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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



transfused red blood cells [Olivieri, N. F. and Brittenham, G. M.
Iron-chelating Therapy and the Treatment of Thalassemia. Blood

WQ gB/854339-761; Vichinsky, E. P. Current Issues with Blood RGAAETRKIBAG3433
in Sickle Cell Disease. Semin. Hematol. 2001,38,14-22; Kersten, M. J.,
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iron-induced decreases in pancreatic 13-cell secretion and to increases in
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E. Insulin Sensitivity and p-Cell Secretion in Thalassaémia Major wit
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Test. Eur. J. Pediatr. 2003, 162, 139-146; Wojcik, J. P.; Speechley, M. R.;

the K@¢EeRgar) Fanbrbak aRfElscw hAdaMRS, Ecc&nh‘l%[%ﬁ%b‘éﬂ%%‘ﬂgé;&%ﬁg% (i)

Homozygotes for Hemochromatosis. Can. J. Gastroenterol.
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thalassemia major and related forms of transfusional iron overload

McIRrétetham Kpddi, Nisoriess QhHomp Metahkalis e JeRReicensy. sBdhi, p.:

Overload. In Hematology: Basic Principles and Practice; 3rd ed.; Hoffman,

LuckrelBe0GZ HepdticShaitboRedntfaHOR aBd 'ﬁﬁgﬁ%cﬂf Hof stbres S Tifaiitehila
Livingstone: New York, 2000; pp 397-428; Brittenham, G. M.; Griffith, P.
Majbh; WiBRBUIS, K1 208 3481875- 531 ISRk yS H TIUCHEImbBreEt AW C-
J.; Farrell, D. E.; Harris, J. W. Efficacy of Deferoxamine in Preventing
Irondadobeatines RfHgNANLNGRE DK B SAViolbelasseMiaMAIREIN-A
Engl. J. Med. 1994,331,567-573; Zurlo, M. G.; De Stefano, P.;
MedBengia StigattioRiciB). AN 4. Miga Biol. Metevendi, 1948 GIreaiaet
Burattini, M. G.; Terzoli, S. Survival and Causes of Death in Thalassaemia
relattijithl@riesh-18Red2iEdises in [PARM M NHAD JEOR GOMRIISESIRYe &es in
the earth's crust, living systems have great difficulty in accessing and
hepatiaiagilig tisnitRkTRIRoUHIEHoIT 1. vy sribkilityroiNTe bHNIOXidS 1in
(ICl,. 1 x 10-39) [Raymond, K. N.; Carrano, C. J. Coordination Chemistry
SendgitidityligndipaCHioScbrancnant TharisSaim: Mapr 1319sk20a8ay90], the
predominant form of the metal in the biosphere, has led to the
Haewchlopmenioiagphistgated 0an siage PR HAOSPest IYsteMBdiatr.
nature. Microorganisms utilize low molecular weight, virtually ferric
20030nepaciic HgamdsicatdereptBpescifye ™. R. R Ateeneany, ShikrMigipxal
Iron Transport: Iron Acquisition by Pathogenic Microorganisms. Met. lons
AdaBig|PSYsNA0e48, Bhs 66! €28D9Vikindly ot ifdradasthib it ddie Can. J.
Evolution of Iron Chelators for the Treatment of Iron Overload Disease
Gastaoch@erlcRO0RhESIRATARE\arDGH) hdarbditda8a kiinigheleaukaryates sgnd
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 Biochem. Sci. 1986, 11, 133-136; Theil, E. c.; Huynh,
B. H. Fcrritin Mineralization: Ferroxidation and Beyond. J. Inorg. Biochem.
1997, 67, 30; Ponka, P.; Beaumont, c.; Richardson, D. R. Function and
Regulation of Transferrin and Ferritin, Semin. Hematol. 1998, 35, 35-54].
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Hsu, F. F.; He necke, J. W. Human Neutrophils Employ the
MyeloperoxidaseHydrogen Peroxide-Chloride System to Oxidize a-Amino
WQRAEE S HBFamily of Reactive Aldehydes. Mechanistic StudieS¢dénRyIB§03433

Labile Intermediates along the Reaction Pathway. J. Biol. Chem.
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unmanaged iron [Bergeron, R. J.; McManis, J. S.; Weimar, W.

[BrifiggaRt & NEIBisMaMaisTon KRR bGP B AN HIHARPHIE S56F0d8. In
Burger's Medicinal Chemistry; 6th ed.; Abraham, D. A, Ed’; Wiley: New
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thalassemia major or other transfusion-dependent refractory anemias, the

S. BeFGHLY Bf eerRAcHIy RIEHUIRR PRIFRRIAIY IBRRLESNEWAIR, F000; pp

removing toxic accumulations of iron. Treatment with a chelating agent

397apBbisRlARaHe S NNY BARRANPDRIMIiegHReXcwtiandionihe Bod% fung,

then the only therapeutic approach available. The iron-chelating agents

N. 5o dpréseroEINABERlinical evalbrtionEBriieRbamwe ghfidop ghelators
and Iron Toxicity. Alcohol 2003, 30, 151-158] include desferrioxamine B

DefaR¥aiad RESekeh @ LroaiPdaddnlpovadingaans kdelatpsang. L),
443,5-bis(2-hydroxyphenyl)- 1,2,4-triazol-1-yl]benzoic acid (deferasirox,

. Thdﬁ!&s@m&\mﬁgtﬁe Ersierr m&@m@%@lm%?Zurlq, M. G.; De Stefano, P_;

(S)-2-(2,4-dihydroxypheny1)-4,5-dihydro-4-methyl-4-thiazolecarboxylic

BoRwsl Fdefatilrie. (B) Ak DARET AL TRNS HdiSEBiaBRIVAESH): Burattini,
infusion of desferrioxamine B (DFO), a hexacoordinate hydroxamate iron

M. ehetrdpiol sl usiad Dy SHE Rtney e 88 DLQRHS HRiGkRk demill #lafer. Eancet
Keller-Schierlein, W., Prelog, V., Vischer, E. and Wettstein, A. Metabolic

19g8reductgpf Actinomycetes. XXVII. Constitutional Formula of Ferrioxamine
B. Hely. Chim. Acta 1960,43,2129-2138], is still regarded as a credible
treafgpaay iRlthenshing i 8osikgiee 3o of ueriadts(CiviefiviNg Sya@Pils have
Brittenham, G. M. Iron-chelating Therapy and the Treatment of

grediNBfBSsEN i@ BIRQH AP 18RahdS1d B 1hiS AN cRnduddf. FRAYWRoWbility

Chelation Therapy in p-Thalassemia: An Optimistic Update. Semin.

of Féﬁ@?@dx%ﬁ@ée:%&%@or 20D TR LRINAGEY S AN EM R ordination
adm!nlstered sc,.has avery §hort half-life in the body _and mu.s.t therefore

Chéﬂigyghémemmypygdnﬁaﬁxeaow%er@m!q@és.ofmﬂi?i'yﬁeﬁ'g@i; fhe
and Brittenham, G. M. Iron-chelating Therapy and the Treatment of

predd1RlAssErdith Blead Y iRIEI A BheRIRRRHdYY the development of

Desferrioxamine-Induced Iron Excretion In Humans. Bailliere's Clin.
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serious problem [Olivieri, N. Brittenham, G. M. Iron-chelating

molEBREARYCRA R TARGTBER RhlhRasemin BIaRkA37,82 B BLR,

moGiardina, . J. and Grady, R. W. Chelation Therap;l})i% 13-TLa ags’emia:’

ArcBReRRIMIBLISAIREBIA. IRGMParltdpoiatRbr A4 38 R50p3a0knbBENAIlY
active bidentate chelator, deferiprone, is licensed in Europe and some

MiQHREAAMTIRFRASISRE RIS IogsthevaRys 03P fe. [kiaffyand, H.\6: Miftaladn,
F.: Davis, B.; Siritanakatkul, N.; Jackson, B. F. A; Cochrane, J.; Prescott,

D. I&-THéENSuBo b 0P Brdar the Fidd R OEiREIRERRAGIEN P Iron Overload Disease and
Transfusion-Dependent Iron Overloaded Patients. Blood 1998, 91,
Cand8PBRnfabiviate N 2605,@3-5&%@9{%@@%%9&%&@%- B€Rploy
Haematoi. 1996,95,37-48; Olivieri, N. F.; Brittenham, G. M.; McLaren, C.
proteinsl @ BRIIHEN B dVbioreaimay @) g Rufmifdefalalanssitin/reBpttide R
Fleming, K. A Long-Term Safety and Effectiveness of Iron-Chelation
[BerdeesapR Witir&efarpsaneiinigThatasse midMaighiNe PRieskel adends
1998,339,417-423; Richardson, D. R. The Controversial Role of
BioBefaripeon® s the Tireatmentaéil elassaayah JBLAD FedtidMMtheralization:
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 ngw 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 in animals during the preclinical toxicity studies [Nisbet-Brown, E.;
Olinvvieri NI E - CGiardina P 1 GCradv R W - Nearifeld E 1 echarlid R-



[0007] It is an object of the present invention to provide novel

desferrithiocin analogues useful for the treatment of iron overload in
WORARSMEISANd the diseases associated therewith. SUMMARRUDUSANS/003433

INVENTION: [00081 The above and other objects are realized by the

Fer%?ﬁﬁﬁkwgﬁatwoﬂﬁeﬁﬂgpgi@%&BQ&WMI@?@&J onka, P.; Beaumont, c.;

desazadeslerrithiocin analogs having the formula: wherein: 121 is

RicHYAIQIEHORAMY b BEn BEHAOLRR DAY LS AMS 4 %Htﬁ'iﬁntsae%may

be H, straight or branched chain alkyl having up to 14 carbon atoms, e.g.,

HedMRUMY LR spaapyh ARg Mén?,rﬁb(iﬁihéffe%ﬁ-ﬁ%ﬂ&ﬁ?éﬁc Eﬁf&}ﬁgis

hydrocarbyl and the alkyl portion is straight or branc ain, t

het@ORRHO0ATPYR BRVRG MR hERIRMAIRMENR 2 89}599@@8&?58% a
alkoxy having up to 14 carbon atoms; R3 is [(CH2)n-0],-[(CH2)n-O}y-alkyl;

principal source of iron-mediated organ damage.

[0005] The toxicity associated with excess iron, whether a systemic or a focal
problem, derives from its interaction with reactive oxygen species, for instance,
endogenous hydrogen peroxide (H,O,) [Graf, E.; Mahoney, J. R; Bryant, R. G.;
Eaton, J. W. Iron-Catalyzed Hydroxyl Radical Formation. Stringent Requirement for
Free Iron Coordination Site. J. Biol. Chem. 1984, 259, 36203624; Halliwell, B. Free
Radicals and Antioxidants: A Personal View. Nutr. Rev. 1994,52,253-265; Halliwell,
B. Iron, Oxidative Damage, and Chelating Agents. In The Development of Iron
Chelators for Clinical Use; Bergeron, R. J., Brittenham, G. M., Eds.; CRC: Boca
Raton, 1994; pp 3356; Koppenol, W. Kinetics and Mechanism of the Fenton
Reaction: Implications for Iron Toxicity. In Iron Chelators: New Development
Strategies; Badman, D. G., Bergeron, R. J., Brittenham, G. M., Eds.; Saratoga: Ponte
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.;



n is, independently, an integer from Ito 8; x is an integer from 1 to 8; y is

an integer from 0 to 8, and R30 may occupy the 3-position or 5-position on
WRRE8HaMAYXing, or a salt, hydrate or solvate thereof. [O00RJ KHS2008/003433

additional embodiment of the invention relates to a method of treating a
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trivalent metal in a subject comprising administering to the Subject a
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A still further embodiment of the invention relates to a pharmaceutical
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sequestration of a trivalent metal comprising an effective amount of at
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carrier therefore.  [0011] Another embodiment of the invention relates to

is (@ ReAUHERL AHRGIHEE LRABIP[ISI S RACKRINIMPRISHR! #¢ - AVeimar, W. R;

pharmaceutical agent contained within said packaging material, wherein

wisgifdhaERea s AgeE! IR ERIUE ORI e TFeRIRREAL YR SURIRtger's

suffering from trivalent metal overload, and wherein said packaging

MeBaleEamatses R dadel whithngicatesthal sajd arpageuiieal ageri.
can be used for ameliorating the symptoms associated with trivalent metal
se1qverload, and wherein said pharmaceutical agent is an analog described

above.
[0006] In the majority of patients with thalassemia major or other transfusion-

dependent refractory anemias, the severity of the anemia precludes phlebotomy
therapy as a means of removing toxic accumulations of iron. Treatment with a
chelating agent capable of seques}ering iron and permitting its excretion from the
body is then the only therapeutic approach available. The iron-chelating agents now in
use or under clinical evaluation [Brittenham, G. M. Iron Chelators and Iron Toxicity.
Alcohol 2003, 30, 151-158] include desferrioxamine B mesylate (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



[0012] There has thus been outlined, rather broadly, the more important
features of the invention in order that the detailed description thereof that
WORMHE1M38 be better understood, and in order that the preseffT/US2008/003433
contribution to the art may be better appreciated. There are, of course,
Thﬁggégﬂﬁé'}ﬁ%‘éﬂr f4be Joveptiop;iha, !'H??. %ﬁiﬁ%%?,fwt{)@%helaﬁm
ereinafter. Indeed, it is to be understood that both the fdregoing general
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anatory and are inten provide further explanation of thé

3641 VBREPR A5 RIMEL tive, [DRLIhI, t%}g?gﬁf@&%h ngﬁgg a?%s@}?gm %51%%% in

one embodiment of the invention in it IS to be understood that t
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to the arrangements of the compoOnents set
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embodiments and of being practiced and carrie ious ways.

of ﬂﬁﬁtsgeir?lit? B%Uﬁq@@%%bgf Plgﬁéﬁéﬂoﬁgi %&E%Mﬁ%mguced

employed herein are for the purpose Scription an ould not be
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appreciate that the conception upon which this disclosure is based may
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and systems for carrying out the several purposes of the present
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as they do not depart from the spirit and scope of the present invention,
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drawings are included t6 provide a further understanding of the invention
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several embodiments of the invention and together with the description
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THE DRAWINGS: [0016] Figure 1. 'H resonances and pertinent
theﬁ@%@éﬁm%m,@aﬁewlfﬁeéz:?ﬁéwﬂf&ﬁr&%mtm&tﬁfcent

is indicated next to the dotted lines.
Jackson, B. F. A; Cochrane, J.; Prescott, E.; Wonke, B. Long-term Trial of
Deferiprone in 51 Transfusion-Dependent Iron Overloaded Patients. Blood 1998, 91,
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



[0017] Figure 2. 'H resonances and pertinent homonuclear NOE

correlations for (S)-5'-(H0)-DADFT-PE- PrE (12); the percent NOE is
Wordited##ext to the dotted lines. [0018] Figure 3. Biliary RGTORFZ80R/Q03433

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

r : of r
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GidIfE,ad PensESAR Ol atRdigaie vith QARET Raloges vk 6yand 9

given'sc af a dosé of 300 umol/kg. The concentrations (y-axis) are
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For all'time points, n = [0020] Figure 5 - Scheme 1. Synthesis o
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Figure 6 - Schemes 1 8z 2. Syntheses of (S)-4,5-dihydro-24

PlabY XYt é R %H@(EQEM%}’)PPQ”HL&W I'a'élth 1) l%@i b@éﬂﬁello
acid RS)-4"- (H0)-DADFT-PEI and [(5)-4,5-dihydro-212-hydroxy-3-(3,6,9-

R; Bi %%Qe%i%ﬁ)ﬁﬁ‘e%%me@yhs‘}%ﬁ'ala@@&fm't@ %q{%ty, Tolerability,
[(S)-31-(HO)-DADETPE], respective

and Pharmacokinetics of ICL670, a New Orally Active Iron-Chelating Agent in
Patients with Transfusion-Dependent Iron Overload Due to Thalassemia. J. Clin.
Pharmacol. 2003,43,565-572; Cappellini, M. D. Iron-chelating therapy with the new
oral agent ICL670 (Exjade). Best Pract Res Clin Haematol 2005, 18, 289-298]. In
addition, Novartis has recently (April, 2007) updated the prescribing information for
deferasirox: “Cases of acute renal failure, some with a fatal outcome, have been
reported following the postmarketing use of Exjade® (deferasirox). Most of the
fatalities occurred in patients with multiple co-morbidities and who were in advanced
stages of their hematological disorders" [Exjade Prescribing Information,
http://www.pharma.us.novartis.com/product/pi/pdf/exjade.pdf (accessed May 2007)].
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.



DETAILED DESCRIPTION OF THE INVENTION: [0022] The present
invention is predicated on the discovery that desazadesferrithiocin
analogs as described above are very effective relatively nontoxic chelators
of trivalent metals, particularly iron, in mammals. [0023] More
particularly, the present invention is predicated on the discovery that
sinaousRY pHYEHENgWRINS [@iNarious 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-212-hydroxy-4-(3,6,9-trioxadecyloxy)f)hen 1]-4-methy1-4-thiazole
Carbox{ﬁﬂg&}ﬁﬁlﬁg};aye(m@pgpimepig argrea ized by the present invention, one
S)-4,5-dihydro-212-hydroxy-5-(3,6,9- o )

erhastimeniod Hpnehyelates nslespradesisaiiesim anglagsdeying the formula:
f(S)-5'-(HO)-DADFT-PE, 6], and
(S)-4,5-dihydro-242-hydroxy-S-g%,6,9-trioxadecylox
y)phenyl1-4-methyl-4- thiazole%\g thoxytia acid RS)-3'-(H0)-DADFT-PE,
9]. The iron-clearing efficiency (IGE) i ,rodents and primates is shown to
be very sensitive to which positiof” LiSomel, is“@Fluated, as is the organ
distribution in rodents. The pdiyéthers hadﬁlﬁ’ﬁig?rmly higher ICEs than their
corresponding parent ligands in rodents, ﬁ;‘b sistent with in vivo
ligand-serum albumin binding studies. Ligand 9 is the most active
polyether analogue in rodents and is also very effective in primates,
suggesting a higher index of success in humans. In addition, this

analogue is also shown to clear more irqphi@rénre Rg%?é)r%@(?eg@mm’tﬁg% and

many of the other chelators. If this trend was also In patients,
erformance of iron-balance studies in a clinical setting would be. m
B B 50, 1 G 1 BRI Aot R BT SRt o
Haﬂhgl?g 1 I}Uiad%hmﬁﬁﬁ;%. Althetgh Yieyhreipicahtomicity @f@fﬂilhﬂcf}{ill.
was relatively penign, i.e,, no geno- or reproductive toxicity and only mi
HOSF By U (oL e AR TE SIS RATAT o BN opaEed
Biaivious studiesirensa edhatwitbindaciabaily.eddeSterRiupdishaitalagues
the more ljpophilic chelators have better iron-clearing efficiency, that is,
oy Jav iR Y8 PbitRIBE S Me compound, the better the iron-clearing
efficiency (ICE) [Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson, J.
R. T., Yao, H., Bharti, N. and Récisd (GHIn b4l CBmydpdy- 2l dhydroxy-4-
hydroxypheny1)-4-methy1-4-thigzolgeashionlie AGidRQ¥LIRSEST 4 8;
Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783; Bergeron,
R. J., Wiegand, J., McManis, JX$s aBigigepideon. ] &irith, R. E. and
Weimar, W. R. Methoxylation of Regazadesigshiliecis Anglogues:
Enhanced Iron Clearing Efficiency. J. Med. Chem. 20(53,46,1470-1477;
Bergeron, R. J., Wiegand, J., MefA4pas, erespyihe Brigditinn ehepssiign,on the

Synthesis, and Evaluation of Oﬁg@ﬁ&-ﬁ@@gi@p ron: GRelatRrSy sbiVi@dihereof.
Chem. 2006,49,7032-7043]. There also exists a second, albeit somewhat

disturbi ationship: in all sets.of ligands, the more lipophilic chelator |
iy Tl SR ey DR R e el
Viasing, alpiRhdlggiend cbhiBloartespbniRec tagkkl RidiSprisSqudsnatio: & (2rivalent
B D R SRR R Ay e
200X P A 2nATBBJescpbediabsvinvestigation focused on the design of
ligands that balance the lipophilicity/toxicity relationship while iron-clearing
efficiency is maintained. The study began with the observation that
(S)-4,5-dihydro-2-(2-hydroxy4-methoxypheny1l)-4-methyl-4-thiazolecarbox
ylic acid [(S)-4'-(CH30)-DADFT, 2], a 4'-methyl-ether, had excellent
iron-clearing efficiency in both rodents agld primates; however, it was
unacceptably toxic [Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson,
J.R. T., Yao, H., Bharti, N. and Rocca, J. R.
(S)-4,5-Dihydro-2-(2-hydroxy4-hydroxyphenyl)-4-methy1-4-thiazolecarbo
xylic Acid Polyethers: A Solution to Nephrotoxicity. J. Med. Chem.

2006,49,2772-2783; Bergeron, R. J., Wiegand, J., McManis, J. S.,
Riiccenitice 1 <mith R EF and Weimar W R Methovvliatinn of




2006,49,7032-7043]. The polyether (3), in which a 3,6,9-trioxadecyl group

was fixed to the 4'-(HO) of 1, also performed well, with an ICE of 5.5 1.9%
WM Hdtdiistered po (p < 0.003 vs 1) [Bergeron, R. J., Wied4i#{U§2008/003433

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

o e A SR R e R
s e SR ST e
T e s Vet e (Fpone
e A e e e T

e e D PR miactre
g it R e R
P R ey B g fs Tl e i
o Ao T A S RO Y S s ol
e S RS L e
g 0 o R P AR ey I Wy nerin

said( M@M&P&%&@‘ﬂyﬂ{%&r&m’&@iﬁf SR¢L)-4-methyl1-4-

thiazolecarboxylic Acid Polyetheérs: A Solution to Nephrotoxicity. J. Med.

