-1- Wat er - sol ubl e i ron-carbohydrate derivative conpl exes, 5 preparation
t hereof, and nedi canents conprising them The present invention provides

wat er - sol ubl e i ron-carbohydrate derivative conpl exes which are suitable for
the therapy of iron deficiency states, and the preparation 10 thereof,

medi canments conprising them and the use thereof in the prophylaxis or
therapy of iron deficiency states. The nedicanents are suitable in
particular for parenteral adm nistration. 15 Anaem as caused by iron
deficiency can be treated or treated prophylactically by adm nistration of
medi canments containing iron. The use o§ i ron-car bohydrate conplexes is
known for this purpose. A preparation that is frequently used successfully
in practice is based on a water-soluble 20 iron(l11) hydroxi de-saccharose
conpl ex (Dani el son, Sal nonson, Derendorf, Geisser, Drug Res., Vol. 46 :

615- 621, 1996). Iron-dextran conpl exes as well as conpl exes based on poorly
obt ai nabl e pul l ul ans (WD 02/46241), which have to be prepared under

Ot eps.  ar o al Lo Ueci A i PRE S5y L A A K er AR St rat on. |
Further iren-soshohydioal @ heolplrexasdaned todwaitid enabrisingridlem - :
adm ni stration. 30 WD 20047037865 i n the nane of the applicants disclose

an iron preparation which is preferably admnistrable - 2 - parenterally
and whi ch canre Sieinll $8¢60IBAr LbYEAYs Skdtly-sollhelpr exbousl y known
parenterally adm ni strabl e preparations based gn saccharose or dextran were

stabl e only ate¥Rapyerater ésrdyateveooempleneh WadE &rer FrHahti®onos
difficult. Th@nepr&&%ra@:yi B8R hagyr aducedef Oxi SidnkAndnbnyet veserarizedesed ri sk
of dangerous anaphyl actic shocks inducible by dextran. The h;ggistability
of the cohpl sgeadhi.t sedinpgrnaantarBrainsFhrdve 2387 BRI ¥ ddiFPSt rati on
rate. The | T Ofh RIEPHabhoR aGA8 be eaeg%wdoé rQiad e byedd, obtaiabl €
starting materials without any particular outlay. There are disclosed in
parti cul ar waths -wasligeient somicel Byitabbehim reard icoRplrekes PHSEH 3Rt he

oxi dati on prqgﬂﬁﬁﬁiéﬁ Jfaltodextrins, and a process for the preparation

t hereof. These on |if) -carbohydrate conpl exes 15 are obtai nable from an

aqueous iron(lll) salt solution and an aqueous solution of the product of
the oxidajdo r e altodext ki | auegus.hypochlorite

sol ution %ﬁ an 5?@%%i%3“g%dv5 uéggg,é%%%g%?§%%P§€PF%BE$8 ?% 12, wherein
when one nal ttotsted priophyidedtitsltiexby osdmoisdgquiniehent hedicaarsst o 20
and when a m a.plurality of | t odext r i 3 e .Lose
equi val ent of§%ﬁ%3#g% u%gopé kb%n?get§325g%§§&?%gﬁgg%?ygsg0$quf%%?g%t of

t he indi vi dudnaval tfodexhisnpuirpothe N ptepardtsidr aine? te Ale@frlyNakano et
al ., Nahrung/ Food 47 (2002).No. 4, p. 274-278 describe a_ process.fqr the
phosphorylatfﬁﬁxgﬁufﬁggfggaﬁg agx?Fgﬁtfﬁgcﬁ?qﬁ%%dfﬁﬁ'?nw?ﬁ%rﬁgése%%e of
phosphat e0 Deigroeelg Iaf) hhasphotglabbohatdsdé heongebey | (DaalelsOd, % 2. 42 % 30
and 3.2 % are, nentioned, which are obtained in dependgnce the

t enper ature §ﬁ§%ﬁ6F§PurQe€8H§BH§'o?e%ﬁ%eﬁek?FW%quhe %953 ggrESulting
phosphoryl at e spreedyct.obs) { est-ed -fekttds ehhpldxed assaklbi & seonpiesphat e.
The possibility of replacing casein ghosphopeptide as ?alciu phaosphat e
absor ption i RESESsPRgPagERY BRtpRBIBRS B LY RFRfexO 427 468t SeusE8E™ Furt her

possi bl e synthesl $omBthpdepheeaPhagPhosyéal @k daxiighs tamhfehSordRhONed
in the mentioned docunment, in particular drying with a phosphate-contai ni ng

sol ution % &dFPESSphBY 9L HEMERt WP E X epstessisHaSE ePRi t ATRe®at$hg and

described in the prior art for parenteral administration.
Further iron-carbohydrate complexes are conventional for

oral administration.

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

iron preparation which is preferably administrable



in vacua. 10 MZ. Sitohy at al., Starch/Starke 53 (2001), 317-322 descri be
t he phosphorylation of starch by mxing with a solution of nonosodi um and
di sodi um phosphate, filtering off, drying, pulverisation and subsequent
heati ng. The 15 phosphorylated product is tested for its hydrolytic
stability during acidic and enzymati c hydrolysis, and the use thereof in
adm xture with polyacrylate and urea in hjodegradable plastics is proposed.
20 US 4, 841, 040 describes the preparation of phosphoryl ated dextrins having
a nol ecul ar wei ght of from 1500 to 40,000 daltons and a degree of
substitution of fromO0.30 to 0.96 and their use as dispersing agents for
aqueous suspensions of mnerals and inorganic pignments having a 25 high
solids cont e%ar&ﬁ:eﬁra’l@.ﬁl asenBRt o Ofa WA atabilTised gumpangtanely nk
solutions for |ithography, and as a drilling quiﬂlad%%ﬁive rgb degree of
substitution $ERher ¢l BEEVRedshYy EMIHEREFCFETF b P FHEGEFFVati sed

anhydr ogl ucoiﬁiggga%ito St e tatah ayunt-fe aphydiogilicese 36abhets within

a nol ecul e. s referred to hereinbel ow as the degree of_nol ar
substitution ¢MB).atThemphespheey| apeco L0p°Gexvhidis made 6beaihethbypn

oxi dation and, depol yneri sation of starch by reacki w4, sedi um

hypochl ori Pe ?hg%ﬂq'ng%ﬁeﬁifﬁﬁ?ﬁﬁﬁl%% aesq)uééar?%lé%%i %?}f%&}l%hosphor | ati on,
for exanpl e widophasphetidacaa diskhesphargesropensaghiordatd,c phosphoryl 5

chl oride or polyneric sodium orthophosphates, ,i.n.parti r Lym
tri met aphosphi®@icieshy degtyase| B%ﬁ@%ﬁ%@&@?%r% ﬁ%ﬁegrcgg gggi on of

phosphoryl at ege fgdd iN%iby ReREhNgrRadiod Waeobrstahigh anthib@sarphdsphori c
acid solution at a pH of less than 5, wth a red Cedd°é&§§@x§8ﬁﬁ nt, and
then further Fe®i ks drels ®EGRETEEAGR, O3 (P &TCEVERT I bWeT oxygen cont ent,

until theqphosphol s, GONRALRE nbSme eadeass dywrdatt heysparicicylreaduct,  and
subsequent cooling with a reduced oxygen content. _The 1@ I’eSLi| tbilng dextrin

phosphat e hasowelgy hiGiernmaeee §6FabPPedyin IRAEHISHIRT VST A8 40 Face si ze

for papers and, in W09usti0a cof cagbesiyeDdsed bkevhseorenttiened. WO
2006/ 082043 delécrli%@s% [ ﬁathetY: ntrodﬁc??on sonme processes 20 for the

prepar ati on oprsfacich ghosdialestrios . exafm PHEESEIEAY tt he Neukom
process (US 2 §§4a§§@%ogp3ﬁh§a‘i%%%“s‘r%sle“i§£‘n@m&q%r@bi@htawmmmes
sol ution, fllPra?lon, rying and fenpering at tenperatures of about 140C,
in a homogéneeus Priocislesifnprt ebr AEBEYPAOSHHOITIL) 252481 BOTH 9 Pfesence
of tributylam 14 3%‘9 LR dee (JovhSoetof/che MRt hOES:Cas DT .
Chem 6, (1972),%30%° , .
or more maltodextrins with an agqueous hypochlorite solution
at an alkaline pH value of, for example, from 8 to 12,
wherein when one maltodextrin is used its dextrose
20 equivalént is from 5 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.
25
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 %

30 and 3.2 % are mentioned, which are obtained in dependence

on the temperature and moisture content of the dextrin. The



or heterogeneously in a slurry process in benzene with phosphoric anhydride
(Tomasi k at al., Starch/ Starke 43 (1991), 66-69). The docunent itself
proposes a process for 30 the preparation of highly substituted starch
phosphates, in which starch is dissolved in a m xture of phosphating agent

- 5 - (in particular phosphate salts or urea phosphate) and water and, if

t he phosphating agent is free of urea, ukrea, the water is renoved, and then
a thermal reaction to give starch phosphate takes place. The resulting
starch 5 phosphate has a degree of substitution of phosphate groups of from
0.01 to 2.0 and a very |low content of carbamate groups. The use of the
resulting starch phosphates as an additive in mneral or dispersion-bonded
bui | di ng nat eeial t S¥p BB pHRTvaRtaddbtbirect nphasradyfand wosweiies, as an
10 ani oni c component_ for polyelectroléte con9$ﬁx%s 8@dr§§1£%£h rier
material is pPopobERiligs BhPFPISGE -dIEE| BIEE e “Breparation of dextrin
esters usingcgggggiéh&ggﬁﬁaé?g%aeda@nbggei@kﬂphdgphaaethbﬂbzptiui succinic
anhydride or maleic anhydride, b heating safrch or, dextéin h%%hng a
resi dual noi $poreasit aserdt babslesphosy Ipted KEPrélente” 6 ' tHe “or gani c

aci d anhydri dg. | o AN ALl QG E‘sg)ﬂtr}@},'l%nhetﬁo&EWﬂ phesprorppaiady a degree of
nmol ar substitution of fromO. to 0.04 is obtained. OdUS 4 %goi%42
descri bes t hdeptepas aiomlsio deatiioneds f-Br hhySeaoreGn BFUHERt T iR wi t h

aci d anhydri glggtseéuf&ﬁ‘zﬁfﬁ% !vﬁﬁ?rabwg%)ﬁa@&jcﬂﬁuﬁﬁﬂiﬂg 6Di 2ot ord

carboxylic a units in-acetic acid’in the presence of a tertiary amne as
25 cat al yst , dapdphdephsey it itdre widdulorithgraesaha e e dtiléPs PG HID adabl e
conmponent s fg& %ncreasing the cl eaning action of detergents. WO

2004/ 064850 &Rd WJ'92/ 04904 disclose dextrin sulfates 30 and their use,

ei ther all@ne or in conbination with a bacteriostatic agent, as an antiviral

conposition, i -.6 - particul fo e f HhY-apg other
sexual |y traHS%ft?é%?%yd?%é%gé%a§¥ﬁ%ﬁﬁgggfké %%rgg%gg.hqving'a degree of
substit uti ondekcupbt ot e hdaiteogyoupomper gtaroswmixiggewpE_par ed by
hydrol ysis of starch apd 5 subsequent. sul fati] i ylggapipel syl fur
trioxi de conﬁpz%%Fﬂnaﬁgé&ﬁgﬁﬁ§iﬁgﬁé??%éﬂﬁﬁgﬁgﬁpg?%§%s ﬁ%iﬁly the 2-

sul fate, cyckanl i arachd, ipuThertdt for radd debyeatest thratgngsulPate, and

acetyl ation, subsequent sulfation wth tri hyl an ne/ I trioxide
conpl ex ¥ dPFﬁ?H?PFﬁ+%§@§OPB et Hh %ﬁtﬁ§F%§¥rg§%3§Fﬁ§PE#ﬁ§ acetyl group

Wi th aqueous sgadh UMt pydioxigleayi®ld de edzyuht at ehydivel yecis oandf the

dextrin sulfates against HV_ and their, antilipidaem c i ate |ikew se
di scl osed inUﬁﬁe§€eﬁﬁ%ﬁﬁﬁﬁt%@mﬁ§F¥%ﬁwﬂh§% By chﬁgf?%% %%%f%%ﬁééﬁdocunents

describes theibaehRbigr Ofplaoni€oMY exesposketih the resulting dextrin
derivatives. The object of the present invention is, therefore, to 20

, provi de novel iron-carbohydrate conpl exes which are ,
20 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
25 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
30 wunits within a molecule. This is referred to hereinbelow as

the degree of molar substitution (MS). The phosphorylated



suitable for the treatnment of iron deficiency anaem a. The object is
achi eved by the conpl exes according to claiml. Preferred forns of the
conpl exes are defined in 25 clains 2 and 3. The conpl exes according to the
invention are obtained by the process defined in clains 4 to 10. - 7 -

Mal t odextrins are used as starting material according to the invention.
These are readily obtainable starting materials which are avail able
comercially. 5 For the preparation of the |igands of the conpl exes
according to the invention, the maltodextrins are first oxidised in aqueous
solution with hypochlorite solution. This process is already described in
WO 2004/ 037865, the totality of the disclosure of which is incorporated by

10 reference cretteiine JHEr&H o4 erhslidyalbke dat 06n exanpElepol ot sonomioral kal i
hypochl orites, such as sodi um hypochl orite sol ution. Commrercial solutions

can be used. SFRE BoR¥eRtdt 1O idh ERE1ED RYPRIIHIGH Ce R0 UEF OME are, for

exanpl e, at hRagtiml3nM =8 fEEEEr R Brobrt BRosdar 16k 1 BBYNES M ASR{p1Er om 14
to 16 wt.% in each case cal cul ated as active chlorine. The solutions are

preferably ugedh phaprhemimtasifbh hissPhappr oxeHAZHYTEABM BEPTRIH8 %
prefer abl y5 appyexi; ppt 84:?’%%?@1"3@ Y20 BhOghyde G-0uR i $noxhdi sad per

mal t odextrin nol ecul e. s manner, the reducing power determ ned by the
gl ucose cont &9Pdunf trheerabhesigheats.n nol ecul es is reduced to approxi mately
20 % or less, preferably to 10 % or |less. 25 The oxidation takes place in
al kaline solution, for exanple a pH values of from8 to 12, for exanple
from9 to 11CHFEA4t M@ oxéstatiloes iat pirocpessifbt ethie pwspkratdenexfanpl e, at

t enper at ures_gof o) itude A : 0 f bly
from20 to BQ%f)S%}ﬁgr?{e%% C}oéhe%l Tes % ep%{aggﬁgorﬁ jen%ei#gﬁré S;(f)f S%%]gé}graggd? of
magni t udel tof af pbrepBom i esd tapldithour st hopH exanidss them 3, tweitdh & hours.

