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COMPOSITIONS AND METHODS CROSS-REFERENCE TO RELATED

APPLICATION [0001] This application claims priority to U.S. Provisional
WRGRIEAIRSANo. 60/733,388, filed November 4, 2005, the distfd<lirai8p/040986

which is hereby incorporated by reference in its entirety. FIELD OF THE
INVENTION [0002] The present invention relates generally to
pharmaceutical gallium compositions, including gallium complexes having
increased oral bioavailablity relative to uncomplexed gallium salts, and
uses therefor. BACKGROUND OF THE INVENTION [0003] Gallium has
demonstratedpharuacenticat ApLEUiDrcthe st ment of manyvnrranand

imal di rgggﬁf includi r ia, cancer, and especially certain
Cl\%‘v@ggsg)%g% ege%enrfa i\%ﬁgﬁrﬁgﬁabo iC r%(?l%%lsggases such as
[@8fEbborosis and Paget's digeaseckoi exampié aigmeropsicinicat to  U.S.

pémgabﬁgﬁshgwﬁ%mlmg hayg antineoplasticsactivity; agyellasthe .. 4,

ability to reduce abnormally high bone turnoverin Paget's disease
20 eviewddh BeAETIAS ierapéutie’hflium Tompedsdy in incorporated by

rMetallotherapeutie Prtgsiand Meta-Based Diagnostic Agents: The Use of
Metals in Medicine 259-277 (Gielen and Tiekink eds., 2005)). Gallium is

F%ﬁmﬁgnﬁﬁ agﬁ%v%v%y%gg% the United States as a citrate- chelated
[ gadizm nitrate solutioa fopintayenoud infesion ofGansdehto=tteatgenerally to

hypercalcemia_of mali cy. [0004] In spite of its establish tility .
PG I i of SALReR the TRMGRREarRh Gt b 8 oellizm
chiapipated byheifagt thatdoriegadlium rmlthe-formvefisalis 1 $tigh aseiiwateve to

uApdeharide, lacks high higgvallabilify: when, delivered grally. The low

bioavailability of orally delivered
BACKGROUND "OF THE INVENTION

[0003] Gallium has d@moﬁsﬁrated pharmaceutical wvzalue
for the treatment of many human  and animal disorders,
including Thypercalcemia, cancer, and especially certain
widespread degenerative or metabolic bone diseases such as
ostecoporosis and Paget's diseass. For example, nuUmMerous
clinical studies have shown gallium to have antineoplastic
activity, as well as the ability to reduce abnormally high
bone turnover in Paget's disease (reviewaed in Bernstein,
Therapeutic Gallium Compounds, in Metallotherapeutic Drugs and
Meta-Based Diagnostic Agents: The Use of Metals in Medicine
259-277 {Gielen and Tiekink eds., 2005)). Gallium is
currently approved for use in the United States as a citrate-
chelated gallium nitrate solution for intravenous infusiocn
(Ganate®) to treat hypercalcemia of malignancy.

[0004] In spite of its established utility, however,
the use of gallium in the ftreatment of such diseases is
hampered by the fact that ionic gallium, in the form of salts
such as nitrate and chloride, lacks high biocavailability when
delivered orally. The low bioavailability of orally delivered
gallium salts requires that either impractically large doses

of ocrally delivered gallium be administered to the patient or



gallium salts requires that either impractically large doses of orally
delivered gallium be administered to the patient or WO 2007/055885

W(F;CZZ(%/_/ 0S_ZS(%%(_J6/O40986 2 that the gallium be administered via norll-oral ,
means‘%.gn., intravenous delivery). At present, the oral deliv%%}F SPalfe40986

gallium salts is not believed to be practical with chronic conditions such
as osteoporosis and Paget's disease diue to their low bioavailability.
[0005] Efforts have been made to increase the bioavailability of orally
administered gallium, particularly through chemical complexing. Several
aéliugcr%lcom Iﬁﬁes have been identified that demonstrate increased oral
icavailabililf; mctiling ®.g> Geifdm tRarshte’(sre, rmg s oBemsteizretal., (e . g . ,
irvetsi-Based Diags 763347 (2@@;0)535@%@3@;&\;}Naoso§a2]§580%7161;very of such

5,574,027, 5,883,088; 5,968,922, 5,998,397: 6,004,951: 6,048 851
7°6.087.,354)) a%% g%lﬁunzll%t q?ﬂ%gﬁﬁéﬁﬁfé (&, BY., BiHehieedl, with chronic
comAtidareRf REsICD6:687-692 (K99B)PYS: Patent Naga 525,598 sease due to

thedropean Ratent, No. fR 0,599 881; International Application No.
PCT/EP92/01687). Other therapeutic gallium complexes are described in,

L0295 Iarion et al., Efi§6rt Biocherre 91:208130512662); Ehitambas et abe  the

bichnaCaaeariRes: 23009:1015,,(1936); Stajjlkovic et al., Mol. Micrabiol, _
£#31:429-442 (1999); J.S. Patent Nos. 5,19§l£%%%§,2§f%'}é§lénhd particularly
oAt CHE PPl atioiPROS BETU SO §83598. ITherd s amomtinyiigxes have

begeed, howexér fdrsthe develgpment Qfé}@ﬁggggggceutic%g@%g Lg oral
ra

=4 EA900M0E By eulu G ol e e e, v
Befiesprebent fiventidn provideadvelphatmaveugeal galliyn compositions. ;. s.
pa BBAdmeliRgs.for seating qanditions ang,diggases i wiich Inhibiton of e 522,
5,998,387; 6,004,951; 6,048,851; 6,087,354)) and gailium 8-
quinolinolate (see, €.9., Collery et al., Anticancer Res.
16:687-692 (1996); U.S. Patent Ne. 5,525,598; Buropean Patent
No. EP Q 599 881; International Application No.
PCT/EP92/01687) . Other therapeutic gallium complexes are
described in, e.g., Arion et al., J. Inorg. Biochem. 91:298-
305 (2002); Chitambar et al., Clin. Cancer Res. 2:1009-1015
{19%6) ; Stojilkovic et al., Mol. Microbicl. 31:429~442 (1999);
J.8. Patent Nos. 5,196,412; 5,281,578; and International
ipplication No. PCT/US91/03599. There is a continuing need,
owever, for the development of new pharmaceutical gallium
ompoesitieons, particularly gallium complexes having enhanced
ral bicavailablity.

UMMARY OF THE INVEN_TION

000613 Exbodiments of the present invention provide
ovel pharmaceutical  gallium compositions and methods for
reating conditions and diseases 1in which inhibition of
bnormally increased calcium resorption is desired. More
articularly, embodiments of +the present invention further
rovide novel gallium complexes having increased oral

lcavailablity and methods of treating conditions and diseases



bnormally increased calcium resorption is desired. More articularly,
embodiments of the present invention further rovide novel gallium

com[%Ie,x_esuhaving increased oral ioavailablity and methods of treating
WA and diseases WO 2007/055885 PCT/US2006/0466867 S U0EH0986

as cancer, hypercalcemia, osteoporosis, osteopenia, and Paget's disease

using such complexes. [0007] Accordingly, one aspect of the present

invention is directed to a gallium complex comprising gallium and a

compound represented by structural formula I: |

2-OH-Ar-CR1-NR2-R3-C0O0H wherein 2-OH-Ar is an optionally substituted
spchydesxy @S cRY is 0B or el Rishydeogers hydod/bor arsoptiorallya, and

- sybstitutedt C1:C4 alkyl, C1:GAalkoxy, 0r.C2:C4 alkenyl; and R3is an

optionally substituted aryl, heteroaryl, cycloalkyl, heterocyclyl, C1-C24
[T IC2-C20 alkeh§iCe2ERB Akynl, E3SClo aBERFYI, CIRE10 ddyRalkylpresent

1652Rlo alkenyamt, G260 arylalkenyl C2nClOalkyRyaybar €2:648 ga11ium
arylalkynyl, which optionally is interrupted by 0, N, S or any combination
a?ﬁer%o%%@ﬁ%f’ﬂn %)EF SEFBEEST thE presemtiRatiorPE diréctdd to a

method for preparing a gallium complex comprising reactimg gallium with

a compound representedﬁb%ﬁ%gyfrﬁl _f?ﬁng LHB%?{ conditions
i X. T Sonie

sufficient to form said gallium complex. embodiments, the
gallium complex is prepared prior to administration to a patient. In other

embadiments; the gallium cgmplex is formed in sity following .
! administration. [OOOS%A%%tF?e%?&%%thgegpﬂr%?égg %%/g\rllt?oﬁl ?]sd%?r}é%?e%yl ’
Ryo'd phdFmadedtiéal composition for administering

R is hydrogen, hydroxyl or an optionally substituted C;-C,
alkyl, Ci~Csq alkoxy, or Cz;~Cs4 alkenyl; and '

R; is an opticnally substituted aryl, heteroaryl, cycloalkyl,
heterocyclyl, Ci;-Cys alkyl, Cp-Cyy alkenyl, Cg—Cﬁ alkynl, Ci=Cig
alkylaryl, C;-Cyp arylalkyl, C;-Cip alkenylaryl, C»~Cig
arylalkenyl, C;-Cip alkynylaryl or Cs—-Cyy arylalkynyl, which
ocpticonally is interrupted by O, N, S or any combination
thereof.

[0008] Another aspect of the presént invention is
directed to a method £for preparing a gallium complex
comprising reacting gallium with a compound represented by
structural formula I under conditions sufficient to form said
gallium complex. In some embodiments, the gallium complex is
prepared prior to administration to a patient. In other
embodiments, the gallium complex is formed in situ following
administration.

[0609] Another aspect of the present invention is

directed te a pharmaceutical composition for administering

gallium to a patient comprising gallium, a compound
represented by structural formula I, and at least one
pharmaceutically acceptable excipient. In some embodiments,

the gallium and the compound represented by structural formula

1 are complexed prior to administration of the composition.



gallium to a patient comprising gallium, a compound represented by
structural formula I, and at least one pharmaceutically acceptable
excipient. In some embodiments, the gallium and the compound
represented by structural formula | are complexed prior to administration
of the composition. 4 In other embodiments, a gallium complex is formed
in situ following administration of thescomposition. [0010] In one
embodiment, there is disclosed a method for administering gallium to a
patient comprising administering to said patient a pharmaceutical
In edmipusitoimeninprigigugakiomniexderfipowddrepre seltedngyasiructuration of
thefQSmpiakiand at least one pharmaceutically acceptable excipient. In some
mbodiments, the gallium and the, compound represented by structural
0% mula | aleéwmga%%%#fsramﬁ%&*é%ra?ﬂtﬁ% BB eallium
to etipetiembodipreintg, adgallisrricgmplexiis farimed dnditunfelowit composition

cor@gqemés 91‘1%%9%”&8&86{198%1&&9&49&&1113’%&G%ﬁmk{%ﬁlw%% 5ﬂ8f§ti%%ast one
is Yy

closed a method for treating a condition or disease characterized
phagegedival o terasehfticHeBitridihg dfminmbedaca Phticsnllivrheasd the
comf@uchriigaienent aytheatapeuaticatty gl e&ﬁv&:am%@ﬁﬁ&"iﬂérﬁc&ﬂﬂi@traﬁon of
tne SOMROUG, rEPISREICA RN SIUEIAL [pruia . ln.same, embodimente, (e,
galliim and the compound représe edlby StrUBtGral formuia I'are in & =
admaipyglerdesafdprermagigatical composition. In further embodiments, the

[oogg]lium anththe:-conpaiRchianees ended iBveatiuskmuf s M ah @k ondition or
) comalexed Iprio({ to oral administration. In other embodiments, complexin
disease 1 E

T RS g o r S AN Aty O TB S oS B SR g sy & patient
in nfietloectla metheu fotlinersasicy theforaivbvavailablilitylodgaifidm compound
repRRIRNSINGCRMPLENS-AA UM With-2,600RAURY. FERTESAMEdnBYne compound

structural formula . In some embodiments, the gallium and the compound
”e?‘f%sﬁf“é%‘éﬁffé%}f%‘%ﬁJGEﬁ?giaréﬁm%fl‘%k?oﬁiﬁfﬁﬁié’éaﬁﬁ@ﬁa%%lmmmsmﬂ' In
furkdmimistritientsntiothetlembadinientsm samplexirgacat ts fallosving drahuia |
. inistrati [ ect.o invention is.directed
e e S Rt
follpydgraraetimgrsiestily a condition or disease characterized by
jooexcessive lnome: reseiqtiaRniVB2007 (058880 RGIANS2A061A4R886: Ihe oral

~ bicavailability of gallium comprising complexing gallium with a compound represented
by structural formula [. In some embodiments, the gallium and the compound represented
by structural formula I are complexed prior to oral administration. In other embodiments,
complexing occurs following oral administration.

[0012a] Another aspect of the present invention is directed to the use of the
compound as defined above for the preparation of a medicament for treating a condition

or disease characterized by excessive bone resorption.



BRIEF DESCRIPTION OF FIGURES [0013] Figure 1 shows a graph of
bioavailability of gallium nitrate over time. DETAILED DESCRIPTION OF

THE INVENTION [0014] The present invention relates to gallium '
Wgojt%ﬂﬂfg%ggscomprising gallium and a compound representedPW/ UpAtaedgree
formula I, wherein R1, R2 and R3 are as defined above. The compounds

represented by structural formula | can 3e administered as racemic
mixtures or enantiomerically pure compounds. [0015] One group of
preferred compounds for use in the gallium complexes of the present
invention are_ compounds represented by structural formula | wherein

BB 5H-RFREBIRydidiy Fliedyl SptiBRally substituted at the 4-position, R1 is
[GME]R2 is H and R3yigan optimwssugsti&ggg,ﬁil-gg4ﬂlggvi qja@ility of
gﬂ%‘?r%i“g% one group of preferred compounds for use in the gallium

complexes o?ﬁﬁeeproe%%ﬁt inv&htion are compounds represented by the
DHE/MLRD HE ZCRIRT IoN |OF Jast NHvH@T'Towherein Z is H or halo and n

[d®8a%1. [0017] Particularly preferred compounds of thi§ roup include '
thosg wherein Z is Héland%%%% - Whereif i%g-%aﬂd n 58 &GF whérein Zallium

C‘?@@I%ﬁﬂsn i§%@1ﬁ%otﬁéﬂ@ﬁ0up.o&pcé_fearecbommpﬁuﬁdsﬁ@pﬂé@é&ted by
sthegallium camplexes ofthe %’E?é?@ﬂ[“’%@t,'onf%re Lompgunds defined

:egresented by structural formula | wherein 2-OH-Ar is 2- |§/dr%)r<§3ph%ﬁyl,
alR %;Hcﬁﬁﬂ2%$mﬁﬁﬂpﬂ§iggﬁQﬁﬁ@mgﬁ@ by structural formula I can

be administered as racemic mixtures or enantiomerically pure
compounds.

