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1. Project Overview 

1.1. Consortium Description 

The Research University project (1 001/PKIMIN813023) is led by Dr. Rosenani SMA Haque as research 

leader and Assoc Prof Dr Amirul AI Ashraf Abdullah and Dr. Amutha Santhanam as co-researchers; 

fo llowed by the assistance of a group of students to execute the project goals. All researchers worked 

under th is project share a common mission, which is to conduct research on the application of formal 

methods for the development of novel metal-based coordination compounds with N-heterocyclic carbene 

(NHC) ligands as metal-based drugs. The researchers also have a long range objective of transforming 

the applications of formal methods from an academic research topic into a practice in 

pharmaceutical/medical sciences. The co-researchers from biology school and The Institute for Research 

in Molecular Medicine (INFORMM) have common background knowledge which facilitates collaborative 

work, and they bring in complementary expertise. 

This project has also generated interests of a number of collaborators from USM and abroad. 

One student from this research group will be working in similar area as visiting student in The University 

of Western Australia (UWA) for 3 months starting September 2011 as collaboration with the UWA; a 

collaborator in The University of Mauritius is interested to perform theoretical studies on our complexes 

and recently a researcher from The National Institute of Technology-Karnataka, Surathkal, India has also 

approached the lead researcher for a collaboration. In USM, our external co llaborators in the physics 

school contributed significantly in the structure analysis using single crysta l X-ray diffraction technique 

that helped to get more insight into the structures of compounds; which led to the excellent achievements. 

1.2. Main Achievements 

In the project approach, the ligand systems are modeled as mimics of the biological entities with a well­

defined dynamics. Preparation of novel Ag(I)-NHC complexes have been at the forefront of many 

research areas, however, the relevance to the biological systems haven't been fu lly explored yet. In this 

project, we have attempted to achieve confirmation, optimization , synthesis and design of NHC salts and 

their silver complexes, so that the resulting behaviors of the complexes are correct, optimal and relevant. 



In this approach, we successfully synthesized and characterized a series of eight NHC ligands and their 

respective silver(l) complexes in moderate to good yields at low-to-moderate costs. Structures of many of 

the ligands and their corresponding silver(l) complexes have been determined by single crystal X-ray 

diffraction technique. All of the novel compounds are stable, not sensitive towards air and moisture and 

possessing structural relevance with the existing biological systems (a well-established system) to act as 

potent antimicrobial as well as anticancer agents. All of the Ag(I)-NHC complexes tested have shown 

exceptionally good antimicrobial property against Escherichia coli (E. call) and Staphylococcus aureus (S. 

aureus) biocides. The methods and results of the microbial activity is appended as Appendix 5. 

Anticancer activity ' screen ing of the prepared si lver(l) complexes and their respective NHC salts is in 

progress at our very recent collaboration with The EMAN Testing and Research Laboratory, Department 

of Pharmacology, School of Pharmaceutical Sciences, USM. 

Project Objectives 

The following description of the objectives of this project has been undertaken: 

This project intends to contribute to the solutions for the growing synthetic inorganic chemistry needs to 

design reliable and efficient metal-based systems for treatment of cancer. In particular, the project intends 

to provide novel methodologies and stable Ag(I)-NHC complexes for anticancer activities. This academic 

research outcome, in the form of novel compounds, the methods and the tools of which can be a basis for 

the next generation research practice of such systems. In addition to its technological contributions, this 

project invests actively in knowledge transfer to the many researchers working on analysis and design of 

silver complexes NHC. The main objectives of this project are listed as below. 

1. To synthesize cyclophane and its analogues of bis-imidazolium/bis-benzimidazolium salts as 

precursors to NHC. 

2. To synthesize and characterize silver(l) complexes of NHC 

3. To study the antimicrobial and anticancer activities of the synthesized silver(l) complexes. 



3. Project Methodologies, Results and Achievements 

3.1. Metal-based system developments 

This segment of report is to summarize the developments that took place within th is project and put them 

in a larger scientific and technological context. The approach we took in designing stable Ag (I)-NHC 

compounds re levant to the anticancer systems are the nature of chelation, type of ligand consisting 

heterocyclic ring system and the nature of counter ions. We then move to the more specific goal of the 

project, viz., the design of cyclophane analogue periphery with imidazole or benzimidazole core provide 

suitable topology for the silver center. Moreover, it is expected that the academic propagation of this 

research resu lts wi ll influence and advance the field of synthetic organometall ic chemistry of Ag(I )-NHC 

complexes and their use as anticancer agents. Considerable further work on applications of silver-based 

drugs, with alternative approaches, all in the context of case studies of greater orders of magnitude is 

needed to develop Ag(I)-NHC series into readily applicable anticancer drugs. 

3.2. Methodologies 

It is important to notice that the presence of Sp3 hybridized carbon and nitrogen atoms in ligand system 

provides more rigidity and robustness to the complexes derived from such systems. This rigidity factor is 

the main ease for the formation of stable silver(I )-NHC complexes. Whi le working with the cyclophane 

analogue systems, we found an easier and novel method for the preparation of NHC imidazolium salts, 

which save valuable time and expensive solvents. As an example, in the preparation of 1,2-

bis(allylimidazole-1-ylmethyl)benzene-bis(hexafluorophosphate) salt, we established a novel method of 

preparation for bis-carbene salts in good yields as follows. 

A mixture of imidazole (0.9 g, 13.0 mmol) and sodium hydroxide (0.5 g, 12 mmol) in DMSO (5mL) was 

heated to 90 °C for 2 h, and then was cooled to room temperature. A solution of 1,2-

bis(bromomethyl)benzene (1 .5 g, 5.7 mmol) in DMSO (10 mL) was added to the mixture and heated 

slowly to 40°C for 1 h with constant stirring. The resulting solution was poured into ice-cold water (40 

mL). The precipitate was collected, washed with water, and recrysta ll ized from methanol/water to give 

1,2-bis(N-imidazole-1-ylmethyl)benzene [1] as a white sol id (0.95 g, 79 %). Further, a mixture of [1] (0.5 

g. 2.1 mmol) and allyl bromide (0.7 g, 6.1 mmol in acetonitrile (20 mL) was refluxed for 24 h. The solvent 



was removed under reduced pressure to result pale-brown oil, which was converted directly to its 

corresponding hexafluorophosphate salt by metathesis reaction using KPF6 (0.76g, 4.0 mmol) in 20 ml of 

methanol. The precipitate formed was collected and washed with distilled water (2 x 5 ml), and 

recrystallized from acetonitrile to give colorless solid. (1 .1g, 80 %). Crystals suitable for X-ray diffraction 

studies were obtained by slow evaporation of the sa lt solution in acetonitrile at room temperature. 

3.3. Results and Discussion 

In this section of the report, we are summarizing all the results which we have obtained during last two 

years with the aid of this project. A large part of organometallic chemistry, biology and pharmacology is 

concerned with designing su itable models of silver-carbon frameworks. By using these models, it is easy 

to validate the existing functioning of the biocatalysts and to choose between design alternatives in order 

to optimize the biological performance. The class of models advocated in this project has its origins in the 

domain often called organometallics whose goal is to prove that, the separate array of compounds, 

especially, silver-NHCs, in which silver-to-carbon bonding is possible and such compounds are useful in 

medicinal field as antimicrobial or anticancer agents. We strongly believe that the phenomena of silver­

NHCs relevant to the biological systems come first and that it is more useful to understand them and 

devise novel models, whose semantics corresponds faithfully to these phenomena, rather than to rush 

and translate their study only on structural diversity factor. It is found in the literature that a large number 

of Ag(I)-NHCs are employed for the antimicrobial and anticancer activity and hence an attempt is made 

with Ag(I)-NHCs bearing cyclophane ana logue ligand systems to get the similar results. 

Under this headline, we designed, synthesized and successfu lly characterized many series of 

NHC salts and Ag(I)-NHC complexes (Figure 1). On the other hand, 3-benzyl-1-alkylimidazolium salts act 

as mono- and bis-carbene chelates towards Ag(l) are shown in Figure-2. Similarly, another set of bis­

carbene imidazolium salts with aryl-alkyl spacer ligands and their Ag(l) complexes are shown in Figure-3. 

Prepared si lver complexes examined for the antimicrobial tests are shown in Figure-4. Silver complexes 

depicted in Figure 4 shown excellent antimicrobial activity against E. coli and S. aureus bacterial stains 

even at Minimum Inhibition Concentration (MIC) leve l. The higher activity in case of complexes 1, 3 and 6 



are attributed to the direct cleavage of DNA of bacterial stain which further reduces the cell multiplication . 

The methods and results of antimicrobial tests are appended as separate leaf with the title Appendix 5. It 

is expected that, if a complex is acting as a strong growth inhibitor against bacterial stain, it is potentially .' \. 

useful as an anticancer agent; This insight led us to go with the in vitro DNA binding/cleavage and 

anticancer activity of the Ag(l) complexes which is in progress. 
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Figure 1. Synthesized NHC precursors of bis-carbene imidazolium/benzimidazolium salts. 



R = Me, n-Bu 
X = cr, Br-, PF6-

Figure 2. 3-Benzyl-1-a lkylimidazolium salts act as mono-carbene chelates towards Ag(I) . 

In the preliminary investigations of antimicrobial studies using mono and bis-carbene silver(l) complexes, 

it was found that the complexes are moderate-to-most active towards bacterial strains. To proceed, we 

planned to go with the in-vitro anticancer studies on six different cell-lines viz. , Human colon cancer cells 

(HCT 116), Human adino carcinoma cells (HT 29), Human breast cancer ce lls (MCF -7 and MOA MA), 

Human prostate cancer ce lls (PC 3), Human liver cancer lines (Hep G2), Normal fibrobalster cancer ce lls 

(CCO-Co 18) and Human vein endothelial ce lls (HUVEC) by collaboration with EMAN center in USM. 

Second concern for schedu ling focuses on anticancer activities is the biocompatibilities of the designed 

si lver( l) mono-carbene systems and their solubility in common organic solvents. 
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Figure 3: Cyclophane analogues of mono and bis-carbene imidazolium salts based Ag(l) complexes. 
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Figure 4. Silver(l) complexes examined for antimicrobia l activity against E. coli and S. aureus. 



Overall~fje project moves towards this goal along several tracks that the more profound biological 

investigations are needed to call these as silver-based drugs in the future days. Indeed much of the 

project's resources are being spent on synthesis and their structural characterizations using analytical 

and single crystal X-ray analyses. A second direction of the project aims to improve understanding about 

the mode of action with the help of 3-dimemtional structure-activity-relationsh ip (3D-SAR) of the silver(l) 

complexes and their resemblance, both structural and functiona l, with standard drugs available in the 

market. 

3.4. Achievement of the Objectives 

The objectives of this project have been met with many interesting outcomes. We believe the most 

important discovery is achieved in the last year, i. e. a very good abstraction on microbial studies of silver 

complexes. It is obvious, that the first contribution (carefu l designs of NHC salts and their corresponding 

Ag complexes) significantly improves the prospects of the second. And we hope will get success in the 

design and synthesis of silver-based drugs for cancer treatment. 

In order to mention the done things, a series of eight NHC-ligands of cyclophane analogues bearing 

imidazole or benzimidazole core were prepared and successfully characterized using various analytical 

techniques. Using these ligand systems, a series of eight silver(l) complexes were prepared and 

successfu lly characterized . All the prepared silver complexes are examined for the antibacterial screening 

against different microbes viz. , E. coli and S. aureus using disc diffusion and viable colony count method. 

Finally, the anticancer screening of these complexes is about to complete and yet few more research 

articles will be communicated in the nearest future gathering the results of this project. 

4. Outlooks 

The project enabled us to prepare and characterize a series of cyclophane ana logues with mono and bis­

imidazolium/benzimidazolium salts and their respective Ag( l) complexes. The initial screening of all the 

Ag(I)-NHC complexes for antimicrobial activity shown excellent resu lts as strong growth inhibitors against 

biocides viz., E. Coli and S. aureus strains. The comp lexes are scheduled to be analyzed further for DNA 

binding/cleavage and anticancer activity using different cell lines. 



5. Conclusions 

The antimicrobial study of prepared Ag(I)-NHC complexes was very inspiring to the project, in particular 

during the last half of the tenure. It exposed at the same time the DNA binding/cleavage and anticancer 

study of the silver(l) complexes was most notably concerning complexity issues; perhaps, we defended 

the situation more clearly with the available antimicrobial results. However, the in progress work adds still 

more insights to ca ll the prepared series of complexes as anticancer agents. With exception of the new 

abstraction reported here, one can safely state that a full comprehension of the study on silver(I)-NHC 

complexes having cyclophane analogues ligands was achieved after about 30 months. Consequently, the 

interest of the consortium shifted to harder and unresolved challenges of other issues of the prepared 

compounds like DNA binding/cleavage, anticancer activity, etc., arise at the end and the related work is in 

progress. Concerning the original goals of this project, important parts were achieved already in the first 

half of the project. In summary, the project on si lver complexes of cyclophanes and their analogues can 

be considered a success, a proof that the use of knowledge can lead to new insights into a complex 

problem. 



Abstract 

Novel silver complexes of N-heterocyclic carbene (NHC) backbone are synthesized in good 

yields at low-to-moderate costs. All compounds are characterized with the help of various spetro­

analytical and sing le crystal X-ray diffraction techniques. Prepared Ag(I)-NHC complexes of cyclophane 

analogues are studied for antimicrobial and anticancer activity, which found great importance in biological 

and bio-catalytical research . All of the novel compounds are stable solids, non-sensitive towards air and 

moisture and possessing structural relevance with the existing anticancer systems. In a preliminary 

investigation on biocides, viz., bacterial and fungal stains, few of the Ag(I)-NHC complexes show 

remarkable activity that evidences their anticancer nature. 

