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transfer from the apical Se* atom to the electron-deficient Mo
core'® resulting in partial Se(,,~Se(,) bonding (see Scheme I). The
presence of the apical Se atom causes, in all subclusters, a sig-
nificant lengthening of the Se)~Se(, bonds in the bridging
formally “Se,>” ligands. The average bond length becomes 2.45
(7) A, compared to the 2.36 (3) A average bond length of the
terminal Se,?" ligands. In fact, there is an inverse correlation
between the Se,)~Se(,) bond lengths in the [Se;])* fragment (see
Scheme 1) and the Se(,;~Se,y) bonds in the bridging “Se,?™" ligands
themselves.

In conclusion, hydrothermal synthesis for polychalcogenide
compounds is not only feasible but also an interesting and prom-
ising new alternative to the more traditional techniques usually
employed in this area of chemistry. It may yield structurally and
chemically unique compounds not accessible otherwise.!l! A
number of other Mo/Se clusters have been made hydrothermally.
Their structural characterization is in progress.
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The sol-gel approach, viz. hydrolysis of metal alkoxides and
subsequent processing of the precipitated hydroxides or hydrous
oxides, has become an important method for synthesis of oxide
ceramics.! Using this approach, we have recently attempted to
isolate reduced molybdenum oxides by hydrolysis of appropriate
molybdenum alkoxides. In our study of the hydrolysis of [Mo-
(OEt);], (1)? dissolved in toluene, addition of 12 mol of H,O per
mol of 1 resulted in complete precipitation of a gelatinous solid
and, as expected, left an essentially colorless supernatant solution.
Remarkably, however, if hydrolysis was performed with 14-16
mol of H,O per mol of 1 a soluble brown species was formed in
addition to the gelatinous solid. After separation of the solid and
allowing the brown filtrate to stand for several days, dark brown
crystals were deposited from the solution.? These crystals con-
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Figure 1. A view of the MosO(OEt),s cluster unit 2 approximately
perpendicular to the crystallographic 3-fold axis (50% thermal ellipsoids).
Some significant bond distances are Mo—-Mo = 2.6108 (3) A, Mo-O1
= 2.1073 (4) A, Mo—-02 = 2.098 (3) A, Mo—03 = 2.063 (4) A, and
Mo—04 = 1.948 (3) A. Only one orientation of the disordered ethyl
groups is shown for clarity.

sisted of the compound MozO(OEt),s4.8H,0, which contains a
new oxygen-centered hexanuclear cluster unit, MosO(OEt) 5 (2).

The molecular structure of 2,4 as shown in Figure 1, indicates
a distorted octahedral cluster of Mo atoms with an oxygen atom
in the center. The Mo, cluster unit is ligated by 12 edge-bridging
OE:t groups, and each Mo atom is also bonded to a terminal OEt
ligand, as indicated by the formula [MosO(OEt);,](OEt)s. The
cluster unit is so severely distorted that two distinct triangular
subunits can be recognized. The subunits can be thought of as
two M;X,; clusters joined together by sharing the central atom
Ol and six inter-trimer bridging ethoxide ligands, as represented
in the formulation [M0;0, ;,(OEt)s,2(OEt)s],. A measure of the
distortion of the octahedral cluster unit is given by the deviation
of the Mo—O1-Mo angle from 90°. In the distorted unit, this
angle differs from 90° by 13.45°, i.e. the intra-trimer angle equals
76.55°. Also, if the Mo—O1 distance remained the same in the
distorted and undistorted units, viz. 2.107 A, a Mo-Mo bond
distance of 2.98 A would exist in the undistorted octahedral cluster.
This distance is too long for a good Mo—Mo bonding interaction
to occur. Thus, the cluster distorts so that six strong Mo—Mo
bonds are formed at a distance of 2.6108 A within the two tri-
angular subunits. The six inter-trimer Mo—Mo distances of 3.309
A represent essentially nonbonding separations.

Interstitially centered octahedral cluster species are well-known
for scandium,’ yttrium,$ zirconium,” and the lanthanide elements.?

(3) In a typical preparation, 1 (1.08 mol) was dissolved in toluene and
deoxygenated water (15.7 mol) was introduced by syringe under argon.
Within minutes a solid brown material began precipitating from the solution.
The reaction mixture was stirred for 1 h at room temperature before the solid
was filtered off and the yellow-brown filtrate was recovered. A few crystals
suitable for X-ray study were reproducibly grown directly from the filtrate
solution within 1 to 2 weeks at =10 °C, or 4-5 days at room temperature.