-8- By neans _of. the described prqcedure, ,the_deqree.of  depol risation of
t he nal todoxfrrefiﬁgegs%}ay?esn kcé%rftoelr}c)%w. Nt ﬁgﬁ‘fl fg‘iu\}i%rlegr e{leﬁlitrllagnbxt eory, it is
assuned t hat sehen8 sexagkat iwiti akeevielhatewpredoygaranidnygeat , t et 1 Britienal
al dehyde grou or sem acetal gr.oup f th |.t odextrin | ecyl es. For the
sake of si rrpl"?’t?%?b?r‘tlﬁi %O%%?llf‘ﬁgs’iss 2 nlsggrgﬁél? rtgbE & aﬁ@ﬁ?ﬁ%@?%% as "Cl
oxi dation", butl thbsSet@smt | Sodloing Rtiehdad requbed b:ndjeng cohbent . The

15 resulting dextrin phosphate has very high water solubility.

Its usability as a surface gize for papers and in the

production of adhesgives is likewisge mentioned.

WO 2006/082043 describes in the introduction some processes
20 for the preparation of starch phosphates, for example
according to the Neukom process (US 2,884,412) by
suspensionbin an agueous alkali phosphate solution,
filtration, drying and tempering at temperatures of about
140°C, in a homogeneous process using tetrapolyphosphoric
25 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
30 ‘the preparation of highly substituted starch phosphates, in

which starch is dissolved in a mixture of phosphating agent



It is also possible to catal yse the oxidation reaction of the

mal t odextrins. The addition of bromde ions, for exanple in the form of

al kali brom des, for exanple sodiumbromde, is suitable for this purpose.
The amount of 15 brom de added is not critical. It is kept as snmall as
possible in order to obtain an end product (Fe conplex) that is as sinple
to purify as possible. Catalytic anmounts are sufficient. As nentioned, the
addition of brom de is possible but not necessary. 20 In addition, it is

al so possible, for exanple, to use the known ternary oxidati on system
hypochl orite/al kali brom de/ 2, 2, 6, 6-tetranet hyl pi peridin-1-oxyl (TEMPO for
the oxidation of the maltodextrins. The procedure of oxidising 25

nal t odextri ns( tda.@kkahkrbp oL gea Cat A MY DroLrdsi pigoddimtieer and ywathPO
systemis described, for exanple, by Thaburet et a i n Carbohy d%ate
Research 330 FEDOLY 2herphosReaptes A désEFPBed” (e %I H°Ean be° used
according to e, Q‘ée%!ne{?ed QnMﬂféx@Qa uheandli sehation wof gtihe oxidi sed
mal t odextrins are carried ouft by adjusting the reaction solution to an

appr oxi mat el ystretdhy @hogbhbyentakes oblaes t abice *aEPYSIBY Hifers, such as,
for example ALSGHOLLE ackd éé"%f”é&o&ﬁ%‘thHroﬁcﬁﬁé%k@@edgrgﬁlﬁs

oxi di sed rea i product can e precipitated b ition of a

sui t abl e sol venhtfiom Wmodhtpt2| Q sudse aniwalloy Fﬁ§‘éﬁﬂ%l‘éf %ﬁfbé%‘éﬁﬁl e of a
sui tabl e solvent is 0. f y sAag0BgeENt rati on
of from 80 to 95 Hit. 35 81%I aﬂg E%SF% era?ﬁﬁ érg%mpg% "’1&4 Ww.% in a

vol ume rati o stdianiote neamunemaiobut domﬁtsmprb@%dﬁdt buyldlrr&nmftsr%l 1: 10,
preferablyfromlSt Fyrther s p ol.vents are

met hanol , ~ pr SPANOT3 af5a&c%figﬁ%}vﬁ'hegpé}%%"%c%t%%hl Egtg&hée%sislta\eér gg of f and
dried in aoccmmemtuco@@lmpnsaaner for pdlvelaatfolatty, complerestansh aSokuti on can
be purified %atfrreans of di,alysis or rr%)rane filtration and the product 20
can be obt ai fétF By Wﬁﬂl? atlfsoﬁrfﬂPO%% ay drying. It is also possible,
however, to use the Cl-oxidi sed mal todextri n directly in the subsequent
deri vati sati on st wi_t hout ol ati n 25 Tthe sul%s t_derdyatisation
of the resul tIII%QB B2’ ééﬁ’c PSS@CF t%ﬁ%%aﬁ ace by conven ional

processes, knoyhd Qntdaell@eaa@ass&l bted bfhgde dud,, J.fnopat:headmr vati sation

of sugars, for exanple by oxidation, esterlfl atj on, w
pol y- func%?on%‘c?%*béﬁ’ihé’%ﬂdﬁr §anMe L el s é:%éed & v%gon st

car boxyal kyl atd Qfx3dd $HiaQAnef a0-8anEGal -mddstudes @eyizpatesst aehsche:r i3f gcat i on,
am dation, anhydride formation, etc. For exanp|e U %eeglleé.rgaatcl 4 can be
carried out wiHhe presence of the organic acid anhydr
environment. A dextrin ester having a degree of molar
substitution of from 0.02 to 0.04 is obtained.
20
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
25 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
30 and their use, either alone or in combination with a

bacteriostatic agent, as an antiviral composition, in



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. Cl-C6- Carboxylic acid derivatives are preferably used for the 10
esterification, particularly preferably acetic anhydride. The
esterification is carried out under conventional reaction conditions, for
exanpl e i n aqueous solution or in a suit&ble sol vent such as, for exanple,
formam de, dinmethyl formam de, dinethyl sulfoxide or acetic acid. The 15
reaction in aqueous solution can take place, for exanple, at a slightly
basic pH of approximately from7.5 to 10, preferably from8 to 9.5 (the pH
can be adj ust p o] ing L S| any, desired
bases, for e%%%%ﬁgqégﬁaf?fo?ﬁéﬁﬁgfgﬁghga?%h ‘igggafgggysﬁgﬁlagxgodiun120 or
pot assi um hydrmxisdé t agbive| diissasd kallheodeat kit isvd fegeshhedatboriat es) by
addition of t acti carboxylic acid _derivatd.ve, xggple acetyl

chl oride or é%%?%% é%h%g??%%Eu %ﬁ1?§a3PfF§r%n‘E§%¥%Eﬁ%8?ggused, t he sane
reagents are @&Enploggednandasei padparadcayt hpdrayrwdist icdnstareh2&1&hosen. The
reaction can take place in.the nmenti.on ol ven r QQu erature, with
cool i ng orgwﬁ sf*?ggﬁlﬁg?ug%%q%ré‘ct 'rdﬁef%g‘%za‘f‘lsr}e}f%rﬁtélfa%%%?%om 0.5 to 2
hours, pref eradplekr oM &n 7Aghieods Rhalise Médkimg il dss mednty edheowt- as

described for_the Cl oxidation by precjpitatjon, 30 filteringoff. and
drying. An S8R Fr cGYTHHMF t3° Pﬁbgggﬁgg¥%ééﬁQ?qi§Fb8%§ ?%qgg?ég can al so
take place i sdifatrsanBndBddetyl{OioreX anpkeqhde: prafardbnorioh succinic
acid, maleic acid, fumaric acid, g{utanic aci or.adgpic gcig esters, it

bei ng possi bl&HEFIELRRENQERSHII T FHBOR FegF SR Gf Th&ESE8Y EPTRer to be
free or tom bewlidet henfof MLT1{ heerddJaill cgstrs . adde/larinin desh agueths
anhydrides, chlorides_or brom des_ or other_reactive derivatiyes of the

pol ybasi ¢ carfssym BYgeeadareiatd (s & Pt irte: Pl &AiPOnC 1 0t exanpl e in
particul ar suesicRia 101 aphydride: ndmliaie ;aahyssi dendgliupadhenaahydri de,

adi pic anhydride or fumaric acid dichloride. The reaction and working up
are carried Gfitigs geschilbediserdis assdeinf %S¢ APPSR Scul ar pref erence
is given to esterification with succinic anhydride to give succinyl 15

mal t odextrin. The Cl-oxidised nmaltodextrins can |ikew se be reacted to give

car boxyal ¥y| Bgureivest i vese Sfi thblreents onedgepeunet ¢ ABCRRERy FPhal i des
knoun t0 {he RaeR.gkot | £ohNddi AR Alken Oho XANDIE RAlRgarbexyl i ¢ aci ds
such as chloro- or broho-car oxyli c acids or their sodi umor potassium
salts, for exa&mpivetCte€6-ear boxylic acids hal ogenated in any desired
position, such as, for exanple, oc- or pbronopropionic acid or,
particularly preferably, chloro- or

The object of the present invention is, therefore, to

20 ,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

25 claims 2 and 3.

The complexes according to the invention are obtained by

the process defined in claims 4 to 10.



25 bronp-acetic acid. The reaction is carried out in a manner known to the
person skilled in the art, for exanple in aqueous solution or in a suitable
sol vent such as, for exanple, formam de, 30 dinethyl formam de, di nethyl
sul foxi de or acetic acid. In aqueous solution, the reaction is carried out,
for exanple, - 12 - at a basic pH (pH 11 to 14, preferably approximately
12.5 to 14, adjustnent using any desired bases, e.g. NaOH). Wen a
different solvent is used, the sane reagehts are enployed and suitable
reaction conditions are chosen. The reaction 5 can take place in the
menti oned solvents at roomtenperature, with cooling or wwth heating for,
for exanple, fromO0.5 to 5 hours, preferably approximately from2.5 to 3.5
hours. Werki ng, up.qand i 3g! Qﬂeoﬂséﬁea§3é€é13:qnguﬁra@§rms(érdcbeduﬁg)rtct he
~esterification. 10 The esterification with reactiv errva ives of

i norgani ¢ acitds ifvensignpl Shepe @H?f%ﬁ@@ﬂ%YbeEﬁb%{ﬁﬁﬁ iSGiE Ppﬁemnse t ake
place by procgases inowitq Lhe peleplfkiddfdrbialhe art. 15 The sulfation
is carried out exanple, I n aqueous solution or in a suitable sol vent
such as, for exanple formam de, dinethylformam de, dinethyl sulfoxide or
acetic aci ul.tatq £agen e s5% 20
trlnethylaglﬁg co ﬁ @%egg%% chn%% g%? ,{ ro%ﬁr%giperature with cooling
or with heat |aztg:om1ef9erta>bltyx;a ﬁoveeizaqpl etheatmaé,@@dﬁ@?“dﬁ%lﬂ]%eaﬁlles’f‘| me, for
exanpl e fron115 es to 2 haurs Fe PRPR! X1 JRkeh ¥n 30
m nutes. Then; ﬁ#! wat er H§°uged” %%Psd$vent ¥?%8EhH 0H9§5 t he reaction
solution is rmﬁmkﬁpﬂbdﬁeeoﬂglylhaady desgribesl gH YO 3@94éﬂﬁF%Q§e §Bfution is

stirred further as bl erat ur ak hf ter

aci di fication ?anﬂg d# Eg 1%156?§?erab?§‘g%%gbgéng?éi I;‘10 5, usrng a

sui tabl e agi drferedndf fiereisuch as, for exanple, HCl, precipitation 30 and
isolation are carried out as described for the C1 oxidation. - 13 - The
phosphation is carried out according to any process known to those skilled

in the art. ChgeRosstdidditprienprbsesxansso) véd‘igltdener bﬁ éilﬂwila't er with the
phosphating 5 reaq§§$ and establishing.a p 6,
preferably appreiGHReiiess. SgﬁptéﬁléoghBQp 9%} eagen s are any known
reagents, a nedhddL0f1 %Qﬂldtmoérshyﬁdhogenuab@spﬂ'f&t @bdbsndrelmd’qufgehe

phosphate inanolar ratio of from1:0.5 to 1:2.5, rrglia_3
preferablysbe?YEPChlorlte solutions are, for examp e, a as

preferably of the order of wagnitude 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

20 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

Q

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

25 The oxidation takes place in alkaline solution, for example
a pH values of from 8 to 12, for example from 9 to 11. Foxr
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

30 example, of the order of magnitude of from 10 minutes to

4 hours, for example from 1 to 1.5 hours.