Bahasa Malaysia 

Kompleks perak novel N-heterosiklik karbena telah disintesis dalam kadar hasil yang baik pada kos 

rendah-sederhana. Semua sebatian ini dicirikan dengan bantuan pelbagai teknik spetro-analisis dan 

kristal tunggal pembelauan X-ray. Kompleks Ag(I)-NHC analog siklofen yang disediakan telah dikaji untuk 

aktiviti anti-mikrobial dan anti-kanser, yang mengambil tempat penting dalam penyelidikan biologi dan 

bio-catalytikal. Kesemua sebatian novel ini adalah pepejal yang stabil, tidak sensitif terhadap udara dan 

lembapan dan mempunyai kaitan struktur dengan sistem anti-kanser yang sedia ada. Dalam siasatan 

awal mengenai biosid, iaitu, bakteria dan kulat noda, sebahagian dari kompleks Ag(I)-NHC menunjukkan 

aktiviti yang luar biasa, satu pameran untuk sifat antikanser mereka. 



Appendix 2 Research Findings 

The findings of the project meet project's expectations and led the way to explore N-heterocyclic 

(NHC) ligands for the preparation of biologically active silver(l) complexes. The preliminary biological 

activity results of the prepared silver-NHC complexes shows promising application as silver-based drugs 

for the treatment of cancer. In precise, the findings of the project are listed below. 

1. Silver complexes of NHC are synthesized and characterized. 

2. In the series of eight silver complexes, five are successfully characterized by using sing le crystal 

X-ray diffraction techniques. 

3. A wide range of spectro-analytical techniques viz., 1H and 13C NMR, elemental analysis, FT-IR, 

etc., are used for structural elucidation of the non-crystalline complexes. 

4. Among eight silver complexes, six show remarkable antimicrobial activity against biocides viz ., E. 

coli and S. aureus even at the minimum inhibitory concentrations level. 

5. All silver complexes which shown good antimicrobial activity will be screened for the anticancer 

activity on different cell-lines. 
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--'---- - Appendix 5 

Methods and resu lts of antimicrobial tests against microbes 

Antimicrobial test of si lver(l) complexes against Escherichia coli and Staphy/ococccus aureus 
using disc diffusion and viable colony count method 

Materials 

Silver samples, dimethylsulphoxide (DMSO), nutrient agar, nutrient broth , Escherichia coli (E.COII) , 
Staphylococcus aureus (S. aureus) 

Methods 

The stock solution of all compounds was prepared by using dimethylsulphoxide (DMSO). For disc 

diffusion method, a loop of the bacterial strain was inoculated into the nutrient broth and was 

incubated for 16 hours at 3rC. About 50 1-11 of the suspension was applied uniformly on the surface of 

the nutrient agar plate before placing the antimicrobial assay discs on the plate (4 per plate) and 

different volumes of silver samples ( 3 1-11, 6 1-11 , 9 1-11 and 12 1-11) were loaded on the discs. The plates 

were incubated at 3rc for 24 hours. After that, the average zone of inhibition was measured with a 

ruler with up to 1 mm resolution. For viable cell count method, the concentration of the tested 

compound were 100 I-Ig mr1, 200 I-Ig mr\ 400 I-Ig mr1 and 800 I-Ig mr1 . The bacterial strain was 

inoculated into the nutrient broth and was incubated for 16 hours at 3rC. After the serial dilution (107 

CFU/ml) was done, about 60 1-11 of bacterial suspension was transferred into the universal bottles 

containing 3 ml of nutrient broth followed by silver suspension. The incubation was carried out fo r 5 

hours at 3rC and 50 1-1 1 of culture was un iformly spread on the nutrient agar which was incubated at 

3rc for 24 hours. The incubation of the culture in the universal bottles was continued for 24 hours. 

MIC was determined based on the lowest concentration of the silver samples that inhibit the growth of 

bacteria l stra in. For growth inhibitory concentrations, the presence of v iable microorganisms was 

tested and the lowest concentration causing bactericidal effect was reported as MBC. 



Table 1.0: Antimicrobial activity of the silver samples against Escffeficlfia coli (Gram 

negative bacteria) by disc diffusion method 

Sample 
Diameter (mm) 

3 IJI 6 IJI 9 IJI 12 IJI 

1 20 ± 0 22 ± 1 25 ± 1 26 ± 1 

2 10 ± 1 12 ± 0 14 ± 1 14 ± 1 

3 11± 1 13 ± 0 14 ± 0 15 ± 0 

4 8±0 9±0 10 ± 0 11 ± 1 

5 8±0 9±1 10 ± 0 11 ± 0 

6 13 ± 1 15 ± 0 17 ± 1 18 ± 1 

7 12 ± 0 14 ± 1 17 ± 0 18 ± 0 

8 10 ± 0 12 ± 1 12 ± 0 14 ± 0 

According to this result, the antimicrobial activity of sample 1 is the highest and showed good 

inhibition against the bacteria. The sensitivity of the Gram negative bacteria increases as the volume 

of the silver suspensions increases. E.coli depicted highest resistance against sample 4 and 5. 

Table 1.1: Antimicrobial activity of the silver samples against Staphylococcus aureus 

(Gram positive bacteria) by disc diffusion method 

Sample 
Diameter (mm) 

3 IJI 61J1 91J1 12 IJI 

1 27 ± 1 29 ± 1 30 ± 1 31 ± 0 

2 10 ± 1 12 ± 0 15 ± 0 15 ± 0 

3 17 ± 0 18 ± 0 19 ± 0 22 ± 1 

4 9 ± 1 10 ± 0 10 ± 1 11 ± 1 

5 9±0 10 ± 1 11 ± 0 12 ± 0 

6 15 ± 0 16 ± 1 17 ± 1 20 ± 1 

7 13 ± 1 15 ± 0 16 ± 1 18 ± 0 

8 9 ± 1 15 ± 0 16 ± 0 16 ± 1 

Based on the table, sample 1 showed good antimicrobial activity against Gram positive 

bacteria compared with other samples. The diameter of the zone of inhibition increases as the volume 

of sample increases. Sample 4 and 5 showed the lowest antimicrobial activity against the Gram 

positive bacteria. 



Table 1.2: Minimum inhibition concentration (MIC) and minimum bactericidal 

concentration (MBC) of silver samples against E.coli (Gram 

negative bacteria) and S.aureus (Gram positive bacteria) 

Samples 
E. col; (IJQ ml-') S.aureus (lJg ml"') 

MIC MBC MIC MBC 
1 100 200 100 200 

2 200 400 200 400 

3 200 400 100 200 

4 200 400 200 400 

5 200 400 200 400 

6 200 400 100 200 

7 200 400 200 400 

8 200 400 200 400 

The MIC values for silver samples against both Gram positive and Gram negative are in the range 

of 100-200 IJg ml"' and the MBC values are in the range of 200-400 IJg ml-'. Sample 1 showed 

bactericidal activity against both Gram positive and Gram negative bacteria at even 200 IJg mr' . 

Sample 3 and 6 showed bactericidal effect against Gram positive bacteria at 200 IJg mr' but the 

activity was only revealed at 400 IJg ml"' against Gram negative bacteria. 

Table 1.3: Colony forming unit per ml (CFU/ml) of different concentrations of silver 

samples against E. coli 

CFU/ml (105
) 

Samples 
Concentration (lJg ml-') 

100 200 400 800 

1 8 ± 1 0 0 0 

2 13 ± 1 5 ± 1 0 0 

3 15 ± 1 5 ± 1 0 0 

4 17 ± 1 8 ± 1 0 0 

5 16 ± 1 7±1 0 0 

6 13 ± 1 4± 1 0 0 

7 14 ± 1 6± 1 0 0 

8 15 ± 1 9± 1 0 0 

The colony forming unit per ml (CFU/ml) decreases as the concentration of the silver samples 

increases. No viable colony of E coli was observed for sample 1 at concentration of 200 IJg ml-' . 
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Fig 1.0: Cell count of Ecoli after treated with different concentrations of silver samples 

Table 1.4: Colony forming unit per ml (CFU/ml) of different concentrations of silver 

samples against S.aureus 

CFU/mll105
) 

Samples 
Concentration (I-Ig ml-1

) 

100 200 400 800 

1 5 ± 1 0 0 0 

2 12 ± 1 5 ± 1 0 0 

3 13 ± 1 0 0 0 

4 16 ± 1 8 ± 1 0 0 

5 15 ± 1 5± 1 0 0 

6 11 ± 1 0 0 0 

7 12 ± 1 6 ± 1 0 0 

8 14 ± 1 5 ± 1 0 0 

According to the table, all the samples exhibited bacteriostatic and bactericidal effect against 

Gram positive bacteria. Sample 1, 3 and 6 depicted bactericidal effect even at 200 f.J g mr 1 compared 

with other samples. 
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Fig 1.1: Cell count of S.aureus after treated with different concentrations of silver samples 

Fig 1.2: Antimicrobial activity of sample 1 and 4 against E.coli (A & C) and S.aureus (6 & 
0) 



Sample 

1 KA1 -AQ 

2 BUF-AQ 

3 M2-AQ 

4 Benzmin-AQ 

5 Bu2-AQ 

6 Bu3-AQ 

7 M1 -AQ 

8 Zmc5-AQ 
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Mononuclear mercury complexes (1, 2, and 3) bearing bis-N-heterocyclic carbene (NHC) ligands of the 
form [(NHCh-~-Hgl+2 have been prepared and structurally characterised. The complexes were derived 
from three bis-imidazolium salts as precursors to NHC; either 1,3-bis(N-methylimidazolium-1-ylmethyl) 
benzene bis(hexafluorophosphate) (I· 2PF6), 1,3-bis(N-butylimidazolium-1 -ylmethyl)benzene bis(hexa­
fluorophosphate) (II· 2PF6) or 3,S-bis(N-butylimidazolium-1-ylmethyl)toluene bis(hexafluorophosphate) 
(III · 2PF6) treated with mercury(lI) acetate. Interestingly X-ray crystal structure analysis revealed a close 
interaction between the Hg metal centre with one carbon atom of the aryl linker in addition to coor­
dination with two NHCs. 

Nitrogen heterocycles 
Transmetallation 
X-ray 

1. Introduction 

The use of N-heterocyclic carbene (NHC) ligands is now wide­
spread in modern organometallic synthesis [1]. NHC has attractive 
properties such as stability. ease of handling. compatibility with 
metals in low- and high-oxidation states. and stability of its 
complexes because of a strong metal- ligand binding. Studies have 
reported NHC complexes with a large number of transition metals 
[2] showing several interesting applications. most importantly in 
the area of catalysis [3]. as well as in antimicrobial and anti­
mitochondrial biological studies [4]. 

The work in our laboratory is inspired by previous work in the 
Baker's laboratory [5] where the corresponding author was part of 
the group. The group is actively working with xylyl- linked NHCs 
and their metal complexes. both in NHCs forming part of a macro­
cyclic structures (cyclophanes) and in their analogues. wherein 
bis(NHC) ligands contain only one xylyl linker (non-cyclophane 
structures) [5]. 

Baker et al. reported a series of well-defined NHC-metal 
complexes with these ligands bearing a broad range of coordination 
modes. Chart 1 [5.6]. For example. two NHCs chelating a single 
metal forming either a dimeric (4 and 5) or a monomeric structure 
(6-9); two NHCs and an arene. which constitute part of a single 
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cyclophane macrocyclic structure. simultaneously binding to one 
metal center (10); and a pincer complex where binding involves the 
NHCs and the additional groups when an additional donor atom is 
included (11). 

In 1968. Wanzlick and Schonherr successfully synthesised the 
first mercury-NHC complex via direct reaction of an imidazolium 
salt with mercury(II) acetate [7]. Despite being the earliest example 
of NHC-metal complexes. mercury-NHC complexes have received 
little attention compared with other metals. Similarly. their appli­
cations have not been widely explored. Baker et al. reported the 
first syntheses of mercury-NHC complexes derived from 
imidazolium-linked cyclophanes (e.g .. 6 and 7. Chart 1). as well as 
their use for redox- transmetallation chemistry. wherein the 
reaction of an NHC-mercury(II) complex with a palladium(O) 
source results in an NHC-palladium(II) complex [5cJ. 

Although transmetallation involving silver(I)-NHC complexes is 
now a routine method for the synthesis of other metal-NHC 
complexes. this is the first reported example of a (redox) trans­
metallation reaction involving a mercury-NHC complex [5c]. 

We have been interested in the chemistry of mercury(II)-NHC 
complexes due to their potential use as carbene transfer reagents. 
In actively dealing with both mercUlY- and silver-NHC complexes in 
our laboratory. we found that obtaining different coordination 
geometry of silver(l) and mercury(II) complexes starting from the 
same ligand is possible. For example. silver(l) and mercury(lI) 
complexes made from an NHC-linked meta-xylyl cyclophane 
produce different geometry of complexes [5b]. We have shown that 
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performance of mercury-NHC complexes is comparable to that of 
their silver counterparts in carbene transfer reactions [Sb,Sc]. 
Hence, the use of mercury complexes as NHC-transfer agents 
potentially may complement the silver transfer method, thereby 
perhaps allowing different geometries of complexes to be prepared 
via transfer method, depending on whether one starts with silver­
or mercury-NHC. 

In this study, we report the synthesis and characterisation of 
three new mercury(lI) complexes derived from meta-xylylene 
linked bis-imidazolium salts. These complexes exhibit unique 
binding behavior previously observed only in our mercury 
complexes, where the mercury metal is bonded to two NHCs and 
exhibit close interaction with one carbon atom of the aryl group 
[Sb]. 

