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-1 Process for the preparation of ferri-succinylcasein
The present invention relates to a new process for the
preparation of ferri- succinylcasein, 5 GB-A-2115821
di scl oses the preparation of iron-containing

succinyl ated proteins. The preparation includes the
reaction of mlk powder, ml-K - proteins, egg proteins,
bovi ne serum proteins, pig liver proteins or soya

pr S ey eqfn i i i
co?éﬂc?%ns\g fdgcrant ri f’gga oﬂwl’g@@r qflﬁérréﬁlg%l%lmlﬁeasem
‘opal esecent sol ution and precipitation upon

g0|d|f|c tion. The precipitate is epar

t
BrPiESP OB AR OBr e R (PaE BN BIRFSS.lea<pendeaaigiion of ferr

satetyicdfneafter the separated precipitate is
di ssol ved agai n under weak al kaline conditions, the

solution is centrifugated or filtrated and again
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capplfiugat ¢dnoERHAR 0 0B80 agld desidifidsedoafdrar i @recipitate of
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ood-grade casein an n the trea
O@fow)zsdlpmlh@@ogm@@n vesHdidlkading [dafikdons Peemite the laborious

otafiLahs CsYepsTg?gr@E |1‘E1'1§)lr1108h8yrte°@r%%'l itatiSn BF $R&TEH cWyated

an conp |cate eS| s invol vi ng1 e reaction o
e<a’r§ms|1 O pMtity @@C@W'@V'QWW@@”& g @FW%@C@@WIQ@&%@T gB-A-

2‘4\"1‘58@1 | S RHDSRSe At d Ydisés@&rﬁf%‘é;ewuﬁ hnker i Cp&hhgfdrdf?rﬁsoluble

After the precipitation of the succinylcasein in
derivgtives dép,thenorsucdi aymesdecs ane dioreed. swiiicssisl dddcult fo

oRGRh MeUnqes. 3006 g3y ousndi haceddrap: bl aeQERIdAB | these
d%a%rvg%?ggsesl g}/%lBVL\an] 1h58921 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 fo 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

suspended solid material which cannot be elim nated

by nmere mechanical agitation. Dilaceration processes

are carried out by using special dilaceration punps

in which the novenent 35 of -&@ propeller is associated

to the novenent of a grinding gear. The -2- aqueous
souebmomcmﬁkzucﬁimw¢@a$@bmembtﬂﬁnm@dakﬁkw dilbaemrtiani &n then

%ctrQS Wil ?&?%ecdnlm L8, %E m‘édf%?n]i-%wﬁ 1ddseth Bp?ci ed is again
-SUCCI nyl case ned 1S agal X C?I SSO ea
cwlamévedi abmcu@us!cmcbrmr atilonsratiseeor diaugirdgingdihe phecegocess

c?zﬁ&g @giot @f% 62999 @E%% Q§?t! éoc‘ \Pdrﬁag\é@ﬂg atgse‘?Hés%SSeporohon

par at i 5 and acera I on
m@ci;kgg:ec:gh«phmtap@dnomﬁ’ee PIOGEISS qmjphco’red time-, cost- and

&#&g%&%ﬁdﬂggﬁwa“ 3% h%om??]ﬂ@ﬂfe‘?f\;'H’Shyomcg\rht@mu%écinic

ucci nic ave e used i n rocess
amhvckisid have T@nbéd&ﬁ%t@”}ﬁ Srecessf ta Frsullels p@oudequate yield

I 94 CHes AL GO ot hGuP ORRSS 1R %&%1@8@8 A321ql5'8t2¢ is quite
9

|sadvantageous In particula on an industrial scale
CHQOQYGT?T@@@I%S'W Hearligukire @ @ﬂ mosstrislt saglengs it requires the

sﬁ@pg'oﬁsﬁﬂe‘elé‘l%hér‘? Ra- %I?és@lv‘ir% | RN oligtidhseRd Vrb“@ts&flvmg of
esuccmtygate proteins before the reaction with t

TP?@HC%{MO EPLASITHIYe62 ”éﬂ? $@0giiar Mikedheairpr sebss for

the preparation of Iron conplexes with succinylated
peptldes whi ch have been subjected to 15

E@rﬁ 106 6de e a s BiPseHV Ph ArespEsctiof OTW%QO’GPQ;’)%W% i oh fron

da‘mbraa&es&Hﬂphw&ap@%a%w@@én@l% Wisie® hdey sbBnasibfected to

starting material such_ docunent refers in turnto IT

PRy E6eFRIphndi nditho &seees- A°21Thes58PEPGEPNorftld The

sD@EFNyQiTeZJg %’é@v@?@?ﬁ@?l%&j m&blrﬁf@ﬁ ctaf tsﬁfnah@elmo‘renol such
riori ate o e prese at jon discl gses

i Cest Fr SRS Ut o bt 1 RS QIS ALl A1 5821

nSbmfidesd bef&k, A2- 0 939 083 and GB- A—2115821 also this
docunent describes in the exanples the manufacture of

succi nyl casein by reacting casein with succinyl
venhpdobge ign 3l kaldiiseesolaitdronhe S@lnsaweobiey <bihe’rh25 presem

HATE T, SRRSO %R AT A 8 O ooy
cooapl. simlilyr db $SPoh2-@doanddld bhoabrd-antis8hemiso 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 HCI. The precipitated
succinyl casein is then again completely dissolved and filtrated and then
subjected to the reaction with iron chioride. That is, also the process of
WO 2006/021843 discloses the additional steps of isolation by filiration,
washing, damp granulation, dissolving, filtfration, of the succinyl casein
infermediate before a solution - rather than a suspension - of the succinyl
casein intfermediate is subjected to the reaction with iron chioride. In
addition WO 2006/021843 is characterized by an additional granulation
step for the precipitated succinyl casein Intermediate before the re-

dissoiution step, wherein the solution of the succinyl casein is obtained, to

be reacted with the iron chloride,
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subjected to the reaction with Iron chloride. That is,
al so the process of WD 2006/021843 di scl oses the

addi tional steps of isolation by filtration, washing,
danmp granul ation, dissolving, filtration, of the
succinyl casein 30 internediate before a solution -
rat her than a suspension - of3-the succinyl casein
internediate is subjected to the reaction with iron
chloride. In addition WD 2006/021843 |s characterized

an.a d|t|on ranul at fo .
BRI B BT B PR ool DB e pganona
reedmsblsmgl ublnoin st-gpecinfitetionn ttessofart i tre ofsutheyl  casein
|pﬁec%en eele%aer?hcg’lbﬁwaf %egf cﬁ&ro’rl%ﬁ ﬁglrégﬁgégﬁy‘f\%ﬁgg}n, and
faﬂheoblva:bds:lsyedsas’ncbnsndecb@ scbiatloaddme?roﬁwn a suspension of

1‘58 s%c%? I icﬂ%ir?”wq?ﬁﬁég{oqg'vﬂw ﬂwté 29n %th%’ﬁ’dé or the
erne

suaccirnyl’ caséein e are essential in the
preparation of iron succinyl casein, and 5 further

.Nbag 'Témj sseo%;ﬁeﬁmeh & Eﬁ%qheapﬁB LR wm@ pta?@ranen by

ensi on casel n nt ernedi at e
thaeAustoan chdi@nit deffiden Taep&:tﬂ@mn@e@@@hoogf rred @it documenfs

VS e | cﬁ’ér‘ﬁﬂ‘(écﬁy ate RbwhkD F’U?n%bcé‘uf P9 BY of h@ss or no
i ce ﬁ %Fo

ustrian at ent” Of % addi t1onal pr
irooriraareid $52001 Ba ke %é%%aﬂdéht FP i02d 3 3¢Ri fh,US 8994876 81,

un e e I t
oYY WL B beuel phesagras T anegiopko.

@B 1475577 A, US 2006/ 147552, WD 2006/ 001429 and WD
%199 ﬁ@r@é&ﬁ%ncﬁt FHdsOHeEAUSH ied:\t oPaRebsRRAN YIRS ioNn to

resent application to rovi de a new process
preyidene f}ﬁ%;@é@@??%f?fdf‘ef léfrerﬁq’%@@|<?Tyﬂeéfé§é?ﬁ“\)dﬁ%‘}?”? gvhich is

FRAGardieELzed by, - a one pot reaction, - no
internediate isolation-, purification- and/or

di1 acerafPBRC! ePEHen 20 - shorter processing tines, -

I ncr easRMingSMsEait &t NBBoh€aslirmig didnhicgles ¥0bUBRtions
efficiencies, - less anmounts of succinic anhydride, -

i ncr eas°‘é%°~°mat erial resistance because of |ess
aggr essh¥BePprocessing times,

- increased concentrations leading fo higher volume efficiencies,
- less amounts of succinic anhydride,

- increased material resistance because of less aggressive pH-

values.

