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Synthesis and Characterization of Bis(fulvalene)-
divanadium and the Crystal Structure of Its Oxidation
Product, Bis(fulvalene)bis(acetonitrile)divanadium(IIT)-
(V~V) Bis(hexafluorophosphate)-Acetonitrile (1/1)

Sir:

Because of the current interest in the structure and reactivity
of coordinatively unsaturated metallocenes’ and the formally
analogous metallofulvalene derivatives,2 we wish to report our
initial synthetic, physical, and X-ray structural studies of the
bis(fulvalene)divanadium system.

The neutral (C;oHg),V2 (1) was obtained by the reaction
of VC1,-2THF? with 1 equiv of fulvalene dianion?¢ in refluxing
THF. The dark purple air-sensitive product was isolated and
purified by repeated sublimation under high vacuum at 230
°C.* The solubility of 1 in polar and nonpolar solvents is very
low. The mass spectrum?® and infrared spectrum of 1 are similar
to those for the neutral bis(fulvalene)dimetal derivatives of
Ni,% Co,® Fe,%¢ and Cr.6® Magnetic susceptibility measure-
ments on solid samples indicate that 1 is diamagnetic from 4.2
to 100 K. This is consistent with the observed diamagnetism
of both the dicationic and neutral derivatives of all bis(ful-
valene)dimetal complexes studied to date, from vanadium, with
286 and 30 valence electrons, respectively, to nickel, with 38
and 4062 valence electrons. The complete magnetic coupling
found in 1, compared to the “parent” vanadocene with an
open-shell 15-¢clectron structure and three unpaired electrons,
can be rationalized by either a direct metal-metal interaction
(bond) or by ligand-propagated exchange. Although X-ray
crystallographic data for neutral (CoHg)2Nis clearly indicate
the presence of a ligand-propagated exchange,” an assessment
of the relative contributions from each exchange mechanism
for electron-deficient early transition metal derivatives must
await similar detailed structural information.

The oxidation of 1 with either 1 or 2 equiv of ferrocenium
hexafluorophosphate per dinuclear vanadium complex in dry
oxygen-free acetonitrile yields only a two-electron product,
[(n°m>-C1oHs)2(CH3CN) Vo (1D (V=1) 2] [PFe ~]2-CH3-
CN (2), that was isolated as brown microcrystals by the slow
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addition of toluene.® Magnetic susceptibility measurements
in acetonitrile at 310 K by the Evans NMR method® indicate
that 2 is paramagnetic with gerr = 2.9 BM per dinuclear va-
nadium complex. Measurements on solid samples from 4 to
80 K indicate a werr = 3.0 BM. These results establish the
presence of two unpaired electrons for the dinuclear metal
complex. The infrared spectrum of 2 exhibits terminal nitrile
stretches at 2320 and 2290 cm~/,

Hygroscopic and air-sensitive single crystals of the aceto-
nitrile solvate 2, obtained by recrystallization from acetoni-
trile/benzene, are orthorhombic and noncentrosymmetric,
space group Cme2; (C2,'2, No. 36), witha = 7.771 (1) A, b
= 20.556 (3) A, ¢ = 18.324 (3) A, and Z = 4 ([(CoHs),V2-
(NCCH3),][PFg]2-CHACN formula units). The various sta-
tistical indicators calculated with normalized structure factors,
as well as all stages of the structure solution and refinement,
were in agreement with the choice of a noncentrosymmetric
space group. Diffracted intensities were measured for 2193
independent reflections having 20wyokz < 58.7° on a com-
puter-controlled Syntex P autodiffractometer using graph-
ite-monochromated Mo Kea radiation and full (1° wide) w
scans. The structural parameters'? have been refined to con-
vergence [R = 0.045 for 949 independent reflections having
20Mmoka < 43° and I > 30()] in cycles of unit-weighted,
full-matrix, least-squares refinement which employed aniso-
tropic thermal parameters for all nonhydrogen atoms.

