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Summary — Reaction of iron(IIT)acetylacetonate with K2CS; in DMF and precipitation with [PPhs]Cl gives
[PPhy]3[Fe(CS3)3]eH20, the crystal structure of which shows octahedrally-coordinated iron centers within the discrete
[Fe(CS3)s]°~ anions with interesting electronic structure. The CS2~ group acts as a bidentate ligand with resulting FeS
distances ranging from 2.286 to 2.323 A.

trithiocarbonate / iron complex / X-ray structure / electronic structure

Résumé — Synthése et structure électronique d’un complexe de fer trithiocarbonaté homoleptique [PPhy]3[Fe(CS3)3]e
H20. La réaction du fer(Ill)acétylacétonate avec K>CSs dans le DMF et précipitation avec (PPhy)Cl donne
[PPhyjs[Fe(CS3)3JeHz O dont la structure cristalline montre la coordination octaédrique des atomes de fer dans les anions
[Fe(CSs)s]*~. Le groupe CSi~ constitue un ligand bidenté avec une liaison de 2,286 a 2,323 A avec FeS.
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Complexes with sulfur-rich ligands are of current inter-
est for problems of bioinorganic chemistry and research
in materials science and catalysis [1, 2]. Trithiocarbon-
ates show activity as antiwear and antioxidant addi-
tives to lubricant oils and greases [3]. Surprisingly, only
very few structurally-characterized homoleptic transi-
tion metal complexes have been reported in the litera-
ture [4, 5], probably due to the difficulties in preparing
pure compounds, especially single crystals. Here we re-
port the synthesis of [PPhy]s[Fe(CS3)3]eH20, which was
prepared by the reaction of iron(III)acetylacetonate in
DMF with potassium trithiocarbonate [6] and precipi-
tation with tetraphenylphosphonium chloride.

The solid state IR spectrum shows the characteristic
v(CS) bands of the bidentate CS3 ™ ligands, due to their
local Cy, symmetry, at 988(vs), 981(m), 936(w), 873(m)
and 843(w) cm™! (for details of assignment and a nor-
mal coordinate analysis of [Ni(CS3)3]2~ see [7]). The
crystal structure [8] proves the occurrence of the pla-
nar FeSoC=S moiety too, and additionally an almost 2.313(3): Fe-S7 2.286(3); Fe-S8 2.313(3); S1-C1 1.725(8);
regular octahedral FeSg chromophore. The structure of $2-C1 1.719(8); S3-C1 1.666(9); S4-C2 1.699(8); S5-C2
the complex anion [Fe(CS3)s]*~ is shown in figure 1, ) 796(g).'S6-C2 1.671(9); S7_C3 1.718(9); S8 C3 1.794(11);
with details of the bond distances. It should be men- $9-C3 1;625(9); S1-Fe-S2 74.17(9); S4-Fe-S5 73.56(9); S7—

tioned that an octahedrally, rather than a tetrahedrally, Fe-S8 74.75(10); S1-Fe-S5 166.07(10); S2-Fe-S7 164.36(10);
S-coordinated Fe(III) center is rather rare. S4-Fe-S8 160.89(10).

Fig 1. The structure of [Fe(CS3)3]®>” in crystals of the
[PPhy}* salt. Selected bond lengths (A) and angles (°):
Fe-S1 2.297(3); Fe-S2 2.323(3); Fe-S4 2.319(3); Fe-S5
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Very interesting is the lattice structure, as the cations
represent ca 80% of the lattice volume. This means
that the anions may be regarded as guests in the hy-
drophobic host lattice of the large tetraphenylphospho-
nium cations.

The trithiocarbonato iron(III} complex reported here
is the simplest member of a class of iron(III) thio
chelates of which the dithiocarbamates are the most
thoroughly studied. A series of the latter are well-
known examples of spin crossover behavior and exhibit
unusual electronic and magnetic properties [9]. The
Fe-S bond lengths in the range 2.286-2.323 A observed
in the complex anion [Fe(CS3)3)3~ agree well with those
reported for comparable low-spin iron(III} dithiocar-
bamate complexes (with an average of 2.31 A [10]),
and therefore indicate a low-spin 275 electronic ground
state.

The electronic absorption spectra (in DMF solu-
tion) exhibit bands (¢ in M~'em~1) at 30 800 (8 500),
27 600 (7 000), 22 600 (2500) and 17 400 cm™~! (2 000).
The solid state reflectance and transmission spectra
(NIR, KBr pellet) basically resemble the solution spec-
tra except for two additional bands at 13300 (sh) and
11400 cm™!. The band with the highest energy is due
to a ligand internal electronic transition (cf ref [11]).
According to the low-spin ground state the band at
lowest energy is assigned to the 2T, — *T} tran-
sition (cf ref [12]). The transition energies and the
rather high extinction coefficients of the other bands
are basically in line with the observations from the
dithiocarbamate (dtc) complexes [12, 13| indicating in
the present case a high degree of electron delocaliza-
tion or metal-ligand orbital mixing. The electron de-
localization in [Fe(CSs3)3])°~ is especially high as the
m-bonding system has a larger extension than in the
dtc complexes {see MO calculations for the CSg_ anion
in [11]). In agreement with the 2T} electronic ground
state assignment, the room temperature ESR spectrum
does not show any observable resonances according to
relevant fast relaxation [14]. Magnetic measurements
for [PPhy)3[Fe(CSs3)3}eH20 in the temperature range
2-300 K clearly show that the low-spin 2T, state is
the electronic ground state with a resulting effective
magnetic moment of 1.92 up (see fig 2). Even at room
temperature, in contrast to all dtc complexes no evi-
dence is observed for the population of the high-spin
64, state. The low-spin ground state is further con-
firmed by Moéssbauer data recorded at 77 K giving an
isomer shift § = 0.47 £ 0.02 mms™! (vs a-Fe) and a
quadrupole splitting AEq = 0.90  0.02 mms™! (see
fig 3).

Experimental section

All manipulations were carried out under an inert atmo-
sphere of argon using oxygen-free solvents. A solution of
iron(IIl)acetylacetonate (1.41 g, 4 mmol) in DMF (75 mL,
dried and distilled prior to use) was mixed within 5 min with
2.80 g (15.0 mmol) potassium trithiocarbonate and stirred
for a further 10 min (dark brown solution). After filtra-
tion a solution of tetraphenylphosphonium chloride (5.16 g,
13.8 mmol) in 30 mL water was added and the mixture
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Fig 2. Temperature dependence of the inverse molar suscep-
tibility for [PPh4]3[Fe(CS3)s]eH20. The solid line represents
the fitted Curie-Weiss law with © = —0.8 K and a g-value
of 2.22 which corresponds to peg = 1.92uB.
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Fig 3. 5"Fe Méssbauer spectrum of [PPha)s[Fe(CSs)s]eH20
measured at 77 K.

kept in a closed vessel at 5 °C. After 1 week the black crys-
tals were filtered off, washed with water and 2-propanol and
dried in an argon stream (yield: 3.5 g, 2.5 mmol).

Supplementary material

Supplementary material has been deposited with the British
Library, Document Supply Center at Boston Spa, Wetherby,
West Yorkshire, LS23 7BQ, UK, as supplementary publica-
tion N° = SUP 90414 and is available on request from the
Document Supply Center.
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