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Fe(lll} complex compounds for the freatment and prophylaxis of iron

deficiency symptoms and iron deficiency anemias
Description:

Introduction:

ne invention relates to iron{if}-pyrimidine-2-ol-1-oxide compiex

compounds and pharmaceutical compositions comprising them for
the use as medicamenis, in parficular for the freatment and/or

prophylaxis  of iron deficiency sympfoms and iron deficiency

anemias.
Background:

ron is an essentfial trace element for almost all organisms and is
relevant in particular with respect to growth and the formation of
blood. The balance of the iron metfabolism is In this case primarily
regulated on the level of iron recovery from hemoglobin of ageing
grythrocytes and the duodena!l absorption of dietary iron. The
released iron is faken up via the intestine, in particular via specific
transport systems  {DMT-1,  ferroportin,  fransferrin, transferrin
receptors), fransferred into the circulatfion and thereby conveyed tfo

the cppropriate fissues and organs.

in the humon body, the element iron is of great importance for
oxygen iransport, oxygen uptake, cell functions such as
mitochondrial electron fransport, and ultimately for the entire

energy metabolism.

On average, the human body contains 4 to 5 g iron, with it being

present in enzymes, in hemoglebin and myoglobin, as well as depot

or reserve iron in the form of ferritin and hemosiderin.
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Approximately half of this iron, about 2 g, is present as heme iron,
bound in the hnemoglobin of the eryihrocytes. Since fhese
erythrocytes have only a limited lifespan [75-150 days), new ones
have fo be formed constantly and old ones eliminated {over 2
million erythrocytes are being formed per second). This high

regenerative capacity is achieved by macrophages phagocytizing

’rn emg eryhrocwes, ;\/; ng mem Gnd *‘hus mcycllng the ;ron 1hJ>

.:3 Gmec or bm iron meitabolism. T*ﬂe amount of iron of ch)uf 2*~ mg

required daily for erythropoiesis is thus provided for the main part,

ihe daily ron requirement of an adult human is between 0.5 to 1.5
mg per day, infanis and women during pregnancy require 2 to 5 mg
of iron per gay. The daily iron loss, e.g. by desguamation of skin and
epithelial cells, is low; increased iron loss cccurs, for example, during

4

menstrual hemorrhage in women. Generally, blood loss can
significantly reduce the iron level since about 1 mg iron is lost per 2
mi blood. In a healthy human adult, the normal daily loss of iron of
about T mg is usually replaced via the daily food intake. The iron
ievel is regulated by absorption, with the absorption rate of the iron
present in food being befween 6 and 12 %; in the case of iron
deficiency, the absorption rate is up to 25%. The absorption rate is
regulated by the organism depending on the fron requirement and
the size of the iron store. In the process, the human organism utilizes
both  divaient as well as frivalent iron fons. Usually, iron{ii)
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 intestine by mucosal cells. in
the process, frivalent non-neme iron is first reduced in the intestinal
cell membrane 1o Felll) for absorption, for example by ferric
reductase (membrane-bound duodenal cyiochrome b), so thai it

can then be fransporfed into the intsstinal cells by means of the

Q.

fransport protein DMTL [divalent metal transporfer 1), In confrast,
heme iron enters the enferocytes through the cell membrane

without any change. In the enterocytes, iron is either stored in
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ferritin as depot ron, or discharged info the blood by the fransport
protein ferropcertin, Hepcidin plays a cenfral role in this process
because it is the most important regulating factor of iron uptake.
The divalent iren transporfed info the biood by ferroporiin s
converted into  trivalent  iron by oxidases [ceruloplasmin,

1

hephaestinl, the trivalent ron then being transporied to the relevant

laces m ’fho c;rgomsm by ’mmf@n in (s(ﬁe fO! @xompf %cjlauc.no
aeis: moéa;c:t ar f“om‘roi of mmmmghqr iron mefab ui:s . M W
H

entze, Cell 117,2004,285-297 )

Mammalian organisms are unable to actively discharge iron. The

iron metabolism is substantially controlied by hepcidin via the

celtutar release of iron from macrophages, hepatocytes and

in pathological cases, a reduced serum iron level leads to «
reduced hemoglobin level, reduced erythrocyte production and
thus o anemia.

External symptoms of anemias inciude fatigue, pallor as well as
reduced capacity for conceniration. The clinical symptoms of an
anemia include low serum iron  levels [hypoferremic), low
nemogliobin levels, low hematocrit jlevels as well as a reduced
number of erythrocytes, reduced reficulocytes and elevated levels

of soluble transferrin recepiors.

fron deficiency sympfoms or iron anemias are treated by supplying
iron. In this case, iron substitution takes place either orally or by
infrovenous iron adminisirafion. Furinermore, in order o boosi
erythrocyte formation, eryihropoiefin and other erythropoissis-
stimuiating subsiances can also be used in the freatment of

agnemias.

Anemia can often be traced back to malnufrition or iow-iron digts or

imbalanced nutritional habits low in iron. Moreover, anemias ococur
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due 1o reduced or poor ron absorpfion, for example because of
qgastroectomies or diseaseas such as Crohn's disegse. Moreover, iron
deficiency can occur as a conseguence of increased blood loss,
such as because of an injury, sirong menstrual bleeding or blood
donation. Furthermore, an increased iron requirement in the growth
phase of adolescents and children as well as in pregnant women is
know*‘x smc& smf“ d@ E“S‘,Cy not  only quds fo a reduced
mymrocy,e fmmm on. but thereby also o a poor oxygen supply of
the organism, which can lead to the above-mentioned symptoms
such as fatigue, pallor, reduced powers of concentration, and
especially in adolescents, fo long-term negative effects on
cognitive development, « highly effective and well folergted

therapy is of parficutar interest.
Through using the Fe{il!} compiex c‘:ompounds occerdéng to the

and iron deficiency anemias effectively by oral application without
having fo accept fhe large potential for side effects of the classical
preparations, the Felll) iron salfs, such as FeSOs, which is caused by
oxidative stress, Poor compliance, which often is the reason for the
deficient elimination of the iron deficiency condition, is thus

aveoided.
Prior art:

A multitude of iron complexes for the freatment of iron deficiency

conditions is known from the prior art.

A very large proporfion of these compliex compounds consists of

polymer structures. Most of these complex compounds are iron-

polysaccharide complex compounds (WO20081455584,
02007062 WO20040437865, US2003236224, EPYS0085). 1t s

precisely from this area that there are medicaments available on
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the market [(such as Maitofer, Venofer, Ferinject, Dexferrum,

Ferumoxytol}.

Another large porfion of the group of the polymer complex
compounds is comprised of the iron-peptide complex compounds
ICNT01481404, EP939083, JPDO2083400).

There are also Fe complex compounds described in the literoture

that  ore structuraily derived from macromolecules such  os
hemoglobin, chlocrophyll, curcumin  and heparin (US474470,
CN1487089, Biometals, 2009,22,701-710).

Moreover, low-molecular Fe complex compounds are also described
in the litercature. A large number of these Fe complex compounds
comprises carboxylic acid and amino acids as ligands. In this case,
the focus is on aspartate (US2009035385) and citrate [EP308362} as
figands. Fe complex compounds containing derivatized
phemy%oicmme groups as lHgands are also described in this confaxi
(E52044777).

Hydroxypyrone and hydroxypyridone Fe c:omp%ex compounds are
also described in the literature [EP159194, EP138420, EP107458). The
orresponding  S-ring sysiems, the hydroxyfuranone Fe complex
compounds, are also described in analogy thereto (WO2006037449).
[ particular, the hydroxypyridone Fe compliex compounds, however,
nave comparatively low water solubility, making them less suitable,
especially for oral adminisiration. Furthermore the hydroxypyridone

Fe complex compounds have comparafively low iron utilization.

Moreover, irc;n—cyc%op@ntod%@my[ complex compounds are aiso
described in the literaiure [GB842637).

Furthermore, 1-hydroxy-4,6-dimethvl-2{1H]-pyrimidone are described

=
——f
-
6]

Hterature as Fellll) ligands [Bull. Chem. Soc. Jpn., 64, 841 ~ 841
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(1993}, and as o possible structure of o corresponding iron(ii)

complex the following struciure is specified
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[see also "Reviews On Heferoatom Chemistry™, vel. 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 nof
croposed or used as medicamenis, such as especially for the
treafment of iron deficiency symptoms. The same authors suggest
only the wuse of hexadentate 1-hydroxy-TH-pyrimidine-2-one
compounds as ron sequestering ogents for freatment of iron
overload conditions such as thalassemia (1. Org. Chem. 1997, 62,
3618 ~— 3624}, By the adminisiration of hydroxy-pyrimidinone
compounds to the body for the freatment of thalassemia ron might
be removed ~ so no iron will be supplied - as in the freatment of ron
deficiency anemic by adminisiration of iron complex compounds in
accordance with the present invention.

J.AmMm. Chem. Soc. 1985, 107, 6540 -~ 6544 describes tefradentate 1-
hydroxy-TH-pyridine-2-one compounds as figands and a binuciear

iron complex compound therewith, The possibility fo use the ligands

foriron sequestering is mentioned, too. Similarly, morgamco Chimica
Acta, 135 [1987) 145 - 150 discloses the use of I-hydroxy-1H-

oyridine-2-ones as agents for masking iro:
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fron salts {e.g. iron{il] sulfate, won{ll) fumorate, ironlilly chloride,
iron{itl  aspartate, ironlil] suvccinate] are  another important

ron deficiency symptoms and

constituent for the ifregifment of

deficiency anemidus.

These fron solts are very problematic in that, in part, they are highly

incompatibie lup o 50%) in the form of nausea, vomiting, diarrhea
a

cofalyze the formation [(infer alla Fenion reaction) of reactive
oxygen species (ROS) occur during fhe use of thess iron{ll} salis
These ROS cause damage fto  DNA, lipids, proieins s1ate)

carbohydrates which has far-reaching eftects in cells, fissue and
organs. This compiex of prob
fargely considered the cause for fthe high incompaiibility and

referred o os oxidative siress.

Therefore, iron(lil-1-hydroxy-1H-pyrnmidine-2-one or pyrimidine-2-ol-
T-oxide complex compounds, respectively, have not been desaribed
in the prior art neither as ¢ medicament nor in particuiar for the use

in the treatment and/or for prophylaxis of iron deficiency sympioms

and iron deficiency anemia so far.

Summary:

The object of the present disclosure lay in developing new

thercopeutically effective compounds that can be used for on

~d b
LT T 1 - - Fomyr 4 e e o b o b ey e 3 A A o g e £ 1 ~ - ;
effective therapy for the preterabiy oral freaiment of iron deficiency

symptoms and iron def%ciency anemias. In this case, theses iron

Py JURN R B - T~ + N NE PN tiy, N N . LE e
complexes were supposed o exhibit significantly fewsr side effects
by Im ol g i\ Cie et D ity 4 i T -~

than  the oiossically used Felll] salis. Furtharmors, ihese  iror

complexeas, in confrast o the known polymeric iron compiex

compounds, were, It possibie, supposed o have a defined structure

,_.._

* o o o SN B
stoichiometry] ond bea pre

(D

pardabie by simpie synthesis processas.

1

Finally, the ifron complex compounds should have o very low toxicity

iso obstipation and cramps. Moreover, free iron(ll) ions which



and can be therefore administered in very high dosages. This goal
was achisved by fhe development of novel Fellll)] complex

compounds.

Furthermore. the novel iron complexes were supposed 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 fron

“directly to the ferritin or the fransferrin or to reach the bloodsiream

directly as an intact complex. Because of their properties, these
new compiexes are supposed 1o virtually not lead fo the occurrence
of high concentrations of free iron ions. For it is precisely the free

iron ions that lead fo the occurrence of ROS which are ultimately

responsible for the side effects that occur.

In order ifo be able 1o meet these reqguirements, the inventors
developed new Fe(lll}] complex compounds with a moleculor weight
that is not too large, medium lipophila and an optimal complex

stability,
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In an aspect, there is provided iron(III) pyrimidine-2-ol-l-oxide

complex compounds, containing at least one ligand of the formula (I):

‘T1
sz‘ Sy

wherein

the arrows respectively represent o coordinate bond 1o one or different

iron afoms, and

Ri, Rz, Rz may be the same or different and are selected from the group
consisting of:
~ “hydrogen,
. optionally substituted alkyl,
- halogen,
optionally substituted alkoxy,
- optionally substituted aryl,
- optionally substituted alkoxycarbonyl,
- optionally substituted amino, and

- opfionally substituted aminocarbonyl or

R: and Rz or R2 and Rz together with the carbon ctoms to which they

are bonded, form an optionally substifuted saturafed or unsaturated
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5- or é-membered ring, which may optionally contain one or more
heteroatoms, or pharmaceutically acceptable salts thereof, for use as

medicaments.

In another aspect, there is provided iron(III) pyrimidine-2-o0l-1-

oxide complex compounds as defined herein in solid form.

In another aspect, there is provided the use of iron(III)
pyrimidine-2-ol-1-oxide complex compounds as defined herein in the
manufacture of a wmedicament for treatment and prophylaxis of iron

deficiency symptoms and iron deficiency anemias and the symptoms

associated therewith.

In another aspect, there 1is ©provided medicament, containing
lron(III) complex compounds as defined herein and at least one

physioclogical compatible carrier or excipient.

In another aspect, there 1is provided composition containing
iron(III) complex compounds as defined herein, in combination with

at least one further medicament which acts on the iron metabolism.

Description of the invention:

The inventors surprisingly found that Felill) complex compounds with
nyrimidine-2-cl-1-oxide ligands were particularly suitable for the
above-described requirements. It was possible to demonsirate that
these Fe complex compounds exhibited g high iron upicake, whereby
a quick therapseutic success in the treatment of iron deficiency
anemia could be achieved. Especially in comparison fo iron salls,
the compiex compounds according to the invention exhibited o
faster and higher utilization. Furthermore, these new sysiems have
significantly reduced side effects than the classically used iron salfs

since there is no noteworthy occurrence of free iron irons in this

O

ase. The complex compounds according 1o the invention exhibit
almost no oxidative siress since there is no formaiion of free

2

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

these complex compounds than in the case of the Fe salts known

it
H

from the prior art. The complex compounds exhibit good stability af
various pH value ranges. Furthermore, the iron complex compounds

medicaments, in particular

[

Thus, the subject maiter of

therapeutic freatment of the human body, respeactively.

have a very low toxicily and can therefore be administered in high

dosages without side effects. Finally the complex compounds can
T :

for oragl administration.

$
i
L

and are optimally suitable for the formulation of
e invention

=)
R 5

renfiit-pyrimidine-2-ol-
l-oxide complex compounds or their pharmaceutically acceptable
salts for use as medicaments or synonymous for use in g method for

The iron{ill)-pyrimidine-2-oi-1-oxide complex compounds as used in

accordance with the present invention particularly include

compounds with comprise the following structural element:

wherain

Worespectively

the iron atom.

the terms

IR
Ln

“pyrimidin

o~

"pyrimidine-2-oi-1-oxide",

i
oL

valence and the arrows respectively represent coordinate bonds fo
Thus,

such

i O

subsiiiuent

safurating  the free

ol-1-oxide compounds™ or

“pyrimidine-2-ol-1-oxide-"ligands
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according fo the invention include the corresponding hydroxy

starfing compounds

) > COorre . IF::,_; 3T ate Hao ol
5 as well as the corresponding deprctonated ligands

which are present in  the corresponding iron{ill) compiex
compounds.

10
Furthermore, according fo the invention the aforementioned fterms

do not only comprise the respective base body:

or the ligand compound resulting from deprotonating the underlying

wh
%

hydroxy compound

[ P—— It ) ~

i i

[ i

L
o N7

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 other substituents. Accordingly, in context

with the present inveniion the aforementioned fterms refer to ih

@

1

entire  class  of Tpyrimidine-2-ol-1-oxide” compounds and  ih

@
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deprotonated higands, including their representatives substifuted on
the pyrimidine ring.