The present application relates to a less complicated, and more time-,
cost- and energy efficient process which is leading to the desired product
quality in a high yield. 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 prepared in a much more easy
process, which aliows to avoid any infermediate isolation step,
purification step, in particular, re-precipitation step, or dilaceration

process step for the succinylated protein intermediate.
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val ues. 25 The present application relates to a | ess
conplicated, and nore tinme-, cost- and energy
ef ficient process which is |eading to the desired
product quality in a high yield. Thereby, the
ferri-succinyl casein conpl ex obtained should allow
the adm nistration of precis&-and reproducible
gquantities of 30 iron mainly wthout |ncluding side
/B:fcfcsdiraglyTh‘m ppessemt Investiioor sprogided @ hoawt hmocess for the
- Jcase e

A R e A T
isolatlon st ep, purlflcatlon step, in particular,

pr 110 | 8CET At C t
5 P A o kiR sroledy G157 R ROR 858 ibrerably
SAccmldu ﬂglhydrtd&a pwefgerm ainn YEIISIonn wsmnai@@ af n&éwcmvicosem

cess for the preparation of ferri-succinylcasein
conprising the follow ng steps: (a) reacting casein
(lpd t hreacliradhe amsienussuspPasicorclagmuinyippediareiyned in step
[é}J&/ﬁthf‘%eGGPéfﬁé';% Cffholé RS 381 BAKEGMFACaLsReNsi on  of
succl nyl casel n, reacting the aqueous
suspensi on of su00|nylcase|n obtained in step (a)

A‘(‘:’cthFdel\L edsh BRGcdd0RB&akt iibm fiREMbrocess described in GB-A-

ferri-succinylcasein. 10 Accordingly such process

24\ 6Ber snffh@hnph@ oY ers of a@%éwpﬁw'qfﬁdwpmmzmwﬁrPeen
otbl?é{ne"c‘)oby%r%‘élabiﬁfﬂfh Ofiis§ QN GEL PElcAbiReH AN iRl Fo-dVRbRhg is

been otalne ?/ reC|p|tat|on di ssol Vln
r@%cf@decfwﬁr tthei JRNakEr Wi SEoIATYRPYSs SUPRRAY @1t mfﬁmed by

rd GG AhseM withDblic ARIALHPYERIBUSRENRIRBquBRT aici@écBYion, is
reactlnggcaseln wi t h succinic anhydri de and subsequent

dierdys i'Bat i 'en, Wiflkoyis dgileestqtipn %/OFSDUW‘%W&R that s, re-

pfed ippiatiahi 8p A e dpMiinf ineatb®Raltt hat s, re-
precipitation step, reacted with the iron salt.

Simlarly the process of the invention differs from
strtiearpr freepfock scdOBRAINVRNntiBR @9RVOBIN\Zhe idlocess disclosed in

cBoELEHhET a2 baleblEl AR O, Tl B dReor e
ssaSipeRrRisem Bhtacned 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 time-, energy-. and thus
cost-consuming dilaceration steps to bring the succinylcasein obtained in
step (@) into solution surprisingly can be completfely omitted without any
disadvantages. Agueous suspension in contrast to an aqueous solution

means that a suspension contains insolubles, which can be separated by

filtfration.

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 saif. 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-2115821), 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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the acid precipitation in the step (a) of preparing

the succinylcasein is directly reacted with the iron
salt. Thereby the time-, energy-, and thus

cost-consum ng dilaceration steps to bring the
succi nyl casein obtained in step (a) into solution
surprisingly can be conpletelby omtted w thout any 25

di sadvant ages. Aqueous suspension in contrast to an
stgnigoust salwaritoge aeanshe hatoraoguspersitionlwordraiting industrial
SC@§ | ubl es, which can be separated by filtration. So
-7Ih contrast to the present invention - in both prior

art docunents (EP- 30 A2-0939083 and GB- A-2115821) a

Tﬁ8lt % ' % Je%%s %{&g)t 'ﬂéllo?ut ﬂ TR%Oguﬁid?nylﬁf’e%&%qu%h?%b@ained in

SuUsp enS|on con e 1ron sa
smmu arpmtrhacpngorhearsucmrwtcémsmarquwr’ré ¢qgein is (directly)

I
UL ULELSE g Lol Tt poHEGISY 1 ocrorn

oml/pr dedlpiiont biews PGRNA- gqqglazm)fedmp@wnar@%omo purification
RS ALkt %H%’Pééﬁ:é&oﬁﬁﬁ Qé?§ecﬂ% Barformed between

I ventlon Accor he process 6] resent
theveaciion of éb@d%@canwgvngufg@]@m’ﬁ wﬁﬁtcawanWagf@poWr and fthe

ré@@h@ﬁ I®1th8%shic i) PRI LG8 iRTanPFhd fiBni s’&ﬂ‘qﬁtsﬁéé'

scale. That is, the aqueous suspension of
succi nyl ated casein obtained In 5 step (a) upon

Ik %aﬁtéfegebr@m%‘é‘b‘ﬁ‘n@}ﬁlt ritRE iAgEMioMstdp t@Se€bmdrBes any of the
directly) subjected to the reaction with the iron

s4listers:n particul ar, no separation and/or |solation

(&§1eps seépéﬁtﬁnét&%erwha%@emﬁz@@obangf AR R Jriceaitic®idns (in
ste S ke re- Srec pit on or delaceratlon steps are

CS@FPéfﬁ%épﬁ%%Qg %08%ﬁ§“#@56i?6ﬁ 82t he succinyl ati ng

(@@ent (whddekanei ddjubtisg eRe () vand bhene Hyuerast duepention to
t he succ:| nyl ated casein and the iron salt in step (b).

of PE'teferred enbodi ment of the invention step (a)
(EHNPI bt Qfeo%heonéUQJchtﬁVlﬁhohab)gaﬂsnﬁ’@(ﬂemg)!y succinic

n water, preferably [ &‘ra S
afRveds: vols raarEbTibenst Yehings Wit Ry3he gy of ot
idcRRonief bagsessary, adjusting the pH value of the

aqueous suspension to at |east 6,

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
1 :4 to1 8 (m/m). It has been surprisingly ascertained that, in the
process of the invention the initial amount of water can be reduced to @

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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(a3) adding at |east one succinylation agent,
preferably succinic anhydride, while maintaining a pH
value of at least 6 by the addition of at 20 | east
one base. 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 te6l : 15, nore preferably
1: 4tol: 8 (mMm. It has been surprisingly

irapoel ¢ @ionesb ditiat hydnoxidlee 1251qr deBstheopH tviadue vl inone

pﬁngﬁelr%!ﬁ%%gsﬁ%ggg‘%ﬂ %osw gr GR %fIH%BF‘éng%%t C%]QIyE}o about 8.

he  vol une e flc i ency e process
Adtzm rbwm@bgserbctﬂie@amel 9quaonea8wn8@ﬂ of ithe icegetrhef a desired

P CCSI'},%I ng {:ﬁirnijSerhl L¥e Wﬁféroﬁwwcén%oeﬁﬁ{?émdg’% added

r oces r ses
ira@ﬂ]amstcrﬁénwhde ractmammm@ plcbf\/ONfé Oéqué@w Eypeasaddtign of

?ﬁ&é‘r%rﬁé‘?&@émﬂ\é %C@é id E?@f‘src@mlyghgfﬁn@@d@ Mo oh&8Ld Tn

isu Ieved by the addition
siefe 6. fuccime @nbagdde lwsl@w!w agdraddn- pw@ﬁbtﬂf%éhﬁg

suévfnrﬁcegl deLQ@%%n Bbkadde %o Tﬁé@s‘eﬂ?c%ﬁﬂhboﬂ??@rss

ydroxi des, oxl des and/ or carbonates
dRcemdinteys!yr BTz MeanPlenit e Iy dnee Hed oneReMRRIPIN or

aﬁ@&%ﬁéb impEE o?férgﬁordl@'séﬂb@?éé InG&hRd thSofeUihe penod

}/rom In step (a2) the pHvalue is still nor
bpfepen APyl ijiase aPHse0lY ehdeoy 3 sapandti TETfERIerably

opfé'as@r@péé’cér%sagﬁétshﬁ mory bRte @y g I@&?tp@(ﬁ@@ebbﬁds It has
aqueous suspension of the casein of a desired

begnerPH o ¥ scientAing ¢ 6'h0fag@ﬁ*ﬂe eeees abiRe W@aﬁlﬁﬁa he
%mwrdfd@qluﬁeamlécldhr%e@e(aah bV dec sl nml M mr@pa( )
gH val ue of at | east the addition of at %
Hee PEREESSTHC HART 1) ”b? é’f“é?%{ﬁl IDVE RO Wa%gt‘h@ hef
cé%ﬂd’rb%ucﬁilﬁﬁ@ &rﬂﬁ)dnc@l&ﬁm@ﬁ@rwwlmﬂwm as TUSuainloYe
de I N form e SucC n r e can
SRS BRSSP R P AN it e
eﬁﬂfocﬁ%f@t mdkﬂ the rﬂ@@e@ifmn‘@hﬁohhﬂﬂe W@&gﬁ’raﬂigmﬁi the &8sein to
arae ortlon OI‘ sSe rate Sth
Al e i O mareaR ! fep bRl o e oRLF 4t R ore
p@feicﬂﬁﬁbf?fﬁoste@@@dﬁﬁi morsa]c]?as efuembbyy oablréelastSLﬁ:@:mylc’re
ere east

ety A bl SuligrPuiyl y i BRI dee vingioree of

sugstititeorpooeese bkint Y& % nvesdd on theedetermination 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 : 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 102 UFC/g for moulds. The use of food-grade casein leads to
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anmount of required succinic anhydride can be reduced.
Thus, in step (a) 15 of the process according to the
present invention the weight ratio of casein to
succinic anhydride is preferably at least 3.5 to 1,
nore preferably at least 4 : 1, nore preferably at
least 5 : 1. In a preferred-7enbodi nent of the present
i nvention, the weight-ratio of the casein to succlnic
mhydrdrd'epbse atronosts b2 cofinpqgeef &r abhijoratcomsiexéd ebtained

re. 2 bly at nost about 8 : 1 .
éﬁ”ﬁ'@@ r?mn@su sung'l i{)§/)%<3{Lsp6§r eé to succinyl ate '
practically all the available amino residues in the

of,. :SMhsS et

SRR py B al M By lcBes Baed o e
dmtelrmdiu@Mgrmnﬂmbcn@rrcgj oSundenyﬂ h@mmuﬁemnptm prejeanplyt of at

