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Bis(N-cyclopropenio)-imidazol-2-ylidene: An N-Heterocyclic carbene 
bearing two N-cationic substituents 
Ajay Padunnappattu,† Carine Duhayon,† Vincent César*,† and Yves Canac*,† 

LCC–CNRS, Université de Toulouse, CNRS, 205 route de Narbonne 31077 Toulouse cedex 4, France. 
 

ABSTRACT: Thanks to the onio-substitution strategy, the tricationic imidazolium salt (1·H)(OTf)3 featuring two N-cyclopropenio 
substituents was readily prepared in a two-step procedure from 1H-imidazole. The influence of the two cyclopropenium moieties on 
the electronic properties of the related dicationic NHC 12+ was evaluated on the basis of the 1JCH, d 77Se, and TEP values obtained 
respectively from NHC precursor (1·H)(OTf)3, NHC=Se adduct (5)(OTf)2, and NHC Rh(CO)2 complex (7)(OTf)2, leading to the 
conclusion that carbene 12+ is one of the least-donating cationic NHCs reported to date. The coordinating ability of 12+ was extended 
to Pd(II) and Au(I) centers providing the dicationic [PdCl(allyl)(1)](OTf)2 (8)(OTf)2, and [AuCl(1)](OTf)2 (10)(OTf)2 complexes 
which were fully characterized. While Pd complex (8)(OTf)2 was found to exhibit lability of a cyclopropenium substituent upon 
cleavage of a C+−N bond, Au complex (10)(OTf)2 was implemented in model Au-catalyzed intramolecular cyclization reactions 
showing moderate activity. 

INTRODUCTION 
While the design of electron-rich ligands of transition metals 

has been widely considered, mainly but not exclusively for cat-
alytic applications,1 that of their electron-poor counterparts has 
received much less attention and had relied mainly on the intro-
duction of electron-withdrawing groups near the coordinating 
center.2 Alternatively, locating a positive charge in close prox-
imity to this center has been shown to constitute a powerful 
strategy to make the metal more electro-deficient. This specific 
scenario was achieved in P-based ligands with imidazolio- A+ 
and cyclopropeniophosphines B+, both representatives of the 
carbeniophosphine (also called a-cationic phosphines) class,3 
where a stabilized carbenium center, brought by an imidazo-
lium3a or a cyclopropenium3b moiety respectively, is directly 
bonded to the coordinating P(III) atom (Figure 1).  

Following this, the Lewis base character of the P-center was 
further lowered by the introduction of a second cationic P-sub-
stituent as demonstrated with the report of diimidazolio- A2+,4 
and dicyclopropeniophosphines B2+.5 A similar strategy was ap-
plied with C(II)-centered ligands, especially in the case of N-
Heterocyclic carbenes (NHCs) widely known today for their 
predominant role in organometallic chemistry, homogeneous 
catalysis, and functional materials.6 Different approaches for 
the synthesis of cationic NHCs were thus considered depending 
of the nature of the fragment bearing the positive charge, the 
position of the charge relative to the NHC, and the nature of the 
connection between them.7 Keeping a close proximity between 
the charge and the sp2 hybridized carbene atom in order to have 
a significant impact on the stereoelectronic properties of the co-
ordinating center, three main families of such cationic species 
were reported, the charge being either included in the p-system 
of the NHC,8 or covalently bonded to a C-9 or a N-atom10 of the 
carbene backbone. In this specific field, we have recently pre-
pared the cationic NHC C+, belonging to the last category, 

featuring a N-bounded 2,3-bis(diisopropylamino)cycloprope-
nium group and proved its ability to coordinate Pd(II), Rh(I), 
and Au(I) metal centers (Figure 1).11 The inductive withdrawing 
effect of the cyclopropenium ring was found to lower the s-
donation and to exalt the p-acidity of the carbene relative to the 
neutral IMes prototype while maintaining significant catalytic 
activity in intramolecular Au(I)-induced cyclizations.  

 
Figure 1. Analogy between mono- (A+−B+)3 and dicationic phos-
phines (A2+−B2+)4,5 (left) vs mono- (C+)11 and dicationic NHCs 12+ 
(right). 

By analogy with the a-dicationic phosphine series,4,5 the pre-
sent contribution addresses the preparation of the dicationic 
NHC 12+ resulting from the introduction of a second N-
bis(diisopropylamino)cyclopropenio substituent. Thus, the 
main objectives of this work are to evaluate the influence of the 
presence of two positive charges on the stereoelectronic prop-
erties and coordinating ability of the carbene center, as well as 
to study the catalytic efficiency of ensuing metal complexes. 
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RESULTS AND DISCUSSION 
The targeted tricationic imidazolium salt (1·H)(OTf)3 was 

synthetized in a two-step sequence from readily available 1H-
imidazole. In a first step, the N-cyclopropenio imidazole 
(3)(OTf) was isolated in 92% yield by reacting 1H-imidazole 
with one equivalent of nBuLi in THF at 0°C followed by the 
addition of 1-chlorocyclopropenium triflate (2)(OTf).12 Then, 
in a second time as no reaction was observed by treating imid-
azole (3)(OTf) with another equiv. of (2)(OTf) even in the pres-
ence of a chloride scavenger (NaOTf or Me3SiOTf), based on 
the elegant onio-substitution strategy,13 the more reactive dica-
tionic cyclopropenium derivative (4)(OTf)2

14 was added to im-
idazole (3)(OTf) in CH2Cl2 at RT. Under these mild conditions, 
we were pleased to observe the formation of the pre-ligand 
(1·H)(OTf)3 isolated in 74% yield as a white microcrystalline 
solid (Scheme 1).  

 

 
Scheme 1. Synthesis of the tricationic salt (1·H)(OTf)3 from 
1H-imidazole and 1-chlorocyclopropenium triflate 
(2)(OTf). 