2. Results and discussion 

2.1. Synthesis of imidazolium salts 

The imidazolium salts I · 2Br, II· 2Br, and III · 2Br were prepared 
using the procedure of Dias and Jin [8], followed by conversion to 
their hexafluorophosphate salts to give I· 2PF6, II· 2PF6, and III· 2PF6, 
respectively (Scheme 1). A reaction of either l,3-bis(bromomethyl) 
benzene or 3,S-bis(bromomethyl)toluene with two equivalent of 
either N-methylimidazole or N-butylimidazole in lA-dioxane 
under reflux for 24 h, followed by conversion to their corre­
sponding PF6 salts by metathesis reaction with KPF6 resulted in 
I·2PF6 as a white precipitate (72% yield), II · 2PF6 as colorless crys­
tals (92% yield) and III·2PF6 as off-white crystals (79% yield). 
Conversion from bromide to hexafluorophosphate counter-ions is 
fo r easier handling and solubility. As bromides, the compound's 
solubility is limited to solvents such as methanol, water, and 
dimethyl sulfoxide (DMSO), whereas as PF6, the salts are soluble in 

R R 

common organic solvents including acetone, acetonitrile, and 
DMSO; facilitating isolation and characterization steps. 

The lH NMR spectra of the prepared imidazolium salts I, II, 
and III in their PF6 form in CD3CN show the signals expected 
for common imidazolium salt [9] . The imidazolium proton H2' 
signal (NCHN) appeared at {) 8.5-8.6 range and the benzylic 
protons appeared at {) 5.3-5.4, both as singlets. In the 13C NMR 
spectra, the signal for C2' was observed at {) 135- 136 range. 

2.2. Synthesis of mercury(11)-NHC complexes 

Mercury(lI) complexes 1, 2, and 3 were prepared by reaction of 
the imidazolium salts I·2PF6, 1I·2PF6, and III·2PF6 with excess 
mercury (II) aceta te in acetonitrile at 80-90 °C for 48 h (Scheme 1). 
After recrystallisation utilising acetonitrile, complexes 1 and 2 were 
obtained as white solids, whereas complex 3 was off-white solid in 
54%, 50%, and 54% yield, respectively. During workup, residual 
mercury(lI) acetate was removed by repeated washings of the 
crude product with water. 

The lH NMR data fo r the complexes in CD3CN show the full 
absence of the imidazolium H2' signal; a common occurrence 
attributed to deprotonation of the acidic proton of the heterocycles 
[5c] and coordination with the metal. The signals caused by the 
benzylic protons display sharp couple 0 doublets for all complexes, 
indicative of some conformational rigidity in the solution. The 
benzylics, arene, and imidazolium H4'/H5' signals of the complexes 
are shifted slightly down field compared with those of thei r 
respective salts. There is a significant down field shift (approxi­
mately 0.5 ppm) for the proton on the carbon atom in the aryl rings 
which closely interacts with the mercury metal. compared with the 
same proton in the uncoordinated salts. In the 13C NMR spectra, 
carbene carbon bond to mercury appear at 173.5, 172.6, and 172.8 
for 1, 2, and 3, respectively, consistent with the literature [9]. In 
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Scheme 1. Synthesis of imidazolium salts I. II, and III and their correspond ing mercury complexes. 
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(i) (u) 

Fig. 1. (i) Cation 1 and (ii) Cation 2 with two independent PFii anions. showing 30% probability displacement ellipsoids; hydrogen atoms are omitted for clarity. 

addition, there are downfield shift (approximately 2.0- 4.0 ppm) 
for the carbon atom in arene rings that have interacted with 
mercury. No C-Hg couplings were observed, although large C- Hg 
couplings between 2700 and 3300 Hz have been reported in the 
literature for mercury-NHC complexes [10]. This is not unusual as 
we also did not observe any C- Hg couplings in our previously 
reported Hg-NHC complexes [5b,c]. 

2.3. Structural studies 

The molecular structure of the imidazolium salt III· 2PF6 was 
determined by X-ray diffraction studies and have been published 
elsewhere [11]. 

Mercury(lI) complexes 1. 2 and 3 : X-ray studies reveal the 
mercury atom is coordinated to two carbene carbons of the imi­
dazolium rings in linear arrangement for all the complexes [Fig. l(i) 
and (ii), 2 (i)]. There is a close interaction between the Hg centre 

(i) 

and one of the carbon atoms of the aryl linker ring [Hg-C(arene) 
bond distances [2.742(2) for 1; 2.750(5) for 2; and 2.724(13) A for 
3 ], but the distance is not sufficiently short to be indicative of 
a significant bonding interaction. However the distances are much 
shorter than the sum of van der Waals radii of the respective 
elements (rvdw(C) = 1.70 A. rvdw(Hg) = 1.55 A) = 3.25 A for c-· ·Hg 
interaction [12]. This kind of close interaction was observed in the 
previously reported Hg-cyclophane complexes by Baker et al. 
(Hg-qarene) bond distances of2.7- 2.8 A [Sa]. In contrast, Gabbai 
et al. [13] reported a much longer Hg- benzene carbon distances of 
around 3.16 A to 3.24 A for a triad of Hg-benzene sandwiched 
compounds. Recently Baker et al. reported a rare chelating 
[(111 - NHC)2: 116-arene] binding mode for a ruthenium(lI) NHC 
complex where Ru- qxylylene ring) bond distances are around 
2.09 A to 2.33 A [5d] . Therefore, we feel that the C-arene bond 
distances in mercury complexes 1. 2 and 3 are best described as 
"close interaction" and since so far we only observe this in Hg-NHC 

(ii) 

Fig. 2. Cation 3 (i) sllowing 30% probabi lity displacement ellipsoids and the crystal packing (ii) showing the C-H ... F hydrogen bonds as dashed lines. 
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Chart 1. NHC-metal complexes with a variety of ligands showing a broad range of 
coordination modes. 

complexes. We are inclined to regard it as quite unique for Hg-NHC 
chemistry. The Hg- C(carbene) bond lengths (in the range of 
2.06- 2.07 A) are consistent with other mercury complexes reported 
so far in the literature [14.15 ]. The C- Hg- C plane is perpendicular 
to the plane of the aryl ring in all cases [Hg(1)- C(10)­
C(5) = 90.39(14)°; Hg(l )-C(1O)-C(9) = 91.91(15)° for 1. Hg(1 )- C(1)­
C(2) = 89.8(3)°; Hg(1 )- C(1 )-C(6) = 89.8(3)° for 2; and Hg(1 )-C(6)­
C(1) = 90.5(8)°; Hg(1 )-C(6)-C(5) = 90.1(8)° for 3]. The coordination 
geometry of the mercury is linear. with a C-Hg-C bond angle of 
179.29(10)° for 1. 179.5(2)° for 2. and 177.4(5)° for 3. This linear 
coordination is commonly observed for Hg-NHC complexes 
[16.7.10a.14b]. ln all the complexes. the hexaf1uorophosphate anions 
link the cations with a three-dimensional network via the inter­
molecular hydrogen bonding C- H ... F [Fig. 2(ii)]. Crystal data. 
selected bond lengths and angles for Complexes 1, 2. and 3 are listed 
in Tables 1- 4. respectively. 

Table 1 
Crystal data and structure refinement details for Complexes 1. 2. and 3. 

Formula C23 H32 Hg N.F12 P2 
Formula Weight 855.06 
Crystal System TriC\inic 
Space group P-1 (No.2) 
a. b. c [AI 8.9620(3 ).9.0342(3).20.1252(8) 
(1. P. y [deg) 90.374(2).96.279(2 ). 114.637(2) 
V [Ang" 3 ) 1469.76(9) 
Z 2 
D(calc)[g/cm**3) 1.932 
Mu(MoKa)[/mm] 5.443 
F(OOO) 832 
Crystal Size]mm) 0.09 x 0.1 6 x 0.46 

. Tempera ture (K) 293 
Radiation [A] MoKa 0.71073 
o Min-Max [Deg) 2.0.28.5 
Dataset - 12:12; - 12:12; - 27:27 
Tot.; Uniq. Data 26.089; 7328 
R(int) 0.046 
Nref; Npar 7328 ; 370 
R. wR2• S 0.0811. 0.2147. 1.30 

3. Experimental section 

Nuclear magnetic resonance spectra were recorded on Bruker 
400 MHz Ultrashield™ and Bruker Avance 300 MHz spectrometers 
at ambient temperature. The instruments are available at The 
School of Chemical Sciences. Universiti Sains Malaysia (USM). lH 
and 13c NMR peaks are labeled as singlet (s). doublet (d). triplet (t) 
and multiplet (m). Chemical shifts were referenced with respect to 
solvent signals. Elemental analysis was carried out on a Perkin 
Elmer series II. 2400 microanalyzer available at The School of 
Chemical Sciences. USM. X-ray diffraction data were taken with 
Bruker SMART APEX2 CCO area-detector diffractometer available at 
The School of Physics. USM. Chemicals and solvents were used as 
received without further purifications. 

3.1. Synthesis of 1.3-b is(N-methylimidazolium- l -ylmethyl)benzene 
bis(hexajluorophosphate) (I. 2PF6) 

First. N-methylimidazole (0.6 g. 7.6 mmol) was added to a stir­
red solution of 1.3-bis(bromomethyl)benzene (1.0 g. 3.8 mmol) in 
20 mL of lA-dioxane. The mixture was ref1uxed at 100°C for 24 h. 
The sticky product was isolated by decantation. and then washed 
with fresh lA-dioxane (2 x 5 mL) and diethyl ether (2 x 3 mL). 
The resulting bromide salt was converted directly to its hexa­
f1uorophosphate counterpart by metathesis reaction using KPF6 
(1.1 g. 7.6 mmol) in 20 mL of methanol. The mixture was stirred for 
1 h and was left to stand overnight. The white precipitate was 
collected and washed with distilled water (2 x 5 mL). then left to 
dry at ambient temperature. Yield : 1.5 g (72%). m.p.: 153-154 0c. 
lH NMR (400 MHz. C03CN): {) 3.85 (6H. s. 2 x N-CH3). 5.36 (4H. s. 
2 x benzylic CH2). 7.39 (lH. t. Ar-H). 7.43 (2H. t. 2 x imidazolium 
H5'). 7.45 (2H. t. 2 x imidazolium H4'). 7.51 (1 H. s. Ar-H). 7.53 (2H. 
d.2 x Ar-H) and 8.54 (2H. s. 2 x imidazolium H2'); 13C{lH} NMR 
(100 MHz. C03CN): {) 36.38 (N-CH3). 52.7 (CH2). 122.7. 124.5 
(imidazolium C5' and C4'). 129.1. 129.6. 130.5. 135.2 (Ar-C) and 
136.6 (imidazolium C2'). Anal. Calc. for CI6H20N4F12P2: C. 34.42. H. 
3.61. N. 10.04%. Found: C. 34.56. H. 3.20. N. 10.21%. 

3.2. Synthesis of 1.3-bis(N-butylimidazolium-l-ylmethyl)benzene 
bis(hexajluorophosphate) (II · 2PF6) 

This compound was prepared in a manner analogous to that for 
(I· 2PF6). only with N-butylimidazole instead of N-methylimidazole. 

2 3 

C22 H30 Hg N. F12P2 Cl6 H'8 Hg N.F,2P2 
841.03 756.87 
TriC\inic TriC\inic 
P-1 (No.2) P-l (No.2) 
8.8904(4).9.2120(4).19.1703(9) 8.2759(1).9.6744(1).15.9721(2 ) 
76.464( 1). 86.338(1). 65.077(1 ) 91.517(1).104.447(1).13.938(1) 
1383.18(11 ) 1120.00(3) 
2 2 
2.019 2.244 
5.782 7.127 
816 720 
0.12 x 0.23 x 0.38 0.13 x 0.29 x 0.29 
293 293 
MoKa 0.71073 MoKa 0.71073 
2.5 . 27.5 2.3.35.0 
- 11:11: - 11:11: - 24:24 -13:13: - 15:15: - 25:25 
24.962; 6234 39.929; 9829 
0.027 0.031 
6234; 372 9829;410 
0.0304. 0.1258. 1.20 0.0257. 0.0610. 1.02 

Please"cite this article i'n press as: R.A. Hagl,le. et ale. journ''!l of Organometallic ChemistrY (2.011). dOi :,l0.1016/j.jorganchem.2011.07.03'2 .~ 
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Table 2 
Selected bond lengths (A) and angles (0) for cation 1. 

Hg( l)-C(l) 2.067(3) Hg(l )-C(14) 2.070(3) Hg(1)-C(10) 2.742(2) 
N(1)-C(l) 1.343(3) N(1)-C(3) 1.381(4) N(l )-C( 4) 1.477(3) 
N(2)-C(2) 1.372(4) N(2)-C(15) 1.463(4) N(2)-C(1) 1.337(3) 
N(3)-C(14) 1.347(3) N(3)-C(12) 1.378(4) N(3)-C(11) 1.488(4) 
N(4)-C(14) 1.339(4) N(4)-C(16) 1.460(4) N(4)-C(13) 1.370(5) 

C(1 )-Hg(1)-C(10) 90.35(9) C(1O)-Hg(1)-C(14) 89.46(9) 
C(1 )-Hg(1)- C(14) 179.29(10) Hg(l )-C(10)-C(5) 90.39(14) 
Hg(l )-C(10)-C(9) 91.91(15) Hg(l )-C(1 )-N(2) 126.54(19) 
Hg(l )-C(1 )- N(l) 26.65(19) Hg(l )-C(14)-N(3) 127.5(2) 
Hg(l )-C(14)-N(4) 126.0(2) Hg(1)-C(10)-H(1OA) 88.00 

Compound II· 2PFs was obtained as colorless crystals. Yield : 2.2 g 
(92%), m.p.: 94-96 °C lH NMR (400 MHz, C03CN): () 0.96 (6H, t, 
2 x CH3), 1.35 (4H, sextet, 2 x CH2), 1.85 (4H, quintet, 2 x CH2), 4.15 
(4H, t, 2 x N-CH2), 5.35 (4H, s, 2 x benzylic CH2), 7.38 (2H, t, 
2 x imidazolium H5'), 7.43 (2H, t, 2 x imidazolium H4'), 7.45-7.55 
(4H, m, 4 x Ar-H) and 8.54 (2H, s, 2 x imidazolium H2'); 13CCH} 
NMR (75.5 MHz, C03CN): () 13.0 (CH3), 19.3 (CH2), 31.8 (CH2), 49.9 
(N-CH2), 52.8 (CH2), 122.8 , 123.2 (imidazolium C5' and C4'), 129.3, 
129.7,130.5,135.9 (Ar-C) and 135.2 (imidazolium C2'). Anal. Calc. for 
C22H32N4F12P2: C, 41.13; H, 5.02; N, 8.72%. Found: C. 41.02, H, 4.91, N, 
8.53%. 

