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BACKGROUND OF THE INVENTION:

[0003] Humans have evolved a highly efficient iron management system in
which we absorb and excrete only about 1 mg of the metal daily; there is no
mechanism for the excretion of excess iron [Brittenham, G. M. Disorders of Iron
Metabolism: Iron Deficiency and Overload. In Hematology: Basic Principles and
Practice; 3rd ed.; Hoffman, R., Benz, E. J., Shattil, S. J., Furie, B., Cohen, H. J. et al.,

Eds.; Churchill Livingstone: New York, 2000; pp 397-428]. Whether derived from
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Mechanism of Iron Toxicity. Adv. Exp. Med. Biol. 2002, 509, 19-43], (i1) diabetes
related both to iron-induced decreases in pancreatic B-cell secretion and to increases in
hepatic insulin resistance [Cario, H.; Holl, R. W_; Debatin, K. M.; Kohne, E. Insulin
Sensitivity and p-Cell Secretion in Thalassaemia Major with Secondary
Haemochromatosis: Assessment by Oral Glucose Tolerance Test; Eur. J. Pediatr.
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Adams, P. C. Natural History of C282Y Homozygotes for Hemochromatosis. Can. J.

Gastroenterol. 2002, 16,297-302], and (iii) heart disease, still the leading cause of
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of Ke€lID-hydtoxades(rgy £ ilrx poTth) [Rayhénd) K. NeS@&edroY €l ¥)Coordination
Chemistry and Microbial Iron Transport. Ace. Chem. Res. 1979,12, 183-190], the
predominant form of the metal in the biosphere, has led to the development of
sophisticated iron storage and transport systems in nature. Microorganisms utilize low
molecular weight, virtually ferric ion-specific ligands, siderophores [Byers, B. R;
Arceneaux, J. E. Microbial Iron Transport: Iron Acquisition by Pathogenic
Microorganisms. Met. Ions Biol. Syst. 1998,35,37-66; Kalinowski, D. S.; Richardson,
D. R. The Evolution of Iron Chelators for the Treatment of Iron Overload Disease and
Cancer. Pharmacol Rev. 2005, 57, 547-583.]; higher eukaryotes tend to employ
proteins to transport and store iron (e.g., transferrin and ferritin, respectively)

[Bergeron, R. J. Iron: A Controlling Nutrient in Proliferative Processes. Trends
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Vedra Beach, FL, 2000; pp 3-10]. In the presence of Fe(II), H,O, is reduced to the
hydroxyl radical (HO"), a very reactive species, and HO™, a process known as the
Fenton reaction. The Fe(IlII) liberated can be reduced back to Fe(II) via a variety of
biological reductants (e.g., ascorbate), a problematic cycle. The hydroxyl radical
reacts very quickly with a variety of cellular constituents and can initiate free radicals
and radical-mediated chain processes that damage DNA and membranes, as well as
produce carcinogens [Halliwell, B. Free Radicals and Antioxidants: A Personal View.
Nutr. Rev. 1994,52,253-265; Babbs, C. F. Oxygen Radicals in Ulcerative Colitis. Free

Radic. Biol. Med. 1992,13,169-181; Hazen, S. L.; d'Avignon, A; Anderson, M. M.;
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Alcdhol Dabb €30, 11 51- 9Bk RIS AWSFefrtfxhmiit B QPR (DFOY), 1,2-
dimethyl-3-hydroxypyridin-4-one (deferiprone, L1), 4-[3,5-bis(2-hydroxyphenyl)-
1,2,4-triazol-1-yl]benzoic acid (deferasirox, ICL670A), and the desferrithiocin (DFT)
analogue, (5)-2-(2,4-dihydroxyphenyl)-4,5-dihydro-4-methyl-4-thiazolecarboxylic
acid [deferitrin, (5)-4'-(HO)-DADFT, 1; Table 1]. Subcutaneous (sc) infusion of
desferrioxamine B (DFO), a hexacoordinate hydroxamate iron chelator produced by
Streptomyces pilosus [Bickel, H., Hall, G. E., Keller-Schierlein, W., Prelog, V.,
Vischer, E. and Wettstein, A. Metabolic Products of Actinomycetes. XXVII.
Constitutional Formula of Ferrioxamine B. Helv. Chim. Acta 1960,43,2129-2138], is
still regarded as a credible treatment for handling transfusional iron overload

[Olivieri, N. F. and Brittenham, G. M. Iron-chelating Therapy and the Treatment of
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reasons, patient conpliance is a serious problem
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Eur ope and sone other countries as second-Iline therapy
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Siritanakatkul, N.; Jackson, B. F. A, Cochrane, J.;
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295-300; Olivieri, N. F. Long-term Therapy with Deferiprone. Acta Haematoi.
1996,95,37-48; Olivieri, N. F.; Brittenham, G. M.; McLaren, C. E.; Templeton, D. M_;
Cameron, R. G.; McClelland, R. A; Burt, A D.; Fleming, K. A Long-Term Safety and
Effectiveness of Iron-Chelation Therapy with Deferiprone for Thalassemia Major. N.
Engi. J. Med. 1998,339,417-423; Richardson, D. R. The Controversial Role of
Deferiprone in the Treatment of Thalassemia. J. Lab. Clin. Med. 2001,137,324-329].
Unfortunately, although it is orally active, it is less efficient than sc DFO at removing
iron. Whereas the orally active tridentate chelator deferasirox has now been approved

by the FDA, it did not demonstrate non-inferiority to DFO. Furthermore, it apparently

has a somewhat narrow therapeutic window, owing to potential nephrotoxicity, noted
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Finally, ligand 1 is an orally active tridentate DFT analogue now in phase I/1I trials in
patients. Although the preclinical toxicity profile of 1 was relatively benign, that is, no
geno- or reproductive toxicity and only mild nephrotoxicity at high doses, the clinical
results remain to be elucidated.

[0007] It is an object of the present invention to provide novel desferrithiocin
analogues useful for the treatment of iron overload in mammals and the diseases

associated therewith.
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present invention to provide novel desferrithiocin
embodimegusswhisktalhtes ar retdii@elyrmatioRittdedzaddsdeirihisdih @aslog
mammal s and t he di seases associ at ed t herew t h. SUMWARY
havilig thelFolnENT!I ON: [ 0008] The above and ot her objects
are realized by the present invention, one enbodi nent
of which relates to ﬁelatlvely non-t oxi c
desazadesferrit hi oci n? amaloqi4haV|ng t he formul a:
wherein: R, R2, R and y be the sane or different
and may be H, straight ranched chaln al kyl havi ng
up to 14 carbon atons, . OHet hyl, propyl and
butyl, or arylal kylry [ hej aryl portion is
hydrocarbyl and the al kyl poftignRis straight or
branched chain, the arylalklegr%wp having up to 14
carbon atons, R2 R2 optionally being al koxy having up
to 14 carbon atons; R3 is e R, and
[(C2)n- O x- [ (C2) - Qy alkyl: nis, indSpEanRndeyf %“

i nt r fromal. is an integer from1l to 8;

Rs may S%?*&g%mefqr ferepiing manke Hotr o e eceHypin alky!
position on the phenyl ring except

having up to 14 carbon atoms, e.g., methyl, ethyl, propyl and butyl, or arylalkyl

wherein the aryl portion is hydrocarbyl and the alkyl portion is straight or branched
chain, the arylalkyl group having up to 14 carbon atoms, R, R, optionally being
alkoxy having up to 14 carbon atoms;

Rj is [(CH2)n-O],-[(CH2)n-O],-alkyl;

n is, independently, an integer from 1 to 8;

X 1s an integer from 1 to §;

y is an integer from O to 8, and

R30 may occupy any position on the phenyl ring except

the 4-position, or a salt, hydrate or solvate thereof.

[0009] An additional embodiment of the invention relates to a method of

treating a pathological condition responsive to chelation or sequestration of a trivalent
metal in a subject comprising administering to the subject a therapeutically effective

amount of an analog described above.



the 4-position, or a salt, hydrate or solvate thereof.
[ 0009] An additional enbodi nent of the invention

wo edoatie’3z o a nethod of treating a pathol ogi caPCT/US2008/003433
condition responsive to chelation or sequestration of

atrivalent metal in a subject conprising

ad M Acstillfyriher arpodimpiteafttherinypresramprelatdsdalalpparmaceutical

effecti ve anount of an anal og descri bed above.[0010] A
corgpasitionf figr trhaingemprokivlngicsl whditioa respersivé anchetitiohes to a

pharmaceutical conposition for treating a pathol ogica
seqQeNDehtibh ONa LAHEHE SelA compridRlzdhniPRcVe SROAUR SF hAkLQBnof

a trivalent netal conprising an effective anount of at
anal R sl 0%t fith £BRaH AN AN anior hareyon )

r, enbodi rent of e.inventiqgn relates to_an

TS EAT ar RS SiP et of (5 ipiarGPn i ss fedh arbclia Branafacture
and.a pharmaceuti cal agent contained within said
comPISIEAAS5HAE BRatexial anhpaaTmaseisapteeniennisinedwlthiagai

is effective for the treatment of a subject suffering
packaging mateyial,evhereinsaild phaemaceadcal agoht wheffeetine a@ithe treatment

packagi ng material conprises a | abel which indicates

of atsnhjecssiffirippdromm orétalnt alet @9 BllodddBn P& he@fsal Ppackaging
aneliorating the synptons associated with trival ent

mateBAldonfp¥RE] £#h8el WhRgh Mlﬁ&ﬁésnth%ag[agi O@W?ﬁ%ﬁgh ihagglllttcﬁg g)@tused

is an anal og descri bed above.
. out | r _broadl.y, .the nore inportant .
for AREFbrRhe 1SPmel M Ko SE Mtk pFn RER o FRE LR erin
. descri tLoq t hereof that follows may be better

Sa’dlfﬁﬁgpg{é%‘&ﬁ ageY 15 An ahadeg desqebed #hover esent contri buti on

to the art may be better appreciated. There are, of

codPQE2] ddarethas Hias teemputlingd.onthehbropdlyetieingore finportait| |

be described further hereinafter. Indeed, it is to be
featuneslef Beaneentibatin bakhthahthefderiga ideg rigaoe Hareot @lsdt oIS W Omay

and the follow ng detailed description are exenplary

be baner @xiptsedvall Bid/inddtderah th& RIS Eoh@ibRESY idifie hH LB e better

expl anation of the invention as
appreciated. There are, of course, additional features of the invention that will be
described further hereinafter. Indeed, it is to be understood that both the fore going
general description and the following detailed description are exemplary and
explanatory and are intended to provide further explanation of the invention as
claimed.

[0013] In this respect, before explaining at least one embodiment of the

invention in detail, it is to be understood that the invention is not limited in its
application to the details of construction and to the arrangements of the components

set forth in the following description or illustrated in the drawings. The invention is

capable of other embodiments and of being practiced and carried out in various ways.



claimed. [0013] In this respect, before expl aining at
| east one enbodi nent of the invention in detail, it is
wa o00Be14sdler st ood that the invention is not |iPCT/E82008003433
its application to the details of construction and to
the arrangenents of the conponents set forth in the
Alsogit ipif) hegindeestqadhatdhe phrapqalegyt anditernipplogyn emgtaysid hgeein are
The invention is capable of other enbodi nents and of
for thei myperead tdesiptian cind alnaiilé dovhit repardedias lbmiingays. Al so,
it is to be understood that the phraseol ogy and
t er [00ng] ogy swhpiheyeskined i the aF Svifl ApprlebigteRHARAS Botleption
description and should not be regarded as limting.

. ' O : -
oS4 eGSO RS i o
di scl e i1 s based readily be util.ized as a basis
desfesfig ot sAdniRg. Betoinand Sty for amying phigls scyed
S stenﬁlfor carrying out the several purposes of the
PUFB%/Sé% ghtheinigssat mypnuon: It is impgantaherefons cthat equivalemat
equi val ent constructions insofar as they do not depart
contreriionp ensefir @ they e not dpparofromithe spidsant scope efthie present
are included in the present invention. [0015] The

invanvanpeanydlodeddnahe pgsenatigventieh.uded to provide a
further understanding of the invention and are

I NCoPSY aﬁ}ﬁ%ck&nﬁ{lﬁ'i@m&jﬁ gilafe FhcRAES t(P{)roR/niIeSa fu][th%rhe

speci fication, i strate several enbodi nents o

undigl)%};aﬁglfdgoc[fﬁ@@glrv%&%% ar F&ctlaﬂ;ol?a e ?nsfi?nrdioc?ﬁ)}list%gfe%%z}/rs oft t?)is

ncipals o e 1t nventl

SCRI PT| ON OF TH INGS : [0016] Figure 1. 1H.
SP B i ST 0 B TH RO U B IREG Grecineatibribe
for (S)S -(HO -DADFT-PE (9); the percent NCE is
desgripijonseniE tnexplainghe peneipals of thejineantion0017] Fi gure 2.
1H resonances and pertinent hononucl ear NOCE

BRHEJ7 PESGRIBRON OF TBE-BRAWHNIGDADFT- PE-i PrE (12); the

percent NOCE is indicated next to the
[0016] Figure 1. 'H resonances and pertinent homonuclear NOE correlations

for (§)-3’-(HO)-DADFT-PE (9); the percent NOE is indicated next to the dotted lines.

[0017] Figure 2. 'H resonances and pertinent homonuclear NOE correlations
for (§)-5’-(HO)-DADFT-PE-iPrE (12); the percent NOE is indicated next to the

dotted lines.

[0018] Figure 3. Biliary ferrokinetics of rats treated with DADFT analogues
1, 3, 6 and 9 given po at a dose of 300 umol/kg. The iron clearance (y-axis) is

reported as ug of iron per kg body weight.

[0019] Figure 4. Tissue distribution in plasma, kidney, liver, heart and

pancreas of rats treated with DADFT analogues 1, 3, 6 and 9 given sc at a dose of 300

10



dotted lines. [0018] Figure 3. Biliary ferrokinetics
of rats treated with DADFT anal ogues 1, 3, 6 and 9
w@rweniyes at a dose of 300 nmol/kg. The iron CPERDSINOE003433
(j-axis) is reported as ng of iron per kg body weight.
[0019] Figure 4. Tissue distribution in plasm,
umpl/jgelhe qongemtratinps Ot axincirp smported as BM (passiad peat mdoli t h
DADFT anal ogues 1, 3, 6 and 9 given sc at a dose of
coiBp@mudgiet Ravet Weeght ofl Gesver Bod adhismé jpeimxd, 8)= Bre report ed
as nM (plasma) or as nnol conmpound per g wet weight of
ti Sp0020] FBiguid 5 1 SO NE§athBsis 3f (%O%g@hgﬁb&wmﬁs (6) and
Schene 1. Synthesis of (S)-5'-(f¥b- A Té E gG% and )
N 4E¥T§ﬁ95 -PE (9). [0021] Figure - Schenes
cggﬁg?ﬁggﬁtheses of  (S)-4,5-di hydro-2-[ 2- _
hydr oxy-4-(3, 6, 9-tri oxadecyl oxy) phenyl ] - 4- net hyl - 4-t hi

e Lo
AT T s T R A
: t
T T BT b d S22, Lo

desazadesferrithiocin anal ogs as descri bed above are
triogadagyloxy wbenxl 4 rra¢thyi-4-thigzalenarbaxylic acHé(t36(HOMDADFT-
trivalent netals, particularly iron, in mammals.
PE[, @8p&tiveyr e particularly, the present invention is
predi cated on the discovery that introducing polyether
groups at various positions of the
DE@adbZBd#SSER INTTHONOF THIDANVENTEONMti ¢ ring greatly
enhances the iron cl earance and organ distribution
pr ojpe22) epheof plebit egvdntibAY é@ng}eggﬂé%ﬁ- ol @e MJery that

pol yethers are evaluated: (S)
desazadesferrithiocin analogs as described above are very effective relatively non-

toxic chelators of trivalent metals, particularly iron, in mammals.

[0023] More particularly, the present invention is predicated on the discovery
that introducing polyether groups at various positions of the desazadesferrithiocin
(DADFT) aromatic ring greatly enhances the iron clearance and organ distribution
properties of the resulting analogues. Three DADFT polyethers are evaluated: (S)-4,5-
dihydro-2-[2-hydroxy-4-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic
acid [($)-4-(HO)-DADFT-PE, 3], §)-4,5-dihydro-2-[2-hydroxy-5-(3,6,9-
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S)-5'-(HO)-DADFT-PE,
6], and (5)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
thiazolecarboxylic acid [(S)-3'-(HO)-DADFT-PE, 9]. The iron-clearing efficiency
(ICE) in rodents and primates is shown to be very sensitive to which positional isomer

is evaluated, as is the organ distribution in rodents. The polyethers had uniformly
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di hydr o- 2-[ 2- hydr oxy-4- (3, 6, 9-tri oxadecyl oxy) phenyl ] - 4
- met hyl - 4-t hi azol ecarboxylic acid
wQ ¢@pA8433 HO) - DADFT- PE, 3], PCT/US2008/003433
S) - 4, 5-di hydr o- 2-[ 2- hydr oxy-5-(3, 6, 9-
trloxadecyloxy)phenyl] 4-met hyl - 4-t hi azol ecar boxyl i c
higher ICEy thag thejriqoyrespmdmgarreg ligangdsdin rodents, consistent with in vivo
(S)-4,5-di hydro-2-[ 2-hydroxy-3-(3, 6, 9-tri oxadecyl oxy) p
ligmwr]lméhlbmmh)ﬂincﬂng tthidiez.oLgmad Bax yHeimosaattive polyether analogue
[(S)-3" -(HO -DADFT-PE, 9]. The iron-clearing

in RfdehSia@aGY alcd Cery dffectiOE BNpImARS RELERhES nghefﬁhmm dfQuccess
be very sensitive to mhlc posi tional [sonmer

in E}%@B%&g?:ggctﬂ(}qlg% l1fis? Elo :hl&L%oLv%xff&téé%} r{x(ﬂg rllx%gxenttﬁe urine of

oS BT bG8, AR S Sret

and |s t he nDst active oI et her anal ogue in

Patf%gse gogﬁalqesofav% bylapee éﬁuﬂ@étf\r/lv@ clipicpl $qnggvould be much

suggesting a higher index of success in humans. In
easggddi ti on, this anal ogue is al so shown to clear nore

iron in the urine of the primtes than many of the

ot her chelators. If this trend was al so observed in

pat (24 Ligend f a3 araerally attiver toidentaledPICE asdloglieamw im Bhase I/II

clinical setting would be much easier. [0024] Ligand 1
trialsingratiental Alyhcagh itheepreclildw&@tiat)zﬁ bfitéd P@HSrel@Welybenign,

Phase 1/11 trials in patients t hough t he

i.e. PREEdHONbE Rlprddati®d foXiddy Qi loB1yohild n o{oﬁ aY ﬁ{;ﬁ doaes the

benrgn, i.e., no geno- "or reproduct ve toh
clin?%lsl’ ﬁ?s{iﬂ;L ?eélﬁrhg? Y ?J ag&ﬁbt%:g lgr%\él{ag% ng;%g\re/eﬁlg d El{au autgén a l’amlly

eal ed.t ha in a fam].y. desferrithiaocin
of fifﬁ%r“ AiRsin ¢ O%&‘B% "1"f“b‘{%ﬂaﬁ’m’*1 X‘CGE%‘F“&%‘P%WWSU%T ia-¢lgaring
i ron- clearln ef ficienc that is, the larger the |og
effipighey. fhat i thst a{g‘?éﬂ@dﬁ& wn dalug 196 theeqompounddhe better the iron-
ironclearing efficiency (I CE) [Bergeron, R J.
cleatinggdficiency. (ICK: Bargerpn,R..J.,SVjegehdidqMcManiR. J. S.,,Vi}(am, J.R.
H, Bharti, N. and Rocca, J . R
T., ¥a); K., BheithWdaad Rolék, DYRIN@XY;9Dihydro-2-(2-hydroxy-4-

hydr oxyphenyl ) - 4- met hyl - 4-t hi azol ecar boxylic” Acid
hydFH ppRERRY-3-mh U -tHidBRkchiboxylic Acid Polyethers: A Solution to
Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783; Bergeron, R. J., Wiegand, J.,
McManis, J. S., Bussenius, J., Smith, R. E. and Weimar, W. R. Methoxylation of
Desazadesferrithiocin Analogues: Enhanced Iron Clearing Efficiency. J. Med. Chem.
2003,46,1470-1477; Bergeron, R. J, Wiegand, J., McManis, J. S. and Bharti, N. The
Design, Synthesis, and Evaluation of Organ-Specific Iron Chelators. J. Med. Chem.
2006,49,7032-7043]. There also exists a second, albeit somewhat disturbing
relationship: in all sets of ligands, the more lipophilic chelator is always the more

toxic [Bergeron, R. J.; Wiegand, J.; McManis, J. S.; Vinson, J. R. T.; Yao, H_; Bharti,

N.; Rocca, J. R. (S)-4,5- Dihydro- 2-(2- hydroxy-4- hydroxyphenyl)-4- methyl-4-
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Nephrotoxicity. J . Med. Chem 2006, 49, 2772-2783;
Bergeron, R J., Wegand, J., McManis, J . S.,
w@emsaem4es, J., Smith, R E and Weimar, W R PCT/US2008/003433
Met hoxyl ati on of Desazadesferrithiocin Anal ogues:
Enhanced | ron Clearing Efficienc J . Med. Chem
thigrpiegarhex Yl AcidPotyethrip o Sehitior to Nephrppaxiciyg J. Med. Chem.
McManis, J . S. and Bharti, N The Design, Synthesis,
200640, ZV2R- 2R3 oh poefvicmsgavasﬁga‘mjnffpcusled on tighddsagnorfdigadds that
Med. Chem 2006, 49, 7032-7043]. There al so exists a
bala@@anél lipaptiReity/@eirayhélatichsa ipwhildigor-eledfih @ 8Fitidacy i
all sets of ligands, the nore lipophilic chelator is

maﬁ{téﬂﬂé’d; ﬁh@%td@rb%gﬁrp%ﬁtﬁ tlﬂﬁ@cfs.gﬁfaﬁ&n th%t g.(S"; 4 5- gﬁfﬁ@%ﬂg r(,t’l iil’ydroxy—

n| S STV nson

4_nr11eﬂ610x rlgyl)n r?etliyhgma Wfle%rbom/ az ag 1d Eé S&ﬁ@r_ﬁ[)&bﬁ 2],a

PoI yet her A Sol ution to Nephrotoxicity

4-repiByl-cthep 3‘119"02 ont.iropgelparing eiHEGNCyY 18 hoﬁw@gﬁmgaﬂﬁi BFimates;

focused on the design of ligands that bal ance the
how¢yesphivias unaogeptaldy ¢oxig [BergeronoRshi Wisgand,d., McManis, J. S,

iron-clearing efficiency is maintained. The study
Vinsegahn RMIT,Hy do) . dbiseei Vet dndrRddoat]. R. (5)-4,5-Dihydro-2-(2-hydroxy-

(S) -4, 5-di hydro-2-(2- hydr oxy-

|
4- ng&@@ﬁ{@&gﬁm gF tgl?atngél:alﬂo&mcqn%étig 5'63@?%@ A ﬁolﬂﬁbﬂ' to

Ne@%&ﬁ%‘ E&Q J. '1\9195‘ (ﬁleﬁ?'@bﬁ@@&%f b%‘ﬁﬁe r&ftﬂ‘ IF QFRBhS, 300

was ‘unaccept a
n a n
MeaT: S Busse«nmfrl \%a'gh KiE. 2 Waipar Ry esigisiation of
5- Di hydr o- 2- s“: hydr oxy-
De&azraéﬁd caRipram AN loguers npamcad Irton (Goasingdafisisrgy-ileMgg; ghem.
Pol yet hers: A Solution to Nephrotoxicity. J . Med.
20031 470006, 1A NS EtRel2%8 81is BeatdishahthaRulkylationfayadd(HO) |

McManis, J . S., Bussenius, J., Snmth, R E. and

fun¥ebriity ofi(S)R-(Hb}- mmu)avhs%n@aﬁméadaﬂfhe lifointdiRiRig
Anal ogues: Enhanced Iron Cearing Efficiency. J . Med.

fungi'@r{nOnzt(ﬂQ $add otlﬂlzga %ZIK’]aUOl]l\? Y Gk hgbﬁﬁﬁc rﬁiﬂ"e%ater-soluble

est abl i shed that al ky atlon of th

hgavr\}lﬁgﬁ %nw%ls ?%s%mgﬁeéigr@e rPolye her )(S)Dﬁgfhh)ﬂdlg ZVEShy% r;([g]a& (?k%
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S)-4'-(HO)-DADFT-PE,
3] [Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N.
and Rocca, J. R. (5)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-
thiazolecarboxylic Acid Polyethers: A Solution to Nephrotoxicity. J. Med. Chem.
2006,49,2772-2783].

[0025] When 1 was 4'-methoxylated to provide 2, the ICE in a rodent model
after oral (po) administration increased substantially from 1.1 + 0.8% t0 6.6 + 2.8% (p

< 0.02) [Bergeron, R. J., Wiegand, J., McManis, J. S. and Bharti, N. The Design,

Synthesis, and Evaluation of Organ-Specific Iron Chelators. J. Med. Chem.
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function. On the basis of these observations, a |ess
i pophilic, nore water-soluble |igand than 2 was
wa@sweiidsexl, t he pol yet her PCT/US2008/003433
(S)-4,5-di hydro-2-[ 2-hydroxy-4-(3, 6, 9-
trioxadecyl ox ) phenyl ] - 4-net hyl - 4-thi azol ecar boxylic
20064742 048)- hachol A T3 R Whjch{aci6 Aeriomaderyl group was fixed
Wegand, J., McManis, J . S., Vinson, J . R T., Yao,
to the 4'-@HQ) of 1, aMo mrtbnﬂat oall, ithkn ICE of 5.5 + 1.9% when
(S)-4,5-D hydro-2-(2-hydroxy-4-hydroxyphenyl) - 4- et hyl
admihistdrbd pé @p @ROITOWY)l [Belbg%lr&) ROy e¥iBedrd: 1 AVISRdMd, 9rs .t O
Nephrotoxicity. J . Chem 2006, 49, 2772-2783] "

t {
V"{S?}%ZJ?# ihr ogémagtélﬁe%m%yégr afﬂ @)ﬂ g)\m)ﬂﬁst r(g lﬂ%roxy-
0,

4- hxé‘r%&g@)sedg%‘ tgl ecar&?)@ég:ﬁ%cﬁ g% yefygvgﬁesgolgggn@og
and Bharti, N Si nthesi s, and Eval uation
Negmoler . M- Grm. PRS- Sha7 2-87E31. Bhe sfbeicncy of 1 given po to

Chem 2006, 49, 7032-7043]. The pol yether (3), in which a
irogloaded pn’iimbcad@@yb.Sgi 3o Rezgérorn Rl & OVidgend]'J-, M anif, J1 S.
al so performed well, with an ICE of 5.5 1.9% when

andeBhurn, N1 BliceDegign, {S@nfhe@xs 043l Bvealuakioh Be mngl‘pS’RpeCRiC Hon
Wegand, J., MManis, J. S., Vinson, , Yao,

ChéThtorth GME& ,CHim. @'@66 B@%@z 7043] Fhile the ICE of the 4'-(CH;0)
(S Di hydr o- 2- (2- r oxy-

hyd
RS I R EORR )
f
s BN W H i 2.

., Wegand, J., MMnis, J . S and Bharti, N The
Dewegﬁ@mtsymmésalggueananmwjapn &ieasing BffjeianSpdcMed cChem.
Iron Chelators. J . Med. Chem 2006, 49, 7032-7043]

200346l 14 70Hd 77 CHhe fcotrb@oéamg@d&@)hea 3 ghgnepd perfogingé Regowell
was 24.4 10. 8% [ Bergeron, W egand, J.,

oA o e ST et i
J. s&ﬂé#&ﬂ#?ﬁi. ENENGEIBhARNNCLERRLOG, FIE.1(§)-£8Dinydro-2BS-
hydroxy-4-hydroxyphenyl)-4-methyl-4-thiazolecarboxylic Acid Polyethers: A
Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783].

[0026] Earlier studies carried out in rodents clearly demonstrated the
polyether (S)—4'—(HO)—DADFT-PE (3) to be less nephrotoxic than the corresponding
($)-4'-(CH;0)-DADFT analogue (2) or the parent drug (S)-4'-(HO)-DADFT (1)
[Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N.
and Rocca, J. R. (5)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-
thiazolecarboxylic Acid Polyethers: A Solution to Nephrotoxicity. J. Med. Chem.

