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Fe(lll) complex compounds for the treatment and prophylaxis of iron deficiency symptoms and iron
deficiency anemias Description: 5 Introduction: The invention relates to
iron(111)-pyrimidine-2-01-1-oxide complex compounds and pharmaceutical compositions comprising
them for 10 the use as medicaments, in particular for the treatment and/or prophylaxis of iron
deficiency synaptam aird diek dedeinsy ABS NS RaGkaQUA IS israpasaential Bagedgiement
for almost all organisms and is relevant in particular with respect to growth and the formation of blood.
The balance® He §8f e BRIGMS AnfidreR & BHiR TR ERNRERIGS the level of iron recovery from
hemoglobin of ageing 20 erythrocytes and the duodenal absorption of dietary iron. The released iron is
taken up viae[éhe intesttine,_in particular via specific transport systems (DMT-1, ferroportin, transferrin,
transferrin re¢epior! Pdhsferred into the circulation and thereby conveyed to the appropriate tissues
and orgéns. 25 In the human body, the element iron is of great importance for oxygen transport,
oxygen uptakg%, %eélufunlctigns such as mitochondrial electron transport, and ultimately for the entire
energy meta oliSh. 8n‘average, the human body contains 4 to 5 g iron, with it being present in
enzymes, in hemoglobin and myoglobin, as well as depot or reserve iron in the form of ferritin and
2 Approximately half of this.iron, abqiit 2 . IS present 45 S Tor BotRd T IRE

hemoglobin of fhe *gr\;?ﬁw?é@?/?es@!ﬁgg these e?rryQtI[nﬁttﬁ))/zfégsy Héﬁ/gegérﬁﬁfgwlﬁz"it{g@ fl‘féjg%anc 8@%8%@5),
new ones have tobeformed tonstantlyramd sld iongs etimipatediover2omprising them for

16 the use as medicaments, in particular for the treagtment and/or

prophylaxis  of iron deficiency symptoms and iron deficiency

anemias.

Background:

Iron is an essential frace element for almost all organisms and is
relevant in particular with respect to growth and the formation of
blood. The balance of the iron metabolism is in this case primarily
regulated on the level of iron recovery from hemoglobin of ageing
20 erythrocytes and the duodenal absorption of dietary iron. The
reieased iron is taken up via the intestine, in particular via specific
transport  systems  [(DMT-1,  ferroportin,  transferrin,  fransferrin
recepiors), fransferred into the circulation and thereby conveyed fo

the appropriate tissues and organs.

25
in the human body, the element iron is of grect importance for
oxygen fransport, oxygen uptoke, cell functions such as
mitochondrial electron fransport, and ultimately for the entire
energy metabolism.

30

On average, the human body confains 4 fo 5 g iron, with it being
present in enzymes, in hemoglobin and myoglobin, as well as depot

orraserve iron in the form of ferritin and hemosiderin.



5 million erythrocytes are being formed per second). This high regenerative capacity is achieved by
macrophages phagocytizing the ageing erythrocytes, lysing them and thus recycling the iron thus
obtained for the iron metabolism. The amount of iron"of about 25 mg required daily for erythropoiesis is
thus provided for the main part. 10 The daily iron requirement of an adult human is between 0.5 to 1.5
mg per day, infants@ndatvemen duriog pregnaney reguite 22tah mgmfdken-pet:dayeHFhe dailyiron loss,
e.g. by desqg%rggt(ijon Ecg sk\jphgndheé)itheli?l %ells, is{JowT; increase%iron Ic%ss oc?rs, for example,
during 15 ménstrual hemorrhage iR Women: @engrally,rbel?ooc?lra/s camn’s ﬁrfiific ﬁflV%du $R& iron
level since aboutrt omyiren is dost pen2ymbblowdt dnialHealthyrhumani adult) the nomaakdaily 4ass of
iron of abou is usyally.repl Vi daily food intake. The iron level is requlated b
absorption, &%@%jgbs%%ptig%%ge%gf ?h%efl%g% né pr%gggt ?rlﬁoo%nk?esing e \al\rljec’e{negju aﬁé) 15 /c>;2in the
case of fron deficiencys thEhabsorption tate isaugpitay 2506 Tecabsarption rater i$)regitated bicthe
organism d ' the iro ireme he size o i tore. In the process, the human
organism u?il%egsg E()%#gf&ﬁegﬁt&;d’sgv(v&ghizktrﬁﬁgﬁ%%g? ions. sucziﬁ%%ﬁ(?n?eﬁl% ég\g Bp%\éii S &re
dissolved in thé statach &ra Sutficighty abisl pH Vakeand thiisyaadecavaiaplé fer atssorption. The
absorption of he-iron ds cartisd ouL in the upper; smal intesting by mucasal f@_ﬁ'@ Uthe Progess,
trivalent non-heme iron is first reduced in the intestinal cell membrane to Fe(li) for absorption, for
example by féffie "3 rétiicraser (membramobdtindsdivdemdccytdérioine B)esonthat ibcar then be
transporied into the intestinal cells by means of the transport protein DM-11 (divalent metal transporter
1). In contrast, heme iron enters the enterocytes through the cell membrane without any change. In the

enterocytes, én RHithet Stofédin TefRfn A dePot R lor iigerarged frftd eeplo8edoy hé thansport
protein ferropastip.cHepsidinplays a seriral Foledn this preressecanss, itisdhe most inporant

regulating factor of iron uptake. The divalent iron transported into the blood by ferroportin is converted

into trivalentifolh By GXidadey (CEtaIapRSHIRC Rephiaedtiy); the FFARHAMA IRR BeinG tFardpdrted to

the relevant pisices:inthe onganism\by transfersindsee forexampla, rBatancing A0-asts duelgeular
control of mammalian iron Hentze, Cell 117,2004,285-2971 e abolism". M.W. Mammalian organisms

are unable t8'&dit/Ely HiscREFGE IS Fhe itBn MetabSIism i Sabsidhtfally CsHtdiled By hepEidin via
the cellular releasecofiiron fromunacrophages, kepatacytes andenteroaytes:d5 v patholegical cases,
a reduced serum jron Jevel leads tg.a reduced hem bin level, reduced erythrocyte production and
thus to anem@g.r%@ae'rrggl g;pn% grf‘syog anemias’ iﬁgﬁde{ba%dﬁ%frﬁgﬂo %f%gﬁjéss oftiron DP
about 1 mg is usually repiaced via the daily food intake. The iron

level is regulated by absorption, with the absorption rate of the iron
20 present in food being between 46 and 12 %; in the case of iron
deficiency, the absorption rate is up to 25%. The cbsorption rate is
regulated by the organism depending on the iron requirement and
the size of the iron store. In the process, the human organism utilizes
coth divalent as well as trivaient iron ions. Usually, iron{il)
25  compounds are dissolved in the stomach at a sufficiently acid pH
value and thus made available for absorption. The absorption of the
iron is carried out in the upper small infestine by mucosal cells. in
the process, trivalent non-heme iron is first reduced in the intestinal
cell membrane to Felll] for absorption, for example by ferric
30 reductase [membrane-bound duocdenal cyfochrome b}, so that it
can then be fransporfed into the intestinal cells by means of the
transport protein DMTT [divalent mefal fransporfer 1), in confrast,
heme iron enfers the enferocyies through the cell membrane

without any change. In the enterocytes, iron is either stored in



reduced capacity for concentration. The clinical symptoms of an anemia include low serum iron levels
(hypoferremia), low hemoglobin levels, low hematocrit levels as well as a reduced number of
erythrocytes, reduced reticulocytes and elevated levels 250f soluble transferrin receptors. Iron
deficiency symptoms or iron anemias are treated by supplying iron. In this case, iron substitution takes

place eithes rally ek by diavenous keadimigisyation, e, i pliario bpgstad ervinrocyte

formation, erythropoietin and other erythropoiesisstimulating substances can also be used in the
treatmentRfAEMIdS PR 18 rediRBE BF Podk fort aBsorstibl Forrexamisle Bucauseastess

gastroectespies 0k diseasesisHch-as Crohn's disease: loreaws!, ion dsficiency can pacuras a
consequence of increased blood loss, such as because of an injury, strong menstrual bleeding or

blood 5 dé}?ﬁioﬁiﬁﬁﬁﬁfl@?mﬁr‘é?aﬁ iRCrERSEEEFON e uiirdM@ntMIReE! gréwith 51age efrdidoléscents and

children as wwellas étpregnast wemeniisrknowns Sinceifon dgfisigney not erly Jeadsdqa reduced
erythrocytg1 formatio ﬁ’[.}?u hereby aLI%o to a poor oxygen supply of the organism, which can lead to the
above-me %gr;’e%@siy tol€ 10'60ch ds' fafigiRS paltsr tedliEs ptEr S ot SHerBaR Ehd

especiallydhcadeliescents; telengrterm nagative: eftects o segridive-deyelepmentadniahly gffective
and 'WeI'I"tdI'ér'ate'd%h 'q'rag}ﬁ Eis rof' gartitT:uI' r'"i'm%erest. “15Through-using-the -F-e-(g&ﬁompl-ex--com-pou nds
he poSTiblity OF trR&HHY irol YaficiBRdy ByMptBms d¥d‘ion

: CI5. MmO 0
accordlngqto the mven%on, tHere 2
deficiencyHaneimeas@tdclivelyziop érakapplication without having to accept the large potential for side
effe¢ts of the classical preparations, the Fe(11) iron salts, such as FeSai, which is caused by 20
oxidative stress. Poor compliance, which often is the reason for the deficient elimination of the iron
deficiencyvtondition] ds thuscavoided. Rrier arti @5 & multitudé ot ikonieaiptexes forthe treatment of

ron deficiengy cprpg}tgp{ggilg ,Iﬁwoygn from the pri (yartCon@a/;?gdlarrgg p;}og)oglgcg? of t\pgese ﬁg)énplex
compounds consists of 30polymer structures Maost of thesé comple comBound% aré fton-
celivlar release of iron from macrophages, hepatocytes and

enterocytes.

in pothological cases, a reduced serum iron level lfeads to a
reduced hemoglobin level, reduced erythrocyte production and

thus to anemia.

20 External symptoms of anemics inciude fatigue, pallor as well as
reduced capacity for concentration. The clinical sympioms of an
anemia include low serum ron levels [hypoferremia), low
hemogliobin levels, low hematocrit levels as well as a reduced
number of erythrocytes, reduced reticulocyies and elevated levels

25 of soluble transferrin receptors.

iron deficiency symptoms or iron anemias are treated by supplying
iron. In this case, iron substitution tfakes place either orally or by
infravencus iron administration. Furthermore, in order to boost
3¢ erythrocyte formation, erythropoiefin aond other erythropoliesis-
stimulating subsiances can also be used in the treatment of

anemiaqs.

Anemia can often be traced back to malnutrition or low-iron diets or

35 imbalanced nutritional habits low in iron. Moreover, anemias occur



polysaccharidecomplexcompounds(W020081455586, W02007062546, W020040437865,
US2003236224, EP 150085). It is precisely from this area that there are medicaments available on
the market (such as Maltofer, Venofer, Fenn ect, Dexferrum, Ferumoxytol). Another large portion of
the group of the polymer complex 5 compounds is comprised of the iron-peptide complex compounds

(CN101481484 EP93P083,192083400) | ThereareAise 58 complex sampeunds describedn the

literature that are structurally derived from macromolecules such as )
10hemoglobREHIGIESHNE(FéuRind R paRinEa 746 76! CNLESTO8T B mMAIES 2009 241 701-710).

Moreover, lowsTielrsulay Feccomplex compoyndsara-alse described inrtheiteratue, Adarge pumber
of these Fe comEIex compounds 15 comprises carboxylic acid and amino acids as ligands. In this

case, the focl&i8 off ‘adpan&te 12065035385 and Cifrdtd (EPSUS3H2) A€ fighnds. Fe E0RPRX

compoufids cantaining detivatizeehphenytatanine groips asdigardsare @lse described dy gustgontext
(ES2044777).,20 Hydr]pg}/%ione and h drox%m/,rié(gone Fe complex compounds are also described in
9 45

the literature{EB {59! T3d290; éﬁ‘?o "SR CoEEpSiding BT SYsteMS, e s
hydroxyfuranonevFe.cofplex campountdls | are:alsg desctibedrinyanategysthereto HV020860Q37449). 25

“I'particular, thé hydroxypyridoné Fg complex compounds, however, have comparatively low water
solubility, maﬁ(%ﬁa%t%%%yregsspgﬂ?a% ('e? gSpBe%éﬁﬁ Ef:”'o'Fr)ecé)bré/xl géisrﬁinigtrgti&? ?irur?ﬁ(éﬁneo?e StHé ely O?

hydroxypyriddre Eegomiplex cofngounds: haleacdmiparétizely toww isomutilizationd30Meredver:s

'rO”'Cy?&PpeE‘Wﬁ?”}QSCOﬁBWSé g(?mrgglﬂ%q‘? arrgc%sged powers of concentration, and

especially in  adolescents, to long-term negative effects on

cognitive development, a highly effective and well ifolerated

therapy is of particular interest,

15 Through using the Fellll) complex compounds according io the
invention, there is the possiblity of freating iron deficiency symptoms
and iron deficiency anemias effectively by cral application without
naving to accept the large potential for side effects of the classical
preparations, the Felll) iron salts, such as FeSOs, which is caused by

20 oxidafive stress. Poor compliance, which often is the reason for the
deficient elimination of the iron deficiency condition, is thus

avoided.

Prior art:
25
A multifude of iron complexes for the freatment of iron deficiency

conditions is known from the prior art.

A very large proporfion of fthese complex compounds consists of
30 polymer structures. Most of these complex compounds are iron-
polvsaccharide complex compounds [(WO20081455586,
WO2007062546, WO20040437865, US2003236224, EP150085). I s

precisely from this area that there are medicamenis available on



described in the literature (GB842637). (1993), and as a possible structure of a corresponding iron( 1)
complex the following structure is specified: Me Me/0.0 e0-1\1"-->--m- 0.<1> 1.NMe MeMe 5(see also
"Reviews On Heteroatom Chemistry", vol. 18., 1998, pages 87 to 118 from the same authors). A
characterization of this complex was only carried out in solution. A solid form of this complex is not
disclosed. Ftirthermuorek the iron complex compouists aré motpeoposesrorjused aDmetieaments, such
as especially gqfutp‘e#%t,rg tment of iron deficiency symptoms. The same authors suggest only the use
of hexadentate 1-hydroxy-1H-pyrimidine-2-one compounds as iron sequestering agents for treatment
of iron overload conditions such as thalassemia (J. Org. Chem. 1997, 62, 3618 - 3624). By the
administration gt fydroxyspydmidiens 15 gempgunds B ihe bory [RLihe. eatment of fhgiassemia
iron might be removed - soho iron will be supplied - as in the treatment |r3/n deficiency anemia by
administraticreeP RSH-ECORiplEx €OMpuirRIS i Actidrdanes withcthée present invention T20% ANT sChem.
Soc. 1985, 10),62A40::5546,desesibes detrageniate;lJpydroxy-1H-pyridine-2-one compounds as
ligands and a binuclear iron complex compound therewith. The possibility to use the ligands for iron
sequestering is mentioned, too. Similarly, Inorgan ca Chimica Acta, 135 (1987) 145 - 150 discloses the

iron(ll) fumarate, iron(Ichloride, _
that “are siructurally derived from macromolecules such s

10 hemoglobin, chiorophyll, curcumin  and  heparin  {US47447C,
CN1687089, Biometals, 2009,22,701-710}.

Moreover, low-molecular Fe complex compounds are also described
in the literature. A large number of these Fe complex compounds

15 comprises carboxylic acid and amino acids as ligands. in this case,
the focus is on aspartate (US2009035385) and citrate [EP308342) as
ligands. Fe complex compounds containing derivatized
phenylalanine groups as ligands are also described in this context
[ES2044777).

20
Hydrexypyrone and hydroxypyridone Fe complex compounds are
also described in the literature [EP159194, EP138420, EP107458). The
corresponding S-ring systems, the hydroxyfuranone Fe complex
compounds, are also described in analogy theretfo (WO2006037449).

25 1 particular, the hydroxypyridone Fe complex compounds, however,
have comparatively low water solubility, making them less suitable,
especially for oral administration. Furthermore the hydroxypyridone

Fe complex compounds have comparafively low iron utilization.

30 Moreover, iron-cyclopentadieny! complex compounds are alse
described in the literature (GBB42637).

Furthermore, 1-hydroxy-4,6-dimethyl-2{1H]-pyrimidone are described
in the fiterature as Fellll} igands {Bull. Chem. Soc. Jon., 64, 841 — 84



iron(ll) aspartate, iron(ll) succinate) are another important constituent for the treatment of iron
deficiency symptoms and iron deficiency anemias. S These iron salts are very problematic in that, in
part, they are highly incompatible (up to 50%) in the form of nausea, vomiting, diarrhea and also
obstipation and cramps. Moreover, free iron(ll) ions which catalyze the formation (inter alio Fenton

reaction) of reagtive 1Dexygen sheciestROS) oscur Auringdhe yse-of thasejroniy salts, ihese ROS
cause damage to DNA, lipids, proteins and carbohydrates which has far-reaching effects in cells,
tissue and Srgans rid Egrﬁﬁlg‘ii\ﬁfrb%ﬁiéﬂ%?%rﬁnw&ﬂf iR ®he literature, is largely considered the
cause for the high incompatibility and 15referred to as oxidative stress. Therefore,
iron(I1)-1-hydroxy-1H-pyrimidine-2-one or pyrimidine-2-ol- 1-oxide complex compounds, respectively,
have not been described in the prior art neither as*4medicament nor in particular for the use 20in the
treatment and/or for prophylaxis of iron deficiency-symptoms and iron deficiency anemia so far. Object:
25The object of the present invention lay in dee\fl/opi new therapeutically effective compounds that
can be used for an effective therapy for theI, I eﬁ%pl ‘wgil treatment of iron deficiency symptoms and
iron deficiency anemias. In this case, these iron coimplgxes were supposed to exhibit significantly
—fewer side effects 30 than the classically used Fe(l}) salts. Furti&rmore; these iron-complexes;in
contrast to the known polymeric iron ccgr)_plex comg \_;_;!D_dsl_\iver ;\i\f possible, supposed to have a
defined structure (stoichiometry) and b prengab1e€bxs%1pl synthesis processes. Finally, the iron
complex compounds should have aMe?ﬁy\lgv(toxicity aﬁﬂ& gefore administered in very high
dosages. This goal was achieved by&he development of novel Fe(lll) complex compounds. 5
Furthermore, the novel iron compge?es-\ﬁé?er@ypposed to be designed such that they are taken up into
the intestinal cells directly via the membrane in order thus to release their complex-bound iron

5 [see also "Reviews On Heteroatom Chemistry™, vol. 18., 1998, pages

87 to 118 from the same authors). A characterization of this complex
was only carried out in solution. A solid form of this complex is not
disclosed. Furthermore, the iron complex compounds are not
proposed or used as medicaments, such as especially for the
10 freatment of ron deficiency sympioms. The same authors suggest
only the use of hexcdentate 1-hydroxy-1H-pyrimidine-2-one
compounds as iron sequestering agents for freatment of iron
overload conditions such as thalassemia {J. Org. Chem. 1997, 62,
3618 ~ 3624}, By the administration of hydroxy-pyrimidinone
15 compounds to the body for the treatment of thalassemia iron might
be removed - so no iren will be supplied - as in the treatment of iron
deficiency anemia by administration of iron complex compounds in

accordance with the present invention.

20 1. Am. Chem. Soc. 1985, 107, 6540 —~ 6546 describes fetradentate 1-
hydroxy-1H-pyridine-2-one compounds gs ligands and a binuciear
iron complex compound therewith. The possibility to use the ligands
foriron sequestering is mentioned, too. Similarly, Inorganica Chimica
Acta, 135 (1987) 145 - 150 discloses the use of 1-hydroxy-1H-

25 pyridine-2-ones as agents for masking iron.



. directly to the fernfin or the transfemn or to reach the bloodstream directly as an intact complex.
Because of their properties, these 10 new complexes are supposed to virtually not lead to the
occurrence of high concentrations of free iron ions. For it is precisely the free iron ions that lead to the
occurrence of ROS which are ultimately responsible for the side effects that occur. 15In order to be
able to meet ttiese yetuiremeantsithe inyentors: teveloped neWw.Fed iy tcamplex Cohpotrids with a
molecular wej tis ge, ium lipophila n optimal complex stability.
20Descriptio%}gg?twe?invﬁ%ti}ég?#ﬁ% inv@ﬁ%ﬁs@urpﬁ%%@%ﬁd tﬁg?Feég\j%%}n%lexE% SBL%BE with
pyrimidine-2-eRPéXitledigarias \efe partdurslyisgifable TforthE alsovesdescribéd reguirerientsnlt was
possible to dgr@g@gg@)ﬂ@ggﬁnﬁs’e Fe complex compounds exhibited a high iron uptake, whereby a
quick therapeutic success in the treatment of iron deficiency anemia could be achieved. Especially in
comparison to iron salts, the complex compounds according to the invention exhibited a faster and

higher utilizatiqa.s Eurthermare, these,agy sysiems-have-30, significantly teduced side effects than the

classically used iron salts since there is no noteworthy occurrence of free iron irons in this case. The

complex compoGHAS &EBIEINY B five ﬁﬂ/%ﬁtiiéh BRiBR din6st A6 BxRIGLIVESTELSE Sin6E FHéreid no

formation of fieeiragicals s csignficandy fewet sidevgHests.accurindhg asg of these, complex
compounds than in the case of the Fe salts known from the prior art. The complex compounds exhibit

good stabilityat \HHGs pRS/alfs FAAGEY FUHEMSHE Cthé FBRoMISIE EEMbounts TRvE H ery low
toxicityland carytherefaredie administered dnchighch desagesavitheut sidereffests, Finally theigomplex
compounds can be prepared well and are optimally suitable for the formulation of medicaments, in
particular forgg}gfgdm?ﬁpét?atio%@fﬁﬁs, tF?eoé%ngﬁ mgﬁer of thé inveftistrare Profeins — and
iron(111)-pyrimidine:2-0t<it@ 4-oxide isomplex compounds: gr theie pharmacestically acceptalblg salts
for use as megicarrpen ors nongrnous or us%gg a method for therapeutic thgatmfent of the human
body, respectively’ The iron{111)pyrmidine 223 2 118x He Esmplex E5mpBunds a5 G5&d'me: s

targely considered the cause for the high incompatibility and

15 referred 1o as oxidative stress.

Therefore, ironllilj-1-hydroxy-1H-pyrimidine-2-one or pyrimidine-2-ol-
l-oxide complex compounds, respectively, have not been described
in the prior art neither as a medicament nor in particular for the use
20 in the treatment and/or for prophyiaxis of iron deficiency symptoms

and iron deficiency anemia so far.

Object:

25 The object of the present invention lay in developing new
theropevutically effective compounds that can be used for an
effective therapy for the preferably oral tfreatment of iron deficiency
symptoms and iron deficiency anemias. In this case, these iron
complexes were supposed o exhibit significantly fewer side effects

30 than the classically used Felll] salts. Furthermore, these iron
complexes, in conirast to the known polymeric iron complex
compounds, were, if possible, supposed o have o defined sifructure
{stoichiometry] and be preparable by simple synthesis processes.

Finally, the ron complex compounds should have a very low toxicity



15accordance with the present invention particularly include such compounds with comprise the
following structural element: NO\ 1 01/4 Q --------- Fe Wherelnrespectlvely is a substituent saturating
the free 20valence and the arrows respectively represent coordinate bonds to the iron atom. Thus, the
terms 25"pyrimidine-2-01-1-ox de", "pyrimidine-2-01-1-ox de compounds" o

"pyrimidine- Zkﬂﬂi-km(nd@éllgamfsafaﬂ@rdmgﬂ@MMHMNMUH@hew@Ewngdilﬂg§1wy

starting com@%%nd% S}QFeVQf’%l!:ias the cﬁ(tgspgggg%%ergrotqnatefd “rqggde Fe(lll] complex

compounds.

5 Furthermore, the novel iron complexes were supposed to be
designed such that they are taken up into the infestinal cells directly

via the membrane in order thus to release their complex-bound iron

“directly to the ferritin or the fransferrin or to reach ihe bloodstream
directly as an intact complex. Because of their properties, these
10 new complexes are supposed o virtually not lead to the occurrence
of high concentrations of free iron ions. For it is precisely the free
iron fons that lead to the cccurrence of ROS which are ultimately

responsible for the side effects that cccur.

i5 In order to be able tc meet these requirements, the inventors
developed new Fellll] complex compounds with a molecular weight
fhat is not foo large, medium lipophila and an optimal complex

stability.
20 Description of the invention:

The inventors surprisingly found that Fe(lll) complex compounds with
pyrimidine-2-ol-1-oxide ligands were particularly suitable for the
above-described requirements. It was possible to demonstrate that
25 these Fe complex compounds exhibited a high iron uptake, whereby
a quick therapeutic success in the treaitment of iron deficiency
anemia could be achieved. Especially in comparison to iron salts,
the complex compounds according to the invention exhibited o
faster and higher utilization. Furthermore, these new systems have
30  significantly reduced side effects thon the classically used iron salfs
since there is no noteworthy occurrence of free iron ircns in this
case. The complex compounds according to the invention exhibit
almost no oxidative siress since there is no formation of free

radicals. Thus, significantly fewer side effects occur in the case of



Or, respectively, whicharepresentinthecorrespondingiron(111)complex compounds. 10 Furthermore,
according to the invention the aforementioned terms ¢lo not only comprise the respective base body:
H, 'ON 15or the ligand compound resulting from deprotonating the underlying hydroxy compound ,
respectively 20but as well their representatives substituted on the pyr midine rings, resulting from the
replacement 0fGiie DPRGHERY GoGen AtSHS o' e pYrifidine %y BY dther Sebsfiientsicesrdingly,
in context withcthe presentdnvertiontbeaferementioneddermsayefextohe eatie dassofity ot
"pyrimidine-2-01-1-oxide" compounds and the deprotonated ligands, including their representatives
substituted ovngtrﬁgtbi/rﬁrﬁdijn%l ifig’ BORFANY W [A&0SORated) Dyt dine B RIEA -GkidamGaHiHccording
5 to the presentiaventienicatriesta siegafiverchargen This reeans, that dnithercassrefdhree figands per
fon atog:, (g S Aem ALY Rndne RYARORRIAIR, *hE L ARE I e SRR Ry e A
be prepared well and are optimally suitable for the formulation of

medicaments, in particular for oral administration.

Thus, the subject matter of the invention are Tron{lil}-pyrimidine-2-ol-
10 l-oxide complex compounds or their pharmaceutically acceptable
salts for use as medicaments or synonymous for use in g method for

therapeufic freatment of the human body, respectively.

The iron(tl}-pyrimidine-2-ol-1-cxide complex compounds as used in
15 accordance with the present Invention particularly include such

compounds with comprise the following structural element:

o
O %
O T Fe

wherein ™™ respectively s a substituent saturating the free
20  valence and the arrows respectively represent coordinate bonds to

the iron atom.
Thus, the terms
o5 . "pyrimidine-2-ol-1-oxide”,

- “pyrimidine-2-cl-1-oxide compounds” or

- “pyrimidine-2-ol-1-oxide-"ligands



that the: 31-13\rYf0111101U3 | cptebeill uniy one possible rnesomenc formula and that there are
several mesomeric formulas and that 10 delocalisation of the electrons in the ligands or in the iron
complex compound may be present, respectively, as shown hereinafter schematically.
Intheiron(111)pyrimidine-2-01-1-oxidecomplexcompounds 15 according to the invention, the
coordinatiorcrumiberi ofthe dromratonis i gerenallysik (8} withea coordinasing atoms generally being
arranged ocg?tgg E3[¥ally(.: g%thggp}%re, mono- or polynuclearon(111) pyrimidine-2-01-1-oxide 20complex
compounds in"'which one or more (Ssuch as 2, 3 or 4) iron atoms are present are also comprised
according to the invention. Generally, 1-4 iron atoms and 2-10 ligands can be present in the iron(lll)
pyrimidine-Z-OQTI“-”“é ide q mplex compounds. Mononuclear 25 iron(lll) pyrimidine-2-01-1-oxide
complex compqunds:with’at least one preferably tri-, preferably bidentate pyrimidine-2-o01-1-oxide
ligands are prefé?red. Mononuclear iron(lll) pyrimidine-2-01-1-oxide complex compounds with one (1)
central iron atom and three (3) pyrimid ne-2-01-1-oxide ligands are particularly preferred. 30
Theiron(111)pyrimidine-2-01-1-ox decomplexcompoundsare generally present inneutral formHowever,

salt likefron(@3 1y pyrimidine-2-01-4 sexideicomplexcempaoundsiare alse included, in which the complex

“has apositive or negative charge which'is ‘compensated, in particular, by ptiarmacologically

compatible, SBQEE%Q i non-coordinatig apjoAs(such as, in particular, halogenides, such as
chloride) or catiog(\suclp as, in pa’r;izﬁlar, al alinel or alkaline-earth metal ions).
- > > \
O N Fo «— O N )
or . respectively,
which are present in  the corresponding  ironfilll complex

compounds.

Furthermore, according to the invention the aforementioned terms

do not only comprise the respective base body:

o;r\f’/’\i
H.. _/3\:: 2

O N

15 or the ligand compound resulfing from deprotonating the underlying

hydroxy compound

o:mmm*j

BN

o N
. respeciively

20 but as well their representatives substituted on the pyrimidine rings,
resulting from the replacement of one or more hydrogen atoms on
the pyrimidine ring by ofther substituents. Accordingly, in context
with the present invention the aforementioned ferms refer to the

entire  class  of "pyrimidine-2-ol-1-oxide"” compounds and the



The iron(I11) pyrimid ne-2-01-1-oxide complex compounds according to the invention particularly
include complex compounds, comprising at least one, preferably a bidentate pyrimidine-2-01-1- oxide
ligand of the formula whereinrespectively is a substituent saturating the free valence of the ligands,
which can, s ve, bond to one of even t dlﬁerent iron qto S |n th se, of bridging. 15
Iron(IIl) pyn%nl ne-§- 5? ngI% compIéQ (c::ompo \gs Gre fpergfrer? cpw% e%l f][ p? e
preferably Bidentate pyriifidings2-01-1- oxide ligands which may be the same or different.