[0015] Cne group of preferred compounds for use in the
galiium complexes of the present invention are compounds
represented by structural formula I wherein 2-0H-Ar is 2-
hydroxyphenyl optionally substituted at the d-position, R; is
=0H, Rz is H and R3 is an optionally substituted Cy-Csy alkyl.
[001&] Accordingly, one group of preferred compounds
Tor use in the gallium complexes of the present invention aré
compounds represented by the formula:

HO z

o O

HO n

wherein Z is H or halo and n is 3-11.

[0017] Particularly preferred compounds of this group
include those wherein Z is H and n is 7, wherein % is H and n
is 9 and wherein Z is Cl and n is 3.

[o018] Another group of preferred compounds for use in
the gallium complexes of the present invention are compounds
represented Dy structural formula I wherein 2~0H-Ar dis 2-
wydroxyphenyl, R, is HO-, Ry is H and Ry is an optionally
substituted C;~Cy, alkyl.



substituted C1-C24 alkyl. WO 2007/055885 PCT/US2006/040986 6

[0019] Accordingly, another group of preferred compounds for use in the

L allium complexes of the present invention are compounds epresented
WH Y UIa: HO HO J/ 0)--w NH HO n wherein n is 3-A4T{6t804/040986

Partlcularly preferred compounds of this group include those wherein n is

9. [0021] Except where stated otherwisg; the following definitions apply

throughout the present specification and claims. These definitions apply

regardless of whether a term is used by itself or in combination with other

terms. For example, the definition of "alkyl" applies to "alkyl" as well as to
[eEL'Hkyl" portionstafdalkdiyy I'alkylanzino':eter [0022} tRatientbificludese ferred

nando animals, [0023]," m ns humaps and

cgﬁl‘%ﬁr%?r%maﬁgn tgglgma\ H}Olgzgf] e t(!et/rkr%ﬁ&trt?éltt|‘[“%Ff'{io?>§ treatrrjf']en'?"rlll present -
Lgfat Hbrase disseie contiioieasused heveiflmedesa) a:

preventing or delaying the appearance gclinical symptoms of the state,

disorder, disease or condition developing infa mammal that may be

afflicted with or predisposed to theg‘i&i difordes, disease or condition

but does not yet experience or display clinical™or subclinical symptoms of

the state, disorder or conditio&,ﬂﬁ;&%ﬂifmmg the state, disorder, disease

or condition, i.e., arresting or r&édlucing’the

wherein n is 3-11.

[0020] Particularly preferred compounds of this group
inciude those wherein n is 9.

[O0021] Except where stated otherwise, the following
definitions apply throughout the present specification and
claims. These definitions apply regardless of whether a term
is used by itself or in combination with. other terms. For
example, the definitiocn of "alkyl" applies to "alkyl" as well

as to the "alkyl" portions of "alkoxy", "alkylamino" etc.

[ocoz221 "Patient" inciudes both human and other
animals.
[0023] "Mammal"” means humans and other mammalian
animals.
[00241 The term "treating” or "treatment"” of a state,
disorder, disease or condition as used herein means: (1)

preventing cr delaying the appearance of clinical symptoms of
the state, disorder, disease or condition developing in a
mammal that may be afflicted with or predisposed to the state,
disorder, disease or condition but does not yet experience or
display <¢linical or subclinical symptoms of the state,
disorder or condition, (2) inhibiting the state, disorder,
disease or condition, i.e., arresting or reducing the
cdevelopment of the disease or at least one c¢linical oz
subclinical symptom thereof, or (3) relieving the disease,

i.e., causing regression of the state, disorder or condition



development of the disease or at least one clinical or subclinical symptom

thereof, or (3) relieving the disease, i.e., causing regression of the state,

disorder or condition WO 2007/055885 PCT/US2006/040986 7 or at least
VBB RS inical or subclinical symptoms. The benefitto a Jﬂé@%@ﬁ%‘mg%

treated is either statistically significant or at least perceptible to the patient

and/or to the physician. [0025] "Effective amount” and "therapeutically

effective amount” mean the amount of a compound that, when

administered to a mammal for treating a state, disorder, disease or

condition, is sufficient to effect such treatment. The effective amount or
Otherhpegticaily effectve amourtlwitlivady depesdieion iveéompophdms.  The

pdhe disease,and itg.geyedly, agd e age. weight, physiqaheondition and, ; .14,

responsiveness of the individual to be treated. [0026] "Delivering™ an
S1gHhiiSRing OMedns PRERBIng R FRFAddUtR alfPeffsttive airiotimt ofanl/cr to
tlaetipe vingeediant to a particular location or locations within a host causing

[t?()@g apeutically eﬁ?c%’ve blood concentration of the active ingredient at

Ré Particular locatioh of focatiGns. THIEERT be accdfilished 8% agputically

efdcat ot by systemic "admenistration ohiheuactive ingeediephithedhoshat, when
4092.7] 'I;_%q_,ge&m lécoa%ministrati " encompasses, administration of a first

alan slescond agento(e.g., grgﬁﬁjmrlﬁ%a]ndzgrcorﬁggl?nl‘dlfle%re%en%aagf’ , élsm‘der'

disterafalformad) i an - essentallffSimidtahedus mafinet; suckhlasfraatment .

TISiN0le de8age JOUR S 9r %@%H@r@&a@@@é@i’ !Lr},g afed t;PeOféﬁrt"l%tunt will

and second amounts, or in multiple dosage forms for each. The agents

VEah BERGRTISR T inE Se GRENBAFRRANNERR ditherasrleRrWhéts severity,
arcpadrenisisationdoyetves thewseparate agministration pheachsagenti heess of

thaegelnl;%%eigggﬂniggergg treated.

[0026] "Delivering” and "administering" means
providing a therapeutically effective amount of an active
ingredient to a particular location or locatiocns within a host
causing a therapeutically effective blood concentration of the
active ingredient at the particular location or locations.
This can be accomplished, e.g., by local or by systemic
administration of the active ingredient to the host.

[0027] The Term "coadministration™ encompasses
administration of a first and second agent (e.g., gallium and
a compound represented by structural formula I) in an
essentially simultaneous manner, such as in a single dosage
form, e.¢g., a capsule or tablet having a fixed ratic of first
and second amounts, or in nultiple dosage forms for each. The
agents can be administered in a sequential manner in either
order. When coadministration involves the separate
administration of each agent, the agents are administered
sufficiently close in time to have the desired effect (e.g9.,
complex formation).

[0028] "Pharmaceutically acceptable” means those
active agents, salts and esters, and excipients which are,

within the scope of sound medical judgment, suitable for use



sufficiently close in time to have the desired effect (e.g., complex
formation). [0028] "Pharmaceutically acceptable” means those active
agents, salts and esters, and excipients which are, within the sco
ngl{}%olsﬁg%ﬁcal judgment, suitable for use WO 2007/055885 PCTU
PCT/US2006/040986 8 in contact with the tissues of humans and lower
animals without undue toxicity, irritatiorg allergic response and the like,
commensurate with a reasonable benefit/risk, ratio, and effective for their
intended use. [0029] "A condition or disease characterized by excessive
. bone resorption” means any state, disorder, disease or condition which is
l%ha?g&gﬁ d af tedbt i Part by Skeegsiveicalbiufrresorptish froowboneanimal s

w:irﬁ@iad'mg,ulmmhmttl&m'ttexitq,;,camggri@g@iﬂ@g,’N%tlggggig'sggr&ggggnea, and the
osteopenia, Paget's disease, malignant

hyperc ia, osteoporosis, ; ‘ .
llE%‘%e d‘%g%gée,gﬁ%ﬁé dgeggﬁécsr%ti&ﬁ JGE P IBefoalthgroldidimiand tisstigo,  and
e Gaidsy §0030] "Aile rmeansratealiphasic hydrocarbon group, which may

[dezstaight or branched and eomprising about 1 to about 24 carbon atoms
in the chain. Preferred alky! g?g}ﬁ)sn contain aBolt Tt abdtt a3 BeRzed by

X BATELIAShE BRSInr BSranBhe@nieanshat armeyorsereslpwer sbylgroUPSi sease
orsucivasiimetlyl, ethyker prapyl.are affached to a linear fi”%')sqchalkr;lgh part by

"Lower alkyl" means an alkyl group having about 1 to about® ~ar
S Oms ThIhe Eaim MhidiP AREPRE Shraidhit Gt blapthed. Morbliditing  but not
1ieddamples ofsuitablesalkyl-groupsiaglude ggethyhogth%@@;%rﬁpyg 1ymphoma,
hyﬁg(?g)ﬂ/ ergﬁ:li)gtyl, agggébout\él. éOOBl] "Alkenyl" means an aliphatic .
““hydrocarbon group “Comprsing it faast 8¢ EaRsIhiearborf @6ablesbondisease,
MR laydsestraightiorearaached arthsomprigigg abeut 240 aboyh20

nyBEigsatoms Indhs chain, Rreferred alkenyl groups have
[0030] "Alkyl" means an aliphatic hydrocarbon group,

ge of
2006/040986

which may be straight or branched and comprising about 1 to
about 24 carbon atoms in the chain. Preferred alkyl groups
contain about 1 +to about 12 carbon atoms in the chain.
Branched means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear alkyl chain.
"Lower alkyl" means an alkyl group having about 1 %o about 6
carbon atoms in the chain, which may be straight or branched.
Non-limiting exam@les of suitable alkyl groups include methyl,
zthyl, n-propyl, iscpropyil, n-butyl, and T-butyl. |

[06031] "Alkenyl" means an aliphatic hydrocarbon group
comprising at least one carbon-carbon double bond and which
1ay be straight or branched and comprising about 2 to about 20
‘arbon  atoms in the chain. Preferred alkenyl groups have
tbout 2 to about 12 carbon atoms in the chain; and more
referably about 2 to about 6 carbon atoms in the chain.
ranched means that one or more lower alkyl groups such as
wthyl, ethyl or propyl, are attached to a linear alkenyl
hain. "Lower alkenyl" means an alkenyl group having about 2

¢ about 6 carbon atoms in the chain, which may be straight or



ibout 2 to about 12 carbon atoms in the chain; and more preferably about
2 to about 6 carbon atoms in the chain. ranched means that one or more

lower alkyl groups such as ethyl, ethyl or propyl, are attached to a linear
WRIREHS M. "Lower alkenyl" means an alkenyl group havin§ QBBt®8¢§40%s¢

about 6 carbon atoms in the chain, which may be straight or WO
2007/055885 PCT/US2006/040986 9 Btanched. Non-limiting examples of
suitable alkenyl groups include ethenyl, propenyl, n-butenyl, and
3-methylbut-2-enyl. [0032] "Alkynyl" means an aliphatic hydrocarbon

one carbon-carbon triple bond and which may

mprising & t
]?%ée?lé?laei%%t or Eﬁ%%c%é%‘a%ﬁngomﬁ%ﬁnr? §50uP? toXHTR2ER carbbAMISME Toups
11 vsleh sink Preférreeiaikgmyt Groupd haee vahous 240 3estt 42161000 - ey ] |
D i B R D e oRalo grou

in the chain. Branched meéans that one or more fower alky

CAP TEhPE ethfl ok FREPYI, e atackantoca tihear atkyyl €h@iond owes which
maatkyy|'sneangan alkynyi growR haying @&&&Zi@iﬁ%o%b%%%rb?”tato%?ut 20

in.the Chafilr:’ which may be straight or branched. Non-limiting examples©

cah ST grBupsinclTdé Bthyny|, BF6EAHFadd Z-bliymyl [0983kps have

on g
suitable A
abThve-"alkyl't salkebylitand Zalkyayb &an be apsionally substituiediby .1y nore
Jeplacing an available hydrogen on the chain by one or more R
B substituen%s,%vé%lgc‘%me%‘/ t?ceotheggé)r% of diffErent f0034P Rikyidhethe chain.
BI#RaNs @n Bficmediyhgrouptemmonliyc having free valeneas ofvWes such as

Dy ent aad he e, [OUHE] AT eis S Sematt rondegiaror a1kvnyl
“Biditicyclic g sy steh BBMprisierabowt 6 & ayoutlldocarhon ratemsy about 2
topreterablysalkouifoto ahois10; carpon %ﬂ@%m'}'oﬁhki@}“%}?"%@% Srgt‘Lght or
bréwgﬁgﬁf”y§¥§99§égggg§*ﬂ§§3$gggs of suitable alk

ynyl groups
include ethynyl, prepynyl and 2-butynyl.
[0033] The "alkyl", T"alkenvyl" and "alkynyl"™ c¢an be
optiorally substituted by replacing an available hydrogen on
the chain by one or more substituents, which may be the same
or different.
[0034] "Alkylene" means an alkanediyl group commonly
having free valences on two carbon atoms. Non-limiting
examples include methylene, ethylene, propylene and the like.
[0035] "Aryl" means an aromatic monocyclic or
nuiticyclic ring system comprising about 6 to about 14 carbon
atoms, preferably about 6 to about 10 carbon atoms. Non-
limiting examples of suitable aryl groups include phenyl and
1aphthyl. The aryl group can be opticnally substituted by
“eplacing an available hydrogen on the ring with one or more
substituents, which may be the same or different. The "aryl"
jroup can also be substituted by linking twe adjacent carbons
m its aromatic ring via a combination of one or more carbon
ttoms and one or more oxygen atoms such as, for exanple,

iethylenedioxy, ethylenedioxy, and the like.



