a®eg¢r/SGomtoioooeal | y
substituted aryl, optionally substituted heteroaryl, optionally substituted
C - cycloalkyl, and optionally substituted C -8 cycl oal kenyl. In case the

| i nker conprises a cyclic structure such as cycl ohexyl or phenyl, the
nunber of main chains is counted such that the | east nunmber of atons in the

ring is &hipie)dnzehBat g}oimtps,ac&ifﬁht‘éh'eﬁé/ lon 08¢ ﬁféam?é-fonniix?g CRBBh ko, and

contribute 4 main chain atons to the |inker Li or ;& cycloheptyl Is
count ed argioaalht qanyingeons aranagre gubstifnents splscted fropean arglp e bitfercarylj mlepeloalbyld a

cycl ooct c I ' haj o the lLinker. [00 The main
chain at%Jrlr%n éggﬁ%g%ﬂé@%g%lgﬁd g?lg’aghgdf@?}ggg r?\}n Hhé Ctyg?oma"lﬂg?’e@oaég}?ﬁndl%e?%r s to
an at omasyher Ci-GanlloaybarC,eCs dydl; agenCs kriiratkgt, ailisylanigo] ¥piatkadsulfenyl, an

I ndependent| y_sel ect from oxygen, sul phur, nitrogen, and phosphorus, but
are hot ARRYERD %‘E’g%‘ﬂ{@g’hﬁﬂﬁgﬁﬁ“@a’bﬁcﬁ ROHROTIHRHD crrpnsmBpdiRsPS, a1

het er oatpematdy & RYICHEHY is fuBSithi® aPbnd B BorlB U BHORHrD TRet BN AL brthS pbdiorzam®e as
one anot her, or some or all of the two or nore het'eroatons may each ‘be

di f f er erfxamplahof laeyl or lseonsaticTaroups qomprising lsabsticutions inpbrdesbutame pothlnitedoioet y, a
2o YO T b P BSHRRL PSR A5 R ST o
to an araomadphenylj riymetigipienyle a¢-metfyliteeylat HretHoayptiengl, t Mencttioxypliengl, r 4ng i s
N T SR O TN RN R o N TN )
for examyi®xydiphthylr oup_éro_s@metlh?lpﬂeﬁﬁ,onq{rifmoﬁﬁm%h)p%&ﬂ; Hnexishemyl ar gmat i c”
refers to a q_r_ou_p conprising _a coval entl Y cl osed pl an:itr_ rin aving a _
del ocal i®uBhqlis-4-yipheexl; drpysphidian ey}, Spigazebviphenyl, [4-wiagelylpbenyl, sidefe n i s
an int egelhxofriRid-£ NRYpHRAyS O GRE - BYalki1)nins| XubstHED: £19hhy NNR§c,OF
Cealkyl)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-
thiocarbamyl, 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, ethoxy, 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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nore than nine atons. Aromatics or aryls may be optionally substituted.
Exanpl es of aryl or aromatic groups include, but are not limted to phenyl,
napht hal emgl2p10pl3easant hr enyl , ant hracenyl, tetralinyl, fIPaorseagiojooindenyl ,
and indanyl. The termaronmatic al so incltudes, forexanple, benzenoid groups,
connected via one of the ring-formng carbon, atons, and optionally
carrying one or nore substiruents selected froman aryl, a heteroaryl, a.
cycl oal kyl, a non-aromatic heterocycle, a halo, a hydroxy, an am no, a

Cyano, gefdid {PwAbr Mok HAME, Wherdh tH6 %k méte 6f 'tl@ fih ¥ ﬁlﬁdcihgte@}nk%seda Cl-C
am noal kyl, al kyl am no, an al kyl sul fenyl, an al kyT sul finyl,

al kyl sulrﬁfsm/to steagtuges thb)two qrrmaretmngrslsbmecnmmwnore|hqndserH@¢rnarelsbo@u hent s,
an ar Orm‘t I1§nﬁ{}los§5¥tltugd Oél%{l‘gﬁeﬁ cﬁbn Eefréali'rit{l)eﬁq'o@s iR r.iude E)ut are notﬁl mltté-'de topar r%htlge ta,

and/ or oP I 'ons S corrp

subst i t W4 Ogerbéyelid Geoups ld:bm@ﬁang (Dhe bxygeheﬁl stllﬁlr aﬁlditﬁr(by |up t@fdimlnﬂfﬂgeﬂyiioms
4- hal ophenyl , 3-hydroxyphenyl, r oxyphe -am nophen¥ )
Aari nopHREry FOMBInAYT9f SR ﬁgfwgemmhélf |35er8 “%‘W%&%Wﬁ’é ms, and their

4- met hoxyBRRINEA as Rkl ial bERIOTRA PPracheey Jienv%n@é‘saﬂﬂ QQﬂﬂ%(lle, co4m€d(éﬁ‘@i9 f&ﬁé‘}ﬂf
di met hyl phenyl , napht hyl, hydroxynapht hyl, hydroxy 1 phenyl,

(trifl uchonrg fg!hl)l;mmbﬁnatmnkoxyphenyl Am)rphol in- 4- yI phenyl ,

4- lid

POl Ol PR b AT SR LA BRI porPffine

N(C 1- r(ﬁ@ablquél)xmmﬁnmrg/ hton{s(}'ﬁﬂﬂl}lgTH[Enﬁgarsm hmbatomabe-amﬂmicI}tewfrm lic ef ers
to a group in m)rethano of t he c%//r en atom; has

been rep&s &Mt ?P gq’@rth?ﬁ%?go‘ﬁ’r BYp s saye F b F¥e Qh PRQFe RANIPR Ao Som
al kyl, hedeiomhky heteftRyQad MY be B?ﬁ&faﬁp Akt or BAFbORIsEY 10 o Iriflg to form

aryIaIkyI het eroaryl , non-aromati c heterocycl e, hydroxy, al koxy, aryl oxy,
mer capt @ ring I§Y$t?mi & certaintambodiraenin rontarpmatic hetbtosydles £omprassr oRsngy more

© cor byl A LI KRITH 1o SRS W o5 O o bl
[ SOt hi oBramples, ofnmdn’ apmaii¢ yheterocycles include, but are not limited to, lactams, lactones, .
cyclic imides, cyclic thioimides, cyclic carbamates, tetrahydrothiopyran, 4H-pyran,
tetrahydropyran, 1,3-dioxane, 1,4-dioxin, 1,4-dioxane, piperazine, 1,3-oxathiane, 1 ,4-
oxathiane, tetrahydro-1,4-thiazine, 2H- 1,2- oxazine, maleimide, succinimide, barbituric acid,
thiobarbituric acid, dioxopiperazine, hydantom, dihydrouracil, morphinone, trioxane,
hexahydro-1,3,5-triazine, tetrahydrothiophene, tetrahydrofuran, pyrroline, pyrrolidine,
~ pyridone, pyrrohdione, pyrazone, pyrazolidme, imidazoline, imidazolidine, 1,3-dioxole, 1,3-
dioxolane, 1,3-dithiole, 1,3-dithiolane, isoxazoline, isoxazolidine, oxazoline, oxazolidine,

oxazolidone, thiazoline, thiazolidine, and 1,3-oxathiolane.

[0033] The term ‘“heterocycle” refers to a group comprising a covalently closed ring
wherein at least one atom forming the ring is a carbon atom and at least one atom forming the
. ring is a heteroatom. Heterocyclic rings may be formed by three, four, five, six, seven, eight,
nine, or more than nine atoms. Any number of those atoms may be heteroatoms (i.e., a
heterocyclic ring may comprise one, two, three, four, five, six, seven, eight, nine, or more
than nine heteroatoms). Herein, whenever the number of carbon atoms in a heterocycle is
indicated (e.g., C;-Cg heterocycle), at least one other atom (the heteroatom) must be present in
the ring. Designations such as “C;-C¢ heterocycle” refer only to the number of carbon atoms

in the ring and do not refer to the total number of atoms in the ring. It is understood that the

11



tri hal onet hanesul fonyl, and am no, including nono- and di-substituted am no

groups. [0029] The term "al koxy", alone or in conbination, refers to an

al i phat i cwbydroo@eesbon havi ng an al kyl - O noi ety. | n cert acCm/Seaodoopnt s,

al koxy groups are optionally substituted. Exanples of al koxy groups

i nclude, but are not limted to, nethoxy, ethoxy, propoxy, butoxy and the

| ike. [0030] The term"arylalkyl" refers to a group conprising an aryl

group bound to an alkyl group. [0031] The tern1"heteroary|" refers to an

aromt | b SRGHE! Bill KVEGuARoHAl HeldiodiBHh BE ri ﬁﬁ%t&&afcms RBmphiHE wd! Ve,

si x, seven, €ight,” nine, or nore than nine at o ngs may al so

be fus ed)rtmoratheteemazmsg rthosei tmg droncfro heteepapams may be tirei sagxeszyshﬁarent‘lfh&n foee m
fers to two ,or .n_two or he rings

ar o e OBl ORLERy AR, 5 o gy S8Rl bR ke B ARG ot B hoe

shar e ongt@batdmrcd virod darboriglofi. GRhnipRs BBNet&OcRiMs ifdladd, buSatb sbi litft@lto the
Exanpl es_ of heteroaryl groups include, but are not limted to, aromatic

C3- 8 hetf@H®¥Pgl i ¢ groups conprising one oxygen or sulfur atomor up to four

nitrogen atons, or a conbi nati on of one oxy d up to two
nitrogen at , e|r S titutedRas i fused
derivati or exa con 1EB€| ohe of t i i car bon
atons. [P032] ter n n aroﬁatlc hefefocycl e’ p
conprising_a onDaLQ ti @ mh@ﬁeL one re 'B he ring
is a heteroa ona hbn ar@natlc heteroc clpc rﬂ%gs smay Dbe fornmed~by three,
four, fiv ei gh#™\qi ne, /DT re tpamine atonms. Non-aromatic
het er ocy€l es e optlo S I tut ed) oS may b fu to ng to
forma rling syst m ertalnstFo i ments on aro t c hexer fjcycl
conpri se&.one Q re or_Jt hkgcarb Eyl groups shich ag, tlor eyanpl e,
0x0- and thpo-cont ro {(anﬁ etePUey Ies

i ncl ude, but aré not Ilnlted to |’act ans, Iactones ’

OO0
k)k“ 9 1}f\\>

()(WE)(]E @

K /T

‘wherein D, E, F, and G independently represents a heteroatom. Each of D, E, F, and G may be.
the same or different from one another.