3.3. Synthesis of 3,5-bis(N-butylimidazolium- l -ylmethyl)toluene 
bis(hexaf!uorophosphate) (1II·2PFs) 

This salt has been described in a previous study [11] and was 
prepared in a manner analogous to that for (I· 2PFs), only with 
3,5-bis(bromomethyl)toluene instead of 1,3-bis(bromomethyl) 
benzene. Compound III· 2PF6 was obtained as ligh t-beige crystals. 
Yield : 1.9 g (79%), m.p.: 96- 98 0(, Crystals suitable for X-ray 
diffraction studies were obtained by slow evaporation of the salt 
solution in acetonitrile at ambient temperature. lH NMR (400 MHz, 
C03CN): () 0.95 (6H, t, 2 x CH3), 1.35 (4H, sextet, 2 x CH2), 1.85 (4H, 
quintet,2 x CH2), 2.38 (3H, s, Ar-CH3), 4.15 (4H, t, 2 x N-CH2), 5.30 
(4H, s, 2 x benzylic CH2), 7.22 (lH, s, Ar-H), 7.265 (2H, s, 2 x Ar-H), 
7.39 (2H, t, imidazolium H5'), 7.44 (2H, t, imidazolium H4') and 8.58 
(2H, s, 2 x imidazolium H2'); 13qlH} NMR (75.5 MHz, C03CN): 
() 13.0 (CH3), 19.4 (CH2), 20.6 (Ar-CH3) 31.8 (CH2), 49.9 (N-CH2), 52.8 
(CH2),122.8,123.2 (imidazolium C5' and C4'),126.38,130.35,135.15, 
140.85 (Ar-C), 136.1 (imidazolium C2') and 135.9 (Ar-CH3). Anal. 
Calc. for C23H34N4F12P2: C. 42.08; H, 5.22; N, 8.53%. Found: C. 42.05; 
H, 5.09; N, 8.34%. 

3.4_ Synthesis of 1,3-Bis(3 -methylimidazolium-1-ylmethyl) 
benzenemercury(ll) bis(hexaf!uorophosphate) (1) 

Mercury acetate (0.2 g, 0.6 mmol) was added to a solution of 
I· 2PFs (0.3 g, 0.5 mmol) in 40 mL of acetonitr ile. The mixture was 
refluxed for 48 h, after which the solvent was removed under 

Table 3 
Se lected bond lengths (A) and angles (0) for cation 2. 

Hg(l)- C(l) 2.067(3) Hg(1)-C(8) 2.057(7) Hg(1 )- C( 16) 2.079(7) 
N(l)-C(l ) 1.343(3) N(1)-C(8) 1.354(8) N(1)-C(11 ) 1.477(8) 
N(2)-C(2) 1.372(4) N(2)-C(8) 1.337(8) N(2)-C(7) 1.502(8) 
N(3)-C(14) 1.347(3) N(3)-C(15) 1.480(8) N(3)- C(15) 1.354(8) 
N(4)- C(14) 1.339(4) N(4)-C(19) 1.459(8) N(4)-C(16) 1.331(8) 

C(1 )-Hg(l )-C(8) 90.2(2) C(1)-Hg(l )- C(16) 90.3(2) 
C(8)-Hg(1 )-C(16) 179.5(2) Hg(1)- C(1)-C(2) 89.8(3) 
Hg(1 )-C(1 )-C(6) 89.8(3) Hg( l )-C(8)-N(2) 127.0(4) 
Hg(1 )-C(8)- N( 1) 127.0(4) Hg(1)-C(16)-N(3) 125.9(5) 
Hg(1)-C(15)-N(4) 126.8(4) Hg( l )-C(1 )- H(lA) 117.00 

Table 4 
Selected bond lengths (Al and angles (0) for cation 3. 

Hg(1 )-C(6) 2.724(13) Hg(1)-C(8) 2.070(16) Hg(1)-C16 2.058(15) 
N(1)-C(8) 1.354(19) N(1)-C(7) 1.486(18) N(1)-C(9) 1.38(2) 
N(2)- C(10) 1.38(2) N(2)-C(8) 1.350(19) N(2)-C(11) 1.46(2) 
N(3)- C(17) 1.38(2) N(3)-C(16) 1.358(17) N(3)-C(15) 1.491(18) 
N(4)- C(19) 1.477(19) N(4)-C(16) 1.332(19) N(4)-C(18) 1.39(2) 

C(6)-Hg(1 )-C(8) 90.4(5) C(6)-Hg(1)- C(16) 90.3(5) 
C(8)-Hg(1 )-C(16) 177.4(5) Hg(l )-C(6)-H(6A) 117.00 
Hg(l )-C(6)- C(1) 90.5(8) Hg(l )-C(6)-C(5) 90.1(8) 
Hg(l )-C(8)- N(1) 126.5(10) Hg( 1 )-C(8)-N(2) 126.5(11) 
Hg(1)-C(16)-N(4) 126.1(10) Hg(l )-C(16)-N(3) 127.3(10) 

reduced pressure. The white residue was washed with distilled 
water and recrystallised from acetonitrile to produce a white solid, 
(0.2 g), 54%, m.p.: 267-269°(' Crystals suitable for X-ray diffraction 
studies were obtained by slow evaporation of a solution of the 
complex in acetonitrile at ambient temperature. 1 H NMR (400 MHz, 
C03CN): () 3.85 (6H, s, 2 x N-CH3), 5.36 (4H, d, ] = 13.6 Hz, 
2 x benzylic CHH), 5.66 (4H, d,] = 13.6 Hz, 2 x benzylic CHH), 7.43 
(2H, d,] = 1.6 Hz, 2 x imidazolium H5'), 7.66 (2H, d.] = 1.6 Hz. 
2 x imidazolium H4'). 7.68 (2H. d.] = 2.0 Hz. 2 x Ar-H), 7.76 (1 H, t, 
Ar-H) and 8.12 (lH. s. Ar-H); 13CCH} (100 MHz. C03CN): () 39.5 
(N-CH3). 54.4 (CH2). 125.2. 126.3 (imidazolium C5' and C4'). 132.1. 
132.4. 134.6. 136.3 (Ar-C) and 173.5 (C2'-Hg). Anal. Calc. for 
C16H1SN4F12P2Hg: C. 25.39; H, 2.40; N. 7.40%. Found: C. 25.28; H, 
2.21; N.7.15%. 

3.5. Synthesis of 1.3-Bis(3-butylimidazolium- 1-ylmethyl) 
benzenemercury(11) bis(hexaf/uorophosphate) (2) 

Complex 2 was prepared similar to complex 1 except using 
II ·2PFs. Colorless crystals Yield : 0.3 g (50%). m.p.: 285- 287 0(, 

Crystals suitable for X-ray diffraction studies were obtained by slow 
evaporation of a solution of the complex in acetone/ethanol at 
ambient temperature. lH NMR (400 MHz. C03CN): () 0.94 (6H. t. 
2 x CH3). 1.33 (4H. sextet. 2 x CH2), 1.83 (4H, quartet. 2 x CH2).4.08 
(4H. t, 2 x CH2). 5.37 (4H. d.] = 13.6 Hz, 2 x benzylic CHH). 5.676 
(4H, d.] = 13.6 Hz, 2 x benzylic CHH). 7.49 (2H, d.] = 1.6 Hz. 
2 x imidazolium H5'). 7.68 (2H. d.] = 1.6 Hz. 2 x imidazolium H4'). 
7.73 (2H. d.] = 2.004 Hz. 2 x Ar-CH). 7.78 (lH. t. Ar-H) and 8.07 (lH. 
s. Ar-H); 13qlH} NMR (100 MHz. C03CN): () 13.19 (CH3), 19.88 (CH2). 
32.84 (CH2). 53.39 (N-CH2). 54.39 (CH2). 123.75. 126.70 (imidazo­
lium C5' and C4'). 131.30. 132.72. 134.84, 136.33 (Ar-C) and 172.64 
(C2'-Hg). Anal. Calc. for C22H30N4F12P2Hg: C; 31.42. H; 3.60. N; 
6.66%. Found: C; 31.83. H; 3.10. N; 6.57%. 

3.6. Synthesis of 3,5-Bis(3-butylimidazolium- 1-ylmethyl) 
toluenemercury(ll) bis(hexaf!uorophosphate) (3) 

Complex 3 was prepared similar to complex 1 except using 
III ·2PFs. An off-white solid. Yield: 0.28 g (54%) m.p.: 256-258 0c. 
Crystals suitable for X-ray studies were obtained by slow evapo­
ration of a solution of the salt in acetonitrile/water at ambient 
temperature. lH NMR (400 MHz. C03CN): {) 0.84 (6H. t, 2 x CH3), 
1.22 (4H, sextet. 2 x CH2). 1.73 (4H. quartet, 2 x CH2), 2.3 (3H. s. 
Ar-CH3). 4.08 (4H. t. 2 x CH2), 5.32 (4H. d.] = 13.6 Hz, 2 x benzylic 
CHH). 5.605 (4H, d,] = 13.6 Hz, 2 x benzylic CHH). 7.49 (2H, d. 
] = 2.0 Hz. 2 x imidazolium H5'). 7.526 (2H. s, 2Ar-H). 7.68 (2H. d. 
] = 2.0 Hz. 2 x imidazolium H4') and 7.83 (lH. s, Ar-H). 13C eH} 
NMR (100 MHz, C03CN): () 13.20 (CH3), 19.89 (CH2), 20.93 (Ar-CH3) 
32.89 (CH2), 53.36 (N-CH2), 54.34 (CH2), 123.74, 126.56 (imidazo­
lium C5' and C4'), 128.17, 133.34, 136.15 (Ar-C). 146.07 (Ar-CH3) and 
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172.79 (C2'-Hg). Anal. Calc. for C23H32N4F12P2Hg: C; 32.31. H; 3.77. 
N; 6.55%. Found: C; 32.34. H; 3.27. N; 6.21 %. 

4. Conclusion 

In conclusion. three novel Hg-NHC complexes of the type 
[(NHCh-Jl-Hg]+2 were prepared. The complexes display interesting 
bonding motif confirmed through X-ray studies. This type of metal­
carbene bonding. along with close interactions of the metal to the 
aryl ring in the vicinity of the structure. is becoming quite unique 
for Hg-NHC chemistry. Further studies need to be conducted to 
assess whether other metals display this kind of behavior or if this 
behavior is exclusive to mercury complexes. 
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Crystallographic data for s tructural analysis have been depos­
ited in the Cambridge Crystallographic Data Center. CCDC 799587 
for 1II.2PF6 and 820354. 820355. 820356 for the complexes 1-3. 
These data can be obtained free of charge from CCDC via www.ccdc. 
cam.ac.uk/data_request/cif. 
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Abstract: Xylyl linked bis-imidazoli um and bis-benzimidazolium salts were synthesized and characterized by spectroscopic 
techniques (NMR & FT-IR) and microanalysis. Density functional theory was used to calcu late the binding free energies for 
acidic protons of both types of ligands and compared with the NMR resu lts. The find ings of this study provides a better 
understanding for the formation of free carbenes and therefore have potential applications to predict the complex formation 
reactions as well as to assess strength of coordination bonds with metals for imidazole and benzimidazole based ligands. 

Key Words: Imidazolium salts, Benzimidazolium salts, Density functional theory 

1. Introduction: 

The use of N-heterocyclic cal'bene (NHC) ligands is increasing rapid ly in the organometallic and 

inorganic coordination chemistry [1]. This increase in popularity of these complexes is due to their 

potential catalytical ability, as evidenced by growing research in this area [2] . Every year, a number of 

new NHC ligands are reported all around the world in which the main body of information is accumulated 

on imidazole based NHCs whereas their benzannulated counterparts are re latively unexplored [1, 3-6]. 

Benzimidazole compounds are of chemical and biological interest [7]. The activity associated with 

benzimidazole contain ing compounds has widely been studied which proves them as good Analgesic and 

anti-inflammatory agents [8], Antimicrobial and Anthelmentic agents [9], Anti-Ulcer agents [10], Gastric 

[H+-K+] AT phase inhibitory agents [11] , and Anti-hypertension Agents [12] . In view of above, we 

synthesized imidazole and benzimidazole-based NHC ligands (III and IV, Scheme 1) and a theoretical 

study was performed to predict the formation and stability of their respective complexes. 

The salts were synthesized by dual step synthesis . Tn the 151 step, respective alkyl halides (i-Pr & 

n-Pr bromides) were attached either to imidazole or benzimidazole according to modified method 

developed by Starikova et al. [13]. In the 2nd step N-substituted imidazole and benzimidazoles were 

linked to ortho-xylene dibromide and meta-xylene dibromide respectively using dioxane as a reaction 

medium (Scheme 1). 

The structures of respective ligands (III and IV) were constructed by ChemBioDraw Ultra 12.0 

and theoretical calculations were performed using the Gaussain 03 softwear package [14]. The ligands 
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(III and IV) were examined using OFT with beck's three parameters hydride method B3LYP to optimize 

the structures with the 6-31 g basis set. Gaussian View software was used for visualization to examine the 

structures and other related properties. 

