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N-Cyclopropenio-imidazol-2-ylidene: An N-Heterocyclic Carbene
bearing an N-cationic substituent

Cécile Barthes,? Carine Duhayon,? Yves Canac*® and Vincent César*?

The cationic NHC 1* bearing a N-bounded 2,3-
bis(diisopropylamino)cyclopropenium group is reported. From an
easily available dicationic imidazolium precursor, the coordination
abilities and stereo-electronic properties of 1* are evaluated by the
formation of Pd(ll), Rh(l) and Au(l) complexes. The cationic gold(l)
complex is implemented in representative intramolecular Au(l)-
catalyzed cyclizations.

Nowadays, N-Heterocyclic Carbenes (NHCs)?! are widely used as
a privileged class of ligands able to stabilize various transition-
metal complexes,2 nanoparticles3 or main-group elements,* and
are continuously finding new and exciting applications across
the chemical sciences. This ever-growing success is directly
related to their unique stereo-electronic properties and the
search for new carbenic structures has become a priority to
broaden their application scope.> An NHC being typically a
neutral compound, modifying its structure by the introduction
of a charge electronically-connected to the carbene centre was
shown to be a promising avenue in this context.® Three distinct
classes of charged-NHCs could be defined according to the
nature of the connection between the charge and the
diaminocarbene unit (Figure 1). The most studied class of such
species consists of NHCs with a charge within their mt-system,
obtained by the formal grafting of a charged backbone onto the
diaminocarbene unit, such as a malonate (A7),” an
acetylacetonate (B7),% a pyridinium (C*)2° or a vinamidinium
(D*)11 unit. The substitution of the imidazolyl backbone of NHCs
by a group bearing a localized charge such as a borate (E7),2
ammonium (F*),3 or phosphonium (G*),4 was also investigated
and shown to provide access to zwitterionic and unusual poly-
charged complexes. Eventually, Lavallo and co-workers
reported that anionic NHCs, with one (H™) or two negatively
charged carborane units directly connected to the N-atoms of
the diaminocarbene are suitable ligands for transition metals.t>
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Figure 1. Representative examples of the different classes of charged-NHCs according to
the location and interaction of the charge with the carbenic unit. Mes = mesityl, Np =
neopentyl, Ar = 2,--diisopropylphenyl.

This last approach was extended to the cationic series with the
situ generated
ferrocenium substituents in mesoionic carbenes (I*) by Sarkar,

incorporation of cobaltocenium or in
Bildstein and co-workers.’® All of these strategies led to a
dramatic change in the electronic properties of the carbene
unit. In a complex of such ligand, placing the charge closer to
the carbene and metal centers should also maximize the
electrostatic effects and potentially have an impact on the
catalytic properties.

Considering the usual cationic character of NHC precursors, we
devised to study the feasibility of the introduction of a cationic
N-substituent, and we report herein the synthesis, stereo-
electronic properties, coordination ability and catalytic
efficiency of the NHC 1%, bearing a N-bounded 2,3-
bis(diisopropylamino)cyclopropenium. The latter was selected
considering its decisive role for the elaboration of the a-cationic
phosphines featuring outstanding properties.t’

The dicationic imidazolium salt (1-H)(OTf), was obtained in 98%
isolated vyield upon reacting 1-mesitylimidazole with the
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chlorocyclopropenium triflate (2)(OTf) in presence of sodium
triflate as chloride scavenger in THF at 60°C (Scheme 1).18 The
addition of a triflate source was shown crucial since no reaction
occurred in its absence.® The air stable salt (1-H)(OTf), available
on a gram scale precipitated along the course of the reaction
isolated simply by filtration and washings in
spectroscopic and analytical pure form.
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Scheme 1. Synthesis of the dicationic precursor (1-H)(OTf),, in situ generation of the
cationic NHC (1)(OTf) and synthesis of the corresponding selenourea (3)(OTf). Mes =
2,4,6-trimethylphenyl.

The molecular structure of (1:H)(OTf), was established by a
single-crystal X-Ray diffraction analysis (Figure 2). Of note, the
sp2-type hybridization of N3 and N4 atoms (N3 =359.58°, N4
= 359.95°) associated with their nearly coplanarity with the
cyclopropenyl ring and the relative short C5-N3 [1.2983(17) A]
and C6-N4 [1.2965(18) A] bonds are consistent with an
interaction of the lone pairs of the two nitrogen atoms with the
n-system of the three-membered ring. Conversely, the =
systems of the two rings are disconnected, as illustrated by the
rather long C4-N2 bond [1.4090(18) A] and the almost
orthogonal arrangement of the two rings [dihedral angle C1-N2-
C4-C5 = 81.15°].