10 used. The reaction solution can be precipitated with ethanol, nethanol
or acetone, for exanple, and the precipitate can be isolated and dried, or
the reaction solution is concentrated to dryness by evaporation, for
exanple in a rotary evaporator, and dried further, 15 preferably at

el evated tenperature and in vacuo. After grinding, the product is heated in
the dry state, for exanple to from 120 t@ 180C, preferably from 150 to
170C, preferably in vacuo, and then ground again and subsequently dissol ved
in water or a suitable solvent, preferably at an 20 elevated tenperature
of, for exanple, 50C. Insoluble residues are then separated off, for
exarrple by centrifugation or filtration, and the resulting sol utlon i's
purified by nenbrane filtration in order to renove free ort hophosphate. The
filtration c be m)ni or.ed IR255ectro co or uckivity

neasur ement . VheEITEPI © h‘eh%r(i?%so egénher éinégg 8% he solution is
concentr at ed desiongmariodeidn &yjapﬂfeatn@ataﬂdxth:am prw@ pst aee’d nd i sol ated
as described for the esterificat i3S vatives can
be obtai ned BYT5RMGafiohnd k?'no%flcijdlgl ﬁ@eﬁeysojnt s“tﬁ ﬂss& Eﬁegggr of the

Cl - oxi di sed rmiltdade&hrtaka\@t@la@cétpﬁealahanamﬁysamg:r@geetrmsuah as, for
exanpl e, NapCl or Nal 04/ NaOCl2. The oxi dation |s arr| ed g extrlno

exanpl e, in STESNSCSBIRR ofPBrogH-aresailt bPEPs e:ﬁ’te TaehC

di met hyl f or magg1deu1£681 Mgt dene HAMRE A =Swbh 0Xi €he, camacetymhasisi stadp room
tenperature, with heating or with cooling. Wen water is useq]las sol vent,

the reaction isakefepradetat harainkphawy a5ad e OXGREERT PR o4 F6fh 7.5 to
9.5, preferably Jt0mhBeRad® S e Mm@ XRNPI € by sodi um hypochlorite at
approximately 50C. The pHis then adjusted to neutral, for exanple by
addition ¥ HCL, and the product is subsequently precipitated and isol ated
as_descri bed 01 ol e,EShELLIBEALI PNk B AL NG ciddiekentaaupuntst of the

respective reagent S or t erivatisation, different degrees of nolar
subst it uti on tdwen Mbdtadskevins - THee dulfiddonf ofipPremidmhdiontut £6K i s defi ned

by the molar Laliqe0ba! e debiyali sadaq 2nBydog) Uessexuipls bealle total

anount of anhydroglucose units wthin a nolecule. products are
i nvesti gat ed WyoriiRespést sescaple for tthiis mampesei tTlil% RsISItbPé t o det erni ne

qual i tatiyvel %r‘é);‘?rﬁt ther dé\%_%t he Ig;leé IeolC fdact izgnal group haghgensi ntroduced

into the malto XCri elntro tion of a carboxyl group, for exanple of
an acetyl gr quassmmecmyd)r@enutpo orbumrrb@xymtiher@#@UpﬂFetmmﬁéeﬁbm tored by

augnent ation %t t he band at 17€f0 C‘%HEJIJEYC%FC%% :izaf‘gecég r%)(t% aMahehce

vi bration of Tcce ation can be nonitored by
augnent at i on aofe tslueflbamdnat A@%mmd&;—&h&ahédemw réathupmide 18 - of

COO'). The introduction of a sulfate group can be confirmed by increase of
t he bands at %@%gﬁdb’é'éomﬁhﬂec(‘ﬁaeﬁge vi brations of S0, 121. The

i ntroductdon of a phosphate group can aI so be confl rmed qualitatively by
31P- 5 NWR spectroscop Pol ymer - bound hate rs.in f or m of
broad si gnal sInatadé?BBElP 0 tb % Ovﬁﬁsise‘“ n%ﬁ?‘lma]p{ra?te ssgvéﬂg shar p

signal at abogoud: Ze?ﬂgiryTbﬁlﬁlal@mﬂlt@slﬁé@n d@bebﬁlﬁﬁit@mb{aﬂme degree of
ol ar brom1de/2;2,6,6—tetramethylp1per1d1n—l—oxyl (TEMPO) for the
oxidation of the maltodextrins. The procedure of oxidising
25 maltodextrins with alkali bromide catalysis ox 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.

30



10 substitution can be carried out by 1H NVR spectroscopy or C- NWR
spectroscopy, by relating the intensity of a signal assigned to the

i ntroduced functional group to the intensity of a signal of the

mal todextrin that has not been influenced by the derivatisation. In the
case of 15 phosphation, the quantitative determ nation of the degree of

nol ar substitution can also be carried out by |ICP-CES (Inductively Coupl ed
Pl asma- Opti cal Em ssion Spectroscopy, tot?al” phosphat e content) and ion

chr omat ogr aphy coupled with conductivity neasurenent (content of free 20
nonophosphate). For the preparation of the conplexes according to the
invention, the resulting oxidised derivatised naltodextrins are reacted in
aqueous sol utj Qn with an ir JorS Ut £ nE0oRBI 1S randodékermd dirsed
derivati sed h%%?%g%x??i%%&cg%£%%hfg§?§tggza%d_dissolved agai n; the
resul ti ng aqueousesobutibnsadfustiodiihgi FedcHEr ERiEeqn Ptodextrins can,
however, al so be used, directl r [ L_pr 101w bhiaguenus
iron(ll1) soFﬁFFgﬁémat?iXGH?u%éif#%%??{P%aggl?gq%%%re can be used .

wat er - sol ubl exsaletrs, obuchnasgafive @rargriganhydaetidsoic wottur 88t Her%eof
such as halides,, for exanmple chloride and brom de, or sulfates.
Physiologi%aFFVQagééﬁfgggg 85ts are preferably used. An 5 aqueous sol ution
of iron(lll) chloride is particularly preferably used. It has been shown
that the presence qf .chloride ions ha n % : a the

conpl ex fornﬁgﬁbﬁxléﬁ?SgiH@aFBhgnﬂﬁm%lﬁﬁbé%%dgg%ggggﬁiggg%ﬁfgfgin ?he f or m
of wat er - sol WldE rhnobirdes susugbl @ssallkalt imewhbcbhiorisiesibstagtiably um
chl oride, potassium.chloride or_a ni um .chl or.i f L$ given, as
ment i oned, tdjﬁﬁéﬂﬁ§§'oﬁniFéﬁ@P}?gg?ﬁifﬂ€&F§ %\%§1¥%%§cq{%$?%§b§15 For the
reaction,ipt 0SS bresehabloxaspd ein to dincenheantoeors fssiuBloRcof t he
oxi dised mal todextrin with an agueous solﬁtigp of9Bhgoi§£q%%@I)i§agt. The
procedure theteF i% preréradpy leuereitaP the ™ pR vdI 62 of the ‘nixture 20 of
oxi di sed mal tdextd i3 aRd cichaRbh | bdased dn dplivtd candfi apediaeltelaf t er
mxing is initially strongly acidic or_is_sufficient I hydrol ysi s
of the iron(lﬁ#@“§§ﬁ%théslﬂotPéééﬁF?b$%rﬁ§%%ﬁﬁ%e%? g¥8ig%%%ﬁg%'order to
avoi d undesi r abl € preciRidid)i-@r ieh ko DRehydrax arghaben @Soparari( bkl )
chloride is used, It i's generally not necessary to ddfgn qﬁi rf% ause
aqueous sbfutaestonsf. ThenEHECiPéhRrbe| He BREP thdiSerPe8  be&UfTi G ent y

aci dic. Wien m xi Kk ce, the pH value can be raised, for
exanple, to Vgréggggﬂggﬁ%ﬁbr é@kgf magni tude of equal .to or greater 30 than
5, for exanple up to 11, 12, 13 or 14. Raising of the

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

20 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.

25

The subsequent derivatisation of the resulting Cp-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-
30 or poly-functional inorganic or organic acids or acid

derivatives, carboxyalkylation, addition of orgamnic



pH value is preferably carried out slowy or gradually, - 17 - which can
be effected, for exanple, by first adding a weak base, for exanple to a pH
of approximately 3; further neutralisation can then take place using a
stronger base. Suitable weak bases are, for exanple, alkali or alkaline 5
earth carbonates, bicarbonates, such as sodi um and potassi um carbonate or
bi carbonate, or ammonia. Strong bases are, for exanple, alkali or alkaline
eart h hydroxi des, such as sodi um potdéé#hﬁl cal cium or magnesi um

hydr oxi de. 10 The reaction can be furthered by heating. For exanple,
tenperatures of the order of magnitude of from 15C to the boiling
tenperature can be applied. It is preferred to increase the tenperature

gradually. F Qﬁ%! . i : : hibed euhydtidt to
approxinatel§£?§€n1 %?0Q$%%rg%&%?ﬁgﬁﬂfE%mgghpergturéycan be gradually

i ncreased tofbondtiimgn, Bee.reaction tinmes are, for exanple, of 20 magnitude
of from1l5 mnutes to several 20 mnutes to 4 hours, for exanple frome.g.
from30 to 60 mnutes. the order of hours, e.g. from25 to 70 m nutes, The

reacti on canrbakexahglos iam tdwrenddiloptacndian tengerrier 25° eddfpl e at pH
val ues of the order of, ni tude, of fro 0 I hasyDeen silewsr
FhabPEnTE A CRocbUe SR CROUBRT hol Heceseary

however , , a not necessary, to raise the pH
val ue to hi ghercyabeessritktinidhei?2 detBverivels Knewnh&Ocbif SREP™ he

conpl ex formation. In order to conplete the reactiQnetRe-30;4t val ue can
then be Iome?gﬂliﬁ?t¥ﬁﬁﬁh?cﬁrﬁn&ﬁﬁﬂ%? PSe%hgoﬂentléﬁegrordgr of ‘magni t ude of

from5 to 6, Jh¥rbhsnly aBia @dididides, obnapdatdel s baciddethefieCean be used

i norganic or organic acids_or mxtures thereof, Jj rti.gu fydrohal i c
aci ds, such &8T 9&Y%ﬁéﬁmﬁ¥@cﬁ??ﬁyﬁﬁlvﬁﬁu8585pﬁ§%?%gﬁﬁgﬁ%§aag?ﬁ. 5

10 esterification, particularly preferably acetic anhydride.
The esterification is carried out under conventional
reaction conditions, for example in agueous solution or in
a suitable solvent such as, for example, formamide,
dimethylformamide, dimethyl sulfoxide or acetic acid. The

15 reaction in agueous 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

20 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

25 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,

30 filtering off and drying.



As mentioned, the conplex formation is generally furthered by heating. For
exanple, in the preferred enbodinent in which the pH value is increased in
the course of the reaction to ranges of frombeyond 5 to 11 or 14, it is 10
possible first to work at | ow tenperatures of the order of magnitude of
from1l5 to 70C, for exanple from40 to 60C, e.g. at approxi mately 50C

wher eupon, after again lowering the pH value to values of, for exanple, the
order of magnitude of at |east 5, graduall heating is carried out to 15
tenperatures of from above 50C to the boiling tenperature. The reaction
times are of the order of magnitude 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 applicatio f pH val 5, it is
possi bl 6 to W ROLFEEHE T BT rus TpROTEPTERT G o Terr e Tinicse, for
exanpl e, e. g.cahok1ks0mmIZ0 31 K0 iM Rukesamé otamxanpfer acxarerertdicures up to

70C, whereupon, after lowering the pH,value to the.rapge of t rder of 25
magni t ude of PAEPREAEIOD Of RYIGHAG Gt Ean™BE Kar i 8d gu a)glocr "’!ag?L Urther 15

to 70 m nutesg;1Ralic30cid HO JHiPilesciat ebesper altubesngf pops e ffor
exanpl e, 70C and optionally for a further 15 to 70, 'nuttes,be.gégfe 30 to 60
mnutes, a& MAGhErCPRAPEAIERURES TP o CENERBATT i Hy SPOPRE. “©-"9L9 " Win t he

reaction has heep Gar{he&d oM .of Nad a3ubli B8 &0 uheoanngarides, exiawpl e, be
cooled to roomtenperature and optionally diluted and optjonally filtered.

After cool i ngnhykeipes vatkotiiPhOadresieds 1o (HhettraF point 5 or

slightly bel o, ifQF; eX2Mpt &0 YANES 16f chEBFXPL 1D abidByavdUstiblel acid
or base. There can 5e used as aci ds or bases, Tfor exanple, thpse nmentioned

above for th&oreabei pnepdiet Yasul fdmgxesplei BAsPiE PIAFT PREACHMSE can be
used dir Iy . ti i Jed 6 arBRL S adieMEE, hdipsc 10 al so
possi bl eeﬁ) iago?gtrggghggﬁ%{n?l%%%r?%ﬁeges froma}t he sol ution, for exanple
by precipitatdndiydwitlh en Shwcahot asiccliiablenide kafhs repsEieRample et hanol .

