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Despite the extensive inventory of homoleptic metal/poly-
chalcogenide complexes known, there are no examples of corre-
sponding actinide complexes. The high oxophilicity of these metals
precludes the use of solvents such as dimethylformamide commonly
used to synthesize other metal/chalcogenide complexes. However,
the molten salt synthetic technique has been well-demonstrated
to provide a low-temperature route to new, meta-stable compounds,
especially in ternary systems of alkali metal/transition-metal/
chalcogenides.!? As part of our continuing effort to explore the
utility of this technique (which does not require common organic
solvents) and to extend polychalcogenide chemistry to actinides,
we have examined the reactivity of uranium in these melts. We
report here the facile synthesis of the potassium salt of [U(Se,),]*,
the first uranium polyselenide complex. Synthesized at 300 °C,
K4USey is a molecular compound in which exist discrete anions
of uranium coordinated to four 7?-Se,?” ligands.?

K4USe;g has been synthesized from a mixture of 0.126 g (0.80
mmol) of K,Se, 0.095 g (0.40 mmol) of U, and 0.257 g (3.25
mmol) of Se. These reagents were thoroughly mixed, sealed in
an evacuated Pyrex ampule, and heated at 300 °C for 10 days
(cooling 2 °C/h). Products were isolated by carefully washing
away the polyselenide flux with dimethylformamide (DMF).
K4 USe; has proven to be slightly soluble in DMF, however, and
washing was continued only until the green/brown color of Se, >
solution was replaced by a slowly evolving brown/yellow color,
indicating K,USes as the primary component in solution. Solu-
bility is slow enough that yield as high as 53% has been achieved,
with further optimization expected.

A single [U(Se,),]* anion is shown in Figure 1A. The uranium
center sits on a crystallographic 2-fold axis, but the entire anion
has a triangulated dodecahedral geometry and can hence be as-
signed a pseudo D,; symmetry. A dodecahedral structure is
characterized by the location of coordinating atoms at the corners
of two trapezoids which lie orthogonal to each other; in [U(Se,),]*
the Se—Se bonds form the nonparallel sides of their respective
trapezoids. The [U(Se,)4]* is distorted from an ideal dodeca-
hedron in two respects. First, the bases of the Se trapezoids
intersect at the U center, leaving the four basal seleniums in a

(1) (a) Kanatzidis, M. G. Chem. Mater. 1990, 2, 353-363. (b) Kanatzidis,
M. G.; Park. Y. J. Am. Chem. Soc. 1989, 111, 3767-3769. (¢) Kanatzidis,
M. G; Park, Y. Chem. Mater. 1990, 2, 99-101. (d) Park, Y.; Kanatzidis,
M. G. Angew. Chem., Int. Ed. Engl. 1990, 29, 914-915.

(2) (a) Sunshine, S. A.; Kang, D.; Ibers, J. A. J. Am. Chem. Soc. 1987,
109, 6202-6204. (b) Kang, D.; Ibers, J. A. Inorg. Chem. 1988, 27, 549-551.
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Figure 1. (A) ORTEP representation of [U(Se,),]*. Selected bond dis-
tances (A) are as follows: U-Se(l), 2.840 (3); U-Se(2), 2.903 (3);
U-Se(3), 2.923 (3); U-Se(4), 2.920 (3); Se(1)-Se(2), 2.385 (4); Se-
(3)-Se(4), 2.401 (4). Selected bond angles (deg) are as follows: Se-
(1)-U-Se(2), 49.05 (8); Se(3)-U-Se(4), 48.54 (8); Se(4)-U-Se(1)’,
79.95 (9); Se(3)-U-Se(2)’, 177.51 (9); Se(2)-U-Se(3), 93.10 (8); Se-
(2)-U-Se(2), 87.4 (1); Se(2)’-U-Se(3)’, 93.10 (8); Se(3)-U-Se(3),
86.5 (1). The Se(2), Se(2), Se(3), Se(3)’, and U atoms lie no more than
0.063 A from the same plane. (B) An ideal triangulated dodecahedron.
The intersecting trapezoids are bounded by A,, apex positions, and B,,
basal positions. In the case of [U(Se,),]* the center of the dodecahedron
and the points By, By, B,, and B, lie in the same plane.

