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Preparation of Tungsten(V) Aqua Ion, W20282(aq)2+, and X-Ray
Structure of Di-u-sulfido-bis[(cysteinato)oxotungstate(V)] Ion,
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Di-uy-sulfido tungsten(V) dimers, [Wzozsz(cys)zlz‘ (1) and
wzozsz(aq)2+ (2) have been prepared and characterized. The
structure of the former has been determined by the X-ray crystal
structure analysis. The W-W bond distance is 2.843(1) ﬁ. Peak
positions of electronic spectra are : 428 nm (¢ = 259 M1 em-!
per dimer; 1 M = 1 mol dm'3), 3304y (3920), and 276 (10760) for
1; 435 (144), 320 (2640), and 263 (7180) for 2.

Molybdenum(V) aqua dimers, M0204(aq)2+,1) M0203S(aq)2+,2) and Mo,0,S,-
(aq)2+,3) have been studied extensively. These aqua ionstT can be prepared by the
aquation of the corresponding cysteinato complexes, which have been widely used as
model compounds of molybdo-enzymes4) or as starting materials of other molybdenum-
containing complexes.s) The complexes having Mo,S, core have also been report-
ed.b) However, studies on tungsten(V) dimer are relatively rare: [W20252C14]2’ 7)
is the only compound having W,0,S, core and a few compounds with W,04 or W,S, have
been known.e) Very recently, preparation and properties of di-p-oxotungsten(V)
aqua dimer, W204(aq)2+, are describedg) and the existence of an enzyme containing
tungsten and inorganic sulfur is also known.10)

We now report the preparation and characterization of a di-u-sulfido cyste-
inatooxotungsten(V) dimer, [WZOZSZ(cys)Z]Z‘(1), and the corresponding aqua ion,
WZOZSZ(aq)2+ (2). The presence of the core structure has been confirmed by the
X-ray crystal structure determination of the former. Nothing has been known of
the formation of 1 and 2 and these complexes will be of good use in the prepara-
tion of W,0,8,-core complexesj1)

Potassium salt of 1 was prepared as follows. No air-free condition is
required for the preparation of 1 and 2. Concentrated HCl (8 mL) was added to an
aqgueous solution (50 mL) containing (NHy)o, WS, (5 g).12) L-cysteine hydrochloride
monohydrate (6 g) was added to the solution, whose pH was then adjusted to ca. 7
by use of ca. 10 M KOH. The color of the solution turned from brown to green.

The resultant solution was heated for ca. 20 min, cooled to room temperature, and

t The term "agqua ion" is used here for species in which bridging sulfur and

oxygen atom(s) exist and other ligands are only water.
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filtered. Then, KCl (5 g) was added to the filtrate, which was kept in a refrig-
erator overnight. Brown crystals deposited were filtered off and washed succes-
sively with methanol and diethyl ether. Recrystallization from hot water gave
orange crystals. Yield was ca. 2.2 g (35%) after recrystallization. Anal. Calcd
for K2[W20282(SCH2CH(NH2)C02)2]-5H20: K, 8.98; N, 3.21; C, 8.27; H, 2.31%. Found:
K, 8.98; N, 3.36; C, 8.36; H, 2.31%.

X-Ray crystal structure analysis13)

revealed the existence of a di-p-sulfido
dinuclear tungsten core structure in [WZOZSZ(cys)z]Z' ion (Fig. 1). The structure
of this anion has an approximate symmetry of C, as seen in the structures of
[M0204(cys)2]2',14) [M0203S(cys)2]2’,15) and [Mozozsz(cys)zlz'.16) The W-W dis-
tance (2.843(1) R) is distinctly longer than that in [W,0,(edta),12” (2.55 &), but

close to that in [W,0,8,Cl,127 (2.844(1) A).
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Fig. 1. Perspective view of [Wzozsz(cys)zlz“. Selected bond distances/i:
W1-w2, 2.843(1); W1-s1, 2.381(5); W1-S2, 2.378(5); W1-sS11, 2.477(5); wW1-011,
1.76(2); Wi-012, 2.22(2); W1-N1, 2.16(2); W2-S1, 2.327(5); W2-S2, 2.265(5);
W2-S21, 2.549(5); W2-021, 1.73(2); W2-022, 2.27(2); W2-N2, 2.33(2)

Two methods were effectively employed for the preparation of 2. Method A:
One tenth gram of the cysteinato complex was dissolved in 1 M HC10,4 (40 mL) and
Sephadex G-15 column chromatography (1 M HClO4) was applied, the yellow band being
collected. Method B: (NH4)2WS4 (1 g) was dissolved in 1 M HClO4 (40 mL). Sephadex
G-15 column chromatography was applied as in Method A. Electronic spectra of 1
and 2 are shown in Fig. 2 together with those of the corresponding molybdenum(V)
dimers. Peak positions, Amax,nm (e / M1 cem™? per dimer), are : 428 (259), 33Osh
(3920), and 276 (10760) for 1; 435 (144), 320 (2640), and 263 (7180) for 2. The
peak positions of 1 and 2 are shifted as a whole towards shorter wavelengths as
compared to the corresponding molybdenum dimers, and additionally, the spectra of

the tungsten dimers have characteristic peaks at about 430 nm, while the molybde-
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num dimers have no peaks in the visible region. Little red-shift in the visible

region is observed in the peak position of 2 compared to that of W204(aq)2+, while

a large red-shift is observed on the substitution of sulfur(s) for bridging oxy-

gens in the complexes having Mo,0,_,S, core.17) The cysteinato complex 1 is

fairly resistant toward air oxidation, not only in the so0lid state but also in the

solution. The aqua ion 2 in 1 M HClO, is stable in low concentration under air.

The absorbance of the agqua ion (2 x 1073 M) remains unchanged for 2 days under

air. However, its absorbance increases gradually,

when the concentration of the
aqua ion exceeds ca. 3 x 10-3 M.

The reason why the absorbance of the solution at
higher concentration increases is not clear at present.

The aqua ion in 1 M HC1
or in 1

M HPTS (p-toluenesulfonic acid) also has absorption peaks at ca. 435 nm.

The solution of the agqua ion in HPTS becomes turbid gradually under both air and
dinitrogen atmosphere.
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Fig. 2. Electronic spectra.

W,0,5,(aq)2* in 1 M HClO,

in water
—_—— - —— - — M0,0,8,(ag)?* in 1 M HClO,
[M020282(cys)2]2' in water
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