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WO 2004/074444 PCT/US2004/004646 1 FERRIC ORGANIC
COMPOUNDS, USES THEREOF AND METHODS OF MAKING SAME 5
Warphe44hdfithtion claims the benefit of US Provisional patent affplhidEiédt/004646
numbers 60/447,690, filed 19 Febru]ary 2003, and 60/462,684, filed 15
April 2003rifrergeNtorSzaf MehichMERURDY potated inig eGP Pication by
reference. 10 TECHNIG#eTHIbDS dhiaxant®nsmlaies to ferric organic
compounds, methods of making the ferric organic compounds, and uses
of the 15 ferric organic compounds in the treatment of various disorders.
BACKGROUND OF THE INVENTION 20 Throughout this application,
Thyaricysgiublisations areateferericedobissfosures oiithese publications iBatent
their _entireties are hereby incorporated by reference into this _applicati
B AR BOCHEEH e LA It (5 e s TRehtn berdne: @rd
6029 @y Used pf fan €onipdungds Ferric0id, caritainingrcompozinds arhich are
s igssliin the freaiment, pia numbey o gisordets, ingluding, byt not imied
to, = ﬁyperphosp%atemla ané)i%ejtgbghc aciddsis. Prévious studies and
inventions have reported the use of ferric compounds in binding with
TEQBNTCAho8IHIDs, and such ferric compounds are potentially useful for
the treatment of
This invention relates to ferric organic compounds, methods

of making the ferric organic compounds, and uses of the
ferric organic compounds in the treatment of various

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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hyperphosphatemia in renal failure patients (U.S. Patent No. 35

5,753,706, 1998; CN 1315174, 2001; Yang W.C., et al., Nephrol. Dial.
WOrpakpI&ht417:265:270 (2002)). Elevated WO 2004/074444 PCT/US2004/004646

PCT/1JS2004/004646 2 amounts oizphosphate in the blood can be

afemaved by fadpinisipting sompaundssuchas fRiTic sifrate@nce oved by
olution, the ferric iron binds phosphate, and the ferric phosphate

2 ABHPOURES PRELiptalERR HHE Yastitedimal S &t CreSulifing rfeffectidBce  in
s tdmevalof dietary pbesphatel fiom thehody Jhissyise beljieveddhatthe ferric
If%lbsorbe citrate from fgrric citrate,is converted to bicarbonate which ,
PUSRRER TRetandliE 84id0Sis, R EoRAROATOIMOR in T8fial fARFE AtRhRStinal
ti8dt.S. Patent Nn§, 758,766 fhisctdses thense of fesrfc qortainiiy phosphate

comp%%gs ikr;clé[lding ferfl,(cz citrate %Ed ferrf%cofcetate in the crystalline

f%c?rrrr}], in"an oracfly%ffective 1 glr%m o%gge errﬁfef‘(f)et?}ndttgas IuBﬁ %ietaa}P orbed

c phospiratef t6rcauSingrprecipitatioatsf phiosphate as fersiad ortferrduscarbonate

WIS 0 1e a3slipliestinal act Juis reventing a1al anserpiongbn  in
soluble phosphates from dietary sources. "Sinte the binding of ferric’ ions
r¢medlubleighusphate: inethe sgastrointestinal tract would require dissolution

of the 20 orally administered ferric citrate, and since the rate of

Ugi§§o| Q@eqigrYﬁgl!ineg?m:‘}ﬁiW?tg iS(%:ILos i%vseer 1O_tl}% houurgéit 37%:.)’ ferric
oral administration of a substantially large dose of 1 g of ferric Gitrate is (
CpaLAreRi Aorel st Chiitse patehtdpplicatioer(ON 1315174 als;and  ferric

2dISCIOSeS &y the crystalline form, in an orally effective 1
gram dosage form, to bind to soluble dietary phosphate,
causing precipitation of phosphate as ferric or ferrous
phosphates in the gastrointestinal tract thus preventing
oral 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 is 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 similar use of ferric citrate and related compounds in an oral solution
dosage form for the treatment of hyperphosphatemia in renal failure

WO S Solution Chemistry of Fe(lll) Compounds 30 Fe(R§TEUS3e4{804646
acid and is chemically less soluble in’ the stomach at pH normally below 5

ndhahayiptestipgbat WO 2004044444 F(aH1IS2004[0046dG 3inoppallpe  an

above 7. The stomach is believed to be an important site of action for the

iipBhamh ot TbmBEIHEE! It KeAlsoBieveltRattheiqmah ishe (T11)
cSH§R/H dportant site of pelon farikefll te madiatgdtsactiondin bindingo an

to dietary phosphates, preventing phosphate from reaching, the intestine

inpgTRAS fedBiting the aBSorbBn of phéSpHates frém tRE Thtadthel Wo action
1 R0B4/07 4444 PETHLISR004/Q04646n 4SIEVIMARY F THE INMENWHON  from

In accordance with these and other objects of the invention, a hrief ,
CSAMMRYY of fife preS&RGATEBRTs HTES8ntEad8EHTRY 5 SitplfiRsfgRt ton of
pleddaission Maybe meadeindtbe fakowing summary, which is intended to

highlight and introduce some aspects of the present invention, but not to

limit its scope. Detailed descriptions of a preferred exemplary

embodiment adequate to allow those of ordinary skill in the art to make

10 and use the invention concepts will follow in later sections. This

invention relates to novel forms of ferric organic compounds, methods of

making these compounds, and uses of
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these compounds in the treatment of various disorders, 15 including, but
not limited to, hyperphosphatemia and metabolic acidosis. The novel

WaEGf4dtric organic compounds are synthesized by addind @l BiRakHEN4646
metal hydroxide to a water soluble 20 ferric iron salt. The alkaline metal

sumdrRidesargemprigevodsin hydroxide, potassium hydroxide, or any
other suitable alkaline metal hydroxide. The soluble ferric iron salt can

Ircompiisedericechiaride hexahydsatle, ot aRY olief stitablerfertie irpRwaltc 1 on,
he, alkaline metal hydroxide is added at 25 a specific rate and
2 temperatGréBFbem éfUﬁ%$W6a§ﬁBﬁ d)fbvc?d}lgi‘d%ﬁsﬂ@pé’rﬁ?&ﬁrﬂtt%d' Some
s icoflditial suspetsion imtheomyastieth and goliskcrysialine ergamnie agigis owing
added at a_ specific temperature to form the ferric organic compound in
S Solttion” TP’IV(??l)rc}an|lcsac%l %gﬁl %F%p%ge 'frﬁ:théc?ig, &&Ktic HeleE F88Lfific Some
a sawid; tssicoifiictacd Fumsesictacich vattatisrgeithuor anytother suitable its scope.

Deqcrg%riiggcic% The noxélel form%gf the ferricfgr]gg:mg compounds are

precipitated out of Soltfion using &n drganic sovent Thadrganic SovSt ment

adyQu2034/0 A LML PG THRIS20 040 046H6n Srgarsédmpriseethiamobrt to make
aﬁaewggqltﬁigta{lgxlfear?te&%?le’ é%or.?clﬁ‘](e)eg)élsal(:.o??l’ otiﬁlélvgr%fy%r@a oé]?'ngections .
vent. (0]

1
other suitable organic so resumng novel forms of the fertic
organic compounds have an enhanced dissolution rate. 5 In one

Theisbodlimvent-themovet Yerbe of féwic orgamic composind Confgrisesca organic

cdMYSLIpAD of fertg gitate, The npyel form of, ferric qitrate igsynthesized . o ¢
by adding sodium hydroxide at

these compounds in the treatment of various disorders,

including, but not limited to, hyperphosphatemia and

metabolic acidosis.