The formation of salt (1·H)(OTf)3 was clearly evidenced by 
the presence of the characteristic low field 1H NMR signal of 
the imidazolium proton at dH 10.8 ppm compared to that of the 
imidazole precursor (3)(OTf) (dH 7.9 ppm). The exact structures 
of cationic salts (3)(OTf) and (1·H)(OTf)3 were unambiguously 
confirmed by X-ray diffraction analysis of single crystals.15 
Concerning (1·H)(OTf)3, the main information concerns the ex-
istence of a plane of symmetry orthogonal to the imidazolium 
ring and intersecting it along the C1−H1 bond (Figure 2). The 
cyclopropenium and imidazolium rings are almost orthogonal 
to each other with a dihedral angle C1−N1−C3−C5 value of 
93.76° (Figure 2). As observed in the related mono(N-cyclopro-
penio) imidazolium salt (C·H)(OTf)2 recently described,11 all 
the N-atoms of cationic substituents are sp2 hybridized and co-
planar with the cyclopropenyl rings due to the strong interaction 
of the N-lone pairs with the two p-electron aromatic system. 
The rather long C3−N1 bond distance [1.405(5) Å] indicates a 
weak interaction between the cationic N-substituents and the 
central imidazolium ring. It’s worth mentioning that 
(1·H)(OTf)3 can be formally described as an electrostatic pincer 
with the presence of a triflate anion intercalated between the 
two cyclopropenium moieties (C+…O− ~ 3.38 Å). This specific 
positioning certainly contributes to the overall stabilization of 
the edifice in the crystalline state and is probably partly respon-
sible for the perfect symmetry of the molecule. 

 
Figure 2. Perspective views of the cationic part of imidazolium salt 
(1·H)(OTf)3 (top) with thermal ellipsoids drawn at the 30% proba-
bility level. The H atoms and OTf anions are omitted for clarity. 
Representation of the mirror plane with intercalated OTf anion in 
(1·H)(OTf)3 (bottom). Selected bond lengths (Å) and bond angles 
(°). (1·H)(OTf)3: C1−N1 = 1.331(5); C3−N1 = 1.405(5); C3−C4 = 
1.362(6); C3−C5 = 1.357(6); C4−C5 = 1.425(6); N1−C1−N1 = 
107.3(6); C1−N1−C3 = 124.0(4); N1−C3−C4 = 147.6(4); 
C4−C3−C5 = 63.2(3). 

To evaluate the influence of the two cyclopropenium substit-
uents on the stereoelectronic properties of NHC 12+,16 we turned 
first our attention to the 1JCH coupling constant between the pre-
carbenic carbon atom and the connected hydrogen in the imid-
azolium precursor (1·H)(OTf)3.17 The value of 1JCH = 232 Hz 
superior that of mono(N-cyclopropenio) imidazolium salt 
(C·H)2+ (1JCH = 229 Hz) indicates that the introduction of a sec-
ond positive charge lowers further the s-donation of the carbene 
center. Of note, the 1JCH values of imidazolium salts based on 
neutral IMes and IMesCl2 of 225 and 232 Hz,18 and of other re-
lated dicationic NHC precursors (E·H)2+,9b (F·H)2+,10b and 
(G·H)2+,8e of 231, 224, and 227 Hz, revealing that 12+ is one of 
the least s-donating NHCs known to date (Table 1). To assess 
the p-acidity of carbene 12+,19 the selenourea (5)(OTf)2 was pre-
pared by reacting the pre-ligand (1·H)(OTf)3 with an excess of 
selenium in the presence of K2CO3 in MeCN at RT (Scheme 
2).20 The NHC=Se adduct (5)(OTf)2 isolated in 40% yield was 
fully characterized including by an X-ray diffraction analysis 
(Figure 3, Table 2).15 Compared to NHC=Se adduct of C+ (dSe 
= 112 ppm),11 the 77Se chemical shift of (5)(OTf)2 (dSe = 197 
ppm) is strongly downfield shifted, and only carbenes D+ and 
G+ (dSe = 245 and 473 ppm)8a,8e where the positive charge is 
delocalized through the p-system of the N-heterocycle present 
more p-acidic character (Table 1). The 1JCH and dSe values re-
veal thus that the introduction of a second cationic N-substitu-
ent significantly influences both the s-donation and the p-ac-
cepting characters of carbene 12+. 
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Scheme 2. Synthesis of the selenourea (5)(OTf)2 and NHC 
Rh(I) complexes (6)(OTf)2 and (7)(OTf)2 from (1·H)(OTf)3. 

Table 1. Electronic parameters of selected imidazol-2-yli-
denes. 

NHC 1JCH (Hz)[a] d  77Se (ppm)[b] TEP (cm-1)[c] 

IMes 225 27 2051 
IMesCl2 232 114 2055 
C+[d] 229 112 2057 
D+[e] - 245 2067 
E+[f]  231 102 2056 
F+[g] 224 65, 49 2055 
G+[h] 227 473 2070 
12+ 232 197 2061 

[a] Measured on (NHC·H)+ precursors. [b] Measured on 
NHC=Se adducts. [c] Determined from NHC-Rh(CO)2 complexes. 
[d] From reference 11. [e] From reference 8a. [f] From reference 
9b. [g] From reference 10b. [h] From reference 8e. 

 
The overall electronic donation of NHC 12+ was then esti-

mated by the preparation of the corresponding Rh(CO)2 com-
plex. To this purpose, the salt (1·H)(OTf)3 was first treated with 
0.5 equiv. of [RhCl(COD)]2 in the presence of KHMDS in THF 
at −78°C (Scheme 2). The corresponding NHC Rh(I) complex 
(6)(OTf)2 was isolated in 70% yield showing that, despite some 
weak donating character, carbene 12+ retains sufficient coordi-
nating ability to form stable metal complexes. Interestingly, alt-
hough with slightly lower yield (ca. 60%), complex (6)(OTf)2 
could be also isolated from (1·H)(OTf)3 under similar “weak-
base” conditions ([RhCl(COD)]2, K2CO3, MeCN, RT) already 
used for the formation of NHC=Se adduct (5)(OTf)2. Finally, 
bubbling CO for 15 min through a CH2Cl2 solution of (6)(OTf)2 
at RT afforded quantitatively the targeted NHC Rh(CO)2 com-
plex (7)(OTf)2. Although the latter was not isolated, 13C NMR 
spectroscopy evidenced the presence of the two characteristic 
CO signals with appropriate multiplicity at dC 183.5 ppm (d, 
JCRh = 55.0 Hz) and dC 181.9 ppm (d, JCRh = 72.1 Hz). The IR 
CO stretching frequencies of (7)(OTf)2 were measured at 2007 

