NOVEL SALTS AND POLYMORPHS OF DESAZADESFERRI THI OCI N POLYETHER ANALOGUES AS
METAL CHELATI ON AGENTS [1] This application clainms the benefit of priority
of Unit edwBtatoemorzoovi si onal applications No. 61/ 080, 572CTfuisked/odusBy 14,
2008, and No. 61/152,572, filed February 13, 2009, the disclosures of which
are hereby incorporated by reference as if witten herein in their
entirety. [2] Disclosed herein are new salts and pol ymorphs of

desazadesf erri t hNOVEL $R1.YySWND PODANFORPES @R BIESAZAD ESEE RRI THEFCIN
pharmaceutical conpositions conprisi them and their a ﬁl i cation as netal
chel ation agents fJPH%THEMMHPWE%ﬁ§%EEALI@E%?‘S ApENESi on of iron
and other netals in a human or ani mal subject are also provided for the

treatment of nmetal overload and toxi C|t {)ﬁ] Metal ions are critical to
t he proper fundf?bhni ngT}BWHPih%tW@C@’}}%%@ enefibpfPrignptofAEItEEsttes zn 2+, Cu2+,

Ca2+, and Co3+, rB&lmHﬁaﬂ@pﬂ?fd&noﬁHsN%V‘él/mnj@eﬁlfe@ﬂﬁﬂla‘r Qott)fh%n@ﬁ%'é’l?lségkl%s of over

a third of knomn enzynes and ot her functional Pproteins such

pol ymer ase, DNAile¢ EWY b1.i2000, thecdisstosureg ¢ff wliplr gebercPABOgporaedby| obi n,

nyogl obi n, and 2. There, these netals serve to
facilitate oxi Jgfé?%ﬁy%ﬁgwﬁgﬁm@%wtbgg%??% s, stabilize or shield charge
distributions, and orient substrates for reactions. [4] However, the body
has a limted KAty X t a an | ead
to toxicity. Asa[tagirqe ex %&@%ﬁ l%nadggn@ssga(l)? Sﬁdrgﬁyl%ﬁh %@gsaégdre%%?§r%m red
bl ood cel | s chrmhedal (DAIDFEAFED u&k@pemmﬁsarghanmc&umml compadifionsns such as
beta thal assem a maj.o omin tlon of .dietary iron such
os her odi tary HORBENPE Mol R P ELtRD R AR R e sENE R B T on
of reactive oxydjeasespraiogsofhehti@softidiZnd bihet h@alpiresiamed o bhniaPsubjet202 i s
reduced to the h%/%roxlyl. rqa%i al éHﬂ% A vqr¥ lﬂegc Jye. s eci es, a process
known as the Felit 8i0 PrRudeqd ton thepsamint sl oyeripad apd 10¥GHY.s very qui ckly with
a variety of ceobsll ar wemsibhd M@Bﬂlﬁcaﬁt@dh@lﬁﬂpdrm&ﬂch&hﬁg bfrpeng sacte@al mnand

radi cal - nedi at ed chal R, rgpe5§es St hat damage DNA and nmenbranes, as well as
produce car ci noyeh® Fethéncl (Hi cat ’ra§§§lot §0§lafnﬁ§f‘t %\fet"’h‘&ﬁtbeé?‘fnéd‘ff}\?e
treatment, bodyactil@HtePbOALES Hird BF ¥ndwWICdnSRARQ&SnWoHar MI8ARMLILIr&Bin fuchhRe |1 ver,
heart, pancreas, and el sewhere. Iron accumul ati on may al so produce (i)
liver disease thaf PREGCHE D GINA sransgripiqnripgan cytochiomeyP disthemoelobiat ed both to
iron-induced deg{&asfs ah&‘cd%ﬁﬂ%e%‘%ﬁdhcas31t&§1|n|B1§eﬁl{e?é kHake ﬁ&gls'sé}@é gases in
hepatic insulin "resistance and (1i1i) heart disease, still the |eading
cause of deat h fagilitgeerexidation @tglsredﬁcaormja@wnaﬁt&blditzh@rrsh@hbqhﬁm@ dpgdwtipatt ed with
transfusi onal i anot her exanple, ions with little or
no endogenous f%lg%trlglg%ﬁ%am for%e%]:tﬁel r way into the body and effect damage.
Heavy netal ioné04uch Iégwmﬂﬂled:@dy hey lavieediabiigy BubkorbandZan@retd metals,

nmet al | opr ot ei ns e t ct cute or
chroni c toxici t)}lﬁ{a Ceg‘s C%l g?&OXﬁﬁ%a}?ygl}ﬁqxgl%g dt &Césg'loﬁ? ;ﬂ%h efects in
that patient's @Inwd:cdfr@nred&nm aafﬁs@rm@rliyfmanﬁmu,mecasaady oaoth weditioot opes of

t he | ant hani de and ?F%%itﬁllde serjes can visit ﬁ ve || E S.00 an i ndi vi dual
exposed to therﬁug'ﬁlas (t RIaSSFTPLe MEYOTS R TP IL BIRECAEE 2OSIRen & %83{%1@%&8&%%? resul t
not only from tﬁbeeddatymeﬁbﬂanaﬁs@caﬂwelt@m thhmugbtmrgeﬁeratdjnruyyrob@frtbactMrrpos ed

of nucl ear waste, but also fr ﬁpgestructi b@? g@; ower
facility. [6] RYETH WeFigsuethes é1 BRICSSIEC HieiCor PPl FEHCEH oM al i ons i n
living organis nfﬁydha;ylera@leﬁrm@r)ea/v&ysdaymxélsgéal@smoadwkm dsfheCHenfoncal use. A
variety of + |igands have been shown to bind Fe3 pu4+, Th4+, Ami+, Eu3 + , and
Wi+, for exanpli&activhabhe hydrap! edigpldenct We%%lwﬂ? hearisheoficRllyse of agents
such as def er oxagitentstdi@Pcan initiate free radicals and radlcal mediated chain processes that

N 45- (acetyl - hydr oxy- anlno)pentyl] N- [ 543- ( 5- am nopent yl - hy droxycarbanoyl)p
ropanoy| am no] p&magd PNR- s drembyanstiaamell & @Fﬁﬁl&f@)carcawmymw wége] igaulhet al

chel ator. DFO 1i$qalRlRid LARLE tearBOH, RRALLY pRERRUAN ABL&CARANMUST L her ef ore
be parenterally dosed I'V, 1P, C, once in the bl oodstream has a very
short half Ii fedepmllfeqnhylt@dé/et, hﬁ%ﬁ@rq@éﬂp@demhe@ deanciequpeiioningy abser oved
for use in the al so
cannot be dose r%?% ﬁ§?$? ea%?9&2ﬁ%%?§gﬁ%ﬂaﬁggﬁgég?a@%ﬁ%@@lﬁg?bﬁﬁg%jng

cont ami nat i on, izwdingwced denrensasiin hargraatinBeell strespalendafifreastsin hepatictilvgkie
reasons, continuous infusion of these agents is often required, and
particularly in the case of chronic di sorbers, patient conpliance can be a
probl em A thorough review of publicly available art will show that

al t hough effective chel ati on agents have been avail abl e for decades, oral

bi oavail ability has historically been a desirable trait in successive
next-generation agents. [7] Mre recently, orally active agents have
becone avallable for ‘use |n the treatment of netal overload. Def eri prone
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wher ei n: Rl1, R2, R3, R4, and R5 are independently chosen from

hydr ogen, hydroxy, al kyl, arylal kyl, al koxy, and CH30((CH2).-0),,, any of
whi ch maywbeooypiprznal | y substi t ut ed; R6, R2, and R8Ttarseommsspendent |y
chosen from hydrogen, hal ogen, hydroxy, |ower alkyl, and | ower al koxy; mis
an integer fromO to 8 nis an integer fromO to 8 and X is a counterion;
or a polynorph thereof [012] Certain conpounds, salts, and pol ynorphs

di scl osed her ei @siftte RRAAIES BeduSidcble, STBL@S lcedifg %ug@&‘@@thlllvbétmam@m@y be
used in the treatnent or prophylaxis of a disease or condition in which
metal over| oad BHOt Lot gnoplianssogittedctihverniyrienal wprgyeriopd. br oad aspect,
certain enbodi ngpis a'&@a&E&Yéﬁ%p@“%nMﬁ%tle%ho@ﬁ’ngQI?duE RRBSoCANPAASI Ng one
or nore conpounds, salts, or polynorphs disclosed herein toggthér wth a
phar maceut i cal |theinwaeiptabe Bodyand icfect damagge Heawsmetek inesdsclots HakEay and usi ng
t he conpounds, r S in

enbodi nent s prov?‘g ror%sfsﬂgag %ﬁnﬁc 10 geéﬁs%gl? E‘Tng%‘gﬂﬁ\ﬂ;% rse§1g§ﬁe lﬂ. O her
embodi ments pr oviide anmt:hodsomotoxtcntedtatmeddstmnbéuest sadedthy mphivhdefeet ati ng to
nmetal toxicity i e g

adm ni stering t%%sag %?e% ﬁhtélgteﬂ %gﬁierg%g%#ﬁ%% t[ Pbtdg?g%v{elm&g&ﬂg%ﬁlﬁ? of a
conmpound or corﬂpmhamdecmdasnmldesstehmdvhmgmvn;llmasssomaaalhdmdmal p:qjoyeu’ﬂpph t her eof
Al so provided i e use of ¢ ai n unds salts r

di scl osed her ei'i° I? Ymuoélgl Mr Otrekln {ive a§q) FaPpre CO‘rlrgdésg rr%tn n%? Pﬁe
treatnent of a ctht@emfarnuclemdjotnb@m aamﬁbllbomh’f ednpyed dfeluclbaelvaatslemutor

decor porati on of ta Etﬁ I?ES | PTI ON THE DRAW NGS [13] Figure 1.
XRPD Patt erns of (9?%“@?“30 IERNETABEEY t he i nc, potassi um

pi per azi ne, rrag[oecs]l um AgeH fuihe allfﬁlhttbﬁhﬁd dd¥opatatisn 61frhaﬁmlbmsﬁnﬂ10m§0t tom.
Degrees 0-20 on the ahscissa are Iotted against an arbitrary Y value on
the ordinate. C[rmmrﬁq@m'éee?pr%w y displowd g Plietﬂg/clgw@yse varfety of

(S)-3' - (OH) - DADhnREaPOb&S Shotl Sdidd Fef SPhat B’ asnt he’ kg 0 Arpekamme.ph (top
spectrun) the Form B (m ddl e spectrum and the Form Cd(bottom spectra)
salts. Degrees Tfa%owhStﬁwérdabbgréplg%lacla%thsPwtqféae%wpmg% ORI rary Y

val ue on the or I i}

(S)-3' - (OH) - DADFT- I'-5E %I (na(E:étg%h)ﬁkﬁxa%ﬁ%)%@ﬁgp?eggn?ggg e;nyl(l)la%lrgrobabl lity
ani sot ropi ¢t heterhgmoglproprseylggino]fen]]-Nehydrowy-Butapydignide). ¢ ugup etfective

sorpti on/ desor bl @bk NBFALOtnfRhiakly. oo branDREREnith BRLARFInuEsabd Form

A. [17] Figure 5. Dynanic vapor sorptl on/ desor ption 1 sotherm of
(S)-3"-(OH) - menldﬁﬁlypbseﬁs@/‘ Uhos8Ctanfenen iBthe t{lml]itrdandwsevay sp@Chalf

t her nogr ans of e P [19] Figure
7. XRPD Patter ngsfl@o ?ée%gtr(a%%% Eggg[g?nem fJﬁ? fg]q{ Iﬁgﬁor phous form
and formA (f [) craatnpgqmt DﬂamlbamdrrWd af])agdeqwoﬁmg,(bu@mlsw mnatisclpmla)reébfe pl otted
agai nst an arbi.tr ue on_the nat e.

2010/ 009 120pCT HRH LB eabgtieutt ERbE couliBinaion, apgprgpents witna
(S)-3"-(0OH) - DADEﬁbB&ﬁmgmé&ctmnFaahdse feasams, Bontegueiatisihn 20these dghes Bbsci ssa

| otted t I di pat 21] .Fi 9.
XRPD Pat tornoro payedired by bRnterd sk Hedftl chiFie S oHER, frien albibied 620 on

the absci ssa arganpteptodtbnagaidsdughifevadwboftpuBligly ¥vaviabluert vl tivey watdi nate [ 22]

Fi re 10. DSCthe DADFT- ne msalt form B.
['zgf Figure 11. afbw%?ﬁ% C%ﬁ%?lg%%raﬁﬁmém a@gfalraamla&ﬁe fm @%Cﬁ fﬁre}f (S)-3' - (OH)-

DADFT- PE nagnesiibiagaility e iit8ically Béth afde@tib® thedtin XREEsFahéoBSerfonSal t s of
(S)-4'-(OH) - DADFT- PE: %e arginine A calciumA, calcium B, nagnesium A,

sodi um A, and H@Ent%alts (fromtop to bottom. Degrees 0-20 on the abscissa

are plotted agap 6@'{ anM%fef}bctehﬁﬂ? 36raYl \ééﬂwéea Qrﬂs hiR beE R hiBable f[nzt%]e Hﬁhgure 13.
XRPD Patterns of Salts of g]—i) T-PE: the |ysine A, erazi ne A,

NMG A, and tr orfEeHew ﬁ@nﬂals%zmﬂ@ad( fmpmp 3-bydent bAdimqtadpat @ﬁ on the
absci ssa are pl gk £ 13Ales ﬁ{ao@ragg%&a%aﬁhéé %QAM@S QlpbAgaghhpake.  [26]
Figure 14. XRPD Patterns o the cal ci um A
magnesi um A, | ysdaeenpof tvsfugionad irdn pyasived nathe setting of ébtaﬁla(aﬁsfeom yipthey
botton). Degree I I t itrary Y
val ue on the or ?Og%etgsg bQﬂPé%g %%E%@%%ga f%é%égltfé%??%agt?gstana%aﬁﬁa’ il
(S)-4' - ( OH) - DADEflorRE sita gffesti moudiaf agram{laﬁ]osmhgwm nk@y cBgnehbgated @por
sorption/desorption isothermof (S)-4"-( C%—I) - DADFT- PE magnesi um sal t.



[29] Figure 17. DSC spectrumof (S)-4'-(OH) -DADFT-PE NMG salt. [30] Figure
18. Dynam c vapor sorption/desorption isothermof (S)-4'"-(0OH - DADFT-PE NMG
salt. [ 34D 2hiogwer0l9. DSC spectrum of (S)-4"-(CH)- DADFPcPEISRo0omBISBAN ne
salt. [32] Figure 20. Dynam c vapor sorption/desorption isotherm of
(S)-4'-(OH) - DADFT-PE tronethamne salt. [33] In certain enbodi nents,

salts of Fornula | are solid. [34] In further enbodi nents, salts of

Formula | are ciysidalnkititeapyd Dé@ra%ﬁaﬁ(@%ﬂéaﬁﬁgﬁﬂ%mé(@ii%a&ycioﬁé&a I'n

certai n enbodi rrents X is chosen f tai ne, choline hydroxid

di et hanol ami ne, 2-#EpKifengy lmad-traeplidinl abenzoicigidy HQ%@%}SIC“FFBWBHB? P,

hydroxyet hyl  pyghiQlsbdiap§iovddth %zmln%d SRS b atbithstgdmmen (iMS) ., N N -
di benzyl - et hyl enediam ne, N, N -diethyl -ethanol am ne,” pi perazine,

triethanol am neephiossith sl o eag dHjupe arLchng@Prn@haV@bawgreeré by s oH) 2,

magnesi um acet ?lm (OH) 2, EDA,
L- hi sti di ne, 46\%0%(1 aﬁﬁ?r xyet ﬁlﬁlgmr?ogr%%df %ﬁée&% tg({j%i‘egéﬁ%)r( gl%et &!llggyrrol i di ne),

1- ( 2- hydr oxyet higblyts. Mioprorerdiqider ¢idlhcas sgeum@@tdﬁfwahlemm@@ta@or aNRBBc, sodi um
2- et hyl hexanoat@bar gneéﬁ[g ’ex1|s_4%:1n thggé%’l?@%tingggﬁ@ éaE’?rI@baﬁHQﬂ V\ﬁ%ﬂ{o% e. [ 36]

In certain enb nts, salts have struc rein:
Rl, R2, R3, R4, wﬁn@dﬂ@dmiﬁyﬁdebemmneﬂtpf rhosenoid rondygrio gemfushopdr oxy,

al kyl, arylal kyl)dcef‘sg‘lltvlc< it agso%lon %écg_@gr dne% “overfodd d()ford\c/evrlgI ch may be

opti onaIIy subst are o nae pendent|ly chosen from
hydrogen, hal ogéng] hydAmIgguesl afwesfeaitlhkiydin, caf@)-H Svdliy dad-R-@3chydroxy2- an i nt eger

fromO to 8 n is..an_ jnt r.fram ta 8. is, a counter.io or a

ol yror ph ¢ her dbrenpaeEinrE SR el i B O heySh e B §FBo Al o
wherein the coumkgobaiina¥ dotptdreseith F&*onmd Y51 n@hestHigiidoyt reBaghgtdredie (NMS) ,
R AR e R Rt S R B s W et R R
I'n further enmbaglbwe i Qear Ron a8 cRZiAKE, dnd ALRROGOAL Mrariila FBM &a@w@m&r ogen
and nmethoxy. [40] In further enbodinents, RL is h dro In further

embodi ment's, REVRSC.BY; oninanegtogeally; Wik patiendaiii jron C?Sr%me fbgen and
CH30( (CH2) . - 0) Altﬁwg@@&ﬂéio &%&%@B@Tﬂ@?ﬁ&%&é@é&%h@eﬂm B ﬁe‘#ﬁﬁoﬂ%‘fmty,

enbodi nents, salts and é(Skghs t hereof have structural fornula

[43] In furt heronét‘?ﬁ&mﬁr@% (2.4-ddwdropmrherpphdihydierdansthdve str uci ur al
fornmul a Ha: G‘Qﬁfa&%ﬂ&}l%&a@ or (S)-4’-(HO)-DADFT, has proven to be an effective

chelation agent with the additional benefit of being orally available, and as of the
present is believed to be in clinical trials. A very recent paper discloses the design
and testing of DADFT analogues substituted by a polyether group at the 3°, 4°, and
5’ positions (Bergeron RJ et al., J Med Chem. 2007 Jul 12;50(14):3302-13).
Polyether analogues had uniformly higher iron-clearing efficiencies (ICEs) than
their corresponding parent ligands in rodents and in serum albumin binding studies,
with the 3’-DADFT-PE analogue (S)-4,5-dihydro-2-[2-hydroxy-3-(3,6,9-
trioxadecyloxy)phenyl]-4-methyl-4-thiazolecarboxylic acid showing the most
promising ICE in rodents and non-human primates.

[009] Though DADFT polyethers as a class of compounds appear promising
in the search for improved metal chelation agents, much work remains to be done in
the characterization, development, and selection of a compound suitable for use in
humans. Room for improvement is still apparent in the design of analogues and salt
forms thereof which have the optimal balance of ICE, bioavailability, favorable
toxicology, and other attributes for the purpose of providing safe and effective

compounds which will be easy to use by patients and clinicians alike. Additionally,
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ha. [44] In further enbodinents, the counterion X is chosen from cal cium
magnesi um potassi um sodium zinc, and piperazine. [45] In further

enbodi nernwe,20vios1282 and n is 3. [46] In further enbodi memtusomosossalt is
the magnesium salt, or a polynorph thereof [47] In further enbodi nents,
the salt is magnesium 3'-desazadesferrithiocin polyether hydroxide or a

pol ynor ph thereof [48] In further enbodi nents, said pol ynorph of nmagnesi um

3' - desazadesf endrythitg il &(ﬂhéﬁﬁ& klﬁrsuiﬁa{ﬁiit?)éf ﬂ@bm@uﬁa)asra pharmdcé@]cal dpchtur t her
enbodi nents, said Form A has powder diffraction pattern which is

at |east 70% af Spisidlt TBQ%HIQPIGI@&‘%‘%““@@%GWdéﬁt“tr“é‘%ta C@B%)Wéh@li €8f to that

shown in Fi gur eafable $aRlnglproRtOeh %@Qﬁ'pﬁlﬁﬂl Sr sh%ﬁtl@e QQJaMl@QE‘Qéanf nmagnesi um
3' - desazadesferrithiocin po Iyether hydroxide is 15 In further

enbodi nent s, satvaifiEdframgotpadugts. S(uwomm@rshaﬂfiﬁ}saé@ st@lﬂe p@t, H WHi ch is
at | east 70% 0) I 95% | to that
shown in Figur Z&egl'aﬁ@?\tfer%glé mt? EOJeﬁtga?lB’éng%@ [ ﬁé%}aicangﬁ?%d%%r@%h%gﬂgg&%
differential scawriltagateatystallimeforys hDETy dlﬁﬂﬂ@ﬂh@grpamwﬂymlt@ wleyent| east 70%

at | east 80% % identical to that shown in
Figure 10. WO 2 %%8%@8%1?@%@??@?88%?@%?@% [53] In further enbodi nents,

sai d Form B hag0&0]dy naisdosed horeinswe paviebsaltsl @sigropptmaphs(dDUsye arum whi ch is
at leaSt 70% aa;[n e)a/'esst %? Vag\fe:se'thee?'esom 0% ac%u 1czbz“orml%s{(10n%50§/?nl?§séﬁ;1: Ihcal to that
shown in Figure i st [ag n ot her e dg1 nB lllgo? magnesi um
3' - desazadesf evalts ﬁﬂaup@mnmrgﬂmlayeeﬂérmmscmseﬂ axwelldaas metﬁmfsrfi)ﬁhetréaﬁtﬁi:ntloﬁ further
enbodi nents, sa -ra 0 attern.which is

ot east 70 drrinepd gndftuRadiad By it + [SOEH SR BRRETHTHSL To ¢ ha
shown in Fi gur exBess of m6thl 1hl’a}mh1hﬂbr:ﬁflfbﬁldioﬂﬁn(tﬁtaﬁrssap§ ovdloked hadinan®dr phous form
of magnesium 3' - desazadesferri.thiocin. pol [ hydroxide. [57] In

further enbodi S PUEH] Wﬁﬂ@ﬁ%%dﬁﬁ?’l’? ﬁ‘k ray powder diffraction
pattern which imiat | edsbraif¥nbatimbRast pRIWUed siltslhedist stAR¥ralPormdla f:east 95%
identical to that shown in Figure 7. [58] In further enbodinents, the salt
grtpol yrrgrgh }ngr eo:‘:I ggs ?nm aungg Bl U%I ![IhT?S/ atmngar-p{lym ?Ihogl cI {)H of

et ween 0. 3ng an ny : 3 rther enbodi ments e salt or
pol ynor ph thereof has an agueous sol Iltl\y near - physi ol ogi ¢ pH of ? 40
mg/m . [60] In further enbodi menkg, ~6H pol ynmor ph t hereof has an
agueous sol ubility at near-physiol ogiR® p f’R 50 ng/m . [61] In further
enbodi nents, the salt or polynorph ther eofRd'?as anlzaqueous solubility at
simul ated gastric pH of 0.05nmg/ M. - 250ng/ m . In further enbodi nents,
the salt or polwmeiph ther eof has an aqueous soI ub| lity at near-physi ol ogi c

pH of between 0. 3ny/ and 4 [ u bility at
sinmul ated gastric pH O g rﬁﬂare 15%? rrﬁygc %gt?o 14 rﬂgetnhﬁé’rdrox%odl ment s,
the salt is t h@lmtaaﬂslkgalmlkalyt amcmqm}yzmaomn tuesfadfich h&Age dpriofialiyt her
enbodi nents are ed t he Form A pol ynorph of the potassium

(S)-3' - DADFT- PES‘JB%H ‘having an XRPD pattern substantially simlar to that
shown in the upper cmrMeamRﬁrgmﬂepeadenﬂ&@Edselh fofytifogen, aabea RIS, t he
salt is the potassiumsalt, or a polynorph thereof [66] In further

enbodi nent s, tﬂéwﬁrﬁlgéﬁnﬁmv?éP%O?% characterized by an x-ray powder
diffraction pattern¢QnRnisicpdoReaks: at about: 6.0, 7.1, 12.0, 14.6, 20.0,
20.3, 21.3, 22.0, 23.3, 24.4, 26,3, 27.3, 28.5, and 29.6 degrees 20, plus
or minus 0.2 degreeé“?@‘“nte%‘?ffonllﬂtcf%traflﬁer enbodi nents, the salt is

pot assium (S)-3' - desazadesifnfi t hi ocin polyether (KO—I (S)-3' - DADFT- PE) .

[68] In other enbodinents, the salt is the zinc salt or a pol ynorph thereof
ora polymorph thereof.

[012] Certain compounds, salts, and polymorphs disclosed herein may possess
useful metal chelating activity, and may be used in the treatment or prophylaxis of a
disease or condition in which metal overload or toxicity plays an active role. Thus,

in broad aspect, certain embodiments also provide pharmaceutical compositions

comprising one or more compounds, salts, or polymorphs disclosed herein together
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[69] In further enbodinents, the salt is zinc (S)-3' -desazadesferrithiocin
pol yether (ZnOH. (S)-3'-DADFT-PE), or a polynorph thereof [70] In further
enbodi nernwe,2otomedral t has an SC- XRD structure charact er ipeeaSa®9ios0ss2 gur e 3.
[71] In certain enbodi nents, salts and pol ynorphs thereof have structural
formula I'll: *X CH30((CH2) mgnOH O [072] I n further enbodi nents, salts and
pol ynor phs thereof have structural fornula ilia: X+ [ 73] In further

enbodi ments, X ish £pRs@atelifimy hyshasle ciVE, ad WaAMBIAARIW S medh€ hitmsinand
magnesium [74] In further enbodi nents i s _provided a pol ynorph of a salt

of Formula |11, MGFRPRIUAdS: péts o R FeFPhs andgth §1f6‘i’rEIPﬂS’élﬁ’é% ﬁeealﬂydr ate of the
sodi um sal t. [ez&]odin'ibnfs‘ﬂr&h@er m&H&BQ‘bf@l@fﬁaﬁng Sethd 1@%1%@@5@&5' Bilcpe
nonohydrate. [76] In further enbodi nents, said polynorph is the dihydrate.
[77] In furt here%@mnﬁwﬁ@‘ﬁdq @etb@dé\fprd&atmgr Grardara s diemptoms relating to
desazadesferfit [78] In
further enbodi rrlgérat?l gb%b iﬁh of Feg(gl %ugﬁtreé?ﬁlﬁlgs&glp}ﬁgﬂge&g%ﬁ 1{ﬁgf(t:lQl ffraction
pattern which i%ldalatltréaéherm%%léy cffessise a8QY obrt cAngmuid @@UMpesitictas| east 95%

identical to th 0 Tk 532
1751 1 furt nerSabanaeny o b Slyiorg B AP FIREL ROy P2
scanni ng cal orlcrmu)pynctsmahmgd potymbripbhdisdosad héreador uRO % thamahFagure 8094 at
further ombodi nEbETeHar B ERBh R i AT RSN dmi ke PBY g SRl 11
sor pti on/ desor piridocorjdidon $peelds um which is at | east 70% at Ieast 80% at
| east 90% or at |east 95% identical to that shown in Figure 20. [81] In
further enbodi ments, the salt of Formula Il has an aqueous solubility at
near - physi ol ogi ¢ pH of bet \BReBF OESCRIFTIONaDE THEORAWINGS [82] I n certain
enbodi nents, salts and pol ynorphs thereof have structural formula IV:

Slv. [83] In further enbodinents, salts and pol ynorphs thereof have

structural formgh® | Vagigid 1. &RPD Patterns of Salts of (S)-3'-(OH)-DADFT-PE: the zinc,

potassium, piperazine, magnesium, sodium, and calcium salts (from top to bottom).
Degrees 0-20 on the abscissa are plotted against an arbitrary Y value on the
ordinate.

[014] Figure 2. Physical stability study of (S)-3'-(OH)-DADFT-PE potassium
salt, isolated as the Form A polymorph (top spectrum), the Form B (middle
spectrum) and the Form C (bottom spectra) salts. Degrees 0-20 on the abscissa are
plotted against an arbitrary Y value on the ordinate.

[015] Figure 3. ORTEP drawing of (S)-3’-(OH)-DADFT-PE Zinc salt.
Atoms are represented by 50% probability anisotropic thermal ellipsoids.

[016] Figure 4. Dynamic vapor sorption/desorption isotherm of (S)-3'-(OH)-
DADFT-PE potassium salt Form A.

[017] Figure 5. Dynamic vapor sorption/desorption isotherm of (S)-3'-(OH)-
DADFT-PE potassium salt Form B.

[018] Figure 6. DSC thermograms of the (S)-3'-(OH)-DADFT-PE Potassium
Salt Form B.

[019] Figure 7. XRPD Patterns of (S)-3'-(OH)-DADFT-PE magnesium salt:
the amorphous form and form A (from top to bottom). Degrees 6-26 on the

abscissa are plotted against an arbitrary Y value on the ordinate.



| Va. [84] In certain enbodi nents, salts and pol ynorphs thereof have
structural formula V: *X OH V. [85] In further enbodi nents, salts and
pol ynor phwotzhaveeef2ohave structural formula Va: *X+ 0 Va&CT/086009/050532
2010/ 009120PCT/ US2009/ 050532 [086] I n certai n enbodi nents, salts and

pol ynor phs thereof have structural formula VI: C./\ 00 OCH3 --- \foCH3
S--....T4*C00- MyOH+ vi, or, equival ently, nagnesi um hydroxi de

E gg - g ( geﬁaéadq@t@r ri tm%ﬁelgn XROy s R e of (01 ColH)-B ATDPADFT nidEesiu@ salfegnesi um
- ydr o
met hoxyet hoxy) ﬁ%%%ﬁé&%%ﬁ%ﬂvﬁwswﬁ Riptiediagaingt HAPIERHI ¥ 8re™- car boxyl
ate hydroxi de. { §dlnafthe corrpound of formula VI may exist in three
substantially crystalline éPIPd? phic forms referred to hereafter as Forns
@

A - C, as well [B3llan aﬂﬁvrsﬁo& #§r WAISOR -@PHFRADE T I magesigmief in their
stability, phy%ﬁﬂ@hgjr%ge%éhe B6 R bb&Rsa ﬁ@ﬂmﬁ@&&éﬁ&l an%{r%tﬂdh%éancs [ 88]

Accordingly, the pol ornms can be charatcteri zed X-ray
diffraction (XRmrdp@tet erns, differential vapor sorpti on/ desor ptl on (DVS),

th i met I TEAN, f t
 hegoar v, L RS0l ks i T Al RSO pReA Y PRGRLE) el

formula VI is prbyerdddl. [90] In certain enbodi ments di scl osed herein,

characteri zi ng a f Fonm of .a co ound f fornul ned by
an X-ray povvder[ggigffrg[f:1 r8r11 ( wlcv%ﬁo{ |nécps lonlsmﬁl ?Ség%ﬁbl] Al so
provided is a riDAEFTa’rﬁmmemmnfsﬂermea corrpound of for rruI a VIl is provided.

921 11 < Ngriood enLsodieml gas, hecel IR BEASARH oSl 2 o L

diffracti on (XRPBhinpa!, t&EiGmiss cslowB | hadnkGuh &, Yodium A, and HCI salts (from
top to bottom). Degrees 0-20 on the abscissa are plotted against an arbitrary Y
value on the ordinate.
[025] Figure 13. XRPD Patterns of Salts of (S)-4'-(OH)-DADFT-PE: the
lysine A, piperazine A, NMG A, and tromethamine A salts (from top to bottom).
Degrees 0-20 on the abscissa are plotted against an arbitrary Y value on the
ordinate.
[026] Figure 14. XRPD Patterns of Salts of (S)-4'-(OH)-DADFT-PE: the
calcium A, magnesium A, lysine A, NMG A, and tromethamine A salts (from top to
bottom). Degrees 0-20 on the abscissa are plotted against an arbitrary Y value on
the ordinate.
[027] Figure 15. DSC spectrum of (S)-4'-(OH)-DADFT-PE magnesium salt.
[028] Figure 16. Dynamic vapor sorption/desorption isotherm of (S)-4'-(OH)-
DADFT-PE magnesium salt.
[029] Figure 17. DSC spectrum of (S)-4'-(OH)-DADFT-PE NMG salt.
[030] Figure 18. Dynamic vapor sorption/desorption isotherm of (S)-4'-(OH)-
DADFT-PE NMG salt.
[031] Figure 19. DSC spectrum of (S)-4'-(OH)-DADFT-PE tromethamine
salt.
[032] Figure 20. Dynamic vapor sorption/desorption isotherm of (S)-4'-(OH)-
DADFT-PE tromethamine salt.
[033] In certain embodiments, salts of Formula I are solid.

[034] In further embodiments, salts of Formula I are crystalline.
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[93] Also provided is a novel polynorph Form B of a conpound of fornula Vi
is provided. [94] In certain enbodi nents di scl osed herein, characterizing
dat a for wormoBogf2oa conpound of formula VI as obtai nedPoy/tsroo¥0s@y2 powder
diffraction (XRPD) pattern is shown in Figure 8. WO

2010/ 009120PCT/ US2009/ 050532 [95] In further enbodi nents, characteri zing
data for Form B of a conpound of fornula VI as obtained by a differential

scanning cal oriesry (RSEkaik Blﬂbdsmlgéramxﬁcﬁ&@mommeﬁi@m1lﬂ@hydrdx%] In yet
further enbodi nents, charact erizing data for a conmpound of

formula VI as dhethanqisening digthylamipe, %ﬁr&h}naﬁ? é‘é%?‘)ﬁﬁﬂiyéﬁlo(@%‘) sspectrumis

shown in Fi gurquhﬂoxyethy%]yrr@hcﬁﬁ)e mﬁfayiocﬂ@@h 1'n§th531 dlgM@AmﬂQ@{wm phN-orm C of a
conmpound of fornula Vi provid 98] In cértain enbodi ments discl osed

herein, char actf@banerﬁghYd@P@\lamme: IlsfoN rdigthdfethanelamppeuriperering icthanelanneas
obtai ned by an ok AR éﬂg‘é‘{m}@)'tsz 3Rk 08 (Iﬁﬂ%Ppbg@ﬁ}z,tﬁaghe%&m%bamg, KpFigure

9. [99] In certain enb salts nd ynor phs” t her eof have
structural for mMidQHMNOH),, ziog ace@qﬁaZv@P@ﬁMgﬁOHbr Biét hastidiae, 4-(2-

(S)-3" -desazad 1 e, A - ), or

L5 di nydlr oy 200 Rr e RERIIRE, Y bbb LREh PR -5y Ry T

(S) - 2- ( 2- hydr oxypetid{i2; pﬂmﬁmnﬁkﬂhﬂwyﬁmhmxwwbﬁﬁ@mﬁ¢nﬂhﬁnﬂk@h&n@l%24-

met hy1- 4, 5-di hy, zol & 45 car ho In certain enbodi nents,
characterizing]%éf?}éfhiil‘[é"1 ﬁEﬁ%o%%%hndﬁykg%éyﬁ%ﬁ(P%% as obtai ned by X-ray
powder diffract[i0dél (XRRDprtais cimbaliments) sélisgavestdidturdl @dbdld Ia: cert ai n

enbodi ments, characterizing data for conpound of formula VII as obtained
by differential scanning calorlnetry DSC) i€ shown in Figure 19. [0102]In

certain enbodi nents, characteri zi Rt for a compound of formula VII as
obt ai ned by vapor sorption/desorpti DVS) i% shown in Figure 20. [0103]1n
certain enbodi ments are provided B4l of” gtural fornula Il and

pol ynor phs thereof having an aqueous RSol & ﬁgy at near-physiol ogi ¢ pH of
between 0.3 nmg/m and 70 ng/m . [0104]In C@iﬁ ai nenbodi nents are provided
salts of structural fornula Il and pol ynorphs thereof having an aqueous
solubility at melareiphysi ol ogi c pH of ? 40 mg/m. WO

2010/ 009120PCT/ US20 5 certaj 1 enbodi S rovi ded
salts of structural q,‘?qbr m%l ¥ %n%]RQ kB HBHSPIRIBIS R 5 eo &ro Eyd‘r) *dqueous

solubility at nela- qmjfiylkylohlhgy{ycarm-ﬂiﬁj‘@((&ﬂ)z)@@/)m, amyf mvﬂﬁdhl ma}cl&rctpabnally
enbodi nents are [ vicged salts of structural formula Il and pol ynorphs
t her eof havi ng AR &Ytieous sol ubility at sinmulated gastric pH of 0.05 ng/m
- 250 ng/m . [0107] IRY, REniER Nere maeskn 0@y Sh@ke fiphayti@eech, Sabis, Bfdrstyt uct ur al
formula Il and
lower alkyl, and lower alkoxy;
m is an integer from O to §;
n is an integer from 0 to 8; and
X is a counterion;
or a polymorph thereof.
[037] In certain embodiments, salts are of Formula I wherein the counterion X
is chosen from lysine, N-methyl-D-glucamine (NMGQG), tromethamine, calcium,

magnesium, potassium, sodium, zinc, and piperazine.

[038] In certain embodiments, R® is chosen from hydrogen and methyl.
[039] In further embodiments, R® and R are independently chosen from
hydrogen and methoxy.

[040] In further embodiments, R' is hydroxy.
[041] In further embodiments, R?, R?, R*, and R’ are independently chosen
from hydrogen and CH;O((CH3),—O)p—



pol ynor phs t hereof having an aqueous solubility at near-physiol ogic pH of
between 0. 3ng/ nml and 70ng/ mL and havi ng an aqueous solubility at sinulated
gastric psoabioodny/ mL - 250ng/ m . [0108]1n certain enmpouiuseowdsEBE
provided salts of structural fornula Il and pol ynorphs thereof having an
aqueous solubility at near-physiologic pH (-7.4) of between 0.3ng/m and
70nmg/ mL and havi ng an aqueous solubility at sinulated gastric pH (-pH 1) of
0.05nmg/ il - 25Qowiim . [GLOR} bRb&EMbRL, RaleHA gbIFRBEHs BeRoPRAVkEaMusEal t s of
structural fornmula Il and pol ynorphs thereof having an aqueous solubility
at near - physi ol '8§M¥2 BH (- 7. 4) of between 0.3ng/nl and 150ng/ il [0110] Al so
provi ded are pharmaceuti cal con@g%&kﬁgm§»§onprisung the salt or pol ynorph
thereof as disclosed herein together wth atyleast one pharnaceutically
accept abl e excipient. [0111]In certain di nentss, the pharmaceuti cal
conposition conprises a salt or polynor neofll having structural formula
Il CH30((CH2)mD)n*X OH Il wherein mis 2 apd M.i9SH3; and wherein the
counterion X is chosen from cal cium nagnesi i potad'sium sodi um zinc,
and piperazine. [0112]In further enbodinments is provided a pharnaceuti cal
conposi tion conprising magnesi um 3' -desazadesferrithi ocin pol yether

hydr oxi de ( My( 0313 -gIE}/fB%’FIFiEBPO,d”BFm%IS?J‘E?IayiirB?lpfﬁlo’fﬂliéFh@E?Pfh*tVéé’é'f%‘gi"l with at
| east one pharnpgguMiigal |y acceptabl e excipient. WO

2010/ 009120PCT/ US2009/ 050532 [0113] I n certain enbodi nents, the

phar maceut i cal conposition conpiOHs@¢Cta)$al t or pdl ynor ph thereof having

structural formula IIl X OHIIlI wherei o8 2 and n is 3; and
0
_N
7, O
S " la.

[044] In further embodiments, the counterion X is chosen from calcium,

magnesium, potassium, sodium, zinc, and piperazine.

[045] In further embodiments, m is 2 and n is 3.

[046] In further embodiments, the salt is the magnesium salt, or a polymorph
thereof.
[047] In further embodiments, the salt is magnesium 3’-desazadesferrithiocin

polyether hydroxide or a polymorph thereof.

(048] In further embodiments, said polymorph of magnesium 3’-
desazadesferrithiocin polyether hydroxide is Form A.

[049] In further embodiments, said Form A has an X-ray powder diffraction
pattern which is at least 70%, at least 80%, at least 90%, or at least 95% identical to
that shown in Figure 7.

[050] In other embodiments, said polymorph of magnesium 3°-
desazadesferrithiocin polyether hydroxide is Form B.

[051] In further embodiments, said Form B has an X-ray powder diffraction
pattern which is at least 70%, at least 80%, at least 90%, or at least 95% identical to
that shown in Figure 8.

[052] In further embodiments, said Form B has a differential scanning
calorimetry (DSC) thermogram which is at least 70%, at least 80%, at least 90%, or

at least 95% identical to that shown in Figure 10.



the counterion X is chosen fromlysine, NM5 tronetham ne, calcium

magnesi um [0114]1n further enbodi ments is provided a pharmaceuti cal
conposi t iwo 200nPpi2ei ng tronet ham ne 4' -desazadesf errit hirarius2@oloyessher

hydr oxi de (tronetham ne. 4' - DADFT- PE) or a pol ynorph thereof, together with
at | east one pharmaceutically acceptable excipient. [0115]1n certain
enbodi nments, the pharnaceutical conposition conprises nagnesi um

- desazadesf eroi3jhi 0Cinffupek ylﬂb&ﬁlﬁleﬂiyqﬁlﬁ)FbHﬁB(Mé @ami vdpOOFTPE) , or a

polyrmr ph thereof, together with at |east one pharmaceutically acceptable

exci pi ent. [ 01 167AtiR é‘@ﬁoﬂ%ﬂoﬁ (RiBbucrtat which gt Iisstr Qe aUeast % cbIf88si t i on

conprises tromejiaam Redt 996 RREAAER B Shdwl aFidyPPl yet her hydroxi de
(tronet ham ne. 4' - DADFT-PE) or a polynorph thereof, together with at |east

one phar maceut i Q] y aBodist apbedimsas. 5#iépelymph pf Preanessim i n embodi ment s ar e
provi ded a net hd%@az%es%eh‘?tﬁ%ohﬂ%o@reﬁ@lt@B%o%giegﬁorﬁpé‘d' tion responsive to

chel ati on, sequestration ellimn a trivalent netal in a subject
conpri si ng admi [RFSt er|hdullﬂtﬁr@mbOCbmbl}te@{ﬂd§0v1h@r1a§)@u1<tr@3aﬂ>qvgdeeﬂtf@®EIDWe anount

f | - | 0 h
of a salt or ggé%t%rvﬁﬂc HOGNER] 7@ a‘?ieﬁ& 3B5.e8t 1%3%{ ﬁo} urg%&er i ngﬂ%ﬂo er

enbodi nent s, trivalent ne IS 1ron. ment s,

sai d pat hol ogi cthit sbondintHigime Ps | ron over | oad [0120] In further enbodi nents,
sai d pat hol ogi condi ti.on i he .result. of na r|b tion.or

o st i but  on r0h r ortol e S Fabiyefan Fbondl b Bibiith iy

| ronin
pat hol ogi cal codfedazhdasfermthmcm%@nthélr}qmcaﬁdeansf erri nem a, acer ul opl asm nem a,

and Fredreich's axi 122] ) n.further di pat hol ogi cal
condi ¢ on 1t 1S Hosur B BHE Fahinfi g FPRAoBVEPT Biadh gy Ponde
2010/ 009120PCT/ di5200/ 1&5&53&1&&3, 2t3]:dsﬂ7(f%l,l‘alt hast 3emhadea3ednes,, or seledbt 95%

pat hol ogi cal condition_is chose m bet a- thal assem a ngj or and
intermedi a, si cla?lﬁlcﬁlé? fhalsha n pl@”&%ond Bl ackf an anenmi a, sideroblastic

anem a, chroni cohgMol yiifertiRheRbaBmens, fthetsla%am gk e¥eds hasRangudyay r ow
transpl ant and mé| el odyspl asti c syndrone. 24] In further enbodi nents, said
pat hol ogi cal bﬂ%?‘i qe%r‘l%{lyﬁélroéﬁlpﬁa‘?ﬂbeﬁ’%?ﬁﬁlpt3p’§ﬁnlra§§upliﬂg/ﬁﬁ in the excess

absorption of C{b% ary inff@her EQ3SRhiRs ftwstan%fp&ﬁmgh%moshassdﬁlaqud@a; hol ogi cal
condition is chosen from her edi tatpé enochromat osi s and por phyria cut anea

tarda. [0126] | mohbiithamegntiyaiclvgiers! ofsxttmgiilhol ogi cal condition is
di abetes. [0127hkay f uri,hgkneERAGHiNER the SRApAFhODH 8RLRhasGRRGILLON 1S an

acquired dlsease that results in excess dietary iron absorption. [0128]In
further enbodi rmebdity ataicer-phashbbiisgicel> Yongitli on is a |iver disease.