7aphthyl. The aryl group can be optionally substituted by -eplacing an
available hydrogen on the ring with one or more 3ubstituents, which may

be the same or different. The "aryl" Troup can also be substituted %/ .
Wﬁrﬁ%-"éo?\ﬁg:’adjacent carbons )n its aromatic ring via a combinaliGGPyREose

or more carbon Moms and one or more oxygen atoms such as, for
example, iethylenedioxy, ethylenedioxygand the like. WO 2007/055885
PCT/US2006/040986 10 [0036] "Arylene" means a bivalent group derived
from an aromatic hydrocarbon by removal of a hydrogen atom from two

[ g}g rbon atoms, Non-limiting examples include phenylene and the like.
? aé]a"AlkylenedioMPn%lé?ls ateHiSinaioR bF BA6F ngorewgarhirived from

antemsandioneprmore shygen ataras sWeh asthe following non-limitin .
zmmg@%@gt ig%lglgn% meth%Ieng loxy, ethylenediox &,@a%d%ﬁe |iiéf’fbo§§f“‘ tWo

"Heteroaryl” means an aromatic %rﬁb{éfraﬁ: ofF 1ftiic§élic Hhglsydtenphenylene
a%n@ﬁﬁ%iﬁ@}éﬁout 5 to about 14 ring atoms, preferably about 5 to about 10
[otwratoms, in whieh, ppe;rmore of the ring atoms is an element other

than carbon, for examp%e nitroﬁgrg%xyénéenaq%fgsuﬁur?SW‘@rtiﬁon of ocne or
mo%z:ﬁﬂm} mlfr‘éfé??;d%&errﬁ?/lscvonm;bm@t@ral baubﬁlging;g@@lrnbl Ss the
follletheteroapd™cambe pptio é{nﬁypégtu y replacing an_available
+xgragen on the ring by one or more substtﬁug%ts,l%v |Ec gr%a@ﬁglfﬁéen@dmxy'

same or différént. orHe %Fé?ix]alz}é? oxa or thia before the heteroaryl root

[08@®& means that"atdeast ea FIOYERRYIENOr Sgwﬁ@%fe%%%céié’%%ic or
mlBIEsentas &.110g slom Anizogen ato ofa heteroary] can be .
optionally” Dxidized t& the &orré Ay RxieC Non-fimiting axawmiplesd  ring
atﬁl@m@@ﬁa@@@drylsapoluti_eEpytidylawrﬁtziwb,_fu&wl,a%%\ﬁh in which one
org%&ﬂ!ﬂ"ﬁ%é.@ﬁéay}ﬂlq'Sﬁ@ﬁéo% Oé(gz?ali(!ém:gllazz qlc}/“éh%yrrrogﬁlég Iacza?lr)}gl’on , for
example nitrogen, oxXygen or sulfur, alone or in combination.
Preferred hetercaryls contain about 5 to about 6 ring atoms.
The "heterocaryl” can be opticnally substituted'by replacing an
avallable hydrogen on the ring by one or more substituents,
which may be the same or different. The prefix aza, oxa or
thia before the heterocaryl root name means that at least a
litrogen, oxygen or sulfur atom respectively, is present as a
fing_atom. A nitrogen atom of a heterocaryl can be optionally
>xidized to the corresponding N-oxide. Non-Ilimiting exampleé
I suitakle hetercaryls include pyridyl, pyrazinyl, furanyl,
chienyl, pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl,
:hiazolyl, pyrrolyl, triazolyl, and the like.
0039] "Heterocarylene" means a bivalent group derived
‘rom a heterocyclic aromatic compound by removal of a3 hydrogen

- ,
tom from two ring carbon atoms such as, for example, the

ivalent group derived from pyridine, pyrrole and the like.

0040] "Arylalkyl™ means an aryl-alkyl- group in which
he aryl and alkyl are as previously described. Preferred
rylalkyls comprise a lower alkyl group. Non-limiting-

xamples of suitable arylalkyl groups include benzyl, 2-



;0039] "Heteroarylene" means a bivalent group derived rom a
heterocyclic aromatic compound by removal of a hydrogen tom from two
ring carbon atoms such as, for example, the ivalent group derived from
Wgﬁ&?ﬁé?ﬁﬁrrole and the like. 0040] "Arylalkyl" means an aryl A2 4FotH3° 8¢
in which he aryl and alkyl are as previously described. Preferred rylalkyls
comprise a lower alkyl group. Non-limitirig xamples of suitable arylalkyl
groups include benzyl, 2 WO 2007/055885 PCT/US2006/040986 11
phenethyl and a naphthlenylmethyl. The bond to the parent moiety is
through the alkyl. [0041] "Alkylaryl" means an alkyl-aryl- group in which
PYHESHGY AncPay dte 2$B Y Hesehed. Prefdrfedoaligilaryts the parent

medatprisesa tovweralkylgreup:iNon-limiting example of a suitable alkylaryl

s is tolyl. The, d to the parent moiety is through the aryl. [0042]
[&é%}l lkenyl" meansggrg%iﬂ- KenylSgratipaR vitick the Bij andeikenyin which

Clare as previousty deseribedr Preferred-andalienyls erpprseadower prorarred
nyl-gyqu nd to the parent. maiety is threugh the alkenyl.
R Ak T rasrs 18 SRS LAt AE0BT whIEh Tie Eharye sxamee

% 3] "Alkenylaryl” means an alkenyi-ary
Oland ar§Fafeias previbkishedescrilgethupsefarsedialkenylarylsreemmpise® to the

pdewek alkyl g piél'hgrp_xmggﬁo 1he parent moiety is through the aryl.
&8 4] "Arylaifl%ny!:' means-an aryl-alk%l group in which the aryl and
Lo %ﬁl are as previot¥lyddsefibed. PRIEERedarylakyhyls ommyise agroup in
wHawier atkenyl group. Theq boadtathe pagent mgiety 5‘1‘- thrg alkynyl. .
D 1[894%'@‘(@}('3{%& eans an alkynyl-aryl- group in Which%%kﬁynéfgasr%g ibed.
aryfare as previously desclibEF T Prefetred alkyparyls teriptise atlower  The
balkyltgrobpeThe bond tethetparest moietygs threygh the apl.

[0043] "Alkenylaryl" means an alkenyl-aryl- group in
which +the alkenyl and aryl are as previously described.
Preferred alkenylaryls comprise a lower alkyl group. The bond
to the parent molety is through the aryl.

[0044] "Arylalkynyl" means an ‘arylmalkynyl“ group in
which the aryl and alkynyl are as previously described.
Preferred arylalkynyls comprise a lower alkenyl group. The
bond to the parent moiety is through the alkynyl.

[0045] "Alkynylaryl" means an alkynyl-aryl- group in
wnich the alkynyl and aryl are as previously described,
Preferred alkynylaryls comprise a lower alkyl group. The bond
to the parent moiety is through the aryl.

[0048) "Cycloalkyl™ means a non-aromatic mono- or
multicyclic ring system comprising about 3 to about 10 carbon
atoms, preferably about 5 to about 10 carbon atoms. Preferred
cycloalkyl rings contain about 5 to about 7lring atoms. The
cycloalkyl can be optionally substituted by replacing an
available hydrogen on the ring by one or more substituents,
shich may be the same or different. Non-limiting examples of
suitable monocyclic cycloalkyls include cyclopropyl,

cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-



[0046] "Cycloalkyl" means a non-aromatic mono- or multicyclic ring

system comprising about 3 to about 10 carbon atoms, preferably about 5

to about 10 carbon atoms. Preferred cycloalkyl rings contain about 5 to
WIS atoms. The cycloalkyl can be optionally substitJHed/B§2006/040986

replacing an available hydrogen on the ring by one or more substituents,

which may be the same or different. Norglimiting examples of suitable

monocyclic cycloalkyls include cyclopropyl, :yclopentyl, cyclohexyl,
cycloheptyl and the like. Non WO 2007/055885 PCT/US2006/040986 12

I.imitjtniqlexamples of suitable multicyclic cycloalkyls include 1-decalinyl,

LB ornyl, SAaMRNET afd tHa ke 9664 et yéleaiky fatkytymeans By1s include

%y@lwﬂ@haﬂwl.ngm@ﬂnyghica@yﬁg@m agg@llﬂggrq%(i reviously
ggfingd. Non-limiting examples_ of a suitable cycloalkylalkyl group
[ ingc%? es cyclopropy gﬁ]@f%ﬂ@ﬁ&ﬁé’ To the B87&t matety 6y throaghhealkyl -

TEMR, [(9048}1'ﬁmhoxyif¢ﬁe@d5«:a|@ a_l#@di-Qﬂg{?Dﬁp ;'m:%/hggg L{?@eﬁﬂh&@ypﬁ fined.
N@s-preMioushy-desgri n-limpiting examples. of suitable alkoxy groups
. include meth%xy, et%}c{?&gy%,%s?prgpl?oxygans %%%%%xy%ﬁé%ﬂ%é gl group
TRKkEE TS aRHdhaserombay tirbugh The ethenoxygen: 0049 *Hal0" mojety is
theans fluaeo; £hlare, bromo or iodo groups. Preferred are fluoro, chloro

[(R{H mo, and more preferred are fluoro and chloro. [0050] "Halogen"
meari)s fluorine, chiBrife BromRREsE ictiines Prafered age-fluprinen which the

=1ntdrin onprominesapd sareuprefered @ke Jugrine gad chiorine, [0081] )
Og'HM%'iQegrﬁ{gn alkyl as defined above aherein'one or more

;Eg/drogen Atoms on the afkyl 1§ FepldtedB\® atiiidgrolp definediabovepropoxy
a

057 eEyekatenyl” Mbanszd hgh-ammatic MANO D nked +o an adjacent
moiety through the ether oxygen.
[004¢9] ' "Hala" means fluoroe, chioro, bromo or icdo
groups. Preferred are fluoroc, chloro or bromo, and more
preferred are fluoro and chloro.
[0050] ~ "Halogen" means fluorine, chlorine, biomin@ or
icdine. Preferred are fluorine, chlorine or bromine, and more
oreferred are fluorine and chlerine,
[0051] "Halcalkyl” means an ailkyl as defined above
mhgrein'one Oor more hydrogen atoms on the alkyl is replaced by
1 halo group defined above.
[0052] “Cycloalkenyl" means a  non-aromatic mono or
wlticyclic ring system comprising about 3 to about 10 carbon
ttoms, preferably about 5 to about 10 carbon atoms which
:ontains at least one carbon-carbon double bond. Preferred
‘'ycloalkenyl rings contain about 5 to about 7 ring atoms. The
'ycloalkenyl can be opticnally substituted by replacing an
vallable hydrogen on the ring by one or more substituents,
hich may be the same or different. Non-limiting examples of
uitable monocyclic cycloalkenyls include cycleopentenyl,
yclohexenyl, cycloheptenyl, and the 1like. Non-limiting
xample of a suitable multicyclic cycloalkenyl is

orbornylenyl.



aultioyclic ring system comprising about 3 to about 10 carbon atoms,

preferably about 5 to about 10 carbon atoms which ;ontains at least one

carbon-carbon double bond. Preferred :ycloalkenyl rings contain about 5
W%zé}%&?"ﬁsﬁng atoms. The :ycloalkenyl can be optionally sub&tldieaggipe09ss

replacing an vailable hydrogen on the ring by one or more substituents,

hich may be the same or different. Nondlimiting examples of uitable

monocyclic cycloalkenyls include cyclopentenyl, yclohexenyl,

cycloheptenyl, and the like. Non-limiting xample of a suitable multicyclic
r¥l. WO 2007/055885 PCT/US20061040986 13

lkenyl is orbarnylen )
[%SO@S%?l "Heterocyclyf en}éeear Y ohtaroMERE Satirat8dmaReBydlicor saturated
TERdtcielie ¥ing systeftdampiding abogt 3dosabeut A0 AIOMS, abour 3 to
alpkeferably about 5 tg.about 10 ring. atoms, in which ong or more of the '
atoms in the ringt;gssystem% a ggrﬁerr#cﬁﬁer?héwgarbson%r SfHple 10 ring
2 TiftfSgent bxyBéRBr cawfurraloner irf coimbirstions Thererare nq agiaseBtenm 1s

apxygemsand/ersidiur gtams presant in i tem. Preferred
#erocycl Is contain about 5 to about %%%%iﬁemb%rgf?ﬂgﬁ, g&yIen or
or Hfé’b&gP@ﬁe%eté%@EWP%&We mé&rssthat ue least adijiregern, oxygen

argxygen endulfir atorameespactiveis presentas ﬁirzifbg aé%gfggle Preferred

h [ | ¢can be optipnally substituted by replacing anavai
gi%%%grg %fn&t%e ﬁﬁﬁ%@lgne%??ﬁgre SubSttueRROWhich maghe thetoms.  The
P& of differeptaThe mitrogen oksidtur atonnhef the hetere: 1caphe  pame
meptionally oxidized to;) orresponding N-oxide, S- oxide or § -dioxide.
Non-limiting exe}mplestgg‘sgcuitagle I?ﬁi’cl)cr%(%/%ﬁd het&fg&Elyl rings ifdlbder  atom
“SSBEAGyY ByHolicinyr pRsaraziayl, pyranyly tettatydrothinpherye rocyclyl can

birﬁgff$ﬂwyﬂyiHﬁ%@%%&@@%ﬂ"%9*%@5&@%%%5’Qﬁ?niéé¥fgﬁﬁf”¥§%regen
on %he ring by one or more substituents, which may be the same
or different. The nitrogen or sulfur atom of the heterocyclyl
can be optionally oxidized to the corresponding N-oxide, g-
oxide or 8,S-dioxide. Non-limiting examples of suitable
monocyclic heterocyclyl rings include piperidyl, byrrolidinyl,
piperazinyl, pyranyl, tetrahydrothiophenyl, morpholinyl and
the like.

[0054] "Arylcycloalkenyl" means a group derived from a
fused aryl and cycloalkenyl as defined herein by removal of a
hydrogen atom from the cycloalkenyl portion. | Preferred
arylcycloalkenyls are those wherein aryl is phenyl and the
cycloalkenyl consists of about 5 +o about 6 ring atoms. The
arylcycloalkenyl can be opticnally substituted by replacing an
ivailable hydregen on the ring by one or more substituents,
vhich may be the same or different. Non-limiting examples of
sultable arylcycloalkenyls include 1,2—dihydronaphthalené,
.ndene, and the like. The bond to the parent moiety is
-hrough a non-aromatic carbon atom.

.0055] "Heteroarylalkyl™ means a heteroaryl-alkyl-
roup in which the heteroaryl and alkyl are as previously

escribed, Preferred heterocaralkyls contain a lower alkyl



fused aryl and cycloalkenyl as defined herein by removal of a hydrogen
atom from the cycloalkenyl portion. Preferred arylcycloalkenyls are those
wherein aryl is phenyl and the 2ycloalkenyl consists of about 5 to about 6
Wﬁr@“&f&?ﬁ@ﬁhe irylcycloalkenyl can be optionally substituted ©f/ Y&p%te’se
an available hydrogen on the ring by one or more substituents, which
may be the same or different. Non-limitiig examples of >uitable
arylcycloalkenyls include 1,2-dihydronaphthalene, _ndene, and the like.
The bond to the parent moiety is :hrough a non-aromatic carbon atom.

