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This work presents the synthesis and characterization of mono-
(1) and di-nuclear (2) imidazolium salts stabilized by [AuPPh;]*
fragments. The presence of the gold moiety induces a
significant decrease in the carbenic proton’s acidic character
(high pKa). This high stability is consistent with the pronounced
instability of the conjugate bases obtained through deprotona-
tion using strong bases. The formation of carbene species is
accompanied by the identification of a 1,2-rearrangement
process in which a preference for the C-bound species over the
N-bound species is observed. Experimental techniques such as
NMR, single-crystal X-ray diffraction analysis, mass spectrometry,
and computational calculations are employed to investigate the
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reactivity exhibited by the imidazolium salts. Additionally, the
electrochemical properties of the two imidazolium salts were
also investigated. This study reveals that both species 1 and 2
display two cathodic peaks which are related to two electro-
chemical irreversible reduction events. The results obtained
from both experimental and theoretical studies of this system
reveal a strong tendency of the [AuPPh;]* fragment to stabilize
imidazolium salts. Additionally, they demonstrate the prefer-
ence of this fragment for C-bound species over N-bound ones,
with the former proving to be highly unstable even under
severe conditions of air and moisture exclusion.

Introduction

The great impact of N-heterocyclic carbenes (NHCs) in chemical
sciences is well supported by the vast number of papers
published in many research fields."™ The increasing tendency
of the use of such ligands in many important applications is
mainly due to their great versatility and stability towards metal
and non-metal coordination compounds.® In addition to the
stability resulting from the electronic delocalization in the
NCHN moiety, the electron pair is stabilized by the relatively
easy electronic modulation and the steric effect induced by the
functional groups anchored in the nitrogen atoms.” The design
of an appropriate imidazolium salt used as a precursor for the
synthesis of carbene ligands takes a crucial role. Most of these
precursors contain alkyl or aryl groups adjacent to the N atoms,
which promote electronic states needed for the stabilization of
the sp? hybridized lone pair.”! There are a lot of experimental
and theoretical studies focused on the understanding of the
characteristics and behavior of these “classical” NHC ligands.”'?
On the other hand, the synthesis and characterization of
imidazolium salts and NHC ligands containing anchored motifs
different from alkyl or aryl groups are poorly described or
reported.">" For instance, the incorporation of a metal center
into the nitrogen atoms causes significant differences in the
overlapping of the orbitals involved in the stabilization of the
NHC ligand.!®"”
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Crabtree and co-workers theoretically studied the effects of
several metal fragments on the C-binding versus N-binding
forms in imidazole derivatives (Scheme 1)."® They found that C-
bound imidazoles are predicted to be thermodynamically more
stable than N-bound forms for several transition metals,
especially, for the third-row metals, where the AuCl fragment,
isolobal with the proton, showed a small relative energy of
—2.0 kcal/mol in agreement with the small tendency of gold to
stabilize M—C bonds over the M—N ones."¥ Despite this early
report, there are few reports studying the effects of the
coordination of gold centers in the stabilization of imidazolium
salts and NHCs.

In 2007, Ruiz and co-workers studied the based-promoted
isomerization process in several heterobimetallic complexes
containing the [Au(PPh3)]" fragment (Scheme 2a). They found
that the addition of [AuCI(PPh,)] to the starting Mn-carbene
species | in the presence of KOH affords species lll, in which the
heterobimetallic species Il was proposed as an intermediate
that undergoes an isomerization process."” Later, computa-
tional studies showed that an #*-imidazol-2-yl bridging ligand
was found to be the key intermediate in this base-promoted
transmetallation process involving protic N-heterocyclic
carbenes.”

In subsequent related works, Riera and co-workers also
found the same reactivity pattern, in which, the starting M-
carbene species IV and VI (M=Re, Mo) displayed a clear
tendency to stabilize the heterobimetallic complexes V and VII
containing the NHC moiety C-bound to gold vs. C-bound to Re
or Mo ones, which were proposed as a result of a tautomeriza-
tion process (Scheme 2b-c).'5"”
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Scheme 1. Equilibrium promoted by the presence of a metal fragment in the
imidazole.
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Scheme 2. Reactivity of different imidazole-containing complexes in the
presence of [AuCI(PPh,)].
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In this work, we study experimentally and computationally
the effects of the [Au(PPh,)]™ fragment in the stabilization of
imidazolium salts and the capacity of these derivatives to be
used as precursors of N-heterocyclic carbenes.