LO12991n T Urt el ATDOM TS Bl flefll ARAGR of SRR kicheds nds Wl Furt her

enbodi nents, sai d pathologlc condition is
solubility at simulated gastric pH of 0.05mg/ml - 250mg/ml.

[062] In further embodiments, the salt or polymorph thereof has an aqueous
solubility at near-physiologic pH of between 0.3mg/ml and 70mg/ml and having an
aqueous solubility at simulated gastric pH of 0.05mg/ml - 250mg/ml.

[063] In further embodiments, the salt is the potassium salt or a polymorph
thereof.

[064] In further embodiments are provided the Form A polymorph of the
potassium (S)-3’-DADFT-PE salt, having an XRPD pattern substantially similar to

that shown in the upper curve of Figure 2.

[065] In further embodiments, the salt is the potassium salt, or a polymorph
thereof.
[066] In further embodiments, the potassium salt is characterized by an x-ray

powder diffraction pattern comprising peaks at about:



actinide overload. [0131]In further enbodi ments, the therapeutically
effective anount of a salt or polynorph thereof as disclosed herein that
i nduces twe 2bodiobyeoexcreti on of iron or other trival ent poettskoswssagseat er
than 0.2 ng/kg/d in the subject. [0132]In further enbodi nents, the

t herapeutically effective amount of a salt or pol ynorph thereof as

di scl osed herein can be given at a dose of at |east 10ng/kg/d w thout
clinically apparegp,1.oxi®, €160t 208, 11 2k d1sey 24 h0NE3, MaB! T, ahdYITHS,
liver, spleen, heart or_adrenal Iands [0133]As used herein, the terns
bel ow have the medsarsg2Y ﬂWﬁﬂEéﬂ@H(V{@¥§ﬁf%%en ranges of val ues are

di scl osed, and [hhg not@qh@mﬂe&g&ﬂhQQSﬂmﬂah%lnammh§> gsed, where nl and n2
are the nunbers tthen unl ess ot herw se specified, thls notation is intended

to include the demdasErithiopnaphedhenKOH ffo-3 MY bREWeen them Thi's range
may be integral [088] CO%'oﬂ&é@%ﬁb&%%@%e%@ﬁls tﬂé’\hﬂgéaﬂg)r gglyﬁlrdq)h\t HES- By way

of exanpl e, the range "from2 to 6 carbons" is intended to I nclude two,
three, four, filPe9] andmeh&mmamb@h@mﬁSMneeheembdﬁk3c@wemnwﬁnnmeger units.
Conpare, by may tah (mcronolar),” which
is intended to i Iﬂ%%égmfjﬁ(sle/ﬁ ?A ﬁE)ﬁé{aP (% lrlﬁlél’peroglﬂ bet ween to any
nunber of srgnrfrcant figures (e.g., 1.255 p. M 1 pM 2.9999 p.M etc.).
[ 0135] The ter m¥&lout ,In farghor s@Bodimenss, the salf hﬂwneﬂ{aﬁaﬂaﬁmqmmqhﬁlyct@n@d
nunerical val ueg; %ﬁ R4t nodifies, denoting such a value as variable
wWithin a margin o rror When no particular margin of error, such as a
standard deviation to a nean val ue given in a chart or table of data, is
recited, the tdPml" abocertamenbelipenty ngftsrasd pplgmpphprigreof bee stegtigal whi ch
woul d enconpassfhg@aﬁecrted val ue and the range which would be included by

roundi ng up or 8omn to that figure as well, taking into account significant
figures. [0136] The term"acyl," as used herein, *f one or in conbination,
refers to a carbonyl attache@HiQ(Chip)nQ)n WOl kyl , aryl, cycloal kyl,

het eroaryl, heterocycle, or any other y wer® the atom attached to the

carbonyl is carbon. An "acetyl" group refre O)C}B group. An

"al kyl carbonyl " or "al kanoyl" group refers tg HaP [ group attached to
the parent nol ecul ar noiety through a carbonyl grou Exanples of such
groups i ncl ude [88tlhy| carfidiey Pmbetimenthytlsans eplymornix Hepsoblavestragsyrl gr oups
include fornyl,sahkaney! and aroyl. [0137] The term "al kenyl," as used
herein, alone or in conbination, refers to a straight-chain or

br anched- chai n hydr ocar bon group having one or mxX'e doubl e bonds and
containing from2 to 20 car bor;&tonr0) Ll cerormi n enbodi ments, said al kenyl
will conprise from2 to 6 carbon atons. @ termO'aI kenyl ene" refers to a
car bon- car bon doubl e bond system attached nore positions such as
ethenylene [(-CH=CH),(-C.:C)]. Exanples ofgs |ba8l Lal kenyl groups

i nclude ethenyl, propenyl, 2-nethylpropenyl, 1,4- butaérenyl and the Irke
Unl ess ot her wi s[@&]peci Ini fexther ebodimenty, Xals Iclmylll fromdysmenbﬂl\/[(derdﬁam@elml ene"
groups. [0138] as used herein, alone or in conbination,
refers to an atiﬁé& MQ8§§é%f wherein the termal kyl is as defined bel ow.
Exanpl es of surméﬁle alnkfyithee tinbedigeup pravideld wge lymetphootia, sale bhiborypladHpr opoxy,
i sopropoxy, n-but IS but rt - but ox and the |iKke.

[ 0139] The terntwé¥%xpmp0]n%% éaﬁégéFﬁw%qaﬁyﬁ%ﬁﬂhe“%g' |nat|on refers to
a straight-chai[e78r brmﬁmmedmmhahmmatKmhpQWﬁmgmoombaumDMQhﬁéont1 to 20

car bon atons. ert nbo nt s ida onprise from1l to 10
carbon at ons. I@7 urtﬁ%&mgﬁﬁ L PgsS?§P8W5P¥§PS&;ﬁﬂwﬁﬁﬁbrrse from1lto 6
Eirbor atops.lﬁbkml grmumﬂwnﬁmg&ﬁmaﬁim?nahkmtfmﬁﬁhmhmMe? as defrne? her ei n.

anpl es of a groups_ i ncl ude net et hy py |sopropy

n-butyl, isobut aza%ﬁ‘é@ﬂt&htoytn pofygiher ty&f%rrde ﬂeﬁrﬁO}»rmorP%@l hexyl, octyl,

noyl and the |ifges] Themtrerusr cabsdiheng the @8 ops&ﬂmtaqrteﬁaglaxataga?@w@ér in
conbi nation, refers to a saturated ali hatrc %rou derived froma strarght

or branched chafiffragtigniresie@avishde a'dsasbdtye-ait tear REY. altlcast) pror ﬁb‘?’@t%@r tions,
such as net hyl eggtcal@idml sholdiliepsuRtiner wi se specified, the term"al kyl" may
i ncl ude "al kyl ene"” groups. [0140] The term "al kyl am no," as used herein,

al one or in conbination, refers to an al kyl group attached to the parent
nol ecul ar noi ety through an am no group. Suitable al kyl ami no groups nay be
nono- or dial kyl ated, form ng groups sucHlas, for exanple, N nethylanino,
N-et hyl am no, N, N-di net hyl am no, N, Net hyl net hyl am no and the |ike.

[0141] The term "al kynyl ," as used herein, alone or in conbination, refers
to a straight-chain or branched chain hydrocarbon group having one or nore
triple bonds and containing from2 to 20 carbon atons. In certain

enbodi nents, said al kynyl conprrses fron12 to 6 carbon at ons. In further

N Y L N 1 I D 1 o r o ”~ a1 T —— M



[0144] The term "aryl," as used herein, alone or in conbination, neans a
carbocyclic aromati c system containing one, two or three rings wherein such
pol ycycl iworzorognosyest ens are fused together. The term "argir/USesionsises
aromati c groups such as phenyl, naphthyl, anthracenyl, and phenanthryl. WD
2010/ 009120PCT/ US2009/ 050532 [ 0145] The terns "benzo" and "benz," as used
herein, alone or in conbination, refer to the divalent group C6H4= derived

from benzene. Exagpl esifieic SabRBR&aL, ttt@l@heﬂeoramtmqmghmffta@ﬂtle. [0146] The
term "carbonyl ,"” as used herein, when al one i ncl udes and

! e GOH
in conbi nat i on Yeaing qefagimetny dhespoerpm paqirnat least 1%, %kﬁ%%% atdgast Qb poxy, "
as used here|n(H@eggﬁ§5ygda@§9hpmmg50®hgrm§%@e§pond|ng ‘car boxyl ate" anion
such as is in a carboxylic acid salt carbo§% group refers to a
RC(0) 0- group, WR¥re Rnjfurthes cbedimens. ferselt of Fomui. Igidap o dymanye wiper r ef ers to
a - G(0) OR gr ouniRkiEsoRdiof (BYSARLLRARSWIRA & d1cak GHABK Fet §@% Nk Gpano, " as
used herein, alone nbi nat'i on, refers CN. [0149]The term

"cycl oal kyl , " d¥ﬂ6@rmémﬁa@ﬁﬁekymml%Hh%@by@1@f”gmgﬂhsed herein, alone or in
conmbi nation, r [s t i

bi cyclic or trﬁ@§ Ilcogﬁﬁﬁ@%gég%%a %ﬁ%ﬁhhggt%¥MEﬁIH&QE?QQEaﬁgg%ﬁgbﬁs from
3 to 12 carbon am@nﬂmym@ogepﬁefbmahdlmhnghmnaﬁI@meUMaIIy be a benzo fused
ring system wh is nal | t|t s de rein certain
crbad ments. odPleycl BarRyn ehbPHRTh e pEROEH B LERE SRt e
Exanpl es of sucformyleldal kyl groups i ncl ude cyclopropyl, cyclobutyl,

cycl opentyl, cycl ohexyl, cycl oheptyl, tetrahydro pht hyl , indanyl,
octahydronaphthyl, 2, 3- dlhydro 1H—|ndenyl adanantyl and the liKke.

"Bicyclic" and ' trlcycllc as used he;;EjZEifglntended to include both
fused ring systenms, such as decahydron al oct ahydr onapht hal ene as
wel | as the multicyclic (mul PH&demEld) satu g?g&kon partially unsaturated
type. The latter type of isonmer is exenplifi®d/in gen&ral by,
bicyclo[ 1,1, 1] 1.ane, 0 ane.

[ 0150] The ter gter?m%ﬁg%5§%QXﬁg§g?Eh% g ey%?gkgﬁg%n%ﬁﬁé q"Lz?l%zﬂrefers to
a carboxy gr oupfobmuladgvang two noi eties |inked at carbon atons. [0151] The
term"ether," as used herein, alone or in conblnatlon refers to an oxy
group brldglng two noieties Ilnked at carbon at ofs. [ 0152] The term "hal o, "
or "hal ogen," as used herein, alone or | Pidi nat i on, refers to fluorine,
chlorine, bromne, or iodine. [0153] Them s}gﬁal koxy as used herein,
al one or in combination, ref&HHOUGH)aORal 0al Ky p attached to the parent
nol ecul ar nDiety through an oxygen atom [0g ‘Thervaer m " hal oal kyl ," as

used herein, n caonbi ion, refers to a rou ving the
meani ng as deflﬁg@ éEVH%F@Pﬂ}@ﬂeé SPIS A3 golymgp Fgﬁg%th%?ét‘@ﬁ%aced with
a hal ogen. Speqbﬁmgawty enbraced are nDnohanaIkyI di hal oal kyl and

pol yhal oal kyl groups. A nonohal oal kyl group, for one exanple, may have an

i odo, brono, chloro or fluoro atontmnthln the gfoup. Dihal o and

pol yhal oal kyl groups nmay have two or ng the sane halo atons or a

conbi nati on of different hal o groups. -I f hal oal kyl groups include
fluoronet hyl, difluoronethyl, trifl uoroifethy promet hyl ,

di chl or onet hyl , trichIoronethyCHﬁm@Hwa®huor hyI heptafluoropropyl
dlfluorochloronethyl di chl or of | yor onet hyl , dlfluoroeth¥ , dlfluoropropyl
di chl oroet hyl af&ldi chip 6?%%?8%?Wman%P@§Wﬁ9P%W%mqhéﬂﬁh§ haye stryesyralal ky |
group attached @imiiya0r nore positions. Exanples include fluoronethyl ene
(-CFH), difluoronethylene (-CF2 -), chloronethylene (-CHCl-) and the Ilike.
[ 0155] The term "heteroal kyl ," as used herein, a&Kone or in conbination,
refers to a stable straight or branche @, or cyclic hydrocarbon group,
or conbi nations thereof, fully saturat br conPaining from1l to 3 degrees
of unsaturation, consisting of the stabed (9f carbon atons and from
one to three heteroatons chose@Hcy@ﬂme)N, d wherein the nitrogen
and sul fur atons may optionally be oXl di'zed and the hi trogen het er oat om may
optionally be quaterni zed. The heteroatonm(s) 0, N and S nay be placed at
any interior position of the heteroal kyl group. Up to two heteroatons may
be consecutive, such as, for exanple, -CH2-NHOCHS3.
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[ 0156] The term "heteroaryl," as used herein, alone or in conbination,
refers to a 3 to 7 nenbered unsaturated heterononocyclic ring, or a fused
nonocycl iwp 2biooei2oc, or tricyclic ring systemin whichpatr/use@sssse of the
fused rings is aromatic, which contains at |east one atom chosen fromO, S
and N. In certain enbodinents, said heteroaryl will conprise fromb5 to 7
carbon atons. The term al so enbraces fused polycyclic groups wherein
heterocyclic ripgs ar eInchﬁzﬁﬁleMb@di‘mé‘r{té’,|salfsiaﬁl@ﬁolyﬂf@ﬁih@t}i@rebﬁﬁa&é@ﬁlﬁdﬁlralr| ngs are
fused with other heteroaryl rings, wherein heteroaryl rings are fused with
het er ocycl oal kylriiadE, or wherein heteroaryl rings are fused with

cycl oal kyl rings. Exanples,pL\Pﬁjer &{ groups include pyrrolyl,
pyrrolinyl, imdazolyl, pyYazolyl, py dy pyri m di nyl, pyrazrnyl,
pyridazinyl, triazolyl, pykanydGHsf ur 'nenyl oxazolyl, i soxazol yl,
oxadi azol yl, thiazolyl, thiadiazolyl othrazolyl i ndol yl, isoindolyl,

i ndol i zi nyl, benzi m dazolyl, quinoly _nol%& qurnoxalrnyl

qgui nazol i nyl, indazolyl, benzotriazolyl, oly benzopyranyl,
benzoxazol yl, benzoxadi azol yl, benzothi azd& @@@zothradiazolyl,
benzofuryl, benzothienyl, chrononyl, counarinyl,“Qﬁmzogyranyl,

t et rahydr oqui noli nyl, tetrazol opyridazinyl, tetrahydroisdquinolinyl,

t hi enopyr i di nylqr, dquivefeytly, diagyésjunplyydredidy(p-B diesyadesfiatrithivein poketheExenpl ar y

tricyclic heter ncl ude car zidol yl ,
phenanthrolinyﬂgﬁ%Bbégz%ﬁfﬁgﬁn@ mﬁ%ﬁ?ﬁmﬁ§ﬁﬁ%Pﬁlﬁgn{hg(3%2§¥} xant henyl and
the like. [015Zb&h@qeﬁbﬂ@mhh@@@h@@yﬂkmﬂjkyhﬂwamdAhhwﬁ@mmhmﬁgeabbwae

"het erocycl e,” as used herein, alone or in conbination, each refer to a
saturated, partP49unsaturated, or fully unsaturated nmonocyclic,
bicyclic, or triogycli cTieloshoecdfifsm@IaOvPmEONiRinthRY séstan8aBcrline

het eroatom as a ring nenber, wherein each said het eroatom may be

i ndependent | 'y dWOERGPYE Brrmﬁrﬁtfrrrf&éﬂhersafgrgéwor%é <ulep ye! rharberqralrws

enbodi nents,  safofhy Reti@r Gisl M kach odel In t(RAPREVISS, F1yABdhehRariRERE0at oms as
ring nenbers In further enmbodiments, said hetercycloal kyl wl | conprise

from1lto 2 het?’é‘rd@&ftcdﬁlsﬁha@d?‘ilﬁ’i’@s menbers. In certain enbodi ments, said

het er cycl oal kyl oyl | Q&&Bﬁh ﬂﬁé&ﬂﬁn& 1§ﬂﬁhQ9mﬂﬁﬂﬁ%ﬁ&m%&d%§%9wﬁ&@9 I'n

further enbodi nents, said heteércycloal onprise from3 to 7 ring
menmbers in eachay dﬁ@actlpm(%lfD)rmtﬁmerdI@mm Yﬁpnr %)rpt@ardésonetoer@y@]) oal kyl will

conprrse from and
“het erocycl e" g%%ﬁp ?gh gR?%nggg%@ﬁ@J%%g%ﬂsa%h%%%& e%‘gﬁ!oxrdes of

tertiary nitrod@lri ngAhem@erdSC,l isamvdaohowyr FemfAlseadcemauidkeiZormiused ri ng

syst ens; addrtrgpg ?oth terms al so include systens where a heterocycle

ring is fused to an ary group, as defined herein, or an additional

het er ocycl e gr dopo] Exdmmbeanembhﬁmenmdyﬂhedgmempdmhnwhddgdazﬁnmdhm%l,

azetidinyl, 1, 3- enzodr 0 nd 0g nyl ,
di hydr oci nnol i iY/I? Coﬁpﬂglrggéﬁ?ggYﬂ% hm, RELPGPA ey pt i BRUROTRID)
di hydro[ 1, 3]oxqmﬁh@hdﬂﬁmhhmy@uﬂHMyl benzothrazolyl di hydr oi ndol yI ,

di hydropyri di ny oxan a 1, 3-.di oxol an i soi ndol i nyl,
or oy & o S S BE e ity |am0{l%}l%’i?{}ar°6b§/?@%ﬂ“ﬁ§/¥% gVl di nyl
thionnrpholinylmpandmahe | i ke. The heterocycle groups may be optionally
substituted unl ess specificall rohr ited. [0158] The ter "gﬁdroxy as
used her ein, all8hd or IfertdnBnptneHs ?@@@?QmFﬁ'dwﬁFF“FB&g%f &g er m

“hydr oxyal kyl , * "an@tpibRe thrAQIT 8 lcBmpSn@RE fPulaV1GO BRthinad byih X r8f ®iwalet 0 a

hydr oxy group attached to the parent nol ecul ar noi ety through an al kyl
group. [ 0160] THEAREHASERPDN pptian irghowi Hiige fefers to the | ongest
conti guous or DﬂcentAEQ?f’OQIdg(ﬁ isGAHORAD BRI BIAE bt d@ipohitfoGinttia OF
attachnment of a grou he conpounds of any one of the fornulas disclosed
herein. WD 201%%@@9&2@¢CT/U82009/050532 [0161] The term "l ower," as used
herei n, al one n a h
defrned neansq@%ﬂtar&@%gm?ggﬁk&ﬁ?gﬂgﬁﬁggﬁgng%ngﬁﬂk%g?%ggag%gﬁghhFb162]The
terms "oxy" or df@campouns! of $ethuhe¥leds obtamk d he anX-ranpeveteb difadtion (XR¥Per t o
-0-. [0163] The I d herein, al one or in conbination, refers
to =0. [0164] The aﬁ?ﬁ?%g%ggﬁ ﬁEU% oxy" refers to an al koxy group where al
of t he hydrogen atons are replaced by halogen atons. [0165] The term

"per hal oal kyl" as used herein, alone or il conbination, refers to an al kyl
group where all of the hydrogen atons are replaced by halogen at ons.

[0166] The terns "thia" and "thio," as used herein, alone or in conbination,
refer to a -S group or an ether wherein the oxygen is replaced with
sul fur. The oxidized derivatives of the thio group, nanely sulfinyl and
sul fonyl , are |ncluded |n the defrnrtron of thra and thro [0167]Any

b . I Y T T




substituted or unsubstituted. Wen substituted, the substituents of an
"optionally substituted" group may include, without |imtation, one or nore
subst i t uanbdwioderendent |y sel ected fromthe foll owi ng @CoOAS3009/05@32
particul ar designated set of groups, alone or in conbination: |ower alkyl,

| ower al kenyl, | ower al kynyl, |ower al kanoyl, |ower heteroal kyl, |ower

het erocycl oal kyl, | ower hal oal kyl, | ower hal oal kenyl, | ower hal oal kynyl

| ower per hal oalgy4], | omETIRE ENBORRALK X Haradt @Vl d¥ChORIKYS of PERK LA ar Yl ,
aryl oxy, |ower al koxy, |ower hal oal koxy, oxo, |ower acyl ox car bonyl ,

: KOXY, . ' . )

car boxyl , | owerofdp ac\ﬁwﬁwn,ed|b&ﬁérffeé%{vlsb%@%&gé@!0rmﬁmKDEé}%@ﬁ{%,
cyano, hydrogeng sQiahageburddr oxy, amno, |ower al kylam no, arylam no,
amdo, nitro, thiol, |ower alkylthio, |ower haloal kylthio, |ower
per hal oal kyl t hi[8%6]ar y| Inpebfurtseriembadiments sihprefaiiangéqtgifon FeinsBo§ei t ut ed silyl,
N3, SH, SCH3, &h&g i gl £ hi ; ranyl, | ower
carbamate, and |l o ?kﬁfgggg%ﬁgl?S%%?Fgggﬁgg&géépggp%%ﬁﬁg§§g€g§ther to form
a fused five-, westrumigshayeviafigmaber ed carbocyclic or heterocyclic ring
consi sting of z to r ' enedi oxy
or ethylenedio%@gﬂAn o%??§ﬁ§P§§%éﬁﬁggﬁﬁhP%ﬁ&Hﬁﬁﬁgp#%V&%g%hﬁgﬁ§§%?%£ted
(e.g., -CH2CH3)VIispfdvidedubstituted (e.g., - CF2CF3), nonosubstituted (e.qg.,
- CH2CH2F) or s ituted at. a | evel anywhere in-hetween fuyll bsti t uted
and ronosubst {78 (engerin Epp@igm @ RAREE Bkl FRRRRL et KaZBERY Wit hou
qual i fication a¢fatcompolbsitaf fermubriy] doblainsdibg tn Kutepovaded dififistibs {XRRD)ed f or s
are enconpassed. \Were a supstituent is qualified as "substituted," the
substi tuted foﬂﬁﬁﬁgl%ﬁgéPﬁ? 81" i nt ended. Additionally, different sets of
optional substi[pognt s hQedaipambodimbiate, salesiaat yolfmyrphe thdebf ned sascturgleded; in
t hese cases, tﬂgg&ﬁt'?Qal substitution will be as defined, often
i medi ately fol ﬁ&’ he phrase, "optionally substituted with." [0170] The
termR or the termR , appearing by itself and w thodb._a nunber
desi gnation, unless otherw ge defined, refergto a nubé%y\ghosen from
hydrogen, al kyl, cychEarkyt. teteroar R 2yl ,  het® oar yl ©and
het erocycl oal kyl , any of which may be olg , |y substifted. Such R and R

\jﬁg@@ﬂuted as defined herein.

groups shoul d be understood to be optionatly
Whet her an R group has a nunber designation q__porcoevery R ghoup,
including RR, R and Rn where n=(1, 2, 3, ...n), every substituéent, and
every term shourdeqoevalendie tstmethdmine (8e3’deskerpdas tbentthiooih pelyethyr ot her in terns

of selection froma.group. an riabl e ubstityent, or. term(e.qg.
aryl, heterocycIg?cﬁ%mgF%ffggggth%8¥%¥%ﬁ5%06%%{ﬁ¥ AR 5BP%Pﬁ% a or
generi c struct wnginiuhd(S)-d€2hndrbxoi-(at2-Qankthagethokeahexy)shoxyiitpeident of the
definition at eveB%ZP{H@r occur rence. Those of skill in the art wll

further recogni &MY pat dlydrotiazolsiaalioxy¥lalc- he attached to a parent mol ecul e
or nmay occupy opaygi timReitdin ambétinentelch@h@eremieSdata fom enigoand eMdrmaga Wri tt en.
Thus, by way of_ exanple only, an unsymretrical group such as -C(O)N(R) - may
be attached to YHhés g@{?la?ﬂbyr%ﬂ@tgp%r difragtien oF dt Rt ©ieHe Ifi t rogen.
[0171] Asymret ri[@1@8Nt EhSc@ith ShbddimbNE cBAINGWNDSIat 5E4 838RuREsBofnuld hese
centers are deS|Hnated by the synbols "R' or "S," depending on the
configuration oflsuptipedfurdigeraptenh ranting caenpery @ Dorhavpm Figeredhoul d be
under stood thatjoidg | NYeBLIiRBMEAKABRAIEAStHingSdaBl SPLORMPORRN of fSRIRS | C
fornms, including difastereoneric, enantioneric, and epinmeric fornms, as well
as d-isomers andlas peiped by, vapprcsomtivndesestion €P¥6T is shavnindigire 2t er eoi soner s
of conpounds c PreRakes S het Loideli 9 of S yai |l abl e
starting mater ia{ggés)j‘?Mi c%@%on?almr?cﬁftér %I@bc%hc{ég?s Soor ° y ‘6r e'gljglr%atlﬁoﬁd of

m xtures of enardlynoorpls therpefddviog en dpicdwweldbibyy & eparmdyiiongis pEvfdstweenver si on
to a mxture pﬁl?h% 1%5895%@@nﬁ0||0“5d by separation or recrystallization
chr omat ogr aphi ¢ 't eChni ques, “direct separation of enantioners on chiral

chr omat ogr aphi c[0t®1] ummis,ceain ampodimbves arapprvaled batsef satchod fdonodnllamd t he art .

Starting conpounds of rticul.ar stereochem.stry are either rcial

Zvai l able o caltBAREGErSHvES T wlsoh s CRBIR e R P Troar .
Addi tional ly, thgntonpounds di scl osed herein nmay exi st as geonetric

i sonmers. The present invention includes all cis, trans, syn, anti, entgegen
(E), and zusammen (Z) isoners as well as the appropriate m xtures thereof
Addi tional |y, conpounds may exist as tautldmers; all tautomeric isonmers are
provided by this invention. Additionally, the conmpounds disclosed herein
can exist in unsolvated as well as solvated forns with pharnaceutically
accept abl e sol vents such as water, ethanol, and the like. In general, the
solvated forns are considered equivalent to the unsolvated forns. [0172] The
term "bond" refers to a coval ent |inkage between two atons, or two npieties

" oy



[0178] The term "therapeutically acceptable” refers to those conpounds (or
salts, polynorphs, prodrugs, tautoners, zwitterionic forns, etc.) which are
sui t abl e Wwonowgm®9i2zn contact with the tissues of patient Crush@asosatdue
toxicity, irritation, and allergic response, are comensurate with a
reasonabl e benefit/risk ratio, and are effective for their intended use.
[0179] As used herein, reference to "treatnent” of a patient is intended to
i ncl ude prophyl@xiy. Th@ckSh BmbRAkhbROAre pPRARE salslof RABIRAIFoiNe Wdhdig humans.
Exanpl es of patients include humans, cows, dogs, cats, goats, sheep, pigs,
and rabbits. PrRoEpeipsytherpe{dayige prpquepus sqlupiliad negrahgapivaie PH m>0pr odr ug”
refers to a conmpeyfrd that is nade nore active in vivo. Certain conpounds

di scl osed herein may al so exi st as prodrugs, as described in drolysis in

Drug and Prodr U§!1%8t ab@icessm embadimpnss arg progidse Nadiviod stryeiurgd dermmie ged ogy
(Testa, Ber nar d, Angh MaWRLreord 9ARE biTME o ISb YN HeAmiAHEd Shwic P dedays! and
2003) . Prodrugg)of the cgﬁ%oundg de c?¥§e§ Herefﬁlare %?rﬁ turally nodified
fornms of the conpoundS® metmk eadi |y undergo cheni cal changes under

physi ol ogi cal hti i: : (. LYy odr ugs
can be ConveﬂﬁggﬂtOO@EEﬁ%%E%Q%%§QB§Q§ gﬁ?%ggﬂgpféﬂ%@kgg$@g¥y%%¥Lods in an
ex Vvivo envi r omubmorplisgherefdaphg an pruedususglibidignat neargihpsiblpgic pAvd betedert 0 a
conmpound when ced.,in t rapsdernal patch reservoir. w.th a sui e
enoyme or chem e ane P B Rt AL EATTR s RGP RBLLP S & e
situations, they0fmymbe2®Wagimel to adm nister than the conpound, or parent

drug. They nmay, i nst ance, be.bi gavail ab ral adm nistratjon
whereas the par@if¥lar f oS RapBSuRenoNS aiaerag ar SBroniy T Pkt 5
solubility in plhaymapauhiredhaciofmosucodnslubNiey atthba-hasieibgic gHUG7 4 ofM de

variety of prodrug derjvatjv are kn .in the art, such as those that
o1y on hydr ol yihCeeR REdg T O e D8 ot e o e ke Spebiiug.  An
exanpl e, W t houtastric FHt(@HH QMof M5 nRy/RAN 0ZBOMEG/MoUl d be a conpound which is
adm ni stered as_an _ester éthe "“prodrug”), but then is netabolically
hydrol yzed to tRE%%ar bBegTtaie eapodimenthare geqvided sediytof suctusg] dprugial 20dx anpl es
i nclude pepti dylodgsrhkahdr¥shafhe an SRERRAUDRDLIlkOX 3 TngsicepRpHNAS 4fldsCl osed
herein can exist ‘as therapeutically acceptable salts. Such salts wll

normal |y be phdichurea @imean] 3nddéempibl e. However, salts of

non- phar maceut i pald)y agLEPLARLE aR FhbishabB¥ich oRbosidnk bprsthelthesaRtiogpar at i on

and purification of the conpound in question. Basic add?tlon salts may al so

be fornmed and hwlphapiticwat 4scldclogedliceaptoghiher wikogt leastrane phatmagslutieadly

di scussi on of t ion and selection of salts, refer to

Pharnaceutical2%§ﬁgggﬂ%%%%%?ties, Sel ection, and Use (Stahl, P. Heinrich.

W | ey- VCHA, Zur[0th,] Swintczeginh amblodi®0Q the fhat@R}ufivel cospnyitiothenmpieesta cal | y

accept abl e saltaﬁoagﬂusgdht%&%%ﬂ‘m{e]53%%§%§mﬁﬁhfs or zwitterionic forns of

t he conpounds 4 Ol BEETTRE SR GRS RN B %0 oi | - sol ubl e or

di spersi bl e and therapeuti cal | ycago@ptpbhe as deXi ned herein. The salts can

be prepared during the final isolation iiﬁioo'ification of the conpounds or
1

separately by reacting the appropriate pound iOn the formof the free
base with a suitable acid. Representati ve”as{d ition salts include
acetate, adipate, alginate, Lascorbate, aspagt f@,oﬂquoate,

benzenesul fonate (besylate), bisulfate, butyrate, canphorate,
canphor sul f onat e, wbéerttmat e, di gl uconate, formate, fumarate, genti sate,
gl ut arat e, glyceropQQ% Q%h%ﬁs?%ﬁ ol ate, hem sul fate, heptanoate, hexanoate,
hi ppurat e, hydrochl ori"de, "hydrobrom de, hydroi odi de,

2- hydr oxyet hansul f ondicesid ihs edunitcdioatkely chdsac framealcived, eapessiui bonaive,,

DL- mandel ate, nesityl enesul fonat e, nethanesul fonate, naphthyl enesul fonate,
ni coti nate, 2-napﬁ¥%§?@H§SﬂWﬂHﬁgFg?'oxalate, panmpate, pectinate,

persul fate, 3- p[belrngl prlﬁﬂﬁﬂtmalhsqdimﬁﬁ§ﬁ|’p@c{wdeﬁ,a pﬁhﬁfa@étﬁcal&bﬂ@iﬁtﬁcﬁh,

propi onate, pyroglutamate, sucgipate, sulfonate, tartrate, L-tartrate,

Eri Chl or oacet at @MAFHAE g 5REE: a{éé%zaéﬂ%gﬁﬁ!aflapOQFfﬁ}erMEOé}deW@éf? shat e,
para- tol uenesubippatpd) (R alp8sHodihereAN@ MALRGAND BLQ ondhSPmadl@dally gr oups in
t he conpounds discl osed herei'n can be quaternized with nethyl, et%yl,
propyl , and but3fFeRERIoF@Est: broni des, and i odides; dinethyl, diethyl,

di butyl, and dianyl sulfates; decyl, lauryl, nyristyl, and steryl

chlori des, bronides, and iodides; and berdZyl and phenethyl broni des.
Exanpl es of acids which can be enployed to formtherapeutically acceptable
addition salts include inorganic acids such as hydrochloric, hydrobrom c,
sul furic, and phosphoric, and organi c acids such as oxalic, naleic,
succinic, and citric. Salts can also be forned by coordi nation of the
compounds with an alkali netal or alkaline earth ion. Hence, the present

. o, .




bi oavail ability). Differences in stability can result fromchanges in

chem cal reactivity (e.g. differential oxidation, such that a dosage form
di scol or swonn®/mapndl y when conpri sed of one pol ynor ph thansesvensesenpri sed
of anot her pol ynorph) or nechani cal changes (e.g. tablets crunble on
storage as a kinetically favored pol ynorph converts to thernodynam cally
nore stabl e pol ynorph) or both (e. g., tablets of one pol ynorph are nore
susceptibl e to [preakdomeadin BinBbHiMen, dhc phhrmaBSutRal REIPbLitiGf comprises a
solubility/dissolution differences, in the extrene case, some pol ynor phi c
transitions nays2ltesptlympiph theggef Bvinsotmpeip! rmulgdllt he ot her extrene,
toxicity. In addition, the physical properties ofethe crystal nay be

i nportant in processing, for ARy Rne ol ygor ph m ght be nore likely to
form sol vates or might be difficult 5 and gvash free of inpurities
(i.e., particle shape and size distributi gt Jbe different between

pol ynor phs). [0188] Descri bed herein are various pe) Wiorphic forns such as
Form A, Form B, form C, anorphous, and the |iKe: Thesellt er ns (Form A, Form
B, etc. as the caggedmy be) enconpass pol ynorphs that are substantially
simlar to those described herein. In this context, "substantially simlar"
nmeans that one of sKiiSI230A0thd 2dt woul d recogni ze the pol ynorphs differing
insignificantly frondRAseriRek YRR RS 1yRAY N8 frym&haniacaiivaed herein,

or those pol ynorphs having one or nore properties described herein. By way
of exanpl e, a pol agrphenconpassed by the term Form A coul d have an X-ray
powder diffracty (X i I 700 | east 80% at
| east 90% or a[‘p?{hgasﬁ% 9 1g/%lp g@%% ![sg)?otdh%{l %?ﬁgﬁmﬁééuﬁlz%émgﬁg%%f or Form A
For exanpl e, themnisiogpawstbemine i desepidestirgthiocinapayegter hehigtid80% of t he peaks
in commbn with Lsclas i i . r Lvely, if
t he XRPD spect r@%&%&@%g%%i@'%ﬁﬁ 5%&38’2%{@\%%%{02%%%%@% eélg}g%(é:orrpassed
pol ynor ph m ghtphaewecuraplly aqoeaktde atcipi@ast 80% i dentical to those shown in

an XRPD spectr ternati.vel .t h nc assed pol ymor.ph m ght have an
aqueous. st ubi 1Ly uni ERCTY S ROy TR IBEse ket e

L0189] Pol yrrIDr phﬁagmfesmqﬁﬁnhmwdesfmﬂ?m mbyahdnhgurbmda(h{ng(mﬁﬂ’mmmods, as
Fecryst al i zati g SRR (T G Pen T AP A B YaSssI 4t  on.
rapi d evapor at i &gipishpi d cool i ng, slow cooling, vapor diffusion and
sublimation. [0190] Techni ques for. characterizi ng pol ymorphs i ncl ude, but
are not |imted Wl dipretanen @0{1@@%ﬁl?err&la%ﬂcslrtwﬁle%owo’mgtsomeﬁ?say powder

diffractometry gofiRldnind AedcsBhd GfeaithidBih Hb e Bl yMfixRlc(FSMitharkii®am ¢ vapor
sorption/desorption (DVS), single crystal X- rag ‘dll ffractometry, vibrational
8

spectroscopy, ePQPFTREARHR relvaprE thsesof degedisy Witk af least aeqtharmaeriticalt st age
optical m croscPyabkCARPiAY el ectron mcroscopy (SEM, electron

crystal | ography and quantitative analysis, particle size analysis (PSA),
surface area an8lyAi s, nsettaippmpedimentyeie 5oV, dameﬂ%mtr?@wgmpﬂ‘ép]@glcal

[ 0191] The 't & M congAbY Al fonsivEs HSRH Sl Eiinhidh ket Iidfaln Of 3
substance which contalins solvent. The term "hydrate” refers to a sol vate
wher ei n t he soliventbjpe comprening adwinixoigy 10 S 1RHPCH tiSAB0AYDTOEB2IVE 0192] The
term "desol vat " i to a crystal formof a
subst ance whi chﬁlgoélﬁpé)ﬁlnala%ﬁlg{apoﬁi%@%gl e%é?r%vﬁ%éorsg 1gerr(g%ll'\/ent froma sol vate.

[ 0193] The t er m[0&Idr phlodsrteoembddimsnts sad tinakopt metakiefrens to a noncrystal li ne
form of a subst | The term. "solubility" is.generally intended to
be. synonymous vl nenaii ~apuEate Sy S RRASTERE LYt he
ability, and theilzggr el fofthelr babadiinkits, yaid phthalogiospondidor ie tidirssiilo¥ mal-n wat er
or an aqueous s@lvent or huffer. m.ght be found under physi ol ogi cal
condi tions. Aq %UE“Q":?BIOE | }Sir{bﬁ‘{l%‘?ﬁfoﬁ lfgﬂﬁ b8%1 tsel f, a useful quantitative
measure, but it[ohzg addifiitienahbatlinkité, aidpatBologicilebatigotindh@eettoat or, W th
sonme limtations V\é&i ch will b? i:lear to t OS% .og, ski]l in the art, of oral
bi oavai | abi | i t T2 HCHPSRR] 18" Oé’aé‘ﬁ‘fl’t‘iﬁ’llaea@g%‘ﬁ G190 Si2&%@eneral | y desi rabl e,
and the nore sqbublie, hheReEHBSdMINE KB PhtBoIBSERARLEIIENLE el @& of f OF

exanpl e, certain conpounds intended to be adm nistered as depot injections,
if stable over tanpRsiopdjroneyqi9pdy benefit fromlow solubility, as this may
assist in slowrelease fromthe injection site into the plasma. Solubility
is typically reported in mg/nL, but other'>nmeasures, such as g/g, may be
used. Solubilities typically deened acceptable may range fromlng/nL into
the hundreds or thousands of ng/nL. [0195] Sol ubility may be neasured under
varying conditions. For exanple, it nmay be neasured under conditions
simlar to those found in the body, such as at gastric pH or at physiol ogic
or near-physiologic pH "Gastric pH' as used herein neans about pH 1.
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pharmaceutical fornulations which conprise one or nore of certain
conpounds, salts and pol ynorphs di scl osed herein, or one or nore

phar mmcewocaldooroecept abl e salts, esters, prodrugs, anPaEaS2@w/0SBBYat es
t hereof, together with one or nore pharnaceutically acceptable carriers

t her eof and optionally one or nore other therapeutic ingredients. The
carrier(s) nust be "acceptable” in the sense of being conpatible with the

ot her ingredi enps21f tiagukiRF Blbetiineds @ﬂdpﬁtﬁ&)logﬁe&l%ﬁﬁn@mcmeﬂ fremibeai pi ent
t hereof Proper formulation is. depend ent pon the route of adm nistration

chosen. Any of tbﬁeseewmwmntteeﬁﬁm% CeE&P"rfi“é’rI%IamalPﬂjBB‘ﬁ]é@%?@ﬁtl% may be
used as sui t abl gjRihsas attiiL cRloAR DByt Encdfids, of-tibrapyl CLKERKL NPhON' S

Phar maceuti cal Sciences. The pharnaceutical conposi t| ons di scl osed herein
may be manuf acted irnsplayt and Arvelodkiptadic syRdioRe: art, e.g., by neans of
conventi onal i g, dnSabRfodi A6ANLkRLAAG AR08 B b Reroatk Y gat' ng,
enul si fying, encapsul ating, entrapping o ression processes. [0199] The
fornmul ations i reondiien revggeg suthe eaisbse aborptionaf dicparient eral (i ncl udi ng

subcut aneous, er ?ﬁ;ﬂ I cul ar, and
i ntramedul | ar y)[lauﬁt r algg:lruiﬂ%e%glrgg ?@%ﬁ%ﬁﬁ%ﬂg %@M?r&gd{hgo ellrS %C{ @I?lfrzr)ll%lr anasal
rectal and toplksaddlt@nyrhcinudirmgatdm mall porfihyoe edtancs tHodld. ngual and i ntraocul ar)
adm ni stration ou t .sui.taple ut.e e on for exanpl e
the condition a@dﬁégl sgl:111 f) dlm?netsd Sald A o alc 1)(gdrlfrjr% }agéég

conveniently depZEsenhémhmemmmmdasagépﬁthblnglaaﬂdomayorheamace]pae@d by any of
t he nmet hods wel Typically, these nethods

i ncl ude the sté SeS?“ﬁqlr?fﬁltW@ ef‘ﬁels%dlgs@glﬁq aga 190 onpound or a

phar maceut i cal |[91289ceplhaiiier slabctdmaﬁi Qiiid padivldgicalpoadificidis allivealiséadee t her eof
("active ingre ) I'\& carrier ich constitutes one or nore
accessory ingr gjtqu)ht S. IWIIfHrt P%ﬂame‘ftﬁéalﬁgfsﬁﬁ%st °BH{¥Sare prepared by

uni formy and il3oyat ehfulicr BEbEEmERE, Qaid p&RGlogItAIROnditiéh i@ GnthvBide 6O edi ent
with liquid carriers or finely divi ded solid carriers or both and then, if
necessary, shap"@}cf@ﬂ};1 d¢ Aeerlgpdduct into the desired formul ation.