Furthermore, iron(111) pyrimidine-2-01-1-oxide complex compounds are particularly 20 preferred
which exclusively comprise the same pyrimidine-2-01-1- oxide ligands and very particularly preferred
are tris(pyriffidinég:2yvol t-ddda) itos(11Yy coehpounds. i@r@%r%bw thesnbie Clarrwkiglatodtis inyentive
ron (LEL) Pyt - 2201 pridgpimplex rpmpaunds i rss ‘z(h% 900 By molmere isleraoly
less than 850 g / mol, still more preferably less than 70 g/ mol (eac etermlned from the structural
formula). ofie f‘m%fé?r%@/ thfeé& SGfie oy diffdfemtepreferably 8ame! ligantsrofahe forfuta(@i'N RN N 5
wherein the-arroyarespertively repigsenta epordinate bogd fo.ope ardifferant &ﬁorhaws <fd 10RI,

R2 R3 may“pe the! some or different and are selected from the group consisting of:

D .)H\)vvu IUHH&)!U.} IUMIL‘JECE]E Uiily UH@ [J()bbiDE@ [neSOme”C

formula and that there are several mesomeric formulas and thaot
10 delocalisation of the electrons in the ligands or in the iron complex
compound may be present, respectively, as shown hereinafter

schematically.

In the iron(ill} pyrimidine-2-ol-1-oxide complex compounds
15 according to the invention, the coordination number of the iron
atoms is generally six {6}, with a coordinating atoms generally being

arranged octahedraily.

Furthermore, mono- or polynuclear iron(ill} pyrimidine-2-oi-1-oxide
20 complex compounds in which one or more [such as 2, 3 or 4) iron

atoms are present are also comprised according fo the invention.

Generally, 1-4 iron atoms and 2-10 ligands can be present in fthe
iron{lll} pyrimidine-2-ol-1-oxide compliex compounds. Mononuclear
25 iron{lll} pyrimidine-2-ol-1-oxide complex compounds with at least

one preferably iri-, preferably bidentate pyrimidine-2-0l-1-oxide
ligands are preferred. Mononuclear iron{ill} pyrimidine-2-ol-1-oxide
complex compounds with one [1] central iron gtom and three (3]
pyrimidine-2-ol-1-cxide ligands are particularly preferred.
20

The iron{lll] pyrimidine-2-ol-l-oxide complex compounds are
generally present in neulral form. However, salt like iron{lll)
pyrimidine-2-ci-1-oxide complex compounds are also included, in

which the complex has a positive or negative charge which is



hydrogen, optionally substituted alkyl, 15halogen, optionally substituted alkoxy, optionally substituted
aryl, optionally substituted alkoxycarbonyl, optionally substituted amino, and 20optionally substituted
aminocarbonyl or R; and R2 or R2 and R3 together with the carbon atoms to which they are bonded,
form an optionally substituted saturated or unsaturated 5- or 6-membered ring, which may optionally
contain one 6OM0rE R5HéteFoatdimsPor pliarrdacedtically acceptabie saltsahereafo d patigdl 9\ - \

substantially non-coordinating anions {such as, in particular,
halogenides, such as chloride] or cafions [such as, in particular,

alkaline or alkaline-earth metal ions).

5
The iron(ill} pyrimidine-2-ol-1-oxide complex compounds according
to  the invention particularly inciude complex compounds,
"""""""""""" “comprising ot least one, preferobly a bidentate pyrimidine-2-ol-1-
oxide ligand of the formula
10
g
%.Ji Ty
a %
AN OP
o \?‘f/\O\
O A
o T Fo
wherein ™V respectively is a substituent saturating the free
valence of the ligands, which can, as shown above, bond o one or
even two different iron atoms in the sense of bridging.
15

ron{tit) pyrimidine-2-ol-1-oxide complex compounds are preferred
which exclusively comprise preferably bidentate pyrimidine-2-ol-1-
oxide ligands which may be the same or different. Furthermore,
ron(itl] pyrimidine-2-ol-1-oxide complex compounds are particularly
20 preferred which exclusively comprise the same pyrimidine-2-ol-1-
oxide ligands and very particularly preferred are tris{pyrimidine-2-ol-

1-oxide} ironlill} compounds.

Preferably, the molecular weight of the inventive iron [IlI}-pyrimidin-
25 Z-ol T-oxide-compliex compounds is less than 1000 g / mof, more
preferably less than 850 g / mol, still more preferably tess than 700 g

[/ mol {each determined from the structural formulal.

In a particularly preferred embodiment the ironlill) complex

30 compounds according to the present invention comprise at ieast



A preferred embodiment of the present invention relates to these iron(lll) complex compounds
containing at least one ligand of the 5formula (I): wherein 10the arrows respectively represent a
coordinate bond to one or different iron atoms, and RI, R2, R3 may be the same or different and are
selected from the group consisting of: 15 hydrogen, optionally substituted alkyl, halogen, optionally
substituted &Ky FZG0pticraly Stlsstitgted anyl optidaaty sulsstriitsd blkoxyoarbohglcemdsoptionally
substituted aminegarhonyl @f- Rl and (23 or R2 and R3 together with the carbon atoms to which they
are bonded, form an optionally substituted saturated or unsaturated 5- or 6-membered ring, which may
optionally contain one or more heteroatoms, or pharmaceutically acceptable salts thereof. A preferred
embodiment of the present invention relates to these iron(Ill) complex compounds containing at least
one ligand of the 13.nlilula (I).

7N

O

AY
A
oO—Z®

N

®,
.ﬁf:; /

5 wherein

the arrows respectively represent a coordinate bond to one or

different iron atoms, and

10 Ry, Rz, Rs may be the same or different and are selected from the

group consisting of:

- hydrogen,
- optionally substituted atkyl,
15 - halogen,
- opticnally substituted alkoxy,
- optionally substituted aryl,
- optionally substituted alkoxycarbonyl,
- optionally substituted amino, and

20 - optionally substituted aminccarbony! or

Ry and Rz or R» and Rs fogether with the carbon afoms to which they
are bonded, form an optionally substituted saturated or unsaturated
5- or &-membered ring, which may optionally contain one or more

25 heteroatoms, or pharmaceutically acceptable salts thereof.

The above-mentioned ring formation of the substituents By and Rz or

Ro and Rz is schematically shown in the following formuias:



wherein the arrows respectively represent a coordinate bond to one or different iron atoms, and RI,
R2, R3 may be the same or different and are selected from the 15group consisting of: hydrogen
optionally substituted alkyl, and halogen. 20 Within the overall context of the invention, optionally
substituted alkyl, in particular for the substituents Rito R 3, preferablyincludes: straight-chained or
branched alkyl with | to 8, preferably Tto 6 25 carbon atoms, cycloalkyl with 3 to 8, preferably 5 or 6
carbon atoms, or alkyl with 1 to 4 carbor] atoms, which is substifﬁlted with cycloalkyl, wherein these
alkyl groups can be optionally substituted. 10 The abg enti \ed alkyl groups can be unsubstituted
or substituted, preferably with 1 to 3 ,.Jbstiffjents. ThWQﬁs at the alkyl groups are preferably
selected from the group consistin% pf\h%mxy option Ilé/ﬁpili aryl, in particular as defined 5
below, optionally substituted heterdaryl, | pal%gular as defined elomp\optionally substituted alkoxy, in
particular as defined below, optionally sgggstituteﬁk alkoxycarbong, in paFchlar as defined below,
optionally substituted acyl, in particular as‘defined below, halogen;, in particular as defined below,
optionally substituted 10amino, in particular as defined below, optianally substituted aminocarbonyl, in
particular as defined below, and cyano. Halogen includes here and within to the context of the

present invention, fluorine, chlorine, bromine and iodine, preferably fluorine 1506r chlorine. Tn the above
defined alkyf'gf3lip& H&%n@@%‘ﬁgﬁ Fore® moRE prtEratly 1My 8 CHAdN &l6HE AR furitferfore be

replaced withon {Ill} compiex compounds containing at least one ligand of the

5  formula [1):

s
R .
Z | \“f'?]
R4 f}! O
g\
R 0
wherein

10 the arrows respeciively represent o coordinate bond to one or

different iron atoms, and

Ri, Rz, Rz may be the same or different and are selacted from the

group consisting of;

15

- hydrogen,

- optionally substituted alkyi,

- halogen,

- opfionally substituted atkoxy,
20 - opfionally substituted aryl,

- optionaily substituted atkoxycarbony!, and

- optionally substituted aminocarbony!l or



hetero-analogous groups that contain nitrogen, oxygen or sulphur. 20 This means, in particular, that,
for example, one or more, preferably 1 to 3, still more:preferred one (1) methylene group (-CH2-) can
be replaced in the alkyl groups by -NH-, -N124-, -0- or -S-, wherein R2 is optionally substituted alkyl as

defined abovye, preferabl uch s meth | or eth tionally substituted with 1 to 3
25substituents, % @s%ﬁ ng hc%ﬁgﬁ 8 91?/ oy ‘Or QIQ&@ ¥E‘Q< leS 7 QkyIFetibifes NV 1 to 8
carbon atomsrindtudeda: chefhyhgroup pan eihxd!g,roumafn’rmpmpybgmupe@ propyLgroLp; &n n-butyl
group, on i tyI roup, a sec-butyl tyl 30 grou an n- pen roup ani roup, a
sec-pentyl gt?lélcjnupfg agtpr%ntnT%roup(f}/ %ﬁiet b% I'grdtp? B ﬁ%@WI ;g 41 Or?igth% éﬁ@% Yroup, a
2-methylpenty group, a@-methylpentyl gmaajepﬂammemympm greup; Asl+ataydbtyl group, a
2-ethy|bautyl group, a 3-ethylbutyl group, a 1,1-dimethylbutyl group, a 2,2- dimethylbutyl group, a
3,3-dIimethylbutyl group,al-ethyl-I- methylpropyl group, an n-heptyl group, a 1-methylhexyl group, a 2-
methylhexylgreug,f& 3anethyiHesyl igneup!, a4-hethylhexygirgranp,sanSrmethylhexyd grouphase
1-ethylpentyl. gro Py a-2;6t Iggn A, 3e I ar n I u

sy W d%]ﬂgl#beﬁtcg grégl?égﬁg%bd 8%? entyﬂy g)% tg2048J|me1‘35121ylpentyl

1,1- dlmethylpentyl group, imet group,

‘group; a 1-propylstlityl g?roup an n-octyl group, a 1-methylheptyl group, a 2- methylheptyl group, a
3-methylheptyl group, a 4-methylheptyl group, a 5-methylheptyl group, a 6- 10 methylheptyl group, a
1-ethylhexyl group, a 2-ethylhexyl group, a 3- ethylhexyl group, a 4-ethylhexyl group, a 5-ethylhexyl
group, a 1,1- dimethylhexyl group, a 2,2-dimethythexyl group, a 3,3-dimethylhexyl group, a
4,4-climethylhexyl group, a 5,5-dimethylhexyl grgﬁyp, a 1- propylpentyl group, a 2-propylpentyl group,
etc. Those with 1 to 6 15carbon atoms are pr fe . Methyl, ethyl, n-propyl, isopropyl, sec- butyl and

n-butyl are most preferred. Examples of alky produced by replacement with one or more
hetero-analogous groups, such as -0-, -SE-NH f‘br N@M) are
@\
X |
10 )

wherein the arrows respectively represent ¢ coordinate bond to one

or different iron atoms, and

Ry, Rz, Rz may be the same or different and are selected from the

15 group consisting of:

- hydrogen
- optionally substituted atkyi, and
- halogen.
20
Within the overall context of the invention, optionally substituted

alkyl, in particutar for the substituents Ry to Rz, preferably includes:

straight-chained or branched alkyl with 1 fo 8, preferably 1 ioc §
25 carbon atoms, cycloalkyl with 3 to 8, preferably 5 or 6 carbon
atoms, or alkyl with 1 to 4 carbon atoms, which is substituted with

cycloalkyl, wherein these alky! groups can be optionally substituted.



20 preferably such groups in which one or more methylene groups (- CH2-) are replaced with -0- while
forming an ether group, such as methoxymethyl, ethoxymethyl, 2-methoxyethyl etc. Therefore, the
definition of alkyl also includes, for example, alkoxyalkyl groups as defined below, which are produced

from the above-mentioned alkyl 25 groups by reef)lacement of a methylene group with -0-. If, according
to the inventioff, alkG§ Grouf &re' deldfionaly Permitted’ 8 substituehs ofdlkyIbsEVErE Bthe? groups

can also be foumed indhis mameisuchasi 1CH2D-CH210CH-group), hus, acsording, to the

invention, polyether groups are also comprised by the definition of 30alkyl. Cycloalkyl groups with 3 to
8 carbon atdme preféraBhPiHRde & B/EBrSHGrRls & Byt dréus P eyeIsHRASISGdp, a
cyclohexsg gﬁ|®.uph acfsy@lohenm gfﬁéuﬁ;léahcygli@%m f@r@umﬁ,]}p,- A«aCﬁ@rﬁCr@@iybgi&Q?p, aieyglobutyl
group, yclopentyl group and a ohexyl group are preferred. The Cycloalkyl groups may
optionalty bg) gﬁgﬁitu?éﬁ b?é?éﬁé%lfmfﬁ Tiffg SQUHGItHERR ¥licH As RPEHSYI SF CReabxscarbonyl.
5 The definitieri@hthe ppitonally sulistitutedealkyl ialseyincludes alkyl igroups whichase suhstituted by

the above mentigned, cycloalkyl grqups, such as cyclopropylmethyl, cyclobutylmethyl,

cyclopentylméthyl oF 'c@é:losﬁje%llmﬁﬁy{ 16 'E]&’&Séféﬁ&) QM&//I df@)uﬁ%iﬁ&%}"g]ﬁ?g t§'the THYEMOR are
_ thylena with Heteroanalogoes geolps Bomw.
cycloalkyl, include, for example, saturated 5 Qr 6-membered heterocyclic, residyes, which may be
15 attacheda}?/lgécg cgagboﬁ%at macgr'gLﬁltd?(r)gegnS at%?r%?lgr(?(gg W%(ﬁi %\Fvéfer%B@%Qa@Hav%U%)tgo% g,ué?e(fjerably 2
heterodtoms;iraspecially 0, Ny sich @s tetrahydrefurgdazetelines 1-yt stilstituted azedidiny, such as
3-hydroxyazetidin-1- rrofidinyl yrrolidin:l-yl,
substitutedpyrroﬁ]é)inﬂ%%}éhg)s!?%g%i@%?iﬁicﬁrrg])-ﬁ%ﬁ@éd below, and cyano.
20hydroxypyrrolidin-l-yl2-methoxycarbonylpyrrolidin-1-yl,2- ethoxycorbonylpyrrolid n-1
“y1,2-methoxygysrglidinglyli- sthoxypyarolidipr-y)i3xmethgxycarbonylpurrolidin-1pyk 3+, o oy
ethoxycarbonylpyrrol din-1-yl,3-methoxypyrrolidin-I-yl,3-

invention, flucrine, chlorine, bromine and iodine, preferably fluorine

15 or chicrine,

In the above defined alkyl groups, optionally one or more, more
preferably 1 to 3 carbon atoms can furthermore be replaced with
heferc-analogous groups that contain nitrogen, oxygen or sulphur.
20 This means, in particular, that, for example, one or more, preferably
I o 3, still more preferred one (1] methylene group (-CH:-) can be
replaced in the alkyl groups by =NH-, -NRs-, -O- or -$-, wherein R. is
optionally substituted alkyl as defined above, preferably Ci-Cs alkyl,
such  as methyl or ethyl, optionally substifuted with 1 to 3

25 substifuents, such as fluorine, chlorine, hydroxy or alkoxy.

Examples of alkyl residues having 1 to 8 carbon atoms include: a
methyl group, an efthyl group, an n-propy! group, an i-propyl group,
an n-bulyl group, an i-butyl group, a sec-bulyl group, a i-butyl
30 group. an n-pentyl group, an i-pentyl group, a sec-pentyl group, a t-
pentyl group, a 2Z-methylbutyl group, an n-hexyl group, a I-
methyipentyl group, o 2-methylpentyl group, a 3-methylpentyl
group. a 4-methyipentyl group, a 1-ethyibutyl group, a 2-ethylbutyi
group, a 3-ethyibutyl group, < 1,1-dimethylbutyl group, o 2,2-



ethoxypyrrolidine-1 -yl, piperidinyl, such as piperidin-1-yl, piperidin-4- 25yl, substituted piperidinyl, such
as 4-methyl-1-piperidyl, 4-hydroxy-1- piperidyl,4-methoxy-1-piperidyl,4-ethoxy-1-piperidyl,4-
methoxycarbonyl-I-piperidyl,4-ethoxycarbony1-1-piperidyl,4-
carboxy-I-piperidyl,4-acetyl-1-piperidyl,4-formyl-1-piperidyl,1-
methy1-4-piperigyk4-tydipky-2; 2,6, 6-tetrameth§ s 1apadidrid il 4-30(dintetlylantino) L apiperidy,
4-(diethylamino)e1-pipetidyl, 4-amino:|- piper -(% roxymethyl)-1:piperidyl -éh droxymethyl)-1-
piperidyl,4-(hydr%%%r?e8t y|)<%f§g§2d§|’f‘2ﬁ%?o%ﬁﬁ'1- ){gerély%-{;%éfﬁﬁ%p%pgéfr% igUp’ 3
4-hydroxy-Irpipéndile morghielinea-¢, %tmﬁﬂtméd wotipboling sack-as 2{Bydintethyiarorpholin-4-yl,
Piperazinyl, £46ls A%, PIRSIAZIR LY SUBSHIUa RRstaging: SYE" 8s A TIRPHRRTAYFEYp, o
4-ethylpiperazin-l-yl,4-efhoxyCarbonylpiperazin-1-yl,4- .
methoxycarbohylyigerdrinl 1-91 ktetraliydiopyianyt S0énas 36eraydropytah-aiyi aiitihieh fean
optionally be condensated,Syyith-aramatic, fings, andvhich may optionally-he sybstituted, sugh as with
1to2 subst%uentss such as hydroxy, alogerk]/, (igl-CG-aIkyI, etc. The d(?f??})it%n ofvthegopt}%ally
substituted AIKyFFBEPS ThES THolldES HiSo SIYITGIOBHSOWHICHZARE SubSttufed B the BBOVe-defined
~heterocyclici groEpR, $HEh as| 3-gpiperidyl) propy: 3y HRyrelidinslsWpropyk 3ymarphelinertopyl,

2-morpholinoethyl, 2- tetrahydropyran-4-yiethyl, 3-tetrahydropyran-4-ylprop?/l, 3-(azeticlinl1-yl) propyl
etc. group, a 4-methytheptyl group, a  5-methylheptyl group, a "6é-

10 methylheptyl group., a l-ethylhexyl group, o 2-ethylhexyl group, o 3-

ethylhexyl group, a 4-ethythexy! group, a S-ethylhexyl group, a 1,1-
dimethylthexyl group, a 2,2-dimethylhexyt group, a 3,3-dimethylhexyl
group, ¢ 4, 4-dimethylhexyl group. o 5,5-dimethylhexyl group, a 1-
propylpentyl greup, a 2-propylipentyl group, etc. Those with 1 1o 6
15 carbeon atems are preferred. Methyl, ethyl, n-propyl, iscpropyl, sec-

butyl and n-butyl are most preferred.

Examples of alkyl groups produced by replacement with one or
more hetero-analogous groups, such as =O—, =S—, ~NH~- or =N[R4)- are
20 preferably such groups in which one or more methylene groups |-
CHz-) are replaced with -O- while forming an ether group, such as
methoxymethyl, ethoxymethyl, 2-methoxyethyl etc. Therefore, the
definition of alkyl also includes, for example, alkoxyalkyl groups as
defined below, which are produced from the obove-mentioned alky!
25 groups by replacement of a methylene group with -O-. if, according
to the invention, alkoxy group care additionally permitted as
substituents of alkyl, several ether groups can also be formed in this
manner (such as a ~CH2-O-CH-OCHs-group). Thus, according to the
invention, polyether groups are also comprised by the definition of
30 alkyl.

Cycloalkyl groups with 3 to 8 carbon atoms preferably include: a
cyclopropyl group, a cyclobutyl group, o cyclopentyl group, «

cyclohexyl group, a cycloheptyl group, a cyclooctyl group, efc. A



Examples of a linear or branched alkyl group substituted with 15halogen and having 1 to 8, preferably
1 to 6 carbon atoms include, in particular: a fluoromq@yl group, a difluoromethyl group, a
trifluoromethyl group, a chloromethyl group, a dichloromethyl group, a trichloromethyl group, a
bromomethyl group, a dibromomethyl 20group, a tribromomethyl group, a 1-fluoroethyl group, a 1-
chloroethyl groap; Brb-broniethyt groupy al 24fludyoetnyl group, & 2< chiorodthykbgroup, a2-Bramoethyl
group. a 1, 2:Afloipettyl 0aup, 8 1.2 dichigraglivagrouny acl, 2. ARIomagiiv! gioup.2 22,2
trifluoroethyl group, a heptafluoroethyl grou%, a I-fluoropropyl 2 g}/oup, 2 7-chl roprgpyl group, a
1-bromoprogy? tfoup| ' 2 4iuorbptopyiaroap cd2-chloropiopyl group, subiidmeptepylgroupsa
3-f|uoroprop9{Lg)r%fao\?r-gl_rqg&pgggg)del&qbaoﬁ-}gr_omopropyl group, a 1,2-difluoropropyl group, a
1,2-dichloropropyl group, a 1,2- dibromopropyl group, a 2,3-difluoropropyl! group, a 2,3-
30dichléropropyl group, a 2,3-dibromopropy! group, a 3,3,3- trifluoropropyl group, a
2,2,3,3,3-pentaflugeapropyl-0roHn. A 2+ fuogohuity) %@HE?EM@B'%‘?PW%QJBUPP éx%z%og“%&gw group,
a 4- fluorobutyl group, a 4-chlorobutyl group, a 4-bromobutyl group, a 4,4,4-trifluorobutyl group, a
2,2,3,3,4,4,£heptaflutrobilyl greupU& SpEHILRFoBRIYI g8 U R Budropeith group ya2chlbropentyl

- group, a 2-bgeiopentyl graupha S-flueropentyl, grionps sy fhiniopentyl 9roun o, Rremepentyl group, -

a perfluoropentyl group, a 2-fluorohexyl group, a 2-chlorohexyl group, a 2-bromohexyl 5group, a
6-fluorohexyt §robp & 6L AIGHIMEXSY grap 4 626 HEXYI group, a perfluorohexyl group, a
2-fluorgheptyl group, a 2- chloroheptyl group, a 2-bromoheptyl group, a 7-fluoroheptyl group, a
7-ch|orohept‘€/I group, a Y,-bromoho tyl group, a perfluoroheptyl group, etc.. 10 Examples of an alkyl
group substit§iead Wit fiydroxyfifcidethe aove mintofed BRkyITESHLE WHRhHA/EL Y hydroxy

residues, suichoas; fdicexample thydroxymetayl,2-kydroxyethyl, 3r ByHroxypropyli - hyeeopyhutyl,
5-hydroxype(51{;y(l},‘g-élggréOX)éhr%xalgljsﬁ?rom cycioalkyl, and include, for example,
saturcted 5 or é-membered heterccyciic residues, which may be
15  atftcched via a carbon atom or a nifrogen atom, and which
preferably may have 1 to 3, preferably 2 heferoatoms, especially O,
N, such as tetrahydrofuryl, azetidine-1-yl, substituted azetidinyl, such
as  3-hydroxyazetidin-1-yl,  pyrrolidinyl, such as pyrrolidin-1-yi,
substituted  pyrrolidinyl,  such  as  3-hydroxypyrrolidin-1-yl,  2-

20 hydroxypyrrolidin-1-yl 2-methoxycarbonyipyrrolidin-1-yl, 2-
ethoxycarbonylpyrrolidin-1-yi, 2-methoxypyrrolidin-1-yi, 2~
ethoxypyrrolidin-1-yl, 3-methoxycarbonylpyrrolidin-1-yl, 3-
ethoxycarbonylpyrrolidin-1-yi, 3-methoxypyrroiidin-1-yl, 3-

ethoxypyrrolidine-1-yl, piperidinyl, such as piperidin-1-yl, piperidin-4-
25yl substituted piperidinyl, such as 4-methyl-1-piperidyl, 4-hydroxy-1-
piperidyi, 4-methoxy-1-piperidyt, 4-ethoxy-1-piperidyl, 4~
methoxycarbonyl-1-piperidyi, 4-ethoxycarbonyl-1-piperidyl, 4-
carboxy-1-piperidyl, 4-acetyl-1-piperidyl, 4-formyl-1-piperidyl, 1-
methyl-4-piperidyl, 4-hydroxy-2,2,6,é-tetramethyl-1-piperidyl, 4-
30 [dimethylamino)-1-piperidyl, 4-{diethylamino}-1-piperidyl, 4-aminc-1-
piperidyl, 2-[hydroxymethyl)-1-piperidyl, 3-{hydroxymethylj-1-
oiperidyl, 4-(hydroxymethyl]-1-piperidyl, 2-hydroxy-1-piperidyl, 3-
nydroxy-i-piperidyl, 4-hydroxy-1-piperidyl, morpholin-4-yl, subsftituted

morpholinyl, such as 2,6-dimethyl morpholin-4-yl, piperazinyi, such as



Optionally substituted aryl preferably includes according to the invention aromatic hydrocarbon
residues with 6 to 14 carbon atoms (with no hetero atom in the aromatic ring system), for example:
phenyl, naphthyl, phenanthrenyl and anthracenyl. The 20 aforementioned aromatic groups may be
unsubstituted or substituted. In case of substitution, they preferably preferably have one or more,
preferably 68 €18 wo (2) substitieiits! i partizalary halogen diydroxy, alkyd) atkoxy, i each case as
explained ahoue or-helaw, Apreferred arom%ti%gﬁ%@&Jw&x%%ﬁ%&(‘wﬂkﬁ' 25substityted with

: . ) A

an aromatic group (arylalkyl) is benzyl. Optionally substituted aryl according to thé present invention
further incllidBS HPHBRANPSUDSIRIES Béterdarl, thét'is, heteroarsihany Gioups, saclEds fofs

examplepyrigylopyridydNooxides Ryrinidyl 3Q pysidaziny, pyraz ok, eyl furyl, Butolyl, pyazolyl
imidazolyl, thiazolyl, oxazolyl or isoxazolyl, indolizinyl, indolyl, benzo[lo]thienyl, benzo[b]furyl, indazolyl,
quinoly, isSHiihiIC RAPRRYHERSI, GHiRa26lifh SUEYeMEMBErdd diémetie Hetdiscclés Sich as, for
example pysidyl pyridylsN-oxide cryrimigivts pytidazing, fupd and, thienyl ase prefecied, The, |,
aforementioned heteroaromatic, groups may be unsubstituted or substituted. In case of substitution,

they preferGhly hal& o ESNIMEIE, srefd bl ondq Dol wd’ 5 St &rlientsy in Periicafar hatégen,

“Thydroxy, alkytislk@ey, i each & gaseras explainedt-abayesorshelew: Lﬂ@fﬁ”@‘? exaaples gfan alkyl

substituted with a heteroaromatic group (hetarylalkyl) are methyl, ethyl, or propyl, in each case
substitutedcgv\ﬁgrqrb@ﬁgteﬁo%:%ma?i\é toupstict-as ﬂ%@ﬁﬁmeﬁyl, J}]dwﬂ@tﬁﬂd@rﬁb@b%ionéﬂy

substitiitedrafkoxy RO-) is fformally, derbved drorm thenaoveomentioned eptiopalycsubstitutedzalkyl
residues by addi n oxygen atom and includes in context with the present invention, for example,
linear or bé%gﬁe%%aﬁﬁg@yg%ﬁgé Wﬁﬁ%\ﬂ Toc% %%rb%ﬂya%%@}/ éﬁéﬁ%ﬁé’ﬁ?ﬁ Xy%tléfffpﬁ? L Bthoxy
group, an n-prapgloxgi5agroup, an i-propyloxy group, an n-butyloxy group, an i-butyloxy group, a
sec-butyloxy group, a t-butyloxy group, an n-pentyloxy group, an i-pentyloxy group, a sec-pentyloxy

group, a t-pentyloxy group, a 2-methylbutoxy group, an n-hexyloxy group, an i-hexyloxy group, a
t-hexyloxy greup,dsechexylogcgroug; ax2-20emethyipentyloxy suoug|fa Bemiethiytpentyloxy group, a