Results and Discussion
Synthesis and Characterization

The preparation of gold-containing imidazolium salts was
attempted following the synthesis described in Scheme 3 (top).
The reaction of N-methyl imidazole with one equivalent of the
gold derivative [Au(OTf)(PPh,)] in dichloromethane gives the
gold imidazolium salt 1 after 2 h in a moderate yield (75%),
isolated as a beige solid. The coordination of the nitrogen
donor imidazole derivative is facilitated by the presence of a
non-coordinating  trifluoromethanesulfonate  counteranion
(CF;50,~ or OTf). As observed from the 'H NMR spectra
(Figures 1(top) and S1), there are significant differences when
comparing to 1,3-dimethylimidazolium salt ([IMe,—H]") previ-
ously reported®®'?? that are worth mentioning.

Besides the expected high-field signal at 3.89 ppm corre-
sponding to the methyl group, two signals attributed to the
protons at the C4 and C5 positions of the imidazole ring rise,
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Scheme 3. Synthesis of the gold imidazolium salts 1 and 2 and attempts to
prepare the NHC-gold carbene VIII.
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Figure 1. 'H NMR spectra of compound 1 (Top) and compound 2 (Bottom) in
CDCl,.

indicating a reduction in symmetry of such ring in complex 1 as
compared to that observed for a symmetric IMe, derivative. A
multiplet in the aromatic region, integrating for 15 protons,
confirms the presence of the triphenylphosphine group.
Furthermore, the substitution of the alkyl group with the
[Au(PPh,)]" moiety induces a less shielding of the signal
assigned to the C2-H proton, which appears at 8.60 ppm, as
compared to the 1,3-dimethylimidazolium analog, where it is
observed at approximately 9.08 ppm.”?" These observations
align with the findings from the "*C-{'H}, *'P-{'H}, and "F NMR
spectra acquired for compound 1, which revealed the presence
of an N-bonded [Au(PPh,)]* fragment and a CF,SO;~ anion.
Additionally, in the ESI* mass spectrum, a molecular peak at
541.0 m/z exhibits an isotopic distribution characteristic of the
[M-OTf]™ fragment, resulting from the dissociation of imidazo-
lium salt 1 in solution (see Figures S2-S5).

Traditionally, the oxonium ion [O(AuPPhs);]*, which pos-
sesses a similar basic character to acetylacetonate (acac?),
acetate (OAc™), etc, has been used to incorporate [Au(PPh3)]*
fragments through a deprotonation process.”**¥ In this context,
the reaction of 3 equivalents of imidazole with 2 equivalents of
the gold-oxonium precursor [O(AuPPh,);IBF, was carried out to
afford the dinuclear complex 2 in a moderate yield (76 %) after
2 hours in dichloromethane (Scheme 3 (bottom)). In agreement
with the results obtained for compound 1, the C2—H proton
signal in complex 2 now appears at low frequencies (7.90 vs.
8.60 ppm) compared to that observed for compound 1 (Fig-
ure 1 (bottom) and S6). Additionally, the 1:30 ratio between the
C2—H proton of the imidazole ring and the phenyl groups of
the PPh; moieties suggests the presence of [I(AuPPh;),HIBF,.
Again, a singlet at 31.72 ppm in the *P-{'H} NMR and at
—148.2 ppm in the F spectra, and the identification of a peak
at m/z=985.1 in the MALDI* mass spectrum confirms the
presence of a symmetrical imidazolium ring with two N-bonded
phosphine-containing gold moieties (See Figures S7-510).

