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WD 2007/ 065812 PCT/ EP2006/ 068994 Process for the
preparation of ferri-succinylcasein The present

WO pwesison rel ates to a new process for the prPQOBER100€068994
of ferri- succinylcasein, 5 GB-A-21 15821 di scl oses

the preparation of iron-containing succinyl ated
proteins. The preparation includes the reaction of

Rlosrac [oraing ettt &f feibsucHitacasein

wi th succinic anhydride under al kaline conditions,
centrifugation 10 or filtration of the opal esecent

Thé PrekbanirishiireedRitd at b o NeRPRrodekdidi &t kPBpaldion of ferri-
precipitate is again separated by centrifugation or

SUSEINYIEFSYA: and re- suspended in water. Thereafter the
separated precipitate is dissolved again under weak
al kaline conditions, the solution is <centrifugated or
GBfAMZ & ahdcmgeaisntheciadieficedtipo Pbrima cumdeining asec ofylated

pr&%lr%m?h?y %Egr&r&’i e{ﬁ%ﬁgdggrfﬁé‘ere@@ﬁ& O”f"‘{‘ntn'll gg;sr«der, milk

i ron sa agail n di Ssol'ved
pravedks, abgal prte‘rettrmmdbbvmf@s seDﬁ&pm@’rdxhﬁ bajg)orvleousro’rems or soyd

urification steps 0 recipitat
oy aifbrose i G NS ebi pUels® Braeiiors ¢ gontrifugation
or ptiriréyoh heosuged nyd B RAepEol el tutiba paraessraapatiibed upon
in GB-A 2115821 suffers fromthe di sadvantage In
AciHHEAtiPR- pHIg | RIREP!TCIRSE G@N26°@8sY Pird | heésCratifygation or

ﬁ!‘rrfd?fd’ﬁ %fnoaréné%ﬂ)éﬂée@rﬁﬁ ngﬁdfhé/\@'o(ffér' bbby b@emplfofe
el imnate (EP-A2-0939083). In an attenpt to overcone

is tdessdvedi sa@viant agdsr owe@ AQ1Raling8 XondidioRyr opfean solution s
ce@@ﬁ@@bf@@pb ‘%ﬁwtrb%] EcF @2 %o@?’g%}g}ﬁﬁﬁgfi&r# r%s oaégdglf:rb&ofe of

ex of succl ny sein 5Bt &ih
sudqjodkxjeaidyercﬁam Fantewschtios wiskedhienrdmectr gat meatipitate is

f 2 haol d ' . ' . ,
ool FRrBAGY W e FRR ey 18RS, < Bralbar tap Jpgorious
purafrb@nﬁplsteatseﬁ }Sl}éﬁilbﬁ@ﬂ@nl oval nai- bgect:dp;ercrmﬁﬁbironeos‘uccmyiofed

with succinic anhydride to form succinyl casein

seln
OIGTATRH S BUE SR SERE TG P § HCr RIS b 1 g 1 GB-A-

21 82T Jlieclr BBHPI fhal IS @ ol RS URCHRY, Cﬁ‘ﬁ%d’h‘lbﬂlort h@soluble
first step, the succinyl casein obt ai ned i s di ssol ved

de%\‘géﬂ\fﬁ&m@e’fﬂ“eséO[rﬁb@f i DU Udillcgserdei 6 er akkict ioiffisult fo
elifdiRiRCesBpi AN Ob\soRg i 9Ny on  attempt to overcome  these

disadvantages of GB-A-21156821 the European patent application EP-A2-0
939 083 describes a ferric complex of succinylated casein which is
obtained from food-grade casein and which is used in the treatment of
pathological condiTiOns linked to iron deficiency. The ferric-succinylcasein
is prepared via an complicated synthesis involving the reaction of casein
with succinic anhydride to form succinylcasein which is subsequently
reacted with ferric chloride. After the precipitation of the succinylcasein in
the first step, the succinylcasein obtained is dissolved again under
laborious dilaceration. Dilaceration is a process involving high
mechanical energy characterized by the use of pumps which enables
elimination of aggregations of suspended solid material which cannot be
eliminated by mere mechanical agitation. Dilaceration processes are
carried out by using special dilaceration pumps in which the movement

of a propeller is associated to the movement of a grinding gear. The
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nmechani cal energy characterized by the use of punps
whi ch enables elimnation of aggregations of
waempeesserl solid material which cannot be el i PETTEPA6/068994
by nmere mechanical agitation. Dilaceration processes
are carried out by using special dilaceration punps
in which the novenent 35 of a propeller is associated

aq@JuUie sBRMRIFE Y ¢ @Lc@wﬁ)’éﬁ%lﬂgo%@él’nedﬂ@f’r%[pc%Wér%wgs then
PCT/ EP2006/ 068994 -2 '‘aqueous solution o

reaaies] WylihcEyer e bt igienedsaftherfedi-saceir¢@seinsolbtaned is again
dis][sgf\l/‘étoed J’Ha@r f?c%bﬁoﬁpl . ﬂcgceer&ﬁ{osh% th/?ccor mg(}/ VThe process

erri-succinyl casei n. I's again
acordénd aboEPdUS-OdﬁISQc@Bat ISOIﬂBSOd\lImﬂ’K:@H[gJIW dshéhgreocegsaration

P A2-0 939 083 is disadv oys_as
anBr SBhCEROR TERE g e dierkst st iRe g dtnfe cost- and
enprPLesssapimpyi Criicedovéi, W@om@@&ihvémdhlgh omoun‘rs of succinic
energ consumni n% Mor eover, conp aratlveI¥ gh anmount s
Ec v

anGYIEdEciAre ToaRRyHFTHAN HAPLPIGE BE (R E8SHH DI prereaie vield

of L egdbited N pABqadequats W\@' Qro@ésst h?f Ct%lﬂ( ed 15821 is quite
product. Al so the process of Is quite

dfsaﬂy@d\v@aﬁ@géou@ PEHIQERti eal an, smsérmoh ﬁ@gﬁ rdsalt seaviges the
s‘{e?ﬁ_dl r%%%lagﬁoﬁh‘?el&ss%l@ g%o?‘e B 8&';391‘&1 HQﬂ]d Je- dfs?olvmg of

re-precipitation and
thet hiec sinyti eyl ptaieiny bewm‘rhmf@me’rlbhwmreabmlmn vmtfh t he
iron salt. EP-A-0319664 al so discloses a process for
the preparation of iron conplexes with succinylated

EP- [AOl gpepbbdesiisohdeiribeae deenosely eetredhé oplSparation of iron
rada respect to the pre aration

cogIENES Yl S ol S8 b Bt RS slsth bRgeoPSBALpISCted fo

61 EngaBR e Abns ol dOGUEREY_Tef ere | ytweiiation! Tor i
enﬁSleS g?orrespondl nl to tﬁg B A2 gbr wdiatienl To e

sSUGRIRYICOREd BRlVBPe!idRy \mezzbo*@sm@trmgs gubﬂmgﬁ@j afqterial such
doé@ﬁné}ﬁ' kb lsyind@k g fefqtﬂ%o%%sec%ne :‘F@]ﬁ kPFhe GB-A-2115821

di scl oses a process for the preparation
mestiotiaty befewsein. Similar to EP-A2-0 939 083 and
GB- A- 211 5821 also this docunent describes in the
exanpl es the manufacture of succinyl casein by
wWOor eﬁ©®6m1 &S el pulwi dhie cs ua ttieny than iy drritde dateal da(fal fhee present
bsequently the ucci n casein i

5
apRfedliBht SEHBy addiT PSR bf OIS TRESBFELT BN L & olion succiny
casein. Similar to EP-A2-0 939 083 and GB-A-2115821 also this document

describes in the examples the manufacture of succinyl casein by reacting
casein with succinyl anhydride in alkaline solution. Subsequently the
succinyl casein is precipitated by addition of HCIl. The precipitated
succinyl casein is then again completely dissolved and filtrated and then
subjected to the reaction with iron chloride. That is, also the process of
WO 2006/021843 discloses the additional steps of isolation by filtration,
washing, damp granulation, dissolving, filtration, of the succinyl casein
infermediate before a solution - rather than a suspension - of the succinyl
casein intermediate is subjected to the reaction with iron chloride. In
addition WO 2006/021843 is characterized by an additional granulation
step for the precipitated succinyl casein intfermediate before the re-
dissolution step, wherein the solution of the succinyl casein is obtained, to

be reacted with the iron chloride.
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succinyl casein is then again conpletely dissolved and

filtrated and then subjected to the reaction with
WO e@m/oedsinri de, That is, also the process of REI/EP2006/068994

2006/ 021843 di scl oses the additional steps of

isolation by filtration, waghing, danp granulation,

di ssolving, filtration, of the succinyl casein 30

internedi ate before a solution - rather than a

suspensi on - of the succinyl <casein internediate is
Acsobfietiedhe dete nfeicei o abyibuistyonag idansiadrred hat additional

L& 0 ha terized a .

m%gﬁgfifgﬁal n?ﬁnﬁ%éﬁ]ongﬁbﬁOﬁ &% theféfegﬁéltg eaw“” casein
Wﬁeunehhwb uase%menhbéﬁmﬂdeammxnﬁbﬂoa bhecresuccmylccseh1 and

ti,o tep n the sol uti on he succ
gt ¢ BitishuaBoe o BosdBkibheindt RS Fgipension of
theﬁhu@élr@eca\é@xriﬂﬂé/rr%@%ﬁé?e REN #2066/ H989%%, - 3
Accordingly the relevant prior art obviously has

consi dered that additional re-dissolving and

In H8RMSBF Ridrahi @ﬁrrgcﬁg@‘rfd?fertﬂ% EH%W(WW{]T@@@WS application by
intermediate are essential in the preparation of iron

thes fesitign talksaitnOfaed B9 Jotlawing haddiftona esisentitaflocgments
hav@aﬁéeﬂ ?c%ﬁ‘ﬁf’le%’ r\m Bﬁrcﬁmgv@r Sﬂﬁﬁ%@ls'o% Fg éhc?f less or no

succinyl casein internediate w't e iron ch oride
impartanpat éxit 6$QLAhB calf 78@ 6Sut Baf EBrO2433 2 iBar MSyéaatléN) B1,

o7 1 DU hd” Bekir oA B o Cp vl L8y b8 adfaso.

|dent|f|ed whi ch, however, turned out to be of |ess
no |2Portance AU 652021 B, EP 0739634 131, EP
As G‘Q&@ﬁ? BENAgs BIRAB RS AR LN oG Th BEshe Rfeﬁj@ﬁ* application to

proZ@@@d—‘h@@%ro@@s?QQ@H@@%%%Q@@QOM‘Q)QQQ{W QAR asBSn Avhich s

consequence, been an object of the present
Ch%fﬂﬂ’fieé'é@ﬂdh\’to 15 prow de a new process for the

pr epa(}%h@%@tfrécc%ﬂdn succi nyl casein which is

characteri zed by, one pot reaction, - no

Fnter m@dna@reneswatIsomnorpurnunfmhcun amagtotilacerations
di | acg{ggi ons steps, 20 - shorter processing tines, -
i ncreased’'concentrations |eading to higher vol une

ef fi cslendeeprocessing times,

- increased concentrations leading to higher volume efficiencies,
- less amounts of succinic anhydride,
- increased material resistance because of less aggressive pH-

values.