Step 1 

Step 2 

2 

R-Br + 

R --N~N 

)=( 
X X 

I-II 

KOH,DMSO 

2 h stirring (RT) 

m-xylene dibromide 
~ 

8 h reflux in dioxane 

o-xylene dibromide 

3h reflux in dioxane 
A 

X~) 2Z_ ,J(X 
X \ I x 

R R 

IV 

I (R = n-Pr, XX = CH=CH-CH=CH), II (R = i-Pr, X = H), 
III (R = n-Pr, XX = CH=CH-CH=CH, Z = PF6) and 

IV (R = i-Pr, X = H, Z = Br) 

Scheme 1: Dual step synthesis ofbis-imidazolium and bis-benzimidazolium salts (III-IV). 

2. Results and discussion: 

A free N-heterocyclic cat'bene is generated by removing an acidic proton (H2) from an azolium ion 

and as a result, in its ground state, it keeps two non-bonding electrons, paired in Sp2 orbital which are 

utilized to fo rm coordinate bond with metals (Scheme 2). 
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Scheme 2: Deprotonation of acidic proton (H2) to form a NHC [V (X = H41H5), VI (X = CH=CH­

CH=CH)] . 

Electronic and steric factors affect the stability of these carbenes (lone pair) . The electronic 

contribution is generally believed to be the main stabilizing factor, and involves electron donation from 

the N-heteroatoms to the vacant p-orbital [1 5] facilitating carbene lone pair to be available for coordinate 

bonding. The substitution of electron withdrawing groups either at the N-heteroatoms or at H4 & H5 (see 

Fig. 1) may affect the strength of NHC to form organometallic compounds as well as inorganic 

complexes. Substitution of benzene at H4 & H5 decreases electron donation fi'om N-heteroatom to 

vacant p-orbital resultantly decreasing the coordination ability of benzimidazole based NHCs as compared 

to imidazolium-based NHCs (see Fig. 1) . 

R 
\ • vacant p.orbitals 

H4 tii ~/ 

)C.N~~ ----\," ~u;" "' .• ",,,",, "'.~ 
Hs I 

R 

electron withdrawing 
~roup 

R 
, \. . .' vacant p·orbitals 

a
~N ~ .. 

I I-{): .. ___ - lone pair in sp2.hybridized carbons 

~ 'N$5? 
I 

R 

Fig. 1: Orbital view ofimidazo lium and benzimidazolium-based NHC showing electron donations. 

The lower coordination ability of benzimidazolium-based NHCs may be one of the contributing 

factors to the unpopularity of this type of NHCs as compared to the imidazolium-based NHCs. In this 

work we tried to study these differences using NMR results and theoretical calculations. The acidic 

proton signal for imidazole based salt IV was observed at 9.22 whereas for benzimidazole based salt III 

at relatively downfield (l0.06, see Fig. 3). This difference may be due to the presence of an electron 

withdrawing (phenyl) group at the H4 and H5 positions of the imidazolium ring. Theoretical calculations 

performed for the respective salts also support this argument. 

In this study, the binding free energies for III and IV are estimated based on simulation results 

from single molecule . From a more intrinsic view, we analyzed the binding free energies between acidic 

protons of III and IV, and investigated the conformational characteristics involved in these processes. 

Gao Yi and Zeng, X .C mentioned that the hydrogen binding energies were evaluated in general with the 
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formula Ebinding=E( compound+H2)-E(H2)-( compound) [16] . The calculated free energies reflected the 

experimental observations, the energy contributions and their roles in binding III and IV without 

hydrogens are clear. We observed that the contributions of internal energies are quite big and hence non 

bonded interactions play dominant role. The results show that binding energy for hydrogen in III is lower 

than the binding energy for hydrogen in IV (see Table]). This fact proves that the C-He bond in III is 

weaker than C-Hd bond in IV molecule. One of the difficulties faced in discussing the reactivity of III 

and IV in terms of dipolar interactions is the fact that for most of the interesting highly reactive ligand the 

dipoles are unknown. Although the dipole moment of an energy-minimized structure could give an 

indicative value, it has to be realized that in a (neat) solution more conformations than just the minimum­

energy structure are present and that the average dipole moment could differ significantly from the dipole 

of the energy minimized structure. Therefore, we calculated the dipoles as the Boltzmann-averaged dipole 

moment (see Table]). 

The fmdings of our study serve as a complement to experimental observations, which provide 

clues on reactivity of III and IV for controlling the interactions. HOMO and LUMO characteristics for 

strong electron donating substituent and strong electron withdrawing substituent are show in Fig.2. The 

resonance in benzimidazole based salts has been highlighted by showing the unhybridized p-orbitals. 

Electronegativity (X) indicates the acidity of a compound. This value was calculated by equation [17] 

below: 

X=(I-A)/2 

I : ionization energy = -EHOMO 

A: electron affmity = -EuJMO 

From Table}, the elimination addition of strong electron withdrawing hydrogen has given the 

electronegativity value of 247.624kJ/mol to the benzimidazole which indicates that it is the highest acidity. 

The magnetic shield was calculated for both of the compounds, specifically for carbons and hydrogens. 

Fig. 2 shows that the acidic protons are more deshielded as compared to other protons in each salt as 

well as the carbons attached to the same hydrogens. The deshielding is more in benzimidazole based salts. 
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Figure 2: HOMO and LUMO characteristics for strong electron donating substituent and strong electron 
withdrawing substituent. 

Table 1: Chemical characteristics for III and IV. 

Parameter III III-H IV IV-H 

ENERGY (kJ/mo\) -3425979,608 -3422770,795 -2617748,148 -2614430,115 

BINDING ENERGY (kllmol) -3207,63789 1 -33 16,857 116 

DIPOLE MOMENT (Debye) 3,4582 3,1845 4,8300 6,7913 

POINT GROUP C l Cl C l Cl 

HOMO (kllmol) -405,5346904 -53 1,584933 -229,0748526 -233,9582821 

LUMO (kllmol) -33,5 8014172 -36,33691645 -81,810572 -84,17352177 

ELECTRONEGATIVITY (kllmol) 185,9773 247,6240 73,632 1 74,8924 
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Figure 3: IH NMR spectrum highlighting the signals for acidic protons for salts III & IV (400 MHz, d6-DMSO). 
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in IV. This also proves the deshielding is due to an electron withdrawing group at H4 & H5 substitution (l00 

MHz, d6-DMSO). 
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3~Experimental 

General procedure: The IR spectra were recorded on a Perkin Elmer system 2000 spectrometer 

in KEr for solids and on Thallium bromide disks for liquids. The IH and I3C NMR spectra were obtained 

on a Bruker DPX-400 and 300 instruments from solutions in d6-DMSO. The melting points were 

assessed by using Stuart Scientific SMP-l (UK). The CHN microanalyses were carried out by using a 

Perkin Elmer 2400 LS Series CHN/S analyser. 

Synthesis of compounds: N-substituted imidazole (I) and benzimidazo le (II) compounds were 

synthesized and purified according to the modified method by starikova et al [13] whereas the respective 

salts (III & IV) were synthesized by refluxing the reactants in dioxane. 

3,3'-(1,3-phenylenebis(methylene))bis(1-propyl-lH-benzoimidazolium) N-

Propylbenzimidazole (0 .0 I M) was added dropwise in a vigorously stirred so lution of 1,3-

bis(bromomethylene)benzene (0.005M, 1.319g) in 30 ml of dioxane and refluxed fo r 8 h. The product 

settled as a sticky brownish fluid at bottom of the flask. The upper layer was decanted and the product 

was washed with fresh dioxane (3 x 5 ml) . The resulting bromide salt was converted directly to its 

hexaflourophosphate counterpart by metathesis reaction using KPF6 (0.965g, 0.005 M) in 50 mL of 

methanol/water mixture (l :1) . The mixture was stirred for 3 h. The white precipitates were filtered and 

washed with distilled water (2 x 5 mL), then dried in oven at 80°C for 6 h. White powder. Yield: 1.76 g 

(49.29 %), mp.: 240-244 DC. IH NMR (400 MHz, d6-DMSO) : 8 0.938 (6H, t, 2 x CH3), 1.94 (4H, 

sext.,2 x CH2), 4.51 (4H, t, 2 x N-CH2-R) , 7.40 - 8.19 (12H, Ar-H 12 x CH), 10.06 (2H, s, 2 x 

NCHN); 13C {lHNMR} 1 00 MHz, d6-DMSO: 11.07 (CH3), 22.98 (CH2), 48.67 (N-CH2-R), 49.02 (N­

CI-b-Ar), 114.84, 115 .04, 126.74, 127.55, 127.64, 129.67, 130.22, 132.00, 132.12, 132.99 (Ar-C) and 

143.43 (NCHN). FT -IR (KBr) : D (em-I) ; 3461, 3380 (Nbenzimi -Caliph) ; 3018 (C-Harom); 2929, 2863 (C­

Haliph). Anal. Cal. for C2sH32F12N4P2: C, 47 .07, H, 4.51, N, 7.84 %. Found: C, 46.92, H, 4.48, N, 7.55 %. 

3,3 '-(1,3-phenylenebis(methylene))bis(1-i-propyl-lH-imidazolium) (VI.2Br): N-i-

Propylimidazole (O .OIM) was added dropwise in a vigorously stirring solution of 1,2-

bis(bromomethylene)benzene (0 .005M, 1.319g) in 30 ml of dioxane and refluxed at 100°C. White 

precipitates started to float in solvent within 30 minutes. Reaction mixture was refluxed for 3 h. The 

product was filtered and washed with fresh dioxane (3 x 5 ml) and air-dried for 24 h. Beige colored 

lumps. Yield: 1.20 g (49.58 %), mp.: 142-146 dc. lH NMR (400 MHz, d6-DMSO): 8 1.51(6H, d, 4 x 

CH3), 4.65 (2H, hept., i-Pr 2 x CH), 5.56 (4H, s, 2 x N-CHrAr), 7.33 - 7.36 (4H, Ar-H 4 x CH), 

7.66 (2H, s, 2 x H41H5), 7.92 (2H, s, AI 2 x H4/H5) and 9.22 (2H, s, 2 x NCHN); \3C{lHNMR} 100 

MHz, d6-DMSO : 23.0 I (CH3), 49.99 (CH2), 53 .45 (i-Pr-CH), 12l.75, 123.54, 130.65, 130.67, 133.49 

(Ar-C) and 136.06 (NCHN). FT-IR (KBr): D (em-I); 3439 (Nbenzimi-Caliph); 3173, 3092 (C-Harom); 2981, 
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2929, 2848 (C-Haliph) . Anal. Cal. for C2oH28Br2N4: C, 49.60, H, 5.83, N, 11.57 %. Found: C, 48.92, H, 

5.48, N, 11.51 %. 
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Abstract: New siIver(l)- and mercury(II)-N-heterocycIic carbene (NHC) complexes were prepared 
fi'om the reaction of the imidazolium salts with silver(I) oxide and mercury(II). The prepared 
complexes were characterized by 'H and \JC NMR, elemental analysis (CHN) and X-ray 
crystallography for on of the silver complexes. The metal centers are coordinated either by two NHCs 
giving the general formula (M-Il-Ll' where M = silver or mercury, L = NHC), or by one NHC and 
on bromide. 

Key words: imidazolium salts; NHC complexes, Ag(I), Hg(II); synthesis; 'H NMR, \JC NMR. 

INTRODUCTION 

N-heterocycIic carbenes (NHCs) are cyclic carbenes that are usually derived from the deprotonation of 
imidazolium salts. NHCs have the ability to bond to both hard and soft metals making them more versatile 
ligand than phosphines (Herrmann and Kocher, 1997). The first investigation for the NHC chemistry was by 
Wanzlick in the early of 1960s (Wanzlick and Kleiner, 1961 ; Wanzlick, 1962 and Wanzlick et at., 1963). In 
1968, Ofele (Ofele, 1968) and Wanzlick (Wanzlick and Schonherr, 1968) were reported independently the 
synthesis and isolation of chromium and mercury NHC complexes. After the isolation of the first stable 
carbene by Arduengo (Arduengo et at., 1991), NHCs have become an important area of research. Mercury­
NHC complexes have received little attention compared with other metals in spite of being the earliest example 
of metal-NHC. The family of silver-NHC complexes has been receiv ing continuous attention (Zhou et at., 
2008). Silver-NHC complexes have been used successfully as transfer agents in the transmetallation reactions 
(Wang and Lin, 1998, and <;etinkaya et at., 2006) to make other metal-NHC complexes. Also, the biological 
activity of many Ag-NHC complexes as antimicrobial (Youngs et at., 2007; Ozdemir et at., 2010 and Ozdemir 
et at., 2010) and anticancer (Youngs, et al. , 2008 and Youngs et al., 2011) agents has been confirmed. We 
have been interested in the chemistry of metal-NHC complexes due to their wide and diverse application. 
Herein, we present the synthesis and characterization of a range of new silver- and mercuy-NHC complexes. 

Experimental: 
Material and Measurements: 

NMR spectra were recorded on Bruker 400 MHz Ultrashield™ and Avance 300 MHz spectrometers at 
ambient temperature. 'H and '3C NMR peaks are labeled as singlet (s), doublet (d), triplet (t) and multiplet 
(m). Chemical shifts were referenced with respect to solvent signals. Elemental analysis was carried out on 
a PerkinElmer series II, 2400 microanalyzer. Solvents were used as received without further purifications. 

Synthesis of 1-methyl-3-benzylimidazolium chloride (1) 
To a solution of I-methylimidazole (1.0 g, 12. 17 mmol) in 25 ml of dioxane, benzyl chloride (1.55 g, 

12.22 mmol) was added. The mixture was stirred for 10 min then refluxed for overnight. The resulted solution 
was coo led using ice bath to get thick brown oil which was recrystallized from dichloromethane to give the 
product as brown oil in 88.0 %. 'H NMR (400 MHz, D10): 03 .72 (3 H, s, N-CH3), 5.2 1 (2H, s, benzylic CH2) , 

7.23-7.34 (5H, m, 5 x Ar-H), 7.27 (IH, s, imidazolium H5 ), 7.3 1 (IH, s, imidazolium H4 ) and 8.58 (IH, 
s, imidazolium H2 ); \JC{IH} NMR (100 MHz, D20): 0 36.08 (N-CH3), 53.14 (benzylic CH2) 122.55, 124.11 
(imidazo lium C5 & C4 ), 128.98, 129.65, 129.71 (4 x Ar-C) and 133.96 (imidazolium C2 ). 

