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WO 2004/ 074444 PCT/ US2004/ 004646 1 FERRI C ORGANI C

COVPOUNDS, USES THEREOF AND METHODS OF MAKI NG SAME 5
wahoog/oaq@pd i cati on clains the benefit of US ProRCEHUSINA004646

patent application nunberg 60/447,690, filed 19

Febr uar 03 60/ 462 4, fi i 03,

Che conFERRLt CHitRER SBRatRDs, , dsks, fids #i

appl i cation by r eETHO0S OF) L EAMEC| ELD Thi s

invention relates to ferric organic conpounds, nethods

of making the ferric organi c conpounds, and uses of

the 15 ferric organic conpounds in the treatnent of
Thviar iagyd 1 cditdanrd erls inBAGKEROINR O THE UNVENTIGN Gkl patent

Thr,oughout this applij i 0 vari ou bl_j cations ,ar
bR PR aoo) G br Si ookt BBl Pearebasty disy, and
609Mta N, efsises & Badiel §bypiragcorpeat echdycseterenceri MQch are
_this application to nore fully describe the state of
ineeraatesl WwHicHhid SimviaRtion por tiafres 1) Uses

of Iron Conpounds Ferric iron containing conpounds are

[ e treatnment of a nunber of disorders,
T#ﬁ%ﬁﬁﬁthg?&%t not limted to, 30 hyperphosphatem a
and netabolic acjdosis., Previous studies and

Thigy it GHs  HaveS+epo?t e fRETHSe OFF e T i HPGifdgnethods

ofl NmaRE AL NG R diset af Yy PhosphakesundRd SHEH feldd Cor the
compounds are potentlal?y useful for the treatnent of
ferric organic compounds 1n the treatment of wvarious

disorders.

BACKGROUND OF THE INVENTION

Throughout this application, various publications are
referenced. Disclosures of these publications in their
entireties are hefeby incorporated by reference into this
application to more fully describe the state of the art to

which this invention pertains.

1) Uses of Iron Compounds

Ferric iron containing compounds are useful in the treatment
of a number of disorders, including, but not limited to,
hyperphosphatemia and metabolic acidosis. Previous studies
and inventions have reported the use of ferric compounds in
binding with dietary phosphates, and such ferric compounds
are potentially useful for the treatment of
hyperphosphatemia in renal failure patients (U.S. Patent No.
5,753,706, 1998; CN 1315174, 2001; Yang W.C., et al.,
Nephrol. Dial. Transplant 17:265:270 (2002)). Elevated
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hyper phosphatemia in renal failure patients (U S

Patent No. 35 5,753,706, 1998; CN 1315174, 2001; Yang
woe@4/07484 al ., Nephrol. Dial. Transplant 17: 2BGT/RF04/004646

(2002)). Elevated WO 2004/ 074444 PCT/ US2004/ 004646 2

amount s of phosphate in.,the bl ood_.can be renpved b
agaﬁpgfstgFiﬁ888§ﬁ§8gﬁdsl§ucﬁ 8s géPch EPfr aPE. &FEeved Dby
abinseteting, ddwdiatdd Csiiean i nds-phesphateacand thece in

ferric phosphate conpounds precipitate in the .
sgastiennt éS nEr5i¢r ddon rlesuyis i RgopRhaetfectdndk the ferric

of .dj ph romthe dy. Lt is .
OB Eer T o caP R L h e e EaTbThaa ™ Chbr ot D% Brerapspgestinal
trattat ecissilcanverirede £ ebt taeberabealWiLhdtetaegt ®hosphate

nmet abal i ¢ _acj dosis, a condi.tion common in _ rena

LFQRI U p9%hts. 1B U, aPsCenbefbeves, 75 0ghe absorbed

cHitsgtesesrdhe tisai0f Lekhi¢e CORt Al NG CONPAMNAS S carbonate
including ferric citrate and ferric acetate in the
wiight ldnnectfor methkodncoratigosis ects veoddigiam common in

sage_for to. . bind to soluble dietary phosphate, 15
r%ﬁ%giﬁ%l%Fg%iB?Fﬁ?Pgﬁ'of phosphate as ferric or

ferrous phosphates in the gastrointestinal tract thus

upsevepit&g: i@l abdsorpiion ofisolddde phesphates St OMerric
dietary sources. Since the binding of ferric ions to .
cepfablenphospiRawds thelugdsiy ofaresei naltrzbet awll derric

Lre.di ut.i . rall m ni_st-ere .

a?%?%#% égtﬁggé,Egggtgﬁ%gggtﬁgnﬁgtel%fggdfggbJgii%%f%?tlve 1

geaystadddgee ffewm,c tot ratel i $osl s {lover ditat, hgubsphate,
at 37C), oral adnministration of a substantially [|arge

CYBS RIS AT P TR’ Gt r RheSPEatEquRFed e F@I ffedTerrous

phBipRsLepat BNt taRP! §Gat-8nnt N 1315174 & S liscLo8€Snting
o?él absorption of soluble phosphates from dietary sources.
Since the binding of ferric ions to soluble phosphate in the
gastrointestinal tract would require dissolution of the
orally administered ferric citrate, and since the rate of
dissolution of crystalline ferric citrate is slow (over 10-
12 hours at 37°C), oral administration of a substantially
large dose of 1 g of ferric citrate i1s required. A related
Chinese patent application (CN 1315174) also discloses a
similar use of ferric citrate and related compounds in an
oral solution dosage form for the treatment of

hyperphosphatemia in renal failure patients.

2) Solution Chemistry of Fe(III) Compounds

Fe(III) is a lewis acid and is chemically less soluble in

the stomach at pH normally below 5 than at intestinal pH



25 simlar use of ferric citrate and rel ated conpounds

in an oral solution dosage formfor the treatnent of
whypenplaasphatem a in renal failure patients. PQT/US2004/004646

Sol ution Chenmistry of Fe(l13) Conpounds 30 Fe(lll) is

alews acid and is chemcally I ess soluble in the

NQYBRBEY aRPPEE nof mal | yPisel s Badhan igt Petestictal toH e an

%2@9&%0741% B@T/é@é@%/ 464613 @péé@iwl@@m@f TFe (111)
e stonmach 1s believed to be an inportant site of

cempoondsor ﬂheldl@é@buhailaﬂédﬁﬂhaﬂ)thQOﬂ@wmﬂds istalso an

so, bel,i eve t. the_sto so a . .
STRREF EaRt S Ee S HAriGn FoF FBCRED 16 te ks action
i@ChbiARiAg RobidIditagt q»rm@raeméaa,hqszp@\aéﬁsmg DpBMgphaﬂg from

phosphate from reaching the intestine and thu

reaelutnag thise dbspticored thHespraesd nor &rﬁq h@bsorptlon of
/ / US2004/ 004646 4 SUMVARY

p%ﬁéﬁﬁé#%ﬁwﬁ%§%c§ﬁ%n9§gégﬁ %Ze with these and ot her
objects of the invention, a brief summary of the
present invention is presented. Sone 5
sinplifications and oni ssion nmay be nade in the
foll owi ng summary, which is intended to highlight and
i ntroduce sone aspects of the present invention, but
not tolimt its scope. Detailed descriptions of a
preferred exenplary enbodi nent adequate to all ow
those of ordinary skill in the art to nake 10 and use
the invention concepts wll followin |ater sections.
This invention relates to novel fornms of ferric
organi ¢ conpounds, nethods of making these conpounds,
and uses of
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these conpounds in the treatnent of various disorders,

15 including, but not limted to, hyperphosphatem a
wa@ae@4/0naeabol i ¢ aci dosis. The novel forns of fRECT/82004/004646

or gani ¢ conpounds are synthesized by adding an

[ N I roxide to a water soluble 20 ferric
séﬁ%ﬁ#% ﬁ#r$ﬁﬁ'1§%§%f¥q% nmet al hydr oxi de can conpri se
sodi um hydroxi de, potassi um hydroxi de, or any other
I%nﬁ@%ﬂﬂ@ﬁn%$k%}?%eth%$%la%@d?%&@ﬁeOb]%%¢%0¢ﬁb¢@efé@Y@@tlon,

gl C.
* S ORI FEIRI PreiL AR ALLEE TN A S, some
Simﬂkﬂfi@mhxmmﬁeamﬁ agidiech iatn 26aq $m£oméd@ tat ersndfollowing
eratu e.Lo forma uni form oxo, col | oi dal
r%%%%l%h hésc&qqﬁQé%Jsﬁ%p ﬁgﬁg WﬁﬁﬁéﬁFe some
aspubisol b€ enyspatiémne 9ﬁ@§ﬁ%£o@3|@utsn@@d€@ Mmfr its scope.
specific tenperature to formthe ferric or gani c

Defgrpethd descrgaitioingn. oThe argrifeeredi ¢xcawleaypr¢meodiment
aéﬁﬁ{ﬁ§§E@gdalfgwa%ﬁ$é§a3f 5&diﬁ§§ tékflfcigo%%gcgkylgo make

unaric aci ari ¢ acid, “or an
amdﬂd&&ﬂ@h@rgmﬁéﬁtﬂ@mdcoﬂh@pM@Vﬁdllffmh$o®f1ﬁhfa{@fré@ctions.
organi c conpounds are precipitated out of solution
usi ng an or.ganic solvent. The organic solvent WO
T 4 FO7ERAA OPCTF B52008/ 004686VEE cAATBBMSH séearhanoproanic

cdmihansd, %Eﬁ%ﬁl'cﬂ?eﬁgﬁfﬁ%'%ﬂﬁggpy oM G0 and uses of

tetrahyd?o?Uran, or ‘any ot her suitable organi’c
thﬁﬁ@uﬂuqmpﬁundﬁsdhtim@enotebatmemﬁ obft heateousc disorders,

., organic co unds have, an hanced |ssol t|on rate.
LS TG enbB8i mERt. ¢ hEHGTRI FBr m Hgaie  and

méﬂgﬁgﬂﬂ&ia@§@6%i§es a novel forn1of ferrlc C|trate
The novel formof ferric citrate is synthesized by

addi ng sodi um hydr oxi de at
The novel forms of ferric organic compounds are synthesized

by adding an alkaline metal hydroxide to a water soluble
ferric iron salt. The alkaline metal hydroxide can comprise
sodium hydroxide, potassium hydroxide, or any other suitable
alkaline metal hydroxide. The soluble ferric iron salt can
comprise ferric chloride hexahydrate, or any other suitable
ferric iron salt. The alkaline metal hydroxide is added at
a specific rate and temperature to form a uniform polyiron
oxo colloidal suspension. The colloidal suspension is then
washed, and solid crystalline organic acid is added at a
specific temperature to form the ferric organic compound in
solution. The organic acid can comprise citric acid,
acetic acid, isocitric acid, succinic acid, fumaric acid,
tartaric acid, or any other suitable organic acid. The novel
forms of the ferric organic compounds are precipitated out

of solution using an organic solvent. The organic solvent
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a specific rate and tenperature to ferric chloride 10
hexahydrate to forma uniformcolloidal suspension of
wo eooriozi44hydr oxi de. Solid crystalline citric aRCTUBR04/004646
added to the colloidal suspension and heated to a
specific tenperature range to formferric citrate in
casolcotriper seThe: rovel , foephoifol f epeianelt r acetipge, isopropyl

