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Much attention has been paid to the trinuclear
Mo(IV) aqua ions with and without sulfur bridge(s).
The incomplete cubane-type structures of cores of
MO3O44+ [1], M03O3S4+ [2], MO3OS34+ [3], and
Mo3;S,** [4] aqua ions have been confirmed by
X-ray structure analyses of complexes derived from
these aqua ions and appropriate ligands. We des-
cribe here the preparation and characterization of
another trimeric complex in this series, the sulfur-
capped M0;0,S,* aqua ion, and the X-ray structure
analysis of a derivative complex (pyH)s[Mo030,S,-
(NCS)g] '2H20.

Two methods have been employed for the prepara-
tion of the M0;0,S,*" aqua ion. Method A (in Oka-
yama): The di-u-sulfido cysteinato Mo(V) dimer,
[M0,0,S,(cys),]*~ (2 g in diluted HC1 (0.03 M, 200
ml)) [5] was reduced with NaBH, (1 g); then con-
centrated HCl1 (30 ml) was added. The resultant
brown solution turned to dark green as a result of air
oxidation by heating on a water bath (7 h at 90 C).
The second band (greyish green)**, obtained from
a Sephadex G-10 column separation (elution with
1 M HCI), was purified on a Dowex 50W-X2 cation
exchange column (1 M HCI). A more concentrated
solution was obtained by loading the 1 M HCI
solution onto a cation exchanger and eluting with 2
M HCI. The product in 2 M HCl was analysed to give
S/Mo ratio of 0.67 +0.03 (four determinations),
which is consistent with a molecular formula of
Mo,0,S,*". The grey violet aqua ion in 2 M HPTS
was obtained by absorption of the aqua ion in HCI
on the cation exchanger followed by elution with

* Authors to whom correspondence should be addressed.
**The first, third, and fourth bands contain Mo4S45+, Mo;-
OS34+, and Moy S, 4+ aqua ions, respectively.
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2 M HPTS. Method B (in Newcastle-upon-Tyne):
A mixture of Mo(V) aqua dimer, M0,0,5,*" (4 X
1072 M) [5], and K3[MoClg] in 2 M HPTS (1:2
mole ratio) was heated for 1 h at 80—90 °C under
N, atmosphere. After being diluted to 0.5 M HPTS
and kept overnight, the solution was purified by the
use of the cation exchanger (2 M HPTS). More
recently, an electrolytic method of preparation which
yield the same product has been described [6]. The
solution in 2 M HPTS is much more stable toward
air oxidation than Mo30,*". When stored under
N, atmosphere, the spectrum is unchanged over
more than four weeks.

Two different core structures of the aqua ion
are possible: one has u3-S and the other u3-0. In
order to confirm the incomplete cubane-type core
structure and to ascertain which isomer is present,
(pyH)s [M030,S,(NCS)] -2H,0 was prepared and
the structure determined by X-ray structure analysis.
The procedure involved addition of solid KSCN
(10 g) to the aqua ion in 0.2 M HCI (50 ml, 7 X 107
M). The solution washeated at ca. 60 °C for 30
min and was allowed to stand overnight at room
temperature. After pyridine (0.7 ml) was added
dropwise, the solution was kept at room temperature
for a couple of days, when greenish-brown needle
shape crystals were obtained. Anal. Found (Calc.):
N, 14.58(14.63); C, 29.95(30.47); H, 2.28(2.56)%.
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Iig. 1. Perspective view of [Mo30,8, (NCS)g]S_. Bond dis-
tances (A): Mol-Mo2, 2.715(4); Mol-Mo3, 2.635(3);
Mo2-Mo3, 2.635(4); Mol-S1, 2.300(10); Mo2-S1,
2.320(10); Mo3-S1, 2.340(10); Mo1-S2, 2.258(7); Mol-
01, 1.953(22); Mo2-S2, 2.255(8); Mo2-02, 1.956(15);
Mo3-01,1.956(22); Mo3-02,1.913(14).
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Fig. 2. Electronic spectra of trinuclear Mo(IV) ions. € values are per trimer; (a) M0302524+ in2 M HPTS

(NCS)9]°"in 1 M KSCN — — —.

The compound crystallizes in monoclinic sys-
tem, space group PF2; with cell dimensions a =
22320(7), b=13.1102), ¢=9.1033) A, =
95.57(3)°, V' =2651(1) A® Z=2. Intensity data
were collected on an automated four-circle diffracto-
meter, RIGAKU AFC-6A, by the use of graphite-
monochromated Mo Ka radiation in the 20 s 50°
range. The coordinates of three molybdenums were
determined by means of MULTAN, and the remain-
ing nonhydrogen atoms were located from Fourier
maps. The current R value is 0.078 for 3887 reflec-
tions (F, 2 30(F,)). A list of atomic coordinates
and thermal parameters are available (see ‘Supplemen-
tary Material’).

A perspective view of [M030,S,(NCS)e]°™ is
shown in Fig. 1, together with selected bond dis-
tances. The incomplete cubane-type Mo;0,S,
core structure has been confirmed and the exis-
tence of the isomer with a p3-S ligand demonstrat-
ed. The NCS™ ions are all N-bonded, as has been
demonstrated for [Mo304(NCS)s(H,0)]*" [le].
The core structure is distorted: the Mo—Mo dis-
tance with p,-O0 (Mol-Mo3 and Mo2-Mo3) is
shorter than that with u,-S (Mol—Mo2). The mean
value (2.320 A) of the Mo—pus-S distance is slightly
shorter than those of [Mo3;0;S(Hnta);]% (2.360
A) [2], [Mo30S5(ida)s]*~ (2.352 A) [3], [Mo;S,-
(Hnta),(nta)]*~ (2.339 A) [4a], [MosS4(Hnta),-
(nta)]>~ (2.344 A) [7]*, [Mo;S4(ida);] > (2.349 A)

";Counter ion is NH4+ in this case, while that of ref, 4a is
ca**.

700

; (b) [M030252-

[4b], [Mo3S4(SCH,CH,S);]*>~ (2.35 A) [8], and
[M03S4(CN)o]5~ (2.363 &) [9], and is similar to that
of [M03S4(h5'C5H5)3]+ (2314 A) [10] .

The electronic spectrum of the aqua ion is shown
in Fig. 2, together with that of the thiocyanato com-
plex. The peak position of the aqua ion (572 nm;
€=202 M7 cm™ per trimer) in the visible region is
situated between those of Mo3038* (512 nm;
€=153) and Mo3;0S;*" (588 nm; €=263) aqua
ions.

Electrochemical experiments have indicated that it
is possible to reduce the Mo(IV), ion to the Mo(IlI),
state. Intermediate formation of Mo(IILIILIV) is
indicated, as with the analogous Mo;04*" ion [11].
Reduction potentials of —172 mV (2¢) and —232 mV
(le) vs. NHE are indicated for the two processes.

The results of kinetic studies will be reported
elsewhere.

Supplementary Material

Atomic coordinates and thermal parameters;
available from author T.S. on request.
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