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In 1979, Schrock et al. prepared the first ethylidene transition
metal complexA by addition of a phosphorus ylide to TaCp2(L)-
Me complexes (Scheme 1).1 Because a variety of main group ylides
were readily available, this alkylidene transfer reaction appeared
very promising for the preparation of metal complexes incorporating
a number of different substituents at the carbene center. However,
phosphorus ylides were subsequently proven to form exceedingly
stable adducts with transition metals,2 such as monodentate
σ-complexesB. Furthermore, it has been shown that complexes of
typeB can also be prepared by addition of phosphines to carbene
complexes,3 which is the reverse reaction of that leading toA.
Consequently, there are very few reports of main group ylides
(including phosphorus4 and sulfur ylides5) acting as genuine carbene
transfer agents.

We have recently shown that C-amino-substituted phosphorus
ylides are destabilized by the two-center, four-electron system and
are keen to undergo fragmentation into phosphine and carbene.6

This prompted us to investigate the possible use of such ylides as
carbene transfer agents for transition metals. Here we report that
the PdC bond of acyclic and cyclicC-amino phosphorus ylides
can be activated by a variety of transition metal fragments, resulting
in the formation of complexes featuring both the phosphine and
the aminocarbene ligands.

To test the feasibility of the carbene transfer reaction, versus
the formation of stable ylide complexes, we reacted the acyclic
C-amino phosphorus ylide1,6 with PdCl2(cod). A very clean
reaction occurred, and after 12 h at room-temperature complex2
was isolated as pale-yellow crystals in 81% yield (Scheme 2). The
13C and1H NMR spectra showed a doublet at low field (δC ) 213.9
ppm, JPC ) 14.3 Hz;δH ) 10.0 ppm,JPH ) 7.8 Hz) suggesting
the presence of both the carbene and phosphine ligands. This was
confirmed by a single-crystal X-ray analysis, which shows a four-
coordinate Pd atom in an essentially square-planar environment with
the phosphine and carbene ligands mutuallycis.7

In order to take full advantage of this process, the reactivity of
cyclic C-amino phosphorus ylides toward metal centers was
investigated. Assuming that the insertion takes place, complexes
featuring bidentate heteroditopic ligands,8 which contain two
significantly different chemical donor functions, would be acces-
sible. Such ligands are finding increasing use in transition metal
catalysis, largely because of their potential aptitude to induce some
electronic and steric asymmetry at the metal center and to display
so-called “hemilabile” behavior in the coordination sphere of a
metal. Addition of a stoichiometric amount of PdCl2(cod) to the
cyclic ylide prepared in situ9 by deprotonation of the corresponding
phosphonium salt36a afforded, after 12 h at room temperature,
complex4, which was isolated in 60% yield (Scheme 3). A single-
crystal X-ray diffraction study demonstrated the insertion of the
metal into the PC bond of3, which therefore acts as a mixed

phosphine/carbene 1,5-bidentate ligand. It can be noted that the
Pd-Cl bond trans to the P atom is shorter than thattrans to the
amino carbene by ca. 0.02 Å. This value is comparable to the
discrepancy observed in analogous complexes featuring phosphine/
NHC bidentate ligands, but in these cases the shorter Pd-Cl bonds
are thosetrans to the NHC.10

To demonstrate the broad applicability of this synthetic route,
we decided to vary the structure of theC-amino phosphorus ylide,
and also to test different transition metal fragments. Among
chelating bidentate ligands, those supported by biaryl skeletons,11

which include optically active species such as BINAP,12 are by far
the most popular. For a proof of principle, we investigated the
possibility of preparing complexes based on the simplest of the
biaryl backbones, namely biphenyl. The phosphonium precursor5
was prepared in two steps from the readily available 2-bromo-2′-
formylbiphenyl13 as shown in Scheme 4. Deprotonation with sodium
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a Reagents and conditions: i: Ph2PH, Et3N, Pd(PPh3)4; ii: pipSiMe3,
Me3SiOTf; iii: t-BuONa; pip: piperidine.
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tert-butoxide led after workup to the salt-free ylide6, which was
isolated in 95% yield.

Addition of 0.5 equiv of allylpalladium chloride dimer to the
solution of 6 prepared in situ9 afforded, after 2 h at room
temperature, complex7, which was isolated in 78% yield as a 1/1.3
mixture of diastereomers (according to1H NMR spectroscopy), due
to the two positions of the allyl ligand with respect to the facing
dissymmetric P,C-chelate. The X-ray crystallographic study con-
firmed the presence of the two diastereomers (1/1.5 mixture), the
meso carbon atoms of all the allyl groups being disordered over
two positions.14 Of course, due to the presence of the biphenyl unit,
each diastereomer exists as a racemate (space groupP1h), and Figure
1 shows one of the enantiomers. Similarly, using 0.5 equiv of bis-
(µ-chlorocyclooctadienerhodium), the cationic Rh(I) complex8, as
a racemate (space groupP1h), was obtained in 86% yield and fully
characterized, including a single-crystal X-ray diffraction study.

This work demonstrates that in contrast to the so-called stabilized,
semi-stabilized, and even nonstabilized phosphorus ylides (featuring
an electron-withdrawing, aryl, and alkyl group, respectively, at the
ylidic carbon), the destabilizedC-amino phosphorus ylides readily
act as aminocarbene/phosphine transfer agents toward various
transition metal centers. This methodology allows for the straight-
forward preparation of bidentate heteroditopic ligands that are hardly
available by other routes. It is important to note that the topology
of the 1,6-bidentate phosphine/carbene ligands based on biaryl

backbones is similar to that found in BINAP and related compounds,
and it is not feasible using NHCs as the carbene fragment; with
the latter, only 1,7-bidentate ligands can be obtained. The synthesis
of phosphorus ylides based on more sophisticated biaryl scaffolds,
including enantiomerically pure binaphthyl, is under current
investigation, as well as the catalytic properties of the ensuing
complexes.
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Scheme 5 a

a Reagents and conditions:7: M ) Pd,L ) Allyl (78% yield); 8: M )
Rh, L ) cod (86% yield).

Figure 1. Molecular view of the crystal structure of7 (H atoms and the
triflate anion are omitted for clarity). Selected bond lengths [Å] and angles
[deg]: Pd(a)-C1(a) 2.002(2), Pd(a)-P(a) 2.2908(6), Pd(a)-C31(a)
2.200(3), Pd(a)-C32(a) 2.173(4), Pd(a)-C32(a′) 2.213(9), Pd(a)-C33(a)
2.166(3), C1(a)-N(a) 1.294(3); C1(a)-Pd(a)-P(a) 90.75(7), Pd(a)-
C1(a)-C2(a) 110.40(17), Pd(a)-C1(a)-N1(a) 129.22(19), N(a)-C1(a)-
C2(a) 120.4(2).
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