ChagiaPOFAIATLameikdn s AtemRhdeuRdRALIRSS difsance I

toxicity, the tissue levels of 3 and 1 in the liver, kidnéy, pancreas, an

feartRASOHIOHSRIRIGN BN ARINGS: e &Q&h%‘&’éé‘égigt?éﬁ tﬂggp(%?%qlséﬂgsws may

were measured 2, 4, 6, and 8 h after exposure [Bergeron, legan

be bétdVIGMRRN M s L N c R.
o S DI 3o matesy A R R R g ity be et

apprétpAele CRRBRXYHC MLE‘Q{QHWM ROMHONSPAERDERIAG Y Vi tgg

Chem. 2006,49,2772-2783]. There were two notable observations.
descebel B RQiBtethadsvalable iPNSHEL HnHS YR Wa: %%%Jaigglsrg
10

than that of the parent drug 1. In the kidney, the polyether concentr

genopAllRWEpIBAR RSN AN andbainular -@,t%réim@&gi IRgraeron,
R. J., Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N.

explangldrPaaa. ale htéRdedt PolpHAYE RtV or Rl bh 4s
methy1-4-thiazolecarboxylic Acid Polyethers: A Solution to Nephrotoxicity.
clairde®ed. Chem. 2006,49,2772-2783]. This seemed consistent with the
reduced nephrotoxicity. R. Furthermore, in an experiment in which 1 and 3
We[OIIVENIAGH HagheatsHuYise Sl fpdR e al SR e HIDOVKUAPSE A T4
umol/kg/day) for 7 days [Bergeron, R. J., Wiegand, J., McManis, J. S.,
inveMiiaan, dbtil, T isidbetin@padbdNn A RIACERIIn R-not limited in its
(S)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl-4-thiazolecarbox
appliditiéeid Brelyeihgs S ROl HIAD N RN GHY e h M8 bt (e Bmponents
2006,49,2772-2783], under light microscopy, the proximal tubules of

set fidtnaymirestishenpalysihiplica) drenirttiedantmwersinlistingeishallgfam
those of the control animals; the distal tubules presented with occasional

capabRCoDb#Ri@MbULkRNR OARAVIBRI N PRAI (&Y IRIArfe oY\ IE0ANSh Tways.
McManis, J. S., Vinson, J. R. T., Yao, H., Bharti, N. and Rocca, J. R.
(S)-4,5-Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methy1-4-thiazolecarbo
xylic Acid Polyethers: A Solution to Nephrotoxicity. J. Med. Chem.
2006,49,2772-2783]. However, animals treated with 1 showed regional,
moderate to severe vacuolization irbthe proximal tubules, a loss of the
brush border, and tubular extrusions toward the lumen; the distal tubules
showed moderate to severe vacuolization. These findings, coupled with

the increased ICE of the polyether 3, compelled us to pursue further
<ctiidiece on additional nolvvethere and evaliiate dAriia tieciie levele at



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.,
WQRIRING4W ., Luchetta, G., Wiegand, J., Moerker, T. and Pet®&TH/SR08/003433

Comparative Study of the Iron-Clearing Properties of Desferrithiocin
AIOMRIRYSR WG REXE AR R dD YRR Mg BIoAT. e

D L S B e S e
for Sk S AV SIHB IO i(%l%rh [ lly acti safe DFT analogue.
OrThe initial goal vx?as 0 de#r?(g%e min?m%%fgﬁjaéé?g@éﬁg}%bompatible

Withy i CALNR MR SMVE'R AN RRIARH0: R dn P HRT R

Creéry, AL Dgniéls, R.D., Jr., Kl%g, W., Luﬁegggéiﬁggagr?&cjﬁﬂon

upd¥9RHR ths Gﬂglg’s%ﬁ%ri%akédﬁn%?'}&ﬁm\%ﬁlﬁfﬂ A% DRk ARG

Properties of Desferrithiocin Anafogues Desferrioxamine B in a

des ﬁmgso'}ﬂ&m%?xtmg&.%sg}@é%ﬂ?%%%%@ %—%&784;@@@95[.%

J.
iegand, J., Dionis, J. B., Egli-Karmaldca, M., Frel,"J., uxle}%gevﬁcr:aelr, A.
| : hiaci S I¢.Analogues
SR RO R S P s

conbR AR (RUGHIPELHA 88155 BLSIHIAMPAE UNIRY SlELES AP Ebresent

developing a DFT analogue with good ora earing dctivity and an

invaRESP AR IGIRE; RIS EREFPRIOM R ) - Wiegand, J., McManis, J. S.,
Vinson, J. R. T., Yao, H., Bharti, N. and Rocca, J. R.
(S)-bGiBinvEhoR ARy 47 1o proyi
met ﬁ-lf-jth@gﬁe%carbogﬁé %é%mé%ﬁ i%r%gﬁ ﬁaseélh%igﬁotvédﬁgpfﬁ%qg&icity.

unddrMadie " The2R06 3 R 41 R 4L S RSO AREn Bndf co\ﬁéﬁggy%p%ﬁ of this

McManis, J. S., McCosar, B. H., Weimar, W. R., Britten
specimifiioR: ifuSHRCIS LS dnisERchREtRY ARG fich HVEIQ Jﬁélﬂ&ﬂptg}f

Iron Clearing Efficiency and Toxicity of Desferrithiocin Analogues. J. M

desérlpfith 4692 (o2 B2 BL IR ALOF ARG WaR -4 -(HO)-DADFT (1),

now in clinical trials. However, animal studies suggested that even in this

BREYSBES (IAPPRENBI RGO IRX WaNlgdikely be nephrotoxicity [Bergeron,
R. J., Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H., Bhatrti, N.

andGiA%iFisuie 1. 'H resonances and pertinent homonuclear NOE correlations
(S)-4,5-Dihydro-2-(2-hydroxy-4-hydroxypheny1)-4-methy1-4-
for éb%mdﬁ@rh%!# PApid gg’,llfﬁévt}ﬁﬁ%eﬁt RN AG MERMLIPKIE e dotMadines.
Chem. 2006,49,2772-2783]. We next discovered that fixing a polyether to
the 4'-position leading to (S)-4'-(H0)-DADFT-PE (3) profoundly reduced
ne I BkEiguIEH2 Pét urtomannesraninpek tinbutehdammagdeae MO correlations
consistent with the reduced level of 3 in the kidney relative to the parent
for {§RAttHAN2ZIMABEIGRIONPIR. J12)YicyanerckntViSKIBNis, ihdicatdihsens JoRthe
T., Yao, H., Bharti, N. and Rocca, J. R. (S)-4,5-
dottglHimhs-2-(2-hydroxy-4-hydroxypheny1)-4-methy1-4-thiazolecarboxylic
Acid Polyethers: A Solution to Nephrotoxicity. J. Med. Chem.
2033 492{320%72-27%3% . [0028] It was decided to better understand the
role W& VERTE RN SRR IR RS Lh SitidrsalsdorriEt DARIpbirpalpgues
1 3de i%r%gsgate ies are based on comé)arative issues. Three questions are
» Ik Ea NG B Y AitdRsy the’BstiBRlGEh Lhsolyemheleranee et is
ring affect (flgﬁiqron-cl artia?zgi efficiency in rodents, (2) iron-clearing efficiency
fep‘%ﬁe@rﬁﬁéh%& d b5 i&F#8ion in rodents? With this information,
we will decide how best to conduct possible further and protracted toxicity

triat%' _%?r%%]rﬁe 4, TPRZQlA IR in plasma, k_idne?', liver, heﬁn and

(S)-4,5 0-2-(2-hydroxypheny1l)-4-methylthiazolecarboxylic acid
pandRADIT RldScrasddata D AT UANIJBLEAENINGIANES RIS, SYRRIIHEM 00
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 Papp 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,1-1.; Bharti, N.; Rocca, J. R. (S)-4,5- Dihydro-

2-(7- hvdrovyv-A- hvdroxyvnhenv1)-A- methvl-A-thia7olecarbhovyvliec Acid




[0030] The syntheses of (S)-4,5-dihydro-2-[2-hydroxy-5-(3,6,9-
trioxadecyloxy)phenyl]-4-methy1-4-thiazolecarboxylic acid
WOBNH11§H5)-DADFT-PE, 6] and PCT/US2008/003433
(.5)-4,5-dihydro-242-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
u@ﬁ@gﬁ@g%ﬁg@ﬁﬁ%ﬂi@&kﬁ'a'r@;QP%REJ iE INPYRIAVRLS BEnieved Y
@n%é IRy Q%Y. ed}y}]g-ﬁ Sylihydro-4-methy1-4-thiazolecarboxylie
COlgfqg)d i -Sr%(HO)-DA FT,ét‘r ?aned IgngH 1me p01rn¥,n Q
(S)-792 d'ﬁ@%ph%q;.% Ak R CRPEAASRIOBEYY
acid%?(qg)- '-(1I0)-DADFT, 7 toﬁtﬁe%gg%srggfggésr fg%ﬂ@o ethyl eg erdﬁfmd
(@$§§R§ﬁ§)ﬁwﬁ§ftp§1@})- (_S)-51-(|—_|O)-DADFT (4_) was con\_/erted to its
isopropyl ester 10 in quantitative yield by alkylation with 2-iodopropane
(1.8 equiv) in DMF in the presence of N, N-diisopropylethylamine (1.8
equioZI e izhye 6SteScblethos3l-&1Q)-BABRTes 1k, (908, aciRssRA DY -
alkylation of 7 with iodoethane (1.8 equiv) and N,N-diisopropylethylamine
hydibByetn(ded, o iiidiad exyopgptis - andeldy Werdithonaakbip-aldg (5)-4'-
5'-hydroxyl and 3'-hydroxyl using an equimolar amount of tri(ethylene
(HQ)YDADHD:REN atiayl (SHe 5Ldidedidlitsimabarerpdtians ddiisopropyl
azodicarboxylate (1.19 equiv) and triphenylphosphine (1.23 equiv) in
trioXktfefypoy gty ¥ B)45mERY) ARRIoREABok (12X @84 (S)-3'-(HO)-DADFT-
(S)-3'-(HO)-DADFT-PE-EE (13) in 52 and 25% vyields, respectively.
PEHapelysizigf isopropyl and ethyl ester with 50% NaOH in methanol

followed by acidification with 2N HC1 furnished (S)-5'-(H0)- DADFT-PE (6,
[0031] To

position and not to its 2'-hydroxyl, proton nuclear Overhauser effect (NOE)
diffdA328 st PIFesBtad@yRBEOANdishePredistéedre @hothe indiygevery. that
Low-power saturation of the resonance at 4.28 ppm, assigned to the
despraqaHeithire o Rfdegs sam dasgrdbrd (ghone stpragioh sffersivieeralesinatic non-
residue, enhanced the signal for the adjacent methylene (e) at 3.94 ppm

toxiGOJRIQR N 4TSN BEsHamaTigHar it iToBoipsRaMalso showed a

significant enhancement of 11%. These observations are consistent with

theﬁﬂ% r9... [0P32] Proton NOE difference spectroscopy was
also usegg too\ggﬁ@rttﬁg{gar&yl%ilﬁ T orthe polathers rgﬁ%&%ﬁﬁgéﬁéqﬁgovew
" b ition in d not at the more sterically hindered 2'-hydrgxyl; these .
h )
B B s A ST, gt e

(DA%F‘ﬁJ‘ﬁ%B?aH‘cG%‘Z“%%'i%&ﬂ%n@é’éyﬁ}? %g@g%%&%g%%%ggﬂcé’h %rb (Eiiirstriblﬂgon

neighboring met resonance a a oma

profERAID AE RARAM, h A 0 TRRID (A RGN AR B vatuea: (9)-4.5-

enhancements o o respective Se enhancements
d1h%%%%%%%gé&ggﬁtgﬁé%ﬁ(:?gg%%sghggyﬁwwnpe%@?-’ t—t Lﬁ%z;[)qeecarboxylic
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 (S)-4,5—dihydr0-2—[2—hydroxy-3-(3,6,9—tri0xadecyloxy)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

11



[0033] Chelator-Induced Iron Clearance in Non-Iron-Overloaded Rodents.
We previously demonstrated that in the (S)-4'-(HO)-DADFT series,
WQSYMFIHGIPDADFT (1), (S)-4'-(CH30)-DADFT (2), and PCT/US2008/003433
(S)-41-(HO)-DADFT-PE (3), both the methoxy ligand (2; ICE 6.6 2.8%)
. r(3; B 1.99 r re efficient iron.chelators. .
P TR it e R 1 UG B SRR iy vive
. j . , R jegand. J.. . McManis, J. S.
S AR S IR, i S s A BSryanes analoge
. -4 5-Dj -2-(2- A . : :
S e Nery MUK in primatos supecpting JigheEiadsy of success
in MolARN tQXIC em. 2006,49 2772-2783]..Recall that
. iron-cléaléﬁldg}lg?ftig%r??f (%‘:%%%%ﬁ%% %ﬁsoz\rll%tt?rg%aerx%l%ﬁolﬁ? total - e of
ndBAHAALARAGIY Of the SHRIPIN RERCIPI R ARCIERN TS ISIAINE i
ICE values of compounds 1 and 2 were in keeping wit their 0og Papp
X li ilic r RPapp..the more efficient t
P e e AT PRl be muct
easiBHch 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@024/)154n (11 0) DARHY sesiest(irhlad D) malbieROW T Hldse U1
(S)-4,5-dihydro-2-(2-hydroxy-5-methoxypheny1)-4-methy1-4-thiazolecarbo
triaky fic petidn{(S)ATthe(@3H 309-prédhinicablo ik { ProT ) 19 Relaft e kP beRtih,
the methoxy analogue 5 (ICE 6.3 - 1.2%) and the polyether 6 (ICE 8.0
i.e.In8%g¢mwere rapredetiiiens vionychededars thiad ibphpaksntigantigh(Weked,.the
0.9%, p < 0.001 vs 5 and p <0.005 vs 6, respectively). Again, the relative
clinicsesblts/eisam SoverelicidarpinRravitbuhanlag Lapparatdivewithin a family
concentrations [Bergeron, R. J., Wiegand, J., McManis, J. S. and Bharti,
of ddsfEhitidesiyanSyptbe sie, ranck Byaplitiortied|Qoganabpbeiiis 1FoR-clearing
Chelators. J. Med. Chem. 2006,49,7032-70431 Although liver
efficmegnthation i dgangeAhwispaPggodiinsitater @fitiped it Bt pelyaties don-
relative to 4 [Bergeron, R. J., Wiegand, J., McManis, J. S. and Bharti, N.
cleaFimg DEsigne S VIR $Be@acbE\VRIUatiwHeght gh MyMsifis, Iros. Chakators. R.
J. Med. Chem. 2006,49,7032-7043], log Papp was not. It is notable that in
T., Neth the BB)sE - (HArDREHET, AnR. t1H-(55-Dillde2AR MY denigss-the
corresponding HO-, CH30- and polyether ligands have similar ICE values
hydsexiyphreilph ifomaiedrdrbeazidtdbthtiouylic thedifolyahedrbila Stabld Jo
R1035] The ICEs of the (S)-3'-(HO)-DADFT set of compounds 7-9 are very
Nephiffapantitiiah Medd (D). 20064 0:10)72e2i283; BeedigandR. dreWisgafdily,
more efficient at clearing iron (Table 1). Again, although the relative
Mcienisldafindetliciensiés Sws thrdRliBiethbyherag WaBp Malthes ftut i of
3'-(F10) and 31-(CH30) compounds, the ICE for the 3'-polyether (9) is not.
DesgghdestemduoratetaatogutisisEnbtance Isoth € lprofog BdfditecynteNfedCERem.
between the 3'-polyether (9) and the 4'- polyether (3); the 3'-ligand (9) is
2005 &4xllAZ000% i dderatimotiVe {10M6eR494, Vs, BIEMAmSSL]. (S <gh0Bhditie NCFhe
of 9 is also greater than that of the 5'-polyether 6, (10.6 4.4% vs 8.0
Desi2a05 yrabpustiamdylivbluatian inf Rrese Ssiight yries € bebaosighifMadt Ghem.
0.06). The modes of iron excretion, urine versus bile, arc similar.
200(ot38P3Hd My ereolivetiosto htkes patenibtibswdnhetiitrdistpdiyeghers 3,
6 and 9 (Figure 3) show that the iron clearance (Fig/kg) of ligand 1 peaks
relagpshipostdtussard Hevedsesee anscBpoiikix diwdalorssiereyiothénaooed
by the 4'- and 5'-polyethers (3 and 6) also peak at 3 h, but at much higher
toxipl Resgargs. dhd 388 Fandy ) rellsddavishyd (1§ < Viogmidr R.vE 3Yeo6H Thbarti,
biliary iron content of 3'-polyether 9 treated animals is greatest at 6 h, 287
N5 Residy IirRaRitiba; RitikstpeDRaryyidorkyidatrtteoXpphicns xdd Si¢thyk4-
returned to baseline levels by 15 h, the 3'-polyether (9) remains well
above this until >30 h (data not shown). The delayed peak in iron
excretion and duration of activity of'9 are also reflected in the tissue
distribution studies (Figure 4), discussed below. [0037]

Chelator-Induced Iron Clearance in Iron-Overloaded Cebus apella
Primatece The iron-clearance data for all three cete of linande are



M. and Smith, R. E. Effects of C-4 Stereochemistry and C-4 Hydroxylation
on the Iron Clearing Efficiency and Toxicity of Desferrithiocin Analogues.

WQ 2% d18Hem. 1999,42,2432-2440], the increase is not signif€ALS2008/003433
Although (S)-4'-(HO)-DADFT-PE (3) is the least lipophilic chelator in the

thidZASRHESx S MSh RIS HSGriR e 1o M5 1@85;98{2?‘1'34&1: Chem.
W JR. T, N. an

legand, J., McManis,”J. S., Vinson, J. ao, H., Bharti,

20080683792 3743) ARG DS AR R AP LU agHaY i

thiazolecarboxylic Acid Polyethers? A Solution to Nephr ICity.

balGRETh 20T B 283 R ABRIR SRR iSRGl IReiR elfeRtive

than the parent 1, although the increase was not quite significant(p =

mafhfed. THIARR]YHLBECRSE Gfet%B@éi&ﬁ%R@Eﬁ%&éﬂ%ﬁl%@%ﬁh?ﬂ%ﬁy-

ligands' ICE trend correlates well with log Papp. f the mos

4-n{PRBRUihUAN I d G- 2R 74 R PANENRANINICE §4CESIE )30 AiSHPa8, a

lipophilic analogue 6 (ICE 8.1 2.8%, p £ 0.001); 5'is also more efficient

4'-W-%ﬂ%%}%£a G tenbitbn3 AR S QL APRI OGP Bnth ’a}é\é'%e%;f

Manis, J. S. and Bharti, N. The Design, Synthesis, and Eva

hoW X aanSpacific, &&19'?&9{@@&%/@%9’@?}?} VRGP 7 ORENQAR]. Mth

the ($)-3'-(H0)-DADFT analogues 7-9, while there are cléar differences in

vid9hPARE. FeyifE R OEhg e S llaaroi:2re &l K §55RY &.S2¢h RRRLxy-

(Table 2). [00391A final, comparative note concerning the polyether

4-§ @&E}ﬁ;ﬁ%ﬁ?}ﬁs4t9ﬂélﬁﬁiﬁ@{96é’£{1%%§rﬂ%§¥ RGIPPEXFRLAD- ASHIGHOH eI
model,

the numbers are generally similar, with nearly all of the iron

NeSHOEIGHiY. NRilE ﬁé%@ﬂdﬂ&@&é?ﬂi@&@éﬁé@’&"ﬁ@ e PVNBlaRady .,

much larger fraction of the iron’is found in the uriRe (Tabie 2). The most

McMRRIE Casan et 3 - SIDRDE TR MW RANREES{IIRR ABI0
and (S)-3'-(HO)-DADFT-PE (9) with 72/28 feces/urine ratio in primates. In

DedR8RRIS ARSI RRAELALS: BRitaR0 IRIR dﬁ%ﬂﬂ%ﬁmienc#%%ﬁ%ﬁ 9€hem.

Clearance Performance Ratio in Primates versus Rodents.

200@@432&@%1%@m@ﬁi}h%ﬁgqﬁi@éskiaslmﬁ%méwyimaf@ﬁsrzp.ct%s, s
noteworthy (Table
functionality of (5)-4'-(HO)-DADFT (1) was compatible with the iron-clearing
function. On the basis of these observations, a less lipophilic, more watér-soluble
ligand than 2 was assembled, the polyether (S)-4,5-dihydro-2-[2-hydroxy-4-(3,6,9-
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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3). At first glance, it does not seem surprising that the ligands uniformly
perform better in the iron-overloaded primates than in the
Wodibii4dderloaded rats (Tables 1 and 2). The mean ICE forRQ&/ Phpiiy03433
group can be compared with the mean ICE of the rodent group (Table 3).
200 tl . jatiops for the two Cjes are not equivalent.for
O ISR M SR St SRy R
eangy i [S.] the case with 5- ther (6),
© t\jﬁ\/%hoge I Qgiﬁﬁﬁgaﬁ%f(}grﬁ?gﬂ%ﬁth%@vgn s{)&é%i%%sge?rﬁﬂgr?e‘g Hifferences
driRR&GHQr ety ggnf?f nfold it_ arent li 1. 4. and7.
e However, t r@facttﬁgztthe af#é%%@%%@f‘o%%“ﬁd@%ﬁ%& éj(ﬁble?f, 1
Vind e fR & AR, 010 nel 7 ests that the difference in-
"ICEin primétegb\’/ersl%ﬁsro éfr{]tsal@n%?g%égeﬁdﬂgg%j;oig%erf%gt {Eel%’(ﬁoxy
4-h00 Al ire;aysil9a [ dent f . 041] The
B RS R R st ©

NepiidesRia .&hmﬁfeéﬁgﬁs%bé%,%g%ﬁgi’;rgg%%ﬁ%é}%%gdo%1’%‘ &9t

and their analogues in the rodent mo ucte eries

o SRR O VeSS ] 08
N S BSH RIE JRSgt  e
AR DO s O PR 5

B PR E TR € VIO Neuhaiey

S, ﬁhE@éﬁiﬁ%C%%q]ﬁ{hdié@%i?@\ﬁ%ﬁ'éﬁ'\%EMﬁ% A% of

(S)-4'-(HO)-DADFT-PE (3) from serum albumin binding sites were carried

Des‘ﬁk'&desfeﬁ%%nlgﬁﬂglg@@g %Hﬁ’éﬁl@&? Trg\l]e&l%gltﬁ%:ﬁﬁﬁg&%ﬁ c! gm% .t@t m.
an serum a

will displace drugs fronT both sites in hum umin’[Ostergaard,

2003.48G498- ﬁ?ﬂ?ﬁ%%%e@ﬁ%hﬁ%@%ﬁﬁé@tﬂﬁr &) gag(%l&‘rggl‘g%%&ﬁ@&'_' Yy well

electrophoresis-frontal analysis for thé study of Tow ular weig

in pRHIUMEN SRR AlRY DI B ICLAE Y ofess: .
08,23, 2545 S0a3 e ?m?fﬁ%iﬁ%@%’ﬁ%gﬁ ofheating bie

1. sdugtzcamnuiated rodents i spdiy %amrq.tﬁ.défpieﬁaﬁ%yd@aﬁiﬁ(@f

potentially bound to Sudiow types | and Il albumin binding sites

hydIONEIIRRAIx I piRADP- et SERhiC ARG BERARAHLi N pbly Eigfuation of

capillary electrophoresis-frontal analysis for the study of low molecular

SolWRIgRY mgfmemat eSUN QIR NGB EeREpphoresis
2002,23,2842-2853]J. Five experiments were carried out (Table 4).