The structural analysis reveals that the crystal is composed
of bis(fulvalene)bis(acetonitrile)divanadium(IIT1){V-V) di-
cations (Figure 1), hexafluorophosphate anions, and aceto-
nitrile molecules of crystallization. Although each [(n%:
7°-CoHg)2(CH3;CN), V5] 2t unit is required to possess only
crystallographic C,-m symmetry (with the two vanadium
atoms and the nonhydrogen atoms of their coordinated ace-
tonitrile ligands lying in the mirror plane), the dication as a
whole approximates rather closely idealized C», site symmetry
with the pseudo- C; axis passing through the midpoints of the
Cy-C¢" and V-V, vectors of Figure 1. Bond lengths and
angles for chemically equivalent groupings, averaged in accord
with approximate C», molecular symmetry, include: V,-Vy,
3.329 (4) A; V=N, 2.09 (1,2,2,2) A;!' V-C, 2.28 (1,2,3,10)
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Figure 1. Perspective ORTEP drawing of the nonhydrogen atoms for the
bis(fulvalene)bis(acetonitrile)divanadium(III) dication viewed approxi-
mately 10° off the crystallographic mirror plane which contains Vs, Vy,
and their coordinated acetonitrile ligands. All atoms are represented by
thermal vibration ellipsoids drawn to encompass 50% of the electron
density. Atoms Vg, Na, Ca1, Ca2, and fulvalene atoms C-C4 and Cypare
related to the corresponding Vy, Ny, Cpy, Cba, and fulvalene atoms Cs-Csy
and Cg, by a pseudo-mirror plane. Atoms labeled with a prime (') are re-
lated to those without a prime by the crystallographic mirror plane.

A" C-C (intra-ring), 1.44 (2,2,5,10) A; Co-Cyo, 1.45 (2) A;
Ny~Caiy 1.13(2,2,2,2) A; Co1-Can, 145 (3,1,1,2) A; V-V-N,
89.1(4,9,9,2)%! V-N,-C,, 171 (1,2,2,2)%;1 N-C,-Cas,
178 (2,1,1,2)°; C~C-C(intra-ring), 108 (1,1,3,10)°; and
C-Cy-Cyq, 125 (1,1,2,4)°.

Although each set of five carbon atoms which comprise the
two rings of a fulvalene ligand are individually coplanar to
within 0.007 A, the entire ligand is folded with the mean planes
for the two planar five-membered rings intersecting in a di-
hedral angle of 13.6°. The nature of this folding is such that
the average C;+--Cy’, C3+:C5’, C5C, and Cg--Cg’ separation
for both halves of the dication is 2.98 (3,3,4,4) A, while the
average C3oeCy’, Cyg-C ¢/, Ce-Cq¢’, and Cy---Cyq” separation
is 3.89 (3,2,3,4) A; the average C4Cy and CsCs’ separation
is 4.46 (2, 1,1,2) A. This particular type of distortion from
planarity for the fulvalene ligand appears to be induced by the
stereochemical preference of each vanadium atom for a
pseudotetrahedral coordination similar to that observed for
analogous (7°-CsHs);MX, species'? as well as related mo-
nofulvalene complexes of titanium?2® and molybdenum which
have additional bridging atoms as well as metal-metal bond-
ing. In the present case, one coordination site of each vanadium
would be occupied by the metal-metal vector and the other site
by a coordinated acetonitrile ligand. The mean planes of the
two five-membered rings which are 7°-bonded to a given va-
nadium atom of the dication intersect in an average dihedral
angle of 140.8 (-,9,9,2)°. Although the 3.329 (4) AV-v
separation in 2 is significantly longer than the ~2.6 A value
generally expected for a single-order metal-metal bond in-
volving first transition series metals [a V-V bond length of
2462 (2) A has, in fact, been observed!3 in (%-CsHs)o-
V,(CO)s], it is significantly shorter than the 3.984 (4) A
Fe-Fe separation found in bis(fulvalene)diiron!# and the 4.163
(6) A Ni-Ni separation in bis(fulvalene)dinickel.” The ob-
served structure for the dication presumably represents the best
compromise between a shorter and more normal metal-metal
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bond and planar fulvalene ligands. Although the steric factors
responsible for metal-metal bond elongation in the dication
are entirely different, the observed V-V separation is quite
similar to the formally single-order metal-metal bonds in the
following “sterically-crowded” dinuclear complexes: [(n°-
C;sHs)(CO)(P(OCH3)3)Cr]a, 3.343 (3) A Cr-Cr;'3 [(n*-
CsHs)(CO)sCr], 3.281 (1) A Cr-Cr:'6 and [(n3-C3H5)-
(CO)sFely, 3.138 (3) A Fe-Fe.!”

Thus the structural data are consistent with a significantly
elongated single-order metal-metal bond in the dication which
is undoubtedly due to the constraints of the bridging ligands.
Such a bond would produce a seventeen-electron valence-shell
electronic-configuration for each vanadium atom, in agreement
with the magnetic susceptibility data. The presence of a
“stretched” (and presumably weakened) metal-metal bond,
as well as two electron-deficient metal centers, would seem to
indicate an unusually rich chemistry for this dication. The cis
disposition of ligands with respect to the metal-metal axis in
the bent metallofulvalene complex'8 suggests that reactions
of small molecules at both metal centers could take place in
either a concerted or sequential manner. These features in both
the planar and bent derivatives may lead to new kinds of stoi-
chiometric and catalytic transformations, which are quite
different from those of the “parent” metallocenes.
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