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ABSTRACT

The tridentate N-heterocyclic carbenes (NHC) ligands derived from tris azolium salts by a 

new synthetic approach are described. The tris azolium salts have been obtained by reacting 

the initially synthesized precursor 3-(2-bromoethyl)-1-methylbenzimidazolium bromide (I) 

with benzimidazole/imidazole resulting in the tris azolium salts namely, 1 and 2. The ligand 

potential of the salts 1 and 2 was investigated by the formation of NHC-Ag(I) complexes 3 

and 4, using Ag2O. The most downfield resonances in 13C NMR around 180-190 ppm 

indicates the successful coordination of carbene with Ag(I).

Keywords: Tri-N-heterocyclic carbene, Ag(I) complexes, Crystal structure, Azolium.

The N-heterocyclic carbenes ever since their discovery [1] are the intensively studied ligands 

in organometallic chemistry owing to their ability to form complexes with virtually all the 

elements of the periodic table in addition to their easy accessibility and structural diversity 

[2]. Started with the mono NHC complexes with a variety structural motifs, this area has been 

extended by the introduction of numerous complexes containing poly NHCs ligands that 

include the bis-, tri-, tetra- and hexa-NHCs [3]. 

Among the different types of poly N-heterocyclic carbene systems featuring metal 

complexes, the tri-NHC systems are relatively scarce. The first known tri-NHC ligand and 

respective metal complexes were reported by Hu et al., that was synthesized by a simple 

synthetic approach involving the quaternization of N-methylimidazole with 1,1,1-

tris(bromomethyl) ethane [4]. Meanwhile, Rit et al., have reported the preparation of 

tricarbene ligand by the reaction of imidazole with 1,3,5-tribromobenzene followed by the 

alkylation of the free imine [5]. Both strategies in obtaining these tri-NHC ligands involves 

the uses of a tridentate linker that connects the three imidazolium units in a single step.
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 In our attempt to obtain tri-NHC compound, the benzimidazole was firstly N-

substituted and then followed by quaternized with 1,2-dibromoethane that facilitate the 

formation of 3-(2-bromoethyl)-1-methylbenzimidazolium bromide (I) (Scheme 1) [6]. The 

synthesis of the key reactant (I) was carried out by different strategy which involves the neat 

reaction of N-substituted benzimidazole with 1,2-dibromoethane on a reflux at 80°C for 8 

hours. This then resulted the formation of white precipitates that were collected and washed 

with DCM, somewhat different with reported synthesis procedure that involves this type of 

reaction however using diethy ether as solvent and several days of stirring at room 

temperature [7,8]. Subsequently the salt (I) was reacted with unsubstituted benzimidazole in a 

solvent mixture of 1,4-dioxane and methanol, in which after 32 hrs of reflux the tri-NHC 

precursor was precipitated out (Scheme 2) [9]. The reaction of salt (I) with benzimidazole 

without the uses of any strong base required for deprotonation of 1H proton indicates that this 

synthetic route is unique compared to the reported single step methods of substitution and 

addition on the nitrogens (N1 & N3) of imidazole which involve the use of strong bases [10]. 

This direct alkylation has been carried out taking advantage of the reactivity of 

benzimidazole/imidazole with alkyl halides which under vigorous conditions resulted in the 

formation of 1,3-dialkylbenzimidazolium halides [11].    

We thereafter extended our approach to synthesize the tri-NHC ligand precursor of 

mixed azolium salts. This was achieved by the introduction of the benzimidazolium and 

imidazolium units in one tri-NHC system, by following the aforementioned strategy [12] 

(Scheme 2). To the best of our knowledge such NHC systems are unprecedented and can 

serve as a new class of NHC ligands. Further the potential of the salts 1 and 2 as ligands was 

investigated by the formation of respective Ag(I) complexes (Scheme 3) [13]. The 

complexation with Ag(I) was preferred as NHC-Ag(I) complexes are most suitable 

candidates for transmetallation [14] and biological studies [15] in addition to catalysis [16] 

for the purpose of future studies. 
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Scheme 1: Synthesis of 3-(2-bromoethyl)-1-benzylbenzimidazolium bromide salt I.

N NH N N
NBn N N BnN

Br
Br

Br

Dioxane & methanol
32 hrs refluxNBn N

Br

Br

1

N NH N N
NBn N N BnN

Br
Br

Br

Dioxane & methanol
32 hrs refluxNBn N

Br

Br

2

Scheme 2: Synthesis of tris benzimidazolium bromide salts 1 and 2, respectively.



ACCEPTED MANUSCRIPT

N N
NBn N N BnN

Br
Br

Br

methanol
Ag2O

48 hrs
RT, stirring

a.
b. metathesis
using KPF6

NBn N
N

N BnN
N

N BnN
N

NBn N
N

Ag AgAg

3

3PF6

(1 or 2)

(3 or 4)

Scheme 3: Synthesis of tri NHC-Ag(I) complexes 3 and 4, respectively.  