Rodgiwzevereigivandi sesiHea Bﬁﬂ%?ﬁi&eﬁi%%@é‘éﬁ%ﬁkﬁﬂéﬂ&'&ﬁé’ﬂ% at 250
mg/kg/dose sc times six doses, (i) (S)-4'-(HO)-DADFT (1) po at 300
poly¢mhel/ks) i) H@)MBA BFAPIOBY D YL RIHSBAGHMTL REZ ARIR dZebonding
mg/kg/dose). The sodium benzoate was given 0.5 h pre-1 and hourly
(5)-thecaaftey-fon fveranditignal dpsend m@)-&h@@:@%ﬁbﬁﬁﬁ@r 1)
administered po at 300 Rmol/kg, or (v) 3 dosed at 300 itmol/kg po plus
[BeSRUIATROENATHEAxD] Matidrse). Ihe BRIl ReMzopis WASHSRAN N.
given 0.5 h pre-3 and hourly thereafter for five additional doses. The
and Re¢LES (TRDIS)A) mubgrferhat e wreeminisuasigpisasiumbepzeate
itself does not induce the clearance of any iron. However, when sodium
thiaRsiBZaBisxigiadnpinipEkRehia ] KGRt a5 NesFdRsd RO YeNI a0giion to
1, there is a 10.9-fold increase in the ICE, from 1.1 0.8% to 12.0 2.6% (p
2006,a9)017213n68]. theasamensonditiansrsiand Gfis A fRlehctHPIo,BAN hdEsue
(3) also increases, but by a much smaller magnitude, from 5.5 1.9% to
levels Bf oA AniBOBYen fint3IdpRcERASLalPMANAITEWEAISAYENT single sc
benzoate had a lesser effect on increasing the ICE of 1 (data not shown).
These data are consistent with the idea that the difference in ICE in
rodents between parent ligands anci ihe corresponding polyethers may
well be dependent on ligand-albumin binding differences. The data may
also be consistent with the difference in performance ratios in primates

versus rodents, that is, the ligands may uniformly bind less tightly to
nrimate alhiimin than to rodent albiimin



[0043] Chelator Tissue Distribution in Rodents. Two issues were

addressed regarding moving the 3,6,9-trioxadecyloxy (polyether) group
WQRSMHHIME DADFT aromatic ring-the impact on ICE and the d¥&¢U808/003433

tissue distribution. These assessments represent the first step in
30dq6RENBLYGICH tbanu Additone RARKIIPOYEENgH BPLH P& pURd

forward into protracted toxicity trials in rodents. [0044] The current
[BEBCIRANY DlicaiRs FansraxiRg $ns PORIIET fRMTtNe &~ £ thE4 X

5% position of the aromatic ring of DADFT can have a profound’ effect on

and RELhak!ee 35%'2"52@ Hﬁ‘éi@ﬁiﬁ?&ﬁ%@%@ﬂﬁ@pﬂé $0E ARG

ligands. In the kidney (Figure 4) af't .5 h time point, the 5'-polyether (6)

thifoNeXad IR Lohash FANRERAI ALION Eda t@?{@ﬁﬁ?&%ﬂ&&*?ﬁ%%.fﬁ%ﬁﬁ?d
by the 4'-polyether (3; 368 74 nmol/g wet weight, p <0.01 vs 6) and

2006 29y LIDES 185 1288 e —EVAROHP MRt VI Ms Pvadh L %3 EcAHRTE pneyenat

this time point, the concentration of the 4'- polyether (3) and the parent (1,

leva®F (RE AR VEIWRIORUYRER RERIMIGRETIGAN(fhat SR AldnDaARAN In

the 5'-ligand (6) was most concentrated (435 1l nmol/g wet weight), with

the RS ,%erﬁha%ﬂ&an%ﬁm{ {RkaceMRh RBpalIRL e Yeld2RTiIArat

and 2 nmollg wet weight, respectively). The parent drug 1 was the

latéﬁeﬁkcmﬁ@@éee IR ANRaliganetivaiiiiad 3 15 IhgFelRliYerigney a0,

levels are in different. Again, the 5™-ligand (6) was most concentrated

H., BRAi 2\ nfnaligowst weig *3573'-'495’-15&%81%-@:1% l&&r&{%kwa@hyhﬁ%ﬁény%-4-

nmol/g wet weight (p < 0.001 for 6 vs 9 or 4 h,the order was now 6

mefii61 BRDeVa MRl IIAbR PERR HeAMRISLIMBLY RidttbRrat bR tid3 NRRIY

wet weight) ---- 1 (27 7 nmol/g wet weight). Recall that previous studies

Chaﬁm@@&a@@d1@9@%}9%&&&@%@%@ Jﬁﬁ%ﬂ@p{@we&@aiﬁgﬂmmcny.
parent drug (S)-4'-(HO)-DADFT (1) [Bergeron, R. J., Wiegand, J.,

R. MEMEHSrd: iR andRpRAmErR inwhi@P1 ndB Rt 'giv%ﬂ ERFER rdtftwice
(S)-4,5- Dihydro-2-(2-hydroxy-4-hydroxyphenyl)-4-methyl 4
dai NRZOIRERIGIOXYT G ARIKERAYEINATS ArAERRA P IIEPRERIOMICEY e rbdViIRT]
o ?hem. 2006,49,2%72-2783]. Tr;(l?s was consistgtf?t with the rﬁt%ee tissue

widgigls Bt eMdniime Pontntbg, 4 -Rotyetirab CANASRIFALRN AHWRSIPMONR.
lower than the parent 1 [Bergeron, R. J., Wiegand, J., McManis, J. S.,
(S)—Vjﬂﬂ@ﬂhy@h@ﬂ@-ﬁ?@ﬁdﬂy—ﬂﬂﬁmo%ﬁéﬂﬁP@%eﬂryBﬂ@ﬁ(ﬁE:carboxyli_c Acid
Dihydro-2-(2-hydroxy-4-hydroxypheny1)-4-methy1-4-thiazolecarboxylic
Polf¢ift RO SBRIiFo 't S NEHRRd I NARIOMXIE W hdmMBIDE49eIM72-2783], under
2006,49,2772-2783] However, renal concentration data derived from time
lighP @hidBotakpR, RElgiolTath Piibales RatGansystaBinib posyidRer (tresluged
nephrotoxicity of the 4'-polyether (3) relative to the parent (1) can be
rodéntPlainred misphs hiknavierridanao shefaky deHatS animdQOH4 AikQiadbulee
liver concentrations of the three polyether ligands (Figure 4) follow the
presyied iadlve MNidpapsSasaeninihetitneye 638 homal gp¥aionsigRY)]
>3 (339 35 nmol/g wet weight) > 9 (242 38 nmol/g wet weight). At 1 h the
Wignaeniraiemans il KiresineliyethrRr Fnalaguss, Beaai e ai Reck¥es. R
(,-,315 nmol/g wet weight). Interestingly, at 1 h, the concentration of the
(5)-3.0listher 1N hiesdsignificantyoitgsBasag- ronet R 4- SFaporligboeylic Acid
weight to 318 46 nmol/g wet weight (p < 0.05), while the concentrations of
Pol fediedls3 A@tutionr endreiny3eieiand edreraestivehs, 4% 27apad7gi) the
3'-ligand (9) is the most concentrated in the liver, followed by the
Howeasralogual(Gaiteddrahdlghoe dd e ivadiy aicinaent atioaof ibeopaerivh in
1 is lower than the polyethers at all time points (Figure 4). [0046] In the
the paainadl Aubhil{Eigucssd)ftite tatathiveoconcant alul pfcheuplyetbatadthe 3
> 9) follows the same trend as in the kidney and liver at the same time
lumpojnhetdisudvabulles seivalllavalsrare tnsoleto waiuc1MAmenOTgase fivdigy,
The order of concentration in the heart remains the same at 1 and 2 h. At
4 h, the 5'-ligand (6) is still the most concentrated chelator. Although the
parent drug 1 is higher than 9 at 0.5@, 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 is 6 > 3 > 9 at all time points. The tissue content of both 3 and
W@ dEYEXrom 0.5 to 1 h (Figure 4). At 2 h, the levels of 3 ak§ HE2008/003433
similar (--=30 nmol/g wet weight), while the concentration of 9 is 16 nmol/g
ehwaiEnkeh Eg@ is hj i centration than 3 and 9 at
RN G A DR S S S
Apd s Ypseiesiphls ) la helataor concentration.
s data (Figurelz 4) are c):%)‘r?dsﬁgeaﬁ? V%)I\? A}‘?ételi e '?1%;;9 %1%’ %gr%g%g;&é%}ggeeﬁher)
timg%‘}#ﬂbé- At 0.5 h the plasma ligand levels [6 (324 20 04) > 3 (194 60 uM)
>9 (62 24 uls,1)] mirror what is occurring in the liver, kidney, pancreas,
andess Mol leine S1dey 508 5380 s JIminished B399, 3.
has[dimirtllished by ZS%EIH;?Igaggag?ﬁPrﬁ{ﬁz]@d%? %%‘go A illéul,n 'séln{)rlv(\:/(h]s?‘l
4-uSISILY 5263 IS W BY 8201800915 6136, AA g has 1
dropped b(y)/ 21%, é h?asﬂﬁgﬁ%?gcﬁ @%47%3 %ﬁ%&iﬁ#&%’gg %r§’ @%gqjﬁeﬂ
D.; AR RIERREEORRRNFAN AT LRI PO AR GSICHERT it

disappearance of 6 or 9. Howevet, 9 never achieves plasma levels close

ActiP13g01& S [Uop AR ALV I 9@[@%@3}8@{%&%@@%@; 2at0.5

h; it is lower than all other ligands at a points ( . This

' ti I Blrgti ft helat t A
e B ST ST T, B 2 BT RSP

the 3:- er nd its,moderate.kidney concentrations, this ligand
Rl R A T SR RS o
and SHHRHEQAROVHIISNGaNG:5, e et el L er A S S R A b s

rodents and theé primates, suggesting a higher index’ o

of %ﬁéﬁ&%ﬂ&}-}é%\%‘l ] ar?é tgu%2§8%;efg%%?§%zg§r%tﬁ%{g% Ear%f%ggh g
dj 4'- (C _ ‘ |
O P R

Vi JR. T Y Bharti, N. J
T R s B e S o 120 4 408 Mecarto
| I { - A Selution 1o N icity. J. Med. C .
perfé}ﬁqﬁ:é'\wglp %%%g%n ?E%? l:)k?)gt rclé P%%?mg tg)féc \¥|ct-can etﬂgllteg ?gc]ienﬁlénrﬂdel

2006,49,2772-2 was also shown 1o have exce

i i ici i i . hist thol f ki f rats -
O R DALIREY Iie SRS ek S RE R R .
HuxHHGal Allerasions %Lr. &ti.eﬂqraﬁm%' tpplesihan did lissues &a%%yef tom

Igl ﬁlf |ege¥n j

rodents exposed to the parent ligand 1 [Bergeron,

Ana(l\é%%@gé Ofatty PRV 4r& Chelt®Rs - B G A19d196F 3072 3078] and
in (UG Re{alvaexy4 Qf&??mﬁ?t@%ﬂ\:ﬁ:Wﬁt}g‘%@%gﬁfﬂ%‘éﬁﬁ R.

Acid Polyethers: A Solution to Nephrotoxic
. A9, 27 -2 Inifia Ki tigsu SUp staken at 2 K. .
ARG R AL T
istopat , i ' t remt .
it e A AL B S A G B
Anaf%%u\é@m’ BB ifi-a ¢@Bus MBI MbRIBRA  fods %l( )1'665'173; .
Dihydro-2-(2-hydroxy-4 hydroxypheny1)-4-methyl-4-thiaZolecarboxylie
Bergdfd HOlYS IR ER RS RUIPR Jar i PORRIRIGILY: R: Med,GREM-G - Evans, k.
2006,49,2772-2783]. The ICE in both rodehts and primates and %e

M. pbisenge @édﬁyjqﬁyﬁ.egw%t})m%é ROMGHRH G FOTeRIedh N yiodels.

investigation of the impact of fixing the 3,6,9-polyether chain to the

Ann3femyaticcHagsel. DOGY § Bt Bogitig AirsNARRS Argerban.dag,on ICE

and ligand tissue distribution. Two systems were chosen,

nepHiSloRc (HRHRARFT-PESQANR(R-To(H0) PARF DRR(OKTBbIES kand
2). [0050] The key step in the assembly of the two ligands (Scheme™1)
involved alkylation of either 2,5-dihydroxy isopropyl ester (10) or the
2,3-dihydroxy ethyl ester (11) with L{lgethylene glycol) 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 21-(HO), probably for steric reasons. The
raaincelectiviitvy of the reaction wac concictent with niiclear Overharicer



[0051] While log Papp was a predictor of ICE in the rodents in the case of

the methoxylated analogues versus their corresponding parents (1 vs 2),
WQ248/41568d (7 vs 8) and with the 5'-substitued ligands 4-6 inPEIXYAREE8/R03433

was not a useful tool for parent versus polyether. In each set of

w.CRIMREHRYS ITWRLSRIS: ihRaSehkef teRalyeiBrrivas sianfiraatly oeuay of
than that of the parent ligand (1 vs 3, 500%, p <0.003; 4 vs 6,800%, p <

the ArBRCRNGi {0 VBrSp &ttt e AdintHiBllf AhaldlaUIHRTRFLIA AR e B in

may well be additional parameters beyond ligand-metal access that

a CEONIRI By RHiGiRN 1858 57eta! £PERPISY JTaRRREAHNRY ARV aHRES ding

organic anion transports, such as cMOAT, log Papp of the metal

oraPQmm‘?%eﬁlﬁt}@wﬁMﬁ%éﬂQ&%gdsﬂlﬁy%i@d@mygnwﬁl (VHSIRNCRS
between parent and polyether, for example, (S)-4'-(H0)- DADFT (1) and

DFOXhIRR) %Pﬁﬁﬁgé%ﬂ a5 RaetmYAR sh-iQRacalial paansdaloumin

binding differences (Table 3). Rodents were given sodium benzoate, a

corrPBRURSHKNBY 1L diRRIJAS oA (AT Sk ML BBRSR ANk tralp URIIR

binding sites, along with either 1 or 3. The sc administration of sodium

CraR1 2034, NGHRASER B, Ifr Eofnb b 1Q .8 RGOWRELENE |Modker, T.

ariimals given ligand 3 and’soditim benzoate also increased, but only by

and PRI R-BainJdbainoy iR tElY FYRlEbANE Bt BRI e

difference in ligand'ICE in primates versus rodents. The chelators may

DedBPHAMMY RRAIRF R VG REDR RARAARER -2 T LBG AURAUES Nifel. Blood

differences in ligand ICE were not as profound and were generally within

19PEHMRMaBIALLaRIR, R. EXSORIIM LA VeisiaR,; iInmvhighilReRRIRRASM.,
ICE (12.6 3.0%) was greater than that of the corresponding polyether 6

Fre(811 HuRiby F&REPA. and¥¥eg] HIGiCHSahRh RSN Ienaatian aldhe

polyether on ligand-tissue concentrations is significant (Figure 4). The
SydfeAt IR &lld SEGAYUESHANS RSP URAJIYE. IP SRRE@IYm. 1991,34,2072-
(S)-5'-(HO)-DADFT-PE (6) > (S)-4'-(HO)-DADET-PE (3) > (S)-
2081 (MR RAPRIIRRE4ADy Nt livisaullrb. 466 ¢8nasasians PEe RIPQSing
3>9>1,andat1h, 63 9>> 1. However, beyond that time point, 9
a DRGhIQYRS: 80U [8aitb ahite RekasheonsrntiatiRnan he spashcanrynding
piece of data is associated with the kidney ligand concentration of
profﬁé-fbézgg}o%@ AT Rt imadaains erdiehiabre NrErevivus sudies
clearly demonstrated the 4'-polyether (3) to be much less nephrotoxic than
Bhdhe rergidt Rl )R (50 R0y 2 [Begaiery R -HydWisphegy-4-
McManis, J. S., Vinson, J. R. T., Yao, H., [Marti, N. and Rocca, J. R.
meti4. thRieEerBot3 Iy Arayypdi gy phestyilibd & Sieptrdtdkiciepl e cRbe.
xylic Acid Polyethers: A Solution to Nephrotoxicity. J. Med. Chem.
CheaiR0£0608,29 327278233 TBis séasnC RIStk pila the xeenbiiss uede vae(dsar,
3) at the 2 h time point [Bergeron, R. J., Wiegand, J., McManis, J. S.,
B. Nimeaiimdr RVTR YBéittehhBad, M. and $iarRaRJ EREffects of C-4
(S)-4,5-Dihydro-2-(2-hydroxy-4-hydroxypheny1)-4-methy1-4-thiazolecarbo
SteredihdaigtRaliattessHAdPOliaiDIN e pB TpbAXkiridg MeRkiedsand Toxicity
2006,49,2772-2783]. However, in the current study 1 and 3 were found to
of IhéxfersiimibaicanaasitaionMedd) SHenigageb3i s A alveligily dighete was
than 1 at 1 h. Thus it seems that the reduced toxicity of the polyether 3
(S)& gD ATBHIA(E)) hdwanrUheexpIRINddwiviplyabyrdDnaygiehelgigssied
concentrations.  [0053] Finally, the performance ratios
tha( KvBpiimpiesyidnipdrasofiigngs Sx iciand chid tikle Bhanepitsick ity
suggesting comparable iron clearance between the two species. Although
[Beigaras, Rhas Wik gaid jdgvieM aais sIirsthe ot Ramd steHs, iard, N.
1.0), it is the least efficient (ICE 8.1 2.8%) of the three polyethers in
andRiocate$. #nd Syl ,6dD iy droruEdvdiloay-¥hildr k(i aQ)y A ARHY{8)-is
the most effective 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 the147'- 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. (S)-4,5-Dihydro-2-(2-hydroxy-4-
hydroxypheny1l)-4-methyl-4-thiazolecarboxylic Acid Polyethers: A
alirtion to Nlenhrotovicity 1 Med Chem 200G A0 2772-27221 and &



a third species, humans. In addition, if the relatively large fraction of the
iron excreted in the urine of the monkeys were also found in the urine of

Wt 43érformance of iron-balance studies would be facilitB(SHUIHIgs/003433
chelator will be moved forward into protracted preclinical toxicological

thia%?@c%?ﬂ%%’}ﬁci’AE?&'9BI§eitherJQR%llJ?iHhet@mmH@%k%@P?'h@iéﬂ@@ﬁ%}ﬁ

were obtained from World Wide Primates (Miami, FL). Male

2008R§959202K18Y VAlSHWES RARHAdHER TR 12Do tﬂgF?ﬁQgel‘:’Yﬂ‘?k{osition

(Indianapolis, IN). Cremophor RH-40 was acquired from BA

1eaéﬂ%@ﬁ@ﬁ‘-%&ﬁé‘}-ﬁ!&@?ﬁ%ﬁ?ﬁﬂYSf&uBHTW@&S’&HQ@bMQ?EﬂN?HQeY

Electronics (Royston, U.K.). ematological and biochemical studies

red{lﬁﬁgﬂ‘%Wﬁ‘ro%nlal gﬁ%ﬁ@dﬁnﬁgc@é@ﬁ{é’d EorlisRANGIS: e Rdwlled§¥381 ¥¥ 3 in

Luchetta, G., Wiegand, J., Moerker, T. and Peter, H. H. A Comparative

the RIHARYQEIREVEQD rieing: Bgansfii%wfﬁséi EHRiaein Analoghaswith
Desferrioxamine B in a Cebus Monkey Model. Blood 1993,81,2166-2173]

McMEIEPErRMed by Arkeah BIRYNeSUSsiafiRgk FRI-AIOMR gRsarption

(AA) measurements were made on a Perkin-Elmer model 5100 PC

)
Dikgep2 Iﬁ“l%'-ﬁ}ok&%‘gﬂ?&p&%%@ﬂﬁﬁlﬁé?h‘yﬁﬁ-%gﬁ%Q%BXﬁf@@Qﬁdvet

ath (Bushnell, [0055] Cannulation of Bile Duct in

Pol QRO QURHRAARNR AR i8R OBE deRaribed Ao ey 2 778.2783].

cannulation has been described previously. Bile samples were collected

fromgnses PRIA0HEIaME AL (18r4aR Ohat-3rd ddsyRlsHer HRdR&R h.

The urine sample(s) was taken at 24 h intervals. Sample collection and

1ayeREING 56 ASHRIGYOANS ¥ Qﬁgﬁme%{@a& 0% RedresirEifastd Bn
P ai;(%argary, . A., Daniels, R. E) r., King, W.,%’uchretég%., Wieagand, J.,

compRRIKRL idsuaRdrRRIe fuds dné deoaBRtake B QsthRliAB-hiEFs I on of
roperties of Desferrithiocin Analogues with Desferrioxamine B in a

the g&g@ﬁléﬂ‘?ﬁ‘ WWQ{R%QQQQE&Q 38483t A3 BRERRS inFodenRlTEFY,
. R., Wiegand, J., Vinson, J. R. T., Luchetta, G., Evans, K. M., Peter, H.

irorRBRaleN¥d iR ifr pRIRAIAI A EvB HatiRndaiBatfole A ApEe NPl this
Ann. N.Y. Acad. Sci. 1990,612,378-393].  [0056] The monkeys (3.5-4

infdtSHANBRS WO NYAHARE & WiKBsINBRRRBLE JRGIBIOIAR R S PRYIRR 1Y
earlier publications to provide about 500 mg of iron per kg of body weight
tox 188/ 985 inRodenitreiff, R. R., Wiegand, J., Luchetta, G., Creary, E. A.
and Peter, H. H. A Comparison of the Iron-Clearing Properties of
1.2-foen9thw bidrtbyiel @5y aysidifiyane- 21 (2-Rjatox phdindyoxyiitrdi4-one,
and Deferoxamine. Blood 1992,79,1882-1890]; the serum transterrin iron
thiaSBlbéatyx yRctNBWBHTY & a0sl 884 intheasiud). Taltdue mseihek|\Weordle
J. K., Milner, P. F. and Pathak, U. N. The Metabolism of Iron-dextran
subSMRIMAR RITRRHeaR ANUsios oI RREGIBRY Jadp alkdn ety 789) J4'
Haematol. 1968,14,119-129], elapsed before any of the animals were
(1-B56H 3N SXPLpsvRIVE fahpiiRdetiao Ghelalirgcadasisace, tiGRA-Fiesaince
and urine samples were collected at 24-h intervals and processed as
dat&IRSsribestdd ayBsislydBerg akpindiesS Ui RitR JogRahmbes [PPABRLS, |
R. D., Jr., King, W., Luchetta, G., Wiegand, J., Moerker, T. and Peter, H.
andH) AHGeonRal dtvessuayl eddh¢BERpe IR ARINY ; Rkapgttie sJIofdesfairihiosin
Analogues with Desferrioxamine B in a Cebus Monkey Model. Blood
Bhat98; 8the 1&g h 7 Sy AR andRE vAluStieilbFOMiRan\Wirgahiel Irdn Cindarord. J.
R. T., Luchetta, G., Evans, K. M., Peter, H. and Jenny, H.-B. A
Me& arhpaYatdes FA| aes21v 04 3 defoaaia el Vudeigndnn; Mc¥aAtqgd. SGi.
1990,612,378-393; Bergeron, R. J., Wiegand, J. and Brittenham, G. M.
VinstE D :RA PotemsiaHA Brnai) e (R etehiand e for Ditny@Gbemiighydroxy-4-
Therapy. Blood 1998,91,1446-1452]. Briefly, the collections began 4 d
hydpsioypinethd)atimisiiyptiahiof she desidnig Acd Poiyinhied far Solaitstitional
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., Wiegﬁpd, 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.

WQ 29§/61543378-393; Bergeron, R. J., Wiegand, J., Wollenweb&CMUS2008/003433
McManis, J. S., Algee, S. E. and Ratliff-Thompson, K. Synthesis and

NeRRIRHRGLE YaaionhNappk ylleFierd i lanGhRIatoryid. Mads .

Chem. 1996,39,1575-1581].  [0058] In the iron-clearing éxperiments,
Mchanidly Werg e Bingle WMo ke. d9s6ahahvas. P, YAl (RO)E.