recipitated _out of solution usin .qani :
alE8S@ént.%?ﬁﬁaﬁgggprgPﬁfofo¥er?+%gé? f%%gfﬂgé t %? crgante
sofl @erul.a CBkEOrke vard nghasowly efophysiofal tips opertiies cagyanic
determ ned by dissolution rates. ,The conpound can
CoOngeEngs PAlE 7% EndiadsEIuCiEs Orldte 090 Bdifge, as
determ ned by USP intri-nsic dissolution assay in

wat er, between.,l1l.9.to 4. [ f or
13k By 2 UG el POl eBnporn
co%ﬁfﬁ[sersa@g@loﬁifel phtnhat cemrerciclidna @vai ITE endgInstorm of
0

ferric citrate. The npovel formof f i, iitrate .
fegad chaid @ Yarye %E@W%S%a???ale% ?gdéwaesr@%ﬁ%gf 'é‘afrcﬁ—”é%lde at

a.Coﬁggéfff&lyr%%%Jlagﬁg f LB ehitli@eri Cco Or garirGc  chloride

compounds or conpl exes. Because it is nore sol uble,

hetxtad yuoneede frar riaafm fae ruri i aumy a1l o ickip FUHRIRE NS it Wl ngerric
novel, fornms_of .ferric citrate, can.he sed I

hﬂﬁq%%f%Velysaéﬁﬁvéﬁqﬁﬁ%%%9%ﬁg%h?%lgoﬁﬁ§8%3§§bﬁagﬁgoH% the

cd10Wig10f 9hdpeAdibAl Wit hoaté@ pati£nkpesifffier i tgnperature
from illnesses which are responsive to treatnent mﬁ%h
rafrare it \(sﬂgmomwmtp@rwszoo%moﬁwm- 61t gapT gL torm of
conpoun incl udi i i m.ted,to, ; ‘
fe_rﬁf&eci pﬁ%ggﬁ‘lg%emyg g%ff%g{lﬁgﬁdc g‘é?:do%ifs.so'l'lﬁlitslon asing en
orngwend iswlveaiat es to use of-the novel formof ferric
5 organi ¢ conpounds, including novel forns of ferric

Tﬁ%% ng%roefat fepraéz!LcengistrsallJ’gg eﬁésngt}fler OJL_%rdIinSfé dgsrl—ﬁ%Fe and
has novel physical properties as determined by dissolution
rates. The compound can have an intrinsic dissolution rate
range, as determined by USP intrinsic dissolution assay in
water, between 1.9 to 4.0 mg/cm®/min. The novel form of
ferric citrate is more aqueously soluble in a wider range of
pH than commercially available forms of ferric citrate. The
novel form of ferric citrate can have a large active surface
area compared to commerciaily available forms of ferric

organic compounds or complexes.

Because it is more soluble, the novel form of ferric organic
compounds, including novel forms of ferric ciltrate, can be
used to more effectively deliver ferric organic compounds by
the route of oral administration to patients suffering from

illnesses which are responsive to treatment with ferric



ferric organic conpound treatnment. This invention also
relates to nmethods of treating patients 10 suffering

wo c@niodi4gor ders responsive to ferric organi c PBONPS2NH004646
treatnent by admini stering @ therapeutically

fective anmpunt .of ferri n conpoun to_t.he
OB%?%ﬁts W%%‘i?omﬂ%%%%@zoo@%% 7 BEFAYSED to,
pg@@&&gp@kgﬁﬁﬁngl fRESCh Acdrawkpgsswhi ch

| ustrate specific enbodi nents of the invention, but

whi ch shoul d not be construed as restricting 5 the
TépSrﬂPV@mt9@®p§Hﬁat$% tﬂv@ﬁﬂ(ﬂfltb@nyOW@Q fgureflferric

chemati c dla outlinin
> O£§a§ 8f%§n§0updﬁérrﬁé é%ggﬁgcn%%ﬁ% 38&?5 g% %?ﬁﬁl?ocgtrate
tdbhedawenpuofent® Fy@EfFer2nds fadal 081 06réiBes responsive to
di ssolution profile of the novel formof ferric
f%FF%%t%r%ﬁn%ﬁeCPWPQHPﬁoﬁrééﬁﬁﬁﬁEd to a comercially
avai | abl e compound. 15 Figure 3 is an isotherm graph
v or Y u . .
e tonel Parrag BETCaet e SurrhdE B G Freahing patients
10 smﬁfarbhgfefmbm Cidtirsatrele e odtecabriyi eoult@r SArr8¢00organic
%Serlal : 211017 Sof tware Version 2.13; El apsed
qap@un 29 tHeR me@j& galgytl Ié}él;(ﬂl@@s;,}.ielagJ_ngQJt%astherapeut:l_cally
cEE8PEL AL u&ﬁouﬁ@%fzgeﬂfgw 8r§ah§ca80ﬁ4p5§¥dd'tt)f rf:ﬁ%t %Q{@lents
spectra of the novel form of ferric Citrate
4.00 to 40.00 (Deg); Step Scan Rate: 0.02 Deg/nln 25
Figure 5 is a thernogravinetric analysis of the novel
form of ferric citrate. Method: Heating 100 M N
N2@0CC/ M N;
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thr oughout the

wo cdokon4my description, specific details are Ber/USTmN4/b04646
in order to provide a nore Thorough understanding 5

o RSO R Bl M S 1 o

i nstances, wel| known elenments have not heen shown or

e SERMBEgS nikthi T eSivEit® GRREEEESarTTIRPOHRRF ngE the
id e IWenthen. wACERT dhBgh ¥, nbfte pbeSREGI i Gl Ol aRdst ricting
draw ngs are to be regarded in an 10 illustrative,
thatderriharr ascast rotlilve, izenseloThis dmyemy on
provi des a nethod of synthesizing a formof ferric
or gani ¢ conpound whi ch conprises obtaining a ferric
Fid@re sal tisacddi sghanadh kaldingymet abubydnexgdeci® thRe&hod of
ferric 15 iron salt at a rate and tenperature .
naf¥egt POt of pEBAULE & STt GIHEaRGISy i VP BRY!s according to
cpuspension, isolating a precipitate fromthe
suspensi on; adding an organic acid to the
precipitate; formng a ferric-organic acid solution by
riwatde ng the zordad coActde andskbeupteai piricatide antl 20 novel
precipitating the formof ferric organic conmpound from
fere Sfer fegrgrgaRriteraérd <61 uthon BYW Ay &P™Begas cto @
cSRhyeMal Dy 4D sObILT Ofnpbiin@n enbodi nent, the
al kalrne metal hydroxide is added at a 25 rate of
l ess than 20 m/mn. In another enbodi ment, the
Falhkat i ne net alarhydrsoxiden s gadged atf avpatimeof alebwben vs.
%ﬁ%ut 10 M/ mn d about 20 m/mn. %n a preferred
T 1ot freRE S8 RomHal B9 1Pt 028D HPs miaf fige area of
t%%eﬁé%éﬁdfd¥%|6Eaﬁ?§9?emdﬂ%ﬂatéfm al-kal:bBg MRt aloulter SA
0

ydroxi de i s added ,
3100 (Serial No. z11017; Software Version 2.13; Elapsed time:

29 min.; Outgas time: 60 min.; Outgas temperature: 40°C)

Figure 4 is an X-ray diffraction spectra of the novel form
of ferric citrate. Range: 4.00 to 40.00 (Deg); Step Scan
Rate: 0.02 Deg/min.

Figure 5 is a thermogravimetric analysis of the novel form
of ferric citrate. Method: Heating 10°C/MIN, N2@40CC/MIN;
Size: 10.5480 mg.
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the ferric iron salt at a tenperature of |ess than
40C. In another enbodi nent, the al kaline netal
\Nmyummdee is added to the ferric iron salt aPCHUS2004/004646
nperature between about 10C and WO 2004/ 074444

D@%%Ié?ﬁeﬁésggfﬁiﬁm -oF (b AlvaweRof P30 .

preferred. In an enbodi ment, heating the organic acid

TRFRUERRUL 5 theeci Pi kit ¢ ofprPEERt heht | FFeCchd 16r giffialls are
e ClLpl t t

@Eog ?gcﬁgooégogtt% g%t Iﬁﬁéq%fg err€%8£ﬁ%%§|%@ﬁQrStandlng

of heheangevést het weBnwabout ts@cmezabmm 9@@ Ber practiced

other preferre odlnent n1na| erat ur
wET%R8 HBoGrerEiT e T S ehBodrHERt LAY Shes, WAL known
eIEﬁ@hﬁstﬁ&b@gnbhebé@ﬁnbﬁéwﬁeéfl@eQ&Q@Bé@ epampedadlf £eMivoid
the ferric-organic acid solution by adding an organic

uRRRgentarslyt MO IBILIIDN téenpt REeBt E0BI i ng rdingly, the
sBELTEECOLOB el dorapliuion e | ess thah A0Gpelerein  an
e organic solven I'n a preferre

1Bh®9ﬂraemve,thetﬁerrthanrganestﬂmcﬂlseluseﬁse15 is

cooled to a nom nal tenperature. of 20C. In an

enbodi ment, cooling the ferric-organic acid solution
T%bﬂp#ﬂ§@§té@@H9ﬁ?VHQQ§f%n??%h%ﬁga svaghesdaiagG oh ferm of

AL, 1 ‘_% O, dd 2 ¢

oL PO BIRRIE SRy ke onBTl R il & ferric
isohutebh; |ad@an@e@nt@hkaﬂmnaumetél)Hyﬂmmxzdmrboothe ferric

20C. an .enbodi nent, the ferric iro aIt co ri ses
Ly PRt amtort de hexahg T SrBE a5 R B riden Staguce

ulRf §38hC B¢l ¢ el udes Butpbasneh; Iimiae@lﬁ@ SUCBrBEEpitate
acid, funmaric acid or tar%arlc acid. In anot her

fepboditient  SudRerstigani ¢ 2@ ERConPRi seFJeintc ¢ aidl. to the

precipitate; forming a ferric-organic acid solution Dby

heating the organic acid and the ©precipitate; and
precipitating the form of ferric organic compound from the
ferric-organic acid solution by adding an organic solvent to

the soluticn.

In an embodiment, the alkaline metal hydroxide is added at a
rate of less than 20 ml/min. In another embodiment, the
alkaline metal hydroxide is added at a rate of between about
10 ml/min and about 20 ml/min. In a preferred embodiment, a

nominal rate of 10 to 20 ml/min is preferred.

In an embodiment, the alkaline metal hydroxide is added to
the ferric iron salt at a temperature of less than 40°C. In
another embodiment, the alkaline metal hydroxide is added to

the ferric iron salt at a temperature between about 10°C and
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In an enbodi nent, the al kaline netal hydroxide

i ncludes but 30 is not limted to sodi um hydroxi de or
w@oaa®sidwm hydroxi de. I n anot her enbodi nent, PEEUS2004/004646

al kal i ne nmetal hydroxide conprises sodi um hydroxi de.

