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-1- Water-soluble iron-carbohydrate derivative
conpl exes, 5 preparation thereof, and nedi canents
conprising them The present invention provides
wat er - sol ubl e iron- carbohydrate derivative conpl exes
whi ch are suitable for the therapy of iron deficiency
states, and the preparation 10 thereof, nedi canents
conprising them and the use thereof in the
prophyl axis or therapy of irpn deficiency states. The
medi canents are suitable in particular for parentera
adm ni stration. 15 Anaem as caused by iron deficiency
can be treated or treated prophylactically by
adm ni stration of nedicanments containing iron. The
use of iron-carbohydrate conplexes is known for this
purpose A ogeparation that is frequently used
o ! 3

615 621, 1996) . Iron dextran conplexes.as mell as
‘conpl exes based on poorly obtainable puII%Dans (WO

0DPa6PEEFEN i BN STHARS RY e e Ji Rl 1RO I st e
%PbQH%&EQPSVQE%%%&% %%ngﬁf%cé$%ﬂwlywlﬁble for

rogehation steps, are scribed in the prior .
athefbhepappnbérakdnhdaﬂrnﬂencxnstaﬁéﬁxf&nd the preparation

i ron-carbohydrate conpl exes .are convention for

RS S0 S oS THE e D Hereof
app| +tBANEEoFhe LRSS AN tHL b PSP A Adnk Qﬂaﬁ!h‘féhdys states.
preferably adm nistrable 2 parenterally and which can

behet sedicaeent snpareatdwidiablesiiplgart aukpefougarenteral
KQ%%@nEQEF Eggglly adm ni strabl e

Anaemias caused by iron deficiency can be treated or
treated prophylactically by administration of medicaments
containing iron. The use of ironecarbqhydrate complexes is
known for this purpose. A preparation that is frequently
used successfully in practice is based on a water-soluble
iron(III) hydroxide-saccharose complex (Danielson,
Salmonson, Derendorf, Geisser, Drug Res., Vol. 46 :
615-621, 1996). Iron-dextran complexes as well as complexes
based on poorly obtainable pullulans (WO 02/46241), which
have to be prepared under pressure at high temperatures and
with the involvement of hydrogenation steps, are also
described in the prior art for parenteral administration.
Further iron-carbohydrate complexes are conventional for

oral administration.

WO 2004/037865 in the name of the applicants discloses an

iron preparation which is preferably administrable
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preparati ons based on saccharose or dextran were
stable only at tenperatures up to 100C, which nmade
sterilisation 5 difficult. The preparati on has reduced
toxicity and involves a reduced risk of dangerous
anaphyl actic shocks inducible oy dextran. The high
stability of the conplex permts a high

adm ni stration dose or a high adm nistration rate.
The iron preparation can be produced fromreadily 10
obt ai nable starting materials w thout any particul ar

ogil-a¥ceFhel¢ ahQ d¢hsehosed be paeriitikad comparatively
wat er-soluble iron(l11) -carbohydrate conpl exes.b segl
ositbdyoxtbat boavipusdyckaown paresiexelinsacgpgiytrabse

Pég$§%§§g?ép%hggﬁéﬁp%%a%%%%hgg%%%ggr_5@§§§ahr%€QE|bkable

exes are tai nable from an

ag#f?uétiE?H?Ekélu%%%tU&Phigiﬂy@°@9dwh@@haﬂa@éusterilisation
sol'uti on of the product "of the oxidation of one or

nat & firelil adeThei psepiatda tamra deso wedmggsc Fogdicisy and
solution at an al kali.ne pH val ue of, faor . c shock
SOUULLOLs 3h: 2 ALkabing o valun ol Eb-RATka: chooks

| { 5adexbiesey20qidayal aMe i dH @Padilld 30 cdndhshewmplex
mxture of a” plurality of maltodextrins is used the frat
dprtmose eqbilghl edmingistuasinkdase F & & mygistration
and, t he_dext.rose _equi_val,ent the J i duad adil
maPtEdettFi i °fn PETE aﬁ%xtt%u%rne cl%fsn Tﬂré orﬁrgﬁtuo 205 T

Nakerenablal staMaiminaidtend A% (RO0RutNenyl paxrticular

274-278 describe a process for the phosphoryl.ation
i puShay)-i Fhegexben BEHIBHbat? r%a]?tﬂ'({"ﬁ]earpr aste‘?%fces"o]fq{b1e

o R s Y P S i omed W en

apeodhictisned imaldepkndences, and e progreatiee EiRl

n%&%%%&%a%gy(Qgéégogfm%ﬁgg%riébn??%&)—carbohydrate complexes
are obtainable from an aqueous iron(III) salt solution and
an aqueous solution of the product of the oxidation of one
or more maltodextrins with an agueous hypochlorite solution
at an alkaline pH value of, for example, from 8 to 12,
wherein when one ﬁaltodextrin is used its dextrose
equivalént is from-S to 20 and when a mixture of a
plurality of maltodextrins is used the dextrose equivalent
of the mixture is from 5 to 20 and the dextrose equivalent

of the individual maltodextrins in the mixture is from 2 to

40.

T. Nakano et al., Nahrung/Food 47 (2002) No. 4, p. 274-278
describe a process for the phosphorylation of inter alia
dextrin by dry heating in the presence of phosphate.
Degrees of phosphorylation of the dextrin of 1.07 %, 2.42 %
and 3.2 % are mentioned, which are obtained in dependence

on the temperature and moisture content of the dextrin. The
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3. resulting phosphorylated product is tested for its
ability to solubilise phosphate. The possibility of
repl aci ng casein phosphopeptide as cal ci um phosphat e
absorption increasing agent by phosphoryl ated dextrin
i s discussed. 5 Further possibge-synthesis methods for
phosphoryl ated dextrins are also nentioned in the
nmenti oned docunent, in particular drying with a
phosphat e- cont ai ni ng sol ution or dry phosphorylation

wi th orthophosphate, with heating and

in vacuo. 10

%gulghhgh%h@bﬁﬁorylﬁt&ﬁ& hSdude 153 t(@nﬁap) fcsaw.@zablllty
descri be't sphorylatlon of st ri;ﬁ Xin ac1
o §@ﬂubaém86fpﬁﬁ§|ﬁﬁb%ﬁ%m %%‘3? %%oql}p

e e R e

fon
is tested for

hh&r@ﬁ@ﬁ@bybg@ntstt@bl;bhcbs'pldcblryl@tai:ld:ﬂx:tlaxfd ehghegugsed.

hydrol ysis, and the use thereof
PULFheEy PRES 1RAE (WL RFS1Di ‘B%I%}é?éﬁia

éﬁ ;$h¥%§{5ted

Bﬁgg%ﬁﬁg a7 g% gé%ﬁéupfgng§sfﬁ|ﬁﬁ§ &éﬁtiﬁﬁ@@f@¢¢mmemﬂ in

osphorylate

xtrins having a nol ecul ar wei ght

of
bﬁ&ﬁnbﬁﬂ@rtdI@GJ@ﬂOwﬂbht@n@hgﬁﬁh@t@EQQQ@a%ﬁlng solution or

substltut fromO0.30 to h HS
S e ST 2R S SRR N ey ena
q%ﬁvgggkganlc pi gnments having a 25 high solids

content, as a replacenment for gumarabic in gunmm ng
and ink solutions for |ithography, and as a drilling

Ly 0 Additive The degreenob.substiiuibens)s sibesshy

tﬁ% AT at

e derivatised

JRyariew wﬁﬁsgﬂUﬂ$@Bofplhb¢ohobﬁlsaanqhtbyfm1x1ng with a

anhydr ogl ucose

solution of monosodium and disodium phosphate, filtering

off, drying, pulverisation and subsequent heating. The

phosphorylated product is tested for its hydrolytic

stability during acidic and enzymatic hydrolysis, and the

use thereof in admixture with polyacrylate and urea in

biodegradable plastics is proposed.

US 4,841,040 describes the preparation of phosphorylated .

dextrins having a molecular weight of from 1500 to

40,000 daltons and a degree of substitution of from 0.30 to

0.96 and their use as dispersing agents for aqueous

suspensions of minerals and inorganic pigments having a

high solids content, as a replacement for gum arabic in

gumming and ink solutions for lithography, and as a

drilling fluid additive. The degree of substitution is

thereby defined by the molar ratio of the derivatised

anhydroglucose units to the total amount of anhydroglucose

units within a molecule. This is referred to hereinbelow as

the degree of molar substitution (MS).

The phosphorylated
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30 units within a nolecule. This is referred to

her ei nbel ow as the degree of nolar substitution (M)
The phosphorylated 4 dextrins are obtained by

oxi dation and depol yneri sation of starch by reaction
wi th sodi um hypochlorite in al kaline nedium and
subsequent or prior phosphorylation, for exanple wth
phosphori c acid, phosphorus pentachl oride, phosphoryl
5 chloride or polyneric sodi umorthophosphates, in
particul ar sodiumtrinetaphosphate. CH 544 779

drsal+hes a@r@rdb‘géﬁné@rb%héxpﬁﬁﬁﬁbﬁt 408 @fpolymerisation of
phosphoryl at ed dextrins heating a nmixture of starch

AHRTAD by preasphben cwheh d2ediun bViP@@thEJ—F%f ipeakkaline

h
N N .
GWMQEWMHHﬂﬁﬁﬁlcU@&iﬁ tbﬁosph@&pbOp@ﬁtaohbonﬂde1%ﬁmmphoryl

condensed with the starch_product and subsequent
BTS2 2P} waRERE %‘R%Eﬁ eshhepRoSFRates, in particular

r§§35 qﬁé% ate has very high water
o) ulh?lty %%HﬂggggP?ty as a surface size for
papers and in the production of adhesives is |ikew se

tio 2006/ 082043 descri es [nh the .
B 1 Moot B ocesuBecest foF He BreRaFabioh of
PryhdRashal egext PIns he t@ﬁ OédMBﬁtﬁﬁetbﬁ starch and
Neuﬁ%ﬂ?process (U§X2 8%4 ggp) %y gusgen5|on in an

&0 (PETRAD L et |acph@smhu@1@nl ati @an of| ieaei bhandbyi vgth a
erln at te eratures 4 i a.
QI &ce é%wxﬁ%% %E 8 8 Ehe% Qgétgﬁg 1n a

honngeneou |hg etrapolyp osphoric

iseddiel pespnceyDEht &h belrghanbReri oxggant byhﬁeﬁﬁanuﬂell the
(Tomﬂe et al., Methods Carbghydr. Chem 6, %
S@mru%rcm@@ﬁ%@eh%o‘a@néenﬁeé WiGRr fhpr 6E@§§ | groduct,

207 U M e DS PG Cw BERY AT 1E8ubdABRY ef! cahtent The
resulting dextrin phosphate has very high water solublllty
Its usability as a surface size for papers and in the

production of adhesives is likewise mentioned.

WO 2606/082043 describes in the introduction some processes
for the preparation of starch phosphates, for example
according to the Neukom process'(US 2,884,412) by
suspension'in an aqueous alkali phosphate solution,

filtration, drying and tempering at temperatures of about

140°C, in a homogeneous process using tetrapolyphosphoric
acid in the presence of tributylamine in dimethylformamide
(Towle et al., Methods Carbohydr. Chem. 6, (1972), 408-410)
or heterogeneously in a slurry process in benzene with
phosphoric anhydride (Tomasik et al., Starch/Stérke 43
(1991), 66-69). The document itself proposes a process for

‘the preparation of highly substituted starch phosphates, in

which starch is dissolved in a mixture of phosphating agent
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(1991), 66-69). The document itself proposes a process
for 30 the preparation of highly substituted starch
phosphates, in which starch is dissolved in a mxture
of phosphating agent - 5 (in particular phosphate
salts or urea phosphate) and water and, if the
phosphating agent is free of urea, urea, the water is
renoved, and then a thernmal reaction to give starch
phosphat e takes place. The resulting starch 5
phosphate has a degree of substitution of phosphate

I DpSarOfchio@m PnBiphate Gaaned arveirya phoccphter) ehd water
carbanmate groups. ﬁe use of the resultln%.starc

P phif eshaspapsphadingy egemtniifelfdiecoPt Urea, urea, the

qﬂd;tp%[“ si 9 nrglgﬁ\qgg blé{hldd %%nw%t i Ama1S ¥l orAt ABive
ditTve in cosnet Ics, as an 10 anionic A

C@wﬁmnphé@ph@abyeb&etsr @l 1o carmal ecss1ldridigastarch

carrler material is proposed. US 3 732 207 dlscl%_%e groups

PO BPRPEP SRRBnaoRegeRe A CURRS Wiy O FANP
ﬁaffg a&'glaEPygrbd %d'éqJE¥§'IBNEHbﬁHéﬁﬁNB¥lﬁa%bamate

ydrl e or el ¢ anhydride, by heating starch or
d@x@upa hakéngse Désm@@mraﬁmknnngaSﬁﬁﬁthPhﬁSRﬁﬁﬁﬁﬁ &s an

t he presence t he, .or ganic agi
a%@%%*alvan hronAres Rrasidar Han R il R rfterial
SpLas, subshi bubien i iff YRLD-RZY Gl Oibsmetlcs, as an
oﬁgalned 20 US 4,100, 342 describes the preparation of

dexiPRhCecOBPENERL Foac Ve e e FAMPLRNeF and as a
“anhydri des f ngR & rboxylic acids having
fro%1ﬁe¥omﬁ Sg%soxy|.53&%’dsdﬁ.ts in acetic acid in

the presence of a tertiary am ne as 25 catal yst, and
the use of the resulting dextrin esters as

bVSd3gr3daBPd EdFsdRsas Fhe BTRRTRTIHY the WEHFmhgsters
a&éiﬂa organic dibasic acid anhydrides, in particular
succinic anhydride or maleic anhydride, by heating starch
or dextrin having a residual moisture content of about 3 %
in the presence of the organic acid anhydridenin an acidic
environment. A dextrin ester having a degree of molar

substitution of from 0.02 to 0.04 is obtained.

US 4,100,342 describes the preparation of dextrin esters by
reaction of dextrin with acid anhydrides of non-aromatic
carboxylic acids,having from 2 to 4 carboxylic acid units
in acetic acid in the presence of a tertiary-amine as
catalyst, and the use of the resulting dextrin esters as
biodegradable components for increasing the cleaning action

of detergents.

