NOVEL SALTS AND POLYMORPHS OF DESAZADESFERRLITHI OCI N POLYETHER ANALOGUES AS
METAL CHELATI ON AGENTS [1] This application clains the benefit of priority
of United States provisional applications No. 61/080,572, filed July 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 ynoi phs of
desazadesferrithiocin polyether (DADFT-PE) anal ogues, as well as

phar maceuti cal conpasvii SRS TS ANY péwmdﬁwi% eﬁr%ﬁﬁ% rﬂ%ﬁilae ngs retal
chel ation agents for the treatnent of disease. Mtho s of ation of iron

and other netals in af BUkEAPIER A HAGCUES A CMETALCUEES THINWERNS or t he
treatment of netal overload and toxicity. [3] Metal ions are critical to
t he proper functiﬁ)@)i Eg oIr i ving systens. lons such as Fe3+, ZnCU21.
Ca2l -, and Co3E B eprhicqtignleims thohenety ahriority of Maitedt$toige sites of
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myogl obi n, and coen%@ L gﬁo@aﬁ idisgg ‘}’l’ﬁgﬁ’P“ﬂTh‘S ereby HERROHEA B s serve to

facilitate oxidat mﬁm:amels if gduaticain ineladtchiesy, stabilize or shield charge
~distributions, and orient substrates for reactions, [4] However, the body
has a limted ability to absorb and excrete netals, and an excess can | ead
to toxicity. As oH®ZbxanBlsdosedherein eesswohltsiandpolymwhplishd desderlisdadhiociom r ed
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reduced to the hydro radj cal é very reactive speci es, f)rocess
known as the Fent 6‘ﬁ é%@f@f‘i"?fhfor iy C“h‘i}ﬁ}t8&'91‘t“[r0éiﬁll%ﬁﬁndrté’8@tys very qU| ckly with

a variety of cell [oar covishlibment&itiodah ﬁ@ﬁob@'ftﬁﬂca&l@n‘; JreQink §eletRl fHnand

radi cal - nedi at ed Chf’“s?q?p' 2ces§‘tezsé hat qa menmbr anes, as wel | as
produce car ci nogef§!? Pi ntCaltr e GO i ’Pﬁ’ﬁﬂ’uwfﬁ‘ﬁdﬁ{‘ befopRkip thre

h reat ment, body i satine Prooi@ssi thied yf kinoed eﬁgiﬁ&. At bikeiFRRBShdl b@lfbuis@udhfae(| i)ver,
eart, pancreas, ron. nul at i on e sp produce (i

liver disease tha?lqgré)()!ygrmo @&“ﬁ%‘”&’i"s %%t?@ CYRLRIpmE k %éseg@?‘ig&%éﬁ ed both to

i ron-induced decragsgabin, andra@ncyymed such ﬂsBHtelﬁlnlB@éﬁre&t these nautth deRGEceases in
hepatic insulin t 2ase eadi ng
cause of death i nﬁ]l gitag} 0’? i Oe?gagﬁei e%?%oﬁaé}%r 3 S o the rbmﬁlﬁéh%‘%e Jlge‘sugg “at ed with
transfusi onal i rowd@velﬁh'daelates fPlS\]ﬂacAsnsanot her exanple, ions with little or
no endogenous {unghion kil bl PRI DSnRANA BT ShLER! dammge.
Heavy netal ions such as + can replace ions suc

net al | opr ot ei ns aH{ 21 efgEcan ]r‘iéjrﬁolf%lw e ongexsmpleiangxdess o dpi,odsthacut e or
chronic toxicity ddiadd fnre@Bfboll &1@Cﬂ@ﬁlbﬁ?tﬂa%f&@@tn&ewmfIE]SIP:!} Eoddedgd ects in
that patient's chil dre1 Even nore significantly, radioactive Isotopes of
the | ant hani de anChtrititassaya myoe g wricasgd &QP@*PFP‘I Helsdarpisoraych asdi vi dual

exposed to them byerdamary hcm@dhfoma%:s%i&i%t@:@@&ﬁﬁ:%h thgﬂéﬂélag&p%wn%f%&lvg resul t
not only fromthe detonation O;Waq}felfcl ear dirty bonb" conposed
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facility. [6] Aqazmosymwmutfeo;c;heb@waemap&m&c‘@lmgg&tnbmaﬂﬁc @tal ions in

l'iving organi sms i scl os are i |.i ni cal use. A
variety of |igan s%\higr{/te)ﬁb hég“‘”é’hba m{% Cﬁbjsvﬁﬂ“ﬁ”%gf W“rl‘lfau -#e‘#ﬁﬂcﬁﬁ“lﬂm , Eu3+ and

| P, for exanple. cPrdidichls embdan stidamalbeedaditudyaap r@iai-mediaeiechhin @r da&@cscoﬁat agents
such as def eroxa
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opanoylanlno]penﬂ?ﬂﬁ?hﬁ@h gdb@maﬁeGMJbﬁvdeomvgewemy1eﬁ¢@®mee met al

chel ator. DEOis dcbkmtBh :Pﬂ@hﬁj Mmax@%ﬁnc?eraéllahé/ clgfu}?l@l\éat]l)r?%c@m@r\?on% shherefore
be parenterally dosed |V, and once in 't as a very
short hal f Di Fsg<hyg @nléfelt q‘rwcaemthﬁé M toaResEe Pierherdd, (1) (BTRR) relisd bysprooved f or
use in the treat nRMtin@Eed cﬁ@kﬂ@ﬂh%@nc@tﬂ% Bedi] ﬂ%blg@()nplgh ﬁl% x@g ! h\?\‘ﬂ’athc% swifh cannot
be dosed orally, ideally should be given very quick il

contam nation, and presents with a nunber of side effects For these
reasons, continuous i nfusion of these agents is often required, and
particularly in the case of chronic disorders, 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 available for use in the treatnent of nmetal overload. Deferiprone



X is a counterion; or a polynorph thereof. [12] Certain conpounds, salts,
and pol ynor phs di scl osed herein may possess useful netal chelating
activity, and nay be used in the treatnent or prophylaxis of a disease or
condition in which netal overload or toxicity plays an active role. Thus,
in broad aspect, certain enbodi nents al so provi de pharmaceuti cal
conpositions conprising one or nore conpounds, salts, or pol ynorphs

di scl osed herein together with a pharnaceutically acceptable carrier, as
wel | as met hods, of tancc dnd %eflp,%t H?ms Ec E ROURS s clcﬁ% ik Eetd ﬁ’lnl%sag LY DI phs
and their conp05| rovi de for chelating
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ef fective ampuntheisfveningohplendydndfeeicimpessi ﬂbﬁfﬁf gl s chaeds hetei n, or a

sal t or pol ym)r RBake %ﬁseegcth 'meflns'(?n REQYIpHRGslafid fcfer 'th%ﬁl ;ﬁki‘cuﬁerc&ﬁhmglﬁormounds
salts, and pol ynmorphs disclosed herein for use in manyf ture of

medi canent for  tgieutacraehdrnigpigdid emsad e rRBHY? fl‘i"‘ShO‘ é.‘h‘é‘lq’ et by t he

chel ation or deg¢OhAQKALE QMiIGEn BleASre sBRIEMIPESERICTY 6o TE DEAW NGS
t he zinc,

[13] Figure I. XRPD Patterns of Salts
pot assi um pi pelaPPHE nfagREe PHi% Caé‘d(fi‘t@fﬂ"g %‘8?“8&%‘1%M%§£Ffpose(%ft?om top to
bottom . Degr eesm& % Gho@imh, i) er ﬁbﬁ)@htﬁ(ﬁa&&:ﬂlex@klﬂbt(ﬁﬂﬂ agdinostnhaforatioi trary Y

val ue on the or e. hysi cal

(S)-3" -(0OH) - DA Emb%ft géé%m E?rgb P %”tg(@ %? é)% Oggﬁpl ulegzlrl%”a}&gg%{ymr ph (top
spectrum), the EisufmuBth(urultsddd:temsﬁemtctcau@wan@mtﬂhe Form C (bottom spectra)
salls. Degrees fgd gnA‘t{\%gt?rqlﬁ_ccdhl?lﬁ@orﬁgﬁ&q_r%&tag& o@%tamﬁ)hb Alvagbi trary Y
(S)-3'-(OH)- DADr;marpEnsz\ambesapltcwm;qtydh@lomdelmfl @lﬁlﬂhféléhf-léﬁc WV%@%%robam lity

ani sot npi e t her fBl, elavé RSQLI to bid@FcFi Eglw’ﬁl“ﬁf!& AN U/ BRRexample.
sor ption/ desorption I sotherm of ADFT- PE pot assi.um sal t Form A

[17] Figure 5. Méfﬁwésf@@ﬁaﬁlﬁh%%ﬂ*%ﬂcm?éllégi?r%f%@aﬁ spedigt H@?IHWP“% S)-3' - (OH)-
DADFT- PE pot ass zblm § (2B 1Ry Broxy- £rﬂ48&)p&it3gpms 5. (Saﬁﬁﬂpbﬁﬂﬂ@glb&m of the
(S)-3"-(CH)-DA oot assi um Sal t r h‘ﬁ 51 XRPD Patt erns
of (S)-3"-(0H)- E’Jﬁ‘?ﬂﬁpyﬁ@OW@H@g‘f‘ﬂﬁ?”éya\ J- hyﬂ‘ﬂ’é"’ iy ’Fb‘ri‘B’lfg f&?%cgﬁcd'wf"or mA (from
top to botton) . nlorosens:. OBﬂﬁ)xspnmfélhlaatabsmtasiw WeeipbBhbteduadaidfist ban

PO Lrary Y Vol e Bl A L SR B EPDER RO
are plotted agailifisDialylae bistai@rppnti¥acetal aoid (Bﬁ%heﬂm}rmmmg@’e infhg1] Figure 9.
ARPD PaLer ) f oS ot il PARTTS B, RGBS ATy Ank 61 MG oBBgr cec 0-20 or
Figure 10. DSC tch@ifyrﬁbgrlébn g)fbﬂ(\@)f-qsfckl(/MWDAWEIPERLMWﬂW@ﬁIW form B.
(5 (01 1) B T O SRRl ™ D
Patterns of Sal L§opaiisy). ﬁwgwwlamwm P thch‘éméflﬁ?*ﬁ?rﬁé’d‘/ﬂ?m RIeEMsh A,

cal ci um B, nagnesj %mpﬁ)ble%pdft hBRofigh @ﬂslw bt u@hclﬁ&]aﬁ@a]e{zﬁfﬁﬂﬂsh@:@th’&xo bot t om) .
Degrees 0-20 on the a an arbltrﬁry Y val ue on

cissa are plotted agali
the ordinate. [Bpe! F‘?féﬁ‘l“’é C@‘%“““’Xé@“lﬁﬁ‘ﬁ é?‘h?’“(@ ed)j degadgy, ora
(S) - 4' 401- 0- DADbT=RRabikih @ad HiddrRelyeei Peiial thi ifsuchiMBAcxiardertticpmet hami ne A
salts (fromtop to botton). Degrees 0-20 on the abscissa are plotted
agai nst an arbi t¥8Py Y value on the ordinate. [26] Figure 14. XRPD
Patterns of Sal m)?bf (B¢ oDIDEETv EEgontt Iveyc bedooie uvailable fragrasiham A,
| ysine A, NMG A, t.ronmet e t Degr ees
0-20 on the absé‘F%@"mt Ogmg% OQ? fg% gég?!ﬁé{ﬁ%&;(gr ;?g@ﬁ@g&flﬁ? g[r)l t he
ordinate. [27] om)@wteummd D%t@pemtaomwtbﬁt qog)tﬂ%l_lé aHyrpaprfu BE magnesi um
salt. [28] Fig 1GQ5Ph &8 Ot PhhRRchR @b LGN Of
(S)-4"-(01-1)- %/S\%EE}JQ E%n%a%%]é]gdil :ﬁ%ﬂg@l ks &Mn% urte 17. 0‘DSC spehctrum of
(S) - 4' - (OH) - DADRIFoEEs, VBhe gilg is llo[cwoqovstdi fgurﬂemltbc Uwﬁﬁfﬁf% aybprapda, and
sor pti on/ desor ptiQf.d SRER&HANdidgorhbib gﬂ)s’f@ WA TraRFcaNM ISl it to [ 31] Figure
19. DSC spectrum'of (S)-4' -(O—l)-IZS’AISFT-P tromethamne salt. [32] Figure
20. Dynam c vapor sorption/desorption isdthermof (S)-4"-(O0OH)-
DADFTt r oet ham ne sal t.



[33] In certain enbodi ments, salts of Formula | are solid. [34] In further
enbodi nents, salts of' Fornula | are crystalline. [35] In certain

enbodi ments, X is chosen from betaine, choline hydroxide, diethanolam ne,
“di et hyl ani ne, ethanot at ni ne, hydroxyethyl norpholine, hydroxyethyl
-pyrrolidine, imdazole, N nethyl-d-glueamne (NM3, N, N -

di benzyt - et hyl enedi am ne, N, N -di et hyl - et hanol am ne, pi perazine,

triethanol atnine, tronetham ne, Ca(OH) 2, L-lysine, L-arginine, M(OH) 2,

RS dime. a2 Rt P burrids AT Sbek kT oRgFF i i ne).

1- ( 2- hydr oxyet hyl R:4-dnyBdanecd k4 tzp@d}l&iﬁtsl-ymeﬁﬂﬁmmmm&atsemrmg)m onyodi um

2-et hyl hexano.at €, n}la’i %cmEaﬁ?Amd 1?lh[c I.Ijﬁlg,'téc?éato fo!\@Alano tg?_z O(Fynuiﬁgmxg()hydr ate.

[36] In certain e ave s R2 X*
wherein: R, R2, R@ﬂnmﬂé&wﬂb{lf&ﬂmgmcmﬂ&liumdeqbemj:emhg;ve(bh@)smxtédwmhydr ogen,

oy Al i Dhg ARy oR R B o Q! WL OD Y

be optionally substit ut t ed; are 1 nd 14| y chosen
from hydr ogen, haldién M%Wﬁlowhcilocﬁmw agbIkyis as ﬁﬁ@cﬂowveqhe!aiok@»@/}?o mis an

integer fromO tocRa a'nécd%ﬂl!'cﬂh@gﬁﬁe :Ir[i%modg Pa?tm%’ oré‘l c?<ve' et cﬁc?é@g erion; or

a polynorph thereof, [37] In certain enbodi nents, ts are o orrrulal
wherei n the count &fith&ruseditexicity dedhe trepeny %félloﬁévellRF%W*F%}’ B typmefesen vie (NVG)

tronet ham ne, cal @xddmverm@nﬁﬁh&gmpu&oérﬂweumtam@mdams&ldaﬁ and pi perazi ne.
[38] In certain e sen &r}né ydrogen and nethyl. [39]

I rrent
In further enbodi E@gf %’f&s ‘ﬁf“’%‘?’@g‘ioﬁ’&eﬁé Y S Se AYH P m-hy dr ogen
and net hoxy. [ 40] pjnhiufylll)‘élhi%&y! ﬁhﬂ&ﬂﬂda@ﬂj&lﬁ: acﬂI(DF’B) Hayedlfe@%%.owu ktblm bn further

enbodi nent s, ar e | en from.hydrogen and
C1130((Cl -12)1 0) %‘a"omd“[a%ﬁm%" i”ﬁg Eﬂé\?\%ﬁ g, pihg? %&%‘“ ¥PYnor phs
t her eof have strucmlmratbclﬂupmalya(sm ar orally 43}) tb n:déxusr ﬁb@rarﬂrpﬁmdlcs{mmtesmexsal ts
and p0| ynor phS th‘ o%gftoagaYﬁo&g{yg e:ﬁ[yécrin%rtw%zg Qgtcmanm %01}013{1 a? gf(ed] OH 0 NJ

[44] In further e councer on P EHOSEN T YoM
magnesi um pot assien S&E armtrapeyitencalin avihippeicdaiyyeoefound effects in the kidney.

Although development of DFT itself had been discontinued due to nephrotoxicity,
one of these ligands (8)-2-(2,4-dihydroxypheny 1)4,5dihydro-4-methyl-4-
thiazolecarboxylic acid, or (3)-4’-(HO)-DADFT, has proven to be an cffcctive
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 discloscs the design
and testing of DADFT analogucs substituted by a polyether group at the 3°, 47, and
57 positions (Bergeron RT 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 scarch for improved metal chelation agents, much work remains to be done in
the characterization, development, and sclection of a compound suitable for usc in
humans. Room for improvement is stili apparent in the design of analogues and salt
forms thereof which have the optimal balance of [CE, bioavailability, favorable
toxicology, and other attributes for the purpose of providing safe and effective

compounds which will be casy to use by patients and clinicians alike. Additionally,
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[45] In further enbodinents, mis 2 and nis 3. [46] In further

enbodi nents, the salt is the magnesiumsalt, or a polynorph thereof. [47]
In further enbodi nents, the salt is magnesi um 3' -desazadesferrithiocin

pol yet her hydroxi de or a pol ynorph thereof. [48] In further enbodi nents,
sai d pol ynorph of magnesi um 3' - desazadcsfenithiocin polyether hydroxide is
Form A [49] In further enbodi nents, said Form A has an X-ray powder
diffraction pattern which is at |least 70% at |east 80% at |east 90% or
at least 95%identical to that shown in Figure 7. [50] |n other

enbodi nents, s ai”ﬂmb%i"ﬁ'ﬁﬁillbﬂﬁlbcfwwg%ﬂ‘étgq]W%Oggqon}%‘é“&za 24 8@% BF ?tfcﬁ?agglft n

pol yet her hydr oxi gtecrhls TEOs fmitle fof hidjuficed andtibeibusnbodinmpemtdshodgdbd Form B
has an X-ray powder. diffraction.pattern which,i t Sk £0% at | east
8006 "t 1 east " ootls et Rl uBR0N Bl bR b BRSERART 0 875!
[52] In furt her pemfeddiomenipsydugai ShelFocampButiigbowdd did feeteblat icalshabdamhi ng

cal orinetry (DSG) _thernogr ' i at. | 209 Least %Qﬁ)@ at | east
90% or at Ieast%zé A)%?’%ﬁ\cm %nglg%}hgf%s%é\?\%ﬁcﬁ g?{qgnﬁigtgrlo rF’S?» In further
enbodi nent s, saiitdo #srmeBriakinafodyriaming difigysorand petpitialingduile s8¢ptt on (DVS)
spect rum whi ch ijg@bioh 888hntib%hd GherlnBRSE80% at least 90% or at |east 95%
identical to thatsshlg\;\’/n.abl np EFi’gu_re ?f%[lggf I n other enbodinents, said

pol ymonh of magh®8] um Biscloyd deisin gwapwd #alte mdgelymopds §Ebise PO oxi de is Form
C. [59] \IAE fﬁrt H@ﬂogﬂfgnaﬁihmgkg@s t’h&@di)id pﬁeﬁﬁlgegoﬁidamr@m%mcggaémgu@@e d: ffract9 i on
pattern which is at least 70% at |eas Yh  at ast 90% or at |east 95%
identical tot hé‘ths§wr’i“ﬁﬁf’hﬁ?’§dﬁ%d’@‘sosfé@f ‘VFﬁ]aS&W@fsgﬁhﬂﬁﬁf%mté’?i s provi ded
an anor phous f orti#és snBgmesibasTeided todesdn adtesfies rsudthif acicatcpotiyatiher

hydroxide. [57] In further enbodi nment sai.d_annor phous. f.orm has an X-ray

powder di f fract {01 Ssﬁ’gﬂegﬁﬁ “\?W'%“hm ia%‘mgﬁjoflﬁ'gg?ta%n%s (és?%rcéia{lgicm%@ at | east

90% or at | eastta895Wmicdevtolaist, itdicatitpaikelsyhoarnilepili® gure 7. [58] In further

enbodi ments, th It or..p noh Lher , CAGUEQUS plity at
Follf ¢ flee o yﬁ&g&@%ﬁpﬁﬁ&ﬁdﬁg%:%g%#@gue%@]r%wm

near - physi ol ogi of "between an I'n further
enbodi ments, the salt or pol ynoi ph tRereof Has an aqueous solubility at

near - physi ol ogi ¢ pH of ? 40 ng/ ni .R? Rin further embodi nents, the salt or
pol ynor ph t hereof has an aqueous s il i,\;yoat near - physi ol ogi ¢ pH of ? 50
mg/ M. [61] In further enbodi mert’s,Yin tto@r pol ynorph thereof has an
aqueous solubility at sinulated gastRicS 0.05ing/nl - 250mg/m . [62]

In further enbodi nents, the salt or pol yrriﬁpph t her eof has an aqueous
solubility at near-physiologic pH of between 0.3ng/m. and 70ng/ nl and
havi ng an aqueolt4®®¥t ubility at sinulated gastric pH of 0.05my/ -

25?”9/ m A L63] I n flg‘zkh@f’, I?,rﬁﬁﬂﬂpﬁlf@md%pen@dﬂﬂy sabdn ficsn mﬂaggaogﬁﬁ-ﬁiwg sal }A\ or a
pol ynor ph t her eo urt i ments_ar.c.provi ded t orm
pol ynor ph of théh‘%kﬁg‘h@{aaﬁ%) @“g%:}bﬁgg%gfj@‘?aﬁy,Ofﬁ’g% tioid ?‘lox})‘iﬁ?’%ypatter n

substantial |y sisiisliaedt o that shown in the upper curve of Figure 2. [65]
thereof . [66] In Tubther hootmens SRS s EP LT Ry 2 DR Rt & ze
by an x-ray powdere: dicflf maddtweonk@att ern conpri si ng peaks at about:
m is an integer from O to §;
1 s an integer from 0 to 8, and
X is a counterion;
or a polymorph thereof.
[012] Certain compounds, salts, and polymorphs disclosed herein may possess
useful metal chelating activity, and may be ased in the treatraent or prophylaxis of a
disease or condition in which metal overload or toxicity plays an active role. Thus,
in broad aspect, certain embodirents also provide pharmaceutical compositions

comprising one or more compounds, salts, or polymorphs disclosed herein together
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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 mnus 0.2 degrees 20. [67] In further

enbodi ments, the salt is potassium (S)-3"- desazadesferrithiocin polyether
(KO11.(S)-3'-DADFT-PE). [68] In other enbodinents, the salt is the zinc
salt or a polynorph thereof. [69] In further enbodinents, the salt is zinc
(S)-3' -desazadesferrithiocin polyether (ZnOAS)-3'-DADFT-PE), or a

pol ynmorph thereof. [70] In further enbodi nents, the salt has an SC XRD
structure characterlze? as in Figure 3. [71] In certain enbodinents, salts
and pol ynor phs t héflgPipgpesutisal ﬁé‘fcﬁh’%le‘faﬁf%ﬁé’cl’ py methods ofBaEHRY 1sim) , OH 0

OH [072]In furt henlzmﬁp@hnﬂ@@dl@, an&@b&&ox@f&ﬂanﬂ@{c%% siohhererf{ have
structural forrrul a[nIL CL?E I[’l g r‘d[‘urther enbodi nents, X is chosen
from I ysi ne, 5 ?‘H‘aFFH’Yi@" eheds i “l%{‘r‘i‘a‘%“&ﬁ%ﬁ"&%ﬁym{“?@th?in further
enbodi ment s |s pr ewmbatidents godiyamdtpdis &fr uaatﬁlgldtsox@éls Mﬁmrﬁmkldlmn re:c n tEe
t In further

pol ynorph is a stq he sodi um sa

enmbodi ments, sai dn{e%ﬁ]g?ﬁ%}rabﬁa’p@p%ﬂ@ nﬁ‘f)dn(gﬁVE' (tigpigient, O?E)}‘“‘P%a‘%”l‘ﬁ“ﬁtﬁlé‘fg*o

enbodi ments, sai dbépti)beymrap!mmmuttchmr d’fehg/&draaiomt of § EoZﬂpo{uni Jrumh;btﬁmo@m)odi ment s

2 pol yrorph ¢ her eafooppa ;o ATREIREL AR A REE e i a1 1 1

has a X-ray powdeforgiopngsaetts, ond mmc@phﬁ dwhlpgﬁh hpsindor Usemsle idOWacate dfeast 80%
at least 90% or fodk@ast pORYLARHLLEA R dIAkIRNAMGd NN Godon [ 7]

In further enbodi nents, the salt of Forrru a di scanni ng
calorinetry ther nﬁb‘ka?’r?‘\’i(}?ﬁ%lr?fﬁ@mﬁt | east 70% at | east 80% at |east 90%
or at least 95%identical to that shown in Figure 19. [80] In further

enbodi nents, the salt of Forgula H has a dynam c vapor sorption/desol ption
(DVS) spectrumwhich is at | M&M&m&ﬂ@%ast 90% or at
| east 95%identical to that shown in Figure 20. [81] In further
o oure Db UL e o U AR b
potassium, piperazine, magnesium, sodium, and calcium salts (from top to bottom).
Degrees 8-20 on the abscissa are plotted against an arbitrary Y value on the
ordinate.
[014] Figure 2. Physical stability study of (S)-3'-(OH)-DADET-PE potassium
salt, isolated as the Form A polymorph {top spectrum), the Form B (middie
spectrum) and the Form C (bottom spectra) salts. Degrees 0-20 on the abscissa are
plotted against an arbitrary Y value on the ordinate.
f015] 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 ($)-3'-(OH)-
DADFT-PE potassium salt Form A.
f017] Figure 5. Dynamic vapor sorption/desorption isotherm of (S)-3'-(OH)-
DADFT-PE potassium salt Form B.
[018] Figure 6. DSC thermograms of the (8)-3'-(OH)-DADET-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 9-20 on the

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



[82] In certain enbodi nents, salts and pol yrnorphs thereof have structural

formula |V:

*XOHO, IV. [83] In further enbodinents, salts and

pol ynor phs t hereof have structural fornula IVa: CH30((CH2),0)" *X OHO N

SIva. [84]

In certain enbodi nents, salts and pol ynorphs thereof have

structural formula'V: [85] In further enbodi ments, salts and pol ynorphs
t hereof have structural forrmula Va: [0861lln certain enbodinents, salts and
pol ynor phs t hereof have structural fornmula VI: GO OH v,CH3 S--7-.C00-

MBO1- 1t VI,

equi val ent |y, nmagnesi um hydr

| I oxi de N
(8) -3 - desazadef§2@r ri thiguch i HE! SseRe! (PN SLHAR T-BAPRYBE $¥br  magnesi um
(S)-2-(2- hydr oxprdn( 2)@%1’863(0220 on the abscissa are plotted against an arbitrary Y value on

nmet hoxyet hoxy) et hoxy) e
at e hydroxi de. the ordinate.

hoxy) pheny1l) - 4- net hy1- 4, 5- di hydr ot hi azol e- 4- car boxyl

{0213 Figure 9. XRPD Pattern of (8)-3-(OH)-DADFT-PE magnesium salt
form C. Degrees 0-20 on the abscissa are plotted against an arbitrary Y value on
the ordinate

[022] Figure 10. DSC thermogram of (8)-3'-(OH)-DADFT-PE magnesium

salt form B,

~ [023] Figure 11. Dynamic vapor somption/desorption isotherm of (8)-3'-(OH)-

DADFT-PE magnesium salt Form B.

(0243 Figure 12. XRPD Patterns of Salts of (8)-4'-(OH)-DADET-PE: the
arginine A, calcium A, calcium B, magnesium A, sodium A, and HCI salts (from
top to bottom), Degrees 0-20 on the abscissa are plotted against an arbitrary Y
valuc 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).
Degrecs 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)-DADET-PE: the
calcium A, magnesiam A, lysine A, NMG A, and tromethamine A salts (from top to
bottom). Degrees 026 on the abscissa are plotted against an arbitrary Y value on
the ordinate.

(027} Figure 15. DSC spectrum of (8)-4-(OH)-DADIT-PE magnesium sait.
{028) Figure 16. Dynamic vapor sorption/desorption isotherm of (8)-4'-(OH)-
DADFT-PE magnesizm salt.

F029] Figure 17. DSC spectrum of (S)-4'-(OH)-DADFT-PE NMG sait.

1030] Figure 18. Dynamic vapor sorption/desorption isotherm of (S)-4'-(OH)-
DADFT-PE NMG salt.

(0311 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 tromethaminge salt.

1033] fn certain embodiments, salts of Formula [ are solid.

{034 I further embodiments, salts of Formula {are crystalline.
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[ 87] The conpound of fornmula VI may exist in three substantially
crystalline polynorphic forns referred to hereafter as Forns A - C, as well
as an anor phous form which differ fromeach other in their stability,
physi cochem cal properties, and spectral characteristics. [88]

Accordi ngly, the polynorphic forns can be characterized by powder X-ray
diffraction (XRPD) patterns, differential vapor sorption/desorption (DVS),
t hernogravinmetric analysis (TG), and differential scanning calorinetry
(DSC). [89] A SO\V?r ovided is a novel polynotph Form A of a conpound of
formula VI is proWdbd. Imestiin prbolapent ¥ setpss demdsepeghelitededaxifter ei n,
characteri zi ng dadaubflankied, NebyRiniR, SRAPRMRG, @fh-o&fyis{mn&ig}{éun@,s obt ai ned by

provi ded 1 novelBHOPHBUE Py B COoLTa B FONMITA Y | s provi ded.
[92] In certain edboadyreliactivainkoseddrelBithnoBhataftzing] inghaslaidor the

anor phous formof ,a c ou rmul a VI .as ined by an X-ray powder
Tt Pt on (xreo) CpARFER: CROtDn delket, Bt MO Rk st ieapis G 1 s o
novel pol ynor ph ForOHBZGDHR, derpoandZagOiHfMat0Hg, ¥DA) IShptdn, ded. [ 94] In

certain enbodi ment s, .di ef haract erizi.n a. for FormB of a
conpound of for rruf]y;d 1%}/ agth%ﬁﬁ ??ﬁéédf —%i}yag%;y %ﬁﬁé)\yhﬁlb\;\%?grlg(g{hf/?‘P’%’W’@’n ( XRPD)
pattern i s shown picriingupaasgum 209 g63eupafe Nebise, sedibodctpiht:spoashagact eri zi ng
data for Form B ofpgaaC ) f 1 Qbtained by a differential
scanni ng cal ori net ?gAt%gIE?%’e@%%O’%@SM% %{ﬂlg\g\ﬁm?g Figure 10. [096]In yet
further enbodi nent®80] chalngetast horimncats saltf isve goewaBFgmuls Igompound  of
formula VI as obtained by a vapor sorptd on/ degerption (DVS) spectrumis
shown in Figure 11. [097] Al so proviged|isga novel polynmorph FormC of a
conpound of forrmula VI is provided. I'n ceytain enbodi nents discl osed
herein, characterizing data for For cdinpound of formula VI as
obtai ned by an X-ray powder diffracti RDDksPattern i s shown in Figure
9. [099]1In certain enbodi nents, salts and pdigynor phs t hereof have
structural fornmula VIl: VI, or, equival €éftly, f&onethamn ne

(S)-3' -desazadesft @rdréih:hi oci n pol yet her (tronetham ne. 4' - DADFT-PE), or

1, 3-di hydr oxy- 2- (hydroxymet h ropan-2- am ni um

(S) - 2- (2- hydr oxy- 4- (2N R (B> #etaﬁ‘bﬁy@? RIsEFI e RSP T St gy saem nd e,

met hy1- 4, 5- di hydr akhj @Ak, Aok R0 cuhai eH,) 03 00kdynr 6aich #af bespuestinyent s,
characteri zing dajt% t1‘ 8_r|_a conpound of fornula VIl as obtalined by X-ray
powder diffracti oft { ) is shown in Figure 13. [0101]In certain

enbodi ments, char act el ngddibe ifid@pordeniyrpaunton hydrogeaabed, hydsyobt ai ned
by differential sganni rinetty (DSC) is shown in Figure 19. [0102]In
certain enbodi rren@g?ina(l: arag(ﬂoero’i dz}for’f(ff data for a conpound of fornmula VIl as
obt ai ned by vapor sor ptiseninthgsdrqm ¢ or; (DVS) is shown in Figure 20. [0103]In
certain enbodi nents areg Hi&%&cﬁj‘ﬁgmﬁhksanﬁf structural formula Il and

X is a counterion;

or a polymorph thereof.
[037] In certain embodiments, salts are of Formula T wherein the counterion X
is chosen from lysine, N-methyl-D-glucamine (NMG), tromethamine, calcium,
magnestum, potassium, sodium, zine, and piperazine.
[038] In certain embodiments, R® is chosen from hydrogen and methyl.
[039] In further embodiments, R® and R7 are independently chosen from
hydrogen and methoxy.
[040] In further embodiments, R' is hydroxy.
f041] In further embodiments, R%, R® R, and R® are independently chosen
from hydrogen and CHRO((CHy )~ O)p—.



pol ynonmhs t hereof having an aqueous solubility at near-physiol ogic pH of
between 0.3 ng/rill and 70 ng/ M. [0104]in certain enbodi ments are provi ded
salts of structural fornula Il and pol ynorphs thereof having an aqueous
solubility at near-physiologic pl-1 of? 40 ng/m. [0105]1n certain

enbodi nents are provided salts of structural fornula Il and pol ynor phs _
t hereof havi ng an aqueous solubility at near-physiologic pH of? 50 [0106]In
certain enbodi nents are provided salts of structural fornmula Il and

pol ynor phs t hereof having an aqueous solubility at sinulated gastric pH of
0.05 ng/m - 250 [§48w . I f@?f?%mé%?FéFW“@ﬁﬁQ@WW@WﬂgmﬁﬁémﬁﬁHWWHéd salts of
structural formgaukly-and pol yytmphs t hereof having an aqueous solubility at
near - physi ol ogi ¢ pH of between 0. 3nmg/ M. and 70q9/nﬁ and havi ng an aqueous
solubility at sinulated gastri cS{GH2p5mmt > 250mmi . [0108]In certain
enbodi nents are provided salts of stru ?Hfobnula Il and pol ynoi phs

t hereof havi ng an aqueous solubility at r sphysi ol ogic pH (-7.4) of

bet ween 0. 3ng/ nl and 70ngy/ mL and havi ng an g?é%h@isolubility at sinul ated
gastric pH (-pH 1) of 0.05ng/ nmil- 250ng/ m . Pol09]Inlicertain enbodi ments are
provided salts of structural fornula Il and pol ynot phs t hereof having an
aqueous solubility at near-physiologic pH (-7.4) of between 0.3ng/nl and ,
150ng/ mL [01101Kﬂ§b pr SVghsEe V@”ﬁﬁgﬁﬁﬁg@ﬁéﬁ&ﬁP&@Hﬁﬂ8§%?FﬁH§“@@nprising t he
salt or pol ynor phimt:laereof as di scl osed herein together with at | east one
pharmaceutical ly acceptable excipient. [0111]1n_certain enbodi ments, the
phar maceut i cal conposition conpfild¥&Ha-dalt or *Bol ynor ph t hereof having
structural fornmula Il CH30((CH2)nD)n4% é¥'ii  wherein mis 2 and n is 3;
and wherein the counterion X is chos rqm gal ci um magnesi um
potassi um sodium zinc, and piperazine. [0Y12¥] nofurther enbodinments is
provi ded a pharmaceutical conposition conprPsing mégnesi um

3' - desazadesf er fiduhi ocinmu PRl ¥edaskcnRYHE Qxh@on Nis@aQbiHiom calciADFT- PE), or a
pol ynor ph thereof, together, with at |east one pharmaceutically acceptable
exci pi ent. [ 01 T8RIM @YUM SAYBY; HHnt Y PIRFEphar naceut i cal conposi ti on

conprises a [045] In further embodiments, mis 2 and nis 3.
[046] In further embodiments, the salt is the magnesium salt, or a polymorph
thereof.
[047) In further embodiments, the salt is magnesium 3°-desazadesfervithiocin

polyether hydroxide or a polymorph thercof.