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 s_pecific rate and temperature to ferric chloride 10 hexahydrate to form a
uniform colloidal suspension of ferric hydroxide. Solid crystalline citric
WQe949Hddtbd to the colloidal suspension and heated to a sp&&fEUS2004/004646

temperature range to form ferric citrate in solution. The novel form of

ferric citrate is precipitated out of solution ys| 15 9rganic solv
CahE %Iélegﬁ%?m %ﬁle%ﬁé) gi‘[raﬁae%g t 8e&1’orr§1%%g§§ﬁ50%e anq‘c%lélﬁaé(,EL %tg\%] oPYl
alphysidal propéntiak pdmefemained byrdissolvition tixtds. ThHELEaRpSUngrIanic

sofdLhgve .a“ﬂﬁ@g.i”%i&sqsasei%onﬁs@e%o [A0BGsasdeteuned by USPorganic
intrinsic dissolution assay in Wwater, between 1.9 to 4.0 mg/cm2/min. The
conpyelfcin bk ferrizrtiteatb ds arste Gigpeobsly seubié ffa wider range of

pH than commercially available forms of ferric citrate. The novel form of

Tn NG, Ciltafe. aan have ajlarge active sprfage 25 area.COMRAFEE#0 ¢ compound

commermally available forms of ferric organic compounds or complexes.
coBpeAERSt B MmeredolGioenteinGr ¥ 6iHeFac Brgantd  oiPBuhdsor™ of

£oipgluding;novel forms of fertig Sitrate acaybe B uspddodnare effectivelyde at
deliver ferric organic compounds by the route of oral administration to

a patipREisUieringRoM illFdsbes WHIERIPARLEEBonsiv to fré4imént withlor+de

hefz@érﬂl%/@é%’gg 04/9 7f‘8% PCT{34$2904/004648 £ 0rganiseampeuwnds; ferric
including, but not limited to, hyperphosphatemia and metabolic ggidgsi%
hypRsFhRtion refitéStotieedfthe RFeldolm bF feffd® of§arfc ed to the

cBormReunds dnslydingingyelfarmsebiesic cittate: tosireatiatientsemperature
suffering from disorders responsive to ,

range to form ferric citrate in solution. The novel form of

ferric citrate is precipitated out of solution using an

organic solvent.

The novel form of ferric ditrate has the formula CgHsO7Fe 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 commercially 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 citrate, 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
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ferric organic compound treatment. This invention also relates to methods

of treating patients 10 suffering from disorders responsive to ferric
WQrgaH4¢bmpound treatment by administering a therapeuticiyTafaei/en4646

amount of ferric organic compound th the patients. WO 2004/074444

o P& 1352004004646/, DETAILERDRESCRIPIHON OhFckHE RIGWRES  to,
h In dravilﬁ(%ﬁwhlch illustrate specific embodiments of the invention, but
YWATCH GAbEBe ToRBPUAFEE POHiGHRS 5RESpirit or scope of the
invention in any way: Figure 1 is a schematic diagram outlining the
Timethathokmaking neveh fosms ©f faide organicicomponads accerdidgtoferric
the invention. 10 F| ure 2,is t of the dissplu ion rofile_of the novel
Ot of ferfie c?tratn ’the“ﬁg% fgolr’ilgorﬂﬁgr% t 3r Smercifr1c citrate
tavatlabletcom@bmadtﬂs Fgurés-isran istthermdgraph ©f velume sdsaede to
vS... £eclat|ve ressure demonatr_attl %ET ctive surface area of the novel
orm of f)err?c Citrate. Produced by oultér SA 3100 (Serial No. z11017;
Software Version 2.13; Elapsed time: 29 min.; Outgas time: 60 min.;
Tioiggdsitesmisrature:140C) 20l Eigare 4ds mt&m@@&jiﬁrﬁcmmﬁom@ gfatients
é? %/l%l orm. of ferri C|trat Range 4.00 to 40.00 (QSQ) t(%p Scan oraa
ate: Deg?mln 2 JFsgureeSrls a ther r%ograwmetrlc analysis ofthe °*9 nic

coppelform of fericroitrate. MethodidreatingtE0CMIN, NZ@ﬂﬁ@@iMﬁH\l‘tlcally

effective amount of ferric organic compound to the patients.
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Size: 10.5480 mg. WO 2004/074444 PCT/1JS2004/004646 8 DETAILED
DESCRIPTION OF THE INVENTION Throughout the following
W BHd#H specific details are set forth in order to provide alfbgS2004/004646
thorough understanding 5 of the invéntion. However, the invention may
DEFATEEDCEERIRIPITNENe QB Rl s IguRasr instances, well known
elements have not been shown or described in detail to avoid
Irunrecessably ohsduring thelinvertione Asgardingly: themdpetification and the
. _drawings are]é[)cl)l E)e Vgggaggled in aiﬁjelo illﬁz rative, ratgtla:ru teh%n a restric\gfive,

LERRE PRis iREntisH provigélsoél tRSd o Syntivésizing A fortn of T8¢ frreting

thosganic companndashieh comprises whtainihgra ferriaripmsalt; adding an
alkaline metal hydroxide to the ferric 15 iron salt at a rate and temperature
effective to produce a uniform polyiron oxo suspension; isolating a
Fipyecipitale frem the susperdion; addingraamorgartid acithto thehe method of
ndelpalg, loyming g Jerrie-oraanis acid sglyfion by, REAIAGNe.0EBNIE: g o
4id dnd the precipitate; and 20 precipitating the form of ferric organic
tlemipooedtfiom the ferric-organic acid solution by adding an organic
solvent to the solution. In an embodiment, the alkaline metal hydroxide is

a a.25 rate of les 0 in.-l h iment,
SR e B RS L MRl SRR I oven
farm alsdut Z&mi/hsn. mis préferredfembbdimenty anhominal¢amcsfrEdito to  a
. yg}%§le;egq;5gdl 2018 angmbadigent, the alkaline metal hydroxide

is added to

Figure 3 1s an isotherm graph of volume adsorbed vs.
relative pressure demonstrating BET active surface area of
the novel form of ferric citrate. Produced by Coulter SA
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 temperature of less than 40C. In another

embodiment, the alkaline metal hydroxide is added to the ferric iron salt
WQe¥dddtature between about 10C and WO 2004/074444 PCT/US2004/004646

PCT/1JS2004/004646 9 about 40C3In a preferred embodiment, a

DETRI DA E ppe v er 1h 0SF stHeferiedriranigmbodiment, heating the
organic acid and the 5 precipitate comprises heating the organic acid and

Thhewraeinitate ke a RMpefaiwe bebreen hauin/S5Csioaott O5Eetldls are
referred embodiment, the range is hetween about 80C and about 90C. ,

STy ahSthel preferPdd &mbbRinkdit’ & ForfinBPefper AP 8Fgs@ §§r standing

o prefersedi Hran ehtrodinienic ¥@ precipitatingthefotrmrof fesrc erganicacticed

nd from the ferric- ni i lution i n organi
wf@ﬂgﬁ% gsea§a§%f%85¥}sqa0%gogﬁ e?Y?ﬂ%Qgéég%gawg%l known
vent'to “thé soldtion comprises cooling the ferric-organic acid solution

eletessithan 30€ befordoaddingtiherorganiciselveniodd aipreferted. 1 to avoid

embodiment ihe ferric-organic a ig solution 1% is cooled tzQ a nogﬂnal
u neces?ar V ?cu l?ﬁ. % e lnven 1?n. . ACCOT 1n8éy, the
emperature. of 20C. In an‘embodiment, cooling the ferric-organic a

sisetutibn camiprises €odlingl ther ferge-orgardc atid sohgiontegarded in an

i ﬁmg%ratl%rf betweg@haet%o%hlaorg: %nd ab%lfti %%Civ In a preferred

em oﬁr%ent‘,r?ﬁe J?errlc-organlc acid solution is cooled To a nominal 20
temperature of 20C. In an embodiment, the ferric iron salt comprises ferric
Tichioride herahiydrater 25 inlan embudiment, the cryanibesidibcudes Botrm of