@831 2 %éfe%o%%%p%éqégﬁ’ag g?%&ﬁ%%”%u%ml nic acid

chronatography (Crenonesi, P & Caramazza,| (1993),
Tb%tr%ro%%to' e, ﬂQF @?&c%c Q{{H}Ig?gle ggﬁﬁfi‘)ﬁc@l&&(erolly less than

era oxl col ogy, e m ni um wei ght
6|Oamlr@u1‘@ﬁ QL@‘@IFWDW EG éhora#ﬁywmdeSt asasEpferedhalrsstthan 30
mintfes, 30 According to the present invention, it Is
pre erred to use food-grade casein, i.e. casein used
for food purposes. By the term"food grade casein" is

TH@@BBcﬁéﬁ%f%tQB éé& ﬂse@stnQ'Bé?f&r‘ﬁn&@'Brrtgtérh%}&mﬁé &tlabout 10

contro br ee farms. These products present a
1o L. @trefemﬂ@hvdbrowegroeam femewﬂw%tw |fes%5o fhan 103
UFC/ g for bacteria and with | ess 35 than 102 UFC/g for
nmoul ds. The use of food-grade casein |eads to

ATt TRl 95/ GBr &1 prUGAUERS HIMEBIGar@Rs | 6O8P I AT resulting

sGOMPIRIES @@ée’#h rl?‘ih gerahrbi Bgacflﬁﬂmétﬁ@’s}'o@bhfhdﬂdﬁ &b 15 pH of
Furt her nor e, {)referred t hat the succi

frgRhydiq de rsregabeel Borhe. S 0 dBerPRUPIIGIPY igfrom 3.0 fo

4peribpdaefind é&ﬁﬁdlekﬂs.mteuhe&esmhg m@f@f ahby (af))atpecific

| east 15 mnu nmor e pref erabl ¥ of at b ﬁ‘?
SR es O HEbICEIToA1 PRbest dolrns, of BV iy liicugeid and
s@gaiutic atids wieneyabbyidresacidhpsinbthanirust gseferred acid.

preferably |l ess than 45 m nutes, nore preferably |ess

than 30 10 m nutes.
Accordingly in step (a) there is usually obtained 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
aqueous 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

iron sait,

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

in step (a) having a pH value of preferably less than 7, more preferably
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The reaction of step (a) is usually perfornmed at a

tenperature of about 10 to 40C, preferably around

roomtenperature (15 to 25C). 15 After the reaction of

succi ni c. anhydri de and casein, the resulting

succinyl ated casein is in general precipitated by

acidification to a pHof fr&8n2 to 7, preferably of

from2.5 to 6.5, nore preferably of from3.0 to 4.5,

lbys dddinng & suetdbl mcaded woht he leesulaniendgrosolsatti ghat is, in

a S

pgdzﬁ gelo(r g’}}?ﬂﬁ{"?‘g‘g’gﬂ‘%ﬂf ﬁﬁ%i&%mﬁﬁlc@ngg %‘P&Bracgédgée%’r?on steps.

lsutcpﬁmrsfdhaoafd inwinehp tyarsee $ladrEPcO 289 @B b éi2ngnd HeBhpgt 15821

TRée ?5 rs%q’r ‘Tf'sc'a%‘d £G605 1 BAE¥nd N oflifh () bt ?‘ll%(*éd purified
d an aci d suspensi on of suc casel n

snawmgccasepm \Mnlgb m‘rope@f euSab kyIVbeﬂOovxmusermme fOfmdeOH of

I

GQJ;]n\‘*jse %rﬁgrlgtolﬁ argrglvog '%%Oﬁgi:‘)%e{égﬁ h E%féec‘s éfbﬁohng at alkaline

ruspéis areest qmnstmdiaw;ﬁle@@smaﬁ dmtéirlﬂedl |'ﬁsss10ép”<€%)'” the

drScH $ dally used without further isolation,

purl I'cation and dilacerations steps in the next st ep

(b) of reaction with the iron salt. In particular, the

rpf%'pp' ?t&d A8 wseégkvld?@é&unqg)bﬁoalmsdplr@sesﬁenw(eaonolnn the

not Dbrought again into solution, articul ar

qrg@w’r%@g Sél’ﬁlcémé@tﬁq éﬁ’sﬁlrno'ééé'é%%“y t?@r%?g Wida&| '@HS%PPﬁ iron

sblRe.i @ReRdy ot TOYS ér'ib shePsdIR)whiBg i8¢t R8RS fhe group
suspensi on of succinylcasein obtained 35 in s

cepsisHega GhHIeMICueCHPTIBRef @REDIAJNPlesEOR( H'ér?of‘mfﬁb?g a TS like
spr%fcﬁéa@sMGrTéTe | ﬁﬁ'ﬁckﬂén hrdis, (bm@@hbbé r@@@in@ﬁ*ewldd’ro@é and

| east one iron salt, t at is, particul ar, w thout
orglaiReMass prafer&s isgipn(Hy c?ét"?r(b%e AdiorF " Sder at i on
steps. In contrast thereto in the processes of EP

0939083 A2 and GB A-2115821 th t | dded, t
Vol ks HenseFlit’s dtiest Géo%|%@?é&ogaﬁf’i“eiﬂ‘sé%p ) ine

PPHESIsNYE Caerhd tohhebrpsasassehsoni kel y to cause the
formati on of consi derabl e anbunts of insoluble iron

hydroxi des precipitating at alkaline pH which need
Ifagaiio teoheesrpasad et gcatsid\gca inosiepoib), ribe tendien of the

sgct‘gicr:)(\?/lsc%sein 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
into 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“rhe 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
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10 In step (b) of the process according to the present
invention, the precipitated succinylated casein is
directly reacted with at | east one iron source,
preferably at |east one iron salt, which is sel ected
fromthe group consisting of ferric chloride, and
other iron (lll)-containing-9alts |ike sul phate,
aspartate, fumarate, citrate, gluconate, glycinate,
beiogarrefaned. HifphexaltavajueMost oppefent tedgregent the formation of
IKNPﬁ&é&J%K%hlorlde (ferric chloride). Usually, the
I'§ used as an aqueous solution in step (b)
of the process according to the present invention. 20
Ath r ’f‘?\r r&{idﬁi@'noéf ﬁﬁe h3n Lé%%gcéasfo TF)Q%U%%%ﬁ@?%&nSSﬁJ?Be&QQm, the
e reactron o e suc yl case e ferric
rekwlbngdenmsrep‘rsebmﬂ‘amtwp%élrrfedr pbdrobnd reonsdedesatwe (15 to
%f;t c chloride with an iron content of fromO0.5 to 20
nore preferably of froml to 15 % (mm,
ngher concentrations of ferric chlioride are

Tg%?&%érﬁ% EGBH’S‘ﬁ e hef fheer r%@ﬁﬁrﬁ%férh%c@%l@o@tﬁr&%‘romed

I clency resu SN time
B GIutd PRI Perransiahlivdiselvahtly the %%’@Pﬁypf:éﬁeﬁeﬁs'f one

HEPERST A SoRY %J‘che%Qsz d‘cfrﬁﬂbéﬂbﬂ Zl:QJric{'bl‘isxngmofr’ssolved fem—

preferably rom 2 nost preferably from3 t
sesCHvicosBin i Hy stete (aﬂdwu@*ﬁ f ﬂt%éeppaﬁnswfe@ |‘Sn‘%t9§?5‘em'

st weopo@m%%faaf:%ew 03 bbby BFEREN 1o 11, more
I nventi on, referabl mai ntai ned at a va

PO TTRET 6.5610 fich b AEFbr @I SURTDIP b, g g sdlfable

pREs 5t id lerBRES 1 BiQkaRlontRined BBBVE, Wt aBYicaddlisatuttths of
adequat e amount of a base to the reaction nediumto

NRQR &eiHe B¢ (W SConpl ex formation. Regarding suitabl e
bases it 1is referred to those nenti oned above vvith

aqueous sol utions of NaOH -9- bein ref er %er
ApENG aPRe e é@%lsa@ae@%owsef?é?f@f%@ ﬁ*éfr%?{ @B e gRture

oh)ﬁd@ﬁﬂ‘y Cﬁ%@fe&\ftﬁ@ffotﬂéen@éir@ﬁ@ﬂe@nopﬁréf@@abwocﬁﬂ O34t 3D PO, more

e succi nyl casej n_suspensi on, the s

RS T R4 ar e PHEBTHON sEbaMTr S Preferably for

abeuper @t for 32015mh9 mé&)preﬂ’é‘teﬂb&afdfefronprm eoahloy imin, most
st ep

) the r i.ng ferri-succinyl casein obtained
pf‘?feé% N RIEID @Zg‘béﬂs'%&h i s dissolved by the addition
of at |east one
Remaining insoluble maftter 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

(a)).

