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Unprecedented Influence of the Acid Medium in the Synthesis of MgM'S, Cubane-like Clusters:

Preparation of [Mo3PbSy(H20)g+x]*"
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Mainly through the work of Shibahara and co-workers, a

anaerobic conditions decomposed within less than 5 min. In

number of different metal atoms have been incorporated into order to avoid the presence of chloride, the reduction was instead

the incomplete cubane-like clusters Mg (Cr,! Mo,2 Feg Co/}
Ni,56 Pd? Cu® Hg. In,? Sn1° SKY) and WSy (Ni, 12 Cul3 Ge 14
Sn' to produce bimetallic, complete cubane-likgMS, units
(M = Mo, W). These bimetallic clusters are generally

carried outin a 2 moldm—3 CRSO;H solution.  Since [MgSs-
(H20)o]*" can only be eluted in a very low concentration from
a Dowex 50W-X2 cation-exchange column (even by 6-arats
CRSG;H), a high concentration of [My®4(H20)q]*" (0.005

synthesized by reaction of an acidic aqueous solution of mol-dm=3) was produced by dissolution of the new crystalline

[MV3S,]4* either with the free metal Mor with solid NaBH,
in the simultaneous presence of '{M". In a few cases (Hg,
Sn, Sb) corner-shared double-cubanes 84’ (MosS,) may

formato compound KM03Ss(HCO,)g]-3H0 in 2 mokdm™3
CRSGsH. In line with previous observations concerning
formato complexes of molybdenuld hydrolysis of [MgS,-

be obtained, but normally the products are single-cubanes(HCQ,)g]*~ quickly took place in the strongly acidic medium
M3sM'S;. For some metals (Co, Cu, Pd) edge-linked dimers of and the corresponding agua complex was generated. All the
MosM'S, are isolated in the solid state. The monomeric cubanes following operations were carried out under a protective
may formally be looked upon as 1:1 complexes between the atmosphere of Bl Reduction by means of NaBHof the

ligand [MV3S,)*" and the central ion or atom (M wherem
is often 0. However, in reality the oxidation state of the
heterometal is more like-1, +2, or +3 (e.g. ref 15) with a

corresponding increase in electron density on the molybdenumremoved by millipore filtration.

or tungsten atoms.

[M03S4(H20)g]** solution to which a 10 times excess of lead-
(Il) acetate had been added gave a dark turquoise, very air-
sensitive solution from which some dark brown precipitate was
Alternatively, reaction of
[M03S4(H20)g]*t in aqueous CESOsH with a 10 times excess

A common feature of all the heterometals that have been of lead powder €100um) for 2 h atroom temperature produced

incorporated4 into the MgS; units so far is that they have a
large, or at least relatively large, affinity for sulfide. Thus, a

the same dark turquoise species, but without generating any
solid, dark brown byproduct. The solutions thus obtained were

cluster containing Pb would be expected to be easily synthesizedpurified by Dowex cation-exchange chromatography, and the
and to have a high stability. However, an attempt to produce turquoise species was eluted with 2 raoh—3 p-toluenesulfonic

a MozPbS cluster by the conventional method, i.e. by reaction
of [Mo"V3S4]4* with metallic lead in dilute hydrochloric acid,
gave, somewhat surprising, [MaS;]*" in 80% yield!®

Addition of excess solid NaBkto a solution in 1 modm™3
HCI containing [MaSs]4t and a 10 times excess of Pb

acid (Hpts). In neither case could any unreacted Mg be
detected.

When a mixture of the turquoise cluster and B8gH,O)q]**
was eluted by means of 2 mdm=3 Hpts, [M0;S4(H.0)g]*"
showed the larger affinity for the Dowex column. This clearly

produced a dark green species, which even under rigorousrules out a very high ionic charge for the turquoise cluster, e.g.

