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Abstract 

The aqua cluster [Mo&.L~-S)(~-O)(~-S)~(H~O)~]~+ (B) reacts 
with indmm metal m aqueous solution of Hpts to give a 
novel sandwich cubane-type molybdenum-indmm mixed- 
metal cluster [(H,0),Mo,S,01nOS,Mo,(H,0),]8+ (C). The 
cluster C is oxidized in hydrochlortc acid to gave the starting 
species B, evolution of hydrogen gas being detected. An 
intermediate IS isolated, and 1s tentatively assigned to 
Mo31n(~3-S)(~-O)(~-S)Z5+(aq) (D). The following reactron 
pathways are proposed. 2B + In + C; C + H’ --t D + B + f H,; 
D+2H’~B+In3++H,. 
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Several metal-incorporation reactions have been 
reported in which the incomplete cubane-type sulfido- 
bridged molybdenum aqua cluster [MO&,-S)(/L-S)3- 
(H20)9]4f (A) reacts with metals to give mixed-metal 
clusters with Mo,MS, cores (M = metals) [l]. It is clear 
that the bridging sulfurs play an important role for the 
metal-incorporation reaction, since the correspondmg 
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oxo-bridged cluster [Mo&~-O)(~-O),(H,O)~]~+ does 
not incorporate metals [la] 

We report here the reaction of the oxo- and sulfido- 
bridged incomplete cubane-type aqua cluster [MO&- 
S)(~-O)(~-S),(H,0),]4+ (B) [2] with indium metal to 
give a sandwich cubane-type molybdenum-indium 

mixed-metal cluster [(H,O),Mo,S,OInOS,Mo,- 
(H20)9]s+ (C). Nothing has been reported so far on 
the reactivity of B with metals. The usefulness of indium 
in industry is well recognized, see ref. Id and refs. 
therein. 

All the procedures were performed under a dinitrogen 
atmosphere. Several pieces of indium metal (0.53 g) 
were introduced into a conical flask containing B (0.046 
M per trimer, 20 ml) in 4 M Hpts (p-toluenesulfonic 
acid), and the mixture was allowed to stand one day 
at room temperature with stirring. The color of the 
solutron turned from green to red-brown. The solutton 
was filtered to remove the remaining indium metal, 
and the resulting solution was stored in a refrigerator. 
After one week, red-brown plate like crystals of 
[(H,O),Mo,S,OInOS,Mo,(H,O),l(pts),~30H,O (C’) 
deposited, which were collected by filtration, and dried 
by a dimtrogen stream; yield 54%. The high hygro- 
scopicity of C’ prevented elemental analyses. 

The X-ray crystallographic structure investigation+ of 
C’ revealed the existence of a sandwich cubane-type 
core Mo,S,OInOS,Mo,“, the mdrum metal residing 

on a center of symmetry (Fig. 1). Two long and one 
short MO-MO distances are present: the distance be- 
tween metal atoms bridged by one oxygen atom and 
one sulfur atom is shorter than those between metal 
atoms bridged by two sulfur atoms. The MoMo dis- 
tances of C’ are shorter than those of the incomplete 

cubane-type cluster in [Mo&L~-S)(~-Q)(~-S)~(H~~)~]- 
(pts),.7H,O (B’) [3] by 0.041-0.072 A. One long and 
two short Mo-In distances are present in C’, while the 
three MO-In distances m the sulfur-bridged mixed- 
metal cluster [Mo,InS,(pts),(H,O),,l(pts),. 13H,O [Id] 
are not so different from each other (mean, 3.720[18]). 

