Fe(lll) complex compounds for the treatment and prophylaxis of iron deficiency symptoms and iron
deficiency anemias DESCRIPTION: 5 Introduction: The invention relates to iron(lll)-B-ketoamide
complex compounds and pharmaceutical compositions comprising them for the use as medicaments,
in particular for the treatment and/or prophylaxis of iron deficiency symptoms and 10iron deficiency
anemias. Background: Iron is an essential trace element for almost all organisms and is relevant in
particular with respect to growth and the formation of blood. The balance of the 15 iron metabolism is
in this case primarily regulated on the level of iron recovery from hemoglobin of ageing erythrocytes
and the duodenbedibssrpuipiest darmguinsts. Tore théedudment isitakepreghylaxise dftdstine, in particular

via specific trangeagisysiesymprivhs AntEiroR eeiniditisipiginidsansterrin receptors), transferred into
the circulation and thereby conveyed to the appropriate tissues 20and organs. In the human body, the

element iron is of great importance for oxygen transport, oxygen uptake, cell functions such as
mitochondrial elBESERIFINGPbIt, and ultimately for the entire energy metabolism. 25 On average, the
human body contains 4 to 5 g iron, with it being present in enzymes, in hemoglobin and myoglobin, as
well as depot or, rgse ve jron in the form of ferritin and hemosiderin. 30Approximately half of this iron,

about 2 g, is pre'g it ggtﬁoenme iron, bound in the hemoglobin of the erythrocytes. Since these

erythrocytes havé®nipveniniedaifiepaito(75o180)daieloareideonestinae toobwfwnded aonstantly and
old ones elimingeshtrreticanbinRafkbraCYsaHALME eHenfosMed ReE secandlcdhisRigh regenerative

capacity Is aChl%\éﬁ%tﬁgrn?&Ctr%) gggt%?eﬁb %ﬁg/%¥tlpzrlcp ;t/a?(ig%‘?lﬂgn deficiency symptoms and

10 iron deficiency anemias.

Background:
Iron is an essential trace element for almost all organisms and is relevant in
particular with respect to growth and the formation of blood. The balance of the
15 iron metabolism is in this case primarily regulated on the level of iron recovery
from hemoglobin of ageing erythrocytes and the duodenal absorption of dietary
iron. The released iron is taken up via the intestine, in particular via specific
transport systems (DMT-1, ferroportin, transferrin, transferrin receptors),
transferred into the circulation and thereby conveyed to the appropriate tissues
20 and organs.

In the human body, the element iron is of great importance for oxygen transport,
oxygen uptake, cell functions such as mitochondrial electron transport, and
ultimately for the entire energy metabolism.

25
On average, the human body contains 4 to 5 g iron, with it being present in
enzymes, in hemoglobin and myoglobin, as well as depot or reserve iron in the

form of ferritin and hemosiderin.

30  Approximately half of this iron, about 2 g, is present as heme iron, bound in the
hemoglobin of the erythrocytes. Since these erythrocytes have only a limited
lifespan (75-150 days), new ones have to 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 the ageing



2 erythrocytes, lysing them and thus recycling the iron thus obtained for the iron metabolism. The
amount of iron of about 25 mg required daily for erythropoiesis is thus provided for the main part. 5The
daily iron requirement of an adult human is between 0.5 to 1.5 mg per day, infants and women during
pregnancy require 2 to 5 mg of iron per day. The daily iron loss, e.g. by desquamation of skin and
epithelial cells, is low; increased iron loss occurs, far example, during menstrual hemorrhage in
women. Generally, blood loss can significantly reduce the iron level since about 1 mg iron is lost per

102 m! blood. i heity uman adk b heroraaesialnloss A1 ion shabet i ysuall replaced

via the daily food'intake. The iron level Is re absorption, wit sor tion rate of the iron

present in food BERRPIRSAERRH FMav 1Y Aonrf’fh?é’% dpﬁdﬁ"d‘éﬁeléﬁ%&f%é%ﬁ‘éﬁﬁﬁéﬁ rate is up to
25%. The absoiptior peieidsdéguladedayythe organism depending on the iron requirement 15 and the
size of the iron store. In the process, the human organism utilizes both divalent as well as trivalent iron
ions. Usually, |ron(III) compounds are dissolved in the stomach at a sufficiently acid pH value and thus

made avail3ble'féf AB8oIBRIR I HRMETE SF A A  ABMBhifsReiesn Bt if the B HSF &4l intestine by
mucosal cells. Inféhis pracess)dnviidrg pagaeraquires Jitsts educkitom thed2. intestiagy cell

membrane to Rg()Jar %bé%?%%@qf%%%ﬂ‘lﬂ%m L%ralga%fgac%%%emf pshoupd fuodenal

cytochrome b), so that it can then be transported into the intestinal cells by means of the transport

protein DM11 (kﬂ%l@?ﬁ%et@lrtre&ﬁ%?te‘?‘{ NINTRONRTAEL, PRIROEIRAF Rt TRR €RtBR5RYYes through the
cell membrane Wdtitblos angresignifjeantiythedectdhecyteseidrsisceitivenustonaglitnrfésiidst @&ras depot iron,

or discharged intgthe, BloRd Dt FANAYr ARt [RSFABPHI, epgiinpiays,aani role in this

process because it is the most important regulating factor of iron uptake. The divalent iron transported

into the blood BY &H8P6ARR'RERBN(8r{88 |ﬂ?8ytrf\98 AR by BxIPHs&Y gL ulBPHRIATNPhephaestin),
the trivalent ironttd@ntbeingttrans podetiortateaté antrptapes anttive {800 tgdamispetiyg dradsferrin (see for

example "Balanging fefs:mpleedly &P%wher.mw@abgmmﬁtaﬁ@'aé% 1286, H@Héze Cell

117,2004,285-297.) 3 Mammalian oﬁlganlsms are unable to actively discharge iron. The iron

metabolism is ﬁ?ﬁ&%‘f&(@*%ﬁfﬁﬂf& ) N PG AFP SR S RRATTNS AR % [ SIS FAbcrophages,
hepatocytés amhenierogtes . tidrirpatstotegicaiheagesecasydtie cethaerargainemlevittdedusito a reduced

hemoglobin levglfeshisedendbimeyenPrALeion s ipusig ANEigofrerel sympigins of anemias

include fatigue, ,f)allor as well as reduced ca ac%for concen ratlon he clinical s mptoms of an

anemia includeTol S &AMATER 1 SYHIS SRIH AEH bty aluty HEmBY R Ba eV BIIRRIF niShatocrit levels
as well as a recsenptinmmbes afsrptirooytes,iredigscedrieticul dtites ppet eteslbit@ddivelsyof soluble

transferrin recepiissal cells. In the process, trivalent non-heme iron is first reduced in the

20 intestinal cell membrane to Fe(ll) for absorption, for example by ferric reductase

(membrane-bound duodenal cytochrome b), so that it can then be transported

into the intestinal cells by means of the transport protein DMT1 (divalent metal

transporter 1). In contrast, heme iron enters the enterocytes through the cell

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

25 as depot iron, or discharged into the blood by the transport protein ferroportin.

Hepcidin plays a central role in this process because it is the most important

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

ferroportin is converted into trivalent iron by oxidases (ceruloplasmin,

hephaestin), the trivalent iron then being transported to the relevant places in the

30 organism by transferrin (see for example "Balancing acts: molecular control of
mammalian iron metabolism”. M.W. Hentze, Cell 117,2004,285-297.)



Iron deficiency symptoms or iron anemias are treated by supplying iron. In this 15 case, iron
substitution takes place either orally or by intravenous iron administration. Furthermore, in order to
boost erythrocyte formation, erythropoietin and other erythropoiesis-stimulating substances can also
be used in the treatment of anemias. 20Anemia can often be traced back to malnutrition or low-iron
diets or imbalanced nutritional habits low in iron. Morgover, anemias occur due to reduced or poor iron
absorption, for example because of gastroectomies or diseases such as Crohn's disease Moreover,

iron deficiency c S n increased blopd loss, such as because.of an injury,
strong menstruaﬁ%@gﬁﬁﬂ%ﬂoﬁ%@@@%ﬁg&na%tkl)ccf)énk.%%?ﬁ%? mdt'(;érceﬁ,)aarl eiggpég@g ron’ ?e%fﬁqr'gment in the
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deficiency not onhateasisatea reguregtesihiasytecoramtion, but thereby also to a poor oxygen supply
of the organism, which can lead to the above-mentioned symptoms such as fatigue, pallor, reduced

powers of cancentrationogRd 29esperialiiBAIRlRGRRR A 199gserD BegRlYRRlisgipAn cognitive

development, a highly effective and well tolerated therapy is of particular interest. Through using the
Fe(It!) complex dBRIbSEAFE L ELERIRTY EPIRAUPRASHARIA R IR 384MiPpossiblity of treating iron deficiency

symptoms and iron deficiency anemias 35effectively by oral application without having to accept the

large potential fogﬁ@#ﬁa%ﬁﬁg%%i%%@%lw@%@é%aum&@éu)a@@&ega,cr%ﬁ%e%fggfeso“,

which is caused é()}}/ oxidative _strejgfﬁPoor compliance, which often is the reason fo icient
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these complex cRmRINASRORSISAEMBkRS! AlBlckias MRR: Aidhese 4omplgxLRmpounds are
won-polysaccharldgé:!gm%%( 10 compounds (W020081455586, W02007062546, W020040437865,

US2003236224,% d ?rIE"?sr%? H%“éry from this area that there are medicaments available on the
market (such as Maltofer, Venofer, Ferinject, Dexferrum, Ferumoxytol). Another large portion of the

group of the polymerearuiey SRIRGHEES inhxremBLised pEIRGIIMN0ERTME ¢emBleXFOmMpounds
(0N1014814§)4, EP939083, JP0208340?%'.(?RT2$re are also Fe ?omplex comg%?unds described in the
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erythropoietin and other erythropoiesis-stimulating substances can also be used

in the treatment of anemias.

20  Anemia can often be traced back to malnutrition or low-iron diets or imbalanced
nutritional habits low in iron. Moreover, anemias occur due to reduced or poor
iron absorption, for example because of gastroectomies or diseases such as
Crohn's disease. Moreover, iron deficiency can occur as a consequence of
increased blood loss, such as because of an injury, strong menstrual bleeding or

25  blood donation. Furthermore, an increased iron requirement in the growth phase
of adolescents and children as well as in pregnant women is known. Since iron
deficiency not only leads to a reduced erythrocyte formation, but thereby also to a
poor oxygen supply of the organism, which can lead to the above-mentioned
symptoms such as fatigue, pallor, reduced powers of concentration, and

30  especially in adolescents, to long-term negative effects on cognitive development,
a highly effective and well tolerated therapy is of particular interest.

Through using the Fe(lll) complex compounds according to the invention, there is
the possiblity of treating iron deficiency symptoms and iron deficiency anemias

35 effectively by oral application without having to accept the large potential for side



Moreover, low-molecular Fe complex compounds are also described in the literature. A large number
of these Fe complex compounds comprises carboxylic acid and amino acids as ligands. In this case,
the focus is on aspartate 25 (US2009035385) and citrate (EP308362) as ligands. Fe complex
compounds containing derivatized phenylalanine groups as ligands are also described in this context
(ES2044777). Furthermore, Fe complex compoungls that are composed of monomeric sugar 30units
or of a combination or monomeric and polymeric units are described in the literature (FR19671016). 5

systoms, Ihe NYAiRRdWARSRE ES-cPmBlaaoRIANEiRy AIB Fepdeseribadaalp hereto

(W02006037449). Moreover, won-cyclcggentadlen | complex compounds are also described in the

Sliterature (G8842¢%A B AYAHBE S %etOaABRRLNER NiuFTHSMER 818 J88EARLE it the literature.

However, the camefioemdsimvierisrobthepasedeticiosedcasditied]carhentsdidgearticular for a treatment of
iron deficiency conditions. These are ketoamide 10 structural units that are a constituent of
siderophores (JACS, 2008, 130, 21 24 2125). Furthermore, hexadentate ferric aerobactin complex
compoundsIncF§'ehatH. 2006, 45, 6028-6033) were described. Moreover, tripodal Fe ligands with
B-ketoamide stractouditunetsfarerdisclased infthaeHdarattmefinoir grochdsticid @G0 c29iddl86i9) 15
Furthermore, p-lﬁgm{@}gﬁs”@esdﬁgrlmnds which carry aromatic groups on the amide or the ketone and
are present as Fe(lll) complexes are described in the literature (Journal of the Chemical Society of

Pakistan. 1991, 13, Y&¥s 205 R BYATaI% BRMAARP'$H L PERUEYS-£003i8 I A o PIERGANic and
Nuclear 20 ChesiistriyrdD 73085 18856 400 fBancd r@ivemgi 366, #dn-p6§326¢ hadten cdousie of

Chemistry, (1968, lAe#0)-  (W020081455586,  WO2007062546,  WO20040437865,
US2003236224, EP150085). It is precisely from this area that there are
medicaments available on the market (such as Maltofer, Venofer, Ferinject,
Dexferrum, Ferumoxytol).

Another large portion of the group of the polymer complex compounds is
15 comprised of the iron-peptide complex compounds (CN101481404, EP939083,
JP02083400).

There are also Fe complex compounds described in the literature that are
structurally derived from macromolecules such as hemoglobin, chlorophyl,
20  curcumin and heparin (US474670, CN1687089, Biometals, 2009,22,701-710).

Moreover, low-molecular Fe complex compounds are also described in the
literature. A large number of these Fe complex compounds comprises carboxylic
acid and amino acids as ligands. In this case, the focus is on aspartate

25 (US2009035385) and citrate (EP308362) as ligands. Fe complex compounds
containing derivatized phenylalanine groups as ligands are also described in this
context (ES2044777).

Furthermore, Fe complex compounds that are composed of monomeric sugar
30  units or of a combination or monomeric and polymeric units are described in the
literature (FR19671016).

Hydroxypyrone and hydroxypyridone Fe complex compounds are also described
in the literature (EP159194, EP138420, EP107458). The corresponding 5-ring



Moreover, p-ketoamides as Fe(ll) ligands containing pyridin groups (Journal of Inorganic and
NuclearChemistry.1967,29,2484-6.), 25benzyloxazolidinones or substituted sultam groups
(Polyhedron, 1995, 14. 1397- 9) are described in the literature. US2005/0192315 describes salts of
guino ine compounds which are stabilized against the neutral forms of the guinoline compounds (see
Sections 2 and 3). 30 Among the salts there is also the N-ethyl-N-phenyl-5-chloro-1,2-dihydro-4-
hydroxy-1-methyl-2-oxo-3-guinolinecarboxamide iron (lll) salt. The document mentions also

h tical iti d 0 spegific ical indication is
mentioned. lot alop B R e A B Jeee e
compounds is thePafegy 'Eﬁf‘%’élf&}?@@%%@ﬁ@cument. As far as a medical use of
N-ethyI-N-phenyI-S-ChI_oro-l,2- dihy(_jr9-4-hydroxy-l-methyl-2-oxo-3_>-guinc_)linecarboxamide iron (II_I) salt
B e LR RS AN T 105 IGRRL L SIoR 0 BYR AN FerTe

benzoylacetanilides” Canadian Journal of Chemistry, 47 (10). 1969, 1 693- 5 6, on e synthesis
and spectro&op‘f@fﬁ’@ﬁ%l‘f@ﬁ?@ﬁa?viduaI benzoylacetanilide-iron complex compounds is described.
The use of these complexes for the treatment and prophylaxis of iron deficiency symptoms and iron

deficiency a”emﬁ%ﬁeﬂ-ﬁé&ﬂb&%%e(}%ﬁs"%%h%egﬂﬁﬁﬁ‘ %:%it%%&%Qs@?%%ﬁxﬁwaﬁ\%vﬁte'r%‘?ﬁ‘ré?"tS (e.g.

iron(ll) sulfate, iron(Il) fumarate, iron(lll) chlori on([l) aspartate, iron(ll) succinate) are another
important constitd@WETSF tHbBer6aMRBHRST NS TR MeNOSPr b rHSeEnasraredisARIBASy dhemias. 15

These iron salts paRivesy psohkiereatiadn: toatyon pRAficikiRy arenbighly. imeesypatibleddartad20%) in the
form of naugea, iting, diarr da inati AMor r, free l [I) ions which
catalyze thﬁorégﬁw%'ﬁ%@%‘g@o% g’éﬁ%@?&%@ ﬁg&%?\%ﬁé%%?nAﬁ%ggég(R1 )%r%:%r during the
use of these 20 ifoAPI) sAHENETAVEe RESZANNRYaffEfe RPIRASipIFSMHSIeirkARE W Dohydrates
which has far-reqeiiggeéieczs, cesls (ks ee33nd egamssrbbis Maneplex, ofifyedleansgigigaown and, in
the literature, is |grgely idere use.for the hi | Ingo ibili ferred,to as oxidative
stress. 25 Object: LI' !3/ 0 c'}g%#qcﬁ‘gthgg&gc?gg%nﬁgf\s/oe%%oﬁgyg #r%l %é@gﬁép?%%@%d t@%%e%’ﬁ%ﬁy effective
compounds that BRPp@dus@ePr8t-an effective therapy for the preferably oral treatment of iron deficiency
symptoms afd iron deficiency anemias. In this case, these iron complexes were supposed to exhibit

significantly few%ruﬁﬁjgrrgglee(,:tﬁ—ketoamides as Fe ligands which carry aromatic groups on the
amide or the ketone and are present as Fe(lll) complexes are described in the
literature (Journal of the Chemical Society of Pakistan, 1991,13,79-83; Indian
Journal of Chemistry, 1981,20A,372-4; Journal of Inorganic and Nuclear
20  Chemistry, 1973, 35, 1397-400; Can J Chem,1969,47, 1693-6; Indian Journal of
Chemistry, 1968, 6, 516-20).

Moreover, B-ketoamides as Fe(ll) ligands containing pyridin groups
(Journal of Inorganic and Nuclear Chemistry, 1967, 29, 2484-6.),

25  benzyloxazolidinones or substituted sultam groups (Polyhedron, 1995, 14, 1397-
9) are described in the literature.

US2005/0192315 describes salts of quinoline compounds which are stabilized
against the neutral forms of the quinoline compounds (see Sections 2 and 3).
30 Among the salts there is also the N-ethyl-N-phenyl-5-chloro-1,2-dihydro-4-
hydroxy-1-methyl-2-oxo-3-quinolinecarboxamide iron (lll) salt. The document
mentions also pharmaceutical compositions. However, throughout the document
no specific medical indication is mentioned, let alone supported by any data. A
medical use of iron (lll)-B-ketoamide complex compounds is therefore not taught



30 than the classically used Fe(ll) salts. Furthermore, these iron complexes, in contrast to the known
polymeric iron complex compounds, were, if possible, supposed to have a defined structure
(stoichiometry) and be preparable by simple synthesis processes. This goal was achieved by the
development of novel Fe(lll) complex compounds. 7 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 iron directly to the ferritin or the transferrin or to 5 reach

the bloodstrearm gt 25, AR act samRlex. RegaoRal IS BiORRINER, Jressyneu complexes are

supposed to V|rtuaII not lead to the occurrence of high concentrations of frée iron ions. For it is

precisely the fre@%‘ﬁn@ﬂﬁ%ﬂe‘aﬂ‘?ﬁ%@ 86@&%‘6@%@@‘%5@% g UhisPAERPHE BBnsible for the
side effects thattacghbirpit this doclentotbet abésdindne ébotheise pegeireimenits;rthie Byeniora developed

new Fe(111) complex.qampannds ilha realesylar Wik dPahisAakiop prge «auerliygaipophila and

an optimal complex Stabl|lt¥la 15 Description of the Invention The invéntors found that Fe(lll) complex

compounds WwitPP-keiamibe Ilgﬁﬁﬁ?%re%tlcaﬁ’&ﬂﬁfmaﬁle feRssispovaldebidiidrtequirements.
It was possible toedeoy@asteaitdtiab theseples comyalexdsosmEsariblsdexhibited a high iron uptake,
whereby a quick therapeutic success in the treatment of iron deficiency anemia 20 could be achieved.
Especially in comparlson to iron salts, the complex compounds according to the invention exhibited a
faster and highef RRiks &R eSS FRRIBYES fRe e SRR ARE RERREYRyTIRrRGINR P8ERiBRYside effects
than the classicaliynpeetsirod saltsdineedhereis axisdéewikbynotme e nioe mHskager @itadns in this
case. The ¢gmplex,ea8pPaLids according to the invention exhibit 25 almost no oxidative stress since
there is no formation of free radicals. Thus, significantly fewer side effects occur in the case of these
complex compounds than in the case of the Fe salts known from the prior art. The complex
compounds exhlibihgatsl (stgbility( Bt safadelsrpid i divearateg @sn{lihectlontsleixoodih pspartigean be

prepared well and aig %QEH@H&! Syagafat?ofeérthﬁ5@%'8&6%%&9%@%%@%& Rartigar for oral

administration. T Cdg%s the sub ct matter of the invention are iron(lll)-B-ketoamide complex compounds
or their pharmac€UfiCalfy 3¢ H%Ié@aﬁ%”fg? [R8NSE MEMESments. Subject matter of the invention are

therefore also iron (111)-0-ketoamide complex

These iron salts are very problematic in that, in part, they are highly incompatible
(up to 50%j) in the form of nausea, vomiting, diarrhea and also obstipation and
cramps. Moreover, free iron(ll) ions which catalyze the formation (inter alia
Fenton reaction) of reactive oxygen species (ROS) occur during the use of these

20 iron(ll) salts. These ROS cause damage to DNA, lipids, proteins and
carbohydrates which has far-reaching effects in cells, tissue and organs. This
complex of problems is known and, in the literature, is largely considered the
cause for the high incompatibility and referred to as oxidative stress.

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

30 than the classically used Fe(ll) salts. Furthermore, these iron complexes, in
contrast to the known polymeric iron complex compounds, were, if possible,
supposed to have a defined structure (stoichiometry) and be preparable by
simple synthesis processes. This goal was achieved by the development of novel
Fe(lll) complex compounds.



8 compounds or their pharmaceutically acceptable salts for use in a method for therapeutic treatment
of the human or animal body.  The iron(111)-(3-ketoamide complex compounds in particular include
such 5compounds which comprise the following structural element: N--v  wherein --":" respectively is
a substituent saturating the free valence and the 10 arrows respectively represent coordinate bonds.
Formally, a B-ketoamide ligand carries a negative chrarge and iron a positive charge (La, in the case of
three 13- ketoamide ligands, the iron formally has the oxidation number +3). Furthermore, it is clear to
the person skilled in the art that a delocalization of the electrons occurs in the 13-ketoamide ligand. 15
According to the invention, iron(111)-13-ketoamide complex compounds are also com%;iged in which

the 13-ketoamidEUTHEAAGEMTE ) BY Rl GO HERMRE SR FIKPER £ HRRP RO s PeARIPBRTLSIS fotB5é invention, in
particular bidentsiey Brketo@migeitigathdsrasetipee ieste dirvaiah the ihemiiagdontbedwothasom occurs via

the two oxygen %%éa%fatﬁ%ilﬁdfﬁé%s?%HBM%H'HFreEﬁW&%Qi%#ﬁh%mﬁéet%ﬁé‘ﬁ&%% Igg ligands such

as 25tridentate, tetradentate, pentadentate or even hexadentate 13-ketoamide ligands are comprised
in the present in(RAHIJIAS (HEYsiEerER Jipet¥re RRIKAY arsiPlsgrPecause of their properties,

these new complexes are supposed to virtually not lead to the occurrence of high
concentrations of free iron ions. For it is precisely the free iron ions that lead to
the occurrence of ROS which are ultimately responsible for the side effects that
occur.
10

In order to be able to meet these requirements, the inventors developed new
Fe(lll) complex compounds with a molecular weight that is not too large, medium
lipophila and an optimal complex stability.

15  Description of the Invention
The inventors found that Fe(lll) complex compounds with B-ketoamide ligands
were particularly suitable for the above-described requirements. It was possible to
demonstrate that these Fe complex compounds exhibited a high iron uptake,
whereby a quick therapeutic success in the treatment of iron deficiency anemia

20 could be achieved. Especially in comparison to iron salts, the complex
compounds according to the invention exhibited a faster and higher utilization.
Furthermore, these new systems have significantly reduced side effects than the
classically used iron salts since there is no noteworthy occurrence of free iron
ions in this case. The complex compounds according to the invention exhibit

25 almost no oxidative stress since there is no formation of free radicals. Thus,
significantly fewer side effects occur in the case of these complex compounds
than in the case of the Fe salts known from the prior art. The complex
compounds exhibit good stability at various pH value ranges. The complex
compounds can be prepared well and are optimally suitable for the formulation of

30 medicaments, in particular for oral administration.

Thus, the subject matter of the invention are iron(lil)-B-ketoamide complex
compounds or their pharmaceutically acceptable salts for use as medicaments.
Subject matter of the invention are therefore also iron (Ill)-B-ketoamide complex



9 complex stability (chelate effect) because possibly, iron is not released in a sufficient extent in the
body due to the complex stabilities being too high. Higher-dentate B-ketoamide ligands are in
particular those which, besides the two oxygen atoms of the 13-ketoamide structure, comprise further
functional 5 coordinating groups, which are present, for example, in the substituent groups R1 to R4
explained below. These can be, for example, oxyges or nitrogen-containing functional groups, such as
hydroxy, amino or the like. The iron(lll)-13-ketoamide complex compounds according to the invention

include, 10 in parhieulal, Ueh GUPRIRX-FRIDAUARS DAL faye §Lxlt§a%;r]%%’ ﬂ;faf%@mgobi@?mate’

13-ketoam de Iiggnd bonded to one or two different iron atoms, as shown above.
Iron(111)-13-ketG5ARRY O HSAIBIE RLPH PisLMURaL & aReft 889 hich exclusively 15comprise preferably
bidentate 13-ketoamide ligands that can be the same or different. Furthermore, iron(110-13-ketoamide

complex compoyds pie RREGUALY, RreferRd which axslisively, campgiss, the same. prgferably

bidentate 13-ketoamide ligands. 20 According to the invention, however, also such complex
compounds ire CYRRSHELR WRisTe AOBRERFLE RHR IBMRG SHHAHEA §LEREBreferably have one or more (such
as two or three) mono- or polydentate ligands that are the same or different, such as, for example,
carboxylic acid or carboxylate ligands (R-000H 25 bzw. RC00-). alcohol ligands (R-OH), such as
carbohydrate ligands, primary or secondary amino ligands (R-NH2, R-NHR), imifo ligands (R=NH),
oximo ligands (R=N-OH), hydroxy ligands (OH or H20), ether ligands, or halpgen‘'ligands. Such
complex compo%dy@ alsp occur intermediately during the break(lpgxuﬂ \body, that is, in
particular in an aqueeus solytioh and, if applicable, in that case 30also’mtermediately coordinatively
unsaturated. In the iron@l -13-ketoamide complex compounds according-to the invention, the
coordination number of the ifon atonits iImepameradiyesbnedisanithrtble:coordinating atoms generally being
arranged octahedrally. 10 Furthermore. mono- or polynuclear iron(111)-13-ketoamide complex
compounds in which one or more (such as 2, 3 or 4) iron atoms are present are also comprised

according to the G&iion. HIGRRGEHYRNb D AURIEATHEMN Bt Tk rmrIdaermpIaRd the

10 arrows respectively represent coordinate bonds. Formally, a B-ketoamide ligand

carries a negative charge and iron a positive charge (i.e., in the case of three B-
ketoamide ligands, the iron formally has the oxidation number +3). Furthermore, it
is clear to the person skilled in the art that a delocalization of the electrons occurs
in the B-ketoamide ligand.

15
According to the invention, iron(lll)-B-ketoamide complex compounds are also
comprised in which the B-ketoamide ligand forms a bridge between different iron
atoms:
¥
N~
Fe=—20
Fe=—~0 /
20

According to the invention, in particular bidentate B-ketoamide ligands are
preferred in which the bonding to the iron atom occurs via the two oxygen atoms
of the B-keto structural unit. Though higher-dentate B-ketoamide ligands such as
25  tridentate, tetradentate, pentadentate or even hexadentate B-ketoamide ligands
are comprised in the present invention, they are less preferred due to their high



5compounds in which a central iron atom is present are preferred. Generally, 1-4 iron atoms and 2-10
ligands can be present in the iron(l11)-13- ketoamide complex compounds. Mononuclear
iron(111)-B-ketoamide complex compounds with at least one preferably tri-, preferably bidentate
f3-ketoamide 10ligand are preferred. The iron(111)-13-ketoamide complex compounds are generally
present in neutral form. However, salt-like iron(111)-d 3-ketoamide complex compounds are also
included, in which the complex has a positive or negative charge which is 15compensated, in

particular, by phasiaeqlaiesly sompstinesyhaianaltaan soRisineting aniams syeh,as. in

particular, halogenides, such as chloride) or cations (such as, mE articular, alkaline or alkaline-earth

metal ions). &é’g&‘ﬁ[ﬁﬁ”ﬁ?ﬂﬁéﬁm?eﬂ?@hd%mi’i‘i%@m@f&% briog %%tlwgﬁy preferred
20that contain atiasteoReéganddef thyarfosmauta i) ddicOid/ Mo&3 WRicH) whwdein Bbthevarrows

respectively repisseaha sAEing'e hond 1o.0am 06 AUIRINIIOBAAMS Ry Selfaleiiigm the group

consisting of optionally substituted alkyl, and optionally substituted alkoxycarbonyl, is selected
from the groBip c%%ﬂﬁ@%ﬂﬁ%&dﬁwc'&ﬁfﬁ)ﬁéﬁﬁf%%l%?é@f’%éﬂé}?ﬁ ﬁ&%ﬂ%‘ﬁ’ﬁr%%‘}?&r% or 11

to R* explained below. These can be, for example, oxygen or nitrogen-containing
functional groups, such as hydroxy, amino or the like.

The iron(lll)-B-ketoamide complex compounds according to the invention include,
10 in particular, such complex compounds that have at least one, preferably
bidentate, B-ketoamide ligand bonded to one or two different iron atoms, as

shown above.

lron(lll)-B-ketoamide complex compounds are preferred which exclusively
15 comprise preferably bidentate B-ketoamide ligands that can be the same or
different.

Furthermore, iron(ll1)-B-ketoamide complex compounds are particularly preferred
which exclusively comprise the same, preferably bidentate B-ketoamide ligands.
20
According to the invention, however, also such complex compounds are
comprised, which, besides the B-ketoamide ligand, preferably have one or more
(such as two or three) mono- or polydentate ligands that are the same or
different, such as, for example, carboxylic acid or carboxylate ligands (R-COOH
25 bzw. RCOQ)), alcohol ligands (R-OH), such as carbohydrate ligands, primary or
secondary amino ligands (R-NH, R-NHR), imino ligands (R=NH), oximo ligands
(R=N-OH), hydroxy ligands (OH or H.0), ether ligands, or halogen ligands. Such
complex compounds can also occur intermediately during the breakdown in the
body, that is, in particular in an aqueous solution and, if applicable, in that case
30 also intermediately coordinatively unsaturated.

In the iron(lll)-B-ketoamide complex compounds according to the invention, the
coordination number of the iron atoms is generally six (6), with the coordinating
atoms generally being arranged octahedrally.



RI and R2, together with the carbon atoms to which they are bonded, form an optionally substituted 5-
or 6-membered ring, which may optionally contain one or more heteroatoms. R3 and R4 are the
same or different and are respectively selected from the 5group consisting of hydrogen, optionally
substituted amino, and optionally substituted alkyl, or R3 and R4, together with the nitrogen atom to
which they are bonded, form an optionally substitute@ 3- to 6-membered ring, which may optionally
contain one or more further heteroatoms, 10 or R2 and R3 together form a saturated or unsaturated,
optionally substituted 5- or 6-membered ring while forming a ligand of the formula (la): 15 (la) wherein
RI and R4 are defined as above, 200r R2 and R3 together form a saturated or unsaturated, optionally

substituted 5- or BHEMIEFe ARG, FnBCRMAFBER BAY L SoaM e SAMBIR GMRsati dfed, optionally
substituted 5- orv@itie nmeeve choirg swdhilesfar®iogia izbligent airéhe deem e @po cdiZnprised

according to the invention. However, mononuclear iron(lll)-B-ketoamide complex

5 compounds in which a central iron atom is present are preferred.

Generally, 1-4 iron atoms and 2-10 ligands can be present in the iron(Ili)-B-

ketoamide complex compounds. Mononuclear iron(lll)-B-ketoamide complex

compounds with at least one preferably tri-, preferably bidentate 3-ketoamide
10 ligand are preferred.

The iron(lll)-B-ketoamide complex compounds are generally present in neutral
form. However, salt-like iron(ll})-B-ketoamide complex compounds are also
included, in which the complex has a positive or negative charge which is

15  compensated, in particular, by pharmacologically compatible, substantially non-
coordinating anions (such as, in particular, halogenides, such as chloride) or
cations (such as, in particular, alkaline or alkaline-earth metal ions).

According to the invention, iron(llf) complex compounds are particularly preferred
20 that contain at feast one ligand of the formula (I):

4
N—R,
-0
R
2
R
! ()
wherein
25 the arrows respectively represent a coordinate bond to one or different iron
atoms,

R, is selected from the group consisting of optionally substituted alkyl, and

optionally substituted alkoxycarbonyl,

R is selected from the group consisting of hydrogen, optionally substituted
30 alkyl, halogen and cyano, or



wherein R4 is defined as above, 5or pharmaceutically acceptable salts thereof. Particularly preferred
according to the invention are ron(lll)-complex compounds comprising at least one ligand of formula
(D: 10 (I) wherein the arrows respectively represent a coordinate bond to one or different on atoms,
15Ri is optionally substituted alkyl, R2 is selected from the group consisting of hydrogen, optionally
substituted alkyl, halogen and cyano, or ft and R2,itogether with the carbon atoms to which they are
bonded, form an optionally substituted 5- or 6-membered ring, which may optionally contain one or 20

more heteroatoms. R3nf\Ré, s, hessarhes difesealand eieienies iy seleateg fiom the group

consisting of hydrogen and op tlonaﬁg substituted alkyl, or R3 and R4, together with the nitrogen
atom to which they arBSRERP PHP SR SisndiiG gl?ﬂé?ﬁ[ﬁgcﬁ'@ﬁ fﬁ@ﬁf@ﬁ’(ﬁ@%‘ﬁ% which may

optionally contain one @amZbmore durtoer hettrratdoms, 13 or, in another embodiment: R2 and
R3together form a satwatgd Rl WasARIEaIRE oPBfRAHDARHRSLNSSL &r Bl SeaBbrsRAFag while

forming a Ilgand of the formu a (a)
group consisting of hydrogen, optionally substituted amino, and optionally

substituted alkyl, or

Rs; and Ry, together with the nitrogen atom to which they are bonded, form
an optionally substituted 3- to 6-membered ring, which may optionally
contain one or more further heteroatoms,

10
or
Rz and R;together form a saturated or unsaturated, optionally substituted
5- or 6-membered ring while forming a ligand of the formula (la):
15
R 4
N
-0
/
-0
R
! (la)
wherein R, and Ry are defined as above,
20 or

Rz and R; together form a saturated or unsaturated, optionally substituted

5- or 6-membered ring, and Ry and R, together form a saturated or

unsaturated, optionally substituted 5- or 6-membered ring, while forming a
25 ligand of the formula (lb):



5 R4\ (la) wherein R1 and R4 are defined as above, 10or, in another embodiment: R2 and R3
together form a saturated or unsaturated, optionally substituted 5- or 6- membered ring, and Rl and R2
together form a saturated or unsaturated, optionally substituted 5- or 6-membered ring, while forming a
ligand of the 15formula (Ib): wherein R4 is defined as above, 20 or pharmaceutically acceptable salts
thereof. A preferred embodiment of the invention reliates to this iron(lll) complex compounds,
containing at least one ligand of the formula (I): 14 wherein the arrows respectively represent a
coordinate bond to one or different ir@g 5 atoms,

\

N

-0

/

-0

wherein R4 is defined as above,
5 or pharmaceutically acceptable salts thereof.

Particularly preferred according to the invention are iron(lll)-complex compounds
comprising at least one ligand of formula (I):

R4\
N—R,
-0
F‘2
R

10 ! (1

wherein
the arrows respectively represent a coordinate bond to one or different iron
atoms,
15 R is optionally substituted alkyl,
Rz is selected from the group consisting of hydrogen, optionally substituted alkyl,
halogen and cyano, or
R+ and Ry, together with the carbon atoms to which they are bonded, form an
optionally substituted 5- or 6-membered ring, which may optionally contain one or
20  more heteroatoms,
Rs and R, are the same or different and are respectively selected from the group
consisting of hydrogen and optionally substituted alkyl, or
Rs and Rq, together with the nitrogen atom to which they are bonded, form an
optionally substituted 3- to 6-membered ring, which may optionally contain one or
25  more further heteroatoms,



R1 is selected from the group consisting of optionally substituted alkyl, and optionally substituted
alkoxycarbonyl, preferably optionally substituted alkyl, R2 is selected from the group consisting of
hydrogen, optionally substituted alkyl, halogen and cyano. or 10RI and R2, together with the carbon
atoms to which they are bonded, form an optionally substituted 5- or 6-membered ring, which may
optionally contain one or more heteroatoms, R3 aml R4 are the same or different and are
respectively selected from the group consisting of hydrogen, optionally substituted amino, and
optionally substigg,tq:,qla]%@r{gyler%%@mb{ hydrogen and optionally substituted alkyl, or R3 and R4,
together with the nitrogen atom to which they are bonded, form an optionally substituted 3- to
6-membered ring, which may optionally contain one or more further heteroatoms. 20Within the overall
context of the inferanoir}aptiethatyosules tiattedeal ky luns partied|anptamtily sulbrttittents &.6o R.,
preferably incluqﬁghgg@@ng-%wm%%%%g aikiL Wit 41498, preferably 1 to 6 carbon atoms,
cycloalkyl with 3 to 8. preferably 5 or 6 carbon atoms, or alkyl with 1 to 4 carbon atoms, which is
substituted With cycloalkyl, wherein these alkyl groups can be 25optionally substituted. The
above-mentioned alkyl groups can optionalIf/LQarry preferably 1 to 3 substituents, respectively. 15
optionally substituted aryl, in particular as defi ow, optionally substituted heteroaryl, in particular
as defined below, optionally substit , in particular as defined below, optionally substituted
alkoxycarbonyl, in particular as defined below) optionally substituted acyl, in particular as defined
below, halogen. 5 in particular as dafineg -optionally substituted amino, in particular as defined
below, optionally substituted aminocarbonyl, ﬂTparticuIar a(s! c)lefined below, and cyano.

a

wherein Ry and R4 are defined as above,

10  or, in another embodiment:

R» and Rj together form a saturated or unsaturated, optionally substituted 5- or 6-
membered ring, and Ry and R, together form a saturated or unsaturated,
optionally substituted 5- or 6-membered ring, while forming a ligand of the

15 formula (Ib):

wherein R4 is defined as above,
20
or pharmaceutically acceptable salts thereof.

A preferred embodiment of the invention relates to this iron(lll) complex
compounds, containing at least one ligand of the formula (1):
25



Iron(111) complex compounds in which ft, R2 R3 and/or R4 represent aryl or 10heteroaryl-substituted
alkyl groups are less preferred according to the invention. Halogen includes, here and within the
context of the present invention, fluorine, chlorine, bromine and iodine, preferably fluorine or chlorine.
15In the above-defined alkyl groups, optionally one or more, more preferably 1 to 3 carbon atoms can
furthermore be replaced with hetero-analogous grougs that contain nitrogen, oxygen or sulfur. This
means, in particular, that, for example, one or more, preferably 1 to 3, still more preferred one (1)
methylene group (-CH2-) can be replaced in the glkyl groups by 20 -NH-, -NR5-, -0- or -S-, wherein Rs
is optionally substituted alkyl as defined above, pré‘fgr_a ly 01-06 alkyl, such as methyl or ethyl,
optionally substituted with 1 to 3 substituents, suchyas fliorine, chlorine, hydroxy, alkoxy. Examples of
alkyl residues having 1 to 8 carbon atoms include: a methyl group, 25 an ethyl group, an n-propyl
group, an i-propyl group, an n-butyl group, an i-bugyl gréup, a sec-butyl group, a t-butyl group, an
n-pentyl group, an i-pentyl group, a sec-pentyljroup, a t-pentyl group, a 2-methylbutyl group, an
n-hexyl group, a 1- methylpentyl group, a 2-methyipentyl group, 3-methylpentyl group, a 4-
methylpentyl group, a 1-ethylbutyl group, a 2-ethylbutyl group, a 3-ethylbutyl 30 group, a
1,1-dimethylbutyl group, a 2,2-dimethylbutyl group, a 3,3-dimethylbutyl group, a 1-ethyl-1-methylpropyl
group, an n-heptyhgraiap, a 1-methylhexyl group, a 2-methylhexyl group, a 3-methylhexyl group, a
4-methylhexyl grgERy@ s PRSIBUREIY LR Lt EHARUN AR FHRVARERSK group, a
3-ethylpentyl group. a 4-ethylpentyl group, a 1,1-dimethylpentyl group, a 2,2-dimethylpentyl 16 group,
a 3,3-dimeth?/lpeéﬁﬁ/mﬁroup, a 4,4-dimethylpentyl group, a 1-propylbutyl group, an n-octyl group, a
1-methylheptyl greipsae2tandthyitibptylogroumsisBranétiyibreiyb greiitpiea 44mietindheptyl group. a
S5-methylheptyl g5gtigh M Ps bsHaYSaemsk QR ToRIAVABE YD EHRMR, Sisshithviaxyl group, a
3-ethylhexyl 5 group, a 4-ethylhexyl group, a 5-ethylhexyl group, a 1,1-dimethylhexyl group, a
2,2-dimethylhexyl3 c?ﬁffcgaeé, erirﬁétagﬁHé)@n@%U A ﬁ’.’ﬁtﬁﬁﬁ{ét?@}fﬁgﬁw gv8e f’?%%@%methylhexyl
group, a 1-propyhe&gsh grougyaa®-propylpentyl group, etc. Those with 1 to 6 carbon atoms are
preferred. Mgthyk, efhylRD-ReRyéARchnRRUN e AR R ficErete] A mmplgsiatalsy! groups

produced by replacement with. one or more heteroanalogous groups, such as 0, S, NH- or -N(R5)-
are preferably sUPH¢ ?Upsé”i)ﬁ%ﬁ?&%éﬁéﬁdm & R IeNR G BIRY LRI RAYY CHUFESEESY with -0- while
forming an ethemggupstsisioass methoxymethyl, ethoxymethyl, 2- 15 methoxyethyl etc. Therefore, the

definition of alkylkalgadirglHAemelon A aMMteaHaxRlky reupshn s fafined fb&Jpwewm&P are produced
from the above-mentioned fillsélrgqgroups llaﬁ/nreﬁglacement of a methylene %r?up with -0-. If, according to

the invention, alkGXy grotip SHGRERY P RHRTER 1SS SRR GBRAPEPHYIS RIS % ther groups can
also be forrited ialkbispretarakly (Rsthges anCeptiorn20yaispt@@Hidgroup). Thus, according to the

invention, polyether8iaupsgetnalsitranantissskhyathe definitiome] alkwoRaaimples 4f thio-containing
alkyl radicals, esge%.ciallly as R4 are; OH , . . ‘
ptionally substituted 3- to 6-membered ring, which may optionally contain one or

more further heteroatoms.

20  Within the overall context of the invention, optionally substituted alkyl, in particular
for the substituents R to R4, preferably includes:
Straight-chained or branched alkyl with 1 to 8, preferably 1 to 6 carbon atoms,
cycloalky! with 3 to 8, preferably 5 or 6 carbon atoms, or alkyl with 1 to 4 carbon
atoms, which is substituted with cycloalkyl, wherein these alkyl groups can be
25  optionally substituted.

The above-mentioned alkyl groups can optionally carry preferably 1 to 3
substituents, respectively.

30 These substituents are preferably selected from the group consisting of: hydroxy,



25(*= binding site). Cycloalkyl groups with 3 to 8 carbon atoms preferably include: a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group,
etc. A cyclopropyl group, a cyclobutyl group, a 30 cyclopentyl group and a cyclohexyl group are
preferred. The cycloalkyl groups may optionally be substituted, preferably with 1 to 2 substituents such
as hydroxyl, such as in the case of the 4-hydroxycyahexyl, or 01-06- alkoxycarbonyl, such as in the
case of the following radicals: 17 \0 (*= binding site), (*= binding site), or 0 (*= binding site), 5 The

definiion ofthe apfiall SuRsiiued gl dsadneldes.aldoiaing WHih A slstjusd by the

above mentioned cycloalkyl groups, such as opropylmet qu%c obuty! yl, cyclopentylmethyl or
cyclohexylmethyle1%5PRYerdBy EREISIKDT o upfIAgE oRFIRY toCRiORlentiths ettty those formed
by the replacemeanttiolilmethdefecwithihetemiarsiiogasigred pikisgoacysigalkyaahdimcigde, for

example, saturatgt.0Sre BARIEANSIBLARNEE GegeIfERLUPBIBRNRE BBGhAd AR carbon atom
or a nitrogen atom, and which preferably may have 1'to 3, preferably 2 heteroatoms, especially O,N,
such as in particular as defined below, optionally substituted amino, in particular as

defined below, optionally substituted aminocarbonyl, in particular as defined

below, and cyano.

lron(lll) complex compounds in which Ri, Rz, Rs and/or R« represent aryl or
10  heteroaryl-substituted alkyl groups are less preferred according to the invention.

Halogen includes, here and within the context of the present invention, fluorine,
chlorine, bromine and iodine, preferably fluorine or chlorine.

15 In the above-defined alkyl groups, optionally one or more, more preferably 1 to 3
carbon atoms can furthermore be replaced with hetero-analogous groups that
contain nitrogen, oxygen or sulfur. This means, in particular, that, for example,
one or more, preferably 1 to 3, still more preferred one (1) methylene group
(-CH2-) can be replaced in the alkyl groups by

20 -NH-, -NRs-, -O- or -S-, wherein Rs is optionally substituted alkyl as defined
above, preferably C1-C6 alkyl, such as methyl or ethyl, optionally substituted with
1 to 3 substituents, such as fluorine, chlorine, hydroxy, alkoxy.

Examples of alkyl residues having 1 to 8 carbon atoms include: a methyl group,
25 an ethyl group, an n-propy! group, an i-propyl group, an n-butyl group, an i-butyl
group, a sec-butyl group, a t-butyl group, an n-pentyl group, an i-pentyl group, a
sec-pentyl group, a t-pentyl group, a 2-methylbutyl group, an n-hexyl group, a 1-
methylpentyl group, a 2-methylpentyl group, a 3-methylpentyl group, a 4-
methylpentyl group, a 1-ethylbutyl group, a 2-ethylbutyl group, a 3-ethylbutyl
30 group, a 1,1-dimethylbutyl group, a 2,2-dimethylbutyl group, a 3,3-dimethylbutyl
group, a 1-ethyl-1-methylpropyl group, an n-heptyl group, a 1-methylhexyl group,
a 2-methylhexyl group, a 3-methylhexyl group, a 4-methylhexyl group, a 5-
methylhexyl group, a 1-ethylpentyl group, a 2-ethylpentyl group, a 3-ethylpentyl
group, a 4-ethylpentyl group, a 1,1-dimethylpentyl group, a 2,2-dimethyipentyl



15 tetrahydrofuryl, azetidine-1-yl, substituted azetidinyl, such as 3-hydroxyazetidin-1- yl, pyrrolidinyl,
such as pyrrolidin-1-yl, substituted pyrrolidinyl, such as 3- hydroxypyrrolidin-1-yl,
2-hydroxypyrrolidin-1-y1 2-methoxycarbonylpyrrolidin-1-yl, 2-ethoxycarbonylpyrrolidin-1-yl,
2-methoxypyrrolidin-1-yl, 2-ethoxypyrrolidin-1-yl, 3-methoxycarbonylpyrrolidin-1-yl,
3-ethoxycarbonylpyrrolidin-1-yl, 3- 20methoxypyrrolidin-1-yl, 3-ethoxypyrrolidine-1-yl, piperidinyl, such
as piperidin-1-yl, 18 piperidin-4-yl, substituted piperidinyl, such as 4-methyl-1-piperidyl, 4-hydroxy-1-

piperidyl, 4-methoxys1-pigey 'Mefh é‘é%)( &rdiper dx'ﬁfmgﬁk}?f’fg@(ﬁb?qg%j op'r %W.l’pﬁendw

4-ethoxycarbonyl- 1- iperidyl, 4-car -1-pip erl |, 4-acet
1-methy1-4-pipeHayp: @HVHP(‘}%} Srous; Gatétr‘ﬁﬁﬁglfmti' @ﬁhﬁ%r%ﬁ me BY?H%WI&HH%)al%lpendyl
4-(diethylamino)rietigketyl, 4raumpina-14-methylheptyl group, a 5-methylheptyl group, a 6-

piperidyl,2-(hydr - rigdyl yl)
(hydroxymethyl)%%l @%}3{% % BlR)e £ éﬁh}{g@%}é%ﬁﬁh éo_g.e[?lmﬁ{égﬁ 6rou g ?o?(vyllhel);)éndyl

hydroxy-1
morpholin-4%y/1, &J%‘é?rt&té‘dem&'rﬁ’féﬂhﬁwugu@h a%?/@’éeéﬁfh@iﬂﬂ‘/ﬂ’ﬂ?o ph8|mew eﬁﬁ}ﬂeﬁ’%ﬁylasuch as
piperazin-1-0, Slmmmeidypimpayagmyb suB/3-toreshdimerhytpype razid-diyktdyetdwipipenazin-1-yl,

4- ethoxycarbonyggy n3re¥§»| m%hogyc?‘rmég Qlebqgm) 111, %HSHEQXQ(%QX[@”Y&@J”‘ as

tetrahydropyran4- yI and which can optionally bé condensated with aromatic rings, and which may
optionally be suBSRRREENSL R %5%?9‘? iRy %ﬁﬁfﬁéﬁg M%'Itl‘yés‘ﬁq‘))ﬁr(ﬂﬁoﬁﬂléﬂgﬂ RUYE6-alkyl, etc.

The definition ofateeragstipredtiyreibstituted alkyl groups 15 thus includes also alkyl groups, which are
substituted,iy the above-defined heterocyclic groups, such as 3-(1-piperidyl)propyl,

3-pyrrolidin-1-ylpropyl, 3- mor hollnopropyl 2-morpholinoethyl, 2-tetrahydropyran-4- gﬁlﬁthyl 3-
tetrahydropyran-[";f@%‘?l?ﬁy?fC‘f:‘{‘aYiéﬁ‘F aﬁPﬁR}f?‘b?%%ﬁye@p%E%ﬁmp‘f@@ &5 IMAP G BFIChed alkyl
group substituteanaliit duslayevpandusaviasg-Dto 8-8arbdiHatomsiiBlidegrin pafiaiyr:sadtuoromethyl

group, a difluorognathy! grosR Hﬁwromsmyh%ﬂwené %a&syﬂ@ﬁw 9roip g fichiotpmethyl group, a

trichloromethyl gr up, a brj)momet r}/f%roup, a dibromometh %/ roup, atnbromometh?ll group, al-
g

25fluoroethyl group, & 1'EHRFOBEHA R, E94BroiBh s/ IBFETY RS Mot eV n 22 2-chioroethy!
group, a 2- tﬁomoethykmd)up et 1 hetidhocrodibydigfiation) @flazwlcaiﬁomeﬂhybgrmrpemmmed|bromoethyl
group. a 2,2,2- trgiwwwlg%gap & hapiadyoseribyarRHPaf 1%{9!@430@%9&9@%@0& chloropropyl
Group, a L BIOmOpCY S"SKRY B-5une LS reRoErea 5 S SRR b R 2o 1
according to the invention, alkoxy group are additionally permitted as substituents
of alkyl, several ether groups can also be formed in this manner (such as a ~CH:-
20  O-CH:-OCHs-group). Thus, according to the invention, polyether groups are also

comprised by the definition of alkyl.

Examples of thio-containing alkyl radicals, especially as R, are:

25 (*= binding site).

Cycloalkyl groups with 3 to 8 carbon atoms preferably include: a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, etc. A cyclopropyl group, a cyclobutyl group, a

30 cyclopentyl group and a cyclohexyl group are preferred. The cycloalkyl groups
may optionally be substituted, preferably with 1 to 2 substituents such as
hydroxyl, such as in the case of the 4-hydroxycyclohexyl, or C1-C6-
alkoxycarbonyl, such as in the case of the following radicals:



30bromopropyl group, a 3-fluoropropyl group, a 3-chloropropyl group, a 3- bromopropyl group, a
1,2-difluoropropyl group, a 1,2-dichloropropy! group, a 1,2- dibromopropy! group, a 2,3-difluoropropyl
group, a 2,3-dichloropropyl! group, a 2,3-dibromopropy! group, a 3,3,3-trifluoropropy! group, a
2,2,3,3,3- pentafluoropropyl group, a 2-fluorobutyl group, a 2-chlorobutyl group, a 2- 19 bromobutyl
group, a 4-fluorobutyl group, a 4-chlorobutyl group, g74-bromobutyl group, a 4,4,4-trifluorobutyl group,
a 2,2,3,3,4,4,4-heptafluorobutyl group, a perfluorobutyl group, a 2-fluoropentyl group, a 2-chloropentyl
group, a 2- bromopentyl group, a 5-fluoropentyl group, a 5-chloropentyl group, a 5- Sbromopentyl
group, a perfluoropentyl group, a 2-fluorohexyl group, a 2- chlorohexyl group, a 2-bromohexyl group, a
6-fluorohexyl group, a 6-ghlorohexyl group, a 6-bromohexyl group, a perfluorohexyl group, a
2-fluoroheptyl group, a hloroheptyl group, a 2-bromoheptyl group, a 7-fluoroheptyl group, a 7-
chloroheptyl group bromoheptyl group, a perfluoroheptyl group, etc.. 10 Examples of an alkyl
group substituted with b Q)W‘m%ude the above-mentioned alkyl residues, which have 1 to 3 hydroxy
residues, such as, for &ample hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl, 4-hydroxybutyl,
5-hydroxypentyl, 6-hydroxyhexyl, etc.(a@RidiigRiisossibly also may have other substituents such 15as
alkoxycarbonyl or may have hetero atoms, such as sulfur, such as for example: (* = Binding site), (* =
Binding site), = Binding-site), (* = Binding site),

(*= binding site), or

(*= binding site),

The definition of the optionally substituted alky! also includes alkyl groups which
are substituted by the above mentioned cycloalkyl groups, such as
cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl or cyclohexylimethyl.

10  Heterocyclic alkyl groups according to the invention are preferably those formed
by the replacement of methylene with hetero-analogous groups from cycloalkyl,
and include, for example, saturated 5 or 6-membered heterocyclic residues,
which may be attached via a carbon atom or a nitrogen atom, and which
preferably may have 1 to 3, preferably 2 heteroatoms, especially O,N, such as

15 tetrahydrofuryl, azetidine-1-yl, substituted azetidinyl, such as 3-hydroxyazetidin-1-
yl, pyrrolidinyl, such as pyrrolidin-1-yl, substituted pyrrolidinyl, such as 3-
hydroxypyrrolidin-1-yl, 2-hydroxypyrrolidin-1-yl 2-methoxycarbonylpyrrolidin-1-yl,
2-ethoxycarbonylpyrrolidin-1-yl, 2-methoxypyrrolidin-1-yl, 2-ethoxypyrrolidin-1-yl,
3-methoxycarbonylpyrrolidin-1-yi, 3-ethoxycarbonylpyrrolidin-1-yl, 3-

20  methoxypyrrolidin-1-yl, 3-ethoxypyrrolidine-1-yl, piperidinyl, such as piperidin-1-yl,



20 HO OH (" = Binding site), HO OH (* = Binding site), (* = Binding site). (* = Binding site), (*=
Binding site), (* = Binding site), (* = Binding site), = Binding site),

18

piperidin-4-yl, substituted piperidinyl, such as 4-methyl-1-piperidyl, 4-hydroxy-1-
piperidyl, 4-methoxy-1-piperidyl, 4-ethoxy-1-piperidyl, 4-methoxycarbonyl-1-
piperidyl, 4-ethoxycarbonyl-1-piperidyl, 4-carboxy-1-piperidyl, 4-acetyl-1-piperidyl,
4-formyl-1-piperidyl, 1-methyl-4-piperidyl, 4-hydroxy-2,2,6,6-tetramethyl-1-

5 piperidyl, 4-(dimethylamino)-1-piperidyl, 4-(diethylamino)-1-piperidyl, 4-amino-1-
piperidyl,  2-(hydroxymethyl)-1-piperidyl,  3-(hydroxymethyl)-1-piperidyl,  4-
(hydroxymethyl)-1-piperidyl, 2-hydroxy-1-piperidyl, 3-hydroxy-1-piperidyl, 4-
hydroxy-1-piperidyl, morpholin-4-yl, substituted morpholinyl, such as 2,6-dimethyl
morpholin-4-yl, piperazinyl, such as piperazin-1-yl, substituted piperazinyl, such

10 as 4-methylpiperazin-1-yl, 4-ethylpiperazin-1-yl, 4-ethoxycarbonylpiperazin-1-yl,
4-methoxycarbonylpiperazin-1-yl, or tetrahydropyranyl, such as tetrahydropyran-
4-yl, and which can optionally be condensated with aromatic rings, and which
may optionally be substituted, such as with 1 to 2 substituents such as hydroxy,
halogen, C1-C6-alkyl, etc. The definition of the optionally substituted alkyl groups

15 thus includes also alkyl groups, which are substituted by the above-defined
heterocyclic groups, such as 3-(1-piperidyl)propyl, 3-pyrrolidin-1-ylpropyl, 3-
morpholinopropyl, 2-morpholinoethyl, 2-tetrahydropyran-4-ylethyl, 3-
tetrahydropyran-4-yipropyl, 3-(azetidin-1-yl) propyl etc.

