
New Members of A Class of Iron-Thiolate-Nitrosyl Compounds

The neutral and the cationic trinuclear iron-thiolate nitrosyl [(ON)Fe(μ-S,S-C6H4)]3 (1) and [(ON)Fe(μ-S,S-
C6H4)]3[PF6] (2) were synthesized and characterized by IR, X-ray diffraction, X-ray absorption, electron
paramagnetic resonance (EPR) and magnetic measurement. The five-coordinated square pyramidal
geometry around each iron atom in complex 1 remains intact when complex 1 is oxidized to complex 2.
Magnetic measurements and EPR results show that there is only one unpaired electron in complex 1 (Stotal =
1/2) and no unpaired electron (Stotal = 0) in complex 2. The detailed geometric comparison between the
neutral 1 and cationic species 2 provides the understanding of the role that the unpaired electron plays in
the chemical bonding of the complex. Significant shortening of the Fe-Fe, Fe-N and Fe-S distances around
Fe(1) is observed from complex 1 to complex 2. This result implicates that the removal of the unpaired
electron does induce the strengthening of the Fe-Fe, Fe-N and Fe-S bonds in Fe(1) fragment. A significant
shift of the νNO stretching frequency from 1751 cm-1 (1) to 1821, 1857 cm-1 (2) (KBr) also indicates the
strengthening of the N-O bonds in complex 2. The EPR, X-ray absorption, magnetic measurements and
molecular orbital calculations lead to the conclusion that the unpaired electron in complex 1 is mainly
allocated in Fe(1) fragment and was best described as {Fe(1)NO}7, so that the unpaired electron is
delocalized between Fe and NO via d-π* orbital interaction; some contributions from [Fe(2)NO] and
[Fe(3)NO] as well as the thiolates associated with Fe (1) are also realized. According to MO calculation, the
spin density of complex 1 is predominately located at Fe atoms with 0.60, -0.15 and 0.25 at Fe(1), Fe(2) and
Fe(3), respectively.
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Iron-sulfur-nitrosyl complexes have attracted considerable
experimental and theoretical interests stimulated by many
biological related functions. Due to the existence of the potential
electron-transfer series of 1,2-benzenedithiolate, and the "non-
innocent" character of NO acting as NO+, NO- and the paramag-
netic neutral NO · radical, determination of the formal oxidation
state of transition metal and NO in the 1,2-benzenedithiolate-
metal nitrosyl complexes becomes rather complicated. Thus, the
metal-NO unit is generally designated as {M(NO)x}n (M =
transition metal), the Enemark-Feltham notation, which stresses
the well-known covalency and delocalization in the M(NO)x unit
without being committed a certain formal oxidation state on
either M or NO. Here we report the application of X-ray diffrac-
tion, X-ray absorption spectroscopy to characterize the geomet-
rical and electronic structure of two new synthesized trinuclear
iron-NO complexes surrounded by thiolate ligands. The neutral,
paramagnetic trinuclear iron-thiolate nitrosyl complex, [(ON)Fe
(μ-S,S-C6H4)]3 (1), was produced upon the protonation of the
mononuclear iron-thiolate nitrosyl [PPN][(NO)Fe(S,S-C6H4)2] by
HBF4 in THF. Oxidation of complex 1 in CH2Cl2 yields the diamag-
netic trinuclear cationic species [(ON)Fe(μ-S,S-C6H4)]3[PF6] (2).
All results will comparison with other characterization methods,
such as EPR, IR, UV-vis., and theoretical calculations. 

The molecular structures of complexes 1 and 2 were deter-
mined by single crystal X-ray diffraction. As shown in Figures 1
and 2, complex 1 and 2 give a high degree of congruency.  Both
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