Synthesis of 1-methyl-3-beflzylimidazolium Il exajluorophosphate (11) : 
To a solution of I (1.0 g, 4.79 mmol) in a 10 ml of methanol , KPF6 (0.9 g, 4.89 mmol) in 10 ml of 
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methanol was added. The mixture was stirred for I h then left standing for overnight. The white precipitate 
was filtered, washed with distilled water several times and recrystallized from acetonitrile to give the final 
product as white solid in 93.8 %, m.p = 133-134 .c. IH NMR (400 MHz, d6-DMSO): 8 3.86 (3H, s, N-CH3), 
5.42 (2H, s, benzylic CH2), 7.39-7.44 (5H, m, 5 x Ar-H), 7.7 (lH, t, imidazolium H5), 7.78 (IH, t, 
imidazolium H4 ) and 9.2 (lH, s, imidazolium H2 ); 13C{ I H} NMR (100 MHz, d6-DMSO): 0 36.71 (N-CH3), 
52.75 (benzylic CH2) 123.2, 124.86 (imidazolium C5 & C4), 129.13, 129.62, 129.87, 135.67 (4 x Ar-C) and 
137.51 (imidazolium C2 ). 

Synthesis of I-hulyl-3-henzylimidazolium Bromide (Ill): 
To a solution of I -butylimidazole (1.0 g, 8.05 mmol) in 30 ml of acetonitrile, benzyl bromide (1.4 g, 8.2 

mmol) was added. The solution was stirred for 10 min then refluxed fo r overnight. The solvent was removed 
under vacuum giving the product as brown oil in 95.8 %. IH NMR (400 MHz, CDCI3): 0 0.76 (3H, t, CH3), 
1.19 (2H, sextet, CH2), 1.73 (2H, quintet, CH2), 4.15 (2H,' t, N-CH2), 5.17, 5.46 (2H, s, benzylic CH2), 7.19 
(2H, d, J = 2.4 Hz, 2 x Ar-H), 7.2 (lH, t, Ar-H), 7.37 (2H, t, Ar-H), 7.40 (lH, t, imidazolium H5 ), 7.45 (l H, 
t, imidazolium H4 ) and 10.14 (IH, s, imidazolium H2 ); 13C{ IH} NMR (100 MHz, CDCI3): 0 13.72 (CH3), 
19.70 (CH2), 32.32 (CH2), 50.13 (N-CH2), 53.33 (benzylic CH2) 122.56, 122.88 (imidazolium C5 & C4 ), 
129.30, 129.59, 133.72 (4 x Ar-C) and 136.63 (imidazolium C2). 

Synthesis of l.Ag: 
Ag20 (0.4 g, 1.7 mmol) was added to a solution of! (0.5 g, 2.4 mmol) in 30 ml of dichloromethane. The 

round bottom fl ask was wrapped with aluminum foil to exclude the light and the mixture was stirred for 
overnight. A clear solution with a black suspension was obtained. The suspension was filtered through a celite 
to give a clear solution. The solvent was removed under vacuum to give a grey precipitate, which recrystallized 
from dichloromethane giving the complex as light-grey crystals in 71.08 %. m.p = 142-144 ·C ; IH NMR (300 
MHz, d6-DMSO) : 03.77 (6H, s, N-CH3), 5.31 (4H, s, benzylic CH2), 7.29-7.35 (lOH, m, 10 x Ar-H), 7.45 
(2H, d, J = 1.2 Hz, imidazolium H5 ) and 7.53 (2H, d, J = 1.2 Hz imidazolium H4 ), 13C{ lH} NMR (100 
MHz, d6-DMSO): I) 39.05 (N-CH3), 54.89 (benzy lic CH2) 123.02, 124.15 (imidazolium C5 & C4 ), 128.46, 
128.84, 129.62 , 138.19 (4 x Ar-C) and 179.86 (C2 -Ag). Anal. Cal. For C22H24Ag N4CI. 2(CH2Cl2): C, 43 .83 ; 
H, 4.29; N, 8.52 %. Found: C, 44.08; H, 4.40; N, 9.10 %. 

Synthesis of Il.Ag: 
The experimental part and x-ray crystallography of this complex has been reported elsewhere (Rosenani 

et aI. , 2011), IH NMR (300 MHz, d6-DMSO) : 0 3.76 (6H, s, N-CH3), 5.31 (4H, s, benzylic CH2), 7.26-7.33 
(lOH, m, 10 x Ar-H), 7.44 (2H, d, J = 1.8 Hz imidazolium H5 ) and 7.54 (2H, d, J = 1.8 Hz imidazolium 
H4 ), 13C{IH} NMR (100 MHz, d6-DMSO): 0 39.0 (N-CH3), 54.83 (benzylic CH2) 123. 19, 124.08 
(imidazolium C5 & C4 ), 128.43 , 128.86, 129.63 , 138.17 (4 x Ar-C) and 180.57 (C2 -Ag). Anal. Cal. For 
K(Ag(C IIHI2N2)2)lPF6)3: C, 38.33 ; H, 3.51; N, 8.13 %. Found: C, 38.27; H, 2.94; N, 8.23 %. 

Synthesis of III.Ag: 
Ag20 (0.3 g, 1.3 mmol) was added to a solution of III (0.6 g, 2.0 mmol) in 40 ml of dichloromethane. 

The round bottom fl ask was wrapped with aluminum foil to exclude the light and the mixture was stirred for 
overnight. A clear solution with black suspension was obtained. The mixture was filtered using the celite and 
the solvent removed under vacuum to give thick brown oil which recrystallized from dichloromethane giv ing 
the product as dark-brown oil in 84.55 %. IH NMR (400 MHz, CDCI3): I) 0.91 (3H, t, CH3), 1.31 (2H, sextet, 
CH2), 1.77 (2H, quintet, CH2), 4.08 (2H, t, N-CH2), 5.25, 5.28 (2H, s, benzy lic CH2), 6.97 (l H, d, J = 1.6 Hz 
imidazolium H5 ), 7.03 (2H, d, J = 1.6 Hz imidazolium H4 ), 7.2 1 (2H, d, J = 7.4 Hz, 2 x Ar-H), 7.3 (2H, 
t, 2 x Ar-H) and 7.32 (IH, t, Ar-H); 13C{ IH} NMR (l00 MHz, CDCl3): 0 14.04 (CH3), 20.10 (CH2), 33.85 
(CH2), 52.25 (N-CH2), 55.99 (benzyli c CH2) 121.69, 121.81 (imidazolium C5 & C4 ), 128. 15, 128.91 , 129.45, 
136. 15 (4 x Ar-C), 181.2 1 (C2 -Ag). 

Synthesis of IJ.Hg: 
Hg(OAc)2 (0.3 5 g, 1.09 mmol) was added to a solution of Il (0.6 g, 1.88 mmol) in 40 ml of acetonitri le. 

The mixture was refluxed at 80-90·C for 20 h. A clear solution was resulted. The solvent was removed under 
vacuum to give a white powder which was washed with distilled water (3 x 5 ml) and recrystalli zed from 
acetonitrile to give the complex as a colorless crystals in 62.4 %, m.p = 267-270 .c. IH NMR (400 MHz, d6-

DMSO): 0 3.95 (6H, s, N-CH3), 5.55 (4H, s, benzylic CH2), 7.26-7.4 (lOH, multiple, Ar-H), 7.76 (2H, d, J 
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= 2.0 Hz imidazolium H5 ) and 7.78 (2H, d, J = 2.0 Hz imidazolium H4 ); 13C{ 1H} NMR (75.3 MHz, d6-

DMSO): /) 38.80 (N-CH), 54.24 (benzylic CH2), 124.86, 126.52 (imidazolium C5 & C4 ), 128.6, 129.35, 
129.8, 136.75 (4 x Ar-C) and 176.15 (C2 -Hg). Anal. Cal. For C22H24N4HgP2F12: C, 31.65; H, 2.90; N, 6.71 
%. Found: C, 32.17; H, 2.48; N, 6.89 %. 

Synthesis of III.Hg: 
Hg(OAc)2 (0.4 g, 1.25 mmol) was added to a solution ofIII (0.7 g, 2.37 mmol) in 40 ml of acetonitrile. 

The mixture was refluxed at 80-90'C for 20 h. The solvent was removed under vacuum to give a white powder 
which was washed with distilled water (3 x 3 ml) and recrystallized from acetonitrile giving the complex as 
white crystals in 68.22 %, m.p = 253-254 ·C. IH NMR (400 MHz, d6-DMSO): /) 0.9 (6H, t, CH), 1.27 (4H, 
sextet, CH2), 1.75 (4H, quintet, CH2), 4.23 (4H, t, N-CH2)' 5.48 (4H, s, benzylic CH2), 7.32-7.45 (IOH, m, 10 
x Ar-H), 7.7 (2H, d, J = 2.0 Hz imidazolium H5) and 7.76 (2H, d, J = 2.0 Hz imidazolium H4). 13C{ 1H} 
NMR (75.3 MHz, d6-DMSO): /) 14.31 (CH3) , 19.87 (CH2), 33.37 (CH2), 51.10 (N-CH2)' 54.10 (benzylic CH2) 
124.23, 124.67 (imidazolium C5 & C4 ), 129.0, 129.27, 129.68, 136.7 (4 x Ar-C) and 175.22 (C2 -Hg). 
C2KH26N4HgBr2: C, 42 .62; H, 4.60; N, 7.10 %. Found: C, 42.28; H, 4.33; N, 6.94 %. 

RESULTS AND DISCUSSION 

Synthesis of tlte Imidazolium Salts: 
The imidazolium salts I, II and III were prepared as described in scheme I. Reaction of 1-

methylimidazole with one equivalent of benzyl chloride in dioxane afforded I as brown oil in 88.0%. A part 
of I was converted to its corresponding hexafluorophosphate counterpart by metathesis reaction using KPF6 

in methanol giving II as a white solid in 93 .8%. The salt III was prepared by reaction of I-butylimidazole 
with one equivalent of benzyl bromide in acetonitrile to give the salt as brown oil in 95.8 %. The salts I and 
III were soluble in most of the organic solvents as well as the water, while salt II was soluble in many of 
the solvents except methanol, ethanol, diethyl ether and water. 

benzyl chloride • 0 r:;.N-R 
ruoKane ~N"'::':J" 

KPFo • 

methanol 
CI' 

R = Me. n-Bu 
I.R = Me 

II. R = Me 

III. R= n-Bu 

Scheme. 1: The synthesis of the imidazolium salts I, II and 1Il 

The IJ-I NMR data for the prepared imidazolium salts show the common signals for imidazolium salts 
(Hahn et al., 2009 and Fahlbusch et al., 2009). The signals of H2' proton appeared at /) 8.58 for I, /) 9.2 for 
II and /) 10.14 for III as singlet peaks (Figure 1). The benzylic protons appeared at /)5.21 for I and /) 5.42 
for II as singlet peaks, while appeared as couple of peaks for III at 0 5.17 and /) 5.46. In the 13C NMR 
spectra, the C2' signals for the salts were appeared at /) 133 .96 for I,/) 137.5 1 for II and /) 136.63 for Ill. 

Synthesis of the Complexes: 
Scheme 2 shows the typical synthesis of the silver- and mercury-NHC complexes. The reaction of the 

imidazo lium salts I, II and III with access of Ag20 resulted the complexes in different forms. Complexes LAg 
and II.Ag were obtained in crystal forms in 71.08 % and 70.3 % yield, respectively, while complex IILAg 
was obtained as dark-brown liquid in 84.55 %. 

The IH NMR spectra were shown the fully absence of the imidazolium H2' signals, this attributed to the 
deprotonation of those protons and formation of the complexes (Ozdemir et al., 2010; Ozdemir et al., 2010; 
Baker et al., 2009 and Lin et al., 2009). The complexation was confirmed by the 13C NMR spectra which 
shown the signals of C' -Ag at /) 179.86 for I.Ag, /) 180.57 for n.Ag and 181.21 for III.Ag (Figure 2), 
consistent with the literature (Liu et al., 2006 and Liu et al., 2006). 
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Fig. 1: IH NMR spectra for the salts II and lIT. 
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Scheme. 2: Synthesis of the silver and mercury complexes. 
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The reaction of the imidazolium salts II and III with excess of Hg(OAc)2 in acetonitrile for 20 h produced 
the complexes as solid powders. The complexes were not soluble in water, so the residual of mercury acetate 
was removed by washing of the crude product with plenty of water. After recrystallization using acetonitrile, 
complexes II.Hg and III.Hg were obtained as colorless crystals for n.Hg and white crystals for III.Hg in 62.4 
% and 68.2 % yield, respectively. 

The IH NMR spectra for the mercury complexes shown the absence of the imidazolium H2' signals which 
attributed to the successful complexation (Baker et al., 2009; Baker et al., 2009 and Xu et at., 2009). The 
peaks for the C2'-Hg in the DC NMR spectrum appeared at 8 176.15 and 8 175.2 respectively (Figure 3), 
which is characteristic for a metal carbene signal (Xu et al., 2009). 

missing of H2' 

I 

Cl'-Hg 

/ 
I! 

,I . 
.... _ .-,.iL 

____ ~~ ____________ ,"~.~ ________________ ~_~J~ ________ __ 

Fig. 3: IH and 13C NMR for 1l.Hg. 
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Key indicators: single-crystal X-ray study; T = 296 K; mean (f(C- C) = 0.007 A; 
disorder in main residue; R factor = 0.108; wR factor = 0.201; data-to-parameter 

rat io = 12.1. 

