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Transition metat-carbon clusters have long been of interest as
fragments of refractory metal carbides and models for intermediates
in heterogeneous catalydisn these molecules, carbon typically
serves as an interstitial or capping atom within the core of a
multinuclear cluster, particularly in early transition metal halide
and late transition metal carbofylusters. Recently, however, this
chemistry has been extended to include a few complexes featuring
a carbon atom as a terminal donor ligainid/hile exploring new
routes to such complexes, our attention was caught by a report of
the structure of Wu-CCI)Cl;, an unusual one-dimensional solid
containing chlorocarbyne-bridged Minits® In an effort to establish Figure 1. Structure of the carbon-centered trigonal prismatic cluster
a more facile synthesis of the compound, we attempted to producelWsCChel®” in 1. The lines connecting W atoms are intended to emphasize
. . . . the W trigonal prism and do not necessarily represent full single bonds
it qsmg blsmuth metal to reduce_WQJ in the presen_ce_ of a (see text). Selected mean interatomic distances (A) and angles (deg) for
stoichiometric amount of CGlHerein, we report that this indeed  the [WeCClLg™ (n = 1, 2, 3) clusters ir2, 1, and 3, respectively & =
provides an effective means of incorporating carbon into a tungstentriangle edge,| = longer rectangle edge, & bridging, t= terminal):
chloride cluster, giving rise not to the intended, \pecies, but ~ W—W" 2.74(1), 2.667, 2-7b1A(5), WWI2.93(2), 3.028, 2.96(8), Wg 2.157-
rath_er_ Fo a carbon-centered trigor_1a| prismatic clustegG@lg)%, Egg Siggg(é 1255132(1\?’ Cwﬁcpzz'?ff((f)),'zz,ffal,(g,) "‘72('11)1’%\1(\530)'_“\,6; 7;:3(3;"
exhibiting extensive redox chemistry. 76.28, 78(2), W-C—W! 85.7(3), 89.02, 87(4), WCIPA—W 70.0(3), 68.14,

The new cluster is extracted from a solid precursor produced at 68(2), W—CIP—W 74.1(4), 76.00, 74(2).

high temperature. Under a nitrogen atmosphere, MACR9 g, 3.26

mmol), CC}, (0251 g, 1.63 mmol), and Bi (0908 g, 4.35 mmol) 204 0693 1431
were sealed in an evacuated Pyrex ampule, and then heated in a
tube furnace at 400C for 3 days. Colorless Biglwas sublimed
away at 360C to leave a black solid. The solid was removed from
the ampule in air and stirred in 120 mL of 1% HCI for 30 min to
give a dark green solution. Addition of (EM)CI (0.50 g, 1.8 mmol)
induced formation of a dark green solid, which was recrystallized
from acetonitrile to yield 0.388 g (34%) of (BN),[WsCChg] (1) T s

as black octahedron-shaped crysfals. H B 3 3

Presumably, the original cluster-containing solid in the prepara- . 5 Cvelic volt Pc?ential V) i DME. with otential
. : : : . igure 2. Cyclic voltammogram of compountlin , with potentials
tion arises according to the following reaction. referenced to GF&?’1*. A scan rate of 1500 mV/s was employed to improve

6WC|6 + CC|4 +8Bi— WGCC|16 + 88iC|3 1) the reversibility of the leftmost couple.
separation of 3.028(1) A, for which Pauling’s empirical relation

The ensuing black powder is amorphous by X-ray diffraction, but D(n) = D(1) — 0.60 logn suggests a WW bond order of jush
likely possesses an extended two-dimensionalJ@f 5] CI&,Cla-23,, = 0.2012 The W—C distance of 2.1595(6) A is close to the
connectivity similar to that observed in ;.8 Possibly because  analogous distance of 2.197 A in WC, the structure of which indeed
of a reaction with the surface of the Pyrex ampule at high temper- features a trigonal prismatic coordination of carB&hus, the
ature, the use of 3 equiv of CCin reaction 1 instead of just 1 central WC unit of [WgCClyg]2~ can be viewed as a fragment of
equiv was found to result in higher yields. Reactions employing 2 WC stabilized by 18 surrounding chlorine atoms. These chlorine
equiv gave, upon workup, a mixture of 42~ and [WeCClyg)?", atoms bridge the edgesvith one spanning each triangle edge and
while those employing 4 equiv afforded no soluble product. two spanning each of the longer rectangle edgesd cap the