Formally, a {deprotonated) pyrimidine-2-ol-1-oxide ligand according
to the present invention carries a negative charge. This means, that
in the case of three ligands per iron atom, the iron afom formally

”

has the oxidation state +3. It is clear o the person skilled in the art

-

[ Y P - s
i H 3

fhe shown Tormulas repraesgnt oy "une possipie” meéesanieric
formula and that there are several mesomeric formulas and that
delocalisation of the electrons in the ligands or in the iron complex
compound may be present, respectively, as shown hereinaffer

schematically.

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

arranged octahedratly.

Furthermore, mono- or polynuclear iron{ill} pyrimidine-2-oi-1~oxide
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 the
ron{ltll pyrimidine-2-ol-1-oxide complex compounds. Mononucliear
iron{itly pyrimidine-2-ol-1-oxide complex compounds with at least
one preferably iri-, preferably bidentate pyrimidine-2-0i-1-oxide
igands are preferred. Mononuclear iron{lll} pyrimidine-2-ol-1-oxide
. ounds with one {1} central iron atom and ihree (3]
ovrimidine-2-oi-1-oxide ligands are particularly preferred.

The iron{lll] pyrimidine-2-ol-1-oxide complex compounds are
generally present in neutral form. Howsever, sait like ironf{lif}
pyrimidine-2-oi-t-oxide complex compounds are also included, in

which the complex has a positive or negatlive charge which is
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compenscted, In particular, by pharmacologically compatible,
substantially non-coordinating anions  {such as, in particular,
halogenides, such as chloride) or cations lsuch as, in particuiar,

i

alkaline or alkaline-earth metal ions)

The iron{ill} pyrimidine-2-ci-1-oxide complex compounds according

to  the invention pomcuiorly include complex compounds,

“eomprising af least one, preferably a bidentate oyrimidine-2-ol-1-

xide ligand of the formula

wherein ™ respectively is  a  substifuent saturating ihe free
valence ot the ligands, which can, as shown above, bond to
even two different ron afoms in the sense of bridging.

ron{llt}y pyrimidine-2-oi-1-oxide complex compounds are preferred
which exclusively comprise praeferably bidentate pyrimidine-2-oi-1-
oxide ligands which may be the same or different. Furthermore,
iron({ii} pyrimidine-2-ol-1-oxide complex compounds are particularly
preferred which exclusively comprise fthe same pyrimidine-2-of-1-
oxide ligands and very particularly preferred are tris(pyrimidine-2-ol-

t-oxidej ron{iil) compounds.

Preferably, the molecular weight of the inventive iron (H}-pyrimidin-
2-ol t-oxide-complex compounds is less than 1000 g / mol, more
preferably less than 850 g / mol, still more preferably less than 700 g

/ mol {each determined from the sfructural formula)

in o particufarly preferred embodiment the iron{ill) complex

compounds according to the present invention comprise at laast



(@2

n

D
n

one, preferably three same or different, preferably same ligands of

the formula [1}):

y

wherein

the arrows respeciively represent o coordinate bond o one or

(2

I
14

)
—tn

ferent iron atoms, and

{

Ry, R2, Rz may be the same or different and are selected from the

group consisting of:

- hydrogen,

optionally substituted alkyl,

- haiogen,
- optionalily subsittuted alkoxy,

- optionally substituted aryi,

- opfionally subsiitute fkoxycarbonvi,

da
- opfionally substituted amino, and
- optionaily substituted aminocarbonyl or

Ry ond Rz or Rz and Rz fogsther with the carbon atoms to which they
are bonded, form an optionaily substituted saturated or unsaturated
5- or é-membered ring., which may optionally contain one or more

hetercatoms, or pharmaceutically acceptable salts thereof.

e

he above-mentioned ring formation of the substituents Ry and Rz or

Rz and Rz is schematically shown in the following formulas:
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A preferred embodiment of the present invention relates to these
ron{lil} complex compounds containing at least one ligand of the

5  formula (i}:

)
R,
P
i
b
Eo P
TAD e SN

whearein

10 the arrows respectively represent a cocordinate bond o one or

different iron atoms, and

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

e

group consisting of:

15
- hydrogen,
- optionally substituted alkyi,
- halcgen,
- optionagily substituted alkoxy,
200 - cptionally substituied arvi,
- opfionaily substituted alkoxycarbony!, and

- opiionally substituted aminocarbony! or
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R: and Rz or Rz and Rs together with the carbon atoms to which they
are beonded. form an opfionally substituted saturated or unsaturated
5- or é-membered ring, which may optionally contain one or more
i

hetercatoms, or pharmaceutically acceptable salis thereof.

A preferred embodiment of fthe present invention relates fo these
iron(l) complex compounds contfaining ot least one ligand of ih

Foas wsy dodut o
POTHTA {1,

ey
/ SN .
Ry N7 O
h (
! A\,

o) \

—~ '

(C>\\. S
.&é‘ i
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wherein the arrows respectively represent ¢ coordinate bond 1o one

or different iron atoms, and

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

oup consisting of:

hydrogen
- optionally substituted atkyl, and

- hatogen.

Within the overail context of the invention, optionally substituted
alkyl, in particutar for the substituents Ry to Ry, preferably inciudes:

straight-chained or branched alkyl with 1 to 8, preferably 1 to 6
carbon atoms, cycloatkyl with 3 io 8, preferably 5 or 6 carbon
atoms, or alikyl with 1 fo 4 carbon atoms, which is substituted with

cycloalkyl, wherein these alkyl groups can be optionally substituted.
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The above mentioned alkyl groups can be unsubstituted or

,..

substituted, preferably with 1 to 3 substituents. These substituents at
the alkyl groups are preferably selected from the group consisting
of: hydroxy, opfionally subsiituied aryl, in pariicular as defined
below, optionally substituted heteroaryl, in parficular as defined
betow, oplionally substituted alkoxy, in particular as defined below,

opifionally substifuted alkoxycarbonyl, in particular as defined

UheTowW, TOETIondIly SUbsTiiuied Geyl, in Tgditficuiar as defined below,

halogen, in particular as defined below, optionally substituted

aminc, in parficular as defined below, opfionally substituted

(l)

aminocarbonyt, in pariicular as defined below, and cyano.

Halogen includes here and within fo ithe coniext of the present

invention, fluorine, chiorine, bromine and iodine, preferably fluorine
or chlorine.
In the above defined alkyl groups, opfionally one or more, more

oreferably 1T to 3 carbon aloms con furthermore be replaced with
etero-analogous groups that contain nitrogen, oxygen or sulphur.

This means, in particular, that, for example, one or more, pfeferob%y
I to 3, still more preferred one (1] methylene group [-CHz-) can be
replaced in the alkyl groups by =NH-, -NRs-, -O- or ~S-, wherein Rs is
optionally substituted alkyl as defined above, preferably C:-Cy alkyl,
such  as methyl or ethyl, opfionally substituted with 1 {o 3

substituents, such as fluorine, chilorine, hydroxy or atkoxy.

Examples of alkyl residues having 1! to 8 carbon atoms include: o
methyl group, an ethyl group, an n-propyl group. an i-propyt groups

an n-bulyl group, an i-butyl group, a sec-butyl group., o i-bufyl
group, an n-pentyl group, an i-pentyl group. a sec-pentyl group, a 1-

pentyl group., o Z-methylbutyl group, an n-hexyl group, a -
methylpeniyl grouvp, « 2-mefhyipentyl group, o 3-methyipentyl

ke

group, a 4-methylpentyl group, a 1-ethylbutyl group, a 2-ethylbutyl

group, a 3-ethyibutyl group, a 1,1-dimethylbutyl group, o 2,2-
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dimethylbutyl group, a 3,3-dimethylbutyl group, o l-ethyl-l-
methylpropyl group, an n-hepityl group. a 1-methylthexyl group, a 2-
methylhexyl group, a 3-methythexyl group, a 4-methylhexyl group, «
S-methyihexyl group, ¢ T-ethyipentyl group, a 2-ethyipentyl group,
3-ethylpentyl group, o 4-ethyipentyl group, a 1,1-dimethylpenty

group, o 2Z.2-dimefhyipentyl group, a 3.3-dimethylpentyl group, «
4, 4-dimethylpentyl group, a t-propylbutyl group, an n-octyl groupn, «
\-methylheptyl group, a 2-methylheptyl group, o 3-methylheptyl
group, a 4-methytheptyl group, a S-methylheptyl group. a 6-

methylheptyl group, a 1-ethythexyl group, o 2-ethvihexy! group, a 3-
ethyihexyl group, o 4-efhyinexyl grovp, a S-ethyinexyl group, o 1,1-
dimethyihexyl group, a 2. 2-dimethyihexy! group, a 3,3-dimethylhexy!
group, a 4.4-dimethylhexyl group, a 5,5-dimethylhexyl group, a 1-
propyipentyt group, a Z-propylpentyl group, etc. Those with 1 to 4
carbon gtoms are preferred. Methyl, ethyl, n-propyl, iscprepyl, 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|[Rs}~ are
oreferably such groups in which one or more methyiene groups |-
CHe-) are replaced with ~-O- while forming an ether group, such as
methoxymethyl, ethoxymethyl, 2-methoxyethyl etc. Therefore, the
definition of alkyl aiso includes, for exampie, alkoxyalkyl groups as
defined below, which are produced from the above-mentioned alky!
groups by replacement of a methylene group with -O-. {f, according

fo the Iinvention, alkoxy group are additionally permiffed a3

i

substituents of alkyl, several ether groups can also be formed in this
manner [such as o ~CHa-O-CH-OCHs-group). Thus, according to the
invention, polyether groups are also comprised by the definition of
atkyl,

Cycloalkyl groups with 3 to 8 carbon atoms preferably include: o
cyclopropyl group, o cyclobulyl group, o cyclopeniyl group, «

cyclonhexyl group, o cycloheptyl group, a cyclooctyl group, etc.
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cyclopropyl group, a cyclebutyl group, a Cyclopeniyl group and a
Cyclohexyl group are preferred. The Cycloalkyl groups may
optfionally be substituted preferably with 1 to 2 substituents such as

nydroxyl or C-Cy altkoxycarbonyl.

The definition of the optionally substituted alkyl alse includes alkyl
Y y

1

groups which are substituted by the above metﬂixoweci ryf~ifel1fy§

Cgroups, T Tsuch as cyclopropylmethyl,  cyclobutylmethyl,

cyclopentyimethyl or cyclohexyimethyl,

Heterocyclic alkyl groups according io the invention are preferably
those formed by the replacement of methyliene with hetero-
analogous groups ifrom cycioaikyl, and include, for example,
saturated 5 or é-membered heterccyclic residues, which may be
attached via o coarbon atom or a nitrogen atom, and which
preferably may have 1 to 3, preferably 2 heferoatoms, especially O,
N, such as tetrahydrofuryl, azefidine-1-yl, substituted azetidinyl, such

as  3-hydroxyazetidin-i-yi,  pyrrolidinyl,  such  as  pyrrolidin-1-

substituted  pyrrolidinyt,  such  as  3-hydroxypyrrolidin-T-yl, 2~
hvdroxypyrrolidin-i-yi 2-methoxycarbonyipyrrofidin-1-yi, 2-
ethoxycarbonylpyrrolidin-i-vi, Z-methoxypyrrolidin-1-yi, 2-

ethoxypyrrofidin-1-yi, 3-methoxycaroonyipyrrolidin-T-vi, 3-
ethoxycarbonyipyrrolidin-1-vi, J-mefhoxypyrrotidin-1-vi, 3~

ethoxypyrrolidine-1-yi, piperidinyl, such as piperidin-1-yl, piperidin-4-
yl. substituted piperidinyl, such as 4-methyl-i-piperidy!, 4-hydroxy-1-
piperidyi, 4d-methoxy-1-piperidyl, 4-ethoxy-1-piperidvi, 4-
methoxycdarbonyl-i-piperidyl, 4-ethoxycarbonyl-1-piperidyt, 4-
carboxy-T-piperidyl, 4-acelyl-i-piperidyl, 4-formyi- I-piperidyl, 1-
methyl-4-piperidyl, 4-hydroxy-2,2,6,é-tetramethyl-1-piperidyl, 4-

{dimethylamino}-1-piperidyl, 4-{diethylamino)-1-piperdyl, 4-amino-1i-

piperidyl, 2-{hydroxymethyli-T-piperidyl, 3-thydroxymethylj-1-
piperidyi, 4-(hydroxymethyl)-i-piperidyl, 2-nydroxy-1-piperidyl, 3-

hydroxy-1-piperidyl, 4-hydroxy-1-piperidyl, morpholin-4-yi, substituted

morpholinyl, such as 2,46-dimethyl morpholin-4-yi, piperazinyl, such as
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piperdzin-1-yl, substituted piperazinyl, such as 4-methylpiperazin-1-vl,

-ethylpiperazin-1-yi, 4-ethoxycarponylpiperqazin-1-vyi, 4~
methoxycarbonylpiperazin-1-yl,  or teirahydropyranyl. such  os

fetrahydropyran-4-yl, and which can optionally be condensated
with aromatic rings, and which may optionally be substitfuted, such
as with 1 fo 2 substituents such as hydroxy, halogen, Cl1-Cé-alkyl,

etc. The definition of the opticnally substituted alkyl groups thus

Vincludes alse alkyl groups., which are substituied by the above-

defined heterocyclic groups, such as 3-{1-piperidylipropyl, 3-
pvrrolidin-1-vipropyl, 3-morpholinopropy!, 2-morpholinoethyl,  2-
tetranydropyran-4-yleihyl, 3-tetrahydropyran-4-yipropyl, 3-{azstidin-

-yl propyl efc.

Examples of alinear or branched alky! group substituted with
halogen and having 1 to 8, preferably 1 to é carbon atoms include,
in particular:

a fluoromethyl group, a ditlucromethyl group, a triflucrometnyl
group. ¢ chioromethyl group, o dichioromethy! group, o
richloromethyl group, a bromomethyl group, a dibromomethyl
group, a ftribromomethyl group, a 1-fluorcethyl group, o 1-
chioroethyl group, a T-bromoethyl group, a 2-fluoroethyl group, o 2-

chioroethyl group, a 2-bromoethyl group, ¢ 1,2-difluocrcetny! group,

a 1,2-dichioroethyl group, ¢ 1,2-dibremoethyl group, o 2,2,2-

friftuorosthyl group, o heplafivoroethy! group, a 1-flucropropyl
group, a I-chiocropropyl group, a 1-bromopropy! group, a 2-
fiuoropropyl group, a 2-chloropropy! group, a Z-bromopropyl group,

a 3-fluoropropyl group, a 3-chloropropyvl group, a 3-bromopropvi
group, o 1,2-difluoro pyl group. a 1,2-dichloropropyl group, a 1,2-
dibromopropyl group, a 2,3-difluocropropy! group, a 2.3-
dichloropropyl group, ¢ 2,3-dibromopropy! group, ¢ 3,3,3-
friffucropropyl group, ¢ 2,2,3,3,3-pentafluoropropyl group, a 2-
fluorobutyl group, g 2-chiorcbuliyl group, o 2-bromobutyl group, o 4-

H

fluorobutyl group, a 4-chicrobutyl group, o 4-bromobulyl group,

~
3

4,4 4-triflvorcbutyl group, o 2,2,3,3,4.4, 4-heptaflucrobutyl group, @
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perfluorobutyl group, a 2-fluoropentyl group, a 2-chloropenty!
group, a 2-bromopentyl group, a S-flucropenty! group, a 5-
chioropentyl group. a 5-bromopentyl group, a perfluoropenty!
group, ¢ 2-flucrchexyt group, a 2-chlorohexyl group, ¢ 2-bromohexy!
group, a é-fluorohexyl group, a é-chicrohexy! group, o é-bromohexyl
group, a perflucrohexyl group, a 2-fluoroheptyl group, o 2-

chlorohepty! group, ¢ 2-bromoheptyl group, a 7-flucroheptyl group,

U&7 chiorohepiyl group, o 7-bromoheptyl group, a perfluoroheptyl

group, etfc.,

Examples of an alkyl group substituted with hydroxy include the
apove-meniioned alkyl residues, which have 1 1o 3 hydroxy residues,
such as,  for example hydroxymethyi, 2-hydroxyethyl,  3-

hydroxypropyl, 4-hydroxybutyl, 5-hydroxypentyl, é-hydroxyhexyl.