,0055] "Heteroarylalkyl" means a heteroaryl-alkyl- rroup in which the
Thetdoaryl afioriky ik ddprevteasit esscribed. Préfertetheterdarabiyylsy1al iy

grontain a lawenaliyd WOR20074055885,PCT/US2006/040986 14 grqup.y o

q %6Emij$i11€_exam@§s of suitable heteroarylalkyl groups include
pyridyimet yﬁfpﬁur%%-yl)gﬁ?/l RR& UiRolirs-yimeaRt THallssnd tethehrough
thraredtkmbiety is through the alkyl. [0056] "Heteroarylalkenyl" means an
groaryl and alkenyl are as

e e e o aengpers-
2 lr 80y INEHHting exaniples of suitablesheteraarylalkeny! gEOURSHDEIUGS e a5
aes i g L
AR Oxy-Ak§EGrotip iHERRIth alky! P sikovyt aresas previgushy defifed.suitable
heNemolimifing examnlegebsyitable,alkgxyalkyl %(;}li%iﬂﬂLAfﬁ) sthgpyl and 2-
( Cﬁg%ho%ymmeﬂﬁ%gteq:?gmethyl, methoxyethyl.an gthoxye yl [ ¥ . ,
Aryloxyalkyl" Tnéans af ftyloxy-aik§l-gRstistin Whichlaryl Badeiikoxyrafesty  is
thawpmvidusty défired.INon-limiting examples of suitable aryloxyalkyl ‘
{JW§WPSindUde "Alkoxyalkyl” means an alkoxy-alkyl-group in
which &alkyl and alkoxy are as previously defined. Non-
limiting examples of suitable alkoxyalkyl groups include
methoxymethyl, ethoxymethyl, methoxyethyl and ethoxyethyl,
[0058] "Aryloxyalkyl"™ means an aryloxy-alkyl-group in
which aryl and alkoxy are as previously defined. Non-limiting
examples of suitabkle aryloxyalkyl groups incliude
benzoxymethyl, substituted aryloxymethyl, benzoxyethyl .and
substituted aryloxyethyl.
[0059] "Hydroxyalkyl" means a HO-alkyl-group in which
alkyl 1s as previously defined. P referred hydroxyalkyls
contain lower alkyl. Non-limiting examples of suitable
nydrexyalkyl groups include hydroxymethyl and 2-hydroxyethyl.
[0080] "Acyl"™ means an H-C(0)~, alkyl-C(0)—, alkenyl-
2(0)—, Alkynyl-C{0)—, cyclealkyl—-C(Q)—, cycloalkenyl-C(0)~, or
tycloalkynyl—-C {0} — group in which the wvarious groups are as
>reviously described. The bond to tha parent moiety is
:hrough the carbonyl. P referred acyls contain a lower alkyl.
Jon-limiting examples of suitable acyl groups include formyl,
icetyl, propanoyl, 2-methylpropanoyl, and cyclohexanoyl.
(00611 "Aroyl" means an aryl-C{0)— group in which the

\ryl group is as previously described. The bond to the parent



benzoxymethyl, substituted aryloxymethyl, benzoxyethyl and substituted

aryloxyethyl. [0059] "Hydroxyalkyl" means a HO-alkyl-group in which alkyl

s as previously defined. P referred hydroxyalkyls contain lower alkyl.
Wﬁ%%qﬁr%aﬁﬁﬁa examples of suitable hydroxyalkyl groups inclu T"US%O("MWSG

hydroxymethyl and 2-hydroxyethyl. [0060] "Acyl" means an H-C(O)-,

alkyl-C(O)-, alkenyl- "(0)-, Alkynyl-C(0)-} &ycloalkyl-C(O)-, _

cycloalkenyl-C(0)-, or :ycloalkynyl-C(0)- group in which the various

groups are as Dreviously described. The bond to the parent moiety is

‘hrough the carponyl. P referred acyls contain a lower alkyl. don-limiting
m%%gﬁ%leé of s%lﬁggéggcyltd}%up%ai’ﬁ)éfaﬂ@]formyl,Naéetill%liai@pa@bybxamples of
2L feitytpropanpyl, andloysiohexancyl. 061 1‘Ar%5r¥tﬁ§g§ﬁ% hovd.
[ AgeG(O)- group in h the, aryl group is as previously described. e

bond@to the parent \;)‘\l’/ 8%¥/05g§§§ PCTUSP0061620988°48 qﬂé?etyfkslch the
25KIoughHE cambongl. R@%Whﬂhﬁ@ex@a@eﬁ.bé@uitabj@@qm%l}édeexamp les

henzoykand 1xand 2= l. [aQ62] ""Arylaxy" means an aryl-0- group ’
- in which the a?yl%!roEga}?gg%%gy%%ﬁ)i/%e%cﬁge%%@fn-ﬁ&‘ﬁir}“gaé’%ﬁﬁléé%' The
boé%‘ysvu?t%bféh%y%&e%u%@mﬁdé Phiehssgy and Haphthoxy: Theybend to
[o@eé3darent moiety isittgugh the ethgr.axygen. J0063]. "Alkylaming" means ,
w2 eNH2 or -NH3 group in_ which one or more of thG§ %/drcc%%en g‘t%?ns gfcup in
the nitrogen I3 ré[%é:ged% atrpﬁlk}%%@@ 88 defivababove 0064l trogen is

TepiRyitio bmeans ahkalkylkSogroupsinaairic s the-alkylgroup is as

[opeyjously describegd, -limiting_examples of suitablg alkylthio groups '
inclujde methylthio, &t %ll%)l,?-prolf)l)ell?ﬁg afid héptyithto SThe Besridbto the  which

“hBarértwdiety FotRouGh thessulfure {0065 I Aryldue'cmesss an andlsd=1 ims t1ng
ex gRQUR:IA Whigh tla%i%%%ou%ﬁ%Qﬁei"c':ousghégﬁgcs”b%%c'\:{%rggm'tzhnegthylthio,

etﬁ§?%ﬁﬁﬁi i-propylthio and heptylthio, The bond %o the
parent moiety is through the sulfur.

[O0085] "Arylﬁhio" teans an aryl-S— group in which the
aryl group is as previously described. Non-limiting examples

of suitable arylthio groups include phenylthio and
raphthylthio. The bond to the parent moiety is through the

sulfur,
[C086] "Arylalkylthio” means an arylalkyl~-S— group in
vhich the aralkyl droup 1s as previously described. Non-

Amiting  example of a3 suitable arylalkylthio group is

enzylthio. The bond to the parent molety is through the
wulfur, '

'0067] "Alkylcarbonyl" means an alkyl group defined
arlier linked to an adjacent moiety through a carbonyl. A

on-limiting example of a suitable alkylcarbonyl group is

ethylcarbonyl.
00687 "Alkoxycarbonyl" meansz an alkoxy group defined
arlier linked te an adjacent moiety through a carbonyl. A

on-limiting example of a suitable alkoxycarbonyl group is

sthoxycarbonyl.



of suitable arylthio groups include phenylthio and aaphthylthio. The bond
to the parent moiety is through the sulfur. [0066] "Arylalkylthio" means an
lalkyl-S- group in which the aralkyl group is as previously described.
g 7itting example of a suitable arylalkylthio group is )eRSyAtRRF 40986

bond to the parent moiety is through the sulfur. 0067] "Alkylcarbonyl"
means an alkyl group defined arlier linkéd to an adjacent moiety through

a carbonyl. A on-limiting example of a suitable alkylcarbonyl group is
ethylcarbonyl. 0068] "Alkoxycarbonyi" means an alkoxy group defined

arlier linked to an ac}gcent mmetgthrough a carbonyl. A on-limiting

[%%mple of a suitabfeAIkBXYCHBBRYIGrouF RABtoRYCarGYTOND O) — group.
N@@GI@&S&%@PCEMH@QD@@NQ@BGSQQ{QQQ%] "Ag/@gyggm Oﬁffms groups
lr@gl%ré( (O uf Non- I|m| examples of suitable aryloxycarbonyl

groups inclu enoxyca?fbonﬁ S ERIG R The boRdfo Pond  to

thﬁe@@r@mﬂnm@%ﬁisythmgﬁ*mwbmyl {00} 1Anylalkoxycarbonyl”
dpeans an arylalkyl oup. Anon-limiting example of a suitable
f e R ony A6 boR (5" hL LR o= (0)~

arylalkoxycarbonyl group Is oxyca ony
I4Rstety is through the éamohymmnq 'Alkygsuforid means an a suitable

K15(92)-aredpn Prefgred.groups alkyl group js
al%}Wer aIk}F l. The b%% toathe E)gr%ﬁ m%%tgﬁt%!r%%%%%é %uITonyl%f(?W

hﬁlmﬁﬁﬂﬁylm%%% arralkYESUSL gF&sp. CPESTerEd groups are those in
Lownich the alkyl grouplLisyower ralkyl: Thedhonddo the parent moiekyi LgToup.

eaibiughhe spliyl 0073L Arysulfory! means an an S(02)- group. The -
alkyl. The bond toc the parent molety is through the sulfonyl.
[0072] "Alkyisulfinyl” means an alkyl-S(0)— group.
Preferred groups are those in which the alkyl group is lower
alkyl. The bond to the parent molety is through the sulfinyl.
[0073] "Arylsulfonyl" means an aryl;S(Ogy— group. The
bond to the parent moiety is through the sulfonyl.
[0074] "Arylsulfinyl" means an aryl-S(0)-— group. The
bond to the parent moiety is through the sulfinyl.
[0075] The term "optionalily substituted” means
optional substitution with one or more groups, radicals or
moleties (i.e., '"substituents"), which can be the éam@ or
different. Representative substituents include, but are not
limited to, any ©of the substituents described above;
particularly halo, alkyl, cycloalkyl, aryl, hydroxy, aminc and
carboxy.
[C076] The term "complex" is intended to encompasé a
structure formed by the interaction between two or more agents
(e.g., gallium and a compound of structural formula I). Such
interaction can be via chemical interaction, such as, e.g.,
covalent, ionic, or secondary bonding {e.g., Thydrogen
sonding), and the like, or via physical interaction, such as,
*.d., encapsulation, entrapment, and the 1like. The complex

can be formed prior to administration to a patient or may form



iety i . [0074] "Arylsulfinyl"
bond to the parent moiety is through the sulfonyl. [00 | "An
means an aryl-S(O)- group. The bond to the parent moiety is through the

inyl. [0075] The term "optionally substituted" means opt.ional £0956
Wé&ﬁ@%&éﬁ)&ﬁ Wi]th one or more groups, radicals or moieties (|f}éc.,T/ ?S?‘GOG/ 04098
"substituents™), which can be the same or different. Representative
substituents include, but are not limitedTo, any of the substituents _
described above, particularly halo, alkyl, cycloalkyl, aryl, hydroxy, amino
and carboxy. [0076] The term "complex" is intended to encompass a

. structure formed by the interaction between two or more agents. (e.g.,
llxg?;alliusnj’i“and agon%dundﬁgtruc?ﬁ%i formGalprSuh inteladtivistambéon  of

Unierthemical imtgraction, such as, e.g., :ovalent, ionic, or secondary

: I [ ia physical interaction,
dwpsling (e.g., hydragen, bondipg), and the like, or via p
[ suchjag, (s.g., enc%%%ulgﬁgﬁﬂ, er??%gﬂﬁjnggﬁfh% the fiké PfdE6siplex Pamomrpass

2 belERAEE prioceradmimisteationite a patieot @ri may f@ﬂ@é\éajl,lent_s in  the
s p20IF029885 RG{52006/040986 17 ITI?) gg%%e : %ﬁ{%ﬁﬁ l{%)ofnoijHSOW%t?gn"qg sults,

.adminjstration of uncomplexed agents. T TErmcc _ S
dj‘llﬁteech%Je‘é to°éncamipass & pioduct eemprising the specified ingregientsga 1 £1 e

' ifi i directly or
intheespecified amatinds Aewek asanyRIdUCt which results, ly
[Oigqg;gtly, from cogb'nz;%c?n of the specified ingredients in the specified

amounts. [00781 SISt th8%om%%nd§@ﬁﬂ@@@%ent0k‘fwghﬁ@rl argresent
ingieplebntenplated:Aereinc iGelvatel aneansia. physical assesigfionofa . -

el se0caly T s Gy T HEGFae of eicarid Sowient witn one
°*hBiRdifig Skl hydesyerebondimy ikn qeripin instancesdhesolvate Will 1 e
vab@ing degrees of ionic and covalent bonding, inciuding
hydrogen bending. In certain instances the solvate will e
capable of isolation, for example when one or moze solvent
melecules are incorporated in the crystal lattice of the
crystalline solid. "Solvate" encompasses both solution-phase
and iIsolatable solvates. ,Non~limiting examples of suitable
solvates include ethanclates, methanclates, and +the like.
"Hydrate"™ is a solvate wherein the solvent molecule is H;0.

[0079] The compounds represented by structural formula
I may form salts which are also within the scope of this
invention. Reference to a compound represented by structural
‘ormula I herein is understood %o include reference to saltse
:hereof, particularly pharmaceutically acceptable salfs
‘herecf, unless otherwise indicated. The term "salt{s)", as
mployed herein, denotes acidic salts formed with inorganic
nd/or organic acids, as well as basic salts formed with
nerganic and/or organic bases. Tn addition, when a compound
epresented by structural formuila T contains both a basic
oiety, such as, but not limited to, a pPyridine or imidazole,
nd an acidic moiety, such as, but not iimited to a carboxylic
cid, zwitterions ("inner salts") may be formed and are

ncluded within the term "salt(s)" as used herein.



capable of isolation, for example when one or more solvent molecules are

incorporated in the crystal lattice of the crystalline solid. "Solvate™

encompasses both solution-phase and isolatable solvates. Non-Iimitin9
WORBREESF suitable solvates include ethanolates, methanof4tE4/Safase

like. "Hydrate" is a solvate wherein the solvent molecule is H20. [0079]

The compounds represented by structur@l formula C may form salts

which are also within the scope of this invention. Reference to a

compound represented by structural fformula | herein is understood to
Plilrécrl%%ec retgren(:_L to salts :hereof, particularly pharmaceutically

ACCOp BT Sits Hercdf THIEESdthertfsetifidicaer. THE A tsali(s)"a 1 though
celseimplogéd hereimedenates acidicsgalts. formegswithgnorganicy. ;nd/or ompounds
r%g@@g@@%& 3;§HW9”5%SI Qggié:rsﬁts Lgrmed with norganic and/or organic

bases. In additiori, when a compoun %%Pé@éﬁte& by&fdictursl fofraaread, for
eXYhedifis bbth a-basicioietyssath as, hutmeslimited: ia,1a RAIdIER of acid
ormigdazole o nacidi ' .as, but not limited to a ¢arboxylic
. cid, zvvitterigr%@('?r%’rcle%lﬁsgﬁg‘%%ffﬁe?orar%ngd%%nﬁ are Aclidéd Withiie as one
Merfi™ 55k (s) 88 us8a here R WO RDOTIE55885:P CTAUS20064409865 18medi umn
fiRNaneatenticaly-paeeptahler salts are preferred, although other salts are
w@gggseful. Salts 8f the rc}]ompounc!s represented by structural formula |

may be formed, for eXample! by Tedctity sliditas eampsund withden acetates,
acdmotntof acidlgr hasesssuch asas aquilent amount inamedium,such .

he@s,ane .l ich the salt precipitates or in an agueous medium followed
eby lyo pﬁﬁlz\%%gr? a[%%%b] I':Biesrh%lg?y §8id ddditioh Shits thidehestatesitrates,

Cag@ipatest afginates casaobates ) dspartates, benzogteBopentanepropionates,

dibenzenasulforiateg bisulfates; borates, butyrates, citrates, camphorates,
camphorsulfonates, cyclgpentaneprop’ionaetes,anéSJiagonates’ fumarates,

g-ucoheptancates, glycerophosphates, hemisulfates,

heptancates, hexanoates, hydrochlorides, hydrobromides,

hydroiodides, 2—hydroxyethanesuifonates, lactates, maleates,

methanesulfonates, 2~naphthalenesulfonates, nicotinates,
nitrates, oxalates, pectinates, persulfates, 3~
phenylpropionates, phosphates, picrates, pivalates,

oropionates, salicylates, succinates, sulfates, sulfonates,
tartarates, thiocyanates, tolﬁenesulfonates {also known as
tosylates,) undecanocates, and the like.