[048]} In further embodiments, said polymorph of magnesium 3°-
desazadesforrithiocin polycther hydroxide is Form A,

{049} In forther embodiments, said Form A has an X-ray powder diffraction
pattern which is at Jeast 70%, at {cast 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 (IDSC) thermogram which is at lcast 70%, at least 80%, at least 90%, or

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



salt or polynorph thereof having structural forrmula Il ox Oi30((CH2)nD)n
OH O " OH S Il wherein mis 2 and nis 3; and the counterion X
is chosen fromlysine, NMG tronetham ne, cal cium nagnesium [0114]In
further enbodiments is provided a pharmaceutical conposition conprising
tromet ham ne 4' -desazadesfcrrithiocin polyether hydroxide

(tronmet ham ne. 4' - DADFT-PE) or a pol ynorph thereof, together wth at | east
one pharnmaceutically acceptable excipient. [0115]1n certain enbodi nents,

t he pharnaceuti cal nposi fion conprises nmagnesi um 3' - desazadesferrithiocin
pol yet her hydr oxi d@%?Ng(éﬁE”)t?%"’m HBEW”S%“} By s ayeAnpnvapkier eof , t oget her
‘W n{) hdat | east ﬁne sﬂbﬁxﬁxﬂf&@aﬁplt!idnc(lbkfbﬂp%@ﬁ@p@ﬁ@ﬂ B €41 1008 Bt jeast Q)h/%,@l kit certain
enbodi nents, the rmaceutical conposition copprises trometham ne

4' - desazadesferri ?ﬂ?“o?:‘iaﬁ%bsép%t‘q?ﬁ?‘gﬁ%‘?d'?%%oﬁé ¥¥EYRdt-hanai ne. 4' - DADFT- PE)

or a pol ynor ph t hgdsedf, hogkdrbkebodinéds, &did pe@asdmpiosendgharfmpreut i cal |y

accept abl e exci pi ent .. 11711 n certain enmpodi ments are provided a met hod of
treating a pathol %ﬁ%a%dgksq%‘d%’&c}nip8ﬁ'015"§1311¥81ﬁg%a?/8‘bjtgg“ hel ati on, sequestrati on,

or elimnation of [€65ri vl feriber peb@liménts, saidEdyjnalhas @0 Kphy sdwalgr @tdniiinst er i ng
to the subject a therapguti cal f i un f a .sa r pol.yi norph
t hereof as discl otge?rﬂgrg? n ﬁ£A5F6(?}1§f %gﬁgll ?ﬁ/?’%héz?u 2‘?{’%00&?}}53,%& i%(yglélg'ﬁﬁal%(?i val ent
metal is iron. [O0eojeneindighel. enbodi nents, said pathol ogical condition is

iron overload. [O In : rhad ; S S . i itionis
the result of nal %&g? str?dgﬁcipgﬁbﬁm@gd?@?hﬁ%dut %g%rdg?ﬁs!}?%ﬁ&:ﬁ\ﬁbﬁ@%dy.
[0121] In further &fBEdisinRtocngglyethedwirridyi cal condition is chosen from

atransferrinerni ajosager t jd plAsAbIARHINR, s@MndiFR Bk RasSn LAy Fé\mdc[' 0122] I'n
further enbodiments, said patholqgical condition is the result of
transfusional irof GRFEPTRRE™ Wr}f“({)"ig%‘]“i“ﬁ Oty priest Orp Bidraretis or digag 95%
pat hol ogi cal condidehitral to shacdhoweh Fipwarbet a-
[058] In further cmbodiments, the salt or polymorph thereof has an aqueous
solubility at near-physiologic pH of between 0.3mg/ml and 70mg/m].
[059] In further embodiments, the salt or polymorph thereof has an aqueous
solubility at near~physiologic pH of = 40 mg/ml.
{060] In further embodiments, the salt or polymorph thereof has an aqueons
solubility at near-physiologic pH of > 50 mg/ml.
[061] In further embodiments, the salt or polymorph thercof has an agueous
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 potymorph
thereof,
[064] In further embodiments are provided the Form A polymorph of the
potassium (8)-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:

v



t hal assemi a major and internedia, sickle cell anem a, D anond-Bl ackfan
anem a, sideroblastic anem a, chronic henolytic anem as, off-therapy

| eukem as, bone marrow transpl ant and nyel odyspl astic syndronme. [0124]1n
further enbodi ments, said pathological condition is a hereditary condition
resulting in the excess absorption of dietary iron. [0125]ht further

enbodi nents, said pathol ogical condition is chosen fromhereditary
henmochrot nat osi s and porphyria cutanea tarda. [0126]1n further embodi nents,
sai d pathological condition is diabetes. 0127L|n further enbodinments, said

pat hol ogi cal condi&d &, §2, ¥h6.384uH0ed!-4i288ee): thA0P kil 185! &k ess

dietary iron absong@hQQQ[hgtgﬁmﬁgobqgﬁhgagenbodlnents sai d pat hol ogi ca
condition is a livef disease. [0129 I'n further enEa iments, said disease is

hepatitis. [01301%h fubtivser gRbdRTHEADS Seltdfofsut AB1Ggi cal condition is

| ant hani de or a@bgafudetem@m%h@agcm& @i@ﬂ;](tt)m fopiereyenbodi nent's, the
therapeutical ly effective anmou nDr h t ereof as

di scl osed her ei A"%hat f"rﬂﬂfc%rgbotdh‘éenﬁotg? Ta@ ‘%@3‘(‘:‘?‘5‘%"' REBFO AR BFCUt her
trivalent netal [669] gr eatfrhc babodOnadtsié kff/icAnd (8)-8'hes@uhjfecithiocfr0132] | n
further enbodlnents t . r,a J I effect unt of a salt or

pol ynor ph t her e@PY&&er I?%%QﬁédBﬁgﬁz&% géﬁp%gn @éncggna dose of at |east
10ng/ kg/d without clinically Eparent t oxi c effects on the kldney, bone
marrow, thynus, #00er, Insfftiese pmbadisesnts, B sadidpentalC-gRRACP PegsPigiused
herein, the terQ§mQ§5QMghave t le neanlngs i ndi cat ed. [0134]V%en ranges of
val ues are discl ose and the notation frontrn ... to n2" is used, where
tu and n2 are t unb t hen unl ess, ot Se.s not ati on
is intended to i d udeFFﬁtmhﬁﬂ%gF%m s ey M%gﬁﬁsﬁﬁg&igﬁg%Utgtﬁeen t hem
Thi s range may Bemubtidgral or contlnuous bet ween and |ncIud|ng t he end

val ues. By way of exanpl e, the range "from 2 tayx6 carbons” is intended to
i nclude two, three, four ¥§§)©ng ar gons, since carbons cone in
integer units. Conpare, 6 ‘ the range "from1l to 3 i M
(mcromolar),"” which is |ntended to i nchude _INubl, 3 UM and everything in
between to any nunber of significant flgurfs Q. %ﬁ 1 255 uM 2.1 p. M
2.9999 uM etc.). [0135] The ternt"about ' as used hereln is intended to
qual i fy the nung®iz¢al ﬁa&umxcmhﬁbhmbrmﬁndﬂmweswuﬁemepwhgweueﬁmafvaIue as
vari able within 13 pprﬂgn of error. When no particular margin of error,
such as a standard 3eV|at|on to a nean value given in a chart or table of
data, is recited, the term"about" should be undérstood to nean that range
whi ch woul d enconpass t he rechice@drwahe odhe range which woul d be

i ncl uded by rounding up or down to thatf fijgur wel |, taking into account
significant figures. [0136] The term "acy¥F;’ sd hereln alone or in
conbi nation, refers to a carbonyl attached Be/afi alkenyl, aIkyI aryl,
cycl oal kyl , het ryl e ero wer the at om
attached to theﬁﬁﬁﬁbonyf“”‘”8%&%3WmhA% ‘2809 Pmﬁ§Wou%ﬁ¢%‘°m“ '6™a - c(0) cF13
group. An "all cyhlcamboryhdgu@iunt: al kanoyl " group refers to an al kyl group
attached to the par ent Exanpl es
of such groups | udelﬁglﬁ F%&&%ﬁﬁhﬁ&éogﬁé ﬁgng%#§QQQ%anFg%aﬁgg of acyl
groups |nclude ﬁ@mnyfmcmﬁkemth&&nemam@yfhw?@qgﬁyﬂh@uweﬂht al kenyl ," as

used nerein al gag10" iy AATBLORKAR, sk GloRfiforitfls RoSlohdl,ghl chai n-or
branched- chai n h focar bon group having orie or nore_doubl e bonds and

contai ni ng fromi®76 o 2& Behdembedinems, sehpobararll htheisdttent s, said al kenyl

will conprise fr 2 1t @ HrERLROMLBRNE wﬁh@“kekﬂhm@khenylene refers to a
car bon- car bon doubl e bond systentattac ed two or nore positions such as

et henyl ene [ (- CIW¢4§¢@”¢MW?HL-ﬁﬁm*?&ﬁhﬂf@baﬁwy%%PQQﬁngaIkenyI gr oups
|nclude eLhenyI1opm0pemyMHm£cﬂB&hM&m!Q@emmhlo&m&rhuhedxe@mhmmmd the li ke.
Unl ess ot herw se . speci yl ene"
groups. [0138]Th@iaepﬁp“§ﬂwg% “nggwﬁ@Zd ﬁg¥EWﬁnﬁé%3h® OP““HMﬁgnglnation
refers to an al Kydntiet akat groowpy Fighern2i n the term al kyl is as defined bel ow
Exanpl es of suitable al kyl ether groups include nethoxy, ethoxy, n-propoxy,
i sopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, and the I|ike.
[0139] The term "al kyl ," as used herein, g one or in conbination, refers to
a




strai ght-chain or branched-chain al kyl group containing from1 to 20 carbon
atons. In certain enbodinents, said alkyl will conprise from1l to 10 carbon
atons. In further enbodinments, said alkyl will conprise from1l to 6 carbon
atons. Al kyl groups may be optionally substituted as defined herein.
Exanpl es of al kyl groups include nethyl, ethyl, n-propyl, isopropyl,

n- butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso-anyl, hexyl, octyl,
noyl and the like. The term "al kyl ene,"” as used herein, alone or in
conbination, refers to a saturated aliphatic group derlved froma straight
-or branched chaln[ggﬂuran@”HVdWB@&?@&hﬂﬁbﬂ&@ﬁ@dndiHEMEadﬁﬁnmhé posi ti ons,

such as met hyl ene séméihy ddordmeu o S Oh AN IFRO0! & Gl sbiACul@liyiial k! ©
may i ncl ude aIkerne 1i@ eterm”a 1an1no as used’ her ei

alone or in conblﬁ%?ﬁ8ﬁgwf%W%¥§£Fbm§nh%WkWﬁﬁﬁﬂﬁﬂp attached to the parent

nol ecul ar i ety qmm@ughhﬂﬂnﬁﬂbﬂ@m&ﬁ@ﬁ@ﬂm§ﬂi&ﬁ@hﬁﬂ@hhﬁ%@ﬂhﬁﬁmg& Hps may be
nono- or dlalkylat ps such .a exa nmet hyl am no,

S

N- et hyl ani no, ﬂ?ﬁﬂ%ﬁ§¥%ﬁ%ﬁ§b€ pﬂ%WHVWH@t%?“&ﬁiHB@gﬁﬁmfﬂB&PiWﬁt

[ 0141] The term al9ﬁ%ngdla1 Icas&SS%lSiEﬁhdﬁEtbﬂidﬂshoalhQﬂlﬂglﬁ}b 20.n conbi nation, refers
to a straight-chal rb hed dr qc havi n or nore
triple bonds and on alnﬁﬂgﬁ(?8ﬁ1 TMI méﬁ?ﬁ$b EWh“@%Fgﬁﬁﬂm“y

enbodi nment s, saidaHNwWﬁymObmanwﬁESWMm@mnﬁymmm@idangom atons. In further
enbodinents sai d yny 0 rbon atons,. The term

"al kynyl ene” refegghto a#%%ﬁ oﬁh%g ‘%% tgmf @ ng?QwOEwﬁe Hocigh
positions such asﬁéﬁhanJene (-C: C-, Exanples of al kynyl groups include
et hynyl, propynyl, hydroxypropynyl, but yn- 2-yl,x3- met hyl butyn- 1-yl ,
hexyn-2-y|, and the l'i ke. Unl ess othermnse spgglfled the term’ aIkynyI
may include "al kynyl ene” groups. [0142]T erns (ﬂﬁldo and "car banoyl ,
as used herein, alone or in cogbhopathQs n am no group as
descri bed bel ow attached to the parent nDIecuIar nn?@t t hrough a car bonyl
group, or vice versa. The term"C-am do" as used herel alone or in
conmbi nati on, refel®3to alnfathepymipriznagisous midthlyRogds ﬁberfeoﬁieeb ftmcteiah. The
term"N am do" as¢usgdiherein, alone or in conbination, refers to a
RC(=0)N1-1.- group, with R as defined herein. The term "acyl am no" as used
herein, alone or in conbination, enbraces an acyhxgroup attached to the
parent noiety through an am no group. An exapple of an "acyl am no" group is
acetylamno (CH3C(O)NH-). [0143] The term i no, " @as used herein, alone or
in conbination, refers to - NRREO(MMeBIN iéﬁﬂm are |ndependently chosen
from hydrogen, al kyl, acyl het er oal kyl , aryls y¢l oakkyl , heteroaryl and

het er ocycl oal kyl y O ubst tuted
Additionally, R a@ﬁjﬂ1 Inmh(ﬁn%%axm%egtsfsﬁﬁ‘n% ﬁé’? 3?181(9)}%5]’88‘?{]@%5 W her of
whi ch may be opti Grady: substltuted [0144] The term "aryl," as used herein,
al one or in conbination, neans a carbocyclic arQgatic system containing
one, two or three rlngs wherein such polycygljc ring systens are fused
together. The term "aryl" enbraces aro grougs such as phenyl,
naphthyl, ant hracenyl, and phenanthryl 48] The ternms "benzo" and
"benz," as used herein, alone or,j Egénat'o ©, I&Fer to the dival ent
group C61-14--- derlved fron1benzé npl'es i ncl ude benzot hi ophene and
benzi m dazol e. [QD&H]Thenﬁ&mmnmﬁﬂdmﬂmyha&na&p&§@&phﬂh&hﬂhw%ﬁﬁ&nﬁhone
“includes fornyl C%O% 1] and in conbination 1s a -C(0)- group. [0147] The
term "car boxyl " or carpboxy," as used herein, refers to -C(0)OF1 or the
correspondi ng "carboxyl ate” anion, such as is iwmx*a carboxylic acid salt. An
"0-carboxy" group refers to a RC(O)O- group.ormwhere R is as defined herein.
A "C-carboxy" group refers to a -C(O)Oﬂmjioups where R is as defined
herein. [0148] The term "cyano," as used k&reiN Ione or in conblnatlon
refers to CN. [0149] The term "cygl®alkyb) " o altegnatlvely, carbocycle,"
as used herein, alone or in conbination, refers to a“saturated or partially
sat ur at ed rnonocycllc, bi cyclic or trlcyclic al kyl group wherein each
cyclic nmoiety contains from3 to 12 carbon atomring nenbers and which may
optionally be a benzo fused ring systemwhich is optionally substituted as
defined herein. In certain enbodi nents, sqld cycloal kyl will conprise from
5 to 7 carbon atonms. Exanpl es of such cycIoaIkyI groups i ncl ude
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
tetrahydronaphthyl, indanyl, octahydronaphthyl, 2,3-dihydro-1H—indenyI,
adamantyl and the like. "Bicyclic" and "tricyclic" as used herein are
intended to include both fused ring systens, such as decahydronapht hal ene,
oct ahydr onapht hal ene as well as the nnthicyclic (nulticentered) saturated
or partially unsaturated type. The latter type of isomer is exenplified in




[0152] The term "hal o," or "hal ogen," as used herein, alone or in

conbi nation, refers to fluorine, chlorine, bromne, or iodine. [0153] The
term "hal oal koxy," as used herein, alone or in conbination, refers to a
hal oal kyl group attached to the parent nol ecul ar noi ety through an oxygen
atom [0154] The term "hal oal kyl," as used herein, alone or in

conbi nation, refers to an al kyl group having the neaning as defined above
wherein one or nore hydrogens are replaced with a hal ogen. Specifically
enbraced are nonolial oal kyl, di hal oal kyl and pol yhal oal kyl groups. A
monohal oal kyl gi®Gh, flsrcciviecneedimsite, saitpayd prlymorals hasehd havsstFcHalchl or o or
fluor atom wi thign thegroup. Dihal o and pol yhal oal kyl groups nmay have two
O nore of the sanme hal o atons or a conbination of different hal o groups.
Exanpl es of hal oal kyl groqp§\kﬁ8hud“\éluoronethyl di f1 uoronet hyl ,
trifluoronethyl, chIoronethlgDCgichlo o] hyl , trichloronethyl,

pent af | uor oet hyl , hept af | uoropropyl uor ochl or onet hyl ,

di chl or of | uoronet hyl , difl uoroet hyl f | ugropropyl, diehloroethyl and

di chl oropropyl . "Hal oal kyl ene" refers’to a‘&aﬂ&alkyl group attached at two
or nore positions. Exanples include fluor ttydcene (- CFH ),

di fl uoronet hyl ene (C172chl or onet hyl ene (-01-10-)N@@ﬂrkhe i ke. [0155] The
term "heteroal kyl ," as used herein, alone or in conbination, refers to a
st abl e strai ght cgreqlivaunty) edgokiammydioxideided i-dstmpdsboalibdnparedup, or

conmbi nations th full ont,al ni 1 to 3 degrees of
unsat urati on, g&[g&pg e D%T éf%gt%g‘f&gag ﬁb%q%gog}g? %i (r?r@ét ons and from one
to three heter oMMth&@@WWW@WZ@? henyl)-methgl-4. &ty b dieesind CHEONAS ogen and

sul fur atons may, (95),;131 nal Iy be oxidized and the n| trogen heteroat om may
optional Iy be quatcr ni zed. The heter oatom(s and S may be pl aced at

any interior po$d%7ion &k wmeomdebioaikyl m@f%ﬁﬁfom ”UBC %“BS“?‘\ABH?h‘éYSé‘?% ons My

be consecutive, p§19§;9:pﬁx§ fo;?n@[ckcﬁ»‘?é@fmlefﬁ%aﬂm@i Folr%s NH@erweliéalﬁ%a' ok er m
"heteroaryl,"” as used herein, alone or nmbi nat, W&){ers toa3to7

menber ed unsat urf‘éff’e&lhllfl‘ef“gi;‘cﬂ?ﬁh‘@&%/%q‘?‘ @ ‘r"?lhﬁ“b‘lﬁ}’ pﬁysf“lﬁ’gl?éﬁ“ SRV ¢, _
bi cyclic, or trhﬁy@hagmmﬁgm&yﬁ& emin which at Ieast one of the fused rings

is aronmati c, contain eatom and N. In
certain enbodi rre(ﬁ{(lé QF ‘ﬁ‘@?yeplégai \R/F ‘iclfo’%ﬁ%lr e‘“?crt"ll7ccggytpowg{’re\ar bon

atons. The termral tﬁﬂﬁﬁﬁi@b(ﬁ]ﬁ@) rhusegldiffakyey epbcsogrtion/ps omtiar @Viv)hhet er ocycl i ¢
rings are fused with ar r used with
ot her het er oar ylthc m%’gaerct ic anQL?sS 18 % a% tngtllai%ht%ﬁ Qc%h%hge&wqgﬁ:%? ]fS(?

hel er ocycl oal kyl[089] ngs Alsoprowided iei nowemmwiyﬁmmu‘h@fsl campoufit) 8 Bigrowie h

cycl oal kyl ri ngz, Slc?)rf; amples of heteronyl groups include pyrrolyl,

pyrrolinyl, azol yl, pyr azolyl, pyridyl, pyrl m di nyl , Pyr azi ny

pyri dazi nyl, tri@egolyl In %Wﬂaﬁwo‘h"PQ}FSV‘F“C‘O%GH|hé1ﬁ*§i‘i0136%&‘1%‘?%Aa f"P‘s[é’iiraf\ol yl,

_OXSd: QZ_Ol Y: ) tho?-gg.l oundtJT'fOtﬁﬁqmr\ﬂ%@(Li?ﬁmm {ip$ af RLI%IZIQJIVMhh dl!’fi@&%ﬁ}%{j{RPﬂl)}Sm I’ld0| yl,

i ndoli zi nyl, benzim dazolyl, quinolyl, isoquinoly qui noxal i ny

qui nazolinyl, i rﬁ"(’i‘é‘i‘bﬂsﬁlllownb’éh‘ﬁb‘f’ﬁ azol yl, benzodi oxol yl, benzopyranyl,

benzoxazol yl, bepagxadisaz@hylicd Henaat ihagahytom benaatpbiadit azebylv]

benzofuryl, 20 benzgthlenyl chrononyl , coumarinyl, benzopyranyl,

t et rahydr oqui nol® M§Yided; o razol opyri dazi nyl, tetrahydroisoquinolinyl,

t hi enolpyrl ﬂl nyl , [Oﬂj‘zmlr opyrdcdﬁimyshbodpymxrs@heolp;emlihehiemyctluamdlizithmhtaifklethc Exenpl ary

phenant hr ol i nyl HTBERIBLY asgr s R S ke RSB e  henyl and

the li ke. [0157]cfﬁﬁectntoet‘ffspﬂ)metttcer@@lymnomﬁgyﬂc‘7 and, interchangeably,
"heterocycle, " agysed \ig Jﬁfvnlcdsld%@@cl & riuﬂplpﬂfmﬂﬁ‘@f%‘c@ﬁlpoxﬂ@%ﬂoﬁﬁfi@r to a

saturated, parti aI Iy unsat ur at e y unsat urat ed nonocyclic

bi cyclic, or trl\ﬁy‘cmlp\odqfiet erocyclic group containing at |east one

heteroatom as a 594‘]‘9 NMERALN cmﬁrﬁdnﬁ (@a@fé&d%@#{:ﬂl HR1LLOALOMTBYE A B
i ndependent |y chosen fromnitrogen, q and sulfur in ce%éﬂg?
¢ ( oat ons as

enbodi nent s, salotﬂdh‘é‘ﬂfé’i*"(‘fWIf‘éa’IUk‘ IRWW*“ SRBF FaaY Pgie diffiaptiop

ring nenbers | Dafidi RESw bR ®ENt s, said hetercycloal kyl will conprise
from1l to 2 heteroatons as ring nenbers. In certain enbodi nents, said

het ercycl oal kyl will conprise from3 to ring nmenbers in each ring. In
further enbodi ments, said hetercycloal kyl will conmprise from3 to 7 ring
menbers in each ring. In yet further enbodi ments, said hetercycloal kyl wll
conprise from5 to 6 ring nenbers in each ring. "Heterocycloal kyl" and
"heterocycle" are intended to include sul fones, sulfoxides, N oxides of
tertiary nitrogen ring nenbers, and carbocyclic fused and benzo fused ring
systens; additionally, both ternms also include systens where a heterocycle
ring is fused to an aryl group, as defined herein, or an additional




[0165] The term "perhal oal kyl" as used herein, alone or in conbination,
refers to an al kyl group where all of the hydrogen atons are repl aced by
hal ogen atons. [0166] The terns "thia" and "thio," as used herein, alone or
in conbination, refer to a -5- group or an ether wherein the oxygen is
replaced with sulfur. The oxidized derivatives of the thio group, nanely
sullinyl and sulfonyl, arc included in the definition of thia and thio.
.[0167] Any definition herein may be used in conbination with any other
definition to describe a conposite structural group. By convention, the
trailing el ement &$95hny Hufo e enbadimentnchiagcictizcies dor fohFamtBufhesmpaynd he
parent noiety. FOrl; BXaHR resent
an al kyl group at togched ygastgﬁg%sgrggﬁ?i%%%ﬁ%%%J(nggll%d&wulgﬁ%ﬁ%dgﬁ%mo %Ep, and
the term al koxyal EAoWREIE¥elk esent an al koxy group attached to the parent

erI ecul e through amwepl kyln y@fﬂﬂ%reﬁl@odlﬁ&]tmﬁﬁhc%rtﬁﬁ e, fosrolefd fied to be
"null," what is neant |s t hat sai d oup i s absen 0169] The term

"optional |y subst CPTRWAS offemmda Yips o tﬁ‘t“ R HEO'GPBLiRY ‘}li)”ﬂ%’ (BYBLtituted or
unsubsti t ut ed. V\yl@[_lecﬁ‘Mb&tbh@Milﬁ(ﬂ"aguftdlﬂ substituents of an "optionally
"substituted" grou ncl ude t hou imt ne or I
substituents i ndegoeg ent ﬁ&%@l"@ﬁﬂéﬁ"ﬂ E)?HW‘H‘@DI?% d:oﬁ‘P%‘{?gg’fgfm‘ﬁa

particul ar desi gn@ﬁe@@@tedof groups al one or | n corrbl nation: |ower alkyl,

| ower al kenyl , al k [ Leroa I r
het er ocycl oal kyI Y@%\er ﬁ’a‘%nm rglfv%ni’egivved?L ﬁ dhe’lc “V\qmpcg BV at“rklfél AT %{/\ﬁyl ,
| ower per hal oal kyIOfa ¢mwldp7élfdmhl@ézlllwwamddw@n Xayjcbay‘alekoyfﬁdctpm&KyPD) aryl,

aryl oxy, lower al Fgggqu LiRwe ﬂ@{ﬂggl koxy, oxo, |ower acyloxy, carbonyl,
carboxyl, lower a | car ony ower carboxycster, |ower carboxam do,
cyano, hydrogen, bgenln caijade eRSpdimawsnwlts ngnelymarpky hapirheve smgtiahi no,

am do, nitro, Hil Q?]imla@,\@@r al kyl thi o, |ower hal oal kylthio, |ower

per hal oal kyl thi o, arylthio, sulfonate, sulfonic acid, ri substituted silyl,
N3, SH, 22 SCH3, C(0)Cl-13, CORCH3, CORH, pyridinyl," phene, furanyl |

| ower carbamate, and Igv&;/\w’/@a/\'l' D~Shs Hit s rmay)/lfi iHned together to
forma fused five-, six>, or seven- menbe ar bocycl i CNG;§+ het er ocyclic
ring consisting of zero to three hetcroat® PN npl e form ng

met hyl enedi oxy or ethyl encdi oxy. An opti onaIIy S &5(5 uted group nay be
unsubstituted (e.g., -CH2CH3), fully substituted (&9, - CFME3),

mongs ubsti t ]cht FFI (&, gqmvafeﬁlﬁz GotAEtharBife @;bsaéshm@@nﬁtman b&ly&her fzigxlé\gher \3\h

I n-between fully ustltut Itute ere
substituents are ftié’gl cthaging tﬂé@g"f%ﬁfwééﬁydwﬁy g‘s(‘g%‘lbo%ﬂb@i’ ¥PRGn, bot h
substituted and ummbmdsp 4By drdyB(2a(2-€2-BRMOoRAS SO cthoxWeiory )phea§ll-ASt | t uent
is qualified as '{B?It4§§ﬁ1¥f0thlaﬁ({}o4 %IEO ;rtut ed formis specifically

i nt ended. Addition Optl onal substituents to a
particul ar noi et y[%@@z belhgdefdmebodsuanesttersiciizing daeder acasesind bhgrogt i onal

substl tution wlly, he phr ase,
"optionally substl tut a'qgg%%gg?@%%%‘?@h ggtggr(r}i91?[{:?}%}0rgfht%ﬁlll 91\% , appearing

by itself and wit K8t a Mgedpér erchodimpnigt dhenctennmzaks f@)‘t&mn’mp@é ofisfrivded,

refers to a i et wcataebﬁancdftfqufmﬁlgggﬂmg%&mlmy%@b%LMJW P%&ﬁ?a' kyl

aryl, heteronyl and heterocycl oal k
substituted. Suchl0R0%nd Reoiibupydenrsis q!ﬂlﬁféowﬁwéla@tf@@@tn@%é of)&m@ﬁal ly

substituted as demme%tm%@ymapa(\l@&{;h%?deﬁﬂpd%ngmym tli%%m@n ﬂun’@% desi gnation

or not, every R g@g@ﬁ includin n), every
substituent, and y tBERAH 08 “I:S’é“‘lﬂﬁd’é‘?"é‘{cééﬂ“PB"“E)‘@t“Tah@éﬁ‘éﬁHéﬁ‘{ of every
other in terns of paﬁh@pnsltmkoffhmfgmngqmps sofal i) « newdyhpaidgidPreor betwdsd 1 t uent,

or term(e.qg. ary}& g} g?(id%{l etc.) occur nore than one tinme in a

formul a or generi 'S defl nition at each occurrence is
i ndependent of th@iegfi nintcbotin @iboehieny antph@fde0 ey bf @nckral Dhegelrafd skill in

the art will furth C that certai ched to a
parent nol ecul e ofr)oq%amp“q l{m%ﬁ""élwnp‘goaélla fYGH’ * "loplbg“yﬁé{'fahng%m cigécrf%taf rom eit her

end as witten. Thgsi. by way of exanple only, an unsymmetrical group such
as -C(O)N(R) - may be attached to the parent noiety at either the carbon or
the nitrogen. [0171] Asymmetric centers eX|§t in the conmpounds di scl osed
herein. These centers are designated by t b synbols "R' or "S," dependi ng
on the configuration of substituents around the chiral carbon atom It
shoul d be understood that the invention enconpasses all stereochem cal

i sonmeric forms, including diastereoneric, enantioneric, and epineric forns,
as well as d-isonmers and 1-isoners, and m xtures thereof. |ndividual

st ereoi sonmers of conpounds can be prepared synthetically from comrercially
avai l abl e starting materials which contain chiral centers or by preparation




efficaci ousness of a given concentration of chelator in clearing iron from
the body or one of its organs or parts. Efficaciousness in turn concerns
gquantity of iron renoved froma target system (which nmay be a whol e body,
an organ, or other) in a unit of time. Chelators are needed for three
clinical situations: for acute iron toxicity fromingestion or infusion of
iron; to reduce total body iron secondary to transfusion or excess iron
absorption; for nmaintenance of iron balance atter total body iron has been
satlsfactorlly reduces and only daily dietary iron needs to be excreted. In
practical terns[0l0fkr efioeeain grpfoditin rice ¢vidsd sy eF yugalrasoeaHuryd t o
transfusion, th%o&%x‘ﬁﬁ?‘iﬁ&@@fﬁahﬂﬁb dn&q&c@é«ko%iNﬁﬁﬂm@pﬁy@ﬂﬂic@ﬁm goe/ kg body
wei ght of t he patient per day need be excreted. For the maintenance
treatnent, 0.25 R/ kg/d is suffl cient. [0178] The term "therapeutically

acceptabl e” ref @96t 0 @88 GAFHAAMAL Sro(Rdvieakdis of ROLMADLERAS LIRAET UJS,
tautonen, zwitterjonic forns, etc.) which are sui table for e i n contact

with the ti ssue§°léﬁ“°‘}99r‘t‘ﬂ“‘éﬁqfé“‘%i‘&"r‘i‘o"’ﬂfeoﬁ*rﬂb‘él ‘EYo%iF"&“{Vd BP§EEg l’tl'é?qs %k, and

al l ergi c responsgymiarsoamensurate with a reasonabl e benefit/risk ratio,
and are effective for their e reference
to "treatment"” X@O pa{“icélrﬁm i’rgb(’%mcé}ﬁ&bcd”?vé‘[egﬁ% ]ﬁgﬁmﬁt 'dg qng?uhs"‘hd The term
"patient” neans palymompbnthebe hikvigd adigmgudnshbiiisy at Emmphﬂswg@fpkpmmmcrs i ncl ude
pat i ont 2 huganY jjﬂ%&%% R R e R AR L S et A
made nore acti ve-0wmeail viomganlt ai n corrpounds di scl osed herein may al so exi st

as prodrugs, asgeseri R%élmmerhb'ofelrnoénx%lespla\me@w@ on’?ﬂctP{aPﬂHﬁQafﬁB@bm ism:
Chem stry, Bi ochem stry, and Enzynol ogy (Testa, Bernard, and er Joachim

M W ey-VHCA, Poymembs hypel Aarnsmdapnnsp: ltbwwmmhﬁfolqw%%ﬁ ¥nds

descri bed herei Beked Cﬁjnﬂgﬂlﬁtdﬁﬁabth%nmwhﬁhﬁ@mfc@i&éﬂﬁs aubiileacrigaend t hat

readi |y undergo chem r%% i ol ogi cal conditions to provide
t he conpound. A&&h‘rﬁrﬁﬁépﬁﬁ afgqugeﬁgg{]é converted to the conpound by
chem cal or bi oq;drlem cafn d@ﬁlﬂh&ﬂ‘i}dhﬁbn&m:cﬁ%ov\{dckd@dlﬁIOWtﬂ’u@ﬂ[lﬁEf(btmulEH[arﬂxarrpl e,
prodngs can be sl ow rted to a c ced tr ansder nal
patch reservoi r PW %nﬂ%gs tgﬂle(f “f" A vt %TB‘%&:W T pmgl‘)?&ecrﬂ plﬁb rugs are
of ten useful bednmaa()jmg/asbamélsamgnatl ons, they may be easier to adm nister
E)Ca(r)]r ;Peag%rrﬁ?g?&a?fon %ﬁl%&'ldgg %bhdlmd%}{ut%yOmé&[ﬂoh@&%ﬁﬂ%ﬁ%ﬂlg@altgf 83‘\/?8‘1/8‘2 : go
have i nproved soblubpiph tprcpfesghelosrd beumitamiheicofips Sket berhasveeuticly par ent
drug. A wide var&c%txbipg\crggcgpr ug derivatives are known in the art, such as
those that rely on tic cleavage or oxidative activation of t he
prodrug. An exafilél V\l“tqq’éﬂ‘ﬂ ephodirgedis; hpbagacgutiselsaPaRyiine GrEPE @ conpound

which is adnmi ni ghief@diyAspdheRst BRingtRRU-AKQHMG! ), but then is
nmet abolically hydrolyzed to the car boxyl ic acid, the active entity.

Addi tional exanpl es include peptid{fradts vatives of a compound, [0181] The
conpounds di scl osed herein can exist a ?*épe tically acceptable salts.

Such salts will normally be pharmaceuti yipcgept abl e. However, salts of
non- pharmaceutically acceptable salts may b Hlity in the preparation

and purification of the conpound in questi of: Ba5|cfhdd|t|on salts may al so
be fornmed and be phgrsmceutically acceptable. For a nore conplete

di scussion of the preparation and selection of salts, refer to

Phar maceuti cal Sal t y* Prgfériti:asd Selection, and Use (Stahl, P. Heinrich.
W ey-VCHA, Zurich, Qvwkdizge b@ﬂ@ilo@ﬁ%oscﬁ@&&%}ﬂ&h& efmRinh etapent i cal |y
acceptable salt,” as used herein . represents salts or zwitterionic forms of
the conmpounds di sSPEYBF Ket diPHeAPEh are water or oil-soluble or

di spersible and[&MEIap&uhn&a&hmmammepi@bheﬂaﬁmdeﬁumeddhﬂmmmnmlThe salts can
D T epar e U 1G kRl SR AR AR 480 el Forpounds o
base with a SU|EHﬁN@“E@hﬂap&bmwe&@mﬁafﬁmmnaomm'addnbmqmmyab@@6$MClude

acet ate, adi pat - ascorbate, aspartate, benzoate,
benzenesulfonatgmfﬁﬂgéP Pﬁ?t blsulfate butyrate, canphorate,

canphonul fonate, citrate, digluconate, fgrmate, fumarate, gentisate,
glutarate, glycerophosphate, glycolate, hem sul fate, heptanoate, hexanoate,
hi ppurate, hydrochl ori de, hydrobrom de, hydroi odi de,

2- hydr oxyet hansul fonate (isethionate), |actate, malcate, nal onate,

DL- I nandel atc, nesityl enesul fonate, nethanesul fonate, naphthyl enesul fonate,
ni cot hrate, 2-naphthal encsul fonate, oxal ate, panpatc, pectinate,

persul | ate, 3-phenyl proptionate, phosphonate, picrate, pivalate,

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



[ 0188] Descri bed herein are various polynorphic forms such as Form A, Form
B, formC, anorphous, and the |ike. These terns (Form A, FormB, etc. as
the case may be) enconpass pol ynorphs that are substantially simlar to

t hose described herein. In this context, "substantially simlar" neans that
one of skill in the art would recognize the pol ynorphs differing
insignificantly fromthose pol ynorphs as physically characterized herein,
or those pol ynorphs having one or nore properties described herein. By way
of exanpl e, a pol ynol ph enconpassed by the term Form A could have an X-ray
powder diffracti or{Oi(lﬁ(EzPD)Tn eyfeio pmbpdingnits HicipbaramcchidabtonpOsigionapmpaast 80% at
| east 90% or at s@l@&%o%&dh@@ﬁé&fﬁﬁ]mgf]sf}uétﬁ@itfoéﬂ@a in the XRPD for Form A
For exanpl e, the enconpassed pol ynorph m ght have at | east 80% of the peaks
in common with the disclosed FormA (shown in Figut® 7). Aternatively, if
the XRPD spectrumis identified ByolkyOhfew 4 or peaks, the enconpassed
pol ynor ph m ght have mmj or peaks at | east .|d§nt cal to those shown in
an XRPD spectrum Alternatively, the enconpassed p: rph m ght have an
aqueous solubility which is within 80 to 120%t “showrll her ei n.

