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“Decarbonization” of an imino N-heterocyclic carbene 
ligand via triple benzyl migration from hafnium†‡  

Dipesh Prema,a Yohan L. N. Mathota Arachchige, a,b Rex E. Murray,c,d and LeGrande 
M. Slaughter*a,b 

 

An imino N-heterocyclic carbene underwent three sequential 
benzyl migrations upon reaction with tetrabenzylhafnium, 
resulting in complete removal of the carbene carbon from the 
ligand. The resulting eneamido-amidinato hafnium complex 
showed alkene polymerization activity comparable to that of 
a precatalyst containing the intact iminocarbene ligand. 

 
N-heterocyclic carbenes (NHCs) have attained status as one of 
the most versatile classes of ancillary ligands for transition 
metals due to their strong donor ability, ease of modification, 
and chemical robustness.1 Their high donicity arises from a σ-
type HOMO, which functions as a strongly Lewis basic “lone 
pair” centered on carbon.2 Equally important is the high energy 
of the π-type LUMO,3 which renders the NHC donor carbon 
generally unreactive toward nucleophiles, in contrast to related 
Fischer carbenes.4 However, a growing number of reports 
indicate that the carbene carbon of a coordinated NHC is prone 
to various types of reactions under some circumstances.5-12 
Several of these processes result in modified ligands in which 
the former carbene carbon remains metal-bound. These include 
1,2-migration of a single methyl7 or benzyl8 ligand to form an 
N-heterocyclic alkyl ligand which may undergo ring-opening,7b 
C-C reductive elimination to form an η2-bound imidazolidinium 
cation,9 and ring-expansion via insertion of the metal into a C-
N bond.10-12 It is important to delineate and understand such 
processes, as they represent potential catalyst degradation—or 
activation—pathways. Herein we report an unprecedented 
metal-induced transformation of an NHC that proceeds further 
than in previous examples, resulting in complete removal of the 
carbene carbon from the ligand upon triple benzyl migration.  
The resulting chelate complex is a competent precatalyst for 
alkene polymerization. 
 Imino-N-heterocyclic carbenes are an appealing class of 
chelate ligands that combine the soft-donor properties of an 
NHC with a hard-donor imine group.13,14 Bidentate imino-
NHCs, and related tridentate chelates,15 have been investigated 
as ancillary ligands in several catalytic reactions involving late 
metals13b,15a,16 and have recently shown merit in alkene 
polymerizations with early transition metals.15c,15d,17 Notably, 

reactions of imine-containing N,N-chelate ligands with early 
metal alkyl or benzyl complexes sometimes lead to 1,2-
insertion reactions, affording modified chelates in which a 
neutral imine has been converted to an anionic amido moiety.18 
Some complexes of these anionic chelate ligands have shown 
promising activity in alkene polymerization.18b-f,19 We 
hypothesized that the imine group of an imino-NHC might 
undergo a similar transformation, potentially providing a route 
to strongly donating, anionic heterochelate ligands. 
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Scheme  1    Carbon  abstraction  from  an  imino  N‐heterocyclic  carbene  upon 

reaction with tetrabenzylhafnium. 

 Treatment of known imino-imidazolium salt 1 (Scheme 
1)13f with potassium or lithium hexamethyldisilazide (KHMDS 
or LiHMDS) in C6D6 at 25° afforded species that lacked a 
downfield peak for the acidic proton at C2 and exhibited 
somewhat broadened 1H NMR peaks for other hydrogen atoms 
(see Figure S1, ESI), suggestive of fluxional alkali metal 
coordination to the free iminocarbene (2).20 Attempts to isolate 
2 afforded material that contained significant impurities and 
underwent faster degradation in solution; thus, 2 was generated 
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