[ 0200] For mul at i [@n$10f 1hl¥erticce BRBMHIEShts, IR thSradeddQleyBRvEBRoGtEL 9364 herein
sui table for oral adm nistration nmay be presented as discrete units such as
capsul es, cachetodyregrph Bigreef 2 dé“&lﬂﬁedchﬂl‘ﬂﬂam‘ﬂ inducss Pie badibverxgicHetofdrmmit of the
active i ngredl Elther 1Rt REMPRY re%er&"a@@‘i'n?g’?kg/@ﬁltﬁe §tﬂ%ﬁ dfion or a suspension
in an aqueous liquid or a non-aqueous liquid;, or as"an oil-in-water liquid
enul sion or a WALE- i nndither prybodimenis;tley tbqarape'llh@alla@fqui@mamgu@@if ertlt eray al so

be presented a t

20161 0091 20pcTMRIB06 BesEbS FHBHY BraPAE sy o dosgstatas lomaeid | oo e
used orally i ncxlvnﬂdnet ¢landadly sppamnsto)Xi‘C|etffe@aplstlnleéslnnndten@harg@v,ahynms, aerwel | as
soft, sealed ca% eal,todedr tin and a plasticizer, such as glycerol

or sorbitol. et’s ‘may y conpression or nol di ng, optionally with

one or nore accesxgry Amweéderemtﬁleteﬁmm‘pefle@ﬁe@bthainb:ﬁﬁrsgsr'nfaijcab:el prepared by
conpressing in it e nuchi the active ingredient in a free-fJ]ow ng
form such as. a Dbier “BheyPRRTIb L Giedi ey AP GO RMoN Briaer <5 v ner

di l uents, or | ubniedawhdign, Sidmb aRehatinibés, BEn GilsPersiwice @aanéd thidvbl ded
tablets may be made b sui t abl e chine a m xture of the
bowder od Conm ot i R ERIEd ke hemHEb e RgRT tAdh (12 P CCALrB o may
optional ly be cpal RlgdhapEahRerapfitbofitobebdiRédmMahaiRediQ RSerdQaRENVBe sl ow
or controlled release of the active ingredient therein. Al fornulations

for oral adm ni¥BrHErYRPISHBLIRES DO HEsaEERees siyitteFd oriprluds R, three,

adm ni stration. fo{fﬁﬁv@ldﬁdﬂs& 'c&rb&rﬁpsﬁhﬂe%ﬁrb%snco%% ﬁitégeﬁ i&ﬁtsa@'bhlﬁ@re'ﬂ}%a%d' ents in
admi xture with filler such as | actose, binders such as starches, and/or

| ubri cants suc rpfaéamd%dh%ﬁangﬁa“g’wesl t9rd Y dmicaproland whishtis wiraredto indludsi | i zer s.
In soft capsul es,it heENAGH é«erﬁm?e%%en%@énty%u%dmi xﬁemffﬁgue%gve

di ssol ved or suspended in sui'tab ui ds, “such as fgatty oil T qui d
paraffin, or |ilgisdol-{eMhyoadfeu) ?eb)l s. In addition, st abl I | zers may be
added. Dragee ﬂ%ﬁ%ﬁ arf AL Ay Hsd ”%h&dﬁ%feﬁtﬁ%ﬁﬁﬁ&%tte g&%f hili& pur pose,
concentrated sugar "sol utions may be us i'ona Py contain gum
arabi c, talc, palueyivhich itopeditdsi dmtneng wel bogod asgetlablpwﬁtbmtahmreln@f girgrcol
and/or titanium dioxide, |acquer solutions, and suitable organic solvents
or solvent mxtures. Dyestuffs or pignent!8 nay be added to the tablets or
dragee coatings for identification or to characterize different

conbi nations of active conpound doses. [0202] The conpounds, salts and

pol ynor phs may be formul ated for parenteral admnistration by injection,
e.g., by bolus injection or continuous infusion. Formulations for injection
may be presented |n unlt dosage forrn eg., |n arrpoul es or |n rrultl-dose

. o o "



[ 0209] For admi nistration by inhalation, conpounds, salts and pol ynorphs may
be conveniently delivered froman insufflator, nebulizer pressurized packs
or ot her wonvewiogrnzo neans of delivering an aerosol sprapCTRISe@®060532d packs
may conprise a suitable propellant such as dichl orodifl uoronet hane,

trichl orofl uoronet hane, dichlorotetrafl uoroethane, carbon dioxide or other
suitable gas. In the case of a pressurized aerosol, the dosage unit may be

determ ned by pwami sl Rgticula¥ da¥@n berfb@!suMPds aastdiiaiﬁrdedatadmua&neaﬁbﬂ% natively,
for adm nistration by jnhalation or insufflation, the co ounds salts and

pol yror phs di scg%eléaaﬁlé%?rﬁa%ezf ctaaakerﬁ%f@df%f‘rfﬁ% “abguigj slyould efende s Esi t i on,
for exanple a pnQWEehat Mike Fhich RRURTBAHRLs AR GcReFiilalendaNsarmifipse such as
| act ose or starch. The powder conposition nmay be presented in unit dosage
form in for exuvyid e inglyded hyarqunding yrrqrdgws to {af figurqpsgyellptakigg éxto packs from
whi ch the powdef..NRYsi ﬁgé;ilgh?drdst_ered with the aid of an inhalator or
insufflator. [0210]InTranasa elivery, in particular, may be useful for
del i vering conp@lifds tBhetthien GNE.” ﬂsmsetdd@retheebnshbmomhm@tidnmtqfeiﬁMI drug
adm ni stration rai.n barrier
(BBB) to deli veéraﬁ) ?%IPCI 8@ érh%%%ﬂnnsﬁkquf Qﬂ%ﬁégyl her ap tﬂ’tq?’ E:egga%gmeg&%ggf ‘?\der brain
and spi nal cor danyDéier mereyy \ifcrrometalren amishedttotlteroerb@fxﬁ iocchms Ani ‘abdtyl” m nut es

al ong both the orl fac RO Y 42 }tq Ou ‘ ﬁ(gc LR %ﬁmno 1,l;ltrrm(ima al
delivery occursng an extra p ounte ad es no qug e that drugs

bind to any r ecte[ah amybgrommdeclgad tmhelpaﬂenttmamnnmrﬁmety thlrm@hasaﬂbontélgroupr y al so

targets the na ed | tlc t and |caI

[ yoh nodes. 1 rEHAITS POHEh EippR LG PSRN ¢t Qe ERSh de eSS af

observed at h| Ofeyl @mqisSndhmetf&ﬁlyﬂ;Iaﬂ@doweﬁdo‘ﬁbylwal I's and perivascul ar spaces
of the cerebr Oﬁ%@ﬂl at |1 g t.hi s |r]1rer anasal nethod. in an| mal nodel S,
resear chers ha cce tE‘FTf Ve gy A gs < e lpRRGE coOMBRAT e FFTAF Pifei ner ' s
neur odegener at i @Righi-SAUCAbraoKddedhiin by FREAVQOORIRIhg oht biMbRidedbleer ebr al

neurogenesi s, and treated brain tunors. In humans, intranasal insulin has

been shown to POV RBHBINE from 2 &y 2garbonaoms. Anerrigixsrrdunchist Rid\ zhei mer ' s
di sease. Hansorhuke% AR c%l:n?ﬁse m 2Rgls calbNEHE AL MNENPARCARERY rcf&Q@ya Mar ;
2(1):81-6. Epub 20 6 Sep 0211] Preferred unit dosage fornulations are

t hose cont ai ni g aen-carpe deybleband sesten gttaghededt v g e raeye pegiiens uchgy an
appropriate fragfdQRnd Re('fﬁﬂ(fililaﬂt fothey aﬁidnﬁﬁes'o@%%le%ﬂ&nyl[g]%]agldciudé houl d be

understood that 1 n"addition {mygredl ents particularly nentioned
above, the for mibcayl orescrdbdgemethedroabiov.d bwtadienyl ydeholikrerUnige athgrwise
conventi onal Vil t ornmulation in
question, for erkgwﬁ?@ﬁ%eﬁ‘grgle 32%}1)(1 E@@F@“@eo@g n&)’eﬁ? %BSI{ ration may include
flavoring agent §13§{]021qu@anp@dlwds, asadetlshelamdalpnﬂ qrrrmccphtsnam;L biersadri ni st er ed

orally or V|a| ion at pe The
dose range for At ﬁ]e%%nwt%?rse tgeheefné {k?ffnfsr omﬁigedag F"'Ci&a%lf:ets or
ot her_ forns of q:bk}es;ﬁmtgbmmnnqmctavmmﬂﬁdw mhcdwsmpm})ecwmb%mpwr?;ynbom?mﬁnt Ihy_
contain an anoynt of one or e co salts and pol ynor phs ichis
effective at sﬂjc‘ﬁ&uoxéfo%eﬁﬁgto@l tg‘g[’go%nﬁ)ﬁl@g&%f the same, for instance, units
contai ning 5 nyot3]500Teernusaliaf, ! ys w‘e@hﬂélnlﬂoﬁ@)rﬁlﬂc&ﬂﬁndﬁ@n E@R14h The anount
of actlvelngredlégt t hat _may, be co ?ed w th.the carr|§6ﬁgrgter|alsto

produce a si ngl ¥aghkdpe ‘?r(?Far?lck}ﬁdrqha\? gopRANIHY S FOR A P #P8%t ed and

the particul ar me@aleém@&rﬂlm@tsilaalksmwﬂl[c@&iaﬁieTﬂa@n @@cnnpwmﬁl,atcﬁﬁd tig and
pol ymor phs can be adnministered in various nodes, orally, topically, or

by injection. THER %reeepéleeaﬁ%ﬁaﬂtaﬂafﬂWéb%aaﬁﬁﬂfralarhtﬂ@ﬁr@%atoeé Alkybhtient will
be the respon&%@bﬁﬁstnyay% Ph&laﬁ% 51%@%{&1 aP RS h@Bin, ﬂﬁ%p‘m%@a&%,l(‘gr&%e | evel

for any part| cu pafien depend upon a vari et ors i ncluding
the activity ofinglhde mesbyd; gthyd, lz:mﬁ»pbluﬁaprewm eyl IS@lmylaﬁje butyh dgjt-bietylght |
general healt h,pe'ﬁf?% ’1soda{n%tlshex§/l' 8&‘%y101f1 a@QﬂH it Bkd e Qhm fa ﬂé#eﬁe 0t used

adm ni stration, rate of excretion, conbi nati on, the precise disorder
bei ng treated, @m!ntalveesem@pmbylamn tdﬁes tqﬂﬁatmwct)ﬁlpbatl@m deriged ferh ag

treated. Al so, mi ' endi . t he
condition and |S¥tljsa%1§1eé\%§%al%tc g‘id &%S%%E)e/rdglgg%g%E%%g&%ﬁg%gg%%gf%g?%?I n
certain instances, it nay be appropriate to admnister at |east one of the
conmpounds, salts and pol ynor phs descri bed herein (or a pharnaceutically
acceptabl e salt, ester, or prodrug theredf) in combination with another

t herapeutic agent. By way of exanple only, if one of the side effects
experienced by a patient upon receiving one of the conpounds herein for the
treatment of actinide poisoning is depletion of essential trace mnerals
required by the body for proper functioning, then it may be appropriate to
adnlnlster a strong chelatlng agent |n conblnatlon mnth supplenents of

S " o o



[0219] Thus, in another aspect, certain enbodi ments provide nmethods for
treating disorders and synptons relating to netal toxicity in a human or
ani mal swwpeoto/om2need of such treatnent conprising admpoirdisesmnsssp sai d
subj ect an anount of a conpound di sclosed herein effective to reduce or
prevent said disorder in the subject, in conbination with at |east one
additional agent for the treatnent of said disorder that is known in the
art. In a rel at@eh assrﬁaﬁﬁeleneqecHai)nuthmmé SpdRIfRY tHetcth e4I1RAC Hal, C
conpositions conpr|S|n | east one conpound di scl osed herein In

conmbi nati on wi tiRclBdfe’ 389’ %r@o‘&&dl tional agents for the treatment of

di sorders and sypfjonsTRAk@E +aNg1dnfAn R hPhsed RebiR! didhe dr GePlvangieh fibrsdi seases
to be treated by the conpounds, conpositions, and nethods di scl osed herein
i nclude iron overh ekl spumsched de fie parenionolequla awiegy frBighipB AMBIO F9Un in t he
body such as at$a6it AR AouR Gk 8k ARhASH AR Ao, Wi EHE R GRS At axi a;
transfusional iron ovefrload sSuch as with beta- ‘thalassem@a major and

i nternedi a, si clkl exagwld NanethylaminDi HethythnBha ok alimethidmimo, BNder obl asti ¢
aneni a, chronic, of f-therapy | eukem as, bone marrow
transpl ant or lgﬁﬁ%hgl&#glgt%iﬂgmgi}% rome; a hereditary condl tion resulting in
t he excess abSCﬂ)M]l on Bife tdlrre‘taalwyi ’fasmseijmmllaaldnepemlcpmbmah@rmm armt osi s,
or por phyrl a Cu ra1 ?chalahrodr ﬁ'edcﬁ iy grocar osnea‘rsue tr\]flaﬂt orggrurlngrs ir]e excess
dietary iron abso ari't and }fah £ TF ver eases;

| ant hani de or a:mﬁadmmleoammtr% fumi Eomorrgrtm)m acalnfsomm CGr‘(althihodlﬂnenfsQM] Besi des
bei ng useful for n treatnent,, certain c oynds a r i ons

i schosed her et M) REGS IS bt F e ey dp PR, SR BapsHin S FEBhpani on
ani mal s, exoti ccoaipriv@!front? b 4 @itionarinisal The tdrmC‘lalltgin)ﬂglef’fBé’fﬁacha caragent s, and

the Iike. Mire ref erre i ncl ude hor dogs, d cat [0222] Al l
ref erences, pat Fﬁog trgple g‘ﬁf&ﬁ“@&?ﬁﬁh@'o POSIGONS pC *Hre&yﬁ en ﬁ} &c 81’9(—?
application areshaheR¥f AIREHI PRuAE 1ﬁ§lucﬂ6’etlﬁ}ﬂlfyﬁﬁ)ﬁi@§ﬁyl&@df&yﬁ%p}tﬁfyﬁf&u@ﬁﬂel nin

their entireties. Wiere any i1nconsistencies arise, material literally
di scl osed her ei ¥ Ry #-¥) gentyn-1-yl, 3-methylbutygs k. 4pxyageyihand the Wl HodRss f or

Preparing Corrpod{ﬁ@%s[e@[?e%ﬁie@flé kM “ﬁ%@"fﬁ@slnélﬁ@énaﬂ@hﬁl@neg%lr&@s and pol ynor phs
as discl osed hereln na ornmed can be synthesized as described in
Bergeron, RJ et[0d2] é@s‘?@ﬁ “amidet’ pedsicarbamapl. re aqdigrebt alBAONEphr ot oxi ¢
Desazadesferri t&h@fﬂaﬂof Qdeyab g Emﬁ%ﬁlr&%qa@%escrlgedl\&%wg}%%edgg% pari 13)
3913-23. [0224] The fol 'owm ng nethods can be used to practice the present
i nventi on. EXPER@IREIWALOIMEHHH@BS asallbpnb&gr%lenormefleffsﬁeﬁh@stem[l 0028jdeElet screens
of (S)-3'- \B’AIPE -lr_e1ﬁ) Eal&fe%r Fnsgo %ma(lgfbrefgp‘%;— &EO g?b g%shﬁ)lvﬁ ad\er e
per f or ned manua y intypica assware t scr Xperi nents were
car ri ed out typlefiatd kereisi Hige tarni“Ti amadq”@s ua‘edzﬂlém(nﬂﬂ))nmmﬁ’@rﬁlﬁnmon refers

- (O - DADFTPE L& b O TRT i AldcB el WASHEG3RMANA! Liuped: such
as when cal ci um’an é;nesg rﬁh I‘OXI ges vvere u I|ze as 98l 1761 ner s.
Experi ment s werlerdantne beo cbmbdnaﬁ@nbmmaxesmg acf gscmb\aemﬂaecd:mhapmmg free acid
and base. Standard techni ques for the formation,and i.sql atian of salts were
Bppl Led. i nctadrHG EHP R S Eow-(5p OB 'R "R AT on o
different sol vea&b@laaﬁncv@Hﬂ((S)N?aI)es heatl ng, stirring, cooling, slow
and/ or fast ev tio tional] er at nosphere, .el ev ted and
subanbi ent tenﬁ@f‘aﬁureﬂ raﬁ}m‘t’-:‘?/a%S &t hgrin. aé‘?“GIDFVP B]rbl’ﬁﬁ‘fl?lbﬁe g use of a
slurry wheel, lIspkabvhaanqmla/pral@&ﬂd@%nceum}emaé@mrﬁh drbdnUiIRS1I QB1, and
filtration. The met hods coul d be applied t i nd sa{ts of any conmpound of

Formula |. [O0228f9AlRdwvirteyvevaigk h%ﬁoa@bﬁe%hwéwd@ﬁléﬁl enafadtdyPed by one

or nore st andartﬁe&&%ﬁb&é&ﬁ%n&l%ldﬂitﬁ@d b&(ﬁduﬁtﬁﬁallJI iRMdged nfla% SmbA¥ PR er
diffraction (XRPD), si ngﬁe crystal x-ra fraction XRD or XRD),

nucl ear nagnet i hetaresyelal leelth@l\mﬁwhlc%@%%q @Htltoyalb’ﬁab%f/lﬁlt%d and stability
testing by noi spuif SOorRidba.dasQr Rl @Brefil £1€§e$or5}ﬁ‘@$r}{l§1ha§1oﬂ’ﬂea%5f erenti al

scanning calorimetry (DSC). [0227] Throughout the experinental protocols,
the foll owi ng atebroeydligtaiansic Resjenbeontpsnle omphbvd ¢réhreprngswlicseipsusti ded f or

| e w :
Aot ovi a1 onel ANy e RO FOREHS FReEGer e (Rt Wi P S migeamvania i1

groups such as phenyl, naphthyl, anthracenyl, and phenanthryl.
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CHC13 Chloroform DEE Diethyl Ether EtOAc Ethyl Acetate EtOH Ethanol

MeOH Met hanol

MIBE Met hyl tert-butyl ether |PA |Isopropyl alcohol

| sopr opylwetzhmwoosiehl= Tet r ahydr of uran Aci d/ Base EDA Et hylpemams2aioness2

[0145] The terms “benzo” and “benz,” as used herein, alone or in combination,
refer to the divalent group C¢H4= derived from benzene. Examples include
benzothiophene and benzimidazole.

[0146] The term “carbonyl,” as used herein, when alone includes formyl [—
C(O)H] and in combination is a —C(O)— group.

[0147] The term “carboxyl” or “carboxy,” as used herein, refers to -C(O)OH or
the corresponding “carboxylate” anion, such as is in a carboxylic acid salt. An
“O-carboxy” group refers to a RC(O)O- group, where R is as defined herein. A
“C-carboxy” group refers to a —C(O)OR groups where R is as defined herein.
[0148] The term “cyano,” as used herein, alone or in combination, refers to —
CN.

[0149] The term “cycloalkyl,” or, alternatively, “carbocycle,” as used herein,
alone or in combination, refers to a saturated or partially saturated monocyclic,
bicyclic or tricyclic alkyl group wherein each cyclic moiety contains from 3 to 12
carbon atom ring members and which may optionally be a benzo fused ring system
which is optionally substituted as defined herein. In certain embodiments, said
cycloalkyl will comprise from 5 to 7 carbon atoms. Examples of such cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
tetrahydronaphthyl, indanyl, octahydronaphthyl, 2,3-dihydro-1H-indenyl,
adamantyl and the like. “Bicyclic” and “tricyclic” as used herein are intended to
include both fused ring systems, such as decahydronaphthalene,
octahydronaphthalene as well as the multicyclic (multicentered) saturated or
partially unsaturated type. The latter type of isomer is exemplified in general by,
bicyclo[1,1,1]pentane, camphor, adamantane, and bicyclo[3,2,1]octane.

[0150] The term “ester,” as used herein, alone or in combination, refers to a
carboxy group bridging two moieties linked at carbon atoms.

[0151] The term “cther,” as used herein, alone or in combination, refers to an
oxy group bridging two moicties linked at carbon atoms.

[0152] The term “halo,” or “halogen,” as used herein, alone or in combination,
refers to fluorine, chlorine, bromine, or iodine.

[0153] The term “haloalkoxy,” as used herein, alone or in combination, refers to
a haloalkyl group attached to the parent molecular moiety through an oxygen atom.
[0154] The term “haloalkyl,” as used herein, alone or in combination, refers to

an alkyl group having the meaning as defined above wherein one or more
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1, 2- EDSA 1, 2- Et hanedi sul fonic acid MSA Methanesul fonic acid NMG

N- Met hyl - D- d ucam ne NaOAc Sodi um acetate p-TSA nonohydrate

p- Tol uenewol2bmyiogi2zaci d, nonohydrate Methods CCS Crash Cweolriusgooofos@ssol ution

FC Fast cooling FE Fast evaporation FPE Fast, partial evaporation (vol une

reduction) RE
hydrogens are replaced with a halogen. Specifically embraced are monohaloalkyl,
dihaloalkyl and polyhaloalkyl groups. A monohaloalkyl group, for one example,
may have an iodo, bromo, chloro or fluoro atom within the group. Dihalo and
polyhaloalkyl groups may have two or more of the same halo atoms or a
combination of different halo groups. Examples of haloalkyl groups include
fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl, dichloromethyl,
trichloromethyl, pentafluoroethyl, heptafluoropropyl, difluorochloromethyl,
dichlorofluoromethyl, difluoroethyl, difluoropropyl, dichloroethyl and
dichloropropyl. “Haloalkylene” refers to a haloalkyl group attached at two or more
positions. Examples include fluoromethylene
(-CFH-), difluoromethylene (—CF, —), chloromethylene (—-CHCI-) and the like.
[0155] The term "heteroalkyl,” as used herein, alone or in combination, refers to
a stable straight or branched chain, or cyclic hydrocarbon group, or combinations
thereof, fully saturated or containing from 1 to 3 degrees of unsaturation, consisting
of the stated number of carbon atoms and from one to three heteroatoms chosen
from O, N, and S, and wherein the nitrogen and sulfur atoms may optionally be
oxidized and the nitrogen heteroatom may optionally be quaternized. The
heteroatom(s) O, N and S may be placed at any interior position of the heteroalkyl
group. Up to two heteroatoms may be consecutive, such as, for example, -CH,-NH-
OCHas.
[0156] The term "heteroaryl," as used herein, alone or in combination, refers to
a 3 to 7 membered unsaturated heteromonocyclic ring, or a fused monocyclic,
bicyclic, or tricyclic ring system in which at least one of the fused rings is aromatic,
which contains at least one atom chosen from O, S, and N. In certain embodiments,
said heteroaryl will comprise from 5 to 7 carbon atoms. The term also embraces
fused polycyclic groups wherein heterocyclic rings are fused with aryl rings,
wherein heteroaryl rings are fused with other heteroaryl rings, wherein heteroaryl
rings are fused with heterocycloalkyl rings, or wherein heteroaryl rings are fused
with cycloalkyl rings. Examples of heteroaryl groups include pyrrolyl, pyrrolinyl,
imidazolyl, pyrazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl,
pyranyl, furyl, thienyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
isothiazolyl, indolyl, isoindolyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
quinoxalinyl, quinazolinyl, indazolyl, benzotriazolyl, benzodioxolyl, benzopyranyl,

benzoxazolyl, benzoxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzofuryl,
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Rotary evaporation SC Slow cooling SE Slow evaporation VD Vapor
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benzothienyl, chromonyl, coumarinyl, benzopyranyl, tetrahydroquinolinyl,
tetrazolopyridazinyl, tetrahydroisoquinolinyl, thienopyridinyl, furopyridinyl,
pyrrolopyridinyl and the like. Exemplary tricyclic heterocyclic groups include
carbazolyl, benzidolyl, phenanthrolinyl, dibenzofuranyl, acridinyl, phenanthridinyl,
xanthenyl and the like.
[0157] The terms “heterocycloalkyl” and, interchangeably, “heterocycle,” as
used herein, alone or in combination, each refer to a saturated, partially unsaturated,
or fully unsaturated monocyclic, bicyclic, or tricyclic heterocyclic group containing
at least one heteroatom as a ring member, wherein each said heteroatom may be
independently chosen from nitrogen, oxygen, and sulfur In certain embodiments,
said hetercycloalkyl will comprise from 1 to 4 heteroatoms as ring members. In
further embodiments, said hetercycloalkyl will comprise from 1 to 2 heteroatoms as
ring members. In certain embodiments, said hetercycloalkyl will comprise from 3
to 8 ring members in each ring. In further embodiments, said hetercycloalkyl will
comprise from 3 to 7 ring members in each ring. In yet further embodiments, said
hetercycloalkyl will comprise from 5 to 6 ring members in each ring.
“Heterocycloalkyl” and “heterocycle” are intended to include sulfones, sulfoxides,
N-oxides of tertiary nitrogen ring members, and carbocyclic fused and benzo fused
ring systems; additionally, both terms also include systems where a heterocycle ring
is fused to an aryl group, as defined herein, or an additional heterocycle group.
Examples of heterocycle groups include aziridinyl, azetidinyl, 1,3-benzodioxolyl,
dihydroisoindolyl, dihydroisoquinolinyl, dihydrocinnolinyl, dihydrobenzodioxinyl,
dihydro[1,3]oxazolo[4,5-b]pyridinyl, benzothiazolyl, dihydroindolyl,
dihydropyridinyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-dioxolanyl, isoindolinyl,
morpholinyl, piperazinyl, pyrrolidinyl, tetrahydropyridinyl, piperidinyl,
thiomorpholinyl, and the like. The heterocycle groups may be optionally
substituted unless specifically prohibited.
[0158] The term “hydroxy,” as used herein, alone or in combination, refers to —
OH.
[0159] The term “hydroxyalkyl,” as used herein, alone or in combination, refers
to a hydroxy group attached to the parent molecular moiety through an alkyl group.
[0160] The phrase “in the main chain” refers to the longest contiguous or
adjacent chain of carbon atoms starting at the point of attachment of a group to the

compounds of any one of the formulas disclosed herein.
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IS Insufficient anount for XRPD NP No peak NS No solids Ppt
Precipitation RH Relative Humdity RT Room Tenperature VF Vacuum
filtrati omwo2¥0/0daaum oven Evaporation [0228] Sol uti ons paerus2@ensesat ed at
anbi ent tenperature upon nmxing 4'-(0OH) - DADFT-PE or 3'-(COH)-DADFT-PE with
salt fornmer of specified nolar concentration. The solutions were allowed to
evaporate to dryness froma vial either covered wth al um num f oi

contai ning pi nholey ( stiRwemyapeéatds Afed hoRin, @lonk 6f fh 2@BMBink@n, hasi not

evaporation (FE). If no solids were fornmed, additional crystallization

t echni ques wer Otherwige specifically defined, means containing from 1 to and including 6 carbon
atoms.
[0162] The terms “oxy” or “oxa,” as used herein, alone or in combination, refer
to —-O—.
[0163] The term “0x0,” as used herein, alone or in combination, refers to =0O.
[0164] The term “perhaloalkoxy” refers to an alkoxy group where all of the
hydrogen atoms are replaced by halogen atoms.
[0165] The term “perhaloalkyl” as used herein, alone or in combination, refers
to an alkyl group where all of the hydrogen atoms are replaced by halogen atoms.
[0166] The terms “thia” and “thio,” as used herein, alone or in combination,
refer to a —S— group or an ether wherein the oxygen is replaced with sulfur. The
oxidized derivatives of the thio group, namely sulfinyl and sulfonyl, are included in
the definition of thia and thio.
[0167] Any definition herein may be used in combination with any other
definition to describe a composite structural group. By convention, the trailing
element of any such definition is that which attaches to the parent moiety. For
example, the composite group alkylamido would represent an alkyl group attached
to the parent molecule through an amido group, and the term alkoxyalkyl would
represent an alkoxy group attached to the parent molecule through an alkyl group.
[0168] When a group is defined to be “null,” what is meant is that said group is
absent.
[0169] The term “optionally substituted” means the anteceding group may be
substituted or unsubstituted. When substituted, the substituents of an “optionally
substituted” group may include, without limitation, one or more substituents
independently selected from the following groups or a particular designated set of
groups, alone or in combination: lower alkyl, lower alkenyl, lower alkynyl, lower
alkanoyl, lower heteroalkyl, lower heterocycloalkyl, lower haloalkyl, lower
haloalkenyl, lower haloalkynyl, lower perhaloalkyl, lower perhaloalkoxy, lower
cycloalkyl, phenyl, aryl, aryloxy, lower alkoxy, lower haloalkoxy, oxo, lower
acyloxy, carbonyl, carboxyl, lower alkylcarbonyl, lower carboxyester, lower
carboxamido, cyano, hydrogen, halogen, hydroxy, amino, lower alkylamino,
arylamino, amido, nitro, thiol, lower alkylthio, lower haloalkylthio, lower

perhaloalkylthio, arylthio, sulfonate, sulfonic acid, trisubstituted silyl, N, SH,
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Rot ary Evaporation [0229] Sol uti ons were generated at anbient tenperature
upon mxing 4'-(0OH) - DADFT-PE or 3'-(OH)-DADFT-PE with salt former of

speci fi edwoabavoogrzncentrati on. The sol vents were then recousdoowss0sd2 a
rotary evaporator (RE) at anbient or elevated tenperature. If a film
resulted, additional crystallization techniques were used. Cooling
Experinents [0230] Sol uti ons or suspensions were generated at anbi ent or

el evated tenperstuy _@gcpmn, ODYAIICH, H,(fAmPABRIhERR, Qlrand1, 1¢wdcaDARERE - PE Wi t h
salt former of specified nolar concentration. Solutions or suspensions
prepared at antA"EATVRFE. daorBRrtEY gty PaitipRdtogtheatofort & TRedlirivy

m xtures were allsomadndnthefAarbdOWMic benAFRyRIK rilycdnbidedond -EemngR an anbi ent
stirring plate (fast cooling, FC) or turning the heating device off (slow
cooling, SC). Jwtdrepsomns farsyample éorinwllmt@derwgloma@wlmlememomtMﬁpthnﬁllmo
sol i ds were coldsahadh o BAstink BORsubivRIAL LI ZEkI@N) RN bAHES ey & used.
Vapor Diffusion [0231] %o%ti%ns were gecﬁgrgét edicgg)’anb%{]ent t enpefat ure upon
m xi ng 4' - (OH) -CMBBZI'mP@SOWIBHed((@g), ~CIADHRE Per S\nb&tﬁltsda%lttd I$vgt anywherk ispeci fied
i ar ‘concent r aj o, Sl 1B GBLINddTaR) CHER  hA\SATBLE,GR] ut i on
was pl aced uncapped in-a scintilTatron vral wth an appropriate

anti sol vent. Thae R0ited withioat quatiScdtine as vapp¢ithitandothrmbsanpd end ef t undi st ur bed
for specified amunt. of. Line. |f no sol {,ds were forned i.tional

rystatii zati o eanlnR s Sbp DB e SR R R RS S
experinment s wer‘aubssieteddsthasubsiitdict! fomak sperifistlbl ihiczddi Anlditiesdilyl djifferenfThe

sol vent was adde nd.th 1 xXtu was .t hen agitated . seal ed.vial at
abient arter sogrodiearwiik T FRRc i O i Bk oS EEE ) acuum
filtration. Apphepsici®t eheSeptighdl lsulisyituliO2¥3] bdeis gbfttdsefignlimmeniatey treated with
aliquots of test, solvents at roomtenperature  Sanples were typically

soni cat ed bet V\E%HO‘?&‘BEF CiPHEC t 8ptf°§&lﬁ5i ?%gtt‘éteé;?”é@'ol ution. Conplete dissolution
of the test mat@I7@l |Theaa®hR $0th¢ e RagpeatRLFiREdaddywiiost@humids pect i on.
Solubility was estimted based on the total volune of saqlvent used to

provi de conpl etdsignaiop) wlsspatherprse defingdarefapiopmeipyphonsy fge hyogesr than t he

val ue cal cul at egiAusclofkNRetéBAKAMRIL RlicrBsldl ddMBteRicy@QIMAtny BRGhich net i cs of
di ssolution of the material. The sol ubili tﬁ’ is exﬁ_;k)rresse as "less than" if
neietps

di ssol ution di dn#bole eierallydubstifged: heckk gad peld e pdsrataodyo b
expressed as "l '%n&ll@%ﬂﬁsti't&eadis%%ﬂeﬁthh&ﬂl. QEEMALrGH R%&ﬁf hak RGu@ggi tion of
first aliquot. X-Ray Powder Diffraction (XRPD) [0Z234] XRPD patterns were

col | ect ed usi ngleaigngtivajor XRGVIOOR gepup fincleding Rt Rand diliiwhped=, 2h3.a--Blr ved
position sensitj i AR d NC m of Cu
Ka radi ation (4é0v‘é§r\§?1€s§1§&§r1r§%n%&g@ﬁrgﬁ%o%ﬁ?%&@%g&%g&o att)e |r1]ﬂr§f eﬁeg?ﬁ{a |E ?r\%%gt a
resol uti on of th3 iRErmPrfiselectton fidmea gnoap.yShos]d @y yhlidbdn sutstimedaerder(Nl ST SRM
640c) was anal yzed to, verif h i 111 K pasiti.on. Sanples were
orepared for - aniay ¥y PSRl RngeT ket PRaT PRk T AR BRI Bt Tar es.
Each capi |l | ary ssasturpisndefialitontaoecaah ganirometieindépeadtnacithe ddfmited adeveryng dat a

acqui sition. The nonochro or slit .was set.at 5 mmb 6 and the
sl o5 were andhgoaarenr g0l bt ®e o S ape Rt e REAREN ot ed
usi ng a PANal ytimgabe akaBed to Ppaed infdidcatiod My eccupAb poditindeatchdieam of Cu Ka
radi ati on was prloducetd usi ne? a ceramc ﬁube wWith a Ion%, fi ne-focus source
and a nickel fid§BMS HR T PR ogHEre Ml ¥oheT FaPRE Y Hy the symmetric
Br agg- Br ent ano ge@imbtitalWrdup sach 8T CeOIN@)- ahpseatanitddo e pahi Hoioper at ed
spinner. Data were coll ected and anal yzed using X Pert Pro Data Col | ector
software (v. 2.9y theearban qréheiEogsAal ysis, a silicon speci men (NI ST SRM
640c) was anal y[ﬁ?ﬂl]to_)(ﬁfnhﬁéfrié A&iter exdst T REBRARIL diRbsedREeiR PALLIITEN Was
prepared as a thin, circular layer centered on a silicon zero-background
substrate. AnticcgEHtedesighptedbyip sypay R P nidepepdingiea thesorbewiiion
generated by ai g SRR hftdn HOERRN cRbbd SoMeh SndiRatt kbbbt dent and

lc
diffracted beanms to mnimze axial divergence. raction patterns were
col | ect ed usi ngneenserpreongapoillsiasepchenicd] ijomsrig rmstingluding dejterpemaic)

| ocat ed 240 1 4 ATLIAE. HASHITRD fo T AT LAy SRANDT NG AL A0 AR

[0236] Di fferential scanning calorinetr anal yses weré perfornmed using
a TA | nstrunenttherddff fliediadual steresisamers nfjcareioondsreet be prgPAODsynthatdalls dopl e was
pl aced into an al umi num DSC pan, and the weight accurately recorded. The
pan was covered with an inverted Iid and?rinped. The sanple cell was
equilibrated at -30 C and heated under a nitrogen purge at a rate of 10
C/mn, up to a final tenperature of 250 C. Indium netal was used as the
calibration standard. Thernogravimetric Anal ysis [0237] Thermogravi netric
(TG analyses were perforned using a TA Instrunments 000 and 2950

t hernogravi netric anal yzers. Each sanple was placed in an al um num sanpl e

e o, - ——— N T



100 Vapor Sorption Analyzer. Sorption and desorption data were coll ected
over a range of 5%to 95%relative humdity (RH at 10% RH i nterval s under
a nitrogewmo4aio/parge. Sanples were not dried prior to amalryrse@/oga2 | i brium
criteria used for analysis were |ess than 0.0100% wei ght change in 5
m nutes, with a maxi mumequilibration tinme of 3 hours if the weight
criterion was not net. Data were not corrected for the initial noisture
content of the gamp@siy d\la@blmlfglﬁat\eﬁmwuﬁﬁdo@ﬁn@mdl b&drt Bbyst andar ds.
Nucl ear Magnetic Resonance Spectroscopy (NVR) 0239 Sol ution 11-1-NWR
spectra were adijeRaFaign qf medees %epwtézﬁ\?a? PrRAUGINOH Y R eRpBt ¥swel #onet er .
Al sanpl es Werc%n%rﬁ&@foeaqnixﬂlréj@fﬂlﬁsfe@é%rsdﬂom&wy Spdrige (DMSO . The data
acquisition paraneters are available on the first plot of the spectrumfor
each sanpl e, priegstiplEgation chimaiegraphicdechinisiyes. dinced IPFIIECY PRABARIBFTS & f ur t her
11 ustrated by A U R RIS OF-n AN AlhfRMGol i thomice Sal ts
of (S)-3'-(0OH) -DADFT- PE %gﬁll] The rSeSllen ofép nO:bIn?]I tlea sc(l?eelr{1 o? salts of
a represent at i viartiogpauprandy @pagiculaGrre@hPRFUPEe cihe cgingereidilylapalable Tabl e
1. Approxi mat el ri &d pr oxi mat e
nolar ratio of %ﬁ?f%ﬁég% d&%ﬁ%@?fc SEE@?@%%U onlni%% dltl%%@é?ﬁ:one API
solution in !\/b()delnmasnchdtkekdsetddletfasmass@hmas gevnietrice@hdrs. SF_HeEEesm ineenerr i vap:
ot 98 et L ABRGL 0ol 028155 GRLLDH B B SRR fE "
h_yd_r oxi de API stht aipramiatermibinds thm&faddéldommyamm@oumsmbrw&lsm taftorbas,e Wit h
?eln: m i \é\ﬁ'isr E)I %Etjautome’:\r@d 1sgn%}g grle\f)rdgfldeﬁ Ibe?hlé inven 1%5 nAggltlonall'ly, thg ann%jound days:
disclosed herein can exist in unsolvated as well as solvated forms with

pharmaceutically acceptable solvents such as water, ethanol, and the like. In
general, the solvated forms are considered equivalent to the unsolvated forms.
[0172] The term “bond” refers to a covalent linkage between two atoms, or two
moieties when the atoms joined by the bond are considered to be part of larger
substructure. A bond may be single, double, or triple unless otherwise specified. A
dashed line between two atoms in a drawing of a molecule indicates that an
additional bond may be present or absent at that position.

[0173] The term “disease” as used herein is intended to be generally
synonymous, and is used interchangeably with, the terms “disorder” and
“condition” (as in medical condition), in that all reflect an abnormal condition of
the human or animal body or of one of its parts that impairs normal functioning, is
typically manifested by distinguishing signs and symptoms, and causes the human
or animal to have a reduced duration or quality of life.

[0174] The term "combination therapy" means the administration of two or
more therapeutic agents to treat a therapeutic condition or disorder described in the
present disclosure. Such administration encompasses co-administration of these
therapeutic agents in a substantially simultaneous manner, such as in a single
capsule having a fixed ratio of active ingredients or in multiple, separate capsules
for each active ingredient. In addition, such administration also encompasses use of
cach type of therapeutic agent in a sequential manner. In either case, the treatment
regimen will provide beneficial effects of the drug combination in treating the

conditions or disorders described herein.
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Base (Approximate nolar ratio of API/base) Conditions Description XRPD

Result no change. MeOH vapor stressed for 37 days. D et hanol am ne API
sol uti on wo 2Bt0Qib1zas added to base, SE/FE N2 to gel, et rer/isdadeoms0532
refrigerated for 42 days. Yellow oil in clear solution - Diethylamne (1:1)

APl solution in MeOH was added to base, SE/FE N2, centrivap: yellow gel.
Let stand 5 days: no change MeOH vapor stressed for 37 days. Yellow tacky

oi | - Ethanol anipngs]( 1: fhe phidse StBbpduaBaliyrEiiR Waserddesdgla0fhas o/ FE N2

to gel, ether adde& refrigerated for 42 days. Yellow 0|I¥ dr ops
of active ingredients used in the treatment of a disease or disorder. This amount

will achieve the goal of reducing or eliminating the said disease or disorder.

[0176] The term “chelation” as used herein means to coordinate (as in a metal
ion) with and inactivate. Chelation also includes decorporation, a term which itself
encompasses chelation and excretion.

[0177] The term “iron-clearing efficiency (ICE)” as used herein refers to the
efficaciousness of a given concentration of chelator in clearing iron from the body
or one of its organs or parts. Efficaciousness in turn concerns quantity of iron
removed from a target system (which may be a whole body, an organ, or other) in a
unit of time. Chelators are needed for three clinical situations: for acute iron
toxicity from ingestion or infusion of iron; to reduce total body iron secondary to
transfusion or excess iron absorption; for maintenance of iron balance after total
body iron has been satisfactorily reduces and only daily dietary iron needs to be
excreted. In practical terms, therefore, for chronic iron overload secondary to
transfusion, the recommendation is that between 0.3 and 0.5mg Fe/kg body weight
of the patient per day need be excreted. For the maintenance treatment, 0.25-1
mg/kg/d is sufficient.

[0178] The term “therapeutically acceptable” refers to those compounds (or
salts, polymorphs, prodrugs, tautomers, zwitterionic forms, etc.) which are suitable
for use in contact with the tissues of patients without undue toxicity, irritation, and
allergic response, are commensurate with a reasonable benefit/risk ratio, and are
effective for their intended use.

[0179] As used herein, reference to "treatment” of a patient is intended to
include prophylaxis. The term “patient” means all mammals including humans.
Examples of patients include humans, cows, dogs, cats, goats, sheep, pigs, and
rabbits. Preferably, the patient is a human.

[0180] The term "prodrug” refers to a compound that is made more active in
vivo. Certain compounds disclosed herein may also exist as prodrugs, as described
in Hydrolysis in Drug and Prodrug Metabolism : Chemistry, Biochemistry, and
Enzymology (Testa, Bernard and Mayer, Joachim M. Wiley-VHCA, Zurich,
Switzerland 2003). Prodrugs of the compounds described herein are structurally
modified forms of the compound that readily undergo chemical changes under

physiological conditions to provide the compound. Additionally, prodrugs can be
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in clear solution - Hydroxyethyl Mrpholine (1:1) APl solution in MeOH was
added to base, SE/FE N2, centrivap: yellow gel. Let stand 5 days: no change

MeOH vapowo=breemsed for 37 days. Yellow tacky oil - Hydroxystéoglososs2
Pyrrolidine (1:1) SE/FE N2, centrivap: yellow gel. Let stand 5 days: no
change MeOH vapor stressed for 37 days. Yellow tacky oil - Imdazole (1:1)

APl solution in EtOH was added to base, SE/FE N2 to gel, ether added,

refrigerated fajondettcddysec ﬁﬁbddﬁwwuhefmsm@p&omnﬁdaealethsaﬂ idtah @0vivo - Met hyl - d-
glucam ne (NM35 (1:1) APl so utlon in MeOH was added to base slurry in

MeOH, cl ear sol %W}r%tﬂnenslﬁppﬁwm e, Brofues caabe siayly edfpvedsd tOEéPmE‘f‘élﬁd"hSndays no
change MeOH vapficed il £85R88rn8l padh l@%Rir wittl d QWaBIAEKYmPlof cliemical reagent.

Prodrugs are often useful because, in some situations, they may be easier to
administer than the compound, or parent drug. They may, for instance, be
bioavailable by oral administration whereas the parent drug is not. The prodrug may
also have improved solubility in pharmaceutical compositions over the parent drug.
A wide variety of prodrug derivatives are known in the art, such as those that rely
on hydrolytic cleavage or oxidative activation of the prodrug. An example, without
limitation, of a prodrug would be a compound which is administered as an ester (the
"prodrug™), but then is metabolically hydrolyzed to the carboxylic acid, the active
entity. Additional examples include peptidyl derivatives of a compound.