L ethybutylgy gianm, AL IVIRUI%Y graup. Atlsdmetyibubiiony group, 8 2 g dimgbylbutyloxy

group, a 3,3-dimethylbutyloxy grotp, a 1-ethyl-1-methylpropyloxy group, e é OXy group, an
ethoxy grotp,EAALpFIpYloxy group, an epropyloxy group, an n-butyloxy 25 group, an i-butyloxy group,

a sec-butylgxy, aroupn 8 {Rloutyloxy,argup; e, are refered, The alkpxy groups may optionally be

substituted, such as with the above possible subs ituents for alkyl. Me hoxy, ethoxy, n-propoxy,
n-butoxy, €8 Cate pfefefiedl aksky) BoDptivhafly Substititen alkokysatbanyl(RO-00-) groups are

formally desived toantha aboye alky! araunshy aading as0G(0)- residyender, farmation ofan
optionally substituted alkyloxycarbonyl residue. In that regard reference can be made to the definition
of 20~ group, a tribromomethyl group, a 1-flucroethyl group, a 1-
chloroethyl group, a 1-bromoethyl group. a 2-fluoroethyl group, a 2-
chlorocethyl group, a 2-bromoethyl group, a 1,2-difluocroethyl group,
a |, 2-dichloroefthyl group, a 1,2-dibromoethyl group, a 2,2,2-
trifluoroethyl group, a heptaflucroethy! group. a T-flucropropyl
25 group, a l-chioropropyl group, @ 1-bromopropyl group, a 2-
fluoropropyl group, a 2-chloropropy! group, o 2-bromopropyl group,
a 3-fluoropropy!l group. a 3-chloropropy! group, a 3-bromopropyl
group. ¢ 1. 2-difluoropropyl group, a 1.2-dichloropropy! group, a 1,2-
dibromopropyl group, a 2,3-diflucropropy! group, a 2.3-
30 dichloropropyl group, a 2,3-dibromopropy! group, a 3,3.3-
iriflucropropy! group., a 2,2,3,3,3-pentaflucropropyl group, g 2-
fiuorobutyl group. a 2-chlorobutyl group, a 2-bromobutyl group, a 4-
ftuorobutyl group, ¢ 4-chicrobutyl group, a 4-bromobutyl group, a
4.4 4-trifluorobutyl group, @ 2,2,3,3.4.4.4-heptaflucrobutyl group, ¢



the above-described alkyl groups. As an alternative optionally substituted alkoxycarbonyl (RO-00-)
groups are derived from the aforementioned alkoxy grpups by the addition of a carbonyl group.
Methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl, n- 5 butoxycarbonyl tert.-butoxycarbonyl etc.
are preferred alkoxycarbonyl, which may all be substituted as the above defined alkyl groups.
Optionally suisstitited aminy aocordingt@ the invemgon ihcundes 1@ pieterably: maiig(-NH), optionally
substituted mopg--or diglkylaming (RHN-, (R)ZN), whergin, wi e definition of optionally
substituted alky!l itpcan be referen%ed toM tr?((e ab(!)}!v'e definﬁftjir(e))g\l\.g Elﬁ’tﬁl‘?gf [ étl(%%d %rg optionally substituted
mono- or digkylsmite Faditals Brfixedooptionampsubistitged skytapyt Ehinodis¢adicals, wherein with
respect to the,definitigmof optionally,substituted alkyL or arylreference san be made o he appve
definition. Such groups include, for example, methylamino,
dimethyfamifdtiginttidl Hpd RISty Bifine sGchas 2 Mirifcxydtisiaminodfethymmb & x v
phenylamingy magthylpheRylaming 20,gfc o Rasticularyy prefered is ethylamino Optionally substituted
amino further includes an optionally substituted cyclic amino, such as optionally substituted 5 or

6-membered EYEIC AMMY tHAtTaY Comtalii FIRREISHR S AR Stich A8 W) 8P préfersbinpo.
Examples isuch eyelie reingigteunpineludes thenahovespentiongd 25 piliogenreonigiipg
heterocyclic groups which are attached via a nitrogen atom, such as piperidin-1-yl,

4-hydroxy-p re?ildf?r-le-% 2- (methoxycarbonyl)pyrrolidin-l-yl, pyrrolidin-l-yl, morpholin-4-yl, etc.
OptionHlly substituted amino carbonyl according to the invention 30 can be formally derived from
optionally substituted amino, as ex Iained before, t?é/ ding a carbonyl residue ((R)2N-C(=-0)-).
Therein optiGhaly %u%%tifﬂrtea} Amin6 preferaply ind 8@ HECOrdifig to tHETVEAtIOR- 4o ((NH2),
optionally subistitutee meonos oediatkilamiae (Rihl-, WR)2N-hfor whichowithhregeasd jortae; definition of
optionally sustt)lsti%utedqaslkyl r%errencee can b?emadr(;:- tg the abov%deinitQ%F#rtherm re 'nclul%ed are
optionally substituted fono- oF diaryf(amlr% group or{%%éa%?) ionally“sub's fGtéda rylamino
groups, for whichcasyregardd tHe idefinitionoof optidralydsulstitete dySaliat od anyyrefergrice can be
made tq the above definitions. Such groupsinclude,forexamplemethylamino,Dimethylamino, ethylam
no, hydroxyethylamino, such as 2-hydroxyethlyamino, phony:pc-
100ptionallysudstitutedantinbfiithedntiudesanoptiorrallyly inciudes according fo the

invention arecmatic hydrocarbon residues with 6 to 14 carbon atoms

(with no hefero atom in the aromatic ring system}, for example:
phenyl, naphihyl, phenanthrenyl and anthracenyl. The
20 aforementioned aromatic groups may be unsubstituted or
subsiifuted. In case of substitution, they preferably preferably have
one of more, preferably one {1) or two (2} substituents, in particular
halogen, hydroxy, alkyl, atkoxy, in each case as expliained above or
below. A preferred aromatic group is phenyl. A preferred alkyl

25 substituted with an aromatic group (arylalkyl} is benzyl,

Opftionally substituted aryl according to the present invention further
includes opftionolly substifuted hefercaryl, that is, heteroaromatic
groups, such as for example: pyridyl, pyridyl-N-oxide, pyrimidyl,
30 pyridazinyl, pyrazinyl, thienyl, furyl, pyrrolyl, pyrazolyl, imidazolyl,
thiczolyl, oxazolyl or isoxazolyl, indolizinyl, indolyl, benzo[blthienyl,
benzol[blfuryl, indazolyl, quinolyl, isoguinolyl, naphthyridinyl,
guinazotinyl. 5- or é6-membered aromatic heterocycies such as, for

example pyridyl, pyridyl-N-oxide, pyrimidyl, pyridazinyl, furyl and



substituted cyclic amino, such as optionally substituted 5 or 6- membered cyclic amino that may
contain further hetero atoms such as N, 0, S, preferably 0. Examples of such cyclic amino groups
include the above-mentioned nitrogen-containing heterocyclic 15 groups bonded through a nitrogen
atom, such as piperidin-I-yl, 4- hydroxy-piperidin-I-yl, 2-(methoxycarbonyl)pyrrolidin-1-yl, pyrrolidin 1-yl,
Morpholin-4i{1ety! Exatnphes oF 6ptibndliesubktitetetarinocaibriyl dclade theréforey20.©arbamoyl
(HZNCHOH. ptjonady sulstituted, monos ordialkylamingcarbopyl (RHNC(;0), (RIZNC(=0)), yherein

reference can be made to the above definition of optionally substituted alkyl. Furthermore are’included
optionally sub$titGEHonb6SyEdidryIgmiRbcarbof/ireSitRis ixed Néptidhallysubktitated 2)

25alkylarylasnineeathonyd residues: whateinsefesence can bespade e the aboye definitians.of
optionally substituted alkyl and aryl. Preferred substituted aminocarbonyl groups comprise up to 14

carbon Atont<? Sich iyt B PGP RN laRif GR 2B En G X Bifh Bt AafTine carBdnyl,

ethylaminocarbemyl, BOdiethylaninecarbanykshenylamiiesarbamd. diphenyiaminesarbonyh,
methylphenyla nocarbonyl etc. In a preferred embodiment, Rl and R2 or R2 and R3 form together with
the carbon aﬁgﬂ@’to%hf@hotﬁé@f afe Sfdced8Sor BoHaHbERd ¥iiboty dIE HAG SERENHIES ofthe

aforementioned fing formatian fahe substtyEnts Riand B2q1 R2@and R3 as represented
schematically by the following formulas: 10include in particular: compounds in which Rl and R2 or
R2 and R3 together preferably

16 Optionally substituted alkoxy (RG-) is formally derived from the

above mentioned optionally substitfuted alkyl residues by adding an
oxygen atom and includes in context with the prasent invention, for
exampie, linear or branched alkoxy groups with up o 6 carbon
atems, such as o methoxy group, an ethoxy group, an n-propyloxy
15 group, an i-propyloxy group, an n-butyloxy group, an i-butyloxy
group, « sec-butyloxy group, a i-bufyloxy group, an n-pentyioxy
group. on i-pentyloxy group, a sec-pentyloxy group, a t-pentyioxy
group, a 2-methylbutoxy group, an n-hexyloxy group, an i-hexvioxy
group, G t-hexyloxy group, a sec-hexyloxy group, a 2
20 methylpentyloxy group, a  3-methylpentyloxy group. a i-
ethylbutyloxy group, a 2-ethylbutyloxy group, a 1. 1-dimethylbutyloxy
group, a 2Z.2-dimethylbutyloxy group, a 3,3-dimethylbutyloxy group.
a l-ethyl-T-methylpropyloxy group, etc. A methoxy group, an ethoxy
group, an n-propyloxy group, an i-propyloxy group, an n-butyloxy
25 group, an i-butyloxy group, a sec-butyloxy group, o t-butyioxy
group, etfc., are preferred. The alkoxy groups may optionally be

substituted, such as with the above possible substituents for alkyl.

Meihoxy, ethoxy, n-propoxy, n-butoxy, etc. are preferred alkoxy.

30
Optionally substituted alkoxycarbony! (RO-CO-) groups are formally
derived from the above alkyl groups by adding a -OC(C)- residue
under formation of an opfionally substituted alkyloxycarbonyl

residue. In that regard reference can be made to the definition of



represent a propylene (-CH"2-C'H2-CH2-)- or a butylene (-CH2-CH2-CH2- CH2-) group, in which
optionally one methylene group (-CH2-) 15 respectivgly can be replaced with -0-, -NH- or -NR,-,
wherein R4 is defined as mentioned above and wheréin the groups formed by Rl and R2 or R2 or Rs
optionally can furthermore respectively be substituted by one to three substituents selected from the
group consistieg af hydrexy 2ox0|6=C, atkéxy, aminoand monerror disEi20C4-atkyhaming.y
Exemplary liaands.are the following: wherein R and R3 are each as described above. In another
particularly E)Pe eSFrEéLdTgn%bg&rﬁé(ﬁt o?%%%rm ) é§§£§ cin%{é}uuﬁaé é:f:rc%ré?r% ot efth%rmv Eﬂﬁon R7,
R2, R3 are idénticah ondiifferedt andoare selected freniitlee growpiconsistingof hydrogemyand alkyl, with
the proviso that.at t one ferably f ubstituents RI, R2, and R3 are alkyl. Alkyl is
preferably a@%@nﬁ%ﬁ%é) g@)g\%ﬁéspec%m%s%%?g%%%%aiﬁéd or b?a%éﬁg&xﬁ/rg%?%a)ﬁg,y 0 unsubstituted
alkyl havingluptox6 qprefepaly up toed icathor atonas Stitlyrhore preferred areeiron (fh)ecompiax
compounds B/ Bie yarogen. and Bl agd B3 arseash ecsane %d'éfsfg!)%aade?{sesg'ected
from alkyl as mentioned above. 15The iron(lll) complex compounds of the formula (ll) are particularly
preferred: RFHQ23 2954254 R3

Optionally substifuted amino according to the invention includes
16 preferably: amino  [-NH:), optionally substituted mono-  or
dialkylamino [RHN-, {R}2N), wherein with respect fo the definition of
optionally substituted alkyl it can be referenced to the above
definition. Further included are optionally substituted mono- or
diarylamino radicals or mixed opfionally substituted alkyl aryl amino
15 radicals, wherein with respect fo the definition of optionaily
substituted alkyl or aryl reference can be made to the above
definition.  Such groups include, for example, methylamino,
dimethylamino, ethyiamine, hydroxyethyviamino, such as  2-
hydroxyethylamino, diethylamino, phenylamine, methylphenylamino
20 etc.. Particularly preferred is ethylamino. Optioncally substituied
amino further includes an opfionally substituted cyclic amino, such
as optionally substituted 5 or 4-membered cyclic amino that may
contain further hetero atoms such as N, O, S, preferably O. Exampies
of such cyclic amino groups include: the above-mentioned
25  nifrogen-contfaining heterocyclic groups which are aftached via a
nifrogen atom, such as piperidin-l-vl, 4-hydroxy-piperidin-1-yl, 2-
(methoxycarbonyljpyrrolidin-1-yl, pyrrofidin-1-yl, morpholin-4-yl, etc.

Optionaily substituted amino carbonyl according to the invention
30 can be formally derived from opfionally substituted amino. os
explained before, by adding a carbonyl residue [{R):N-C{=0)-).
Therein optionally substituted amino preferably includes according
tc the invention: amino [-NH:), optionaily substituted mono- or

dialkylamino [RHN-, [R)2N-} for which with regard to the definition of



No R3 1 010.3(r)R2 Fe. [-

20

25

30

23

optionally substituted alkyl reference can be made to the above
definition. Furthermore included are optionally substituted mono- or
diarylamino groups or mixed optionally substituted alkylaryiamino
groups, for which as regards the definition of optionaily substituted
alkyl or aryl reference can be made to the above definitions. Such
groups include, for example methylamino, Dimethylamino,

ethylamino, hydroxyethylamino, such as 2-hydroxyethlyamino,

X
oy

PN N N ey
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e e Ty T O ey D ST TG e
Optionaily  substituted aminc  further includes an  optionally
substituted cyclic amino, such as optionally substituted 5 or é&-
membered cyclic amino that may contain further hetero atoms such
as N, O, §, preferably O. Examples of such cyclic amino groups
inciude the above-mentioned nitrogen-containing heterocyclic
groups bonded through o nifrogen atom, such as piperidin-1-yl, 4-
hydroxy-piperidin-1-y!l, 2-[methoxycarbonyllpyrrolidin-i-yl, pyrroiidin-
I-yi, Morpholin-4-y! etc.

Exampies of optionally substituted aminocarbony! include therefore:
Carbamoyl (H2NC(=0O)-), optionaily substituted mono- or
diglkylaminocarbonyl {RHNC{=C}, [R}2NC[=0}-), wherein reference
can be made fo the above definition of optionally substituted alkyl.
Furthermore are included optionally substituted mono- or
diarylaminocarbonyl residues or mixed, opfionally substituted
atkylarylaminccarbonyl residues, wherein reference can be made to
the above definitions of optionally substituted alkyl and aryl.
Preferred substitfuted aminocarbonyl groups comprise up to 14
carbon atoms. Such groups include for example
mefhylaminocarbonyl, dimethylaminocarbony!, ethylaminocarbonyl,
diethylaminocarbonyl, phenylaminoccarbonyi,

diphenyiaminocarbonyl, methylphenylaminocarbony! etc.



0O NI N'NP.; wherein RI, R2 and R3 are each de rned as above or preferably as defined below.
Furthermore, preferably RI, R2 and R3 are the same-or different and 5are selected from: hydrogen,

In a preferred embodiment, Ry and Rz or Rz and Rz form together
with the carbon atoms to which they are attached a 5- or é-

membered carbocyclic ring.

5 Excmples of the aforementioned ring formation of the substituents Ry
and Rz or Rz and Rs as represenfed schematically by the following

formulas:

10 include in particulor:

compounds in which Ry and Rz or Rz aond Rs fogether preferably
represent a propylene (-CHz-CHz-CHz-}- or a butylene [-CHo-CH2-CHa-
CHz-} group, in which optionally one methylene group [-CHo-)
15  respectively caon be replaced with —-0O-, -NH- or ~NRs-, wherein R: is
defined as mentioned above and wherein the groups formed by R;
and Rz or Ro or R: oplicnally can furthermore respectively be
substifuted by one to three substituents selected from the group
consisting of hydroxy, oxo, Ci-Cs alkoxy, amino and mono- or di-{C:-

20 Cas-alkyljamino.

Exempiary ligands are the following:



C1-6-alkyl, preferably as presented above, halogen, preferably as presented above,

10C3-6-cycloalkyl, preferably as presented above, C3-6-cycloalkyl-C1-4-alkyl, preferably as presented
above, C1-4-alkoxy-C1-4-alkyl, preferably as presen‘ted above, C1-4-alkoxycarbonyl, preferably as
presented above, C1-4-mono- or dialkylaminocarbonyl, preferably as presented 15above,
aminocarbonyl or carbamoyl (H2NCO-) respectively, hydroxy-C1-4-alkyl, preferably as presented
above, and halogen-C1-4-alkyl, preferably as presented above. 2QParticularly preferably RI, R2 and
R3 are the same or different and_are s Iected from: hydrogen, h Iogen and C1-6-alkyl, preferably as

presented above, in particular hy en~hlorine, methy ropyl in particular i-propyl, butyl,
especially sec-butyl. Most preferably, i 2 and H are Iect d : hydrogen, methyl and 25ethyl.
i1 therg are provide ypyrimidin-2-al 1-oxide-complex

In a further embodiment of the #
compounds in solid form. The term "sglid form¢ means here in partlcula in contrast to the dissolved 30
form, in which the iron (III)-pyrimidin-Zgl 1-oxide-complex compaunds are, present dissolved in a
solvent such as water. The term "solid fo\q'n" means also that the’irgn (I111)-pyrimidin-2-o[
1-oxidecomplex compounds at room temperature (23 C) are present in solid form. The iron

—(Im)-pyrimidin2ealliroxde-eaimpley compaiinds can beipegentinwd . amorphous, crystalline or

partially crystalline form. Also, the iron (lll)-pyrimidin-2-ol 1-oxide-complex compounds of the invention
may exist as hydrates, in particular as crystalline hydrates, such as the monohydrate, in particular as a
crystalline 5imamohydeatepltisiclean thy the personskileckin thenartthatfthedigands aceorsing fu lire
invaniiog compounds according to the the invention Ry, Rz, Rz are identical or
different and are selected from the group consisting of hydrogen
and alkyl, with the proviso that at least one, preferably two of the
substituents Ry, Rz, and Rs are alkyl, Alkyl is preferably as mentioned
above, especially straight-chained or branched, preferably,
10 unsubstituted alkyl having up to 6, preferably up to 4 carbon atoms.
Still more preferred are iron [lll) complex compounds wherein R: is
hydrogen, and R: and Rz are each the same or different and are

selected from alkyl as mentioned above.

15 The iron{lll] compiex compounds of the formula {1} are particularly

preferred:




10 arise from the corresponding pyrimidine-2-0l-1-ox de compounds: N OH In the pyri
idine-2-01-1-oxide compounds there is a keto-enol15tautomerism, wherein the equilibrium state is
determined by various factors. Ri R2 RK'NN OH -I (-D

wherein Ri, Ry and Rz are each defined as above or preferably as

defined below.

Furthermore, preferably Ry, Rz and Rz are the same or different and

5 are selected from:

- hydrogen,

T T -4-alkyl, preferably as presented above,

- halogen, preferably as presented above,
16 - C3-é-cycioalkyl, preferably as presented above,

- C3-6-cycioalkyl-Cl-4-atkyl, preferably as presented above,

- Cl-4-alkoxy-Cl-4-alkyl, preferably as presenied above,

- Céw4~cz!koxycqrb_onyf, preferably as presented above,

- Cl-4-monc- or dialkylaminocarbony!, preferably as presented
15 above,

- aminccarbonyl or carbamoy! [Ha2NCO-) respectively,

- hydroxy-Cl-4-atkyl, preferably as presented above, and

- halogen-Cl-4-alkyl, preferably as presented above.

20 Particularly preferably Ry, R and Rz are the same or different and
are selected from: hydrogen, hatogen and Cl-é-alkyi, preferably as
presented above, in parficuiar hydrogen, chiorine, methyl, ethyl and
propyi, in parficular i-propyil, butyl, especially sec-butyi. Most
oreferably, Ry, R: and Rs are selected from: hydrogen, methyl and

25 ethyl

In a further embodiment of the invention there are provided the iron
{(Hi}-pyrimidin-2-ol l-oxide-compiex compounds in solid form. The
term "solid form" means here in particular in contrast to the dissolved
30 form, in  which the iron {ill)-pyrimidin-2-0l 1-oxide-complex
compounds are present dissclved in a solvent such as water. The
term "solid form” means also that the iron [H)-pyrimidin-2-ol 1-oxide-
complex compounds at room tempercture {23 °C) are present in

selid form. The ron [Hi)-pyrimidin-2-ol T-oxide-complex compounds



28 F3.1 R232,3,32, Ri R2N R3NO

i/

can be present in an amorphous, crystaliine or partially crystailine
form. Also, the iron {Il}-pyrimidin-2-ol 1-oxide-compiex compounds
of the invention may exist as hydrates, in partficular as crystalline
hydrates, such as the monohydrate, in parficuiar as a crysialline

5 monochydrate,

It is clear to the person skilled in the art that the ligands according

e TR T

In the pyrimidine-2-cl-1-oxide compounds there is a keto-enol-

15 tautomerism, wherein the equilibrium state is determined by various

factors,
jeq Ry ?\
Row R- Row ",
2 \‘//\NP ’ - z\\i/% N e E{// ;;\g
g I - e |
\ & P N
Rg//\cgg}i e Rg/\?\;é . /\OH R4 F‘IJ G
0 O OH
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The ligand is formalily obtained by cleavage of a proton from the

20 corresponding pyrimidine-1-oxide compounds:



so formally carries a single negative charge. Furthermore it is clear to a person skilled in the art that
the 5 pyrimidine-2-01-1-oxide compounds as used according to the present invention can be drawn by
different notations (a, b and c), but all include the s6e issue of the N-oxide. Ri N OH 0 (@) FR31 N
R3N/-KOHR,414--- '0 (b)0(c), 10The same applies for the corresponding deprotonated form of the
pyrimidine-2-01-1-oxide ligand copapounds. Within the scope of the pregent invention all tautomeric

forms are included, even if',_gnly one of the mesomeric formulas i?{grawng.
2 u 4

N - H'] SN
L, =
P B2
Ry \&Iq. OH Ry NT O
0 o
3 3

so formally carries a single negative charge.

Furthnermore if is clear o o person skilled in the art that the
5 pyrimidine-2-ol-1-oxide compounds as used according to the
present invention can be drawn by different notations {a, b and ¢},

but all inciude the same issue of the N-oxide.

R, Ry i
YT My
@‘,:j\ ; R 3
Ry N7 ToH Ry N ReT N7 N0
- i 3
5 ! | :
o (2) 0 (b) O (c)

10 The same applies for the corresponding deprotonated form of the
pyrimidine-2-ol-1-oxide ligand compounds. Within the scope of the
present invention all tautomeric forms are included, even if only one

of the mesomeric formulas is drawn.

15 Depending on the substituent R1, Ra, Ra they can also participate in
the fautomeric resonance structures in the pyrimidine-2-oi-1-oxide
ligand. By way of example, the 4-amino compounds can be

mentioned. For example:



15Depending on the substituent Ri, R2, R3 they can also participate in the taufomeric resonance
structures in the pyrimidine-2-o1-1-oxide ligand. By way of example, the 4-amino compounds can be
mentioned. For example: NH  All such tautomers are included within the scope of the invention.
50ptionally substituted amino preferably is in the position of R, ie, in the 4-position of the pyrimidine
ligand. The iron(lll) pyrimidine-2-ol-oxide complex compounds, in particular such as of the general
formula (Il) or the cprresponding pyrimidine- 10 2-ol-i-oxide ligands, respectively, can be present in
the form of various jsomers or tautomers. Isomeric forms %:iude, for example, regioisomers which

I

differ in the position
an image/mirror image

ligands relative to one another, ing so-called optical isomers that have

lationship to one another. If asymmet}it’ 15 carbon atoms are present, the

ligands can be present{ the form of optical isomers which haye an image/mirror image relationship to

one another, and include nantiomers, mixtures of the tiomers, in particular racemates.

Enantiomer cally pyge ligan }c?'an be obtained, as is knowh to th rson skilled in the art, by 20

optical resolution mgthods, such as reactigrwittt chiral re L;ents toiform diastereomers, separation of

the diastereomers-a &S fthe enantiomers. Exa S of; meric resonance structures,

-~ which-are also Included mccording 10 the invention have be én‘iﬂ'b\i\'m abiove-as anexample:— -
Furthermore, in particulér_the following are preferred embodimopts of the invention:

All such tautomers are inciuded within the scope of the invention.

5 Opfionally substituted amino preferably is in the position of Ry, ie, in

the 4-position of the pyrimidine ligand.

The iron{ill) pyrimidine-2-ol-oxide complex compounds, in particular
such as of the general formula (I} or the corresponding pyrimidine-
10 Z-ol-1-oxide ligands, respectively, can be present in the form of
various isomers or fautomers. lsomeric forms include, for exampls,
regioisomers which differ in the position of the ligands relative to
one another, including so-called opftical isomers thet have an
image/mirror image relationship to one another. If asymmetric
15 carbon atems are present, the ligands can be present in the form of
oplical isomers which have an image/mirror image relationship to
one another, and include pure enantiomers, mixtures of fthe
enantiomers, in particular racemates. Enantiomerically pure figands
can be obtained, as is known fo the person skilled in the art, by
20 optical resolution methods, such as reaction with chiral reagents to
form diastereomers, separation of the diastereomers and release of
the enantiomers. Examples of tfaufomeric resonance structures,
which are alse included according to the invention have been
shown above as an example.
25



(In the present ihvention, the digits 1-6 in "1-6C" or "1-4" in "1-4C" or 5"C1-4" etc. in each case signify
the number of the carbon atoms of the subsequent kydrocarbon group designations). P. P.R3 Cr?
selectedgr.dLip ,d,E3i 10hydrogen, halogen, mono- or di(1-6C-alkyl)amino, 1-6C-alkyl, (i.e. alkyl with 1
to 6 carbon gtoms), %g%cy%lo y 3:6Gcyc (- 4C Y. I %él%
hydroxy-1-4C- arﬁyl fluoro-1- 408£?ky 8..Zéogr Rﬁgng?%‘gytogi ?%( ﬁl?\ %%&% ene’?lbﬁa E EHZ)
butylene (- GH2EFEGHR2GHZICH?2-), azabutylene or oxabutylene group; or R2 and R3 together form a
propylene (-CH2-CH2-CH2-)-, butylene (- CH2-CH2-CH2-CH2-), azabutylene or oxabutylene group 25
or Rl and R2 together with a carbon atom to which they are bonded, form an unsaturated ring, which
may optiondll§) ¢otain DT dr v fuRtRer AdtedbcatomsS 30of R2 GridR3 fodether Witht& Cathon atom
to which theycarebopded, foraramupsatiraigd fipg ehigh My PRiionally cepiain.ong Qrmase further

hetero atoms,
the subsequent hydrocarbon group designations).

10 - hydrogen,
- halogen,
- mono- or dif1-6C-alkyljaming,
- 1-6C~alkyl, {i.e. alkyl with 1 to 6 carbon atoms),
- 3-6C-cycloalkyl,
15 - 3-6C-cycloalkyl-1-4C-aikyl,
- 1-4C-alkoxy-1-4C-alkyl,
- hydroxy-1-4C-alkyl,
- fluoro-1-4C-alkyl;

20 or Ry and Rz fogsether form a propylene [-CH2-CH:-CH:z}, butylene |-
CHz-CHz-CHz2-CHz-), czabutylene or oxabutylene group:

or Rz and Rs together form a propylene [-CHz-CHz2-CHz-}-, butylene (-
CH2-CH2-CH»-CHz-), azabuiylene or oxabutylene group

25
or Ry and R: together with a carbon atom to which they are bonded,
form an unsaturated ring, which may optionally contain one or more

further hetero atoms,
30  or Rz and Rz fogether with a carbon atom to which they are bonded,
form an unsaturated ring, which may optionaily contain cne or more

further netero atoms,

or pharmaceutically acceptable saits thereof.



or pharmaceutically acceptable salts thereof. Preferably, the aforementioned substituent groups are
defined as follows: 51-6C-alkyl preferably includes straight-chained or branched alkyl groups with 1 to
6 carbon atoms. Examples therefore can be methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl npentyl, iso-pentyl, neo-pentyl, n-hexyl, iso-hexyl and neo-hexyl.
103-6C-Cycloalkyl preferably includes cycloalkyl 1 to 6 carbon atoms, such as cyclopropyl, cyclobutyl,
cyclopentyl,.cyclohexyl. 3-6C-cycloalky1-1-4C-alkyl preferably.includes a 1-6C-alkyl group described
above, subsﬁfé%gdr Wit as*-%é-%’)ﬁab%iﬁ%&%é%* ?[é((j)ée%%ﬁgﬁa %gé\%{%%ﬁfees %‘gg{gﬁﬁgbe a
cyclopropylfagthyd;scyclopentylmethyl and cyclohexylmethyl group.  1-3C-alkoxy-carbonyl-1-6C-alkyl,
preferably includes a 1-6C-alkyl group described above, which is linked to a carbonyl group which is
20present with a 1-3C alkoxy group as a carboxylic acid ester. Examples therefor can be
methoxycarbotGinsdthyl, etheigtarbonymmethyt methokgcdrodnylethyl, ethdxycarboayletykand
ISOpropoxy I; -AC-alko bly: i al-4C- Xy.ar in.whjch an
oxygen atocgﬁg%%wc%ﬁ%g%%% é(rx bg;égﬁ%dé%ﬁ%?ﬁ Jvﬁé%ﬁ%%r%o%ﬁaﬁ?ns@ j&r}%ﬁles of
this group cah be. niethoRy, Bthoxy; Propoky ant isobutey 301 4Gatkdxy 114 alkib preferably

+Includes a 1:4G glkoxy, gup: geSrilhed, ahave, WHidhs SubsIuED Wit 1:4C Al group described -
above. Examples of this group can be methoxyethyl, ethoxypropyl, methoxypropyl, iSobutoxymethyl.
10 3-6C-Cycloalkyl preferably includes cycloalkyl 1 to 6 carbon atoms,

such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl.

3-6C-cyclioalkyi-1-4C-alkyl preferably includes a 1-6C-alkyl group
described above, substituted with a 3-6C-cycloalkyl group
15 described above. Examples therefor can be a cyclopropylmethyl,

cyclopentylimethyl and cyclohexylmethyl group.

1-3C-alkoxy-carbonyl-1-6C-alkyl, preferably includes a 1-6C-alkyl
group described above, which is linked to a carbonyl group which is
20 present with o 1-3C alkoxy group as a carboxylic acgid ester.
Examples therefor can be methoxycarbonylmethyl,
ethoxycarbonyimethyl, methoxycarbonylethyl, ethoxycarbonylethyl

and isopropoxycarbonyimethyl.

25 1-4C-alkoxy preferably includes a 1-4C-alkoxy group, in which an
oxygen atom is connected fo a straight or branched alkyl chain with
1-4 carbon atoms. Exampies of fhis group can be methoxy, ethoxy,

propoxy and isobutoxy.

