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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? The preparation of stabl&l-heterocyclic
carbenes of typd and B represents a synthetic milestohand
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 reactfons.

The ylideneA 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 specie8) possess thesbelectron structure expected
for aromatic systems.” 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 c&@# {This approach places ) o )
P BT pp P Figure 1. Thermal ellipsoid plot showing the molecular structure and atom

.the (.:art?ene center in a s.ix-membered ring, WhiCh has significant n;mpering scheme for carbeBeHydrogen atoms have been omitted for
implications on the steric impact of the R substituents, and leaves clarity.

the divalent carbon as part of a formally severelectron, six-

membered heterocyclic rirfy. Scheme 1
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The preparation of novel carbenes of typebegins with the distances (average 1.359(6) A), are consistent with a carbene
reaction ofN,N'-disubstituted diaminonaphthalefegth triethyl- structure. The longer NCiing bond lengths (average 1.414(6)

orthoformate in acidic solution to yield ti¢N’'-perimidinium salts A) suggest that the N lone pairs are more involved with bonding
(2) (Scheme 1). These salts can be prepared in near quantitativeto Ceammenethan to the naphthyl ring. The NCcammens=N angle in3
yields with a variety of counterions depending on the acid employed of 115.3 is considerably larger than the analogous angles observed
in the reaction or by ion exchange. Free, neutral carl3amas ac- for isolated carbenes of type andB, which fall in the 106-11C¢°
cessed from the perimidinium cation via clean and rapid deproto- range. We anticipated a decrease indhengle upon moving from
nation with LIN(SiMe), and is easily crystallized from diethyl ether.  the five-membered ring to the six-membered ring geometry. Typical
Attempts to deprotonatwith NaOBu led to nucleophilic addition values ofa for structures of typeA/B are 122-123.3210 As

of the alkoxide anion and formation df Compound4 was also predicted, the observed value 3naverages 115% which is the

cleanly generated by the addition ®uOH to 3. smallest of the three angles around the N centers. This results in
Perhaps the clearest spectroscopic evidence identifyiag a an increased steric impact of the nitrogen substituents onghefe

carbene is the appearance of a highly deshield@dNMR (C¢Ds) center and a concomitant effect of the reactivity of this center and

signal for the Gameneat 0 241.7 ppm. This chemical shift is  of metal complexes o8.

reminiscent of the saturated specigswhich generally appear in The advent of stable carbenes of typéB has led to their

the range of 235245 ppm’2 For comparison, unsaturated carbenes widespread application in catalyst systehtarbenes of typ€

of type A display GameneSignals further upfield in the 265220 will expand these efforts into new areas. The abilitab stabilize

ppm region. A symmetrical structure f8Bwas supported by a single  catalytically relevant metal complexes is demonstrated by the

set of'H NMR signals for the N-substituents. reactions summarized in Scheme 2. The reaction3afvith
Single-crystal X-ray diffraction analysis confirmed the mono- [Rh(COD)CI}L (COD = 1,4-cycloocatdiene) at room temperature

meric structure of3 (Figure 1). In addition to the two-coordinate vyielded the yellow metal carbene compoundJpon coordination

environment of C(1), several features of this structure, including to the Rh(l) metal center, several clear changes are observed in the
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The values ofco can be used to gauge the donor ability of a ligand,
and comparison of the values obtained 6with the saturated
carbene complexesis-(CO)LRhCIB)* (R = Me, Et, Ph) anctis-
(CORRNCI(C(NPL),)* indicates tha8 is a stronger electron donor
than carbenes of typ8 but weaker than the acyclic carbene
C(N'Pr,),. The appearance of diastereotopic methyl signals for the
iPr groups in theH NMR spectrum of6 indicates hindered ro-
tation around the RRC aene bond?® For (CORhA)CI (R =
4-CH,C¢H4CHz)16 and CORNB).Cl (R = CH,CHj),!" the rotational
activation energies are approximately 16 kcal/mol, and free rotation
is observed above 5%C. In the case 06, NMR spectra acquired
at up to+90 °C in benzeneads show no broadening for the doublets

X assigned to diastereotopic methyl peaks consistent witksaof
Figure 2. Thermal ellipsoid plot showing the molecular structure and atom >20 kcal/mol for M—C bond rotation. This observation supports

numbering scheme for the carbene complex, (COD)RNCIRX(PC10Hs], the greater steric congestion associated with the new structural
5. Hydrogen atoms have been omitted for clarity. features exhibited b

Scheme 2 This report demonstrates that rational changes can be applied to
the preparation of novel stable carbenes exhibiting increased steric
H—é H—é impact and electron-donating ability. These properties manifest
&N O SN O themselves by yielding sterically encumbered metal-carbene com-
| s c< — 2~ oc—rn c( plexes. The novel electronic framework gives rise to a nucleophilic
\/ N O OC/ N O carbene center capable of acting as a stiignor ligand. These
H‘—§ HA% features should enable perimidine-based carbenes of Gype
5 6 provide steric protection and electronic activation to coordinatively
T 3 T 3 unsaturated metal complexes that are vital intermediates in a myriad
of catalytic transformations.
1/2{(COD)RNCl}, 1/2{Rh(CO),Cl},
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to 6 213.3 ppm and appears as a doublet due to Rh coupiigt( Supporting Information Available: Summary of spectral data for
= 48.3 Hz). This value is more than 30 ppm downfield from those compound2—6 and structural data for complex8sand5 (PDF and

observed for analogous Rh(l) complexes of the unsaturated typecr). This material is available free of charge via the Internet at http:/
carbenesA and provides evidence for an unusual environment pubs.acs.org.
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