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Abstract: A new octanuclear iron(lll) isobutyrate cluster {&g(is)s(O,CH)s(tea)(teaHj]-teak: (CHs),CO (1) (where

His = isobutyric acid; teatt triethanolamine) has been prepared by the inieraof smaller trinuclear isobutyrate
cluster [FgO(is)s(H20)3](NO3)- 2(CHCN)-2(H,0) with s-triazine and triethanolamine. Single-taysX-ray analysis
revealed thatl crystalizes in the triclinic space grolpl and comprises octanuclear §Bg(is)s(O.CH)s(tea)(teaHy]
clusters and solvate tegldnd acetone molecules. The iron centers in the} {€@e are bridged by threeoxo atoms,
and peripheral ligation of the core is provided diy isobutyrates and four triethanolamine liganésrmate group is
completed the coordination sphere of three metainat Clusterl has been also characterized by elemental, infrared
spectroscopy and thermogravimetric analyses.

Keywords: iron cluster, carboxylates, aminopolyalcohol ligasimlucture.

1. Introduction as{Fe0} [20, 21],{Fe0} [22-24] and{Fe,O5} [25, 26]

are great starting materials to produce large etasthey

The design and investigation of polynuclear irorFan be rearranged and bind tp the larger system::airh—lis
compounds with oxygen ligation continue to be of€Ported the reaction of trinuclear

considerable interest due to their relevance tdogical LT €3O(S)k(H20)s](NO3)-2(CHCN)-2(HO) ~ cluster  with
systems [1] and their potential serve as modelstiadying trlethar_lolamlne affording  polynuclear  octanuclear

complex biological processes in nature. For example [FE0s(iS)(OCH)y(tea)(teaHy]- teak- (acetone) 0

number of different polynuclear Fe oxide complefasd isobutyrate cluster. Trlethanolamlne is co_mmon_lyrm in

in non-heme metalloproteins and metalloenzymes [2} Number of cosmetic products and used in sevéfefeht

Many metalloproteins play an important physiologitge. medical a_ppllcatlons. In cos_met|_c uses, trlethamqia is

Typical metalloproteins are proteins containing theme USed t0 raise the pH of certain mixtures, as weliaing as
iron-transferrin, ferritin, hemosiderin, which areportant @n emulsifier  [27].  Furthermore, the effect of

in the metabolism of iron in the body. Thus, thestiethanolamine on an anthralin-induced inflammatieas

compounds are being synthesized and examined e avd SNOWn [28]. The performed experiment, where pasient
get information into the biomineralization procéssolved ~Were treated with short-contact anthralin follovigd 10%
in the formation of metal core of the iron-storggetein tri€thanolamine application, revealed that triediamine
ferritin [3]. Besides, a paramagnetic nature ofnfals in successfully inhibited anthralin-induced inflamroati The

polynuclear compounds affords interesting magnetféSt octanuclear iron(lll) compound possessing ilsim
properties such as high-spin ground state or sin ructure with triethanolamine was reported by @Gri€tou

molecule magnet behavior (SMM) [4, 5]. A large niemb [29], since than some structural analog{iees} have been
of Fe-containing compounds have been synthesized ai¢Ported by X. Murray [30] and A. Powell [31].
investigated over last decades [6-9]. The contidouto

this area has been made by S. Baca and co-workers a 2. Experimental

consists in the preparation of new oxo/hydroxo dpe

carboxylate clusters with various nuclearitiges} [10], 2.1. Materials and physical measurements

{Fe} [11]{Fes} [12], {Fei}[13], {Fei}[14] and {Fee}

[13].The clusters with higher nuclearitiebe ;} and Feys} All chemicals and solvents were obtained from the
have been published by R. Winpenny [15] and G.Stbwi commercial sources and were used as received withou
[16], respectively. further purification. All reactions were carried tounder