In the title compound, C2uH24N/+·2PF6-, the ethene and 3-
allylimidazolium moieties of the cation are disordered over 
two positions with refined site occupancies of 0.664 (19): 
0.336 (19) and 0.784 (7):0.216 (7), respectively, whereas four F 
atoms of one hexafiuoridophosphate anion and all atoms in 
the other hexafluoridophosphate anion are disordered over 
two positions with refined site occupancies of 0.764 (5):0.2365) 
and 0.847 (9):0.153 (9), respectively. The benzene ring is 
inclined at angles of 78.2 (3) , 81.3 (4) and 73.9 (12)° with the 
1H-imidazol-3-ium ring and the major and minor components 
of the disordered 1H-imidazol-3-ium ring, respectively. In the 
crystal, the hexafiuoridophosphate anions link the cations into 
two-dimensional networks parallel to (001) via intermolecular 
C - H- . ·F hydrogen bonds. The crystal structure is further 
consolidated by rr:- rr: [centroid- centroid distance 
3.672 (3) A] and C- H- · ·rr: interactions. 

Related literature 

For general background to and the biological activity of 
carbene derivatives, see: Yang & Nolan (2001); Bohm et at. 
(2000); Jafarpour & Nolan (2001); Bourissou et at. (2000); 
Herrmann et at. (1996, 1997); Arduengo et at. (1991) ; Dano­
poulos et at. (2002); Dias & Jin (1994); Caballero et at. (2001); 
Thompson et at. (1999) ; Melaiye et at. (2005). For bond-length 
data, see: Allen et at. (1987). For a related structure, see: 
Haque et at. (2010). 

:j: Thomson Reuters ResearcherID: A-5525-2009. 
§ Thomson Reuters ResearcherID: A-3561 -2009. 

Experimental 

Crystal data 

C:zOH24N/+.2PF6 -

M, = 610.37 
Monoclinic, P2tl c 
a = 9.8748 (4) A 
b = 9.9098 (3) A 
c = 26.124 (1) A 
f3 = 101.138 (2)0 

Data collection 

Bruker SMART APEX II CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SA DABS; Bruker, 2009) 
Tmin = 0.921, Tmnx = 0.924 

Refinement 

R[P2 > 2a(p2)] = 0.108 
wR(P2

) = 0.201 
S = 1.14 
5217 refl ections 

Table 1 
Hydrogen-bond geometry (A, 0). 

v = 2508.27 (16) A3 
Z = 4 
Mo Kct radiation 
f.L = 0.28 mm-1 

T = 296 K 
0.25 x 0.20 x 0.20 mm 

35601 measured reflections 
5217 independent reflections 
4324 reflections with I > 2CJ(J) 
Rim = 0.059 

431 parameters 
H-atom parameters constrained 
D.pma. = 0.55 e A-3 

• -3 
D.pmin = - 0.56 e A 

Cg2 and Cg3 are the centroids of the N3AIN4AIC15A-C17A and N3BIN4BI 
C15B-C17B rings, respectively. 

D -I-J. · -A D-H H .. -A D···A D-H .. -A 

C3 - H3A· ·F7A i 0.93 2.40 3.276 (6) I S6 
CS - HSA ·· ·FS ii 0.93 2.SI 3.320 (6) 146 
CS - HSA .. ·FllA iii 0.93 2.27 3.107 (8) I SO 
CI0- HI0A· · ·F7A 0.93 2.2S 3.130 (6) I S8 
CI6A-HI6A .. ·F6 iii 0.93 2.48 3.407 (9) 172 
C20A - H20A· . ·Cg2 0.93 2.89 3.489 (ll) 123 
C208-H20C.· ·Cg3 0.93 2.S4 3.44 (S) 124 

Symmetry codes: (i) -x + 1. -y + I, -z; (ii) x.y - I, z; (iii) x + I, y. z. 

Data collection: APEX2 (Bruker, 2009); cell refin e ment: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 

structure: SH ELXTL (Sheldrick, 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare mate rial for publication: SHELXTL and PLATON (Spek, 

2009). 

080 Haque et a/. doi:l O. 11 07/51600536810050683 Acta Cryst. (20 11). E67, 080- 081 
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Key indicators: single-crysta l X-ray study; T = 100 K; mean arC-C) = 0.002 A; 
R fac tor = 0 .046; wR factor = 0 .11 7; data-to-parameter ratio = 25 .1 . 

In the title molecular salt, C23H30N/+ ·2PF6 -, the central 

benzene ring of the cation makes dihedral angles of 89.80 (8) 

and 85.23 (7)" with the pendant imidazole rings. In the crystal, 

the cations and anions are linked by numerous C-H· · ·F 

hydrogen bonds, thereby forming a three-dimensional 

n e twork. 

Related literature 

For further details of imidazol-2-ylidenes, see: Arduengo ct al. 
(1991); Scott & Nolan (2005); Scholl et al. (1999). For a related 

structure, see: Villegas et al. (2005) . For the stability of the 

tempera ture controller used in the data collection, see: Cosier 

& Glazer (1986). 

Experimental 

Crystal data 

C23H30Nl+·2PF6 -
M, = 652.45 
Monoclinic, n 1 III 
a = 11.9269 (4) A 
b = 19.1480 (6) A 
c = 12.4233 (4) A 
f3 = 103.479 (1)0 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SA DA BS; Bruker, 2009) 
T m'n = 0.845, T mox = 0.961 

v = 2759.04 (15) A3 
Z = 4 
Mo Ka radiation 
f.L = 0.26 mm- 1 

T = 100 K 
0.67 x 0.29 x 0.15 mm 

67401 measured refl ections 
9961 independent reflections 
8004 reflections with I > 2u(I) 
R'nt = 0.030 

:j: Thomson Reuters ResearcherID: A-3561 -2009. 

21'1'. 

Refinement 

R[F2 > 2u(F2)] = 0.046 
wR(F2) = 0.117 
S = 1.05 
9961 reflections 
397 parameters 

Table 1 
Hydrogen-bond geometry (A, 0) . 

D-R · A D-H 

CI - HIA·· ·F3' 1.00 (2) 
CI-H2B·· ·F?" 1.01 (2) 
C3-H3A-. ·F6ii 0.97 
C3-H3B·· .F2' 0.97 
C4 - H4A. · ·FS'ii 0.93 
C5 - H5A·. ·F4'v 0.93 
CS-H5A·· ·F12 iii 0.93 
C6-H6A.· ·F6ii 0.93 
CI4-HI4A .. ·F9iv 0.97 
CI5 - HI5A- . ·F6" 0.93 
CI6-HI6A ... FS'v 0.93 
CI7-H17A-· ·F3 0.93 
Cl8 - HI8B . . ·F4ii 0.97 
CI8-HlSB .. ·F6ii 0.97 

H atoms treated by a mixture of 
independent and constrained 
refinement 

• -3 
6Pmnx = 0.94 e A 
6Pm'n = -0.38 e A-3 

R·A D·· A D- H · .. A 

2.49 (2) 3.411 (2) 153.1 (18) 
2.47 (2) 3.4S0 (2) 173.7 (IS) 
2.53 3.3303 (17) 140 
2.48 3.41 51 (17) 161 
2.37 3.24S (2) 157 
2.34 3.0754 (16) 136 
2.52 3.1110 (IS) 122 
2.31 3.1005 (16) 143 
2.45 3.401 (2) 167 
2.42 3.1873 (16) 139 
2.46 3.3113 (19) 152 
2.53 3.2000 (IS) 129 
2.54 3.2398 (17) 129 
2.50 3.37S1 (17) 150 

Symmetry codes: (i) x,y,z-l; (ii) x+~,-y +~, z-~; (iii) -x+ l, -y, - z; (iv) 
-x + 1, - y, - z + 1. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 

structure: SHELXTL (Sheldrick , 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SH ELXTL; software used 

to prepare material for publication: SHELXTL and PLATON (Spek, 

2009). 
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Key indicators : single-crystal X-ray study; T = 100 K; mean oK- C) = 0.002 A; 
disorder in so lvent or counterion; R factor = 0.049; wR fac tor = 0.142; data-to­

parameter ratio = 29.3. 

In the cation of the title molecular salt, C2oH24N/+.2PF6 -, the 
central benzene ring makes dihedral angles of 84.19 (7) and 
79.10 (7)0 with the pendant imidazole rings. In one of the 
hexafiuorophosphate anions, the six F atoms are disordered 
over two sets of sites, with an occupancy ratio of 
0.842 (3):0.158 (3) . In the crystal, the cations and anions are 
linked by numerous C-H···F hydrogen bonds, thereby 
forming a three-dimensional network. 

Related literature 

For applications and properties of N-heterocyclic carbenes, 
see: Bielawski & Grubbs (2000); Herrmann et at. (1998) ; 
Yeung et al. (2011) ; Jokic et at. (2010); Yu et at. (2010) ; 
Esteruelas et at. (2003). For the stability of the temperature 
controller used in the data collection, see: Cosier & Glazer 
(1986). 

n 
:0-- J-=-C ~ r=::N N, 'I 

N - ,'/ "-:" . . N 
..-:> ..- - -/ ' I't'· ,,-,,"" '- .....-::-.... -?" '-./ - " "'--"" ~ 

Experimental 

Crystal data 

. ~OH24N/+.2PF6-
M, = 610.37 
Triclinic, pI 
a = 7.3151 (3) A 
b = 12.4913 (4) A. 
c = 13.8569 (5) A. 

a = 101.810 (1)" 
f3 = 94.603 (1)" 
Y = 91.424 (1)0 
V = 1234.27 (8) A 3 

2=2 
Mo Ka radiation 

* 1l1Omson Reuters ResearcherID: A-3561-2009. 

organic compounds 

J.l.. = 0.29 mm- I 

T = 100 K 

Data collection 

Bruker APEXll DUO CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.801, T mo> = 0.874 

Refinement 

R[F2 > 2a(F2)] = 0.049 
wR(F2) = 0.142 
S = 1.05 
10789 reflections 
368 parameters 

Table 1 
Hydrogen-bond geometry (A, 0). 

D-R ·A D-H 

C4-H4A . . ·F5 i 0.93 
C9-H9A·. ·F8Aii 0.93 
ClO-H10A·· ·F2'ii 0.93 
C14 - H14A·· -F3 0.97 
C14-H14B·· ·F9A" 0.97 
CI5 - HI 5A · · ·F5 0.93 
C17-H17A .. ·FI2A iY 0.93 
CI8 - HI8B . . ·Flii 0.97 
C19-H19A· · ·F12A v 0.93 
C20-H20A .. ·FRA Yi 0.93 
C20-H20B .. ·F1vii 0.93 

0.82 x 0.61 x 0.48 mm 

38348 measured reflections 
10789 independent reflections 
9422 reflections with I > 2a(I) 
Rint = 0.016 

15 restraints 
H-atom parameters constrained 

• -3 
""Pmux = 1.45 e A 

• -3 
""Pmin = - 0.91 e A 

R·A D··A D-R··A 

2.44 3.2625 (17) 148 
2.38 3.303 (3) 171 
2.47 3.2429 (18) 141 
2.41 3.3065 (16) 154 
2.42 3.224 (2) 140 
2.51 3.2100 (15) 132 
2.42 3.279 (2) 154 
2.55 3.349 (2) 140 
2.50 3.364 (2) 155 
2.40 3.158 (3) 139 
2.45 3.267 (2) 146 

Symmetry codes: (i) -x+2,-y+1,-z; (ii) x+1,y,z; (iii) x,y-1,z; (iv) 
-x+2.-y+1.-z+ 1; (v) x+ l ,y+l,z; (vi) -x+l,-y+1,-z+l; (vii) 
-x + 2, -y + 2, -z + 1. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare material for publication : SHELXTL and PLATON (Spek, 

2009). 
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Key ind icators: sing le-c rystal X-ray study; T = 100 K; mean a(C- C) = 0.002 A; 
disorder in main res idue; R factor = 0.032; wR factor = 0.077; data-to-parameter 
rat io = 29.3. 

In the title salt, C36H4sN/+·2Br-·H20, the central benzene 
ring makes dihedral angles of 84.77 (9) and 69.92 (7)0 with the 
adjacent imidazole rings. In the crystal, one of the heptyl 
groups is disordered over two sets of sites with an occupancy 
ratio of 0.474 (5):0.526 (5). In the crystal, the cations, anions 
and water molecules are connected via intermolecular O­
R . ·Br, C-H· . ·Br and C-R . ·0 hydrogen bonds, forming a 
three-dimensional network. 

Related literature 

For details and applications of N-heterocyclic carbenes 
(NHCs), see: Winkelmann & Navarro (2010) ; Kascatan­
Nebioglu et al. (2007) ; Teyssot et al. (2009); Herrmann et al. 
(1995); Choi et al. (2001); Kumar & Kumar (2009). For the 
stability of the temperature controller used in the data 
collection, see: Cosier & Glazer (1986) . 

2Ur. H,O 

:j: Thomson Reuters Resea rche rID: A -3561 -2009. 

Experimental 

Crystal data 

C36H4SN42+.2Br-.H20 
M, = 714.62 
TriC\in ie, pI 
a = 8.8494 (1) A 
b = 14.7170 (3) A 
c = 16.0838 (2) A 
ex = 115.705 (1)° 
fi = 105.380 (ll 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T m;n = 0.469, T mn, = 0.715 

Refinement 

R[F2 > 2a(F2)] = 0.032 
wR(F2) = 0.077 
S = 1.02 
12945 re fl ect ions 
442 parameters 
9 restraints 

Table 1 
Hydrogen-bond geometry (P.., 0). 