[0181] The compounds disclosed herein can exist as therapeutically acceptable
salts. Such salts will normally be pharmaceutically acceptable. However, salts of
non-pharmaceutically acceptable salts may be of utility in the preparation and
purification of the compound in question. Basic addition salts may also be formed
and be pharmaceutically acceptable. For a more complete discussion of the
preparation and selection of salts, refer to Pharmaceutical Salts: Properties,
Selection, and Use (Stahl, P. Heinrich. Wiley-VCHA, Zurich, Switzerland, 2002).
[0182] The term “therapeutically acceptable salt,” as used herein, represents
salts or zwitterionic forms of the compounds disclosed herein which are water or
oil-soluble or dispersible and therapeutically acceptable as defined herein. The salts
can be prepared during the final isolation and purification of the compounds or
separately by reacting the appropriate compound in the form of the free base with a
suitable acid. Representative acid addition salts include acetate, adipate, alginate, L-
ascorbate, aspartate, benzoate, benzenesulfonate (besylate), bisulfate, butyrate,
camphorate, camphorsulfonate, citrate, digluconate, formate, fumarate, gentisate,
glutarate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate,
hippurate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate
(iscthionate), lactate, maleate, malonate, DL-mandelate, mesitylenesulfonate,
methanesulfonate, naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate,
oxalate, pamoate, pectinate, persulfate, 3-phenylproprionate, phosphonate, picrate,
pivalate, propionate, pyroglutamate, succinate, sulfonate, tartrate, L-tartrate,

trichloroacetate, trifluoroacetate, phosphate, glutamate, bicarbonate, para-
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Base (Approximate nolar ratio of API/base) Conditions Description XRPD
Result N, N -Di benzyl- ethylenediamne (1:1) 0.5 mM of APl solution in MeOH
was addedwOaotvawe120Cl ear sol ution. FE at RT. The result iPog/ugedoosnsez | was
suspended in ether. O dissolved. The clear solution was evaporated under
N2 stream The yellow oil was resuspended in hexane. Yellow gel forned.

Pl aced on a slurry wheel for 13 days at RT. Yellow oily drops in clear

solvent - N, N mﬁb@smdmteqph@pm{e@%wanc(ea;anbhteomo Masi@broff¥ ingd ution in MeOH
was added to base. Cear solution. FE at The resulting yellow oil was

dried briefly uiRawpuNs disclogdierop Wé‘rbe\ﬂé%te%&%tff“h meé{aéathdhpaopgl gdy wheel
for 13 days at §fy1 clfielilQoBinidés Fn@RRIided Eh&sY1, Sthyelbutyl, BhP&hA7I ne

sulfates; decyl, lauryl, myristyl, and steryl chlorides, bromides, and iodides; and
benzyl and phenethyl bromides. Examples of acids which can be employed to form
therapeutically acceptable addition salts include inorganic acids such as
hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic acids such as
oxalic, maleic, succinic, and citric. Salts can also be formed by coordination of the
compounds with an alkali metal or alkaline earth ion. Hence, the present invention
contemplates sodium, potassium, magnesium, zinc, and calcium salts of the
compounds disclosed herein, and the like.

[0183] Basic addition salts can be prepared during the final isolation and
purification of the compounds, often by reacting a carboxy group with a suitable
base such as the hydroxide, carbonate, or bicarbonate of a metal cation or with
ammonia or an organic primary, secondary, or tertiary amine. The cations of
therapeutically acceptable salts include lithium, sodium (e.g., NaOH), potassium
(e.g., KOH), calcium (including Ca(OH),), magnesium (including Mg(OH), and
magnesium acetate), zinc, (including Zn(OH), and zinc acetate) and aluminum, as
well as nontoxic quaternary amine cations such as ammonium,
tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine, tributylamine, pyridine,
N, N-dimethylaniline, N-methylpiperidine, N-methylmorpholine,
dicyclohexylamine, procaine, dibenzylamine, N, N-dibenzylphenethylamine, 1-
ephenamine, and N, N'-dibenzylethylenediamine. Other representative organic
amines useful for the formation of base addition salts include ethylenediamine,
ethanolamine, diethanolamine, piperidine, piperazine, choline hydroxide,
hydroxyethyl morpholine, hydroxyethyl pyrrolidone, imidazole, n-methyl-d-
glucamine, N, N'-dibenzylethylenediamine, N, N'-diethylethanolamine, N, N'-
dimethylethanolamine, triethanolamine, and tromethamine. Basic amino acids such
as l-glycine and l-arginine, and amino acids which may be zwitterionic at neutral
pH, such as betaine (N, N, N-trimethylglycine) are also contemplated.

[0184] In certain embodiments, the salts may include lysine, N-methyl glutarate
(NMG), tromethamine, calcium, magnesium, potassium, sodium, zinc, and

piperazine salts of compounds disclosed herein.
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(1:1) APl solution in EtOH was added to base solution in EtOH, SE/ FE N2
Gel, radial/dendritic clusters of w sps/needle-like particles (B/E) Unique
LC patt erwoBoioatobenol am ne (1:1) APl solution in EtOH wasTadd@d/osa3base in
EtOH, SE/FE N2 to gel, ether added, refrigerated for 42 days. Yellow oil in
clear solution _ 0.5 m of APl solution in MeOH was added to base. J ear
solution. FE at RT. The resulting yellow oil was dried briefly under N2

stream Hexane (vags)add®uhs dRLB&AheRM BaySédaibine i eaholat raflk, idlin Iadt thay's.
Yellow oily drops_in clear solvent Tronmethamne (1:1) APl solution in

Et OH was added 't 8tgaey thy gt gifialkgsypesgsdy Hoyeyer et il rawgriacd betei ger at ed
for 42 days. YeldsRiyiRide aplihROREidROARNS MBhd i0Rfin § B ¥ iRlotHeP el 8&r sol ution

otherwise. Salts shown herein may be, for the sake of convenience in notation,
shown in a 1:1 ratio; all possible stoichiometric arrangements are encompassed by
the scope of the present invention.

[0186] When the phrase “X is a counterion” is used in structural formulas I, 1T,
III, IV V, and VI herein, and neither the compound nor the counterion is drawn
showing explicit ionic character, such ionic character may be inferred and a
corresponding charges on each moicty be assumed to be present or absent. For
example, if X is a monovalent cation such as Mg(OH)', it may be inferred that the
coupled compound has lost a proton to form an ionic bond with X, despite Formula
I being drawn to explicitly show all protons in place. Similarly, when X is an
anion, the coupled compound takes on cationic character. The notation is left
intentionally ambiguous as to placement and ratios of charges since without
extensive physical characterization, such as X-ray crystal diffraction, it is often
impossible to know with certainty where on a compound a counterion has bound.
Additionally, counterions and compounds may combine in uneven molar ratios to
form solid salts.

[0187] The terms, "polymorphs" and "polymorphic forms" and related terms
herein refer to crystal forms of the same molecule, and different polymorphs may
have different physical properties such as, for example, melting temperatures, heats
of fusion, solubilities, dissolution rates and/or vibrational spectra as a result of the
arrangement or conformation of the molecules in the crystal lattice. The differences
in physical properties exhibited by polymorphs affect pharmaceutical parameters
such as storage stability, compressibility and density (important in formulation and
product manufacturing), and dissolution rates (an important factor in
bioavailability). Differences in stability can result from changes in chemical
reactivity (e.g. differential oxidation, such that a dosage form discolors more
rapidly when comprised of one polymorph than when comprised of another
polymorph) or mechanical changes (e.g. tablets crumble on storage as a kinetically
favored polymorph converts to thermodynamically more stable polymorph) or both
(e. g., tablets of one polymorph are more susceptible to breakdown at high

humidity). As a result of solubility/dissolution differences, in the extreme case,
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Base (Approximate nolar ratio of API/base) Conditions Description XRPD
Result Ca(OH)2 (1:1) Free acid prepared as a 100 ng/nL = 0.250 nmol API/ nL
st ock solwoi2or/domi2bveOH. 1. Added 2.0 nL APl sol ution t@ecClvaseomlosossy in
MeOH H20 (7.3:1, v/v), agitated 16 hours. [pH value of the salt solution
was tested: Dissolved aliquot of slurry sedinment in H20: clear, yellow pH
8/9 (pH paper); control : hazy, water-white; pH 12 (pH paper)]. 2.

Decant ed super nah@pblynossi@daditiondnsl icQd: i 0dck @6 pstBES lor, M2 the dtHer &rentel Ne,
white solids (B) Guest 1. CEntrlfug@q slurry ? above: added 2 mL ether to

0.2 nL aliquot fB¥cEprpdiiionnthe physicgbrrgpeaties Ofmlwtabméx PHIROENIE) - Ca( OH) 2
(1:1) 1. Filtersdsdi®d, foreYis 1@%@5&1@%@ iR b njgRé 11% to f8rm W&a‘les%lr ow

evapor ation under N2 overnight; rotary evaporation eam yel | ow solids, B
(unabl e to di sceieht heohifiienlt egifier and wash free of 1mpur1tles (i.e., particle shape and size

distribution might be different between polymorphs).

[0188] Described herein are various polymorphic forms such as Form A, Form
B, form C, amorphous, and the like. These terms (Form A, Form B, etc. as the case
may be) encompass polymorphs that are substantially similar to those described
herein. In this context, “substantially similar” means that one of skill in the art
would recognize the polymorphs differing insignificantly from those polymorphs as
physically characterized herein, or those polymorphs having one or more properties
described herein. By way of example, a polymorph encompassed by the term Form
A could have an X-ray powder diffraction (XRPD) spectrum which is at least 70%,
at least 80%, at least 90%, or at least 95% identical to that shown in the XRPD for
Form A. For example, the encompassed polymorph might have at least 80% of the
peaks in common with the disclosed Form A (shown in Figure 7). Alternatively, if
the XRPD spectrum is identified by only a few major peaks, the encompassed
polymorph might have major peaks at least 80% identical to those shown in an
XRPD spectrum. Alternatively, the encompassed polymorph might have an
aqueous solubility which is within 80 to 120% that shown herein.

[0189] Polymorphs of a molecule can be obtained by a number of methods, as
known in the art. Such methods include, but are not limited to, melt
recrystallization, melt cooling, solvent recrystallization, desolvation, rapid
evaporation, rapid cooling, slow cooling, vapor diffusion and sublimation.

[0190] Techniques for characterizing polymorphs include, but are not limited
to, differential scanning calorimetry (DSC), X-ray powder diffractometry (XRPD),
thermal gravimetric analysis (TGA), dynamic vapor sorption/desorption (DVS),
single crystal X-ray diffractometry, vibrational spectroscopy, e.g. IR and Raman
spectroscopy, solid state NMR, hot stage optical microscopy, scanning electron
microscopy (SEM), electron crystallography and quantitative analysis, particle size
analysis (PSA), surface area analysis, solubility studies and dissolution studies.
[0191] The term, "solvate," as used herein, refers to a crystal form of a
substance which contains solvent. The term "hydrate" refers to a solvate wherein

the solvent is water.
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Anor phous Base (Approximate nolar ratio of API/base) Conditions
Description XRPD Result L-Lysine (1:1) Free acid prepared as a 100 ng/nL =
0. 250 nmoWoAPIvaoRi2et ock solution. 1. Added 3 x 73.1 [ ecHAB2400/080532 ol
base, sonicated to obtain solution. 2. Added 2.0 nL APl solution to get
clear, gold solution, rotary wheel for - 3 days, very sl ow evaporation

overnight, rotary evaporated at 20-40 Cto get dark, anber oil. 3. Added
4.0 nL ether, rotany wheebmf, 0desdivataysolvman &s(ijs&i &rélhqweﬁ&oaaMrfogﬁ@p on
bottom FE: very vi scous, dark anber ojl / spal ? ates of tiny

aci cul ars abové‘ WI(CB/“ﬁE}Ch Camonlxaaé@d@bssreﬁ*@mg@ﬁ@o G O@a% gvatRot ary wheel
for 5 days: ?@J b' erﬁe't&‘fﬁ AnorHR0KATP &L uRi heint REQORS @n&yﬂh‘lﬁh@at ion
sites; decante evaporated residual solvenf(s) fromoil in RT vacuum
oven: viscous, @HPR %a?ﬁbétﬁnc@el 5. MeOH vapor stressed for 35 days. Yellow
tacky oil A APPFRXE AP B IBRIAT s b&etafly A { ) R}

Descri ption XRg%?9 I(rp(té 6 uBHh)ﬁ 18 {géfhte atly terﬁ'&l obcﬁ!:%? on%rdgé\tvt e

term “aqueous solubility,” and refers to the ability, and the degree of the ability, of
a compound to dissolve in water or an aqueous solvent or buffer, as might be found
under physiological conditions. Aqueous solubility is, in and of itself, a useful
quantitative measure, but it has additional utility as a correlate and predictor, with
some limitations which will be clear to those of skill in the art, of oral
bioavailability. In practice, a soluble compound is generally desirable, and the
more soluble, the better. There are notable exceptions; for example, certain
compounds intended to be administered as depot injections, if stable over time, may
actually benefit from low solubility, as this may assist in slow release from the
injection site into the plasma. Solubility is typically reported in mg/mL, but other
measures, such as g/g, may be used. Solubilities typically deemed acceptable may
range from 1mg/mL into the hundreds or thousands of mg/mL.

[0195] Solubility may be measured under varying conditions. For example, it
may be measured under conditions similar to those found in the body, such as at
gastric pH or at physiologic or near-physiologic pH. “Gastric pH” as used herein
means about pH 1. “Near-physiologic pH,” as used herein refers to the typical pH
of bodily tissues and fluids, such as blood and plasma, or cytoplasm, generally
about 7.4.

[0196] As used herein, “solid” when referring to a salt form means relatively
solid, at room temperature, and/or containing a substantial amount of solids. A
solid may be amorphous in form and/or be a solvated solid with some quantity of
residual or coordinated of solvent molecules. A crystalline salt is an example of a
solid. By way of example, a wax could be considered a solid, whereas an oil would
not be.

[0197] A “solid composition” as used herein includes a salt of a compound, or a
polymorph or amorphous solid form thereof.

[0198] While it may be possible for the compounds, salts and polymorphs
disclosed herein to be administered as the raw chemical, it is also possible to

present them as a pharmaceutical formulation. Accordingly, provided herein are
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Result Free acid prepared as a 100 ng/nL = 0.250 mmol API/ L stock

sol uti on. 1. Added 3 x 73.1 [EL H20 to 0 5 mol base, sonicated to
obt ai n sovotzommo9120L- Argi nine (1:1) 2. Added 2.0 niL APPCIalisoamwoss8p get
clear, gold solution, rotary wheel for - 3 days, very sl ow evaporation

overnight, rotary evaporated at 20-40 C to get dark, anber oil. 3. Added
4.0 nL ether, rotary wheel for 1 day: immscible |Iiquids; anber goop on
bottom Yel | ow grafkate@ichl formftiiony Wh@¥SmpdERRE 0OinbreWf tditalh prmcdses 4.

Added 0.5 nlL EtOAc, sonicated. Rotary wheel for 5 days: inmmscible Iiquids;
dark anber oil Sah%%%lrwéfdrlomfm@scl@e%b%?lat%rdm? é%%‘ﬁé’lhaf%f??})é‘ﬁ% psarcptadlt oil in

RT vacuum oven:gits, e¥brs GRMFugd &hie @ BP&Iva8R lthereof, together with one or more
pharmaceutically acceptable carriers thereof and optionally one or more other
therapeutic ingredients. The carrier(s) must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the
recipient thereof. Proper formulation is dependent upon the route of administration
chosen. Any of the well-known techniques, carriers, and excipients may be used as
suitable and as understood in the art; e.g., in Remington’s Pharmaceutical Sciences.
The pharmaceutical compositions disclosed herein may be manufactured in any
manner known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
compression processes.

[0199] The formulations include those suitable for oral, parenteral (including
subcutaneous, intradermal, intramuscular, intravenous, intraarticular, and
intramedullary), intraperitoneal, transmucosal, transdermal, intranasal, rectal and
topical (including dermal, buccal, sublingual and intraocular) administration
although the most suitable route may depend upon for example the condition and
disorder of the recipient. The formulations may conveniently be presented in unit
dosage form and may be prepared by any of the methods well known in the art of
pharmacy. Typically, these methods include the step of bringing into association a
compound or a pharmaceutically acceptable salt, ester, amide, prodrug or solvate
thereof ("active ingredient") with the carrier which constitutes one or more
accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing into association the active ingredient with liquid carriers or
finely divided solid carriers or both and then, if necessary, shaping the product into
the desired formulation.

[0200] Formulations of the compounds, salts and polymorphs disclosed herein
suitable for oral administration may be presented as discrete units such as capsules,
cachets or tablets each containing a predetermined amount of the active ingredient;
as a powder or granules; as a solution or a suspension in an aqueous liquid or a non-
aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid
emulsion. The active ingredient may also be presented as a bolus, electuary or

paste.
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Free acid prepared as a 100 ng/nL = 0.250 mol

MeOH.

(11. 3: 1, wodOepro/mgizbat ed 16 hours.
solution was tested: Dissolved aliquot of slurry sedinent
5/6 (pH paper); control: very hazy, white; pH 8 Of-white solids Guest

2.

paper)].
N2.

1. Added 2.0 nmL APl solution to base slurry in MeOH H20

Decant ed supernatant; isolated and dried solids under
[0201] Pharmaceutical preparations which can be used orally include tablets,

push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin
and a plasticizer, such as glycerol or sorbitol. Tablets may be made by compression
or molding, optionally with one or more accessory ingredients. Compressed tablets
may be prepared by compressing in a suitable machine the active ingredient in a
free-flowing form such as a powder or granules, optionally mixed with binders,
inert diluents, or lubricating, surface active or dispersing agents. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered
compound moistened with an inert liquid diluent. The tablets may optionally be
coated or scored and may be formulated so as to provide slow or controlled release
of the active ingredient therein. All formulations for oral administration should be
in dosages suitable for such administration. The push-fit capsules can contain the
active ingredients in admixture with filler such as lactose, binders such as starches,
and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. In
soft capsules, the active compounds, salts and polymorphs may be dissolved or
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers may be added. Dragee cores are
provided with suitable coatings. For this purpose, concentrated sugar solutions may
be used, which may optionally contain gum arabic, talc, polyvinyl pyrrolidone,
carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and
suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added
to the tablets or dragee coatings for identification or to characterize different
combinations of active compound doses.

[0202] The compounds, salts and polymorphs may be formulated for parenteral
administration by injection, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage form, e.g., in ampoules
or in multi-dose containers, with an added preservative. The compositions may
take such forms as suspensions, solutions or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as suspending, stabilizing and/or
dispersing agents. The formulations may be presented in unit-dose or multi-dose
containers, for example sealed ampoules and vials, and may be stored in powder
form or in a freeze-dried (lyophilized) condition requiring only the addition of the

sterile liquid carrier, for example, saline or sterile pyrogen-free water, immediately

32

APl / nL stock solution in

in H20: hazy;

MI(OH )2 (2:1) [pHprealuseooofnsiske sal t

pH
(pH



Base (Approximate nolar ratio of API/base) Conditions Description XRPD
Result Mg(OH)2 (2:1) Centrifuged slurry; added 3 nL ether to 0.2 nL aliquot
of super nadanto/ood2opreci pitation - Mg(OH) 2 (2: 1) 1. Fi lpcenmsdooomsoss2
supernatant on 0.2-um Teflon. 2. Very slow evaporation under N2 overnight,
rotary evaporated to obtain thick, brown oil. 3. Added 10 nL ether,
triturated 7 days on rotary wheel: soft, dark tan solids; cloudy, gray

super nat ant ;  walr|os td ¥ xR rip oMIRH R 1ﬁ]@&tdd|s@1um(%m@%b@ﬁton%h?b%/@r@ dred m 4.
M xed on a rotar wheel for 2 additional days, centrifuged ? broke in

centrifuge t ubefrOIPétéB\?@P%erbrg&M"}leé a1q ighlets of he dindgpeviang! ycs’ascgl ¢Br own sol i ds
Partial crystalfpbey (FRSRuMNioANIHFd dhidrd: aéﬂmﬁ@ﬁhgyﬁclilﬂ@ﬁiu%{@%ﬁ@ﬁ&r@nt (from

air evaporation) plus MeOH rinse of broken gl ass: nmbi ned, filtered on
0. 2-um Tef | on, 3WcEN &5y seld iiectiop seludws @ahR a@mépmg@}ndﬁ calomrd g). MeOH

vapor stress ed ﬂo@}rmcﬁ'éhsd@r}{r%h m\c{? lcbﬂXYntaﬁ‘t%&Ydaﬁis,l buffers, bacteriostats and solutes

which render the formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include suspending agents
and thickening agents. Suitable lipophilic solvents or vehicles include fatty oils
such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or
triglycerides, or liposomes. Aqueous injection suspensions may contain substances
which increase the viscosity of the suspension, such as sodium carboxymethyl
cellulose, sorbitol, or dextran. Optionally, the suspension may also contain suitable
stabilizers or agents which increase the solubility of the compounds, salts and
polymorphs to allow for the preparation of highly concentrated solutions.

[0204] In addition to the formulations described previously, a compound, salt,
or polymorph as disclosed herein may also be formulated as a depot preparation.
Such long acting formulations may be administered by implantation (for example
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for
example, the compounds, salts and polymorphs may be formulated with suitable
polymeric or hydrophobic materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a
sparingly soluble salt.

[0205] For buccal or sublingual administration, the compositions may take the
form of tablets, lozenges, pastilles, or gels formulated in conventional manner.
Such compositions may comprise the active ingredient in a flavored basis such as
sucrose and acacia or tragacanth.

[0206] The compounds, salts and polymorphs may also be formulated in rectal
compositions such as suppositories or retention enemas, e.g., containing
conventional suppository bases such as cocoa butter, polyethylene glycol, or other
glycerides.

[0207] Certain compounds, salts and polymorphs disclosed herein may be
administered topically, that is by non-systemic administration. This includes the
application of a compound disclosed herein externally to the epidermis or the

buccal cavity and the instillation of such a compound into the ear, eye and nose,
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- My(OH)2 (2:1) 290 ng of APl and 44.5 ng Mg(OH)2 in 13 nL of MeOH water.
My(OH)2 still persists. Heated to -45 C, stirred one day. 6 nL of water
dded. LeWwo20m/®bpio at -45 C for 3 days. Solution filterea/usghoemsossol ution
- Base (Approxi mate nol ar ratio of API/base) Conditions Description XRPD
Result Mg(OH)2 (2:1) 4 ng of My(OH)2was added to 0.25 m of APl sol ution
(200 ng/m ) in MeOH 0.75 m of MeOH added, followed by 0.1 ml of water.

Base remai ned undh &:50hyestaposhdlisey nwrsegﬁﬁ@hﬂ%tér%e BoslB¥Bam/ 1@SUAtLd I n clear
brown sol ution. Sol vent was evapor at ed under a N2 stream The brown film

was resuspendeoﬁyﬁtﬁm@taﬁgﬁmmtwl%g‘é@r%w HalsIURYPORnBERPELOMRT 4dr 4 hrs. Sol vent

decanted, soli dpffh@eusingdeliniNetoark yellow solid Anorphous My(OH) 2 (2:1)
282 ny of APl and 21.9 ng Mg(OH)2 in 10 mL of MeOH/ water. My(OH)2 still

persists. Heat d829% - 4Bprmulagpnsyspiigbloie togisy! administragpn ipshude liggdersenief t t o
stir at -45 C lefurdrép g@)’ ronwlt%lk@d} Ehdita G5 e rou dde(ikﬁ%) HeisROor Magnesi um

acetate (1:1) 27 magnesi um acet at e was to 0.25 m of API
sol ution (200 nigﬂml)lat;qm such as gels, liniments, lotions, creams, ointments or pastes, and

drops suitable for administration to the eye, ear or nose. The active ingredient for
topical administration may comprise, for example, from 0.001% to 10% w/w (by
weight) of the formulation. In certain embodiments, the active ingredient may
comprise as much as 10% w/w. In other embodiments, it may comprise less than
5% w/w. In certain embodiments, the active ingredient may comprise from 2%
w/w to 5% w/w. In other embodiments, it may comprise from 0.1% to 1% w/w of
the formulation.

[0209] For administration by inhalation, compounds, salts and polymorphs
may be conveniently delivered from an insufflator, nebulizer pressurized packs or
other convenient means of delivering an aerosol spray. Pressurized packs may
comprise a suitable propellant such as dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable
gas. In the case of a pressurized aerosol, the dosage unit may be determined by
providing a valve to deliver a metered amount. Alternatively, for administration by
inhalation or insufflation, the compounds, salts and polymorphs disclosed herein
may take the form of a dry powder composition, for example a powder mix of the
compound and a suitable powder base such as lactose or starch. The powder
composition may be presented in unit dosage form, in for example, capsules,
cartridges, gelatin or blister packs from which the powder may be administered
with the aid of an inhalator or insufflator.

[0210] Intranasal delivery, in particular, may be useful for delivering
compounds to the CNS. It had been shown that intranasal drug administration is a
noninvasive method of bypassing the blood-brain barrier (BBB) to deliver
neurotrophins and other therapeutic agents to the brain and spinal cord. Delivery
from the nose to the CNS occurs within minutes along both the olfactory and
trigeminal neural pathways. Intranasal delivery occurs by an extracellular route and
does not require that drugs bind to any receptor or undergo axonal transport.

Intranasal delivery also targets the nasal associated lymphatic tissues (NALT) and
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et hanol, sonicated, resulted in clear solution. Solvent was evaporated
under N2 stream The remaining yellow fil mwas resuspended in ether.

Soni cat edwolwiogiobi2gel | ow solid fornmed. Sol vent was decamcedis:@olosas3dri ed
under N2 stream Bright yellow solid Anorphous A subsanple of above.
Solid was resuspended in ether. Placed on a slurry wheel at RT. In progress
- Base (Approximate nolar ratio of API/base) Conditions Description XRPD

Resul t Magnesi Lu&@s&haéleyrﬁﬁh ﬂo)de;Tn mltm‘n negnediybihaaatal tionpsutrdeed to 0.25
m of APl solution (200, sonicated, resulted in clear

In
sol ution. Sol vererygkatdigh %%Stl%alem&rvewl %%I#Séawerrrﬁ@ulaéw%qﬁ&wye| | ow gel

was resus pendedcekéBrcﬁfﬁfr&%fatureS%in%Qﬁ@%traﬁishﬁﬂéthd’c?ih'af?ﬁ%a? Rbbds, fQedrehs Sol vent
was decanted, solid dried under N2 stream Brlg | ow sol i d Anor phous
KOH (1:1) have successfully reduced stroke damage, reverse Alzhe1mer s neurodegeneration,

reduced anxiety, improved memory, stimulated cercbral neurogenesis, and treated
brain tumors. In humans, intranasal insulin has been shown to improve memory in
normal adults and patients with Alzheimer's disease. Hanson LR and Frey WH, 2nd,
J Neuroimmune Pharmacol. 2007 Mar;2(1):81-6. Epub 2006 Sep 15.

[0211] Preferred unit dosage formulations are those containing an effective
dose, as herein below recited, or an appropriate fraction thereof, of the active
ingredient.

[0212] It should be understood that in addition to the ingredients particularly
mentioned above, the formulations described above may include other agents
conventional in the art having regard to the type of formulation in question, for
example those suitable for oral administration may include flavoring agents.

[0213] Compounds, salts and polymorphs may be administered orally or via
injection at a dose of from 0.1 to 500 mg/kg per day. The dose range for adult
humans is generally from 5 mg to 2 g/day. Tablets or other forms of presentation
provided in discrete units may conveniently contain an amount of one or more
compounds, salts and polymorphs which is effective at such dosage or as a multiple
of the same, for instance, units containing 5 mg to 500 mg, usually around 10 mg to
200 mg.

[0214] The amount of active ingredient that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the host treated
and the particular mode of administration.

[0215] The compounds, salts and polymorphs can be administered in various
modes, e.g. orally, topically, or by injection. The precise amount of compound
administered to a patient will be the responsibility of the attendant physician. The
specific dose level for any particular patient will depend upon a variety of factors
including the activity of the specific compound employed, the age, body weight,
general health, sex, diets, time of administration, route of administration, rate of
excretion, drug combination, the precise disorder being treated, and the severity of
the indication or condition being treated. Also, the route of administration may

vary depending on the condition and its severity.
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1. Added 2.0 nL APl solution in MeOH to base solution in MeOH (-10 ng
base/nl.), agitated 16 hours. 2. Added 10 nL ether: no precipitation. 3.
Evapor at eslooiwment2e under N2. 4. Redissolved in 1 nL Me@Hr/us200948iezrl 10 i
ether: plunmes of intense haze with a few B/E particles. Added increnental
amounts of ether to a final volunme of 4 nL: stable turbidity for - 3 h with
di ssipation/solution. 6. VSE/FE under N2 for - 4 days: clear, yellow oil.

7. Triturated 28y herInQBrtdﬁ@Ir@faMcééhﬁﬁby bégpaiphiad 15 bRshRAE abast Shiciogd S0 i ds
with N2. Bright yeIIowsollds fibrous fan _rosettes (B/E) Unlqﬁg pattern

(Form A)  Baseh? agiproyrismealte %Mxlm?ra’ﬂﬁ %?S%fbemrﬁﬁégre%) Ph@B%FF‘t‘tiC&
Description XRRR:Rrsbi dait KO (o} prblinre kh@&bPih abindsh @mﬁ@tﬁepthm?mﬁa

solution in ethyl acetate. Solution turned turbid after sonication, brown
oi | formed in yiErroRyYSTRyWH Y asmlleetprt onsei theride kifsctepappeneedby upriish! N

stream Brown Qjjo, r&ERIHEEHe YGERAEAN T dif & 1Rt irdRient 5 REAE FSioning

is depletion of essential trace minerals required by the body for proper functioning,
then it may be appropriate to administer a strong chelating agent in combination
with supplements of essential trace minerals required by the body for proper
functioning, for example zinc and magnesium, to replace those which will
inadvertently be lost to chelation therapy. Or, by way of example only, the
therapeutic effectiveness of one of the compounds described herein may be
enhanced by administration of an adjuvant (i.e., by itself the adjuvant may only
have minimal therapeutic benefit, but in combination with another therapeutic
agent, the overall therapeutic benefit to the patient is enhanced). Or, by way of
example only, the benefit of experienced by a patient may be increased by
administering one of the compounds described herein with another therapeutic
agent (which also includes a therapeutic regimen) that also has therapeutic benefit.
By way of example only, in a treatment for thalassemia involving administration of
one of the compounds described herein, increased therapeutic benefit may result by
also providing the patient with another therapeutic agent for thalassemia, for
example deferoxamine. In any case, regardless of the disease, disorder or condition
being treated, the overall benefit experienced by the patient may simply be additive
of the two therapeutic agents or the patient may experience a synergistic benefit.
[0217] Specific, non-limiting examples of possible combination therapies
include use of certain salts and polymorphs as disclosed herein with: deferasirox,
deferiprone, deferoxamine, DTPA (diethylene triamine pentaacetic acid), EGTA
(ethylene glycol tetraacetic acid), EDTA (ethylenediamine tetraacetic acid), DMSA
(dimercaptosuccinic acid), DMPS (dimercapto-propane sulfonate), BAL
(dimercaprol), BAPTA (aminophenoxyethane-tetraacetic acid), D-penicillamine,
and alpha lipoic acid.

[0218] In any case, the multiple therapeutic agents (at least one of which is a
compound disclosed herein) may be administered in any order or even
simultaneously. If simultaneously, the multiple therapeutic agents may be provided

in a single, unified form, or in multiple forms (by way of example only, either as a
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KOH (1:1) -1 eq of KOH was added to the API solution in THF. Sol ution
turned clear after sonication. Solvent was evaporated under N2 stream The
resul t i ngwbizgtwooyebl ow fil mwas resuspended in MIBE, soRrCTAtSeeh9/o5isght

yel l ow solid fornmed. Solvent was decanted, the remaining solid was dried
under N2 stream Light yellow solid In progress KOH (1:1) -1 eq of KOH was
added to the APl solution in I PA Sonicated, resulted in clear yellow

sol ution. Sol veligl )8 oENARQratse H’Il@)erOﬂé'%fﬁierﬂ%@éﬁeutT&a he nfa w tveng yel | ow
filmwas added I\/rI'BE Bright yell ow tacky solid forned on t ottom of the

vial. Stirred abulfme dpsgs i §gihdeay egmé?maﬁ Pyltiple depgs. %ﬁmﬁlmﬁmeﬁuﬁm was

added to aqueowamﬁgba%mh@huhmo%stlﬂaﬂe%gmhmﬁ@{ @fftlme's&n lﬁffr&% foven 1 day
Gel, plate-like particles, specks, elongate hexagonal % bl ades (B/ E)

Aror phous pat t epiutes Nafonr weskH (1:1) APl solution in EtOH was added to

f‘?g&ogs_ sol Ut ' 0[@2@( bafiys h bR AL, (MR Eimborrheits frovidd mchQHdY: el | ow

treatlng disorders and symptoms relating to metal toxicity in a human or animal
subject in need of such treatment comprising administering to said subject an
amount of a compound disclosed herein effective to reduce or prevent said disorder
in the subject, in combination with at least one additional agent for the treatment of
said disorder that is known in the art. In a related aspect, certain embodiments
provide therapeutic compositions comprising at least one compound disclosed
herein in combination with one or more additional agents for the treatment of
disorders and symptoms relating to metal toxicity.

[0220] Specific diseases to be treated by the compounds, compositions, and
methods disclosed herein include iron overload or mal-distribution or redistribution
of iron in the body such as atransferrinemia, aceruloplasminemia, or Fredreich’s
ataxia; transfusional iron overload such as with beta- thalassemia major and
intermedia, sickle cell anemia, Diamond-Blackfan anemia, sideroblastic anemia,
chronic hemolytic anemias, off-therapy leukemias, bone marrow transplant or
myelodysplastic syndrome; a hereditary condition resulting in the excess absorption
of dietary iron such as hereditary hemochromatosis, or porphyria cutanea tarda; an
acquired disease that results in excess dietary iron absorption such as hepatitis; and
other liver diseases; lanthanide or actinide acute poisoning or chronic overload.
[0221] Besides being useful for human treatment, certain compounds and
formulations disclosed herein may also be useful for veterinary treatment of
companion animals, exotic animals and farm animals, including mammals, rodents,
and the like. More preferred animals include horses, dogs, and cats.

[0222] All references, patents or applications, U.S. or foreign, cited in the
application are hereby incorporated by reference as if written herein in their
entireties. Where any inconsistencies arise, material literally disclosed herein

controls.
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(Approximate nol ar ratio of API/base) Conditions Description XRPD Result
Sanple (1) above was precipitated with ether to final vol. of EtOH ether
(1:40), rwornogewat2ed for 0.5 hour, decanted |iquid, RT aCcy/wse@p/osasany gl ass
(no BFTE) _ RT slurry on an orbit shaker of (2) above. Yellow oil -
Solution of (2) above refrig 0.5 hour. Kept in refrigerator for 42 days.
Clear yellow solution - Filmprecipitated from (1) above with heptane to a

final vol. of EtOH hept @eﬁeréﬂsﬁ@aencMahoasrroapfdpaﬁzlgCohﬁfouﬂa’s days. Yell ow
oil on the bottomof the vial, ear solvent phase on top THF to (1) to

a final vol of EBf&BH THF R @@)poulv@éﬁﬁom yihigh Far“éé%POIﬁB?fPWScﬂ%‘r‘kose

herein may be formed can be synthesized as described in Bergeron, RJ et al.,
“Design, Synthesis, and Testing of Non-Nephrotoxic Desazadesferrithiocin
Polyether Analogues,” J Med Chem. 2008, 51(13), 3913-23.

[0224] The following methods can be used to practice the present invention.

EXPERIMENTAL METHODS
Salt Screen Experiments

[0225] Salt screens of (S)-3'-(OH)-DADFT-PE and (S)-4'-(OH)-DADFT-PE,

shown below,

/O\/\O/\/O\/\O

%, “OH
S ’ (S)-3'-(OH)-DADFT-PE

OH
H3CO/\/O\/\O/\/O

wCH3

S\>\ CO0" (S)-4'-(OH)-DADFT-PE
were performed manually in typical glassware. Salt screen experiments were
carried out typically using a 1:1 ratio of 4’-(OH)-DADFT-PE or 3’-(OH)-DADFT-
PE to salt former. A ratio of 1:2 was occasionally used, such as when calcium and
magnesium hydroxides were utilized as salt formers. Experiments were conducted
by direct mixing of solvent containing free acid and base. Standard techniques for
the formation and isolation of salts were applied, including but not limited to:
solution in and addition of different solvents at various rates, heating, stirring,
cooling, slow and/or fast evaporation, optionally under N, atmosphere, elevated and
subambient temperature, rotary evaporation, slurry formation and use of a slurry
wheel, isolation and workup of supernatants, trituration, and filtration. The
methods could be applied to find salts of any compound of Formula 1.
[0226] Following isolation, salts were then characterized by one or more
standard techniques including but not limited to x-ray powder diffraction (XRPD),

single crystal x-ray diffraction (SC-XRD or XRD), nuclear magnetic resonance
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Clear yellow solution - Toluene to (1) to a final vol. of EtOH toluene
(1:50), kept in a freezer for 57 days. Small anount of oily precipitate in
a cl ear ywblow/mgi2ati on. A few birefringent specks. - NeCHUS2002)050882 an API
solution in EtOH was added 1, 4-di oxane to a final vol. of 1:50 (EtOH 1, 4-
di oxane), SE in a fune hood. Yellow oil - NaOH (1:1) To an APl solution in
Et OH was added ether. Refrigerated for 15 days. Fine needles in dense

rosette clustersMB) sshiii) 884 g uaseailigiesR@assadoitlifdgionaedrdtoht rat i on
stress analysis and differential scanning calorimetry (DSC).
[0227] Throughout the experimental protocols, the following abbreviations may

be used. The list below is provided for convenience and is not intended to be

inclusive.
Type Abbreviations/Acronyms Full Name/Description
ACN Acetonitrile
CHClLs Chloroform
DEE Diethyl Ether
EtOAc Ethyl Acetate
Solvent EtOH Ethanol
MeOH Methanol
MTBE Methyl tert-butyl ether
1IPA Isopropyl alcohol
IPE Isopropyl ether
THF Tetrahydrofuran
EDA Ethylenediamine
1,2-EDSA 1,2-Ethanedisulfonic acid
Acid/Base MSA Methanesulfonic aci‘d
NMG N-Methyl-D-Glucamine
NaOAc Sodium acetate
p-TSA monohydrate p-Toluenesulfonic acid, monohydrate
CCS Crash Cooling of a solution
FC Fast cooling
FE Fast evaporation
FPE Fast, partial evapqration
Methods (volume reduction)
RE Rotary evaporation
SC Slow cooling
SE Slow evaporation
VD Vapor diffusion
DSC Differential scanning calorimetry
‘ NMR Nuclear magnetic resonance
Techniques spectroscopy
TGA Thermogravimetric analysis
XRPD X-ray powder diffraction
Other AP Actlve4gléén%at§2n])c§}r{r§%ed1ent
B\E Birefringence/extinction
IS Insufficient amount for XRPD
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Et OH et her to above, FE under N2. Yell ow gel Anorphous Base (Approxi mate
nolar ratio of API/base) Conditions Description XRPD Result Base solution
to above.wBebroigerat ed for 15 days. Yellow precipitate ®oTtuseodosdsem of the
vial. Solvent decanted, solid dried under N2 stream d assy yellow solid

Anor phous NaOH (1:1) 1. Added 2.0 nL APl solution in MeOH to base solution
in MeOH (-9 ng base/nL), m xed on a rotary wheel for 16 hours. 2. Added 10

nmL ether: no pecipitat i"(n)n.. 3. Iﬁyapprat ed sql vents U%%Eaﬂ,\ﬁ to - 1 pi;
repeated dilutjon with 20 mC et hgg et stajd overni gt '0,1121' gar sotut] on
with a few tiny particlles—{B—Er—tet—standP—15—h:—no charnge—4-
Evapor at ed sol vents under N2 TaP‘ID(iy, anher ilm - di)ﬂ?ﬁlmlﬂﬂ 3.3 ny of
solid from above to MeQH vapor sRHess. Relative Humidity

RT Room Temperature

VF Vacuum filtration

VO Vacuum oven

Evaporation

[0228] Solutions were generated at ambient temperature upon mixing 4’-(OH)-
DADFT-PE or 3’-(OH)-DADFT-PE with salt former of specified molar
concentration. The solutions were allowed to evaporate to dryness from a vial either
covered with aluminum foil containing pinholes (slow evaporation, SE) or left open
for fast evaporation (FE). If no solids were formed, additional crystallization

techniques were used.

Rotary Evaporation

[0229] Solutions were generated at ambient temperature upon mixing 4’-(OH)-
DADFT-PE or 3’-(OH)-DADFT-PE with salt former of specified molar
concentration. The solvents were then removed using a rotary evaporator (RE) at
ambient or elevated temperature. If a film resulted, additional crystallization

techniques were used.

Cooling Experiments

[0230] Solutions or suspensions were generated at ambient or elevated
temperature upon mixing 4’-(OH)-DADFT-PE or 3’-(OH)-DADFT-PE with salt
former of specified molar concentration. Solutions or suspensions prepared at
ambient were warmed up for further treatment. Resulting mixtures were allowed to
cool down to ambient by placing them on an ambient stirring plate (fast cooling,
FC) or turning the heating device off (slow cooling, SC). Solids formed were
isolated by vacuum filtration. If no solids were collected, additional crystallization

techniques were used.
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"feather" plunmes (B/E) In progress Subjected 3.6 ng of solid from above to
et her vapor stress. Anber gel filmlIn progress NaOH (1:1) To 0.5 ml of API
sol uti on wo 2MeQigbizas added 1 N NaCH in water. C ear sol ecirars2o0Bs@&t2 RT. The
resulting yellow oil was dried briefly under N2 stream Ether was added.

Pl aced on a slurry wheel at RT for 13 days. Solvent was decanted, the
remai ni ng gel was dried under N2. Resulted in tacky gel. Birefringent fine
needl es in tackyagaebiffisail ed to collect) - Base (Approxinmate nolar ratio
of APl /base) Conditions Description XRPD Result NaOH (1:1) To 0.5 m of API
solution in Et d%\lés a%%@wnw&m&ev%{ﬁtéﬁﬁt agpbicab feyeIREes-PPog g daffdiiat ed at

RT while stirripg@prT®gdie’ J(@ﬁ}lbwlﬁq It%ahgalw%hh&\@f@pehﬂe@%lowded et her.
Continued to stir at RT for 3 days. Tagvé | ow sh br own preC|p|tate

attached to t hecopeaniratignpfhe vial (wwally &4r mlthmmsaa@@éﬁ%uganwmw was

uncapped in a 20 mL scintillation vial with an appropriate antisolvent. The 20 ml
vial was then capped and the sample left undisturbed for specified amount of time.

If no solids were formed, additional crystallization techniques were used.

Slurry Experiments

[0232] Slurry experiments were used as an additional crystallization technique.
The solvent was added and the mixture was then agitated in a sealed vial at
ambient. After a given amount of time, the solids were isolated by vacuum

filtration.

Approximate Solubility

[0233] Weighed samples were treated with aliquots of test solvents at room
temperature. Samples were typically sonicated between additions to facilitate
dissolution. Complete dissolution of the test material in each solvent was
determined by visual inspection. Solubility was estimated based on the total volume
of solvent used to provide complete dissolution. The actual solubility may be
greater than the value calculated due to the incremental addition of solvent and
kinetics of dissolution of the material. The solubility is expressed as “less than™ if
dissolution did not occur during the experiment. The solubility is expressed as “less

than” if dissolution occurred after the addition of first aliquot.

X-Ray Powder Diffraction (XRPD)

[0234] XRPD patterns were collected using an Inel XRG-3000 diffractometer
equipped with a curved position sensitive detector with a 26 range of 120°. An
incident beam of Cu Ka radiation (40 kV, 30 mA) was used to collect data in real
time at a resolution of 0.03° 26. Prior to the analysis, a silicon standard (NIST SRM
640c) was analyzed to verify the Si 111 peak position. Samples were prepared for
analysis by packing them into thin-walled glass capillaries. Each capillary was

mounted onto a goniometer head and rotated during data acquisition. The
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added, yellow sh brown solid forned. Vacuum filtered. Solid deliquesced on
the paper filter. Small amount of remaining solid in the vial was dried
under N2 woreswmooBor ef ri ngent specks in yell ow sh brownpsoltsdoodwsrsphous
NaOH (1:1) To 0.25 m of APl solution in MeOH was added 1 equival ent of
solid NaOH, resulted in dark brown solution. The sol vent was evaporated
under N2 stream and the resulting brown fil mwas suspended in ether.

