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The 3-(triphenylphosphonio)-N-(2,6-diisopropylphenyl)pyrrole reacts
with 2 equiv of methyllithium to afford a lithium adduct in which a
cyclic (amino)[bis(ylide)]carbene, a novel type of NHC, acts as a
1,4-bidentate ligand via the carbene center and the exocyclic ylidic
carbon. This species readily undergoes transmetalation reactions,
which allows for the synthesis of a variety of transition-metal
complexes.

N-Heterocyclic carbenes (NHCs) have been extensively
studied both as free species1 and as ligands for metal centers.2

Replacement of one of the electronegative amino groups of
NHCs A by an alkyl group results in cyclic (alkyl)(ami-
no)carbenes (CAACs) B,3a–c which feature a smaller highest
occupied molecular orbital (HOMO)-lowest uoccupied

molecular orbital (LUMO) gap but importantly a HOMO
that is higher in energy (stronger σ-donor character) (Figure
1). The unique ligand properties of CAACs have been
demonstrated by the isolation of otherwise unstable low-
coordinate transition-metal species,3d and by the excellent
catalytic properties of their palladium,3a gold,3e and ruthe-
nium complexes.3f,g It seemed likely that the replacement
of the σ-donor alkyl group of B by a carbon-based π-donor,
such as a phosphorus ylide, as shown in C, would further
enhance the nucleophilic character of the carbene center. In
fact, metal complexes featuring the benzo-fused version D
as ligands have been isolated.4,5 They were first synthesized
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Figure 1. Carbenes A-D, (amino)[bis(ylide)]carbene E, and NHC/ylide
bidentate ligand F.
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from isocyanide complexes4 rather than free carbenes, which
limited the choice of the substituents as well as of the metals
that can be used. However, recently, Kawashima et al.5

reported the transient formation of carbene D and the
isolation of the ensuing rhodium and palladium complexes.
Based on the CO stretching frequency of the Rh(carbene)-
(CO)2Cl complex, they concluded that carbene D was indeed
a stronger σ-donor than NHCs A and CAACs B.

Here we report that our search for preparing carbenes of
type C has serendipitously led to the discovery of the first
stable lithium adduct of a cyclic (amino)[bis(ylide)]carbene
E.6 This compound undergoes transmetalation reactions,
which allow for the synthesis of a variety of transition-metal
complexes in which E acts as an LX bidentate ligand. Note
that the first complex featuring an NHC/ylide bidentate ligand
F was recently reported and shown to be an effective catalyst
in the Tsuji-Trost allylation reaction.7

Phosphonium salt 3 was readily prepared in 48% overall
yield by slightly modified reported procedures.8 The addition
of 2,5-dimethoxytetrahydrofuran to 2,6-diisopropylaniline
gives the N-substituted pyrrole 1.8a Selective bromination
leads to compound 2,8b which is converted into the desired
phosphonium salt 3 by a nickel-catalyzed coupling with
triphenylphosphine.8c Simple anion exchange, using sodium
tetraphenylborate, was done in order to increase the solubility
and to facilitate purification of the salt (Scheme 1).

Attempts to deprotonate phosphonium salt 3 with a variety
of bases (LDA, TMPLi, t-BuLi, and KHMDS) led to
noncarbene products or complex mixtures. However, using
2 equiv of methyllithium, a clean reaction took place, as
evidenced by the presence of a single signal in the 31P NMR
spectrum (+20 ppm). The 13C NMR spectrum showed a
doublet at 204 ppm (2JCP ) 54 Hz), in the range expected
for a carbene carbon;1 however, there was a doublet at very
high field (-4.4 ppm, 1JCP ) 49 Hz), which could not be
attributed to 4 (Scheme 2). Interestingly, in the 1H NMR
spectrum, a doublet (2JHP ) 6.7 Hz; phosphorus coupling
was confirmed by decoupling experiments) also appeared at
very high field (-0.07 ppm) and integrated for two protons.
These data suggested the presence of an ylidic PCH2 moiety.
The 1H NMR showed the presence of only 13 aromatic
protons in the molecule, indicating the loss of one phenyl
group from the phosphorus (free benzene can be seen by
NMR is the crude reaction mixture). These results as a whole

were in favor of a compound featuring both a carbene center
and a PCH2 phosphorus ylide fragment, which cannot be
rationalized by any reasonable neutral structure. Despite the
high solubility of this compound in nonpolar solvents,
including hexanes, it was clear that a salt had been formed.
Indeed, 6Li and 7Li NMR demonstrated the presence of Li+,
but no Li-C coupling to either the carbenic carbon or the
ylidic carbon could be detected and no correlation was seen
in 2D experiments, possibly because of rapid exchange
processes. Last, the presence of coordinated THF was
apparent from 1H and 13C NMR spectroscopy. At that point,
it was concluded that the isolated compound was the lithium
salt 5,9 which is also in agreement with the stoichiometry
of the reaction (2 equiv of MeLi is necessary to go to
completion).