[0034] In certain illustrative embodiments, the linkers L; and L, can be one of N-
methylamine benzene (CAS Number: 2739-12-0), N-ethylamino benzene (CAS Number 103-

12



cyclic imdes, cyclic thioimdes, cyclic carbamates, tetrahydrothiopyran,
4H pyran, tetrahydropyran, 1, 3-dioxane, 1,4-dioxin, 1,4-dioxane,

pi perazi €0 201034098at hi ane, 1 , 4- oxat hi ane, tetrahydro- PC#/SGhommpees 2H
1, 2- oxazine, nmaleimde, succinimde, barbituric acid, thiobarbituric acid,
di oxopi per azi ne, hydantom di hydrouracil, norphinone, trioxane,
hexahydro-1, 3, 5-tri azi ne, tetrahydrothi ophene, tetrahydrofuran, pyrroline,
pyrrolidine, pyridone, pyrrohdione, pyrazone, pyrazolidne, imdazoline,

i m dazol 6@5&'}%,@«1@&%’&59&%1 arhing. cﬂis”iﬂln%%?v 9#6§;7ﬂ,' NN QiGe %r ffd hhehane.

i soxazol 1'n€g, i'soxazol i dine, oxazoline, oxazolidine, oxazoltdone,

t hi azol i (@AS Noimdzol 12di169e7), athy], Ipr3pydxatpentyl, soe exdfjild3n dthe ¢mbotiments, the

"hetero |e" refers to rou ri si,ng a coval ent| | osed ri erein
at | easle'g‘ﬁ caé’ttlfrﬁ“fwlr‘?‘?ﬂgy g’r‘?@“‘ﬁeﬁg‘g&"f‘éﬂc YAmRlE B’Pnoﬁﬁ‘l‘é’ag%’ s\‘@élg’(te‘&gé‘ &t om
form ng drhe;-Ci Retetctydle RBIMPFSIAL UNledsEbRE OF Witbolgén,dxyPen BRYulpRur! BkaBAlePVT

three, four, five, six, seven, eight, nine, or nore than nine atons. Any
nunber oWch hessrcyglesganringludseanyeaf dhehetaspeycles agdescribegchesein and Fancalsq ingludey
conpri se_ : ez o WE,. 11X . } e, _g\e than
6. hot SeaEPnaRe (A Ramb ST RS nd e AR SLOKS NHRE. (Bh- 075

het er ocyWhen idssireddiag sdn@ido (group carCbe Gntnedueed dntol the hetrodyelas tbyoaminatidte bf at om

(the heteroato must, be present i.n the ring, Designations su as, "g-C
het er ocy® %g'enfcg’%élpu%*l?ertogy‘ﬁﬁe 11119{951-650}}8@ Bé’gjﬁ?ﬁ’? g}‘%ﬁﬁmﬂﬁ aPﬁB“ﬁ?‘?hp@‘da”ﬁ@.do
not ref ednother biphéphate coHPIREd.OBucH @fEnatibn tréftibhddre WithirS theN¥swIedRd of hat
t heheterocylic ring will have additional heteroatons in the ri ng

het er ocyREF®Es O8rAyEfage rikill vip the afored fraledeotheotpiablishrds ‘eChivtébEthin’m@a{ion
het er oat,ofmioRByr b &aﬁﬁnagr@u&&mﬂw fpfygaﬂl% ffAmo agﬁt@n@%{ﬁ c st ﬁgtgﬁyﬁﬂo.es may

be optionally substituted. Binding a heterocy at a heteroatom
or via &#,08:068) Qthemamiibatiop| reactiohs lvat also dyecémeployert Fardexamiplet Naanginatidn bf mi ted

to the foll pw ng: i E. F i nd dent t
ot er oatSRe R gk RiEbYels ing moRfiolSi PEe TR I L bt Rero e Bt one
anot her .2004, 69, 1368-1371). 4

[0035] In some embodiments, the complex according to the present invention can be

o 0 0
RN I | P
P, OH p
\\\‘\\~§~ -O . /C NH OH
T >P N P< OH
ol | Sor
_ 5 ,
0 ' o|
HO\” | 2 HO |/O- T
HO/P><OH/\/\/ ” /\><P\O ""----_-CaL,
C P
0- _—
HO>P SnH P< ®
wo”” | | Yo
o] _ . o , or
i i
Pt ’-O\I cl) l/OH
Ca?*~gzr—--- o ><\/\/\/\/\N—!3 oM
<3 O>P OH H P<0H
0 " || OH
0
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[0034] In certain illustrative enbodinents, the linkers L1 and L2 can be
one of Nnet hyl am ne benzene (CAS Nunber: 2739-12-0), N-ethylam no benzene
(CAS Nunbwo 200346865), N, N-di et hyl benzene am ne (CAS NumrbESG200406@17) ,

N, N- di met hyl ami no benzene (CAS Nunber: 121-69-7), ethyl, propyl or pentyl,
for exanple. In other enbodinents, the Iinker can be an optionally
substituted heteroaryl, for exanple an optionally substituted QA -Cor C-C
heterocycle conprising at | east one of nitrogen, oxygen or sul phur.

Exanpl es o he rocyc n.include any.of th t erocycl.es as

descri bed %§§fﬁlané§%an Omn% fUdet et%ylﬁyrldlﬁe RyﬁggP can
537-78-7) and 1- ethyllnodazole (@%S Nunmber: 709§-07-9). VMen desired, an

am no group _can-1%é04 duced |an the heterocy | epHoy ani mati on of
nltrogen-dhﬁialnlng h 0 m a |inkage, for exanple
an an1dq)bond ww{hyaﬂﬁfher blephosphate conpound &uch am nation reactions
are within the know edge of persons of average skill 'in the art and include

the establ je3epn Qﬂiaﬁhélﬂlﬁtmmﬂentalﬂldta;&nm icorlingo thé inkenttit dagnblilclude a
substltutgg pyridi ne such 3- eth | pyridine (US Patent No. 5,003, 069).
O her pqtlyR olement og AT %Soéq’I?O 5\@ radigiselpae crp foreskample CROMBAIAAPItAN of

pyrrole al ,
o mgphbmhﬁe %@bﬁa@ﬁaﬁt@&o@l ?fathmee@tk%@&m%%e& ¥ Sdon Ey fo}Rﬁag

1368 I n some enbodi nent
corrpl ex mmtwg qr@lqtai@owbgeﬁxampiveﬂﬁ jugh rasiienctied €e@6its Hrat orhiegr used can

enbOdl maﬁ i9lﬁf Q% eNI,OﬁS tlhﬁ(e' ep \flentAtoﬂfleﬁla S [foroé)quéap nggg rratlcgmgotcggng)f) dj mant S
e conpl éx accordlng to the i nventi on can al
eI enment Wisphasphafite agovidfie thellrewl aifie @f st Eponadavérage skibimthe art andpaigalsie t o

t he bi sphosphonate. o hosphonat i ety of the conpl exes present
i nventi Eﬂ‘? WSCPchin' [[\&Q’ "ﬁata(eow %%t %m%?ﬁff‘g&‘ "EE dé*?‘%"l‘”’%u&ﬁ
radi oacty; oﬁJthEi@i §m11t5§tcoﬁfilbxbé3 &ﬁ@ﬁtl@l@@ltbﬂﬁél%%ﬂgﬁng ﬁf@é&ﬁonjsaﬁlés;
1231, 186Re and 211At. Meth onj ugating a radi oi sotope to a

bi sphos&ﬁ&néﬂ%‘ % Biok.t 108, tZH@) k%@ﬂnﬁ%&i ayfa KndMykat Jodsaro By dasgpshioiai H i n

the art @an b t , w199

characteri zat | ‘on ang’ ?Sﬁﬁsﬁgbgﬁﬂoﬁ §$Yﬁ$ J'I\&ua Mal. 20§'Y,”JEH,@§(1§.122 7; and
Larsen RH, Murud KM, Akabani G, Hoff P, Bruland OS, Zalutsky MR, 211At- and 1311-
labeled bisphosphonates with high in vivo stability and bone accumulation, J. Nucl Med. »
1999, Jul;40(7):1197-203. |

[0038] The present invention also provides a method of treatment or prevention of a bone-

related disease or disorder. The method includes administering a pharmaceutically active
. amount of a complex of formula (I) or (VI) of the invention to a subject in need thereof. The
invention also provides a complex or a pharmaceutical composition or medicament thereof for
use in the treatment or prevention of a bone-related disease or disorder. The term “to treat” as
used herein is intended to refer to providing an pharmaceutically amount of a complex of the
invention or a respective pharmaceutical composition or medicament thereof sufficient to act
- prophylactically to prevent the development of a weakened and/or unhealthy state; and/or
providing a subject with a sufficient amount of the complex or pharmaceutical composition or
medicament thereof so as to alleviate or eliminate a disease state and/or the symptoms of a
disease state, and a weakened and/or unhealthy state.
[0039] The term ‘“bone-related diseases or disorders” 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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bi sphosphonat es Sm 153 conpl exes: correlation with nol ecul ar nodeling

I nteraction studies, Nuc. Med. & Biol., 2002, 29(3): 329-338; Ogawa K,
Mukai T, weanw/ByIsKawashi ma H, Kinuya S, Shiba K, Hashi momsGE10Mbe214 H, Saj i
H J. Nucl Med: 2007, Jan;48(l): 122-7; and Larsen RH, Mirud KM -Akabani G
Hoff P, Bruland OS, Zalutsky MR, 2 11At- and 1311- | abel ed bi sphosphonates
with high in vivo stability and bone accumul ation, J. Nucl Med. 1999, Jul;
40(7): 1197-203. [0038] The present invention also provides a nmethod of

treat Mentlafd Bis6a66d bk Misdtlierd hBanBERHARoPbrs&as Gst%mﬁili?ig,gfgﬁéitis T&??rHELQOd

I ncl udes adm ni stering a pharmaceutically active anmoun a conpl ex of

f or mul a ((P3gebp diswasy obpondiy hone metasiasistroultipleuhyeberna, ipnimaselypetparatiayroidige

i nventi LQVi conpl ex or a pharmaceutical conposition or

medi camaﬁg%%%ggeglggﬂ e§'tfjegtea'i n the treatment or prevention of a bone-related
di sease or [(W48PpAs@sed Hdrein} therterni tsubjeetitréfemstoum@talb lichi 43 hammalseindRding)

refer t rovi di an.pharpaceutically anpunt of compl ex of the invention
or a redyEBeS lwt%_ﬂarwa@@aﬁ &B&ﬁ%&gg\yq,gﬁee& 897t NELSFRe APES: FALS ARPIEURTSI i ent
to act Rhieehyd delikeahlckrthia eRIbBY Bt he sG¥&liPPABAL. Of a weakened and/ or

unheal t hy state; and/or@ﬂprow ding a subject with a sufficient anount of the

conpl ex or [09A4%kF Aeomwplexcel the prgsenti inventiop ror gepharasesnticallli @céest argeung sherepf,

al | evi at e.a, di s@_ st af t y a. di sease
tate, i te SO s MR RubIHHICR dollon BBl e M PRSP TP o e
di seasephamatestmaamspositms imwhichthediirgdingmmndtearialeire mikel wist sigfabk chaicrng

poor bone m ner al nsi.ty. Ln other.enbodi nents, bone-rel ated di seases or

di sor ders eéﬁwlqnﬂﬁ)l’ &%8}?‘3ﬂ€eéaé’ésf°?’?f§?mé’f ?‘Ejgf“ﬁgﬂés_trﬁﬂ?fé .0? eS| e br rf_@“@‘a{hpl es
of such "Rem@igedra Eithnelh €4 Sefenélis I VALK Fubfiging 06, BERD P ARQERYitDn.
osteonyelitis, osteitis deformans ("Paget's disease of bone"), bone

met ast asi s[0042) As psed rgesireadngpisten’ pr hpdreinissiation’y referi onthandeliysteofenesi s
i mper f echa, 1&%‘?4&4:1.:1‘{(&)’ ﬁlegpﬁ%%éﬁticﬁlr&%m&)ggi%; 8%&&8&5&3& @(f)rﬁgxﬁmtg% c%ﬁlp'f@tl S
such as naﬁnals, I ncl udi ng,