Yel | owi sh_br ownmsRch@mbi Bdvas {RQt §HSPBNEI0Q M, Wag tHeWhhpiey wiiex8dyRD f& sl urry
wheel at RT for_1 day. Solvent was decanted, the remaining solid was dried

under N2 streamVyeionéwi sh brown solid (free-flow powder) Anorphous Base

(Appr oxi mat e npagsir at KRpO had¥ehd V&S 8d11ccRMdiihé #PA &1 XAtk XRPD Resul t
NaOH (1:1) To 0.5 m of API solution in THF was added 1 equival ent of solid

NaOH, resul t ed difragigritepr/gvincident ieanbpl Corke raditipe was keducsd apjag acedmisnder N2
stream and the,pesi b g, MOl sbirt $RS: Iﬁaépﬁl'f@?ﬂle'éﬁffﬁ&%émr Wil | ow sh

brown solid fornmed. The Suspension was further m xed on a slurry wheel at
RT for 1 day. Swhiigued ware tesamede Brage-Bremanorgicogetsotvitia walsctebnistage under N2

stream Dark yealnld%%ﬁlnally operated spinner. Data were collected and analyzed using X'Pert
Pro Data Collector software (v. 2.2b). Prior to the analysis, a silicon specimen
(NIST SRM 640c) was analyzed to verify the Si 111 peak position. The specimen
was prepared as a thin, circular layer centered on a silicon zero-background
substrate. Anti-scatter slits were used to minimize the background generated by air
scattering. Soller slits were used for the incident and diffracted beams to minimize
axial divergence. Diffraction patterns were collected using a scanning position-

sensitive detector (X'Celerator) located 240 mm from the specimen.

Differential Scanning Calorimetry

[0236] Differential scanning calorimetry (DSC) analyses were performed using
a TA Instruments differential scanning calorimeter Q2000. Each sample was placed
into an aluminum DSC pan, and the weight accurately recorded. The pan was
covered with an inverted lid and crimped. The sample cell was equilibrated at -30
°C and heated under a nitrogen purge at a rate of 10 °C/min, up to a final

temperature of 250 °C. Indium metal was used as the calibration standard.

Thermogravimetric Analysis

[0237] Thermogravimetric (TG) analyses were performed using a TA
Instruments Q5000 and 2950 thermogravimetric analyzers. Each sample was placed
in an aluminum sample pan and inserted into the TG furnace. The furnace was
heated under nitrogen at a rate of 10 °C/min, up to a final temperature of 350 °C.

Nickel and Alumel were used as the calibration standards.

Moisture Sorption Analysis

[0238] Moisture sorption/desorption (DVS) data were collected on a VTT SGA-

100 Vapor Sorption Analyzer. Sorption and desorption data were collected over a

range of 5% to 95% relative humidity (RH) at 10% RH intervals under a nitrogen
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brown solid Amorphous NaOH (1:1) To 0.25 ml of API solution in | PA was
added 1 equivalent of solid NaOH, followed by 0.05 m of water, resulted in
cl ear solwbi2om/00dize sol vent was evaporated under N2 st r eamusand/osdse2
resulting yellow fil mwas suspended in ether. Light yellow solid formed.

Sol vent was decanted, and the remaining solid was dried under N2 stream

Li ght brown solid Anmorphous NaOH (1:1) To 0.25 m of API solution in ACN

was added 1 equivv@l 8ithpief wsehbiciriNaGHor th ahdipie dqlyibliud eritetia @ed et er

resulted in clear solution. The so ent was evapor at ed under N2 strean1 and
the resulting yaél{dlyé‘\?\/wﬂellﬁﬁs\ﬂﬁ’éloéu%éﬂﬁé&i“Flﬁné% mimpies NIt 2Paiigel  f or med.

The vial was capp@@ratish Hint o8 hérs BThef\% 1k cAl@Yion FhEAdt nRP DN cWast decant ed,
and the remaining gel was dried under hé stream Brlght ellow solid

Anorphous  Base@rieagpion dicrsitial masstaie coatentol e sappleh A% he veigmsed

Descri ption XRPD Rasitd, Maghi{1:1) A solution of 29.2 nmg/nlL of NaOH in
met hanol was

Nuclear Magnetic Resonance Spectroscopy (NMR)

[0239] Solution 1H-NMR spectra were acquired at SSCI with a Varian
uNITY/NOVA-400 spectrometer. All samples were prepared in deuterated dimethyl
sulfoxide (DMSO). The data acquisition parameters are available on the first plot of
the spectrum for each sample, presented in the data section.

[0240] The invention is further illustrated by the following examples.

EXAMPLE 1
Attempts to Produce Salts of (S)-3'-(OH)-DADFT-PE

[0241] The results of an initial screen of salts of a representative compound,
(S)-3'-(OH)-DADFT-PE, are given below in Table 1. Approximately 52

experiments were performed.

Table 1.
Base
(Approximate o o e XRPD
molar ratio of Conditions Description Result
API/base)
API solution in MeOH was
added to base solution in
MeOH, SE/FE N,, centrivap:
. yellow gel with dendridic . i
Betaine rosettes/splinters: B/E. Let Yellow tacky oil
stand 5 days: no change;
MeOH vapor stressed for 37
days.
API solution in MeOH was
Choline added to aqueous solution of
hvdroxide base with minimal water, Yellow tacky oil -
Y SE/FE N, centrivap: clear,
auburn gel. Let stand 5 days:
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used | yophilization of a solution in t-butyl alcohol. (1) yellow solids -
exposure of (1) to anbient air (-57% RH) for a few m nutes solids

del i quescwd 20m/m9ieel | ow oil _  evaporation of a sol uti orcofUusedop/050532 ol uene
In progress - slurry of (1) in pentane In progress - slurry of (1) in 1:1

ethyl ether:pentane In progress - NaOH (1:1) A solution of 29.2 ng/nL of
NaOH i n nmet hanol was used 1. Dissolved starting material in ethyl ether,
dried with anfydrogs sodirfim surfate and TrTtered.
ase
(Approximate . . XRPD
molar ratio of Conditions Description Result
API/base)
no change. MeOH vapor
stressed for 37 days.
API solution in EtOH was
Dicthanolamine added to base, SE/FE N to gel, Yellow oil in i
ether added, refrigerated for 42 clear solution
days.
API solution in MeOH was
Dicthylamine added to base, SE/FE N,
(f" 1 centrivap: yellow gel. Let stand | Yellow tacky oil -
' 5 days: no change MeOH
vapor stressed for 37 days.
API solution in EtOH was
Ethanolamine | added to base, SE/FE N to gel, | Yellow oily drops i
(1:1) cther added, refrigerated for 42 | in clear solution
days.
API solution in MeOH was
Hydroxyethyl | added to base, SE/FE Ny,
Morpholine centrivap: yellow gel. Let stand | Yellow tacky oil -
(1:1) 5 days: no change MeOH
vapor stressed for 37 days.
Hydroxyethyl SE/FE Ny, centrlvap:‘ yellow
Pyrrolidine gel. Let stand 5 days: no Yellow tacky oil -
y (1:1) change McOH vapor stressed Y
’ for 37 days.
API solution in EtOH was
Imidazole added to base, SE/FE N, to gel, | Yellow oily drops i
(1:1) cther added, refrigerated for 42 | in clear solution
days.
API solution in MeOH was
N-Methyl-d- | added to base slurry in MeOH,
glucamine clear solution. SE/FE N,, . i
(NMG) centrivap: yellow gel. Let stand Yellow tacky oil
(1:1) 5 days: no change MeOH
vapor stressed for 37 days.
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2. Added 1 eq.

of met hanolic NaOH and enough net hanol
3. Allowed solution to evaporate at

provide a clear solution.

from an omerrowi@mbize( 1) Tacky,

yel | ow mat eri al

to the filtrate to
roomtenp

Sl ur r y paft/ustyoviosossol uene

at 40 CIn progress crystalline solids (B/E) enbedded in yellow oil -
1. Dissolved

(1:1) A solution of 29.2 ng/nL of NaCH i n net hanol

was used

NaOH

he

starting material in toluene. 2. Added 1 eq of nethanolic NaOH 3. Renoved
met hanol and \at erlFb azeptroprc distriTatron. [ 4. Added heptane to t
war m t ol uene :>0(IA%mXimgtréd al | oned t o. .cool I n pnogr esso - XRPD
. Conditions Description
molar ratio of Result
API/base)
0.5 ml of API solution in
MeOH was added to base.
Clear solution. FE at RT. The
resulting yellow oil was
) suspended in ether. Oil
gl’l}ljéilggzﬁé dissolved. The clear solution | Yellow oily drops ]
(1:1) was evaporated under N, in clear solvent
' stream. The yellow oil was
resuspended in hexane.
Yellow gel formed. Placed on
a slurry wheel for 13 days at
RT.
0.5 ml of API solution in
MeOH was added to base.
N, N'-Diethyl- | Clear solution. FE at RT. The .
. . . . Yellow oily drops
cthanolamine resulting yellow oil was dried el Ivent -
(1:1) briefly under N, stream. Ether fh cleat solven
was added. Placed on a slurry
wheel for 13 days at RT.
Gel,
. . API solution in EtOH was radial/dendritic .
Piperazine . Unique LC
(1:1) added to base solution in ' clusters of ‘ pattern
EtOH, SE/FE N, wisps/needle-like
particles (B/E)
API solution in EtOH was
added to base in EtOH, SE/FE Yellow oil in
N> to gel, ether added, clear solution )
refrigerated for 42 days.
Triethanolamine 0.5 ml of API solution in
(1:1) MeOH was added to base.
’ Clear solution. FE at RT. The
resulting yellow oil was dried | Yellow oily drops
briefly under N, stream. in clear solvent )
Hexane was added. Placed on
a slurry wheel at RT for 13
days.
API solution in EtOH was Yellow oil
Tromethamine | added to base in EtOH, SE/FE attached to the
(1:1) N, to gel, ether added, wall of the vial in )

refrigerated for 42 days.

clear solution

45



Base (Approximate nolar ratio of API/base) Conditions Description XRPD
Result Zn(OH)2 (1:1) Added 2.0 nmL API solution in MeOH to base slurry in
MeOH H20 we:2a10/00912), agitated 16 hours: clear, pal e yel lpowuscepiososszth - 10
smal |, opaque chunks (B). Let stand - 2 days; isolate solids. Massive white
solids: small acicular clusters and rosettes (B/E) Unique pattern Miin
supernatant: second crop after - 4 days. Pale yellow solids: mx of small

acicul ars and[f1br %s Sang pattern as Ist crop| Added - I nf ether tqd 0.2
mL al i quot of s(x%le)mé&lgtrét Massi ve. .gel -li ke ¢on wal l S; B ppt XRPD
. Conditions Description
molar ratio of Result
API/base)

Free acid prepared as a 100
mg/mL = 0.250 mmol API/mL
stock solution in MeOH.

1. Added 2.0 mL API solution
to base slurry in MeOH/H,0
(7.3:1, v/v), agitated 16 hours.
[pH value of the salt solution

was tested: Dissolved aliquot 2'.6 mg;‘ﬁne, Guest
. . i white solids (B)
Ca(OH), of slurry sediment in H,O:
(1:1) clear, yellow; pH 8/9 (pH
paper); control : hazy, water-
white; pH 12 (pH paper)].
2. Decanted supernatant;
isolated and dried solids under
Na.
1. Centrifuged slurry of above; .
added 2 mL ether to 0.2 mL Florzz?l?tr;t{e\z]gl)‘[e -
aliquot of supernatant. precip
1. Filtered main supernatant on
0.2-um Teflon C'ream yellow
Ca(OH), ’ : . solids, B (unable
] 2. Very slow evaporation under . Amorphous
(1:1) N, overnight; rota to discern
2 gL, rotaty morphology)

evaporation.
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with areas of E - Zn(OH)2 (2:1) 6 ng of zinc hydroxide was suspended in a

m xture of MeOH water (80:20, v/v).
MeOH was wodden)/ie120he suspensi on.
at RT for 2 days.

0.25 m of

Sol vent was evapor at ed under

API

solution (200 ng/m)
Sol ution turned cl ear pafrtuseongiozosay. Kept
N2 stream The resulting

in

yell ow fil mwas suspended in ether, placed on a slurry wheel at RT for 1
day. Solvent was decanted, the remaining solid was dried under N2 stream
Yel | ow solid Anorphous ase (Approxinate nolar ratl o of API/ base)
Condi ti ons De<>cr| #%6n XRPD Result zn(OH)2 (2:1) 0.25 m of |AP sgl utfi on
(200 ng/m) ih BPOFPWLACahded t o Conamiond zi nc hydDesdripeionO. 25 ﬁ%‘& Ht OH
was added subscBelani? OfSDni cated, the resulting turbid sol §iti 8f"Was [pl aced
on a slurry vvheeiﬂ)é(\!f’a fpr 1 day. SoI vent was|evapor at ed umpder N2 st|ream
The resulting|yellow film mgaaal Qsalﬂ)oet her. C ear sol Gition decgnted,
the remai ning|solid was d P%.?:n Li ght yellow|solid and dark
yel | ow gel Ampr phous Zn(O%gz A I%ul r'% APl solution (200 ng/ mM{) in
| PA was added|to -7 ng of wardeh rﬁxll 3[1(9 25(m of I PA ang 0.05 m |of
wat er were adgded subsequen g %n %&gse at'e fdresulted in clear|solution.| FE at
RT. To the resulting yellp tamni;olutmn HOE8G & he. Place on a|slurry whieel at
RT. 2. Added 2.0 mL API solution

to get clear, gold solution,

rotary wheel for ~ 3 days, very

slow evaporation overnight,

rotary evaporated at 20-40 °C

to get dark, amber oil.

3. Added 4.0 mL ether, rotary

L-Lvsine wheel for 1 day: immiscible
(1}"1) liquids; amber goop on bottom; | Yellow tacky oil

FE: very viscous, dark amber
oil / small aggregates of tiny
aciculars above oil (B/E).

4. Added 0.5 mL EtOAc,
sonicated. Rotary wheel for 5
days: immiscible liquids; dark
amber oil with possible
nucleation sites; decanted
EtOAc, evaporated residual
solvent(s) from oil in RT
vacuum oven: viscous, dark
amber gel.

5. MeOH vapor stressed for 35
days.
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In progress - Zn(OH) 2 (2:1) 0.25 m of API
added to -7 ng of zinc hydroxide.
added subsequewiobyzo Soni cat ed,
was added et her.
Base (Approxi mate nol ar

resulting yel
progress -

ow gel

resulted in clear

solution (200 nmg/m)
0.25 m of ACN and 0.05 ml of water were
sol ut i eaT/ISENAWSER32 To t he
Pl ace on a slurry wheel
rati o of API/base) Conditions

at RT.

in ACN was

In

Description XRPD Result Zn Acetate (1:1) 24 ng of zinc acetate was added to

0.25 m of AP
foll owed by 01
set up for FE
Sol vent was d¢
sol i d Anor phol

solﬁtlon (

B wa
ir‘ﬁﬁl?é"é??#f%
is 2RURass) at(:a

P00 ng/ m ) 1 n NEOH. O]
br. Zinc acetate di ssg
esul ti @nyiglohow oi | \
remai ni ng solid drieg

2o m ot MO
bl ved. The cl 4
\as Desesipsipandéed
I under N2. Lig
acetate was

H added,

bar s)}E;Jtl

1dded to (.

of APl sol uti

bn (200 ng/ m

L-Arginine

(1:1)

(1:1) 12 ng of zinc
)

in
Free acid prepared as a 100
mg/mL = 0.250 mmol API/mL
stock solution.
1. Added 3 x 73.1 uL. H,O to
0.5 mmol base, sonicated to
obtain solution.
2. Added 2.0 mL. API solution
to get clear, gold solution,
rotary wheel for ~ 3 days, very
slow evaporation overnight,
rotary evaporated at 20-40 °C
to get dark, amber oil.
3. Added 4.0 mL ether, rotary
wheel for 1 day: immiscible
liquids; amber goop on bottom;
FE: viscous, amber oil with B
particles.
4. Added 0.5 mL EtOAc,
sonicated. Rotary wheel for 5
days: immiscible liquids; dark
amber oil; decanted EtOAc,
evaporated residual solvent(s)
from oil in RT vacuum oven:
viscous, dark amber gel.

Yellow tacky oil

Mg(OH),
(2:1)

Free acid prepared as a 100
mg/mL = 0.250 mmol API/mL
stock solution in MeOH.

1. Added 2.0 mL API solution
to base slurry in MeOH/ H,O
(11.3:1, v/v), agitated 16 hours.
[pH value of the salt solution
was tested: Dissolved aliquot
of slurry sediment in H,O:
hazy; pH 5/6 (pH paper);
control: very hazy, white; pH 8
(pH paper)].

2. Decanted supernatant;
isolated and dried solids under
Na.

Off-white solids

Guest
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MeOH. Zinc acetate dissolved. The clear solution was set up for
was resuspended in ether.

The resul ting

t he remaiwongigobi2d dri ed under

yel | ow oi |

FE at

RT.

Sol vent was decant ed,
N2. Bright yell ow soli dpramarspéensosin( OF) 2

(2:1) M(OH2 (2:1) 7 ng of zinc hydroxide and 4 ng of magnesi um hydr oxi de

were added to 0.25 m of API

after

solution (200 nmg/m)
m xi ng. The suspensi on was further

m xed on a slurry wheel

for

days. Brown s¢
vial. The sol
was suspended|i
decanted, the
Anor phous B:

Dl Ut | Wlth

<2\t %%mgtveﬁ
e ot

hs e A KB |

smal |
bor at ed under
ght yeldoawitipaywdery s
splid was dried under

at e nol ar

anount of precl
N2 stred

rati o of Al

(
r

prtate on thg
him  The resul i
| | Dedcpiphion.
N2 stream Li (
Pl / base) Condi

$ol

D

"

bottom g

it

tions

Description Xi
and 4 ng of m
mg/m) in THF
further m xed

RPD Result Z
gn&&g(PRhy df
Sol@tlon r

oh—a el III"I"\I

qé%ﬁlgé@slﬂr}y YadeGH) 8L
Qﬁérqgo\ﬁ%@al deg to
Hﬁ ot Ur bi after

vvvvvv at—RTF 'Fnr

(¢

q

$oni
3 d:\\

2:1) 6 ng of
- Ro ?ecfﬁftatﬁﬁl

atiron. TIi

S rnelllfnrl |

zi nc hydr
sol ution
e m xture

al r\l eat

sol ution. The
filmwas susps
decanted, the
free fl ow

sol vent was
bnded in eth
remai ni ng s

Mg(OH),
(2:1)

evapor at ed under N2
et File¢d oo stpehragahors
p0.2gunwdeladr i ed under
2. Very slow evaporation under
N, overnight, rotary evaporated
to obtain thick, brown oil.
3. Added 10 mL cther,
triturated 7 days on rotary
wheel: soft, dark tan solids;
cloudy, gray supernatant; walls
have B/E where spatula made
contact with tan film.
4. Mixed on a rotary wheel for
2 additional days, centrifuged:
Vial broke in centrifuge tube.
Recovered brown solids, air-
dried: ~0.08 g.

9

(
r

,tream The r ¢
bl i d forned.
N2 stream Yel

Brown solids

$ol vent wd

bsul ting b

| owi sh br

Partial
crystalline
(Form A)

Mg(OH),
(2:1)

Residue from supernatant
(from air evaporation) plus
MeOH rinse of broken glass:
combined, filtered on 0.2-pm
Teflon, Ny-evaporated to
produce dark amber gel
(0.0774 g). MeOH vapor
stressed for 35 days.

Yellow tacky oil

Mg(OH),
(2:1)

290 mg of API and 44.5 mg
Mg(OH), in 13 mL of
MeOH/water. Mg(OH), still
persists. Heated to ~45 °C,
stirred one day. 6 mL of water
added. Left to stir at ~45 °C
for 3 days. Solution filtered.

Clear solution
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powder Form A Disordered My salt Zn(OH)2 (2:1) My(OH)2 (2:1) 6 ng of zinc
hydr oxi de and 4 ng of magnesi um hydroxi de were added to 0.5 nm of API
sol uti on WwoQ01mmoreh) i n et hanol. Sol ution remained turbipdTafSR@w/0s@332 cat i on.
The m xture was further mxed on a slurry wheel at RT for 3 days. Wite
fine powdery precipitate in yellow solution. The sol vent was evapor at ed
under N2 stream The resulting yellow fil mwas suspended in ether. Light
yel l ow solid for . _Sol VENt was decanted, the[remalning solrd was drl|i ed
under N2 stream, Y&l*fow splid Anorphous + My(OH) 2 peaks  Base rdxi mat e
mol ar ratio of (AIBPY‘B%'%?? Condi t i QeadiBeasr i ption XBeRripeshl t Zniiéiﬁ?g (14: 1)

e

My(OH) 2 (4: 1) | 3T BteAfnE hydroxi de and 2 ng of magnesi um hyd wer e
added to 0.5 m VR#€) so| ution (100 mg/m) in

4 mg of Mg(OH), was added to
0.25 ml of API solution (200
mg/ml) in MeOH. 0.75 ml of
MeOH added, followed by 0.1
ml of water. Base remained
undissolved. Slurry wheel at
Mg(OH), RT for 4 days, resulted in clear

2:1) brown solution. Solvent was
evaporated under a N, stream.
The brown film was
resuspended in ether. Placed
on a slurry wheel at RT for 4
hrs. Solvent decanted, solid
dried under N,.

Dark yellow solid | Amorphous

282 mg of API and 21.9 mg
Mg(OH), in 10 mL of
MeOH/water. Mg(OH), still
persists. Heated to ~45 °C, Clear solution -
stirred one day. 5 mL of water
added. Left to stir at ~45 °C
for 3 days. Solution filtered.

Mg(OH),
(2:1)

27 mg of magnesium acetate
was added to 0.25 ml of API
solution (200 mg/ml) in
ethanol, sonicated, resulted in
clear solution. Solvent was
) evaporated under N stream.
Magnesium | The remaining yellow film was
acctate resuspended in ether.

(1:1) Sonicated, bright yellow solid
formed. Solvent was decanted,
solid dried under N, stream.

Bright yellow

solid Amorphous

A subsample of above. Solid
was resuspended in ether. In progress -
Placed on a slurry wheel at RT.
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et hanol .

resulting yel

Sol vent was decant ed,
Yel | ow solid Anorphous + Mg(OH) 2 peaks

Solution remained turbid after sonication.
m xed on a slurry whee
t he bott owoabiovdoe12ei al .

at RT for 3 days. Wite

ow fil mwas suspended in ether.
the remaining solid was d

fi ne powder

ri ed under

The m xture was further

preci pitated on

The sol vent was evapor at ed undePCiAISsamwas0m32 The
Li ght yellow solid fornmed.
N2 stream.
EXAMPLE 2 [0242] Cal cium salt of
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unchanged whel
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EE The
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Acetone FE Yellow solid A (LC) SE Yellow film Anorphous ACN FE Yel | ow oi |
Sol vent Conditions Description XRPD Result SE Yellow film Aror phous DCM FE
Yel | ow oiwo 20080¥2b| ow fi | m Anor phous PCT/US2009/050532

Base
(Approximate
molar ratio of

API/base)

Conditions

Description

XRPD
Result

KOH
(1:1)

~1 eq of KOH was added to
the API solution in ethyl
acetate. Solution turned turbid
after sonication, brown oil
formed in yellow cloudy
solution. Solvent was
evaporated under N, stream.
Brown oil remained
unchanged. Stirred at RT.

In progress

KOH
(1:1)

~1 eq of KOH was added to
the API solution in THF.
Solution turned clear after
sonication. Solvent was
evaporated under N, stream.
The resulting light yellow film
was resuspended in MTBE,
sonicated, light yellow solid
formed . Solvent was decanted,
the remaining solid was dried
under N, stream.

Light yellow solid

In progress

KOH
(1:1)

~1 eq of KOH was added to
the API solution in IPA.
Sonicated, resulted in clear
yellow solution. Solvent was
evaporated under N, stream.
To the resulting yellow film
was added MTBE. Bright
yellow tacky solid formed on
the bottom of the vial. Stirred
atRT.

In progress

NaOH
(1:1)

API solution in EtOH was
added to aqueous solution of
base with minimal water, SE,
RT vac oven 1 day

Gel, plate-like
particles, specks,
elongate
hexagonal plates,
blades (B/E)

Amorphous
pattern +
NaCl

NaOH
(1:1)

API solution in EtOH was
added to aqueous solution of

base with minimal water,
SE/stir. (1)

Cloudy yellow
liquid

52




1, 4- D oxane FE Yel |l ow oil
Cl ear yell ow solution

Et OAc FE Yel |l ow oi |

SE Yell ow fil m Anorphous EtOH Slurry (anbient)
SE Yellow solid A (LC) Ethyl

Et her S| woyo{oambizent) Yell ow solid HFI PA FE Yel | ow oi IPCT/USEN09/050532

Base
(Approximate . . XRPD
molar ratio of Conditions Description Result
API/base)
Sample (1) above was
precipitated with ether to final Gummy olass
vol. of EtOH/ether (1:40), “(no g /%) :
refrigerated for 0.5 hour,
decanted liquid, RT dry. (2)
RT slurry on an orbit shaker of Yellow oil i
(2) above.
Solution of '(2) abpve refrig 0.5 Clear yellow
hour. Kept in refrigerator for . -
solution
42 days.
Film precipitated from (1) Yellow oil on the
above with heptane to a final bottom of the
vol. of EtOH/heptane (1:50), vial, clear solvent )
kept in a freezer for 57 days. phase on top
THF to (1) to a final vol of Clear vellow
EtOH/THF (1:50), kept in a Y :
solution
freezer for 57 days.
Small amount of
Toluene to (1) to a final vol. of Olilycll);;!flp;ﬁclote n
EtOH/ toluene (1:50), kept in a ar yetow -
solution. A few
freezer for 57 days. o
birefringent
specks.
To an API solution in EtOH
NaOH was added 1,4-dioxane to a Yellow oil i
(1:1) final vol. of 1:50 (EtOH/1,4-
dioxane), SE in a fume hood.
Solid
To an API solution in EtOH Fine needles in deliquesced
NaOH . or passed
(1:1) was added ether. Refrigerated dense rosette through
for 15 days. clusters (B)
upon
filtration
I%‘[OH/ether to above, FE under Yellow gel Amorphous
2.

53




Yel | ow oi |

Anor phous Hexanes Slurry (ambient) Yellow solid
(anmbient) Wite and yellow solid MOH FE Yell ow oil
Anor phouswbBEKiokB el | ow oi |

| PA Slurry

SE Yel | ow oi |
SE Yellow solid A (LC) THPCFESY@losos3Di |

Base
(Approximate
molar ratio of

API/base)

Conditions

Description

XRPD
Result

Base solution to above.
Refrigerated for 15 days.
Yellow precipitate on the
bottom of the vial. Solvent
decanted, solid dried under N,
stream.

Glassy yellow
solid

Amorphous

NaOH
(1:1)

1. Added 2.0 mL API solution
in MeOH to base solution in
MeOH (~9 mg base/mL),
mixed on a rotary wheel for 16
hours.

2. Added 10 mL ether: no
precipitation.

3. Evaporated solvents under
N, to ~ 1 mL; repeated dilution
with 20 mL ether: let stand
overnight: clear solution with a
few tiny particles (B, E). Let
stand > 15 h: no change.

4. Evaporated solvents under
No.

Tacky, amber
film

Subjected 3.3 mg of solid from
above to MeOH vapor stress.

"feather" plumes
(B/E)

In progress

Subjected 3.6 mg of solid from
above to ether vapor stress.

Amber gel film

In progress

NaOH
(1:1)

To 0.5 ml of API solution in
MeOH was added 1 N NaOH
in water. Clear solution. FE at
RT. The resulting yellow oil
was dried briefly under N,
stream. Ether was added.
Placed on a slurry wheel at RT
for 13 days. Solvent was
decanted, the remaining gel
was dried under N,. Resulted
in tacky gel.

Birefringent fine
needles in tacky
gel
(failed to collect)
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SE Yel |l ow fil m Anor phous Tol uene FE Yel |l ow fil m Anor phous SE Yellow solid
Anor phous TFE FE Yel | ow oi | SE Yell ow fil m Anor phous Water FE Yel |l ow oil
SE Yel | oweabiuwdoarzo [ 0249] The results of an initial polPgmarspéIssrseen
crystallization experinments of

Base
(Approximate
molar ratio of

API/base)

Conditions

Description

XRPD
Result

NaOH
(1:1)

To 0.5 ml of API solution in
EtOH was added 1 equivalent
of solid NaOH. Slow
evaporated at RT while
stirring. To the resulting turbid
yellow oil was added ether.
Continued to stir at RT for 3
days. Tacky yellowish brown
precipitate attached to the
bottom of the vial. Solvent
was decanted. Ether was
added, yellowish brown solid
formed. Vacuum filtered.
Solid deliquesced on the paper
filter. Small amount of
remaining solid in the vial was
dried under N, stream.

Birefringent
specks in
yellowish brown
solid

Amorphous

NaOH
(1:1)

To 0.25 ml of API solution in
MeOH was added 1 equivalent
of solid NaOH, resulted in dark
brown solution. The solvent
was evaporated under N,
stream, and the resulting brown
film was suspended in ether.
Yellowish brown solid formed.
The suspension was further
mixed on a slurry wheel at RT
for 1 day. Solvent was
decanted, the remaining solid
was dried under N, stream.

Yellowish brown
solid (free-flow
powder)

Amorphous
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(S)-3"-(OH) - DADFT- PE magnesium salt form A are given below in Table 3,
wherein FE stands for fast evaporation and SE stands for slow evaporation.
Tabl e 3. 8ol2ommoBondi ti ons Description XRPD Result Heptrama/skOldsB3E Tan
solid BIPADCM SE Of-white solid A 1PA MeOH FE Tan solid B [0250] The
results of antisolvent precipitation experinments of (S)-3'-(CH)- DADFT-PE
magnesi um salt form A are given below in Table 4. Table 4. Sol vent

Anti sol vent Descrll%;eon XRPD Result MeOH Ether [Warte solr1d |

(Approximate . . XRPD
molar ratio of Conditions Description Result

API/base)

To 0.5 ml of API solution in
THF was added 1 equivalent of
solid NaOH, resulted in dark
brown solution. The solvent
was evaporated under N,
stream, and the resulting brown
film was suspended in ether.
Yellowish brown solid formed.
The suspension was further
mixed on a slurry wheel at RT
for 1 day. Solvent was
decanted, the remaining solid
was dried under N, stream.

NaOH
(1:1)

Dark yellowish

brown solid Amorphous

To 0.25 ml of API solution in
IPA was added 1 equivalent of
solid NaOH, followed by 0.05
ml of water, resulted in clear
solution. The solvent was
NaOH evaporated under N, stream,

(1:1) and the resulting yellow film
was suspended in ether. Light
yellow solid formed. Solvent
was decanted, and the
remaining solid was dried
under N, stream.

Light brown solid | Amorphous

To 0.25 ml of API solution in
ACN was added 1 equivalent
of solid NaOH, followed by
0.05 ml of water, resulted in
clear solution. The solvent was
evaporated under N, stream,
and the resulting yellow film
was suspended in ether. Tacky
yellow gel formed. The vial
was capped, slurried at RT for
1 day. Clear solvent was
decanted, and the remaining
gel was dried under N, stream.

NaOH
(1:1)

Bright yellow

solid Amorphous
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MeOH | PA Yellow solid A Water |PA Yellow solid B [0251] The results of slow
cool crystallization experinents of (S)-3' -(O0OH) - DADFT-PE nagnesi um sal t
form A arwogbwantzel ow i n Table 5, wherein SC stands forcIlusamwosis32 RT
stands for roomtenperature, LC stands for low crystallinity, and IS stands
for insufficient solid. Table 5. Solvent Conditions Description XRPD Result
ACN Sc (-60 Cto RT) Yellow solid A (LC) HFIPA Sc (-60 Cto RT) No solid

MeOH Sc (-60 Cto lggrs)e VWirfe solid
(Approximate . . XRPD
molar ratio of Conditions Description Result
API/base)
lyophilization of a solution in .
NaOH t-butyl alcohol. (1) yellow solids -
(1:1) exposure of (1) to ambient air | solids deliquesced

A solution of
29.2 mg/mL of

(~57% RH) for a few minutes

to a yellow oil

evaporation of a solution of (1)
in toluene

In progress

A solution of
29.2 mg/mL of

the filtrate to provide a clear
solution.

3. Allowed solution to
evaporate at room temp from

material

NaOH in
methanol was | slurry of (1) in pentane In progress -

used slurry of (1) in 1:1 ethyl
cther:pentane In progress i
1. Dissolved starting material
in ethyl ether, dried with
anhydrous sodium sulfate and
filtered.

NaOH 2. Added 1 eq. of methanolic
(1:1) NaOH and enough methanol to Tacky, yellow i

A solution of
29.2 mg/mL of

2. Added 1 eq of methanolic
NaOH.

3. Removed methanol and
water by azeotropic distillation.

NaOH in 4. Added heptane to the warm
methanol was :
used toluene solution and allowed to

cool

In progress

NaOH in )
methanol was | @1 open vial.
used (D)
In progress
. o crystalline solids
Slurry of (1) in toluene at 40 °C (B/E) embedded -
in yellow oil
1. Dissolved starting material
I\(I?(ﬁl in toluene.
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IS TFE Sc (-60 Cto RT) No solid THF Sc (-60 Cto RT) Yellow solid A (LO
Sc (-60 Cto RT) No solid H0/IPA (1:1) Sc (-60 Cto RT) No solid

Wat er

MeOH Acetwoeo(0la0d)20Sc (-60 C to RT) No solid EtOH H20 eETA)S2009/050532

Base
(Approximate . . XRPD
molar ratio of Conditions Description Result
API/base)
Added 2.0 mL API solution in
MeOH to base slurry in . .
McOH/H,0 (8:1, v/v), agitated fgfﬁ;:‘;ﬁﬁe Uniue
16 hours: clear, pale yellow . ' q
liquid with ~ 10 small, opaque acicular clusters pattern
chunks (B). Let stand ~ 2 days; and rosettes (B/E)
Zn(OH), isolate solids.

(I1:1) Pale yellow Same
Main supernatant: second crop solids: mix of attern as
after ~ 4 days. small aciculars pl st Cro

and fibrous P
Added ~ 1 mL ether to 0.2 mL hg;fsggiyiﬂ;ﬂ];e i
aliquot of supernatant. with arcas of E
6 mg of zinc hydroxide was
suspended in a mixture of
MeOH/water (80:20, v/v).
0.25 ml of API solution (200
mg/ml) in MeOH was added to
the suspension. Solution turned
clear after mixing. Kept at RT
ZIEEQIP)I)Z for 2 days. Solvent was Yellow solid Amorphous
' evaporated under N, stream.
The resulting yellow film was
suspended in ether, placed on a
slurry wheel at RT for 1 day.
Solvent was decanted, the
remaining solid was dried
under N, stream.
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Sc (-60 Cto RT) No solid [ 0252] The results of anbient sol ution
experinents of anorphous (S)-3'-(0OH) - DADFT-PE nagnesi um salt are given

bel ow i n wakbh®/®9120herei n LC stands for | ow crystalli ni tgr/Uhaimvesi32 Sol vent
Anti sol vent Description XRPD Result Acetone - Brown oil ACN Hexanes Wite
and yellow solid A Ethyl Ether Wite solid A Ethyl Ether Yellow solid -
DCM Hexanes

Base
(Approximate . . XRPD
molar ratio of Conditions Description Result
API/base)
0.25 ml of API solution (200
mg/ml) in EtOH was added to
7 mg of zinc hydroxide. 0.25
ml of EtOH was added
subsequently. Sonicated, the
resulting turbid solution was . .
Zn(OH), placed on a slurry wheel at RT Light yellow solid
i and dark yellow | Amorphous
2:1) for 1 day. Solvent was gel

evaporated under N, stream.
The resulting yellow film was
suspended in ether. Clear
solution decanted, the
remaining solid was dried
under N, stream.

0.25 ml of API solution (200
mg/ml) in [PA was added to ~7
mg of zinc hydroxide. 0.25 ml
of IPA and 0.05 ml of water
Zn(OH), were added subsequently.

2:1) Sonicated, resulted in clear
solution. FE at RT. To the
resulting yellow oil was added
cther. Place on a slurry wheel
atRT.

In progress -

0.25 ml of API solution (200
mg/ml) in ACN was added to
~7 mg of zinc hydroxide. 0.25

ml of ACN and 0.05 ml of
Zn(OH), water were added In Drosress i
(2:1) subsequently. Sonicated, prog

resulted in clear solution. SE
at RT. To the resulting yellow
gel was added ether. Place on
a slurry wheel at RT.
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Yel | ow solid Anorphous 1, 4- D oxane Hexanes Wite cloudy solution EtOAc
Hexanes White solid A Hexanes Yellow solid A HFI PA Hexanes Yellow film
MeOH Et hywoBbteameido solid MEK Hexanes Yel |l ow solid A (Cr/uskiaasess2 Yel | ow
solid A (LO

Base

(Approximate . . XRPD
molar ratio of Conditions Description Result

API/base)

24 mg of zinc acetate was
added to 0.25 ml of API
solution (200 mg/ml) in
MeOH. 0.25 ml of MeOH
added, followed by 0.1 ml of
Zn Acetate water. Zinc acetate dissolved.

(1:1) The clear solution was set up
for FE at RT. The resulting
yellow oil was resuspended in
cther. Solvent was decanted,
the remaining solid dried under
Na.

Light yellow solid [ Amorphous

12 mg of zinc acetate was
added to 0.25 ml of API

solution (200 mg/ml) in
MeOH. Zinc acetate dissolved.
Zn Acctate The clear solution was set up Bright yellow Amorphous
(1:1) for FE at RT. The resulting solid P

yellow oil was resuspended in
ether. Solvent was decanted,
the remaining solid dried under
Na.

7 mg of zinc hydroxide and 4
mg of magnesium hydroxide
were added to 0.25 ml of API
solution (200 mg/ml) in
MeOH. Solid remained after
mixing. The suspension was
further mixed on a slurry wheel
Zn(OH), for 2 days. Brown solution

(2:1) with small amount of . .
Mg(OH), precipitate on the bottom of the Light yellow solid | Amorphous
2:1) vial. The solvent was

evaporated under N, stream.
The resulting brown film was
suspended in ether. Light
yellow powdery solid formed.
Solvent was decanted, the
remaining solid was dried
under N, stream.
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THF Hexanes O f-Wite solid A (LC) Hexanes Yellow solid A (LC) Tol uene
Hexanes Yel |l ow cl oudy solution TFE Hexanes No solid [ 0253] The results of
slurry exwpennmanbroof (S)-3'-(O0H) - DADFT- PE magnesi um salPCTiUseomAs@EBE gi ven
below in Table 7, wherein d stands for day, and IS stands for insufficient
solid. Table 7. Solvent Tenp/Tinme Description XRPD Result Acetone 60 C 4d
Of-white solid A 1, 4-D oxane 60 C/ 4d

Base
(Approximate
molar ratio of

XRPD

Conditions Result

Description

API/base)

ZH(OH)Z
(2:1)
Mg(OH),
(2:1)

6 mg of zinc hydroxide and 4
mg of magnesium hydroxide
were added to 0.5 ml of API
solution (100 mg/ml) in THF.
Solution remained turbid after
sonication. The mixture was
further mixed on a slurry wheel
at RT for 3 days, resulted in
clear brown solution. The
solvent was evaporated under
Ny stream. The resulting brown
film was suspended in ether.
Yellowish brown solid formed.
Solvent was decanted, the
remaining solid was dried
under N stream.

Yellowish
brown free flow
powder

Disordered
Mg salt
Form A

ZH(OH)Z
(2:1)
Mg(OH),
(2:1)

6 mg of zinc hydroxide and 4
mg of magnesium hydroxide
were added to 0.5 ml of API
solution (100 mg/ml) in
cthanol. Solution remained
turbid after sonication. The
mixture was further mixed on a
slurry wheel at RT for 3 days.
White fine powdery precipitate
in yellow solution. The solvent
was evaporated under N,
stream. The resulting yellow
film was suspended in ether.
Light yellow solid formed.
Solvent was decanted, the
remaining solid was dried
under N, stream.

Yellow solid

Amorphous
+
Mg(OH),
peaks
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White solid C Et0Ac 60 C/4d Wite solid A IPA 60 C/4d Light yellow solid
Anor phous Tol uene Anbient Wiite solid A Water Anbient Yellow solid B Water
60 C/ | d webl2ow/mei2nd Anor phous ACN THF (1: 1) 60 C 4d Yelpcowss@bvioshsde + peaks
Et OH/ H20 (1:9) Anbi ent

Base
(Approximate . . XRPD
molar ratio of Conditions Description Result
API/base)
3 mg of zinc hydroxide and 2
mg of magnesium hydroxide
were added to 0.5 ml of API
solution (100 mg/ml) in
cthanol. Solution remained
turbid after sonication. The
mixture was further mixed on a
ZIEE‘(?IP)DZ slurry wheel at RT for 3 days. Amorfhous
) White fine powder precipitated Yellow solid
Mg(QH)z on the bottom of the vial. The Mg(OH),
(4:1) peaks

solvent was evaporated under
Ny stream. The resulting
yellow film was suspended in
ether. Light yellow solid
formed. Solvent was decanted,
the remaining solid was dried
under N, stream..

EXAMPLE 2

[0242] Calcium salt of (S)-3'-(OH)-DADFT-PE. The x-ray amorphous calcium

salt was generated by mixing equal molar ratio of API solution in methanol with
base slurry in MeOH/H,O (7.3:1, v/v). The filtered supernatant was slowly
evaporated under N, followed by rotary evaporation. The calcium salt remained
physically unchanged when exposed to 75% RH for 3 days; however, when it was
stored at room temperature for 15 days, a color change was observed. The aqueous

solubility of the calcium salt is very low, less than 2 mg/ml.

EXAMPLE 3

[0243] Magnesium salt of (S)-3'-(OH)-DADFT-PE. The partial crystalline

magnesium salt was generated by mixing equal molar ratio of API solution in
methanol with base slurry in MeOH/H,O (11:1, v/v). The filtered supernatant was

slowly evaporated under Ny, followed by rotary evaporation. Solid was generated
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Wiite solid IS EtOH H20 (1:1) Anbient Wiite solid IS Solvent Tenp/Tine
Description XRPD Result EtOH H20 (9:1) Anbient Yellow solid A Heptane/ DCM
Anbi ent Yebl2ow/®oi2od A (LC) (2:8) Hept ane/ Et OH Anbi emCcTMs2d08/050382 d

Anor phous

by anti-solvent precipitation in ether. A large scale preparation of the magnesium
was performed by mixing equal molar ratio of API solution in methanol with base
suspension in methanol/water. The filtered supernatant was fast evaporated at
ambient, and then dried under N,. Solid was generated by anti-solvent precipitation
in ether.

[0244] The solution proton NMR spectrum of the magnesium salt is consistent
with the chemical structure of the API. Significant peak shifts were observed for all
the protons in the API structure, implying salt formation. A sharp peak at ~3.3 ppm
was assigned to water. Solvent DMSO was also observed at ~2.5 ppm.

[0245] The magnesium salt appears to be non-hygroscopic. It did not
deliquesce when exposed to 75% RH for 8 days, and the XRPD pattern remained
unchanged. The salt exhibits relatively high solubility in water (>48 mg/ml).
[0246] The DSC thermogram curve of the magnesium salt Form B (Figure 10)
exhibits two broad endotherms. The major endotherm at approximately 79 °C is
most likely due to the volatilization of water and is associated with a TG weight
loss of ~16%. This weight loss is significantly higher than that observed for Form
A. The nature of the minor endotherm at approximately 153 °C is unknown;
however, it may be related to a phase transition. A TG weight loss of 2.2% is
associated with this event.