30 1-4C-alkoxy-1-4C-alkyl preferably includes o 1-4C-alkoxy group
described above, which is substituted with o 1-4C-alkyl group
described above. Examples of this group can be methoxyethyl,

ethoxypropyl, methoxypropyl, isobutoxymethyl,



Hydroxy-1-4C-alkyl includes a 1-4C-alkyl group described above, which is substituted with a hydroxy
group. Examples therefor can be hydroxyethyl, hydroxybutyl and hydroxyisopropyl. 5Fluoro-1-4C-alkyl
includes a 1-4C-alkyl group described above, which 1§ substituted with one to three fluorine atoms.
Examples therefor can by trifluoromethyl and trifluoroethyl. Halogen signifies F, Cl, Br, I. 10 Particularly
preferred arﬁﬂr&&rand@aﬂageleﬁtei@ tﬂ@m the Droup onsising of 1(58.‘5!@!&@'@@ halggens
1-6C-alkyl, 1- CLg)tkoxxbl frgielk% droxy-1-4C-alk I 20 or Rl and ether form a propylene
(-CH2-CH2-EA% biy1en T 'E1T 5 Cﬁ’-| \fﬁqfﬁy é%t@re a7 gﬁu gﬁ% IGopen B R2 and

R3 togetherMWWHH@Q—@%&M%H@QWWM@%@M&QHZ CH2 CH2-), azabutylene or

oxabutylene group, or Rl and F22 together with a carbon atom on which they are bonded, form an
unsaturated ring which may optionally contain further hetero atoms, 30 or P2 and R3 together with a
carbon atonfto evicich tA8y atk Yonded | form an unsatlratég ringwhich may optienallycbmpese

further heterg aloms;s ¢ 1 stituied with one fo three fluorine atoms. Examples

therefor can by triflucromethyl and #riflucroethyl,

Halogen signifies F, Ci, Br, |.

10

Particularly preferred are:

Ri, Rz and Rz are selected from the group consisting of:
15 - hydrogen,

- halogen,

- 1-6C-alkyl,

~ 14T ttkoxy-1-4C-alkyl,

- hydroxy-1-4C-alkyl;
20

or Ry and Rz together form o propylene [(-CH:-CH3-CHz), butylen (-
CH2-CH2-CH2-CHe-), azabutylene or oxabutylene group;

or R2 and Rs together form o propylene [-CH2-CH2-CH2), butylene |-
25 CHe-CH2-CH2-CHz-), azabutylene or oxabutylene group,

or Ri and Rz fogether with a carbon agtom on which they are
bonded, form an unsaturated ring which may optionally contain
further hetero atoms,

30
or Rz and Rz tegether with a carbon atom to which they are bonded,
form an unsaturated ring which may optionally comprise further

heterc atoms.



Particularly preferably: RIl, R2 and R3 are selected from the group consisting of: 5Shydrogen,
1-6C-alkyl; 1-4C-alkoxy-1-4C-alkyl  or Rl and R2 tggether form a propylene (-CH2-CH2-CH2) or
butylene 10(-CH2-CH2-CH2-CH2-) group; or R2 and R3 together form a propylene (-CH2-CH2-CH2)
or butylene (-CH2-CH2-CH2-CH2-) group 150r Rl and R2 together with a carbon atom to which they
are bonded forh & S AtEERER i) which may comprise one further nitrogen atom, Or Rz and R3
together with a carbon atom to which they are bonded 20form an unsaturated ring which may
comprise a further nitrogen atom. Particularly preferred complex compounds of the general formula (11)
are describetl infth& BhhpIRES 76 el miveih ittt relites &4/ MEtkod for the preparation of the
iron(Ill) complex compounds according to the invention which comprises the reaction of a
pyrimidi§1e-2-01-1-%xide of formula (111) with an iron(111) salt. 30 R3N

- ydregen,

- 1-6C-alkyl;
- 1-4C-alkoxy-1-4C-alky!

or Ry and Rz together form a propylene [-CH:-CH2-CH2) or butviene
10 [-CH2-CH2-CH3-CH2-) group:

or Rz and Rs together form ¢ prepylene (-CH2-CH:-CHz) or butylene
{-CH2-CH2-CH2-CH»-) group

15 or Ry and Rz together with a carbon atom to which they are bonded
form an unsaturated ring which may comprise one further nitrogen

atom,

or R» dnd Rs together with o carbon atom to which they are bonded
20 form an unsaturated ring which may comprise a further nitrogen

atom.

Particularly preferred complex compounds of the general formulo

(Il) are described in the examples.

25
The invention turther relates to a method for the preparation of the
iron{lll} complex compounds according to the inventfion which
comprises the reaction of a pyrimidine-2-oi-1-oxide of formula [l
with an iron{il) scli.

30

Pyrimidin-2-ol-1-oxides as the starfing compounds include in

particular those of the formula {1H):



wherein R. R2 and R3 are defined as above, to the tautomeric resonance structures of which it has
been referred to. 5 Examples of suitable iron (HI) salts include iron (HI) chloride, iron (111) acetate,
iron(111) sulfate, iron(l11) nitrate and iron(lll) acetyla%%tonate, among which on(lll) chloride is
preferred. 10A preferred method is shown in the following scheme: wherein RIl, R2 and R3 are as
defined above, X is an anion such as halogenide, such as chloride, a carboxylate, such as acetate,
15sulphate, nitrate and acetylocetonate and base is a common organic or inorganic base. In the
method according to the invention, preferably 3.ed pyrimidine-2-o1-1-oxide (111), using suitable
iron(lll) salts (IV) (in this 20case Fe(lll) chlo ide,\FEWé(lll) acetate, Fe(111) sulphate andFe(111)
acetylacetonate are particularly suitable), ate reaeted under standard conditions to form the
corresponding complexes of the gener&i3 orm%(a (INQH this case, the synthesis is carried out under the
pH conditions optimal for complex formation. The optimum pH 5 value is set by adding a base (V); in
this case, the use of sodium hydroxide, sodiur@carbonate, sodiumihydrogen carbonate, sodium
methanolate, potassium hydroxide, potassium carbonate, potassium hydr&gen Cu ui poiussium
rileiiionoidie is puriibulany suitable. 10 The ligands (111) required for the preparation of the complexes
where prepayed. Aceording:to dheyfellowing sunthesis method (analogue.tetrahedrory 1967, 28, 353~
357). For this purpose, the commercially available or synthesiséd 1,3-dicarbonyl compounds of the
general 15 fGBRUIE(FEPWEFE FeaERY @hieh istAndaid ednakibri$iath sigdiexy urea (V) to form ligands
of the general formula (111). When using unsymmetrical 1-3-dicarbonyl compounds in this synthesis,

this results almost always in the occurrence of the corresponding regioisomers (111a), which can be
separated b@xﬁéﬁ@éﬁ%ﬁ RetEHOWER AR Wl saits include: iron{lll] chloride, iron{iil]

acelate, fron{itl} sulfate, iron( i} nitrate and iron{ll]

acetylacetonate, among which iron{lil) chloride is preferred.

10 A preferred method is shown in the following scheme:
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wherein Ry, R2 and Rz are as defined above, X is an anion such as
halogenide, such as chloride, a carboxylate, such as acetote,
15 suiphaie, nitrate aond acetyiccetonate and base is o common

organic or inorganic base,

In the method according fo the invention, preferably 3 eqg
pyrimidine-Z-ol-1-oxide [}, using suitable iron{lli] salts IV} {in fthis

20 case Fe(lll) chioride, Fellll) acetate, Fellll) sulphate and Fe(lli)



20 known to a person skilled in the art. For certain substitution patterns for IR1, R2 and R3 (111a) can
also represent the main product and, in these cases,then is the synthesis access to the respective
substitution patterns. 0 RR3 R2 (V) 11 R,acidRNOH Analogously, it is also possible to use slightly
modified synthesi YéOUtej for the preﬁaration of the respective ligands of the general formula (lll). I. e.,

in the synthedis DR ORkaHTA &t &1 (BIR. Cham SHE Bpn STOTA0EE) 84T 475 the FshzyHproekcted
urea accordingtocjar formatad(\ViBn} is cydlized under standarsconditipns avitbtae ¢gspeetivee

1,3-dicarbonyl compounds (1V) to, form the, corresponding benzyl protected product (111-Bn), wherein
the subsequén r‘c’i‘%’g’ﬁag‘éﬁéﬁdé} t {&Qcpes?i?é%j Sr%a%t:tf&%lfy Irr\y{hgss%?ltésmgf%@% tﬂégistfi&ﬂgrit
5comes to thereceurrence of (bt ha); toom aHZNN"BorbBrY) dcidnation. The optimum pH
5 valvue is set by adding a base {V}; in this case, the use of sodium
-hydroxide, sodium carbonate, sodium hydrogen carbonate, sodium

methanolate, potassium hydroxide, potassium carbonate, potassium

CeTPUTOEE T CUreoTia ter ur o TUsSToT T e i anm oiaie s pUTiieuiany
suitable.
10
The ligands [lil] required for the preparation of the complexes where

prepared accerding to the following synthesis method [analogue
tetrahedron 1967, 23, 353 - 357). For this purpose, the commercially
available or synthesised 1.3-dicarbonyl compounds of the general
15 formuta {IV] were reacied under standard conditions with hydroxy
urea {V} to form ligands of the general formula [lii}. When using
unsymmetrical 1-3-dicarbonyl compounds in this synthesis, this results
aimost always in the occurrence of the corresponding regiciscmers
{llla}, which can be separated by standard methods which are well
20 known to a person skilled in the art. For certain substitution patterns
for Ri, Rz and Rz (llla) can also represent the main product and, in
these cases, then is the synthesis access to the respective

substifution patterns.
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25
Analogously, it is also possible to use slightly modified synthesis
routes for the preparation of the respective ligands of the genergl
formula [}, . e., In the synthesis of Ohkanda et al. [Bull. Chem. Soc.

Jpn. 1993, 66, 841 ~ 847) the benzyl protected urea according to



3?. For ligands in which one or both of the radicals Ri and R3 are hydrogen, a slightly modified
synthesis was carried out. Herein the 10 corresponding protected 1,3-dicorbonyl compounds such as
for example those of the general formula (V1) have been reacted similarly with hydroxyurea (V) under
acidic standard conditions. In this case R is preferably methyl or ethyl. 15Herein too, the product ratio
of the two fo? RGBS rinitiRE2-0%-1C bRt 1 14RP4Rd ¢ T4 & Sonfamsd By fite Mibife dfthe
radicals Rl ard R2cThe separationis dhen perfamed-undenstandard eonditions famiayteithese
skilled in thebart. "CH 0 ,2k-" gz NN .
enzyl proféected product [ll-Bn}, wherein the subseguent cleavage
leads to the desired product [ll}). In this alternative synthesis rouie it

5 comes to the occcurrence of {liia), too.
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For ligands in which one or both of the radicals Ry and Rz are
hydrogen, a slightly modified synthesis was carried out. Herein the
10 corresponding profecied 1,3-dicarbonyl compounds such as for
example those of the general formula {VI) have been reacted
similarly with hydroxyurea [V} under acidic standard conditions. In

this case R is preferably methyl or ethyl.

15 Herein foo, the product ratio of the two forming pyrimidine-2-ol-1-
oxides {llic] and [llld] is controlied by the choice of the radicals R
and Rz, The separation is then performed under standard conditions

familiar to those skilled in the art.



(V) HOP H'Tht111'0H R2N R1INOH 0 (VI)(I 11c) In'general, the preparation of the
pyrimidine-2-o!-oxide (111) con be as well carried out by other synthesis routes familiar to a skilled
person. Thus, for example, there is the possibilityto react the 5 respective substituted pyrimidines (VII)
with suitable oxidizing agents, such as hydrogen peroxide or peroxycarboxylic acids, to form the
desired products of general formula (lll) (e.g. analogous to Can. J. Chem. 1984, 62, 1176- 1180). R H2
02R2 Examples of the pyrimidine-2-o%l-oxide starting compounds (1) include particularly the

following: ' OH R,
L V) Py Rew
S R : 3 11 ; | N
RT° HC! B L@
O
2 8
Vi {licy {11}
in general, the preparation of the pyrimidine-2-ol-oxide [ill) can be

as well carried out by other synthesis routes familiar to a skilled
person. Thus, for example, there is the possibility to react the
5 respective substituted pyrimidines [V} with suitable oxidizing
agenis, such as hydrogen peroxide or peroxycarboxylic acids, to
form the desired products of general formula {111} {e.g. analegous to

Can. J. Chem. 1984, 62, 1176 - 1180).
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Examples of the pyrimidine-2-oi-1-oxide starting compounds [}

include particularty the following:
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41 NH From these compounds the ligands of the iron complex compounds 5according to the
present invention are derived by simple deprotonatien at the hydroxy group. Pharmaceutically
acceptable salts of the compounds according to the invention in which the iron(lll) complex formally
carries a 10 positive charge include, for example, salts with sutiable anions, such as carboxylates,
sulfonates, sulfates, chlorides, bromides, iodides, phosphates, tartates, methanesulfonates,
hydroxethanesulfonates, glycinates, maleates, propionates, fumarates, tulouenesulfonates, benzene
sulfonates, trifluoroacetates, najpththalenedisulfonates-1,5, 15salicylates, benzoates, lactates, salts of
malic acid, salts of 3- hy xy;f;gaphthoic acid-2, citrates and acetates. Pharmaceutically acceptable
salts of the compounds-ateQrgifryg-tQ the invention in which the iron(lll) complex formally carries a 20
negative charge include, for xamplg,Hsalts with suitable pharmaceutically acceptable bases, such as,
for example, salts with alkalige or alkaline-earth hydroxides, such as NaOH, KOH, Ca(OH)2, Mg(OH)2
etc., amine compounds such as ethylamine, diet- hylamine, triethylamine, ethyldiisapropylamine,
ethanolamine, diethanolamine, TStriethanoIamine,methylglucamine,dicyclohexylamine, 4z

- “H OH
|
0
.
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dimethylaminoetha nol,procaine,dibenzylamine,N- methylmorpholine,arg
nine,lysine,ethylenediamine,N- methylpiperidin, 2-amino-2-methyl-propanol-(1), 2-amino-2-methyl-
propandiol-(1,3), 2-amino-2-hydroxyl-methyl-proparfdioI-(1,3)(IRIS) 5etc.. The water-solubility or the
solubility in physiological saline solution and thus, optionally, also the efficacy of the compounds
according to the invention can be significantly influenced by salt formation in 10general, specifically by
the choice of the cou te’rﬁd; eferably, the compounds according to the invention constitute neutral
complex compounds| [L5 Advaptageous pharmacological effects: Surprisingly, the inventors found that
the iron(111) pyrimidjne-2-01-1- oxide complex compounds which are the subject matter of the present
invention and which are-, SEer §Ein particular, by the 20 general structural formula (11), are stable
bioavailable iron complexes and stiitable for use as a medicament for the treatment and prophylaxis of
iron deficiency symptoms!and iron deficiency anemias the symptoms accompanying them. 25 The
medicaments containing the compounds according to the invention are suitable for use in human and
veterinary medicine. The compounds according to the invention are thus also suitable for

From these compounds the ligands of the iron complex compounds
5 according fo the present invention are derived by simple

deprotonation af the hydroxy group.

Pharmaceutically accepiable saits of the compounds according fo
the invention in which the iron{lll} complex formally carries o
10 positive charge include, for exampile, saits with sutiable anions, such
as carboxylates, sulfonates, sulfates, chlorides, bromides, iodides,
phosphates, tartates, methanesulfonates, hydroxethanesulfonates,
glycinates, maleates, propionates, fumarates, tulouenesulfonates,
benzene sulfonatfes, triflucroacetates, naphthalenedisulfonates-1,5,
15 salicylates, benzoates, lactates, salts of malic ocid, salts of 3-

hydroxy-2-naphthoic acid-2, citrates and acetates,

Pharmaceutically acceptable salts of the compounds according to
the invention in which the iron{lll) complex formally carries a
20 negative charge include, for example, salts  with  suitable
pharmaceutically acceptable bases, such as, for example, salfs with
alkaline or alkaline-earth hydroxides, such as NaOH, KOH, Ca{OH].,
Mg{OH}2 efc., amine compounds such as ethylamine, diethylamine,
triethylamine, ethyldiisopropylamine, ethanolamine, diethanolamine,

25  triethanolamine, methylglucamine, dicyciohexylamine,



- preparing a medicament for the treatment of patients suffering from 30 symptoms of an iron deficiency
anemia, such as, for example: fatigue, listlessness, Ig.gk of concentration, low cognitive efficiency,
difficulties in finding the right words, forgetfulness, unnatural pallor, irritability, acceleration of heart rate
(tachycardia), sore or swollen tongue, enlarged spleen, desire for strange foods (pica), headaches,
lack of appetiteimetéasadsusceptibitity! to infections oo depressive midoglsz Fheirorglll) complex
compounds ﬂ?&?!{ﬂgﬂ% ggé e inyention %rg %H@ermoryﬁ%able f%rsfpgel trgat%]?%% Pr(gon deﬁﬁiency
anemia in pregnant wom n,cfatent iron eﬁmency’ anemia in ¢hildrén ahd ado escents, iron deficiency
anemia caused: by yjaspeintdistinal abnormsalities sirbr 'deficieacycandmia @ue o blodt tosst syieh as

gastrointesti EB?UE?H}%%@ _ (;S |) é:]n ?é% 1] leers, ,h%%@w %Jek? &%g}ﬁgﬁ%o%d ;%f]grr:p Clrig?to%gigjrders,

taking of acetylsalicylic acid), Iciency anemia caused by ation, iron deficiency anemia
caused By infuifes, iron deficiency anemia due to sprue, iron deficiency anemia due to reduced dietary
iron uptake, in particular in selectively eating children and adolescents, immunodeficiency 15 caused
by iron deficiency anemia, brain function impairment caused by iron deficiency anemias, restless leg
syndrome catisedb§ ifinsdafisiticy anehhiis SPonifitidicyPaShiiERInRe case 6f SaneEtdifon

~ deficiency angpias-crussd by cbemothrianis, kon deficieney:aremias Biggered By-inflammation (Al),
iron deficiency 20 anemias in the case of congestive cardiac insufficiency (CHF; congestive heart
failure), iron deficiEnd) ShBhRs MtAe2Ese 8NEHFORR renal Ingtfdehdystegl 395 (BB thronic

kidney diseagesstage 3rhl dran deficieney, anenias iggened Ry-ehrenicinaflammation (ACD), iron
deficiency anemias in the case of 25 rheumatoid arthritis (RA), iron deficiency anemias in the case of
systemic lupus erythematosus (SLE) and iron deficiency anemias in the case of inflammatory bowel

diseases (IBEye A atistraticnecandake placg overa peringpfisevaral months: unil 3Q;thetiron status is
improved, which 2ies riflected, for example, by the hemoglobin level, transferrin saturation and the
serum ferritin' feVE1 9 ﬁq%%&fi@ﬁtgoom ?im]mgsdesired improvement of the state of health affected by
iron deficiency anemia. 44 The preparation according to the invention can be taken by children,
adolesggn_ts R'&d adults. The aﬁ)glled corqﬁ)ounds' ae%grdflng to the invention can in this case

5beadmlnlsteregt?o'}h%%ﬁy?gsf'v\% asrﬁgf]e% a ygd)cfa administration is preferred. The

compoundsacccnciir igtoinvention and the aforementioned
Surprisingly, the inventors found that the iron(ill}) pyrimidine-2-ol-1-
oxide complex compounds which are the subject matter of the
present invention and which are represented, in particutar, by the
20 general structural formula [}, are stable biocavailabie  iron
complexes and suitable for use s g medicament for the freatment
and prophylaxis of iron deficiency symptoms and iron deficiency

anemias the symptoms accompanying them.

25  The medicaments conifaining the compounds according to the

invention are suitable for use in human and veterinary medicine.

The compounds according to the invention are thus aisc suitable for
preparing a medicament for the treatment of patients suffering from
30 symptoms of an iron deficiency anemia, such as, for example:
fatigue, listlessness, lack of conceniration, low cognitive efficiency,
difficuliies in finding the right words, forgetfuiness, unnatural pallor,
irritability, acceleration of heart rate {tachycardial, sore or swollen

tongue, enlarged spleen, desire for strange foods (pical,



combinations of the compounds according to the invention with 10 other active substances or
medicines can thus be used, in particular, for the preparation of medicaments for the treatment of iron
deficiency anemia, such as iron deficiency anemia ifipregnant women, latent iron deficiency anemia in
children and adolescents, iron deficiency anemia caused by gastrointestinal abnormalities, 15iron
deficiency anemiaclye de blaed lessqsich as-gastrointestinal hemorinage (. due forpigers,
carcinoma, hemorrhaids, inflammatory disorders, taking of acetylsalicylic acid), menstruation, injuries,
iron deficiene§ Bh&RSiA BUE 8°&ptue, iron deficiency anemia due to reduced dietary iron uptake, in
particular in 20 selectively eating children and adolescents, immunodeticiency caused by iron
deficiency apemia, brain function impairment caused by iron deficiency anemia, restless leg syndrome.
The applicatiof aHé%'?ZIHé t& tHE Hention TRRAL N Mipr&VEhieat 58 oftRe ifdRE RERSYIGHIR, ferritin
and frassferirr levels; aviichy incpairticedar in ehildren arcth adeleseants) ut adsain adulishiss in
accompanied by an improvement in short-term memary tests (SIM), long-term memory tests (LTM),
Ravens' pro@?ggpv%nrﬁafﬁgég?&,qﬁ ﬁé]{/vgﬁ{éle?g(il' {§itEiligétca Sdale (WAIS) Hrfdior i tHe
emotional 3G degticient {Barow EQd Y\ testcyoutinversion): ertosan improveientiafthet neytrophile
“level, t‘h'e"'ahigi"gddéfflrgﬁéglt%ggd'/?rrgxmggqggge ;;unction. Furth%v[mo*r thep
pharmaceutlcalncomposﬂion’s comprising one of more of fie B%po%nlaéoa%go &ﬁb to lth(ék]n\(/_’egntion, in
particular aceording toghe farmutag(ipas welkas ¢ptignally wae dromorddurther pharmiaceutically
effective 5 ,-8S W ionally gne or mor armacplogically acceptable carriers
and/orY guxil&%ﬁ S%%%aéé i’iﬁ'ﬁ)ﬁr@g v%%?g. F\Seoéai%rf)hzrgngé%guﬁfai]%oerﬁ osscf(til[c)cn@'&)n?a(fﬁfj;m
example upite 99 Wefihien oy up te90i weight-Yeot upyto BEwWe! ght+%cof the@ompedindsofthe
invention, 10-ie{emalader belng pach [umed by harmiacalogicaliy aceeplable earmets andior
auxiliaries and/or solvents.  These are common p armaceuf’fcal carriers, auxiliary substances or
solvents. THésHbelRNAENEOTEH hathfadsutiesl eompoditions areo1s soitatile, for exarple) for
intravenous; jntraperitopea). intramysculandniavagingl Jairabuceal, perputaneous, syhcuia neous,
mucocutaneous, oral, rectal, transdérmal, topical, intradermal, intragasteral or intracutaneous
application &ftHarrovided, F6r eXEMBIE it the FHATORpIllSP tablets! entdiie coated ablets,fim 20
tablets, layer tablets, systainediieipase foymuations for ol subeuianeous o clitaneausy 1,

administration (in particular as a plaster), depot formulations, dragees, suppositories, gels, salves,

syrup, grantligtes KippoRRGTesCBMmllIsiths, Hishefsioisency dnemias in the case of

microcapsules,mierpformulatirisdaanefornamations inesemal; 28 fornuiations,Sapsues, iron
enteric-coated capsules, powders, inhalation powders, microcrystalline formulations, inhalation sprays,

epipastics, fopS oK drops Tbde dPRATS &&to8HIs AMISOIES! Solufibhs, jiRBs S&tidpeRSiENS,
infusia solutiopsoninjectiomsolutions etst 3eRrefpsablysthe gemprUNdsacgerding-tp thesigvention as
well as congestive heart failure), iron deficiency anemias in the case of
chronic renal insutficiency stage 3-5 [CDK 3-5; chronic kidney
diseases stage 3-5), iron deficiency anemias triggered by chronic
inflammation [ACD), iron deficiency anemias in the case of
25  rheumactoid arthrifis {RA), iron deficiency anemias in the case of
systemic iupus erythematosus [SLE) and iron deficiency anemias in

the case of inflammatory bowel diseases [IBD).

Adminisiration can take place over a period of several months until
30 the iron status is improved, which is reflected, for example, by the
nhemoglobin level, fransferrin saturation and the serum ferritin level
of the patients, or until the desired improvement of the state of

health affected by iron deficiency anemia.



pharmaceutical compositions containing such compounds are applied orally, although other forms,
such as parentally, in particular intravenously, are alse possible. For this purpose, the compounds
according to the invention are preferably provided in pharmaceutical compositions in the form of pills,
tablets, enterriﬁ-ecoated table%s film tablets, layer rEabIgE, sustaineii release formulat]ior}? for oral
administration, de&o{teﬁé}rrrﬁulgt?ongfd?%%% §ratiatesenlisionE Aldpérsione € Taken by
microcapsules;micreformulatisnssartofonm ulations,liposomal
formulations,capsules,enteric-coatedcapsules,powders, epiposiiLs, dlups, urnpouies, sowitions,
suspensions, infusion solutions or injection solutions. 10 The compounds according to the invention
can be admihfistered i phiarnseiceuticalkbompasitioins gvhich hraycoatainvarious dnganic ardnerganic
caner apdls auiapmalsTialods tevare ey anysel [y PhaLmaceylcal B poses 1)
particular for solid 15 medicament formulations, such as, for example, excipients (Such as Saccharose,
starch, manmiteIsorbitelf lttese (gliroses cellulose, talcum, calcium phosphate, calcium carbonate),
binding agents (such as cellulose, methylcellulose, hydroxypropylcellulose, polypropyl pyrrolidone,
gelatine, gum arabic, polyeth)flene glycol, 20saccharose,starch),disintegratingagents(suchasstarch,

“hydrolyzedstaren earbexymethyleefilosticalcRinmsaltaf Carbosymethylceriose; aydroxyisropy starch, ™

sodium glycol starch, éQQiHEnng’aﬁw%%G@U}PQQSB@%F@'F\Em@@W@ invention with

lubricants(suchasmagnesiumstearate,talcum,sodium 25 laurylsulfate), a flavorant (such as citric acid,

menthoP gly&i} Bfangé Péfdety DrEdERfy aBentS &HER BS Sodiii behrbatd? Sodivkeisisuliite,

methylparabgryrproylparaen)rstabilizers (sush asicittic aeid, sedivineirate- ageticiagid ands
multicarboxylic acids from the titriplex series, such as, for example, 30 diethylenetriaminepentaacetic

acid (DTPA), SUspenting Agentd (Sitkasshethycelitiis e poiyiiiyF py ROIRIGNE, AuRiifuh Stearate),
dispersing agents cdilutingsagentsr{suelTiasavater, rganicsolventsk hegsway ¢ngeautien s,
polyethylene %I%col white Retrolatum, etc. , _ L
i deficiency anemia caused by gasitrointestinal abnormalities,
15 iron deficiency anemia due io blood loss, such as gastrointestinal
hemorrnage (e.g. due io wulcers, carcinoma, hemorrhoids,
inflammatory disorders, faking of acetylsalicylic acid), menstruation,
injuries, iron deficiency anemia due to sprue. iron deficiency
anemia due to reduced dietary iron uptake, in particular in
20 selectively eatfing children and aodolescents, immunodeficiency
caused by iron deficiency anemia, brain function impairment

caused by iron deficiency anemia, restliess leg syndrome.

The application according to the invention leads to an improvement
25  of the iron, hemoglobin, ferritin and transferrin levels, which, in
parficular in children and adolescents, but also in adulis, s
agccompanied by an improvement in shorf-term memory fests (STM]),
long-term memory tests [LTM}, Ravens' progressive matrices test, in
the Wechsler aduli infelligence scale [WAIS) and/or in the emotional
30 coefficient [Baron EQ-i, YV test, vycuth wversion), or 1o an
improvement of the neutrophile level, the antibody levels and/or

lymphocyte function.



Liquid medicament formulations, such as solvents, suspensions and gels usually contain a liquid
carrier, such as water and/or pharmaceutically acceptable organic solvents. Furthermore, such liquid
formulations can also contain pH-adjusting agents,*émulsifiers 5 or dispersing agents, buffering
agents, preserving agents, wetting agents, gelatinizing agents (f or example methylcellulose), dyes
and/or flavburirgeagents., Theneompositions may be isotonics thakis, they ¢andrave the same:osmotic

pressure a od, The iso onicity of the compasition can be adjusted by using sodium chloride and 10
ég!% ) iﬂ eD ofeﬁuié Qﬁr%?é”}ﬁé

other pharmaceﬁtléa 3? gécgpot? e 'glg% tscf %ucﬁ){ag? f 6?examp e,%l% to$e 5O Hid,

sodium tartraté) propylenéiglycohapdiother inorganicodorganic sokuble substarices. dbewistosity of
the liquid cQmpasitions can b justed ans o . . .
il g%t’lp&%&%fetr?fcig] _5‘? tPX : Purxﬁerﬁetﬁyrfc%rlmlgce ﬂ%egrgié/uitaeoﬁfe%ﬁgﬁ/eening

pharmaceuticallyaccepta eningagent,suchas 0se.

agents inclugl®) fop exainple sxantharmgumg tarboxmethy celtulose; dydioxypropyidelmlase\carbomer
and the ke e preforted soneebuatian gl the ieening.aasptul depend o i agent pelected
Pharmaceutically acceptable preserving agents can be 20 used in order t0 increase thé storage life of
the liquid cohpoSiicH NBERAY Hlesholcah be Siiitable, evehahoudlya plursity of presetving agents

~ including, fprexanple, paraben, thimgrosal, chiorobutgnol and benzatkopiam chloride can glso be
used. 25The active substance can be administered, for example, with a unit dose of 0.001 mg/kg to
500 mg/kg"bBHy WelyHe! forexample 1® 4hinés @fdiySHeREVRR theldosé ¢ b neredsed or

reduged depending en-thesage, Weight; condition of the patignt, saverity of the diseasg jorfype of

administration. 30 Examples The desiznation of the ligands has been carried according to'the
IUPAC nomerdattrEi- (RE (5rograme ACDRAEME Ve rsiBn 4 201554686vding to Advanced Chemistry

Development Inc. Abbreviations doubletquartet dddouble doubletmultiplet (broad/superimposed)

These are common pharmaceutical carriers, auxiliary substances or
solvents. The above-mentioned pharmaceutical compositions are
15 suitable, for example, for infravenous, intraperiioneal, intramuscular,
infravaginal, infrabuccal, percufaneous, subcutaneous,
mucocutaneous, oral, rectal, transdermal, topical, intradermal,
infragasteral or infracutaneous application and are provided, for
exampie, in the form of pills, tablets, enteric-coated tablets, film
20 tablets, layer tablets, sustained release formulations for oral,
subcutaneous or cutaneous administration [in particulor as a
plaster), depot formulations, dragees, suppositories, gels, salves,
SYrup, granulates, suppositories, emulsions, dispersions,
microcapsutes, microfermulations,  nanoformulations,  tliposomal
25  formulations, capsules, enteric-coated capsules, powders, inhaiation
powders, microcrystalline formulations, inhalation sprays, epipastics,
drops, nose drops, nose sprays, aerosols, ampoules, solutions, juices,

suspensions, infusion sefutions or injection sclutions efc.