For the rational preparation of the polynucleamiro aerobic conditions. The precurgas-oxo trinuclear Fe(lll)
compounds several approaches have been employed [Edbutyrate [FgO(is)(H-0)s](NO3)-2(CHCN)- 2(H0) was
19]. One of these approaches includes the emplayofen prepared according to the previously published gdoce
the smaller clusters in order to obtained polyraiclEe [12]. Infrared spectrum fofl was recorded on a Perkin-
cages with higher nuclearity. Low nuclearity clustsuch Elmer Spectrum One spectrometer using KBr dischin t
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region 4000-400 ct Elemental analysis df for carbon,
hydrogen and nitrogen was performed using an Eléamen 3.2. Infrared spectroscopy
Vario El analyzer. TGA/DTA measurements were cdrrie

out with a Mettler Toledo TGA/SDTA 851 under a sime The IR spectrum ofl displays the ©H stretching
of dry N, (60 mL mir'}) in the temperature range from 25vibration at 3355 ci, which corresponds to ethanol
to 600°C at a heating rate of 10 K fin groups in teakl Strong and broad bands of the coordinated

X-ray crystallography. Diffraction dataset for asymmetric and symmetric carboxylate groups are
compound 1 was collected on a Bruker APEX Il observed at 1576 cand 1429 ci, respectively. The
diffractometer equipped with graphite-monochromediz C-H asymmetric and symmetric stretching vibrations of
Mo-Ka radiation. The summary of the crystallographidsobutyric groups show peaks in the range of 298862
parameters and structure refinement detailg afe listed cm™, while the asymmetric and symmetric bending
in Table 1. The structure was solved by direct ma@shand vibrations for these methyl groups produce a strsingle
refined by full-matrix least squares on weight€dvalues band in the region of 1471 émand a doublet at 1377
for all reflections using the SHELX suite of progm[32]. cm?, respectively. The absorption peak found at 1689 ¢
All non-hydrogen atoms in clustet were refined with corresponds to C=0O stretching vibrations of solvate
anisotropic displacement parameters, except theominacetone molecule ih
position of disordered O- and C-type atoms. Hydroge

atoms were placed in fixed, idealized positions eafthed 3.3. Thermogravimetric analysis

as rigidly bonded to the corresponding atom. Sothare|

groups of teaklligands in1 were found to be disordered:; The TGA data shows that the first weight loss of

application of restraints provided reasonable gedoad clusterl (Figure 1) begins at 40 °C and lasts up to 217 °C,

parameters and thermal displacement coefficients. corresponding to removal of solvent acetone and
triethanolamine molecules (found: 10.05 %; calcd:

2.2. Synthesis of 10.55%). The second step is accompanied by an

[FesOs(is)s(O-CH)s(tea)(teaH)]- teaHs- (CH3),CO (1) endothermic peak at 236°C that indicates the lédbree

formate and three isobutyrate groups (found: 20;13%
To the solution of calcd: 20.35%). The next two consecutive stepsh t

[FesO(is)s(H20)3](NO3)-2(CH,CN)-2(HO) (0.212 g, 0.24 range 300-410°C of TGA curve show an exothermidkpea
mmol) in 5mL acetonitrile were added s-triazineDBB g, at 317°C that indicates the loss of remaining ceylate
0.71 mmol) and teafH(0.05 mL, 0.37 mmol). Resulted ligands and all coordinated triethanolamine groffpsnd:
solution was stirred at room temperature duringoBré 41.43%; calcd: 43.5%) with residual weight of 32.%38
and left for slowly evaporation. A month later 2 mLsuggests the final product of iron oxides (calcgl736).
dichloromethane was added. In three weeks the reutai

precipitate was dissolved in the mixture of acetamel 3.4. Structure of 1
acetonitrile (2.5:2.5 mL). The obtained red-browmgstals
of 1 suitable for X-ray analysis were filtered off, wash Single-crystal X-ray analysis revealed that