The present application relates tfo a less complicated, and more time-,
cost- and energy efficient process which is leading to the desired product
quality in a high vield. Thereby, the ferri-succinylcasein complex obtained
should allow the administration of precise and reproducible quantities of
iron mainly without including side effects. The present inventors could
show that ferri-succinylcasein can be prepdred in g much more eqsy
process, which allows to avoid any intermediate isolation step,
purification step, in particular, re-precipitation step, or dilaceration

process step for the succinylated protein intermediate.
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- less amounts of succinic anhydride, - increased
mat eri al resistance because of | ess aggressive pH
WO 20000658125 The present application rel ates toPEI/ERNE6/068994
conplicated, and nore tinme-, cost- and energy
efficient process which is lLgading to the desired
product quality in a hi gh yi el d. Thereby, the

Act:%naﬂnégwcwylp@@@ﬁm inoERLex Ay 3&&@9 asheul d RbLBY for the

mni stration of precise and reproducl ble
prepaietian e feffri-s@ocinverosain it gmuirishguthe ell ading st ke
effects. The present inventors could show that
ferri-succinylcasein can be prepared in a nmuch nore
(a )easr;eoqjimecssseimhwcfh alf | i@\mss‘rt@navmmbiamw‘ridn e:tgmmwhi apeferably

isolation step, , purification step n
sug QR e FiTP ool 67 HANetuBbsvifeRibbcat s taapyicasein,
anfior the succinylated protein internediate. 35 WO

2007/ 065812 PCT/ EP2006/ 068994 4 Accordingly the
(O)pr &N NI GHEPF DI HEHRSNHORSW ﬁ)%%@%c@%ﬁmt%m'”ed in step

(o)ﬂ&;%@ﬂ%b@f‘oﬂ% it ShrSHCEd RY kERB 8IS FYHRIdsThNg the
|l ow ng steps: (a) reacting casein wth at | east one

su00|nylat|on agent, preferably 5 succinic anhydride,

%g :RQW as@c%qﬁ%%ﬁ“éﬁ?ﬁé??'f?BrrPfth%“%‘?{rnBé'sé:aé&é 1be§”91 GB-A-

tin € aqueous suspensi on succi nyl casei
21b@8%im@dhohnsﬁepso@mmﬁmptHmaﬁubeaaﬂoUnépnobﬂnsaﬂncmdux;been
orn1f rri-suc Ica .. 10 Accordl such
oolsf Pl Vi isie Mo cLEiyake PoER 4 hNEbA" U5 R B3R vng i
reddﬁat:j nath arhsaolltam o:m!of Hute o cedy b as esijsmfe(ﬁs&brm Micthed by
has been  obtain ﬁ@*P precipitation, dissolvi
es

ot gt AT bt ICooYBBIe GG UbFemutah digtication. is

dirébgy | a8t sal t withBlt aBcRIMERH/HSUSRENST YurirRiidmednlY is, re-
reacting casein with succinic anhydride and subsequent

pregdpdptipeat’eenrepstad Withdee yontskalt is, without
del aceration and/or purification, that is, re-
precipitation step, reacted with the iron salt.

Similarly the process of the invention differs from the process disclosed in

EP 0939083 A2, in particular, again in that not a solution of the
succinylcasein is reacted with the iron salt but the suspension obtained by
the acid precipitation in the step (a) of preparing the succinylcasein is
directly reacted with the iron salt. Thereby the ftime-, energy-, and thus
cost-consuming dilaceration steps to bring the succinylcasein obtained in
step (a) into solution surprisingly can be completely omitted without any
disadvantages. Agueous suspension in confrast to an aqueous solution
means that a suspension contains insolubles, which can be separated by

filtration.

So - in contrast to the present invention - in both prior art documents (EP-
A2-0939083 and GB-A-2115821) a solution of the succinylated protein
rather than a suspension is contacted with the iron salt. In addition both
prior art processes require the additional purification steps for the
succinylated protein of dilaceration (EP-A2-0939083) and re-precipitation
(GB-A-21156821), which are not carried out in the process of the present

invention. Accordingly the process of the present invention provides a
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Simlarly the process of the invention differs from
the process disclosed in EP 0939083 A2, in
w@200ri068hiar, again in that not a solution of tPEI/ERD6/068994
succinylcasein is reacted with the iron salt but the
suspensi on obtained by the agi.d precipitation in the
step (a) of preparing the succinylcasein is directly
sighfracd fd d’éd\ldhrb'@% igven $l toricthgreny F)G‘?’Héd:l@?,‘ on_the industrial
energy-, and thus cost-consuning dilaceration steps
sc@le.bring the succinylcasein obtained in step (a) into
sol ution surprisingly can be conpletely omtted
wi t hout any 25 di sadvant ages. Aqueous suspension in
Thatford, ridst dopiesrusaqueoassisal af itba sueanyldikat caisein obtfained in
ey TP TR L BRI LS SR PR RuS B S & Blhecty
subjeveati N thel rRdagtdn pitlprhar rodogumem $dEPuladd no separation
A2 0939083 and GB- A-2115821) a sol ution of the o
and{ficil$RIPHPBd St 61n TN at et INYKHR Ga Cighengih i Purification

stepRNtiRet e pb &b ity r rd?ndéﬁidero'h@nagr@ﬁs' @rne hod o rREObetween
art processes require the additional purification

thestegstipor of Hee sueeinidiinedpeot eri’rh Gfasgiin dBet’@a ¢@) and the
re<§c§P TQQ@%%@:n@@‘#e&ep dsree?ﬁ'd)dcﬁ% Mo EEGBIAYS ZE%‘D](EEZJ'

, are not carried out in t e process 0

present 35 invention. Accordingly the process of the

res i,nve royides .2 .2007/ 065
in B PERabey Shtedihehest 888 iRy PRiAR a0l amsrises apy of the
sukpkiagss:art, in particular, on the |ndustr|al scal e.
is, the aqueous suspension rCgé}sﬂuccrnyla

(O] peer A oo 15 LPRy . (U TRy FadUBNaG S enirations (in

cofHEst Y ERtANG 0@ Whtihceasennsigpi(directly)
subjected to the reaction with the iron salt, In

(@2Dar t if VRGP SSHG §1é1pa‘r“a‘[t9 ome hyrdie idolhat P@Mes%b@p%”@fem‘o” fo
tguccinyl ated casein, and no purification steps,

e re-precipitation or del aceration steps are
aBperfodem bet weerst e reantinglaticn tcheestrccmﬁ%raxblmgsuccmic

C
cnrﬁa\%‘f%%\év\'év?rﬂ?l@t%gﬂai% rlrrrp 5%&%%3%%%1];%8%%% Bﬁqg% C?H(aq on of at
leabhoaeppeterred enbodl ment of the invention step (a)
conprises any of the sub-steps:

at e

In step (al) preferably the weight ratio of casein to water is adjusted in
the range of 1 : 1 to 1 : 100, preferably 1 : 2 to 1 : 15, more preferably
1T 4 1to1 8 (m/m). It has been surprisingly ascertained that, in the
process of the invention the initial amount of water can be reduced to a
minimum and thus the volume efficiency of the process can be

significantly increased.

On stirring the casein in water usually a pH of about 5 appears.
Accordingly the process usually comprises the adjustment of a pH value
of the agueous suspension of casein in water to at least 6, preferably at
least 7 (step (a2)), which is usually achieved by the addition of one or
more bases, which include — without being limited to these: alkali or
alkaline earth metal salt, like hydroxides, oxides and/or carbonates,

Preferred are alkali metal hydroxides, like sodium or potassium hydroxide,
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(al) suspending casein in water, preferably at higher

concentrations (in 15 contrast to EP-A2-0939083 and
wOeEBA0ZEB1215821 ) (a2) if necessary, adjusting PEEEPIH06/068994

val ue of the agueous suspension to at |east 6, (a3)

addi ng at | east one succinylation agent, preferably

succi nic anhydride, while maintaining a pH val ue of

in Bhrtt&@st, &f(ﬁ%ﬁ‘i '?'ﬁ/d%‘ﬂbte' o sPdp %22 200 |;ﬁ@§5}§?—:§‘% baskore
In step (al)

referably the weight ratio of casein to
prafetep!yi @dwﬁ@@ﬂ@daf l@ost He5r angestdf more prefgraply teogpout 8.

AfT%F %fogli’wn?&o ?g TF8 ue&és sﬂ%gnﬁgﬁfc?{ﬁ@ Xosgsm gflol Qesired

has ReR°SUrprT 8 ngly ascertarne
pHtvdte, rthnetshleci’rﬁﬂphooezsgeof mrbéelmemmlcmhmbhenhwjndalis added

tercnberedce to a 1 Nni dt .
in §RR ok B FlaufBial P oH Wrs hrlar Bt JBVIRE §88Rion of
at Eécﬂﬂlcfrhélimisley Th@cm@@émpr@er@bwﬂmgotr@a@aﬁ@i dnélused in
wat er usual |y f[i)H of about 5 appears. 30 Accordingly

ST@Ph@%réé@%“Gs‘f&% g %%ﬁﬁgklﬁ%%%\/p AU USAHIRT BH Ty

sud’cﬁhF&eGn‘P\f\/dtn@% é‘@He@él%o%Jé@%S(h@na%exﬁaé@hﬂnuBuW@t@rr to
| east 6, preferably at least 7 (step (a2)), which

d|5i3§nlJQUQIUISV é@hﬁé@@@'@)ﬁntw sddnerennen e tef Pl

pgcl‘}"r%z%j e g%wgrollly"%qet&ﬂ;cﬂg 88 Rg ;i TWQITQﬂe T?mtehgégé)d

I Nne ea salt, dr oXi
bemeaeejregwandﬁdrhm1lsoma>u‘eemb|351meefséﬁﬂe&1écavredal kalre preferably

t dr oxi,de ke odi um or, pot ' dr oxi de,
ot (360 s e b5k bamado R 6 IR Y SGEERTS: 1 nos
beé@filulckmlé“lygryomd@rmIrmdsirf&wt (;aZ)wetdﬂre)cQHchaﬂ e Irvesitidd the
nor e preferab usted to at Ieast 7.5, and still

ARG TRIEHT 5016 61T UL I B DRAGHNG 9F clpuied HRP (@

of Wé%@@é@@%@@]@ f Mé‘%ré@é@l‘ mveintid rdesd ‘W%dghPH)ho of
val ue, the succinyl ation agent, prefer ablgnisucm ni c