WO 2004/ 074444 PCT/ US2004/ 004646 10 In an enbodi nent,
akidve dr0gahi drsal erfdmuddideddslimerst ,not ndnialedqeperature

t.hanol., net hanol , . butanol, isopropyl alcohol,
Ofggg)t gﬁelsorpr[ FHtflrofuran. 5 Thi's i nvention provides

a method of synthesizing a formof ferric citrate

Vi £h cerBhisRENneht aiRiaRg nfer ritte chbegbflec acid and the
hexahydrat e; addi ng sodi um hydroxide to the ferric

pustligriite e heocatpyirsttse feadingt ethed pedpeist upeld and the
ef f.ective to prod iLf.or | r 0 ko

PISis] elrFsaYtoen; gloso? até %ﬁgggagpg%i p]%%tg'?éeé@iog? r g% tl]Se € to about

ossuspensi Onpraddrngdceybbdlmbne, cichel caacied it ddmveen about
recipitate; formng a ferric-citric acid splutjon,b

8théat PRY t RROBFL 1t g‘Ci d ardP MRS pr DT HE, ﬁﬁ‘boglm)ént’ a

néHfﬁHf”Eéﬁ#@Qafoefanbgﬁcf%%rb%éyéﬂﬁgéifﬂﬂ”ﬁﬂr@hbodiment,
erric- citric acid solution by adding an organic

prsotigeiitattiong hehe15ogol wifi oferi¥c aprepdoddi wemPovgsdifmpm the
hydroxi de is added to ferri chl orj de_he t

£ Tat e ol s th ns%u?ﬁ(?rfn%rﬁ/ ?%8l%§o?‘£e§§(gg %(gi%%n ent to

£ 150di gun by dsoxi demp 51 seldledcs@oL freg ri€h@0 tototéderganic acid
hexahydrate at a rate_of between about 10 m/mn , and

sabotORot ol 195 A than a3Qrefler Fekr enbotidehe AT PRRT nafolvent.

e minii s Jpreferred. , . q ,
If{e%oﬁgﬁg‘%gégo %Egd{%%?l&i e S Qb difle acid solution
ichtesiee hexahydnahel atemp¢ emperat of e20fCl eS8 @hagmbodiment,

C(sr %lcgf rég!x P fcggn Og elﬂ]rerr i ce—nc;orogda{nrriecnt ac f g d is%Tul%X_(L%rno Xcioqr?priiss easd dg g oling
the ferric-organic acid solution to a temperature Dbetween
about 10°C and about 30°C. In a preferred embodiment, the
ferric-organic acid solution 1is cooled to a nominal

temperature of 20°C.

In an embodiment, the ferric iron salt comprises ferric

chloride hexahydrate.

In an embodiment, the organic acid includes but is not
limited to succinic acid, fumaric acid or tartaric acid. In

another embodiment, the organic acid comprises citric acid.

In an embodiment, the alkaline metal hydroxide includes but
is not limited to sodium hydroxide or potassium hydroxide.
In another embodiment, the alkaline metal Thydroxide

comprises sodium hydroxide.
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chlori de hexahydrate at a tenperature between about
10C and about 40C. In a preferred enbodi nent, a
wmoeovoad44t enperature of 30C is preferred. 30 POT/ERB2004/004646
enbodi nent, the ferric-citnpc acid solution is forned
by heating the citric acid and the precipitate to a
Int @rpesmivod endet wedheabougar7isC solubout 195Cudes ddbut is not
li%%%f VF§9 W 20% 1074444 PCT/ 2%04/ 04646 11 Leonhol
8568 nent & TERE O angBS ARt ne&H TabSIY  8bTCRhAPRbodH coRoL,
ac8@6ne bi ametherdpogierned embodi nent, a nomi na
tenperature of 85C is preferred. 5 In an enbodi nent,
precipitating the formof ferric citrate fromthe
Thitgr dingegittiornc Rieddido$ uei satbydaddi myamesgaine a form of
.vent, . 1e sol ytion _conprise ooling the . .
red bt f5 1 8% BRelt L OPuBROR ro TRESTPREN SOt orplomide
headdiyagathe a@gamLC sedlwemydtsxidprederhed ferric chloride
enbodi nent, the ferric-organic acid 10 solution is
heggblvegats atnénitiare favpéraPgretyrereEfaciigs to produce a

un€FBeA! MM v1 £0R1 TN t R e EHCI 1561 8 HySOl Ul ipirate
conprises cooling the ferric-citric acid solution to a

fromnidreat e spdes ween abdungleCyandldbowt S Gc lacadlbso the
eferr e di ment, the ferric-organic aci,d solu%ion

d 1
orBETEGErEd {0 A HO nal {ERDBIGIGTE Bf 206101 nSgaution by

hegfibadi mHe tHetergani ¢ s@lyentnbncliugdes pubcipibgte; and
limted to ethanol, nethanol, butanol, isopropyl .
PraréphépLingo Heet agmorck efeahier eLtrane @n the ferric-

cikRyentd ony prs?\iiqu%na. €a8h; Aqf YN 8% éﬁgEi G Cro the
compound or ferric ci afe as’déscribe above for
soflneédabnng a person suffering froma disorder

responsive to ferric
In an embodiment, sodium hydroxide 1is added to ferric
chloride hexahydrate at a rate of less than 20 ml/min. In
another embodiment, sodium hydroxide i1s added to ferric
chloride hexahydfate at a rate of between about 10 ml/min
and about 20 ml/min. In a preferred embodiment, a nominal

rate of 10 to 20 ml/min is preferred.

In an embodiment, sodium hydroxide is added to ferric
chloride hexahydrate at a temperature of less than 40°C. In
another embodiment, sodium hydroxide 1is added to ferric
chloride hexahydrate at a temperature between about 10°C and
about 40°C. In a preferred embodiment, a nominal temperature

of 30°C is preferred.

In an embodiment, the ferric-citric acid solution is formed
by heating the citric acid and the precipitate to a

temperature between about 75°C to about 95°C. In a preferred
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25 organi c conpound therapy. In an enbodi nent, the

di sorder includes but is not limted to
whypenptaasphat em a or rmnetabol i c aci dosi s. Thi BCT/US2004/004646

i nvention provides a nethodlof treating a person 30

suffering froma disorder responsive to ferric organic .
<BBABUORACt hERSpy 2E8Rpris iR S MItEh | HY ¢ 0XEfleabout 90°C.
TRELSRAIRr L HEE APBHLE CRINL £lieq! i Ve aBRURL 10T &fberature of

ferric organic conpound as described above. In an
8ehBods meneferrad.ferric WO 2004/ 074444

PCT/ US2004/ 004646 12 organi c conpound is ferric

citrate. In anqther enbodj nent, he di sorder _i ncl udes
THUET, STRACTTIH o FSC LRy hor DhbsbST Sfd otf nEPARbFi £1trate
£a6hdesies. f&rdd-scifyeat heRdpravifdessd bor mRfimy &kl ks ganic

organi ¢ conpound having an enhanced di ssol ution rate.
sphvant efbodinge ol utheon senborIpmi eoebipouhbei Akudescitric

agH& %%lﬂ%&gdzﬁéegegg %H&HFéoﬁ?'gefggg“éééyﬂétt?e organic
i'socitric acid, succini¢ acid, fumaric acid, tartaric

sattrdnot ohher prelfRieetoOrgadi manpounids. f&énrit-angbhee acid
enmbodi nent, the said ferric organi c conpound has .a

Spargechct FveCsLpfate &r BaMEBApar8uresaEsnteRti éhal -

ferric organic conmpounds. This invention provides a

IBor??oé égﬁfﬁgnﬁit&Q&ﬁjﬂﬁyigget%%rr%%—fQEqH%aE§§Hgoé%§ution
ang'orIHaV|ng physical "properiies as éétern1ned y
cdinpsbbati omcobies. tie anfembodtaentict keeidli ssdlufticon to a

rate, as determ ned by USP intginsic, dissoluti 0
£538852 P izfar BT LV P et hgen 116 o #d reHe/ M. S0 In 2
pFBESrayentimplaw desna faim of-defdrcc chbhat &solution is

having a BET active surface area exceeding 16 sq.nlg

canded BETaappiipalsiiehpesasrse PEoLAeEm as shown in
Fi gure 3.

In an embodiment, the organic solvent includes but is not
limited to ethanol, methanol, butanol, isopropyl alcohol,

acetone or tetrahydrofuran.

This invention provides a use of a form of ferric organic
compound or ferric citrate as describe above for treating a
person suffering from a disorder responsive to ferric
organic compound therapy. In an embodiment, the disorder
includes but 1is not limited to hyperphosphatemia ox

nmetabolic acidosis.

This invention provides a method of treating a person
suffering from a disorder responsive to ferric organic
compound therapy comprising administering to the person a
therapeutically effective amount of an ferric organic

compound as described above. In an embodiment, the ferric
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This invention provides a formof ferric citrate

having the 25 x-ray diffraction pattern shown in
Wo@ueid4d This invention provides a form of fBET/US2004/004646

citrate having three trand2tion tenperatures as

determ ned by thernogravinetric-analysis (TGA) and
orbaviig @or@AIpt of 8| Eeasic3®ishwe i nIFi gopehsr Flpdiment,

i nventjon provides formof ferric citrat.e, '
thehe fOFFRT e?err?80399F§te Hist a | aPge égyfvemgﬁﬁﬁggg to
hy®e8®h EMRaed o ©:CaRveNJ1aRAladi’IddiG .0r gani ¢ conpound
conpl exés. WD 2004/ 074444 PCT/ US2004/ 004646 13 This

i nvention provides a use of a formof ferric organic
Th]xcltsnpﬂundlturorf @ricidds rat Boro PEeat T&IFEFs OF W iCerdafgpound
rom a disorder .responsive to ferri rgani
haeHREhG PR a e nb e IAE. o HE ‘s obderrt nefGdaeey £he
sali Mgdiie teshgoundypes phasphatenia aptnitiatiglad to citric
aci dosis. This invention provides a nethod, of tr.eatiﬂ%n .
aric

acd dersentiguricdd ngt $9oht B @i S6rder FESPINST vE LG
adig r|§a%%§9féc?c}8 CAMAYNG.- t hel 2pyq CerBEhSENGompounds. In

adrfinistering to the person a therapeutically
arefdtact | yebadhueant of thef Grmdoffdmrid cooggant c corprpodndas a
or ferri¢ citrate as descri bed above.olgo%@e

LagifisodPRERTS (3 TR Sor BT o FOaes but®i SORGENT R Feg fer e

oddanWYRESRhasphat em a or netabolic acidosis. 15 This
I'nvention provides a formof ferric organi c conpound
or ferric citrate as describe above, wherein said

THior nimfent 2omi provyaas cacdapoued dedfd i idatatke g the

in an or g% adm_ni st rabl.e fo 'm@' .L.oel u i
f?ﬁﬂé§§n1? ¥¥gea fﬁmﬁéﬁﬂer?azﬁ% sp hg?é%?gan%§§’|sﬁ6ﬁ%3 S
A CAPSAE@, B JraMEA.utdon rates. In an embodiment, the
dissolution rate, as determined by USP intrinsic dissolution

assay in water, is between 1.9 to 4.0 mg/cm2/min.

This invention provides a form of ferric citrate having a
BET active surface area exceeding 16 sq.m/g and a BET active

surface area isotherm as shown in Figure 3.

This invention provides a form of ferric citrate having the

x-ray diffraction pattern shown in Figure 4.

This invention provides a form of ferric citrate having
three transition temperatures as determined by
thermogravimetric analysis (TGA) and having a TGA profile as

shown in Figure 5.