To evaluate the capacity of [O(AuPPh,);]BF, to incorporate a
third [Au(PPh;)]* fragment, thus forming the carbenic species
VIIl, the reaction using stoichiometric quantities of imidazole
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and [O(AuPPh;);]BF, (1:1) was attempted. However, the analysis
of the crude reaction by NMR spectroscopy revealed the
formation of complex 2 and [Au(PPh;),]BF, as byproducts.
(Scheme 3). Once again, this could be associated with the lower
Lewis acid character of 2 compared to traditional imidazolium
salts, which exhibited a signal at 7.90 ppm corresponding to a
much more shielded C2—H proton. Additionally, the absence of
a coordinating anion such as halides, could be associated with
the non-formation of intermediate species that plays a key role
in the preparation of gold-NHC complexes when using weak
bases.[ZS,Zé]

Suitable crystals for X-ray diffraction analysis were obtained
for derivative 1. The molecular structure is depicted in Figure 2.
In agreement with the experimental data previously com-
mented, compound 1 is an N-bound imidazole containing a
[Au(PPh,)]" fragment. As expected, the coordination around
the gold center is almost lineal with an N2—Au1—P1 bond angle
of 175.10(5)° and Aul-N2 and Aul1-P1 bond distances of
2.0498(19) and 2.2329(6) A, respectively (For more details see
Tables S1-S2), which are in good agreement to those found for
other analog imidazolium salts containing the gold(l)-triphenyl-
phosphane fragment.”” In addition, the geometry optimization
calculations of compound 1, including implicit solvent effects,
reveal no significant deviation from the optimized structure
regarding the X-ray structure (see Table S3). Additionally, in the
crystal packing of compound 1 along the a axis, a significant
contribution of the [AuPPhy]™ fragment was observed (Fig-
ure 3). For instance, the analysis of short contacts in the crystal
packing revealed that the intermolecular interaction between
imidazolium cations is primarily governed by the presence of
C—H- - -z interactions from PPh; moieties, with a minor contribu-
tion from the CF;SO;™ anions. This observation supports the
idea of C—H- - -w interactions playing a key role in the molecular
assembly in our system.?®

Reactivity and Computational Studies

DFT-based calculations were conducted to explain the exper-
imental findings (see the Supporting Information for computa-

Figure 2. ORTEP representation (50% probability ellipsoids) of compound 1.
Most hydrogen atoms have been omitted for clarity.
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Figure 3. View along the ag-axis of the crystal packing of 1. The axes are
represented as a, b, c. Anion molecules are omitted for clarity.

tional details). In line with the experiments, the calculated
chemical shift showed a more shielded C2—H proton in complex
1 compared to the [IMe,—H]" cation. Such behavior is probably
caused by the larger values of shielding and spin-spin coupling
constants imposed by the [Au(PPh,)]* moiety. This can be
related to a smaller value of the Natural Bond Orbital (NBO)
charge of the C2—H proton (Table S5). The strong basicity of N-
heterocyclic carbenes is deeply related to the relatively weak
acidity of the C2 carbon of an imidazolium salt, which can
undergo ionization leading to the corresponding singlet
imidazol-2-yl carbene. Amyes and co-workers have studied the
formation and stability of traditional NHCs in water, concluding
that the carbon acid pKa of imidazolium cations in aqueous
solution (21.2-23.8) are intermediate between those of the
prototypical neutral carbonyl carbon acids such as acetone
(pKa=19.3) and ethyl acetate (pKa=25.6)."" According to this
and the NMR experiments, the incorporation of the [Au(PPh3)]"
fragment favors a significant stabilization of the formed
imidazolium salt (6 C2—H=8.60 ppm), as compared to 1,3-
dimethylimidazolium salt. The acidity of the C2—H proton has
been also evaluated computationally in terms of pKa (see the SI
for computational details). As shown in Table S6, the larger pKa
value of compound 1 (44.2) compared to the [IMe,—H]"
derivative (31.8) indicates that the [Au(PPh,)]" fragment
decreases the acidity of the C2—H proton, and enhances the
stability of the N-bound imidazole.

When comparing the ease deprotonation of the C2—H
proton, the calculated pKa values indicate a decrease in the
order IMe > 2 > 1 > IMe, which suggests that the metal
complexation promotes a diminishing in the imidazole C2—H
proton acidity. Here, a relationship between a smaller value of
the NBO charge of the C2—H proton and a larger pKa value is
also observed (Tables S5 and S6). Furthermore, the higher pKa
value of compound 2 compared to compound 1 indicates
greater stabilization of the N-bound imidazole due to the
presence of an additional [Au(PPh;)]* fragment.