Coptionally substituted aryl preferably includes according to the
invention aromatic hydrocarbon residues with 6 to 14 carbon atoms
(with no hetero aiom in the aromatic ring system), for example:
phenyl, naphthyi, chenaninrenyt and anthracenyl, The
aforementioned aromatic  groups may be unsubstituted or
substituted, case of substitution. they preferably preferably have
one or more, preferably one {1} or two (2) substituents, in particular
halogen, hydroxy, alkyl, alkoxy, in each case as explained above of
pbelow. A preferred aromatic group is phenvi. A preferred alkyl

substituied with an aromatic group [arylalkyl

S

is benzyl.

Optionally substituied aryl <3c:c0?dirz-g to the present invention further
includes opftionally substifuted hetfercaryl, that is, heteroaromatic
groups. such as for example: pyridyl, pyridyl-N-oxide, pyrimidyl,
pyridaziny!l, pyrazinyl, thienyl, furyl, pyrrolyl, pyrazolyl, imidazelyl,

3

thiazolyl, oxazolyl or isoxazolyl, indolizinyl, indolyl, benzoiblthienyl,
benzolbliuryl, indazolyl, quinolyt,  isoquinelyl, naphthyridinyt,
guinazoiinyl. 5- or é-membered aromatic heterocycles such as, for

example pyridyl, pyridyl-N-oxide, pyrimidyl, pyridazinyl, furyl and
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thienyl are preferred. The aforementioned heteroaromatic groups

-

nay be unsubstituted or substituted. In case of substitution, they
preferably have one or more, preferably one (1} or two (2]
substituents, in porticular halogen, hydroxy, alkyl, alkoxy, in each
case as explained above or below. Preferred examples of an alkyl
substifuted with a heteroaromatic group {hetarylalkyl) are methyl,
ethyl, or propyi, In each case substituted with o heteroaromatic

group. sUch as thiehylmethyl, pyridyimethyl etc.

Optionally substituted alkoxy (RO-) is formally derived from the
above mentioned oplionally substituted alkyl residues by adding an
oxygen atom and inciudes in context with the present invention, for
exampie, linedar or branched alkoxy groups with up fo é carbon
atoms, such as a methoxy group, an ethoxy group, an n-propyloxy
group, an i-propyloxy group, an n-butyloxy group, an i-butyloxy

aroup, a sec-butyloxy group, a i-bulyloxy group., an n-pentyloxy

Q2

roup, an i-pentyloxy group, a sec-pentyloxy group, a i-pentyloxy
group, a 2-methylbutoxy group, an n-hexyioxy group, an i-hexyloxy
group, a t-hexyioxy group., a sec-hexyloxy group, a  2-
methyloentyloxy group, o  3-methyipentyloxy  group, a -
ethylbutyioxy group, a Z-sthyloulyloxy group, a 1, 1-dimethylbutyioxy
group, a 2,2-dimethylbutyioxy group, a 3,3-dimethylbutyloxy group.

a t-ethyl-i-methylpropyloxy group, efc. A methoxy group, an ethoxy

group, an n-proepyloxy group, an i-propyloxy group, an n-bufyloxy
group, an i-butyloxy group, a sec-butyloxy group, a ft-butyloxy
group, etc., are preferred. The alkoxy groups may opfionally be

substituted, such as with the gbove possibie substituants for alkyl
Y

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

Opftionally substituted alkoxycarbonyl {RO-CO-) groups are formally
derived from the above alkyl groups by adding a -OC[O]- residue
under formation of an optionally substituted alkyloxycarbonyl

residue. In that regard reference can be made fo the definition of
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the above-described alkyl groups. As an olfernalive optionaily
substituted alkoxycarbonyl (RO-CO-) groups are derived from the

aforementioned alkoxy groups by the addition of a carbonyl group.

Methoxycarbaonyl, ethoxycarbonyl, n-propoxycarbonyi n-
butoxycarbonyi tert.-butoxycarbonvy! eftc. are preferred
alkoxycarbonyl, which may all be substituted as the above defined

aikyl groups.

Optionally substituted amino according to the invention includes

preferably:  amiric  [-NHz).  optlionally  substituted mono-  or

digtkylamino [RHN-, [R)2N], wherein with respect to the definition of
optionally substituted alkyt it can be referenced to the above
definition. Further included are optionally substituted mono- or
diarylamino radicals or mixed optlionally substituted aikyl aryl amino
radicals, wherein with respect to the definition of optionally
substituted atkyl or aryl reference can bhe made to the above
definition. Such groups include, for example, methylamino,
dimethylamino, ethylamino, hydroxyethylamino, such as 2-
hydroxyethylamino, diethylamino, phenvylamino, methylphenylamino

~

tc.. Particularly preferred is ethylamino. Optionally substituted

®

o~

(:\

smino further includes an optionally substituted cyclic amino, such
1s optionally substituted 5 or é-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
nitfrogen-containing heferocyclic groups which are atfached via ¢
nitrogen atom, such as piperidin-1-yl, 4-hydroxy-piperidin-1-yl, 2-

Imethoxycarbonyl)pyrrolidin-1-yi, pyrrolidin-1-yl, morpholin-4-vi, efc.

Optionally substituted amino carbonyl according to the invention
can be formally derived from optionally substituted amino, as
explained befcore, by adding a carbonyl residue {{R}2N-C{=0}-
Therein optionally substituted amino preferably includes according
to the invention: amino ([-NHzj, optionally substituted mono- or

dialkylamino (RHN-, (R}2N-} for which with regard to the definition of
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optionally substituted alkyl reference can be made to the above
definition. Furthermore included are optionally substituted mono- or

diarylamino groups or mixed optionally substifuted alkylarylamino
groups, for which as regards the definition of optionally substitufed
alkyl or aryl reference can be made to the above definitions. Such
groups include, for example methylamino, Dimethylamino,

efhylamino, hydroxyethylamino, such as  2-hydroxyethlyamino,

I3

enyiarning, wielhylphenyiamino @ie,

Optionally  substifuted aminc  further includes an  optionally
ubstituied cyclic amino, such as optionally substituted 5 or é6-
membered cyclic amino that may contgin further hetero atoms such
as N, O, S, preferably O. Examples of such cyclic amino groups
include the above-mentioned nitrcgen-containing heterocyclic
groups bonded through a nitrogen atom, such as piperidin-1-yl, 4-
hydroxy-piperidin-1-yl, 2-{methoxycarbonyl)pyrrolidin-1-vi, pyrrolidin-

1-yl, Morphaolin-4-yl etc.

Examples of opfionally substituted aminocarbonyl include therefore:
Carbamoyl (H2NC(=0j-}, optionaily substituted mono- or
dialkylaminocarbonyl (RHNC{=0C), [R}NC{=0j}-], wheresin reference
can be made o the above definition of oplionally subsiituted alkyl,
Furthermeore are included optionally  substituted mono-  or
diaryiominocarbonyl residues  or mixed, opltionally substituted

atkylarylaminocarbonyl residues, wherein reference can be made to

the above definitions of optlicnally substituted alkyl and aryl.
Preferred subsiiiuted aminocarbony! groups comprise up to 14
carpbon atoms. Such groups inctude for example

methyiominocarbonyl, dimethyvlaminocarbonyl, ethyiominccarbonyl,
diethviominocarbonyl, phenylommocorbcm';/!,

diphenylaminocarbony!l, meihylphenyiaminocarbonyl e
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In a preferred embodiment, Ry and Rz or Ry and Rs form together
with the carbon atoms fo which they are attoched a 5- or 6-
membered carbocyclic ring.
Examples of the aforementioned ring formation of the substituents Ry
and Rz or R2 and Rz as represenfed schemaotically by the following

formulas:

\\\\\

include in particular:

compounds in which Ry and Rz or Rz and Ry fogether preferably

represent a propylene (-CHz-CHa-CHo-1- or a butylene {-CHz-CHa-CHa-
CHz-j group. In which optionally one methylene group (-CHe-)
respectively can be reploced with ~O-, -NH- or =NRs-, wherein R is
defined as mentioned above and wheregin the groups formed by R:
and Rz or R: or Rz optionally can furthermore respectively be
substifuted by cne to fthree subsiituents selected from the group
consisting of hydroxy, oxo, Ci-Cs alkoxy, amino and mono- or di-{C;-

Cs-alkyliamino,

Exemplary ligands are the following:

I



wherain B: and R: are each as described above.

[ @3

compounds according t

In another particularly preferred embodiment of iron (I} complex
o n

the the invention Ry, Ry, R: are identical or

different and are selecied from the group consisting of hydrogen

and alkyl, with the proviso that

at least one, preferably two of the

substitvents Ry, Rz, and Ry are alkyl. Atkyl is preferably as mentioned

above,

especially

straight-chained  or  bronched, preferably,

10 unsubstituted alkyl having up to 6, preferably up to 4 carbon atoms.

Still more preferred are iron (Hl} complex compounds wherain Ry s

hydrogen, and Ry and Rs are e

ch the same or different and are

selected from atkyl as menfioned above.

15 The ron{lll) complex compounds of the formula {11} are particularly

prefarred:

s
Py
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whearein Ei, Re and Rz gre each defined as above or preferably as

defined below.

Furthermore, preferably R, Rz and R: are the same cor different and

are selected from:

- hydrogen,

- G alkyl, preferably as presented above,

- halogen, preferably as presenfed above,

- C3-6-cycloalkyl, preferably as presented above,

- C3-é-cycloalkyl-Cl-4-alkyl, preferably as presenied above,

e

Ci-4-alkoxy-Cl-4-alky!l, preferably as presented above,

t
~

i-4-atkoxycarbonyl, preferably as presented above

- Cl-4-mono- or dialkylaminocarbonyl, preferably as presented
above,

- aminocarbonyt or carbamoy! (H2NCO-) respectivetly,

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

1G]

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

Particularly preferably Ry, R gnd Rz are the same or different and

are selected from: hydrogen, halogen and Cl-4-alkyl, preferably as

presented above, in parficulor hydrogen, chlorine, methyi, ethyl an

Q.

propyl in pariicular i-propyl, butyl, especially sec-bufyl. Most
preferably, R, Rz and Rs are selected from: hydrogen, methyi and

efhvl,

In g further embodiment of the invention there are provided the iron
(Hi}-pyrimidin-2-cl l-oxide-complex compounds in solid form. The
ferm "solid form™ means here in particular in contrast to the dissolved
form, in  which the iron (lH}-pyrimidin-2-o0l l-oxide-complex
compounds are present dissolved in a solvent such as water. The
ferm "solid form" means aiso that the iron (IH)-pyrimidin-2-of 1-oxide-
complex compounds ai room femperature (23 °C) are present in

solid form. The iron [{iij-pyrimidin-2-¢l T-oxide-compiex compounds



L

can be prasent in an amorphous, crystailine or partiallty crystaiiine
form. Also, the iron [il-pyrimidin-2-ol 1-oxide-complex compounds
of the invention may exist as hydrafes, in particular as crystalline
hydrates, such as the monohydrate, in particular as a crystalliine
5 monohydrate.

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

o e nveniiofs

I
F‘r\{ 2 - 'L\\

in fthe pyrimidine-2-ol-1-oxide compounds there s a keto-enoi-

15 tautomerism, wherein the equilibrium state is defterminsd by various

factors.

§
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The ligand is formally obtained by cleavage of a

0 corresponding pyrnimidine-l-oxide compounds:

proton from the
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so formally carries a single negative charge.

Furthermore {t is

cltear fo a person skilled in the art that the
pyfimidine-2-ol-1-oxide compounds os used according to the
present invention can be drawn by different notations (o, b and ¢},

i

but all include the same issue of the N-oxide,

| : .
i\ Ro ok Ry A
R?“\.\l‘/ RN N R ‘\[r"" W, \: < S NH
i i 1 W
i i i i }
Homy A w A,
N N - T N T T
Ry TN OH R N O Ry B O
- { { i
i H -
O 7 ¥
i ; ~
{a}) Q (b} o (o

The same applies for the corresponding deprofonated form of the
pyrimidine-2-ol-1-oxide ligond compounds. Within the scope of the
ent invention all taulomeric forms are included, even if only one

S
of the mesomeric formulas is drawn.

Depending on the substifuent Ry, Rz, Rs they can aiso parificipate in
the tautomeric resonance structures in the pyrimidine-2-ol-1-oxide

figand. By way of example, the 4-aming compounds can be

mentioned. For exampie;
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All such fautomers are included within the scope of the invention.

Optionally substituted amino preferably is in the position of Ry, ie, in

fhe 4-posifion of the pyrimidine ligand.

The ron{ill) pyrimidine-2-cl-oxide complex compounds, in particular
such as of the general formula (i) or the corresponding pyrimidine-
2-cl-1-oxide ligands, respectively, can be presant in the form of
various isomers or tauiomers. lsomeric forms include, for example,
regioisomers which differ in the position of the ligands relaf
one anocther, including so-called optical isomers that have an
image/mirror image r@la%ions‘m,o fo one another. If asymmetric
carbon atoms are present, the ligands can be present in the form of
optical isomers which have an image/mirror image relationship to
one another, ond include pure enantiomers, mixtures of fhe
enantiomers, in parficular racemates. Enanfiomerically pure Hgands
can be obtained, as is known 1o the person skilled in the art, by
optical resolufion methods, such as reaction with chiral reagents to
form diastereomers, separation of the dicstereomers and release of
the enantiomers. Examples of ifauiomeric resonance structures,
which are also inciuded according o the invention have been

shown above s an example.
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Furthermore, in particular the foliowing are preferred embodiments

of the invention:

{In the present invention, the digifs 1-6 in “1-6C" or “1-4" in “1-4C" o1

CC1-4" etc, in each case signify the number of the carbon atoms of

the subsequent hydrocarbon group designations).

Ri:. Rz gnd RBs.are selccted from-the group consisting ofs
- hydrogen,

- halogen,

- mono- or di{f 1-6C-alkyllamino,

- 1-6C-atkyl, {i.e. alkyl with 1 1o 6 carbon atoms],
- 3-6C-cycioatkyl,

- 3-6C-cycloaltkyl-1-4C-alkyl,

- 1-4C-alkoxy-1-4C-alkyl,

- frydroxy-1-4C-alkyi,

- fluore-1-4C-alkyl;

or R and Rz togsther form a propylene (-CH2-CHz-CHa, butyvlene (-

CHz-CHz-CHe-CH2-), azabutylene or oxabutyiene group;

or Rz and Rz fogether form a propylene (-CHa-CHy-CHa-}-, butylene (-

CH2-CH2-CH2-CHz-), azabutylene or oxabutylens group

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 netero atoms,

or R2 and Rs together with a carbon afom to which they are bonded,
form an unsaiurated ring, which may cptionally coniain one or mors

[

further hetero ctoms,

or pharmaceutically acceptable salts thereof.



(&5}

(831

G

b

Preferably, the aforementioned substituent groups are defined as

follows:

1-6C-alkyl preferably includes straight-chained or branched alkyl
groups with 1 to 6 carbon atoms. Examples therefore can be methyl,

ainyl, n-propyl, %so»propy n~bu‘w! éso—hu’w, ec- bu?yﬁ tert 3&;1\/

pen‘ryi iso—g}en%yt neo- pw-s"*‘wi wxyl iso- hexyg nd neo- h@/,/l

3-6C-Cycloalkyl preferably includes cycloalkyi 1 to é carbon atoms,

such as cyclopropyl, cyclobutyl, cyclopantyl, cyclohexyl,

3-6C-cycloalkyl-1-4C-alkyl preferably inciudes o 1-6C-alkyl grou
described above, subsfifuted with a 3-4C-cycloatkyl  group
described above. Examples therefor can be g cyclopropyimethyl,

cyclopentylmethyl and cyclohexyimethyl group.

