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The past decade has seen tremendous advances in carbene
chemistry that have moved these fascinating species into the realm
of isolable compounds.1,2 The preparation of stable,N-heterocyclic
carbenes of typeA and B represents a synthetic milestone,3 and
their expeditious application as ligands for the stabilization of
transition-metal compounds has been particularly successful. They
are rapidly usurping the role of ubiquitous donor ligands (e.g.,
phosphines) in transition metal catalyzed reactions.4

The ylidenesA andB represent the typical architectures of stable
nucleophilic singlet carbenes. These species have been largely
restricted to five-membered heterocyclic rings, and the more stable
unsaturated species (A) possess the 6π electron structure expected
for aromatic systems.5-7 We have undertaken the design and
development of new stable singlet carbenes possessing different
scaffolds and electronic structures and now report on constructing
novel carbenes around the perimidine core (C). This approach places
the carbene center in a six-membered ring, which has significant
implications on the steric impact of the R substituents, and leaves
the divalent carbon as part of a formally sevenπ-electron, six-
membered heterocyclic ring.8

The preparation of novel carbenes of typeC begins with the
reaction ofN,N′-disubstituted diaminonaphthalenes9 with triethyl-
orthoformate in acidic solution to yield theN,N′-perimidinium salts
(2) (Scheme 1). These salts can be prepared in near quantitative
yields with a variety of counterions depending on the acid employed
in the reaction or by ion exchange. Free, neutral carbene3 was ac-
cessed from the perimidinium cation via clean and rapid deproto-
nation with LiN(SiMe3)2 and is easily crystallized from diethyl ether.
Attempts to deprotonate2 with NaOtBu led to nucleophilic addition
of the alkoxide anion and formation of4. Compound4 was also
cleanly generated by the addition oftBuOH to 3.

Perhaps the clearest spectroscopic evidence identifying3 as a
carbene is the appearance of a highly deshielded13C NMR (C6D6)
signal for the Ccarbene at δ 241.7 ppm. This chemical shift is
reminiscent of the saturated speciesB, which generally appear in
the range of 235-245 ppm.7a For comparison, unsaturated carbenes
of type A display Ccarbenesignals further upfield in the 205-220
ppm region. A symmetrical structure for3 was supported by a single
set of1H NMR signals for the N-substituents.

Single-crystal X-ray diffraction analysis confirmed the mono-
meric structure of3 (Figure 1). In addition to the two-coordinate
environment of C(1), several features of this structure, including

the planar geometry around the N atoms, and the short N-Ccarbene

distances (average) 1.359(6) Å), are consistent with a carbene
structure. The longer N-Cring bond lengths (average) 1.414(6)
Å) suggest that the N lone pairs are more involved with bonding
to Ccarbenethan to the naphthyl ring. The N-Ccarbene-N angle in3
of 115.3° is considerably larger than the analogous angles observed
for isolated carbenes of typeA andB, which fall in the 100-110°
range. We anticipated a decrease in theR angle upon moving from
the five-membered ring to the six-membered ring geometry. Typical
values of R for structures of typeA/B are 122-123°.3a,10 As
predicted, the observed value in3 averages 115.5°, which is the
smallest of the three angles around the N centers. This results in
an increased steric impact of the nitrogen substituents on the Ccarbene

center and a concomitant effect of the reactivity of this center and
of metal complexes of3.

The advent of stable carbenes of typeA/B has led to their
widespread application in catalyst systems.4 Carbenes of typeC
will expand these efforts into new areas. The ability of3 to stabilize
catalytically relevant metal complexes is demonstrated by the
reactions summarized in Scheme 2. The reaction of3 with
[Rh(COD)Cl]2 (COD ) 1,4-cycloocatdiene) at room temperature
yielded the yellow metal carbene compound5. Upon coordination
to the Rh(I) metal center, several clear changes are observed in the

Figure 1. Thermal ellipsoid plot showing the molecular structure and atom
numbering scheme for carbene3. Hydrogen atoms have been omitted for
clarity.
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NMR signatures for3. The13C NMR signal for Ccarbeneshifts upfield
to δ 213.3 ppm and appears as a doublet due to Rh coupling (1JRhC