CO%ﬁiﬁ;}@r&%'ﬁ@ é)@@éfélmsieu i e @C(KHS)OT IRKisH & PPt aN§irAg a

I ea f,a e@f%tf
pre@&d‘@ & b gtdbageﬁf%rép?be%ftg?g%ﬁ’sgi Léed)sgafre 1aanth e”ed
em@@@dmem’r Csftﬁ‘p? pa2jentSarentipo. dmdydioté-rosousiutld yzasem to

suc%qgi%dobgygﬂégeg Jfor%g]éolgl nuoﬁ?@‘?f’@%?lvagbyr%gfdﬁ cqn sl?i(ﬁ more

added casei n
preferably at most about 8 : 1. Since it is usually aspired to succinylate

practically all the available amino residues in the casein (i.e., degree of
substitution of more than 90 %; based on the determination using the
ninhydrin method (Yemm, Cocking; Succinylation reaction, Analyst 80,
209)) corresponding to a content of succinic acid of about 7.5 % (m/m)
as determined by gas chromatography (Cremonesi, P. & Caramazza.l
(1993), International Journal of Clinical Pharmacology, Therapy and
Toxicology, 31:40-51) the minimum weight ratio of succinic acid

anhydride to casein is about 1 1 12,

According to the present invention, it is preferred to use food-grade
casein, i.e. casein used for food purposes. By the term “food grade
casein” is meant casein obtained from milk coming from strictly
controlled breeding farms. These products present a level of
microbiological purity with less than 10° UFC/g for bacteria and with less
than 10%? UFC/g for moulds. The use of food-grade casein leads to



10

15

20

25

30

35

di sconti nuously, for exanple in one or nore than one

tenporally 10 separated portions. Tenporally separated
wore@n®6snat the tine period between two addi t POFEP1086/068994

preferably at |east 30 seconds, nore preferably at

| east 60 seconds and still ngre preferably at | east

300 seconds. It has been surprisingly ascertained
ockfiEbiorknolhe BIOSRSS 6F LOMAANRNLLONIiRG cBiYRKeS! obrained

reqU|red succl ni ¢ anhydri de can e reduced. Thus, in
stastiep f(an us @f milkeorpieitess according to the present

i nvention the weight ratio of casein to succinic

anhydride is preferably at least 3.5 to 1 , nore
Fu@heﬁeoablw atphaaskxmTholjhensecphﬂéemahW@ﬂ@&ibeanea to the

preferre e I e of .the present

copaeftliBR o HESWRPGRE. Pher o8 | ATWALEh oS SuRiaTRRYY of of
lecnhysdriidetdss rabrepséfdidnly bf dirieber ablmiraitegpst 10 @ 1

, still nmore 20 preferably at nobst about 8 : 1. Since

if is usually aspired to succinylate practically al

Thé hecayiahl akle cﬁ@rn&d&%i@%@ﬁn}d?ndeh%d‘cﬁﬁéhﬂs(der@erolly less than
degree of substitution of nore than 90 % based on

éOtfﬁéﬂd@ﬁepﬁ@f@ﬂb@htwu gt He Wﬂ%ﬁ%ﬁdmﬁfmﬁfﬁjO@%ﬂﬁ?ﬁs than 30
i ng; Succinylation reaction, Analyst 80, 209))
corrésponding to a content of succinic acid of about
7.5 % (mm 25 as determ ned by gas chromat ography

Crenpnesi,, Carana za, | 993 Internatlona
e B TP o1 T at B R et 8 ST Py RRA LTS B about 10
to 70XT ¢ prery abBl addarxd Fobhe 1@ aratunee| 1ghto Q@ch) of
succinic acid anhydride to casein is about 1 : 12. 30
According to the present invention, it is preferred to

Afteserooe @k ade ocfa%@bﬁimb %n%%é‘ esed é@geif(wo‘)@he resulting
purposes. By the term "food grade casein" is neant

succHBBice gbt ab pidd! sf 'f‘oﬁf«’ﬁ?ﬂk’ @Eﬁﬁ'@@gﬁ@@@%ﬂq'@tﬂ%ﬂhon to a pH of
tyrobl e
froFrPQ 1fo°7 ‘?%Pér%%ﬂl g ogl C 5TB 58, %Bﬂé‘l‘aréf@&%ﬁﬁ Ogom 3.0 to

I evel purity ess t
4. SURE/ gdﬁmg lactidéebe andd \MDtTheI r@§s!’r3fg smmoro@fwcmg ¥ Specific

o R bssbs T Eksotl basesr: 3 ohan Bl Bgffne acid anc

sulphoducic dasvitonpdrechibacstaid Beicgnpeexest pbetf@lrmrd acid.
starting fromusual mlk proteins.

Accordingly in step (a) there is usually obftained an acid suspension of
succinylcasein having a pH value of preferably below 7, more preferably

below 6.

In the process of the invention the above obtained normally acid
agueous suspension of the succinylcasein obtained in step (a) is usually
used without further isolation, purification and dilacerations steps in the
next step (b) of reaction with the iron salt. In particular, the precipitated
succinylcasein obtained in step (a) in not brought again into solution, in
particular, by laborious dilaceration processes, before reaction with the

fron salt,

Thus in step (b) the acid agueous suspension of succinylcasein obtained

in step (a) having a pH value of preferably less than 7, more preferably
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Furthernore, it is preferred that the succinic
anhydride is added to the 5 casein during a tine
weeonroessef at | east 10 m nutes, nore preferabl BCDEPEDG6/068994
| east 15 minutes, nore preferably of at |east 20
m nutes. The reaction tinme akter succinic anhydride
addition is generally less than 60 m nutes,
feserﬁfo%ga@'of b%%m,h@@aéﬁéén DHheS [BRIE BR&T BEADLYI! e%& s, in
0O m nutes reaction of step (a) is
pausudbr pr‘éprcbrfnﬁdeauscactlenpmtfmcéim calggat dedacemtion steps.
in &85 R ShETAR! ) MO UNALI0M LAMRLhBLYE (A9 Ay 25EIx-0115821
Kt
reacti n succl ni ¢ "anhydri de and
thec aser rm!ﬂ i’BEdce:S;@lditingn mjkmliinnglsa:tleﬂonas‘éia’ommibmed purified
e rec at ed aCIdIfI at ontoapH of
sucgm CﬁSégfﬂerQ?gbw &C $ort 2. BeY, f %)5 CoiFe et E(?rngF on  of
coffider@me3 aPndantsdobinsBYuREdir &9 hy dsokitiallereatbitiatiogtdiealkaline
resulting solution (step (a4)). Specific exanples of

OHUSHBES ABISR P8 hdtebEs SSBIRIRMSC SFSRGFokhtoaTron in The
id and 20 sul phuric acid, with hydrochloric acid
bei ng the nost preferred aci d. Accordingly in step (a)
t here |s usual Iy obtai ned an acid suspensi on of

in a f I -
n SR SPESIP.IRASR RS 1 TSI Blon
pramwénte@rsutdmmalkmdwe @dmiéanneddnmfmilrégcm dv;‘rra(qudecus’f one iron
uspenS| on f tthie succi ny Icaﬁ ﬁbt al ne Ln atfeg (ﬁ)
oG SIRIT U, R TP tner s b rrcred Bl o grous
copugﬂnﬁg caffi ogrrandcdidrager abhanstabepsohlll- b@n’rcﬁm{rﬁgStsaID‘s like
reaction with the iron salt. In particular

su'rah@%ﬁ pp@@%@f%of%mpm cHkdiEn YHERNES- .%V%'P@;‘BG(%@C <He and

oxd\8lte PRRUGH cBGRE A i N (IFRIHH B8 (fé‘mcp@tﬁlbn@é)ar by
| abori ous dilaceration processes, before reaction with

the iron salt Thus in step (b) the acid aqueous

USL%\P)P%%' AP fTquC'u 1:108 eé%%&?b[]?% IgfﬁohnmSts?EPp(@) of the

ngap ue of prefera ess than 7, nor
propre&:ﬁelca@d)gdw@momy 065812 IPGFNEPRO06/ 068994 - B I ess
than 6 is directly reacted with at |east one iron
salt, that is, in
If ferric chloride is used as iron source in step (b), the reaction of the

succinylcasein with the ferric chloride is preferably performed with a
solution of ferric chloride with an iron content of from 0.5 to 20 % (m/m),
more preferably of from 1 to 15 % (m/m). Higher concentrations of ferric
chloride are preferred, because a shorter dosing time and a higher
volume efficiency result. The dosing time for the solution of ferric chloride
info the succinylcasein suspension is preferably from 1 to 40 min, more

preferably from 2 to 20 min, most preferably from 3 to 15 min.

During the addition of the iron source in step (b) of the process according
to the present invention, the pH is preferably maintained at a value of
from 2 to 6, more preferably of from 2.5 to 5.0 and still more preferably of
from 3 to 4 by adding an adequate amount of a base to the reaction
medium to drive the iron complex formation. Regarding suitable bases it

is referred to those mentioned above, with aqueous solutions of NaOH



10

20

25

30

particular, wthout further isolation, purification
and/ or del aceration steps. In contrast thereto in the
wpe@ceeses of EP 0939083 A2 and GB- A-21 1 5821PCT/BP2006/068994
iron salt is added to an al kaline solution of
conplicated purified 5 succigyl casein which process is
li kely to cause the formation of considerable armunts
[ e id ;
oo B e gt L e e i g eater v o oa D ion of
ironrrofdroridedse  process. 10 In step (b) of the process
according to the present invention, the precipitated
succinylated casein is directly reacted with at | east
Af’remehér@@d;mﬂumcehepr@ﬁ ebabiey tatthleeast ciowes agein ssabtensmn the
ch is selected fr I Sti i ng of fer
fes&#l”b‘?ﬁ&@‘*”%ﬁqés G RETC Y)r? rfra%i Ogo%oéi ng°gal ?E‘@?%We (15 1o
25%u].phate, aspartate, furrarate citrate, gluconate,
glycinate, lactate and 15 oxalate, Mst preferred is
iron(lll)-chloride (ferric chloride). Usually, the
Thér%@?keﬁalﬂrefe?OW% @%@%Pﬂ@%@lﬁ@b%@r@@ub@ §i88séR) obtained
of t process accordlng to the present invention. 20
in o foerug@uilepPdeions iuskscasedrion beurccidifianspépli( kgqst one
e reaelion of c f -
boE%I O{Ol dﬁCg |”g S?’efge]r a%Pygpger%%‘g%v&pt ﬁ"o%@%ﬁ%t ?%E]gcg}/ed ferr
sud@anyicasehh olm daewi {d) dme i plonotoneeraafioh rroimtQred i§ an2@eneral
era rom

% (m 5 %(m )
aafgs i e ahiid: Shre dpdsbrt bL PlipkPelS et ™ o 11, more

pregeedienr ®dm besayse sa I@,h@ﬂcﬁxﬁgdﬁ)f‘slm@tﬂde F@s’ﬁ]d?@gbtcgh@rsuﬁable
25 volune efficiency result. The dosing tinme for th

bagg it 1SofeieITecki? iR oERI BIATHE NI h PP ¥R w@cpﬁyﬁ%@a@ewuﬂons of

ngpﬁggr}%@)qﬂe\@”@aefer ably from1l to 40 mn, nore
preferably from2 to 20 mn, nost preferably from3 to

15 min. During the addltlon of the iron source in step

At kB 38%73—5 W%Brﬂ%e r? %tr)?f?é}crb% BB 86 80 m Tefmgero‘rure

I nven the mai ntained at a
or erﬁghfﬁ\r cbmcﬁetdou@ mﬁemm@reﬂer%bbf/ mfeférrcmwzerW@sTSiSO °C, more

t|| m)re Rr € er ably from 0 di
ot ! dBHE AR s BReY PSRBT s st Ahafr sty for
abdut v tihe uza)rmoo,mmh@pe frrenatd@n. oRegandi 2@ tsuitGblrain, most

bases it is ferégd to those nentioned above, with

PrefgRIYLSEPI PONE 8F MHH WO 2007/ 065812
PCT/ EP2006/ 068994

Remaining insoluble matter is usually separated, preferably by filtration,
from the aqueous composition comprising dissolved ferri-succinylcasein

to obtain a normally alkaline aqueous solution of ferri-succinylcasein (step

(d)).