20  Examples of a linear or branched alkyl group substituted with halogen and having
1 to 8 carbon atoms include, in particular:

a fluoromethyl group, a difluoromethyl group, a trifluoromethyl group, a
chloromethyl group, a dichloromethyl group, a trichloromethyl group, a
bromomethyl group, a dibromomethyl group, a tribromomethyl group, a 1-

25  fluoroethyl group, a 1-chloroethyl group, a 1-bromoethyl group, a 2-fluoroethyl
group, a 2-chloroethyl group, a 2-bromoethyl group, a 1,2-difluoroethyl group, a
1,2-dichloroethyl group, a 1,2-dibromoethy! group, a 2,2,2-trifluoroethyl group, a
heptafluoroethyl group, a 1-fluoropropyl group, a 1-chloropropyl group, a 1-
bromopropyl group, a 2-fluoropropyl group, a 2-chloropropyl group, a 2-

30  bromopropyl group, a 3-fluoropropy! group, a 3-chloropropy! group, a 3-
bromopropyl group, a 1,2-difluoropropy! group, a 1,2-dichloropropy! group, a 1,2-
dibromopropyl group, a 2,3-diflucropropyl group, a 2,3-dichloropropyl group, a
2,3-dibromopropy! group, a 3,3,3-triflucropropyl group, a 2,2,3,3,3-
pentafluoropropyl group, a 2-fluorobutyl group, a 2-chlorobutyl group, a 2-



,OH (* = Binding site), (* = Binding site), HO, OH (* = Binding site). 5 which are also all examples of R3
and/or R4. Optionally substituted aryl preferably includes according to the invention aromatic
hydrocarbon residues with 6 to 14 carbon atoms (with no hetero atom in the aromatic ring system), for
example: phenyl, naphthyl, phenanthrenyl and 10 anthracenyl. The aforementioned aromatic groups
optionally can preferably have one or more, preferabdy one, substituent, in particular halogen, hydroxy,
alkyl, alkoxy, in each case as explained above or below. A preferred aromatic group is phenyl. A

preferred alkyl s i ith an ar | aryla i nzyl. 1 tional bstituted aryl
according to the%@s‘%&%ﬁn@@gﬁb% ?urt ?:ﬂ)l% I@e@éé&%ﬁ@%@ﬁ eéﬁ{éfepd%%?gr%org%%ﬂ %?at is,
heteroaromatic §retips? §efiiadueicbkhs R PP Frids S ByHtVHNRIRMEr RHiIhEIV P dridazinyl, pyrazinyl,
thienyl, furyl, pypetiliopysazobhupidaznlgtotiagobopxazamiordsexazalylipingelizinyl, indolyl,

benzo[b]thienyl,&g%@@{%r J"L"%d3750!w%'%w’?gl%@ﬁiﬁg%ﬁ@%g%gﬁ%yla%0 quinazolinyl. 5- or

6-membered aromatic heterocycles such as ﬁ%y -oxide, pyrimidyl,
pyridazinyl, furyPEHBOPRERY BERER AERSFHUETORSatHTBFRYReAOHEIOREI 8B AtR groups can preferably

have one or mors)puekerdlioones Sibstitrenty! igr@artic slaubalegeng foydrexg calksdhalkoxy, in each
case as explain oye. r pecTle f lkyl,s i ith_a-heteroaromatic
group (hetarylal(f:J )ag’rg %g{@%%%ﬁ/ﬁ)é%{%r%ﬂﬁ in ea%%%%ag%%s’? sﬁk@?ﬂéﬁ%é \gghg?g:oaromatic
group, such as ﬁﬁ@ﬁ?ﬂ‘?@ﬂﬁﬁfoﬁ%aﬁ‘rﬂ@fﬁﬁ?f‘@%)"ﬂé%&?d%ﬁf{%ofﬁéeiﬁ%ﬁ'i%ﬁ; 8pftionally substituted

alkoxy (RO-) inathbeshéptyl group, a 7-bromoheptyl group, a perfluorohepty! group, etc..

10
Examples of an alkyl group substituted with hydroxy include the above-mentioned
alkyl residues, which have 1 to 3 hydroxy residues, such as, for example
hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl, 4-hydroxybutyl, 5-hydroxypentyl,
6-hydroxyhexyl, etc. and which possibly also may have other substituents such

15  as alkoxycarbonyl or may have hetero atoms, such as sulfur, such as for
example:

HO/W)j\o/\

(* = Binding site),

(* = Binding site),
HO

20 (* = Binding site),

W
e

(* = Binding site),



5 example, linear or branched alkoxy groups with up to 6 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 group, a
sec-butyloxy group, a t-butyloxy group, an n-pentyloxy group, an i-pentyloxy group, a sec-pentyloxy
group, a t-pentyloxy group, a 2-methylbutoxy group, an n-hexyloxy group, an i-hexyloxy group, a t- 10
hexyloxy group, a sec-hexyloxy group, a 2-methylpeptyloxy group, a 3- methylpentyloxy group, a
1-ethylbutyloxy group, a 2-ethylbutyloxy group, a 1,1- dimethylbutyloxy group, a 2,2-dimethylbutyloxy
group. a 3,3-dimethylbytyloxy group, a 1-ethyl-1-methylpropyloxy group, etc. A methoxy group, an
ethoxy group, an n-prgpyloxy group, an i-propyloxy group, an n-butyloxy group, an i- 15 butyloxy
group, a sec-butyloxy group, a t-butyloxy group. etc., are preferred. The alkoxy groups may optionally
be substituted, such as with the above possible substituents for alkyl. Methoxy, ethoxy, n-propoxy,
n-butoxy, etc. are preferred alkoxy. 20 Accordingly, optionally substituted alkoxycarbonyl (RO-CO-)
groups are formally derived from tHedisovE alkyl groups by adding a -00(0)- residue under formation of
an optionally substituted alkyloxycarbonyl residue. In that regard reference can be made to the
definition of the abeye-described alkyl groups. As an alternative 25 optionally substituted
alkoxycarbonyl (RO-CO-) groups are derived from the aforementioned alkoxy groups by the addition of
a carbonyl group. Methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl, n-butoxycarbonyl ten.-
butoxycarbonyl etc. are prefegre glgpxysg%r)bonyl, which may all be substituted as the above defined
alkyl groups. 300ptionally substitu ed amin6 includes according to the invention preferably: amino
(-NH2), optionally substituted mono- or dialkylamino (RHN-, (R)2N-) for which with regard to the
definition of optionally substituted alkyl reference can be made to the above definition. Furthermore
included are optionally substituted mono- or diarylamino groups or mixed optionally substituted
alkylarylamino 23 groups, for which as regards the definition of optionally substituted alkyl or aryl
reference can bemade to the above definitions. Such groups include, for example methylamino,
dimethylamino, e&hylamino, hydroxyethylamino, such as 2-hydroxyethylamino, diethylamino,
phenylamino, methylphenylamino etc.. 5 Optionally substituted amino further includes an optionally
substituted cyclic amino, such as optionally substituted 5 or 6-membered cyclic amino that may
contain further hetero atoms suetBasiiNg 6it§, preferably 0. Examples of such cyclic amino groups
include the above-mentioned nitrogen-containing heterocyclic groups bonded through a nitrogen atom,
such as piperidin-1-y!, 4- 10 hydroxy-piperidin-1-yl, 2-(methoxycarbonyl)pyrrolidin-1-yl, pyrrolidin-1-yl,
morpholin-4-yl, eic. Optionally substituted acyl includes, within the scope of the invention aliphatic and
aromatic acyl, wherein aliphatic acyl is, in particular, formyl and optionally 15 substituted
alkylcarbonyl, for which with regard to the definition of the optionally substituted alkyl reference can be
made to the foregoing definition of optionally substituted alkyl. Aromatic acyl therefore includes an
optionally substituted arylcarbonyl, for which with regard to the definition of the optionally substituted
aryl reference can be mddé %Qﬁ’i@%f‘@éoing definition of optionally substituted 20 aryl. Preferred acyl
groups according to the invention include for example: formyl (-C(=0)H), acetyl, propionyl, butanoyl,
pentanoyl, hexan&i&r\‘j and in each case the isomers thereof, and benzoyl. Substituents of acyl groups
include the above mentioned substituents for alkyl and aryl, and accordingly it can be referred to the
above definitions.

(* = Binding site),

OH
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E

(* = Binding site),
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(* = Binding site),



25 Optionally substituted aminocarbonyl according to the invention can be formally derived from the
above defined optionally substituted amino by adding a carbonyl from ((R)2N-C(=0)-), and accordingly
reference can be made to the above definition of optionally substituted amino. Examples include,
therefore, carbamoyl 30 (H2NO(=0)-), optionally substituted mono- or dialkylaminocarbanyl
(RHNC(=0)-, (R)2NC(=0)-) wherein reference can bgimade to the above definition of optionally
substituted alkyl. Furthermore are included are optionally substituted mono- or diarylaminocarbonyl
residues or mixed_optionally substituted alkylarylaminocarbonyl radicals, wherein reference can be
made to the abov?&;&efinitions of optionally substituted alkyl and aryl. Such groups include, for
example methylaminocarbonyl, dimethylaminocarbonyl, ethylaminocarbonyl, diethylaminocarbonyl,
phenylaminocarbonyl, methylphenylaminocarbonyl to etc.. 5According to the invention, iron(lll)
complex compounds are preferre {H%{{‘S&}]F in at least one ligand of the formula (I): (I) 10wherein the
arrows respectively reporesent a coordinate bond to one or different iron atoms, R1 is alkyl, which can
be optionally substit d'with 1 to 3 substituents selected from the group consisting of hydroxy, alkoxy,
ss defined above, in particular (15= @'ﬁggoxgﬂ § thoxy, halogen, cyano, alkoxycarbonyl, as defined above,
such as especially methoxycarbonyl. e?ﬁoxy arbonyl, and aminocarbonyl as defined above, in
particular carbam%dﬂ‘hethylaminocarbonyl, or R1 is alkoxycarbonyl that can be substituted by 1 to 3
substituents selected'from the group consisting of hydroxy, ClI -C6-alkoxy and halogen, in particular
20methoxycarbonyl, ethoxycarbarghdmgrasycarbonyl, etc.,

(* = Binding site),
5 which are also all examples of Rs and/or Ry.

Optionally substituted aryl preferably includes according to the invention aromatic
hydrocarbon residues with 6 to 14 carbon atoms (with no hetero atom in the
aromatic ring system), for example: phenyl, naphthyl, phenanthrenyl and
10 anthracenyl. The aforementioned aromatic groups optionally can preferably have
one or more, preferably one, substituent, in particular halogen, hydroxy, alkyl,
alkoxy, in each case as explained above or below. A preferred aromatic group is
phenyl. A preferred alkyl substituted with an aromatic group (arylalkyl) is benzyl.

15  Optionally substituted aryl according to the present invention further includes
optionally substituted heteroaryl, that is, heteroaromatic groups, such as for
example: pyridyl, pyridyl-N-oxide, pyrimidyl, pyridazinyl, pyrazinyl, thienyl, furyl,
pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl or isoxazolyl, indolizinyl, indolyl,
benzo[blthienyl, benzo[b]furyl, indazolyl, quinolyl, isoquinolyl, naphthyridinyl,

20 quinazolinyl. 5- or 6-membered aromatic heterocycles such as, for example
pyridyl, pyridyl-N-oxide, pyrimidyl, pyridazinyl, furyl and thienyl are preferred. The
aforementioned heteroaromatic groups can preferably have one or more,
preferably one, substituent, in particular halogen, hydroxy, alkyl, alkoxy, in each
case as explained above or below. Preferred examples of an alkyl substituted

25 with a heteroaromatic group (hetarylalkyl) are methyl, ethyl, or propyl, in each



R2 is selected from the group consisting of hydrogen, alkyl, which can be optionally substituted with 1
to 3 substituents selected from the group consisting of hydroxy, alkoxy, halogen, cyano and
25alkoxycarbonyl, halogen such as chlorine, fluorine, preferably fluorine and cyano or Rl and R2,
together with the carbon atoms to which they are bonded, form an optionally substituted 5- or
6-membered ring, such as a cyclopentane ring or a225 cyclohexane ring which may optionally also
contain one or more heteroatoms, and may have further substituents such as those mentioned for

alkyl, R3 and R g t@g il ﬁ difierent ﬁQ%r%Eﬁofrﬁﬁ{?@C Yg%seg%%“ed a{gongh Qg J500n5|st|ng of

hydrogen and al Whl e optionally substituted with 1'to 3 substituents s ecte from the
group consstmg%‘l‘q%f"tﬁw eéq’koxy, halogen, cyanid, optionally substituted amino and alkoxycarbonyl,
and where alkyl may have one or more hetero atoms selected from -0- or -S- instead of -CH2-, and/or

10R3 and R4 arﬁc%%':%ﬂ&%“%ﬂé opygnRlly %b%‘ﬁ%!ﬁ?dsé‘ég R&eé‘saﬂlw QR ANAY Ryl %F“C“'ar
hydroxyethylamino, 4-morpholinyl, 1-piperidyl. 4-hydroxy-1-piperid Eaperazm -1-yl. 4-methyl-1-yl. In a

preferred erﬁboﬁ?‘ﬁ@ﬁ’ﬂ%%%ﬁé Branahss IQ'K%W‘WHFEP@G?’IW”W@ %ﬁar ?@)‘@j@ﬁﬂé?‘%lt‘?ﬁtﬁe nitrogen
atom to which thegteoeylgynaie dirf@tiroan grptiond y-sodistittedr 3:10a6- peophesgdyring, \which may
optionally contaqul &Hﬁ&%@g@pfqm%ﬁﬁwa oIms; Sé‘é‘é‘tﬁﬁy@fyaé?%ﬁ ryq%m %p(y@gally
substituted via nitrogen bonded heterocyclés. Or, in another embodimen

an n-pentyloxy group, an i- penty!oxy group, a sec-pentyloxy group, a t-pentyloxy

group, a 2-methylbutoxy group, an n-hexyloxy group, an i-hexyloxy group, a t-

10  hexyloxy group, a sec-hexyloxy group, a 2-methylpentyloxy group, a 3-
methylpentyloxy group, a 1-ethylbutyloxy group, a 2-ethylbutyloxy group, a 1,1-
dimethylbutyloxy group, a 2,2-dimethylbutyloxy group, a 3,3-dimethylbutyloxy
group, a 1-ethyl-1-methylpropyloxy group, etc. A methoxy group, an ethoxy
group, an n-propyloxy group, an i-propyloxy group, an n-butyloxy group, an i-

15 butyloxy group, a sec-butyloxy group, a t-butyloxy group, etc., are preferred. The
alkoxy groups may optionally be substituted, such as with the above possible

substituents for alkyl.

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

20
Accordingly, optionally 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 to the definition of the above-described alkyl groups. As an alternative

25 optionally substituted alkoxycarbonyl (RO-CO-) groups are derived from the
aforementioned alkoxy groups by the addition of a carbonyl group.
Methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl, n-butoxycarbony! tert.-
butoxycarbonyl etc. are preferred alkoxycarbonyl, which may all be substituted as
the above defined alkyl groups.

30 Optionally substituted amino includes according to the invention preferably:
amino (-NHy), optionally substituted mono- or dialkylamino (RHN-, (R)>N-) for
which with regard to the definition of optionally substituted alkyl reference can be
made to the above definition. Furthermore included are optionally substituted
mono- or diarylamino groups or mixed optionally substituted alkylarylamino



R2 and R3 form together form a saturated or unsaturated, optionally substituted 5- or 6-membered ring
while forming a ligand of the formula (la): (la) 26 , where the 5- or 6- membered ring systems may
optionally be substituted, as for example by one to three substituents such as oxo, halogen, such as in
the following example: which carries oxo as a substituent, 5 or, in another embodiment R2 and R3
together form a saturated or unsaturated, optionally2substituted 5- or 6- membered ring, and R, and R2
together form a saturated or unsaturated, 10optionally substituted 5- or 6-membered ring, while

forming a ligand pf tBe TRFHRHIBY regards the definition of optionally substituted alkyl or aryl
reference can be made to the above definitions. Such groups include, for
example methylamino, dimethylamino, ethylamino, hydroxyethylamino, such as
2-hydroxyethylamino, diethylamino, phenylamino, methylphenylamino etc..
5 Optionally substituted amino further includes an optionally substituted cyclic
amino, such as optionally substituted 5 or 6-membered cyclic amino that may
contain further hetero atoms such as N, O, S, preferably O. Examples of such
cyclic amino groups include the above-mentioned nitrogen-containing
heterocyclic groups bonded through a nitrogen atom, such as piperidin-1-yl, 4-
10 hydroxy-piperidin-1-yl, 2-(methoxycarbonyl)pyrrolidin-1-yl, pyrrolidin-1-yl,
morpholin-4-yl, etc.

Optionally substituted acyl includes, within the scope of the invention aliphatic
and aromatic acyl, wherein aliphatic acy! is, in particular, formyl and optionally
15  substituted alkylcarbonyl, for which with regard to the definition of the optionally
substituted alkyl reference can be made to the foregoing definition of optionally
substituted alkyl. Aromatic acyl therefore includes an optionally substituted
arylcarbonyl, for which with regard to the definition of the optionally substituted
aryl reference can be made to the foregoing definition of optionally substituted
20 aryl. Preferred acyl groups according to the invention include for example: formyl
(-C(=0)H), acetyl, propionyl, butanoyl, pentanoyl, hexanoyl, and in each case the
isomers thereof, and benzoyl. Substituents of acyl groups include the above
mentjoned substituents for alkyl and aryl, and accordingly it can be referred to the
above definitions.
25
Optionally substituted aminocarbonyl according to the invention can be formally
derived from the above defined optionally substituted amino by adding a carbonyl
from ((R)2N-C(=0}-), and accordingly reference can be made to the above
definition of optionally substituted amino. Examples include, therefore, carbamoyl
30  (HoNC(=0)-), optionally substituted mono- or dialkylaminocarbonyl (RHNC(=O)-,
(R)2NC(=0)-) wherein reference can be made to the above definition of optionally
substituted alkyl. Furthermore are included are optionally substituted mono- or
diarylaminocarbony! residues or mixed optionally substituted
alkylarylaminocarbony! radicals, wherein reference can be made to the above



15wherein 1:14 is defined as above, or pharmaceutically acceptable salts thereof. The iron(lll)
complex compounds of the formula (Il) are particularly preferred: 27 wherein Al, R2, R3 and Rek
are respectively defined as above or preferably as below. 5 In a preferred embodiment of the
invention. Rl is selected from the group consisting of: C1l.6-alkyl, preferably as presented above,
optionally substituted with 01-4 alkoxy, as explainecbabove, or with dialkylaminocarbonyl, also as
10explained above, C3.6- cycloalkyl preferably as presented above, 03.6- cycloalkyl -C14-alkyl,

preferably as pr b v k 4-al ly re
hydroxy-C14-alkyl, pre%éga % S(E)rllrfe:zl er%[zgeM %g\(/je igé d ﬁ!ﬁ‘ Z?c? ; é'l%lgl Z?ngfr{}g% pre rab y "as presented
above, or CI .4- a@%é%rﬂ@ﬁmylﬁf@f&%‘ip% de@&iﬁﬁ%ﬂ%@?@rp‘wﬁculﬁvﬁﬁmrﬂ‘l is

C1.6-alkyl, prefedahhylampreseriad abeviglainiperticday metimyipeénylapiomdrioryardietdar n-propyl, and
butyl, in particular n-

5 According to the invention, iron(lil) complex compounds are preferred that
contain at least one ligand of the formula (1):

)
N—R,
-0
R
-<————O / ?
R

10  wherein
the arrows respectively represent a coordinate bond to one or different iron
atoms,
R, is alkyl, which can be optionally substituted with 1 to 3 substituents selected
from the group consisting of hydroxy, altkoxy, ss defined above, in particular

15 methoxy, ethoxy, halogen, cyano, alkoxycarbonyl, as defined above, such as
especially methoxycarbonyl, ethoxycarbonyl, and aminocarbonyl as defined
above, in particular carbamoyl, dimethylaminocarbonyl, or
R, is alkoxycarbonyl that can be substituted by 1 to 3 substituents selected from
the group consisting of hydroxy, C1-C6-alkoxy and halogen, in particular

20 methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, etc.,
R is selected from the group consisting of
- hydrogen,
- alkyl, which can be optionally substituted with 1 to 3 substituents selected

from the group consisting of hydroxy, alkoxy, halogen, cyano and

25 alkoxycarbonyl,
- halogen such as chlorine, fluorine, preferably fluorine and
- cyano or
R+ and Ry, together with the carbon atoms to which they are bonded, form an
optionally substituted 5- or 6-membered ring, such as a cyclopentane ring or a



20butyl. Most preferably, R, is methyl, ethyl and n-butyl which are optionally substituted by
C1l.6-alkoxy, such as methoxy or by di-01.6-alkylaminocarbonyl such as dimethylaminocarbonyl, or R1
is 01-4 alkoxycarbonyl, especially methoxycarbonyl or ethoxycarbonyl. 25In a preferred embodiment of
the invention; R2 is selected from the group consisting of: 28 hydrogen, halogen, preferably as
presented above. C1.6-alkyl, preferably as presentegabove, C3.6-cycloalkyl, preferably as presented
above, 5halogen-C1.4-alkyl, preferably as presented above, and cyano. Particularly preferably, R2 is

hydrogen, halogen [g%leXSaalk | or E&]n res t%:r'%'a Iglgr%‘%% a8 rrescg-:-ﬂg eda qve still more

preferably hydrogyen metﬂe arficular chiorne or uorlne mos% preferably hydrogen
or fluorine. In oné”@rﬂt?d&ﬁY@rfP%‘PQhéLi‘Pﬁié‘Fﬁ@ﬁ,Smfh?r‘f’jtp@etﬁg?é‘ﬁ%}eﬂ/fﬂf #/carbon atoms to which
they are bonded, can form an optionally substituted 5- or 6- membered ring, which may optionally

contain one or nprg@lﬂgt%pe @%% COLglgﬁfé%ﬂﬁﬁ go'rgspe% Vg[ a §%§§Trom amlde ligands of the

following formula are present erein are as es OVe of below. However, this
embodiment®20i§988§tiHiefbiregrogen and alkyl, which can be optionally substituted with 1 to 3

substituents selected from the group consisting of hydroxy, alkoxy, halogen,
cyano, optionally substituted amino and alkoxycarbonyl, and where alkyl may
have one or more hetero atoms selected from -O- or -S- instead of -CH»-, and/or

10 Rj and R4 are selected from optionally substituted amino, as mentioned above, in
particular, hydroxyethylamino, 4-morpholinyl, 1-piperidyl, 4-hydroxy-1-piperidyl,
piperazin-1-yl, 4-methyl-1-yi.

in a preferred embodiment, only one of R3 or R4 is hydrogen.

15
Or R3 and Ry, together with the nitrogen atom to which they are bonded, form an
optionally substituted 3- to 6-membered ring, which may optionally contain one or
more further heteroatoms, such as the above-mentioned optionally substituted via
nitrogen bonded heterocycles.

20
Or, in another embodiment

Rz and Rjform together form a saturated or unsaturated, optionally substituted 5-

or 6-membered ring while forming a ligand of the formula (la):
25

1 (la)

wherein Ry and R4 are defined as above, like for example realized in the following

compounds:



In this embodiment, Ft, and R2 together preferably represent a propylene (-C112- CH2-CH2-)- or a
butylene (-CH2-CF12-CH12-CR2-)-group, in which one methylene group (-CH2-), respectively, can be
replaced with -0--, -NH-, or -NR5-, wherein 25R5 is optionally substituted alkyl, and wherein the groups
formed by RI and R2 can furthermore respectively be substituted by one to three substituents selected
from the group consisting of hydroxy, C1.4-alkoxy, agino and mono- or di-(Cl alkyl)amino. Exemplary
ligands are the following: 29 wherein R3 and R4 are respectively defined as above and wherein the
rings may optionally carry 1 or 2 substituents such as oxo, alkyl or halogen. In the invention. R3 and
R4 are the same or diffgrent gnd are respectively selected from the group consisting of hydrogen,
optionally substituted ajhino, jand optionally substjtuted @lkyl, preferably from hydrogen and optionally
substituted alkyl, €agha inegh-albove” Or Rg-dn : fer-with the nitrogen atom to which they
are bonded, form an@?;ig ally gubstituted 3- to\6-mgmbergd ring, which may optionally contain one or
more further heteroatoms each as defined above. 15Preferably, R3 anmclithAé gre her ame or different
and are respectively selected from the group consisting of: hydrogen, And' Substiiuted or unsubstituted
alkyl groups, sucReAR0sEtdteel Srsteme Mag-amkon Pheberaitytiiegsteafeioierkamelpdy one to
20Di(Cl.6-alkyl)aminos(bkrattyl sisehasdimeibytnoscinthy laminaGling allrprreferably as
described above, Di(C1_6-alkyl)aminocarbonyl-C1.6-alkyl such as aminocarbonyl-C1-6- alkyl, or
dimethyl- or diethylamimocarbghyl-C1.6-alkyl, preferably as described above, 25C3_6-cycloalkyl,
preferably as presentediabove, C3 6-cycloalkyl-C1_4-alkyl, preferably as presented above,
C1_4-alkoxy-C14-alkyk pre rablyias presented above, C1,3-alkoxycarbonyl-C3.6-cycloalkyl,
preferably as described abo 1.3-alkoxycarbonyl-C1.6-alkyl, preferably as presented above,

i . . .
which carries oxo as a substituent,

or, in another embodiment
Rz and Rj together form a saturated or unsaturated, optionally substituted 5- or 6-
membered ring, and Ry and R together form a saturated or unsaturated,

10  optionally substituted 5- or 6-membered ring, while forming a ligand of the
formula (Ib):

15  wherein Ry is defined as above,
or pharmaceutically acceptable salts thereof.

The iron(lll) complex compounds of the formula (ll) are particularly preferred:
20



30hydroxy-01.4-alkyl, preferably as presented above, and 30 halogen-C1.4-alkyl, preferably as
presented above, where possibly also more that one substituent can be present simultaneously on the
alkyl, such as hydroxy and C1-3- 5alkoxycarbonyl, or more hydroxyl groups, such as 2 to 3 hydroxyl
groups, C3_6-cycloalkyl also includes C3.6-heterocyclyl, and where appropriate -CH2- can be
replaced by -S-, in each case as described above, gy 10 R3 and R4 together form an ethylene
(-CH2-CR2-)-, propylene (-CH2-CH2-CH2+. isopropylene (-CH2-CH(CH2)+, butylene
(-CH2-CH2-CF12-CF12+, isobutylene-, Hentyler]? (-CH2-CH2-CH2-CH2-CH2+, or isopentylene group,
in which in each case one methylene grodp (-CH2-), respectively, can be replaced with -0-, 15-NH-, or
-NR5-, wherein R5 is optionally s&b&titute alkyh and wherein the groups formed by R3 and R4 can
furthermore respectively be substitut ne tothree subdlitdnts selected from the group consisting
of hydroxy, C14-alkoxy, amino (-NH2) and nCPonQ ord M-alkyl)amino. Which means that R3 and
R4 in this case, form an optionally substituted pitrfgen-co anﬁhg 5 - to 6-membered 20heterocycle,
such as the above or those indicated below; artiEEB eferably, R3 and R4 are the same or
different and are selected from hydrdg lkyl. preférably as presented above, in particular
methyl, ethyl,

¢ (IH

wherein Ry, Rz, Rz and R, are respectively defined as above or preferably as
below.

in a preferred embodiment of the invention, Ry is selected from the group
consisting of:
Cqe-alkyl, preferably as presented above, optionally substituted with
C1-4 alkoxy, as explained above, or with dialkylaminocarbonyl, also as
10 explained above,
- Cs.e-cycloalkyl, preferably as presented above,
Cs.s-cycloalkyl-Cq.4-alkyl, preferably as presented above,
- Ci.4-alkoxy-Cy.4-alkyl, preferably as presented above,
- hydroxy-Cy.4-alkyl, preferably as presented above, and
15 - halogen-C.4-alkyl, preferably as presented above, or

- C1.4-alkoxycarbonyl, preferably as described above.

Particularly preferably, Ry is Ci¢-alkyl, preferably as presented above, in
particular methyl, ethyl, propyl, in particular n-propyl, and butyl, in particular n-

20  butyl. Most preferably, R is methyl, ethyl and n-butyl which are optionally
substituted by Cy.g-alkoxy, such as methoxy or by di-C;.g-alkylaminocarbonyl
such as dimethylaminocarbonyl, or Ry is C1-4 alkoxycarbonyl, especially
methoxycarbonyl or ethoxycarbonyl.

25 In a preferred embodiment of the invention, R; is selected from the group
consisting of:



propyl. in particular n-propyl, butyl, in particular n-butyl, pentyl, in particular n-pentyl and hexyl, in
particular n-hexyl, and hydroxy-C14-alkyl, preferably as presented above, and preferably
hydroxymethyl, hydroxyethyl, 30C1.3-alkoxycarbonyl-C16-alkyl, preferably as presented above, and
preferably methoxycarbonyl, ethoxycarbonyl, C14-alkoxy-C14-alkyl, as presented above. 31
Furthermore, in a preferred embodiment. R3 and R4gogether form a pentylene (-
CH2-CH2-CH2-CH2-0H2+ group, in which one methylene group (-CH2-)i respectively, can be
replaced with -0-, -NH-, or - ?o@ é édefined above), and which can be respectively substituted by a
substituent selected from hydro 1 54-alkoxy, amino (-NH2) and mono- or di(C14-alkyl)amino.
Examples of groups arising ff8RPRS RISEPRRIM AR RIRSHHRRIP¥Rom to which they are bonded, are, for
example the above-mentionexd. yiakpilimgrnabyusddnelenaeysteseywhich can optionally have 1 to 3, like
1 or 2 hetero atoms such as 0 é;%é W r'é'fe?&bqu ?% @gseé;gggj b¥>k/ ubstituted azetidinyl, such as

3-hydroxyazetidin-1-yl, pyrroli n-1-yl, su stltuted pyrrolidinyl, such as
3-hydroxypy?trolidin-1-yl, 2- h?éﬁﬁ@b(}r‘roﬁ'&iﬂ Prﬁfeﬁa%ﬂ%@@éﬁ?%’r@%}iﬁ(ﬂﬁﬁn 1-yl, 2-

ethoxycarbonylpyrrolidin-1-ytyarmethoxypyrrolidin-1-yl, 2-ethoxypyrrolidine-1-yl,
3-methoxycarbonylpyrrolidin-1-yl, 3-ethoxycarbonylpyrrolidin-1-yl, 3- methoxypyrrolidin-1-yl,
3-ethoxypyrrolidin-1- yI piperidinyl, such as piperidin-1-yl, 15substituted piperidinyl such as
4-methyl-1-piperfit d&ﬂ'cﬁ ?’f%ﬁ’b@@@bﬂy p@?l8’}7‘ngfoﬁf’é\tH?ﬁlerblﬁeﬁéwlﬂe%@@ 1epRSEHERNY
4-methoxycarboprgtetaiplipesidyds dntethaboreario myblepipecicily 4ycacaexy repipenidy|.
4-acetyl-1-piperigyl, %ﬁorwéﬁ.%mawwe%mﬁw %@s@p@e@%ﬁmﬁ Yég&nmpﬁﬁﬁ}ﬂe

4-(dimethylamino)- 1 piperidyl. 4-(diethylamino)-1-piperidyl, 4-amino-1-piperidyl.
2-(hydroxymethyl)-1-piperidyl, 203-(hydroxymethyl)-1-piperidyl, 4-(hydroxymethyl)-1-piperidyl,
2-hydroxy-1- piperiwhd eB:bydirosyt-tf thpenicyritiono RholihB. 4ty et stitutive nadsphalioryks guch as

26-dimethyl mogaffinesd-vL RiRBER il sHe B ASHIBRIRANCLl SuBSULSHoRIBEFa iy, Such as
4-methyl- piperazin-1-yl, 4 -ethylpiperazin-1-yl, 4- ethoxycarbonylp perazin-1-yl.

4- methoxycarboW?lﬁrH@szt?ﬁt'f%ﬂ”&%Omam ofne or more (Such as, ih particular, 2) heteroatoms.
15 Inthat case, B-ketoamide ligands of the following formula are present:

wherein Rz and R4 are as described above or below. However, this embodiment

20 s less preferred.

In this embodiment, Ry and R; together preferably represent a propylene (-CHa-
CH,-CHy-)- or a butylene (-CHx-CH,-CH,-CHa-)-group, in which one methylene
group (-CHy-), respectively, can be replaced with —~O—, -NH-, or -NRs—, wherein

25 Rs is optionally substituted alkyl, and wherein the groups formed by Ry and Rz
can furthermore respectively be substituted by one to three substituents selected
from the group consisting of hydroxy, C.s-alkoxy, amino and mono- or di-(Cy.4-
alkylyamino. Exemplary ligands are the following:



Particularly preferred are piperidin-1-yl, piperazin-1-yl, morpholin-4-y1 which may optionally be
substituted, such as by hydroxyl, such as 4-hydroxy-piperidin-1-yl. Even more preferred are
4-hydroxy-piperidin-1-y1 and piperidin-1-yl: 30In another less preferred embodiment of the invention,
R2 and R2 together form a saturated or unsaturated, optionally substituted 5- or 6-membered ring
while forming a B-ketoamide of the formula (la): 322¢a) wherein Rl and R4 are defined as above.
Examples for such ligands are compounds in which R2 and R3 together form an ethylene
(-CH2-CH2-)- or 5propyleﬂe (-CH2-CH2-CH2-)- group: Ligands of this type are described, for
example, in Korte et al.. Ch%r{pi che 10Berichte, 9%, 2424 and Wamhoff et al., Liebigs Ann. Chem.
715, 23-34 (1968)__In another alsb less preferred e yodiment of the invention, R2 and R3 together
form a saturated or unsaturated, optionally sulistifdted 5- or 6-membered ring, and Rl and R2 together
form a saturated or unsatuoptionally substit 5- 150r 6-membered ring, while forming a

B-ketoamide of tie forfTIA

wherein Rz and R4 are respectively defined as above and wherein the rings may
optionally carry 1 or 2 substituents such as oxo, alkyl or halogen.

5
In the invention, Rs and R4 are the same or different and are respectively
selected from the group consisting of hydrogen, optionally substituted amino, and
optionally substituted alkyl, preferably from hydrogen and optionally substituted
alkyl, each as defined above.
10

Or Rs and R4, together with the nitrogen atom to which they are bonded, form an
optionally substituted 3- to 6-membered ring, which may optionally contain one or

more further heteroatoms each as defined above.

15  Preferably, R; and R4 are the same or different and are respectively selected
from the group consisting of:

- hydrogen, and
substituted or unsubstituted alkyl groups, such as selected from:
- Cq6-alkyl, preferably as presented above,

20 - Di(C+.s-alkyl)amino-C1.s-alkyl such as dimethyl- or diethylamino-
C1.6-alkyl, preferably as described above,
- Di(C.s-alkyl)aminocarbonyl-C, .g-alkyl such as aminocarbonyl-C ¢-
alkyl, or dimethyl- or diethylaminocarbonyl-C+.s-alkyl, preferably as
described above,

25 - Cs.s-cycloalkyl, preferably as presented above,
- Cs.s-cycloalkyl-Cy.s-alkyl, preferably as presented above,
- Ci.4-alkoxy-Ci.4-alkyl, preferably as presented above,
- C,.3-alkoxycarbonyl-Cs.g-cycloalkyl, preferably as described above,
- Cs.s-alkoxycarbonyl-Cq.¢-alkyl, preferably as presented above,

30 - hydroxy-Cq.4-alkyl, preferably as presented above, and



wherein R4 is defined as above. 33 It is clear to the person skilled in the art that the ligands
according to the invention 5 arise from the corresponding B-ketoamide compounds: A 34 The
mesomeric forms A and C are analytically indistinguishable. In the context of the present invention in
each case, all forms are included, but in the context of the present invention the ligand in general, is
only drawn in the keto form. 30

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

where possibly also more that one substituent can be present
simultaneously on the alkyl, such as hydroxy and Cy.3-

5 alkoxycarbonyl, or more hydroxyl groups, such as 2 to 3 hydroxyl
groups,
Cs-s-cycloalkyl also includes Cs.5-heterocyclyl, and
where appropriate -CH2- can be replaced by -S-,
in each case as described above, or

10
R; and R4 together form an ethylene (-CH,-CHz-)-, propylene (-CHz-CH2-CHo-)-,
isopropylene (-CH,-CH(CHjs)-)-, butylene (-CH,-CH,-CHo-CH»-)-, isobutylene-,
pentylene (-CH,-CH,-CH»-CH,-CH»-)-, or isopentylene group, in which in each
case one methylene group (-CH,-), respectively, can be replaced with —O—,

15 -NH-, or —-NRs—, wherein Rs is optionally substituted alkyl, and wherein the
groups formed by R3 and R4 can furthermore respectively be substituted by one
to three substituents selected from the group consisting of hydroxy, Cy.4-alkoxy,
amino (-NHz) and mono- or di{C+.4-alkyljamino. Which means that R; and R, in
this case, form an optionally substituted nitrogen-containing 5 - to 6-membered

20 heterocycle, such as the above or those indicated below.

Particularly preferably, R; and Ry are the same or different and are selected from

- hydrogen,

25 - Cy6-alkyl, preferably as presented above, in particular methyl, ethyl,
propyl, in particular n-propyl, butyl, in particular n-butyl, pentyl, in particular
n-pentyl and hexyl, in particular n-hexyl, and
- hydroxy-Cq.4-alkyl, preferably as presented above, and preferably
hydroxymethyl, hydroxyethyl,

30 - Cq.s-alkoxycarbonyl-Cy.¢-alkyl, preferably as presented above, and
preferably methoxycarbonyl, ethoxycarbonyl,

- Cq.4-alkoxy-Cq.4-alkyl, as presented above.



5Formally, the ligand formally arises from the corresponding 13-ketoamide compounds by abstraction
of a proton. 10formally therefore carries a uninegative charge. Also for the iron complex compounds in
the context of the present invention always only one of the localized resonance formulas is depicted:

A 15 although due to the lower electron density at the amidic oxygen atom, is is to be expected that
the resonance formula C prevails. As explained abaye, an analytical distinction of the resonance
formulas A and C is not possible. 20Examples of the 13-ketoamide ligands used in the present

invention are Sh?‘d‘éﬁxé’r%%%i inoélgtéfeqped embodiment, R; and Ry together form a pentylene (-
CHj-CH,-CHp-CH,-CH»-)- group, in which one methylene group (-CH»-),
respectively, can be replaced with —-O—, -NH-, or —-NRs— (as defined above), and
which can be respectively substituted by a substituent selected from hydroxy, Cs.
5 salkoxy, amino (-NH,) and mono- or di(C+.4-alkyl)amino. Examples of groups
arising from Rs and R+ and the nitrogen atom to which they are bonded, are, for
example the above-mentioned via nitrogen bound heterocycles, which can
optionally have 1 to 3, like 1 or 2 hetero atoms such as in particular O, N, such as
azetidin-1-yl, substituted azetidinyl, such as 3-hydroxyazetidin-1-yl, pyrrolidinyl,
10  such as pyrrolidin-1-yl, substituted pyrrolidinyl, such as 3-hydroxypyrrolidin-1-yl,
2-hydroxypyrrolidin-1-yl, 2-methoxycarbonylpyrrofidin-1-yl, 2-
ethoxycarbonylpyrrolidin-1-yl, 2-methoxypyrrolidin-1-yl, 2-ethoxypyrrolidine-1-yl,
3-methoxycarbonylpyrrolidin-1-yl, 3-ethoxycarbonylpyrrolidin-1-yl, 3-
methoxypyrrolidin-1-yl, 3-ethoxypyrrolidin-1-yi, piperidinyl, such as piperidin-1-yl,
15  substituted piperidinyl such as 4-methyl-1-piperidyl, 4-hydroxy-1-piperidyl, 4-
methoxy-1-piperidyl, 4-ethoxy-1-piperidyl, 4-methoxycarbonyl-1-piperidyl, 4-
ethoxycarbonyl-1-piperidyl, 4-carboxy-1-piperidyl, 4-acetyl-1-piperidyl, 4-formyl-1-
piperidyl, 4-hydroxy-2,2,6,6-tetramethyl-1-piperidyl, 4-(dimethylamino)-1-piperidyl,
4-(diethylamino)-1-piperidyl, 4-amino-1-piperidyl, 2-(hydroxymethyl)-1-piperidyl,
20  3-(hydroxymethyl)-1-piperidyl, 4-(hydroxymethyl)-1-piperidyl, 2-hydroxy-1-
piperidyl, 3-hydroxy-1-piperidyl, morpholino-4-yl, substituted morpholinyl, such as
2,6-dimethyl morpholine-4-yl, piperazinyl, such as piperazin-1-yl, substituted
piperazinyl, such as 4-methyl- piperazin-1-yl, 4-ethylpiperazin-1-yl, 4-
ethoxycarbonylpiperazin-1-yl, 4-methoxycarbonylpiperazin-1-yl.
25
Particularly preferred are piperidin-1-yl, piperazin-1-yl, morpholin-4-yl which may
optionally be substituted, such as by hydroxyl, such as 4-hydroxy-piperidin-1-yl.
Even more preferred are 4-hydroxy-piperidin-1-yl and piperidin-1-yl.

30 In another less preferred embodiment of the invention, R, and Rstogether form a
saturated or unsaturated, optionally substituted 5- or 6-membered ring while
forming a B-ketoamide of the formula (la):
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90

OH

32

‘ (la)
wherein Ry and Ry are defined as above. Examples for such ligands are

compounds in which R; and Rj together form an ethylene (-CHz-CHa-)- or

5  propylene (-CHz-CH,-CHa-)- group:

R4\ R4\
N N
0 -0
R1 R1 .

Ligands of this type are described, for example, in Korte et al., Chemische
10  Berichte, 95, 2424 and Wambhoff et al., Liebigs Ann. Chem. 715, 23-34 (1968).

In another also less preferred embodiment of the invention, Rz and Rj together

form a saturated or unsaturated, optionally substituted 5- or 6-membered ring,

and Ry and Ry together form a saturated or unsaturated, optionally substituted 5-

15  or 6-membered ring, while forming a B-ketoamide of the formula (lb):

wherein R4 is defined as above. -

20 Examples of such ligands include:



00 11 /\N-H\

33

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

R4\
N—R,
R O
R
<————O / ?
5 1
arise from the corresponding B-ketoamide compounds:
R4\
N—R,
O
F{2
O
! , in which there is a keto-enol tautomerism, as is known:
10
R4\ R4\ R4\
N—R N—R N—R



N 00 OitFIV

34

The mesomeric forms A and C are analytically indistinguishable. In the context of
the present invention in each case, all forms are included, but in the context of

the present invention the ligand in general, is only drawn in the keto form.

5 Formally, the ligand formally arises from the corresponding B-ketoamide
compounds by abstraction of a proton.

R4\
NTR g
H R
\ 2
o—/
R

10 formally therefore carries a uninegative charge. Also for the iron complex
compounds in the context of the present invention always only one of the

localized resonance formulas is depicted:

R4\ AN

N—Rs N—Rs
Fe {—Rz == Fe__ R
R
R1 1
A C

15
although due to the lower electron density at the amidic oxygen atom, is is to be
expected that the resonance formula C prevails. As explained above, an

analytical distinction of the resonance formulas A and C is not possible.

20 Examples of the B-ketoamide ligands used in the present invention are shown
below:
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60 OH Theiron(111)-13-ketoamide complex compounds, in particular of the general Sformula (11),
can be present in the form or various isomers. Isomeric forms include, for example, regioisomers
which differ in the position of the ligands relative to one another, including so-called optical isomers
that have an image/mirror image relationship to one another. If asymmetric carbon atoms are present,
the ligands can be present in the form or optical isoggers which have a 10image/mirror image
relationship to one another, and include pure enatiomers, mixtures of the enantiomers, in particular
racemates. Enantiomerically pure ligands can be obtained, as is known to the person skilled in the art,
by optical resolution methods, such as reaction with chiral reagents to form diastereomers, separation
of the diastereomers @nd relgase of the enantiomers. 15 Furthermore, in particular the following are
preferred embodiments of the invention:  (In the present invention, the digits 1-6 in "1-6C" or "C1-6",
or "1-4" in "1-4C" or20,C1°4 et in ach case signify the number of the carbon atoms of the
subsequent hydrocarbon groupttesignations). 61

0 ]
e o V\"MKN AN
H

~ ORMJLVM\T ~



Rl is selected from the group consisting of: 1-6C-alkyl, (i.e. alkyl with 1 to 6 carbon atoms),
3-6C-cycloalkyl, 3-6C-cycloalkyl-1-4C-alkyl. 51-4C-alkoxy-1-4C-alkyl. hydroxy-1-4C-alkyl,
fluoro-1-4C-alkyl; R2 is selected from the group consisting of: 10-H, 1-6C-alkyl, 3-6C-cycloalkyl,
fluoro-1-4C-alkyl. halogen, 15cyano; or R1 and 112 together form a propylene (-CH2-CH2-CH2),
butylene (-CH2-CH2- CH2-CH2-), azabutylene or oxabutylene group; 20R3 and 1:14 are the same or
different and are respectively selected from the group consisting of: H, 1-6C-alkyl,
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3-6C-cycloalkyl, 253-6C-cycloalky1-1-40-alkyl, 1-4C-alkoxy-1-40-alkyl,
1-3C-alkoxy-carbony1-1-6C-alkyl, hydroxy-1-4C-alkyl, fluoro-1-4C-alkyl: 30 or R3 and R4 together
form an ethylene (-CH2-CH2-)-, propylene (-CH2-CH2-CH2+, hydroxypropylene, preferably
2-hydroxypropylene, 3- methylpropylene, butylene (-CH2-CH2-CH2-CH2-), 2-hydroxybutylene, 2-
methoxybutylene, isobutylene, pentylene (-CH2-CHg CH2-CH2-0H2-), 62 hydroxypentylene,
preferably 3-hydroxypentylene, methoxypentylene, preferably 3-methoxypentylene, ethoxypentylene.
preferably 3-ethoxypentylene, propoxypentylene, preferably 3-propoxypentylene, isopropoxypentylene,
preferably 3-isopropoxypentylene, cyclopropoxypentylene, preferably 3- 5¢cyclopropoxypentylene,
azapentylene in patticular -CH2-CH2-NH-CH2-CH2-, or an oxapentylene group, in particular
-CH2-CH2-O-OHijl-I\2)5J pharmacedutically acceptable salts thereof. 10Preferably, 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 therefor can be methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl n-pentyl, iso-pentyl, neo-pentyl, n-hexyl, iso- 15hexyl and
neo-hexyl. 3-6C-Cy[(]:IoaIl9/I preferably includes cycloalkyl 1 to 6 carbon atoms, such as cyclopropyl,

cyclobutyl, cyclopﬂﬁ/l,ﬁﬁ:lohexyl.
" N OH
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203-6C-cycloalky1-1-4C-alkyl preferably includes a 1-6C-alkyl group described above, substituted with
a 3-6C-cycloalkyl group described above. Examples therefor can be a cyclopropylmethyl,
cyclopentylmethyl and cyclohexylmethyl group. 251-3C-alkoxy-carbonyl-1-6C-alkyl, preferably includes
a 1-6C-alkyl group described above, which is linked to a carbonyl group which is present with a 1-3C
alkoxy group as a carboxylic acid ester. Examples thgrefor can be methoxycarbonylmethyl,
ethoxycarbonylmethyl, methoxycarbonylethyl, ethoxycarbonylethyl and isopropoxycarbonylmethyl. 30
1-4C-alkoxy preferably includes a 1-4C-alkoxy group, in which an oxygen atom is connected to a
straight or branched alkyl chain with 1-4 carbon atoms. Examples of this group can be methoxy.
ethoxy, propoxy and i§obutofy. 63|1-4C-alkoxy-1-4C-alkyl preferably includes a 1-4C-alkoxy group
described above, wwstitutgd with a 1-4C-alkyl group described above. Examples of this group
can be methoxyethyl, ethexyp [, methoxypropyl, isobutoxymethyl. SHydroxy-1-4C-alkyl includes a
1-4C-alkyl group described aboWe, which is substituted with a hydroxy group. Examples therefor can
be hydroxyethyl, hydroxybutyl and hydroxyisopropyl. Fluoro-1-4C-alkyl includes a 1-4C-alkyl group
described above, which is 10substituted with one to three fluorine atoms. Examples therefor can by
trifluoromethyl and trifluoreethyl. Halogen signifies F, Cl, Br, I. 15The groups and residues can also
contain chiral centers. Irrlr@hat ase, all possible entantiomer mixtures and the pure enantiomers are
then included. ParticUla ybé%ﬁ)‘ly‘f\
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20R1 is selected from the group consisting of: 1-6C-alkyl, 1-4C-alkoxy-1-4C-alkyl,
hydroxy-1-4C-alkyl; 25R2 is selected from the group consisting of: -H, 1-6C-alkyl: and R3 and R4
are the same or different and are respectively selected from the group 30consisting of: H, 1-6C-alkyl,
1-4C-alkoxy-1-4C-alkyl, 1-3C-alkoxy-carbonyl-1-6C-alkyl, 64 - hydroxy-1-4C-alkyl; or R3 and R4
together form a butylene (-CH2-0H2-0F12-0F12-)-. ggntylene (-CH2-0H2-CH2-CH2-CH2-),
hydroxypentylene, azapentylene or oxapentylene 5group. Particularly preferably:
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Ri is selected from the group consisting of: -1-60-alkyl; 10 R2 is selected from the group consisting of:
H, 1-6C-alkyl; and 15R3 and R4 are the same or different and are respectively selected from the
group consisting of: H, 1-6C-alkyl, 1-4C-alkoxy-1-4C-alkyl, 201-3C-alkoxy-carbonyl-1-6C-alky!I.
hydroxy-1-4C-alkyl; or R3 and R4 together form a pentylene (-CH2-CH2-CH2-CI-12-CF12-),
hydroxypentylen, preferably 3-hydroxypentylene or gxapentylene group, as 25 described above.
Particularly preferred complex compounds of the general formula (I1) are described in the examples.
30The invention further relates to a method for the preparation of the iron(lll) complex compounds
according to the invgntion,which comprises the reaction of a fi-ketoamide with an iron(lll) salt.
B-ketoamide incluﬁin particular, those of the formula (111):
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wherein R to 134 are defined as above. 5 Examples of suitable iron(lll) salts include: iron(lll) chloride,
iron(lll) acetate, iron(lll) sulfate, iron(lll) nitrate and iron(lll) acetylacetonate, among which iron(lll)
chloride is preferred. 10Another preferred method is shown in the following scheme: wherein R, to
R, are defined as above, X is an anion such as halogenide, such as chloride, a carboxylate, such as
acetate, sulfate, nitrate and acetylacetonate 15 andspase is a common organic or inorganic base. In
the method according to the invention, preferably 3-5 eq ligand (lll), using suitable iron(lll) salts (IV) On
this case Fe(lll) chloride, Fe(lll) acetate, Fe(lll) sulfate and Fe(lll) acetylacetonate are particularly
suitable), are reacted under 66 standard conditions to form the corresponding complexes of the
general formula (11).%n thi& case, the synthesis is carried out under the pH conditions optimal for
complex formation/LILhe i\;nmp/H/va\Iue is set by adding a base (V); in this case. the use of sodium
carbonate, sodium hydrogencarbonate, sodium 5 methanolate, potassium carbonate, potassium
hydrogencarbonate or potassium methanolate is particularly suitable.
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The ligands (IM) required for the preparation of the complexes are either commercially available or
were prepared according to the following synthesis 10 method. For this purpose, two different
synthesis processes were used. For ligands of the general formula R1 = methyl, R2 =H the
commercially available diketone (3) was reacted under standard conditions with the corresponding
amine (4) to form the ligand of the general formula (). For the other ligands of the general formula
(1), the appropriate ketoester (5) was reacted under standard conditions with the corresponding
amine (6). wherein R1 to R4 are respectively defined as above. Pharmaceutically acceptable salts
of the compounds according to the invention in 25which the iron(lll) complex formally carries a positive
charge include, for example, salts wigh sutiable anions, such as carboxylates, sulfonates, sulfates,
chlorides, 67 broridwﬁiqjgiqéls\,‘ phosphates, tartates, methanesulfonates, hydroxethanesulfonates,
glycinates, maleates; propionates; fumdtates, tulouenesulfonates. benzene sulfonates,
trifluoroacetates, naphthalenedisulfonates-1,5, salicylates, benzoates, lactates, salts of malic acid,
5salts of 3-hydroxy-2-naphthoic acid-2, citrates and acetates. Pharmaceutically acceptable salts of the
compounds accordingto thenvention in which the iron(lll) complex formally carries a negative charge

include, for M
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example, salts with suitable pharmaceutically acceptable bases, such as, for 10example, salts with
alkaline or alkaline-earth hydroxides, such as NaOH, KOH, Ca(OH)2, Mg(OH)2 etc., amine
compounds such as ethylamine, diethylamine, triethylamine, ethyldiisopropylamine, ethanolamine,
diethanolamine, triethanolamine, methylglucamine, dicyclohexylamine, dimethylaminoethanol,
procaine, dibenzylamine, N-methylmorpholine, argigipe, lysine, ethylenediamine, 15N-methylpiperidin,
2-amino-2-methyl-propanol-(1), 2-amino-2-methyl-propandiol- (1,3),
2-amino-2-hydroxyl-methyl-propandiol-(1,3) (TRIS) etc.. The water-solubility or the solubility in
physiological saline solution and thus, optionally, also the efficacy of the compounds according to the
invention can be 20significantly influenced by salt formation in general, specifically by the choice of the
counterion. Preferally, the compounds according to the invention constitute neutral complex
compounds. 25 Adva agé“@@ bT\éﬁaktological effects: Surprisingly, the inventors found that the
iron(lll) 13-ketoamide comp'fex compounds which are the subject matter of the present invention and
which are represented, in particular, by the general structural formula (1), are stable 30 bioavailable
iron complexes and suitable for use as a medicament for the treatment and prophylaxis of iron
deficiency symptoms and jron deficiency anemias the symptoms accompanying them. 68
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The medicaments containing the compounds according to the invention are suitable for use in human
and veterinary medicine. The compounds according to the invention are thus also suitable for
preparing a 5 medicament for the treatment of patients suffering from symptoms of an iron deficiency
anemia, such as, for example: fatigue, listlessness, lack of concentration, low cognitive efficiency,
difficulties in finding the right words, forgetfulness, wanatural pallor, irritability, acceleration of heart rate
(tachycardia), sore or swollen tongue, enlarged spleen, desire for strange foods (pica), 10 headaches,
lack of appetite, increased susceptibility to infections or depressive moods. The iron(lll) complex
compounds according t@ the in&ention are furthermore suitable for the treatment of iron deficiency
anemia in pregnant Worh\en, latent iron 15 deficiency anemia in children and adolescents, iron
deficiency anemia causéd by gaswointestinal abnormalities, iron deficiency anemia due to blood loss,
such as gastrointestinal he _hége (e.g. due to ulcers, carcinoma, hemorrhoids, inflammatory
disorders, taking of acetylsaticylic acid), iron deficiency anemia caused by menstruation, iron
deficiency anemia caused by injuries, iron 20 deficiency anemia due to sprue, iron deficiency anemia
due to reduced dietary iron %ptake, in particular in selectively eating children and adolescents,
immunodeficiency caused by iron deficiency anemia, brain function impairment caused by iron
deficiency anemias, restless-leg syndrome caused by iron deficiency anemias, iron deficiency anemias
in the case of cancer, iron defic'téncy 5 anemias caused by chemotherapies, iron deficiency anemias
triggered by inflammation (Al), iton deficiency anemias in the case of congestive cardiac insufficiency
(CHF;congestive heart failure), iron deficiency anemias in the case of chronic renal insufficiency stage
3-5 (CDK 3-5; chronic kidney diseases stage 3-5), iron deficiency anemias triggered by chronic
inflammation (ACD), iron 30 deficiency anemias in the case of rheumatoid arthritis (RA), iron
deficiency anemias in t cas<—1p f systemic lupus erythematosus (SLE) and iron deficiency anemias in
the case of inflammator b?“vyﬁgiseases (IBD). 69 Administration can take place over a period of
several months until the ir6nstatiNHs improved, which is reflected, for example, by the hemoglobin
level, transferrin saturation and the serum ferritin level of the patients, or until the desired improvement
of the state of health affected by iron deficiency anemia. 5 The preparation according to the invention

can be taken by childrej'u, adolescents and adults.  The applied compounds according to the
invention can in this case be 1Padmigt d both orally as well as parentally. Oral administration is
preferred. The compounds acdgrding e invention and the aforementioned combinations of the
compounds accordymmﬂjo ith ot @a{tive substances or
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medicines can thus be used, in particular, for the preparation of medicaments for 15 the treatment of
iron deficiency anemia, such as iron deficiency anemia in pregnant women, latent iron deficiency
anemia in children and adolescents, iron deficiency anemia caused by gastrointestinal abnormalities,
iron deficiency anemia due to blood loss, such as gastrointestinal hemorrhage (e.g. due to ulcers,
carcinoma, hemorrhoids, inflammatory disorders, tadgng of acetylsalicylic 20 acid), menstruation,
injuries, iron deficiency anemia due to sprue, iron deficiency anemia due to reduced dietary iron
uptake, in particular in selectlvely eatlng children and adolescents, immunodeficiency caused by iron
deficiency anemia, br functign impa i; ent caused by iron deficiency anemia, restless leg syndrome.