This invention provides a form of ferric citrate, wherein
the form of ferric citrate has a large active surface area

compared to conventional ferric organic compound complexes.
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troche, a pill, aliquid, a spirit or a syrup. In an

enbodi nent, the ferric organic conpound or ferric
wa@Rdamata4ds in a formor in an acceptabl e carPCBUS2004/004646

suitable for topical, subliBngual, parenteral or

gastrointestinal adm nistration, 25 or

aerosolization. This invention provides a conposition

The 8N Ed g én f proveliest ar nige osgani FeoPEENde®iic organic
ferric citrate as descri be above and a suitable

CopRPNgr 0r30f e ifs et erted ntot heedlr i BEIreabpl Suddrriey from
Lac { teoJd mt it i

B A o o e

ant kogedifmeartdi many dksbbd¥® 200440684444t is not limited to

PCT/ US2004/ 004646 14 i he art,.. The type of carrier
nYREEPhPS %ﬁﬁ%ﬁhfﬂb“@ﬁ%ﬁ? 1G5 6 X &dm ni strati on

Wth regards to conpositions for parentera

Thadm RLSERALIAN pPoledes SHDCHEBREQUSHENj€LLdioNs) . 4 Neerson
termsuitable carrier includes but not limted to

sulideerinosalfiros, al cohsprdarf atesponslxeort@ bigfwrc organic
Wth regards to cogEQSitions éor or al adni@isﬁgation

COPREUNTD tRTRTRYI CABPE1EAFE P T H s bt SRot VT niEEgen @

thb@apRy1tafcaing oHFRe 16RS lanRfis1t0lofa S Fdrth G riedniSudyanic
as mannitol, |actose,  starch, nmagnesium stearate,

CoRpAUA saichdamiec t Aiddmte cal uidesErififttos@ove. In  an

emg;csag,%%%t a”‘éhgagcﬁ‘féép canhonate. My tlbeis employedni {aq to

'S
odegr adabl’e "'mi crospheres (e.g., polylactate

hypelrypilogedlaatea)ia ey reltsddic cergalicdoed. sas carriers for
t he pharnaceuti cal

This invention provides a form of ferric organic compound or
ferric citrate as describe above, wherein said form of
ferric organic compound or ferric citrate is in an orally
administrable form which includes but is not limited to a
powder, a suspension, an emulsion, a capsule, a granule, a
troche, a pill, a liquid, a spirit or a syrup. In an
embodiment, the ferric organic compound or ferric citrate is
in a form or in an acceptable carrier suitable for topical,
sublingual, parenteral or gastrointestinal administration,

or aerosolization.

This invention provides a composition comprising a form of
ferric organic compound or ferric citrate as describe above

and a suitable carrier.

As used herein, the term suitable carrier includes but not
limited to any suitable carrier for administering

pharmaceutical compositions known to those of ordinary skill
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conpositions of this invention. 20 This invention
provi des a pharnaceutical conposition conprising a
wo eoorionfs4f erri c organi ¢ conpound or ferric ciPCHUS2088004646
descri be above and a pharnd¢eutically acceptable
carrier. In another enbodi nent, the pharmaceutically
inatbeptatil.e dmﬂwtyp@onbr¢3931©rcmnlloVﬁ@M fepeasldng2en the
for Iatlon } i nvention provides a pharmaceutica
ModFnf SFQW&HlS ﬁ%ﬁlglng an effective amount of a form
of ferrlc organi c conpound or ferric citrate as
wlgﬁs% Perpboyg fQnddaatiiong 3b4i F@!’f@ﬁtéréﬁsmﬁ\i%ﬂ@tion
erric organi c conpound therap an enbodi nent
(ethe digordeanéactuded aaftons) nottl{lﬁﬂmtteéf@t@ultable carrier

BT A Tl 20, 0o, @ e

wa&h@&n@0@@ﬁﬁ§ﬂjy acceptable carriers |ncludes but is

not limted to a liquid, an aerosol, a capsule, a

tablet, a pill, a powder, a gel, an ointnment, a
chl;heamg@r@as ar@l ecompe Bt 1Yhds bRAt MR f eFB4NdSFFREION, the

e8NS 19 SUMLI L é% GextiRse lﬁdﬂ”llmlted to any of the
glr u ng so

M Cont al ni utions, Hank's solution, other
abaade @las ks ojroga cad 1iyd ke raniced ssmmtaa)n@nrow@l, lactose,

esters, glycols, bioconpatible Lynmers o nerlc
St cedslGHpRUIBs, ShPOFoLapsuPES UM crasaTtier gy, Lo
ce*i‘l'di%s%r CRANAI QNS 51 8MBEd C dHERSag r%éi@ﬁlmmt&vam,s may be
| 1 posones, Ilpospheres cells or cel l ul ar

enmﬂﬂbﬁahes WD 2004/ 074444 PCT/ US2004/ 004646 16 1

Gbneral Met hod of Synthesis of Novel Forms of Ferric

BlO zggééégﬁg)mlcrospheres (e.g., polylactate polyglycolate)

may also be employed as carriers for the pharmaceutical

compositions of this invention.

This invention provides a pharmaceutical composition
comprising a form of ferric organic compound or ferric

citrate as describe above and a pharmaceutically acceptable

carrier. In another embodiment, the pharmaceutically
acceptable carrier comprises a controlled release
formulation.

This invention provides a pharmaceutical composition
comprising an effective amount of a form of ferric organic
compound or ferric citrate as describe above for treating
disorders responsiﬁe to ferric organic compound therapy. In
an embodiment, the disorder includes but is not limited to

hyperphosphatemia and metabolic acidosis.
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Referring to Figure 1, synthesis schene 10 is a
general 5 nethod for synthesizing novel fornms of
wo eooriozs4as gani ¢ conmpounds. The starting mat er PEl/BS$2088004646
i ndicated in box 20, conpnfse soluble ferric iron
salts. The soluble ferric iron salts can conprise

A% or PSEchI BEFEE" hex ARAITR LY Fetdep Op CCors 3PA G caf@Briers

i dLReXs 2hutor 1 Ny, Ht h@ﬁm%'ﬂbtﬁ%@ %0| yg?ﬁlﬁer rd.e ]a%rosol a
iron salt. Next, an alkaline metal hydroxide (box 30)

cdpsulgided éﬁbée§pe@1pxikﬁu@ p@@deenpergeﬁnean)@imiment a

soluble ferr c iron salt n_of
R | DRSS HAT 58T A Shdey 27 geTine, Ringer's
sdlﬂfﬁfcﬁ{,amd/e}bﬁd\@@n abDuE 1 30, r@éﬁ&rﬂ—@@ﬂt@ﬂ@yﬁgzosolutlons,
m/mn) and tenperature range 15 (preferably bel ow
HAYO)S r exub sl 9y t heLROF net T@Rre?  aPhymi ¢ beat pal Y r opalanced
oi dal; .sus n. al L,

*RAG- At San Gonaertobod U hyir of geoRBaEAbdr ot ymeTS,
pdiyydreaxi denatori@ay, otdesubas t ahi@r@d:éqashlhha% metatroparticles,
b droxi de _as _ i,ndi cated |qibox 31. The cgll oi dal

%RE&EnQF8Ha§?E& PPt at €4S coPFERFed IS8y (Bexices.
14Dsmdd), di stddpeerddl efelDs SENDVEL @Y r SRAMDEEnes .

inmpurities. After rinsing, the precipitate is

re-suspended and, as indicated in box 50, crystalline
organic acid is added to the precipitate and heated

to a particular tenperature range (preferably between

25 about 80C to about 90C). The organic acid can

conprise any suitable organic acid. Box 51 lists sone

of the possible organic acids which can be used,

including, but not limted to, citric acid, acetic

acid, isocitric acid, succinic acid, fumaric acid,

and tartaric acid. The 30 addition of the organic acid

allows the acid to form conplexes with the

precipitate in~solution. At box 60, the ferric

organi ¢ conpound is precipitated out of solution with
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an organic solvent to forma novel formof ferric
organi ¢ WD 2004/ 074444 PCT/ US2004/ 004646 17 conpound
W@ box/074¥4 Vari ous organi c solvents can be UuSeBCT/US2004/004646
including, but not Iimtedi6o, the solvents descri bed
in box 61, such as ethanol, nethanol, butanol,
lacetameral siprtbpyl oal comdlhestiet r ahy dfmfalr ahpros anf Ferric
oethet csubmpbliederganic 5 solvent. 2. Solubility
Profile of Novel Fornms of Ferric Organic Conpounds 10

rébErknMENt srhgveef ound sihahelshe novebméorne 6 a general
ferric organic conpounds produced according to the
nathRedsLodeseyNbEasaBoRE arevavr efssMgbl €Tt hdgrric organic

céﬁ%ﬁ&éal | %h%"%ég%tt:l%\g lr%ﬂéﬁ%%%%& £OaPOUPdS. 1AVEbx 20,

fange o I'sincrease In
csmpubsblsyloblEhéemouel1ﬁehrsal@sganEbelSodubﬁeuﬁ@srﬁs iron

believed to be a result  of q flcan
SPAF 5 Catt | VIS TROB EF A8 G DRECRJB bR Cor (FedLa6iz0)
abeLhh¢coraania E@ngqnd§r an U%%h@& Dovekpker g®10ble ferric
Ferric Organic Cbnpoun sin ? 20 Treat nent of

iPpsorsarts. TN@XhOVéﬁlf@lh@lbﬁeféﬁﬁﬁd-d@@@h@%l@©ndéuﬁ@s30 is
€ 4Us fuI |n h r nen f at_emni
aﬁ%?ab&%: é Elé gﬁ: gng Soﬁgﬂg E% '@he soluble

IC aCI OSI S, an ot her ers

fé@&@@nSiy@ntcséEﬁric am@anaddﬁembﬁundfZajuhemdmpilne metal
Because the novel farns of ferric or% hc coq$oun

hypgonBre i ubl EPERAT ‘ConfRrei APF§TaYAP!YbIRE P T cabont 10
m@VBRRI C o coMPaunds, soBl | g1 AMMUNt S0 thed®dFdCure range

organi ¢ conpounds can be used to effectively treat
(patifembblyuf Pelbng £00M suvedubisorder sthegQ tormation of a
uniform polyiron oxo colloidal suspension. The alkaline
metal hydroxide can comprise sodium hydroxide, potassium
hydroxide, or any other suitable alkaline metal hydroxide as
indicated in box 31. The colloidal suspension precipitate
is collected and rinsed (box 40) with distilled water to
remove any soluble impurities. After rinsing, the
precipitate is re-suspended and, as indicated in box 50,
crystalline organic acid is added to the precipitate and
heated to a particular temperature range (preferably between
about 80°C to about 90°C). The organic acid can comprise
any suitable organic acid. Box 51 1lists some of the
possible organic acids which can be used, including, but not
limited to, citric acid, acetic acid, disocitric acid,
succinic acid, fumaric acid, and tartaric acid. The
addition of the organic acid allows the acid to form
complexes with the precipitate in -solution. At box 60, the
ferric organic compound is precipitated out of solution with

an organic solvent to form a novel form of ferric organic
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| mproved aqueous solubility is particularly rel evant
to the wuse of the novel fornms of ferric organic
weeowponads in the treatnent of disorders respPOBUSEO1/@4646
ferric organi c conpound tHherapy. Because the novel
fornms of ferric organic 35 conpounds are nore sol ubl e,
comlheynw l(boxe Hor e effeedtcause Qmm\/@ SO@XIEOVM&M be used,
[,US2004/ 004646, .18, t aken o and, t heref
ueiRdn PHEI BRer T48S 5538 g?h %ﬁ éPl rn% § 8 err °c

61 Pr GAC LHNPOHAASL Ar BeABEROIO! llhhﬁandlvera@ew;ldé[ pHopropyl

1n box

range than commercially available ferric nlc _
al@@hﬁéund*ﬁetf%]w@f—%f—lériﬂhe oW el2mbr REIGFT f érurl organic
Sogggggtc conpounds can be nore effective by belng

soluble in the small intestine. As a result, patients

can take | ower doses of nedication with | ower
2.i peiidedgesyoreirdécebfetibsel Forase ognbedirienOrofntike
cOmngﬂabon the novel formof ferric 10 citrate has a
significantly higher rate of aqueous sol ubi ity under