nearly square-planar arrangement; in an ideal dodecahedron the
trapezoids slice further into each other. Secondly, the presence
of the Se—Se bonds, although slightly elongated (2.38 and 2.40
A), necessitates that the corresponding Se=U-Se angle be smaller
than in an ideal dodecahedron (Se(1)-U-Se(2) angle, 49.05°;
corresponding dodecahedron angle,* 73.69°). Although without
precedent in metal/chalcogenide systems, [U(Se,)s]* is iso-
structural (but not isoelectronic) with the known peroxoanions
([M(0,),]J™)° (M = Cr3*, v+ Nb’*, Ta’*, Mo%*, Wé*). The
potassium cations are located in two different sites. The first is
coordinated by seven Se atoms in an irregular polyhedron (range
of K(1)-Se distances, 3.475 (7)-3.190 (7) A; av 3.357 A), while
the second is in a site coordinated by nine Se atoms, again in an
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irregular polyhedron (range of K(2)-Se distances, 3.694 (8)-3.253
(7) A; av 3.470 A). We note that examples of molecular ura-
nium/chalcogenide complexes are sparce. A fully characterized
homoleptic uranium thiolate has been recently reported. Prior
to this, most work has dealt with complexes of uranyl with various
sglfm;—cg)x;taining ligands,’ including a complex containing a single
n?-8,+%

The magnetic susceptibility of K,USe; was measured as a
function of temperature (5-250 K). Strong paramagnetic be-
havior, conforming to the Curie-Weiss law, is observed from
approximately 120 K on up. Below this region, a transition is
observed at approximately 90 K and is then followed by anti-
ferromagnetic ordering which has a critical temperature of 65 K
at the midpoint of a broad and shallow transition. The u at 300
K is 3.82 ug, consistent with an f2 configuration where L = 0.1
The exhibited paramagnetic behavior of the compound at high
temperatures renders difficult any 7’Se NMR study of this com-
pound. Antiferromagnetic transitions of various degrees have been
reported for the uranium compounds MUzQ,; (M = Cr, V, Co,
Fe, Ni) by Noel and Troc,!! although their data are complicated
by the presence of M?*. Neither K* nor Se,?~ would contribute
to any magnetic phenomenon, so, barring any impurity, we are
observing behavior based solely on U4*,

The solid-state far-IR spectrum of K,US; shows three peaks:
261 cm™!, which can be tentatively assigned to Se—Se stretching
in the diselenides, and 167.6 and 153 cm™!, which are presumably
due to U-Se vibrations.

As mentioned before, K,USe;g is slowly soluble in DMF, and
similar behavior has been found with ethylenediamine. The
compound was insoluble in neat acetonitrile, even with the addition
of [(Bu),N]*; however, it was successfully dissolved in solutions
of either 15C5 or 18C6 crown ethers or 2,2,2-cryptand in CH,CN.

In all solvents the solutions of K,USe; gave brown/yellow colors
of various hues which were stable, by UV /vis, out to 3 days. The
DMF and CH;CN/complexant solutions gave similar UV /vis
spectra: one broad plateau at 400~430 nm for DMF and at
390-430 nm for the CH;CN /complexant. After decomposition
the solutions revert to brown/green in color, and their UV /vis
spectra show the features of a polyselenide solution (peaks at 400
and 640 nm for DMF 417 and 560 nm for CH;CN). Such a
decomposition takes place in all solvents tested upon exposure to
air as well as simply upon standing, due to the high oxophilicity
of U(IV), making distilled and degassed solvents a requirement.
In ethylenediamine solutions of K,USe;, UV /vis shows peaks at
346, 404, 492, and 807 nm, while a polyselenide/ethylenediamine
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solution shows peaks at 408, 560, and 805 nm. Although clearly
not a simple Se,?” solution, the presence of several peaks in the
ethylenediamine solution indicates a significantly stronger solvent
interaction with the anion than in either DMF or CH,CN.

With preliminary indications that [U(Se,)]* may have ap-
preciable stability in certain solvents, the possibility of using it
as a starting material for further chemistry becomes intriguing.
Potentially the [U(Se,)4]* could be used as starting material for
convenient entry into the unexplored U/Se chemistry or act as
a ligand for other metals. The Se,? units could present sites for
facile redox chemistry and reactivity with organic molecules and
organometallic compounds.
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Cytochrome ¢ peroxidase (CCP) catalyzes the peroxide-de-
pendent oxidation of cytochrome ¢ in the following multistep
reaction:!

CCP + H,0, — CCP(Fe*)*
CCP(Fe#*)* + 2cyt.c(Fe?*) — CCP + 2cyt.c(Fe**)

H,0, oxidizes CCP to an intermediate state termed compound
I which consists of a ferryl (Fe**) iron and an amino acid(s)
centered free radical denoted by the dot (*) in the above scheme.
Central to the peroxidase mechanism are the invariant distal side
residues, HisS2 and Argd8, which work in concert to stabilize the
charge separation required in the heterolytic fission of the peroxide
0-0 bond.2?

Less clear is the precise role of the proximal ligand. The
function of the proximal ligand may be in regulating the iron redox
potential, stabilizing the ferryl intermediate of compound 1, as-
sisting in cleavage of the peroxide O-O bond, and/or simply
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