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N-heterocyclic carbene (NHC) ligands have emerged as useful and versatile ligands in
organometallic chemistry." The first use of NHCs as ligands for transition metal complexes was
reported almost 40 years ago by Ofele’ and Wanzlick’. NHCs did not receive much attention
until the isolation of a stable NHC by Arduengo” in the early 90’s (Figure 1a). For the past 15
years, major attention has been focused on NHCs as ancillary ligands for transition metal
complexes. Recently, Bertrand’ has developed a stable cyclic alkyl amino carbene (CAAC)
ligand (Figure 1b). These carbene ligands have replaced phosphines in many catalytic systems.
The ruthenium-mediated olefin metathesis catalytic system and the palladium C-C coupling
catalytic system have benefited from the use of NHCs. Palladium catalysts with CAAC ligands
have shown to be highly efficient for the a-arylation of ketones.’
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Figure 1: (a) An N-heterocyclic carbene. (b) A cyclic alkyl amino carbene.

NHCs can help stabilize electron-deficient intermediates in catalytic cycles and allow for
improvements in catalyst design, such as in the development of ruthenium metathesis catalysts.’
Although once believed to be just “phosphine mimics,” NHCs have substantial differences in
comparison to phosphines.” NHCs have proven to be better o-donors and are more sterically
demanding than their bulky phosphine ligand counterparts.*”

Bioxazoline derived NHCs have been used as ligands in the Suzuki coupling of aryl
chlorides and aryl boronic acids.'” These ligands have flexible cycloalkyl rings which determine
their catalytic properties.'' By increasing the size of the cycloalkyl ring, the Suzuki coupling of
sterically hindered aryl chlorides and boronic acids can be achieved at room temperature. These
ligands are electron rich, and with flexible steric bulk they can achieve different conformations.
These ligands adopt sterically hindering conformations, which facilitate reductive elimination.

Bertrand® has developed a new carbene framework, cyclic alkyl amino carbene (CAAC)
ligands. These carbene ligands contain five membered rings similar to NHCs but one of the
nitrogens is replaced by a strong o-donating alkyl group. This difference makes CAACs more
electron rich than either phosphines or NHCs. The presence of a quaternary carbon allows for a
different steric environment in comparison to phosphines and NHCs. These ligands have led to
the formation of very active palladium catalysts for the a-arylation of ketones at room
temperature (Figure 2).



Figure 2: Palladium Allyl Chloride CAAC complex

Low coordinate unsaturated metal complexes often play roles in catalytic processes."

CAAC ligands have been used to isolate low-coordinate transition metal complexes due to their
unique electronic and steric properties.” Using this ligand the first examples of a 14 electron
Rh(I) complex and a 14 electron Pd(II) cation have been possible.

CAAC’s can form very active cyclic Fischer carbene complexes.” With a quaternary carbon

in the o position to the carbene center, many different structural features are possible. These
properties make this ligand very desirable for asymmetric catalysis.
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