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ABSTRACT: The reaction of 4-substituted imidazol-2-
ylidenes with various electrophiles produces a series of 2,4~
functionalized imidazolium salts. Subsequent metalation of
these precursors using AuCl(SMe,) provides the first
examples of highly functionalized abnormal carbenegold(I)
complexes. The present protocol introduces a new strategy
for the synthesis of metallic abnormal carbenes featuring
diverse functional groups

he use of N-heterocyclic carbenes (NHCs) in transition-

metal chemistry has experienced an exponential growth
over the last 2 decades. Because of the accessible modification of
their structural features, a vast amount of metal complexes with
NHCs have been reported and numerous applications found in
catalysis and other related areas.” Although many examples show
that NHCs coordinate the metal centers through the C2 position
(I), in 2001 Crabtree and co-workers discovered the first
example of a metallic carbene featuring coordination at the C5
position (II).> Ligands of the latter type, named abnormal
carbenes (aNHCs, or mesoionic carbenes, MICs), have
demonstrated enhanced o-donor and weaker #-accepting
properties compared to classical NHCs, unveiling new

opportunities in carbon-based coordination chemistry (Figure
1).*
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Figure 1. Imidazole-based NHCs (I and II), Crabtree’s first aNHC-Ir
complex (III), and Bertrand’s free aNHC (IV).

Since Crabtree’s finding (III), a number of aNHC—metal
complexes have been reported to date; however, most of them
are the result of serendipitous discoveries.*”® Besides Bertrand’s
report of the first crystalline aNHC in 2009 (IV),” only a few
rational synthetic methods to aNHC complexes are present in
the literature.

Because of the commonly practiced routes, most of the aNHC
complexes based on the imidazole framework feature alkyl or aryl
groups at the C2 and C4 positions.”” The rare exceptions include
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the palladium (V)® and ruthenium (VI)” complexes featuring C2
metalation, the gold complex (vin)*© containing fluoroarenes at
the C2 and C4 positions, and the gallium complex (VIII)'' C2-
protected by a trimethylsilyl group (Figure 2).
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Figure 2. Metallic complexes featuring functionalized NHCs.

With the premise that functionalization of NHCs at the C4
and CS positions has significant consequences on the electronic
properties of the carbene center,”'” the development of new
synthetic routes for functionalized metallic aNHCs is highly
attractive. Herein, we report the expedient synthesis of a series of
2,4-functionalized imidazolium salts and their subsequent one-
pot metalation to generate abnormal gold(I) complexes featuring
various functional groups. The present methodology could open
a new door for the synthesis of abnormal metallic carbenes with
tailored substitution patterns.

Normally, the preparation of metallic NHCs relies on
deprotonation of the C2 position, which is usually the most
acidic in an imidazolium precursor. Hence, a simple way to block
deprotonation at the C2 position and to favor formation of an
aNHC is to introduce a C2 substituent in the imidazolium salt."”
However, thls logical strategy is not always reliable and, in several
cases, fails."* Among the most striking cases, in 2010 Bertrand
discovered that deprotonation of various C2-functionalized
imidazolium salts leads to the formation of C4-functionalized
NHCs instead the expected aNHC carbenes." This rearrange-
ment presumably takes place via a fleeting aNHC intermediate,
which abstracts the E* at the C2 position of a neighboring
imidazolium salt, displacing the less nucleophilic NHC as the
leaving group (Scheme 1).

The latter results suggest that the aNHC intermediate attack is
facilitated by the lability of the imidazolium C2 electrophile and
the absence of substitution at the C4 position, which favors the
nucleophile approach. With this in mind, we envisaged the
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Scheme 1. Deprotonation of C2-Functionalized Imidazolium
Salts
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preparation of 2,4-functionalized imidazolium salts as suitable
precursors for metallic aNHC complexes. Advantages of the
latter precursors include a single acidic C5—H(+) moiety for
deprotonation and the overall increased steric bulk in the
imidazolium ring. Thus, following a slightly modified synthetic
route,”> we treated the C4-benzoyl (1) and C4-diphenylphos-
phine (2) imidazolylidenes with equimolar amounts of benzoyl
chloride in order to generate the C2,C4-functionalized
imidazolium salts 3 and 4 [Scheme 2 and Data 1571459 is

Scheme 2. Synthesis of C2,C4-Functionalized Salts 3 and 4
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actually for complex §]. After workup, the products were easily
isolated after a simple washing with diethyl ether and
characterized by NMR spectroscopy and elemental analysis.
Formation of the expected salts was corroborated by the
presence of a single imidazolium CH(+) peak located at 8.70 and
8.62 ppm for 3 and 4, respectively. Additionally, in *C NMR, the
presence of new aromatic peaks and the CO group located above
180 ppm was consistent with the addition at the C2 position.
With imidazoliums 3 and 4 in hand, we then proceeded to
investigate a suitable route for metalation at the CS$ position. We
decided to initially investigate coordination of the gold(I) center
because a new series of carbene ligands with the structurally
abnormal metal bonding at the position C5 have recently been
reported and investigated in gold catalysis.'® Experimentally, our
first attempt involved the reaction of cationic precursors with 0.5
equiv of silver oxide in dichloromethane, followed by the
addition of stoichiometric amounts of AuCI(SMe,) (Scheme 3).