[ 0189] Pol ynmor phs of g .mml ecul e can be obtained by a nunber of nethods, as
known in the art. Such nethods include, but are not limted to, nelt
reclystal lization, nel®icodidinyd;aaél vent recrystallization, desolvation,
rapid evaporation, rapﬂi@’ctﬁt‘ﬁ@hbﬂ'ﬂﬁs &b@)&vﬂﬁmﬁdagmae%cmiwaua and

subl i mati on. [0190]Techn| ues for characterizing polynorphs include, but
are not linmted to, "iF¥efential scanning calorinmetry (DSC), X-ray powder

di ffractometry (XRADYL | heumek ognGahdrelt hevianel sl faongyRaN C vapor
sor ption/ desorption DVS) qg %yst X-ra dlffractornetry,

vi brational spect FEEEHHY ‘Ogmﬂd PR awﬁgﬁﬁﬁn@ﬂ%%fyﬁﬁﬁb oxids| i d state NVR
hot stage optical (tmnﬁ:ﬂmsmmpy -DASYFATIE) B BIIRGSPIOMRD T Io8& KD PNth 6SEM oncel ect ron
crystal |l ography agﬂnﬂg%q; ativ ﬁﬁnaléSIS particle size analysis (PSA),

surface area anal Vsi s SPURT T ST U8 s and di ssol ution studies.
[0191] The term ﬁbﬂ@atemccasums@ﬂnmmmemmphmmﬁﬁummanﬁgmmmbahmharn1of a

substance which c S solvate
wherein the solveg?b?gnﬁg g&%ﬁﬂ%%ag@§%%§5g&hﬁ¥wa§% m@§§ﬁ8§ ﬁbﬁ¥ "

used herein, refePE), pophanygh théredfopgtioh with sMWstcalmpmm\huemkcauﬁamcmdbgp be made
by renoving the Sgﬁﬁﬁﬂ% froma solvate. [0193] The term "anorphous form" as
used herein, refers to a noncrystalline formof a substance. [0194]The term
"solubility" is g&Héblal | | cripindrehadineytsibe shprroapgetiselsonpesition hemprisesm " aqueous
solubility," and g&h&hsnibds’ tcﬂﬁnﬁmf&ﬁ:Hﬁ'ocn?g%@&h@;ehﬁﬁ)gfd@? o?rfct}}:ﬂﬁ;o@b' lity, of a

conpound to dissolv % LN _wat or an_ aqueous sol vent fer, as m ght be
found under physi 6PO§IEEY Ob%mf?‘?‘@h@m?fq‘@é‘é%W%Pﬂﬁﬁsi an‘fvhql@accl“mcaﬂhd of
itself, a useful qmqnﬁﬂd@%kﬂ&:neasure but it has additional utility as a
correlate and pre limtati opng which be clear to those
of skill in the a@% IBP&’F“%?“@%@&W“QBPM‘?‘@QF‘H"’B’Pﬁeﬂ‘%ﬂg Lpadiglagistle
conpound is generahﬂmodesmmabi9chamdmpﬁﬁmmnmen$ﬁﬂhﬂh£wnbﬂ£ﬂ@ﬁ&h&kmlThere
are not abl e except.i unds ] ed to be

adnmi ni st er ed as dfgﬁ%t Fcrt]cée)né mmﬁr@mm steuP E)% @'8&‘% li'ehaé)eutﬁ&& zlg? YYSI | y benefit
from | ow sol ubil |@ry0una<§at%hl|t31 pmafynoasahmoﬂam;mmw oediedse fromthe injection
site into the plagpy Soflnll*gt)hlc}&nybo focb el e SBRL & Géh I n Mo/ L, but ot her
nmeasures, such as é I'es |caIIy deened

accept abl e may ralf é9 fr dmﬁlﬂﬁ’gs’ mboﬁmcmh,tSh@ ph&hnldt;tefdsormirtwnhﬁoumamd@a(bf mg, / ni.
[0195] Sol ubi l'ity mypibe HRadls &%OHBQ% bmfarp){éhag 189@&&10 he Jéﬂfn gﬁp' R
may be neasured under conditions simlar % oun such
as at gastric pH @ﬂ“@FmBH?§W§PB@F@OBFmWé§WtﬁﬁWS|ologlc pII Gﬁstrlc pl

as used herein me@ms|)abafuribl dmbodiNRA% -RAYRIHOLGEHI CoRiton i@RoddR §dnher ein
refers to the typical pH of bodily tissues and fluids, such as bIood and

pl asma, or cyt opl 4Lpyfer @ﬁ@?&ﬁP?oﬁﬁﬁﬁ?mWa&“df@@QBH%émﬂéed herein, "solid"
when referring topaal tinfigmer mnmn@lqaﬁxlp\dt@b;ysg;s&lcmgnoms thoeMidogmper at ure,
and/ or containing a @ubs anti al %nnunt of solids. A solid may be anorphous
in formand/ or be"&SUYPRFAIRYCSEIA% with sone quantity of residual or

coordi nated of solvent nolecules. A crystglline salt is an exanple of a
solid. By way of exanple, a wax could be dnsi dered a solid, whereas an oi
woul d not be. [0197] A "solid conposition” as used herein i ncludes a salt of
a conpound, or a pol ynorph or anorphous solid formthereof. [0198]Wiile it
may be possible for the conmpounds, salts and pol ynor phs di scl osed herein to
be adm nistered as the raw chemical, it is also possible to present them as
a pharmaceutical formulation. Accordingly, provided herein are
pharmaceutical fornulations which conprise one or nore of certain




[ 0201] Phar maceuti cal preparati ons which can be used orally include tablets,
push-fit capsules trade of gelatin, as well as soft, seal ed capsul es nade
of gelatin and a plasticizer, such as glycerol or sorbitol. Tablets may be
made by conpression or nolding, optionally with one or nore accessory

i ngredients. Conpressed tablets may be prepared by conpressing in a

sui tabl e machine the active ingredient in a free-flowng formsuch as a
powder or granules, optionally m xed with binders, inert diluents, or

| ubricating, surface active or dispersing agents. Ml ded tablets may be
made by nol di ngldl@3la shifertiof anbwdistebnetid prhslegiebcastlitions choyaribyedeteonpound
moi stened wi th gﬂlaéq@ﬁ{atmfl dbq:'rl%{zqtcgﬁcld}é Mide c-ghgn&iﬁplﬁﬁinﬁmmﬁi\(acﬁﬁﬁ hpd, |y be
coated or score ornul ated so as to provide slow or controlled
rel ease of the #éepiestis mgm@dﬂéww hamobar anemigs) off ey isekearrs: §8¢ or al

adm ni stration §Qggqup&ﬂhgmﬂ9§@9@§)@Hé&ﬂ@bﬁcfOr such adm ni stration. The
push-fit capsules can contain the active ingredients in adm xture with

filler such as (Hétlosel fﬁ?‘ﬁﬂ“é’i‘@d@lﬁ’@h s3id Pétf“éP%fWé%O“dé‘ﬁHPd‘r1e1eﬂ‘t‘f‘r‘¥ cants such as

talc or nagne5|uawﬁkﬁaﬁ@gﬂﬂaﬂg@mgghmqm@bhwf¢am@mmh|zers In soft capsul es,
the active conpou

n ts a be di ssolved.or suspended in
sui tabl e quuidgnzguchaggﬂPb?? d CP gaWPaBWBQ PORFIIOR s e {rgili o
pol yet hyl ene gIyaahandkmoaﬂﬂmﬁﬁemndﬁmﬂbnhmzamsmnﬁy be added. Dragee cores
are provided w uit ti.n i entrated sugar
sol utions may bgﬂg@ ﬁ&ﬂ%}ghcm dm%utts sat gflf“t‘ [gcd? F&BQ’%?[&J&; rhﬁ;agrgtg talc,
pol yvi nyl pyrroﬁnadne mdaﬁbopmmdgehhdpdmwé@h&tén@ﬂg®y®@hﬂ“mnéior titani um
di oxi de, | acquey \ aRi ¢ solvents or sol vent
m Xt ures. Dyestu%%%é%%l&ﬂgﬁggﬂg$§Mh&ﬁp&gggﬁg to the tablets or dragee
coatings for i dEHESK | c’étfiu@ﬁr WM‘@%%&W&@F@WP%@‘EH@W@F éritlveotisrsiat i ons of

active compoundggleses. mk@%@?&ﬁﬁ@m%QQPQM@Q@mc%@i&ﬁu@nd pol ymor phs may be
formul ated for parenteral adm ni stration by inj bol us

b
i nj ection or coﬂi?%uou@fWHFU%WBHmmﬁEfﬁﬁK%*WBﬁ%i %W“WHF@%W%BWGHgy be
presented i n uniindesageadorm e.g., in anmpoules or in multi-dose
containers, wth added preseryvative. The comnpositions na ke such
forms as suspengpgﬁs @6Wd§i%ﬁ%mﬁymﬁﬁﬁ?@P&%@“?ﬂ98$W9V°¥mﬁateéﬁg'behlcles

and nmay cont ai npblofoigh dic@bas dgended hatie masdsuspebdilngycrgbabf kdnzirng and/ or
di spersi ng agen in unit-dose or

nul ti - dose conté&ﬁ "?ﬁm}mpﬂ‘i%ﬁp?Q§mQE%ngﬁégm%ﬁrm g%nd vials, and may be
stored in powdef0B2r m orivitn anffodeent: w¢madm$hwﬁphﬁhtza@ymeﬁﬁ@ﬁﬁi%n
requiring only. ﬁa&%nagghucgﬁ% AhscibRE LGk & JJ(,QLMJ il Bhot 16 pxanpl e,
saline or steri r|or to use.

Ext enpor aneous NﬂP@EPW@ﬁUEam@vmdﬁscﬁﬁdﬁ9u§@éﬁ@%@H§wﬁﬁvoﬁemﬁm@bhﬁéd from
sterile powdersg,ananul 6.4l Al ets of the kind previously described.
[0203]Fornu|at|ons for parenteral adnministratjon include agueous and non-
aqueous (oily) 1835 | eAs pcdbrinAhsErtrigrdatrie Henwegt e ebnpounds, salts
and pol ynol phs yhkgh mMyeC@ideabiMvafiadl 19 Yisel@nd,snd b hidieicn, “rbact eriest ats and

sol utes which render the formul ati on i sotoni of the

i nt ended reci pi éntsed 3%8°5ﬁﬂ88ﬁ§°@ﬁ6mﬁgﬁ’gﬁﬁB@ﬁé @?@Wﬁﬁ@m§§§8355|ons whi ch
may i nclude sus [ﬁ@tﬁtd:lnngm&g@ﬂtt@maﬁ(ﬁb thdmedken itngseage rhdihe Bugd @oken tiepophi | i ¢
sol vents or vehicles include ch as e thetic
fatty acid este#ﬁ““@ﬁ‘éﬂ‘&% v W@IO‘ g?lgé‘t‘oém gé{wfcn 9 mgggifl‘ﬂtehgmd Yo ;S)é[somas.
Aqueous |njectlmmysﬂsmemsnbnsmﬁﬁﬁanNQammMmuhsﬂamd@GOmhhdhhwn@ﬁ@ase t he
viscosity of thg u?‘{*ﬁ/Q%ﬂgOQEmo%g%cé‘? i SAGLID 6 A Qzﬂbﬁﬂ?td%pa%%l whpse,
sorbitol, or dext he suspensi may al so contdin suitable
stabilizers or ag@ﬁmshWhP@mﬁlﬁemééséuﬂh@“@@hﬁwﬂlWﬁyhéﬂHWMQdébﬁﬁands salts
and pol ymorphs 4 qaghl, gy i I@mﬁymmﬂﬁ 9&@[@1ttb o Rfbig LY neancantsiat.ed
solutions. [0204]1n dl tion formul ati ons descrlbedﬂpreV|oust, a
conpound, salt, 1855pr%hﬁWbﬁ9%§&@ﬁ§éﬂosed herein may al so be fornul ated as

a depot preparap@p StRNehDPAGHRCH] A6 KRG idlh@0% qRYyIR: @diai St ered by
i npl antation (for exanple subcutaneously or intranuscul ar

i nt ranuscul ar |ﬁﬂé%ﬂﬂ@ﬁ‘“TﬁU§*‘FwﬁmgkﬁﬁﬁwgucFH@“éﬁﬁﬁﬂﬁ%ﬂgmxéﬁﬁﬁgmand

pol ymor phs may be foinulated with suitable polymeric or hydrophobic
materials (for exanple as an emulsion in an acceptable oil) or ion exchange
resins, or as sparingly soluble derivatives, for exanple, as a sparingly
soluble salt. [0205] For buccal or sublingual adm ni stration, the
conpositions nmay take the formof tablets, |ozenges, pastilles, or gels
formul ated in conventional manner. Such conpositions may conprise the
active ingredient in a flavored basis such as sucrose and acacia or
tragacant h. [0206] The conpounds, salts and pol ynorphs nmay al so be



[ 0213] Compounds, salts and pol ynmmphs may be administered orally or via
injection at a dose of fromO0.1 to 500 ng/ kg per day. The dose range for
adult humans is generally fromb5 ng to 2 giday. Tablets or other fornms of
-presentation provided in discrete units may conveniently contain an anount
~of one or nore conpounds, salts and polynorplis which is effective at such
dosage or as a nultiple of the sane, for instance, units containing 5 ng to
500 ng, usually around 10 ng to 200 ny. [0214] The anount of active

i ngredient that may be conbined with the carrier materials to produce a
'singl e dosage f or iWhninb puéeufer depindi ongr, sypbnes ¢ fiendadsibvibtioead eceandhthe
particul ar nmode Ofgi [Ha%?& 5}%@519&(1&[&0%%%1@@'& ?e?;quo%ﬂgéhou?ﬁctx%d%alggod t0
pol ynor phs can be~adm ni stered I n vali ous m)aes, e.g. orally, topically, or
by injection. The ngpedprisansantishtvopll cocmpetsibl radieil milet @ de ronge vbisht i ent wi l |
be the responsi bi wohmbgﬁnc%u*a%@{ﬁgml@m oP tsuﬁnﬁ%um% v&pﬁgfg{ﬁﬁmdose | evel

for any particular patien: epend upon a varltety o ors including
the activity of tRe&osBsEnficat Bghpround enpl oyed, the age, body weight,
general health, sexasdi effo tednd ¥By10fas ALAHALSL NG loPR comPib®nObfors toa

adm ni stration, rate of excretion, i nation, the precise disorder

drug co t t he
bei ng treated, an8™PHe ¥Bghsitsp a@)“fem(lh@%ii’r?@ilr:%fﬁlf’@%y]d}e‘e&ﬂ%ih@'iet‘S]ﬁY%"ePhg
treated. Al so, theny@kdreopy Reeindiafhi Akdimed o Bycahyt idepRAdhAgaeRt he

condition and its severity. ]In certajn instances, it may be
appropriate to adfioHP &% %&_C{((g)ii{g N gf‘ aﬁ{c)ﬂ:émb@gy.}p%ﬁ@g?oyiag:@é13fﬁla
pol ynor phs descri e diet gom {teched tphapar@c eoicbwdalhojetptespt ablrieonsbdbup. est er,

or prodrug thereo i tion.with another the 2ut j.c_agent . By way
of exanple only, gg%a%ees g klﬁgmésl lg%m e‘a'fn{‘lcethcyticg“bé)n ‘3?‘?‘%5 2“2’“ By gx%“aé]?seo t upon
receiving one of ehégwurpodniddomgl ekmoybmdwtvel-t reat ment of actini de
poi soning is depl gjjkon Of,E5PANLA) "L ACEHILRSERAL St & SHHbL A WrlsE, DOdY T or
proper finttioning, then it nay be appropriate to adm nister a strong
etiol ating agent PreighoRMmRDIgRhodichain Bydpsrenp arosp ipvingosentma deublsce
m neral s requiredpbis bioR@MMeRM PHOPEDLIHAGH. ANERLn hBbdig¥AIRAE Zi nc and
magnesi um to replace those which will inadvertently be |lost to chelation
therapy. O, by walifenst vekeamprie fom 3t qubor HemapBistse ‘ebeudervisfiessaof one
of the conpounds g6 daRE didliond BBEmIR@ONANGS 6 @ma@moﬂmkﬁ%ﬂ on of an
t.her apeutic

adj uvant (i.e., by itsel he_ adj uyvant. may only have minimal t
benefit, but in cBhyas {(6 Iﬁﬁﬁ’(aﬁcﬁéhﬁ"g*ﬁ@ﬁa Sviable abgn grovgsieclyiser al |
t her apeuti ¢ benef ttheidyd ptopeny atrhemtiprbgengin hanaadinyl £Xd, thdikeWayileef otiXasp| e

only, the benefit of. .experienced hy a patien Jbe increased by

adni ni stering one*’%’f"ﬁF‘ﬁ@“’éﬁPﬂpSEWB’ 'B@’s@%]’%feaﬁ‘ﬁ‘g?%F n*'WHh anot her

t herapeuti c agent [(1981i chTlal tgon ‘lalkokyUmsisal Helwdt, alosudriiccanegiatien eférhatanal so has
t herapeutic benefjt.,. : e only, in.a treatnent, For . | assem a
i nvol vi ng adt ni ni gslﬂq(lr(’g'f\é i %ﬁypo%%%%%mﬁhﬁk%%ér%gﬁw dsltm] evgcé%?rglélas %3‘#'%!}%

i ncreased t her apetikiiethgegredds tincindy medsxy, ethbyy, alpspopy Buproong nthveoxpatd-ent wi t h

anot her therapeut |, &ty f.00 (L halassama for exanpl e def eroxam ne. In any
case, regardl ess o@oﬁe g?lge)éiste, é@br er or condition bei ng treated, the

overal | benefit elBé&t]i entiederpy aiidilk” papsddcinglypnosirpptopnbiyatiend difes e of t he

two therapeutic ageingciin dridfnBRUIEN ARRL RS RENISNS Bod 1Y AELHof biomsbenef i t.
[0217] Specific, non-1Timtjing exanples possi bl e conbi nation therapies

0 b
i ncl ude use of ceft§it#Hn epedmeptasabaknlpiheompsisgie | & Krarber apmswitt h:
def erasirox, def efirpsea®odigiedigad amyingl cBifAc (Finatihybads dishaming
pcntaacetic acid), EGIA (et h&/I ene glyco te{l}r?agc.e_t i%?ac' d%lq EDTA
(et hyl enedi am ne FQER A% dpCRINAIPBS L dgfited Pugip: Bremels b advhglms, pvps
Edi mer Cﬁ.pt o- pr oEameluauhétbyladﬂef)l,,nugﬁég@é,,is@dipmeﬁ—eapic fabt)u,tyi,BéPH- IA}(;, tell“t-butyl,l
am nophenoxyet hape-tetraaceti ¢ aci D- peni ci.l am ne, .and, al pha |i poic
acid. [0218]in an@eng}al.’éseo,'mfyﬁ'gmﬁ’a’l qcfyﬁlll)gy]taﬁggkﬁﬁkﬁﬁlhg Ao Alfgcien s Iugegst one of
whi ch is a conpouhdkidiasok osiedomigngion)refvmyo bewnaded dipbdtiercenhp derivadromnder or
even si nul t aneousl,y; St mulLt , the. mul tiple. therapeutic,.agents may
beprovi ded 1 a izt & B ROE T whRER B fePictal 5 DRSS 89 0
exanple only, either as a single pill or as two separate pills). One of
the therapeutic agents nay be given in nmultiple doses, or both may be given
as nultiple doses. If not sinultaneous, the tim ng between the multiple
doses may be any duration of time ranging froma few mnutes to four weeks,
[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 subject in need of such treatnent conprising adm nistering to said
subj ect an anount of a conpound di scl osed herein effective to reduce or
prevent said disorder in the subject, in conbination with at |east one



Salt Screen Experinents [0225]Salt screens of (S)-3'-(CH)-DADFT-PE and
(S)-4'-(OH)- DADFT- PE, shown bel ow, OO0CO OH \L,d -13 '' COO
(S)-4'-(011) - DADFT-PE were performed manually in typical glassware. Salt
screen experinments were carried out typically using a 1:1 ratio of
-(OH) - DADFT-PE or 3'-(OH)-DADFTPE to salt fornmer. Aratio of 1:2 was
occasional ly used, such as when cal ci um and magnesi um hydr oxi des were
utilized as salt fornmers. Experinments were conducted by direct m xing of
solvent containing free acid and base. Standard techni ques for the
formati on and i sadhat mothylofe (s@tif-3 Uese odpplise sphcifichchaudimblidglitmayot 17 m t ed
to: solution |nll ﬂcée 9€1u110 f different solvents at various rates,
heating, stirring, ol ow and/ or fast evaporation, optionally under
N2 at nosphere, é:fDTetOht edhcatnmh éaﬁdmnmoérﬁb uted hrprein athoncer mrcgmamtioemafym ati on,

slurry formation, ang ah’?x%w%na@n #0%{15 ya;MYPﬁ‘c?l'ceuTﬂir%%'ic@HﬁggI%de

supernatants, tritur tration S coul d%e applledto
find salts of afyitesmeinincEropsmaybamano- pobdiees) fosming grougotgit 4on, sal ts

vere then char agt&ki#2d No¥eRNE0RS, Wﬁﬁd&h@ﬁ@ﬁhﬂn&%ﬁﬂhaw i ncludi ng but
not limted to x-ray powder diffraction (XRPD), si'ngle crystal x-ray

diffraction (SCGW”B“@P“‘XRB)‘ “ﬁllﬂﬁ‘f ear rragnetl c resonance (NWR), solubility
anal ysi s, and stai] i tThdt@xﬁ*dﬂ@nﬁ)”aﬂ@u@héﬁélﬁ} pvol p;tltlemmﬁ&@ﬁ pEfc@m St ress

anal ysis and differ er(l;E2{11<;;1ll < a}a?rﬁ Eaaﬁ‘ | orjnmetr I(a 2) 0227 Thr oughout the
experimental pr SEHEBICRN piperneRs Wg T4 ?%P‘é’tl o8 ‘??a(% M9E {REd. The Ii st
bel ow i s provi de»dmfs@nd earihepifenceoandarbe aods. linteenidehbsdmbes, sac! usi ve. Type
é—ibt()]r gwcﬁ‘f Io(r)(r;fsi)'rA\CY ngasx‘ﬁﬁgfshfrql\jagf al%gt} %tg zﬁ' fi 81910 q’@{“(‘}’ nts gi% aﬁc%ﬁr

comprises from 2 ko 4 carbon atoms. Thc term alkynylcnc refers to a carbon-

carbon triple bond attached at two positions such as ethynylene (-C:::C—, ~C=C-).

Examples of alkyuy! groups include ethynyl, propynyl, hydioxypropynyl, butyn-1-

yl, butyn-2-yl, pentyn-1-yl, 3-methylbutyn-1-yl, hexyn-2-yl, and the like. Unless

otherwise specified, the term “alkynyl” may include “alkynylene” groups.

[0142] The terms “amido” and “carbamoyl,” as used herein, alone or in

combination, refer to an amino group as described below attached to the parent

molecular moiety through a carbonyl group, or vice versa. The term “C-amido” as

used herein, alone or in combination, refers to a -C(=0)-NRy group with R as

defined herein. The term “N-amido™ as used hercin, alone or in combination, refers

to a RC(=0)NH.- group, with R as defined herein. The term "acylamino” as used

lierein, alone or in combination, embraces an acyl group attached to the parent

moiety through an amino group. An example of an "acylamino® group is

acctylamino (CH3C(O)NH-).

[0143] The term “amino,” as used herein, alone or in combination, refers to ~—

NRR, wherein R and R are independently chosen from hydrogen, atkyl, acyl,

heteroalkyl, aryl, cycloalkyl, heteroaryi, and heterocycloalkyl, any of which may

themselves be optionally substituted, Additionally, R and R’ may combine to form

heterocyeloalkyl, cither of which may be optionally substituted.

[0144]  The term "aryl,” as used herein, alone or in combination, means a

carbocyclic aromatic system containing one, two or three rings wherein such

polveyelic ring systems are fused together. The term "aryl" emabraces aromatic

groups such as phenyl, naphthyl, anthracenyl, and phenanthryl.
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Et OH Et hanol MOH Methanol MIBE Methyl ett bt tyl ether | PA Isopropyl
“al cohol | PE Isopropyl ether THF Tetrahydrofuran Acid/ Base FDA Ethyl ened
amne , 1,2-EDSA 1 2-Ethanedisulfonic acid MSA Methanesul fonic acid

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

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

{01471 The term “carboxyl” or “carboxy,” as used herein, refers to ~C(O)YOH or
the corresponding “carboxylate” anion, such as is in a carboxylic acid salt, An
“O-carboxy” group refers to a RC(O)YO- 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, alonc 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 alky! 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 ¢ycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
tetrahydronaphthyl, indanyl, octahydronaphthyl, 2,3-dihydro-1H-indeny],
adamanty! and the like. “Bicyclic” and “tricyclic” as used herein ate 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 cxemplified in general by,
bicyclo{1,1,1]pentane, camphor, adamantane, and bicyclo[3,2,1]octane.

{01501  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 “ether,” as used herein, alone or in combination, refers to an
oxy group bridging two moietics linked at carbon atoms,

[0152] The ferm “hato,” or “halogen,” as used hercin, alone or in combination,
refers to fluoring, chloring, bromine, or iodine.

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

an atkyl group having the meaning as defined above whersin one or more
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NMG N Me hyl -D-G ucami e NaOAc Sodi um acetate p-TSA nonohydra c CCS

p- Tol uenesul foni ¢ acid, nonohydrate Methods Crash Cooling of a solution

FC Fast cooling FE Fast evaporation FPE Fast, partial evaporation (vol une
reduction) RE Rotary evaporation SC Slow cooling SE

hydrogens arc replaced with a halogen. Specifically embraced are monohaloalkyl,
dihaloalkyl and polyhaloatkyl groups. A monohaloalkyl group, for one example,
may have an iodo, bromo, chioro ov fluore atom within the group. Dihalo and
polyhaloalkyl groups may have two or morc of the same halo atoms or a
combination of different halo groups. Examples of haloalky! groups inchude
fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl, dichloromethyl,
trichloromethyl, pentafluoroethyl, heptafluoropropyl, difluorochloromethyl,
dichlorofluoromethyl, difluoroethyl, diftuoropropyl, dichlorocthyl and
dichloropropyl. “Haloalkylene” refers to a haloalkyl group attached at two or more
positions. Examples include flnoromethylene

(-CFH-), difftuvoromethylene (—~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 guaternized. 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, -CHz-NH-
OCH:.

[6156] The term "hetercaryl,” as used herein, alone or in combination, refers to
a 3 to 7 membered unsaturated heteromonocychic ring, or a fused monocyclic,
bieyelic, or tricychic ring system in which at least onc of the fused rings is aromatic,
which contains at least one atom chosen from O, 8, and N. [n certain embodiments,
said heteroaryl wili comprise from 5 to 7 carbon atoms. The term also embraces
fused polyeyelic groups wherein heterocyelic 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 cycloalky! rings. Examples of heteroary! groups include pyrrolyl, pyrrolinyl,
imidazolyl, pyrazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl,
pyranyl, furyl, thienyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
isothiazolyl, indolyl, tsoindokyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
quinoxalinyl, quinazolinyl, indazolyl, benzotriazolyl, benzodioxolyl, benzopyranyl,

benzoxazolyl, benzoxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzofuryl,
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Sl ow evaporation VD DSC Vapor diffusion Differential scanning calorinetry
Techni ques NVR Nucl ear nagnetic resonance spectroscopy TGA
Thernogravinmetric analysis XRPD X-ray powder diffraction Active
pharmaceutical ingredient 41'-(OH) - DADFT-PE Bhiitrence/ extinction O her API
B\E IS Insufficient anount for XRPD

benzothienyl, chromonyl, coumarinyl, benzopyranyl, tetrahydroquinolinyl,
tetrazolopyridazinyl, tetrahydroisoquineolinyl, thienopyridinyl, furopyridiny],
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, cach refer to a saturated, partially unsaturated,
or fully unsaturated monoccyclic, bicyelic, or tricyclic heterocyclic group containing
at least one heteroatom as a ring member, wherein each said heteroatom tmay 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 cach ring. In further cmbodiments, said hetercycloalkyl will
comprise from 3 to 7 ring members in cach ving, 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 ving
is fused to an aryl group, as defined herein, or an additional heterocycle group.
Examples of heterocycle groups include azividinyl, azetidinyl, 1,3-benzodioxolyl,
dihydroisoindolyl, dihydroisoquinolinyl, dibydrocinnolinyl, dihydrobenzodioxinyl,
dihydrof1,3]oxazolo[4,5-b]pyridinyl, benzothiazolyl, dihydroindolyl,
dihydropyridinyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-dioxolanyl, isoindolinyl,
morpholinyl, piperazinyl, pyrrolidinyl, tetrahydropyridinyt, 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 rain 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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NP No peak NS No solids Ppt Precipitation RH Relative Humdity RT Room
Tenperature VF Vacuumfiltration VO Vacuum oven Evaporation

[ 0228] Sol uti ons were generated at anbient tenperature upon mxing 4'-(OH)-
DADFT-PE or 3'-(OH)-DADFT-PE with salt forner of specified nolar
concentration. The solutions were allowed to evaporate to diyness froma
vial either covered with alum numfoil containing pinholes (slow
evaporation, SE) or left open for fast evaporation (FE). If no solids were
fornmed, additional crystallization techniques were used. Rotary Evaporation

[D%ﬁ] gclél uti gnS([mnpD%ﬁ&%i ‘@slyaat dm}sa ﬁ?ﬁin,hﬁ)ﬂ@&?ﬁhbdﬁﬁ)i?&ﬂ@ﬁ vmml)éinlﬂg 4' (OH) -
- or 3'- i.th salt former of specifijed nolar
concentration. f@‘@ﬁ?%@fﬁ%&/\?@nﬁyc A PR gD Wlﬁ‘ﬁ‘éﬁr%@@‘é{borat or

(RE) at anbient s@msel evated tenperature. If a filmresulted, additional
A SR o o o L o B e

suspensi ons wer e or eva enperature’upon m xi ng
4' - (011) - DADET- R—®@+. 3' - (OH) - DADFT-PE with salt former of specified nolar

concentrati on. | 4t ions. aor SUSPENsLANS.: P : : i ent..were warnmed up
for further tr ei@ lr(rigin : T%etglm tSO H?igg%gicﬁ{t}?célg a@ﬁc?é%%@%b@%, g&%%}gfj(gom to
anbi ent by pl acil®ig4t hethopmairednbileey” wiby i pngkpivarephasellebbei ng, EC) or

turning the heatdng.deWhk Gre@fdlactShyaeaLlibRAg, SO . Solids Conned were
i sol ated by vacuum%l I'tration. If 'no solids were collected, additional

crystal lization#%éhni ah@gm‘,@p@alg@!@d’_’ 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 whercin 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
reprosent 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. Wihen 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 atkenyl, lower alkynyl, lower
alkanoyl, lower heteroalkyl, fower heterocycloalkyl, tower haloalkyl, lower
haloalkenyl, tower haloalkynyl, lower perhaloalkyl, lower perhaloatkoxy, 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, tower alkylamino,
arylamino, amido, nitro, thiol, lower alkylthio, lower haloalkylthio, lower

perhaloatkylihio, arylthio, sulfonate, sulfonic acid, trisubstituted silyl, Ny, SH,
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Vapor Diffusion [0231] Sol uti ons were generated at anbi ent tenperature upon
m xi ng 4'-(0F1)- DADFT-PE or 3'-(01.0-DADFT-PE with salt forner of
specified nolar concentration. The vial (typically |I dran) with the sanple
sol ution was placed uncapped in a 20 int, scintillation vial with an
appropriate antisolvent. The 20 ml vial was then capped and the sanple |eft
undi sturbed for specified anmount of tinme. If no solids were forned,
additional crystallization techniques were used. Slurry Experinents

[0232] Slurry experinents were used as an additional crystallization

techni que. The soBbUBRIC(EST;ACKAEH AP0hHE pgexdmymhm[.éc:waﬁnmhlelmmgddﬂam in a

sealed vial at a A 0 re
i sol ated by vacug%&dﬁw%l {Agt g&o%ht}’%ﬂg&%@g ‘i;’ Y f%%%@ “\’?\ﬁgh%g sanpl es
were treated withowciapuotsbesi cubstyclsol h@m)wcmummmlsttegpémat witleec Sanpl es

were typically Soﬂét&%@%t E&%Xﬁgﬂ 1%%11;% h@tﬂ?}cx§cﬁ:o§?‘ﬁ'c'tﬂg?c%cﬁm&}' AR ghﬁnhﬁv‘

Conpl ete dissolution o I n eac et erm ned by
vi sual inspect i onsubsHktgheORR Pakkesinabttitied . b@gﬁhblﬁlﬂﬁhé")ﬁl@tbdl(c %ol umre of

sol vent used to pepyirdemeAIRbglRd S-@:ki%ﬁ;}?ﬁ‘m sm%ua&ftaw@lwa% ielcu&y may be
greater than the value cal cul ated due to the increnental addition of

sol vent and ki net pteccgiully; sybifiRd 2o mgroseisttuipd e i -ALChheVagE ﬁl‘B’F‘l‘tPft";ff i's
expressed as "l esgetdan! wmrfoumualsﬁblamwaeﬁb eﬁlb;dmﬂi@ﬁ H@ﬁl(bwﬁsndktfdlaﬂﬂ t he
experinment. The sol |I|td IS exOF)resse I han" E dj ssol ution
occurred after thESSFHIISHBAePrLPa%rt gﬂ]ﬁfc DR POREEFUS £ £ ract i on
(XRPD) [ 0234] XRPD‘sphdiituesdiishavebeingal fomch epkclishlygniamiol naliditdReH 3 Q0f@rent

di ffractonmeter eq wi t h C ved |t|o sen ete r wth a 20
range of 120. An ‘?l’Jenm §%10ﬂalﬁub3%m8¢g pl%g "r!lgr %LV may?ﬂ%eﬁk]l?ﬂ asé’ﬁ“ﬁé()m was used
to coll ect data iheswaaes, thovption! sbstdgoh will bresabfi@d 0B8te®Onm@iatady to t he
analysis, a silic s anal yzed to verify the Si
Il peak positi on{%Iﬂ %T%%?hl\%%ér %tz?&ﬂi‘%&?@&%uﬁﬁ | ysis by packing theminto
t hi n-wal | ed gl assi%#i | |'Beitem R Eébwer@a%u, RibpgRN 2R St oM teow ARmEEr goni onet er
head and rotated Qdéfghﬂ&n%ﬁe@s@E&Hk@héﬂn@d’wﬂb%arﬁ@&?@l%&iﬁlﬁﬁﬂdz%&ht was set
at 5 mmby 160 pm_and the sanpl es were anal %éNQ for 300 secon

[ 0235] XRPD pat t er H&vvigrFlealkd l}eé%qaéﬂl A%t Rgfergaplaud hgieioeioalky pary of pihish

diffractonmeter. Apay tsthp@l@mly beamuel. $ddn Kand adiabiQRoais: L@]g&f;lta&ﬁg bé_ll_?] ing a
S | er e

ceramc tube with a ne-f Qcus_sourc d a_nick

di ffract ometer \A/a%[’t‘@?)aﬁlﬁ’%lﬁll??@ffdﬁ§$"rq’§°dt]}?é°"§y%g‘iria’él@f%‘aga%’r%‘ﬁp&no geonet ry
with a reflecti Ondesigazgﬂn angbt &vﬂﬁﬂl@thdp}’lnﬂﬁ@ﬁ@kﬂd a‘ﬁ@Rf‘lﬂBéu, nataInweng

col l ected and anal

0 ect of t war 2.2Db).
Brior to the anal 9epaumstieny sk oot piuhThonp Sr esiie BaiodPeue et zoa 1o
verify the Si 1llothedkieposifbiianion ftve agpapi mmnlm$ vplebpadubdit@st, & téhi n,

Ci r_cuI ar | ayer _ce@[t £l Idh&goa,cﬁb 'e%ﬁ%cgu? %{eﬁﬁ‘q ogxr %1lunaglrrszx}£§itgg?"'la by air

Anti-scatter slit roun ene

scattering. Sol |l esrugtuict s degnidongteachfoosuriche i mckrmmmrtmmt ddﬁlfnﬁmzattt‘@d/ beams to
m nimze axial diygLJdeng f )

scanni ng positi onMs%%séa ?%Cgaée&ggp%hﬂ? E}B%ett“g{l g%%{%@g& gﬁ%ﬁﬂg’ @éirgg fromthe
speci men. Dif f er emey g stidhas i angroghinepduivett ipy PORRGE Misftios fesnghipigtlof scanni ng

cal orinetry (DSC)ciahatafsciler &dREHFRHTa S wgf @emlm@&w ygent s
differential scanning calorinmeter 000Q. Each was placed into an

al uni num DSC pan, “%Hﬂm?tﬁ‘éa‘\ﬁlé’i“aﬁ‘t"hé%:‘c%péh]@)ymﬁb%f"d‘é’ﬁd "O'I*PF‘eP“ﬁéhmV\}ﬁg atover ed
with an inverted é;ih@'ta@%l[ﬁfﬂom@ﬂmogﬂe sarrpl e cell was eqw I i br at ed at -30 C
and heat ed under @Iél trﬁ%en e at ée of 10, Chnj final
tenperature of 258781 | &Y Fﬂft ‘i‘m‘ms’:u‘é ‘ac‘ﬁﬁpof’ﬁ‘édéall"?oﬂthé’lci“o 1°§‘i andar d.
The][ nmogr gvi met ri cccArRBlaysdesighdddy e mbsigravire L deendilddn hoalnfigastioner e
performed using I Mo ric

anal yzers. Each s%fr?Qf Lp'\?\%ﬁmﬁ'lndctgcdcﬁ% Cﬁ‘}f"%&ﬁ% %3}%“@;%1] 'bgoéfﬂqg‘ﬁ‘éiﬂu nserted
into the TO fur namecnnfﬁhmcﬁmpdqaasel mmdhemtcﬂobumodefwms incogay datte@omatce of 10
Cmn, up to a fi o) 5 nd. Al unel er. used as
the cal tbracion spamiFiEShEbtomR st S ifepdE MR i i le

sorpti on/ desorpti &bnleD\ll@)wmat gerpeyoec ol b@moeutis@am !a> Wmcﬁwhcmwy‘ﬂap}or
Sorption Analyzer, Sorption and desorption . data were col |l ected over a range
of 5% to 95% relative humdity (RH) at 10%RH i nterval s tinder a nitrogen
42 purge. Sanples were not dried prior to analysis. Equilibriumcriteria
used for analysis were | ess than 0.0100% wei ght change in 5 mnutes, with a
maxi mum equi l i bration tinme of 3 hours if the weight criterion was not net.
Data were not corrected for the initial noisture content of the sanples.
NaCl and PVP were used as calibration standards. Nucl ear Magneti c Resonance
Spectroscopy (NWR)



[ 0239] Sol uti on H NVR spectra were acquired at SSCI with a Varian

UNI TY/ NOVA- 400 spectroneter. All sanples were prepared in dcuterated

di ret hyl sul foxide (DVMBO). The data acquisition paraneters are avail able on
the first plot of the spectrumfor each sanple, presented in the data
section. [0240] The invention is further illustrated by the foll ow ng
exanples. EXAMPLE 1 Attenpts to Produce Salts of (S)-3'-(0OH)-DADFT-PE
[0241] The results of an initial screen of salts of a representative
conmpound, (S)-3' -(01-0-DADFT-PE, are given belowin Table |I. Approximtely
52 experinments wemexc;p‘ani Wdﬂ&ﬁhbtdﬁa@r&tdmism% cOAppelox ceats onw ar ratio of

APl / base) Conditjons.. n X MeOH was
added to base sol'tf Jl|atl T 0§mmac&1\)§6ﬁ“ OWIEE) Kﬁq fo‘ﬁ@?‘l‘t(ﬁ)y\?gﬁm o8 lé:{i & ne yel | ow
gel with cl endricdirersicoset hesisyldiastepsers BllBved totsegtamndos days: no change;

Yel | ow tacky oi lrcczys%gdio\‘x%%ma?otgfagﬁig %ghnfi(ﬁx%s,%izecgg%éﬁation of enantiomers on
chiral chromatographic columns, or any other appropriate method known in the an,
Starting compounds of particular stereochemistry are either commercially available
or can be made and resolved by techniques known tn the art. Additionally, the
compounds disclosed herein may exist as geometric isomers. The present invention
includes all cis, trans, syn, anti, entgegen (E), and zusammen (Z) isomers as well as
the appropriate mixtures thercof. Additionally, compounds may exist as tautomers;
all tavtomeric isomers are provided by this invention, Additionally, the compounds
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
moietics 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.

[(173] The term “discase™ as used hercin is intended to be generally
synonymous, and 13 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 simuitaneous 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. Lo either case, the treatment
regimen will provide bencficial effects of the drug combination in treating the
conditions or disorders described herein,
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APl solution in MGV was Chol i ne added to aqueous sol ution of hydr oxi de
base with mniml water, SE/FE N2, centrivap: clear, auburn gel. Let stand

5 days: Yellow tacky oil Base (Approxinate nolar ratio of API/base)
Condi ti ons Description XRPD Result no change. M)01l vapor stressed for 37
cl ays. Di et hanol am ne APl solution in Et014 was

[0175]  The phrase "therapeutically effective” is intended to qualify the amount
of active ingredients used in the treatment of a disease or disorder. This amount
wilt achieve the goal of reducing or climinating the said disease or disorder.
{0176}  The term “chelation” as used hetein 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 it tumn concerns quantity of iron
removed from a target system (which may be a whole body, an organ, or other)ina
unit of time. Chelators arc 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 dictary 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 arc
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 paticnt 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 Prodrag Metabolism : Chemistry, Biochemistry, and
Enzvmology (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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added to base, SE/FEN, to gel, ether added, refrigerated for 42 days.