with acetonitrile and acetone, and dried in airie(: crystalizes in the triclinic space gro#sl and contains an
13.2%).Elemental analysis for &gH,18F&Ns057: C, 36.98; octanuclear [FRf4(is)s(O.CH)s(tea)(teaHy] cluster and
H, 6.10; N, 3.59%. Found: C, 35.25; 35.24: H, 5881; solvate teakl and acetone molecules. The §Fecore
N, 3.82; 3.74%. IR data (KBr pellet, cth 3355 (br), 3150 comprises two almost equilateral and parallel tangles
(W), 2966 (m), 2928 (sh), 2870 (m), 1629 (sh), 157§, (Fe...Fe separations are 5.058(1), 5.083(1), 5.12%@nd
1471 (m), 1429 (m), 1377 (m), 1397 (m), 1094 (m)5.170(1), 5.225(1), 5.299(1) A, dihedral angle lesiw the
1030(m), 1003 (w), 911 (m), 784 (w), 582 (m), 5i§.( planes of triangles is 1.91°), giving the appeagaoica Six-
pointed star (Figure 2). Each triangle is cappedduwyth
iron atom, which displaces from the plane of triengt
0.465 and 0.791 A and situated at the distance82984
. and 3.108-3.130 A, respectively, from the iron sgdmthe
3.1. Synthesis of 1 vertexes of triangle. The distance of 2.947(1) Aween
these capped iron atoms is the shortest Fe...Fendesta
the cluster. Selected bond distances are givenalrleT2.
The Fe(lll) centers are bridged by thregq-oxo, six

3. Results and Discussion

An octanuclear clustell was prepared using soft
conditions: the solution of thesjoxo trinuclear iron(lll)
![‘:’ic:to#;)r/]r;;emilr?e a\;\(/::Stogtlitl'l:le% ;tcﬂruotgomn t:’:}g;ﬁ:[}i@@”ﬁ isobutyrates and four triethanolamine ligands: éhdteubly
by the addition of dichloromethane. The obtaine gprzc?tcl).nat_ebdon din(tereri? de a;hdatone ?ﬁolrdlréaeteroton;:e d
precipitate was recrystallized from the mixturesofvents nt; MM di t'g T Ty o —bp yd' b q
(acetone and acetonitrile), giving red-brown crigstaf Srﬁ ) coor (ljnatlntg ]'cn n ? M Ha 10n mgl tmothe.
[Fe04(i)s(O,CH)s(tea)(teaHy] - teaby (CH),CO (1). The ree monodentate formate groups incomplete the
additional amount ofl was extracted with acetone andcoordmatlon spheres of three Fe(lll) atoms frome on

acetonitrile several times from the precipitatee Pphesence trlang_le. The repl_acement of these monodenj[atedigaan_
of s-triazine in the reaction is a prerequisite fie permit further linkage to form higher dimensionalit

preparation of crystals df clusters and cluster-based polymeric networks.
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Figure 1. The thermogravimetric spectrum of 1

(b)

Figure 2. Molecular structure of [§@s(is)s(O.CH)s(tea)(teaHy](1): top view (a) and side view (b). Two triangke® highlighted in aquamarine color.
Colour definition: Fe, bright green spheres; Nebl®, red and C, black balls. Hydrogen atoms aheésbmolecules were omitted for clarity