25 The application ac rdlng t the P on leads to an improvement of the iron, hemoglobin, ferritin
and transferrin Ievels hich, i artlc children and adolescents, but also in adults, is
accompanied by an p ve in shortter @qingry tests (STM), long-term memory tests (LTM),
Ravens' progressive 30 métrices té\ét in tthechs r adult intelligence scale (WAIS) and/or in the

emotional coefficient (Baron EQ-i. H\/ test, Mouth version), or to an improvement of the neutrophile
level, the antibody levels and/or lymphocyte‘function. 70 Furthermore, the present invention relates to
pharmaceutical compositions comprising one or more of the compounds according to the invention, in
particular according tothe formuyla (Il). as well as optionally one or more further pharmaceutically
effective compounds, & well as optionally one or more 5pharmacologically acceptable carriers and/or
auxiliary substances a E/or solvents. These are common pharmaceutical carriers, auxiliary
substances or solve e-m ned fharmaceutical compositions are suitable, for example,
for 10 intravenous,’intraperitoneal, Mﬂ%ﬁar intravaginal, intrabuccal, percutaneous,
subcutaneous, mucocutaneous, orﬁl rectal,/transdermal, topical, intradermal, intragasteral or
intracutaneous application and are prowde@ for example, in the form of pills, tablets, enteric-coated
tablets film tablets, layer tablets, sustained release formulations for oral, subcutaneous or cutaneous
15 administration (in p?tlcular s a plaster), depot formulations, dragees, suppositories, gels, salves,

syrup, granulates, suppositories, emulsions, dispersions, microcapsules, microformulations.
nanoformulations, lipo ulations, capsules, enteric-coated capsules, powders, inhalation
powders, microcryst tions,mhalati@ sprays, epipastics, drops, nose drops, 20nose
sprays, aerosols, ampoules; solutiddis, juic@s, suspersions, infusion solutions or injection solutions etc.
Preferably, the compounds accorng to th |nvent|on as well as pharmaceutical compositions
containing such compounds are applied or@y, although other 25forms, such as parentally, in
particular intravenously, are also possible.
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For this purpose, the compounds according to the invention are preferably provided in pharmaceutical
compositions in the form of pills, tablets, enteric- coated tablets, film tablets, layer tablets, sustained
release formulations for oral 30 administration, depot formulations, dragees, granulates, emulsions,
dispersions, microcapsules, microformulations, nanoformulations, liposomal formulations, capsules,
enteric-coated capsules, powders, microcrystalline fgrmulations, epipastics, drops, ampoules,
solutions, suspensions, infusion solutions or injection solutions. 71 The compounds according to the
invention can be administered in pharmaceutical compositions which may contain various organic or
inorganic carrier and/oQauxiliaggy materials as thgy are customarily used for pharmaceutical 5
purposes, in particular rsolidJ edicament forlgulations, such as, for example, excipients (such as
saccharose, starch, maanitol, jﬁcose, ellulose, talcum, calcium phosphate, calcium
carbonate), bindin lu ; gf} lose, hydroxypropylcellulose, polypropyl
pyrrolidone, gelatine, gum arabic, yglyethylene glycol, saccharose, starch), disintegrating 10 agents
(such as starch, hydrolyzed starch, carboxymethylcellulose, calcium salt of carboxymethylcellulose,
hydroxypropyl starch, sodium glycol starch, sodium bicarbonate, calcium phosphate, calcium citrate),
lubricants (such as ma@nesiungytearate, talcum, sodium laurylsulfate), a flavorant (such as citric acid,
menthol, glycin, orang Lpowdeg, preserving agents (such as sodium benzoate, sodium 15 bisulfite,
methylparaben, proylparaben),|stabilizers ( such|as citric acid, sodium citrate, acetic acid and

titri eri o example, diethylenetriaminepentaacetic acid
7 polyvinyl pyrrolidone, aluminum stearate),
dispersing agents, diluting agents (such as water, organic solvents), beeswax, cocoa butter,
20polyethylene glycol, white petrolatum, etc.. Liquid medicament formulations, such as solvents,
suspensions and gels usually contg@in a liqyml carrier, such as water and/or pharmaceutically
acceptable organic solvents. Furth Lmore, ch liquid formulations can also contain pH-adjusting 25
agents, emulsifiers or dispgysing agents, bf#ering agents, preserving agents, wetting agents,
gelatinizing agents Wam ethet yes and/or flavoring agents. The compositions may
be isotonic, that is, they can haye the same osmati@ pressure as blood. The isotonicity of the
composition can be adjusted byyusing sodium chloride and other pharmaceutically acceptable agents,
30 such as, for example, dextrose, maltose, boric acid, sodium tartrate, propylene glycol and other
inorganic or organic soluble substances. The viscosity of the liquid compositions can be adjusted by
means of a pharmaceutically accegtable thggkening agent, such as methylcellulose. Other suitable
thickening agents include, for exangIe, xar}tran gum, carboxymethylcellulose,
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72 hydroxypropylcellulose, carbomer and the like. The preferred concentration of the thickening agent
will depend on the agent selected. Pharmaceutically acceptable preserving agents can be used in
order to increase the storage life of the liquid composition. Benzyl alcohol can be suitable, even though
a plurality of preserving 5agents including, for example. paraben, thimerosal, chlorobutanol and
benzalkonium chloride can also be used. The activesgubstance can be administered, for example, with
a unit dose of 0.001 mg/kg to 500 mg/kg body weight, for example 1 to 4 times a day. However, the 10
dose can be increased or reduced depending on the age, weight, condition of the patient, severity of
the disease or type of administ@tion. 4@ EXAMPLES The invention is illustrated in more detail by the
following examples. The examples mergly constitute exemplifications, and the person skilled in the art
is Scapable of extendin the specific examples to other compounds claimed. The designation of the
names of the examptés Were defined an ymined using the computer program AGO/Name
Version 12. STARTING COMPOUNDS: 10 starting compounds used in the examples were
obtained as follows. A. N,N-diethyl-3-oxobutaneamide 00
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15 Commercially available: Fluka 00405 B. N,N-diethyl-3-oxobutaneamide 20 Commercially
available: Aldrich 165093 25 C. N,N-dimethy1-3-oxobutaneamide Commercially available: Aldrich
407054 74 D. N-methyl-3-oxobutaneamide 00 5 Commercially available: Acros 25544 E.
2-chloro-N-methyl-3-oxobutaneamide 00 10 Commercially available: Aurora Fine Chemicals Ltd.
Kafd-00164 59
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F. 1-(piperidin-1-y1)-butane-1,3-dione 15 A solution of 25 g (0.294 mol) piperidin in 100 ml
tert-butyl-methylether was added dropwise to a solution of 26.25 g (0.310 mol) diketene in 200 ml
tert.-butyl- methylether at -5 to OC. After stirring for 1 hour at -1C, no starting material was 20 detected
anymore by thin-layer chromatography. The reaction mixture was spun off and the residue was
distilled under vacuum. 49.55 g of product was obtaned as a slightly yellow liquid. IR (in substance,
cnil): 3001, 2936, 2856, 1719, 1631, 1584, 1486, 1441, 1389, 1355, 1302, 1255, 1219, 1159, 1137.
25Elemental analysis: C 63.51; H 8.94; N 826. LC-MS: 170 (M+H), 192 (M+Na) 1H-NMR (CDCI3, 400
MHz): 5 [ppm] = 35 (4H), 3.3 (ZBl), 2.2 (3H), 1.6 (2H), 1.5 (4H). 7500 A solution of 52.53 g (0.50 mop
diethanolamine in 100 ml MeO lwas aiﬁed 5 dropwise to a solution of 40.00 g (0.48) diketene in 100
ml MeOH at OC. After s@rlng for!1 hourjat OC, no starting material was detected anymore by thin-layer
chromatography. Thé rea and the residue was purified by means of column
chromatography. 81.32 g of product was obtained as a slightly yellow oil.

OH

OH

The iron(ll)-B-ketoamide complex compounds, in particular of the general
5 formula (II), can be present in the form or various isomers. Isomeric forms

include, for example, regioisomers which differ in the position of the ligands
relative to one another, including so-called optical isomers that have an
image/mirror image relationship to one another. If asymmetric carbon atoms are
present, the ligands can be present in the form or optical isomers which have a

10 image/mirror image relationship to one another, and include pure enatiomers,
mixtures of the enantiomers, in particular racemates. Enantiomerically pure
ligands can be obtained, as is known to the person skilled in the art, by optical
resolution methods, such as reaction with chiral reagents to form diastereomers,
separation of the diastereomers and release of the enantiomers.

15
Furthermore, in particular the following are preferred embodiments of the

invention:

(In the present invention, the digits 1-6 in ,1-6C" or ,C1-6“, or ,1-4" in ,1-4C“ or
20 ,C1-4 .etc. in each case signify the number of the carbon atoms of the
subsequent hydrocarbon group designations).



10IR (in substance, cm-1): 3381, 2941, 2885, 1718, 1626, 1481, 1432, 1361, 1312, 1212, 1053.
Elemental analysis: C 50.62; H 8.05; N 7.28. 1H-NMR (CDCI3, 400 MHz): 5 [ppm] = 2.2 (3H), 3.5 (4H),
3.7 (6H), 4.15 (1H), 4.35 (1H). 15 H. N-butyl-N-methyl-3-oxobutaneamide 0 2014.1 ml (0,12 mol)
N-n-butylmethylamine was added dropwise to a solution of 10.00 g (0.12 mol) diketene in 500 ml
MeOH at OC. After stirring for 6 hours at 0C, no starigag material was detected anymore by thin-layer
chromatography. The reaction mixture was spun off and the residue was purified by means of column
chromatography_11.61 g of product was obtained as a slightly yellow oil. 25IR (in Substance, cm-1):
2958, 2932, 2875, fﬁi?f%@?%%&%%?%@f?%’% 1307, 1228, 1209, 1144. LC-MS: 172(M+H).
1H-NMR (CDCI3, 400 Mi¢zR!Ig/[dpenpiad wittBHY & Ga(bef) ale®gRH), 1.9 (1H), 2.2 (2H), 2.9 (3H), 3.2
(1H), 3.3 (1H), 3.5 (1H}-&8 dydidsllpydroxypiperidin-1-yl)-butane-1,3-dione 76 00

- 3-6C-cycloalkyl-1-4C-alkyl,
5 - 1-4C-alkoxy-1-4C-alkyl,

- hydroxy-1-4C-alkyl,

- fluoro-1-4C-alkyl;

R is selected from the group consisting of:
10 - H,
- 1-6C-alkyl,
3-6C-cycloalkyl,
- fluoro-1-4C-alkyl,
- halogen,

15 - cyano;

or Ry and R; together form a propylene (-CH,-CH2-CHy), butylene (-CHy-CH,-
CH,-CHy-), azabutylene or oxabutylene group;

20 Rz and R4 are the same or different and are respectively selected from the group
consisting of:
- H’
- 1-6C-alkyl,
- 3-6C-cycloalkyl,
25 - 3-6C-cycloalkyl-1-4C-alkyi,
- 1-4C-alkoxy-1-4C-alkyl,
- 1-3C-alkoxy-carbonyl-1-6C-alkyl,
hydroxy-1-4C-alkyl,
fluoro-1-4C-alkyl;
30
or Rz and R4 together form an ethylene (-CH,-CH»-)-, propylene
(-CH,-CH2-CHz-)-, hydroxypropylene, preferably 2-hydroxypropylene, 3-
methylpropylene, butylene (-CH,-CH,-CH,-CHy-), 2-hydroxybutylene, 2-
methoxybutylene, isobutylene, pentylene (-CH,-CH,-CHo-CH,-CHo-),



A solution of 25.30 g (0.25 mol) 4-hydroxy-piperidin in 50 ml MeOH was added 5 dropwise to a
solution of 20.00 g (0.24) diketene in 50 ml MeOH at OC. After stirring for 1 hour at OC, no starting
material was detected anymore by thin-layer chromatography. The reaction mixture was spun off and
the residue was purified by means of column chromatography. 42.54 g (96% yield) of a slightly yellow
oil was obtained. 10IR (in substance, cnfl): 3401, 2928, 2869, 1717, 1617, 1448, 1360, 1307, 1268,
1206, 1158, 1074, 1026. CHN elemental analysis: C 57.98; H 8.69; N 7.32. LC-MS: 186(M+H).

1H-NVIR (CDCI3, 400 MHRNORL=d 5241 1 8,211,2.2 (31),8.2 (2H), 3.6 15(3H0, 3.9 (2H). 2.
p%/{)uty S hot v g? 28 moﬂ/ REGOR:

3-o0x0-N,N-dipro neamide utio ropy amine was added
dropwise to a soltfieR&fPeMAe o HReIeE SnPIBE R KOt XY DEYERS: Stirring for 3 hours at OC,

no starting mategiapwigp steieeiechenyiasyesiy dpoxypyeliehe matesiappgniheeaction mixture was

ff and th I Ifi r 38.05 g of product was
chtained a5 a ST L Lo e R e & o, 1490,
1456, 1430,°139YCPREPOXIBRNYI304;, azanantyenein PrisERaCAaiydidNit @458+ e0ar7; N 7.36.

301H-NMR (CD638et@0dvit-grs ip [pppattie 029 (GH)-CHE (4E LALLH), 2.3 (2H), 3.1 (2H), 3.3 (2H), 3.5
(2H).

or pharmaceutically acceptable salts thereof.
10  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 therefor can be methyl, ethyl, n-propyl, iso-propyl, n-

butyl, iso-butyl, sec-butyl, tert-butyl n-pentyl, iso-pentyl, neo-pentyl, n-hexyl, iso-
15 hexyl and neo-hexyl.

3-6C-Cycloalkyl preferably includes cycloalky! 1 to 6 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl.

20  3-6C-cycloalkyl-1-4C-alkyl preferably includes a 1-6C-alkyl group described
above, substituted with a 3-6C-cycloalkyl group described above. Examples

therefor can be a cyclopropylmethyl, cyclopentylmethyl and cyclohexylmethyl
group.

25  1-3C-alkoxy-carbonyl-1-6C-alkyl, preferably includes a 1-6C-alkyl group
described above, which is linked to a carbonyl group which is present with a 1-3C
alkoxy group as a carboxylic acid ester. Examples therefor can be
methoxycarbonylmethyl, ethoxycarbonylmethyl, methoxycarbonylethyl,
ethoxycarbonyiethyl and isopropoxycarbonyimethyl.

30
1-4C-alkoxy preferably includes a 1-4C-alkoxy group, in which an oxygen atom is
connected to a straight or branched alkyl chain with 1-4 carbon atoms. Examples
of this group can be methoxy, ethoxy, propoxy and isobutoxy.



77 K. N-hexy1-3-oxobutaneamide 0 O 5 A solution of 27.83 g (0.28 mol) N-n-hexylamine was added
dropwise to a solution of 20.00 g (0.24) diketene in 100 ml MeOH at OC. After stirring for 4 hours at 0C,
no starting material was detected anymore by thin-layer chromatography. The reaction mixture was
spun off, and the obtained solid was 10taken up in 200 ml n-hexane, filtrated off and dried overnight
under vacuum. 22.53 g of product was obtained asggwhite solid. IR (in substance, cm-1): 3272, 3098,
2956, 2921. 2872, 2853 728, 1709, 1644, 1563, 1467, 1419. 1363, 1347, 1336, 1190, 1167. Elemental

analysis: C 64.85: ?% l‘\l47 E’lr%é&#}%‘vl’\l? CDCI3, 4 L m O 9 H)3 (6H), 1.5 (2H),
“4 C 1-4
2.2 (3H), 3.2 (2H), %5)% ?ﬁ %)%3 utagr%jil ((:; ngz? e oxo utyrylamino)ethyl
acetate) 200 0 @zﬂyen ghich is su stltuted wath a 1-4C-alky! group descrl ed above. Examples of

this group can be methoxyethyl, ethoxypropyl, methoxypropyl, isobutoxymethyl.

5 Hydroxy-1-4C-alkyl includes a 1-4C-alkyl group described above, which is
substituted with a hydroxy group. Examples therefor can be hydroxyethyl,
hydroxybutyl and hydroxyisopropyl.

Fluoro-1-4C-alkyl includes a 1-4C-alkyl group described above, which is
10  substituted with one to three fluorine atoms. Examples therefor can by
trifluoromethyl and trifluoreethyl.

Halogen signifies F, Cl, Br, 1.

15  The groups and residues can also contain chiral centers. In that case, all possible

entantiomer mixtures and the pure enantiomers are then included.
Particularly preferably:

20 Rqis selected from the group consisting of:
- 1-6C-alkyl,
- 1-4C-alkoxy-1-4C-alkyl,
- hydroxy-1-4C-alkyl;

25 Rais selected from the group consisting of:
- H,
- 1-6C-alkyl;
and
Rs and R4 are the same or different and are respectively selected from the group
30 consisting of:
H,
1-6C-alkyl,
1-4C-alkoxy-1-4C-alkyl,
1-3C-alkoxy-carbonyl-1-6C-alkyl,



A solution of 20.00 g (0.24 mot) diketene in 250 ml toluene was added dropwise at OC to a solution of
33.21 g (0.24 mol) glycine ethyl ester hydrochloride (amino 25 acetic ester hydrochloride). 40.00 g
(0.48 mol) NaHCO3 were then added and the reaction mixture was stirred further at room temperature
overnight. Since no starting material could be detected anymore by thin-layer chromatography, the
reaction mixture was spun off, and the obtained solighwas taken up in 100 ml diethylether, stirred for a
short period of time, filtrated oﬁ and dried overnight 30under vacuum. 40.00 g of product was obtained
as a white solid. 78 H neﬁﬁy cm-1): 3346, 1750. 1708, 1669, 1538, 1399, 1360, 1320, 1278,
1198, 1165, 1024. Ele nta ana yS|s C 51.57; H 7,05; N 7.55. LC-MS: 210 (M+Na), 188 (M+H).
51H-NMR (CDCI3, 400 MHz): 8 [ppm] = 1.2 (3H), 2.2 (3H). 3.4 (2H), 4.0 (21-1). 4.2 (2H), 7,4 (1H). M.
3-oxoheptaneamid R AdIR, & himadk (B3 2mel)-B19x0HNePHINDI-acifemedndester and 400 ml 7 N
ammonia (-CH2-CH2-CH2-CH2-CH2-), hydroxypentylene, azapentylene or oxapentylene

5 group.

Particularly preferably:
R1 is selected from the group consisting of:
1-6C-alkyl;
10
R, is selected from the group consisting of:
H,
1-6C-alkyl;
and
15 Rz and R4 are the same or different and are respectively selected from the group
consisting of:
- H,
- 1-6C-alkyl,
- 1-4C-alkoxy-1-4C-alkyl,
20 - 1-3C-alkoxy-carbonyl-1-6C-alkyl,
hydroxy-1-4C-alkyl;

or Rz and R4 together form a pentylene (-CH>-CHo-CHa-CH,-CHo-),
hydroxypentylen, preferably 3-hydroxypentylene or oxapentylene group, as
25  described above.

Particularly preferred complex compounds of the general formula (Il) are
described in the examples.

30 The invention further relates to a method for the preparation of the iron(ll)
complex compounds according to the invention which comprises the reaction of a

B-ketoamide with an iron(lil) salt.

B-ketoamide include, in particular, those of the formula (111):



solution was stirred for three hours at 100C in a pressure reactor. After cooling off, the solvents were
distilled off on a rotavap. the raw products were taken up in 15 200 ml water and 40 ml ethanol and set
to about pH 3 with 40 ml 32% FICI. The reaction mixture was heated to 90C for 4 hours and then
again concentrated to dryness in the rotavap, taken up in 600 ml dichloromethane and washed 3 times
with 100 ml water. The organic phase was distilled gff and the raw product recrystallized from 100 ml
toluene. The product was filtrated off and dried in a 20vacuum drying cabinet at 50C. 3.5g of the title
compound was obtained. IR (in substance, cm-1): 3368, 3178, 2956, 2932, 2872, 1703, 1651, 1619,
1466, 1439, 1408, 1376, 1345, 1306, 1221, 1183, 1125, 1058, 716, 663. Elemental analysis: C 58.38;
H 9.12; N 9.90. LC-MS: 144 (MHH). 251H-NMR (DMSO-d5, 400 MHz): S [ppm] = 14.5 (s, 1H), 7.45 (s,
1H), 7.01 (s, 1H), 4.92(s, 1H), 2.06\(t;”2H), 1.47-1.38 (m, 3H), 1.31-1.18(m, 2H), 0.88-0.81 (m, 3H);
keto tautomer (86%), 5 = 7.4®t5X1H), 7.01 (s, 1H), 3.23 (s, 2H), 2.49 (t, 2H), 1.47-1.38(m, 2H),
1.31-1.18(m, 2H), 0.88-0.81 (m, 3H)-RB0 N. N-methyl-3-oxoheptaneamide 79 0 0.378 mol (60.2 ml)
3-ox0-heptanoic acid methyl . 400 ml 33% methylamine solution in ethanol and 40 ml water were
stirred for 48 hours at 80C in a romd-

(nn
wherein R, to R. are defined as above.
Examples of suitable iron(ill) salts include: iron(lll) chloride, iron(lll) acetate,
iron(lll) sulfate, iron(lll) nitrate and iron(lll) acetylacetonate, among which iron(lll)

chloride is preferred.

10 Another preferred method is shown in the following scheme:

RZ I:%1
R 4
N—R,
R 4 FeX,
N—R, (V) R
o -~ VR
R Base R
o : (V) ‘
R

(Il

wherein R, to R4 are defined as above, X is an anion such as halogenide, such
as chloride, a carboxylate, such as acetate, sulfate, nitrate and acetylacetonate

15 and base is a common organic or inorganic base.

In the method according to the invention, preferably 3-5 eq ligand (lll), using
suitable iron(lll) salts (IV) (in this case Fe(lll) chloride, Fe(lll) acetate, Fe(lil)

sulfate and Fe(lll) acetylacetonate are particularly suitable), are reacted under



5 bottomed flask with a reflux condenser. After cooling off, the solvents were distilled off on a rotavap,
the raw products were taken up in 200 ml water and 40 ml ethanol and set to about pH 3 with 40 ml
32% HCI. The reaction mixture was heated to 90C for 24 hours and then again concentrated to
dryness in the rotavap. The raw product heated with 150 ml to reflux, filtrated hot and the filtrate 10was
left to cool off. The product was filtrated off and drieggin a vacuum drying cabinet at 50C. 5.9 g of the
title compound was obtained. IR (in substance, cm]l): 3368, 3178, 2956, 2932, 2872. 1703, 1651,
1619, 1466, 1439, 1408, 1376, 1345, 1306, 1221, 1183, 1125, 1058. 716, 663. Elemental analysis: C
50.25: 1 9,69; N TET SR AR ST B A8 i Bl o S SHaH T 9006, enol
tautomer* (ca. 10%)n=rescese. 41e girnthesis #.ga(ded Pyt gnop+theoat eongitipns ogtipgabiqy, 2.69+/2.61"
(d, 3H), 2.57 (d, HrhpI3:5@rh 4o tnTReHpieT FHAH el idSel B8 4daing B, tadd (V)1 &inkigH), 0.88-0.81
(m, 3H) (*enol t rohably.present as E-Z isomer of the ami e%? nd) 2Q 0. .
NR-imetny1-3 et eamile S8 S0 rast () e SR e oo
(3-ox0-heptanoiE"gHIANRIB IRy ROSAEFH AN G FRINRIE 3BUASHHBYHYIAITARBCSANABIE ifr RP@SSIUEpprox. 1.26
mol dimethylamine)raes stinecshfocdangeistasid 10C in a pressure reactor. After cooling off, the
solvents were distilled off on a rotavap, the raw product was taken up in 40 ml water, 30 ml 32% HC1
and 40 ml ethanol and stirred for 24 hours at 30100C. The mixture was again concentrated to dryness
by evaporation, {A€eiI@ &ydiH)in SBiedI Retice SepairMiratetietfOBo0snts HRrethen distilled off

on commercially available or were prepared according to the following synthesis
10 method. For this purpose, two different synthesis processes were used. For
ligands of the general formula Ry = methyl, R, =H the commercially available
diketone (3) was reacted under standard conditions with the corresponding amine
(4) to form the ligand of the general formula (ill).

R
AN
R4 o) o
0] (4)
0:<>: e R1/U\KU\T/R3
3) Fo R
15 )
For the other ligands of the general formula (Ill), the appropriate ketoester (5)
was reacted under standard conditions with the corresponding amine (6).
R
AN
o o0 R o o0
R © R
Ri o7 T R rr/ :
R, Ra Rs
20 ®) (i

wherein R¢ to R4 are respectively defined as above.

Pharmaceutically acceptable salts of the compounds according to the invention in
25  which the iron(lll) complex formally carries a positive charge include, for example,
salts with sutiable anions, such as carboxylates, sulfonates, sulfates, chlorides,



80 the rotavap. 26 g of raw product was purified over 500 g silica gel 60 (mobile solvent: acetic ester:
hexane 1:1, flow 50 ml/min, fraction size: 100 ml, product: fractions 20-35), the product was obtained
as a mobile oil. 17.8 g of the title compound was obtained. 5IR (in substance, cm-1): 2957, 2932,
2873, 1717, 1639, 1597, 1501, 1465, 1396, 1366, 1302, 1262, 1197, 1142. 1058, 933, 776, 726, 692,
645, 612. Elemental analysis: C 62.12; H 9.965; N &17. 1H-NMR (DMSO-d6, 400 MHz): 6 [ppm] =
enol tautomer (28%), 6 = 15.1 (s, 1H), 5.32 (s, 1H), 3.3-2.4 (m, 6H), 2.13 (t, 2H), 1.51-1.39 (m, 2H),

L3415 (0 240 R R TR R € 0.2 .3 20 s
3-o>’<obentaﬁeanﬂﬁg@‘éf@e%{.@ﬁ%?%i@jﬁémét?ﬁeﬂﬁﬁ@@x@@@%@%ﬁéﬂéfﬁ@ﬁmnoic acid methylester)
and 220 ml 7 N arvnonisusohsies) bemetbanabnassstiinadrieicdidresrs at 110C in a pressure reactor.

After cooling off, the solenta.nieie.fistled.af. pn,aoiavan, due 20.aw aiRdichus ken up in 100

ml ethanol and filtrated. The filtrate was concentrate residue was
dimethylethét art@f&fPtd-byshersramseibels galfs? BHEISDB BGRINES-had crystallized in fine needles,

was filtrated off and dried in a vacuum drying cabinet at 50C. 7.10 g of the title compound was
obtained. 25IR (#,3HRSERNAEaIF ckbpttQ s 2/ dr (R £8npBarlad B BrdiAG R $8 My RR % i 440,
which the iron(lll) complex formally carries a negative charge include, for
example, salts with suitable pharmaceutically acceptable bases, such as, for
10  example, salts with alkaline or alkaline-earth hydroxides, such as NaOH, KOH,
Ca(OH),, Mg(OH); etc., amine compounds such as ethylamine, diethylamine,
triethylamine, ethyldiisopropylamine, ethanolamine, diethanolamine,
triethanolamine, methylglucamine, dicyclohexylamine, dimethylaminoethanol,
procaine, dibenzylamine, N-methylmorpholine, arginine, lysine, ethylenediamine,
15 N-methylpiperidin, 2-amino-2-methyl-propanol-(1), 2-amino-2-methyl-propandiol-
(1,3), 2-amino-2-hydroxyl-methyl-propandiol-(1,3) (TRIS) etc..

The water-solubility or the solubility in physiological saline solution and thus,
optionally, also the efficacy of the compounds according to the invention can be
20  significantly influenced by salt formation in general, specifically by the choice of

the counterion.

Preferably, the compounds according to the invention constitute neutral complex
compounds.
25
Advantageous pharmacological effects:
Surprisingly, the inventors found that the iron(lll) B-ketoamide complex
compounds which are the subject matter of the present invention and which are
represented, in particular, by the general structural formula (i), are stable
30 Dbioavailable iron complexes and suitable for use as a medicament for the
treatment and prophylaxis of iron deficiency symptoms and iron deficiency

anemias the symptoms accompanying them.



1384, 1355, 1301, 1268, 1189, 1109, 1043, 999, 911, 863, 804, 740. 659 Elemental analysis: C 51.48;
H 7.924; N 12.28. 11-I-NMR (DMSO-d6, 400 MHz): 8 [ppm] = enol tautomer (12/0), 6 = 14.5 (s, 1H),
7.45 (s, 1H), 7.01 (s, 1H), 4.93 (s, 1H), 2.09 (g, 2H), 1.00 (t, 3H); keto tautomer 30(88%), 6 = 7.45 (s,
1H), 7.01 (s, 1H), 3.24 (s, 2H), 2.5 (g superposed, 2H), 0.90 (t, 3H). Q.
N,N-dimethy1-3-oxopentaneamide 81 0.8 mot (108gml) methyl-3-oxovalerate (3-oxo-pentanoic acid
methylester) and 5 250 ml 33% dimethylamine solution in ethanol (approx. 1.4 mol dimethylamine)

was stirred for 4-hou . ' re reactor. After cooling off, the solvents were distilled off on
a rotavap; the ra@%r@gﬁﬁc{a&%ﬁ}g %Bgaﬁﬁﬁé iﬁhﬁ)%n% v‘\)/g?f\grggﬁc(r%ﬁ@f% Hclan VXBE}%T ethanol and
stirred for 24 hoSréaRia FoCse e Hnal AR an Bwdidifrated to dryness by evaporation, taken up

again in 300 10 ml acetic ester and filtrated. The filtrate was concentrated to dryness by evaporation

dth duct letely. dri ey an oil-p . f itle ¢ ound was
obtained. w1 (in e B AR e B o SR oot
1262, 1198,5114P¢4i¢a7e 105y, HE7ireADenyHf qefiespr sutRgErrasAmRIpsls: @ 58, 791H 8.724; N

9.20. 11-1-NMRAEIMSOy d6neo0a)Mzdng fspnipe enakiputomae(d2%318ssntbs] (ackH)f5.31 (s, 1H),
2.89 (s, 3H), 23&&%&&%%,1??&9)9’&;'a%n%/&%(ﬁc%h'ég/,k%maéamé%”lﬁff?nair?'g%ésnam)’w%?o%,(s- 3H). 2.81

(s, 3H), 2.49 (q, 2H), 0.91 (t, . o _ .
forgetfulness, unnatural pallor, irritability, acceleration of heart rate (tachycardia),

sore or swollen tongue, enlarged spleen, desire for strange foods (pica),
10  headaches, lack of appetite, increased susceptibility to infections or depressive

moods.

The iron(lll) complex compounds according to the invention are furthermore
suitable for the treatment of iron deficiency anemia in pregnant women, latent iron
15  deficiency anemia in children and adolescents, iron deficiency anemia caused by
gastrointestinal abnormalities, iron deficiency anemia due to blood loss, such as
gastrointestinal hemorrhage (e.g. due to ulcers, carcinoma, hemorrhoids,
inflammatory disorders, taking of acetylsalicylic acid), iron deficiency anemia
caused by menstruation, iron deficiency anemia caused by injuries, iron
20 deficiency anemia due to 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 deficiency anemias, restless leg syndrome caused by iron
deficiency anemias, iron deficiency anemias in the case of cancer, iron deficiency
25 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 (CDK 3-5; chronic kidney diseases stage
3-5), iron deficiency anemias triggered by chronic inflammation (ACD), iron
30 deficiency anemias in the case of rheumatoid arthritis (RA), iron deficiency
anemias in the case of systemic lupus erythematosus (SLE) and iron deficiency

anemias in the case of inflammatory bowel diseases (IBD).



20R. 3-0x0-2-(piperidin-1-ylcarbonyl)butanenitrile In a nitrogen atmosphere, 45.6 (0.30 mol)
1-cyanoacetylpiperidin was provided in 25 800 ml THF (dry). 18.7 g (0.47 mol) NaH (60% mineral oil
suspension) was added such that the inner temperature did not exceed 10C (cooling with an ice/NaCl
bath). This was followed by stirring for 30 min at 0 - 10C. 20 ml (0.28 mol) acetylchloride were dosed in
in such a way that the inner temperature did not excggd 10C. The reaction mixture was subsequently
stirred for 1 hour at 82 45C. Then, 40 ml acetic acid were added slowly, the reaction mixture was put
on 2.0 lice Water’@é}q rigtm ch’@gﬁ/g m/m Were dgrs‘oéi gsérhe |xt re W haken qt with 500 ml
toluene, the organic phase was sep arzgte dried dver 121 W |Itra ec e $0lution was
concentrated at @@B@Yﬂ%’a‘f"@ﬁhﬂ*ﬁarsfﬁﬁ*@@aﬁ)fcﬁf@fﬁﬁ)’ﬁnQ}'Itaﬁﬂwa%ﬂ@@éﬂéavﬁhtﬁ@ﬁﬁk[me of ice and

common salt. Theapregigitaded sedidsaramfisated eiiewashed wileb@ mircalgtifoluengisiad dried for at

least 15 hours at, < olid. IR On substance, cm-I):
3009, 2943, 2863r%%§ %m% %m;?%%ﬁgiéé% @7%%358%8’?&0%%8%%}%?{ 75 431, 1022, 969.
10Elemental5analy3|s. C 60.22; H 9.69; N 8.75, 11-I-NMR (CDCI3, 400 MHz): 6 [ppml = 1.56- 1.67 (m,
6H), 2.27 (s, 3H)TBaf dbaddtipnlatdotdipg ® the )nserehwith-Beoxabhtanesiatiele 3801ddce4tg (0.2 mol)
n-butylamine and&%pg DMAP were provided in 60 ml THP (dry) and 16.8 g (0.2 mol) diketene was
dosed in at -5 to 5C. The reaction 20 mixture was then stirred for 2 hours at 20 - 25C and then
concentrated on the rotavap. The residue was dried for at least 15 hours at 50C / < 100 mbar. 16.0 g
of product was obtaineshli& (itosylistaceacord @ 261 HRO9Ry&Ak8, 2928in286i€. t4d«, 8644, 1561,

1459, 14211éBSZd%emtﬂ'gpQIy%éaméﬁgs Z%%n@aﬁ@ &]a?administration is preferred.

The compounds according to the invention and the aforementioned combinations
of the compounds according to the invention with other active substances or
medicines can thus be used, in particular, for the preparation of medicaments for
15 the treatment of iron deficiency anemia, such as iron deficiency anemia in
pregnant women, latent iron deficiency anemia in children and adolescents, iron
deficiency anemia caused by gastrointestinal abnormalities, iron deficiency
anemia due to blood loss, such as gastrointestinal hemorrhage (e.g. due to
ulcers, carcinoma, hemorrhoids, inflammatory disorders, taking of acetylsalicylic
20  acid), menstruation, injuries, iron deficiency anemia due to 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 deficiency anemia, restless leg
syndrome.
25
The application according to the invention leads to an improvement of the iron,
hemoglobin, ferritin and transferrin levels, which, in particular 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
30 matrices test, in the Wechsler adult intelligence scale (WAIS) and/or in the
emotional coefficient (Baron EQ-i, YV test, youth version), or to an improvement
of the neutrophile level, the antibody levels and/or lymphocyte function.



251H-NMR (CDCI3, 400 MHz): 8 [ppm] = 0.86 - 0.94 (m, 3H), 1.26 - 1.71 (m, 4H), 2.23 (s, 3H), 3.23
(9, 2H), 3.36 (s. 2H), 7.00 (br. s, 1H). T. N,N-dibuty1-3-oxobutaneamide 30 83 16.8 g (0.20 mol)
diketene was provided in 60 ml THF under nitrogen and the solution was cooled to approximately -
10C by means of an ice/NaCl mixture. 25.6 g (0.20 mol) di-n-butylamine were then dosed in in such a
way that the inner temperature did not exceed OC. Tte reaction mixture was subsequently stirred 5 for
1 hour at - 10 to 0C, and then for 2 hours at 20 - 25 C. The solvent of the reaction mixture was distilled

off on the roravag 30 100 bt APt as ARAINEEAS AN elhloR sRgh of i raw

product was put on 200 g silica gel and eluted with 21 acetic ester / n-hexane (2 : 1 v/v). The eluate
was concentratedRPISIHE RSAT BiP TR & 1BF AAVRPUACSGECT NS thedIVaRtcarBPRIFHERTor at least 15
hours under highocaatiogn @t 20e- 25rGLI81(6) g af pretueswastioltdynet@scaanmdrd Ri(ithsubstance,

cm-1): 2958, 293¢, 2803 /A9 éﬁ@éw@%!}méé@%s“é?, FaP Ll 3ol A2 9% 1P 1144, 1113,
(CDCI3, 400 MHz): 8

1037, 1007, 931, 774. 732, 683. 1H-NMR , : 8 [ppm] / keto tautomer 6 = 0.87- 0.92
(m, 3H), 1.2% 18N2MEEQlepioqlly, 1345RPIaBls (raBiaYs 2R, Y816 SPIENFRS 2879445 (s, 2H);
enol tautomer 5svl@eB®-0.92 (m, 3H), 1.25 - 1.31 (m, 2H), 1.47- 1.50 (m, 2H), 1.91 (m, 3H), 3.13- 3.17
(m, 2H), 5.00(s, 1H), 14.95 (br. s, 1H). U. Not awarded
These are common pharmaceutical carriers, auxiliary substances or solvents.
The above-mentioned pharmaceutical compositions are suitable, for example, for
10  intravenous, intraperitoneal, intramuscular, intravaginal, intrabuccal,
percutaneous, subcutaneous, mucocutaneous, oral, rectal, transdermal, topical,
intradermal, intragasteral or intracutaneous application and are provided, for
example, in the form of pills, tablets, enteric-coated tablets, film tablets, layer
tablets, sustained release formulations for oral, subcutaneous or cutaneous
15 administration (in particular as a plaster), depot formulations, dragees,
suppositories, gels, salves, syrup, granulates, suppositories, emulsions,
dispersions, microcapsules, microformulations, nanoformulations, liposomal
formulations, capsules, enteric-coated capsules, powders, inhalation powders,
microcrystalline formulations, inhalation sprays, epipastics, drops, nose drops,
20 nose sprays, aerosols, ampoules, solutions, juices, suspensions, infusion

solutions or injection solutions etc.

Preferably, the compounds according to the invention as well as pharmaceutical
compositions containing such compounds are applied orally, although other
25 forms, such as parentally, in particular intravenously, are also possible.

For this purpose, the compounds according to the invention are preferably
provided in pharmaceutical compositions in the form of pills, tablets, enteric-
coated tablets, film tablets, layer tablets, sustained release formulations for oral
30 administration, depot formulations, dragees, granulates, emulsions, dispersions,
microcapsules, microformulations, nanoformulations, liposomal formulations,
capsules, enteric-coated capsules, powders, microcrystalline formulations,
epipastics, drops, ampoules, solutions, suspensions, infusion solutions or

injection solutions.



20 V. N,N-dibuty1-3-oxopentanamide 250.16 mol (20 ml) of methyl 3-oxovalerate (3-oxo-pentanoic
acid methyl ester) and 0.415 mol (70 ml) of dibutylamine were stirred for 3 h at 130 C. where methanol
formed was removed via a distillation bridge. Thereafter, excess dibutylamine was distilled on a rotary
evaporator, the crude product taken up in 40 ml water and 90 ml of ethanol, with 3 ml 20% HCI
adjusted to pH 3 and stirred for 1 h at 50 30'C. The mixture was again evaporated to dryness,
dissolved again in 200 ml ethyl acetate and washed 3 times with 100 ml of water. The organic phase
was dried 84 over Na2S04 and after filtration evaporated in a rotary evaporator to dryness. After
drying, 31.8 g of the title compound were obtained. 5 CHN- Elemental analysis: C, 68.22; H, 11.336;
N, 6.51. LC-MS: M&HCZPBOSNMIE+ NigeP 0%, 101 HIRMRVEDNASO 5@, 48 MARRBREICT alitomer (40%),
=15.1 (s, 1H). 5pBar(saddlic 2B8bsitding, A8dn(sn@HyoRtdib (chriddd, drehi¢, SH)dfgdaid automer

(60%), 5 = 3'57. &%’r%#)an%‘/%g z{)&xi%‘}’r@?&i@s §wh&/%9e(gms?tm'a9n? %s@d%g)pxgrmaceutical
2-Fluoro-N,N-dimethy1-3-oxobutanamide 15
5 purposes, in particular for solid medicament formulations, such as, for example,

excipients (such as saccharose, starch, mannitol, sorbitol, lactose, glucose,
cellulose, talcum, calcium phosphate, calcium carbonate), binding agents (such
as cellulose, methylcellulose, hydroxypropylcellulose, polypropyl pyrrolidone,
gelatine, gum arabic, polyethylene glycol, saccharose, starch), disintegrating
10  agents (such as starch, hydrolyzed starch, carboxymethylceliulose, calcium salt
of carboxymethyicellulose, hydroxypropyl 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, orange powder), preserving agents (such as sodium benzoate, sodium
15  bisulfite, methylparaben, proylparaben), stabilizers ( such as citric acid, sodium
citrate, acetic acid and multicarboxylic acids from the titriplex series, such as, for
example, diethylenetriaminepentaacetic acid (DTPA), suspending agents (such
as methycellulose, polyvinyl pyrrolidone, aluminum stearate), dispersing agents,
diluting agents (such as water, organic solvents), beeswax, cocoa butter,

20  polyethylene glycol, white petrolatum, etc..

Liquid medicament formulations, such as solvents, suspensions and gels usually
contain a liquid carrier, such as water and/or pharmaceutically acceptable organic
solvents. Furthermore, such liquid formulations can also contain pH-adjusting
25 agents, emulsifiers or dispersing agents, buffering agents, preserving agents,
wetting agents, gelatinizing agents (for example methylcellulose), dyes and/or
flavoring agents. The compositions may be isotonic, that is, they can have the
same osmotic pressure as blood. The isotonicity of the composition can be
adjusted by using sodium chloride and other pharmaceutically acceptable agents,
30 such as, for example, dextrose, maltose, boric acid, sodium tartrate, propylene
glycol and other inorganic or organic soluble substances. The viscosity of the
liquid compositions can be adjusted by means of a pharmaceutically acceptable
thickening agent, such as methylcellulose. Other suitable thickening agents

include, for example, xanthan gum, carboxymethylcellulose,



0.2 mol (25 ml) of ethyl 2-fluoroaceloacetat and 107 ml 33% dimethylamine in ethanol (0.6 mol
dimethylamine) were stirred for 3 h at 70 C. The reaction mixture was evaporated to dryness and 27 g
of crude product chromatographed 20over 350 g silica gel with ethyl acetate/methanol 9/1. 13.4 g of
the title compound were obtained. IR (neat, cm;1): 2942, 1729, 1650, 1501, 1403, 1358, 1260, 1217,
1176, 1151, 1072, 962, 829, 705, 681, 632, 611. CHN- Elemental analysis: C, 47.99; H, 6.70: N, 9.05.
25 LC-MS: M+H+ 148.2; M+Na+ 170.2. 1H-NMR (DMSO-d5, 400 MHz): 6= 5.96 (d (J = 48 Hz), 1H),

303(d(J=14 lﬁ%ro%l]l%ro%ﬁ@eﬁgl%g éa%mg’r %Fg @e%ﬁédwf ;ﬁ‘e ewééi ze?ﬁratron of

2-Fluoro-3-oxo-N=propylbutanamide 30 85 0.8 mo 65.8 ml) -propylamine were a ded dropwise
within 0.5 h to 0! ?ﬁ%ﬁ"&%ﬁ@ﬁf‘b\”’é’tﬁ%@”ﬁtﬂﬂé@%éﬂ?%éﬁ?c@ﬁe rBé@ﬁ%@?H‘fﬁ&W@%SEtﬁ@&ed and then
held for 2 h at 6@€serviey Howats euaperated to drjoess|rdisscly @t int&@gal lilatenieatadid0 ml ethanol

and adjusted with, 3o Gl B%PHI%IABH%@%M%SYQRQ@%Hwrﬁ’éﬁﬁﬂ"é%‘#&tﬁ?gf"p‘;‘e%ml etate, filtered

and again evaporated to dryness. 17 g of crude product was chromatographed over 800 g silica gel
with ethyl agents including, for ™ example, paraben, thimerosal, chlorobutanol and

benzalkonium chloride can also be used.

The active substance can be administered, for example, with a unit dose of 0.001
mg/kg to 500 mg/kg body weight, for example 1 to 4 times a day. However, the

10  dose can be increased or reduced depending on the age, weight, condition of the
patient, severity of the disease or type of administration.



acetate/hexane 1/1. After drying, 149 of the title compound were obtained. IR (neat, cm-I): 3325, 2967,
2938, 2878, 1736, 1665, 1535, 1460, 1441, 1421, 101359, 1277, 1235, 1210, 1179, 1150, 1089, 963,
892, 818, 617. CHN-Elemental analysis: C, 50.61; H, 7.19; N, 8.58. LC-MS: M+El-, 162.7; M+Na+
184.6. 1H-NMR (DMSO-d6, 400 MHz): 6=8.47 (s (broad), 1H), 5.49 (d (J = 49 Hz), 1H), 3.05 (m,
2H), 2.22 (d (J in- 3.1 Hz), 3H), 2.18 (d (J = 4.0 Hz)73H); 1.42 (sextet, 152H); 0.81 (t, 3H).
Y4-Methoxy-N,N-dimethy1-3-oxobutaneamide 20 0.17 mol (25 g) of methyl 4-methoxy-acetoacetate
and 91 ml 33% c&wﬂh‘y@gme in ethanol (about 0.51 mol dimethylamine) were stirred in a pressure
reactor for 4 h al"TI0 C. The reaction mixture was then evaporated to dryness and 279 of crude
product chromatographed over 350 g silica gel with ethyl acetate/methanol 259/1. After drying, 12.49
of the title compduadnwenoliainedatbCiMborydétail beoné; idloMat d82nbletsHFNMVIR (DMSO-c16, 400
MH2): Enok Taugmet @il di B dh A e ot A0, b R0 (3,028 (m. o1
Keto-Tautomer (79%)D (s, 2H), 3.55 (s, 2H), %ﬁ 3H). 2.81 (s, 3H). 30
Z.N,N,4- Trln'rn’eth(}ipﬁb&(%%?ﬁﬁﬁ%ﬂ‘% SQ?B@%?SP'MR?EF@? rrﬁ%‘ﬂﬁﬂt@ Qﬁi@ﬂcﬁtﬁd methyl ester

and 309 ml 33%designation of the names of the examples were defined and determined using the
computer program ACD/Name Version 12.

STARTING COMPOUNDS:

10
The starting compounds used in the examples were obtained as follows.
A. N,N-diethyl-3-oxobutaneamide
0O o0
15 )J\/U\NHz
Commercially available: Fluka 00405
B. N,N-diethyi-3-oxobutaneamide
20
o 0
PPN
N

Commercially available: Aldrich 165093

25 C. N,N-dimethyi-3-oxobutaneamide

I

1

Commercially available: Aldrich 407054
30



dimethylamine in ethanol (about 1.73 mol dimethylamine) were stirred in a Spressure reactor for 2
hours at 110 C. After cooling, the solvents were distilled on a rotary evaporator. After drying, 93 g of
the title compound were obtained. IR (neat, cm-1): 2969, 2934, 2875, 1714, 1630, 1597, 1502, 1467,
1396, 1384, 1359, 1322, 1263, 1207, 1162, 1142, 1073, 1047, 972, 927, 892, 782, 725, 701, 650, 614.
10CHN-Elemental analysis: C, 59.51; H, 9.60; N, 8.4%. LC-MS: WEI+, 158.5; M+Na4, 180.2. 1H-NMR
(DMSO-d6, 400 MHz): Enol-Tautomer (19%), 6 = 15.18 (s, 1H). 5.28 (s. 1H), 2.87 (s, 3H), 2.80 (s, 3H),
2.35 (heptet, 1Hp 1. Q5HGn0H:d5BiikRdlanigs (81%), 6 = 3.62 (s, 2H), 2.87(s, 3H), 2.80 (s, 3H), 2.68
(heptet, 1H), 1.00 (d, 6H). 15 AA. 4-Methyl-1-(morpholin-4-y1)-pentane-1,3-dione 200.351 mol (49.6
ml) of 4-methyl-3-oxovaleric acid methyl ester and 0.369 mol (32.3 ml) morpholine were stirred for 14
hours at 110 C in a Dean-Stark apparatus. 8 ml thetRanol were collected. Subsequently, the excess
starting materials was distilled off for 3honar aporator (80 C water bath, 2 mbar). The crude
product was dissolved in 500 ml toluene and extracted With 50 25 ml of 1 M NaOH and 3 times with 50
ml water, and the organic phase was concentrated on a rotary evaporator to dryness. After drying,

62.2 g of thestitleceRRRAUAY WRIR.BRIHRRA. 2844

E. 2-chloro-N-methyl-3-oxobutaneamide

0o o
MN/
a H
10

Commercially available: Aurora Fine Chemicals Ltd. Kafd-00164

F. 1-(piperidin-1-yl)-butane-1,3-dione

0

15

A solution of 25 g (0.294 mol) piperidin in 100 mi tert.-butyl-methylether was
added dropwise to a solution of 26.25 g (0.310 mol) diketene in 200 ml tert.-butyl-
methylether at -5 to 0°C. After stirring for 1 hour at -1°C, no starting material was
20  detected anymore by thin-layer chromatography. The reaction mixture was spun
off and the residue was distilled under vacuum. 49.55 g of product was obtained
as a slightly yellow liquid.
IR (in substance, cm™): 3001, 2936, 2856, 1719, 1631, 1584, 1486, 1441, 1389,
1355, 1302, 1255, 1219, 1159, 1137.
25 Elemental analysis: C 63.51; H 8.94; N 8.36.
LC-MS: 170 (M+H), 192 (M+Na)
"H-NMR (CDCls, 400 MHz): & [ppm] = 35 (4H), 3.3 (2H), 2.2 (3H), 1.6 (2H), 1.5
(4H).

30 G. N,N-bis-(2-hydroxyethyl)-3-oxobutaneamide



IR (neat, cm-1): 2969, 2929, 2858, 1713, 1636, 1587, 1460, 1436, 1385, 1361, 1301, 1272, 1243,
1190, 1166, 1113, 1069, 1050, 1036. 984, 964, 929, 886, 850, 779, 733, 700, 660, 619.
CHN-Elemental analysis: C, 58.04; H, 8.24; N, 6.95. 5 LC-MS: M+H+, 2009; M+Na+, 222.8. 1H-NMR
(DMSO-d5, 400 MHz): Enol-Tautomer (16%), 5 = 14.7 (s, 1H), 5.37 (s, 1H), 3.57-3.28 (m, 8H), 2.36
(heptet, 1H), 1.06 (d, 6H); Keto-Tautomer (84%), 5 #53.70 (s, 2H), 3.57-3.28 (m, 8H), 2.67 (heptet,
1H), 1.00 (d, 6H). 10 AB. 4-Methoxy-1-(morpholin-4-yl)butane-1,3-dione 0.346 mol (50.5 g) of methyl
4-methoxy-acetoacetate and 0.363 mol (31.6 g) of 15 morpholine was stirred for 20 h at 110 C in a
Dean-Stark apparatus. There were further ad%ed 8069 mol (6.02 g) of morpholine and stirred further 3
hours. Subsequently, the excess starting materialg were distjlled off on a rotary evaporator. 67.3 g of
crude product was chromatographed over 660 S|I|®a\g/\/e\rwnh ethyl acetate/ethanol 9/1. There were
36.9 g of the title compound. 20 IR (neat, call): 2921, 285?H2361, 1729, 1633, 1590, 1438, 1362,
1303, 1272, 1244, 1199, 1111, 1069, 1038, 1019, 984, 965, 939, 920, 849, 778, 718, 681, 631.

LC-MS: M+H+, 2025t '}1?1152%%4 6§o 5%%'8(@"5%&%4&9&4&u#%d%%é@l@ﬂaas“& 5y (14%), 5 =

14.8 (s, 1H) 5.55 (s, 251H), 2@ 2 (m, 8H & Ni Keto-Tautomer (86%), 6 =
4.11 (s, 2H) 3. eéf?gvvﬁﬁ)t%aeaow(?ﬁ 49 8 858 %ﬁatem;meﬂﬁ &ty Mertd i Grréiiein-2-one 30
88 20.40 g (0.20stinahpdbdiiseprop ylatnime sizetie pragied d v2B0dmedrd Bimoreby thin-layer

chromatography. The reaction mixture was spun off and the residue was purified
by means of column chromatography. 81.32 g of product was obtained as a
slightly yellow oil.

10 IR (in substance, cm™): 3381, 2941, 2885, 1718, 1626, 1481, 1432, 1361, 1312,
1212, 1053.
Elemental analysis: C 50.62; H 8.05; N 7.28.
"H-NMR (CDCls, 400 MHz): & [ppm] = 2.2 (3H), 3.5 (4H), 3.7 (6H), 4.15 (1H), 4.35
(1H).

15
H. N-butyl-N-methyl-3-oxobutaneamide

A e~

20 14.1 ml (0,12 mol) N-n-butylmethylamine was added dropwise to a solution of
10.00 g (0.12 mol) diketene in 500 ml MeOH at 0°C. After stirring for 6 hours at
0°C, no starting material was detected anymore by thin-layer chromatography.
The reaction mixture was spun off and the residue was purified by means of
column chromatography. 11.61 g of product was obtained as a slightly yellow oil.

25 IR (in Substance, cm™): 2958, 2932, 2873, 1721,.1635, 1593, 1493, 1381, 1358,
1307, 1228, 1209, 1144,

LC-MS: 172(M+H).
"H-NMR (CDCls, 400 MHz): & [ppm] = 0.9 (3H), 1.3 (2H), 1.5 (2H), 1.9 (1H), 2.2
(2H), 2.9 (8H), 3.2 (1H), 3.3 (1H), 3.5 (1H).

30

. 1-(4-hydroxypiperidin-1-yl)-butane-1,3-dione



nitrogen and 80 ml n-butyl lithium in hexane (2.5 M) were added dropwise. It was allowed to stir for 20
minutes and then 20.00 g (0.20 mol) of 1-methyl-2- 5 pyrrolidinone were added dropwise at -78 C.
After stirring the reaction mixture for 1 hour 17.64 g (0.20 mol) of dry ethyl acetate were added at -78
C. The reaction mixture was warmed to room temperature and stirred for 14 hours. The THE was
removed on a rotary evaporator under reduced pregsure and the residue was taken up in 80 ml of 6 N
HCI. The acidic aqueous phase was 10 saturated with NaCl and extracted 5 times with 300m1 ethyl
acetate. The combined organic layers were dried over Na2S0O4, and the solvent was removed on a
rotary evaporator. The remaining yellow oil was purified by column chromatography. This gave 5.10 g
product as a light yellow oil. IR (neat, cm%& 2929, 2885m 1714, 1674, 1500, 1433, 1403,
1358, 1297, 151262, 1166, 1107, 989, 763, 712 1HN (CDC13, 400 MH2z): 6 [ppm] = 1.95 (1H),
2.30 (3H). 2.45 (1H), 2.75 (3H), 3.25 (1H), 3.35 (1H),354H). AD. Ethyl
(1-methyl-2-oxopyrrolidin-3-yl)(oxo)acetate 20 00 13.20 g of 60% NaH (in paraffin oil) (0.33 mol) was
added to 100m1 of dry diethyl ether. With vigorous stirring, 19.83 g (0.20 mol) of N-methylpyrrolidone
were 25 added. F5eniigithph dndtheup 22130 ¢S reipeidiethyitoxaMeOienasddeeddropwise.

After the additiogripvridseasiontivasonesies §o @04 Coantbatinneddon2iiborrs: Dhe. reaastion mixture

was then cooled Qrfm %gj pﬁtrl\ﬂn%eg nogtgglml %aen [ anddg?eeC e glt rrl]gore%ha}ﬁe mlx%ure was
filtered once. Then the two phases wére separate e aqueous phase was exiracted twice with

100m1 diethyl chromatography The reaction mixture was spun off and the resudue was purified

by means of column chromatography. 42.54 g (96% yield) of a slightly yellow oil
was obtained.

10 IR (in substance, cm™): 3401, 2928, 2869, 1717, 1617, 1448, 1360, 1307, 1268,
1206, 1158, 1074, 1026.
CHN elemental analysis: C 57.98; H 8.69; N 7.32.
LC-MS: 186(M+H).
'H-NMR (CDCl3, 400 MHz): & [ppm] = 1.5 (2H), 1.8 (2H), 2.2 (3H), 3.2 (2H), 3.6

15 (3H), 3.9 (2H).

J. 3-oxo-N,N-dipropyibutaneamide

MN\X
20
A solution of 27.80 g (0.28 mol) N,N-di-n-propylamine was added dropwise to a
solution of 20.00 g (0.24) diketene in 100 ml MeOH at 0°C. After stirring for 3
hours at 0°C, no starting material was detected anymore by thin-layer
chromatography. The reaction mixture was spun off and the residue was purified
25 by means of column chromatography. 38.05 g of product was obtained as a
slightly yellow oil.
IR (in substance, cm™): 2964, 2934, 2876, 1721, 1634, 1589, 1490, 1456, 1430,
1392, 1381, 1359, 1301, 12444, 1101.
Elemental analysis: C 64.28; H 10.17; N 7.36.
30 'H-NMR (CDCls, 400 MHz): & [ppm] = 0.9 (6H), 1.6 (4H), 1.9 (1H), 2.3 (2H), 3.1
(2H), 3.3 (2H), 3.5 (2H).



30 ether. The combined ethereal phases were dried over Na2S0O4 and concentrated on a rotary
evaporator to dryness. The oily residue was cooled to -80 C and 89 mixed with 200 ml diethyl ether.
The resulting brown solid was filtered off and recrystallized from heptane. This gave 5.2 g product as
white needles. IR (neat, cm111): 3342, 2977, 2939, 1723, 1658, 1581, 1498, 1469, 1448, 1373, 1344,
1307, 1269. 1196, 1160, 1117, 1094, 1024, 977, 908&, 876, 819, 783, 737, 5701, 675. 1H-NMR
(CDC13, 400 MHz): 5 [ppm] = 1.26 (3H), 2.83 (3H), 2.94 (2H), 3.37 (2H), 4.21 (2H). 11.80 (1H). AE.
Ethyl (1-methyl-2-oxopiperidin-3-y1)(oxo)acetate 10 20.4 g of diisopropylamine (0.1 mol) were
dissolved in 200 ml of dry THF under nitrogen and cooled in a freezing mixture. 80 ml n-butyllithium in
hexane (2.5 M, 15 d‘b’}%ﬂé\/a?‘é’%‘a&a"cﬁ? ise slowly. After the addition it was allowed to stir for 60
minutes and then 22.6 g N-methyl-2-piperidone (0.2 mol) were added dropwise. The reaction mixture
was stirred for another 20 min in the freezing migture. In a second flask, 87.7 g diethyl oxalate (0.6
mol) in 100 ml of dry THF were cooled in a fteezing mixture and the cooled reaction mixture was
cannulated 20 with stirring in small portions to it. IHwas left overnight under stirring to warm to room
temperatureg The THF was removed on a rotary evaporator and the residue was taken up in 80 ml half
concentrated hydrochlaric acid. The a%\J/%ous phase was extracted five times with 300 ml ethyl

acetate, the confbifi®By&hic pRase s Wte b d'TVEPSAURIAT RR85d BRARKISEatRd%n a rotary
evaporator to 25sdiytivesst Z0O®yces24diditeiboxatatdivad heddVatl @Cdistidatsoni(d-Bmbar, 80 C) and

45 g of crude pragdyed were gbtajped: 104 IRERIEt Was ciaingd anyvile crystalm i@ melting
point of 23 C after crystallization from diethyl ether/nhexane. 30 , _
chromatography. The reaction mixture was spun off, and the obtained solid was
10 taken up in 200 ml n-hexane, filtrated off and dried overnight under vacuum.
22.53 g of product was obtained as a white solid.
IR (in substance, cm™): 3272, 3098, 2956, 2921, 2872, 2853, 1728, 1709, 1644,
1563, 1467, 1419, 1363, 1347, 1336, 1190, 1167.
Elemental analysis: C 64.85; H 10.28; N 7.62.
15 "H-NMR (CDCls, 400 MHz): 8 [ppm] = 0.9 (3H), 1.3 (6H), 1.5 (2H), 2.2 (3H), 3.2
(2H), 3.4 (2H), 6.9 (1H).

L. Ethyl- N-(3-oxobutanoyl)glycinate
(3-oxo-butyrylamino)ethyl acetate)
20
0O ©

Mﬁ/\go\/

A solution of 20.00 g (0.24 mol) diketene in 250 ml toluene was added dropwise

at 0°C to a solution of 33.21 g (0.24 mol) glycine ethyl ester hydrochloride (amino
25  acetic ester hydrochioride). 40.00 g (0.48 mol) NaHCO; were then added and the

reaction mixture was stirred further at room temperature overnight. Since no

starting material could be detected anymore by thin-layer chromatography, the

reaction mixture was spun off, and the obtained solid was taken up in 100 ml

diethylether, stirred for a short period of time, filtrated off and dried overnight
30 under vacuum. 40.00 g of product was obtained as a white solid.