2006,49,2772-2783]. In an attempt to understand this difference in toxicity, the tissue

levels of 3 and 1 in the liver, kidney, pancreas, and heart of rodents given a single sc
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2003, 46, 1470- 1477] . The correspondi ng pol yet her (3)
given po perfornmed very well in primtes with an
webdosa1asry of 25.4 7.4% [Bergeron, R J., WRQHO008/003433
J., MManis, J . S., V'nson J . R T Yao, H.
ti, N and Rocca, J. dro-2
30%@98&& daserRfdhe sRiarygre AIleﬁ‘é‘ifﬁ‘}/P 41: Ct r-w 8| %@aﬁmyqeu c
Aci d Pol yethers: A Solution to Nephrotoxicity. J. Med.
[Betoperom, RODEVigand, 72-Ma8Bhis, | 3026nsdad| REF., YaodileBharti, N
carried out in rodents clearly denonstrated the
andoRbytal . (§)S),54Dihfy k) 2 ARy drokRi=-4(Bydréypheny1$ 8 Snethyl-4-
nephr ot oxi ¢ than the corresponding (S)-4'-(CH30O - DADFT

thlﬁ@@c%Hﬁyl(@AcﬂrPle&h&@ rg 'S*ohﬁfoﬂgo G\%m%'@&&@. 1 5ARE TR,

[Bergeron, R J.,” Wegand
0¥ R s w8 rdéa‘?9§5%W sty e G5 meb
R b I Sy R B B SRR LS 1

an attenpt to understand this difference in toxicity,

the kiddney | s pelylethgs cencsniratiemwasilower tiag the pasent a2 dreegd similar at
pancreas, and heart of rodents given a single sc300

latemniode/ pogntd Bergefont ReJ.cWabgindr B, MeManivg 81y ¥thsa@n, JAR. 6., Yao,
and 8 h after exposure [Bergeron, R J., Wegand, J.,

H., BENBNIN and Roc&a,.J. K (mnns Dlhydr&2-(B- hyd}/@@rﬂﬂydroﬁ?ﬁ’fetn&l) 4-

'N. and Rocca, J .
meyl 4‘*&:1?3%%‘%‘2%%%@%6 PO S e I Ml
: em .2006,.49,2772-2783].. ..
Chi R el %668‘%6?%% P R redhicRd pepisotoxicity.
oint, the |evel of the E ether 3 in the liver was
MRPESh BY a1 e TifmeRt inorhichd agd Semere @rvgg Pe.to e misdwice
kldney, t he pol yether concentration was | ower than the
dailyaat edioseaof 2B 7Tumnlkgiodel (474 amol/kg/day) fon# dpps iesgeron, R. 1.,
[Bergeron, R J., Wegand, J., McManis, J. S., Vinson,

Wigkan® J.,McM¥a, J.1., Vikaii, Ui R. N, YadHR®BWai, N. and Rocca, J. R.
(S) -4, 5-D hydro-2-(2-hydroxy-4-hydroxyphenyl) - 4-

(S)-'IEStDYd dfts QHQQ}%}%&@JQ?&%&&}%&?I)Q Eféhb&?hhﬁfa%ole@arboxyhc Acid
Sol utlon to Nephrotoxicity.
Polyethers: A Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783], under
light microscopy, the proximal tubules of kidneys from the polyether (3)-treated
rodents were indistinguishable from those of the control animals; the distal tubules
presented with occasional vacuolization but were otherwise normal [Bergeron, R. J.,
Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N. and Rocca, J. R.
(8)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-thiazolecarboxylic Acid
Polyethers: A Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783].
However, animals treated with 1 showed regional, moderate to severe vacuolization in

the proximal tubules, a loss of the brush border, and tubular extrusions toward the

lumen; the distal tubules showed moderate to severe vacuolization. These findings,
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Chem 2006, 49, 2772-2783]. This seened consistent with

the reduced nephrotoxicity. R Furthernore, in an
wezpenizent in which 1 and 3 were given po to PEEUSEDS003433

twice daily at a dose of 237 mmol/kg/ dose (474

nmol / kg/ day) for 7 days [Ber%eron R J., Wegand, J.,
uwtq%wﬂs thejncregsed IQE@% be polyether 3, FompyHed uso, puBharfuither
N. and Rocca, J . R
studiBy oul addiDbim} golyethe(Lartiyaatuaye drup yidsuexyphiemyddiitdnartehyier)
-4-thiazol ecarboxylic Acid Polyethers: A Solution to
timbppitpt oxi city. J. Med. Chem 2006, 49, 2772-2783],
under |ight mcroscopy, the proxinmal tubules of

e OB AL S I
1
+ i Ga éﬂléﬁgééﬁﬁiﬁgsmﬁﬁm gl&ew%ﬁﬁr%fs'lfee%m@éq B¥reesti H.-
VVegand J., MManis, S., Vinson, T.
D.; %abn Mstabpolifes ONMI&HU)I’M%’%S Part 183. Femthlocm Helv Chim.

5 Di hydr o- 2- ( 2- hydr oxy- 4- hydr oxyphenyl ) - 4- net hyl
ACta 498%(@2 M%MQﬁdxMtlfQHw&:m stablo|2ykcdreplex withIai(UT)i te t o
Nephrotoxicity. J. Med. Chem 2006, 49, 2772-2783].

cuntieaBeEbrm @M BInstaht S ate doWiN 1 [ Hagh ewved M@Mh%a’r J.; Hugi, A;
nmoderate to severe vacuolization in the prOX|na

| gs
Rayiifith RO N, CopBiu i Gl SEy SPMIGPR oI Totbit e siucie
severe vacupli zation
and@ﬁa‘r%gms PRt o laswe?%%@o&@& apd Codt) Complexes
ol yether 3, conpelled us to pursue further studies on
of Ig?dﬁﬁmfeérﬁtaw% |Jyéfrh &emp SgcelPP0u bt % 1854rd860;ssnderdggy6l;s
at additional (earlier) time points. [0027]
Rabpe M d¥leial Kioopilex Formation of a New Siderophore Desferrithiocin and of

(S) -4, 5-di hydro- 2- (3- hydr oxy- 2- pyri di nyl ) - 4- net hyl -

Thrée Réth@d ali gawis b0xheit Saei AhdrPFFdrmriun. 2990, i1deNh dd&). 1t
si derophore si derophore [Naegeli, H. - D.; zahner, H

perfl[ifgfu%?@lca:lrl] Itw?nl%n C\{eg{log_f{él (&2% B le)fF %Z \fc?—%ﬁn u?{t&]l I‘J&egﬁjngdel

(o PATRRIRR A R 2.
Huxl}/ebnyr:nc)é'r, Al Pet'el’*, l-i_l 1-9 Evalliation of Desferrithiocin and Its Synthetic
Analogues as Orally Effective Iron Chelators. J. Med. Chern. 1991,34,2072-2078] and
in the iron-overloaded Cebus apella primate (ICE, 16%) [Bergeron, R. J.; Streiff, R.
R; Creary, E. A; Daniels, R. D., Jr.; King, W_; Luchetta, G.; Wiegand, J.; Moerker, T.;
Peter, H. H. A Comparative Study of the Iron-Clearing Properties of Desferrithiocin
Analogues with DFO in a Cebus Monkey Model. Blood 1993, 81, 21662173;
Bergeron, R. J.; Streiff, R. R; Wiegand, J.; Vinson, J. R. T.; Luchetta, G.; Evans, K.
M._; Peter, H.; Jenny, H.-B. A Comparative Evaluation of Iron Clearance Models.
Ann. N. Y. Acad. Sci. 1990, 612, 378-393]. Unfortunately, DFT is severely

nephrotoxic [Bergeron, R. J., Streiff, R. R., Creary, E. A., Daniels, R. D., Jr., King,
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Raynond, K. N. Coordi nation Chem stry of M crobia
Iron Transport. 42. Structural and Spectroscopic
w@h@saci4es i zati on of Diastereoneric C(H ) andP@o($10)8/003433
Conmpl exes of Desferriferrithiocin. J. Am Chem Soc.
1990, 112, 1854-1860; Andereg G ;. Raber, M Meta
W.doigbers Eoiggandn oMogrkesy - ﬁ“geﬁe&ﬁﬁh}dr H- Adgraparative Yudnof
and of Three Related Ligands. J . Chern. Soc. Chern.
the GemaCicanng R@pertics 0§ Mesfegdthiocin Apalogessmeith Wesferrigxamine B in
given orally (po) in both the bile duct-cannul ated
a CebgieMbnk@detod€ll BloodS.99%)8 1| HE6gH70N NevertlelessYihe @antanding
J.; Dionis, J . B.; Egli-Karmakka, M; Frei, J.;

oral WtVRY s PEREELS strdbtire BRI R Aty shhdyto idAaEYAL bRy QEUVC and safe
Desfefrithiocin and Its gynthetlc Amalogues as Orally

o406l SpbR0aR54 81 b oSSt gy

0

corﬁ?aetllgllea@ﬁélggstc Jnggobégl/a Fx&msﬁgtl & O[l}iejgeron p% d gtSr elf;
Luchetta, G; Wegand, J.; Moerker, T.; Peter, H A
Creanrmparet DaselstRid)-, J)lf King. W. ohUQ!leéta,an@I\’lPEWeJ 1 I\@@rl@r T.
Desferrithiocin Anal ogues with DFO in a Cebus Monkey

and\Paler H. H. ﬁo@omﬁﬂﬁtivéﬂtudgIﬁﬂ&lﬁ&)-%rmgrﬂwperﬁés of. ;
Streiff, R R Wegand, J.; Vinson, J . R T.;

Deifé'ﬁﬂlﬁb&ﬁ AfalogueY ¥ih, DdsferMox arlifieds in é‘t‘ebu]ﬁVIBMkeyl'MoEel Blood

Conpar ati ve Eval uation of Iron C earance Mdels.

19 Y216%%d/3 érger&g% '] 6\?9'?6 afd s, %91%1115 P élp
4 - gy M

I's seve nephrot’oxi ergeron,
Cr
Fredeﬁaw Fictt, - apdRanft iy B Rjon dfﬂegaéanéé?%p sh s
aratlve Study of the lron-Cl eari Properties

Syrﬁhetse%m%%qeﬁ s Seally BHestygleen W?lﬁtoﬁeéfMP?‘ ] i 1981.84i2072-
a Cebus Monkey Model . Bl ood 1993, 81, 2166-2173] .

2078¢vBris el Edbowedhy angriss aﬁsthrcgumf@dtivay studiesypimediatrdedelaping
structure-activity study to identify an orally active

a DEThnaRigae With gadodloed ien-dbgingnictivay agdah ask@ptable tdeititpe
the mnimal structural platformconpatible with iron

rogl e?%k‘?@n @ JP@V@Q%@'JSM@I%&@ 1 BernggsaI. R T.JYao, H.,
treif

Bharti, N. and Rocca, J. R. (S)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-
methyl-4-thiazolecarboxylic Acid Polyethers: A Solution to Nephrotoxicity. J. Med.
Chem. 2006,49,2772-2783; Bergeron, R. J., Wiegand, J., McManis, J. S., McCosar,
B. H., Weimar, W. R, Brittenham, G. M. and Smith, R. E. Effects of C-4
Stereochemistry and C-4' Hydroxylation on the Iron Clearing Efficiency and Toxicity
of Desferrithiocin Analogues. J. Med. Chem. 1999,42,2432-2440]. The outcome was
(8)-4'-(HO)-DADFT (1), now in clinical trials. However, animal studies suggested
that even in this system, the dose-limiting toxicity would likely be nephrotoxicity

[Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson, J. R. T, Yao, H., Bharti, N.

and Rocca, J. R. (§)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-
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Creary, E. A, Daniels, R D, Jr., King, W,
Luchetta, G, Wegand, J., Merker, T. and Peter, H
woR0081CGaspar ati ve Study of the Iron-C eari ng PPOPES100£603433
of Desferrithiocin Anal ogues with Desferrioxanine Bin
Cebus Monkey Model . Bl god 1993.8 1,21 66-
thxa:gtp@}:arlbgylwgﬁ quyetlgprs W@b‘é‘ﬁﬂ to I}Iephrgcgﬁ@gy J JMed, §hem
Egl i - Kar makka, M, Frei, J., Huxley-Tencer, A and
2008e49:2772H,788]. W abxtatisconcrof tipe Sixeng 4 polyebentoghe 4 pasition
Synt hetic Anal ogues as Orally Effective Iron
leadii % katps-(HO)-DROFTEER@) pidiBindi4 radhéed ndfhtBloxicltlyi Thavas
| oned by a series of structure-activity studies

red@étﬂﬁqn "il)froﬂﬁl‘éﬂu‘ﬁﬁlerlﬂn?agpggen?&%dﬁgﬁ%nmﬁth (BORAu& Ak vel of 3 in
Iron-clearing activity and an acceptable toxicity

the %r({) felQ/flre al[nll?’eetrogﬁ %?nﬁ;ganqgoa%a?% r% 'R. "F"@'{E&gn@ gca.
MePisg o5 oV ipano: B T2 ¥ipaPoBhatt ey adnssany R (9:4.5-

nethgl-4 t hi azol ecar boxylic Acid Pol yet hers: A

Dihgdrai2i(3hydwxebhydoxyphenyly-4-methyddhiagplegarboxylic Acid
2006, 49, 2772-2783; Bergeron, R J., Wegand, J.,

Poljthemi A,Solutiod. tp NépBagaxicity3.J. Med. mbémaIOOGN9,H7,2—2783].
Brittenham G M and Smth, R E. Effects of C4

St ef0p8 R Was deNidéNE Bettdr bl iR tROpbINEhér @Ament
Clearing Efficiency and Toxicity of Desferrithiocin

PGB it 0 SRl e O

.. anj.m that even .
comi &g st o BRUERy Wf?qdfﬁ%je? HPY d?fzs Uiy KEfyoror
be nephrotoxicity [ Bergeron,
the p@]\yﬁmegm the arognatiogingsafect gl) 1rqq clqanng\q@meppy 1ngﬁgq=qt§ 2)
N. and Rocca, J. R _
iror(-s)eamgSeflﬁicfcyndy o prhitehyadd gXytissudrdigtrdyioh emyddend? Yeithn (His
-4-thi azol ecarboxylic Acid Polyethers: A Solution to

infdNaalbO X ivell tscidelhow bed to Eheltict EObledrihér 2npiBahcted\e
next di scovered that fixing a polyether to the

loxﬂ‘nyﬁ’x‘?ﬁkm Rech§ading to (S)-4'-(HO - DADFT- PE (3)
pr of oundly reduced nephrotoxicity. The reduction in

f;g@oﬂgj A ef%r%f E’@l‘iﬁ%—%lh%%?&%%%%?dx%ﬁéﬁyl%&&tﬁﬁ-e
thiazolecarboxylic acid (DADFT) is evaluated in this study. In each instance, a single
substituent, hydroxy, methoxy, or 3,6,9-trioxadecyloxy was added to the 3' (7-9), 4’
(1-3) or 5' (4-6) positions of the aromatic ring. In each instance, the iron-clearance
data is presented in both rodents and primates, along with log P,p, numbers (Tables 1
and 2). Historical data are included [Bergeron, R. J.; Wiegand, J.; McManis, J. S.;
Bharti, N. The Design, Synthesis, and Evaluation of Organ-Specific Iron Chelators. J.
Med. Chem. 2006, 49, 7032-7043; Bergeron, R. J.; Wiegand, J.; McManis, J. S.;

Vinson, J. R. T.; Yao, H.; Bharti, N.; Rocca, J. R. (S)-4,5- Dihydro- 2-(2- hydroxy-4-

hydroxyphenyl)-4- methyl-4-thiazolecarboxylic Acid Polyethers: A Solution to
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the kidney relative to the parent ligand 1 at 2 h

[Bergeron, R J., Wegand, J., McManis, J . S.,
woMsom433 . R T., Yao, H., Bharti, N and ROECHUSZDOS/003433

R (5) 4, 5-

dr o- 2. hydr oxy-4-h drox nyl)-4-nmethyl -4-thiaz

N icH Mt . B RETS TR Gertsrpontetlg Wicgand, 1

hbphrotOX|C|ty. J . Med. Chem 2006,49,2772 2783] .
McMp08Y- 3.t MegosateBi HedVeimndse™ &; Buittdehann 46.dMt Henitlo R E.

t he pol yether fragnment plays froma positional isoner
Effedtaofdpal Stkieot gnideg hgd Cs4' MHldesi yegional ¢h tha3oa @Baring

conparative issues. Three questions are addresse How

EffidRe3y ahd ebkiedy bheea‘aﬁhhio% Rﬁm&%\ﬁzspp W& t8fen]. 1908 612 2432-
aromatic ring affect iron-cfearing efficiency in

2 | ea ef f,i gi r e and

244p5 B8k Rn, K é*%l??%ﬁdf?oﬁ*ﬁﬁ‘%a% A %ﬂ?%%ﬂlﬁ PLpgRhR e
info eci de how best cond

Weﬁaesm “?%}P?’FQ?“ IS‘?S&F?d&é‘{;é‘é‘htO&m Angl 98YSS; ﬁp&amﬁd Iron
rodents [0029] A platform

Cleprg)g Bffgietichiyy @C(l@mnyfla%sl@ phEhy47L Bergeiopl Rni-aV6egand,
rboxylic acid (DADFT) is evaluated in this study. In

J.; MabhanisnstSanWeimar, W.IRy| Rarls Ub$t j EileetNicMlagidy Bx Bergeedhdxy,
or 3,6,9-trioxadecyl oxy was added to the 3" (7-9), 4

Brittekhdm, 0. Mb' Pattii§h)- VARSI @RS riMiodim A ndlo@ 18: Gt g Mrgelifly and
each instance, the iron-clearance data is presented in

BB ARG 0 ATELED SR 5

I 'storic a are‘1nc

. [.Ber ger R J... Wegand, .J.; ; JBharti,
dlSthEu%ﬁ’e B it rodeBBE iy o (Ll R P APPT (ATHRE e
gan-Specific Iron Chelators. J. Med. Chem 2006, 49,

threx; @ggxaﬁg%oxg@qrgm%s 3p6and 9 (Eggg@d})dOrgpn dlwpgmngdatg for the
S.; Vinson, J . R T.; Yao, H; Bharti, N ; Rocca, J.

: nonmolfcfg)erazm aml hygair be f(gm(i;jn amyyejqi@)sthation [Bergeron, R. J.;
hydr oxyphenyl ) - 4- net hyl - 4-t hi azol ecarboxylic Acid

Widgahd,gt;Mesianid, 56 ;Bhemn, NOMDéngSyﬂtHeyis, ahd EWdbéhtion of
Chem 2006, 49, 2772-2783; Bergeron, R J.; Wegand, J.;

OrgM»; Béific Irbn &eﬂat&&%cpsmd c%enﬁzooé/\é@”?mz %43? Supporting
t enham M; Smth, R

Information Available: Elemental analytlcal data for synthesized compounds.

[0030] The syntheses of (§)-4,5-dihydro-2-[2-hydroxy-5-(3,6,9-
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S)-5'-(HO)-DADFT-PE,
6] and (5)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
thiazolecarboxylic acid [(5)-3'-(HO)-DADFT-PE (9)] were achieved by first
converting (5)-2-(2,5-dihydroxyphenyl)-4,5-dihydro-4-methyl-4-thiazolecarboxylic
acid [(5)-5'-(HO)-DADFT, 4] and (S5)-2-(2,3-dihydroxyphenyl)-4,5-dihydro-4-methyl-
4-thiazolecarboxylic acid [(5)-3"-(HO)-DADFT, 7] to their isopropyl ester 10 and
ethyl ester 11, respectively (Scheme 1). (S)-5'-(HO)-DADFT (4) was converted to its

isopropyl! ester 10 in quantitative yield by alkylation with 2-iodopropane (1.8 equiv)
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Effects of C-4 Stereochem stry and C-4' Hydroxyl ation

on the Iron Cearing Efficiency and Toxicity of
woe®BaI¥B83 hi oci n Anal ogues. J. Med. Chem 1999PCHPS2008/003433

2432- 2440; Bergeron R J. VWegand J.; NbNhnis J.

S. ;_ Busseni us, : Smth R ;Wi mar,
in RpMFsthe Bicsase @f Nws@mem&thylmmdﬂ 8 eAHH’DoBU—‘e@hyl ester of
Enhanced Iron Cearing Efficiency. J. Med. Chem

($)B0030XD AT 1Y Was aBeassrel tpnalk Ratidn of Tnihdodbethhng (1.8 equiv)
MManis, J . S.; Wimar, W R Park, J.-H;

an(EVJI\eﬂnMpl\@%éihylﬁnmeEE@ IRgfudV),in BMFBRCbh &IHE@'ID aﬁﬁ 1Mwere then

Partition-Variant Desferrithiocin Anal ogues: Crgan

alki‘afe%ﬁé”%?9§f§%}’”‘%a€ BRI e  TO

b B RGBSR i e

ﬁ ure 4) gan di stribution data for the
azo lfﬁ‘gnﬁéb’&?@t(ﬂe‘r i) A phnylpho BRI IS A sa e ipTElilous
publication [Bergeron, R J.; Wegand, J.; MMnis, J.
progdmﬁﬁérﬁt (HOND AT -BE=iPgh (12yantl1(853'S HQRHABFI-BEED (3) in
of Organ-Specific Iron Chelators. J . Med. Chem 2006,
52 48, 2570 AR ASpectiSelypblytiolgsid aﬂ‘i@&;sraﬁ'ylcumd/éwgn eabt ®ith 50%
El enental anal ytical data for synthesized conpounds.

Nad)ﬁQSQdeum%l ﬁﬂl@%a%?%cﬁﬁﬁcamn with 2N HC] furnished (S)-5"-(HO)-
(5) -4, 5-di hydro-2-[2- hydroxy-5-(3, 6, 9

oA IR sl o

(S) -4, 5-di hydro-2-[ 2-hydroxy-3-(3, 6, 9- trloxadecyloxy)p
he (%E- - [ r ) "
OB P BSEREPIIN b6 BB At
[ i h d o 4 neth | -4-thi
postShiaag Bt T EYARKAT pragn podleigy E) diference
(S)-2-(2, 3-di hydroxyphenyl ) -4, 5- dlhydro 4- nethyl-
SPCQF% VieTs 260k e reéulés:@re spewh irgFigura0). lpappawerrjatyration of
their isopropyl ester 10 and ethyl ester 11,
the resgprmce avbRY ppBc isigmed Yo theSr@ons (HOBE PDBIIREr ¢ 4)ethvdsne (g)
converted to its
most proximate to the aromatic residue, enhanced the signal for the adjacent
methylene (e) at 3.94 ppm by 6%, while a single aromatic signal at 7.30 ppm (i) also
showed a significant enhancement of 11%. These observations are consistent with the
structure for 9.

[0032] Proton NOE difference spectroscopy was also used to verify that
alkylation of the polyether chain occurred at the 5'-position in 12 and not at the more
sterically hindered 2'-hydroxyl; these results are shown in Figure 2. Irradiation of the
signal at 4.10 ppm, assigned to methylene (h) in the polyether chain, enhanced the

neighboring methylene (f) resonance at 3.84 ppm by 6%, and two aromatic signals at

6.94 ppm (j) and 7.01 ppm (k) showed significant enhancements of 13% and 7%
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I sopropyl ester 10 in quantitative yield by alkylation

Wi th 2-iodopropane (1.8 equiv)in DMF in the presence
W®@RooB115488 | sopropyl et hyl ami ne (1.8 equivVv). TheP€l/lig1008/003433

ester of (5)-3'-(HO -DADFT, 11, was accessed by

al kylation of 7 with |odoethane (1.8 equiv) and (1.8
respaetively- i Thegnmhagmenihiadica thpidhd dtrugture fobhisalokyttatsed

at the 5 -hydroxyl and 3'-hydroxyl using an equi nol ar
shosymoandt thofs, the irdseitimgl iydeolgdiy poidpictiivimleed By| et her under

M t sunobu conditions [diisopropyl azodi carboxyl ate

( 1. (0®38NChathtoaMtuckd PO TIERRRSARINGG- ﬁén@%eﬁeéue\ﬂ)kdd@ms We
THF], providing (S)-5"-(HO -DADFT-PE-/PrE (12) and

pre(u%)ls@ d’eﬁm%trzi?é%gf f Fthg%é)(ég‘?i-ldg "bﬁ%p}rggngé O@%jk@ ]?ADFT

respéctive yS| opr opyl "and L
f I,C t|o

ONOH -é%é@?%f?r & 1S4 QPR DBR T3 ofrefie aippony
._and >3' - (HO) - DADFT- PE ( in 60% |eId [0031] To
hgaaaﬁ%ﬁg‘tﬁ Qb4 %%’99 apg, Q‘Cﬁml);»‘é%qfé?; IK¥ad A 2of- 9%) weese medeefficient

fixed to the 3'- position and not to its 2'-hydroxyl,
irometi asors i hapaueli gadske ACEf I B£10.§DGEX @01 ve2andp < 0.003

spectra were acquired and the results are shown in

Vs 3‘_)| &b‘ﬁ&nl‘elyl{%l@@}\’ﬁge@@ﬁoﬂrﬁtl OWi&anli e, M@ﬁ/ﬁﬂﬁn?% &finson, J.

28 ppm "assigned t6 the protons of the polyet er's

TRYIYI N Br0M) NTRRS ROEGX TR ®) bS BlIS ALoTE ygh g@gAefugt

anced t si'gha jace

. 6% a e aromatic s nal at 7.30

hydbwtlgffma? et Erianiic ARt e Resra Rolun4q o

These observations are consistent with the structure
Nephggtoyicity olo 34qd. Bheme A0S, 37 T2 3183 RecgPabat ivvscdenyingas

al so used to verify that al kylation of the polyether
cfficihady(IGEY isrdefidedits ¢neeirdh epostidn)ftotalirchbiadidg kapacity of ke

nmore sterically hindered 2'-hydroxyl; these results
cheRroe), eRpiBsedras kipgtiesit. The lrélaatd REE 0dlud oft ddgpdudda] ad 2 were

4.10 ppm assigned to nethylene (h) in the polyether
in kE&AhS wiRAP %, NBilues: the more lipophilic, the larger log P,pp, the more
efficient the chelator. This was not the case with the polyether analogue 3; it was
much more active than its log Papp would have predicted. However, the ICE trend was
in keeping with the biliary ferrokinetics (Figure 3) and liver concentration of the
chelators, for example, 3 > 1 (Figure 4).

[0034] With the (S)-5'-(HO)-DADFT series (Table 1), (S)-5'-(HO)-DADFT

(4), (8)-4,5-dihydro-2-(2-hydroxy-5-methoxyphenyl)-4-methyl-4-thiazolecarbox ylic
acid [(S)-5'-(CH30)-DADFT, §}, and (S)-5'-(HO)-DADFT-PE (6), both the methoxy
analogue 5 (ICE 6.3 + 1.2%) and the polyether 6 (ICE 8.0 + 1.8%) were more
efficient iron chelators than the parent ligand 4 (ICE 1.0 + 0.9%, p < 0.001 vs 5 and p

< 0.005 vs 6, respectively). Again, the relative ICEs of 4 versus 5 were in keeping

with the log P, and liver concentrations {Bergeron, R. J., Wiegand, J., McManis, J.
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nei ghbori ng nethyl ene (f) resonance at 3.84 ppm by 6%
and two aromatic signals at 6.94 ppm (j) and 7.01 ppm
w@ kgosamased signi ficant enhancenents of 13% anBPICT/US2008/003433
7% espectively. These enhancenents indicate that the
structure for 12 is correct as shown and, thus, the
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. and Rocca, J ..
It 15":\;'_10?(1@5: _tl}p’t i Wth)ylgﬁ, @'_)-25_- }E_Opf%ﬂalﬂ,‘_agd the (S)—4'-(HO)—DADFT series,
hydroxypheq¥ - 4- et hyl - 4-t hi azol ecar boxyl ic Acid
the poirgsponding HO- S 13+ ard padydtbphiigandshavetsymilar ICBvisdues and
Chem 2006, 49, 2772-2783]. Recall that iron-clearing
simglbf iron-elkasan(d disfribusion&f theamineind bie (Tabdh1excretion)/ (
total iron-binding capacity of the chelator),

eXPIOBSSEThARCER JIRhE )13 (H U&bﬁ'rls&eoﬂ&%p\sah&geﬁ-ﬁre very
compounds 1 and 2 were in keeping with their |og Papp

dlff\é?elntJ ﬁ]%P fI 41? (Ei?f)?aﬁnh SQﬂng%érges 'il‘_ﬁeh éa?lrdg S{% %1 0? F]al?l? Cyg mc;rlé] €

I Cl €

et R OB PG i t%v@%ﬁh%?éa%‘me%?nr?é’ e

ICE trend was in keeping wth the bi
cffigigpeigk prgdredicted by gherles Fhppaiathes ferdhe éo@i@ﬁnda?t (eH>Q)
the chelators, for exanple, 3 > 1 (Figure 4). [0034]
conyiotunds, tlee 133 f(ﬁ'the( HPol yortiok T9 sis moe Vhdlabmestlrglevant in this
(S)-5'-(HO - DADFT (4),
inst@iRe-i¢ (e stofoyeld @ifferé weel i ACBHEtDediBRE @%&@M (9) dndit By |
-4-thiazol ecarboxylic acid [(5)-5" O - DADFT, 5],
polfdifer((®): ke 3'(Hcha BARE fe ey 4609 nkpt fo&é?Fve TFO.0 QW 4% vs 5.5 +
1.9%, p < 0.05). The ICE of 9 is also greater than that of the 5'-polyether 6, (10.6 +
4.4% vs 8.0 = 1.8%, respectively), but the increase is slightly less than significant (p =
0.06). The modes of iron excretion, urine versus bile, are similar.