Eur. J. Inorg. Chem. 2024, 202400108 (4 of 8)

N-heterocyclic carbenes are characterized by their relative
stability compared to traditional carbenes, e.g. Fischer and
Schrock.?” In particular, stabilized imidazolylidenes and imida-
zolinylidenes as those reported by Arduengo,?'?? have been
extensively used in the preparation of a great variety of metal
complexes through a transmetallation reaction or by in situ
generation of the free carbene.’” Unfortunately, none of these
methods allowed the formation of any carbene complex. For
instance, the use of metal precursors, known for their
nucleophilic character, such as Ag,0 or [Au(acac)(PPh,)] does
not promote the proton abstraction from the imidazolium salts
(1 or 2), even at high temperatures, while the use of strong or
weak bases such as n-BulLi, KHMDS, NaH, or K,CO; with the
subsequent addition of gold precursors ([AuCl(tht)] or [Au-
(OTf)(PPh,)]) leads to the spontaneous decomposition to
metallic gold.

To have a better idea about the behavior of the free
carbene, generated from imidazoles containing the [Au(PPh3)]*
fragment, the reaction of compound 1 with NaH in deuterated
acetonitrile was carried out in an NMR tube (Scheme 4). The
results suggest that the generation of the free carbene was
achieved, but as observed from the *'P-{'H} NMR spectrum,
there is a rearrangement process between the N-bounded
(30.20 ppm) and C-bounded (37.99 ppm) forms (Figure 4).
Although this migration process is in agreement with other
reports,"®” in our case it is not enough to support the low
stability presented for the free carbene after further addition of
gold precursors.

Free energies of the different tautomers of compound 1, as
well as of the respective species i and ii arising from the
deprotonation of derivative 1 were calculated, (see Table S7).
The results indicate that before deprotonation, the N-bound
imidazole (i) is 2.69 kcal/mol more stable than the C-bound
tautomer, which is consistent with previously reported works."®
However, after deprotonation, the C-bound species (ii) is

+
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N N N
B: . 1,2-Rearrangement
[ » 2%, [ > —g>[ )—Au—PPh,
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Scheme 4. Proposed 1,2-rearrangement process between species i and ii
after proton abstraction of compound 1.
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Figure 4. *'P-{'"H} NMR spectrum of compound 1 treated with NaH in CD,CN.
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thermodynamically more stable by 20.120 kcal/mol, which
seems to be in contrast with a possible tautomerization process
between the C-bound and N-bound forms. The calculated
activation free energy of 13.026 kcal/mol is in line with a
kinetically unfavorable process, reinforcing our prior construc-
tion. The observation of both species in the *P-{'H} NMR
spectrum can be attributed to the very slow transformation
from the N-bound form to the C-bound one (k=1.76x10°s™" at
298.15 K, assuming an unimolecular reaction in the framework
of Eyring-Polanyi approximation). Unfortunately, species ii is
highly unstable and rapidly decomposed to metallic gold and
other unknown gold derivatives.

To obtain mechanistic information about the 1,2-rearrange-
ment process between species i (N-bound) and ii (C-bound),
Wiberg bond indices®" were calculated®® (Table 1; for further
computational details see the Supporting Information).

Wiberg bond indices allow to monitor bond changes by
quantifying the electron population between two atoms. The
values in Table 1 account for the changes in the electron
population when the rearrangement from the N-bound (large
Ba,_n and small B,,_¢) to the C-bound imidazole (large Ba,_ ¢
and small B,, ) takes place. In the TS the B,,_ and B,, y
values become more comparable. Noteworthy, the N—C bond
strengthens when going from the N-bound to the C-bound
imidazole. Evolution percentages of 41.13% and 43.72% were
obtained for the Au—N and C—Au bonds, respectively, which
indicate that at the transition state, the formation of the C—Au
bond is more advanced than the breaking of the Au—N bond.
These percentages agree with the obtained early transition
state (0B,, < 0.5), which is also consistent with the exergonic
nature of the tautomerization processes.*® Despite the different
evolution percentages, the Au—N bond breaking and the C—Au
bond formation can be considered as a highly synchronous (
S > 0.9) and concerted process.