1-3C-alkoxy-carbonyl-1-6C-alkyl, preferably includes a 1-46C-alkyi
group described above, which is linked fo a carbonyl group which is
present with o 1-3C alkoxy group as a carboxylic acid ester.
Examples therefor can be methoxycarbonylmethvt,
ethoxycarbonylmethyl, methoxycarbonylethyl, ethoxycarbonyiethyl

and isopropoxvcecarbanyimethnyl.

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
-4 carbon atoms. Examples of this group can be methoxy, ethoxy,

propoxy and iscbutoxy.

1-4C-alkoxy-1-4C-atkyl preferably inciudes o 1-4C-alkoxy group
described above, which s substifuted with a 1-4C-alkyl group
described above. Examples of this group carn be methoxyethyl,

ethoxypropyl, methoxypropyl, iscbutoxymethyl.
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Hydroxy-1-4C-alkyl includes a 1-4C-alkyl group described above

<

which is substituted with a hydroxy group. Examples therefor can be

hydroxyetnyl, hydroxybutyl and hydroxyisopropyl.

Fluore-1-4C-alkyl inciudes o 1-4C-alkyl group described above,

which s substifuted with one to three fluorine atoms. Examopies

Tim,{c:h:v can by >r|f!uororne+hy1 cmd nrl*‘uo oemyz

alogen signifies F, CI, Br, |

Particularly preferred are:

i

Ri, Rz and Rs are selected from the group consisting of:

- hydrogen,
halogen,

- 1-6C-alkyl,

- 1=—t€€i’.’“—‘-*@%%‘io><y~‘i-cﬁcwaikyh
- hydroxy-1-4C-alkyl;

or Ry and R: together form a propylene [-CH2-CHa-CHz}, butylen |-

CH2-CHo-CH2-CHy-), azabutylene or oxabutylene group;

" Rz and Rz together form o propylene [-CH2-CH2-CHse), butylene |-
CHz-CH2-CH2-CH2-}, azabulylene or oxabutylene group,
or Ry and Rz together with ¢ carbon gtom on which they ars
bonded, form an unsalurated ring which may optionally contain

further hetero atoms.

or R and Rz together with a carbon afom to which they are bonded,
form an unsaturated ring which may optionally comprise further

netero otoms.



Particularly preferably:

Ry, R2 and R3 are selected from the group consisting of:

- hydrogen,
- 1-6C-aikyl;
- 1-4C-alkoxy-1-4C-aiky!

or R1 and Ra2 together form a propylene [-CH2-CHz-CHz) or butyiene
(-CHz-CH2-CHz-CHa-} group;

or R2 and R; fogether form a propylene [-CHa-CH:-CH2} or butylene

-CH-CH2-CH2-CHe-) group

or Ry and R fogether with a carbon afom 1o which they are bonded
form an unsaturated ring which may comprise one further nifrogen

atorm,

or Ry gnd Rz fogether with a carbon afom o which they are bonded
form an unsaturated ring which may comprise o further nitrogen

afom.

Particularly preferred complex compounds of the general formula
[t} are described in the examples.

I

The invention furiher reiates 1o a meihod for the preparation of the

fron{tll} complex compounds according to the inventfion which

comprises the reaction of a pyrimidine-2-ol-1-oxide of formula (I

with an iron(iil) salt.

Pyrimidin-2-ol-1-oxides «as the starting compounds include in

particuiar those of the formula (Hi:



Y]

wherein Ri, R; and Rz are defined as above, 1o ihe fautomeric

resonance structures of which it has been referred o,
Examples of sultable ron{lll) salls inciude: iron{ill} chloride, ironliil)
rcefate, ron{itl) sulfate, iron () nitrate and iron{itl]

acetylacetonate, among which iron(ilf) chloride is preferred.

10 A preferred method is shown in the following scheme:

Rs
a FexXs
VAN . N (v}

Ry N7 oM Base
I y
Faa
N

wherein Ry, R2 and Rz are as defined above, X is an anion such os

halogenide, such as chloride, a carboxylate, such as aceicte,

n

sulphate, nifrate and acetylacetonate and bass s

! ~

organic or inorganic base,

in the method according to the inventfion, preferably 3 eg
pyrimidine-2-ol-1-oxide (11}, using suitable iron{lil} salts {IV] {in this

20 case Fellll) chloride, Fellll) acelate, Fellll) sulphate and Felll)



cetylaceionate are particularly suifable), are reacted under
standard conditions fo form the corresponding complexes of the
general formulo {11, In this case, the synthesis is carried oul under
the pH conditions optimal for complex formation. The optimum pH

5 wvaive (s set by adding a base (V] in this cose, the use of sodium
‘hydroxide, sodium carponate, sodium hydrogen carbonate, sodium

methanociale, potassium nydroxide, potassium carbonate, pofassium

Fryarogent cuwbordale o or Cpoiassiurromretiunoiaie s particuiony

suifable.
10
The ligands (i} required for the preparation of the compiexes where
prepared according fo the following synthesis method {analogue
tetrahedron 1247, 23, 353 - 357). For this purpose, the commercially
availabie or synthesised 1.3-dicarbonyl compounds of the general
15 formula {1V} were reacted under standard conditions with hydroxy

urea (V) to form ligands of the general formula {1}, wWhen using
unsymmetrical 1-3-dicarbonyl compounds in this synthesis, this results
atmost atways in the occurrence of the corresponding regioisomers
(o), which can be separated by standard methods which are well
20 known to a person skilled in the art. For certain substifution patterns
for Ry, Rz and Ra (itla} can also represaent the main product and. in
these coses, then s the synthesis access o the respective

substifution patterns

O
. H R
) .?N ?.,E 1
[~ r‘.—; . -
i j M) Y
g i i
P \\/ ~po A G‘*/;\
A acid Ry TNT TOH
Ry 9 é
& &
(V) (i (Hta)

3

Analogously, it is also possible fo use slightly modified synthesis

(0]

routes for the preparation of the respective figands of the general
formula [H). L e., in The synthesis of Ohkanda et al. [Bull, Chem. Soc.

dpn. 1993, 46, 841 - 847} the benzyl protecied urea according to
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formuta (V-Bn) is cyclized wunder standard conditions with fhe

4

respective 1,3-dicarbony! compounds {1V} to form the corresponding

benzyl protected product (IH-Bn}, wherein the subsequent cleavage

leads to the desired product (i), In this glternative synthesis roufe it

comes o the occurrence of [illa), foo.

S
o R i
Rx ~ ~\\\3\£
i
i
0.
B B

R OH

3
}

He ! Pd

L. e \l
iy

1
~ "'!\.‘G'J\.J)”\\.
R N7 0K
O
(i)
For ligands in which one of both of the radicals Ry and Rz are

hydrogen, o slightly modified synthesis was carried out. Herein the

£

corresponding profected 1,3-dicarbonyl compounds such as for
example those of the general formulao (VI have been reacted

simitarty with hydroxyurea [V} under acidic standard conditions. in

this case R is preferably methyl or ethyl.

Herein fco, the product ratio of the two forming pyrimidine-2-ol-1-
oxides (llic) and {llid} is controlled by the choice of the radicals R
and Rz, The separation is then performed under standard conditions

familiar to those skilled in the art.



In general, the preparation of the

as well carried out by other synthesis routes familiar

person. Thus, for
5 respective substituied

agents, such as

form the desired products
hem. 1984, 62, 1176

Can. J. C

(1)

10

~ ;
mXampies

example, fthere is

H
|

{ :;2 N PN HAC RN N
(\ /,’ ‘ 2z F, Sy RL ~ // R, W
- li ey - §
, ADA S G
5 b
{they {11id)

!
w
[

Ho O,

oF

peroxycarboxylic
acids

of the pyrimidine-2-ol-1-cxide

include particularly the following:

b

pyrimidine-2-ol-oxide

kY N .
starting

i to o
regot

possibility 1o

with  suitable

or peroxycarboxylic acids,

P formuta [ {e.g. analogou

compounds

[%3]

(i} can be

skilfed

the

oxidizing

i

E Y
R
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rom these compounds the ligands of the iron compiex compounds

according o the present inveniion are derived by simpie

deprotonation at the hydroxy group.

Pharmaceutically acceptable salts of the compounds accoerding fo
the invention in which the iron{lll] complex formally carries «
positive charge include, for example, saits with sutiable anions, such
cs carboxylates, suifonates, sulfates, chiorides, bromides, iodides,
phosphates, fartates, methanesulfonates, hydroxethanesulfonates,
glycinates, maleates, propionates, fumarates, tulouvenesulfonates,
benzene sulfonates, irifluorcacetates, naphthalenedisuifonates-1,5,
salicviates, benzoates, lactates, salts of malic acid, salts of 3-

hydroxy-2-naphthoic acid-2, ciirates and acetates.

Pharmaceutically acceptable salis of the compounds according

o o

the invention in which the ron{lll] complex formally carries
negative charge include, for example, saits  with  suitable
pharmaceutically acceptable bases, such as, for exampie, salts with
atkaline or alkaline-earth hydroxides, such as NaOH, KOH, CalOH)]
Mg({OH)2 etc., amine compounds such as ethylamine, diethylamine,
friethyiamine, ethyidiisopropylamine, ethanolamine, diethanoiamine,

friethanolamine, methylglucamine, dicycionexylamine,
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dimethylaminoethanol, procaine, dibenzylamine, {~
methyimorpholine, arginine, lysine, ethylenediamine, N-

methylpiperidin, 2-amino-2-methyl-propanol-{1), 2-amino-2-methyl-
propandiol-{1,3}), 2-amino-2-hydroxyl-methyl-propandiol-{1,3) [TRIS)

3o
e1e

The water-sclubility or the solubility in physiological saline solution

“and fhus, optionally, also The efficacy of the compounds according

to the invention can be significantly influenced by salt formation in

general, specifically by the choice of the counterion.

Preferably, the compounds cccording to the invention constitute

neutral complex compounds.

Advanfageous pharmacological effects:

Surprisingly, the inventors found that ithe iron{lil) pyrimidine-2-ol-1-

oxide compliex compounds which are the sublect matter of the
present invention and which are represented, in particular, by the
general structural formula (I}, are stable bioavgailabie iron
complexes and suitable for use as g medicament for the freatment
and prophylaxis of iron deficiency symptoms and iron deficiency

L

anemids ihe sympioms cccompanying them,

The medicaments containing the compounds according to the

invention are suitable for use in human and veterinary medicine

The compounds according fo the invention are thus also suitable for

preparing a medicament for the tregtment of potients suffering from
symptoms of an iron deficiency anemia, such as, for example:

fatigue, listlessness, lack of concentration, low cognifive efficiency,
difficutiies in finding the right words, forgetfuiness, unnatural palior,
irritability, acceleration of heart rafe {tachycardia}, sore or swollen

%

tongue. enlarged spleen, desire for strange foods [pical,
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headaches, lack of appetite, increased susceptibility fo infections or

depressive moods.

The 1ron(ill] complex compounds according to the invention are
furthermore suitable for the treatment of iron deficiency anemia in

pregnant women, latent iron deficiency anemia in children and

mdoimscmrns ron detﬂc ency onemo coused by qos%roxmesmwi

csbnomﬂch S ‘*on dewmeﬂﬁy Gﬂe"fﬂﬂ duo ’fo bioo lots such as

gastroinfestinal  hemorrhage [e.g. due to ulcers, carcinoma,
hemorrhoids, inflammatory disorders, taking of acetyisalicylic acid),
iron deficiency anemia caused by menstruation, iron deficiency
anemia caused by injuries, iron deficiency anemic due {0 sprue, iron
deficiency anemia due fo reduced distary iron uptake, in particular
in selectively eaiing children and adolescents, immunodeficiency
caused by iron deficiency anemia, brain funciion impairmeni
caused by iron deficiency anemias, restless leg syndrome caused by
ron deficiency anemias, iron deficiency anemios in the case of
cancer, iron deficiency anemias caused by chemotherapies, iron
deficiency anemias friggered by inflummation [Al), iron deficiency
anemias in the case of congestive cardiac insufficiency (CHF;
congesiive heart failure), iron deficiency anemias in the case of
chronic renal insufficiency stage 3-5 [CDK 3-5; chronic kidney
diseases stage 3-5), won deficiency anemias friggered by chronic
inflammation [ACD), iron deficiency anemias in the case of
rheumatold arthritis (RA), iron deficiency anemias in the case of
systemic lupus eryihematosus [SLE) aond iron deficiency anemias in

the case of inflammatory bowel diseases {15

Co’}

DJ.

Administration can fake place over a period of severgl months until
ithe iron status is improved, which is reflected, for example, by the
hemoglobin level, fransferin sofuration and the serum fernitin jeve
of the patients, or unfil the desired improvemeant of the state of

health affecied by iron deficiency agnemia.
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The preparation according 1o the invention can be taken by

children, adolescents and adulfs.

The applied compounds according to the inventicn can in this case

be administered both orally as  well as  parentally.  Oral

administration is pret ferred

T coTrpounds aecurding T T inveriiionong ing aforemeftioned "

cembinations of the compounds according to the invention with
other aciive substances or medicines can thus be used, in
particular, for the preparation of medicaments for the freatment of
iron deficiency anemia, such as fron deficiency anemia in pregnant
women, latent iron deficiency anemia in children and adolescents,
iron deficiency anemia caused by gasirointestinal abnormalifies,
iron deficiency anemia due o blood foss, such as gastrointestinal
hemorrhage f(e.g. due fo  ulcers, carcinoma, hemorrhoids,
inflammatery disorders, taking of acetylsalicylic acid), menstruation,
injuries, jron deficiency anemia due o sprue, iron deficiency
anemic due to reduced dieifary iron uptake., in particular in
selectively ealing children and adolescents, immunodeficiency
caused by iron deficiency anemia, brain function impairment

caused deficiency anemig, restiess leq syna }
ad by iron deficiency anemi st feg syndrome.

The application according to the invention leads to an improvement
of the iron, hemoglobin, ferritin and fransferrin levels, which, in
particufar in children and adolescents, but also in adults, is
accompanied by an improvement in short-term memory tests (STM)
long-term memory tests (LTM]), Ravens' progressive matrices fest, in
the Wechsler adult inteilligence scale (WAIS) and/or in the emoiiongl
coefficient (Baron EQ-, YV test, vouth version), or to an

provement of the neuirophile level, the antibody leveis and/or

lymphocyte function.
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Furthermore, the present invention relates to phaormaceutical
composifions comprising one or more of the compounds according
to the invention, in particular according fo the formuta {il}, as well
as optionally one or more further pharmaceutically effective
compounds, as well as optionaily one or more pharmacologically
acceptable carriers and/or auxiliary subsiances and/or solvents. The

sqzd DhOTmC}CLUS:CO cc:m“passfzors f*om‘o , for eXGYT‘Dze Jp Tf\ 99‘

weight-% or up to 80 weight-% of the compounds of the invention,
the remainder being each formed by pharmacologically

acceptable carriers and/or auxiliaries and/or solvents,

These are common pharmaceutical carriers, guxiliary substances or
solvents, The cabove-mentioned pharmaceutical compositions are
suitable, for example, for infravenous, infraperifoneal, intramuscular,
intravaginat, infrabuccal, percutaneous, subcutaneous,
mucocutaneous, oral, rectal, fransdermal, topical, intradermal,

B

niragasteral or infracutaneous application and are provided, for

example, in the form of pills, tablets, enteric-coated tablets, film

tabiets, layer fablets, sustained release formulafions for

subcutaneous or culaneous administration f{in particular s @

olaster), depol formulations, dragees, suppositories, gels, salves,
SYrup, granulates, suppositories, emulsions, dispersions,
micrecapsuies, micreformuiations,  nanoformulations,  liposomal

formulations, capsules, enteric-coated capsules, powders, inhalgtion
powders, microcrystalline formulations, inhaigtion sprays, epipastics,
drops, nose drops, nose sprays, aerosols, ampoules, solutions, juices,

suspensions, infusion solutions or injection solutions efc.

