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Introduction

N-Heterocyclic carbenes (NHCs) have emerged as a unique
class of organocatalysts and as ligands for transition met-
als.1 The high reactivity of free NHCs, which makes these
compounds very useful, translates into their sensitivity to-
wards air and moisture. That is why NHCs are generally
prepared in situ by deprotonation of azolium salts with
strong non-nucleophilic bases [e.g., t-BuOK or
KN(SiMe3)2]. The use of strong bases which are incom-
patible with many functional groups and the formation of
typical byproducts (e.g., inorganic salts and alcohols) lim-
it the scope of this method. An alternative approach to
NHCs includes thermolysis of imidazolium-2-carboxyl-
ates, 2-(trichloromethyl)imidazolidines, silver–NHC com-
plexes and other reagents. However, many of these
reagents are poorly soluble. Moreover, they are common-
ly synthesized from NHCs. In 2004, Waymouth, Hedrick,

and co-workers reported the synthesis of 2-(pentafluoro-
phenyl)imidazolidines as useful and readily available
NHC-transfer reagents (Scheme 1).2 The advantages of
pentafluorophenyl adducts are: (a) high stability in air; (b)
good solubility in common organic solvents; (с) thermol-
ysis generally occurs under mild heating; (d) the only by-
product of the thermolysis is pentafluorobenzene; (e)
straightforward synthesis. 2-(Pentafluorophenyl)imidaz-
olidines can be prepared from structurally diverse
diamines and commercially available pentafluorobenzal-
dehyde (Scheme 1). 

Scheme 1  Synthesis and thermolysis of 2-(pentafluoro-
phenyl)imidazolidines2,3
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(A) Pentafluorophenyl adducts have been shown to be effective
transesterification catalysts. Transesterification of dimethyl tereph-
thalate with excess ethylene glycol to give bis(2-hydroxyethyl) tere-
phthalate, an important precursor to poly(ethylene terephthalate),
was investigated.2

(B) Previously unknown indoloindoles were prepared via a palladi-
um-catalyzed dearomatization reaction.4 The catalyst used was
formed in situ from palladium acetate and the pentaflurobenzene ad-
duct of the carbene ligand.

(C) The preparation of chiral palladacycles from BINOL-based pal-
ladium complexes and pentafluorophenyl adducts was described.5 It
was reported before that the reaction of free carbene, prepared from
the respective imidazolinium salt, with related palladium complexes
did not proceed cleanly and gave a mixture of compounds.6 Howev-
er, the same reaction with pentafluorophenyl adduct worked well to
produce the desired product in 68% yield. 
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(D) Waymouth, Hedrick, and co-workers reported the synthesis of a
palladium complex.2 Treatment of [Pd(allyl)Cl]2 with pentafluoro-
phenyl adduct at 80 °C in toluene gave the desired product in more
than 95% yield. Moreover, the authors reported that this reaction can
be carried out in air without prior solvent purification. 

(E) Grubbs and co-workers used pentafluorophenyl adducts for the
synthesis of iridium and rhodium complexes in excellent yield.3,7

Pentafluorophenyl adducts were chosen as carbene precursors rather
than the traditional imidazolinium salts in order to allow ligation
onto metal fragments in the absence of a strong base.

(F) Trapp and co-workers described the synthesis of gold and ruthe-
nium catalysts using pentafluorophenyl adduct coated onto the inner
surface of fused-silica capillaries.8 The authors have mentioned that
the advantage of using pentafluorophenyl adduct is that the bonded
carbene can be thermally generated and immediately converted into
the bonded catalysts.

(G) The two new ruthenium complexes of the general formula
Ru(NHC)(PPh3)F(CO)H were prepared from the respective penta-
fluorophenyl adducts and Ru(PPh3)3F(CO)H complex.9 The synthe-
sized compounds were shown to be effective catalysts for
hydrodefluorination of aromatic hydrocarbons.

(H) Grubbs–Hoveyda 2nd generation catalysts were prepared utiliz-
ing pentafluorophenyl adducts.3 The complex containing a methoxy
groups was obtained in 25% yield. However, other methods that
were attempted to prepare this complex were unsuccessful, high-
lighting the utility of pentafluorophenyl adducts.

(I) Verpoort and co-workers reported a straightforward synthesis of
ruthenium–indenylidene-type complexes by a ligand-exchange re-
action.10 The use of pentafluorophenyl adducts allowed to obtain the
desired products in good yield without any chromatographic purifi-
cation. 
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