The isolation can al se be carried; oyt by, SLaysdLying cRrification can be
carried out W& 'EInVENTT Onal™ Wanner, i'n particu ar in 15 order to renove
salts. This caneafebhected, Pdoriexapleefoyeneeeis@io®sPs, it being

possi ble for such .a.reverse osnosis ta b I ty4-JoOr, e, before
the spray dr ﬁ%ger&%lﬁg%?% ‘f"htzhd?"?’ce%]tnltfs%@ga%ggcgﬁegnﬁieof&%%#%gﬂesul ting
iron(ll1)rxcankahydieateiconpl exes have, for exanple, an iron content of from
10 to 40 %wWm./w., in particular from20 to 35 %w./w. They are readily
soluble in water. It is possible to prepare therefrom neutral aqueous

sol uti ons haviHig @hokiDiELDMEodikt fins exanbllewizée foeomedctedttdvol . to

20 % w./vol. Such solutions,can pbe sterilised_by ne e The
meight-averaé@”ﬁbFéEBP§¥akal erivatives. é%lgaQXe aé”gkégeﬂi %Ee

carboxyalkyl halides known to the person skilled in the

20 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

25 Dbromo-acetic acid.

The reaction is carried out in a manner known to the person
skilled in the art, for example in aqueous solution or in a
suitable solvent such as, for example, formamide,

30 dimethylformamide, dimethyl sulfoxide or acetic acid. In

aqueous solution, the reaction is carried out, for example,



wei ght Mv of the conpl exes so obtained is, for exanple, from80 kDa to 800
kDa, preferably from80 to 650 kDa, particularly preferably up to 350 kDa
(determ ned by nmeans 30 of gel perneation chromatography, for exanple as
described - 20 - by Geisser et al. in Arzneim Forsch/Drug Res. 42(11),

12, 1439-1452 (1992), Section 2.2.5.). As nentioned, aqueous solutions can
be prepared fromthe 5 conpl exes according to the invention. Such solutions
are suitable in particular for parenteral? adm nistration. However, they can
al so be adm nistered orally or topically. They can be sterilised at high
tenperatures, e.g. at 121C and above, with short contact tinmes of at |east
15 mnutes 10 with achievenent of Fo 15. Fo is the treatnent tine in

m nutes at a_variable t I re that £5h9 Pothesddieatipenpt tinme in
m nut es at ﬁt-lcéc}%?scluq éat%ggﬁpflgﬁliaﬁoi ggél §£r)nélj;:r oor Sgﬁfgm havi n ®: tenperature
coefficient of m crabjudltmdetonpdsiot ropr 6esited PraEssr ati dnd’ mnwn??herto
had in 15 sone_cases to be sterile filte e we1andgor have
preservative@,dﬁggﬁmﬁg‘ Kﬁnaf@bHﬁFdOrE%%é%%v{qggggggfﬁgéitg%‘sgch

wor ki ng st epsn@r sadehinly esare dintconddes sas yaae cdrgieng Tle t¥RAGHPENt i on. |t
is possible to introduce the sqlutions of .the co es,Lpto ampoul es, for
20 exanpl €. EBF BIEAPHECS ottibn S5 PHGH iO]f%eIg%J \%t)ﬁ. ?A(;)b‘?or exanple 5

W . % can betbppepdeced, iwtih wessals; osuehtasheapod doror foF adamee, for
exanple, from2 to 100 m, for exanple to 50 md . . T iron of the
par ent er al | yE&am At 3trabt Gt i%ﬁec,ré"rgﬁ%ea%%??}fle%t&@?’ fp;%grgaézgst i

conventi onal 3m8NABLys OPkdARRLd Yupididl tikeleencantantarusedopundrl tives
conventional for parenteral solutions. The solutions can be so formul ated
that they cadeBerabadnfer drlerl eEtUdH B R ection or as an infusion, for
exanpl e i saline solution. For oral or topical 30 adm nistration,

preparations can be formulated with - 21 - approgriate onvgntéoqgl
exci pi ents aRbdea@rielaf ycaubar drdes. Tepss Lvey BREEBRCT RS SFor8°F ATt her

provi des nedi,capent $,phi Ll &r€xS Ul iailia don oRaphbspiaaridmr 1paeenter al ,
i ntravenous as wel'l "as i ntranmuscul ar adm ni stration and .al.so .f or %le or

topi cal adni tieer pi ko, bandrakesteT e FedPenPEEFeT cliarSFort

t r eat ment ofaf on deficiency anaem as. The invention therefore further
provi des the use of the 10 iron(I1l)-carbohydrate derivative conpl exes
according®o the invention in the treatnment and prophylaxis of iron

deficiency apagniaseQr, L § D REPPAIALLON o WRAkEaBPLS dffechis parti cul ar
t he parentera trea?nen? of “ifon . de I ci ency anaem as. The nedi canents are
suitabl e for sede@tion or in a suitable solvent such as, for example,
forﬁamide, dimethylformamide, dimethyl sulfoxide or acetic
acid, using a suitable sulfation reagent, for example 80;-
20 trimethylamine complex or cyclamic acid, at room
temperature, with cooling or with heating, 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
25 the reaction solution is rendered strongly basic (e.g. to
pH 12-13) and the solution ig 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, HCl, precipitation

30 and isolation are carried out as described for the ¢y

oxidation.



15 in human and veterinary nedicine. According to the invention it is
possible for the first tine to prepare iron conplexes of maltodextrin
derivatives. 20 Conpared with the iron-maltodextrin conpl exes known from WO
2004/ 037865, the iron-naltodextrin derivative conpl exes according to the
invention permt a specific and fine adjustnent of the nolecul ar wei ght

over a wide range to higher nolecul ar weights, which was not possible with
the 25 known conpl exes. The majority of tfe i ron-mal todextrin derivative

conpl exes exhibit a virtually unchanged degradation kinetics ((r) = 0.5)
as conpared with the iron-maltodextrin conpl exes known 30 from WO
2004/ 037865. - 22 - Most derivatised maitodextrin conpl exes exhibit

increased stability towards enzymati c degradati on by anyl ase as conpared
with underivatised maltodextrin, which can pronpte retarded and gniform
degr adat i on ofh¢ hehdspdbairaht ddeseriied a¥er REAPTIENE dithIBEXeB 38T oF ding to

the invention in the body, EQS%%£§BB¥5§%Q%IQt bhe liax iderivatives

according to F e inventron re In particular in the case of the 10

sul fat ed conptexpriesdsy aticwed)ingsdeompar dd WhthAr 871 G GPPAPERR Khown
iron-mal todextrin conpl exes, ich_repr bS.alsCERNRPN GAa@dvant age for
product i on onrga%%ﬁﬁégig §F%§gggsglﬁié%ﬁ§§§%l%§ I'n the present description
and the exanppestailsly fpbhowimdexly ose Sriapakenbesahal it &CAPREHS

gravinetrically. To this end, the naltodextri  Lfachigdiddaeaqueous sol u
with Fehling'§¥§07?¥i%ﬂﬂwnafeﬁgﬁP§ﬁg.a :Eg%g%b??oﬁgggies %ggkfgge

quant it ati vel ghobpeatdtiisodiont uytihegenlisenipbatat fonaotokare TPERPI R’ s

el Gt _at *105ETaRGL eterR fed e ad PRobTTEH o+ 1he BTUc6es Coteant

(dext r ose 1@quizkalentie ireacdlicn abedeioondmee psectipagaved wishas Ct .
ethanol, methanol or acetone, for example, and the
precipitate can be isolated and dried, or the reaction
solution is concentrated to dryness by evaporation, for
example in a rotary evaporator, and dried further,

15 preferably at elevated temperature and in vacuo. After
grinding, the product is heated in the dry state, for
example 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

20 elevated temperature of, for example, 50°C. Insoluble
residues are then separated off, for example by
céntrifugation or filtration, and the resulting solution is
purified by membrane filtration in order to remove Lree
orthophosphate. The filtration can be monitored by IR

25 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.

30



25 wt./wt. of maltodextrin dry substance. For exanple, it is possible to
work with the following solutions: 25 m of Fehling's solution I, m xed
with 25 m of Fehling's solution 117 10 m of aqueous maltodextrin sol ution
(10 % nol/vol.) (Fehling's solution I: 34.6 g of copper(ll) 30 sulfate

di ssolved in 500 m of water; Fehling's solution - 23 - Il: 173 g of
potassium sodiumtartrate and 50 g of sogdjum hydroxi de, dissolved in 400
of water). It is explained herei nbel ow whi ch nmet hods and devices were 5

used to determ ne the respective properties of the nmaltodextrin derivatives
and iron conpl exes. 1H NVR Bruker Avance-400, 400 WMHz, solution in D20
referenced to H20 10 13C-NMR: Bruker Avance-400, 100 MHz, solution in D20
referenced extgenakdivitedt aepethylsesd ydad efer atieatsedpnopikéditieri d 31P- NVR:

Br uker Avance-400, 162 MHz, sol uti in. ref ren xter 0 conc.
H2PO4 15 | R XPPWPREPetRE PETFRI 9 lﬁl(zl‘gfd RBr °B %l?e‘i' %;q sé ﬁg(rquht%ge%obu n

Yvon Utim Za1$aapkerdhseotived duidebl@ b@mm/em@mgem suGlSEEp,arfam on
Center (incl. conduct|V|té det ect or saang. alved in 11291e
r elﬁ&é

Waters 515 HPXETpuAp, Ng@feror A TPAYRPSLT | 2ot et ector sanple

di ssol ved d 1 ob120¢opuLluhate asi st aqand: Behetsbnati am of s alsbe GPC
Det er mi nation of NMi: see

C Fe content: tltflﬂEtFlC(%gts' ggt jon W th
EDTA (e.g. J&ﬁd@ﬁngaﬁWChhﬁgs@h@$9%¥ﬂ@QHW?WﬁﬁFt|Bﬂﬁmﬁﬂ? adarion ki netics:
P. Geisser, 8L geFor SEhaUD. SLIdctdy ot Bkt ity Rel ki otz of
Par ent er al Iron reparations; Arzneim - Forsch./Drug Researcg 42 (11), 12,

1439- 1452 (19@2W1Ahab99lsngen@h€@9@®W@f2@5“§6§cﬁ?a§o'ﬁﬁionﬁ
'nveSt'gatedx%%.Q§gﬁe@aQ£sd§9£QQa££(H‘é%%é%kﬁ? 5aB8i®) cons4nt bH0ﬂ5y|e|d

amount of Fe i solated in g/ anount Fe used'in g
10 from 7.5 to 9.5, preferably from 8.5 to 9.0, for example by

sodium hypochlorite at approximately 50°C. The pH is then
adjusted to neutral, for example by addition of HCI, and
the product is subsequently precipitated and isolated as
described for the esterification.

15
By using éifferent amounts of the respective reagents for
the derivatisation, different degrees of mwolar substitution
can be achieved. The degree of molar substitution is
defined by the molar ratio of the derivatised

20 anhydroglucose units to the total amount of anhydroglucose

unite within a molecule.

The products are investigated by IR spectroscopy. In this
manner it is possible to determine qualitatively whether

25 the desired functional group has been introduced into the
maltodextrin. The introduction of a carboxyl group, for
example of an acetyl group, succinyl group or carboxymethyl
group, can be monitored by augmentation of the band at
1740 cm in the IR spectrum (C=0 valence vibration of

30 COOR). The successful C,/C; oxidation can be monitored by

augmentation of the band at 1640 cm™* (C=O valence vibration



Exanple 1 5 Preparation of Cl-oxidised maltodextrin 250 g of maltodextrin
havi ng a dextrose equivalent of 12 were dissolved in 750 ml of water. 1.4 g
of NaBr were added, and 78.4 g of NaOCl solution (14 to 16 w.% active 10
chlorine) were netered in in the course of 30 m nutes, the pH being kept
constant at 9.5 ( 0.5) by addition of 30 wt.% NaCH. The pH was then
adjusted to 7.0 using HC1 (20 w.%, and the product was precipitated by
addition of ethanol (92 wt.% in a volumd ratio of 1:6 15
(solution:ethanol). The product was isolated by decanting off the
supernatant solution and was dried for 24 hours at 50C and 125 nbar.
Exanple 2 20 Preparation of Cl-oxidised nmaltodextrin 100 g of nmaltodextrin

(9.6 dextrose equival ents, determ ned gravi ricall Lssol ved at
25C, with stPErfay,) i ARSOBRFOHC e r® aﬁds”ﬁ%ﬁ%%&% %Elglg by addition of

30 g 25 of sodjsmhvpeghligridassobut tpa Hakdist atlb2ew . &dctiovenchl ori ne) and
isolated and dried as in Exanple 1. Pyoefo ration of

{ o, 25 - Exanple 3,
Cl- oxi di sed rupledextvibyakigngt gEeSBf 45 @eofmﬁggii‘éa%&?rh n (6.6 dextrose 5

equi val ent s, gg%gﬁgg@eggroglba\eaqqeg&ggaggy(}omdm{éa guel i vat {adex byi nec14. 0 _
dextrose equipva nts, detéerm ned gravinetricall ¥1) i s dissol vec,lS at 25C, with
stirring, 5 nNBBOspcofosgmrer. dvdverirdpawed IONPHNPEPBIEAdHRIBN of* 25 g of
sodi um hypocbr it g, SO ULIAM (hdk9s18e Whndbiaet ivse1fpahl wiine)rrand
isolated and dried as in I?xarrpl 1.

monophosphate shows a sharp signal at about 0.7 ppm.