and 2094 cm-1 in CH2Cl2. The calculated Tolman Electronic Pa-
rameter (TEP)21 value for NHC 12+ of 2061 cm-1 indicates that 
only planar cationic carbenes D+ and G+ are characterized by a 
weaker overall donating character,22 and that the substitution of 
the neutral mesityl groups in IMes by the cationic cycloprope-
nium substituent diminishes sequentially the overall electronic 
donation of the corresponding NHC (IMes: 2051 vs C+: 2057 
vs 12+: 2061 cm-1).  

Being able to stabilize Rh(I) centers, we next investigated the 
possibility of NHC 12+ to coordinate other transition metals. In 
the Pd(II) series, the direct and mild treatment of (1·H)(OTf)3 

with half an equiv. of [PdCl(p-allyl)]2 in the presence of an ex-
cess of K2CO3 in MeCN at RT produced cleanly the NHC Pd(al-
lyl)Cl complex (8)(OTf)2 in 82% yield (Scheme 3). Unexpect-
edly, under similar experimental conditions but with a longer 
reaction time – approximately 48h – the dimeric NHC Pd(II) 
complex (9)(OTf)2 was isolated in 75% yield (Scheme 3). 

 
Scheme 3. Preparation of metal NHC complexes (8)(OTf)2, 
(9)(OTf)2, and (10)(OTf)2 from imidazolium salt 
(1·H)(OTf)3. 

Both cationic Pd complexes were fully characterized, includ-
ing by X-ray diffraction analysis (Figure 3, Table 2).15 In 
(8)(OTf)2, the Pd(II) atom resides in a classical square-planar 
environment where the coordination plane defined by the C1, 
Cl1 atoms and allyl fragment is deviated with respect to the 
NHC ring (dihedral angle N1−C1−Pd1−Cl1: 34.13°). Due to 
the coordination sphere of the Pd center, there is no crystallo-
graphic mirror and the two cyclopropenium substituents are al-
most orthogonal to the carbenic ring with different dihedral an-
gles (C1−N2−C4−C6: 94.42° and C1−N1−C7−C9: 80.22°). 
Noteworthy the chloride co-ligand is oriented towards one of 
the cyclopropenium moieties (C+…Cl ~ 3.21 Å). Regarding 
(9)(OTf)2, the XRD analysis revealed a totally different picture, 
the complex being dimeric in nature based on a central six-
membered boat-shaped dipallacycle where each Pd(II) atom in 
a square-planar environment is surrounded by the C1 atom of 
an imidazolyl ligand, the sp2 hybridized N-atom of another im-
idazolyl fragment and a p-allyl co-ligand. In this complex, each 
imidazolyl moiety acts formally as an anionic L,X-type bridg-
ing ligand.  
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Figure 3. Perspective views of the cationic part of NHC=Se adduct (5)(OTf)2, NHC Pd(II) (8)(OTf)2, (9)(OTf)2, and Au(I) (10)(OTf)2 com-
plexes with thermal ellipsoids drawn at the 30% probability level. The H atoms and OTf anions are omitted for clarity. 

Table 2. Selected bond lengths (Å) and bond angles (°) for (5)(OTf)2, (8)(OTf)2, (9)(OTf)2, and (10)(OTf)2. 

(5)(OTf)2 (8)(OTf)2 (9)(OTf)2 (10)(OTf)2 
C1−Se1: 1.825(4) C1−Pd1: 2.056(4) C1−Pd1: 2.031(6) C1−Au1:1.982(4) 
C1−N1: 1.363(3) C1−N1: 1.365(5) N1−Pd2: 2.119(6) C1−N1: 1.346(3) 
N1−C3:  1.393(3) C1−N2: 1.360(5) C1−N1: 1.334(8) N1−C3: 1.405(3) 
C3−C4: 1.368(4) N1−C7: 1.398(4) C1−N2: 1.379(8) C3−C4: 1.367(3) 
C3−C5: 1.367(4) N2−C4: 1.413(5) N2−C4: 1.407(8) C3−C5: 1.364(3) 
C4−C5: 1.434(4) Pd1−Cl1: 2.3823(10) C4−C5: 1.335(9) C4−C5: 1.445(3) 

N1−C1−N1: 104.1(3) N1−C1−N2: 102.1(3) C4−C6: 1.354(8) Au1−Cl1: 2.2820(9) 
N1−C1−Se1: 127.97(16) N1−C1−Pd1: 129.0(3) C5−C6: 1.419(8) N1−C1−N1: 103.9(3) 

C1−N1−C3:  122.8(2) C1−Pd1−Cl1: 99.22(10) N1−C1−N2: 105.8(5) N1−C1−Au1: 128.05(15) 
N1−C3−C4: 148.8(3) C1−N1−C7: 125.6(3) N1−C1−Pd1: 125.4(5) C1−Au1−Cl1: 179.994 
N1−C3−C5: 147.9(2) C1−N2−C4: 125.8(3) C1−N2−C4: 124.2(5) C1−N1−C3: 125.0(2) 
C4−C3−C5: 63.24(19) N1−C7−C8: 146.4(4) C1−N1−Pd2: 123.7(5) N1−C3−C4:  147.6(2) 

 
 
 
 
 



 

To our knowledge this type of dinuclear structure is unique 
and more generally imidazolyl complexes are highly reactive 
and therefore rarely isolated.23 A plausible mechanism would 
imply the nucleophilic attack of a decoordinated chloride anion 
at the neighboring electrodeficient carbon atom of a N-cyclo-
propenio substituent resulting in the elimination of 1-chlorocy-
clopropenium triflate (2)(OTf) with formation of  an imidazolyl 
Pd intermediate which would stabilize by dimerization to give 
the Pd complex (9)(OTf)2 experimentally observed (Scheme 
4).24 A concerted intramolecular mechanism without chloride 
dissociation cannot be excluded, as well as residual traces of 
H2O which in the presence of K2CO3 base could play a similar 
role to that of the chloride anion in the formation of dimer 
(9)(OTf)2. 