90 11-1-NMR (CDCI3, 400 MHz): 6 [ppm] = 14.00 (1H), 4.20 (2H), 3.25 (2H), 2.90 (3H), 2.65 (2H),
1.73 (2H), 1.23 (3H). AF. 3-Acetyl-1-methyl-piperidin-2-one 5 nt,r, 20.6 g of diisopropylamine (0.2 mol)
were placed in 200m1 of dry THE under nitrogen and cooled to -80 C. 80 ml n-butyllithium in hexane
(2.5 M, 0.2 mol) 10 were slowly added dropwise. After the addition it was allowed to stir for 15 min and
then 22.6 g N-methyl-2-piperidone (0.2 mol) were added dropwise. The reaction mixture was stirred for
30 min and then 17.6 g of dry ethyl acetate (0.2 mol) was added. The reaction mixture with stirring

overnight was aligWRA IR YRS, DrePTLIMPRIRY B, THRTHEWAREEMOKYI OB fatpiy evaporator

and the 15 residue was taken u 0 ml 6M HCI. The aqueous phase was extracted five times with
100 ml ethyl acetdt® 8% ined organic layers were dried over sodium sulfate and the solvent was
removed on a rotdeynevepanatysisTOS prOCHCT (é&ty fosm : enol form = 1:1) was fractionated by

distillation at 0.6 m%ga%qu{%d@gwﬂzpwish liquid (bp 70 C.). 20IR (neat, cm-1): 3506, 2940,
2865, 1715, 1632, 1597, 1498, 1463, 1443, 1401, 1386, 1354, 1330, 1310, 1252, 1203, 1160, 1118,

1081, 983, 952, 3 NMBICREE: 489 Mit: Emeribmi:2 BH). 2.2 (3K (B ctd @hY MAz): 6 [ppm] =
1.81 (2H), 1.92 (@H), 2.881(3H), 2.96 (3H), 253.30 (2H), 14.8 (1H). Keto form: 1H-NMR (CDCI3, 400
MHz): 6 [ppm] = 1.81 (3H), 2.14 (1H). 2.34 (3H), 2.99 (3H), 3.30 (2H), 3.48 (1H). 30 AG. Ethyl

4-(dimethylamin%-z,4-dioxobutanoate
. 3-oxoheptaneamide

oA,

10 2

0.4 mol (63.7 ml) 3-oxo-heptanoic acid methylester and 400 ml 7 N ammonia
solution was stirred for three hours at 100°C in a pressure reactor. After cooling
off, the solvents were distilled off on a rotavap, the raw products were taken up in

15 200 ml water and 40 ml ethanol and set to about pH 3 with 40 mi 32% HCI. The
reaction mixture was heated to 90°C for 4 hours and then again concentrated to
dryness in the rotavap, taken up in 600 m! dichloromethane and washed 3 times
with 100 ml water. The organic phase was distilled off and the raw product
recrystallized from 100 ml toluene. The product was filtrated off and dried in a

20  vacuum drying cabinet at 50°C. 3.5 g of the title compound was obtained.

IR (in substance, cm™): 3368, 3178, 2956, 2932, 2872, 1703, 1651, 1619, 1466,
1439, 1408, 1376, 1345, 1306, 1221, 1183, 1125, 1058, 716, 663.

Elemental analysis; C 58.38; H 9.12; N 9.90.

LC-MS: 144 (M+H).

25  'H-NMR (DMSO-ds, 400 MHz): & [ppm] = 14.5 (s, 1H), 7.45 (s, 1H), 7.01 (s, 1H),
4.92 (s, 1H), 2.06 (t, 2H), 1.47-1.38 (m, 3H), 1.31-1.18 (m, 2H), 0.88-0.81 (m,
3H); keto tautomer (86%), & = 7.45 (s, 1H), 7.01 (s, 1H), 3.23 (s, 2H), 2.49 (t, 2H),
1.47-1.38 (m, 2H), 1.31-1.18 (m, 2H), 0.88-0.81 (m, 3H).

30 N. N-methyl-3-oxoheptaneamide



91 10.2 g of diisopropylamine (0.1 mol) were dissolved in 100m1 of dry THE under nitrogen and
cooled in a freezing mixture. 40 ml n-butyllithium in hexane (2.5 M, 5 0.1 mol) were slowly added
dropwise. When the addition was completed it was allowed to stir for 60 minutes and then 8.7 g
N,N-dimethylacetamide (0.1 mol) were added dropwise. The reaction mixture was stirred for another
20 min in the freezing mixture. In a second flask, 4378 g of diethyl oxalate (0.3 mol) in 50 ml of dry THE
were cooled in a freezing mixture and the cooled reaction mixture was 10 cannulated with stirring in
small portions to it. It was leftovergight under stirring to warm to room temperature. The THE was
removed on a rotary evaporator afid the residue was taken up in 80 ml half concentrated hydrochloric
acid. The aqueous Sewas-extracigd five times with 150 ml ethyl acetate, the combined organic
phases dried over sodium sulfate andiconcentrated on a rotary 15 evaporator to dryness. The excess
diethyl oxalate was removed by distillation (2- 3 mbar, 80 C) and 17 g of crude product were obtained.

5.5 g product wa diftamePa< iitd-exgsiarantls a3deRribYsSist.otBT difereeyataimiagion from
n-hexane. IR (nesliueoir i) c220%) 204 101MB8atko Adrd Sirfed 40 4813ARs 8803 8Pa.rd3ds, 201260,

1170, 1126, 01 7 M DCI 2) 1.38 (3H). 3.06
(61, 433 (A, CET L Q% i e e S ot SR B ol o
morpholine wered&%%l ?Qﬂv@lé%*ad’ta% tBe0 T iBradssiatitiicorEe g B iRRAERENE S ATHAGN 300 ml
tetrahydrofuran. wftehanaisiisingtab QbcunpHN®IRtstactMpIPAteIal Wasrdetestediyiiindayer

chromatography, The S8C9i ApIuAE S & RHNUGH RGBS RIS R Pl % Sl

chromatography.
rotavap. The raw product heated with 150 ml to reflux, filtrated hot and the filtrate

10 was left to cool off. The product was filtrated off and dried in a vacuum drying
cabinet at 50°C. 5.9 g of the title compound was obtained.
IR (in substance, cm™): 3368, 3178, 2956, 2932, 2872, 1703, 1651, 1619, 1466,
1439, 1408, 1376, 1345, 1306, 1221, 1183, 1125, 1058, 716, 663.
Elemental analysis: C 60.22; H 9.69; N 8.75.

15  'H-NMR (DMSO-ds, 400 MHz): & [ppm] = keto tautomer (ca. 90%), enol
tautomer* (ca. 10%), = 8.21%/7.81* (m, 1H), 7.94 (s, 1H), 6.12*/4.91* (s, 1H), 3.25
(s, 2H), 2.69%/2.61* (d, 3H), 2.57 (d, 3H), 2.50-2.46 (m, 2 H), 2.06* (t, 2H), 1.45-
1.38 (m, 2H), 1.31-1.18 (m, 2H), 0.88-0.81 (m, 3H)
(*enol tautomer probably present as E-Z isomer of the amide bond)

20
O. N,N-dimethyi-3-oxoheptaneamide

oA

25 0.632 mol (100 ml) methyl-3-oxoheptanoate (3-oxo-heptanocic acid methylester)
and 227 ml 33% dimethylamine solution in ethanol (approx. 1.26 mol
dimethylamine) was stirred for 4 hours at 110°C in a pressure reactor. After
cooling off, the solvents were distilled off on a rotavap, the raw product was taken
up in 40 ml water, 30 ml 32% HCI and 40 ml ethanol and stirred for 24 hours at

30 100°C. The mixture was again concentrated to dryness by evaporation, taken up
again in 300 ml acetic ester and filtrated, the solvents were then distilled off on



gave 49.48 g (0.29 mol, 81% yield) of a white solid. 92 IA (neat, cm 1): 2965, 2918, 2858, 1718 633,
1587, 1488, 1436 359, 1303, 1273, 1245, 1220, 1112. CHN-Elemental analysis: C 56.03, H 7.62, N
8.12. LC-MS: 172 (M+H), 194 (M+Na). 51H-NMR (CDCI3, 400 MHz): S [ppm] = 3.6 bis 3.3 (10H), 2.2
(3H). AL.N-(2-Methoxyethyl)-3-oxobutanamide 00 N 10 33 ml (0.38 mol) methoxyethylamine were
added dropwise to a solution of 30 g of diketene (0.86 mol) in 300 ml tetrahydrofuran at -5to 0 C.
After 1 h stirring at 0 C no more starting material was detected by thin layer chromatography. The

reaction mixtureMag,eyapokRy mqyshsraeaw%pqﬂféﬁgobw'Haangléﬁbgog@%%ggﬁ%wems gave
47.15 g (0.30 mol, 83% yield) of a white solid. IR (neat, cm-1); 3291, 3095, 2978, 2922, 2887, 2851,

1709, 1643, 1560 MBI 7 PYEES10IA 2387 1 1188V OB T a8 siag:NRIRMEPedsClioo MHz): 8
[ppm] = 7.1 (1H);B:¥pleis28:350H)e 0¢8E1) W28 Altaki<Cyasoprowplie3eixdBtanamide 00

compound was obtained.
5 IR (in substance, cm’'): 2957, 2932, 2873, 1717, 1639, 1597, 1501, 1465, 1396,

1366, 1302, 1262, 1197, 1142, 1058, 933, 776, 726, 692, 645, 612.
Elemental analysis: C 62.12; H 9.965; N 8.17.
'H-NMR (DMSO-dg, 400 MHz): & [ppm] = enol tautomer (28%), & = 15.1 (s, 1H),
5.32 (s, 1H), 3.3-2.4 (m, 6H), 2.13 (t, 2H), 1.51-1.39 (m, 2H), 1.34-1.18 (m, 2H),

10 0.89-0.82 (m, 3H); keto tautomer (72%), & = 3.57 (s, 2H), 2.88 (s, 3H), 2.80 (s,
3H), 2.50-2.48 (m, 2H), 1.51-1.39 (m, 2H), 1.34-1.18 (m, 2H), 0.89-0.82 (m, 3H).

P. 3-oxopentaneamide

A

15 2

0.8 mol (100 ml) methyl-3-oxovalerate (3-oxo-pentanoic acid methylester) and
220 ml 7 N ammonia solution in methanol was stirred for 4 hours at 110°C in a
pressure reactor. After cooling off, the solvents were distilled off on a rotavap, the

20 raw product was taken up in 100 ml ethanol and filtrated. The filtrate was
concentrated, the residue was dissolved in 40 mi dimethylether and left to stand
at +5°C for 2 days. The product, which had crystallized in fine needles, was
filtrated off and dried in a vacuum drying cabinet at 50°C. 7.10 g of the title
compound was obtained.

25 IR (in substance, cm™): 3370, 3177, 2974, 2937, 2878, 1705, 1651, 1620, 1440,
1384, 1355, 1301, 1268, 1189, 1109, 1043, 999, 911, 863, 804, 740, 659.
Elemental analysis: C 51.48; H 7.924; N 12.28.

"H-NMR (DMSO-ds, 400 MHz): & [ppm] = enol tautomer (12%), 6 = 14.5 (s, 1H),
7.45 (s, 1H), 7.01 (s, 1H), 4.93 (s, 1H), 2.09 (g, 2H), 1.00 (1, 3H); keto tautomer

30 (88%), & =7.45 (s, 1H), 7.01 (s, 1H), 3.24 (s, 2H), 2.5 (q superposed, 2H), 0.90

(1, 3H).

Q. N,N-dimethyi-3-oxopentaneamide



26 ml (0.38 mmol) cyclopropylamine was added dropwise to a solution of 30 g of 25diketene (0.36
mol) in 300 ml tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material was
detected by thin layer chromatography. The reaction mixture was evaporated and the residue purified
by column chromatography. This gave 43.83 g (0.31 mol, 87% yield) of a white solid. 1A (neat, cm-1):
3266, 3082, 3017, 2953, 2922, 1724, 1666, 1636, 1450, 1421, 301358, 1338, 1221, 1193, 1161, 1014,
LC-MS: 140 (M-H). 93 1H-NrvIR (CDCI3, 400 MHz). S [ppm) = 7.2 (1H), 3.4 (2H). 2.7 (1H), 2.2 (3H),
0.7 (2H). 0.5 (2H). AK. 3-0x0-N4propan-2-yl)butanamide 5 0 0 32 ml (0.38 mmol) of isopropylamine

were added dropwise to a solution of 30 g of diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 C.
After 1 h stirring at 0 10C no more starting materigl was;detected by thin layer chromatography. The
reaction mixture was evaporated and the residu rifi y-column chromatography. This gave 40.36
g (0.28 mol, 79% yield) of a white solid. IR (neat, cm-1): 3%54, 3088, 2975, 2925, 1725, 1633, 1561,

1459, 1422, 1350, 1334, 1314, 1289, 1190, 1160, 1133. 151H-NMR (CDCI3, 400 MHz): 5 [ppm] = 6.9
(1H), 4.0 (1H), 3.3 (2H), 2.2 (3H), 1.1

0.8 mol (100 ml) methyl-3-oxovalerate (3-oxo-pentanoic acid methylester) and
5 250 ml 33% dimethylamine solution in ethanol (approx. 1.4 mol dimethylamine)
was stirred for 4 hours at 110°C in a pressure reactor. After cooling off, the
solvents were distilled off on a rotavap, the raw products were taken up in 40 ml
water, 30 ml 32% HCI and 40 ml ethanol and stirred for 24 hours at 100°C. The
mixture was again concentrated to dryness by evaporation, taken up again in 300
10 ml acetic ester and filtrated. The filtrate was concentrated to dryness by
evaporation and the product was completely dried under an oil-pump vacuum.
25.8 g of the title compound was obtained.
IR (in substance, cm™): 2976, 2939, 1717, 1637, 1500, 1459, 1396, 1376, 1357,
1298, 1262, 1198, 1142, 1107, 1055, 967, 912, 775, 647, 611.
15 Elemental analysis: C 54.78; H 8.724; N 9.20.
'H-NMR (DMSO-ds, 400 MHz): & [ppm] = enol tautomer (12%), & = 15.1 (s, 1H),
5.31 (s, 1H), 2.89 (s, 3H), 2.81 (s, 3H), 2.15 (q, 2H), 1.04 (1, 3H); keto tautomer
(87%), © = 3.57 (s, 2H), 2.89 (s, 3H), 2.81 (s, 3H), 2.49 (g, 2H), 0.91 (1, 3H).

20 R. 3-oxo-2-(piperidin-1-ylcarbonyl)butanenitrile

o} o}
ATL’O
I
In a nitrogen atmosphere, 45.6 (0.30 mol) 1-cyanoacetylpiperidin was provided in
25 800 ml THF (dry). 18.7 g (0.47 mol) NaH (60% mineral oil suspension) was
added such that the inner temperature did not exceed 10°C (cooling with an
ice/NaCl bath). This was followed by stirring for 30 min at 0 - 10°C. 20 ml (0.28

mol) acetylchloride were dosed in in such a way that the inner temperature did
not exceed 10°C. The reaction mixture was subsequently stirred for 1 hour at



(6H). AL.N-(2-Hydroxyethyl)-3-oxobutanamide 20 23 ml (0.38 mmol) of ethanolamine were added
dropwise to a solution of 30 g of diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 C. After 1 h
stirring at 0 C no more starting material was detected by thin layer chromatography. The r)E reaction
mixture was evaporated and the residue purified by column chromatography. This gave 41.44 g (0.29
mol, 80% vyield) as a white solid. 1A (neat, cm11): 3323, 3097, 2973, 2938, 2880, 1710, 1646. 1558,
1494, 1465, 1420, 1362, 1347, 1312, 1297, 1215, 1190, 1166, 1052, 1038. CHN-Elemental analysis:

C 49.13, H 7.76488. 7, ﬁ%&d\@&é%kﬂ%&éé&%&@%}Wywt(&w%i%ré%ymmﬁ lppm] = 7.5
(1H), 3.7 (2H), 3 Y (ﬁcHe? w2ater an(} 50 ml HCI (20% m/m) were dosed in. The mixture was shaken

out with 500 ml toluene, the organic phase was separated, dried over 120 g
Na,SO4 and filtrated. The solution was concentrated at 40°C/80 mbar on the

5 rotavap to form an oit and was cooled with a mixture of ice and common salt. The
precipitated solid was filtrated off, washed with 50 ml cold toluene, and dried for
at least 15 hours at 50°C / < 100 mbar. 35.1 g of product was obtained as a solid.
IR (in substance, cm™): 3009, 2943, 2863, 2206, 2147, 1763, 1659, 1573, 1483,
1455, 1275, 1229, 1131, 1022, 969.

10  Elemental analysis: C 60.22; H 9.69; N 8.75.

'H-NMR (CDCls, 400 MHz): & [ppm] = 1.56 — 1.67 (m, 6H), 2.27 (s, 3H), 3.66 (t,
4H), 1717 (br. s, 1H).

S. N-butyl-3-oxobutaneamide

A o

H

15

14.64 g (0.2 mol) n-butylamine and 200 mg DMAP were provided in 60 ml THP
(dry) and 16.8 g (0.2 mol) diketene was dosed in at -5 to 5°C. The reaction
20  mixture was then stirred for 2 hours at 20 - 25°C and then concentrated on the
rotavap. The residue was dried for at least 15 hours at 50°C / < 100 mbar. 16.0 g
of product was obtained.
IR (in substance, cm™): 3271, 3097, 2959, 2928, 2867, 1714, 1644, 1561, 1459,
1421, 1357, 1227, 1163, 1000, 968, 759, 724, 656, 619.
25  "H-NMR (CDCls, 400 MHz): 8 [ppm] = 0.86 — 0.94 (m, 3H), 1.26 — 1.71 (m, 4H),
2.23 (s, 3H), 3.23 (q, 2H), 3.36 (s, 2H), 7.00 (br. s, 1H).

T. N,N-dibutyl-3-oxobutaneamide

A
30 K/\



AM. N-(3-hydroxypropy1l)-3-oxobutanamide 528 ml (0.38 mmol) of 3-amino-1-propanol were added
dropwise to a solution of 30 g of diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 C. After 1 h
stirring at 0 C no more starting material was detected by thin layer chromatography. The reaction
mixture was evaporated and the residue purified by column chromatography. This gave 47.15 g (0.30
mol, 83% yield) of a white solid. 10IR (neat, crn]l): 8295, 3090, 2940, 2877, 1715, 1643, 1545, 1470,
1416, 1358, 1324, 1213, 1160, 1056, 963. LC-MS: 182 (M+Na), 160 (M+H), 142 (M-OH). 11-I-NMR

(CDCI3, 400 MHg) S [RPBA mfy 4ikdibn 304 Hhoviad thib? (ﬁrlzp’gngeprﬁ)oéén%d the

N-(4-Hydroxybuty1)-3-oxobutanamide 0 O 20A solution of 22 ml (0.24 mol) of 4-amino-1-butanol in 50

ml tetrahydrofurSA'WA8 Y389 URSHRiERAG A edkHon 87 9Py Bealer Y (69MaHbT WS m
tetrahydrofuran &5.6g@0R@mAlfteri-tuisianme atbe @ e dnsee istarsnghnaatesiahavassdetected by thin

layer chromatogiaphyrafie ERARBORIXIERAVaHE YBRAGSH AN Re L esiksg iMifiedihyLolumn
chromatogrqé)hy. This gave 3504%&}81.21 mol, 2586% vyield) of a white solid. IR (neat, cH): 3273,
: 1355,

3008, 2933,2868" 1713 #a4 798 e ior3hques3 20188 t1dPe o R eR (cDCI3,
400 MHz): 5 [ppredctiahar(ikidye ves( 2/ &I (D6 B2 ¢RMIPRLFAIE)/ 2.220(BHEr 14 G010

product was obtained as an oil.

10g each of this raw product was put on 200 g silica gel and eluted with 2 | acetic

ester / n-hexane (2 : 1 v/v). The eluate was concentrated to form an oil on the
10  rotavap at 50°C 7 < 100 mbar and dried further for at least 15 hours under high

vacuum at 20 - 25 °C. 31.5 g of product was obtained as an oil.

IR (in substance, cm™): 2958, 2932, 2873, 1722, 1635, 1590, 1490, 1458, 1431,

1392, 1372, 1292, 1226, 1144, 1113, 1037, 1007, 931, 774, 732, 683.

'H-NMR (CDCls, 400 MHz): § [ppm] / keto tautomer & = 0.87 — 0.92 (m, 3H), 1.25
15 = 1.31 (m, 2H), 1.47 — 1.50 (m, 2H), 2.23 (s, 3H), 3.26 — 3.30 (m, 2H), 3.45 (s,

2H); enol tautomer 8 = 0.87 — 0.92 (m, 3H), 1.25 - 1.31 (m, 2H), 1.47 — 1.50 (m,

2H), 1.91 (m, 3H), 3.13 - 3.17 (m, 2H), 5.00 (s, 1H), 14.95 (br. s, 1H).

U. Not awarded
20
V. N,N-dibutyl-3-oxopentanamide

\)\AN/\/\
NN

25 0.16 mol (20 ml) of methyl 3-oxovalerate (3-oxo-pentanoic acid methyl ester) and
0.415 mol (70 mi) of dibutylamine were stirred for 3 h at 130 °C, where methanol
formed was removed via a distillation bridge. Thereafter, excess dibutylamine
was distilled on a rotary evaporator, the crude product taken up in 40 ml water
and 90 ml of ethanol, with 3 ml 20% HCI adjusted to pH 3 and stirred for 1 h at 50

30  °C. The mixture was again evaporated to dryness, dissolved again in 200 ml ethyl
acetate and washed 3 times with 100 ml of water. The organic phase was dried



AO0-1. N-(5-Hydroxypenty1)-3-oxobutanamide 95 00 NWOH A solution of 39 g (0.38 mol) of
5-amino-1-pentanol in 300 ml tetrahydrofuran was added dropwise to a solution of 30 g of diketene
(0.36 mol) in 300 ml 5 tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated and the residue
purified by column chromatography. This gave 52.784g (0.28 mol, 79% yield) as a white solid. IR
(neat, cnll): 3269, 3096, 2928, 2855, 1725, 1711, 1643, 1418, 1361 1340, 101190, 1166, 1060. 1007.

LOMS: 188 (W) Al MR ERCIS AN BIBPRLA2 UL 0B 40, 32 01, 28

(1H), 2.2 (3H), 1.5 (4H) 13 (2H). 15 AO-2. N-(1-Hydroxy-2-methylpropan-2-yl)-3-oxobutanamide A
solution of 33 40‘%‘?@%‘:’3%0?)1 pa aﬁleﬁth@W%Wdﬁéﬁmtﬁ A8 ml of 20 tetrahydrofuran was added

dropwise to a solution of 30 g of diketene (0.36 mol) in 300 ml of tetrahydrofuran at -5 to O C. After 1 h

stirring at 0 C naoye;taring saaterialwasgaterseqd bshinilayer chiomategraphy . Hag reaction
mixture was evaporated and the residue gurl fied écolumn chromato@g j)hy Thlsgave 50.00 g (029
'3

mol, 81% yield) &f Awhit? sbfitf 25l (heat; LARE-39d4; 25713, 196309454 41898, 79453256, 1412,

1359, 1331, 689, 635.
CHN- Elemental analysis: C, 68.22; H, 11.336; N, 6.51.
LC-MS: M+H" 228.5; M+Na* 250.5.
1H-NMR (DMSO-dg, 400 MHz): Enol-Tautomer (40%), 6 = 15.1 (s, 1H), 5.31 (s,
10 1H), 2.89 (s, 3H), 2.81 (s, 3H), 2.15 (g, 2H), 1.04 (t, 3H); Keto-Tautomer (60%), &
= 3.57 (s, 2H), 2.89 (s, 3H), 2.81 (s, 3H), 2.49 (q, 2H), 0.91 (t, 3H).

W. 2-Fluoro-N,N-dimethyl-3-oxobutanamide

15 F

0.2 mol (25 ml) of ethyl 2-fluoroacetoacetat and 107 ml 33% dimethylamine in
ethanol (0.6 mol dimethylamine) were stirred for 3 h at 70 °C. The reaction
mixture was evaporated to dryness and 27 g of crude product chromatographed
20  over 350 g silica gel with ethyl acetate/methanol 9/1. 13.4 g of the title compound
were obtained.
IR (neat, cm™): 2942, 1729, 1650, 1501, 1403, 1358, 1260, 1217, 1176, 1151,
1072, 962, 829, 705, 681, 632, 611.
CHN- Elemental analysis: C, 47.99; H, 6.70; N, 9.05.
25 LC-MS: M+H" 148.2; M+Na* 170.2.
1H-NMR (DMSO-ds, 400 MHz): 8= 5.96 (d (J = 48 Hz), 1H), 3.03 (d (J = 1.4 Hz),
3H), 2.86 (d (J = 1.3 Hz), 3H), 2.18 (d (J = 4.0 Hz), 3H).

X. 2-Fluoro-3-oxo-N-propylbutanamide
30



1267. 1160, 1057. CHN-Elemental analysis: C 54.99, H 8.67, N 8.42. LCMS: 172 (M-H).

1H-NMR (00013, 400 MHz): 8 [ppm] = 7.1 (1H), 4.6 (1H), 3.5 (2H), 3.3 (2H), 2.2 30(3H), 1.3 (3H). AP.
N-(2-Hydroxyethyl)-N-methyl-3-oxobutanamide 96 o 0 OH A solution of 30 ml (0.38 mol)
2-(methylamino)ethanol in 300 ml tetrahydrofuran 5 was added dropwise to a solution of 30 g of
diketene (0.36 mop in 300 ml tetrahydrofuran at -5 850 C. After 1 h stirring at 0 C no more starting
material was detected by thin layer chromatography. The reaction mixture was evaporated and the
residue purified by column chromatography. This gave 41.469 (0.26 mol, 73% vyield) of a white solid.
10IR (neat, cm-1); 3407, 2934, 1717, 1620 1491, 1401, 1357. 1308, 1161, 1121, 1050, 928, 861, 778.
LCMS: 159 (M), A8 alieRom) of niererylaminso e Addesdoqwiss witain 4 8 o192 579l 1H), 3.0
(2H), 2.9 (1H), 2:25(8H)d =AY .2NH(2rbhpdtoxgrindpYig- Bactabuteintuneidead Beated and then

held for 2 h at 60 °C. Then it was evaporated to dryness, dissolved in 50 ml water
5 and 60 ml ethanol and adjusted with 32% HCI to pH 3. It was again evaporated,

dissolved in 300 ml ethyl acetate, filtered and again evaporated to dryness. 17 g

of crude product was chromatographed over 800 g silica gel with ethyl

acetate/hexane 1/1. After drying, 14 g of the title compound were obtained.

IR (neat, cm™): 3325, 2967, 2938, 2878, 1736, 1665, 1535, 1460, 1441, 1421,
10 1859, 1277, 1235, 1210, 1179, 1150, 1089, 963, 892, 818, 617.

CHN-Elemental analysis: C, 50.61; H, 7.19; N, 8.58.

LC-MS: M+H", 162.7; M+Na* 184.6.

1H-NMR (DMSO-ds, 400 MHz): 6= 8.47 (s (broad), 1H), 5.49 (d (J = 49 Hz), 1H),

3.05 (m, 2H), 2.22 (d (J = 3.1 Hz), 3H), 2.18 (d (J = 4.0 Hz), 3H); 1.42 (sextet,
15 2H); 0.81 (t, 3H).

Y 4-Methoxy-N,N-dimethyl-3-oxobutaneamide

/OMN/
|
20
0.17 mol (25 g) of methyl 4-methoxy-acetoacetate and 91 ml 33% dimethylamine
in ethanol (about 0.51 mol dimethylamine) were stirred in a pressure reactor for 4
hat 110 ° C. The reaction mixture was then evaporated to dryness and 27 g of
crude product chromatographed over 350 g silica gel with ethyl acetate/methanol
25  9/1. After drying, 12.4 g of the title compound were obtained.
LC-MS: M+H", 160.7; M+Na*, 182.6.
1H-NMR (DMSO-ds, 400 MHz): Enol-Tautomer (21%), & = 15.1 (s, 1H), 5.48 (s,
1H), 3.90 (s, 2H), 3.30 (s, 3H), 3.0-2.8 (m, 6H); Keto-Tautomer (79%), & = 4.10
(s, 2H), 3.55 (s, 2H), 3.27 (s, 3H), 2.90 (s, 3H), 2.81 (s, 3H).
30
Z. N,N,4-Trimethyl-3-oxopentanamide



>N OH 2019 ml (0.24 mol) 1-amino-2-propanol were added dropwise to a solution of 209 of diketene
(0.24 mol) in 200 ml tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material was
detected by thin layer chromatography. The reaction mixture was evaporated and the residue purified
by column chromatography. This gave 29.509 (0.19 mol, 78% yield) of a colorless oil. 25 (2H), 2.2
(3H), 1.1 (3H). 97 0 0 NOH 19 ml (0.24 mol) of 2-aggno-1-propanol were added dropwise to a solution
of 20 g of diketene (0.24 mol) in 200 ml tetrahydrofuran at -5 to O C. After 1 h stirring at 50 C no more
starting material was detected by thin layer chromatography. The reaction mixture was evaporated and

the residue purified bylcolumn chromatography. This gave 27.129 (0.17 mol, 71% yield) of a colorless
oil. 10 (2H), 2.2 (3H), 1.1 (3H).‘I\AS. N-(1-Hydroxybutan-2-yl)-3-oxobutanamide 0 0 NOH 15

0.69 mol (100 g) of 4-methyl-3-oxovaleric acid methyl ester and 309 ml 33%
dimethylamine in ethanol (about 1.73 mol dimethylamine) were stirred in a
5 pressure reactor for 2 hours at 110 ° C. After cooling, the solvents were distilled
on a rotary evaporator. After drying, 93 g of the title compound were obtained.
IR (neat, cm™): 2969, 2934, 2875, 1714, 1630, 1597, 1502, 1467, 1396, 1384,
1359, 1322, 1263, 1207, 1162, 1142, 1073, 1047, 972, 927, 892, 782, 725, 701,
650, 614.
10  CHN-Elemental analysis: C, 59.51; H, 9.60; N, 8.47.
LC-MS: M+H*, 158.5; M+Na", 180.2.
1H-NMR (DMSO-ds, 400 MHz): Enol-Tautomer (19%), & = 15.18 (s, 1H), 5.28 (s,
1H), 2.87 (s, 3H), 2.80 (s, 3H), 2.35 (heptet, 1H), 1.05 (d, 6H); Keto-Tautomer
(81%), d = 3.62 (s, 2H), 2.87 (s, 3H), 2.80 (s, 3H), 2.68 (heptet, 1H), 1.00 (d, 6H).
15
AA. 4-Methyl-1-(morpholin-4-yl)-pentane-1,3-dione

20  0.351 mol (49.6 ml) of 4-methyl-3-oxovaleric acid methyl ester and 0.369 mol
(32.3 ml) morpholine were stirred for 14 hours at 110 ° C in a Dean-Stark
apparatus. 8 ml methanol were collected. Subsequently, the excess starting
materials was distilled off for 3 h on a rotary evaporator (80 °C water bath, 2
mbar). The crude product was dissolved in 500 ml toluene and extracted with 50

25 mlof 1 M NaOH and 3 times with 50 ml water, and the organic phase was
concentrated on a rotary evaporator to dryness. After drying, 62.2 g of the title
compound were obtained.



34 ml (0.36 mol) of 2-amino-1-butanol were added dropwise to a solution of 30 g of diketene (0.36
mol) in 300 ml tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material was
detected by thin layer chromatography. The 20reaction mixture was evaporated and the residue
purified by column chromatography. This gave 46.97 g (0.27 mol, 76% yield) of a colorless oil. IR
(neat, cm-1): 3294, 3085, 2986, 2936, 2878, 1714, 8640, 1544, 1461, 1414, 1358, 1218, 1160, 1089,
1052. 11-1-NMR (CDCI3, 400 MHz): 6 [ppm] = 7.2 (1H), 3.8 (1H), 3.6 (1H), 3.5 (1H), 3.4

25(1H), 3.3 UH)F?@&%“&P? obid; Leb61H3s8.8 351 1695 Nelgr3-ydre p(%@é(')i% obutanamide

98 A solution of 22 0.21 mol) 3- methggsmlno 1026§) ane 01 in 200 m of tetrahydrofuran was
added dropwise 18(13’ 730?126?’11318%16 té‘rﬂe?(d B%@é@ r?ﬁ"of%‘fr%d%rﬁﬁoat -5to 0 C.
After 1 h stirring &9 13G, 00 8@ stedrting material was detected by thin layer chromatography. The

reaction mixture § Wwas %g%q%@gy@@déhggrgglqye&wnﬂpg By column chromatography. This gave
32.00 g (0.17 mol, 79% yield) of a colorless oil. IR (neat, cm-I): 3385, 2931, 1716, 1616, 1492, 1403,

1358, 1310, 1655 MPIMBACWE MARISLZS (M+Na), 190 (M+H), 172 (M-OH). 101H-NMR
(CDCI3, 400 MH):SNBDiRMSG:8( Uap, KisbiE 808 TBHYIRA (B, 3.3 (@H).(AUH), 537 (s,

1-(3-Hydroxypiperiglin-d7y) batianesh) 30H8NReptet, 1H), 1.06 (d, 6H): Keto-Tautomer (84%), & =
3.70 (s, 2H), 3.57-3.28 (m, 8H), 2.67 (heptet, 1H), 1.00 (d, 6H).

10  AB. 4-Methoxy-1-(morpholin-4-yl)butane-1,3-dione

0.346 mol (50.5 g) of methyl 4-methoxy-acetoacetate and 0.363 mol (31.6 g) of
15 morpholine was stirred for 20 h at 110 ° C in a Dean-Stark apparatus. There were
further added 0.069 mol (6.02 g) of morpholine and stirred further 3 hours.
Subsequently, the excess starting materials were distilled off on a rotary
evaporator. 67.3 g of crude product was chromatographed over 600 g silica gel
with ethyl acetate/ethanol 9/1. There were 36.9 g of the title compound.
20 IR (neat, cm™): 2921, 2857, 2361, 1729, 1633, 1590, 1438, 1362, 1303, 1272,
1244, 1199, 1111, 1069, 1038, 1019, 984, 965, 939, 920, 849, 778, 718, 681,
631.
LC-MS: M+H", 202.7; M+Na", 224.6.
1H-NMR (DMSO-dg, 400 MHz): 8Enol-Tautomer (14%), 6 = 14.8 (s, 1H), 5.55 (s,
25 1H), 3.91 (s, 2H), 3.60-3.32 (m, 8H), 3.30 (s, 3H); Keto-Tautomer (86%), & = 4.11
(s, 2H), 3.60 (s, 2H), 3.60-3.32 (m, 8H), 3.28 (s, 3H).

AC. 3-Acetyl-1-methylpyrrolidin-2-one

o
30



00 15 A solution of 36.10 g (0.36 mol) of 3-hydroxypiperidine in 300 ml tetrahydrofuran was added
dropwise to a solution of 30 g of diketene (0.36 mol) in 200 ml tetrahydrofuran at -5 to 0 C. After 1 h
stirring at 0 re no more starting material 20 was detected by thin layer chromatography. The reaction
mixture was evaporated and the residue purified by column chromatography. This gave 53.53 g (0.29
mol, 81% yield) of a white solid. IR (neat, cm-1): 3349, 1716, 1618, 1596, 1485. 1462, 1437, 1410,
1360, 1343, 1319, 1279, 1263, 1185, 1159, 1138, 1001. 921, 858. 251H-NMR (CDCI3, 400 MHz): 8
[ppm] = 3.8 (2H). 3.6 b s 3.2 (5H), 2.9 (1H), 2.2 (3H), 1.8 (2H), 1.6 (1H), 1.4 (1H). AV.
1[4-(Hydroxymethyppiperidin-1-yllbutane-1,3-dione 99 00 OH A solution of 25 g (022 mol) of
4-piperidine metﬁ%ﬁ& (860 MPLREARBIRPAATIER Y8t @'8r8PVIAsED @'s@lht%i‘fo‘f"i@eg of diketene
(0.2 mol) in 200 mittogen and 80 ml n-butyl lithium in hexane (2.5 M) were added dropwise. It was

allowed to stir for 20 minutes and then 20.00 g (0.20 mol) of 1-methyl-2-
5 pyrrolidinone were added dropwise at -78 ° C. After stirring the reaction mixture
for 1 hour 17.64 g (0.20 mol) of dry ethyl acetate were added at -78 °C. The
reaction mixture was warmed to room temperature and stirred for 14 hours. The
THF was removed on a rotary evaporator under reduced pressure and the
residue was taken up in 80 ml of 6 N HCI. The acidic aqueous phase was
10 saturated with NaCl and extracted 5 times with 300ml ethyl acetate. The
combined organic layers were dried over Na,SO,, and the solvent was removed
on a rotary evaporator. The remaining yellow oil was purified by column
chromatography. This gave 5.10 g product as a light yellow oil.
IR (neat, cm™™): 3495, 2929, 2885m 1714, 1674, 1500, 1433, 1403, 1358, 1297,
15 1262, 1166, 1107, 989, 763, 712.
'H-NMR (CDCls, 400 MHz): & [ppm] = 1.95 (1H), 2.30 (3H), 2.45 (1H), 2.75 (3H),
3.25 (1H), 3.35 (1H), 3.5 (1H).

AD. Ethyl (1-methyl-2-oxopyrrolidin-3-yl)(oxo)acetate

20
o}

~_° -

13.20 g of 60% NaH (in paraffin oil) (0.33 mol) was added to 100ml of dry diethyl

ether. With vigorous stirring, 19.83 g (0.20 mol) of N-methylpyrrolidone were
25 added. Then within one hour 121.30 g (0.83 mol) of diethyl oxalate were added

dropwise. After the addition the suspension was heated to 40 ° C and stirred for

21 hours. The reaction mixture was then cooled in an ice bath, mixed with 66 mi

5M HCI and the resulting 2-phase mixture was filtered once. Then the two phases

were separated, and the aqueous phase was extracted twice with 100ml diethy!

30 ether. The combined ethereal phases were dried over Na,SO,4 and concentrated
on a rotary evaporator to dryness. The oily residue was cooled to -80 °C and



5 tetrahydrofuran at -5 to O C. After 1 h stirring at 0 C no more starting material was detected by thin
layer chromatography. The reaction mixture was evaporated and the residue purified by column
chromatography. This gave 35.40 g (0.18 mol, 83% yield) of a colorless oil. IR (neat, cm.1): 3401,
3003, 2918, 2860, 1718, 1618, 1447, 1358, 1313, 1270, 101200, 1158, 1089, 1036, 987, 956.
1H-NMR (CDCI3, 400 MHz): S [ppm] = 4.5 (1H), 3,89(1H), 3.4 (2H), 3.3 (2H), 2.9 (1H), 2.6 (1H), 2.5
(21H), 2.2 (3H), 1.7 (3H), 1.1 (2H). AW. 1-[3-(Hydroxymethyppiperidin-1-yl]butane-1,3-dione 15 A

solution of ZSQQ%iete ﬁ ﬂf%?ﬁgfee%gh%ﬂ I H&éﬁgﬂ% Whgﬂ{%{dg ég{%% d lddropwise toa

solution of 18 g o ne (0.2 mo 200 ml 20 tetr uranat-5t0 0 1 stlrrlng at0C
no more startind $RAEAAF S aEBeRtaaeY ’ﬂﬁﬁ%@é’%ﬁﬁﬁ%@ﬁ&b’ﬁ% TREdBRCtion mixture was
evaporated and ithenesidis husitiez] byzolaass chresnaespapbyt THissyave 811398, (136, mol, 74%

yield) of a colorlesg Oil - “fzzé'@eﬁ"ig%mfjréo?’ﬂil"/' 2968 2622, 4L 636 786 ]tﬂ 7832837308, 1262,
6 [pp 103’8

1222, 251183, 1160, 1036, 855. 11-1-NMR'(CDCI3, 400 MHz): m is 3.2 (7TH),
2.9 (1H), 2. §(3|—1§)11677?3H) 1.3 (2H). 100 AX 1-[2- (Hydroxymethyl)plperldm -1- yI]butane -1,3-dione 5

A solution of 25 H{RNR GOIL R @ipe NtHaedgthane! iIreBQBHY| 2e3BaByirafasaryas. axidad) dropwise to a
solution of 18 g QEQI@I@N{.“ @b% I) in 200 ml tetrahydrofuran at -5 to 0 C. After 1 h stirringat 0 C no

more starting material was detected by thin layer chromatography. The reaction mixture was
evaporated 10and the residue purified by column chromatography. This gave 32.40 g (0.17 mol,
AE. Ethyl (1-methyl-2-oxopiperidin-3-yl)(oxo)acetate

vo%/

20.4 g of diisopropylamine (0.1 mol) were dissolved in 200 ml of dry THF under

10

nitrogen and cooled in a freezing mixture. 80 ml n-butyllithium in hexane (2.5 M,
15 0.2 mol) were added dropwise slowly. After the addition it was allowed to stir for
60 minutes and then 22.6 g N-methyl-2-piperidone (0.2 mol) were added
dropwise. The reaction mixture was stirred for another 20 min in the freezing
mixture. In a second flask, 87.7 g diethyl oxalate (0.6 mol) in 100 ml of dry THF
were cooled in a freezing mixture and the cooled reaction mixture was cannulated
20  with stirring in small portions to it. It was left overnight under stirring to warm to
room temperature. The THF was removed on a rotary evaporator and the residue
was taken up in 80 ml half concentrated hydrochloric acid. The aqueous phase
was extracted five times with 300 ml ethyl acetate, the combined organic phases
were dried over sodium sulfate and concentrated on a rotary evaporator to
25 dryness. The excess diethyl oxalate was removed by distillation (2-3 mbar, 80 °C)
and 45 g of crude product were obtained. 10.4 g product was obtained as white
crystals with a melting point of 23 ° C after crystallization from diethyl ether/n-
hexane.
IR (neat, cm™): 2981, 2935, 1721, 1610, 1503, 1449, 1393, 1371, 1331, 1304,
30 1247, 1223, 1193, 1095, 1081, 1028, 995, 944, 895, 860, 794, 758, 722, 671,
628.



76% yield) of a colorless oil. IR (neat, cm-1): 3403, 2936, 1717, 1612, 1442, 1357, 1309, 1267, 1226,
1158, 1139, 1049. 1H-NMR (CDCI3, 400 MHz): 5 [ppm) = 4.7 (1H), 4.4 (1H), 3.9 bis 3.7 (2H),
3.6 bis 153.3 (3H), 2.2 (3H). 1.7 bis 1.3 (6H). AY. 1-[(3S)-3-Hydroxypyrrolidin-1-yllbutane-1,3-dione 9?
'‘OH 20 A solution of 21.8 g (0.25 mol) (S)-3-pyrrolidinol in 200 ml tetrahydrofuran was added dropwise
to a solution of 20 g of diketene (0.24 mol) in 200 nygof tetrahydrofuran at -5 to 0 C added. After 1 h
stirring at 0 C no more starting material was detected by thin layer chromatography. The reaction

mixture was 25e t d the residuepurified by column,chr r L his e31.35¢g
(0,18 mol 77% yich ot BAHEL G 0% [ (oat Ao S beAe) 117, Qe Dhss, 1363
1357, 1224, 11881565 132 198428711 - 3HBIMR (CDCI3, 400 MHz): 8 [ppm] = 4.4 (1H), 4.1 (1H),
3.6 bis 3.3 (5H), 2.2 (3H), 2.0 bis 1.8 (3H). S AZ.1-[4-(2-Hydroxyethyl)piperazin-1-yl]butane-1,3-dione

00 AF. 3-Acetyl-1-methyl-piperidin-2-one

)K@/

20.6 g of diisopropylamine (0.2 mol) were placed in 200ml of dry THF under
nitrogen and cooled to -80 ° C. 80 ml n-butyllithium in hexane (2.5 M, 0.2 mol)
10  were slowly added dropwise. After the addition it was allowed to stir for 15 min
and then 22.6 g N-methyl-2-piperidone (0.2 mol) were added dropwise. The
reaction mixture was stirred for 30 min and then 17.6 g of dry ethyl acetate (0.2
mol) was added. The reaction mixture with stirring overnight was allowed to warm
to room temperature. The THF was removed on a rotary evaporator and the
15 residue was taken up in 80 ml 6M HCI. The agueous phase was extracted five
times with 100 mi ethyl acetate. The combined organic layers were dried over
sodium sulfate and the solvent was removed on a rotary evaporator. The product
(keto form : enol form = 1:1) was fractionated by distillation at 0.6 mbar and
obtained as a yellowish liquid (bp 70 °C.).
20 IR (neat, cm™"): 3506, 2940, 2865, 1715, 1632, 1597, 1498, 1463, 1443, 1401,
1386, 1354, 1330, 1310, 1252, 1203, 1160, 1118, 1081, 983, 952, 887, 762, 686,
651, 606.
Enol form:
'H-NMR (CDCls, 400 MHz): & [ppm] = 1.81 (2H), 1.92 (3H), 2.38 (2H), 2.96 (3H),
25 3.30(2H), 14.8 (1H).
Keto form:
'H-NMR (CDCls, 400 MHz): & [ppm] = 1.81 (3H), 2.14 (1H), 2.34 (3H), 2.99 (3H),
3.30 (2H), 3.48 (1H).

30 AG. Ethyl4-(dimethylamino)-2,4-dioxobutanoate



10A solution of 32.5 g (0.25 mol) 1-(2-hydroxyethyl)piperazine in 100 ml tetrahydrofuran was added
dropwise to a solution of 20 g of diketene (0.24 mol) in 200 ml of tetrahydrofuran at -5 to O C. After 1 h
stirring at 0 C no more starting material was detected by thin layer chromatography. The reaction
mixture was evaporated and the residue purified by column chromatography. This gave 1536.10 g
(0.17 mot, 71% vyield) of a colorless oil. IR (neat, cr\84l): 3412, 2922, 2812, 1717, 1628, 1441357,
1305, 1156, 1051, 1001, 875. LC-MS: 237 (M+Na), 215 (M+H). 1H-NMR (00013, 400 MHz):
8 [ppm] = 3.6 (4H), 3.5 (2H), 3.4 (2H), 2.7 1H), 2.6 20(2H). 2.5 (4H), 2.2 (3H). AAA.
1-(4-Methylpiperazin-1yhiiutane-1,3-dione 00 ;KAN 25 28 ml (0.25 mol) 1-(2-hydroxyethyl)piperazine
was added dropwise t0 a solution of 20 g of diketene (0.24 mol) in 300 ml tetrahydrofuran at -5 to O C.
After 1 h stirring at 0 C no more starting material was detected by thin layer 102 chromatography. The
reaction mixture was evaporated and the residue purified by column chromatography. This gave 33.70
g (0.18 mol, 77% G/ pbtitseptopidamion. (0. 1malereremiade?e88) 26am! of7dy, THENTE33, 1586,

1488, 1440, 13384368 and 2981cd2R & tdIngl ArQuOQd. ri/@butyllithium in hexane (2.5 M,
5 0.1 mol) were slowly added dropwise. When the addition was completed it was
allowed to stir for 60 minutes and then 8.7 g N,N-dimethylacetamide (0.1 mol)
were added dropwise. The reaction mixture was stirred for another 20 min in the
freezing mixture. In a second flask, 43.7 g of diethyl oxalate (0.3 mol) in 50 ml of
dry THF were cooled in a freezing mixture and the cooled reaction mixture was
10 cannulated with stirring in small portions to it. It was left overnight under stirring to
warm to room temperature. The THF was removed on a rotary evaporator and
the residue was taken up in 80 mi half concentrated hydrochloric acid. The
aqueous phase was extracted five times with 150 ml ethyl acetate, the combined
organic phases dried over sodium sulfate and concentrated on a rotary
15 evaporator to dryness. The excess diethyl oxalate was removed by distillation (2-
3 mbar, 80 °C) and 17 g of crude product were obtained. 5.5 g product was
obtained as white crystals with a melting point of 28 ° C after crystallization from
n-hexane.
IR (neat, cm™): 2984, 2941, 1738, 1620, 1507, 1467, 1393, 1370, 1355, 1313,
20 1260, 1170, 1126, 1016, 927, 860, 823, 772, 723, 628.
'H-NMR (CDCl3, 400 MHz): & [ppm] = 1.38 (3H), 3.06 (6H), 4.33 (2H), 6.25 (1H)

AH. 1-(Morpholin-4-yhbutane-1,3-dione

A

25 0

33 ml (0.38 mol) of morpholine were added dropwise at -5 to 0 °C to a solution of
30 g of diketene {0.36 mol) in 300 mi tetrahydrofuran. After 1 h stirring at 0 °C no
more starting material was detected by thin layer chromatography. The reaction

30 mixture was evaporated and the residue purified by column chromatography. This
gave 49.48 g (0.29 mol, 81% yield) of a white solid.



LC-MS: 207 (M+Na), 185 (M+H). 1H-NMR (CDCI3, 400 MHz): 8 [ppm]

= 3.6 (2H), 3.5 (2H), 3.4 (2H),

2.4 (4H), 2.3 (3H), 2.2 (3H). 10 AAB. N-(3-Hydroxypropy1)-N-methyl-3-oxobutanamide 00 NOH A
solution of 20 g (0.23 mol) of 3-methylamino-1-propanol in 50 ml 15 tetrahydrofuran was added
dropwise to a solution of 18 g of diketene (0.21 mop in 200 ml tetrahydrofuran -5 to O C. After 1 h
stirring at 0 C no more starting material was detecteg by thin layer chromatography. The reaction
mixture was evaporated and the residue purified by column chromatography. This gave 29.2 g (0.17

mol, 79% vyield)

1161, 1128, 105%{ %”z%g é%ﬁsoébéo %A(%%’S%ni]% %gi zé(% ]?\l“:le)g 1&?%@%?&?@2

[ppm] = 3.8 bis é.&7?7|11§4§ 933}) ¥ 2 (3H), 1.7 (2H). 25 AAC.

N-(trans-4- Hydr@mw@hémyﬂba&@@bmmi,de 7.693ssaution of 28.8 g (0.25 mol)
trans-4- amlnocylx_:@%alr?l rﬁﬂ ﬂ‘% i drofuran was added dropwise to a solution of 20 g of
te ofura

diketene (0.24 mol) in 2

358, 1310,
400 MHz): 8

at-5to 0 C. After 1 h stirring at 0 C no more starting

d
material wa$ det&thdd Fbﬁﬂﬁista‘ifé} Mh?@n?a[ﬂf@%pl%ﬁ Plae3 2 a&On HiXdlte was Sevaporated and the

residue is recrystallized from 200 ml of ethyl acetate. This

10

15

20

25

30

Al.  N-(2-Methoxyethyl)-3-oxobutanamide

/U\/U\N/\/O\

H

33 ml (0.38 mol) methoxyethylamine were added dropwise to a solution of 30 g of
diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 ° C. After 1 h stirring at 0
°C no more starting material was detected by thin layer chromatography. The
reaction mixture was evaporated and the residue purified by column
chromatography. This gave 47.15 g (0.30 mol, 83% yield) of a white solid.

IR (neat, cm™): 3291, 3095, 2978, 2922, 2887, 2851, 1709, 1643, 1560, 1417,
1356, 1344, 1297, 1195, 1166, 1122, 1092.

"H-NMR (CDCls, 400 MHz): & [ppm] = 7.1 (1H), 3.4 bis 3.3 (9H), 2.2 (3H).

Ad. N-Cyclopropyl-3-oxobutanamide

A,

H

26 mi (0.38 mmol) cyclopropylamine was added dropwise to a solution of 30 g of
diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0
°C no more starting material was detected by thin layer chromatography. The
reaction mixture was evaporated and the residue purified by column
chromatography. This gave 43.83 g (0.31 mol, 87% yield) of a white solid.

IR (neat, cm™): 3266, 3082, 3017, 2953, 2922, 1724, 1666, 1636, 1450, 1421,
1358, 1338, 1221, 1193, 1161, 1014.

LC-MS: 140 (M-H).



gave 33.6 g (0.17 mol, 71% yield) of a colorless solid. IR (neat. cm-1): 3274, 2940, 2859, 1716, 1639,
1543, 1450, 1423, 1338, 1221, 1136, 1098, 1058, 1009, 963, 948, 900. LC-MS: 200 (M+H), 222
(M+Na). 101H-NMR (CDCI3, 400 MHz): 8 [ppm] = 6.9 (1H), 3.7 (1H), 3.6 (1H). 3.3 (2H), 2.5 (1H), 2.2
(3H), 1.9 (4H), 1.4 bis 1.1 (4H). AAD. N-(3-Hydroxy-2,2-dimethylpropy1)-3-oxobutanamide 00 J-ULOH
15 A solution of 32.2 g (0.31 mol) of 3-amino-2,2-digaethyl-propan-1-ol in 60 ml tetrahydrofuran was
added dropwise to a solution of 25 g of diketene (0.30 mol) in 200 ml tetrahydrofuran at -5 to 0 C. After

1 h stirring at 0 (0] rti aterial was detected by thj er chromatography. The
reaction mixture%{v[}ﬁ%@vgg@égﬁég%rﬁ% ?ngmisﬂgﬁg ta Ifié%o%ff%épm?'rgf(é?ﬁy%ggetate. This
gave 40.6 g (0.22Hndl,57@% yield) of a colorless solid. IR (neat, cm-1): 3253, 3099, 2957, 2873, 1724,
1637, 1581, 1476, 1453, 1428, 1358, 1325, 1162. 1035. 995, 785. 25 LC-MS: (M+H), (M+Na).

111-NMR (CDCJ3, 40Q MHz2): S [ppm] = 7.5 (1H). 3.8 (1H), 3.4 (2H), 3.1 (4H), 2.3 (3H), 0.8 (6H). AAE.
1[4-(Dimethy|arr$r§0)p%§:’f w%‘ Pﬁgﬁéﬁaﬁ'ﬁé&a%gﬁ%"’%
5

SIS N

32 ml (0.38 mmol) of isopropylamine were added dropwise to a solution of 30 g of
diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0
10 °C no more starting material was detected by thin layer chromatography. The
reaction mixture was evaporated and the residue purified by column
chromatography. This gave 40.36 g (0.28 mol, 79% yield) of a white solid.
IR (neat, cm™): 3254, 3088, 2975, 2925, 1725, 1633, 1561, 1459, 1422, 1350,
1334, 1314, 1289, 1190, 1160, 1133.
15 "H-NMR (CDCls, 400 MHz): § [ppm] = 6.9 (1H), 4.0 (1H), 3.3 (2H), 2.2 (3H), 1.1
(6H).

AL. N-(2-Hydroxyethyl)-3-oxobutanamide

O O

)J\/U\N/\/OH

20 H

23 ml (0.38 mmol) of ethanolamine were added dropwise to a solution of 30 g of
diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0
°C no more starting material was detected by thin layer chromatography. The
25 reaction mixture was evaporated and the residue purified by column
chromatography. This gave 41.44 g (0.29 mol, 80% yield) as a white solid.
IR (neat, cm™): 3273, 3097, 2973, 2938, 2880, 1710, 1646, 1558, 1494, 1465,
1420, 1362, 1347, 1312, 1297, 1215, 1190, 1166, 1052, 1038.
CHN-Elemental analysis: C 49.13, H 7.76, N 9.71.
30 LC-MS: 145 (M), 127 (M-H20).
'H-NMR (CDCls, 400 MHz): & [ppm] = 7.5 (1H), 3.7 (2H), 3.4 (4H), 2.2 (3H).



104 20 g (0.16 mol) of 4-piperidine-dimethylamine were added dropwise to a solution of 12.5 g of
diketene (0.15 mol) in 200 ml tetrahydrofuran at -5 to O C. After 1 h 5 stirring at 0 C no more starting
material was detected by thin layer chromatography. The reaction mixture was evaporated and the
residue purified by column chromatography. This gave 23.9 g (0.11 mol, 76% yield) of a colorless oil.
HR (neat, cm-1): 3270, 2930, 2863, 2721, 1719, 1638, 1585, 1492 1448, 1389, 101360, 1270, 1238,
1198, 1154, 1060, 1040, 958, 873, 775. LC-MS: 213 (M+H), 235 (M+Na). 1H-NMR (CDCI3, 400 MHz):

8 [ppm] = 4.5 (1), 3-1\( . 33 )5 I-ﬁ- Lb?upa m .3 (1H), 2.2 (9H), 1.8 (2H). 1.3 (2H). 15
m-yl-ydégﬁéaﬁi?l, % g?

AAF. 1-(4-Methoxypiperi 3-dione .13 mol) of 4-methoxy-piperidine were
added dropwise to a solution of 20 10.4 g of diketene (0.12 mol) in 200 ml tetrahydrofuran at -5 to 0 C.
After 1 h stirring ab0 @no more starting material was detected by thin layer chromatography. The
reaction mixtureﬂé@é@@@ed d the residue purified by column chromatography. This gave 17.0
g (0.085 mol, 71% yield)-of a colorless oil. 25IR (neat, cm"1): 2930, 2863, 1720, 1635, 1586, 1488,
1445, 1390, 1359, 1270, 1188, 1097, 1077. 1067, 1024, 939, 904. LC-MS: 200 (M+H), 223 (M+Na).

1H-NMR (CRC's,4100 MEdz): 8 IpBMl 7:3:8.013 3.2 (8R)e 2 448 0 s St - 2ok of 30
g of diketene (0.36 mol) in 300 mi tetrahydrofuran at -5 to 0 °C. After 1 h stirring
at 0 °C no more starting material was detected by thin layer chromatography. The
reaction mixture was evaporated and the residue purified by column
chromatography. This gave 47.15 g (0.30 mol, 83% yield) of a white solid.

10 IR (neat, cm™): 3295, 3090, 2940, 2877, 1715, 1643, 1545, 1470, 1416, 1358,
1324, 1213, 1160, 1056, 963.
LC-MS: 182 (M+Na), 160 (M+H), 142 (M-OH).
"H-NMR (CDCl3, 400 MHz): & [ppm] = 7.4 (1H), 3.6 (3H), 3.3 (4H), 2.2 (3H), 1.6
(2H).

15
AN. N-(4-Hydroxybutyf)-3-oxobutanamide

o O

H

20 A solution of 22 ml (0.24 mol) of 4-amino-1-butanol in 50 ml tetrahydrofuran was
added dropwise to a solution of 20 g of diketene (0.24 mol) in 200 ml
tetrahydrofuran at -5 to 0 ° C. After 1 h stirring at 0 ° C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated
and the residue purified by column chromatography. This gave 35.43 g (0.21 mol,

25 86% yield) of a white solid.

IR (neat, cm™): 3273, 3098, 2933, 2866, 1712, 1644, 1555, 1418, 1361, 1344,
1322, 1188, 1167, 1060.
'H-NMR (CDCls, 400 MHz): § [ppm] = 7.4 (1H), 3.6 (2H), 3.3 (2H), 3.2 (2H), 3.1
(1H), 2.22 (3H), 1.5 (4H).