[0036] The biliary ferrokinetics of the parent 1 and the three polyethers 3, 6
and 9 (Figure 3) show that the iron clearance (ug/kg) of ligand 1 peaks at 3 h postdrug
and never exceeds 68 ug/kg. The iron excretion induced by the 4'- and 5'-polyethers
(3 and 6) also peak at 3 h, but at much higher levels, 183 and 388 ng/kg, respectively
(p < 0.001 for 1 vs 3 or 6). The biliary iron content of 3'-polyether 9 treated animals is

greatest at 6 h, 287 ug/kg. In addition, while the biliary iron clearance for 1, 3 and 6

have returned to baseline levels by 15 h, the 3'-polyether (9) remains well above this
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analogue 5 (ICE 6.3 1.2% and the polyether 6 (ICE

8.0 1.8% were nore efficient iron chelators than the
w@aroenis4Bs gand 4 (ICE 1.0 0.9% p <0.001 vs 5r@ntisios/003433

<0.005 vs 6, respectively). Again, the relative |CEs

of 4 versus 5 were in keeping with the | og Papp and
untjlix30rh (darcwhsheyynohle ddayegdicgk in gon gxcreygre iratjon of

McManis, J.S. and Bharti, N The Design, Synthesis,
activitgt oEVaireialse mafleofed On gwrtisSpedisribatibn studich €Fiztier4), didcussed

Med. Chem 2006, 49, 7032-7043]. Al though liver
bele@ncentration (Figure 4) was a good indicator of the

| CE of polyether 6, relative to 4 [Bergeron, R J.,

We MR rhd The Desian,
Syn hezll gl,ﬂ]elgtr?d Evalbclzgto ﬂggéé?@gagﬁﬁsg{é%}%%d ?g%ur@ea%eﬂﬂ
prifes R R i oo BT S0RR 8 0 gl e bresenth (18R 2.

[gS)-S' SHO -DADET and the (S)-4'-(HO -DADFT series
In the gase i thesBdAa(RG)-HA DF Espress in peimpsgnsy whHe they m values
have simlar | CE values and simlar iron-clearance
for §9)st (AUt HRFITH{(1) ved (54 ECHSA)-DALRFT Ritshgges) a corogatign with
The I CEs of the (S)-3'-(HO -DADFT set of conpounds 7-9
logdt,g, foeeyardplef the @OE of ienmbldipbphilid@nakigde 3'(24.410) 10.8%)
series. The ligands are, as a famly, nore efficient
[BeRber6h 011, WiekhiRf) J( MNISnid)). SAGRsEnid! §.NOMAR, RNE. and
relative iron-clearing efficiencies are predicted by
- . a = ((CH3O
Welffe, Wk MBDNED ofespfegermddot R0 pag Finggd 1ron
Wiat _i.s .nost I nt | his i ce.is th r of ound
Clefics EFETEY; h Mk themneld o4 LA TATINE s £8Phbteion.
4' - polyether (3); the 3 -1igand &/9)_ Is nearly 200%
R. hpWVicgapd. dotNIcMagisgl. §., McGosayB.91.5 WeimgnW oR < Bpitigaham, G.
The ICE of 9 is also greater than that of the
M. Bnd PoiitheR hierEfegety (f0C-8 Stdredéhensist8y Ond C-48Wydroxylation on the
respectively), but the increase is slightly less than
IrosClpatihg Eafidieddy and ARty of MRsFRAR S0 Ainﬁlb%u@.( ¢I gkl QDhem.
urine versus bile, are simlar. [0036] The biliary

1999RRIDRHOAUDE eTherbhR iPAEAHnificAR A IRRINERE-AROYBIIRFFPE
(3) is the least lipophilic chelator in the 1-3 series, it is just as efficient (ICE, 25.4 *
7.4%) [Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bharti,
N. and Rocca, J. R. (5)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-
thiazolecarboxylic Acid Polyethers: A Solution to Nephrotoxicity. J. Med. Chem.
2006,49,2772-2783] as analogue 2 and is slightly more effective than the parent 1,
although the increase was not quite significant (p = 0.06).

[0038] In the case of the (§)-5'-(HO)-DADFT analogues 4-6, the ligands’ ICE
trend correlates well with log Papp. The ICE of the most lipophilic ligand 5 (18.9 +
2.3%) is more than twice as efficient as the least lipophilic analogue 6 (ICE 8.1

2.8%, p < 0.001); 5 is also more efficient than chelator 4, ICE 12.6 +3.0% (p < 0.01)
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and 9 (Figure 3) show that the iron clearance (ng/kg)
of ligand 1 peaks at 3 h postdrug and never exceeds 68
W(hgdok/glsﬁhe iron excretion induced by the 4'- BETUS2008/003433
- pol yethers (3 and 6) also peak at 3 h, but at nuch
h| gher_levels, 183 and 388 dg res ectlvely (£ <
[Basegon. R ok, Wisgand JoMg)Ylanivhke Sban Bhartij Nohhe Biesigns Syathesis,
3' -polyether 9 treated animals is greatest at 6 h, 287
andnigy ddgptionrof Lgan-Spexifiovirioh € hehagorki Jl. Mardy Chemn2@06e4, 208227043 ].
for 1, 3 and 6 have returned to baseline levels by 15

With, tht i(l?) 3:(HLYADFETanaRué LB, Rbilvedre 8RN Ear ldiffGEek lin log
>30 h (data not shown). The del ayed peak in iron

P,S%E RYEQSF tH@fﬁrﬂé’l’i%{nH? Qreq‘\fél Wthih hbY opr:acgu ?ie“? gf%@g 221‘

ap'Feflected In t I ssue strl butlon st

bel ow.. [ 0037 or-1nd
3 oPBETRS Pt POR o iR L bR sanis Blates to

t]e i ron-cl earance data for all three sets of |igands
the£ Hiary Versupiappry etal @Xq']FIIOI]l Anhsgodeptanedel t thea numbers are

5)-4'-(HO -DADFT series in primates, while the nean
geneHysamilars Withmegdy ald of (he@yonxprTed(ih)thabide (Table 1). This is not

(S)-4"-(CH30 -DADFT (2) suggest a correlation with | og
the apge, witlo thegrimmges a nivh 1higer frhctidhef iRy o isﬂ’@@ﬁﬂ Ini te urine

anal ogue 2 (24.4 10.8% |[Bergeron, R J., Wegand,

(Taﬂ}e,z) M:ll}éaﬂl'o§[ noﬂable Sases RUISLEHL D) BADFINPEN 6 With ﬁﬁ/ﬁ.”d

Wi mar , R Met hoxyl ati'on of "‘Desazadesf err| thiocin
fec%mn%q%%@"f@" ?23‘851@%@@@2@9@%% {’éa?egéﬁgﬁfg'

PrivhE S rOdF e b R e S Srfas g valy: R
Effects of C-4 Stereochem stry and C-4' Hydroxyl ation
onlQ8] Irep K learanse iPefomnanceiRatioyn Brichawswieeius Rogents. The
Desferrithiocin Anal ogues. J . Med. Chem

perfo@88nckIatd 2R 2 ddfijed dshiee inean Ba gk 108 b4emi Bmotdvastiy. (Table
Al t hough (5)-4"'-(HO -DADFT-PE (3) is the | east

3). At AePRiante icdirk @b@sfeeh{kui']ﬁl'ﬁsﬂ% BaStBE 1i@8ndsl dnifoPmlysdrfddh

efficient (ICE, 25.4 4% | Bergeron, R J., egand,

bettéBqu 12&?/? !YBH Io%erldaded Primatds s i te nofRirodzover{Gfted thts (Tables 1
and 2). The mean ICE for the primate group caﬁ be compared with the mean ICE of
the rodent group (Table 3). Although the standard deviations for the two species are
not equivalent for 1-5 and 7-9, this is not a concern because the intervals containing
the means do not interact. This is not the case with the 5'-polyether (6), whose ICE is
virtually identical in the two species. The largest differences in performance ratios
generally unfold with the parent ligands 1, 4, and 7. However, the fact that the ratios
change so profoundly within sets (i.e., 1 vs 2 and 3,4 vs 5 and 6, and 7 vs 8 and 9)

suggests that the difference in ICE in primates versus rodents is not based entirely on

the fact the monkeys are iron-overloaded, while the rodents are not.
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N. and Rocca, J. R
(S) -4, 5-Di hydro-2-(2-hydroxy-4-hydroxyphenyl) - 4- net hyl
WO 2008t1k§4a¥ ol ecar boxylic Acid Pol yet hers: A Sol BCT/U82008/003433
hbphrotoxicity J. Med. Chem 2006, 49, 2772-2783] as
anal oqu and is slightly nore effective than the
par li,Th%\PM&i@Hnwag of kigapd=dbya Bwding g ICE. In an attempt
significant (p -0.06). [0038] In the case of the
to yrglerskand(thiO) i foaddicds mnl§lolaiwsenthé pateheligangadd4, and@and their
trend correlates well with | og Papp. The I CE of the
andi®gies ki e pbddnt modely ardtondictéd 9serits 3V x pesinEntLfoticed on
twce as efficient as the |east |ipophilic anal ogue 6

ligdddCHb@mih biddiRYe W2 e‘fec@:dqg]fa)cus%n' asdlﬁk %Pat ﬁqfrﬁleleleﬁﬂlgél ®AkIs with

t han chel ator "4, 01) [ Bergeron,

nd B
Geflpk 58%79@2%@” %“%@aﬁ ahaetc.oarne§ 103 bertdHfea
Iron Chel ato Chem 2006 49 7032 70431
snglfﬁm%me"@syn e r‘eqq@) (I§,ED‘F-‘r+a1n%%dfgdeL+¢ 8o fqit and Lher e
are clear differences in |og app, the ICEs of the
respdutizely) [BrapetonaR el aWiegand Hi.,Meviaois, bfS.,edasomF HRrT., Yao, H.,
(Table T). [0039] A final, conparative note concerning
BhiieNP@hJ/ROER! J.IR. q8P4LS- mm&aﬁoe@(z-ﬁyalbeymﬂyd%»ypﬁamya-
urinary nmetal excretion. In the rodent node

mefbﬁro 4 QEﬁz@E@arQ@ﬂ%rc?#lcy g§1ymhli(:$r Q SiLG ?orp &L);ucﬁgl ¢ JL Igfed.

excreted I'n IS not

h&as tes nmuch r fract 0 th
Chiiof R AL it R e SpermeBn &l Rsviefen
cases are é(i %I é DADET- PE }k$ W th 56/ 44
displaging (r4 1 ):RAQ rid) ) (534 DSEPEAR) from sgrwm
72/ 28 feces/urine ratio in prlnates In rodents, these
albwmirplinding sde08¢R carmieddBR5, respectively. [0040] Iron
Cl earance Perfornance Ratio in Prinates versus
Rod@043] Bdiireiqueid bdsrtesn evellassiabli§{HéR)as adighhd et asll Hiplace
mean | CEprimates/| CEro dents, is noteworthy (Table 3).

dm?ﬁ frbh t5th Ske@Nf Bumhah s&ﬂﬁﬁalﬁ@fhnﬁﬁ%’f@rgz&%@ i, YchR8u, i af.akbe C.
i gands uniformy performbetter in

and I[IQé}aQr\éef\Il ﬁaﬁggu%%d{]@r{agéﬂW@F&t%p&ngﬁzsm -frontal analysis for the

roh-overl oa

study of low molecular weight drug-human serum albumin interactions.
Electrophoresis 2002,23,2842-2853]. We elected to evaluate the impact of treating
bile duct-cannulated rodents with sodium benzoate to displace any chelator potentially
bound to Sudlow types I and II albumin binding sites [Ostergaard, J., Schou, C.,
Larsen, C. and Heegaard, N. H. Evaluation of capillary electrophoresis-frontal
analysis for the study of low molecular weight drug-human serum albumin
interactions. Electrophoresis 2002,23,2842-2853]. Five experiments were carried out
(Table 4). Rodents were given (i) sodium benzoate dissolved in distilled water at 250
mg/kg/dose sc times six doses, (i1) (§)-4'-(HO)-DADFT (1) po at 300 umol/kg, (iii) 1

given po at 300 umol/kg plus sodium benzoate (250 mg/kg/dose). The sodium

25



and T). The nean ICE for the primte group can be

conpared with the nean | CE of the rodent group (Table
W@ 08AIHBOuUgh the standard deviations for the PEDUS2008/003433

species are not equivalent for 1-5 and 7-9, this is

not a concer ecayse .the intervals containin
berr%&awswwlvm& P E‘tpé? 2d hewrly theeealisy ?qrrfge@a%w th?S?Sh &)

Iyether ég whose ICE is virtually identical in

(S)t-‘hé Ap&EdT (3)1a|dénmaieg®sn0 d1i30P eyeldkgsor (v) 3 dosed at 300

performance ratios generally unfold wth the parent
unlol/gg pdplids, sodium berctodte .(2 Fhmgrkaydost h&@hé a@diumhﬁhzddn@was again

rati os change so profoundly within sets (i.e., 1 vs 2

lv@ﬁ@ 53h Pre43 ¥5d RowlickhEreafté@ter fivey 8dditigntdl d8des SHEGRSIIE (traBle 4)

the ditference in ICE in primates versus rodents is

indile BAPEE L é‘f‘i et of SRl ATen I FRAVRES, %ﬁﬂ‘i‘j"' e
Possi bl e I. of Li gand- i ndi.n

cleigincs PlyFo Faniess MORG oo b e fealt R Bn RS the fodents
bet ween the parent ligands 1, 4, and 7 and their

as dasaribril o ve in {*%U‘be@eﬁtth%tﬁeq 10.9wfold dnerease v ths ICE: from 1.1 =
of experinments focused on Ilgand al bum n bi ndi ng. W

0.84 w120 +t206% e 5s0.001 )aUddergh¢ barhe canditmohsy the ICRIof &%)-4'-(HO)-
trials with Genzyne, (S)-4'-(HO-DADFT (1). Recall the

DADFT-PENBN s thopedlsy'ss bty 4 much embDérRaLnStude)iffdng 815t ¥.9% to
better in the rodent (ICE 5.5 1.9%vs 1.1 0.8%for 3

8. 8a'n§i 4%, (g '3 @Rﬁ?td l’@lfbﬂ)d 1L§@££eLQ\ch é%smé of sWﬁHﬁSBiinzoa]te ha(ll\l a

S., Vinson, H., Bhart
les%e effR %%%lh%reaasrj%g 516 ISE of (}r(gatan tﬁhod‘fn(’}xylf)%g ﬁly )are490n51stent

W1tgE l é)?;hatf a,é%%ﬁg?%g%églbgo@:%ltd PO| o o %1gands and the

2006, 49, 2772-2783] . A series of conparat|ve
cowp@mdlmmlgetuhﬂrSrranswld) bedependentdingdpdandiafygmin binding
(5)-4'-(HO-DADFT (1) and (S)-4'-(HO -DADFT-PE (3)
differemees dihe rhatal hayralso be oalisistens mtithsthewdifferaame in pef@uiance ratios
[ 0042] Benzoic acid has been well established as a

in prif@Bsvériiatirontdtl, B IRIRCEg MY afay fdn%hﬁ@tﬂ?n@lefsﬁﬁghtfy to
human serum al bum n [Cstergaard, J., Schou, C,
prlhg{esa%hmlg’ than to rodent albumin.

[0043] Chelator Tissue Distribution in Rodents. Two issues were addressed
regarding moving the 3,6,9-trioxadecyloxy (polyether) group around the DADFT
aromatic ring—the impact on ICE and the effect on tissue distribution. These
assessments represent the first step in identifying which, if any, additional DADFT
polyethers should be moved forward into protracted toxicity trials in rodents.

[0044] The current study clearly indicates that moving the polyether from the
4'- to the 3'- or 5'- position of the aromatic ring of DADFT can have a profound effect

on ICE (Tables | and 2) and tissue distribution (Figure 4) of the resulting ligands. In

the kidney (Figure 4) at the 0.5 h time point, the 5'-polyether (6) achieved the highest
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and Heegaard, N. H Evaluation of capillary
el ectrophoresis-frontal analysis for the study of |ow
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i nteractions. Electrophoresis 2002, 23, 2842-2853]. W
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weight,gapiold 1avsy6 ))elneartstimghg hediistme poind| thaodicysiraioh@f thdw-
study of | ow nol ecul ar wei ght drug-human serum al bum n
poly&th&f @5 bh@ iR pakdit ¢1;r3e0 hPS@ﬁin%l/%g%Fg%%h%&é&e 2823 ideftich® (p

experiments were carried out ( _ Rodent s’ wer e
> 580 G W IR S P Rl i L P e
ool RV BRET B PR SR Oa Ok s

ng/ kg/ dose). The sodi unbenzoate was given 0.5 h pre-1
*33mad %éar—ﬂ RRel & wet weigh resppeiveldT e praent dieg bavas thadpast

(S)-4'-(HO - DADFT-PE (3) adm ni stered po at 300
convemtkdt&d)(176r+ 4 wino¥gdhas eatighit). 20Q@ hd rekagivp Gidmey devetsdiraim

benzoate (250 ng/ kg/ dose). The sodi um benzoate was

inda&Pdiffeftiny. €Nz fin Ahd SPiEmA (6dad @Bt dontdi@eAfB2T +20mnidIMewet
addi ti onal doses. The results (Table 4) indicate that

weﬁﬂ? L9, @i?%’éh@l%gg%t Weig%?%%'i"i“?%&g%\e%ggggm@? 0.001

i nduce rance oO1f any 1 ron.

odi um penzoate is. adm ni stered to_the rodents. as
for oG A GALA By Ereioroch srion 6 { %12 O3 hBpLE ST Heiznl: 9 (905 7
increase in the ICE, from1l.1 0.8%to 12.0 2.6% (p
nmedjg 0@l veighnded (342 18 amwligonetiwdights = 1t(A@ + Okmol g wet weight).
(S)-4'-(HO - DADFT-PE (3) also increases, but by a

RedGRatSireYibed stidgidsiasrafddan &-polyeth9B) @ 53 Buchled (P
<0.05), a 1.6-fold increase. Lower dosing of sodium

o GRE 8 eSS ELLOR ORISR, i
1 RSB 3s 05 R RSP, B ik N 50 R RS -
Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-thiazolecarboxylic Acid
Polyethers: A Solution to Nephrotoxicity.l J. Med. Chem. 2006,49,2772-2783]. This
was consistent with the relative tissue levels at the 2 h time point: the 4'-polyether
concentration 3 was much lower than the parent 1 [Bergeron, R. J., Wiegand, J.,
McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N. and Rocca, J. R. (5)-4,5-
Dihydro-2-(2-hydroxy-4-hydrox yphenyl)-4-methyl-4-thiazolecarboxylic Acid
Polyethers: A Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783]
However, renal concentration data derived from time points taken earlier than 2 h are
not consistent with the idea that reduced nephrotoxicity of the 4'-polyether (3) relative

to the parent (1) can be explained simply by lower kidney chelator levels.
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correspondi ng pol yethers may well be dependent on

I i gand-al bum n binding differences. The data nmay al so
wheoosonssstent with the difference in perfor maPCBUS2008/003433

ratios in primates versus rodents, that is, the

i gands uniformy bind |ess tightly to primate
E@MSA At Hyaﬁn h.ithe P&S‘E{ec)r‘lﬂnc%ﬂtﬁlﬁlﬁf‘ﬁo %zrsq i\é@ueqhat lagandls ERigere
Distribution in Rodents. Two |ssues wer e addr essed
4) fogwrthé sagnenelativg oréer a3 ségrointthe bidacdy @yM83 v §Spohglét wer )
group around the DADFT aromatic ring-the inpact on |ICE

weighd >t 3163394 88 hmol'gtwes Weegtd) SOrRPYLI38MmOIRBS& weight). At 1 h
assessments represent the first step in identifying

[
e o g S R PR B P LU IO, (ot
rodents.. [ QO The current stud cLear indi cat es
“mPﬂ%t”ehweﬁghg- {Wﬁ%eﬁmg%tahé » fegonegnLragon 0% tephpolycther(9) has
.5 - position of the aromatic ring of DADFT can have a
sigijfisarslyngciepsed dtorp 242 eB 8 mapl g wenweight )3 187G nmelig wet
distribution (Figure 4) of the resulting ligands. In
weii,ghe(pk<k 0105y, wiklegihe eoddenahtidiseof® mdB hdverlepehsed byt365% and
- pol yether (6) achieved the highestconcentration

6% &éﬁectlgaynﬁpt/aﬂdw theed fzhnd (9)q4 theweskt ByndehRated i in the liver,
4' polyether (3; 368 74 nnol/g wet weight, p < 01

K 8
foll¥§/e@%y§ﬂad %Sagh%’ Eét)gi?[ei gt ?1;%%@9: (3? GI“t{%rfRIIe &)H\Q@Btr tnq;fttl%e
on of th et her d the par ent
pare(r@ eré 'W?ﬁlpf’é' a)g é} p%ﬁéh\%’éer rsy i denti cal
ain the 5' -Ilgand (6) was nost
Qﬂﬂrlatt%hws@ 051&%&&#& Hghgeslatjysicgreantratipn pf thee
3'-chelator (9) and 4'-chelator (3) achieving very
polithdrk &6 >Bev ) 115 %he SBneatnehd2B4An theOkidmayl dng livet atwbe girhe
respectively). The parent drug 1 was the | east

time poiae Haovedves] thel d@ualdevelirt gnuvhitlowed, gb0 hmofe wet Rueigh?€The
rel ative kidney |evels are indeed different. Again,

ordém c%ncénhgaaﬁi i @: hé&® rémﬁhs fRRG/R LI @ta‘%ﬁ A2k 4 @Qhe 5l and

nmol / g wet wei ght) 27 nnol /g wet  wei ght

(6) & still (Re J éognc&ﬁ}atéléﬂ}%ﬂ}tox( %lt?xgu &o%e parent drug 1 is higher than 9

at 0.5 h, it is the least concentrated ligand at all other time points (Figure 4).

[0047] In the pancreas (Figure 4), the relative concentration of the polyethers
1s 6 >3 > 9 at all time points. The tissue content of both 3 and 9 increase from 0.5 to 1
h (Figure 4). At 2 h, the levels of 3 and 6 are similar (=30 nmol/g wet weight), while
the concentration of 9 is 16 nmol/g wet weight. The parent drug (1) is higher in
concentration than 3 and 9 at 0.5 h and similar at 1 h (Figure 4). At 2 h, 1 is the least
concentrated ligand and is undetectable at 4 h.

[0048] The plasma chelator concentration data (Figure 4) are consistent with
the idea that the ligands are cleared quickly. At 0.5 h the plasma ligand levels [6 (324

*+20 uM) > 3 (194 £ 60 uM) > 9 (62 + 24 pM)] mirror what is occurring in the liver,
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for 6 vs 9 or 3). At 4 h, the order was now 6 ( 116

65 nnol /g wet weight) 9 (90 7 nnol/g wet weight) > 3
w@ 3008/1133350nol / g wet weight) ~ 1 (27 7 nnol/ g MEL/US2008/003433

meight) Recal | that previous studies denonstrated the

pol yether (3) to be much | ess neggrotOX|c t han the

kldggy PARCraas, gng Ryary At Ipywinjspha oxdey igt pg@q: dérhas@dimihished by

Wegand, J., McManis, J . S., Vinson, . R T., Yao,
39%. 3 hahdintinished b)ail&%RmIb%has]dimuRshe(dS)y Zb%. At2h, 6 is now down

Di hydr o- 2- (2- hydr oxy- 4- hydr oxyphenyl ) - 4- net hyl - 4-t hi az
by S4BCRAEEOWH bE 924, BndPRliy@WED S 651%. APUUL 6%as LR ged by 82%

Nephrotoxicity. J. Med. Chem 2006, 49, 2772 2

hasV@§p}5€9rb§/' B9 9hd Wh‘é@dfo!ﬂﬁed P%/ V‘f‘hé H en tdr ISfia ct ngénvt\léaggn of

timé point: the 4 er con

hgz@i%s ch?éergl;] q’%erqhgn {Pe%%p rgégt{g noj 9R}][g‘\]ve’sfer 9%6&
Q P and Rocca, J.
achtﬁVﬁ@H §ma k(Vf syjefed p-and iy a?‘éi’?fﬁﬁéﬁwg)l-laﬂﬁb’tmwﬁmﬂ t hi az
ol ecarboxylic Acid Polyethers: A Solution to
conRRipration alxdnc ay0.5 b; it ielpweCtiem allxgbg, 1 Eapdy A2 IANBS]time points
However, renal concentration data derived fromtine

(Figoe ay. & hisabtearagoh retiteanivar torReBtrativins OO (el chERIrs YadeBsts
the idea that reduced nephrotoxicity of the

an &ticienl 8t-PRs c(e%}anrc@ bl iaK8 9f BeddiSe Bfa{h‘é Rikcdlibht K& oPffe 3
explalned simply y | ower ki dney chel at or

ent
pm%ﬁ?{ )rien(ebop o'%n @%r (Ihl%a' gge“(“ﬁ‘. léﬂsr g 2 ’g?‘%({ Q/ﬁ ‘i ng%%me
seen t
for\%%g ?ﬁtlav rn‘%g; &%ﬂssltyge%ls( glsl}gt %ggrtllm)gq: ygmmm%@t@qf his.ligand
242 38 nnol/g wet weight). At 1h the concentrations
is tf@rfa% thattlhpee'@rpwsyéffqﬂem bednthsgodentsans the primatesi snggbssing a
l'iver (=315 nnol/g wet weight). Interestingly, at 1 h,
highen éndeaof emtcest indmnwdnst he 3' - pol yet her (9) has
significantly increased from242 38 nnol/g wet weight

t o [8049] EtolynsimdiéCclvily dehétitrateR the fol9Sther @Lusgi(t)ﬁﬁADFT—

concentrations of 6 and 3 have decreased % and

PE Céo %ﬁé{b@(g%dr%}glnet\ﬁ? gﬁg)égtf)gf};}iﬁ?‘oc?}mtst th&n the” Johg%‘iindﬁn%)(S
(CH30)-DADFT (2) or the parent drug (S)-4'-(HO)-DADFT (1) [Bergeron, R. J.,
Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N. and Rocca, J. R.
(5)-4,5-Dihydro-2~(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-thiazolecarboxylic Acid
Polyethers: A Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783]. The
polyether 3 was also shown to have excellent iron-clearing efficiency in primates. The
histopathology of kidneys of rats treated with (S)-4'-(HO)-DADFT-PE (3) presented
with significantly fewer structural alterations in the proximal tubules than did tissues
taken from rodents exposed to the parent ligand 1 [Bergeron, R. J., Wiegand, J.,

McManis, J. S., Vinson, J. R. T, Yao, H., Bharti, N. and Rocca, J. R. (5)-4,5-

Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-thiazolecarboxylic Acid

29



foll owed by the 5'-anal ogue (6) and 4'-anal ogue (3).
The Iiver concentration of the parent 1 is |ower than
W b@spoldyet hers at all tinme points (Figure 4).pP¢D02B)8/003433
In the heart at 0.5 h (Figure 4) the reI ative
concentration of the polyethers (6
Polygigesafteddl vmtoal%enhﬁotgw&y% s &Hamr ?9%4 ?71%%7853a\nléltlal
time point. However, the actual |evels are nmuch | ower,
kidagyOtissuo lgvgl m@smgﬁs takgmet 2 hdem efimadmiceated with dhre 4'n
the heart remains the sane at 1 and 2 h. At 4 h, the
polgethén Gauebniedl) consis®hi With tiechislphthologgchtreal &dessril wtidr .in
Al t hough the parent drug 1 is higher than 9 at 0.5 h,
the 'k‘idde? thdperhk paht &%Qcaggtlé?@tn@ﬂn{)l(ﬁ?d?@ [Bergdhdn, ®.Ne 'er%ﬁfﬁi, 1,

poi n s (F| gure 4 I'n the pancreas (Fi gure

r I
MCM% aI’ I P?r’eoﬁ‘ggri{ritggo %ﬂ ﬁ%ﬁ"égﬁe&@oﬂn entfa (%o}fﬁ
. ncr.ease 1 At 2 h the
DirjginsP g PG e e mepirbe Hhierl b et
whil e the concentration of 9 is 16 nnol/g wet wei
Polygibersap Syplutinn g NephratexigityyHe Medn Cheme 2006:48.2 B12-2 ﬂ| Ble
and 9 at 0.5 h and simlar at 1 h (Figure 4). At 2 h,
ICELini toth helehsamt] priomeestndabe abdengaoidormity issenumilk thect'-abl e
at 4 h. [0048] The plasma chel ator concentration data

ol{dth&UBEcobhpéled tBOMSERIQNbn Of tHe ihfpact Aexidde 3619 polyether
P ?I gands ar% cl eared quglgckly AtHg 5h theglpl asmap Y

chald t%‘:lmff}oﬁla%lc% (lf’/gf)FT?aQ 88M10ns (?lhérjtﬁﬁ‘n tﬁg e ﬁn ggd )%l? ?CE

mrror IS occurring I1nt

ancr, hear
and 68 TR ENGbY ?ﬁveoasys('fﬂssgwghwgg G fRopabEf P o
% and 9 has dlmnlshed by 26% At 2 h, 6 is now
a”ddg @P)SQ%D%T £E @b(rblsp 103 2and 9 is down by 61%
At 4 h, 6 has dropped by 82% 3 has dropped by 97% and

9 HA8SY Brspkeay shsp inghs asshmblir afghe tweligans (Sdwoentriavolved

of ligand 3 is considerably faster than the
alk asappieathen? §-dihydioRy is8propgiestar(10Lorky 213-dbhdrex ¢ 8thyl ester

plasma levels close to 3 and 6. The parent drug 1 is
(11PRtH thieBi@énel dlycol) monomethyl ether under Mitsunobu conditions. This
alkylation was followed by ester hydrolysis. Mitsunobu alkylation was highly specific
for the 5' or the 3’ and did not involve the 2'-(HO), probably for steric reasons. The
regioselectivity of the reaction was consistent with nuclear Overhauser effect
difference spectra (Figures 1 and 2) of both polyethers 9 and 12.