Th@hyﬁ{\%rﬁ)&ﬂ@l neoRdi fhons thar copmentiall yeoaval |@bl €erric
forms of ferric citrate," and therefore the novel

org@nmnlscmm@anﬁBtopdeucdé aanqudlmanttpmwth%nemﬁthods
y_effective erric citr t
derBaike F6Busiale Thycr SAICPAS FhErorSTREERFELY gdatrap1e
fedose @frdherild onddurais, d)*frej:Sab@ﬂlld%\t(Edcatrfgﬁ d)ﬂepHO\l@vels.
formof ferric citrate will provide a | ower_incjdence
Thés uiReFeR$ve 11gasProPatésti maf Adfergevetf giqisric organic

coﬁgggﬁldgt ed Eo'%ll(‘egg:@?r Gl lﬁ/e avai | ?@é@l{ ergkc %h%r at®ique

npounds. In 20 a i on, is believed that the
signiféaaeﬁlyaﬂanME ahtﬁﬂﬁLmuoﬁaoé elmeanafel tier npofel forms
rri¢c citrate will provide a nore rapid onset of

Ofa Eronci ﬁrBPH&Fn§OPBOHPQFary phosphate. The novel

forms of ferric organic conpounds can be
3. Use of Novel Forms of Ferric Organic Compounds in the

Treatment of Disorders

The novel forms of ferric organic compounds are useful in
the treatment of hyperphosphatemia, metabolic acidosis, and
any other disorders responsive té ferric organic compound
therapy. Because the novel forms of ferric organic compounds
are more soluble than commercially available ferric organic
compounds, smaller amounts of the ferric organic compounds
can be used to effectively treat patients suffering from

such disorders.

Improved aqueous solubility is particularly relevant to the
use of the novel forms of ferric organic compounds in the
treatment of disorders responsive to ferric organic compound
therapy. Because the novel forms of ferric' organic

compounds are more soluble, they will be more effective when
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25 adm nistered in a nunber of forns, including orally
adm ni strable forns, which can conprise the novel
wo conm74afi4a ferric organi c conpounds al one or i PCT/US2004/004646
conbination wwth a pharnmad&utically acceptable
carrier. The orally adm nistrable formcan be
takéhaﬂﬁﬁﬂ1¥onﬁﬂﬁeRﬁﬁﬂgﬁm@mspsnnhﬁ3DabénaunﬂﬁeweradoseS-

ThBO ﬁg%rl %o%%%ﬁ%%i%%%kéﬁrF%génﬁpggqﬁééﬁifIFg@ g%g goluble

granu

ovsyrup wﬂalé@ CEMP@SinhieONt 62N RemadMdIi=gtier efvs Ol ADAN ferric
bei ngs or other. WD 2004/ 074444 PCT/ US2004/ 004646 19

Oraﬁpﬁﬁ| sCeUPPEFFAY fFBﬁ??fPﬁ@ss’é}ée r e3P VoS f &f i ferric
Q@@'Qxﬁ@ﬁﬂﬁHﬂgé%ﬂFo oI ofgagpfgén%é g eé@ﬁﬂ e%oluble in

ich are’intend lstrate enbodi mbnts o
thienwemtlilonibuéswhneh aseauneSnlénd@@UmedUan¢amhéake lower
doscape of the |nvent n. 10 1), N@thod of
doRE e P TP IGR LN ME T LPHEE T O SRR e S F TS

invention, the starting materials for making a novel

Infghg‘@ﬁbE@ﬁ&b%tchr%%% GeRRHIend Lr@5Moveal Worah o ferric
ferric chloride hexahydrate (FeCi$6FQO) A 15 vol une

cigfab® sdeium hy drobdie msrdssar thhprodmﬁét% 108 aqueous
so?akhgl%fcﬁﬁgfuaéaron tféﬁy PXIPH?l Qoh% %gg%dc&ﬁw@rc1ally

erric e SO ron"at a rat

avb@&abﬂﬁaﬁdﬂhsﬂoflXﬁrﬂdeﬁitriﬁéfeaﬁblyhéﬁéﬁﬁﬁé aboudt novel
ni per m nute and about 20 m per mnute, The
foF@nﬂé?at@@é%ﬂVQQN¥QnRFQVéd?saZGWﬁﬂ¥ﬁ%ﬁ%@E peps@vapent in

thBr eéféf‘%y etﬁfegﬁe_ﬁreabl‘a?é'é 09, %er%ouél 400 o Wal e, '?ceeduced
sodi um hydroxide 1's added to forma polyiron oxid
doeelbkoi day stespenisiontbk ferzlly hydifedtdere THese of ferric
citrate, 1t 1is Dbelieved that the novel form of ferric
citrate will provide a lower incidence of ulcerative
gastrointestinal adverse effects associated with
commercially available ferric citrate compounds. In
addition, it 1s ©believed that the increased rate of

dissolution of the novel form of ferric citrate will provide

a more rapid onset of action in binding to dietary phosphate.

The novel forms of ferric organic compounds can Dbe
administered in a number of forms, including orally
administrable forms, which can comprise the novel forms of
ferric organic compounds alone or in combination with a
pharmaceutically acceptable carrier. The orally
administrable form can be selected from the group consisting
of a tablet, a powder, a suspension, an emulsion, a capsule,
a granule, a troche, a pill, a liquid, a spirit, and a syrup.

The composition can be administered to human beings or other
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pH of the suspension is neasured while the sodi um
hydroxi de is added. Once the pHis above 7.0, the
waempension i s cooled 25 until it is | ess thanP@DCS2004/004646
preferably between about 10€ to about 30C. The
suspension is then filtered through a 1 mm pore
anfmaler sofbezakdp dggmegdtldsesmes empardraigee to ferric

ticl f ferric hydroxid ipitate. Th
OX{THered PRI ?Tc P RyGPOxi de suspension is then

centrifuged. The supernatant 30 is discarded, then the

Exgmggégitated ferric hydroxide is centrifuged again to
re any remai ni ng supernatant. The ferric

Inhgggﬁﬁigg &%ﬁg%p% ht%ﬂﬁ%ﬂd&ﬁL&ﬁgwﬁ%¥¥¥%k¥“éﬁbodiments of

di st e centrifugation-resuspension steps
thar enveepeatetutwehiohe atrieneett dnteestiachetd ek imtt the scope
fh droxi de WD 2004/ 074444 PCT/ US2004/ 004646 20
of JrIiei bPYEEET8Rd renove water soluble inpurities. The
resulting ferric hydroxide precipitate is then

1) hRBPESRAI 28dma AN 2H0NBY 0 FELLI bE Bei-dipegessaky to
produce a 1:1 raglo of 5 ferric ironto citrate is

a d t r.ecl pi e. i Xt i :
Inbéﬁ%ﬁéﬁ&bcgﬁFﬂﬁbcéfo£g oaPyggal?%’a#ﬁﬁ%i$t%§?%ﬁ n#?Ferlals
fot hpakoher aofndhel nixtmr ef clianges faidmatdreangespbiomwnat @. 85M

a clear black-brown, aor until all of the f

ri
SOHNHF ORI det pr Cipt € a_tcéﬁiogld%esslﬁlleefééyd?ﬁ%er eZ@FFgﬁ“ﬂ?&) . A
vof@@éeQHﬂOSMn%Udﬂdm'ﬁy&§§§i&@aﬁe%ggsaﬁgeﬂ§5a@&bduce a 1:3
bet ween about 10C to " about 30C, and the pHis
rabasof efervidetepni he hhdrokidesion Lhi added aAdthesferric
The, reaction is centrifuged, and_th S r '
Ch%%Ff%%tégga gdfﬁ%enévng%6¥hf% ?e%gFg %&?Hg%%gPéhéé 20 ml

pe Pl e6inpitlat eshrd Forai he beupeenatartutbyl @ddingdr violwures and
of organic solvent. Various organic solvents can, be i
abeged? imyLRﬁmgmb@%%%o|’The temperature of the mixture 1is

maintained Dbelow 40°C, preferably between about 10°C to
about 40°C, while the sodium hydroxide is added to form a
polyiron oxide colloidal suspension of ferric hydroxide. The
pH of the suspension is measured while the sodium hydroxide
is added. Once the pH is above 7.0, the suspension is cooled
until it is less than 30°C, preferably between about 10°C to
about 30°C. The suspension 1s then filtered through a 1 mm
pore filter to breakup aggregates and remove large particles
of ferric hydroxide precipitate. The filtered ferric
hydroxide suspension 1s then centrifuged. The supernatant
is discarded, then the precipitated ferric hydroxide is
centrifuged again to remove any remaining supernatant. The
ferric hydroxide precipitate 1s then resuspended with
distilled water. The centrifugation-resuspension steps are

repeated two more times to wash the ferric hydroxide
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met hanol , butanol, acetone, isopropyl alcohol, or

tetrahydrofuran. Table 1 below lists the relative
wapwdotesnf 20 ferric citrate forned i n sol uti POT/USI0G004646

various solvents. Once theéosolvent is added, the

mxture is stirred until a |ight belge preC|p|tate
priesrimsltaltife AherZIBG s WERY | fARfetPland i1 ties. The

SRR e S ARERS GRS mshen oo,
25 precipitate is then dried in a vacuum oven for 8 to

AnlGnftaiHs oRtciahi € dci®meraidney dro yrahycotder:1 ratio of

sui tabl e industrial processes such as fluidized-bed
fersfichgi*TRe tdr i edtrpFecipi tadded st @ré%ﬁiﬁf?ﬁlﬁlﬁﬁF?ar The

ml ﬁ?SléehQQQegrtgdbEQ%eeﬁnQEBEE gote 24 R ao°c in an

I ent tenperature. fine 30 precipitate is finely
01g]r deatch byntmi 1 | §img @@hcpln caf]dtfse:r@@ﬁ@aretmm@ehs afagn orange-

nesh |ze (3 eve. The nqvel.-faormo ferri
b%ﬁ%@a 8 6bmﬂi?afs gf%&d 7 "Frie vacuaﬁ%%véﬁm%géfnqae\&?rrlc
h %004 QYA 444 PG 5200460046461 vad . f | Uil zeshdreibrdrys ngooled
again and dried at anbient tenperature wuntil 1 hour

UKL MriyG nigS | baels Eleal e3d” ¢ hatr Ot otk 1 vsRe Freeheghtt 50 °C to
oa\PA 6391 c Conpar i gn rpCﬁ 'ﬁééé’& @&r sntd%%r%fm@owat it is

ferric cit orned fferent organic
wfﬂﬂﬂmn058smmdﬂﬁ $@Iaﬂhﬁeﬁ%aﬁtmwveisF@emtmﬂfﬁgﬁﬂucand the
Citrate Forped |£ Solu ion ferric citrate 100