Figure 2. Molecular structure of the cationic part (1-H)?* of the dicationic imidazolium
triflate (1-H)(OTf), precursor (ellipsoids drawn at the 30% probability level). Hydrogen
atoms, except on C2, have been omitted for clarity. Selected bond lengths (A) and angles
(deg): N2-C4 1.4090(18), C4-C5 1.3581(19), C4-C6 1.360(2), C5-C6 1.4426(19), C5-N3
1.2983(17), C6-N4 1.2965(18), C1-N22-C4-C5 81.15.

The cationic free NHC (1)(OTf) was generated by treatment of
(1-H)(OTf), with one equivalent of potassium
bis(trimethylsilyl)amide (KHMDS) at — 80°C. Despite (1)(OTf)

was observed to decompose above — 40°C, it was fully
characterized by 'H and 3C NMR spectroscopy at — 80°C. In
particular, the 13C{IH} NMR spectrum exhibits the expected
resonance for the carbene center at oc = 218.3 ppm, in the
typical range of imidazol-2-ylidenes, and especially really close
to that measured for the classical IMes carbene (6¢c =219.7 ppm
in THF-d8).2° We thus devised to have a closer look at the
electronic properties of NHC 1*. First, the o-donor ability of
carbene 1* was assessed by measuring the ey coupling
constant between the carbon and the hydrogen atoms of the
pre-carbenic position in the precursor (1-H)(OTf),.2! The value
of Yecy = 229 Hz recorded for the latter salt, superior than that
of (IMes)-HCl (Yecy = 225 Hz), is consistent with the more
electron-withdrawing character of the cationic cyclopropenium
ring relative to the neutral mesityl group (Table 1). The same
trend was observed on the m-acidity of carbene 1*. For that
purpose, the selenourea (3)(OTf) was prepared by trapping the
in-situ generated carbene (1)(OTf) with an excess of selenium
powder at — 80°C (Scheme 1). Compared to IMes=Se (. = 27
ppm), the 77Se resonance of (3)(OTf) is downfield shifted (Sse =
112 ppm), which reveals the more pronounced m-acidity of 1*
relative to IMes, since the 77Se chemical shift in NHC=Se adducts
correlates well with the m-accepting properties of the
corresponding NHC.52 The magnitude of this shift (27 vs 112)
compared to that observed with the NHC C* (27 vs 245)
indicates that the cyclopropenium ring acts mainly as a o-
withdrawing group with negligible interaction with the n-
system of the NHC.

Table 1. Electronic parameters of selected imidazol-2-ylidenes

NHC Yen (Hz)? A7’Se) (ppm)® TEP (cm™)
IMes 225 27 2051
IMes®? 232 114 2055
C*e - 245 2067
F+d 231 102 2056
1* 229 112 2057

aMeasured on the (NHC-H)* precursors. ® Measured on the NHC-Se adducts. ¢ from
reference 21. 9 From reference 13.

We next investigated the possible use of NHC 1* as supporting
ligand in transition metal complexes and we first focused on the
coordination of a palladium(ll) center (Scheme 2). To our
delight, the complex [4](OTf) was obtained in 80% yield by
reacting the precursor (1-H)(OTf), with [PdCl(n3-allyl)]. dimer in
the presence of an excess of potassium carbonate as a mild
base.22 Complex [4](OTf) is stable in solution and in solid state
and its molecular formula was firmly confirmed by an XRD
experiment (Figure 3). While the metrics around the Pd center
are similar to other [PdCl(allyl)(NHC)] complexes, it is worth
mentioning the almost orthogonal arrangement of the two N-
substituents relative to the carbenic heterocycle.
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Scheme 2. Preparation of complexes containing the cationic ligand 1*.

Conversely, obtaining a rhodium(l) complex of 1* was found to
be more problematic due to stability issues. Indeed, the
reaction between the in situ generated (1)(OTf)
[RhCI(COD)]; led to a complex mixture, from which we could not
isolate the targeted [RhCI(1)(COD)](OTf) in pure form. In order
to evaluate the experimental overall donation of 1*, we devised
to form the dicarbonyl complex [5](OTf) directly by reacting
(1)(OTf) with half an equivalent of [RhCI(CO),], dimer. The crude
mixture was observed to contain the desired complex [5](OTf)
along with 2,3-bis(diisopropylamino)cyclopropenone 7 as a by-
product in a ratio of ~¥4/1.23 Measuring the average IR-stretching
frequency of the carbonyl ligands in [5](OTf) allowed
assessment of the overall electronic donation of 1*. The
calculated Tolman Electronic Parameter (TEP) value for 1* of
2057 cm™ is consistent with its o-donor and m-accepting
properties. The comparison with the TEP values of 4-ammonio-
NHC F* (TEP = 2056 cm1) and of annelated-pyridinio NHC C* (TEP
= 2067 cml) revealed that the incorporation of a
cyclopropenium directly onto the nitrogen atom has about the
same influence as that of the pure o-withdrawing NMes* group
on position 4 in F* (Table 1). This effect is related to the quasi
observed between the and
cyclopropenyl rings in the solid state analysis of pre-ligand
(1-H)(OTf), and Pd complex [4](OTf).