30

AO-1. N-(5-Hydroxypentyl)-3-oxobutanamide



105 AAG. 1-(2,6-Dimethylmorpholin-4-yObutane-1,3-dione 00 5 23 ml (0.19 mol) of
2,6-dimethylmorpholine were added dropwise to a solution of 15 g of diketene (0.18 mol) in 200 ml
tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material was detected by thin
layer chromatography. The reaction mixture was evaporated and the residue purified 10by column
chromatography. This gave 26.5 g (0.13 mol, 74% gild) of a colorless oil. IR (neat, crnl): 3683, 2974,
2863, 1720, 1635, 1440, 1377, 1359, 1322, 1246, 1223, 1171, 1139, 1083, 1035, 966, 839. LC-MS:
200 (M+H), 223 (M+Ng). 151H-NMR (CDCI3, 400 MHz): S [ppm] = 4.4 (1H), 4.0 (1H), 3.6 bis 3.3 (3H),
2.8 (1H), 2.4 (1H),|2.3 1I-/|1Kf2/.2\(3/l-\l), 1.1 (6H). AAH. N-(Morpholin-4-yl)-3-oxobutanamide 0 0 XAN-N/
\0O H V/ 20 18 ml {0.19 mdl) of 4-Amindorpholine were added dropwise to a solution of 15 g

A solution of 39 g (0.38 mol) of 5-amino-1-pentanol in 300 mi tetrahydrofuran was

added dropwise to a solution of 30 g of diketene (0.36 mol) in 300 ml
5 tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material

was detected by thin layer chromatography. The reaction mixture was evaporated

and the residue purified by column chromatography. This gave 52.70 g (0.28 mol,

79% yield) as a white solid.

IR (neat, cm™): 3269, 3096, 2928, 2855, 1725, 1711, 1643, 1418, 1361, 1340,

10 1190, 1166, 1060. 1007.

LCMS: 188 (M+H).

"H-NMR (CDCls, 400 MHz): & [ppm] = 7.2 (1H), 3.6 (2H), 3.4 (2H), 3.2 (2H), 2.8

(1H), 2.2 (3H), 1.5 (4H), 1.3 (2H).

15  AO-2. N-(1-Hydroxy-2-methylpropan-2-yl)-3-oxobutanamide

HAM o

H

A solution of 33,40 g (0.38 mol) 2-amino-2-methyl-1-propanol in 300 ml of
20 tetrahydrofuran was added dropwise to a solution of 30 g of diketene (0.36 mol)
in 300 mi of tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more
starting material was detected by thin layer chromatography. The reaction mixture
was evaporated and the residue purified by column chromatography. This gave
50.00 g (0.29 mol, 81% yield) of a white solid.
25 IR (neat, cm’'): 3308, 2973, 2932, 1714, 1646, 1545, 1456, 1412, 1359, 1331,
1267, 1160, 1057.
CHN-Elemental analysis: C 54.99, H 8.67, N 8.42.
LCMS: 172 (M-H).
'H-NMR (CDCls, 400 MHz): & [ppm] = 7.1 (1H), 4.6 (1H), 3.5 (2H), 3.3 (2H), 2.2
30 (3H), 1.3 (3H).

AP. N-(2-Hydroxyethyl)-N-methyi-3-oxobutanamide



of diketene (0.18 mol) in 200 ml tetrahydrofuran at -5 to O C. After 1 h stirring at 0 C no more starting
material was detected by thin layer chromatography. The 25reaction mixture was evaporated and the
residue purified by column chromatography. This gave 26,1 g (0.14 mol, 78% yield) of a colorless oil.
IA (neat, crn11): 3095, 2940, 2841, 1711. 1677, 1625, 1591, 1504, 1448, 1380, 1358, 1302, 1263,
1193, 1163, 1109, 1073, 1038, 912, 869. LC-MS: 1&7 (M+H), 210 (M+Na). 106 1H-NMR (DMSO, 400
MHz): 6 [ppm] = 3.8 bis 3.3 (6H), 2.8 bis 2.5 (4H), 2.2 (3H), 2.1 (1H). AAL.
1-(Morpholin-4-yl)pentane-1,3-dione 5 0 0 Th 50.0 g (384 mmol) of 3-oxovaleric acid methyl ester and
35.1 g (403 mmol) of morpholine were heated for 9 h at 110 C, whereby the methanol formed was 10
removed via a %n bridge. The reaction mixture was then freed of volatile constituents on a
rotary evaporator a wrified Dy column chromatography (silica gel, eluent: gradient of ethyl acetate
to ethanol). The pure préduct fractions were freed from solvent on a rotary evaporator and yielded 39.7
g (60%) of a viscous, colorless, clear oil. 15IR (neat, cm 1): 2973, 2858, 1716, 1633, 1437, 1359,

1301, 1272, 124\753131an of 30 ml (0.38 mol) 2-(methylamino)ethanol in 300 ml tetrahydrofuran
5 was added dropwise to a solution of 30 g of diketene (0.36 mol) in 300 ml
tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated
and the residue purified by column chromatography. This gave 41.46 g (0.26 mol,
73% yield) of a white solid.
10 IR (neat, cm™): 3407, 2934, 1717, 1620, 1491, 1401, 1357, 1308, 1161, 1121,
1050, 928, 861, 778.
LCMS: 159 (M), 141 (M-H20).
'H-NMR (CDCls, 400 MHz): § [ppm] = 3.7 (3H), 3.5 (2H), 3.3 (1H), 3.0 (2H), 2.9
(1H), 2.2 (3H).
15
AQ. N-(2-Hydroxypropyl)-3-oxobutanamide

)J\/KN/\rOH

H

20 19 ml (0.24 mol) 1-amino-2-propanol were added dropwise to a solution of 20 g of
diketene (0.24 mol) in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0
°C no more starting material was detected by thin layer chromatography. The
reaction mixture was evaporated and the residue purified by column
chromatography. This gave 29.50 g (0.19 mol, 78% yield) of a colorless oil.

25 IR (neat, cm™): 3307, 3088, 2972, 2930, 1714, 1643, 1545, 1415, 1359, 1326,
1161, 1134, 1090.

'H-NMR (CDCls, 400 MHz): & [ppm] = 7.4 (1H), 3.9 (1H), 3.8 (1H), 3.3 (2H), 3.1
(2H), 2.2 (3H), 1.1 (3H).

30 AR. N-(1-Hydroxypropan-2-yl)-3-oxobutanamide



1111, 1068, 1032, 961, 850. 584. Elemental analysis: C, 57.26; H, 8.00; N, 7.96. LC-MS: 186.7
(M+H+), 208.7 (M+Na+). 1H-NMR (CDCI3, 400 MHz): 3.59-3.46 ( 8H), 3.33 ( 2H). 2.48 ( 2H). 0.98 (
3H). 20 AAJ. 1-(4-Hydroxypiperidin-1-yl)pentane-1,3-dione 00 2559.0 g (583 mmol) of
4-hydroxypiperidine and 79.7 g (612 mmol) of 3-oxovaleric acid methyl ester were heated for 9 h at
110 C, and the resulting methanol was removed viaga distillation bridge. The reaction residue was
freed from volatiles on a rotary evaporator, taken up in ethanol, and filtered through 600 ml of strongly
acidic ion exchanger (Qowex @ HCR-W2), concentrated again and purified by 30column
chromatography (dilicalgel elyspt's gradient from ethyl acetate to 107 ethanol). The pure product
fractions were fréed fron solvent on a rotary evaporator and yielded 63.6 g (55%) of a viscous, clear,
colorless oil. IR (neat, cm’): 2940, 2877. 1715, 1616, 1449, 1369, 1299, 1171, 1108, 1077, 1059, 1018,
978. 930, 583. 5LC-MS: 186.8 (M+Fl+); 208.7 (M+Na+). 11-1-NMR (CDCI3, 400 MHz): 3.85 ( 2H),
3.60-3.51 ( 1H), @47 (0224) nDI28f (2144){n8-1HDMan I 24y eadde( 2kbpvlisE0 2HhIdtidR ¢f2A8)g 0.96 ( 3H).

of diketene (0.24 mol) in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at
5 0 °C no more starting material was detected by thin layer chromatography. The

reaction mixture was evaporated and the residue purified by column
chromatography. This gave 27.12 g (0.17 mol, 71% vyield) of a colorless oil.
IR (neat, cm™): 3295, 3083, 2974, 2935, 2877, 1714, 1640, 1544, 1454, 1413,
1358, 1324, 1220, 1160, 1095, 1050, 992.

10 'H-NMR (CDCls, 400 MHz): & [ppm] = 7.2 (1H), 4.0 (1H), 3.9 (1H), 3.6 (1H), 3.4
(2H), 2.2 (3H), 1.1 (3H).

AS. N-(1-Hydroxybutan-2-yl)-3-oxobutanamide

S W

15 H

34 ml (0.36 mol) of 2-amino-1-butanol were added dropwise to a solution of 30 g

of diketene (0.36 mol) in 300 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at

0 °C no more starting material was detected by thin layer chromatography. The
20 reaction mixture was evaporated and the residue purified by column

chromatography. This gave 46.97 g (0.27 mol, 76% yield) of a colorless oil.

IR (neat, cm™): 3294, 3085, 2986, 2936, 2878, 1714, 1640, 1544, 1461, 1414,

1358, 1218, 1160, 1089, 1052.

'H-NMR (CDCls, 400 MHz): & [ppm] = 7.2 (1H), 3.8 (1H), 3.6 (1H), 3.5 (1H), 3.4
25 (1H), 3.3 (1H), 2.2 (8H), 1.5 (1H), 1.4 (1H), 0.8 (3H).

AT. N-(2,3-Dihydroxypropyl)-3-oxobutanamide

)J\/U\N&K\OH

I oH
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AAK. N-Butyl-3-oxoheptanamide 10 N 0.9 mol (150 ml) of methyl 3-oxoheptanoate and 2.7 mol (270
ml) butylamine. were stirred 5 h at 100 'C in the pressure vessel. Thereafter, excess butylamine 15
was distilled off on a rotary evaporator, the crude product was taken up in water/ethanol, and adjusted
with concentrated HCI to pH 3. The mixture was again evaporated to dryness, taken up again in ethyl
acetate and filtered. The filtrate was washed with 144 HCI and water. The organic phase was dried
over Na2S04 and after filtration evaporated in a rotary evaporator to dryness. The 20 crude product

was dissolved in,100 ml diethyl ether crystallized. at 5.C. The product. was filtered off and dried.
There were obta/i\ngq@]g% 8¥o¥%g§e %itl@?:gmr%oﬁ.;édmﬁ%z%]aeng\'_tr,méﬂ%ﬁ?%@fggi}%é%,%5&‘2%f31, 2873,
1723, 1707, 164¢trabgisohungpwas addsi dropwispatpea $afption 9608 maf7diketsge 1921 Mok, 1159,

1125, 1098, 106h, 2516l 3 60aHHe8Rk 474 134, T36A501 GHrfgraentacanalysise C, 66.77; H,
10.62; N, 6.93_ LL.C-MS: M+E : 222.7. TH-NMR (DMSQ-dg. 400 MHz):.Enol-Tautomer
(1550, 5 o] S PG e e S Y SR S QM £ 1 s
4H), 1.3-1.2530(Weue¥arpEded. 80d e arpidke gt dmsp gy BheRatography- THS Iave(s, 2H), 3.02
(a, 2H), 2.47(t, 24)00 G0 & (ol AH4)6 YiBid).Bf (reokips.86-0.81 (M, 6H). AAL.
1-(4-Hydroxypipgfidinz}-vh4-msHy1ps81ang1%318ie 492, 1403, 1358, 1310, 1162, 1103,

1040, 925.

LC-MS: 212 (M+Na), 190 (M+H), 172 (M-OH).

10 'H-NMR (CDCls, 400 MHz): & [ppm] = 3.9 (1H), 4.8 bis 3.3 (8H), 3.1 (3H), 2.3
(3H).

AU. 1-(3-Hydroxypiperidin-1-yl)butane-1,3-dione

o O

A

OH
15

A solution of 36.10 g (0.36 mol) of 3-hydroxypiperidine in 300 ml tetrahydrofuran
was added dropwise to a solution of 30 g of diketene (0.36 mol) in 200 ml
tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material
20 was detected by thin layer chromatography. The reaction mixture was evaporated
and the residue purified by column chromatography. This gave 53.53 g (0.29 mol,
81% yield) of a white solid.
IR (neat, cm™): 3340, 1716, 1618, 1596, 1485, 1462, 1437, 1410, 1360, 1343,
1319, 1279, 1263, 1185, 1159, 1138, 1001. 921, 858.
25 'H-NMR (CDCls, 400 MHz): § [ppm] = 3.8 (2H), 3.6 bis 3.2 (5H), 2.9 (1H), 2.2
(3H), 1.8 (2H), 1.6 (1H), 1.4 (1H).

AV. 1-[4-(Hydroxymethyl)piperidin-1-yl]butane-1,3-dione



N 1 K20H 108 0.351 mol (49.6 ml) of 4-methyl-3-oxovaleric acid methyl ester and 0.369 mol 5 (37.3
g) of 4-hydroxypiperidine were stirred for 6 h at 120 C in a Dean-Stark apparatus. 12 ml of methanol
were collected. Subsequently, the excess starting materials were distilled off for 3 h on a rotary
evaporator (80 C water bath, 2 mbar). 71 g of the title compound were obtained. IR (neat, cm-1): 2934,
2873, 1712. 1619, 1449, 1384, 1364, 1330, 1300, 1g67, 101225, 1187, 1166, 1117, 1071, 1025, 979,
955, 930, 846. 808, 777, 733, 693. CHN-Elemental analysis: 0,50.13; H, 7.514; N, 5.89. LC-MS:
M+H+, 214.9; M+Na+, 239.9. 1H-NMR (DMSO-d6, 400 MHz): Enol-Tautomer (15%), 5 [ppm] = 5.39
(s, 1H), 4.49 (s (bread)©1H), 3.9-2.9 (m, 5H), 2.6-2.5 (m, 1H), 1.75-1.11 (m, 4H), 1.06 (d, 156H);
Keto-Tautomer (85@1)/@\1—Q 3 (s (broad), 1H), 3.67 (s, 2H), 3.9-2.9 (m, 5H). 2.68 (heptet, 1H),
1.75-1.11 (m, 4H), 1.00 (@AAM. N-(2-HydroxyethyD-N,4-dimethyl-3-oxopentanamide

OH

A solution of 25 g (0.22 mol) of 4-piperidine methanol in 200 ml tetrahydrofuran

was added dropwise to a solution of 18 g of diketene (0.2 mol) in 200 ml
5 tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material

was detected by thin layer chromatography. The reaction mixture was evaporated

and the residue purified by column chromatography. This gave 35.40 g (0.18 mol,

83% vyield) of a colorless oil.

IR (neat, cm™): 3401, 3003, 2918, 2860, 1718, 1618, 1447, 1358, 1313, 1270,

10 1200, 1158, 1089, 1036, 987, 956.
'H-NMR (CDCls, 400 MHz): & [ppm] = 4.5 (1H), 3.7 (1H), 3.4 (2H), 3.3 (2H), 2.9
(1H), 2.6 (1H), 2.5 (1H), 2.2 (3H), 1.7 (3H), 1.1 (2H).

AW. 1-[3-(Hydroxymethyl)piperidin-1-yi]butane-1,3-dione
15

0o O

MN
OH

A solution of 25 g (0.22 mol) of 3-piperidinemethanol in 200 ml tetrahydrofuran

was added dropwise to a solution of 18 g of diketene (0.2 mol) in 200 ml
20 tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material

was detected by thin layer chromatography. The reaction mixture was evaporated

and the residue purified by column chromatography. This gave 31.50 g (0.16 mol,

74% yield) of a colorless oil.

IR (neat, cm™): 3411, 2926, 2859, 1717, 1618, 1442, 1358, 1308, 1262, 1222,
25 1183, 1160, 1036, 855.

'H-NMR (CDCls, 400 MHz): & [ppm] = 4.1 (1H), 3.6 bis 3.2 (7H), 2.9 (1H), 2.2

(3H), 1.7 (3H), 1.3 (2H).



20 0.351 mol (50 ml) of 4-methyl-3-oxovaleric acid methyl ester and 0.369 mol (29.5 ml)
2-(methylamino)ethanol were stirred for 15 h at 120 C in a Dean-Stark apparatus. 12 ml of methanol
were collected. Subsequently. the excess starting 25materials 2 h were distilled off on a rotary
evaporator (80 C water bath, 1 mbar). There were obtained 64 g of the title compound. IR (neat, cmil):
2969, 2934, 2875, 1713, 1621, 1491, 1466, 1401, 1364, 1358, 1303, 1265, 1211, 1120. 1072, 1048,
996, 926, 892, 862, 784, 726, 692, 615. CHN-Elemental analysis: C, 52.00; H, 6.84; N. 6.01.
30LC-MS: M+H4, 188.7; M+Naii, 210.6. 109 1F-I-NMR (DMSO-d6, 400 MHz): E/Z-Isomerie im
Verhaltnis ca. 45/55; EnolTautomer (20%), 6 [ppm] = 5.31, 5.28 (s, 1H), 3.55-3.42 (m, 2H), 3.42-3.25
(m, 2H), 3.0-2.84%:, 3HY[2(lydsogymethy ipipeidiniyykutael@iereso%), 6 = 3.70, 3.66 (s, 2H),
3.55-3.42 (m, 2H), 3.42-3.25 (m, 2H), 2.94, 2.83 (s, 3H), 2.71, 52.70 (heptett, 1H), 1.02, 1.01 (d, 6H).
AAN. N,N,2-Trimethy1-3-oxobutanamide 10

=

A solution of 25 g (0.22 mol) 2-piperidinemethanol in 200 ml tetrahydrofuran was

added dropwise to a solution of 18 g of diketene (0.2 mol) in 200 ml

tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 ° C no more starting material

was detected by thin layer chromatography. The reaction mixture was evaporated
10 and the residue purified by column chromatography. This gave 32.40 g (0.17 mol,

76% vyield) of a colorless oil.

IR (neat, cm™): 3403, 2936, 1717, 1612, 1442, 1357, 1309, 1267, 1226, 1158,

1139, 1049.

"H-NMR (CDCls, 400 MHz): & [ppm] = 4.7 (1H), 4.4 (1H), 3.9 bis 3.7 (2H), 3.6 bis
15 3.3 (8H), 2.2 (3H), 1.7 bis 1.3 (6H).

AY. 1-[(3S)-3-Hydroxypyrrolidin-1-yllbutane-1,3-dione

20
A solution of 21.8 g (0.25 mol) (S)-3-pyrrolidinol in 200 ml tetrahydrofuran was
added dropwise to a solution of 20 g of diketene (0.24 mol) in 200 ml of
tetrahydrofuran at -5 to 0 °C added. After 1 h stirring at 0 °C no more starting
material was detected by thin layer chromatography. The reaction mixture was
25 evaporated and the residue purified by column chromatography. This gave 31.35
g (0.18 mol, 77% yield) of a colorless oil.



0.318 mol (50 ml) of ethyl 2-methylacetoacetic acid ester (ethyl 2-methyl-3-oxobutanoate) (technical
90%) and 143 ml 33% dimethylamine in ethanol (about 0.795 mol dimethylamine) were stirred in a
pressure reactor for 8 hours at 130 C. After cooling the reaction mixture was concentrated on a rotary
evaporator, 15 the residue was dissolved in 400 ml ethyl acetate and extracted 5 times with 150 ml of
water. The combined water phases were evaporateg1in a rotary evaporator to dryness. 18.89 of the
titte compound were obtained. IR (neat, cm-1): 2984. 2938, 1721, 1632, 1497, 1451, 1396, 1355,

1312, 1265, 1214, , 1145, 8 , , 734.-,6 3 ..2@CHN-Elemental

analysis: C. 712%%%8%& %%gé 8&%2@1 %dﬁé Zﬂzﬁr% gg&ﬁrfgfﬁéé%g 1‘_1|‘|¥ELO$\IMR

(DMSO0-c16, 400 190/ 2P% $dpm] = 3.92 (g, 1H); 3.03 (s, 3H) 2.84(s, 3H): 2.06 (a, 3H); 1.12 (d, 3H). 25

AAO. N,N-DimethyliMropoogelohexanearbdxssritle 4410 preasueHgas®biOnB Bayraat 110 C. After

cooling the reac}%r}ergiéﬁrﬁa vg?lg oncentrated on a rotary evaporator, the residue was dissolved in
fan

500 ml ethyl acetat organic phase was washed with 200 ml of 1 M NaOH and 3 x 50 ml|
water. The &rganic phase was then evaporated on a rotary evaporator to 5 dryness. 46 g of the crude

product was disg@vedchipml@Hyddexi iy passhadiathgnpoathaedleridipMeC. Precipitated product was
filtered off and dried, 3.6 g of the title compound were obtained. IN (neat, cm-1): 2939, 2867, 1691,

1639, 1496, 1454, 1442, 1429, 1409, 1396, 1342, 1316, 1287, 1261, 1208, 1155. 1130, 1096,
1067, 1038, 1012, 959, 923, 10897, 870, 853, 808, 769, 696, 659, 623. CHN-Elemental analysis: C,
71.21; H, 7.81; N, 6.39; ¢, 14.59. LC-MS: M+Hi', 170.6; M+Na+, 192.8.

/\

N

10 A solution of 325 g (0.25 mol) 1-(2-hydroxyethyl)piperazine in 100 ml
tetrahydrofuran was added dropwise to a solution of 20 g of diketene (0.24 mol)
in 200 ml of tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more
starting material was detected by thin layer chromatography. The reaction mixture
was evaporated and the residue purified by column chromatography. This gave

15 36.10 g (0.17 mol, 71% yield) of a colorless oil.

IR (neat, cm™): 3412, 2922, 2812, 1717, 1628, 1441, 1357, 1305, 1156, 1051,
1001, 875.

LC-MS: 237 (M+Na), 215 (M+H).

'H-NMR (CDCl3, 400 MHz): & [ppm] = 3.6 (4H), 3.5 (2H), 3.4 (2H), 2.7 (1H), 2.6

20 (2H), 2.5 (4H), 2.2 (3H).

AAA. 1-(4-Methylpiperazin-1-yl)butane-1,3-dione

JE,
Ll

25
28 ml (0.25 mol) 1-(2-hydroxyethylpiperazine was added dropwise to a solution
of 20 g of diketene (0.24 mol) in 300 ml tetrahydrofuran at -5 to 0 °C. After 1 h
stirring at 0 °C no more starting material was detected by thin layer



11-1-NMR (DMSO-c16, 400 MHz): 6 [ppm] = 3.86 (dd, 1H), 2.82 (s, 3H), 2.81 (s, 3H), 2.54-2.22 (m,
2H), 2.0-1.5 (m, 6H). 15 AAP. N,N-Dimethy1-2-oxocyclopentancarboxamide 200.337 mol (50 nil) of
ethyl 2-oxocyclopentanecarboxylate and 152 ml 33% dimethylamine solution in ethanol were stirred in
a pressure reactor for 4 h at 110 C. The reaction mixture was then evaporated to dryness and the
crude product was purified over 400 g silica gel withoethyl acetate/hexane 1/1. 17.7 g of the title
compound were obtained. 25IR (neat, cm-1): 2955, 2884, 1735, 1634. 1494, 1455, 1396, 1320, 1260,

1198, 1167, 114&%9{’@&%%‘%%&%‘# %%?fur%“@ ?%@a&&%te@é%nc? RiRYy 9&2:238 hiigd!S: M-FH,

156.7; M+Na+, 178.6. 1 SO-d6, 400 M (s, 3H); 2.83 (s,
3H): 2.3-1.4 (m, %H?Owﬂmom‘%%ﬂf%%ntﬂ'% 6%%&% gnﬂd@ g m ’safdﬁdﬁe&ff 29133 (0.25 mol)

cyclopentylamineolore@smlitetrahydrofuran was added dropwise at -5 to 0 C to a solution of 20 g of

dketene (0.24 rielBcf OB SdsHElfobA AT 1o stitig SACAAMORBLATY material was

detected by thin Ia%/er chromatogrgg e reaction mixture was evaporated and the residue is
recrystalllzeﬁ fror 1 o0amd o1f1ét<h)?l @eﬂaﬁ@ THE& gave 31.4 g (0.19 mol, 78% vyield) as a white solid.
IR (neat, cm-1): 3256 :3033M2NE], PRELON 2868, 1719 647, 1626, 1556, 1422,

'H-NMR (CDCls, 400 MHz): & [ppm] = 3.6 (2H), 3.5 (2H), 3.4 (2H), 2.4 (4H), 2.3
(3H), 2.2 (3H).

10  AAB. N-(3-Hydroxypropyl)-N-methyl-3-oxobutanamide

0 O

MT/\/\OH

A solution of 20 g (0.23 mol) of 3-methylamino-1-propanol in 50 ml
15  tetrahydrofuran was added dropwise to a solution of 18 g of diketene (0.21 mol)
in 200 ml tetrahydrofuran -5 to 0 °C. After 1 h stirring at 0 °C no more starting
material was detected by thin layer chromatography. The reaction mixture was
evaporated and the residue purified by column chromatography. This gave 29.2 g
(0.17 mol, 79% yield) of a colorless oil.
20 IR (neat, cm™): 3407, 2936, 1718, 1622, 1493, 1402, 1358, 1310, 1161, 1128,
1058, 945.
LC-MS: 156 (M-OH), 174 (M+H), 196 (M+Na).
'H-NMR (CDCls, 400 MHz): § [ppm] = 3.8 bis 3.4 (7H), 2.9 (3H), 2.2 (3H), 1.7
(2H).
25
AAC. N-(trans-4-Hydroxycyclohexyl)-3-oxobutanamide



101357, 1197, 1161, 999. LC-MS: 170 (M+H). 1H-NMR (CDCI3, 400 MHz): 6 [ppm] = 6.9 (1H), 4.2
(1H), 3.3 (2H), 2.2 (3H), 1.9 (2H), 1.6 (4H), 1.4 (2H). 15AAR. 1-(Pyrrolidin-1-yl)butane-1,3-dione 00 A
solution of 21 ml (0.25 mol) of pyrrolidine in 50 ml tetrahydrofuran was added 20 dropwise to a
solution of 20 g of diketene (0.24 mol) in 200 ml tetrahydrofuran at - 5 to 0 C. After 1 h stirring at 0 C
no more starting material was detected by thin layet@hromatography. The reaction mixture was
evaporated and the residue was purified by column chromatography. This gave 29.99 (0.19 mol, 81%

yeld) o an of. 28R, ngeh CBI1NA072. 216, A, A3 1589, 1481 1453, 193409 S5, 1226, 1193,

1159, 934, 776. LC-MS: 156 (M+H), 178 (M+Na). 1H-NMR (CDCI3, 400 MHz): =3.2(5H), 2.1
(3H), 1.7 (5H). ﬁ*ﬁaJ&WéOfN)i%‘BhWNa&d%%%%Mﬁéy‘ﬁ B §@Hh%{ie°b6%9+% %‘f@‘%@?(@ gé M8l of diketene.
209 L-ser ne meihgbeste tdisanairhioraea(03L® MAD). sitk21 16 Fithh g &imoiC e q)wé NaHBGO 3 were

mixed in 1000 mkafhEiFyalkObte {BEMLINMIC SDBIMERARITIAKRY B TAMBRRUNRE,FUrie! at room

temperature, After 24 h stirring at room temp erature the reaction mixture was filtered_and the residue
was recrystaﬁllzeﬂ’ﬁ%‘?@?ﬁ()ﬁﬁﬁ H?eefﬁﬂdé(@elﬁa@“i”ﬁ lbzﬁ\gefré’fql%@ (@19 ethyl acetate. This
gave 33.6 g (0.17 mol, 71% yield) of a colorless solid.

IR (neat, cm™"): 3274, 2940, 2859, 1716, 1639, 1543, 1450, 1423, 1338, 1221,
1136, 1098, 1058, 1009, 963, 948, 900.
LC-MS: 200 (M+H), 222 (M+Na).

10 'H-NMR (CDCls, 400 MHz): & [ppm] = 6.9 (1H), 3.7 (1H), 3.6 (1H), 3.3 (2H), 2.5
(1H), 2.2 (3H), 1.9 (4H), 1.4 bis 1.1 (4H).

AAD. N-(3-Hydroxy-2,2-dimethylpropyl)-3-oxobutanamide

0O O
15
A solution of 32.2 g (0.31 mol) of 3-amino-2,2-dimethyl-propan-1-ol in 60 ml
tetrahydrofuran was added dropwise to a solution of 25 g of diketene (0.30 mol)
in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting
20 material was detected by thin layer chromatography. The reaction mixture was
evaporated and the residue is recrystallized from 150 ml of ethyl acetate. This
gave 40.6 g (0.21 mol, 73% yield) of a colorless solid.
IR (neat, cm™): 3253, 3099, 2957, 2873, 1724, 1637, 1581, 1476, 1453, 1428,
1358, 1325, 1162, 1035, 995, 785.
25 LC-MS: (M+H), (M+Na).
"H-NMR (CDCls, 400 MHz): & [ppm] = 7.5 (1H), 3.8 (1H), 3.4 (2H), 3.1 (4H), 2.3
(3H), 0.8 (6H).

AAE. 1-[4-(Dimethylamino)piperidin-1i-yl]butane-1,3-dione
30



10mol, 81% yield) as a white solid. IR (neat, cmil): 3499, 3297, 2962, 1734, 1712, 1642, 1556, 1430,
1416, 1351, 1316, 1246, 1209, 1190, 1170, 1137; 1081; 1040. 978, 704. LC-MS: 226 (M+Na), 187
(M-CH3-H), . 1H-NMR (CDCI3, 400 MHz): 5 [ppm] = 8.4 (1H), 5.1 (1H), 4.4 (1H), 3.7 bis 3.4
15(7H), 2.1 (3H). AAT. 1-(4-Acetylpiperazin-1-yl)butane-1,3-dione 20 00 )c) A solution of 20.89 (0.17
mol) 1-acetylpiperazine in 50 ml tetrahydrofuran wefetadded dropwise to a solution of 13 g of diketene
(0.16 mol) in 200 ml tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material was
detected by thin layer chromatography. The reaction mixture was evaporated 25and the residue
purified by column hro?natography. This gave 27.2 g (0.13 mol, 83% vyield) of a colorless oil. 113 IR
(neat, crn-1): 2919, ;@f 1631, 1422, 1358, 1307, 1284, 1248, 1159, 1063, 993.

-

N
|

20 g (0.16 mol) of 4-piperidine-dimethylamine were added dropwise to a solution

of 12.5 g of diketene (0.15 mol) in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h
5 stiring at 0 °C no more starting material was detected by thin layer

chromatography. The reaction mixture was evaporated and the residue purified

by column chromatography. This gave 23.9 g (0.11 mol, 76% yield) of a colorless

oil.

IR (neat, cm™): 3270, 2930, 2863, 2721, 1719, 1633, 1585, 1492, 1448, 1389,

10 1360, 1270, 1238, 1198, 1154, 1060, 1040, 958, 873, 775.

LC-MS: 213 (M+H), 235 (M+Na).

'H-NMR (CDCls, 400 MHz): & [ppm] = 4.5 (1H), 3.7 (1H), 3.5 (2H), 3.0 (1H), 2.6

(1H), 2.3 (1H), 2.2 (9H), 1.8 (2H), 1.3 (2H).

15  AAF. 1-(4-Methoxypiperidin-1-yl)butane-1,3-dione

I3,
oW

15 g (0.13 mol) of 4-methoxy-piperidine were added dropwise to a solution of
20 10.4 g of diketene (0.12 mol) in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h
stirring at 0 °C no more starting material was detected by thin layer
chromatography. The reaction mixture was evaporated and the residue purified
by column chromatography. This gave 17.0 g (0.085 mol, 71% vyield) of a
colorless oil.
25 IR (neat, cm™): 2930, 2863, 1720, 1635, 1586, 1488, 1445, 1390, 1359, 1270,
1188, 1097, 1077, 1067, 1024, 939, 904.
LC-MS: 200 (M+H), 223 (M+Na).
'H-NMR (CDCls, 400 MHz): & [ppm] = 3.8 bis 3.2 (8H), 2.2 (3H), 1.8 (4H), 1.5
(2H).



LC-MS: 213 (M+H), 235 (M+Na). 'H-NMR (CDCI3, 400 MHz): 6 [ppm] = 3.6 (6H), 3.4 (3H), 3.3 (1H).
2.2 (3H), 2.1 5(3H). AAU. N-Cyclohexy1-3-oxobutanamide 0 0 )JUM\I7 H 10 A solution of 23.6 g (0.24
mai) of cyclohexylamine in 50 ml tetrahydrofuran was added dropwise to a solution of 20 g of diketene
(0.24 mol) in 200 ml tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material was
detected by thin layer chromatography. The reactiotofixture was evaporated 15and the residue is
recrystallized from 100 ml of ethyl acetate. This gave 30.0 g (0.16 mol, 69% yield) of a white solid. IR
(neat, cntl): 3259, 3088, 2929. 2852, 1716, 1648, 1627, 1560, 1449 427, 1359, 1346, 1193, 1162,
1105, 1001, 892, 751, 718. LC-MS: 184 &M+|_—|$£], 206 (M+Na). 2011-i-NMR (CDCI3, 400 MHz): 6 [ppm]
= 6.9 (1H), 3.7 (N3 5 GHPimethylmospgquds-yhibuane-1.5di9%¢ 1 5 (oH), 1.1 (3H). AAV. Methyl

N-(3-oxobutanoyl)glycinate 25

O O

23 ml (0.19 mol} of 2,6-dimethylmorpholine were added dropwise to a solution of
15 g of diketene (0.18 mol) in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h
stiring at 0 °C no more starting material was detected by thin layer
chromatography. The reaction mixture was evaporated and the residue purified
10 by column chromatography. This gave 26.5 g (0.13 mol, 74% yield) of a colorless
oil.
IR (neat, cm™): 3683, 2974, 2863, 1720, 1635, 1440, 1377, 1359, 1322, 1246,
1223, 1171, 1139, 1083, 1035, 966, 839.
LC-MS: 200 (M+H), 223 (M+Na).
15 'H-NMR (CDCls, 400 MHz): & [ppm] = 4.4 (1H), 4.0 (1H), 3.6 bis 3.3 (3H), 2.8
(1H), 2.4 (1H), 2.3 (1H), 2.2 (3H), 1.1 (6H).

AAH. N-(Morpholin-4-yl)-3-oxobutanamide

o O
M P
N-—N O
H "/
20

18 ml (0.19 mol) of 4-Aminomorpholine were added dropwise to a solution of 15 g

of diketene (0.18 mol) in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at

0 °C no more starting material was detected by thin layer chromatography. The
25 reaction mixiure was evaporated and the residue purified by column

chromatography. This gave 26.1 g (0.14 mol, 78% yield) of a colorless oil.

IR (neat, cm™): 3095, 2940, 2841, 1711, 1677, 1625, 1591, 1504, 1448, 1380,

1358, 1302, 1263, 1193, 1163, 1109, 1073, 1038, 912, 869.

LC-MS: 187 (M+H), 210 (M+Na).



O0O0O0HThr0 29.87 g (0.24 mol) of glycine methyl ester hydrochloride were added to a solution of
20.00 g (0.24 mol) of diketene in 250 ml toluene at O C. Then, 40.00 g (0.48 mol) NaHCO3 were
added and the reaction mixture was stirred overnight at room 30temperature. Since thin-layer
chromatography detected no more starting material, 114 the reaction mixture was filtered, evaporated
and the residue purified by column chromatographyohis gave 33.4 g (0.19 mol, 81% vyield) oil. IA
(neat, cmil): 3346. 1750, 1708. 1669, 1538, 1399, 1360, 1320, 1278, 1198, 1165, 1024. 5LC-MS: 174

(4, 196 (Mg W MIE(CIOIR 400 M- BRI ToR( 10 @M 4 4340 3.4 (240, 22

(3H). AAW. N-(2-Methyl -3-oxobutan
2.1 (1H)

AAl. 1-(Morpholin-4-yl)pentane-1,3-dione

AT

o)

50.0 g (384 mmol) of 3-oxovaleric acid methyl ester and 35.1 g (403 mmol) of
morpholine were heated for 9 h at 110 ° C, whereby the methanol formed was
10 removed via a distillation bridge. The reaction mixture was then freed of volatile
constituents on a rotary evaporator and purified by column chromatography (silica
gel, eluent: gradient of ethyl acetate to ethanol). The pure product fractions were
freed from solvent on a rotary evaporator and yielded 39.7 g (60%) of a viscous,
colorless, clear oil.
15 IR (neat, cm™): 2973, 2858, 1716, 1633, 1437, 1359, 1301, 1272, 1247, 1171,
1111, 1068, 1032, 961, 850, 584.
Elemental analysis: C, 57.26; H, 8.00; N, 7.96.
LC-MS: 186.7 (M+H"), 208.7 (M+Na*).
'H-NMR (CDCls, 400 MHz): 3.59-3.46 ( 8H), 3.33 ( 2H), 2.48 ( 2H), 0.98 ( 3H).
20
AAJ. 1-(4-Hydroxypiperidin-1-yl)pentane-1,3-dione

\)KANCL

OH

25 59.0 g (583 mmol) of 4-hydroxypiperidine and 79.7 g (612 mmol) of 3-oxovaleric
acid methyl ester were heated for 9 h at 110 °C, and the resulting methanol was
removed via a distillation bridge. The reaction residue was freed from volatiles on
a rotary evaporator, taken up in ethanol, and filtered through 600 ml of strongly
acidic ion exchanger (Dowex ® HCR-W2), concentrated again and purified by

30 column chromatography (silica gel, eluent’'s gradient from ethyl acetate to



A solution of 18.20 g (0.25 mol) isobutylamine in 50 ml tetrahydrofuran was added dropwise to a
solution of 20 g of diketene (0.24 mol) in 200 ml 15 tetrahydrofuran at -5 to O C. After 1 h stirring at 0 C
no more starting material was detected by thin layer chromatography. The reaction mixture was
evaporated and the residue is recrystallized from 100 ml of ethyl acetate. This gave 26.93 g (0.17 mol,
72% yield) of a white solid. 1A (neat, cmil): 3269, 3@@78 2964, 2875, 1711, 1640, 1574, 1473, 1414,
1355, 201328, 1271, 1190, 1160, 976, 823, 764, 727. LC-MS: 158 (M+H), 180 (M+Na). 11-I-NMR
(CDCI3, 400 MHz): [ppm].= 7.1 (1H), 4.3 (2H), 3.1 (2H), 2.2 (3H), 1.7 (1H), 0.9 (6H). 25 AAX.
N-(CyclopropyInfday§L3-dR6n BtiRaRRFL 1 T8RP S YEFErFER al ™ BtoS8 EPAREY £ HEing at 0 C no
more starting matermraasadetgetdedBstbin (26%) chaomsedograehy,. cbhelessiotion mixture was

evaporated and [R€ esidue 15 resiysisdized Framq 598 mked efhybagotate; FAis gaye 1,7 9 (0.13 mol,
63% yield) of a white salid. 5IR (neat, cm-1): 3255, 3083, 3008, 2932, 1712, 1640, 1415, 1356, 1326,

1276, 1191, 116609978 8017838, 30D, 775, 729. LC-MS: 156 (M+H), 178 (M+Na). 1H-NMR (CDCI3,
400 MHz): 85pphi}-+1%:0 8819)(\8+4 ()8, IM2N37)2.3 (3H), 0.9 (1H), 0.5 (2H), 0.1 (2H). 10 AAY. Ethyl

4-(morpholin-4-yl); 2 el gxeeutanfAifHz): 3.85 ( 2H), 3.60-3.51 ( 1H), 3.47 ( 2H), 3.23 ( 1H),
3.18-3.07 (2H), 2.47 (2H), 1.75 ( 2H), 1.42 ( 2H), 0.96 ( 3H).

AAK. N-Butyl-3-oxoheptanamide
10

\/\)J\/J\N/\/\

H

0.9 mol (150 ml) of methyl 3-oxoheptanoate and 2.7 mol (270 ml) butylamine,

were stirred 5 h at 100 °C in the pressure vessel. Thereafter, excess butylamine
15 was distilled off on a rotary evaporator, the crude product was taken up in

water/ethanol, and adjusted with concentrated HCI to pH 3. The mixture was

again evaporated to dryness, taken up again in ethyl acetate and filtered. The

filtrate was washed with 1 M HCI and water. The organic phase was dried over

Na,SO4 and after filtration evaporated in a rotary evaporator to dryness. The
20  crude product was dissolved in 100 mi diethyl ether and crystallized at 5 °C. The

product was filtered off and dried. There were obtained 36.0 g of the title

compound.

IR (neat, cm™): 3268, 3098, 2958, 2931, 2873, 1723, 1707, 1641, 1563, 1466,

1455, 1434, 1416, 1377, 1350, 1337, 1255, 1227, 1176, 1159, 1125, 1098, 1065,
25 1013, 969, 904, 881, 774, 734, 716, 650.

CHN-Elemental analysis: C, 66.77; H, 10.62; N, 6.93.

LC-MS: M+H", 200.6; M+Na*, 222.7.

'H-NMR (DMSO-ds, 400 MHz): Enol-Tautomer (12%), 5 [ppm] = 14.16 (s, 1H),

7.82 (m, 1H), 4.92 (s, 1H), 3.1-3.0 (m, 2H), 2.06 (t, 2H), 1.5-1.3 (m, 4H), 1.3-1.2
30 (m, 4H), 0.88-0.82 (m, 6H); Keto-Tautomer (88%), 6 = 7.97 (m, 1H), 3.24 (s, 2H),

3.02 (g, 2H), 2.47 (t, 2H), 1.5-1.3 (m, 4H), 1.3-1.2 (m, 4H), 0.88-0.81 (m, 6H).

AAL. 1-(4-Hydroxypiperidin-1-yl)-4-methylpentane-1,3-dione



0 1510.2 g of diisopropylamine (0.1 mol) was placed in 100 ml dry THF under nitrogen and cooled in a
freezing mixture. 40 ml n-butyllithium in hexane (2.5 M, 0.1 mol) was slowly added dropwise. When the
addition was completed the mixture was allowed to stir for 60 minutes and then acetylmorpholine 12.9
g (0.1 mol) was added dropwise. The reaction mixture was stirred for 20 min in the freezing 20
mixture. In a second flask, 43.7 g of diethyl oxalate;({33 mol) in 50 ml of dry THE was cooled in a
freezing mixture and the cooled reaction mixture was cannulated with stirring in small portions to it. It
was left overnight under stirring to warm to room temperature. The THE was removed on a rotary
evaporator and the residue was taken up in 80 ml half concentrated hydrochloric acid. The aqueous

phase 25 was extractgd five times with 150 ml ethyl acetate, and the combined organic phases were
dried over sodiu ndgoncentrated on a rotary evaporator to dryness. The excess diethyl
oxalate was removed by distill@%& mbar, 80 C). 5.0 g of product were obtained in the form of
white crystals with a melting point-of 6@,¢ after crystallization from PE (petrol ether). 30IR (neat, cm-1):
2998, 2980, 2915, 2873, 1722, 1632, 1585, 1489, 1446, 1396, 1375; 1271, 1236, 1136, 1113, 1072,
1054, 1019, 981, 917, 874, 858, 837, 825, 766, 723, 639. 116 11-1-NMR (CDCI3. 400 MHz): 6 [ppm]
= 1.35 (3H), 3.50-3°3M8HY UC3 B of) A8Tst vt Brpxpy kel fpjd Apethtipgier and 0.369 mol
N-(3-oxobutanoyd}-8 -glaviidated2ix (g r(Oirls3 weed) afreddhyb 2SH- 2tarpinopriopanDede-Sysaiochloride were

added 02 sOliigh 614954 0,1 ol f IR0 BLIERE 30 G.dhien:h,90 10 (026

mol) NaHCO3 was added and the reaction mixture was stirre overnl?’ht at room temperature. Since

no more starting PAEHAI WSS dietletbarbiPinn?&Pe? RN SYSERIRIRY, (Bi% TediBhbaRiFe was filtered,
evaporated and titmreSidyefptisfidd tyrgalumnmehsamiatogtaphy. This gave 19.36 g (0.096 mol, 74%

yield) of 15 | (neat, om™): 2934, 2873, 1712, 1619, 1449, 1384, 1364, 1330, 1300, 1267,
10 1225,1187, 1166, 1117, 1071, 1025, 979, 955, 930, 846, 808, 777, 733, 693.
CHN-Elemental analysis: C, 50.13; H, 7.514; N, 5.89.
LC-MS: M+H*, 214.9; M+Na*, 239.9.
'H-NMR (DMSO-ds, 400 MHz): Enol-Tautomer (15%), & [ppm] = 5.39 (s, 1H),
4.49 (s (broad), 1H), 3.9-2.9 (m, 5H), 2.6-2.5 (m, 1H), 1.75-1.11 (m, 4H), 1.06 (d,
15 6H); Keto-Tautomer (85%), 5 = 4.73 (s (broad), 1H), 3.67 (s, 2H), 3.9-2.9 (m, 5H),
268 (heptet, 1H), 1.75-1.11 (m, 4H), 1.00 (d, 6H).

AAM. N-(2-Hydroxyethyl)-N,4-dimethyl-3-oxopentanamide

0] 0]
\[/u\/“\N/\/OH
20 |

0.351 mol (50 ml) of 4-methyl-3-oxovaleric acid methyl ester and 0.369 mol (29.5
ml) 2-(methylamino)ethanol were stirred for 15 h at 120 ° C in a Dean-Stark
apparatus. 12 mi of methanol were collected. Subsequently, the excess starting
25 materials 2 h were distilled off on a rotary evaporator (80 °C water bath, 1 mbar).
There were obtained 64 g of the title compound.
IR (neat, cm™): 2969, 2934, 2875, 1713, 1621, 1491, 1466, 1401, 1384, 1358,
1303, 1265, 1211, 1120, 1072, 1048, 996, 926, 892, 862, 784, 726, 692, 615.
CHN-Elemental analysis: C, 52.00; H, 6.84; N, 6.01.
30 LC-MS:M+H™, 188.7; M+Na*, 210.6.



20 09 A solution of 20.00 g (0.28 mol) cyclobutylamine in 50 ml tetrahydrofuran was 25 added
dropwise to a solution of 22.00 g of diketene (0.26 mole) in 200 ml tetrahydrofuran at -5 to O C. After 1
h stirring at 0 C no more starting material was detected by thin layer chromatography. The reaction
mixture was evaporated and the residue is recrystallized from 100 ml of ethyl acetate. This gave 24.60
g (0.16 mol, 61% yield) of a white solid. 117 IR (negjqcnfl): 3251. 3080. 2974, 2949, 1721 1649,
1626, 1554, 1423, 1356, 1341, 1243, 1216, 1162, 994, 748, 717. LC-MS: 156 (M+H), 178 (M+Na).
1H-NMR (CDCI3, 400 MH@& b [ppm%?: 7.2 (1H), 4.3 (1H), 3.3 (2H), 2.3 (5H), 2.8 5(2H), 2,6 (2H), ABB.
1-(Azetidin-1-yN)-binane- 12M&3ie 0109 R I fHi6Hse MBS DAY (SRR S etRifR iR mi
tetrahydrofuran Wageee@efropwipetd a §3utioR®HIL5.6D §.65 diketéne30)30.42e8)ah 200 ml
Itetrahyrcilrofur?n épr;i faq)%@- (Aft%trHl,, @gﬂgm@t 06 W@W%ﬁeeﬂﬁrkt%%mé&?g@éalfvgéo%s%t%ctfolll_by éhfi”
ayer chromatog . r ion mixture was evaporated and the residue 15is recrystallized from
100 ml of ethyl a%f?aé%i%’s%&i’/é% Egﬁé% ((8’. %i)m%ld'%%@c? "@I’daqgf (‘:21‘3\?’?1i?eggo(l?d.3 R (%é&t crn]1): 3107,
2983, 2958,2885 70 Thepte®3MH)1462, 1MI A KH])1367, 1306, 1298, 1237, 1188, 1168, 1154, 1112,
1014, 851, 736.

AAN. N,N2-Trimethyl-3-oxobutanamide

MN/
|
0

0.318 mol (50 ml) of ethyl 2-methylacetoacetic acid ester (ethyl 2-methyl-3-oxo-

1

butanoate) (technical 90%) and 143 ml 33% dimethylamine in ethanol (about
0.795 mol dimethylamine) were stirred in a pressure reactor for 8 hours at 130
°C. After cooling the reaction mixture was concentrated on a rotary evaporator,
15 the residue was dissolved in 400 ml ethyl acetate and extracted 5 times with 150
ml of water. The combined water phases were evaporated in a rotary evaporator
to dryness. 18.8 g of the title compound were obtained.
IR (neat, cm™"): 2984, 2938, 1721, 1632, 1497, 1451, 1396, 1355, 1312, 1265,
1214, 1180, 1145, 1078, 1041, 952, 795, 770, 734, 689, 635, 623.
20 CHN-Elemental analysis: C, 71.21; H, 7.81; N, 6.39; O, 14.59.
LC-MS: M+H", 144.6; M+Na", 166.6.
'H-NMR (DMSO-ds, 400 MHz): & [ppm] = 3.92 (g, TH); 3.03 (s, 3H); 2.84 (s, 3H);
2.06 (s, 3H); 1.12 (d, 3H).

25 AAO. N,N-Dimethyl-2-oxocyclohexancarboxamide

0.313 mol (50 ml) of ethyl cyclohexanone-2-carboxylate and 140 ml 33%
30 dimethylamine in ethanol (about 0.78 mol dimethylamine) were stirred in a



LC-MS: 142 (M+H), 164 (M+Na). 201H-NMR (CDCI3, 400 MHz): S [ppm] = 4.1 (2H), 3.9 (2H), 3.1
(2H), 2.1 (5H). ABC. Ethyl 1-(3-oxobutanoyl)-piperidine-4-carboxylate 118 mol) in 200 ml
tetrahydrofuran at -5 to 0 C. After 1 h stirring at 0 C no more starting material was detected by thin
layer chromatography. The reaction mixture was evaporated and the residue purified by column
chromatography. This gave 19.52 g (0.081 mol. 689 yield) of a colorless oil. 5IA (neat, cm-1): 2957,
2932, 2863, 1721, 1634, 1446. 1314, 1272, 1250, 1173, 1158, 1110, 1097, 1039, 939. 1H-NMR
(CDCI3, 400 MHZBA: SA'ppm%: 4.3 (1H), 4.1 (21-1), 3,7 (1H), 3.5 (2H), 3.1 (1H), 2.9 (1H). 2.5 (1H), 2.2
(3H), 1.9 (2H), PEEHIF £3C8HP 117 ABHS ff(ijﬂy%géﬁ)ﬁfp‘é’r?&ﬁﬂi- HEAM BB RS 1,3-dione
0.34 mol (48.7 geotentiigbilmeattndxsy-avetoadiotatbearesiodowasldidsod ) of 30 Bhgtrgxypiperidine

were stirred for 5&@@&4&%%@@@@@%@&@@%@%% goof thecrudf el wasgpurified over 1
kg of silica gel with et etate/ethanol 9/1. 23.7 ngf the title compound were obtained. IR (neat,

hyl
cm-1): 2931, 17 ,%%%%%4&%%%&%%,%68‘, DB1EPPIF5919h R 1Y, 6588797 1835, 809, 776,
716, 681. 26LCUNGers+HBr) 2118 CMaNRIORES WS s R (D NTBD-HIE 14D0yMpihy EeibbT automer

A LB R S R h) 3600
s, 3H), 1.8-1.1 (m, 4H): Keto-Tautomer (86%), 6 [ppm] = 4. = 4 Hz), 1H), 4.10 (s, 2H). 3.9-2.
(m, 5H), 3.57 (s,‘%??&.%‘?g,‘%ﬂ?f’f‘éﬂéﬁ(m, 4H). 25

IR (neat, cm '): 2939, 2867, 1691, 1639, 1496, 1454, 1442, 1429, 1409, 1396,

1342, 1316, 1287, 1261, 1208, 1155, 1130, 1096, 1067, 1038, 1012, 959, 923,
10 897, 870, 853, 808, 769, 696, 659, 623.

CHN-Elemental analysis: C, 71.21; H, 7.81; N, 6.39; O, 14.59.

LC-MS: M+H*, 170.6; M+Na*, 192.8.

'H-NMR (DMSO-ds, 400 MHz): & [ppm] = 3.86 (dd, 1H), 2.82 (s, 3H), 2.81 (s,

3H), 2.54-2.22 (m, 2H), 2.0-1.5 (m, 6H).
15

AAP. N,N-Dimethyl-2-oxocyclopentancarboxamide

20 0.337 mol (50 ml) of ethyl 2-oxocyclopentanecarboxylate and 152 ml 33%
dimethylamine solution in ethanol were stirred in a pressure reactor for 4 h at 110
°C. The reaction mixture was then evaporated to dryness and the crude product
was purified over 400 g silica gel with ethyl acetate/hexane 1/1. 17.7 g of the title
compound were obtained.

25 IR (neat, cm’"): 2955, 2884, 1735, 1634, 1494, 1455, 1396, 1320, 1260, 1198,
1167, 1140, 1101, 1059, 1025, 1004, 983, 946, 915, 904, 833, 752, 689, 623.
LC-MS: M+H", 156.7; M+Na*, 178.6.
1H-NMR (DMSO-dg, 400 MHz): & [ppm] = 3.72 (t, 1H); 3.03 (s, 3H); 2.83 (s, 3H);
2.3-1.4 (m, 6H).

30
AAQ. N-Cyclopentyl-3-oxobutanamide



119 TESTING METHOD: The excellent Fe utilizations that can be accomplished through the Fe
complexes according to the invention were measured by means of the following mouse 5model.
Male NMRI (SPF) mice (approximately 3 weeks old) were fed a low-iron diet (approx. 5 ppm iron) for
approximately 3 weeks. The iron complexes were then administered to them by means of a stomach
tube (2 mg iron/kg body weight/day) 10for 2 times 5 days, with an interruption of 2 days (days 1 -Sand
8 - 12). Utilization on day 15 was calculated from the hemoglobin increase and the body weight
increase in accordance with the formula A Utilization (%) = iro utilization *100 = (Fe ut.- Fe iii. Control)
100 Fe Dos.Fe Do%} 150=[(Hb2(3). 3W91141- Hb113W4) - 0.07 - 0.0034 - (Hb2(31 Control * BW91141
Control - Hbi ConLﬂJ\*/éA/}M @ trol) 0.07 0.0034)) - 100/ Fe Dos. (Hb2(3) 3W9(14)- Hb1
BW4) - 0.000238 - (Hb2(3) Centrol BW9(14) Control - 20HI), Control BW4 Control) 0.000238] 100/ Fe
Dos. (Hb2131 BW9(14) - Hbi BW4 - Hb2(3) Control 3W9114 Control + Hbt Control BW4 Control)
0.0238 / Fe Dos.

A solution of 21.3 g (0.25 mol) cyclopentylamine in 50 ml tetrahydrofuran was
added dropwise at -5 to 0 °C to a solution of 20 g of diketene (0.24 mol) in 200 ml
5 tetrahydrofuran. After 1 h stirring at 0 °C no more starting material was detected

by thin layer chromatography. The reaction mixture was evaporated and the

residue is recrystallized from 100 ml of ethyl acetate. This gave 31.4 g (0.19 mol,

78% yield) as a white solid.

IR (neat, cm™): 3256, 3083, 2947, 2919, 2868, 1719, 1647, 1626, 1556, 1422,
10 1357, 1197, 1161, 999.

LC-MS: 170 (M+H).

"H-NMR (CDCls, 400 MHz): & [ppm] = 6.9 (1H), 4.2 (1H), 3.3 (2H), 2.2 (3H), 1.9

(2H), 1.6 (4H), 1.4 (2H).

15 AAR. 1-(Pyrrolidin-1-yl)butane-1,3-dione

S

A solution of 21 ml {0.25 mol) of pyrrolidine in 50 ml tetrahydrofuran was added
20 dropwise to a solution of 20 g of diketene (0.24 mol) in 200 ml tetrahydrofuran at -
51to 0 °C. After 1 h stirring at 0 °C no more starting material was detected by thin
layer chromatography. The reaction mixture was evaporated and the residue was
purified by column chromatography. This gave 29.9 g (0.19 mol, 81% yield) of an
oil.
25 IR (neat, cm™): 2972, 2875, 1719, 1633, 1589, 1481, 1433, 1381, 1356, 1226,
1193, 1159, 934, 776.
LC-MS: 156 (M+H), 178 (M+Na).
"H-NMR (CDCls, 400 MHz): & [ppm] = 3.2 (5H), 2.1 (3H), 1.7 (5H).



250.07Factor for 70 ml blood per kg body weight (SW) 0.0034Factor for 0.0034 g Fe/g Hb Hemoglobin
level (WI1) on day 1 Hb2(3)Hemoglobin level (g/1) on day 8 (or 15) BW4= body weight (g) on day 1
30BWg14= body weight (g) on day 8 (or 15) HID, Control=average hemoglobin level (g/1) on day 1 in
the control group, Hb2(31 Control =average hemoglobin level (g/l) on day 8 (or 15) in the control
group, BW4 Controlaverage body weight (g) on day+} in the control group, 35BW90,2) Control
=average body weight (g) on day 8 (or 15) in the control group, Fe Dos.= entire administered iron (mg
Fe) over 5or 10 s,hh:e% utl.&l—_ll%)&%%m{vgm - Hlo,. BW4) 0.07 -0.0034 (mg Fe) 120 A Utilization

=Fe tot. utilized (eXamine ygro M"Y 'ffbﬁedz'rrc')ﬁtﬁ, utilized from food, (mg Fe) Table:

H

? 8
A0

H o

5 10.8 g (0.13 mol) of diketene, 20 g L-serine methyl ester hydrochloride (0.13 mol)
and 21.6 g (0.26 mol, 2 eq) of NaHCO3 were mixed in 1000 mi of THF at 0 °C.
Then the ice bath was removed and it was stirred further at room temperature.
After 24 h stirring at room temperature, the reaction mixture was filtered and the
residue was recrystallized from 100 ml of ethyl acetate. This gave 21.14 g (0.10

10 mol, 81% yield) as a white solid.
IR (neat, cm™): 3499, 3297, 2962, 1734, 1712, 1642, 1556, 1430, 1416, 1351,
1316, 1246, 1209, 1190, 1170, 1137, 1081, 1040, 978, 704.
LC-MS: 226 (M+Na), 187 (M-CH3-H), .
'H-NMR (CDCls, 400 MHz): & [ppm] = 8.4 (1H), 5.1 (1H), 4.4 (1H), 3.7 bis 3.4
15 (7H), 2.1 (3H).

AAT. 1-(4-Acetylpiperazin-1-yl)butane-1,3-dione

20
A solution of 20.8 g (0.17 mol) 1-acetylpiperazine in 50 ml tetrahydrofuran were
added dropwise to a solution of 13 g of diketene (0.16 mol) in 200 mi
tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated
25  and the residue purified by column chromatography. This gave 27.2 g (0.13 mol,
83% yield) of a colorless oil.
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IR (neat, cm™): 2919, 2864, 1718, 1631, 1422, 1358, 1307, 1284, 1248, 1159,
1063, 993.

LC-MS: 213 (M+H), 235 (M+Na).

"H-NMR (CDCls, 400 MHz): & [ppm] = 3.6 (6H), 3.4 (3H), 3.3 (1H), 2.2 (3H), 2.1
(3H).

AAU. N-Cyclohexyl-3-oxobutanamide

0O O

A solution of 23.6 g (0.24 mol) of cyclohexylamine in 50 ml tetrahydrofuran was
added dropwise to a solution of 20 g of diketene (0.24 mol) in 200 ml
tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated
and the residue is recrystallized from 100 ml of ethyl acetate. This gave 30.0 g
{0.16 mol, 69% yield) of a white solid.