[0081] Exemplary basic salts include ammenium salts,
alkali metal salts such as sodium, lithium, and potassium
salts, alkaline earth metal salts such as calcium and

lagnesium  salts, salts with organic Dbases (for example,

yrganic  amines) such as benzathines, dicyclohexylamines,
wydrabamines {formed with N,N-
>is(dehydroabietyl)ethylenediamine), N-methyl-D-glucamines, N~

wethyl-D~glucamides, t-butyl amines, and salts with amino
cids such as arginine, lysine and the like. BRasic nitrogen-—
ontaining groups may be quarternized with agents such as
ower alkyl halides (e.g. methyl, ethyl, propyl, "and butyl

hlo;ides, bromides and iodides), dialkyl sulfates {e.g.



digluconates, dodecylsulfates, ethanesulfonates, fumarates, |
glucoheptanoates, glycerophosphates, hem!sulfates, heptanoates,

hexanoates, hydrochlorides, hydrobromides, hydroiodides, S2006/040956
W?-W&W%?ha%esulfonates, lactates, maleates, methanesulféridié2tve

2-naphthalenesulfonates, nicotinates, nitrates, o>_<a|ates, pectinates,
persulfates, 3- phenylpropionates, phodfhates, picrates, pivalates,
propionates, salicylates, succinates, sulfates, sulfonates, tartarates, t
thiocyanates, toluenesulfonates (also known as tosylates,) undecanoates,

ike. [0081] Exemplary basic salts include ammonium salts, alkali .
d%%itmtlpggllé ilc%%gf gbdiﬁr‘%%ﬁ%ﬁ@ﬁ, Afpotassivh satkst @ligdine edrthg chain
hahéeipsalttesich a&wmnﬂmmne@mfmﬁg@, @ﬁ{lg vg%grlg@pucch lorides,
RasesLfor exampl 'ganig amines) .such as benzathines,
° dicyclg%gx Iamirf)egs?alf%ﬁ%?)a’lmirrf]'éjé{2 orfied Wit AERE '(@'g' benzyl and
PhS bl 'QMEWIen@@li&r@i’ﬁé)ﬁ;ﬁNrmethyl-[_)-glucamlne_s, N- i
[ Oed2y)-D-glucamides t-Rutyhamings, and salts with amino_c dgrﬁsucﬁgsintended
arginine, lysine and the like. Basic nitrogen- ontaining gr'ou%. ay?‘
tOqua?ter%?ze%ﬁﬁ%@bﬁ@%ﬁch%%%l.ﬁaﬂiti@s (egthethytrathybcope of
theropytvamct butyl Bletides) bromisies and dodides), dialkyl ulﬁgtg% (f‘él%réﬁ jdered
MQ;PQX%O%S@S%}PQCT I‘_E\JESE%OO /040986f19 dlmethyl,r lethyl, libutyl, nde
eqdiamyl sulfates), long chain® halidegle.§ detyr latRAcRSHSyfand steang
LognhpYisess bromfddsand iodides)oaralkyl Tlalides (e:g. b?tr;zglngnbdase e
i thers, [0082 such acid sa
[Oprbeg ?n?[tehr?/(;géozg (tj)@eéf)ﬂ arm;&c%uﬁsgéﬁ/easczeléjaeb%?é%leggalﬁ%iﬁﬂﬁfﬁé%Cd?%@fiia L,
an%esiﬁ%ﬁticﬁ{lgn@ﬁﬁ‘é%i'fpéndib&wsélls argycomsidered requivalentda theme 1 ¢

fotree forms obthargareespanding.compoynds for E%chs)eseogég%iqve%ti%n. such
tautomeric forms are contemplated herein as part of the .
present invention.

[0084] All stereoiscmers {for example, gecmetric
igomers, optical isomers and the like) of the present
compounds  (including those of the salts and solvates of the
sompounds), such as those which may exist due to asymmetric
zarbons on various substituents, including enantiomeric forms
which may exist even in the absence of asymmetric carbong),
‘otameric forms, atropisomers, and diastereomeric forms, are
:ontemplated within the scope of this invention. Individual
terecisomers of the compounds of the invention may, for
xample, be substantially free of other isomers, or may be
dmixed, for example, as racemates or with all other, or other
elected, stersoiscmers. The chiral centers of fthe Present
nvention can have the S or R configuration as defined by the
UPAC 1974 Recommendations. The use of the terms Tsalt",
solvate" and the like, is intended to egqually apply to the
alt and solvate of gnantiocmers, sterecisocmers, rotamers,

automers or racemates of the inventive compounds.



[0083] Compounds. represented by structural formula I, and salts and
solvates thereof, may exist in their tautomeric form (for example, as an
Wa@&}'? QL ingiino ether). All such tautomeric forms are contemplated herein
S paf?‘o?%he present invention. [0084] All sterecisomers (f Ce;(grgr?ﬁf’éf‘m%é

geometric isomers, optical isomers and the like) of the present
:ompounds (including those of the salts2énd solvates of the ;ompounds),
such as those which may exist due to asymmetric :arbons on various
substituents, including enantiomeric forms :which may exist even in the

absence of asymmetric carbons), :otameric forms, atropisomers, and
L3RRRdreomeric forfirst are PoRtEHRBREE withh thé-B8ope FHis Wventiomp Lexes

dindividuall tereeispmers ot thescerapeprds,efdhe inuenten mays falont eyl ated
w i(gmiprlle,t%ee sg%stagtial%y Itrge of pther isqmers, or may be dmixed, for
example, a6 racamates or with il StHer; 6 ather elected, sterecisomers.

[g®REdhiral centers'fi¢he present nvehfien ¢an haye the/S,0rRterocycle, R,

«configuration as defined by the UPAC 1974 Recommendations. The use ,
of the terms "salt", solvaté‘gar}m the like 1intented to eqtally BppRioc © in

Shecatand sol¢aeiendntioress, seféoistrens, mtansersh astomers®tce is

1 raegratesef thednventive carapounds, WQ,2002/055885 )
PCT/US2006/040986 20 [0085] All polymorphs of t%e%alﬁ’um%%m&ce’%% rence.

B effSloseTHEENRT dlding @orshbs forHRn Bfe cortédplatedanitnintee  are
pscape ofitlis inventipn. [0086]Vhen anyryariable (6.9., apdhgterocygle, g+ apie
c FIQHZ SEle .occurs more than one time in any constituent or in structural

?OleL,I]]% , its definition on each occurrence is independent of its definition .
[ &Tkry other occiiehteamiiso, cambinationsiehisulstifyentsand/gkmber  of

céﬁﬁ@@ﬁﬁ%a@%presented by structural formula I that can be used
to prepare the gallium complexes of the present invention.
Such compounds can be synthesized from commercially available
starting materials, such as, e.g., aminocaprylic acid,
aminocaproic acid, amincbutyric acid and 4-chlorosalicylic
acid, using well-known methods described in, e.g., U.S. Patent
Nos. 5,650,386 and 5,866,536 and U.S. Patent Publication No.
2004/0048777. The length of the aliphatic chains present on
the compounds represented by structural formula I may or may
not affect cell membrane permeability.

[o088] The gallium complexes of the present invention
can be prepared prior to administration to a patient in need
of gallium treatment by reacting gallium with one or more
compounds represented by structural formula I. The gallium
will typically be in the form of a galiium dion. The gallium
ions can be derived Ffrom a gailium salt, such as, e.qg.,
gallium chloride, gallium nitrate, gallium citrate or gallium
sulfate. The reaction can be effected in a suitable mutual
solvent, including water where appropriate. If desired,
however, an crganic solvent or an agueocus/organic solvent

mixture may be used to effect complexation. Suitable organic



permissible only if such combinations result in stable compounds. [00871
Applicants have identified a number of compounds repr_esented by f
structural formula | that can be used to prepare the galllgm com Igg(o%g/&wss
wf?]é”ﬁ?@éé%‘?f-’invention. Such compounds can be syntheS|zed_ _
commercially available starting materials,_ such as, e.g., am_lno_capryllc
acid, aminocaproic acid, aminobutyric &¢id and 4-chlorosalicylic acid, 3
using well-known methods described in, e.g., U.S. Patent Nos. 5,650,38
and 5,866,536 and U.S. Patent Publication No. 2004/0048777. The
&elq%ggf the aIiphatii chains present on the compounds represent_e_d by |
®Structural fgﬁrﬁuléq%élﬁgr maynot %@%éﬂ’hen?&r%ﬁé@brmeabmt;oform and.
migoes]hetgalliemicomplexes of the present invention can be prepared

i ini j ient.i i by reacting

i96 {0 administra to_a patient.in need of gallium treatment )
{d’gﬁﬂm with one otr'i?]%c)ré: %clgoprr%gé{l}ﬁ}o% reffeSehtdt By st ioukebid and
w,% ﬂ

gafitim 1wl tppieallyoe tre thecform!ns vegaltiunion. e Gl IONS after
akeamtbe gleryved fram %ggu%mﬁlt,!ﬁ%h as. eg. allium chloride, galll_ur]r;‘though
nitrate, gallium citrate or gallium sulfate. The Feaction %_gﬁ%]éagff’eﬁed iR
e hlehRatit OSo e chiting: Wt Vifsevecappropratentfdasiedece ssary .
Irhoyweveradn ogenie:s0lvgNt-rAN-agyeouUs/organ sg%ent glx%r%ergaents or
be, ffect complexatjon. Suitable organic WO 2 b7 5 . '
unPC#%%é%ééfﬁ%ggél%s&%rﬁs nay inRideregarasthanolyethafiol tration
cherisrstoes antly mixtutes th@r@@tj{@ﬁ%]ﬁggag%yplgﬁggt;}gﬁ;ig%ﬁ orated or
ani d . will.usually have proceeded substa .
frg(%i%%%&%?@ab%%%%%% a 8%?80 Fin bt PBori @@mperatureThe gallium
CORHGHGh MBHger ¥Eacten tinsel anddowerdemperaturesmaybe, suitable

soDeeessansuigengral ’ef%lq\f\’i ng.Separ atié?f c(ghao o nsr;%%%[e% geazgg 1r:] ltxsa?lro 1 ang
ethancl, ether, acetone, chloroform and mixtures containing
such solvents. The formation and purity of the gallium
complexes can be measured by several methods well known to
those skilled in the art, including e.g., NMR spectrescepy, IR
spectroscopy, UV/visible light spectroscopy TLC, HPLC, mass
spectrometry, and X-ray diffraction analysis.

[0090] The gallium complexes of +he present invention
zan also be formed in situ, e.g., in the gut, following either
idministration | or coadministration of the uricemplexed
ronstituents. For example, gallium and a compound represented
Y structural formula I can be included in a single dosage
orm  and  administered to = patient in need of gallium
reatment, where the two constituents are allowed to complex
n the higher pH of the intestinal tract. Alternatively, the
allium and a compound represented by structural formula I can
@ included in separate dosage forms and coadministered
ubstantially simultaneously such that complexing occurs in
itu.

0081} Although the complexes of the present invention
re described primarily in reference to gallium, ocne skilled

1 the art will recognize that other metal ions (both



undesired by-products by e.g., ion exchange or gel filtration _

chromatography, the reaction mixture may be evaporated or f.rfedeze. dr(;ed

to yield the solid gallium complex. The gallium complex may, if desired,
Wﬁeﬁ/f‘%?%%fﬂized from a suitable solvent, such as, e.g., Wate?,céﬁ’é&ﬁgﬂéﬁ"“’%“

such as methanol and ethanol, ether, acetone, chloroform an_d mixtures

containing such solvents. The formatio2and purity of the gallium

complexes can be measured by several methods well known to those

skilled in the art, including e.g., NMR spectroscopy, IR spe(;troscodpy)/<,

UV/visible light spectroscopy TLC, HPLC, mass spectrometry, an -ray ‘
r%?fﬁgcl:tsl’gr% ahafysis Podet ﬁ%%ﬁﬁrﬁ%%?ﬁﬁ@%gs%f@he#ﬁes@%ﬁ&@mdn using
Then alsorpe fordred negitts St #ithesgut, fallowdng: either Mglgratlgp For

ministrati f the uncomplexed  :onstituents. For example,
e}gérﬁhgj%génrg%gco%%%gﬁng Crigsprléggﬁt%sdex)ly}: {sef?uéﬁraﬁ’ ?&Wé‘f‘f%p%ﬁm&la I can
béncrres i SRglatosagbcoraband adiinisteredriota-patientan nged of :on s,
s@alliugy . reatrgent, wheresthe g copgtitugnts aﬁlatlﬁ all%v%gd gcom i|(j)X Cnu’ e

the higher pH of the intestinal tract. Alternatively, the ‘afiium r‘_id
TP BtRRI e FesarRes B9 RheRtUral fefmutatiwenl e fiuctudéd inlsepatatel so be
usiosage ferms and coadminisigrad whstantially simyjtanegusly such that,

gcomBlEexin% occurs in itu. 0091] Although the complexes o the_pre;eny
Ahvertion 1 destfited rimafiin rRfererc o tfum, ontiskiléd iz i, the
coapeiinretogrizedhahather metad ionscfbeih WQ 20041855885, Ic?e used to

s TS 6, 22 radioisotopic and non-radioisotopic) can be
de?c?rﬁé%axé%%%%%g%ﬁé: cénr%%%d{lmég Pegpresséjrﬁ d B¥ striictiral formulad, F&& -, Lo,
Glaxaiifle, thehcompaunids represemted bycsthiotutat fopmida | cam he Ug%!énding
up&ﬁnhﬁgcecﬁk‘&%}@%pfio%ﬂgn%rétE%rlal @oeztﬁl 1003 S%&%g%’r%ig" ccl:e?r’lsir{:y and
g Mgﬁ Cr, Zn, Au, Ag, Fe, Ni, Cu, etc. .
on

ing potential of the formula I compound, the steric

effects of both the metal ion and the formula I compound, etc.
[0092] In  addition to delivery of therapeutic,
nutritional and diagnostic metal ion delivery, the compounds
Tepresented by structural formula I can also be used as
scavengers to remove unwanted metal ions, such as e.g., Pb,
Al, Cd, Ag, Cu, 8r, Ra, Po, etc., from body tissue or blood.