£ 409 MBS 10 2 GG G TG ACCLAIRIIBHE 26 I ANAYEE ferric
embodiment, t € organic acia comprises citri acid.

iron salt; adding an alkaline metal hydroxide to the ferric
iron salt at a rate and temperature effective to produce a
uniform polyiron oxo suspension; isolating a precipitate
from the suspension; adding an organic acid to the
precipitate; forming a ferric-organic acid solution by
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 embodiment, the alkaline metal hydroxide includes but 30 is not

limited to sodium hydroxide or potassium hydroxide. In another
WQAMWHAAHHt, the alkaline metal hydroxide comprises sodiumPEydbSXHE/004646

WO 2004/074444 PCT/1JS2004/004646 111 In an embodiment, the

organi vent includes but is net limitedl.to_ethanq) |
il e ieshipsathanal. mathanol. bland
s @opropyl.a cothﬂ, Eéc%f%eneegrrt%t%aﬁr)%ro uraﬁ. 5 ‘I’h%s Invention provi(?esraa ture
ofmathtd dfsynttetiazinged form of ferric citrate which comprises obtaining

ferric chloride hexahydrate; adding sodium hydroxide to the ferric chloride

rhexahydrate at & rate and temperature effective fpproduce 3 Uniformng  the

polxlro.n 0x0 suspension; isolating a precipitate 10 from the suspension;
praduing bA/stallimeuiniciacd tohive tregipithls foriagraiferreeitic agRd the
praRlytion by heating the.citrc acid and thedyrgeipitate; and: presipitating apout
tbe form of ferric citrate from the ferric- citric acid solution by adding an
9 organiEBoReRERRRE T B5! sEHEA AN embBEINTER IS ditim Ay aHSGde RPOUt

g Rdded fpjfergp chlorigg hexahydralgafa eate gjlesetnan0 B dbnt,  a
another embodiment, sodlum%?’romde is added to ferric 20 chloride
noeikaRydrERTRES RRB T befwedbh Sbokit 10TRIHAN 2Rd abbubPo AlRAImeNt,

priB&pyeferredigmpediment,a nominal-rate of 1 4e, 20 mibwipdepeeferresh the
In an embodiment, sodium hﬁdroxide is added to ferric 25 chloride

£ bRy e B4 téfperatare oriess tharPMENA afbotREPembodifieti="t ©°
rreodiyp hydroxide isggldeddederrieocoling the ferric-organic acid

solution to less than 30°C before adding the organic solvent.
In a preferred embodiment, the ferric-organic acid solution
is cooled to a nominal temperature. of 20°C. In an embodiment,
cooling the ferric-organic acid solution comprises cooling
the ferric-organic acid solution to a temperature between
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 hydroxide

comprises sodium hydroxide.
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chloride hexahydrate at a temperature between about 10C and about

40C. In a preferred embodiment, a nominal temperature of 30C is
WO rEidAZH 480 In an embodiment, the ferric-citric acid solution REFEEHz4{8(4646

heating the citric acid and the precip‘i?ate to a temperature between about

75C to about Qég n a preferred WO 2004/074444 RCT/1J$2004/004646
Inllgelmgo i?nelnt, t é’ran%%els Bé&tveen abouit %88%% & %ﬁ 880.% r? 1S not
limpdther pgrefersd @ntbbdinmesitha noiinabteraperatureisfo85C6nyl alcohol,

2 cRiEd régg).é %@Qggg)%%%%%}tagrecipitating the form of ferric citrate from

the ferric-citric acid y adding an organic solvent to the solution
comprises cooling the ferric-citric acid solution to less than 30C before
Thagding Ve 6igaihico solvéne fn & predéhed embodiemethedeng-crgdiiem of

£ 2616 10Splytionds Gaoledito a iféétﬁmBS@éﬁrﬁi%@Q%-e'Pﬁ”lc chloride

embodiment, cooling the ferric-citric acid solution comprises cooling the

heferRy¢itac acidxdlition t6 adiemipdratirevbinedralidit 10€ranidalsgutoride
he38 iy de &1 Bieferred embodiment, the ferric-organic. acid ROIYtionds s guce 2

cooled to a nominal temperature of 20C. In an embodiment, the organic
ungdloant irkfuesRR is PP linsidsd eieiHamol, hethbmbl Blitadol, Bstépyltate

£réleohele 20.acstaneifetrahydraturan. Jivs nveRdonrovides ause of & the
form of ferric organic compound or ferric citrate as describe above for
Priteafrid a Fersort SUREmy frém af@i8srer Fedgorsived6 ¥ericsolution by

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

solution.

In an embodiment, sodium hydroxide is added to ferric
chloride hexahydrate at a rate of less than 20 ml/min. In
another embodiment, sodium hydroxide 1s 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 is 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



10

15

20

25

30

25 organic compound therapy. In an embodiment, the disorder includes
but is not limited to hyperphosphatemia or metabolic acidosis. This
WOoRI8HidH btovides a method of treating a person 30 sufferind fr&HS3004/004646
disorder responsive to ferric organicllcompound therapy comprising
cfBBHRIGENING R KRe ParsgR a1 herapeulically sHeelVerEROWRef apdaFICoo ¢,
organic_compound as described above. In an embodiment, the ferric WO
IDoGHE FRFA FEFASED664/6C04BAE 10 rgarfic CApdtY i fiReErieiee of
g §P anathiep eaxhoeiagnt, the disorder includes but is not limited to
hyperphosphatemia or metabolic acidosis. 5 This invention provides a
form of a ferric organic compound having an enhanced dissolution rate. In
T3 BbBRMEH HE" saB oTgame dmpttind e but s rot imited td-trate
fethc abid, aeeticiasid; isqcitic aeiddsussinig aeld, furpadeiBicidy tartarierganic
acid or other related organic compounds. In 10 another embodiment, the | |
STt SrghAiE ¢B %Eﬁafha‘éod“%béea%ti\?é’ggﬁf&% 4183 confparéd 1t ¢
acoaventionaliferrictoergaris ompatindsy Thishevertion poovides a fosmefganic
(j;)ric cjtrate having the_ 15 fo(g‘nul C6H507Fe ap lor avin%jp_h sical , g
Widtties ad detdtminéd by disSoRtoRPates: Inar-ermbbdmtent the™+C 3¢t
s dissolutionirate; asdetervuned hyd SR inttinsip elissolitiono 8sSa)y 0.
water, is between 1.9 to 4.0 mg/cm2/min. 20 This invention provides a
form,of eic ditrate having,a,BET, aglive sprface area exgeeding,dd ooy o,
sq.m?g and a active sur%acegarea ISotherm as shown in F?gure 3.
comprises cooling the ferric-citric acid solution to a

f
S

I

temperature between 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 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 i1s not 1limited to hyperphosphatemia or

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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T_his inyention provides a form of ferric citrate having the 25 x-ray
diffraction pattern shown in Figure 4. This invention provides a form of
Waod Bittdte having three transition temperatures as determiféd8§2004/004646

thermogravimetric analysis (TGA) amht having a TGA profile as 30 shown

in Figure 5. This inyention provides a form of ferric_citrat rej :
OTRSTh fecrﬂ%%ﬁlrlar%g has a]%rﬁg%t%ti\?el%lfr agcee' are%1 g)%rﬁgﬁgg tog}n}%%lment'
t heonventiohat ferric organiclcatepoundmomplexes. WOWR004/0 74484t ed to

s PSTAS2004(004546. 13,Thys invention poyides.a use of a form of erric
_r%a IC” compound or férric citrate 1o freat a person suffering from a
disorder responsive to ferric organic compound therapy. In 5 an

