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In the last 10 years spectacular achievements have been made
in the area of catalysis using N-heterocyclic carbenes (NHCs) as
strong σ-donor ligands for transition metals.1,2 Although NHC
complexes have been known since the 1960s,3 these recent
developments have only been made possible because of the
availability ofstablecarbenesA-C.4 However, the great structural
diversity, which is a great strength of phosphorus-based ligands, is
far from being available with carbene-based ligands since, apart
from NHCsA-C, only a few types of carbenes are believed to be
stable. Accordingly, the tuning of their stereo-electronic properties
has thus far only been achieved by slight modifications of the ring
framework, as exemplified byD-F,5-7 the only exception being
the acyclic diamino-carbenesG8 (Figure 1). Significantly, the latter
have been demonstrated to be even strongerσ-donor ligands than
their cyclic counterparts.9

We have recently shown that, despite the presence of a single
amino group, carbenesH featuring the bulky 2,4,6-tri(tert-butyl)-
phenyl (Mes*) and 2,6-bis(trifluoromethyl)phenyl (ArF) substituents
can be characterized or even isolated.10 Here we report the synthesis
of a less sterically hindered amino-aryl-carbene, which gives us
the opportunity to investigate its coordination behavior toward
transition metals.11

Aiming at reducing the steric hindrance around the carbene
center, the anthryl group, which was successfully used by Tomioka
et al. for the stabilization of triplet carbenes,12 has been chosen.
The iminium salt1 was readily prepared in 58% yield as a yellow
crystalline solid by condensation of 9-anthraldehyde withtert-
butylamine and subsequent alkylation with methyl trifluoromethane-
sulfonate. Deprotonation of1 with potassiumtert-butoxide in THF
at -78 °C led to a bright orange color that rapidly vanished upon
warming to room temperature. After workup, the aminal3 was
isolated in 95% yield as a pale-yellow oil. However, monitoring
the reaction by13C NMR at-50 °C allowed the identification and
characterization of the desired carbene213 (δ13C 315 ppm). Whereas
carbenesH featuring Mes* and ArF substituents were found to be
inert towardtert-butyl alcohol,10 carbene2 inserted into the O-H
bond within a few minutes at-35 °C, demonstrating the signifi-
cantly lower steric protection caused by the anthryl group (Scheme
1).

This O-H insertion reaction could be avoided by deprotonation
of 1 with the lithium salt of hexamethyldisilazane or mesityllithium.
Under these conditions, the amino-anthryl-carbene2 is stable for
days in solution at-30 °C, and has a half-life of about 12 h at 4
°C (as measured by1H NMR with an internal standard). Carbene
2 was efficiently trapped by boron trifluoride in THF. Yellow
monocrystals of the adduct4 (67% yield), suitable for an X-ray
diffraction study,14 were obtained from a saturated toluene solution
at 4°C (Figure 2). As expected because of the presence of a single

electron-donating amino substituent, the C-N bond is significantly
shorter in4 (1.301(2) Å) than in the related NHC-BF3 adducts15

(1.34-1.36 Å), but the Ccarbene-B bond distance is only slightly
longer (1.688(3) Å compared to 1.63-1.67 Å).

To test its coordination ability, carbene2 was treated with 0.5
equiv of bis(µ-chloronorbornadiene-rhodium) at-60 °C (Scheme
2).16 After workup, complex5 was isolated as highly thermally
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Figure 1. Schematic representation of stable carbenesA-H.
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stable single crystals (mp 190-191 °C). The13C NMR signal for
the carbene center of5 appears at 264 ppm as a doublet (1JCRh )
45 Hz). This chemical shift is 50 ppm downfield from that of the
free carbene2, but still significantly upfield from those of diamino-
carbene-rhodium complexes (180-234 ppm).

To evaluate the electron-donating ability of carbene2, the RhCl-
(cod)(carbene) complex6 was prepared,17 and its geometric
parameters (Figure 3) were compared with those of the correspond-
ing complexes featuring diamino-carbenesA,18 B,19 C,20 E,6 or G.9

The monoamino-carbene complex6 features the shortest C-N bond
of the series (1.326(9) Å compared to 1.35-1.36 Å), but a Ccarbene-
Rh bond length within the typical range (2.043(7) Å compared to
2.00-2.06 Å). Notably, the Rh-Ccod bonds trans to the carbene
ligand are significantly elongated in6 (Rh-Ctrans2.23 Å, Rh-Ccis

2.13 Å), the magnitude of this phenomenon (about 10 pm) is again
very similar to that observed for diamino-carbenes.

These results as a whole demonstrate that despite the presence
of a single amino substituent, the amino-anthryl-carbene2 behaves
as a strongσ-donor/weakπ-acceptor ligand. Monoamino-carbenes
might therefore be considered as valuable alternatives to diamino-
carbenes. Their stereo-electronic properties could be tuned by
varying the nature of the second substituent (aryl/alkyl, electron-
rich/-poor), and further studies in this direction are currently in
progress.
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Figure 2. Thermal ellipsoid diagram (50% probability) of4 (H atoms are
omitted). Selected bond distances (Å) and angles (deg): N(1)-C(1)
1.301(2), C(1)-B(1) 1.688(3), N(1)-C(1)-C(2) 116.57(17), N(1)-C(1)-
B(1) 132.81(17), C(2)-C(1)-B(1) 110.59(15).

Figure 3. Thermal ellipsoid diagram (50% probability) of6 (H atoms are
omitted). Selected bond distances (Å) and angles (deg): N(1)-C(1)
1.326(9), C(1)-Rh(1) 2.043(7), Rh(1)-C(21) 2.127(8), Rh(1)-C(22)
2.134(7), Rh(1)-C(25) 2.250(8), Rh(1)-C(26) 2.216(8), N(1)-C(1)-C(2)
114.8(6), N(1)-C(1)-Rh(1) 128.5(5), C(2)-C(1)-Rh(1) 116.7(5).

Scheme 2
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