In contrast to EP 0939083 A2 in the process of the present invention it is
also not necessary to subject the ferri-succinylcasein suspension to a time
and cost intensive isolation and/or dilaceration procedure to obtain the
alkaline product solution. Thus, in a preferred embodiment of the process
according to the present invention also an isolation and/or dilaceration

step to obtain an alkaline solution of the ferri-succinylcasein is omitted.
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-9 being preferred, H gher pH value are avoided to

prevent the formation of iron hydroxides. After the
wa@ea7oessm of the iron source to the succi nyl caB&i/RP2006/068994

suspension, the 5 resulting mxture is preferably

stirred at around roomtenmpergture (15 to 25C).

Thereafter, preferably in step (c) the resulting

f Lix Ie N [ bt aj; . e o i
Pre G ST (2R P AGRE e BRSPS gLy from sare
agopeus1lbtse, by cdiding ar legeboure carigosing gacovering the ferri-

sufﬁg%ﬁgsslgprgt%‘%?rg%%te?6%§irl%ri1])9t1ﬁ>lrfwg%%‘ gg!r%§g§%&yé+83%hje@s§f% (e) is
preferablyat ueieaf cat dieagtH of Gromreterabinyré osfdrddy bflfrom 3 to

nor e referably f 7.2 to 9.5, [ It abl
5. (R RaSh L BaERRYa3 HRa%ch: oV cBIT: I 2P A8 Ean b
elh/@sg mengi enesh bavere WHdh agiueous reelint iians 0dss Hygressive
NaCH being preferred. At the sanme tine the suspension

Pradugr eXspPapsiPTst iYhied a21QWdnTienperdica N off sPichhiesy steel

defigdie iJ;JH%eF %FL@HR%@E}H% s Qv PRRIGEAN Yirkle MSLAbify of the
nore preferably at nost 45 C, nost preferably at nost

ferq@uccipyleteebby highe2pHabspues 101aHs €20 i [, logdir vield.
preferably of from20 to 100 mn, nost preferably of
from30 to 80 mn. Remaining insoluble matter is

Saids walidl ytcs épanaeed fopitied epaddigitbyiohi bt rtaei tavyi-sdaanyicdusein in

aqueous conposition co i sing di.ssal ved
sePal| Ul it el SIH O35V HIBRUGIR SoHer RhiF yoaPRarTalon of
abagtaauso 9 uidignt-of. Aeefhausgi swbease] mdestepmdidh)c, malic,

~In contrast to EP 0939083 A2 in the process of the

citriss ekKHHITG MAShtFOliC IACI LRI URBE: necessary to subj ect

the ferri-succinylcasein suspension to a tine 30 and

cost intensive isolation and/or dilaceration procedure ,
Aceordibtald threpapdel’i e opr educthss sirugipoRIOdhak CampPgsing ferri-

suc%:iggl%rorsg% e[gbo(?'érqg |§/0frek%§,99%809§/9 fiiﬁrg);?gfrr{ji B8 Lenih€gation,

ent inventton also an isolation a
washihgcler. gt moth wsttep ¢odabiyaign fan eddcapienet solrotdverp of vacuum

dryé%?}r&%%hgﬁg%gagél 8%/51r%nlsip§er?crﬂr%%%dmggr %8%6/0%%5%}éssure and
higher temperatures than room temperature, e.g. at 50 to 100 °C,
preferably at 60 to 90 °C, more preferably at 70 to 80 °C, for several
hours, like 2 to 50 hours, preferably 10 to 40 hours preferably at a
reduced pressure of e.g. 10 to 200 mbar, preferably 20 to 150 mbar. The

residual water content is usually about less than 10 wt-%.

The resulting ferri-succinylcasein complex usually has an iron content of

about 4 to 6, preferably about 5 wt-% based on iron(lll).

In a preferred embodiment instead of drying the ferri-succinylcasein
obtained it is also possible to process the wet material directly into a
pharmaceutical formulation for oral administration, preferably into a

liquid pharmaceutical formulation.

The process according to the present invention is preferably a one-pot

process, and preferably comprises the following steps:
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-10 Preferably in a further step (e)
ferri-succinylcasein is precipitated from said
wa@euweness1sol uti on by addi ng at | east one aci d, PErEP2006/068994
recovering the ferri- succinyl casein obtai ned,
Precipitation of ferri-succinylcasein in step (e) is
preferably carried out at a pH of from2 to 6, nore
preferably of from3 to 5 5. In contrast to EP 0939083
A2 and GB 2115821 the pH range can be elevated to 3
(@or Reentingrecsdian Bebgyally céupher icpredrgssiiagyriessiateweight
oduct ic o I n ,of
B8 Pt IE I RTcl Tec? AT opiof BLefgREN 1 a0 1 10
WHUHﬁﬂﬁMaMIagBQUBdSImmENhherSOhubothwspénBMElOfSUCCHnWCOSGHL
ferri-succinyl casein at higher pH values mght lead to
aloss inyield. 10 Said acid to be used for the
(b)pr evé@Ltipy @@lcpfod‘Lhk@ouﬁrsfdsp%%@@rﬂ)@f(?@@@bm\ﬂlﬁos@hel@b@@)ned in
is preferably diluted hydrochloric acid of
ﬂe@oﬁye%yegyyoﬁugfm Xﬁﬁﬁﬁﬂﬂgf?%”?@“ﬁ@|@ﬁF”WWW punﬁcohon and/or

dildE LRI sYEhY it RV Gt Aeetich s8B! f?ﬁ'f@r’m”@rh%uccmylcosem
citric, tartaric and lactic acid can be used

WhMSéEtsr@Ifafng@'thﬁ@Srb@@’é@rh‘l fiegvBam dmoluhte t,fmd“evqﬁpédift&t
conprising ferri- succinylcasein is generally
recovered by filtration or centrifugation, washing
(e [Yssaliviriy \mﬁ@rf)erraﬁdcdﬁrwmgseifmbyet(&rrp:icediaibnaorfom‘rav-ap)sf one

tlcu ar, the drying is,. .
b%@erf { Brater e F il Beh it eRle dRSdt Srufrication anaror
dlld@@(@ﬁkﬁi Yregss, tivar me@m tenperat ubenpesifonatoblprisind Mssolved
preferably at 60 to 90 C, nore preferably at 70 to

fe”ﬂiéuéc”f\ﬂFOé%\Weral hours, like 2 to 50 hours,
preferably 10 to 40 hour s preferably at a reduced
pressure of e.g. 10 to 200 nbar, preferably 20 to 150
d) mha¥ePIREING e§i@db nareatiebnt@rp i igls ugPIig Calsoug omposition

cor#wgz'jélr{d;%nss%% 10y gécgmlégsc‘éﬁhtﬂon?b‘r%m an aqueaus solution of

UCCIny casel n conpl ex usual as an Iro
ferrconteimylobiseiabdintis etagiréitiopr. errnembhyuatbomyﬁ‘liwm%n is mainly

oy PR B bl Prot D RSB RO a nea e T

al so possible to process the wet material directly
(e]I ntP?egipiToﬂng ferri-succinylcasein  from said agueous  solution
preferably at elevated pH values resulting in less aggressive product
suspensions by adding at least one acid, and recovering the ferri-

succinylcasein obtained, and

(f) Drying said ferri-succinylcasein obtained or further processing the
wet ferri-succinylcasein  obtained directly infto a pharmaceutical

formulation, preferably into a liguid pharmaceutical formulation.

In a preferred embodiment the process of the invention consists

essentially of those product steps (aj to (f).

The process according fo the invention can be carried out discontinuously

(that is, batchwise) and/or partially continuously.
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pharmaceutical fornulation for oral adm nistration,

preferably into a |iquid pharmaceutical fornulation.
wab@7p68tess according to the present inventi OPCT/BP2006/068994

preferably a one-pot 35 process, and preferably

conprises the follow ng stepsy. WO 2007/ 065812

PCT/ EP2006/ 068994 11 (a) Reacting casein, preferably

It @br@b@r’i‘ﬁ%ﬁ@%?%%aﬁr%'o'&ivﬁn’raqé s WBi gl p ?éb@%égordmg to
casein to water of 1 : 2 to 1: , hore pre er ab
fhe invergion ihagl, initiaws widinei gremhyidildeaiot eahiaved compcred

to AQUERS Suspensi g oL susel Iul asel B i (B) RRASLLYO

agueous suspension of succi hyl'casei al ne
step (a) dlrectly, that is, mnthout i nternedi ate

In :ﬂsgﬁ%%é%ﬂ%éjag%%g?@ﬁé fnsfg\rg&ggcygl rI a%eratl q(n B %ﬁfc'er step (c)

mdreldrie s uisony| easeisn, aftahictdsdianpr eferabl-yuccinylcasein by the
substantially free frominsoluble iron hydroxi des, 10

adgifiorn &4l i nifhi PFRr AASucdf nRYEIENATHyCPR@UOUsly.  More
spaddicgn ofirat Least (©one Th@asﬁquﬁb%fseré‘@%cﬂiﬁ@@m comprising

i ntermedi ate isol ati on purification and
dw@l@'N@@ef%ﬁ'rM@ﬂé'ﬁslseﬂro ﬁo@ﬂﬂ'&'ﬂugqﬂédmécbﬁf@fb@|ft@f@nThe reactor

on@gg%rfér%ltﬂ cﬂ!u?éﬁu%ﬁg wcﬁ%rréﬁrre?é'r%%lgai g?§1%1ﬂ: Bs e(rmxer.

rating 1nso e matt rom aqueo
conposition conpri sing di ssol ved ferri-succinylcasein
bt ai n_an ueou sokftlon of u00|nxTcas

The R?'?%%QPQF% SO ’rrb% tu&mn WlThb\leo{efrlii?%?pgn =y OFCI on the

Tenﬁﬁefﬂ:ﬁme Qﬁrfhleedqoébubmummsﬁforphcabn"&mesmgg eadsolved ferri-
requi rements Pr eci p i tat

e
SUGEPYICOs et b ‘@5?& A fPenSal rﬂcé’&ﬁe’f&?é T661 AHHBRYS

cor@fpﬁfs@ﬂ‘@@' Mb%m%loe#ﬁﬁ‘r%% RY, %@JSU@QIeF&%‘ﬂd’rU@oW PbRSShan 35° C,
gressi ve product suspensions by adding at |east one

or %@Téffhé‘rﬁ‘d‘l@e@o\)é‘ﬁ g PnENpPEe B0° CSGG@IWJ‘%&SSQ%for diluting has
ore?8f 1064 sirBMdr fFSmperature as the aqueous composition, comprising

dissolved ferri-succinylcasein, obtained in step (¢). In particular, the
temperature of the water used for diluting is preferably within the range of
+ 5°C of the femperature of the agqueous composition, comprising

dissoclved ferri-succinylcasein, obtained in step (c). The volume ratio:

agueous composition, comprising dissolved ferri-succinylcasein, obtained

in step (c) / water used for diluting

is preferably in the range of about 1 : 1 to 1 : 10, more preferably 1 : 2

to 1. 6, and most preferably 1 . 4.