T Haldor Topsge A/S.*
* Technical University of Denmark.
(1) Routledge, C. A.; Humanes, M.; Li, Y.-J.; Sykes, A.Jl5Chem. Soc.,
Dalton Trans.1994 1275-1282.
(2) Ooi, B.-L.; Sykes, A. Glnorg. Chem.1989 28, 3799-3804.
(3) Shibahara, T.; Akashi, H.; Kuroya, H. Am. Chem. S0d.986 108
1342-1343.
(4) Shibahara, T.; Akashi, H.; Yamasaki, M.; HashimotoGtem. Lett.
1991, 689-692.
(5) Shibahara, T.; Kuroya, Hl. Coord. Chem1988 18, 233-236.
(6) Shibahara, T.; Yamasaki, M.; Akashi, H.; Katayamalribrg. Chem.
1991, 30, 2693-2699.
(7) Murata, T.; Gao, H.; Mizobe, Y.; Nakano, F.; Motomura, S.; Tanase,
T.; Yano, S.; Hidai, M.J. Am. Chem. Sod.992 114, 8287-8288.
(8) Shibahara, T.; Akashi, H.; Kuroya, H. Am. Chem. S0d.988 110,
3313-3314.
(9) Sakane, G.; Shibahara, lhorg. Chem.1993 32, 777-778.
(10) Akashi, H.; Shibahara, Tnorg. Chem.1989 28, 2906-2907.
(11) Shibahara, T.; Hashimoto, K.; Sakane,JGInorg. Biochem1991
43, 280.
(12) Shibahara, T.; Yamamoto, T.; Sakane,Chem. Lett1994 1231—
1234.
(13) Nasreldin, M.; Routledge, C. A.; Sykes, A. G.;Chem. Soc., Dalton
Trans.1994 2809-2814.
(14) Miler, A.; Fedin, V. P.; Diemann, E.; Bme, H.; Krickemeyer, E.;
Sdlter, D.; Giuliani, A. M.; Barbieri, R.; Adler, Plnorg. Chem1994
33, 2243-2247.
(15) Dimmock, P. W.; Dickson, D. P. E.; Sykes, A. Borg. Chem199Q
29, 5120-5125.
(16) Brorson, M.; Hyldtoft, J.; Jacobsen, C. J. H.; Olesen, Klr®rg.
Chim. Actal995 232, 171-173.

8+, which would have been the case had it been of the corner-
shared or edge-linked type. In agreement with ICP analysis of
a pure eluate, which gave a Mo:Pb ratio of 2.9, the cluster must
be of the single-cubane type, i.e. [MRDS(H2O)o+"t. If it

is assumed that the turquoise cluster does not form unusually
strong complexes or ion pairs with ptghe eluation behavior
indicatesn = 4, i.e. the formula [MePbS(H20)e+4]*" (1). This

ionic charge is corroborated by magnetic measurements (see
below).

Mo
' \S—-l \Pb
S\— —MO\
Mo S

The electronic spectrum of [MBbS(H20)e4]*" in 2
mol-dm~—3 CRSQ:H is shown in Figure 1.
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16000 T the cluster was eluted in a very concentrated form by means of
14000 | ] a solution 5 moldm™3 in cesium formate and 10 moim=3 in
. formic acid. Two volumes of ethanol were added to the eluate,
12000 F — [MosPbS4] ] and after some days at & a dark green powder formed.
% 1000k |\ 0 e [M0sS.]** Elemental analyses (C, 6.87; H, 0.99; S, 9.40; Mo, 19.1; Pb,
5 ; 12.5; Cs, 23.5) corresponded roughly to the composition
£ 8000 R o CssH[Mo3PbS(HCO,)g]-3H,0. Dissolution of the powder in
£ 6000 ¥ Y 2 mokdm—3 CRSQO;H produced the spectrum of [MBbS-
% 2000 |1 (H20)o+x]*" shown in Figure 1.
Magnetic measurements on the-@803;PbS—HCO, powder
2000 | . were made by using a Sherwood Scientific magnetic suscepti-
. P foriopeee - . bility balance. The powder was weakly paramagnetiGds=
200 300 400 500 600 700 800 900 0.29 x 1076 cgsu at 23°C) with no increase iry when the
A/ nm sample was measured immediately after cooling in liquid
Figure 1. Electronic spectra in 2 malm—3 CRSOG;H of [MosPbS- nitrogen. Large temperature-independent paramagnetic contri-
(H20)0+:** (solid line) and [M@Sy(H:0)o]*" (dashed line). Spectral  butions to y were also observed for [M84]*" formato
characteristics, (nm; e/dm*mol~-cm™), per cube of [MePbS- complexes’ Since no unpaired electrons were observed for
(Hz0)od™: (246; 11.7x 109max (335; 4.8 109sn (391; 7.3 [MosPbS]", the cluster charge must be4 rather than+5s,