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 intraventricular, intravenous, intravitreal, intraperitoneal, intranasal, or
intraocular injections. Alternatively, one may administer 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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but not limted to, primtes (e.g., humans), cows, sheep, goats, horses,
dogs, cats, rabbits, rats, mce and the like. In certain enbodi nents, the
subj ect iwoOaotwmreess [ 0041] A conpl ex of the present i nveQTiSGR0®R0ER14
pharmaceutically active anount thereof, - can be adm nistered as a subject,
for exanple a human patient or can be adm nistered in pharnaceuti cal
conpositions in which the foregoing materials are mxed with suitable
carriers or excipient(s). Techniques for formulation and adm' ni stration of

drugs may .0 - Rem s P

Publ s sihi g R40F FHE ihBenc e Aol SEThETHARRAh Ry BE RREERned M fucous

"adm ni Sstodimonﬂrprefhrkhﬂy]irsph)aidlmgi allyedoenpatible buffersdath we Hynlof scﬂutﬁmmRh@er of
formul a {9:112 Ear maceu{ fl OSIH:I i on or nedjcapent containi ngna
conpl ex t’I"B’r rﬁIl Rhysiglogical i ‘ﬁ“‘nvl@’:ﬁ) -0 Of olrAPSEWEPAE t AGTYPISIARON, | PEIGEANTY f
prevent i gprdpriater BthEBRfriepfto BeRRAReAQ] ealed i BRSBrMilatldd FudR hendtARd 3re

Suitable routes of adm nistration may include, without limtation, oral,

rectal , genembykeeymin be aftnt estinal administration or intranuscular,
subcut aneogﬁm ?&r Mdaﬁlr{u?igﬁlat ‘n”ttl{ea&{}ﬁoﬁil@i s & g Bvérf%fxac‘éﬁrﬁer fo%h?a?ed b
i ea

I ntravenou ravitrea réperl I ntranasa I ntraocul a
I njecti cnmmbuﬂhg ﬂieraatwe/edmpomdewmﬂayphmdmcmt&hkky a¢chﬁtahlem:p1hm<s well knavasinah¢ | ve

h ti t I ra th S em ¢
anner - FbrSogk SRR SRl T BEPPUMSHL BhinEBb I Be dFBLrd o RBFS Flsese
opti onallbyengé\s aragaeptcaﬁule%uaaﬁu@egélsr §Yr85s Slun@WsNHhsPbhsidhs a&la(}ﬂélhke for oral

Phar maceuti cal corrp03|t|ons of the present invention may be manuf act ur ed by
pr ocessdBgsaen by opgiienty Rhgemagentical @Fepé%&%ﬂ for %@l ype A8 bsrmaderwsing ¢ oplid

Qnégggulégdtc ng, Vdgﬁtg?%{%g??\%u%éhd{gyop‘ﬂ{ zi ng proc Jggéégﬂg%@ﬂlﬁtﬁg—ufr &%:ﬁcllaét}t I cal

conposi tdfensddiog otlse suitaldle cuxdmriee ifidsired, te gbtais aattlets v aindgee rconay 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 gelatine, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and/or polyvinyl-"
pyrrolidone (PVP). If desired, disintegrating agents may be added, such as cross-linked
polyvinyl pyrrolidone, agar, or algihic 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, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and
suitable orghnic 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 wéll 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 magnesiuni
stearate and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved
or suspended in suitable liquids, such as fatty oils, liquid pérafﬁn, or liquid polyethylene

glycols. Stabilizers may be added in these formulations, also.
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be fornmulated in conventional manner using one or nore physiologically
acceptabl e carriers conprising excipients and auxiliaries which facilitate
processi nyoahiwiaedsact i ve conmpounds into preparations whiPCi/SGanoeonsed
pharmaceutically. Proper formulation i-s- dependent upon the route of

adm ni strati on chosen.[0046] For injection, the conplex of the invention
may be formul ated i n aqueous solutions, preferably in physiologically
conpati bl e buffers such as anks sol ution, Ringer s solution, or

physi ol ogi ' r t |s ts
appropri at &153? t%h é rh%“}lf’lrlj%xgg ‘ esé@ﬁg%qgg use ito"ﬁ‘%la%fq ooﬁﬁﬁr%[’{e%q.
Such penaintiaistratia, . gerlgr bd;lhy 1ﬂgamm Orr’cdnhﬁucﬁl’stlnfu[sﬁﬁ4Fﬂ>mE(bitlml§ &br injection

adm ni stratj on t he co Xes f t he i nvention can bedggrnulated by

conbi ni g2Y he Pizsenierng Aeksfogn i SHAAMPORIGE PES Yt eﬁ?%rlsrsc‘aﬁb%rs
vel | Knoyded prélfatils.. TRYCHmpadifioR SafnARl SuchNRnf® B Augsiasiehs, tdafutiofy @Rt i on
to be formulated as tablets, pills, |ozenges, dragees, capsules | i quids,

gel s, sysmupsions jimrailyeer aquenyerishisies, and mase cpitiia, Oﬁmpla@nelmatﬂgéwudh apy a
pati ent cg oral use can be nade using a solid
ex0|p|e51§&%dggb H*P%ﬁgﬁﬁﬁﬁ?gb&% eggééﬁﬁting m xture, and processing the

m xt ur e of [@5dhBhamacaiticel c@dghositiond her pmérttabll adatiistrdtoni @xhide dgsdoued, to
obtain tablets pr drage ) gres ef ul ?I |ents rﬁﬁ articul ar,
Fillers lnsel S HgtsF Solublg dpryishie PRt QG H{afipn dsaltyfi PleXor sorbitol
cel | ul ose pyoBRRNARALIRASIY UsBp@Siont W B%asihRexelBh#e bet frepdted MREANIpSHRLIEN.
rice starch and potato starch and other materials such as gel atine, gum

tragac an\tthclqnspﬁgble digpphilie yehiclgy inchidg fatopgilsehps sesamp gllosmthesis dattyacid
car boxy r@{ewgu%ﬁ lag (ﬂeat@‘ Qﬂt{ Mgé}ﬁ:gh)fé/sé Y ha@i1s g’ﬂc'hqg p? ﬁ)ﬁ%@ A(ﬂdefougﬁféc{lgﬁi

di si ntegrating agen S nay as Cross-
pyr rol i dosgensiagamay@ontlgsubstanegsi \dhlch\umedaSe ﬂmahscasnt;soﬂtharsusﬂegsmmtsachray al so

pur pose, LB EHPPRARI gUboss SrRioher iyt Doty i S ot omanr

cont ai n @i kakible sthBﬂh@ers p@boY | agihts that increase the solublhty of the compounds to.

- allow for the preparation of highly concentrated solutions.

[0053] Alternatively, the complex may be in powder form for constitution with a suitable
vehicle, e. g., sterile, pyrogen-free water, before use.

[0054] The complexes may also be formulated in rectal compositions such as
suppositories or retention enemas, using, €.g., conventional suppository bases such as cocoa

~ butter or other glycerides.

[0055] In addition to the formulations described previously, the complexes may also be
formulated as depot preparations. Such long acting formulations may be administered by
implantation (for example, subcutaneously or intramuscularly) or by intramuscular 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 ioh exchange resins, or as a sparingly soluble derivative such as, without
limitation, a sparingly soluble salt.

[0056] A non-limiting example of a pharmaceut‘ical 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.AVPD isa

solution of 3% w/v benzyl alcohol,8% w/v of the nonpolar surfactant Polysorbate 80, and

17



pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide,

| acquer solutions, and suitable organic solvents or solvent m xtures.

Dyest uf f swonopignasat s nay be added to the tablets or dragesceaatonegs for
identification or to characterize different conbinations of active conpound
doses. [0049] Pharmaceutical conpositions which can be used orally include
push-fit capsules nmade of gelatine, as well as soft, seal ed capsul es nade
of gelatine and a plasticizer, such as glycerol or sorbitol. The push-fit
capsul e e [ i | er such
as | act 06852/3%/9&{2)[%%& I{Més%c%@‘gésl %‘jt%élrrﬂ]%,gq%n %oﬁuggllﬁgrﬁ%@% sucl;brh% YPI:) %
magnesi wolwheayskine (¥PD; RFWV) eoadisty of SMRIbidiluedrs: 1l with af S%Cdaqxsrukeem whfee

active compoun be di ssol yed, or ded in s |ta | e such as
oty o PURR S GosAT A Em P MG P BB ryemady e lomd Hspiue, o
may be adaadxicity bpssysterfididmihistagon. @l so. [ 0050] The corrpl exes of the
present invention may al so be fornulated for parenteral adninistration, e.

g., by bol (M57hNepral ﬂ@rpr@mlpmﬁfwgcli ﬁfc%ﬁﬂ&mt spgsemmat heovesied sensidgrabdy i on

my be RLESK ggﬁ f WPHI e | ose
cont ai ng‘?s b ﬁr gﬁ’ a sedvtg{ﬂl ée%sgrer%om | onze qrrfﬁ%/h{%a@ iﬂutré%
forns as:ossm:’manscbmpmensahm bowsriat: fexrmtammm&tlian lowItyxicity acppabi Sutf@hams es,

and or dTops A gt ef Bolfedao 'Fﬁa?wati’%{}??ei OB BshLs be Farine e
adni ni stdtadri Betoipatibld§odpHas UsaySRplakd gm[s,g % leﬁe 61r Aﬁglm QPyfoligseh as,

Wi thout Iimtation, a salt, of the corrp itionally,
suspensiAWASST sYgdEs FRohysascbaridesymayesubstapts fi qxﬁog | i pophi lic vehicle.

Sui tabl e | ;@gWAltEﬁaﬂgéi%' Coifisr H@ﬁ"«eéﬂ?}g{eﬁ'{ﬁ fr Qhd hzﬁﬂl% u@iéal %?g%eg'nllay

synthetic Tatty aci ers suc olea e an des
mat er i alespered wsh |as Jgooomss and) emolswnsnineadditon, snspamrgmcs soﬂuynts (smlaim

b ' h h di
Car boxydBERYY CBiPT HEER Rk Bl et hush ofleha: BERPRARBRFI7r Mo Ehspenst on

may al so  [0059] Additionally, the complexes may be delivered using a sustained-release system, -

such as semipermeable matrices of solid hydrophobic polymers containing the complex.