IR (neat, cm™): 3259, 3088, 2929, 2852, 1716, 1648, 1627, 1560, 1449, 1427,
1359, 1346, 1193, 1162, 1105, 1001, 892, 751, 718.

LC-MS: 184 (M+H), 206 (M+Na).

"H-NMR (CDCls, 400 MHz): & [ppm] = 6.9 (1H), 3.7 (1H), 3.3 (2H), 2.2 (3H), 1.9
(2H), 1.7 (2H), 1.6 (1H), 1.2 (2H), 1.1 (3H).

AAV. Methyl N-(3-oxobutanoyl)glycinate
Q @]
/U\/U\N/\WO\

H o0

29.87 g (0.24 mol) of glycine methyl ester hydrochloride were added to a solution
of 20.00 g (0.24 mol) of diketene in 250 ml toluene at 0 °C. Then, 40.00 g (0.48
mol) NaHCO; were added and the reaction mixture was stirred overnight at room
temperature. Since thin-layer chromatography detected no more starting material,
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the reaction mixture was filtered, evaporated and the residue purified by column
chromatography. This gave 33.4 g (0.19 mol, 81% yield) oil.

IR (neat, cm™): 3346, 1750, 1708, 1669, 1538, 1399, 1360, 1320, 1278, 1198,
1165, 1024.

LC-MS: 174 (M+H), 196 (M+Na).

"H-NMR (CDCls, 400 MHz): & [ppm] = 7.5 (1H), 4.0 (2H), 3.7 (3H), 3.4 (2H), 2.2
(3H).

AAW. N-(2-Methylpropyl)-3-oxobutanamide

A solution of 18.20 g (0.25 mol) isobutylamine in 50 ml tetrahydrofuran was
added dropwise to a solution of 20 g of diketene (0.24 mol) in 200 mi
tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated
and the residue is recrystallized from 100 ml of ethyl acetate. This gave 26.93 g
(0.17 mol, 72% yield) of a white solid.

IR (neat, cm™): 3269, 3098, 2964, 2875, 1711, 1640, 1574, 1473, 1414, 1355,
1328, 1271, 1190, 1160, 976, 823, 764, 727.

LC-MS: 158 (M+H), 180 (M+Na).

'H-NMR (CDCls, 400 MHz): & [ppm] = 7.1 (1H), 4.3 (2H), 3.1 (2H), 2.2 (3H), 1.7
(1H), 0.9 (6H).

AAX. N-(Cyclopropylmethyl)-3-oxobutanamide

A solution of 15.1 g (0.22 mol) cyclopropylmethylamine in 50 ml tetrahydrofuran
was added dropwiese to a solution of 17 grams of diketene (0.20 mol) in 200 mi
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tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated
and the residue is recrystallized from 100 ml of ethyl acetate. This gave 19.7 g
(0.13 mol, 63% yield) of a white solid.

IR (neat, cm™): 3255, 3083, 3008, 2932, 1712, 1640, 1415, 1356, 1326, 1276,
1191, 1160, 1079, 1017, 830, 800, 775, 729.

LC-MS: 156 (M+H), 178 (M+Na).

"H-NMR (CDCls, 400 MHz): & [ppm] = 7.0 (1H), 3.4 (2H), 3.1 (2H), 2.3 (3H), 0.9
(1H), 0.5 (2H), 0.1 (2H).

AAY. Ethyl 4-(morpholin-4-yl)-2,4-dioxobutanoate

10.2 g of diisopropylamine (0.1 mol) was placed in 100 mi dry THF under nitrogen
and cooled in a freezing mixture. 40 ml n-butyllithium in hexane (2.5 M, 0.1 mol)
was slowly added dropwise. When the addition was completed the mixture was
allowed to stir for 60 minutes and then acetylmorpholine 12.9 g (0.1 mol) was
added dropwise. The reaction mixture was stirred for 20 min in the freezing
mixture. In a second flask, 43.7 g of diethyl oxalate (0.3 mol) in 50 ml of dry THF
was cooled in a freezing mixture and the cooled reaction mixture was cannulated
with stirring in small portions to it. It was left overnight under stirring to warm to
room temperature. The THF was removed on a rotary evaporator and the residue
was taken up in 80 ml half concentrated hydrochloric acid. The aqueous phase
was extracted five times with 150 ml ethyl acetate, and the combined organic
phases were dried over sodium sulfate and concentrated on a rotary evaporator
to dryness. The excess diethyl oxalate was removed by distillation (2-3 mbar, 80
°C). 5.0 g of product were obtained in the form of white crystals with a melting
point of 60 °C after crystallization from PE (petrol ether).

IR (neat, cm™): 2998, 2980, 2915, 2873, 1722, 1632, 1585, 1489, 1446, 1396,
1375, 1271, 1236, 1136, 1113, 1072, 1054, 1019, 981, 917, 874, 858, 837, 825,
766, 723, 639.
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"H-NMR (CDCls, 400 MHz): & [ppm] = 1.35 (3H), 3.50-3.73 (8H), 4.33 (2H), 6.20
(1H), 14.32 (1H).

AAZ. Ethyl N-(3-oxobutanoyl)-L-alaninate

O O
AL o
H

]

20.00 g (0.13 mol) of ethyl (25)-2-aminopropanoate hydrochloride were added to
a solution of 10.95 g (0.13 mol) of diketene in 500 ml toluene at 0 °C. Then, 21.90
g (0.26 mol) NaHCO3; was added and the reaction mixture was stirred overnight
at room temperature. Since no more starting material was detected by thin-layer
chromatography, the reaction mixture was filtered, evaporated and the residue
purified by column chromatography. This gave 19.36 g (0.096 mol, 74% vyield) of
a colorless oil.

IR (neat, cm™): 3308, 2985, 1720, 1647, 1537, 1453, 1360, 1205, 1155, 1056,
1021.

"H-NMR (CDCls, 400 MHz): & [ppm] = 7.4 (1H), 4.5 (1H), 4.1 (2H), 3.4 (2H), 2.2
(3H), 1.3 (8H), 1.2 (3H).

ABA. N-Cyclobutyl-3-oxobutanamide

A solution of 20.00 g (0.28 mol) cyclobutylamine in 50 ml tetrahydrofuran was
added dropwise to a solution of 22.00 g of diketene (0.26 mole) in 200 ml
tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more starting material
was detected by thin layer chromatography. The reaction mixture was evaporated
and the residue is recrystallized from 100 m! of ethyl acetate. This gave 24.60 g
(0.16 mol, 61% yield) of a white solid.
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IR (neat, cm™): 3251, 3080, 2974, 2949, 1721, 1649, 1626, 1554, 1423, 1356,
1341, 1243, 1216, 1162, 994, 748, 717.

LC-MS: 156 (M+H), 178 (M+Na).

"H-NMR (CDCls, 400 MHz): & [ppm] = 7.2 (1H), 4.3 (1H), 3.3 (2H), 2.3 (5H), 2.8
(2H), 2.6 (2H).

ABB. 1-(Azetidin-1-yl)-butane-1,3-dione

o O

MNQ

A solution of 18.00 g (0.31 mol) azetidine in 50 ml tetrahydrofuran was added
dropwise to a solution of 25.00 g of diketene (0.30 mol) in 200 mi tetrahydrofuran
at -5to 0 °C. After 1 h stirring at 0 °C no more starting material was detected by
thin layer chromatography. The reaction mixture was evaporated and the residue
is recrystallized from 100 ml of ethyl acetate. This gave 26.45 g (0.19 mol, 63%
yield) of a white solid.

IR (neat, cm™): 3107, 2983, 2958, 2885, 1718, 1631, 1462, 1443, 1410, 1367,
1306, 1298, 1237, 1188, 1168, 1154, 1112, 1014, 851, 736.

LC-MS: 142 (M+H), 164 (M+Na).

"H-NMR (CDCls, 400 MHz): § [ppm] = 4.1 (2H), 3.9 (2H), 3.1 (2H), 2.1 (5H).

ABC. Ethyl 1-(3-oxobutanoyl)-piperidine-4-carboxylate

A solution of 18.70 g (0.12 mol) ethyl 4-piperidinecarboxylate in 50 mi
tetrahydrofuran was added dropwise to a solution of 10.00 g of diketene (0.12
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mol) in 200 ml tetrahydrofuran at -5 to 0 °C. After 1 h stirring at 0 °C no more
starting material was detected by thin tayer chromatography. The reaction mixture
was evaporated and the residue purified by column chromatography. This gave
19.52 g (0.081 mol, 68% yield) of a colorless oil.

IR (neat, cm™): 2957, 2932, 2863, 1721, 1634, 1446, 1314, 1272, 1250, 1173,
1158, 1110, 1097, 1039, 939.

"H-NMR (CDCls, 400 MHz): & [ppm] = 4.3 (1H), 4.1 (2H), 3.7 (1H), 3.5 (2H), 3.1
(1H), 2.9 (1H), 2.5 (1H), 2.2 (3H), 1.9 (2H), 1.6 (2H), 1.2 (3H).

ABD. 1-(4-Hydroxypiperidin-1-yl)-4-methoxybutane-1,3-dione

o A
CL,

0.34 mol (48.7 g) of methyl 4-methoxy-acetoacetate and 0.36 mol (36.0 g) of 4-
hydroxypiperidine were stirred for 5 h at 120 ° C at a Dean-Stark apparatus. 45 g
of the crude product was purified over 1 kg of silica gel with ethyl acetate/ethanol
9/1. 23.7 g of the title compound were obtained.

IR (neat, cm™): 2931, 1729, 1618, 1448, 1365, 1310, 1266, 1201, 1132, 1101,
1072, 1025, 977, 935, 809, 776, 716, 681.

LC-MS: M+H", 216.8; M+Na*, 238.7.

1H-NMR (DMSO-ds, 400 MHz): Enol-Tautomer (14%), & [ppm] = 15.10 (s, 1H),
5.56 (s, 1H), 4.76 (d (J = 4 Hz), 1H), 3.90 (s, 2H), 3.9-2.9 (m, 5H), 3.29 (s, 3H),
1.8-1.1 (m, 4H); Keto-Tautomer (86%), & [ppm] = 4.73 (d (J = 4 Hz), 1H), 4.10 (s,
2H), 3.9-2.9 (m, 5H), 3.57 (s, 2H), 3.27 (s, 3H), 1.8-1.1 (m, 4H).
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TESTING METHOD:

The excellent Fe utilizations that can be accomplished through the Fe complexes
according to the invention were measured by means of the following mouse

model.

Male NMRI (SPF) mice (approximately 3 weeks old) were fed a low-iron diet
(approx. 5 ppm iron) for approximately 3 weeks. The iron complexes were then
administered to them by means of a stomach tube (2 mg iron/kg body weight/day)
for 2 times 5 days, with an interruption of 2 days (days 1 - 5 and 8 - 12).

Utilization on day 15 was calculated from the hemoglobin increase and the body
weight increase in accordance with the formula

Utilization (%) = Airon u;lezzl,;z(z)z:m *100 _ (Fe ut.—Ferztl.)C(’)(;ntrol) * 100

= [(Hb2(s) - BWg(14)— Hby - BW,) + 0.07 - 0.0034 ~ (Hbz) control * BWs(14) controt —
HDB1 controt - BW4 control) + 0.07 + 0.0034)]- 100/ Fe Dos.

= [(Hbz3) - BWg(14)— Hby - BW,) + 0.000238 — (Hbz(3) control * BWs(14) controt —
HDB1 controt - BW4 contror) » 0.000238] - 100 / Fe Dos.

= (Hb2(3> * BW9(14)"‘ Hb1 * BW4 - Hb2(3) Control * BW9(14) Control + Hb1 Control *
BW4 Con‘(ro[) * 0.0238 / Fe DOS-

0.07 = Factor for 70 mi blood per kg body weight (BW)

0.0034 =  Factor for 0.0034 g Fe/g Hb

Hb4 = Hemoglobin level (g/l) on day 1

Hba) = Hemoglobin level (g/l) on day 8 (or 15)

BW, =  body weight (g) on day 1

BWo(14) =  body weight {g) on day 8 (or 15)

HDB1 control = average hemoglobin level (g/l) on day 1 in the control group,
Hba@ conol = average hemoglobin level (g/l) on day 8 (or 15) in the control
group,

BWsconet = average body weight (g) on day 1 in the control group,
BWogsyconrol = @verage body weight (g) on day 8 (or 15) in the control group,
Fe Dos. = entire administered iron (mg Fe) over 5 or 10 days,

Fe ut. = (Hbag) - BWg14— Hby - BWy) - 0.07 - 0.0034 (mg Fe)



123 PREPARATION EXAMPLES Example 1 5 Tris-(3-oxobutaneamide)-iron(lll) complex: H2N 0 1 o0’
H2N6 /NH2 A solution of 24.00 g (0.15 mol) iron(lll) chloride (anhydrous) in 400 ml ethanol 10 was
added dropwise to a solution of 45.00 g (0.45 mol) 3-oxobutaneamide in 400 ml ethanol. 37.46 g (0.45
mol) sodium bicarbonate was then added in portions. After 4 hours of stirring at room temperature, the
reaction mixture was filtrated off, the filtrate spun off;and the residue dried overnight in the drying
cabinet at 50C. 51.63 g of product was obtained as a black-red solid. 15 IR (in substance, cm-1):
3317, 3187, 1618, 1569, 1507, 1415, 1328, 1194, 1092, 1034, 978, 935. 780. Elemental analysis: C
37.41; H 5.78; N*g 87atiatontee18tagitzemhifrgrpoed group) — Fe ut. Control group, utilized

from food, (mg Fe)

Table:

5
Example-No. Utilizationn 15 d

(abs. %)

1 61
2 41
3 95
4 90
5 61
6 57
7 41
8 69
9 54
10 45
11 75
12 35
13 71
14 68
15 68
16 60
17 48
18 81
19 73
20 77
21
22 78
23 88
24 70
25 60
26 64




124 Example 2 Tris-(N,N-diethyl-3-oxobutaneamide)-iron(lll) complex 5 A solution of 1.00 g (6.17
mmol) iron(lll) chloride (anhydrous) in 10 ml ethanol was added dropwise to a solution of 2.90 g (18.50
mmol) N,N-diethyl-3- oxobutaneamide in 30 ml ethanol. 3.11 g (37.00 mmol) sodium bicarbonate was
10then added in portions. After 2 hours of stirring at room temperature, the reaction mixture was
filtrated off, the filtrate spun off and the residue drieg,pvernight in the drying cabinet at 50C. 3.50 g of
product was obtained as a black-red oil. 1A (in substance, cm-1): 2973, 2932, 1597, 1557, 15111 1492,
1454, 1434, 1374, 1356, 1309, 1274, 1204, 1163, 1082, 1004, 962. 15Elemental analysis: C 53,54; H

8.00; N 7.88. FeZZontent 9.63 A [m/m]. E(ﬁﬁnple 3: 20 Tris-(N,N-dimethy1-3-oxobutaneamide)-iron(lll)

complex 28 73
29 79
30 -
31 71
32 81
33 69
34 32
35 44
36 79
37 34
38 77
39 66
40 87
41 68
42 30
43 75
44 73
45 -
46 78
47 61
48 53
49
50
51 78
52 84
53
54 76
55 84
56 -
57 -
58 -
59 80




125 A solution of 3.00 g (18.50 mmol) ron(lll) chloride (anhydrous) in 50 ml ethanol was added
dropwise to a solution of 8.96 g (55.50 mmol, 80% in water) N,Ndimethy1-3-oxobutaneamide in 50 ml
ethanol. 4.66 g (55.50 mmol) sodium bicarbonate was then added in portions. After 4 hours of stirring
at room 5 temperature, the reaction mixture is filtrated off, washed with 10 ml EtOH, the filtrate spun off
and the residue dried overnight in the drying cabingbat 50C. 8.37 g of product was obtained as a
black-red oil. IR (in substance, cm-1): 2918, 1720, 1643, 1557, 1523, 1490 1433, 1401, 1347, 1260,

1211, 1177, 1061.-1032,-989,-955. 10Elemental analysis: C 47.39; H 6.70; N 9.22. Fe content 1113%
[m/m]. Example Q{j 15 Tris-(N-methyl-3-0

(18,.50 mmol) i

9.13 g (55.50 mgzot,80% mrwater) N=mmet

sodium bicarb

88utaneam|de) -iron(lll) complex A solution of 3.00 g

irém(I1) chloride (anhydroysj3n 50 ml ethanol 20 was

added dropwise to a solution of

nate.was.then.added.in p

rtions. After 2 hours._of stir

tpgt3-oxobutaneamide in5¢ ml ethanol. 4.66 g (55.50 mmol)

reaction mixtur
overnight in the

ing at room temperature, the

c8tas filtrated off, Washed With 10 ml EtOH, the filtrate spun off and the residue dried

'elatylng cabinet at 50C. 7.

1.9 1=

033g of product 25was obtained as a black-red solid. IR (in

Q 1.0

substance, cm+1
935, 779. Ele

3336;,3119,2913;-155
ental analysis: C 42.23;

n
3L3UU L‘-I-‘-I-O L‘-I-J.J. J.LIJ,

5.78; N 9.70. Fe content 12.4

1191, 1157, 1104, 1010, 959,
6% [m/rn].

66

““ means: not determined.



126 Example 5 Tris(3-0x0-2-(piperidin-1-ylcarbonyl)butanenitrile)-iron(lll) complex 5 1.4 g (8.5 mmol)
FeCl3 (anhydrous) dissolved in 20 ml ethanol 99% were added to a solution of 5.0 g (25.7 mmol)
2,4-dioxo-3-cyanobutylpiperidin in 40 ml EtOH 10 99%. 2.2 g (25.6 mmol) NaHCO3 were then added
and this was followed by stirring for 1 hour at 20 - 25 C. The reaction mixture is filtrated, the filtrate
concentrated to dryness on the rotavap at 50C / < 369 mbar, and the residue was dried in the vacuum
drying cabinet for at least 15 hours at 50C / < 100 mbar. The obtained solid was suspended in 200 ml

water for appro j?&?i L?'jf&%gl rat filtrated off and again dried in the vacuum drying cabinet
for at least 15 hﬁ> t&% é‘ﬁ%§ of product was obtained as an orange solid. IR (in
substance, cm-1): 2936. 2858, 2197, 1594, 1532. 1506, 1439, 1387, 1270, 1217, 1169, 1145. 1072,

1020, 973, 905, %%Am o1 700, 653. Elemental analysis: C 57.0; H 6.40: N 12.60. 20Fe content 8.30
(2/0 [m/m]. 127 Example 6 Tris-(2-chloro-N-methyl-3-oxobutaneamide)-iron(lll) complex

5 Tris-(3-oxobutaneamide)-iron(lll) complex:

A solution of 24.00 g (0.15 mol) iron(lll) chloride (anhydrous) in 400 mi ethanol
10  was added dropwise to a solution of 45.00 g (0.45 mol) 3-oxobutaneamide in 400
ml ethanol. 37.46 g (0.45 mol) sodium bicarbonate was then added in portions.
After 4 hours of stirring at room temperature, the reaction mixture was filtrated off,
the filtrate spun off and the residue dried overnight in the drying cabinet at 50°C.
51.83 g of product was obtained as a black-red solid.
15
IR (in substance, cm™): 3317, 3187, 1618, 1569, 1507, 1415, 1328, 1194, 1092,
1034, 978, 935, 780.
Elemental analysis: C 37.41; H 5.78; N 8.80.
Fe content 15.80 % [m/m].
20



0000 A solution of 1.00 g (6.17 mmol) iron(lll) chloride anhydrous in 10 ml ethanol was added
dropwise to a solution of 2.77 g (18.50 mmol) 2-chloro-N-methyl-3- oxobutaneamide in 30 ml ethanol.
1.55 g (18.50 mmol) sodium bicarbonate was 10 then added in portions. After 2 hours of stirring at
room temperature, the reaction mixture was filtrated off; washed with 10 ml EtOH, the filtrate spun off
and the residue dried overnight in the drying cabinetgt 50C. 3.19 g of product was obtained as a violet
solid. IR (in substance, cm-1): 3359, 2942, 1545, 1468 1406, 1375, 1260, 1155, 1118, 151028,
935, 796, 748. Elemental analysis: C 33.42; H 4.23; N 7.74. Fe content 10.72% [m/m]. 128 Example 7
Tris(N-butyl-3-oXof & Zmide)-iron(lll) complex 5

Tris-(N,N-diethyl-3-oxobutaneamide)-iron(lll) complex

N
ALY
/ 0\/Fe\“0
0O O
AN
5 .

A solution of 1.00 g (6.17 mmol) iron(lll) chloride (anhydrous) in 10 ml ethanol
was added dropwise to a solution of 2.90 g (18.50 mmol) N,N-diethyl-3-
oxobutaneamide in 30 ml ethanol. 3.11 g (37.00 mmol) sodium bicarbonate was
10 then added in portions. After 2 hours of stirring at room temperature, the reaction
mixture was filtrated off, the filtrate spun off and the residue dried overnight in the
drying cabinet at 50°C. 3.50 g of product was obtained as a black-red oil.
IR (in substance, cm™): 2973, 2932, 1597, 1557, 1511, 1492, 1454, 1434, 1374,
1356, 1309, 1274, 1204, 1163, 1082, 1004, 962.
15 Elemental analysis: C 53.54; H 8.00; N 7.88.
Fe content 9.63 % [m/m].

Example 3:

20  Tris-(N,N-dimethyl-3-oxobutaneamide)-iron(lll) complex



1.4 g (8.6 mmol) FeClI3 (anhydrous) dissolved in 10 ml methanol were added to a solution of 5g (31.8
mmol) N-n-butyl-3-oxo-butaneamide in 40 ml toluene. 4.4 g (52.4 mmol) NaHCO3 and 2.2 g (15.5
mmol) Na2S04 (anhydrous) were then 10added and this was followed by stirring for 1 hour at 20 - 25
C. The reaction mixture was filtrated, the filtrate concentrated to dryness on the rotavap at 50C / < 100
mbar, and the residue was dried in the vacuum dryjgg cabinet for at least 15 hours at 50C / < 100
mbar. 5.09 of product was obtained as a red solid. IR (in substance, cm-1): 2935, 1645, 1592, 1533,
1508, 1439, 1387, 1270, 1219, 151143, 1073, 1020, 973, 909, 855, 822, 699, 652. Fe content 9.0 /.0
[m/ml. 129 ExaﬁhSPéugoﬁr%f(ﬁ',W-gif)mﬁ-éqw&b'maﬂwaﬁqf%ﬁjﬁr&mwreamb%io 5™ 8'83'¢h.23 mol)
N,N-dibuty1-3-oweshatdneafripleisnth 20 Syt{on0d B BeEFHR BHRD, \Beve provatied M /245 ml ethanol

96%. 14.1 g (0. 13/ NagGadkeahvgkors)kwasaddeddn sexsral pestionsthinsaaRiax. 5 min. The

reaction . , : -
bicarbonate was then added in portions. After 4 hours of stirring at room

5 temperature, the reaction mixture is filtrated off, washed with 10 ml EtOH, the
filtrate spun off and the residue dried overnight in the drying cabinet at 50°C. 8.37
g of product was obtained as a black-red oil.
IR (in substance, cm™): 2918, 1720, 1643, 1557, 1523, 1490, 1433, 1401, 1347,
1260, 1211, 1177, 1061, 1032, 989, 955.
10  Elemental analysis: C 47.39; H 6.70; N 9.22.
Fe content 11.13 % [m/m].

Example 4:

15  Tris-(N-methyl-3-oxobutaneamide)-iron(lll) complex

A solution of 3.00 g (18,.50 mmol) iron(lll) chloride (anhydrous) in 50 ml ethanol
20  was added dropwise to a solution of 9.13 g (55.50 mmol, 80% in water) N-methyl-

3-oxobutaneamide in 50 ml ethanol. 4.66 g (55.50 mmol) sodium bicarbonate

was then added in portions. After 2 hours of stirring at room temperature, the

reaction mixture was filtrated off, washed with 10 ml EtOH, the filtrate spun off

and the residue dried overnight in the drying cabinet at 50°C. 7.98 g of product
25 was obtained as a black-red solid.

IR (in substance, cm™"): 3336, 3119, 2913, 1558, 1500, 1448, 1411, 1275, 1191,

1157, 1104, 1010, 959, 935, 779.

Elemental analysis: C 42.23; H 5.78; N 9.70.

Fe content 12.46 % [m/m].



10 container is cooled in the process with a water bath of approx. 20C. The reaction mixture was
stirred for 6 hours at 20 - 25C. subsequently filtrated over a glass frit and concentrated to dryness on
the rotavap at 50C / ¢ 100 mbar. The oily product was dried for at least 15 hours at 20 - 25C under a
high vacuum. 50 g of product was obtained as a red-brown oil. 15IR On substance, cm-1): 2957, 2931,
2872, 1596, 1558, 1513, 1492, 1461, 1431, 1366, 1292, 1257, 1229, 1199, 1155, 1112, 1007, 956,
764. CHN elemental analysis: C 61.10; H 9.60; N 6.00. Fe content 8.00 % fm/m]. 130 Example 9
Tris-(1-(piperidin-1-y1)-butane-1,3-dione)-iron(111) complex 5 A solution of 1.00 g (6.17 mol) iron(lll)
chloride (anhydrous) in 10 ml ethanol was added dropwise to a solution of 3.13 g (18.50 mmol)
1-(piperidin-1-y 1BxamateS1, 3- dione in 40 ml ethanol. 6.26 g (74.00 mmol) sodium bicarbonate was
then added 10 in portions. After 2 hours of stirring at room temperature, the reaction mixture was
filtrated off, washed with 10 ml EtQH, the filtrate spun off and.the residue dried overnight in the drying
cabinet at 50C. 3.1754(%03?‘)5 6@%‘?%&‘%’1)13{8%@8 g“ﬂ?@[@?ﬁfﬂg"rﬁ?é SoRRSCe, cm-1): 2930, 2852,
1594, 1556,51509, 1483, 1461, 1442, 1374, 151347, 1256, 1231, 1205, 1022, 958. Elemental analysis:

C 55.33; H 749; N 7.01. \
e /Qm

o Nl
yo
O

1.4 g (8.5 mmol) FeCl; (anhydrous) dissolved in 20 ml ethanol 99% were added

to a solution of 5.0 g (25.7 mmol) 2,4-dioxo-3-cyanobutylpiperidin in 40 ml EtOH
10 99%. 2.2 g (25.6 mmol) NaHCO; were then added and this was followed by
stirring for 1 hour at 20 — 25 °C. The reaction mixture is filtrated, the filtrate
concentrated to dryness on the rotavap at 50°C / < 100 mbar, and the residue
was dried in the vacuum drying cabinet for at least 15 hours at 50°C / < 100
mbar. The obtained solid was suspended in 200 ml water for approx. 30 min with
15 an Ultraturax, filtrated off and again dried in the vacuum drying cabinet for at least
15 hours at 50°C / < 100 mbar. 5.3 g of product was obtained as an orange solid.
IR (in substance, cm™): 2936, 2858, 2197, 1594, 1532, 1506, 1439, 1387, 1270,
1217, 1169, 1145, 1072, 1020, 973, 905, 854, 755, 700, 653.
Elemental analysis: C 57.0; H 6.40; N 12.60.
20 Fe content 8.30 % [m/m].



Fe content 9.30 % [m/m]. 131 Example 10 Tris(3-oxoheptaneamide)-iron(lll) complex 5 15 mmol
(2.147 g) 3-oxoheptaneamide were dissolved in 50 ml ethanol (anhydrous) in a 100 ml Erlenmeyer
flask with a drying tube, and 5 mmol (0.811 g) FeClI3 (anhydrous) was added. 20 mmol (1.68 g)
NaHCO3 was added after 5 10 min and stirring was continued for another 2 hours. pH monitoring
showed pH 3.78 after 2 hours (sample was filtrated,gnd diluted with water: pH 2.78 after 0.5 hours:
3.19 after 1 hour; 3.56 after 1.5 hours). The reaction mixture was filtrated, the filtrate was concentrated
on the rotavap apd the product was dried under an oil pump vacuum. 2.25 g of product was obtained.
15IR (in substan é?'@l'ﬁ'g) 3318, 3195, 2956, 2930, 2870, 1715, 1617, 1564, 1507, 1458, 1355, 1192,
1093, 946, 780, 663. Elemental analysis: C 49.06: H 7.45; N 8.28. Fe content 10.91 % [m/m]. 132

Example 11 Tris-(2-chloro-N-methyl-3-oxobutaneamide)-iron(lll) complex

A solution of 1.00 g (6.17 mmol) iron(Ill) chloride anhydrous in 10 ml ethanol was

added dropwise to a solution of 2.77 g (18.50 mmol) 2-chloro-N-methyl-3-

oxcbutaneamide in 30 ml ethanol. 1.55 g (18.50 mmol} sodium bicarbonate was
10  then added in portions. After 2 hours of stirring at room temperature, the reaction

mixture was filtrated off, washed with 10 ml EtOH, the filtrate spun off and the

residue dried overnight in the drying cabinet at 50°C. 3.19 g of product was

obtained as a violet solid.

IR (in substance, cm™): 3359, 2942, 1545, 1468, 1406, 1375, 1260, 1155, 1118,
15 1028, 935, 796, 748.

Elemental analysis: C 33.42; H 4.23; N 7.74.

Fe content 10.72 % [m/m].



Tris(N-methyl-3-oxoheptaneamide)-iron(111) complex 5 ,HN 8.3 mmol (1.37 g) 3-oxoheptanoic acid
methylamide were dissolved in 40 ml ethanol (anhydrous) in a 100 ml Erlenmeyer flask with a drying
tube, and 2.8 mmol (0.447 g) FeCl3 (anhydrous) was added. 11 mmol (0.927 g) NaHCO3 was 10
added, followed by stirring for 2.5 hours. pH monitoring showed pH 3.8 after 2.5 hours (sample was
filtrated and diluted with water). The reaction mixturg,was filtrated, the filtrate was concentrated on the
rotavap and the product was dried at 50C in the vacuum drying cabinet. 1.209 of product was
obtained. IR (in substance, cm 1): 3283, 3117, 2956, 2932, 2871, 1718, 1561, 1502, 1420, 151377,
1271, 1157, 1105,"36‘@2? 867, 937, 886, 779, 649. Elemental analysis: C 52.2; H 7.65; N 7.61. Fe
content 9.14% [mini. 133 Example 12 TrisM,N-bis-(2-hydroxyethyl)-3-oxobutaneamideHron(111)

complex 5 Tris(N-butyl-3-oxobutaneamide)-iron(lll) complex

HN,—<:~—< HN‘—/—/
N
N4

\_/

NH

1.4 g (8.6 mmol) FeClz (anhydrous) dissolved in 10 ml methanol were added to a

solution of 5 g (31.8 mmol) N-n-butyl-3-oxo-butaneamide in 40 ml toluene. 4.4 g

(52.4 mmol) NaHCO; and 2.2 g (15.5 mmol) Na,SO, (anhydrous) were then
10 added and this was followed by stirring for 1 hour at 20 — 25 °C. The reaction

mixture was filtrated, the filtrate concentrated to dryness on the rotavap at 50°C /

< 100 mbar, and the residue was dried in the vacuum drying cabinet for at least

15 hours at 50°C / < 100 mbar. 5.0 g of product was obtained as a red solid.

IR (in substance, cm™): 2935, 1645, 1592, 1533, 1508, 1439, 1387, 1270, 1219,
15 1143, 1073, 1020, 973, 909, 855, 822, 699, 652.

Fe content 9.0 % [m/m].



OH HO".. h00}-<'-h, _z---Nr- 0c) 0 r__-A HO9 OH OH A solution of 1.00 g (6.17 mmol) iron(lll) chloride
(anhydrous) in 10 ml ethanol was added dropwise to a solution of 3.50 g (18.50 mmol) N,N-bis-(2-
hydroxyethyl)-3-oxobutaneamide in 30 ml ethanol. 1.56 g (18.50 mmol) sodium 10 bicarbonate was
then added in portions. After 4 hours of stirring at room temperature, the reaction mixture was filtrated
off, washed with 10 ml EtOH, the filtrate spun off a éhe residue dried overnight in the drying cabinet
at 50C. 4.19 g of product was obtained as a black oil. IR (in substance, cm-1): 3327, 2974, 2934,
2880 1632, 1567, 1516, 1494, 1438, 151361, 1301, 1228, 1206, 1170, 1052. Elemental analysis: C
43.61; H 7.46; NEX3PIBcontent 8.14 A [m/m]. 134

Tris(N, N-dibutyl-3-oxobutaneamide)-iron(lil) complex

48.5 g (0.23 mol) N,N-dibutyl-3-oxo-butaneamide and 20.6 g (0.08 mol) FeCls x
6H-O were provided in 245 ml ethanol 96%. 14.1 g (0.13 mol) NaxCOj;
(anhydrous) was added in several portions within approx. 5 min. The reaction
10 container is cooled in the process with a water bath of approx. 20°C. The reaction
mixture was stirred for 6 hours at 20 - 25°C, subsequently filtrated over a glass frit
and concentrated to dryness on the rotavap at 50°C / < 100 mbar. The oily
product was dried for at least 15 hours at 20 - 25°C under a high vacuum. 50 g of
product was obtained as a red-brown oil.
15 IR (in substance, cm™): 2957, 2931, 2872, 1596, 1558, 1513, 1492, 1461, 1431,
1366, 1292, 1257, 1229, 1199, 1155, 1112, 1007, 956, 764.
CHN elemental analysis: C 61.10; H 9.60; N 6.00.
Fe content 8.00 % [m/m].



Example 13 Tris-(N-butyl-N-methyl-3-oxobutaneamide)iron(lll) complex 5 A solution of 0.50 g (3.08
mmol) iron(lll) chloride (anhydrous) in 5 ml ethanol was added dropwise to a solution of 1.58 g (9.25
mmol) N-n-butyl-N-methyl-3- oxobutyramide in 15 ml ethanol. 0.78 g (9.25 mmol) sodium bicarbonate
was then 10 added in portions. After 4 hours of stirring at room temperature, the reaction mixture was
filtrated off, washed with 10 ml EtOH, the filtrate spyg,off and the residue dried overnight in the drying
cabinet at 50C 1.80 g of product was obtained as a black oil. IR (in substance, cm-1): 2956, 2930,
2871 598 557, 1515, 1492, 1464, 1353, 151308, 1230, 1211, 1088, 957. Elemental analysis: C 55.26;
H 8.25: N 7.21. F&¥R&Rt 9.36 /.0 [m/m]. 135 Example 14
Tris-(1-(4-hydroxypiperidin-1-yh-butane-1,3-dione)-iron(lll) complex 5
Tris-(1-(piperidin-1-yl)-butane-1,3-dione)-iron(lil) complex

()
AVt
CN O->Fe/—-o/

g

A solution of 1.00 g (6.17 mol) iron(ill) chloride (anhydrous) in 10 mt ethanol was

added dropwise 1o a solution of 3.13 g (18.50 mmol) 1-(piperidin-1-yl)-butane-1,3-

dione in 40 mi ethanol. 6.26 g (74.00 mmol) sodium bicarbonate was then added
10 in portions. After 2 hours of stirring at room temperature, the reaction mixture was

filtrated off, washed with 10 ml EtOH, the filtrate spun off and the residue dried

overnight in the drying cabinet at 50°C. 3.72 g of product was obtained as a black

oil.

IR (in substance, cm™): 2930, 2852, 1594, 1556, 1509, 1483, 1461, 1442, 1374,
15 1347, 1256, 1231, 1205, 1022, 958.

Elemental analysis: C 55.33; H 7.49; N 7.01.

Fe content 9.30 % [m/m].



A solution of 1.00 g (6.17 mol) iron(lll) chloride (anhydrous) in 10 ml ethanol was added dropwise to a
solution of 3.43 g (18.51 mmol) 1-(4-hydroxypiperidin-1-yl)- butane-1,3-dione in 30 ml ethanol. 3.11 g
(37.00 mmol) sodium bicarbonate was 10 then added in portions. After 4 hours of stirring at room
temperature, the reaction mixture was filtrated off, washed with 10 ml Et01-1, the filtrate spun off and
the residue dried overnight in the drying cabinet at $59C. 3.98 g of product was obtained as a brown
solid. IR (in substance, crnl): 3334, 2923, 2859, 1589, 1554, 1509, 1485, 1443, 1362, 151265,
1227, 1205, 105éf,(ﬁ102 ,?954. Elemental analysis: C 51.47; H 7.26; N 6.37. Fe content 8.28 /0 [m/m].
136 Example 15 gl(‘lfpio 0-N,N-dipropylbutaneamide)-iron(lll) complex 5 A solution of 0.50 g (3.08
mmol) iron(Il) chloride (anhydrous) in 5 ml ethanol was added dropwise to a solution of 1.71 g (9.25

mmol) 3-oxo-N, NriliiB-oReHapRiHaaafBjdeoiiPdopiaanol. 1.56 g (18.50 mmol) sodium bicarbonate

15 mmol (2.147 g) 3-oxoheptaneamide were dissolved in 50 ml ethanol
(anhydrous) in a 100 ml Erlenmeyer flask with a drying tube, and 5 mmol (0.811
g) FeCl; (anhydrous) was added. 20 mmol (1.68 g) NaHCO3; was added after 5
10  min and stirring was continued for another 2 hours. pH monitoring showed pH
3.78 after 2 hours (sample was filtrated and diluted with water; pH 2.78 after 0.5
hours; 3.19 after 1 hour; 3.56 after 1.5 hours). The reaction mixture was filtrated,
the filtrate was concentrated on the rotavap and the product was dried under an
oil pump vacuum. 2.25 g of product was obtained.
15 IR (in substance, cm™): 3318, 3195, 2956, 2930, 2870, 1715, 1617, 1564, 1507,
1458, 1355, 1192, 1093, 946, 780, 663.
Elemental analysis: C 49.06; H 7.45; N 8.28.
Fe content 10.91 % [m/m].



10 was then added in portions. After 2 hours of stirring at room temperature, the reaction mixture was
filtrated off, washed with 10 ml EtOH, the filtrate spun off and the residue dried overnight in the drying
cabinet at 50C. 1.94 g of product was obtained as a brown oil. IR (in substance, cm-1): 2962, 2931,
2874, 1597, 1557, 1510, 1491, 1468, 1456, 151431, 1367, 1299, 1246, 1202, 1164, 1102, 1058, 996,
958. Elemental analysis: C 56.93; H 8.73; N 6.50. Fg£ontent 8.15% [m/m]. 137 Example 16
Tris-(N-hexy1-3-oxobutaneamide)-iron(lll) complex NH S 0-S HN---PK r A 00 5 A solution of 1.00 g
(6.17 mmol) iron(l1) chloride (anhydrous) in 5 ml ethanol was added dropwise to a solution of 3.43 g
(18.50 mmol) N-R*A8WRJ¢.5!

Tris(N-methyl-3-oxoheptaneamide)-iron(lil) complex

8.3 mmol (1.37 g) 3-oxoheptanoic acid methylamide were dissolved in 40 mi

ethano! (anhydrous) in a 100 ml Erlenmeyer flask with a drying tube, and 2.8

mmol (0.447 g) FeCl; (anhydrous) was added. 11 mmol (0.927 g) NaHCO; was
10 added, followed by stirring for 2.5 hours. pH monitoring showed pH 3.8 after 2.5

hours (sample was filtrated and diluted with water). The reaction mixture was

filtrated, the filtrate was concentrated on the rotavap and the product was dried at

50°C in the vacuum drying cabinet. 1.20 g of product was obtained.

IR (in substance, cm™): 3283, 3117, 2956, 2932, 2871, 1718, 1561, 1502, 1420,
15 1377,1271, 1157, 1108, 1082, 967, 937, 886, 779, 649.

Elemental analysis: C 52.2; H 7.65; N 7.61.

Fe content 9.14 % [m/m].



oxobutaneamide in 25 ml ethanol. 3.12 g (37.00 mmol) sodium bicarbonate was 10 then added in
portions. After 4 hours of stirring at room temperature, the reaction mixture was filtrated off, washed
with 10 ml EtOH, the filtrate spun off and the residue dried overnight in the drying cabinet at 50C. 3.86
g of product was obtained as a brown oil. IFI (in substance, cm-1): 3289, 2956, 2926, 2857, 1719,
1656, 1589, 1556, 1503, 151453, 1434, 1410, 127451188, 1037, 1017, 960, 946. Fe content 8.34%
[mint]. 138 Example 17 Tris(NAdimethyl-3-oxohedtaneamide)-iron(111) complex In analogy to the
preceding examples, the tris(N,N-dimethy1-3-oxoheptaneamide)- iron(lll) complex was prepared
starting with iroriiA" e and 3-oxo-heptanoic acid dimethylamide. Example 18
Tris(3-oxopentaneamide)-iron(lll) complex 15 HA! 15.0 mmol (1.73 g) 3-oxopentaneamide were

dissolved in 1001R5QHIANSS-(2-hydroxyethyl)-3-oxobutaneamide)-iron(lll) complex

OH
HO

L,
i//g A /O)i
N No— k{7
HO_P O/F\O o}
MN/\/OH

NN
5 OH

HO

A solution of 1.00 g (6.17 mmol) iron(lll) chloride (anhydrous) in 10 ml ethanol

was added dropwise to a solution of 3.50 g (18.50 mmol) N, N-bis-(2-

hydroxyethyl)-3-oxobutaneamide in 30 ml ethanol. 1.56 g (18.50 mmol) sodium
10 bicarbonate was then added in portions. After 4 hours of stirring at room

temperature, the reaction mixture was filtrated off, washed with 10 ml EtOH, the

filtrate spun off and the residue dried overnight in the drying cabinet at 50°C. 4.19

g of product was obtained as a black oil.

IR (in substance, cm™"): 3327, 2974, 2934, 2880, 1632, 1567, 1516, 1494, 1438,
15 1361, 1301, 1228, 1206, 1170, 1052.

Elemental analysis: C 43.61; H 7.46; N 5.34.

Fe content 8.14 % [m/m].



(anhydrous) in a 250 ml round-bottomed flask with a drying tube, and 5.0 mmol (0.811 g) FeCI3
(anhydrous) was added. 20 mmol (L68 g) NaHCO3 was added, 20 followed by stirring for 3 hours. pH
monitoring showed pH 5.2 (sample was filtrated and diluted with water). The reaction mixture was
filtrated, the filtrate was concentrated on the rotavap and the product was dried at 50C in the vacuum
drying cabinet. 2.1 g of product was obtained. 139.I (in substance, cm-1): 3318. 3189, 2974, 2938,
2361, 1715, 1625, 1567, 1509, 1458, 1341, 1299, 1242, 1184, 1107, 1077, 1020, 952, 917, 804, 785.
Elemental analysis: C 39.86; H 5.821; N 9.28. Fe content 11.85 % fm/m]. 5 Example 19

Tria, Akiimethyl-55¥BBEh8neamideHron(111) complex 10 15.0 mmol (2.15 g)
N,N-dimethy1-3-oxopentaneamide were dissolved in 75 ml ethanol (anhydrous) in a 100 mi

round-bottomedfmmﬁ,ﬁmygeoma%gmgéq,%%, dofifpiekanhydrous) was added. 20
e

mmol (1.68 g) NaHCO3 was 15 added, followed by stirring for 1.5 hours. pH monitoring showed pH
4.2 (sample was filtrated and diluted with water). The reaction mixture was filtrated, the filtrate was
concentrated on the rotavap and the product was dried at 50C in the vacuum drying cabinet. 2.4 g of
product was obtained. %

N/

A solution of 0.50 g (3.08 mmol) iron(lll) chloride (anhydrous) in 5 ml ethanol was

added dropwise to a solution of 1.58 g (9.25 mmol) N-n-butyl-N-methyl-3-

oxobutyramide in 15 ml ethanol. 0.78 g (9.25 mmol) sodium bicarbonate was then
10 added in portions. After 4 hours of stirring at room temperature, the reaction

mixture was filtrated off, washed with 10 m! EtOH, the filtrate spun off and the

residue dried overnight in the drying cabinet at 50°C. 1.80 g of product was

obtained as a black oil.

IR (in substance, cm™): 2956, 2930, 2871, 1598, 1557, 1515, 1492, 1464, 1353,
15 1308, 1230, 1211, 1088, 957.

Elemental analysis: C 55.26; H 8.25; N 7.21.

Fe content 9.36 % [m/m].



IR (in substance. cm-1): 2965, 2933, 2871, 2362, 1720, 1596, 1553, 1526, 1492, 201428, 1402, 1371,
1352, 1311, 1259, 1197, 1175, 1061, 1020, 983. 932. 835, 798, 766, 718, 688. Elemental analysis: C
50.35; H 7.307; N 8.31. Fe content 10.50 % [m/m]. 140 Example 20 Tris-(ethyl
N-(3-oxobutanoyhglycinate)-iron(111) complex (Tris((3-0xo-butyrylamino)ethyl acetate)iron) 5 NH
00'Ac"---- 0, HN\c) 0 A solution of 0.50 g (3.08 mmpj).iron(lll) chloride (anhydrous) in 5 ml ethanol was
added dropwise to a solution of 1.73 g (9.25 mmaol) ethyl N-(3- 10 oxobutanoyl)glycinate (or.
(3-oxo-butyrylamino{ethyl acetate, respectively) in 20 ml ethanol. 1.56 g (18.50 mmol) sodium
bicarbonate wa PA%dEd in portions. After 2 hours of stirring at room temperature, the reaction
mixture was filtrated off. washed with 10 ml EtOH, the filtrate spun off and the residue dried overnight

in the drying cabrpgl 3l el iRiRdughHWas.abkiql In (in substance, cm-):
3304, 2982, 2936, 173%% fg%é 5.543 g.4)197 14Q53 @%ﬂ%ﬁ@%'f& H%B

HO

A solution of 1.00 g (6.17 mol) iron(lll) chloride (anhydrous) in 10 mi ethanol was

added dropwise to a solution of 3.43 g (18.51 mmol) 1-(4-hydroxypiperidin-1-yl)-

butane-1,3-dione in 30 ml ethanol. 3.11 g (37.00 mmol) sodium bicarbonate was
10  then added in portions. After 4 hours of stirring at room temperature, the reaction

mixture was filtrated off, washed with 10 ml EtOH, the filtrate spun off and the

residue dried overnight in the drying cabinet at 50°C. 3.98 g of product was

obtained as a brown solid.

IR (in substance, cm™): 3334, 2923, 2859, 1589, 1554, 1509, 1485, 1443, 1362,
15 1265, 1227, 1205, 1054, 1023, 954.

Elemental analysis: C 51.47; H 7.26; N 6.37.

Fe content 8.28 % [m/m].



1411, 1374, 1284, 1184, 1134, 1051, 1026. Elemental analysis: C 44.14; H 6.11; N 6.18. Fe content
8.47% [m/m]. 20 Example 21 Tris-(N,N-Dibuty1-3-oxopentanamide)-iron(111)-complex /7-'N ?\ N 10-
18 mmol (4.099) N, N-dibuty1-3-oxopentanamide were dissolved in 90 ml ethanol (anhydrous) and 6
mmol (0.811 g), FeCI3 (anhydrous) was added. Then 5.93 ml 5sodium ethylate solution (21% m/m,
about 18 mmol sodium ethylate) was added and it ywgs stirred for 1 hour. The reaction mixture was
filtered and the filtrate was concentrated on a rotary evaporator. The residue was dissolved in 120 ml
dichloromethane, filtered again, the filtrate was evaporated and the product was dried in a vacuum
oven at 50 C. Tiﬁé‘@ﬂ@?l g of the title compound. 101F1 (neat, cm]1): 2957, 2931, 2872, 2359,
1721, 1634, 1596, 1556, 1513, 1491, 1461, 1429, 1393, 1366, 1316, 1291, 1254, 1225, 1190, 1155,

1112, 1079, 10629940386y, KESipf&yIBamnbhmiGsfirGiitlyElsmasial analysis: C. 62.57; H, 9.64; N,

5.66.
iNg
Y
)

IN O—Fe—
A
A
5 N

A solution of 0.50 g (3.08 mmol) iron(lll) chloride (anhydrous) in 5 ml ethanol was

added dropwise to a solution of 1.71 g (9.25 mmol} 3-oxo-N,N-di-n-

propylbutaneamide in 20 ml ethanol. 1.56 g (18.50 mmol) sodium bicarbonate
10 was then added in portions. After 2 hours of stirring at room temperature, the

reaction mixture was filtrated off, washed with 10 ml EtOH, the filtrate spun off

and the residue dried overnight in the drying cabinet at 50°C. 1.94 g of product

was obtained as a brown oil.

IR (in substance, cm™): 2962, 2931, 2874, 1597, 1557, 1510, 1491, 1468, 1456,
15 1431, 1367, 1299, 1246, 1202, 1164, 1102, 1058, 996, 958.

Elemental analysis: C 56.93; H 8.73; N 6.50.

Fe content 8.15 % [m/m].



Fe-content: 7.3% [m/m] 15 Example 22
Tris-(2-Fluoro-N,N-dimethy1-3-oxobutanamide)-iron(111)-complex 15 mmol (2.32 g)
2-fluoro-N,N-dimethy1-3-oxobutanamide were dissolved in 125 ml ethanol (anhydrous), and 4.86 ml
sodium ethylate solution (21% m / m, about 515 mmol sodium ethoxide) were added. Then 5 mmol
(0.811 g), FeC13 (anhydrous) was added and is was,stirred for 2 h at 50 C. The reaction mixture was
filtered after cooling, the filtrate was concentrated on a rotary evaporator and the product was dried in
a vacuum oven at 50 C. This gave 2.5 g of the title compound. 10IR (neat, cn1l): 2937, 2361, 2341,
1737, 1656, 1575,"%‘?’2‘? 1919, 1402, 1361, 1332, 1259, 1209, 1145, 1051, 1020, 977, 894, 870, 736.
CHN-Elemental analysis: C, 38.59; H, 5.23; N, 7.15. Fe-content: 9.96% [m/m] 15 Example 23
Tiis-(2-FIu010-3-pigN:REA UASATIAE RGOS A4S 18 mmol (29 0)
2-fluoro-3-oxo-N-propylbutanamide and 6 mmol (0.972 g) FeCI3 (anhydrous) were dissolved in 90 ml
ethanol (anhydrous), and 2.78 ml sodium methylate solution (30% m/m, about 15 mmol sodium
methoxide) were added. It was stirred for another 1 h, and the reaction solution was filtered. The
filtrate was 5 concentrated on a rotary evaporator ang the product was dried in a vacuum oven at 50
C. This gave 3.149 of the title compound.

A solution of 1.00 g (6.17 mmol) iron(lll) chloride (anhydrous) in 5 ml ethanol was

added dropwise to a solution of 3.43 g (18.50 mmol) N-n-hexyl-3-

oxobutaneamide in 25 ml ethanol. 3.12 g (37.00 mmol) sodium bicarbonate was
10  then added in portions. After 4 hours of stirring at room temperature, the reaction

mixture was filtrated off, washed with 10 ml EtOH, the filtrate spun off and the

residue dried overnight in the drying cabinet at 50°C. 3.86 g of product was

obtained as a brown oil.

IR (in substance, cm™): 3289, 2956, 2926, 2857, 1719, 1656, 1589, 1556, 1503,
15 1453, 1434, 1410, 1274, 1188, 1037, 1017, 960, 946.

Fe content 8.34 % [m/m].



IR (neat, cm-1): 3306, 3090, 2966, 2936, 2876, 1736, 1674, 1602, 1549, 1522, 1459, 1438, 1382.
1275. 1246, 1160, 1114, 1088, 1050, 992, 958, 899, 821, 774, 744, 645. 10CHN-Elemental analysis:
C, 44.36; H. 6.08; N, 7.22. Fe-content: 9.34% [m/m] Example 24 15
Tris-(4-Methoxy-N,N-dimethy1-3-oxobutanamide)-iron(lll)-complex 57 mmol (9.1 g) of
4-methoxy-N,N-dimethy1-3-oxobutanamide and 19, gymol (3.08 20g) FeCI3 (anhydrous) were
dissolved in 260 ml ethanol (anhydrous), and 9.84 ml of sodium methoxide solution (30% m / m, about
53 mmol sodium methoxide) was added. It was stirred for another 1 11 and the reaction solution was
filtered. The filtrXEPMREHhcentrated on a rotary evaporator and the product was dried in a vacuum
oven at 50 C. This gave 10.59 of the title compound. 25IR (neat, cm-1): 2930, 2822, 1730, 1603, 1568,
1497, 1424, 1407,d(RbR.dl3dth 1 200x it Randdidel SR nkith Lohiiiax 992, 959, 924, 862, 769, 736,
681. CHN-Elemental analysis: C. 44.94; H, 6.66; N, 7.06. 144 Fe-content: 9.49% [m/m] Example 25 5
Tris-(N,N,4-Trimethy1-3-oxopentanamide)-iron(lll)-complex

5 /
In analogy to the preceding examples, the tris(N,N-dimethyl-3-oxoheptaneamide)-
iron(lll) complex was prepared starting with iron(lll) chloride and 3-oxo-heptanoic
acid dimethylamide.
10
Example 18
Tris(3-oxopentaneamide)-iron(lll) complex
HZN—<_4<)—‘ NH;
o) —
\Fe/ ©
o [N/
P
15 NH,

15.0 mmol (1.73 g) 3-oxopentaneamide were dissolved in 100 ml ethanol
(anhydrous) in a 250 ml round-bottomed flask with a drying tube, and 5.0 mmol
(0.811 g) FeCls (anhydrous) was added. 20 mmol (1.68 g) NaHCO; was added,
20 followed by stirring for 3 hours. pH monitoring showed pH 5.2 (sample was
filtrated and diluted with water). The reaction mixture was filirated, the filtrate was
concentrated on the rotavap and the product was dried at 50°C in the vacuum

drying cabinet. 2.1 g of product was obtained.



N-- /16 mmol (2.36 g) N,N,4-trimethy1-3-oxopentanamide and 5 mmol (0.811 g), FeCI3
10(anhydrous) were dissolved in 100 ml ethanol (anhydrous), and 2.78 ml sodium methoxide solution
(30% m / m, about 15 mmol sodium methoxide) were added. It was stirred for another 1 h and the
reaction solution was filtered. The filtrate was concentrated on a rotary evaporator and the product was
dried in a vacuum oven at 50 C. This gave 2.6 g of.the title compound. 15IR (neat, cm-1): 2958, 2927,
2868, 1720, 1593, 1556, 1526, 1502, 1487, 1402, 1378, 1359, 1311, 1260, 1198, 1176, 1157, 1083,
1006, 946, 891, 801, 773, 722, 678, 655. CHN-Elemental analysis: C, 52.88; H, 7.91; N, 7.50.
Fe-content: 10. 4047 sHAS] %%ﬁ&lﬂh@ﬁi@ 3189, 2974, 2938, 2361, 1715, 1625, 1567, 1509,

Trls44-Methyl- 1488 ridudlin2by1)2gentdae; 1 Ddione);inead]Qsompes04,4%518 mmol (3.59 g) of
4-methyl-1- (morgfgp,{g}]@)g)ﬁ%@r@gg%@|gr5e8@qd,\§5gryglol (0.973 g) FeCls (anhydrous) were dissolved

in 50 ml ethanol (anhydrous) and 0 ml sodium methylate solution (30% m / m, about 16 mmol
sodium methyla e%%ﬁ?ﬁhh%ﬁS I{"\Hﬁg'gtlrred for another 1 h and the reaction solution was filtered. The
filtrate was doncentrated on a rotary evaporator and the product was dried in a vacuum oven at 50 C.

This gave 4.0 g pf she,iilgg-ompound.

Tris(N,N-dimethyl-3-oxopentaneamide)-iron(lil) complex

10 /

15.0 mmol (2.15 g) N,N-dimethyl-3-oxopentaneamide were dissolved in 75 ml

ethanol (anhydrous) in a 100 ml round-bottomed flask with a drying tube, and 5.0

mmol (0.811 g) FeCls (anhydrous) was added. 20 mmol (1.68 g) NaHCO; was
15 added, followed by stirring for 1.5 hours. pH monitoring showed pH 4.2 (sample

was filtrated and diluted with water). The reaction mixture was filtrated, the filtrate

was concentrated on the rotavap and the product was dried at 50°C in the

vacuum drying cabinet. 2.4 g of product was obtained.

IR (in substance, cm™): 2965, 2933, 2871, 2362, 1720, 1596, 1553, 1526, 1492,
20 1428, 1402, 1371, 1352, 1311, 1259, 1197, 1175, 1061, 1020, 983, 932, 835,

798, 766, 718, 688.

Elemental analysis: C 50.35; H 7.307; N 8.31.

Fe content 10.50 % [m/m].



IA (neat, crn-1): 2964, 2924, 2857, 1714, 1678, 1640, 1549, 1516, 1478, 1459, 101439, 1384, 1371,
1357, 1313, 1300, 1273, 1244, 1189, 1159, 1114, 1087, 1065, 1018, 990, 947, 885, 851, 773, 717,
680. CHN-Elemental analysis: 0,48.70; H, 6.84; N, 6.01. Fe-content: 7.89% [m/m] 15 Example 27
Tris-(4-Methoxy-1-(morpholin-4-yObutane-1,3-dione)-iron(111)-complex 15 mmol (3.029) of
4-methoxy-1-(morpholin-4-yl)butane-1,3-dione and,34nmol (0.811 g) FeCI3 (anhydrous) were
dissolved in 65 ml ethanol (anhydrous) and 5 2,59 ml sodium methylate solution (30% m / m, about 14
mmol sodium methylate) was added. It was stirred for another 1 h and the reaction solution was
filtered. The f|Itrz§t§a\W§§ec%%centrated on a rotary evaporator and the product was dried in a vacuum
oven at 50 C. This gave 3.669 of the title compound. IR (neat, cm-1): 2969, 2897, 2856, 1732, 1640,

1597, 1563, 151 1017, 992, 961, 922, 863, 765,
730, 676. CHN- ;régr%%;%lgé é"s?g&g %n%@@éiﬁﬁ?ﬁeﬂ-ﬂ-g@ﬁ)ﬁé@ﬁ&ﬁem 7.13% [m/m] Example 28

15 Tris-(3- acety (hriR{ Y&Yﬁaﬂ"'(_')‘r?é?tn%?ﬁﬁt?:t(??f{ﬁl’&(
D

0 _o

NH
[4 2 /O)i

OV O\Fe"“‘o

// N/\”/O\/

A solution of 0.50 g (3.08 mmol) iron(lll) chloride (anhydrous) in 5 ml ethanol was
added dropwise to a solution of 1.73 g (9.25 mmol) ethyl N-(3-
10  oxobutanoyl)glycinate (or. (3-oxo-butyrylamino)ethyl acetate, respectively) in 20
mi ethanol. 1.56 g (18.50 mmol) sodium bicarbonate was then added in portions.
After 2 hours of stirring at room temperature, the reaction mixture was filtrated off,
washed with 10 ml EtOH, the filtrate spun off and the residue dried overnight in
the drying cabinet at 50°C. 2.11 g of product was obtained as a brown oil.
15 IR (in substance, cm™): 3304, 2982, 2936, 1736, 1661, 1586, 1543, 1497, 1453,
1411, 1374, 1284, 1184, 1134, 1051, 1026 .
Elemental analysis: C 44.14; H6.11; N 6.18.
Fe content 8.47 % [m/m].