éﬁ&%gégﬁgﬁ?@ﬁ:ﬁ geStg;rr}]?r']g(dlg;)mg;g?efg ngtenr:(t)rgsr?gric which the eluation behavior could not rule out completely (see

oxidation to [MaSs(H20)]4".2° Oxidation was characterized by a above). . ]

substantial loss of color intensity. The [MRbS(H20)e+]*" spectral On the basis of publishéd" structures of MM'S, clusters,
band at 755 nm is surprisingly intense; évalue is some 20 times ~ each molybdenum in [MgbS]*" is expected to coordinate
larger than the near-IR bardof any MaM'S, cluster synthesized so three water ligands. The numbaer,of water ligands on Pb is
far. In 2 motdm 3 HCI, where the cluster is unstable, this band is shifted ,nknown. but in other MM'S, clusters M has been found to

to 790 nm, which indicates coordination of chloride to Pb. A similar . :
shift upon coordination of chloride to the heterometal is seen for e.g. coordinate one (e.g. Fand NF<) or three (Ct and M) water

[MONiSJ*+ 6 ligands. Even though Pbis knowr® to sometimes adopt
pyramidal coordination, the possibility af= 0 is unlikely in
An anaerobically eluted solution of [MBbS(H20)s+d** in the present case, as the electronic spectrum ofz&§]*"

varied substantially with the anion of the acid medium (cf.
caption to Figure 1).
The present results show that the choice of acid medium may
be very critical in the synthesis of bimetallics8} derivatives.
a“ _ o _ They suggest that the reason that P44*"™ and not [Mae-
[MogPbS]™ + 2CI" —[MoS,]™ + PbCl(s) + 2e (1) PbS]4+ is produced when metallic lead is reacted with
[M03S4*" in dilute hydrochloric acid is that [M#PbS]*" is
Numerous attempts were made to produce crystals for anunstable in that medium. One may envisage thatgRbg)]**
X-ray crystal structure characterization of the [{RdS]4* is formed initially and that lead is extracted agPbecause of
cluster. Attempts to crystallize gtoluenesulfonate salt (e.g. its affinity for chloride. Subsequently, the remaining reduced
refs 4-6, 8-10, and 12) from very concentrated solutions of State [M@S4** units react to form [MgSJ]**.
[MosPbS(H20)e+,]4" in 5 moldm™3 Hpts at—18 or +5 °C Further studies aimed at producing new bimetallic clusters
were unfruitful. In this connection, decomposition of the cluster, in innocent acid media are being carried out by employment of
producing a white precipitate of Pb(ptg)dentified by X-ray both the NaBH and free-metal reduction techniques.
powder diffraction) by a reaction analogous to (1), was observed ~ Acknowledgment. Financial support (to M.B.) from the
at 40°C. Similarly, attempts to isolate acetate or thiocyanate Danish Natural Science Research Council (Grant No. 11-7783)
containing complexes failed due to extraction of Pb from the is appreciated. We thank Dr. Jargen Villadsen for the X-ray
cluster as shown by the loss of solution color intensity (cf. Figure powder diagram analysis.

4 molkdm=2 HCI decomposed essentially completely within 2
h according to the reaction 1. Itis not clear what was reduced;
bubbles of hydrogen were not observed.

1).

A powder containing [MePbS]*" in the form of a formato ICo60197P
complex was produced analogouglyo K4 Mo3Si(HCO,)g] (19) Harrison, P. G. i€omprehensie Coordination Chemistrywilkinson,
3H,0: A solution of [MQ;PbS]‘H in dilute CRSOH was G., Gillard, R. D., McCleverty, J. A., Eds.; Pergamon Press: Oxford,

. U.K., 1987; Vol. 3, Chapter 26.
absorbed on a short Dowex cation-exchange column. After the 0) pissolution of K[MosSi(HCO)g]-3H0 in 2 motdm™2 CRSO:H gave

column had been washed with water and allowed to run dry, (A, €) = (367, 5.1x 10%)max for [Mo3Sa(H20)g]4*.