The compounds were administered as (1j a solution in water (3) or (2) the

EfPRNASCH U RALRE RS SomB Utk Rig et SRSPRIES bY #1e.argition of

1 equiv of NaOH to a suSpension of the free acid in distilled water

Effi@ié%éi%)rﬂ‘&ﬁf&g%ﬁ’ﬁé@f%ﬁﬂd@iﬁh&dm@b@s){%.%@&.fbﬂgﬁ‘?. P6dS 42, 2432-
Jtmolikg (6,9) or 150 jtmol/kg (1-5,7-8). Thé drugs were prepared as for

2440 B rEXCRPY i 2oand §- RMREGSOWRlizRd 040 FremaRhR! E .

RH-40/water. [0059] The theoretical iron outputs of the chelators were

wegReweR Mdie basinald B somRithecalliciensiRe N ERRHRISARoh

monkeys were calCulated as set forth elsewhere [Bergeron, R. J.,

CleYMiSO B idndY I CMBIYS: énom MEEDEEN HothaYYeimaLWn R BrtoRaY,
G. M. and Smith, R. E. Effects of C-4 Stereochemistry and C-4'

1.; Myersylatign Wein?a},rwfﬁ?mng EIicignty MMAICH Gergeron, J.;
Desferrithiocin Analogues. J. Med. Chem. 1999,42,2432-2440]. Data are

BritRRENIRS A% ParimRANVIRe StandacdtioLiATARGI5MRRE: Bryalearv&ife and

generated via a one-tailed student's 1-test, in which the inequality of

IncéA5RNESS CRIASSEMERiA) @mvgb@,,gfs,%@-fl%msm@é;gﬁ;@gf organ

significant. [0060] Collection of Tissue Distribution Samples from

dist ROASSHS RIS SRRSHETIRNIEK 1715 ER8-BO U NG DAYRETE PINGlE 8

injection of the monosodium salts of 6 and 9 prepared as described above

thre@tAGAR G FAPIRPH G Bl F gdrad B AT @S AN R TaX5R e

per time point) the animals were euthanized by
- non-polyethers 2, 4 and 5 can be found in a previous publication [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]. Supporting

Information Available: Elemental analytical 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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exposure to CO, gas. Blood was obtained via cardiac puncture into
vacutainers containing sodium citrate. The blood was centrifuged, and the

WQRMMH WaS separated for analysis. The liver, heart, kidneys, REFEUS2008/003433
pancreas were then removed from the animals. Tissue samples of

in BUPASASHEAIRAR)-V-4HD); ﬁ;)é ARd O & SURARRIE,

. (3) were prepared for HPLC a%@ﬁg ats i’%{]/llgfgg(@ de uérvl ;1(? fB%E (lareglr:qe,r of

(S)-gir‘]-gﬂR((Y)yC-'?agﬁ\?ﬁ%;Jl’lmMadyg‘esgec?byvdﬂ?ﬁQrign Bt 7 wil@sdded? At Yequiv)
RS D PO Rr Aoy s el Ve 4N i and

an ,ﬁ' i B%g{(%lic %a_ 1 f(ly eq : Xﬁsygﬁﬁ a)rﬂé&#&lléand . m%r&then

thiazolecar cid Polyethers ution to Nephrotoxicity.

S S L S S B R ST OIS e
ri( Y RLGRAGH msﬁ%ﬁgrawe%i%mehmgﬁmﬁi@gﬁaﬁﬂ&gﬂ@@%ﬁyﬁ

at a ratio of 1:3 (w/v). Thén, as a rinse, CH30OH at a ratio

szl RO TG AR IR AR IR 30 590, T apgenate

was centrifuged. The supernatant with "(95%

probf('lfiflgé {3?—ﬂf‘ﬂiﬁﬁﬁ%ﬂgb‘élp}ﬁfﬁ?ﬂ%quVmgﬁgA?ﬁFﬂﬁ%[%%\M in
ao. um membrane. Analytical separation was performed on a Discove
5 i IO AL S S

NaGHN i nRinEn QNS IRRRRHGY KeifsrlEnSNEIAIOR REMeiedy () 3-(HO)-

Desazadesferrithiocin Analogues: An Enantioselective Bairri
3 9 ; 0] 3 s1et: ; gf-T: pson, K. and
D R O o e A
Desmethyldesferrithiocin: Iron-Clearing Properties. Ann. N. Y. Acad. Sci.
1998631, 7026 hsiviabithapies papetiahircinai of R pRACiaaeeit N IWe tRe 3'-
as follows: solvent A, 5% CH3CN/95% buffer; solvent B, 60%
posifibiBad/400tohuf2rhdve cdnpentiatino i ivdadegalaisatetfdeco (INDB B férence
area fitted to calibration curves by nonwcighted least-squares linear
specagressiGequitiedRaidithOysaiecd b@Methigld M anbger sofrarmuiRastins
Instrument Co.). The method had a detection limit of 0.25 p,M and was
the remmugheibtet 28cbhneassigard katgepedtdakQAGHR olyishee stist b tnn (g)
data are presented as the mean; p-values were generated via a one-tailed
mostipdeiete testhéramwhiati dnesideguailtynot dahiasigaalasths adinechand a
p-value of <0.05 was considered significant. [0061] Compounds 4 and
metiylvare(syat BkizarhubingZthevhikthodngiiblisheat e ailpan] BeTRO @pniR(i Y also
Wiegand, J., McManis, J. S. and Bharti, N. The Design, Synthesis, and
shoWedhusigoifiohiDd eydwasS peeificof di % HEesersbseviethn€ henconsistent with the
2006,49,7032-7043; Bergeron, R. J., Wiegand, J., McManis, .1. S.,
strugArsinder IW. R., Park, J.-H., Eiler-McManis, E., Bergeron, J. and
Brittenham, G. M. Partition-Variant Desferrithiocin Analogues: Organ
Tarlf¥d24) Brogom dO&sdidf tren @ gzactinoeopyMead aBharsed to verify that
2005,48,821-831]. Reagents were purchased from Aldrich Chemical Co.
alkylminnenfikbe polethedchishecOptid atghadz-pobieotsivk2andutinely thsebre
DMF was distilled under inert atmosphere and THF was distilled from
sterisgt)ubandate d anhpptesnbribe RagstibnareeheworinuFRigeraitrogbation of the
atmosphere, and organic extracts were dried with sodium sulfate and
signfiliatddl 3R, gedigaed3cmnitsitay clo, imbepatyated ¢bailpshicolceinhe
chromatography. C-18 for reverse phase column chromatography was
neighbesing At ig MiarcieamieakCh 3O privabydiSions! weosirom aiGEamais at
(sodium D line) utilizing a Perkin-Elmer 341 polarimeter, with ¢ being the
6.94RpBdhtasohGh BRan{k bthsoveg signifigant etheiceheulutibhithchid iform.
11-1 NMR spectra were recorded at 400 MHz and chemical shifts (8) are
given in parts per million downfield from tetramethylsilane for CDC13 (not
indicated) or sodium 3- (trimethylsilyl) propionate-2, 2, 3, 3-4 for D,0O. 13C
spectra were run at 100 MHz and cpemical shifts (8) are given in parts per
million referenced to the residual s6lvent resonance in CDC13 (877.16).
Coupling constants (1) are in hertz, and the base peaks are reported for

the ESI-FTICR mass spectra. Elemental analyses were performed by
Atlantic Microlahe (Nloreroce GGAY NOFE diffarence ecnectra were nhtained



[0062] Separate spectra to investigate nuclear Overhauser effects (NOES)

were acquired by low-power irradiation off-resonance and then on the
W48 aHdé3for the methylene hydrogens, using a 3-second preGafUPAdP03433

period, a 45 pulse, and a 3- second acquisition time. Typically, 100-300

s BEIHEIoT B METE RGEMTNICT R e PRE 1 L5e icion deca

efore processing with exponentia

B R e

subtracting the spectru tion off-resonance from the spectrum

withy i3 S@HQQ&‘?-%S&@&HrﬁgﬂQFﬁﬁ}%ﬁgedliﬁf?«fgﬁ‘f‘{{eoﬁPS%r%W ed #ﬁ%@nt& We

analyzed by integration of the relevant signals. The inverted methylene

prewamg;\ag%mm@dt\mthxqﬁg%ﬁéyg%%‘)&%g\m@@sagfé%éﬁggtﬁﬁbm

were assigned an integral value’o the integ

(1) R3S VAP BARPF R ElS ?§)g}‘%r(:f§§9ﬁA%W-ﬁ%S§ﬂ§§§ﬁfxﬁ%e§e¥ Sty

taken as percent enhancemen parent signals. ts are

. t from-thr, rdour replicates of. .
e e S SR LSS SR UEUSRR in

o e e BT R P B s boos
SRR LT R T
R e R S AR
S e e TR
Nl A A B e
efficiency (ICE) is defined as (net iron excretion)/(total iron-binding capacity of the
chelator), expressed as a percent. The relative ICE values of compounds 1 and 2 were
in keeping with their log Py, values: the more lipophilic, the larger log Papp, the more
efficient the chelator. This was not the case with the polyether analogue 3; it was
much more active than its log P,,, 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), (S)—4,5-dihydro-2-(2-hydroxy—S—methoxypheny])-4—methyl-4-thiazolecarboxylic
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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'HNMR 8 1.27 and 1.29(2d, 6 H,J =5.5), L65 (s, 311),3.21(d, 1 H,J =
11.6),3.85(d, 1 H, J =11.2), 5.09 (septet, 1 H, J =6.4), 6.89 (m, 2 H,);

WO 208I4#3821.70, 24.36, 40.05, 70.02, 83.78, 115.90, 115.94CIIIBS3#08/003433
121.59, 148.02, 153.11, 171.24, 172.57; HRMS m/z calcd for

S. &&%W%@B@s@ﬁﬁ%&lﬁeﬁég RH%&@Q]Q% %@(ﬁgﬁl:Speciﬁc Iron

(C141417N04S) C, f AMPLE 2 Ethyl 2-(2, 3-D

Ch&xﬂagxxpmenérﬁrém&a@-‘}d%{%ﬁj ?A%%%‘%?ﬁ%%%ﬂﬁégn%lon (Figure

[0065] Todoethane (8.61 g, 55.20 A(7.13g,55.20m

4) WR'S gy&&miyﬁlyr%ﬁﬁ?edﬁ%?@g%&h%?&%@ﬁ\%&?ﬂ%@r}gg;ﬁ}a and

the solution was stirred at rt for . After solvent remova ivac,

Wi@gnr&sjdWcmg?ﬁtg%wmhﬂlé}ti% %8'39&?@@%%%?)&%‘?‘3&5%&9& of

mL) and was extracted with EtOAC (200 mL, 2°x 100 mL). Combined

i L 21007 ,
o e B et

. i 0 ' .
SR SRR R 01 0 e
the %(!Tll)es’fyglﬁimg i—IO—, CH30- and polyether ligands have similar ICE values and
similar iron-clearance distribution in the urine and bile (Table 1).

[0035] The ICEs of the (S5)-3'-(HO)-DADFT set of compounds 7-9 are very
different than the 4'-(HO) and 5'-(HO) series. The ligands are, as a family, more
efficient at clearing iron (Table 1). Again, although the relative iron-clearing
efficiencies are predicted by the log P, values for the 3'-(HO) and 3'-(CH;0)
compounds, the ICE for the 3'-polyether (9) is not. What is most relevant in this
instance is the profound difference in ICE between the 3'-polyether (9) and the 4'-
polyether (3); the 3'-ligand (9) 1s nearly 200% more effective (10.6 + 4.4% 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

22



H, J= 11.6), 3.88 (d, 1 H, J = 11.2), 4.26(q, 2 1-1, J= 7.2), 5.71 (br s, 1 H),
6.79(t, 1 H, J=7.8), 6.97 (dd, 1 H, J = 8.4, 1.2), 7.03 (dd, 1 if, J = 7.8, L2);
WORNN/B1I4D2 24.56, 40.19, 62.17, 83.26, 115.74, 117.88, 11RCTAIL98003433

145.11, 146.83, 172.09, 172.69; HRMS tn/z calcd for C13H15NO4SNa,

umﬁ%Q@@M+N%JRM’)“’T§9&&%%% gl a(%ﬁ'é' ﬁxj\ltc?“'ﬂsg.n% ?MrfNon of

Isopropyl (S)-4,5-Dihydro-242 roxy-5

actHI 399%95%%9&?&%%%%%% Mﬂ%@&%ﬂrpt%@tﬁ:%@e J, (ig(%ss@ed

riethylene glycol) monomethyl ether (3.19 g, 19
belga,sopropylazo dicarboxylate (4.73 g, 23.39 mmol) were successively
added to a solution of 10 (5.62 g, 19.02 mmol) and triphenylphosphine

(5. 9@GS?P@%HIH}OHMH&G’IT&\FCQ%%%@HMBACG\Q?I&SQB'@&um%ella

solution was stirred at room temperature for 5 h and was maintained at 5

PrifalR5. HhD i SANRA MRS MY P OIS g&ﬁﬁ% 35}95%% Table 2).

EtOAcipetroleum ether (100 mL) was added. Th solution was kep atb

In R IR bk 39N oS DMaSEHCLREs TNE AL WASICANERRURRE Yalues

vacuo and was’purified by column chromatography (50% EtOAupetroIeum

for?'gelr)( %/ﬂ})’ﬁ%ﬂf Jr?d@?"/l ?E%ﬁi*rg%])? %Q?% SR vith

7an 29 (2d, 6 H, J = 62) 5 (s, 3 H), 3.22 J=11.2),

log%’53 a4 éﬂ% e :fé-ff(%ﬁ;e%ré Zﬁhfl?c%r?aicg% ed @4 A §416)t’836‘)_| J

=8, 3.87 (4. 1 H, J = 11.4), 4.08-4. 8 (septef, 1 H, J'=

[Beﬁﬁgl)oﬁ RLP-86i n%lHj Mﬁ kg ‘]B'ugsgm%sz)J 1§n9?h(l§ E. ]aHB 13C

R 8 21.71, 2437, 46.01. 59.18,
Weimar, W. R. Methoxylation of Desazadesferrithiocin Analogues: Enhanced Iron

Clearing Efficiency. J. Med. Chem. 2003,46,1470-1477] > 1 (16.8 = 7.2%) [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 increase is not significant. Although (S)-4'-(HO)-DADFT-PE
(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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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 naz calcd for
WE2P$M3MI07S, 442.1899 (M + H); found, 442.1887. Anal. (FLT{82008/003433

iINO7S) C, H, N. EXAMPLE 4
-4 5-Di -2 2-hydroX\¥-H-(3, 65 Aatri cylo enyll-4-methyl-4
A S S e A

and%%%@é?{g&%%éﬁﬁgﬁ ) .£3ég§f%o‘{‘@§,?\9i9§déﬁe%n2.@o% 90489 7043).

mmol) in CH ice cooling. The reaction mixture was

wﬂifﬁ%qf}tiearibse.mﬂﬁugﬁaﬁ%;g&gﬁw_@f‘gg&h@ Bl %%Q‘fg%?%‘f‘%ﬁg% indjog

removed by rotary evaporatio e residue was treated w

Papélﬁag f@ﬁsamﬁmsé&ﬁ%ﬁ%g M%RD&W&%PAPQEHH %Sh%ailr%ﬁegxt ous

hase was cooled in ice, acidified with 2 N HC1 to acted

with[ﬁé@g\f/(%iasaﬁ()&)ombzxmr be E&Q%ﬁﬂmkggﬁevr@ﬁ equ%%%gég%a{g? 2

saturated NaC1 (100 mL), glassware t p ake

the WWC%RP lﬂYﬁ}ﬂ}hﬁ{éﬁﬂfQ){g};e&}? "R %‘é‘%%él%%ﬂ%‘é%%ﬁ%ﬁ@ trﬁl?fx[)&jsz 6re

evaporation, 1.88 g of 6 (97%) was obtained as an orange ol

gen%ﬁ@t?@ihﬂ\ﬂaﬁi R8PSy 21t Bidird e BCeddd i ?1&65%5%%%%%2???)(3 s i got |

.5473.58 (m, 2H), 164°3.71 (m, 4 H), 3.72-3.76 (m,

the Eswith @i pHihatetla %géh(szﬁlzégr tadifor o tﬁeo}o%%gtéc}g\iﬁi iﬁﬁ%‘é%’ne

40.04, 59.04, 68.40, 69.86, 70.48, 70.62, 70.80, 7/1.91,

(TabE55THIR 0 kb A8 12353003 BB By RSl calod

for C,81126N02S, 400.1429 (M + H); found, 400.1416.
feces/urine ratio and (5)-3'-(HO)-DADFT-PE (9) with 72/28 feces/urine ratio in

primates. In rodents, these numbers are 98/2 and 95/5, respectively.

[0040] Iron Clearance Performance Ratio in Primates versus Rodents. The
performance ratio (PR), defined as the mean ICE srimates/ICErodents, 1S noteworthy (Table
3). At first glance, it does not seem surprising that the ligands uniformly perform
better in the iron-overloaded primates than in the non-iron-overloaded rats (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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EXAMPLE 5 Ethyl

(S)-4,5-Dihydro-212-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-
WQL2M8(h\#33-thiazolecarboxylate (13). [0068] Tri(ethylene BfyEdl$2008/003433

monomethyl ether (1.70 g, 10.36 mmol) and diisopropylazo dicarboxylate

(2.530941 7R POOGBIV IR RYHEERNAY /UG A BhaRlY ek TRl mpt
10.16 mmol) and triphenylphosphine (3.17 g, 12.09 mmol) in dry THF (60

to Wb Rd SRR FAREYL TOR BRIWNRD WS ailted @h&%@&,%ﬂg%ﬁ%@%

8 h and was maintained at 5 C for 40 h. Solvent was removed by rotary

andfSRRQ IR RAGH Nde [0AE RETTRIGUM ARG (BP A R4dEHs i sh

solution was kept at 5 C for 12 h; the solid formed was filtered. The filtrate

ligWHBSARRARIYIRLEHIWRHR RID MRERWITIE A% GO0 AHCMACABRAY with
eluting with 50% EtOAc/petroleum ether to give 1.08 g of 13 (25%) as an

Gefs ?(@5'.-4‘&&@;155&@#?@9@%% tﬂg@ﬁ%%rﬁi&r E?ﬁeP'@)s%rformed

column eluting with equal volumes of 50% aqg. MeOH and 40% aq. MeOH,

sig%%?%‘iﬂyﬁbﬁe'}"%qfife“l%ﬁ’éh%H&@@%&Eﬂﬁ% (3 e gz %WBd%,3 H).

7
23 (d, 1 H, J=11.2), 3.38 (s, 3 H), 3.52-3.58 (m, 2 H%O, 3.%13-3.71 (m, 4

oS RO b 2 Ml s vim e Rpacy -
ngd: S 10 D T B Vs
TSR SRR T AR R) fr
Ché@'ﬂ@%@é@%ﬁ%ﬂy ‘}L[%}é’e%'S%?o?riffé?&&?\%e&’ﬁ%mgﬁ{%ﬂ}élrkts focused on
displacing (S)-4'-(HO)-DADFT (1) and (S)-4'-(HO)-DADFT-PE (3) from serum
albumin binding sites were carried out.

[0042] Benzoic acid has been well established as a ligand that will displace
drugs from both sites in human serum albumin [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]. 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
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4-methy1-4-thiazolecarboxylic Acid (9) [00691A solution of 50% (w/w)
NaOH (13.88 mL, 266.02 mmol) in CH30OH (120 mL) was added to

WQ 2(838954320.80 mmol) in CH3O0OH (280 mL) with ice bath codFtfUSHWS/003433
reaction mixture was stirred at room temperature for 6 h, and the bulk of

beﬁ'ﬂ@a?@W&@%\llW@é GSHOMRA M AAIBEYIF RBRAHL Tor NP ERAUS AR IEA(EH

with dilute NaCl (300 mL) and the basic aqueous phase was cooled In ice,

(S)2PigiieN- b2 NP B Y Qi riTstorel] 9@%@%@%%&&%%@ dotad 1500

After the EtOAc layers were washed with saturated NaC1 (300 mL),
unIAREWB SN b diam BERRaked b Sndikildbiey. Indmbunas iRRIaked as again

henceforth. After solvent removal by rotary evaporation, purification was

givaRIESAN fre BBaFRVE 5SS P RS ESRIMBPFSI NG WA RR QTHORIBARO B 4)
lyophilized to furnish 4.98 g of 9 (60%) as an orange oil: [G]' +61.9; 1H

indMMR R 8ladh{Sist bt dSiutn Pernd SR BAHBde3 i) iRdidedils
(m, 4 H), 3.75- 3.89 (m, 2 H), 3.92-3.96 (m, 2 H), 3.99 (d, 1 H,] = 11.6),

cledrdmeé ot lahPirddTHOWRV L, Widd 508idin be2R0ad 3 Mind el Rrodents
624.52, 39.93, 59.07, 69.04, 69.83, 70.49, 70.64, 70.86, 71.97, 83.21,

as deseribbdlaboWhintddintbnll1Sthelé 1s @ 1019902d idefeasSinlt R IGE MO .1 +
Fritz calcd for CI81126N07S, 400.1429 (M + H); found, 400.1413. Table 1.

0.89915 Tleaint¢ds Yty 00DPSTEH#dl s Anelgidsodhar ACRBTstsI£A HO)-

Orally to Rodents and the Partition Coefficients of the Compounds OH 5.5
DABY¥TIPE)(3) also increases, but by a much smaller magnitude, from 5.5 + 1.9% to
8.8 £2.4% (p < 0.05), a 1.6-fold increase. Lower dosing of sodium benzoate had a
lesser effect on increasing the ICE of 1 (data not shown). These data are consistent
with the idea that the difference in ICE in rodents between parent ligands and the
corresponding polyethers may well be dependent on ligand-albumin binding
differences. The data may also be consistent with the difference in performance ratios
in primates versus rodents, that is, the ligands may uniformly bind less tightly to
primate albumin 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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[90/10] (5)-44H0)-DADFT-PE. 3 a.Intherodents[n=3(6),4(2,4,5, 7,
9), 5 (3, 8), or 8 (1)), the dose was 300 umol/kg. The compounds were

W@ aN0Bilited3in either distilled water (3) or were given as their nREAOSSHNA03433
salts, prepared by the addition of 1 equiv of NaOH to a suspension of the

corllEmARTHNEHS IS0 WAL/ (Lef wikight) HEIRFIECIE BOHY £ eRRBPRYNES +

was calculated by subtracting the iron excretion of control animals from

74 RJIRANWXSIRIAN, Y the Jeales) animalsIJHiRRwno80 was hisBidiided by

the theoretical output; the result is expressed as a percent. The relative

weRICHNLAE0$ 0f BICTHRRSHARICd ib &AL BIM, WiINGARAR RIS IE e 42

ata are expressed as the [0g of the fraction in the octanol layer (log

polgf&HE’)g@?%ﬁ%!ﬁ:’@%%ﬁ‘ﬁ@?@@%%%@ﬂ R QeiBht) wbrt B0 i RIRIG (p

ask" direct method. The values obtained for compounds 1 and 2 are from

> BHPACD £ AlaiMed sGNRRY 903 aéfrot okl aidigaHue o1 RARIOWet
Bergeron et al, J. Med. Chem. 2006, 49, 2772-2783; the values for 4 and

we RO JRAVRESBHOIR:, ) b FAEH 39980 ENRRy O AN 6 250
|

values for 7 and 8 are from Bergeron et al, J. Med. Chem. 2005,

+ 34887293 10GQuRAIR 38 WeIpnictRBEORTRIY Shle paMardfuBamy kARG 14h3:
2772-2783. d. Data are from ref Bergeron'et al, J. Med. Chem. 2006, 49,
contBRRalQf 379 & AGhmb/Banadiih 8 SaMBlecRIRLIBR RS 1@ Fels are
indeed different. Again, the 5'-ligand (6) was most concentrated (321 + 20 nmol/g wet
weight) >>9; 145 + 27 nmol/g wet weight >> 3; 41 + 3 nmol/g wet weight (p < 0.001
for 6 vs 9 or 3). At 4 h, the order was now 6 (116 + 65 nmol/g wet weight) =9 (90 = 7
nmol/g wet weight) > 3 (34 + 13 nmol/g wet weight) =1 (27 + 7 nmol/g wet weight).
Recall that previous studies 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. (§)-4,5-
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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Table 2. Iron-Clearing Activity of Desferrithiocin Analogues When
Administered Orally to Cebus apella Primates and the Partition

W@HEHItISHRE of the Compounds Desferrithiocin Analogue IrorPCTEaY AR 3433
pawl' Efficiency (%)" OH

[0045] At 0.5 h, the liver concentrations of the three polyether ligands (Figure
4) follow the same relative order as seen in the kidney, 6 (483 + 85 nmol/g wet
weight) > 3 (339 + 35 nmol/g wet weight) > 9 (242 + 38 nmol/g wet weight). At 1 h
the concentrations of all three polyether analogues are similar in the liver (=315
nmol/g wet weight). Interestingly, at 1 h, the concentration of the 3'-polyether (9) has
significantly increased from 242 + 38 nmol/g wet weight to 318 + 46 nmol/g wet
weight (p < 0.05), while the concentrations of 6 and 3 have decreased by 36% and
6%, respectively. At 2 and 4 h, the 3'-ligand (9) is the most concentrated in the liver,
followed by the 5'-analogue (6) and 4'-analogue (3). The liver concentration of the
parent 1 is lower than the polyethers at all time points (Figure 4).