Electrochemical Properties

The redox behavior of the gold(l)-based complexes 1 and 2 was
studied by cyclic voltammetry (CV) and Osteryoung Square
Wave Voltammetry (OSWV) at room temperature (for details see
the Experimental section). Both compounds exhibit two reduc-

Table 1. Calculated parameters associated with the chemical bonds
involved in the rearrangement process after deprotonation of compound
1.

Parameters® Au-N N-C C-Au

B N-bound imidazole 0.3785 1.3508 0.0788
TS 0.2415 1.3959 0.3139
C-bound imidazole 0.0454 1.4875 0.6165

08B, 0.3928

S 0.9199

[a] Parameters: B; are the Wiberg bond indices, 0B,, is the average value
of the bond indices, and S is the absolute synchronicity. TS =transition
state.
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tion potentials. For complex 2 the first peak potential is
cathodically shifted while the second peak is anodically shifted
(see Figure 5) in agreement with the relative energy of the
molecular orbitals for both compounds (Figure S18). No stable
oxidation peaks are observed, although both compounds are
very sensitive to oxidation since scanning farther than 1.0V
causes irreversible decomposition.

DFT calculations reveal that after the first reduction event of
complex 1, the additional electron is delocalized on the
triphenylphosphine ligand (see Figure 7). Similarly, in the
second reduction event, the ligand retains the additional
electron with planarity loss of a phenyl ring of the [Au(PPh,)]*
fragment (Figure S14).

The CV of complex 2 (Figure 6) shows, similar to complex 1,
two cathodic peaks that are related to two electrochemically
irreversible reduction events but, in this case, return waves are
observed at —1.07 V and —1.60 V, respectively. For instance, for
compound 2, the first reduction potential is separated ~300 mV
from the return peak wave which, in turn, is of lower intensity.
Faster scan rates do not seem to give insight into any

—— Complex 1
~——— Complex 2
3
& 112V
=
£
3
O |[-194V
187V -1.32V Fc
T T T T T T T Y T T T
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Figure 5. OSWV of complexes 1 (in blue) and 2 (in red) in (n-Bu,;NPF/CH,CN
with ferrocene as internal standard.

—— Complex 1
—— Complex 2

Fe/Fc'
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—T | — R g
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Figure 6. CV of complexes 1 (in blue) and 2 (in red) in (n-Bu,NPF,/CH;CN
with ferrocene as internal standard.
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reversibility. If we compare both complexes, the anion radical is
easier accommodated in complex 1 (lower reduction peak
potential) but more stabilized in complex 2, probably due to
the significant gold contribution in the LUMO for the former
(Figures 7 and S14). This behavior, of complex 2, indicates the
stabilization effect of the second [Au(PPh,)]™ fragment and its
capacity to withstand the electrical load. OSWV shows more
clearly these two reduction events. The first cathodic peak of
complex 2 is cathodically shifted compared to complex 1, which
suggests that the second [Au(PPh,)]* fragment has an impact
on the electronic structure; the LUMO of complex 2 increases its
energy (Figure S18). Interestingly, Wiberg bond indices of the
Au—N and Au—P bonds of complexes 1 and 2 suggest that after
each reduction event, the former is weakened while the latter is
strengthened (Table S9). The reversible behavior of complex 2
can be attributed to the second [Au(PPh,)]* fragment, which is
not affected in its geometry by the reduction events (see SOMO
and HOMO in Figures S15-S17). Finally, the linear relationship
between the current peaks (/) and the square root of the scan
rate (V') indicates that all the electron transfer processes are
controlled by diffusion (see Figures S12-S13).