In case that the agueous composition, obtained in step (¢), has a
temperature of less than 35° C, like for example 30°C, and the water used
for diluting has in particular a temperature within the range of 25 + 5°C

the volume ratio:

aqueous composition, comprising dissolved ferri-succinylcasein, obtained

in step (c) / water used for diluting
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(f) Drying said ferri-succinyl casein obtained or
further processing the wet ferri-succinylcasein
wobioaiesst2 di rectly into a pharmaceutical for nRCHEPZING/068994
preferably into a |liquid pharmaceutical fornulation,
30 In a preferred enbodi nent;4he process of the
i nvention consists essentially of those product steps
(a) to (f). The process according to the invention can
be carried out discontinuously (that is, batchw se)
is raMmeblpfaimtttm rgngenti nboud| . : 35t0MD 2007/r06B82eferably 1 : 4
PCT EP represents one of the
TOfuréhg ?ﬁ%@em%%$the process according to the
|nvent|on that in view, of the great S|npllf|cation

achi,eved co red to the prior art t can
AR B e Gl eact ot o P CeHEP st oG ndigsolved ferr-

sudkipl/RIdRdn erdodiineat in i teparti cwliay .wéhe, Work-rBpuinierdiluted
step (c) nentioned above, that is, after dissolvi ng

Oqtlﬁé’uﬁeﬁ?lqm§9é'&'lorﬁyl'%a@@fﬁ“ﬂ)@'\’t férotaRli 19 JRMBPVat angadisolubles

d?FL?s rred conti nuously. More
(e speci fi calgl Y, fc{ gﬁ step (c), the aqueous conposi ti on,

conprising dissolved ferrl-su00|nylcase|n i's

Thecrg'&% equgﬁ.,t)sé CP t?ﬁc‘;&?t&ngflﬂ étreodn &HS I%?%ﬁgy Ic&t%omdéic?r@position,

prefera water prefera
commemmtgx@ussoﬂ?beﬂ optri- mnmmgnmaemn% chfrout;etdn‘rmto@ttoct with a

end |nt r.ali erature of
g e alT s BB o, Peoyilst Aie'ds SUBFVAWT e precipifate
thes ye@r- @Mtem@sembt@bﬂﬁe@lp@ﬂd&tgeno( @tep () }:ase;d t@éldt heedium
agueous 15 conposition, obtained

wh e RE TR BH1E ok eTBICC] o By 24 NiA%A08 dorought info
coﬂwtd@ el W@PU%@Q}%UGE&% WaHeh o bisied chfm%'nEdo B%sBR=d ferri-

preferably a simlar tenperature as the aqueous
suc(gaﬁpl@gqste|i@ntncw|@|rl¢gxo dhsdoveld of preferably 2 to 6, more

pref@k%ﬂﬂgsr?‘&ﬁw' ﬁyigeg,g'rﬂor@pusetag \'{ B 3 ?Fo 5% 4 gncg%;rusfed,

erature o er use
d|Iut|ng IS preferably within the range of 20 5C of
eratu € of the aqueous.co [

Aft re Hejoll f S io &%OSI t.ii%n,fecqfrprci S| r\gasein
o} Qé%? e 18 1= S i Tadd R ©b6tal Red P St ey ()Y

is gEreeretl usB Ovatd @ by ARMENLS o@@mﬁﬁfdg@tmn@@ammgté@ (e.g. with
di ssql ved ferri-succinyl casein, obtain

water). On lab scale, these steps are preferably d|scont|nuously on

production scale isolation and washing can be performed continuously

using a decanter or a centrifugation device, respectively. Drying for

example is performed at a rotavap or vacuum dryer as described above

(step (f)). This step is preferably performed discontinuously on lab and

production scale,

The advantages of a continous work-up as described above include:

- Higher batch sizes are possible (synthesis in a reactor of defined
volume, work-up outside),

- work-up procedure is independent from batch sizes,

- improved consistence of precipitated product (less sticky).

Preferably according to the present invention the above mentioned steps

(a) to (c) are performed discontinuously (i.e. bafchwise) and the above
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in step (c) / water used for diluting 25 is preferably

in the range of about 1 : 1 to 1 : 10, nore preferably
waz2007@658tm 1 : 6, and nost preferably 1 : 4. |PCEB®06/068994

that the aqueous conposition, obtained in step (c),

has a 30 tenperature of |lessyghan 35 C, |ike for

exanpl e 30C, and the water used for diluting has in

i cul eratyre

R PP (T o L s ue et KPRl APggRiing fo the
inveingisool vieds foasa i p@mbhenw casgiinpeobtaienddan3snienbsttep-reactors

] te ed .f t A .
Wh%%ﬁ@%@érpdé%gﬁ! 8{6 g |”Ls%>rpr er a%ﬁg&'{“gg?ﬁé%?'% oeneofcon’rmous
woabapt lide :(s2dso(d) to 10, anmar epprefieyabkybditch4eatook in a swing

| uti

of ..t .
R eBud QoS B SebE 81 55 1% B g el without

angUsriydieasei n, obtained in step (c¢), with water, the
resulting diluted aqueous conposition is preferably
filtrated to renove any insolubles (corresponding to

Th@b@@cégg e st@oERenefd &S adie Mgl iabl%sbhf H\%rﬁ%rﬁ%’akes it

t ed agueous conp05|t|on conpri si ng di ssol ved
pomk@ta -foucditayn clagéisnccisylbpeaghtireamt Boooneatiuad tdr dom iron

deliy Gl &s 36k f o’?@% YRS ST BBLYly ! dbiBiold it RESeS! # I BkBfar, the
m Xer-t o pr eci p ate i S SURCH nyl case
pro(dlm‘rr Bsfoondi g be sbemmleegly. scSabde adi denmn/mnmm ¢t values,

. efera d|| ted ague 15 to 25 wt-9. iS. ,
e by BRgR A 658 ciniiea T Th neah saokaudhialintiron bio-
avERAPIAS) tdohe POMPOES ORGnidssisel estolerioh:

succi nyl casein, in such a ratio that a pH of

preferably 2 to 6, nmore preferably from2.5 to 5,
Tha ok RUEEEHABLYe B JdiBMSd0 dtdSrdlusd ethe AL8ENT invention

preC|p|tat|on t he a ueous susgen3|on conp r|S|ng
haverg |cw&nfn9péra@@slﬁon2®regeg REERIIPPT rtoeg ed agjcal activity

hnkf '4 % efkb&”o?ﬁgg%n cﬁsf HgﬂtéQHPé?g Whﬁdcér ]grgglg‘é\q\éve a very low

al e, ese steps are prefe
mcchiesrm@atcbht&@i@lgﬁe@h Theothuettiperutsc alse ioddihét icondant does not
invo ve Lrneq oclggd\kf)gn oeééss)ro nocvyrmnlonnu l<J:1Ss|e compounds, in particular
gastric lesions. Furthermore, the product according to the present
invention can be adeqguately compounded in pharmaceutical

formulations, in particular, suitable for oral administration,

Thus the process of the invention preferably further comprises the step of
manufacturing a pharmaceutical dosage from the ferri-succinylcasein
obtained in the process above, wherein the dosage form is usually for oral

administration.

Such process usually comprises formulating the ferri-succinylcasein with at
least one suitable pharmaceutically acceptable adjuvant, diluent or
carrier. Examples of adjuvants, diluents or carriers suitable for oral
administration are for example microcyrstalline cellulose, calcium
phosphate, diatomaceous earth, a sugar such as lactose, dextrose or
mannitol, talc, stearic acid, starch, sodium bicarbonate and/or gelatine.

The compositions may also contain suitable preserving, stabilising and
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using a decanter or a centrifugation device,

respectively. Drying for exanple is perforned at a
WO 2i0aMe31Dr vacuum dryer as descri bed above 25PCEHER06/068994

(f)). This step is preferably perforned

di scontinuously on | ab and . pgsoduction scale. The

advant ages of a conti nous wor k- up as descri bed above

i g S po, bl he

ki e e AR e A S
flowoukngp procedure is independent from batch si zes,

i nproved consi stence of precipitated product (less

sticky). Preferably according to the present
Suitavienbiandbéegaliovesmeolidmedt sx@pp|85aldgtst @o(od)’adamle’rs,

f d di t t d.t
coREuS: WEIS66%, GubkJoRERD EbnBRUP BB EGOCSE. SE MRS oned
suspleaRortd)syi @pd f dridk o leevibey, ek 30 Thentiedshic sAgieen di ng
to the invention it is also possible to conbine nore

CofHpsidnes hag¥ht réeddicst soe \Kﬁ@?‘é’?%*eﬁ Bpsu{iaiNe D relecsarwrm.

perfornmed di scontinuously with one continous work-up

line (steps (d) to (f), and operating the
Theb aficdiy- d@m@csewun@s ShaRrse il én e s@rtipgtartwpject to be

S I -
oGRS la SRR ShsEBletiEntt BRSREIA o icleige aaily
domgh it ier pxemme D aiverdn dni) crakﬂe@O(D tmgpassiplelr eldyo For excxmple
erri-succi.nyl cas

oofiBaf Wb e TRV Tkt Ohr @ (ot dmeean pgrfy 08 A1 iron.

an8@rererritnyvvafet takd 1pRy Ritrnkardaiheophedust. i s found
to be conpletely soluble at neutral/al kaline pH

values, i.e., the ones typical of the intestinal

Thé fpﬁ‘skesé hiks 11 ah Gk 86 r}ﬁlrelféﬂfbt?' @mr@f%b bhddsytHOluse of the
pur pose of intestinal absorption. he

ferrﬁ@ma@\d@@ﬁﬁm catiinedorprl eles Wf@pﬁ@ret *f He medicament,
whﬁ%rheﬁgn rdfBYEON! 98, TE@V? e%fr&[‘r?‘tt A isOfering from an
esen'{> excetPItyent ar rrraco ogi cg{? |V|Rf§rl'y Pﬁnl&eg to Y
syrmmmmsb:e‘hafvnr@m dagcuemmy carriers and accordi ngly have
a very low incidence of side effects. The therapeutic
use of this product does not involve the
Sucth sagdvipndagesnofudaoin igxempbrsedatgupoungsk oh energy, poor
articul ar
concentrafion, reduced efficiency, difficulties to find the right words,
forgetfulness, abnormal paleness or lack of color of the skin, irritability,
increased heart rate (tachycardia), sore or swollen fongue, enlarged
spleen, a desire to eat peculiar substances (pica), headaches, lack of

appetite, increased susceptibility of infection, depressive dysphoria.