Thémbadiment,ithe disordécineludes butisaot #mfied¥d ¢ organic compound
hax)gg{‘fe%pdhé)l?spg%%gnﬂ%gé m&l@%%'f@fi%%isrgpg.mﬁmigﬂ PEMIRRS ent, the

h
method o treating a person suffering from a disorder responsive to ferric
sadrganicg20 tompound whskapy ebirisingEdnifisttingtothe persbn a1t ric

acthr,apS%t'éC@i'X eﬁ%%’ € aﬂ%@_{@&ﬁé”%ﬁ?f“g@&%@ﬁCCngppgl;ld @lumaric
erric citrate as described above. In an embodiment, the disorder includes
adiut is mettipaitsidtoakyskrefospharmia of fictab it TRIdsisCeERNAS - In

arl %ﬂ&@“éﬁ%@gﬁﬁéJeﬁn95%”@%@@3@@§$mﬁxwﬁgéﬁi@ﬂ&dﬂ@@@mﬁ has a
escribe above, wherein said form of ferric organic compound or ferric ,
Lagigate &ihigreoral Gaffniskiie @%Hﬁ’rﬁ@ﬁ? inERIESBYER hbPlifhitedt S+

ofge?n%%pg\glqggﬁgéspension, an emulsion, a capsule, a granule, a

This invention provides a form of.ferric citrate having the
formula CgHsO,Fe and/or having physical properties as
determined by dissolution 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 sg.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, at 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
WQafde4dd topical, sublingual, parenteral or gastrointestinal PCT/US2004/004646

administration, 25 or aerosolization™¥his invention provides a

composition comprising a form of ferric organic compound or ferric citrate

as describe apove and aauitable carrier. 30 As used herein, the term

The Gitable EAHiEPRCIBHEY BUERot Ninftsd t5an sditible CarridiFoF *C¢  0Fganic

coagministerdng Pharmaceliticah cempositiars:knewnptarthose stfftinaryg from
5 %klill (\DN% 2004/0744I4{g .PCT/tlJS 004/004646 14 in the art. Thﬁ t%/ge of I
car‘?’ierﬁFvaW%%%en&i‘r’@ o the" fiode St atministraton. Wit reggr%asqg' g
ancampaesitionsfoy paleateddlsadmiaistration Ublés g subcdtaneods limited to
injections), the term_suitable carrier .includes, but not limited to water,
hy gaé“r g%%%ﬁ%??%%ﬁ aogvaIg(ec?raéo gﬁecr. Wﬁw%lroesg%l?ds to compositions for
oral administration, the 10 term suitable carrier includes but not limited to
Thawsy of tireeabdve capiery bdassolid cardéhsdch@t mansitdl L lagtose, person

su éq_lﬁr@?_fg'}ef&m Slearge, Sodiym %{j&&g%ﬁ%%%'c% cellllose. organic
glucose, sucrose, and magnesium carbonate, may be employed. 15
com'wdegdadablemi'tcsospnmsi(ejgugpoﬂﬁigdtatbsﬁ@yglygoldle) Hag alsedron a
th%%ﬁ%%@gf@éﬁﬂ@e%@?éH%ﬁ%%@%&%ﬁ%%cﬂf a form of ferric organic
compound or ferric citrate as described above. In an

embodiment, the disorder includes but is not limited to

hyperphosphatemia or metabolic acidosis.

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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compositions of this invention. 20 This invention provides a

pharmaceutical composition comprising a form of ferric organic
WQaMH8iHd4or ferric citrate as describe above and a pharmacBGHcEIRp04/004646

acceptable carrier. In another embddiment, the pharmaceutically
. _acceptable carrier comprises a controlled release rmulation. - This
lnin%%ﬁ?i@nrgrbvid@%% p e?r%a%gut(fgaﬁ %%)%%Z)C?é?f%%ﬁ gogr%gnrg%g %%%e%ti\?g the
modmouift efa formsafdfetricorganic compound or ferric citrate as describe

above for treating 30 disorders responsive to ferric organic compound

Wi%%faﬁ%ggnrﬁg e@oboggn%gs - iagrd%gncl\t;\g%%myw limited &t rat 1on
yperphosphatemia an etab31|c acidosis. WO 2004/074444
(ePET/1982004/804646: 15 AscwsddPherein, fharmbeaiicallidcteptabrArrier

i nEAIELS, Inplydasqutys pot ipited (9 2depid, snagigsola ARSLIC & fac, 2
tablet, a pill, a powder, a gel, an ointment, a cream, a granule, water,
waphosphateBiffeed saline, Ringer's 5 solution, dextrose solution,

serum-containing solutions, Hank's solution, other aqueous

WiEWS'@é%GA%'g balgnced, selionsails sesters glycolsuiosompatibleon, the
polymers, polymeric matrices, capsules, microcapsules, microparticles,

t elspius pieisaraRortsR DEADHC PP AfffiRion BeVicdd M6 ffosomesy °of the

apResphgtes; cells grcellularmembranese WOR004/G/d4ddnnitol, lactose,
PCT/1JS2004/004646 16 1. General Method of Synthesis of Novel Form
s tgfrdrric @ﬁﬁﬁﬁﬁ%&%po@ﬁﬁ?rate' sodium ~ saccharine, talcum,

cellulose, glucose, sucrose, and magnesium carbonate, may be

employed.

Biodegradable microspheres (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.



10

Referring to Figure 1, synthesis scheme 10 is a general 5 method for
synthesizing novel forms of ferric organic compounds. The starting

WORMEAARS 44 indicated in box 20, comprise soluble ferric ironP§dit8S20§¢/004646
soluble ferric iron salts can comprisbsferric chloride hexahydrate

adFeGlgi20)e as indicateghin Rex2h. 1of @y apher guitahle spiuble ferkic o v o

. 10 iron salt, Next, an alkaline metal hydroxide (box 30) is added at a
ingbefRFat@Ahd tefp&aturelidithesiubR Rrrid kBH kAN, THR additioset, 2

cdbeaika)ine mesal 1 Bydroxide at @ spacificiatefpreferaly betweeniaomne, 2
10 ml/min and about 20 ml/min) and temperature range 15 (preferabl

CH5eiB 4DCY TENN the st RratPRBIRP BhfoRH boRHBH %@ colBidal inger 's

scElspensipn. Thealkalire netahbydoxidesean;sompHse $adiH solutions,
hydroxide, potassium hydroxide, or any other suitable alkaline metal

Haﬁ%r&xidé% Uihdidated RBEX3 1. 2ARELARIdA SUSpeHSian brechpitatd 2banced

sdg aellecied anslirinsed doxedd),with djstiied water de ciepaverany spliblgners,
ir_Jprurities. Aftecr[ rinsing, the Eg)rej(i]gitate IS re-sus er;@:d and, as indicated

PR PO 50, EYStaninie orgait 2 s adted18 tRE Preciitat At CRadted SLe S/

bdaspartictiaratempecatdre rangad¢preterallyvetyeend2ocgeut&0C taevices,

1 .ab(g)éjt 90%:). 'Iihle gr%gﬂic acid canlciamprise a;x suitable or%anic acid.
BOX TSt some oft 8r8§ésiﬁ% oraar?i}(:: acids which ¢aR be 86t .
including, but not limited 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 complexes with the precipitate in solution. At box

60, the ferric organic compound is precipitated out of solution with
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an organic solvent to form a novel form of ferric organic WO 2004/074444

PCT/1JS2004/004646 17 compound (box 70). Various organic solvents
WQaMWHETd&E, including, but not limited to, the solvents descriBed/ TIHHE/004646

61, such as ethanol, methanol, butalbl, acetone, isopropyl alcohol,

tetr oth vent, 2.