Yellow oil in clear solution Diethylamne (1:1) APl solution in MOH was
added to base, SE/FE N2, centrivap: yellow gel. Let stand 5 clays: no
change MeOH vapor stressed for 37 days. Yellow tacky oil Ethanol am ne

(1:1) APl solution in Et0Ol1-1 was added to base, SE/FE N2 to gel, ether
added, refrigerated for 42 days. Yellow oily drops in clear solution
Hydr oxyet hyl Morpholine (1:1) APl solution in Me0l-1 was added to base,
SE/ FE N2, centrivap: yellow gel. Let stand 5 days: no change Med i vapor

stressed for 37 :Gla¥sito MELdiPul@Skticicd! or bvaeReahdindas Bwakebivii ne (1:1)
SE/FE N), centrivap: yellow gel. Let stand 5 days: no changlﬁl(l%l?OFl vapor

stressed for 37 cﬁfévgmenyé]oy %W"Plﬁd%{"ﬁfm(‘ﬁs can be slowly converted to a comp 1en

placed in a transdermal patch reservoir with a suitable enzyme or chemical reagent.
Prodrugs are often useful because, in some situations, they may be easier to
adiminister than the compound, or parent drag, 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 cxamples include poptidyl 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-pharmaccutically acceptable salts may be of utility in the preparation and
purification of the compound in question. Basic addition salts mmay also be formed
and be pharmaceutically acceptable. For a more complete discussion of the
preparation and selection of salts, refer to Pharmaceutical Saits: Properties,
Selection, and Use (Stahl, P, Heinrich, Wiley-VCHA, Zurich, Switzerland, 2002).
[0182]  The term “iherapeuiically acceptable salt,” as uscd herein, reprosents
salts or zwittertonic forms of the compounds disclosed herein which arc water or
oil-soluble or dispersible and therapeuticatly acceptable as defined lierein. 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, dighiconate, formate, fumarate, gentisate,
glutarate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate,
hippurate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate
(iscthionate), lactate, maleaie, malonate, DL-mandelate, mesitylencsubfonate,
methanesulfonate, naphthylenesulfonate, nicotinate, 2-naphthalengsulfonate,
oxalafe, pamoate, pectinate, persulfate, 3-phenylproprionaie, phosphonate, picrate,
pivalate, propionate, pyrogiutamate, succinate, sulfonate, tartrate, L-tartrate,

teichtoroacetate, trifluoroacetate, phosphate, glutamate, bicarbonate, para-
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| m dazole (1:1) APl solution in EtOH was added to base, SE/FE N2 to gel,

et her added, refrigerated for 42 days. Yellow oily drops in clear solution
N- Met hyl -d- glucamne (NM5 (1:1) APl solution in MeOH was added to base
slurry in Me01-1, clear solution. SE/FE N2, eentrivap: yellow gel. Let
stand 5 days: no change MeOH vapor stressed for 37 days. Yellow tacky oil
Base (Approximte nolar ratio of API/base) Conditions Description XRPD
Result N, N -Dibenzyl- ethylenediamne (1:1) 0.5 m of APl solution in MOH
‘was added to base. Clear solution. FE at RT. The resulting yellow oil was
suspended i n et hertoludieduifdiass@Hgbiic), 'Eh@urﬁfh@lamttsﬂll‘mwdein g,wage, ie\vl&porat ed under

‘N2 stream The yel] S q e@ ne. e I forrred
Pl aced on a sl urrfm% 0\8%]4 ?lyg%%(’l@%?%a&g%g& i \%mctlg}{ hydP g@ anﬁ cl ear
sol vent butyl chiorides, bromides, and iodides; d:mcthy diethyl, dabutyl and diamyl

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, zine, and calcium salts of the
compountds disclosed herein, and the like.

fOI83]  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
aramonia or an organic primary, secondary, or tertiary amine, The cations of
therapeuticaily acceptable salts include lithium, sodium (¢.g., NaOH), potassium
{e.g., KOH), calcium (including Ca{OH),), magnesivm (including Mg(OH); and
magnesium acetate), zine, (including Zn(OH), and zinc acetate) and aluminum, as
well as nontoxic quaternary amine cations such as ammonium,
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, dicthylamine, cthylamine, tributylamine, pyridine,
N N-dimethylaniline, ¥-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, tricthanolamine, and tromethamine. Basic amino acids such
as l-glycine and l-arginine, and amino acids which may be zwitterionic at ncutral
pH, such as betaine (NN, N-trimethylglycine) are also contemplated.

f0184] In certain embodiments, the salts may include lysine, N-methyl glularate
(NMG), tromethamine, calcium, magnesium, potassium, sodium, zing, and

piperazine salts of compounds disclosed herein.
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N, N -D ethyl- ethanolamne (1:1) 0.5 m of APl solution in MeOH was added
to base. dear
briefly under

days at RT. Yellow oily drops in clear sol vent
solution in EtOH was added to base solution in EtOH, SE/ FE N2 Cel,

radi al /dendritic clusters of w sps/needle-like particles (B/E) Unique LC
pattern Triethanolamne (1:1) APl solution in EtOF1 was added to base

solution. FE at RT. The resulting yellow oil was dried

N2 stream Ether was added, Placed on a shiny wheel

f or

Pi perazine (1:1) API

13

in

EtOH, SE/FE N2 to gel, ether added, refrigerated for 42 days. Yellow oil

cl ear

sol ution

[0185] Salts disclosed herein may combine in 1:1 molar ratios, and in fact this
is often how they are initially synthesized. However, it will be recognized by one
of skill in the art that the stoichiometry of one ion in a salt to the other may be
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, T,
I1L, IV V, and VI herein, and neither the compound nor the counterion is drawn
showing explicit ionic character, such tonic character may be inferred and a
cosresponding charges on each moiety be assumed to be present oy 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

[ being drawn to explicitly show alt protons in place. Similarly, when X is an
anion, ihe 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 uncven molar ratios to
form solid salts.

[0187]  The terms, "polymorphs™ and "polymorphic forms" and related torms

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, sofubilitics, dissolution rates and/or vibrational spectra as a result of the

arrangement or conformation of the molecules in the erystal lattice. The diffcrences

in physical properties exhibited by polymorphs affect pharmaceutical parameters

such as storage stability, compressibility and density (important in formulation and

product manufactuting), 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 kineticalty

favored polymorph converts to thermodynamically more stable polymorph) or both

(¢. g., tablets of one polymorpl are more susceptible to breakdown at high

humidity). As a result of solubility/dissolution differences, in the extreme case,
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0.5 m of APl solution in Me01-1 was added to base. Cear solution. FE at
RT. The resulting yellow oil was dried briefly under Ny stream Hexane was
added. Placed on a shiny wheel at RT for 13 clays. Yellowoily drops in
clear solvent Tronmethanmine (I :1) APl solution in DOH was added to base in
EtOFl, SE/FE N2 to gel, ether added, refrigerated for 42 days. Yellow oil
attached to the wall of the vial in clear solution Base (Approxi mate
nol ar ratio of AN base) Conditions Description XRPD Result Ca(01-1), (1:1)
Free acid prepared as a 100 ng/nil, = 0.250 mmol API/nL stock solution in
Me011. |. Added 2.s0mé pdlyméplic BmisimbhmaytnﬁsubarSECI&ffipbﬁcycyiolﬂ, ah@@bﬁa&r]egﬁ’mﬁﬂ 3:1,
on.was te

D %ol vad al i quot ‘St Merd ek B nBRel sl Bbel o Gt pahY Bt Bie 0 (ph

paper); control : p&esping vﬁart e&pmpibicne polpkbrpR m{ghtbpape lhy[dly todornDebant @d

supernatant; isol %@Q b@[l‘igﬁcqrt itoeﬁilte§ QM \ga%h HE‘Q&*’ impurities (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 bc) 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 propertics
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 lcast 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 spectium is identificd 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 & molecule can be obtained by a number of methods, as
known in the art. Such methodg 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 inchude, 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, ¢.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.

29



N2. 2.6 ng; fine, white solids (B) Guest |. Centrifuged slurry of above.
added 2 m, ether to 0.2 nL aliquot of supernatant. Flocculent, white
precipitate (B) Ca(OH)7. (1:1) |I. Filtered main supernatant on 0.2-pm
Teflon. 2. Very slow evaporation under N2 overnight; rotary evaporation.
Cream yel | ow solids, B (unable to discern norphol ogy) Anmorphous Base
(Approxi mate nolar ratio of APT/base) Conditions Descrption

[0192]  The term, "desolvated solvate,” as used herein, refers te a crystal form of
a substance which can only be made by removing the solvent from a solvate.

[0193]  The term "amorphous form," as used herein, refers to a noncrystalline
form of a substance.

[0194] The term “solubility” is generally intended to be synonymous with the
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 ot buffer, as might be found
under physiological conditions. Aqueous solubility is, in and of itself, a usetul
quantitative measure, but it has additional utility as a correfate 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 njections, if stable over time, may
actually benefit from low solubility, as this may assist in stow 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. Solubilitics typically deemed acceptable may
range from tmg/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 pi. “Gastric pI1” 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, generaily
about 7.4

[0196] As used berein, “solid” when referring (0 2 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 molecutes. 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 2 compound, or a
polymorph or amorphous solid form thereof.

[G198] While it may be possible for the compounds, salts and polymorphs
disclosed herein to be administored as the raw chemical, 1t is also possible to
present them as a pharmaceutical formulation. Accordingly, provided herein are
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Result L-Lysine (1:1) Free acid prepared as a 100 ing/nL = 0.250 mol

APl /mL stock solution. |. Added 3 x 73.1 uL 1-120 to 0.5 nrnol base,
sonicated to obtain solution. 2. Added 2.0 m, APl solution to get clear
gold solution, rotary wheel for - 3 days, very slow evaporation overnight,
rotary evaporated at 20-40 Cto get dark, anber oil. 3. Added 4.0 nL
ether, rotary wheel for 1 day: inmscible liquids; anber goop on bottom

FE: very viscous, dark anber oil / small aggregates of tiny aeiculars above
oil (WE). 4. Added 0.5 inL, EtOAc, sonicated. Rotary wheel for 5 days:

i mm sci bl e |i qui dgharfl@dckticaniaiuliobs whitihcop@sisd dik: er mucbeakhidroapduas, decanted
Et OAc, evaporated resi ven: |scous

Gark anter oer g8 abAmaid GRloh ety 8 Mt iy Sranlra Bny ARy |
Base (Approxi nat e sale)aters) mbdragsodmidd?| disalsays o] tbgeﬁmswl}]es:mrm ptoneon XRPD

R e T L

soni cated to obt aiherapoitiaiigodicnts 27! 160@(1@!:(82111& bl 'agi@ptaig dl inthcoemst of bgag cl ear,
gol d sol ution, B@I{l;ym @%\1 ttfc%'ihel mm% -ﬁi(?fthéé@h%iﬁioﬁ‘éﬁcﬂgo@ﬁ% d%ﬁdg?% t@ver ni ght

rotary evapor at ed at’ 2 to gef’ er ol
ether, rotary Wneeflmpft?@?fh?m%fapmp?lrfﬁ*ingkhﬂblll@dlﬂh’eqmﬂtj@mléh?b@ﬁe g2yt t om

FE: vi scous, anbegyRid AVMTytohthg‘w@ﬁkaéﬁ{ ©Bshniquéb. caﬁ@@%c&ézp%& lrlt:t& Q@@SCd as

soni cated. Rotary wheel days: immscible |iquids; dark anber oil;
decant ed Et OAc, e\?‘é%‘?é‘ﬁ‘@d “F‘&‘éﬁ‘%é‘]‘ the gt el 57""‘!“%%’1’719 Bharmpgeutieyi SEBERIM oven:

vi scous, dark anbehe gehmacXichi@vmbReiets Midiosed 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
COMPIession processes.

(0199] The formulations include those suitable for oral, parenteral (including
subcutancous, intradermal, intramuscular, infravenous, intraarticular, and
intrameduliary), intraperitoneal, transmucosal, trangdermal, 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 ingredicnt™) with the carrier which constitutes one or more
accessory ingredients. In general, the formulations are preparcd by uniformly and
intimately bringing into association the active ingredient with liquid carriers or
fincly 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 cach 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 lquid 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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M(OH)2 (2:1) Free acid prepared as a 100 ng/nmL = 0.250 nmmol APT/nL st ock
solution in MeOH 1. Added 2.0 triL APl solution to base slurry in MOH
F120 (11.3:1, v/v), agitated 16 hours. [pH value of the salt solution was
tested: Dissolved aliquot of slurry sedinent in 1-120: hazy; pH 5/6 (pH
paper); control: very hazy, white; pH 8 (pH paper)]. 2, Decanted
supernatant; isolated and dried solids under N2. Of-white solids CGuest
Base (Approxinmate nolar ratio of API/base) Conditions Description XRPD
Result Mg(OH)2 (2:1) Centrifuged slurry; added 3 nL ether to 0.2 inL

al i quot of super[aanpnt Phcmci@[lﬁﬁl [pbﬁaathm@mh]dma@é)&d&mly)mdluddﬁuldtsered mai n
super nat ant on O. oratl on un

v ahe o ey el Bt o edibarrra i S0 SEPD R e b 10 m
ether, trituratedd Zpldai;mclosmch ﬁ)ytgﬂjf(.-y'IOV\dﬂe@IlbﬂOES G?leik,tq day le rhaln bg odrydsssios| oudy,

gray supernatant E atul a. m act (\}(tan film
4. M xed on a I’d)"[l ﬁl\r,\@m\%hog ! Wﬁ Omdpcflln Ol““oér%a(fssod%mgmggg?]trl ﬁ:asé%nmﬁj br oke

in centrifuge tulpg.be E&pnmeb}exdmbrc&m isobuidsle n1a¢in1mdha w@tive infedt gL 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 4 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 fornmilated so as to provide slow or controlled release
of the active ingredient therein. All formuiations for oral administration should be
in dosages suitable for such administration. The push-fit capsules can contain the
active ingredients in admixture with Bler such as lactose, binders such as starches,
and/or Tubricants such ag 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. Pragee cores are
provided with suitable coatings. For thiy purpose, concentrated sugar solutions may
be used, which may optionally contain gum arabic, tale, polyvinyl pyrrolidong,
carbopol gel, polyethylene glycol, and/or titaniuin dioxide, lacquer solutions, and
suitable organic solvents or sobvent 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 uait dosage form, e.g. | in ampoules
or in multi-dose containers, with an added preservative. The compositions may
take such forms as suspensions, sohutions or emulsions in oily or agueous 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
containcrs, for example sealed ampoules and vials, and may be stored in powder
form or in a freeze-dried (fyophilized) condition requiring only the addition of the

sterile liquid carrier, for example, saline or sterile pyrogen-fice water, immediately
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Brown solids Partial crystalline (FormA) My(011)2 (2:1) Residue from
supernatant (fromair evaporation) plus MeCOH rinse of broken gl ass:
conbined, filtered on 0.2-um Tefl on, N2-evaporated to produce dark anber
gel (0.0774 g). Medi vapor stressed for 35 days. Yellow tacky oil

My(014)2 (2:1) 290 ng of APl and 44.5 ng Mg(OH) 2 in 13 nL of MeOH water.
My(014)2still persists. Heated to -45 C, stirred one day. 6 m., of water
added. Left to stir at -45 C for 3 days. Solution filtered. Cl ear solution
Rase (Approxinmate nolar ratio of API/base) Conditions Description XRPD
Result My(014) 2 ( 2#ddto %cn@;taﬁpd}d@(z&&L)j&:ti%ﬁ&hﬂﬁd@dldkﬁbp&xsﬁ)ﬁs :Iﬁisy &fpxébﬁ’lledsm ution

(200 ng/ml) in of water.
Base renai ned undl%gg]& & ed’owg(ﬁﬁ vl V%E@ﬂ tg‘{‘icﬁ-'?%tl?e&?“‘fi’“a’é%}'§ly df’séglﬂﬁdt ed in clear
brown sol ution. S{20&nt Ramubuapdmaiaedtcmh&temmxwalﬂan mtnumajnoo“ﬁhmdbfoﬁm film

4 h Sol
docant ed. sol i d arseanaemareE il AR IPRE albeife i nti oy 2 (20

polymorphs which may contain ant:oxndants buffers, bactenObtats and solutes
which render the formulation isotonic with the blood of the intended recipient; and
aqueous and non-agqueous sterile suspensions which may include suspending agents
and thickening agents. Suitable lipophiiic solvents or vehicles include fatty oils
such as sesame oil, or synthetic fatty acid esiers, 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
subcutancously 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 resing, or as sparingly soluble derivatives, for example, as a
sparingly soluble salt,

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

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

10207} Certain compounds, salts and polymorphs disclosed hercin may be
administered topically, that i3 by non-systemic administration. This includes the
application of a compound disclosed herein externally to the epidermis or the

buccal cavity and the institlation of such a compound into the ear, eye and nose,
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282 ng of APl and 21.9 ng My(0f1)2 in 10 m., of MeOH water. My(OH)2 still
persists. Heated to -45 C, stirred one day. 5 nl, of water added. Left to
stir at -45 C for 3 days. Solution filtered. C ear solution Mgnesium
acetate (1:1) 27 ng of nagnesium acetate was added to 0.25 m of API
solution (200 ng/mM) in ethanol, sonicated, resulted in clear solution.
Sol vent was evaporated under N2 stream The renmaining yellow filmwas
resuspended in ether. Sonicated, bright yellow solid formed. Solvent was
decanted, solid dried under N2 stream Bright yellow solid Anorphous A
subsanpl e of abawve. thdalcicompmsd t@s g pgnide iy aatthaioodRraaeth @auas, sl urry

wheel at RT. In rtg%r eSS el I?asl% ( prfﬁni(i ,r;laétle Sm)hgr_ '.[Oataif o of" APl/base)
Condi ti ons Descrsgst‘f fACRAETPY @Qﬁ@’f iR RRaEaPeRe iR 3 of magnesi um
acet ate was addedatmsddlaP intthistofioAPl sol ution (200 ng/ nl) in | PA sonicated,
resulted in cl 6%208] Formulations suitable for topical administration include liquid or semi-
liquid preparations suitable for penetration through the skin to the site of
inflamrmation such as gels, liniments, lotions, creams, ointments or pastes, and
drops suitable for administration to the eye, car or nose. The active ingredient tor
topical administration may comprise, for example, from 0.001% to 10% w/w (by
weight) of the formulation, In cettain embodiments, the active ingredicent may
comprise as nuch as 10% w/w. In other embodiments, it may comprisc less than
5% wiw. In certain embodiments, the active ingredient may comprisc from 2%
wiw to 5% wiw. In other embodiments, it may comprise from 0.1% to 1% w/w of
the formulation.

(02091 For administration by inhalation, compounds, salts and polymorphs
may be conveniently delivered from an insuffiator, nebulizer pressurized packs or
other convenient means of delivering an agroscl spray. Presswrized packs may
comprise a suitable propellant such as dichlorodifluorormethane,
trichlorofluoremethane, dichlorotetraffucrocthiane, carbon dioxide or other suitable
gas. In the case of a pressurized aerosol, the dosage unit may be determined by
providing & 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 desage 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 1s a
noninvasive method of bypassing the blood-brain barrier (BBB) to deliver
neurotrophing and other therapeutic agents to the brain and spinal cord. Delivery
from the nosc to the CNS occurs within minutes along both the olfactory and
trigeminal neural pathways. Intranasal delivery occars by an extracelludar route and
does not require that drugs bind to any receptor or wndergo axonal transport.

[ntranasal delivery also targets the nasal associated Iymphatic tissues (INALT) and
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solution. Solvent was evaporated under N2 stream The renmining yellow gel
was resuspended in ether. Sonicated, bright yellow solid forned. Solvent
was decanted, solid dried under N2 stream Bright yellow solid Anmorphous
KOH (1:1) 1. Added 2.0 m, API solution in MeOEL to base solution in

| VIeOF1 (-10 ng base/nL), agitated 16 hours. 2. Added 10 rriL ether: no
precipitation. 3. Evaporated solvents under N2. 4. Redissolved in 1 nL
MeO1-1. 5. Added 10 nL ether: plunmes of intense haze with a few B/E
particles. Added increnental anmounts of ether to a final volunme of 4 ni:

stable turbidity fief, cervally¥b Roddi. §x§édaﬁitoh [ela") a'%ﬁ’s!al-l'} hPnisterBd th¥Rpduli&s ander N2
for - 4 days: clear, yellom/0|l Triturated in ether on rotary wheel,

decant ed super nat #hteivedps lagh il IHQ‘G\MOPWNQQI vy apd perratuiBivreess PEEC £ i brous
fan rosettes (B/ EkecleltfHd@uidatat @R ki Qiria8dl methBa san(niNp BoBuN, PRRt-echb®@! ar ratio

of APl/base) Condi Ihtmlfcosﬂ(?ces fiig rrécggeldos[}okeapmaoc reversed Alzheimer's neurodegeneration,
reduced anxicty, improved memory, stimulated cercbral neurogenesis, and treated
brain tumors. In humans, intranasal insulin has been shown to improve memory in
pormal adults and patients with Alzheimer's discase. Hanson LR and Frey WH, 2
J Newroimmune Pharmacol. 2007 Mar;2(1):81-6. Epub 2006 Sep 15.
02117 Preferred unit dosage formulations are those containing an cffective
dose, as herein below recited, or an appropriate fraction thercof, of the active
ingredient.
[0212] Tt should be understood that in addition to the ingredients particularly
mentioncd 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 convenicnily 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 gctive 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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Result KOH (1:1) -1 eq of KOH was added to the APl solution in ethyl
acetate. Solution turned turbid after sonication, brow oil forned in

yel | ow cl oudy sol ution. Solvent was evaporated under N2 stream Brown oi
remai ned unchanged. Stirred at RT. In progress KOH (1:1) -1 eq of KOH was
added to the APl solution in THE. Sol ution turned clear after sonication.
Sol vent was evaporated under N2 stream The resulting light yellow fil mwas
resuspended in MIBE, sonicated, light yellow solid thrmed . Sol vent was
decanted, the remaining solid was dried under N2 stream Light yellow solid

I n progress KOH (Asf) Trﬂucﬁﬁln Q{btdmxt\’iﬁ@ b@gﬂﬁ@:ﬁ@ tJ Renifiehr oS RhWEAQE 1N VA,

Sonicated, resulted in cle w sol ution. Solvent was evaporated under
N2 stream To tHE® LS A ﬂ**’?’é“ H"W‘Wl*P Arsgrted Bereia dorppaeemagsi| HgHY yel | ow t acky
solid forned on dtmtczm@rs<ntpme@fo; pﬂaaemgthallwf) Bt dofb@kicAtwifR hnothd? tREQeRSS  NaOH

(1:1) APl solutlon H%’V QH ma?(m d t%}ﬁ (E_g§tsol%t|o bof b%ﬁe W th
m ni mal water, VR SR aﬁ Be9* TGN KRR VY f BY s pecks,
el ongat e hex agomabn qad:eammne bf tadaSnp()B{dEhm@h aarehys tieethdemws hdtiglldie doidsmiephous
pattern + Nael 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 effectivencss of one of the compounds described herein may be
enhanced by administration of an adjuvant (i.e., by itsclf the adjuvant may only
have minimal therapeutic benefit, but in combination with another therapentic
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 thetapeutic
agent (which also includes a therapeutic regimen) that also has therapeutic benefit.
By way of example oaly, in & 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 cxamples of possible combination therapics
include use of certain salts and polymorphs as disclosed herein with: deferasirox,
deferiprone, deferoxamine, DTPA (diethylene triamine pentaacetic acid), EGTA
(ethylene glycol tetrazcetic acid), EDTA (ethylenediamine tetraacetic acid), DMSA
(dirmercaptosuccinic acid), DMPS (dimercapto-propane suifonate), BAL
(dimercaprol), BAPTA (aminophenoxyethane-tetraacetic acid), D-penicillamine,
and alpha lipoic acid.

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

in a single, unified form, or in multiple forms (by way of cxample only, either as a
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NaO d (1:1) APl solution in EtOH was added to aqueous sol ution of base with
mni mal water, SE/stir.(l) Base (Approximte nolar ratio of API/base)
Condi tions Description XRPD Result Sanple (1) above was Precipitated with
ether to final vol. of EtOH ether (1:40), refrigerated for 0.5 hour,
decanted liquid, RT dry. (2) Gumy gl ass (no B/ E) RT slurry on an orbit
shaker of (2) above. Yellowoil . Solution of (2) above refrig 0.5 hour.
Kept in refrigerator for 42 days. Cear yellow sol ution Fil mprecipitated
from (1) above with heptane to a final vol. of EtOH heptane (1:50), kept in
a freezer for 57 dmy®pill or as two scparate pills). One of the therapeutic agents may be given in

multiple doses, or both may be given as multiple doses. If not simultaneous, the
timing between the multiple doses may be any duration of time ranging from a few
minutes to four weeks,

(0219]  Thus, in another aspect, certain embodiments provide methods for
treating disorders and symptoms relating 10 metal toxicity in & 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,

(02201 Specific discases to be treated by the compounds, compositions, and
methods disclosed herein inchude iron overload ox mal-disiribution 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 ccll anemia, Diamond-Blackfan anemia, sideroblastic anemia,
chronic hemolytic anemias, off-therapy leukemias, bone marrow trangplant ot
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 dictary iron absorption such as hepatitis; and
other liver diseases; lanthanide or actinide acute poisoning or chronic overload,
[0221] Besides being useful for human treatrnent, 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 arc hereby incorporated by reference as if written herein in their
entiretics. Where any inconsistencies arise, material literally disclosed herein

controls.
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Yellow oil on the bottomof the vial, clear solvent phase on top
(1) to a final vol of EtOH THE (1:50), kept in a freezer for 57 days. C ear
Toluene to (1) to a final vol. of EtOH toluene (1:50),

kept in a freezer for 57 days. Snmall amount of oily precipitate in a clear

yel | ow sol ution

yel | ow sol ution

A few birefringent specks. - NaOH (1:1) To an API

THE to

sol ution

I n EtOH was added 1, 4-di oxane to a final vol. of 1:50 (EtOH 1, 4- di oxane),
SE in a fume hood. Yellow oil NaOl1l (1:1) To an APl solution in MOH was
added ether. Refrigerated for 15 days. Fine needles in dense rosette

clusters (B) Sol

I d General Synthetic Methods for Preparing Compeounds
[0223] Certain compounds from which salts and polymorphs as disclosed
herein may be formed can be synthesized as desoribed in Bergeron, RJ ctal.,
“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 Exneriments
[0225] Salt screens of (3)-3'-(OH)-DADFT-PE and (8)-4-(OH)-DADFT-PE,

shown below,

/0\/\0/‘\/0\/’\0
OH
Q

N

~ Y TOH

S ’ ($)-3-(OH)-DADFT-PE
OH

Hsco/\/o\/\o/\/o

=\ G

S\)\' COO™ (8)-4-(OH)-DADFT-PE
were performed manually in typical glassware. Salt screen experiments were
carticd out typically using a 1:1 ratio of 4’ -{(OH)-DADFT-PE or 3°-(QOH)-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 appiied, including but not limited to:
solution in and addition of different solvents at various rates, heating, stirring,
cooling, slow and/or fast cvaperation, optionally under Ny atmosphere, clevated and
subambient temperature, rotary cvaporation, slurry formation and use of a slury
wheel, isolation and workup of supernatants, trituration, and filtration. The
methods could be applicd to find salts of any compound of Formula [
[0226] Following isolation, salts were then characterized by one or more
standard techniques including but nof Hnited to x-ray powder diffraction {XRPD),

single crystal x-ray diffraction (SC-XRD or XRID), nuclear magnetic resonance
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del i quesced or passed through upon filtration EtOl-1/cther to above, FE
under Yell ow gel Anorphous Base (Approximte nolar ratio of API/base)
Condi tions Description XRPD Result Base solution to above. Refrigerated
for 15 days. Yellow precipitate on the bottomof the vial. Sol vent
decanted, solid dried under N2 stream d assy yellow solid Anmorphous NaOH
(1:1) I. Added 2.0 nL AN solution in MeOl-1 to base solution in MeOl1l-1 (-9
ng base/mnL), mixed on a rotary wheel for 16 hours. 2. Added 10 niL ether:
no precipitation. 3. Evaporated solvents under N2 to - | nL; repeated

dilution with 20 mvedhekbiliyehalsdsamnd s@t\éﬂﬁfﬁb@i’ﬂ%by gbig@re so@list/dcQspiint h a few
no, G

tin articles (B, E). Let s d ? 15 h; ange. 4. Evaporated sol vents
un dgr P N2 ( Stresg anabsns andt (ﬂ Hcrent;allscannmg calonmeﬁyg(DSC). P

[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 Acctonitrile
CHCly Chloroform
DEE Digthyl Ether
EtOAc Ethyl Acctate
Solvent EtOH Ethanol
MeOH Methanol
MTBE Methyl tert-buty] ether
1PA Isopropyl alcohol
IPE Isopropyl ether
THF Tetrahydrofuran
EDA Ethylenediaming
1,2-EDSA 1,2-Ethanedisulfonic acid
Acid/Base MSA Methanesul fonic acid
NMG N-Methyl-D-Glucamine
NaOAc Sodium acetate
p-TSA monohydfate p-Toluenesulfonic acid, monohydrate
CCS Crash Cooling of a solution
FC Fast cooling
FE Fast evaporation
EPE Fast, partial evapqration
Methods (volume reduction)
RE Rotary evaporation
5C 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
) Active pharmaceutical ingrediont
Other AT 41')-(OE1)-DADFT-PTE
B\E Birefringence/extinction
IS Insufficient amount for XRPD
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Tacky, anber film Subjected 3.3 ng of solid fromabove to Med i vapor
stress. 'feather plunes (B/E) In progress Subjected 3.6 ng of solid from
above to ether vapor stress. Anber gel filmln progress NaOH (1:1) To 0.5
inl of APl solution in MeOH was added 1 N NaOH in water. C ear solution. FE
at 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. Sol vent was
decanted, the renmining gel was dried under N2. Resulted in tacky gel.
Birefrinuent fine b needles in tacky gel (failed to collect) Base

(Approxi mate ngl ar ratijo of API/pase) Cond]tions Desr@(gli,oggi on XRPD |Resul t
NS No solids
Ppt Precipitation
RH Relative Bumidity
RT Room Temperatuse
VF Vacuum filtration
VO Vacuum oven

Evaporation

[0228]  Solutions were gencrated 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 (stow evaporation, SE) ot left open
for fast evaporation (FE). If no solids were formed, additional crystallization

techniques were used.

Rotary Evaporation

[0229] Solutions were genetated at ambient temperature upon mixing 4’-(OFH)-
DADFT-PE or 3’-(OH)-DADFT-PE with salt former of specified molar
concentration. The solvents were then removed using a rotary cvaporator (RE) at
ambient or elevated temperature. If 2 film resulted, additional crystaliszation

lechniques were used.

Cooling Experiments

10230] Soluttons or suspensions were gencrated at ambient or clevated
terperature upon mixing 4’-(OH)-DADET-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 fo
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

techuiques were used.
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NaOH (1:1) To 0.5 m of API solution in EtOH was added | equival ent of
solid NaOH Sl ow evaporated at RI while stirring. To the resulting turbid
yell ow oil was added ether. Continued to stir at RI for 3 days. Tacky
yel l owi sh brown precipitate attached to the bottomof the vial. Sol vent was
decanted. Ether was added, yellow sh brown solid fornmed. Vacuum filtered.
Solid deliquesced on the paper filter. Small anount of remaining solid in
the vial was dried under N2 stream Birefringent specksin yel |l owi sh
brown solid Amorphous NaOH (1:1) To 0.25 m of API solution in MeOH was
added 1 equi val entvapér Isfihdich NaOH, resulted in dark brown solution. The

sol vent was evapor upder N2 stream, and the resulting brown film was
suspended in et her[&%iﬂl I g&/{’%‘ﬂ“ BFE SRS 3 pbiF Hdpmeeipfise %gﬁ@ﬂg&m%ﬁo s
further m xed On @ADUFFYonvthEei)-BADRI-PEOvithlsal] &ytmeSdkpeeiticd wakr decant ed, the
remai ni ng solid was drni,agd Xg olid (free-flow

der N2. stream Yl{lowis.b wn_ s
‘powder) Amor phous " BYRECY ASR Y P}Iﬁ%fl ll(iay ﬁg?%}wﬁh Ndoalc) Csﬂéﬁ?‘b‘g%sé’)}ac‘a)ndi tions
Descri pti on XRPD Resppad iNa@Hn( keidijllation vial with an appropriate antisolvent. The 20 m!
vial was then capped and the sample left undisturbed for specified amount of time.

¥ 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
ambicnt. 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
dissofution. 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 cxpressed as “less than” if
dissolution did not occur during the experiment. The solubility is expressed as “less

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

X-Ray Powder Diffraction (XRPD)

[0234]  XRPD patterns were collected using an Inel XRG-3000 diffractometer
cquipped with a curved position sensitive detector with a 20 range of 120°. An
incident beam of Cu Ko vadiation (40 kV, 30 mA) was used to collect data in real
time at a resolution of 0.03° 20, Prior to the analysis, a silicon standard (NIST SRM
640¢) 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

mouuted onto a goniometer head and rotated during data acquisition. The
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To 0.5 m of AN solution in THF was added | equival ent of solid NaCH,
resulted in dark brown solution. The sol vent was evaporated under Ny
stream and the resulting brown filmwas suspended in ether. Yell ow sh
brown solid fornmed. The suspension was further mxed on a slurry wheel at
RT for 1 day. Solvent was decanted, the remaining solid was dried under Ny
stream Dark yell ow sh brown solid Anorphous NaOH (1:1) To 0.25 m of API
solution in | PA was added 1 equival ent of solid NaOH, followed by 0.05 m
of water, resulted in clear solution. The solvent was evaporated under N2
stream and the ni@sdhkdnafg siytelab @vatfsi hibyp@sy sk spene eshpia wetchedlyzciifght yel | ow
solid forned. t%O%ent was decanted, and the remaining solid was dried under
Ny stream Li ght HrSHSsolid Amorphous NaOH (1:1) To 0.25 nmi of APl

sol ution in ACN &S] add&dDbm&qum&&lcﬂmcteﬂfuxlﬁg):h pmm(aalevm towed by 0.05 ni

of water, reSL”t 1act LS:CF f@nnl t,n tC_FH?lr(])fCll %1&? atlonw V\@(ﬁm&l\/ ﬁ)gr %éi%g under N2
stream andthe r |ng ye I'mwa sus en I'ne acky yel | ow

gel formed. The tuhca«hthwéxmgﬁfh@{fe:m scsibon end dclat ﬁlNI ’Iﬁwdlfﬂacwa;etel @hear sol vent

was decant ed, aragnff%ﬂl%d (gsic%wgﬂ,? &%}%‘B. PR A R HIAE Y Sl fAMBr | ght

yel | ow solid Anor phous mat e at| 00 ase)
Condi ti ons Desc rdhtm inpmmalkRPD 2 Rd spitter. Ra@hyegeleolljcted and analyzed nsing 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 diffcrential scanning calorimeter Q2000. Each sample was placed
into an aluminum DSC pan, and the weight accurately recorded. The pan was
covered with an inveried lid and crimped. The sample cell was equilibrated at -30
°( 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

[02377  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] Muisture sorption/desorption {DVS) data were collected on & VTI 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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A solution of 29.2 nigkriL of NaOH i n net hanol was used |yophilization of a
solution in t-butyl alcohol.(l) yellow solids exposure of (1) to anbient
air (-57%RH) for a few mnutes solids deliquesced to a yellow oil _
evaporation of a solution of (1) in toluene In progress slurry of (1) in
pentane I n progress slurry of (1) in 1:1 ethyl ether:pentane In progress
NaCH (1:1) A solution of 29.2 ng/nL of

purge. Samples were not dried prior to analysis. Equilibrium ctiteria used for
analysis were fess than 0.0100% weight change in 5 minutes, with a maximum
equilibration time of 3 hows if the weight criterion was not met. Data were not
corrected for the initial moisture content of the samples. NaCl and PVP were used

as calibration standards.

Nuclear Magnetic Resonance Spectroscopy (NMR)

[0239] Solution 1H-NMR spectra were acquired at SSCI with a Varian
unryINOVA-400 spectrometer. All samples were prepared in deuterated dimethyi
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 |
Attempts te Produce Salts of (8)-3'-(OH)-DADET-PE

[0241] The results of an initial screen of salts of a representative compound,
(8)-3-(OH)-DADFT-PE, are given below in Table 1. Approximately 52

experiments were performed.