The aqua cluster C’ dissolved in hydrochloric acid 

decomposes to give the starting material B, where the 
presence of an intermediate species can be detected 
by the observation of a UV-Vis spectral change, while 
the aqua cluster C’ dissolved in l-4 M Hpts is rather 

‘X-ray dtffractton data were collected from a crystal mounted 

in a glass capillary on a Mac Sctence MXC 18 dtffractometer 

at the Analyttcal Center of Okayama University of Science The 

structure solutton and refinement were performed by SHELXS- 

86 and teXsan, respecttvely. An empmcal absorptton correction 

usmg the program DIFABS was apphed Crystal data triclituc 
system, space group Pi, a = 17.964(2), b = 19 147(3), c = 10.070(l) 

A, a=95 15(l), p= 100.44(l), y=111.68(1), I’=3118.6(8) A’, 

Z=l, D,= I 677 g cmm3, R(R,)=5 6(66)%. See also ‘Supple- 

mentary matertal’. 
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Fig. 1 ORTEP drawing of the cation of C’. Selected atomic 

&stances (A) Mol-Mo2, 2.651(2); Mol-Mo3, 2 570(2), 

Mo2-Mo3,2.659(2); Mol-In, 3 488(l); Mo2-In, 3 810(l); Mo3-In; 

3 450( 1); Mok-Sk’ (k, k’ = l-3), 2.332[.5]; Mok-01 (k= 1,3; mean), 

1 988[8]; In-Sk (k=2, 3; mean), 2 67[3], h-01, 2.295(6), 

Mo-O(H,O), 2.20[2]. (The primed atoms are related to the 

unprlmed ones by a center of symmetry.) 
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Fxg. 2. UV-Vls spectra. - [(H,0)gMo&01nOS,Mo3(H20)91”’ 
(C) m 1 M Hpts; - -- [Mo,O&(H~O)~]~+ (B) m 1 M Hpts; -. - 
Mo,InOS,‘+(aq) (D) m 1 M NaCI/O 1 M HCI. 

stable. The higher the concentration of hydrochloric 
acid, the faster the decomposition reaction: in 1 M 
HCl the decomposition is complete within 30 min. 

An intermediate was isolated by the ion exchange 
technique using Dowex 5OW-X2, and was tentatively 
assigned as Mo,In(~u,-S)(~-O)(~-S),5+(aq) (D). The 
intermediate D is further oxldlzed by hydrogen ions in 
the presence of chloride ions. Evolution of hydrogen 
gas was detected m the reaction. The electronic spectra 

of C (L,, (nm) (e (M-’ cm-‘)): 1000 (633), 374 
(12 500)) and D (923 (258), 784 (279), 550sh (262), 
333 (6000)) are shown in Fig. 2 together with that 
of B. 

The following reaction pathways are plausible, where 
the presence of chloride ion accelerates the oxidation 
reactions by hydrogen ions in the second and third 
steps: coordination of chloride ion(s) to C and D seems 
to cause negative shifts of the redox potentials of C 
and D, which enables hydrogen ions to oxidize the 
clusters. 

2B+In - C (1) 

C+H+ - D+B++H, (2) 

D+2H’ - B+In3+ +H, (3) 

The aqua ion B differs from A only by one bridging 
atom, and the two ions are slmllar to each other in 
stability toward air-oxidation, color, and behavior on 
column chromatography. However, while the reaction 
product of B with indium metal in 4 M Hpts is the 
sandwich cubane-type cluster C, the corresponding 
reaction product of A in the same conditions is the 
single cubane-type cluster [Mo,InS,(pts),(H,0),,,]3’ 
[Id]*. Apparently the mdium-incorporated cluster Cwith 
p-0 has more a posmve redox potential than that of 
the corresponding sulfur-bndged cluster [(H,O),Mo,S,- 

InS,Mo,(H,O),]s’. 
Currently we are comparing the reactivities of A and 

B to probe further the roles of oxygen and sulfur in 
the two mcomplete cubane-type molybdenum clusters. 

Supplementary material 

Tables of crystallographic data, atomic coordmates, 
thermal parameters, atomic distances and angles of C’ 
are available from author T.S. on request. 
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*In low acid concentration (0.1 M Hpts), the reactlon product 
of A with mdium metal IS the sandwich cubane-type 

[(H20),Mo3S,InS,Mo,(H,0),1”+ (n = 7 or 8) aqua cluster. The 

core structure Mo&InS,Mo, has been determmed by X-ray 

structure analysrs. However, the charge (7+ or 8+) has not 

been determmed yet because of the disorder of some of the pts 

anions. 