drofura or an syitable organic_ 5 s oluhility :
1 Pro |ngolf ;ﬁojve %rcrzn%xzof E%rrric%}%gﬁiﬁg Eorﬁésounag ?l%) The lfrrlnvsent%%:s Ferric
PR&GE Tound that the i organi

ve toun t the novel forms of ferric organic compounds produced

Rg%%%rgg_n fo Icr}ae n]?%é%]?ldse C!ﬁslcriks)e(;:rllgggg% gre n&%rgmseom?@ tr_}L@ a eneral
commercrally available Terric brganic compounds, over a wider range o
mpkEHedelsf This perddsesn sohubilitpor the ndveiferricofgarfie1sic organic

cé%?BBHB s is baligved 10 bg ayesult of the,unique, Si%icé‘é‘ﬂ&g‘rgﬁs pox 20,

ve surface area of the novel forms  of ferric organic compounds. 3.
corspf Moved Fokms of BerricOigartic Eahipbundshie thio Ddotreafir@atist 1ron

s Disorders The novel forms-gf fertic angapic campouinds ate vsefulinathe 11,0, ,

treatment of hyperphosphatemia, metabolic acidosis, and any other

a gisbRgers 3E§sbrisiv e fric oBNRICOMABEET 85 Hierapy. BeddiRbahéerric
1 payel forms of ferrie orgapic comppunds Ate moregelvbleithan (nox 30) is

commercially available ferric organic compounds, smaller amounts of the

2RAE orghinic coPRSStints CcaRibetuseBifo eFREBRTEN et patientshe  soluble
reyffaring fropy, sughidisordersi30 asddition of the alkaline metal

hydroxide at a specific rate (preferably between about 10
ml/min and about 20 ml/min) and temperature range
(preferably below 40°C) results in the formation 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 sultable 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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Improved aqueous solubility is particularly relevant to the use of the novel
forms of ferric organic compounds in the treatment of disorders

WOo8pHRENE o ferric organic compound therapy. Because theR$VEPEPH14646
of ferric organic 35 compounds are fore soluble, they will be more

ffective when W,2004/G74444 PCT/1J52004/004648 18 taken orally,
O T ofoh o DA taken TS Ll The vl P of i wsed
inotgahic.gempotinds arel ioré sdlubte overawideept sadges thabed in box

61 CO@{P@%C%”%’ aé’é‘ﬂ%'%'SJf?”iﬁe%ﬁg%ﬂi&lc,ow&ﬂhefaeé%“@otﬁé ,nO\igopropyl

forms of ferric 5 organic compounds can be more effective by being

alsoluble in tetsmialidesii@ns adasulapatiepitdiean takellbdlet dosgeganic
so 9f;Medication with lower incidences of side effects. In one embodiment of

the invention, the novel form of ferric 10 citrate has a significantly higher

rate of aqueous solubility under physiological conditions than
2. comhidréibfiy vavanabieferms olesrad citrrd sarfthEpstbictHangsvel ¢
CompatisPbelieved to provide a significant improvement in the orally

effective use of ferric citrate at a reduced 15 dosage. By reducing the .
Therafy #RedREoSe BEfefRUBRIatB it fs bERSVeB HAt thelRdvRs fofth off erric

or fpIHi¢ citratemijbprayide aJowen ncidence ghulgeraiive gastraiptestingbthods
adverse effects associated with commercially available ferric citrate

deg6mpBERAJSARD Additidifis BRliBhd® that e fPEsetRAte 8f avatlable

fedisselution ohithe navebiarmaef fersigsitraie wilkprovidena s rapid 1evels.
onset of action in hinding to dieta.r¥ phosgha%%. The novel fgrms of ferric
y ©

ThaﬁyﬂﬁE%ﬁﬁﬁﬁﬁmdgkaﬁ?%ublll e novel ferric organic

compounds 1s believed to be a result of the unique
significantly large active surface area of the novel forms

of ferric organic compounds.

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 administered in a number of forms, including orally administrable
forms, which can comprise the novel forms of ferric organic compounds

WQMEBHA4combination with a pharmaceutically acceptable d4rlidiS2ppii004646
orally administrable form can be seffcted from the group consisting 30 of

taEéﬁb'eér%g?g??faﬁo?u%%%”x%%”%xaé‘ emuylsion, acapsyle.; 3 grANG, a 4o o
troche, a pill, @’'liquid, a spirit, and a syrup. The composition can be
Thadmiistérebtotsuradn beingscorathernWoO 2004074444 are more soluble

ové’?T/&J%&o&é‘éooéﬁ%r&gﬁ?gri“%%l%ﬁmc% J1om Uinesses esRansive Qq v ;o

ferric organic compound therapy. Examples 5 In examples which are
oriménded terlipstratd @mbddisenfoot tha vention bt witienare adt ferric

or%ﬁ?ﬁq‘?dé&{%wﬂ&ss@gﬁ fdhgentier 1Q 1) Mefhod ofMakiag Ap1e in
ovel Form of Ferric Citrate In one embodiment of the invention, the

thetafinghatéiidls Sfof Rfakingta RovErmihiof fEIAE ERFAE compriseege lower
dod 85M, solidign ofderic chiqride hexahydrate (EREd 36H20) A1dS volumg 5

of 5M sodium hydroxide necessary to produce a 1:3 ratio of ferric iron to
hydroxide ion is added to the ferric chloride hexahydrate solution at a rate

Inopiags PSS REYerdhints prefeeably BetwdsdieaBseto &P per flindterric

ciand@bou2@ml per mjnytes Fhedgmperatyepidhe mixtwe is &  aqueous
maintained below 40C, preferably between about 10C to about 40C,

SO tHie- odiAHy dRIXicE RIGHeePth R pofyien bR cofBmsrcially
avsuspensionff fericdydradda.dTheitrate, and therefore the novel

form is believed to provide a significant improvement in
the orally effective use of ferric citrate at a reduced
dosage. By reducing the orally effective dose of ferric
citrate, 1t 1is believed that the novel form of ferric
citrate will provide a lower incidence of ulcerative
gastrointestinal adverse effects associated with
commercially avallable 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 be
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 measured while the sodium hydroxide is added.
Once the pH is above 7.0, the suspension is cooled 25 until it is less than

WRaE+87dtdtably between about 10C to about 30C. The susp®§diGHr84HeH646
filtered through a 1 mm pore filter tdgoreakup aggregates and remove

Jarg articles. of f%rric hydraxide. pr: iepit e. The filtered ferric roxide _ .

an%%sggelsigﬁl %ﬁgﬁ c%ntrf)flggot%. Th%fs%p%?r%a%ant%%géOj?dsscaréedr,]étﬁen t eerr:LC

or gredipitatedpenticdydrexideis. centrifuged again to remove any remaining
supernatant. The ferric hydroxide precipitate is then resuspended with

Exﬂ%ﬂ]gg water. The centrifugation-resuspension steps are repeated two
mMes to wash the ferric hydroxide WO 2004/074444

1n PEL1152004/004646, 20 pregipliale andyemove watgk sl o g iment s of

impurities. The resulting ferric hydroxide precipitate is then homogenized.
thezniavenrdisieithe eidhcdesaas t8 Produreca dacatie of S¥efrichifoh tocope

o f Citrate is,added tothe precipitate. The mixture is heated to between about
80C to about 90C in an oil bath until the color of the mixture changes
from orange- brown to a clear black-brown, or until all of the ferric

1) rijaidkret precibrkias disdbvad Trrfeariiod Rreddted 161/t is less
than 30C, preferably between about 10C to about 30C, and the pH is

In nRiauEe detsitinethat R % WHRRT6B%hd TEeTHRE RSB israterials

fofentituged, andithee supespatant iscolested <k The sovehiprm of fetricl . g5M
citrate is precipitated from the supernatanté%‘addin 5 volum