Although 5 is stable under an inert atmosphere, both in
the solid state and in solution for several weeks, all attempts
to grow single crystals suitable for an X-ray diffraction study
failed. Therefore, in order to confirm the structure of 5, we
performed transmetalation reactions. The addition of freshly
prepared 5 to both [Pd(allyl)Cl]2 and [RhCl(COD)]2 cleanly
led to complexes 6 and 7, which were isolated as air-stable
crystalline solids in 47 and 56% yield (based on the starting
phosphonium 3), respectively (Figures 2 and 3). The forma-
tion of complexes 6 and 7 was clearly evidenced by 13C
NMR spectroscopy, the carbene signal shifting from 204 to
180 and 182 ppm, respectively, as is typical for transition-
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Scheme 1. Synthesis of Phosphonium Salt 3

Figure 2. Molecular structure of palladium complex 6. H atoms were
omitted for clarity. Thermal ellipsoids are at 50% probability. Selected bond
lengths [Å] and angles [deg]: C1-N1 1.3778(17), C1-C2 1.4013(18),
C1-Pd1 2.0302(13), C5-Pd1 2.1268(15), C2-P1 1.7472(14), C5-P1
1.7523(15); N1-C1-C2 104.61(11).

Scheme 2. Attempted Preparation of Carbene 4 and Synthesis of the
Lithium Adduct 5
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metal carbene complexes.2 The bonding of the ylidic carbon
to the metal was also suggested by the downfield shift from
-4.4 to -1.4 and 13.8 ppm, respectively. In the case of the
rhodium complex, both the carbenic and ylidic carbon appear
as doublet of doublets (Ccarbene, JCP ) 48 Hz, JCRh ) 48 Hz;
Cylide, JCP ) 40 Hz, JCRh ) 25 Hz), further demonstrating
the bidentate behavior of ligand E. Single crystals of complex
6 were grown from a concentrated acetonitrile solution,
whereas those of complex 7 were obtained from a dichlo-
romethane/ether solution.

The molecular structure of complexes 6 and 7 determined
by X-ray crystallography are shown in Figures 2 and 3.10 A
closer look at the geometric parameters of complex 6 shows
that the Pd-carbene (2.0302 Å) and Pd-CH2 (2.1268 Å)
bond lengths are very similar to those observed for the
Pd(allyl) complex bearing the neutral NHC-ylide bidentate
ligand F (2.022-2.014 and 2.148-2.099 Å, respectively).7

In addition, the Rh-carbene bond length (2.0698 Å) in 7 is
comparable to that found for other carbene complexes.2

With the formation of 5 by the addition of 2 equiv of MeLi
to phosphonium 3 being unexpected, we turned our attention
to the mechanism of the reaction. The addition of 1 equiv
of MeLi to 3 leads to a mixture of unreacted starting material
3 and lithium salt 5. However, when this reaction was
monitored by variable-temperature multinuclear NMR spec-
troscopy, signals corresponding to the intermediate 8 were
observed (Scheme 3). Indeed, at -78 °C, a new peak at
-105.1 ppm appeared in the 31P NMR spectrum, which is
in the typical range for a pentacoordinate phosphorus
compound.11 In addition, the 1H NMR spectrum shows the
presence of a methyl group directly bonded to phosphorus

(2.06 ppm, d, 2JHP ) 7.56 Hz); this was confirmed by 13C
NMR spectroscopy and HSQC experiments. Indeed, these
protons correlate with a methyl carbon at 34.8 ppm with the
expected large 1JCP coupling constant (65.2 Hz). The forma-
tion of pentacoordinate phosphorus compounds by alkylation
of phosphonium salts with alkyllithiums has already been
observed.12 Then, upon warming to room temperature, no
other intermediate could be detected. On the basis of
literature precedents,13 it is reasonable to postulate that the
next step is the elimination of benzene with concomitant
formation of ylide 9. Then, the second equiv of MeLi can
deprotonate the heterocycle, affording the observed lithium
complex 5.

In conclusion, a lithium adduct of a new type of bidentate
anionic LX ligand in which L is a cyclic (amino)[bis(ylide)]-
carbene and X is the exocyclic part of the bis(ylide) has been
synthesized. This adduct readily undergoes transmetalation
reactions, which allows for the synthesis of diverse transition-
metal complexes. The catalytic activity of the latter, as well
as continuing efforts to synthesize a stable cyclic amino ylide
carbene of type C, is currently under investigation.
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Figure 3. Molecular structure of rhodium complex 7. H atoms were omitted
for clarity. Thermal ellipsoids are at 50% probability. Selected bond lengths
[Å] and angles [deg]: C1-N1 1.3842(16), C1-C2 1.4045(19), C1-Rh1
2.0698(13), C5-Rh1 2.1250(14), C2-P1 1.7359(13), C5-P1 1.7482(15);
N1-C1-C2 103.73(11).

Scheme 3. Possible Mechanism Leading to Lithium Adduct 5
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