WO 2004/064850 and WO 92/04904 disclose dextrin sulfates
and their use, either alone or in combination with a

bacteriostatic agent, as an antiviral composition, in
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of detergents. WO 2004/064850 and WD 92/ 04904 di scl ose
dextrin sulfates 30 and their use, either alone or in
conbination with a bacteriostatic agent, as an
antiviral composition, in 6 particular for the
treatment of HIV and other sexually transmttable

di seases. The dextrin sulfates having a degree of
substitution of up to 2 sulfate groups per glucose
unit are prepared by hydrolysis of starch and 5
subsequent sul fation. Trinethylam ne/sulfur trioxide

f&hl‘a{lﬁ HYAOLEQ Uéréééﬁéha €0 FEEH WM YA &b Eise FBESkYally
t'he 2- sulf

ate, cyclamc acid 1 n dinethylfornmam de
yumamﬁmiﬂuahafasﬂieaaeesanﬂhac@eyteimo@ulﬁ@beeqheﬁeng a
_¢%fa1|o wth trinmeth Ia ne/ sul i oxi de conpl ex

e tHy | FE 5 1B EHPHe° HB F?n%l?? hovat OB t e

YsInauR Wid ﬁﬂé’ﬁ&k‘éd §9dhyaf<511/§d£9§,<l6§ ytelrenhthed
-sul fate. The action of the dextrin sulfates agalnst

Hwbseaharteisulahet i Opi dEehnethutanbne dpel Fukelrsexide

di scl d t h d t
ARl ERe SR TR e RIS e DEB e R L e 2-
i £ees Wdiahbe &esdl thngidexhyl fordeni dat yyeSdsTﬂ:llee 6-

obJect of the present invention is, therefore, g
FroMiake nnd 3¢ oRY ak beRy dPaPEcgeRRF eXalt %%% ‘é’&%

LA ALR AL £ALTERL Rl ab ! QndEL CLANGYnBBRETE G-

Areved e conpl'exes according to
cdmudeJ.aﬁ&&ﬁﬂﬁ&l&bfﬁemeval dthetbenpteket greudevibkdaqueous

in _25 ¢clajns 2_and, 3, .The conpl exes according.to the
SRS Gt S 0% aY helidbyhe: AR bEES e JBFi AERLPR o the
dabimi f 4o A es against HIV and their antilipidaemic

action are likewise disclosed in these documents.

However, none of the mentioned documents describes the
formation of iron compleXes with the resulting dextrin

derivatives.

The object of the present invention is, therefore, to
provide novel iron-carbohydrate complexes which are

suitable for the treatment of iron deficiency anaemia.

The object is achieved by the complexes according to
claim 1. Preferred forms of the complexes are defined in

claims 2 and 3.

The complexes according to the invention are obtained by

the process defined in claims 4 to 10.
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7 Maltodextrins are used as starting materia
according to the invention. These are readily

obtai nable starting materials which-are avail abl e
coomercially. 5 For the preparation of the |igands of
the conpl exes according to theyinvention, the

mal t odextrins are first oxidised in agueous sol ution
with hypochlorite solution. This process is already
descri bed in WD 2004/ 037865, the totality of the

di scl osure of which is incorporated by 10 reference

h@éf&éﬁe%@?iﬁsaé?eSHbE@bb% JeorrtnaTpbeersallubconsddhg to
kal 1 hypochl orites, such as sodium hypochlorite,

sbﬂleatmvnenti}gnneﬁbeale w%tre@h?sﬂdfa@bﬁélﬁééée Pharting
concentr f the _15 chl q ons are,
7 ekA ?e ISE?taf?:%éH; %ﬁg%éra y&gf t he
order of nagnltude of from14 to 16 w. in each

case cal cul ated as active chlorlne The Iut| re
pFet ek hbl prapadatiocan ofnddif Si@ndh&at

50 ; oarel fas
TR0%88ih8 10K RLRelially, %@%%ﬂ@@ﬁtﬁ@@ xsz faJ&t :

group i's oxidised per maltodextrin
nekegduted hin aghiesumnrrdryt itdre w:sdudimcﬁsdm&te golution.

determ ned by the glucose . content
ERLS JBKOPERE D o irea s JRRRIGRFY o1 V{S%r%&xcﬁ‘*r{aot3e7|865 the

%QEa) 885 oRr eher @Q.le:ﬂc%Lgé % Pryh g8 .19 ndtrporated by
oxl datio takes place in al kaline solution, for

exafipkenca pHredinues of from8 to 12, for exanple from
9 to 11. For the oxidation it is possible to work,
for exanple, at tenperatures of the order of

nmagak-tudecokufi tamp1ks tﬂ)ﬂc&campléf esabltyidnomP®Elkali
35C. The reaction tines are, for of. the

30 exanpl e
ohpppChi omigeist UGBTI FRADIR ]ﬂm%‘éhlﬂgp 1 r%%lr%tl%r
eé%ﬁ%e%c&%&”%%fﬂ%f%&%rE%ﬂSbe used. The concentrations of the

hypochlorite solutions are, for example, at least 13 wt.%,
preferably of the order of magnitude of from 14 to.1l6 wt.%,
in each case calculated as active chlorine. The solutions
are preferably used in‘an amount such that approximately
from 80 to 100 %, preferably approximately 90 %, of an
aldehyde group is oxidised per maltodextrin molecule. In
this manner, the reducing power determined by the glucose
contents of the maltodextrin molecules is reduced to

o

approximately 20 % or less, preferably to 10 % or less.

The oxidation takes place in alkaline solution, for example
a pH values of from 8 to 12, for example from S to 11. For
the oxidation it is possible to work, for example, at

temperatures of the order of magnitude of from 15 to 40°C,

preferably from 20 to 35°C. The reaction times are, for
example, of the order of magnitude of from 10 minutes to

4 hours, for example from 1 to 1.5 hours.



10

15

20

25

30

s By neans of the described procedure, the degree of
depol yneri sation of the maltodextrins used is kept

low. Wthout giving a binding theory, it is assuned
that the 5 oxidation takes place predom nantly at the
term nal al dehyde group (or -s@&m-acetal group) of the
mal t odextrin nol ecul es. For the sake of sinplicity,
this synthesis step is referred to hereinbelow as "C
oxi dation", but this term is not intended to be
binding. 10 It is also possible to catal yse the
oxidation reaction of the naltodextrins. The addition

f brom de or Ie in.the f

O Forthe 4T & COMMURTOBTaN B, 1S SU7E5PI B f o
tSo PSRt ihe SFouRt Qb1 dSabkeri e adeedis skapt low
critical. It is kept as small as possible in order to

dmtdnwtargaemmgar@dlumdmg thaprex) 1tt hat 2psunRgd stk ethe

i St G ot R AR on o8 Errmene

Flﬂ.&ﬁél’@cﬁa Ritowipt (Becesanayet20 fpoagili df onheithalsodésorin
possi bl e, for exanple, to use the, known terna

e kRAulse sﬁﬂ%nﬂh‘? peekeoPft EABPRAFLTY br Bh?ﬂe?@f\{tée%ls step

FOXI g‘!tl 2% Agl@%pﬁéfg%lggélonxg (@ MQAad©ofodhe but this term

extrins. The procedure of
axd dhesti night2nded t odelkér bhadwngh al kal i brom de
catalysis or using the ternary TEMPO systemis
descri bed, for exanple, by Thaburet et al. in

Gar bapygr al & R8s a1 £ 3302£3004r Rhe28kibhtiofr eeaduien of
descri bed therein can be used according to the
ithemaldmdextrins. The addition of bromide ions, for
example in the form of alkali bromides, for example sodium
bromide, is suitable for this purpose. The amount of
bromide added is not critical. It is kept as small as
possible in order to obtain an end product (Fe complex)
that is as simple to purify as possible. Catalytic amounts

are sufficient. As mentioned, the addition of bromide is

possible but not necessary.

In addition, it is also possible, for example, to use the
known ternary oxidation system hypochlorite/alkali
bromidé/z;z,6,6—tetramethylpiperidin—l—oxyl (TEMPO) for the
oxidation of the maltodextrins. The procedure of oxidising
maltodextrins with alkali bromide catalysis or using the
ternary TEMPO system is described, for example, by Thaburet
et al. in Carbohydrate Research 330 (2001) 21-29; the
procedure described therein can be used according to the

invention.
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30 -9 Wirking up and isolation of the oxidised
mal t odextrins are carried out by adjusting the
reaction solution to an approxi mat-ely neutral pH by
means of suitable acids or buffers, such as, for
exanpl e, hydrochloric acid, sulfuric 5 acid or acetic
acid. The oxidised reaction product can then be
precipitated by addition of a suitable solvent in
which it is substantially insoluble. An exanple of a
sui tabl e solvent is ethanol, 10 which is preferably

| angen ' fofr 80x19is88 maledextrins are
gﬁgﬁ?éﬁigﬁfy pre%%?% ?gogr%ﬁ1ggbto 94 wt.% in a
elnmed atito et hadphstbagt tba sepgtien splution to an

appr oxi mat el from1:5 to 1:10 refe om. i

t%?REQ§lWQH?ﬁ%Hne§EF?%b?% B¥e@?%?$a$?o%eg%%$£%t2&%?5 or
fanal . nropaggl eprléxasglenenydbechieeipi tatéd, i sulfuric

then filtered off and dried in a conventional manner.

Aldiet mat iaettyict heifleacti on sol ution can be purified

by neans of dialysis or nenbrane filtration and the

product 20 can be obtained by |yophilisation or spray

drvd Neci diséd ALsetpesspbbanchowenethenobesprerépitated by

Cl-oxidised maltodextrin directly in.the.subse )
FAGRIR R Oh SPABADHPL RBUTePSof B i‘“’ﬁ@cp’t 12 d87HBRkant ialLy

Sﬂ?%?ﬂ?&?f . O&f, | éé?&lng%i gr of stheangsulsbiingnEliexiedhaadl,
product’'s takes place by conventional processes, known
twhidiei pepsefeskbllledsied tihe sacopcestrafdon of from 80 to

OB LYt LA Ol 55 LA, B6 96 Gal AN, in o

volume ratio ethanol:reaction solution of approximately

 from 1:5 to .1:10, preferably from 1:5 to 1:8. Further

suitable precipitation solvents are methanol, propanol qr
acetone. The precipitate is then filtered off and dried in

a conventional manner.

Alternatively, the reaction solutidn can be purified by
means of dialysis or membrane filtration and the product

can be obtained by lyophilisation or spray drying.

It is also possible, however, to use the C;-oxidised
maltodextrin directly in the subsequent derivatisation step

without isolating it.

The subsequent derivatisation of the resulting C;-oxidised
products'takes place by conventional processes, known to
the person skilled in the art, for the derivatisation of
sugars, for example by oxidation, esterification with mono-
or poly-functional inorganic or organic acids or acid

derivatives, carboxyalkylation, addition of organic
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30 or poly-functional inorganic or organic acids or

acid derivatives, carboxyal kyl ation, addition of

organic - 10 isocyanates, etherification, am dation,
anhydride formation, etc. For exanple, an
esterification can be carried gut. with 5 organic acids

or acid derivatives. Any carboxylic acids or reactive
carboxylic acid derivatives known to the person

skilled in the art can be used for the esterification,
preferably acid chlorides, anhydrides or brom des.
$Lo00anCREBOX Kl 60 L Afd Y aldNRiariich preafigrdbide used

or e esterification, particularly preferably
doetiac ianhydccde. The esterification is carried out
under conventional reaction conditions, for exanple

in aqueous solution or in a suitable solvent such as,
Q- examphe, bef newd de; £ i dhemshytdorsantater i et motthydith
sul foxide or acetic acid. The 15 reaction in aqueous ... ..
saigatiion acadst ake atbdedetbyatekeap! LY a‘fa%b%ﬁ];ﬁ 157+
basi ¢ .pH of r oxi mat el sferabberson
FrRoiFa o 8 BopTRE i ot SEPTYEEYE] e ens e
eanshant igUihRg dhe ¢£aché onsedi iigr anye dest et bageson:

for exanple alkali_ or alkaline earth hydroxide uch _~ _
@gesf@mamipyz@cérd PR EREL A@F hy%FF]BXgHiéé?ﬁ é@?rg@l‘gﬁm ?1 Cs
o, gl kaline eard Ny £aLReNaLES) rBYpREdetbBIy Ofiséliefor the

reactive carboxylic acid derivative, for exanple ,
acaiadi fakjaariicte, opantetitaraphpdefdeabliencat s paREdAride.

solvent is used,. B the,sane reagents e .
T T A HHOBaha, RERLoR: B oo o Ao TRac 1 8A%

RAGH 8 ¢ahd fkEoRkaceoiknekhfpient hoagdeossl wehtisian or in
roomtenperature, with cooling or with heatin%é .ghe
reeasoti ttablte reoigent osuckanpl e Lokr 6#POPSCr o LOTHGHNES

dimethylformamide, dimethyl sulfoxide or acetic acid. The

reaction in aqueous solution can take place, for example,
at a slightly basic pH of approximately from 7.5 to 10,
preferably from 8 to 9.5 (the pH can be adjusted and kept
constant during the reaction using any desired bases, for
example alkali or alkaline earth hydroxides such as sodium
or potassium hydroxide as well as alkali or alkaline earth
carbonates) by addition of the reactive carboxylic acid
derivative, for example acetyl chloride or acetic
anhydride. When a different solvent is used, the same
reagents are employed and.suitable reaction conditions are
chosen. The reaction can take place in the mentioned
solvents at room temperature, with cooling or with heating.
The reaction time is, for example, from 0.5 to 2 hours,
preferably from 0.75 to 1.5 hours. Working up is carried
out as described for the C; oxidation by precipitation,

filtering off and drying.
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preferably fromO0.75 to 1.5 hours. Wbrking up is
carried out as described for the Cl1 oxidation by
precipitation, 30 filtering off and drying. - 11 An
esterification with polybasic organic carboxylic acids
can al so take place in the ga;glqanner, for exanple
the preparation of succinic id, maleic acid,
fumaric acid, glutaric acid or adipic acid esters, it
bei ng possible for 5 the second carboxyl group of the
ester either to be free or to be in the formof the

| kyl .est. he_anh) |de d, ?gpy xy 11 ds
%ﬂ St %r&'p% d% bas}(gacf ve o#erl Vati ves act

Qfart he fRolodhasigl a@@ébmyth@ eahd smanse s Ui fablexatpre the
t he preparatlon for exanple_in particul ar succinic 10.

ameRitaie ol ol enkyHe | deid gl TekPte amfdrigeric acid,
WAL AU e 064 WIBLE 4 3CL Gl O O dling WiSssible for

I"on” an up are carried’ as descri bed
fﬂHeté&toﬁ&ndarﬂ¢xyﬁ|gmouﬁa®f|théaespeef@l@M@E tg be free or
iven to esterlflcatlon W th succjnic anhydrid

q/éo%wébmﬂﬂ foynaf tbaexe+iht FRESEL- OXT o8 rifes, mixed
gg?bgg;g%i éﬁﬁ§r1a5§m6§eb98mi§é§t§g tOhe Bl ¥active

erivatives. Suitable as reagent are
mm@mv@d dfal tldespkhpbasio chebpsytda aRifsedrgpsuitable

e A8 e s PYANP) €L 0GR PEXYL! BaBEl i B CBuB8inic

I'fT sodi um or

RAUIBFSH B SHdBeicl @rhpdammbe §luCbriar aakydirtdaci ddipic
halogenated in any desired position, such as

;
exhydelde-onrfysarhe oaspropi 6hLeTadfd GRS reaction and
pan%k%%%:&%ﬁupref§r§? 4 o&plggodegﬁrlgédbfegotﬁ@et'c

eaction 1s carrie I'n a nmanner known to
tder et Sdetion. Particular preference is given to
esterification with succinic anhydride to give succinyl

maltodextrin.

The Cl-oxidised maltodextrins can likewiseAbe reacted to
give carboxyalkyl derivatives. Suitable as reagent are
carboxyalkyl halides known to the person skilled .in the
art, for example halocarboxylic acids such as chloro- or
bromo-carboxylic acids or their sodium or potassium salts,
for example C;-Cg-carboxylic acids halogenated in any
desired position, such as, for example, a- or B-
bromopropionic acid or, particularly preferably, chloro- or

bromo-acetic acid.