Preferably, the compounds according io the inveniion as well ¢s
pharmaceutical ompositions containing such compounds are
applied orally, although other forms, such as parentally, in particy

infravenously., are also possible.
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For this purpose, the compounds according to the invention are
oreferably provided in pharmaceutical compositions in the form of
pills, tablets, enteric-coated fablets, film tublets, layver tablefs,
sustained  release  formulations for oral administration,  depot
formulations, dragees, granulates, emuisions, dispersions,

microcapsules,  microformulations, nanoformuliations,  liposomal

formuiations, capsules, enteric-coafed capsules, powders,

Crrire oy staiig Tormdiations, epluasiics, dropy;) ampouies, sotutions,

suspensions, infusion solutions or injection solutions.

The compounds according 1o the invention can be administered in
oharmaceuvtical compositions which may contain varicus organic or
inorganic carrier and/or auxiliary materials as they are custormarly
used for pharmaceutical  purposes, in particular  for  solid
medicamenti formulations, such as, for example, excipients {such as
saccharose, starch, mannitol, sorbitol, lactose, glucose, cellulose
ialcum, calcium phosphate, calcium carbonatel, binding agents
{such as celiviose, meihyiceliviose, nydroxypropyicelivioss,
polypropyl pyrrolidone, gelatine, gum arabic, polyethylene glycol,
saccharose,  starch), disintegrating  agents  {such as  starch,
nydrolyzed  starch, carboxymethylcelivlose, calcium  salt  of
carboxymethylcellulose, nydroxypropyl starch, sodium glycol starch,
sodium  bicarbonate, calcium  phosphate, calcium  citrate],
lubricants  [such as  magnesium  stearate, talcum., sodium
laurylsulfate), a flavorant (such as citric acid, menthol, glycin,
orgnge powder), preserving agents [such as sodium benzoate,
sodium bisulfife, methylparaben, proylparaben), stabilizers | such as
citric acid, sodium citrate, acetic acid and multicarboxylic acids
from the titriplex series, such Qs, for example
diethylenetriaminepentaoacetic acid {(DTPA}, suspending agents
{such as methycellulose, polyvinyl pyrrolidone, aluminum stearate)
dispersing agents, diluting agents {such as water, organic solvenis),

4 ~ i 44
DEesSsSwWaX, Cocoa Hult

20, polyethyiene glycol, white peiroictum, etc.

I
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Liguid megdicament formulations, such as solvents, suspensions and
gels wsually contain a liquid carrier, such as water and/or
pharmaceutically acceptable orgonic solvents. Furthermore, such
iquid formulations can alse contain pH-adiusting agents, emulsifiers
or dispersing agents, buffering agents, preserving agents, wetting
agents, gelalinizing agents {for example methylceliviose), dyes
rm/or liavo errxg ogems The ¢ ompcsmor‘s may be lsotonic, that is,
-‘*h@y con have H"e: same osrﬁou ! ressure Qs ol ocd The 1sozomc,ny“
the composition can be adjusted by using sodium chloride and
other pharmaceutically acceptable agents, such as, for example,
dextrose, maitose, boric acid, sodium tartrate, propyiene glycol and
other inorganic or organic soluble substances. The viscosity of fhe
fiquid compositions  can  be adjuste by means of o«

pharmaceutically acceptable  thickening agent, such as

methylceliuiose. OGther suitable fthickening agents include, for
axample, xanthan gum, carboxymethylceliulose,

hydroxypropylcelluiose, carbomer and the like. The preferied
concenfration of the thickening agent will depend on the agent
selected. Pharmaceutically acceptable pressrving agents can be
used in order 1o increase the siorage life of the liguid composition.
Benzyl alcohol can be suitable, even though a plurality of preserving
agents including, for example, paraben, thimerosal, chliorobutanot

and benzalkonium chioride can also be usad,

The active substance can be administered, for exampie, with a unit
dose of 0.001 mg/kg to 500 mg/kg body weight, for example 1 fo 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 type of adminisiration.
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Examples
The designation of the ligands has been carried according to the
HUPAC nomenclature with ihe program ACD/name, version 12.0]1

according to Advanced Chemisiry Development Inc.

Abbreviagtions

d doublet G quartet

da double doublet m mulfiplet
{broad/superimposed)

L ligand

Starting compounds:

A. Pyrimidine-2-ol-1-oxide hydrechioride

0.261 mot [12.85 g} hydroxy urea have been dissolved in 390 mi 1 M
HCHand 0.235 mol (81.77 @) 1,1,3,3-1teifraethoxypropane were added
dropwise under ice cooling, with the internal femperaiure being
maintained ot 1 - 2 °C. The solution was thawed in an ice bath to
room temperature and stirred over night, then evaporated to
dryness. The residue was suspended with 250 m! of ccetone, ihe
mixture was cooled in an ice/athanol bath, the solid filtered off and
washed with a liftle ice-cold acetone. Affer drying, 24.5 g of crude
product were obtained. The crude product was recrystallized with
4460 mit of methanol from the boiling heat, cooled in an ice/ethanol
bath, filtered off and dried. The mother liguor was concentrated on

a rotary evaporator uniil again product started to precipiiate, then

b
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a second fraction was crysiatlized similarly. After drying 11.8 g (1.

fraction) and 5.9 g {2. fraction) the fitle compound were obtained.

IR {in substance, cm-i): 3114, 3082, 2995, 2935, 2837, 2774, 2718,
2467, 1734, 1575, 1492, 1421, 1363, 1314, 1232, 1176, 1123, 1100, 1073,
911, 861, 773, 733, 689, 574 (2. fraction).

2% N89S {1 fraction); CUE2AT N

Chioride content: 2446 % {(m/m) [1. fraction), 23.6 % Im/m} (2.
fraction)

LC-MS: 113 [M+H],

TH-NMR {DMSO-ds, 400 MHZ). 8 [ppm] = 2.05 {dd, 1H), 8.55 {dd, H),

6.74 11, 1H].

ke

8. 4-Methylpyrimidine-2-ol-T-oxid hydrochloride

0.10 mol {7.61 g} hydroxy urea were dissoived in 150 ml of 1 M HC

and 011 mol {1615 techn. 90 %) of 4.4,-dimethoxy-2-butanone

€0

was added dropwise wunder ice cooling whereby the internal

temperature was maintained at 1 - 3 °C. The sciution was thawed In

Bt oY
=
¢
it
D
[OR

an ice bath te room temperaiure and stirred over night, then fi

&

and aevaporated o dryness. The residue was suspended with 100 mi

of ccelone, the mixture waos cooled 1o —-18 °C, the solid filtered off
and washed with a liftle ice-cold acetone. Afier drying, 10.7 g or

)

rude product were obtained. The crude product was recrystaliized

with 1750 ol ethanol from the boiling heat, cooled in an ice/ethano!
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bath, filtered off, washed with a little ethanol and dried {fraction 1}.
The mother liquor was concenfrated on o rotary evaporafor until
again product started fo precipitafe, cocl stored and o second
fraction isclated. After drying, 6.15 g (1. fraction] and 1.86 g (2.
fraction) product was obtained. Both fractions were combined and
recrystaliized from the boilling heat with 230 mil 90 % sthanol {10 %
water) sémi‘fr%y Af%m f%y:rg, 3 75 g {_3. zracuof cmd 2.36 g 4.

fraction) of the tfifle compot md were obm.nf»d

IR [in substance, cm'): 3102, 3034, 29264, 2841, 2730, 2657, 2531,
1741, 1650, 1602, 1581, 1518, 1456, 1374, 1302, 1184, 1131, 1110, 1037,
977,888, 821, 760, 734, 697, 603 (3. fraction).
CHN-glementary analysis: C, 37.48; H, 4.33: N
37.12:H, 4.30; N, 17.08 {4, fraction].

LC-MS: 127 [M+H].

TH-NMR {DMSO-de¢, 400 MHz}: & [ppm] = 8.97 (d

2.49 {s, 3H).

C. 8, 6-Dimethylpyrimidine-2-ol-1-oxide hydrochioride

J
A
T
’/,.n\'n N ,»;5;1\ -
N iR
ki
o

0.40 mol (30.6 g) hydroxy urea was dissolved in 400 mi of 1 M HC!

[N

and 0.50 mol (80.06 g) acelyl acetone were added dropwise under
ice cooling. maintaining the internal temperature at 1 - 3 °C. The
solution was thawed o room femperature in an ice both and stirred
over night, then filtered off and evaporaied to dryness. The residue
was suspended with 400 ml of acetone, the mixture was cooled to -
18 °C, the solid filtered off and washed with o little ice-coid
acetone. After drying, 45,5 g of crude product were obiained. The
crude product was recrystallized with 4.0 | ethanol from the boiling

heat, cooled to 18 °C, filtered off and washed with little ethanol
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and dried {fraction 1j. The mother liquor was concentrated on a
rotary evaporator until product started to precipitate again, cool
stored and o second fraction isolated. After drying 26.0 g (1.
fraction, purity >98 %] and 11.0 g (2. fraction, contained 32 % NH«CI

as by-product} of the tifle compound was obtained.

IR {in substance, cm-l}: 3077, 3082, 2938, 2855, 2796, 2521, 1740,
PiChl VETZYVE, VTA3, T 1A, 108y, 1u4y, TUze T
$97. 975, 852, 775, 741, 695, 626, 601 (1. fraction].

CHN-eglementary analysis: C, 40.74; H, 5.03; N, 15.78 [1. fraction); C
27.75;, H, 5.87; N, 18.98 {2. froction].

Chioride content: 19.9% [m/m} (1. fraction)., 323.4% {(m/m) (2.
fraction)

LC-MS: 141 {M+H]),

TH-NMR (DMSO-ds, 400 MHz): 6 [ppm] = 6.78 (s, 1H); 2.

I
n
€3]
o
n
%]
L
.
N
b
EN
O3

[s, 3H} {1, fraction).

o, 4,6-Diethylpyrimidine-2-ol 1-oxid hydrochloride

o

0.19 mol {14.45 g} hydroxy urea were dissolved in 300 mi 1 M HCI, 300
mi of methanol was added and 0.19 mol {24.35 g} of 3,5-

heptandione was added dropwise under ice cocling, maintaining
the internal tempercture gt 1-2 °C. The solution was thawed to roon
temperature in an ice bath and stirred over night, then evaporatad

to dryness. The residue was suspended with 200 ml| of acetone, the
mixture was cooled to below 0 °C in an ice/ethanol bath, the solid
fittered off and washed with ¢ little ice-cold acetone. After drying,

7.88 g of a product was obiained which contained 48 % of the title

compound and 52 % ammonium chloride as by-product.
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IR [in substance, cm '} 3116, 3024, 2804, 2687, 2628, 1996, 1746,
1603, 1572, 1512, 1443, 1394, 1297, 1213, 1156, 1082, 1061, 263, 901,
861, 814, 745, 700.

ChHN-elemeniary anatysis: C, 22,71 H, 6.94; N, 1$.99.

Chloride content: 42.9% [m/m)

LC-MS: 169 [M+H].

3
A
H
o~
~
o)
o
T
.
o
o~
0
)
Iz

TH-NMR (DMSO-ds, 400 MHz): § [pom] = 6
2

2.70 (g, 2H), 1.21 {1,

E. 4-Methyl-4-{2-methylpropylipyrimidine-2.ol-1-oxide
hydrochloride

......

0.20 mol {15.21 g] hydroxy urea were dissolved in 300 mi of M HCH,
300 mi of methanol were added, and 0.20 mol [28.44 ¢g) 6-meinyl-
2. 4-heptanedione were added dropwise while cooling at =12 to ~10
°C. The solulion was allowea to warm siowly o room femperature
and stirred over night, then evaporated io dryness. The residue was
suspended with 200 mi of acetone, the mixture cooled to below § °C
in an ice/ethanol bath, the solid filtered off and washed with «a liitle
ice-cold acetone. After drying 7.23 g of o product was obtained,
which confained 58 % of fhe title compound and 42 % of the by-

product ammonium chioride.

IR {in substance, om-i): 3106, 3011, 2963, 2574, 1834, 1740, 1604,

71,1321, 1280, 1234, 1209, 1149, 1104,

CHN-elemeniary analysis: C, 28.48; H, 6.93; N, 18.33.
Chioride content: 37.6% (m/m)

i
LC-MS: 183 [M+H].



TH-NMR [DMSO-de, 400 MHz]: 8 [ppml = 6.76 (s, 1H], 2.72 (d, 2H]), 2.44
(s, 3H}, 2.13 [m, 1H), 0.91 [(d, éH). From the NMR-spectrum was
estimated that the product contained approximately 2 % of the
regiocisomere b-methyl-4-[2-metnylpropylipyrimidine-2-ci-1-oxide

hydrochloride.
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0.876 mol {100 g} 3-methyl-2 4-penfanedione (95 %, Alfa Aesar) were
added dropwise under ice cooling. The two-phase-mixture was
stirred for ¥ h at room temperciure, and then it was exiracted twice

with 530 mi ethyl acefate. The combined organic phases were dried
wittt sodium suip)hme and concentrated on a rotary evaporator to
dryness. 846.6 g 3-mefthyl-2.4-penfanedione, depleted with acetyl

aceions, were obtained

0.758 mol {60.84 g) hydroxy urea were dissolved in 500 ml of 2 M HCI
and 200 mi of methancl and 0.758 mol (86.56 g} 3-methyi-2,4-
pantanedione were added. The solution was stirred for 1 h at 50 °¢

and then concentrated to dryness. The residue was suspended in 80
mt of ccetone, the mixfure was cooled to below O °C in an
icae/ethanc! bath, the solid filtered off, washed with ¢ litfle ice-cold

acetone and dried. 21.7

&

of intermediate product were heated to
boiling in 150 ml methanol, hot filtered from insoluble fractions and
again evaporaied fo dryness. There were obfained 7.05 g solid (1.

fraction} which contained 9.6 % of the title compound and 90 % of

the by-product ammonium chioride.

T
0
3
~
¥
o
Q

cetone mother liquor further solid precipitated which wa
filtered off, washed with o littte acetfone and dried. 2.50 g of ihe
solid (2. fraction) confained 82 % of the title compound and 18 % of

0
the by-product ammonium chioride.



s, 3H). From the NMR-sp

(R [in substance, cm-t)r 3112, 2997, 2934, 2850, 27964, 2629, 2544,
1734, 1612, 1582, 1513, 1472, 1392, 1373, 1309, 1247, 1215, 1152, 1132,
1093, 1014, 945, 896, 803, 777, 742, 707, 430, 603, 558, 528, 500.
CHN-elementary analysis: C, 36.31; H, 6,146, N, 16.28 (2. fraction).
Chioride content: 25.9% (m/m) {2. froction]

LC-MS: 155 {M+H).

TH-NMR !DMSO d/,, 400 MHZ}

contained approximately 2 % 4.6-dimethylpyrimidine-2-ol-1-oxide

hydrochloride s by-product,

G, . 5-Chloro-4,6-dimethylpyrimidine-2-ci-1-oxide hydrochloride

Cl “ P
r‘/ k' !\‘!
|
=
N e
:
¥
®]

0.20 mol {15.21 g} hydroxy urea were dissolved in 300 ml of 1 s HCI,
300 ml methano! 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-mixiure was aliowed fo warm slowly to room
temperature and stirred over night. The ciear solution was then
evaporated to dryness. The residue was suspended with 200 mi of
acetone, the mixiure was cooled fo beiow 0 °C in an ice/ethanol
path, the solid filterad off and washed with o little ice-cold acetone.
The filtrate was concentrated 1o dryness, the residue was suspended
in 20 mt of telranydrofuran, filtered off, washed with  litile

3

Tetrahydrofuran and drisd. 1.40 g of o product containing about 3

% of the title compound and 47 % of the by—produc’r ammaonium

chioride were obiained.