SURIMBAAT at T ofot "tetrahydrofuran 90.6 butano
99. 8 net hanol 101.2

The novel form of ferric citrate is precipitated from the
supernatant by adding 5 volumes of organic solvent.
Various organic solvents can be used, including ethanol,
methanol, butanol, acetone, isopropyl alcohol, or
tetrahydrofuran. Table 1 below lists the relative amounts of
ferric citrate formed in solution using various solvents.
Once the solvent is added, the mixture is stirred until a
light beige precipitate forms. The suspension is centrifuged
and the supernatant is discarded. The precipitate is washed
and centrifuged with the solvent two. more times. The
precipitate is then dried in a vacuum oven for 8 to 16 hours
at ambient temperature or by any other suitable industrial
processes such as fluildized-bed drying. The dried
precipitate is ground with a mortar and pestle and dried for
another 8 to 24 hours at ambient temperature. The fine
precipitate is finely ground by milling again and screened
through a 45 mesh size (35 micron) sieve. The novel form of

ferric citrate powder is dried in the vacuum oven again or
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acetone 99.8 ethanol 95.8 10 The follow ng chem ca

equations represent the chem cal reactions described
WO pootloesagpeci fi ¢ enbodi ment of the nethod forPOBEKBIG4/004646

the novel formof ferric ci2trate: FeCl3 + 3NaCH

Fe(OH)3 + 3Nad (1) 15 Fe (OH) 3 + C6HBO7 -> Fe
flpteisedybed3 2y iMR) .agyiPhyad catied oper einbd eot Newglerature

m { ri Cltrate 20 The, chem cal  purit t

unEg@el f%gﬁgof eFFYEng tFaE whs %ascenglﬁeéxégis B8ss in
wehggati ve-ion |iquid chromatography / nass

spectrometry (LC/ Ms) flowinjection nethod which

agrowded nmeasur enent of all mass ions present in

drulli-ofomPsrdsen; Pifc selptivre Prasentage of moyedqFgm of
fetgict ré twgrel foamed by [ddffierenitt oxgandird sl vignksi90. 6

for citric acid anpbngst other related and non-rel ated

i ons iSelselntt i on werle Rbietived. $ dheNoselofFokfn/ 8B Ferric
anal ysis al so enabl ¢d the obsesvatFermeli @in Boleloaf
F gfgbccgtggggé relafed and non- rerafeqigpﬁgfances 30
1858 ,5§ﬂ]%¥8§h5me de tern1nat|on‘or*rnggr§1at|ve’purlry

A A AA DATLILICNODANAL f\f)_/l&/l% ||U ||‘UV’C| |‘U|‘|’||
6—gg i
T

1 J I 34494944 TEe170520U47 OU40
te'i r‘;'li-\yl 'Eﬁigjj]‘;lni- o amnnact tha mon ++1 Ac ik
2 LI 1\ %1} r] LA bu—c"

bYL2Re lcal.

meFﬁﬁ%i ferric citrate as nharnnrpurﬂég{zhLadp

apatereal . The representative chemcal 2BuBity of the

ehbaebl5 formof fernic citrate fromthbe8 process
batches are presented in Table 2. Table 2.
Representative chem cal purity of novel form of

The following chemical equations represent the chemical

L= 3
Fal
\v)

reactions described in the specific embodiment of the method

for making the novel form of ferric citrate:

FeCl3 + 3NaOH - Fe(OH)3 + 3NaCl (l)

Fe (OH)3 + CgHgOy —» Fe (CgHs0O7) + 3H0 (2) .

2) Physical Properties of Novel Form of Ferric Citrate

The chemical purity of the novel form of ferric citrate was
ascertained by negative-ion liquid chromatography / mass
spectrometry (LC/MS) flow-injection method which provided
measurement of all mass 1ons present in solution.
Specifically, the mass ions at m/z 243.6 for the novel form
of ferric citrate and at m/z 190.6 for citric acid amongst
other related and non-related lons in solution were observed.
The use of LC/MS analysis also enabled the observation of a
number of ferric citrate related and non-related substances

and permitted the determination of the relative purity of
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ferric citrate 10 Conponents of Novel form of Percent
w w anhydrous basis Ferric citrate Purity of solid
WGEL@U®7R% 4 % 99.6 % 99.5 % ferric citrate ASBEEUS2004/004646
content purity of 73.1 %7823 %76.2 % ferric citrate
and ferric citrate water adduct in solution state
thAss@PWﬁﬁneﬁﬁr@f eift riferrd.c3 Witrak 9o Sawovgshci dhien minor
ol u st Lgont.ent of ferric.26.3%21. 3@6
inB et ¢ e S EaFOuEl, 4t By helorthit e tion of

thAs sayvebnttetin obf f egrird . @f/ﬁ@a’éé/o Qs5%hetrhsat@tical grade
non-rel ated substances in solution state The
matREEEAS ¢ %?%sBPHFﬁéﬁnFéFégeofﬂ¥%ﬁﬁﬁﬁkﬂQﬂqyt%vafl5@ﬁen0vel

fd&%rrb% cCktrate m@i@rgggpaff%%ywﬁﬁkééwaﬂEB@%sé(”BQﬁghes are

ferric 15 citrate. The intrinsic dissolution rate Is

pregekinted ds fThéldi sol ution rate of pure substances

under the condition of constant surface area. The

LSSO on rate and bioavajl |I| of a_drug

ag’&sst% SPTETH RIS bORTRLCAL o B ar 8F sy | Bgrm of
eEF§§t&FI SrRtey anor phi sm 20 polynorphlsn1 hydr ati on,

solvation, particle size and particle surface area
Conponentar ed NavelnSeemdpEspl Ferernts ay pahysrovgedasis
Fenrihesdtyaked-state properties and is
Purity of solid state 99.4 % 99.6
ferric citrate
Assay content purity of 73.1
ferric citrate and ferric
citrate water adduct in
solution state
Assay content of citric 10.3
acid in solution state
Assay content of ferric 26.3% 21.3% 23.3%
citrate related substances
in solution state
Assay content of ferric 0.6
citrate non-related
substances in solution
state

99.5 %

oe

oo

78.3

oe

76.2

o0

oe

10.0

oe
(o0}
(e}
ae

o\
(@)
sy
o
(@]
()]
o

The intrinsic dissolution rates of commercially available
ferric citrate were compared with the novel form of ferric
citrate. The intrinsic dissolution rate is defined as the
dissolution rate of pure substances under the condition of
constant surface area. The dissolution rate and
bioavailability of a drug substance is influence by its
solid state properties: crystallinity, amorphism,
polymorphism, hydration, solvation, particle size and
particle surface area. The measured intrinsic dissolution

rate 1s dependent on these solid-state properties and is
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determ ned by exposing a constant surface area of a
woraioe/7e4 t 0 an appropriate di ssol uti on nmedi unP@hiubm04/004646

mai nt ai ni ng constant tenperadture, stirring rate, and

pH. The intrinsic dissolution rates are presented in
tx;mmaellaf csemamven%d lpm PERSPENEI §sCOMSITER L atstaste area of

erri tr ut 8 5%y§gg
ate%f Ca‘lnt ?‘% nsi c I\/e rér%ﬁé%taz%e dsso?ﬁﬁ%ér?ll ntri nslﬁc while

md&ﬂhdﬂ?ﬂhé%ﬁdﬁsﬁhﬁﬁCﬂempéwatdfé/rnt@rin@qcnﬁia]nand pH. The

Rates (nmg/cn2/mn) RFS-12 rcially 10.0
ing g B SRR Habte) L 59 1%]21? glil?eesf%% et 10t P 31? 8%‘
10.0 3.82 batch

materi al) PANO31203A (experi nental
?’ﬁ 3205 { ©RELLITN AL Ha s OF @é\fﬂb%@r@@e at 37
PG SexrsEigengal 9.5

.68 Dbatch

Sample Rate of Intrinsic Mean
,Acetone Dissolution Intrinsic
Addition Rates Dissolution
(ml/min) (mg/cm2/min) Rates

(mg/cm2/min)

RFS-12 (sigma

/ commercially 10.0 0.83 0.83

availlable)

STM—-134

(reference 10.0 1.88

material)

PANO31203A

(experimental 10.0 3.82

batch 1)

PAN031203B

(experimental 10.0 . 4.00

batch 2) 3 08

PAN031203C

(experimental 9.5 2.68

batch 3)

PAN031203D

(experimental 40 2.95

batch 4)

PANO031203E

(experimental 4.4 3.13

batch 5)

Figure 2 is a graph which compares the dissolution profile
of the novel form of ferric citrate to the dissolution

profile of commercially available ferric citrate compounds.

The intrinsic dissolution rates of the novel form of ferric

citrate produced by the method of the invention, on average,
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PAN031203D (experinental 40 2.95 batch 4) PANO31203E
(experinental 4.4 3.13 batch 5) 10 Figure 2 is a

w@e@plo74aatd ch conpares the dissolution profile POf/US1084/004646

novel formof ferric citratreé to the di ssol uti on

profile of conner0|ally avai |l abl e ferric citrat
aé@nﬁeaﬁa§lmf§ewe 3Rt FLREFC SAPSSEIUEIGR Fopds CrerRned for

noxsinmg%mﬁ fenkig1ehbr atrg produced By ot hganrthed . This
of the |nvent|on on average, WO 2004/ 074444

1@@TE68200410@46¢slu24oareﬁﬁpprgfiﬂéﬁelyoses tiams of ferric

th hat det d f I
ea%ggl o agﬁleﬁjl(a’evadte gr glbgt &rik Io;ersuathﬁon%er Ch aeassgnlflcantly

1ak§§ol &t 0fer at €rohcd hesyvelof oeReof nbeel | Cfomt rat e ferric
IS believed to be a result of the significantly

ClLhEgEcacPMParsdr frac €CBFEE Céf Llie avav RS ma&ferfﬂ@r%% -C
citrate conpared to connercially avai l abl e materi al s.

AA%T ggtcll\//'% Sgﬁffgge lsoég‘rg\{g}rgf %h Qv%lovfeqr mform of
of efric citrate s § omn I'n Figure e anal'ysis

fetraet tveral@® surfshoenarearigulbaseéd omhBEENENgGy of active
whi ch descri be the phenonenaon of mass and, en

SPREeFgct 3552 antf phasechahged T dﬁrﬁeﬁgygaghaaeor%%%%be the

pﬁ@h@m@ﬁbhdd%“ﬂ§§§$m§ﬁdeﬁ@r£9rfn§Q§§§§10n|Qn@EEh%%%'%%anges
surface area neasurenent e volune of a nnnolayer

dofriggsgbs defsermpitied wihitoh sallliows urife csgr feace iay @@ rES spaces.
det er mi _ned u5|n%g%g% ar.ea occgpled

IOf %a 1%9 to b e e r volume” of a
By:%#fsiﬁ: e 9 a?gF BF©adsorbel®gas ecul e- " Taplle 4

mbfodayer of gas is determined which allows the surface area
of the sample to be determined using the area occupied by a
single layer of adsorbed gas molecule. Table 4 is a
comparison of the active surface area of the novel form of

ferric citrate compared to the active surface area of

commercially available ferric citrate compounds.
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formof ferric citrate conpared to the active surface
w@e@a/oofs44 commerci al |y avail abl e ferric citratBCT/US2004/004646

conmpounds. 20 WO 2004/ 074444 PCT/ US2004/ 004646 25

Table 4. BET active surface areas of various forns of
Tadg i d-cit BR% Sshpre MBNEIET a5essol ofi oy eforms of
feopnics Suktake (ng/cn2/nmin) Area RFS-12-1 (sigma /
commercially available) 0.76 0.61 RFS-12-2 (sigma /
Sampler ci al |y available) STM 134-1 (efer®eee natefri aBET

1) 2.47 16.17 STM 134-2 (reference miessalu2)on | Active
STM 182-1 (| ab-scale 500 g batch 1) .61 HDP:ES Surface
STM 182-2 (| ab-scal e 500 g batch 2) b (g ch2y/an) Area
ﬁ#glfzdﬁ}légi CITZ, efdﬁ%ﬂl el—formot ferric

|tratb [\ esented 1 n Fi gu e 4, showi ng diffract}on

res "..u. m,L eri-sties—of—erystatt ne mét-€i al s. | THe 61

RtFﬁer]% a T i o W0 the noyel formof fefric
V@ i e is nrﬂse,at_e.d_l_n_l;l_fpe 5-Lshowi-ng—heat
SISt lon( r & ke HEt St ad et el st i ¢ of QhQ7noveI 16.17
SEt-ariel2 eefgiendse reafiriient 2)o those skilled in the

samM-ligR-the(lalghicalod Gte o drasgdi i di scl osurg, many 14 gg
sM-argt+onslédkcale 500 g batch 2) ) )

The x-ray diffraction spectra of the novel form of ferric
citrate is presented in Figure 4, showing diffraction
features characteristics of crystalline materials. The
thermogravimetric analysis of the novel form of ferric
citrate is presented in Figure 5, showing heat absorption

isotherms characteristics of the novel material.