The reaction is carried out in a manner known to the person
skilled in the art, for example in agueous solution or in a
suitable solvent such as, for example, formamide,
dimethylformamide, dimethyl sulfoxide or acetic acid. In

aqueous solution, the reaction is carried out, for example,
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skilled in the art, for exanple in aqueous solution or

in a suitable solvent such as, for exanple,

formam de, 30 di met hyl f or mam de, di nethyl sul f oxi de or

acetic acid. In aqueous solution, the reaction is

carried out, for exanple, 12 a basic pH (pH 11 to

14, preferably approximately 12.5 to 14, adjustnent

usi ng any desired bases, e.g. NaOH). Wien a different

solvent is used, the sane reagents are enployed and

sui tabl e reaction conditions are chosen. The reaction
coanLake REACGH M he, TRt | 0pedesobvpisp@ixi@omely 12.5
enperature; W cool 1 ng or th heating for, for

examal, e adijfusamehts toisg hauy sdepieé@rhpsgs, e.g. NaOH). When

approximately from2.5 to .5 _hours. Worki p

B B BN AR BuUteas  BEGerRBRATFor g =Pl kmployed
g%h?@dﬁﬂ%ﬂﬂé"keéékﬂbﬁ_ééﬁS££ﬁbﬁ§tb9@ whbBefi eathée veeaction
erivatives of i1norganic acids, for exanple the

salrf ataken pdragqehosphialhe onent i Rawids 801vaRESpRacECHY

rocesses known, to the.person skill Lea_th ar 1
Dot Tt e oeLERaoeR Pirh fakinb fordl bor toxample,

3ot IO Al i 1wosHEt aplersebyent appebxasatébdy from 2.5 to
exanpl e, formam de, dinethylformam de, dineth

I
Sulsk dydutes oMedeing uRcprBEd Q§Pﬁ§t50§u?FﬁbF@r§b¥?a?P8naS
reagent e I . et hyl am ne conpl ex or
gﬁﬁ%érrﬁbceégtlrodf X%@r%%%ggégﬁéﬁéﬁfe, wi th cooling or
with heating, preferably, for exanple, at 30C for a
suitable time, for exanple from 15 mnutes to 2_-hour .
Fher @%Vﬁ%ﬁa%bﬁﬁo‘%ilggt EPFCRG VR AGEeY 2 TSR, Ofhanotganic
watels i sedised ag,88! ¥RRL suli#@tRdObr phosphation, likewise

take place by processes known to the person skilled in the

art.

‘The sulfation is carried out, for example, in agqueous
solution or in a suitable solvent Such as, for example,
formamide, dimethylformamide, dimethyl sulfoxide or acetic
acid, using a suitable sulfation reagent, for example SO;3-
trimethylamine complex or cyclamic acid, at room
temperature, with cooling or with heatipg, preferably, for
example, at 30°C for a suitable time, for example from

15 minutes to 2 hours, preferably for approximately

30 minutes. Then, when water is used as solvent, the pH of
the reaction solution is rendered strongly basic (e.g. to
pH 12-13) and the solution is stirred further at a suitable
temperature, for example at 30°C. After acidification to pH
9.5 to 11, preferably approximately 10.5, using a suitable
acid or a buffer, such as, for example, HCI, precipitation
and isolation are carried out as described for the C;

oxidation.
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25 the reaction solution is rendered strongly basic
(e.g. to pH 12-13) and the solution is stirred
further at a suitable tenperature, for exanple at

30C. After acidification to pH 9.5 to 11, preferably
approxi mately 10.5, using a sujgable acid or a
buffer, such as, for exanple, HCl, precipitation 30
and isolation are carried out as described for the Cl1
oxi dation. - 13 The phosphation is carried out
according to any process known to those skilled in
the art. One possibility conprises dissolving dextrin
in water with the phosphating 5 reagent and
eShabphshphgt aopHivalcaerdfdf potm 2CEOTELINIpLef BFYHPYOCESS

ARPoRROA FEHGEnEE 14 REDPE DR Eod im By draaas

.pfegﬁng%g%édaiggqui IRgeriphasphater wiahmsher phespbating
(0]

rom1:0.5 to 1:2.5, for exanple 1:1.8, preferably
beieagent asddesthdlisddtidon 6 YRGS Odn fEé?“PZ £s %)

precipitated with .et 3 Meth h 0 Rendf @eagents
e?&ﬁﬁggﬁ%gﬁdaPﬁgoxﬁﬁgggggiQfe ca%%%Leigblq ed an
deired angr khbenr eeeligeaits sl utiixaures ofomeshitumdddiyidgogen

dryness by evaparatiogn, for exa e.in.a rotar .
e PRESPEESE/ AR dHme dMdRgsY ,P%%ﬂé&eeﬁébﬁyt‘“g"tl%r ratio of
f'ﬁ%ﬂ@ qd ot 8MREr at.ur & andhy ARG 1Ate, mrdfudiaily being

€ product i's heated in the dry state, for, exanple
t askdonTh20 reactde®, gwleftdcablaprf lsmPISE iR tetRe with

preferahly in vacuo, and then groun (4L a

s GhPEgQent Wthairtogol%oacf%%%’eré)oorr %a si}llt%a'blr}%ld the _
SN el @hablne alssIht el atwitd enperaiaineaition
for exanple, 50C. Insoluble residues are then . for
segdivation ¢isf corsrerseait® by RS fRIgRTRPHELOR, Lo

fielxtarmaptlieor:‘L’n %n%otgéery}: e&%ﬁéf&:éﬂl WPt Bed further,
preferably at elevated temperature and in vacuo. After
grinding, the product is heated in the dry state, for
éxample to from 120 to 180°C, preferably from 150 to 170°C,
preferably in vacuo, and then ground again and subsequently
dissolved in water or a suitable solvent, preferably at an
elevated temperature of, for example, 50°C. Insoluble
residues are then separated off, for example by
qéntrifugation or filtration, and the resulting solution is
purified by membrane filtration in order to remove free
orthophosphate. The filtration can be monitored by IR
spectroscopy or conductivity measurement. When all the
orthophosphate has been removed, the solution is

concentrated using a rotary evaporator and then

| precipitated and isolated as described for the

esterification.
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purified by nmenbrane filtration in order to renove

free orthophosphate. The filtration can be nonitored
by IR 25 spectroscopy or conductivity neasurenent.

When all the orthophosphate has been renoved, the
solution is concentrated usinpéa-rotary evaporator

and then precipitated and isol ated as described for

the esterification. 30 14 C2/C3-Oxidised derivatives
can be obtained by oxidation, known to the person
skilled in the art, of the Cl-oxidised nmaltodextrin,
g, 11, a0s1d 1 @bl edextidhasiivg sagem reuckhtagnetfioby efafpreon.

NaOCl Nal 04/ NaOC12. i dat i on | -
Foiok Hipltaie IR RRBORE LR ! Fon BF FRCa Shi Fapi @ Dridiced

1‘&%Hed§}ﬁfh asi g net byk fapmenbdedi bongnatdar guartay) for
sul foxide o

r acetic acid, at roomtenperature, with
keeatriglge, aFa@d't hox ok Ag/NaW@h: wilther gxs dgdd¢rads carried
sol ven

, the reaction_takes place a,slight! ¥ :rap1
B3 0. SR Lort bR FECFPUM TO80FaCE B pPererabl e
A& d&r? s é@ﬁe@hzmbemamidéodtEt:bmnlaylrhdehl dimeghyl
at approximtely 50C. The pHis then adjusted to,

maltfedidd oor exapplie Byidddrti sROBF CAEPSTEhYT Sy hEith heating
product, i s subsequ y I Qigt dsbsekatedins
N e R N

diddaram wameeat platet be mespdchitly beasgent sohskanthpH of

derivatisation, different degrees qof | ar
dursEr it ifen O chn E€e§€ﬁ?€9§dﬁr?ﬂb%dég$8e9dp’ngP§rexample by

substitution | defined %§ t Ia %@be ot is then
§§F59§?ﬁ§@%oﬁ%f3ﬁﬁ§8r8 | Gt §g§§n| $ ?b the totalLBIQ
AP @OhyeneghiGOFRYr example by addition of HCl, and -
the product is subsequently precipitated and isolated as

described for the esterification.

By using aifferent amounts of the respective reagents for
the derivatisation, different degrees of molar substitution
can be achieved. The degree of molar substitution is
defined by the molar ratio of the derivatised
anhydroglucose units to the total amount of anhydroglucose

units within a molecule.

The products are investigated by IR spectroscopy. In this
manner it is possible to determine qualitatively whether
the desired functional group has been introduced into the
maltodextrin. The introduction of a carboxyl group, for
example of an acetyl group, succinyl group oOr carboxymethyl
group, can be monitored by augmentation of the band at
1740 cm™? in the IR spectrum (C=0 valence vibration of
COOR) . The successful C,/C: oxidation can be monitored by

augmentation of the band at 1640 cm? (C=0 valence vibration
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units within a nol ecule. The products are,
investigated by IR spectroscopy. In this manner it is
possible to determne qualitatively whether 25 the
desired functional group has been introduced into the
mal t odextrin. The introduction of a carboxyl group,
for exanple of an acetyl group, succi nyl group or

car boxynet hyl group, can be nonitored by augnentation
of the band at 1740 cmi in the IR spectrum (C=0

val ence vibration of 30 COOR). The successful C2/C3

idati b itored b t] f
BAn600 T 16H00 it pedurodrency ¢ BraTrsa §e0uBr cRROPS
The fintlead st iiorfa e ¥ e el eandm aahfdomesh™

by 1 ncrease of the bands at 1260 and 830 cm1
(vallemce viibratiiorns off $923°). Thee INHSMALIDh &f &

phosphat e group can also hbe c i i tatd 4 31p_
??‘ﬁ%kﬁl@ﬁ %ﬁ&?%r §<EdPY-°Po eyn%%%loung g%%%lplhtgiﬂp%«g%ym&.
APRE A drFoddapyf Orme Bfudr aeslisd gnalcplaisptiztis dppepiEs 1n
ppm while free nonophosphate shows a sgir sigﬂ
athsutf oy ofpRroptt il aat \@PYEt &t fihat iR of
egree o lar Sii L b et esl. PUsphy
%%ﬁ?g%ossfﬁélc reossc%ogglégc? élli%%g N%/%]Ig%gc%?oscopy, byLtsp
relating the intensity of a signal assigned to the

i ntroduced functiopal group to th i nt ensj
FiRgn AIUTE R IR t SRR St 8F forar
ipﬂdgisp negad Qy dde slerdyatisat bep. by MH-MMRC ageafrderopy or

ation, the quantitative determ nation of the ,
dégriR specbrasceppst byuredntéas shsoibeepgifvedogt Sional

by | CP- I.nductjve I - iC
AT St ebuR S e A et Bhp B ehe
| 01t SAE ORptOYraphyg£oUPbedt hii bl codeutrini that has not been

nmeasurenent (content of free |
influenced by the derivatisation. In the case of

aljhleeat free

phosphation, the quantitative determination of the degree
of molar substitution can also be carried out by ICP-OES
(Inductively Coupled Plasma-Optical Emission Spectroscopy,
total phosphate content) and ion chromatography coupled '
with conductivity measurement (content of free

monophosphate) .

For the preparation of the complexes according to the
invention, the resulting oxidised derivatised maltodextrins

are reacted in aqueous solution with an iron(III) salt. To

this end, the oxidised derivatised maltodextrins can be

isolated and dissolved again; the resulting aqueous
solutions of the oxidised derivatised maltodextrins can,
however, also be used directly for further processing with

aqueous iron(III) solutions.



10

15

20

25

30

20 nonophosphate). For the preparation of the

conpl exes according to the invention, the resulting
oxi di sed derivatised nmaltodextrins are reacted in
aqueous solution with an iron(lll) salt. To 25 this
end, the oxidised derivatised mal todextrins can be

i sol ated and di ssol ved agaiﬁ;lthe resul ti ng aqueous
solutions of the oxidised derivatised nmaltodextrins
can, however, also be used directly for further
processing with aqueous iron(lll) solutions. 30 16

Q% %—%&ggk&#iog%yﬁ?\scttheerree “Hh t?:Jee L‘Lﬁ%‘?ﬂ VAl ShuRhe salts of

organi ¢ acids or m xtures

thergehicsyehoagarial ixdgsis for rexanples dileordcde avgh as

br om de,

or sultates. Phy

siologically acceptab
bal igea) et prorEPaBly: WHAME AP S ITSIS Lol (17 o RS-

prontllL) .chlori ' tic Y. I se&d. An

P Rse BRI I e P ad ans
haseals advantageass iefdre(tI DN ¢hociobylex Fartiilarly
Chloride_ions 10 can be added, for exanple,, in the
PEeREERLMI 8PS0l ubl e chl ori des, such as al kali netal
chlorides, e.g. sodium chloride, potassiumchloride

or ammoni um chl oride. Preference is given, as .
Ienhikenbdent shither useoftlie apesence ot tolelopidg gforshdas an

chloride. 15 F fté#g;e C%Eﬁt&tbi on%%iiP_f[ }%:2%@%?2?\%%&?: &MPforide ions

aR¥Apragerys

SCLBR U e oxi di sed

paht gdexthel , WY akadSieousn Sohalt f@Amobf teter-soluble
iron(lll) salt. The procedure thereby, is preferablg. ‘
shihriides,t sachHamlaldadti thetad xglykerides, e.g. sodium

chloride, potassium chloride or ammonium chloride.

Preference is given, as mentioned, to the use of iron(III)

in the form of the chloride.

For the
aqueous
agqueous

thereby

reaction, it is possible, for example, to mix the
solution of the oxidised maltodextrin with an
solution of the iron(III) salt. The procedure

is preferably such that the pH value of the mixture

of oxidised maltodextrin and iron(III) salt during and

immediately after mixing is initially strongly acidic or is

sufficiently low that hydrolysis of the iron(III) salt does

not occur, for example 2 or less, in order to avoid

undesirable precipitation of iron hydroxides. When

iron(III) chloride is used, it is generally not necessary

to add an acid because aqueous solutions of iron(III)

chloride can themselves be sufficiently acidic. When mixing

has taken place, the pH value can be raised, for example,

to values of the order of magnitude of equal to or greater

than 5,

for example up to 11, 12, 13 or 14. Raising of the

pH value is preferably carried out slowly or gradually,
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20 of oxidised maltodextrin and iron(l1l) salt during
and imediately after mxing is initially strongly
acidic or is sufficiently |ow that hydrolysis of the
iron(lll) salt does not occur, for exanple 2 or |ess,
in order to avoid wundesirabtelprecipitation of iron
hydr oxi des. Wien 25 iron(ll11) chloride is used, it is
generally not necessary to add an acid because
aqueous solutions of iron(lll) chloride can

thensel ves be sufficiently acidic. Wwen mxing _has
tvikierh prac e tef bt od) uBoramxaeptai seyl, L1 63t exddiie, 2 weak
t.o values of the order of_ nmagnitude of l,to0

et 50 FIIPES For 2 cRinpl BB 05 13 1B, 3137 or IS

Rad. S o Afad s Phhvehes tsaxergigeabhyingrai sdronger base.
slowy or gradually, 17 which can be effected, f0£ .
exanpilsl e byedk rlsesaddang. afacarxapaie, ebkadkanpl alkpline
a of approxi mate 3., further tral Lsatj,Qn n

o BT hYcdrRrHahas pOS BAPRLLRC-EET,
besessaien dL&rbexarpl 6r Blikakboaatal kaki ammbngart ftrong

carbonat es, bicarbonates, such . as sog#ugland ‘
JeRees| aFe cafPonexambi ehi 2akBoAaPE, 20K AMENFET St r ong

q@aféofq esfoéuﬁﬁagglg d?h&?l.beﬁséhhﬁtiﬁgléiﬁhhor magnesium
hydroxides,’ such as soglun1 pot assi um cal ci um or
reagdvesk Ldie . hydr oxi de. 10 The reaction can be furthered

by heating. For exanple, tenperatures of the order of

magni tude of from 15C to the boiling tenperature can
benappliediohtchs Beekartadrka b?nﬁéaﬂiﬁgthﬁor example,
tenperature gradually. For exanple, heating 15 can be 4
ceetpetaoutedi 65t the appeaxbfamelbpitudm 08 faor0C5°@nge the

then the tenperature can be graduall i nGreased. to
boiling teggerature can be %ppg%ed.ylt is prétferred to

increase the temperature gradually. For example, heating
can be carried out first to approximately from 15 to 70°C
and then the temperature can be gradually increased to

boiling.

