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Recently interest in side-bonding or n 2-ligands which contain 
chalcogens (O, s, Se) is accelerating with a wide variety of organic 
and inorganic systems being studied [l-3]. Three recent examples of 
significant work with the n 2-ligands have involved formation of an 
n 2-acetyl ligand by reversible CO insertion into a Zr-CH 3 bond [4], 
step-wise reduction of a thiocarbonyl ligand to CH 3 SH via an n 2-
thioformyl intermediate [5], and Xa-calculations probing the nature 
of bonding in n 2-E2 complexes (E = o, S, Se) [6]. 

The formation of octahedral [Ir(n 2-E2) (dppe) 2]+ (E = S, Se and 
dppe == Ph 2PCH2CH 2PPh 2 ) complexes is generally accomplished by "oxi
dative-addition" of pure chalcogens (Sa or Sea) to [Ir(dppe) 2 J+ [7]. 
Chalcogen transfer from (MeCp) 2 TiE 5 :(E = s, Se) permitted similar 
conversions with a unique metalloheterocycle, l,4-[(MeCp) 2 Ti] 2S~, 
co-produced with the Ir-S 2 complex. In the formation of the Ir-Se 2 
compound, a significant rate enhancement (x 1000) was noted, as com
pared to the Se 8 method. The Ir-S 2 and -Se 2 complexes reacted with 
potent electrophiles such as CH 3S0 3 F and CF 3S0 3H to form [Ir(n?-
E2 R) {'dppe) 2] 

2 + (R = CH3, H and E = s, Se} [8]. The pyramidal nature 
of the alkylated chalcogen atom was demonstrated by the observation 
of resonances fordiastereomeric complexes in the 360 MHz 1 H NMR 
spectra. The n 2-S 2 CH 3 complex is very reactive toward nucleophiles 
(CH3NC, CN-, and PPh3) and a variety of reaction pathways have been 
elucidated. In particular, the reaction invo~ving CH 3NC was shown 
to involve at least two steps (eq. 1) and serves as a model for the 
Oxirane olefin expoxidation process (eq. 2) · [9]. 
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The use of organoperacids permitted rapid, clean oxidations of the 
Ir-S2 and Se2 complexes to the correspondin~ n 2-S 2 0, S 20 2 , and Se 2o 
compounds. Similarly, oxidation of Cp 2 Nb(n -S 2 )Cl produced an 
n~-S20 unit. Peracids were also used to effect the facile conver
sion of µ3-S to µJ-SO ligands in the syntheses of Fe 3 (CO) (S) (C0) 9 
and Fe2Pt{SO) (S) (C0)6{PPh3) 2, which represent the only sulfur
monoxide complexes presently known [10]. Onlv the triiron complex 
has been previously reported and was a by-product from the synthesis 
~~ Fe3(S~2{~0)9 Ill]. Reactivity studies on the E20, S 20 2 and so 
igands indicated transfer of the exocyclic oxygen atom to be very 
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difficult in sulfur-based systems but relatively facile for the 
n 2-Se20 ligand. 

Attempted syntheses of complexes containing the elusive n 2-EO 
(E=S,Se) ligands by abstraction of the unsubstituted chalcogen in 
the n2-E 20 groups were not successful. However, the analogous and 
previously unknown n 2-SeS ligand was synthesized with [Ir{dppe) 2]+ 
and the chalcogen-transfer reagent, Cp2TiSxSe 5 _x (x~2). A stabilized 
form of the SO unit, the a-methyl thioperoxide ligand, was ob~erved in 
[Ir(n 1 -SOCH 3 ) (CH 3NC) (appe) 2 ] 2+ and was synthesized from then -820 
complex by o-alkylatic.in, followed by abstraction of the unsubstituted 
sulfur a tom with CH 3Nd (eq. 3). 
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The appearance of high-field shifted ortho-phenyl resonance{s) 
for all cis-[Ir(X) (Y) (dppe) 2 ]n+ complexes [12) is particularly dis
tinctive-.~A new theory based on mutual shielding effects of the 
aromatic rings is proposed from solution and solid-state structural 
studies of the cis-iridium complexes. 

The research on monomeric n 2 -dichalcogenide complexes has been 
extended to desulfurization of solid-state, extended-lattice metal 
sulfides, particularly pyrite (FeS 2). The formation of pollutants, 
such S0 2 , from the decomposition of pyrite has remained a major bar
rier to increased use of coal as a fuel source. We found that pyrite 
is desulfurized at - 260°C with (n-C 4 H9 ) 3 P to an equilibrium mixture 
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of FeS and Fe 0 • 9 sS (pyrrhotite), as determined by x-ray powder dif
fraction and Mossbauer spectroscopy [13,14]. The phosphine desulf
urization reaction was successfully applied to a sample of Illinois 
coal (1.9% FeS2) with x-ray powder diffraction revealing complete con
version of pyrite to pyrrhotite. Also, partial desulfurization of a 
spectrum of metal sulfides (MoS 3 , CoS 2 , and Cu 2S) was successful. 
Addition of a sulfur-receptor, such as metallic iron, created a cata
lytic cycle (shown below) with 40 turnovers/hour observed for an 
100:1 ratio of FeS2 to (n-C4H 9 ) 3P at - 300°C. The desulfurization of 
FeS2 with Fe under a co atmosphere at 400°C indicated other catalytic 
cycles, such as the CO-COS couple [15,16], may exist and be poten
tially useful in future coal desulfurization processes. 

Desulfurizatlon Cycle 

FeS(Bu,PS)Fe 
T2 turnovers• 40/hr 

F1S2 &u,P FeS 300 °c 
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