Scheme 3. Synthesis of aNHC-Au Complexes 5 and 6
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After workup, the reaction mixture showed a new metallic
carbene species in a mixture with a large amount of unreacted
cationic precursor (ca. 35%). After separation by a chromato-
graphic column, the metallic carbenes were properly charac-
terized by *C NMR spectroscopy, displaying new peaks at 155
and 161 ppm. The high-field signals for the Au=C bond are
similar to the previously reported data for imidazole-based
aNHC-Au complexes (143—164 ppm),”'”'” suggesting the
formation of complexes 5 and 6, respectively (Scheme 3).
Because the isolated yields using this methodology were rather
low, we then carried out the one-pot reaction of 3 or 4 with
potassium bis(trimethylsilyl)amide (KHMDS) in the presence

of AuCl(SMe,) at —78 °C. After purification, the desired aNHC-
Au' complexes 5 and 6 were isolated in 87 and 93% yield,
respectively. Interestingly, in the case of complex 6, coordination
of the gold center is selective to the carbene moiety, as denoted
by the negligible shift of its phosphine signal in *'P NMR (—37.4
ppm) compared to the starting imidazolium salt (—36.8 ppm).
The composition and coordination features of complex § were
unequivocally established by an X-ray diffraction study. Single
crystals of § were obtained by hexanes vapor diffusion into a
concentrated dichloromethane solution at room temperature.
The molecular structure confirms coordination of the gold center
to the CS position, as previously assumed by the high field C=
Au signal in *C NMR (Figure 3). The coordination geometry

Figure 3. Molecular structure of complex $. Ellipsoids are shown at 50%
of probability. Hydrogen atoms are omitted for clarity.

around the gold center is slightly distorted linearly with a bond
angle C5—Aul—Cl1 of 177.30(13)°. The CS—Au bond length of
1.990(4) A falls in the range observed previously for conven-
tional aNHC-Au' complexes.” 7'

Motivated by these interesting results, we sought to explore
the reaction scope for the preparation of C2,C4-functionalized
imidazolium salts. We chose the 4-benzoyl-substituted NHC (1)
as the starting material and carried out its treatment with
equimolar amounts of various electrophiles in tetrahydrofuran.
According to Scheme 4, the formation of imidazolium salts 7a—
7e proceeds smoothly, delivering moderate-to-good yields (57—
83%). Of special interest is the fact that imidazolium salts
featuring mixed electron-withdrawing and -donating groups can
be achieved.

Scheme 4. Stepwise synthesis of imidazolium salts 7a—e,
aNHC-Au complexes 8a—e, and relevant NMR spectroscopy
data
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With the series of functionalized aNHC precursors 7a—7e, we
then proceeded to the one-pot metalation route using KHMDS
in the presence of AuCl(SMe,), observing the exclusive
production of the aNHC-Au' complexes 8a—8e in good yields.
All complexes display excellent solubility in chlorinated solvents
and are both air- and moisture-stable. According to the data
depicted in Scheme 4, all complexes display a high-field *C
NMR shift for the carbenic gold peak, consistent with the
abnormal coordination fashion. Special is the case of the triflate-
functionalized complex 8e, where the metallic carbenegold
moiety shifts up to 161.8 ppm, suggesting an increased 7-
acceptor capacity of the aNHC ligand.

In summary, we have reported the expedient synthesis of a
series of 2,4-functionalized imidazolium salts and their one-pot
metalation to generate abnormal gold(I) complexes containing
various functional groups. The overall two-step methodology
expands the range of substrates available for the functionalization
of free NHCs and could open a new door for the synthesis of
abnormal metallic carbenes with designed substitution patterns.
The successful metalation of salts 7a—7e, leading to the aNHC-
Au complexes 8a—8e, highlights the stability conferred by the
high level of substitution at the C2 and C4 positions of the
imidazole ring. Further studies on the catalytic applications'” of
the highly functionalized aNHCs are underway in our laboratory.
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