IR {in substance, cm-}); 3115, 2900, 2667, 2516, 1745, 1577, 15085,
1378, 1310, 1194, 1135, 1102, 1049, 973, 900, 835, 737, 674, 578.

ke 1Y

Chioride content: 40.1% {m/m)
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LC-MS: 175 [M+H).
TH-NMR (DMSO-ds, 400 MHz}: & [ppm] = 2.49 {5, 3H), 2.37 Is, 3H].



ut

10

%)
{n

Y

H. 4-Eihylpyrimidine-2-ol-1-oxide hydrochloride

1. 1-Dimethoxypentan-3-on
Fis ?%mﬁwmmo H. Cho and Y. inubushi, Chem. Pharm. Bull, 19378, 26,
1201-1214;

In o mulil-neck flask with internal thermometer and KPG-stirrer 0.94
mol (89 g} propionic acia chioride were charged and cooled with o
sait/ice freezing mixture., 0.82 mol {110 g} aluminium chioride was
added portion wise and the mixture was stirred vigorously for 10 min
and mixed with 50 ml of chioroform. Then, within about 1 h 0.93 mol
[100 g} vinyl bromide was added in small portions {maximum internal
tempercture 14 °C. The mixiure was stirred on ice for 1 h, and then
the reaction mixture was poured onfo 500 g ice and exiracted
several times with a total of 11 of chlioroform. The combined organic
phases were washed 4 fimes with 1 1 of water, dried with sodium

uiphate and the chiorofaorm was distilled off on a rotary evaporaior.

The residue was distilied in a rotary evaporctor at 80 °C water bath

temperature and 14 mbar (head temperature about 47 °Cl, which
resylted in 118 g intermediate product lunstable, storage  -18 °CJ.

118 g intermediaie product were dissolved in 600 ml anhydrous
methanol and cooied on ice. 1.03 mal [55.65 g} nalrium methoxid
were dissolved in 360 mi anhydrous methanol and added dropwise
within 30 min and the mixture was stirred at rcom temperaiure for

further 18 h. The resulting saif was filtered off, washed with a small
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amount of dry methanol and the filtrate was concentrated on a
rotary evaporater. The residue was distilled af a rotary evaporator at
a water bath temperature of 75 °C and 4 mbor [head femperature
40 - 52 °CJ). 61.4 g of ¢ product mixture containing 62 % (m/m) of the

titte compound {corresponding to 38 gl were obtained.

FPH-NMR [DMSO-ds, 400 MHz}: & [ppm] = 4.74 (1, 1H), 3.23 {s, 6H}, 2.70
fc- 2y 2.45 Ay Zriy Gr9G{d
product mixture}; § = 7.69 (d, TH), 5.61 (d, TH), 3.6%9 [s. 3H}, 2.48 [q.
2H), 0.946 {1, 3H) ({1E)-T-mefhoxypeni-1-en-3-on, 38% in product

mixture].
4-Ethylpyrmidin-2Z-ol-1-oxide hydrochloride

0.388 mol {25.9 g) hydroxy urea were dissoived in 195 mi 2 M HCI, 80
mi of methanol were added and 0.388 mol [54.7 g) of 1,1-
dimethoxypentane-3-on (62 % confent in product mixture) were
added dropwise under cooling with the infernal femperaiure being
maintained at -6 to -7 °C. The solution was thawed to room
temperature in an ice bath and stirred for 1 h, then evaporated until
dryness. The residue was suspended with 100 mi of acefone, the
mixture was cooled 1o below 0 °C in an ice/ethanoc!l bath, the solid
filtered off and washed with little ice-cold acetone. After drying 32.6
g crude product were obtained. The crude product was heated until

o

boiling with 200 mi ethanol, hot filtered and slowly cooled 1o 18 °C.

iy

The precipiiaied solid was filtered off, washed with o iittle amount of

ethanol and dried. 11.7 g of the tifle compound were obiained.

IR {in subsiance, cm-T): 3115, 3038, 2934, 2678, 2518, 1753, 1606,
1585, 1516, 1465, 1403, 138 } 34,1109, 1053, 1002,
8964, 803, 7469, 736, 680, 405, 540, 513, 494, 474.

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

[C-MS: 141 (p+H].

=eFETetiiiie compound, 62% Mmoo
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TH-NMR [DMSO-ds, 400 MHz): 5 [ppml = 8.92 {d, 1H), 6.70 (d, 1H],
2.73 {q, 2H}; 1.19 (f, 3H}. From the NMR-spectrum was estimated that
the product contained <3 % of the regioisomere 4-ethylpyrimidine-2-

ol-1-oxide hydrochicride.