[0060] Various sustained-release materials have been established and are well known by
those skilled in the art. Sustained-release capsules may, depending on their chemical nature,
release the complexes or the active ingredients for a few weeks up to over 100 days.
Depending on the chemical nature and the biological stability of the therapeutic reagent,

~ additional strategies for stabilization may be employed.

[0061] The pharmaceutical compositions herein also may comprise suitable solid or gel
phase carriers or excipients. Examples of such carriers or excipients include, but are not
limited to, calcium carbonate, calcium phosphate, various sugars, starch, cellulose derivatives,
gelatine, and polymers such as polyethylene glycols.

[0062] Many of the complexes of the invention may be provided as physiologically
acceptable salts whereih the complexes may form the negatively or the positively charged
species. Examples of salts in which the complex for;hs the positively charged moiety include,
-without lirhitation, the sodium, potassium, calcium and magnesium salts formed by the
reaction of a phosphonic acid group in the compound with an appropriate base (e.g. sodium

hydroxide (NaOH), potassium hydroxide (KOH), Calcium hydroxide (Ca(OH),), etc.).

18



contain suitable stabilizers and/or agents that increase the solubility of
the conmpounds to allow for the preparation of highly concentrated

sol uti onswoO[20063)984l t er nati vel y, the conplex nmay be in powmserofo®ponif or
constitution with a suitable vehicle, e. g., sterile, pyrogen-free water,
before use. [0054] The conpl exes may al so be formulated in rectal

conposi tions such as suppositories or retention enemas, using, e.g.,
conventional suppository bases such as cocoa butter or other glycerides.

[0055] In ' j PR a&a}tﬁgl ‘é&&g?;@xﬂ@‘éﬂs%?ta & Sfof Iulggqn Rﬁ 're%Er?t l‘;ﬁw&uo &91”?!: Exes
may al so be fornul'ated as dep reparations ormul ati ons
may be adhmpokisioey etlelein ihapakavd mgredmn(sfame caxaingd i, arsatb@uit an&‘mitai % #hieve

i nt ranmuscul ar or i ntranmuscul ar injectio A complex of this invention
may be f Fm@ﬂa‘%ﬁ £n-sthe rspimest Ordar%%flg*e P basts Thiated & rieas'f gsget-yer i ¢
or hydr Oph‘{m]ﬂq NVRir€ 1 dpRtificAllyor a | thefapdfiRally erRBHRMALRDUAN nYdah8! & amount of

phar macol ogi ca acceptable oil), wth ion exchange resins, or as a

spari ngl cgor@@uesbp eqliveito preveat, elleviatgr apelineta symptpmaof bane-relaseshdisergt o

sol ubl e Qh&ﬂ“£89§ﬁl ¢ﬂg@&$§&m§%ggpéﬁe fqa pharmaceutical carrier for
t he comp exes o] € hvention 1's 27¢0so system conpri si ng benzy

al coh oI , . a[006fpDe@rmmatibact zatlierapmtwatlg effecsive hneuntrig avell ®v1f}mi thereapabilily afl

agueous phase..sych_ as the V nt, system, VPD is ol ution of 3%
o Den AP SR ST B Syt periiity REihEnlEr drodet Fitlosiie PRI BIBR o B0 andbs
w'v pol yet mokspso@h%gabr&?&&es mfaaﬁnumlet theOUY TIE the iARHAbAL ﬁleeﬁlgﬁﬁéﬂtlcaﬂ-}he VPD

cosol vent _system (VI W consists of VPD diluted 1 :
dext r os estfealivgapraouns or @opopan e psfimatedbinitially fegm thdescrbes %sgasySh%melahm c

compoun clﬁer ultlc effgk%g% bf %3{ cor éflﬂ%}?? tﬁ%!é&}%’lg% | GLdrbelt B ?1%1:? Yait ﬁcmi&erml?ed tr)%

adn1n|strat oportions of such a co0-So
system rwdmi pharmadeutioalls ipdmedlhrley ini ¢dblowtltwles tor ogripegmietital samirodds,| ey ynd

toxicit ydeger}r%{n%:é {he Il\iltd &ad the l]'.ﬁ orrrziosqlgjecttc%%lplogr?&tljhte%at%fobgaqged 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 dosage 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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co-sol vent conponents nmay be varied: for exanple, other lowtoxicity
nonpol ar surfactants nay be used instead of Polysorbate 80, the fraction

si ze of pabyetdwbssne gl ycol may be varied, other bi ocompariSokeiopodysers may
repl ace pol yet hyl ene glycol, e.g., polyvinyl pyrrolidone, and other sugars
or pol ysaccharides may substitute for dextrose. [0058] Alternatively, other
delivery systens for the pharmaceutical conpl exes may be enpl oyed such as

| i posonmes and enul sions. In addition, .certain organic sol vents such as

di et hyl su al so ed al t. en e_cost
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their chem cal ure, release t conpl exes or the active ingredients for
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exci pi ent €s.0 carriers. or excipients include, but are npot
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cel | ul osge efhposRionY 88of RhaAl drigierialtd RRiNMIBBnSUCh as pol yet hyl ene gl ycols.
[ 0062] Nhnémof t he conpl exes of the’invention may be provided as

physi ol ogi VJ’-})/CQI@B@%@%IC@H@&IBWS agompeind eftbe wnmteubgnmlagedﬂma gempasible

negat i ch

t he Con‘gjllh eﬁt&%l zﬁ’ﬁ%xt taYs\clye ?%ﬁageds @%%&F ih ?n%%%nef conta%r?% ;;Sr{d lnbéi\h |

limtat |fmeamthancamdtmdnmm cal ci um and magnesi um sal ts for med by

}322 er ?2(:;' R@Z%T ﬁ?‘rpge%ohseegg,na{ haygllopoggcaﬁy/ghaxpnageu%cal?y c%g}?ta le camer re e? trooapr late
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 carrier or excipient" refers to an inert substance
added to a pharmaceutical composition to further facilitate administration of a compound.
Examples, without limitation, of éxcipients include calcium carbonate, calcium phosphate,
various sugars and types of starch, cellulose derivatives, gelatine, vegetable oils and
polyethylene glycols.

[0075] Methods 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 (Ila) in which

the carrier is bound onto a bisphosphonate

(0]
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”/” \J R
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hydr oxi de (NaOH), potassium hydroxi de (KOH), Cal cium hydroxide (Ca(CH)2),
etc.).[0063] Pharnmaceutical conpositions suitable for use in the present

i nvent i orwOneloudessonposi ti ons wherein the active i ngre@CemsGom@moeoaont ai ned
in an anount sufficient to achieve the intended purpose, e. g., the
treatnment or prevention of a bone related disorder or disease. [0064] Mre
specifically, a therapeutically effective anbunt neans an anount of
conmpound effective to prevent, alleviate or aneliorate synptons of
bone-rel at ed di sease or ﬂ' order or prolong the survival of the subject
being treated. [0065] Dé ermnation of a therapeutically effective anount
i's wel | with &furtheh Gsecapl) ibisphogphofiaté bampousid] fdredampletahisisphiosphoasteeoimpblnd i N
| i ght of ihe g il ed disclosure provided herein. [0066] For any conpl exes
used in°f s of the invention, the therapeutically effective anmount
or dose can be estimated inigially fromthe described assays. Toxicity and
therapeutic efficacy of the|pongpunds or conpl exes described herein can be
determ ned by stangard phar eutical procedures in cell cultures or

experimental ani malé§)\e. g7, by~@eternmning the MC and the LD50 for a
subj ect conpound. The obt aigped fromthese cell culture assays and
ani mal st udi e L& used i formul ati ng a range of dosage for use in

humans. The dosage may vary |dep@Hdi ng upon the dosage form enpl oyed and the
route of admnistration utilozed. The exact fornulation, route of ,

adm ni stration and dos?ﬂihcan be chosen by the individual physician in view
of the patient's condit [ 0067] Dosage anpbunt and interval may be

adj ust edndd?dbNdiflsd th YornPhRIcBMpHR &If&m (1pet AsOFExddisle a5t i ve speci es which
are sufficient to exert the desired effect. These plasna |levels are
referred tl80% Imqthmrnbedmts, ouly@sa demetaf Risphesphonatzean be[used 81 prepase Hies
necessa A and
Fout o oF b 3P Yt iniion T CHRENMR by Bk L RopGORLAGL BhBhIAS 1
pl asma obffomantar(BY) ons. Dosage intervals can al so be determ ned using MEC
val ue. Conpl exes shoul d

Re IIDI<0H
>< o
HzN~—(CHj}, ”\

Iv)

with a compound of formula (V),

X—(CHz),—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. The compound of formula (III) can then react with the compound of
formula (IV) in which the carrier is bound thereon, in order to form the complex of the-
invention. |

[0077] As mentioned above, the invention 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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be adm nistered using a reginen that maintains plasm | evels above the MEC
for 10-90% of the tine, preferably between 30-90% and nost preferably

bet ween 59020814bd86cases of | ocal admi nistration or sel ecriSGeoupbeie, the
effective |local concentration of the drug may not be related to plasm -
concentration and other procedures known in the art may be enployed to
determ ne the correct dosage anount and interval. [0069] The anount of a
conposition or conplex adm nistered may, of course, be dependent on the
subj ect being treated, the severity of the affliction, the manner of

adm ni stration, the judgnent of escrlblng ph¥si ci an, etc.[0070] The
conposi tions or conpl exes may, .| Oese ted in a pack or

di spenser device, such aS(ﬁrklt ap (gg tory authority, such as
EMEA or FDA, which may contafn. s ge forms containing the
active ingredient. The pack may\Tor ex nple co nmetal or plastic foi
such as a blister pack. The paclk or di/spense deV| e may be acconpani ed by
instructions for administration.‘\[0074T ™& pack dr" di spenser may al so be
acconpani ed by a notice associated wt Lge container in a formprescribed
by a governnmental agency regulating th nuf acture, use or sale of -

phar maceuti cal s, mhich notice is reflective of approval by the agency of

the formo e C i0 or of human or veterihary ad istration.
[0072] c:on{98§§h Inghe cew) @"‘Sfﬁgméa@dﬂp%areaqnt%héarwﬁwqwﬁew PRRSPARNAF i n a
conpat i RbRipbhiaY HBetid tHefdto GAlchh BE alfRMegty 0 1P2 DuePpas eds, 9] ROSAThE cafier
appropriate container, and | abeled for treatnment of an |nd|cated condi ti on.