As will be apparent to those skilled in the art in the light
of the foregoing disclosure, many alterations and
modifications are possible in the practice of this invention
without departing from the spirit or scope thereof.
Accordingly, the scbpe of the invention is to be construed
in accordance with the substance defined by the following

claims.
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15 nodifications are possible in the practice of this
i nvention wthout departing fromthe spirit or scope

wo benoofss4 Accordi ngly, the scope of the i nvenP@DNS2084/004646

to be construed in accordamnce with the substance
defined by the followng clains. 20 WO 2004/ 074444

Whstr A 55002 Rdeus 26 What is clained is: 1. A nethod

of synthesizing a formof ferric organic conpound

lwhi dh cofriadsest SsHptbesakhhnag a fferyn c of ofesgies; organic

b) adding an al kaline nmetal hydroxide to the ferric
iron” Sar %? @nr%tlec%m Jtégerr%'er ature effective to

pr oduic eolet alith £ 04 N poé yt Y ONL 0X0 SaBPENsi on; )
isolating a precipitate fromthe_ suspensi.on;

addi’hy &Grgante &ci'dtes hféeb?%ci}ﬁ’lqraﬂxé‘,dee)t%co)rtg‘?engferric

a ferrhg-organi cgacid sqldti andby cbeak-agurkhecergaRice to
acid and the precipitate; and f) precipitating the

f or npobdfieer acunt fanhcpebypoondoxpr snsphasion;
ferric-organic acid_solution by_addi an__1 Fgani c

o Vet LTOLT e Saf (FT oD 2L A nEE RO AG o8P e RacE o

cl aidn lagwhegein adgindctheidatkathaeppretabibydepxi de
conprises adding the al kaline netal hydroxide at a ,
rat eebf flogdsncham ZErAfrnPArI2RAC3 ax frefROHTACROMN nfeating

to cl.ai reLn,t rate | n.abgyt 10

/AT AR Abe0 S30° T e S5 RELRaa Accarding to

any one pfeclmgitas iha otlde Woereiof ferric organic compound
from the ferric-organic acid solution by adding an

organic solvent to the solution.

A method according to claim 1, wherein adding the
alkaline metal hydroxide comprises adding the alkaline

metal hydroxide at a rate of less than 20 ml/min.

A method according to claim 2, wherein the rate is

between about 10 ml/min and about 20 ml/min.

A method according to any one of claims 1 to 3, wherein
adding the alkaline metal hydroxide to the ferric iron

salt occurs at a temperature less than 40°C.

A method according to claim 4, wherein adding the
alkaline metal hydroxide to the ferric iron salt occurs

at a temperature between about 10°C and about 40°C.

A method according to any one of claims 1 to 5, wherein

heating the organic acid and the precipitate comprises
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25 addi ng the al kaline netal hydroxide to the ferric
iron salt occurs at a tenperature |less than 40C. 5. A

woretkodi4according to claim4, wherein addi ng tPeT/US2004/004646

al kal i ne net al hydroxi de t@7the ferric iron salt

occurs 30 at a tenperature between about 10C afﬁq%\
abolea46a9 6.t1e nePKEAN&ECOraf+Y t 818ny RRE B & ms &

1tQ ; n 0gRNi6 AGiLh ANt doe
pr eCi %‘Pte\a%‘iggtu?gnﬁre@%h %btflc?)lgﬁ% 6334444 PCT/ US2004/ 004646

27 heating the organic acid and precipitate to a

.t enperaitiel ketomren nabpauut =8GC cared cafomjxalmcl 7to ,46, whereln

nmet hod accordi.ng tQ any one ?f claims 1 to N

5 pREEFRIFF TG H'F of B OF efFFELGr 85@98180 Oml?od‘m rom

from,dhe.fereige ﬁﬁ9'§c§9|%d%ﬂﬂﬁdd”b@Ya@dﬂh@gaw1organlc

organic sol vent the solution conprises_cooling the

f er rdcd-veortg and ct‘acl @ odaltitororcarert £35S t RAR130¢ KéForferric

addi n t.he organic l yen 10 t hgd~a

to AHME %]ggelsﬁl?:lgo ﬁngcot e %eﬁg@ gr@ggn%c%%g%éqgaddlng

sol WHOm Kird sesiwaaling the ferric-organic acid

solution-to a tenperature between about 10C and about

30 C. 15 9. A nethod according to any one of, clai 1
Pa48 o onereds { eppidny the

chloride _he dr at 0 thﬁg}n I N3 Ping the

anyfo g of ¢ é % %Aﬁler%%@ organslgc acid |%

sel e@é:ﬁﬁlcﬂ@mam gaoup @@rlszltsloimgto of diemperadesing between

acetlc aC|d isocitric ac O,ocsucm ni c

about 10°C and about
A method according to any one of claims 1 to 8, wherein
the ferric iron salt comprises ferric chloride

hexahydrate.

10. A method according to any one of claims 1 to 9, wherein

the organic acid is selected from the group consisting
of citric acid, acetic acid, disocitric acid, succinic

acid, fumaric acid, and tartaric acid.

11. A method according to claim 10, wherein the organic

acid comprises citric acid.

12. A method according ‘'to any one of claims 1 to 11,

wherein the alkaline metal hydroxide comprises one of
the group consisting of sodium hydroxide, and potassium

hydroxide.

13. A method according to claim 12, wherein the alkaline

metal hydroxide comprises sodium hydroxide.
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acid, fumaric acid, and tartaric acid. 25 11. A nethod
according to claim 10, wherein the organic acid

wa@oeowpniees citric acid. 12. A nmethod accor di ngPeDUSIY4/004646

one of claims 1 to 11, whesein the alkaline metal
hydr oxi de conprises one of 30 the group consisting of
sodi um hydr oxi de, and potassi um hydroxide. 13.

A
14net Bhodmatboddi ageendh@i hal2 anwhepeen he cdiakals né to 13,

nmet al  hydroxide conpri ses sodi um hydr oxi

20040 CFEA%Y /GBS GRaRteht Db §ETREEEr, Efom the group
acc A NG tiqAnyronetbhnel i nBethinol3, butwenel p tiwopropyl
organi c solvent is selected fromthe group consisting

of ~etinatsll, RS, B HFILehsHRBOPA" - 5 al cohol ,
acetone, and tetrahydrofuran. 15. A nethod of

lig%?@eietﬁoncg oafof%vrmh(gsiffireéc‘%’ %C%Ci]{r@t& %ﬁhc citrate which

o kf)o : : (kj) al nlhng J or1 de hexahydr at e;
I[<l;ﬁn‘ij]1,js,0|m.yr ide to.the .ferri.,c. chloride

hexé}?yd?batiaeliiﬁt_ NG f%%%n%ﬁ%éﬁ e&%}?aeh%cﬁée%'i ve to

produce Rdund OrBIRAY i h?@lr@&@d%usﬁanstné; £3rric chloride

isolating a precipitate fromthe suspension; d) adding

](c:r ydtesdhiyiraia ria¢ agi draeet mrpr semperatare 15gpctive to
ormng.a ferric-cifri j 0 [ ing the

ci t At %n‘ﬁqjtﬁ%g%ré%l %]?%I?e%}y%n%&??g%ﬁﬁbi tating

the dormeefadfeidic widcapetdronitdre tiersispension;

28:3@?8%55%%; ggygggifgngncfégfgigcigo{gegﬁetgrégfpitate;
e) forming a ferric-citric acid solution by heating the
citric acid and the precipitate; and
f) precipitating the form of ferric citrate from the

ferric-citric acid solution by adding an organic

solvent to the solution.

16. A method according to claim 15, wherein adding sodium

hydroxide to ferric chloride hexahydrate occurs at a

rate of less than 20 ml/min.

17. A method according to claim 16, wherein the rate is

between about 10 ml/min and about 20 ml/min.

18. A method according to any one of claims 15 to 17,

wherein adding sodium hydroxide to ferric chloride

hexahydrate occurs at a temperature less than 40°C.

19. A method according to claim 18, wherein adding sodium

hydroxide to ferric chloride hexahydrate occurs at a

temperature between about 10°C and about 40°C.
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16. A nmethod according to claim15, wherein adding
sodium hydroxide to ferric chloride hexahydrate
woeaunsdat a rate of less than 20 m/min. 25 BFT/USR004/004646
nmet hod according to claim 26, wherein the rate is
bet ween about 10 m/m n and about 20 mM/mn. 18. A
met hod according to any one of clains 15 to 17,
2Gherki meaddichgasedt dimbly droxpae tond el cCERALBEI d& 3o 19,

hexahydraf e st i@-é&@%%\%ﬂ%é lsecﬁstl‘édigj?rp i‘QCafo]ﬁned by

A mef'hod accor

ing to claim erein a ng sodi um

hydrigxd elend o Hres ricci tahlor izge chexallydiake pcevipiabta to a

te

nper ature between about 10C ang about 40C X
20047 ORI BT/ REIEORN 08246 £ d g@ c-

AReYho

o 28R

according to any one of clains 15 to 19, wherein the

zi?ffACm@t%[?iagnge%gra%gt!&51 i5f oged Jy cheakikngithes 20,

citric acl

e précipitate to a 5 tenperature

bet welesr aboupr86Cpahdtabgutt B0 o2l . oA fetrrd¢ citrate from

accordi ng to,any .one of cl$ins 1%‘to i? erein nic
pr ectF t ARG ST EGEm dFF e PPRECEPY i From % nd? ©r9a
ferrigreit#i ecaaind sobuti on bYongddi Bgsarcigary ctHd ferric-

solvent to the solution conprises coolin

the ferric-

Ci t rbEtate d2SoRUIDMTON 688 tiesp SOCBeR6rE diieie adding

t he
21,

rgani c_solv . A nmethod according to claim
g%%r%f a%%%|$ﬁgv?ﬁé' 15 ferric-citric acid

solution conprises cooling the ferric-citric acid

250l UL eRtHR@ Lespedahyr edetreen mAbouwhd0€ianctadloiig the
30 C. 23. A nethod according to any one of clains 15
to 28errPo-gheFern BRédor Ganit 188 veiMR sl 3% ecFegling  the

fron%épgiQLQEPric acid solution to a temperature between

23.

24.

25.

26.

about 10°C and about 30 °C.