 
Scheme 4. Possible mechanism for the formation of NHC Pd 
dimer (9)(OTf)2 from (8)(OTf)2 upon cleavage of a N−C+ 
bond promoted by chloride anion. 

After the coordination of Rh(I) and Pd(II) centers, we de-
cided to explore the coordination chemistry of NHC 12+ towards 
Au(I) metal precursors. According to the conditions developed 
previously, the pre-ligand (1.H)(OTf)3 was reacted with 
AuCl(tht) using K2CO3 as a base in MeCN at RT. The corre-
sponding dicationic NHC AuCl complex (10)(OTf)2 was thus 

isolated as a pale yellow solid in 76% yield (Scheme 3) whose 
molecular structure was determined by an X-ray diffraction 
analysis of monocrystals obtained in a CH2Cl2/Et2O mixture 
(Figure 3, Table 2).15 As expected, Au(I) complex (10)(OTf)2 

presents a typical linear geometry (C1−Au1−Cl1: 179.994°) 
that accommodates the existence of plane of symmetry as ob-
served in the pre-ligand (1.H)(OTf)3 and NHC=Se adduct 
(5)(OTf)2. 

From Au complex (10)(OTf)2, the steric constraint induced 
by the dicationic NHC ligand 12+ was calculated using the Sam-
bVca web application.25 The carbene 12+ was found to provide a 
steric pressure in between the smaller mono-cationic NHC C+ 
and the bigger neutral IPr NHC (Figure 4). More precisely, the 
two cyclopropenium groups induce equal steric pressure in all 
quadrants with %Vbur = 39.7% which can be related to the per-
fect symmetry of the NHC ligand observed in Au complex 
(10)(OTf)2 [(%Vbur(IMes) = 36.5%; %Vbur(C) = 38.2%; 
%Vbur(IPr) = 45.7%)]. In the same series of complexes, another 
valuable information concerns the reduction potentials (Ep

Red) 
considering that such values generally reflect the electronic 
properties of the ligands. The different Au(I) complexes were 
thus investigated by cyclic voltammetry showing that all the re-
ductions are irreversible with Ep

Red values varying according to 
the electron-donating nature of the NHC ligand. Indeed, due to 
the electron-withdrawing character of cyclopropenium group, 
dicationic complex (10)(OTf)2 exhibits higher reduction 

potential at Ep
Red = −1.66 V vs SCE compared to mono-cationic 

(C)AuCl (Ep
Red = −1.84 V vs SCE) and neutral (IMes)AuCl (Ep-

Red = −2.25 V vs SCE) complexes. 

 
Figure 4. Comparative steric maps of (IMes)AuCl, (C)AuCl, 
(10)(OTf)2, and (IPr)AuCl complexes. Values given in the four cor-
ners of the map are the %Vbur of the ligands in the corresponding 
quadrant. 

To investigate the activity of dicationic gold complex 
(10)(OTf)2 in homogeneous catalysis, the intramolecular cycli-
zations of propargyl amide 11 and of 2-ethynyl-2′-methyl-1,1′-
biphenyl 13 were chosen as model reactions. Noteworthy, the 
Au-catalyzed cyclization of 11 had previously served as a stand-
ard catalytic reaction for cationic NHCs,10a,26 and that of 13 for 
α-dicationic phosphines (Scheme 5).5a The pre-catalyst 
(10)(OTf)2 was found to present catalytic activity leading to full 
conversion of propargyl amide 11 into the five-membered het-
erocycle 12 in 48 hours with a catalytic loading of 2.5 mol%. 
However, decreasing the catalytic loading to 1.0 mol% had a 
significant impact on activity, affording only a 50% NMR yield 
after 48 hours. The catalytic activity of complex (10)(OTf)2 was 
then compared with that of neutral (IMes)AuCl and (IPr)AuCl, 
and mono-cationic [(C)AuCl](OTf) complexes (Scheme 5). As 
reported in the table, all Au(I) NHC complexes present higher 
efficiency than (10)(OTf)2 which can be tentatively rationalized 
by the relative fragility of the ligand 12+, as demonstrated in the 
Pd(II) series with the formation of the dimeric complex 
(9)(OTf)2 upon cleavage of a N−C+ bond. Interestingly, in the 
catalytic intramolecular cyclization of 2-ethynyl-2′-methyl-
1,1′-biphenyl, the dicationic NHC complex (10)(OTf)2 per-
forms better than neutral (IMes)AuCl complex with 32% NMR 
yield after 72 hours and a catalytic loading of 5%. However, it 
remains less active than (IPr)AuCl complex certainly for the 
same reasons of stability mentioned above. 
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Scheme 5. Comparative catalytic studies in Au(I)-catalyzed 
reactions. a isolated yield in parentheses.  