[0083] As described in the Examples below, Applicants
have discovered that certain complexes of gallium with
compounds  represented by structural formula I  exhibit
increased oral biloavailablity relative to uncomplexed gallium
salts. Using the methods described in the Examples below,
those skilled in the art can readily identify other compounds
represented by structural formula I that can be used form
jallium complexes exhibiting increased oral biocavailablity.
is such, these gallium complexes {and others not necessarily
:xhibiting increased oral bicavailablility) have utility in
he treatment of diseases and conditions characterized by
xcessive bone resorption, such as, e.g., cancear,

\ypercalcemiaz, ostecporosis, osteopenia, Paget's disease,



The compounds represented by structural formula | can also be used to
administer therapeutic metal ions, such as, e.g., Au, Ag, Pt, Zn, Ca, Fe,

M? Sr, Co, etc. In addition, the compounds represented by structural
YRS T5n be used to deliver diagnostic metal ions, such s /EjU0¢{040986

Tc, Sr, Ln, Gd, etc. The ion-to-compound stochiometry will vary
depending upon the charge of the metadBion, the electron density and
donating potential of the formula | compound, the steric effects of both the
metal ion and the formula | compound, etc. [0092] In addition to delivery
mgﬁt&q{gggutic, bnéjrtlritional and diagnostic metal ion delivery, the

compounds repres%nted%lysgt‘?ﬁ&mal fOrfifa | cafPsIss Peslideeras due  to
h¥pavengershy remdvemuravahted seetal ionsnaech as e.g., Pb, Al, Cd, Ag,

(686451, Ra, Po, etc:, fram_bady tissue or blaod., [0093] As described in the
Examples below, A[l)lplic@%t(s)C qf{%%sgmé%c%ov%%eg ﬁ]%?%eﬁﬁﬁ]w %ﬁﬁ%x@é%ﬁases roa
CRRRRR W 2 bhipotiRds represemtediby. strdctgral Tanmulad exbibini stered to

a inpeagisedoralbioavailablity relafive to ypn exed gallium salts. Using .
- dhe methods described in the ExamplesLJ b%%q\?\ghﬁ(ﬁoseaé%ﬁed%ﬁe“éﬁ can  pe
cannrjésadw %jenti]f? otféco mpBUndst epresemerbystuttural farompasition.

Althavogn beluseddom wgallismmomplexgs exhibiting ingreased ol . vy o0 oo
pé{q_igg\@@[éjiyy ~s such, these gallium complexes (and others not )
necessarily xhibiting increased oral bioavaildBHityPrave utirtyigrhe suitable

aceathenaf tiseasesiand candilions chasacterized bytxcessivehong, o .
nd&sorption, §gg%g§,'e.g., cancer lypercalcemia, Qsteoporosis, ’
._osteopenia, Paget's diseaséﬁ&/%?%O?lOS 885 BCSHYS2006/0408861 Pgneous,
I hERgRARUSone disba3E e dégenérationrdusctol Ayperparathyseidism o1 ar,
trand dssucunurs: 0094L e ealrent of ese and olhe ciseases, a

[ow?peutically effective amount of gallium is administéred™to r
For the treatment of various forms of cancer,

especially mglignantl tumors, the gallium may comprise
radicactive gallium, such as, e.g., gallium-67, which is
administered at the site of the tumor. Complexes comprising
radioactive gallium may also be used as radicdiagnostic agents
to detect the presence of tumors and the like. Typically,
from about 100 mg to about 1000 mg of gallium is administered
for such purposes, from which the administration of the
gallium complexes or compositions of the present invention can
2e extrapolated.

[0096] For gallium complexes Prepared prior to
administration, a gallium composition can comprise a galiium
complex  in  combination with at least cne pharmaceutically
icceptable excipient. If the gallium complex is formed in
situ, a gallium composition can comprise gallium, a compound
epresented by structural formula T and at least one
harmaceutically acceptable excipient. The meolar ratic of
@llium to the compound represented by structural formula I in
hese compositions (whether complexed or not) is preferably
rom about 1:1 to about 1:10, more preferably from about 1:2

¢ about 1:5, and even more preferably about 1:3.



a patient in need of such treatment. The gallium can be administered in
the form of a pharmaceutical composition. Although the gallium

?com%0§itio,ns of the present invention are particularly suited to oral
Wae PV?%‘fher suitable administration routes include, but ar& nBURATEE* 0286

to, e.g., nasal, rectal, topical, transdermal, subcutaneous, intravenous,
intraarterial, intramuscular, intraventricdtar, intraarticular, intraperitoneal,
and intrathecal. [0095] For the treatment of various forms of cancer,
especially malignant tumors, the gallium may comprise radioactive ,
[gglgy , such as, e,q., gallium-67, which is administered at the site of the

Umor. Complexes Ejvr%j(%actf\%rga’rlfﬂm%ﬁﬁ? alS6Pelised Bermation,
twadiedipgnestc agents stbtdetest therpresenge«f tursersangithedi®stion, one

Typically, from t 100 mg_to about 100Q mg of gallium is administered

C?orlgélclcjlc Eérpos gp#%%mwhi(%lthe%ﬂnr%ﬁ%??%ﬁ% of tﬁé%galliuﬁF least  one

Plropieses beadmpositons bilHepresenpimentiemdan hee extrapolatedprising

- [0086) Forgaliug complaxes prenared aviar o admipistration. 4,08llum, . oy o,
composition can comprise a gallium omplex in combination with at Teas

"Irfe pidrmatgaticallyCreepibieerepicnich He galigresoraplex is excipient.

rdammed iheitica gallivagampesitan can.comprise galivm, & CAMPAING sont g
b -eprgsentgd b%lstr ctural formula | and at least one )harmaceutically

Y céeptable éxcipient “Tie fofar ritio JreRRiuMIBIRE toiptunds Preferably
frrepresented by:structuralifotroula:lio , hesereompasitions(whethesn about 1:2

rSomplexed pgpot is, preferably rom about 1:1 to about 1:10, more
preferably from a %%t 1270 g%%l?t f’:gf‘gﬁ aél?/eP{ m r%“ﬁre?‘e’rably about

EQQ%.SWQ 2007/055885 PCFAIS2006/040986h 2411097 Alternativelycfos irent (s)
cﬁ%%@%vnwﬁx%@ﬁﬁﬂg@,ﬂwé’%%%HaE%C%HBO%B%%%Eé%PS&FQQJ?E-depend at

administration, one

least in part on the desired administration route. Examples
of pharmaceutically acceptable excipients and methods of
manufacture for various compositions are well known in the art
may’ be found in, e.g., Remington's Pharmaceutical Sciences,
(Gennaro ed., 20th ed. 2000}.

[00889] ‘ For example, when used for oral administration,
which is pxeferred, the gallium composition will preferably be
in solid tablet, capsule, caplet or dragee form incorporating
a solid excipient, such as, e.g., starch, lactose, dextran or
magnesium strearate. The gallium composition can also be in
the form of a solution, suspension or emulsion incorporating a
liquid excipient, such as, e.g., water, propyvlene glycol,
polyethylene  glycol, scrbitol, maltitol, sucrose or &
pharmaceutically acceptable buffer, such as phosphate or
carbonate buffer.

[01001] - For oral administration of a gallium complex
prepared prior to administration, one or more of several
approaches may be sesmployed to avoid or reduce exposure cf the
complex to the acidic conditions of the stomach and allow
release of the complex in the intestine, thereby increasing

delivery of gallium to the bloodstrean. For example, an



comprising gallium in combination with at least one pharmaceutically
acceptable excipient and the other comprising a compound represented
structural formula | in combination. with at least one pharmaceutically

b ctura
WQ%@@BP&B??excipient. Again, the molar ratio of gallium to the’ Sani5atseF+0986

represented by structural formula | in these compositions is preferably
from about 1:1 to about 1:10, more préferably from about 1:2 to about
1:5, and even more preferably about 1:3. [0098] The particular
pharmaceutical excipient(s) chosen, as well as the form of the
composition, will depend at least in part on the desired administratio

et Bantiies Of phafiEESEAIY SBEEREBExciients At Hetods °* ™2
T ofs ranufactyredfor varigus tomposiinnseare ivell knowininlthe arbupay.be) can

found in, e.g,, Remingtons Pharmaceytical Sciences, (Gennaro.ed., 20
beed?“?ﬁgﬁ)s %{OQWFO??@?(arﬁ%I%?%%%%%&eC@ for 5%%‘88%%%%02? Wé%:ﬁ}t the
egsipreferiedy the gatia Wcmmbgﬁi@naﬁm@eﬁeiﬁblymeth@s@ﬁ@m;

[o5@psyle. caplet ordragee form incorparating a;solid exgipiensyghase  the

e.g.,’starch, lactose, dextran or magnesium strearate. The gallium
phegmpesitibh cah As5'Be #i thetorrk of adOhRIGRT stigd&ifsion 6P&muTdien that

atineQrporatingia liguid excigient 1SUeh-asye.g. Water, propyanagygokintil the
polyethylene glycol, sorbitol, maltitol, sucrose or a pharmaceutical

: ( I
inf&ceptdBle bbfer sudtf ad pRoSHHate o "GarBbiate Bufrér. fdioéfg%f?‘aﬁe the
g=administrasinp ofa gallitm compiey prerafedisioy tosadnyidistrgéion, onech  as,
or more of several, approaches may be employed tqo avQid orreduce . _ :
e'éqdosﬁré) 8?‘%8%30%1%%)? ) %@%%%%n%?{%%gqof e%%?r%dh ﬁ%ﬁ gllgvcésorbs
threleaserof¢he eomplexisthe ntestineptrerebyrincredsingy déliveghef stomach,

al%%”vi\ru@ Ottggé)lo @ﬁﬁforo?(a@gﬁpf@)yvoc%ooy955§§§easad in the
T7U$2006/040986 25

intestine. The preparation of such delayed release
formulations, particularly those involving hydrogels, is well
known in the art.

[0102] Alternatively, the gallium complex can be
encapsulated such that the release of the complex is prevented
or inhibited until the higher pH of the intestinal tract is
reached. | For example, the gallium complex can  be
microencapsulated within liposomes, preferably phospheolipids,
that do not dissociate under the acidic conditions of the
stomach, but which will release the complex in the higher pH
of the intestine.

[0103] A particularly preferred encapsulation appreach
is the use of an enteric coating to inhibit or prevent release
of the gallium complex until a pH greater than about 5 or 6 is
reached. Preferred materials for enteric coating include, but
are . not limited to? e.g., cellulose acetate phthalate,
hydroxypropyl methylcellulose phthalate, poly (vinyl acetate
phthalate), hydroxypropyl methylcellulose acetate succinates,
poly{meth)acrylates and cellulose acetate
phthalate/diethylphthalate. Since the pH of the stomach 1is

higher after a meal, it may be advantageous to administer the



excess of the free compound represented by structural formula | used to
form the gallium complex (or a similar compound) can be included in the
hzaarp(z}i_c_%ujical composition to shift the equilibrium to the comfﬁlexed
A8 R the stomach. [0101] Another approach is to formt) @gﬁgﬂﬁ;’mwsg
pharmaceutical composition in a delayed release form such that at least
some of the gallium complex is not releded until the intestinal tract is
reached. One method is to formulate the gallium complex with a gel,
preferably a hydrogel, such as, e.g., a polymerized polyethylene glycol
hydrogel, that adsorbs, the_ complex and releases it only very slowly in the, )
e g it of Sotmblen s DE sl ine SHERELon 45
uFhd preparation of such delayed release formulations, particularly those

[ wehyng hydrogelsy|s Wellp%@%ﬁ&mggimlo%]oé%%’gﬁy%l sM€ seseribed

gallium complex can be encapsulated such that the reélease of the
hedfmplex $Epravehted 6PIFMBIRR uAtiche RIGREEpHL of Bee infestifial f4ct weight

pisrdeached Forgxampla. the galliumasamplex capg, microgncapsulaled; ca11y
within lipasomes, %[efgrably phospholipids, that do not dissociate under .
2SR CondRONSTriRE stomach®Bat ARt will Feledditthe EbAIACRNtLcal
cthwphighet phks of the inteistine. 422Q3A padiculatlyipeferreghe compositions
ulation approach is the use of.an entefic coating.to inhibit or .
C%ﬁeﬁ%ﬁ% re#e%%% 0 %Oeu%alliém égmp?égxoﬁ%til a§ gH gr%éagf%haﬁea%%%?% ot the
egdspreziched. Péferred hrateriie fof idnteric coaling inclutes but aresnoificient
Hited to,:e.9., gellulase acefae phihalate Pyl methylegliviose
> phthalate, poly (vinyl acetate ph%halgte?,aﬁy%}%%{)%g%%ﬁ n)éj)é%‘}y céﬁ‘c@% ~ under
tageafe ddceiraedl bulyimethabhfates aig eBHulbSe asdtarrial comprising
spbthalrig/diethylpithalaie, Sinceithepid of the stomachds Righer aftera o si+ion

meal, it maey be advantageous to administer the
at no more than abouc 98 weight percent of the composition.

W

[0105] Docses are selected to provide pharmaceutically
active plasma gallium concentraticons for the treatment of
excessive resorption of calcium from bone {e.g., arising from
cancer, hypercalcemia, osteoporosis, ostecpenia, Paget's
disease, etc.), which is estzblished to be about 0.1-5.0
ng/ml, preferably about 0.5-2.0 ng/ml. Such blood levels may
be achieved by administering about 0.1-20 grams of gallium
daily.

[0106] For the treatment of wvarious forms of cancer,
including cancer-related hypercalcemia, gallium is typically
administered in the range from about 0.25 mg/kg/day to about
10 mg/kg/day, preferably from about 0.5 mg/kg/day to about 5
mg/kg/day, from which the administration of +he gallium
complexes and compositions of the present invention can be
extrapolated. Such doses may be administered as a single unit
dose or in a number of smaller dosas.