[0046] In the heart at 0.5 h (Figure 4) the relative concentration of the
polyethers (6 > 3 > 9) follows the same trend as in the kidney and liver at the same
time point. However, the actual levels are much lower, <90 nmol/g wet weight. The
order of concentration in the hear; remains the same at 1 and 2 h. At 4 h, the 5'-ligand
(6) is still the most concentrated chelator. Although the 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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25.4 7.4"-1.10 [96/4] (3)-4'-(140)-DADFT-PE, 3 HO

WO 2008/115433 PCT/US2008/003433

kidney, pancreas, and heart. At I h, while the order is the same, 6 has diminished by
39%, 3 has diminished by 28%, and 9 has diminished by 26%. At 2 h, 6 is now down
by 54%, 3 is down by 92%, and 9 is down by 61%. At 4 h, 6 has dropped by 82%, 3
has dropped by 97% and 9 has dropped by 79%. The drop in plasma concentration of
ligand 3 is considerably faster than the disappearance of 6 or 9. However, 9 never
achieves plasma levels close to 3 and 6. The parent drug 1 is only higher in
concentration than 9 at 0.5 h; it is lower the-m all other ligands at all other time points
(Figure 4). This observation relative to liver concentrations of the chelators suggests
an efficient first-pass clearance of 1 and 9. Because of the excellent ICE of the 3'-
polyether (9) and its moderate kidney concentrations, this ligand will be moved
forward into preclinical toxicity trials. What is particularly intriguing about this ligand
is the fact that it performs so well in both the rodents and the primates, suggesting a
higher index of success in humans.

[0049] Early studies clearly demonstrated the polyether (S)-4'-(HO)-DADFT-
PE (3) to be profoundly less nephrotoxic in rodents than the corresponding (S)-4'-
(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
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,CH3 S"--11\C 02H (S)-S-(10)-DA OFT, 4 12.6 3.0f-1.14 [88/12] OH a.

In the monkeys =4 (3-7), 5 (8), 6 (1), or 7 (2, 9)]. The drugs were given po
WRRYHbERBH 75 [tmol/kg (6, 9) or 150 ttmol/kg (1-5, 7-8). The BEHBEAUNELH03433

were solubilized in either distilled water (3), 40% Cremophor (2, 7, 8), or

Pol%ﬁ%@w&@éﬁlmﬂ HNQERFOHMTR; BRI NiERPetRILDY (D8 2619PN ?fslsfwe{al

f NaOH to a suspension of the frée acid in distilled water’(1, 4-6, 9).

kldﬁéwg@&a/ 1Rl eprR £rRRRI RS GRiCH AtSS Qa(lﬂlvc@m&g&%emne%!put

for 4 days before the administration of the drug, subtracting these

pol BB FamiRe swaseay o ARrAURRGS s Jperdministiation, We%%r in

drug, and then dividing by the theoretical output; the result is expréssed

the R5dRElcANhd PerEalaiivg RRIGNARERBIRRHPIEIEEIRI 1) ShawsiQRing, 1.,
and urine are in brackets.
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-thiazolecarboxylic Acid
Polyethers: A Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783]. The
ICE in both rodents and pﬁmates and the absence of toxicity seen with the 4'-
polyether (3) compelled the investigation of the impact of fixing the 3,6,9-polyether
chain to the aromatic ring of DADFT at positions other than the 4'-carbon had on ICE
and ligand tissue distribution. Two systems were chosen, (S)-3'-(HO)-DADFT-PE (9)
and (5)-5'-(HO)-DADFT-PE (6) (Tables 1 and 2).

[0050] The key step in the assembly of the two ligands (Scheme 1) involved
alkylation of either 2,5-dihydroxy isopropy! ester (10) or the 2,3-dihydroxy ethyl ester
(11) with tri(ethylene glycol) 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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b. Data are expressed as the log of the fraction in the octanol layer (log
Papp); measurements were done in TRIS buffer, pH 7.4, using a "shake

WOI3e ti3éE method. The values obtained for compounds 1 aRE WGB3 433
ref Bergeron et al, J. Med. Chem. 2003, 46, 1470-1477; the value for 3 is

ma{ YOI 6L BEAATIAN BhAlmbiACH ol M 2G4 2LEes2H AT INENALES

or 4 gnd 5 are fror_n ref [Berger_on, R.J, Wieg_and, J., McManis, J S. and
efﬁ@i‘éﬂ&d}*tﬂé’ﬁnQﬁ%Bpr?é’ﬂRﬁ%ﬁoﬁ@ﬁrE&@lW%@&@éﬂ%ﬁ%%%ég&s,
Chelators. J. Med. Chem. 2006,49,7032-7043]; the values for 7 and 8 are

sucmmcﬁﬁsgxer%dgtz%gb%f%%%&m% 054 Re S2ANR3 LandQi SARER AU O
Bergeron et aid, Med. Chem. 1999, 42, 2432-2440. d. Data are from

binBRIATIRNEERY;i fe MRt PRI R %A%&fy&ylz&x%?; fof eRADREHUN(HO)-
Bergeron et al, J. Med. Chem. 2006, 49, 2772-2783. f. Data are from

DAW??Q:% g)-&-'-gﬁ@)@bmrﬂ%% In 108 {Oh3s sBoWREAPRAINPR dand-
[tmol/kg. WO 2008/115433PCT/US2008/003433

albumin binding differences (Table 3). Rodents were given sodium benzoate, a
compound known to displace ligands from Sudlow types I and II albumin binding
sites, along with either 1 or 3. The sc administration of sodium benzoate increased the
ICE of 1 by 10.9-fold (p < 0.001). The ICE of animals given ligand 3 and sodium
benzoate also increased, but only by 1.6-fold (p < 0.05). This may ultimately explain,
at least in part, the difference in ligand ICE in primates versus rodents. The chelators
may uniformly bind more weakly to primate albumin. In the primates, the differences
in ligand ICE were not as profound and were generally within experimental error
(Table 2), except for 4 versus 6, in which the parent’s ICE (12.6 + 3.0%) was greater
than that of the corresponding polyether 6 (8.1 +2.8%, p < 0.05).

[0052] The effect of altering the position of the polyether on ligand-tissue
concentrations is significant (Figure 4). The trend in all tissue concentrations except
the liver is generally (S)-5'-(HO)-DADFT-PE (6) > ($)-4'-(HO)-DADFT-PE (3) > (5)-
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.
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h. Data are from Bergeron eta!, J. Med. Chem. 2005, 48, 821-831. Table

3. Iron-Clearing Efficiency Performance Ratios of Desferrithiocin
WRHEMHIE3IN Primates versus Rodents Desferrithiocin AnalogGdy8$2008/003433

Primate/ ICE Rodent frCH3 8CO2H (S)-4'-(I-10)-DADFT, 1 CH3 iCH3

(5)2£81Hdro-2-(2-hydroxy-4-hydrox yphenyl)-4-methyl-4-thiazolecarboxylic Acid
Polyethers: A Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783]. This
was consistent with the renal tissue levels (1 > 3) at the 2 h time point [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-hydrox yphenyl)-4-methyl-4-thiazolecarboxylic Acid
Polyethers: A Solution to Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783].
However, in the current study 1 and 3 were found to have similar concentrations at
0.5 h; ligand 3 is actually slightly higher than 1 at 1 h. Thus it seems that the reduced
toxicity of the polyether 3 relative to the parent 1 cannot be explained simply by
kidney chelator concentrations.

[0053] Finally, the performance ratios (ICEpsimates/ICErodens) of ligands 3, 6 and
9 (Table 3) are all 4.6, suggesting comparable iron clearance between the two
species. Although ligand 6 has virtually identical ICEs in the primates and rodents
(PR = 1.0), it is the least efficient (ICE 8.1  2.8%) of the three polyethers in primates
and will not be pursued further. While 3'-(CH30)-DADFT (8) is the most effective
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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(S)-4.-(CH30)-DADFT, 2 OH 04.6 S--7 (5)-4*-(H0)-DADFT-PE, 3

HOvs,CH3 aj-Scom12.6 (S)-5'-(HO)-DADFT, 4
WO 2008/115433 PCT/US2008/003433

a third species, humans. In addition, if the relatively large fraction of the iron excreted
in the urine of the monkeys were also found in the urine of patients, performance of
iron-balance studies would be facilitated. This chelator will be moved forward into
protracted preclinical toxicological assessments in rodents.

[0054] In the Examples: C. apella monkeys were obtained from World Wide
Primates (Miami, FL). Male Sprague~Dawley rats were procured from Harlan
Sprague-Dawley (Indianapolis, IN). Cremophor RH-40 was acquired from BASF
(Parsippany, NJ). Ultrapure salts were purchased from Johnson Matthey Electronics
(Royston, U.K.). All hematological and biochemical studies [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] were performed by Antech Diagnostics (Tampa, FL). Atomic
absorption (AA) measurements were made on a Perkin-Elmer model 5100 PC
(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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OH N CHCH333.0 Svin*CO2H (S)-5-(CH30)-DADI-T. 5 OH 1.0

(3)-5'-(H0)-DADFT-PE. 6 OH
WO 2008/115433 PCT/US2008/003433

H. and Jenny, H.-B. A Comparative Evaluation of Iron Clearance Models. Ann. N. Y.
Acad. Sci. 1990,612,378-393].

[0056] The monkeys (3.5-4 kg) were iron overloaded with intravenous iron
dextran as specified in earlier publications to provide about 500 mg of iron per kg of
body weight [Bergeron, R. J., Streiff, R. R., Wiegand, J., Luchetta, G., Creary, E. A.
and Peter, H. H. A Comparison of the Iron-Clearing Properties of 1,2-Dimethyl-3-
hydroxypyrid-4-one, 1,2-Diethyl—3—hydroxypyrid—4—one, and Deferoxamine. Blood
1992,79,1882-1890]; the serum transferrin iron saturation rose to between 70 and
80%. At least 20 half-lives, 60 d [Wood, J. K., Milner, P. F. and Pathak, U. N. The
Metabolism of Iron-dextran Given as a Total-dose Infusion to Iron Deficient Jamaican
Subjects. Br. J. Haematol. 1968,14,119-129], elapsed before any of the animals were
used in experiments evaluating iron-chelating agents.

[0057] Fecal and urine samples were collected at 24-h intervals and processed
as described previously [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. ], 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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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., Wollenweber, M., McManis, J. S., Algee, S. E. and
Ratliff-Thompson, K. Synthesis and Biological Evaluation of Naphthyldesferrithiocin
Iron Chelators. J. Med. Chem. 1996,39,1575-1581].

[0058] In the iron-clearing experiments, the rats were given a single 300
umol/kg dose of drugs 1-9 orally (po). The compounds were administered as (1) a
solution in water (3) or (2) the monosodium salt of the compound of interest (prepared
by the addition of 1 equiv of NaOH to a suspension of the free acid in distilled water
(1-2, 4-9). The drugs were given to the monkeys po at a dose of 75 umol/kg (6, 9) or
150 pmol/kg (1-5, 7-8). The drugs were prepared as for the rats, except that 2 and 7—
8 were solubilized in 40% Cremophor RH-40/water.

[0059] The theoretical iron outputs of the chelators were ’generated on the
basis of a 2:1 complex. The efficiencies in the rats and monkeys were calculated as set
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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exposure to CO; gas. Blood was obtained via cardiac puncture into vacutainers
containing sodium citrate. The blood was centrifuged, and the plasma was separated
for analysis. The liver, heart, kidneys, and pancreas were then removed from the
animals. Tissue samples of animals treated with (S)-4'-(HO)-DADFT (1) and (S)-4'-
(HO)-DADFT-PE (3) were prepared for HPLC analysis as previously described
[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]. In the current study, tissues from the (5)-3'-(HO)-DADFT-PE
(9) and (5)-5'-(HO)-DADFT-PE (6) treated rats were prepared for HPLC analysis by
homogenizing them in 0.5 N HCIO; at a ratio of 1:3 (w/v). Then, as a rinse, CH;0OH
at a ratio of 1:3 (w/v) was added and the mixture was stored at 20 °C for 30 min.
This homogenate was centrifuged. The supernatant was diluted with mobile phase A
(95% buffer [25 mM KH,PO,, pH 3.01/5% CH;CN), vortexed, and filtered with a 0.2
uwm membrane. Analytical separation was performed on a Discovery RP Amide C ¢
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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Manager software (Rainin Instrument Co.). The method had a detection limit of 0.25
uM and was reproducible and linear over a range of 1-1000 uM.

Tissue distribution data are presented as the mean; p-values were generated via a one-
tailed student’s t-test, in which the inequality of variances was assumed and a p-value
of <0.05 was considered significant.

[0061] Compounds 4 and 7 were synthesized using the method published
earlier [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; Bergeron, R. J., Wiegand, J., McManis, J. S., Weimar, W. R.,
Park, J.-H., Eiler-McManis, E, Bergeron, J. and Brittenham, G. M. Partition-Variant
Desferrithiocin Analogues: Organ Targeting and Increased Iron Clearance. J. Med.
Chem. 2005,48,821-831]. Reagents were purchased from Aldrich Chemical Co.
(Milwaukee, WI), and Fisher Optima grade solvents were routinely used. DMF was
distilled under inert atmosphere and THF was distille(i from sodium and
benzophenone. Reactions were 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
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are reported for the ESI-FTICR mass spectra. Elemental analyses were performed by
Atlantic Microlabs (Norcross, GA). NOE difference spectra were obtained at 500
MHz and samples were not degassed, were not spun, and the probe temperature was
regulated at

27 °C. For 12 the concentration was 15 mg/0.6 mL in CDCls, and for 9 the
concentration was 5 mg/mL D,0.

[0062] Separate spectra to investigate nuclear Overhauser effects (NOEs) were
acquired by low-power irradiation off-resonance and then on the resonance for the
methylene hydrogens, using a 3-second presaturation period, a 45° pulse, and a 3-
second acquisition time. Typically, 100-300 acquisitions were accumulated for each
pair of free induction decays before processing with exponential line broadening and
Fourier transformation.

- [0063] NOE difference spectra were presented by subtracting the spectrum with
irradiation off-resonance from the spectrum with on-resonance presaturation. These
difference 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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“was stirred at rt for 72 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
(250 mL, 2 x 100 mL). Combined organic extracts were washed with 50 mL portions
of 1% NaHSO3, H,O, and saturated NaCl, and the solution was evaporated.
Purification by flash column chromatography using 20% EtOAc in toluene generated
7.94 g of 10 (92%) as a yellow oil: [0]*° +41.1°; '"THNMR § 1.27 and 1.29 (2 d, 6 H, J
=15.5), 1.65(s,3H),3.21(d, 1 H,/=11.6),3.85(d, 1 H, J=11.2), 5.09 (septet, 1 H,
J=6.4),6.89 (m, 2 H,); >C NMR §21.70, 24.36, 40.05, 70.02, 83.78, 115.90,
115.94, 118.05, 121.59, 148.02, 153.11, 171.24, 172.57; HRMS m/z calcd for
Ci4H;sNO,S, 296.0956 (M + H); found, 296.0956. Anal. (C;4H;7NO4S) C, H, N.

EXAMPLE 2
Ethyl 2-(2, 3-Dihydroxyphenyl)-4,5-dihydro-4-methyl-4-
thiazolecarboxylate (11).

[0065] Iodoethane (8.61 g, 55.20 mmol) and DIEA (7.13 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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172.69; HRMS m/z calcd for Cy13H;sNO4sSNa, 304.0619 (M+Na); found, 304.0625.
Anal. (C;3H1sNO4sS) C, H, N.
EXAMPLE 3
Isopropyl (S)-4,5-Dihydro-2-[2-hydroxy-5-(3,6,9-
trioxadecyloxy)phenyl}-4-methyl-4-thiazolecarboxylate (12):

[0066] Tri(ethylene glycol) monomethyl ether (3.19 g, 19.40 mmol) and
diisopropylazo dicarboxylate (4.73 g, 23.39 mmol) were successively added to a
solution of 10 (5.62 g, 19.02 mmol) and triphenylphosphine (5.93 g, 22.63 mmol) in
dry THF (120 mL) with ice bath cooling. The solution was stirred at room
temperature for 5 h and was maintained at 5 °C for 16 h. Solvent was removed by
rotary evaporation, and 40% EtOA.c/petroleum ether (100 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 (50%
EtOAc/petroleum ether) to give 4.36 g of 12 (52%) as a yellow oil: [0]?° +23.2°; 'H
NMR £6 1.27 and 1.29 (2d, 6 H, J = 6.2), 1.65 (s, 3 H), 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); >C 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,NO4S, 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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250 mg/kg/dose, respectively Sc, respectively 4 8.8 2.4" a. Ligand 1
wasadministered po as its monosodium salt, prepared by the addition of 1
WQMIY USME0H to a suspension of the free acid in distilled wab&T/UiSREAS 193433

was dissolved in distilled water and given po. Sodium benzoate was

dissqjggein disiilre WeteR s Ay R ek agﬁpxmﬁféwéﬂﬁﬁﬁ PP Az He

first dose of sodium benzoate was given 0.5 h prior to the chelators

ngquEQHéé&’i)é‘ié yeeig givesshawbtheealsaiero 2%?}51@:: thhOcoolin§.
001 vs non-benzoate 1 treated animals.” c. p < 0.05 vs non-benzoate
Thd'@AeRDANRMAISe was stirred at room temperature for 18 h, and the bulk of the
solvent was removed by rotary evaporation. The residue was treated with dilute NaCl
(100 mL) and was extracted with ether (3 X 50 mL). The basic aqueous phase was
cooled in ice, acidified with 2 N HCI to pH = 2, and extracted with EtOAc (3 x 100
mL). After the EtOAc layers were washed with saturated NaCl (100 mL), glassware
that was presoaked in 3 N HCI for 15 min was employed henceforth. After solvent

removal by rotary evaporation, 1.88 g of 6 (97%) was obtained as an orange oil: [0}*°

+40.0°; '"H NMR (D,0) § 1.72 (s, 3H), 3.26 (d, 1H, J = 11.2), 3.38 (s, 3 H), 3.54-3.58
(m, 2H), 3.64-3.71 (m, 4 H), 3.72-3.76 (m, 2 H), 4.07-4.11 (m, 3 H), 6.91-6.95 (m, 2
H), 7.01 (dd, 1 H, J = 9.0, 3.0); °C NMR § 24.46, 40.04, 59.04, 68.40, 69.86, 70.48,
70.62,70.80, 71.91, 83.44, 115.21, 115.65, 118.09, 121.63, 151.12, 153.69, 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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[0070] The invention also includes enantiomers and mixtures of

enantiomers (e.g., racemic mixtures) of the compounds represented by
WRREMHASE3ormulas along with their salts (e.g., pharmaceuticXyI/US2008/003433

acceptable salts), solvates and hydrates. Compounds of the invention

Et@ﬁ@/ﬁé@%l%%iﬁ@pl’ofgﬂ\éel fogpsinm (34 )1he APJN IR olPIRIENARiane

of plane-polarized light. In describing an optically active compound, the

sanpRIES PhAREd oA RaRdeIete MERd [ HaNP MG APRA LG 4 VigERlAN

of the molecule about its chiral center(s). The prefixes d and 1 or (+) and

50%‘%%%@3@%%"4%@&@Q@é’éﬁ{hl%ﬁi_gai%gﬁt%%"“ henerPRIBSE 190, 3
by t tt

e compound, with'(-) or I meahing th e compound is levorotatory.

H, é\éeragq%@@r%fﬁida%fg@ ]9 is Pﬁésf,?;%@gg%- ﬁgfsasai__@?sc lgmieql

structure, these compoun called steredisomers, ar€ identical e cept

3.6541%%@{;33 r%.%ig!f@g&?%ﬂ%w@ugﬁjmeolsﬁ!g?sfmfgr Mages ofy)

one an specific stereoisomer, which Is an exact' mirro imag’e of

1oL, NPTy o IR 295
24 BSOS R ElBlod DR RARMO BB 0TH oo

hé ‘compou escribed hereih'can ’hav

L A 8, e AR e e
jeatl iral carb he 4- position, of.the thiazoli
R B S B R SRR RS

configuration of this carbon isyf, Mﬂ‘ Igmr interest. When bonds to chiral
carbons are depicted as straight lines'in the formulas of the invention, it is

derst t t d fi {i h chiral bon,
2t nenoe B ARG SR SR db Sl

the formula. As is psed.in the art, when it is desired to specify the absolute
configuration aboﬂlgegnﬁgﬁgg?%%#egag%onxg 1118 %Cel((&:jf(u%jal carbon can be

o3 TR AP 0 TP 0 R

1
be as a series or w ondas to atom

2R E AR T £ o Ersion PR AR SRR B3R,

) or con(figur tion iral carbo iral carbon at the

coofiiioSHienatARIRERRE RLINARRIAIPR ERABIFERRN A% A 474 the bulk of

cofffiguration.
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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[0072] When compounds of the present invention contain one chiral
center, compounds not prepared by an asymmetric synthesis exist in two

W@ RaHISIdA8%ic forms and the present invention includes either RFEHF008/003433
enantiomers and mixtures of enantiomers, such as the specific 50:50

70 FYX 6476580 19 97, 333GEMIE6 BEX .0k he1QNUOMBES ¢80 &F 150.24,

resolved by methods known to those skilled in the art, for exampleé, by
17788naigN of ﬁﬁ%%@%%ﬁ%&%ﬁ@f@@%@ﬁ%@%% i pxaarle.
by crystallization (See, CRC Handbook of Optical Resolutions via
400Pjastereomeric Salt Formation by David Kozma (CRC Press, 2001));
formation of diastereoisomeric derivatives or complexes that may be
Sepqrgﬁ%i1f%&%@ﬂ@%_gﬁxaﬁmwm@ﬁermﬂau'Maaguél When Administered
chromatography; selective reaction of one enantiomer with an
enaglaelIREGHG SRIERIPAL G AR RIMIGih S sisHilANAN: or
gas-liquid or liquid chromatography in a chiral environment, for example,
on a chiral SUPPOTT (€.G;, St i‘ﬁ’é ound chiral ligand) or in the
Depfradiiics dpalagMiral selvieihelt D&edppreciated that where the desired
~ €r iS converted into another chemical entity by one of the
@ ation procedures desggRed aboygs a further step is required to
liberatg \U)«ec c(gssired enantjipsrgric form.  [0073] Alternatively, specific
s &naotamers may be synthesized by asymmetric synthesis using optically
' = , substrates, catalysts or solvents, or by converting one
} R info the othgrdhy,asymmegrg transformation.  [00741
Designd \g)vfcofa specific gggglute configuration at a chiral carbon of the
mggg],gg@glﬁg%’f‘he invention is understood to mean that the designated
Jomeric form of the compounds iS In enantiomeric excess (ee) or, in