[0247] The DVS data (Figure 11) suggests that Form B is hygroscopic. The
material exhibits 10.8% weight loss upon equilibrium at 5% RH. During the
sorption step, the material exhibits a weight gain of 5.7% from 5% to 65% RH and
an additional 21.2% weight above 65% RH without reaching equilibrium weight.
This indicates that higher weight gains may be possible. A weight loss of 26.6%
was observed upon desorption.

[0248] The results of an initial polymorph screen crystallization experiments of
the amorphous form of the magnesium salt of (S)-3'-(OH)-DADFT-PE are given
below in Table 2, wherein FE stands for fast evaporation, SE stands for slow

evaporation and LC stands for low crystallinity.

Table 2.
Solvent Conditions Description XRPD Result
FE Yellow solid A (LO)
Acetone
SE Yellow film Amorphous
ACN FE Yellow oil -
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(2:8) | PA/ Acetone (1:1) Anbient Wiite solid IS | PA/ Acetone Anbient Wite
solid A (2:8) | PA/ Et OAc Anbi ent Wiite solid A (2:8) | PA/ Et her Anbi ent

Whi t e solwo 20(@9R) PCT/US2009/050532
Solvent Conditions Description XRPD Result
SE Yellow film Amorphous
FE Yellow oil -
DCM
SE Yellow film Amorphous
FE Yell il -
1,4-Dioxane cowal
SE Yellow film Amorphous
EtOH Slurry (ambient) | Clear yellow solution -
FOAC FE Yellow oi‘l -
SE Yellow solid A (LC)
Ethyl Ether | Slurry (ambient) Yellow solid -
FE Yellow oil -
HFIPA .
SE Yellow oil Amorphous
Hexanes Slurry (ambient) Yellow solid -
IPA Slurry (ambient) | White and yellow solid -
McOH FE Yellow 0%1 -
SE Yellow oil Amorphous
MEK FE Yellow 01‘1 -
SE Yellow solid A (LC)
THF FE Yellow oil -
SE Yellow film Amorphous
FE Yellow film Amorphous
Toluene ;
SE Yellow solid Amorphous
FE Yellow oil -
TFE
SE Yellow film Amorphous
Water FE Yellow 011‘ -
SE Yellow solution -
[0249] The results of an initial polymorph screen crystallization experiments of

(S)-3'-(OH)-DADFT-PE magnesium salt form A are given below in Table 3,

wherein FE stands for fast evaporation and SE stands for slow evaporation.

Table 3.
Solvent Conditions Description XRPD Result
Heptane/MeOH SE Tan solid B
IPA/DCM SE Off-white solid A
IPA/MecOH FE Tan solid B
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[ 0254] The results of vapor stress experinents of anorphous (S)-3'-(COH)-
DADFT- PE nmagnesi um salt are given below in Table 8, wherein LC stands for
| ow crystwbl2orwy12and 1S stands for insufficient solid. pCahiseo8/0s5d3a62 vent
Description XRPD Result Acetone Yellow slurry A (LC) ACN Yellow oil DCM
Yellow solid IS 1,4-Di oxane Yellow solid IS EtOH Yellow oil EtOAc Yell ow
solid I'S HFI PA Yel |l ow oi |

[0250] The results of antisolvent precipitation experiments of (S)-3'-(OH)-
DADFT-PE magnesium salt form A are given below in Table 4.
Table 4.

Solvent Antisolvent Description XRPD Result

MeOH Ether White solid A

MeOH IPA Yellow solid A

Water IPA Yellow solid B
[0251] The results of slow cool crystallization experiments of (S)-3'-(OH)-

DADFT-PE magnesium salt form A are given below in Table 5, wherein SC stands

for slow cool, RT stands for room temperature, LC stands for low crystallinity, and

IS stands for insufficient solid.

Table 5.
Solvent Conditions Description XRPD Result
ACN SC Yellow solid A (LO)
(~60 °C to RT)
HFIPA SC No solid -
(~60 °C to RT)
SC . .
MeOH White solid IS
(~60 °C to RT)
TFE SC No solid -
(~60 °C to RT)
SC .
THF Yellow solid A (LO)
(~60 °C to RT)
Water SC No solid -
(~60 °C to RT)
(1:1) (~60 °C to RT)
MeOH/Acetone SC No solid i
(1:1) (~60 °C to RT)
(1:1) (~60 °C to RT)
[0252] The results of ambient solution experiments of amorphous (S)-3'-(OH)-

DADFT-PE magnesium salt are given below in Table 6, wherein LC stands for low

crystallinity.
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| PA Yellow oil MeOH Yellow oil MEK Yellow solid IS THF Yel | ow oi l

Tol uene Yellow oil TFE Yellow oil Water Yellow oil [ 0255] The results of
vapor di fwobmmoeteperi nents of amor phous (S)-3'-(OH)- DROFTSBEHINKGEESI um
salt are given belowin Table 9, wherein LC stands for low crystallinity.
Table 9. Sol vent Antisolvent Description XRPD Result

Table 6.
Selvent Antisolvent Description XRPD Result
Acetone - Brown oil -
Hexanes White and yellow solid A
ACN Ethyl Ether White solid A
Ethyl Ether Yellow solid -
DCM Hexanes Yellow solid Amorphous
1,4-Dioxane Hexanes White cloudy solution -
FtOAc Hexanes White solid A
Hexanes Yellow solid A
HFIPA Hexanes Yellow film -
MeOH Ethyl Ether No solid -
MEK Hexanes Yellow solid A (LC)
Hexanes Yellow solid A (LC)
THF Hexanes Off-White solid A (LC)
Hexanes Yellow solid A (LC)
Toluene Hexanes Yellow cloudy solution -
TFE Hexanes No solid -
[0253] The results of slurry experiments of (S)-3'-(OH)-DADFT-PE

magnesium salt form A are given below in Table 7, wherein d stands for day, and

IS stands for insufficient solid.

Table 7.
Solvent Temp/Time Description XRPD Result
Acetone 60 °C/4d Off-white solid A
1,4-Dioxane 60 °C/4d White solid C
EtOACc 60 °C/4d White solid A
IPA 60 °C/4d Light yellow solid Amorphous
Toluene Ambient White solid A
Water Ambient Yellow solid B
Water 60 °C/1d Yellow solid Amorphous
ACN/THF 60 °C/4d Yellow solid A + peaks
(1:1)
EtOH/H0 Ambient White solid IS
(1:9)
EtOH/H0 Ambient White solid IS
(1:1)
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Acet one Hexanes Yellow solid A (LC) ACN Et hyl

Hexanes Yellow solid A (LC

Et her

Yel | ow sol ution -
Hexanes Yellow solid A (LC) 1, 4-Di oxane
Hexanes Wiot2e10zmbi2d - Et OAc Hexanes Wiite solid A (LO

solid A (LO) HFIPA Ethyl Ether
Solvent Temp/Time Description XRPD Result
EtOH/H,0 Ambient Yellow solid A
(9:1)
Heptane/DEM {11 ient Yellow solid A (LC)
(2:8)
Heptane/EtOH Ambient White solid Amorphous
(2:8)
IPA/Acetone Ambient White solid 1S
(1:1)
IPA/Acetone Ambient White solid A
(2:8)
IPA/EtOAC Ambient White solid A
(2:8)
IP‘Z Eét)her Ambient White solid A

[0254]

DADFT-PE magnesium salt are given below in Table 8, wherein LC stands for low

crystallinity and IS stands for insufficient solid.

Table 8.
Solvent Description XRPD Result
Acetone Yellow slurry A (LC)
ACN Yellow oil -
DCM Yellow solid IS
1,4-Dioxane Yellow solid 1S
EtOH Yellow oil -
EtOAc Yellow solid IS
HFIPA Yellow oil -
IPA Yellow oil -
MeOH Yellow oil -
MEK Yellow solid IS
THF Yellow oil -
Toluene Yellow oil -
TFE Yellow oil -
Water Yellow oil -
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Yel | ow solution - MeOH Ethyl Ether Fine cloudy |ayer of solid - MEK Hexanes
Yel | ow solid Anorphous THF Hexanes Yell ow and brown solid A (LC) Hexanes
Yel | ow sovododw/@) Tol uene Hexanes Yel |l ow solid A (LC) pCEESEMpE0sEL her
Fine cloudy layer of solid - [0256] The results of solvent grinding
experinments of (S)-3'-(0OH) -DADFT-PE nagnesiumsalt form A are given bel ow
in Table 10, wherein LC stands for low crystallinity. Table 10.

[0255] The results of vapor diffusion experiments of amorphous (S)-3'-(OH)-

DADFT-PE magnesium salt are given below in Table 9, wherein LC stands for low

crystallinity.
Table 9.
Solvent Antisolvent Description XRPD Result
Acetone Hexanes Yellow solid A (LC)
ACN Ethyl Ether Yellow solution -
DCM Hexanes Yellow solid A (LC)
Hexanes Yellow solid A (LO)
1,4-Dioxane Hexanes White solid -
EtOAC Hexanes White solid A (LC)
Hexanes Yellow solid A (LO)
HFIPA Ethyl Ether Yellow solution -
MeOH Ethyl Ether | Fine cloudy layer of solid -
MEK Hexanes Yellow solid Amorphous
THF Hexanes Yellow and brown solid A (LC)
Hexanes Yellow solid A (LO)
Toluene Hexanes Yellow solid A (LO)
TFE Ethyl Ether Fine cloudy layer of solid -
[0256] The results of solvent grinding experiments of (S)-3'-(OH)-DADFT-PE
magnesium salt form A are given below in Table 10, wherein LC stands for low
crystallinity.
Table 10.
Solvent Description XRPD Result
Acetone Off-white solid A
ACN Off-white solid A
1,4-Dioxane [ Light purple solid C
1,4-Dioxane | Light brown solid C
Ethanol Off-white solid A
EtOAc Light purple solid A
IPA Light purple solid A
THF Light brown solid A
Water Off-white solid B
Water Light brown solid B
- Off-white solid A(LC)
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Sol vent Description XRPD Result Acetone Of-white solid A ACN Of-white
solid A 1, 4-Di oxane Light purple solid C 1, 4-Di oxane Light brown solid C

Et hanol GWb-2edwdoe1280l i d A Et OAc Light purple solid A | PRciushéoopsospt e sol i d
A THF Light brown solid A Water Of-white solid B

EXAMPLE 4

[0257] Sodium salt of (S)-3'-(OH)-DADFT-PE. The X-ray amorphous sodium

salt was generated by mixing equal molar ratio of API solution in ethanol with base
solution in water. Slow evaporated sample was further dried in vacuum oven.
[0258] The proton NMR spectrum of the sodium salt confirms the integrity of
the APIL. Significant peak shifting and broadening were observed for the aromatic
protons. Peak shifting was also observed for protons in the vicinity of the -COOH
group, implying salt formation. A sharp peak at ~3.3 ppm was assigned to water.
Solvent DMSO was also observed at ~2.5 ppm.

[0259] The sodium salt appears to be non-hygroscopic. It remained physically
unchanged when exposed to 75% RH for 3 days.

EXAMPLE 5

[0260] Piperazine salt of (S)-3'-(OH)-DADFT-PE. The low crystallinity

piperazine salt was generated by mixing equal molar ratio of API solution in
cthanol with base solution in ethanol, followed by slow and fast evaporation under
N,. The piperazine salt appears to be hygroscopic. It deliquesced when exposed to

75% RH for 3 days.

EXAMPLE 6

[0261] Potassium salt of (S)-3'-(OH)-DADFT-PE. Form A of the potassium

salt was generated by mixing equal molar ratio of API solution in methanol with
base solution in methanol. Solid salt was collected by anti-solvent precipitation in
ether.

[0262] The DVS data of the potassium salt Form A (Figure 4) suggest that the
potassium salt is extremely hygroscopic. The material exhibits a weigh gain of
67.7% during the sorption step from 5% to 95% RH, and weigh loss of 63.4%
during the desorption step from 95% to 5% RH, resulted in hygroscopic material
(tacky, yellow, gel-like solids). A plateau was observed in the absorption curve
between 45 and 65% RH with an average percentage weight loss of 8.7%,

corresponding to 2 moles of water per API.
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[0266]

The DVS data of the potassium salt Form B (Figure 5) suggest that

Form B is extremely hygroscopic (Figure 4). The material exhibits a weigh gain of

~70% during the sorption step from 5% to 95% RH, and weigh loss of ~66% during

the desorption step from 95% to 5% RH, resulted in deliquesced material. A

plateau was observed in the absorption curve between 35 and 65% RH with an

average percentage weight gain of ~8%, corresponding to 2 moles of water per APL

[0267]

Form B appears to be unstable. Form conversion occurred when

exposed to low humidity (P,Os) or elevated temperature (40 °C). Form B

converted to a new form, namely Form C, when exposed to P,Os for 6 days. It

desolvated into a mixture with Form A when exposed to 40 °C for 6 days.

[0268]

further characterization data on this form.
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Table 11. Conditions Description XRPD Result 10 pl of MeOH water (72:28,
v/v) was added to 17 ng of potassiumsalt Form A Solid dissolved. Kept in
refriger avorofoamotkoday. M crocrystals in yellow oil For rCB/US2@/080532

MeOH wat er (72:28, v/v) was added to 14 ng of potassiumsalt Form A Sanple
was heated to -60 C on a dataplate for -15 nm Solid dissolved. Kept at RT
for Iday. Needle clusters BfIE Form B [0266] The DVS data of the potassium
salt Form B (Figure 5) suggest that Fex AMP1IES7 extremel y hygroscopic (Figure
4). The material exhibits a weigh gain of -70% during the sorption step
1om 5% to 95% RAPPENEUEPIRMPOHLSEren G5 {f DRI T4BE Bofspm Sep 11 om
95% to 5% RH, resulted in deliquesced material. A plateau was observed in
the absorption curve between 35 and 65% RH with an average percentage
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solids. Results—are shown below in Table 12  Tabhle 12
Startlflg Solvents Conditions Description XRPD
material Result
SE, 40 °C Crystalline
ACN convection oven | Yellow solid | ~
(Form A)
20 days
SE, 50 °C
EtOAc H,O vacuum oven Yellow oil -
20 days
Potassium SE, 60 °C
IPA convection oven Yellow gel -
salt
20 days
MEK RT s!urry to Yellow tacky i
solution, SE gel
SE, RT
vacuum oven
THF 2 days, Yellow gel -
80 °C convection
oven 20 days
Potassium Slm}ﬂatec‘l FE at RT Yellow tacky i
salt gastric fluid oil
Tacky yellow | Mixture of
Solvent vapor chunks and Form A
Acetone ox osurcle) fine (major) &
P birefringent Form B
needles (minor)
Solvent vapor Yellow
ACN exposure chunks and Form B
birefringent
specks
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Starting material Solvents Conditions Description XRPD Result Potassium
salt ACN SE, 40 C convection oven 20 days Yellow solid Crystalline (FormA)
Et OAc H20WBBp108091Govacuum oven 20 days Yellow oil - | PRCE/USB@IG50E32
convection oven 20 days Yellow gel -

Startlflg Solvents Conditions Description XRPD
material Result
Solvent vapor Sample
exposure deliquesced
(Yellow
THE liquid with -
birefringent
particles)
EXAMPLE 8

Differential Scanning Calorimetry Analysis of (S)-3’-(OH)-DADFT-PE

Potassium Salt

[0270] The thermograms of the potassium salt Form B are displayed in Figure
6. The DSC curve exhibits a sharp endotherm with a signal maximum at ~ 53 °C,
corresponding to a two-step weight loss observed in the TG curve with a total
weight loss of ~6.0%. This weight loss is consistent with the 6.7% weight gain

observed during form conversion from Form A to Form B.

EXAMPLE 9

[0271] Zinc salt of (S)-3’-(OH)-DADFT-PE. The crystalline zinc salt was

genecrated by mixing equal molar ratio of API solution in methanol with base slurry
in MeOH/H,0 (8:1, v/v).

[0272] The proton NMR spectrum of the zinc salt confirms the integrity of the
API. Significant peak shifting was observed for the aromatic protons and protons in
the vicinity of the —-COOH group, implying salt formation. A sharp peak at ~3.3
ppm was assigned to water. Solvent DMSO was also observed at ~2.5 ppm.

[0273] The zinc salt appears to be non-hygroscopic. It remained physically
unchanged when exposed to 75% RH for 3 days.

[0274] The zinc salt exhibits a low aqueous solubility of ~1 mg/ml.
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MEK RT slurry to solution, SE Yellow tacky gel - THF SE, RT vacuum oven 2
days, 80 C convection oven 20 days Yellow gel - Potassiumsalt Sinulated
gastric fwoidiokioed RT Yel l ow tacky oil - Acetone Sol veotr/Usa@onsE&ssposur e
Tacky yel | ow chunks and

EXAMPLE 10
Single-crystal x-ray Diffractometric Structural Determination Of

(S)-3’-(OH)-DADFT-PE Zinc Salt

[0275] Crystals of a potential Zinc salt of (S)-3’-(OH)-DADFT-PE were
prepared at SSCI, Inc. and submitted for single crystal structure analysis. The
structure was determined by single crystal X-ray diffraction analysis conducted at
the Crystallography Laboratory at Purdue University. The single crystal data
collection, structure solution and refinement were not performed according to
cGMP specifications.

[0276] The quality of the structure obtained is high, as indicated by the R-value
0f0.054 (5.4%). Usually R-values in the range of 0.02 to 0.06 are quoted for the
most reliably determined structures. The molecule observed in the asymmetric unit
of the single crystal structure is consistent with the proposed molecular structure
provided in Scheme 1. The asymmetric unit shown in Figure 3 contains two (S)-3’-
(OH)-DADFT-PE molecules, two Zinc anions and two waters of hydration.

[0277] The Zinc ion is in the pocket consisting of the phenol, the amine and the
acid group (Figure 3). The acid group is bridging two Zinc molecules and the fifth
coordination site is filled by a water molecule.

[0278] After a structure is solved the quality of the data should be assessed for
its inversion-distinguishing power of the Flack parameter, this is done be an
examination of the standard uncertainty (u) of the Flack parameter, which is
classified as: strong inversion-distinguishing power. Compound is enantiopure and
absolute structure can be assigned directly from the crystal structure.

[0279] Therefore, the absolute configuration of the model in Figure 3 is correct.
This structure contains a single chiral centers located at C33 (refer to Figure 3,
ORTEP drawing) which has been assigned as S configuration. This is consistent
with the proposed configuration. Additional specifications are given below in Table
13.

73



fine birefringent needles Mxture of FormA (mgjor) & FormB (mnor) ACN
Sol vent vapor exposure Yel |l ow chunks and birefringent specks Form B

St arti ng waterowmmbi1260l vent s Condi ti ons Descripti on XRPD Re3misk009/Ds5350! vent
vapor exposure Sanple deliquesced (Yellow liquid with

Table 13.
Formula CisHasNOgSZn
formula weight 4380.84
space group P1211(No.4)
a, A 11.6979(7)
b, A 5.3873(3)
c, A 16.2380(11)
b, deg 90.474(2)
v, A’ 1023.29(11)
z 2
deate, g cm” 1.56
crystal dimensions, mm 0.50x0.10x0.05
temperature, K 150
radiation (wavelength, A ) Mo K, (0.71073)
Monochromator graphite
linear abs coef, mm™' 1.369
absorption correction applied empirical®
transmission factors: min, max 0.50, 0.93
Diffractometer Nonius KappaCCD
h, k, [ range -14to15 -6to6 -21to21
2q range, deg 4.31-55.00
mosaicity, deg 1.84
programs used SHELXTL
Fooo 500
weighting
1/[s%(F.)H0.0597P)*+1.1690P
where P=( F,’+2F.2)/3 12677
data collected:
unique data 4609
Rint 0.091
data used in refinement 4609
cutoff used in R-factor calculations Fo>2.08(Fy)
data with 7>2.0s(1) 3915
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birefringent particles) - EXAWMPLE 8 Differential Scanning Calorinmetry
Anal ysis of (S)-3'-(OH)-DADFT-PE Potassium Salt [0270] The t her nograns of

t he pot aswoemmmbi2zoForm B are di splayed in Figure 6. ThecD®S2aunses3exhi bits
a sharp endothermwith a signal nmaxinmumat - 53 C, corresponding to a
two-step weight | oss observed in the TG curve with a total weight |oss of
-6.0% This weight loss is consistent with the 6. 7% wei ght gai n observed
during form conviafusiberoffvagiBidor m A to Form B2 EXAMPLE 9 [0271] Zi nc|salt of
(S)-3"-(OH)-DADRT-PE._The crystalline zinclsalt was generated by m xing
equal ol ar rat i|d2gest Apfesbindinpbgyclen net han®l with base slurry in MeOH H20
(8:1, viv). [02/41(;7r5e proton NVR spectrum pfoifie zinc salt confirme the
integrity of the A Significant peak shifting was observed for the
aronmati c protons Ialﬁﬂo)orotons in the vicinit9I6f the - COOH group, i mpl yi ng
salt formation. ak—at—=3-3 ppmv bl gned—to water-—Sol vent
DMSO was al so obﬁsd‘?éfOﬁ-z 5 ppm [0273] TE‘e zinc salt appears to|be

non- hygr oscopi c.| abkolute Mmicned dphysnaiah | y unchacdgedanhah(-expaded to 75% RH
for 3 days. [0274HFhe—zine—satt—exhibits—atowagueous—solubiity—of-1

mg/ M. EXAMPLE 10 Single-crystal x-ray Diffractonetric Structural
Determnation O (S)-3'- (O—|) DADFT- PExXAMeLBalt [0275] Crystals of a
potential Zinc salt of (S)- ADFT- PE_wer e epared at SSCl, Inc. and
subnmitted for single crystal S%@Pﬁ‘é‘?h?@%&"%‘i‘%“s%ﬁ Nt ruct ure was

determ ned by single crystal X-ray dlffractl on anal ysi s conducted at the
Crystal | ography Laboratory at Purdue Universit The single crystal data
col l ection, stré8Qre AroEimais Salﬁhﬂlfléifqr%%%%tec%//\l@ﬁ%d pighe o slrembasedéeor di ng
to cGW specifi %@ééQ)ntﬁron[bgs%a@]lxﬂﬁal%@édtﬁoﬂ Sfnall Ql%u%{srolf'%l%n?al‘él%@édqgg i's

hi gh, as indic R-val ue of 0. ly R-values in the
range of 0.02 t\@elghe@@araple“q@@géﬁlwoAcmhI@Ohibémeﬁr why bbgiyatediceruss plec
structures. The,Jipheahe RRARIHEh uflidS: FSYRTEL b Gistilichn orfpfificehia! e
crystal structure IS consistent wth the prop o0sed ecular structure

provi ded i n Schrepated to fhh@casy myanl.iSemulaict gmmﬂluld(SGE)gmser@al@dmt ains two
(S)-3"- 0 two waters of

hydrati on [OZ%FOIIHPEWC§§6§nﬁl§%vélnpﬂ°§ﬁ%m%§{etﬂ?zotl)lﬁ i ing of the phenol,

the amne and the acid group (Figure 3). The acid group is bridging two
Zinc nol ecules and the fifth coordi natg@zlte is filled by a water

nol ecul e. [0278] After a structure is s FY&d™ he quality of the data should

be assessed for its inveosnaarshlsdfi Ngui shing power Appréxi@afel ack paraneter,
this is done be an exané)gqa,tién of the stsin#atd unpcertainty (u) of the Flack
paranmeter, which is cl 4957 H@PARFT g rong invers onSgubility gw shi ng power.
Compound i s enanti opufe angyahsol utd strygkdre can be assigned directly
fromthe crystal strug¢ture [0279] THerefore, thelabsolute configuration of
the nodel in Figure 3|is @egisgm Water > 48
zinc Water <1
potassium Water >48
potassium ACN >6
potassium EtOAc/H,O >70
potassium IPA > 68
potassium MEK <7
potassium THF ~5
magnesium SGF >50
potassium SGF >230
zinc SGF >39

75



This structure contains a single chiral centers |located at C33 (refer to
Figure 3, ORTEP draw ng) which has been assigned as S configuration. This

i s consi swenviwiobtzot he proposed configuration. Additi onacTaseavfsasat i ons
are given belowin Table 13. Table 13. Fornula C181-125N08SZn fornul a

wei ght 480.84 space group P 1 211 (No. 4) a, A 11.6979(7) b, A 5.3873(3)
c, A 16.2380(11) b, deg 90.474(2) v, A3 1023.29(11) ZzZ 2

EXAMPLE 12
Attempts to Produce Salts of (S)-4'-(OH)-DADFT-PE

[0281] The results of an initial screen of salts of a representative compound,
(S)-4'-(OH)-DADFT-PE, are given below in Table 15. The methods could be
applied to find salts of any compound of Formula I. The methods employed may
produce the following salts: 1-carboxy-4-guanidinobutan-1-aminium (S)-2-(2-
hydroxy-4-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-
dihydrothiazole-4-carboxylate, calcium bis-[(S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate], calcium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
hydroxide, choline (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 2,6-diammoniohexanoate (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 2-hydroxyethanaminium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 2-aminoethanaminium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 2-ammonio-3-(1H-imidazol-3-ium-4-yl)propanoate (S)-2-(2-hydroxy-
4-(2-(2-(2-methoxyethoxy )ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 4-(2-hydroxyethyl)morpholin-4-ium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 1-(2-hydroxyethyl)pyrrolidinium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 1-(2-hydroxyethyl)piperidinium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, magnesium bis-[(S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate], magnesium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
hydroxide, 2,3,4,5,6-pentahydroxy-N-methylhexan-1-aminium (S)-2-(2-hydroxy-4-
(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
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&le, gcm3 1.56 crystal dinensions, nmO0.50x0.10x0.05 tenperature, K
150 radiation (wavelength, A M Ka (0.71073) Monochromator graphite
| i near abwocosfooorzm 1 1. 369 absorption correction appl iPet/usegonsEsat a
transm ssion factors: mn, max 0.50, 0.93 Diffractoneter Nonius KappaCCD
h, k, 1 range -14 to 15-6 to 6 -21 to 21
carboxylate, piperazin-1-ium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, potassium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, potassium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
2-ethylhexanoic acid, sodium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
2-ethylhexanoic acid, sodium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
acetic acid, sodium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 1,3-dihydroxy-2-(hydroxymethyl)propan-2-aminium (S)-2-(2-
hydroxy-4-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-
dihydrothiazole-4-carboxylate, (S)-4-carboxy-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazol-3-ium 2-
sulfoethanesulfonate, (S)-4-carboxy-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazol-3-ium
hydrochloride, (S)-4-carboxy-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazol-3-ium
hydrogen sulfate, (S)-4-carboxy-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazol-3-ium
methanesulfonate, and (S)-4-carboxy-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazol-3-ium 4-

methylbenzenesulfonate.

Table 15.

Base .. . XRPD
(Base:API) Conditions Observations Results

Added base to API in TFE (few
particles). Addition of TFE (clear),

. addition of heptane (immiscible). Yellow film i
L-arginine RE, RT to ~40 °C
(I:D) From above, added IPA, sonicated, | Unknown Arginine A
VF (sticky solids), stored over morphology, (1 small low
P205 opaque angle peak +
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2q range, deg 4.31-55.00 nosaicity, deg 1.84 prograns used SHELXTL FO00O
500 weighting 1/[s2(F02)+(0.0597P)2+1. 1690P where P=( F02+2F, 2)/3 data
col | ect edwolafono12ani que data 4609 0.091 data used i mcrafscovensost2 4609
cutoff used in R-factor calcul ations F02>2. 0s(F02) data with />2.0s(/)

3915
aggregates, some | halo)
b/e on few
particles
Added base to API in EtOH (solid
present), added water, sonicated for
~10 min (viscous material), added
EtOH at ~ 55 °C (hazy solution,
solids present), added water, heated | NS -
Ca(OH), to ~70 °C, added EtOH (slightly
(1:1) hazy few particles), hot filtered
(hazy solution), SC attempt from
~70 °C to RT
From above, FPE attempt (clear), Inigkn}?gxllg o | Calcium B
RE, ~ 60 °C (thin film) Do PROORY:
AP‘I in ACN:Water (4: 1‘), added Unknown
solid base (solids), sonicated morpholo
(flocculated solids). Slurry, ~37 P 28 Calcium A +
°C, overnight (flocculated solids), Zpa?;ea tes. 10 Ca(OH)2
VF (damp small spherical b/gf £ates,
Ca(OH), particles), VO, ~54 °C
2:1) Filtrate from above, RE, ~55 to Film )
' ~80 °C
Solids from above, prior VO Unkn}?vxlln
Added MTBE. Agitation, RT, ~1 mOTpao f? gIZ’ ’ Calcium A +
day (small droplets, white Zggiue rea aiis Ca(OH)2
suspension) followed by VF 1o b/ egg £aIes,
Added base in IPA:water (1:1.3) to
APTin
IPA at ~60 °C (slightly hazy). FC | Hazy, NS -
attempt
from ~60 °C to RT
Choline From 'above, YD with IPE‘ (oily
hydroxide material), §0nlcateq and triturated
(1:1) (cloudy, oily material), kept at RT. Sticky material | -
' FPE attempt (clear), added water
(hazy), kept at RT (hazy), RE, RT,
~30 min followed by RE, ~60 °C
From immediately above, added
MeOH, sonicated (clear), added Oily material -
EtOAc with final 1:2 ratio, SE
L-Lysine Added aqueous base to API in NS i
(1:1) EtOH (clear), kept in refrigerator
From above, FE Sticky material -
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nunber of variables 272 | argest shift/esd in final

cycle 0 R(F 0) 0.054

R(F02) 0.117 goodness of fit 1.054 absolute structure determ nation Fl ack
EXAMPLE 11 Solubilities of Sal PETIUS2062050585
Sol vents [ 0280] Approxi mate solubilities are cal cul ated based on the total

par anet erwo(200/0041202) )

sol vent used to give a solution based on visual inspection. Small aliquots
of solvent are added to a weighed sanple with agitation. Actual
solubilities nay be gredfemhReause of the volufre of the solfvent portjons
utilized or a slowrate gg‘ddgh@gogdﬁda% (ha29! Bk | thewar € regorted to the
nearest ng/ mL.| Si nul at ed ggl%gtb(ptof%glog (ﬁaggéi >mgquelg@cg§qloac doridieAg to the
2008 USP vol . |1, p 817 e QI?F&HdéMIPRQHBu&@p@F few TPk 14 Pot endiberersll | of
(S)-3' - HO- DADHT Sol vent %@%pgﬂof@t&eﬁgby bilrty calciumWaterl <2 nmagnesi um

API in chloroform, added base in
chloroform (clear), SE (sticky gel),

Small oily

Added water, sonicated. Kept at

RT, ~1 day (hazy). RE, ~55 °C

Ethanol- triturated, SE (oily gel), added droplets in -
amine EtOAc, triturated. Agitated, RT, ~2 | yellow solution
(1:1) days
From above, RT Sticky material -
API in acetone, added base in Brown oilv mass
acetone. SE (sticky gel), triturated, | . dark ﬂ i
EDA SE (oily gel), added MTBE, ml ark yellow
(1:1) triturated. Agitated, RT, ~2 days solution
From above, solvent decanted, Oily mass i
blew N2
Added base to API in EtOAc
(solids). Slurry a, ~40 °C, ~2 days
(solids). Heated to ~ 60 °C, added
TFE (solids), kept at RT. Added . .
water (solids), heated to ~ 60 °C Sticky material | -
(solids), added water (clear), SC
L-Histidine | (emulsion, no solids). RE, RT, ~30
(1:1) min (solvent present), RE, ~55 °C.
Unknown
morphology,
From above, added EtOH, opaque L-Histidine
sonicated (Ppt), VF aggregates, some | + peak
b/e on few
particles
4-(2- Added base to API in EtOH
Hydroxy- (clear). Stirring, ~4 hr (clear),
ethyl added heptane (hazy solution). Sticky material | -
morpholine) | Kept in refrigerator, ~1 day (hazy
(~1:1) solution). RE, ~60 °C
From above , added THF,
sonicated (clear) added heptane . .
(cloudy, ogly mazterial). KeI;)t at RT, Sticky material | -
~5 days. RE,~60 °C
From immediately above, added
EtOAc, sonicated (hazy), triturated | Sticky material | -
(few fine solids), FE
From immediately above, added
MeOH:water (6:1) (hazy solution).
Agitation, RT, ~4 days (clear). Sticky material -
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Water > 48 zinc Water <1 potassium Water >48 potassi um ACN >6 potassi um
Et OAc/ H20 > 70 potassi um | PA >68 pot assi um MEK <7 potassium THF - 5
magnesi urw8G@p10x00900pot assi um SG- >230 zi nc PCT/US2009/050532

From immediately above, added
IPA, sonicated (cloudy), added
more IPA, sonicated (slightly
hazy), triturated (slightly hazy).
Stirring, RT, ~4 days

Clear solution,
NS

From immediately above, SE with
stirring, RT

Oily material

Added base to API in EtOH at ~60
°C (clear), SC attempt from ~60 °C
to RT

NS

From above, FE

Sticky material

From immediately above, added
chloroform, sonicated (clear),
added IPE (hazy). Kept at RT, ~2 h
(oily material), decanted solvent,
added chloroform, sonicated
(clear), added decanted solvent
(cloudy). Kept in refrigerator, ~15
min, kept in freezer, ~2 days (oily
material). RE, ~60 °C

Sticky material

From immediately above, added
MeOH, sonicated (clear), added
EtOAc (clear), kept at RT (few
solids, cloudy), FE, added EtOAc,
triturated (few fine solids), kept at

Oily material

(slightly hazy). Agitation, RT, ~11
days (clear). RE, ~65 °C

1-(2- RT, ~4 days (few fine solids), SE

Hydroxy- From immediately above, added

ethyl ACN:water (4:1), sonicated

pyrrolidine) | (slightly hazy), added more . .
(~1:1) ACN:water (4:1), sonicated Oily material

Added base to API in EtOAc
(clear).

Stirring, ~1 hr (clear), VD from
FtOAC/IPE (oily material),
sonicated and triturated (cloudy,
oily material), kept at RT, solvent
pipetted off, blew N2 (sticky
material), kept at RT, added
MTBE,

triturated

Hazy, oily
material

From immediately above, (oily,
solvent droplets), blew N2

Sticky material

From immediately above, added
IPA, sonicated (NS, some fibers).
Agitation, RT, ~4 days

Clear solution,
NS

From immediately above, SE with
stirring, RT, ~1 day

Oily material

30




SGF > 39 EXAMPLE 12 Attenpts to Produce Salts of (S)-4'
[ 0281] The results of an initial

- ( OH) - DADFT- PE
screen of salts of a representative

conmpound,w03p1o4i091(20H) - DADFT- PE, are given bel ow i n Tabl eCcTAIS200ke50%1 hods

could be applied to find salts of any conpound of Formula I. The nethods
enpl oyed may produce the follow ng salts:

1- car boxy- 4- guani di nobut an- 1- am ni um ( S) - 2- ( 2-
hydroxy-4-(2-(2-(2-nethomwg&p@%yﬁﬁ&mpgEkﬁ@@oxy)Jhenyl) 4-metffhyI- 4, 5-

di hydr ot hi azol fe- 4- car bo %h@ﬁﬁguﬁﬁ>QRpﬂhbﬁSv$(SD Dlighly haak oxy - 4- (2- (2- ( 2-
met hoxyet hoxy) fet hoxy) et haxy) mbaRNER (dir il 4. 5O MYEHYL hi dzol e- 4-

car boxyl ate], [cal ci um ( 319011203(6% nggtgggy 4- (2-( - ( oily mass

met hoxyet hoxy) et hoxy) et g [ o)) —dihydrothiazote-4-cat boxyl
at e hydr oxi de, l'ine 2= (2 (2 )

met hoxyet hoxy) _ethg§§3p%e%§%g%’-%%tﬂi%-4 bﬁ?ﬁl rwl hi gzol e- 4-

car boxyl ate, 2, Mo }JIIC])\ ltcl =2= dlly.u oxy=4(2=(2=(2=

net hoxyet hoxy) et. 1 X%etf he % % 4, 5-di hydr ot hi azol e- 4-

car boxyl ate, 2 §roxyet§§ N ‘k§§ 'oxy-4-(2-(2-(2-

net hoxyet hoxy) et h xy)etrﬁ ﬁ f 5-dihydrothiazo|e-4-

car boxyl at e, 2-am noet hd ay dro<@ﬂﬁnﬁﬂxk2-(2=
nethoxyethoxy)ethoxy)etf \éﬁﬁ@ﬁg 5- di hydr ot hi azol e- 4-

car boxyl ate, 2F anmoni o- 3 holf BPO )propanoate

(S) - 2- (2- hydr oxy4- (2- (248 %t@ﬁeﬁ ﬁﬂ&%&‘r)ss‘fl%xy et hoxy) pheny1) - 4- met hy1- 4, 5
- di hydrot hi azole-4- carl thylynorpholig-4-1um
(S)-2-(2-hydroxy-4-(2-(2 A(dQed base to API in EfOH (hazy

met hoxyet hoxy) et hoxy) et heXypheqiijs preaeniietddyd - 4, 5- di hydr ot hi dzol e- 4-
carboxyl ate, 1 (2- hydr oxy@eteh{haypsalytion; wiid $un1(S -2-(2-hydroxy-4-(2-(21(2-
net hoxyet hoxy) et hoxy) et hoseyinphemycriedfomeyin- 4, 5.di hydr ot hi gzol e- 4-

car boxyl ate, 1} ( 2- hydr oxylezhydlytginpgbrd shlid mme(@) 2-(2- hydroxy-4-(2-(2-(2-
met hoxyet hoxy) let hoxy) et hoXyhp kdnly)l filtdterpotlenpad, 4, 5- di hydr ot hi azol e- 4-

car boxyl at e, nageEum bhidded WSyer o {ilrateyazpxy- 4- ( 2- (2- ( 2-

met hoxyet hoxy) [gtlHoxy) et hexybigeh &wyfne-pstipbashy 1- 4, 5- di hydr ot hi azol e- 4-

car boxyl at e], nagnesiun1Gﬁﬁnﬂmwaihyﬁnmxmt@k@zr(Zgﬁﬁﬁ

met hoxyet hoxy)let hoxy) et haey)@heny 1) - 4- et hy1- 4, 55Ny SIhi azol e- 4- cat boxyl
at e hydroxi de, 2,3,4,5,Gfﬂﬁmﬁﬂﬁyﬂaayyb&hpamaylhaxa - 1- am ni dm ,
(S)-2-(2-hydroxy-4- IPA (cloudy, solids), added IPE nlgnovxlln Magriesmm
(2-(2-(2-nethoxyethoxy)e(&@m@)@&b@x&%@mﬁ@&%&—ég1€?H$?Cﬁy5mdlH&GrBWhiazole-4
- _carboxyl ate, _pi per azi| Qajs-dfias | G lﬁex{sz’(ydifds*))x/ 8- (2- (2- (2 "helepeak)

met hoxyet hoxy) [T hoxy) et Moy P 4@@Nx%ﬁmﬁ4n?5 b- di hydr ot hi gzol e- 4-
carboxyl ate, pjotassium g%w%ﬂmag Mgkgégﬁﬁhg (2 (2- .

met hoxyet hoxy) et hoxy) et haxy. p Venl b= di hydr ot hi azol e- 4-

car boxyl at e, ppt assi um %ﬁgrﬁg%ﬁw roxy- 4 (2 (2 (2-

met hoxyet hoxy)let hoxy) et oxy)phenyi)=4-methyi—+4; Tﬁ'é i gzote=4-cay boxyl
ate 2-et hyl hexjggi@aci d, sodi um (S)-2-(2- hydro %gl (%gf ?2-

met hoxyet hoxy) g€Hoxy) et hoxy) pheny1l) - 4- met hy1-4, b ‘drot hi a A%ém&%a boxyl
ate 2-ethyl hexjanoi c aci dFilsmdifmma(osyeEZE,(%-Slng/eB(b 0{" P% 4’ ‘%1

met hoxyet hoxy)let hoxy) et h6&y) pheny1l) - 4- net hy1l-4, 5 t'f f%ﬂ Oﬁk boxy|
ate acetic acild, sodium|(S)-2-(2-hydroxy-4-(2-(2 i?? Ssome anglc pea

nmet hoxyet hoxy) et hoxy) et hoxy) phenyl) - 4- net hy1-4, 5 Q¥ ot hi azol e- 4-

car boxy| at e, 1-3—di-bvdraaov—-—2-{ hvdroxxvrret-hwv ) probeh Sam at| wHh (S) 2 (2
hydroxy-4-(2-(aﬂM2}nethof@@?h%ﬁ§?é¥9%i??@?hoxy)phenyl) 4-metihy1-4, 5-

di hydr ot hi azol |g143car boxyPagaeed (¢! lﬂﬁ 1.2 ( DUFRYIPKRL 4-|(-2- ( 2- ( 2-

met hoxyet hoxy) et hoxy) et hé WWW \ EWM hyl-4 5-di hydrothidzol-3-ium 2-
sul f oet hanesul [f onat e, (Sfﬂnn@%Wbd% OMeQHRy dr oxyUnkigapuy 2- ( 2-
nethoxyethoxy)ethoxy)eth@%&%ﬁﬁéﬂ?@'ﬁﬂd%@@ﬁﬁi 4, 5ogithpest hi dzol - 3-i um
hydrochl ori de,| (S) - 4- cal bory pﬁxﬁﬂthﬂr$RW%45@2- opyqpe NMG A

met hoxyet hoxy) fet hoxy) et hbssyypéranyiierigh) regshgdiwigh Haghirggates.oohi azol - 3- i um
hydrogen sul fate, (S)-44&8hoME 2- (2-hydroxy- 4- (Be(2- (2-

met hoxyet hoxy) et hoxy) et hoxy) phenyl) - 4- et hy1- 4, 5- di hydr ot hi azol - 3-i um

nmet hanesul fonate, and (S)-4-carboxy-2-(2-hydroxy-4-(2-(2-(2-

nmet hoxyet hoxy) et hoxy) et hoxy) phenyl) - 4- net hy1- 4, 5- di hydr ot hi azol - 3-i um 4-

met hyl benzenes

Yellow film -
over
aggr egat es,

ul f onat e.

From above,
P205 Unknown nor phol ogy,
some b/e on few particles

Tabl e 15. Base (Base: APl) Conditions Cbservations
XRPD Results L-arginine (1.1) Added base to AP
Addi tion of TFE (clear),

addition of heptane (inmm scible).
added | PA, sonicated, VF (sticky solids),
opaque Arginine A (1 small

in TFE (few particles).