I 4-Ethyt-4-mefhylpyrimidine-2-0l-1-oxide hydrochloride

~~~~~

,
T

0.12 molt (9.13 g) hydroxy urea were dissoived in 50 mi 2 M HCIH, 20 mi
of methano!l were added and 0.10 mot {11.4} g} 2.4-hexanedione
were added dropwise under coocling by approximately -15 °C.
Further 30 ml of water and 10 mi of methanol were added. The ftwo-
phase reaction mixture was aliowed to warm up sfowly fo room
temperature and was stirred at rcom temperature for further 2 h,
then evaporated until dryness. The residue was suspended with 50 mi
of acetone, the mixfure was cooled in an ice/ethanol bath, the sofid
filttered off and washed with 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 hot
filtered off and the product was subsequently recrystallized from the
filtrate at -18 °C. 3.0 g product were obtained which were again
recrystallized  from 28 ml ethanol. Finally 2.26 . g of the fitle

compound were oblained.

IR {in substance, cm'): 3093, 2997, 2945

1601, 1571, 1508, 1435, 1

—

LC-MS {rnjz): 1557 [M+H).

TH-NMR (DS

O
o
o
oS
o
S
<
op
.‘:‘

5 [ppm] = 6.78 (s, 1H}. 2.88 (g, 2H), 2.46

s, 3H), 1.21 {f, 3H). From the NMR-specirum was estimated that the
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product contained approximately 6.6 % of the regioisomer 4-ethyl-4-

methylpyrimidine-2-ol-1-oxide hydrochioride.

J. 4-Methyl-6,7-dihydro-5H-cyclopenta[dlpyrimidine-2-oi-1-oxide

hydrochioride
0.20 mol [15.21 g} hydroxy urea was dissolved in 200 mi of T M HCH,

200 ml of methanol were added and 0.20 mol (2523 g} 2-
acelylcyclopentanone were added dropwise, 1 further hour stirred
and then the solution was evaporated at the rotary evaperator until

-
H
H

he residue wags suspended with 100 m! of aceton

dryness. e, the
solid filfered off and washed with acetone. After drying 12.41 g
crude product 1 were obtained which were solubilised in the baoiling
heat with 1200 ml isopropanol. and heot filtered. The filirate was
evaporated until dryness and 8.49 ¢ crude product 2 were obiained.
This was solubilised in the boiling heat in 200 mi of ethanol and 200
mi of fetrahydrofuran were added. The precipitated solid waos
filtered off and dried. 563 g of a product were obifained which

contained ?1.5 % 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,

LC-MS {m/z): 167.5 {M+H§

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

Chloride centent: 21.7% {m/m)

TH-NMR [(DMSO-ds, 400 MHz): 3 [ppml = 3.22 (1, 2H), 2.82 (1. 2H), 2.4

L

Ny

{s. 3H]., 2.13 {guintett, 2Hj. From the MNR-spectrum was estimated

ihat the product contained approximately 6 % of the regioiscmere

~



~0)

t-methyl-6,7-dihy

hydrochloride.
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K. 4-pMethyi-5,6,7,8-tetrahydrochinazoline-2-0l-3-oxide
hydrochloride

0.08 mol [6.08 g} hydroxy ureg were dissolved in 40 ml of 2 M HCI, 40

ml  of methanol were added aond 0.08 mol (11.21 g

o]

acelylcyclohexancone 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 fimes in ioial. The combined
reaciicn mixiures were then evaporated at the rotary evaporator.
The residue was suspended with acstone, the solid filfered off and
washed with acetone. After drying 36.97 g crude product 1 were
obtained which were suspended with 250 mi ethancl and hot
filtered. The filtrate was evaporated until dryness and 20.87 g crude
product 2 were obtained. This was solubilised in the boilling heat in
500 mi of ethanol, i filtered, and fhe filfrate was combined with
800 mi tetrahydrofuran. The precipitated solid was filtered off and
dried. 14.3 g of a product were obfained which contained 87 % of

the litle compound and 13 %2 ammonium chloride.

Ik {in substance, cm ) 3135, 3044, 2937, 2875, 2805, 2706, 2426,
43,1572, 1501, 1443, 1403, 1345, 1288, 1260, 1235, 1150, 1122, 1086
1041, 908, 883, 824, 740, 707, 669, 643, 405, 546, 514,

CHN-elementary analysis: C, 43.63; H, 6.08; N, 14.46.
Chloride content: 22.2% {m/mj

TH-NMR [DMSO-ds, 400 MHz}: 8§ [ppm] = 2.746 {m, 2H), 2.53 (s, 3H), 2.49
Im, 2H}, 1.70 (m, 4H). From fhe NMR-spectrum was estimated that
the product contained approximalely 5 % of the regicisomere 4-

ethyl-5.6,7 . 8-tetrahyvdrochinazelin-Z-ol-1-oxide hydrochioride.
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0.187 mot {14.22 g} hydroxy urea were dissolved in 200 mi of 1T M HCI
and 0.187 mol [30 g} 1. l-dimefthoxy-4-methylpentane-3-on [E.E

ovais and K.C. Brannock, J. Am Chem. Soc. 1953, 75, 2050-2053)
were ddded dropwise under cooling, wilth the internal temperaiure
being maintained at 0 - 1 °C. The two-phase mixture was thawed fo

3

room temperature in an ice bath and stirred for 12 h, then

evaporated until dryness. The residue was suspended with 100 mil

acetone, the mixfure was cooled in an ice/aethano! bath, the solid

-

iltered off and washed with a little ice-cold acetone. Affer drying
15.79 ¢ crude product 1 were obiained. 11.04 g of crude product i
were heated until boiling with 141 mi ethano!l and precipitated solid
\,;fas filtered off after cooling. The filtrate was again evaporated unfil

dryness and 8.49 g crude product 2 were oblained which were

ey

heated until boiling in 80 mi ethanol and hot fittered. The filirate was

cooled down slowly 1o room temperature and over night down fo -

18 °C. The precipitated solid was fittered off and after drying 2.18 g
of the iitle compound were oblained.

IR {in substance, cm=): 2971, 2585, 1815, 1748, 1598, 1572, 1513,
1463, 1390, 1305, 12380, 1186, 1163, 11382, 1049, 984, 934, 901, 815,

773, 749,719, 681, 616, 582, 518, 498, 484, 478.

CHN-slementary analysis: C, 43.54: H, 6,10 N, 14.50

LC-MS {m/z): 1555 [M+H]}.

TH-NMR [DMSO-ds, 400 MHZY: 8 [ppml = 8.88 (d, TH), 6.68 {d, 1H]
3.02 theptett, 1H}, 1.20 [d, 6H)
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M. 4-Ethyl-é-methyipyrimidine-2-0! 1-oxide hydrochloride

\/a;‘ious mother liguars from recrystallization from the synthesis of the
regioisomer é4-efhyl-4-methyl-pyrimidine-2-ot 1-oxide hydrochloride

[(Example 1} were combined and evaporated o dryness. In ijotal

22174 grams of this product mixture, containing about 50% of the

ol

Hitle compound, were heated in 140 m! of ethanol to boiling, filtered
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 fraciion were separated in the heat, and then it was slowly
cooled down from the boiling point to -18 °C. 17.25 g of «

srecipitate were then recrystallized accordingly from 150 mi of
ethancl / 70 mi of fefrahydrofuran, whereby 6.05 g of o solid
oredominantly containing s-ethyl-4-methyl-pyrimidine-2-ol  1-oxide
hydrochioride was separated. The filtrate was concentrated to
dryness and 9.53 g of the residue were recrysiallized from 180 mi of
isopropanotl. 7.57 g of a product mixture were obtained [63%
enrichment) and recrystallized several times from isopropanc! in a
corresponding manner. Finally there were oblaoined 0.69 g of the

fitle compound.

(R (neat, cmtj: 3077, 2853, 2685, 2550, 1745, 14608, 1568, 1514, 146]
V416, 1376, 1323, 1304, 1249, 1211, 1160, 1142, 1104, 1069, 1028, 994,

936, 887, 849, 767, 746, 707, 685, 62
C-MS {m / z): 155 (M + Hj.
TH-NMR [(DMSO-ds, 400 MHz): 8 [ppm] = 6.83 s, |

)
€, ]
O

O
o
[
~d
Cr
]
L1
[@1
[
<

N
£.3D

b 2.70 [q, 2H],
[s, 3H}, 1.20 {f, 3H). From the NMR spectrum it was estimated that the
product confained approximately 13% of the regicisomer é-ethyl-4-

eihyl-pyrimidin-2-ot 1-oxide hydrochioride.
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M. 4-tert-Butylpyrimidine-2-0l 1-oxide hydrochloride

The synthesis of the precursor 1, 1-dimethoxy-4 ,4-dimethylpentane-3-
B

o

one was performed in analogy to £E.E. Royals and K.C,

¢

rannock (4.

Am. Chem Soc. 1953, 78, 2050-2053), wherein o mixiure of about 20%

o

f the desired precursor and 80% of the byproduct I-methoxy-4,4-
dimethyinpent-1-en-3-one was obtained. To 32.8 g of this mixture
were added 32.9 mmol {5.43 g} N-benzyloxy urea, 51 mi of methanol,
1.7 mb of water and 4.06 mi of sulfuric acid (analogous to M.

Yamaguchi et al., J. Inorg. Biochemistry 2006, 100, 2460-269%9). 1f wa

(Ve

-

>h
stirred at room temperature with porfionwise addition of in foial 153
mmol (25 g) N-benzyloxy urea for 5 h, until N-benzylexy urea could
be delected in the reaction mixiure [TLC hexane / ethyl acetale
2/1. 1% acetic acid), The reaction mixture was evoporated fe
dryness, the residue faken up in water / dichioromeinane, the
agqueous phase was adjusted to pH 9.3 with saturated sodium
carbonate solution and exiracted three times with dichloromefthane.
The combined organic phases were washed with water, dried over
sodium sulfate and evaporated to dryness. 51.8 g of o crude
product were obtained which was chromatographed  with
cyclohexane [/ ethyl acetate over silica gel. 46.4 mmol [12.0 g}
purified intermediate product were oblained, which was dissolved in
240 mi of methanol and hydrogenated with 0.93 g of 10% Pd / C for
3.5 h with hydrogen. It was filtered over Celife, the filtrate was
added with 50 mt of 1 M HCi and evaporated o dryness. The crude
product was suspended in 100 mi of water, filtered off from insoiuble

constifuents and the fllfrate was concenirated. Aftar drying, 8.15 g
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{39.8 mmol, 5.0% vield over three steps) of the title compound were
obtained.

IR (neat, cm-'): 2850, 2482, 1758, 1605, 1565, 1517, 1494, 1467, 1389,
1377, 1310, 1264, 1190, 1118, 1086, 887, 828, 751, 730, 703

TH-NMR [DMSO-ds, 400 MHz): & [ppm] = 8.66 [d, 1HI, 6.61 {d, TH},
1.27 {5, 9H)

O. 5.6-Dimethylpyrimidine-2-ol T-oxide hydrochloride

The synthesis of the precursor 4,4-dimethoxy-3-methylbutan-2-one

wdas performed in analogy to E.E. Royals and K.C. Brannock {J. Am.

Chem., 1953, 75, 2050-2053) ond vyieided o mixfure of 58% of the

desired precursor, 24% of the byproduct 1.1-dimethoxy-pentan-3-
one and about 18% slimination product. 102 g of this mixture [0.405
mol of 4,4-dimethoxy-3-methylbutan-2-one} were dissolved in 30 mi
of methancl and added dropwise 1o 0.698 mol of N-hydroxyurea in
400 mi of ZM HCI, while the inferncl temperature was mdainfained at -
10 to -4 °C. The solution was thawed fo room temperature, stirred for
1 h, and then evaporaied fo dryness. The residue was siurried with
200 mi of acetone, the solid filtered off and washed with little ice-
cold aceione. After drying, the crude product was heated with 150
mi of ethanol to boiling, filtered hot, concenirated fo 50 ml an
cooled o -18 © C. The precipitated solid was filtered off, washed
with little ethanol and dried. 20 g of this solid was again
recrystaliized from 100 mi of ethanol, and finally 10 g {12% vield) of
the titfle compound were obtained {content of 85% fthe title
compound and 13% ammonium chioride).

(R (neai, cml): 2569, 2539, 1726, 1628, 1589, 1503, 1453, 1378, 1336,
1255, 1220, 1157, 1141, 1120, 1021, 9 5
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TH-NMR (DM
| SO"dé 4{"«0 Ly
., 400 MHz}: & [©
(s, 3H] Hz): & [ppm] = 8.98 (s, TH]; 2.5
(s, 3H}; 2.08
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P. é-n-Propyipyrimidine-2-ol 1-oxide hydrochloride

/\

_IK N

|
i‘f OH
0

e SyRInésis Tof The TBrédursor 1 {-diméthoxvhexane-3-one was
performed  in analogy to E.E. Royals and K.C. Brannock [J. Am.
Chem. Soc. 1953, 75, 2050-2053) and vielded a mixiure of 75% of the
desired precursor, 13% of the byproduct 3-{dimethoxymethyl)
centan-2-one and about 12% of elimination products. 29.2 g of this
mixfure {(0.137 mol 1, i-dimethoxyhexane-3-one) were mixed with

164 moles [27.3 @) N-benzyloxy urea, added with 130 ml of
methanol ond 20 ml of sulfuric acid {analogous to M. Yamaguchi et
al., J. Inorg. Biochemistry 2006, 100, 260-269). The mixiure was stirred
at room femperature, then further 0.01464 mmol [(2.73 g} of N-
benzyloxy urea were added and it was heated for 1 h at 50 ° C. The
mixture was evaporated to dryness, the residue was taken up in
water / dichloromethane, the agqueous phase was cdjusied to pH 11
with saturated sodium carbonate solution and exiracted three times
with dichloromethane. The combinaed orgonic phases were washed
with water, dried over magnssium sulfate and sevaporated 1o
dryness. There were obtained 40.3 g of a crude product which was

chromatographed with cyclohexane / ethyl acetate over silica gel

0,026 motl {6.3 g} of the purified intermediate were dissolved in 100

"

mi of methanol and hydrogenated with 0.53 g of 10% Pd / C for 0.5 n
with hydrogen. 1t was filtered off through Celite, the filirate was
concentrated to 5C ml added with 50 mi of 1 M HCl and evaporaled
to dryness. The crude product was recrystallized from 50 mi of 2-
propanol and 200 ml of diethy! ether. 3.46 g (18.2 mmol, 13% yield
over 2 sieps) of the title compound were obtained,

iR [neal, cmiy: 2591, 2536, 2477, 1770, 1736, 1608, Y580, 1311, 1194

1185, 1130, 1115, 1082, 1001, 904, 892, 823, 787, 7364, 680



JH-NMR [DMSO-ds, 400 MHz):

2.74 [t 2H}. 1.69 [hexiett, 2H)
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lron complex compounds {examples)

Exampie 1

Tris-(pyrimidine-2-ol-T-oxide)-lron(ill) complex

114 mmol (16.93 g) pyrimidine-2-ol-1-oxide hydrochioride were
dissolved in 150 mi of water and 38 mmeoel {10.27 g} FeClz*4H::0
disseolved in 15 ml water were added. The soluiion was adjusied 1o

{ 4.3 with approximately 90 ml 2 M NaOH and stirred for 0.5 h. The
oroduct was filtered off, washed with water and dried in ¢ vacuum

drying oven at 50 °C. 14.2 g of the fitle compound were obiained.

IR {in substance, cm-'): 3082, 3054, 1596, 1506, 1431, 1366, 1278,
V197, 1136, 1108, 1085, 907, 798, 765, 613, 554, 513.

CHE\E-efemen%er analysis: €, 35.77; H, 2.78; N, 20.23.

ESI-MS: 278.3 (Felat): 390.4 {MHH*); 4124 [MANa~].

e-content: 13.61% [m/mj



Exampie 2

Tris-{4-methyipyrimidine-2-ol-oxide)-iron{ill} complex

21 mmol (3.76 g, approximately 90 % purity] 4-methylpyrimidine-2-ol-
l-oxide hydrochloride were dissolved in 15 mi waoter and 7.0 mmol
(1.89 g} FeClz®é6H20 dissoived in & ml water were added, The solution
was adiusted to pH 5.85 with approximately 44 ml 1 M NaOQOH and
stirred for 0.5 h. The product was filtered off, washed with water and
dried in « vacuum drying oven at 50 “C. 3.03 g of the f{itle

por)

compound were obtained,

IR {in substance, cm"}: 3400, 3074, 1602, 1545, 1503, 1425, 1378,
1339, 1249, 1207, 5, 1116, 1032, 954, 805, 7462, 645, 400.
CHN-elementary analysis: C, 38.42; H, 4.10; N, 18.11.

ESI-MS: 3064 (Felsr): 432.4 (M+H*).

£
Fe-content: 12.15% [m/m]



Example 3

Tris-{4,6-dimethylpyrimidine-2-ol-1-oxide}-iron{ii) complex

- N 4 s
Y 5 |
O\\ //O S R
\.N\\ // ll \]
N
O/ . \i), \NV \\
s L0
L N o
F‘F ™ l}é
i
p o e f’;l \"\_\
120 mmol 2119 gl 4,6-dimethylpyrimidine-2-ol-1-oxide

hydrochicride were dissolved In 15 mi of water and 40 mmol {10.8]
g) FeCls*6H20 disselved in 10 ml water were added. The solufion was
adjusted to pH 5.90 with approximately 238 ml 1 M NaOH and stirred
for 0.5 h. The product was fillered off, washed with water and dried
in a vacuum drying oven at 50 °C. 18.46¢6 ¢ of the title compound

were obtained.

3596, 3441, 3077, 1604, 1551, 15811, 1441,
3, 1380, 1360, 1320, 1153, 1097, 1029, 875, 856, 798, 651, 564, 524,
6.

IR {in subsiance, cm ).

(W
~O

1
4

os]

CHN-elementary analysis: C, 44,27, H, 4.22: N, 17.35.
ESI-MS: 334.4 [Fela'): 474.5 [M+H"); 496.6 (M+Na*).
2 11.33% [m/m]

No melting point, af about 230 ° C exothermic decomposition starts.
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Example 4

Tris-{4,4-diethylpyrimidine-2-ol-T-oxide}-iron{lil} complex

~

14 mmol (6.1 g, approximately 48 % purity, 52 % ommonium chiocride)

4,6-disthylpyrimidine-2-ol-1-oxide hydrochloride were dissolved in 15
m! water and 4.67 mmol {1.26 g) FeClhy™6H0 dissolved in 2 ml wafer
were added. The solution was adjusted 1o pH 5.85 with 27.7 mi 1 M
NaOH and stirred for 0.5 h. The product was filtered off, washed with
water and dried at 50°C in a vacuum drying oven. 2.57 g of the title

compound were oblained.

IR (in substance, cm ) 3593, 3378, 3087, 296%, 2934, 2880, 1402,
1549, 1510, 1440, 1406, 1328, 1255, 1235, 1146, 1108, 1073, 1027, 964,
903, B63, 807, 764, 701, 672, 645, 419, 578, 522.

CHN-slementary analysis: C, 49.23; H, 6.03; N, 14 43,

Fe-content: 10.05 % [m/m]
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Example 5

Tris-{4-methyl-6-(2-methylpropylipyrimidin-2-ol-1-oxide}-iron{ii}

complex

15 mmol {574 g, approximately 58 % purity, 42 % ammonium
chioride) 4-methyl-é-[2-methylpropylpyrimidine-2-ol-1-oxide
hydrochloride were dissolved in 25 ml water and 5.0 mmol {1.35 g}
FeCly*6H20 dissolved in 2 ml water were added. The solution was
adjusted to pH 5.88 with 29.2 mi I M NaOH and stirred for 0.5 h. The
orocduct 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, crlys 2959, 2929, 2872, 1598, 1549, 1513, 146472,
1434, 1400, 1355, 1289, 1233, 11571, 1122, 1102, 1034, 990, 928, 879,

853, 799, 769, 701, 648, 606, 57

(6]

CHN-elementary analysis: C, 53.71; H, 6.40; N, 13.92.

Fe-confent: 2.29% [m/m]
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Example &

Tris-{4,5 6 -irimethylpyrimidine-2-ol-1-oxide)-ron{ill) complex

- A
.., / ‘\N
I
e \;}i/ ~ Cf :
'é } /C1 / -
o~
T B
b bt
Fe i
N i
P - i e u'/\\ ’/// ™~
0 e Y ~
]
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N
|
PN ,»/.ﬁii""\
P \'\:r - .

10.2 mmol {2.38 ¢, opproximately 82 % purity, 18 % ammonium
shicride] 4,5,6-trimethyipyrimidine-2-ol-1-oxide hydrochloride were
dissolved in & ml water and 3.4 mmol {0.93 g} FeCl;*6H:O dissoived in
I mi water were added. The solution was adiusted to pH 6.04 with 19
ml T M NaGCH and stirred for 0.5 h. The product waos filfered off,
washed with water and dried in o vacuum drving oven at 50 °C.

There weare obiained 1.72 g of the title compound.

IR [{in substance, cmt): 3424, 2925, 1593, 1510, 1439, 1377, 1234,
1188, 1160, 1109, 999, 935, 849, 803, 763, 720, 657, 613, 561,
CHN-elementary anaiysis: C, 45.43; H, 5.80; N, 14.172.

Fe-content: 10.68% [m/m]}
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Exampie 7

Tris-{5-chloro-4,6-dimethyipyrimidine-2-ol-1-oxide}-iron{lil) complex

.

.~

6.73 mmol (3.8 g, approximately 37 % purity, 63 % ammonium
chloride} and 0.77 mmol {0.31 g, approximately 53 % purity, 47 %
ammonium  chioride}  5-chicro-4.46-dimethyipyrimidine-2-ol-1-oxide
hydrochioride were dissolved in 25 mi of water and 2.5 mmol {0.468 gj
FeClz®6HC dissolved in 2 mi water were added. The solution was
adjusted to pH 5.96 with 14.8 mi 1 M NaOH and stirred for 0.5 h. The
product was fillered off, washed with water and dried in o vacuum
drying oven ¢t 50 °C. There was obtained 1.37 g of the tifle

compound.

R {in substance, om ' 2929, 23463, 14688, 1589, 1509, 1431
