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Transition metal sulfur complexes play important roles in
biology and industry:?> Metal-assisted cleavage of<S bonds
has been of particular interest since this process is believed to be
involved in the catalytic hydrodesulfurization of fossil fuels. As
part of our ongoing studies of rhenium-catalyzed sulfur atom
transfer reactions, we reported recently the synthesis of novel
Re(V) complexes containing a bisthiolato ligand (compleRes
andM —L, Chart 1) We then became interested in synthesizing
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Figure 1. Perspective view oM'—PPh with thermal ellipsoids at the
30% probability level. Selected bond lengths (pm) and bond angles
(deg): Re-S(1)=209.8(2), Re-S(2)= 226.1(2), Re-S(3)= 231.4(2),
Re—P = 244.5(2); S(3)Re—P = 156.8(1), S(3}Re—S(1)= 107.4(1),
S(3)-Re—C(1) = 79.5(2), S(3yRe—S(2) = 90.9(1).

in hexane as eluent). The material was characterized by analysis

the sulfur analogues of these complexes£Reén place of Re=0O) and spectroscopy.

since they form key catalytic intermediates. Many anionic terminal Py s,

Re(V)—sulfido complexes are known, and some of them tend to REREY e,

oligomerize under certain conditiofis® Conversion of metat 2 D M—PPh M’'—PPh @

oxo to metat-sulfido complexes has usually been realized with

H,S?" although Cghas also been usédhese reagents proved The single-crystal X-ray determination &1'—PP; is sum-

ineffective in our studies, but the use ofSR gave very promising marized by the ORTEP diagram shown in Figuré® IThe

results. Here, we report the synthesis of the first example of a monomeric complex exhibits a distorted trigonal bipyramidal

neutral terminal Re(Vysulfido complex and a mixed oxo-  geometry around the rhenium atom. Atoms C(1), S(1), and S(2)

(sulfido)dimeric Re(V) complex. They are complexes+?Ph define the equatorial plane while atoms S(3) and P occupy the

and D of Chart 1. apical positions. The S(3)Re—P angle spans 156.78¢3)dif-
When the green mononuclear compMx-PPh (256 mg, 0.4 fering significantly from linearity. As a result of the trans location

mmol) was treated with 43,0 (143 mg, 0.32 mmol) in toluene at  of atoms P and S(3), the R&(3) distance of 231.35(10) pm is

25°C, arapid reaction was indicated by the color of the solution somewhat longer than the 226.09(9) pm-f82) bond distance;

changing to red, eq 1. The newly formed prodidt~PPh, was both, however, are well within the range of typical rhenitm

isolated in 56% yield (column chromatography with 5% EtOAC sylfur distances. The ReS bond to the sulfide ligand is

significantly shorter, 209.75(10) pm, consistent with similar=Re

S distances found in anionic Re(V) complexeghe rhenium-
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Figure 2. Perspective view oD’ with thermal ellipsoids at the 30%
probability level. Selected bond lengths (pm) and bond angles (deg): Re-
(1)—S(5)= 230.7(1), Re(1yS(1)= 238.3(1), Re(1)yO = 167.5(3), Re-
(1)—Re(2)= 277.7(1), Re(2)yS(5)= 219.0(1), Re(2yS(1)= 232.8(2);
S(2y-Re(1)-S(5) = 134.2(1), S(4yRe(2)-S(1)= 156.7(1), S(4yRe-
(2)—S(5)= 94.0(1), S(4yRe(2)-S(3)=91.1(1), S(4yRe(2)-C(2) =
81.5(2).

phosphorus and rheniuntarbon distances are in good agreement
with the corresponding bonds in similar compounds.
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134.16(5) clearly cannot be attributed to this geometry. The Re-
(1)—S(1) distance of 238.28(11) pm is slightly longer than the
Re(1)-S(2) bond, 232.88(11) pm, owing to the coordination of
S(1) to the second rhenium atom. The Re(%)5) separation of
230.72(13) pm is markedly shorter than the other rhenium(1)
sulfur distances but still falls in the usual range of single rherium
sulfur bonds, 236240 pm. The geometry about Re(2) is best
characterized as that of a trigonal bipyramid, with atoms S(3),
S(5), and C(2) forming the equatorial plane and atoms S(1) and
S(4) located at the apexes. The geometry is distorted as illustrated
by the S(1)-Re(2)-S(4) angle value of 156.71%)which is far
from being linear. An alternative view of the Re(2) environment
as square pyramidal would place atoms S(1), S(3), S(4), and C(2)
in the basal plane with the least-squares deviation from planarity
of 26 pm and atom S(5) at the apex. The Re(@}5) vector
comprises a 828angle with the basal plane. The latter two
numbers significantly deviate from the ideal values ©&6d 90.

The Re(2>S(4) bond length of 231.18(12) pm is somewhat
longer than the Re(2)S(3) distance of 225.02(11) pm due to
the trans positions of atoms S(4) and S(1). The Re®t}p) bond

Numerous attempts to extend the same approach to synthesizgneasured 219.01(10) pm, indicative of the multiple character of

a sulfur analogue directly fror® using RS, always led to an
insoluble material. We then adopted a different strategy toward
the synthesis of a sulfur analogue Bf shown in eq 2. Our
approach was to convert the dimer to the monomeric pyridine
complex first, and then treat this with®, to replace Re=O by
Re=S. When the yellow dimeb was treated with 2.2 equiv of
pyridine per D in toluene at room temperature, the green
mononuclear pyridine complex was formed slowly. Further
treatment with BS;o resulted in the formation of a red complex,
which was isolated by column chromatography.
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We were able to grow single crystals of this complex which
on X-ray structural analysis was found to be a mixed oxo(sulfido)-
dimeric Re(V) complex,D’, but it was devoid of pyridine,
suggesting its loss upon isolation of the stable solid material, as
shown in the last step of reaction 2. The structure is shown in
Figure 212 The dimer is held together by a bridging sulfide ligand,
a bridging sulfur atom of one bidentate ligand only, and by a
rhenium-rhenium bond. Each rhenium atom is therefore six-
coordinate, but not octahedral in that the rhenitnmenium bond
axis is not directed toward one of the ideal octahedral apexes.
Ignoring the rheniumrhenium bond, the local geometry about

the bond. The rheniumrhenium bond was found to be 277.73-
(3) pm, a value on the shorter end for reported single bonds and
on the longer end for reported double bof#d® In comparison,

the nonbonded ReRe distance iD is 371 pm?3

The formation ofD’ is best explained as follows: unlike the
phosphine terminal sulfido complek)’'—PPh, which is stable
by itself, the analogous pyridine complex is not stable and hence
likely to dimerize with loss of ligand under the reaction conditions.
Indeed, high oxidation state sulfido complexes of transition metals
are known to dimerize or oligomerize, as has been well
documented in the literatut¢.Hence it is likely that the pyridine-
bound terminal sulfido complex reacts with another pyridine oxo
complex to generate a dimer. This complex can slowly lose
pyridine to formD’. Since the bridging sulfur is closer to Re(2)
than Re(1) by 12 pm, and the RRe distance is 277.73(3) pm,
the particular resonance structure shown [rin Chart 1 is
probably the best depiction.

In summary, we have reported here the synthesis and charac-
terization of the first example of a neutral terminal Refgylfido
complex. Also we have shown that in suitable cas&san be
successfully used to effect metalxo to metat-sulfido conver-
sion. We are currently studying the extension of this approach to
other Re=S complexes and the reactivity of these complexes.
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from planarity. The Re(3}O vector forms a 884angle to this
plane. The trigonal bipyramidal approach would put atoms S(1),
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