30  Preferably, the compounds according o the invention as well as
pharmaceutical compositions containing such compounds are
applied orally, aithough other forms, such as parentally, in particular

infravenously, are also possible.



ligand 10Starting compounds: A.Pyrimidine-2-01-1-oxide hydrochloride OH 0 150.261 mol (19.85 g)
hydroxy urea have been dissolved in 390 ml 1 M HCkand 0.235 mol (51.77 g)
1,1,3,3-tetraethoxypropane were added dropwise under ice cooling, with the internal temperature
being maintained at. 1 - 2 C. The solution was thawed in an ice bath to room temperature and stirred
over night, théH e&ﬁor@fg&’f&s?@ § yfiessC THRGESidde Was SURPERdED Wity 2504RINdf Getohd, the
mixture was poseled itan icetethasal bathy the solid éltered: pft andovashiechwith &Hitélefi(@erﬁolﬂf ;
acetone. After.drying, 24.5 g of crude product were optained. The cru roduct was recrystallize
with 460 ml &t' r%é/thg%é ?&?h té E%rih Qchoe%:[,ec oﬁe%gLefﬁ'icg)é%aﬁ%?%g At Li,cl"iﬁg’lredf&f ARdSdried.
The mother iqubrimastonedstrated doaotary @mapofator untillagain prioduttcstarted tajerecipitate,
then aseco j scrystallizedsimilarly.Afterdrying11.8g(1. fraction) and 5.9.g (2. fraction) the
title com%ouﬁ%ﬁﬁgégggz}%éd. I 68&%§t%mce,%ﬁ?gﬂg‘?éosz,z%%f 5 ,52837,5??%3"7?3"‘55’
2467,1734,1575/1492 442 1363113145 BN 864 {173, 733 689, 67 (Acfraction). liposomal

formulations, capsules, enteric-coated capsules, powders,

suspensions, infusion sciutions or injection sofutions.

The compounds according o the invention can be administered in
pharmaceutical compositions which may contain various organic or
inorganic carrier and/or auxiliary materials as they are customarily
used for pharmaceutical purposes, in  particular  for  solid
15 medicament formulations, such as, for example, excipients {such as
saccharose, starch, mannitol, sorbitol, lactose, glucose, cellulose,
talcum, calcium phosphate, calcium carbonate}, binding agents
{such as celiviose, methylcellulose, hydroxypropyiceliuiose,
polypropyl pyrrolidone, gelatine, gum arabic, polyethylene glycol,
20  saccharose, starch), disintegrating  agents  [{such as  starch,
nydrolyzed starch, carboxymethylcelluiose, calcium  salt  of
carboxymethylcellulose, hydroxypropy! starch, sodium glycol starch,
sodium  bicarbonate,  calcium  phosphate,  calcium  citrate),
lubricants  {such as  magnesium  stearate, talcum, sodium
25 lauryisulfate), a flavorant [such as citric acid, menthol, glycin,
orange powder), preserving agents [(such as sodium benzoate,
sodium bisulfite, methylparaben, proyiparaben), stabilizers | such as
citric acid, sodium citrate, acetic acid and multicarboxylic acids
from the fitripiex series, such as, for example,
30 diethylenetriaminepenfaacetic acid (DIPA)., suspending agenis
{(such as methyceliviose, polyvinyl pyrrolidone, aluminum stearate],
dispersing agents, diluting agents {such as water, organic solvents),

beeswax, cocoa butter, polyethylene glycol, white petrolatum, eic.



1232,1176,1123, 1100,1073, L.-, 18.98(2. fraction). 4 N:, 10

47

Liguid medicameni formulations, such as solvents, suspensions and
gels wusvally contain a liquid carrier, such as water and/or
oharmaceutically acceptable organic solvents. Furthermore, such
liguid formuiations can also contain pH-adjusting agents, emulsifiers
or dispersing agents, buffering agents, preserving agents, weitting
agents, gelolinizing agents [for example methylcelivlose), dyes

and/or f!ovourmg Ggen?s The compos;’rsons may be isotonic, that is,

20

25

30

’rhey can hove the same osmotic pfessure as biood The so’romcn‘ym' N

of the composition can be adjusted by using sodium chioride and
other pharmaceutically acceptfable agents, such as, for example,
dextrose, maltose, boric acid, sodium tartrate, propylene glycol and
other inorganic or organic soiuble substances. The viscosity of the
Hguid  compositions can be  adiusted by means of ¢
pharmaceutically acceptable thickening agent, such as
methylcellulose. Other suitable thickening agents include, for
example, xanthan gum, carboxymethyicellulose,
nhydroxypropyicellulose, carbomer and the like. The preferred
concentration of the thickening agent will depend on the agent
selected. Pharmaceuticolly acceptable preserving agents can be
used in order to increase the storage life of the liquid composition.
Benzyl aicohol can be suitable, even though a plurality of preserving
agenis including, for example, paraben, thimerosal, chiorobutanol

and benzatkonium chioride can alse be used.

The active substance can be administered, for example, with a unit
dose of 0.001 mg/kg to 500 mg/kg body weight, for example 1 o 4
times o day. However, the dose can be increased or reduced
depending on the age, weight, condition of the patient, severity of

the disease or fype of administration



Chloridecontent:24.6%(m/m)(1. fraction) fraction), 23.6 % (m/m) (2. LC-MS: 113 (M+H). 1H-NMR
(DMSO-d6, 400 MHz)[ppm] -A 9.05(dd, 1H), as

Exampies
The designation of the ligands has been carried according to the
WPAC nomenclature with the program ACD/name, version 12.01

5 according to Advanced Chemistry Development Inc.

Abbreviations

d doubiet g guartet
dd doubie doublet m multiplet

(broad/superimposed)

L igand

10 Starting compounds:

A. Pyrimidine-2-0i-1-oxide hydrochloride

NS

r =N
N “OH
!

15 0.261 mol [19.85 g} hydroxy urea have been dissolved in 390 ml 1 M
HClL and 0.235 mol {51.77 g} 1,1.3.3-tefraethoxypropane were added
dropwise under ice cooling, with the internal temperature being
maintained at 1 - 2 °C. The solution was thawed in an ice bath to
roomy femperature and stirred over night, then evaporated fto

20 dryness. The residue was suspended with 250 mi of acetone, the
mixture was cocled in an ice/ethanol bath, the solid filtered off and
washed with a little ice-cold acetone. After drying, 24.5 g of crude
product were obtained. The crude product was recrystallized with
460 mi of methanol from the boiling heat, cocled in an ice/ethanol

25 bath, filtered off and dried. The mother liquor was concenirated on

a rotary evaporator until again product started to precipitate, then



8.55 (dd, 1H), 15 6.74(t,1H). B.4-Methylpyrimidine-2-01-1-oxid hydrochloride OH 200.10 mol (7.61
g) hydroxy urea were dissolved in 150 ml of 1 M HCkKand 0.11 mol (16.15 g, techn. 90 %) of 4,4,-d
methoxy-2-butanone was added dropwise under ice cooling whereby the internal temperature was
maintained at 1 - 3 C, The solytlon was thawegcm lre ibatp to roc/)é\n%lftem erature stlrrezf over
night, then filfered - 2%n and evaporatedcfo ocry\ﬁess Lfﬁe résidli Whs S lef‘/cﬁ/ﬁth 100 ¥ of ‘acetone,
the mixture Wascdooled o< & G, the Sofidfiltered dff andhwashed: pzvub sadﬂttleeioe caldczicetane. After
drying, 10.7 g or crude product were obtained. The crude product was recrystallized with 1750 ml
ethanol from the boiling heat, cooled in an ice/ethanol bath, filtered off, washed with a little ethanol
and dried (fréetibim 1}.UTHe @iotiser kquor) was! dohcéritfited28y a.ratdiySevagdratoR Gitl agair product
started t9 pregjpifate;gQol d nd; fractio lat ft [ 3%1 fr n) and
1.86¢g (EZQ 5 ?rgct?on‘;r‘ i?r%d ui%?/rvgas %ﬁg nz%%%othéﬁgctlgﬁz%vefg%gmilne% g%] e?r;?é%ﬂlz%? om the
boiling heat With 230 'mI’'9% % éthar8F (1004 Watérpsimiarly. After drying, 3.75 g (3. fraction) and 2.36
g (4. fraction) of the title compound were obtained.

o e

~Cregtarmentary riatysise S 32029 N TR YT ECHEHT O, S YA TN,
18.98 {2. fraction].

Chioride content: 24.6 % (m/mj (1. fraction), 23.6 % [m/m) (2.

fraction)

LC-MS: 113 [M+H].

TH-NMR {DMSO-ds, 400 MHz}. 8§ [ppm] = 9.05 [dd, 1H], 8.55 [dd, 1H],
15 6.74 [t 1H).

B. 4-Methylpyrimidine-2-ol-1-oxid hydrochloride

20 0.10 mol (7.61 g) hydroxy urea were dissolved in 150 ml of ¥ M HCI
and 0.11 mol {146.15 g, techn. 20 %) of 4,4,-dimethoxy-2-butanone
was added dropwise under ice cooling whereby the internal
temperature was maintained at 1 - 3 °C. The solution was thawed in
anice bath fo room temperature and stirred over night, then filtered

25  and evaporated to dryness. The residue was suspended with 100 mi
of acetone, the mixture was cooled to =18 °C, the solid fillered off
and washed with a litfle ice-cold acetone. After drying, 10.7 g or
crude product were obiained. The crude product was recrystallized

with 1750 ml ethanol from the boiling heat, cooled in an ice/ethanol



10IR (in substance, cm-1): 3102, 3034, 2926, 2841, 2730, 2657, 2531, 1741, 1650, 1602, 1581, 1518,
1456, 1374, 1302, 1184, 1131, 1110, 1037, 977, 888, 821, 780, 734, 697, 603 (3. fraction)
CHN-elementary analysis: C, 37.48; H, 4.33; N, 1742 (3.Frc:iktion); C, 37.12; H, 4.30; N, 17.08 (4.
fraction). 15LC-MS: 127 (M+H). 1H-NMR (DMSO-d6, 400 MHz): 6 [ppm] = 8.97 (d, 1H), 6.73 (d, 1H),
2.49 (s, 3e6hd.B11Rimethylpyimidine:20i+ oxidedydioghigride 20 O 9 A9 MoL(30.6 9)
hydroxy urea was dissolved in 600 ml of 1 M HCI and 0.50 mol (50.06 g) acetyl acetone were added
dropwise UR@GerTe8 ' E5alintd HiFintMing e GRefnal &fhperattreg ai @ry3 €Y TRE U5 solutic vas
thawed to sepm-femperatiere i anice bath and stitrediaverpight, thenfilteredoftand-evaperated to

dryness. The residue was suspended with 400 ml of acetone, the mixture was cooled to - 18 C, the

solid filterdtPoH SHY WaLAeq Wit A Rfie FC¥ B8ld &céfond. Avter drging 45,5 §9f érfide rotiiict were

obtairged. frae-3Qeryde eyaduct wassregsysiallized with40d ethanel fremstheiailing deat; geoled to -18
C, filtered off and, washe \fVith Iitltjg ethanol and dried (fraction 1). The mother liquor was concentrated
[

on a rotaryEVapd A Ttil (55U Statted 16 phécipitate Bgam? dobl Stbréd GHAH $ednd fraction
iso_la'.[.e_(_lll.. Azﬁtenelrying@a.@rgy(l.;maeuiomrmmig/,?gg@_) @W&‘Llﬂ@c{%dﬂ‘ﬁctl@ﬁoﬂ@@@e@ 3240 NENCI

fraction) of the title compound. were obtained.

10 IR (in substance, cm'): 3102, 3034, 2926, 2841, 2730, 2657, 2531,
1741, 1650, 1602, 1581, 1518, 1456, 1374, 1302, 1184, 1131, 1110, 1037,
77,888, 821, 780, 734, 697, 603 [3. fraction).

CHN-eiementary analysis: C, 37.48; H, 4.33; N, 17.12 [3.Frakiion}; C,
37.12; H, 4.30; N, 17.08 [4 fraction).

15 LC-MS: 127 [M+H).

TH-NMR [DMSO-ds, 400 MHz): & [ppm] = 8.97 (d, 1H}, 6.73 (d. 1H},
2.49 [s, 3H].

C. 4,6-Dimethylpyrimidine-2-0l-1-oxide hydrochloride

|

oy

/3‘.‘\//1\}

20

v

N OH
5
0.40 mol (30.6 g} hydroxy urea was dissolved in 400 ml of 1T M HCI
and 0.50 moi (50.06 g} acetyl acetone were added dropwise under
ice cooling, maintaining the internal temperature at 7 = 3 °C. The
25  solution was thawed to room temperature in an ice bath and stirred
over night, then filfered off and evaporated to dryness. The residue
was suspended with 400 mi of acetone, the mixture was cooled o -
18 °C., the solid filtered off and washed with a little ice-cold
acetone. After drying, 45,5 g of crude product were obicined. The
30 crude product was recrystallized with 4.0 | ethano! from the boiling

heat, cooled o 18 °C, fillered off ond washed with little ethanol



5as by-product) of the title compound was obtained. IR (in substance, cm-I): 3077, 3052, 2938, 2855,
2796, 2521, 1740, 1610, 1S(i4, 1532, 1423, ' 0, 1316, 1215, 1163, -1141, -108Y, |1 U4Y, 1U26, 997,
975, 852, 775, 741, 695, 626, 601 (1. fraction). 1L0CHN-elementary analysis: C, 40.74; H, 5.03; N,
15.78 (1. fraction);,C,.27.75; H, 5.87;.N, .98%. action). Chloride content: 19.9% (m/m)fraction),
33,456 (i 1 1Ah o LRI 4L Vs, a1 RSB0, 00 WAy & oL 678 (.
1H); 2.53 (3,8H)y2. 43 ¢s; SH)IEr. fraction)! DM, 6-Digthytipyinidine-2 <kiioxig hydroohloridesN OH 20
019 mo) (14, 4oy oy yrea were lissaluerlin 300\ 3 M HE 3004 o gneffanol wag added
and 0.19 mol (24.35 g) of 3,5- heptandione was added dropwise un%er IC€ cogllng, mairtai ing the
internal temperatipe at12i€. The &alution was Shawét to esone 25 tenmperatare iBZaffics hath and
stined gver qiohl, NRORYBRPISISHID fIfDessThe [elueassspanged with 200 ml of acetone, the
mixture was cooled to below 0 C in an ice/ethanol bath, the solid filtered off and washed with a little
ice-cold acetone. After drying, 7.88 g of a product was obtained which contained 48 % of the title 30

compound gad(52 % ampaenium chioride as py-pradiist. IR fin shstance; sm-1):5:31,16, 3024, 2804,
2687, 2628, 199\6,11?7/4‘6, 1603, 1572, 1512, 1443, 1394, 1297, 1213, 1156, 1082, 1061, 963, 901, 861,

ST 74570é§ Gt EE e b BT b AR G b BE SR R E T A VG S A S TOBSTTOEY FULe,
) i) .

797,975,852, 775, 741, 695, 626, 601 {1. fraction].

16 CHN-elementary analysis: C, 40.74; H, 5.03; N, 15.78 (1. fraction): C,
27.75; H, 5,87, N, 18.98 (2. fraction).
Chioride content: 19.9% (m/m] 1. fraction), 33.4% [m/m) (2.
fraction)
LC-MS: 141 [M+H]).

15 TH-NMR [(DMSO-de¢, 400 MHz): 8 [ppm] = 6.78 (s, 1H); 2.53 [s, 3H); 2.43
(s, 3H) (1. fraction).

D. 4,6-Diethylpyrimidine-2-0ol 1-oxid hydrochloride

20
C.19 mot [14.45 g} hydroxy urea were dissolved in 300 ml 1 M HCI, 300
ml of methanol was added and 0.19 mol (24.35 g) of 3,5
neptandione was added dropwise under ice cooling, maintaining
the infernal temperature ot 1-2 °C. The solution was thawed to room

25 temperature in an ice bath and stirred over night, then evaporated
o dryness. The residue was suspended with 200 ml of acetone, the
mixture was cooled fo below 0 °C in an ice/ethanol bath, fhe solid
filtered off and washed with a litfle ice-cold aceione. Affer drying,
7.88 g of o product was obtfained which contained 48 % of the titie

30 compound and 52 % ammonium chloride as by-product.



5CHN-elementary analysis: C, 22.71; H, 6.94; N, 19.99. Chloride content: 42.9% (m/m) LC-MS: 169
(MH). 1H-NMR (DMSO-d6, 400 MHz): (6 [ppm] - 6.75 (s, 1 H), 2.86 (g, 2H), 2.70 (q, 2H), 1.21 (t, 3H),
1.20 (t, 3H). 10 E.4-Methyl-6-(2- methylpropyl)pyrlmldlne -2-0l-1-oxide hydrochloride 150.20 mol (15.21
g) hydroxy urea were dissolved in 300 ml of M HCI, 300 ml of methanol were added, and 0.20 mol
(28.44 g) 6-methyl2;4-heptanedione were added dropwise while cooling at -12 to 10 C. The solution

was allowed, to, warm slqwl to roomt ture stir, ate ryness.
The re&duﬁQ WéS Zé%ﬁgpeﬁ gé&d with’ 2 pf ? é’ig‘? %8réxté§g?;olé%%t C9 Ft ;
ice/ethanol iR, the 58lid filtered @ﬂffandﬁﬁalshéﬁ‘iﬁth a’al tHe iceseold aéétorh@.éAttér&i&{|r$g}7.,23 gofa
product Wagé)]bt@(?gd \/X@lcla ntained 58 % of the title compound and 42 % of the byproduct

ammonium chlori IR(in substance, cm-'):3106,3011,2963,2576,1834,1740, 1604, 1567, 1514,1467,
5 CHN-elementary analysis: C, 22.71; H, 6.94; N, 19.99.

Chloride content: 42.9% [m/m}

LC-MS: 169 [M+H]).

TH-NMR [DMSO-de, 400 MHz): & [ppm] = 6.75 [s, 1HI, 2.86 (q, 2H],
2.70 (q, 2H], 1.21 {1, 3H}, 1.20 {t, 3H).

E. 4-Methyl-6-(2-methylpropyl)pyrimidine-2-ol-1-oxide
hydrochloride

e
] - Sy

:1 é

T N

3;

QH

15 0.20 mol [15.21 g} hydroxy urea were dissolved in 300 mi of M HCI,
300 mi of methanol were added, and 0.20 mol (28.44 g) 6-methyl-
2, 4-heptanedione were added dropwise while cooling at =12 to =10
°C. The solution was allowed fto warm slowly to room temperature
and stirred over night, then evaporated fo dryness. The residue was

20 suspended with 200 ml of acetone, the mixture cooled fo below ¢ °C
in an ice/ethanol bath, the solid filtered off and washed with a little
ice-cold acetone. Affer drying 7.23 g of a product was obitained,
which contained 58 % of fthe fitle compound and 42 % of the by-
product ammonium chloride,

25
IR (in substance, cm- ) 3106, 3011, 2963, 2574, 1834, 1740, 1604,
V567, 1514, 1467, 1444, 1403, 1371, 1321, 1280, 1234, 1209, 1149, 1104,
1070, 1032, 1010, 915, 861, 820, 774, 750, 712, 680, 644, 615, 580.
CHN-elementary analysis: C, 28.68; H, 6.93; N, 18.33.

30  Chioride content: 37.6% (m/m)
LC-MS: 183 [M+H].



1446,1403,1371,1321,1280,1234,1209,1149, 1104, 1070, 1032,1010, 915, 861, 820, 774, 750, 712,
680, 644, 615, 580. CHN-elementary analysis: C, 28.68; H, 6.93; N, 18.33. 30Chloride content:
37.6% (m/ri) LC-MS: 183 (tvel-H). 1H-NMR (DMSO=d6, 400 MHz): 6 [ppm] = 6.76 (s, 1H), 2.72 (d,
2H), 2.44 (s, 3H), 2.13 (m, 1H), 0.91 (d, 6H). From the NMR-spectrum was estimated that the product
contained approximately,d % ofitheyregigisernese B MLl A-(2-methylpropyhpyrmidine-2-g1; 1-oxide
5hydrochloride. F.4,S?G-Trimethylpyrimidiﬁ%-bl[-%l%ge hy'drociﬂbrl?deP "(20.0 3gg}ﬁy%ti[:)><'y%b%]zé' vvete
Ul uvea263 igiviink 5201876 ol (100 ¢ 3-meltflyl-24)pehtaradithe (9898, iifa Alesar) weresadded
dropwise undey; ige;£0aling, Jhe fuo-phassrmixturs-wasstitred fas L hiat coam temperatyre, and then it

was extracted twice with 530 ml ethyl acetate. The combined organic phases were dried sodium

sulphate antFéditentratéd on a rataly@Vapofatertgethyipropyijpyrimidine-2-ol-1-oxide
5  hydrochloride.




10dryness. 86.6 g 3-methyl-2,4-pentanedione, depleted with acetyl acetone, were obtained. 0.758 mol
(60.84 g) hydroxy urea were dissolved in 500 ml of 2M HC1 and 200 ml of methanol and 0.758 mol
(86.56 g) 3-methyl1-2,4- 15 pentanedione were added. The solution was stirred for 1 h at 50 C, and
then concentrated jo.d : ' SYS ed. in,80,ml e, the mixture was
cooled to bgfow 0 éa?n%rﬁ] @/ét‘ﬁ?rﬁ‘ﬁtgﬁ t ﬁe%s‘o%iBBﬁgFéég !)}?f% w@sﬁg%acc\)ﬁtﬁpﬂi tle ice-cold acetone
and dried. 21.7 g of intermediate product were heated to 20 boiling in 150 ml methanol, hot filtered
from insoluble fractions and again evaporated to dryness. There were obtained 7.05 g solid (1.
fraction) which contained 9.6 % of the title compound and 90 % of the by-product ammonium chloride.
25From the acetone mother liquor further soli itated which was filtered off, washed with a little
acetone and dried. 2.50 g of the solid (2. fractio conti ined 82 % of the title compound and 18 To of

the by-product ammonium chloride. 55 IR(i St 2,cm")3112,2997,2934,2850,2796, 2629,
2544, 1734, } oH
0
2:2& 2200t 208 G- By drory-ureawere dissorred e 283 it T T an Y

-
LR
|

82
<

876 mol [100 g} 3-methyl-2.4-pentanedione {95 %, Alfa Aesar) were
added dropwise under ice cooling. The two-phase-mixiure was
stirred for 1 h at room temperature, and then it was extracted twice
with 530 m! ethyl acefaie. The combined organic phases were dried
witsy sodium sulphate and concentrated on a rotary evaporator o

16 dryness. 86.6 g 3-methyl-2,4-pentanedicne, depleted with acetyl

gcetfone, were obiagined.

0.758 mol [(60.84 g} hydroxy ureq were dissolved in 500 mi of 2 M HCI
and 200 ml of methanct and 0.758 mol {86.56 g} 3-methyl-2,4-
15 pentanedione were added. The solution was stirred for 1 h at 50 °C,
and fhen concentrated to dryness. The residue was suspended in 80
mi of acetone, the mixiure was cooled to below O °C in an
ice/ethanol bath, the solid filtered off, washed with g liffle ice-cold
acetone and dried. 21.7 g of intermedicate product were heated to
20 Dboiling in 150 ml methanol, hot filttered from insoluble fractions and
agein evaporated fo dryness. There were obtained 7.05 g solid [1.
fraction} which contained 2.6 % of the title compound and 90 % of

the by-product ammonium chioride.

25 From the acetone mother liquor further solid precipitated which was
filttered off, washed with a little acetone and dried. 2.50 g of the
solid {2, fraction) confained 82 % of the title compound and 18 % of

the by-product ammonium chioride.



1612,1582,1513,1472,1392,1373,1309,1247,1215, 1152, 1132, 1093, 1014, 945, 896, 803, 777, 742,
707, 630, 603, 558, 528, 500. CHN-elementary analysis: C, 36.31; H, 6.16; N, 16.28 (2. fraction).
5Chloride content: 25.9% (m/m) (2. fraction) LC-MS? 155 (M+H). 1H-NMR (DMSO-do, 400 MHz): 6
[ppm] = 2.56 (s, 3H), 2.47 (s, 3H), 2.05 (s, 3H). From the NMR-spectrum was estimated that the

product coptaingd appreximaiely 996 4,6:dimethylpyrimisine,2-0k-d-oxigesl0hydroshloside as
by- product G 5- Chloro 4 4- dlmethylpyrlmldlne -2,01-1-oxide hydrochloride ||OH
734 1582, V472, Y392, Y373, 1309, 1247, 12 152, 1132,
1093, 1014, 945, 896, 803, 777, 742, 707, 630, 603, 558, 528, 500.
CHN-elementary analysis: C, 36.31; H, 6.14; N, 16.28 (2. fraction].
5 Chicride content: 25.9% {m/m) (2. fraction)
LC-MS1 155 [M+H).

IH-NMR (DMSO-de, 400 MHz): 8 [ppm] = 2.56 (s, 3H}, 2.47 (s, 3H], 2.05

(s, BH). From the NMR- spec?rum Was @s?smofed that the producfm.
contained appreximately 2 % 4. 4-dimethyipyrimidine-2-ol-1-oxide

10 hydrochioride as by-product.

G. . 5-Chioro-4,6-dimethylpyrimidine-2-0i-1-oxide hydrochloride

15 0.20 mol {15.21 g] hydroxy urea were dissolved in 300 ml of 1 M HC,
300 mi methanol were added and 0.20 mol (26.91 g) of 3-chloro-2.4-
pentandedione were added dropwise under ice cooling at 1-2 °C.
The iwo-phase-mixiure was allowed to warm slowly to room
temperature and stirred over night. The clear sclution was then

20 evaoporated fo dryness. The residue was suspended with 200 mil of
acetone, the mixiure was cooled to below 0 °C in an ice/ethanol
bath, the solid filtered off and washed with a little ice-cold acetone.
The filtrate was concentrated to dryness, the residue was suspended
in 20 ml of tefrahydrofuran, filtered off, washed with little

25 Tefrghydrofuran and dried. 1.40 g of a product containing about 53
% of the tfitle compound and 47 % of the by-product ammonium

chloride were obtained.

IR [in substance, cm-'): 3115, 2900, 2667, 2516, 1745, 1577, 1505,
30 1378, 1310, 1194, 1135, 1102, 1049, 973, 900, 835, 737, 674, 578.

Chloride contfent: 40.1% {(m/m}



150.20 mol (15.21 g) hydroxy urea were dissolved in 300 ml of 1 M HCI, 300 ml methanol were added
and 0.20 mol (26.91 g) of 3-chloro-2,4- pentandedione were added dropwise under ice cooling at 1-2
C. The two-phase-mixture was allowed to warm slowly to room temperature and stirred over night. The
clear solution was then 20 evaporated to dryness. The residue was suspended with 200 ml of acetone,
the mixture was peoled to/heloyy 0 C in an ice/ethanol bath, the solid filtered off and washed with a little
ice-cold acetone. The filtrate was concentrated to dryness, the residue was suspended in 20 ml of
tetrohydrofutat, filtEreddft> (vaskied WatiMittie 25 TeRIMdrofurEh Bnddried - 27405y 8Ha product
containing about 53 % of the tittecompoundand47 % of the chloride were obtained.
IR(insubstance,cm-1):3115,2900,2667, 1378,1310,1194,1135,1102,1049, 973,900, by-product
2516,1745, 835, 737, 674, ammonium 1577,1505, 578. Chloride content: 40.1% (m/m) LC-MS: 175
(M-EH).




1H-NMR (DMSO-do, 400 MHz): 5 [ppm] = 2.49 (s, 3H), 2.37 (s, 3H). 3/
H.4-Ethylpyrimidine-2-01-1-oxide hydrochloride N ethoxypentan-3-on IT, 4isoyama, H. Cho and Y
Inubushi, Chem. Pharm. Bull. 1978, 26, 1201-1214) 0 In a multi-neck flask with internal thermometer
and KPG-stirrer 0.96 10 mol (89 g) propionic acid chloride were charged and cooled with a salt/ice
freezing mixttre. 0.82&hoy (2 Y0ig)idimsiniialchloridelwasyedinedoriide wise and the mixture was
stirred vigorously for 10 min and mixed with 50 ml of chloroform. Then, within about 1 h 0.93 mol (100
g) vinyl bromide was added in small portions (maximum internal 15 temperature 14 C). The mixture
was stirred on ice for | h, and then the reaction niixture was poured onto 500 g ice and extracted
several times with a total of 1 | of chloroform. The combined organic phases were washed 4 times with
1 1 of water, dried with sodium sulphate and the chlergform was distilled off on a rotary evaporator. 20
The residue was distilled in a rotary evaporator gt 80 Cjiﬁter bath temperature and 16 mbar (head

temperature about 47 C), which resulted in 118 intg ediate product (unstable, storage -18 C). 118
g intermediate product were dissolved in 600 ml ahd‘mYdro s+25 methanol and cooled on ice. 1.03 mol
(55.65 g) natrium methoxid were dissolved in 360 mil anhydrous methanol and added dropwise within
30 min and thie mixture was stirred-at room temperé’t'ure'for further18-h: The resulting salt'was filtered -
off, washed with a small
5 ¥1-Dimethoxypentan-3-on
{f: Hgeovama, H. Cho and Y. Inubushi, Chem. Pharm. Bull. 1978, 26,

1201-1714]

o

oo ;

\.\/'/L\\«/ ;\\O/

In o multi-neck flask with infernal thermometer and KPG-stirrer 0.94
10 mol {89 g] propionic acid chioride were charged and cooled with a
sait/ice freezing mixfure. 0.82 mol (110 g} aluminium chloride was
added portion wise and the mixture was stirred vigorously for 10 min
and mixed with 50 mi of chloroform. Then, within about 1 h 0.93 mol
{160 g] vinyl bromide was added in small portions [maximum internal
15 tempercture 14 °Cj. The mixture was stirred on ice for 1 h, and then
the reaction mixture was poured onto 500 g ice and exiracted
several times with a fotal of 11 of chioroform. The combined organic
phases were washed 4 times with 1 | of water, dried with sodium
sulphate and the chloroform was distilled off on o rotary evaporator.
20 The residue was distilled in a rotary evaporater at 80 °C water bath
temperature and 146 mbar {head temperature about 47 °C), which

resulted in 118 g intermediate product {unstable, storage -18 °C).