[0073] Asnd@ednihé}feihﬁ cagrien lay sdes¢rihgi cehtovg/ pidaramadralndec it ys act dimited| to

t t
o o R R A, PONEIE] e Rigkleln AR5 ARY: SAHBRIY SLLILERT!
pr oper t iselphaté anldeh)aidmnyapaﬁte,r byﬂroxmpxmxa d:on{pﬁﬁi?eé] of Apla ghaofrﬁam;td}maédnyand

accept a?xy rog:(}afarpra 1te ﬁ Ea I P tricalcium % ) atteo rrafcpnol %?rﬁxpﬁa%lcStcglc&?n phosphate

calcium deficient apatite (Cajo.x(PO4)sx(HPO4)x(OH)2.5), a polymeric carrier coated with -

~ calcium phosphate'and combinations thereof.

[0079] In the complex of formula (VI), L3 is a linker typically having a main chain
comprising 1 to 100 main chain atoms, 1 to 80 main chain atoms, 1 to 75 main chain atoms, 1
to 50 main chain atoms, 1 to 40 main chain atoms, 1 to 30 main chain atoms, or 1 to 20 main
chain atoms. The main chain can be an aliphatic and/or non-aliphatic chain and can include 1,

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

[0080] In this context, a dendrimer refers 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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added to a pharmaceutical conposition to further facilitate adm nistration
of a conpound. Exanples, without limtation, of excipients include calcium
car bonat evocaloci4oss phosphat e, vari ous sugars and types @eCTsGaowhpoael | ul ose
derivatives, gelatine, vegetable oils and pol yethyl ene glycols. [0075]

Met hods of preparing the conpl exes of the present invention are within the
know edge of the person of average skill in the art. Wen desired, the
conpl ex of the present invention can be prepared by using one

bi sphos yﬁﬂﬁﬂ% | t

bi sphos%%ﬁtaltaegcgn tb}é‘r% sone dea‘f1 g%nge ntlé g‘(?Cgtle‘ir?rllc,\otr éréﬁ)%? §1%r e%? %r§1pho§1£te bePO)

t he pr esenboundvetheicarrier and atleast theo o@an:ﬁmer@osplmoatpmmdt the oﬂmramd a ( Ha) | n
which the carrier is bound onto a bi sphosphonate(Ha) with a further
(second) bisphosphonate conpound, for exanple a bi sphosphonate conpound of
formula (111), 1) under ditions tg formthe conplex of formula (I)

(see al so Exa @2 07¢] |n é&PQﬁ%odinents only one type of

bi sphosphonat e can b%;ggéﬁit epare t he conpl ex of the present invention.
This can be dogﬁagxq ?gﬁ@?nnate conmpound of forrmula (I1V) (1V)
w th a conpoun ormul a , n- COOH (V) under conditions to

formthe conpound of formula (III) wherein Xis Br or F and nis an

integer from2 to 8. The- cog&gund ?f formula (I'll) can then react with the
conmpound of .
[0081] The illustrative structure of scheme (1) means that two of the phosphonate groups,

say phosphonate group 1 and phosphonate group 2, are arranged such in the compound of
formula (VII) that they are able to interact with the carrier (for example, to mimick a
bisphosphonate group) while the phosphonate groups 3 and 4 are arranged such in the
compound of formula (VII) such 1) that they are able to act as an accessible target group for
later interaction with bone material and 2). at the same are spatially separated from the
 phosphonate groups 1 and 2 such they groups 3 and 4 do not interact with the carrier. The
groups 3 and 4 can with respect to each other being arranged in the compound of formula
(VII) that they mimick a bisphosphonate groups. In case, more than 4 phosphonate groups are
present in a compound of formula (iV), say for example, 6 groups,. phosphonates groups 5 or
6 can either be arranged as a further pair (again mimicking a bisphosphonate group), either to
~interact with the carrier or be used as a targeting group. Alternatively, phosphonate group 5
can be arranged such in the compound of formula (VII) that is interacts together with the
phophonatev 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 exempléry 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 this 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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formula (1V) in which the carrier is bound thereon, in order to formthe
conplex of the invention. [0077] As nentioned above, the invention also
provi des wocompi4e9860f formula (VI) of a phosphonate compoulsé2aiv/obensul a
(VIl) in which the conplex is adapted to target a bone.[0078] In the
conplex of formula (VI), Crepresents a carrier to which the phosphonate
conpound is bound thereto mcan be an integer of 1, 2, 3, 4, 5, 6, 7, 8, 9,
or 10. The carrier can be anyRof the carrier as descri bed above and can
include but is not limted tg hydroxyapatite (Caf PO) (OH)2), calcium
sul phate, hydroxyapatite co PO tes f cglgi um phate and hydroxyapatite,

hydr oxyapatite conposites of @ t osan and hydroxyapatite,
JS-Ca PO, trical cium phosphd WETs h ha caI ci um phosphat e cal ci um
deficient apatite (Calo-x(Rg4)0 HPq 4)x( SH).¢ I ynmeric carrier

coated with cal ci um pho .,® Qonbi nat| @ [0079] hi the
conpl ex of fornula (VIY ker typ| ng a main chain
conprising 1 to 100 mai n chaip v 17 -: chain atonms, 1 to 75
main chain atons, 1 to 50 rrai u@ @o main chain atons, 1 to
30 main chain atons, or 1 to ¥ to The main chain can be an
al i phatic and/ or non-aliphaticc clude 1, 2, 3, 4, 5 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 1¢ Q @ A0, 23, 24, 25, 26, 27, 28,
29, 30, 40, 50 or up to 100 main ai The main chain atons can

i ncl ude carbon or heteroatom or both car[pg and het eroatons such as N, O
S, B, Pfor exanple. In certain enbodrognts, the linker L can be one of
optionally substituted C -C20 al kyl, opte onally substituted C2-C al kenyl,
optionally substituted C2-C al kynyl, and a dendriner. [0080] In this

context, a dendrinmer refers to a hyperbranched, uniformy distributed
structure, havi ng definite nol ecul ar wei ght, shape and size. Wen a

Genir e PR, i e, SRR T SRS i
average skill in the art and are also described, for example, in Grimsdale A.C. et al, 2005, The
" Chemistry of Organic Nanomaterials, Angew. Chem. Int. Ed. 44, 5592-5629; Tomalia D. A.,
et al, A new class of polymer: starburst-dendritic macromolecules, 1985, Polym. J. 17, 117-
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 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.
[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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phosphonate that can bind to the carrier at one |location of the conpl ex of
formula (VI), and at |east one free phosphonate noi ety spaced apart, for
exanpl e, WO 20thowssher end’ of the conplex of fornula (YCriSGrow/odendri mer
can, for exanple, have the follow ng schematic structure of schene (1), in
which at least 4, 5 6, 7, 8 9 or 10 phosphonates are present. This
schematicstructure can be symmetrically arranged in such an order that at

| east 2 phosphonat e (HOZPO) are bound to the carrier and at | east two ot her
free phc&%pﬁa%@%’lﬁﬁ hﬁle@l%ﬁse'im@\pxg to ﬁ%’@ﬁﬁ“% 11:8 {11 gult (I&efo'rléxgﬁ] feat' ve
structure of sch ans that two o onat e groups, y

phos phorl%itadr_agDoapal:L 2@631 Jph ok pf Phatmacgutingp2 37, lal‘lGZd\,r Gamgéaie AUC heti a*h, 2006

conmpound.,of VLI t he e ble t |nt CL ,W t rier
(for exa gf rﬁ(c b%aan ?BK%WLSI 'G%%’up?h tl%fé oéﬁﬁ%ﬁgﬁé

gr oups @lﬂﬁ;dloﬂatarfﬁncﬂifohﬁm(ﬁeﬁdﬁﬁieﬂsﬂ:ah fa&oqﬁr@ﬁmeﬁzaif thf&fgﬁlth@rc(u\é siniBHeh 1)
that they are able to act as an accessible target group for later

i nt er actdendrmen REGyksiopametipds, bnattaghing at phosphgnatesmolespler instepd of ePRGat ed
from t hey |RhOsRbANAh&IsIHP ﬂﬁlm‘aﬁ |

interact wt hl t he carsrl epﬁ%ﬁ%gg sé g"h a %fgri}i W flﬁmrg%gaﬁeeggg agﬁ’liaagl%

ot her bdé pgsarsr&kﬂ@édnlheatrhmdceurcrpiwnued)iforfaxamp]eabj Uhén ettahal. AnnaGherm. Sock a

bi sphos ' n case, nore than 4 phosphonate groups are present
in a co%@%ﬁlé%bgo?ggﬁgf% (FV), say for exanple, 6 groups,.phosphonates
groups 5 o[0085|cA8 nizhtibiyd dbovardnNeRs] odsndie bhsdpheratdioleticf0@i Pe Bdthékidg a

bi sphosphonate_group), either to interact with the carrier or be used as a
targeti ﬁ]be Eubf‘mﬁch?@%@P?QEfoy‘n“Bf{&)phonate group 5 can be arranged such in

t he conpoupgse)f Infsgﬁi@%n%Jd}ﬂxéﬂts ttﬂ@imke? L3 Qtaﬁléérﬁf)ﬁset &ge?ﬁlgﬁlrch\ﬁint &\ﬁ#}smg up
phophonate groups 1 and 2 i n the conpléxation of the carrier ile
phosphortaBedgt®uyd, ér dAmaéir chainzaterasl insorglhr tohfermi ascamplex af famubsEVIh o€ thear get
phospho ur.t [ for a honat.e group
ona 6 PesfnnBon, B SR elh 16! BRI B ot Bt RAKERASHRHG: %o
to be abaundl a pbz)sp}amgmt cmgpcgrndufm.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 (Ls) consists of 8
main chain atoms, but also other cdmplexes 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 L; Examples of such a complex can include but are not limited to the following:

