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INCOMPLETE CUBANE-TYPE SULFUR-CAPPED Mo.,0S 4+ AQUA ION AND
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4
A molybdenum(IV) aqua ion with sulfur bridges, Mo3os3'+, has
been prepared and characterized. An X-ray structure analysis of
the iminodiacetato complex prepared from the aqua ion has revealed
the core structure of Mo3(u-0)(u—s)2(u3-s).
Extensive studies on the molybdenum(IV) aqua ion, Mo3044+, have been re-
ported.l) Several molybdenum(IV) aqua ionsz) with sulfur bridge(s), e.g., Mo303—
4+ 3) 4+ 5)
Q
sy, Mo30282 , and Mo3s4
the complexes derived from these aqua ions and appropriate ligands have revealed
1,3,4,5a,5b)

are also known. X-Ray structure analyses of

the presence of incomplete cubane-type core structures.
We describe here the preparation and characterization of the Mo3OS34+ aqua
ion and the X-ray structure of Ba[Mo3OS3(ida)3]-7H20 (Hzida = iminodiacetic acid)
having the Mo3OS3 core.
Di-p-sulfido cysteinato Mo (V) dimer, [Mozozsz(cys)zl
NaBH , in diluted HC1 (0.03 M; 1 M = 1 mol dm~3). Following the addition of con-

centrated HCl, air was passed through the resultant brown solution to give a dark

2- 6) was reduced with

green-colored one, which was separated into four greenish bands by Sephadex G-10
column chromatography. The species in the third band was purified by Dowex 50W-32
cation exchanger.7)
1.00 £ 0.03 (four determinations). An HPTS (p-toluenesulfonic acid) solution of
3) Observation of S/Mo ratio and

The species in 2 M HCl was analyzed to give S/Mo ratio of

the species was obtained as described elsewhere.

8)

estimation of 4+ charge, as well as comparison of absorption maxima of Mo3on-

S4-n4+ (n = 0—-4) aqua ions in a region of 500—600 nm or so (vide infra), suggested
that the species is Mo3OS34+ aqua ion. The aqua ion is stable toward air
oxidation.

m-~ different core structures of the aqua ion are possible; Mo3(u-0)(u-s)2—

(u3—S)4+ and Mo3(u-s)3(u3—o)4+. In order to determine the structure, Ba[Mo3OS3—

9)

(ida)3]-7H20 was prepared from the aqua ion and Hzida, and its X-ray structure

analysis was performed.lo)
A perspective view of the [Mo3OS3(ida)3]2_ anion is shown in Fig. 1 together
with the selected bond distances. The complex anion has an incomplete cubane-type

core structure of Mo3(u-o)(u—s)2(u3-S). Two nitrogen atoms occupy the § posi-

11)

tion and the other nitrogen atom resides in the Yy position, while all the
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nitrogen atoms occupy the § position in the related complexes, [Mo

S, (Hnta) -
3- 5a) 2- 5p) S 4 2
(nta) ] (H3nta = nitrilotriacetic acid), [Mo3S4(ida)3] ’ [Mo,0,5-
2- 3)

373
(Hnta)3] P [M0304(mida)3]2 12) (Hzmida = methyliminodiacetic acid), and [M06—
4- 11)
08(edta)3] .

The Mo—Mo bond bridged by p-0 (Mol-Mo2) is distinctly shorter
than those bridged by u-S (Mol-Mo3 and Mo2-Mo3) and longer than those (av. 2.589 i)
in [Mo303s(§nta)3]2_. The Mo—gg bond bridged by u-S is shorter than those

(av. 2.754 A) in [M0384(ida)3] .
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Fig. 1. Perspective view of [Mo3OS3(ida)3]2 . Bond distances/A:
Mol—Mo2, 2.612(2); Mol-Mo3; 2.716(2); Mo2-Mo3, 2.733(2); Mol-S2, 2.361(4):;

Mo2-S2,
2.358(4); Mo3—S2, 2.336(4); Mol-Sl, 2.298(5); Mo3-Sl1l, 2.317(5); Mo2-S3, 2.294(5);
Mo3—-S83, 2.325(5); Mol-0l, 1.938(11); Mo2-01, 1.949(11); Mol-N1l, 2.256(13); Mo2-N2,

2.233(13); Mo3—N3, 2.259(14); Mol-011, 2.106(11); Mol-01l3, 2.163(12); Mo2-021,
2.141(11); Mo2-023, 2.120(11); Mo3—031, 2.096(12); Mo3-033, 2.154(11).

The electronic spectrum of the aqua ion is shown in Fig. 2 together with that

of the iminodiacetato complex. The peak positions of the aqua ion shift on the

whole toward longer wavelength on the coordination of iminodiacetate anion.
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Fig. 2. Electronic spectra.

A) Mo3OS34+ in 2 M HPTS,

. 2- .
B) [Mo3OS3(1da)3] in water,

Furthermore, it can be noted that the peak position shows also red-shift as sub-
stitution of sulfur(s) for oxygen(s) takes place in a series of Mo3044+ aqua ion

(505 nm, € = 189 ML cm™ ! per trimer),t3) Mo.0.5%*" (512 nm, € = 153),°) 4+

_ 4) 4+ 33 4+
(572 nm, € = 202), Mo3OS3 (588 nm, € = 263; this work), and Mo.,S (602 nm,

354
e = 351).°2s0)

Electrochemical and other studies of the present and related compounds are in
progress.
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