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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10 base, to form an aqueous conposition conprising

di ssol ved ferri succinylcasein. In step (c) the pH of

the reaction mxture is in general adjusted to a

value of at least 7.0, preferably from7 to 11, nore
preferably from7.5 to 9.5, by adding a suitable base.
Regardi ng suitable bases it10s referred to those

nenti oned above, w th aqueous solutions of 15 NaCH
Pbefe’lgbp/rne.f@lfmmder sﬁxtapt(b@s fesrainmddinﬁcbk@nsm&p@@wiitoﬁ&dﬂ grom said

referabl rred r r..sdi Y, ;

FhRE Tl shat b ST IRE B on <Rk Blhg e for-

smcmylmm‘ler@tb‘byw&n frestpi#Bicd ofdsiri-prafieylabkginain stest(e) is
Ly, for t.0 ]

BSapR LR AR U A% e B By m v

Ef rlom:@ﬂtrcd B0 ERi 09 3RAHRIAZ 0gdi @8oP LB &2 Tmilne erH |r@nge COn be

etilé\l/"d?‘r] dyfgega&a Sdn RIGEEHAR V3 bc%/js fid | l%!\ﬁﬁ B 1EEORGNEssive

ous conp tlon conpri sing
pfredm:t sucs@emyiomswhrch 26llo\ws otheal ﬁpQ“ﬁ@F%I oy alickepnesteel

ce&éj%-h REP%}HOE?_JQ%g?Eg%s xs%\‘? %q]e‘?ﬁ%eéuﬁ‘cé SfB@F%o!L_(ngHX/ of the

contr e process of
f@nesmmvlnweﬁtnu ahhigher 9H wrlys moighéeed dardase '%M@j‘%ct
the ferri-succinylcasein suspension to a tine 30 and
cost intensive isolation and/or dilaceration procedure
Soid sheidi 19 ige uakRalior Bepprfietiaten @l Bie ferugUcipvigasein in

s%p‘?f &4 rigdo I%WQR:FBIVE@MT@B BD@rdHt@@@ésac@CQﬁrg' Bententi8fon of

ZSEht i AVERt1 o al 86 an TS0l ation and/ o
Odiqtécb’? 4 |?&1W9$@@p%t Al ali Yoy s UsPIRA|G n‘éc%fdﬁ ufNBanigs malic,

cithe, fr@ﬁ& ic THREIIHCAER] BahDeOUkéged, -10- Preferably
in a urther step (e) ferri- su00|nylcase|n I's

precipitated fromsaid aqueous solution by adding at

AR3EINQNEs 3Rk doreBHT REMRIT, Nhel BﬂJcﬁ@rpﬁrbducT comprising ferri-
succi nyl casei n obtai ned. Pr ec%gl tatio

stﬁ%ﬁzﬂvk‘sqy@m nw &fg@rﬂll\( n'eé:toé/ﬁ' ) st fll‘rbgfé@rér 26| 9en’rr|fugaﬂon
v&ﬁﬁrrlge% @Ut\mw watdtHaelt &Ry, Zok @x@m;ﬂ@f@t @frefcﬁﬁoqd)byv@éuum

om 3 . I n contrast t L(,!bf? egz OE
i PAUHEURHH M GIeE oo RFE9Ar i 4/ s L pigpoure and
hrgirfeg ﬁ‘@r@lﬁ)eiacﬁﬁeﬂ’fhbﬂagbbﬁw I’rléera:)éreﬁlSreaggrgES@l‘rveo to 100 °C,
oduct suspensi on, ich a lic
einbusal B Thser deer wrgmipopatde dpe% B soveral
heusadvantageoss sooee phaesmivbiditoy 4f Hdes 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 fo the present invention is preferably a one-poft

process, and preferably comprises the following steps:
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ferri-succinylcasein at higher pH values mght lead to
aloss inyield. 10 Said acid to be used for the
precipitation of the ferri-succinylcaseinin step (e)
is preferably diluted hydrochloric acid of a
concentration of about 15 to 25 wei ght-
Alternatively sul phuric, acetic, malonic, malic,
citric, tartaric and lactic acid can be used. 15
According to the present invention, the crude product

: ¢ - . .
GETPEBEIA) S, SUEIOM) SA Bl SoBEBIBILYS 1o, o weran
r(:eog,oqusheimvaoe«vqtearm dr i ty,! f 08, mﬁmr@f@mbév ﬂot dvigp! : 8

I t

Al YEEARR GRAYGHag 48 (BRR drEBbeul Mg el Succinyicasein
tenperatures than roomtenperature, e.g. at 50 to 100

(gb Dgé@%ﬁﬁ@bgéﬁdagﬁq@%oh@ apsp%nsmﬁr %f%ﬁfcﬁﬁ@@biﬁeﬁt ob¥aihBa in

or “sever hours, like 2 hour s
sprreflal dbpgtivothag laowm@wsmﬂser@ﬁ%@l@wyscaﬂﬂ@n padfieation and/or

o(?l %%?Hﬁ n‘%fteﬁs gmhlg‘r 19 200N &M@ Bk %%@M Yeraosdc%lﬂﬁcgosem

residual water content is usual X about
V\lflé@% ig naﬁfemplwsuwogwoﬁmérqeegem inggluble iron hydroxides,
ferri-succinyl casein conplex usually has an |ron

content of about 4 to 6, preferably about
(BhseBissalvindseid Iferr- WP‘%(”]HP@?%‘W ey | gﬁb@ﬁ!?ﬁ@rﬂ of r%*t leggt one

besedr}Hr@ﬂar&BFy f\ﬁf’rﬁéufsui‘h‘?érﬂ%@@%' Msol@lo@bt QUﬂﬁélahénl @ind/or
al so possible to Process the wet material direct
u

dilgeErafion fiaRad 8UCTTaP N fHFHRAUE F SN AASHIWY spmpflsmg dissolved

faddud hyiabkon, preferably into a liquid
pharmaceutical fornul ation. The process according to

the present invention is preferably a one-pot 35
rOC%ﬁarcﬁi‘ﬂ@ PirebRAS| YmeaBpr ifBes tsbedf@dmugg Sbep®isition

-11- casei n, preferabl

cem&?w% aieonied Tord St eaBh e 8 ot ok 858app splytion of

fmtsﬁjfccm’ﬁyldose@ tthislsepd@tiomrie I@b@ﬂ?cﬁilabl py 1lfitradicnoisl mainly
ucc nic .a %}drlde to forman a %eous

C@Uéep%ﬁéjl ﬁc&psgl&f m%%%tﬁ‘r al rgqunemenq

(e) Precipitating 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 into a pharmaceutical

formulation, preferably into a liquid pharmaceutical formulation.

In a preferred embodiment the process of the invention consists

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

The process according to the invention can be carried out discontinuously

(that is, batchwise) and/or partially continuously.
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(b) Reacting said agqueous suspension of succinyl casein
obtained in step (a) directly, that is, wthout
internedi ate isolation, purification and/or

di l aceration steps with at |l east one iron salt to form

ferri-succinylcasein, which is preferably

substantially free frominselfble iron hydroxi des, 10

(c) Dissolving said ferri-succinylcasein by the
ladeptasentsobnat of dagtfudher doysejageebérbbl yrogeshautcording fo

Thgtlﬁcgﬁﬁ({)ﬁgﬁd Rlﬁé\}vogf ;rPé‘ rééPQHpcfl[ﬁc%@ng/ oéchleved compored

l'aceration ste agueous conp
fodhprn)mrr@rfdﬂssm bedoerf@med suct@qmwcwagév @onllsuodylv
Separating insoluble matter from said aqueous
conmposition conprising dissolved ferri-succinyl casein
lnocolprefienresh embedisesol in irartiellar einei waiksimyditseiar ()

r&éhh?néﬁpﬁé\gé Ofhatl %Wetr'&kgcﬁ\'}m%b%ef fdrki! S@Eb%léésem by the

carri ed out because of armaceut i cal
qadjtipnerdnt®)) | lezGf ( @)\eprl@mqm tiat m@gformed continuously. More
sE%Erf'lccﬁ C'd?yércas?@bn %r O'T?h%a' @q@gHQQU%o?HbHEIhQH comprising

Cg flera 'y at el evated pH val ues resulting in |ess

s foid- BIasiDd e Oseits e RNERYO VY)Y stRfNgoas flf‘é%theo??é’c*o’

cﬁ‘ﬁi Bref@%l?%@‘f@&'vﬂg\ Wﬁ%rf 8@férab3¥‘@r¢b%fhﬁé‘%ﬁb8 mixer.
obt ai ned, and 25 (f) Drying said ferri-succinyl casein

obt ai ned or further processi ng the wet

Tfm@@dﬁrﬁUﬁPbBMbﬁ%‘-‘r@'& ﬁ@t@{mﬁﬂw mfﬁemfley dele cBinter alia on the
pharmaceutical formnulation, preferably into a liquid