[0051] While log P, was a predictor of ICE in the rodents in the case of the
methoxylated analogues versus their corresponding parents (1 vs 2), (4 vs 5), and (7
vs 8) and with the 5'-substitued ligands 4-6 in primates, it was not a useful tool for
parent versus polyether. In each set of compounds in rodents, the ICE of the polyether

was significantly greater than that of the parent ligand (1 vs 3, 500%, p < 0.003; 4 vs

6, 800%, p < 0.005 and 7 vs 9, 230%, p < 0.05; Table 1). This suggested that there
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concentration than 9 at 0.5 h; it is |ower than al
other ligands at all other tine points (Figure 4).
wahdiog/1odaser vation relative to |iver concentr atPONESWNS/003433
the chel ators suggests an efficient first-pass
clearance of 1 and 9. Because of the excellent |CE of
may pyellde addigiopak prsametgss bexand tigandsmetal pecers Higbgontrol ICE:
concentrations, this ligand will be noved forward into
effigieaey phthe amletal@;ohmlwtr@nspaﬂ ghroygiavariaus paganicajlion frgnsports,
intriguing about this ligand is the fact that it
suchas tMORT slog gl lof ithie ietahcéhplex @dtamselagigandkBgqd-aibuasn
suggesting a higher index of success in humans. [0049]

|y W i Re. e kXahPR! (S)-4'-(H
B SRS il e

DARR B D e T RPEL R, I f&?‘gﬁ‘g?‘%?%f%a%k@&%and“
albﬁmﬁs‘% Sinf Fifetences e W‘goa@‘%ﬂtarwe ENEN Ao frgREgid,

con(ua)und kgown g displage ligands drasm pudlomiypesd anddhplbpmin hndimg
-4-thiazol ecarboxylic Acid Polyethers: A Solution to

siteblepitmgOw ok iethdryl. orB3. Thivlsd adGivasirata®f sddiphbenz@at8 Bjcreabbd the
pol yether 3 was al so shown to have excell ent

ICE 60Nb¢ | @8 folb(pek DoV &M IO crfrdnrmm@gwem%and 3 and sodium
hi st opat hol ogy of ki dneys of rats treated with

ben%oaté alsh k@re%-[lt BFlty(lg)al BIERE L@ tg}(])‘% 155151%2 'uftincf%E']Ityl ekplain,

ewer struct ti ons e proxi

at ]?)fg?lg]l’f%qd t I‘ﬁﬁ“f%%f%g’r T SABE]FJ] %gl%r}it(qswéx ggggcgeﬁs Tile Chelators
MeMan S., Vins R T., Yao, H, Bha
mahﬁ@lfngggx andJmoreRvea(l(Q) t04pr5mate albumin. In the prlmates the dlf’ferences

Di hydr o- 2- ( 2- hydr oxy- 4- hydr oxyphenyl ) - 4- net hyl - 4-t hi az
in ligand B osey¢ het d@refPong enheess: geacSdly (witham experimental error
Nephrotoxicity. J. Med. Chem 2006, 49, 2772-2783] .
(Tabli 2)] @dcept fdndwetsus 6Lid wisivke thenpaciitsd BNl 3.6t08 6 )avaskrbater
fromaninmals treated with the 4'- polyether (3) seened

maﬁmaﬁbﬁﬁle@bn@gaohdingq)owe%e@mhm 08Ys, f oo was | ess
pol yether in the Kidrey than the parent dr ug and | ess

nepmgim&éﬁ‘é{:t L)Pﬁ(&ﬁ] Qhe p&ltloln of b $g®gﬁlﬂer dn i gand-tissue
concentrations is significant (Figure 4). The trend in all tissue concentrations except
the liver is generally (§)-5'-(HO)-DADFT-PE (6) > (5)-4'-(HO)-DADFT-PE (3) > (S)-
3'-(HO)-DADFT-PE (9). In the liver at 0.5 h, the concentrations are also 6 >3 >9 >
1,and at 1 h, 6 =3 =9>>1. However, beyond that time point, 9 achieves and
remains at the highest concentration. The most confounding piece of data is
associated with the kidney ligand concentration of (5)-4'-(HO)-DADFT-PE (3) at time
points earlier than 2 h. Previous studies clearly demonstrated the 4'-polyether (3) to be
much less nephrotoxic than the parent drug (5)-4'-(HO)-DADFT (1) [Bergeron, R. J.,

Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N. and Rocca, J. R.

31



MManis, J . S., Vinson, J . R T., Yao, H, Bharti,
N. and Rocca, J. R (5)-4,5-

woetvgdra3R- ( 2- hydr oxy- 4- hydr oxyphenyl ) - 4- met hyPECHUS100&@03433
ol ecarboxylic Acid Polyethers A Solution to

hr ot oxi city Chem 2006, 49, 2772-2783 The
(DR BaRr et BarosyorRm D itk fdhaselepeboBic Acid

toxicity seen with the 4'- polyether (3) conpelled the
Poliyetherst Adodutom tofNepheotoxipagt]). dedf Chemg2@06e49,2772-2783]. This
3,6,9-polyether chain to the aromatic ring of DADFT at

waPOsisistedl svithttherenhhagdué e’ (1 33)a@ theh@H tigie poidt [BBEkeron, R.
ligand tissue distribution. Two systens were chosen,

I, 6@% radd; K ALMRAFT. §°Ev£n%n anfl. TSlya8, H, '#R)anpé\PFEa%%c(:;@)J R.
Tabl s 1 and Tj. [0050] 'The kéy step in the assenb

(S)Ql % L)hhydtég\%—(g lﬁ%&?x%xy C(Er(e% e)lﬁyl)glisl o'é:}r/he? -4z &kﬁolef%{goxﬁlc Acid
POlgi?'f}Erg: 2 %%ﬁ%?%phgﬁﬁéﬁﬁnﬁéﬁedw% IR Ok

This al kyl ation was followed by ester hydrolysis.
Howeverumgbe catraqy studly drandalswiiedhigd wowet singilar gpnaeneragonsot
the 3' and did not involve the 2'-(HO, probably for
0.53t Hparel 3 Basonlly sliglaly kghaskhret ti Vhi Thafit sdeensntieaché maduced
was consistent with nucl ear Overhauser effect

tox ity fof FIRNSy IRG D fefutiv Et @ iHe§sarcht aR¥eniot befexpialnkd simply b
> Fyyet hers 9 and 12, oog%ﬁrW‘n e | og SX%S simply by

the rodents in the case of t he
kldﬁfﬁ{ %Ct erlthl?l L

anal ogues versus their corresponding

YOS bl B Bestolher'ce Blipe, AR Byt S E e ittt & and

useful tool for parent versus polyether. In each set
9 (bl dnase alh&4-6, pugesstana comparable apn glearanse pejvpen HigrWaas
significantly greater than that of the parent |igand
spe¢its. valti®ugh 0igand @ has GirQaldy ideéntical GCES 00 e ppimated. ap05odands
7 vs 9, 230% p < 0.05; Table 1). This suggested that

(PR Berpgnmis theldastegrigient ACR B + PR BB threYAP&hers in primates
| i gand-netal access that control |ICE efficiency oF

andt\i?‘ﬁ I{B‘?Bé‘gm%ﬁgﬁ)tu%el WRRRPS (CH ) WABFIAB) RRe HlodAtive

lon tr
chelator in rodents (12.4 £ 3.5%) and performs well in primates (22.5 £ 7.1%), it is

expected to have a toxicity profile (nephrotoxicity) similar to that of the 4'- and 5'-
(CH30)-DADFT ligands 2 [Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson, J.
R. T, Yao, H., Bharti, N. and Rocca, J. R. (5)-4,5-Dihydro-2-(2-hydroxy-4-
hydroxyphenyl)-4-methyl-4-thiazolecarboxylic Acid Polyethers: A Solution to
Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783] and 5 [Bergeron, R. J., Wiegand,
J., McManis, J. S. and Bharti, N. The Design, Synthesis, and Evaluation of Organ-
Specific Iron Chelators. J. Med. Chem. 2006,49,7032-7043], respectively, and will
not be moved forward. The (5)-3'-(HO)-DADFT-PE (9) works well in both primates

(24.5 £77.6%) and rats (10.6 + 4.4%), PR 2.3, suggesting a higher index of success in
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such as cMOAT, |og app of the netal conpl exes
t hensel ves, and |igand-al bum n binding. The | CE
walrdoBerasres between parent and pol yet her, forPERESPLE003433
(S)-4'-(HO - DADFT (1) and (S)-4'-(HO -DADFT-PE (3),
in rodents was shown to parallel |igandal bum n binding
a thagd spesieh dwsaps dpaddisipn, iReastasivekyrlarggifiastions ofiiha ion excreted
benzoate, a conpound known to displace |igands from
in tBediioevof t)hp @sonkepneterelalsl found in the ndina of patiedss, palf@mntince of
with either 1 or 3. The sc adm nistration of sodi um
iropblanat gudieeweadart thdiftatddETASs chelYor W11 Yl b d(fBrvard into
0.001). The ICE of animals given ligand 3 and sodi um

Prog.%o{é(? ?;e_?;HallC%C{OJ(IQS{ gﬁ%ﬁ%’s skngten&% ¥O(R%IS]' 6-fold (p <

I'S nay Ul £t er y explain, at least in part,

t hepdi ren n Iigand, | CE i es versu
: od@%ﬁf e ESaPlct o iy TR P WP e s ekt Wide
primate _albumin. In the primates, the differences

Pﬂfiﬂﬁte? (Miami. FEE Male SpraspedRavley rafa meraprocwisd droge Herlan | y

W thin experinmental error (Table 2), except for 4
SprgguesPawdey (Indiamrpohis tThe. GrmephbsRHEW waRaduirdd 6%m BASF

greater than that of the correspondi ng pol yether 6 (8.
(Patsippan @ J)pUitthplke) salth @eZpurthgse@ fifoat JohdboraMa@héyBlet f#8nics

position of the polyether on |ligand-tissue

(Ro?geﬁ . ?%l%‘énilt@lo%kﬁpbﬁd lﬁ@%erﬁlal%ﬂfcﬁTs“ﬁ}eré@&) RGN fiy,

all tissue concentrations except iver
Al
R R F?% (%3( S%%{%E'f(@(’ ?5 [E‘“@S)a' (‘g’}‘ChFF‘b) pRHEgdE! 9).
ot 5hd ¥ 40 R i 05 S L s o
that tinme point, 9 achieves and remains at the highest

Deségrfluptip Amaloguestwish ResferdormeonBiing @ibes Matked Maedel.Blood
associated with the kidney |igand concentration of
1998 )i :24'66(2HT} | ©APPEABEN¢BYy Ahtdch MHagaistitsS(Taafpal BL). thamic2
h. Previous studies clearly denonstrated the
absdptiPR (A RY ArhsulShertd wlee Mlddlon 8 PErkIRENHO! A¥ad s b@Pd he

parent drug (S)-4'-(HO -DADFT (1) [Bergeron, R
(Norwalk, CT). Histopathological analysis was carried out by Florida Vet Path
(Bushnell, FL).

[0055] Cannulation of Bile Duct in Non-Iron-Overloaded Rats has been
described previously. The cannulation has been described previously. Bile samples
were collected from male Sprague-Dawley rats (400-450 g) at 3-h intervals for up to
48 h. The urine sample(s) was taken at 24 h intervals. Sample collection and handling
are as previously described [Bergeron, R. J., Streiff, R. R., Creary, E. A., Daniels, R.
D, Jr, King, W., Luchetta, G., Wiegand, J., Moerker, T. and Peter, H. H. A |
Comparative Study of the Iron-Clearing Properties of Desferrithiocin Analogues with

Desferrioxamine B in a Cebus Monkey Model. Blood 1993,81,2166-2173; Bergeron,

R.J., Streiff, R. R., Wiegand, J., Vinson, J. R. T., Luchetta, G., Evans, K. M., Peter,
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Wegand, J., McManis, J . S., Vinson, J . R T., Yao,
H., Bharti, N and Rocca, J.
W(R2((05/)1154335 Di hydr o- 2- ( 2- hydr oxy- 4- hydr oxy phenyP¢F/4s10e8/603433
-4-thi azol ecar boxyl ic Acid Polyethers: A Solution to
hr ot OXI city. Med. Chem 2006, 49, 2772-2783] .
H. ?Frﬁo c%néu%qwatwetﬁwvaﬂwoﬂ@ﬁMontqls},%ra@elMoéﬂs Amn.N. Y.
3) at the 2 h time point [Bergeron, R J., Wegand,
Acdd. SciviBnbE2,328-398., Vinson, J . R T., Yao, H. ,
Bharti, N. and Rocca, J . R
( J00865FH hyalkeds 23.624 RyWwere)irohr sV Elbaepbien it vavdndid tifov!
-4-thiazol ecarboxylic Acid Polyethers: A Solution to

dexN%H RE geRificl 1E3éarln]sr UMUO@ ;pro%gg gb(ﬁg ’566% &t 1§(§J per kg of

However , |n he cu rent stu were 1oun

oY e Ao R I ERE TS, Byl L8 PG b A
h uced.toxicit of the polyether 3 relative

andd%“%rhg- ﬁa ‘g?mﬁm?:sgﬁ 6th %%Ofé%aémaé’aogq"ﬁ%%f I3, Dimg ey 3-
chel ator concentrations. [0053] Finally, the

hydsexybyridenese, rl&Dmﬁhmm&rmmﬁr@@@@ed@ef@bxam@anabod
3, 6 and 9 (Table 3) are all <4.6, suggesting

1992 (79plxi8aNI8O0]; nlonsechraaraasfe aribdonvettratibe rdse®o BEO&@efJ0 and
Al t hough ligand 6 has virtually identical ICEs in the

80%Pr AtBAse 20 AAM- 1{&&%@1@9085%13 k. Milndrd PI B dnB®aliBRSU. N. The
efficient (ICE 8 8% of the three polyethers in

Me%% l?%&%ﬁlf@f-g)eﬂlrésll (t}wgh a@g TOSIAE IJfH&&E ?(1 a?rmeh%em Jag'naican

nost” effec

R R NE T T A A P

profil e (nephrotoxi mty?} simlar to that of the 4'-
“SC%HUG’WCH‘TFGSI% awﬂﬂjﬂmﬁ eJamesagenisBer geron, R J.,
W egand, J., MManis, . S., Vinson, J . R T., Yao,
H. ,[085drHeical add vaime sRanBa weje colRcted at 24-h intervals and processed
(S)-4,5-D hydro-2-(2-hydroxy-4-
as dhmibedprﬂmm [BergabiR.-14-SukifazRl recardapy . i, ﬁsﬂugls R.D,
Pol yet hers: A Solution to Nephrotoxicity. J.

mggg%e?t% é7W1e§Zr§i’3]J Mrger{([j’?B arq{e?é,} HRH #‘ Comparatlve
Sm(@e&fl L ho@@%g}lensgl l§x’opearrt11gs gi’/ Beé“}"eimtﬁlocm Ana]ggues with
Desferrioxamine B in a Cebus Monkey Model. Blood 1993,81,2166-2173; Bergeron,
R. ], Streiff, R. R., Wiegand, J., Vinson, J. R. T., Luchetta, G., Evans, K. M., Peter,
H. and Jenny, H.-B. A Comparative Evaluation of Iron Clearance Models. Ann. N. Y.
Acad. Sci. 1990,612,378-393; Bergeron, R. J., Wiegand, J. and Brittenham, G. M.
HBED: A Potential Alternative to Deferoxamine for Iron-Chelating Therapy. Blood
1998,91,1446-1452]. Briefly, the collections began 4 d prior to the administration of
the test drug and continued for an additional 5 d after the drug was given. Iron

concentrations were determined by flame atomic absorption spectroscopy as

presented in other publications [Bergeron, R. J., Streiff, R. R., Wiegand, J., Vinson, J.
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Specific Iron Chelators. J. Med. Chem
2006, 49, 7032-7043], respectively, and will not be
worpoed1$483 war d. The (S)-3'-(HO -DADFT- PE (9) wWeCRES200$/003433
in both primates (24.5 7.6% and rats (10.6 4.4%,
PR 2.3, suggesting a higher index of success ina third
R.Epbrhedta, Gy dyaes. K- MafaferitdmndiJenpn 1B 1A Copwriativgr ge
fraction of the iron excreted in the urine of the
Evalpaticayaf Iygar Cleatagee Modald. Ann.tMeY uAtade Soff 1920,6 En3Z8-393;
performance of iron-bal ance studi es woul d be
Beffgagin| Rt &if @egahldi k, Wodleadwetser M. | Mb®IanBY RS . f Dlped ] B. ahd
protracted preclinical toxicological assessments in

Rat‘]iﬂd'?ﬁ@rﬁ;[)soﬂlpﬁ.5§ nth&id Hif A EvalaatiGP 6t Nﬁ’pﬂmﬂkﬁ@{%hhiocin

were obtained TromWrld Wde Primates (Mam?
oME- y t e frocured from Harl an

Iro‘g?rhglég)gg'g'a&ﬁgg% %ﬁd}%gﬁa%oﬁ/%, lél%!{l;) Crenophor RH 40 was

acqui from BASF. (Parsi.ppany, NJ). U trapure |ts

v OS3T e s i Bine FORr DR Relbe R ST E DA Bgle 300

(Royston, U K. ). Al hematol ogical and biochen cal
nmetkgifless qf depgsdr-drorally (pg). ThetqogipoundRveR adminisigrag asgl) a

A., Daniels, R D., Jr., King, W, Luchetta, G,

solWagarnterX3) o2¢ theemondsodmndsdPedfahe cdipdindAf interest (prepared
Conparative Study of the Iron-Cl earing Properties of

by fBestigitioh tof il gLV ANUGII 88 sidpehsibe of B Tredikidein Bidiilled water
Cebus Monkey Mdel . Bl ood 1993, 81, 2166-2173] were

(1-B e‘{_f rﬂfe%rﬁ%!ﬁk%@en%@ﬂ@%hk% rp‘eoTa?mqg%s% EiL?aS u{‘?ﬁ)m& ?6, 9) or

abso ption asurenents

er ki n- El el .5100 PC (Norwal k, CT
1Rl (8T LTt amer pere SREed R {5 oF in cxspprbgr 7 and -
Vet Path (Bushnell, FL). [0055] Cannul ation of Bile
8 wepectolyilizgdrin P FHCromapbgBE @¥aterhas been descri bed
previ ously. The cannul ati on has been descri bed

pr el089KTRe thBpreaca anpp|cmtpuseofethe ohélatotederk genemiden the
Sprague-Dawl ey rats (400-450 g) at 3-h intervals for
basisfofta®: #8ompleX TEhakffiBiRnsidsTil B $its WAG moakeys vadre 24ichilated as set

intervals. Sanple collection and handling
forth elsewhere [Bergeron, R. J., Wiegand, J., McManis, J. S., McCosar, B. H.,
Weimar, W. R., Brittenham, G. M. and Smith, R. E. Effects of C-4 Stereochemistry
and C-4' Hydroxylation on the Iron Clearing Efficiency and Toxicity of
Desferrithiocin Analogues. J. Med. Chem. 1999,42,2432-2440]. Data are presented as
the mean + the standard error of the mean; p-values were generated via a one-tailed
student’s r-test, in which the inequality of variances was assumed; and a p-value of
<0.05 was considered significant.

[0060] Collection of Tissue Distribution Samples from Rodents: Male

Sprague-Dawley rats (250-350 g) were given a single sc injection of the monosodium

salts of 6 and 9 prepared as described above at a dose of 300 umol/kg. At times 0.5, 1,

2, and 4 h after dosing (n = 3 rats per time point) the animals were euthanized by
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are as previously described [Bergeron, R J., Streiff,
R R, Ceary, EE A, Daniels, R D., Jr., King, W,
woeomhaet#as G, Wegand, J., Merker, T. and PeP&r/PS1408/003433
H. A Conparative Study of the Iron-C earing Properties
of Desferrithiocin Anal ogues with Desferoxamne B in a
EXROSHISLO (5 easy- Risad was pbigaed Mmaardiac prpguIzlin vagaiageron,
R J., Streiff, R R, Wegand, J., Vinson, J. R T.,
contypingtspdiunitraey Ehsblokd wes ceefiegged Hindathel plhemiaywyas ldepaBated
A Conparative Evaluation of Iron C earance Mdels.
for Analysibl. ThE. liveediart Saitine ys 983 uheredd SredOBbn rdrf®RE]frobh the
nonkeys (3.5-4 kg) were iron overloaded with

anirfAls! USROS PIEUT HEIAIE ABatBe “ﬁrmgg%ﬂ‘&g@f-ﬁm E)lé fang Ot

ublications to provi de about I ron

p _ : ,
(HGPOANILREQ B RR PrrrGaldfy spyioly of AR

' rqQn- ¢l earing Properties of
[Bq%eggx%r@gwgggé&ﬁyhf&yg%]i. §.2p5e8; - R. T., Yao, H., Bharti, N.
| . 2-Di et hyl - 3- hydroxypyri d-4-one, and Def er oxam ne.
ancef essa, 180 59)755 1hiByro¥bi hydrhiy. 4divdraxyphensed miathylrion
saturation rose to between 70 and 80% At |east 20
thidzalefarbbxdi, AGO Polyethead A Solutilln to Nephretoxidity. F.MédChem.
Pat hak, U. N The Metabolismof Iron-dextran G ven as

2008,4D01 - 118S £ Th Belsi@At dt6dy, rtﬁghel;)@lfd'n?{h%QS)-é'agﬁbﬁBﬂDFr-PE
Subj ects. Br. J . Haematol. 1968, 14,1 19-129], el apsed

)] bed FS')-%’-?H@)-%AIBP?—% : edtedFhi§ \x}é§ee€r8h%9c? ¥(€r:I{I:%];j€ g}ﬁ ysis by

eval uating’iron-ch ng agents.

urine.s | es | ect ed -h inptervals an
norash B GR SecHEEh Bhevnutet:S (yiar Dot a po Crion
Streiff, R R, Creary, E. A, Daniels, R D., Jr.,
at aygptigrof {48 (W) rasrdded aid theymiyarriwag storegse r-R@rC far 30amin.
Peter, H H A Conparative Study of the Iron-C earing
Thiphopeganateswax cebufiged: | The wipemarintvegdidstedtith mobile phase A
Desferoxam ne B in a Cebus Monkey Mdel . Bl ood
(9593 feB 12 206 K2LPO),, (B8 GSINCHECNY, vortSké® iahdl filtBredRvith a 0.2

Wegand, J., Vinson, J. R T., Luchetta, G, Evans, K
um MemB?8A¢ Analytical separation was performed on a Discovery RP Amide Cj¢
HPLC system with UV detection at 310 nm as described previously [Bergeron, R. J.,
Wiegand, J., Weimar, W. R., McManis, J. S., Smith, R. E. and Abboud, K. A. Iron
Chelation Promoted by Desazadesferrithiocin Analogues: An Enantioselective
Barrier. Chirality 2003,15,593-599; Bergeron, R. J., Wiegand, J., Ratliff-Thompson,
K. and Weimar, W. R. The Origin of the Differences in (R)- and (S)-
Desmethyldesferrithiocin: Iron-Clearing Properties. Ann. N. Y. Acad. Sci.
1998,850,202-216). Mobile phase and chromatographic conditions were as follows:
solvent A, 5% CH3CN/95% buffer; solvent B, 60% CH3;CN/40% buffer. The

concentrations were calculated from the peak area fitted to calibration curves by

nonweighted least-squares linear regression with Rainin Dynamax HPLC Method
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H. and Jenny, H -B. A Conparative Evaluation of Iron
Cl earance Mddels. Ann. N Y. Acad. Sci.

wQa9®8/16423 378-393; Bergeron, R J., Wegand, JPCT/HS2008/003433
Brittenham G M HBED: A Potential Alternative to
Def eroxam ne for Iron-Chel ating Therapy. Blood

Mapegrs soff waredRamis InstrumeptEpy, Theyaetbed he% # detgstioreligit of 0S5
prior to the admnistration of the test drug and

uMamt wasreprodoeibkeransdditienr oveala rangd offl+-¢00Q . dr ug was
given. lron concentrations were determ ned by flanme

Tisateodibigibalion dfth afNprofAcddr RIBOMEaR - RIRSeRre Gehdtal R a one-
publications [Bergeron, R J., Streiff, R R,

tallw eQatMls rkest, M \Ulﬁeﬁl the‘]ingﬁuairty OMS:]QE(EC% zavasg’ssun'r:éﬂ‘rj'enﬁl’a Kvalue

, Peter, H and Jenny, H dI n’pz:]atlxle Y Acad
l\/b . .
of%Y@:% u’%gﬁ(grﬁé%ﬁe(gg}gpgg?ﬁaég:]ggr on, eR.S J., nW egand, ga

Al.gee, S. E and
tqwf&ﬂlaﬁﬁ%'&% Na’évﬁ&eﬁégihgseﬁbusmgoqhsgwmd published
Eval uation_of Naphthyl desferrithiocin Iron Chel ators.
earjer [Bsegerah &, E@&@%J 1¥cMargg 1] S. qnddBefti.IN ThedDesign,
iron-clearing experinents, the rats were given a
Syrghesig, end@BOaloaidn’ dgOdasSpetifid ltogCHelfoer BIMsd. (hejn. The
conpounds were admnistered as (1) a solution in water

2006399, TU32( M3t BergeRmOROM Wiksalt J.0kcMIgisC PP oWl w. R,
i nt er est (prepared by the addition of 1 equiv of NaOH’

par{( Sgﬁ%%ﬁ%ﬂlsoﬁ tﬂ%? Jr&?q s}?d ﬂn téhhg Sd. '1\11 %&A@sn ariant

drdgs e nD keys

Deffﬁ%%amami%@eﬁ st ﬁafgsg?w B ’]‘féea?%kp emcetiﬁgdz

vvere sol ubi | i zed i n 40% Cr emppho
Chm%@ﬁﬁtf@ﬂ 831 dirgpenth averhpyekased fom A@hlcblﬁfwmxeal&o
the chelators were generated on the basis of a 2:1
(MidwagkeexW T hed EishecOptimh gsadersotvients vatrs raamidelynrskeéy\RMbew as
" calculated as set forth el sewhere [Bergeron, R J.
dlst‘ﬂlﬁgﬁlﬂdr indrt atiybdphBiesind THBwas W D&PfromBodidm aéi mar,

R, Brittenham G M and Smth, R E Effects of
bengoﬁhef%ﬁé. RREARIHs SHer run under a nitrogen atmosphere, and organic extracts
were dried with sodium sulfate and filtered. Silica gel 40-63 from SiliCycle, Inc. was
used for flash column chromatography. C-18 for reverse phase column
chromatography was obtained from Sigma Chemical Co. Optical rotations were run at
589 nm (sodium D line) utilizing a Perkin-Elmer 341 polarimeter, with ¢ being the
concentration in grams of compound per 100 mL of solution in chloroform. '"H NMR
spectra were recorded at 400 MHz and chemical shifts (8) are given in parts per
million downfield from tetramethylsilane for CDCl; (not indicated) or sodium 3-
(timethylsilyl) propionate-2, 2, 3, 3-d, for D,O. Be spectra were run at 100 MHz and

chemical shifts (8) are given in parts per million referenced to the residual solvent

resonance in CDCl3 (8 77.16). Coupling constants (J) are in hertz, and the base peaks

37



and C-4' Hydroxylation on the Iron Clearing Efficiency

and Toxicity of Desferrithiocin Analogues. J . Med.
wWCh@si1154899, 42, 2432- 2440] . Data are present ed BST/Uk®08/003433
~ mean the standard error of the nmean; p-values were

generated vig a one-tailed student's f-test, in which
afet'ﬁ%"““ﬁ’e‘g& thei f?sgl I5k1 %mawggrwra@gﬂr@alyseéwrapﬂfam@ by

of <0.05 was considered significant. [0060] Collection
AtlantiTMyerotabpx(Norcrasa: GAN NahplifereheeopeRotiwatebtaibd deat 500

Sprague-Dawl ey rats (250-350 g) were given a single sc
MHDpettanglesoiere et deyaeseddiverd ioakpin, @hd thedhcbedte RipeRaie dvas

as descri bed above at a dose of 300 nmol/kg. At tinmes

regdlated & 2, and 4 h after dosing (n =3 rats per tine

poi nt) the animals were eut hani zed byexposure to CO2

27gésF?rEiﬁﬂgcgmn?§§o% Vgd 1§’ b8, ACBERSH gff'éfgglaeoms

vacut al'ner s cont ai ni ng Sodi um Cl
centrlfu and the plasm was separated for
congRBirIHgng asT%’é‘g('}ﬂvifg heart, kidneys, and pancreas were
then renoved fromthe animals. Tissue sanpl es of
an[00&2ESenagHe speciip thinvsitigate fuqlar OnBrmuger effactsd (NOEsnwere
(HO - DADFT-PE (3) were prepared for HPLC anal ysis as
acquired by llmtﬁpoms aradixeidn[dBE regeiance afl thén on\tfegamthncd for the
McManis, J. S., V| nson, J. R T., Yao, H., Bharti, N

ﬂig%n&hg@fbgeﬂs usil a 3-second presaturation period, a 45° Ipulse and a 3—
Di hydr 0- (2 hydr oxy- 4- hydr oxyphenyl) - 4- et hy|

r
seopfl kS FET TapLaly 060 qé%&%%ﬁévea%iﬁéﬁ}%?&foﬁach
cur r.ent i ssues f.rom.

pan % fr%n mflv_%) lﬁkﬁﬁ% qggg)reﬂocgmn¥ Wltg exgwuﬁﬁ{w-lbrp@e(xg)g and
treat ed rats were prepared for HPLC anal ysis by
Foyisadigas| P‘ZT’?R?“themln 0.5 NHOO4 at a ratio of 1:3
(wv). Then, as a rinse, CH3CH at a ratio of 1.3 (wvV)
wa$00634 BOE differdnec spoctiarvecrapessited byl swatitrac@g BefspectBOn with

m n. This honogenate was centrifuged. The supernat ant
irradiasiofl ioffuiteeshantd frontahe kgecpiiaswith o onbadel@ésaludbrich. Mhese

KH2PO4, pH 3.0]/5% CH3CN), vortexed, and filtered with
difRrdfce spectra were then analyzed by integration of the relevant signals. The
inverted methylene resonances for the two hydrogens labeled g (Figure 1) and h
(Figure 2) were assigned an integral value of —200%, and the integrals for the positive
signal enhancements of the various other resonances were then taken as percent
enhancements of their parent signals. Results are reported as the average
enhancements from three or four replicates of each difference spectrum.