( ngb\%i@:is substantially free from the other enantiomer. For example,

the "R s,pf fhe comipy ds are suibfstantially free from the "S" forms
of the com 1sednd are, t'hEJs, in enantiomeric excess of the "S" forms.
(-Comyersetyre, 3" forms of the compounds are substantially free of "R"
f the compounds and are, thus, in enantiomeric excess of the "R"
qrijomeric exeass, s usedihigrein, is the presence of a
partic laz?'\%@za,ntiomer at gvealer than 50% in an enantiomeric mixture. For
-exasnplernden a mixture contains 80% of a first enantiomer and 20% of a
se Enantiomer, the enantiomeric excess of the first enantiomer is
'CHSQOmir;he,\qmgesent invertion2the enaatiomeric excess can be about 20%
or moreng?ae&bgularly abol®¥48% or more, more particularly about 60% or
O-fnereN RekTas about 70% or more, for example about 80% or more, such

as abo 9% orgnore. In a particular embodiment when a specific
[ jon is.designated:tl?@ enantiomeric excess of depicted
£ompaundsis/at least abt§t290%. In a more particular embodiment, the

S)-eranenreme excess of the compounds is at least about 95%, such as at
%agg‘ about 97.5%, for example, at least about 99% enantiomeric excess.
@3 a compound of theorggent invepsion has two or more chiral
arpdins“here R4 and Rgye not the same, it can have more than two
Isemers and can exist in diastereomeric forms. For example, when
- Y& twio chi compound can have up to 4 optical

sand2pairs of atioers ((S,9)/(R,R) and (R,S)/(S,R". The
oneE

HO

opt

rs of enantiomers (e194 £S,8)/(R,R"are mirror image stereoisomers of
N H. . . . .
Nsther. The stereo jsermers which are not mirror-images (e.g., (S,S)
-2 )_D§?)%"'rf§ diastereomers. 'I_'he o!iastereomeric pairs may be separated
rt, 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.
R11075J An alkyl group is a saturated hydrocarbon in a molecule that is
bonded to one other group in the mgl)ecule through a single covalent bond
from one of its carbon atoms. Alkyl groups can be cyclic or acyclic,
branched or unbranched (straight



chained). An alkyl group typically has from 1 to about 14 carbon atoms, for
example, one to about six carbon atoms or one to about four carbon
WQRgAssLIBHer alkyl groups have one to four carbon atoms anBGAE3@08/003433
methyl, ethyl, n-propyl, iso-propyl, n-butyl, see-butyl and tert-butyl.
0Q7e] WWhencyslic, an aikyt group typicatly contains from about 3 to about

Q O TN

, for example, from about 3 to about 8 carbon atoms, e.g., a
cltii;&yl group, a cyéfebutd group dxyclopentyl group, a cyclohexyl

grolip, e tysloheptyl grouff¥pla cyclooctyl group. [0077] Aryl groups
. S ~ . .
s ncldde.saFpseyclic aromatic groups such as phenyl, ptolyl, 1-naphthyl,
-naphthyl, I-anthracy - —Aryl groups also include
hete_roaromatic groups such as N-imidazolyl, _2-imidazo|_y|, 2-thien_y|,_
a.311'=hlﬁe>f1@d°€nfﬂérﬁmd'33(33(3413&,?493['6}}"5))“?'@@%& %-rpgrtciyjé RRYABTHAYYs 300
4-pyr|m!dyl, 2- pyranyl, -pyfanyf, 3-pyra_zo|y , 4-pyrazolyl, 5-pyrazolyl,
umglmg.a?ﬂéybogﬁ aRAY I e HiagBINbLe i&h@ﬁ?&y'd%fﬁf&%z&)%eﬁ(%@%%}e given
and 5-o_xa_zoly. [0_07_8] Ar_yl groups also |_nclup|e fu_sed polycycl_lc _
as EHOMRAEHIBGARYRIEMRSN YAIGRA G5 PRRY Gl AURY6HCI OERIRMAI NI a
heteroaryl rng is fused to one or more other.heteroaryl or aryl rings.
susbeRBRIST 'E}féUﬂge?a@ﬁﬁ%ﬁt'a'ﬁﬂ}ihé'%ﬁoﬁ‘!eﬂyh—%?‘ﬁ@%ﬁﬁhncy of each
-benzo_furanyl, 2-indolyl, 3-indolyl, 2-q_umollnyl, 3-qg|nollnyl, 2
co Riag byl caraga 2y 3E el AR e THSRERb e HoiP S8 WERIBY lanimals from

-isoquinolinyl, 1- isoindolyl and 3-isoindolyl.  [0079] Also included in
the N PTERGBLUN AR AR FEUSANARNFRRACGHHARIY RECERIAPIG SRE By the

the compounds described herein. Compounds disclosed herein that

theDRBREPSRpHH TR ALY RIS SHnSanal gFerRnt SullicieRiVebRsie Instiongihe

group or both, can react with a number of organic or inorganic bases, and
irodRQUGERIF iANHe PiAMA AFIAS alR {RRasRUR. Acidic groups can form salts
with one or more of the metals listed above, along with alkali and alkaline
earth metals (e.g., sodium, potassium, magnesium, calcium). In addition,
batldie groupprascibram sadtdogitbfarhéinéacCampotrdsahtiod inyentilvg cBg,);
be supplied as a transition, lanthanide, actinide or main group metal salt.
medsgreaxentypvesrthdogalirc ARk e tan e (1] Sadt ofiagarmbakadlabdks adiractsiticthpd.
lanthanide, actinide or main group metal salt, compounds of the invention
Theteratires finaireddmplexpatimtiselnaethR Bor franiptegiftencanapolind ek théem.
invention is tridentate and the metal it forms a salt with has six coordinate
2008ite¢, tHei9-d 47t theomipedndIoniaial Bengeler i fdrmhededh€hratio 2106, 49,
compound to metal will vary according to the denticity of the metal and the
2T73uiABEr b codvdinktioh sid S eretfiomdial ¢prefcrably b ddiad dOhdinaono, 49,
site is filled by a compound of the invention, although a coordination site
7032aiPpé; finstthdtMadike fenibasds8cheal tmpdPoxideomatiab dr MedriStheyiat2005,
[0080] Alternatively, the compound can be a substantially metal-free (e.g.
48, fdh-$dde) salt. Metal-free salts are not typically intended to encompass
alkali and alkali earth metal salts. Metal-free salts are advantageously
ministered to a subject suffering from, for e ple, a metal gverload
C'ggﬁtﬂ iftoh ortd" %f?ﬁﬁ’iﬁéfaﬂ &t g&é%@%rgﬁﬁ%}(& éﬁef%’ &lJ6af8br from
focal concentrations of metals causing untoward effects.
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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[0081] Acids commonly employed to form acid addition salts from
compounds with basic groups are inorganic acids such as hydrochloric
WQMSAYE#Bbromic acid, hydroiodic acid, sulfuric acid, phosphBEE HEOHMB433
the like, and organic acids such as p-toluenesulfonic acid,
%%ncﬁi(ﬁgpﬂ?stered
the like.

TGP ANG e AR ALK, aoqd%al?_mm@smﬁ%f%ug

acid, succinic acid, citric acid, benzoic acid, acetic acid, and
Or4R¥AR eSS THEAN Pﬁlﬁ?ai@?'mtﬂéeﬂa}%%'%%%%ﬂyﬁﬁs%? ARV ESHIIB G ds

bisulfate, sulfite, bisulfite, phosphate, monohydrogenphosphate,

dihydrogenphosphate, metaphosphate, pyrophosphate, chloride, bromide,

ﬂ%gide’ aceka}]tﬁé uropiqna.te;@aggnog&epagaprylate, acrylate, formate,

CBUL PatE CApTSateFfieptapoalt, propiolate, oxalate, malonate,

H iFite, suberate, sebacate, fumarate, maleate, butyne-1 ,4-dioate,
hegyresl &gioate, ber28até 2chlorotiéfizoate, methylbenzoate,
dinitroheMvgate, hydrox;lﬁﬁ(ﬁ%]oate, methoxybenzoate, phthalate,

s 4Honais-rylenesulfonate, phenylacetate, phenylpropionate,

; AP , gamma-hydroxybutyrate, glycolate,

£, Methanesulfopate, psapanesygnate, naphthalene-I-sulfonate,
naphtha gpréc-iﬁulfonate, adelate, and the like. [0082] The

(S)_QQ&RQBQQ,%@ZSCIosed herein can be prepared in the form of their
dydigres, such as heminydrate, mononydrate, dihydrate, trihydrate,

( %el\rgh aterand the likg and, gs solvates. [0083] Subjects suffering

rom a olpgital condjtigm responsive to chelation or sequestration of a
trivalent mefap€ai®tbe treated with a therapeutically or prophylactically

-efiegtibamonnt of a compound or pharmaceutical compound of the

[ n. One particular type of pathological condition that is responsive
HO latiopHef a trivalem?.snesal’is a trivedent metal overload condition (e.g.,
an iro

0

@)@&qad conditi@®8/& aluminum overload condition, a chromium
®-ovesjeadreandition). Another type of pathological condition that is
re e to metal chelation or sequestration is when the amount of free
cnl gta] is elevatesdh e2gy, in th@serum or in a cell), such as when
there issin%\rxﬁjgient storatyd/@hpacity for trivalent metals or an abnormality
- EHOMEREL Storage system that leads to metal release. [0084] Iron
overlo %Iitigns or diseases can be characterized by global iron
Sver ifgn os:edaerd. Globalaron overload conditions generally
JAvoRe an exeess of irofsimultiple tissues or excess iron located
throughoatrarn organism. Global iron overload conditions can result from
Qh;'xc%ss uptake of iron by a subject, excess storage and/or retention of
n, from, for examplez3qi§t§5yf iron of plood transfusions. One global iron
afheondition is prighgry; hemochromatosis, which is typically a
gefedic@disorder. A second g1oba| iron overload condition is secondary
Oy i ich i i ult of receiving multiple

Cic) blood transfusions. Blood transfusions are often required for
iron

bjects sHuffering fromilalassemia-arisickle cell anemia. A type of dietary
?oaad is referred[f0/8s Bantu siderosis, which is associated with

(Q-JD&fBQS% of home-brewed beer with high iron content.
O/\/O\/\o/\/o\

o 245+76° -1.22

t i’b./koH (72/28)
S ,

(5)-3'-(HO)-DADFT-PE. 9
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[0085] In focal iron overload conditions, the excess iron is limited to one or
a few cell types or tissues or a particular organ. Alternatively, symptoms

W 3eese1addePwith the excess iron are limited to a discrete orga®CIuEh28s/003433
the heart, lungs, liver, pancreas, kidneys or brain. It is believed that focal
Lo nexaak arPad @ rAUsgiGar o 9B HRRLA B ARRIERRn po at
such as Parkinson's disease, Alzheimér's diseasé, Huntington's disease,

a QUIBICTINARGIAE REUIOPNISAIBIAIATICTRSE MYMHHP AR were
Pathological conditions that benefit from mietal chelation or sequestration

sol @RIl rASRRGIAIRG NUth WaRPSEIoN 0¥, e tnetal i ta,eii,siﬁbéegi%@re given as

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

théip%%ébﬁﬂhai’?%li&'lﬁ@ﬂapefo"&ﬂﬁ}é@dﬁﬁ(ﬁﬁ?d?ﬁ’%ERB‘?U SPRBME Q78 Xpension

more of the following conditions: decreased levels of reducing agents,

of IRCRESELilPYR'S; HifICANR Y IBHSHECHR: BRHLELANS Ip Qgcﬂ%ﬁ%%%d was

levels of antioxidant enzymes (e.g., Cu/Zn superoxidé dismutase

calauaf%@@g%déﬁggsl{g%ﬁeqwt@mg& RAUFESR Bardl RDIRRR REIANOIRSS the

thioredoxin, thioredoxin peroxidase, DT -diaphorase), mutations in or

druf ECERBESAIRY elt'ﬁ&(emﬁﬁ%ﬁfgji%moﬁwst(@ogdaga@gﬁrrB]eé?gﬁ%@’ after the

ceruloplasmin, albumin, metallothionein), mutated or overactive enzymes

adnSRRARIA SR BFAflE ARG SURE IR (G Gin M BYCRXIHR SWHEASSHMARDRE result is

oxidases, xanthine oxidase, NADH oxidase, aldehyde oxidase,
exp?é!gyég%@tﬁé?cgﬁhwggégﬁ§g’ LRGARe £AXIHBR X AR EaHIH9% 001 and
injury. Increased or decreased levels of reducing agents, reactive oxygen
wrirdPSeies nang gLoteins are determined relative to the amount of such
substances typically found in healthy persons. [0087] A subject in
need of oxidation stress reduction can be suffering from an ischemic
beplsuderd sctmesked pisatiesegrobeharfrdeanithieralis swahainiager (log Pagp);
obstruction of the blood supply, such as from arterial narrowing or .
meahigrerptiots. Weye dardiah iSEI8rhid fevhpth tdmgivg rHsshakarflisia phetariaethod.
and myocardial infarctions, results from inadequate circulation of blood to
Thethalmgso chtelined, fosuaipplusmds dormdaly actdirpdisef Rergaioansical, J. Med.
episodes in the brain that resolve within 24 hours are referred to as
Charar)681 &t hieiiie 1adckise Aalonder-MstifrgrisohfeBrirgepiscia] o/ sielde Chem.
involves irreversible brain damage, where the type and severity of
2006y rdtemi ef$Sn dhervithecto fatid mah d exteinvinf tefajB digsuenywRode Wiegand,
access to blood circulation has been compromised. A subject at risk of
J., Nl¢fidamg, ffos andsBhertiichepBor ®egrgoalBysuitsis frodnEthmmssiesbgan-
other disorders of the blood vessels, increased tendency of blood to clot,
Speeifisebmisheletorshb ddedpbiheas. G0GHsIMVEBRASIV43h e usdeetoftnedtand 8
these disorders. [0088] A subject in need of oxidation stress reduction
are frgmiddesgéforireg Mtod Mdtartirano?00hfl4d8n8Riti8A lis a fundamental
pathologic process consisting of a complex of cytologic and chemical

reactions that gccur in bloqd vessels and adjacent tissues in response to
e SRR P TRCHRRET ShnchiOh o lERF b Loy 22440,

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.
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chemical, or biologic agent. Inflammatory disorders are characterized
inflammation that lasts for an extended period (i.e., chronic inflammation)
WQRHL4Pages tissue. Such inflammatory disorders can aff@&HUHRIES/003433
variety of tissues, such as respiratory tract, joints, bowels, and soft tissue.
Tﬁst&%wmeﬁepgémﬁ RGN EATEREHSIORO Jieabihasg disorders.
[0089] Although nat bound by theory, it is believed that the compounds of
the invention derive their ability to reduce oxidative stress through various
TalslelBlism< bating BificleacisPerfbmemrpRundsinte it arithesain
particularly a redox-active metal (e.g., iron), and fills all of the coordination
sites of the metal. When all of the metal coordination sites are filled, it is
believendpgussidbismates vered RadgHgents have a diminished ability to
interact with the metal and cause redox cycling. In another mechanism,
the—cenTEeuﬁd—srabﬂﬁes—the—mefal—rn—a—partlcular oxidation state, such that
it is IBSLR 8%?? é"éo reﬁ%&gﬁ . In yet another mechanism, the
com i"&'*"&‘-" et y(e.g., free radical scavenging,
g of reactive oxygen or nitrogen species). Desferrithiocin and its
derivatives enstalialogues are kisgwn to have intrinsic antioxidant activity,
as describedfn €923, Application Publication No. 2004/0044220, published
Ma&%ﬂﬂ%@ahdﬁﬁ@pkalmnﬂubhcaﬂon No. 200410132789,
publié }'8,2004 and PCT Application No. W02004/017959,
publishe 212004, US Application Publication No. 2003/0236417,
pubhshed D # 25,2003, and US Patent Nos: 6,083,966,

3 ' : 2 cantents of each of which are
mcﬁr%\ofatted hereln by reference [0090] It has also been reported that
the iron @verloads in humans can aid in the prevention of or
control of tﬂgzg’\éﬁgkogancer [662ak| et al, JAMA, February 14,

2007 VoI )297 NO-¢ pp 603-610; Kal|nowsk| et al, "The evolution of iron
chetatorstog the-treatmen i 5ad disease and cancer”,

"Cofibiiatior rfDepletlon The?rapy" J. Nat Cancer Inst 81, 1229 1235
(1989); BerggrdiP&t al, "lnfluence of Iron on in vivo Proliferation and

atity-of 69-374 (1985)]. Indeed, Ozaki et
al repo tthe h potheS|s that accumulated iron contributes to disease
riskKtffough o "cdtalyzed free Bdlical-mediated damage to critical
blomgleggegAa,g.ﬁg‘rtrough altered cellular function rests on secure

bioc emica : o report that the relationship
[sgase has remalned essentially hidden because of
mcﬁn&stept findifgs% Fitlly Os&Ri et al report data that support findings

z Eg%dgn&_eldp Sll cause mortallty decrease" associated with iron levels
[0091] A "subject is typically a

hu t can also be an animal in need of treatment, e.g., companion

ani gelogs, cats, and thglike), farm animals (e.g., cows, pigs,

horses, \Qs&)zigoats and the like) and laboratory animals (e.g., rats, mice,

guigeagsamahuman primates and the like). [0092] The

co unds and pharmaceutical compositions of the present invention can

be irstered by an appropriate route. Suitable routes of administration

incl aeinot limited to, otdly, intraperitoneally, subcutaneously,

mtramuscsallgrlgoztransdermally, rectally, sub lingually, intravenously,

i . ompounds and pharmaceutical
com 6§rtr8ns’cl>tne’|?wentlon are admlnlstered orally. [0093] The
éutlcal compositions of the invention preferably contain a

tighlly acceptable cafrfer or diluent suitable for rendering the

compourd/Gt mixture administrable orally, parenterally, intravenously,
inttAdeHRRHOIT-PE. 9
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WO 2008/115433PCT/US2008/003433 intramuscularly or
subcutaneously, rectally, via inhalation or via buccal administration, or
W8 mally . [00941 The active ingredients may be adnfi&ddUgp008/003433
compounded with a conventional, pharmaceutically acceptable carrier or
diluent. It will be understood by those skilled in the art that a mode of
administration, vehicle or carrier conventionally employed and which is
inert with respect to the active agent may be utilized for preparing and
Tablindirisiendose phaBnatiagtiaa compassienswithBoaleseBtRvaRtion.
lllustrative of such methods, vehicles and carriers are those described, for
example, in Remington's Pharmaceutical Sciences, 18th ed. (1990), the

disclosure of which is incorporated herein by reference. [0095]iirchﬁclearing

formulagipaisnedrihe present inventgerefor use in a spiiect Commprise:thgiency (%)
agent, together with one or more acceptable carriers or diluents therefore

sodnuropgieally other therap@aanpligdiesets. Tswe carriers ordilubasslimeston
be "acceptable" in the sense of being compatible with the other excretion
redients of the formulation and not deleterious to the recipient thereof.
(S)I’FiJ (RTAREL & conve QR HIBOYESresentB? in unit dosdge folrt 8t
can be prepared by any of the methods well known in the art of pharmacy.
(SAH ridDpDADETIdR)the step0ofhringkygamdo apsaaidtion the agent with the
carrjguor diluent which con2fitutes/logidose more accessory isgredeats 26’
gensodinthdéammatations arespeepiaety by unifespdytavetyintimately
bringing into association the agent with the carriers and then, if necessary,
Syt (aﬂ‘g SAcREIRY untiosaglkghereof.PO [0096] Fofms 3uitatidfor
oral administration include tablets, troches, capsules, elixirs, suspensions,
(SPWUPFOWBIEIF EIFERVDY 9Us00o) Ml AteaREE PSS difdly art recognized
progggyres. The amount ofzggtmg/ﬁgmgggmd 42 such therapgutigaly 7 4¢
uselddi@R BERAKARS OF Prepaypdianels such th‘gg@mgle dosage will be

obtained.

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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[0097] A syrup formulation will generally consist of a suspension or

solution of the compound or salt in a liquid carrier, for example, ethanol,
WQRMBHAKRE ST water, with a flavoring or coloring agent. Where tRE€T/US2008/003433

composition‘is in the form of a tablet, one or more pharmaceutical carriers

rotgpe ms alﬁ% ﬁﬁ%e El‘””%eﬁcll Oﬁjmléleastclgl 3 %?g%?(%gén %ﬁtl}gc%)gg)ound

Examples of s arriers |ncIu e magnesmm

the BP9 C PP IR LERORLION, 5 “gtgef N %Jgha%gﬁ%&he

tine encapsulation Is genera y Sulta or examp

mo?JQLE?é‘ESQHPHE gh(f rrlel;ﬁé % tln F or Fgﬂ(i I%rgc%rﬂm:(a[ed to

composition Is in the torm o asof geiafs cap

des?g{cri'l%rﬁlé %ﬂe&l Hﬁgﬁi foro Eigx? [ g)glgrlxsi%%rf] s% st?lussl’ 8%r{§<§)ln§gx?/£tlgz-a or I

con5|dere or example, a eous gunmea cefy
t f Iatlnc sule shell. 009
me?fjﬁggﬁgﬁ)frﬁga‘?en eraﬁg(jmlﬁ}'sot?% %ﬁ O%VGHIG%?R/ ndLt e g er| ll!%a?ﬂ? 8{19 is
ns he a that are efe abl |soto ic with the blood of t
dex?é%%?é%@%l%%e ca %ﬁ%ol?&onsﬁlclu e p%ospha{}esguffé)rrggouﬁqﬂse hﬁe

StCl’%@l%@ﬂgy gteéit é a?(%h?l% A] n %QE%RCE ﬂ]ezf%t rose )/;J ;ré)\l%atc ﬁf eC ar b(ﬁl} ﬁﬁe non-

formulations can be convenie Yy prepare mixing age

I BOhIES ARl 0 RSN XBETE USROS Wihis an

ont iner and seale ainst bacterial contarhination

exag? %Hgﬁ’%?%l naT sterili glr ng 8?5%%32%“'1' ! ng gltleo tsotgsaa\{lo%é;gomer,

need for ter Ization. ormu?atlons can option

andCQMGHAREPT T es%%?i@? ?ged"?f‘et Wwhich Ct?@rﬁgﬁlgde tuge, A, 3450

preservatlves such as met oxy%enzoate orocres

mixehens adghzalkonipmoyoride. géje%\ Mmaterials are of special value

when the formulations are presented In multidosé containers. Buffers can
also be included to provide a suitable pH value for the formulation.