Table 1.
Base
{Approximate . - XRPD
molar ratio of Conditions Description Result
APl/base)
API solution in MeOH was
added to base solution in
MeOH, SE/FE Ny, centrivap:
o yellow gel with dendridic .
Betaine rosettes/splinters: B/E, Let Yollow tacky oil )
stand 5 days: no change;
MeOH vapor stressed for 37
days.
APT solution in MeOH was
Choline added to aqueous solution of
hvdroxide base with minimal water, YeHow tacky oil -
Y SE/FE Na, centrivap: clear,
auburn gel. Let stand 5 days:
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NaCH i n met hano
dried with anhydrous sodiumsulfate and filtered.
not hanol i ¢ NaOH and enough mnet hanol

sol uti on.
(I') Tacky,

t ol uene.
by azeotropic
and allowed to

was used

yell ow material _
nystalline solids (B/E) enbedded in yell ow oil
29.2 ng/ M. of NaCOH i n net hanol

1. Dissolved starting materi al

Slurry of (1)

i n ethyl
2. Added 1 eq.

tothe filtrate to provide a clear
3. Allowed solution to evaporate at

et her,
of

roomtenp froman open vial.

in toluene at 40C I n progress

NaCH (I1:1) A solution of

was used 1. Dissolved starting material in
2. Added 1 cq of nethanolic NaOH 3. Renoved net hanol and water
JISI&%&PIIOH. 4 Added héptanefto the warmitol uene sol ution
(o] I
%Rpproxxmate o . XRPD
molar ratio of Conditions Description Result
APl/hase)
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 )
) ether added, refrigerated for 42 clear solution
days.
API solution in McOH was
Diethylamine added to base, SE/FE Ny,
(f_ I centrivap: yellow gel. Let stand | Yellow tacky oil -
' 5 days: no change McOH
vapor stressed for 37 days.
APIsolation in EtOH was
Ethanolamine | added fo base, SE/FE N, to gel, | Yellow oily drops )
(1:D ether added, refrigerated for 42 | in clear solution
days.
APT solution in MeOH was
Hydroxyecthyl | added to base, SE/FE Ny,
Morpholing [ centrivap: yelfow gel. Let stand | Yellow tacky oil -
(L:5) 5 days: no change McOH
vapor stressed for 37 days.
Hydroxycthyl iﬁ’ﬁiim oS e el |
Pyrrolidine g o Mo o | Yellow tacky oil -
(1:1) change cOFL vapor stressed
' for 37 days.
APT solution in EtOH was
Imidazole added to basc, SE/FE N, to gel, | Yellow oily drops i
(1:1) sther added, refrigerated for 42 | in clear solution
days,
APT soluiion in MeQH was
N-Methyl-d- | added to base slurry in MeOH,
glucamine clear solution, SE/FE Na, L . )
(NMG) centrivap: yellow gel. Let stand Yollow tacky oil
(1D 5 days: no change MeOH
vapor stressed for 37 days.
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In progress - Base (Approximate nolar ratio of API/base) Conditions

Description XRPD Result Z11(0/1)2 (1:1) Added 2.0 nL AP
to base slurry in Me013/1-120 (8:1
opaque chunks ( B)
smal |
second crop after - 4 days.

-yellow liquid with -
| sol ate solids.
(B/E) Unique pattern

Massi ve white solids:

viv),
10 snal |

Mai n super nat ant :

agitated 16 hours:
Let stand -
aci cul ar

cl ear,
2 days

solution in MeOI-1

pal e

clusters and rosettes

Pal e

yel | ow sol i ds:

m x of small

aciculars and fibrous Sane pattern as 1st crop

Base
(Appr"o.xu.nate Conditions Description XRPD
molar ratio of Result
APl/base)
0.5 ml of API solution in
MeOH was added to base,
Clear solution, FE at RT. The
resulting yellow oil was
i suspended in ether. Oil
N, N'-Dibonzyl- dissolved. The clear solution | Yellow oily drops
ethylenediaming . : -
A was evaporated under N, in clear solvent
(1:1) " .
stream. The vellow oil was
resuspended in hexane.
Yellow gel formed. Placed on
a slurry wheel for 13 days at
RT.
0.5 mi of API solution in
McOH was added to basc.
N, N-Diethyl- | Clear solution, FE at RT. The —_—
e . . _. Yellow oily drops
ethanolamineg resutting yellow oil was dried in clear solvent -
(1:1) bricfly under N strcatn.  Ether i clear solven
was added. Placed on a shury
wheel for 13 days at RT.
Gel,
Piperazine AP solution in EtQH was radial/dendritic Unique L.C
(1:1) added to base solution in clusters of patterﬁ
' 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.
Tricthanolamine 0.5 ml of APT solution in
(1:1) MeQH was added to base,
’ Clear solution. FE at RT. The
resulting yeliow oit was dried | Yellow oily drops
briefly under N stecam. 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
{(I:1) N3 to gel, ether added, wall of the vial in )
refrigerated for 42 days. clear solution
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Added -
wal | s;

m. ether to 0.2 inL aliquot of supernatant.
B ppt with areas of E Zn(01-1)2 (2:1) 6 ng of zinc hydroxi de was

suspended in a mxture of MeOl-1/water (80: 20,

solution (200 ng/nmD in MeOH was added to the suspension.
m xi ng. Kept at RT for 2 days.

clear after

viv). 0.25

stream The resulting yellow fil mwas suspended in ether,

slurry wheel

at RT for |

day. Sol vent was decanted,

the re

Massi ve gel -1i ke on

nil of API

Sol ution turned
Sol vent was evapor ated under

pl aced on a

mai ni ng solid was

dried under N2 stream Yellow solid Anorphous Base (Approximate nol ar
rati o of API/bhse) Cbndlt ons Déescription XRPD Result Zn( 2 (271
of APl solutio (Agi,mng nML) in EtOH was added|to 7 ng of ZIﬂ%dpﬂ“Odee
0.25 m of EtO &d subseqUentitigns Soni cat eb¢sctipdonr equl eagtturbld
solution was p ac “Rgé 51 uny wheel at RT fof | day. Sol Ven
evapor at ed under )pa m _The resulti ng ypl low filmwas QIIQandF\ in
ether. Oear splution decpnted, the renmaining|solid was drji ed under] N2
stream Light yellow soli graggidiatgecial b oow gell Anor phous 2n(OH) 2 (2: 1)
mg/mkL = 0.250 nunol APKmL
stock solution in MeOH.
1. Added 2.0 mL. API solution
to base slurry in McOR/HL,O
(7.3:1, v/v), agitated 16 hours.
{pH value of the salt solution .
wag tested: Dissolved aliquot 2‘.6 mg,‘ﬁnc, Guest
_ _ - ] . : white solids (B)
CalOH) of slurry sediment in H,Q:
(L:1) clear, yellow; pH 8/9 (pH
paper); control : hazy, water-
white; pH 12 (pH paper)].
2. Decanted supernatant;
isolated and dried solids under
Ne.
1. Centrifuged slarry of above; | o ‘ "
added 2 mL ether to 0.2 mL I"io.ccglc‘:nt, white -
. ) precipitate (B)
aliquot of supernatant.
1. Filtered main supernatant on Cre: i
. 0.2-pm Teflon ream yetlow
Ca(Oi)» RN ;. | solids, B (unable .
) 2. Very slow evaporation under . Amorphous
(1:D) R to discern
Ny overnight; rotary morphology)
cvaporation, P &y
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0.25 nil of APl solution (200 ng/ml) in | PA was added to -7 ng of zinc
hydroxide. 0.25 m of IPA and 0.05 m of water were added subsequently.
Soni cated, resulted in clear solution. FE at RT. To the resulting yell ow
oil was added ether. Place on a slurry wheel at RT. In progress Zn(01-1)2
(2:1) 0.25 m of APl solution (200 ng/ml) in ACN was added to -7 ng of zinc
hydroxide. 0.25 m of ACN and 0.05 m of water were added subsequently.
Soni cated, resulted in clear solution. SE at RT. To the resulting yell ow
gel was added ether. Place on a slurry wheel at RT. In progress Base
(Appr oxi mat e nol pr rgflo of APl /base) Conditions Descriptionf XRPD RESIl t
Zia Acetate (1:1) 24 np of zinc acetate was addgd to 0.25 ni | of
solution (200 ny I&Aﬁﬁmjaﬁo D1- 1. 0Caddibnsof Me01}- 1 Daslatipipn f o | by} 0.1
. ) . esult
m of water. Zinc agahals dissolved. The clear golution was set P for FE
at RT. The resul Lol l was resuspended jin ether Sol] vent was
decanted, the rejmaini ng sol { dredltdi@proptaeless a30d, . [Li ght yel |l ow solid
.Anor phous Zn Acetate (1:1) i2gimig=0R5@innel Aviahiatile was added to 0.25 nj of
APl solution (200 mg/ ml) i njfstock solution.
1. Added 3 x 73.1 uL H,O to
0.5 mmol base, sonicated to
obtain solution.
Z. Added 2.0 mL APT 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 L ether, rotary
wheel for | day: immiscible
liguids; 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 ot} with possible
nucleation sites; decanted
EtOAc, evaporated resicual
solvent(s) from oil in RT
vacuumm oven; viscous, dark
amber gel.
5. MeOH vapor stressed for 35
days.

L-Lysine
(D
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MeOH. Zinc acetate dissolved. The clear solution was set up for

The resulting yell ow oi

the remaining solid dried under

was resuspended in ether.

FE

at RT.

Sol vent was decant ed,
N2. Bright yellow solid Anmorphous Zn(OH) 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
Brown sol ution

The sol vent was evapor at ed under

with small

solution (200 ng/ nt)
m xi ng. The suspension was further

in MeO1-

m xed on a sl um wheel

|. Solid
for

remai ned
2 days.

anount of precipitate on the bottomof the vial.

N,

stream The resulting

brown fil

m was

suspended in ef
decanted, the
Anor phous Baps
Description XRP
and 4 ng of ma
nmg/ M) in THF.
further m xed
solution. The
filmwas suspe
decanted, the
free flow

[ her . nght

gfgﬁ‘gd%m

Solution r

bn a slurry
50l vent was
nded in eth
Femai ni ng s

L-Argining
(11

yel Tow powdery sol i ¢
solid was dried under

(092 (2:1) My(OH) 2
4¥44ELMBLe—adde

t-0--0-

| fornmed. Sol

N2 stream Li
mat e noCarditiansi o of API PlraiptionCon

(2:1) 6 ng @

5w of AH

vent was

di
f %eﬁgts hy

] cnl ||t|

ow solid

dr oxi de

b ned turbid after

Wﬁu &Egﬁ o9 A

Phtoc c%@llu G S b rown
Dl 1 Liawes x 61 g pynder
0.5 mrmol base, sonicated to
obtain solution.

2. Added 2.0 mL API solation
to get clear, gold solution,
rotary wheel for ~ 3 days, very
slow evaporation overnight,
rotary cvaporated at 20-40 °C
to get dark, amber oil.

3. Added 4.0 mL cther, rotary
wheel for [ day: immiscible
liquids; amber goop on bottom;
FE: viscous, amber 0i} with B
particlcs.

4. Added 0.5 mL EtQAc,
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.

qmﬁ days,

solid forned.

soni cati on.
resul t ed
stream The

Ny stream Y

Yelow tacky oil

The m xtd
in clear
resul ting
Sol vent
el | owi sh

n (100
re was
br own
br own
was

br own

Mg(OH),
2:1)

Frec acid prepared as 2 100
mg/mL = 0.250 mmol APT/mL
stock solution inn MeOFH.

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 HaO:
hazy; pH 5/6 {pH paper);
controt: very hazy, white; pH 8
{pH paper)].

2. Decanted supernatant;
isolated and dried solids under
N

Off-white solids

Guest
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powder Disordered Form A 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
‘solution (100 ng/ml) in ethanol. Solution remained turbid after sonication.
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 foimed. Solvent was decanted, the remaining solid was dried
under Ny stream Yellow solid peaks Amorphous + M(OH)2 Base

(Approxi mate nolfar rgtiro of[ APT7Tbase) Conditiong Description XRPD Regult

Zn(Croz (4 ) M &}p%rxgmgt%: K Conditions Description XRPD
molar ratio of -on I Result
AP1/base)
Centrifuged slurry; added 3 mL
Mf(gz(.ogl)z ether to 0.2 mL aliquot of No precipitation -

Supernatant,

1. Filtered main supecrnatant on
0.2-pm Teflon.
2. Very slow evaporation under
Ny overnight, rotary cvaporated
to obtain thick, brown oil.
3. Added 10 mL cther,
triturated 7 days on rotary Partial
Mg(OH), wheel: soft, dark tan solids; Brown solids crystalline
(2:1) cloudy, gray supernatant; walls (Form A)
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,
Recovercd brown solids, air-
dried: ~0.08 g.

Residue from supernatant
{from air evapotation} plus
MeOH rinse of broken glass:
Mg(OH), combined, filtered on 0.2-um

2:1 Teflon, Ny-evaporated to
produce dark amber gel
(0.0774 g). MeOH vapor
stressed for 35 days.

Yellow tacky oil -

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

Mg(OH),
2:
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3 ng of zinc hydroxide and 2 ng of magnesi um hydroxi de were added to 0.5 mi

of APl solution (100 ing/inl) in ethanol. Solution remained turbid after
soni cation. The m xture was fiwther m xed on a shiny wheel at RT for 3
clays. Wiite fine powder precipitated on the bottomof the vial. The

sol vent was evapor ated under
suspended in ether.
remai ni ng solid was dried under
_EXANPLE 2 [0242]Calciumsalt of (S)-3
yntsdlt was generated by
Wth base slurry in NMeOH H20 (73:{1,
S; $/ oW y €vegitemmt ed under Diripfiok | 0
ntsalt

My( OH) 2 peaks

X-ray anor phou
APl solution i
filtered super
evaporation. T
75% RH for 3 d
clays, a color
sal t

by m xi ng equa
MeOH E120 (11:
1\V12, tbll owe
precipitation

performed by mnxi

suspension in
at anbi ent, an
precipitation

magnesi um sal t
Significant pe
structure, inp
to water. Solv
salt appears t
75% RH for 8 d
exhibits rel at
t her nogram cur
br oad endot her
due to the vo

of -16% This

Form A. The na
unknown; howev
of 2.2%is ass
suggest s t hat

| oss upon equi
exhibits a wei
wei ght above 6
t hat hi gher we
observed upon

crystallizatio
(S)-3'-(01-)-0
fast evaporati
crystallinity.

is very | ow,
(S)-3L(0OH) - DADI

N2 stream.

N2 stream The resulting yellow filmwas
Light yellow solid fornmed. Sol vent was decanted,
Yel | ow solid Anorphous -1-
- (OH) - DADFT- PE. The

t he
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s
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change was
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In progress
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Description XRPD Result Acetone FE Yellow solid A (LC) SE Yellow film

Anor phous ACN FE Yel | ow oi | Sol vent Conditions Description XRPD Result
SE Yel | ow fil m Anor phous DCM FE Yel | ow oi | SE Yellow film
Base
(Approximate - o XRPD
molar ratie of Conditions Desceription Result
AP1/base)

27 mg of magnesium acetate
was added to 0.25 mil of API
solution (200 mg/ml) in IPA,
sonicated, resulted in clcar
Magnesium solution. Solvent was
acetate cvaporated under N stream.

(1:1) The remaining yellow gel was
resuspended in ether.
Sonicated, bright yeilow solid
formed. Solvent was decanted,
solid dried under Ny stream.

Bright yellow

solid Amaorphous

1. Added 2.0 mL API solution
in MeOH to base solution in
MeGH (~10 mg base/mL),
agitated 16 hours.

2. Added 10 mL cther: no
precipitation.

3. Evaporated solvents under
N,

4, Redissolved in 1 mEL MeOH.,
5. Added 10 mL cther; plumes Bright yellow Unique
of intense haze with a few B/E | solids, fibrous fan pattern
particles. Added incremental rosettes (B/E) (Form A)
amounts of ether to a final
volume of 4 mL: stable
turbidity for~ 3 h with
dissipationfsohution.

6. VSE/FE under N, for ~ 4
days: clear, yellow oil,

7. Triturated in cther on rotary
wheel, decanted supernatant,
dried solids with No.

KOH
(1D
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Anor phous 1, 4- Di oxane FE Yellow oil -
(anmbient) C ear yellow sol ution

(LO) Ethyl

Et OAc FE Yel | ow oi |
Ether Slurry (anmbient) Yellow solid HFIPA FE Yell ow oil

SE Yellow fil m Anorphous EtOH Slurry
SE Yellow solid A

Base
{(Approximate
molar ratio ef

APl/base)

Conditions

Description

XRPD
Result

KOH
(1:1)

~1 eg of KOH was added to
the API solution in cthyl
acetate. Solution turned turbid
after sonication, brown oil
formed in yellow cloudy
solution. Solvent was
evaporated under Ny strcam.
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 Ny stream.
The resulting light yellow film
was resuspended in MTBE,
sonicated, tight yeltow solid
formed . Solvent was decanted,
the remaining solid was dried
under Ny stream.

Light yellow solid

In progress

KOH
(1:1)

~1 eq of KOH was added to
the APT solution in IPA.
Sonicated, resulted in clear
yellow solution. Solvent was
evaporated under Ny stream.
To the resulting yellow film
was added MTBE. Bright
yeliow tacky solid formed on
the bottom of the vial. Stired
at RT.

in progress

NaQOH
(1:5)

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

Get, plate-like
particles, specks,
clongate
hexagonal plates,
blades (B/E)

Amorphous
pattern -+
NaCl

NaOH
(1:5)

API solution in EtOH was
added to aqueous solution of
base with minimal water,
SE/stiv. (1)

Cloudy yellow
Hopu
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SE Yel | ow oil Anmorphous Hexanes Slurry (anbient) Yellow solid |PA Slurry
(anmbient) Wite and yellow solid - MeOH FE Yel | ow oi | SE Yel | ow oi |
Anor phous MEK FE Yellow oil - SE Yellow solid A (LC) THE FE Yel | ow oi l

Base
(Approximate ‘e . XRPD
molar ratic of Conditions Description Result
AP1/base)
Sample (1) above was
precipitated with ether to final
vol. of BtOH/cther (1:40), G“(‘;’fg /*"E})ass -
refrigerated for Q.5 hour,
decanted liquid, RT dry. (2)
é’;‘ :il;g\a]z on an orbit shaker of Yellow oil }
Solution of (2) above refrig 0.5 e
hour. Kept in refrigerator for Clcaxl ylelow -
42 days. solution
Film precipitated from (1) Yellow cil on the
above with heptane to a final bottom of the )
vol. of EtOH/heptane (1:50), vial, clear solvent
fkept in a freczer for 57 days. phase on top
THF to (1) to a final vol of )
E{OH/THF (1:50), kept in & Clzgilﬁfglo"" ]
freczer for 57 days.
Swmall amount of
Toluene to (1) to a final vol. of Ot;yd?ésflpelif;im
EtOH/ toluene (1:50), kept ina soiutiony A fow -
freczer for 57 days. birefringent
specks.
To an APIsolution in EtOH
NaOCH was added 1.4-dioxane to a Yellow ol i
(L:1) final vol. of 1:50 (EtOH/1,4-
dioxane), SE in a fume hood.
Solid
NaOH | Toan APlsolution in BtOH | Finc ncodles in | 4%Nduesced
(1:1) was added ether. Refrigerated dense rosette thf‘)ou I
' for 15 days. clusters (B) g
upon
filtration
gt?OH/ether to above, FE under Yellow gol Amorphous
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- SE Yellow film Anor phous Token.,
solid Anorphous TFE FE Yel | ow oi |

Yel | ow oi |

SE Yel | ow sol ution -

FE Yel |l ow fil m Anmor phous
SE Yell ow fil m Anor phous Wat er

Base
{Appreximate
molar ratio of

API/base)

Conditions

Description

XRPD
Result

Basc solution to above.
Refrigerated for 15 days.
Yollow 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 sotution
in MeQFH to basc solution in
McOH. (~9 mg base/mL),
mixed on a rotary wheel for 16
hours.

2. Added 10 mL ether; no
precipitation,

3. Evaporated solvents under
Nj to ~ 1 mL; repeated dilution
with 20 mL ether: let stand
overnight: clear solution with a
few tiny particics (B, E). Let
stand = |5 b no change.

4. Evaporated solvents under
Na.

Tacky, amber
film

Subjccted 3.3 mg of solid fiom
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

NaQH
(1D

To 0.5 mi 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 Ny
stream. Ether was added.
Placed on a stuiry wheel at RT
for 13 days. Solvent was
decanted, the remaining gel
was dried under Ny, Resulted
in tacky gel.

Birefringent fine
needles in tacky
gel
(faited to collect)

SE Yel | ow

FE
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[ 0249] The results of an initial polynoiph screen crystallization
experinents of (S)-3' -(OH)-DADET-PE magnesium salt form A are gi ven bel ow
in Table 3, wherein FE stands for fast evaporation and SE stands for slow
evaporation. Table 3. Solvent Conditions Descri )tion _ XRPD Result

Hept ane/ Me011 SE Tan solid |IPA/DCM SE Of-white solid A | PA/ MeOF1 FE Tan
solid B [0250] The results of antisolvent precipitation experinents of
(S)-3"-(0OH) - DADFT-PE nmagnesium salt form A are given below in Table 4.
Tabl e 4. Solvent Antisolvent Description XRPD Result MeOH Et her

Bage

(Appreoximate " . XRPD
molar rafio of Conditions Description Result

APY/base)

To 0.5 ml of API solution in
EtOH was added 1 equivalent
of solid N2OH. Slow
cvaporated at RT while
stirring. To the resulting turbid
yellow oil was added cther.
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
fitter. Small amount of
remaining solid in the vial was
dried under Ny stream,

Birefringent
specks in
yellowish brown
solid

NaOH
(1:1)

Amorphous

To 0.25 ml of API solution in
MeOH was added 1 equivalent
of solid NaOH, resulted in dark
brown solution. The solvent
was cvaporated under N,
NaOH stream, and the resu]‘ting brown Yeil_owish brown
(1:1) film was suspended in ether, solid (free-flow | Amorphous
' Yellowish brown solid formed. powder)
The suspension was further
mixed on a slwry wheel at RT
for 1 day. Solvent was
decanted, the remaining solid
was dried under Ny stream.
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VWhite solid A MeOH I PA Yellow solid A Water |IPA Yellow solid B [0251] The
results of slow cool crystallization experinments of (S)-3L(OH)- DADFT-PE
magnesium salt form A are given belowin Table 5, wherein SC stands for

sl ow cool, RT stands for roomtenperature, LC stands for low crystallinity,
and IS stands for insufficient solid. Table S. Solvent Conditions
Description XRPD Result ACN Sc (-60 Cto RT) Yellow solid A (LC) LIFIPA SC
(-60 Cto RT) No solid MeOH Sc

Base

{Approximate . I XRPD
molar ratio of Conditions Description Result

APV/base)

To (1.5 mi of APT solution in
THF was added 1 equivalent of
solid NaOH, resulted in dark
brown solntion, The solvent
was evaporated under Ny
stream, and the resulting brown
film was suspended in ether,
Yelowish brown solid formed.
The suspension was further
mixed on a sturry wheel at RT
for 1 day. Sotvent was
decanted, the remaining solid
was dried under No stream.

NaOH
(LD

Prark yellowish

. Amorphous
brown solid p

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

(t:D and the resulting yellow filin
was suspended in ether. Light
vellow solid formed. Solvent
was decanted, and the
remaining solid was dried
under Ny stream,

Light brown solid | Amorphous

To (.25 ml of API solution in
ACN was added 1 equivalent
of solid NaOH, followed by
0.05 ml of wuter, resulied in
clear solution. The solvent was
evaporated under Ny stream,
and the resulting yollow film
was suspended in cther. Tacky
yellow gel formed. The vial
was capped, slurried at RT for
I day. Clear solvent was
decanted, and the remaining
get was dried under Ny stream.

NaOH
)

Bright yellow

d phous
solid Amorphous
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(-60 Cto RT) Wite solid IS TFE SC (-60 Cto RT) No solid THE Sc (-60 C
to RT) Yellowsolid A (LC) Water Sc (-60 Cto RT) No solid E1201WA (1:1)
SC (-60 Cto RT) No solid - MeOH Acetone (1:1) SC (-60 Cto RT) No solid

Base
ﬁ(ﬁg:‘:}:{;ﬁ? Conditions Description ii?sl;ﬁ
APl/base)
lyophilization of 2 solution in 7 -
NaOH t-butyl alcohol. (1) yellow solids )
{1:1) exposure of (1) to ambient air | solids deliquesced
(~537% RH) for a fow minutes to a yellow oil )
A solution of ation of a solution of (1
292 mg/mL of gvap;:) ration 0f a solution of (1) In progress -
NaOH in in toluene
methanol was | shurry of (1) in pentane In progress -
used shurry of (1) in 1:1 ethyl
§ : ¥
ether:pentane In progress )
1. Dissolved starting material
in ethyl ether, dricd with
anhydrous sodium sulfate and
filtered.
NaCH 2. Added I cq. of methanolic
(1) NaOH and enough methanol to Tacky, yellow
the filtrate to provide a clear material i
A solution of | Solution. )
29.2 mg/mL of 3. Allowed solution to
NaOH in evaporate at room temp from
methanol was | @ open vial.
used (D
In progress
. o o crystalline solids
Slurry of (1) in toluene at 40 °C (B/E) embedded -
in yellow oil
NaOH 1. Dissolved starting matcrial
(1:1) in toluene.
' 2. Added 1 ¢q of tethanolic
\ .| NaOH.
A solution of
29.2 mg/mL of 3. Removed mcthz.moi. ar}d . In progress “
NaOH in watcr by azeotropic distillation.
méthanol was 4. Added heptane o the warm
used " | toluene solution and allowed to
cool
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Et 014/ FI 20 (1:1) SC (-60 Cto RT) No solid

Yell ow solid

| ow cryst al

lini
Brown oi |
Et her White solid A Ethyl

[ 0252] The results of anbient
sol ution experinents of anorphous (S)-3L(OH) - DADET- PE nagnesium salt are
given below in Table 6, wherein LC stands for
6. Sol vent Antisolvent Description XRPD Result Acetone
Hexanes Wiite and yellow solid A Ethyl

ty.

Base
{(Approximate ST e XRPD
molar ratio of Conditions Description Result
APL/base)
Added 2.0 mL API solution in
MeOH to base shurry in Massive whito
McOH/H,O (8:1, v/v), agitated A .
o . solids: small Unique
16 hours: ¢lear, pale yellow \ ; , )
L acicular clusters pattern
liguid with ~ 10 small, opague and rosettes (B/E)
chunks (B). Let stand ~ 2 days; '
Zn(OH), isolate sofids.
(0 Pale yellow g
. . . ame
Main supernatant: second crop solids: mix of ]
. A pattern as
after ~ 4 days. small aciculars 15t cro
and fibrous B P
Added ~ | mL etherto 0.2 mL. | “rssive gelike
aliquot of supernatant ppt on walls; B )
) ) with areas of E
6 mg of zinc hydroxide was
suspended in a mixture of
MeQH/water (80:20, v/v).
0.25 ml of AP solution {200
mg/ml) in MeOH was added to
the sugpension. Solution turned
clear after mixing. KeptatRT
ZIE(ZC‘)IP)DZ for 2 days. Solvent was Yekow soltd Amorphous
‘ evaporated under Ny stream., '
The resulting yellow film was
suspended in ether, placed ona
shurry wheel at RT for 1 day.
Solvent was decanted, the
remaining solid was dried
under Ny stream.
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- DCM Hexanes Yell ow solid Anorphous 1, 4-Di oxi me Hexanes White cloudy
solution EtOAc Il exanes Wiite solid A Hexancs Yellow solid A HElIPA
Hexanes Yellow film MeOH Ethyl Ether No solid MK .Hexanes Yellow solid A
- (LO

Base
iﬁf}g:{?::?; ‘l::. Conditions Description }éiig
APl/base)
0.25 ml of API solution (200
mg/ml) in EtOH was added to
7 mg of zine hydroxide. 0.25
mi of EtOH was added
subsequently, Sonicated, the
resulting turbid solution was Lioht vell lid
Za(OH), placed on a slurry wheel at RT 181 yc‘ OW SOlIC .
X ) and dark yellow | Amorphous
2:1) for 1 day. Solvent was gcl

evaporated under Nj 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 sclution {200
mg/ml) in IPA was added to ~7
mg of zinc hydroxide. 0.25 ml
of IPA and 0.05 ml of water
Zn(OH), were added subscquently,

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

In progress -

(.25 ml of API solution (200
rag/ml) in ACN was added to
~7 mg of zinc hydroxide. 0.25
ml of ACN and 0.05 mi of
Zn(OH); water were added

{2:1) subscquently. Sonicated,
resulted in clear solution, SE
at RT. To the resulting yellow
gel was added cther. Place on
a slurry wheel at RT,

In progress -
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Hexanes Yellow solid A (LC) THE Hexanes O f-White solid A (Lc) Hexanes

Yel l ow solid A (LC) Tol uene Hexanes Yel |l ow cl oudy sol ution

TEE Hexanes No

solid [ 0253] The results of slurry experinments of (S)-31-(OH)-DADET-PE
magnesium salt form.A are given belowin Table 7, wherein d stands for
day, and IS stands for insufficient solid. Table 7. Solvent Tenp/Ti ne

Description XRPD Result Acetone 60 C/4d Of-white solid

Bage
(Approximate
molar ratio of

APl/base)

Conditions

Description

XRPD
Result

Zn Acctate

(1:1)

24 mg of zinc acetate was
added to 0.25 mi of AP
solution (200 mg/ml) in
MeOH. 0.25 ml of McOH
added, followed by 0.1 ml of
water. Zinc acetate dissolved.
The clear solution was sct up
for FE at RT. The resulting
yollow ot! was resuspended in
cther. Solvent was decanted,
the remaining solid dried under
Ns.

Light yellow sohid

Amorphous

Zn Acctate
(D

12 mg of zinc acetate was
added to 0.25 ml of API
solution (200 mg/ml} in
MeOH. Zinc acetate dissolved.
The clear solution was set up
for FE at RT. The resuliing
yellow oil was resuspended in
cther. Solvent was decanted,
the remaining solid dried under
Na.

Bright vellow
solid

Amorphous

Zu(OH),
(2:4)
Mg(OH),
2:1)

7 mg of zinc hydroxide and 4
mg of magnesivm hydroxide
were added t0 0.25 ml of API
soiution (200 mg/ml) in
MeOH. Solid remained after
mixing. The suspension was
further mixed on a slurry wheel
for 2 days, Brown solution
with small amount of
precipitate on the bottom of the
vial. The solvent was
cvaporated under Na stream.
The resulting brown film was
suspended in ether. Light
yellow powdery solid formed.
Solvent was decanted, the
remaining solid was dried
under Ny stream.

Light yeltow solid

Amorphous
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A l,4-Di oxane 60 C/4d Wite solid C EtOAc 60 C/4d Wite solid AI1PA 60 C 4d
Li ght yell ow solid Anorphous Tol uene Anbient Wiite solid A Water Anbient
Yel low solid B Water 60 C/1d Yellow solid Anorphous ACN THE (1:1) 60 C 4d
Yel |l ow solid A + peaks

Base
(Approximate
molar ratio of

XRPD

Description
scriptio Result

Conditions

API/base)

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

6 myg of zinc hydroxide and 4
mg of magnesium hydroxide
were added to 0.5 ml of API
solution (100 mg/ml) in THE.
Solution remained turbid aftor
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 dricd
under Nj stream.

Yellowish
brown free flow
powder

Disordered
Mg salt
Form A

ZB(OH);
2:0
Mg(OFH),
2:1)

6 mg of zine hydroxide and 4
mg of magnesium hydroxide
were added to 0.5 ml of API
solution (100 mg/mli) in
ethanol. Solution remained
turbid after sonication. The
mixture was further mixed ona
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 yeliow solid formed.
Solvent was decanted, the
remaining solid was dried
under Ny stream.

Yellow solid

Amorphous
+

Mg(OH),
peaks
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Et 01- 14-120 (1:9) Anbient Wite solid IS EtOH 1-120 (1:1) Anmbient Wite
solid IS Solvent Tenp/ Tine Description XRPD Result EtOH H20 (9:1) Anbi ent
Yel | ow solid A Heptane/ DCM Anbi ent Yellow solid A (LC) (2:8)

Hept anc/ Et OH

Base
(Approximate " gt XRPD
molar ratio of Conditions Deseription Result
APl/base)
3 mg of zine hydroxide and 2
mg of magnesium hydroxide
were added to 0.5 mi of APT
sofution (100 mg/ml) in
cthanol. Selution remained
twbid after sonication. The
mixture was further mixed on a ) X
Zn(gl(‘)f)l}g shury wheel at RT for 3 days. Amoxf hous
Mg(OFL), ‘\H;i}ﬁic gmz ;ﬁw?:;lgﬁc:fn?g! Yellow solid Mg(OH),
“:D on Hthe Hottom © ) peaks

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

EXAMPLE 2

[0242] Calcium galt of (8)-3'-(OM)-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/HL0 (7.3:1, v/v). The filicred supernatant was slowly
cvaporated undor Nz, [oliowed by rolary 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 agueous

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

EXAMPLE 3

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

magnesium salt was generated by mixing equal molar ratio of APl solution in
methanol with base slumy in MeOR/EFLO (111, v/v). The filtered supernatant was

slowly evaporated under Na, followed by rotary evaporation. Solid was generated
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Anbi ent White solid Anorphous (2:8) | PA/ Acetone (1:1) Anbient Wite
solid IS | PA/ Acetone Anbient Wiite solid A (2:8) | PA/ Et OAc Anbi ent Wite
'solid A (2:8) | PA/ Et her Anbi ent

by anti-solvent precipitation in cther, A large scale proparation 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 N2, 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 APL. 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 obscrved 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
agsociated with this event.

(02477  The DVS data (Figure 11) suggoests 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 3.7% from 5% to 63% RH and
an additional 21.2% weight above 65% RH without reaching cquilibrium weight.
This indicates that higher weight gains may be possible. A weight loss of 26.6%
was obscrved 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 arc 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 Yelow solid ALC)
Acctone
SE Yellow film Amorphous
ACN FE Yellow oil -
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VWhite solid A (2:8) [ 0254] The results of vapor stress experinents of
anor phous (S)-3'-(OH) - DADFT-PE nagnesium salt are given below in Table 8,
wherein LC stands for low crystallinity and IS stands for insufficient
solid. Table 8. Sol vent Description XRPD Result Acetone Yellow slurry A
(LC) ACN Yellow oil DCM Yellow solid IS I, 4-D oxane Yellow solid IS EtOH
Yellow oil EtOAc Yellow solid

Solvent Conditions Description XRPD Result
SE Yellow film Amorphous
‘B » il -
DCM F Yellow ol
SE Yellow film Amorphous
1 4-Dioxanc FE Yellow oil -
SE Yellow film Amorphous
EtOH Sturry (ambient) | Clear yellow solution -
BtOAC FE Yellow 01} -
SE Yellow solid A(LC)
Ethyl Ether | Sluery (ambient) Yetlow solid -
HFIPA FE Yellow OTI -
SE Yellow oil Amorphous
Hexanes Slurty (ambient) Yellow sokid -
IPA Slurry (ambient) | White and yellow solid -
MeOH FE Yellow Ofl -
SE Yollow oil Amorphous
MEK FEiE Yellow 01'1 -
SE Yellow solid ALC)
THT FE Yellow oil -
SE Yellow film Amorphous
FE Yellow film Amotphous
Toluens .
SE Yellow solid Amerphous
¢ R % Q 3
TEE FE Y ollow oil
SE Yellow film Amorphous
Wator FE Yellow 011_ -
SE Yellow solution -
[(249] 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 Degcription XRPD Result
Heptane/MeQH SE Tan solid B
[PA/DCM SE Off-white solid A
IPA/MeQH FE Tan solid B
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IS HFI PA Yellow oil IPA Yellowoil MOH Yellowoil MK Yellow solid IS
THE Yellow oil Toluene Yellow oil TFE Yellow oil Water Yellow oil

[ 0255] The results of vapor diffusion experinments of anorphous (S)-3" -(OH)-
DADFT- PE magnesium salt are given below in Table 9, wherein LC stands for

| ow crystallinity. Table 9. Sol vent

(0250] The results of antisolvent precipitation experiments of (8)-3'-(OH)-
DADFT-PE magnesium salt form A are given below in Table 4.
Table 4.