All Fe(lll) centers, except one (Fel) are hexaatom from one teaf.One of the central iron atoms (Fel)
coordinated, displaying a distorted octahedral divation is coordinated by thre@,-O°" atoms, three alkoxide O
sphere. The Fe(lll) atoms in cluster have differeratoms and one N atom from one*feavhile another central
coordination environments: Fe4, Fe6 and Fe8 atgors f iron atom (Fe2) is coordinateth threep,-O* atoms, three
one of above mentioned triangle have aml@hor set being alkoxide O atoms from three te&H The Fe-O bond
coordinated by ai,-O°" atom, three O atoms from two distances are in the range of 1.931(2)-2.477(2Fd\(4-O:
bridging isobutyrates and one monodentate formadapy  1.940(2)-2.232(2) A, Fe-Qs; 1.985(2)-2.086(2) A, and
and two O atoms from one doubly deprotonated (f8aH Fe—Q.s 1.931(2)-1.993(2) A. The Fe-N distances range
and one triply deprotonated (f8mligands. Each of the from 2.243(2) to 2.267(2) A for tedHligands and equals
Fe3, Fe5 and Fe7 atoms from another triangle hav@M  2.477(2) A for teaf. Packing diagram of is shown in
donor set arising from one-O*" atom, two O atoms from Figure 3.
two bridging isobutyrates, and two O atoms and bhe
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Figure 3. View of the packing in 1. Hydrogen atoswyate teakland acetone molecules are omitted for clarity

TABLE 1. The main crystallographic data of 1

1
Empirical formula GoH116F&N5sOs7
Temperaturg¢K) 123
Mr/g mol™ 1948.32
Crystal system Triclinic
Space group P-1
a (A 14.5428(9)
b(A) 14.6907(9)
c(R) 20.5757(13)
a () 73.1080(10)
B(°) 76.6520(10)
7 (°) 88.6330(10)
z 2
V(A3 4088.17
u (mm™) 1.468
F(000) 2018
D(calc) [g/cn] 1.575

reflns collected/reflns unique

39608/18580[= 0.031]

Reflections[>25(1)]

14252

R1, wR2 [I>24(1)]

0.0399, 0.1230

TABLE 2. Selected bond distances (A) for 1

Fel-O1
Fel-02
Fel-03
Fel-04
Fel-05
Fel-06
Fel-N1
Fe2-01
Fe2-02
Fe2-03

Fe2-012
Fe2-018
Fe2-026
Fe3-01
Fe3-07
Fe3-09
Fe3-025

2.211(2)
2.281(2)
2.232(2)
1.945(2)
1.947(2)
1.931(2)
2.477(2)
2.082(2)
2.054(2)
2.060(2)
1.939(2)
1.960(2)
1.931(2)
1.952(2)
1.995(2)
2.033(3)
1.982(2)

Fe3-026
Fe3-N2
Fe4-0O1
Fe4-05
Fe4-08

Fe4-010

Fe4-011

Fe4-028
Fe5-02

Fe5-011

Fe5-012

Fe5-014

Fe5-016
Fe5-N3
Fe6-02
Fe6-06

1.964(2)
2.243(2)
1.967(2)
1.965(2)
2.086(2)
2.041(2)
1.970(2)
2.023(2)
1.940(2)
1.993(2)
1.979(2)
1.985(2)
2.046(2)
2.248(3)
1.967(2)
1.963(2)

Fe6-015
Fe6-017
Fe6-019
Fe6-030
Fe7-03
Fe7-018
Fe7-019
Fe7-021
Fe7-023
Fe7-N4
Fe8-03
Fe8-04
Fe8-022
Fe8-024
Fe8-025
Fe8-032

2.066(2)
2.037(2)
1.985(2)
1.995(2)
1.948(2)
1.980(2)
1.980(2)
2.047(2)
1.998(3)
2.267(2)
1.973(2)
1.965(2)
2.040(2)
2.069(3)
1.979(2)
2.010(2)
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4. Conclusions

In summary, an octanuclear Fe(lll) isobutyrate t&us
with triethanolamine ligand
[FegOs(is)s(O.CH)s(tea)(teaHj]- teak: (CHs),CO (1) has
been synthesized and structurally characterized biyngle
crystal X-ray method. Cluster consists of{ Fe} core in
which iron atoms have different O OsN, or ON
coordination surrounding and triethanolamine
performs different structural functions. Charaditicipeaks
in the IR spectrum confirms the presence of coatitig
organic ligands in the structure.
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