X-ray analysi8 of a crystal of1 revealed the carbon-centered vertexes of the Wtrigonal prism in a manner that preserves its
[WeCClg]?™ cluster depicted in Figure®.Therein, the six tungsten  Ds, Symmetry. Notably, this cluster geometry has been encountered
atoms are arranged in a regular trigonal prism, instead of the previously only within the one-dimensional solidsMbsSBr;7 (A
octahedral geometry usually observed for centered hexanuclear= K, Rb, Cs, TI)10.14.15
clusters of the early transition met&l8Vithin the triangular faces The cyclic voltammogram of compouridin DMF (Figure 2)
of the prism, the W-W distance of 2.667(1) A is slightly longer  reveals an electrochemistry that is remarkably rich for such a
than the mean WW single bond distance of 2.607(4) A obserfed  compact cluster. Two reduction processes are apparefyat
for the face-capped octahedral clustergf¥M4]%~. In contrast, the —0.649 V (AE, = 88 mV) andEy, = —1.360 V AE, = 142 mV)
longer edges of the rectangular faces of the prism exhibit-a/Wv versus Cge"*, corresponding to NACClig]2 3~ and [WsCClyg]3 74~

Current (pA)
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dramatic, JahnTeller distortions have been observed previously
in octahedral Mg and Rg clusters?®

Future work will attempt to extend this new method for
incorporating carbon into clusters, will probe the generality of the
centered trigonal prismatic cluster geometry, and will employ these
cluster units in the synthesis of microporous coordination solids
with noncubic symmetry.

Acknowledgment. This research was funded by NSF (CHE-
0111164 and CHE-0094349) and DOE (DE-FG03-01ER15257).

Figure 3. Left: Depiction of the central portion of one of the lowest
unoccupied ‘eorbitals of [WeCChg]?~, as calculated using DFT. Right:
Corresponding portion of the structure of the d@Clg3~ cluster in3,
displaying a JahnTeller distortion consistent with population of this orbital;
W—W distances are given in A

couples, respectively. In addition, two oxidation processes occu
atEyp = 0.407 V AE, = 64 mV) andE;, = 0.974 V AE, = 58
mV), corresponding to [\ACClig]2/*~ and [WsCClyg]1/© couples,
respectively. The reversibility of the latter couple is improved

significantly at higher scan rates, suggesting a reduced solubility

for [WCClyg]°. Potentially, all five redox states of the cluster will
be chemically accessible.

Consistent with its electrochemistry, DFT calculati¥nger-
formed on the diamagnetic [MZClg]2~ cluster revealed many
closely spaced energy levels in the frontier orbital rediomhe
seven highest-energy occupied orbitals are primarity\Wbonding
in character. Situated 0.86 eV above anaabital, the &' HOMO
exhibits W=W bonding character within the YMriangles, but
W-W antibonding character between opposing Wangles.
Unoccupied 8 and é orbitals lie 0.61 and 0.71 eV above the
HOMO, respectively, and also feature a mixture of W bonding

and antibonding character. Given their comparable energies, it is

difficult to predict just which of these orbitals would be occupied
upon reduction of the cluster.

Addition of a single equivalent of (NO)(BJ-to an acetonitrile
solution of1 prompts a color change from green to purple, signaling
formation of the one-electron oxidized species(&l;g]* . Cooling
the solution to—40 °C permitted isolation of (BAN)[WsCClg] (2)
in 87% yield as a black precipitaté X-ray analysi8 of a black,
irregularly shaped crystal ¢f obtained directly from the reaction
solution confirmed retention of the trigonal prismatic cluster
geometry. Showing no significant deviations frdg, symmetry,
the monoanion differs from the dianion most notably in itsW

distances, which are longer along the triangular edges and shorter (12) Pauling,

Supporting Information Available: Full experimental details on

the preparations ofl—3, and results from the DFT calculations

performed on [WCClig]>~ (PDF). X-ray crystallographic files (CIF).

This material is available free of charge via the Internet at http://
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