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The [CugBrig]® lon, A Crystal-Stabilized High-Symmetry Mixed-Valence Copper Complex with a Linear
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The Cu(l)-Cu(ll) system is one of the most important mixed-
valence systems in both biochemisdty/and inorganic chemis-
try.10-22 Many of the systems that have been described to date
involve the delocalized (Ct9), unit, and we have recently shown
that such a unit exists in the fundamental anion,}?~, which
combines this delocalized intermediate oxidation level (Robin and
Day class Il mixed-valence systéfn with a rare confacial
tetrahedral geometf.Other mixed-valence halogenocuprates that
have been reported in the past include separate mononuclear
systems such as [(Br;]>/[CuU'Brs? (class I)}” multinuclear
complexes such as [@Dlg]?>~ and [CuBr]* (class I1)18%and
infinite chains such a§[Cu,Br,]} (class 11)?° The [CwClg]3~
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environments, but wittC; local symmetry (BrCu—Br angles
106°, 112). The triply bridging bromide ligands Br(1), Br(2)
show bonding parameters (E8r bond lengths 2.472.58 A;
Cu—Br—Cu angles 7673) that are very similar to those
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H---Br hydrogen bonds. Special features of the crystal supra-
molecularity are shown in Figure 1. All surfaces of the cation fit

the surfaces of the anion or of other cations, with attractive inter-
ion energies. This highly efficient crystal packing determines the

observed in the more familiar neutral heterocubane systemscharge of 6- per anion cavity, and thus the mixed valence of the

[CusBr4Ly] (L = phosphine or amine ligand).While cubane
structures are common in neutral copper(l) and silver(l) com-

anion has been crystal stabilized.
The EPR spectrum of solid [MeBs (1) at 77 K shows an

plexes, there are no known examples of any complexes of thesealmost isotropic signal ag = 2.13 without any resolved Cu

metals with the structure found fdr The only known anionic
complex with a cubane structure is [Ag*~.26 The linear-bridge
bonding mode for Br(4) il is very unusual for halide ligands in
coordination compounds. The CuZr(4) bond length (2.404(3)
A) is significantly shorter than those involving the triply bridging
bromide ligands. Although only one in eight copper atoms in the
complex is formally in the €ll) oxidation state, the symmetry
of the ion precludes any description in terms of localized Cu(l)
and Cu(ll) sites. In the polymer{dCu,Br4]~}.. system, localized
alternation of Cti* and Cu? sites was proposed on the basis of
a 0.1 A difference in the CuBr bond lengths between the sifés.

In the present complex, the difference between the average Cu
Br bond lengths about Cu(l) (2.484 A) and Cu(2) (2.469 A) is
only 0.015 A. The Cu- - -Cu distances within the cubane units
are 2.919(2), 2.951(3) A, which are at the low end of the range
of values 2.83.5 A found in the [CuBr4L4] heterocubane
systemg?® In view of the fact that there seems to be little Cu- - -
Cu interaction at the much shorter distance of 2.36 A in
[Cu,Brs]?~,%8it is unlikely that Cu- - -Cu bonding is a significant
factor in the stabilization of.

The preparation of is by the reaction in ethanol of a mixture
of CuBr, Br-, and CuBs (7:6:1), or of CuBr, Br, and CuC}-
2H,O (1:1:1), but only in the presence of MePt. This is
becausd occurs only in the crystalline state, trapped in cavities
in a lattice formed by MePJ®* cations. We have no evidence
that 1 exists in solution. Although the dark green crystalline
[MePh;P]s (1) dissolves in acetonitrile to give a similarly green
solution, the visible absorption spectrum of this solution is the
same as that of a solution of CyBn the same solvent. The
far-IR spectrum of [MeP¥P]s (1) shows weak, overlapping bands
in the range 136215 cn! that are assigned to the(CuBr)

hyperfine structure. This is consistent with density functional
calculations onl,?® which show that the SOMO is extensively
delocalized over all eight Cu atoms (spin densities of 0.082, 0.088
on Cu(1,2)) and, to a lesser extent, over the Br ligands (spin
densities of 0.024, 0.037, 0.008, 0.021 on Br(1,2,3,4)). The atomic
charges (Mulliken population analysis) at®.166,+0.029 on
Cu(1,2) and—0.359,—0.292,-0.734,—0.182 on Br(1,2,3,4).
The Cu charges and spin densities indicate that this is a class Il
mixed-valence systefi.The relatively low charge on Br(4) is

of some interest, since the linear bridge-bonding mode that this
atom displays is very unusual. This bonding mode is also observed
for the central halogen atom in trihalide ions¢° where the
negative charge on the ion is shared mainly by terminal atoms,
and the charge on the central atom is [BWhe SOMO in this
complex is an orbital of Esymmetry, with a 2.6 eV gap to the
LUMO. Major bands in the electronic absorption spectrum
(obtained by diffuse reflectance spectroscopy) occur at about 300,
400, and 800 nm.

The conclusions from this work are as follows: (1) the mixed-
valence complex [CGyBri5]¢, which has a high formal Cu(l):
Cu(ll) ratio, has been prepared and characterized; (2) the structure
of this complex incorporates two GBr; units connected by a
bromide ligand in an unusual linear-bridge bonding mode similar
to that observed for the central atom in trihalide ions; (3) the
physical properties of this complex, together with electronic
structure calculations, indicate that it is a delocalized (class II)
mixed-valence system with two sets of nearly equivalent Cu atoms
with a formal average oxidation state ©f..125; (4) the mixed
valence and the stereochemistry of the complex have been crystal
stabilized and are not evident in solution.
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