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The first stable transition metal allenylidene complexes were
synthesized and characterized by E. O. Fischer1 and H. Berke2 in
1976. Since then, transition metal allenylidene complexes have
attracted a great deal of attention in organometallic chemistry as a
novel class of compounds,3,4 as precursors of new carbene
complexes,5 as metal-containing polymers,6,7 and as intermediates
for organic synthesis.8

Generally, there are two methods for synthesis of transition metal
allenylidene complex. In 1982, Selegue9 first illustrated that
propagyl alcohols HCtC-C(RR′)OH can be smoothly converted
into a CdCdCRR′ unit in the coordination sphere of an electron-
rich transition metal center by elimination of water (Scheme 1).

Since then, a variety of metal allenylidene complexes have been
prepared.10 Most known transition metal allenylidene complexes
haved6 or d8 electron configuration, while high-valentd0 transition
metal allenylidene complexes are rare. The firstd0 allenylidene
complex, a carben titanocene compound, was synthesized by P.
Binger and co-workers in 1990.11 They selected a dilithiodiphen-
yallene as a reagent for the synthesis of the complex (Scheme 2).

This paper reports a simple way to synthesize an allenylidene
rhenium(VII) complex. In comparison to the methods of Selegue9

and Binger,11 the diimido adamantyl-thiolato allenylidene rhenium-
(VII) complex 2 was obtained through a new synthetic strategy, a
metathetical reaction of phosphonioalkylidyne rhenium complex1
with diphenylketene(Scheme 3). Complex112awas prepared through
one-pot reaction of Re(NtBu)2Cl3, (Ph3PCH3)(S-C10H15) and
Ph3PdCH2. Recently, we reported the synthesis of the first tungsten-
(VI)-phosphonoi-alkylidyne complex.13

Complex2 was isolated as a red solid with repeated recrystal-
lization in pentane and characterized by elemental analysis and IR,
1H NMR, and13C NMR spectroscopy.12b

The single crystals of complex2 were obtained as red needles
at 4 °C from pentane. The structure was determined by X-ray
diffraction.14 A view of the molecular geometry is shown in Figure
1 with selected bond distances and angles. The geometry around
the rhenium center is close to tetrahedral. The angles S1-Re-N1,
N1-Re-N2, N1-Re-C1, N2-Re-C1, N2-Re-S1, and S1-

Re-C1 are 111.8, 121.2, 107.1, 107.3, 109.6, and 97.0°, respec-
tively. The diphenylallenylidene ligand is bound to the metal in a
nearly linear fashion, with Re-C1-C2 and C1-C2-C3 angles of
171.4 and 177.0°, respectively. The Re-C1 bond length of 1.898
Å is identical with that found in the other allenylidene complexes

(for Cr, 1.99-2.02 Å; for Ru, 1.84-2.00 Å).3a In the three-carbon
chain, the C1-C2 and C2-C3 distances are 1.275 and 1.339 Å,
respectively, which compare well with the other data found in the
allenylidene complexes. However, the C1-C2 bond is shorter than
the bond length expected for a carbon-carbon double bond (1.30
Å).15 This result can be explained through the contribution of the
resonance form (Scheme 4) of [Re-]-CtC-C+Ph2 in the structure
of complex2.
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Figure 1. Molecular structure of2. Selected bond distances (Å) and angles
(deg): Re1-N1, 1.751(9), Re1-N2 1.690(9), Re1-C1 1.898(13), Re1-
S1 2.328(3), S1-C24 1.852(11), N1-C16 1.448(13), N2-C20 1.492(14),
C1-C2 1.275(16), C2-C3 1.339(15), C3-C4 1.476(16), C3-C10 1.488-
(16), C4-C5 1.397(16), N2-Re-N1 121.2(4), N2-Re-C1 107.3(5), N1-
Re-C1 107.1(5),N2-Re-S1 109.6(3), N1-Re-S1 111.8(3), C1-Re-
S1 97.0(4), C24-S1-Re 109.5(3), C16-N1-Re 164.4(8), C20-N2-Re
167.7(8), C2-C1-Re 171.4(10), C1-C2-C3 177.0(12), C2-C3-C4
118.0(11), C2-C3-C10 118.5(10).
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A similar conclusion has been reached in the structural analysis
of the other allenylidene complexes.16,17 In the IR spectrum, the
very weak band at 1810 cm-1 is characteristic of the CdCdC unit.
Singlets at 235.6, 188.8, and 121.4 ppm in the13C NMR spectrum
correspond to the C1, C2, and C3 atoms. H. Werner et al. reported
similar chemical shifts at about 250, 220, and 150 ppm in the
allenylidene complexes [RhCl(dCdCdCRR′)(PiPr3)2] with dif-
ferent substituents.18

According to the resonance structure of complex1 (Scheme 5),
the carbon atom with a negative charge is the nucleophilic center,
which can attack the carbonyl group of the ketene. Therefore, a
phosphor betaine is formed. It is not stable and quickly transforms
into a neutral heterocyclic intermediate, which contains phosphorus
and oxygen in the ring. This four-member ring intermediate
decomposes into allenylidene complex2 and triphenylphosphine
oxide. The first instance of a Wittig-like reaction by an ylide on a
transition metal-coordinated carbonyl group was reported by W.
C. Kaska.19 Triphenylphosphine oxide, a typical Wittig reaction
product, was isolated from the reaction mixture.

Complex2 in the solid state is stable in the air. it can be kept
more than one month. It melts at 136°C under an inert gas
atmosphere.
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Scheme 4

Scheme 5. Proposed Mechanism for the Formation of Complex 2
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