EXAMPLE 1
Isopropyl 2-(2, 5-Dihydroxyphenyl)-4,5-dihydro-4-methyl-4-
thiazolecarboxylate (10).

[0064] 2-Iodopropane (8.95 g, 52.65 mmol) and DIEA (6.79 g, 52.65 mmol)

were successively added to 4 (7.40 g, 29.25 mmol) in DMF (90 mL), and the solution
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nm nmenbr ane. Anal ytical separation was perfornmed on a
Di scovery RP Amde C 6 HPLC systemw th UV detection
W@2008/105483n as descri bed previously [ Bergeron, FT/US2008/003433
Wegand J., V\éinar W R, MMnis, J. S., Smth, R
[ ron Chel ation Pronoted by
‘Wabé%la%daﬁéé fq:sﬂﬁuht ﬁ\f% sHVepapBgy sndarhi Eaca thei rewducowas (eated
Barrier. Chirality 2003, 15,593-599; Bergeron, R J.
withile dhd M ditric &Rad/| safufratddh Nnaﬁt (300 L) amijwmeémmged WithFEtOAC
The Origin of the Differences in (R - and (S)-

(250afinEt kybdest e Cbhibliﬂe@Qirgamé ERRuctd W&E WIEh&d @RE SO €IS portions
Ann. N. Y. Acad. Sci 98, 850, 202- 216] . Mobi |l e phase

n e..as foll ows
of N O A BRI PP SER R R g
0% ffer he conce tratl ns were cal cul at ed
P“%%Opf? f‘lﬁé golipinchYompggraphy using PR FQACiptgligng,gencrated
nonwei ght ed | east - squar es, [ near regr ession with
7.9%i afi 19 (BYFanax YeHLE aik{oBdmihayeH NMR §4:28 a0@di29 @ d, 6 H, J
Instrunent Co.). The nethod had a detection Iimt of
= 5(5)2b.65%4, 3rH), 829 (ePHOAHCI 106)e3B8¢d) 1 HEAE 1QVH!5.60 (RPEE, 1 H,
of 1-1000 mM Tissue distribution data are presen ed
t a -1y r r e d
=R TR LD ENAR S , SAD8 B 65 0 BB BaE
| ue of <0.05 was conS|dere
11@5‘%&33%3"7??1 TR R B R L TR by
t he nmet hod published earlier [Bergeron, R J.
ol 129605560, fognd. 896 R36. i 1y T NOHE b
Synt hesi s, and Eval uati on of Organ-Specific lron
Chelators. J. Med. CEXAMPOLE® 49, 7032- 7043; Ber ger on,
R J., Wegand, J., McManis, J. S., Wimr, W R,
ParfihylR-(2, B-Dibstke Moy S.difsdro BehagyRs, J. and
Brltt)énhz(;\m G.l Pgllr)tltlon Va]ﬁ]a%t Des?errithi ocin

Anal ogues: Organ T eased Iron
Cl earance. J . Gﬁ iéc 88@ (391321-831]. Reagent s

Wer GoBs BA8SRShe (%%rl‘ g, 5§ Irz'ocnrfm ST B5tAD 13 g, 55.20 mmol) were

successively added to 7 (7.36 g, 29.06 mmol) in DMF (100 mL), and the solution was

stirred at rt for 48 h. After solvent removal under hivac, the residue was treated with
1:1, 0.5 M citric acid/ saturated NaCl (300 mL) and was extracted with EtOAc (200
mL, 2 X 100 mL). Combined organic layers were washed with 150 mL portions of 1%
NaHSO3, H,0, and saturated NaCl, and the solvent was evaporated. Purification by
flash column chromatography using 10% EtOAc in DCM gave 8.01 g of 11 (98%) as
a yellow oil: [0]*® +57.41°; "H NMR 851.31 (t, 3H, J = 7.2), 1.68 (s, 3 H), 3.25 (d, 1
H,J=116),3.88(d, 1 H,J=11.2),4.26(q,2H,J=7.2),5.71 (brs, 1 H), 6.79 (t, 1
H,J=78),697(dd, 1 H,J=84,1.2),7.03 (dd, | H,J=7.8, 1.2); 3*C NMR § 14.22,

24.56,40.19, 62.17, 83.26, 115.74, 117.88, 119.13, 121.20, 145.11, 146.83, 172.09,
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(M I waukee, W), and Fisher Optima grade solvents were
routinely used. DMF was distilled under inert

wa@rewspaes e and THF was distilled from sodi um BETUS2008/003433
benzophenone. Reactions were run under a nitrogen

at nosphere, and or anlc extracts were dried w
17%8%i %ﬁl@m&aqaécdafﬁa 13H 15PN, S006 29 diNap fgm a@ﬂnO625

SiliCycle, Inc. was used for flash colum

Angh (Gt NP H,®.18 for reverse phase col um
chr omat ogr aphy was obt ai ned from Si gna Chem cal Co.
Optical rotations BEMMVPUB 3at 589 nm (sodium D |ine)
utilizing a Perkin-El mer 341 pol ari rreter, with c being

the concg 195)-4,5-I8h 3d%-2f2-F X8 af. 100 nmL of
sol ution W%}JI g@oform ?% N spe ra vvere recor ded

4 fts ven in parts
‘S’Ié’%‘a&%%ﬂ’%ggﬁ ‘g%‘ﬁy‘r‘#?)?ﬁa tﬁ%‘?’ﬁa\fi Q% ane for CDC 3
(no or, sqdi um 3- rimeth
pr otﬂogﬁﬂjlr{é Cg" @yccg) mogpmy eth%fcﬁ?’sl é’ethéO\mmel)raaﬁ

at 100 MHz and chem cal shifts (d) are given in parts
diisppropyiazp idégarpetydate (e etz 3. 3hemadswerg aliceessivepadded to a

resonance in CDCl 3 (d 77.16). Coupling constants (J)
solatran ofrl 0h©Gré2zg, 1ar02 rhinel)kaderipiealphosphivpGraded 22@3 hiel) in

ESI - FTI CR mass spectra. Elenental anal yses were

dryPEHF er2vedLpwithtibtih GO(Mrggg ThabStulidiPwas Gsved %om

di fference spectra were tained at 500 MHz and

ten%@ﬂi@.‘r@ For'$h Gnd Yas %%ﬁl%gﬁi a y&¢ ?o%%?%g%m 9 re veg gy

t enper at ure was regu at éd

o REERHEH B YR 0ol @d@%oréea%‘q@%@éeé tra

to investigate nuclear Overhauser effect Sdéhfrf S) were
solufion wasdesPht 1 FndYRer the salidi farmeshwas filtered. tleratgryens

then on the resonance for the nethylene hydrogens,
conggritrigedaindasee amtiwps pediad tayt ¢cadwmp ehiootitograptty (30Vise, and

a 3- second acquisition time. Typically, 100-300
EtCRedptt®ldund Beheryabd @iv@Cr36Th bl 2 g5 299y asedfdliow oil: [0]® +23.2°; 'H
NMR €6 1.27 and 1.29 (2d, 6 H, J = 6.2), 1.65 (s, 3H),3.22(d, 1 H, J = 11.2), 3.53-
3.58 (m, 2 H), 3.64-3.71 (m, 4 H), 3.72-3.77 (m, 2 H), 3.84 (1,2 H, J = 4.7), 3.87 (d, 1
H,J=114),4.084.12 (m, 2 H), 5.08 (septet, 1 H, J =4.0), 6.91-6.96 (m, 2H), 7.01
(dd, 1 H,J=9.2,3.2), 12.02 (br s, 1 H); BC NMR § 21.71, 24.37, 40.01, 59.15,
68.52, 69.69, 69.91, 70.68, 70.76, 70.92, 72.03, 83.83, 115.23, 115.82, 118.03,
121.49, 151.17, 153.80, 171.12, 172.13; HRMS m/z calcd for C,,H3;3NO-S, 442.1899
(M + H); found, 442.1887. Anal. (C,;H;NO,S) C, H, N.

EXAMPLE 4
(8)-4,5-Dihydro-2-[2-hydroxy-5-(3,6,9-trioxadecyloxy)phenyl}-4-methyl-4-

thiazolecarboxylic Acid (6).
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pair of free induction decays before processing with
exponential |ine broadening and Fourier

wao e@ssisgsimt i on. [ 0063] NOE di fference spectr aP@EDS2008/003433
present ed by subtracting the spectrumw th irradiation
of f-resonance fromthe spectrumw th gn-resonance

pr et896¢} Arsobrion 0 (/v YAl £3-3p Bt P4 Ml h ELOH (34

anal yzed by integration of the relevant signals. The
mL) mas pddsdl todi2HY | 1dre 4réSsomahice CHEM (Hemlwithyick bajbegoling.
| abeled g (Figure 1) and h (Figure 2) were assigned an

Thé rhefpraintadeuweasatirred @0 Lgonarehgebtuiefoe 18 Bl Mdfihe blilk®f the
positive signal enhancenments of the various other

soNé‘t‘ﬁ XA RERSverSyErotd? evt;ﬁ}rarbnashe%sﬁﬁetwﬁmﬁaaew&@utekaa
t heir parent srgna Results are reported as the

vera enhance |icates
0B PSSR Ly DSBS SRS o
5-Di hydrox%phenyl -4 5- di hydr o- 4- et hyl - 4-
coofash igdes, aeidifinsboyitag N Hﬂ))to p{Ylovo%,zqndzsxtr@@@cbwapditQA(cs(396100
g, 52.65 mmol) and DIEA (6.79 g, 52.65 mmvpl) were

mL3.UKfta ke FedXc bgdadvée whshed withGatuZe 2Na@n@b) ni), Pidksware
(90 nmL), and the solutionwas stirred at rt for 72 h.

that\WhSpre SRAKYEH 3 NQH@Y fdr 1$NERIwiN dARoyddRent&shd uﬁft&‘@s%lvent

treated with 1:1, 0.5 Mcitric aC|d/ sat ur at ed

femhrlobwﬁ%“? NN p RN e R trﬁn%eomﬁ&al”

trons of 1% NaHSO , H2O, and saturated NaC, and
+4Q(Pre HNMRi (BhO)asl a/@paﬂmw (dPdH; ¢ r=deit2)o3138)9s Bk R.54-3.58

col utm chr omat ogr aphy usi ng 20% Et OAc i n tol uene

(m,PeT)e 320488177 (1944 §1)08.723.10OR1)2 HF, 40%2I11 ¢y, 8iH); 6.0a]6295 (m, 2
+41.1; 1IHNWVR d 1.27 and 1.29 (2 d, 6 H J =5.5), 1.65

.41 2080 Stk Sphlgof Sty oty Jos
70.%0%0’,2}1.3?, 83?44,%?5.21,01 1055.65, qu.%%, 12813637,%51.]1%,515%.69, 171.83,
176.18; HRMS m/z calcd for CsHysNO5S, 400.1429 (M + H); found, 400.1416.
EXAMPLE 5
Ethyl (S)-4,5-Dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-
4-methyl-4-thiazolecarboxylate (13).

[0068] Tri(ethylene glycol) monomethyl ether (1.70 g, 10.36 mmol) and
diisopropylazo dicarboxylate (2.53 g, 12.50 mmol) were successively added to a
solution of 11 (3.0 g, 10.16 mmol) and triphenylphosphine (3.17 g, 12.09 mmol) in
dry THF (60 mL) with ice bath cooling. The solution was stirred at room temperature
for 8 h and was maintained at 5 °C for 40 h. Solvent was removed by rotary
evaporation, and 40% EtOAc/petroleum ether (50 mL) was added. The solution was
kept at 5 °C for 12 h; the solid formed was filtered. The filtrate was concentrated in

vacuo and was purified by column chromatography eluting with 50%
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115.94, 118.05, 121.59, 148.02, 153.1 1, 171. 24,
172.57; HRVS niz calcd for CL4HLBNO4S, 296.0956 (M +
wodrgosfiodssl, 296. 0956. Anal . (CLl4HL7NOAAS) C, H, PEI/US2008/003433
EXAMPLE 2 Et hyI 2 (2
3- D hydr ox en 5-di hydro-4
Et(?/h?/a%%@lswaryeﬁw %‘t"@ 1(081g b 1 Y 3 @as qndmaer%é\n(a@abilc@l
55.20 mmol) and DIEA (7.13 g, 55.20 nmol) were
saigple svas phuiEed omfid Eireversg phase3®@lymn 2o g withpiqpal yolbnes of
(100 nm.), and the solution was stirred at rt for 48 h.

50%fdgeMeSH ¥RN10% @EPVRIOH tegectivel ] o] haoresTHIN®RSE .30 (t, 3
treated with 1: 1, 0.5 Mcitric acid/ saturated NaC

H, 930P2)”‘r)66%5‘d3 dﬂi’gr% %«]‘J 361 & WM %2 3%8%3%‘-15095%3.51%@ riﬂ?

Conbi ne I"'dyers

3 6%%%%?1 wafh 328 “i’&iﬁaf%ﬁ‘é%o%&l?q Retgi W&;N?F‘a%ﬁa?d 50

col um chromat ography using 10% Et OAc in, ave
42606 .4 8655790, & Fydi Db 0k 7105) 30 2087 ' ALNMIM NS,
ddl .31 (t, 3 H =7.2), 1.68 (s, 3 H, 3.25 (d, 1 H J

24.47,130.9%, 5930862.0T,68195:169.79=70.60,2)0.70} 708 1( T.9%, 83,48) 116.42,
=7.2), 5.71 (br s, 1 H), 6.79 (t, 1 H J =7.8), 6.97

117468118, 2b|; 122, 78-147. 7é ?90 35 1@3 7()0' @'72 do: h‘iR}hs-»%/z%alcli f&)
13¢ N 14. 32, . 2.17, 83.26,

N S A Ao

304. 0619 (M+Na); fougg%ﬁggéﬁgzs. Anal . ( CL3HL5NO4S)
C, H N. EXAWPLE 3 |

(S)-4,5-D ydr oxy-5 2,6,_9-

) oxaceE)Fuspy iy [ ity 106, aradicatsaptmbep it e

(12): [0066] Tri ( et hyl ene gl ycol) nononet hyl ether

(3.19 g, 19.46-matbyl)4-gdnazadkedagmxybpyncak@)di car boxyl at e

(4.73 g, 23.39 mmol ) were successively added to a

[0069] A solution of 50% (w/w) NaOH (13.88 mL, 266.02 mmol) in CH;0H

(120 mL) was added to 13 (8.89 g, 20.80 mmol) in CH3OH (280 mL) with ice bath
cooling. The reaction mixture was stirred at room temperature for 6 h, and the bulk of
the solvent was removed by rotary evaporation. The residue was treated with dilute
NaCl (300 mL) and the basic aqueous phase was cooled in ice, acidified with 2 N HCI
to pH =2, and extracted with EtOAc (4 x 150 mL). After the EtOAc layers were
washed with saturated NaCl (300 mL), glassware that was presoaked in 3 N HCI for
15 min was employed henceforth. After solvent removal by rdtary evaporation,
purification was done on C-18 reverse phase column, eluting with 50% aq. methanol
and lyophilized to furnish 4.98 g of 9 (60%) as an orange oil: [0]*® +61.9°; '"H NMR
(D,0) 6 1.77 (s, 3 H), 3.35 (s, 3 H), 3.56-3.62 (m, 3 H), 3.64-3.73 (m, 4 H), 3.75-
3.89 (m, 2 H), 3.92-3.96 (m, 2 H),3.99 (d, 1 H, J = 11.6), 4.25-4.31 (m, 2 H), 6.99 (4,

1 H,J =8.2),7.26-7.33 (m, 2 H); >C NMR § 24.52, 39.93, 59.07, 69.04, 69.83,
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solution of 10 (5.62 g, 19.02 mmol) and
tri phenyl phosphine (5.93 g, 22.63 mmpl) in dry THF

W@ 1@8/1n4p3 Wi th i ce bath cooling. The sol uti on RBEUS2008/003433
stirred at roon1tenperature for 5 h and was mai nt ai ned
at 5 0C f Sol vent _was renoved by rotary

70. é%&;%“a?%ﬁ ? h% 880dk, e 48/ bkt %|1é§-n‘rpe{%%0,(116@7@0-24,
was added. The solution was kept at 5 OC for 12 h; the

17%588,i1d6516¢ dBRMYas/zfcalcd doed 1sHEMNROS, U000 d#29 (st H); found,
concentrated in vacuo and was purified by col um

40 ¥ 1emat ogr aphy (50% Et OAc/ petrol eum ether) to give
4.36 g of 12 (52% as a yellowoil: [a]20 +23.2; 1H

gwgggle]l %%n@l@arln%ﬂcﬁ%@jy ofgl%éfen]ltmémg)Analo WhenSA(mnmstered

9?13(15’) to f?ﬂ%ﬁg%ﬁ i}ie( F%rt aﬂx)l_%,‘ggf?ﬁc?eg]ts( dp th% Cﬁfnpogné% 7)
KooKt .01 (dd, 1H,
D femth90c% Andl 1270 P¢ Sjog P, 13C NI\/R d 21. 71,
%4 37 40 3%)3 Eff‘%‘encegé%);?l gﬁqp'ﬁ%g 69.91, 70.68,
H H 70.92, 72.03, 83.83, 115.23, 115.82, 118.03,
1 d@l 17, 153.8808 17%1D2, 172.13; HRVMS mlz cal cd
for 78 4492100/8R9 (M + H); found, 442.1887.
sAnadyoafredl H3, NO7S) C, H, N. EXAMPLE 4
CH 4, &+ Di hydr o- 2-[ 2- hydr oxy-5-(3, 6, 9-tri oxadecyl oxy) p
he gqet hyl - 4 4. @zol eggpboxylic Acid (6).[0067]
A sol ufign °of 50% (pyy) Na(]—|?3 34 L, 94 Mol ) in
_.A “HL) was added to 12 (2.14 g, 4.85 mml) in
A 2
i Lmni path—eoot i ng. The reaction

( 'xtoure was stlrred at roomtenperature for 18 h, and
T he of dhe solyeny was irignoved by rotary
evapo ghe re@iidue was treated with dilute Nad

(100 n) & was extracted with ether (3 x 50 nL). The
(S)'Hﬁ@)'PAWﬁﬁ%AHQ phase was cooled in ice, acidified with

2 to pH:2 and extracted with EtOAc (3 x 100
HO CHs 1.0 £0.9°  -1.14

o [99/1]
(5)-5'-(HO)-DADFT, 4
OH
_ 6.3+1.2¢ -0.61
s M com [95/5]

($)-5'-(CH;0)-DADFT, 5

/& 80+ 18 127
O/\,o J)LOH [98/2)]

(5)-5-(HO)-DADFT-PE, 6
OH

OH

o 46+09 ~1.17
R
3 [98/2]
S\)\COZH
(5)-3-(HO)-DADFT, 7
CH0
H
N oH 124 +35° -1.12
= 3
99/1
S\)\CQH [ ]

(5)-3'-(CH.0)-DADFT, 8
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m.). After the EtOAc | ayers were washed with saturated
NaCl (100 mi), glassware that was presoaked in 3 N HC
wo 200815483 n was enpl oyed henceforth. After sol RENUS2008/003433
renmoval by rotary evaporation, 1.88 g of 6 (97% was
' il +40.0; 1H NMR (D20) d
. ‘(/\0’3$17\326(d IH J =11.2), 3.38 (s, 3 H,
%- 3 58(m2H),10 +§43. 7L fm 4 H, 3.72-3.76 (m 2
47411 éé) 691695(m2H) 7.01 (dd,
THL )7%=9%. 0, 3. 0) YU NVR d 24. 46, 40.04, 59.04,
<5)68Hd1®4xm69586 70.48, 70.62, 70.80, 71.91, 83.44,

115.21, 115.65, 118.09, 121.63, 151.12, 153. 609,
171 83, 176.18; HRMS mlz cal cd for Cl18H26NO/S,

t1111:4%86"{[%\1/|3[/dr Ik %6)]: gu(?yéf gg‘;’/ 9’24%336 tM§ L(gl) fidecy ioexvy 5,300
um??F% PR T AP M 86 e

mml ) and dllsopropylazo dlcarboxylate (2.53 g, 12.50

as thed) Mopesdivy ceadiss Plepraieda by dde tasddgionopfitli saviyf off NaOH go a
g, 10.16 mmol) and triphenyl phosphine (3.17 g, 12.09

suspersion ph thiy fredHcid 60 distilledi witer €& DadH9)cdbk i affjcieditye of each
solution was stirred at roomtenperature for 8 h and

coriguintraw a3t @llairgte @by Subteadii, § e ifon Sratit of\Esntfod ABMEAs from
by rotary evaporati on, 40% Et OAc/ pet r ol eum et her

the (15(91 RkdreM&S o@dtﬂg Qrea-lré?ﬁ aﬁ‘x%di@ ' 'Pl‘ﬁs WRSnEES RLasah?eﬁ 8Gide@ by the

h: the sol |d ormed was filtered. The fi tratevva

d
the&r%ﬁga?%ixg)gﬁ etﬂ Ytal% %%"é‘s”seg‘é@édg &IA'I%B é?l?xtéy B?ﬁc%qtﬁ%fis of the
. 0 f 13 250 . An
"0%1 ‘fﬂ’a‘#‘eg’ﬁg‘ﬁg‘é“ﬂﬁ% 15U PFac ataslgnogang%g ?Iever se phase
col urm eluting with equal volunes of 50% aq. MeOH and

4 %t)aggrﬁ ex_.prgss% eggﬁ%gog E'f@e %actzlgn glg%qu oct]fl;plN ygsI [(Ellogsgapp);

112) 3.38 (s, H%352358m2H)
measurements were done in TRIS buffer, pH 7.4, using a “shake flask” direct method.

The values obtained for compounds 1 and 2 are from Bergeron et al, J. Med. Chem.
2003, 46, 1470-1477; the value for 3'is from Bergeron et al, J. Med. Chem. 2006, 49,
2772-2783; the values for 4 and 5 are from Bergeron et al, J. Med. Chem. 2006, 49,
7032-7043; and the values for 7 and 8 are from Bergeron et al, J. Med. Chem. 2005,

48, 821-831.
c. Data are from ref Bergeron et al, J. Med. Chem. 2006, 49, 2772-2783.
d. Data are from ref Bergeron et al, J. Med. Chem. 2006, 49, 7032-7043..

e. ICE is based on a 48 h sample collection period.
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3.63-3.71. (m 4 H), 3.74-3.79 (m 2 H), 3.88 (d, 1H, 7
= 11.6), 3.91 (t, 2 H J =5.0), 4.20-4.26 (m 4 H),
W®2009/1(1433 1H, 7 = 7.6), 7.01-7.07 (m 2 H); 13BNMNR008/003433
14.18, 24.47, 39.96, 59.10, 62.07, 68.95, 69.79,
70.60, 70.70, 70,91, 71.99, 83.48, 116.42, 117.62,
Table 2glron-iearing Adivityof DegfenshiosmAngogues Vhen Admisistered
/z calcd for C20H29NO7SNa, 450.1562 (M + Na); found,
Oradly0o 15685 afalial Pril(lﬁIE@HRDlﬂd@Pﬁﬁith (EbefﬁbieﬁXAK/FHeEZ(ﬁnpounds
(S)-4,5-D hydro-2-[ 2-hydroxy-3-(3, 6, 9-tri oxadecyl oxy)p
henyl]- 4-methyl-4-thia zol ecarboxylic Acid (9) [0069]
50%of-Gleying Naokp( 3. 88 nl, 266. 02 mmol )
[f“éﬁié%ﬁﬁﬁT’B nﬂ¥ﬁmm5y@@de§t2%}13 (8.89 g, 20.80 nmol)
OH (280 nmL) with ice bath cooling. The reaction
re gas sti rr &8 at2r oom!t0énperature for 6 h, and
the QUK Of the sol8%@Nt was renoved by rotary
evaporati®h. The residue was treated with dilute NaC
%Mand—(_he_bas_c_aqueaus_phase was cool ed in
f cidified wth 2 NHO to pH = 2, and extracted
vm%@wM x P3P Af080 the Et OAc | ayers were
washeds-wiédn sat ur af8@INaCl (300 nlL), gl assware that
owaesihppesoaked in 3 NHO for 15 mn was enpl oyed
Rengeforth. After solvent renoval by rotary
( rtiosn, purifsigcaijcon wggpodone on C 18 reverse
| yf} el utjgggywi t h 50% aq. net hanol and
j}’meﬁfurnlsh 4.98 g of 9 (60% as an orange
)3 +61.9; 1H NWMR (D20) d 1.77 (s, 3 H, 3.35

phas
| yophiTiZe
) Qilo)-pht.

( A dbbdbd(m 3 H, 3.64-3.73 (m 4 H),

m&% M2 s 0,358 (M 2 1 309 (o, 1

o7 S YN 425 448 T 2 MY 6.99 (1, 1H 7 = 8.2),
7. 26-37.)@3%H(m > PVHAC R U 2452, ' 36,93, 89,07,

%MMMM 71.97, 83.21,
1 117. 94, 118.50, 122.80, 147.67, 150. 24,
cH 6. 100 HE Wz caPél for CL8H26NOTS,

400. 1425%@;»«1 + H): [6{6hd,

(5)-5'-(CH;0)-DADFT, §

0\/\0/@( 8.1+2.8° 21.27

O/\/o [56/44]
(5)-5'-(HO)-DADFT-PE, 6
OH

H

23.1+59" -1.17
S [83/17]
S\)\COZH
(S)-3'-(HO)-DADFT, 7
CH30
H
h
- 22;597].1 ~1.12
S\)\COZH
(5)-3'-(CH;0)-DADFT, 8
o/\/o\/\o/\/o\

o 245+76° -1.22

%OH [72/28])
s/

(5)-3'-(HO)-DADFT-PE. 9
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400. 1413. Table 1. lIron-Clearing Activity of
Desferrithiocin Anal ogues Wien Adm nistered Oally to
wo@ent®3nnd the Partition Coefficients of thePCT/US2008/003433
Conmpounds I ron-C earing Desferrithiocin Anal ogue
| ]nogo Pp alppb Effi C|ency HO) - DADFT. 4
R S-06 MR RG29S (1t 9% BHDHENe Beigs e given po at
rodents [n = 3 (6), 4 (2, 4, 5, 7, 9) 5 (3, 8), or 8
a dok$ Jof Theinddée @.9)300 lﬁﬁulmkl@(g Thé,c'brﬁp.oﬂfhdssomﬂoends were
solubilized in either distilled water (3) or were
solghilied BSecitheidistied aenel (B)) 6%t CremdpBOR(R T, 1By, dh@ere given as
addition of 1 equiv of th}Ito a suspenS|on of the

thefr'6n REHEn é?iltg' pcrE}%zlrE@ Hy W &ldidich (ﬁi i¥bf NE@?—I to a suspension

efficiency of eac oun was ca ated

actin cre ontrol anlnals fr
of (el 1) alsified Wfkr TG BT R of B M as
hen di vi ded by the th oretlcal out the result
Calﬁatsi B ebsmping thy ‘ﬁ%‘i Qriput ?qfh‘é dayy hefiove Pfﬁe@ctrwsar@tégn &f the
the iron excreted in the bile and urine are in
drupy gktraelingp thedat avmberse Xpmesthed tae-dajie itopg clsaranhe after the
fraction in the octanol |ayer (log PapP); neasurenents
admvaiseradomef itire difdigSalndifHear dividihg/by theutheogtiaal’ Shplee the result is
fl ask"” direct nethod. The val ues obtai ned for

expr@RRP N E pefteANdhE rdlhfvd g&%rﬁ%&%ﬂﬂe ftbn @keretbd 1Mfﬁle stool and
Chem 2003, 46, 1470-14 the value for 3 is from

al, J. Med. Chem 2006, 49, 2772-2783; the
l"ngﬁﬁgELQQCE&S and 5 are from Bergeron et al, J. Med.
Chem 2006, 49, 7032-7043; and the val ues for 7 and 8

a .
RO %‘%"%*55%%2‘% A4 ot R0 G The 80001 fhyer (lgg P
mee%laremen sO vovgl‘e doné 1r12 %Bs %7§er pH 7.4, using a “shake flask” direct method.

