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Current interest in supramolecules in which moieties containing

geometry-defining metal complex units that are linked by di-
functional organic bridging units is widespread and still growing.
With but a few exceptiorishe reported supramolecular species

carry high positive charges and, because of the metal ions

employed (typically, P#, P&, Zn?*), do not allow for alteration
of oxidation states by electrochemical or other means.
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mononuclear centef$ Most likely, when communication is best,
among the series of dicarboxylate-bridged HAmairs, it may

be presumed that the charge created by the first oxidation is
delocalized. Spectroscopic studies are currently being carried out
to obtain direct evidence on that point, especially to determine
where the borderline between localized and delocalized systems
may lie. In the meantime, however, we have addressed the
challenge of how to maximize communication.

——M(}\\\\\\e i [s) (s} M§ ‘
AN
W/ N

7 7

X = CH,, C;H,, CH,, etc.

In the series of compounds represented| bhe best com-
munication was found in the case that, strictly speaking, is not

Several years ago we began work which demonstrates, for therepresented by, namely when the connecting dicarboxylate,

first time, that properly designedimetalunits can also be used

oxalate ion, has no X; the two carboxyl groups are linked directly

to fabricate, in a deliberate and controlled fashion, supramoleculesto each other. Still, of course, there is & C bond between them.
that can be characterized not only by NMR in solution but also Is there any way to do even better and eliminate this as well?
by X-ray crystallography. The structures of these supramoleculesObviously one cannot do exactly that, but there are two ways to

comprise pairg,loops? squares,trianglest®®polyhedré tubes’
sheetd,and still more complex three-dimensional structurés.

do something like that. One of these, which we have recently
reporteck® is to use dianions which have only one central atom

may also be noted that a great variety of supramolecular structuresinstead of two, namely S&, MoO,2~, and WQ?". This is quite

formed by Rh(O,CCR), have recently been reported from this
laboratory?

In a recently published studfyof the class of compounds
represented schematically bywe noted that the connectorsQ,-
CXCO,—, varied widely in their ability to make the effect of
oxidation of one Mg moiety felt at the other one. We used as

effective, giving peak-to-peak separations in the differential pulse
voltammograms (DPV) of 321, 392, and 387 mV, respectively,
compared to 212 mV for oxalate.

The other way to have a connector with only one central atom
and at the same time have that atom be a carbon atom is to use
the carbonate ion. The problem here, of course, is that no

the measure of communication the separation of the successivecompound resembling the typesompounds can be made which
oxidation potentials as others have also done before, for example has equivalent Mpunits. However, a system with equivalent Mo

studies of ruthenium species linked by diamine grétiasd
similar studies of electronic communication between linked
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units can be obtained by turning to the types called molecular
squares or triangles, of which we have already reported the first
examples with both Mpunits' and Rhb units# Because of their
cyclic nature it is possible to have unsymmetrical bridges while
still having all dimetal units equivalent.

We have preparédisuch a compound by the reaction of our
usual precursor for a molecular square of Mounits, [(Cis-
DAnIF),;M0,(CH3CN),]?" 13 (DAniF = N,N'-di-p-anisylforma-
midinate) with (BtN),CO; in wet CHCN as solvent. The
(BuN),CQO;, as an aqueous solution was obtained by passing
CO;, gas into a commercially available solution of BNOH. The
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Figure 1. A view of the core of one of the two independent molecular
squares irl-2.58CHCl,-0.5H,0 with displacement ellipsoids drawn at
the 40% probability level for the non-carbon atoms. For clarityptagisyl
groups attached to each of the 16 nitrogen atoms with the interstitial
solvent molecules have been removed. Average distances areMilo
2.095[1]; Mo—Ocarbonate 2.135[5]; MO—Ouates 2.256[2]; and Moe-N,
2.118[3] A.

reaction affords [{is-DANiF),Mo,(COs)(H20)]4, 1, the structuré
of which is shown in Figure 1. The bridging posture of the

carbonate ions is at the least a very unusual one; we have no

been able to find a prior example in the literature. To complete
the set of eight equatorial ligands about each/Mainit there is

a water molecule on each one. The whole arrangement has

approximatelyS, symmetry. The Me-Mo distances, in two
crystallographically independent but structurally similar molecules
present in the asymmetric unit, are in the range 2.09222)98-
(2) A, in accord with the presence of quadruple boHds.

A very interesting feature of this molecule is its electrochem-
istry. Its cyclic voltammogram and DPV are shown in Figure 2.

The most remarkable feature is that five oxidation states are

reversibly available for the first time in any dimolybdenum square.
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Figure 2. Cyclic and differential pulse voltammograms bfn oxygen
free CHCl,. The DPV clearly supports the existence of five oxidation
numbers, 0 tot+4.
more direct evidence concerning delocalization must await the
results of spectroscopic studies and structure determinations for
the ions. Delocalization, if it occurs, might be reduced or
suppressed if the oxidations were carried out in the presence of
more strongly coordinating anions. This would appear to be the
most interesting molecular square yet made with'Minits. There
is also the possibility of obtaining a dirhodium analogue, since
the analogous dirhodium starting material is available and the
[Rhy(O,CO)]* ion is known'®

It is interesting to note here that there is another solution to
the problem of coupling equivalent dimetal units via a carbonate
ion, which was published about the time our work was being
done. Our former co-worker, Jhy-Der Chen, and his group
eported’ compounds that may be schematically represented as
I. They did not look at the electrochemical behavior of their
compounds. It would be very interesting to see such data.
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Mo === Mo

In conclusion, [¢is-DANIF);M0,(COs)(H,0)]4 is the first
molecular square containing quadruply bonded:Wainits that

These are within a range of about 600 mV, corresponding to shows four oxidation processes corresponding to charges of 0 to

charges of 0 te+4 on the square. As shown in Figure 2, the first

+4 on the square. The maximum number of steps we have been

and second oxidations are barely separated, and presumablyble to observe before was thrédhis implies that the electronic

correspond to oxidizing Mounits at opposite corners of the

communication through the carbonate ion is significantly higher

square. Presumably, charge delocalization does not occur ovetthan that possible from dicarboxylate linkers.

this distance. The third oxidation is considerably more difficult,
and it is possible that delocalization does occur in ##ion.
There is also a much larger gap between-##+3 and the+3/

+4 oxidations than there was between the-D/and +1/+2
oxidations, which would also be most easily explained by
delocalization occurring in both th€2 and+3 ions. However,
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