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Summary: Pentacarbonyl acyl tungstates 1 react with
2-chloro-5,5-dimethyl-1,3,2-dioxaphosphorinane to give
phosphite Fischer carbene complexes 2, which in very
mild conditions readily lead to the corresponding tung-
sten (Z)-1,2-diphosphite-alkene tetracarbonyl complexes
3 via a dimerization process (R ) aryl) or tungsten (E)-
vinyl-phosphite pentacarbonyl complexes 4 via a 1,2-
hydrogen shift (R ) alkyl), respectively.

Since the discovery by Fischer1 of stable carbene
complexes for chromium, molybdenum, and tungsten,
there has been widespread interest in their applications
in organic synthesis.2 In recent years, a variety of
sililoxy,3 titanoxy,4 zirconoxy,5 and boroxy6 Fischer
carbene complexes have been synthesized in order to

modulate the carbene reactivity by steric and electronic
variation of the metal or metalloid component bound to
the heteroatom. On the other hand, heteroatom-
stabilized metal carbenes, such as alkoxy carbenes, are
thermally stable and only at relatively high tempera-
tures react with alkenes that posses electron-withdraw-
ing or electron-donating groups to give cyclopropane
derivatives2d,7 and in its absence undergo loss of the
metal fragment affording mixtures either of dimeriza-
tion products or enol ethers.8 In the present com-
munication we describe, for the first time, the prepa-
ration of phosphite Fischer carbene complexes and their
easy transformation into (Z)-1,2-diphosphite-alkenes or
(E)-vinyl-phosphites as tungsten complexes via a dimer-
ization process or a 1,2-hydrogen shift, respectively.
The treatment of pentacarbonyl acyl tungstate inter-

mediates 1, formed by the reaction of tungsten hexa-
carbonyl and the corresponding organolithium com-
pound,9 with 2-chloro-5,5-dimethyl-1,3,2-dioxaphos-
phorinane10 in diethyl ether at temperatures ranging
between -60 and -30 °C readily led to phosphite
carbene complexes 2, which could not be isolated and
were detected by NMR. On warming to room temper-
ature, the compounds 2a-c, where R is an aryl group,
underwent loss of the metal fragment affording the
tungsten (Z)-1,2-diphosphite-alkene tetracarbonyl com-
plexes 3 as a single diastereoisomer. The structure of
these complexes was determined on the basis of their
NMR spectra and the X-ray structural analysis of
complex 3a11 (Figure 1). This transformation involves
the dimerization of the carbene 2 in very mild condi-
tions. On the contrary, starting from carbene complexes
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2d,e, which contain R-hydrogen atoms, formation of
tungsten (E)-vinyl-phosphite pentacarbonyl complexes
4 along with a small amount of the carbene dimer
complexes 3 was observed (Scheme 1 and Table 1). The

E configuration of 4 was established by NOE experi-
ments and the NMR coupling constants between the
vinylic protons (12 Hz). The (Z)-isomers were not
detected.
A reasonable mechanism that accounts for the forma-

tion of carbene dimer complexes 3 is outlined in Scheme
2 and involves first a CO dissociation15 in complexes 2,
favored presumably by an interaction between the
phosphorous atom and the tungsten of carbene complex,
to give the tetracarbonyl complexes 5, which are in
equilibrium with the hexacoordinate complexes 6. Fur-
ther reaction of complexes 5 or 6 with 2 affords the
intermediates 7, via coordination to phosphorous. Sub-
sequent loss of CO from 7 would produce 8, which
undergoes a carbene ligand transfer to form 9. Further
phosphite coordination would lead to biscarbene com-
plexes 10. Finally, decomposition of 10 leads to the
carbene dimers 3. According to this mechanism, the
coordination of the unsaturated tungsten atom to the
phosphorous in complexes 9 favors the cis arrangement
in the carbene ligand transfer leading exclusively to the
(Z)-diastereoisomers. The carbene transfer step could
involve a dinuclear intermediate containing a µ-carbene
ligand bridging both metal centers but not free carbenes
since no formation of cyclopropanes was observed when
the reaction was carried out in the presence of an excess
amount of alkenes (cyclohexene, methyl acrylate, acrylo-
nitrile, ethyl vinyl ether). On the other hand, the
formation of vinylic phosphites 4 probably proceeds by
a migration of the acidic proton R to the carbene carbon
atom to the tungsten in metal carbene complexes 6 to
give complexes 11, followed by a reductive elimination
furnishing the vinylic phosphites 4. In contrast with
the results reported in the literature16 for the base-
catalyzed decomposition of carbene complexes, in which
mainly the (Z)-isomer was obtained, we have observed
the stereoselective formation of the more stable (E)-
isomer, likely due to the intramolecular coordination of
the phosphorous atom to the tungsten in intermediates
6.
In conclusion, we have described an efficient and

diastereoselective conversion of phosphitecarbene com-
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Figure 1. Molecular structure of 3a.

Scheme 1

Table 1. Tungsten (Z)-1,2-Diphosphite-Alkene
Tetracarbonyl and Tungsten (E)-Vinyl-Phosphite

Pentacarbonyl Complexes 3 and 4 from
Pentacarbonyl Acyl Tungstates 1 and

2-Chloro-5,5-dimethyl-1,3,2-dioxaphosphorinane
starting
acylate R R′ product yield (%)a

1a Ph 3a 57
1b 4-ClC6H4 3b 41
1c 4-CF3C6H4 3c 62
1d Et Me 3d 4d 12/60b
1e Bu Pr 3e 4e 8/68b

a Isolated yield based on W(CO)6. b First yield corresponds to
product 3 and second to 4.

Scheme 2
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plexes to (Z)-1,2-diphosphite-alkene and (E)-vinyl-
phosphite derivatives in very mild reaction conditions.
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