Solvent Antisolvent Description XRPD Resulit

MeOH Ether White solid A

MeQOH IPA Yellow solid A

Water IPA Yellow solid B
{0251]  The results of slow cool crystallization experiments of ($)-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 Sellow 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 S¢ No solid -
(~00 °C to RT)
- SC .
THF Yellow solid A (LO)
(~60 °C to RT)
Water SC No solid -
(~60 °C to RT)
(L:1) {~60 °C to RT)
MeOH/Acetone sC . .
No solid -
{(1:1) (~60 °C to RT)
EtOH/H,O SC No solid R
(1:1) (~60 °C to RT)
[0252]  The results of ambient solution experiments of amorphous (8)-3'-(OH)-

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

crystaliinity,
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Anti sol vent Description XRPD Result Acetone Hexanes Yellow solid A (LC) ACN

Et hyl Ether

Yellow solid A (LC) 1, 4-Di oxane Hexanes Wiite solid EtOAc Hexanes Wite

solid A (LO)

Yel | ow sol ution

DOM Hexanes Yellow solid A (.LO

Hexancs Yell ow solid

Hexanes

Table 6.
Solvent Antisolvent Description XRPD Result
Acetone - Brown ¢il -
Hexanes White and yellow solid A
ACN Ethyl Ether White solid A
Fthyl Ether Yellow solid ~
DCM Hexanes Yellow solid Amorphous
I.4-Dioxane Hexanes White cloudy solution -
FiOAC Hexanes White solid A
Hexanes Yellow solid A
HFIPA Hexanes Yellow film -
MeQH Ethyl Ether No solid -
MEK Hexanes Yellow solid A{LC)
Hexanes Yellow solid A{LC)
THF Hexanes Off-White solid A (LC)
Hexancs Yellow solid A (LC)
Toluene Hexanes Yellow cloudy solution -
TFE Hexanes No solid -

[0253]

The results of slurry cxperimoents of (8)-3'-(OH)-DADET-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 °Cldd Off-white solid A
I.4-Dioxane GO °Cldd White solid C
EtQAc 60 °C/4d Whitc solid A
TPA 60 °C/dd Light vellow solid Amorphous
Toluene Ambient White solid A
Water Ambient Yellow solid B
Water 60 °C/1d Yellow solid Amorphous
"“’(‘f" IT)HF 60 °Cr4d Yollow solid A+ poaks
EtOR/HL0 Ambicnt Whitc solid IS
(1:%)
BIOH/HL0 Ambient White solid is
(I:D
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A (LO HIPA Ethyl Ether Yellow solution MeOH Ethyl Ether Fine cloudy

| ayer of solid MEK Hexanes Yellow solid Anorphous THE Hexanes Yell ow and
brown solid A (LC) Hexanes Yellow solid A (LC) Tol uene Hexanes Yel |l ow
solid A (LC) TEE Ethyl Ether Fine cloudy |ayer of solid

Selvent Temp/Time Description XRPD Result
EtOH/H,0 Ambient Yellow solid A
(9:1)
Heptane/DCM Ambient Yellow solid A (LC)
(2:8)
Heptane/EtOH Ambient White solid Amorphous
(2:8)
IPA/Acetone Ambient White solid IS
(1:1)
IPA/Acetone Ambient White solid A
(2:8)
IPA/EIOAC Ambient White solid A
(2:3)
IPA/Ether Ambient White solid A
(2:8)

[0254] The results of vapor stress experiments of amorphous (5)-3'-(OH)-
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 IS
EtOH Yellow oil -
EiQAc Yellow solid is
HFIPA Yellow oil -
IPA Yellow oil -
McOH Yellow oil -
MEK. Yellow solid IS
THF Yetlow oil -
Toluene Yellow oil -
TFE Yellow oil -
Water Yellow oil -
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[ 0256] The results of solvent grinding experinents of (S)-Y-(OH)-DADFT-PE
magnesi um salt form A are given below in Table 10, wherein LC stands for
|l ow crystallinity. Table 10. Sol vent Description XRPD Result Acetone
Of-white solid A ACN Of-white solid A 1, 4-D oxane Light putple solid C
1, 4- Di oxane Light brown solid C Ethanol Of-white solid A EtOAc Light
purple solid A IPA Light purple solid A THE Light brown solid A

[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(LO)
ACN Ethyl Ether Yellow solution -
DEM Hexanes Yellow solid A(LC)
Hexanes Yeltow solid AL
1,4-Dioxane Hexancs White solid -
FIOAG Hexanes White solid A (LC)
Hexancs Yellow solid A(LC)
HFIPA Ethyl Ether Yellow solution -
MeOH Ethyl Ether Fine cloudy layer of solid -
MEK, Hexanes Yellow solid Amorphous
THE Hexanes Yellow and brows solid A (L)
Hexanes Yellow solid A (LG
Toluene Hexanes Yellow sohd A(LC)
TFE Ethyl Ether Fine cloudy layer of solid -
[0256]  The results of solvent grinding cxperiments of ($)-3'-(OH}DADF1-PE
magnesiurm salt form A are given below in Table 10, wherein 1.0 stands for low
crystailinity.
Table 10.
Solvent Description XRPD Result
Acetone Off-whitc solid A
ACN Off-white solid A
1,4-Dioxane Light puiple solid C
i 4-Txoxanc | Light brown solid C
Ethanol Off-white solid A
EiOAg Light pwple solid A
IPA Light purple solid A
THF Light brown solid A
Water Qff-white solid B
Water Light brown solid B
. Off-white solid AL
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Water O f-while solid 13 Water Light brown solid B - Of-white solid A(LC
EXAMPLE 4 [0257) Sodium salt of (S)-3'-(011)-DADFT-PE. The X-ray anorphous
sodi um salt was generated by m xing equal nolar ratio of APl solution in

et hanol with base solution in water. Sl ow evaporated sanple was further
dried in vacuum oven. [0258] The proton NVR spectrum of the sodium salt
confirnms the integrity of the API. Significant peak shifting and broadening
wer e observed for the aromatic protons. Peak shifting was al so observed for
protons in the vicinity of the --COOH group, inplying salt formation. A
sharp peak at -3.3 ppmwas assi gned to mwiepLE $ol vent DMSO was al so
observed at -2.5 ppm [0259] The sodium salt appears to be non-hygroscopic.
It remai ned physically unchanged when exposed to 75% RH for 3 days. EXAMPLE
5 [0260] Pi per azi n¢0sd] t Sﬁdiﬁlﬁlari&f{fﬂmemePEL Theth:mmﬁedohlhmi ty

“pi perazine salt wag, generate N sol ution
in ethanol wth ba@t Qas(ﬁm I?t%(ﬁbl nmélf’ﬁ uag }?msﬁi}“%ﬂ%\%ﬁ%{ﬁﬁ Wihese
evapor ati on under sNﬁmonThwatpl pﬁmmapaalsakwnpapmdmﬁnet drichén aygmoseopi c. |t

del i quesced when far.. I 1/ ssi um
salt of (S)-3' 40H) TE‘%”Z@( G “‘g"h‘Q’W{"o‘gt"‘:!1‘5%2A lﬁ&’é’gﬁ”‘ﬁ)" i “%éﬁ ated by
m xi ng equal nol arﬂlbr/&’tli §1gélff'cmbpea§©1wﬁtng@m 11’1na€mtl$mm9bb5\mm¢1f0ba@eromimt| on in
met hanol . Sol i d sgldiond@Beak hikiG LadallYorRBda (S MEEMn Bl Sl et her.

[ 0262] The DVS datg o?‘n th ceaL pottagm uEan s%l (ork(r)ndj t A (Fi mgt(jrel%gfs’%égg(ggdt)ﬁt hat the
pot assi um sal t i s SERPrIERN Sﬁﬁ/@f%'@&pﬁéhd‘ﬂ'ﬁ“@kﬁ‘a“t3e3rﬁpﬁl wasbfigsed § wtoaiei gh gain
of 67.7% during tBezv&ﬁml3®wd§eﬂs%ﬂ>b£dﬂﬂh5~/§§§bn95%RH and wei gh | oss of

63. 4% during the rption from95%to 5% RH, resulted in hygroscopic
matersal (tacky. JERThe ChtioTiRat SR na DY ECR (RS SEIVET 0 & ho

absorption curve losmma;emw%z apche®d BYHSRIR Mt days. aver age per cent age wei ght

| oss of 8.7% corresponding to 2 noles of water per API.

[ 0263] Del i qguescence was observed during DVS neasurenent. Conplete

del i quesce was al so observed when expodBANMPLES% RH for 3 days. The

post - DVS sanpl e recrystallized to a new form ternmed Form B, when exposed
to 53% RH for [0264] Pot aSSI um sal t For m A exhibits relatively

hi gh aqueous soI uﬂl?l@i))/]ty P iRz iparphli ] (53 : REi. Bollweeygallinity

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. Tt 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 gencrated by mixing equal molar ratio of API solution in methanol with

basc solution in methanol. Solid salt was collected by anti-solvent precipitation in
cthet,

{0262]  The DVS data of the potassium salt Form A (Figurc 4) suggest that the
potassium salt is cxtremely hygroscopic. The material exlhibits 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 APIL
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[ 0265] Pot assi um salt Form B was obtai ned from post-DVS sanpl e exposed to
53% RH as descri bed above. Form B was al so obtained by exposing FormA to
53% RH for Il days at roomtenperature. Form B was al so generated directly
froma m xture of methanol/water (54% RH) by fast cooling fromRT to
refrigerator or from60 Cto RT as shown below in Table 11. Table 11.
Condi tions 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
refrigerator for 1 day. . Mcroaystals in yellow oil Fom B d of

MeOH wat er (72: 2B631v/ Vel@scadstosh dordd dahegdlV PotaGashem Sahplettorm A Sanpl e

was heatedto- C on a dataplate for - oIv Kept at RT
for | day. Needf "IE‘FSfJ%‘E"é’r‘g @?R’Vﬁ'@)ﬂ‘r‘i"é“"‘[bffgt@gis#ﬁg?%\éqﬁét &% pot assi um
salt Form B (Fi guiipg ©Jrysalige sita delydbrnformdsons Bexhmerpdsyd ﬂn;ﬁ@%d?s}tﬁ)pl c (Figure
4). The materi al gxhl bits a weigh galn of -70% during the sorption step
from5%to 95%#2*4 Ydnd wei gh loss of'-66% during the desorption step from
95% t o0 5% RH, r &Ra#lt edPitassicelsilgiies eckhivis eitiadly high pluadue seivbilty Col8ser ved in
the absorption nd 65% RH with an average percentage

wei ght gai n of %q?é"%ﬁﬁéﬁ%ﬁﬁ@?‘%’% to 2 noles of water per API. [0267] Form B
appears to be uf@babl elotEsirmstoivanswaspbamediremn doswRey bé‘%iﬁi@@ws%*éol ow

hum dity (P905) 59%0@{@\({@%%&%@6@9?@5% %as(ﬁ\% o@amcf&ré%gslr%@%\’rﬁﬁxtt@d to a new
form nanely Form C,  when exposed to P20 6 days. It desol vated into a

mxture with FoP#eRHdeh @xwg@al tp*apwue F%fn %Wawg soreaiEg o was

obt ai ned by eXp@%hﬂgclé%mmﬁowdzm%@ ke bﬁﬁlaay&ma NowmfRIr th Rengeeharoact eri zati on
data on this form _FE Pol ynor ph Screen O

(S)-3' - (01D DADETMER %6%%@%%%%&‘1? W 6?%‘@ Pot assi um salt Form A was
subj ected to a brief polynorph scr eenTamelia.r ge scal e pr eparati on was
conduct ed t o geperate-sal-t—for—an—abbrevit-ated—pol-yrorph—s FoSPD
3' - DADFT- PE. KOH sal t was digs@hogd i n any one ofesagloani trile, ethyl
acet ate/water, | sopropyl alcohol, thyI etryl ketone, orj Resuit
tetrallyclrofur ainbomaﬂ?fd'leéﬁma?m(‘gﬁ”za Wv)b\ifals‘ﬁ&d(l:ld evaporat+ on (dryimg)y—ei t her at
roomtenperaturp or Tn a convection ‘or vacuymmebystatina ¢ enperature from
room tenperat ur g ©d78¢ o«Cpothsunplt Fom20 Hdyls.| The sl ow evapoFawifon|att enpt
iD“‘ECHIe onl y nethod that

fromacetonitri Eg Eﬁ gjonen\?(é]
yi el ded appreci dg&)l\% E'Ml BrORPRL 18 bel ow.in Table 12

S wl of McOH/water (72:28, v/v) was added

to 14 mg of potassium salt Form A, Sample Needie clusters

Form B
was heated to ~60 °C on a dataplate for ~15 B/E

min. Solid dissolved. Kept at RT for 1day.

[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% t0 95% RH, and weigh toss of ~66% during
the desorption step from 95% to 5% RH, resulted in deliquesced material. A
phateau was observed in the absorption curve between 35 and 65% R with an
average percentage weight gain of ~8%, corresbonding io 2 moles of water per APL
[0267] Form B appears to be unstable. Form conversion occurred when
exposed to low humidity (2205) or clovated temperature (40 °C). Form B
converted to a new form, namely Form C, when exposed to 205 for 6 days. It
desolvated into a mixture with Form A when exposed to 40 °C for 6 days.

[0268] Form C was obtained by exposing Form B in P20s for 6 days. No
further characterization data on this form.
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Table 12. Starting material Solvents Conditions Description XRPD Result

.Potassi um sal t ACN SE, 40 C convection oven 20 days Yellow solid
:Crystalline (FormA) EtO0Ac H20 SE, 50 C vacuum Oven 20 days convection
oven 20 days Yellow oil Yellow gel - SE, 60C |IPA

EXAMPLE 7

Abbreviated Polymorph Sercen Of (5)-3’-(OH)-DADET-PE Potassium Salt

[0269]

Potassium salt Form A was subjected to a brief polymorph screen, A

large scale preparation was conducted to generate salt for an abbreviated polymorph

screen. 3T-DADET-PE-KOH salt was dissolved in any one of acetonitrile, ethyl

acetate/water, isopropyl alcohol, methyl ethy! ketone, or fetrahydrofuran, and

subjected to solvent evaporation (drying) either at room temperature or in a

convection or vacuum oven, at a temperature from room temperature to §¢ °C, for

up to 20 days. The slow evaporation attempt from acetonitrile at 40 °C ina

convection oven was the only method that yielded appreciable solids. Resuits arc

shown below in Table 12.

Table 12,
it::::;;% Solvents Conditions Description )éeRsiﬁ
SE, 40 °C Crystalling
ACN convection oven | Yellow sohd rystaiine
20 days (Form A)
Y
SE, 50 °C
EtOAc¢ HO vacuum oven Yellow oil -
20 days
Potassium SE, 6.0 °C
IPA convection oven Yellow gel -
sajt
20 days
. RT slutry to Yellow tacky
MEK solution, SE gel )
SE,RT
vacuum oven
THF 2 days, Yellow gel -
80 °C convection
oven 20 days
I*otassium Sim}zlatccll FE at RT Ycllovs'f tacky A
salt gastric fluid oil
Tacky yellow | Mixture of
Solvent vapor chunks and Fm:m A
Acctone exposre finc {major) &
birefringent Form B
needles (minor)
Solvent vapor Yellow
ACN exposure c‘hux}lfs and Form B
birefringent
specks

71




MEK RT slurry to solution, SE Yellow tacky gel - THE SE, RI vacuum oven 2

days, 80 C convection oven 20 days Yellow gel Yellow tacky oil Potassium
salt Simulated gastric fluid FE at R Acet one Sol vent vapor
Startufg Solvents Conditions Description XR_PD
material Result
Solvent vapor Sample
CXposure deliquesced
. (Yellow )
THE liquid with
birefringent
particles)
EXAMPLE 8

Differential Scanning Calorimetry Analysis of (8)-3’-(OH)-DADEFT-PE

Potassium Salt

[6270]  The thermograms of the potassium salt Form B are displayed in Figure
6. The DSC curve cxhibits 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 Forim A to Form B.

EXAMPLE 9

[0271] Zing salt of (8)-3°-(OH)-DADFT-PE. The crystalline zinc salt was

generated by mixing cqual molar ratio of API solution in methanol with base shury
in McOH/H,O {8:1, viv).

[0272]  The proton NMR spectrum of the zine salt confirms the integrity of the
APL Significand peak shifting was observed for the aromatic proions 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.

02731  The zinc salt appears to be non-hygroscopic. It remained physically
unchanged when exposed to 75% RH for 3 days.

[0274]  The zinc sait cxhibits a low aqueous solubility of ~1 mg/ml.
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exposure Tacky yell ow chunks and fine birefringcnt needles Mxture of Form
A (mjor) & FormB (mnor) ACN Solvent vapor exposure Yell ow chunks and
birefringent specks FormB Starting material Solvents Conditions
Description XRPD Result THE Sol vent vapor exposure Sanple

EXAMPLE 10
Single-crystal x-ray Diffractometric Structural Determination Of
($)-3-(OH)-DADFT-PE Zinc Salt

[0275}  Crystals of a potential Zine salt of (8)-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
0f 0.054 (5.4%). Usually R-values in the range of 0.02 to 0.06 arc quoted for the
most reliably determined structures. The molecuic observed in the asynumetric 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 (5)-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 Zing molecules and the fifth
coordination site is filled by a water molecule.

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

[6279] Thercfore, the absolute configuration of the model in Figure 3 is conreet.
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 proposcd configuration. Additional specifications are given below in Table
13.
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Fooo 500

welghiing

V[ (FAH0.0597PY+1 1690P

R 12677

where P=( F,"F2F,)3

data collected:

unique data 4609

Rint 0091

data used in refinement 4509

cutoff used in R-factor calculations Fo'>2.08(F5%)

data with J=2.0s{]) 3915
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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

is consistent with the proposed configuration.
are given below in Table 13.
wei ght 480. 84

C,

A 16.2380(11)

space group P 1 211 (No. 4)

b, deg 90.474(2) v,

Addi t i onal
Tabl e 13. Fornul a C18H25NCBSZn
a, A 11.6979(7)

A 1023.29(11) Z 2

speci fications

fornmul a

o,

A 5.3873(3)

number of variables 272

largest shift/esd in final cycle 0

R(F,) 0.054

Ru(Fs") 0.117

goodness of fit 1.054

absolute structure determination Flack parametar® (-0.01( 2))

EXAMPLE 11

Solubilities of Salts in Various Solvenis

[0280]  Approximate solubilities are calculated based on the total solvent used to

give a solution based on visual ingpection, Small aliquots of solvent are added to a

weighed sample with agitation. Actual solubilities may be greater because of the

volume of the solvent portions utilized or a slow rate of dissolution. Solubilities are

reported to the nearest mg/mL. Simulated gastiic fluid (SGF) was preparcd

according to the 2008 USP vol. 1, p 817 except without pepsin,

Table 14.
Potential Salt of Approximate
(S)-3'-HO-DADFT Solvent Solubility
calcium Water <2

magnesium Water > 48

Zing Water <]
potassium Water >43
potagsium ACN >6
potassium EtOAC/H,O >70
potassium IPA > 68
potassium MEK <7
potassium THF ~5
magnesium SGF =z 50
potassium SGF =230

zine SGF =39
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(lonic, g orn-3 1.56 crystal dinensions, nm0.50x0.10x0.05 tenperature,
150 radiation (wavelength, A no Ka (0.71073) Monochromator graphite

| i near abs cod, mm 1.369 absorption correction applied enpirical’
transm ssion factors: mm nmax 0.50, 0.93 Diffractonmetcr Noni us KappaCCD
li, k, I range -14 to 15-6 to 6 -21 to 21

EXAMPLE 12
Aftempts to Produce Salts of (8)-4'-(OH)-DADFT-PL

[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 couid be
applied to find salts of any compound of Formula I. The methods employed may
produce the following salts: 1-carboxy-4-guanidinobutan-l-aminium (8)-2-(2-
hydroxy-4-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-4-mothyl-4,5-
dihydrothiazole-4-carboxylate, calcium bis-[(S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxyethoxy)phenyl)-d4-methyl-4,5-dikydrothiazole-4-
carboxylate], calcium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxycthoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
hydroxide, choline (8)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxyethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 2,6-diammoniohexanoate (8)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 2-hydroxyethanaminium (3)-2-(2-hydroxy-4-(2-(2-{2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 2-amincethanaminium (8)-2-{2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
catboxylate, 2-ammonio-3-(FH-imidazol-3-lum-4-yDpropanoate (8)-2-(2-hydroxy-
4-(2-(2-(2-methoxyethoxy)ethoxyJethoxy)pheny)-d-methyl-4,5-dihydrothiazole-4-
carboxylate, 4-(2-hydroxyethylmorpholin-4-tum (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, 1-(2-hydroxyethyDpyrrolicinium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxylethoxy)phenyi)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, [-(2-hydroxyethyDpiperidinium (S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyi-d,5-dihydrothiazole-4-
carboxylate, magnesium bis-{(S)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxyethoxyphenyl}-4-methyl-4,5-dikydrothiazole-4-
carboxylate], magnesium (8)-2-(2-hydroxy-4-(2-(2-(2-
methoxycthoxyethoxy)cthoxy )phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
hydroxide, 2,3,4,5,6-pentahydroxy-N-methythexan- L-aminium (S)-2-(2-hydroxy-4-

(2-(2-(2-methoxyethoxy)ethoxy)ethoxy phenyl)-4-methyl-4, 5-dihydrothiazole-4-
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2g range, deg 4.31-55.00 nositicity, deg 1.84 prograns used SHELXTL Foce
500 weighting u[s2(F02)+(0.0597P)2+1. 1690P where P=( :a2+21;',2)/3 data

coll ected: 12677 wunique data 4609 Rio 0.091 data used in refinenment 4609
cutoff used in R-factor cal cul ations F02>2.0s(F92) data with >2.0s(1) 3915

carboxylate, piperazin-1-iwm (8)-2-(2-hydroxy-4-(2-(2-(2-
methoxyecthoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, potassium (8)-2-(2-hydroxy-4-(2-(2-(2~
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazolc-4-
carboxylate, potassium (S)-2-(2-hydroxy-4-{2-(2-(2-
methoxyethoxylethoxyjethoxyphenyl)-4-methyl-4,5-dihydrothiazole-4d-carboxylate
2-ethylhexanoic acid, sodium (8)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
2-cthylhexanoic acid, sodium (S}-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)cthoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
acetic acid, sodium (8)-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-
carboxylate, {,3-dihydroxy-2-(hydroxymethyDpropan-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-d4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazol-3-ium
hydrochloride, (8)-4-carboxy-2-(2-hydroxy-4-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazol-3-lum
hydrogen sulfate, (8)-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-
methoxyethoxyjethoxy)ethoxyphenyl)-d-methyl-4,5-dihydrothiazol-3-ium 4-

methylbenzenesulfonate.

Table 15.

Base e . XRPD
(Base:APT) Conditions Observations Results

Added basc to APLin TFE (few
particles). Addition of TFE (clear),

. addition of heptane (immiscible). Yellow film i
L-arginine RE, RT to ~40 °C
(1:1) From above, added TPA, sonicated, | Unknown Arginine A
VF (sticky solids), stored over morphology, (1 small low
P205 opaque angle peak +
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nunber of variables 272 |argest shift/esd in final cycle 0 R(FO) 0.054
0.117 goodness of fit 1054 absolute structure determ nation Fl ack
paranmeter') (-0.01( 2)) EXAMPLE 11 Solubilities of Salts in Various

Sol vents [ 0280] Approxi mate solubilities are cal cul ated based on the total
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 may be greater because of the volune of the solvent portions

utilized or a slowrate of dissol ution.

Solubilities are reported to the

nearest ng/nl. |Sinulated gastric fTuird (SOF) waggppepat®s pgenrdingjto the
2008 USP vol . 1|, p 817 egxcept w thout pepsin. Tebbert4. Potential Salt of
(S)-3'-110- DADRT Sol vent} Approxi mate Sol ubilitypgadig um Water <2 nagnesi um
vater Added base to AP 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:h) hazy few particles), hot filtered
(hazy solution}, SC attempt from
~H) °C1to RT
From above, FPE attempt (clear), Unlfnlovirn Calci
RE, ~ 60 °C (thin filro) g;‘c“p tology, no | Caleum B
APl in ACN:water (4:1), added Unknown
solid base (solids), sonicated morpholos
(floceulated solids). Slury, ~37 ma(pue &Y Calcium A +
°C, overnight (flocculated solids), ,11 rle atos. 10 Ca(OH)2
VF (damp small spherical ;jig BRCS,
Ca(OH), particles), VO, ~54 °C
@:1) Fg{t;itg from above, RE, ~35 t0 Eiln )
Solids from above, prior VO Unl?n[ov;n
Added MTBE. Agitation, RT, ~L | Z0F 208N | Calcium A +
day (small droplets, white 01’3“"" e ‘;? Ca(OH)2
suspension) followed by VF T AZBIOZALES,
no b/e
Added bage in [PAwater (1:1.3) to
APlin
[PA at ~G0 °C (slightly hazy). FC | Hazy, NS -
attemnpt
from ~60 °C 1o RT
_— From above, VD with IPE (oily
E;{ilg:; do material}, :s‘onicated and triturated
(D) {cloudy, cily 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
MecOH, somicated {clear), added Oily material -
EtOAc with final [:2 ratio, SE
L-Lysine Added aqueous base to APLin NS i
tH ) EtOH (clean), kept in refiigerator i
From above, FE Sticky material -
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> 48 zinc Water < 1 potassium Water > 48 potassium ACN > 6 potassi um
Et OAc/ FI 20 > 70 potassium | PA > 68 potassi um MEK <7 potassium THE -5
magnesi um SG- > 50 potassium SG- > 230 zinc SGF

From above,

Added IPA, sonicated {hazy, sticky
gel), heated to ~65 °C (hazy, sticky
gel), added IPA (cloudy), VF (fow
solids), stored over P,Qs

Unknown
motphology, no
bic

Lysine A
(disordered)

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

Small oily

Ethanol- triturated, SE (oily gel), added droplets in -
amine EtOAc, triturated. Agitated, RT, ~2 | yellow solution
(L) days

From above, RT Sticky material | -

APl in acetone, added base in Brown oily mass

acetone. SE (sticky gel), triturated, | . darl 1}; as
EDA SE (oily gel), added MTRBE, i capic yerow )
(1:1) triturated. Agitated, RT, ~2 days solution

From above, solvent decanted, .

Oily mass -

blew N2

L-Histidine
(11

Added base to API in EtQAc
(solids). Siutry a, ~40 °C, ~2 days
(solids). Beated to ~ 60 °C, added
TFE (solids), kept at RT. Added
water (solids), heated to ~ 60 °C
{solids), added water (clear), SC
{emulsion, no solids). RE, RT, ~30
min (sclvent present), RE, ~55 °C.

Sticky maticrial

Unknown
morphology,
From above, added EtOH, opagquc L-Histidine
sonicated (Ppt), VF aggrogates, some | + peak
b/e on fow
particles
4-(2- Added base to APT in EtOH
Hydroxy- (clcar). Stirring, ~4 hr (clear),
cthyl added heptanc (hazy solution). Sticky material | -
morpholine) | Kept in refrigerator, ~1 day (hazy
(~1:1) sohution). RE, ~60 °C

From above , added THF,
sonicated (clear) added heptane
(cloudy, oily material). Kept at RT,
~5 days. RE~60 °C

Sticky material

From immediately above, added
EtOAc, sonicated (hazy), triturated
(few finc solids), FE

Sticky matetial

From immediately above, added
MeOH:water (6:1) (hazy solution).
Agitation, RT, ~4 days (clear).
Added water, sonicated. Kept at
RT, ~1 day (hazy). RE, ~55 °C

Sticky materjal
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> 39 EXAMPLE 12 Attenpts to Produce Salts of (S)-41-(OH) -DADElI T- PE

[ 0281] The results of an
conpound,

could be applied to find salts of any conmpound of Formula J.
enpl oyed may produce the follow ng salts:

kam ni um (S) - 2- ( 2-

hydr oxy- 4- (2- ( 2- ( 2- met hoxyet hoxy) et hoxy) ot hoxy) pheny1) - 4-i net hyl

di hydr ot hi azol e- 4- car boxyl ate, cal cium bis-[(S)-2-(2-hydroxy-4-(2-(2-(2-
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(S)-4c(OH) - DADFT-PE, are given below in Table 15. The nethods
The met hods
1- car boxy- 4- guani di nobut an-

met hoxyet hoxy) et hoxy) et |
carboxyl ate], c¢al cium (
nmet hoxyet hoxy) ¢t hoxy) et |
ot hi azol e- 4- cannboxyl at e
met hoxyet hoxy) et hoxy) et |

NOXYD RReOME) Moreidayd - 4]
BIP R sbcUN QG y, 4dtidd ( 2(
IQ%WIPheemyéAtccﬂ(xngmap hyl -

Ny, axibded sGhalyinas).( S)

1GRyinpIEmy4 )

ayd- met hyl - 4

5-di hydnt hi

lgal salixf}i%pd
(2- hydrox
. 5-di hyclro

azol e- 4-

-4-(242-
t hi azol e-

car boxyl ate, 2,6-di anmoi
nmet hoxyet hoxy) et hoxy) et |

ey many 1) -

Fehexanaaics HS); 8 Rh h

4- et hyl -

a] SR o

-(2-(2-(2-
hi azol e- 4}

car boxyl ate, 24{hydroxyet
met hoxyet hoxy) et hoxy) et |
cal boxyl ate, 24{am noet hé

16X Y RPELY dilo

RARANT.L 1§ Rp{ R dr Q&ﬁby

e &% Dy -4

1nam1n|un1(8) 2-(2- hydr

dr oxy-4- (2-(
OXY- 4- (2 (2-

ocdi fe di hydr ot hii

2-(2-
i_,azol e-4-
(2-

i net hoxyet hoxy) et hoxy) et
car boxyl ate, 24ammoni o-

hHoxy)phet

3FrHber: Rz

=A=methyt=

ol , 3-ium4-

A5 =ctihydr

sKbpaRdEt o

(S)-2-(2-hydroxy4- (2-(2-
-d i hydrothi az¢l e-4- cafp
(S)-2-(2-hydroxy-4-(2-(4
met hoxyet hoxy) et hoxy) et I
car boxyl ate, 14(2-hydro
nmet hoxyet hoxy) ¢t hoxy) et K
car boxyl ate, 14(2-hydro
nmet hoxyet hoxy) ¢t hoxy) et |
car boxyl ate, ng

y&tet ylkiypiorm

Fdmimainkarmeet JDG‘)@yﬁcﬂéd’l 0X
biosystond esonidaté X cloyglr oxy
 add@d IPE (hazy).
1 Golly npiveinly, ipeaditeriediopd, - 4

Kept at RT, ~2 h

ohniditeli um (

1énhyqﬁp¢ﬂ§¢ﬂy@§panﬂadnmﬁw¢n¢I-

yakaudy) DS pip ér iciigpate

ey )

ki anyeeyer 4<2rer gl
TH;\LLMISNR-LQN (7hydr oxy- 4

y)ethoxy)phe
et hyl ) mor pho

5-di hydr ot h
SyticRy (n@tchaidr

L 2- (2- hydr ox
4] 5-di hydr ot
(2-(2-(2-

5-di hydr ot hii azol e- 4-
y-4- (2-(2f
azo | et

i n-44um

i azol e-4-
oXy-4-(2-

hi

OIhiazoie-

nyl) - 4- meg

-4, 5-

[ 2-
N

car boxyl at ek g
met hoxyet hoxy) ¢t hoxy) et hé&
| at e hydroxide| 2,3, 4,5,
(S)-2-(2-hydro

t hoxy) pheny1l) - 4-1
pi perazin-I-iunm
met hoxyet hoxy) ¢f1id
car boxyl at e,
met hoxyet hoxy) &
car boxyl at e,

tﬁ‘brﬂ"&

= dc g)w

ipely- apovpetddgd
83002 QUCH @E“éﬁx‘ - ld dz

Fpptat ”Fu(:fﬁ

FoqedyE

ﬁim

4| 5- di hydrot h

(B-(2-

- Bony ghidydr ot

| hcx an- |

i azol c- 4-

- am ni um

hi azol e- 4t

car boxy

;t%xgtu’l H Iﬁp

fﬁﬁ% rﬁ“‘ 1
%r{% } 3

2F1Y(

S{%“O "%&hy

’ﬁ ?E 1- 4

b%l
lz‘Az

ct hoxy) e
B

pa |
A

5-di hydroth
( Rol2material
5-di hydr ot h
(2-

nmet hoxyet hoxy) et hoxy) et |
car boxyl ate, 1, 3-dihydrq
hydr oxy- 4- (2- (2- (2- met hd
di hydr ot hi azol ¢- 4- car boy

réﬁa’é’
l%ﬁd‘é@%ﬂ&&

)mmoxy et
yhahed (S)-

&%

;[1 Lnéﬂ’ecﬂg%

ltd!lon
I Iy J. ’-l-

méj?é hydr
RS ar

sﬁv&a
RGNy -

D ¥Mirolnif, MY S LORY, rm&elayppr 0

hoxy) et hoxy
4- car boxy- 2t

5=dit-hydrot
OXy-4-(2-(2-
5-di hydroth
3xy-4-(2-(2-

r-haobey
L~

\ at ~
I\]I “ucT v

i azol e- 4-

i azol e- 4-

hi-azote=4=¢

(2-
i azol e- 4-
(2-
i azol e-4-

4} fz Q1 bydr ot h
(A

atertl
4; 5-di hyt hot h
ban- 2-am ni u

(2- hydr oxy-

) pheny1l) - 4- et hyl -

i azol c-4-
m (S)-2-(

4(2(2’(

ar boxyl
car boxyl

car boxyl

D -

%

nmet hoxyet hoxy) ¢t hoxy) ct |
sul f oet hanesul fionate, (§

0¥ PRIy AorE iy 1- 4
)l den€ ALPIORY bidw (2- hydr ok

glicgy (tht (zﬁ (

i hydr.othi azol -

-

I um 2-

nct hoxyet hoxy) et hoxy) et
hydr ochl ori de, |(S)-4-car
nmet hoxyet hoxy) et hoxy) ct |

syt phay, L)

18X Rhsnd)y dotetdpd - 4
v Wodeatod(RY Ao RX Yibds)( 2+

éset hyl -

Hiion,

g?dlh%

dr ot hii azol

dlhydrothnazol

-3-1

m

m

hydr ogen sul fate, (S)-4-
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XRPD Results L-arginine (1:1) Added base to AP

Addi tion of TFE (clear),
Yellow film
over
aggr egat es,

From above,
P205 Unknown nor phol ogy,

) - 4- car boxy- 2- (2- hydr oxy- 4- (2 (2-(2-

hyl -

4, 5-di hydr ot hi azol

-3-ium 4-

Tabl e 15. Base (Base: AP1) Conditions Cbservations

addi tion of heptane (inmm scible).

added | PA, sonicated VF (sticky solids),
opaque Arginine A (1 small
some b/e on few particles hal o) Added base to API

in TFE (few particles).

RE, RT to -40 C

stored
| ow angl e peak +
in EFOH



NS From above,
nor phol ogy,
(solids),
(fl occul ated sol

Unknown nor phol ogy,

FP.E attenpt (clear),
no b/e Cal cium B API
soni cat eci

ds),

(fl occul ated solids).
VF (danp snall
Opaque aggr egat es,

RE,
in ACN: wat cr

spheri cal

1), added s
-37 C, ove

VGO,

60c (thin film Unknown
(4:
Sl uny,
particles),
no b/c CalciumA + Ca(OH)2 Filtrate

olid base
r ni ght
-54 C

fromabove, RE, -55 to -80 CFilm Solids from above, prior VO Added N TRE.
Agitation, RT, - | d ay (small droplets, white suspension) followed by VF
Unknown nor phol ogy, opaque fl akes and aggregates, no b/e CalciumA +
Ca(OH) 2 Added bage T IPA] W@B&rba&ﬁoi\?ﬂn TEARPT TN I'PA At -60] C (STightly
hazy). F C attenpt from - 6Qkmt &irRls, RAZY: iNop Fr oftigiipbeey, VO with | PE| (0ily
mat erial ), sonicated and t%&%@;\g@ﬁg@ ;phlﬂaém;pl | yolneEpiohl ), [ kept at RT.
/TB attenpt (clear), addedpaeh difegd) t | /v p#azy), RE, R, -BO nin
followed by RE, 160 "C Sti¢ky: J%%@@&@htedé‘dmm immedi at ey aboye,  added} MeOH,
soni cated (clear);(added Lti@;ﬁ@dygt(;ng Bhiaadd [l Lrai bRy metsrid | y| materi al
Added aqueous basgydiexyAPl {isp Et01-1 (cl ear ept in refrigefator
ethyl) From immediately above, added
piperidine MeOH, sonicated (slightly hazy),
(1:4) added EtOAc, sonicated (hazy, oily
droplets, immiscible layer). SE . .
witg stirring (few sticky solids on Otly material )
the wall, clear solution), FPE
attempt (reduced solvent, sticky
solids), RE, ~65 °C
Added base to API in EtOH (hazy
solution, solids present), added
water (hazy solution, solids
present), sonicated for ~10 min NS i
(hazy solution, fine solids present),
VE (no solids), filtrate collected,
Mg(OH}, added water to filtrate (hazy
(1:1) solution, few fine particles)
Elé),ni 28%\83, FPE attempt (clear). Sticky material | -
From immediatcly above, added .
IPA (cloudy, solids), added IPE Unknown Magnesium
. e : morphology, no | A (1 low
(cloudy, solids). Kept in freezer, ~2 be angle peak)
days (solids), VF, blew N2 (solids) glep
APT in ACN:water (4:1), added
base (solids), sonicated (solids).
Slurry, ~37 °C, overnight (solids), |~ i
VF solids off
Mg(OH); g‘oa:ﬁ; l5‘;ohds and
&b Filtrate from above RE, ~55 to ~§0 | CoKROWn Magnesium
o ? morphology, red | A (1 low
aggregates, some | angle peak)
b/e on few
particles
NMG Added API in EtOH to base,
(10 sonicated (clear). SE (no solvent, Sticky material | -
’ sticky material), blew N2
From above, added MeOH, Unknown
sonicated (clear), added EtOAc morphology
{some precipitation). Slury, ~5.5 opaque NMG A
hrs (viscous material), washed with | aggregates, no
EtOAc, VF b/e
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NS From above, FE Sticky materi al From above, Added I PA, sonicated
(hazy, sticky gel), heated to -65 C (hazy, sticky gel), added |IPA (cloudy),
VF (few solids), stored over P205 Unknown norphol ogy, no W Lysine A
(disordered) APl in chloroform added base in chloroform(clear), SE
(sticky gel), triturated, SE (oily gel), added EtOAc, triturated. Agitated,
W/, -2 days Small oily droplets in yellow solution From above, RT Sticky
material APl in acetone, added base in acetone. SE (sticky gel),
triturated" SE (oily gel), added MIBE, triturated. Agitated RT, -2 days
Brown oily nmass| in dark yertow solution Fromm appyg.,Sot vept—decanted, bl ew
N2 Gly nmass Added base A@c&ﬁbimluﬁhgta%gé(@@él ¥h01$ rry a, -40 C, -2 '
days (solids). [Heated tq (e p&;,cdﬁ (soli at RT. Addged

wat er (solids),| heated tOAgxta@Q& fr (s fsq% addeq é{@%@g,sfg‘gg par), SC
(enul sion, no splids), Efoliﬁl%dbﬁ@@(d@]xd& &Qimd?nt bRLESENT), RE -55 C| Sticky
material Fromlabove, added EtO soni cated (Pptduicidz Unknpwn nor phol ogy,

opaque aggregaties, sonme VQieDAPBWERS lo'iadcesS

)

(viscous material), shook vial Unknown

(smali pieces of viscous material). | morphoiogy, Piperazine A
Stirring, RT, ~1 hir (clear) followed | some b/e

by FE

Added base to APLin TFE (clear),

addition of toluene (clear), Sticky film -

sonicated (clear), RE, RT
From above, dissolved film in

f | BtOAc, VD from FtOAC/DEE, ~5
hrs (white solids and orange oily Unknown
residue), sonicated and triturated sholog
{some oily residuc remained). morp ? 08Y
Slurry, ~37 °C, ~1 day, triturated pr ac.gut,' - Piperazine A
{(orange oily residue persists), VE [;gg‘gwg?t‘cs, some
(white solids deliquesced), stored (’ onl (’W
over P205 (orange sticky partictes
material), blew N2 (shightly tacky
solids), placed back into P205
Added agqueous base to APl in
KOH EtOH (clear), added water (clear Sticky materi
(~1:1) solution). Keptat RT, ~1 day {no ticky matertal )

solids), RE, ~50°C

From above, added acetone,
sonicated (fow solids), heated to
~50 °C (few solids), added IPE
{cloudy). Kept at RT, ~5 days (oily
material}, sonicated, friturated Sticky material | -
{(hazy solution, oily material), kept
at RT (clear solution, oily
material), solvent decanted. VO,
~85 °C,~2 days

APIin chloroform, added Sticky vell
methanolic base, added hexanes | ‘C\X yorow .
(cloudy). RE, RT material
From immediately above, dissolved
material in BtOAc, sonicated Clear solution
(clear). VD from EtOAc/DEE, ~5 L TR
hrs, triturate oily solids, Yoft oily material
stantding capped

Dissolved APLat ~75 °C in EtOQAc,
added

Sticky oit
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L- Hi stidine + peak 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 material From above , added THE, sonicated
(clear) added heptane (cloudy, oily material). Kept at RT, -5 days. RE, -60
C Sticky material - Fromimmedi ately above, added Et OAc, sonicatecl (hazy),
triturated (few fine solids), FE Sticky materi aI From i nmedi atel y above,
added MOW I :water (6:1) (hazy sol ution). 9 on, RF, -4 days (clear).
Added wat er, sohi cat ed. %Ehd nofic e (cloph)g dgl Wélz ). RE, -55 [C Sticky

mat eri al Frofm i nmedi af & )a“b? \‘iét"d(ﬁlffd' B PA™ Soni cated (c| oudy),  afided

nore WA, sonicated (slig =ra }Sl slightly hagy). Stirring RT
-4 days Clear s¢lution, NS ‘t““ ’a)ove, SE with stirring, RT
Gly mater al 1-(2- Hyd ‘““" ‘ (?f{‘i (-1: 0 Added base tp API
-in EtOH at -60 C (clear) ‘*”534* rnm Si-t+-o—FF—NS rom-aboeve, FE

From lmmc‘("hafé y above, Ly
MeOH, sonicated (clea ), added
water (clear) with final 4:1 ratio. Oily material -
Stirring, RT, ~3 days (clear, no
solids) followed by SE
Added methanolic base to API,
added methanol (clear), sonicated
(clear). VD with IPE, ~4 days (oil),
triturated, kept at RT, ~1 day {gel),
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 -
Stirving, RT, ~ 3 days (¢lear, no
solid) followed by SE
Added tricthylamine to API in IPA
{clear), added basc in /-
BuOH:DCM (1:1) (clear). Stirving, | Clear solution -
RT, overnight {clear), added IPE
{cloudy). Agitation, RT, ~3 days
Potassium From above, added IPA at ~ 60 °C,
2-cthyl- {small amount of oily material),
hexanoate added IPA (clear), SC from ~ 60
(1:1) °C to RT (hazy). Kept at RT i
(clear), added IPE (cloudy, fine | > oho” Cllfg ;
solids), kept at RT (clear, oily solution,
material}, added heptance (slightly
hazy). RE, ~60 °C (sticky
material), added EtOAcg, triturated
NaOAc Added aqueous base to APl in
(1:1) EtOH {clear solution). Kept in NS -
refrigerator, ~ 4 days

Sticky oil -

From above, FE Sticky material -

From immediately above, added Sticky material -
THF, sonicated (hazy), heated to
~60 °C (hazy), added heptane
(tacky sofids), decanted solvent,
added THE (slightly hazy), added
decanted solvent (cloudy)BXept in
refrigerator, ~15 min, kept in
freezer, ~2 days (sticky material).