SOLYEAAE sofent. E ¥afidGs ofGamE SRerts Banbaiea, inﬁﬁ&?@%ﬁ%ﬁol, A

volume of 5M sodium hydroxide necessary to produce a 1:3
ratio of ferric iron to hydroxide ion is added to the ferric
chloride hexahydrate solution at a rate of less than 20 ml
per minute, preferably between about 10 ml per minute and
about 20 ml per minute. The temperature of the mixture is
maintained below 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 is then filtered through a 1 mm
pore filter to breakup aggregates and remove large particles
of ferric hydroxide precipitate. The filtered ferric
hydroxide suspension 1is then centrifuged. The supernatant
is discarded, then the precipitated ferric hydroxide 1is
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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methanol, butanol, acetone, isopropyl alcohol, or tetrahydrofuran. Table 1
below lists the relative amounts of 20 ferric citrate formed in solution using
WQIAMWIE Edivents. Once the solvent is added, the mixture is sHFEFSHHA04646

light beige precipitate forms. The su%‘foension is centrifuged and the

pr’sﬁ%‘:éﬁﬁ@%is disgarded. the preginitate isqwashed anggontrifuged with  The
the solvent two more times. The 25 precipitate is then dried in a vacuum
reguehifons (6 a5Hours v zembidat RRRsErAREFE bf bl AnyRRe SHRHR 1 2ed.-

industrial processes such as fluidized-bed drying. The dried precipitate is

Ar9reiRd with gmortar and pestle qaddried for rangtheyBitee24 hours alatio of

ambient temperature. The fine 30 precipitate is finely ground by milling
f iyt ard- Seéredifed ChtdiadtPa 45 mReA%T e 85 Mitfor SR Thatiovel The

mifQEf fewictitiatepowlen s deiedh instheuacaumoves agamer WOC in an
2004/074444 PCT/1JS2004/004646 21 fluidized-bed drying aggin an

. . d
oidridepdtaribibhttehtiserate fumit 1SS GhinG 16818 %8s thal °rande
bbb ess in weight. Sollakle 1 &omparisen ofrelative percerftageef ferric

novel form of ferric ¢itrate formed by different organic solvents Solvent
hyRAGINES BRISETE Ebfn ot Fanfc: %ﬁﬁiﬁéeﬁl(jrme%gﬁ Shition fatrid > c0o+ed

urgitiate 100iisoprepyl aleehol 89°T tepabydrofiray 90A betanall99& 10°C to
methanal 101.2 , : R

about 30°C, "and the pH is measured to determine that it 1is

within 0.8 and 1.5. The reaction is centrifuged, and the

supernatant is collected.

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 following chemical equations

represent the chemical reactions described in the specific embodiment of
WerREGHRTHYY for making the novel form of ferric citrate: FeC13PEB{82§4/004646

Fe(OH)3 + 3NaCl (1) 15 Fe (OH) 3 4 c6HBO7 Fe (C6H507) + 3H20 (2).
flahpﬁ‘%% f&%@'ﬁ?ﬁ&éf gg%' o, of Ferig fitate ﬁ%TQStCh%m aerature

purlty of e novel form fc Citrate was ascertaine y negatlve
unfigdid éhrémstographydimasy speeomdtry (LEARS)Hloaninjectdrs lOSS in
hod which provided measurement of all mass ions present in solution.
25 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

Tahdf rdlatePBRI T SoMtiOF werd BbsEr dae RIS o€/ Mo BRAlySRIM of
fegmberabidrte dinerrdiondf &l flirtmt bf praaRkrLE PAHERRIEENd

non-related substances 30 and permitted the determination of the relative

we

purity oF NISH04/07 4444 PRFLISE0/Goad4 ' ovahe FovEI BEmESFrric
ferric citrate amongst the minor_im@driteRt8 FER FBFn Ao PRIG RS Pfor
f applicat®htoraf@ novel fohm of ferric citrate as phat@fceutical grade
1 pemsnsly The tepreséntative chemical purity of the8®weél 5 form of ferric
teftrzad fidnrthige process patches are presented f0Fdble 2. Table 2.
bRepredentative chemical purity of novel form of 298

methanol 101.2
acetone 99.8
ethanol 95.8

The following chemical equations represent the chemical
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 + CgHgO7 — Fe (CgHs07) + 3HL0 (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 1lons 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 Components of Novel form of Percent w/w anhydrous

basis Ferric citrate Purity of solid state 99.4 % 99.6 % 99.5 % ferric
WQPAED Mddhy content purity of 73.1 % 78.3 % 76.2 % ferric cRGEEEHY/004646

ferric citrate water adduct in solutiof’state Assay content of citric 10.3 %
end0.006.8:0.% agihin saltion:gialq Assay eonent of feie A 3% 3% o

23.3% citrate related substances in solution state Assay content of ferric
1mp1694 Di495 0.56 Linatémoprretdtédsubstapces irrsdlufior sipeIfmtion of
cniptringigdisselution rates of commergially puailaje ferigpiralewere:  rage

compared with the novel form of ferric 15 citrate. The intrinsic dissolution
nmafge isdefined 28 tHeRissslation Fatecof pupmsgestaiiesidndepthethe novel
£0e@ndition of copstant sufage areg. Hhe d@%ﬁ?@é‘onp@@c@%‘% batches are

bioavailability of a drug substance is influence by its solid state
Pregpebcss: ER/staRMi, Amorphism, 20 polymorphism, hydration,

solvation, particle size and particle surface area. The measured intrinsic
TaBiB80IWlioN Haga-isLlapendeptondhens solid-gateipppastiesidds form of

ferric citrate

Components of Novel form of Percent w/w anhydrous basis
Ferric citrate
Purity of solid state 99.4 % 99.6 % 99.5 %
ferric citrate
Assay content purity of 73.1 % 78.3 % 76.2 %

ferric citrate and ferric
citrate water adduct in
solution state

Assay content of citric 10.3 % 10.0 % 8.0 %
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% 0.4% 0.5%

citrate non-related
substances in solution
state

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 is dependent on these solid-state properties and is
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WO 2004/074444 PCT/1JS2004/004646 23 typically determined by

exposing a constant surface area of a material to an appropriate
WQiEed{itid*medium while maintaining constant temperature, RB&ilriberPa4004646

and pH. The intrinsic dissolution rat%gs are presented in Table 3. 5 Table
eypdAUIDSE digsolytion rates of f%%o%%ga& 3z Mstnsplutionsfdi 8rea of

ample Rate of Intrinsic Mean Acetone Dissolution Intrinsic Addition

a RatesBidsoluticr® (mimin PERFERTIZLAID R&ES PRGRMDMinRESHy while
na$igma feorgmercialy 10.0.0.83 083  available) STM:d34 sreference 40 The
~ 1.88 material) PAN031203A (experimental 10.0 3.82 batch 1)
irprANpgizo 3 qERderimentar 20 954 90D ardF 813 B8IPANSER6SC3 -

(experimental 9.5 2.68 batch 3) '

Table 3. Intrinsic dissolution rates of ferric citrate at 37
/C in solutions of pH 8

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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PANO031203D (experimental 40 2.95 batch 4) PAN031203E
(experimental 4.4 3.13 batch 5) 16 Figure 2 is a graph which compares
WerRdHi8dttition profile of the novel form of ferric citrate to the RSEBR2(1BH004646
profile of commercially available ferdé citrate compounds. 15 The intrinsic
adissgltion ratgsof iRe Roveldorn of fprdg retraterpraduced byshemethedy rfor
of the invention, on average, WO 2004/074444 PCT/1JS2004/004646_24 _
2 ar€apprRRFiae 3.8 difteslGrebter tham THat detdrfiféd formgterial. This
1 pemmeyeiallyavailahie ferde sitratesmategal. This ingrease inglissolbtionferric
rate of the novel form of ferric citrate is believed to be a result of the

clighficantiy S 1458 Leliee surficdared ofthg bbel frm of ferric: @ittated cant 1y

16emparedto gemmareially avaiakle materialsA Biok-agtiversuiface aregerric
isotherm of the novel form of ferric ¢itrate is shown in_Figure 3. Th