118 g intermediate product were dissolved in 4600 ml anhydrous
25 methanol and cooled on ice. 1.03 mol [55.45 g) nairium methoxid
were dissolved in 360 ml anhydrous methanol and added dropwise
within 30 min and the mixture was stirred at room temperature for

further 18 h. The resulting sait was filtered off, washed with a small



amount of dry methanol and the filtrate was concentrated on a rotary evaporator. The residue was
distilled at a rotary evaporator at a water bath tempetature of 75 C and 4 mbar (head temperature 40 -
52 C). 61.4 g of a product mixture containing 62 % (m/m) of the 5title compound (corresponding to 38
g) were obtained., 1H NMR (DMSO- (quG 4%)? g ]f 4.74 (t, 1?603 gﬁ_%s 6H&)3 2. 70 product
mixture); 6 =768 (. 18, 561 (8 SIHS? 30 ¢ 3H) o iR21)0.96°0

((AE)-1- methoocyple,n'eimoémmo%%m w@dwewmref);sﬁfHEtﬁy&pyturmtdimzfcwcm(wmhyﬂrmhIorlde
150.388 mol (25.9 r urea were dissolve 5 ml 2 M HCI, 80 ml of methanol were added
and 0.388 mél @8 %‘2 %yfﬁlmgt%oxy%'é%toxe% on (b% 9 coﬁ&tﬁ?fn %?S&ﬁ:t rﬁm&rgfﬁ/ﬁféeadded
dropwise undér eo‘bihri’q:\/}\/jtld thé I;mtelfnal ternpleratureibbing maintaineich at 4& t& -G rihecsotution was
thawed to ro r t tirced for yt h then evaporated until dryness. The
residue E’v(\jas ﬁ;engr?dw § \%f?kb% C?f?%%gée?o?\f r%ntf-:‘s m%%t was cooﬁjogtgp B&low 0 C in an ice/ethanol
bath, the solid filtered off and washed with little ice-cold acetone. After drylng 32.6 g crude product

were obtamedﬁT@gA@r m@gtg W&%h%l&(? uotlﬁé |I1ngvy|£ %Oq eghg o{ h%tf ilter d, nd

slowly cooled to -18 C The preC|p|tated solid was off was ed with a I|t tle amou et anol

“rand dried. 11 gorrrizhezuﬂ@compoundweretobtamed;Bﬁ)iiHb COMTROUNA, e 2% m/m

IR(insubstange,cm):311%,3038,2936.26782318, 1 4 1M, 3 3L 248 (0
1585,1516,1465,1403,1381,1301,1229,1184, 1134 1109 89 803 69, 736 680 05, 540 513 494,

474. 17}@3’ 1@§:,§’ 1@0%6’51@@2’3%% ({1E}-1-methoxypent-1-en-3-on, 38% in product
mixture].

4-Ethyipyrimidin-2-ol-1-oxide hydrochloride

15 0.388 mol [25.9 g} hydroxy urea were dissolved in 195 mi 2 M HCI, 80
ml of methanol were added and 0.388 mol [56.7 g} of 1,1-
dimethoxypenfane-3-on (62 % content in product mixture) were
added dropwise under cooling with the infernal temperature being
maintained at -6 to -7 °C. The solufion was thawed to room

20 temperature in an ice bath and stirred for 1 h, then evaporated until
dryness. The residue was suspended with 100 ml of acetone, the
mixture was cooled to below 0 °C in an ice/ethano! bath, the solid
filtered off and washed with litfle ice-cold acetone. After drying 32.6
g crude product were obtained. The crude product was heated until

25  boiling with 200 ml ethanol, hot filtered and siowly cooled to —18 °C.
The precipitated solid was filtered off, washed with a little amount of

ethano! and dried. 11.7 g of the title compound were obtfained.

IR {in substance, cm'): 3115, 3038, 2934, 2678, 2518, 1753, 1606,
30 1585, 1514, 14465, 1403, 1381, 1301, 1229, 1184, 1134, 1109, 1053, 1007,

896, 803, 769, 736, 680, 605, 540, 513, 494, 474,

CHN-elementary analysis: C, 40.72; H, 5.03; N, 15.32.

EC-MS: 147 (M+H}.



CHN-elementary analysis: C, 40.72; H, 5.03; N, 15.32. LC-MS: 141 (M+H). 1H-NMR (DMSO-d6, 400
MHz): 3 [ppm] = 8.92 (d, 1H), 6.70 (d, 1H), 2.73 (g, 2H); 1.19 (t, 3H). From the NMR-spectrum was
estimated that the product contained <3 % of the regioisomere 6-ethylpyrimidine-2- 01-1-oxide
hydrochloride. 5 I.6-Ethyl-4-methylpyrimidine-2-01-1-oxide hydrochloride 0.12 mol (9.13 g) hydroxy
urea were dissalygad inS0ath2M HEo2Qiml 10 of methanal wees,addediand Q. 1;mal (11,41 )
2,4-hexanedione were added dropwise under cooling by approximately -15°C. Further 30 ml'of water
and 10 ml of iéth@ndlWerd-added. Ihk tWE-phake relaéRonamisiite WasHI GBS et g slowly to
room temperasufe aad was stitredrat foam teraperaturestorduwithe2d.4La then avapqrated until
dryness. The residue was suspended with 50 ml of acetone, the mixture was cooled in an ice/ethanol
bath, the sdiid filR¥Ed%ff AHARGEEREEFith a little ice-cold acetone. After drying 7.88 g crude product
were obtained which were recrystallized from 45 ml ethanol wherefrom first an insoluble salt
compound was ho% filt?r%d off anvtj the product was subsequently recrystallized from the filtrate at
-18 C. 3.0 d'produi e chrandl WA Wl g zhi PlelyQXIBEMERCER dd@nol. Finally 2.26 g
of the title compound were obtained. 25IR (in substance, cm-1): 3093, 2997, 2945, 2679, 2555, 1805,

1741716071, 157115081435, 1401;-1370;°1327;1290:1253:-1213;1157-1103:-1049.-903, 849, 811 - -

766, 742, 701, 669, 626, 607, 582, 512, 494. LC-MS|(m/z): 155.7 (M+H).  1H-NMR (DMSO-d6, 400
MHz): 6 [ppm] = 6.78 (s, 1H), 2.88 (q, 2H), 2.46 30/(5-,\\\§H), 1.21 (t, 3H). From the NMR-spectrum was
estimated that the 60 product contained approxirrﬂately’E.G % of the reg o somer 4-ethyl-6-
methylpyrimidine-2-01-1-oxide hydrochloride._ . = -

# TA/

H
5
0.12 mol {9.13 g] hydroxy urea were dissolved in 50 ml 2 M HCI, 20 mi
10 of methanol were added and 0.10 mol [11.41 g} 2.4-hexanedione
were daded dropwise under cooling by approximately -15 °C.
Further 30 ml of water and 10 mi of methanol were added. The two-
phase reaction mixture was aliowed to warm up slowly fo room
temperature and was stirred ot room temperature for further 2 h,
15 then evaporated uniil dryness. The residue was suspended with 50 ml
of acetone, the mixture was cooled in an ice/ethanc! bath, the solid
filtered off and washed with a littie ice-cold acetone. After drying
7.88 g crude product were obtained which were recrystallized from
45 ml ethanol wherefrom first an insoluble salt compound was hot
20 filtered off and the product was subsequently recrystallized from the
filtrate at -18 °C. 3.0 g product were obtained which were again
recrystaliized from 28 ml ethancl. Finally 2.26 g of the ftitle

compound were obiained.

25 IR [in substance, cm'): 3093, 2997, 2945, 2679, 2555, 1805, 1741,
1601, 1571, 1508, 1435, 1401, 1370, 1327, 1290, 1253, 1213, 1157, 1103,
1049, 903, 849, 811, 764, 742, 701, 649, 626, 607, 582, 512, 494.

LC-MS [m/z): 155.7 (M+H].
TH-NMR [DMSO-d¢, 400 MHz}: 8 [ppom] = 6.78 (s, 1H}, 2.88 (g, 2H), 2.44

30 (s, 3H), 1.21 (1. 3H}. From the NMR-spectrum was estimated that the



J.4-Methy1-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2-01-1-oxide 5hydrochloride OH 0.20 mol (15.21
g) hydroxy urea was dissolved in 200 ml of 1 M HCI, 200 ml of methanol were added and 0.20 mol
(25.23 g) 2- 10 acetylcyclopentanone were added dropwise, 1 further hour stirred and then the solution
was evaporated at the rotary evaporator until dryness. The residue was suspended with 100 ml of

acetone, the SRFfifteredGH ardSrhsHen With agde s Aitér arlitiycL2om gierme prodatt T infere
obtained which serg| sQlubilisgddnthe boilingds heatywith, 1208 ml isopropanol and hot filtered. The
filtrate was evaporated until dryness and 8.49 g crude product 2 were obtained. This was solubilised in
the boiling heat in 200 ml of ethanol and 200 ml of tetrahydrofuran were added. The precipitated solid
was filtered off. and drigtle fh§3-8 of-ai QUL Ware-gRins R WRIEN 39 Gantainad. 915 % ob the ditle
compound and 8.5 % ammonjum chloride. IR (in substance, cm-1): 3133, 3042, 2841, 2751, 2480,
1730, 1613, 1590, 1ﬁ§é? iﬁé‘i?it?ﬁ, 1314, 1289, 1221, 1134, 1062, 1044, 1020, 972, 25938, 894,
868, 822, 740, 707, 637, 575, 552, 525, 509. LC-MS (m/z): 167.5 (M*1-1). CHN-elementary analysis:
C, 43.93; H, 6.07 N, 13.41. Chloride content: 21.7% (m/m) 1 H-NMR (DMSO-d6, 400 MHz): 3 [ppm]
=3.22 (t, 2H), 2.82 (t, 2H), 2.42 30(s, 3H), 2.13 (quintéit?, 2H). From the MNR-spectrum was estimated

- that'the product contained approximately 6 % of the regigjsomere . . '

i
S, i /J\

Q-2

0.20 motl (15.21 g} hydroxy urea was dissotved in 200 ml of T M HCI,
200 mi of methanol were added and 0.20 mol (25.23 g 2-
1C ccetylecyclopentanone were added dropwise, 1 further hour stirred
and then the solution was evaporated at the rotary evaporator until
dryness. The residue was suspended with 100 mi of acetone, the
solid filtered off and washed with acetone. After drying 12.41 g
crude product 1 were obtained which were solubilised in the boiling
15 heat with 1200 mi isopropanol and hot filiered. The filtrate was
evaporated until dryness and 8.49 g crude product 2 were obtained.
This was scolubilised in the boiling heat in 200 mi of ethano! and 200
ml of tefrahydrofuran were added. The precipiicted solid was
filtered off and dried. 5.3 g of a product were obtained which
20 contained 921.5 % of the title compound and 8.5 % ammonium

chioride.

IR {in substance, cm-'): 3133, 3042, 2841, 2751, 2480, 1730, 1413,

1590, 1493, 1404, 1374, 1314, 1289, 1221, 1134, 1062, 1044, 1020, 972,
25 938, 894, 868, 822, 740, 707, 637, 575, 552, 525, 509.

EC-MS (m/z): 167.5 {M+H].

CHN-glemeniary analysis: C, 43.93; H, 6.07; N, 13.41.

Chioride content: 21.7% {m/m)

TH-NMR [OMSO-de, 400 MHzZ): 8 [ppm] = 3.22 (f, 2H}, 2.82 (1, 2H), 2.42
30 s, 3H), 2013 {guintett, 2H). From the MNR-spectrum was estimated

1

that the product contained approximately é % of the regioisomere



61 4-methy1-6,7-dihydro-5H-cyclopento[d]pyrimidine-2-01-3-oxide hydrochloride. 62
K.4-Methyl-5,6,7,8-tetrahydrochinazoline-2-01-3-oxide hydrochloride N OH 0 50.08 mol (6.08 g)
hydroxy urea were dissolved in 40 ml of 2 M HC[, 40°nl of methanol were added and 0.08 mol (11.21
g) 2- acetylcyclohexanone were added dropwise under cooling at approximately -15 C, stirred one
further hour reb - t Thi ried.out six times in, total, . The combined 10
reaction mixﬁ?ﬂéﬁ v&eﬁe %hzﬁngggtgﬁ%ﬁéﬁ%ﬁg\fg&ﬁﬁ %ﬁhlri%é%i tﬂgv&;}g {g-éspended with
acetone, the"sdlicPfitieked @ -and washed with acetone. After drying 36.97 g crude product 1 were
obtained which were suspended with 250 ml ethanol and hot filtered. The filtrate was evaporated until
dryness and 20.87 g crude 15 product 2 were obtained. This was solubilised in the boiling heat in 500
ml of ethanol, hot filtered, and the filtrate was combined with 800 ml tetrahydrofuran. The precipitated
solid was filtered off and dried. 14.3 g of a product were obtained which contained 87 % of the title
compound and 13 % ammonium chloride. IR(in substance,cm-1):3135,3044,2937,2875,2805, 2706,
2426,




1743, 1572,1501,1443,1403,1345,1288,1260,1235,1150, 1122, 1086, 1041, 908, 883, 824, 740, 707,
669, 643, 605, 546, 514. CHN-elementary analysis;-C, 43.63; H, 6.08; N, 14.66. 25Chloride content:
22.2% (m/m) 1H-NMR (DMSO-d6, 400 MHz): 6 [ppm] = 2.76 (m, 2H), 2.53 (s, 3H), 2.49 (m, 2H), 1.70
(m, 4H). From the NMR-spectrum was estimated that the product contained approximately 5 % of the
regioisomer& 4- methM-st byl SS5idtraidisisihazblimehiola r airoe- Bydlodhloxitde 63
L.4-(Propanﬁgg}@gimgi,if@é2-ol-1-oxide hydrochloride 0.187 mol (14.22 g) hydroxy urea were
dissolved in 200 ml of 1 M HCI

5> 0.08 mol [6.08 g} hydroxy ureg were dissoived in 40 ml of 2 M HCI, 40
ml of methanoel were added and 0.08 mol [11.21 g) 2-
aceiylcyclohexancne were added dropwise under cooling af
approximately —15 °C, stirred one further hour and thereby warmed
up to 20 °C. This was carried out six times in total. The combined

10 reagction mixtures were then evdporc’red at the rotary evaporator.
The residue was suspended with acetone, the solid filtered off and
washed with acetone. Afier drying 36.97 g crude product 1 were
obtained which were suspended with 250 ml ethanol and hot
fittered. The filtrate was evaporated until dryness and 20.87 g crude

15 product 2 were obtained. This was solubilised in the boiling heat in
500 m! of ethanol, hot filtered, ond the filirate was combined with
800 ml tetrahydrofuran. The precipitated solid was filtered off and
dried. 14.3 g of ¢ product were obtained which coniained 87 % of
the title compound and 13 % ammonium chioride.

20
IR {in substance, cm-'}: 3135, 3044, 2937, 2875, 2805, 2706, 2426,
1743, 1572, 1501, 1443, 1403, 1345, 1288, 1260, 1235, 1150, 1122, 1084,
1041, 908, 883, 824, 740, 707, 649, 643, 405, 546, 514,

CHN-elementary analysis: C, 43.63; H, 6.08; N, 14.64.

25  Chloride content: 22.2% {m/m)

TH-NMR [DMSO-ds, 400 MHz): 8§ [ppm] = 2.76 (m, 2H), 2.53 [s, 3H}, 2.49
(m, 2H}, 1.70 [(m. 4H}. From the NMR-specirum was estimated that
the product contained approximately 5 % of the regioisomere 4-
methyl-5,6,7 8-tefrahydrochinazolin-2-¢l-1-oxide hydrochloride.

30



5 and 0.187 mol (30 g) 1,1-dimethoxy-4-methylpentane-3-on (E.E. Royals and K.C. Brannock, J. Am
Chem. Soc. 1953, 75, 2050-2053) were added dropvggse under cooling, with the internal temperature
being maintained at 0 - 1 C. The two-phase mixture was thawed to room temperature in an ice bath
and stirred for 12 h, then 10 evaporated until dryness. The residue was suspended with 100 ml
acetone, thetmixturé-2rogowred iry B icd fetiitine! 12ath | thecsaltkfibgrd deafhdadi dashed with a little
ice-cold acetone. After drying 15.79 g crude product 1 were obtained. 11.04 g of crude product 1 were
heated until boiling with 141 ml ethanol and precipitated solid 15 was filtered off after cooling. The
filtrate was again evaporated until dryness and 8.49 g crude product 2 were obtained which were
heated until boiling in 80 ml ethanol and hot filteMe filtrate was cooled down slowly to room
temperature and over night down to - 18 C. The precipitated solid was filtered off and after drying 2.18
g 200f the title compound were obtained. IR (in nce, cm-1): 2971, 2585, 1815, 1748, 1598,
1572, 1513, 1463, 1390, 1305, 1230, 1186, 1163, 1132, 1049, 986, 934, 901, 815, 773, 749, 719, 681,
616, 582, 518, 498, 484, 478. 25CHN-eIement&hLa sis: C, 43.54; H, 6.10; N, 14.50 LC-MS (m/z):
155.5 (M+H). 1H-NMR (DMSO-d6, 400 MHz) fi [pd)‘n] = 8%8 (d, 1H), 6.68 (d, 1H), 3.02 (heptett, 1H);

"71.20 (d, 6H) 64 M.4-Ethyl-6-methylpyrimidine-2-ol JL-oxide hydrochloride "NOH 0 5Various mother™

liquors from recrystall zation from the synthesis of the regioisomer 6-ethyl-4-methyl-pyrimidine-2-ol

-oxide hydipchioridedExample J waie rombledageuappralad dadanass. Iy 191l 22,14 grams of

this product mixture, containing 50% of the title compound, were heated In anol to
boiling, filter€d €0 Kot 8Ad evaporated ®}drynesdinne d6ayef theekidie wakyeendtallizedtfrom 90 ml

of ethanol, ipdging se fitst 082 gsof.an inspluble fractien,were separajad i the heatsand they it was
slowly cooled down from the boiling point to -18 C. 17.25 g of a precipitate were then recrystallized
accordingly HSiPLS0RIEGH 18" ethxHoE/ 70 #ft biteraiydrotiidn, Wheieby6.05 teoha saliature

predominanth-captaining faetyk4methylpyrmiidiner2-al ioxide hydroghlaride was,separated. The

filtrate was concentrated to dryness and 9.53 g of the residue were recrystallized from 180 ml of

isopropanol! 9 $7'g bF A prEatcY Fixtlite Wore Giitaired (53% D etliichiflentpand rechystallifd several

times from isppriopangl #va gemespending manaerckinally thers wergebiajned Q69,9 ehihetitle

compound. IR (neat, cm-%): 3077, 2853, 2685, 2550, 1745, 1608, 1568, 1514, 1461,
acefone, the mixfure was cooled in an icefethanol bath, the solid
filtered off and washed with a little ice-cold acetone. After drying
15.79 g crude product | were obtained. 11.04 g of crude product 1
were heated until boiling with 1417 ml ethanol and precipitated solid

15 was filiered off after cooling. The filtrate was again evaporated until

dryness and 8.49 g crude product 2 were obtained which were
heated unfil beoiling in 80 ml ethanol and hot filfered. The filirate was
cocled down slowly to room temperature and over night down to -
18 °C. The precipitated solid was filfered off and after drying 2.18 g

26  of the title compound were obiained.

IR {in substance, cm): 2971, 2585, 1815, 1748, 1598, 1572, 1513,
1463, 1390, 1305, 1230, 11864, 1163, 1132, 1049, 986, 934, 901, 815,
773,749,719, 681, 614, 582, 518, 498, 484, 478.

25  CHN-elementary analysis: C, 43.54: H, 6.10; N, 14.50
LC-MS [m/z): 155.5 [M+H].
TH-NMR [DMSO-ds, 400 MHz): & [ppm] = 8.88 {d, 1H), .68 (d, 1H),
3.02 (heptett, TH}; 1.20 (d, éH)
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1416, 1370, 1323, 1304, 1249, 1211, 1160, 1142, 1104, 1069, 1028, 994, 25936, 887, 849, 767, 746,
707, 685, 625, 599, 567, 525, 500. LC-MS (m / 2): 155 (M + H). 1H-NMR (DMSO-d6, 400 MHz): 5
[ppm] = 6.83 (s, 1H), 2.70 (q, 2H), 2.55 (s, 3H), 1.20 (t, 3H). From the NMR spectrum it was estimated
that the product contained approximately 13% of the regioisomer 6-ethyl-4- 30methyl-pyrimid n-2-ol
1-oxide hydmdchloriéleEth g6 bt deei-Rutyldynirdidiee 2-ol Ii-oxidel bydyatidaritle Otb The synthesis of
the precursor 1,1-dimethoxy-4 ,4-dimethylpentane-3- one was performed in analogy to E.E. Royals
and K.C. Brannock (J. Am. Chem Soc 1953, 75, 2050-2053), wherein a mixture of about 20% of the
desired precursor-and 80% of the byproduct 1-methoxy-4,4- dimethylpent-l-en-3-one was obtained. To
32.8 g of this mixture 10 were added 33.9 mmol (5.63 g) N-benzyloxy urea, 51 ml of methanol, 1.7 ml
of water and 4.0 f sulfuric acid (analogous to M. Yamaguchi et al., J. Inorg. Biochemistry 2006,
100, 260-269). waﬁ%rr;d at room temperature with portionwise addition of in total 153 mmol (25 g)

N-benzyloxy urea for.8.h, until N-benzyloxy urea could 15 be detected in the reaction mixture (TLC
hexane / ethyl' acetate 2/PH1% acetic acid). The reaction mixture was evaporated to dryness, the
residue taken up infwater / dichloromethane, the aqueous phase was adjusted to pH 9.3 with saturated

“"sodium carbonate solution and extracted three times with dichloromethane. 20 The combined organic

phases were washed with water, dried over sodium sulfate and evaporated to dryness. 51.8 g of a

crude productauess obialned whichyras kometagiashecyi cydoherane. el acetafe e siica
gel. 46.4 mmol (12.0 g) purified intermediate product were obtained, which was dissolved in
regioisomer S-ethyl-4-methyl-pyrimidine-2-cl l-oxide hydrochloride
{Exampie 1) were combined and evaporated fo dryness. In total
22.14 grams of this product mixture, containing about 50% of the
title compound, were heated in 140 ml of ethanol fo boiling, filtered
10 hot and evaporated to dryness. 20.96 g of the residue was
recrystallized from 20 ml of ethanol, in doing so first 0.82 g of an
insoluble fraction were separated in the heat, and then it was slowly
cooled down from the beiling point to -18 °C. 17.25 g of a
precipitate were then recrystollized accordingly from 150 ml of
15 ethaneol / 70 ml of tetrahydrofuran, whereby 6.05 g of a solid
predominanily containing 6-ethyl-4-methyl-pyrimidine-2-ol  1-oxide
hydrochloride was separated. The filtrate was concenfrated to
dryness and 9.53 g of the residue were recrystaliized from 180 mi of
isocpropanol. 7.57 g of a product mixture were obtained [43%
20 enrichment] and recrystallized several times from isopropancl in ¢
corresponding manner. Finally there were obfained 0.4% g of the
title compound,
IR [neat, cm}: 3077, 2853, 2685, 2550, 1745, 14608, 1548, 1514, 1461,
P416, 1370, 1323, 1304, 1249, 1211, 1160, 1142, 1104, 1049, 1028, 994,
25 936, 887, 849, 767, 746, 707, 685, 625, 599, 547, 525, 500.
LC-MS [m / z): 155 (M + H).
TH-NMR [DMSO-ds, 400 MHz): & [ppm] = 6.83 {s, 1H}, 2.70 (g, 2H), 2.55
fs, 3H}, 1.20 {1, 3H]. From the NMR spectrum it was estimated that the
product contained approximately 13% of the regioisomer é-ethyl-4-

30 methyl-pyrimidin-2-ol 1-oxide hydrochloride.



25 240 ml of methanol and hydrogenated with 0.93 g of 10% Pd / C for 3.5 h with hydrogen. It was
filtered over Celite, the filtrate was added with 50 ml of 1 M HCI and evaporated to dryness. The crude
product was suspended in 100 ml of water, filtered afffrom insoluble constituents and the filtrate was
concentrated. After drying, 8.15 g (39.8 mmol, 5.0% yield over three steps) of the title compound
were obtained. IR (neat, cm-1): 2850, 2482, 1758, 1605, 1565, 1517, 1494, 1467, 1389, 1v7, 1310,
1264, 1190, 1118, 1086, 887, 828, 751, 730, 703 51H-NMR (DMSO-d6, 400 MHz): 6 [ppm] = 8.66 (d,
1H), 6.61 (d, 1H), 1.27 (s, 9H) 0.5,6-Dimethylpyrimidine-2-ol 1-oxide hydrochloride OH 10 The
synthesis of the precursor 4,4-dimethoxy-3-methylbutan-2-one was performed in analogy to E.E.
Royals and K.C. Brannock (J. Am. Chem., 1953, 75, 2050-2053) and yielded a mixture of 58% of the
15 desired precursor, 24% of the byproduct 1,1-dimethoxy-pentan-3- one and about 18% elimination
product. 102 g of this mixture (0.405 mol of 4,4-dimethoxy-3-methylbutan-2-one) were dissolved in 30
ml of methanol and added dropwise to 0.698 mol of N-hydroxyurea in 400 ml of 2M NCI, while the
internal temperature was maintained at - 20 10 to -4 C. The solution was thawed to room temperature,
stirred for 1 h, and then evaporated to dryness. The residue was slurried with 200 ml of acetone, the
solid filtered off and washed with little ice=coldacetone: After drying; the crude product-was-heated---
with 150 ml of ethanol to boiling, filtered hot, concentrated to 50 ml and 25 cooled to -18 C. The
precipitated solid was filtered off, washed with little ethanol and dried. 20 g of this solid was again
recrystallized from 100 ml of ethanol, and finally 10 g (12% vyield) of the title compound were obtained
(content of 85% the title compound and 13% ammonium chloride). 30IR (neat, cm-1): 2569, 2539,
1726, 1628, 1589, 1503, 1453, 1378, 1336,



1255, 1220, 1157, 1141, 1120, 1021, 919, 828, 755, 734, 713 68 1H-NMR (DMSO-c16, 400 MHz): 6
[ppm] = 8.98 (s, 1H): 2.50 (s, 3H): 2.08 (s, 3H) 69 P:6-n-Propylpyrimidine-2-ol 1-oxide hydrochloride
3lne synthesis of the precursor 1,1-dirnethoxyhexane-3-one was performed in analogy to E.E. Royals
and K.C. Brapnock (J. A Cepem. 500@1953, 75, 2050-2053) and yielded a mixture of 75% of the
desired prectrsor, 1 o“gT]'%H WHHEER 'é‘-?di?ﬁé’[hé)i)?fﬁé‘t’iﬁ/lg‘ﬁgﬁ%ﬁt’é%ﬁg%nd about 12% of
elimination products. 29.2 g of this 10 mixture (0.137 mol 1,1-dimethoxyhexane-3-one) were mixed
with 0.164 moles (27.3 g) N-benzyloxy urea, added with 150 ml of methanol and 20 ml of sulfuric acid
(analogous t amaguchi et al., J. Inorg. Biochemistry 2006, 100, 260-269). The mixture was
stirred at room temperature, then further 0.0164 mmol (2.73 g) of N- 15 benzyloxy urea were added
and it was he for 1 h at 50 C. The mixture was evaporated to dryness, the residue was taken up
in water / di Ioroﬁr&g:ane, the aqueous phase was adjusted to pH 11 with saturated sodium

ith

carbonate sglution and extracted three times with dichloromefhane. The combined organic phases
were washed ater, dried over magnesium sulfate and evaporated to dryness. There were

obtained 40.3 gyof a crude product which was chromatographed with cyclohexane / ethyl acetate over

“gilica get. 0.026 mol (6.3 g) of the purified intermediate were dissolved in 100 ml of methanol and
hydrogenated with 0.53 g of 10% Pd / C for 0.5 h 25 with hydrogen. It was filtered off through Celite,

the fiItra§te S con%jg}tratedﬁ)?ﬁ%ml added with 50 ml of 1 M HCI and evaporated to dryness. The
crude product fas FedystaiiZed oR 66 HIPGY 2! propansI Afid vub i Sfdiethyi &tRér! 88§ 18.2
mmoi, 3% yietceover 2 steps) ofithe tileccompaynd weresotaineds 30h A0xLH-NMB ABMSQ-d6, 400

MHz): 5 [ppip]. = 898,00 48 6,834 140,208 G 2h): Lo Iextet 2 283 a0t 20%
of the desired precursor and 80% of the byproduct I-methoxy-4,4-
dimethylpeni-i-en-3-one was obtained. 7o 32.8 g of this mixture

10 were added 33.9 mmol {5.63 g} N-benzyloxy urea, 51 mi of methanol,
1.7 mi of water and 4.06 ml of sulfuric acid [analogous to M.
choguchi et al., 1. Inorg. Biochemistry 2006, 100, 260-249). It was
stired at room temperature with porfionwise addition of in total 153
mmaol (25 g) N-benzyloxy urea for 5 h, until N-benzyloxy urea could

15 be deifected in the reaction mixture (TLC hexane / ethyl' acetaile
2/1. 1% acetic acid}. The reaction mixiure was evaporated fo
dryness, the residue taken up in water / dichioromethane, the
agqueocus phase was adjusied to pH 2.3 with saturated sodium
carbonate solution and extracted three fimes with dichloromethane.

