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Since the discovery that a Fe-MO-S cluster umt 
comprises the molybdenum-containing prosthetic 
group of the nitrogenase enzymes, a large number of 
complexes of this type and their tungsten analogs 
have been chemically synthesized [l]. Usmg the 
tetrathiometallate ions (MoS:-, WS:-) as startmg 
materials, two basic types [2] of clusters have been 
obtained, one type contains Fe3MoS4 cubane-type 
units while the other is composed of linear arrays 
of Fe and MO atoms bridged by sulfide. The first 
species of the latter type to be prepared was [Et,N], 
[(PhS), FeSz MO&] (I), which was mltlally reported 
and structurally characterized by Coucouvams and 
coworkers [3], and then further described by Teo, 
Aver111 and coworkers [4]. This latter group reported 
[4] that attempts to reduce 1 to its trinegatlve form 
with sodium acenaphthalemde were unsuccessful, 
a result consistent with the cychc voltammogram of 
1 which contains only lrreverslble waves [4] If 
stable, species of the form [X, FeSzMoS213- might 
be expected to contain formally Fe(I1) (S = 2) and 
MO(V) (S = n) which could be antiferromagnetlcally 
coupled to yield an S = 3/2 spin system analogous to 
that of the molybdenum-iron protein of nitro- 
genase [5] and its cofactor (FeMoco) [6]. Because 
of our interest in producing complexes characteriz- 
ed by this magnetic property, we have now prepared 
a complex analogous to 1 but with the two thlo- 
phenolate ligands substituted by the bidentate 
thiolate, o-xylyla,a’-dlthlolate[CgHq(CHZS)i- = 
o-xyl&]. This report describes the synthesis and 
characterization of this species (2) and its tungsten 
analog (3), shown schematically m Fig. 1. Their 
electrochemical behavior indicates that then one- 
electron reduction products may be relatively stable. 
While this work was in progress, we learned that 
Garner and coworkers [7] had also prepared and 
structurally characterized the 
FeSzMoSz]*- ion. 

[(o-xyl-Sz)- 
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ReactIon of [Et,N], [Fe@xyl-S&l [8] (0.54 g, 
0.83 mmol) with [Et4N12[MoS4] (0.40 g; 0.83 
mmol) in CH2C12 (40 ml) for 1 hr at room tempera- 
ture resulted in the crystallization of the product 
2 which was isolated by filtration, washed with 
CHzClz, and dried in vacua. The yield was 0.27 g, 
46%. Elemental analytical data for 2 and its tungsten 
analog 3 mdlcate that the salts contam molecules 
of CHZCl, m their lattices. Anal. Calcd. for [Ef4N12- 
[(o-xyl-Sz)FeS2MoS2]*~CHzC12(2): c24.S H49N2- 

ClFeMo&: C, 39.2; H, 6.52, N, 3.73. Found: C, 38.8; 
H, 6.55; N, 3.68. The complex [Et4N12[(o-xyl-S2)- 
FeS2WS2]*MCH2C12 (3) was prepared analogously 
in 57% yield. Anal. Calcd for C24.sH49N2ClFeWS6: 
C, 35.1; H, 5.84; N, 3.34. Found: C, 34.9; H, 5.77; 
N, 3.22. 

Infrared spectra of 2 and 3 are entirely consistent 
with their formulations. The spectrum of 2 contains 
strong bands at 508 and 492 cm-’ assigned to 
terminal MO-S vibrations and a medium intensity 
band at 445 cm-’ due to the FeS2Mo bridge. Analog- 
ous bands for 3 are found at 488 cm-’ (terminal) 
and 435 cm-’ (bridge). The observation of two ter- 
minal M-S bands for 2 and only one for its tungsten 
analog 3 1s consistent with the spectra of the species 
[C12FeS2MS2]2- (M = MO, W) [9]. The electronic 
spectra of 2 and 3 contam the following bands: 
2 - 595sh(1780), 54Osh(3890), 508(5040), 
465(5870), 407sh(5920), 367sh(8760), 335(14190); 
3 - 530sh(1960), 478(4640), 425(6480), 370(7300). 
No assignment of these multiple-band envelopes has 
been attempted, but the spectra are useful as finger- 
prints for identifying these complexes. 

