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Simple Synthesis with S2© Solutions,

Structural Data,

and '8*®7Re-NMR Studies**

Achim Miiller*, Erich Krickemeyer, Hartmut Bogge, Michael Penk,

and Dieter Rehder

Abstract: Simple preparation procedures for the compounds [(C,H),N][ReS,] and
[(C4Hy),P][ReS,], ,[ReOS,], ;" — the latter containing new simple polysulfido complexes —
together with their structural data and the '*/'® Re-NMR spectra of [ReO,]® and [ReS,]°

are reported.

Though there has been a tremendous
number of studies on the coordination
chemistry and properties of the thioanions
of molybdenum and tungsten (like
[MoS,]*®) since we introduced these species
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as ligands in coordination chemistry!),
there is not much known about the corre-
sponding chemistry of rhenium. Thiome-
talates are unique ligands and their com-
plexes have been used as starting materials
for heterogeneous catalysts®? as well as in
the preparation of models of the active site
of the MoFe protein of nitrogenase"l.

In this note we present very simple and
convenient preparation methods for
[ReS,]® and the new interesting ions
[ReS,]® and [ReOS;]® (using polysulfide
solutions) as well as their structures. We
think that the rhenium sulfur chemistry is
as interesting and versatile as that of mo-
lybdenum.

Thiometalates and oxothiometalates in-
cluding those of Re are usually prepared
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by bubbling H,S through a solution con-
taining the corresponding oxoanions
[MO,]"¢!"%, We have now found that thio-
perrhenates can be obtained much easier
by using a polysulfide solution rather than
H,S. This is an interesting result as the
reaction of [M0O,]*® with SZ° yields disul-
fido complexes, e.g. [Mo)(S,)*® or
[Mo03'S(S,).***%. On the other hand, the
rhenium(v)-sulfur species like the new an-
ionic complexes [ReS,]® and [ReOS;]® (cf.
the structures shown in Fig. 1) can also
be obtained by reducing Re""- species with
a polysulfide solution upon more pro-
nounced heating. The only known species
of that type are [MoS)]*® and
[MoOS,]*e ",

Structural data of the compounds
[(C;H,),N][ReS,] and [(CH;),P][ReS,),,
[ReOS;],,"“ are presented in Table 1 and
Fig.1. The Re-S1-S2-S3-S4 ring in the
latter compound has half-chair conforma-
tion and the Re-S5-S6-S7-S8 one has a
conformation between half-chair and enve-
lope (for torsional angles see Fig. 1). The
mean Re—S bond distance of the tetra-
hedral [ReS,]® is 212.5 pm.

The '*¥"*’Re-NMR spectra of [(C,H;),N]
[ReS,] are shown in Fig. 2 in relation to the
corresponding spectra of Na[ReO,] and of
[(C¢H;),Pl[ReQ,]; the data are filed in Ta-
ble 2. ;

There are only two reports on rhenium
NMR spectra dealing with aqueous solu-
tions of Na[ReO,]®" and tetrahydrofuran
(THF) solutions of [Re(CO)Cl-HCI™.
Apparently this limitation is due to the ex-
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Fig. 2. 8 MHz "' Re-NMR spectra of Na[ReO,] in HO (A), [(C:;H;),P][ReO,] in
HCONMe,/toluene (B),and [ (C,H;) ,N][ReS,] in MeCN/CH,Cl,/Me,SO (C) at 305 K.
The sweep range is 20 mT, the modulation amplitude 0.2 mT. Number of scans: 8 (A ), 20
(B),and 15 (C); 2 min per scan; time constant 0.3 s; central field B = 0.83 T.

Table 2. '¥7185Re-NMR parameter ?).

Compound Concentration and medium  §(*¥7!35Re)®) Wip (FRe)?) W) o("*Re)) Ref.
[kHz] [kHz]
[(C,H;)sN] [ReS,] 0.2 M MeCN/CH,Cl,/Me,SO  +3435/+3200 1.96 (10) 1.96 (10)
(4:4:1)
Na[ReO,] 0.8 M H,0 0 13.59) 14.2%) 6]
2.0 M H,O (1] 20.0 (6) 23.2(6)
[(C¢Hs)4P] [ReO,] saturated DMF/toluene (4:1) ©) 3.3(2) 3.6 (5)
[Re(CO)(IC1-HCI) 0.3 M MeCN —3400 2.3(3)®) 2.6 (5)8) g

2) Data from this work were obtained at 305 (2) K on a Varian DP 60 wide-line instrument equipped with a Varian
V-4230 B probe head (4-8 MHz) and a Bruker B-HS 90 VAR magnet. Measuring frequency v, = 8 MHz (exact),
maximum rf power (0.1 mT); central field B, ca. 0.83 T; modulation amplitude for the determination of line
widths = 0.02 mT. ) Relative to 2 M aqueous Na[ReO,]; estimated error: + 40 ppm. ©) Width at half-height of the
resonance signal; errors are given in parentheses. 9) At ca. 1.4 T; calculated from 7. °) Solvent and counter-ion
effects are within the limits of error. f) vy = 9.70 MHz (B, ca. 1.01 T) at 295 K. &) Calculated from the peak-to-peak
width.
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