The quantitative determination of the degree of molar

10 substitution can be carried out byle—NMR spectroscopy or
Lo NMR spectroscopy, by relating the intensity of a signal
assigned to the introduced functional group to the
intensity of a signal of the maltodextrin that has not been
influenced by the derivatisation. In the case of

15 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

20 wonophosphate) .

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

25 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.

30



Exanples 4 to 7 Acetylat ion 15 200 g of naltodextrin obtained in Exanple
1 (1.23 nol of anhydrogl ucose) were dissolved at 25C in 660 nl of water,
and the pH was adjusted to 8.5 using 30 w. % NaOH. Acetic anhydri de was
added at a rate of 1.7 m/mn, in various anounts shown in Table 1, the pH
bei ng kept constant at 8.5 20 ( 0.5) by addition of 30 wt.% NaOH. The
solution was stirred for one hour at a constant pH of 85 ( 0.5) and then
adjusted to 7.0 using 20 wt.% HC1. The prfoduct was precipitated with
ethanol (92 wt.% in a volunme ratio of 1:6 (solution:ethanol). The product
was isolated by 25 decanting off the supernatant solution and was dried for
24 hours at 50C and 125 nbar. By varying the anount of added acetic

anhydride, differen grees of. acetyl at.ion r al Theifey ts are
shown 30 in Zﬁ%b’lréml.ﬂ%? §€?§SngFﬁelg@a%lues qﬁﬁgg%géhéhgﬁolf %\%%0 (based on

anhydr ool ucos@rfegreerobriahat aubssisutmonuies- Npradlel ¢t 2¢nol of
' solated pr Ol?elijl(:i[(éertsl),l f%fr %gcg)r/ngrlgglcg 8§:§dgsaer§9 béllro%l'nig'e,840124su1fates.
Physiologically acceptable salts are preferably used. An
5 aqueous solution of iron(III) chloride is particularly

preferably used.

It has been shown that the presence of chloride ions has an
advantageous effect on the complex formation. Chloride ions

10 can be added, for example, in the form of water—solublg
chlorides, such as alkali metal chlorides, e.g. sodium
chloride, potassium chloride or ammonium chloride.
Preference is given, as mentioned, to the use of iron(IIT)
in the form of the chloride.

15
For the reaction, it is possible, for example, to mix the
agqueous solution of the oxidised maltodextrin with an
aqueous solution of the iron(III) salt. The procedure
thereby is preferably such that the pH value of the mixture

20 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

25 4iron(III) chloride is used, it is generally not necessary
to add an acid because aqueous solutions of iron(ITII)
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

30 than 5, for example up to 11, 12, 13 or 14. Raising of the

pH value is preferably carried out slowly or gradually,



5 0.67 0.61 65 6 0.33 0.31 69 7 0.16 0.14 74 1 not derivatised 84 Owm ng
to the acetylation, the solubility of the 5 naltodextrin derivative in

et hanol increases, which results in a falling yield with an increasing
degree of substitution. The degree of acetylation was determ ned
qualitatively by 10 IR spectroscopy and quantitatively by NVR spectroscopy.
The acetyl ation can be nonitored by | R spgctroscopy by augnentation of the
band at 1740 cm 1 (C=0 val ence vibration of COOR). The degree of nolar
acetylation was determ ned by 15 1H NVR spectroscopy by the ratio of the
intensity of the CH3 signal at 2.0-2.3 ppm (acetyl group) to the intensity
of the signal at 3.0-4.5 ppmand 5-6 ppm (7 protons of the_anhydroglucose
group). which can be effected, for example, by first adding a wea

base, for example to a pH of approximately 3; further
neutralisation can then take place using a stronger base.
Suitable weak bases are, for example, alkali or alkaline

5 earth carbonates, bicarbonates, such as sodium and
potassium carbonate or bicarbonate, or ammonia. Strong
bases are, for example, alkali or alkaline earth
hydroxides, such as sodium, potassium, calcium or magnesium
hydroxide.

10 ‘
The reaction can be furthered by heating. For example,
temperatures of the order of magnitude of from 15°C to the
boiling temperature can be applied. It is preferred to
increase the temperature gradually. For example, heating

15 can be carried out first to approximately from 15 to 7Q°C
and then the temperature can be gradually increased to

boiling.

The reaction times are, for example, of the order of
20 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
25 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
30 pH value can then be lowered further, for example to the

mentioned order of magnitude of from 5 to 6, by the



20 Exanples 8 to 11 Succinyl ation - 27 - using 30 wt.% NaOH, and succinic
anhydri de was added in portions at 25C in the course of one hour, the pH
bei ng kept constant ‘at 8.5 ( 0.5) by addition of 30 w.% NaOH. The pH was
then adjusted to 7.0 by addition of 20 wt.% HC1L 5 and t he product was
precipitated with ethanol (92 wt.% in a volune ratio sol ution:ethanol of

1: 6. The product was isol ated by decanting off the supernatant solution and
was dried for 24 hours at 50C and 125 -n3&r - 10 By varyi ng the added anount
of succinic anhydride, different degrees of succinylation were obtained.
The results are shown in Table 2. Table 2 Exanple Equivalents of succinic
anhydri de (based on anhydro- glucose) Degree of nolar substitution (1E NWVR)

¥I4.e|9d0'_[ \0”8 Un;)c!tdiogic:nsglfaggd agggqugé/ggnl.dsOfthaérl}gyggg%é"% ysedya®i®. 17 0.15
or organic acids or mixtures thereof, in particular
hydrohalic acids, such as hydrogen chloride or agueous

~ hydrochloric acid.

As mentioned, the complex formation is generally furthered
by heating. For example, in the preferred embodiment in
which the pH value is increased in the course of the
reaction to ranges of from beyond 5 to 11 or 14, it is

10 possible first to work at low temperatures of the order of

‘ (o]
magnitude of from 15 to 70°c, for example from 40 to 60°C,

e.g. at approximately 50°C, whereupon, after again lowering
the pH &alue to values of, for exaumple, the order of

magnitude of at least 5, gradual heating ig carried out to

15 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

20 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

25 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.

30



0.07 82 10 0.04 0.03 84 11 0.02 0.02 70 not derivatised 84 15 The
succinylation did not significantly affect the solubility of the oxidised
mal t odextrin. The succinylation can be nonitored qualitatively by IR 20
spectroscopy by augnentation of the band at 1740 cm 1 (0=0 val ence

vi bration of COOR/ COCH). The degree of nolar succinylation was determ ned
by 1H- NVR spectroscopy by the ratio of the intensity of the two CH2 signals
at 2.4-2.7 ppm (succinyl group) to the imtensity of the signal at

When the reaction has been carried out, the resulting
solution can, for example, be cooled to room temperature
and optionally diluted and optionally filtered. After
cooling, the pH vaiue can be adjusted to the neutral point

5 or slightly below, for example to values of from 5 to 7, by
addition of acid or base. There can be used as acids or
bases, for example, those mentioned above for the reaction.
Thé resulting solutions are purified and can be used
directly for the preparation of medicaments. However, it is

10 also possible to isolate the iron(III) complexes from the
solution, for example by precipitation with an alcohol,
such as an alkanol, for example ethanol. The isolation can
also be carried out by spray drying. Purification can be
carried out in a conventional manner, in particular in

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

drying or before the direct use in medicaments.

20 The resulting iron(III)—carbohydrate complexes have, for

[

example, an iron content of from 10 to 40 & wt./wt., in

S\l

particular from 20 to 35 % wt./wt. They are readily soluble
in water. It is possible to prepare therefrom neutral
agueous solutions having an iron content of, for example,
25 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

30 of gel permeation chromatography, for example as described



28 - 3.0-4.5 pprn and 5-6 ppm (7 protons of the anhydroglucose group).
Exanples 12 to 16 5 Carboxynethylation 200 g of Cl-oxidised maltodextrin
obtained in Exanple 1 were dissolved in 660 m of water. 118 g of solid
NaOH were added so that the pH was 13-14. Chloroacetic acid was added 10 in
portions in the course of 20 mnutes, and then stirring was carried out at
2500 for 3 hours. The pH was then adjusted to 7.0 by addition of 20 w.%
HC1, and the product was precipitated w4 -ethanol (92 w.% in a vol ume
rati o solution:ethanol of 1:6. The product was isolated by 15 decanting off
t he supernatant solution and was dried for 24 hours at 50C and 125 nbar. By
varyi ng the added anount of chloroacetic acid, different degrees of

car boxynet hyl ati on were obtai ned, The.re 129 ershown (1) Tabbe 3.
Table 3 ExanBYeG%ﬁﬁFVéﬁﬁhfg'oﬁncﬁr%?%%%éﬁ#%kgb?dr?%ased on anhydr o-

gl ucose) Deghgesof 49wl @roosyhstictutibon2 (A NMR) Yiel d[% (mol of isol ated
product/ ol of anhydrogl ucose used) 12 0.35 0.034 63 13 0.23 0.024
As mentioned, aqueous solutions can be prepared from the
5 complexes according to the invention. Such solutions are
suitable in particular for parenteral administration.
However, they can also be administered orally or topically.
They can be sterilised at high temperatures, €.9. at 121°C

and above, with short contact times of at least 15 minutes

10 with achievement of Fy = 15. Fo is the treatment time 1n
minutes at a variable temperature that corresponds to the

treatment time in minutes at 121°C calculated for an ideal
microorganism having a temperature coefficient of microbial
decomposition of 10. Preparations known hitherto had in

15 gome casgses to be sterile filtered ét room temperature
and/or have.preservatives, such as benzyl alcohol or
phenol, added thereto. such working steps or additiyes are
not necessary according to the invention. It is possible 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



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 carboxynethylation achieved did not significantly
affect the solubility of the oxidised naltodextrin. 5 It is not possible to
nonitor the carboxymethylation by IR spectroscopy because of the |ow
degrees of substitution in these exanples. (No clear band at 1740 cm 1 of
the C=0 val ence vibration.) The degree 02f1 nol ar car boxynet hyl ati on

appropriate conventional excipients and auxiliary

substances.

The invention therefore further provides medicaments which

5 are suitable in particular for parenteral, intravenous as
well as intramuscular administration and also for oral or
topical administration, and which can be used in particular
for the treatment of iron deficiency anaemias. The
invention therefore further provides the use of the

10 iron(III)-carbohydrate derivative complexes according to
the invention in the treatment and prophylaxis of iron
deficiency anaemias or in the preparation of medicaments
for in particular the parenteral treatment of iron
deficiency anaemias. The medicaments are suitable for use

15 in human and veterinary medicine.

According to the invention it is possible for the first

time to prepare iron complexes of maltodextrin derivatives.

20 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
adjustment of the molecular weight over a wide range to
higher molecular weights, which was not possible with the

25 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

30 from WO 2004/037865.



was determ ned by 1H NVR spectroscopy by the ratio of the 10 intensity of
the anoneric protons at 5.6 ppm (carboxynet hyl at ed anhydr ogl ucose group) to
the intensity of the signal of the anomeric protons at 4.8-5.8 ppm
(anhydr ogl ucose group w thout derivatisation). 15 E..1221f2.-.2So 20
SulfatiOn 200 g of C, -oxidised naltodextrin obtained in Exanple 1 were

di ssolved in 600 mM of water and heated to 30C. 803- 20 trinethylam ne
conpl ex was added and the m xture was st22red at 30C for 30 minutes (during
whi ch t he suspension changed into a solution). 40 wt.% NaOH (1.7
equi val ents, based on the nol ar anount of SO03-trimethylam ne conpl ex,
corresponding to 18-141 nml depending on the degree of 25 substitution) were

added at a rate of 2.8 m/mn., and the sol ution sfirred.al, 3QC for 2.5
hours. The pRlosds dadjustteed grabt SaFEA26°M oﬁ%g%%hikggprodué} was

precipitated wt W% £hhanlyidt ia vebus®atiatd eysehulpon: &t hanol of 1:7
to 1:8. The 5%%%ﬂé$%%asoisolated3%y 30 decantin%.offwkqghsgggr Rt

sol ution and wapadededitior undehbrrisisnd SOELIR mar.” - - By varying
t he added anmount of .SQ3~trij Y adne cenphexs did fierentadegdeets: iof

sul fation mer%gﬁﬁgfﬁnggé %hg%$esults are shown in Table 4. .5 g%%le 4

Exanpl e Equi vadeintatiok 50881 evagemtcqisised tontan Iy tlose) “Degr ee of
nol ar substitu&%gn ("HHNWR) Yield[96.) (rmol of isolated product/nol of
anhydr ogl ucos®Used)

The iron yields of the complex derivatives according to the

invention reach 100 % (in particular in the case of the

=8

10 sulfated complex derivatives), as compared with 87 to 93 %
in the known iron-maltodextrin complexes, which represents

an economic advantage for production on a commercial scale.