20 The combined organic phases were washed with water, dried over
sodium sulfate and evaporated fo dryness. 51.8 g of a crude
product were obtained which was  chromaotographed  with
cyclohexane / ethyl acetate over silica gel. 46.4 mmol [12.0 g)
purified intermediate product were obtained, which was dissolved in

25 240 mi of methanol and hydregenated with 0.93 g of 10% Pd / C for
3.5 h with hydrogen. It was filtered over Celite, the filirate was
added with 50 mil of 1 M HCIl and evaporated to dryness. The crude
product was suspended in 100 mi of water, filtered off from insoluble

constituents and the filirate was concentrated. After drying, 8.15 ¢



Iron complex compounds (examples) Example 1 5lris-(pyrimidine-2-01-1-oxide)-iron(111) complex
114 mmol (16.93 g) pyrimidine-2-01-1-oxide hydrochloride were dissolved in 150 ml of water and 38
mmol (10.27 g) FeC13*6H20 10 dissolved in 15 ml Water were added. The solution was adjusted to pH
6.3 with approximately 90 ml 2 M NaOH and stirred for 0.5 h. The product was filtered off, washed with
water and dyiesl i @ yaguuB EyinEoven Al PO e k429 48 g”&ﬁ tite-compoung yere, pbiainede 15IR (in
substance, cm): 3082, 3054, 1596, 1506, 1431, 1366, 1278, 1197, 1136, 1108, 1055, 907, 798, 765,
613, 554, 5P (HEElementary analysis: C, 35.77; H, 2.78: N, 20.23. ES1-MS: 278.3 (Fel.2'): 390.4
(M+H'); 412,4 (M£Nal. Eercontents d3:6436 [mimle201 L2 Example 2517, 1494, 1467, 1389,

Tris-(4- meth%/307yrlm|d|ne -2-0l- OXIde |ron(]111) complex N
¥ 1264, 1086, 887, 828, 751, 730, 703

5 1H-NMR [DMSO-ds, 400 MHz): & [ppom] = 8.66 [d, 1H), 4.41 (d, TH),
1.27 [s, 9H)

0. 5,6-Dimethylpyrimidine-2-ol 1-oxide hydrochloride

LA
?

10 o

OH

The synthesis of the precursor 4.4-dimethoxy-3-methylbutan-2-one
was performed in analogy to E.E. Royals and K.C. Brannock (J. Am.
Chem., 1953, 75, 2050-2053) and vyielded a mixiure of 58% of the
15  desired precursor, 24% of the byproduct 1.1-dimethoxy-pentan-3-
one and about 18% elimination product. 102 g of this mixture {0.405
mol of 4,4-dimethoxy-3-methylbutan-2-one)] were dissolved in 30 mi
of methano! and added dropwise to 0.698 mol of N-hydroxyurea in
400 mi of 2M HCI, while the internal temperature was maintained af -
20 1010 -4 °C. The solution was thawed fo room femperature, stirred for
I h, and fthen evaporated fo dryness. The residue was slurried with
200 mi of acetone, the solid filtered off and washed with little ice-
cold acetone. After drying, the crude product was heated with 150
ml of ethancl to boiling, fittered hot, concentrated o 50 ml and
25 cooled o -18 © C. The precipitcted solid was filtered off, washed
with littfle ethano! and dried. 20 g of this solid was again
recrystailized from 100 mi of ethanol, and finally 10 g {12% vyield} of
the title compound were obtained [content of 85% the ftitle
compound and 13% ammonium chioride].
30 IR {neaf, cm-l): 2569, 2539, 1726, 1628, 1589, 1503, 1453, 1378, 1336,
1255, 1220, Y157, 1141, 1120, 1021, 919, 828, 755, 734, 713



N 00 OON 521 mmol (3.76 g, approximately 90 % purity) 4-methylpyrimidine-2-ol- 1-oxide
hydrochloride were dissolved in 15 ml water and 7'06 mol (1.89 g) FeCI3'6H20 dissolved in 5 ml water
were added. The solution was adjusted to pH 5.85 with approximately 44 ml 1 M NaOH and stirred for
0.5 h. The product was filtered off, washed with water and 10dried in a vacuum drying oven at 50 C.
3.03 g of the title! o pduntianvete, chitdinadiZR @n[substance.em-H; 3400, 304,(16062 115454503,
1425, 1378,@33%, )1249, 1201, 1145, 1110, 1032, 954, 805, 762, 645, 600. 15CHN-elementary
analysis: C, 38.42"H, 4.10; N, 18.11. ES(-MS: 306.4 (Fel_21; 432.4 (M++) Fe-content: 12.15% [m/m]
7 3 Example 3 Tris-(4,6-dimethylpyrimidine-2-01-1-oxide)-iron(111) complex




N Nn 5 ct"ee-e" N 120mmol(21.199g)4,6-dimethylpyrimidine-2-01-1-oxide hydrochloride were
dissolved in 15 ml of water and 40 mmol (10.81 g) Fe€Ifl6H20 dissolved in 10 ml water were added.
The solution was adjusted to pH 5.90 with approximately 238 ml 1 M NaOH and stirred 10 for 0.5 h.
The product was filtered off, washed with water and dried in a vacuum drying oven at 50 C. 18.66 g of
the title compound WeteFSRRMRY "B tdiResRridntaR*iAgIsd @ M oridg 4.22: N, 17.35. ESI-MS:
334.4 (FeL2'); 474.5 (M+Ht); 496.6 (M+Na-). Fe-content: 11.33% [m/mj 20No melting point, at about
230 C exothermic decom {ition starts.

P

N OH
1
O

STUTRETTSYRTRESIS o the T precursor T, 1-dimethoxyhexane-3-one  was
performed in anaiogy fo E.E. Royals and K.C. Brannock [J. Am.
Chem. Soc. 1953, 75, 2050-2053) and vieided a mixture of 75% of the
desired precursor, 13% of the byproduct 3-({dimethoxymethyi)
pentan-Z-one and about 12% of elimination products. 29.2 g of this

0 mixiure {0.137 mol 1, 1-dimethoxyhexane-3-one) were mixed with
0.164 moles {27.3 g} N-benzyloxy urea, added with 150 mi of
methanol and 20 mi of sulfuric acid (analogous to M. Yamaguchi et
al., J. Inorg. Biochemistry 2006, 100, 260-269). The mixiure was stirred
ai room temperature, then further 0.0164 mmol [(2.73 g) of N-

15 benzyloxy urea were added and it was heated for 1 h at 50 ° C. The
mixture was evaporated fo dryness, the residue was taken up in
water / dichloromethane, the agueocus phase was adjusted to pH 11
with saturated sodium carboncte solution and exiracted three times
with dichloromethane. The combined organic phases were washed

20 with water, dried over magnesium sulfate and evaporated io
dryness. There were obtained 40.3 g of a crude product which was
chromatographed with cyclohexane / ethyl acetfate over silica gel.
0.026 moi (6.3 g of the purified intermediate were dissolved in 100
m!l of methanol and hydrogenated with 0.53 g of 10% Pd / C for 0.5 h

25 with hydrogen. It was fillered off through Celite, the filtrate was
concentrated to 50 ml added with 50 mi of 1| M HC! and evaporated
to dryness. The crude product was recrystallized from 50 ml of 2-
propanct and 200 ml of digthyl ether. 3.46 g [18.2 mmo!l, 13% yield
over 2 steps) of the title compound were obtained.

30 IR (neat, cm): 2591, 2536, 2477, 1770, 1736, 1608, 1580, 1311, 1194,
1185, 1130, 1115, 1082, 1001, 904, 892, 823, 787, 7364, 680



/4 Example 4 Tris-(4,6-diethylpyrimidine-2-01-1-oxide)ron(111) complex 5 14 mmol (6.1 g,
approximately 48% purity, 52% ammonium chloride) 4,6-diethylpyrimidine-2-o1-1-oxide hydrochloride
were dissolved in 15 ml water and 4.67 mmol (1.26'g) FeCHT6H20 dissolved in 2 ml water were
added. The solution was adjusted to pH 5.85 with 27.7 ml 1 M 10 NaOH and stirred for 0.5 h. The
product was fitered eff,washed with watey ang dried.af S0Gin & e ;C,’%%O\g%ﬂ %-ég g of the
titte compound were obtained. IR (in substance, cm-1): 3593, 3378, 3087, 2969, 2934, 2880, 1602,
151549, #5160, {4607 140671808 x1955, 128501124 1 1868) 1073, 1027, 964, 903, 863, 807, 764, 701,
672, 645, 619, 578, 522. CHN-elementary analysis: C, 49.23: H, 6.03; N, 14.43. Fe-content: 10.05 %
[mM/m1 20 75 Example 5 Tris-(4-methyl-6-(2-methylpropyppyrimidin-2-01-1-oxide)-fron(111) complex




5 15 mmol (5.74 g, approximately 58 % purity, 42 % ammonium
chloride)4-methy1-6-(2-methylpropyl)pyrimidine-2-01-1-oxide hydrochloride were dissolved in 25 ml
water and 5.0 mmol (1.35 g) 10 FeCI3*6H20 dissolveéd in 2 ml water were added. The solution was
adjusted to pH 5.88 with 29.2 ml 1 M NaOH and stirred for 0.5 h. The product was filtered off, washed
with wafer anggried, i, 3)¥acLURA%INE VR 8L20 1= I here was obtained 3.00 of the title compound.
15 IR (in substance, cm-I): 2959, 3%29 Z8 ;g 1598E %szrg 1513, 1462, 1434, 1400, 1355, 1289, 1233,
1151, 1122, 1102 1034, 990, 928, 879, 853, 799, 769, 701, 648, 606, 575. CHN-elementary analysis:
C,53.71;H, 6 143;92. 20Fe-content: 9.29% [m/m] / 6 Example 6
Tris-(4,5,6-trimethylpyrimidine-2-01-1-oxide)-iron(111) complex NO 5 10.2 mmol (2.38 g,
approximately 82 % purity, 18 % ammonium chloride) 4,5,6-trimethylpyrimidine-2-01-1-oxide
hydrochiporideryele gig s ved dn 5. - wa@)[,@'gé %ﬁ‘m@i (Q@g,g)g,@CB 6H20 dissolved in 1 ml water

were added. The solution was adjusted to 04 with 19
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P14 mmol [16.93 g] pyrimidine-2-ol-1-oxide hydrochloride were

dissolved in 150 mi of water and 38 mmol [10.27 g} FeClz*&H0
10 dissolved in 15 ml water were acdded. The solution was adjusted 1o
pH 6.3 with approximately 90 mi 2 M NaOH and stirred for 0.5 h. The
product was filtered off, washed with water and dried in ¢ vacuum

drying oven at 50 °C. 14.2 g of the title compound were obtained.

15 IR {in substance, cm''): 3082, 3054, 1594, 1506, 1431, 13664, 1278,
1197, 1136, 1108, 1055, 907, 798, 765, 613, 554, 513,
CHN-elementary analysis: C, 35.77; H, 2.78; N, 20,23,
ESI-MS: 278.3 [Felo®); 390.4 [M+H*); 412.4 [M+Na*).
Fe-content: 13.61% [m/m)]
20



10 ml 1 M NaOH and stirred for 0.5 h. The product was filtered off, washed with water and dried in a
vacuum drying oven at 50 C. There were obtained 1.72 g of the title compound. IR (in substance,
cm-"): 3424, 2925, 1593, 1510, 1439, 1377, 1234, 151188, 1160, 1109, 999, 935, 869, 803, 763, 720,
657, 613, 561. CHN-elementary analysis: C, 45.43; H, 5.80; N, 14.12. Fe-content: 10.68% [m/m]
Example 7 TRES8°6H®6-4,6-dimethylpyrimidine-2-01-1-oxide)ron(111) complex CI 5 6.73 mmol (3.8
g, approximately 37 % purity, 63 % ammonium chloride) and 0.77 mmol (0.31 g, approximately 53 %
purity, 47 % ammonium chloride) 5-chloro-4,6-dimethylpyrimidine-2-01-1-oxide hydrochloride were
dissolved in 28 ¥nl f MELPARY D BIAIRS B8 P16 BecisBHYd §SSBREN N 2 mI water were added.
The solution was adjusted to pH 5.96 with 14.8 ml 1 M NaOH and stirred for 0.5 h. The product was
filtered off, washed with water and dried in alvacuum drying oven at 50 C There was obtained 1.37 ¢
of the title compound. 15 IR (in substance] cm-1): 2929, 2363, 1688, 1589, 1509, 1431, 1390, 1375,
1196, 1169, 1092, 1016, 968, 847, 759, 694, 667, 553. CHN-elementary analysis: C, 37.01; H, 2.83;
N, 14.47. Fe-content: 9.88% [m/m] 20 : 'Y
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5 21 mmol {3.76 g. approximately 90 % purity] 4-methylpyrimidine-2-ol-
l-oxide hydrochleoride were dissolved in 15 ml water and 7.0 mmol
[1.89 g} FeCls™éH0 dissolved in 5 mi water were added. The sclution
was adjusted to pH 5.85 with approximately 44 ml 1 M NaOH and
stirred for 0.5 h. The product was filtered off, washed with water and

10 dried in a vacuum drying oven at 50 °C. 3.03 g of the ftitle

compound were oblained.

IR {in substance, cm-'): 3400, 3074, 1602, 1545, 1503, 1425, 1378,
1339, 1249, 1207, 1145, 1110, 1032, 954, 805, 762, 645, 600.

15 CHN-elementary analysis: C, 38.42; H, 4.10; N, 18.11.
ESI-MS: 306.4 (Felz*); 432.4 [M+H*)}.

Fe-content: 12.15% [Im/m]



78 Example 8 Tris-(4-ethy|pyrimidine-2-o1-1-oxide)-iron(1il) complex 563 mmol (11.13 g)

4-ethylpyrimidine-2-01-1-oxide hydrochloride were dissolved in 20 ml water and 21 rnmol (5.68 g)

FeC13*6H20 dissolved in 5 ml water were added. The solution was adjusted to pH 6.17 with 125.6 ml

1 M NaOH and stirred for 0.5 h. The product was filtered off, 10washed with water and dried in a

vacuum drytf&U8A&P50 C. There was obtained 9.52 g of the title compound. IR(insubstance,

cm-1):3083,2974, 2936,2876,1596,1543, 1511, 1460,1428,1313, 1249,1194,1143,

1107.1079.1026 491 948, 2

ylpyrimidine-2-ol-1-oxide)-iron{ill) complex
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120 mmol (21.19 Gl 4,6-dimethyipyrimidine-2-ol-1-oxide
hydrochloride were dissolved in 15 mi of water and 40 mmol (10.81
a) FeClz*éH20 dissclved in 10 ml water were added. The soiution was
adjusted o pH 5.90 with approximately 238 ml 1 M NaOH and stirred
10 for 0.5 h. The product was filtered off, washed with water and dried
in a vacoum drying oven at 50 °C. 18.466 g of the title compound
were obtained.
IR [in substance, cm-i): 3594, 3441, 3077, 1604, 1551, 1511, 1441,
15 1393, 1380, 1360, 1320, 1153, 1097, 1029, 875, 854, 798, 651, 5464, 524,
484.
CHN-elemeniary analysis: C, 44.27; H, 4.22: N, 17.35.
FSI-MS: 334.4 (Felo®): 474.5 [M+H*); 496.6 [M+Na).
Fe-content: 11.33% [m/m]
20 No melting point, af about 230 ¢ C exothermic decomposition starts.



15 770, 748, 696, 639, 598, 531, 502. CHN-elementary analysis: C, 44.67 H, 4.52; N, 17.36.
Fe-content: 11.40% [m/m] 79 Example 9 Tris-(6-ethyl-4-methylpyrimidin-2-01-1-oxide)ron(111)
complex 5 11.4mmol(2.17g)6-ethyl-4-methylpyrimitiine-2-01-1-oxide hydrochlorid were dissolved in 5
ml water and 3.8 mmol (1.03 g) FeCI3f6H20 dissolved in 2 ml water were added. The solution was

Example 4

Tris-{4,6-diethylpyrimidine-2-ol-1-oxide)-iron{ill} complex

14 mmol 6.1 g, approximately 48 % purity, 52 % ammonium chioride]
4,4-diethylpyrimidine-2-ol-1-oxide hydrochloride were dissolved in 15
ml water and 4.67 mmol {1.26 g) FeCl:*6H:20 dissolved in 2 mi water
were added. The solution was adjusted 1o pH 5.85 with 27.7 mi 1 M
10 NaOH and stirred for 0.5 h. The product was filtered off, washed with
water and dried at 50°C in @ vacuum drying oven. 2.57 g of the title

compound were obtained.

iR [in substance, cm'): 3593, 3378, 3087, 2949, 2934, 2880, 1402,
15 1549, 1510, 1460, 1406, 1328, 1255, 1235, 1144, 1108, 1073, 1027, 944,

P03, 863, 807, 764, 701, 672, 645, 619, 578, 522.

CHN-elemeniary analysis: C, 49.23; H, 6.03; N, 14.43.

re-content: 10.05 % [m/m]

20



adjusted to pH 6.3 with 22.7 ml'1 M NaOH and stirred for 0.5 h. The 10 product was filtered off,
washed with water and dried in a vacuum drying oven at 50 C. There was obtained 1.89 g of the title
compound. IR (in substance, cm-1): 3515, 3080, 2974, 2938, 1598, 1550, 1516, 151461, 1427, 1401,
1317, 1257, 1229, 1149, 1104, 1060, 1035, 985, 918, 851, 813, 768, 681, 651, 557, 522.
CHN-elemen plysis: C, 47.48 H, 5.44; N, 15.81. Fe-content: 10.32% [m/m] Chloride-content:
0.0% [m/m1 20 80 Example 10 Tris-(4-methyl-6,7-dihydro-5H-cyclopenta[d1pyrimidin-2-01-1- oxide)-
iron(lll) complex 5 21 mmol (4.73 g) 4-methy1-6,7-clihydro-5H-cyclopenta[d]pyrimidine-2- 01-1-oxide
hydrochlorldr(wmmwwmfr@lw%}P@: WESB fisEQvadigii0anbiates 2nded. A amahd -89 9)

FeC13116H20 dissolved in 5 m
complex
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i5 mmel {574 g, approximately 58 % purity, 42 % ammonium
chloride) 4-methyl-6-(2-methylpropylipyrimidine-2-ol-1-oxide
hydrochloride were dissaived in 25 mi water and 5.0 mmol {1.35 g)
10 FeCls®éH20 dissolved in 2 ml water were added. The solution was
adjusted fo pH 5.88 with 29.2 ml 1 M NaOH and stirred for 0.5 1. The
product was filtered off, washed with water and dried in o vacuum
drying oven at 50 °C. There was obtained 3.00 of the title

compound.

IR {in substance, cm'): 2959, 2929, 2872, 1598, 1549, 1513, 1442,
1434, 1400, 1355, 1289, 1233, 1151, 1122, 1102, 1034, 990, 928, 879,
B53, 799,769, 701, 648, 606, 575,
CHN-glementary analysis: C, 53.71; M, 6.40: N, 13.92.

20  Fe-content: 9.29% [m/m]



10 water were added. The solution was adjusted to pH 5,96 with 41.6 ml 1 M NaOH and stirred for 0.5
h. The product was filtered off, washed with water and dried in a vacuum drying oven at 50 DC. There
was obtained 3.8 g of the title compound. 15 IR(insubstance, 1382,1359,1311, 945, 904, 881, 836,
cm-l):2918,9§61,23‘26;}1599,1571,1499, 1279,1232,1208,1173,1100,1067,1043,1013, 761, 733, 663,
566, 528, 499°14¥8'9P0, CHN-elementary analysis: C, 50.36; H, 4.98; N, 14.88. Fe-content; 9.71%
[m/m] 20Chloride-content: 1.05% [m/m] 81 Example 11

Tris (et 6 & LA R A A P N RIS D mprex
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10.2 mmol [2.38 ¢g. acpproximately 82 % purity, 18 % ammonium
chloride) 4,5,6-trimethylpyrimidine-2-ol-1-oxide hydrochloride weare
dissolved in 5 ml water and 3.4 mmol [0.93 g} FeCl:*6H20 dissolved in
I ml water were added. The solution was adjusted to pH 6.04 with 19
10 ml T M NaOH and stirred for 0.5 h. The product was filtered off,
washed with water and dried in o vacuum drying oven at 50 °C.

There were obtained 1.72 g of the title compound.

IR {in substance, cm-'): 3424, 2925, 1593, 1510, 1439, 1377, 1234,
15 1188, 1160, 1109, 999, 935, 869, 803, 763, 720, 657, 613, 561.

CHN-elementary analysis: C, 45.43; H, 5.80; N, 14.12.

Fe-content: 10.68% Im/m]



N 55 mmol (14.3 g) 4-methy1-5,6,7,8-tetrahydrochinazoline-2-01-3-oxide hydrochloride were
dissolved in 30 ml water and 18.3 mmol (4.95 g) FeCIS 6H20 dissolved in 5 ml water were added. The
solution was 10 adjusted to pH 6.19 with 110.7 ml 1 M NaOH and stirred for 0.5 h. The product was
filtered off, washed with water and dried in a vacuum drying oven at 50 C. There was obtained 10.7 g
of the title ca@npenpdle I5IR (in substance, cm-1): 2932, 2859, 1586, 1510, 1446, 1421, 1377, 1348,
1308, 1267, 1229, 1189, 1168, 1100, 1079, 1057, 1030, 969, 889, 846, 824, 762, 704, 654, 614, 571,
507. CHN-elementary analysis: C, 53.25; H, 5.49; N, 13.76. Fe-content: 9.03% [m/m]
20Chloride-¢oistei- O 10 prdné -8R raxdmplp ii2midine -2-ol-1-oxide)-iron(ll1) complex
Tris-(4-propane-2-yOpyrimidine-2-01-1-oxide)ron(111) complex
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6.73 mmo! (3.8 g, approximately 37 % purity, 63 % ammonium
chloride} and 0.77 mmol {(0.31 g, approximately 53 % purity, 47 %
ammonium chloride] 5-chlocro-4,46-dimethyipyrimidine-2-ol-1-oxide
hydrochloride were dissolved in 25 ml of water and 2.5 mmol {0.48 g)
10 FeCls¥é6HO dissoived in 2 ml water were added. The solution was
adjusted to pH 5.96 with 14.8 ml 1 M NaOH and stirred for 0.5 h. The
product was filtered off, washed with water and dried in g vacuum
drying oven at 50 °C. There was obfained 1.37 g of the title

compound,

IR [in subsiance, cm-): 2929, 2363, 1688, 1589, 1509, 1431, 1390,
1375, 1196, 1169, 1092, 1016, 968, 847, 759, 694, 667, 553,
CHN-elementary analysis: C, 37.01; H, 2.83; N, 14.47.
Fe-conteni: 9.88% [m/m]

20



59.76mmol(1.869)4-(propane-2-yl)pyrimid ne-2-01-1-ox de hydrochlorid were dissolved in 5 ml water
and 3.25 mmol (0.88 g) FeCI3*-6H20 dissolved in 2l water were added. The solution was adjusted
to pH 6.04 with 18.5 ml 1 M NaOH and stirred for 0.5 h. The product was filtered off, washed with
water and dried in a vacuum 10drying oven at 50 C. There was obtained 1.64 g of the title compound.
IR(insubstaric8, ¢M-1)*3071,2965,2930,2871,1594,1540, 1510, 1467,1428,1373,
1309,1239,1204,1152,1132,1108,1049,970, 931, 15 881, 834, 809, 777, 733, 712, 645, 599, 552, 514.

Tris-(4-ethylpyrimidine-2-ol-1-oxide)-iron(ili) complex

%
|
H \N
=
\\‘\. ’// .
N o}
; 5
~ S NN
>3 H
S A
5?// e N S~
E
N[/l\\\N,fO
Py
|
!
5
63 mmol (11.13 g} 4-ethyipyrimidine-2-ol-1-oxide hydrochloride were

dissolved in 20 ml water and 21 mmol [5.48 g} FeCla*6HO dissoived
in 5 mt water were added. The sotution was adjusted 1o pH 4.17 with
125.6 mi 1} M NaOH and stirred for 0.5 h. The product was filtered off,
10 washed with water and dried in o vacuum drying oven at 50 °C.

There was obtained 9.52 g of the title compound.

IR [in substance, cm'): 3083, 2974, 2936, 2876, 1594, 1543, 1511,

1460, 1428, 1313, 1249, 1194, 1143, 1107, 1079, 1056, 991, 948, 811,
15 770, 748, 696, 639, 598, 531, 502,

CHN-elementary analysis: C, 44.67; H, 4.52; N, 17.36.

Fe-content: 11.40% [m/m]



CHN-elementary analysis: C, 47.53; H, 5.01: N, 15.84. Fe-content: 10.86% [m/m] (ICR)
Chloride-content: 0.60% [mini] 20 Example 13 Tris-(4-ethyl-6-methylpyrimidine-2-ol 1-oxide)ron(111)
complex 3.51mmol(0.69 g)of 4-ethy|-6-methylpyrimidxlﬁe-z-o!1-ox de hydrochloride were dissolved in 3
ml water and 1.17 mmol (0,316 g) 5FeCI3 * 6H20 were added. The solution was adjusted to pH 6.37
with 6.975 mlggf Na©@H and stirred further for 0.5 h. The product was filtered off, washed with
water and dried at 50 C in a vacuum oven. This gave 0.63 g (92% Fe-yield) of the title compound. IR
(neat, cm-1): 2970, 2936, 2876, 1750, 1685, 1601, 1552, 1511, 1462, 101441, 1404, 1386, 1362,
1308, 1231, FHA6( 3156 }L0B.AEPRy K9PARARS6 HO7. I 270 ShN lerBeniRapalysis: C,
42.43; H, 5.43; NJ, 14.03. Fe content: 9.5% [w / w] 15Example 14
Tris-(5-ethyl-4,6-dimethylpyrimidine-2-ol 1-oxide)-iron(lll) complex

Y
e

Q |
| |

D e
\\\\ ’/ \N:/
-

o gl .\\“O/J\
N/J\\ e
A

11.4 mmol (2.17 o 4-ethyl-4-methyipyrimidine-2-ol-1-oxide
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hydrochlorid were dissolved in 5 ml water and 3.8 mmol {1.03 g)
FeClz*6H:O dissolved in 2 mi water were added. The solution was
adjusted 1o pH 6.3 with 22.7 ml 1 M NaOH and stirred for 0.5 h. The
10 product was filtered off, washed with water and dried in a vacuum
drying oven at 50 °C. There was obtained 1.89 g of the title

compound.

IR [in substance, cm-'): 3515, 3080, 2974, 2938, 1598, 1550, 1516,
15 1461, 1427, 1401, 1317, 1257, 1229, 1149, 1104, 1040, 1035, 985, 918,
851, 813, 768, 681, 651, 557, 522.
CHN-elementary analysis: C, 47.48; H, 5.44; N, 15.81.
Fe-content: 10.32% [m/m)]
Chioride-content: 0.0% [m/m]
20



84 6.68mmol(1.44g)5-ethyl-4,6-d methylpyrimidine-2-ol1-oxide hydrochloride (Yamaguchi et al., J.
Inorg. Biochemistry 2006, 100, 5 260-269) and 2.23 mmol (0.485 g) of FeCI3* 6H20 were dissolved in
7 ml of water. The solution was adjusted with 1 M N&OH to pH 6.0 and stirred for 0.5 h. The product
was filtered off, washed with water and dried at 50 C in a vacuum oven. This gave 0.98 g (75% Fe
yield) of the titie,p9pNRoypd. 10IR (neat, cm-1): 2965, 1589, 1512, 1450, 1375, 1228, 1181, 1100,
1057, 1011, 958, 863, 768, 716, 685, 664. CHN elemental analysis: C, 49.67; H, 5.83; N, 14.52.
Fe-content: 9.54% [w / wj Chloride content: 0.0% [w / w] 15 Example 15
Tris-(4-tert-brityd pyAirpiing 13-, T-QEGHIEDEH) 69 e TRt A1 8MA - 01-1- o xide)-
4-tert-butylpyrimidine-2-ol 1-oxide hydrochloride were dissolved in 15 ml water and 11.84 mmol (3.20
g) FeC136H58 ™ WEr& 888RIE Fhe suspension was adjusted to pH 6.1 with 69.4 ml of 1 M NaOH and
stirred further for 0.5 h. The product was filtered off, washed with water and dried at 50 C in a vacuum
oven. This gave 6.44 g (99% Fe-yield) of the title compound.

&/ ~ ///A\
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2V mmot {4.73 g} 4-methyl-é,7-dihydro-5H-cyclopentald]pyrimidine-2-
ol-1-oxide hydrochlorid {content approximately 90 %) were dissolved
in 30 m! water and 7.0 mmol {1.89 g) FeCl:*46H20 dissolved in 5 ml
10 water were added. The solution was adjusted o pH 5.96 with 41.6 mi
P M NaOH and stirred for 0.5 h. The product was filtered off, washed
with water and dried in o vacuum drying oven at 50 °C. There waos

obtained 3.8 g of the tifle compound.