1375, 1194, 11469, 1092, 1014, 968, 847, 759, 494, 667, 553,
CHN-elementary analysis: C, 37.01: H, 2.83: N, 14 47,

Fe-content: 9.88% [m/m]
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Example 8

Tris-(4-ethylpyrimidine-2-ol-1-oxide}-iron{ill} complex

s -
~” “\.\ =

TN

43 mmol [11.13 g) 4-ethylpyrimidine-2-ol-1-oxide hydrochioride wers
dissolved in 20 mi water and 21 mmol [5.68 g) FeCl:*6H20 dissolved
in 5 mtwatfer were added. The solution was adjusted to pH &.17 with
1256 mi i M NaOH and stirred for 0.5 h. The product was filtered off,

-

washed with waoter and dried in a vacuum drying oven at 50 °C,

e
t

here was obtained 9.52 g of the title compound.

(R {in substance, cm i} 3083, 2974, 2936, 2876, 1594, 1543, 1511,
1460, 1428, 1313, 1249, 1194, 1143, 1107, 1079, 1056

/70, 748, 96, 639, 598, 531, 502.

CHN-elementary analysis: C, 44 .67, H, 4. 52; N, 17.36.

Fe-content: 11.40% [m/m)]
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Example 9

Tris-{é-ethyl-4-melthvipyrimidin-2-ol-1-oxide)-fron{ilt} complex

|
]
L
;‘(’ N
S N
’ | | |
[o} ; o . //j‘
/‘//h‘“\\ H /L
- TN N
0~ G h ~
1
P
w ST
:
) //L,/ 7N P
i1.4 mmol (2.17 o S-ethyl-4-methylpyrimidine-2-ol- 1 -oxide

hydrochiorid were dissolved in & ml water and 3.8 mmot {1.03 g}
FeCls*éH:O dissolved in 2 mi waoter were added. The solution was
adjusted fo pH 6.3 with 22.7 ml I M NaOH and stirred for 0.5 h. The
oroduct was filiered off, washed with water and dried in o vacuum

drying oven at 50 °C. There waos oblained 1.89 g of the fille

g

compound.

IR [in subsiance, cm-'): 3515, 3080, 2974, 2938, 1598, 155

V461, 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, 15.871.

Fe-content: 10.32% [m/m]

~

Chioride-content: 5.0% Im/m]



Example 10

Tris-(4-methyl-4,7-dihydro-5H-cyclopentaldipyrimidin-2-ol-1-oxide)-

iron{ill} complex

o] O ~
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21 mmol (4.73 g} 4-methyl-6,7-dihydro-5H-cyclopentald]pyrimidine-2-
cl-T-oxide hydrochiorid {content approximaiely 90 %) were dissolved

I3

in 30 m! water and 7.0 mmoi {1.89 g} FeCls*46H20 dissolved in 5§ mi
water were added. The solution was adjusted 1o pH 5.94 with 41.6 mi
I M NaOH and stirred for 0.5 h. The product was filterad off, washed
with water and dried in o vacuum drying oven at 50 °C. There was

obtained 3.8 g of the fifle compound.

IR [in substance, cm-i): 2918, 2361, 2826, 1599, 1571, 1499, 1429
1382, 1339, 1311, 1279, 1232, 1208, 1173, 1100, 1067, 1043, 1013, 970,
P45, 904, 887, 8364, 741, 733, 663, 566, 528, 499,

CHN-elementary analysis: C, 50.36; H, 4.98; N, 14.88.

Fe-content: 2.71% [m/m]

Chloride-content: 1.05% [m/mj]
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Example 11

Tris-{4-methyl-5,6,7,8-fetrahydrochinazoline-2-ol-3-oxide}-iron{ )

complex

55 mmol {14.3 ¢g) 4-methyl-5,6,7,.8-tetrahydrochinazoline-2-ol-3-oxids
hydrochloride were dissolved in 30 ml water and 18.3 mmol (4.95 g)
FeCls"6HO dissclved in & ml water were added. The sclution was
adjusted 1o pH 619 with 110.7 mi 1 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 was obtained 10.7 g of the title

compound.

R [in substance, cm ). 2932, 2859, 1586, 1510, 14464, 1421, 1377,
1348, 1308, 12467, 1229, 1189, 1168, 1100, 1079, 1057, 1030, 949, 889,
844, 824, 762, 704, 654, 614, 571, 507,

CHN-glementary analysis: C, 53.25; H, 5.49; N, 13.746.

Fe-content: 2.03% [m/m)]

@

hloride-confent: 6.0% [m/m]
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Example 12

Tris-{4-propane-2-yhipyrimidine-2-ol-1-oxide}-iron{lil) complex

,/""‘}q\!
i
o
S N
- ! \; = N (_;)
P
RS S e N
N n =
PUENS : H
P NN o ~
o’ | o N ™ v g
1
e J\\ e
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T ""'L:\» L
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Q.76 mmol 1.84 ) d-lpropane-2-viipyrimidine-2-o0i-1-oxide
!

hydrochiorid were dissolved in 5 mi water and 3.25 mmo!l [{0.88 g}
FeCil*6H:O dissolved in 2 ml water were added. The solution was
adiusted to pH 6.04 with 185 ml I M NaCH and stirred for 0.5 h. The
product wos filtered off, washed with water and dried in a vacuum
drying oven at 50 °C. There was obtained 1.64 ¢ of the tille

compound.

iR {in substance, cm ). 3071, 2965, 2930, 2871, 15%4, 1540, 1510,
1447, 1428, 1373, 1309, 1239, 1204, 1152, 1132, 1108, 1049, 970, 931,
B8, 834, 809, 777,733,712, 645, 599, 552, 514

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

Fe-content: 106.86% [m/m] [HCP)

Chloride-confent: 0.60% [m/m!
Example 13

Tris-{4-ethyl-é-methylpyrimidine-2-ol 1-oxide}-iron{lil} complex
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351 mmol [0.69 ) of 4d-ethyl-é-methylpyrimidine-2-ol 1-oxide
g Y yipy

nydrochioride were dissolved in 3 m! water and 1.17 mmol {0,314 gj

H 4.37 with

FeCls * 6H20 were added. The sclution was adjusted fo p
6975 mi cof 1 M NaOH and stirred further for 8.5 h. The product was

4
[

filtered off, washed with water and dried ¢t 50 °C in o vacuum
oven. This gave 0.3 g {92% Fe-vield) of the fitle compound.

IR [neat, cm): 2970, 2936, 2876, 1750, 1685, 1601, 1552, 1511, 1462,
1447, 1404, 1386, 1362, 1308, 1231, 1194, 1154, 1106, 1056, 1034, 984,
4

844, 807, 790, 770.

o

CHN elemental analysis: C, 42.43;

Fe content: .5% (w / wi

Example 14

Tris-{5-ethyl-4,6-dimethylpyrimidine-2-ol T-oxide}-iron{1ll}) complex
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668 mmoil [1.44 g} S-efhyl-4,é-dimethyipyrimidine-2-o0l  1-oxide
aydrochloride (Yamagucht et al., J. Inorg. Biochemistry 2004, 100,

260-269) and 2.23 mmol [0.485 g} of FeCls * 6H20 were dissolved in 7

e

N

mi of water. The solution was adjusted with 1 M NaOH 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 vield) of
the fitle compound.

IR {(neat, cmri}: 2965, 1589, 1512, 1450, 1375, 1228, 1181, 1100, 1057,
1011, 958, 863, 768, 714, 685, 664,

CHN elemental analysis: C, 49.67; H, 583; N, 14.52,

Fe-conteni: 9.54% [w [ wi

Chloride content: 0.0% [w [/ w]

Exompie 15

Tris-{4-tert-butylpyrimidine-2-ol 1-oxide)-iron{lll) complex
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35.5 mmot {7.65 g} 4-teri-butylpyrimidine-2-0! 1-oxide hydrochloride
were dissolved in 15 ml water and 11.84 mmol {3.20 g) FeCiz * éH20
were added. The suspension was adjusted fo pH 6.1 with 89.4 mil of 1
M NaoOH 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 fifle compound.

IR (neat, cm-T): 29465, 1598, 1535, 1506, 1477, 1419, 1364, 1339, 1273
1238, 1217, 1159, V122, 1025, 967, 829, 810, 779, 717, 701

Fe content: 10.15% [w / wi

Chioride content: 0.65% (w / w]
Example 14

Tris-{8,4-dimethyipyrimidine-2-ol 1-oxide}-iron{lll} complex
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4.4 mmol {2.93 g} 5.é-dimethylpyrimidin-2-0l hydrochioride were
dissolved in 20 ml water and 4.4 mmol FeCls (0.76 g) dissolved in 10
mi of water were aodded. The solution was adjusted with 6.26 mi of 1
M NaOH to pH 5.8 and stirred for 0.5 h. The product was fillered off,

vy

washed with water and dried at 50 ¢ C in a vacuum oven. This gave

2.22 a l‘??.% Fe-yiel d) o The ’fl’f'e co"r“pound
IR (neat, cm i 3409, 1613, 1518 1443, 1403, ]363, 1241, 1221, 1202,

1177, 1094, 1007, 880, 762, 714.
CHN etemental anatysis: C, 40.77: #, 4.95; N, 1585,
Fe confent: 10.68% [w / wi

Chloride content: 1.1% [w / w]
Example 17

Tris-{4-n-propylpyrimidine-2-ol 1-oxide}-iron(lll} complex

T -

15 mmol [2.97 g) é-n-propylpyrimidine-2-ol 1-oxide hydrochloride
and 5 mmol {1.334 g} FeCi3 * 6120 were dissolved in 42 ml waoter
and 18 mi of ethanol and maintained at 50 °C. 30% sodium
hydroxide solution was added to pH 5.2 and the suspension was
cooled o room tempercture. The product was filtered off, washed
with water and dried at 50 °C in o vacuum oven. This gave 2.2 g
(85% Fe-yield) of the title compound.

IR (neatf, cm-'is 3072, 29461, 1594, 1541, 1507, 1460, 1426, 1380, 1337,
1246, 1141, 1108, 1088, 979, 870, 838, 799, 768, 733, 4971,
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Fe contfent: 10.74% [w [/ wi

Chioride conient: 0.0% [w / w]

Example 18

Tris-{4-{ethylamino)pyrimidine-2-of 1-oxide}-iron{ill} complex

3 mrnol {0.602 g 4-{ethyiaminol-pyrimidine-2-ol I-oxide
hydrochioride [Yamaguchi et al, J. Inorg Biochemistry 2006, 100, 260-
269} were dissolved In 20 mi water, and 1 mmol [0.27 g) FeClz * éH:O
dissolved in 2 mi of water were added. The solution was adijusted

with 1 M NaOH to pH 5.7 and stirred for another 15 min. The product

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

oven. This gave 0.43 g (85% Fe-yield) of the title compound,
R (neat, cm-t): 3287, 2975, 1620, 1588, 1531, 1490, 1448, 1381, 1344

wl T

1283, 1254, 1178, 1154, 1096, 1064, 1014, B24, 784, 754, 708

Fe-content: 11.03% {w / w]

Chloride content: 0.47% [w [/ wi
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Pharmacological testing method:

The excellent Fe uiilizations that can be accomplished through the
Fe complexes according o the invenfion were measured by means
of the following mouse model,

fs)

Male NM%&I {SPF) ”nsce (Gpprox:*ﬁd’wiy 3 weeks. olc; wL,rc f@d a ;ow~

Alron c:nc,? (f*pprm 5 ppm lron) for opproxmmaiy 3 week% 'Fé'ae ron

complexes were then administered to them by means of a stomach
tube [2 mg Tron/kg body weight/day) for 2 times 5 days, with an
interruption of 2 days {days 1 - 5 and 8 - 12}, Utllization on day 15
was calculated from the hemogiobin increase and the body weighl

incregse in gecordance with the formuig

r
|
|
|
i

Atronutilization * 100 (] e ut.— Fe ut.Control )# ] _O_O‘

l}h ization c/* — U o B
i | (%) FeDaos. FeDos.
= [{Hb2y « BWeng ~ HbDy -~ BWe) « 0.07 - 0.0034 ~ {Hbzmy contro

BWeira) contrat — HBD1 Controt © BWy contret) » 0.67 - 0.0034)] - 100/ Fe

Dos.

= [{Hba2z) » BWsigy — Hby « BWy) - 0.000238 — (M2 contrat + BWopig
Conirol —

Hb1 control » BW2 corirar) « 0.000238) - 100 / Fe Dos.

(Hbz2(ay » BWsepigy — Hiby - BWa — HDo23) control + BWori4) contror + HbDi
Cooptrod N

BW: conirei} » 0.0238 / Fe Dos.

0.07 = Factor for 70 mi biood per kg body weaight {BW]
0.0034 = Factor for 0.0034 g Fe/g Hb

Hips = Hemoglobin level [g/l) on day 1}

Hibais) = Hemoglobin level {g/l) on day 8 {or 15

BWy4 = body weight {g) on day 1
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BWo (14 = body weight (g} on doy 8 {or 15)
HD1 control = average hemogiobin level (g/l}] on day 1 in the

control group,
1

HD2(3) contier = average hemoglobin level [g/l) on day 8 {or 15) in
the control group,

BWy4 contror = average body weight [g) on day 1 in the conirof
t’*"OUV
TBWonay comier = average body weight [g) on day 8 {or 15) in the

control group,

Fe Dos. = entire administered iron (mg Fej over 5 or 10 days,
Fe Ut = [Hbosy » BWona—— Hby - BWs) - 0.07 - 0.0034 {myg Fe)
A Utilization = Fe fot. utilized [examined group} - Fe ut. Conirol

group, utilized from food, (mg Fe}

Table 1 - ron utilizations:

CExample-No. Utitizafion n 15 d
(abs. %)

1 89
Z 80

3 ‘ 74

SRS S A ——

76

5 not defermined
6 70
1-._7__ ________ S N =
,_8 S rTEas
?g__ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . =
oo 70

~
B

12 55
16 57

L,orm:\cmﬁve

[N
[ &3]

axampie’

*Compuaraiive example:
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As a comparative example the ftris(pyridinone-2-ol-1-oxidej-iron{iil)

complex compound of the formula:

%
:

was prepared cccording fo EP 0138420 and tested to demonstraie

the influence of the heterocyclic base body. EP 0138420 discloses i

> N

]

exampie 7 only tris{pyridinon-2-ol-1-oxide)-iron (1] complex
compounds which carry a further substituent on the pyridine ring.
Unsubstituted tris{pyridinone-~2-ci-1-oxide)-iron{ii} compiex
compounds as used in the present comparative example are not
disclosed Thére‘m. As can be seen from the resulis in the above-
mentioned fable fhe corresponding pyrimidine compound  of
example 1 according o the present invention exhibifs significanily
improved iron utilization compared to the comparative pyridine

compound according to EP 0138420,
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Claims:

1.

fron(ill) pyrimidine-2-ol-1-oxide complex compounds, containing

at least one ligand of the formula {l}):

R'i

Rj }
S
\ 0)

wherein

the arrows respectively represent a coordinate bond to one or different

iron atoms, and

R1, R2, Rs may be the same or different and are selected from the group

consisting of:

hydrogen,

optionally substituted alkyl,

halogen,

optionally substituted alkoxy,
optionally substituted aryl,

optionally substituted alkoxycarbonyl,
opfionally substituted amino, and

optionally substituted aminocarbonyl or

Ry and Rz or R2 and Rs together with the carbon atoms to which they

are bonded, form an optionally substituted saturated or unsaturated
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5- or é6-membered ring, which may optionally contfain one or more
heteroatoms, or pharmaceutically acceptable salts thereof, for use as

medicaments.

2. fron(ill} compliex compounds for use according to claim 1
containing ot least one ligand of the formula {l}:

®\ M

wherein

the arrows respectively represent a coordinate bond to one or different

iron atoms, and

R1, Rz, Rs may be the same or different and are selected from the group
consisting of:

- hydrogen,

- optionaily substituted alkyi,

- halogen,

- optionally substituted alkoxy,

- optionally substituted aryl,

- optionally substituted alkoxycarbonyl, and

- optionally substituted aminocarbonyl or

R1 and Rz or Rz and Rs together with the carbon atoms to which they
are bonded, form an opfionally substituted saturated or unsaturated 5-
or é-membered ring, which may opftionally contain one or more

heteroatoms, or pharmaceutically acceptabie salts thereof.

3. lron(lll) complex compounds for use according fo claim 1 or 2,

containing at least one ligand of the formula {i}:
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wherein

the arrows respectively represent a coordinate bond to one or different

iron atoms, and

R1, R2, Rz may be the same or different and are selected from the group
consisting of:

- hydrogen

- optionally substituted alkyl, and

- halogen or

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

are bonded form a 5- or 6-membered carbocyclic ring,
or pharmacevutically acceptable salis thereof.

4. fron{lll} compliex compounds for use according to any one of

claims 1 to 3, containing at least one ligand of the formuia (1):

Ry
QQ\/\\N
|

wherein
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the arrows respectively represent a coordinate bond to one or different

iron atoms,

Ri, R2, Rs may be the same or different and are selected from the group
consisting of hydrogen, alkyl which may opftionally be substifuted by

atkoxy, and halogen, or

Ri and Rz or R2 and Rs form together a propylene {-CH2-CH2-CH2-), @
butylene {-CH2-CH2-CH2-CH2-), azabutylene or oxabutylene group,

or pharmacevutically accepiable salfs thereof.

5. fron{ltl} complex compounds for use according to any one of
claims 1 to 4, wherein Ri, Rz, Rz are idenfical or different and are
selected from the group consisting of hydrogen and alkyl, with the
proviso that at least one of the substituents Ry, R2, and Rs is alkyl.

6. iron{ili) compiex compounds for use according fo any one of
claims 1 to 5, wherein wherein Rz is hydrogen, and Ry and Rz are each

the same or different and are selected from alkyl.

7. fron(ill) complex compounds for use according to any of the

claims 1 o 6 of the formula:
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wherein Ry, Rz, Rs may be the same or different and are defined as

above, and pharmacevutically acceptable salts thereof.

8, iron{ill) pyrimidine-2-oi-1-oxide compiex compounds as defined in

any of claims 1 to 7 in solid form.

9. Use of iron{lll} complex compounds according to any of the
ciaims 1 fo 8 in the manufaciure of a medicament for freatment and
prophylaxis of iron deficiency symptoms and iron deficiency anemias

and the symptoms associated therewith.

10. The use according to claim 2, wherein the sympioms inciude:
fatigue, listlessness, lack of concentration, fow cognitive efficiency,
difficulties in finding the right words, forgetfuiness, unnatural pallor,
irritability, acceleration of heart rate (fachycardia), sore or swollen
tongue, enlarged spleen, desire for strange foods (pica), headaches,
lack of appetite, increased susceptibility 1o infecﬂoﬁs, depressive

moods.

11. The use according to claim 9 for the treatment of iron deficiency
anemia in pregnant women, jatent
iron deficiency anemia in children and adolescents, iron deficiency
anemia caused by gastrointestinal abnormalities, iron deficiency
anemia due fo blood loss, such as gastrointestinal hemorrhage
{e.g. due to ulcers, carcinoma, hemorrhoids, inflammatory disorders,
taking of acetyisalicylic acid), iron deficiency anemia caused by
menstruation, iron deficiency anemia caused by injuries,
iron deficiency anemia due o psilosis {sprue), iron deficiency anemia
due to reduced dietary iron uptake, in particular in selectively
eating children and  adolescents, immunodeficiency caused

by iron deficiency anemia, brain function impairment caused by iron
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deficiency anemias, restless leg syndrome caused by iron deficiency
anemias, iron deficiency anemias in the case of cancer, iron deficiency
anemias caused by chemotherapies, iron deficiency anemias triggered
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 (CKD 3-5;
chronic kidney diseases stage 3-5), iron 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 fupus erythematosus (SLE) and iron deficiency anemias in the

case of inflammatory bowel diseases (IBD]).

12. The use according 1o any one of the claims 9-11, wherein the

medicament is fo be adminisfered orally.

13. The use according to claim 12, wherein the medicament is in a
solid formulation such as pills, fablets, enteric-coated tabletfs, film
tablets, layer fablets, susiained release formulations, depot
formulafions, dragees, suppositories, granulates, microcapsules,
microformulations, nanoformulations, capsules, enteric-coated
capsules or powders, or a liquid formulation including a drinkable

formulation such as a syrup, elixir, solution, suspension, or juice.

14,  Medicament, containing iron{lll) complex compounds as defined
in any one of claims 1 tfo 8 and at least one physiological compatible

carrier or excipient.
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15. Composition containing ironl(ill} complex compounds as defined
in any one of claims 1 to 8, in combination with atf least one further

medicament which acts on the iron metabolism.