Examples

15
In the present description and the examples which follow,
dextrose equivalents are determined gravimetrically. To
this end, the maltodextrins are reacted in aqueous solution
with Fehling's éolution, at boiling. The reaction takes

20 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
equivalent) is calculated from the resulting values as %

25 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 aqgueous maltodextrin solution (10 %
nmol/vol.) (Fehling's solution I: 34.6 g of copper(II)

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



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
mal t odextrin is the decreasing solubility of the product in

II: 173 g of potassium sodium tartrate and 50 g of sodium

hydroxide, dissolved in 400 ml of water) .

It is explained hereinbelow which methods and devices were
5 used to determine the respective properties of the

maltodextrin derivatives and iron couplexes.

1H-NMR: Bruker Avance-400, 400 MHz, solution in DO
referenced to Hy0

10 *BC-NMR: Bruker Avance-400, 100 MHz, solution in DzO
referenced externally to trimethylsilyl-tetradeutero~
propionic acid
31p_NMR: Bruker Avance-400, 162 MHz, solution in D30
referenced externally to conc. HzPOs

15 TIR: FT-IR Perkin Elmer 1725%, 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 Hp0
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 (I11), 12,
1439-1452 (1992)

Analysis Jena Specord 205 spectral photometer, investigated

30 degree of degradation 50 % (® = 0.5)



10 ethanol. The degree of sulfation can be nonitored qualitatively by IR
spectroscopy (augnentation of the bands at 1260 and 830 call, val ence

vi brations of SO42). The degree of nolar 15 sulfation was determ ned by
13C-NMB spectroscopy by the ratio of the intensity of the ClL signal at 96
ppm (sul fated species) to the intensity of the C signal at 103 ppm (non-
sul fated species). 20 Exanples 21 to 24 Phosphation 300 g of Cl-oxidised
mal t odextrin obtained in Exanple 1, NaHZ®EO4 and Na2. HPO4 (nolar ratio
1:1.8) were dissolved in - 31 - 1.5 1litres of water and the pH was
adjusted to 3.0 using 20 wt.% HC1. The sol ution was concentrated to dryness
by evaporation in a rotary evaporator at 70C and 125 nbar. The residue was

dried for 16 _hours. at 50C and 125 _nbar .. Thi ouad and
heated to 166508v§?g% £ p&NBE o % Fﬁob?%l%éxigg %68g88ﬁ p§§é§{erlal was

ground agai niang di ssolved for one hour in water in a weight ratio of 1:4.4
(solid:water) at 50C. The solution was cooled to 25C and the insol uble

resi dues were separated off by centrifugation 10 (5500 rpmfor 1 hour). In
order to ren@M%mbggelorthophosphate the resulting solution was filtered by
menbrane filfration using a nanofiltration yenbrane (N tto-Denko NTR-7410,
average N&O Prepespbhel gif 19 -9Kigisod BRILOded LIl o\ rate of 180-210
litres/hour. The renoval of the free orthophosphate was nDnltored by IR
spectroscopy of the washed fractions. The solution of .th sed

phosphat ed nﬁﬁ@oée%?rm%ﬂW@é@%%meﬁPWépgdatﬂﬁﬁFWQ§ﬁw§QPﬁV3??o ary evaporator

at 60C and 2Q,.8Q- 330:5haly ARG den LirewRteduCct. aas ofr BaBpi vated with
ethanol in a volunme ratio of 1:6 (solution: etha&ﬁ: g oduct. was
(8566 Ppot

separ at ed ofﬁd@Vdeenﬂle%gﬁﬂﬁdﬁf&ECFHeS§&§E€ﬁ%| %FtﬁW%our) and
was dried, for, Fq%ahzvﬁ%a 5%%%@6@1 125 ipbahe 5. \&F pongihbeeaddes anount

of the mixture 6 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 HCl
(20 Wt.ﬁ), and the product was precipitated by addition of
ethanol (92 wt.%) in a volume ratio of 1:6

15 (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

20 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
25 of sodium hypochlorite solution (14 to 16 wt.% active

chlorine) and isolated and dried as in Example 1.



Na2HPO4 in a nolar ratio of 1:1.8, different degrees of phosphation were
obt ai ned. The results are shown in Table 5. - 32 - The degree of nol ar
substitution was determ ned by |1 CP-CES (I nductively Coupled Pl asma- Opti cal
Em ssion Spectroscopy, total phosphate content) and ion chromatography
coupled with conductivity neasurenent (content of free 5 nonophosphate). A
qualitative determ nation of the content_of free nonophosphate was carried
out by 312- NVR spectroscopy. Polyner-bbu%§ onophosphat e appears in the
formof broad 10 signals in the region of about 0-2 ppm while free
nonophosphat e exhi bits a shaip peak at about 0.7 ppm The broad signal at
-10 ppm can be assigned to oligophosphates. Table 5 Exanpl e Equi val ents of
PO, (based oExgggﬁgrQ- gl ucose) Degree of nolar substitution (ICP) Free PQ

(ppm Free o phates*** (PPm Yieldl% (nol of isolated product/nol
of anhydrogl Beeperased) Xl ¢h-85igdipgd maltodextrin

A mixture of 45 g of maltodextrin (6.6 dextrose

5 equivalents, determined gravimetrically) and 45 g of
maltodextrin (14.0 dextrose equivalents, determined
gravimetrically) 1is dissolved at 25°C, with stirring, in
300 ml of water and oxidised at pH 10 by addition of 25 g
of sodium hypochlorite solution (14 to 16 wt.% active

10 chlorinef and isolated and dried as in Example 1.

Examples 4 to 7

Acetylation

'15 200 g of maltodextrin obtained in Example 1 (1.23 mol of
anhydroglucose) were dissolved at 25°C in 660 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

20 (+ 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

25 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

30 in Table 1.



80 not determ ned 22 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

- 26 -
Table 1
- B
Example | Equivalents of Ac,0 Degree of molar Yield [%1
(based on substitution (mol of isolated
anhydroglucose) (*H-NMR) product/mol of
anhydroglucose used)
4 1 0.84 24
5 0.67 0.61 65
6 0.33 0.31 69
7 0.16 0.14 74
1 - not derivatised 84

Owing to the acetylation, the solubility of the '
5 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

10 IR spectroscopy 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

15 H-NMR spectroscopy by the ratio of the intensity of the CH;
signal at 2.0-2.3 ppm (acetyl group) to the intensity of
the signal at 3.0-4.5 ppm and 5-6 ppm (7 protons of the

anhydroglucose group).

20 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



not derivatised 84 15Reaction tinme at 180C/ 740 nbar 16 hours instead ot
4 flours ** The mal t odextrin/ phosphate solution was precipitated with

et hanol instead of being concentrated to dryness by evaporation *** Content
determ ned by 31P-NVR - 33 - Exanples 25 to 29 C2/C3 oxidation (two-stage
synthesis) 200 g of 01-oxidised nmaltodextrin obtained in Exanple 1 were 5
dissolved in 600 mM of water and the solution was heated to 50C. The pH was
adjusted to 8.5 to 9.0 using 20 wt.% FC?/ and 20 g of NaOCl (14 to 16 %
active chlorine) were added in a single batch. The residual anmount of NaOCl
was added at a rate of 5.8 m/mn., the pH being kept constant at 8.5 10 (
0.5) by addition of 30 wt.% NaCH. The solution was stirred for 1 hour at
50C and pH 8.5 .5), T tgp&- LUshREdt el wasi Bgd2d Mt . % HCL.
The product ngggc%rfgﬁ%@ywm%ﬁd vvtl?loq/ice?hiﬁ%l in a volume ratio

sol uti on: et hanql; Pk 4t 6zs5The radueiburas bsobm dbusy BedREHR g of f the
super nat ant ‘'solution and was dried for 24 haours, at %fﬁ Oar‘}g %2 adgp.ar.
Exanpl e 30 kept GbhERAGS. 2bxBdat iHr (Ji Myl 898LEY* Ynthesi’s, Tn situ 20

derivatisatign) 200 g of maltodexiridl &y eydhagetyes om B60t.% HCL
5 and the product was precipitated 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.

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

regsults are shown in Table 2.

Table 2
i ' lar vield [%]
Example | Equivalents of Degree of .mo )

Y sg\écinic anhydride substitution (mol of lsola’;ed
{(pased on anhydro- (*H-NMR) product/mol o
glucose) ' anhydroglucose used)

8 0.17 ‘ 0.15 ' 74
9 0.08 0.07 82
10 0.04 0.03 84
11 0.02 0.02 70
1 - not derivatised 84

15 |
’ The succinylation did not significantly affect the

solubility of the oxidised maltodextrin.

The succinylation can be monitored gualitatively by IR

20 spectroscopy by augmentation of the band at 1740 cm™ (C=0
valence vibration of COOR/COOH) . The degree of molar
succinylation was determined by'lH—NMR spectroscopy by the
ratio of the intensity of the two CHz signals at 2.4-2.7 ppm

(succinyl group) to the intensity of the signal at



heated to 50C. 1.1 g 25 NaOCl solution (14 to 16 wt.% in in the course of
30 mnutes, the pH being kept constant at 9.5 ( 0.5) by addition of 30 wt.%
NaOH. The solution was stirred for 1 hour at 50C and pH 9.5 ( 0.5). The pH
was then adjusted to 7 using 20 wt.% HCL. The product was 30 precipitated
with 92 wt.%ethanol in a volunme ratio - 34 - solution:ethanol of 1:6. The
product was isolated by decanting off the supernatant solution and was
dried for 24 hours at 50C and 125 nbar: % By varying the added anount of
NaOCl (14-16 active chlorine), different degrees of nolar C2/C3 oxidation
were obtained. The results are shown in Table 6. Table 6 Exanple

Equi val ents of NaOCl Degree of nolar oxidation ("G NM Yield [t3(npl of

i sol ated pr o%u.%t_lz;r.ns)l pé’rﬁ a%@yg_rg%p%cqgepgg@ggs 23 0148 0ndbglucose
group) .

Examples 12 to 16

5 Carboxymethylation

200 g of Ci-oxidised maltodextrin obtained in Example 1 were
dissolved in 660 ml of water. 118 g of solid NaOH were
added so that the pH was 13-14. Chloroacetic acid was added
10 in portions in the course of 20 minutes, and then stirring
was carried out at 25°C for 3 hours. The pH was then
adjusted to 7.0 by addition of 20 wt.% HC1l, and the product
was precipitatéd with ethanol (92 wt.%) in a volume ratio
solution:ethanol of 1:6. The product was isolated by

15 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

20 are shown in Table 3.

Table 3

Example | Equivalents of Degree of molar Yield [%]‘
chloroacetic acid subgtitution (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




72 26 0.24 0.022 71 27 0.12 0.012 88 28 0.06 not detectable 75 29 0.03
detectable 78 30 0.12 0.017 89 1
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- 29 -

The degrees of carboxymethylation achieved did not
significantly affect the solubility of the oxidised

maltodextrin.

It is not possible to monitor the carboxymethylation by IR
spectroscopy because of the low degrees of substitution in
these examples. (No clear band at 1740 cm™t of the C=0
valence vibration.) The degree of molar carboxymethylation
was determined by 'H-NMR spectroscopy by the ratio of the
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 Cy-oxidised maltodextrin obtained in Example 1 were

dissolved in 600 ml of water and heated to 30°C. SO;-
trimethylamine complex was added and the mixture was
stirred at 30°C for 30 minutes (during which the sugpension
changed into a solution). 40 wt.% NaOH (1.7 equivalents,
based on the molar amount of SO;-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.

not



- not derivatised 84
resulting products is small.

10 The variation in the isolated yield of the
It was possible to nonitor the degree of

C2/ C3 oxidation by 15 IR spectroscopy by an augnentation of the band at

1640 cm 2- (C=0 val ence vibration of CO00-).
oxi dation was determ ned by 13C NWVR
intensity of the COOH 20 signal at 175 and 176 ppm (oxi di
the intensity of the signal at 76-84 pp#A?(unoxidi sed C2).
process specification 1: Preparation of iron conplexes

iron conplexes fromthe resulting 5 oxidised derivatised
carried out in each case using 100 g of the nmaltodextrin
g of iron(lll) chloride solution (12 %w./w. Pe) there
stirring (paddle stirrer), at room 10 tenperature, first

spectroscopy by

The degree of nolar C2/C3

the ratio of the
sed C2 and Cs) to
- 35 - General

The preparation of
mal t odextri ns was
derivative: To 352
wer e added, with
100 of the

oxi di sed dergyatirgedqmehé odeasd i andliss alfv€0; ¥ BOBYARTERS @S S¥and t hen

554 g of sodium carbonate solu%|0q¥%17.3
est abl i shed by FEdF@PEi 8RIBFEE 0Tt U ar
was heated t9.SUpAAdin Table 4.