The present invention further comprises the use of the ferri-succinylcasein
obtained for the manufacture of a medicament for the treatment of iron-
deficiency anemia, in particular, iron-deficiency anemia in pregnancy,
latent iron-deficiency anemia in children and adolescents, iron-deficiency
anemia due to gastrointestinal tract abnormalities, iron-deficiency
anemia due to blood loss, like for example gastrointestinal bleeding (e.g.
due to ulcers, carcinomas, hemorrhoids, inflammatory disorders, ingestion
of acetylsalicylic acid), menstrual bleeding, or injury, iron-deficiency

anemia due to sprue, iron-deficiency anemia due to decreased dietary



20 gastric lesions. Furthernore, the product according
to the present invention can be adequately conpounded
WO pooplessmaceut i cal  fornul ations, in particul aPCT/EP2006/068994
suitable for oral adm nistration. Thus the process of
the invention preferably furiher conprises the step of
25 manuf acturing a pharmaceutical dosage fromthe
c~fer i -SYce 0 n r
o ey B e Y EaR o PRSPt P B S AR ey - retated
imadirnmest oathercerSoch funodiess wskrdtlgssdampbyseeome (RLS).
formulating the ferri-succinylcasein with at 30 |east
one suitable pharmaceutically acceptabl e adjuvant,
Thaifbuemn@rexorapreetire kxpoplees tofthadp unsodes of dilliutemtirsg without
. or carriers suitable for oral admnistration are for
“”%%ﬁﬁﬁ]@fﬁ@%ﬁBﬁ??g?giIine cel l ul ose, cal ci um
phosphat e, di atomaceous earth, a sugar such as
| act ose, dextrose or mannitol, talc, stearic acid,
starch, sodi um bi carbonate and/or gelatine. 35 The
conpositions nmay al so contain suitable preserving,
stabilising and WO 2007/ 065812 PCT/ EP2006/ 068994 - 15
wetting agents, solubilisers, sweetening and col ouring
agents and flavourings. Suitable oral dosage forns
i nclude for exanple tablets, coated tablets, 5
capsul es, dragees, elixirs, |ozenges, pellets,
powders, sol utions, suspensions, syrups, drinkable
vials, juices. The pharmaceutical conpositions nmay,
if desired, be fornulated in sustained release form
The daily dosage depends of course on the particul ar
subject to be 10 treated and on the condition and
di sease to be treated. An average daily dosage is for
exanpl e between 10 and 500 ng iron per day. For
exanple patients with an iron-deficiency take 2 to
3-tines daily about 1 00 ng iron, and pregnant woman
take 1 to 2 tinmes daily 60 ng iron, 15 The process of
the invention preferably further conprises the use of
the ferri-succinylcasein obtained for the nmanufacture
of a medi canent, which is preferably for the
treatnment of a patient suffering from any
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synptons of an iron deficiency. 20 Such synptons
i nclude for exanple: fatigue, |ack of energy, poor
w@omeceesiat i on, reduced efficiency, difficultiBSI/EP2006/068994

find the right words, forgetfulness, abnorm

pal eness or lack of color of;the skin, irritability,

increased heart rate (tachycardia), sore or swollen
Egg enl arged spleen, a desire to eat peculiar

su tances (pica), headaches, lack of 25 appetite,

i ncreased susceptibility of infection, depressive

o SERIPE oo PRSRIBEN pLBRLGABs LU NBLFRIPY | pe the

manuf acture of a medi canent for the treatnment of iron-
def i | ency anem a, in particular, iron-deficiency
me&ﬁﬁﬂ?&”l% [ dgHd)YC86 It ent i ron- defi ci ency anemia
in children and adol escents, iron-deficiency anema
due to gastrointestinal tract abnormalities,
Exqrpete defi ci ency anenia due to blood |oss, like for
exanpl e gastrointestinal bleeding (e.g. due to
ul cers, carcinomas, henorrhoids, inflammtory
1 2Qis ocders arengestdrgted oh b2l yd salfecylfi @ feohdpiature of 20 °C.
TheTEN$ L AAkL P&t %?ogh&%d 9h Bniyr he'<588n%erf'&f' 9EYn#230 % NaoH
aneni a due to rue, 1ron- i i ency anem a due t

soldﬂonemsmdu @I@ehar y2 20 QLO@d’lr(Dﬁiﬁﬂkﬁld?@é E?é&ﬁ)@d@ﬁ&g%bur portions
cienc

ron on d i,ency-rel ated i nmmunodef i
withPoR 0BT hoiuAEys FRREHERS Tibuns meHHCOF THANCErER: & 8 by the
ad&urgt berss, Qme%@t e diegolysh o (Mmg'@ﬁﬁu‘non is stirred for
foll owi ng exanples are reported_to the purpose of

30 IMINSTEA IR HOWH VEIYG 't &t T SHE CUMACPAGENES BiECipitated
by \A@ﬁ&@r?é@ﬁé%@eP&T%ﬁ’@&@@/@%ﬂw‘?%é 1 HAr QEX%”FQC@§OILKTHn 57.2 g

not otherw se indicated all percentages refer to
of 5 Peepasaltilion bYZf%rmresg@@eﬁymﬁg@uw Esamrpwr@'quzmgg?he pH

w5, B SRRINRA 4 158018 e Py B S Fouiing
suspedistarois sxtﬁrr@dgorm B30 WodNa@HDH volue of 4 and then heated up to
30 °C within 20 min. The pH value is adjusted to 6 by the addition of 27.6
m! 30 % NaOH solution. 2.45 g propyl para-hydroxybenzoate and 9.14 g
methyl para-hydroxybenzoate dissolved in 30 ml water are added. The pH
value is adjusted to 9 by the addition of 12.7 ml 30 % NaOH solution. The
solution is stirred for 1 hour at 50 °C and a pH value of 9. After filtration
the product is precipitated by the addition of 82.2 ml 20 % HCI solution
until a pH value of 3.6 is obtained. The product is filtered, washed with 1 |
water and then dried for 5 hours at a temperature of 75 °C and a pressure
of 50 mbar on a rotavap. The product is further dried for 15 hours at 75 to
80 °C and a pressure of 125 mbar in a vacuum dryer. 127 g of ferri-

succinylcasein are obtained.

Example 2

120 g casein are suspended in 1622 g water at a temperature of 20 °C.
The pH value is adjusted to 8 by the addition of 9.8 ml 30 % NaOH

solution within 40 min. 20 g succinic anhydride are added in four portions
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solution within 40 mn. 22 g succinic anhydride are
added in four portions wthin 20 mn. During that

WO 2ove/0638€2 pH val ue is nmaintained at 8 by the BCHEP10061068994
of 35.3 mM 30 % NaOH sol ution, The resulting solution
is stirred for 30 mn, main{gining the pH value at 8.
The succinylcasein is precipitated 15 by adjustnent of

wiféﬂ?oﬁg{@ggﬁg{ﬁ%%h‘%t firr Géljre% HZ\‘Pmé’gg'gd NSty i A ot a5r782by the

| uti on wi thin
a digti o a:ifrﬁ:h@ trhe3(pFb Mmblde:oamﬂdn byhe hesa@didiot §@ntioh rSZsTIBred for

m .30 9 OH. sol ut i he [.e in sus en51 on
3ot PR Gel & vo'h VaFLah 6 JHAREREL R hlggioitatea
by Wdj etmant GfWhteh;DH \Rﬂumﬂ@ 4 TWigh . 8ahue o % adjl ustethit.057.2 g
y the addltggn of 27.6 O—I sol uti on.

of 5 85 SPBHRT S0P aBhyioRgBEE GUTENahd B anyt ety the PH

vm@@r &t hy dhyoxybendaaion e sssobved 3@ BONEDHVBLRITIA . €The resulting
added. The pH value is adjusted to 9 by the addition

SuSHIe O 1136 ChANATH B! G IoRH YRS SbIAIENGN &N healed up fo
3o~°°q F{es FoR, * 8%’&1‘1 |uéqs %c%[]gfe% P& W%guﬁxe%d%m&f\tcﬁfas 0 ml

tration epro uct I's precipitate
30 &ddNtiCah sofufgzn 2Timd sp0uide ™M@ stiolegt |f@”n1260umm’rl3(h ’pHand a pH
I f 3.6 4d aine pr.o "
Valgfgsézd&wAﬁﬁ(?lf'lfrO%\%bt l(rerpe gjrg t%én' dngrlé ’réfé% %\gdﬁg a{jdgnon of

70t5errpe1’(at°/urk62|o£oiﬁﬁoﬁ @md @ gH essus ©f DB Bhoteanedn Tae product
rotavap The is further dried for. 15 hou

s Y Rita " reeirdeheRsiEa o & BovHctuge C and o

pre‘i%Mﬁé’ of 152)7rrgo@rf oh&d Ecbm\@tQCﬂH@/bﬁ@@@tﬂlsamﬁ’frﬂﬁtcﬂhé@dor 38 hours
le 2 120 casein are suspended in 1622 wat er

at 5@ t%’iﬁ)@r é?f@l?séf%fOf?d %S MaRe ANV AP GEUTTS dé\ﬁﬁ”us‘t%%gt gf ferri-
suci H%Igd“g%”qq)%%%”%dQ 8 m 30 % NaOH 35 solution
W t

in 40 mn g succinic anhydride are added in
four portions WO 2007/ 065812 PCT/ EP2006/ 068994 -18
EX%H% 20 min. During that time the pH value is
ained at 8 by the addition of 32.8 m 30 %Na(}|

solution, The resulting solution is stl rred for
g ST L B el S, T b castin
Themg wdue i ZfuirekdCliosel wyi ame @adalcgw of 9.3 ml 30 % NaOH
solution within 40 min. 20 g succinic anhydride are added in four portions
within 20 min. During that time fthe pH value is maintained at 8 by the
addition of 29.4 ml 30 % NaOH solution. The resulting solution is stirred for
30 min, maintaining the pH value at 8 by the addition of 5 ml 30 % NaOH.
The succinylcasein is precipitated by adjustment of the pH value to 3.8
with 64.0 ml 20 % HCI solution. 57.2 g of a FeCl;-solution (12 %) are
added within 10 min, maintaining the pH value at 3.8 by the addition of
32.2 ml 30 % NaOH solution. The resulting suspension is stirred for 30 min
at a pH value of 3.8 and then heated up to 50 °C in 30 min. The pH value
is adjusted fo 9 by fthe addition of 46.8 ml 30 % NaOH solution. The
solution is stirred for 1 hour at 50 °C and a pH value of 9. The solution is
diluted with water (preheated to 50 °C) in a volume ratio 1 . 4 (reaction
solution : water) and stirred for 5 min at 50 °C. Affer filtration the product
is precipitated by the addition of 74.2 mi 20 % HCI solution until a pH

value of 3.6 is obtained. The product is filtered, washed with 1 | water and
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5 of a Fed 3-solution (12 %9 are added within 10 m n,

mai ntaining the pH value at 4 by the addition of 32.9
WOor003063BaNaOH sol uti on. The resulting suspensPCNEPR06/068994

stirred for 30 mn at a pH value of 4 and then heated

up to 30 Cin 25 mn. The pfypvalue is adjusted to 9

by the addition of 45.0 ml 30 % NaCH sol ution. The
Pl Al @S 28t hELRT 107 ol-E0Uh Al b 3B & A5l noar in an

valUe of O, “After filtration the 8 IS
vapueoni piryert 680y mﬂwf@radsdnctq!rowcodsemmr@ qédfoimec%

solution until a pH value of 3.6 is obtained. The

product is filtered, washed with 1 | water and then
Exathicgd 4 or 5 hours at 75 C and a pressure of 50 nbar

on a rotavap, The product is further dried for 15

hours at 75 C and a pressure oft 125 nbar in an

(rhéa@mwﬁ@y@(amb@ iILsPlatE 1T prefEhredeth By biFASRE & AHBining
obt ai ned. Exanple 3 120 g casein are suspended in 810

copcpat'etedtsyathesperst realy sontdnuces Whk-wP) val ue is
adjusted to 8 by the addition of 9.3 nml 30 % NaCH
solution within 40 min, 20 g succinic anhydride are