CLRARER of AR O e IEE e Bhdvd DR BT o Aesbribe

the phenomenon of mass and energy interaction and phase changes
AJWBDY gasadserptionrantosolid-surfaces and imparé spaces.nbwBET form of
active surfgce a}%rea meaﬁijrement, the volum%of aTrkqgnola%ﬁr %fi asls _ iive

fagf%Jrr%incejd Which aligws e Suffacé afed Ts of the samSIré o-be
sdetenmined usiag the afeasectupied [BET sihgledayer ehadsorbédgasibe the
pgg*%%égk;9qg%4£%%s and energy interaction and phase changes
during gas adsorption onto solid surfaces and in pore spaces.
In BET active surface area measurement, the volume of a
monolayer 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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comparison of the active surface area of the novel form of ferric citrate
compared to the active surface area of commercially available ferric
WeRPAtd Ebvhbounds. 20 WO 2004/074444 PCT/1JS2004/0046B6THS24¢44)@4646
4. BET active surface areas of variotfs forms of ferric citrate Sample
m4gan BET Diggalutignicive Rates SUIfacedio/ca¥/ Ry ARE forms of
3RS d 25k (Sigpa / commercially available) 0.76 0.61 RFS-12-2 (sigma /
commercially available) STM-134-1 (reference material 1) 2.47 16.17
San L34-2 (refererice material 2) STM-182-1 (laip-scaleyplihg baich 1) BT
2.61 19.85 STM-182-2 (lab-scale 500 g batch 2){5dhgssmytdif@clioNctive
spectra of the novel form of ferric citrate is presented iRgigsise 4, sShydRFace
diffraction features characteristics of crystalline magggalsm2iin) Area

RtpgmjQgr@vi@q@&@ngly@&ﬁé@gi@y@’rorm of Tgrric 10 citrate is
agr§§§g§§gé'g Figure 5, showing heat absorption isotherms characteristics

STM-182-2

_ el mashal. A WHkRE-apRareRt to those skilled’in the art in| the’ - ©1
Mgt 16fithe foregoing disclosure, many alterations and
STM-134-1 (reference material 1)
STM-134-2 (reference material 2) 2. 47 16.17
STM-182-1 (lab-scale 500 g batch 1) 5 61 19.85
{( ) ’

lab-scale 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 modifications are possible in the practice of this invention without
departing from the spirit or scope thereof. Accordingly, the scope of the
invention is to be construed in accordance with the substance defined by
the following claims. 20 26 What is claim is: 1. A method of synthesizing
a form of ferric organic compound whigch comprises: 5 a. obtaining a ferric
iron salts; b. adding an alkaline metal Edroxide to the ferric iron salt at a
rate and temperature effective to produce a uniform polyiron oxo
si¥pahisisld. iolating a precipitate from the suspension; d. adding an
organic acid to the precipitate; 10 e. forming a ferric-organic acid solution
by heating the organic acid and the precipitate; and f. precipitating the
fokm of férrm%'ﬁ@gnﬂf cﬂﬂﬁb@ﬁ!ﬁ@ﬁcﬁnfﬂf@f@?i(fe'iﬂlﬁafl*ﬁ@aﬁt‘id%ﬂﬁ’@éﬁdowh'Ch
adding aipprgaais solvent to the solution. 15 2. A method according to

claim 1, wherein adding the alkaline metal hydroxide comprises adding
the alkafine PREHIIRGAEREIME ISR of less than 20 mi/min. 3. A method

according gy Zn WRETRIE thRa1HdFoRRIVRETME FerRidiiBnaagh #0238t and

ml/min. 4. A method according to any one of claims 1 to 3, wherein adding
the alkaline!PHASIANEBHRIEYS IRTIHESIFOMNHATDEOIYH QR S FYSRPARIRE:

less than 40512 e aPrarehinat HERIANSLEREHBIsN 4. Wherein adding the

alkaline metal . .
adding an organic acid to the precipitate;

e. forming a ferric-organic acid solution by heating the organic acid and
the precipitate; and
f. precipitating the form of ferric organic compound from the ferric-

organic acid solution by adding an organic solvent to the solution.

2. 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.

3. A method according to claim 2, wherein the rate is between 10 ml/min and
20 ml/min.
4, 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.

5. 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.

6. A method according to any one of claims 1 to 5, wherein heating the organic
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hydroxide to the ferric iron salt occurs at a temperature between about

10C and about 40C. 30 6. A method according to any one of claims 1 to 5,
wherein heating the organic 27 acid and the precipitate comprises

heating the organic acid and precipitate to a temperature between about
80C and about 90C. 7. A method acclczging to any one of claims 1 to 6,
wherein precipitating the 5 form of ferfic organic compound from the
ferric-organic acid solution by adding an organic solvent to the solution
compris@si¢3aRnG e s pifalcopgRMIdSAE i Be3E NG Hif torasdctRalsl 30¢ psfdpdate

adding theQEIRPHE-RAY BB BeaRRINGS @GR dHaPlaim 7, wherein

cooling the ferric-organic acid 10 solution comprises cooling the
ferric-organic acid solution to a temperature between about 10C and

about 3h\(n&nbdaELBRAMCEPERINEHO FMARR 27t6l3IMhdréth&rédisiating the

the ferric iron salt comprises ferric chloride hexahydrate. 15 10. A method

accordir§"® &hyesHe BraaaimeoMreY dviaraifentebirarigreiacsl solution by
selectedy @iy thn FiYdRiE BRI REsh aephisrAeid cErYenaCtrric-

succinic acid, fumaric acid, and tartaric acid. 20 11. A method according to

claim 100 AEFARIROHRIhIE KereBhadsdetonsadding, o ofgaRdtrselvent.

according to any one of claims 1 to 11, wherein the alkaline metal
hﬁdroxide comprises one of the %rioup consisting of sodium 25 hydroxide,
a

d potASSREHIPYACHAEHNG 40 A RiBtnodWiesslaiRgPiNaIdit feriG/REdaie acid

the alkalipg;fieptabmyisesiego FRMBEFEFiSQsHERI O EIP sHIg P18 4 tbmperature
method accordingeto any one of claims 1 to 13, wherein the organic 28

solvent 12e8¥REA8RNHAT teABrAR9 Hodbidting of ethanol, methanoal,

butanol,

9. 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, isocitric 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.

14. A method according to any one of claims 1 to 13, wherein the organic
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isopropyl alcohol, acetone, and tetrahydrofuran. 15. A method of
synthesizing a form of ferric citrate which comprises: 5 a) obtaining ferric
chloride hexahydrate; b) adding sodium hydroxide to the ferric chloride
hexahydrate at a rate and temperature effective to produce a uniform
polyiron oxo suspension; c) isolating a precipitate from the suspension;
10 d) adding crystalline citric acid to tHe precipitate; e) forming a
ferric-citric acid solution by heating the citric acid and the reciﬁitate; and

f) precipfliABttsSalaGiebTRimithe B rRoRs i Gerfistornr! JBRT

aamlitiyranol,

by addingRRAIaaNERARBldR AR ERIERILAM, A method according to

claim 15, wheréin adding sodium hydroxide to ferric chloride hexahydrate
occurs at a rate of less than 20 ml/min. 17. A method according to claim

1gpwhergimdip daiesiiRRRVEEA L M ERIR IO ARt AT E A fsed:

method according to ‘any one of claims 15 to 17, wherein adding sodium

hydroxich tPRIRHHRN fSFHeaRtarign BexedYsHalAs at a temperature less than

40C. 259. Aydneiediart AirgkidedaiRcl foribertdrias e apsistE at a rate
hydroxide to ferric chloride hexahydrate occurs at a temperature between

10C and 40t0d3demperainiEtnsHestsdiRg BECAHGorfe déiaims Relydan, oxo
wherein the dggpighsidiic 29 acid solution is formed by heating the citric
acid and the precipitate to a temperature between about 80C and about

90C. 21Ch ASBIRHGP ARGRAIMEITEHY BiSsbIRERBSAR 15 to 20, wherein
precipitadintdding crystalline citric acid to the precipitate;

16.