101@ora0irdiatey bufftee catpoakedo aidaiseoisniRNQsPRAE énd ASRIHE 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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Sodium chloride or glycerin can be used to render a formulation isotonic
with the blood. [0101] If desired, a formulation can be filled into

W@ aMBiHE#33under an inert atmosphere such as nitrogen and cBETHES2008/003433
conveniently presented in unit dose or multi-dose form, for example, in a

sealpshes) PR, com&?:gal bRqRe Bl‘égglqt IG5k Wl RR PRI & ARaS t@eqlter,

amounts of the various components of the compositions of the invention to

copRAANHSISIRPIRAHPEHARGMMER IS MALRL LLING IWEBHA Rric forms

subject will depend upon those factors noted above. [0103] A typica

anéqneogi%gleﬁmfmelﬁmﬂ incliges s somPYdnd 95&99@{&@%%“9&4%% of

acceptable salt thereof which is active when administered in this way, wi

enAORLRY ARGY QS kARrCRENGE 39R5H (0% frfR TR e BAY R CONEAShix ture. The

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

ena[&%&ﬁle;l;y%ﬁ'ﬂéa%%w&‘aab@rm&i%@%ﬂa%d&‘) %HQ&V%EH%@'E}%%OH& for

or non-aqueous vehicle, for'example, a cream, ointment, lotion or paste or

exda¥pIl] ByeiprmiPInaiGeied Qlastifc RASRl MR 8BFarated A1 ¥xample,

Typical compositions for inhalation are in the formof a solution,

by PRENBIALA GULIFRTNLHVOL SEDIRRIE RIS O ML DAL ASLERRric

using a conventional propellant such as dichlorodifluoromethane or

SallM MR IBIPIRTRITANR 0 AP QIR & 2R Al RHEGHE AMQERL N Fneric

compound or
derivatives or complexes that may be separated, for example, by crystallization, gas-

liquid or liquid chromatography; selective reaction of one enantiomer with an
enantiomer-specific reagent, for example, enzymatic esterification; or gas-liquid or
liquid chromatography in a chiral environment, for example, on a chiral support (e.g.,
silica with a bound chiral ligand) or in the presence of a chiral solvent. It will be
appreciated that where the desired enantiomer is converted into another chemical
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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pharmaceutical composition of the invention depends, in each case, upon
several factors, e.g., the health, age, gender, size and condition of the

W@ aHsdiid3Be treated, the intended mode of administration, af§T{ES2008/003433
capacity of the subject to incorporate the intended dosage form, among

sutRlg tﬁ?@é%ﬁ“@“f&ﬂﬁ%ﬁ”&@'@&ﬂﬁ&@ﬁ&“ A PRI 1S AL AR ric

sufficient to have the desired effect for the condition being treated. In a

exB&IPAIRS tieatineha SeRifkioMExa eQndition tieaieRichy ?;b%tiﬁg:@nce of a

sequestering a metal ion, a therapeutically effective amount of an active

parfidGlt En Al SHAT R SRR AR 58T S RdRatine- P ekrden Rith&ample,

metal in the subject, reduce the symptoms associated with the metal ion

wheh RrRHS Rl RARELAL 481Y0NS AREChANGIH SR BN A! SYIRIQSRE enantiomer,

associated with the presence of the metal. In a method of reducing

theOXidALYMATE SR dBsE S RIBTE I RagR KR al4R9; theeel pr LRI BRI Yine

effective amount of an active agent is, for example, an amount sufficient to

endREMAEIRY BRRIRE S ATROMBIRD YA L PRI R TGP I ABSNIT 7B RIOR, more

delay the onset and/or severity of symptoms associated with oxidative

partiEBRE I abRIFBLRL dadhe dasdh A 6P ABYErahHIe, IRMERRIR BBout 80%

administered to a subject (assuming an average 70 kg subject) is from

or ARFEOXNAEY MIMDEL G Gnore. (L] PLAvialle BAIRIRRRICOAH A0 Becific
syntheses of both (S)-4,5-dihydro-242-

abﬂﬁ@wﬁﬁég‘y@%ﬂr@)&g Ruy Rkenvhlidreathvlcathinariseard 4 iSounds
acid [(S)-4™- (HO)-DADFT-PE, 3] and

is 4 Raét apdiystios 22 GroRsrdci R Smbodiment, the enantiomeric excess of the
trioxadecyloxy)pheny1l]-4-methy1-4-thiazolecarboxylic acid 9] is described

COIQS_B?]st is P1081 L{b@)ﬁ@ %%D%ﬁ%ﬁ%ﬁs@lﬁﬁyﬁh@'ﬁi@?@?%@ld-at least
Wiegand, J., McManis, J. S Vinson, J. R. T., Yao, H., Bharti, N. and

abd3P99% dnkhtiShiée-excess. When a compound of the present invention has two
Dihydro-2-(2-hydroxy-4-hydroxypheny1)-4-methy1-4-thiazolecarboxylic

or M6IE BRIrWEARRBASN ASASRE rld US200&O0B4 33O Iethe inavd RRIMIBRAGWO
Nephrotoxicity. J. Med. Chem. 2006,49,2772-2783], the synthesis of

optt&a4sarhlthy diet 248-byRi anYdiaé R Shitaxaeaay| oD RReMpl -wiRateke are
4-thiazolecarboxylic acid [(S)-4'-(HO)-DADFT-PE, 3] is carried out:

twd hta(ebdadREd dmpasnaotue HecktapisdsPRRRMI asehdis O Yighlrs of
Alkylation of the 4'- hydroxyl using tri(ethylene glycol) monomethyl ether

enaAtdaieMites SR SOt QRSSHiS T OPNE PandicpehamiBiR A€ g., (S,S)/(R,R»
triphenylphosphine in THF), filtration, and chromatography gave the

arc| SARFOPYhRSE s Soifofids Yol dnSapemicalins ofcits esficidrivah@ are not
(S)-4'-(HO)-DADFT-PE (3) in 95% yield, providing an overall yield of 71%.
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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[0109] Alternatively, selective alkylation of the ethyl ester of (S)-4'-(HO)-
DADFT (14) is accomplished by heating the tosylate of tri(ethylene glycol)
WQoA¥etR3/| ether (15, 1.0 equiv) and potassium carbonate (POTERIBIA3433

acetone, providing masked chelator 16 in 82% yield (Fig. 6; Scheme 1).

chiAyaaR g@i%ﬁﬁt%ﬁ&ﬂ? halgisaerdetdm)id {BPAGNST foFddniple,

95% yield. The new route toligand 3 proceeds in greater overall yield,

ond 8aYSut’ $X0c AAVE WEHABAGUNE BB LTS RUNBEF LA TBWENAWE droups
employs inexpensive reagents without formation of triphenylphosphine

ha Qi8R0 [iSORIMRBY hénlly drZineriaer Rrw AR nl'.fgfegy@,u%ca;ml, n-
[0110] In the synthesis described above, the Synthesis o

bufyl) ¢ BRI 144 butyl. _ _
hydroxy-3-(3,6,9-trioxadecyloxy)phenyl1]-4-methy1-4-thiazolecarboxylic
acid [(S)-3'- (HO)-DADFT-PE, 9] is carried out:
(S)-19@781dWwiheinoxyqi fve ray1 31Ky5 -gibypl iyl atigthyd et st ifxz ol eatamicoXythicabout
acid, which was made in 88% yield from amino acid cyclization with the

10 appropsidier rikiiapleasroonubotedBtooitsbetity 8 esidoin A8/syell, Howdupropyl
the two remaining steps to chelator 9 proceeded in only 15% vyield. The

grquply ethgclobainlvwarsuan pengedientlye StdupdraxylalvtdaryMgsmpolucycloheptyl
conditions, producing the ethyl ester of 9 in 25% vyield. Ester hydrolysis

grduprosheydondbdOgroigdd after purification on a reverse phase column,
providing an overall yield of 13%. [0111] A more efficient syntheses of
(S)-3'-(HO)-DADFT-PE (9) is presented in Fig. 6; Scheme 2. The less
hindE aﬁm&@avaagw%-mwmmmg@w [ickhyatopharyl, p-
J., Wiegand, J., McManis, J. S Weimar, W. R., Park, J.-H., Eiler-McManis,

toly, BaABBHBH. 7-BrRPBRttehRArasY MnS AtShrariafr Y cruR RSO nclude
Analogues: Organ Targeting and. Increased Iron Clearance. J. Med.

het&‘ﬁéfﬂ%S&%‘,’@éf—%%?&]aﬁ/ -imigazely it RiSpralyh 2 hisduivthisayl. 2-
sodium hydride (2.1 equiv) in DMSO at room temperature, generating 18

furgnylyod dRFemYhtotipHbt-yidBY s (ReP¥TitHer ERATHMRLY ed® Witm Ay 2-
in nearly three times the yield compared to the Mitsunobu coupling while

Pyraoaﬁdi%wﬁ@woéa?éfga%ﬂbvby%maﬁalcmm&@n%am%mnﬁréq&mh 4-
.(S)-alpha-methyl cysteine (19) in aqueous CH3OH buffered at pH 6

thigzalylierethigre n@&éﬁvks%:@‘-%ylm%ﬁ%@ in 90% yield. Since
the unusual amino acid 19 was not introduced until the last step of

Schegif, 1 Cae A0 R dIDILEA PR RIRIECRONTIE YN in

to91s 63§3/o, miuch higher than from the previous route. EXAMPL
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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[0112] (S)-4,5-Dihydro-242-hydroxy-4-(3,6,9-trioxadecyloxy)pheny11-4-

methy1-4-thiazolecarboxylic Acid (3). A solution of 50% (w/w) NaOH
WQ2008M1333199.5 mmol) in CH30H (90 nth) was added to 16 {6 BH3048,083433

mmol) in CH30H (200 mL) with ice bath cooling. The reaction mixture was

. orgatifres Al ORMSRMREFRIUARIIAE 1 RN IR RH S AERARONRNEWARre of the

removed by rotary evaporation. The residue was treated with dilute NaC1

mef#R01Mel 206L0ES QYHECIERWI SENahE3 ke kirhfRasc Pe‘?té‘.?%ium,

phase was cooled in ice, acidified with 2 N HC1 to a pH 2, and exiracted

potduFOAG Mesihal r@éa):icmgz BiPARENBAC Wse e Wit SAtuAedyith
WO 2008/115433PCT/US2008/003433 NaC1 (200 mL) and were

amBRACRIBIALRA #ay Ut DIWBEHIRILDIGE agpieR ENishadsRiBA, J1Rthanide,
3[Bergeron, R. J., Wiegand, J., McManis, J. S., Vinson, J. R. T., Yao, H.,

actRR brNnBRdRRGEMelalRsalt. For example, the salt can be a Ga (1II) salt of a
(S)-4,5-Dihydro-2-(2-hydroxy-4-hydroxypheny1)-4-

cormRiiil-AdhiazalesRibalitafield Balyeleers nfin Yrip iR NeRiY oHEHnds
J. Med. Chem. 2006,49,2772-2783] (92%) as an orange oil: [a]2s +53.1 (c

of AOMIMNBHRLD B tof B¢ eR- IAthSie Hpetg}.%égégaﬁ'fﬂlé {fh compound
3.64-3.72 (m, 4 H), 3.74- 3.78 (m, 2 H), 3.90-3.94 (m, 2 H), 3.96 (d, 1 H,

of e i drd3¢idéhtTe Artdhn@- R, il s 2ok Biltfiedhisl EdoddmADsites,
2.2), 7.61 (d, 1 H, J= 9.2); 13C NMR (D20) 23.65, 39.56, 58.65, 68.34,

theR%-330 "0 BMmPg8uAS td Prithl BRIk i Forkfidt Iind 04id 2 K ¥BBuAdtothetal
161.27, 167.07, 176.86, 180.70. Anal. (CI8H25N07S) C, H, N. EXAMPLE

wilBvary J@é&%}ng to the denticity of the metal and the number of coordination sites
(S)-4,5-Dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)pheny1]-4-

on MRdcA-tyReRiaeRyPeXHICcH6HHiMA)li SaCSMROMNGEA&I(H 6 Ie g THA V) the
degassed 0.1 M pH 5.95 phosphate buffer (200 mL), 19 (6.98 g, 40.7
inveRtns), ﬂﬂ%h@ﬁ@%ordination site can be filled with other anions such as

hydroxide, halide or a carboxylate).

[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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(4.33 g, 51.5 nunol, in portions) were successively added to distilled,
degassed CH3OH (200 mL). The reaction mixture, pH 6.2-6.6, was

W d134320C for 72 h. After cooling to room temperature, thBGUKS3P4HB03433
solvent was removed by rotary evaporation. The residue was dissolved in

pyrgs%?ng?éjC@%l_ﬁ%gg,mlsllfmg,W%s%@?te?%gg‘%ﬁt@é%ﬁégﬁgog%t# Rate,

agueous portion was cooled in an ice water

dih%}é%aﬁﬂ&ﬁﬁﬁ@?t%%ﬂd§ ,(4@8103)%@ atb N HOAR PRV B dide,

was with saturated NaCl and w oncentrated in vacuo. Drying

acemegﬁmgmm%@c@m%eéa%&fa& 0%8:&?8%@@%&5{&@&%@&@%aproate,

+61.9"; NMR (D20) 8 1.77 (s, 3'H), 3.357s, 3 H), 3.56-3.62 (m, 3 H),

hep?‘aﬁélé?é 7%&5?0421'_9,’ %Qﬁé?é79nqwr%t§) ! s%t%%ﬁgtg GSGBC%I'ED ’s%gQCQQe,ltt%%fate,
11.6), 4.25-4.31 (m, 2 H), 6.99 (t, 1 H, J=8.2), 7.26-7.33°(m, 2 H);"13C

maﬂé‘e&\’l&l,Q 3gf}t 33—%9'9&&(93%?’ 6§eQ§n9—?'8§6-2190§I%, 700@&2(11Qe86’c¥&0?gbenzoate,
83.21, 116.33, 117.94, 118.50, 122.80, 147.67, 150.24, 172.38, 176.10;

me('gg%ﬁzw?eCa@ﬂif%b@r]lgét%%?N@%ﬁ)x%grl]z%%%,(l\/}n"étﬁ&%éggoégp']p[H'P?alate,

AMPLE S  [0114

sult@l)a'é'ﬁi .QH@Hﬂfgﬂngyﬂﬁgﬁﬁééé&@,g' ﬁ'é]%&ﬁﬂ?o‘ix&%%p QHYTbutyrate, citrate,

4-methyl-4-thiazolecarboxylate (16). Flame activated K2CO3 (5.05 g, 36.6

lactdignol) fgﬁﬁi’f{?ﬂl@ﬁ&& bityh@; 34 LINBRKN 2RGS0 MR WS & ulfonate,

added t6 14(9.35 g, 33.2 mmol) in acétone (300 mL). The reaction mixture

prop/e eIt RN R 4RI ANPGRS 44 pB 33 R dRERle, and
and 15 (2.12 g, 6.65 mmol) in acetone (5 mL) were added, and the

the fg@ction mixture was heated at reflux for 1 day. After cooling to room
temperature, solids were filtered and the solvent was removed by rotary
evaporation. The residue was dissolved in 1:1 0.5 M citric acid/saturated
Naq0032) Title) ampoarsde xdiackesd dvitbr&tDéan (Bexpt&thrad inTthe éanmbifatieir
organic extracts were washed with distilled H20 (200 mL) and saturated

hydhaeS) (20D asLhanihydrateconcrotisabekindiltydratd? wrifigdiioe, usirdh fidisie and
column chromatography eluting with 50% EtOAc/petroleum ether

the Gkaanatasd skitvatgsof 16 (84%) as an oil: [a]23 +40.2 (c 1.09); 114 NMR 8
1.30 (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 I—(Il).,,3.81-3.88 (m, 3
H), 983} Spbises puifestng dsomh, 2 mpteolagier], £ondifions gesposive to
6.49(d,1H,J=2.4),7.28(d,1H,J=8.4),12.69 (s, 1 H); '3C NMR 8

chelpgion ob segresigtan ©f 3 rixalent BeLEscAIDEITALgYiD 7&herapsatically or
72.03,83.22, 101,51, 107.41, 109.98, 131.77, 161.27, 163.09, 170.90

propiasicallFfecsie 2ereepSy @ Sqmpord gy phamereutigy] pgmpound of the

. 2-Hydroxy-3-(3,6,9-trioxadecyloxy)benzonitrile (18). Compound 17 (5.3 g,.
IVeRH N HBHPAAS HAtibPto°h RAUBBIIIH SIEHIRINARL (5 TEPgnyE D fhirglftion

of ;intrivalent 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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DMSO (60 mL) using oven-dried glassware. After the reaction mixture

was stirred at room temperature for 1 h, 15 (12.49g, 39.22 mmol) in
WONSOIE83mL) was introduced. After 24 h of stirring at room PE&HBE2A0§@03433

the reaction mixture was poured with stirring into cold water (100 mL) and

was GIACIFhVER GG 1 Boifid R0 Snldisd e LM UL RRBRGHAS lgf global

acidified to pH 1 with 6 N HC1 and was extracted with CHCI3 (5 X 60 mL).

iron! 6% dABGA I G PVALLS VRGOSR RIR I N 4R RGP LB HIsRRAY %é@ally
column chromatography by gravity eluting with 10% CH30OH/CHC13 gave

invdi#4 R 8Y0as an Rilidbld R34 EecastrdnoRicRd mo%sém)ut an
3.65-3.73 (M, 4 H), 3.75-3.78 (m, 2 H), 3.83-3.87 (M. 2 H). 4.14-4.18 (m, 2

orgzli'xlﬁ’sﬁr.7 818139 1Th L¥dhchPRdAGbE A B fidmlekeeds ihiiRe Jo“)oﬁ@y a
(s, 1 H); 13C NMR 8 57.25, 67.76, 67.85, 68.79, 68.92, 69.06, 70.36,

su 38xdds3-Aoridd- i irbfd 143146, S or
AN S p v R Rl ot

bloSE HEHRHTNE 1IN YEsHIAN BRTE R AGRICRS AR NEIMRAS RIMBEAAENSsis,

a 3,6,9-trioxadecyloxyl group at various positions of the

whitR SRZARSIAYHNIgEHR €D ARG A AN UG HAGALIP T GIE BRARR ARG IR is

distribution is described. Three DADFT polyethers are evaluated:
sec&@ﬂﬁﬂm@m@ﬂszgirqmﬁ@,%i&e@egyéowame@f/%a%mﬂﬁgh%ﬁible
hiazolecarboxylic acid [(5)-4'-(HO)- DADET-PE, 3},

(chiond BRI drRrkes IR OB oad 3 EasHisrade oy §RYdited for subjects
methy1-4-thiazolecarboxylic acid [(S)-51-(HO)-DADFT-PE, 6], and

suff@i}ié'ﬁ'&m(ﬁ'ﬁﬂi%émiq or sickle cell anemia. A type of dietary iron overload is
I2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl1-4-methyl-4-thiazolecarboxylic

refed@dl 132} BAnul i@ ARt REassUeilita WA clRaniRealicieNEYACEL Wed

rodents and primates is shown to be very sensitive to which positional

bee}aomggi?]qyg,hl@;%n@s 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 albumin binding studies.
Ligd08088 JidtHeaalasomctivel palyathditimmalobe exnessdents shoisdisoorergr a
effective in primates, suggesting a higher index of success in humans. In
few aetdlitiopeshiy disalmguer is alsvishiowoiganleAltaroas Vedy, isytinptanseas§dbiated
primates than many of the other chelators.
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,
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[0117] Having now described a few embodiments of the invention, it

should be apparent to those skilled in the art that the foregoing is merely
WQRMEAEFSEN not limiting, having been presented by way of B&&p1808/003433

only. Numerous modifications and other embodiments are within the

oluREARGOT B0 RfAL in%rxo%%saﬁ'}e@%%a%ﬁae ;%Ps%a%%teqﬁs f?}l%“ orase),

within the scope of the invention’and any equivalent thereto. It can

mufHRIEC ﬁt%g E#@I’e\fﬁgqtlg{)é §°0F‘%85‘?%§[¥é§%‘2}8%‘n‘9’?8 .lgﬁbt?arnes?g{i‘lgﬁ 4 geaﬁtin,

apparent to those skilled in the art, an sent invefition 1S In

cerE(Po. Mﬁtlﬁmﬁ?qﬂ@{é\fﬁméﬁéﬁ r’n?&%?e‘ﬁSSrW rcq_luv% rgr?z?%jﬂ%as:igar})sable of

will readily occur to those ski in‘the art, it is not desired to imit the

pmwc@ng0gu@em%&éa@.genﬁﬁwioa}m Graon wxyﬁffdo% descrbetline

d
and accordingly, all suitable modi |catio§?§1an équivalents may be
oxilf3SereN Ab g i eshoRe OUNEICHROIMISTHEP ryifpehase,
A desazadesferrithiocin analoghaving the formula:
cytochrome ¢ oxidase), and radiation injury. Increased or decreased levels of reducing

agents, reactive oxygen species, and proteins are determined relative to the amount of

such substances typically found in healthy persons.

[0087] A subject in need of oxidation stress reduction can be suffering from an
ischemic episode. Ischemic episodes can occur when there is mechanical obstruction
of the blood supply, such as from arterial narrowing or disruption. Myocardial
ischemia, which can give rise to angina pectoris and myocardial infarctions, results
from inadequate circulation of blood to the myocardium, usually due to coronary
artery disease. Ischemic episodes in the brain that resolve within 24 hours are referred
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,

56



\OH 1N COOH R30 6 ;. R5 KLI wherein: R1 is hydrogen or alkyl; R2,
R4 and R5 may be the same or different and may be H, straight or

W RaAhEEBhain alkyl having up to 14 carbon atoms, e.g., me®fyL/BR(8/003433
propyl and butyl, or aryl alkyl wherein the aryl portion is hydrocarbyl and

chelif Ay} REBISL IS 2RI @A RFRACRE A BRIErNR AL KM QY RfRYMEation

up to 14 carbon atoms, R2 optionally being alkoxy having up to 14 carbon
thaPi@Sfor an extended period (i.e., chronic inflammation) or that damages tissue.

Such inflammatory disorders can affect a wide variety of tissues, such as respiratory
tract, joints, bowels, and soft tissue. The compounds of this invention can be used to

treat these disorders.

[0089] Although not bound by theory, it is believed that the compounds of the
invention derive their ability to reduce oxidative stress through various mechanisms.
In one mechanism, the compound binds to a metal, particularly a redox-active metal
(e.g., iron), and fills all of the coordination sites of the metal. When all of the metal
coordination sites are filled, it is believed that oxidation and/or reducing agents have a
diminished ability to interact with the metal and cause redox cycling. In another
mechanism, the compound stabilizes the metal in a particular oxidation state, such
that it is less likely to undergo redox cycling. In yet another mechanism, the
compound itself has antioxidant activity (e.g., free radical scavenging, scavenging of
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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R3 is RCHA-OIx-[(CH2)11-Oly-allcyl; n is, independently, an integer from

1to 8; x is an integer from 1 to 8; y is an integer from O to 8; and R30 may
W@ el 3és 3-position or 5-position on the phenyl ring ; or a sEE TR G433

solvate thereof. 2. An analog of claim 1 wherein R1 is H or CH3.

iron chelators for the treatment of iron overload disease and cancer”, Pharmacological
Reviews, vol 57,4 pgs 547-83 (2005); Taetle et al, "Combination Iron Depletion
Therapy”, J. Nat. Cancer Inst., 81, 1229-1235 (1989); Bergeron et al, "Influence of
Iron on in vivo Proliferation and Lethality of 1.1210 Cells", J. Nutr., 115, 369-374
(1985)]. Indeed, Ozaki et al report that the hypothesis that accumulated iron
contributes to disease risk through iron-catalyzed free radical-mediated damage to
critical biomolecules and through altered cellular function rests on secure biochemical
grounds. However, they also report that the relationship between iron and disease has
remained essentially hidden because of inconsistent findings. Finally Osaki et al
report data that support findings of a pronounced “all-cause mortality decrease”

associated with 1ron levels reduced to normal levels in humans.

[0091] A "subject” is typically a human, but can also be an animal in need of
treatmenf, e.g., companion animals (e.g., dogs, cats, and the like), farm animals (e.g.,
cows, pigs, horses, sheep, goats and the like) and laboratory 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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3. An analog of claim 1 wherein R2 is H or CH30. MCSLLP 4. An_analog
of claim 1 wherein R3-0 is 01(CH2)2-0]3-CH3. 5. An analpg of claim 1
W 20Bd HéXormula: H30-P-(OH2)2]3-0 6. An analog of claim PRV UER03433

formula:

intramuscularly or subcutaneously, rectally, via inhalation or via buccal

administration, or transdermally.

[0094] The active ingredients may be admixed or compounded with a
conventional, pharmaceutically acceptable carrier or diluent. It will be understood by
those skilled in the art that a mode of administration, vehicle or carrier conventionally
employed and which is inert with respect to the active ‘agent may be utilized for
preparing and administering the pharmaceutical compositions of the present
invention. Illustrative of such methods, vehicles and carriers are those described, for
example, in Remington's Pharmaceutical Sciences, 18th ed. (1990), the disclosure of

which is incorporated herein by reference.