[01071 Specific embodiments according to the methods
of the present invention will now be described in the

following examples. The examples are illustrative only, and



WO 2007/055885 PCT/US2006/040986 26 gallium complex at such time,
.whatever oral formulation is used. [0104] The pharmaceutical
ositions described herein generally comprise from about 1 to about

composit
WQQZ%ngbgﬁ?sf)ercent of gallium. Preferably, when a pharmaceﬁﬁywzogél 040986
acceptable excipient is employed in the pharmaceutical compositions of

the present invention, the compositions? tontain from about 1 to about 99
weight percent of the excipient. When the compositions also contain a
sufficient amount of a means to inhibit dissociation of a complex under

aLtrhee %Cci;(%ic 3(_:ogdinti N o)@{tjhelslt%r{]@chhthe }E%%ter.ial compr%sir]'.gnesuc means ,
IS incorporated nto the pharmaceutical composition affio rore fhah--8re in

anpoue98 weight percent of the composition. [0105] Doses are selected to
provide pharmaceutically active plagsma.gallium concentrations for the
treatment of excessive resorption of calcium from bone (e.qg., arising from
cancer, hypercalcemia, osteoporo$igz8ste®pénia, Paget's disease, etc.),

[hody is established todag,aboutf:1:5,0 1RqI rgferably:about 9.5 s sented
pg/ml. Such blood levels may be achieved by administering about 0.1-20

PYréihs of afiam RfL08] Kor fher re &t SFvafoge fotms/of s prepared

asarfeer] dacludingicaneemielatedhypetealeemia, galiuanisdypicallyethanol and

administered in the range from ut 0.25 kg/day to about ,

ol g/d“éll],?{:;:ref%rag’@/Lfgoﬁn'%B ab%%fg. tho/kgrday tosa}%%%t ?%g)&%ﬁda phloride,

nironswdichrthe wdfaingstration of teldaliom eonplexes and compositipnsous or

o£bihiepresait yaniion ganig, OUAPOIED SUEN dORBRINRY BE monovalent
administered as a single unit dose or In a number of smaller doses.

aj0rd} Spekiie efibodiments AeBETAAGTS-theandthols fahd present stirred
fHWeBW®1ﬁ@U%@Nb@H@S%®¥¥EWﬂh§s evaporated off and the residue

resuspended in chloroform. The gallium complex in chloroform
is washed of excess gallium and counter-ions by extraction
with pure water and dried cver NazS0;. The chloroform solvent
is evaporated off and the residue resuspended 1in excess
methanocl. The purified gallium complex is crystallized by
partial evaporation of the methanol solvent, recovered by
filtration, and air-dried or dried under vacuum.
Example 2

[0108] A complex of gallium and a compound represented
by structural forﬁula I (i.e., "complexing agent™) 1is prepared
as fcllows. The complexing agent is dissolved in pure
methanol, pure ethanol, or other pure alcchol, or a suitable
alcohol-organic compound solvent mixture such as a 1:1 mixture
of methanol/dichloromethane, or a pure organic sclvent such as
chloroform or other suitable scolvent system, and mixed with a
gallivm salt, such as the chloride, nitrate or sulfate, as a
solid or a solution in an agueous or organic solvént, in the
presence or absence of monovalent alkalli metal salts, and
refluxed for 15 hours. The precipitated gallium complex is
filtered, washed in the appropriate solvent system, washed in

water, and alr-dried or dried under wvacuum.



following examples. The examples are illustrative only, and WO
2007/055885 PCT/US2006/040986 27 are not intended to limit the
remainder of the disclosure in any way. EXAMPLES Example 1 OlogfliA
WQ&%“B@??%*gaIIium and a compound represented by structurzt FOmatiy40o86
(i.e., "complexing agent") is prepared as follows. The complexing agent is
dissolved in ethanol and mixed with a ¥nple gallium salt, such as the
chloride, nitrate or sulfate, as a solid or a solution in an aqueous or
organic solvent, in the presence or absence of monovalent alkali metal or

other monovalent cationic salts, anﬂd stirred for two hours. The solvent is
evaporated off and the residue res&%@?ﬁd@d%n chloroform. The gallium

[@dAplex in chlorofdrne dsmiashedf gxtassgalinmh and:-eatteridnsdyresented
weXtraction. with p d drie overNazso4, The chlorofogm solvent
? MWQE lfl’gg t%'ﬂaf HL éj ; carenngXJ.neqssa%aeri ar)]ol.:j».?hgrepared

is evaporated off and the residué fesuspended in exc
apurified Riim cofiplex e selized by grntial évaporationbfdde in water,

plﬁ@)%tlﬂ@mgb%@\é@_me@&Qﬂgﬁ‘]a%%%éiﬁf?éi@@1 ﬁﬂ%@gﬂ&?dﬂﬁﬂ?g ugggil culture

vacuum. Example 2 [0109] mplex of gallium and a compoun
MeEdentll By SEUCRIESPHORLFE ELY cCORTHRSGIG hBe RO sprEpasten and
masdallowsthhe Lomaplexing agentis gissodwed-in pwe-methanok paire -h: oride,
ethar)EoI, or other pure alcohol, or a suitable alcohaq]-organic compound
nit i i é)

SolVent mixtufe SUCh 8% a1 tnifitre “of ThethafGIdiciBfomethaRe, aFEous oF
opuEe brgasicisodrent suich ashehlopafermrarsother suitablensalveptsysienvalent

a PRSI with &, gallusal, sy 25 dhe chioride, nivate reulate, gs )
solid or a solution in an aqueous Or organic solven , inthé présénce or ~oWe
tabsénceldfrmencvaisitstikali metl salgremdas monitored by UV-visible

light spectrophotometry.
Example 4

[0111] A complex of gallium and a compound represented
by structural formula I (i.e., "complexing agent") is prepared
as Tocllows. The complexing agent is dissolved in water,
physiolegical saline, phosphate buffered saline, cell culture
medium, or other physioclogically compatible solvent system and
mixed with a simple gallium salt, such as the chloride,
nitrate or sulfate, as a solid or a solution in an agqueous or
organic sclvent, in the presence or absence of monovalent
alkali metal or other monovalent cationic salts, and stirred
for 1 hr. The solution i1s loaded onto a sultable cation-
exchange ceclumn matrix, such as Bio-Rad AG 50W-X8 or Bio-Rad
AG 50W-X4, and washed with a suitable solvent, such as water,
to remove excess compound and free gallium and other ions. The
gallium complex is eluted from the ion exchange column with a
sultable eluant, such as 1 M NH OH/NH,Cl, pH ¢ or a linear
gradient of 0.1 M NH;OH/acetic acid, pE 6.0, to 1 M
NH4OH/acetic acid, pH 9.0. Elution of the gallium complex is
monitored spectroscopically at a wavelength suitable to detect
the complex, such as 220 nm. The eluate is concentrated by a

suitable methed such as evaporation, and any excess



refluxed for 15 hours. The precipitated gallium complex is filtered, washed
in the appropriate solvent system, washed in water, and air-dried or dried

W rﬁ% yacuum. WO 20071055885 PCT/US2006/040986 28 Ecxa{(pjspleﬁ?a 10986
ﬁ) ﬁ A complex of gallium and a compound represented b]§/ ittt

formula | (i.e., "complexing agent”) is prepared as follows. The
complexing agent is-dissolved in water,”physiological saline, phosphate
buffered saline, cell culture medium, or other physiologically compatible
solvent system and .mixed with a simple gallium salt, such as the chloride,

pRieate oF sulfate, asia solid gr a sglution Jn an aqueous or_prganic
solvent, in the presence or absence of monovalent gléalien%t%%r offaroved by

ESHSValéit catioheSaEs, atfitafowsd: toSruntiteompiéxestans formedte  are

rasameditdsed by sRAyisible: dight spectrephetometry Example 4 QLI A\ . .

S&&mpleﬂx %f %ar!gtggxang comﬁ und represented by structural formula | !
(ie., "complexing agenl’.@ is pr %ﬁre‘a‘)%%%meﬂqeeédmb%xm@ agerdasl onto

tltﬁs%feﬂmateqoiahm'Obgﬂqat:ﬁaﬁnﬁaaﬁl%@haéiﬁjb@f%%&ﬂ@%hc%gstined

re m , ar.gther physiolagically compatible solvent system an
wﬁ%ﬁd Witr?g}g%?npglg %tgﬁiﬁ%%(alt? 2810 %gé the Eh%?f&lcé?%ﬁﬁf%@)gr sGifger by a
S5 3bRd B Alxefuticiishar aqesess or wrganic solvent, in the presence

or absence of monovalent alkali rgggar}%gigttger monovalent cationic salts,
weﬂ% tirred for 1 hr. The solution is loaded onto a suitable cation-
exchange column THatrix, SUERS Bio-RERAG 5OWIXF or Bi6-Rathd\G gallium

ccB@WeX4 sand-wasbed witia syitablecsalvetssHeh agnatgl Sto remove
1Heégl%ssl m r‘g;l aerg%free allium and other ions. The gallium complex
is eluted from the Ton ex¢ Sang‘:)é’column with a suitable eluant, such as 1

[ OMH3HAOH/NHAC Epth&tarean limeargal 1ium complexes is confirmed and
gallium-compound atomic interactions defined by recording and
comparing 'H and C NMR spectra, scanned from 20 to 900 MHz,
of gallium-compound complexes versus the parent compounds
alone in deuterium oxide, deuterated chloroform, or other
suitable deuterated soclvent according to standard methods
using dinstruments such as Bruker DRY 500 and AM400 NMR
spectrometers. Shifts in parts per million of -hydrogen and
carbon nuclei absorbance relative to the absorbance of
tetramethylsilane, or the loss of specific hydroxyl group
hydrogen for some compounds, reveals gallium~compound
interactions.

IR Spectroscopy

[0114] Formation of gallium compléxes is confirmed and
Jallium-compound atomic interactions defined by recording and
comparing Fourier Transform infrared spectra (FI-IR) on an
instrument such as a Bruker IFS spectrometer. Sclid samples
>f gallium complexes and parent compounds alcne are placed
>etween IR window materials such as NaCl, KBx, or other
suitable materials and scanned through the IR spectrumn.
Jistinctive shifts vibration frequencies Dbetween gallium

:omplexes and free compounds will be observed by changes the



gradient of 0.1 M NH40H/acetic acid, pH 6.0, to 1 M NH40H/acetic acid,

pH 9.0. Elution of the gallium complex is monitored spectroscopically at a

wavelength suitable to detect the complex, such as 220 nm. The eluate is
WOMELRFARS by a suitable method such as evaporation, ang%ﬂng@%ﬂg%

WO 2007/055885 PCTJUS2006/040986 29 precipitated salt from the

concentrated eluant removed by filtratiéh. Excess salts in the

concentrated eluate are removed by passage through a suitable gel

filtration matrix, such as Sephadex G10. The concentrated eluate is

qadad lting col d th h luted with
adistilledgvr%gteng%%SEagfg}#goHg&n i tohglerc il o {ilpgzoups in

ee eluafe i concéntrated again by s
thRethbaS St as edapbratione ExGnysié 5i0112] The formation and purity

gefihe galliym, ¢ '%é%%@&eo red by several common methods. 1H
and 13C NMR Spectroscopy [0113] Formation of gallium complexes is

[@bhfmed and gafiGFitasrpound afiticiteraetons defifed.By confirmed by
reeecardingyansngompaing-'thand 136 NMR-spedtra, scamedem20 Qe et ra,

900 MHz,. of I%n ompound complexes versus the parent compounds

5 c ;
Si5hs th dé:lﬂlégr?ém oxide, ‘deUtBFatES thbréfd il SF ot nduitife as a Cary-
1Rleliterdied spleentragtiondingstostandatd Methods AUSINGMSEUEANS cuvettes,

o SUENESEIUKELORX 500 and AAPONMR specyometers. Shifts mparts . -

per million of hydrdgen and carbon nucler absrbance Telafivg s t
caBsorFaTce Of tswamethylsitane/zdrahe lose bhspedific hydroxytigeaup suitable

sdyskogen for somg,cempounds, reveals gallium-c 0 interactions,, _, .
IR Spectroscopy.[0§14] Formation of galliur%%cpm‘% ecgleg%lsg%?nfir%}éd aﬁés’tlmt
Y aJHiH AR EdtnpSid BfomidintéleasRs defined byleeording antxima, — and/or

changes in the molar extinction coefficient at absorbance
minima and maxima, measured for each gallium complex versus
the parent compounds alone.

Thin-Layer Chromatography

[0116] The purity of the gallium complexes is
evaluated by thin-layer chromatography on silica gel plates
using a suitable solvent phase, such as 80% methanol/20%
water, and a detection system such as a 10% ferric chloride
spray. Shifts in position of spots on the TLC plates and the
number of spots per sample will indicate gallium complexes and
free compounds.

High Performance Liquid Chromatography

[C117] The formation and purity of the gallium
complexes is evaluated by HPLC analysis on a suitable column
such as =2 Lichrosorb RP8, 10 micron bead diameter, using a
suitable solvent gradient such as water, trifluorocacetic acid,
methancl, or suitable mixtures. The eluate i1s monitored by
absorbance at a suitable wavelength such as 220 nanometers.
Mass Spectometry

[0118] The formation of gallium complexes is confirmed
by measuring the mass spectra on an instrument such as a

Finnigan MAT 90 mass spectrometer. Complex formation is



:omparing Fourier Transform infrared spectra (FT-IR) on an instrument
such as a Bruker IFS spectrometer. Solid samples Df gallium complexes
W%nzdo %Lentscompounds alone are placed Detween IR window materials
suc a§SI§FaCI, KBr, or other Suitable materials and scannedpf;riu%ttféﬂoﬁ[%w%
IR spectrum. )istinctive shifts vibration frequencies between gallium
:omplexes and free compounds will be hserved by changes the WO
2007/055885 PCT/US2006/040986 30 absorbance of specific C=C, C=0,
C-OH, C-NH, and C=N groups in the presence and absence of gallium.
{ AM-Visible Light copy 1 F jon_af gallium complexes is |
lljé%%%/rér?g? b t%?ec%[?lgir%%;ng%or@%%%ng%gguﬁ%{siﬁ%mé%is%}f&%nre ative to
f%ﬁ%cﬁ?ﬁ}"%’éﬁnﬁé’@%ﬁéis to 700 nm using an instrument such as a

X-Gary- $EANVis spastiophatometer and standard 1 cm quartz cuvettes,
{@ﬂ@ free compounds dissolved in methanol versus the gallium
Comélexes dissolvedin watety metHatHoF Bisthe? Suitiblé Solvepemplexes are

de@emplexsfdrmation is ingicated-byrdistinct wayglengih:shifts in-absorption, + o vy

adninima and.maxima, and/or chanpges in the molar extinction coefficient at
absorbance rcTJrﬁﬁim%\hanél lFna>3<“iIr1r18'a{£,I grhneng edBF BachYalfuni'@8mipfex XappacCDd

diefsas thaperent coMpoehds e sthin-LayenGhioraatogaphy 0446] using
apthepuityiof the galliym complexes js _evaluated by thinzlayer

cwhromatograph on silica g%latesduging%augttjﬁltab essor?\?e&%ét%p g’s@,’sucﬁ%mv'
SH86% rheth&RET269: Sate Anihd Brgetesticisystemguchama 1od% software

serriczehlidenspray. ShiftsrifResition:-of 3pots op t%rﬂjc}eg@ges andine. o+ ed

number of %pots%)er.samrgle will indicate gallium complexes and free
Yeofipotings 19k Péftormafice TiGGaTehtbmatog@phyId 117  Theture  space
g Hfonpatien dndpudiy obthegaliumn diffraction patterns and in final

solved structures locating the position of the gallium ions
relative +to the compound and other ions +hat might be
incorporated in%tc the gallium complex crystals relative to the
crystals formed by the compounds alone.
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Exanple 6
[0121] A tablet dosage form of gallium nitrate and a
compound represented by structural formula I (i.e.,
"complexing agent") is prepared as follows. Gallium nitrate

hydrate i1s weighed and then de-lumped by screening through an
appropriate sized screen or mill. The sized material is then
wet granulated in a higher shear granulator with a binder
solution and a diluent. The wet granulation is then dried in
a tray dryer to a defined water content. The gallium nitrate

Jranulation is then screened and blended with the complexing



complexes is evaluated by HPLC analysis on a suitable column such as a
Lichrosorb RP8, 10 micron bead diameter, using a suitable solvent
radient such as water, trifluoroacetic acid, methanol, or suitable
VRS he eluate is monitored by absorbance at a suitabﬁ'&%ﬂ%"éﬁﬁw%
such as 220 nanometers. Mass Spectometry [0118] The formation of
gallium complexes is confirmed by meé%uring the mass spectra on an
instrument such as a Finnigan MAT 90 mass spectrometer. Complex
formation is WO 2007/055885 PCT/US2006/040986 31 indicated by
a&bits in mass peaks of exes felat] free parent compounds. .
%Rar Structure Ani%s%%%l’g]%gﬁ-%tgﬁuc &rgé%sno @g%Jﬂﬁ]#l and glidant.
B %Pr?p@?esla?e desermir it By pefforlMing: X -tasgidiffralctdn patterbin  blender.

ideterninalions avan INSUBEBLSUCLAS ANQUS KAPRACEDL1 o5 uoing
stallographic structures are solved using appropriate

iffractometer. Cr
R ko P rh AOBENZ O SHR: SoRTw, SHIE XBR0Tets, having
3AISHEDXLGZ ant presented Usiy graphies seftwate S4chas SCHAKAL, 4 <o
£ H=oation of gallium complexes is indicated by alterations in the .
fundamental crystéﬁqs%r%% u%%ls%%cgaélrt%ggrénﬁf?)r bifelerf@tmd or enteric
CoRfteftiBh igdtern®and definal sotved Stiuctdresdacating thepasition of

Edhergadliunions relative 10 the compound and other ions that might be
incorporated into the gallium complex crystals relative to the crystals

—formed-by-the compounds alone, References [0120] Snow, Biochem. J.