The reaction times are, for example, of the order of
magnitude of from 15 minutes to several hours, e.g. from
20 minutes to 4 hours, for example from 25 to 70 minutes,

e.g. from 30 to 60 minutes.

The reaction can take place in the weakly acidic range, for
example at pH values of the order of magnitude of from 5 to
6. It has been shown, however, that it is advantageous,
although not necessary, to raise the pH value to higher
values, up to 11, 12, 13 or 14, in the course of the
complex formation. In order to complete the reaction, the
pPH value can then be lowered further, for example to the

mentioned order of magnitude of from 5 to 6, by the
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boiling.. The reaction tinmes are, for exanple, of the
order of 20 magnitude of from 15 mnutes to severa
hours, e.g. from 20 mnutes to 4 hours, for exanple
from25 to 70 mnutes, e.g. from30 to 60 m nutes.
The reaction can take place in_the weakly acidic
range, for 25 exanple at pH v8l Ges of the order of
magni tude of from5 to 6. It has been shown, however,
that it is advantageous, although not necessary, to

rai se the pH value to higher values, up to 11, 12, 13
or 1

14, in the course of the . c lex Lormat iQrg ka :
AGEELPD ehnplefs eAFbég?f%%?ﬁgﬁ% §8%bﬁ%vg%%e %aﬁrganlc
€ f Wit Rk Jrdts examplot t d.nt ipertiswliagned
O or B o E o by the 18 _add tiqn

efdachatid. adsdaci dsiatherse hymiraseny qrﬁéirlegéarﬁ &GT

organi ¢c_aci ds or, yi xtures thereof, in particular
e d

FBRALPELScPGS such as hydrogen chloride or aqueous
hydrochloric acid. 5 As nentioned, the conplex

formation is generally furthered , by heating._ hered
BEampheionedt hEher TR RN SR A 1 9%?(]%%”%511&3 ere

val ue i s_increased | e tdered eambddimdr: in
P¥n58§£6ngr%ﬁ?ﬁé%%%@pégio£€g6%§ %ﬁﬁ it is 10 possi bl e
fhish tRewerk valluow ¢ emerat sedsinfthhcoraee of the

magni t ude of from 15 to_70C,. for ex r t ;
Bt 167G £ onE AT T £ RO Blipbh, Chf fof ¥ 12

g%%isri[b'l% [N d e, pEk VAl Ugok ot vabsestofesfof the order of
Xxanpl'e, -the order of nmagnitude of at |east 5,

gafuadeedf Mo TRrtbedott far kScaranrerfRtam &0 di° 60°C,
from above 50C to the boiling tenperature, . loweri
e.g. at approximately 50°C, whereupon, after again lowering
the pH Qalue to values of, for example, the order of
magnitude of at least 5, gradual heating is carried out to

temperatures of from above 50°C to the boiling temperature.

The reaction times are of the order of magnitude of from
15 minutes to several hours and can vary according to the
reaction temperature. When the process is carried out with
the temporary application of pH values that are above 5, it
is possible to work at the elevated pH value for -from 15 to
70 minutes, for example, e.g. for from 30 to 60 minutes,
for example at temperatures up to 70°C, whereupon, after
lowering the pH value to the range of the order'of
magnitude of at least 5, the reaction can be carried out
for a further 15 to 70 minutes, e.g. 30 to 60 minutes, at
temperatures of up to, for example, 70°C and optionally for
a further 15 to 70 minutes, e.g. 30 to 60 minutes, at

higher temperatures up to the boiling point.
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The reaction tines are of the order of nagnitude of
from 15 mnutes to several hours and can vary
according to the reaction tenperature. \Wen the
process is carried out with 20 the tenporary
application of pH values that jgare above 5, it is
possible to work at the el evated pH value for from 15
to 70 mnutes, for exanple, e.g. for from30 to 60
m nutes, for exanple at tenperatures up to 70C
wher eupon, after lowering the pH value to the range
ahethener dekcefi o2b HRgMdddenfriadd lceast the tfesulting
reaction can be carried out for a further 15 to 70 .
soAULéON €35, FOT EBIMiTutRe, crled &Pl RS ATy
t far . e,qs tﬁ%?ﬁé fore “Hd heyr
£ 81678%&11?1)%&? g‘gg/ ed.l;l.(&fgﬁ%&goé nulltl%lsl,ﬁp;tllach% gher .
tempemnat, Urde ppl ke lile dmh | bagdpisited 30 Ithe Wit HeHe po1nt
reaction has_been carried out, the resultin ol uti
©n SMGhtdxamEHEW bef Wo TR L ridony aﬁ:‘f?pseroa ufrIZOm ;gndto 817, by
QR Al Y)fd'alclé_ltdeqT@%so@.t | et Yedih [beneskd Ald edcids or

va

cooling, the p ue can be adjusted to the neutral )
paisiets , 5 for shiaginle, Hehowe hent exzem| a6 VT dshpfreaction.
from5 tq 7, by _addition of acid-or.base. T Sodl
Bodsas 0 e s Bt topt et (it S e PR i e

BRdened rahoved PWrdhwrsieashi 60. medheamess t iMigwever, it is
solutions are purified and can be used di rectl% fgr th
e repsidtlicon of i st tanehe sirepielt)  cPTPIeX9d Lip the
possihl e taq isal at i.r fERM1b6hol,
SRS b S e ol DGb L b e garatione
aheohals arsudixasonn Bbkasphmplereehanpl e Ehdahsplatthen can

i solation can also be carried out by spray.drying.
AT RSO [ BR° B PREAYolEYiR9A EBRVBACT BN o= Pe

Oha
ey idhPalt | U hvéRtional manner, in particular in

order to remove salts. This can be effected, for example,
by reverse osmosis, it being possible for such a reverse
osmogis to be carried out, for example, before the spray

drying or before the direct use in medicaments.

The resulting iron(III)—carbohydfate complexes have, for
example, an iron content of from 10 to 40 $ wt./wt., in
particular from 20 to 35 % wt./wt. They are readily soluble
in water. It is possible to prepare therefrom neutral
aqueous solutions having an iron content of, for example,
from 1 % wt./vol. to 20 % wt./vol. Such solutions can be
sterilised by means of heat. The weight-average molecular
weight Mw of the complexes so obtained is, for example,

from 80 kDa to 800 kDa, preferably from 80 to 650 kDa,

particularly preferably up to 350 kDa (determined by means

of gel permeation chromatography, for example as described



15 order to renove salts. This can be effected, for
exanple, by reverse osnosis, it being possible for
such a reverse osnpbsis to be carried out, for
exanpl e, before the spray drying or before the direct
use in nmedi canents. 20 The resylting iron(lI1l)

- car bohydrate conpl exes have, for exanple, an iron
content of from10 to 40 %w./w., in particular
from20 to 35 %wm./w. They are readily soluble in
water. It is possible to prepare therefrom neutra

ueouys sol utions havi T NoTols) fredOra2 (11), 12,
ggaﬁﬁF@?e§SeFr ‘1*%\6%%%%%&'?%320 ¢§§ﬁ¥$vol. Such
sohutiiaBs qandbg , Herrdidserl. bys means of heat. The

wei ght - average nol ecul ar wei ght Mwv of the conpl exes
so obtained is, for exanple, from80 kDa to 800 kDa

%.rsgmgn Qlhed OQQQ%S%%%&](IK@OHS padh i 64l @irdpyared from the

y upg to determ ned by neans 30 of
5 gRImlenERAbHibetimIEt ot aphynvént iexanphen ggolutions are

described 20 by Gel toal, | LM o5 stration.
Fordenior i ey | 4, Baighbeiitiffhgsstrasto

%ﬁﬁh%%ﬁ:2#?%&)caﬁSaPEQtE@n&dmiﬁgﬁeeﬁsdsotullpn@rcbﬁpically.
be prepdr e romthe 5 conplexes according to the

At a0 beSuste 501 Uké@nat ahéghs berRBFat WA par €+ Gul &F 121°C

for ‘parenteral adnministration. _However, _th n-al
RN et orEh oTAPFy GPPEORECAEGE OThEy LoAhels nenutes
sterilised at high te res, . ; Gerand i i

10 al’b’d%/}é,a%”t%v%rﬁ%?g (B%nggg ajtéljrreeli" ol% g:the?tgérs%t%&lg m nultmees ln

10 Wi b aghi SvegBRbpok EenBetatur® ithatheotrresppads to the
time in mnutes at a variable tenperature that

COFs@sRentst et ba mineatseat (2H8C] Aahrnbebgdaforode ideal

cal culated for an ideal _m croorgani i M of microbial
tehpEPargrel eBePAVErEnt SFqﬂ%ﬁ%ﬁé%i é%@%ﬁg%%itfbnqip

t 8o cENEB21 21 bANS £KAOWN pRiciagldta dird kinown hitherto had in

15 sgome cases to be sterile filtered ét room temperature
and/or have.preservatives, such as benzyl alcohol or
phenol, added thereto. Such working steps or additives are
not necessary according to the invention. It is poéSible to:
introduce the solutions of the complexes into ampoules, for

20 example. For example, solutions of from 1 to 20 wt.%, for
example 5 wt.%, can be introduced into vessels, such as
ampoules or vials) of, for example, from 2 to 100 ml, for
example up to 50 ml. The preparation of the parenterally
administrable solutions can be carried out in a

25 conventional manner, optionally with the concomitant use of
additives conventional for parenteral solutions. The
solutions can be so formulated that they can be
administered as such by injection or as an infusion, for
example in saline solution. For oral or topical

30 administration, preparations can be formulated with
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15 sone cases to be sterile filtered at room
tenperature and/or have preservatives, such as benzyl
al cohol or phenol, added thereto. Such working steps
or additives are not necessary according to the
invention. It is possible to 4,ntroduce the sol utions
of the conpl exes into anpoul es, for 20 exanple. For
exanpl e, solutions of from1l to 20 wt.% for exanple
5 wt.% can be introduced into vessels, such as
anpoul es or vials, of, for exanple, from2 to 100 m,

e : T SR ald 11tike
%gﬁgﬁgg?gpkyCBSH%?%?%?%%bF% S utionghggﬁugi carﬁ ed
substAnaed5 conventi onal manner, optionally wth the
concomtant use of additives conventional for
parenteral solutions. The solutions can be so
Faemibated sbhat Hheyr fan Rerc i ik st wed siiaterts which
Injection or as an infusion, for exanple in saline
sokutudnabler ior glawri¢wipcafoBPaRAFREF atIPEavenous as

reparati,ons can be fornulated wth I
g’Sﬁ eAfi SREF2EXE Pt £ Ja%&}f?iflzﬁ%/]a%%bs éa)\(grzcﬁe% eoT]:ha(éL oF
£BYeBLI 0B dhhen eftara faH | heia prievild esamask casvsdtsn e hicular
5 are suitable in particular for parenteral,
Eprr shensasaggente|9f dsromideficteney WRAFHT r ation
and al sqg _f Qr | cal ] Bl St [
SRVeRtide Soctedo, pLARC nROV s PR 0 Jone,
i -on (defm) Cicentys1anheid @sde dhea t hive ntowpl ¢hes edorerding to
further provides the use of the 10

h . .
Fhen(PVERE&r oHY diist & ERA TR VAR RBPRIVES 5t o i Hg™™

h%fi%qgrk§y§£géémkéé'5Peiﬁr@ﬁé”ﬁfépéthDéﬁDBf'ﬂéﬁﬁcéﬁents
I ron efI'ci ency anaemas or in the preparation of

fedi dangretrs i fdrar ntlparpacehoerahet papenes gpf iron
tr%gtnﬁnt of iron, . table f
deficiéncy anaemias. The medicaments are suitable ror use

in human and veterinary medicine.

According to the invention it is possible for the first

time to prepare iron complexes of maltodextrin derivatives.

Compared with the iron-maltodextrin complexes known from WO
2004/037865, the iron—maltodexﬁrin derivative complexes
according to the invention permit a specific and fine
adjﬁstment of the molecular weight over a wide range to
higher molecular weights, which was not possible with the

known complexes.

The majority of the iron-maltodextrin derivative complexes
exhibit a virtually unchanged degradation kinetics (B =
0.5) as compared with the iron-maltodextrin complexes known

from WO 2004/037865.
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defici ency anaem as. The nedi canents are suitable for
use 15 in human and veterinary nedicine. According to
the invention it is possible for the first tinme to
prepare iron conpl exes of maltodextrin derivatives.

20 Conpared with the iron-maltodextrin conpl exes known
from WD 2004/ 037865, the iron-faltodextrin derivative
conpl exes according to the invention permt a
specific and fine adjustnent of the nol ecul ar wei ght
over a wde range to higher nolecular weights, which

was not possible with the 25 known, conpl . Th a
Mot A5 Or= L MRS B RANEBHEAT: P AL Fuat gt bt araense

qu%@%%ig%vgé&ggégyeHQ?ﬁgeggddeggaaaaibﬁnbki@mylese(@s
= . conpared with the |ron-naltodextrhn n bromote
cosmpexed khomnunadrfvemived2nedtodesssinp2Wi68: can P

deri vati sed |t odextri.n conpl s_exhihi t -bACK8asBHextri
stabrriey #ohards 86%%&%8%%’63?268% g%gb§rgﬂy| ase as

cQuPaysdi Vi t Bodpdeskwaticsed dralt edexhei apvehitéAncan the
pronote retarded and uniform degradati on of the
ibodymal t odextrin 5 derivative conpl exes according to

the invention in the body. The iron yields of the

conpl ex derivatives according to the invention reach

100% (bA paslieubdr tihe tdeepdase defr ivhd iV@sSs@craregnd to the

conpl ex derivatives), as conpared w_th .87 .t 0
{ RBVRRSHART FBACHA &L (i FEGTpICRES, i 4 Tds® defl the

reﬁﬁ%é%ghlsco E}%&%%?i%ﬂ%)@g%sf QonfpadiC kiidm @7 &o 93 %
C e.

conmercral s anples 15 In the present . ents
descthpt kapwand ridre rexdrmslesst niTl CIPTRGIGRRS Which repres

an economic advantage for production on a commercial scale.