%
ution,

we%%'égﬁ?ﬂned% AHO0f el vas t hen
OXl de SO

and the sol ution

5
Table 4
i ield [%]
Example | Equivalents of SO0, Degree of molar Yie ‘
® reagént (based on substitution (mo(]i.l oillscilat':fed
1H-NMR) product/mol o
abydroglucose) ( anhydroglucose used)
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
10 ethanol.
The degree of sulfation can be monitored qualitatively by
IR spectroscopyv(augmentation of the bands at 1260 and
830 cm’?, valence vibrations of S04%) . The degree of molar
15 sgulfation was determined by 1Bo_NMR spectroscopy by the
ratio of the intensity of the C; signal at 96 ppm (sulfated
species) to the intensity of the C; signal at 103 ppm (non-
sulfated species).
20 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



mai nt ai ned at 50C for 30 mnutes. The m xture was then acidified to a pH of
5to 6 by addition of hydrochloric acid, and the sol ution was maintai ned at
50C for a further 30 mnutes and then heated to 97-98C and nuai nt ai ned at
that 20 tenperature for 30 minutes. After cooling the solution to room
tenperature, the pH value was adjusted to 6-7 by addition of sodium

hydr oxi de sol ution. The solution was then filtered over a sterile filter
and the conpl ex was isol ated by precipiBatiron with ethanol in a ratio of
1:0.85 25 and was dried in vacua at 50C. - 36 - Exanples 31 to 33

Acetyl ated iron conplexes According to general process specification 1,
the 5 acetylated iron conplexes 31 to 33 were obtained fromthe

mal todextrin derivatives obtained.in Examples. g 4 dhe prepsid i es of
which are suhﬁ%ﬂﬁ§€35iﬁ%TgB 8T 77881 ¥ Hh ggcﬁélgggzconpared mﬁfi a

standard pr eparat isomcahi chewas1hit keniwes prepaneds et dcd GAGRESS geher a
process 10 specification 1 from Cl-oxidised but nof deriyg%“a;%j The
mal t odext r i nevap@isttdionedni B EREAPY eRPIASICE #tPAY mBler &t dndard Exanpl e

33 Ve C O Gieddl B RATLE &) BYANR! S MR So Fnd hoeMhEuAIPHG H) Bxanpl e

33 M5 0. 61°¢TT
5 product was ground and heated to 160°C over a period of
4 hours at 750 mbar. This material was ground again and
dissolved for one hour in water in a weight ratio of 1:4.4
(solid:water) at 50°C. The solution was cooled to 25°C and
the insoluble residues were separated off by centrifugation

10 (5500 rpm for 1 hour).

In order to remove free orthophosphate, the resulting
solution was filtéred by membrane filtration using a
nanofiltration membrane (Nitto—Denko NTR—7410, average NaCl
15 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
20 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.

25
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 are shown in
Table 5.

30



Fe content* 27.0 28.9 29.7 30.6 Mwv 168, 000 234, 000 349, 000 511, 000 Mh
100, 000 139, 000 163, 000 334, 000 Degradation kinetics 8= 0.5 35 41 46 44

The degree of molar substitution was determined by ICP-OES
(Inductively Coupled Plasma-Optical Emission Spectroscopy,
total phosphate content) and ion chromatography coupled
with conductivity measurement (content of free

5 wmonophosphate) .

A qualitative determination of the content of free
monophosphate was carried out by 31p_NMR spectroscopy.
Polymer-bound monophosphate appears in the form of broad
10 signals in the region of about 0-2 ppm, while free
mbnophosphate 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- (Ice) , {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

15 * 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 *'P-NMR



* Val ues based on dry substance 15 The use of acetylated maltodextrin
derivatives having a degree of nolar substitution > 0.61 resulted in
i nstabl e products. 20 The acetylated iron conpl exes exhibited increased
iron contents as conpared with the standard and rising nol ecul ar weights as
t he degree of substitution increased. The degradation kinetics at 50 %
showed sim |l ar values conpared - 37 - with the standard. The Fe yi el ds of
the acetylated iron conpl exes reached~97° % Exanples 34 to 36 5
Succi nyl ated iron conpl exes According to general process specification 1,
t he succinylated iron conplexes 34 to 36 were obtained fromthe
mal t odextrin derivatives obtained in Exanples 9 to 11, the 10 properties of
whi ch are sumari sed intTagge 8 below, in each case conpared with a
standard pre 1S5 2 s likew se prepared according to genera
process spectf/jicgabikntlidr omwWCtetridi seetirfisiot derivatised mal todextrin
as obtained Tn Exanple 1. 15 Table 8 Paraneter Standard Exanple 34 M5 =
0.02(from Exanpl e 11) Exanple 35 M5 = 0.03(from Exanpl e 10% le 1 were

200 g of C;-oxidised maltodextrin obtained in Examp.le

5 dissolved in 600 ml of water and the solution was heated to
50°C. The pH was adjusted to 8.5 to 9.0 using 20 wt.% HCI,
and 20 g of NaOCl (14 to 16 % active chlorine) were added
in a single batch. The residual amount of NaOCl was added
at a rate of 5.8 ml/min., the pH being kept constant at 8.5

10 (+ 0.5) by addition of 30 wt.% NaOH. 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.% HCLl. The product was
precipitated with 92 wt.% ethanol in a volume ratio
solution:ethanol of 1:6. The product was isolated by

15 decanting off the supernatant solution and was dried for

24 hours at 50°C and 125 mbar.

Example 30

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

20 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 added, and 135.2 g of

25 NaOCl solution (14 to 16 wt.% active chlorine) were metered
in in the course of 30 minutes, the pH being kept congtant
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

30 precipitated with 92 wt.% ethanol in a volume ratio



Exanple 3E, M5 = 0.07 (from Exanple 9) Fe content* 27.0 24.3 26.9 24.4 Mv
168, 000 260, 000 347,000 773,000 MW 100,000 128, 000 145,000 188, 000
Degradation kinetics S = 0.5 35 28 32

- 34 -

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.
5 By varying the added amount of NaOCl (14-16 % active
chlorine), different degrees of molar C,/Cs oxidation were

obtained. The results are shown in Table 6.

Table 6
Example | Equivalents begree . of mglar Yiiéicé%}r}no](_mzé of isolated
oF Naott ;;(Hl{;iatlon e I;nhydroglucose 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 J

10
The variation in the isolated yield of the regulting

products is small.

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

(C=0 valence vibration of coo7) .

The degree of molar Cp/Cs oxidation was determined by “C-NMR
spectroscopy by the ratio of the intensity of the COOH

20 signal at 175 and 176 ppm (oxidised C, and C3) to the
intensity of the signal at 76-84 ppm (unoxidised Cy) .



6 * Val ues based on dry su s a ¢ The use of succinyl ated

mal t odextrin derivatives having a 20 degree of nolar substitution > 0.07
resulted in instable products. The succinylated iron conpl exes exhibited
slightly reduced iron contents as conpared with the standard as well as -
38 - rising nolecular weights as the degree of substitution increased. The
degradation kinetics at 50 % showed sim | ar val ues conpared wth the
standard, with one exception. The Fe yields of the succinylated iron

conpl exes reached 94 % 5 Exanples 37 to 38 Carboxynethyl ated iron

conpl exes According to general process specification 1, the 10

car boxynet hyl ated iron conpl exes 37 and 38 were obtained fromthe

mal t odextrin derivatives obtai ned .in _EX I 148, oEherdar operti es of
whi ch are suﬁﬁﬁﬁr@édp¥9F3%%!%P??.ﬁﬂ%%ﬁfogﬁPEE%ﬁigggg conpared wWith a
standard prepaqghie@Bswhi ch was |i kewi se prepared according to general
process 15 specification 1 from Cl-oxi di sed but not derivatised

mal t odextrin as obtained in Exanple 1. Table 9 Paraneter Standard

The preparation of iron complexes from the resulting

i i i ch
5 oxidiged derivatised maltodextrins was carried out 1in e€a

cage using 100 g of the maltodextrin derivative:

To 352 g of iron(III) chloride solution (12 % wt./wt. Fe)

there were added, with stirring (paddle stirrer), at room
10 temperature, first 100 g of the oxidised derivatised

maltodéxtrin digsolved in 300 ml of water, and then 554 g

[+

of sodium carbonate solution (17.3 % wt./wt.).

A pH of 11 was then established by addition of sodium

15‘ hydroxide solution, and the solution was heated to 50°C and
maintained at 50°C for 30 minutes. Thelmixture wasg 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

20 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

25 and was dried in vacuo at 50°C.



Exanple 37 M5 < 0.01(from Exanpl e 16) Exanple 38 M5 = 0.014(from Exanpl e
15) Fe content* 27.0 23.3 25.5 Mwv 168, 000 316, 000 404, 000 Mh 100, 000
148, 000 168, 000 Degradation kinetics e = 0.5 35 36

Examples 31 to 33

Acetylated iron complexes

According to general process specification 1, the
5 acetylated iron complexes 31 to 33 were obtained from the
maltodextrin derivatives obtained in Examples 5 to 7, the
properties of which are summarised in Table 7 below, in
each case compared with a standard preparation which was
likewise prepared according to general process
10 specification 1 from Ci-oxidised but not derivatised

maltodextrin as obtained in Example 1.

15
The use of acetylated maltodextrin derivatives having a
degree of molar substitution > 0.61 resulted in instable
products.

20 The acetylated iron complexes exhibited increased iron

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

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




32 * Val ues based on dry substance 20 The use of carboxynethyl at ed

mal t odextrin derivatives having a degree of nolar substitution > 0.01
resulted in instable products. - 39 - The iron contents of the

car boxynet hyl ated iron conpl exes were found to he slightly reduced as
conpared with the standard, and the nol ecul ar weights rose as the degree of
substitution increased. The degradation_kinetics at 50 %5 showed al nost

i dentical values conpared with the standard. The Fe yi el ds of the

car boxymet hyl ated i ron conpl exes reached 97 % Exanples 39 to 41 10

C2/ C3-oxi dised iron conplexes According to general process specification
1, the c2/ C3oxidised iron conplexes 39 to 41 were obtained fromthe

mal t odextrin derivatives,.obtai j - | g8 Al taNdLd8 28ont he
properties oYlﬁhﬂgg? 5¥3n%%ﬁ%hr£§%dh?agégggeglo bel ow, in each case conpared
W th a standassbiepatratktloadwhi ch. was | i kewi se prepared according to
general process specification 1 fromd -oxidi sed but not derivatised

mal t odextrin as obtained in Exanple 1. 20 Table 10 Paraneter Standard
Exanmpl e 39 Mgpcsm Ll 36f eenmeExanpl e 29) Exanpl e 40

5 Succinylated iron complexes

According to general process specification 1, the

i ined from the
succinylated iron complexes 34 to 36 were obtaine

maltodextrin derivatives obtained in Examples 9 to 11, the

10 properties of which are summarised in Table 8 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.

15
Table 8
le 35 Example 36
standard | Example 34 Examp
pazaneter MS = 0.02 (from [MS = 0.03 (£rom Ti = 0.07
e 11 Example 10) rom
Eamp - ) Example 9)
’ 24.4
Fe content* 27.0 24.3 26.9
Mw 168,000 260,000 347,000 773,000
0
Mn 100,000 128,000 145,000 188,00
6
Degradation 35 28 32
kinetics
® = 0.5

* Values based on dry substance

The use of succinylated maltodextri

20

products.

degree of molaxr substitution > 0.07 resul

n derivatives having a

ted in instable

The succinylated iron complexes exhibited slightly reduced

iron content

s as compared with the standard as well as




M5 4 0.01 (from Exanple 23) Exanple 41 M5 = 0.012 (from Exanple 27) Fe
content* 27.0 22.2 26.1 23.8 Mwv 168, 000 275, 000 310, 000 433,000 M1 100, 000
138, 000 150, 000 230, 000 Degradation kinetics 35 33 36

rising molecular weights as the degree of substitution
increased. The degradation kinetics at 50 % showed similar
values compared with the standard, with one exception. The

)

Fe yields of the succinylated iron complexes reached 94 %.

Examples 37 to 38

Carboxymethylated iron complexes

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

maltodextrin as obtained in Example 1.

Table 9
Parameter Sstandard | 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
20
The use of carboxymethylated maltodextrin derivatives

having a degree of molar substitution > 0.01 resulted in

instable products.



39. * Val ues based on dry su s a - 40 - The use of C2/C3-oxidised
mal t odextrin derivatives having a degree of nolar substitution > 0.01
resulted in instable products. 5 The iron contents did not exhibit a

uni form tendency, the nol ecular weights rose as the degree of substitution
i ncreased. The degradation kinetics at 50 % showed al nost identical val ues
conpared with the standard. The Fe yields of the C2/ C3-oxidised iron

conpl exes reached 95 % 10 Exanples 42 88 24 Sulfated iron conpl exes

(mul ti-stage synthesis) According to general process specification 1, the
sulfated 15 iron conplexes 42 to 44 were obtained in nmulti-stage syntheses
fromthe mal todextrin derivatives obtained in Exanples 18 to 20, the
properties of which are su rLs ' t Bk el Wronnceaplexsss e

conpar ed mﬁt?h%i%%%h&&?&eﬁggﬁﬁédﬁ%%ﬁkﬁﬁ%% ﬁaéglikemjsewgggpgﬂgd accor di ng

to were found to be slightly reduced as compared
standard, and the molecular weights rose as the degree of
substitution increased. The degradation kinetics at 50 %
5 showed almost identical values compared with the standard.
The Fe yields of the carboxymethylated iron complexes

reached 97 %.