IORRGALERIICAE FONFRIRE PBIROSHPT. rEeMBHENgY Fiatpived forr-

s68BPHid@mRlN L BStIneaes steld (d)hén lc@\s@nhbpmé:a@@b@hs
essentially of those %)roduct ste

f). Th
Cﬁ%@%ﬁo%\ceempﬁa ingteméc) H\Pén?lg‘ﬁ‘pd%%f Cig'a{‘)F‘Pf%H“e%fﬁ(’C

o(ﬂlrﬁ;@z@ﬂHdW@@ley ||kétfbabxd;mp@astoebws@)ma@db@éd P &il@gy/has
uous resents one of the fu

Dé%{\?éﬂ %(g%gtr%lflort’rﬁénB?r&gggesaégfa%rodq%é)ulsd:omposmon Cotrrﬁ]pnsmg

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

dissolved ferri-succinylcasein, obtained in step (¢). The volume ratio:

aqueous 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 aqueous 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:

agueous composition, comprising dissolved ferri-succinylcasein, obtained

in step (c) / water used for diluting
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the Invention that, in view, of the great
sinplification achi eved conpared, to the prior art,

it can be perforned at |least partially continuously. 5
In a preferred enbodi ment, in particular, the work-up
after step (c) nentioned above, that is, after

di ssolving the ferri-succinyl®asein by the addition
of at |east one base, is perforned continuously. Mre
specifically, after step (c), the aqueous conposition,

IS Ive [y~ §ucsiy| G [ ' .
BB, s BRI L T e PELETEF e Bygreramiy 1+ 4
tprief &r a!kmldyrrms’r pteferawlyil wat er preferably in a static
pi pe m xer. The optinmm conditions of the dilution

with water depend inter alia on the tenperature of
Aftee dijudonsotdhposioveons comprasiiany doswwlsiedl diesalved ferri-

sggﬁgﬁ&%@ﬁe'o@fcﬁ@oﬁ” Hegre zgé)ge?y!’rgc)mfép ?‘%sqe tlﬂﬂﬁgt BRuted

‘conposition,
acigsRIsatenePofitionr pr@f@rcsts!vcfﬂfrqu‘redwm@ efetfh@he 49Ny, insolubles

(J;bﬂf?erab(f,ﬁéqg@t%? E tthe wat er used for diluting has

pre enperature as the aqueous
conposition, conprising dissolved

Th&IJfretUCHe n%ré%ﬁ@bﬂl- ieRLRIdeghd Naster (daueddg fc:omposn‘lon

partlcular the tenperature of the water used

cerMRitsing ¢issqlved deabbycainylsiaseihelsr AIpwhdfintp cantogt with a

hgbft’j E@'H)%@&UH? p%fetrcli'@!yaﬁuc?%'ﬁhép%@i%' E:l'p‘énml@ Br rbl%'d"ﬂnafe
I ssol ved errl-su00|ny casein, obtained in step (c

thehd Vb ugeinyirqsein aaugé@@n@'@@p&u%Tﬁgnfe)boﬁﬁwq daig medium

W@kﬁe%@é \gﬁgfé‘rsbw aﬂUFéa yuerRRR ACI ¢bs abned wita) st aftolight into
water used for diluting 25 is preferably |n

t he
CPﬁfﬂfé Bithdbsudiluied qayePrys COMPOYiRTE prErssas) 9'3?[0"’9? ferri-
sticcihylcReirdnNh @Qéh Er eftey abby d pH 4of Iofe RAGBIVt Rato te more
aqueous conposit obtai ned in gbé % has a 30
PR MR oP *Pe%smf)ﬁ%rﬁ”%‘?’@b'yl ?fkféo TR ali I IEEE,!
and the water used for dllutlng has In partlcular a
ran

terrE rature within the
AT Pe ka8l e SIFDecsib: FoTR o Gof v Tvicasein
m@érﬂemwe@wvér@@s@v filtratdrabneéntrdagbfostiag Washed wapemwith
water ab scale. fhess steps are preferably discontinuously, on

USSR 108! ddl st terably disconti |
production scale isolation and washing can be performed confinuously
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 batfch sizes are possible (synthesis in a reactor of defined
volume, work-up outside),

- work-up procedure is independent from baich sizes,

- improved consistence of precipitated product {less sticky).

Preferably according to the present invention the above mentioned steps
(a) to (¢) are performed discontinuously (l.e. batchwise) and the above
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is preferably in the range of about 1 :12 to 1 : 10,
nore preferably 1 : 4 to 1 : 8, and nost preferably 1
6. 5 After dilution of the aqueous conposition,
conpri sing dissolved ferri- succinyl casein, obtained
in step (c), with water, the resulting diluted
aqueous conposition is preferéably filtrated to renove
any insolubles (corresponding to step (d)). 10
rﬁhaﬁeaéﬁeﬂepsmd moaﬂeu&bbﬁﬂkhhﬁﬁhb@@handudVJAbe@Kﬂng to the

,&\Z%h%?o%s IF?Sn%? ; l’ble CrgnEEH% ﬂ? g'{osféo \é%d one bo’r%h reactors

Succl ny I nto cont act
thelrdsmsd{ormm (ur)nqme e:fesfcabteyd idiscorftimuchigly wtflitdre piopgnous

w'Br?éeleeS ﬁg’r%g)' p[tdgqge(e) tdZ\% gvﬁr géflrié“?ﬁégyéf‘égsr@a%fors in, a swing

msdpr ecﬁéhabﬂye dphtmeds #QueopscHChe( RErfouned e/etse%lomswﬂhouf

Helelifslyls KHBrP 15 contact with the diluted aqueous
anposlilon conpr|5|ng di ssol ved ferri -

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

THé%%E@Q% ¥ed fleeg inPE Eor Il (N?fhlﬁﬁ f{)%@eﬁf Ffhin makes it

nore prefera from3 to IS a uste After
p;@fsss@ﬂq)u’rpatqbéwm rﬁ@rrawwcga@@erﬁ@% erﬁniﬁSi'@ng or from iron
d;e‘?ﬁ/(]'hvéé“?ﬁépwé;‘?"r%%l&blezgr b%oQWE%rL%IEYmVﬁﬁ%er@%dﬁ{culor the

tration or centrifugati onand washe

|
Pig@eeh) is @nhke Kalwmplsiely stleble ﬁﬁé‘%lr'f(é?f'/gﬁ%ﬂﬂlfy? pH values,

.8l SWUH@@H@'I&’@I en Th@ﬂﬁf&@hb@"ir&&ahﬁué HRAbhREIAGGon bio-
wash ng\fcan performed continuously using a

ayedahptiey feyrthg Q@W?fQIQQTQSHHOH@@ﬁ@@T'%Spect i vel y.
Drying for exanple is perfornmed at a rotavap or
vacuum dryer as descri bed above 25 (step (f)

TRe elPTi SUBFEMETEIRTY PRIMPIPIRSd KRBT ol ’8ﬁe'i” b”"e”“O”

haUQ o I%ro@\@t&?rﬁﬂ SOmpRRldN, Bresaslv ant apes Qﬁc@n@@@bd@@lﬁocﬂvny
as descri bed above incl ude; her

“%’fez%éo dF‘@”ﬁ%ﬁé&‘i‘Véﬁ"é’ E8yiRrnesiens g 9888 PQth?J\éGF Ch¥gy low

inZd¥ Rt &INE:, sider kffaptQutndl fiedrapaitic- Upe psfofredwredust does not
batcr} si zes i ed consi 1§tenc

|nd%p ndent fro Lo r q
IYPBE B3 ARRPNSHOREEE QST ITaRgSeed BasmapRfs M paricular
gasgier dbﬁh@ntso fhehegpresent tHenveridwan tdeabowe mnmeormésenf

in?/tfe_n gnggp ag¥ gaé( cagcgtﬁcgpgybf \Feonr%%g%ln%%%m' nuouﬁoymoceuhcal

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



menti oned steps (d) to (f) are performed continuously.
According to the invention it is also possible to
conbi ne nore than one batch-reactors wherein steps
(a) to (c) are performed discontinuously with one
continous work-up line (steps (d) to (f), and
operating the batch-reactors,in,a swwng 5 node, so
that the continous work-up CE% be perforned
essentially without any interruption. The process

RELAGRE®. OB PRBEr R PIBRET RN SRSLIASy,
fromresidues or fromiron 10 derivatives that are
Suitable udrbke dosageofmrﬂny isdldebff@ example dabletbn cweoj itahlétar capsules,

c{gagqﬁeg,aﬁ(ﬂ%lrjr fe”ﬁ 8 p;E?qle{s g\gdqu[%élﬁ%ﬁ% ysu%@!a n% é\}rupﬁ dn?kable
vidie juicess T he gihatmaeuficdl hemsnppsioas treay, g oiemcmi kﬁeoformulated in
S@é@@%gg$g&&xb&pr t he purpose of intestinal absorption.

e

erri-succinyl casein conpl exes according to the
present invention have a constant conposition,
Theeskaly ersajd edepeplar mhcobogecain atbei wdarculari ﬁkéiéctt do be

tlJth%d ang%qué ggﬁdltgﬁvnér{do ?é::ﬁg é(') BE ?r]g%g ﬂrq’%%rg%ﬁ ﬁ’ dg%¥§ecls for

ects
emplefbett\heem 0 @id G00dmgsranoper dayy flov @xample patlents WIth an iron-

adh @rfé\é?{ﬁae?@%3 gé{l&g :&?W?ﬁ&,@qo@?f@u rC QAR PreYhant \Jv&nan take 1 to 2

parti esl ons rthernore, the

times dait6tmadedi ng to the present Invention can be
adequat el y conmpounded in pharnmaceutical fornulations,