Conclusions

Two new imidazolium salts containing the [Au(PPh,)]* fragment
were synthesized and characterized by NMR spectroscopy, X-ray
diffraction analysis, mass spectrometry, and DFT-based calcu-
lations. The X-ray structure of compound 1 confirmed the
presence of the gold(l) fragment bound to the nitrogen atom of
the imidazolium ring. In this study, the effect of incorporating

Figure 7. HOMO (top left) and LUMO (top right) of complex 1. SOMO
(bottom) of complex 1 after the first reduction event. Colors: carbon in grey,
hydrogen in white, nitrogen in blue, gold in yellow, and phosphorous in
orange. Orbitals depict an Isosurface of 0.02 (e/af))m.
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the gold fragment into imidazole derivatives was evaluated by
NMR spectroscopy and theoretical calculations, revealing a
significant decrease in the acid character of imidazolium salts 1
and 2 (larger pKa values) compared to traditional (dialkyl or
diaryl) imidazolium salts. Additionally, the trend of the [Au-
(PPh;)]* fragment to form C-bound species rather than N-
bound was confirmed after the formation of the corresponding
carbenic species. However, the C-bound species proved to be
quite unstable, even under harsh conditions of air and moisture
exclusion, exhibiting decomposition reactions into metallic gold
and other unknown species in the reaction mixture. Finally,
both mononuclear (1) and dinuclear (2) salts showed two
cathodic peaks which are related to two electrochemically
irreversible reduction events. These results together with those
obtained from computational experiments are in good agree-
ment with the marked stability vs. traditional imidazolium salts.

Experimental Section

Instrumentation: C, H, and N analyses were carried out with a
PERKIN-ELMER 2400 microanalyzer. Mass spectra were recorded on
a Bruker Microflex (MALDI-TOF). 'H and "*C{"H}-APT NMR, including
2D experiments, were recorded at room temperature on a BRUKER
AVANCE 400 spectrometer ('H, 400 MHz; C, 100.6 MHz '°F,
376.5MHz) or on a BRUKER AVANCE Il 300 spectrometer ('H,
300 MHz; C, 75.5 MHz; '°F, 282.3 MHz), with chemical shifts (ppm)
reported relative to the solvent peaks of the deuterated solvent.?¥

Starting materials: All reactions were performed under air atmos-
phere and solvents were used as received without further
purification or drying unless otherwise stated. Imidazole, N-methyl
imidazole and bases were purchased from Sigma-Aldrich. Gold
precursor [O(AuPPh,);1BF, was prepared according to published
procedures.® [Au(OTf)(PPh,)] was prepared from [AuCl(PPh,)]®
and AgOTf in dichloromethane in the molar ratio 1:1; the mixture
was stirred for 1 h, and then the AgCl was filtered off and the
solution containing [Au(OTf)(PPh)] was used immediately.

Preparation of compound 1. A flask was charged with 103.5 mg
(1.26 mmol) of N-methylimidazole, 20 mL of CH,Cl,, and 800 mg
(1.30 mmol) of [Au(OTf)(PPh,)l. After 2 h of stirring in dark, the
mixture changed from colorless to pale-yellow. Then, the solution
was evaporated to minimum volume under vacuum, and com-
pound 1 was precipitated and washed with diethyl ether as a beige
solid.

[IMe(AuPPh3)HIOTf (1). Yield: 0.6560g (75%) 'H NMR (CDCl;,
300 MHz, 294 K) & 8.60 (s, 1H, H2, Im), 7.60-7.53 (m, 15H, Ph, PPh;),
7.19 (m, 1H, H4, Im), 7.06 (m, 1H, H5, Im), 3.89 (s, CH,). *C{'H}-APT
NMR (CD,Cl, 101 MHz, 294 K) & 134.3 (d, J.»,=13.6 Hz, Ph, PPh,),
1324 (d, Jc »=13.6 Hz, Ph, PPh;), 129.6 (d, Jc ,=11.9 Hz, Ph, PPh,),
128.2, (d, Jcp=63.1 Hz, Ph, PPh;) 125.9 (NCN). *'P{'"H} NMR (CDCl,,
121.5 MHz, 294 K) § 30.46. '°F NMR (CDCl;, 282.3 MHz, 294 K) §
—80.8. ESI": m/z=541.0 [M-OTfl". Anal. Calcd. (%) for
Cy3H,1F3N,O5PSAU: C, 40.01; H, 3.07; N, 4.06. Found: C, 40.35; H, 3.23;
N, 4.11.