0 0
\”/\N_ﬂ/\/\/\u/OH

‘O OH

3

8 | ||

Ca"‘i"::\ >!,|/\N__|c!/\/\/\/P\ OH

i 2 I

Ca&’:/‘ \”/\N—ﬂ/\/\/\/\

~ P
~. 'O/

P\OH
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[ 0082] An exenplary enbodi mrent of a conpound of fornula (VII) as
illustrated in schene (1) is a dendriner having the follow ng structure,
when usedwe=otoigodssnker (L ) in the conplex of fornula @U)SGabiotoh@1pr esent
invention hi this conpound of formula (VIl), the R substituent can be
repl aced by a phosphonate for exanple, the dendriner can have 24 main chain
atons, for exanple.[0083] Methods for preparing such dendriners are within
the know edge of a person of average skill in the artyand are al so
described, for exanplg in G?lgidale A.C. et al, 200 t The Chemi stry of

u

Or gani ¢ Nanomat€b aIsI Angew. Int. Ed. 44, 5592+ 5629 Tomalia D. A,
et al, ACQEM/cIass
Polyn1 J. 17‘~1m§ and Zh

t qghecules 1985,
R X et al., "In vitro rel ease of
5-fl uorouracil th cycllc core dendritic partlcles" -J.. Control Re. 57,
249-257. As a non-limting illustgpative exanple, a polyam doam ne (PAMNW
dendrinmer can be synthesized by successive M chael addition and am dati on
reactions using ethyléredlanlneoand nethylnethacrylateILSuch synt hesi s

net hods al so.-de€s® hadrcrJ1W:g/iﬂy/ﬁ\agggavrngﬁg//oPHPharnaceut|cs
257, 1 1C#124. Othe can-al Se-be>dse TYR\urggent invention
and i ncl ude, 'butoar’/hot Ilﬁited to, a pol ypropyl ene dendriner, a

pol yet hyl enei mi ne dendrimer, a carbohydrate based dendrinmer, a peptide

based dendriner, a glycopeptide dendrinmer, a netal contalnlng dendrlner

Gendr § mor . RS CTSERS Sapestrndl i ar aenoan oyfibs “Bebipaeseplt oA me yﬂ,ﬁﬁer

dendr i MRinderstoB@! it Viwebhekic delsiingedescriptivfl| oS tHeOdRARE gAY HHE hon-Brmtaipdr i ti C
aryl ester, a perchlorinated dendriner, a catalytic centre containing

dendrin@ﬁ?mak§|llcon cont ai ni ng dendrlner a phosphorus cont ai ni ng
dendriner, and a hydrocarbon dendri ner. [0084] As nentioned above, a

endrier used sccorl BRukR IFSCRIPRUN OPYIBARIRRGRS o face- i1
f or exanpl e[008%] Fig® ot esdowg meflfOTIRdSpécnum oitg ch)I Igafmmm -Bydrbxymtideaylidére-Igt+  ( see
tor exa@?s'pﬁbsphonic acid (AHBA) -attached to hydroxyapétite (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 11-amino-1-
hydroxyundecylidene-l,l-bisphosphom'c acid alone 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-
bisphosphorﬁc 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 Example 5. “HA-Phosphonate” indicates the
spectra of AMPA-HA.
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Bhadra D. et al., 2003, Int. J. of Pharmaceutics, 257, 111-124; Giinsdale
A.C. et al, 2005, The Chem stry of Organic Nanomaterials, Angew. Chem Int.
Ed. 44, 580208620986 Phosphonate functionalized dendri nePST(S&0@I8@R1bE

synt hesi zed through the route simlar to dendrinmer PEGyl ati on nethods, by
attachi ng a phosphonate nol ecul e instead of PEG Alternative nethods for
prepari ng phosphonate functionalized dendriners are also available to
persons skilled in the art and are described for exanple, by Chen et al.,

J. A Ch 44- 100 008 ment i d _above, .one,
two. or mol99Zh Figsfbs thode b PTGkt kit ihe (iidth iy TB MDD PR3 1
conpl ex (AMPAY caupted( i3l §-phgsphdifithexamoioaid ¢PHbAY hcvording td bige éhbudithent ofahe

conprise of a main chain conprising up to 8, 9, 10, 11, or 12 main chain
atoms i APBPYE™ to forma conplex of fornmula (VI) of the present invention.

Such a conpjoes] Fafiré 6shO¥AAPIR shRirTarBthpRi a&@@i{aﬁ{g@& aR eRBEULiRREN Rk t €
bound to a phosphonat e conpound for exanple (nodified hydroxyapatite), wth

anot her 1pYRépRdn athich A ehspined fromlixagwplepd issgupted such as click
chem str ' oupl i ' , t o 6 I 5 and
6) . Exarr%l E‘;‘”‘gﬁ%ﬁ‘éﬁ gpcosrr(%?lgitagﬁ&fso&ﬁug aﬁ%%tgganéfno Adn y i Eéﬁ%gge&?he

f ol | ow nijplwepiginebutatvivvacid (DPBRA) hs oikteined InPxadphs3d.sts of 8 main chai n at ons,
but also o onpl exes in ilch the linker (L3), can contajn 9, 10, 11, 12
or nore mtﬂﬁséhg'igﬁp%gﬁ 9w§)9\g§§f Hofes q@?ﬁ%@’t"?é?%@ﬁ?)ﬁ’@“ ctipHre ﬁ%ﬁg‘?","sior
decyl Man&inMgd &f 4 Sinplé HKBUnelsBedstAARURY a@hintd&Bd &1t IRPMBJificd Rydr&)dpdtebut

are not |limted to the follow ng:[0087] The above aspects of the present

i nvent i SAAAIBAHPBYasrmbsayead ipiHxample Jpre ful |y understood in view of the

fol |l owi ng F foddt | ] . AR RE=Ta(ol Rl EF

DESCR! PTI 0! #%E*%%ﬁ@%@%yﬁ%ﬁggh%gﬁ% oéh@ﬁn&?%g@ct i unﬁ?e‘ﬁ

1- am no-hydrovyatratisey UHAeSHBAIDRBA, 13s1-obtained in Example 3. The images having a
magnification x30, 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,

'v x300, x1000 and x2000 are indicated as Figures 11A, 11B, 11C and 11B respectively.

EXAMPLES

Example 1: 11-amino-1-hydroxyundecylidene-1,1-bisphosphonic acid (AHBA)

attachment onto hvdroxvapatite (HA)

[0099] The present example illustrates the reaction between a bisphosphonate used
according to an embodiment 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 0.2pum cellulose
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bi sphosphonic acid (AHBA) -attached to hydroxyapatite (HA) obtained from
Exanple 1. "HA- AHBA" represents the conpound in which 1 1-am no-

1- hydr oxywiocdenyil4dasene- 1, 1- bi sphosphonic acid is attach@dTiSG2010/000214

hydr oxyapatite. "AHBA" represents 11-am no- 1- hydroxyundecylidene- | |

- bi sphosphoni ¢ acid al one and "HA Fl uka" represents hydroxyapatite. The CH
and phosphate (P43~ ) peaks are indicated in the circles on the spectrum

[ 0089] Figure 2 shows another FTIR spectrum of 11-am no-

i oy s Pl 18R HA e PROTSRTAMSFL M ipb SR PREBEAEE shllet or 1

spect r uioor. THA-réddBian iminaire eds icontRBEed |and100m)trpd1 fos 5"ﬂ1hhuﬁHBAd tiRBSpEmatahai ned

from Exanpl e 2. There ocha e in ,spectra b HBA( PBS) and

e A-BA VB S5itig Lo e pele] e BRLBRRh RO CBT ath NECTbAN 200 ryeriexcd. ThE
nanopar Tcéﬁlthﬁfgatlf)&@ﬂd-]voﬁbﬂﬂg Stefls SJ%EB’\Eep@atE&r bRcE. PRREN 1éPeading these steps for two

(am nonet hyléﬁgosphonl c acld (AMPA) attached to hydroxyapatite (HA) as

obt ai nedimes iEthgpsesenes of 8 pernigation andi vorexiag sigp wap eepeptad &ir another

AVPA- HA AizEd WRespectrum of the conpound

(am nomﬁ%ﬁ%ﬁ?stgﬁg%s%cg%ﬁ@f I\/gd)g%gupl ed to 6-phosphonohexanoi c acid
(PHA) according to one enbodi ment of the invention. [0093] Figure 6 shows a
FTIR spectrum of a conplex accordi regt,.of the invention, in
whi ch HA- AVPA obt ai ned PSS g&%ﬂgﬁA [0094] Figure 7

shows am d@obend frer aedeitain @fﬁe H&bﬁwﬁ%ﬂﬂﬁspﬁoébhoﬂdt@hﬁ&lﬁh@”@bu&ﬁﬁl@sﬁorﬁfd d
(DPBA) as obtained in Exanple 3. [0095 Floggre 8A shows a SEM i nage of bone
slices aedhementyini, KA prnopaitiigseS @Bog ionHs bf) was adgaddoghe Fhre

slices WifRk e6mNd R4 HaRiptd € Bk WideketWR VRS bhE thel¥HEPL XY PBADI §7°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

(DPBA)
[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 (DPBA).
[00103] 5mg of DPBA was dissolved in 5ml of deionized water (1mg/ml). 1-ethyl-3-
- (3-dimethylaminopropyl) carbodiimide (EDC) and NHS coupling agents were added to
DPBA solution and stifred 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 supernatant was decanted. 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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HA- AHBA- DPBA, as obtained in Exanple 3. [0096] Figure 9 shows SEM i mages of
bone slices treated or adm nistered with nodi fied hydroxyapatite,
HA- AHBA- DPBAD10a1098bt ai ned i n Exanpl e 3. The i mages havi rgTaGaegondzicat i on
x30, x500, x|l OO0 and x3000 are indicated as Figures 9A, 9B, 9C and 9D
respectively. [0097] Figure 10A shows a SEM i nmage of bone slices treated or
adm ni stered with nodi fied hydroxyapatite, HA- AHBA- DPBA obt ai ned in Exanpl e
3. Figure 108 shows an image of bone slices treated or administered wth

(4

hydr OXYWQG 401§h}ide b Hiaridid £48)
treat ed

Sphiosptionat e) .
The i mages[llﬂa()‘l]ng Tzlmsrmgtmpﬂer dhltstratps the rxdimpn )bet&@en )AHIBm&ndrﬂPBAZ@&@rﬁng to

i ndi cat ed Aas ki ure 1I A 1C and 11 B respectively. EXAMPLES Exanpl e
1: 1l-a %P h@e 5%8&%1{“65 82U bi sphosphoni ¢ acid (AHBA) attachnent

onto hydr ommgt i tSﬁlg(dﬂ@PB)QQQﬁ]dlsa—EbEe@frﬁSﬁiDHelﬁﬂ@Eﬂ){lﬂ) wlateld $1th@/hflp BD®and
reaction_between a bi sphosphonate used according to an _enbodi nent of the-

present NEY FRUPHAS age%S)aW?rﬁoa-ddid (8 theoRVB Adwiytionpadestirred for B) miRwepHBA ¢
aci d (AidBfate %lhhoﬁ"m'iﬁ)“m%ésbﬁfed 00 3 QRN HINGn TS & D Kker VPR %Hﬁﬁe nded
in 2m of deionized (D) water. In a Separate reaction m xture,

finely geltionwasHBidedds thi mixtire eelution endsstimied ofveraigtit. (Tine Hipdk prrdwbe ) waNﬁﬁl:eﬂ N.
Subsequ de| n| zed er was added to the AHBA solution and
heat ed ge ﬁ(dur ﬂi&—% ) efil ORY z&é then filtered using 0.2mm A

cel | ul oserrenbrane filter. The HA suspension was m xed with the AHBA
sol ution and stlrred for 1 hour . The reaction mxture vas centrlfued at
10000 r phXa les: A enmng (A ot P ! M CAMPA) te d : i

redi spersed with 3rr1 of NaO—I IN@rfgn“mwﬂA The

[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 bisphesphonate instead of AHBA. The final
product was analysed by FTIR (see Example 7) and illustrated in Figure 4.