Sticky materi al From i nmedi at el y above,

added chl oroform sonicated

(clear), added IPE (hazy). Kept at RT, -2 h (oily material), decanted
sol vent, added chloroform sonicated (clear), added decanted sol vent
(cloudy). Kept in refrigerator, -15 nm kept in freezer, -2 days (oily
material). RE, -60 C Sticky material - Frominmmediately above, added MeOH,
sonicated (clear), added EtOAc (clear), kept at RT (few solids, cloudy),
FE, added EtOAc, triturated (few fine solids), kept at IC, -4 days (few
fine solids), SE Gly materi al From i mmedi at el y above, added ACN: wat er
(4:1), sonicatgd (slightfigg bggsp, added nore ACN water (477 1), sonitat ed
(slightly hazy)|. Agitatijon, RT, -11 days (cleaf). RE, -65 C Oly materi a
Added base to APl in EtQAc (clear). Stirring, +1 hr (clear), VD from
EtOAcif PE (oilly materigl), sonicated and triturated (cloudy, oily
material), keptj at RT, golvent pipette(' off, blew N2 (stilcky materjal),
kept at RI', added MIBE,| triturated Hazy, oilyimateri al From i medi atel y
above, (oily, golvent drloplets) blew N2 Sticky;nmateri al From i mmedi atel y
above, added | RA, sonicdted (NS, sone fibers).!|Agitation, -4 days
From above, added EtOAc, Unknown Sodium A
triturated, sonicated (shightly hazy), | morphology, no | (I small
kept at RT (few solids, cloudy). FE | b/c pealk)
Added tricthylamine to APT in [PA
Sodium 2- | (clear), added base in /-
Ethyl- BuOH:DCM (1:1} (hazy). Stirring, . o
hexanoate RT, ~2.5 hrs (hazy) followed by Sticky material
(L:1) IPE addition {cloudy), kept in
freezer, ~4 days
NaOH Added aqueous base to APT in '
(~1:1) EtOH (clear), added water (no Sticky material -
solids). RE, ~55 °C
From above, added EtOAc,
sonicated (hazy solution, solids), . e
heated to f GOX’C (solids), VF (?wery Sticky material )
few solids), filtrate collected, SE
APLin acetone, added methanolic
base (¢clear), sonicated (clear),
added IPE, sonicated {oily
aggregates), decanted solution, .
redissolved oily aggregates in Hazy, sticky -
acetone at ~ 60 °C (clear), added material
warm decanted solution {loudy),
CCS (dry ice/acetone) from ~ 60
°C (cloudy). Kept in freezer
APl n 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 10 RT
Basc in MeOQH. Addition to API,
sonicated {(clear). Addition of IPE
(oily substance). RE, RT (oil) NS -
followed by VD from
McOH/DEE
APlin chloroform, added Unknown
mcthauoh; bgse (clceu"), added TPE | morphology, Sodium A
{cloudy), sonicated {oily opaque (NP)
aggregatesy. VF, blew N2, stored agglegates, no
solids over P205 b/e
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Clear solution, NS Frominmedi ately above, SE with stirring, RT, -1 day
Qly material 1-(2- Hydroxy- ethyl) piperidine (1:1) Added base to APl in

1Et0Ac (clear). Stirring, RT, -1 hr. VD fromEtOAc/IPE (oily material),
‘soni eated, triturated Slightly hazy, oily material, oily nass From above,
decant ed sol vent, added acetone, sonicated (clear), SE Qly material From

I mredi atel y above, added MeOl -1, sonicated (slightly hazy), added EtOAc,
soni catcd (hazy, oily droplets, imiscible layer). SEwith stirring (few
sticky solids on the wall, cI ear sol ution) FPE atterrpt (reduced sol vent,

sticky solids), RE, -65 C ¥ e Z—(t-—Added—base—teAPI
i n EtOH (hazy solution, so\ms n Hﬂ\ %‘ﬁ et}%’?@j“&&ter (hazy sal ution, golids
P

present), sonicatjed for-JC N% @ti%lgeds/ﬁ Il; itne solids priesent), \{F (no
solids), filtrate collectedé g @@gt o t%rate(hazy sql ution, flew
fine particles) NS - From lrb It—I 'tfn (clear). RE, -60 C Sticky
mat eri al From ijnmedi at el y; P udy;—sot+ds);—added—HPE
;(cloudy, solids).| Kept in fﬁggz%ﬁgg?&ggﬁ)ab 6} soI i [d¥ipky voieridbl ew N2 (solli ds)
APLin [PA, added methanolic base
(hazy soiution, few solids), heated
to ~ 60 °C, added API in IPA
{clear), SC attempt from ~ 60 °C to
RT. Added McOH:water (7:3)
(clear). Stirring, RT, overnight
Trometh- Added API in EtOH to base, (solids | Unknown
amine present), Stirring, RT, ~3 hr, (clear) | morphology,
(1) followed by FE some b/e
Added API in EtOH 1o ethanolic
(clear solution), sonicated, (clear
sotution). Stirring, RT, overnight
(clear). Added heptane (hazy, oily
mass), sonicated (hazy, oily mass).
RE, ~65°C
From above, added EtOAc,
sonicated, triturated (clear solution,
oily mass). Stirring, RT, ~7 days
{clear solution)
From above, added MeOH: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

Clear -

Tromethami
ne A

Qily material -

Oily material -

P205
1,2-EDSA Added APLin acetone to acid in
{1:1) acctone {cloudy, oily mass).

- : . i ateris -
Stirring, RT, ~30 min (0ily mass, Oily material

ciear) followed by SE, RT

From immediately above, added
MeOH, sonicated (clear solution).
SE, RT (oily matetial), 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
From immediately 2bove, added
MTBE, sonicated, triturated (clear
solution, viscous material), added
acetone, sonicated (hazy solution).
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Viscous material § -

Oily material -




Unknown nmor phol ogy, no b/e A (1 Iom1NhgnesiUn1angIe peak) N@(C}DZ (2:1) APl

I n ACN: wat er
over ni ght (sol

(4:1),

ds),

Tacky solids and powder.

base,
mat eri al

Unknown nor phol

aqueous base (¢l ear),

foll owed by FE

soni cat ec

(clear)

From above,
precipitation).

Slurry,

ogy, opaq
aq

(solids,

added base (solids),
VF solids off

Unknown nor phol ogy,

. SE (no sol vent,
added | vreOH,

-5.5 Ins (viscous material),

soni cated (cl ear),
washed wi th EtOAc,

soni cated (solids).
Filtrate from above RE
red aggregates,
few particles Magnesi um A (110w angl e peak) NMG (1:1) Added AP
sticky material),

Slurry

bl ew N2

, -37 C,
-55to -80 'V
some b/c on

in EtOH to

Sticky

added Et OAc (sone

VF

gggregates, noblfe
Iggd b(clear). Agi t at
thin filnm Unknown nor

sone b/e on few particles a _

\NMG-A
on, RT,
bhol ogy,

-5
op

Added—AP

J

e
days (cle
gue aggre

PA to
ar )
pat es,

Added aqueous acid to APLin
EtOH (clear solution). Agitation,
~2 hrg (clear solution). Heptane
addition (oily mass, immiscible
layers) followed by RE, ~65 °C

Oily material

HCEL(1:1)

From above, added EtOAC,
sonicated, triturated (oily mass,
hazy solution). Stirring, RT, ~7
days (clear solution, oily material).
RE, ~60 °C (oily material), etched
oily material, RE at RT (tacky
solids), stored over P2O5

Glassy flakes,
unknown
morphology, no
blca

Added acid to AP in acetone (clear
solution), sonicated {clear solution.
SE, RT

Oily material

From above, added IPA, sobicated,
triturated, (clear, small amount of
oity material). Stirring, RT, ~5 days
(clear solution). RE, ~60 °C, ~20
min (oily material), ctched oily
material, RE, RT, ~20 min (sticky
solids), stored over P20O3

Glassy flakes,
unknown
morphology, no
bicb

HCIT A

Added aqueous acid to APT in
EtOH (clear solution). Agitation,
RT, ~2 hrs (clear sobution).

Heptane addition (oily mass in hazy
solution) followed by RE, ~65 °C

Qily mass

H2S04
{1:1)

From above, added EtQAc,
sonicated, triturated {oily mass,
hazy solution), added more EtOAc
(oily mass, hazy solution). Stirring,
RT, ~7 days (hazy solution, oily
material) followed by RE, ~65 °C

Oily material

Added acid to APL in acetone (clear
solution), sonicated (clear sohution).
SE, RT

Qily material

From above, added IPE, sonicated,
triturated (hazy, oily mass}).
Stirring, RT, ~5 days (clear
solution, oily material). RE, RT
(oily material) followed by VO,
RT, ~1 day

Viscous material

MSA (1:1)

Added cthanolic acid to APL
BEtOH (clear solution), sonicated

Oily material

(clear sobution), Stirring, ~2.5 hrs
(clear) followed by RF, ~88 °C



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
bjy FE Unknown nor phol ogy, sone b/e Piperazine A Added base to APl in TFE
(clear), addition of toluene (clear), son icated (clear), RE, RI' Sticky
film From above, dissolved filmin EtOAc, VD from Et 0Ac/ DEE, -5 hrs
(white solids and orange oily residue), sonicated and triturated (sonme oily
residue remained). Slurry, -37 C, -1 day, triturated (orange oily residue
persists), VF (mhlte SO|IdS dellquesced) stored over P205 (orange stlcky

material), blew N2—(sti gllL )%dﬁXdE &l&ﬁ Spiacedback rnt-o—R205—unkrmgwn
nor phol ogy, opaqye aggregat A%ﬁ&ﬁﬁh%%%??mﬁ@“ﬁ€artlCles Pi perlazi ne A KCH

(-1:1) Added aqudqous base it added wat er {(cl ear
solution). Kept gt RT, -1 day no solids). RE, -50C Sticky materi al From
above, added acetione, sonlc at-ed egted—+o—50-C{few-soli ds),

} :n ? 1 N
added | PE (cloudy). Kept at" \ddgd ac ‘gf}g mat|evilyahdieriasoniicat ed,
triturated (hazy |solution, a%ﬁmm(dgmk *m 2 - gt—RF—{ehear selut-ony oily
material), solvent decantsd qﬁgoﬁgz - no gcétlcky materidl APl in
chl orof orm addeg nethanollngzitc § tw: fOIé %%%s (cloudy). RE, RT Stigky

yel low materi al (oily material), addcd McOH, (Gily material -
sonicated (hazy solution), RE at ~
60 °C for ~ 20 min. (oily material),
eiched oily material. RE, RT
Added APT in EtOH to ethanolic
acid, sonicated (clear sofution).
Stirring, ~1.5 hrs (clear sokution).
Added heptane (hazy, oily mass),
sonicated (hazy, oily mass). RE,
~(3 °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 APT in acetone to acid in
p-TSA acetone (clear solution). Stirring,

Oily material .

?Y{EE.ZEC RT, ~0.5 hes (clear solution) Oly matorial -
(i: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). Sthring, RT, ~4 days
(clcar solution, oily material).
Added MeOH, sonciated (hazy
sokution, oily droplets), RE, RT,
~2( min {oily material}, RE at ~ 60
°C for ~ 5 min. (sticky material),
stored over P2035

Viscous material | -

&7



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

solution ' oily materi al Di ssolved APl at -75 Cin EtOAc, added Sticky
oi | 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 MeOH, sonicated (clear), added water (clear) with final 4:1
ratio. Stirring, RT, -3 days (clear, no solids) followed by SE G ly

mat eri al Added net hanolic base to ARLypadded methanol (clear), sonicatecl
(clear). VDwth 1PE, -4 days (oil), Triturated, kept at RT, -1 day (gel),
decant ed sol vent, blew N2 (sﬁﬂiemyl)saltvtﬁ&%@}&l)fllzr ¥s Sticky oil From

i medi atel y above, addeg, 039 o 30 Y) , adgted),NUDE (clear) with
final 4:1 ratio. Stlrrlng, RT, - 3days( no solid) foll owed by SE

Oly material =N, (CHa
S\%COOH

{0282]  The API was dissolved in ACN:water (4:1), solid base was added, the

suspension was sonicated overnight at 37 °C. The solids were collected via vacuum
filtration and dried in a vacuum oven. The calcium salt is consistent with disordered
material with a higher level of order compared to magnesium salt candidate. The
muaterial, 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 fevel of order compared to magnesium salt candidate (Figure
[3). The salt candidate was prepared utilizing a 1:1 ratio of calctum hydroxide to

4 (OF-DADFT-PE. Solution 'H NMR data for the potential salt were not

acquired due to its low solubility i organic sobvents.

EXAMPLE 14
Lysine salt of (S)-4"-(OIN-DADET-PE
NH,
100" OO R TAY of
o

=N ot
S\%""COOH

(02841  Aqueons base was added to the APLin EtOH forming a clear solution,
which was kept in a refrigerator. Following fast evaporation, isopropyl alcohol was
added, followed by sonication, vielding a hazy, sticky gel. The material was heated
to ~65 °C and isopropyl alcohol was added. Vacuum filtration vielded solids which
woere stored over P20s. Lysine salt candidate is consistent with crystalling somewhat
disordered lysine salt of 47-(OH)-DADFT-PE with ~1:1 ratio of lysine to APL The

material showed negligible aqueous solubility. No apparent deliquescence was
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Pot assi um 2-et hyl - hexanoate (1:1) Added triethylamne to APl in |IPA
(clear), added base inl- BuOH DCM (I:1) (clear). Stirring, RT, overnight
(clear), added IPE (cloudy). Agitation, RT, -3 days C ear solution From
-above, added IPA at - 60 C, (small anount of oily nmaterial), added |IPA
(clear), SCfrom- 60 Cto RT (hazy). Kept at RT (clear), added |PE
(cloudy, fine solids), kept at RT (clear, oily material), added heptane
(slightly hazy). RE, -60 C (sticky material), added EtOAc, triturated

Yel | ow cl ear solution, NS NaOAc (1:1) Added aqueous base to APl in Et01-1

(clear solution). KRBk« li[ﬂ)nr@g% rARFRLRbidity stfesdRYRvOTe sl bRIMabAve, FE Sticky
mat eri al From i nmedi at el %/ above, added TI-117, sonicated (hazy), heated

to -60 C (hazy), AHRSeU REDREHECPIGHEky sol i ds), decanted sol vent, Sticky

mat er}al added Ti[ﬂzl?;S](sln&h%yc Jamw])ndmadﬂle@had@@awd mbvmteomtfdnoudy)&@pt
in refrigerator,

-60 C  From abovmwg@sﬁpg&maﬁl e g?‘%\foéﬂ‘e ‘@&%%ﬁaé‘i é}gg‘%k Wg‘ﬁ%ﬁ’%‘%ﬁ&%y)
.kept at RT (few sebmadat didomlsety)iysithekaltlsanomms)-DRDPIBECHNM, ~ 10l 6F lysine to
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).

[0236] Solution 'H-NMR data are consistent with lysine salt of 4’-(OH)-
DADFT-PE based on peak centered at ~8.0 pptn, 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
Hy00™ O™~ 0 Mg(OH),
=N (CH
S CO0OH

[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 resulling magnesium salt candidate is consistent with amotphous or
mesophasic monohydrate of 4°-(OH)-DADFT-PE suit. The material exhibited
substantial agueous solubility (~60 mg/mL). No apparent deliquescence was
observed upon ~75% RH stress however the sait showed a significant water uptake
{~42.7 wt¥%) upon increasing relative humidity from ~5% to ~95% RH suggesting
its hygroscopicity.

[0283] The magnesium salt candidate was prepared using a I:1 ratio of
magnesium hydroxide to 47-(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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Sodium A (1 smal|l peak) Added triethylamnc to APl in IPA (clear), added
base in 1- BuOH.DCM (1:1) (hazy). Stirring, RT, -2.5 his (hazy) foll owed by
| PE addition (cloudy), kept in freezer, --4 days Sticky material Added
aqueous base to APl in EtOll (clear), added water (no solids). RE, -55 C
Sticky material From above, added EtO0Ac, sonicated (hazy sol ution,

solids), heated to - 60 C (solids), VF (very fewsolids), filtrate
collected, SE Sticky nmaterial APl in acetone, added nethanolic base
(clear), sonicated (clear), added .I1PP" sonicated (oily aggregates),

decant ed sol uti QButihigdiasotiedi QIlolwléd a4 ﬁxﬁ&ﬂiﬁeﬁes'ugg&(ﬁ@f\%ﬁ@ﬁ ipon 60 C
(clear), added warm decant ed sol ution )acet one) from

ice
- 60 C (cl oudy) .noapne ieRtiys aaydy Hogy e "@W%ﬁé@?ﬁ%é?tfl‘élmYWSC?W”#CN at -45
C. Addition of WSbP—n0M{@Db@tﬁﬂmﬁ@iﬂﬂx@Mﬁdll%ydcﬁﬂ:p@ttcﬁﬁbﬁ{lst&;ﬁlwﬁﬁr) ACN and
wat er addedlnflnal % ’1\17@6% 1r’r’gtlfrom 45 Cto RT Cear
yel | ow brown sol uatgi‘“c'?ﬁ‘m S‘?" léfs@“%‘ﬂc ki S‘%&J‘dlof“(?ﬁ G AMHESIE i cat ed

(clear). Add| ti Qﬂ:otpﬁodsBEm(:@plhaym&uhﬁhlance) RE, RT (oil) foll ovved by VD from

?@IOIC_)'{JS)%)E soni CA@&} (o ﬁquuoéﬁgé?\[é\g%fj d%gg??g’gg te}“t”hﬁnfl,a? Oof%g oI i dgdg\e/gr ! EEOS

Unknown nor phol ag\RETopagiidaadgn agalies: chagedrheuSodi tempsct(uP) '
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 smail peaks (~6.6 ppm, ~2.3 ppm, ~1.9 ppm
and ~1.6-1.5 ppm.) were observed, likely due to unidentified impuritics. The
spectium also exhibited peak at ~3.34 ppm associated with water, Peak at ~2.50
ppm s assoctated with partially deuterated DMSQO. Small pealc at ~2.54 ppm was
observed dug to undeuterated DMSO.
[0291] Thermal data are consistent with solvated material or the material
containing solvent. TG data demonsirated a ~4.0% weight loss between ~36 and
~[37 °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 othanol, while peak attributable to water was detected.
A smalicr ~1,6% loss between ~137 °C and ~195 °C foliowed by a sharp weight
loss at ~280 °C (onset) were observed likely duc 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 cvent was observed concurrently with the ~4.0% TG loss and is tikely
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 decoraposition of the material (Figare 15),
[0293]  Moisture sorption data showed ~0.7 wt% loss upon equilibration at ~5%
RH. A significant ~22.0 wt% gain was obscrved below ~85% RH, above which the
material gained additional ~20.2 wi% with a total gain of ~42.7 wt%. The
equilibration was not reached between ~85% and ~95% RE indicating that even

higher moisture uptake is possible. Partial desorption occurred with a small
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APl in WA, added nethanolic base (hazy solution, few solids), heated to -
60 C, added APl in WA (clear), SC attenpt from- 60 Cto RT From

i medi ately above, (oily material), blew N2 Sticky materi al APl in |PA,
added net hanolic base (hazy solution, few solids), heated to - 60 C, added
APl in IPA (clear), SC attenpt from- 60 Cto RT. Added McOH watcr (7:3)
(clear). Stirring, RT, overnight Cear Troneth- amne (1:1) Added APl in
EtOH to base, (solids present). Stirring, RT, -3 hr, (clear) followed by FE
Unknown noi phol ogy, sont b/e Trometham ne A 1,2-EDSA (1:1) Added APl in

Et01-1 to et hanol hﬁzc(é%ls% J @cellcy.,muqaluvc%qmc&@tt@ﬂb% (Al 0ok BhiveR) -
Stirring, RT, overni cl ear) ded heptane (hazy, oily mass), sonicated

(hazy, oily mass) =9 ““d“é%"]@f)o ly rraterl al From above, added EtOAc,
sonicated, triturated (clear solution, oily mass). Stirring, RT, -7 days

(clear sol ution) Gly materi al From% gv%r added MeOH water (6:1),

soni cated (clear solution). RE -60 C (oily material), etched oily
material, RE, RT (stickymaiyBDighkchmin(Ovech saiter (SPA0@IADADFTIPR Vi scous
mat eri al OH OH

H
Ok
Haco/\/o\/\o/‘\/o N

HO =~

N chy OH OH
S\%COOH

[0294] An cthanolic solution of the API was added to the base, then sonicated
giving a clear solution. Slow evaporation yielded a sticky material, which was dried
by blowing Na(g) across it. MeOH was added. Following sonication, the addition of
EtQAc yielded some precipitation, Shurry for ~5.5 hrs afforded viscous material,
which was washed with EtOAc, and isolated via vacuum filtration. NMG salt
candidate is consistent with disordercd unsotvated 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% R suggesting
its hygroscopicity.
10295] 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 ‘"
NMR spectroscopy. The salt showed a significant water uptake (~61.7 wt%) upon
increasing relative humidity from ~5% to ~95% RH suggesting its hygroscopicity.
[0290] XRPD patterns exhibited resolution of peaks indicative of a diserdered
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 onc mole of N-methyl-D-
glucamine per one mole of 4’-(OH)-DADFT-PE. Additional small peak at~1.9
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Added API in acetone to acid in acetone (cloudy, oily mass). Stirring, RT,
-30 min (oily mass, clear) followed by SE, RT Qly materi al From

i mredi at el y 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 anmpbunt of solvent). Added MeOH,
sonicated (oily material dissolved). RE, -60 C, -20 mn (oily material),
etched. RE, RT, - 15 mn Viscous materi al From i medi atel y above, added
MIBE, sonicated, triturated (clear solution, viscous material), added

acetone, soni catgh ‘«'61'9@8%1’\’5@'11!4& Ao ua@ldnﬁﬁémﬁlﬁﬁﬂuﬁllkdk ez 50§ ¢ Added
aqueous acid to API E’é ear sol ut| on). Agitation, -2 his (clear

sol ution). Hept aqrslsé?mé‘ﬁ%l'r"tﬂi' E?iﬁ“ IgidpuerptesaMSPmi sci bl e | ayers) fol | owed by RE,
-65 COly mat er[mlxj Fﬂﬂéﬂnalb@béam&Qﬂ@ﬂtﬁﬂ@ﬁﬁolvﬁgﬂh&@h@dﬂehfdl turated (oily

mass, hazy sol ut ar solution, oil

mat eri al )y RE, %5“%‘8{1& ‘PV{I%@?&PQE‘IW“ a[?é)[" %i?&(ogl ﬁ?‘ﬂfﬁ‘i‘@}‘s 048 at 2 zg/ RT (tacky
solids), stor ed cm\se;b wiR2DSerEd kg did take@smpisnion oM DIOrahelagyici BemMéa Added
ol Lo P I SEARIE oSO RPN BRI SR S E SRl R e KR SE R
amount of oily et emp@hkijve eBtnisroonli gy ash¥EjatedSvidiaydtingel taralsiodamtananyly RE, - 60

G r200mn (ol | olmkeh bl &ﬁn%?gc‘sak:wm%t@&h@hwnﬁ%chfgofﬁ&%m n (sticky

solids), stored over S Veb
methyl-D-glucamine pwscnt in the salt, Heat fluctuations begmnuw at »I 80 °C

were observed likely due to decomposition (Figure 17).

[0299]  Moisture sorption data showed ~0.5 wt% loss upon cquilibration at ~5%
RH. A significant ~34.7 wi% gain was obsarved below ~85% RII, above which the
material gained additional ~27.0 wt% with a total gain of ~61.7 wt%. The
cquilibration 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 wi% loss betwesn
~05% and ~5% RH).

EXAMPLE 17
Tromeihamine salt of (8)-4"-(CH)-DADFT-PE
HO

Hy0o™ OO OH HO™

NH,
/N .“\CH3
S\>\OOOH

[0300] Base was added to an ethanolic solution of the AP A clear solution way

OH

obtained by stirring at room temperature for ~3 hr. Fast evaporation of the solution
yielded the tromethamine salt of the APL Tromethamine salt candidate is consistent
with crystalline unsolvated tromethamine salt of 4-(OH)-DADFT-PE with ~1:1
ratio of tromethamine to APIL 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 wit% indicating lower hygroscopicity compared to magnesium and

NMG satt candidates.
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HCl A Added aqueous acid to APl in EtOH (clear solution). Agitation, R,
-2 hrs (clear solution). Heptane addition (oily mass in hazy sol ution)
followed by RE, -65 C G ly mass From above, added Et OAc, soni cated,
triturated (oily mass, hazy solution), added nore Et0Ac (oily mass, hazy
"solution). Stirring, RT, -7 days (hazy solution, oily material) foll owed
byttE -65 COly material Added acid to APl in acetone (clear solution),
soni cated (clear solution). SE, RT Gly material From above, added |PE
sonicatcd, triturated (hazy, oily mass). Stirring, RT, -5 clays (clear

sol ution, oily mat[@f()'lﬁl ) Th¥a Wi ctalikd CMZC%E/e(rﬂa?}agwcfcphxhpd?ﬁ(% (l}‘&QPM R, -1 day

Vi scous nmaterial Added ethanolic acid ear I uti on)
soni cated O |y nathsfpegavipiydhi). dferpntid sgannigg palgrinpgy (DSQ), QOWIUEP spwtiear )

fol | oned by RE, 4%&% aﬁ@'ﬁ[ MMR spedRskof. itrrsantaad et (okaflidscxRggad heptane

(hazy). RE, -65 C acid in acetone to APl in acetone (clear

sol ution). SE, RT“’C"DOII‘IS?OWP&P%#‘F yylicative of erytaliinp raaterighepagistesterith Jampcdiamas |
triturated (hazy sodlibfonompnaprregwrial). Stirring Rl for -- 2 days (oily

certal). added Mg SHOLGR! 2 Ahent S ubl Rl St 0T 2
DADFT-PE based on additional peak centered at ~3.42 ppm attributable to
tromethamineg, The integral values sugpest that the salt containg approximately onc
mole of tromethamine per one mole of API. Additional small peak at ~1.9 ppm was
observed, likely due to unidentified impurities. The spectrum also cxhibited peaks
at ~3.33 ppm and ~2.50 ppm attributable to water and partially deuterated DMSO,
respectively.

[0303] Thermal data are consistent with unsclvated material. The DSC curve
demonstrated a sharp asymmetrical endotherm at ~110.1 °C (peak maximum) with
a small shioulder 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 wi% upon
cquilibration at ~5% RH. A small ~1.5 wt% gain was obscrved below ~65% R,
above which the material gained ~50.3 wi% with a total gain of ~51.8 wt%. The
cquilibration was not reached above ~75% RH indicating that higher moisture
uptake is possible, Partial -desmption cceurred with 2 small hysteresis upon
decreasing refative humidity to ~5% (~48.4 wit% 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 clevated temperature. However one hour drying over a

desiccant resulted in crystalline material consistent with Tromethamine A salt,

EXAMPLE 18
Selubilities of Salts in Various Selvents
{0300] Approximate solubilitics are calculated based on the total solvent used
to give a solution based on visual ingpection. Small aliquots of solvent are added to

a weighed sample with agitation. Actual solubilities may be greater because of the
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d ly material _ p-TSA nono- hydrate (1:1) Added APl 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

Oly material From above, added Et OAc, sonicated, triturated (oily mass
hazy solution). Stirring, RT, -2 days (hazy solution, oily mass) followed
by RE, -65 CQly nmass - Added API in acetone to acid in acetone (clear
solution). Stirring, R, -0.5 hrs (clear solution) followed by SE, RT Gly
material - From above, added MeOH I PE (1:9), sonicated, triturated (hazy,
oi ly material). ,gthg Et*tngsoivR;rt p(amolmvunr@&nsm a Gb &t ofma%nnmﬂmhzfé@@om catecl,
triturated (hazy, oily teriral). Stirring, R, -4 days (clear solution,

oi ly material). ‘%@@é@“Eﬁ@%ﬂ“@éﬁ@P%@%@g@ﬂazy sol ution, oily droplets). RE,
RT, -20 min (oily material), RE at - @Quferhor - 15 mn. (sticky material),
stored over P205 Vi scous-mpterial EXAMPLE 13...Calciumsalt of
(S)-4"-(0OH) - DADFT- PE OH{Ca(OH) 2 s--C00H [0282] The APl wals dissolved in
ACN: wat er (4:1), solid baggiewadsaglded, the suspensi on was| soni cat ed
overnight at 37 C. The sehldsrxpmeneraol | esbieshtvi of wappuiy fj I tration and
dried in a vacuum oven. |The cal cium s@al't g.consji stens W th disordered
material with a higher ljevetuelmor der q9np@k§g,to mMaghHesiium sal t candi date.
The material, designated as Calcium A, shgwed negli gikbl e aqueous
solubility. No-apparent [T&lT: ence wa Dserved n -i7/5% RH stress.

[ 0283] XRPD data for the ca Ig;gﬁe?g t t:)uusw?t et ;be\?v angl e peaks
suggesting a hi gher |eve A A sal t candi dat e
(Figure 13). The salt CdndldEY@h%as repé%%EFUIL-Luww -1:1 ratio of
cal ci um hydroxi de to 4" (QhﬂmﬁﬁgﬁﬁﬁPF SofVeiei an ata for the
potential salt were not lacquired due to iWstel ow jsolabdl ity in organic
sol vent s.

EXAMPLE 19

Iron Clearing Efficiency of Salts of DADYT Polyethers
[0307]1  Cebus apella monkeys were obtained from Workd Wide Primates
(Miami, FL). Male Spraguc-Dawley rats were procured from Harlan Sprague-
Dawley (Indianapolis, IN). Ultrapure salts werc obtained from Johnson Matthey
Electronics (Royston, UK). All hematological and biochermical studies were
performed by Antech Diagnostics (Tampa, FL).
[0308] Cannujation of Bife Duct in Non-lron-Overloaded Rats. The cannulation
has been described previously in Bergeron, RJ et al, Blood 1993, 81, 2166-2173
and Bergeron, RJ et al., dnn. 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 ot 24 h. Sample collection and handling are as
proviously described.57°58

[03091  Drug Preparation and Adminigtration. 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 administercd as a solution in water, 300 mol/kg dose only or
(2} as the monosodium saft 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 preparced ag for the rats; 2 was

given po and sc as a solution in water.
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EXAMPLE 14 Lysine salt of (S)-4'-(0I1)-DADFT-PE NFI2 OH H2ZN O S, ., >0CH3
CCOOH [0284] Aqueous base was added to the APl in Et011 form ng a clear
solution, which was kept in a refrigerator. Follow ng fast evaporation,

i sopropyl al cohol 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 P,05. Lysine
salt candidate is consistent with crystalline somewhat disordered |ysine
salt of 4'-(0f1),-DADFT-PE with -1: | ratio of lysine to API. The material
showed negli gi bl e ou i a t

_observed upon - &}%‘]H}F Sared tH)lR OH 51¥Chc'1\i?01%?ﬁ) e Ic‘%‘%% %agcldﬁtﬁﬁ%ggglgﬁ\%é oi ly
suggesting its hy@ﬁ@swdﬁm@mtyfll?m@@]@ﬁé gWBF%@OSM 'Iy thathelrelipelempge
characterized by XRPR.a0dc selit *Iﬁ)@th%cﬁg%toﬁ@ﬁﬁgpﬁie ol Al dre pdBfarcdat a for
the material are consistent with crystalline, somewhat disordered |ysine
salt of 4'-(OH)- DADETLPES eff2LH ‘I‘T*‘dl“‘?‘*a%oin@ECiSfThley?giCWéC’?ﬁd“ﬁ(PI‘dtb JOREE t er n
exhi bited resol ut wr&c@km@z@@mctfeﬂnﬁ]agdgeamom&raysﬁwz ionEn.Bbeup 33w th sonme
di sorder consi stent wWith Lysine A salt - DADET- PE lgé’f‘% re 13)

[ 0286] Sol uti on ' H¢ 2RHG Raber Spraeried kg @?Q@rﬁ‘hwti‘%%i’rﬁ’é the pep 3 ( G—l)
DADFT- PE based onweegnsast a4 ed;eahaicd&n@cnmrILtc@ealﬁsclahe inGqualifp pivanstes 2. 7 ppm

and in the range 1. t bu tab i ne. The integral
val ues suggest thét“s?sﬂlgmélaﬁ"}]‘]dcoo‘%ggl g 6%}3?‘0%?? Céisif’“ﬁgnrml e of | ysi ne per
one nole of 4'- (OH)B—II]DA[EH’G@EIndﬁead(lxatc}cauﬁ‘@a yolinen Geaping Blfican:
partially deuterated Qe qnes

(S)-4' - (01- 1) - DADFTEPE OR Myt ORy 2 2o =1 Wl’%"d@%’f‘i‘m“ﬂ# was

di ssol ved in ACN: wapwt Oidmlwblcgeﬂl a\{iﬂ%&%@ awatsmaicﬂ@eld’ giveh@megBulieri ng slurry
was soni catcd Oveuaalgﬁ&, e uéicfo% iroRb iR o VR f?:n&rQ)lflaﬁgfIn@qs ViRt {@FTHYRRy 1o
filtration, and the filtrate was reduced via rotary evaporation bétween -55
and -80 C. The resumgngghipplpressghradietowditihg fnekingics giithsdassriesiirtth

anor phous or rresoeﬂ@&h& JTRRAYA 3 @isQbpafll, tie @6be=t &ﬁaﬁ&ﬁﬁvmtme The materi al
exhi bi ted substanti al uequs. solubility (-60 rent

del i quescence was C‘Bt?é@“ b fegkineticy 8 /BdFﬁCGI”@P‘F’e‘%‘éCHWBW&Fé’P’a]t‘WéI B HCR%howed a
signi ficant water iypbahiBaded b2Ac duddcBuMRe FodeNGERAS RAGiIE Bk alidwabehwThdi ty from
-5%to -95% RH su %ﬁsy ng its hygroscopicity. [0288] The nagnesi um sal t
candi dat e was preg 'using a 1:1 ratio of magnesi um hydroxide to

-(OH) - DADFT-PE. It was characterized by XRPD, thernogravinetry (TO),
differential scanning calorinmetry (DSC), ﬁglls,t ure sorption analysis and tH
NMR spectroscopy. Overall, the data for F‘f material are consistent with
anor phous or ntsophasijc sa(ljt of él - ( Oy whlBE T- Pésepop Sirbi-fldayidg at ed or
contai ning water. The |sal t“She¥HA a si gnjfica te 42.7 w9
upon increasing relatijve hum dity fron}?@k‘%st om"é]g% fgggqu{l its
hygr oscopi city. [0289]/XRPDe&tigindenorist r &t ed a 369 sof derlek:patt ef n
consistent with

Y,

Deferitrin 5 150 1.5+ 87
(S)-4'-HO-DADFT 5 300 55+1.9
(8)-4-HO-DADFT 4 150 112442
(8)-4-HG-DADFT 3 50 217 £3.5
($)-3"-HO-DADFT 4 300 10.6+4.4
(S)-3"“HO-DADFT 4 150 1B.7+2.9
(S)-3'-HO-DADFT 3 50 207+ 4.4

(03123 Iron-Clearing Efficiency in Non-Iron-Overloaded Rodents and [ron-
Loaded Primates: Oral versus Subcutancous Admimisiration, A similar protocol

was caricd out to confirm congistence of results and compare the effects of the
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Magnesi um A salt. The pattern exhibited single | ow angl e peak suggesting
anor phous or nesophasic material. [0290] Sol ution 11-1 NVR data are
consistent with formati on 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 -1.61.3 ppmranges while no peaks were
detected in -14-12 ppmrange conpared to free 4'-(OH)- DADFT- PE. Addi ti onal
smal | peaks (-6.6 ppm -2.3 ppm -1.9 ppmand -1.6-1.5 ppm) were observed,
likely due to unidentified inpurities. The spectrum al so exhi bited peak at