Thﬁ é}ﬁrshhﬁHyI@é's]glnsﬂﬁtEﬁgh &chHing' 8! th@%&iétcﬁ‘ Etﬁé %entﬂ?ﬂﬁlay be

rocess o e Invention prefera
M@f theemanufactytecf ®Mmedizgment Wit ig rpireﬁéragly for the treatment of a

p&nﬁuf SBfRHY oAl arfayaptontd 8B iR defibiehcys Sueh D¥é BaREhEtording to
obtained ITn the process above, wherein the dosage form

thednvpatien byt "F“?J’I"°B‘?‘éhe’ e &R AMmaRtioRPUmPSeSuch process
usual ly conprises forrmulating the ferri-succinyl casein

St Byrﬁbton%omlc%aétfop%ﬁarﬁ let Q&Ig@epiﬁ%k%céhﬁrgﬁ a;bddj concentratlon
t abl e adj uvant ent or ca

JHcas tq,find-th oreffuinegs: Rpamal Bhl

redtipaslefieiencyariieuiies finc {56 fobh worgs iasfing . Sppamal Paleness

oﬁlélﬁll( rUdedld:ltdafolheaeﬂ@ flﬁrﬁatﬂmﬂ,ﬁmb&agédt heait rrateakthch?eardla) sore or
c ose l.ci um_ phospha at oraceo s eald

Egar OBaG SeroRd GEBoRad ERLe 8 CaRtiiay Sopiget’ (sia)

hezideetidsc lagk bflappeti®y inbreased susteplibildy bfdnfatéora del;bressnve dysphoria.
gel ati ne.

The ferri-succinylcasein obtained according to the process of the invention may be
used 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



35 The conpositions may al so contain suitable
preserving, stabilising and -15-" wetting agents,
sol ubi l i sers, sweetening and col ouring agents and
flavourings. Suitable oral dosage forns include for
exanpl e tablets, coated tablets, capsules, dragees,
elixirs, |ozenges, pellets, wder s, sol utions,
suspensi ons, syrups, drinkable vials, juices. The
pharmaceuti cal conpositions may, if desired, be

u{gﬂr Rk %gﬁger{cg-relﬁ‘;é%t ﬂrﬂ&%d%ﬁ&@@c?e ifoR Y cué_rtl"?-rg@téd%mpamnent of

course on particul af subject to

tlhmcerebt@h&@dtmnor Bestidse Legriindramme &) dPudiaise i §oheomprised in
exanpl e
I e Tt Sl
patients with an iron- deficiency take 2 to 3-tines
b oAl LBbaAa Bk illveraing tvadkButliinti@tion of

ng f%’%mas %Ean%)@s e Hebl&gbgn@r}%ew? fﬁg)rgrl - succi nsl casein
thebinyernien. accordlng to the process of the invention may
be wused for the manufacture of a nedicanent, which is
preferably for the treatnent of a patient suffering
fromany synptons of an iron deficiency. Such use is
not according to the invention but nentioned here for
i nformati on purposes. Such synptons include for
exanpl e: fatigue, lack of energy, poor concentration,
reduced efficiency, difficulties to find the right
wor ds, forgetful ness, abnormal pal eness or |ack of
color of the skin, irritability, increased heart rate
(tachycardia), sore or swollen tongue, enlarged
spleen, a desire to eat peculiar substances (pica),
headaches, |ack of appetite, increased susceptibility
of infection, depressive dysphoria. The
ferri-succinyl casein obtai ned according to the process
of the invention may be used for the manufacture of a
medi canment for the treatnment of iron-deficiency
anema, in particular, iron-deficiency anema in
pregnancy, |atent iron-deficiency anema in children
and adol escents, iron-deficiency anem a due to
gastrointestinal tract abnormalities, iron-deficiency
anem a due to blood loss, |like for exanple
gastrointestinal bleeding (e.g. due to ulcers,
carci nomas, henorrhoids, inflammatory disorders,
i ngestion of acetylsalicylic acid), nenstrua
bl eeding, or injury, iron- deficiency anem a due to
sprue, iron-deficiency anem a due to decreased dietary
-16-
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iron, iron-deficiency-related i nmunodeficiency,

iron-deficiency-related inpairnent of the cerebra

function, or Restless Leg Syndrone (RLS). Such use is

not conprised in the invention, but nentioned here

for information purposes. The follow ng exanples are

reported to the purpose of ilAdustrating w thout

l[imtation of the invention. -17- Exanples: (If not

Eethesles:se i ndi cated all percentages refer to mm. 5

Preparation of ferri-succinylcasein Exanple 1 120 g

casein are suspended in 1620 g water at a tenperature

(bho2@tiderwidd inklieafsdl willparcestegpustfedia 0V/8)by t he

addition of 9.8 m 30 % NaCH solution within 40 mn.

22 g succinic anhydride are added in four portions

Pygk e dwioiopCofmienti-sDacinyicassdt time the pH value is

mai ntained at 8 by the addition of 35.3 m 30 % NaCH

solution. The resulting solution Is stirred for 30

Exgmplerdi nt ai ni ng the pH val ue at 8. The succinyl casein

Is precipitated 15 by adjustnent of the pH value to 4

with 66.1 m 20 % HCl solution. 57.2 g of a

1R8@ Taseinutdrersugrenggddnel it edwaiehehaliemparature of 20 °C,

T%' Bl A ALYt B%’LR'Féd vl 8 9t t1b RYydifisn agddiol 8 o ofo 32 RaoH
% NaOH sol ution. The resulting suspension is

S@W*Pf‘éﬂ'”ﬁ'@r‘lq MiBue2:8 SeCpiiv ANiwdgee L rgnadedpdinHedt egriions

WHHH 90 Afin CplrihAi fhogohrWen’rheTI?ﬁ—l @HIO@'!Q%dz@Tcﬁﬂbésbﬁ@ b9 the
y the addition of . % NaOH sol uti on.

ogdntsDrgof)@ép%mlp%@ & W%W%&%&h@ r&ﬁﬂlﬂggls@'@f'owt #ijred for

SQ%ﬁT h%@‘rﬁé%hﬁ@&ﬁétﬁﬁ Jusgolared e éﬁh(ﬂhyl\é@%éfn @gﬂemptmted
The pH value is adjusted to

ed.
beOQI!QS*‘?‘GPﬁ” 30t REGF!4BI18t4 3 e "%&Oy i %9' pQution. 57.2 g
ofld reed.- §c9[1’nén rIQ’Qf%@tOr@OO@déE!dwﬁhmH]Uaﬂnhirﬁ @fo:ﬁtoln%gefhe pH
filtration gouct i s prec:lpltatggb%%
vValyGi Té‘nb%ffh820<é tonogt g™k sPuti B HEPD- AhHesulting

siple@i oof |s3sfﬁrelde<th aidmd:fdar hﬁ prﬂ;JGt 4 anfiitheeareshted up to
n t hen

of ahpliai2e B 785 ANATE fr SORGIRE o 86 RRAICoF o276
ml @eavaplaJheoprtReCE. 46Sg fatbbhe otk ingdrdgbebzobrubsda®. 14 g
w@?p\grparle?y(aro&b?réquersSclillssolvedJlnSBOnJrOn&f wcln‘re]ar %ré’%céjéjed The pH
value is adjusted to 9 by the addition of 19.7 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 mi 20 % HCI solufion
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 2.8 ml 30 % NaOH
solution within 40 min. 20 g succinic anhydride are added in four portions
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succi nyl casein are obtai ned. 30 Exanple 2 120 g casein
are suspended in 1622 g water at a tenperature of 20

C. The pHvalue is adjusted to 8 by the addition of

9.8 M 30 % NaOH 35 solution within 40 mn. 20 g
succi ni ¢ anhydride are added In four portions -18-

within 20 mn. During that tige the pH value is

mai ntai ned at 8 by the addition of 32.8 m 30 % NaCH
\Bimﬂwiut'QOnminThBumeguhb't nigns ohet panvalsesisi mogdafrezd 808 by the

1, N, I
ﬁ%%‘?&c? {3?' n| &%Ob %@1 u\S/a uﬁ?ﬁt p% ﬁe;rstb?flr?#g?fuﬁgbcgﬁﬂ 84 for
30 tﬂnn6®n<5|nmun2f@ %eH@H solet @of, THF. sﬁcglrﬁllcmisean is precipitated
I 0 .
SESTAL PO Tl TV e Mo 3 2 o
afl a30=0h Na@Hisol( U2 i%hcre'rh:ejdmmlthxnglo suispengind@ining the pH

\ﬁog&% g&dégﬂcﬂﬁ’% dﬁs&%@h&%{!%ﬁl of l\ﬂ)@ﬂgsotltn%h hgat gsgsuh‘ing

val ue 1s adjusted to
sbgpehgoadslistiired fof 35min @it o O 96 INQCH émrui iten hehged up fo

§d’L<‘:'t|hgzPs tﬁ Sﬂ\é?ﬁ? {:Rfe it HQuEted 139 &/ﬁ‘fﬁ‘é’ RIPbA Qs 45.0 mi

val e tration the product
&Qé@ul\m@aw@uﬂw tThe seldfiohdn sebfred?tprsT r*ﬂouz@f@é@-ldi and a pH

v%q’ué‘tdfoa Hﬂ%{ f,!ﬁaﬁ’gh Vfﬁlauﬁro 3103 13 br%c%’r'cﬁbaegy ﬂ@eﬂddmon of

pr oduct tered, washe wat er and
7(9'1566' £0r% 31 Glowrgtion upsl @ Féhh(YOé}Je }§>|f és@u% ebiringd. ppgrroduct