CONCLUSION 
In summary, we have synthesized and fully characterized five 

metal complexes of the new α,α’-dicationic NHC 12+ bearing 
two 2,3-bis(diisopropylamino)cyclopropenio substituents in the 
Rh(I) [(6)(OTf)2, (7)(OTf)2],  Pd(II) [(8)(OTf)2, (9)(OTf)2] and 
Au(I) (10)(OTf)2 series. Compared to the N-cyclopropenio-im-
idazol-2-ylidene recently reported, according to 1JCH coupling 
constants, 77Se chemical shifts, and TEP values of NHC precur-
sors, NHC=Se adducts, and NHC Rh(CO)2 complexes, the in-
troduction of a second cationic N-substituent was shown to sig-
nificantly influence the stereoelectronic properties of the car-
bene center, further contributing to decrease its σ-donation and 
increase its π-acidity. In the Pd case, a certain lability of a cy-
clopropenium fragment due to the cleavage of a N−C+ bond was 
evidenced affording the dimeric Pd(II) complex (9)(OTf)2 of an 
anionic bidentate L,X-type imidazolyl ligand. This peculiar re-
activity was proposed to rationalize the moderate catalytic ac-
tivity of Au(I) complex (10)(OTf)2 observed in the intramolec-
ular cyclization of N-(2-propyn-1-yl)benzamide and 2-ethynyl-
2′-methyl-1,1′-biphenyl. We strongly believe that this approach 
based on the onio-substitution strategy presents a high potential 
in the development of other cationic NHC platforms. However, 
it appears essential to develop more robust cationic NHCs, such 
as systems where the cationic substituents would be annelated 
laterally to the N-heterocycle. More generally, our future efforts 
will focus on the preparation of cationic ligands characterized 
by a stronger interaction between the charge and the coordina-
tion site for applications in the fields of catalysis and materials. 

EXPERIMENTAL SECTION 
General Remarks.  
All manipulations were performed under an inert atmosphere of dry 

nitrogen by using standard vacuum line and Schlenk tube techniques. 
Glassware was dried at 120°C in an oven for at least three hours. THF, 
Et2O, pentane, toluene and CH2Cl2 were dried using an Innovative 
Technology solvent purification system. Acetonitrile was dried using a 
MBraun SPS column. 2,3-bis(diisopropylamino)-1-
chlorocyclopropenium triflate (2)(OTf),12 (4)(OTf)2,14  [PdCl(allyl)]2,27 
and AuCl(tht),28 were prepared according to literature procedures. All 
other reagents were commercially available and used as received. Chro-
matographic purification was carried out on silica gel (SiO2, 63−200 
μm). Solution IR spectra were recorded in 0.1 mm CaF2 cells using a 
Perkin Elmer Frontier FT‐IR spectrometer and given in cm–1. 1H and 

13C NMR spectra were obtained on Bruker AV300, AV400 or NEO600 
spectrometers. NMR chemical shifts δ are in ppm, with positive values 
to high frequency relative to the tetramethylsilane reference for 1H and 
13C, and to pure Me2Se in C6D6 for 77Se. If necessary, additional infor-
mation on the carbon signal attribution was obtained using 13C{1H}, J-
modulated spin−echo (JMOD) 13C{1H}, 1H−13C HMQC, and/or 
HMBC experiments. MS spectra (ESI mode) were performed by the 
mass spectrometry service of the “Institut de Chimie de Toulouse”. 
Voltammetric measurements were performed by the electrochemistry 
service of the LCC with a potentiostat Autolab PGSTAT100 controlled 
by GPES 4.09 software. Experiments were performed at room 
temperature in a homemade airtight three-electrode cell consisting of a 
Pt working electrode (d = 0.5 mm), a platinum wire (S = 1 cm2) as 
counter electrode, and a saturated calomel electrode (SCE) separated 
from the solution by a bridge compartment as a reference. Before each 
measurement, the working electrode was cleaned with a polishing ma-
chine (Presi P230, P4000). The measurements were carried out in dry 
CH2Cl2 under argon atmosphere using 0.1 M [nBu4N](OTf) (Fluka, 
99% puriss electrochemical grade) as supporting electrolyte and 
typically 10−3 M sample concentration. 
 
1-(imidazol-1-yl)-2,3-bis(diisopropylamino)cycloprope-
nium triflate (3)(OTf). 1H-imidazole (226 mg, 3.32 mmol, 
1 equiv) was placed in a Schlenk tube which was evacuated 
and backfilled with N2. THF (10 mL) was added and the re-
action mixture was stirred for 5 minutes for complete disso-
lution. The reaction mixture was then cooled to 0oC and 
nBuLi was added (1.6 M in hexane, 2.2 mL, 3.48 mmol, 1.05 
equiv). The solution was warmed to room temperature. After 
30 minutes the reaction was cooled to 0oC and 2,3-bis(diiso-
propylamino)-1-chlorocyclopropenium triflate (2)(OTf) 
(1.39 g, 3.32 mmol, 1 equiv) in THF (10 mL) was added. 
After 10 minutes, the reaction mixture was warmed to room 
temperature and stirred for 16 h. After evaporation of the 
volatiles, the crude residue was dissolved in CH2Cl2 (6 mL). 
The resulting solution was then filtered through Celite and 
Et2O (20 mL) was added to the reaction mixture to give a 
precipitate. The solid was filtered and washed 4 times with 
Et2O (10 mL) affording (3)(OTf) as a light-yellow powder 
(1.38 g, 92%). Single crystals suitable for X-Ray diffraction 
were grown by layering a solution of (3)(OTf) in CH2Cl2 
with Et2O. 1H NMR (400 MHz, CDCl3): d = 7.93 (s, 1H, 
N2CH), 7.49 (t, J = 1.4 Hz, 1H, CHIm), 7.26–7.25 (m, 1H, 
CHIm), 4.18 (sept, J = 6.8 Hz, 2H, CHiPr), 3.79 (sept, J = 7.0 
Hz, 2H, CHiPr), 1.45 (d, J = 6.7 Hz, 12H, CH3iPr), 1.26 (d, J 
= 6.8 Hz, 12H, CH3iPr). 13C{1H} NMR (101 MHz, CDCl3): 
d = 137.1 (N2CH), 131.7 (CHIm), 131.4 (CAr), 120.8 (q, J = 
322.1 Hz, CF3SO3), 119.8 (CHIm), 98.9 (CAr), 57.7 (CHiPr), 
48.5 (CHiPr), 21.9 (CH3iPr), 20.8 (CH3iPr). MS (ESI+): m/z 
(%): 303.2 (100) [M – OTf]+ (calcd 303.2); HRMS (ESI): 
m/z: calcd. for C18H31N4: 303.2549; found: 303.2553, er = 
1.3 ppm. Anal. Found, C 48.76, H 7.06, N 11.64. Calcd. for 
C19H31F3N4O3S.(0.2)CH2Cl2: C, 49.12; H, 6.74, N 11.93. 
 