The values obtained for compounds 1 and 2 are from ref Bergeron et al, J. Med.
Chem. 2003, 46, 1470-1477; the value for 3 is from ref Bergeron et al, J. Med. Chem.
2006, 49, 2772-2783; the values for 4 and S are from ref [Bergeron, R. J., Wiegand,
J., McManis, J. S. and Bharti, N. The Design, Synthesis, and Evaluation of Organ-
Specific Iron Chelators. J. Med. Chem. 2006,49,7032-7043]; the values for 7 and 8

are from Bergeron et al, J. Med. Chem. 2005, 48, 821-831..
c¢. Data are from Bergeron et al, J. Med. Chem. 1999, 42, 2432-2440.
d. Data are from Bergeron et al, J. Med. Chem. 2003, 46, 1470-1477.
e. Data are from Bergeron et al, J. Med. Chem. 2006, 49, 2772-2783.
f. Data are from Bergeron et al, J. Med. Chem. 2006, 49, 7032-7043.

g. The dose was 75 umol/kg.

46



d. Data are fromref Bergeron et al, J. Med. Chem

2006, 49, 7032-7043.. e. ICE is based on a 48 h sanple
w@oioBecuBdN period. Table 2. Iron-C earing ActiRCT/YSmH8/003433

Desferrithiocin Anal ogues When Adnministered Orally to

Cebus apella Primates and the Partition Coefficients

hoPatarqge trgmpBergeronict ak JaMedr Chegn. | 2908, 45, 821-831.

Desferrithiocin Anal ogue Efficiency (%"

’I( (HO) - DADFT-PE, 3 (”~-5'-(HO) - DADET, 4
@9; w@)gemﬁfﬁ@@cyd’&rfoma@%éiwwé%steﬁrlthmcpe 7,
5 (8) 6 (1), or 7 (2, 9)]. The drugs were given po at
a dose of 75 mmul/kg (6, 9) or 150 mvol /kg (1-5, 7-8).
The coPAOIHFAdN REMBIeS JRTMP ROdeSi n ei t her distilled
water (3), 40% Crenophor (2, 7, 8), or were given as
the4—r—nceneseel4—um—sal—t—s—pr—epa¥ed by the addition of 1
equiBpsfestithiqaimAntlpgug su‘§ ERgR®h of the free acid in
distilled wvater (1, 4XERYM The efficiency of each
co Was cal cul at ed by averagi ng the iron out put
for & kef ore the adm nistration of the drug,
subt ract isnﬁ'\ctqh‘ese number$3from t he two- day iron
clearance, 2 tler the adm nistration of the drug, and
,-a e eOt€ al output; the result is
The rel ative percentages of
Kébed in the_mstool and urine are in
brackets. b/ ®ata are expressed as the |l og of the
frésb-erHrWP/rPFFHe octanol layer (log app); rreasurerrents
e in TRIS buffer, pH 7.4, using a "shake

fH et hod. The val ues obtai ned for
conpoundgfi%,nd are frdgmref Bergeron et al, J. Med.

Chem 2003 9!*70 1477; the value for 3 is fromref
BersgemonpatrT-e, 3 J. Med. Chem
HO/% CHs 12.6
s COH

(5)-5'-(HO)-DADFT, 4
OH

N CH;
=N 3.0
S\)\COZH

(5)-5'-(CH;0)-DADFT, 5§

@(fykw 1o
O/\/O

(5)-5-(HO)-DADFT-PE. 6
OH

H

CHg
S\)\C02H
(5)-3'-(HO)-DADFT, 7
CHz0

5.0

H

CHy
S\)\COZH
(5)-3'-(CH;0)-DADFT, 8
o/\/o\/\o/\/o\

H
O
., H
S 2

(5)-3'-(HO)-DADFT-PE. 9

1.8
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2006, 49, 2772-2783; the values for 4 and 5 are from

ref [Bergeron, R J., Wegand, J., MManis, J. S. and
w®b@sti543N. The Design, Synthesis, and Eval uat POnUs$008/003433

Organ- Specific Iron Chelators. J. Med. Chem

2006, 49, 7032-7043]; the values for 7 and 8 are from

Bergeron et al, J. Med. Chem 2005, 48, 821-831.. c.

Data are from Bergeron et al, J. Med. Chem 1999, 42,

2432-2440. d. Data are from Bergeron et al, J. Meud.
TabjecdnLigand A Ibymin Binriog irAvodeats tretes witle Sediyrm Brnzgatedn

et al, J. Med. Chem 2006, 49, 2772-2783. f . Data are

| 31 Med. Chem 200649
7032-7043. g. The dose was 75 mmol / kg. h. Data ar irdi-eRhring

Ber gegx@@rigenl , J. Med. (een 2005, 4de 821- R31. ofiéRRy (%)
3. lron-Clearing Efficiency Performance Ratios of

sodieih Bézohtei oci N Anal pgnugs é;éddgé! medceS ver suss ROpgBLie iron
Desferrithiocin Anal ogue | Primate/ | CE Roden{xcretion
("-4"-(CH O -DADFT, 2 (5)-4'-(HO - DADFT-PE, 3
(Sﬁ-g)-ﬂ‘f('))' DADFIDADFT, 43(6@m51/k%0|'|38|)é)d3ADFT S8 1.1+08
-5' (HO - DADFT-PE. 6 (9S) DADFT. 7

s E HO; DADFT- PE, 9Table 4. Li gand Al bum n Bi ndi ng
(S)-ft ™ Eetf s K} it ed \/\?Q%WS@HK&MCBeW " iron-clearing
expBisment dose rout @0Nnafkigidsisencysc( % 5 120x2
sodium benzoate respectively respectively
($)-4'-(HO)-DADFT-PE (3) 300 pmol/kg po 5 5519

($)-4'-(HO)-DADFT-PE (3) 300 pmol/kg and po and
plus 250 mg/kg/dose,  sc, 4 8.8x24°
sodium benzoate respectively respectively

a. Ligand 1 wasadministered po as its monosodium salt, prepared by the addition of
1 equiv of NaOH to a suspension of the free acid in distilled water. Ligand 3 was
dissolved in distilled water and given po. Sodium benzoate was dissolved in distilled
water and given sc at 250 mg/kg/dose x 6 doses. The first dose of sodium benzoate
was given 0.5 h prior to the chelators; additional doses were given hourly thereafter

for the next 5 h.
b. p < 0.001 vs non-benzoate 1 treated animals.
¢. p < 0.05 vs non-benzoate 3 treated animals.

[0070] The invention also includes enantiomers and mixtures of enantiomers
(e.g., racemic mixtures) of the compounds represented by the above formulas along
with their salts (e.g., pharmaceutically acceptable salts), solvates and hydrates.

Compounds of the invention can exist in optically active forms that have the ability to
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sodi um benzoate 250 ng/ kg/ dose sc 5 baseline iron
excretion (S)-4'-(HO -DADFT (1) 300 mmpl/kg po 8 1.1
W@2@8(5u331' - (HO) - DADFT (1) 300 nmol / kg and po BeMURL008003433
250 ny/ kg/ dose, sc, 5 12.q 2.6h sodi um benzoate
respectively respectlvel (S)-4'-(HO - DADFT- PE (3) 300
rot#msﬁ Rignp of plage-polagizedsyight. Iy HiycribipFn MficaBy ad8@¢ compound,
nmol / kg and po and plus 250 ng/ kg/ dose, sc, 4 8.8
the2préfixesdlianthibenRaad 8 arespatio deloye ﬂﬁ%@@lﬁteV&JnYigaranon of the
Li gand 1 wasadm ni stered po as its nonosodi um sal t,

moRdc@RAbBG Y cHifAe c&ﬂ@l{@' Phe Befite LAY 1 QF (-y%vg\?gt( goaréaﬁmglol%/ad to

suspensi on of the free acid in distil

I t,e n iven
desEertRSuHACer plhniol of pfictyfit? kit e ) o
.ven sc, at 250 / dose x doses. The first dose
meffitE ol 1 SeRPOUE I LOGTTRR: 6 SoRPndprefised Reth 0 or d is
chel ators;_ additional doses were given hourly
dextoEQtatory- erquora t Bvemexhemiqyl Btrugfure). O&se vsompounds, called
non-benzoate 1 treated animals. c. p <0.05 vs .
sterqoisoipersz cae eidnticabateeptatiarabse drOfiod cHival i davtiki 8@ non-
al so includes enantioners and m xtures of enantioners

supgm@PosableafRIFDICinkgEs WF @R} AbtheheA G ?E@ﬁé‘ RESJiSRhES Wﬁﬁ&ldls an
by the above formulas along with their salts (e.g.

exaPNREPGGRIALE 6Rhhdth @r?& 9r 2 E?b be $8felBl ?5’ a? ng ﬁnantiomer,

hydrates Conpounds nventron can exi
opt actjve forns t the ability torotate
and ge&l % ua{ﬁeOfo?uc "SRR JF & e?e‘éatha }Iigfﬁi engniiomesicr MBiHE- 4y 50:50
%all y. active conpound,
mlxt re of enantiomers is referred to as a racemic mixture.

[0071] Many of the compounds described herein can have one or more chiral
centers and therefore can exist in different enantiomeric forms. If desired, a chiral
carbon can be designated with an asterisk (*). In the present application, the chiral
carbon at the 4- position of the thiazoline or thiazolidine ring can be designated with
an asterisk, because the configuration of this carbon is of particular interest. When
bonds to chiral carbons are depicted as straight lines in the formulas of the invention,
it is understood that both the (R) and (S) configurations of each chiral carbon, and
hence both enantiomers and mixtures thereof, are embraced within the formula. As is
used in the art, when it is desired to specify the absolute configuration about a chiral
carbon, a bond to the chiral carbon can be depicted as a wedge (bonds to atoms above
the plane) and another can be depicted as a series or wedge of short parallel lines
(bonds to atoms below the plane). The Cahn-Ingold-Prelog system can be used to
assign.the (R) or (S) configuration to a chiral carbon. A chiral carbon at the 4-position

of a thiazoline or thiazolidine ring preferably has an (S) configuration.
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the prefixes Dand L or Rand S are used to denote the
absol ute configuration of the nolecule about its
wehiosals4aenter (s). The prefixes d and 1 or (+)PE@ntisy00§/003433
are enployed to designate the sign of rotation of
| ane-pol ari zed Iight by the conmpound, with (-) or
p H?W@?Mﬂ%ftn f%p%tgsﬂmﬁﬁae iPSeSF‘@v’BY%I‘@PdiOf“a"AO@ér?bb’@h@?mef
preflxed with (+) or d is dextrorotatory. For a given
coppeynds abt preparet yexn ashimsretno synshasibexist ah heo enantiomeric forms
stereoi soners, are identical except that one or nore
and hh¢ gresear hoveatian einclodsdl pRhérmppbakl endtidridrs | Y aHxQfes of
one another. A specific stereoisonmer, which is an

eneﬁ%@ﬁfersnkﬁéhois th&BER:i S@B@mﬁfurél;e%r?éa t%oﬂearpac&ﬂﬁor}"llx%&e The

be reféerred to as an enanti oner, and m Xture such

em{ggsggfs cérf’ bgf Itegélv&iilb e%%d?%%%" 0 rilllo l%ltlel’g ug thAe art, for

ure of "enant i omers 1's referted
racem c.m xture 0071] Many of the conpounds
xR IR el reR Lo BeT sl omay B sFetatedos egample.
and therefore can exist in different enantioneric
by feaystadlizatipndSs¢.r €BC Hardhook| ofc@ptenh Resalubensiesi Biastezepmeric
with an asterisk (*). In the present application, the
Salc FomadtionanbbDavidtKdzne ACRE Psess) 20019 féraeatiohiod ziddstareoismeric
thiazolidine ring can be designated with an asteri sk,

derbREAELSE éd’iﬁpl@%fthﬂ%%@@ep&ht&d"fﬁr &akne B cr‘%talhzatlon gas-

particul ar interest en bonds to chiral carbons are

hqlﬁﬁ PhC tlﬁﬁl@%h!%‘iﬁa%%%%%{; Isgt%g% dkf«? hxré:fp&g%? E%@S e(*%ntlibnlgr %Sth an

I nvention
nfigurations of each chiral carbon hence bo
ensBfine PRI Bhe R Pab i, debfate Pucafitidtog: wrthina o
the formula. As is used . in the art, when it is desired
liqyid chromatggraphyein Afdhital erviconmeng fpaexagiplatwa chirad spprart (e.g.,
carbon, a bond to the chiral carbon can be depicted as
siliga wéthiore bowsh dsiral digand)rer &b theeprebrncplofiredhiam dsobweat. Hemwill be
can be depicted as a series or wedge of short parallel
apprécivesd (e neisert ah@ldesiveddehamtiohlee iPlcamerted T another chemical
Cahn- 1 ngol d-Prel og system can be used to
entity by one of the separation procedures described above, a further step is required

to liberate the desired enantiomeric form.

[0073] Alternatively, specific enantiomers may be synthesized by asymmetric
synthesis using optically active reagents, substrates, catalysts or solvents, or by

converting one enantiomer into the other by asymmetric transformation.

[0074] Designation of a specific absolute configuration at a chiral carbon of the
compounds of the invention is understood to mean that the designated enantiomeric
form of the compounds is in enantiomeric excess (ee) or, in other words, is
substantially free from the other enantiomer. For example, the "R" forms of the
compounds are substantially free from the "S" forms of the compounds and are, thus,
in enantiomeric excess of the "S” forms. Conversely, "S" forms of the compounds are
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assign the (R) or (S) configuration to a chiral
carbon. A chiral carbon at the 4-position of a

w0 hiogaad4she or thiazolidine ring preferably haBCHOSI08§/003433
configuration.[0072] Wen conpounds of the present
|nvent|on contain one chiral center, conpounds not
substangialy dragy ol nR3 OB Of  the SompRERdssand, prey thys, tienantiomeric
enantioneric forns and the present invention includes

exegiss o€ theofR'b farmse Fanntiamericsexogss, ras xised berept, is the presence of a
enantioners, such as the specific 50:50 m xture

pattietilar eedhtiomenst grdass aharc 50%Xih Wncenalfi@meritaniixare For @aample,
be resol ved by methods known to those skilled in the

wheh ta mix@lre @SAARs BOD¥f § FiriRhhRibrid: a4l Q@WB?Q k&QMBeh&ntiomer,
sa ts that may be separated, for exanple, by

es 0{1 !eﬂcz Q)Eéegp OB rs%nﬁgﬂlgp %oﬁ(p Flnqgg tp‘!\‘é’agen%mv%non the

'ons” via ereonerlc or na

Kozma .(CRC Pres 200 formati on o

emdﬁ“é?&’teé‘? EOTSd AL E‘%a %b%’t ‘?rv‘E%’eoPa‘EBHﬁﬁ)é%é%" % ormgrepmore
separated, for exanple, by crystallization, gasliquid

pargieularly abeut G0 pamsye.uBly a5 glous JOfA er meks fororrastple g@ut 80%
enanti omer with an enantiomer-specific reagent, for

or excaerpdueh asrabpnePO® esmerd. fIncaparinglao embadinieingwhenoa specific
l'iquid chromatography in a chiral environnment, for

abDNAEBOEHigu@atich i meglghatédu RRA® hartRnfric ekbdsk &R d@pmdacompounds
bound chlral Ilgan ) or in the presence of a chiral

18 a?@éagleﬂ)tout éé%v‘inl mgf‘e l?ag’g&ﬁng éﬂ@d@hﬁl tth%ﬁﬁrﬁl&lF@lcdegt%Esrs%q the

enanti oner 1S conver I nt o anot r chemcal ent

comip RS, i BORatT Blin  f R P’ T et i 5 BIE at Fas

enantionmeric form [0Q073] Alternatively, speC|f|c

abqih 874 RBHIMEHS ehesssyWhak dicoapopyd gkihsmsesent inventonphasstwo
using optically active reagents, substrates, catal ysts

or moresdiiraéparbonowhérg RbandR6 iangnaetribe sanagtie cwdrave mare tha two
ot her by asymmetric transformation. [0074] Designation

optidal &soapechid carnbsiol it diasterebmgrc dbin® Fai egamiple) @hen there are

carbon of the conpounds of the invention is understood
twd ChifB a8} theN@ntivha tah afve Wb P BBfidat isomers and 2 pairs of
enantiomers ((S,S)/(R,R) and (R,S)/(S,R». The pairs of enantiomers (e.g., (S,S)/(R,R»
are mirror image stereoisomers of one another. The stereo isomers which are not
mirror-images (e.g., (S,S) and (R,S» are diastereomers. The diastereomeric pairs may
be separated by methods known to those skilled in the art, for example,
chromatography or crystallization and the individual enantiomers within each pair

may be separated as described above. The present invention includes each

diastereomer of such compounds and mixtures thereof.

[0075] An alkyl group is a saturated hydrocarbon in a molecule that is bonded
to one other group in the molecule through a single covalent bond from one of its

carbon atoms. Alkyl groups can be cyclic or acyclic, branched or unbranched (straight
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formof the conmpounds is in enantioneric excess (ee)
or, in other words, is substantially free fromthe
wordeniagsnnt i oner. For exanple, the "R' fornms PET/UR®08/003433
compounds are substantially free fromthe "S" forns of
the conpounds and are, thus, in enantioneric excess
Chiﬂﬁ%d)" An’allgyl groupcyRirally bps fromgl tor ahowg 14 Farbag a@aﬁpgqmaémple
aresubstantially free of "R' forns of the conpounds
one trjakaug sixtdagkon dtpmeeanné tnehdut faxcetbonalomhd.owRr alkyl groups
fornms. Enantioneric excess, as used herein, is the
hayy eaens doaf cab@aatdneuhed imheddt methgt, ahylghgabeyl, isogropyl, n-
50% in an enantionmeric m xture. For exanple, when a

bugm%kgmggggﬂggkp§n§p@6of a first enantioner and 20% of
a second enantioner, the enantioneric excess of the

first enantionmer is 60% In the present invention, the

enanderF 8w hén S 8n QA1 %ﬁ)@h@ﬂfcal@@%ﬂﬁm@fcﬁn about 3 to about
partlcularly about 40% or noré, nore parti cul arly

IOacg%'h 6&4’e95mﬂ%0§0ms H&Jﬁt %Sto%%&i[ 87c oﬂrz%tgig%so % m3/clopropy]

xanp ‘e about nor e, such as

| ar enbodi ment when a specjfic abso
Qe Gaioh Pl e oSy UREnL EToHR AT eftupeg i lohepty
of depicted conpounds is at |east about 90% In a nore
g“&@ﬂﬂ@éwpkpdéhﬁﬁﬂpnent the enantioneric excess of the
conmpounds is at |east about 95% such as at | east
about 97.5% for exanple, at |east about 99%
enaf@d7ghetiyt geoups daclugq earbacydispomatioeraups speleae phenyl, p-
i nvention has two or nore chiral carbons where R4 and
tol@5 lamaphtiyl, 2-hephslayie l-anthracyh ahd\Zeantbraeylt Hap! grmopoplsd dadlude
i somers and can exist in diastereoneric fornms. For

heteanh&ic ghrps tsheli as al-emida@olgh)i 2-ahida@d1PRIMSthidnyE 3-thienyl, 2-
conmpound can have up to 4 optical isomers and 2 pairs

Skl r J -
RSB O (R, SRy g

pyr’?lhglr %(—)éﬁ r§ Pyxfazglglg £ ££ azoelgzl (SEy%'jle elr 5% r nrr?rf thlazocf)t/] 4-
higighil iﬂﬁfﬁ%f’ﬁé}%eﬂy ﬁﬁ@%&%@g&,&hgggggqﬁﬁ F‘é‘ﬁ .bﬁ the

art, for exanple,

[0078] Aryl groups also include fused polycyclic aromatic ring systems in
which a carbocyclic, alicyclic, or aromatic ring or heteroaryl ring is fused to one or
more other heteroaryl or aryl rings. Examples include 2-benzothienyl, 3-benzothienyl,
2benzofuranyl, 3-benzofuranyl, 2-indolyl, 3-indolyl, 2-quinolinyl, 3-quinolinyl, 2-
benzothiazolyl, 2-benzoxazolyl, 2-benzimidazolyl, I-isoquinolinyl, 3-isoquinolinyl, 1-

1soindolyl and 3-isoindolyl.

[0079] Also included in the present invention are salts and pharmaceutically
acceptable salts of the compounds described herein. Compounds disclosed herein that
possess a sufficiently acidic functional group, a sufficiently basic functional group or

both, can react with a number of organic or inorganic bases, and inorganic and
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chromat ography or crystallization and the individua
enantioners wthin each pair may be separated as
waele®snidaasl above. The present invention incl udeGI/Esmhs/ 003433
di ast ereonmer of such conpounds and mi xtures thereof.
0075] . An al kyl group.is a saturated hydraqcarbon in
' Ora[%nceaeleﬁse to e |5§9%&Fg@8 §r8UReRnotoR®y SafF S PRe Phanore of the
mol ecul e through a single coval ent bond from one of
mefalss listedb abovet 12 AYiky lalkplioapd alkalingeeagthc imegalpr(e.g., sodium,
acyclic, branched or unbranched (straightchained). An
potasskyh, gragugsityipicaleiuny). Nasaddigen, ladidic agroups t4n darnbaalts with
atons, for exanple, one to about six carbon atons or

amfiRe. CompbaMds HPWe GRVAAB RuRM skl Al Mangheﬂppamhamde
have one to four carbon atons and include nethyl,

act?néc%%’l_mbﬁ{éi/rf Q&F%O%ﬁaﬁg@%g L&gzééﬁmgﬁuﬁ a}li&ﬁa E’éJ%yéa "i‘ﬁﬂ salt of a
o RN R -

g., a cyclopropyl group, a c clobut¥ gr oup
of @9 ARSHEAR ENdiofiopn CamRIPD Mathythe gresal pForexample héptc9mpound
group or a cyclooctyl group. [0077] Aryl groups
of tha@vedeomr ar thideytalei andahometal @ fgrrosuipsalswith hassiglveasdinate sites,
ptolyl, 1-naphthyl, 2-naphthyl, 1-anthracyl and

ther a@iohT asmbourdY t! m&ﬁp&ﬂﬁﬁ)l@k SOfGrEA LK 128 OF 08MPFRId © metal
groups such as N-inidazo 2- |n1dazolyl 2-t hi enyl,

w111?’v:§ a%@é(rldmgito ptf)}érJ I[lgtﬂ?@ny 5 F;f;/t? f!ﬁﬂ\g ;lfld %fo%l{/ﬂrﬂ?érfnl yPordénatlon sites

! an azol y ol
onE epynee"% wf%f Pest; ce§¥<fmaélqnhwgez & ?%ﬁe'ﬂ‘zb B fomegupe, of the
t hi azol yl, 2-oxazol yl, oxazo and 5- oxazolyl
mefGWs]a“)&Pyg gr 60pyeinaliel ﬁlﬁcpmévef@if@d“ﬁ iy thgE anéons such as

aromatic ring systenms in which a carbocyclic,
hydspxidsdialide ona canbordater ring or heteroaryl ring is
fused to one or nore other heteroaryl or aryl rings.

Exanpl es i ncl ude 2-benzot hi enyl, 3-benzothienyl,
[0080] Alternatively, the compound can be a substantially metal-free (e.g.

iron-free) salt. Metal-free salts are not typically intended to encompass alkali and
alkali earth metal salts. Metal-free salts are advantageously administered to a subject
suffering from, for example, a metal overload condition or to an individual suffering
from toxic metal exposure or from focal concentrations of metals causing untoward

effects.

[0081] Acids commonly employed to form acid addition salts from
compounds with basic groups are inorganic acids such as hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and
organic acids such as p-toluenesulfonic acid, methanesulfonic acid, oxalic acid, p-
bromophenyl-sulfonic acid, carbonic acid, succinic acid, citric acid, benzoic acid,
acetic acid, and the like. Examples of such salts include the hydroxide, sulfate,
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2benzof uranyl, 3-benzofuranyl, 2-indolyl, 3-indolyl,

2-qui nolinyl, 3-quinolinyl, 2- benzothiazolyl,
wQ2menraznzol yl, 2-benzi m dazolyl, 1-isoqui nolPCUS2008/003433

3-isoquinolinyl, 1- isoindolyl and 3-isoindolyl.

[0079] Also included in the present invention are
pyregilfate, o s g nedlite; ¢ Risvifitac cepsabate, sElopghysiroganghosphate,
conmpounds descri bed herein. Conpounds disclosed herein
dihydragegbosplete, amretdphospharty, | pyraphabipbate urbidrsheal brgmadep, iodide,
sufficiently basic functional group or both, can react
acevitd, hprdplonaiee rdeddindale aapeyl Rk, aBYIH&NTFmARS @Sobudiske, caproate,

i norgani ¢ andorganic acids, to formsalts. Acidic

hep{r@HiS p?é’ﬁlofafér, "Bx%@ité,sm‘ﬁl.l&nlaieo NGcQhatf05heMte t gé%agﬁ%,ﬁhﬁnarate,

I'i sted "above, "along wth alkalT and al kali’'ne ear

t al e.q., ,Sedium . pot assi . magnesi u cal.ci u
maflfel Bobfsd  4XPHE PERMRC L oY o Zere g ¢ el bizoate.
&P ounds of .the invention can be supplied as a
mekhy Eﬁ%ﬁ“’o n dinidpbenzanige hydeexybearoats msthoxyberpatget Riithalate,
salt. For exanple, the salt can be a Ga (Ill1) salt of
sulfgnatonpplenesulinnate, phenyddceiatm phenylpropiondts, phenylhutyeatey citrate,
mai n group netal salt, conpounds of the invention tend
lactare, f organama-hyidogybwiyidee,t heglyedlate, Fomrtexgnpl metahedulfonate,
conpound of the invention is tridentate and the netal
progéneglﬂfdfﬁité? Sdphthalérel-(A®nskeX napRhieRAb &ulfnhRS : mifRMt@ and
to 1 conpound to netal conplex is formed. The ratio
thegj(econpound to nmetal will vary according to the
enticity of the netal and the nunber of coordination
sites on the netal (preferably each coordination site
is fo [ ' ] t .
codORSHETh YorRp ORI Uy e of BR vrBihredln HE 1B B thei
as hydroxi de, .halide or arb lLate) .. 080
hydiess SR Ay SFinS e pRpaRi N bRl Kiiptdatk Jeeydrate and
metal-free (e.g. iron-free) salt. Metal-free salts are
the ke and/#5 29AYal8F- i nt ended to enconpass al kali and al kal i
earth netal salts. Metal-free salts are advant ageously

admi nistered to a_subject
TOO&?] Subjects sufferinfjg from a pathological condition responsive to

chelation or sequestration of a trivalent metal can be treated with a therapeutically or
prophylactically effective amount of a compound or pharmaceutical compound of the
invention. One particular type of pathological condition that is responsive to chelation
of a trivalent metal is a trivalent metal overload condition (e.g., an iron overload
condition, an aluminum overload condition, a chromium overload condition). Another
type of pathological condition that is responsive to metal chelation or sequestration is
when the amount of free trivalent metal is elevated (e.g., in the serum or in a cell),
such as when there is insufficient storage capacity for trivalent metals or an

abnormality in the metal storage system that leads to metal release.
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suffering from for exanple, a netal overl oad
condition or to an individual suffering fromtoxic
woredoali1@zposure or from focal concentrations OPCTHESHDE003433
causi ng untoward effects. [0081] Acids commonly
enp| d to formacid addition salts from conpounds
”pw%éils fren vstipad sprdifinpy gaslisasss@e ke eharagdenized by global
hydrochl ori ¢ acid, hydrobrom c acid, hydroiodic acid,
irons wivethpade oadodal bhmsﬁphdpad; ol ieomd overdoddi kenditiens generally
organi c acids such as p-toluenesul fonic acid,
involet anegutd oniron daidultipkatibmeaor @xcgdoriesio peary| throughout an
sul fonic acid, carbonic acid, succinic acid, citric

orgﬁﬁérﬂz Ghﬁﬁ? Rbk o@@ﬂ]é’ad (ﬁﬁn@fti&ls 2Gh ‘f'esuﬁrﬁjorﬁ RRcdsk Iﬁﬁtake of iron by a
anp es of suc salts include the hydroxide,

nBYLAEE AR O Bt LRy LBl Ly g o

bloqE R B e AT oA 560 S6RGAGA I PriBiy priagchromatosis.

acrylate fornate i sobutyrate, caproate, heptanoate,
whigh g typigally acsearke éilswror?atsecondu&l@baiav@ oyeieadagendition is
sebacate, funmarate, nal eate, butyne-1 ,4-dioate,
secdratayyn eheinocbrothavei e, whehz Gatypicatlyl dreob&snhoaf geceiving multiple
nmet hyl benzoat e, dinitrobenzoate, hydroxybenzoate,

(chizBidyoMpbe NEMefRionh B Altfinsidloh® @t €often required for subjects
xyl enesul fonate, phenyl acetate, phenyl propionate,

suf@ﬁﬁ%ﬁ*&ﬁ‘&ﬁ’aﬁ%&%ma%g Gahe celi3f Fﬁl‘if A t e of dletary iron overload is

roxybutyrate, glycolate
ul f onat pr.aopanesul . i
el AL PARLTEri GHAPE wggﬂ?tﬁi|WéHlethﬁgrem%%l}ome-brewed
mandel ate, and the I|ke [ 0082] The conpounds
beegjvith highEgOmedNs™: can be prepared in the formof their
hydr at es, such as hem hydrate, nonohydrate, dihydrate,

rb@g gg& tetrahydrate and the |i ke and as, sol vates.