115:199-205 (1969), Adjimani at al., J. Bactefiol. 169:3 Gﬁ-e%%? (1987 katch
Shayman et al., Biochem. J. 305:187-196 (1995), Richardson;Ahtimicrebgnt -
Agents Cifeibiher. 4112061 90831(1097), Albrechiet . PIOC Nafl. 10,000
Acad. Sci. USA 99:4867-4872 (2002), Filik et @l., Anal. $cr. (mq) tablets
Gallium nitrate Active agent -
hydrate (gallium) 24 189 1800
Pregelatinized Intra-granular
starch binder > 37.5 375
Granulation aide
Water: \removed during
drying)
Lactose Diluent 14.8 111 1110
, Abscrptio
Comple £ prion
PLexing agen enhancer/carrier 40 300 3000
Microcrystalline Diluent
Cellulose /disintegrant 10 75 750
Sodium Starch s |
Jlycolate Disintegrant 4 36 300
fagneéium Stearate [Lubricant 2 15 150
~olleoidal silicon 13
Jioxide Glidant 0.2 1.5 15
Total 100 750 7500
Example 7
101227 The plasma levels of gallivm in rats were

letermined at various time points up to 1 hr following
wdministration of various gallium compositions. Composition 1
ras gallium nitrate (5.5 mg/kg) administered intravenously.
omposition 2 was gallium nitrate (55 mg/kg) administered

rally. Composition 3 was gallium nitrate (55 mg/kg) in



18:955-957 (2002). Example 6 [0121] A tablet dosage form of gallium
nitrate and a compound represented by structural formula | (i.e.,

e xing agent”) is prepared as follows. Gallium nitrate hydrate is
“\(/)vgﬁgﬁé%%;r?d then de-lumped by screening through an apprgygﬁé%lézg%é%ﬂg%
screen or mill. The sized material is thepn, wet granulated in a higher shear

granulator with a binder solution and a'diluent. The wet granulation is
then dried in a tray dryer to a defined water content. The gallium nitrate
granulation is then screened and blended with the complexing WO
c2APTHNEE8S RETAIS2006/040986 32- @ hinder/diluent, lubricant, ,
(%%%ntegrant and glidant. Blegndi'ng is the?\gr%?o?n?%% %{%tvﬁﬁéﬁ%ﬂ%rﬁlﬁr sntion
ender. e final bleRATe #fen compresSéd iic fabletsPdising & standarformula
tallet press. The tablets, having appropriate
aracteristics such as hardness, friability and dissolution
oated or enteric coated using a pan coater or a fluidized

high speeq

rota

pharmaceu
cap, thég beNip

bed| coater. Example tablet formulation: Weight Batch Percent per weight
HO iRt Function 10,000 (w/w) tablet (mg) tablets (gm) Gallium

nitrate Active a%ent hydrat&a(g?)a;li;#g)?‘m éﬁ@ 1l&%@rpr%gﬂv%wtli%%(%md gra 1ly.

granular star in .37.5 37 anulation aide Water (remove

cdé@[%%t@%l@ stargh b ggﬁ?lum 302.5M E1 mg/kg) in combination
with & compound (200 mg/kg) having the structure

L e OH o
L
| O NN AN

&~ (2-hydresyphensy ) caryddicthamlanine )

administered orally.

[0123] As shown in Figure 1, Composition 3 exhibited
greater oral biocavailability than gallium nitrate (GaNQs;) alone
administered orally (Composition 2). Composition 3 also
exhibited substantially greater oral bicavailability than
Composition 4. Overall, plasma levels of gallium following
administration of Composition 4 were comparable to levels
produced following oral administration of  GaNO; alone
(Compogition 2). On  average, the oral administration of.
gallium in ceombination with a compound accoerding to the
dresent invention increased the bicavailability of gallium
from about 3-fold to about 10-fold compared to ‘the oral
idministration of gallium alone.

[0124] Although the invention herein has been
lescribed with referencs to particular embodiments, it is to
e understood that thess embodiments are merely illustrative
’f the principles and applications of the present invention.
£t is therefore to be understood that numerous modifications
@y be made to the illustrative embodiments and that octher

\rrangements may be devised without departing from the spirit



drying) Lactose Diluent 14.8 111 1110 Complexing agent Absorption
enhancer/carrier 40 300 3000 licrocrystalline Diluent Cellulose
isi t 10 75 750 Sodium Starch Olycolate Disintegrant j | 4 30 300

“/ azaér;}l}eﬁé%%h%&earate Lubricant 2 15 150 :olloidal silicon 4icxr(§!ér@ﬁa‘5’ﬁf040986

0.21.515 Total 100 750 7500 Example 7 :01221 The plasma levels of

gallium in rats were letermined at variotis time points up to 1 hr following

administration of various gallium compositions. Composition 1 ras gallium

nitrate (5.5 mg/kg) administered intravenously. !'omposition 2 was gallium
antirate e mofkg)-administered | osition. 3. was gallium nitrat .
{55 m /%) in WO 2007/055885 P%%ﬁ%%%e %O%%g%?%olﬁ%ir%}%n&llowmg

with tompound according to the present invention (200 mg/kg) having a
[@agdr of the formula 1HQWHO: sINH Mherg:n 57 and Z%ﬁead%@ié?f%%ation,

lly. _Composition 4 was gallium nitrate (55 mg/kg) in combination wit
bﬁ@omﬁ%ﬁﬁé? 206 Lr’E“rlf)g I%&)aﬁg\ﬂﬂﬁ thERftucttfe 1A ent~- hyd wpplens, are

indipaeims tik £ lanhroreadministerediarallys f0ER3AS shawn i Figure e 4.+
t@ﬂﬂ%ﬁﬁﬁpsgﬁﬁg3§§Q%g%90n pertains. All these publications are¥
herein fully incorporated by reference to the same extent as
if  each individual publication were specifically and

individually indicated as being incorporated by reference.



greater oral bioavailability than gallium nitrate (GaNO3) alone
administered orally (Composition 2). Composition 3 also exhibited

wﬁ%ﬁtﬂﬂg@g’ greater oral bioavailability than Composition 4. Overa&l()%ﬁ/ 10956

plasma’fevels of gallium following administration of Composﬁ%ﬂ%w
comparable to levels produced following oral administration of GaNO3
alone (Composition 2). On average, th§50ral administration of, gallium in
combination with a compound according to the present invention
increased the bioavailability of gallium Erom about 3-fold to about 10-fold
weEampesedia the-eral administration of gallium alone. [0124] Although the
invention herein has been iescribed with reference to particular '
1 emb dimen£ ,itis to )e understood that these embodiments are merely
illustrative *srth&prirfciPrRy Hhd SSPIREHEAS 8f tHaprebent investion. tismpound

r ¢hereforetedbdoynderstand: thal nfmesqus muodifications tay be made to
the illustrative embodiments and that other rrangements may be devised
without departing from the spirit WO 2007/055885 PCT/US2006/040986
34 and scope of the present invention as defined by the following claims.

[0125] All publications ci@ddg_tﬁgg,eﬁgﬁﬁt% E t&lpatent publications
A 2 ""e

and non-patent publications, are indicative o evel of skill of those
skilled in the art to which this invention pertains. All these publications are

wherein fully-ingorporatecby spferencerto.the same extent as if each :
R in:gisviq%%:! publication were specifically %’rfd individually ingéza%lgd&égﬁ?ﬁgl’
1incorporate%lrb37 Féference. WO 2007/055885 PCT/US2006/040986 35

RZWHs\Tmsgfﬁg@MED:ﬂya@rga@imm.cﬁpmﬂﬁx@@WEE@%"%Q@@&W@ C1~Ca
aﬂ%ﬁﬂ?ng—Cg alkoxy, or C;~Cs alkenyl; and

R; 1s an optionally substituted aryl, bheterocaryl, cycloalkyl,
heterocyclyl, C;=Cy, alkyl, C;-Cyp alkenyl, Cp=Cap alkynl, C;-Cig
alkylaryl, Cy=Cipg arylalkyl, Co=Ciy alkenylaryl, Co=Cyig
arylalkenyl, C;-Cyy alkynylaryl or (Cu=Cy, arylalkynyl, which
optionally is interrupted by 0, N, S8 or any combination
thereof.

. The gallium complex of claim i, wherein the compound is

represented by the formula:

HO z

0 C
NH
Ho)J\H’”
vherein Z is H or a halc and n is 3-11.

3. The gallium complex of claim 2, wherein 7 is H and n is 7

> 9, or Z is chlorine and n is 3.



represented by structural formula I: I 2-OH-Ar-CR1-NR2-R3-000H wherein
2-OH-Ar is an optionally substituted 2-hydroxyaryl; R1 is -OH or =0; R2 is
wOydoogsseshydroxyl or an optionally substituted C1-C4 alkyl PCTAG#066/041986
alkoxy, or C2-C4 alkenyl; and R3 is an optionally substituted aryl,
heteroaryl, cycloalkyl, heterocyclyl, C13€24 alkyl, C2-C20 alkenyl,
C2-C20 alkynl, C1-Clo alkylaryl, CI-C-10 arylalkyl, C2-C10 alkenylaryl,
C2-Clo arylalkenyl, C2-Ci0 alkynylaryl or C2-C10 arylalkynyl, which
optionally is interrupted by 0, N, S or any combination thereof. 2. The
4 galliui BompiekioitlaATP IFkereihn thé Tompbundis represahted byntheund is
rdeaulan HEx 7,0 HRLNH rwherein Z is H or a halo and n is 3-11. 3. The
gallium complex of claim 2, wherein ZisHand nis 7 )r9, or Zis chlorine
and n is 3. WO 2007/055885 PCT/US2006/040986 36 4. The gallium
complex of claim 1, wherein the compouRgis represented by the formula:
HO HOI ONH HO xtn whereinn isé’ﬁll. 5 gallium complex of
claim 4, wherein nis 9. 6. The galliug1 complex of.glaim 1, wherein the
complex exhibits increased oral biﬁ&f;i)l/aility upon administration-

HO

M
‘wherein n is 3-11.
5. The gallium complex of claim 4, wherein n is 9.

6. The gallium complex of claim 1, wherein the complex
exhibits increased -  oral bioavailability upon administration

compared to uncomplexed gallium.

7. The gallium complex of claim 6, wherein the oral
bicavailability is increased from about 3-fold to about 10-

fold up to about 1 hour following administration.

8. A method for preparing a gallium complex comprising

reacting gallium with a compound of any one of claims 1 to 7.

9. A pharmaceutical composition for administering gallium to
2 patient comprising gallium, a compound represented by any
s>ne of claims 1 to 7 and at least cne pharmaceutically

acceptable excipient.

10. The pharmaceutical composition of claim 9, wherein the
romposition further comprises a means to inhibit dissociation
>f the gallium complex under the acidic conditions of the

stomach.



compared to uncomplexed gallium. 7. The gallium complex of claim 6,

wherein the oral bioavailability is increased from about 3-fold to about 10-
wdoldtgsiesabout 1 hour following administration. 8. A methoatdaviszpatirigss

a gallium complex comprising reacting gallium with a compound of any

one of claims 1 to 7. 9. A pharmaceutical composition for administering

gallium to a patient comprising gallium, a compound represented by any

Dne of claims 1 to 7 and at least one pharmaceutically acceptable

excipient. LO. The pharmaceutical composition of claim 9, wherein the

;omposition further comprises a means to inhibit dissociation )f the
1zgalIiwmecog}pi%geggw@aaci@@&gagEk@%&f the 2Aomach WO rerein the

2007/055885 PCT/US2006/040986 37 11. The pharmaceutical
eESRpGSitidh B BRIMAEE Sieintt Aeah’to HeHibi Bk sBemEbR%f Wheler the
acgallium complexiunder the acidic conditions of Hagsionach campyize ﬁel, a
.Eih dsrgl%gl, a II{po%%mei an ent%ric coating, or combinations t_pereof. 12. The
B Bﬁarmac’eu%ca?c‘or%ﬁogiti%%ao ‘A T, \GRBrI tHe" Gafiiunt fEprVided

in the form of gallium nitrate. 13. The use of the compound of any one of

clai tQ. /. rati f a medicament for.treating.a condition,
bt haracton e By eXOAPa i B resbrpiALEn The dedgren £
gadiaiii™ 31 fherenithedlidéasdsr ésrmtition i séletted frotrtiesgroup

consisting of cancer, hypercalcemia, .osteoporosis, osteopenia, Paget's

disease, malignant bone disease, bone degeneration due to
L3hyperparatfiyroffisn dhd CHERENBuds. 38Y TREBis@ bf GlamiMa, Whéreid for
ththepnedisamens gorprises ngalliyania.a-dosage foranefiffem abowi2%ion or

digggggdgxg%gggggfgéggg§yg§%éssive bone resorption,

14. The use of claim 13, wherein the disease or condition is
selected from the group consisting of cancer, hypercalcemia,
osteoporosis, csteopenia, Paget's disease, malignant bone
disease, bone degeneration due to hyperparathyroidism and

tissue wounds.

15, The use of claim 14, wherein the medicament cemprises
gallium in a dosage form of from about 0.25 mg/kg/day to about
10 mg/kg/day.