Spectroscopic investigation at each step of synthesis supported the formation of 

desired salts along with the confirmation of the designed structures (I, 1 and 2) through single 

crystal X-ray diffraction data. The N, N’-substitution and addition of benzimidazole with 

precursor I in a single step without the use of any base was evidenced by the disappearance 

of the absorption band of medium intensity for N-H vibrations of benzimidazole/ imidazole 

around 3400 cm-1. This was further supported by the disappearance of the 1-H acidic proton 

resonance at ca. 12.6 ppm. In these tris azolium salts, there are three pre-carbenic centres 

under two different chemical environments. Hence as expected, two resonance signals 

appeared in the form of two singlets in the most downfield region at 10.1-10.3 ppm in the 

salts 1, which is a characteristic feature for the two types of acidic protons (NCHN) of 

benzimidazolium salts [17]. For salt 2, these acidic protons show resonances in the region of 
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9.3-9.9 ppm [18]. All the bridging dimethylene protons in salt 1 appear as singlet at around 

5.2 ppm, whereas in salt 2 as the two methylene are similar, thus show two triplets in the 

region of 4.8-5.1 ppm. The benzylic protons present in the salts 1 and 2 appear as singlets 

around 5.8 ppm implying the conformational flexibility of these salts in the solution, as in 

case of rigid molecules, the benzylic protons have been reported to appear as sharp doublets 

[19].  

                In the 13C NMR spectra, the pre-carbenic carbons (NCHN) exhibit resonances at 

ca. 143 and 144 ppm for salt 1, while for salt 2 are around 134 and 143 ppm, respectively. 

The formation of tri-NHC-Ag(I) complexes demonstrated by disappearance of resonance 

signals for the two sets of acidic protons around 10 ppm which supports the generation of 

carbene. The resonances for the other protons underwent broadening of signals, somewhat 

similar to that reported for poly NHC-Ag(I) complexes which indicates that the complexes 

have a highly flexible structure [20]. The signals remain the same even by undertaking low 

temperature NMR studies. The successful complexation was further supported by the 

appearance of two sets of doublets attributed to two types of carbenoid centres coordinating 

with Ag107 and Ag109 as clearly observed in complex 3 (Figure 1). For the doublets of 

doublets set, the carbene-silver coupling could be observed with the coupling constants of 

180.6 Hz for C-107Ag and 209.0 Hz for C-109Ag. This splitting pattern is consistent with the 

literature reports on the carbene-Ag(I) coupling constants [21].  The other set of doublets 

remained unresolved appearing at 188 ppm [22]. For complex 4 two unresolved doublets 

were observed at 188.5 and 190.1 ppm.
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Figure 1: Selected part of 13C NMR spectrum of NHC-Ag(I) complex 3 (d3-acetonitrile) 

highlighting the appearance of the resonance signal for the two types of carbene-Ag bonds 

which is an indication of a successful synthesis of the tri NHC-Ag(I) complex.  

Single crystal X-ray crystallography studies of the precursor shows that the compound 

I crystallizes in triclinic space group P-1 with two anion units (Figure 2), two bromide 

cations and one water molecule in the asymmetric unit [23]. The water molecule behaves as 

hydrogen bonds donor to two independence bromide ions in the lattice.  

Figure 2: Structure of anion unit in I with an ellipsoids shown at 50% probability. Molecules 

in the lattice omitted for clarity.

Both of the salts 1 and 2 crystallise in monoclinic space group C2/c with one and the 

half of the molecule in the asymmetric unit [24]. The presences of the bromide cations in the 

lattice thus balance the entire charge of the molecule. The crystal of 2 contains as well three 

water molecules in the lattice. The crystal structure clearly depicts the three azolium units 

connected via dimethylene linker having their planes parallel to each other, while the benzyl 

rings are projecting perpendicular to the planes of benzimidazolium rings (Figure 3). The 

nitrogen to the precarbene carbon bond distance of benzimidazolium unit ranges from 

1.328(6)-1.333(6) Å, while for imidazole ring it ranges from 1.296(10)-1.314(10) Å. The 

internal ring angles at the precarbenic centre (N-C-N) of benzimidazole and imidazole are in 

the range of 109.5°-110.4°, both in salts 1 and 2. The face-to-face π-π stacking of the 

aromatic rings being a dominance supramolecular interaction in 1 while hydrogen bonds 

interactions between water molecule and bromide ions in the lattice being the main 

supramolecular interactions in stabilizing compound 2.
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Figure 3: Structure of 1 and 2 with an ellipsoids shown at 50% probability. Molecules in the 

lattice omitted for clarity.

The structures of tri NHC-Ag(I) complexes 3 and 4 could not be further supported by 

single crystal X-ray diffraction data as all the efforts to obtain single crystals remain 

unsuccessful. However, the evidence of successful complexation with Ag(I) by 13C-NMR 

studies along with elemental analysis supported the formation of tri-NHC trinuclear Ag(I) 

complexes with the stoichiometry of [Ag3L2]·3PF6 (where L = 1 or 2) which signifies the 

formation of the expected complexes.

In conclusion, a new approach for the synthesis of tris azolium salts has been explored 

that represents a new class of NHC ligands. The transmetallation and anticancer study of such 

compounds are underway.
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Appendix A. Supplementary material

Spectroscopic data are presented as supporting information and CCDC 1520347-1520349 

contains the crystallographic data for I, 1 and 2, respectively. Copy of this material can be 

obtained from the Director, CCDC, 12 union Road, Cambridge CB2 1EZ, UK (Fax: +44 

1223 336033; Email: deposit@ccdc.cam.ac.uk/deposit).
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