Examples

In the present description and the examples which follow,
dextrose equivalents are determined gravimetrically.'To
this end, the maltodextrins are reacted in agueous solution
with Fehling's éolution, at boiling. The reaction takes
place'quantitatively, i.e. until no further discolouration
of the Fehling's solution occurs. The precipitated

copper (I) oxide is dried to a constant weight at 105°C and

determined gravimetrically. The glucose content (dextrose

>3

equivalent) is calculated from the resulting values as %
wt./wt. of maltodextrin dry substance. For example, it is
possible to work with the following solutions: 25 ml of
Fehling's solution I, mixed with 25 ml of Fehling's
solution II; 10 ml of aqueous maltodextrin solution (10 %

mol/vol.) (Fehling's solution I: 34.6 g of copper(II)

sulfate dissolved in 500 ml of water; Fehling's solution



dextrose equi val ents are determ ned gravinetrically.
To this end, the maltodextrins are reacted i n aqueous
solution wth Fehling's solution, at boiling. The
reaction takes 20 place quantitatively, i.e. until no
further discolouration of thezxfFehling s solution
occurs. The precipitated copper(l) oxide is dried to
a constant weight at 105C and determ ned
gravinmetrically. The glucose content (dextrose
equi valent) is calculated fromthe resulting val ues as
%125 W3 /gMof Qfot@ss odexsbdaudr yastbatansed $org of sodium
exanple, It is possible to work %Ath thF fol |l owi ng
duidrowitle, BiegobyedréRl FRG BlsGEulRER™ ; nixed with
25 m of Fehling's solution Il; 10 m of aqueous
mal t odextrin solution (10 O nol/vol.) (Fehling's .
sol utd ofxplaBded Heoticbpfen( WbicB0melhpdseanfsd6Vyegs were
in 500 mM _of water; Fehling' s solution 23. _LI:c1 g

5 oGSt e FUHPEBAREnT P& £ CM%@’%’PEF%S%%' o te

rﬁ%ﬁé%&é&hﬂgﬁS&@kyggthﬂeéogd@ iHoaicgipllexkets .i s
exp

ai ned her el nbel ow whi ch net hods and devi ces were
5 used to determ ne the respective properties of the

A T i i T il

red £ eo688at o HREH 10 13C- NVR Bruker Avance-400, 100
MHz, solution in D20 referenced extern

' ly. to .

10 tPEmMBy| Biriaken dnviaatant &9®- pPBoloAI ¢S ai‘il%l%‘li‘mﬁ%o
Br uker Avance:- v Sl ' 19,102 -
ret %?]é%%%%gegfgr%%gﬁas %t c%otn%%%ﬂa%%lllg lI R tlg:'ﬁ%eFl{ltero
Rer&phokliseacld25x, KBr pellet |CP-CES: Horiba Jobin

Y3\{L%rlN%\JfllRt:i rlgeruz}{ezfasznxpér?cgi-gggl,vfgzi MHEI?Osolution in Dy;0
referenced externally to conc. H3PO,

15 1IR: FT-IR Perkin Elmer 1725x, KBr pellet ‘
ICP-OES: Horiba Jobin Yvon Ultima 2, sample dissolved in H0
IC: Metrohm 733 IC Separation Center (incl. conductivity
detector), sample dissolved in H;0
GPC: Waters 515 HPLC pump, Waters 2410 Refractive Index

20 Detector, sample dissolved in H;0, pullulan as standard

" Determination of M,: see GPC
Determination of M,: see GPC
Fe content: titrimetric determination with EDTA (e.g.
Jander Jahr, Massanalyse 15th Edition)

25 Degradation kinetics: P. Geisser, M. Baer, E. Schaub;
Structure/Histotoxicity Relationship of Parenteral‘Iron
Preparations; Arzneim. -Forsch./Drug Research 42 (11), 12,
1439-1452 (1992)

Analysis Jena Specord 205 spectral photometer, investigated

30 degree of degradation 50 % (® = 0.5)
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IC. Metrohm 733 | C Separation Center (incl.
conductivity -detector), sanple dissolved in H2O GPC
Waters 515 HPLC punp, Waters 2410 Refractive Index 20
Det ector, sanple dissolved in H20, pullulan as
standard Determination of M/, see GPC Determ nation
of Mh: see GPC Fe content: tit¥inmetric determnation
with EDTA (e.g. Jander Jahr, Massanal yse 15th
Edition) 25 Degradation kinetics: P. Ceisser, M Baer,
E. Schaub; Structure/H stotoxicity Relationship of

Parenteral, I ron Preparations, el S [HX Uked
Rash ot e e P B Al TR B AT S Tane
Speeprd 205 spectral photoneter, investigated 30
degree of degradation 50 % (O = 0.5) 24 Iron yield:
amount of Fe isolated in g/amunt of Fe used in g

© 15 Preparation of Cl-oxidised maltodextrin
Eggﬁgiéi—ﬂaltodextrin havi ng a dextrose equival ent of
Brepwfaa idirs s vad dxi dAsedrimadftogletxdring, 4 g of NaBr
were added, and 78.4 g of NaOC solution (14 to 16
wt. % active 10 chlorine) were netered in in the course
gSf%@@%ﬂ%O&é@trﬂH p@#fﬂigﬁp&eﬁ’@f@é@néq\;ﬂvéﬂéntﬁ of 12
0.5 y addition of 30 wt.% NaOH. The pH was then
adi s tdicsaad vadD isi Pg0 HEL of 28aer o) l-4nd PheNpPHAURTS

e Ph B i ToB Hedtopdt psEoa Rh o) L St o Beeidve
ROt n dyased 150 | b edrdy gecant thg cofitséhefstpemhavbps, the

solution and was dried for 24 hours at o
pH being kept constant at 9.5 (£ 0.5) by addition of

30 wt.% NaOH. The pH was then adjusted to 7.0 using HCI
(20 wt.%), and the product was precipitated by addition of
ethanol (92 wt.%) in a volume ratio of 1:6
(solution:ethanol) . The product was isolated by decanting

off the supermnatant solution and was dried for 24 hours at

50°C and 125 mbar.

Example 2

Preparation of C;-oxidised maltodextrin

100 g of maltodextrin (9.6 dextrose equivalents, determined
gravimetrically) are dissolved at 25°C, with stirring, in
300 ml of water and oxidised at pH 10 by addition of 30 g
of sodium hypochlorite solution (14 to 16 wt.% active

chlorine) and isolated and dried as in Example 1.
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50C and 125 nbar. Exanpl e 2 20 Preparation of

Cl-oxi di sed nmaltodextrin 100 g of naltodextrin (9.6
dextrose equi valents, deternmined gravinmetrically) are
di ssolved at 25C, with stirring, in 300 nl of water
and oxi dised at pH 10 by additg®n. of 30 g 25 of sodium
hypochlorite solution (14 to 16 w. % active chlorine)
and isolated and dried as in Exanple 1. 25 - Exanple 3
Preparati on of Cl-oxidised maltodextrin A m xture of
45 g of maltodextrin (6.6 dextrose 5 equival ents,

ggﬁﬁgﬁkggf gravinetrically) and 45 g of nmaltodextrin
rose equival ents, determ ned
@mmparemmmaldﬁ/)cj@m@md/é@ﬁhwwrmt h stirring,
in 300 m of water and oxidised at pH 10 by addition
of 25 g of sodium hypochlorite solution (14 to 16

W mé;&fihié/%fl%g opEN@h186deksetiat éd .andedkiredeas in
Exanple 1. Examples 4 to 7 Acet Iatlgg 15 %0859 ogf
rwmnoc@@trmsn, obebenedned sxavpretTicelidy) ol g

T 6 i’le
T S o e R T

%ﬁqﬂzl%&@ﬂ&amﬁ)hy%l Q@s‘é@&v@@d&@ at°a, raiehoftirying, in
/mn. In various amounts shown in Table

bmmgnkeqnf wmtaandapxgd582@ @tors) 1oy bé(d&]aldl%ﬁogf °5925 9
% The s ut| tirr haut, c&ti ve
St GOS0 L6 2o AR ha st ed T T

L&kﬂgrﬁ_x@ew atd H@bol?éh@dpmdlueirm asprigcifyamgtled 1w t h
ethanol (92 w.% in a volune ratio of

Examples 4 to 7

Acetylation

200 g of maltodextrin obtained in Example 1 (1.23 mol of
anhydroglucose) were dissolved at 25°C in 66Q ml of water,
and the pH was adjusted to 8.5 using 30 wt.% NaOH. Acetic
anhydride was added at a rate of 1.7 ml/min. in various
amounts shown in Table 1, the pH being kept constant at 8.5

(¥ 0.5) by addition of 30 wt.% NaOH. The solution was

stirred for one hour at a constant pH of 8.5 (& 0.5) and
then adjusted to 7.0 using 20 wt.% HCl. The product was
precipitated with ethanol (92 wt.%) in a volume ratio of
1:6 (solution:ethanol). The product was isolated by

decanting off the supernatant solution and was dried for

24 hours at 50°C and 125 mbar.

By varying the amount of added acetic anhydride, different
degrees of acetylation were obtained. The results are shown

in Table 1.
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1:6 (solution: ethanol). The product was isol ated by
25 decanting off the supernatant solution and was
dried for 24 hours at 50C and 125 nbar. By varyi ng

t he amount of added acetic anhydride, different
degrees of acetylation were otgéeu ned. The results are
shown 30 in Table 1. 26 - Tabie 1 Exanpl e Equival ents
of Ac20 Degree of nolar Yield [% (based on
substitution (not of isolated anhydroglucose)

(' HNVR) product/nol of anhydroglucose used) 4 1 0.84
24 5 0.67 0.61 65 6 0.33 0.3169 7 0.16 0.14 74 1
- not derivatised 84 OnMng to the acetylation, the
seipld ity of the 5 maltodextrin derivative in ethanol

increases, which results. | L ipg—\vi-eld Wftb an
FHETRAS| Ry b‘?’été 8F 2%0bs P%%ﬁ%e E TR ddgrgs af o aced
( . t1 ion isolate
acetyl af d % et er m ned i‘f}% éa vely t%ro Qcd/Bo1 of
I‘O cose
spect roscoﬁ’ quantitati y NWVR specgnﬁggﬁsg,@ycose used)
The acetyl ation can be rmnltored by I R spgctroscopy by

gugment gy T o of the band af ¢1g40 cm ~ ( C=0 asal ence
vibratipn of COOR). The dnnrao of —nplar—deetyation

was detpPrfi'lned by 15 1H NMR s?)]ectroscopy 0y he ratio

osf t he mtaensnty of the CHBo.zignal at 2.0-€2 3 ppm

nnnnn o t .+ hao ot HI £ +—} . 1
\,fJ.bCL yl gt l%upl to—tne—THrengriy Ol e STgfdl  al
3.0-4.5 Domand 5-6 ppm (7{protons of the

1 not derivatised 84

Owing to the acetylation, the solubility of the _
maltodextrin derivative in ethanol increases, which results
in a falling yield with an increasing degree of

substitution.

The degree of acetylation was determined qualitatively by

IR spectroécopy and quantitatively by NMR spectroscopy.

The acetylation can be monitored by IR spectroscopy by

| augmentation of the band at 1740 cm? (C=0 valence vibration

of COOR). The degree of molar acetylation was determined by
H-NMR spectroscopy by the ratio of the intensity of the CHs
signal at 2.0-2.3 ppm (acetyl group) to the intensity of
the signai at 3.0-4.5 ppm and 5-6 ppm (7 protons of the

anhydroglucose group) .

Examples 8 to 11

Succinylation

200 g of Ci-oxidised maltodextrin obtained in Example 1 were

dissolved in 655 ml of water. The pH was adjusted to 8.5
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anhydr ogl ucose group). 20 Exanples 8 to 11
Succinylation 200 g of Cl-oxidised nmaltodextrin
obtained in Exanple 1 were dissolved in 655 m of
wat er. The pH was adjusted to 8.5 27 wusing 30 m.%
NaOH, and succinic anhydride yas_added in portions at
25C in the course of one hour, the pH being kept
constant at 8.5 ( 0.5) by addition of 30 wt. % NaCH.
The pH was then adjusted to 7.0 by addition of 20 wt. %
HC 5 and the product was precipitated with et hanolci
92 W NS | uge 4 tinepdretibanak efldédein
r%cﬁj“c’: ﬁa&ﬁéo %hgg lzlgcl?gntl gg of f the

@&9&‘ 5&@%&&% §9¢¢Jti@ntﬁadc@aﬁsedbfednéoho@n, hible spratbeing
0C and 125 nbar. 10 By varying the added armunt ot

peisEi dbgseahydaide, 5 dif Desdnbydegdésdopf of 30 NaoH.
succi nyl ati on were obtained. T res Shewgel B 1cl
Tasd| Iészaﬁabh@nzaéﬂélrﬁﬂeéi éﬁ't S dlé#%eg{ gDe of

(oL agy g rﬂb\/td:!d de U ksthandli of®2( mol. %) in
dlé% ﬁkgd{lf%ase I[Hzfﬁlr%dro- (1H NMVR) oducAf( |
é)fvoghwléosa}clanlsyodﬂmglqmwélaIB@d)OfB30617 ?L?r‘f’ ucq was

0.08 0.Q7 82 _ 10 0..04 0. 4
heplabefvayi ggﬁca@}lng t§l‘JCC| %?%r%&@%gﬁltll)m and was

ation did not
é'ggbf%8%”5 yh%h %FEHE&%PC and 125 mbar.

By varying the added amount of succinic anhydride,
different degrees of succinylation were obtained. The

results are shown in Table 2.

Table 2
i ' lar vield [%]
Example | Equivalents of Degree of.mo )
‘ ? succinic anhydride substitution (moé oillsilazed
- 1H-NMR) product/mol o
é?izzge?n snhyde ( ' anhydroglucose used)
8 0.17 0.15 ' 74
S 0.08 0.07 82
10 0.04 0.03 84
11 0.02 0.02 70
1 - not derivatised 84

The succinylation did not significantly affect the

solubility of the oxidised maltodextrin.

The succinylation can be monitored qualitatively by IR

v - _
spectroscopy by augmentation of the band at 1740 cm™ (C=O
valence vibration of COOR/COOH). The degree of molar

succinylation was determined by 'H-NMR spectroscopy by the

ratio of the intensity of the two CHa signals at 2.4-2.7 ppm

(succinyl group) to the intensity of the signal at
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solubility of the oxidised maltodextrin. The

succi nylation can be nonitored qualitatively by IR 20
spectroscopy by augnentation of the band at 1740 cm
(C=0 valence vibration of COOR/ COOH). The degree of
nmol ar succi nyl ati on. was de[ggg%ned by ' H NWVR
spectroscopy by the ratio of e intensity of the two
CH2 signals at 2.4-2.7 ppm (succinyl group) to the
intensity of the signal at 28 3.0-4.5 ppmand 5-6 ppm
(7 protons of the anhydroglucose group) . Exanples 12

Car box t hy Of o ClerxXi Hirgetoglucose
ﬁ%l od ] g?ﬁgd&ﬁﬁ Eﬁ&%%?égi ﬁ%re di ssol ved in
uy) .of mater 118 g of solid NaCH were added so

that the pH was 13-14. Chloroacetic acid was added 10
in portions in the course of 20 m nutes, and then

[l ied out at 25C for 3 hours. The pH
pRehile TR e to 7.0 by addition of 20 wt. % HCI,
ardchdherrddidcit iows preci pitated with ethanol (92
w.% 1n a volune ratio solution:ethanol of 1:6. The
product was isolated by 15 decanting off the

Wrﬁ%@r& _Si il ahd dkEestit B Jirainkt houxkaaiple 1 were
50C and 125 nbar. By varying the added annfné §a0H were

-cﬂﬂsﬁ@ku&ﬂlxneﬁﬁﬁ mbl@feWéh@r dégPedsobfsoll

%é%&ynEt Iatlon Eg ng cibErbasutie a@@daﬁﬁs added

anmpl e Equi val ents of
ﬁ@k@ioﬁgﬂiﬁ ﬂhé|doﬁ9%e ehl apoatetitesacagd then stirring
substitution (nol of isolated (based on anhydro-
(wah NMR)rjedduct / abl 26fC for 3 hours. The pH'was then

HC1l, and the product

oe

adjusted to 7.0 by addition of 20 wt.
was precipitatéd with ethanol (92 wt.$%) in a volume ratio
solution:ethanol of 1:6. The product was isolated by

decanting off the supernatant solution and was dried for

24 hours at 50°C and 125 mbar.