Example 6: Amide bond formation 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 E‘xample 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 invenﬁon, 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 spectraA

were obtained with 16 scans per disc over the range of 4000400 cm ™.
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centrifugation and vortexing steps were repeated twi ce. After repeating
these steps for two tinmes in the presence of NaOH, the centrifugation and
vort exi ngvetep/messér epeat ed for another three tines in Phe/Sorewoned4 of

dei oni zed water. Exanple 2: Immersion of HA-AHBA in PBS [00101] -To
ascertain the stability of bisphosphonate stability of bisphosponate
attachenent into HA nanoparticles, 5m of PBS solution (pH= 7.4) was added
to the HAAHBA forned in Exanple 1. The m xture was vortex and i ncubated at
120 ol Hhlendi¢ 82ANSoh ool € Wb S ic L6 ink BocunlARER B b BEEL !
10000 rp tIe Supermatant was
redi sper se[dmwst]h Borhg of HsPeitic wasl susperided ad .1 5hef &dntaterf Agahé sameatinie,

vorteX| ste eat e Af ter eatl st eps ,for
Voo &1 e of HHREER s ysoRieesin Sihar PLvl<r o SR eAe L Sb5R BeRimBott op
was r epgaufichst WereafiiXel Qind tShihee dv'eﬁ%nldﬁ oD aphl ThE MEiRPE WASitREH #ashcwadyer .

The final product was frozen for ours and then freeze-dried overnight.

Exanpl ecentridgnigen B dimesfusinga?] watess lnplrofAPBraten wag subsequsendy sidadotouhafisale aci d
DPBA AHBA
( ) L&Qilegﬁgr gﬁl&t{&ﬁﬁé‘dﬁex? BE@I}eg%éhosglﬁé %%%%Sé@gxaagﬁ%h' Qe RETIREN (I

obt ai ned rding to an
enbodi nﬁrct 1o iohmoprQMHBAVEHBAQJmnd4;n4ubhtq:1hd®ph0htﬂhuﬁhhg)aﬂ:txdm ovithBRBA) .

[00103] s di ssolyed in 5l .of dejonized ter (I ng/m,).

ot b bspHhsShoriestind gt FRBSRed 55 cofuglhaR whkh PekBhe HS ke BRI by,
agent s ‘ﬁﬂllhersﬂﬂdﬁd)lt wat@PBA S alint THY wétd sabsefiictly fpliced On Mlidk p@ser tdifenfd¥BA t hat
was obtained in Example 1 was added to the m xture solution and stirred for

1 hour. e"l"ﬁéﬂ"@ﬁ’&qf‘é}rﬁ SEM obsegvatie®: cent ri fuged at 10000 rpm for 5 i nutes.
The super r[ﬁbﬁr(ﬂ Wefke OlFs%ﬁQt&d disthSsiqe! dreh }9@%10‘&99' ﬁ@tﬁfsﬁ&f’ dchillent 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 broadly 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 sﬁbject 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 fecognise 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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dei oni zed water and vortexed. The centrifugation and vortexing steps were
repeated 3 tinmes. After which, the final product was frozen for 3 hours and
freeze- drwedomvmnessght . Exanple 4 : Am de bond for nmati onPofi/SEkiBA/0ard4 DPBA
(4. 4-di phosphonobut anoi ¢ acid) [00104] This exanple illustrates the
reacti on between AHBA and DPBA according to an enbodi nent of the present

i nvention. [00105] 5ng of DPBA was dissolved in 5 m deionized (D) water
(Img/mM). EDC and NHS (coupling agents) were added to the DPBA sol ution and
stirred for 10 mnutes. In a separate solution, AHBA was dissolved in 0.5
M NaOHGMAIMS 0.5 i DI water. The AHBA sol ution was added to the m xture
solution and stirred overnight. The final product was frozen for 3 hours
and theqvﬁreeéerered overnight. Exanple 5 : Attaching

(A noreY RYEHABESHANi ¢ aci d (AMPA) to hydroxyapatite (HA) to form HA- AVPA

[ 00106] The present exanple illustrates the reaction between a

bi sphosphonat e used accordi.ng to an enbodi nent of the present invention,
(am nongt hy| Ypreresaf EOI%J@#%(%( of\Pasphogphanatsrappeynd el forraula (1), thg complespl e,
the net hagdal POMatssebd, Sim I ar to Exanple 1 with the exception that AWPA
was used as the bi sphosphonate instead of AHBA. The final product was

anal ysed by FTIR (see Exanple 7) and illustrated in Figure 4. Exanple 6:

Ani de bond fornation of HALAMPA and 6- phosphonohexanoi ¢ acid (PHA) [00107]

The present exanple illustgates the reaction between HA- AHVA obt ai ned from
Exanple 5 with a pLspho‘pQHnate used according to an enbodi PHof the
pr esent inveqihgﬁhnﬁanpSp ohex&ioi ¢ aci d (PHA) R.The R5dal ggy used in
this exanple Is3&i|ag to le 3 with the|excepti t hat HA HAMVA and
PHA were used as react antsP Exanplle ———Rigu+t 1gnst or Ig#fé@t@d (FTIR
[ 00108] To structuraly nHIyse and identify the conpoundslﬁhﬂogonplexes
obt ai ned o (1 5

(D

wherein,

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

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, optiondlly substituted C,-Cs alkynyl, optionally substituted C;-C¢ acyl, optionally
substituted C3.g cycloalkyl, and optionally substituted C;_g cycloalkenyl; and

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

2. The complex of ¢laim 1, wherein each of L, and L, is independently selected from the
group consisting of optionally substituted C;-Cyy alkyl, optionally substituted Co-Cs
alkenyl, optionally substituted Cy-Cs alkynyl, optionally substituted Cy-C¢ acyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted C;_g cycloalkyl,
and optionally substituted Cs.g cycloalkenyl.
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according to the invention, infrared spectra were obtained using the

Per ki n- El mer system 2000 Fourier TransformlInfra-Red (FTIR) spectronetry.
For FTI Rwoabysi4gysesanpl es were ground together w th oveaTsG2ea/ 06Bn4 powder
and conpressed into a disc. The FTIR spectra were obtained with 16 scans
per disc over the range of 4000-400 cm 1. Exanpl e 8: HA- bi sphosphonate
nanopartcl es showi ng accunmul ation in bone slices [00109] | Org of
HA-particl e was suspended in 15m of DI water. At the sanme tine, 5ng of
AHBA- DPBA yasryll f t n in.
Bot h sol uti oflrslgv\% lén%le(?(jfeéﬁgﬁgkrs?l\?gée Wg‘vgﬁ%? Erte @%ﬁ&d&ﬁfyﬁ%@%ﬁ){ tﬂljrin e was
t hen was hemetg;ommmlsﬁn@af omionally suhsntutmdlG]gpxlahlkyhbpmonallmsuMmﬂd avgl, and was
subsequentlg.adﬂed l#ﬁ %ﬁ?fl naI vvashed preci pitate and vortexed before use.
Bone sl i ce8PUPRIHAT &8 ere introduced to the Im sol ution

( HA- AHBA- DPBA) and incubated for 1 hour. HA particles w thout '

bi sphosphonat e attached were used as control. After which, the bone slices
wer e washef- tEhe spmtiex of claimpl, whareip th%)lopgoqﬁlﬁ sutryiaytedheCs @bk i eng bY

pl aced on fil yIP S f
[00110] The ITERREREE pibpyh RUE, FERAESnIR) ookl SEly Alyh (3EN1ChidiEy, |
this specifi clateah ts&enyl cletrmibcyienép&'aadebyl be taken as an acknow edgenent

that the docunent is part of the state of the art or is commobn general
know edge. All docunments listed are hereby incorporated herein by reference

in their eptiThet ysombléﬁlbit]cléﬁhe 3, n%@ﬁehﬁﬁhé\a@tbﬁﬂ[}; dab&itite@daT Gsdy(cnd
generically herein. Each of the narrower species and subgeneric groupings
falling wt hl%alﬂ‘ﬁ’éa@@ﬁéPP%fl“&F%WbQWé‘l isesallkyDamprarylof the i nvention. This
i ncludes the generic description of the invention with a proviso or
negative limtation renoving any subject matter fromthe genus, regardl ess
of whet her 6.0Thacomplex efkdaiges, whereini thé¢ N-€19@relkiy)amiiol spbstisuted edyl heprd of

Loora?) O Mo FRBRATRR En Bt or M Tabl il 10 €121 oddl o

7. The complex of claim 5, wherein the N,N-(Cl-CGalkyl)amino aryl is one of N,N-

- diethylbenzene amine or N,N-dimethylamino benzene.

8. The complex of claim 2, wherein the optionally substituted heteroaryl is a C;-Cg

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

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

ethylimidazole.

10. The complex of any one of claims 1 to 9, wherein R; and R; are each independently

hydrogen, hydroxyl or optionally substituted C,-C¢ alkyl.

11. The complex of any one of claims 1 to 10, wherein the complex is
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features or aspects of the invention are described in terns of Markush
groups, those skilled in the art will recognise that the invention is also
t her eby dweapiobaossn terns of any individual nenber or ®obgGawup/0od21eenbers
of the Markush group. CLAIMS What is clainmed is: 1. A conplex of fornula (1)
of a bi sphosphonate conmpound of forrmula (I1), the conplex adapted to target
a bone, ((1l1)) wherein, in fornmula (1), Crepresents a carrier to which the
bi sphosphonat e conpound of forrmula (I1) is bound thereto, and wherein in
formula (11), R and R are each independently selected fromthe group
consi sting of hydr q hal ogen, hydroxgl, optionally substitfyted G -C o

al kyl, optiona Ty su i tutedyC2- C al keftyl , optionally substl 'wel C -C
aIkynyI O%pronar19 subStyytUted Ci - C6 agyl, /&8t onal | i Roteyy C3-8
cycl oal kyl , and opi ti C oaH enyl, d LLapd L2 are
each a Iinker havl |na|n chain cqgywpri si A0 20 main chal tons. 2.
The conpl ex of cIa|n1 wherein each of Li and L2 is independgntP¥ sel ected
fromthe group conS|st|ng of optionally substituted G -C20 al Ryl , ,
optionally substituted C -C al kenyl, optionally substituted CO- C al kynyl ,
optionally substituted CO-C6 acyl, optlonally substituted aryl, optlonally
substituted teteroaryl, optionally substituted C3-8 ycIoaIkyI, and
optlonalﬁq\§Wbst|tuted C3-8 cycloaStenyl 3. The conpﬁe oof-glaim1l or 2,

wherein |, L2 @t e each independently sel éfted @ﬁL%he.gLOUQ:&OHSIStlng
of opthFplly sti ed al ubstbtuiedfaryl and
opti onal bstitdted h teroa yl . H “
O 0 or
fo) (o}
- -o\u o) l| OH
Caz*"és:""‘o/ ><\/\/\/\/\N u/\< o
N T OH H /OH
\0/@

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, 5-Ca;PO,, tricalcium
phosphate, mono or biphasic calcium phosphate, calcium deficient apatite (Ca,q.
«(PO4)6x(HPO4),(OH),,), 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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4. The conplex of claim3, wherein the optionally substituted G -C s alkyl
is one of nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

nonyl, dew9l2piumoseyl , dodecyl, tridecyl, tetradecyl ane#Cpscei®osdis 5. The
conplex of claim3, wherein the optionally substituted aryl is N(G -

C6al kyl )am no substituted aryl orN,N-(C -C 6al kyl )am no aryl. 6. The
conplex of claim5, wherein the NN(C -C 6al kyl )am no substituted aryl is
one of N-methyl am no benzene or N-ethylam no benzene. 7. The conpl ex of

claimb, i i15 I j Al S: 0 j enzene
am ne or ‘&fbﬁl_ﬁ'g}a ?r%%lﬁsrgrﬂé%gng blggg’g%lljém %emﬁ%,gs %E)Xnﬂgfﬂé?(tlcb?& (a:"lﬁ Lffl}r%ay,da %Q%I%Pdn t he
optional | y sphs¢intapaymbetandaicyacid rsolacule,-of8othkihations yiedrenfconpri si ng at

| east one of nitrogen, oxygen or sul phur. 9. The conplex of claimS8,
wherein the heterocycle is 3-ethyl pyridine or 1- ethylimdazole. 10. The

conpl ex of16Mie 6difiplex of hid} d¥ of cladm®1 tos rfgither BompAdngR radi Ac®@Ldlement.
i ndependent |y hydrogen, hydroxyl or optionally substituted G -C al kyl. 11.