20 Example 21

Tris-(N,N-Dibutyl-3-oxopentanamide)-iron(lll)-complex



147 2,48 g (15,30 mmol) of iron(lll)chloride were dissolved in 700m1 of ethanol and 6.91 g (49.00
mmol) of 3-acetyl-1-methylpyrrolidine-2-one was added. 9.76 g 25% sodium methanolate solution
(45.17 mmol) were diluted with 80 ml ethanol and added dropwise to the iron(lll)-chloride solution. The
reaction solution was 5stirred for 30 min and then filtered off. The filtrate was concentrated on a rotary
evaporator to dryness and the residue is dried overpjght at 50 C under vacuum. This gave 7.4 g
product as a violet powder. IA (neat, cm]1): 2915, 2866, 1677, 1601, 1553, 1497 476, 1443, 1401,
1365, 1344, 1267, 1182, 996, 964, 908. 746, 612. 10Fe-content: 11.74 % [m/m]. Example 29
Tris-(Ethyl (1-methyl-2-oxopyrrolidin-3-y¥)(oxo)acetateHron(111)-complex 15 Fe 0\ 0// o

O\ 0=
Fe

~

O

\_/°

18 mmol (4.09 g) N, N-dibutyl-3-oxopentanamide were dissolved in 90 ml ethanol

Y
ad <

O

(anhydrous) and 6 mmol (0.811 g), FeCl; (anhydrous) was added. Then 5.93 ml
5 sodium ethylate solution (21% m/m, about 18 mmol sodium ethylate) was added

and it was stirred for 1 hour. The reaction mixture was filtered and the filtrate was
concentrated on a rotary evaporator. The residue was dissolved in 120 ml
dichloromethane, filtered again, the filtrate was evaporated and the product was
dried in a vacuum oven at 50 °C. This gave 4.0 g of the title compound.

10 IR (neat, cm™): 2957, 2931, 2872, 2359, 1721, 1634, 1596, 1556, 1513, 1491,
1461, 1429, 1393, 1366, 1316, 1291, 1254, 1225, 1190, 1155, 1112, 1079, 1062,
990, 926, 799, 767, 733, 711, 657.
CHN-Elemental analysis: C, 62.57; H, 9.64; N, 5.66.
Fe-content: 7.3% [m/m]

15
Example 22

Tris-(2-Fluoro-N,N-dimethyl-3-oxobutanamide)-iron(lil)-complex



/0 9.729 of an iron ethoxide solution (2.22% Fe [m/m], 3.86 mmol) in ethanol were diluted in a nitrogen
atmosphere with 40 ml of dry ethanol. 2.309 (11.55 mmol) of 20ethyl
(1-methy1-2-oxopyrrolidin-3-y1)(oxo)acetate were added to the solution and stirred at room
temperature overnight. Then the solution was evaporated in a rotary evaporator to dryness and the
residue dried at 50 C overnight under vacuum, Thig gave 2.6 g product as a red solid. IA (neat, cm-1):
2933, 2896, 1719, 1704, 1607, 1500, 1477, 1455, 1407, 1395, 251367, 1350, 1303, 1270, 1207, 1170,
1107, 1031, 1008, 9JF4 869, 780, 743, 718, 148 Elemental analysis: C 47.90% H 5.43% N 6.11%
Fe-content: 8.48 % [nym], xample 30 5 Tris-(ethyl

(1-methyl-2-oxopiperi |n- O(ox JacetateHron(111)-complex 100.659 (4.00 mmol) iron(lll)-chloride
were dissolved inr 25 }jg/{ d 569 (212.00 mmol) of ethyl

(2-methyl-2- oxoplperld a(? oxo)acetate were added. After 40 min stirring time 1.21 g (12.00
mmol) triethylamine was a d&d d |t was stirred for further 60 min at room temperature. Then 2.59
925% sodium met% lution\(12.00 mmol) was added dropwise and the solution was 15stirred for

another 2 hours. The pitated salt was filtered and the filtrate was
F N—

/

15 mmol (2.32 g) 2-fluoro-N,N-dimethyl-3-oxobutanamide were dissolved in 125
mi ethanol (anhydrous), and 4.86 mi sodium ethylate solution (21% m / m, about
5 15 mmol sodium ethoxide) were added. Then 5 mmol (0.811 g), FeCls

{anhydrous) was added and is was stirred for 2 h at 50 °C. The reaction mixture
was filtered after cooling, the filtrate was concentrated on a rotary evaporator and
the product was dried in a vacuum oven at 50 °C. This gave 2.5 g of the title
compound.

10 IR (neat, cm™): 2937, 2361, 2341, 1737, 1656, 1573, 1477, 1419, 1402, 1361,
1332, 1259, 1209, 1145, 1051, 1020, 977, 894, 870, 736.
CHN-Elemental analysis: C, 38.59; H, 5.23; N, 7.15.
Fe-content: 9.96% [m/m]

15 Example 23

Tris-(2-Fluoro-3-oxo-N-propylbutanamide)-iron(lii)-complex

20



concentrated on a rotary evaporator to dryness. The residue was dried for 1 day at 50 C in a high
vacuum. This gave 2.6 g product as a red solid. IR (neat, cm-I): 2939, 2863, 1724, 1610, 1573. 1538,
1480, 1402, 1364, 1308, 1256, 1219, 1195, 1101, 1079, 1060, 1016, 959, 920, 892, 858. 811, 764,
724. 20 692. Elemental analysis: C 51.62%, H 6.23%, N 5.90% Fe-content: 8.2% [m/mi. Example 31
25 Tris-(3-acetyl-1-methylpiperidin-2-one)-iron(110;ggmplex 149 0.34 g (2.10 mmol) iron(lil)chloride
were dissolved in 100m1 of ethanol and 1.34 g 5(6,30 mmol) of 3-acetyl-1-methylpiperidin-2-one was
added. 1.33 g 25% sodium methoxide solution (6.13 mmol) were diluted with 10 ml ethanol and added

dropwise to the 880K Eol i 4 PR QP LRYiBIRIGE G ARG S ae (RiR72 A Bsérfiltered off. The
filtrate was concentraten e notisyobreaipoi@ionitetichyoieasandtise, mrslduiswasddiken up in 50 ml of

dichloromethane, Jihg SeionWes30againlares nihr ishlRramaHiane WRsd gRRYed on a rotary

evaporator and the residue was dried for 2 days at 50 C under high vacuum. This gave 1.2 g product
as a dark red solf@® stirred for another 1 h, and the reaction solution was filtered. The filtrate was

5 concentrated on a rotary evaporator and the product was dried in a vacuum oven
at 50 °C. This gave 3.14 g of the title compound.
IR (neat, cm™): 3306, 3090, 2966, 2936, 2876, 1736, 1674, 1602, 1549, 1522,
1459, 1438, 1382, 1275, 1246, 1160, 1114, 1088, 1050, 992, 958, 899, 821, 774,
744, 645.
10  CHN-Elemental analysis: C, 44.36; H, 6.08; N, 7.22.
Fe-content: 9.34% [m/m]

Example 24
15 Tris-(4-Methoxy-N,N-dimethyl-3-oxobutanamide)-iron(lll)-complex

/
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57 mmol (9.1 g) of 4-methoxy-N,N-dimethyl-3-oxobutanamide and 19 mmol (3.08

20 g) FeCl; (anhydrous) were dissolved in 260 ml ethanol {(anhydrous), and 9.84 m|
of sodium methoxide solution (30% m / m, about 53 mmol sodium methoxide)
was added. It was stirred for another 1 h and the reaction solution was filtered.
The filtrate was concentrated on a rotary evaporator and the product was dried in
a vacuum oven at 50 °C. This gave 10.5 g of the title compound.

25 IR (neat, cm™): 2930, 2822, 1730, 1603, 1568, 1497, 1424, 1402, 1368, 1331,
1260, 1200, 1174, 1109, 1059, 1023, 992, 959, 924, 862, 769, 736, 681.
CHN-Elemental analysis: C, 44.94; H, 6.66; N, 7.06.



IA (neat, cm-1): 2927, 2855, 1559, 1462. 1399, 1303, 1254. 1202, 1181, 1082, 992, 921, 887, 856,
757, 707, 626. 15 Elemental analysis: 049.63%, H 6.43%, N 7.23% Fe-content: 9.80% [m/m]. Example
32 20Tris-(ethyl 4-(dimethylamino)-2,4-dioxobutanoate)-iron(111)-complex 150 0.589 (3.56 mmol)
iron(lll)chloride were dissolved in 80 ml THF and 2.00 g (10.69 mmol) of ethyl
4-(dimethylamino)-2.4-dioxobutanoate was added. Affer 40 5min stirring time 1.07 g (10.69 mmol)
triethylamine was added and the mixture was stirred for another 60 min at room temperature. Then
2.31 g 25% sodium methoxide solution (10.69 mmol) was added dropwise and the solution was stirred
for another 2 holifsCaHE bradpitdfadalt was filtered and the filtrate was concentrated on a rotary
evaporator to dryness. The residue was dried for 1 day 10at 50 aC in a high vacuum. This gave 2.0 g
product as a redé@mpﬂgez@eat, cmil): 2927, 1719, 1616, 1575, 1501, 1433, 1404, 1362, 1235 1174,
1136, 1019, 944, 924, 767, 742, 652. Elemental analysis: C 45.83%, H 5.82%, N 6.83% Fe-content:
8.54% Em/m]. 15 Example 33

5  Tris-(N,N,4-Trimethyl-3-oxopentanamide)-iron(lil)-complex

N SN
O\Fe/o_
TN/

N\ P
A

16 mmol (2.36 g) N,N,4-trimethyl-3-oxopentanamide and 5 mmol (0.811 g), FeCls
10  (anhydrous) were dissolved in 100 mi ethanol (anhydrous), and 2.78 ml sodium
methoxide solution (30% m / m, about 15 mmol sodium methoxide) were added.
It was stirred for another 1 h and the reaction solution was filtered. The filtrate
was concentrated on a rotary evaporator and the product was dried in a vacuum
oven at 50 °C. This gave 2.6 g of the title compound.
15 IR (neat, cm™): 2958, 2927, 2868, 1720, 1593, 1556, 1526, 1502, 1487, 1402,
1378, 1359, 1311, 1260, 1198, 1176, 1157, 1083, 1006, 946, 891, 801, 773, 722,
678, 655.
CHN-Elemental analysis: C, 52.88; H, 7.91; N, 7.50.
Fe-content: 10.40% [m/m]
20
Example 26

Tris-(4-Methyl-1-(morpholin-4-yl)-pentane-1,3-dione)-iron(lll)}-complex



Tris-(1-(morpholin-4-yObutane-1,3-dione)-iron(111)-complex 0 \\Fe O\----NO\ 151 To a solution of
3.17 g (18.50 mmol) 1-(morpholin-4-yl)butane-1,3-dione in 40 ml of ethanol, a solution of 1.00 g (6.17
mmol) iron(lll)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then 6.22 g (74,00 mmol) of
sodium bicarbonate 5was added in portions. After 1.5 h stirring at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol,1t£|§ filtrate evaporated on a rotary evaporator, and
the residue was dried overnight in an oven at 50 C. This gave 3.50 g of brown solid. IR (neat, crnl):
2961, 2896, 2854, 1595, 1553, 1509, 1476 443, 1362, 1299, 101273, 1244, 1193, 1110. Fe-content:

18 mmol (3.59 g) of 4-methyl-1-(morpholin-4-yl)pentane-1,3-dione and 6 mmol

(0.973 g) FeCls (anhydrous) were dissolved in 50 ml ethanol (anhydrous) and
5  3.00 ml sodium methylate solution (30% m / m, about 16 mmol sodium methylate)

was added. It was stirred for another 1 h and the reaction solution was filtered.
The filtrate was concentrated on a rotary evaporator and the product was dried in
a vacuum oven at 50 °C. This gave 4.0 g of the title compound.
IR (neat, cm™): 2964, 2924, 2857, 1714, 1678, 1640, 1549, 1516, 1478, 1459,

10 1439, 1384, 1371, 1357, 1313, 1300, 1273, 1244, 1189, 1159, 1114, 1087, 1065,
1018, 990, 947, 885, 851, 773, 717, 680.
CHN-Elemental analysis: C, 48.70; H, 6.84; N, 6.01.
Fe-content: 7.89% [m/m]

15 Example 27

Tris-(4-Methoxy-1-(morpholin-4-yl)butane-1,3-dione)-iron(lll)-complex



To a solution of 1.47 g (9.25 mmol) N-(2-methoxyethyl)-3-oxobutanamide in 15 ml 200f ethanol, a
solution of 0.5 g (3.08 mmol) iron(lll)chloride (anhydrous) in 5 ml of ethanol was added dropwise. Then
1.56 g (18.50 mmol) of sodium bicarbonate was added in portions. After stirring for 1 h at room
temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated on a rotary evaporator and the residue yyas dried overnight in an oven at 50 C. This
25gave 1.51 g of brown oil. 1A (neat, cm-1): 3269, 2980, 2928, 2882, 2830, 1650, 1550, 1499, 1451,
1410, 1275, 1192, 1117, 1092, 1017, 958. 152 Fe-content: 9.68 % Example 35 5
Tris-(N-Cyclopropy1-3-oxobutanamg(e)§m|ulII)-compIex To a solution of 2.61 g (18.50 mmol)
| of
Qn

N-cyclopropy1-3-oxobutanamidg in 30 0 ethanol, a solution of 1.00 g (6.17 mmol)
iron(lll)chloride Mou in 19 ml et was added dropwise. Then 3.11 g (37.00 mmol) of
sodium bicarbonate was adgled in partigns. After stirring for 1 h at room temperature, the reaction
mixture was filtered, washed with-10 mN\of ethanol, the filtrate was evaporated and the residue was
dried overnight in ar-qven at50 FNI'hi gave 2.57 g of 15brown solid. IR (neat, cm-I): 3245, 3088,
3008, 1549, 1493, 14531405, ,15,3340, 1%75, 1219, 1189, 1060, 1023, 981, 937. Fe-content: 11.00 A,
[m/m]. 20 Example 36 {

15 mmol (3.02 g) of 4-methoxy-1-(morpholin-4-yl)butane-1,3-dione and 5 mmol
(0.811 g) FeCls (anhydrous) were dissolved in 65 ml ethanol (anhydrous) and
5 2,59 ml sodium methylate solution (30% m / m, about 14 mmol sodium methylate)

was added. It was stirred for another 1 h and the reaction solution was filtered.
The filtrate was concentrated on a rotary evaporator and the product was dried in
a vacuum oven at 50 °C. This gave 3.66 g of the title compound.
IR (neat, cm™): 2969, 2897, 2856, 1732, 1640, 1597, 1563, 1514, 1441, 1383,

10 1301, 1273, 1246, 1197, 1110, 1065, 1017, 992, 961, 922, 863, 765, 730, 676.
CHN-Elemental analysis: C, 47.62; H, 6.90; N, 5.44,
Fe-content: 7.13% [m/m]

Example 28
15
Tris-(3-acetyl-1-methylpyrrolidin-2-one)-iron(lli)-complex
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Tris-(3-o0x0-N-(propan-2-yl)butanamide)-iroMlll)-complex 153 To a solution of 1.32 g (9.25 mmol) of
3-0x0-N-(propan-2-yl)butanamide in 15 ml of ethanol, a solution of 0.5 g (3.08 mmol) iron(lll)chloride
(anhydrous) in 5 ml 5 ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate
was added in portions. After stirring for 2 h at room temperature, the reaction mixture was filtered,
washed with 10 ml of ethanol, the filtrate was evapojated and the residue was dried overnight in an
oven at 50 C. This gave 1.30 g of a brown solid. 10IR (neat, cm-1): 3248, 3101, 2972, 2936, 2873,
1544, 1492, 1468, 1447, 1365, 1321, 1265, 1187, 1171, 1129, 998, 968 Fe-content: 11.22 % fm/m1.
Example 37 15 S 234 avBRY i dliBIorits uprstsspbied 113005l &h RS 49H \zrON FeOH

HN:"L-0---- 1 NI16.91 g (49.00 mmol) of 3-acetyl-1-methylpyrrolidine-2-one was added. 9.76 g
25% sodium methanolate solution (45.17 mmol) were diluted with 80 ml ethanol
and added dropwise to the iron(lil)-chloride solution. The reaction solution was

5 stirred for 30 min and then filtered off. The filtrate was concentrated on a rotary
evaporator to dryness and the residue is dried overnight at 50 ° C under vacuum.
This gave 7.4 g product as a violet powder.
IR (neat, cm™): 2915, 2866, 1677, 1601, 1553, 1497, 1476, 1443, 1401, 1365,
1344, 1267, 1182, 996, 964, 908, 746, 612.
10 Fe-content: 11.74 % [m/m].

Example 29

Tris-(Ethyl (1-methyl-2-oxopyrrolidin-3-yl)(oxo)acetate)-iron(lil)-complex
15

0 O/\
s \

e

9.72 g of an iron ethoxide solution (2.22% Fe [m/m], 3.86 mmol) in ethanol were
diluted in a nitrogen atmosphere with 40 ml of dry ethanol. 2.30 g (11.55 mmol) of

- Z>‘<:_/
\ 0
=)

20  ethyl (1-methyl-2-oxopyrrolidin-3-yl)(oxo)acetate were added to the solution and
stirred at room temperature overnight. Then the solution was evaporated in a
rotary evaporator to dryness and the residue dried at 50 °C overnight under
vacuum. This gave 2.6 g product as a red solid.

IR (neat, cm™): 2933, 2896, 1719, 1704, 1607, 1500, 1477, 1455, 1407, 1395,

25 1367, 1350, 13083, 1270, 1207, 1170, 1107, 1031, 1008, 914, 869, 780, 743, 718,
633.



0/Y.; dhl 20To a solution of 2.69 g (18.50 mmol) N-(2-hydroxyethyl)-3-oxobutanamide in 40 ml of
ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10 ml ethanol was added
dropwise. Then 6.22 g (74,00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h
at room temperature, the 154 reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate
was evaporated and the residue was dried overnighjgn an oven at 50 C. This gave 2.72 g of a brown
solid. IR (neat, cm-1): 3259, 3110, 2946, 2875. 1552 1498 1451, 1405, 1360, 1273, 51188. 1059,
1018. 955, 778. Fe-content: 11.30 % %m/rn] Exam

Tris-(N-(3- hydro?WSBwf@agﬁﬁbGté E‘)qr%%(’l'ﬁﬁ1 1o/f‘nplex HO To a solution of 1.47 g (9.25
mmol) N-(3-hydfexppntgyi B3D%eootahamide in 20 15ml of ethanol, a solution of 0.5 g (3.08 mmol)
iron(lll)chloride (anhydrous) in 5 ml

Example 30

Tris-(ethyl (1-methyl-2-oxopiperidin-3-yl)(oxo)acetate)-iron(lll)-complex

10 0.65 g (4.00 mmol) iron(lll)-chloride were dissolved in 25 ml THF and 2.56 g
(12.00 mmol) of ethyl (1-methyi-2-oxopiperidine-3-yl}{oxo)acetate were added.
After 40 min stirring time 1.21 g (12.00 mmol) triethylamine was added and it was
stirred for further 60 min at room temperature. Then 2.59 g 25% sodium
methoxide solution (12.00 mmol) was added dropwise ,and the solution was

15 stirred for another 2 hours. The precipitated salt was filtered and the filtrate was
concentrated on a rotary evaporator to dryness. The residue was dried for 1 day
at 50 ° C in a high vacuum. This gave 2.6 g product as a red solid.
IR (neat, cm™"): 2939, 2863, 1724, 1610, 1573, 1538, 1480, 1402, 1364, 1308,
1256, 1219, 1195, 1101, 1079, 1060, 1016, 959, 920, 892, 858, 811, 764, 724,

20  692.
Elemental analysis: C 51.62%, H 6.23%, N 5.90%
Fe-content: 8.2% [m/m].

Example 31
25
Tris-(3-acetyl-1-methylpiperidin-2-one)-iron(ill)-complex



of ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate was added in
portions. After stirring for 2 h at room temperature, the reaction mixture was filtered, washed with 10 m|
of ethanol, the filtrate was evaporated and the residue dried overnight in an oven at 50 C. This gave
1.80 g of brown 20solid. IR (neat, cm.1): 3270, 2939, 1551, 1500, 1407, 1270, 1188, 1008, 973, 947
777. Fe-content: 10.05% [m/rn]. Example 39 25
Tris-(N-(4-hydroxybuty1)-3-oxobutanamide)-iron(lll)-complex 155 HO To a solution of 2.94 g (18.50
mmol) N-(4-hydroxybutyl)-3-oxobutanamide in 40 ml of ethanol, a solution of 1.00 g (6.17 mmol)
iron(lll)chloride (anhydrous) in 10 5ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of
sodium bicarbonate was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was filteked, w. with 18 ml of ethanol, the filtrate was evaporated and the residue dried
overnight in an o 50 C. This g .72 g of a brown solid. 10IR (neat, cmil): 3273, 2934, 2867,
1649, 1555, 1505, 143% 9/1 , 1188, 1053, 1027, 946, 778. Fe-content: 9.36 % [m/m]. Example
Fe

40 15
-

0.34 g (2.10 mmol) iron(lll)chloride were dissolved in 100ml of ethanol and 1.34 g
5  (6.30 mmol) of 3-acetyl-1-methylpiperidin-2-one was added. 1.33 g 25% sodium

methoxide solution (6.13 mmol) were diluted with 10 ml ethanol and added
dropwise to the reaction solution. The reaction solution was stirred for 30 min and
then filtered off. The filtrate was concentrated on a rotary evaporator to dryness
and the residue was taken up in 50 ml of dichloromethane. The solution was

10  again filtered, the dichloromethane was removed on a rotary evaporator and the
residue was dried for 2 days at 50 ° C under high vacuum. This gave 1.2 g
product as a dark red solid.
IR (neat, cm™): 2927, 2855, 1559, 1462, 1399, 1303, 1254, 1202, 1181, 1082,
992, 921, 887, 856, 757, 707, 626.

15  Elemental analysis: C 49.63%, H 6.43%, N 7.23%
Fe-content: 9.80% [m/m].

Example 32

20  Tris-(ethyl 4-(dimethylamino)-2,4-dioxobutanoate)-iron(lll)-complex



Tris-(N-(5-hydroxypentyl)-3-oxobutanamide)-iron(lll)-complex 156 HO NH Ir-oH Fe HN/"--0"--0,/-- O
"--NH 1). HO To a solution of 3.46 g (18.50 mmol) N-(5-hydroxypentyl)-3-oxobutanamide in 40 ml of
ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous)) in 10 5ml ethanol was added
dropwise. Then 3.11 g (37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 1 h
at room temperature the reaction mixture was filter g@washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 'C. This gave 3.51 g of brown solid.
10IR (neat, pH): 3255, 3109, 2932, 2862 1558, 1500 433, 1407, 1274, 1187,

O

0.58 g (3.56 mmol) iron(lil)chloride were dissolved in 80 ml THF and 2.00 g
(10.69 mmol) of ethyl 4-(dimethylamino)-2,4-dioxobutanoate was added. After 40
5 min stirring time 1.07 g (10.69 mmol) triethylamine was added and the mixture
was stirred for another 60 min at room temperature. Then 2.31 g 25% sodium
methoxide solution (10.69 mmol) was added dropwise and the solution was
stirred for another 2 hours. The precipitated salt was filtered and the filtrate was
concentrated on a rotary evaporator to dryness. The residue was dried for 1 day
10 at 50 °C in a high vacuum. This gave 2.0 g product as a red solid.
IR (neat, cm™): 2927, 1719, 1616, 1575, 1501, 1433, 1404, 1362, 1235, 1174,
1136, 1019, 944, 924, 767, 742, 652.
Elemental analysis: C 45.83%, H 5.82%, N 6.83%
Fe-content: 8.54% [m/m].
15
Example 33

Tris-(1-(morpholin-4-yl)butane-1,3-dione)-iron(lll)-complex

20



1021, 949, 779. Fe-content: 8.85% [m/m]. Example 41 15
Tris-(N-(1-hydroxy-2-methylpropan-2-y1)-3-oxobutanamide)-iron(lll)-complex 157 0] A _,FeOH
HN/u---0- a bid To a solution of 3.20 g (18.50 mmol) N-(1-hydroxy-2-methylpropane-2-y1)-3-
oxobutanamid in 40 ml of ethanol, a solution of 1.00 g (6.17 mmol ) iron (lll) 5chloride anhydrous was
added dropwise in 10 ml ethanol. Then 3.11 g (37.99ymmol) of sodium bicarbonate was added in
portions. After stirring for 1 h at room temperature, the reaction mixture was filtered, washed with 10 ml
of ethanol, the filtrate evaporated and the residue dried overnight in an oven at 50 C. This gave 3.42 g
of a brown solid. 10IR (neat, cm]1): 3286, 2972, 2927, 1593 550, 1498, 1446, 1411, 1363, 1287, 1225,
1189, 1050, 9627 Fe-sshitenef$.17% (B/p§) mmol) 1-(morpholin-4-yl)butane-1,3-dione in 40 ml

of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chioride (anhydrous) in 10 ml

ethanol was added dropwise. Then 6.22 g (74,00 mmol) of sodium bicarbonate

5 was added in portions. After 1.5 h stirring at room temperature, the reaction

mixture was filtered, washed with 10 ml of ethanol, the filtrate evaporated on a

rotary evaporator, and the residue was dried overnight in an oven at 50 °C. This

gave 3.50 g of brown solid.

IR (neat, cm™): 2961, 2896, 2854, 1595, 1553, 1509, 1476, 1443, 1362, 1299,

10 1273, 1244, 1193, 1110.

Fe-content: 9.62 % [m/m].
Example 34

15 Tris-(N-(2-methoxyethyl)-3-oxobutanamide)-iron(lll)-complex

To a solution of 1.47 g (9.25 mmol) N-(2-methoxyethyl)-3-oxcbutanamide in 15 ml
20  of ethanol, a solution of 0.5 g (3.08 mmol) iron(lli)chloride {anhydrous) in 5 mi of
ethano! was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate
was added in portions. After stirring for 1 h at room temperature, the reaction
mixture was filtered, washed with 10 mi of ethanol, the filtrate was evaporated on
a rotary evaporator and the residue was dried overnight in an oven at 50 °C. This
25 gave 1.51 g of brown oil.
IR (neat, cm™): 3269, 2980, 2928, 2882, 2830, 1650, 1550, 1499, 1451, 1410,
1275, 1192, 1117, 1092, 1017, 958.



Example 42 15 Tris0-(2-hydroxyethyl)-N-methyl-3-oxobutanamideHron(111)-complex HO-_, / 0, O
FeOH A--0"--  No7---/\--N ()))7/\ OH 158 To a solution of 2.94 g (18.50 mmaol)
N-(2-hydroxyethyl)-N-methy1-3- oxobutanamide in 30 ml of ethanol, a solution of 1.00 g (6.17 mmol)
iron(lll)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of
sodium bicarbonate was added in portions. After sqr Ewg for 1 h 5 at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated and the residue was
dried overnight in an oven at 50 C. This gave 3.11 g of a brown solid. IR (neat, cm-1): 3371, 2975,
2930. 2884, 1638°£88E"E 9188 *48UM 436, 1351, 1301, 1205, 1170, 1051, 958. 10Fe-content: 9.61 %

[m/m].

10

15

20

Example 35

Tris-(N-Cyclopropyl-3-oxobutanamide)-iron(lll)-complex

To a solution of 2.61 g (18.50 mmol) N-cyclopropyl-3-oxobutanamide in 30 ml of
ethanol, a solution of 1.00 g (6.17 mmol) iron(ill)chloride {(anhydrous) in 10 ml
ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium bicarbonate
was added in portions. After stirring for 1 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue was dried overnight in an oven at 50 °C. This gave 2.57 g of
brown solid.

IR (neat, cm™): 3245, 3088, 3008, 1549, 1493, 1453, 1405, 1334, 1275, 1219,
1189, 1060, 1023, 981, 937.

Fe-content: 11.00 % [m/m].

Example 36

Tris-(3-oxo-N-(propan-2-yl)butanamide)-iron(lll)-complex



Example 43 Tris-(N-(2-hydroxypropy1)-3-oxobutanamide)-iron(111)-complex 15 HO- t-ck; ,A5 AFe
OH HN NO\/- \\//NH OH

153

f(e
)\Oﬁ

To a solution of 1.32 g (9.25 mmol) of 3-oxo-N-(propan-2-yl)butanamide in 15 mi|
of ethanol, a solution of 0.5 g (3.08 mmol) iron(lil)chloride (anhydrous) in 5 mli
5 ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate

was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue was dried overnight in an oven at 50 °C. This gave 1.30 g of a
brown solid.

10 IR (neat, cm™): 3248, 3101, 2972, 2936, 2873, 1544, 1492, 1468, 1447, 1365,
1321, 1265, 1187, 1171, 1129, 998, 968.
Fe-content: 11.22 % [m/m].

Example 37
15
Tris-(N-(2-hydroxyethyl)-3-oxobutanamide)-iron(lil)-complex

HO\\\

NH

20  To a solution of 2.69 g (18.50 mmol) N-(2-hydroxyethy!}-3-oxcbutanamide in 40
mi of ethanol, a solution of 1.00 g (6.17 mmol) iron(lil)chloride (anhydrous) in 10
mi ethanol was added dropwise. Then 6.22 g (74,00 mmol) of sodium

bicarbonate was added in portions. After stirring for 2 h at room temperature, the



To a solution of 2.94 g (18.50 mmol) N-(2-hydroxypropyl)-3-oxobutanamide in 30 ml of ethanol, a
solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10 20 ml ethanol was added dropwise.
Then 6.22 g (74.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h at room
temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in @ oven at 50 C. This gave 3.11 g of a brown solid.
25IA (neat, cm-1): 3281, 2973, 2925, 1552, 1501, 1 §4 1409, 1377, 1272, 1190, 1079, 1053, 951,
777. Fe-content: 9.84 % [m/m]. 159 Example 44

Tris-(N-(1-hydroS&RHsEm! ﬁ%i)“@%%%‘?ﬂaﬁ’éﬁli‘i%yv%ﬁ@m'@6%51’@5?%5? fiirate was

evaporated and the residue was dried overnight in an oven at 50 °C. This gave

2.72 g of a brown solid.

IR (neat, cm™): 3259, 3110, 2946, 2875, 1552, 1498, 1451, 1405, 1360, 1273,
5 1188, 1059, 1018. 955, 778.

Fe-content: 11.30 % [m/m].

Example 38
10 Tris-(N-(3-hydroxypropyl)-3-oxobutanamide)-iron(lll)-complex

HO

o
Fe/ OH

To a solution of 1.47 g (9.25 mmol) N-(3-hydroxypropyl)-3-oxobutanamide in 20
15 ml of ethanol, a solution of 0.5 g (3.08 mmol) iron(Iif)chloride (anhydrous) in 5 ml
of ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate
was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue dried overnight in an oven at 50 °C. This gave 1.80 g of brown
20  solid.
IR (neat, cm™): 3270, 2939, 1551, 1500, 1407, 1270, 1188, 1008, 973, 947, 777.
Fe-content: 10.05 % [m/m].

Example 39
25

Tris-(N-(4-hydroxybutyl)-3-oxobutanamide)-iron(lil)-complex



To a solution of 2.94 g (18.50 mmol) N-(2-hydroxypropyl)-3-oxobutanamide in 30 ml of ethanol, a
solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10 10 ml ethanol was added dropwise.
Then 6.22 g (74.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h at room
temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in ar.oven at 50 C. This gave 3.22 g of a brown solid.
15IR (neat, call): 3259, 2973, 1551, 1494, 1451, 1409, 1270, 1189, 1158, 1091, 1041, 962,
Fe-content: 9.57 % [m/m]. Example 45 20
Tris-(N-(1-hydroxybdtan-2-y1)-3-oxobutanamide)-iron(lll)-complex 160 HO NH O _o No OH7-- y-NH
To a solution of 3.21 %0 mmol) N-(1-hydroxybutane-2-y1)-3-oxobutanamide in 30 ml of ethanol a
solution of 1.00 g (6,17 m Ir)&i{ron(lll)chloride (anhydrous) in 510 ml ethanol was added dropwise.

Then 6.22 g (74,00 mmol) of;ojdi\um
/%

/
=0 OH
& /\Fe/o ///J
o | o
HN N
9) o>j
OH

To a solution of 2.94 g (18.50 mmol) N-(4-hydroxybutyl)-3-oxobutanamide in 40
mi of ethanol, a solution of 1.00 g (6.17 mmol) iron(lil)chloride (anhydrous) in 10
5 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium

bicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue dried overnight in an oven at 50 °C. This gave 2.72 g
of a brown solid.

10 IR (neat, cm™): 3273, 2934, 2867, 1649, 1555, 1502, 1436, 1409, 1272, 1188,
1053, 1027, 946, 778.
Fe-content: 9.36 % [m/m].

Example 40
15
Tris-(N-(5-hydroxypentyl)-3-oxobutanamide)-iron(lll)-complex



bicarbonate was added in portions. After stirring for 2 h at room temperature, the reaction mixture was
filtered, washed with 10 ml of ethanol, the filtrate was evaporated and the residue was dried overnight
in an oven at 50 C. This gave 3.22 g of brown solid. 10IR (neat, crnil): 3268, 2965, 2933, 2875, 1546,
1493, 1457, 1410, 1285, 1188, 1049, 1000, 959, 775. Fe-content: 9.39 % [m/m]. Example 46 15
Tris-(N-(2,3-dihydroxypropy1)-3-oxobutanamide)-irpg{lll)-complex HO ffH 0 AzO0/2-- s\\2-- OH Oj )N
OH\ 161 To a solution of 1.759 (9.25 mmol) N-(2,3-dihydroxypropyl)-3-oxobutanamide in 20 ml of
ethanol, a solution of 0.5 g (3.08 mmol) iron(lll)chloride (anhydrous) in 5 ml ethanol was added
dropwise. Then 1.56 8(18.50 mmol) of sodium bicarbonate was added in portions. After stirring for 1 h
at room temperature the-5reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was

% > i
S

HO

To a solution of 3.46 g (18.50 mmol) N-(5-hydroxypentyl)-3-oxobutanamide in 40
mi of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous)) in 10
5 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium

bicarbonate was added in portions. After stirring for 1 h at room temperature, the
reaction mixture was filtered, washed with 10 mi of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
3.51 g of brown solid.

10 IR (neat, cm™): 3255, 3109, 2932, 2862, 1558, 1500, 1433, 1407, 1274, 1187,
1021, 949, 779.
Fe-content: 8.85 % [m/m].

Example 41
15
Tris-(N-(1-hydroxy-2-methylpropan-2-yl)-3-oxobutanamide)-iron(ill)-complex



evaporated and the residue was dried overnight in an oven at 50 C. This gave 1.80 g of a brown solid.
IR (neat, aril): 3349, 2929, 1635, 15559, 1519, 1493, 1353, 1210, 1157, 1099, 1044, 996, 956, 765.
10Fe-content: 8.81 % [m/m]. Example 47
Tris-(1-(3-hydroxypiperidin-1-yl)butane-1,3-dione)-iron(lll)-complex 15 OH 0 -ON \ NO HO--)0 / OH To
a solution of 3.43 g (18.50 mmol) 1-(3-hydroxypipetidine-1-yl)butane-1,3-dione in 50 ml of ethanol. a
solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) 20in 10 ml ethanol was added dropwise.
Then 1.569 (18.50 mmol) of sodium bicarbonate was added in portions. After stirring for 4 h at room
temperature, the reactign mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 C. This gave 3.51 g of a brown solid.
25IR (neat, cm]1): 3290, 2929, 2859, 1554, 1509, 1483, 1441, 1363, 1254, 1228, 1206, 1143, 1072,

997. 953, 858, 760. o
ok
N o

\ _Fe 0
i’ © {\O #J
< I
OH

To a solution of 3.20 g (18.50 mmol) N-(1-hydroxy-2-methylpropane-2-yl)-3-

H

oxobutanamid in 40 ml of ethanol, a solution of 1.00 g (6.17 mmol ) iron (11}

5  chloride anhydrous was added dropwise in 10 ml ethanol. Then 3.11 g (37.00
mmol) of sodium bicarbonate was added in portions. After stirring for 1 h at room
temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the
filtrate evaporated and the residue dried overnight in an oven at 50 ° C. This gave
3.42 g of a brown solid.

10 IR (neat, cm’'): 3286, 2972, 2927, 1593, 1550, 1498, 1446, 1411, 1363, 1287,
1225, 1189, 1050, 962.
Fe-content: 9.17 % [m/m].

Example 42
15
Tris-(N-(2-hydroxyethyl)-N-methyl-3-oxobutanamide)-iron(lll}-complex

N
o)j\
&O/\Fi< © OH
o) ] o



162 Fe-content: 8.73 % [min] Example 48
5Tris-(1-[4-(hydroxymethyl)piperidin-1-yl]butane-1,3-dioneHron(lll)-complex Ols =0 I \\ 7-0-- No HO-Y
OH To a solution of 3.68 g (18.50 mmol) of 1-[4-(hydroxymethyl)piperidine-1- 10yl]butane-1,3-dione in
50 ml of ethanol, a solution of 1.009 (6,17 mmol) iron(lll)chloride (anhydrous) in 10 ml ethanol was
added dropwise. Then 3.11 g (37.00 mmol) of sodig bicarbonate was added in portions. After stirring
for 2 h at room temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate

was evaporated_and the residue was dried overné?ht in an 150ven at 50 C. This gave 3.81 g of a
brown solid. IR (HEASUHIY- %2 961559 guRol Bie8-rwdioxyeituh-N maihyisse, 1268, 1247, 1217,

1088, 1033, 979@b8tané@tide in 30 ml of ethanol, a solution of 1.00 g (6.17 mmol)
iron(llt)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g
(37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 1 h
5 atroom temperature, the reaction mixture was filtered, washed with 10 ml of
ethanol, the filtrate was evaporated and the residue was dried overnight in an
oven at 50 °C. This gave 3.11 g of a brown solid.
IR (neat, cm™): 3371, 2975, 2930, 2884, 1638, 1561, 1517, 1494, 1436, 1351,
1301, 1205, 1170, 1051, 958.
10  Fe-content: 9.61 % [m/m].

Example 43

Tris-(N-(2-hydroxypropyl)-3-oxobutanamide)-iron(lll)-complex
HO\<

o)\)\
&O\F/e <o r{)H
o7 | Mo

OH

15

NH

To a solution of 2.94 g (18.50 mmol) N-(2-hydroxypropyl)-3-oxobutanamide in 30
ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10
20  ml ethanol was added dropwise. Then 6.22 g (74.00 mmol) of sodium
bicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
3.11 g of a brown solid.
25 IR (neat, cm™): 3281, 2973, 2925, 1552, 1501, 1454, 1409, 1377, 1272, 1190,
1079, 1053, 951, 777.
Fe-content: 9.84 % [m/m].



Fe-content: 8.39 % [m/m]. 20 Example 49
Tris-(113-(hydroxymethyppiperidin-1-ylibutane-1,3-dioneHron(111)-complex HO To a solution of 3.68
g (18.50 mmol) of 1-[3-(hydroxymethyl)piperidine-1- ylibutane-1,3-dione in 50 ml of ethanol, a solution
of 1.00 g (6,17 mmol) 5iron(lll)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g
(37.00 mmol) of sodium bicarbonate was added in pgétions. After stirring for 1 h at room temperature,
the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated and the
residue was dried overnight in an oven at 50 C. This gave 3.92 g of a brown solid. 10IR (neat, cm-I):
3350, 2922, 2858, 1555, 1510, 1485, 1440, 1366. 1259. 1088, 1039, 995, 953, 760. Fe-content: 8.27%
[m/m}. Example Bgabipleridt (1LE2-(hydroxymethyl)piperidin-1-ylibutane-1,3-dioneyiron(111)-complex
164 To a solution of 3.689 (18.50 mmol) of 142-(hydroxymethyDpiperidine-1- yl]butane-1,3-dione in 50
ml of ethanol, a solution of 1.00 g (6,17 mmol) iron(llgchloride (anhydrous) in 10 ml ethanol was added
dropwise. Then %Fis_f(a"ééf?ééfﬂ%&%ﬁs’e?%@aﬂ)ﬁ?'e?&%& BRI o GO BBIEns. After stirring for 2 h
5 at room temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 C. This gave 3.88 g of a brown solid.

HO

>\NH

oi
=0
&/\F/e<o
0

HN | o

i

OH

To a solution of 2.94 g (18.50 mmol) N-(2-hydroxypropy!)-3-oxobutanamide in 30

OH

ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride {(anhydrous) in 10
10 ml ethanol was added dropwise. Then 6.22 g (74.00 mmol) of sodium
bicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
3.22 g of a brown solid.
15 IR (neat, cm’'): 3259, 2973, 1551, 1494, 1451, 1409, 1270, 1189, 1158, 1091,
1041, 962.
Fe-content: 9.57 % [m/m].

Example 45
20  Tris-(N-(1-hydroxybutan-2-yl)-3-oxobutanamide)-iron(lil)-complex



IR (neat, cm-1): 3358, 2914, 2854, 1554, 1509, 1484, 1445, 1370, 1311, 1269, 1245, 1217, 1088,
1035, 978, 953, 759. 10Fe-content: 8.370/ fm/m). Example 51
Tris-(1-[(3S)-3-hydroxypyrrolidin-1-yl]butane-1,3-dioneHron(111)-complex 15 To a solution of 3A7 g
(18.50 mmol) of 1- [(3S)-3-hydroxypyrrolidine-1-yl]butanel,3-dione in 50 ml of ethanol, a solution of
1.009 (6,17 mmol) iron(li)chloride 20(anhydrous) ingk0 ml ethanol was added dropwise. Then 3.11 g
(37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h at room temperature,
the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated and the
residue was dried oveggight in an oven at 50 C. This gave 3.23 g of a brown solid. 25IR (neat, cm-1):
3315, 2946, 1558, 1514, 4?\1% 1350, 1206, 1103, 1054, 951, 875, 763. Fe-content: 8.61 % [m/m]. 165

Example 52

o)j\

=0
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o~ ‘ ~o

HN
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OH

To a solution of 3.21 g (18.50 mmol) N-(1-hydroxybutane-2-yl)-3-oxobutanamide
in 30 ml of ethanol a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in
5 10 ml ethanol was added dropwise. Then 6.22 g (74,00 mmol) of sodium

bicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filirate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
3.22 g of brown solid.

10 IR (neat, cm™'): 3268, 2965, 2933, 2875, 1546, 1493, 1457, 1410, 1285, 1188,
1049, 1000, 959, 775.
Fe-content: 9.39 % [m/m].

Example 46
15
Tris-(N-(2,3-dihydroxypropyl)-3-oxobutanamide)-iron(lll)-complex



Tris-(144-(2-hydroxyethyl)piperazin-1-ylibutane-1,3-dioneHron(111)-complex To a solution of 3.969
(18.50 mmol) of 144-(2-hydroxyethyhpiperazine-1- ydbutane-1,3-dione in 80 ml of MeOH a solution of
1.00 g (6.17 mmol) 10iron(ll)chloride (anhydrous) in 20 ml MeOH was added dropwise. Then 3.11 g
(37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h at room temperature,
the reaction mixture was evaporated, the residue taken up in 100 ml dichloromethane, stirred for 15
minutes. filtered, and the filtrate was evaporated. The residue was taken up in 50 ml EtOH, evaporated
again and the 15resulting residue was dried over eight in the drying oven. This gave 4.109 of a brown

solid. IR (neat, ch-3 23418 Fd17° 98B6° T883!) Noeas-FHYE OXIBBPYAAOLESREIYER 149, 1138,
1050, 983, 960, BY6) BHAN67A, Feabdinent:07539(SOfmimpl e EXEdedES(anhydrous) in 5

Tris-(1-(4-methy}piaasiiuay HRsRNE ohvacdioNRINFOBEI )0 5K 01 & SoaRIkion of 3.41 g (18.50
mmol) 1-(4-meth %%{Jgé/hbutane-l,@%di_one in 80 ml MeOQH, a solution of 1.00 g (6.17 mmol

: OH )
iron(lll)chloride PELRYAT S69RE 4 NGRS RIS G S & 1398h 8 TRE 14 9:3BSmmol) of
sodium bicafborratstigasreddediaspitteiotswvadtedstithri§ for @ éttengotiretéliirpieratare, the reaction

mixture was evapriigirdednméaniduaitRisanadrird 80mighichlarosethang, &lirmed for,L5 minutes,
filtered, and the dn:ég E\{VS\E evaporated. The residue was taken up in 50 ml EtOH, evaporated again
res

and the resultin RGrRod%ver eight in
IR (neat, cm"): 3349, 2929, 1635, 15559, 1519, 1493, 1353, 1210, 1157, 1099,

1044, 996, 956, 765.
10  Fe-content: 8.81 % [m/m].

Example 47

Tris-(1-(3-hydroxypiperidin-1-yl)butane-1,3-dione)-iron(lil)-complex
15

OH

o

N

o)j\
\ Fe
N o~ | o
HO{) O}Jf NQ
OH

To a solution of 3.43 g (18.50 mmol) 1-(3-hydroxypiperidine-1-yl)butane-1,3-dione
in 50 ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous)

20 in 10 ml ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium
bicarbonate was added in portions. After stirring for 4 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
3.51 g of a brown solid.

25 IR (neat, cm™): 3290, 2929, 2859, 1554, 1509, 1483, 1441, 1363, 1254, 1228,
1206, 1143, 1072, 997, 953, 858, 760.



10the drying oven. This gave 3.52 g of a brown solid. IA (neat, cm-1): 2934, 2845, 2789, 1554, 1507,
1478, 1445, 1370, 1291, 1257, 1235, 1142, 1092, 1072, 1000, 981, 959. 757. Fe-content: 8.77 %
[m/m]. 15 Example 54 Tris-(N-(3-hydroxypropy1)-N-methyl-3-oxobutanamide)-iron(lll)-complex HO Th
N 167 To a solution of 3.20 g (18.50 mmol) N-(3-hydroxypropyl1)-N-methy1-3- oxobutanamide in 40
ml of ethanol, a solution of 1.00 g (6.17 mmol) ironglg{hloride (anhydrous) in 10 ml ethanol was added
dropwise. Then 3.11 g 5(37,00 mmol) of sodium bicarbonate was added in portions. After stirring for 1
h at room temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and ﬁ?é?é‘é‘?&ﬁ@%gé’dmé@]ovemight in a drying oven at 50 C. This gave 3.31 g of a brown
oil. IR (neat, cm-1): 3376, 2919, 1557, 1492, 1348, 1296, 1263, 1212, 1190, 1051, 10989, 955,

763. Fe-contentaeggﬁpo(g Fgample 55

5  Tris-(1-[4-(hydroxymethyl)piperidin-1-yl]butane-1,3-dione)-iron(lll)-complex

0]
\ O/\F/e

e
N
N | o
JC) O}_f N%OH
HO

To a solution of 3.68 g (18.50 mmol) of 1-[4-(hydroxymethyl)piperidine-1-

oo

10  yllbutane-1,3-dione in 50 mi of ethanol, a solution of 1.00 g (6,17 mmol)
iron(lil)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g
(37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h
at room temperature, the reaction mixture was filtered, washed with 10 ml of
ethanol, the filtrate was evaporated and the residue was dried overnight in an

15 oven at 50 °C. This gave 3.81 g of a brown solid.

IR (neat, cm™"): 3334, 2916, 2858, 1555, 1511, 1485, 1445, 1366, 1268, 1247,
1217, 1088, 1033, 979, 953, 760.
Fe-content: 8.39 % [m/m].

20 Example 49

Tris-(1-[3-(hydroxymethyl)piperidin-1-yl]butane-1,3-dione)-iron(lil)-complex



15 Tris-(N-(trans-4-hydroxycyclohexyl)-3-oxobutanamide)-iron(111)-complex HO NH Fe HN O-Th | HO
To a solution of 3.68 g (18.50 mmol) N-(trans-4-hydroxycyclohexyl)-3- 20oxobutanamide in 80 ml of
ethanol, a solution of 1.00 g (6.17 mmol) iron(111)chloride (anhydrous) in 20 nil ethanol was added
dropwise. Then 6.22 g (74.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h
at room temperature, the reaction mixture was fiIteQ%g, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an 25oven at 50 C. This gave 3.81 g of a brown
solid. 168 IA (neat, cm-1): 3280, 2932, 2859, 1549, 1494, 1453, 1409, 1371 1309, 1265, 1187, 1055,

1014, 961, 941, 776. Fe-content: 7.8 Q [m/m]. 5 Example 56
Tris-(N-(3-hydroxy-2,2-dimethylpfopy1)-3-oxobutanamide)-iron(111)-complex HO -NH
N

b o

O\ //O
\ Fel_
HO 0 o)
N N
HO

To a solution of 3.68 g (18.50 mmol) of 1-[3-(hydroxymethyl)piperidine-1-
yllbutane-1,3-dione in 50 ml of ethanol, a solution of 1.00 g (6,17 mmol)

5 iron(ll)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g
{37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 1 h
at room temperature, the reaction mixture was filtered, washed with 10 mi of
ethanol, the filtrate was evaporated and the residue was dried overnight in an
oven at 50 °C. This gave 3.92 g of a brown solid.

10 IR (neat, cm™): 3350, 2922, 2858, 1555, 1510, 1485, 1440, 1366, 1259, 1088,
1039, 995, 953, 760.
Fe-content: 8.27 % [m/m].

Example 50

15
Tris-(1-[2-(hydroxymethyl)piperidin-1-yl]butane-1,3-dione)-iron(lll)-complex

- e

HO Fe
o~ ‘ o
N N
O}\j p
OH



(:) ON \\Fe HN --NH N\i/i HO 10 To a solution of 3.46 g (18.50 mmol)
N-(3-hydroxy-2.2-dimethylpropy1)-3- oxobutanamide in 50 ml of ethanol, a solution of 1.00 g (6.17
mmol) of iron(lll)chloride (anhydrous) in 15 ml ethanol was added dropwise. Then 6.22 g (74.00 mmol)
of sodium bicarbonate was added in portions. After stirring for 4 h 15 at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, thg filtrate was evaporated and the residue was
dried overnight in an oven at 50 C. This gave 4.40 g of a brown solid. IR (neat, cm-I): 3289, 2963,
2872, 1554, 1502, 1450, 1410, 265, 1190, 1050, 1014, 948, 777. 20Fe-content: 8.3 % [m/m]. Example
57 Tris-(1[4-(dimTéiﬁ’y‘félHﬁ“i'rcfa)(ﬁfi[f‘}Gﬁ‘gl}’o‘?rpj?-')i}fftﬂ]E‘é‘m)e-01,13[%16\5{35‘-"[’??5’[‘?f’iﬁ’ﬂb‘?@%‘fi’iRSZ1 To a solution of 3.93 g
(18.50 mmol) of ikt ederiethgiemimd R ipé nbethargllzusaluditn 8¢didneyit® 8@ mineleOH, a solution of 1.00
g (6,17 mmol) irgaeietirRride Riapprsdiaushia A0mhMeRE Wasddsd.Aaryse sHheg 3.11 9 (37.00

mmol) of sodium hicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture W/aS%eVIEIEqOHE PLaRes ARy RIasK g frportions. After stirring for 2'h

5 atroom temperature, the reaction mixture was filtered, washed with 10 ml of
ethanol, the filtrate was evaporated and the residue was dried overnight in an
oven at 50 °C. This gave 3.88 g of a brown solid.

IR (neat, cm™'): 3358, 2914, 2854, 1554, 1509, 1484, 1445, 1370, 1311, 1269,
1245, 1217, 1088, 1035, 978, 953, 759.
10  Fe-content: 8.37 % [m/m].

Example 51

Tris-(1-[(3S)-3-hydroxypyrrolidin-1-yl]butane-1,3-dione)-iron(lll)-complex
15

o)l
N 0]
HO“'Q O>\_,/>, NO”'OH

To a solution of 3.17 g (18.50 mmol) of 1- [(3S)-3-hydroxypyrrolidine-1-yl]butane-
1,3-dione in 50 mi of ethanol, a solution of 1.00 g (6,17 mmol) iron(lll)chloride

20  (anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of
sodium bicarbonate was added in portions. After stirring for 2 h at room
temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the
filtrate was evaporated and the residue was dried overnight in an oven at 50 °C.
This gave 3.23 g of a brown solid.

25 IR (neat, cm™): 3315, 2946, 1558, 1514, 1472, 1350, 1206, 1103, 1054, 951, 875,
763.

Fe-content: 8.61 % [m/m].



100 ml dichloromethane. stirred for 15 minutes, filtered, and the filtrate was evaporated. The residue
was taken up in 50 ml EtOH, evaporated again and the 10resulting residue was dried overnight in the
oven. This gave 4.23 g of a brown solid. IR (neat, cm-1): 2940, 2858, 2769, 1593, 1553, 1509, 1482,
1448, 1372, 1328, 1271, 1236, 1205, 1040, 957, 874, 758. Fe-content: 7.97 % [m/rn]. 15 Example 58
Tris-(l-(4-methoxypiperidin-l-ylibutane-l,3-dione)-i{é)@(lll)-complex 170 \9, ,,;,--- --—-- oN, i,...".0 ,,Fe
[----0----Of-

Example 52

Tris-(1-[4-(2-hydroxyethyl)piperazin-1-yl]butane-1,3-dione)-iron(lil)}-compiex

73
ﬁoijef’
N 0 /N
Q Oy )N \—on

HO

To a solution of 3.96 g (18.50 mmol) of 1-[4-(2-hydroxyethyl)piperazine-1-
yllbutane-1,3-dione in 80 ml of MeOH a solution of 1.00 g (6.17 mmol)

10 iron(lll)chloride (anhydrous) in 20 ml MeOH was added dropwise. Then 3.11 g
(37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h
at room temperature, the reaction mixture was evaporated, the residue taken up
in 100 mi dichloromethane, stirred for 15 minutes, filtered, and the filtrate was
evaporated. The residue was taken up in 50 ml EtOH, evaporated again and the

15 resulting residue was dried over eight in the drying oven. This gave 4.10 g of a
brown solid.

IR (neat, cm™): 3365, 2914, 2809, 1591, 1554, 1509, 1480, 1443, 1369, 1290,
1249, 1138, 1050, 983, 960, 876, 759, 673.
Fe-content: 7.89 % [m/m].

20

Example 53

Tris-(1-(4-methylpiperazin-1-yl)butane-1,3-dione)-iron(lll)-complex



i-NI'/ 0\ To a solution of 3.69 g (18.50 mmol) 1-(4-methoxypiperidin-1-yl]butane-1,3-dione in 80 ml
MeOH, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 5 10 ml MeOH was added
dropwise. Then, 3.11 g (3TO0 mmol) of sodium bicarbonate was added in portions. After 1 h stirring at
room temperature, the reaction mixture was evaporated, the residue was taken up in 100 ml
dichloromethane. 15 min stirred, filtered, and the filfgate was evaporated. The residue was taken up in
50 ml EtOH, evaporated again, and the resulting residue 10was dried overnight in a drying oven. This
gave 4.01 g of a brown solid. IR (neat, cm-1): 2944, 2825, 1634, 1557, 1511, 1452, 1376, 1317, 1271,
1235, 1184, 1096, 1047, 1023N 959, 939, 759 Fe-content: 8.42 % [m/m]. 15 Example 59
Tris-(1-(2,6-dimethylmorpholin-4xylibutane-1,3-dione)-fron(111)-complex OH)Th xFe 7-022 6 _20,yi To
a solution of 3.69 g (18.50 mmgl) 1-(2,6-dimethylmorpholine-4-yl]butane-1,3- dione in 40 ml of ethanol,
a solution of 1.00 g (6.17 mmoI)Li\\rcl)n\(lll)chloride

¥

7
=0_| &
§CD/FF\() I\

To a solution of 3.41 g (18.50 mmol) 1-(4-methyi-1-yl)butane-1,3-dione in 80 ml
MeOH, a solution of 1.00 g (6.17 mmol) iron(ll)chloride (anhydrous) in 20 ml

5 MeOH was added dropwise. Then 3.11 g (37.00 mmol) of sodium bicarbonate
was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was evaporated, the residue taken up in 100 ml dichloromethane, stirred
for 15 minutes, filtered, and the filtrate was evaporated. The residue was taken up
in 50 mi EtOH, evaporated again and the resulting residue was dried over eight in

10 the drying oven. This gave 3.52 g of a brown solid.

IR (neat, cm™'): 2934, 2845, 2789, 1554, 1507, 1478, 1445, 1370, 1291, 1257,
1235, 1142, 1092, 1072, 1000, 981, 959. 757.
Fe-content: 8.77 % [m/m].

15 Example 54

Tris-(N-(3-hydroxypropyl)-N-methyl-3-oxobutanamide)-iron(lll)-complex

HO



5(anhydrous) in 10 ml ethanol was added dropwise. Then, 3.11 g (37.00 mmol) of sodium bicarbonate
was added in portions. After stirring for 2 h at room temperature, the reaction mixture was filtered,
washed with 10 ml of ethanol, the filtrate was evaporated and the residue overnight was dried in an
oven at 50 C. This gave 3.92 g of a brown solid. 10IR (neat, cm-1): 2974, 2872, 1556, 1510, 1477,
1373, 1258, 1244, 1172, 1138, 1116, 1082, 1050, 1892, 958, 759. Fe-content: 8.10% [mim). Example
60 15 Tris-(N-(morpholin-4-y1)-3-oxobutanamide)-iron(lll)-complex NH 172 To a solution of 3.44 g
(18.50 mmol) N-(morpholine-4-yl)-3-oxobutanamide in 50 ml of ethanol, a solution of 1.00 g (6.17
mmol) iron(lll)chloride (anhydrous) in 20 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of
sodium 5bicarboiratesolateradd 8 thgd Riohs1mAdteN <8rhiydy foy2op dt- kooettgiperature, the reaction

mi_xture was fi”?é%’b&i’é%%?ﬁi@é"(ﬁ'lé%f@# erﬁmné)bo‘ihﬁ’oﬁ"&ﬁ?“i%\ﬁ’@%@\’ﬁmi?d and the residue was
dried overnight in %rg ven at 50 C. This %ave 3. 3@ of a brown Sé)hd. g%Rﬁré%?t%cm_l):Szog’ 2854,

1569, 1518, 1430 Iqrdes(ansdroysiyn PRSI Y5 s1HEOgHer Y 78.9703. Fe-content:

8.34 % [mlrd]. EtArAplen®l) of sodium bicarbonate was added in portions. After stirring for 1 h
at room temperature, the reaction mixture was filtered, washed with 10 mi of
ethanol, the filtrate was evaporated and the residue was dried overnight in a
drying oven at 50 °C. This gave 3.31 g of a brown oil.
IR (neat, cm™'): 3376, 2919, 1557, 1492, 1348, 1296, 1263, 1212, 1190, 1051,
10 989, 955, 763.
Fe-content: 9.08 % [m/m].