By varying the added amount of chloroacetic acid, different
degrees of carboxymethylation were obtained. The results

are shown in Table 3.

Table 3

Example | Equivalents of Degree of molar Yield [%1
chloroacetic acid substitution (mol of isolated
{(based on anhydro- (*H-NMR) product/mol of
glucose) anhydroglucose used)

12 0.35 0.034 63

13 0.23 0.024 63

14 0.18 0.017 76

15 0.09 0.014 64

16 0.05 0.008 63

1 - not derivatised 84
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gl ucose) anhydrogl ucose used) 12 0.35 0.034 63 13
0.23 0.024 63 14 0.18 0.017 76 15 0.09 0.014 64 16
0.05 0.008 63 1 _ not derivatised 84 29 The degrees
of carboxynet hyl ati on achieved did not significantly
affect the solubility of the -oxddi-sed nmaltodextrin. 5
It is not possible to nonitor the carboxynethyl ation
by IR spectroscopy because of the | ow degrees of
substitution in these exanples. (No clear band at
1740 cm -1 of the C=0 { valence vibration.) The degree
ofrhen e reasb @ty rediydapnarhy Watsi oretartmignas! id

tpect oy b T CPLLE ol 1 00 st

a rogl e group) to the intensity of the signa
o?g¥hégg?$;é£ﬁ'c protons at 4.8-5.8 ppm

(anhydr ogl ucose group w thout derivatisation) 15
Exanpl es 17 to 20 . Sulfation 20 - 01 0 ; b
meitt dfeXali PR Hed ¢ nm‘EijaFr%FeQ}?Lgvé%]ég éﬁ( s%%*%%%t%%n ¥y IR

6Q0, - Qs Mg eH A heab edche BOE. dediBe@d of substitution in
trirmet hyl amne conpl ex was added and the nixtu%et%%sczo

sttitrersed extar80@ S or (80 @i aat ekapdust ny’®hi €A t R
suspensi on ..changed | a % i gR) ofr W2 Yo diREEt hylation
(¥ %ﬁﬁﬁ\ﬁﬂ%ﬁéﬁé%pbggégeoﬁég ggnofdﬁ anount of =
SQRrd IdtRiArad Ney Coimnex, speot respupyibyy tthe Ieatiq of the
m dependi ng on the degree of
intensity of the anomeric protons at 5.6 ppm
(carboxymethylated anhydroglucose group) to the intensity
of the signal of the anomeric protons at 4.8-5.8 ppm

(anhydroglucose group without derivatisation) .

Examples 17 to 20

Sulfation

200 g of C;-oxidised maltodextrin obtained in Example 1 were
dissblved in 600 ml of water and heated to 30°C. SOs-
trimethylamine complex was added and the mixture was
stirred at 30°C for 30 minutes (during which the suspension
changed into a solution). 40 wt.% NaOH (1.7 equivalents,
based on the molar amount of SO3;-trimethylamine complex,
corresponding to 18-141 ml depending on the degree of
substitution) were added at a rate of 2.8 ml/min., and the
solution was stirred at 30°C for 2.5 hours. The pH was

" adjusted to 10.5 with 20 wt.% HCl. The product was
precipitated with 92 wt.% ethanol in a volume ratio
solution:ethanol of 1:7 to 1:8. The product was isolated by

decanting off the supernatant solution and was dried for

24 hours at 50°C and 125 mbar.
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25 substitution) were added at a rate of 2.8 m/mn.,
and the solution was stirred at 30C for 2.5 hours.
The pH was adjusted to 10.5 with 20 wt. % HC1. The
product was precipitated with 92 w.% ethanol in a
volune ratio solution: ethangf of 1:7 to 1:8. The
product was isolated by 30 decanting off the
supernatant solution and was dried for 24 hours at
50C and 125 nbar. 30 By varying the added anmount of
S03-triethyl am ne conplex, different degrees of

sul fation were obtained. The results are shown in
Table 4. 5 Table 4 Exanpl e Equival ents of s03 Degree
B FRbaindithel &8ledr aagent Olfiased- oni SulbstILRT giprmplex,

| of isol d hyd I ' VR
Gyt G EESSE Beodpl Lo 1600 7o s RPb8 500 S0 eg 1 ES
92 17 3,20 0.08 0.05 86 1 - t
%re.ég?gn hngﬁéﬁ%g 4 no

erivatise € reason for the increasing yield of
oxi dised sulfated nmaltodextrin is the decreasing
solubility of the product in 10 ethanol. The degree
BRPL@l fation can be nonitored qualitatively by IR

SEEGLE VSR 1hod/PFEBDAT | [Ofeglte tdiemdiands atiel@6G:1and
830bcm re¥Gdr@NeBastdbat | OnsubetitS®8) . The thegrefe laglated

mol ar ]5nBgHralicssedas deft EErtiMRed by 73C uct/mol of a
spectroscopy by t he anhydroglucose use
17 0.67 0.56 98

18 » 0.34 0.27 92

19 0.17 0.12 93

20 0.08 0.05 86

1 - not derivatised 84

The reason for the increasing yield of oxidised sulfated

maltodextrin is the decreasing solubility of the product in

ethanol.

The degree of sulfation can be monitored gqualitatively by
IR spectroscopy. (augmentation of the bands at 1260 and
830 cm', valence vibrations ofvSOf). The degree of molar
sulfation was determined by *C-NMR spectroscopy by the
ratio of the intensity of the C; signal at 96 ppm (sulfated
species) to the intensity of the G signal at 103 ppm (non-

sulfated species).

Examples 21 to 24

Phosphation

300 g of C;-oxidised maltodextrin obtained in Example 1,

NaH,PO, and Na,HPO, (molar ratio 1:1.8) were dissolved in
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ratio of the intensity of the Cl signal at 96 ppm
(sulfated species) to the intensity of the Cl signa

at 103 ppm (non- sul fated species). 20 Exanples 21 to

24 Phosphation 300 g of Cl-oxidised naltodextrin
obtained in Exanple 1, NaH2PQ4 and Na2HPOA (ol ar

ratio 1:1.8) were dlssolved in"31 1.5 litres of water

and the pH was adjusted to 3.0 using 20 wt.% HCl1. The

sol ution was concentrated to dryness by evaporation

in arotary evaporator at 70C and 125 nbar. The

e ue_was drje r.. 16 u 5 2bpnban. usin
#h?sg ?%ductwﬁﬁg gﬁgﬁh %% %éﬁggfe%gggg%ggc over a J
perweds Oﬁc14 tragr scatitiah mla@r cohoientmatedi &P dm'ness by
ground again and dissolved for one hour in nr[’\b h
eeaghtatabhoiof alrétary( SOBRETRECET Ptafl 05pcan h%zs ar. The
sol ution was cooled to 25C and the j, soI gg residues, ;o
veseduepuprat 84166 toy déntiausy&t 50°C1endesgs PR f of

%ggg}lg n@ggsgt[f%%@n%\ﬁggq% ate fé{ To Clrstohen‘ggéghgt Feribg of

AihL{aki 9B Hﬁhng&@xrn@ﬁﬁﬂd|4éﬁ§ﬁi§1|ﬂﬂﬁﬂgﬂm1nd again and
(Ni'tto-Denko NTR- 7410, average Nad 15 retention 10 9

dis821lbad dnd @nd hwumtie 6fatesy-im @ Mﬁlﬂélst/ RGO Pfel:4-4

| of the f t hophosphat, o
(redpeerrsseipptoPohe dainen trden U, “Sri 868 B e

Phet B 8&5@&%6%%?¥ - dreldiodexddd i@y centrifugation
to

concentrare tre In a rotary evaporator at 60C
488020 @0 Zo@ nbarumnd t hen the product was
precipitated with ethanol in a volunme ratio of 1:6
(solution: ethanol). The product was separated off by

eanbhiabyoald erwefvd Bree orthophosphate, the resulting
solution was filtéred by membrane filtration using a
nanofiltration membrane (Nitto—Denko NTR-7410, average NaCl
retention 10 %) at 22 bar and a flow rate of

180-210 litres/hour. The removal of the free orthophosphate

was monitored by IR spectroscopy of the washed fractions.

The solution of the oxidised phosphated maltodextrin was

concentrated to 1 litre in a rotary evaporator at 60°C and
80-250 mbar, and then the product was precipitated with
ethanol in a volume ratio of 1:6 (solution:ethanol). The
product was separated off by centrifugation of the

suspension (5500 rpm for 1 hour) and was dried for 24 hours

at 50°C and 125 mbar.

By varying the added amount of the mixture of NaH,PO, and
Na,HPO, in a molar ratio of 1:1.8, different degrees of
phosphation were obtained. The results arevshown in

Table 5.
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suspension (5500 rpmfor 1 hour) and was dried for 24
hours at 50C and 125 nbar. 25 By varying the added

amount of the m xture of NaH2PO4 and Na2HPO4 in a

nolar ratio of 1:1.8, different degrees of

phosphation were obtained. Thg,results are shown in

Table S. 30 32 The degree of nolar substitution was
deternmined by ICP-OES (Inductively Coupl ed

Pl asma- Opti cal Em ssion Spectroscopy, total phosphate
content) and ion chromatography coupled wth

fﬁQdH%é£¥% %fmﬁéiﬁ%e@@ﬂsé‘¥ﬁgfﬁﬁ s fdf@ined by ICP-OES
nono ualrtative determ nation of the
cpﬂﬁﬂﬁtloélffr eeupaedommtaa{@wmlc &riised QFuUSDRF troSCoRY

31P- NVMR spectroscop r-bou QEHQEﬁHa
595@&r§hPﬁPPﬁEef8Pﬁ¥8¥“ﬁrd%gffﬁnélSHT et t hie reglgled
%tﬁbe%dgc&% Naela!s%n_iér@eent nw&[ﬁ@ﬁphﬁ g bits a
sharp peak at ab ). 7 ppm The broad signal at -10

mpnbphnspbaas$|gned to ol i gophosphates. Table 5
Exanpl e Equi val ents Degree of Free Free Yield (& (no
of PO4 nolar PO4 ol i gophos- of isolated (based on

kit Uk 90e( BRPehiaiastdd $f othetdomternt ofanfrak o-
) (ppm anhydrogl ucose qucosgL usedé 21 1.8gO
moz@psombatzzwaﬁemnﬁm ovt By 55¥-fMpgSRes5r93-crY -

Polymer-bound monophosphate appears in the form of broad
signals in the region of about 0-2 ppm, while free
mdnophosphate exhibits a sharp peak at about 0.7 ppm. The
broad signal at -10 ppm can be assigned to oligophosphates.

Table 5

Example | Equivalents | Degree of Free | Free Yie}d {¢] (mol
of PO, molar PO, oligophos- | of isolated
(based on _substitution | (ppm) | phates*** product/mol of
anhydro- (ICcp) ) {ppm) anhydroglucose
glucose) used)

21 1.85 0.25 80 not 22

determined

22 0.55% 0.08 1 22 : 22

23 0.28 0.24 2 55 13

24 0.23*%% 0.08 58 52 18

1 not - : - - 84
derivatised

*  Reaction time at 160°C/740 mbar 16 hours instead of 4 hours
** The maltodextrin/phosphate solution was precipitated with ethanol
instead of being concentrated to dryness by evaporation

*+%* Content determined by 3*'P-NMR
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23 0.28 0.24 2 55 13 24 0.23** 0.08 58 52 18 1 not -
- - 84 derivatised 15 * Reaction tine at 160C 740
nmbar 16 hours instead of 4 hours ** The

mal t odextri n/ phosphate sol ution was precipitated with
et hanol instead of being conggntrated to dryness by
evaporation *** Content determ ned by 31P-NWR 33 -
Exanpl es 25 to 29 CZ/ C3 oxidation (two-stage
synthesis) 200 g of Cl-oxidised maltodextrin obtained
in Exanple 1 were 5 dissolved in 600 m of water and

he s Ieuté n gvaggheat ed to 50C. The pH was adjusted
x&é—@—g—ie—%—’é—uera p . ng 20 wt.% HC1, and 20 g of NaOd

€1fc oxiBatiaet | ievehltrdaayvwdesiddded in a single
batch. The residual anount of NaOCO was added at a

rate of 5.8 m/mn., the pH being kept constant at 8.5
ﬁgo(go @beO)?:gQ.iEESanﬁtSQe%r%ﬂ\Bﬁlﬂaiﬁbé ip| Brpople 1 were
e 9sPirrad ¥o

stirr r 1 hour at 50C and pH 8.5" .(_0.5). c
Allswadvetihen adjustledt watarsiaiyg SRSk n %a?és nHed to

product was precipitated wt 2. .wt %.e | Sbny@ .3 HCL,
BOPOneThat PB wasl afiyRte hﬁﬁog’gftT:EI%Tkgqg'oduct was

i sal gted b cantd ng, ofd ¢ he-superat@nineolvsieomdded
gﬁg'%gsgdpﬁeﬁgfgﬁ'%%f E%Lrs at 50C and 125 pbar 2dded
Exampla n3Q CHaGMC3 The deetd it a1 AVt HEAT &

in situ 20 derivatjsation)_.200 .¢ . ol Xtdhdant at 8.5
ledviengad ed & Post Bgivail 'entth%fplgzég%/\%?e i ssol ved in

6&0 O@S)otbym@d%ritainodn the solpt i PNy®s. The solution was

stirred for 1 hour at 50°C and pH 8.5 (£ 0.5). The pH was

[

then adjusted to 7 using 20 wt.% HC1l. The product was
precipitated with 92 wt.% ethanol in a volume ratio
solution:ethanol of 1:6. The product was isolated by

decanting off the supernatant solution and was dried for

24 hours at 50°C and 125 mbar.