The electrochemical behavior of 2 and 3 is particu- 
larly striking when compared with that of I (vide 
supra). Figure 2 contains cychc voltammograms of 
the two complexes indicating that both 2 and 3 
undergo pseudo-reversible reductions at the indl- 
cated negative potentials as opposed to 1 which 
undergoes only an rrreversible reduction at -1.34 V 
[4]. Presumably, these reversible waves are due to 
the 2-/3- couples of 2 and 3 although quantita- 
tive controlled-potential electrolysis experunents have 
yet to be completed. While the reasons for this 
change in electrochemical behavior on substitution 
of a (SCH2)2CgH4 moiety for two SPh groups are 
at present not understood, the existence of reversible 
couples for these complexes suggested that the 
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Fig. 2. Cyclic voltammograms of _10e3 M solutions 2 and 
3 m DMF containing 0.1 M [Bu4N]BF4 vs SCE. The scan 
rate was 0.48 V/set. 
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Fig. 3. EPR spectrum of a frozen 10e3 M solution of 2 m 
DMF containing 0.1 M [BudN]BF4 after exhaustive electro- 

lysis of -1.75 V YS SCE. The temperature was -12 K. 

species [(o-xyl-Sz)FeS2MS2]3- had fmlte thermal 
stabihty. Therefore, a 10-j M solution of 2 m DMF 
(contammg 0.1 M [Bu4N] BF4 as supportmg electro- 
lyte) was electrolyzed at -1.75 V vs. SCE until the 
current was stable. Samples were immediately with- 
drawn for EPR spectral studies with the result shown 
in Fig. 3. The EPR spectrum of the electrolyzed 
solution run at -12 4< IS mdlcatlve of an S = 3/2 
spin system. While we have thus far not isolated 
any complex, it would seem reasonable to attrlbute 
the signal to the [(o-xyl-Sz)FeSzMoSz]3- ion, smce 
the antiferromagnetic couphng described above 
between Fe(H) and MO(V) would be expected to 
produce a magnetic state characterized by three 
unpaired electrons. We cannot be certam the 
observed EPR signal represents complete conver- 
sion of 2 into its reduced EPR-active form until 
this signal is quantltated by double integration. 
The preparation of salts of [(o-xyl-SZ)FeS,MoS2]3- 
by chemical reduction of 2 are now in progress as 
are similar studies on the analogous tungsten sys- 
tem. 

The S = 3/2 EPR spectrum from reduced solutrons 
of 2 represents the third example of a signal of this 

type from Fe-MO-S complexes. Previously, the ion 
[Fe(MoS4)2]3- [lo, 1 l] was shown to be character- 
ized by this magnetic state [lo], which IS likely 
to arise from antiferromagnetic coupling between 
two MO(V) and one high spm Fe(III) atoms. More 
recently, the cubane-type Ion [MoFe3 S4(SR)3- 
(Pr,cat)(DMSO)]*- (Pr2cat = 3,6-dl-n-propyl-cate- 
cholate) has also been shown [12] to exhlblt an S = 
3/2 EPR signal. Although EXAFS data on complexes 
of the cubane-type have been found [13] to be more 
slmllar to those of the molybdenum--iron protein 
of nitrogenase and FeMoco than analogous data from 
the linear-type species [l], the details of the metal 
configuration at the molybdenum-contaming pros- 
thetic group of nitrogenase are still unknown. Thus, 
any Fe-MO-S species which simulates its magnetic 
properties IS important m efforts to elucidate the 
nature of this enzymic site. 
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