1,3-bi[2,3-bis(diisopropylamino)cyclopropenio]imidazo-
lium tris-triflate (1·H)(OTf)3. A solution of (3)(OTf) (863 
mg, 1.9 mmol, 1 equiv) in CH2Cl2 (8 mL) was stirred at room 
temperature for 15 minutes for complete dissolution. A so-
lution of (4)(OTf)2 (1.5 g, 1.9 mmol, 1 equiv) in CH2Cl2 (8 
mL) was added to the reaction mixture and the resulting so-
lution was stirred for 3 hours. The reaction solution was then 
concentrated to 3/4 volume and Et2O (25 mL) was added to 
the reaction mixture to give a precipitate. The solid was 
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filtered, washed 4 times with Et2O (10 mL) and dried under 
vacuum to give a white powder (1.39 g, 74%). Single crys-
tals suitable for an X-Ray diffraction were grown by layering 
a solution of (1·H)(OTf)3 in CH2Cl2 with toluene. 1H NMR 
(400 MHz, CD2Cl2): d = 10.78 (t, J = 1.5 Hz, 1H, N2CH), 
8.85 (d, J = 1.5 Hz, 2H, CHIm), 4.18 (sept, J = 6.8 Hz, 4H, 
CHiPr), 3.90 (sept, J = 6.7 Hz, 4H, CHiPr), 1.48 (d, J = 6.8 Hz, 
24H, CHiPr), 1.27 (d, J = 6.8 Hz, 24H, CH3iPr). 13C{1H} NMR 
(101 MHz, CD2Cl2): d = 140.7 (N2CH), 132.4 (CAr), 126.9 
(CHIm), 120.9 (q, J = 321.1 Hz, CF3SO3), 91.8 (CAr), 59.0 
(CHipr), 49.9 (CHipr), 22.2 (CH3ipr), 20.5 (CH3iPr). MS (ESI+): 
m/z (%): 837.4 (100) [M – OTf]+ (calcd 837.4); HRMS 
(ESI): m/z: calcd. for C35H59N6O6F6S2: 837.3842; found: 
837.3851, er = 1.1 ppm. Anal. Found, C 43.75, H 6.22, N 
8.19. Calcd. for C36H59F9N6O9S3: C, 43.81; H, 6.03, N 8.51. 
 
1,3-bis[2,3-bis(diisopropylamino]imidazoline-2-selenone 
bis-triflate (5)(OTf)2. Pre-ligand (1·H)(OTf)3 (100 mg, 0.10 
mmol, 1 equiv), K2CO3 (20.9 mg, 0.15 mmol, 1.5 equiv) and 
Se powder (39.8 mg, 0.50 mmol, 5 equiv) were placed in a 
Schlenk tube. CH3CN (4 mL) was added and the reaction 
mixture was stirred at room temperature for 16 h. The reac-
tion mixture was dried under vacuum and the crude residue 
was dissolved in CH2Cl2 (4 mL) and filtered through Celite. 
The reaction mixture was concentrated to ½ volume and 
Et2O (6 mL) was added to get a dark brown precipitate. The 
solid was filtered, washed 3 times with Et2O (3 x 2 mL) and 
dried under vacuum to afford a dark brown crystalline solid 
(37 mg, 40%). Single crystals suitable for X-Ray diffraction 
were grown by layering a solution of (5)(OTf)2 in CH2Cl2 
with Et2O. 1H NMR (600 MHz, CD3CN): d = 7.52 (s, 2H, 
CHIm), 4.13 (sept, J = 6.7 Hz, 4H, CHiPr), 3.95 (sept, J = 6.7 
Hz, 4H, CHiPr), 1.38 (d, J = 6.8 Hz, 24H, CHiPr), 1.23 (d, J = 
6.8 Hz, 24H, CHiPr). 13C{1H} NMR (151 MHz, CD3CN): d 
= 161.6 (N2C), 133.7 (CAr), 123.1 (CHIm), 98.1 (CAr), 59.0 
(CHiPr), 49.5 (CHiPr), 22.7 (CH3iPr), 20.7 (CH3iPr). 77Se NMR 
(114.5 MHz, CD3CN): d = 196.7. MS (ESI+): m/z (%): 767.3 
(100) [M – OTf]+ (calcd 767.3); HRMS (ESI): m/z: calcd. 
for C34H58N6O3F3 S80Se: 767.3408; found: 767.3417, er = 1.2 
ppm 
 
Chloro-(1,5-cyclooctadiene)-[1,3-bis(2,3-bis(diisopropyl-
amino)imidazol-2-ylidene] rhodium(I) bis-triflate 
(6)(OTf)2. Pre-ligand (1·H)(OTf)3 (100 mg, 0.10 mmol, 1 
equiv) and [RhCl(COD)]2 (24.6 mg, 0.05 mmol, 0.5 equiv) 
were charged in a Schlenk tube and THF (3 mL) was added 
to the reaction mixture at -78OC. A solution of KHMDS (0.5 
M in toluene, 202 µL, 0.10 mmol, 1 equiv) was added drop-
wise to the reaction mixture. After 15 minutes, the reaction 
mixture was warmed to room temperature and stirred for 1 
hour. Volatiles were removed under vacuum and the crude 
residue was dissolved in CH2Cl2 (4 mL) and filtered through 
Celite. The reaction mixture was concentrated to ½ volume 
and Et2O (6 mL) was added to give a dark orange precipitate. 
The precipitate was filtered, washed 3 times with Et2O (3 x 
2 mL) and dried to give (6)(OTf)2 as a dark orange crystal-
line solid (74 mg, 70%). 1H NMR (400 MHz, CD3CN): d = 
7.63 (s, 2H, CHIm), 5.05 (brs, 2H, CHcod), 4.33–4.22 (m, 4H, 
CHiPr), 4.19–4.09 (m, 4H, CHiPr), 3.64–3.54 (brs, 2H, 