] HP%%t@“s‘U‘Ff‘@?‘? RENG R, MRt 18R} 8 djmited to one or a

Condl tion responsive to

few cell types or tissues or a particular organ. Alternatively, symptoms associated
with the excess iron are limited to a discrete organ, such as the heart, lungs, liver,
pancreas, kidneys or brain. It is believed that focal iron overload can lead to
neurological or neurodegenerative disorders such as Parkinson's disease, Alzheimer's
disease, Huntington's disease, neuroferritinopathy, amyotrophic lateral sclerosis and
multiple sclerosis. Pathological conditions that benefit from metal chelation or

sequestration are often associated with deposition of the metal in the tissues of a

subject. Deposition can occur globally or focally, as described above.

[0086] A subject in need of oxidative stress reduction can have one or more of
the following conditions: decreased levels of reducing agents, increased levels of
reactive oxygen species, mutations in or decreased levels of antioxidant enzymes
(e.g., Cu/Zn superoxide dismutase, Mn superoxide dismutase, glutathione reductase,

55



chel ation or sequestration of a trivalent netal can be
treated with a therapeutically or prophylactically
we@doea1i4sx anount of a conpound or phar maceut i BEI/US2008/003433
compound of the invention. One particular type of
pat hol ogi cal condition that is responsive to chelation
glugthigne r peraxigdase. nehialedpxing thidredaxamt perexislaseov T oaldaphorase),
condition (e.g., an iron overload condition, an
mugdtions u T de@edseddecidndf teval;biadiog peoteinsn(ege rtfamaﬁérrin, ferritin,
condition). Another type of pathol ogical condition
cerbldplasingn, laBSRPOIAS Métal lothiFRdiA), nli@edlor @Re/AEL RSBk 2] é’d]e of
is when the anmount of free trivalent netal is’elevate

prolﬁgcxﬁ fp@erh(Te S(@ UMy Rfic | BxiBe ClntRase S K’D?ﬁl V(’!%fdlrsrégpg%agnhme

ficient tOf age capaclty or triva

rmal.i t e, nmetal stor stem t hat
oxify SguS“?Qgﬁet%*d? e AP 0aT o BVRrFRH ot regsease,
or di seases can be characterized by gl obal iron
CYIRREPIE A PX 51250 aad TdfN QUK. Jaereaseil OB drcrPissd lexels ofaducing
conditions generally involve an excess of iron in
agenis) teiapliee 0Xygenspeaies, exd pedeins are detrmired relative gh thetanzount of
organism G obal iron overload conditions can result

such sostAxeL8Pidallly dkendoih Hehldily Parséhssubj ect, excess
storage and/or retention of iron, from for exanple,
dietary iron or blood transfusions. One global iron

oV ef08ZPA Gobjdttinared 6f @iitakdrystresRAbEIREDDeSsuffefihg from an
is typically a genetic disorder. A second global iron

iscHVRE Eﬁ@%& qwﬂehh@ BpikSded %9 R Ywha e R @'Tﬁéc‘?ﬁh&al Y:%Brion

is typically the result of receiving multiple

h f
o S5SNI T PSP g
[ 1. At f diet I
R 5 SIS B o A B B

with the ingestion of hone-brewed beer with high iron
fromg gpedaqpate] grwbtionnof blear tribp rovesardiua, sevallnt demso corpmary

excess ironis limted to one or a few cell types or
artery diseass. lscheanip&pispdesl iarthobganthattesalve atiihie 2§ hosisrpd tefarred

associ at ed
to as transient ischemic attacks. A longer-lasting ischemic episode, a stroke, involves
irreversible brain damage, where the type and severity of symptoms depend on the
location and extent of brain tissue whose access to blood circulation has been
compromised. A subject at risk of suffering from an ischemic episode typically
suffers from atherosclerosis, other disorders of the blood vessels, increased tendency

of blood to clot, or heart disease. The compounds of this invention can be used to treat

these disorders.

[0088] A subject in need of oxidation stress reduction can be suffering from
inflammation. Inflammation is a fundamental pathologic process consisting of a
complex of cytologic and chemical reactions that occur in blood vessels and adjacent
tissues in response to an injury or abnormal stimulation caused by a physical,
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with the excess iron are limted to a discrete organ,
such as the heart, lungs, |iver, pancreas, kidneys or
whe@sni15483 i s believed that focal iron overl 0aPCT/ES2008/003433
| ead to neurol ogi cal or neurodegenerative disorders
such as_ Parkinson's di sease, ei ner' s di sease
cheppical; H@P@?@%c ag%'gaé'eﬂdanﬁeatpaf é’rSPFF/F%Hﬁa‘{*ﬁ?"teéﬁﬁgt‘?%?iﬂménon
| ateral sclerosis and nultiple sclerosis. Pathol ogical
thac lasi for amsxtended peniraf (ite..f ehopniprenfiimppadoratar dhatodamages tissue.
sequestration are often associated with deposition of
Sudbhiaflaminatorly rdigdadert icas ufsctod wadesudrjeey df tildapgsuth as respiratory
occur globally or focally, as described above. [0086]

traei\ PR, Aotvels) aR@ 86Kt Qlfss&x THalcoMPosAdseSISthisafGtioftaf &2 used to
have one or nore of the follow ng conditions:

Ueﬂi&ﬁgﬂﬁ§ﬂk}§vels of reducing agents, increased |levels

of reactive oxygen species, mutations in or decreased
| evel s of antioxi dant enzynmes (e.g., Cu/Zn superoxide
dis S r
e eBaE RN BOANA B GFT Al RSl Al SBfpounds of he
t hi or edoxi n .per oxi das hor ase mut at i ons

invipbi iR BeiP RRy B iRunePxionhib s Tbuebadopsagetdbisms.
transferrin, ferritin, ceruloplasmn, albumn,

In opet MECHENRIL ARG RYMPRAGPiIES & 2 St epigBlagK Agex-active metal
capabl e of produci ng superoxide (e.g., nitric oxide

(e.symomase] fiNG\BRIefake dasrdmatinusites olthexnetals 8YhddAHof the metal
oxi dase, al dehyde oxi dase, di hydroorotate

cood@hyiroges afefill&ay as beerRdehaXdxithsion and@ofradacingtagents have a
injury. Increased or decreased | evels of reducing

dinRAShd S _abﬂlga% li Y€ raRX BN t1RP Rifetf Sand2hs@ T dRI Bft1ALE In another

determ ned relative to the anmount of such substances
al found in ans.
meptiRsE gy cofRRlnd Pufties B RELTIRS piPRd pQaatM Shle, guen
froman i schem c epi sode. Ischenlc |sode can occur
thatyjio i 1Sy WG e BPUEES PO SYF LR | B Y6t a{l?fﬁﬁfmwgamsm the
supply, such as fromarterial narrow ng or disruption.
comyaadritselihas setexiflant aghvien (o@n rge vadieal seavengiaggsqaaenging of
pectoris and myocardial infarctions, results
reactive oxygen or nitrogen species). Desferrithiocin and its derivatives and analogues

are known to have intrinsic antioxidant activity, as described in U.S. Application
Publication No. 2004/0044220, published March 4, 2004, and U.S. Application
Publication No. 2004/0132789, published July 8,2004 and PCT Application No.
W02004/017959, published March 4,2004, US Application Publication No.
2003/0236417, published December 25,2003, and US Patent Nos: 6,083,966,
6,559,315,6,525,080,6,521,652 the contents of each of which are incorporated herein

by reference.

[0090] 1t has also been reported that the reduction of iron overloads in humans
can aid in the prevention of or control of the growth of cancer [Ozaki, et al, JAMA,
February 14, 2007-Vol. 297, No.6, pp 603-610; Kalinowski et al, "The evolution of
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frominadequate circul ation of blood to the
myocardi um usually due to coronary artery di sease.

WO s@Rani4a3 epi sodes in the brain that resol ve weTius2oas003433
hours are referred to as transient ischemic attacks. A
er-lasting i schem c episode, a stroke, involves
irop Fhf‘gv@fssfpb the tEﬁaHP?Pt ﬁ@g@veuﬁ@ dis¢ase apq paricsh o Pharmacplogical
of synptons depend on the | ocation and extent of brain
Reviews,uwolnhod epgsct¥s83 (3005 odaed¢ et wl.atGamnbinagorbden Depletion

conprom sed. A subject at risk of suffering from an
Théragytedi Bae iamoetelnky p8 L al 229- 36T @0p89)f Befgeron et al, "Influence of
at heroscl erosis, other disorders of the blood vessels,

Iroh %ﬁrlﬁe\ﬁ%j lbr%ﬂfi:%iﬁih fMa btaag: t&f cinio C&[s"hs?@(lﬁtrd'ﬁ?a% 374
he conpounds of this |nvent|on can be used to treat

(19‘§?)§S%8’ée§°r&%§§<? ‘et L 40 %Je A blh%cil f?&h&?seq?@f aé’c’ﬁ{n%‘étéé’ iron

ess retuction can erlng rom

Inflammation is ament al patholo ess
congpue TG Aeee woke 8%'1’5’3&“81“ gl Beddre S BHEARES damage 1o
reactions that occur in blood vessels and adj acent
critiqak Biggplgcyles agd dirgugh alterpd celjulanfupeticayiels gaisecure biochemical
stimul ati on caused by a physical,chenm cal, or biologic
groagds Howewéd, drayedar sepdit Siatdbe Balaicmshilparem@ari'rczedm disease has
inflammation that |asts for an extended period (i.

renfalic@négehntivilyaniaaéi ®agaule dfhﬂltcoﬁisiﬂ&ﬁeﬁndlhgssﬂnal@“@%akl et al
inflammatory disorders can affect a w de variety of

rep&lrt] 3@%% f%?at f&@goﬁsﬁﬁfﬁﬁﬁ btP B}’od'lto d’ “ﬁlpbmsé mQRX}ﬁ& Sdecre:ase

€ conpo hi's 1 nvention’ca

d.tot t th 089] Alth h t
assgtE By TR e toaasff%ée%aﬁfh% conpgﬂﬂdsngf

the invention derlve their ability to reduce oxidative

str RArough vari ous n on mechan
U L A RO By o0 JF SRR Hhced or
r edox- actlve nmet al iron), and fills all of the
trealigeRte P #at P BRAROR é‘§"’6%15 ?‘h% Aegsaicatsypnehthg ke dagmh aniasie-2.-
coordination sites are filled, it is believed that '
covsx pit herpesalebepr geattitl thg likgand ldbaragory animals (e.g., rats, mice,

guinea pigs, non-human primates and the like).

[0092] The compounds and pharmaceutical compositions of the present
invention can be administered by an appropriate route. Suitable routes of
administration include, but are not limited to, orally, intraperitoneally,
subcutaneously, intramuscularly, transdermally, rectally, sub lingually, intravenously,
buccally or via inhalation. Preferably, compounds and pharmaceutical compositions

of the invention are administered orally.

[0093] The pharmaceutical compositions of the invention preferably contain a
pharmaceutically acceptable carrier or diluent suitable for rendering the compound or

mixture administrable orally, parenterally, intravenously, intradermally,
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di m ni shed ability to interact wth the netal and
cause redox cycling. In another nechanism the
w@eoopousas st abi | i zes the netal in a particul arPCT/US2008/003433
oxi dation state, such that it is less likely to
. undergo redox cycling. In yet another nechanism the
Intra by on subrytapgpuslynrecttiydwintinkatation aryid buagal fr ee
radi cal scavengi ng, scavengi ng of reactive oxygen or
adnministragem os praosdeshallDesf errithiocin and its derivatives
and anal ogues are known to have intrinsic antioxi dant
activity, as described in U S. Application Publication
No. [0994}4/Tho44aRe, ingndiérabesiapebec Adrhixed004, cortpbub&d with a
Application Publication No. 2004/0132789, published

condetitiondl, PAONRBEIRTY 200 AIALASRr DOdi I VDR004i bl T
publ i shed March 4, 2004, US Applfcat%on Pubfﬁg%fﬁgﬁgﬁggby

h | > 25,,2003, and US .
thog AR e dry upY Al o (BB lons VB0 B 6B SGhvgationaly
C nts of. each. of which are incorporated herein
emfitSed PR S & 588G R remiict Iy s pubR feabmasibe witized for
t he redyction of iron overloads in humans can aid in
PIeRAFAg , ARY e AP HSIEINE, rthe o Rharatacesiticah ecogrpositionsf of athe e present
. [Ozaki, et al, JAMA, February 14, 2007-Vol. 297, No. 6,
InvesgopoBlustigivelef] supowadthodst vetlicled The cavietsuire alosefdek&tibed, for
chelators for the treatnment of iron overl oad di sease

exampl, oaRemingtor Bharaod @il 8tice¥] e84 edY P199BY \tfe BBSlosure of
547-83 (2005); Taetle et al, "Conbination Iron

whi&eRlifdorpstattl BeAfY by referendat . Cancer Inst., 81,
1229-1235 (1989); %ergeron et al, "Influence of Iron

on in vivo Proliferation and Lethality of L1210

Cel[60¥5] The fDhuflationk bF the3pRsehl 4n\(e%8ﬁnr’ Ydrusk REGSH jg(gzc?)?ﬂg)ﬁise

et al report that the hypothesis that accunula
e SRR ), gL Bl 3P AL B g, n
optiGH s ol A8 re B b6 cartioypr abluents et be {Hseptable”
in thEe Egnsreeolf%tegn%ncsorl]lilp%tigl%tv\kll\ﬁl? ?hei (Et]’?f?r iiggdideintsseo%stﬁe ?oarfnulation and not
deleterious to the recipient thereof. The formulations can conveniently be presented in
unit dosage form and can be prepared by any of the methods well known in the art of
pharmacy. All methods include the step of bringing into association the agent with the
carrier or diluent which constitutes one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bringing into association the

agent with the carriers and then, if necessary, dividing the product into unit dosages

thereof.

[0096] Forms suitable for oral administration include tablets, troches,

capsules, elixirs, suspensions, syrups, wafers, chewing gum or the like prepared by art
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remai ned essentially hidden because of inconsistent
findings. Finally Osaki et al report data that support
wo povditng33 of a pronounced "al |l -cause nortal i t yPCT/US2008/003433
decrease" associated with iron |levels reduced to
normal |levels in humans. [0091] A "subject” is
recpgrizedaprogeduresy ke amgunt of astis¢ sempeungdrin anémthkerapputiedly useful
of treatnent, e.g., conpanion aninals (e.g., dogs,
compasgjona od pteperatiokels, sutlatha asiirblsddsaggwill 6OWSIainRHJS,
horses, sheep, goats and the like) and | aboratory
animals (e.g., rats, mce, guinea pigs, non-hunman
pr i 92k Azsydupt fremiuldtion. willog92ial[hengengfoundpedsich or solution
pharmaceutical conpositions of the present invention
of tharohpoastronsat B @Uqbid QfriéD PSIAXaples eiRHLE ¢lyed}ih@Bl §ater,
routes of adm nistration include, but are not" [imted
' ' j I n
with B TR0k S cOREMBRRERS WAL ik eI fé,‘*“é‘a‘%ﬁﬁm of a tablet,
[ I it ravenousl buccal | y.or via in ion. .
oncydr R pifarm Lo SRR o SHETY e ¥ respein g Tprraltions
of the invyention are adm nistered orally. [0093] The
Ca“p'ilFaFW&&%/ﬁﬁi géﬁmel?ﬁp%?%ho?@ﬂéﬁs Wglde pegnesiym stearate, starch,
preferably contain a pharmaceutically acceptable
lactpsgr andepucgpsed W hese thes gompdsiorf or inr dnderm g 4 tapsolenpieund of
or m xture adm nistrable orally, parenterally,
routiimgt e@oapsdarsdry js perteralbie suradble) , fontek afipies ubiak | the Mforementioned
subcut aneously, rectally, via inhalation or via bucca

carr@@§Tinna Rardadel 21, caPSuld SRIE Y@herR ey corﬂoﬁﬁgg%; l\g/'—vllﬂt? Hﬁ;ﬁ)}r}{ %f a soft

i ngredi ents may be adm xed or conp

2 j i.call t rrier..or .
el AEM Ch R, PRl R L R DY QIR e i rions
nistration, vehicle or carrier

t t.hat a node o dmi gl
or SFROUHE) SR S sy B AP GRS BBy el (g, sicates o
. respect to the active agent may be utilized for
oils,and a6 InGgrreFmediti safsgadatimeppswle shethr maceut i cal

conpositions of the present

[0098] Formulations suitable for parenteral administration conveniently
include sterile aqueous preparations of the agents that are preferably isotonic with the
blood of the recipient. Suitable carrier solutions include phosphate buffered saline,
saline, water, lactated ringers or dextrose (5% in water). Such formulations can be
conveniently prepared by admixing the agent with water to produce a solution or
suspension, which is filled into a sterile container and sealed against bacterial
contamination. Preferably, sterile materials are used under aseptic manufacturing

conditions to avoid the need for terminal sterilization.

[0099] Such formulations can optionally contain one or more additional

ingredients, which can include preservatives such as methyl hydroxybenzoate,
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invention. Illustrative of such nethods, vehicles and
carriers are those described, for exanple, in
woeemBNgHEN' s Phar maceuti cal Sci ences, 18th ed.PCW/BSD)PS/003433
t he di sclosure of which is incorporated herein by
ref erence. [0095] The formul ati ons of the present
chiprpggsspl dpetraspsolsehangl and bspeadkondemphleride; [fachgedierials are of
together with one or nore acceptable carriers or
spedial vaine sheh grecfoonelatings apprasasted yn omhalose banapenst i c
ingredients. The carriers or diluents nust be
"acceptable" in the sense of being conpatible with the
Buffetsenn alsgbe dnadindes! tofpravide & suimableapi onlvarfior theformulation.
del eterious to the recipient thereof. The fornul ations
can conveniently be presented in unit dosage form and
canlM380br epuitaide Bpffgnymaerialh dnalpih sddiuve phodphatenaind acetate.
the art of pharmacy. Al nethods include the step of
Sodininngilowidd of glyasiswca@tbeorsel he ragdnta Miridlkide iSABAICOWith the
or diluent which constitutes one or nore accessory
blobdgredi ents. In general, the formul ati ons are prepared
by uniformly and intimately bringing into association
the agent with the carriers and then, if necessary,

di viodonp Iﬁ&sﬁé@%ﬁinﬂuﬁﬁt&)n%htbemﬁ% E&%lﬁ@tfs urld@08%knert

Forns suitable for oral adm nistration include

I
atmtogl?'le% &cht%sglﬁlggg%‘n andRal b% on%ﬂl rhfg ;i)rei n?'f{)()ie gélél?tg ssyr multi-

chew ng

artre nize roc he anount of active
mmggﬁﬂb&W%Waﬁm‘hghaﬁﬁg?£ﬁ89? Yeal |y useful conpositions

or preparations is such that a suitable dosage will be
obt rmul ation eneral ly .
con@hgﬁd onlIO gﬂbﬁ@ﬁ’st}(’ Rd’Y‘%ﬁl%YW%ﬁ‘abwetaﬂ? E@r?ﬁgﬁﬁw%arlﬂus
salt in aliquid carrier, for exanple, ethanol,

compopeRs o @ewmm@ms of the inventiy & bhelreinistesedin apgordance
agent. Were the conposition is in the formof a

with Higl ra¢thodaktheinventien phasulgest will clapendarponehsse faubismeked
used for preparing solid fornul ati ons can be enpl oyed.

abokxanpl es of such carriers include nmagnesi um stearate,
st arch,

[0103] A typical suppository formulation includes the compound or a
pharmaceutically acceptable salt thereof which is active when administered in this
way, with a binding and/or lubricating agent, for example, polymeric glycols, gelatins,

cocoa-butter or other low melting vegetable waxes or fats.

[0104] Typical transdermal formulations include a conventional aqueous or
non-aqueous vehicle, for example, a cream, ointment, lotion or paste or are in the

form of a medicated plastic, patch or membrane.

[0105] Typical compositions for inhalation are in the form of a solution,
suspension or emulsion that can be administered in the form of an aerosol using a

conventional propellant such as dichlorodifluoromethane or trichlorofluoromethane.
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| act ose and sucrose. \Were the conposition is in the
formof a capsule, the use of routine encapsulation is
w@eoensi4By suitable, for exanple, using the  PCT/US2008/003433
aforementioned carriers in a hard gelatin capsule
shel | e the conposition is in the formof a soft
gel i‘h“ﬁﬂﬁﬁ? thegappuatifally ehiseli earraonnt ohp cemppyng of
routinely used for preparing dispersions or
thp@ngﬂ&@mﬁm@f damisivelttanddeptnds, ixeachicese, nppressysral
guns, celluloses, silicates or oils, and are
factars,@rgothahealth, aga genddr, dad aid condajpsfehshibidet td B0@&Eked, the
Forrmul ati ons suitable for parenteral adm nistration
int&RIRY YRV admiMIGt 48, Sldahk cRAYSPHR BbRPAGLALRPSrakf the
the agents that are preferably isotonic with the bl ood
. o 1 ab Y < o . )
i G R Blony M S Dol e
ringers or dextrose (5%.in water). Such forpul ati.ons
aecoh A4 5teiny SHEGIET 596 Hie AT S g CoMBTa aeipe Teated.
wth water to produce a solution or suspension, which
In 3 method|of dreptinga snbiecs withea eaaditianresatalby ehalasingagai nst
bacterial contam nation. Preferably, sterile materials
seqaesdenrgead metad @m, a stepapentioad hudfietive amguatarfcintacinsageat is, for
avoid the need for termnal sterilization. [0099] Such

ex ngﬂmﬂnaﬁrhmg suTfiBie bl redidde e BIXAERbNthe Meetllin MR ®ibject, reduce
addi tional ingredients, which can include

the ﬁg@?ﬁﬁﬂ@ésh&qﬁeé Hﬁtﬁltgfgfgfag gﬁoq or prevent, inhibit’or Sﬁl'él}f] (t) e onset

oxybenzoat e, , ‘metacreso and
(§enzal oni-um chl or.i d eci al
ana/orn

e. Suc terials e of
O LR TRBOB i A T ei e a1 e TS it of
contai ners. Buffers can_ also be included to provide a
redugipg ahidatiysuess te? subieck Hengegrahtiieatmenh therepf opthersprtigy
buffer materials include sodi um phosphate and acet ate.
effeSbige amouni randetive ageny isefdrexampleban amewnttsoffioiend ¢ reduce
formul ation isotonic with the blood. [0101] If
synaigteing askociatekdovitubxitiative st@gs deprévdnk, dahibittod delaptlas didesand/or
under an inert
severity of symptoms associated with oxidative stress. A typical total daily dose of a
compound of the invention to be administered to a subject (assuming an average 70

kg subject) is from approximately 10 mgto 1.0 g.

[0107] An alternative approach to the syntheses of both (S)-4,5-dihydro-2-[2-
hydroxy-4-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S)-4'-
(HO)-DADFT-PE, 3] and [(S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S)-3'-(HO)-DADFT-PE,

9] is described below.

[0108] In the method described elsewhere [Bergeron, R. J., Wiegand, J.,
McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N. and Rocca, I. R. (5)4,5-
Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-thiazolecarboxylic Acid
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at nosphere such as nitrogen and can be conveniently
presented in unit dose or nultidose form for exanple,

WO 008/1s833 ed anpoul e. [0102] Those skilled in P¢EUS2008/003433
will be amare that the amounts of the various

conponen t ositio of the nven i.on
PoRRERT & wion ¢ NerbGmasniss b Chemmad Rl 6172 s, e
i nventi on to a subject will depend upon those factors
SYMSSEPIABDES-dihirodt Abydprc Al ibisios hdasyloxyiheny ek oethyl-
i ncl udes the conmpound or a pharnmaceutically acceptable
4-thiatdledansoxgydit avidi[€$)-4'sHE)D ADFIHE) 33 dncantiat ewted)idar(HO)-s
way, with a binding and/or |ubricating agent, for

DADFIT) Qv asROh VerRidit6 it9i30pRipyil el iatdonsyie kIO ARy B & theh -
ot her )I ow nelting ve éb?atﬁ%/e waxes or fats ]%70104]

hydl;x Qﬁlng tflgﬁ'?l%g en%kcdl %H!)I%th Péthérrlﬁtldgﬂﬁh unot%u conditions

entl on S Or non-aqueous ve

@ FREOP e SR et APy Phpr R BT Mt "

[ 0105] Typical conpositions for_inhalation are in the
chrpmatpgiaphy gawe theilgnpropyl spenel i 1% aield- Sappnifigationcefiihgester

adm nistered in the formof an aerosol using a
furniskede(9d -4 (30)-PAIPETPEAB) 812 gseld, providing an overall yield of

di chl or odi f I uor onet hane or
71%r i chl or of | uor omet hane. [ 0106] The therapeutically

ef fective anmount of a conmpound or pharnaceutica

CONRADHY; i Rnelﬂtmtétf sua&%t Amytad&psmlé eﬁiypeﬁécd'f (§)’J‘§eﬁHO)-

upon several factors, the healt age,
d caondi of the reat t he
DABFEEAIN AEATHIRLAT e 0 ¢ 55@(?4‘%%‘3"'?%@'85%5? ' of
t he 0, . nhcor te the in ended dosage. form
moa%ﬁ@y{gttﬁ a! hbffﬂ.w ﬁ&?ﬁqtesgtwc PRALE (4 CAHBLIR 2CEONGN
active agent is an anpunt sufficient to have the '
progigling maskeflicketator d in R2%cueldi(Figoh; fehemg 101 £deavdge phethy!

met hod of treating a subject with a condition
estdrrléais dofore bffoxclbé Bt4' {HOFDADFT-PE (3) in 95% yield. The new route

to ligand 3 proceeds in greater overall yield, 78% vs. 71%; moreover, attachment of
the polyether chain in Scheme 1 employs inexpensive reagents without formation of
triphenylphosphine oxide and diisopropyl 1,2-hydrazinedicarboxylate, simplifying
purification.