-3. 34 ppm associ, W th
partially deuter %@g'n%%S%E£{I Cpeaép(%l mogk%g‘u{%ﬂ%ﬁp g)gdrm\% g‘gdue to
undeut er at ed DNS@IN[‘*GIQ@ﬁ]m@lFmIRGﬂé*@a‘caiit@’ﬂdmﬁwsﬁ"ém18\M th sol vated nateri al
or the material containing solvent. TO data denonstrated a -4. 0% wei ght

| oss between -36 and -137C. The weight loss is likely attributable to a

| oss of approximately 1 nole of water T ¥ole of APl based on the
preparation conditions and IH NVR data. |nﬁodentN\ﬂ:< SPpeGL R i t e nateri al
prepared in ethanol : Waetmpeugd.: 1) | mBelter e/ di d not exhi bit peaks associ at ed
with ethanol, whille peak attributable tp @t%mmayke d<=t@é§%ﬂ‘“°'ﬁl‘gsrral | er
-1.6% | oss between - I18d&impd - 195 Gof OF | owedy pgq@o sharp gt ghf, T ¢ss at -280
C (onset) were observed-tikely-—tue—to—dpconposition 1102021 The diifferential
scanni ng cal oringtry Pf%(i‘)“‘curva deffronst r at'ed %%%r oadl ehdbt AéPm bet ween
-39.2 C and -133 6(’:3)\/&? IIb IaAIpE:ak mexgonun| at 58b1.0%C. Thexeweniywas observed

concurrently with oss—and--s—Hkely assec] af eH wi-th
desol vati on. Br oad@ 4df@n%§)‘h rfn at™- 1601, 2 3¢ ¥ BTowed b%p & LR% |
endot herni ¢ event @)-31&6 DAL peak payaxi ma) JO:E 4de¢ ec1 edzmssu%l y due to

mel ti ng acconpanie t-i-on—-of-|-t-he+rmat Hgbre

[ 0293] Moi sture sor ES[) ﬂbgja)lr%ﬁghavxecfc-o 7 W‘lI fhélés/ upJ %Iﬁ“fw%’r ation at -5%
Ri-1. Asignificant -22.0 wt% gain was observed beI ow -85% RH, above which
The equi |1 brat; &5 e Mstpadenid gt Mk b fnh B PuebuR Thai cat i ng ¢ hat
even hi gher noi éti)wﬁ@,ﬁbpltake :m(slqmrsgsufbloe-NcEfanmxlach@egbsfm'itlmmccurred wth a
smal | hyst er esipS;, URQN HEL | ab R fara2 1. 2 W % | 0ss
bet ween -95% and yS(% ; l% Igg(Aﬁ/PJE%C% kl— Imﬁ@d&}ﬁ?uég(rl%llﬁ%&FNNG) salt of
(S)-4*- (01D DADFW“P’E*%[@E@A? dipiributivarioficiy, ggipbarvesekotios ke wPpundasthgdded t o
the base, then sgpicsehed giving a clear solution. Sl ow evaporation yielded
a sticky material, which was dried by blowi ng N2(g) across it. MOI-1 was
added. Follow ng sonication, the addition of EtOAc yielded sone
precipitation. Sl urry for -5.5 hrs agkfakged yi scous naterial, which was
washed with EtOAc I 2 }S}T} d via vacuum filtration. NVG salt candi dat e
is consistent wit a[:fl B PHFHEH Vét"‘@ﬁ"‘i\ll@ﬁa‘"%‘h‘f\f“%‘fe Ghely v \2SpRPETPE wi t h

-1:1 ratio of NMGto API The mat erl al exhibited substantial aqueous

solubility (-60 uescenc obseryed upon -75% RH -
stress however {(ﬁgé sal Fmt?é(}“ r‘rg“?ﬁ }y)?d “%}’figclggﬁ‘fppﬁll @8 “&i%’é‘a"%ﬁgi gni fi cant

wat er upt ake (- Baiqeiint. YeicuFro RS i AT €6EN) ngild @l wtd, vgiohallyi vdihtagarftations - 5% to - 95%
RH suggesti ng 'El% hYBLRSE ORI & ¢ I |1 anmount
of free N nethyl 2'I)Il>( ﬁlh‘bz)mgﬁe Ei%%t [soa %ﬁ\%\ggﬁégg&tgckgﬁpgeﬁﬁ%&%@ a(gmpomler
diffraction (XRF"B))’CSQ“F]@WW@@?WPIWEDWld(lfh@deq aiffctipidast Palls asafd:annl ng

cal orimetry (DSGiym8PhsIridbSnudOf B h)@'@ct&ﬂ@'s%%ﬂ cgffuﬁﬁbdmwcl%%&}ﬁm roscopy. The
salt showed a significant water uptake (-6 W% upon’increasing relative

humi dity from - §¥dtlo -5@@1W‘§if@§@§%‘idhﬁmlgﬁ@iWQ?%%Elnélﬂteymﬂ[‘-‘d%G] XRPD
patterns exhi bi kﬂﬂvnﬁﬁﬂx@hﬂhh@c&s@fbu@%k& n 1@@1{1{&@5{{ em emic@nq;bﬁx%%éxed mat eri al
consistent with NMO A s O—p gure 13). The XRPD
pattern of the S4ffpid héYLs‘amai@m 458d “autirrt&fmsw&rm ’E}é o &’§§8&‘?Pé€t"él%f)“’\>uth free
NMG [ 0297] 1H- NN glat ar lﬁ:ﬁﬁtaﬁ@ﬂ&ﬂ(ﬁl i© Nitenvibrally Nﬁﬁf&@@nlnﬁlﬁtoﬁlmlfc%nWT PE

based on peaks mran eak centered
at --4.7 ppm anH‘n[ aé“a"l?%w L3S ‘mﬁl “T@g%k?ﬁ]%‘l‘%‘?wg’ brges HELF REPY leﬁ“%[bsl%é(’“["fi NMG. The
i ntegral val ues;bsmg@ed;m:tmabmttihe:osabdmctmgmtnaltImwaqubmﬁmnmtmhgt a@ftven nol e of

N- net hyl - Dgl ucam ne per one nole of 4'-(OH) -DADFT-PE. Additional small peak
at -1.9 ppmwas observed, likely due to unidentified inpurity. Peak at
-2.50 ppmis associated with partially d6éuterated DMSO [0298] Thermal data
are consistent with unsolvated material. TO data denonstrated negligible
wei ght | oss above -222 C. Sharp weight loss at -222 C (onset) was observed
| i kely due to deconposition. The DSC curve exhibited a small endot herm at
-92.3 C followed by an endotherm at -109.5 C (peak maxi ma). The two
consecutive events could be associated with nmelting of the salt

i nstant aneously followed by a nelting and/ or possible recrystallization




HO OHOH S-__rCOOH [ 0300] Base was added to an ethanolie solution of the
APl . A clear solution was obtained by stirring at roomtenperature for -3
hr. Fast evaporation of the solution yielded the tronmetham ne salt of the
APl . Tronet hami ne salt candidate is consistent with crystalline unsol vated
trometham ne salt of 4'-(OH)-DADFT-PE with -1:1 ratio of tromethamne to
APl . The salt exhibited significant agueous solubility (above -124 ng/nlL)
and showed no apparent deliquescence upon -75% RH stress. The salt showed a
smal | water uptake (-1.5 wt% bel ow -65% RH above which it gained -50.3 w%
i ndi cating | ower BiCl C : ] I . g

candi dat es. [030%{%?2%{9{1@’%}5{%%}%‘2% imz)aélg&%@wrdg)y%bgc\xgpe{? o %f“]zﬂrl action
(XRPD), them ogr &G pypd (vitdythe caibprid geomp(nef caeampiragpmpatsts pikieiegse ( DSC) |

nDi sture sor pti on oa@ st SoanduibilcNVR wREC Uns caRYh cikBRiLRal § &iPsaof the
two sanpl es exhi biﬁ{agafre_sol utiion of peaks indicative of crystalline

materi al consiste f HloRl ari tadRmatona Asdpese o il in thegyt vy rseqeniae,
[0302] 11. 1- NVR datdfehneraf@ng t&ieabnswhdyTold Q03 ManienLnts ald sodd fofims, ( OH) -

DADFT- PE based on.additianal centereqd at -3.42 mattributable to

r omet hari ne.  The it 20 fad bEG0gBEr T RAeHPHER SRR Cleiich f

appr oxi mat el y one famhiinabadit@nghdiatngrelypa), cenalinodonds sARlontedgddict i onal

smal | peak at -1.9 ppmwas observed, |ikely due to unidentified inpurities.
The spectrum al so "exhi bited peaks at -3.33 ppmand -2.50 ppm attributable
to water and partially deuterated DVBO, respectively. [0303] Thernmal data
are consistent with unsolvated material. ThgnfPSC curve denonstrated a sharp
asymetrical endothertn at -110.1 C (peak maximunm) with a small shoul der

prior the endot herm possibly due t tingg Broad endothermat -203.5 Cis
| i kel y associ at ed ML h~decorpasiidi Nelpat erial (Figure 19).
[ 0304] Mvi sture sorption data showed a sial/f|%ss of -0.7 w % upon

equilibration at -5% RH. A small -1.5 wt% gai n was observed bel ow - 65% RH,
above which the material gained -50.3 w % w2 total gain of -51.8 wt%
The equilibration was not reached H75% RH i ndi cating that higher

noi st ure upt ake isop\%ib e.qParti esgdp 1 on occurred with a small

hyst eresi s upon dé/creaspng rel at i%e hunFdiey~aw -5% (-48.4 wt % | oss bet ween
-95% and -5% RH). [0305]In the attenpt $o/prepare a hydrated form of

tromet ham ne salt additional experinent .was perforned. Tronmetham ne A salt
candi date was subjected to a one _dayelative humdity stress. It was shown
to becone oily upon -75 % RH st @ at ebevated tenperature. However one
hour drying over a desiccant resSt \épl%%?/stal line material consistent

wi th Trornetham n sabt . VP 8 50k lities of Salts in Various

Sol vents [ 0306] Apg\roo%ng?‘é/\s%kﬁ ties are cal cul ated based on the total
sol vent used to give a solution based ommyosyal inspection. Small aliquots
of solvent arc added to a wei ghed. satple with agitation. Actual
solubilities may be greater bec of the volune of the solvent portions
utilized or a slowrate of di ssokéatrer Agfbi lities are reported in Table
16 to the nearest. nolilo Tabl e 1 01 £ Salt of (S)-4'0lI-DADET

Sol vent Sol ubility® o

0
HO ’f)(u\on
OH s~/ ™
/O\/\O/\/O\/\O +Mg{OH),

O

/[ El\ N
HO /\)%kOH
S £
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Cal cium A Water <0.5 0.1 NHCL in Water 3 Lysine A Water <0.5 Magnesium A
Water 60 NMG A Tronettaam ne A Water Water 60 >24 Water >124 EXAMPLE 19
Iron Clearing Efficiency of Salts of DADFT Pol yet hers [0307] Cebus voil a
nonkeys were obtained fromWrld Wde Primates (Mam, FL). Mle
Sprague-Dawl ey rats were procured from Harl an Sprague- Daw ey
(I'ndianapolis, IN). Utrapure salts were obtained from Johnson Matt hey

El ectronics (Royston, UK). Al henmatol ogi cal and bi ochem cal studies were
performed by Antech Diagnostics (Tampa, FL). [0308] Cannul ati on of Bile Duct
i n Non-1Iron-Overmaded . _Ahe cannul ati on has been descri bed previously
i n Bergeron, FU’ét al ©, I?hﬂjt 93, 8%§%&66-2173 and Bergeron, RJ et al.,
Ann. My Acad. Sci. 1990, 612, 3 ile sanples were collected frommle .
SpragueDawl ey rats (400-450

BNH ntervals for 24 h. The urine sample
was taken at 24 h. Sanple EQIIectiqué%@Hhandling are as previously
descri bed. 57' 58 S

'/O\’/\O/\\’O\’/\O *Mg(OH),
OH
0
N
HO S/ ',”1 Ok
/0\/\0/“\/0\/\0 +KOM
OH
Q
N
HO i;nyOH
OH S ‘
/O\/\O/\“/O\/\O +Mg(QH),
HO OH
Q
N
HO ’\)f,‘%’ko&-l
S ’
*KOH
\O/\/O\’/\ O/\"/O OH
O
/N
% “OH
OoH & !
+Mg(OH),
\0/\/0\/\0/\\/0 Ok
0O
N
HO /j-’l,%l\OH
CH S 4
COH +KOH
HO OH
Q
A O -{EYJKOH
s/
«Mg({OTh),
OH

O
A O /i!){J,LOH
OH §-./ ™
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[ 0309] Drug Preparation and Adm nistration. In the iron clearing experinents
the rats were given a single 50, 150, or 300 nol/kg dose of the drugs po
;and/or sc. The conmpounds were adm nistered as a solution in water, 300
nol / kg cl ose only or (2) as the nonosodium salt of the conmpound of interest
(prepared by addition of the free acid to | equivalent of NaOH). The
dictators were given to the nonkeys po and se at a dose of 150 tnol/kg. The
drugs were prepared as for the rats; 2 was given po and se as a solution in
water. [0310]Calculation of Iron Chelator Efficiency. ICE is cal cul ated by
di viding the actual anount of irosaucl earegiby a gi ven conpound by the

t heoretical anount that should belicl eared. The theoretical iron outputs of
the chclators were generated on basi spof a 2:1 ligand:iron conplex. The
efficiencies in the rats and NNy S- a8y 8 calculated as set forth in
Bergeron, RJ et al., eny 1°@E!%4§’ 2432- 2440. Data are presented
as the nmean + the sPan afa/h?}or of the nean; p-values were generated via a
one-tailed Student's 1-test in which themmmaqyality of variances was
assunmed; and a p-value of <0.05 was egnsidered significant.

[ 0311] Chel ator-1nduced Iron Ce @ e ancblron Clearing Efficiency in Non-

| ron- Over| oaded Rodents: DoseH OIS § Because there is a limted
anount of chel atabl e ,kwgm?gxh habbe is an i mal  at any given tine, the
iron clearance, and®thérefor&iron- clearing efficiency of a ligand, is
saturable. The key to nanaglng thIS phenonenora@an be found in the

f en: oki netics and %he dasen oRseoprapeckes of the ligand. In this
regard, the dose-response alon W th correzpondi ng ferrokinetics of
each conpound gi ver~po aiere evaruat em [ron-overl oaded, bile

duct - cannul ated rodent nodel. Results are el ow in Table 17. Table
17. Conpound Nunber Animals Dose, gnol/kg Irogzghﬁfrlng Efficiency (%

Dcferitrin 8 300 1.1 O. 84§Efer|tr|8 5 15%H 7 (S)-4"-HO DADFT 5 300
5.5 1.9 (S)-4'410

O\VAO/\/O \(ZGN
& “, OH

+KOH
O
O _N
'»,' OH
S (4
+Zn(OH),
O
0\/\0/\\/0\/\0/ =N
& %, OH
*KOH
I/\O/\\/O\/\O/‘\/O OH o
N iiy)k
%, OH
S /
+NaCOH

I/\O/\/O\/\O/\/O OH o
O~y _N
[ 7, o
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11.2 at 4.2 (S)-4'4HO DADFT 3 50 21.7 3.5 (S)-3'-HO DADFT 4 300 10.6 + 4.4
(S)-31-HO DADFT 4 150 18.7 2.9 (S-)-31-1-10-DADFT 3 50 20.7 . 4.4

[0312] Iron-Cleariner Efficienc in Non-Iron-Overloaded Rodents and I ron-
Loaded Primates: Oral versus Subcutaneous Adm nistration. A simlar

protocol was carried out to confirmconsistence of results and conpare the
effects of the conpounds across species. Cebus ape/lce nonkeys and mal e
Sprague-Dawl ey rats were used, 3-8 per group. Results are shown below in
Tabl e 18. Tabl e 18. Conpound Route Rodent ICE @300 pnol/kg Primate ICE @
150 funol/kg Deferitrin +KOH

PN N NN N & OH
SARAan s oY
O N
CFs /)%LOH

S ’

+KOH

O/\/O\/\O/\/O OH
O
O N
. OH

s/

*Mg(OH),
RN O/\‘/O o OH
P N

*Mg(OH),

/O\/\o/\/ O\E:Lc:'} o
N
’ﬁow
S ’

*Mg(OH),

FaCu O OH
aacey
N
S !

*Mg(OH),

FaC O OCF;
O
N
S ’
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po 1.1 0.8%16.8 7.2%Defcritrin Sc 1.1 0.6%15.9 1 2. 7% (S)-4' 410- DADFT
po 5.5 1.9%25.4 74% (S)-4LHO DADFT sc 8.7 2.6%30.4 1 7.2%

(S)-3"4HO DADFT po 10.6 4A% 23,0 4.1%(S)-3'-110-DADFT se 13.4 4.5%21.5
3.2% [03131The above protocols and data are taken from Bergeron, Rl et

al ., "Design, Synthesis, and Testing of Non-Nephrotoxic
Desazadesferrithiocin Pol yether Anal ogues,”"l Aled Chem 2008, 51(13),
3913-23. Additional data pertaining to tissue distribution, toxicity, and
phar macoki neti cs can be found in this publication. EXAMPLE 20 Salts of
DADFT Pol yet hers as Lant hani de and Acti ni decghghati ng Agents [0314] The
protocol enmployed in Rao L, Choppin OR o@nd Bergeron R, Radiochim Acta.
88, 851 -856 (2000) could be used, I onal on wi th adaptations clear to
those of skill in the apt~t8<as .3 ctivity of compounds according
to the present erQr;/tl?cg)@ as chel at ors of Iant?l’énl des and actinides. Salts
and pol ynor phs of a | are expected to show efficacy in this assay.
*KOH

OH
O
0\/\0/\/0\/\0 MQH
o S

*+Mg{OH},
OCF;

Fsco\/'\o/\/o\/\o J)LOH

+Mg({OH),

+Mg(CH),

/\/0\/\0/@( j)L

*NaQH

OH
3
T N
S (4
+NaOH

,/\o"\/o\/\o fLOH

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

«Zn(OHY,
OH
o

(\0/\/0\ =N
% “OH
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[ 0315] The foll ow ng conpounds can generally be made using the nethods known
in the art and descri bed above. It is expected that these conpounds when
made will have activity simlar to those that have been made in the
exanpl es above. [0316] The notation belowis intentionally free of
assignnment of ionic character; salt are shown as acid conpounds paired with
bases. In this manner, each structure is intended to represent the
correspondi ng ions that would be forned under a given set of conditions,
such as, for exanple, in agueous solution. Typically, a base wll ionically
bond with the carboxyl group(s) of one or.xpgpre conpounds and rel ease one or
nmore nol ar equi val ents of water. U debHcertain ci rcunstances, a nitrogen
may be a site of acid salt formatfj offi As tthose of skill in the art wll

recogni ze, dlfféf@ﬂ}’ratlos of ca : jfﬁﬁngy form stabl e arrangenents and
solid forms, ingj udi and ¢3:/I~based on preferred oxidation
states of each |6ﬁg\§al f?f%ifkbﬁ'coﬁdltlons (i ncluding solvent), etc. Al
such forns are contenpl ated here. Kedr Co 0 o, CF3 KCH

[ 0317] From t he foregoi ng descriptign, ogne skilled in the art can easily
ascertain the essential character Ics ofo this invention, and w thout
departing fronlﬁhe scope thereof anAake ¥ar|ous changes and
nodi fi cations ofg_t vemt i 0 gdag vari ous usages and
conditions. [0318]T ? escrlﬁklon may contain subject matter that falls
outside the scope of the clainms. This sufipegt matter is included to aid
under st andi ng of the invention. M5 What is clained is: |I. Asolid

conposition of Fornula H CHSO(géiéi%;:if
), OH

FaC O/\/O\/\ O/\\/O S

*Mg(OH),

OCF,
O
(;E _N
%, OH
\O/\VO\/\O/\/O S !
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e
5 OH
/O\/“\O/\/O SJ
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o
_N
7 “OH
\O/\\/O S
oA *Mg(OH),
NN o
N
)7, oM
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O OH
AN
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wherein: mis an integer fromO to 8 nis an integer fromO to 8, and X is
a counterion; or a polynorph thereof. 2. The solid conposition as recited -
in claiml, wherein X is chosen from betaine, choline hydroxide,

di et hanol at ni ne, diethyl arni ne, ethanol am ne, hydroxyethyl norpholine,
_hydroxyethyl pyrrolicline, irnidazole, N nethyl-d-glucam ne (NM3, N,

Nt - di benzyl et hyl enedi am ne, N, N-di et hyl - et hanol am ne, pi perazi ne,

tri et hanol am ne, tronetham ne, Ca(01-)2, L-lysine, L-arginine, M(OH) 2,
magnesi um acetate, KOH, NaOH, Zn(OH) 2, zinc acetate, Zn(014)2/ M(011)2,

EDA, L-histidine, 4-(2-hydroxyethyl norpholine), 1-(2- hydroxyethyl

pyrrolidine), | -(2-hgdr hyd) - pi peri di ne ot assi um 2et hyl hexanoat e,
"NaOAc, sodium 2-¢&t hy héfgﬁ g%é% , 2-'EDSA, kﬁﬁ*ﬁ-lzscn, MBA, and p- TSA
nmonohydrate. 3. ol id conpositi SHrecited in claim2, wherein the

counterion Xis chosen fromlysine, t hyl -iD- gl ucam ne (NMJ),

tromet ham nc, cal cium nagnesium potas ¥ ~gpdi um zinc, and piperazine.
4. The solid conmposition as recited in 6kdim 3, wherein the counterion X is
chosen from cal ci nagnesi opoatassium sodium zinc, and pi perazine. 5.
The solid conposﬁ%?%ﬁ as r@gﬁgédgfﬁ@blain19ﬂ“ﬁﬂ@?ein mis 2 and nis 3. 6.
The solid conposition as recited i P 10 wherein said counterion is the
magnesi um salt, or a polynorph the Ty e solid conposition as recited
inclaimll, wherein the conposition isT(Sy2o42-hydroxy- 3-

(2- (2- (2- met hoxyet hoxy) et hoxy) et hoxy) ph&ény1)™- 4- met hyl - 4, 5- di hydr ot hi azol e- 4
- car boxyl at e nmagnesi wu bydr.oxi or a pol rph thereof. 8. A polynorph as
recited in clain?7 mhepg¥ﬁ/s§rge ol%norgwxgngorn1A whi ch has an X-ray
powder diffraction pattern whi kg OHt hgast 80% identical to that shown in
Figure 7 9. The pol ynorph as r d 4n j£laim7 wherein said polynmorph is
Form B whi ch has an X-ray powder di f;?ﬁ%kmm pattern which is at |east 80%
identical to that shown in Figure 85-¥0." The solid conposition as recited
in daim?7, havipg\g/dbtﬁgpeqyka scannj calorinmetry (DSC) therrnogram
which is at |east 80% i"denti cal égat shown in Figure 10. 11. The solid
conposition as recited in dairy ' inqja dynam ¢ vapor

sor ption/ desorption (DVS) spect whijchjis at |east 80%identical to that
shown in Figure 11. 12. The pol ynor gh ited in claim7 wherein said

pol ynorph is Form C which has an X-° ﬁbmder diffraction pattern which is
at | east 80@6idenbLsQLOL9/L at shog@mhp Figure 9. 13. An anor phous form of
[ : 5ﬁ. he a

(0]

a salt as recited’in claim nmor phous formas recited in claim13
whi ch is characterized by -ray powder diffraction pattern which is at
| east 80% identical to th owa iJp Figure?. 15. The solid conposition as
recited in claim?7, having an fggkﬁﬂKWSolubility at near - physi ol ogi ¢ pH of
bet ween 0. 3ng/ nll and 70ny/ m . 7 The solid conposition as recited in claim
15, having an agqueaus~gol ubi | L3 yo@t near-physiologic pH of? 40 mg/m . 17.

i i'n claim16, having an aqueous solubility

The solid conposition as rgcite

at near - physi ol ogi c 0 ng/m . 18. The solid conposition as recited in

claim?7, having an a i;nggility at sinulated gastric pH of 0.05ng/ nil-
s

250ng/ M. 19. The solid canp Qrbn as recited in claim7, having an
aqueous solubility at near-physiol ogic pfl of between 0.3ng/nl and 70ngy/ m
and havi ng an aqueous solubility at sinulated gastric pH of 0.05ng/ nt-
250ng/n1.dﬁ A pharmaceut.i cal ¢ ositjqgn.,c rising.the salid co sition
as rectt T ol oNE orere e TR bR BRER B SR hae
phar mac e ghareadrisyicsad cepinadditeneaodiviihentdep@ing fite tiphaspaheedl] @almakonposs t i on
as recited in chaig%ZOg mh?ﬁFLn t he sohiq.gon?ositio hgs %gructural
formul a f anges ana modirications o € mvention 1o adapt it (0 various usages and condaitions.

[0318] This description may contain subject matter that falls outside the scope of the

claims. This subject matter is included to aid understanding of the invention.
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OH Il wherein mis 2 and n 1s3; and X is a counterion which forns a
salt chosen from cal cium nagnesium potassium sodium zinc, and

pi perazi ne. 22. A pharnmaceutical conposition conprising
(S)-2-(2-hydroxy-3-(2-(2-(2-

met hoxyet hoxy) et hoxy) et hoxy) pheny1l) - 4- net hyl - 4, 5- di hydr ot hi azol e- 4- car boxyl
at e magnesi um hydroxi de, or a pol ynorph thereof, together with at | east one
pharmaceutically acceptabl e excipient. 23. A conpound of Fornmula Il: OHE
wherein: inis an integer fromO to 8, nis an integer fromO to 8; and

X is chosen from betaine, choline hydroxide, diethanolam ne, diethylanm ne,
et hanol am ne, hydroxyet hyl nnrpho“;qg mydroxyet hyl pyrrolidine, imdazole,
glucan1ine (NM35, N, N -dibenzyl hyl enecli ami ne, N,

- di et Wdtietldimmdlsam ne, pi perazine, triethanol am ne, tronetham ne,
Ca(C}DZ, a My(01- 112, nmgnesium acetate, KOH, ZMOFI)2,
zinc ac%téfeM§§B%BThﬂyggwg?8§H1)2 EDA, L hi stidi ne, 4-(2- hydroxyethyl
mor phol i ne), 1-(2hydroxyet hgH:QiigHpiaPicl i ne) #X 142- hydr oxyet hyl ) - pi peri di ne,
pot assi um 2- et hyl hexanoat e, 1, 2- EDSAAL-- 02804, MSA, and p- TSA nonohydr at e;
or a polynorph thereof. 24. The co ﬂEE d as Yecited in claim®60, wherein X
is chosen fromlysine, N-rnethyl-D { NM3),  tronet ham ne,
cal cium magnhesi um potassium zinc, and ﬁeraqgne 25. The conpound as
recited in claim23 or claim 24, mhereln the conpound is of Formula I'l, m
is 2, and#¥e¢ifs 3. 26. The conpound as recited in clai m 25, mhereln X is
nagne5|un1hxﬂ@g%maémqngnbhﬁgconpound forns the salt
(S)-2-(2-hydroxy-3-(2-(2- (2 met hoxyet hoxy) et hoxy) et hoxy) phenyl ) -4-net hyl 4,5
-d|hydrothléi%WﬁnﬁgﬁgPﬁﬁ%Vla@@ magnesi um hydroxi de, or a pol ynaor ph
thereof. 27x ifaphatsdgeuti cal conposition conprising the conpound as
recited in any one of clajnms 23 to 26, together with at | east one
pharnaceutlEhﬁ?ﬁwgﬁé%ﬁPﬁﬁfe exci pient. 28. A pharmaceutical conposition

conpri si, Nghd BBd EMRROMBAaAScil8 6l 18 1, Wh&EbRIXMs2Reseh BFALBRMeMhbiheat | east one
pharnaceutlcally accePtabIe exci |ent 29. The use of a therapeutlcally

effectlveﬂﬁﬁﬁUWt‘8#”&'§%P$6mﬁ%ﬁﬁ6?r@h%ﬁaﬁ%“%%ﬂ?@%ﬂmydnﬁﬁvﬂﬂﬁe of clains 1

to 19 or ?mylrwna;&nﬁeeﬁma&e lel R- n@éﬂ}’yl-@ﬂﬁ:c@ﬁzr@kﬁm RWAtdwedfyii N the
preparatlon of a medicanent for treating a atﬁﬁﬁgglqal condltlon

r esponsi vENYgedRBINg: o dl%@;ﬁ@@wmm%ﬁmwm@ i BPMEOARNS in a

subj ect. @5{0@13—;&@@ E-%mg"aﬂﬁé Mgéom} @h@ieflg AcHE NEDM, 1S H] ZHEDIQ),, e 1 ron. 31
The use as recited. in erein said athologlcal condition is iron

cl
over | oad. 2°gite, 4‘]‘{91%‘@3%}% eré?‘} éd'“i’tﬁ[“l’?} ‘éﬁ?rﬂ‘%‘bo’iﬁﬁ@?’lémfp}?é‘l“@ p&thol ogi cal .
condi t i onpsdsoxk&RyIp9ssildinedf 1-0edydiokidihRUB b QMRS pdi@siumtRinblibiabat0f 1ron in the

bod
Y NaOAg, sodinm 2-ethylhexanoate, |,2-EDSA, HCL, H,SO4, MSA, and p-TSA monohydrate.

3. 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 pipetrazine.

4. The solid composition as tecited in claim 3, wherein the counterion X is chosen from
calcium, magnesium, potassium, sodium, zine, and piperazine.

5. The solid composition as recited in claim 9, wherein m is 2 and n is 3.

6. The solid composition as recited in claim [0 wherein said counterion is the magnesium salt,
or a polymorph thercof.

7. The solid composition as recited in claim 11, wherein the composition is (8)-2-(2-hydroxy-3~
(2-(2~(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate

magnesium hydroxide or a polymorph thereof.
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33. The use as recited in claim32 wherein said pathological condition is
chosen from atransferrinem a, acerul opl asm nem a, and Frcdreich's ataxi a.
34. The use as recited in claim30 wherein said pathol ogical condition is
the result of transfusional iron overload. 35. The use as recited in claim
34 wherein said pathological condition is chosen from betat hal assemia

maj or and internedia, sickle cell anem a, D anond- Bl ackfan anem a,

si derobl astic anem a, chronic henolytic anem as, off-therapy |eukem as,
bone marrow transpl ant and i nyel odyspl astic syndrone. 36. The use as
recited in claim30 wherei n said pathol ogical conditionis a heredi tary
condition,resul t| n ;t\?\gg %5885 w legr £, on of hd' tar%/ n, a Xm he use
as remteé |[}1 c¥r5? © MRS At £ o|p8§’f“8§1 L ona 8}% & n from
hereditary rpewderhinfﬁﬁatoesaamawﬁlcp@erqnlieﬁsuw‘mdéramﬂao thar dlawn 38Figith @ use as
recited i ai m 30 erein di t.ion,i abet

The use ad rdEPREaTh EIa SELn MR Cal bRl B Eple BRI PO s

acqui red di gewse diffrattion@sitdrt svhich i as S0 iddiaicyl to ﬁmmhavlasmiﬁgmelﬁ 40. The
use as recj 9 wher sai at hol condition s a liver
di sease, it 1o B bt e MRERF P ERLE R CEPISARY oGRARG BTk
hepatitis. 4RSCthenwgemashickesiat EaistB@%cdeanmI ﬂﬂthmemet m Kairédlpat hol ogi cal
gﬁgdlmtl gln(]ﬂ!?}gllea ltdr}%rrr]llﬁgs(letv%or\rarsar‘e&tleé]wqﬁm '/?éla\grcﬁ )énlaimc va]p?l s(q’{pitl\c}rgd%s%f: tl%:?do:c naany
solid corrpossDU'Spspeets:memch@chtlaastém% 1dﬂmeczdfto mbtashnmﬂnft:gwdgi or a compound as
recited |

t. tl on of
iron or mph d“?céta mc Gip?a(} gr|pn thémsu‘gl'lll tt]a.%)éﬁ%ea*he use
as reci ted |pnwaﬂ3dufﬁm@1c>ofpatod;mwimh zsgat ﬂeest"/Mhemea!mothheshbmﬂraﬁ)gwe Pcal |y

effective SO 0 recited in any one of clains 1
to 19 or (,13‘??31 molpcfl&us fofin o%gsa(ftcflnpecﬁeé tncan%sfof clains 23 to 26 can be given

at a doseldfl hatxmbnea&ts fdxﬁr@/rkgdcd wma:hnolatw Gdh in phmeioltey:zablpwan@h%aytmmder effects
on the ki dn%}/ff‘racl?%rql%at LR, istara)@ga%o%li!j%%gdl ’[OSRI EHwn lne[*agme?r adrenal gl ands.
15. The solid composition as vecited in claim 7, having an aqueous solubility at near-physiologic
pH of between 0.3mg/ml and 70mg/ml.
16. The solid composition as recited in claim 15, having an aqueous solubliity at neat-
physioclogic pH of > 40 mg/ml.
[ 7. The solid composition as recited in claim 16, having an aqueous solubility at near-
physiologic pH of > 50 mg/ml
18. The solid composition as recited in claim 7, having an aqueous solubility at simulated gastric
pH of 0.05mg/mi - 250mg/ml.
19. The solid composition as recited in claim 7, having an aqueous solubility at near-physiologic
pft of between 0.3mg/ml and 70mg/mi and having an aqueous solubility at simulated gastric
pH of 0.05mg/m! - 250mg/ml.
20. A pharmaceutical composition comprising the solid composition as recited in any one of
claims 1 to 19, together with at least one pharmaceutically acceptable excipient.
21. The pharmaceutical composition as recited in claim 20, wherein the solid composition has

structural formula 11
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22.

24.

CH3O{CH2}mOMy *X

OH
o
N
¥, “OH
S I

wherein

m is 2 and n is 3; and

X is a counterion which forms a salt chosen from calcium, magnesium, potassium,
sodium, zinc, and piperazine.
A pharmaceutical composition comprising (S)-2-(2-hydroxy-3-(2~(2-(2-
methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-4,5-dihydrothiazole-4-carboxylate
magnesium hydroxide, or a polymorph thereof, together with at least one pharmaceutically

acceptable excipient.

. A compound of Formula [}:

CH30((CH)mO)y °X
OH
Q
_N
<, OH
8 ! I

wherein:

m is an integer from 0 to §;

n is an integer from 0 to 8; and

X is chosen from betaine, choline hydroxide, diethanolamine, diethylamine,
ethanclamine, hydroxyethyl morpholine, hydroxyethyl pyrrolidine, imidazole, N-methyl-d-
glucamine (NMG), N, N'-dibenzyl-ethylenediamine, N, N'-dicthyi-cthanolamine, piperazine,
triethanolamine, tromethamine, Ca{OH),, L-lysine, L-arginine, Mg(OH),, magnesium
acetate, KOH, Zn{OH),, zinc acetate, Zn{OH),/Mg(OH),, EDA, L-histidine, 4-(2-
hydroxyethyl morpholine), {-(Zhydroxyethyl pyrrolidine), [-(2-hydroxyethyl)-piperidine,
potassium 2-ethythexanoate, 1,2-EDSA, HCI, H,S0O4, MSA, and p-TSA monohydrate;

or a polymorph thereof.
The compound as recited in claim 60, wherein X is chosen from lysine, N-methyl-D-

glucamine (NMG), tromethamine, calcium, magnesium, potassium, zinc, and piperazine.
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25.

26.

27.

28.

29.

30.

31

32.

33.

34.

33,

36.

37.

38.

The compound as recited in claim 23 or claim 24, wherein the compound is of Formula 11, m
is2, andnis 3.

The compound as recited in claim 25, wherein X is magnesium hydroxide and the compound
forms the salt (5)-2-(2-hydroxy-3-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)phenyl)-4-methyl-
4,5-dihydrothiazole-4-carboxylate magnesium hydroxide, or a polymorph thereof.

A pharmaceutical composition comprising the compound as recited in any one of claims 23
to 26, together with at least one pharmaceutically acceptable excipient.

A pharmaceutical composition comprising the compound as recited in claim 26, together
with at least one pharmaceutically acceptable excipient,

The use of a therapeutically effective amount of a solid composition as recited in any one of
claims 1 to 19 or a compound as recited in any one of ¢claims 23 to 26 in the preparation of a
medicament for treating a pathological condition responsive to chelation, sequestration, or
climination of a metal in a subject.

The use as recited in claim 29 wherein said metal is iron.

The use as recited in claim 30 wherein said pathological condition is iron overfoad.

The use as recited in claim 30 wherein said pathological condition is the result of mal-
distribution or redistribution of iron in the body.

The use as recited in claim 32 wherein said pathological condition is chosen from
atransferrinemia, aceruloplasminemia, and Fredreich’s ataxia.

The use as recited in claim 30 wherein said pathological condition is the result of
transfusional iron overtoad.

The use as recited in claim 34 wherein said pathological condition is chosen from beta-
thalassemia major and intermedia, sickle cell anemia, Diamond-Blackfan anemia,
sideroblastic anemia, chronic hemolytic ancmias, off-therapy leukemias, bone marrow
transplant and myelodysplastic syndrome.

The use as recited in claim 30 wherein said pathological condition is a hereditary condition
resulting in the excess absorption of dietary iron.

The use as recited in claim 36 wherein said pathological condition is chosen from hereditary
hemochromatosis and porphyria cutanea tarda.

The use as recited in claim 30 wherein said pathological condition is diabetes.
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39,
40,
41.

42.

43,

44,

The use as recited in claim 29 wherein said pathological condition is an acquired disease that
results in excess dietary iron absorption.

The use as recited in claim 39 wherein said pathological condition is a liver disease,

The use as recited in Claim 40 wherein said disease is hepatitis.

‘The use as recited in claim 29 wherein said pathological condition is lanthanide or actinide
overload.

The use as recited in any one of claims 29 to 43 wherein the therapeutically effective amount
of a solid composition as recited in any one of claims 1 to 19 or a compound as recited in any
one of claims 23 to 26 that induces the bodily excretion of iron or other metal is greater than
(.2 mg/kg/d in the subject.

The use as recited in any one of claims 29 to 43 wherein the therapeutically effective amount
of a solid composition as recited in any one of claims 1 to 19 or a compound as recited in any
one of claims 23 to 26 can be given at a4 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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