RE1

RT to -40 C
st or ed
| ow angl e peak +



hal 0) Added base to API

-10 mn (viscous material),
pr esent) ,waddedonaber

particles),
From above,

no b/e Cal cium B API

4

soni cated (fl
solids),
opaque aggreg
to -80 CFilm
day (small dro
opaque fl akes

hot filtered (hazy solution),

in EtOH (solid present),
added EtOH at

added water,
55 C (hazy sol ution
heated to -70 C, added Et OH (sl i gotrius26vanyosBew
SC attenpt from-70 Cto RT NS -

soni cated for
sol i ds

| PA: wat er (1:1f

-60 Cto RT Ha
and triturated
added water (h
C Sticky mate
added Et OAc wi

(cloudy). RE, RT

FPE attenpt (clear), RE, - 60 C (thin film Unknown norphol ogy,
in ACN:water (4:1), added solid base (solids),
occul ated gol'rds). Surry, -37 C  ovgkiwght (TTocculated
VF (damp smal | | spb&s Asah PRk ddub&R)baseYOmorphidgy,Unkrown nor phol ogy,
es, Nno b/ ei&R), GhddimPn tel 2 Fi bbdgat e ron1abpve, RE| -55
- Solids f %%mt%oi(@wgn([a 9£cle\£9 Addeggégg‘\r%{:‘cs HAgitlation, RT} -1
pl et's, whi 1,948 B?PE'(QH i hed| BE oificbhknoun mor phol pgy,
and aggregates, no C|un1 +p£ﬁ&§?92 Added base in
3y to AP AT t (stToghtty hazy) FG attenpt—1rom
zy, NS - FA?%ﬁj%?fiii IPE Eﬁky terigl), sonicated
(cloudy, (%s ol of V1 E%%E atteqpt egz%lee )
azy), kept At F%‘F'TE% o zﬁ §’8rp 1= ol | gweld” - 60
rial - Frcﬁlbﬁﬁé%late § SQOW% 6H sonlcated (clear),
i 1 Ol v
L tinal e RS AT i T (e |
addition of toluene (clear), Sticky film -
sonicated (clear), RE, RT
. . From above, dissolved film in
ff?le)razme EtOAc, VD from EtOAc/DEE, ~5
’ hrs (white solids and orange oily k
residue), sonicated and triturated Unknown
; . . morphology,
(some oily residue remained). opaque
Slurry, ~37 °C, ~1 day, triturated ; Piperazine A
(orange oily residue persists), VF agsregates, some
. . . b/e on few
(white solids deliquesced), stored Hicles
over P205 (orange sticky pa
material), blew N2 (slightly tacky
solids), placed back into P205
Added aqueous base to API in
KOH EtOH (clear), added water (clear Sticky material | -
(~1:1) solution). Kept at RT, ~1 day (no Y
solids). RE, ~50 °C
From above, added acetone,
sonicated (few solids), heated to
~50 °C (few solids), added IPE
(cloudy). Kept at RT, ~5 days (oily
material), sonicated, triturated Sticky material | -
(hazy solution, oily material), kept
at RT (clear solution, oily
material), solvent decanted. VO,
~55 °C,~2 days
API in chloroform, added Sticky vell
methanolic base, added hexanes y yellow -
material

From immediately above, dissolved
material in EtOAc, sonicated
(clear). VD from EtOAc/DEE, ~5
hrs, triturate oily solids, left
standing capped

Clear solution,
oily material

Dissolved API at ~75 °C in EtOAc,
added

Sticky oil
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Added aqueous base to APl in EtOH (clear), kept in refrigerator NS - From
above, FE Sticky material - From above, Added | PA, sonicated (hazy, sticky
gel ), heaveaotomd®d C (hazy, sticky gel), added |PA (cl @aas2009B5(Bew
solids), stored over P205 Unknovvn nmor phol ogy, no b/e Lysine A (disordered)
APl in chlorqgform addnd in c cp‘ ,ij ear), SE (sticky gel)
triturated, SE (oily g< é’as hlﬁ?{é %FB ated. Agitated, RT, -2|days
Small oily drloplets in gge{gfgnéc&ﬁ Yt above, RT Stijcky mater|al -
APl in acetone, added 5 "’é’ﬁ 011)? (éstl cky gel), trilturated, BE
(oily gel), ddded MIBE trtt‘r‘r?‘le rkéPtead %Yt RT, -2 days Brown oily| nass
in dark yelldw sol uti ondsCatedsnlvnb bl % (gt decanted, bl éw N2 G | y| mass -
Added base td APl in Etd8 54;&.%@1113'8 Slurry a 1-40 C_-2 days (solids).
Heated to - 40 C, addejFrPPEH(I%@Fﬁt@S)lbOVR»eﬁgﬂedat RT. Added watler (solids),
heated to - §0 C (sol i g¥cOHaderdeptagecles), gdé‘ﬂeélar) SC (enul si on, no sol |ds).
RE, RT, -30 nin (sol venwaisr ekentwith fREl 4:158i10C.  SPily kpterak erijal - Fronj above,
added EtOH, Sonicated (Ppiring, R ~Brikyroleane phol ogy, opaque |aggregates, sone
b/e on few particles Libdlislhfdilovecdbydak
Added methanolic base to API,
added methanol (clear), sonicated
(clear). VD with IPE, ~4 days (oil), . .
triturated, kept at RT, ~1 day (gel), Sticky oil i
decanted solvent, blew N2 (sticky).
VO, ~54 °C, ~2 days
From immediately above, added
EtOH, sonicated (clear), added
MTBE (clear) with final 4:1 ratio. | Oily material -
Stirring, RT, ~ 3 days (clear, no
solid) followed by SE
Added triethylamine to API in [PA
(clear), added base in /-
BuOH:DCM (1:1) (clear). Stirring, | Clear solution -
RT, overnight (clear), added IPE
(cloudy). Agitation, RT, ~3 days
Potassium From above, added IPA at ~ 60 °C,
2-ethyl- (small amount of oily material),
hexanoate added IPA (clear), SC from ~ 60
(1:1) °C to RT (hazy). Kept at RT
(clear), added IPE (cloudy, fine Yillgw leg -
solids), kept at RT (clear, oily sotution,
material), added heptane (slightly
hazy). RE, ~60 °C (sticky
material), added EtOAc, triturated
NaOAc Added aqueous base to API in
(1:1) EtOH (clear solution). Kept in NS -
refrigerator, ~ 4 days
From above, FE Sticky material -
From immediately above, added Sticky material -
THF, sonicated (hazy), heated to
~60 °C (hazy), added heptane
(tacky solids), decanted solvent,

added THF (slightly hazy), added
decanted solvent (cloudy)8Kept in
refrigerator, ~15 min, kept in
freezer, ~2 days (sticky material).




Added base to APl in EtOH (clear). Stirring, -4 hr (clear), added heptane
(hazy solution). Kept in refrigerator, -1 day (hazy solution). RE, -60 C
Sticky nmawerml009126r om above, added THF, sonicated (cl eaCx/isdeedsdsept ane
(cloudy, oily material). Kept at RT, -5 days. RE,-60 C Sticky nmaterial -
From i medi atel y above, added EtO0Ac, sonicated (hazy), triturated (few fine

solids), FE Sticky material - Fromimredi ately above, added MeOH: wat er
(6:1) (bhazy so||t ution). A aggaen, RT, -4 days (¢lear). Added wafer,
soni cated. Kept at RT, 41 day (hazy). RE, -55 C|Sticky materlial - WO

2010/ 009120PCT) US2009/ 050532 From i mredi atel y above, added || PA, soni ¢cated
(cloudy), added nore |IPA, sonicated (slightly hazy), triturated (slightly
hazy). Stirring, RT, -4|days Cear solution, NS/- Frominmedi ately above,
SE with stirrijng, RT Glly material - 1-(2- Hydroxy- ethyl pyrrolidine
(-1:1) Added bjase to APl in EtOH at -60 C (clear), SC attempt from-60 C to
RT NS -

From above, added EtOAc, Unknown Sodium A
triturated, sonicated (slightly hazy), | morphology, no | (1 small
kept at RT (few solids, cloudy). FE | b/e peak)

Added triethylamine to API in [PA
Sodium 2- (clear), added base in /-

Ethyl- BuOH:DCM (1:1) (hazy). Stirring, . .
hexanoate RT, ~2.5 hrs (hazy) followed by Sticky material i
(1:1) IPE addition (cloudy), kept in

freezer, ~4 days
NaOH Added aqueous base to API in ‘ ‘
(~1:1) EtOH (clear), added water (no Sticky material -
' solids). RE, ~55 °C
From above, added EtOAc,
sonicated (hazy solution, solids),
heated to ~ 60 °C (solids), VF (very
few solids), filtrate collected, SE
API in acetone, added methanolic
base (clear), sonicated (clear),
added IPE, sonicated (oily
aggregates), c‘lecanted solutipn, Hazy, sticky
redissolved oily aggregates in matetial -
acetone at ~ 60 °C (clear), added
warm decanted solution (cloudy),
CCS (dry ice/acetone) from ~ 60
°C (cloudy). Kept in freezer
API in ACN at ~45 °C. Addition of
methanolic base followed by FC Clear yellow-
attempt (clear). ACN and water brown solution, | -
added in final 9:1 ratio at ~45 °C, NS
FC attempt from ~45 °C to RT
Base in MeOH. Addition to API,
sonicated (clear). Addition of IPE

Sticky material -

(oily substance). RE, RT (oil) NS -
followed by VD from

MeOH/DEE

API in chloroform, added Unknown

methanolic base (clear), added IPE | morphology, Sodium A
(cloudy), sonicated (oily opaque (NP)
aggregates). VF, blew N2, stored aggregates, no

solids over P205 b/e
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From above,

FE Sticky materi al

From i mmedi atel y above,

added chl orof orm

sonicated (clear), added |IPE (hazy). Kept at RT, -2 h (oily material),
decant ed wol2oengi12added chl orof orm sonicated (cl ear), addasaeos0s8Ed
solvent (cloudy). Kept in refrigerator, -15 mn, kept in freezer, -2 days
(oily material). RE, -60 C Sticky material - Fromimmedi ately above, added
MeOH, sonicated (clear), added EtO0Ac (clear), kept at RT (few solids,
cloudy), FE, added EtOA¢Apfid Pl aiRd nlcfianolidvag $oT1ds), Kepfl ai RT, -4 days
(few fine solifds), SE G k%zﬁ%lﬁidnafew solifid) Hafclieedi at el y above, added
ACN: wat er (4:1), sonicated t6bd ghliddyamazyda added nore ACN: water (4:1),
soni cated (slifghtly haz;kcle S@qgté froﬁil;6oaét(gays (clear). RE, -65 C|QOly
material - Added base fg |n cear) Stirring, -1 hr (clear), VD
fromEtOAc/IPH (oily maf (a?dvgq(or}? rturated (choudy, o t)
mat eri al ), kepr at RT, 4 > émﬁlNZm(tglailcky mat er| al ),
kept at RT, added MIBE, & mtertal——Fromtmmediatel y
above, (oily, [solvent di material - |From
I medi at el y abjove, adde me fibers). Agitation, |RT,
-4 days O ear [sol ution, I(\‘ﬁ“ar)’ SC atterpt from ~ 60 °C to Clear -
RT. Added MeOH:water (7:3)
(clear). Stirring, RT, overnight
Trometh- Added API in EtOH to base, (solids | Unknown Tromethami
amine present). Stirring, RT, ~3 hr, (clear) | morphology, A
(1:1) followed by FE some b/e ne
Added API in EtOH to ethanolic
(clear solution), sonicated, (clear
solution). Stirring, RT, overnight Oilv material i
(clear). Added heptane (hazy, oily y
mass), sonicated (hazy, oily mass).
RE, ~65 °C
From above, added EtOAc,
sonicated, triturated (clear solution, Oilv material i
oily mass). Stirring, RT, ~7 days Y
(clear solution)
From above, added McOH:water
(6:1), sonicated (clear solution).
RE, ~60 °C, ~20 min (oily Thin film,
material), etched oily material, RE, | viscous material |
RT (sticky material). Stored over
P205
1,2-EDSA Added API in acetone to acid in
(1:1) acetone (cloudy, oily mass).

Stirring, RT, ~30 min (oily mass,
clear) followed by SE, RT

Oily material

From immediately above, added
MeOH, sonicated (clear solution).
SE, RT (oily material), added
EtOAc sonicated, triturated (clear
solution, oily mass). Stirring, RT,
~5 days (oily material, small
amount of solvent). Added MeOH,
sonicated (oily material dissolved).
RE, ~60 °C, ~20 min (oily
material), etched. RE, RT, ~ 15 min

Viscous material

From immediately above, added
MTRBE, sonicated, triturated (clear
solution, viscous material), added

acetone, sonicated (hazy solution).
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Fromimedi ately above, SE with stirring, RT, -1 day Gly material - WO
2010/ 009120PCT/ US2009/ 050532 1-(2- Hydroxy- ethyl) piperidine (1:1) Added
base to APD 20r/EYQAC (clear). Stirring, RT, -1 hr. VD f PORUS@AOAISPE (0ily
material), sonicated, triturated Slightly hazy, oily material, oily nass -
From above, decanted sol vent, added acetone, sonicated (clear), SE G ly

material - Frominmedi ately above, added MeOH, sonicated (slightly hazy),
added EtOAc, slonicated (hazyso@ Ty droplets, imnscible Taygr). SEwih
stirring (few|sticky sollids on the wall, clear solution), FRE attenpt
(reduced sol vent, sticky solids), RE, -65 CGly material - M(OH)2 (1:1)
Added base to JAPI in EtQH (hazy solution, solids present), added wate
(hazy solution| solids pragedquecosanidéahedinfor {10 mn (hazy solution] fine
solids present]), VF (no|sebidddar séludidn) A Eta6iod,| €¢t ed, added water to
filtrate (hazy| sol ution, -baw (Ellemoma()ﬁ)l o] Iﬁﬁ)e NS ollylﬁﬁ@é})aﬁbove FPE at{enpt
(clear). RE, -[60 C Sti CL ¥ddBS o R nass, ifihREbIeNMedi at el y above, added | PA
(cl oudy, solids), added|} Ersgre(;lgwg{yb Rgelig@sy. Kept in freezer, -2 days
(solids), VF, pplew N2 ( ,@Hng%ovyrya@&yﬂogggr pnology, no
sonicated, triturated (oily mass,
hazy solution). Stirring, RT, ~7 Glassy flakes,
. : . unknown
days (clear solution, oily material). mormholoey. no |~
RE, ~60 °C (oily material), etched b /e;p 28
HCI (1:1) oily material, RE at RT (tacky
' solids), stored over P205
Added acid to API in acetone (clear
solution), sonicated (clear solution. | Oily material -
SE, RT
From above, added IPA, sonicated,
triturated, (clear, small amount of
. . o Glassy flakes,
oily material). Stirring, RT, ~5 days Kknown
(clear solution). RE, ~60 °C, ~20 lrﬁlo holoev. 110 HCI A
min (oily material), etched oily b /e{)p 28
material, RE, RT, ~20 min (sticky
solids), stored over P205
Added aqueous acid to API in
EtOH (clear solution). Agitation,
RT, ~2 hrs (clear solution). Oily mass -
Heptane addition (oily mass in hazy
solution) followed by RE, ~65 °C
From above, added EtOAc,
sonicated, triturated (oily mass,
hazy solution), added more EtOAc Oily material i
(oily mass, hazy solution). Stirring,
H,SO4 RT, ~7 days (hazy solution, oily
(1:1) material) followed by RE, ~65 °C
Added acid to API in acetone (clear
solution), sonicated (clear solution). | Oily material -
SE, RT
From above, added IPE, sonicated,
triturated (hazy, oily mass).
Stirring, RT, ~5 days (clear . .
solution, oily material). RE, RT Viscous material | -
(oily material) followed by VO,
RT, ~1 day
MSA (I1:1) Added ethanolic acid to API in Oily material -
EtOH (clear solution), sonicated

(clear solution). Stirring, ~2.5 hrs
(clear) followed by RE, ~88 °C



b/ e Magnesium A (1 | ow angle peak) Mg(OH)2 (2:1) APl in ACN water (4:1),
added base (solids), sonicated (solids). Slurry, -37 C, overnight (solids),
VF sol i dswof2b10/009120Fi | trate from above RE, -55 to -80 CpcCaalsyoosmbisds and
powder. Unknown norphol ogy, red aggregates, sonme b/e on few particles
Magnesium A (1 | ow angl e peak) NMG (1:1) Added APl in EtOH to base,
sonicated (clear). SE (no solvent, sticky material), blew N2 Sticky
material - Frjom above, [ad %dﬁg@goﬁqamgﬁgded (¢Tear), added EtOAc (sbpme
precipitation)l Slurry, |{Qea) Ricdb yﬂt%qggzygmierljal ), washed with EtOA¢, VF
Unknown nor phol ogy, opaqugsaggr egat es WO

2010/ 009120PCTY US2009/ 050532 Added API I n IPA tto aqueous base (clear
added I PA (clejar). Agitat eea—FoHHoewedbyFHE{seH ds,
thin filnm Unkhown nor pf\@ldg éséﬂfz t es Oisomkeri € on few particles
a acetotie (cle sgllutlona)} i

From above, added DEE, sonicated,
triturated (hazy solution, oily
material). Stirring RT for ~ 2 days
(oily material), added MeOH, Oily material -
sonicated (hazy solution), RE at ~
60 °C for ~ 20 min. (oily material),
etched oily material. RE, RT
Added API in EtOH to ethanolic
acid, sonicated (clear solution).
Stirring, ~1.5 hrs (clear solution).
Added heptane (hazy, oily mass),
sonicated (hazy, oily mass). RE,
~65 °C

From above, added EtOAc,
sonicated, triturated (oily mass
hazy solution). Stirring, RT, ~2 Oily mass -
days (hazy solution, oily mass)
followed by RE, ~65 °C

Added API in acetone to acid in

Oily material -

p-TSA ) | oo deid
mono- acetone (clear solution). Stirring, Oily material ]
hydrate RT, ~0.5 hrs (clear solution)

(1:1) followed by SE, RT

From above, added MeOH:IPE
(1:9), sonicated, triturated (hazy,
oily material). Stirring, RT (oily
mass, clear). Added more IPE
sonicated, triturated (hazy, oily
material). Stirring, RT, ~4 days
(clear solution, oily material).
Added MeOH, sonciated (hazy
solution, oily droplets). RE, RT,
~20 min (oily material), RE at ~ 60
°C for ~ 15 min. (sticky material),
stored over P205

Viscous material | -
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Pi perazine (1:1) Added APl in EtOH to base (viscous material), shook vial
(smal | pieces of viscous material). Stirring, RT, -1 hr (clear) foll owed by
FE Unknowwormroplogi2ogy, sonme b/ e Piperazine A Added basectras2id/ 50533 FE
(clear), addition of toluene (clear), sonicated (clear), RE, RT Sticky film
-  From above, dissolved filmin EtOAc, VD from Et OAc/DEE, -5 hrs (white
solids and orange oily residue), sonicated and triturated (sone oily
residue remained). Slurry, -37 C, -1gaywmpiriigurated (orange oily residue
persists), VF (white solids deliquesced), stored over P205 (orange sticky
material ), blew N2 (slightl yCrlsbrysalinfi@hss'-(OfD) Fhddk i nto P205 Unknown
nor phol ogy, opaque aggrﬁg@y@szo§oﬁbobfe/8 ticl ead®)perazi ne A KOH
(-1:1) Added aqueous base to APl in EtOH ( 4 added water (clear
solution). Kept at RT, -1 day (no solids). Rg N C

=NC . &ui cky nmaterial -
From above, added acetone, sonicated (few soli gi%;heéésg to -50 C (few
solids), added |IPE (cloudy). Kept at RT, -5 days (oily nmaterial),
soni cated, trit ed (hazy solution,. gily material).,.kept at RT (clear
sl utron " of 1y HRERFT a0kt fn A AR StiaosSRigs flaedlint vy
material -  APlsukpgengibh @aodoaichted adkeidhtie s hanathe ol S&re @lldael Viexanam
(cl oudy). RE, %ﬁuStiCkdeg I owmmaterial -

ation an in a vacuum oven. The calcium salt is consistent with disordered

material with a higher level of order compared to magnesium salt candidate. The
material, designated as Calcium A, showed negligible aqueous solubility. No
apparent deliquescence was observed upon ~75% RH stress.

[0283] XRPD data for the calcium salt exhibited two low angle peaks
suggesting a higher level of order compared to magnesium salt candidate (Figure
13). The salt candidate was prepared utilizing a 1:1 ratio of calcium hydroxide to
4’-(OH)-DADFT-PE. Solution "H NMR data for the potential salt were not

acquired due to its low solubility in organic solvents.

EXAMPLE 14
Lysine salt of (S)-4'-(OH)-DADFT-PE
NH,
HCO™ OO O N "

O
ii3%29H3

S COOH
[0284] Aqueous base was added to the API in EtOH forming a clear solution,
which was kept in a refrigerator. Following fast evaporation, isopropyl alcohol was
added, followed by sonication, yielding a hazy, sticky gel. The material was heated
to ~65 °C and isopropyl alcohol was added. Vacuum filtration yielded solids which
were stored over P,Os. Lysine salt candidate is consistent with crystalline somewhat
disordered lysine salt of 4’-(OH)-DADFT-PE with ~1:1 ratio of lysine to API. The

material showed negligible aqueous solubility. No apparent deliquescence was
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From i medi atel y above, dissolved material in EtOAc, sonicated (clear). VD
fromEtOAc/DEE, -5 hrs, triturate oily solids, |eft standing capped C ear
sol uti on'woi2by/ooaizeri al - Dissolved API at -75 C in Et@Ar/usaehdeshsst i cky
oi |l - met hanol i ¢ base (clear). FCto RT (clear), sonicated (clear). VD
fromEtOAc/I PE, -4 days (oil), triturated, kept at RT, -1 day (gel),
decanted solvent, blew N2 (sticky). VO -54 C, -2 days Fromimedi ately

above, added Nbéﬂskwmoﬁavm rél&ti R umidigdaed Nt tHeGh@Bchmdbotih final 4:1
ratio. Stirring, RT, -3 days (clear, no solids) followed by SE G ly

material - Adoﬁ@agwgfmr%cqp&g@ to AP, added methanol (clear), sonicated
(clear). VD w tigdfE it 19@Nessa(t@aﬂd)datetMswa@ét@l%edW@@P@ anld Solutidn gy (gel),

decant ed sol vent, blew N2 (stick g C, -2 days Sticky oil - From
i mredi at el y aboVMR spedescopy gy eral mecslataé@r t{l%mé@ﬂ?l argPAigoNPBIE Ytdldte) Wi t h

final 4:1 rati Osonl‘ts,{vvhﬁtrdlls%ﬂiereg[¥51ne s§lt gf"W S%dPg']?@IBFT L) \ﬁfﬂ 'ld? ra{19 IOJ? Rfmgtoby SE

Oly material - Potassium 2 hyl - hexa
APIL. XRPD pattern exhibited resolution of peaks indicative of crystalline material

with some disorder consistent with Lysine A salt of 4’-(OH)-DADFT-PE (Figure
13).

[0286] Solution 'H-NMR data are consistent with lysine salt of 4’-(OH)-
DADFT-PE based on peak centered at ~8.0 ppm, peaks at ~3.2 ppm and ~2.7 ppm
and in the range of ~1.8 - 1.3 ppm attributable to lysine. The integral values suggest
that the salt contains approximately one mole of lysine per one mole of 4’-(OH)-

DADFT-PE. Peak at ~2.50 ppm is associated with partially deuterated DMSO.

EXAMPLE 15
Magnesium salt of (S)-4'-(OH)-DADFT-PE
OH
HiCO™ O N ™A Mg(OH),

/\N><CH3

S COOH

[0287] The API was dissolved in ACN:water (4:1), solid base was added, the
resulting slurry was sonicated overnight at 37 °C. Solids were collected via vacuum
filtration, and the filtrate was reduced via rotary evaporation between ~55 and ~80
°C. The resulting magnesium salt candidate is consistent with amorphous or
mesophasic monohydrate of 4’-(OH)-DADFT-PE salt. The material exhibited
substantial aqueous solubility (~60 mg/mL). No apparent deliquescence was
observed upon ~75% RH stress however the salt showed a significant water uptake
(~42.7 wt%) upon increasing relative humidity from ~5% to ~95% RH suggesting
its hygroscopicity.

[0288] The magnesium salt candidate was prepared using a 1:1 ratio of
magnesium hydroxide to 4’-(OH)-DADFT-PE. It was characterized by XRPD,
thermogravimetry (TG), differential scanning calorimetry (DSC), moisture sorption
analysis and "H NMR spectroscopy. Overall, the data for the material are consistent

with amorphous or mesophasic salt of 4’-(OH)-DADFT-PE possibly hydrated or
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(1:1) Added triethylamne to API
(1:1) (clear).

Stirring, RT, overnight (clear), added |IPE (cloudy).

Agi t at i orwoORb10/00812days Cl ear solution - From above, adeea/usBwwomsos32 60 C,

(smal |l armount of oily material), added |IPA (clear), SC from- 60 Cto RT
(hazy). Kept at RT (clear), added IPE (cloudy, fine solids), kept at RT
(clear, oily material), added heptane (slightly hazy). RE, -60 C (sticky

material), adde@nflMCwattd ThdakRlvodR! di@icahORdtersPtaut (-an,7 W)
Added aqueous base to APl in EtOH (clear solution). Kept in reFrl ger at or,

Frla?%@s@\f@latlwéwgtlﬁhe/kf{p%%ﬁ@ af>% RPwlsgﬁﬂ%*éﬂrygf%mpl%ove

4 days NS -

NaOAc (1:1)

added THF, sonipagrd (RREYMataRERAbRHaLa d@@rd@reﬁ Iﬂ@@éﬁ) codidgdviagpt ane (tacky

solids), decanted solvent, Sticky material - ded THE (slightly hazy),
added decant ed M@W@r\mﬁc@ﬂlfoﬁhﬁygattérgtexhublt@demgleg@wmle peak| WEEgsHNS kept i n

freezer, -2 dayﬁn&?ﬁogggymg% Bki qulla)tenal RE, -60 C From above, added EtOAc,

tri turat ed, sonica sl1gnht hazy), kept at RT (few solids, cloudy).

Unknown nor phol [6830] noSdivteon ' H NMR data are consistent with formation of 4°- (OH)

DADFT-PE salt based on significant changes throughout the spectrum.
Considerable peak shifts were observed in ~8 - 6 ppm, ~4.2 - 3.0 ppm, and ~1.6 -
1.3 ppm ranges while no peaks were detected in ~14-12 ppm range compared to
free 4’-(OH)-DADFT-PE. Additional small peaks (~6.6 ppm, ~2.3 ppm, ~1.9 ppm
and ~1.6-1.5 ppm.) were observed, likely due to unidentified impurities. The
spectrum also exhibited peak at ~3.34 ppm associated with water. Peak at ~2.50
ppm is associated with partially deuterated DMSO. Small peak at ~2.54 ppm was
observed due to undeuterated DMSO.

[0291] Thermal data are consistent with solvated material or the material
containing solvent. TG data demonstrated a ~4.0% weight loss between ~36 and
~137 °C. The weight loss is likely attributable to a loss of approximately 1 mole of
water per mole of API based on the preparation conditions and "H NMR data. The
"H NMR spectrum of the material prepared in ethanol:water (1:1) mixture did not
exhibit peaks associated with ethanol, while peak attributable to water was detected.
A smaller ~1.6% loss between ~137 °C and ~195 °C followed by a sharp weight
loss at ~280 °C (onset) were observed likely due to decomposition.

[0292] The differential scanning calorimetry (DSC) curve demonstrated a broad
endotherm between ~39.2 °C and ~133.6 °C with a peak maximum at ~85.0 °C.
The event was observed concurrently with the ~4.0% TG loss and is likely
associated with desolvation. Broadened endotherm at ~161.2 °C followed by a
small endothermic event at ~173.7 °C (peak maxima) was detected possibly due to
melting accompanied by decomposition of the material (Figure 15).

[0293] Moisture sorption data showed ~0.7 wt% loss upon equilibration at ~5%
RH. A significant ~22.0 wt% gain was observed below ~85% RH, above which the
material gained additional ~20.2 wt% with a total gain of ~42.7 wt%. The
equilibration was not reached between ~85% and ~95% RH indicating that even

higher moisture uptake is possible. Partial desorption occurred with a small
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in I PA (clear), added base in /- BuOH DCM



Sodium A (1 smal|l peak) Added triethylamne to APl in IPA (clear), added
base in /- BuOH. DCM (1:1) (hazy). Stirring, RT, -2.5 hrs (hazy) foll owed by
| PE addi tworzo{ozioor2dy), kept in freezer, -4 days Sticky maramsea@9/ososézded
aqueous base to APl in EtOH (clear), added water (no solids). RE, -55 C
Sticky material - From above, added Et 0OAc, sonicated (hazy sol ution
solids), heated to - 60 C (solids), VF (very fewsolids), filtrate

col l ected, SE Siyseleyis Wpéeddcathsing ARkivé RurfidR} NS, addedviElblianelds base
(clear), sonicated (clegr%H added | PE, sonicated (oily aggregates),
decant ed sol utidR/° $¥did¥sBiVed oily aggregates in acetone at - 60 C
(clear), added warm decanted sol ution (cloudy), CCS (dry ice/acetone) from
- 60 C (cloudy). Kept in freezer Hazy, sticky material - APl in ACN at -45
C. Addition of nethanolic base foll odetAMyLEtOat t enpt (clear). ACN and
vater added in final Nty duéiminé ibic) sk af F0Rloh).BHDHSPE L0 RT G ear
yel | ow- brown solution, NS°- Base In OH" Addition to APlI, sonicated
(clear). Addition of IPE (0ily substance). 8%, RT (oil)
MeOH DEE NS - API chgﬁTﬂf%ﬁ{ﬁTo ddegmetAianol i ¢
(cl oudy), sonicated (oily aggregates). bl ew N2, st

Unknown nor phol ogy, opaque aggregates, N QdiHgm A WO
2010/ 009120PCT/ US2009/ 050532 APl in | PA, adde nol i ¢ base (hazy
solution, few solids), heated to - 60 C, added APl in IPA (clear), SC

attenpt from - [6294C t cAiRdthanolic solution of the API was added to the base, then sonicated

OHolQtbwed by VD from
N\added | PE

e Hsolids over P205

giving a clear solution. Slow evaporation yielded a sticky material, which was dried
by blowing Ny(g) across it. MeOH was added. Following sonication, the addition of
EtOAc yielded some precipitation. Slurry for ~5.5 hrs afforded viscous material,
which was washed with EtOAc, and isolated via vacuum filtration. NMG salt
candidate is consistent with disordered unsolvated NMG salt of 4’-(OH)-DADFT-
PE with ~1:1 ratio of NMG to API. The material exhibited substantial aqueous
solubility (~60 mg/mL). No apparent deliquescence was observed upon ~75% RH
stress however the salt became oily. The salt also showed a significant water uptake
(~61.7 wt%) upon increasing relative humidity from ~5% to ~95% RH suggesting
its hygroscopicity.

[0295] The material contained small amount of free N-methyl-D-glucamine.
The salt was characterized by X-ray powder diffraction (XRPD), thermogravimetry
(TG), differential scanning calorimetry (DSC), moisture sorption analysis and 'H
NMR spectroscopy. The salt showed a significant water uptake (~61.7 wt%) upon
increasing relative humidity from ~5% to ~95% RH suggesting its hygroscopicity.
[0296] XRPD patterns exhibited resolution of peaks indicative of a disordered
material consistent with NMG A salt of 4’-(OH)-DADFT-PE (Figure 13). The
XRPD pattern of the sample also displayed additional peak associated with free
NMG.

[0297] "H-NMR data are consistent with NMG salt of 4’-(OH)-DADFT-PE
based on peaks in ~3.9 - 3.8 ppm and ~3.0 - 2.8 ppm ranges, peak centered at ~4.7
ppm and peaks at ~3.10 ppm and ~2.48 ppm attributable to NMG. The integral
values suggest that the salt contains approximately one mole of N-methyl-D-

glucamine per one mole of 4’-(OH)-DADFT-PE. Additional small peak at ~1.9
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- - Fromimediately above, (oily material), blew N2 Sticky material -
APl in | PA added nethanolic base (hazy solution, few solids), heated to -
60 C, addwo 26800120l PA (clear), SC attenpt from- 60 C PoTRB20000865d2

MeOH: water (7:3) (clear). Stirring, RT, overnight Cear - Trometh- am ne
(1:1) Added API in EtOH to base, (solids present). Stirring, RT, -3 hr,
(clear) followed by FE Unknown norphol ogy, sone b/e Tronetham ne A

1,2-EDSA (1:1) Rk ARrvéd) llﬁéIQHhét@uﬁfdbﬁﬁﬁhlnﬁpﬁrﬁ%r arbk §ObWoigpm)is soni cat ed,
(clear solution). Stirring, RT, overnight (clear Added hept ane (hazy,

oi |y nmass), sorﬁsﬁoétaéf‘dl"(lﬂwla“dldwerﬁ’ﬁ ®RE, -65 COly material - From
above, added Et[gfes) somiceaiigeia ah{do&lsigt@ﬁt%qth(ﬁkﬁadte@ﬁhteﬁmOrta aghly mass).
Stirring, RIT, days (clear solution) Oly material - From above, added

MeCOH: wat er ( 6: 1<)em0§mtf@eneélegﬂelé wekght logy abpmm%ﬂ "REShargeight lopet rA2R °Coi | v
material), et Cr(%gseﬁ'v!la)é oﬂé%}v%'a'h@'l—:ly a0 CBIOIﬁI?OtShI%KyT%SQf bbo exniBid £ngver P205

Thin film viscous ‘mater
endotherm at ~92 3 °C followed by an endotherm at ~109.5 °C (peak maxima). The

two consecutive events could be associated with melting of the salt instantaneously
followed by a melting and/or possible recrystallization with melting of free N-
methyl-D-glucamine present in the salt. Heat fluctuations beginning at ~180 °C
were observed likely due to decomposition (Figure 17).

[0299] Moisture sorption data showed ~0.5 wt% loss upon equilibration at ~5%
RH. A significant ~34.7 wt% gain was observed below ~85% RH, above which the
material gained additional ~27.0 wt% with a total gain of ~61.7 wt%. The
equilibration was not reached between ~65% and ~95% RH indicating that even
higher moisture uptake is possible. Partial desorption occurred with a small
hysteresis upon decreasing relative humidity to ~5% (~60.6 wt% loss between

~95% and ~5% RH).

EXAMPLE 17
Tromethamine salt of (S)-4'-(OH)-DADFT-PE
HO
OH o,
Hyco™ OO HO )/\OH
NH-

=N \CH,

SJ\ COOH
[0300] Base was added to an ethanolic solution of the API. A clear solution was
obtained by stirring at room temperature for ~3 hr. Fast evaporation of the solution
yielded the tromethamine salt of the API. Tromethamine salt candidate is consistent
with crystalline unsolvated tromethamine salt of 4’-(OH)-DADFT-PE with ~1:1
ratio of tromethamine to API. The salt exhibited significant aqueous solubility
(above ~124 mg/mL) and showed no apparent deliquescence upon ~75% RH stress.
The salt showed a small water uptake (~1.5 wt%) below ~65% RH above which it
gained ~50.3 wt% indicating lower hygroscopicity compared to magnesium and

NMG salt candidates.
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Added API in acetone to acid in acetone (cloudy, oily mass). Stirring, RT,
-30 mMn (oily mass, clear) followed by SE, RT Qly material - From

i medi at evp 2atvower20added MeOH, sonicated (clear sol uti omCT/USEN0983056DI | Yy
material ), added EtOAc sonicated, triturated (clear solution, oily mass).
Stirring, RT, -5 days (oily material, small anount of solvent). Added MeOH,
sonicated (oily material dissolved). RE, -60 C, -20 mn (oily material),

etched. RE, RT,[030135 NTi it S@OLErd¥Rkiesd Bl Xay fowaet dirRdbadelpD)above, added
MIBE, sonicate triturated écl ear solution, viscous nmaterial), added

acet one, soni caib@Hwewa&‘%ﬁ%T . idgffpyentia segnning calarigietry (DRE), moggiresomtiged

aqueous aci d t OpARkis hiy ‘Eﬁﬁﬁﬁ@kaﬁgc@gl KRPOPheterAd iR tw@Rampids é}{h%n@@l ear
solution). Heptane addition (oily mass, imm scible |ayers) followed by RE,

265 C O |y nat eeiokytion ofpesi idlisoieve of gaet me opgcriakeonsigtaitath TEme?th?falnéd (oily

mass, hazy sol UA'SQ{‘QM %bH kT P, -7 days (clear solution, oily
materlal) RE, -60 ?/ material), etched oily material, RE at RT (tacky

sol i ds), storec[()&ﬂ/?ér P}QBHME @é%@reﬁ‘blﬁi@@mw;ﬂmkﬂmvmamﬁpﬁh\tﬂfdg’rﬂOHho b/ea -
Added acid to AIS)AD‘F? %“@Eé&”o% (161681 p& D dachghe g\)at iy eﬁﬂ)u{a‘ﬁleei@r sol ution.

SE, RT Gly materia rom ap ove, triturated,
(clear, small arowtianofic. hé ntaped ealiie S)lggeStthutrthemgtCRilfams @pdaiytsatélgloear

el Ry PR S e aab DG Rl R B, ™

nmor phol ogy, no dbkebediGliclAdvddedidagtifed uapaticsl Tho sIéH'e‘trunnmlso exhibited peaks
at ~3.33 ppm and ~2.50 ppm attributable to water and partially deuterated DMSO,
respectively.
[0303] Thermal data are consistent with unsolvated material. The DSC curve
demonstrated a sharp asymmetrical endotherm at ~110.1 °C (peak maximum) with
a small shoulder prior the endotherm possibly due to melting. Broad endotherm at
~203.5 °C is likely associated with decomposition of the material (Figure 19).
[0304] Moisture sorption data showed a small loss of ~0.7 wt% upon
equilibration at ~5% RH. A small ~1.5 wt% gain was observed below ~65% RH,
above which the material gained ~50.3 wt% with a total gain of ~51.8 wt%. The
equilibration was not reached above ~75% RH indicating that higher moisture
uptake is possible. Partial desorption occurred with a small hysteresis upon
decreasing relative humidity to ~5% (~48.4 wt% loss between ~95% and ~5% RH).
[0305] In the attempt to prepare a hydrated form of tromethamine salt
additional experiment was performed. Tromethamine A salt candidate was
subjected to a one day relative humidity stress. It was shown to become oily upon
~75 % RH stress at elevated temperature. However one hour drying over a

desiccant resulted in crystalline material consistent with Tromethamine A salt.

EXAMPLE 18
Solubilities of Salts in Various Solvents
[0306] Approximate solubilities are calculated based on the total solvent used
to give a solution based on visual inspection. Small aliquots of solvent are added to

a weighed sample with agitation. Actual solubilities may be greater because of the
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Et OH (clear solution). Agitation, RT, -2 hrs (clear solution). Heptane
addition (oily mass in hazy solution) followed by RE, -65 C G ly nass -

Fr om abowso 2atdmei2kt OAc, sonicated, triturated (oily magsr/usamg/osaBution),
added nore EtOAc (oily mass, hazy solution). Stirring, RT, -7 days (hazy
solution, oily material) followed by RE, -65 C Gly material - Added acid
to APl in acetone (clear solution), sonicated (clear solution). SE, RT Qly
material - Fromeabeye: thadted: potkons aRicaat 8 dowtrhit bbdigdoRioh BZbilitRE by MassS) .
Stirring, RT, -5 days {}%ear solution, oily material). RE, RT (oily
material) fol | dfeRIteHyn Vedle Horto thenegeest Mg/8kous material - Added ethanolic
acid to APl in EtOH (clear solution), sqmeGgted Oly material - (clear
solution). Stirring, -2.5 hrs (clear) followed by RF, -1 C W

2010/ 009120PCT/ US2009/ 050532 (oily). |Added EtOH, | sonicateq (cl ear), added
heptane (hazy). RE, -65|Cpyenfidiiest @ici|d i n acetong to APl ifn acetone (clear
solution). SE, RT GQly E4lGH-pADFTIM aQSM&t adg ity doni cat ed,
triturated (hazy sol uti on—ottyratertat)——StrrrngRi_tror—- 2 days (oily
material ), added MeOH, soni ?Eed (haz) solNEfbny [RE . 40 C for - 20
nin. (oily material), etched®Si4S matarifalNHRgEin Ry

Water 3
Lysine A Water <05
Magnesium A Water 60
NMG A Water 60
Tromethamine A Water >24
Water >124
EXAMPLE 19

Iron Clearing Efficiency of Salts of DADFT Polyethers
[0307] Cebus apella monkeys were obtained from World Wide Primates
(Miami, FL). Male Sprague-Dawley rats were procured from Harlan Sprague-
Dawley (Indianapolis, IN). Ultrapure salts were obtained from Johnson Matthey
Electronics (Royston, UK). All hematological and biochemical studies were
performed by Antech Diagnostics (Tampa, FL).
[0308] Cannulation of Bile Duct in Non-Iron-Overloaded Rats. The cannulation
has been described previously in Bergeron, RJ et al., Blood 1993, 81, 2166-2173
and Bergeron, RJ et al., Ann. N.Y Acad.Sci. 1990, 612, 378-393. Bile samples were

collected from male Sprague—Dawley rats (400-450 g) at 3 h intervals for 24 h.
The urine sample was taken at 24 h. Sample collection and handling are as
previously described.57°58

[0309] Drug Preparation and Administration. In the iron clearing experiments

the rats were given a single 50, 150, or 300 mol/kg dose of the drugs po and/or sc.
The compounds were administered as a solution in water, 300 mol/kg dose only or
(2) as the monosodium salt of the compound of interest (prepared by addition of the
free acid to 1 equivalent of NaOH). The chelators were given to the monkeys po
and sc at a dose of 150 tmol/kg. The drugs were prepared as for the rats; 2 was

given po and sc as a solution in water.
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Oly material - p-TSA nono- hydrate (1:1) Added APl in EtOH to ethanolic
acid, sonicated (clear solution). Stirring, -1.5 hrs (clear solution).
Added hepweneiofdrarzy, oily mass), sonicated (hazy, oily masajs2000B505365 C
Oly material - From above, added Et0OAc, sonicated, triturated (oily mnass
hazy solution). Stirring, RT, -2 days (hazy solution, oily mass) followed
by RE, -65 C Gly mass - Added APl in acetone to acid in acetone (clear
solution). Stirpsng, Rlalculfiod ofliSn CEéIEBF EFRIcHEY. AUE if &lidudmerbyilvidag RT .