(4) Compound 2 crystallized in the rhombohedral space group R3m with
ay=18.317(5) A, ey = 15359 (3) A, Z = 3, d(calc) = 1.666 g cm™. From
data collected at =75 °C, the structure was refined to R = 0.0311 and R, =
0.0391. An azimuthal scan of a reflection having x near 90° indicated that
no absorbtion correction was necessary. All non-hydrogen atoms were located
and refined anisotropically. The ethyl groups of the ethoxide ligands, except
C3 (bound to O3), were found to be disordered with respect to a mirror plane
or a 2-fold axis. The 3m symmetry of the cluster unit thus results from
averaging over the disordered C atom positions. Satisfactory refinement was
obtained with the occupancy of each disordered C position set at 50%. Also,
the solvent of crystallization evidenced by Q5 was presumed to be water, since
examination of the electron density map showed no peaks corresponding to
C atoms of possible ethanol molecules. However, the possibility cannot be
eliminated that O5 may belong to highly disordered ethanol molecules.
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A few examples are also known for niobium,’ viz. [NbgHIg]™ (n
= 2 or 3) containing H as the centering element.!® Up till now,
it has been considered that these centered cluster species are
stabilized by addition of electrons from the valence orbitals of the
centering element to the bonding metal-metal orbitals of the
cluster unit.” Thus, with few exceptions, these clusters exist only
when the centering atom is present. However, in the case of
Mo,O(OEt),, which has 16 electrons for Mo—Mo bonding, the
central oxygen atom should not be required for stability.'!
Addition of the 6 valence electrons from the central O atom gives
a total of 22 electrons for the cluster unit. Presumably, these 6
additional electrons are placed at such a low energy relative to
the metal-metal orbitals that they may be considered only as
weakly interacting with the Mo—Mo bonding orbitals.

Another approach to the bonding of this cluster unit is to
consider the latter as if it were two “independent” M;X,; units,
each with 8 electrons available for Mo—Mo bonding. Of main
significance is the Mo—Mo distance of 2.6108 (3) A, which is
slightly greater than that of other 6-, 7-, or 8-electron M;X;
clusters. For example, the 8-electron cases, [Mo;OCl;-
(O,CCH;)3(H,0)3)?* 12 and Zn;Mo;04,!3 have d(Mo—Mo) of
2.550 (5) and 2.580 (2) A, respectively. These distances are known
to be influenced to some degree by interaction of the “capping”
O atom with the Mo cluster orbitals of the triangular unit.!* In
the latter species, the Mo—O(cap) distances are 2.03 (1) and 2.06
(1) A, respectively, whereas in 2, this distance is 2.1073 (4) A.
The longer Mo—O1 distance is understandable because in 2 the
O atom is 6-coordinate and in the other examples it is 3-coordinate.

Another significant difference between the triangular subunits
of 2 and other M;X,; clusters is the very short terminal Mo-O4
distance of 1.948 (3) A, In the other known 8-electron M;X;
examples, the corresponding distance is greater than 2.10 A, viz.
2.13 (1) A in [M0yOCIl;(0,CCH3;);(H,0);)** and 2.160 (8) A
in Zn;Mo;04. This suggests that significant Mo—O = interactions
occur in the Mo—O terminal bonds of 2, and this may in turn
weaken the Mo—Mo bonding.

In another view, the structure of the cluster unit of 2 can be
related to that of the isopolyanions [M¢Oy5]" (M = Mo or W,
n=2;M =NborTa, n=8).1 Essentially, 2 is a reduced ethoxy
analogue of the oxo anion. Specifically, the [MogO,4)? anion
consists of an undistorted octahedral arrangement of Mo atoms
centered by one O atom, bridged on each edge by twelve O atoms,
and multiply bonded to six terminal O atoms. The isopolyanion
is fully oxidized, and thus it has no d electrons available for
Mo—Mo bonds. Electrons provided by the reduced oxidation state
of molybdenum in the MogO(OEt) s cluster, viz. Mo(3.33), are
then utilized to form the Mo—Mo bonds of the distorted cluster.

Conceivably, it should be possible to oxidize the cluster unit
by 1 and 2 electrons, leaving 15 and 14 electrons for metal-metal
bonding. In the case of a 1-electron oxidation, the extent of
delocalization of the unpaired electron over the entire cluster unit,
as opposed to localization on one of the triangular subunits, would
be of interest. At present, further efforts are underway to develop
rational syntheses of compounds of this type and to elucidate their
spectroscopic and chemical properties.
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The importance of inositol phosphates for intracellular signalling
is now well established.!? Stimulation of cell surface receptors
by a variety of ligands initiates the hydrolysis of a membrane-
located phosphoinositide to give D-myo-inositol 1,4,5-trisphosphate
(Ins 1,4,5P;) and diacylglycerol. Ins 1,4,5P; releases Ca?* from
intracellular stores associated with the endoplasmic reticulum,
causing an increase in cytoplasmic free Ca?* concentration.? A
large number of inositol phosphates, apart from Ins 1,4,5P,, have
been found in eukaryotic cells, but their role remains to be elu-
cidated.2*7 The complexity in inositol phosphate metabolism
arises primarily because of the phosphorylation of Ins 1,4,5P; by
a 3-kinase to give p-myo-inositol 1,3,4,5-tetrakisphosphate (Ins
1,3,4,5P,).% In some, but not all, systems, Ins 1,3,4,5P, may
control intracellular Ca?* movement,”!! thus regulating the
amount of Ca?* available to Ins 1,4,5P;. The extent to which
the anabolism of Ins 1,4,5P; occurs in different cell preparations
used for studying inositol phosphate second messenger action is
not clear, but an agent that could prevent metabolism by the
3-kinase pathway would be a useful probe for studying inositol
phosphate function.12-14
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