:ﬁﬂl’r@ré@t\ﬁaﬁ%d -m?: PW QAMEE oh§ ’rﬁ@ﬁtcﬂ?erd el @ﬂoﬁ%rofl% °C and a

ours a pressure of t nmbar in an
wamﬁmr%rﬂbqrw § 'efa¥ap rfhe m@%tﬁrédﬁ ﬁyﬂﬂé%fs%ﬂ?ﬂ apeld hours

AbiabAeghq BXBMsEre3 oh22 8 n@l@éﬁlrﬂaﬁﬁ?&cﬁﬂﬁﬁ%ﬂ@ﬁ 138 818 ferri-
g water at a tenperature of 20 C, 20 The pH value is

SHAPM@Pald e BPTeecaddi tion of 9.3 m 30 % NaCH
solution within 40 mn. 20 g succinic anhydride are
added in four portions wthin 20 mn. During that
ExPMP!ehe pH value is maintained at 8 by the addition
of 29.4 m 30 %Na(}| sol ution. The resulting solution
is stirred for ' mai nt ai ni ng the pH

189 6 ROt BEGe 138 by Geatsle] 2 qrBrmBeatire ot B0 oc.
TBHCEHNYHICAS R Bid|SstPi e B gt &tk byaddpasbmens off 3d1e% pNaOH

sgl%lfi%% &/l?hl% ?O min. 20 g succinic anhydride are added in four portfions
within 20 min. During that time the 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 addifion of 5 mi 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 FeCls-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 to 9 by the 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. After 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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with 64.0 M 20 % HCI solution. 57.2 g of a
Fed 3-solution (12 %9 are added within 10 m n,
mai ntai ning the pH value at 3.8 by the addition of
32.2 m 30 % NaCH solution. The resulting suspension
is stirred for 30 mn at a pH value of 3.8 and then
heated up to 50 Cin 30 m n:19he pH value 30 is
adjusted to 9 by the addition of 46.8 nl 30 % NaCH
thehutiiied. fofthe4 solmst obry & SCstindr ed pfessufe hgurl 2t r8idaCin an
andap val f .9 T | ut.i I |1 d wth
Gt BhvehaaPed 4 Jeuc B ORHELSER GRuobldties] M)
(reaction solution : water) and stirred for 5 mn at
E?%n%@ ter filtration the product is precipitated by
ition of 74.2 mM 20 % HC solution until a pH
35 value of 3.6 is obtained. The product is filtered,

Y\@ég@%&vﬁ%%x]cth%ﬁlﬁgfr% ) %g%fetn%?ﬁemdoqgmfe% ZnBRWS

essure o nmbar 1n an vacuum
cctrrymnfrof@gosvgﬂmsrsf endipatioty rphtiagely wark uebt ai ned.
Exanple 4 5 (The follow ng exanple illustrates a
preferred enbodi nent conbining concentrated synthesis
o parseira by sesrr i drdUs 4060 10 wpfelsana dJeraipiirgref 20°C.

T]?\Esdwog% fsrbé‘]g%cgfd"@ttﬁf trt aédﬁ%mi’s{ ab Whesdhy %Q{éi% s;&n@non

val ue 1's adj ust the addition of
tmn%fl&azum slQei %WC'WtCFﬂWQ’L@eW‘@ agiggdgns@se PririEons within

@nqur[bgrﬁwg?‘ﬁﬁoTaﬁrQ\%dfh'enplflQ/lfhrué)%rrtn'o@rﬂ%lr%é gt 13 b?@héno@rdmon
Durin time pH val ue i s maintained

QTR0 BNBT! SEHAIaN . TG NN SioD et for S0 min,

nﬁ@ﬁ%h!ﬂ!ﬂfrﬁé’bw&cﬂﬂe'cﬁ tinkr & Jigyic 89 8 pre BRYifkit&H Hyng
he pH val ue at 8. succi nyl casei n |5W8re0| i tat gg@ of

qwuqmeaamsmﬁewﬂ vsfuet rfé%mwvmﬁ@ 2 % et ﬁolﬂ 8NNt

%é’@ -t Pm ‘%%&ﬁegl@cﬁed ifreCh 3 1‘43\@{ Uhio@talnirg ¥e @ﬂevolue
avvlthl mai nt ai ni ng_ t he | ue

B S iy meaparBierue 170 6n 0 BN esluB b T fesdied °

snﬁféﬂsncbﬁfngsssfgt&pamf%@mgsntsd Ing\&du%foS%?: dihdn ;l@én acpirbd up

val ue O .0 an en eated, u (0] n . n.

o B0G 0@8 Siad iR PaG g Boidie 186 By she sl iar B m

380, A N GH @i dit i Ve soThieos @ stirfea fdiST $ibiurk ke oPCradd kopir

a} 50C and a pH value of 9.
vaiue o

For the continuous work-up, one half 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 liquids 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
transferred 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 transferred 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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For the continuous work-up, one half of the reaction
solution is diluted wth water of 50C in a vol une

ratio |l ; 4 (reaction solution ; water) via a 25

static pipe mxer. The liquids are transferred via
peristaltic punps, resulting in a flowof 3.0 - 3,5

I/mn for the conbined Iiqui@d8-in the static pipe

m xer. Fromthe static pipe mxer the diluted sol ution
bxxmopleetly transferred in a filter device and

filtered. The filtrated solution is directly

transferred to a second static pipe mxer and
HHegi pidedn ede sysBonge dpobiOCop editatdi ti iempéra28@ of 2QOC

wal I C n

HENG ol Sy B N5 200 Blo GREy L E8L rERSE A LEM |
sehil wteot wymtnr Abghiex rléd’ ensucdinic enhydide erand dad tneficeid.

T t

J}ﬁoﬂé itin gb?@?@gwngdméfnrréggaggéf oﬂ@ls rh%fhfgme%dof 8 by
thacudaitianyxr25.35ml g0ok N@Hlsowm HQEdﬁg@Tlngefpéuflon 'S stirred
fBPBQ'rﬂﬁwd méﬁn’ra%@n XS $ainelds %fﬂﬁé%@m%ﬁ &Uﬁ@erﬁﬂgg %

wat er at a tenperature o val ue

N%O*ad]’m&:,m@cwiosusw tshier egdrelif @ ieghb v ogustmant 2 t m&b#pwe fo
§9'mHFH 20 a0 BignoAQc M Blutid B Z797 %L&Cd Rk a%l}zi%h‘#?za/g €are

ded in four portions wth rin

t
thqﬁéj WIS I HOVR U P erai NG ém]@d* wilug CHy3 %\éﬂﬁjeﬂﬂﬂmﬂ of
&f 6 29 30 91 N%Q)r%sbﬁﬂdns‘?hé’trégﬂhné_r%@sﬁéﬁé%ﬁ 6k B ¥l B min

is stirred for 30 min, maintaining the pH value at 8
By PHeHERiAfi DR FI then hrcted 4P ikadfy CriRe30 min. The pH value

iSHERIsAYAH @@S;eb{ﬂ thS oncﬁﬁd)rﬁ"otf afoegl nb|y3@d4 N@tdreeélu%nt lnree pH
value to 10 3.8 with m 20 % HCl sol uti on.

sgfutignHe éfised drud| rd)‘Pl‘“(‘?l'f23@/a Coed caRd@!IYF Ohion ThE Sﬁ’u"H'O” Is

oﬂatem w;ﬂw \m@férh@f ﬂb‘br‘wﬁaﬂelﬂﬁp@rto’r@re?f iRy tharasledifid on Ofreaction
0 % NaOH sol %Jtlon ul.ting sus nS| on

S RHGI aP GRas i o Min AT Bl TP G ion

pr@@baguex@ r?ﬂh@a@dlf@rﬁ?f gs ranglmesﬂgm/@ﬁamenom sindidjpusit ediue

) e Ition o \ 9

3 wleldfedome Boe Pt BaiBuru, nrste a0 hirong,

ttvarl deeaffo? 20Theurs @tuts oD drid adbresdied o 1225 \(N&i(ﬁrm_(cﬂ‘f vacuum
io, 1 : reacti on

roo e rature) .in_a volune rat

U AR e S T et o U CRA S

filtration the product is

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

data for the product described in EP 0939083 are given,
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precipitated by the addition of 43.8 m 20 % HCI
solution until a pH value of 3.6 is obtained. The
product is filtered, washed with 0.8 I water and 20
then dried for 20 hours at 75 C and a pressure of 1 25
mbar in an vacuum dryer. 78 g of ferri-succinylcasein
are obtained. The foll ow ng-28bl e shows the anal yti cal

results of the materials

synt hesi zed i n exanpl es 1-5,

Tedr e t-henqiytipokke oflfsdbranpisoh tobHg anal yti cal 25 data

for the product described In EP 0939083 are given. -21

- Table - Analytical Results (Exanples 1 to 5)