[0095] The formulations of the present invention for use in a subject comprise
the agent, together with one or more acceptable carriers or diluents therefore and
optionally other therapeutic ingredients. The carriers or diluents must be "acceptable”
in the sense of being compatible with the other ingredients of the formulation 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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7. Use of the analog according to any one of claims 1 to 6 in the

preparation of a medicament for treating a pathological condition
WO4p¥hEW& to chelation or sequestration of a trivalent metal iP@KLBjER$/083433

The use of claim 7 wherein said trivalent metal is iron. 9. The use of claim

rechW O%Qtﬂ]%thﬂlggllﬁ%llﬁﬁ%?l I&I-’l IS |ron ?r?gu The eutlca ¥useful
am7w

herein said pathological congltlon diabetes
corﬁiﬁimlgﬁ@’ Q)?rﬁ'ébﬁpdgcﬂﬂtnogf}%cﬁla?%rédl Iz(llnrlelsdg\s/aelgl,’ed\lgi & obtained.

[0097] A syrup formulation will generally consist of a suspension or solution
of the compound or salt in a liquid carrier, for example, ethanol, glycerine or water,
with a flavoring or coloring agent. Where the composition is in the form of a tablet,
one or more pharmaceutical carriers routinely used for preparing solid formulations
can be employed. Examples of such carriers include magnesium stearate, starch,
lactose and sucrose. Where the composition is in the form of a capsule, the use of
routine encapsulation is generally suitable, for example, using the aforementioned
carriers in a hard gelatin capsule shell. Where the composition is in the form of a soft
gelatin shell capsule, pharmaceutical carriers routinely used for preparing dispersions
or suspensions can be considered, for example, aqueous gums, celluloses, silicates or

oils, and are incorporated in a soft ge]ati'n capsule shell.

[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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MCSLLP 12. The use of claim 7 wherein said pathological condition is
Friedreich ataxia (FRDA). 13. The use of claim 7 wherein said

W 20p¥Id§#3al condition is heart disease. 14. The use of claim P&GIHEP2(GS/003433
said pathological condition is cancer. 15. The use of any one of claims 7

chl@&%eéﬂh%&géséﬁ Fbﬁén%ﬁn&%el%k#%‘?u% %Woa{%‘%%&é irrqlsaé{tl%lyﬁre of

wherein R2 is H or CH30. 17. The use of any one of claims 7 to

spe\éﬁlaﬂ'%mmﬁglﬁl%Maﬂgﬁgﬁ'%f‘iresemed in multidose containers.

Buffers can also be included to provide a suitable pH value for the formulation.

[0100]  Suitable buffer materials include sodium phosphate and acetate.
Sodium chloride or glycerin can be used to render a formulation isotonic with the

blood.

[0101] If desired, a formulation can be filled into containers under an inert
atmosphere such as nitrogen and can be conveniently presented in unit dose or multi-

dose form, for example, in a sealed ampoule.

[0102] Those skilled in the art will be aware that the amounts of the various
components of the compositions of the invention to be administered in accordance
with the method of the invention to a subject will depend upon those factors noted

above.

[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.

61



18. The use of any one of claims 7 to 14, wherein said analog has the

formula: H30-[0-(OH2)2]3-0 MCSLLP 20. A pharmaceutical composition
WoR0BktéPa pathological condition responsive to chelation oPCT/US2008/003433

sequestration of a trivalent metal comprising an effective amount of at

leas@rue AalRA SR AP AR PHAEIRACEHIGR D BREIINAR IS carrier

therefore. 21. A composition of claim 20 wherein said trivalent metal is

phmcaaﬁéammg&im of alaimveAwasisiprid peserlogical sandifieps
iron overload. 23. A composition of claim 20 wherein said pathological
facEARALION iR §i8R@IESee, gender, size and condition of the subject to be treated, the
intended mode of administration, and the capacity of the subject to incorporate the
intended dosage form, among others. A therapeutically effective amount of an active
agent is an amount sufficient to have the desired effect for the condition being treated.
In a method of treating a subject with a condition treatable by chelating or
sequestering a metal ion, a therapeutically effective amount of an active agent is, for
example, an amount sufficient to reduce the burden of the metal in the subject, reduce
the symptoms associated with the metal ion or prevent, inhibit or delay the onset
and/or severity of symptoms associated with the presence of the metal. In a method of
reducing oxidative stress in a subject in need of treatment thereof, a therapeutically
effective amount of an active agent is, for example, an amount sufficient to reduce
symptoms associated with oxidative stress or prevent, inhibit or delay the onset and/or
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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24. A composition of claim 20 wherein said pathological condition is liver
disease. 25. A composition of claim 20 wherein said pathological condition
WOe208edpdith ataxia (FRDA). 26. A composition of claim 20 wRErBHS38g/003433

pathological condition is heart disease. 27. A composition of claim 20

PolyQBERIN £G10aHHIOBIEBhAABRILRY. Ip RAOER hER:. ARRIDISIHON 9k $laime

0 wherein R1 is H or CH3. 29. A composition of claim 20 wherein R2 is H

syrhdsts 30 (904 A-QHVBRSILPP Ry HlEi-£93\4101%i0xB3Ly R x y)phenyl]-4-methyl-
0-[(CH2)2-0]3-CH3.
4-thiazolecarboxylic acid [(S)-4'-(HO)-DADFT-PE, 3] is carried out: (S)-4'-(HO)-
DADFT (1) was converted to its isopropyl ester in 99% yield. Alkylation of the 4'-
hydroxyl using tri(ethylene glycol) monomethy! ether under Mitsunobu conditions
(diisopropyl azodicarboxylate and triphenylphosphine in THF), filtration, and
chromatography gave the isopropyl ester of 3 in 76% yield. Saponification of the ester
furnished (§)-4'-(HO)-DADFT-PE (3) in 95% yield, providing an overall yield of
71%.

[0109] Alternatively, selective alkylation of the ethyl ester of (S5)-4'-(HO)-
DADFT (14) is accomplished by heating the tosylate of tri(ethylene glycol)
monomethyl ether (15, 1.0 equiv) and potassium carbonate (2.0 equiv) in acetone,
providing masked chelator 16 in 82% yield (Fig. 6; Scheme 1). Cleavage of ethyl |
ester 16 as before afforded (5)-4'-(HO)-DADFT-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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MCSLLP 31. A composition of claim 20, said analog having the formula:
H30-[0-(OH2)2]3-0 32. A composition of claim 20, said analog having the

WORHR{Id54383. An article of manufacture comprising packaginBGhateHi/003433
and a pharmaceutical agent contained within said packaging material,

prodfiSrRimsaith phaimagayticasageiss Eﬁ@fcﬂysrm;ﬂger‘ffﬁgm@;ﬁf &% yield

subject suffering from trivalent metal overload, and wherein sai

aft FHANALIHANCHA CATPBIRRS B PrRhdndisaiEs-atyigl of 13%.

pharmaceutical agent can be used for ameliorating the symptoms

assqoief With St BIfRIREGhASECaF IS NS SIABRIG IR (g)geutical
agent is an analog of claim 1.
presented in Fig. 6; Scheme 2. The less hindered phenolic group of 2,3-
* dihydroxybenzonitrile (17) [Bergeron, R. J., Wiegand, J., McManis, J. S., Weimar, W.
R., Park, J.-H., Eiler-McManis, E., Bergeron, J. and Brittenham, G. M. Partition-
Variant Desferrithiocin Analogues: Organ Targeting and Increased Iron Clearance. J.
Med. Chem. 2005,48,821-831] was alkylated with tosylate 15 (1.3 equiv) and sodium
hydride (2.1 equiv) in DMSO at room temperature, generating 18 in 70%
chromatographed yield. Thus the triether chain has been attached in nearly three times
the yield compared to the Mitsunobu coupling while avoiding the troublesome by-
products. Cyclocondensation of nitrile 18 with (S)-alpha-methyl cysteine (19) in
aqueous CH3OH buffered at pH 6 completed the synthesis of (S)-3'-(HO)-DADFT-PE
(9) in 90% yield. Since the unusual amino acid 19 was not introduced until the last
step of Scheme 2, the carboxyl group did not require protection. The overall yield to 9
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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34. 4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)pheny1]-4-methy1-4-

thiazolecarboxylic acid, or a salt thereof. 35. A mixture of enantiomers of
WRREBHHY84Nd as recited in claim 34, comprising (S)-4,5-  PCT/US2008/003433

dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)pheny1]-4-methy1-4-thiazole

NaCR{DOUYHE Ptk WER eBHRIERN RPvAe, THHE K RPAIPNRR ASfurnished

recited in claim 35, wherein said mixture is racemic. MCSLLP 37.

5 66 A Suser A 2o d (B ARiata PR cehenik et paly-4

iazolecarboxylic acid, of a salt thereof. 38. A pharmaceutical

Bh&ROSHIPR &) miﬁ'ngmme,54ﬁnﬁf@ygfr@q&:ﬂ;ﬂw@m&@?pﬁfen3{1)-4-

trioxadecyloxy)pheny11-4-methy 4-thiazolécarboxyli€ acid or salt thereof

meés‘rg/f-%@itﬁQzﬁééﬁi%%ié%ﬁ‘%w@m@rs‘?%%ﬁ‘:‘iﬁiﬁtw&%f‘&@ﬁ'ﬁ Gafed:

A pharmaceutical composition comprising the mixture of enarntiomers

Ché3 "8666 A9 GRIH A3 LRIBANSING orange oil: [0 +53.1° (c 0,98); 'H NMR
(S)-4,5-dihydro-2-12-hydroxy-3-(3,6,9- |oxadecyloxy§phenyll-4f-
Y EisEglesadpoli acd sl (ereth, REEREYD P, 374
3.78 (m, 2 H), 3.90-3.94 (m, 2 H), 3.96 (d, 1 H, J = 12.0), 4.25-4.29 (m, 2 H), 6.53
(d, 1 H,J=24),6.64 (dd, 1 H, J=9.0,2.2), 7.61 (d, 1 H,J =9.2); "C NMR (D,0) &
23.65, 39.56, 58.65, 68.34, 69.33, 70.07, 70.18, 70.44, 71.62, 77.58, 102.11, 106.72,
109.66, 134.67, 161.27, 167.07, 176.86, 180.70. Anal. (C;sH,sNO;S) C, H, N.
EXAMPLE 8

[0113] (S5)-4,5-Dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl}-4-
methyl-4-thiazolecarboxylic Acid (9). Compound 18 (7.63 g, 27.1 mmol), degassed
0.1 M pH 5.95 phosphate buffer (200 mL), 19 (6.98 g, 40.7 mmol), and NaHCO3
(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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40. The pharmaceutical composition as recited in claim 39, wherein said

mixture is racemic. 41. A pharmaceutical composition comprising
WQSYg/5L3#BS/dro-2-12-hydroxy-3-(3,6,9- PCT/US2008/003433

trioxadecyloxy)phenyl11-4-methyl-4-thiazolecarboxylic acid, or a salt

69. PERPIJOASIICTWIB, & PR3 RRoUIGRly;a¢¢RIA0IS LY 185D WS¢ 6F,
4,5-dihydro-2-12-hydroxy-3-(3,6,9-trioxadecyloxyjphenyii-4-methy1-4-

156Pazpiecasborylinagitk sa, UL ARer RS ¢) JAS RERAAP 1495 AAICAMERing,

for treating a pathological condition responsive to chelation or
405¢gysstration of a metal in a subject. 43. The use of claim 42, wherein the

4,5-dihydro-2-12-hydroxy-3-(3,6,9-

trioxadecyloxy)pheny11-4-metipd Avipiggajecarboxylic acid is a mixture of

enantiomers comprising

(S)-foT Y BiRsR (53 NKY B3 SR IRy 8V RAB RNk AR Pk -

- thiazolecarboxylic acid or a salt thereof. 44. The use of claim 42, wherein

4-nSA) S G BeE NP MG B)- It 4489 £Ed K,CO; (5.05 g,36.6 mmol)
(S)-4,5-dihydro-212-hydroxy-3-(3,6,9-trioxadecyloxy)phenyIl-4-methy1-4-

follbVRZPISCARXVIIC 2cid PR ithRIQBhI S0 RRR IR @ 14 (9.35 ¢,

medicament for treating a pathological condition responsive to chelation or
33.56RuePiatiRreha Mesahin) ardidlesdtion mixture was heated at reflux for 3
days. Additional K>,COj3 (4.59 g, 33.2 mmol) and 15 (2.12 g, 6.65 mmol) in acetone
(5 mL) were added, and the reaction mixture was heated at reflux for 1 day. After
cooling to room temperature, solids were filtered and the solvent was removed by
rotary evaporation. The residue was dissolved in 1:1 0.5 M citric acid/saturated NaCl
(320 mL) and was extracted with EtOAc (3 X 150 mL). The combined organic
extracts were washed with distilled H,O (200 mL) and saturated NaCl (200 mL) and
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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46. The use of claim 45, wherein said metal is trivalent. 47. The use of

claim 46, wherein said trivalent metal is iron. 48. The use of any one of
WQRRISH Y4Xb 47, wherein said pathological condition is choseR¢HRPAWNE/003433

overload, thalassemia, primary hemochromatosis, secondary

DMETGHHN)AGRIS SHSHATRSHABSKIRO MR YOI P HRRMkAIARRIG ed at

liver disease, heart disease, cancer, and Friedreich ataxia (FRDA). 49.

rooh R Mperaf A8YRNEOSIaMa gy 184S mﬂ%@%%@@'%ﬂ&pndition

is iron overload. 50. The use of any one of claims 45 to 49, wherein said

intiBaiReLP AUGRLCONHILP T RUMARY RS RRGRNAMALOHS rodiDAGHR RS RBY
one of claims 46 to 49, wherein said pathological condition is secondary

polPEINPRRTQIARERSIStCo 1 d W ks] RIARY.PRRIAL Saiim&Rd v (RETEM X 100

said iron overload is focal iron overload. 53. Use of

mL§STHe FfliBYHE pi2afe - WHE IR Re(Bi8 PeHOXapRE Y N HeNe Ry Wd-methydadnith

thiazolecarboxylic acid, or a salt thereof in the preparation of a

CHSJ%QECW treatinger ORRlegiFRlOtwRRLIEBHEaRPREANYS digerder in a
Purificejltior; using column chromatography by gravity eluting with 10%
CH;OH/CHCl; gave 7.84 g of 18 (70%) as an oil: 'H NMR § 3.40 (s, 3 H), 3.58-3.62
(m, 2 H), 3.65-3.73 (m, 4 H), 3.75-3.78 (m, 2 H), 3.83-3.87 (m, 2 H), 4.14-4.18 (m,
2 H), 6.79-6.85(m, 1 H), 709 (dd, 1 H, J = 7.8, 1.6), 7.15-7.18 (m, 1 H), 8.6 (s, 1
H); PC NMR § 57.25, 67.76, 67.85, 68.79, 68.92, 69.06, 70.36, 98.38, 115.44,
116.55, 118.51, 123.13, 145.98, 149.46; HRMS m/z calcd for C;4H20NOs, 282.134 (M
+ H); found, 282.135.

[0116] 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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55. Use of

albémif R dRH 21 E@(y'ﬁ'{ﬁeﬁl%ﬁi9&‘&‘9‘@581%&)8%&%55‘1@%@&@4

- thiazolecarboxylic acid, or a salt thereof in the preparation o

andrﬁegg@(z@_?f'kfﬁrcﬁﬁ@m %Hfﬁ@@t'¥§§U§t§§g1 3 Bi EHQJ Sl &f g&@cggs in humans.
(S)-4,5-dihydro-2-12-hydroxy-3-(3,6,9-trioxadecyloxy)pheny11-4-methyl1-4

In adH1i360) 863 RRIEEAR 1 AR IDRIERS INHRERERAILIBATY 3 the primates

medicament for treating a disorder related to elevated oxidative stress in a
tha§%§)jﬁgt®§g}em§ey§gé}£ggi‘m 56, wherein said disorder is radiation injury.

58. The analog of any one of claims 1-6 and 34-37, wherein the salt is an

alk?ﬂﬁﬁ?lkﬁmﬁge%mrﬁ@g@x]iﬁ@#a few embodiments of the invention, it should.
be apparent to those skilled in the art that the foregoing is merely illustrative and not
limiting, having been presented by way of example only. Numerous modifications
and other embodiments are within the scope of one of ordinary skill in the art and are
contemplated as falling within the scope of the invention and any equivglent thereto.
It can be appreéiated that variations to the present invention would be readily apparent
to those skilled in the art, and the present invention is intended to include those
alternatives. Further, because numerous modifications will readily occur to those
skilled in the art, it is not desired to limit the invention to the exact construction and

operation illustrated and described, and accordingly, all suitable modifications and

equivalents may be resorted to, falling within the scope of the invention.
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MCSLLP

CLAIMS

1. A desazadesferrithiocin analog having the formula:

k$: OH
4\\2

[

1
AN N LcooH
RSO 6 *'/,/
SIR‘I
R,
4

wherein:

R; is hydrogen or alkyl,

R,, R4 and Rs may be the same or different and may be H, straight or branched chain
alkyl having up to 14 carbon atoms, e.g., methyl, ethyl, propyl and butyl, or aryl alkyl
wherein the aryl portion is hydrocarbyl and the alkyl portion is straight or branched
chain, the aryl alkyl group having up to 14 carbon atoms, R, optionally being alkoxy
having up to 14 carbon atoms;

R3 is [(CH2)a-Olx-[(CH2)n-Oly-alkyl;

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

X 1s an integer from 1 to &;

y is an integer from O to 8; and

R3;0 may occupy the 3-position or 5-position on the phenyl ring ;

or a salt, hydrate or solvate thereof.
2. An analog of claim 1 wherein R; is H or CH3.

3. Ananalog of claim 1 wherein R, is H or CH30.

69



MCSLLP

4. An analog of claim 1 wherein R3-O is O-[(CH;),-O]s-CHs.
5. An analog of claim 1 having the formula:
H3C—[0—(CH2)2s— 0

OH

N

/\)/COOH
s/ "

6. An analog of claim 1 having the formula:
OH

N

H3zC—[O—(CH2)2]s—0O /\)/COOH
s/

7. Use of the analog according to any one of claims 1 to 6 in the preparation of a
medicament for treating a pathological condition responsive to chelation or
sequestration of a trivalent metal in a subject.

8. The use of claim 7 wherein said trivalent metal is iron.

9. The use of claim 7 wherein said pathological condition is iron overload.

10. The use of claim 7 wherein said pathological condition is diabetes.

11. The use of claim 7 wherein said pathological condition is liver disease.
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MCSLLP

12. The use of claim 7 wherein said pathological condition is Friedreich ataxia (FRDA).
13. The use of claim 7 wherein said pathological condition is heart disease.

14. The use of claim 7 wherein said pathological condition is cancer.

15. The use of any one of claims 7 to 14, wherein R; is H or CHs.

16. The use of any one of claims 7 to 14, wherein R, is H or CH;0.

17. The use of any one of claims 7 to 14, wherein R3-O is O-[(CH,),-O]3-CHs.

18. The use of any one of claims 7 to 14, wherein said analog has the formula:

H3C—[O—(CH2)2]s—0O
OH

N

/\)/COOH
s/

19. The use of any one of claims 7 to 14, wherein said analog has the formula:
OH

HaC—[O—(CH2)2]s—O0 /\N>/COOH
s/
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MCSLLP

20. A pharmaceutical composition for treating a pathological condition responsive to

chelation or sequestration of a trivalent metal comprising an effective amount of at least

one analog of claim 1 and a pharmaceutically acceptable carrier therefore.

21. A composition of claim 20 wherein said trivalent metal is iron.

22. A composition of claim 20 wherein said pathological condition is iron overload.

23. A composition of claim 20 wherein said pathological condition is diabetes.

24. A composition of claim 20 wherein said pathological condition is liver disease.

25. A composition of claim 20 wherein said pathological condition is Friedreich ataxia

(FRDA).

26. A composition of claim 20 wherein said pathological condition is heart disease.

27. A composition of claim 20 wherein said pathological condition is cancer.

28. A composition of claim 20 wherein R is H or CH3.

29. A composition of claim 20 wherein R, is H or CH;O.

30. A composition of claim 20 wherein R3-O is O-[(CH;),-O]3-CHa.
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MCSLLP

31. A composition of claim 20, said analog having the formula:

H3C—[O—(CH2)2]3—0O
OH

N

/\)/COOH
s/ "

32. A composition of claim 20, said analog having the formula:

HaC—[0—(CH2)2J3—0 /\N>/COOH
s/ "

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 1.

34. 4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-

thiazolecarboxylic acid, or a salt thereof.
35. A mixture of enantiomers of the compound as recited in claim 34, comprising (S)-4,5-
dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic

acid, or a salt thereof.

36. The mixture of enantiomers as recited in claim 35, wherein said mixture is racemic.
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(S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-

thiazolecarboxylic acid, or a salt thereof.

A pharmaceutical composition comprising the 4,5-dihydro-2-[2-hydroxy-3-(3,6,9-
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid or salt thereof as recited in

claim 34, together with a pharmaceutically acceptable carrier.

A pharmaceutical composition comprising the mixture of enantiomers as recited in
claim 35 comprising (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-
methyl-4-thiazolecarboxylic acid or salt thereof, together with a pharmaceutically

acceptable carrier.

The pharmaceutical composition as recited in claim 39, wherein said mixture is racemic.

A pharmaceutical composition comprising (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid, or a salt thereof, together

with a pharmaceutically acceptable carrier.

Use of 4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
thiazolecarboxylic acid, or a salt thereof in the preparation of medicament for treating a

pathological condition responsive to chelation or sequestration of a metal in a subject.
The use of claim 42, wherein the 4,5-dihydro-2-[2-hydroxy-3-(3,6,9-
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid is a mixture of enantiomers
comprising (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-

thiazolecarboxylic acid or a salt thereof.

The use of claim 42, wherein said mixture is racemic.
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Use of (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
thiazolecarboxylic acid, or a salt thereof in the preparation of a medicament for treating

a pathological condition responsive to chelation or sequestration of a metal in a subject.
The use of claim 45, wherein said metal is trivalent.

The use of claim 46, wherein said trivalent metal is iron.

The use of any one of claims 45 to 47, wherein said pathological condition is chosen
from iron overload, thalassemia, primary hemochromatosis, secondary
hemochromatosis (also known as transfusional iron overload), diabetes, liver disease,

heart disease, cancer, and Friedreich ataxia (FRDA).

The use of any one of claims 45 to 48, wherein said pathological condition is iron

overload.

The use of any one of claims 45 to 49, wherein said pathological condition is primary

hemochromatosis.

The use of any one of claims 46 to 49, wherein said pathological condition is secondary

hemochromatosis.

The use of any one of claims 49 to 51, wherein said iron overload is focal iron overload.

Use of (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-

thiazolecarboxylic acid, or a salt thereof in the preparation of a medicament for treating

a neurological or neurodegenerative disorder in a subject.
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54. The use of claim 53, wherein said disorder is chosen from Parkinson's disease,
Alzheimer's disease, Huntington's disease, neuroferritinopathy, amyotrophic lateral

sclerosis and multiple sclerosis.

55. Use of (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
thiazolecarboxylic acid, or a salt thereof in the preparation of a medicament for reducing

oxidative stress in a subject.

56. Use of (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
thiazolecarboxylic acid, or a salt thereof in the preparation of a medicament for treating
a disorder related to elevated oxidative stress in a subject.

57. The use of claim 56, wherein said disorder is radiation injury.

58. The analog of any one of claims 1-6 and 34-37, wherein the salt is an alkali or alkaline

earth metal salt.
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