Examples 39 to 41

10 Cp/Cs-oxidised iron complexes

According to general process gpecification 1, the C;/Ci-
oxidised iron complexes 39 to 41 were obtained. from the
maltodextrin derivatives obtained in Examples 27, 28 and
15 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 C,-oxidised but not derivatised

maltodextrin as obtained in Example 1.

20
Table 10
le 40 Example 41
standard | Example 39 Examp
parameter MS < 0.01 {(from | MS < 0.01 {(from P'(Ii = 0.012
9 Example 28) rom
mxample 29) Example 27)
23.8
Fe content* 27.0 22.2 26.1
0
Mw 168,000 275,000 310,000 433,00
0]
Mn 100,000 138,000 150,000 230,00
39
Degradation 35 33 36
kinetics
® = 0.5

* Values based on dry substance



- 20 general process specification 1 from d -oxidi sed but not derivatised

mal t odextrin as obtained in Exanple 1. Exanple 45 Sul fated iron

conpl ex (single-stage synthesis, in situ 25 derivatisation) 100 g of

mal t odextrin having a dextrose equival ent of 12 were dissolved in 300 m of
water. 0.7 g of NaBr was added, and 28.7 g of NaOCl solution (14 to 16 m.%
active 30 chlorine) were netered in in the course of 30 mnutes, the pH

bei ng kept constant at 9.5 ( 0.5) by addffion of - 41 - 30 wt.% NaOH. The
solution was then heated to 30C, 14.4 g of 803-trinethyl am ne conplex were
added, and stirring was then carried out for 30 mnutes at 30C. 17.6 m of
40 wt. % NaOH were then netered in, and stirring was carried out for 5 1
hour at 30C. After coqling the.sol uti -25Cae B2t efs heonQdld)

chl ori de sol d‘ifieo#S@lﬁg%v&fﬁf‘?aﬁé?émﬁgleéﬁd deé,%ﬁwith sti,rri,ng d then 554
g of sodi um carhenrate seluti eabdOi{dA G % W OFwreg e et B EP1H. A pH of
11 was then established by addition of sodi um hydroxi de solution, and the
sol uti on was P ¥sSto 50C and mai ntai ned at 50C for 30 ninutes. The

m xture was then acidified to a pHof 5 to 6 by addition of hydrochloric
acid, and the solution was 15 numintaj ned at. 50C f l30cA: nut es
and then heat8ee tirgy c9gEafid %?n?ﬁ?n%%"gfltt a?k?gc%%gr%rtd}g or 30

m nutes. Aftep fé?ﬂﬂéﬁJdéE%h§%|%BgenaéOthéxﬂﬁgﬂERpeﬁa6Ub%§iqqﬁ?ﬁﬂH val ue was
adjusted to 6-7 y addition of saodi um hydroxi de %ogpti%o%ov;lghe Sebyti on was
then filteredinvetased20 ToeedepgafpFielr SHETE Eonplex was 1sol ated by

E(r) gci pi tation,with ethangl,da Rrbatkea Rftd: thSstandawds Bré & ViYdEuo at

o

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

10
Examples 42 to 44

sulfated iron complexes (multi-stage synthesis)

According to general process specification 1, the sulfated‘
15 iron complexes 42 to 44 were obtained in multi-stage
syntheses from the maltodextrin'derivatives obtained in
Examples 18 to 20, the properties of which are summarised
in Table 11 below, in each case compared with a standard
preparation whiech was likewise prepared according to
20 general process specification 1 from C;-oxidised but not

derivatised maltodextrin as obtained in Example 1.

Example 45

Sulfated iron complex (single-stage synthesis, in situ

25 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

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

pH being kept constant at 9.5 (+ 0.5) by addition of



- 42 - Table 11 Paraneter Standard Exanple 42 S = 0.05 (from Exanpl e 20)
Exanple 43 M5 = 0.12 (from Exanple 19) Exanple 44 M5 = 0.27 (from Exanpl e

18) Exanple 45 M5 = 0.12 Fe content 27.0* 25.3 26.8 26.3 26.3 Mwv 168, 000
261, 000 278, 000

10

15

20

30 wt.% NaOH. The solution was then heated to 30°C, 1l4.4 g
of S0;-trimethylamine complex were added, and stirring was
then carried out for 30 minutes at 30°C. 17.6 ml of 40 wt.%

NaOH were then metered in, and stirring was carried out for

1 hour at 30°C.

After cooling the solution to 20-25°C, 352 g of iron(III)
chloride solution (12 % wt./wt. Fe) were added, with
stirring, and then 554 g of sodium carbonate solution
(17.3 % wt./wt.) were metered in. 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 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.



640, 000 160, 000 M 100, 000 142,000 219, 000 409, 000 106, 000 Degradati on
kinetics e = 0.5 35 75 62 67 * Values based on dry substance The use of

sul fated mal todextrin derivatives having a 5 degree of nolar substitution >
0.27 resulted in instable products. The iron contents of the sulfated iron
conpl exes remai ned al nost constant as the degree of substitution increased.
10 The nol ecul ar wei ghts of the iron conpl exes synthesised in a nmulti-stage
synthesis rose as the degree of substitutfon increased. The degradation
kinetics at 50 % showed i ncreased val ues conpared with the standard. The Fe
yields of the sulfated iron conpl exes reached 100 % 15

Table 11
Parameter Standard | Example 42 Example 43 Example 44 Example 45
M3 = 0.05 MS = 0.12 MS = 0.27 MS = 0.12
(from (from (from :
Example 20) | Example 19) Example 18)
Fe content* | 27.0% 25.3 26.8 26.3 26.3
Mw 168,000 261,000 278,000 640,000 160,000
Mn 100,000 142,000 219,000 409,000 106,000
Degradation | 35 75 62 67 -
kinetics
® = 0.5

* Values based on dry substance

The use of sulfated maltodextrin derivatives having a
5 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.
10 The molecular weights of the iron complexes synthesised in

a multi-stage synthesis rose as the degree of substitution

o,

increased. The degradation kinetics at 50 % showed

increased values compared with the standard. The Fe yields

Q,

of the sulfated iron complexes reached 100 %.

15



- 43 - Patent clains: 5 1. Water-sol ubl e iron-carbohydrate derivative
conpl ex obtainable froman aqueous iron(lll) salt solution and an aqueous
solution of the product of the oxidation and subsequent derivatisation of
one or nore naltodextrins, 10 wherein the oxidation is carried out with an
aqueous hypochlorite solution at a pH value in the al kaline range, wherein
when one maltodextrin is used its dextrosg equivalent is froms to 20 and
when a mxture of a plurality of mal t odextTins is used the dextrose

equi val ent 15 of the mxture is fromb5 to 20 and the dextrose equival ent of
the individual maltodextrins in the mxture is from2 to 40, and the
subsequent derivatisation is carried out with a suitable reagent. 20 2.

Wat er - sol ubl e i ron-carbohydrate conplex according to claim1l1, wherein the
mal t odextrin derivatives obtained by the oxidation and derivatisation are
selected fromesters of nonobasic or pol ybasic carboxylic acids, C2/C3

oxi dati on products, carboxyal kyl ati on products, carbamates, ethers, 25

am des, anhydri des and esters of inorganic acids. 3.Conplex according to
claim1 or 2, Pahe?eim W ‘derivatives of maltodextrin obtained by oxidation
and derivati sation are selected from carboxylic acid esters, 30 m xed

di carboxylic acid esters, carboxyal kYl ation : C3exhshadd on
product s, phoéphai%%ﬁ%ﬁﬁf%ﬁﬁg%ﬁe&fon'Paﬁﬁogyﬁg%%%ggéémfggbthe 6gé aration of
an iron-car boBygds gt £ LOMUIEX Aacceidiong tecoteIbf smite SeLUELER nF Y Fo 3,
characterised in that one or nore naltodextrinps . s/af: 8%l ghged in
aqueous sol ut pERSORS Lyl e B ?ng ?Ew??ﬁﬂg%(%éﬁggﬁgﬁhg%pchlorite

sol ution, thegsybsequentgderiyatd aaldnonti sneaor i eoroumaltiodRXar 5t ¢ abl e
reagent, and the resulting solution is reacted wth.he %%lggggg sol uti on of
an iron(l P) whereimhereidkifRit She SraPrddeRt Pi'h Y5 used “T0 its dextrose

equi val ent i Sh%B%ﬁo%&@%@ﬂQtM?@ta aMioxt waguef im pheiradikalynef range,
mal t odextri ns used the dextrose equival ent of .the rﬁ.fﬁttliro%ei s from5 to
odextrin

20 and the dewheostnequew abemtnftdfEtrid ¢duaF nhl Y sin the
mxture is frgghgvgﬁeé@'iQSfrom 5 to 20 and when a mixture 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 individual maltodextrins in the mixture is from 2 to

40, and the subsequent derivatisation is carried out with a

suitable reagent.

20 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 carboxylic acids, C2/C3 oxidation
products, carboxyalkylation products, carbamates, ethers,

25 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,

30 mixed dicarboxylic acid esters, carboxyalkylation products,

C,/C; oxidation products, phosphates and sulfates.



5. Process according to claim4, wherein the derivatisation of the oxidised
mal t odextrin is carried out by one of the foll ow ng processes: a)
esterification with organic or inorganic acids or 20 derivatives thereof,

b) oxidation, c) carboxyal kylation, d) etherification, e) am dation, 25 f)
carbamate formation, g) anhydride formation. 6.Process according to claim4
or 5, wherein the derlvatlsatlon is carried out by one of the follow ng 30
processes: - 45 - a) carboxylation wi £t ronobasi ¢ carboxylic acids or
carboxylic acid derivatives, b) C2/C3 oxidation, c) carboxylation with
di basi c carboxylic acids or 5 carboxylic acid derivatives, d)

car boxyal kyl ati on, e) phosphation, f) sulfation. 10 7. Process according

to one or nore of clains 4 to 6, characterised in that the oxidation of the
mal t odextrin or ‘
4. Process for the preparation of an iron-carbohydrate

complex according to one of more of claims 1 to 3,
characterised in that one or more maltodextrins is/are

5 oxidised in aqueous solution, at an alkaline pH value, with
an agueous hypochlorite solution, the subseqguent
derivatisation is carried out with a guitable reagent, and
the resulting solution is reacted with the aqueous golution
of an iron(III) salt, wherein when one maltodextrin is used

10 its dextrose equivalent is from 5 to 20 and when a mixture
of a plurality of maltodextrins is used the dextrose
vequlvalent of the mixture is from 5 to 20 and the dextrose
equivalent of the individual maltodextrins in the mixture
is from 2 to 40.

15
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

20 derivatives thereof,
b) oxidation,
¢) carboxyalkylation,
d) etherification,
e) amidation,

25 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

30 processes:



mal todextrins is carried out in the presence of bromde ions. 15 8. Process
according to any one of clains 4 to 7, characterised in that the iron(lll)
salt used is iron(lll) chloride. 9. Process according to one or nore of
claims ,4 to 8, 20 characterised in that oxidised, derivatised maltodextrin
and iron(lll) salt are m xed into an aqueous sol ution having a pH val ue
that is sufficiently low that hydrolysis of the iron(lll) salt does not
occur, whereupon the pH value is raised 4 from5 to 12 by addition of

base. 25 10. Process according to claim9, characterised in that the
reaction is carried out for from15 mnutes to several hours at a
tenperature of from15C to the boiling point. - 46 - 11. Medi canent

conpri sing the aqueou al utian,o i - drateiderdowati ve conpl ex
m 9 agl S‘%%ﬁfsjﬁa ,OrbrWltht fmo‘?igg%\gi)@ @ﬂm 1 nmp

according to obt ainabl e according to any one of clains 4
to 10. 5 12. cNedbgaprentadiel atediivgittioesl ai m 11, characterised in that it is
formul ated for parenteral or oral adm nistration. 13. Use of the
iron-carbohy@?agékhePF%g??%anCOnplexes of 15 claim1l to 3 or obtained
accor di Ng t 0 caANYaPHExPf at i i th tdd Hb@ Lionce Hleopr Bpargifén©5f a medi canent
for the treatnment or prophylaxis of, iron deficiency states. 14.
water-solGbl@aFPeﬁY%h?b%ﬁ&%r%ﬁ?ﬁ%ﬂﬁﬁ“@gfive conpl ex 20 according to claim1

to 3 for the yreat-peRyaDEyDEORAY) axis of iron deficiency states.

e) phosphation,

f) sulfation.

10 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.

15 8. Process according to any one of claims 4 to 7,

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

chloride.

9. Procegg according to one or more of claims‘4 to 8,
20 characterised in that oxidised, derivatised maltodextrin

and iron(III) salt are mixed into an aqueocus solution

having a pH value that is gufficiently 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.

25
10. Process according to claim 9, characterised in that
the reaction is carried out for from 15 minutes to several

hours at a temperature of from 15°C to the boiling point.



15

20

- 46 -

11. Medicament comprising the agueous solution of an iron-
carbohydrate derivative complex according to claim 1 to 3,

or obtainable according to any ome 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 complexeg 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.

14. Water-soluble iron-carbohydrate derivative complex

according to claim 1 to 3 for the treatment or prophylaxis

of iron deficiency stateg.