Anakhytlviees Pr pd RetOuUEX anpikem Branfsb e PBxjairping eExampiree | Example
Exanpl e accag&dqffg@g@ 1* 12 3 |4 52EP [0939083} Tat al 5
FE@iroh & ST 2 80,5, L Y03 Ao 5T 54§ 24 Y05 TOoNt e o 52 %
Chlorlde content 1 .6(%0.5 0oO.4 %i1.1 % 1.0 %0.8 %
PPYFRin contbnt 76.5 % 78.7 %80.0 % 79.5 % 78.5 9

Fhlogde pprdgnisucci®i% 0./90% 8. 2 %D%6 % '0' & 0. 6''9%0. 3 9 %
actdn comteent | Totead %sugcrar e §. 80.9098. (8 79688 [%78.56% 9, 07%®
Brel s¥BcimET o CONgBR PH 3% %2 (7 0% % 3- 105 0 [3:%6 % 3| 0.3 %
Suigpensnon Cont ent  of |net hyl |par ahydr oxybenzoate = 1.0
%talpruo yll;t 5 pas.alydr oxglPetazgatsed ¥ (. 45% The?. PR 8.0 %
g&i&éﬁﬂ; KBr)_of the pateni-als obitained in-exanples
@uﬁ D‘S§On support %F]e stirudture of ‘fer|ri -3SOUCCI n);lécasel o
10 - 22=CtArvB—i—A process for the preparation of
ferri-succinylcasein conprising the

*:  Content of methyl parahydroxybenzoate = 1.0 %, propyl
parahydroxybenzoate = 0.45%.

The IR spectra (in KBr} of the materials obtained in examples 1 to &

support the structure of ferri-succinylcasein.
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following steps: 5 (a) reacting casein with at | east

one succinylatlon agent to form an aqueous suspensi on

of succinylcasein, and (b) reacting the aqueous

suspensi on of succinylcasein obtained in 10 step (a)

with at |east one iron salt to form

ferri-succinylcasein. 2. The2Brocess according to

claim1, wherein step (a) conprises the steps: 15
CeAMSuspendi ng casein in water, (a2) if necessary,

adj usting the pH val ue of the aqueous suspension to

at least 6, (a3) adding at |east one succinylation

hgert pragedsefaraingt gievargtion pHfell-secanylgose@ason®rising the
the, mﬂh%bo F at | east one base. 20 3. The process
accordlng tooclaims 1 or 2, wherein step (a) further
conprises the step: (a4) after the conpletion of the
add'ﬁ onrégcque THEST WAk 98 §§98Hé suc%wé%h r&é@fw R form
of e succl nyl casel n obtalne% adj usting t

val ue tooammmeqp&%wmeomqanﬁﬂ%ﬁmv@ﬁsgﬁuéwﬁb

suspensi on of succinyl casein having a pH val ue of

about 2 to 7.0. 4. The process according to any

cl ailpls 1reastinng mﬁepgwosrﬁesasPﬁys'osmfcw*mé'@gse'ob@*y‘fdmed in
Addi ng afiche@gtwifinat |é&m o‘h@' froh QaRRoFBHANEH-SUSORPRIRBIN.

of su00|nylcase|n -23- 5. The process according to

any of clainms 1 to 4, mhereln t he agueous suspension

of W@%r@k&b@@&ﬁidbrﬁﬂw%ﬂor@@%ﬁd Widtetheted (beasdmphses the
iron salt in step (b) has a pH value of about 2 to 6,

5 65ePie process according to any of claims 1 to 5,
wherein step (b) conprises the step:

(al) suspending casein in water,

(a2) if necessary, adjusting the pH value of the agqueous suspension
to at least 6,

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

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

3. The process according to 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.

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

comprises:

(b1) Adding at least one iron salt to an aqueous suspension of

succinylcasein,
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(b2) Adding at least one iron salt to an aqueous
suspensi on of succinylcasein while maintaining a pH

val ue of the aqueous 10 suspension of at |east 2 by

the addition of at |east one base, to obtain
ferri-succinylcasein. 7. The process of claim 6,

wherein during the addition-88-the at | east one iron

salt the pH value is nmaintained in the range of about

8 t dhepogbesitacgorgingTite apy afes!slirag clot@lidngvheseinihepfiqueous
cl ai é‘nstl@? b MG COMm 118850 tr@ﬁcfecd SR 2 ép)eos’r one iron
Di ssolving ferri-succinyl casei n obtal ned by the

addis@ifdn sedp &) htegseH yaeuhasepoud 2 ier ta an aqueous
conposition conprising dissolved

ferri-succinylcasein. 9. The process according to

& ailie 8PTORRSE ePACPIPiRg el &Y &f pHoiras uk fef 5. 2ehgiein step ()
| eaglfphdssthaditdst ed. 10. The process according to

any of clains 1 to 9, which further conprises the

steps; 30 (d) Separating insoluble matter fromthe

aquUEoSs CRABRY IdioRkast UMY liRinNgalli #S IV efjueous suspension of
ferri-succinylcasein to obtain an aqueous sol ution of
ferri - sucBGRiNYaserh Whide meddrhinatd iy value of the aqueous

ferri-sucgispengRyebh of 16MtsRiY RHGUEEBRIcHObHGH 08asttyne base,
addi ng at | east one acid, and recovering the ferri- 35

succi nyl cEsePHIBEEHI- P NYc@seBu- (f) Drying said
ferri-succinyl casein obtained, or further processing
the_wet ferri-succinylcasein obtained directly into
‘phaltraddaePesar! (9Pl &t Wgﬁfe'ﬁ ‘if.'”grﬁBep?%sé@é‘ of e’ dt teast
accendiirgh saitamy pH ediaens rhatraaldd whited repgprosapout 3 to
the fo|llowng steps: (a) Reacting casein with at

| ea€P°Hh& succinyl ation agent to form an aqueous
suspensi on of succinyl casei n,

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

step;

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

dissolved ferri-succinylcasein.

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

at least 7.0 is adjusted.

10. 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 obtain  an
aqgueous 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
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10 (b) Reacting said aqueous suspension of

succi nyl casein obtained in step (a) with at |east one
iron salt to formferri- succinylcaseln, 15 (c)

Di ssolving said ferri-succinylcasein by the addition

of at |east one base, to forman aqueous conposition
conprising dissolved ferri=28uccinyl casein, (d)

Separating insoluble matter from said aqueous

compfosi ti @n/ing@o@bﬁgﬁigjq@r\d@gg@jhmmned or further processing
ferri 'Sucmé]ylv@‘lse'fé'rnt&c L8s4R agB?&Héd sgliEhen it o
ferri-succinylcasein, (e) Precipitat
ferrl-suc@hﬁVh@é@éhﬂGfkﬁﬁﬂé@m@naqueous sol ution by

addi ng at | east one acid, and recovering the ferrl- 25
succi nyl casei n obtai ned, and said
WbrFhe$h@@?ﬁyﬂéﬁ§eﬂﬁgdﬁﬂﬁﬂh@6Ckﬁﬂmfﬁﬁ?h@? Wrigbea@mpgses fhe
theﬂmﬁﬁmﬁ§nﬁé psuccinyl casein obtained directly into a

phar maceuti cal fornulation. 30 12. The process

according to any of claims 1 to 1 1, whereinin step

(&) (o)t heRéé‘éﬁrhc}!j%c%b‘rrpWrﬁgQﬂt!eb§r aﬂe%d&nrraﬁoﬁ%ﬁr idNform
at least two enporal |y separated portions. -25-

13, The %’Pé’@é@@%é@é?@i’ﬁ@”t% Sé.'ﬁ?”B‘FC%?%iPrrs ltol 2
wherein the casein is food-grade casein. 14. The
process according to any of clains 1 to 13, wherein

st efP)( b)REBCIE 3 SEIEOSPLAIBRNBP AP PHEEINVEHESR Gpidined

salt is jpddgdp J(WE wihe @ ORRRS POl HbMg sk avy Rfm ferri-
clains 1 to 14, erein the iron salt is ferric

chl ori dSUFIMBISSRe process according to any of
claims 1 to 15, wherein the succinylation agent is
succrnrc anq¥dr|de 7. The process ac

of &aj s 8918 AR TEUES PG sRLN by r?edoggmon 8M%t teast

one base, to form an aqueous composition comprising

dissolved ferri-succinylcasein,

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

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

pharmaceutical formulation.

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

temporally separated portions.
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further the step of manufacturing a pharmaceutica
dosage form 15 fromthe ferri-succinylcasein

obt ai ned. 18. The process according to claim17,
wherein the dosage formis for oral admnistration.
20 19. The process according to claim17, wherein the
dosage formis a liquid fornulation, including

dri nkable vials, syrups, elix2¥s? sol utions,

suspensi ons, | ui ces.
13. The process according to any of claims 1 to 12, wherein the casein is

14.

16.

17.

18.

19.

food-grade casein.

The process according to any of claims 1 to 13, wherein in step (b)

an aqueous solution of at least one iron salt is added.

The process according to any of claims 1 fo 14, wherein the iron salf

is ferric chloride.

The process according to any of claims 1 to 15, wherein the

succinylation agent is succinic anhydride.

The process according to any of claims 1 to 16, which comprises
further the step of manufacturing a pharmaceutical dosage form

from the ferri-succinylcasein obtained.

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

oral administration.

The process according fo claim 17, wherein the dosage form is a

liquid formulation, including drinkable vials, syrups, elixirs, solutions,

suspensions, juices.