[0110] In the synthesis described above, the synthesis of (5)-4,5-dihydro-2-[2-
hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S)-3'-
(HO)-DADFT-PE, 9] is carried out: (S)-2-(2,3-dihydroxyphenyl)-4,5-dihydro-4-
methyl-4-thiazolecarboxylic acid, which was made in 88% yield from amino acid
cyclization with the appropriate nitrile, was converted to its ethyl ester in 98% yield.
However, the two remaining steps to chelator 9 proceeded in only 15% yield. The

polyether chain was appended to the 3'-hydroxyl under Mitsunobu conditions,
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sequestering a netal ion, a therapeutically effective

anount of an active agent is, for exanple, an anount
w@foBilci4ant to reduce the burden of the netal PEOI/Uk®08/003433

subject reduce the synptons associated with the netal

i.on prevent, inhibit or | ay the onget and/or
P@é%g |”tf3ﬁ”a¥l esiehpf 8%2%%@%@%@ hyidralysiniairpiskedeh ine6Qp yield
the netal. In a method of reducing oxidative stress in

after mlullﬁp@tmn ¢ma reverse phasercohimmprovilimgeofoyermll yield of 13%.
therapeutically effective amount of an active agent
i's, [(1dd] exanpt efficient3pmtedes 90 {5)i L (HO)-DADFERE@®) is
synptons associated wth oxidative stress or prevent,

presédiPintFigre; dehée bMehORSEhiIndREA gﬁer§)ﬁ¥ fd ofcﬁc 3.8ynpt ons

associ ateéd with oxidative stres al tota

IR DIRRE ) B % e
LT i ATt ] . Bophi0

(S)-4,5-di hydro-2-[ 2-
Vanw Dsx{erathi@isAgalogiesx Sugan, TagstingrradyingreaseddromClearants. J.
azol ecarboxylic acid [(S)-4'- (HO -DADFT-PE, 3] and
Mefl( Gherd., 2004 |418y821 832 wias hikyiaved/wih (Bykatedls (1.3 equiv) and sodium
tri oxadecyl oxy) phenyl | - 4- met hyl - 4-t hi azol ecar boxylic

hyddeq2 [ €@hivdim DN BAdo R REpefiture Sge%ﬁaﬁhg 8 ¢ BedOW.
[0108] I'n the method described elsewhere [ Bergeron,

chr@ggtog\ﬁf)ﬂ ﬂlglrdg IT hu%ﬁ‘k[gﬂétﬁ o%]hca}an I?a\]s be%ll Qt?a%;qechi]%neaﬁy tﬁree tl.mes
e SRSt e LR N G N e o052

Nephrotoxicity. . J Med. Chem 2006, 49, 2772 27831 t he
prog%§ t{‘é/é:l(g:ogqlensatlon of nitrile 18 with (S)-alpha-methyl cysteine (19) in

(S) -4, 5-di hydro-2-[ 2-hydroxy-4-(3, 6, 9-tri oxadecyl oxy)p
aqUh@lMI]B@HMfwetd atpH hicampleszsiihb sy«yhésis H¢BH3"-(HO)-DADFT-PE
[(~-4"-(HO - DADFT-PE, 3] is carried out: (S)-4'-(HO) -

(9) RAS¥T yield. iR& he nH@srutaﬁﬁn},ﬁ chc§19 @9@&& RittoRREE IndiNhd B
yield” Al kylation of the 4'- hydroxyl using

steé: %fn%p:ﬁ%{?% l%gﬂl% c\g}%‘;&i %roUB IaPC{TF(;tt}X(JIUII%t]IQgIrCCtPg] The Mf&%ﬂ 1eq5 to9
is 63%, much higher than from the previous route.
EXAMPLE 7

[0112] (S)-4,5-Dihydro-2-[2-hydroxy-4-(3,6,9-trioxadecyloxy)phenyl}-4-
methyl-4-thiazolecarboxylic Acid (3). A solution of 50% (w/w) NaOH (10.41 mL,
199.5 mmol) in CH30H (90 mL) was added to 16 (6.54 g, 15.3 mmol) in CH;0OH
(200 mL) with ice bath cooling. The reaction mixture was stirred at room temperature
for 16 h, and the bulk of the solvent was removed by rotary evaporation. The residue
was treated with dilute NaCl (150 mL) and was extracted with ether (3 x 150 mL).
The basic aqueous phase was cooled in ice, acidified with 2 N HCl to a pH = 2, and

extracted with EtOAc (4 x 100 mL). The EtOAc extracts were washed with saturated
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(diisopropyl azodi carboxyl ate and tri phenyl phosphi ne
in THF), filtration, and chromatography gave the
w0 s@pnopyd ester of 3 in 76%yield. Saponificap¢DnSmwhs/003433
the ester furnished (5)-4"'-(HO -DADFT-PE (3) in 95%
ield, providing an overall yield of 71% . [0109] .
Na E?Qpﬁlaf} ety ‘V?YC%QP‘E%F?R?@ 18 VRGHOa Dryjag ypderhigheyacynmdygnished
of (S)-4"-(HO - DADFT (14) is acconplished by heating
5.67 igeof t30Bergaroa, Bf J.t Wi¢ganHyl.eMeMyinisc b1S., Vimsomdt RyT., dtaheH.,
(15, 1.0 equiv) and potassium carbonate (2.0 equiv) in
BharcieNoasd Rpeaay J.dR.1(§)- 4 sibihg deh2l(2dhedrok §-4-tiy daOppyie 1 4-
(Fig. 6; Schene 1). Ceavage of ethyl ester 16 as
me_lb;ﬁf-ﬁftﬁia%lfa@irg@)@li(c%ci& PolydBerPADEdufién (oNepHiot8RieY E:I\)li’ed.

e new route to ligand 3 proceeds in greater overa

i WAL 9 reover. attachsrent . of the
Co e e S 1O el g P Rk eI 'H MR
reagents without formation of triphenyl phosphi ne oxi de
(DA W7 60prbpFB5 15,3 My dr HzBd dims Sribo 2Hat &2 (m, 4 H), 3.74-
sinplifying purification. [0110] In the synthesis
3.78emc? iH)esl 903094 (m) DH) S3/96 (18, of 12.0), 4.25-4.29 (m, 2 H), 6.53
(S)-4,5-di hydro-2-[ 2-

49" Oty i hemyl;]_- Hh
. BB A oL Loy PN PR S G 0D
23.%@53@'25%? 588568 3168, 0o TRAT T 1. GO T 62,7758, 102.11, 106.72,
met hyl - 4-t hi azol ecarboxylic acid, which was nade in
1055 aol1 67l s Dl SO0l Kol 18931 Asali GhoklisNR,SHG. H. N.
appropriate nitrile, was converted to its ethyl ester

in 98%vyield However, BEXMBIE 8 enai ni ng steps to
chelator 9 proceeded in only 15%yield. The pol yet her

chaijen ms(@mﬁmﬁmrbq-phley&bxﬁm,sziriwm&plowzyg;@mw—
0

condi tions, producing the ethyl ester of 9 in

me%&ﬁh?hiaﬁﬁé&rrbcg%/% AN [P, éHﬁaﬁbahﬁfk f».éjﬂg,%% ﬁﬁingb?' d@%?tﬁ?erd

puriftication a reverse pnase columm, providing
o1 3 Ffe bt b o o By Hyfha aricos
(4.33 g, 51.5 mmol, in portions) were successively added to distilled, degassed
CH30H (200 mL). The reaction mixture, pH 6.2-6.6, was heated at 70 °C for 72 h.
After cooling to room temperature, the bulk of the solvent was removed by rotary
evaporation. The residue was dissolved in 8% NaHCO3 (200 mL) and was extracted
with CHCl3 (3 X 100 mL). The aqueous portion was cooled in an ice water bath,
acidified to pH = 1 with 5 N HCI, and extracted with EtOAc (4 x 100 mL). The
EtOAc extracts were washed with saturated NaCl and were concentrated in vacuo.
Drying under high vacuum furnished 9.74 g of 9 (90%) as an orange oil: [0}*° +61.9°;
'H NMR (D,0) & 1.77 (s, 3 H), 3.35 (s, 3 H), 3.56-3.62 (m, 3 H), 3.64-3.73 (m, 4 H),
3.75-3.79 (m, 2 H), 3.92-3.96 (m, 2 H), 3.99 (d, 1 H, J = 11.6), 4.25-4.31 (m, 2 H),

6.99 (1, 1 H, J = 8.2), 7.26-7.33 (m, 2 H); '’C NMR § 24.52, 39.93, 59.07, 69.04,
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presented in Fig. 6; Schene 2. The | ess hindered
phenolic group of 2,3- dihydroxybenzonitrile (17)
w Besgenan, R J., Wegand, J., MMnis, J . SPCT/US2008/003433
Wimr, W R, Park, J .-H, Eler-MMnis, E.,
Ber ger on and Brltten Partition- |at
69.BasfkA%. |7Prﬁ402@ ROAal odded: | %%Hl?a%gb{%%laﬁéo 147.67,
Increased Iron C earance. J . Med. Chem
15@203,72838216. 8831 HRMS it kaltdifoa il Q:85400at429 181 ¢ H)3found,
equi v) and sodi um hydride (2. 1 equiv) in DVSO at room
400.eM3er ature, generating 18 in 70% chr omat ogr aphed
yield. Thus the triether chain has been attached in
nearly three tines the gxghpigogpared to the M tsunobu
coupling whi |l e avoi ding the troubl esone by products.

oyl BTAL RARPY bl “aadPilis &6 P BREYERY oy
4-rhT trolcGrmhekVine 1 1, Aarat actvared KaiCe (09 5ntc fgpnod”

introduced until the |ast step of Schene 2, the
followieB xS (1 dd 8. 448 mwpD e geatere (FPonlervergrddethie 1813314,

yield to 9 is 63% nuch higher than fromthe previous
33.2 auhel) irE20eMRIEE300 1) 1Phe reaction mixture was heated at reflux for 3

(S)-4,5-D hydro-2-[2-hydroxy-4-(3, 6,9-tri oxadecyl oxy) p

dayle Mddtichal RECOY (4.99 § 32z ik RERPXS (2. 1:2%\ .65 ﬁr?ﬁol) /Aacetone
sol ution of 50% (ww NaOH (10.41 nL in

GRS T poe

oL B I GRBA Tl o
evaporation, The resi due was treated wth dilu NaCl

rotgry SBaRﬂB“%a ficsidueryagdingIgdim 1t e M 613“& a‘?l!é/éatﬁta}ed NaCl
The basi ¢ aqueous phase was cooled in ice, acidified

(32QimIb) dhdNvad@xtracted wptH EtO2Ac @nd 1 8X il dcThedcombiheddredac (4
x 100 nL). The Et OAc extracts were washed wth

ext@Bisidtt QAbind wit@fuiltkd szwm> QA8 SATat RAC] (200 #1YAnd
Dryi ng under hi gh vacuum furni shed
were concentrated in vacuo. Purification using flash column chromatography eluting
with 50% EtOAc/petroleum ether generated 12.0 g of 16 (84%) as an oil: [o(]* +40.2
(c 1.09); 'HNMR 81.30 (t,3H,J=7.2) 1.66 (s, 3H),3.19(d, 1 H,J = 11.2), 3.38
(s, 3 H), 3.54-3.57 (m, 2 H), 3.64-3.70 (m, 4 H), 3.72-3.76 (m, 2 H), 3.81-3.88 (m, 3
H), 4.12-4.17 (m, 2 H), 4.20-4.28 (m, 2 H), 6.46 (dd, 1 H,/=8.8,2.4),6.49 (d, 1 H,
J=24),7.28(d, 1 H,J=8.4),12.69 (s, 1 H); >°C NMR § 14.21, 24.58, 39.94, 59.17,
62.01, 67.65, 69.60, 70.69, 70.76, 70.98, 72.03, 83.22, 101.51, 107.41, 109.98,
131.77, 161.27, 163.09, 170.90, 172.95. Anal. (C30H,sNO,S) C, H, N.
EXAMPLE 10
[0115] 2-Hydroxy-3-(3,6,9-trioxadecyloxy)benzonitrile (18). Compound 17

(5.3 g, 39.2 mmol) was added to a suspension of 60% NaH (3.13 g, 78.2 mmol) in
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5.67 g of 3[Bergeron, R J., Wegand, J., McManis, J .

S., Vinson, J. R T., Yao, H, Bharti, N and Rocca, J
WO 2(R8/1(833 4, 5- Di hydr o- 2- ( 2- hydr oxy- 4- hydr oxy pheeiyU$2048/003433

nmet hyl - 4- t hi azol ecar boxylic Acid Polyethers A

ution to Nephrotoxicity
DNE%@%IQ Piag Py iried g%ss‘&%reaﬁfterr %ﬁ g@cew mixtyrewas,sjisred at
(c 0.98); 1HNWR (D20) d 1.76 (s, 3 H), 3.35 (s, 3 H),
roog1 Smpsr%llre(fm 18, H(12; .96&-3@.-2221n(1m1) in YMSOA2FMmLRYFES (m
2 H, 3.90-3.94 (m 2 H), 3.96 (d, 1H J = 12.0),
intrbd@ed4 AR8r 24rh of shifringGat 5&orh tmpdratude, theZedgtionGnibdur€ ehehs 1
H J=9.0 22), 7.61 (d, 1 H J =9.2); 13C NMR (D20

mﬂe@@ﬁﬁ@tl 2o cA18 waker (@@G ﬁﬂ;) aR8 wA3 extfAbi & with Q:H@lg é3 X 100
70.44, 71.62, 77.58, 102.1 1, 106.72, 109.66, 134.67,

L PPl R0 A 8B lOBH01 AR N K6 ot RENTT e
CH@W@# Sy S et B EREsSs B&?ﬁ%ﬁ izt ?S()‘SSJ | oxy) P

npound 18 (7.63 g, 27.1 mmol), assed 0.1 MpH
Pursfl@s% HOIEH ﬁalualrbehrp@law@myrhngrawgf Btimgwith 1@@ 7
nmmol ), and NaHC q 3 (4.33 g, 51.5 mml in portions)
CHWBHECHtqass I7\8d] g/ofaA8i@0%) s dn ilt [ H SIMR @346 god HOHBGR-3.62
(200 nL). The reaction m xture, pH 6.2-6.6, was heated

(m, azt HY ¢} 65(23f7<3f(n7 4, 3/’9f5t 8r78q @R i iy 3te3 8 <89'Hnt Qrmea UK €8 (m,

bul'k "of the S0l vent was renpbved by rot

2“?2%‘5’;%5@12’ M SR P B 5 e }}%%@1

The zi\\gug%us%;ort on_was cooled in an ice vvat bat h,
H):adi BMR QP 120 976, @7-p 1 $8-89.1081%2 69 8hd73%, R RTERT A

Et OAc (4 x 100 nmL). The Et OAc extracts were washed
116,05, h18.481 uF2X By 1MAGB, B adHRMSonk ealcddored, sHaN@g; 282.134 (M

Dryi ng under hi gh vacuum furnished 9.74 g of 9 (90%
+ Hsfoand,@sangs. oi | : [a] 20 +61.9; 1H NVR (D20 d 1.77 (s,

3 H, 3.3 (s, 3H, 3.56-3.62 (m 3 H), 3.64-3.73 (m

4 "tX)’l 16] The description of the invention herein demonstrates the impact of
introducing a 3,6,9-trioxadecyloxyl group at various positions of the
desazadesferrithiocin (DADFT) aromatic ring on iron clearance and organ distribution
is described. Three DADFT polyethers are evaluated: (5)-4,5-dihydro-2-[2-hydroxy-
4-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S5)-4'-(HO)-
DADFT-PE, 3], (5)-4,5-dihydro-2-[2-hydroxy-5-(3,6,9-trioxadecyloxy)phenyl]-4-
methyl-4-thiazolecarboxylic acid [(S)-5'-(HO)-DADFT-PE, 6], and (S)-4,5-dihydro-2-
[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid [(S)-
3'-(HO)-DADFT-PE, 9]. The iron-clearing efficiency (ICE) in rodents and primates is
shown to be very sensitive to which positional isomer is evaluated, as is the organ

distribution in rodents. The polyethers had uniformly higher ICEs than their

corresponding parent ligands in rodents, consistent with in vivo ligand-serum
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3.75-3.79 (m 2 H), 3.92-3.96 (m 2 H, 3.99 (d, 1H J
= 11.6), 4.25-4.31 (m 2 H), 6.99 (t, 1 H J = 8.2),

WO 20847438 (m 2 H); 13C NVR d 24.52, 39.93, 5BCTD?S2008/003433
69. 04, 69. 83, 70.49, 70.64, 70.86, 71.97, 83.21,
116. 33,  117.94, 118.50, 122.80, 147.67, 150.24, .

albymin bigding 5idiqy, Ligand s zhe mogkpdtiye pelysthes Mgtegue in rodents
400. 1429 (M + H); found, 400.1413. EXAMPLE 9 [0114]

andgg lsp very effective in primates, suggesting a higher index of success in humans.
(S)-4,5-D hydro-2-[2-hydroxy-4-(3, 6, 9-tri oxadecyl oxy)p

In ddditidn] thiglamibdgduglis disd khazo teecladdanigliin€in (Hb)rindbfahe primates
activated K2CC3 (5.05 g, 36.6 mml) followed by 15 (

thad fnahy bf the oterThBl®IY. i N acetone (50 nl) were added to
14 (ZI)_ 35 g, 33.2 mol) in acetone (300 nL). The

0N Ly YR abesh Py o Bt {30 AnfB¥Es, i phoua

6. 65 Mo i n.acetone re.added, and the
be gppaEn} %"‘*ﬁ%%?f‘éj \Rate ﬁé&ﬁeﬁq@ma}ﬁ mesely Hlgstiptivappdpot
. cooling to roomtenperature, solids were filtered and
limitipg, Bylneheenpieseptedidyaangf exemple orlya pvmarpesmodifigations
residue was dissolved in 1:1 0.5 Mcitric
andathet/esatod matrgslansav@ithiq 8R0soohg ofionk ofasrdimaty skill @dtheiaktand are
Et OAc (3 x 150 nlL). The conbi ned organic extracts were
conveasgl£ed W faNlisk Sithin 1Bel sddgf of Min%ﬂti@f@ldsaﬁgléﬁﬁivﬁﬁn{\&geto.

(200 nL) and were concentrated in vacuo. Purifi-cation
I r ST o SO B RER: SRR B by Y Soulice feplapparent

o eI 0 by 30 8
3 H), 3.54-3.57 2 , 3.64-3,70 ( 4 H),

alte@a@gg%_wh@mbegaw nugl_eggp_ JnehfigaHons “[(.Lbrln reqqggl)_ocp_qr tpthosp

‘H, 4.20-4.28 (m 2 H), 6.46 (dd, 1H J = 8.8, 2.4),

skilgd4n tt(edqrt, AtHs nat desarpd torlipdt thel invepjion) tothg exict castmoti¢s and
1 H,; 13C NW\R d 14.21, 24.58, 39.94, 59.17, 62.01,

opefifiof Sllushi@tedind des@thed /&hd7decortdnd, ali/sii@Ble ndalifidations and
101. 51, 107.41, 109.98,

equivalents may be resorted to, falling within the scope of the invention.
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131.77, 161.27, 163.09, 170.90, 172.95. Anal.
(C20H29NO7S) C, H, N. EXAMPLE 10 [0115]

wQ20dpdrazy - 3- (3, 6, 9-t ri oxadecyl oxy) benzoni t ri | BCT/1I8)008/003433
Compound 17 (5.3 g, 39.2 mmol) was added to a
susgensn on of 60% NaH (3.13 g, 78.2 mmol) i nDVBSO (60

oven-dried glassware. After the reaction

mxture was stirred at roomtenperature for 1 h, 15
(12.49 g, 39.22 mmol) in DVMSO (25 L) was introduced.
After 24 h of stirring at roomtenperature, the

1. r eactdlaively ndrsroxicdsSapadsfeditiocth laldg iavéhd tht Goramlls
water (100 nlL) and was extracted with CHO (3 X 100
m.). The aqueous phase was acidified to pH~ 1 with 6
N HCl and was extracted with CHC 3 (5 X 60 nmL). The
latter CHC 3 extractg were concentrat ed in vacuo.
Purification using colhumn ¢ L Qnat ogr aphy by gravity
eluting with 10% CH3OHCHR gave .84 g of 18 (70%
as an oil: 1H NVR d 3, 3 H) 358362(m 2 H,
3.65-3.73 (m 4 H), 3. . elc'e) , 3.83-3.87 (m
2 H, 4.14-4.18 (nR,@ 6.79-8.85 (m 1 H), 7.09
(dd, 1 H J =17.8, 1.6), 7.153 181(m 1H, 86(s, 1
H; 13C N\R d 57.25, 67.76, &1, &% 68.79, 68.92,
69. 06, 70.36, 98.38, 115.44, 116.55, 118.51, 123.13,
145. 98, 149.46; HRMS mlz cal cd for Cl4H20NOB, 2%.&34
(M+ H); found, 282.135. [0116] The dest "’F‘?ﬂﬁ%h f
i nventi on hereL denonstrates the inpact o

Rs 1Ry PoHSAmg 04 deTeseny. apﬂwa*aeeﬂy?twghtogﬂnmh%é chaig plkys
posi tions of the desazadesferrithiocin ( DADFT)

havigopetoi 1 qarteg abems.reeh, ©Edat zHod, prapyland dwtydi ertarylslkyl on
i s descri bed. Three DADFT pol yethers are eval uat ed:

whdr&h-tHe 5r-yljpd$ryidn s Rydr@eanlyylrand yhe alkyl portion is straight or branched
4-(3,6,9-tri oxadecyl oxy) phenyl ] - 4- net hyl - 4-t hi azol ecar

chaﬂoﬁwdrﬁ 1 Srolip ﬁ)ivﬁlngv 4 c%-ﬁtcﬁﬁs R?}]optlonal being alkoxy
(S)- dlhydro ydroxy-5-(3, 6 trloxaggcy | 'oxy) p

havfh%rh\bl tl) "4 carbon atoms;

R3 is [(CH2)n-Olk-[(CH2)n-Oly-alkyl;

n is, independently, an integer from 1 to 8;
X is an integer from 1 to §;

y is an integer from O to 8, and

R30 may occupy any position on the

phenyl ring except the 4-position, or a salt, hydrate or solvate thereof.

2. An analog of claim | wherein R; is H or CHj3.

3. An analog of claim 1 wherein R is H or CH;0.
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met hyl - 4-t hi azol ecar boxylic acid
[(S)-5"-(HO) - DADFT-PE, 6], and (5)-4,5-di hydro-2-

\V¢2Mm&ﬂm&xy-3-(3,6,9-trioxadecyloxy)phenyl]-4-n@ﬂhyﬂmﬂmnmn

t hi azol ecarboxylic acid [(9S)- (F[» DADFT- PE, 9].
The iron-clearing efficiency ( in rodents and
4. pri\papaes ch@%\lﬁw]?eéelﬁéhvf%wos{é@gw@ﬂﬂé G- whi ch
positional isonmer is evaluated, as is the organ
di stribution in rodents. The polyethers had uniformy
hi gher I CEs than their corresponding parent |igands in
5. r odeahaog obolairs tl avingithdfdrmuld: vo | i gand- ser umal bum n
bi ndi ng studies. Ligand 9 is the nbst active polyether
anal ogue in rodents and is also very effective in
primates, suggesting a higher index of success in
hu thon, this anal ogue is also shown to
clggrgﬁhre(?f bn the urine of the primtes than many
of the other c PY. [0117] Havi ng now descri bed a
few enbodi nent the invention, it should be
apparent to thosg LINedCOOH he art that the

o t

foregoing is nerely il trative and not |limting,
havi ng been present ed tay of exanple only. Nunmerous
nodi ficati ons and ot her enbodi nents are within the
scope of one of ordinary skill in the art and are

contenplated as falling within the scope of the
6. | NX£RLAIS oﬁ&guﬁnYmGﬂng9hﬁﬂhmthereto It can be
appreci ated that variations to the present invention
woul d be readily apparent &0 those skilled in the art,
and the present i nve i's intended to include those
aIt E pLhe pecause nunerous nodi fications
?eadl ZB cur to ' i

PPEd in the art, it is
not deS|red tolimt the Q¥§g;ion to the exact
construction and operation TllUstrated and descri bed,
and accordin al |l suitable nodifications and

7. ey umerhedok %ea%ag appathodegieal eandition resppisivge tgjdhglaion Re
scope of the invention.CLAIMS 1. A relatively

sequestratiox pta tresiden detdl én nistbiegciompaisalgogniinisienig gttd ehe subject
formula: wherein: R, R, R4 and

a therapeutically effective amount of an analog of claim 1.

8. A method of claim 7 wherein said trivalent metal is iron.

9. A method of claim 8 wherein said pathological condition is iron overload.

10. A method of claim 8 wherein said pathological condition is diabetes.

11. A method of claim 8 wherein said pathological condition is liver disease.
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R may be the same or different and may be H, straight
or branched chain al kyl having up to 14 carbon atons,
we2@s/113¥83 hyl , ethyl, propyl and butyl, or aryP@i/ky1008/003433
wherein the aryl portion is hydrocarbyl and the al kyl
portian |s straight or branched chain, the_aryl al kyl
12. gr%alﬁﬂwg\ﬂ RIS Wtaerfm s2i} PRSRolagisakcondpiogds Faﬁ%rmcy ataxia
bei ng al koxy having up to 14 carbon atons; R3 is
(FRP&M2) n-Q x-[ (CH2) n-O y-al kyl; n is, mdependently, an
integer froml1l to 8 x is an integer froml to 8; y is
an integer fromQo 8, and R30 nay occupy any position
on the phenyl ring except the 4-position, or a salt,
13.hyArdtBoPEf @5&W§%ewﬁ§£%am&ogﬁm edifpsh the%‘ult ﬁis'&ée
wherein R is or . An analog of claiml
wherein R2 is H or CH8C14 An analog of claim1l
wherein R3-Ois O[(CH2)2-0 3-CH3. 5. An anal og of
i m in he formyla: 6, An anal og of claim
\??eﬁéo‘f ST {‘rm?lafelfvsalskpﬁ‘@?l%&ab(foqdﬁéat 1S §gneer.
pat hol ogi cal condition responsive to chel ation or
sequestration of a trivalent nmetal in a subject
conprising adm nistering to the subject a
15.t hée magplend ofccdhihy8 eheedt Ry & Mo @it;. of an anal og of claim
1. 8 A nmethod of claim7 wherein said trival ent netal
isiron. 9. A nethod of claim8 wherein said
pat hol ogi cal condition is iron overload. 10. A nethod
of cal condition is
16. dlégx{eet%é@& Tﬁ’lﬁ%@\r@% quéllaglt?ng "wherein said
pat hol ogi cal condltlon is liver disease.12. A nethod
of claim8 mherein sai d pat hol ogical condition is

Fri edrei ch ataxi
17. A method of claim 8 wherem R3-0O is O-[(CH;),-O]5-CHs.

18. A method of claim 8, said analog having the formula:

OH

COOH

N
L,

19. A method of claim 8, said analog having the formula:

OH

CH3;—O—(CHp),l5— O N COOH

=
.,
S \% ‘%



(FRDA). 13. A nethod of claim8 wherein said
pat hol ogi cal condition is heart disease. 14. A nethod
w@boosh #4683 8 wherei n sai d pat hol ogi cal conditi oPCT/B5S2008/003433
cancer. 15. A nmethod of claim8 wherein R is H or
20.?7_2 ph%%&cﬁgtgceaipg%pgxﬁg%axﬁn@ggmg ngtl_h%olggcal gonljit%rn rgs_lpo(%sive
C>Léﬁ}Q)Z-C]3-C}B. 18. A nethod of claim38, said
to dwktion oh scduagjratioa of gripivalant meral gomprishrgiarogifestiyg gimunt of at
sai d anal og having the fornul a: 20. A pharnmaceutica
leag@npasalbg ofickhon 1tandatphagmacepatiibl @gemalble camar theosfore.
responsive to chel ation or sequestration of a
trivalent nmetal conprising an effective anount of at
| east one anal og of claim 1l and a pharmaceutically
ac . ' ! I.tion of
21 SRR EREBLILRR 1b JFERIT L0 il FAMREROL 2000
conposition of claim 19 wherein said pathol ogi ca
condition i's iron overload. 23. A conposition of claim
19 wherein said pathol ogical condition is diabetes.
22.04A COMPETHOR pt ¢laiin 39 whegginsaid palielegigal gepdition is iron overload.
pat hol ogi cal condition is liver disease. 25. A
conposition of claim19 wherein said pathol ogica
condition is Friedreich ataxia (FRDA). 26. A
23.coAREeMmbbsia6n of claindil wkireMh e4i@ ipathdiigitap as i @Pis@@dbetes.
condition is heart disease. 27. A conposition of claim
19 wherein said pathological condition is cancer. 28.

A conposition of claim19 wherein R is Hor CH3. 29.
24y SIERBSIHLRAr Qhinf 1 8 Hedkdn WIS LEIIEE:of Sorldifn STREG: alise.
O[(CH2)2-( 3-CH3.31. A conposition of claim19, said
anal og having the formula: 32. A conposition of claim

19, said anal og having the fornula:
25. A composition of claim 19 wherein said pathological condition is Friedreich

ataxia (FRDA).

26. A composition of claim 19 wherein said pathological condition is heart disease.
27. A composition of claim 19 wherein said pathological condition is cancer.

28. A composition of claim 19 wherein R, is H or CHs,.

29. A composition of claim 19 wherein R; is H or CH;0.

30. A composition of claim 19 wherein R3-O is O-[(CH;),-O]3-CHs.
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33. An article of manufacture conprising packagi ng

mat eri al and a pharmaceutical agent contained within
wa@200d/1prekagi ng material, wherein said phar mackCt/Usz08/003433

agent is effective for the treatnent of a subject

sufferln fromtrlvalet nmet over | and wherein

ﬂaog» Helarm b saif ae@ﬁg.%?g g the ﬁ%gﬁala whi ch

|nd| cates that said pharmaceutical agent can be used

for aneliorating the synptons associated with

trival ent netal overload, and wherein said

phachgeeut(Gt) l,a@ent i s an anal og of claim 1.

OH

COOH

_-N
S\%f,

32. A composition of claim 19, said analog having the formula:

OH

CHa_[O_‘(CHz)z]s—O N COOH

—

33.  An article of manufacture comprising.packaging material and a pharmaceutical agent
contained within said packaging material, wherein said pharmaceutical agent

is effective for the treatment of a subject suffering from trivalent metal overload, and

wherein said packaging material comprises a label which indicates that said

pharmaceutical agent can be used for ameliorating the symptoms associated with

trivalent metal overload, and wherein said pharmaceutical agent is an analog of claim

I.
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