Oly material - From above, added MeOH I PE (1:9), sonicate trlturated
(hazy, oily mat®s #cipal amagnt of irppclead $1Venrﬁé?§§30mt4 byaihy theprgsbamenns | PE
soni cated, tritygah&dd 68@ded. Thé thedREAI h@ﬂ dutpuph bﬂ’tﬁé amatd%éf werebefl@Msd (cl ear
solution, oily material). Added MeOH, sonC|a? solution, oily
droplets). RE, ®thebap ofpA: I(ligangirpmecsmniey. Yhe Ff@matlcws la@e@atﬁém monsyi .
(sticky mater i alde oShokedhQUehrb R8I SEUS: HRUCLLACren PXONALEIRS  Cal cium
salt of (S)-4'-(OH) -DADET-PE 1- 13COD{DOOH Ca( OH) 2 -~ \F"CH3 & .., r* COOH
[ 0282] The API vx?eﬂéOdDgtg@ram@Bentndmxuemmef thestanyard st of tisaseanpesalagded, t he
suspensi on was T, . . ed via
vacuun1f|Itrat|§%Qg&%}ggrg%§5ﬁg%P%E%E%%?%ggﬁtﬂ$%e8%% ﬁm@&5§3ﬁ3£+§ﬁ&

consi st ent MAthwuusmmdﬂramannﬂémhﬂFDWBananhughém@héMah of order conpared
to Magnesi um S@Elﬁandb de? tot: In;[ Err%;[l %Iielaraaln e 9%%0%’8%?% %%ﬁc(lzeanlcml b £ showed
negli gi bl e aqu t&w%TT7—J¥%—apparen%—d%frquesceﬁce—masléﬁserved upon
- 75% RH st r ess. Ir¢DQ831oXiRAM iafitsr e Rbsh)en@&mdiunB&ahﬁe teoehishi lingicbdt wo | ow
angl e peaks sugge hj gher | ev of ord d to magnesi um sal t
cand! date (F orennbgtindugb iRt i atpe Al P RRas A feiDng a 1 1

rati o of cal ci wrdMndEaxd dRrcfsre ﬁon-(:ﬂrﬂng[%ﬁﬁa'nc?ﬁf a B@dnd} ik eturdble NIWR kdata f or

the potential salt were not ac |reg Pue fto s |OM/SO“P% l.ity in organic
sol vent s managing this p enomen n can be found in the errokinetics and the dose-response

properties of the ligand. In this regard, the dose-response along with the
corresponding ferrokinetics of each compound given po were evaluated in the non-

iron-overloaded, bile duct-cannulated rodent model. Results are shown below in

Table 17.
Table 17.
Compound Number Dose, Iron-Clearing
Animals | pmol/kg | Efficiency (%)
Deferitrin 8 300 1.1+£0.8
Deferitrin 5 150 1.5+1.7
(S)-4'-HO-DADFT 5 300 55+1.9
(S)-4'-HO-DADFT 4 150 11.2+4.2
(S)-4'-HO-DADFT 3 50 21.7+£3.5
(S)-3'-HO-DADFT 4 300 10.6 +4.4
(S)-3'-HO-DADFT 4 150 18.7+£2.9
(S)-3'-HO-DADFT 3 50 20.7+4.4

[0312] Iron-Clearing Efficiency in Non-Iron-Overloaded Rodents and Iron-

Loaded Primates: Oral versus Subcutancous Administration. A similar protocol

was carried out to confirm consistence of results and compare the effects of the
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EXAMPLE 14 Lysine salt of (S)-4'-(OH)-DADFT-PE NH2 1-13co0,3() OH H2N O
--CH3 S-...... ritOOH [0284] Aueous base was added to the APl in EtOH
form ng awol2eswoosbut i on, which was kept in a refrigeratrar/uskablosossng f ast
evapor ation, isopropyl alcohol was added, followed by sonication, yielding
a hazy, sticky gel. The material was heated to -65 C and isopropyl al cohol
was added. Vacuumfiltration yielded solids which were stored over P205.
Lysi ne salt cangdnfhstufisiabroGQpsdi&t @byl £ib ahﬂdfﬁﬁe SpraBRiwIdy s@y der ed

| ysine salt of 4'- (O—I)-DA%%‘? PE wi th p% 1 rglﬁlo of lysine to Agjll The

mat eri al showedv§iedicdgi-Bner %Q%MHIES&F%WWPWIOWNB%@%%ent del i quescence
was observed upon -75%relative hum dity stress however the salt becane

oi l'y suggesting its hygroscopicity. [0285] The |ysine salt candi date was
characterized by XRPD and solution 1H M e§§ectroscopy Overal|l, the data
for the material[are consistent Wit cryst Whel; fer ed
lysine salt of 4 -(Chmpéwki- PE| Wi Réute 1: |1 ?%![Nlieg‘?l? lydi ne ‘t"g{e L RPD
pattern exhi bi ted resol ution of |peaks i ndl@aitﬂi)\!@l@‘kgcry@ bﬁﬂumd/ktgat erial
wi th some disor ent—wirtt—Lystne—A-sattsof 4" DALFT=1PE
(Figure 13). [0286] SLti)é‘?rltBHrll 1H NMR dat a arelzlo#lsfgbs/"t ent Wﬁ?hil y5| ne|salt of
4' - (OH)- DADFT- RE basmaderdﬂnpeak center ed at 118t 0.61apm peaKSiaI7%3 2 ppm and

-2.7 ppm and i n therange—-of 13 ppm “r:h"tab. o—ysine— The

i ntegral val ues J’@‘bé?ﬁf@“%IPFThe sal? cont ai’ 6°rOX| 2§I4y‘tz4{ mpl e of

| ysi ne per one nol®)atH8'DASK) - | DADLT- PE. P@aykig_g% .30 ppm+B293ssoci at ed
wth parti al | y deuterat ed DMEQ I EXAMPLE 115 Magnesiumlsalt of

(S)-4'-(C]—I)-DADFT(}SE3H§WDNF 1-..P20, 0oH Mypedy®e |- &3.0£4)%copH
[0287] The APl was ng ) SSRHMSADET ACN vt er (413L4i455®/l Da§e5\4@§2@dd,d, t he
resulting slurry S soni cated overni ght| at %ol ilds “were col | écted via
vacuum filtration, and the filtrate was reduced VI a rotary evaporation

betveen 0 ange P C g LU RIS S5l B3 £RLS, 5 consisten

mat eri al exhi bi t[hadlgmﬂ)&tmm iaad TampugoﬂNoleeplbDﬂom)Deeazﬁd):sfegﬁthio;mn No appar ent

del i quescence rved up 75% t er, t |t showed a

si gni fi cant vva}tqgoﬁ %fgﬂ%lo%ue 9%% Rgtl)(ﬁ Eﬁi@eg@?ﬁé g‘t P@gl MWumi dity from
-5% to - 95% RH sug@astto dgué tistriby@in0 Kty Cintl pharjld28&]clibecandg fesi unthial t

candi dat e was pr%Pared using a 1:1 ratio of magnesi um hydroxide to

4' - (OH) - DADFT- PEP§419%ms characteri zed by XRPD, thernogravi netry (19,
differential scanning calorinmetry (DSC), noisture sorption analysis and 1H

NMVR spectroscopy. Overall, the data for the material are consistent with
anmor phous or nesophasic salt of 4'-(&3AMBREEFIPE possibly hydrated or

containing water. SaTtla%fEﬁ'l)tFTsmy\é%ﬁ'e@ﬁLQﬁHth@@Qﬁd Walifide ¢RtRKRg Apdds 7 WM 9
upon increasing relative humdity from-5%to -95% RH sugges%l ng its

hygroscopicity. [0289] XRPD data denonstrated a di sordered pattern
consistent wt f‘{0314] The protocol employed in Rao L, Choppin GR, and Bergeron RJ,

Radiochim. Acta. 88, 851 -856 (2000) could be used, optionally with adaptations
clear to those of skill in the art, to ascertain the activity of compounds according to
the present invention as chelators of lanthanides and actinides. Salts and
polymorphs of Formula 1 are expected to show efficacy in this assay.

[0315] The following compounds can generally be made using the methods
known in the art and described above. It is expected that these compounds when
made will have activity similar to those that have been made in the examples above.
[0316] The notation below is intentionally free of assignment of ionic character;
salt are shown as acid compounds paired with bases. In this manner, each structure

is intended to represent the corresponding ions that would be formed under a given
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Magnesium A salt. The pattern exhibited single | ow angl e peak suggesting
anor phous or nesophasic material. [0290] Sol uti on 1H NVR data are consi st ent
wi t h f or ei20mv/9H124' - (OH) - DADFT- PE salt based on signi Prramstooohsosges

t hroughout the spectrum Consi derable peak shifts were observed in -8 - 6
ppm -4.2 - 3.0 ppm and -1.6 - 1.3 ppmranges while no peaks were detected
in -14-12 ppm range conpared to free 4'-(OH)- DADFT-PE. Additional small

peaks (-6.6 ppriet 0fZoddiRPY) such o fRRAAABMNE, in dqiRods DIPBM TypeNe, Dhserued,
| i kely due to unidentified |rrpur|t| es. The spectrum al so exhi bited peak at

_3.34 ppm assocPaicaly Rand ithéhcearbopd groupts) Oéowrﬁm%np&%%%feéesw th

partially deut egRloeholdMRChr QTRLIenReKaRE UricPArRRBiINGRsRAREER MR EHE T O
undeut erated DMSO. [0291] Thernmal data are consistent with sol vat ed mat eri al

or the materi alMeobfasitgionacid lifermatiomGAy Hioae feslblis theartarlldecognipns wei ght
| oss between - 3(ﬁff@1@ﬁjt ratilt%%f unireiill%né’\fﬁh)gf&m s@BR ah%n%ehﬁéﬁtg )in(f‘stothg'fd}ﬁltsabl etoa
| oss of approxinmtely wat er per nole of APl base
preparation condéludings: lahd aywl\ln\has@eqna)refm@l axHlaNRstetoeefqacinoonfsalthe mat eri al
prepared in et : d oci at ed
wi th et hanol, ﬁ?ﬂé@é@gﬁtl&# pﬁ%}l (H%% %/\t/gt gﬁgl\lfxcg?&gl%tatre O%W/@sfml | er
-1.6% 1| oss betveen -137 C and 195 C foI | oned by a sharp weight | oss at
-280 C (onset) were observed likely due to deconposition. [0292] The
differential scanning calorinmetry (DSC) curve denonstrated a broad
endot herm between -39.2 C and -133.6 C wi tKOth peak maxi numat -85.0 C. The
event was observed concurrently w ohe -4.0% TG loss and is likely
associ ated with desol vati on. Broa d endothermat -161.2 C followed by a
smal | endot her mi-E~evept™~atO~173; nehl Xi ma) was detected possibly due
to melting acconpani ed by deconpositign_of~t material (Figure 15).
[ 0293] Moi sture sorption data showed -0.7 W% | oss upon equilibration at -5%
RH. A significant -22.0 wt % gai n was obsefN¥8"bel ow - 85% RH, above which
the material gained additional -20Q W% with a total gain of -42.7 Wt %
The equilibratiopg was not 6eache weﬁn 985% and -95% RH i ndi cating that
even hi gher noistore optake™~Ns @osst b dH al desorption occurred with a
smal | hysteresis upon decreasing rel atg “hum di ty to -5%(-41.2 wt% | oss
bet ween -95% and -5% RH). EXAMPLE 16 dlrgt hyl - Dgl ucam ne (NM5) salt of
(S)-4"-(OH)-DADFT-PE OH OH H HO OH OH --"'S. .. ... *CO0H [ 0294] An et hanolic
sol ution of the APl was added i base, then sonl cated giving a clear
sol ution. Slow evaporation vyie aystj cky material, which was dried by
bl owing N2(g) across it. MeOH W 1 ~oHol | owi ng soni cation, the addition
of EtOAc yi el ded soneCpresj m\t,a@loﬁ Iurry for -5.5 hrs afforded viscous
material, which was washed w th EtO0Ac, and isolated via vacuumfiltration.
NMG salt candidate is consistent with tN¥@tdered unsol vated NMG salt of
'-(OH)-DADFTPE with -1:1 rati oxQfONM5 to API. The material exhibited
substanti al aqueous sol ubilit ng/4rL) . No apparent deliquescence was
observed upon -75% RH stress h § , alt becane oily. The salt also
showed a signific vat 8L _upt ake 6-617 W9 upon increasing relative
humidity from - 5%&?3/- 95% ®RH Suggesting its hygroscopicity. [0295] The
mat eri al contai pe opuat  of freg\rmet hyl - D-glucam ne The salt was
characterized by X-ray powder diffraction (XRPD), thernogravinetry (TG,
differential scanning cal ori (DSC) noi sture sorption analysis and 1H

NMR spectroscopy. The salt sh a gignificant water uptake (-61.7 wt%
r\?’gﬂ@%to -95% RH suggesting its

upon increasing relative hd#fdi
hygroscopi city. [0296] XRPD patt(é'TI n$~€xhi bited resol uti on of peaks
ipdi cative of a_ dk/epgekedo,@t\e i al rﬁ @'gl)ent with NMG A salt of

- (OH) - DADFT-PE (Figlre 13). Tfie XRPD Patt@rn of the sanple also displayed
addi ti onal peak associated w't ree N [ 0297] 1H- NVMR data are consi stent
wth NMG salt of 4' -(CH)- DAl S on peaks in -3.9 - 3.8 ppm and
-3.0 - 2.8 ppmranges, peaki@enter of. 7 ppm and peaks at -3.10 ppm and
-2.48 ppmattributable to NMa ThesSi tegral val ues suggest that the salt
contai ns approxi mately one nole of N-nethyl-Dglucam ne per one nol e of

- (OH) - DADFT- PE. Addi tional small peak at -1.9 ppmwas observed, likely
due to unidentified inpurity. Peak at -2.50 ppmis associ ated with
partially deuterated DVMSO. [0298] Thernal %data are consistent with
unsol vated material. TG data denonstrated negligi ble wei ght | oss above -222
C. Sharp weight loss at -222 C (onset) was observed |ikely due to
deconposition. The DSC curve exhibited a small endothermat -92.3 C
foll owed by an endothermat -109.5 C (peak naxinma). The two consecutive
events coul d be assom ated with nelti ng of the salt |nstant aneousl y
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RH A significant -34.7 wt% gain was observed bel ow - 85% RH, above which
the material gained additional -27.0 wt%wth a total gain of -61.7 wt%
The equi Iwbnatom2eas not reached between -65% and - 95%PRiFUSR@vOsISBNG t hat
even hi gher noisture uptake is possible. Partial desorption occurred with a
smal | hysteresis upon decreasing relative humdity to -5% (-60.6 wt% | oss
bet ween -95% and -5% RH). EXAMPLE 17 Tronetham ne salt of

(S)-4 -(C]—D-DADE@-\BE\EDQMBQSEV\I&S adg to an ethanolic solution of the
APl . A clear solution“was obtained by stirring at roomtenperature for -3
hr. Fast evaporation of the sqf yicgzl ded the tronetham ne salt of the
APl . Tronetham ne salt candi d' s gonsistent with crystalline unsol vated
tromet ham ne salt of 4'-(OHMQDAD T’Ii?f%ﬁbhl -1:1 ratio of tromethamne to
APl . The salt exhibited significant-dqueous solubility (above -124 ng/m)
and showed no apparent_«delo cence u -75% RH stress. The salt showed a
smal | wat er upt%ke (-9./c51\§vt 0% bel ow -G%Qﬂﬁ%bove which it gained -50.3 Wt %
i ndi cating | ower hygroscopicit RBPared to magnesi um and NMG sal t

candi dates. WD 2010/ 009120P / Gp0532 [0301] The salt was
characterized by X-ray powd&f ffacys opH( XRPD), thernogravimetry (TG,
differential scanning calorinetry €B2C)”, noisture sorption analysis and 1H
NMVR spectroscopyo.  XRPD patperns of the two sanpl es exhibited resol ution of
peaks indicative of cPystalline?materi#fCtonsistent with Tronethanmne A
salt of 4'-(OH) -DADFT-PE. [03Q PNVR data are consistent with

tromet hamne salt of 4'-(CH)- A T-Egﬁased on additional peak centered at
-3.42 ppmattributable to tH® wihesFpe i ntegral val ues suggest that
the salt contains approxi mat el yowns-nol“%e of tronethani ne per one nole of
APl . Additional gmall peakpat -1.9 ppm was observed, likely due to

uni dentified i nﬁ%r\ﬁi\@g.\"i’%ct rum WMEeHexhi bi t ed peaks at -3.33 ppm and
-2.50 ppmattributable to wer~an@Hpartially deuterated DVSO

respectively. [0303] Thermal da ihsi stent with unsol vated materi al .
The DSC curve denonstrat ed HO'Shé amelrical endothermat -110.1 C (peak
maxi mum) with a small shoul der prigr/t e "endot herm possi bly due to nelting.
Broad endothermat -203.5 Cis likely assg}%l_?t ed with deconposition of the
material (Figure 19). [0304] Moi sture sorption data showed a small | oss of
-0.7 wt % upon efgr™NbPat o at- 259 RHOMA spal | -1.5 wt% gai n was observed
bel ow - 65% RH, above which the n=a al ygajjned -50.3 wt% with a total gain
of -51.8 W% The equilibration wa¥§ na Zgaghed above -75% RH i ndi cating

t hat hi gher noisture uptake is posSHblSe+/ Partial desorption occurred with a
smal | hysteresis upon decreasing relative.,hyahdity to -5%(-48.4 w % | oss
bet ween -95% ang -5% RH) . [0305f1n the attenpt to prepare a hydrated form
of trometham ne ©&l v~ addi toonal gkperi mentwas performed. Tronet ham ne A
salt candi date was subj ected tlg 20pe _dry jlel ative humidity stress. It was
shown to becone oily upon -75 % RHIst rilesg”atOre| evat ed tenperature. However
one hour drying over a desiccant r88uIted in crystalline materi al
consistent with Tronetham ne A sal b EXAMMKEH 18 Solubilities of Salts in
Vari ous Sol vents [ 0306] Appr oxipat e solowbi lities are cal cul ated based on the
total solvent used to give a sol n based on visual inspection. Small

al i quots of sol ¥Ert ape~addedtg akighedllsanpl e with agitation. Actual
solubilities may be greater because ofs_the. OH/0l une of the sol vent portions
utilized or a slowrate of dissolution. Solubilities are reported in Table
16 to the nearest ng/nL. Table 16. Potent *M9(O8xalt of (S)-4'-OH DADFT

Sol vent OH
0
OO /\N))\OH
OH s/ ™
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Solubility CalciumA Water <0.5 0.1 N HCL in Water 3 Lysine A Water <0.5
Magnesi um A Water 60 NMG A Water 60 Tronetham ne A Water >24 \Water >124
EXAVPLE 19O 2010/009120 Iron Clearing Efficiency of SaltECEHUSEHPET0S32
Pol yet hers [ 0307] Cebus ape/l a nonkeys were obtained fromWrld Wde
Primates (Mam, FL). Male Sprague-Dawl ey rats were procured from Harl an
Sprague- Dawl ey (Indianapolis, IN. Utrapure salts were obtained from
Johnson Matthey El ectronics (Royston, WKpH All hematol ogi cal and

bi ochem cal studies were perfod dy Antech Di agnostics (Tanpa, FL).

[ 0308] Cannul ation of Bile Duct Non- | oon- Over | oaded Rats. The cannul ati on
N

ad

OH

"I,

\O/\/O\/\O/\/O S

*Mg(OH),

OH
J
/[;[ _N
HO = N OH

NSO NN O 8 i

*KOH
O/\/O\/\O/\/O OCF;
O\/\O/\/O\/\O/ \))\OH
+Zn(OH),
(\O/\/O\/\O/\/O
O\/\O/\/O\ \@(ﬂoH
*KOH
(\O/\/O\/\O/\/O OH o
O\/\O/ \@[('\N))\OH
S 7
+Zn(OH),
(\O/\/O\/\O/\/O
O\/\O/\/O\/\O/ @(\))k
*KOH
(\0/\/0\/\0/\/0 OH o
O\/\O/\/O\ \@(/\N))\OH
S 7
+*NaOH

(\O/\/O\/\O/\/O OH o
O~ _N
S 'l”/ OH

99



has been described previously in Bergeron, RJ et al., Blood 1993, 81,

2166- 2173 and Bergeron, RJ et al., Ann. N Y Acad. Sci. 1990, 612, 378-393.
Bi | e sanpe=owamnei2oo0l | ected from nmal e Sprague- Daw ey r aPsT(t$0@945G3y) at 3
h intervals for 24 h. The urine sanple was taken at 24 h. Sanple collection
and handling are as previously described.57' 58 [0309] Drug Preparation and
Adm ni stration. In the iron clearing experinents the rats were given a
singl e 50, 150, or 300 nol/kg dose of the dmrkgs po and/or sc. The conpounds

wer e adm ni stered as.a gol ng\L@ at eroq 300 nol / kg dose only or (2) as
t he nnnosodiun1$%?p/8?/the c8npound intergst (prepared by addition of
the free acid te L equival ent of NaQEF~IN hel ators were given to the

monkeys po and sc dt a dose of 150 t mol /&g “JTH& drugs were prepared as for

the rats; 2 was given po and sc as a solution in water. WO
2010/ 009120PCT/ US2009/ 050532 [ 0310] Cal cul at i*6@Hof Iron Chel ator Efficiency.

ICE is calcuIat?d\gy«QLOLang/ﬂhgo. gloranount of iron cleared by a given
conmpound by theltheoretical anount m&; shouPd be cl eared. The theoretical
iron outputs of “the chel ators were ge igﬁdﬁo the basis of a 2:1
ligand:iron conplex. The efficiencies i sthé rats and nonkeys were
cal cul ated as set forth in Bergeron, R)J et al., J. Med. Chem 1999, 42, 243
2 2440. Data are presented as the medl9® 2ne st andard error of the mean;
p-val ues were geRecatga™~vui@~aepétailed Student's 1-test in which the
inequality of variances was neg; nd a p-value of <0.05 was consi dered
significant. [0311] Chel at or - I TTAucEd\¥ Cl earance and Iron C earing
Efficiency in Non- Iron-Overl oad otlents: Dose Response Studies. Because
there is a limted anount of chelatabhgoh%on avai l abl e in an aninmal at any
given tine, the éron clearénce, nd theref’ore iron-clearing efficiency of a

i gand, is saturabté oThe key ¢ managi ng this phenomenon can be found in
the fen-okinetics and the dao esponge properties of the ligand. In this
regard, the dose-response al ong u‘;{\P{f?m-lcorresponding ferrokinetics of
each conmpound given po were eval ed in the noniron-overl oaded, bile
duct - cannul at ed rodent nodel. Resulig®Hare shown below in Table 17. Table

17. Conpound Nugk@r/£%lgal Dege, ftnol/kg Iron-Clearing Efficiency (%
Deferitrin 8 300 191 U. 8 ritrig 5 150 1.5 + 1.7 (S)-4'-HO DADFT 5 300

5.5 1.9 if)”ﬂ\
7, "OH
S 7

*Mg(OH),

F3Co O OCF;
o 0
15§
~., OH
S /

O/\/O\/\O/\/O\ S
*KOH
OH
O
o~ O/\/O\/\O _N
( Ao
O/\/O\/\O/ S
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(S)-4'-HO DADFT 4 150 11.2 4.2 (S)-4'-HO DADFT 3 50 21.7 3.5

(S)-3'-HO DADFT 4 300 10.6 + 4.4 (S)-3'-HO DADFT 4 150 18.7 2.9

(S) -3 - HwDADI0081260 20.7 4.4 [0312]1ron-C earing EffiPCTarseg09iosnns32
Non-1ron-Overl| oaded Rodents and Iron- Loaded Prinmates: Oral versus

Subcut aneous Administration. A simlar protocol was carried out to confirm
consi stence of results and conpare the effects of the conpounds acr oss
speci es. Cebus ape/la nonkeys and nal e SpregorpDawl ey rats were used, 3-8
per group. Results are shown bel ow |noﬁable 18. Tabl e 18. Conpound Route

Rodent | CE
[0\//\0/\\/0\//\0

O/\/

+*KOH

OH
O
O\/\O/\/O\/\O /N
( © o
O/

‘Mg OH)Z

OCF5
F3CO\/\O/\/O\/\O/©/\(

+*NaOH

~rorne (A,

O~ OO

e GO

O\/\O/\/O\/\O/\/O

*Zn(OH),
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@ 300 unol /kg Primate 1 CE @150 unol /kg Deferitrin po 1.1 0.8%16.8 7.2%
Deferitrin sc 1.1 0.6%15.9 2.7%(S)-4'-HO DADFT po 5.5 1.9%25.4 74%
(S)-4" - HWwDADI031208. 7 2.6% 30.4 7.2% (S)-3' - HO DADFT Ppo/uk0006/0565324% 23. O
4.1% (S)-3'-HO DADFT sc 13.4 4.5%21.5 3.2% [0313] The above protocols
and data are taken from Bergeron, RJ et al., "Design, Synthesis, and
Testing of Non- Nephrotoxi c Desazadesferrithiocin Polyether Anal ogues,” J
Med Chem 2008, 51(13), 3913-23. Additionalkodgiata pertaining to tissue

di stribution, toxicity, and pharmacgkigegti cs can be found in this
publ i cati on. @ 0

ho/ /N A on

O\/\O/\/O\/\O/\/O S !

OH
0
_N
| % “OH

+Ca(OH),
OH
(0]
/N
# “OH
\O/\/O S /
0O O *Mg(OH),
NN N o
/N
7, OH
S "
K/O\/\O/ OH o
/N
, OH
S 4
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EXAMPLE 20 Salts of DADFT Pol yethers as Lant hani de and Acti ni de Chel ating
Agents [0314] The protocol enployed in Rao L, Choppin GR, and Bergeron RJ,
Radi ochi mvoAetn0928, 851 -856 (2000) coul d be used, optipomaiskgooxsashz
adaptations clear to those of skill in the art, to ascertain the activity
of conpounds according to the present invention as chelators of | anthanides
and actinides. Salts and pol ynorphs of Fornula 1 are expected to show

ef ficacy in thi jﬂ\jdﬁy%iolloan% %onpounds can general |y be made
using the nethOQthnomn iA the art Gnd_deseribed above. It is expect ed t hat
t hese conpounds ™ made will hayéXgctivity simlar to those that have

been made in the exanpl es above. 6] The jnotation below is intentionally
free of assignment of ionic character;’é?k%kane shown as aci d conpounds

paired with bases. In this manner, each—<$tructure is intended to represent

t he correspondlng\\pos be forneS@&gger a given set of

condi ti ons, sucH a for %xanple ueo tution. Typically, a base
Wil |on|caIIy bond with the carb oup(s) of one or nore conpounds and
rel ease one or nore nolar equival o er. Under certain
circunstances, a nitrogen may be a’Sit @Hd salt formation. As those of
skill inthe art wll recognlze diffes “ratios of counterions may form

st abl e arrangenegt s _a g\\gb forns, |nclud|ng 1:1, 2:1, and 3:1 based on
preferred OX|daf|on sPatds of &ach i on'MEQAMe fornation conditions
(including solvent), etc. Al OHorqg are contenpl ated here. KOH

|vg(0H)2 Zn( OH) 2 KOH N
...... O T O =, OH Y. .00, , 0,
0 La s, . 000,/ KCH S “
OH
0O
_N
, OH
S /
O/\/O\/\O +NaOH
OH
0O
_N
, OH
S /
Ao +Zn(OH),
OH
(0]
_N
, OH
S /

[0317] From the foregoing description, one skilled in the art can easily ascertain
the essential characteristics of this invention, and without departing from the spirit
and scope thereof, can make various changes and modifications of the invention to

adapt it to various usages and conditions.
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WD 2010/ 009120PCT/ US2009/ 050532 OH KOH KOCH KOH ro,.0,0.......
0, OH 00OH 0() S F3C, 000H F3C, 000CF3 0 KOH KOH [0317]Fromth

f or egoi ngwaestydopt2oon
essential characteristics of this invention,
spirit and scope thereof,

I nvention to adapt it to various usages and conditions.

CLAIMS

What is claimed is:

L.

A solid composition of Formula I:

R2 *X
R3 R
0
N
4
ROT T Y7 s0H
RS S R
Z R7
R® I

wherein:

R', R% R?, R*, and R’ are independently chosen from hydrogen, hydroxy,
alkyl, arylalkyl, alkoxy, and CH3O((CH2)ax—O)m—, any of which may be
optionally substituted;

R® R’, and R® are independently chosen from hydrogen, halogen, hydroxy,
lower alkyl, and lower alkoxy;

m is an integer from O to §;

n is an integer from 0 to 8; and

X is a counterion;

or a polymorph thereof.

The solid composition as recited in claim 1, wherein X is chosen from betaine,
choline hydroxide, diethanolamine, diethylamine, ethanolamine, hydroxyethyl
morpholine, hydroxyethyl pyrrolidine, imidazole, N-methyl-d-glucamine
(NMG), N, N'-dibenzyl-ethylenediamine, N, N'-dicthyl-cthanolamine,
piperazine, tricthanolamine, tromethamine, Ca(OH),, L-lysine, L-arginine,
Mg(OH),, magnesium acetate, KOH, NaOH, Zn(OH),, zinc acetate,
Zn(OH),/Mg(OH),, EDA, L-histidine, 4-(2-hydroxyethyl morpholine), 1-(2-
hydroxyethyl pyrrolidine), 1-(2-hydroxyethyl)-piperidine, potassium 2-
cthylhexanoate, NaOAc, sodium 2-ethylhexanoate, 1,2-EDSA, HCI, H,SO,,
MSA, and p-TSA monohydrate.

. The solid composition as recited in claim 2, wherein the counterion X is chosen

from lysine, N-methyl-D-glucamine (NMG), tromethamine, calcium,
magnesium, potassium, sodium, zinc, and piperazine.
The solid composition as recited in claim 3, wherein R® is chosen from

hydrogen and methyl.

104

one skilled in the art can easi| pcaasesmwasis3z he
and wi thout departing fromthe
can nmake various changes and nodifications of the

.0



CLAI M5 What is claimed is: 1. A solid conmposition of Formula |I: R2*X

wher ei n: Rl, R2, R3, R4, and R5 are independently chosen from hydrogen,
hydr oxy, wbkylooarzgl al kyl, al koxy, and CH30((CH2).-0) -, pamyusedoomsissh may be
optionally substituted, R6, R2, and R8 are independently chosen from

hydr ogen, hal ogen, hydroxy, |ower alkyl, and |ower al koxy; mis an integer
from0O to 8 nis an integer fromO to 8 and X is a counterion; or a

pol ymor ph t her enf TRe soﬁheoﬁpéshtcbn@@mm@d folcRimASwWh@6IntREdnd R’ &bai m 1, wherein X
is chosen from betaine, choline hydroxide, di et hanol ami ne, di et hyl am ne,

et hanol ani ne, hydPYSBREEEIY Chesen FomilyEroseR ANdassfaaty | pyrrol i di ne, i i dazol e,

N met hyl - d- gl ucamrpesditizhposilion™s rit@eMZim 8t wéraﬁ@@h@mdf& N,
-di et hyl - et hanol am ne, pi perazine, triethanol am ne, trgmat ham ne,

Ca(O—I) 2, L- |ys.%eThmsOé;dgpmp%etlonwg(mchm chag Sewheinin £ ot aRe ankRIBreNaOH,
Zn(G—|)2, zinc ace ERA di 4- (2- hydr oxyet hyl
nor phol i ne) , 1-(2§£E‘%§?ox gq%fg“%ﬂ(‘}r O%Ig% I ne CIJfgdCdéﬁzb “ORe: g Y
1- ( 2- hydr oxyet hl Th®$0¢léﬁpmp®$@10n@©r®§§i nrplam 7eh4Y}t1gk$@‘J4©m1@hf0€nulNé10Ac sodi um
2- et hyl hexanoate, 1,2-EDSA, HCl, A andyp- TSA nonohydrate. 3. The
solid conposition as recited in cf’al m’ eggin the counterion X is chosen
fromlysine, N-nethyl-Dglucam ne (NM3 et hgm cal cium rmagnesi um
pot assi um sodi um zinc, and p| per azi ne% ol i d conposition as

recited in claim3, wher ei n is chosen fro drogen and nethyl. 5. The
solid conposition as reC|ted|n claim4, whePefn R6 dnd R2 are

i ndependent | y cd]O%ﬁ@sofha%alpafs@ﬁoq%pecﬁgmm%mchwher@m Kty sl Gampgsi Li on as
recited in claimb5, wherein hydroxy. 7. The solid conposition as

recited in clai m omgaisiu, maweSIURBPOWIHHarS@IdIRE, zin® apdpippasigent | y chosen
from hydrogen apdr %Q%ﬁ@%smo@ recﬁ?d fﬂ%@ rﬁ@' ¥ ergﬁil'ﬁpf%@aﬁhg@ s §S recited in
ura

claim?7, having struct or mul he so conposition as
recited in cl aihh 8he sothidicempositive as oagriedemictnm X0 ivdeshogaicofmtenerciakhei um

magnesi um pot asshlgggeaﬁ%dslawgr af% B'%do qﬂerg&per azine. 10. The solid
e

conposi tion as reci rernmis 2 and nis 3. 11. The solid
conposition as IQeMagmslmnm’edesazade:h&rm/hecm|pn1ysamd1}&dmx|rde®tr ronlyimerpthhe magnesi um
salt, or a pol ym)g]ph ihereof 12. Magnesi um 3' -desazadesferrithiocin

pol yet her hydroxi 4§ 0 a pol ynmorph thereof 13. The pol ynorph as recited in
clai m 12 wher ei 13. $hé gblpabdyhas rbitddin Bamnm Awhdrdin sdill@olyaloypis pornas. recited in
claim 13 wherei

oL IS e o S TSR Rk Y Rpi Ty S L. Byt e v e
powder diffraction pattern which is at least 80% identical to that shown in
Figure 7.

15. The polymorph as recited in claim 12 wherein said polymorph is Form B.

16. The polymorph as recited in claim 15 wherein said Form B has an X-ray
powder diffraction pattern which is at least 80% identical to that shown in
Figure 8.

17. The solid composition as recited in Claim 12, having a differential scanning
calorimetry (DSC) thermogram which is at least 80% identical to that shown in
Figure 10.

18. The solid composition as recited in Claim 17, having a dynamic vapor
sorption/desorption (DVS) spectrum which is at least 80% identical to that
shown in Figure 11.

19. The polymorph as recited in claim 12 wherein said polymorph is Form C.
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15. The polynorph as recited in claim 12 wherein said pol ynorph is Form B.
16. The polynorph as recited in claim15 wherein said Form B has an X-ray
powder diwbraovdoerzopattern which is at | east 80% i denti ealr/useomwhsis3zshown i n
Figure 8. 17. The solid conposition as recited in Caim12, having a
differential scanning calorinetry (DSC) thernogram which is at |east 80%
identical to that shown in Figure 10. 18. The solid conposition as recited

in Caim1l7, hay mﬂeﬁoﬁm@m@remm% cmﬁ Pd {vREHEiEl 88iQIFRErh OMaf QV;S)ra:,spect rum
which is at |least 80% i1 dentical to shown in Figure 11. 19. The

pol ymor ph as reci el i @?%IPHPT?YWB%FSr?t g@&ﬂ&%dfim%l;sw%shmﬁm C. 20. The
pol ymor ph as reci fgdrdgn cl aim 19 wherein said Form C has an X-ray powder
diffraction pattern which is at |east 80%identical to that shown in Figure
9. 21. An anor pHods amermpwT fopm §h3 taltas reced medpimd2¢| ai m 12. 22. The
anor phous form i i X-ray
powder di ffract%znﬁ(ggj}tl% ds rﬁl%rigeét%%%nwé%?tl %6%?5%%0%%%&%0@%3% shown in
Figure 7. 23. Thep@wﬂelr dlf&mfrlp@mttelﬂowhlals israg biast 88 %4 idengicalitorthashowayi ng an
aqueous sol ubi l'i t ¥ .at. near-physi ol ogic pH of between 0.3ng/nl and 70ng/m .
24. The solid corrp§5| tion as recited in claim 23, haying an agueous
solubility at mSailhpin)idicompgsitonpiirait@d b@lamg /14 havmé an ipeosodolubilgpatposi ti on
as recited in claim. 2 u at near-physi ol ogi c pH
of ? 50 mg/ M . 26. nelaﬁgﬁ%su?qo% Ror?ggg}vgengdr)lym recﬁdglcg/ﬂ%ln claim12, haying an
aqueous sol ubi 24t thollﬂlcnmbmmﬂ agmttedmctahinaﬁ,lﬁymgrxgbqnbous szﬁibﬁgymd 27. The
solid conposition a Pe0|ted n.cl hayi ng an aqueous solubility at
near - physi ol ogi ¢ B‘f—af B Sboé?% 0§= é}ﬁﬂ? &' and 70mg/ nL and haying an aqueous
solubility at sismTheicdid cgapdsiticn a@l‘d&cﬁédﬁc{hﬁl’fgﬂlﬂhvmgaﬁadj@bﬁﬂ solubBity &the sol i d
conposition as reci hayi ng structural formula I'll: X
CH30((CH2), 0), OH Beaﬂf%g%slqu?glc Ofﬁfﬁg"’%ﬂnd conposition as recited in claim
28, wherein t hexd ohOistidicompatitich o€ kRgedinfclamib yigiving an Mifeoud JoRibaitham ne,

cal cium magnesium 30. The solid con}) sition as recited in claim28,
wherein mis 2 andimylated gastrigpH oR093memmlr gA0MEMhe salt as recited in claim
28, wherei n t heyDohyHHIRBmp itk Kcibd i‘ﬁfE?atnh'IQ hyfgah e Lféfoust%ﬁlbﬁ hum sal t.
32. The polynorph as recited in claim31, wherein sal% pol ynorph is the
monohydrat e. 33. TfEDRISIpe P ofbetvess G drae/mh alzﬂ Wi/ shand hpeipg phagigpus
pol ymor ph i's the difygal muBftd JHROBH BATDAG Ml - 98RAZAfest erri thioci n
pol yet her hydroxide, of a pol ymorph thereof %5 The solid conposition as
recited in cl ailh Bhe vdidicogpesitionrag yecpedvtetaindi7f havangtsiroefughforravnla lvhi ch i s at
| east 80%identical to that shown in Figure 13. 36. The solid conposition
as recited in claim34 havi ng &@H f8 enti al I§cann| ng calorinetry
t her mogram which is at |east g a)é“n @ thq)t shown in Figure 19. 37.
The solid conposition as recited in clai h is characterized by the
dynami ¢ vapor sorption/desorption (DVS) specir ,WaHch is at | east 80%
identical to that shown in Figure 20. 38. The oI|d d8nposition as recited
in claim28, haw fge ﬁﬂd%%g&%on%@kééﬁéd ity NeReiR e b @tQenCx RH of bet ween
0.3 mg/ M and 150 ngy/ harnaceuti cal conposition conprising the
sol i d conposi ti onckpser Eem dsine] NMEL domethamingpafoien, nidenesiym. | east one
phar maceuti cal | ) #RECRUABhEaGe! &Ry nifim DR RIGH RCEURL fR 3 COMPOSI L on

as recited in claim reln eso osition as structural
fornmula Il 31. A polymorph of the salt as recited in claim 28 wherein the polymorph is a

stoichiometric hydrate of the sodium salt.
32. The polymorph as recited in claim 31, wherein said polymorph is the
monohydrate.
33. The polymorph as recited in claim 31, wherein said polymorph is the dihydrate.
34. Tromethamine 4’-desazadesferrithiocin polyether hydroxide, or a polymorph

thereof.
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CH30((CH2)nmD),,*X OH Il wherein mis 2 and nis 3; and X is chosen
fromcal cium nagnesium potassium sodium zinc, and piperazine. 41. A
phar macewocalo/mergposi ti on conpri si ng nmagnesi um 3' - desaratasb@wnsdsdz oci n
pol yet her hydroxi de, or a polynorph thereof, together with at | east one
pharmaceutically acceptabl e excipient. 42. The pharnmaceutical conposition
as recited in claim41l, wherein the solid conposition has structural

formula 111 CH3Y (rﬁé-l?o)hfr@mpos%nlah kecit¥Harciim 3Mhieinga X0y Power diffr@ddidn X 1 S

chosen from | ysine, NG]H onet ham ne, cal ci Tgg}li\vpma ghesium 43. A

phar naceut i cal P&ﬁ?éﬂ %IS@&W BQTordentical e thatahpyia yFigure 13.

desazadesferri tﬁs Phd D1RLbMBENRI HYRIQKindRiAR4 RaRRY yai@ﬂ’eféhum&rnﬁ% t oget her
with at | east one pharmaceutically acceptabl e excipient. 44. A nethod of

treating a pathol %@r@mtwdbmogiaahwlm@sﬁ@h@ﬁ%o%csd%lﬁ@qlé&ﬁh@trﬁ,lw%qxf@gltr? ation,
or elimnation of @ trivalent metal in a subject conprising adm nistering
to the subject a ther apeutically effective anount of a solid conposition as
recited in claidn The sphid coinposptionbis decded metdim8d wihirhgs eliapactpizedhertbé n sai d
trival ent netal i i i erein said
pat hol ogi cal cond?ﬂagﬁp‘lmgépsocr)p-g{&gﬁ\gerF‘n (553@5 &%htﬁélﬁ?re“}thﬁgy %é@rsé?l%d inclaim
45 wherein said pakhahbgitiakhagondiFiguon2d.s the result of mal -distribution or
redistribution gf Jron.in the bod¥ 08 The t hod as reC|tfla(iJ)|n claim 47
wherein said pa&%%sgolhgé"?mg%sﬁd) ti oer?ltl smc 6n§e2n rom atfansterr |ﬂn m a,

acer ul opl asm nem aear@hjzind%gdplﬂIoﬁhétsfeemt()ﬂmg/mléﬁd lﬂmmg/mfﬂt hod as recited in

cl ai m 45 "‘here'isbia'dﬁ 1 |catcond|t|on i S e res gllt of .transfusional
iron overload. 50 ‘ﬁ% 5‘80%‘29 CERTTRE 81%%? YRS CgE d"

pat hol ogi cal condthkinon togetiehase at IEzESOmdqﬁhﬁnacémﬁbl@S%éptﬂ)ld’rﬁicQﬁenaI’ld

e o 2h SR RSO SRA  BLAT he BER B o
transpl ant and W@dmg@hﬂﬁg‘[ﬁcﬁfﬂlfﬂrﬁﬂﬁﬂ 51. The nmet hod as recited in claim
45 wherein said pathol ogi cal condition |s a heredltary condition resulting
in the excess absorption of di eﬂiﬁ%%b ' 52. ThE nmethod as recited in
claim51 wherein said pathol ogi cal condj PH's chosen from hereditary
henochr omat osi s and porphyria cutanea tarda OThe met hod as recited in
cl ai m 45 wherein said pathol ogi cal condi T oNFA rahetes. 54. The nethod as
recited in claim44 wherein said pathol ogi cas ofidi titon is an acquired

di sease that resul %S jn excess dietary iron absorption.
creim

mis 2 and nis 3; and
X is chosen from calcium, magnesium, potassium, sodium, zinc, and
piperazine.

41. A pharmaceutical composition comprising magnesium 3’-desazadesferrithiocin
polyether hydroxide, or a polymorph thereof, together with at least one
pharmaceutically acceptable excipient.

42. The pharmaceutical composition as recited in claim 41, wherein the solid

composition has structural formula ITI

*X
CH30((CH4)O)n OH
T g
N
~ Y. “OH
S ! I11

wherein
mis 2 and nis 3; and

X is chosen from lysine, NMG, tromethamine, calcium, magnesium.
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55. The nethod as recited in claimb54 wherein said pathol ogical condition
Is a liver disease. 56. The nmethod as recited in Caimb55 wherein said

di sease iwohepatpizns. 57. The nethod as recited in clai mcadAISeven80s82 sai d
pat hol ogi cal condition is |anthanide or actinide overload. 58. The nethod
as recited in claim44 wherein the therapeutically effective anount of a
solid conposition as recited in claiml that induces the bodily excretion

of iron or othes WhudhRalticARbpodiordiodfkiihg (@B dmAcwy/ kKg/ d in the
subject. 59. The nethod as recited in claim44 wherein the therapeutically

effective amount 8azdederitiocshpabuitier Brflradds e robemqrph Bptsphioc®envite gi ven
at a dose of at I9@§gt&qu@%gkgnmmkngg%nghygk%ﬁhLy apparent toxic effects
on the kidney, bone marrow, thymus,” |iver, spleen, heart or adrenal glands.

44. A method of treating a pathological condition responsive to chelation,
sequestration, or elimination of a trivalent metal in a subject comprising
administering to the subject a therapeutically effective amount of a solid
composition as recited in claim 1.

45. The method as recited in claim 44 wherein said trivalent metal is iron.

46. The method as recited in claim 45 wherein said pathological condition is iron
overload.

47. The method as recited in claim 45 wherein said pathological condition is the
result of mal-distribution or redistribution of iron in the body.

48. The method as recited in claim 47 wherein said pathological condition is chosen
from atransferrinemia, aceruloplasminemia, and Fredreich’s ataxia.

49. The method as recited in claim 45 wherein said pathological condition is the
result of transfusional iron overload.

50. The method as recited in claim 49 wherein said pathological condition is chosen
from beta- thalassemia major and intermedia, sickle cell anemia, Diamond-
Blackfan anemia, sideroblastic anemia, chronic hemolytic anemias, off-therapy
leukemias, bone marrow transplant and myelodysplastic syndrome.

51. The method as recited in claim 45 wherein said pathological condition is a
hereditary condition resulting in the excess absorption of dietary iron.

52. The method as recited in claim 51 wherein said pathological condition is chosen
from hereditary hemochromatosis and porphyria cutanea tarda.

53. The method as recited in claim 45 wherein said pathological condition is
diabetes.

54. The method as recited in claim 44 wherein said pathological condition is an
acquired disease that results in excess dietary iron absorption.

55. The method as recited in claim 54 wherein said pathological condition is a liver
disease.

56. The method as recited in Claim 55 wherein said disease is hepatitis.

57. The method as recited in claim 44 wherein said pathological condition is

lanthanide or actinide overload.
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58. The method as recited in claim 44 wherein the therapeutically effective amount
of a solid composition as recited in claim 1 that induces the bodily excretion of
iron or other trivalent metal is greater than 0.2 mg/kg/d in the subject.

59. The method as recited in claim 44 wherein the therapeutically effective amount
of a solid composition as recited in claim 1 can be given at a dose of at least
10mg/kg/d without clinically apparent toxic effects on the kidney, bone marrow,

thymus, liver, spleen, heart or adrenal glands.
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