Example 30

¢,/C,/C; oxidation (single-stage synthesis, in situ

derivatisation)

200 g of maltodextrin having a dextrose equivalent of 12
were dissolved in 660 ml of water and the solution was
heated to 50°C. 1.1 g of NaBr were édded, and 135.2 g of
NaOCl solution (14 to 16 wt.% active chlorine) were metered
in in the course of 30 minutes, the pH being kept constant

at 9.5 (+ 0.5) by addition of 30 wt.% NaOH. The solution

was stirred for 1 hour at 50°C and pH 9.5 (£ 0.5). The pH
.was then adjusted to 7 using 20 wt.% HCl. The product was

precipitated with 92 wt.% ethanol in a volume ratio
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heated to 50C. 1.1 g of NaBr were added, and 135.2 g
of 25 NaOCl solution (14 to 16 w. % active chlorine)
were metered in in the course of 30 minutes, the pH
bei ng kept constant at 9. 5 ( 0.5) by addition of 30
wt . % NaCOH. The sol ution ét%rred for 1 hour at 50C
and pH 9.5 ( 0.5). The pH wa hen adjusted to 7
using 20 wt.% HC1. The product was 30 precipitated
with 92 wt.% ethanol in a volune ratio 34
sol ution: et hanol of 1:6. The product was isol ated by
decanting off the per at nt I MeSs e d
ﬁ@ﬂUtZth§GP§n§5-§ﬁ% n§9£&&%@§$§€g?ylng thgg’
g@% g rampy giffOftH@% ééﬂa&ﬁn% goluvion chmdriae)dried for
erent egrees of nolar C2/C3 oxidation were
oht aiat athe o°es s 1% rdteoon in Table 6. Table 6
Exanpl e Equi val ents Degree of nolar Yield [%4 (nol of
i solated of NaOC oxidation (i'c- product/nol of Nom

nh gg Qné8o08. §48CcT2 (26- msz% acopee
% yvd r%gqts)&ou%&%%d %goOnOGOnot det ect abl e d% N were
Q;Iﬁ&)xl‘mie)d,etcex:ﬂmi*enﬁ8d69©eesl,9f0!“91?r8§2 Gs ﬁ’&‘tl atio

d tised 84 10 Th i Lsgl.ated yield
SPHEdoTHE i bAUEEE FEoURal T PP Sag possi bl

to nonitor the degree of C2/C3 oxi d;ation by

Table 6
Example | Equivalents begree of molar vield [%] (mol of isolated
of NaOCl oxidation (**C- product/mol of
NMR) anhydroglucose used)

25 0.48 0.042 72

26 0.24 0.022 71

27 0.12 0.012 . 88

28 0.06: not detectable 75

29 0.03 not detectable 78

30 0.12 0.017 89

1 - not derivatised 84

The variation in the isolated yield of the resulting

products is_small.

It was possible to monitor the degree of C/Cs oxidation by
-1
IR spectroscopy by an augmentation of the band at 1640 cm

(C=0 valence vibration of COO7).

The degree of molar Cz/Cs oxidation was determined by BC-NMR
spectroscopy by the ratio of the intensity of the COOH
signal at 175 and 176 ppm (oxidised C, and C3) to the
intensity of the signal at 76-84 ppm (unoxidised Cj) .
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25

15 IR spectroscopy by an augnentation of the band at
1640 cmi  (C=0 val ence vibration of COO ). The degree
of nolar C2/ C3 oxidation was determ ned by 73C NWVR
spectroscopy by the ratio of the intensity of the COOH
20 signal at 175 and 176 ppm (%)gu dised C2 and C3) to
the intensity of the signal 76- 84 ppm (unoxi di sed
C2) 35 Ceneral process specification 1. Preparation
of iron conplexes The preparation of iron conpl exes
fromthe resulting 5 oxidised derivatised

mal t odextrins was carried [ HSbACL
g B S R

| LoRbi1dtds chloride solution (12 %w./wt. Fe) there
were added, with stirring (paddle stirrer), at room
10 tenperature, first 100 g of the oxidised

i vati sed malt odex FRor00hel retulateg,
]Eietﬂﬁ?\p%%ﬁt ™o % t‘L |§mg(|(:)a ggﬁgtge sol ut i on (17.3.%

%xi&&sédpd@fhﬁétiée\ﬂamaﬂltedesstrabsl YREdCBY r&8di PPBn in each
of sodi um 15 hydroxi de sol uti o nd_t yti,en was
heasedusdng0LOand Ofaithica "ﬁé& %?Xgaénf grgrggjam nut es.

The mixture was then acidified to a pHof 5to 6 by

addi tion of hydrochloric acid, and the sol %tl on
mebntapngdost i 566 (Al )a dhicatele s98UFHABt ds2ard "Frén

heated to 97-98C and , nt Al t h 2 & di8Raenat Wie room
f 56Pe3e WPRGt 89St & ﬁnr qﬁa (gtalla&ll on o  room

{ eangLatilee, ! g Rk vlaweg 5 tath untietd sesl Gior ipgacised
a i on of sodium hydroxide solutiag Tthe So':#{'tﬁﬂen 554 g
\Naﬁltbkiemtfcuht driesadnesd a3 98 & Hid

g%rgjjusio 1blfn £ 6%3%1ted é)g B £Gi Pi{Ald on Wi fwebhanol in

vvas dr| ed in vacuo at 50C.

A pH of 11 was then established by addition of sodium
hydroxide solution, and the solution was heated to 50°C and
maintained at 50°C for 30 minutes. The‘mixture was then
acidified to a pH of 5 to 6 by addition of hydrochloric
acid, and the solution was maintained at 50°C for a further
30 minutes and then héated to 97—98°C.and maintained at that
temperature for 30 minutes. After cooling the solution to
room temperature, the pH Vélue was adjusted to 6-7 by
addition of sodium hydroxide solution. The solution was
then filtered over a sterile filter and the complex was

isolated by precipitation with ethanol in a ratio of 1:0.85

and was dried in vacuo at 50°C.
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36 - Exanples 31 to 33 Acetylated iron conpl exes
According to general process specification 1, the 5
acetylated iron conplexes 31 to 33 were obtained from
the maltodextrin derivatives obtained in Exanples 5
to 7, the properties of whichy;are summarised in Table
7 below, in each case conpared with a standard
preparati on which was |ikew se prepared according to
general process 10 specification 1 from Cl-oxidi sed
but not derivatised maltodextrin as obtained in

2ql Par anet er Standard Exanple 31
12 B 33 M5=0.14 M5=0.31 M5 =20.61
Qloeam]l(Efreain i(fomncofixbepée 7) Exanpl e 6) Exanple 5) Fe
content* 27.0 28.9 29.7 30.6 Mv 168, 000 234, 000
349, 000 511,000 M1 100,000 139, 000 163, 000 334, 000
Re-adat ngﬁgéﬁegglﬁgroggggtb@@cif@catioﬂanueshbased
on dry substarice 15 e use of acetyl ated . ch
malettodettad rixieni vompVeseRavdilng Oa 3 3d¥§FEeOBF 2iBpgr from the
substitution >.0.61 result i_n . l.nstab ust 8o 20 the
fﬁ'%(éﬁ%ﬁ%ﬂ%di?Fﬁﬁa%%ﬁpFe%ggagfﬁ?bﬁgég§ﬁﬁg?ggsgd iron
SAIRNUS a5 SOMPRIEH a-ehsubmastizedarid Gablei i hglow, 1n

nmol ecul ar . .
each case compared with a standard preparation which was

likewise prepared according to general process

specification 1 from C;-oxidised but not derivatised

maltodextrin as obtained in Example 1.

Table 7

Parameter Standard | Example 31 Example 32 Example 33
MS = 0.14 MS = 0.31 MS = 0.61
(from (from (from
Example 7) Example 6) Example 5)

Fe content* 27.0 28.9 29.7 30.6

Mw 168,000 234,000 349,000 511,000

Mn 100,000 | 139,000 163,000 334,000

Degradation 35 41 46 44

kinetics

® = 0.5

* Values based on dry substance

The use of acetylated maltodextrin derivatives having a

degree of molar substitution > 0.61 resulted in instable

products.

The acetylated iron complexes exhibited increased iron

contents as compared with the standard and rising molecular

weights as the degree of substitution increased. The

degradation kinetics at 50 % showed similar values compared
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wei ghts as the degree of substitution increased. The
degradation kinetics at 50 % showed sim |l ar val ues
conpared 37 wth the standard. The Fe yields of the
acetylated iron conplexes reached 97 % Exanples 34
to 36 5 Succinylated iron co exes According to
general process specification 1, the succinylated
iron conpl exes 34 to 36 were obtained fromthe

mal t odextrin derivatives obtained in Exanples 9 to 11,

the 10 properties of which are summarised in Table 8
bel ow

.. in__each case, coppa Lt pracrgtapdatglated iron
%%%Ba?%?i%ﬂavﬁ?€ﬁ'mggg F?kgagéégprepared according to
ggﬂﬁigkegrﬁggéﬁedspec%tication 1 from Cl-oxidi sed but

not derivatised maltodextrin as obtained in Exanple

1. 15 Tabl e 8 Paraneter

a e 3
S

St andard Exanpl e 34 Exanple 35

3¢0. 02 (fromM = 0.03 (from M = 0.07

e 10) (from Exanple 9) Fe content*
Bhc0iR413c26. 9rdbh 4oMplEER000 260, 000 347,000 773, 000
VA T00, 000 128,000 145, 000 188,000 Degradation 35 28
32 6 kinetics O = 0.5 * Values based on dry substance
ég:g, O%Sﬁg%f £SUGEHRWAL §f-dBd 4 dgyddiifi cteriioratd v gdhe

to 36 were obtained from the

succinylated iron complexes 34
maltodextrin derivatives obtaine
properties of which are summarised
each case compared with a standard pre

likewise prepared according to general

process

d in Examples 9 to 11, the
in Table 8 below, in

paration which was

specification 1 from C;-oxidised but not derivatised
maltodextrin as obtained in Example 1.
Table 8 _
35 Example 36
Standard | Example 34 Example
paraneter MS = 0.02 (from | MS = 0.03 (from |MS = 0.07
from
mple 11) Example 10) (
e . Example 9)
’ 24.4
Fe content¥* 27.0 24.3 26.9
Mw 168,000 . 260,000 347,000 773,000
Mn 100,000 128,000 145,000 188,000
6
Degradation 35 28 32
kinetics
® = 0.5

* values based on dry substance

The use of succinyléted maltodextrin derivatives having a

degree of molar substitution > 0.07 resulted in instable

products.

The succin

iron contents a

ylated iron complexes exhibited slightly reduced

s compared with the standard as well as
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20 degree of nolar substitution > 0.07 resulted in

i nstable products. The succinylated iron conpl exes
exhibited slightly reduced iron contents as conpared
with the standard as well as 38 rising nolecular

wei ghts as the degree of sub§t'§u;ion i ncreased. The
degradation kinetics at 50 % showed simlar val ues
conpared with the standard, with one exception. The
Fe yields of the succinylated iron conpl exes reached
94 % 5 Exanples 37 to 38 Carboxynethylated iron

conpl exes According to ner.a r SSeSPeckhbsat t@hion

Tt *ﬂg]TPﬁéﬁéiﬁ§n§?ﬁ?Fgge§gi#%E g%ﬁp?%xes 37 and 38

Wk @-abiad nethe f aegrhhatieht kdextica der F0aki shewed similar

obtained in Exanples 15 to 16, the properties_of ..

i tresireompamed welhi ﬁh¢a§Fén§argel @&Egi RRgatHCgREER: The
npar e, it t ' ar at-ban leReWaSeached 94 %.

ﬁ%ﬁé%&% d%r%%a?%% %gggﬁgyﬁé%?o genergP%%rocess 15

specification 1 from C -oxi di sed but not derivatised

mal t odextrin as obtained in Exanple 1. Table 9

Paxametes 37 an@af8 Exanpl e 37 Exanple 38 MS ¢ 0.01

( S QP14 G nomn Examnksel6) Exanple 15) Fe
c%ér’?—e@%ﬁ'%%ﬁya—%é%ﬁ M?\‘/@?ba, 000 316, 000 404, 000
Mh 100, 000 148, 000 168, 000 Degradation 35 36 32

Kiggéégfng to general process specification 1, the

carboxymethylated iron compiexes 37 and 38 were obtained
from the maltodextrin derivatives obtained in Examples 15
to 16, the properties of which are summarised in Table 9
below, in each case compared with a standard preparation
which was likewise prepared according to general process
specification 1 from C,~oxidised but not derivatised

maltodextrin as obtained in Example 1.

Table 9
Parameter Standard | Example 37 Example 38
MS < 0.01 (from MS = 0.014 (from
| Example 16) Example 15)
Fe content#®* 27.0 23.3 25.5
Mw 168,000 316,000 404,000
Mn 100,000 148,000 168,000
Degradation 35 36 32
kinetics
® = 0.5

* Values based on dry substance

The use of carboxymethylated maltodextrin derivatives

having a degree of molar substitution > 0.01 resulted in

instable products.
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O = 0.5 * Values based on dry substance 20 The use of
car boxynet hyl ated nmal t odextrin derivatives having a
degree of nolar substitution > 0.01 resulted in

i nstabl e products. 39 The iron contents of the
carboxynet hyl ated iron conpl exgs. were found to be
slightly reduced as conpared wth the standard, and
the nol ecul ar wei ghts rose as the degree of
substitution increased. The degradation kinetics at 50

% 5 showed al nost identical values conpared with the
st andar d.

The. Fe yi S arboxyset hybat edmplexes
Tli‘%nl%‘aﬂp?%&%%nt“?e%%hgbgﬁg&bb%x?gﬁplgs 39 to 41, 10

£20C3¢ ouihdi 8800k T 6Dighmilexedusedordi AGTPBTEENELER he
process specification 1, .the C2/ C3- L.di sediLEOR f
soaptiaxds agdtEhﬂlmﬂéﬁéuéﬁFaWﬁ%§%§§r%é%ghég the egrzj °
t odextrin ' Ly€es Agddan ibxakphes i2®, agg50 %

gﬁgsg%EEE}OthS%F§%%%FYeg@%% whi ch are sunn@giisd N qard
Tableal@1mbet owdein ieadh vedse < sopRee Switr Pa TP FG&T '
preparation_ which was |ikew s 1T C Ao 1@ e
GbreFal YpréeEset §E§%F?ﬁﬁgﬁﬁ%ﬂ§%ﬁ2¥%§%§§%-oxidiséﬁg%ut
ggg gg$iégtg§ed mal t odextrin as obtained in Exanple

~%50 Tabl e 10 Paraneter Standard Exanpl e 39 Exanpl e

40 Exanple 41 M5 < 0.01 (fromMs < 0.01 (fromMS Sr=

%‘xg%les 39 to 41

CZLQ3—oxidised iron complexes

According to general process specification 1( the C,/Cs-
oxidised iron complexes 39 to 41 were obtained. from the
maltodextrin derivatives obtained in Examples 27, 28 and
29, the properties of which are summarised in Table 10
below, in each case compared with a standard preparation
which was likewise prepared‘according to general process
specification 1 from ¢,-oxidised but not derivatised

maltodextrin as obtained in Example 1.

Table 10
le 40 Example 41
Standard | Example 39 Examp
paramster MS < 0.01 (from | MS < 0.01 (from l\?i = 0.012
29 Example 28) rom
Fxample ) Example 27)
23.8
Fe content¥* 27.0 22.2 26.1
Mw 168,000 275,000 310,000 433,000
Mn 100,000 138,000 150,000 230,000
39
Degradation 35 33 36
kinetics
® = 0.5

* values based on dry substance
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Exanpl e 29) Exanple 28) Exanple 27) 26.1 23.8 Fe
content* 27.0 22.2 310,000 433,000 Mw 168, 000 275, 000
150, 000 230, 000 M 100, 000 138, 000 Degradati on 35 33
36 39 kinetics O= 0.5 * Values based on dry
substance 40 The use of C2/C3;pxidi sed maltodextrin
derivatives having a degree o? nol ar substitution >
0.01 resulted in instable products. 5 The iron
contents did not exhibit a uniformtendency, the

nol ecul ar wei ghts rose as the degree of substitution

i ncreased. _The, degradatio ' ' tn R vshowed having a
alHds¢se i%n?%/égl”%%%égse%gﬁipl;@edﬁ%ﬁ the standard.