Preparation of compound 2. A flask was charged with 42 mg
(0.619 mmol) of imidazole, 20 mL de CH,Cl, and 610.8 mg
(0.4125 mmol) of [O(AuPPh;);IBF,. After 2 h of stirring, the mixture
changed from colorless to pale-yellow. Then, the solution was
evaporated to minimum volume under vacuum, and compound 2
was precipitated with diethyl ether as a beige solid.

© 2024 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH
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[I(AuPPh;),HIBF, (2). Yield: 0.5070 g (76 %). 'H NMR (CDCl;, 400 MHz,
294 K) 6 7.90 (s, TH, H2, Im), 7.60-7.55 (m, 30H, Ph, PPh,), 7.20 (s, 2H,
H4-H5, Im). *C{'"H}-APT NMR (CDCl;, 101 MHz, 294 K) § 134.50 (d,
Jep=13 Hz, Ph, PPh;), 132.81 (d, J._,=2 Hz, Ph, PPh;), 131.79 (NCN),
129.88 (d, Jp=12 Hz, Ph, PPh,), 12827 (d, Jo,=64 Hz, Ph, PPh,),
126.60 (C=C). NMR *'P{"H} (CDCl;, 162 MHz, 294 K) & 31.72. "°F NMR
(CDCly, 376.5 MHz, 294 K) 8 —148.2. MALDI" mass: m/z=985.1 [M-
BF,", 527.1 [M—Au(PPhy)+H-BF,]*. Anal. Caled. (%) for
CaoH53BF,N,P,AuU,: C, 43.68; H, 3.10; N, 2.61. Found: C, 43.51; H, 3.30;
N, 2.43.

Computational details: Computational results were obtained by
using the DFT functional ®B97XD®? with the D2 Grimme dispersion
correction®” as implemented in Gaussian 16.°® The SDD basis set
with ECP for Au and the 6-311 + +G(d,p) basis set for other atoms
were used. Solvents were described using the SMD continuum
solvation model.®” pKa's were determined using a direct approach
at the same level of theory"” which has been used before in
several systems.*'™* Natural Bond Orbital analysis, which provided
mechanistic details of the activation reaction, was performed by
using the NBO Version 3.1“¥ implemented in Gaussian 16. Bond
properties were determined according to the formalism of
reference.®?

Crystallographic data. Crystals were mounted in inert oil on glass
fibers and transferred to the cold gas stream of an Xcalibur Oxford
Diffraction diffractometer equipped with low-temperature attach-
ments. Data were collected using monochromated Mo Ka radiation
(,=0.71073 A). The scan type was o. Absorption corrections based
on multiple scans were applied using spherical harmonics imple-
mented in SCALE3 ABSPACK scaling algorithm.*! The structures
were solved with the ShelXS structure solution program using
direct methods and by using Olex2 as the graphical interface.*
Deposition Number(s) 2334416 (for 1) contains the supplementary
crystallographic data for this paper. These data are provided free of
charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe Access Structures service.

Electrochemical details: Cyclic voltammetry (CV) and Osteryoung
square wave voltammetry (OSWV) were performed at room temper-
ature in dry acetonitrile as solvent using tetra-n-butylammonium
hexafluorophosphate (NBu,PF, 0.1 m) as supporting electrolyte. A
glassy carbon electrode was used as the working electrode, an Ag
wire as a pseudo-reference, and a Pt wire as the counter- electrode.
The redox potentials were referenced to the internal ferrocene/
ferrocenium couple (Fc/Fc™).
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The reactivity of imidazole-based de-
rivatives containing gold(l)-
phosphane species towards the
formation of imidazolium salts and
the corresponding NHC-Au(l)
complexes has been investigated. The
results obtained indicate that the

presence of the [Au(PPh,)]" fragment
promotes a great stabilization of imi-
dazolium salts. However, this gold(l)-
phosphane moiety is involved in a re-
arrangement process between the C-
and N-bound species, associated to
destabilization of Au-NHC complexes.
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