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Summary: Treatment of [Reg07], with the carbodiphos-
phorane PhsP=C==PPhgj leads to quantitative dissocia-
tion of the binary covalent metal oxide into the organ-
orhenyl perrhenate [(PhsP);C==ReQ3]* [ReQ4]", the first
cationic organorhenium(VII) oxide structurally char-
acterized so far. The molecular structure of the latter
reveals a trigonal-planar bis(phosphonio)methylidene
ligand with a considerable degree of Re—C w-bonding
character, the tetrahedral trioxorhenium(VII) cation
being stabilized by charge delocalization of four strong
w~donor ligands. The pattern of reactivity is discussed
in light of modeling domains of localized reactivity at
extended metal oxide lattices.

Reactions of low-valent transition-metal cluster com-
pounds with unsaturated organic substrates have been
discussed by modeling chemisorption phenomena and the
surface reactivity of metallic domains of heterogeneous
catalysts.! Despite the knowledge accumulated on reac-
tivity patterns of organometallic oxides? and organome-
tallic oxometalates® over the last decade, there are only a
few well-documented reactions of simple binary metal
oxides with unsaturated or polar organic molecules that
may resemble surface reactivity of oxidic domains of

. heterogeneous transition-metal catalysts. To the best of
our knowledge, we add to the typical reactivity patterns
of metal oxides the first example of ligand-induced
dissociation of covalent [M;+:0n4] into an organometallic
salt, the Lewis acidic oxo cation [L-M,;0,]% being
stabilized by the neutral and monodentate organic ligand
L and by the corresponding and noncoordinating oxo-
metalate [M;0,]-~. We propose that this type of ligand-
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Scheme 1. Source of Localized Reactivity:
Ligand-Induced Dissociation of a Covalent Metal
Oxide Lattice into Separate Ion Pairs and Its
Homogeneous Model Reaction
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induced dissociation of a polarizable oxidic lattice into
corresponding ion pairs may serve as a model in under-
standing the process of activation of neutral organic
molecules trapped by highly Lewis acidic oxo cations
generated at active-surface sites of oxidic transition-metal
catalysts.

Phosphorus ylide chemistry of high-valent oxo and imido
complexes has not been systematically explored so far.5¢
This prompted us to investigate reactions of [Re;07], with
various ylidic reagents. Here we report on the reaction
with the carbodiphosphorane PhyP=C=PPh; (1). The
knowledge concerning the coordination chemistry of 1 is
limited. Kaska et al. studied remarkable reactions of 1
with low-valent phosphane and carbonyl compounds,’
whereas Schmidbaur and Zybill demonstrated the use of
1 in stabilizing complexes of Cu, Ag, and Au with low
coordination numbers.2® The latter group also concludes
that even copper(Il) chloride behaves as an oxidizing agent
leading to the nonorganometallic copper(I) salt [PhgP—
C(C)—PPh;]*[CuCly]- as a result of a redox reaction.®
Despite this discouraging aspect of redox behavior, we
anticipated that 1, being a sterically demanding ligand
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with strong o- and =-donor capacity, might stabilize the
electronically and coordinatively unsaturated rhenyl cation
[-ReO31* 19 by charge delocalization in a tetracoordinate
fashion.

Reaction of 1 with [Re30+], (1/x equiv) suspended in
absolute THF at —78 °C leads to precipitation of a yellow
microcrystalline solid which is recovered from suspension
in 89% yield. The 3C NMR spectrum of this material
reveals a triplet (6¢69.1, 1Jpc = 122.3 Hz) for the «-C atom
of the ylidic ligand. It was anticipated that a certain low-
field shift compared to the corresponding a-protonated
cation [PhyP—C(H)—PPh;]* (6c 1.7, WJpc = 123.7 Hz)1L
would be a feature characteristic for complexation of the
masked carbodianion in 1 at a highly n-acidic complex
fragment such as [-ReQ3]*.19 Evidence for complete
dissociation of [Re;07], into the organorhenyl perrhenate
[(Ph3P)sC=Re03]*[ReO4]- (2) was provided by electrical
conductivity measurements, elemental analysis, and vi-
brational spectra.!2

In order to confirm the proposed structure, yellow
crystals suitable for X-ray analysis!? were grown from
acetonitrile. The molecular structure of 2 is shown in
Figure 1. The latter reveals the presence of a tetracoor-
dinate trioxorhenium cation of local Cj, symmetry sta-
bilized by a bis(triphenylphosphonio)methylidene ligand
and a noncoordinating perrhenate ion.1* By looking at
the a-C atom as an sp?-hybridized carbanion (sum of angles
159.9°) stabilized by the rhenyl cation [-ReQO3]* and by
the negative hyperconjugative effect!s of both [-PPhgy]*
substituents,!® we can expect a maximum of one ¢- and
one w-bond to the metal center (Scheme 2, resonance
contributionII). Stabilization of the carbanion by a strong
negative hyperconjugative effect at the expense of the
metal-carbon =-interaction is reflected by resonance
formula I (Scheme 2).

According to a recent review by Herrmann et al.,10 all
structurally characterized neutral complexes of the type
[R—Re0Oj;] exhibit rhenium~carbon bonds longer than that
in 2, the first cationic organorhenium(VII) oxide in this
series.” On the other hand, the bond distance Re1-C1 =
1.991(7) A found in 2 is longer than in classical rhenium
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Figure 1. Perspective view of the molecular structure of 2.
Selected bond distances (A): Rel-C1, 1.991(7); Rel-011,
1.684(9); Re1-012,1.679(8); Re1-013, 1.692(9); C1-P1,1.777-
(8); C1-P2, 1.764(8). Selected bond angles (deg): Rel-C1-
P1,118.4(4); Rel-C1-P2,118.4(4); P1-C1-P2,123.1(4); angles
at Rel, ranging from O11-Rel-C1 (108.0(4)) to O11-Rel-
012 (110.6(4)), average of all 109.5; angles at Re2, ranging
from 021-Re2-022 (105.2(6)) to 021-Re2-023 (113.8(6)),
average of all 109.4.

Scheme 2. Reaction of [Re;O;]; with
PhyP=C=PPh; and Resonance Contributions within
the Cation of 2
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alkylidene complexes (~1.87-1.97 A)18 but 0.05 A shorter
than in the low-valent rhenium vinylidene complex Re-
(=C=CHPh)Cl(dppe):.1? Taking the high-valent rhe-
nium complex with three competing w-donor ligands
ReOy(=CH-t-Bu)(CH;-t-Bu) as a comparison (Re=C =
1.869(9) A and Re—C = 2.114(9) A),20 we have to consider
at least a significant Re=C double-bond character for this
a-phosphonio-substituted methylidene ligand. Both C1—P
distances (average 1.771 A) are only slightly shorter (A =
0.035 A) than the distances P—C,; (average 1.806 A) of
the phenyl groups, indicating that there is a rather weak
contribution of resonance formula I to the electronic
ground state of 2,28 The long Re—C bond distance
compared to those in other alkylidene complexes may be
partly due to the limited number of empty metal d orbitals
competing for electron density of four w-donor ligands
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and partly due to the electron-withdrawing effect of both
[-PPhgl* substituents competing with [-ReQs]™.
Unezxpectedly, the Re—O bond orders in the cation
[(PhgP),C=Re0;3]* (average Re—O distance 1.685 A) and
in the anion [0=ReQs]- (average 1.687 A) are essentially
the same. Therefore, the electron-donating capacity of
the masked carbodianion 1 may be compared with that of
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an oxoligand. Consequently, we observe asimilar pattern
of reactivity with many other high-valent oxo and imido
complexes of groups 5-8.
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