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Carbene-Lithium Interactions
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The syntheses and characterizations are described for
carbeneelithium complexes in which the lithium center is
ligated only by carbon atoms. A single crystal X-ray
diffraction structure determination on one adduct confirms the
coordination environment. The C-Li distance at the carbene
center is 215.5 pm. All other coordination to the lithium center
originates from a substituted n’—cyclopentadienyl ligand with
an average C-Li distance of 225.4 (7) pm.

Carbeneslithium complexes were among the first metal
complexes to be formed directly from isolated stable imidazol—
2-ylidenes and a variety of structural types have been
reported.'* Except for hydrogen® and to some extent lithium,
the heavier alkali metals (Na-Cs) have not readily yielded
crystalline carbene-main group 1 adducts. Only very recently
has conclusive evidence emerged for complexation between
Na* or K* and stabilized carbenes.* Among the alkali metals,
even the more “carbon friendly” lithium has resisted attempts to
produce homoleptic carbene complexes such as those observed
for its transition group relatives (group 11 metals; Cu, Ag, Au).’
We now report the first examples of carbene-lithium complexes
in which the lithium center is coordinated only to carbon
centers.

The stable carbenes la—c react readily in benzene solution
with lithium 1,2,4—tris(trimethylsily!)cyclopentadienide to form
the 1:1 complexes 2a—¢ (Eq. 1).°
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The carbeneslithium adducts 2a—c are isolated as colorless
solids that can be recrystallized from hexane. Both 2b and 2c
have melting points over 200 °C while 2a melts slightly lower
at 1704 °C. In CgDg solution at room temperature the
imidazole *C—2 centers in 2a—c resonate at 8 190.7, & 188.7 and
8 198.13 respectively. These resonances are all upfield of those
for the corresponding carbenes and are similar to the previously
reported carbene-lithium adducts in which heteroatoms (N, P,
or O) are also coordinated to the lithium center.'** The 'H
NMR spectra of 2a—¢ in C,D; solution reveal resonances for the
imidazole H*® protons at & 6.32, & 6.54 and & 6.57. The

adamanty! substituted adduct 2b shows a significant Ad for
these ring protons (0.37 ppm upfield) relative to the free
carbene. The 'Li NMR spectra of these adducts exhibit
resonances upfield (8 ~7.78, —7.63 and -9.01 for 2a—c resp.)
of the standard saturated lithium chloride in D,0O.

Crystals of 2a suitable for X-ray crystallographic structure
determination were grown by cooling a saturated hexane
solution to —25 °C.” The solid state structure of 2a is depicted
by the KANVAS? drawing in Figure 1 and representative bond
lengths and angles are presented in Table 1.
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Figure 1. KANVAS drawing of the adduct 2a.

Table 1. Selected bond lengths and angles in 1a and 2a

Property 1a° 2a

r(C?-Li) - 21554
(C2-N'®) 136.7 (7), 135.7(7) 137.3 (3), 136.5 (3)
r(N*®_C>®) 139.1(7), 138.2(7) 138.9(3), 138.7 (3)
r(C'—C) 134.1 (8) 133.2 (4)

£ (C?-Li) - 225.4(7)
r(Cp®™_Lj) - 190.0

8(C*—Li— CpPetity  — 167.5

B(N'-C--N%) 102.2 (5) 102.7 (2)

6(c2_N1(3)_C5(4))
BONIO_CS@_ C49)
B(Li-C-N'®)

112.1 (5), 113.1 (4)
106.5 (6), 106.1 (5)

111.3(2), 1122 (2)
107.4 (2), 106.4 (2)
126.6 (2), 129.7 (2)

2Ref. 9.

The X-ray structure of 2a reveals that the lithium center is
coordinated in an r°fashion to the cyclopentadienyl ring and
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that there is a single o—interaction between the lithium and the
carbene center. The lithium is positioned symmetrically over
the Cp-ring so that the lithium is only 0.7° off a vector that is
normal to the Cp-plane and passes through its centroid. The
Li-Cp™™™? distance is 190 pm and the average C-Li distance
to the Cp ring atoms is 2254 (7) pm. The lithium is not
symmetrically positioned with respect to the imidazole ring.
The lithium center lies 215.5 pm from the carbene center but
the C-Li bond vector is 8.9° away from the idealized imidazole
C,—axis. Most of this distortion occurs out of the imidazole
plane so that the lithium resides 33.4 pm out of the plane of the
five imidazole ring atoms. There is also a bending at the
lithium center such that the C>-Li-Cp“™™® angle is 167.5°.
These deformations at lithivm and C? give rise to an angle
between the imidazole and Cp planes that is only 68.6° rather
than the 90° that would be expected for ideal, symmetrical
orientations. The overall geometry of 2a is similar that
observed for a related quinuclidinerlithium cyclopentadienide
complex.'

The shortest lithium—carbon interaction is to the o—bonded
carbene center. This bond distance (215.5 pm) is within the
range of distances observed for aryi-lithium compounds but lies
at the longer extreme.'™ In complex 2a, the anionic ligand
(Cp) on lithium is bonded in a sm—fashion while the neutral
(carbene) ligand" forms the C-Li o-interaction. This
arrangement is the reverse of the situation reported by Power et
al. for the arene solvates of various aryl-lithiums.""? Even
though there is this difference in charge-type between the m—
and o-bonded ligands for the Power complexes and 2a, the
C-Li distances appear to depend more on whether C-Li
interaction is of a 0—- or m—nature rather that the charge—type
(neutral or anionic) of the ligands involved. The Li—C distance
in 2a is similar to that reported for carbene adducts in which the
lithium bears additional non—carbon ligands.'? . Another type of
imidazole anion-lithium complex reported by Boche et al.
shows a preference for strong N-Li interactions and longer
C*-Li distances."”

Finally, we should comment on the high field positions of
the lithium NMR shifts for 2a—¢. These high field shifts are the
result of positioning of the lithium cation in the shielding region
of the anionic Cp ligand. Such shieldings have been observed
for other lithium cyclopentadienyls and closely related
structures.'®** The benzene solvated aryl-lithium of Schiemenz
and Power shows this shielding effect to a lesser extent."! The
highest field position for a lithium—carbene adduct is observed
for 2¢ (& -9.01) in which it is possible that the mesityl
substituents also contribute to magnetic shielding of the lithium
center.
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