Example 55

15  Tris-(N-(trans-4-hydroxycyclohexyl)-3-oxobutanamide)-iron(lil)-compiex

HO

To a solution of 3.68 g (18.50 mmol) N-(trans-4-hydroxycyclohexyl)-3-

20  oxobutanamide in 80 ml of ethanol, a solution of 1.00 g (6.17 mmol)
iron(llychloride (anhydrous) in 20 ml ethanol was added dropwise. Then 6.22 g
(74.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h
at room temperature, the reaction mixture was filtered, washed with 10 mi of
ethanol, the filtrate was evaporated and the residue was dried overnight in an

25 oven at 50 °C. This gave 3.81 g of a brown solid.



15Tris-(144-hydroxypiperidin-1-yOpentane-1,3-dione)-iron(111)-complex OH 2Y /, HO-c/ N-b NilO..,,,
Fa., ,------ -- [\----" 0 /,(' 2/ 2 2), For the solution of 5.54 g (27.8 mmol)
1-(4-hydroxypiperidine-1-yOpentane-1,3- 20dione in 45 ml of anhydrous ethanol, a solution of 1.51 g
(9.31 mmol) anhydrous iron(lll)chloride in 10 ml of anhydrous ethanol was added, followed by 4.67 g
(55.6 mmol) of sodium bicarbonate. After 6.5 h, the ction mixture was filtered and the solids
discarded. The filtrate was freed from solvent on a rotary evaporator and the residue was dried for 16

h in a vacuum oven. This gqve 5.56 259 of a brown-red solid.
IR (neat, cm™): 3280, 2932, 2859, 1549, 1494, 1453, 1409, 1371, 1309, 1265,

1187, 1055, 1014, 961, 941, 776.
Fe-content: 7.84 % [m/m].

5 Example 56

Tris-(N-(3-hydroxy-2,2-dimethylpropyl)-3-oxobutanamide)-iron(lll)-complex

4 OH
0
HN NHﬁ(
A{ O)\Jf
HO

To a solution of 3.46 g (18.50 mmol) N-(3-hydroxy-2,2-dimethylpropyl)-3-

10

oxobutanamide in 50 ml of ethanol, a solution of 1.00 g (6.17 mmol) of
iron(lll)chloride (anhydrous) in 15 ml ethanol was added dropwise. Then 6.22 g
(74.00 mmol) of sodium bicarbonate was added in portions. After stirring for 4 h
15  at room temperature, the reaction mixture was filtered, washed with 10 mi of
ethanol, the filtrate was evaporated and the residue was dried overnight in an
oven at 50 °C. This gave 4.40 g of a brown solid.
IR (neat, cm™"): 3289, 2963, 2872, 1554, 1502, 1450, 1410, 1265, 1190, 1050,
1014, 948, 777.
20 Fe-content: 8.3 % [m/m].

Example 57

Tris-(1-[4-(dimethylamino)piperidin-1-yl]butane-1,3-dione)-iron(lll)-complex
25



IR (neat, cm-1): 2932, 2870, 1588, 1551, 1509, 1444, 1382, 1366, 1314, 1265, 1224, 1119, 1074, 978,
924, 832, 801, 764, 705, 661. Fe-content: 8.26 % 173 Example 62
Tris-(1-(morpholin-4-yl)pentane-1,3-dione)-iron(lll)-complex 5 To a solution of 3.189 (17.2 mmol)
1-(morpholine-4-yl)pentane-1.3-dione in anhydrous ethanol, a solution of 0.997 g (6.15 mmol) of
anhydrous 10iron(lll)chloride in 11 ml of anhydrous, gghanol was added. Then, 3.11 g (37.0 mmol)
sodium hydrogen carbonate was added and the reaction mixture was stirred 4 hours. The solids were
filtered off and discarded. The filtrate was evaporated in a rotary evaporator to dryness and the residue
was dried for 16 h in a vacuumygven. This gave 3.33 g of a red-brown solid, 15IR (neat, cm-1): 2964,
2851, 1591, 1551, 1510, 1473, 1439, 1380, 1315, 1300, 1274, 1241, 1189, 1112, 1063, 1003, 929,
857, 801, 763, 706, 664, 593.§T§ontent: 9.13 % [m/m/]. Example 63 20
Tris-(N-Butyl-3-oxoheptanamideNiron(l11)-complex

o)

ey

O 0 )\j NQ/N\
N

To a solution of 3.93 g (18.50 mmol) of 1-[4-(dimethylamino)piperidin-1-yl]butane-
1,3-dione in 80 ml MeOH, a solution of 1.00 g (6,17 mmol) iron(lll)chloride
5 (anhydrous) in 10 ml MeOH was added dropwise. Then 3.11 g (37.00 mmol) of

sodium bicarbonate was added in portions. After stirring for 2 h at room
temperature, the reaction mixture was evaporated, the residue was taken up in
100 mi dichloromethane, stirred for 15 minutes, filtered, and the filtrate was
evaporated. The residue was taken up in 50 ml EtOH, evaporated again and the

10  resulting residue was dried overnight in the oven. This gave 4.23 g of a brown
solid.
IR (neat, cm™"): 2940, 2858, 2769, 1593, 1553, 1509, 1482, 1448, 1372, 1328,
1271, 1236, 1205, 1040, 957, 874, 758.
Fe-content: 7.97 % [m/m].

15
Example 58

Tris-(1-(4-methoxypiperidin-1-yl]butane-1,3-dione)-iron(lll)-complex



174 60 mmol (11.96 g) N-butyl-3-oxoheptanamide and 20 mmol (3.24 g) FeCI3 (anhydrous) were
dissolved in 110 ml ethanol (anhydrous), and 10.4 ml sodium methylate solution (30% m/m) added. It
was stirred for 0.5 hours and the reaction 5solution was filtered. The filtrate was concentrated on a
rotary evaporator and the product was dried. This gave 13.7 g of the title compound. IR (neat. cm-1):
2956, 2930, 2871, 1717, 1656, 1558, 1500, 1435, 1346, 1325, 1299, 1271, 1177, 1103, 1085, 1050,
994, 948, 894, 778, 682. CHN-Elemental analysis: C, 59.26, H, 9.21; N, 6.12. 10Fe-content: 7.39%
[m/m] Example 64  Tris-(1-(4-Hydroxypiperidin-1-y1)-4-methylpentane-1,3-dione)-iron(lll)- 15
complex HO /KO 90 mmol (19.2 g) 1-(4-hydroxypiperidine-1-y0-4-methylpentane-1,3-dione and 30
20mmol (4.87 g) FeClI3 (anhydrous) were dissolved in 150 ml ethanol (anhydrous) and 30 ml sodium
ethylate solution (21% m/m) wé\a}jded. It was stirred for 0.5 h and the reaction solution was filtered.
The filtrate was concentrated oh-g'rotary evaporator and the product was dried in a vacuum oven at 50
C. This gave 19.8 g of the title 08 ound.
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To a solution of 3.69 g (18.50 mmol) 1-(4-methoxypiperidin-1-yljbutane-1,3-dione
in 80 mi MeOH, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in
5 10 ml MeOH was added dropwise. Then, 3.11 g (37.00 mmol) of sodium

bicarbonate was added in portions. After 1 h stirring at room temperature, the
reaction mixture was evaporated, the residue was taken up in 100 ml
dichloromethane, 15 min stirred, filtered, and the filtrate was evaporated. The
residue was taken up in 50 ml EtOH, evaporated again, and the resulting residue

10  was dried overnight in a drying oven. This gave 4.01 g of a brown solid.
IR (neat, cm™): 2944, 2825, 1634, 1557, 1511, 1452, 1376, 1317, 1271, 1235,
1184, 1096, 1047, 1023, 959, 939, 759.
Fe-content: 8.42 % [m/m].

15 Example 59

Tris-(1-(2,6-dimethylimorpholin-4-yl]butane-1,3-dione)-iron(lil)-complex



175 IR (neat, cmil): 2927, 2866, 1550, 1513, 1443, 1372, 1312, 1265, 1225, 1190, 1157, 1119, 1072,
1022, 980, 945, 882, 823, 808, 771, 714, 660, 646. CHN-Elemental analysis: C, 52.00: H, 7.79; N,
5.99. Fe-content: 7.21% [m/m] 5 Example 65 Tris-(
N-(2-Hydroxyethyl)-N,4-climethy1-3-oxopentanamide)-iron(111)-complex 10 OH 90 mmol (17.93 g)
N-(2-hydroxyethyl)-N,4-dimethy1-3-oxopentanamidg,and 30 mmol (4.87 g), FeCI3 (anhydrous) were
dissolved in 150 ml ethanol (anhydrous) and 15 ml sodium methylate solution (30% m/m) was added.
It was stirred for 15 another 0.5 h and the reaction solution was filtered. The filtrate was concentrated
on a rotary evaporator and the product was dried in a vacuum oven at 50 C. This gave 20.7 g of the
titte compound. IR (neat, cm- 1) 966, 2926, 2859, 1714, 1627, 1550, 1517, 1479, 1460, 1439,

1384, 1371, 1358, 1301, 12 246, 1190, 1159, 1114, 1087, 1065, 1051, 1019, 20991, 947, 927,
884, 850, 774, 717, 682. CH Iremental analysis: C, 44.04 H, 6.97 N. 6.33. Fe-content: 7.79% [m/m]
Example 66

N e\o ﬁ<o
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To a solution of 3.69 g (18.50 mmol) 1-(2,6-dimethylmorpholine-4-yl]butane-1,3-
dione in 40 ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lil)chloride

5 (anhydrous) in 10 ml ethanol was added dropwise. Then, 3.11 g (37.00 mmol) of
sodium bicarbonate was added in portions. After stirring for 2 h at room
temperature, the reaction mixture was filtered, washed with 10 mi of ethanol, the
filtrate was evaporated and the residue overnight was dried in an oven at 50 °C.
This gave 3.92 g of a brown solid.

10 IR (neat, cm'™"): 2974, 2872, 1556, 1510, 1477, 1373, 1258, 1244, 1172, 1138,

1116, 1082, 1050, 1002, 958, 759.
Fe-content: 8.10 % [m/m].

Example 60
15
Tris-(N-(morpholin-4-yl)-3-oxobutanamide)-iron(lll)-complex

&" /io



25 176 N/ 00\ NO Ci 18 mmol (3.29 g) N, N-dimethy1-2-oxocyclopentanecarboxamide (purity >85%)
5and 6 mmol (0.925 g) FeC13 (anhydrous) were dissolved in 50 ml ethanol (anhydrous), and 3 ml
sodium methylate solution (30% m/m) were added. It was stirred for 1 h and the reaction solution was
filtered. The filtrate was concentrated on a rotary evaporator and the product was dried in a vacuum
oven at 50 C. This gave 3.9 g of the title compound.,40IR (neat, cm-1): 2945, 2882, 1735, 1635, 1555,
1491, 1466, 1451, 1411, 1395, 1362, 1347, 1303, 1262, 1215, 1186, 1169, 1141, 1099, 1050, 1020,
983, 946, 915, 903, 885, 834, 770, 754, 733, 694, 638. Fe-content: 8.03% [mini} 15 Example 67
Tris-(N-cyclopentyl-3-oxobutanamide)-iron(l11)-complex NH

10

15

20

25

To a solution of 3.44 g (18.50 mmol) N-(morpholine-4-yl)-3-oxobutanamide in 50
ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(Il)chloride (anhydrous) in 20
ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium
bicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
3.63 g of a brown solid.

IR (neat, cm™):3209, 2854, 1569, 1518, 1430, 1366, 1335, 1265, 1204, 1108,
1072, 1044, 975, 952, 869, 778, 703.

Fe-content: 8.34 % [m/m].

Example 61

Tris-(1-(4-hydroxypiperidin-1-yl)pentane-1,3-dione)-iron(lll)-complex

OH

For the solution of 5.54 g (27.8 mmol) 1-(4-hydroxypiperidine-1-yl)pentane-1,3-
dione in 45 ml of anhydrous ethanol, a solution of 1.51 g (9.31 mmol} anhydrous
iron(lll)chloride in 10 ml of anhydrous ethanol was added, followed by 4.67 g
(565.6 mmol) of sodium bicarbonate. After 6.5 h, the reaction mixture was filtered
and the solids discarded. The filtrate was freed from solvent on a rotary
evaporator and the residue was dried for 16 h in a vacuum oven. This gave 5.56
g of a brown-red solid.

IR (neat, cm™): 2932, 2870, 1588, 1551, 1509, 1444, 1382, 1366, 1314, 1265,
1224, 1119, 1074, 978, 924, 832, 801, 764, 705, 661.

Fe-content: 8.26 %



)r-HO Fe HNI 0o-NH 177 To a solution of 31.3 g (18.50 mmol) N-cyclopenty1-3-oxobutanamide in 40
ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10 ml ethanol was added
dropwise. Then 6.22 g (74.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h
at room temperature, the reaction 5 mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in gpsoven at 50 C. This gave 3.74 g of a brown solid.
IR (neat, cm-I): 3256, 2956, 2869, 1550, 1491, 1450 1409, 1357, 1265, 1185, 1042, 1015, 951, 780.
10Fe-content: 9.17% Ern/m]. Example 68 Tris-(1-(pyrrolidin-1-yObutane-1,3-dione)-iron(111)-complex
15 CN To a solution of 2.87 g (18.50 mmol) 1-(pyrrolidine-1-yl)butane-1,3-dione in 40 ml of ethanol, a
solution of 1.00 §xammleréol) iron(lll)chloride (anhydrous) in 10 ml 20 ethanol was added dropwise.
Then 6.22 g (74.00 mmol) of sodium bicarbonate was added in portions. After stirring for 2 h at room

t t th t filtered, | of ethanol, the filtrat
cvaporated and BBl AEH a9 AHFEPBRE e 41 of & brown solc

To a solution of 3.18 g (17.2 mmol) 1-(morpholine-4-yl)pentane-1,3-dione in
anhydrous ethanol, a solution of 0.997 g (6.15 mmol) of anhydrous

10  iron(lll)chloride in 11 ml of anhydrous ethanol was added. Then, 3.11 g (37.0
mmol) sodium hydrogen carbonate was added and the reaction mixture was
stirred 4 hours. The solids were filtered off and discarded. The filtirate was
evaporated in a rotary evaporator to dryness and the residue was dried for 16 h in
a vacuum oven. This gave 3.33 g of a red-brown solid.

15 IR (neat, cm™): 2964, 2851, 1591, 1551, 1510, 1473, 1439, 1380, 1315, 1300,
1274, 1241, 1189, 1112, 1063, 1003, 929, 857, 801, 763, 706, 664, 593.
Fe-content: 9.13 % [m/m/].

Example 63
20
Tris-(N-Butyl-3-oxoheptanamide)-iron(lll)}-complex




25IA (neat, call): 2966, 2869, 1556, 1511, 1473, 1457, 1351, 1328, 1224, 1206, 1117, 1080, 996, 971
953, 761. Fe-content: 10.16% [m/m]. 178 Example 69 Tris-(methyl-N-(3-oxobutanoyl)-L-serinate)-i
on(l )-complex 5 To a solution of 3.75 g (18.50 mmol) of methyl N-(3-oxobutanoyl)-L-serinate in 50 ml
of ethanol, a solution of 1.00 g (6.17 mmol) iron(ll)chloride (anhydrous)) in 10 10 ml ethanol was
added dropwise. Then 3.11 g (37.00 mmol) of sodiqu1 bicarbonate was added in portions. After stirring
for 2 h at room temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate
was evaporated and the residue was dried overnight in an oven at 50 C. This gave 4.45 g of a brown
solid. 15IR (neat, cm-1): 3285, 2955, 1733, 1543, 1491, 1408, 1343, 1274 1209, 1186, 1146, 1077.
1054, 1029, 95867 #OndteétcEtigntl-B.02-Bodxotraptdnxaninal@t02B0nmol (3.24 g) FeCls

Tris'(l'(4'acetyl@Rﬁ%?&ﬂ@)’%@’r@%&@gﬁé&ﬁfqiﬂflﬂ'&ﬂ%@]@iﬁwm@s, and 10.4 ml sodium

methylate solution (30% m/m) added. It was stirred for 0.5 hours and the reaction

5 solution was filtered. The filtrate was concentrated on a rotary evaporator and the
product was dried. This gave 13.7 g of the title compound.
IR (neat, cm™): 2956, 2930, 2871, 1717, 1656, 1558, 1500, 1435, 1376, 1325,
1299, 1271, 1177, 1103, 1085, 1050, 994, 948, 894, 778, 682.
CHN-Elemental analysis: C, 59.26; H, 9.21; N, 6.12.

10  Fe-content: 7.39% [m/m]

Example 64

Tris-(1-(4-Hydroxypiperidin-1-yl)-4-methylpentane-1,3-dione)-iron(lll)-

15 complex

90 mmol (19.2 g) 1-(4-hydroxypiperidine-1-yl)-4-methylpentane-1,3-dione and 30

20 mmol (4.87 g) FeCl; (anhydrous) were dissolved in 150 ml ethanol (anhydrous)
and 30 ml sodium ethylate solution (21% m/m) was added. 1t was stirred for 0.5 h
and the reaction solution was filtered. The filtrate was concentrated on a rotary
evaporator and the product was dried in a vacuum oven at 50 °C. This gave 19.8
g of the title compound.



To a solution of 3.92 g (18.50 mmol) 1-(4-acetylp perazine-1-yl)butane-1,3-dione in 80 ml MeOH, a
solution of 1.00 g (6.17 mmol) iron(ll)chloride (anhydrous) in 5 20 ml MeOH was added dropwise.
Then 3.11 g (37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 1 h at room
temperature, the reaction mixture was evaporated, the residue taken up in 200 ml dichloromethane,
stirred for 15 minutes, filtered, and the filtrate was gygporated. The residue was taken up in 50 ml
EtOH, evaporated again and the resulting 10residue was dried overnight in a dyring oven. This gave
4.1 g of a brown solid. IR (neat emil%: 2914, 1637, 1555, 1511, 1468, 1421, 1367, 1284, 1239, 1172,
1046, 981, 958, '760°Fe Writetis 7,789 [yl L5 Exddimpld 71 1312, 1265, 1225, 1190,
Tris-(N-cyclohexyib-83-akthutartari@e)-3aon bl p&ardple 80880 TG &t seblti6Acof 3.39 g (18.50 mmol)
N-cyclohexy1-3-oxRbtiaRamice AR ol abeihianol, & sqlufigs of 1.00 g (6.17 mmol) iron(liN)chloride
(anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium bicarbonate 5
was added in p rﬁi?ﬁgye,&ﬁi?s}iﬁi r 2 h at room temperature, the reaction mixture was filtered,
washed wittp 10 ml of ethanol, the filtrate was evaporated and the residue was dried overnight in an
oven at 50 C. ThigfayR 84 g of a brown solid. IR (neat, cm-I): 3282, 2928, 2854, 1552, 1488,
1448, 1408, 1315, 1278, 1256, 101187, 1150, 1109, 1041, 975, 942, 781.

Tris-( N-(2-Hydroxyethyl)-N,4-dimethyl-3-oxopentanamide)-iron(lll)-complex

HO
— OH
N o N
/ O\Fle/o"
T/

\_/~

Nm

10 HO

90 mmol (17.93 g) N-(2-hydroxyethyl)-N,4-dimethyl-3-oxopentanamide and 30
mmol (4.87 g), FeCl; (anhydrous) were dissolved in 150 ml ethanol (anhydrous)
and 15 ml sodium methylate solution (30% m/m) was added. It was stirred for
15 another 0.5 h and the reaction solution was filtered. The filtrate was concentrated
on a rotary evaporator and the product was dried in a vacuum oven at 50 °C. This
gave 20.7 g of the title compound.
IR (neat, cm™): 2966, 2926, 2859, 1714, 1627, 1550, 1517, 1479, 1460, 1439,
1384, 1371, 1358, 1301, 1273, 1246, 1190, 1159, 1114, 1087, 1065, 1051, 1019,
20 991,947,927, 884, 850, 774, 717, 682.
CHN-Elemental analysis: C, 44.04; H, 6.97; N, 6.33.
Fe-content: 7.79% [m/m]

Example 66
25
Tris-(N,N-Dimethyl-2-oxocyclopentanecarboxamide)-iron(lil)-complex



Fe-content: 8.81 h. [mint]. Example 72 15 Tris-(methyl-N-(3-oxobutanoyOglycinate)-iron(111)-complex
0 To a solution of 3.21 g (18.50 mmol) of methyl N-(3-oxobutanoyl)glycinate in 40 20 ml of ethanol, a
solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then
3.11 g (37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 1 h at room
temperature, the reaction mixture was filtered, wasqu; with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 C. This gave 253.95 g of a brown oll.
IR (neat, cm-1):3343, 2955, 1739, 1543, 1495, 1409, 1365, 1284, 1179, 1051, 1011, 988, 779. 181
Fe-content: 8.95 % [Film]. Example 73 5 Tris-(N-(2-methylpropy1)-3-oxobutanamide)-iron(lll)-complex
-NH 0/ ,Fe N--0

N S
/ O\Fe/o___
TNl
-
S

18 mmol (3.29 g) N, N-dimethyl-2-oxocyclopentanecarboxamide (purity >85%)

5 and 6 mmol (0.925 g) FeCls (anhydrous) were dissolved in 50 ml ethanol
(anhydrous), and 3 ml sodium methylate solution (30% m/m) were added. It was
stirred for 1 h and the reaction solution was filtered. The filtrate was concentrated
on a rotary evaporator and the product was dried in a vacuum oven at 50 °C. This
gave 3.9 g of the title compound.

10 IR (neat, cm™): 2945, 2882, 1735, 1635, 1555, 1491, 1466, 1451, 1411, 1395,
1362, 1347, 1303, 1262, 1215, 1186, 1169, 1141, 1099, 1050, 1020, 983, 946,
915, 903, 885, 834, 770, 754, 733, 694, 638.
Fe-content: 8.03% [m/m]

15 Example 67

Tris-(N-cyclopentyl-3-oxobutanamide)-iron(lll)-complex

NH
\ /\Fe/

aN. © [\o Q

o M

20



HN okj--NH To a solution of 2.90 g (18.50 mmol) N-(2-methylpropyl)-3-oxobutanamide in 40 10 ml of
ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10 ml ethanol was added
dropwise. Then 3.11 g (37.00 mmol) of sodium bicarbonate was added in portions. After stirring for 4 h
at room temperature, the reaction mixture was filtered; washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in gr,oven at 50 C. This gave 153.49 g of a brown
solid. IR (neat, cm-1): 3284, 3110, 2959, 2927, 2871, 1551, 1499, 1433, 1408, 1271, 1188, 1156.

1102, 1018, 954, 940, 77.7. Fe-content: 9.70 % [min]. 20 Example 74 o
Tris-(N-(cycIoproﬁyﬂﬁg@W ?0%0%&2%%%6@?%&%1&‘?%%%@%?3@5%%dﬁénl—ﬁ{})m-'d)-f-- /-NH To a
solution of 1.44 gjifer@b msmiline (ef/dl6propPiivethyipiB- s bicaletdtdanhy2eons) of ethanbl, a solution
of 0.59 (3.08 mragliipritd) eblsiderdpaiedroms) B12B0gmb4.00 mmol) of sodium bicarbonate

was added in portions. After stirring for 2 h at room temperature, the reaction
5 mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue was dried overnight in an oven at 50 °C. This gave 3.74 g of a
brown solid.
IR (neat, cm™): 3256, 2956, 2869, 1550, 1491, 1450, 1409, 1357, 1265, 1185,
1042, 1015, 951, 780.
10 Fe-content: 9.17 % [m/m].

Example 68

Tris-(1-(pyrrolidin-1-yl)butane-1,3-dione)-iron(ill)-complex
15

A

"

Fe

e
N SN
O o\g@

To a solution of 2.87 g (18.50 mmol) 1-(pyrrolidine-1-yl)butane-1,3-dione in 40 ml
of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in 10 ml
20 ethanol was added dropwise. Then 6.22 g (74.00 mmol) of sodium bicarbonate
was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue was dried overnight in an oven at 50 °C. This gave 3.41 g of a
brown solid.
25 IR (neat, cm’'): 2966, 2869, 1556, 1511, 1473, 1457, 1351, 1328, 1224, 1206,
1117, 1080, 996, 971, 953, 761.
Fe-content: 10.16 % [m/m].



5 ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate was added in
portions. After stirring for 4 h at room temperature, the reaction mixture was filtered, washed with 10 m|
of ethanol, the filtrate was evaporated and the residue was dried overnight in an oven at 50 C. This
gave 1.75 g of a brown solid. 10IR (neat, url): 3270, 1549, 1498, 1431, 1407, 1265, 1187, 1165, 1096,
1023, 951, 830, 778. Fe-content: 9.89 % [m/m]. Ex%réple 75 15 Tris-(ethyl
4-(morpholin-4-y1)-2,4-dioxobutanoate)-iron(111)-complex 183 0.24 g (1.45 mmol) iron(lll)chloride
were dissolved in 20 ml THF and 1.00 g (4.36 mmol) of ethyl 4-(morpholine-4-yl)-2,4-dioxobutanoate
was added. After 40 min of stirring, 0.44 g (4.36 mmol) of triethylamine was added and allowed to stir
for another 60 miixamhpdeB8temperature Then 4.6 g 6% sodium ethoxide solution 5 (4.4 mmol) was
added dropwise and the solution was stirred for another 2 hours. The precipitated salt was filtered off
and the filtrate was concentrated on a rotary evaporator to dryness. The residue was dried 1 day at 50
C in high vacuur" S HREEHE W@Oﬁmﬂw‘g% SHIBRMYOYINICIRRIGEat, cm-1): 2978, 2923, 2863,
1704, 1610,31568, 1511, 1442, 1375, 1300, 101275, 1246, 1138, 1111, 1062, 1018, 946, 860, 759,
722, 651. Elemental analysis: C 48.54%, H 5.8%, N 5.48% Fe-content: 6.9% [mini]. Example 76 15

ol
- e

To a solution of 3.75 g (18.50 mmol) of methyl N-(3-oxobutanoyl)-L-serinate in 50
ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous)) in 10
10 mil ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium
bicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
4.45 g of a brown solid.
15 IR (neat, cm™): 3285, 2955, 1733, 1543, 1491, 1408, 1343, 1274, 1209, 1186,
1146, 1077, 1054, 1029, 958, 779.
Fe-content: 8.02 % [m/m].

Example 70
20

Tris-(1-(4-acetylpiperazine-1-yl)butane-1,3-dione)-iron(lll)-complex



Tris-(ethyl N-(3-oxobutanoyl)-L-alaninate)-iron(111)-complex 20To a solution of 3.72 g (18.50 mmol)
of ethyl N-(3-oxobutanoyl)-L-alaninate in 40 ml of ethanol, a solution of 1.00 g (6.17 mmol)
iron(lll)chloride (anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of
sodium bicarbonate was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol,{l;& filtrate was 25 evaporated and the residue was
dried overnight in an oven at 50 C. This gave 4.00 g of a brown oil. 184 IR (neat, cH): 3348, 2981,
1733, 1658, 1589, 1539, 1490, 1448, 1411, 1300, 1206, 1186, 1155. 1051, 965, 777. Fe-content: 7.80
% [m/m]. 5 Example 77 Tris-6\\l-§yclobuty1-3-oxobutanamide)-iron(lll)-complex 10 To a solution of
1.43 g (9.25 mmol) N-cyclobuty-3-oxobutanamide in 20 ml of ethanol, a solution of 0.5 g (3.08 mmol)
iron(lll)chloride (anhydrous) in{10 ml ethanol was added dropwise. Then 1.56 g (18.50 mmol) of
sodium bicarbonate was added~irportions. After stirring for 2 h at room temperature, the reaction 15
mixture was filtered, washed wit ml of ethanol, the filtrate was evaporated and the residue was
dried overnight in an ovenat 507C. This gave 1.71 g of a brown solid. IA (neat, cH): 3280, 2978, 2943,
1546, 1488, 1408, 1274, TE%\,F 86, 1031, 970, 946, 779, 757. 20Fe-content: 9.98 % [m/m]. Example

78 o~ l \O —\ O
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To a solution of 3.92 g (18.50 mmol) 1-(4-acetylpiperazine-1-yl)butane-1,3-dione

in 80 ml MeOH, a solution of 1.00 g (6.17 mmol) iron(lll)chloride (anhydrous) in
5 20 ml MeOH was added dropwise. Then 3.11 g (37.00 mmol) of sodium

bicarbonate was added in portions. After stirring for 1 h at room temperature, the

reaction mixture was evaporated, the residue taken up in 200 ml

dichloromethane, stirred for 15 minutes, filtered, and the filtrate was evaporated.

The residue was taken up in 50 ml EtOH, evaporated again and the resulting

10  residue was dried overnight in a dyring oven. This gave 4.1 g of a brown solid.

IR (neat, cm™): 2914, 1637, 1555, 1511, 1468, 1421, 1367, 1284, 1239, 1172,

1046, 981, 958, 760.

Fe-content: 7.74 % [m/m].

15 Example 71

Tris-(N-cyclohexyl-3-oxobutanamide)-iron(lil)-complex

0]

=,
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Tris-(1-(azetidine-1-yObutane-1,3-dione)-iron(111)-complex 185 To a solution of 1.30 g (9.25 mmol)
1-(azetidine-1-yl)butane-1,3-dione in 20 ml of ethanol, a solution of 0.5 g (3.08 mmol) of
iron(lll)chloride (anhydrous) in 10 ml 5 ethanol was added dropwise. Then 3.11 g (37.00 mmol) of
sodium bicarbonate was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, {g filtrate was evaporated and the residue was
dried overnight in an oven at 50 C. This gave 1.58 g of a brown solid. 10IR (neat, cm 1): 2945, 2878,
1558, 1510, 1473, 1344, 1297, 1201, 1003, 948, 753. Fe-content: 11.130/ [m/m]. Example 79
15Tris-(ethyl 1-(3-oxobutanoyl)-piperidine-4-carboxylate)-iron(111)-complex 186 To a solution of
2.23 g (9.25 mmis) dfelthiginlof 3 SRob (t8ridy ivppke Neline oiedrboxplutaiaB@enhofthhnbl, a solution

of 0.5 g (3.08 meiehhsoryIokmsHide (Wa@t@wﬁ)ﬁww nﬂrﬁn%mah&ﬁ@%ﬂgi&%@)om%emThen 3114
(37.00 mmol) of § sodi lum bl():g%g é)nate was a g ﬂ O\f\g?%ﬁf After st rlnﬁ for ﬁt ro?m
temperature, the TEAC |on PRt ggv'i’lﬁS.red washed with d‘?ﬁl%?f RO tRS AR Was
evaporated andWae risiedénrestidried AtesralighindnfeinZobent :0®0 ErbleisiytaeiR48agitdra brown solid.

mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated

and the residue was dried overnight in an oven at 50 °C. This gave 3.8 g of a

brown solid.

IR (neat, cm™"): 3282, 2928, 2854, 1552, 1488, 1448, 1408, 1315, 1278, 1256,

10 1187, 1150, 1109, 1041, 975, 942, 781.
Fe-content: 8.81 % [m/m].

Example 72

15  Tris-(methyl-N-(3-oxobutanoyl)glycinate)-iron(lil)-complex

O—
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Nﬂ(

To a solution of 3.21 g (18.50 mmol) of methyl N-(3-oxobutanoyl)glycinate in 40
20 ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lil)chloride (anhydrous) in 10
ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium
bicarbonate was added in portions. After stirring for 1 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was
evaporated and the residue was dried overnight in an oven at 50 °C. This gave
25  3.95 g of a brown oil.
IR (neat, cm™):3343, 2955, 1739, 1543, 1495, 1409, 1365, 1284, 1179, 1051,
1011, 988, 779.



IR (neat, cm-1): 2957, 2931, 2862, 1724, 1639, 1555, 1511, 1485, 1446, 1372. 101312, 1271, 1236.
1174, 1038, 973, 958, 760. Fe-content: 6.67 % [m/m). Example 80
15Tris-(1-(4-Hydroxypiperidin-1-y1)-4-methoxybutane-1,3-dione)-iron(lll)- complex OH 2018 mmol
(3.91 g) 1-(4-hydroxypiperidine-1-yl)-4-methoxybutane-1,3-dione and 6 mmol (0.96 g). FeCI3
(anhydrous) were dissolved in 80 ml ethanol (anhygéqus) and 4 ml of sodium methoxide solution (30%
m/m) was added. It was stirred for 1 h and the reaction solution was filtered. The filtrate was
concentrated on a rotary evaporator and the product was dried. This gave 4.36 g of the title
compound. 1875??"8%%&?&14?517? P 2824, 1727, 1597, 1564, 1513, 1491,1445, 1385, 1331,

Example 73

5  Tris-(N-(2-methylpropyl)-3-oxobutanamide)-iron(lll)-complex

To a solution of 2.90 g (18.50 mmol) N-(2-methylpropyl)-3-oxobutanamide in 40
10 ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lil)chloride (anhydrous) in 10

ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium

bicarbonate was added in portions. After stirring for 4 h at room temperature, the

reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was

evaporated and the residue was dried overnight in an oven at 50 °C. This gave
15  3.49 g of a brown solid.

IR (neat, cm™): 3284, 3110, 2959, 2927, 2871, 1551, 1499, 1433, 1408, 1271,

1188, 1156, 1102, 1018, 954, 940, 777.

Fe-content: 9.70 % [m/m].

20 Example 74

Tris-(N-(cyclopropylmethyl)-3-oxobutanamide)-iron(iil)-complex



1265, 1227, 1197, 1109, 1074, 1051, 1025, 990, 957, 845, 807, 765, 723, 653. Fe-content: 7.11%
[m/m]. 188 CLAIMS: Iron(110-13-ketoamide complex compounds or pharmaceutically acceptable
salts thereof for use as medicaments. 5 2Iron(lll) complex compounds, preferably according to claim 1,
containing at least one ligand of the formula (1): 10 (1)
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To a solution of 1.44 g (9.25 mmol) N-(cyclopropylmethyl)-3-oxobutanamide in 20

NH

ml of ethanol, a solution of 0.5 g (3.08 mmol) iron(lll)chloride (anhydrous) in 10 ml
5 ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate

was added in portions. After stirring for 4 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue was dried overnight in an oven at 50 °C. This gave 1.75 g of a
brown solid.

10 IR (neat, cm™): 3270, 1549, 1498, 1431, 1407, 1265, 1187, 1165, 1096, 1023,
951, 830, 778.
Fe-content: 9.89 % [m/m].

Example 75
15
Tris-(ethyl 4-(morpholin-4-yl)-2,4-dioxobutanoate)-iron(lil}-complex

)
\/o\/ v \ o/
/ \]/ )




wherein the arrows respectively represent a coordinate bond to one or different iron atoms. R1
is selected from the group consisting of optionally substituted alkyl, and 15optionally substituted
alkoxycarbonyl, R2 is selected from the group consisting of hydrogen, optionally substituted alkyl,
halogen and cyano, or Rl and R2, together with the carbon atoms to which they are bonded, form an
optionally substituted 5- or 6-membered ring, which1 pay optionally 20contain one or more
heteroatoms, R3 and R4 are the same or different and are respectively selected from the group

consisting of hydr(f)ﬁ:n, ogtionall substituted amino, and optionally substituted alkyl, or R3 and
R4, together witR-#feitr aé"ﬁ'&%W%'W'%V%?@ﬁéﬁﬁ@ﬂ,’?mgﬁ SPohafyg Sdbitituted 3- to
6-membered ringymdijci gy Hptiomalyircontaircongionomasedaherseiesaarsmss0180 B2 and R3
together form a gafurated or yngairatad, %‘Ptlﬂ&ﬂFy}é i ma&egdé-em%%mmp@m Upg pghile forming a
ligand of the formula {la): 5 (la) wherein Rl and R4 are defined as above, _ _

another 80 min ‘at room temperature. Then 4.6 g 6% sodium ethoxide solution

5 (4.4 mmol) was added dropwise and the solution was stirred for another 2 hours.

The precipitated salt was filtered off and the filtrate was concentrated on a rotary

evaporator to dryness. The residue was dried 1 day at 50 ° C in high vacuum.

This gave 0.8 g product as an orange solid.

IR (neat, cm™): 2978, 2923, 2863, 1704, 1610, 1568, 1511, 1442, 1375, 1300,

10 1275, 1246, 1138, 1111, 1062, 1018, 946, 860, 759, 722, 651.
Elemental analysis: C 48.54%, H 5.8%, N 5.48%

Fe-content: 6.9% [m/m].

Example 76
15
Tris-(ethyl N-(3-oxobutanoyl)-L-alaninate)-iron(lll)-complex

20 To a solution of 3.72 g (18.50 mmol) of ethyl N-(3-oxobutanoyl)-L-alaninate in 40
ml of ethanol, a solution of 1.00 g (6.17 mmol) iron(lil)chloride (anhydrous) in 10
ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium
bicarbonate was added in portions. After stirring for 2 h at room temperature, the
reaction mixture was filtered, washed with 10 ml of ethanol, the filtrate was

25 evaporated and the residue was dried overnight in an oven at 50 °C. This gave
4.00 g of a brown oil.



Or 10R2 and R3 together form a saturated or unsaturated, optionally substituted 5- or 6-membered
ring, and R1 and R2 together form a saturated or unsaturated, optionally substituted 5- or 6-membered
ring, while forming a ligand of the formula (Ib): 15 wherein R4 is defined as above, or
pharmaceutically acceptable salts thereof. 203.Iron(lll) complex compounds according to claim 2,
containing at least one ligand of the formula (0: 190,R4\ N- R3 0 wherein the arrows
respectively represent a coordinate bond to one or different iron

IR (neat, cm™"): 3348, 2981, 1733, 1658, 1589, 1539, 1490, 1448, 1411, 1300,

1206, 1186, 1155, 1051, 965, 777.

Fe-content: 7.80 % [m/m].
5 Example 77

Tris-(N-cyclobutyl-3-oxobutanamide)-iron(lll)-complex

10
To a solution of 1.43 g (9.25 mmol) N-cyclobutyl-3-oxobutanamide in 20 ml of
ethanol, a solution of 0.5 g (3.08 mmol) iron(lll)chloride (anhydrous) in 10 mi
ethanol was added dropwise. Then 1.56 g (18.50 mmol) of sodium bicarbonate
was added in portions. After stirring for 2 h at room temperature, the reaction

15  mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue was dried overnight in an oven at 50 °C. This gave 1.71 g of a
brown solid.
IR (neat, cm™): 3280, 2978, 2943, 1546, 1488, 1408, 1274, 1187, 1156, 1031,
970, 946, 779, 757.

20 Fe-content: 9.98 % [m/m].

Example 78

Tris-(1-(azetidine-1-yl)butane-1,3-dione)-iron(lll)-complex
25



5atoms, RI is optionally substituted alkyl, R2 is selected from the group consisting of hydrogen,
optionally substituted alkyl, halogen and cyano, or  R1 and R2, together with the carbon atoms to
which they are bonded, form 10an optionally substituted 5- or 6-membered ring, which may optionally
contain one or more heteroatoms, R3 and R4 are the same or different and are respectively selected
from the group consisting of hydrogen and optionaq ubstituted alkyl, or R3 and R4, together with the
nitrogen atom to which they are bonded, form 15an optionally substituted 3- to 6-membered ring,
which may optionally contain one or more further heteroatoms, Or 20R2 and R3 together form a
saturated or unsaturated, optionally substituted 5- or 6-membered ring while forming a ligand of the
formula (la): (la) 191 (>

To a solution of 1.30 g (9.25 mmol) 1-(azetidine-1-yl)butane-1,3-dione in 20 mi of
ethanol, a solution of 0.5 g (3.08 mmol) of iron(lll)chloride (anhydrous) in 10 ml
5 ethanol was added dropwise. Then 3.11 g (37.00 mmol) of sodium bicarbonate
was added in portions. After stirring for 2 h at room temperature, the reaction
mixture was filtered, washed with 10 ml of ethanol, the filtrate was evaporated
and the residue was dried overnight in an oven at 50 °C. This gave 1.58 g of a
brown solid.
10 IR (neat, cm’'): 2945, 2878, 1558, 1510, 1473, 1344, 1297, 1201, 1003, 948, 753.
Fe-content: 11.13 % [m/m].

Example 79
15  Tris-(ethyl 1-(3-oxobutanoyl)-piperidine-4-carboxylate)-iron(lll)-complex
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Or R2 and R3 together form a saturated or unsaturated, optionally substituted 55- or 6-membered ring,
and ft and R2 together form a saturated or unsaturated, optionally substituted 5- or 6-membered ring,
while forming a ligand of the formula (Ib): R4\ NTh 0< 10 wherein A4 is defined as above, or
pharmaceutically acceptable salts thereof. 154.Iron(lll) complex compounds according to claim 2 or 3,
containing at least one ligand of the formula (I): (1); gdwherein the arrows respectively represent a

coordinate bond to one or different iron atoms, Riis alkyl, which can be optionally substituted with
1 to 3 substituents selected from the group consisting of hydroxy, alkoxy, halogen, cyano and
25alkoxycarbonyl,

To a solution of 2.23 g (9.25 mmol) of ethyl 1-(3-oxobutanoyl)-piperidine-4-

carboxylate in 30 ml of ethanol, a solution of 0.5 g (3.08 mmol) iron(lil)chloride

(anhydrous) in 10 ml ethanol was added dropwise. Then 3.11 g (37.00 mmol) of
5 sodium bicarbonate was added in portions. After stirring for 2 h at room

temperature, the reaction mixture was filtered, washed with 10 ml of ethanol, the

filtrate was evaporated and the residue was dried overnight in an oven at 50 °C.

This gave 2.43 g of a brown solid.

IR (neat, cm™): 2957, 2931, 2862, 1724, 1639, 1555, 1511, 1485, 1446, 1372,
10 1312, 1271, 1236, 1174, 1038, 973, 958, 760.

Fe-content: 6.67 % [m/m].

Example 80

15 Tris-(1-(4-Hydroxypiperidin-1-yl)-4-methoxybutane-1,3-dione)-iron(lll)-

complex

@Hd
w

OH

20 18 mmol (3.91 g) 1-(4-hydroxypiperidine-1-yl)-4-methoxybutane-1,3-dione and 6
mmol (0.96 g), FeCl; (anhydrous) were dissolved in 80 ml ethanol (anhydrous)
and 4 ml of sodium methoxide solution (30% m/m) was added. It was stirred for 1
h and the reaction solution was filtered. The filtrate was concentrated on a rotary
evaporator and the product was dried. This gave 4.36 g of the title compound.



R2 is selected from the group consisting of 192 hydrogen, alkyl, which can be optionally substituted
with 1 to 3 substituents selected from the group consisting of hydroxy, alkoxy, halogen, cyano and
alkoxycarbonyl, 5halogen and cyano or Rl and R2, together with the carbon atoms to which they are
bonded, form an optionally substituted 5- or 6-membered ring, which may optionally contain one or
more heteroatoms, 10R3 and R4 are the same or different and are respectively selected from the
group consisting of hydrogen and alkyl, which can be optionally substituted with 1 to 3 substituents
selected from the group consisting of hydroxy, alkoxy, halogen, cyano and alkoxycarbonyl, or R3
and R4, togethelmB§IheMitrogertatédito ﬁﬁ:h‘ﬁﬁ%’ arEhormded, it 1Bkm bftonkil substituted 3-
to 6-membered ripgs,Whish may, aptenadly4containi0ng, 0pmnoes fautheoherematzenss®r 20R2 and R3
together form a §§185ﬁ{8ﬂ:0f.‘r1ﬂ7§?91‘/rﬂ ed, optionally substituted 5- or 6-membered ring while forming a
ligand of the formula (la): 25wherein Rl and R4 are defined as above, or



193 unsaturated, optionally substituted 5- or 6-membered ring, while forming a ligand of the formula
(Ib): 5Swherein R, is defined as above, or pharmaceutically acceptable salts thereof. 5. Iron(lll) complex
compounds according to any of claims 2 to 4 of the 10formula (II): wherein R1, F12, R3 and R4 are
defined as above. 15 6. Iron(lll) complex compounds according to any one of the claims 2 to 5,
wherein Rl is selected from the group consisting of;l&w-cycloalkyl, 20 hydroxy-C14alkyl, and 194
halogen-C1,4-alkyl. 7.Iron( 1ll) complex compounds according to any one of the claims 2 to 6, wherein
R2 is selected fr&r_nAmeSgroup consisting of:

1. Iron(l11)-B-ketoamide complex compounds or pharmaceutically acceptable

salts thereof for use as medicaments.

5
2. Iron(llt) complex compounds, preferably according to claim 1, containing at
least one ligand of the formula (l):
R4\
N—R,
-0
R
ol "
i ()
10
wherein
the arrows respectively represent a coordinate bond to one or different iron
atoms,
Ry is selected from the group consisting of optionally substituted alkyl, and
15 optionally substituted alkoxycarbonyl,
R is selected from the group consisting of hydrogen, optionally substituted
alkyl, halogen and cyano, or
R+ and Ro, together with the carbon atoms to which they are bonded, form
an optionally substituted 5- or 6-membered ring, which may optionally
20 contain one or more heteroatoms,
Rs and R4 are the same or different and are respectively selected from the
group consisting of hydrogen, optionally substituted amino, and optionally
substituted alkyl, or
Rs and Rs, together with the nitrogen atom to which they are bonded, form
25 an optionally substituted 3- to 6-membered ring, which may optionally

contain one or more further heteroatoms,

or



5hydrogen, halogen, -C16-alkyl, C3_6-cycloalkyl, halogen-C1_4-alkyl, and 10cyano.
8.Iron(lll) complex compounds according to any one of the claims 2 to 5, wherein A1 and R2 together
form a propylene (-CH2-CH2-CH2-)- or a butylene (-CH2-CH2-CH2-CH2-)-group, in which one
methylene group 15(-CH2-), respectively, can be replaced with -0-, -NH-1 or -NRo-, wherein As is
optionally substituted alkyl, and wherein the groupz%grmed by R1 and R2 can furthermore respectively
be substituted by one to three substituents selected from the group consisting of hydroxy, C14-alkoxy,
amino and mono- or di-(C1,4-alkyhamino. 20 9.Iron(lll) complex compounds according to any one of
the claims 2 to 8, whefaRRTaMIRIeAIaTHE s3B! AffEIRANY AR P BlIRNG Y Sibaljeetected from the
group consisting of: hyidrageme?h &8dbriayclbiitkidiidd sliigary-6 thelfalkylia (1a):
C1_3-alkoxycarbonyl-C1,6-alkyl, 30hydroxy-C1.4-alkyl, and

4N

! (la)
wherein Ry and R4 are defined as above,
or

10 R. and Rj together form a saturated or unsaturated, optionally substituted
5- or 6-membered ring, and Ry and R; together form a saturated or
unsaturated, optionally substituted 5- or 6-membered ring, while forming a
ligand of the formula (Ib):

-0

-0

15 (Ib),

wherein R4 is defined as above,
or pharmaceutically acceptable salts thereof.

20 3. Iron(ll) complex compounds according to claim 2, containing at least one
ligand of the formula (I):



halogen-C14-alkyl, or R3 and R4 together form an ethylene (-CH2-CH2+, Propylene
(-CH2-CH2-CH2+, isopropylene (-CH2-CH(CH3)-)-, butylene (-CH2-CH2-CH2-CH2+, isobutylene ,
pentylene (-CH2-CH2-CH2-CH2-CH2-)- 195 , or isopentylene group, in which one methylene group
(-CH), respectively, can be replaced with -0-, -NH-, or -NR5-, wherein R5 is optionally substituted alkyl,
and wherein the groups formed by R3 and R4 can fyghermore respectively be substituted by one to
three substituents selected from the group consisting of hydroxy, Cl_galkoxy, amino and mono- or
di(C1.4-alkyl)amino. Method for the preparation of the iron(lll) complex compounds according to any
one of the claims 1 to 9, which comprises the redaction of an iron(lll) salt with the corresponding
13-ketoamide. Iron(l1l) complex compounds accordjfgt8sany one of the claims 2 to 9 for use as a
medicament. Iron(lll) complex compound® acéerding to any one of the claims 1 to 9 and 10 for the
treatment and prophylaxis of iron deficiency symptom8&and iron deficiency anemias and the symptoms
associated therewith. Iron(lll) complex compadD according to claim 12, the symptoms including:
fatigue, listiessness, lack of concentration, low cogritive efficiency, difficulties in finding the right
words, forgetfulness, unnatural pallor, irritability, acceleration of Heart rate (tachycardia), sore or
swollen tongue, enlarged spleen, desire for strange foods (pica). headaches, lack of appetite,
increased susceptibilitydg infections, depressive moods. Iron(lll) complex compounds according to
claim 12 for the treatment of iron deficiency anemia in pregnant women, latent iron deficiency anemia
in children and adolest&rS oS FFRACINEN/ SHERTA A5 KRR MG N Epioties, iron
deficiency amemia duettontslood loss, such as gastrointestinal hemorrhage (e.g. due to ulcers,
carcinoma, hemorrhoigsdnflaRHnaiens sigpedelrytaking of acetylsalicylic acid), iron deficiency anemia
caused by menstruatiqp, iron deficiency anemia caused by injuries, iron ,defitfienc anemia due to
sprue, iron deficiency ah@rﬁ%eﬁﬁ ibo%)él?c%fa WRERAKR/HOE éb?i{ﬂ@%”pa‘?ﬂenm iTHEIRkly eating 196
children and adolescedity/.ivilegaodeficigainy caused by iron deficiency anemia, brain function

impairment caused byrtomdeficisgaranamine desiesadrg Y MHOMeSareed Ryelordeficiency
anemias, iroon deficiencg anemias in the %ai of cancer, iro defichg}rl: anemias caused by
&% t C%/A

5chemotherapies, irorr dSRCRIRLY SHRSIHHIE TRy GE Pl #Y) ARFESHTAR: 28R '§8%Yency anemias in
the case of congestiveceriaiia@mhsufficiemeje(CHFcongestive heart failure), iron deficiency anemias in

the case of chronic repgldpgyffiiensy siagecd FHGRKAPavaishidneystiseasesstage 3-5), iron

deficiency anemias triggered by.chronic inflammation 10(ACD), iron deficiency anemias in the case of
rheumatoid arthritis ( . ﬁgﬁngésfti@%ﬁ@y ﬁ%‘%ﬁ‘ﬂﬁ”{%‘{ﬂt&c &%@M@%%@pﬁs erythematosus (SLE)

and iron deficiency anBafiag v tigeihise witinfamivegematoowe| whsteabey @B bynded, form
15 an optionally substituted 3- to 6-membered ring, which may optionally

contain one or more further heteroatoms,
or

20 R. and Rz together form a saturated or unsaturated, optionally substituted
5- or 6-membered ring while forming a ligand of the formula (la):

B

N
I O

R

’ (la)

25 wherein Ry and R4 are defined as above,



1515.Iron(llIl) complex compounds according to any one of the claims 1 to 9 and 11 for oral
administration. 16. lron(11l) complex compounds according to claim 15 for administration as a liquid
formulation including a drinkable formulation such as a syrup, elixir, 20solution, suspension, juice. 17.
Use of iron(lll) complex compounds as defined in any one of the claims 1 to 9 for the preparation of a
medicament. 2518.Use of iron(lll) complex compoulgqs according to claim 17 for the preparation of a
medicament for the treatment and prophylaxis of iron deficiency symptoms and iron deficiency
anemias and the symptoms associated therewith. 3019.Medicament, containing iron(lll) complex
compounds as defined in any one of the claims 1 to 9. 197 20.Medicament, containing iron(lll)
complex compounds as defined in any one of the claims 1 to 9, and at least one physiologically
compatible carrier or excipient. 521.Composition, containing iron(lll) complex compounds as defined in

any one of the claims 1 to 9, in combination with at least one further medicament which acts on the
iron metabolism. R. and Rs together form a saturated or unsaturated, optionally substituted

5 5- or 6-membered ring, and R and Ry together form a saturated or
unsaturated, optionally substituted 5- or 6-membered ring, while forming a
ligand of the formula (ib):

10
wherein R4 is defined as above,

or pharmaceutically acceptable salts thereof.

15 4. lron(lll) complex compounds according to claim 2 or 3, containing at least
one ligand of the formula (1):

20 wherein
the arrows respectively represent a coordinate bond to one or different iron
atoms,
Ry is alkyl, which can be optionally substituted with 1 to 3 substituents
selected from the group consisting of hydroxy, alkoxy, halogen, cyano and
25 alkoxycarbonyl,
R: is selected from the group consisting of



10

15

20

25

30
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hydrogen,

alkyl, which can be optionally substituted with 1 to 3 substituents selected
from the group consisting of hydroxy, alkoxy, halogen, cyano and
alkoxycarbonyl,

halogen and

cyano or

R+ and Ry, together with the carbon atoms to which they are bonded, form
an optionally substituted 5- or 6-membered ring, which may optionally
contain one or more heteroatoms,

Rs and Ry are the same or different and are respectively selected from the
group consisting of hydrogen and alkyl, which can be optionally substituted
with 1 to 3 substituents selected from the group consisting of hydroxy,
alkoxy, halogen, cyano and alkoxycarbonyl, or

Rs and Rs, together with the nitrogen atom to which they are bonded, form
an optionally substituted 3- to 6-membered ring, which may optionally

contain one or more further heteroatoms,

or

R. and Rjtogether form a saturated or unsaturated, optionally substituted
5- or 6-membered ring while forming a ligand of the formula (la):

‘ (la)

wherein Ry and R are defined as above,

or

R. and Rj together form a saturated or unsaturated, optionally substituted
5- or 6-membered ring, and Ry and R together form a saturated or



193

unsaturated, optionally substituted 5- or 6-membered ring, while forming a
ligand of the formula (Ib):

(Ib),
5 wherein R. is defined as above,

or pharmaceutically acceptable salts thereof.

5. fron(l1f) complex compounds according to any of claims 2 to 4 of the
10 formula (ll):

R4\
N—R,
Y
R

wherein Ry, Rs, Ry and R, are defined as above.

15
6. Iron(l1l) complex compounds according to any one of the claims 2 to 5,
wherein Ry is selected from the group consisting of:
- Ci.s-alkyl,
- Cs.s-cycloalkyl,
20 - Cs-g-cycloalkyl-Cy.4-alkyt,

- C1.4-alkoxy-C1.4-alkyl,
- hydroxy-Cq.4-alkyl, and
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- halogen-C.4-alkyl.

fron(lllj complex compounds according to any one of the claims 2 to 6,
wherein R; is selected from the group consisting of:

- hydrogen,

- halogen,

- Cye-alkyl,

- Ca-s-cycloalkyl,

- halogen-C4.4-alkyl, and

- cyano.

Iron(I1l) complex compounds according to any one of the claims 2 to 5,
wherein Ry and R; together form a propylene (-CH>-CH»-CH»-)- or a
butylene (-CH,-CH,-CH»-CHs-)-group, in which one methylene group
(-CHo-), respectively, can be replaced with —O—, —-NH—, or -NRs—, wherein
Rs is optionally substituted alkyl, and wherein the groups formed by Ry and
R. can furthermore respectively be substituted by one to three substituents
selected from the group consisting of hydroxy, Cy.4-alkoxy, amino and
mono- or di-(Cy.4-alkyljamino.

Iron(l1l) complex compounds according to any one of the claims 2 to 8,
wherein Rz and R4 are the same or different and are respectively selected
from the group consisting of:
- hydrogen,

Cq-e-alkyl,
- Cs.6-cycloalkyl,
- Cs.-cycloalkyl-Cy_4-alkyl,
- C1.4-alkoxy-Cy.4-alkyl,
- Ci.z-alkoxycarbonyl-Cy¢-alkyl,
- hydroxy-Cy.4-alkyl, and
- halogen-Cy.4-alkyl, or
Rs and R4 together form an ethylene (-CH,-CHz-)-, propylene
(-CHz-CHo-CHa-)-, isopropylene (-CH,-CH(CHj3)-)-, butylene
(-CH-CH,-CHy-CHg-)-, isobutylene |, pentylene (-CHy-CHy-CH,-CH,-CHop-)-
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11.

12.

13.

14.
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, or isopentylene group, in which one methylene group (-CHy-),
respectively, can be replaced with —O—, -NH-, or -NRs—, wherein Rz is
optionally substituted alkyl, and wherein the groups formed by R; and R4
can furthermare respectively be substituted by one to three substituents
selected from the group consisting of hydroxy, Ci.4-alkoxy, amino and
mono- or di(C+.4-alkyl)amino.

Method for the preparation of the iron(lll) complex compounds according
to any one of the claims 1 to 9, which comprises the reaction of an iron{lll)

salt with the corresponding B-ketoamide.

Iron(llf) complex compounds according to any one of the claims 2 to 9 for

use as a medicament.

fron(1ll) complex compounds according to any one of the claims 1 to 9 and
10 for the treatment and prophylaxis of iron deficiency symptoms and iron
deficiency anemias and the symptoms associated therewith.

fron(l1l) complex compounds according to claim 12, the symptoms
including: fatigue, listlessness, lack of concentration, low cognitive
efficiency, difficulties in finding the right words, forgetfulness, unnatural
pallor, irritability, acceleration of heart rate (tachycardia), sore or swollen
tongue, enlarged spleen, desire for strange foods (pica), headaches, lack
of appetite, increased susceptibility to infections, depressive moods.

Iron(ll) complex compounds according to claim 12 for the treatment of iron
deficiency anemia in pregnant women, latent iron deficiency anemia in
children and adolescents, iron deficiency anemia caused by
gastrointestinal abnormalities, iron deficiency anemia due to blood loss,
such as gastrointestinal hemorrhage (e.g. due to ulcers, carcinoma,
hemorrhoids, inflammatory disorders, taking of acetylsalicylic acid), iron
deficiency anemia caused by menstruation, iron deficiency anemia caused
by injuries, iron deficiency anemia due to sprue, iron deficiency anemia
due to reduced dietary iron uptake, in particular in selectively eating
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15.

16.

17.

18.

19.
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children and adolescents, immunodeficiency caused by iron deficiency
anemia, brain function impairment caused by iron 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 (CDK 3-5; chronic kidney diseases
stage 3-5), iron deficiency anemias triggered by chronic inflammation
(ACD), iron deficiency anemias in the case of rheumatoid arthritis (RA),
iron deficiency anemias in the case of systemic lupus erythematosus
(SLE) and iron deficiency anemias in the case of inflammatory bowel
diseases (IBD).

Iron(lll) complex compounds according to any one of the claims 1 to 9 and

11 for oral administration.

fron{Ill) complex compounds according to claim 15 for administration as a
liguid formulation including a drinkable formulation such as a syrup, elixir,

solution, suspension, juice.

Use of iron(lif) complex compounds as defined in any one of the claims 1
to 9 for the preparation of a medicament.

Use of iron(Ill) complex compounds according to claim 17 for the
preparation of a medicament for the treatment and prophylaxis of iron
deficiency symptoms and iron deficiency anemias and the symptoms
associated therewith.

Medicament, containing iron(lll) complex compounds as defined in any

one of the claims 1 to 9.



20.

21.
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Medicament, containing iron(lil) complex compounds as defined in any
one of the claims 1 t0 9, and at least one physiologically compatible carrier

or excipient.

Composition, containing iron(lll) complex compounds as defined in any
one of the claims 1 to 9, in combination with at least one further

medicament which acts on the iron metabolism.