The, ]Eé?e vielfsiaf efotheGRAGH oxiodbsedesudhcdonpl aRasable
reached 95 % 10 Exanples 42 to 44 Sulfated iron
conpexes. (nul ti-stage synthesis) According to genera
process specification 1,. the sulfated 15 iron

conpl exes 42 to 44 were obtained in nulti-sta

e
syptheses Erafetlie @Eld attex taxiin luidr ia/ami\f@s.rﬂb&eaﬁdﬁé‘d’% the

Isgmﬂrgéialgg!geae%ghtt% %:%set haes Ry eéetglreese e Wit i@ ion

increased. The degradation kinetics at 50 % showed almost
identical values compared with the standard. The Fe yields

of the C,/Cz;-oxidised iron complexes reached 95 %.

Examples 42 to 44

gulfated iron complexes (multi-stage synthesis)

According to general process specification 1, the sulfated.
iron complexes 42 to 44 were obtained in multi-stage
synthéses from the maltodextrin'derivatives obtained in
Examples 18 to 20, the prdperties of which are summarised
in Table 11 below, in each case compared with a standard

| preparation which was likewise prepared according to
general process spebification 1 from Ci-oxidised but not

derivatised maltodextrin as obtained in Example 1.

Example 45
Sulfated iron complex (single-stage synthesis, in situ

derivatisation)

100 g of maltodextrin having a dextrose equivalent of 12
were dissolved in 300 ml of water. 0.7 g of NaBr was added,
and 28.7 g of NaOCl solution (14 to 16 wt.% active

chlorine) were metered in in the course of 30 minutes, the

pH being kept constant at 9.5 (+ 0.5) by addition of
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in Table 11 below, in each case conpared with a
standard preparation which was |ikew se prepared
according to 20 general process specification 1 from
Cl-oxi di sed but not derivatised maltodextrin as
obtained in Exanple 1. Exanplg, 45 Sul fated iron
conpl ex (single-stage synthesis, in situ 25
derivatisation) 100 g of maltodextrin having a
dextrose equivalent of 12 were dissolved in 300 m of
water. 0.7 g of NaBr was added, and 28.7 g of NaCC

| uti 14 to 16 wt_ % act 3 °
S0 e ok Sl AR RGH Ao TP RELOR) VBT e o

Q 1y wahell tddledf atd SBOrtirg was
ﬁa%p(ﬁd% Egag%'tu?tlggnl\%aeg C?Jhng)n heated to 30C, 14.4 g of

St rdavatind ashpet cpnpb exinetesadded)°@ndl Bt ril mf 40 Wt
was then carried out for 30 minutes at 30C. Carélgé out for
HNaQ) warestheIoHEeESE heR  neber 85 FA I "End 8t FiTin

was carried gut for 5 1 hour at 30C. After coollng
thd' @1 it ot o 20-25C, 352 g of iron(I11) chloride
solution (12 %w./w. Fe) were added, with stirring,

and then 554 g of sodium carbonate solutlon 10 £17.3 %6

EE /M . JodET 65 eher edliinicA pH @0-25°Gas38Res of iron(III)

est abl i shed by addition of saodiu drOX|d ut
zﬂhﬂ0¥1ﬁﬁsﬁﬁlﬁ?éﬁnméézheawgd/ﬁg ‘5 @X naln %FhegQEh

30, N eqTt W \&aﬁda&ejmmwedusfouadlbn
(%ffin% il H%§ﬁag§?t?on of h;drochlorlc aci d,

d
t{rne7 sol %thton/WaS) 1ﬁeura| megiered din-56CHbrR lfluﬁl\llaﬁeF?lgﬁl
m nutes, and .t a | 4
t%‘ia]?ﬁ’n%é?%t Ye B‘éﬁ% nmo%u dg%ﬁ* té}gﬂi coora%eﬁg&)tqﬂléﬁton’ an

‘é&gtégfuéfoﬁoggktﬁggﬁéét%E?50°C and malntalned.at 50°C‘for

30 minutes. The mixture was then acidified to a pH of 5 to
6 by addition of>hydrochloric acid, and the solution was
maintained at 50°C for a further 30 minutes and then heated
to 97-98°C and maintained at that temperature for

30 minutes. After cooling the solutiQn to room temperature,
the pH value was adjusted to 6-7 by addition of sodium
hydroxide solution. The solution was then filtered over a
sterile filter and the complex was isolated by

precipitation with ethanol in a ratio of 1:0.85 and was

dried in vacuo at 50°C.
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the pH val ue was adjusted to 6-7 by addition of sodium
The solution was then filtered
over a 20 sterile filter and the conplex was isol ated
by precipitation with ethanol

hydr oxi de s

and was

ol uti on.

dried in vacuo at 50C,,42 -

=

Par anet er Standard Exanple 42
Exanple 45 M5 = 0.05 M5 = 0.12 M5 = 0.27 M5 = 0.12
(from (from (from Exanpl e 20) Exanple 19) Exanple 18)

Fe content*

27.0*

inaratio of 1:0.85

Tabl
anpl e 43

e 11
Exanpl e 44

25.3 26.8 26.3 26.3 Mwv 168, 000

ZﬁlbgOOl 78, 000 640, 000 160,000 Mh 100, 000 142, 000

2 @, o]0} 09, 000 106,000 Degradation 35 75 62 67 -

PAtGhEEa € |StAndard NVetarpde bis elduenp by 3 s UBEeEn e 4 he Example 45
use of sul flat ed nal fuslex®rdh detd valiltes |ABvFny 23 5| MS = 0-12
degree of nol ar substftomtion > OE7 resylt EOTP

nstable fdroducts | BFRFPLedP)cpRaERS 181 ﬁzgém%;ﬁ £81 dt=—
ForroRBRi ddsOf emm| #2d  al nost 2t8nst ant_|ds the degrlée.

Oftw SUDST I T Utig@NobaCl ees@do 10| Ihe ondl ecyleo, w&d ght g 160,000

f _the roR—complexps—synthester Tt a MUidde- 56§@TE | 106, 000
s%t hesi s rolsog'ggot 1je?42c)fé)gpee 0 Egbdlgg(t)i t ut i4r$r?'

Dhoyredseidn [TI%e degr p@ati on ki nef?cs at 50 @b showed |~
hiregased Vial ues coprpared with|the standdrd. The Fe

yPet ds5 of jthe sulfated iron cpnpl exes regached 100 15

* Values based on dry substance

The use of sulfated maltodextrin derivatives having a

degree of molar substitution > 0.27 resulted in instable

products.

The iron contents of the sulfated iron complexes remained

almost constant as the degree of substitution increased.

The molecular weights of the iron complexes synthesised in

a multi-stage synthesis rose as the degree of substitution

increased. The degradation kinetics at 50

[
%

showed

increased values compared with the standard. The Fe yields

of the sulfated iron complexes reached 100

[
T .
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43 - Patent clainms: 5 1. Water-sol uble

i ron-carbohydrate derivative conplex obtainable from
an aqueous iron(lll) salt solution and an aqueous

sol ution of the product of the oxidation and
subsequent derivatisation of oneg ar nore

mal t odextrins, 10 wherein the oxidation is carried out
wi th an aqueous hypochlorite solution at a pH val ue
in the al kaline range, wherein when one naltodextrin
is used its dextrose equivalent is fromb5 to 20 and
when a m xture of a plurality of maltodextrins is

used the dextrose equivalent 15 of the mixture is from

5 to 20 and the dextrose equivalent of the individua

mal todextrins in the mxture is from2 to 40, and the
subsequent derivatisation is carried out with a
sBatapkecl@agent. 20 2. Water-sol uble

i ron-car bohydrate conplex according to claiml,

wherein the mal todextrin derivatives obtained b t he
oxi.dat Wam eandcdars Mat i san | onrlapkydehet QBT I VB3R Bt €PEPLeX

of nonobasi c or pol ybasi c carboxyl i Cj :
ORPRRLAR L pGILISY AP TRyt RORAL bh Broduges oion and &

c ?&B@%&e%ol‘%}tﬁ%é  of 26n@nhAeaucanby dthdesxaddt ot eand
of “inorganic acids. 3. Conplex according to cigiawl [o] SO
2 subbergientt lder dertisatves of AREt 9HeRPFENMBHFRFHEY !

b i dat i d. .deri | ' f
HPgaegr et i pet bt "G ERef) Sufpuiiheto Bifeous

e8lBbeh16aMReX byt abhoat pa ogHCalueC2hCBhexpdkpl dRe range,

products, phosphates and _sulfates. 44 4. Pr r
t WbepedpardisroPRE BRLFPORXERIBokFdPEPE tS 8e522o58"

equivalent is from 5 to 20 and when a mixture of a
plurality of maltodextrins is used the dextrose eqguivalent
of the mixture is from 5 to 20 and the dextrose equivalent
of the individual maltodextrins in the mixture is from 2 to

40, and the subsequent derivatisation is carried out with a

suitable reagent.

2. Water-soluble iron-carbohydrate complex according to
claim 1, wherein the maltodextrin derivatives obtained by
the oxidation and derivatisation are selected from esters
of monobasic or polybasic cafboxylic acids, €2/C3 oxidation
products, carboxyalkylation products, carbamates, ethers,

amides, anhydrides and esters of inorganic acids.

3. Complex according to claim 1 or 2, wherein the
derivatives of maltodextrin obtained by oxidation and
derivatisation are selected from carboxylic acid esters,
mixed dicarboxylic acid esters, carboxyalkylation products,

C,/C; oxidation products, phosphates and sulfates.
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conpl ex according to one of nore of clains 1 to 3,
characterised in that one or nore maltodextrins is/are
5 oxidised in agueous solution, at an al kaline pH
value, with an aqueous hypochlorite solution, the
subsequent derivatisation i.sggarried out wwth a

sui table reagent, and the resulting solution is
reacted with the aqueous solution of an iron(lll)
salt, wherein when one maltodextrin is used 10 its
dextrose equivalent is from5 to 20 and when a m xture
of a plurality of nmaltodextrins is used the dextrose
equi valent of the mxture is from5 to 20 and theh drate
dext r Bseceegquiteal 6he @freﬂ:w@aww.%&rn HEPEOFEXTA RS

in the m xtur IS f on12 9 81 Rmecasso 3,
S685 &Fn&CF8r§F§ ereln%9% xﬁherfvatlsatf%n of

E%r%'t@'ﬁ%@dﬁaht le%?ﬂ fdte iGr aasrd echlompdexyy ige igf/are

the follow ng processes: a) esterific n th
orgarisecorii Rartgamisc sehsi R 2o He %b§g16£% e%%&)e' wi

g‘%‘hOXI dat [ o%gﬁgchg)%rﬁqggaégyﬁgé@n ,thdéd)subsequent

am dati1 on f) carbanmate 4
ﬁi@&{mtdtqrsatl@)q amh)aiarmd:eed omlm'atw:otrh % .S\ Pdplg reagent, an

according to claim4 or wher i ; i )
ithec aaudd ing S@l‘-’d}?&%fl? HESF 'f?‘gv&slﬁ% t%gé Bl Cégztgééss%‘lutlon

‘@% 8 SAP@otatdpon W ke FRORDRABES éﬁékmagﬂmdexmrdg is used
1ts dextrose equivalent is from 5 to 20 and when a mixture
ofva plurality of maltodextrins ig used the dextrose

equlvalent of the mixture is from 5 to 20 and the dextrose

equivalent of the individual maltodextrins in the mixture

igs from 2 to 40.

5. Process according to claim 4, wherein the
derivatisation of the oxidised maltodextrin is carried out
by one of the following processes:

a) esterification with organic or inorganic acids or
derivatives thereof,

b) oxidation,

c) carboxyalkylation,

d) etherification,

e) amidation,

f) carbamate formation,

g) anhydride formation.

6. Process according to claim 4 or 5, wherein the
derivatisation is carried out by one of the following

processes:
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carboxylic acid derivatives, b) C2/
carboxyl ation wi th di basi c carboxyl
carboxylic acid derivatives, d) car
phosphation, f) sulfation. 10 7. Pr
one or nore of clainms 4 to 6, har

C3 oxidation, c)

ic acids or b5
boxyal kyl ati on, e)
ocess according to
acterised in that

the oxidation of the maltodextrin or naltodextrins is
carried out in the presence of bronmde ions. 15 8.
Process according to any one of clainms 4 to 7,

characterised in that the iron(lIl)

salt used is

iron(lLlI chl.ori de. 9. BHSKAD & Oa Ohds o
for &35 O%V$5%39Pté§E§)mé%é%ﬁ%?%?%ﬁrisé% N thatS

eiriioxed i cderdvatdsetlrasl tesdext rin
are m xed into an aqueous sol ution

and iron(ll1) salt
havi ng a pH val ue

tiatCov 63 se¥d@F @APYy | ow that hydrolysis of the
ol mald; doeg: ot ageauic wheneupnact beighl oval ue

is rairse romb5 to 12 by additi

on of base. 25 10.

Rrgerss/laec adidgdénithnimed, characterised in that
the reaction is carried out for from15 mnutes to
By TP ORGEY wEE 4 enperature of from 15C to the

i|'HB£ﬂH%€§on46 11. Medi canment conprising the
aqueous ‘solution of an iron- carbohydrate derivative

conphexfacicondi ng to claiml1l to 3,

or obt ai nabl e

according to any one of clainms 4 to 10. 5 12.

Medi canent according to claim1l, c

haracterised in

7. Process according to one or more of claims 4 to &,

characterised in that the oxidation of the maltodextrin or

maltodextrins is carried out in the presence of bromide

ions.

8. Process according to any one

of claims 4 to 7,

characterised in that the iron(III) salt used is iron(III)

chloride.

S. Procesgss according to one Or more of clalms’4 to 8,

characterised in that oxidised, derivatised maltodextrin

and iron(III) salt are mixed into

an agueous solution

having a pH value that is sufficiently low that hydrolysis

of the iron(III) salt does not occur, whereupon the pH

value is raised to from 5 to 12 by addition of base.

10. Process according to claim 9

the reaction is carried out for f

hours at a temperature of from 15

characterised in that

!

rom 15 minutes to several

°c to the boiling point.
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that it is fornulated for parenteral or ora
admnistration. 4 13. Use of the iron-carbohydrate
derivative conplexes of 10 claiml1l to 3 or obtained
according to any one of clainms 4 to 10 in the
treatnment or prophyl axi s of- iggn deficiency states.
14. Use of the iron-carbohydrate derivative conpl exes
of 15 claim1 to 3 or obtained according to any one
of clains 4 to 10 in the preparation of a nedi canent
for the treatment or prophylaxis of iron deficiency
19t.at @fed itameWRt Qlongat i rey | 1o - Squdmbhy dretve: ideT iafatdyel ron-
conpl ex 20 according to claiml1l to 3 for the

carshvisa ter GeropiR/liase oML RGBS St O 3

or obtainable according to any one of claims 4 to 10.

12. Medicament according to claim 11, characterised in
that it is formulated for parenteral or oral

administration.

13. Use of the iron-carbohydrate derivative complexes of
claim 1 to 3 or obtained according to any one of claims 4
to 10 in the treatment or prophylaxis of iron deficiency

states.

14. Use of the iron-carbohydrate derivative complexes of

claim 1 to 3 or obtained according to any one of claims 4
to 10 in the preparation of a medicament for the treatment

or prophylaxis of iron deficiency states.

15. Water—soluble'iron—carbohydrate derivative complex
according to claim 1 to 3 for the treatment or prophylaxis

of iron deficiency states.