Eventually, the stable gold(l) complex [6](OTf) was cleanly
obtained in 74% vyield through a one-pot protocol using K,COs3
as the base. Its molecular structure was determined by an XRD
experiment (Figure 3b) and was shown to be similar to the more
conventional AuCl(IMes) and AuCI(IPr) complexes. At that point,
the steric constrain induced by the 2,3-bis(diisopropylamino)
cyclopropenio (Cs*) group could be quantified and compared to
those of mesityl (Mes) and 2,6-diisopropylphenyl groups (Dipp)
by establishing the topographical steric maps of the NHC ligands
in [6]*, AuCl(IMes) and AuCI(IPr) complexes respectively, using
the SamBVca web application.?* Along the same series, it was
thus possible to compare the respective steric shielding of the
N-substituent by calculating the average %V, on East and West
hemispheres of the maps. The cyclopropenio group was found
to provide a steric pressure in between the smaller Mes and the
bigger Dipp groups [%VpuY(Mes) = 36.7 + 0.2%; %Vpy?Y(C3*) =
39.5 %; %Vpur?Y(Dipp) = 45.6 % + 0.2%].

and

orthogonality imidazolyl

@ i (b)

6 /} / _— \ .
Q Se (]“ /’}/C \/)\4

cn

AuCI(IPr)

%V (19) = 38.1% %V, (IPT) = 45.7%

%V (IMeS) = 36.5%
Figure 3. Molecular structures of the cationic parts of complexes (a) [4](OTf) and (b)
[6](OTf). Selected bond lengths (A) and angles (deg): for [5]*: Pd1-C1 2.049(2), C1-N2-C4-
C5 97.76. For [6]*: Aul-C1 1.9716(19), C1-Aul-Cl1 177.75(5), C1-N2-C4-C5 102.98. (c)
Comparative steric maps of complexes (IMes)AucCl, [6]*, and (IPr)AuCl. Values given in
the four corners of the maps are the %Vy,, of the ligands in the corresponding quadrant.

We then decided to explore the applicability of cationic gold
complex [6](OTf) in homogeneous catalysis. For a preliminary
evaluation, the intramolecular cyclization of propargylamide 8
and hydroarylation of propargyl aryl ether 10 were selected as
model reactions, since they had previously served as standard
catalytic reactions for gold catalysts bearing cationic NHCs
(Scheme 3).16,:25.26 The activity of catalyst [6](OTf) was compared
with that of the neutral reference systems AuCl(IMes) and
AuCI(IPr). In the cyclization of propargyl amide 8,16:25 catalyst
[6](OTf) performed almost as good as the two neutral catalysts
at 0.5 mol% with a 86% NMR vyield observed after 24 hours.
Decreasing further the catalyst loading to 0.25 mol% had a
significant effect on the reaction rates, and the cyclization did
not proceed to completion for all catalysts, even after 80 hours.
Nevertheless, [6](OTf) led to 29% yield of 9 which corresponds
to a Turn Over Number (TON) of 116. Gratingingly, in the
intramolecular hydroarylation of propargyl aryl ether 10,
complex [6](OTf) was found to be extremely active at 0.5 mol%
catalyst loading leading to a full conversion in chromene 11
after 10 min. It is almost as active as AuCI(IPr), better than
AuCl(IMes), and it compares favourably with other gold(l)
complexes bearing cationic NHCs,2® and well with previously
reported Pt(ll) or Au(l)-based catalysts.?’
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Scheme 3. Preliminary catalytic studies in Au(l)-catalyzed reactions. 2 Isolated yield.



In summary, the replacement of a neutral aryl N-substituent in
an NHC by a cationic 2,3-bis(diisopropylamino)cyclopropenium
unit was proved to be feasible. This association leads to stable
cationic Pd(ll) and Au(l) complexes [4](OTf) and [6](OTf), while
the C-N bond in the Rh(l) complex [5](OTf) appears breakable.
Compared to the emblematic neutral IMes, the inductive
withdrawing effect of the cyclopropenium ring results in the
decrease of the o-donation and the increase of the w-acidity of
the cationic NHC 1*. The presence of the cationic N-substituent
was shown to present no deleterious effect in Au(l)-catalysis
where similar activities between [6](OTf), AuCl(IMes) and
AuCI(IPr) complexes were observed. Studies aimed at extending
this concept to more electron-withdrawing
diarylcyclopropeniums and to other cationic groups allowing a
tighter interaction between the charge and the carbene centre
are currently underway in the laboratory.
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