17.

18.

19.

20.

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 addingan  organic solvent to the solution.

A method according to claim 15, wherein adding sodium hydroxide to

ferric chloride hexahydrate occurs at a rate of less than 20 ml/min.

A method according to claim 16, wherein the rate is between 10 ml/min

and 20 ml/min.

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.

A method according to claim 18, wherein adding sodium hydroxide to
ferric chloride hexahydrate occurs at a temperature between 10°C and

40°C.

A method according to any one of claims 15 to 19, wherein the ferric-citric
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5 the form of ferric citrate from the ferric-citric acid solution by adding an
organic solvent to the solution comprises cooling the ferric-citric acid
solution to less than 30C before adding the organic solvent. 22. A method
according to claim 21, wherein cooling the ferric-citric acid 10 solution
comprises cooling the ferric-citric acid splution to a temperature between
about 10C and about 30 C. 23. A metdd according to any one of claims
15 to 22, wherein the organic solvent is selected from the grou

consistirf§idoiEaBl infatmatoRybieariny the citsisapid anshks, RieekRjtate to a
and tetragaEpiHiR b AteAnEBLPS fet israr gselie spmpound made

according to the method in any one of claims 1 to 14. 20 25. A form of
ferric citrate made according to the method in any one of claims 15 to 23.

261 A form (ERJBTECCOFIRG SCAMRHEEF ARG 25 %b@%@r@iﬁ%ﬂ'&‘igﬂaﬂng
rate. 25 27. A form of a ferric organic compound _acco_rdln? to claim 26
wherein fefOgfidestmpiiate o e Ierrirfomitiiceagid apleHpRISNrRFIgNg an
citric acigrganietisoRfidlt 1P GHE CsBRIHoRUESHNFISSE dedbmaithacteriditmiie acid
acid, and other related organic compounds. 30 28. A form of ferric

organic eoWHSLId 2 BARIRG fo Reipheadaing B QUeritisiachthe form of

ferric organic compound has a large active surface area compared to
conventional ferric organic compounds. 29. A form of ferric citrate having

the2formiidNEBINS BHAOKIEMY RaAMT efhatbaEF IS eRsiing bR rdREdCSHrIA acid

form of fesriieiitraipases @ity AimeAIchavissan ibiiten @sseldiifature
rate ranr%e, as determined by USP intrinsic dissolution assay in water,

betweerP Y8822 RIS, ‘K form of ferric citrate according to

any one of claims 29 or 30 having a
23. A method according to any one of claims 15 to 22, wherein the organic
solvent is selected from the group consisting of ethanol, methanol, butanol,

isopropyl alcohol, acetone, and tetrahydrofuran.

24. A form of ferric organic compound made according to the method in any
one of claims 1 to 14.

25. A form of ferric citrate made according to the method in any one of claims
15to 23.

26. A form of a ferric organic compound having an enhanced dissolution rate.

27. A form of a ferric organic compound according to claim 26 wherein the
organic compound is selected from the group consisting of citric acid,
acetic acid, isocitric acid, succinic acid, fumaric acid, tartaric acid, and

other related organic compounds.

28. A form of ferric organic compound according to claims 26 or 27, wherein
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BET active surface area exceeding 16 sq.m/g and a BET active surface
area isotherm as shown in Figure 3. 15 32. A form of ferric citrate

according to any one of claims 29 to 31 having the x-ray diffraction

pattern shown in Figure 4. 33. A form of ferric citrate according to any one

of claims 29 to 32 having three transi% n temperatures as determined by
thermogravimetric analysis 20 (TGA) and having a TGA profile as shown

in Figure 5. 34. A form of ferric citrate according to any one of claims 29 to
33, whef8fh TeRB fimferas OraRicacalPeuRthd e daiempaig teurface area

conventigfiabiesti¢o LEIRBIFISRAN AR FRMR!BSRPofRAERD- A form of ferric

organic compound as claimed in any one of claims 24 and 26 to 28,
wherein the form of ferric organic compound is in an orally administrable

fosgn selaCigehiomeiiR grosR ﬁ@\r/ﬁétiﬁﬁﬁfrﬂd%ﬂ%ﬂﬂ)%%@rh&\/i%goenhanced

suspension, an emulsion, a capsule, a granule, a troche, a pill, a
liquid, a $sRRIUHAR "At85rup. 31 36. A form of ferric citrate as claimed in
claims 25 and 29 to 34, wherein the from of ferric citrate is in an orally
administrable form selected from the group consisting of a tablet, a

pfider, A S8Rk Hioferdf SilaISioRCeR A pSuIE!aHY AR Ui oBReiTdrinsiC

pill, a liqgissAutRiAt A FhAgRY A4 e rnire@BRAIB D GRS R RS IR AR  in
claim 24 or 25 or any one of claims 26 to 34 and a suitable carrier. 10 38.

A pharm¥eksheeiesmposiachOBHpRRfhe form of claim 24 or 25 or

any one of claims 29 to 34 and a pharmaceutically acceptable carrier. 39.
A ;harmaceutical composition comprising an effective amount of the form
0

etaim 24 UM ETeEy HEBRAELAMNGJG R FHP thE ARG 8140 Rle?d PBVINg 2

response T iakiCsareRBISreR BXRetALN8rapbh/¢ Ank aesefthetfesriGirface area

organic compound as claimed in any one of claims 24 and
isotherm as shown in Figure 3.

32. A form of ferric citrate according to any one of claims 29 to 31 having the

x-ray diffraction pattern shown in Figure 4.

33. A form of ferric citrate according to any one of claims 29 to 32 having
three transition temperatures as determined by thermogravimetric analysis
(TGA) and having a TGA profile as shown in Figure 5.

34. A form of ferric citrate according to any one of claims 29 to 33, wherein
the form has a large active surface area compared to conventional ferric

organic compound complexes.

35. A form of ferric organic compound as claimed in any one of claims 24 and
26 to 28, 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.
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26-28 for the preparation of medicament suitable for treating a person
suffering from a disorder responsive to ferric organic compound therapy.
20 41. The use of claim 40, wherein the disorder is hyperphosphatemia or
metabolic acidosis. 42. Use of the ferric citrate as claimed in any one of
claims 25 and 29-34 for 25 the prepargtion of medicament suitable for
treating a person suffering from a disorder responsive to ferric organic
compound therapy. 43. The use of claim 42, wherein the disorder is
hyperphosphatemia or metabolic acidosis.

36.

37.

38.

39.

40.

41.

42.

43.

A form of ferric citrate as claimed in claims 25 and 29 to 34, wherein the
from of ferric citrate 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 composition comprising the form of claim 24 or 25 or any one of claims

26 to 34 and a suitable carrier.

A pharmaceutical composition comprising the form of claim 24 or 25 or

any one of claims 29 to 34 and a pharmaceutically acceptable carrier.

A pharmaceutical composition comprising an effective amount of the form
of claim 24 or 25 or any one of claims 29 to 34 for treating disorders

responsive to ferric organic compound therapy.

Use of the ferric organic compound as claimed in any one of claims 24 and
26-28 for the preparation of medicament suitable for treating a person
suffering from a disorder responsive to ferric organic compound therapy.

The use of claim 40, wherein the disorder is hyperphosphatemia or

metabolic acidosis.

Use of the ferric citrate as claimed in any one of claims 25 and 29-34 for
the preparation of medicament suitable for treating a person suffering from

a disorder responsive to ferric organic compound therapy.

The use of claim 42, wherein the disorder is hyperphosphatemia or

metabolic acidosis.