15 IR {in substance, cm-'): 2918, 2361, 2326, 1599, 1571, 1499, 1429,
13382, 1359, 13171, 1279, 1232, 1208, 1173, 1100, 1047, 1043, 1013, 970,
945, 904, 881, 836, 761, 733, 663, 566, 528, 499.
CHN-elementary analysis: C, 50.36; H, 4.98; N, 14.88,
Fe-content: 2.71% [m/m]

20 Chloride-content: 1.05% [m/m]



IR (neat, cm-1): 2965, 1598, 1535, 1506, 1477, 1419, 1364, 1339, 1273, 101238, 1217, 1159, 1122,
1025, 967, 829, 810, 779, 717, 701. Fe content: 10.15%/ w] Chloride content: 0.65% [w / w) Example
16 15 Tris-(5,6-dimethylpyrimidine-2-ol 1-oxide)ron(lll) complex 86 14,4 mmol (2.93 g)
5,6-dimethylpyrimidin-2-ol hydrochloride were dissolved in 20 ml water and 4.6 mmol FeCls (0.76 g)
dissolved inExGmipifevhier were added. The solution was adjusted with 6.26 ml of 1 5 M NaOH to pH
5.8 and stirred for 0.5 h. The product was filtered off, washed with water and dried at 50 C in a
vacuum oven. This gave 2.22 g (92% Fe-yield) of the title compound. IR (neat, cm-1): 3409, 1613,
1518, 1443114084 1361t hylad,6.728 - ielya hyidro abors 200n,e380 0162; 7xid eDdrmn éldhhental
analysis: Qé‘@rﬂaib‘xdﬂ%? N, 15.85. Fe content: 10.68% [w / w] Chloride content: 1.1% [w / w]
ExampISe 17 15

55 mmol [14.3 g} 4-methyl-56,7 8-tetrahydrochinazoline-2-0l-3-oxide
hydrochloride were dissolved in 30 ml water and 18.3 mmol {4.95 g}
FeCls"6HO dissclved in 5 mi water were added. The solution was
0 adjusted to pH 6.19 with 110.7 mi 1 M NaOH and stirred for 0.5 h. The
product was filtered off, washed with water and dried in a vacuum
drying oven at 50 °C. There was obigined 10.7 g of the title

compound.

15 IR {in substance, cm): 2932, 2859, 1586, 1510, 1446, 1421, 1377,
1348, 1308, 1267, 1229, 1189, 11468, 1100, 1079, 1057, 1030, 949, 889,
846, 824, 762, 704, 654, 614, 571, 507.

CHN-glementary analysis: C, 53.25; H, 5.49; N, 13.76.
Fe-content: 2.023% im/m)]
20 Chloride-content: 0.0% [m/m]



Tris-(6-n-propylpyrimidine-2-ol 1-oxide)ron(111) complex NO 2015 mmol (2.97 g)
6-n-propylpyrimidine-2-ol 1-oxide hydrochloride ands&d mmol (1.334 g) FeCI3 6H20 were dissolved in
42 ml water and 18 ml of ethanol and maintained at 50 C. 30% sodium hydroxide solution was added
to pH 5.2 and the syspe sion was cooled to room temperature. The product was filtered off, washed
25with watef and dried £ 50 C in a vacuum oven. This gave 2.2 g (85% Fe-yield) of the title
compound. IR (neat, cm-I): 3072, 2961, 1594, 1541, 1507, 1460, 1426, 1380, 1337,1 2 4 6, 1141,

1108, 1088,,9.79, 870, 838, 799, 7 733, 691. 87 Fe content: 1074% H Chlorjde content: 0.0%
W/ w] ExarﬁBFe’E%‘g rsf’(ﬂf“((?ﬁi;)’ﬁjrﬁi ’c%}B;'/‘r%Fﬂi%i'r%é-‘ibfi‘-’o’%iﬁg RIS E%? c%‘r’r{B|8>|<eo"0!"11"k v\
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5 9.76 mmo! {1.86 g) 4-{propane-2-ylipyrimidine-2-cl-1-oxide

hydrochliorid were dissolved in 5 ml water and 3.25 mmol [{0.88 g)
FeCls*6H20 dissolved in 2 ml woter were added. The solution was
adjusied fo pH 6.04 with 18.5 mi 1T M NaOH and stirred for 0.5 h. The
product was filiered off, washed with water and dried in a vacuum
10 drying oven at 50 °C. There was obtained 1.64 g of the title

compound.

IR [in substance, cm'): 30771, 2945, 2930, 2871, 1594, 1540, 1510,

1467, 1428, 1373, 1309, 1239, 1204, 1152, 1132, 1108, 1049, 70, 931,
15 881, 834, 809, 777,733,712, 645, 599, 552, 514,

CHN-elementary anaiysis: C, 47.53; H, 5.01; N, 15.84.

Fe-content: 10.86% [m/m] {iCP)

Chloride-content: 0.40% [m/m]

20 Example 13

Tris-(4-ethyl-4-methylpyrimidine-2-ol 1-oxide)-iron(lil} complex



ON O N 103mmol(0.602g)4-(ethylamino)-pyrimidine-2-ol1-oxide hydrochloride (Yamaguchi et al, J.
Hong Biochemistry 2006, 100, 260- 269) were dissolved in 20 ml water, and 1 mmol (0.27 g) FeCI3
6H20 dissolved in 2 ml of water were added. The solétion was adjusted with 1 iv) NaOH to pH 5.7 and
stirred for another 15 min. The product 15was filtered off, washed with water and dried at 50 C in a
vacuum oven. This gave 0.43 g (85% Fe-yield) of the title compound. IR (neat, cm-"): 3287, 2975,
1620, 1588, 1531,i1490, 1448, 1381, 1344, 1283, 1254, 1178, 1156, 1096, 1066, 1014, 826, 784, 754,
708 Fe-content: ¥1:03% [w / w] 20Chloride content: 0.47% [w / w] 88 Pharmacological testing method:
The excellent Fe utilizations that can be accomplished through the Fe complexes according to the
invention wer by means 5of the following mouse model. Male NMRI (SPF) mice
(approximately 3 vgeeks!old) vgg\re/f d a low- iron diet (approx. 5 ppm iron) for approximately 3 weeks.
The iron

Ty

3.5T mmol (0.69 g} of 4-ethyl-é-methylpyrimidine-2-o0l 1-oxide

hydrochioride were dissolved in 3 ml water and 1.17 mmol {0,316 g)
5 FeCls * 6H20 were added. The solution was adjusted to pH .37 with

6.975 ml of 1 M NaOH and stirred further for 0.5 h. The product was

filtered off, washed with water and dried at 50 °C in g vacuum

oven. This gave 0.63 g [92% Fe-vield) of the titie compound.

(R [neat, cm ) 2970, 2936, 2876, 1750, 1685, 1601, 1552, 1511, 1442,
10 1447, 1404, 1386, 1342, 1308, 1231, 1196, 1154, 1106, 1056, 1034, 984,

844, 8O7, 790, 770.

CHN elementatl analysis: C, 42.43; H, 5.43; N, 14.03.

Fe confent: 9.5% {w / w]

15 Example 14

Tris-(5-ethyl-4,6-dimethylpyrimidine-2-ol 1-oxide)-iron{lll) complex



complexes were then administered to them by means of a stomach 10 tube (2 mg iron/kg body
weight/day) for 2 times 5 days, with an interruption of 2 days (days 1 - 5 and 8 - 12). Utilization on day
15 was calculated from the hemoglobin increase and the body weight increase in accordance with the

formula 5 Utilization (%) =Ai/on utilization *100 = (Feut.Control Fe Dos.Fe Dos.
]
|
N/,\O
! o
\ / \N S

Fe |
/’/ \ /J\ =

)\\\N/O

i ._
/Hf/\
~

6,68 mmol [1.44 g} S-ethyl-4,é-dimethylpyrimidine-2-0f 1-oxide

hydrochioride [Yamaguchi et al., J. Incrg. Biochemistry 2006, 100,
5 260-269; and 2.23 mmo!l [0.485 g) of FeCh * 6H.0 were dissolved in 7
ml of water. The solufion was adjusted with 1 M NaOH to pH 4.0 and
stirred for 0.5 h. The product was filtered off, washed with water and
dried at 50 © C in a vacuum oven. This gave 0.98 g {75% Fe yield) of
the title compound.
10 IR {neat, cm): 2965, 1589, 1512, 1450, 1375, 1228, 1181, 1100, 1057,
1011, 958, 863, 768, 716, 685, 664.
CHN elemental analysis: C, 49.67; H, 5.83; N, 14.52.
Fe-content: 9.54% [w / w]
Chioride content: 0.0% [w / w]

Example 15

Tris-(4-tert-butylpyrimidine-2-ol 1-oxide)-iron{ll!} complex



HI-1b2(3)BW4(14; - Hb]8\4/4)0.070.0034 - (Hbo(s) control BW9H5) Control - Hbi Control * BW4

Control) " 0.070.0034)]100/ Fe Dos. .
85

N @]
é\l/ O“Nl o
| e
N \NXO |
‘ P

- 35.5 mmol {7.65 g} 4-terf-butylpyrimidine-2-ol 1-dxide hydrochioride

were dissolved in 15 ml water and 11.84 mmol {3.20 g) FeClz * &H:0
5  were added. The suspension was adjusted to pH 6.1 with 6%9.4 mi of |

M NaOHM and stirred further for 0.5 h. The product was filtered off,

washed with water and dried at 50 ° C in g vacuum oven. This gave

6.44 g (99% Fe-yield) of the title compound.

IR [neat, cmi): 2965, 1598, 1535, 1506, 1477, 1419, 1364, 1339, 1273,
10 1238, 1217, 11589, 1122, 1025, 967, 829, 810, 779, 717, 701.

Fe content: 10.15% [w / w]

Chicride content: 0.65% [w / w]

Example 16

Tris-(5,6-dimethylpyrimidine-2-ol 1-oxide)-iron(ill) complex




20 [(Nazis) - BW9(14) - Hid]BW4) - 0.000238 - (Hb2(3) control 4 BW4(14) Control Hbl control * BW4
Control) 0.000238]100 / Fe Dos. 25=(Hloz(s] - BW9(14) - Hb] - BW4 - Hb2(3) Control - BW9i14 Control
+ Hb] Conhol BW4 Control) ' 0.0238 / Fe Dos. 0.07=Factor for 70 ml blood per kg body weight (BW)
300.0034=Factor for 0.0034 g Fe/g Hb Hb=Hemoglobin level (g/1) on day 1 Fib203,=Hemoglobin level
(g9/1) on day 8 (or 15) BW4=body weight (g) on day 1 89 131N9,14i=body weight (g) on day 8 (or 15)
Hbi Control =average hemoglobin level (g/? on day 1 in the control group, HIO2(3) Control Traverage

hemoglobin fedl (715 6h day’s (o8 155 iA-

imethylpyrimidin-2-0f hydrochloride were
dissolved in 20 m! water and 4.6 mmol FeCls (0.76 g} dissolved in 10

ml of water were added. The solution was adjusted with 46.26 mi of |

5 M NaOH fo pH 5.8 and stirred for 0.5 h. The product was filtered off,
washed with water and dried at 50 © C in a vacuum oven, This gave
2.22 g [92% Fe-yield) of the fifle compound.

IR {neat, cm): 3409, 14613, 1518, 1443, 1403, 1341, 1241, 1221, 1202,
1177, 1094, 1007, 880, 762, 714,
10 CHN elemental analysis: C, 40.77: H, 4.95: N, 15.85.
Fe conient: 10.68% [w / w]
Chicoride content: 1.1% [w / w]
Example 17

15
Tris-(6-n-propylpyrimidine-2-ol 1-oxide}-iron{lll) complex
N(\N

N/)\O
! o
\ / "\N \
,Fge /F\ !
?/ E\O N/
z
Nl/-k\w,o
W

200 185 mmol (2.97 @) é-n-propyipyrimidine-2-ol 1-oxide hydrochloride
and 5 mmel [1.334 g} FeCI3 * 6H20 were dissolved in 42 ml water
and 18 ml of ethanol and maintained at 50 °C. 30% sodium
hydroxide solution was added fo pH 5.2 and the suspension was
cooled fo rcom temperature. The product was filtered off, washed

25 with water and dried af 50 °C in o vacuum oven. This gave 2.2 ¢

[85% Fe-yield} of the title compound.
IR (neat, cm): 3072, 2961, 1594, 15471, 1507, 1460, 1426, 1380, 1337,
1246, 1141, 1108, 1088, 979, 870, 838, 799, 768, 733, 6%91.



5the control group, 31N4 Controlaverage body weight (g) on day 1 in the control group, 8W9114t
Control= average body weight (g) on day 8 or 15) in the control group, 10Fe Dos.=entire administered
iron (mg Fe) over 5 or 10 days, Fe ut.=(1-1b7(3)BW9{14,--- HloiBW4) - 0.07 0.0034 (mg Fe) A
Utilization=Fe tot. utilized (examined group) - Fe ut. Control group, utilized from food, (mg Fe) 15Table

1-iron utiIizggjogg:r[@g@mglg;&lg%LJ[tiJUzpt\i,Qpnﬁ d (abs. %) 89 803
Chioride content: 0.0% [w / w]

Example 18

5
Tris-(4-{ethylamino)pyrimidine-2-ol 1-oxide)-iron(lll) complex
...
()
N)\O
! o
\\\ ///’\W/A§j
Fe
O/ \DJ\N/\\g/\
.N/I\N/O
A
"
S
10 3 mmol (0.602 o} 4-lethylamino}-pyrimidine-2-0l l-oxide

hydrochloride [Yamaguchi et al, J. inorg Biochemistry 2006, 100, 240-
269} were dissolved in 20 mi water, and 1 mmol (0.27 g} FeCls * 6H20
dissolved in 2 ml of waler were added. The solution was adjusted
with 1T M NaOH to pH 5.7 and stirred for another 15 min. The product
15 was filtered off, washed with water and dried at 50 °C in a vacuum
oven. This gave 0.43 g (85% Fe-yield) of the title compound.
IR {neat, cm ). 3287, 2975, 1620, 1588, 1531, 1490, 1448, 1381, 1344,
1283, 1254, 1178, 1156, 1096, 1066, 1014, 826, 784, 754, 708
Fe-content: 11.03% {w / w]
20 Chioride content: 0.47% [w [/ w]
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Pharmacological testing method:

fhe excellent Fe utilizations that can be accomplished through the

Fe complexes according fo the invention were measured by means

5 of the following mouse model.

Male NMRI [SPF] mice [approximaiely 3 weeks old) were fed a low-

iron diet (opprox... 5 opm if{jn) for opproximd‘feiy 3 wé'eks. The ir&h

complexes were then aodministered to them by means of a stomach

0 tube (2 mg iron/kg body weight/day) for 2 times 5 days, with an

interruption of 2 days {days 1 - 5 and 8 - 12}. Utilization on day 15

was calculated from the hemoglobin increase and the body weight

incregse in geceordance with the formula

Airon utilization 100 (Fe ut.~ Fe ut.Control) = 100
FeDos. B FeDos.

15 |Utilization (%) =

1

[{Hb2z) « BWopigy - Hby « BW.) - 0.07 - 0.0034 — [Hbzisy control -

BWei14) conral — HB1 controt » BW2 contrat) » 0.07 - 0.0034)] - 100/ Fe
Dos.
20
= [{(Hbarsy » BWogrg) — Hby » BWa4) - 0.000238 — {HbD2(3) controt + BWopia
Control —
HD1 controt * BW2 contror] « 0.000238) - 100 / Fe Dos.
25 = (HDo23) » BWseig) ~ HbDy - BWs — HD2(3) control © BWe(i4) control + Hb
Cantrol
BWa conirai} - 0.0238 / Fe Dos.
0.07 = Factor for 70 ml blood per kg body weight [BW)
30 0.0034 = Factor for 0.0034 g Fe/g Hb
Hib: = Hemoglobin level {g/l) on day |
Hbaya = Hemoglobin level {g/l) on day 8 {or 15}

BWq4 = pody weight [g) on day |



example*. * Comparative example: As a comparative example the
tris(pyriclinone-2-ol-1-oxide)ron(111) complex compaund of the formula: N Swas prepared according
to EP 0138420 and tested to demonstrate the influence of the heterocyclic base body. EP 0138420
discloses in example 7 only tris(pyridinon-2-01-1-oxide)-iron(111) complex compounds which carry a
further substitiiént on the pyridike dngMengtibstituted tdsipyddinones2-01-1-oxideHron(111) complex
10 compoun used in_the pr ' le are not disclosed therein. As c e seen
from the resﬂ%ﬁ%?ﬁe 9fjlbove-mes;‘l?i%l;’lle gﬁéﬁﬁggégmﬁﬁ%[p r@dig)e{?coé}n}g%uﬂd (I)i eggr%w)ple 1
according to®hepresértiRention exhibits significantly improved iron utilization compared to the
comparative pyridine 15compoynd accerding 1o, ER,Q138420., 91 Claimsy, 0@('@% sLin
mtcline-2-01-1-oxidecomplexcompoundsor pharmaceutically acceptable salts thereof for the use as 5
medicaments? 2 Arn{IRY ébifplex compounds for use according to claim 1, containing at east one

ligand of thedoymula (., = average body weight {g) on day | in the control
aroup,
BWoriay contro = Overég.é body weight {g}on day 8 {or 15) in fh@
control group,
10 Fe Dos. = entire administered iron [mg Fe) over 5 or 10 days,
Fe ut. = {Hbais) - BWopgy— Hby » BW4) » 0.07 - 0.0034 {mg Fe}
A Utiization = Fe fot. ufilized {examined group) - Fe ut. Conitro!

group, ulilized from food, (mg Fe)

15  Table 1 - iron utlilizations:

Example-No. Uillization n 15 d
[abs. %)

89

80

74

76

not defermined
70
&4
82
69
10 70
11 74
12 55
16 57

~NOs QoL N O | o WO N

comparative 25

exampie”

*Comparctive example:



wherein the arrows respectively represent a coordinate bond to one or different iron atoms, and R,
R2, RS may be the same or d ereand are selected from the group consisting of: hydrogen, optionally
substituted alkyl, 20halogen, optionally substituted 5I‘I)<oxy, optionally substituted aryl, optionally
substituted alkoxycarbonyl, optionally substituted amino, and 25optionally substituted aminocarbonyl
or 92 5- or fsmemberedheng, WhICk may gptionally contain-pine enmoreeteroatoms; 0 (i1
pharmaceuticall @tcceptable salts thereof. 3.Iron(ll]) complex compounds for use according to claim 1

or 2, ScontaifingAEBaSP OB Tt S tHErdRATTY (@ wherein

4
A )

(@ Pt ——— R P A S Y

[
|

P |
oF

%
5  was prepared according o EP 0138420 and tesied 1o demonstraie

the influence of the heterocyclic base body. EP 0138420 discloses in
example 7 only tris{pyridinon-2-ol-1-oxide)-iron{ll) complex
compounds which carry a further substituent on the pyridine ring.
Unsubstituted fris{pyridinone-2-oi-1-oxide)-iron (i) complex
10 compounds as used in the present comparative example agre not
disclosed fh.ere'm. As can be seen from the resulis in the above-
mentioned fable the corresponding pyrimidine compound of
example 1 according to the present invention exhibits significantly
improved iron utilization compared to the comparative pyridine

15 compound according to EP 0138420.



10the arrows respectively represent a coordinate bond to one or different iron atoms, and R1, R2, R3
may be the same or different and are selected from.the group consisting of: 15hydrogen, optionally
substituted alkyl, halogen, optionally substituted alkoxy, optionally substituted aryl, 20optionally
substituted olkoxycarbonyl, and optionally substituted aminocarbonyl or Rl and R2 or R2 iand R3
together withiteresirbon atoms to which they are bonded, form an optionally substituted saturated or
unsaturated 255- or 6-membered ring, which may optionally contain one or more heteroatoms, or

pharmaceutically acceptable salts thereof. (X3 (I)
' 1. fron{lll})  pyrimidine-2-ol-1-oxide complex compounds or

pharmaceutically acceptable salis therecof for the wuse as

5 medicaments,

2. fron{lll) complex compounds for use according to claim 1,

containing at least one ligand of the formula (1)

wherain

the arrows respectively represent a coordinate bond to one or

different iron atoems, and

Ri, Rz, Rz may be the same or different and are selected from the
group consisting of:
- hydrogen,
- optionally substituted alkyl,
20 - halogen,
- opticnally substifuted alkoxy,
- optionally substituted arvyl,
- opticnally substituted alkoxycarbonyl,
- optionally substituted amino, and

25 - optionaily substituted aminocarbony! or

Ry and Rz or Rz and Rz fogether with the carbon atoms to which they

are bonded, form an optionally substituted saturated or unsaturated



wherein  the arrows respectively represent a coordinate bond to one or 5different iron atoms, and
RI, R2, R3 may be the same or different and are selected from the group consisting of: hydrogen
10optionally substituted alkyl, and halogen or Ri ant’R2 or R2 and R3 together with the carbon atoms
to which they are bonded form a 5- or 6-membered carbocyclic ring, 15 or pharmaceutically

acceptablessalts thereat- kol complexicomposnds aecarding to anyane 9k claims 1,19 4,

containing at least one ligand of the formula (1): gl) 0 wherein the arrows respectively represent a
coordinate ‘BB fo e ot diffePéift iFBR a@Hisc ally acceptable salfs thereof.

3. ron{lll} compiex compounds for use according to claim 1 or 2,

5 containing at least one ligand of the formula {1):

whearein

10 the arrows respectively represent o coordinate bond io one or

different iron atoms, and

Ry, Rz, R2 may be the same or different and are selected from the
group consisting of:
15 - hydrogen,
- optionally substituted alkyl,
- halogen,
- optionally substituted alkoxy,
- opticenally substituied aryl,
20 - optionally substituted alkoxycarbonyl, and

- opfionally substituted aminocarbonyl or

Ri and Rz or Rz and Rs together with the carbon atoms fo which they
are bonded, form an optionally substituted saturated or unsaturated
25  5- or &membered ring, which may optionally contain one or more

heferoatoms, or pharmaceutically acceptable salts thereof.

4, ron{ill} comptex compounds for use according 1o one or more

of claims 1 to 3, contfaining at least one ligand of the formula [1):



5RI, R2, R3 may be the same or different and are selected from the group consisting of hydrogen,
alkyl which may optionally be substituted by alkoxy, and halogen, or Rl and R2 or R2 and R3 form
together a propylene (-CH2-CH2-CH2-), a 10butylenie’ (-CH2-CH2-CH2-CH2-), azabutylene or
oxabutylene group, or pharmaceutically acceptable salts thereof, 6. Iron(lll) complex compounds
according to any one of claims 1 15 to 5, wherein RI, R2, R3 are identical or different and are selected
from the group consisting of hydrogen and alkyl, with the proviso that at least one of the substituents
R-, R2, and R3 is alkyl. 7. Iron(lll) compt%x compounds according to any one of claims 1 20to 6,
wherein wherein R2 is hydrogen, and Rl ang'R3 ahé each the same or different and are selected from
alkyl. 8lron(Ill) complex compounds for use acggrding to any of the C C1s 1 to 7 of the formula: ,"-
FR;R3 wherein Ri, R2, Rs may be the garfie or{ifferent and are defined as above, and
pharmaceutically acceptable salts thereof. 9. Irbn(lll) py\[mid ne-2-01-1-oxide complex compounds as
defined 5in any of claims 1 to 8 in solid form.

Y

N
\ 0

wherein

the arrows respectively represent a coordinate bond to one or

5 different iron atoms, and

Ri, Rz, Rz may be the same or different and are selected from the
group consisting of:
- hydrogen

10 - optionally subsiituted alkyl, and

- halogen or

Ry and R: or Ry and Rz together with the carbon atoms o which they

are bonded form a 5- or é-membered carbocyclic ring,

15
or pharmaceutically accepitable salts thereof.
5. iron{lll) complex compounds according to any one of claims !
to 4, containing at teast one ligand of the formuta [1):
Ry
i
R
pe
op
Rg/ \N/LO
l 5
\\
@\ %
N )
20

wherein



10. Iron(111) pyrimidine-2-01-1-oxide complex compounds according TO ciairn tor use as a
medicament. 1011.Iron(Ill) complex compounds accgggjing to any of the claims 1 to 8 and 10 for use in
the treatment and prophylaxis of iron deficiency symptoms and iron deficiency anemias and the
symptoms associated therewith. 1512.Iron(l1l) complex compounds for use according to claim 11,
wherein the symptoms include: fatigue, listlessness, lack of concentration, low cognitive efficiency,
difficulties in finding the ri rds,, forgetful unnatural pallor, irritability, acceleration of heart rate
(tachycardia){@%regtﬁéwggl rgﬁvgt%r? géui\,f gnﬁa%geﬁ%%seprlﬁerﬁ desire chrn S &gng%?&ggs 71(?:)icca))r,1 ﬁea%faches,
lack of appetitéfimteedsed susteptibility to infections, depressive moods. 13.Iron(lll) complex
compounds for use according to claim 11 for the treatment of iron deficiency anemia in pregnant
women, latent 25 iron deficiency anemia in children and adolescents, iron deficiency anemia caused
by gastréinteBtindl abRorMalitidscirbhalsfitiefop ar@itiiaréud te bldod lessesact as dastrointestinal
hemorrnhage &g, Bueda Higer sargnomaahemannolda fammareny Aisordeis: aKag of e
acetylsalicylic acid), iron deficiency anemia caused by 30 menstruation, iron deficiency anemia caused
by injuries, irbnifeficid A&y AnefmicCdie B 5ilbaIS Gpruey/iron deficiency anemia due to reduced

caused by iron deficiency anemia, brain function impairment caused by iron deficiency anemias,

restless leg Syn@rofmeeavisdd B iFOR ddfdidhés 8feRfdsCirBhaienitarey! anstnias i théledsecof

cancer, fon deficieney: qnemiascaused.by chemetherapisseinen deficiency anemias tigggred by
inflammation (Al), iron deficiency anemias in 5 the case of congestive cardiac insufficiency (CHF;
congestive heart failure), iron deficiency anemias in the case of chronic renal insufficiency stage 3-5

(CDK 3-5; cheenitkidneyiseasesi gtagec3-p).dion:daficiensy: angmias triggered by chronic
inflammation (ACD), iron deficiency anemias in the case of rheumatoid arthritis (RA), iron 10
deficiency anemias in the case of systemic lupus erythematosus (SLE) and iron deficiency anemias in
the case of irflammiatonyibpwee diseases (BR) urilds Irnt heamplexcempounds for use ageording to
any ong.of Lpthe claims L1 gand,10.wherein; the iron(lil) complex compound s ¢ serected

from the group consisting of nydrogen and alkyl, with the proviso

that at least one of the substituents Ry, Rz, and Rz is alkyl.

7. fron{lll] complex compounds according to any one of claims |
20 to 6, wherein wherein Rz is hydrogen, and Ry and R; are each the

same or different and are selected from alkyl,

8. ron{ill] complex compounds for use according to any of the

claims 1 to 7 of the formuia:

25



administered orally. 15. Iron(lll) complex compounds for use according to claim 14, wherein a solid
formulation such as pills, tablets, enteric-coated 20tablets, film tablets, layer tablets, sustained release
formulations, depotformulations,dragees,suppositories,granulates,
microcopsules,microformulations,nanoformulations,capsules, enteric-coated capsules and powders, or
a liquid forfMIEGEH intluding & dffkableFothfalafish Such 44 5655p, ¥kl U] pShspension,
juice is adnaipistesed; N6 JWedicament icontajning droplit)-cenaplex eamprasnds as defined in any one
of claims 1 to 9. 3017.Medicament, containing iron(ll() complex compounds as defined in any one of
claims 1 to 9 and at least one physiological compatible carrier or excipient. 97 18.Composition
containing fron(lll}eompléxcompatinds ascdefined deany anel ok cdadimssbiord incombination with at
least one fyrgttg}erg megicgment \{vt}ichgacts on ct:!”l? iron metabolism.

y of claims o &n solic form.

10, dron{ill) pyrimidine-2-ol-1-oxide complex compounds according

TOEIGM Y Toruse as a medicament.

10 11, fronlill) complex compounds according 1o any of the claims |
to 8 and 10 for use in the treatment and prophylaxis of iron
deficiency symptoms and iron deficiency anemias and the

symptoms associated therewith.

15 12, lronllll] complex compounds for use according to claim 11,
wherein the sympfoms inciude: fatigue, listlessness, lack of
concentration, low cognitive efficiency, difficulties in finding the
right words, forgetfulness, unnatural palior, irritability, acceleration
of heart rate (tachycardia}, sore or swollen tongue, enlarged

20 spieen, desire for strange foods (pica), headaches, lack of appetite,

increased susceptibility o infections, depressive moods.

13.  lron{lll) complex compounds for use according to claim 11 for
the treatment of iron deficiency anemia in pregnant women, latent
25  fron deficiency anemia in children and adolescents, iron deficiency
anemia caused by gastrointestinal abnormalitfies, iron deficiency
anemia due to blood loss, such as gastrointestinal hemorrhage {e.g.
due 1o ulcers, carcinoma, hemorrhoids, inflammatory disorders,
taking of acefyisalicylic acid}, iron deficiency anemia caused by
30 menstruation, iron deficiency anemia caused by injuries, iron
deficiency anemia due to psilosis [sprue), iron deficiency anemia
due 1o reduced dietary iron uptake, in particular in selectively
eating children and adolescents, immunodeficiency caused by iron

deficiency anemia, brain function impairment caused by iron



76

deficiency anemias, restless leg syndrome caused by iron deficiency
anemigs, iron deficiency anemias in the case of cancer, iron
deficiency anemias caused by chemotherapies, iron deficiency
anemias friggered by inflammation [Al}, iron deficiency anemias in
the case of congestive cardiac insufficiency [CHF: congestive heart
failure), iron deficiency anemias in the case of chronic renal

insufficiency stage 3-5 {CDK 3-5; chronic kidney diseases stage 3-5),

20

25

30

Tiron"deficiency anemias friggered by chronic inflammation [ACD),

iron deficiency anemias in the case of rheumatoid arthritis [RA]), iron
deficiency anemias in the case of systemic lupus erythematosus
[SLE] and iron deficiency anemias in the case of inflammatoery bowel
diseases [IBD).

4. Jron{lily complex compounds for use according o any one of
the claims 1 fo 8 and 10, wherein the iron{lll} complex compound is

administered orally.

5. fron{lll] complex compounds for use according fo claim 14,
wherein a solid formulation such as pilis, tablets, entferic-coated
tablets, film tablets, laver tablets, sustained release formulations,
depot formuiations, dragees, suppositories, granuiates,
microcapsules, microformulations,  nanoformulations, capsules,
entferic-coated capsules and powders, or a liguid formulation
including a drinkable formulation such as a syrup, elixir, solution,

suspension, juice is administered.

16, Medicament, confaining iron{lll] complex compounds s

defined in any one of claims 1 to 9.

17.  Medicament, containing ironlill) complex compounds as
defined in any one of claims 1 to 9 and af least one physiological

compatibie carrier or excipient.
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18.  Composition contfaining iron{lll) complex compounds as
defined in any one of claims 1 to 9, in combination with at least one

further medicament which acts on the ron metabolism.