A method according to any one of claims 15 to 22,
wherein the organic solvent is selected from the group
consisting of ethanol, methanol, Dbutanol, isopropyl

alcohol, acetone, and tetrahydrofuran.

A form of ferric organic compound made according to the

method in any one of claims 1 to 14.

A form of ferric citrate made according to the method

in any one of claims 15 to 23.

A use of the compound according to claim 24 to treat a
person suffering from a disorder responsive to ferric

organic compound therapy.
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consi sting of ethanol, nethanol, butanol, isopropyl
al cohol, acetone, and tetrahydrofuran. 24. A form of

wo eooriozs4as gani ¢ conpound made accordi ng to t hePCRES2004/004646

method in any one of clains0l to 14. 25. A form of

ferric citrate de accordin nmet.hod
2 bne of UEPaiFREAE I 280 3%3132‘%“ %6 Zld:feltrhet}?:%nﬁ@l%’dfder is
accor i N dP £hah Mié 845 e@éns?‘lstpﬁﬁ@o@f swyberbRgsphatemia,

froma disorder responsive to ferric ~organic conpound
t herapy . maARXQ0U¢ C¥didds PCT/ US2004/ 004646 30 27. A
use according to claim26 wherein the disorder is

e e AU SO TR M, g 2 g, et

use gfr-ibe sOPPEURHqAGGRNdi 194t Soehat Mr2spondtireatt@ ferric
person suffering froma disorder responsive to ferric

or gavi ¢a e HApeRmROEker BpgTaR9: A use according to claim
28 wherein the disorder is 10 selected fromthe group

2%8?3%? %ngﬁéc%}/ frirmﬁ g%ph afﬂla28 %ﬂgefgeltr?b EC dlso%der is

e reating a person suffe

f r oy @1 i s&d defomr €8pOFSONE tonfestingosfanypeecphpephdtenia,
t herap 15 conprising adm nistering to the person a
t herapfeurs eaPPyief fetfPseSanount of the ferric organic
conmpound -according to claim24. 31. A method according
@0 QA&IH%%Q m@frfkgaEEﬁgdésgégﬁ ﬁufggr§ﬁgefkgﬂ graﬁborder

group consisting o phosphatem a, ~ and
nEtabéép@neﬁdeS|so 32fe@mﬂEthodrgénnceatcngpaupdrsohherapy
suffering froma disorder

comprising admlnlsterlng to the person a
therapeutically effective amount of the ferric organic

compound according to claim 24.

-31. A method according to claim 30 wherein the disorder is

selected from the group consisting of hyperphosphatemia,

and metabolic acidecsis.

32. A method of treating a person suffering from a disorder

responsive to ferric organic compound therapy
comprising administering = to the person a
therapeutically effective amount of the ferric organic

compound according to claim 25.

33. A method according to claim 32 wherein the disorder is

selected from the group consisting of hyperphosphatemia,

and metabolic acidosis.

34. A form of a ferric organic compound having an enhanced

dissolution rate.
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responsive to ferric organi c conpound therapy 25
conprising admnistering , to the person a
wo benapawt i cal |y ef fective anount of the ferriBCDUSENI/04646
conmpound according to clai®i25. 33. A nethod according
to claim32 wherein the disorder is 30 selected from
the group consisting of hyperphosphatem a, and _
35vet #hdiqmEn of dosESTT3%. OAIRBLRM GPIROPEFT BEEGHEMT to claim

conmpou i 09+ € gd -dhssahHtiian £8igct¥® £ th
R Ty R I e M N e e
f er irowr ganbasdenpagnd atcoraitngic o elcdidm  34cahérei nacid,
the organic conmpound is sel.ected from.the. group .
coné‘issotqlﬁtg“é:f gg%a'rcsé’&c&fugceﬁqjc ’ach]ar,nagllcsgﬁjtdr’i crartaric

aci dhcisHCEHIH Coacd 6, rd tedd Congl}a&ic t edhgdieds aci d, and
ot her rel ated organi c conpounds. 36. A formof ferric
organi ¢ conpound according to clainms 34 or 35, ,

3avherfei fiotheofforfmmfid evrdanior gaphpCBBAPEEFP L UM hds® aclalms

| arge acti surface area c ar Vv [ .onal

ferric %¥g§§vC“$6ﬁﬁ8ﬁh faégggk %grkggggggf%lEhg??r%%%pound
havimgs t hg foneawha CoEBEVTe anthirihwad ng spfegsi cabmpared  to
properties as determ ned by djissolution 15 rates. 38.

A f ot AN EeRat EPEFHE CBERDIEI PR D! R m 37 havi ng

an intrinsic dissolution rate range, as determ ned by

P.intrinsi i ssol utj ' r e
3ho b g NS i ChEPa Ly Ve ro bR e RAIre ana
accar g NGy tPh peycodneppdbpetal B ad87deteBBihadi hy diBEFlution

active surface area exceeding 16
rates.

38. A form of ferric citrate according to claim 37 having
an intrinsic dissolution rate range, as determined by
USP intrinsic dissolution assay in water, between 1.9

to 4.0 mg/cm2/min.

39, A form of ferric citrate according to any one of claims
37 or 38 having a BET active surface area exceeding 16
sq.m/g and a BET active surface area isotherm as shown
in Figure 3.

40. A form of ferric citrate according to any one of claims

37 to 39 having the x-ray diffraction pattern shown in

Figure 4.

41. A form of ferric citrate according to any one of claims

37 to 40 having three transition temperatures as
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sq.nm g and a BET active surface area isothermas shown
25 in Figure 3. 40. Aformof ferric citrate according

wo eooanys4ahne of clainms 37 to 39 having the X-rBgT/US2004/004646
diffraction pattern shown 32 Figure 4. 30 41. A form
of ferric citrate according to any one of clajnms 37
to Atetriibeedhriee tFaeered ey 1Btpetat uralygiyp (T6A)  and
200 444 P 0464, t L Aeds by
the%nag\élf% i%ﬁé%ﬁgﬁgi?(%&@gaﬁﬁ s Tea
profile as shown in Figure 5. 42. Aformof ferric

AT trAateonatcof diagrio ahyrane afcording t5 8dytondlef claims
wherein the formhas a |arg actbve surface arge

conpaf elCt 4 le oS iGhatRs eE?JFIE

Fdam ¢ Coipoting Ve Surface

CONPY £XLS cofiParBaUs® Ofohhent 05 Of Fhefficc @ E compound
conpound according 10 to any one of clains 34 to 36
to tewmampleaxperson suffering froma disorder

responsive to ferric organic conpound therapy. 44. A

el

cgerding Lo dhaimAs shereln Lhe, 01 sQrfSluld atforaing

hypetphesphaberi apr andingt abol it agbdosit®. #bea# Useperson
of the formof ferric citrate according to an¥ one of ,
cl ai s BIring4Lred Br chitsox deer SAPRUTTEFS ngP f FBATL120049311C
d|50ég§§0ﬁ§apgﬂgk¥8gto ferric organi c conpound

t her apy

use“according to claim45 wherein the

di sorder is selected fromthe group consisting of
4hypes phesphatedtraing to claim 43 wherein the disorder is

45.

46.

47.

selected from the group consisting of hyperphosphatemia,

and metabolic acidosis.

A use of the form of ferric citrate according to any
one of claims 37 to 42 to treat a person suffering from
a disorder responsive to ferric organic compound

therapy.

A use according to claim 45 wherein the disorder is
selected from the group consisting of hyperphosphatemia,

and metabolic acidosis.

A method of treating a person suffering from a disorder
responsive to ferric organic compound therapy
comprising administering to the person a-
therapeutically effective amount of the form of ferric
organic compound according to any one of claims 34 to

36.
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25 and netabolic acidosis. 47. A nethod of treating a
person suffering froma disorder responsive to ferric
we@e@ania4conpound therapy conprising adm ni st BCT/D§2000004646

t
t

he person a 30 therapeutigdally effective anount of
he formof ferri rgani n r
c_..organic conpou d acco, dlgﬁgtglsogder is

1%ne BIMeFaPIsa34°F81ing6 toneleaau /o7 Ay 10
PCT %@E&@éé@oﬁ%@ tB38 48oup EEﬁQQQtﬁﬁ?%E“ H%pé@pﬁbébmatemia,

erein the disorder 1s selected fromthe group
onsasd|m@F@bOhy©e@©h@sphaten1a, and net abolic

acidosis. 5 49. A nethod of treating a person

4

t
f

ff f “disor g
i B OO aTha" CFRT Ay 2 cBREEPa) N SORRFSEErTng Fhoordes

he peLsONs avet hergpeutkeal by ebfgshive agbmpbuall théherapy
ormof ferric citrate according to any one of clains

37 tecumprigpngo. Acdeinbdataséngdi ngteo cl &ibfn 49 person a
wher gj r%ggu‘?iﬁgig§ e %gbgcgﬁ%u%rtoraft JrUPn of ferric
? 0 p Fa

consi s

em a and neta

ype€e osp

acid@ﬁtﬁatéSaB&orduﬁ@rﬁboényebnécoﬁrghanmsc@ﬁpbundZaS
claimed in any one of clains 24 and 34 to 36, mherein
the formof ferric organic _conmpound is in an oral

5Qdni hi BeFRBRearePKAiggl é6t &d Fibit HE Yot E%%sfiétspﬁeer is
of ag %f@&@éd fro@owﬂgggrgu?uéBﬁQ§b@ﬂngaBfeﬂyFékﬁﬂosﬁhatemla,

capsu

a granul e rocne, a pl IQUI a

spi ratg madakosycupci8@siA.formof ferric citrate as
clained in clains 25 and 37 to 42, wherein the from
of ferric citrate is in an

51.

52.

53.

54.

A form of ferric organic compound as claimed in any one
of claims 24 and 34 to 36, wherein the form of ferric
organic compound is in an orally administrable form
selected from the group consisting of a tablet, a
powder, a suspension, an emulsion, a capsule, a granule,

a troche, a pill, a liquid, a spirit, and a syrup.

A form of ferric citrate as claimed in claims 25 and 37
to 42, wherein the from of ferric citrate 1is in an
orally administrable form éelected from the group
consisting of a tablet, a powder, a suspension, an
emulsion, a capsule, a granule, a troche, a pill, a

liquid, a spirit, and a syrup.

A composition comprising the form of claim 24 or 25 or

any one of claims 34 to 42 and a suitable carrier.

A pharmaceutical composition comprising the form of
claim 24 or 25 or any one of claims 34 to 42 and a

pharmaceutically acceptable carrier.



orally adm nistrable formselected fromthe group 25
consisting of a tablet, a powder, a suspension, an
wepuwkdram a capsul e, a granule, a troche, a pPCT/USH04/004646

liquid, a spirit, and a sys#éip. 53. A conposition
conprising the forn1of claim?24 or 25 or 30 any one
gf cAal J§4 to d a suitable carrier. 54. A
pharna lﬁ W%ﬁe% |FP@ﬁoééﬁﬁPPS|ﬁ@mPﬁésiﬁgnﬁﬁ¥ effective
cl ai 8084n®r o25 Ve amy gNe, f 4,10
pharmaceutical ly acceptag?g gg%gggguﬁ o 6ﬁﬁ/§€4fﬁﬁl one of
PCT/ ©52003/ Gd464® 434 B ﬁI@hQIH?C@ﬁ&b?@er$0?p9?p®m9ﬂve to
conp cLive t_of the formof claim

ofé %D%rgpﬁ§£%§ego pgn ©34P¥0 42 for treating
dlsorders responsive to 5 ferric organic conpound
t her apy.