éo@a@ledsem f:xoemrsup@eﬂﬁedsin 40P Bicnwadenioh.a Rmipegatugt of 20°C.

i EGUIE RURLHR L5 U1 08RLRn B Ho0 300 8oturon
wn‘hm 80imired 0@y s\BOcimia ormgichical arangiddeed pid feal perddn8 within
ddi t f 5 m 30 % 5 Th o
20 Rt T i E Redinona i Roainostane By reqition
of Yahug| 80 B. BaOM t8IUBH0 TR ZQuMrtdCkoRrRIAM isoftinex f@r @0 min,
of a Fed 3-solution glzo are added within 10 m n,

MAHRIAD RCh Ry Prhea g ¢ I8uéh§t3L§C8”b'§q5ﬁ€‘ RIS BN Bed by
adBRirdelr 3G bﬁ%@@"r%t 3 anwwﬁh:?e(ﬁ ‘?ﬁlub@ '°ﬁ94(§!u§t9%ﬂ%'no@8é g of

Is stirred for mn at a pH value of 3.
a Fieéds-eeluipn 6! %démrewoswemi i T e %mrvam@mmfm@g ’rhe DH value

t e 0 3 .
at 33 BVIER S8RRH s B BRI F ot Splimn tih 9o,
susaethseprpH stalare fof 39. meITSDblI:Ht vohea of 3d8 Iantceth@w lﬂeo’red up

( rehea ed t Q) in.a,valu
to ¥iace B Earir it S P digOar T Aty of21s mi
30 50 NGO Afdcuitidi | tm@tsbumdrhe; gresicbr 1iso@r ecbprCadied dJ)bH
the addition of 74.2 rmmm 20 % HCI solution until a pH

valgs Qfafue of 3.6 is obtained. The product is filtered,
washed with 1 | water and WO 2007/ 065812

PCT/ EP2006/ 068994
For the continuous work-up, one haif of the reaction solution is diluted

with water of 50°C in a volume ratio 1 : 4 (reaction solution : water) via a
static pipe mixer. The liguids are transferred via peristaltic pumps,
resulting in a flow of 3.0 - 3.5 I/min for the combined liquids in the static
pipe mixer. From the static pipe mixer the diluted solution is directly
fransferred in a filter device and filtered. The filtrated solution is directly
transferred to a second static pipe mixer and precipitated by
proportioned addition of 280 ml 20 % HCI, regulating the pH of the
product suspension stream to 3.2 - 3.8. The product suspension stream is
directly tfransferred on a filter device and filtered. The product is washed
with 2 | water and then dried for 48 hours at 75°C and a pressure of 125

mbar in a vacuum dryer. 257 g of ferri-succinylcasein are obtained.
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19 then dried for 24 hours at 75 C and a pressure oft
125 mbar in an vacuumdryer. ,1 30 g of
w0 eqorioessurci nyl casei n are obtai ned. Exanpl e 4 PGI/EF1066/068994
followi ng exanple illustrates a preferred enbodi nent
conbi ning concentrated synitfigsis and partially
conti nuous work-up) 600 g casein are suspended in 4050
at a tenperature of 20C. 10 The pH value is
Excggj%%d to 8 by the addition of 46 m 30 % NaOH
solution wthin 40 mn. 1 00 g succinic anhydride are

10BUEEID GRPGURBER B R P BTG o
The:olevdl@enis @ﬁjt%éla(’rbl &@Iyuiheoodd’ﬁlrtm K)ééiJBtrinhQOs%l NtiCoh
rred mai nt ai n | ue a

solbfigRutihifingd 2heti e srbr Dbt hidig S plthetrnaod

potfhmsp\bvllmai ga . 3D8nM@Hho?&@n@i’rhg%%v*d%eS@hbkﬁﬂn@@me%S@T 8 by
3-sol ution % are added within 10 mn,

‘fhenaﬂﬁwmmg?é RITPRO A N@Ofatsow@rb TNenEesiliii@ iseffisn i stirred
for M Fﬂln3%dm%%59h@tb9WdIJ8%Tr§W e AAHSPRST 91 30 %

stirred for 30 mn at a pH value of 3.8 and then
NoRehtlee e cing!Boeinns @seﬂimfofWebmdAaBTm@entoédh@sf.:ﬂédoiue to

3.8 n‘ﬁ 8trtr’1€F Q%dQ' H'CC?QO‘PU 547”7 00138 FO/ gd %rlr' '% are
\ﬁ cred 514 h @an@ay—?

ution 1s sti ur at
dddabuwdbifn 90 rRor, mktenmmwlmms)wmimm 3o e yvhidd aofdition of

th t ut di |
28 5" GUIAE MRS SO i fd i subEBA R R isS o rin
at @pisiatie i pe magerhenTHn@oiédMIpdﬁ; aoepa nms)frefm euheylpw value
Iscf)erlstaltlc pu resutlnglna

Bl SORE BB AEERN phaPek Thstiie NEaH: o lufippe e

solmld@ﬁs sFrrr@Bﬂ fohe pbat g 3 pe cmcw pHhgq ekl ot @dTﬁé"s%ﬁuT‘Rﬁh is
directl %/ﬁ"e(transferred in afilter device and

Gl PRk i B TR OF 1PBFa A RSIPGIRdNI& valtBstIyio | : 6 (reaction
so!GTr@r’?va%fé?ﬁjgrn% é@g@&%?’ 5SEh | ﬁg@'r I rmréﬁrfh?rkgrgédurﬁf S0

precipitate roportione rtron o
pre@miGiie a eyuihat ﬂdgilmcblre quleB the 0 %rddusblkdwspenﬁl aonpH value

tr t pe treamis
or §H SRR ioe b Sp Tl TES, AURSIOAD BT Pl e
The?ﬁ%@dddu@ﬂ meumashed °C dnd a pressure of 125 mbar in an vacuum

dryer. 78 g of ferri-succinylcasein are obtained.

The following table shows the analytical results of the materials
synthesized in examples 1-5. For the purpose of comparison the analytical

data for the product described in EP 09392083 are given.



with 2 1 water and then dried for 48 hours at 75C and
a pressure of 1 25 nbar in a vacuumdryer, 257 g of
w0 eoorioesurci nyl casei n are obtai ned. 35 WO 2007POBBEBDR6/068994
PCT/ EP2006/ 068994 -20- Exanple 5 1 00 g casein are
suspended in 500 g water at_gjtenperature of 20 C.
The pH value is adjusted to 8 by the addition of 8.3
3 49 mn. 16.7 g succinic
TOgﬁhy%ﬁlzﬁgﬁéﬁggghg%%%éréq Sé’r@. ons within 20 mn.
Durlng t hat tlrre the pH value is maintained at 8 by

t-h Ltion—of ;23 M ais e NaGH solrut i an. The
re/?u Féng S()J]yfggg%cglf@ Ef(ﬁr{?léd F‘Hp?éj( %mm{?ler#a%kﬁpﬁl%i r%éomp[e
t he pH val ueemboBasy+{ he 'addijti od of |1,9°m [30 % 5
ToNa@dn The succisnybcasei 8.4% preci pit at ed.dby jadj.ust ment.2 %
cfepihe pH val ue to 10 3.8 with 49.8 mM 20 % HC
sol-uti-on FeCl.-3-siol ution (19 % _lare added

CRPE ﬁoTﬁ”Pn ]n"alﬁ’nt ai nPig”t He Bf%al ué 'aF 3. 8 By’ t heO3 %
Praid@li €PAND | 2806 %M BO/3E MaQHBE Gl Wt | 07,5 The resibt | ng7.5
FriSUSRANSLoN 'S std gred| forn g0 Mgl ot | a pH val ugsef 383 %
aandobfzen heated up to|{30 Cin 30 mn| The pH value |is

Toadjsustied to| 9 BY whe addiston df332.8 n¥.6¢30 %Na@H | 8.0 %

OC&%ICQf\Teﬁh The 15 solution is|stirred/for 1 hHour at 30
P'C’and a pH yal ué’of 9| Thé sqlutiibn s 34§il uteo’F with 33
—‘d\%?’é!’ (of—+oom-tenperature)—in—a—velure—ratio—1———6

(reactlon solution ; water) and stirred for 5 mn.
* Aftentdnil trat i omctivg prashaelydrSxysediet at ed) by the  propyl
addition of 43.8 m_ 20 % HCl solution until a pH val ue
paghysirgxyReppeaiched O 4h- product is filtered, washed
with 0.8 | water and 20 then dried for 20 hours at 75
C and a pressure of 1 25 nbar in an vacuum dryer. 78
They IBf speetrio- dilc By Icdades nmarteriobt giliethedhie fexkinomiasg 1 fo 5
[ s of the materials
Su&ﬁ%%%@ Tpn@gi% P/Euég!n\/é&é%ob t he purpose of
conparison the anal ytical 25 data for the product
described in EP 0939083 are given. WO 2007/065812
PCT/ EP2006/ 068994 -21
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Table - Analytical Results (Exanples 1 to 5) Analytics
Product Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e

w@ewoneisny to 1* 2 3 4 5 EP 0939083* Total i r oPCHEE2006/068994

5.2 %5.1 %5.4 5.1 %5,2 % content Chloride content
1.6 %90.5 %0.4 %1.1 %1,0-90,3 % Protein content
76.5 % 78.7 %80.0 %79.5 % 78.5 % 77,5 Free succinic

CIARIS% 0.2 %0.6 %0.5 0.6 % 0.3 % acid content Total

succinic 8.0 %8,8 %8,3 %%7.6 9.0 %8.0 % acid

content pHaqg, 2,7 3.1 3.1 3.0 3,2 3,3 Suspension

. Copt gRic&fs Pt hyd pf’r%b%ﬂbﬁﬂﬁﬂxéfﬁgﬁg—%gcgn Qs BBWK%Jrising the

5 par ahydroxybenzoate = 0, 45 ectra (In

of fallwvingt ¥eicdl s obtained in exanples 1 to 5 support

the structure of ferri-succinylcasein, 10 WO

2007/ 065812 PCT/ EP2006/ 068994 -22- CLAIMS: 1 A

pr @gessrdartindiec psedpawdhi oh lefisif enei ssucoiynyticasehent to form

conprising the following steps: 5 (a) reacting casein
W ih acoNdiEens Suiren g O sBuaE T S Can
aqueous suspensi on of succinylcasein, and (b) reacting

t he aqueous susgensi on of succinylcasein obtained in .
108t ep' qADTING tthe giayeads sHpreNEion hHCEHWepHRin obtained in

ferri-syegi Myl GageliNeadt ohBeIrdk AERSH BGFORAINGLLQinyicasein.
claim1l, wherein step (a) conprises the
The process according to claim 1, wherein step (a) comprises the

steps:

(al) suspending casein in water,

(@2) if necessary, adjusting the pH value of the aqueous suspension
to at least 6,

(a3) adding at least one succinylation agent, while maintaining a

pH value of at least 6 by the addition of at least one base.