CHcod), 2.33–2.24 (m, 4H, CH2cod), 1.71–1.48 (m, 4H, 
CH2cod), 1.46 (d, J = 6.8 Hz, 24H, CH3iPr), 1.37 (d, J = 6.8 
Hz, 24H, CH3iPr). 13C{1H} NMR (101 MHz, CD3CN): d = 
190.5 (d, JRhC = 53.6 Hz, N2C), 132.4 (CAr), 125.6 (CHIm), 
122.0 (q, J = 321.1 Hz, CF3SO3), 103.4 (d, JRhC = 6.8 Hz, 
CHcod), 101.3 (CAr), 71.8 (d, JRhC = 13.8 Hz, CHcod), 55.7 
(CHiPr), 53.0 (CHiPr), 33.3, 28.8 (CH2cod), 22.5 (CH3iPr), 21.5 
(CH3iPr). MS (ESI+) m/z (%): 897.4 (2) [M – OTf – HCl]+ 
(calcd 897.4), 257.1 (100) [C26H43N4Rh]2+ (calcd 257.1); 
HRMS (ESI): m/z: calcd. for C42H69F3N6O3RhS: 897.4159; 
found: 897.4169, er = 1.1 ppm. 
 
Chloro-dicarbonyl[1,3-bis(2,3-bis(diisopropylamino)im-
idazol-2-ylidene]rhodium(I) bis-triflate (7)(OTf)2. Com-
plex (6)(OTf)2 (74 mg, 0.07 mmol, 1 equiv) was dissolved 
in CD2Cl2 (0.7 mL) and CO gas was bubbled into the reac-
tion mixture for 15 minutes at room temperature. NMR of 
the reaction mixture was immediately recorded showing 
quantitative formation of (7)(OTf)2. 1H NMR (400 MHz, 
CD2Cl2): d = 8.29 (s, 2H, CHIm), 4.19 (sept, J = 6.9 Hz, 4H, 
CHiPr), 3.97 (sept, J = 6.8 Hz, 4H, CHiPr), 1.47 (d, J = 6.8 Hz, 
24H, CH3iPr), 1.39 (d, J = 6.7 Hz, 24H, CH3iPr).  13C{1H} 
NMR (101 MHz, CD2Cl2): d = 183.5 (d, JRhC = 55.0 Hz, Rh-
CO), 181.9 (d, JRhC = 72.1 Hz, Rh-CO), 181.8 (d, JRhC = 45.5 
Hz, N2C), 132.2 (CAr), 126.2 (CHIm), 121.4 (q, J = 322.1 Hz, 
CF3SO3), 99.7 (CAr), 55.9 (CHiPr), 52.7 (CHiPr), 22.1 
(CH3iPr), 20.9 (CH3iPr). IR nCO (CH2Cl2): 2007, 2094 cm-1. 
 
chloro-(h3-allyl)[1,3-bis(2,3-bis(diisopropylamino)imid-
azole-2- ylidene]palladium(II) bis-triflate (8)(OTf)2. Pre-
ligand (1·H)(OTf)3 (100 mg, 0.10 mmol, 1 equiv), [PdCl(al-
lyl)]2 (18.4 mg, 0.05 mmol, 0.5 equiv) and K2CO3 (41.5 mg, 
0.30 mmol, 3 equiv) were placed in a Schlenk tube. CH3CN 
(4 mL) was added and the reaction mixture was stirred at 
room temperature for 2 hours. The reaction mixture was 
dried and the crude residue was dissolved in CH2Cl2 (4 mL) 
and filtered through Celite. The reaction mixture was con-
centrated to 1/4 volume and Et2O (4 mL) was added to give 
a white precipitate. The solid was filtered, washed 3 times 
with Et2O (4 x 2 mL) and dried under vacuum to give a white 
powder (85 mg, 82%). Single crystals suitable for X-Ray dif-
fraction were grown by layering solution of (8)(OTf)2 in 
CH2Cl2 with Et2O. 1H NMR (400 MHz, CD3CN): d  = 7.82 
(s, 2H, CHIm), 5.34 (ddd, J = 13.4, 6.6, 4.7 Hz, 1H, CHallyl), 
4.24–4.11 (m, 5H, CHiPr + CH2allyl), 4.08–3.87 (m, 4H, 
CHiPr), 3.59 (dd, J = 6.8, 2.3 Hz, 1H, CH2allyl), 3.23 (d, J = 
13.6 Hz, 1H, CH2allyl), 2.56 (d, J = 12.0 Hz, 1H, CH2allyl), 
1.40 (d, J = 6.8 Hz, 24H, CH3iPr), 1.30 (d, J = 6.7 Hz, 12H, 
CH3iPr), 1.27 (d, J = 6.7 Hz, 12H, CH3iPr). 13C{1H} NMR 
(101 MHz, CD3CN): d = 188.0 (N2C), 132.6 (CAr), 125.4 
(CHIm), 122.0 (q, J = 322.1 Hz, CF3SO3), 118.1 (CHallyl), 
100.2 (CAr), 74.6 (CH2allyl), 57.6 (CHiPr), 54.8 (CH2allyl), 51.0 
(CHiPr), 22.6, 22.5, 21.0, 20.9 (CH3iPr). MS (ESI+): m/z (%): 
869.3 (6) [M – OTf]+ (calcd 869.3), 360.2 (76) [M – 2 OTf]2+ 
(calcd 360.2), 225.1 (100) [C21H36N6Pd]2+ (calcd 225.1); 
HRMS (ESI): m/z: calcd. for C37H63N6O3F3PdClS: 
869.3368; found: 869.3386, er = 2.1 ppm. 
 