) 48.3 Hz). This value is more than 30 ppm downfield from those
observed for analogous Rh(I) complexes of the unsaturated type
carbenesA and provides evidence for an unusual environment
offered by our new carbene framework.11 Reminiscent of reported
Rh-A complexes is the observation of hindered rotation of the
Rh-Ccarbenebond in5 as evidenced by the appearance of diaste-
reotopic methyl groups for theiPr substituents. A unique feature
associated with5 is a dramatic change in the1H NMR chemical
shift for theR-protons of the NiPr groups. The chemical shift for
these methine septets moves fromδ 4.08 ppm in free3 to 7.97
ppm for5. We have observed similar chemical shifts upon coordi-
nation of3 to Ni(0) and Pd(II) and attribute this to the proximity
of the NCH proton to the electron-rich metal center. This is a direct
effect of the six-membered heterocyclic structure of3 enforcing a
close approach of the N-bonded groups to the metal center.

The structure of compound5 was determined (Figure 2). The
coordination of3 to the square planar rhodium(I) center results in
only very minor structural changes within the carbene group. The
Rh-Ccarbenebond distance of 2.06(1) Å is considerably longer than
those reported for (COD)RhCl(A)) (2.021(4) Å, 2.023(2) Å).11,12

This reflects the steric congestion that was designed into3.
One of the fundamental chemical properties of diheteroatom-

stabilized carbenes is their strong electron-donor ability. In general,
saturatedB-type carbenes are more electron donating than their
unsaturated analoguesA, and both of these species are stronger
donors than trialkylphosphines. To assess the electron-donating
ability of carbene3, we prepared the Rh(I) dicarbonyl species6
by the reaction of3 with [Rh(CO)2Cl]2 or by replacement of the
COD ligand of5 with CO (Scheme 2). The NMR spectra for6
display a Ccarbeneresonance atδ 200.1 (d,1JRhC ) 40.8 Hz) and
diastereotopic methyl groups for theiPr moieties. Thecis-geometry
for 6 is supported by the appearance of two13C NMR signals for
the CO carbons and by IR spectroscopy, which shows two CO
stretching vibrations of similar intensity at 1985 and 2073 cm-1.

The values ofνCO can be used to gauge the donor ability of a ligand,
and comparison of the values obtained for6 with the saturated
carbene complexescis-(CO)2RhCl(B)13 (R ) Me, Et, Ph) andcis-
(CO)2RhCl(C(NiPr2)2)14 indicates that3 is a stronger electron donor
than carbenes of typeB but weaker than the acyclic carbene
C(NiPr2)2. The appearance of diastereotopic methyl signals for the
iPr groups in the1H NMR spectrum of6 indicates hindered ro-
tation around the Rh-Ccarbene bond.15 For (CO)2Rh(A)Cl (R )
4-CH2C6H4CH3)16 and CORh(B)2Cl (R ) CH2CH3),17 the rotational
activation energies are approximately 16 kcal/mol, and free rotation
is observed above 55°C. In the case of6, NMR spectra acquired
at up to+90 °C in benzene-d6 show no broadening for the doublets
assigned to diastereotopic methyl peaks consistent with a∆Gq of
>20 kcal/mol for M-C bond rotation. This observation supports
the greater steric congestion associated with the new structural
features exhibited by3.

This report demonstrates that rational changes can be applied to
the preparation of novel stable carbenes exhibiting increased steric
impact and electron-donating ability. These properties manifest
themselves by yielding sterically encumbered metal-carbene com-
plexes. The novel electronic framework gives rise to a nucleophilic
carbene center capable of acting as a strongσ-donor ligand. These
features should enable perimidine-based carbenes of typeC to
provide steric protection and electronic activation to coordinatively
unsaturated metal complexes that are vital intermediates in a myriad
of catalytic transformations.
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Figure 2. Thermal ellipsoid plot showing the molecular structure and atom
numbering scheme for the carbene complex, (COD)RhCl[C(NiPr)2C10H6],
5. Hydrogen atoms have been omitted for clarity.
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