The process according fo claims 1 or 2, wherein step (a) further

comprises the step:

(a4) after the completion of the addition of the succinylation agent,
precipitation of the succinylcasein obtained by adjusting the
pH value to about 2 to 7.0, to obtain an aqueous suspension of

succinylcasein having a pH value of about 2 to 7.0.

The process according to any of claims 1 to 3, wherein step (b)

comprises.

(b1) Adding at least one iron salt fo an agqueous suspension of

succinylcasein,
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steps: 15 (al) suspending casein in water, (a2) if
necessary, adjusting the pH val ue of the aqueous

waeepeesion to at | east 6, (a3) addi ng at | eaBCT/BPI®06/068994

8.

succi nyl ati on agent, while maintaining a pH value of
at least 6 by the addition op3at |east one base. 20 3.
The process according to clains 1 or 2, wherein step

. (hd WrbBeks M Srotcﬁ‘ﬁyiife@o'r(’\@@ 1af4 erhbh@n the aqueous

conpl etion of the addition of the succi n%/ﬁ ation agent,
253 YSEISHR &fl%W%ﬂV'PI%ewué@lbﬁllf@ﬁ§é$% vobt aha et lﬁﬂs one iron
adjdiptd 04 E@ hB's"c}’B'H ?Itu% 8Papb? 4R, 6,0, to obtain
an aqueous suspension of ~succinyl casein having a pH
val ue of about 2 to 7.0. 4, The process accord| ng to

.?%eok)dg:c%igs agngE)?dl%g %egg o?tqelﬁ rfwgh 130 aft? step (b)

east “one |r an aq eous
suspensisen tok stepcci nyl casein. WO 2007/ 065812
PCT/ EP2006/ 068994 -23 5. The process according to any
of clainms 1 to 4, wherein the agueous suspension of

sueenyl gasgidn 10 1365 1T BABt edrwkbh thentadeastis MRpension of
iron salt in step (b) has a pH value of about 2 to 6

5 6. Thé%@@é@@sﬁé’&d’i‘w%dﬂﬂﬁﬁﬁwngfOcpﬁl Yglue ©b the aqueous
wher ei n st@R RN FUWPIIEES Bhernsd @1%dl1qg|2)0nggllé@STa<She base,

| east one iron salt to an aqueous suspension of

succi nyl ieaskiwnwisirlis uegiimtlacseing a pH val ue of the

aqueous 10 suspension of at least 2 by the addition

of at |east one base, to obtain Ferri-succinylcasein.
7.ThEherpcecess ofaicl @i nviberashed eiimg dbel ngicihen addithé omt least

g}fﬁﬁﬁ zfﬁaﬂﬁnﬁ}%@%é{ﬂg‘éo(@? Srﬁg%h%]lhrgec?g'nv‘r%leu?ori\g?e of about 3 to

apbout 6.

The process according to any of claims 1 to 7, which comprises the

step:

() Dissolving ferri-succinylcasein obtained by the addition of at
least one base, to form an agueous composition comprising

dissolved ferri-succinylcasein,

The process according to claim 8, wherein in step (c) a pH value of

at least 7.0 is adjusted.

The process according to any of claims 1 to 9, which further

comprises the steps:

{d) Separating insoluble matter from the aqueous composition
comprising dissolved ferri-succinylcasein  to  obfain  an
agueous solution of ferri-succinylcasein,

(e) Precipitating ferri-succinylcasein from said aqueous solution
by adding at least one acid, and recovering the ferri-

succinylcasein obtained, and



5

20

25

30

15 about 6. 8. The process according to any of clains
1 to 7, which conprises the step: 20 (c) D ssolving

w0 enorioesurci nyl casei n obt ai ned by the additi onP@f/EP1006/068994

| east one base, to form an aqueous conposition

conprising dissolved ferri=-sgsaccinylcasein. 9. The

process according to claim8, wherein in step (c) a pH
vajtpe Ovaﬁﬁgakanéﬁﬁsuc@whﬁcé@é%séﬁﬂmné@ éIW@H%%QQﬁ%%es&ng
according to any of clains 1 to 9, which further

conpri sefd hevst egerri-agcc)yisepainat iARjCinedl ugirectly into
matter fbﬂ l%QﬁmﬁﬂHﬁﬂq%n?Qﬂﬁﬁéht'on conpri si ng

di ssol ved ferri-succinylcasein to obtain an aqueous
solution of ferri-succinylcasein, (e) Precipitating

S UL, 5 sl AREOUE, 960 MARE, o Bhoggos e

12.

and recovering 't
sufcdliomyhgasepr:. obt ai ned, and WO 2007/ 065812
PCT/ EP2006/ 068994 -24 (f) Drying said
ferri-succinyl casein obtained, or further processing

t hey) vvetRé@@nh?%@%my\lvﬁasejme@t@t ameeduderstdlionidgdntto form
pharmaceutical fornulation. 5 1 1 . The process

accor di iy AV DISRIHW AR Of KUECINYCARRI'®h conpri ses

the followng steps: (a) Reacting casein with at

| east one succinylation agent to form an aqueous
sd@ﬁ;ensﬁ@fhcbfﬂgs&m@h fAgLeasiei $1sPEDS(d) cmeammglcmaaain obtained

aqueou?R F)eacscﬁn Qih SUGCT Iy 43‘?""5&\ ?r%t al 5‘89 BN BHER fern-

(a) w one iron sa mferri
Succi n)slumsm/lnpséﬁw,(c) Di ssolving said
ferri-succinylcasein by the addition of at | east
(c) Dissolving said ferri-succinylcasein by the addition of at least
one base, to form an aqueous composition comprising

dissolved ferri-succinyicasein,

(d) Separating insoluble matter from said agueous composition
comprising dissolved ferri-succinylcasein to obtain an aqueous

solution of ferri-succinylcasein,

(e) Precipitating ferri-succinylcasein from said agueous solution by
adding at least one acid, and recovering the ferri-

succinylcasein obtained, and

(f) Drying said ferri-succinylcasein obtained, or further processing
the wet ferri-succinylcasein  obtained directly into «

oharmaceutical formulation.

The process according to any of claims 1 fo 11, wherein in step (a)
the succinylation agent is added to the casein in af least two

temporally separated portions.
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one base, to form an aqueous conposition conprising
di ssol ved ferri-succinylcasein, (d) Separating

WO p®oledsi2 matter from sai d agueous conpositi oPCT/RP2006/068994
conpri sing dissolved ferri-succinylcasein to obtain an
aqueous solution of ferri-spgcinyl casein, (e)
Precipitating ferri-succinylcasein fromsaid aqueous

1350IHd pedlc 8¥s crddrampto leRsst enaneci do apdwhesdivefHd8asein is
the ferri- 25 succinyl casein obtained, and (f) Drying

sdic®@F-8f¢He s8Ryl casei n obtained, or further
processing the wet ferri-succinylcasein obtained
directly into a pharmaceutical formulation. 30 12,
14 ThHéeppoeesss assording tooaanyofofiaha mstol 180 vihdrein in step (b)

105 R P Rlof LEGUEAEYLAL LR gl s addec
npor al'1y "separ at ed
portions. WO 2007/065812 PCT/ EP2006/ 068994 -25 13,

15 uBEEPiERe BEEETINE1S Rsbady BaatnEact 14 Jueii the iron sat
prioeess aprar@gkhng to any of clains 1 to 13, wherein in

step (b) 5 an aqueous solution of at |east one iron
salt is added, 15. The process according to any of

Té.ClTﬁien'Bpr%cte‘%sli)gbcd’@?rT@ b thRy T 69NcR@hts 1 Std bl Cyherein the

chloride, 10 The process according to any o
clsaicggnviation1Ggenhé&r igeinfe andyetidey| ati on agent is
succi ni ¢ anhydride. 17. The process according to any
of clainms 1 to 16, which conprises further the step

17 .ofTheapudae$ urd g rali ph aromeseu tif calaines dgeo flof, mwhldh faomprises

LOTubg! et 67 abhrnos RaRBHEIA S nerGiokge Fisth fesage form
ofedmadi fdratgidldigficasein obtained.

18. The process according to claim 17, wherein the dosage form is for

oral administration.

19. The process according to claim 17, wherein the dosage form is a
liquid formulation, including drinkable vials, syrups, elixirs, solutions,

suspensions, juices.

20. Use of the ferri-succinylcasein, obtained in the process of any of

claims 1 to 16 for the manufacture of a medicament.

21. Use of claim 20 for the manufacture of a medicament for the

freatment of a patient suffering from symptoms of an iron deficiency.

22. Use of claim 21, wherein the symptoms include fatigue, lack of
energy, poor concentration, reduced efficiency, difficulties to find
the right words, forgetfulness, abnormal paleness or lack of color of
the skin, irritability, increased heart rate (tachycardia), sore or swollen

tongue, enlarged spleen, a desire to eat peculiar substances (pica),



20 19. The process according to claim17, wherein the

dosage formis a liquid fornulation, including
waledonkedsie vi al s, syrups, elixirs, solutions, PCTI/EP2006/068994

suspensi ons, juices. 20. Use of the

ferri-succinylcasein, obtaingg-in the process of any

of 25 claims 1 to 16 for the manufacture of a

ek gagents, 2dckUse @bpetied M2 deed Rasaapubagsy use iefection,
a nedi carent for the treatnent of a patient suffering

f rORPSATPIORYSORCEA i ron deficiency. 30 22. Use of

claim 21, wherein the synptons include fatigue, |ack

of energy, poor concentration, reduced efficiency,
23diYga cefl tglesnt @0 ifed Thenemeingiieciivedf forgeciedmesy, for the

a s o] ar aof in, .. o

e BT o RE Riciafruapp SR, B adiiBuR: yondpticiency
orasswlideén ptagguesy.eldtangécrspedennay desme tin datdren and
p%%yl'ar sybstancgsr%pica), WO 2007 065812 . tinal tract

55666 068661956 HehadlREYY Atk &t dgpeeiniestinal frac

I neseasediisascepin-bickicianof tnéeabi eue tdepsessi Vess, like for
dysphoria. 23. Use of claim 20 for the manufacture of
a PHmeH TS YN e HB Ol sPIGaD Rkt Sof CHPoIR dBF LS eRgiFinomas,
aﬂ%ﬂh@ﬂhbmdﬂaﬂhﬂéwh@kﬁogfOanﬁﬁ&éﬁiemﬁdeﬂﬁﬂﬁnkﬁ_kﬂxﬂymcncync
pregnancy, |atent iron-deficiency anema in children
a1 dadonesdentls bleedinadedi dniehoyiraRedeicignet gnemia due to
9api18! M HEARNeAE FAne ARAONIB! I e rdd @y ARLI HRGH, iron-
anem a due to blood |oss, Tlike for exanple
gastficdiencesiElatdd bl eedimgnpeedicidueyt o ulroerdeficiency-related

CIE LIRS BRI i OLL TP LI A5

bl eeding, or injury, iron-deficiency anem a due to
sprue, iron-deficiency anem a due to decreased dietary
iron, iron- deficiency-related i munodefi ci ency,
iron-deficiency-related inpairment of the cerebra
function, Restless Leg Syndrone. 15



