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Complexes of a New Oxyanion of Carbon, C 40,4, Each Molecule Attached to
Eight Neighbors by 24 Equivalent Hydrogen Bonds
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2,2-Pyridoin, (GH4N)C(OH)=C(OH)(GH4N), upon reaction
with nickel acetate in the presence of air generates the nickel(ll)
bis-pyridilate complex, Ni[(§H4N).C(OH)(CQ)]2, 1.X The pyri-
dilate ligand present in this complex is generated by initial air
oxidation of pyridoin to pyridil, (gHsN)CO-CO(GH4N), which
was shown long ago to undergo metal-promoted benzilic acid-type
rearrangement to pyridilaté/Ve have discoverédhat the pyridilate
system, when deprotonated at the OH group, can be “turned inside
out”, as in the imaginary conversion @fto 3, to form a cubane-
related product in which each alkoxo ligand provides three chelating
“straps”# We propose that appropriately trisubstituted methoxide
ligands, related to that represente@jmimay show a general strong
predisposition to form cubane-like metal complexes, a proposition
supported by the results presented below. Dihydroxyfumaric acid,
HOOC C(OH=C(OH)COOH is a close relative of pyridoin in
that both are enediols carrying potentially metal-binding terminal
substituents. We report here that dihydroxyfumaric acid, in the
presence of certain divalent metal ions, undergoes a similar sequence
of oxidation and benzilic acid rearrangement to produce the
trisubstituted methoxide ionOC(CQ, )3, a previously undocu-
mented oxyanion of carbon, which generates the cubane-like core
of a highly symmetrical octa-metallic complex.

Figure 1. Structure of the [(M)s(C4O7)a(H20)12 molecule. The cubane
unit is highlighted in green.
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‘l /N) Figure 2. The trigonal prismatic coordination environment of the metal
Moo centers in the cubane unit, M(1).
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. }/ —0 sented in3. The five-membered chelate rings formed in this way
M are internally planar and are so oriented that the central point of
the cubane unit lies within the planes of all 12 chelate rings that
1 2 3 surround it. Thus, the four metal centers, M(1), in the cubane core,
which are located on sites ofrfBsymmetry, have trigonal prismatic
Crystals, of composition [(Mg(C407)4(H20)12]-24H,0 (M = coordination environments as shown in Figure 2. The three carboxy

Zn, Co, Fe, and Mg), suitable for single-crystal X-ray diffraction oxygen centers from eachyG,*~ ligand not attached to M(1) are
studies, are obtained extremely simply from aqueous reaction then beautifully placed to provide a facial tridentate ligand system
mixtures at room temperature containing dihydroxyfumaric acid for a second type of metal, M(2) in Figure 1. The octahedral
and M'(OAc), (or in the case of M= Fe, FeSQ plus sodium coordination environment of M(2) is completed by a facial
acetate¥.All four compounds crystallize in the body-centered cubic arrangement of three aqua ligands. The equilateral triangle formed
space groud43m with cell dimensionsa ~ 15.0 A® Discrete by the oxygen atoms of these three aqua ligands is effectively
electrically neutral [(M)s(C407)4(H20)12] molecules are present, identical in size to the equilateral triangle of carboxy oxygen atoms
having the structure shown in Figure 1. At the center of the highly coordinated to M(1) that can be seen in Figure 2. A trio of aqua

symmetrical molecule is a cubane-related ém@nsisting of four ligands in one molecule, therefore, is very nicely set up to act as a
M" centers, M(1) in Figure 1, and fours-alkoxo centers from triple hydrogen bond donor to a trio of carboxy oxygen atoms

separate @074 ligands. The structural role of the;G7*~ ligands, coordinated to M(1) in an adjacent molecule. Since each molecule
all of which are equivalent, can be appreciated by focusing on the has four sets of aqua trios and four sets of carboxy oxygen trios, it
upper ligand unit in Figure 1; besides providing thecomponent is able, because of its high symmetry, to form 12 donor H-bonds

of the cubane core the,O;*~ provides a carboxy donor for each  to four neighbors and, simultaneously, 12 acceptor H-bonds to four
of the three metal centers bridged by its alkoxo center, i.e. it acts other neighbors. Figure 3 represents a central molecule acting as a
as a “three-strap cubane-generating ligand” similar to that repre- triple H-bond donor to one neighbor and as a triple H-bond acceptor
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Figure 3. A central molecule acting as a triple H-bond donor to one

neighbor and as a triple H-bond acceptor from another neighbor arranged

along one solid diagonal of the cube. Similar interactions occur along the
other three diagonals to give a body-centered cubic arrangement.

from another neighbor, all three molecules being located along one

of the four solid diagonals of the cube. The central molecule is
involved in similar pairs of triple H-bonds along the other three
solid diagonals to give a body-centered cubic arrangement in which
every molecule is bonded to eight neighbors by 24 equivalent
hydrogen bonds(O--+O 2.708(5) A in the case of Z(C,0;)4
(H20);2)—an extreme example of self-complementarity. The water
molecules occupying the framework voids are ill-defined and highly
disordered. The C,O+*~ system described here has not, to the best

of our knowledge, been documented previously; the reason for this

may be that, upon protonation, it is likely to become very prone to

decarboxylation. Presumably the organic components of the reaction
mixture are chaperoned by metal centers throughout the various

phases of their lives, including the metamorphosis to the fragile
C,0+* stage and the final entombment within the crystal.

We note the two different types of metal center in the octanuclear
molecule-the four unexceptional terminal tri-aqua octahedral ones
and the four metals within the cubane unit with trigonal prismatic
geometry; perhaps if the system is provided with a choice of two
different metal cations, there will be a preference for a specific
mixed metal structure to be formed. Given the unusual coordination

geometry of the metal centers in the core, the magnetic interactions
in such mixed metal systems and also in the Fe and Co systems

reported above may be interesting. We note in addition that the

[(M™M)4(C407)4]8 core (or the [(M")4(C40;)4]* core if it were
possible to use trivalent cations) has the perfect geometry to form
an infinite coordination network with the diamond topology, if each
of the four G donor sets from one such tetranuclear unit could be
attached to an ©donor set from another unit by octahedral
connecting metal centers. These are possibilities we are exploring.
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