 

[(h3-allyl)][µ-1-[2,3-bis(diisopropylamino)cyclopro-
penio)imidazolyl-kC2-kN3)palladium(II)]dimer bis-tri-
flate (9)(OTf)2. Pre-ligand (1·H)(OTf)3 (100 mg, 0.10 
mmol, 1 equiv), [PdCl(allyl)]2 (18.4 mg, 0.05 mmol, 0.5 
equiv), and K2CO3 (41.5 mg, 0.30 mmol, 3 equiv) were 
placed in a Schlenk tube. CH3CN (4 mL) was added and the 
reaction mixture was stirred at room temperature for 48 
hours. The reaction mixture was dried and the crude residue 
was dissolved in CH2Cl2 (4 mL) and filtered through Celite. 
The reaction mixture was concentrated to 1/4 volume and 
Et2O (4 mL) was added to get a white precipitate. The solid 
was then filtered, washed 3 times with Et2O (4 x 2 mL) and 
dried under vacuum to give a white powder (46 mg, 75%). 
Single crystals suitable for X-Ray diffraction were grown by 
layering a solution of (9)(OTf)2 in CH2Cl2 with Et2O. 1H 
NMR (400 MHz, CD3CN): d  = 7.24 (brs, 2H, CHIm), 7.13 
(s, 1H, CHIm), 7.11 (s, 1H, CHIm), 5.40 (m, 2H, CHallyl), 
4.16–4.03 (m, 6H, CHiPr + CH2allyl), 3.93–3.85 (m, 4H, 
CHiPr), 3.27–3.13 (m, 4H, CH2allyl), 2.28 (m, 2H, CH2allyl), 
1.47–1.07 (m, 48H, CH3iPr). 13C{1H} NMR (101 MHz, 
CD3CN): d = 178.1, 177.9 (N2C), 134.4, 134.2 (CHIm), 132.5 
(brs, CAr), 122.2 (q, J = 322.2 Hz, CF3SO3), 120.0, 119.9 
(CHallyl), 105.0 (CAr), 70.2 (CH2allyl), 58.2 (CHiPr), 49.7 
(CHiPr), 45.7 (CH2allyl), 22.5, 21.0, 20.9 (CH3iPr). MS (ESI+): 
m/z (%): 1047.3 (1) [M – OTf]+ (calcd 1047.3), 450.2 (100) 
[M – 2 OTf]2+ (calcd 450.2); HRMS (ESI): m/z: calcd. for 
C43H70F3N8Pd2O3S: 1047.3335; found: 1047.3328, er = 0.7 
ppm. 
 
Chloro-1,3-bis(2,3-bis(diisopropylamino)imidazol-2-yli-
dene]gold(I) bis-triflate (10)(OTf)2. Pre-ligand 
(1·H)(OTf)3 (200 mg, 0.20 mmol, 1 equiv), AuCl(tht) (64.7 
mg, 0.20 mmol, 1 equiv) and K2CO3 (83.7 mg, 0.60 mmol, 
3 equiv) were placed in Schlenk tube. CH3CN (6 mL) was 
added and the reaction mixture was stirred at room temper-
ature for 16 h. The reaction mixture was dried under vacuum 
and the crude residue was dissolved in CH2Cl2 (5 mL) and 
filtered through Celite. The reaction mixture was concen-
trated to ½ volume and Et2O (10 mL) was added to get a dark 
brown precipitate. The solid was filtered, washed 3 times 
with Et2O (4 x 2 mL) and dried under vacuum to give a white 
powder (164 mg, 76%). Single crystals suitable for X-Ray 
diffraction were grown by layering a solution of (10)(OTf)2 
in CH2Cl2 with toluene. 1H NMR (400 MHz, CD3CN): d = 
8.00 (s, 2H, CHIm), 4.14 (sept, J = 6.7 Hz, 4H, CHiPr), 3.98 
(sept, J = 6.7 Hz, 4H, CHiPr), 1.40 (d, J = 6.7 Hz, 24H, CH3 

iPr), 1.23 (d, J = 6.7 Hz, 24H, CH3iPr). 13C{1H} NMR (101 
MHz, CD3CN): d = 176.8 (N2C), 133.4 (CAr), 125.8 (CHIm), 
122.0 (q, J = 322.1 Hz, CF3SO3), 96.9 (CAr), 59.4 (CHiPr), 
49.4 (CHiPr), 22.6 (CH3iPr), 20.5 (CH3iPr). MS (ESI+): m/z 
(%): 919.4 (3) [M – OTf]+ (calcd 919.4), 385.2 (100) [M – 2 
OTf]2+ (calcd 385.2); HRMS (ESI): m/z: calcd. for 
C34H58N6O3F3SAuCl: 919.3597; found: 919.3604, er = 0.8 
ppm. 
 
Single-crystal X-ray diffraction analyses. 
Single crystals suitable for X-ray diffraction were coated 
with paratone oil and mounted onto the goniometer. The X-
ray crystallographic data were obtained at 100K from a 
Rigaku XtaLAB Synergy diffractometer (Cu Kα radiation 

source) equipped with an Oxford Cryosystem. The struc-
tures have been solved using ShelXT29 and refined by means 
of least-squares procedures on F using the program 
CRYSTALS.30 The scattering factors for all the atoms were 
used as listed in the International Tables for X-ray Crystal-
lography.31 Absorption correction was performed using a 
MULTISCAN procedure.32 All non-hydrogen atoms were 
refined anisotropically, excepted a triflate anion for 
(9)(OTf)2. The H atoms were refined with riding constraints. 
For (8)(OTf)2 and (9)(OTf)2, it was not possible to resolve 
some diffuse electron-density residuals (enclosed solvent 
molecules). Some solvent molecules were squeezed with the 
SQUEEZE facility from PLATON.33 The structures 
(1.H)(OTf)3, (8)(OTf)2 and (9)(OTf)2 presented several 
treated statistic disorders on parts of the ligand or on the allyl 
groups. For (1·H)(OTf)3, the crystal was of poor quality with 
high residual positive density and a disordered triflate anion. 
For (9)(OTf)2, one Pd atom was found to be disordered on 2 
positions (occupancies 0.75:0.25). However, refinement of 
the final formulated models leads to imperfect but reasona-
ble solutions. Detailed crystallographic data and structural 
refinement parameters are given in the SI. 
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