The conpl ex of any one of clainms 1to 10, wherein the conplex isl2. The

conpl ex of i 1, i I i i I from
the group 10782)5{? g?@ﬁfé}&p‘?{l (%Jggg“rs })%y\gl%é%?[tﬂé%c%?‘ém%g%% f?é S%:lg?tgt?tgl?ﬁﬁ{su phat e,
hydr oxyapat i geupeopstinged ~ 0fTcc1Sm, UH, UL pYiRe endftAthy dr oxyapatii t e,

hydr oxyapatite conposites of plaster of Paris, chitosan and hydroxyapatite,
8-Ca PO, tricalciumphosphate, nono or biphasic cal cium phosphate, cal cium

defi ci ent @patpHaemédeationl compdsifiox chitpMsing Be)cdnplex 6F 439 nBRFictaiman rtb €7
coated with cal ci um phosphate and conbi nati ons thereof. 13. The conpl ex of
any one of cprd ahammeeeuticallygeeeniable eargerofiexeigient.s coated with

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

medicament or drug.

20. A method for the treatment or prevention of a bone-related disease or disorder,
comprising administering a pharmaceutically active amount of a complex of any one

of claims 1 to 16 to a subject in need thereof.

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

22. The method 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.

24. A method of preparing the complex of formula (I), the method comprising reacting a

compound of formula (II)
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hydr oxyapatite or cal ci um phosphate. 14. The conplex of any one of clains 1
to 13, further conprising an additional nedi canent or drug.15. The conpl ex
of cl ai mwe,20w@pwbn the drug is an antibiotic, an anti Pamgekotlomopepti de, a
protein, a polymer, a nucleic acid nolecule, or conbinations thereof. 16.
The conpl ex of any one of clainms 1 to 15, further conprising a radioactive
element. 17. The conplex of claim 16, wherein the radioactive elenent is
one selected fromthe group consisting of 99mrc, 153Sm 131 I, 1231, 186Re
and 211At. 18. A pharmaceutgcal conposition conprising the conplex of any
one of claims 1 to 17 _apd glpharnaceutically acceptable carrier or

exci pient. 19. The-phar tical conposition of claim18, further

conpri si ng ancaggLL$onam NGa "or drug. 20. A nethod for the treatnent
or prevention of~a~honeLel a i sease or disorder, conprising

adm nistering a pﬁhigaceBLJ al ly dattWE2 anount of a conplex of any one of
clains 1 to 16 to a sobPeéct{|in need thereof. 21. The nethod of claim 20,
wherein the subject is a mgmal, preferably a human. 22. The net hod of
claim?20 or 21, wherein the bone-rel ated di sease or disorder is one
selected fromthe group @@hsisting of osteoporosis, osteonyelitis, osteitis
deformans (" Rg@el comp@ind@@6miiia @AfE") . bone netastasis, nultiple nyel ona
primary hyper parat hyroi di-sm and ost’eogenesis inperfecta. 23. A conplex of -
any one of clainms 1 to 17, f?r use in the treatnent or prevention of a

bone-rel ated di sease or disojdeoH 24. A nmet hod of preparing the conpl ex of
isig& reacting a conpound of forrmula (I1)(Ha)

formula (1), the nﬂyﬁfgyszfp
HooC—L, p—OH

|r\\OH
i |

(1ID)

under conditions to form the complex of formula (I).

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

a compound of formula (IV)

I
OH
R P<OH
. 'N_ o —OH
R, (CHs), “\\\OH
o}
(Iv)

with a compound of formula (V),

X—(CHz),——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.

35



wi th a conpound of formula (I111), (I1l) under conditions to formthe
conplex of formula (I). 25. The nethod of claim24, wherein the conmpound of
formul a (WOI2p1ov=t0486r med by reacting a conmpound of fornmulPaTSGH10(0bA4 Wi t h a
conmpound of forrmula (V), X- (CH3)n- COOH (V) under conditions to formthe
conmpound of forrmula (I11), wherein Xis Br or F and nis an integer from2
to 8.26. A conmpound of fornmula (Il) (H wherein RL and R2 are each

i ndependently sel ected fromthe group consisting of hydrogen, hal ogen,

hydr oxyl , t d Cl-Cl1 alkyl, optionally substituted C2-C
al kenyl , oggf%g #y su ?%?E%Q? C2-C al kynyl, optionally substituted Cl1-C
acyl, optionally substituted C - cycloal kyl, and optionally substituted
C3-8 cycloa[kenyl and L1 and L2 are each a |inker haV|ng a main chain
conprising o 20 naln hain atonms. 27. The conpound of cIa|n126 wherein
each of L] and L2 o \kg ependently selected fromthe gr Q%n5|st|ng of

optional l'y substityg Rkyl, optiofhl | yReybsti - C al kenyl ,
optionally substlt Cb- aIkynyI opti naIIy tltute -C acyl, _
optionally substltu ‘d\ yl, p¢L£mmﬂN dnh ppea , optionally
substituted C - o IkyI and optionally su%stltuteﬂ cycloalkenyl
O
(II)
wherein

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

halogen, hydroxyl, optionally substituted C;-Ciq alkyl, optionally substituted C,-Cs

alkenyl, optionally substituted C,-C¢ alkynyl, optionally substituted C;-Cs acyl, optionally
~ substituted Cs.g cycloalkyl, and optionally substituted C;_g cycloalkenyl; and v

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

27. The compound of claim 26, wherein each of L, and L, is independently selected from
the group consisting of optionally substituted C,;-Cyg alkyl, optionally substituted Co-
Cs alkenyl, optionally substituted Co-Cs alkynyl, optionally substituted Cy-Cs acyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted Cs.
8 cycloalkyl, and optionally substituted C;.g cycloélkenyl.

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

adapted to target a bone,

" v

(®]

0
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28. A conmplex of formula (VI) of a phosphonate conpound of formula (VIl),
the conpl ex adapted to target a bone, (VI) wherein in formula (VI), C

repr esentwoaonaroiser to whi ch the phosphonate conpound PSTISGaoud/00é2e4 et 0, L3
is alinker having a main chain conprising 1to 100 main chain atons; and m
is an integer of 1 to 10. 29. The conplex of claim28, wherein the carrier
is selected fromthe group consisting of hydroxyapatite (CalO(PO) (OH)2),
cal ci um sul phat e, hydroxyapatite conposites of cal cium sul phate and

hydr oxyapatite, hydroxyapatite corrposi(i;gs of plaster of Paris, chitosan and
hydr oxyapatite, 18-Ca3PO, trical cium phosphate, nono or biphasic cal cium
phosphat e calwhenemn defarmiubn(VIhatepregentCa tarigy tPqvhiditthg phiaghdnaty @H)uRY js a

pol ymeric carbroiug% 1coat ed with cal ci um phosphat e and conbi nati ons thereof.
30. The conpleX "% m 28 or 29, wherein the linker L3 is selected from
t he group corsiish linRerdiavidgta maiAlchain sopiidihg €1 00Im&ia Chaihlsioms; @t i onal |y
substituted C2-CG S al kentyl , agptionally substituted C2-ClS al kynyl, and a
dendri ner. 310 ispERgniEgERRihiodO. c| ai m 30, wherein the dendrimer has a
schematic structure of schene (1): wherein at least 4 to 10 phosphonate
groups are present. 32. The conplex of claim30 or 31, wherein the -

dendri mer 2% Tdelcootpbek dfradam M vheoaip theanawiestis sedected from dheygroipl censisting of

dendrinmer, a, 0 e i , ~a.pol yet hyl enei m ne..dendri ner

car bohydrat e g}soéggl%f@%éd ?¢?f@@agfdﬁ€g5l ¢ 201 asée{lgph(?}eéh glly ?r%ya,‘p aggg?‘i}%%‘%gﬁi Pge

dendri mer, a cakhmh salphitaiand rigydetedyalsatios thydxpapayiteacomposiesnes sladiel ofParis, a

pol yam de derc]:ﬂlrtésrragr anda hp})lgrloxyzgpaéltit(eylﬁ-%gb%e,) trcllc:earllcglrnlnrTII)algdsplzliattgOln%/)rz%cr)n ociobiphasic
calcium vphosphate calcium deficient apatite (Cajox(PO4)sx(HPO4),(OH),,), a

polymeric carrier coated with calcium phosphate and combinations thereof.

30. The complex of claim 28 or 29, wherein the linker L; is selected from the group .
consisting of optionally substituted C;-Cp alkyl, optionally substituted C,-C;s alkenyl,
- optionally substituted C,-C;s alkynyl, and a dendrimer.

31. The complex of claim 30, wherein the dendrimer has a schematic structure of scheme -

(1):

2-
HOPO—___ 5| ——RPO3

HO,PO / \ R-PO3*

wherein at least 4 to 10 phosphonate groups are present.

32. The complex of claim 30 or 31, 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
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al cohol dendriner, a cyano dendrimnmer, a polyether dendriner, a

pol yt hi oet herdendri ner, a pol ysil oxane dendrinmer, a dendritic aryl ester,
per chl or iwatet)/dessdri mer, a catal ytic centre contai ni ngPdErsd2onmn)21a
silicon containing dendriner, a phosphorus containing dendriner, and a
hydr ocar bon dendriner. 33. The conplex of any one of clains 28 to 32,
wherein the conplex is

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.

33.The complex of any one of claims 28 to 32, wherein the complex is
. |0 0 o)
_--" OH
- 'O/ H OH .
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