D - H ·· -A D-H 

OIW- HIWI ···Brl 0.84 (3) 
01 W-H2WI·· -Br2 0.79 (3) 
Cl-I-IlA·· ·Brl; 0.95 
C3-H3A· · ·Bri; 0.95 
C5 - H5A·· ·Bri;; 0.95 
C8-H8A .. ·Briv 0.99 
C15-HI5A· . ·Br2;' 0.99 
CI5-HI5B· ·Brl iv 0.99 
CI8-HI8A · ·OIWv 0.95 
C20-H20A·· ·Br2 0.95 
C22-H22A · · ·Br1; 0.95 
C23 - H23A·· .Bri 0.99 
C23 - H23B·· ·Br2;; 0.99 

y = 91.946 (1)° 
V = 1792.83 (5) A3 
2=2 
Mo Kex radiation 
J.L = 2.29 mm- 1 

T = 100 K 
0.39 x 0.18 x 0.16 mm 

50860 measured reflections 
12945 independent reflections 
10091 reflections with I > 2a(I) 
R;n' = 0.027 

H atoms treated by a mixture of 
independent and constrained 
refinement 

/::,.Pm .. = 0.84 e A -3 

/::,.Pm;n = - 0.75 e A-3 

H-. -A D · ··A 

2.50 (3) 3.3271 (17) 
2.54 (3) 3.3280 (14) 
2.80 3.6093 (15) 
2.92 3.7866 (16) 
2.89 3.8162 (17) 
2.93 3.9117 (16) 
2.72 3.6809 (19) 
2.RO 3.7842 (15) 
2.46 3.187 (2) 
2.76 3.6602 (16) 
2.70 3.5577 (15) 
2.89 3.7836 (14) 
2.81 3.7285 (17) 

D-H-· -A 

169 (2) 
177 (3) 
144 
153 
167 
172 
165 
170 
133 
158 
ISO 
151 
154 

Symmetry codes: (i) - x + 1, -y + 1, -z + 1; (ii) x + 1, y, z + 1; (iii) .t, y, z + 1; (iv) 
-x, -y+ 1, -z+ 1; (v) x -l ,y, z. 

Data collection: APEX2 (Bruker, 2009) ; cell refinement: SAINT 
(Bruker, 2009) ; data reduction: SAINT; program(s) used to solve 

structure: SHELXTL (She ldrick, 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare material for publication: SHELXTL and PLATON (Spek, 

2009). 
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Key indicators: single-crystal X-ray study; T = 100 K; mean oK-C) = 0.003 A; 
di sorder in main residue; R factor = 0.055; wR factor = 0 . 135; da ta-to-parameter 

rat io = 19.4. 

In the title molecular salt, C2sH3SN42+·2PF6 -, one of the butyl 
groups and four F atoms in the basal plane of one of the PF6-

octahedra are disordered over two sets of sites, with 
occupancy ratios of 0.704 (5):0.296 (5) and 0.71 (3): 
0.296 (5), respectively. The central benzene ring makes 
dihedral angles of 85.17 (12) and 81.97 (12)° with the terminal 
imidazole rings. In the crystal, cations and anions are linked 
together via intermolecular C-H···F hydrogen bonds 
forming a three-dimensional network. 

Related literature 

For applications of N-heterocyclic carbenes, see: Tryg et al. 
(2005); Herrmann (2002); Tominaga et al. (2004); Magill et al. 
(2001); Arduengo et al. (1991); Herrmann & Kocher (1997); 
Herrmann et al. (1 998); McGuinness et al. (1999). For the 
stability of the temperature controller used in the data 
collection , see: Cosier & Glazer (1986). 

Exper imental 

Crystal data 

~H38Nl+·2PF6-
Mr = 684.53 
Monoclinic, fY21/n 
a = 12.3851 (2) A 

b = 19.6516 (3) A 
c = 12.7586 (2) A 
f3 = 104.698 (1)" 
V = 3003.66 (8) A3 

:j: Thomson Reuters ResearcherID: A-3561 -2009. 

Z = 4 
Mo KDI radiation 
JL = 0.24 mm-1 

Data collection 

Bruker SMART APEXII CCO 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.911, T mn' = 0.971 

Refinement 

R[ F2 > 2cr(F2)) = 0.055 
wR(F2) = 0.135 
S = 1.03 
8766 reflections 
453 parameters 

Table 1 
Hydrogen-bond geometry (P.. , 0). 

D - H· ··A D- H 

C2-H2A···FS i 0.97 
CS-HSA . .. F9A ii 0.93 
C6-H6A-· ·F6ii 0.93 
C6-H6A·· ·F12ii 0.93 
C7-H7A .. ·F4iii 0.93 
C15-H1SA .. ·FIOA iv 0.97 
CIS-HISA .. ·FIliv 0.97 
CI9 - HI9B . . ·F6iii 0.97 

T -100 K 
0.39 x 0.17 x 0.12 mm 

34854 measured reflections 
8766 independent reflections 
5113 reflections with I > 2cr(I) 
Rint = 0.064 

177 restraints 
H-atom paramet.e':.~ constrained 
"'Pmn, = 0.33 eA. -3 

"'Pmin = - 0.40 e A 

H-··A D·· -A D-H-

2.45 3.312 (3) 149 
2.3S 3.23S (9) IS9 
2.S1 3.248 (3) 136 
2.54 3.14S (3) 123 
2.32 3.140 (3) 146 
2.S4 3.103 (9) 117 
2.S0 3.353 (3) 147 
2.54 3.327 (3) 138 

.-A 

Symmetry codes: (i) x + 1, y, z; (ii) -x + 1, -y, -z + 1; (iii) x + t, -y + t, z - t; (iv) 
-x + 1, -y, -z. 

D ata collection : APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009) ; data reduction: SAINT; program(s) used to solve 

structure: SHELXTL (Sheldrick, ZOOS); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare materia l for publication: SHELXTL and PLATON (Spek, 

Z009). 

RAH thanks Universiti Sains Malaysia for the FRGS fund 
(203/PKIMIA/671115 ), short-term grant (304/PKIMIAI 
639001) and RU grants (1001lPKIMIA/813023 and 10011 
PKIMIA/811157). AWS thanks Universiti Sains Malaysia for 
the RU grant (1001lPKIMIA/843090) . HKF and MH thank 
the Malaysian Government and Universiti Sains Malaysia for 
the Research University grant No. 1001lPFIZIKl811160. MH 
also thanks Universiti Sains Malaysia for a post-doctoral 
research fellowship. 

Supplementary da ta and figures for this paper are available from the 
IUer e lectronic archives (Reference: SJ5098). 

References 

Arduengo, A. J. , Harlow, R. L. & Kline, M. (1991).J. Am. Chem. Soc. 113,361 -
363. 

Bruker (2009). APEX2, SA INT and SADABS. Bruker AXS Inc., Madison, 
Wisconsin, USA. 

Cosier, J. & G lazer, A. M. (1986). 1. Appl. Cryst. 19,105- 107. 
Herrmann , W. A. (2002). Angew. Chem. Int. Ed. 41, 1290-1309. 
Herrmann, W. A., Goossen, L. J. & Spiegler, M. (1 998). Organometallics, 17, 

2162- 2168. 
Herrmann, W. A. & Kocher, C. (1997). Angew. Chem. lilt. Ed. Engl. 36,2162-

2187. 

0562 Haque e( at. doi:l 0.11 07/5 160053681 1003916 Ac(a CrysL (2011). E67, 0562-0563 



metal-organic compounds 

Acta Crysta llograph ica Sect ion E 

Structure Reports 
Online 

ISSN 1600-5368 

Bis(1-benzyl-3-methylimidazolium-l(C2
)­

mercury(ll) bis(hexafluoridophosphate) 

Rosenani A. Haque/ Abbas Wash eel Salman/ Madhukar 
Hemamalinib and Hoong-Kun Funb*:j: 

'Schoo l of Chemica l Sc ie nces, Universiti Sa in s Malays ia, 11 800 USM, Penang, 

Ma lays ia, and bX_ray Crystallography Unit, Schoo l of Physics, Uni versiti Sai ns 

Ma laysia, 11800 USM, Pe nang, Malaysia 

Correspon de nce e-mail: hkfun@usm.my 

Rece ived 5 August 20 11 ; accepted 9 August 201 1 

Key indicators: single -crystal X-ray study; T = 100 K; mean oK- C) = 0.008 A; 
R fac to r = 0.032; wR factor = 0.087; data-to-parameter ratio = 12.6. 

The asymmetric unit of the title complex, [Hg(CllH12N2)2]­
(PF6h, consists of one bis(1 -benzyl-3-methylimidazolium)­
mercury(II) cation, one half of the cation and an additional 
HglI atom, which lies on an inversion centre, and three 
hexafluoridophosphate anions. The HglI atoms exist in a linear 
coordination geometry [C- Hg - C = 178.9 (2) and 180°] 
formed by two carbene C atoms from the imidazole rings. In 
the crystal, the cations and anions are connected via C- H · · ·F 
hydrogen bonds, forming a three-dimensional network. 

Related literature 

For details of N-heterocyclic carbenes, see: Herrmann (2002); 
Arduengo et al. (1991); Herrmann et al. (1998); McGuinness et 
al. (1999); Wanzlick & Sch6nherr (1968). For the stability of 
the temperature controller used in the data collection, see: 
Cosier & Glazer (1986). 

:j: Thomson Reuters ResearcherlD: A-3561 -2009. 

Experimental 

Crystal data 

[Hg(C"H'2N2h](PF6h 
M, = 834.98 
Monoclinic, n,;c 
a = 15.1260 (17) A 
b = 10.3044 (11) A 
c = 26.398 (3) A 
f3 = 102.275 (2)0 

Data collection 

Bruker APEX II DUO CCD area-
detector diffractometer 

Absorption correction: multi-scan 
(SA DABS; Bruker, 2009) 
T min = 0.233, T mux = 0.751 

Refinement 

R[F2 > 2a(F2 )] = 0.032 
wR(F2) = 0.087 
S = 1.06 
7062 reflections 

Table 1 
Hydrogen-bond geometry (A, 0). 

D- H-· -A D-H 

C10-H10A ·· ·F15i 0.93 
Cll-Hlle .. ·F6ii 0.96 
C13-H13A·· ·F?' 0.93 
C18-H18A .. ·F5 ii 0.97 
CI8 - Hl 8B· · ·F13ii 0.97 
C21- H21A .. ·Fliii 0.93 
C29-H29B .. Hiv 0.97 
C31-H31A- . ·Flliv 0.93 

v = 4020.5 (8) A 3 

2=6 
Mo Kct radiation 
/.l. = 5.97 mm- ' 
T = 100 K 
0.34 x 0.32 x 0.05 mm 

23876 measured reflections 
7062 independent reflections 
5985 refl ections with I > 2a(I) 
R in• = 0.046 

559 parameters 
H-atom paramet.e~; constrained 
"'Pmu, = 1.71 e A 

"'Pm'n = -2.05 e A-3 

H· .-A D· · -A D- H-· ·A 

2.32 3.240 (7) 171 
2.55 3.375 (7) 144 
2.43 3.355 (7) 175 
2.50 3.282 (6) 138 
2.45 3.1 11 (6) 125 
2.51 3.351 (6) 150 
2.48 3.125 (7) 123 
2.43 3.271 (6) 150 

Symmetry codes: (i) - x+ 1,y +!, -z +!; (ii) x,y+ 1,z; (iii) - x,y +!,-z+!; (iv) 
- x, - y + 1, -z. 

Data collection: APEX2 (Bruker, 2009); ce ll refinement : SA INT 
(Bruker, 2009) ; data reduction: SA INT; program(s) used to solve 

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication : Sf-f ELXTL and PLATON (Spek, 
2009). 
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IUCr electronic archives (Reference: IS2765). 
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Key ind icators: single-crysta l X-ray study; T = 100 K; mean a(C-C) = 0.004 A; 
R factor = 0.040; wR factor = 0. 101; data-to-parameter ratio = 25.2 . 

In the title molecular salt, C3)H34N/+ ·2Br- , the central 
benzene ring makes dihedral angles of 80.47 (12) and 
82.78 (12)° with the adjacent imidazole rings. The dihedral 
angle between the two terminal phenyl rings is 79.16 (13)°. In 
the crystal, the cations and anions are linked via C-H- . ·Br 
hydrogen bonds, forming supra molecular chains along the c 
axis. 

Related literature 

For applications of N-heterocyclic carbenes (NHCs) , see: 
Winkelmann & Navarro (2010); Papini et al. (2008); Marion et 
al. (2007); Burstein & Glorius (2004); Sohn et al. (2004) ; Grasa 
et al. (2002) ; Singh & Nolan (2005) . For the stability of the 
temperature controller used in the data collection, see: Cosier 
& Glazer (1986) . 

Experimental 

Crystal data 

C31H34N/+.2Br­
M,; 622.44 
Monoclinic, nL/c 
a ; 8.9851 (2) A 
b ; 12.8044 (2) A 
c; 25 .6419 (5) A 
f3; 102.611 (I t 

V ; 2878.90 (10) A3 

2;4 
Mo Ka radiation 
J1, ; 2.84 mm- t 

T ; 100 K 
0.49 x 0.43 x 0.21 mm 

* Thomson Reuters ResearcherlO: A-3561-2009. 

Data collection 

Bruker SMART APEXII CCO 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min; 0.337, T mox ; 0.585 

Refinement 

R[F2 > 2a(p2)] ; 0.040 
wR(P2) ; 0.101 
S; 1.04 
8490 reflections 

Table 1 

organic compounds 

32884 measured reflections 
8490 independent reflections 
6550 reflections with I > 2a(I) 
Rint ; 0.036 

337 parameters 
H -atom parameters constrained 
I'J.pmox ; 1.28 e A-3 
I'J.pmin ; - 0.40 e A -3 

Hydrogen-bond geometry (A, 0). 

D-H.· A D- H H.·A D···A D- H .. ·A 

C7-H7A·· ·Br2 0.97 2.90 3.754 (2) 147 
C7 - H7B· · ·Br1 i 0.97 2.92 3.787 (2) 149 
C8-H8A·· ·Br2 0.93 2.81 3.496 (3) 132 
C10-H10A- · ·Br1 i 0.93 2.74 3.565 (2) 148 
C18 - H18B . . ·Bdi 0.97 2.74 3.702 (2) 172 
C19-H19A· . ·Br1i 0.93 2.74 3.553 (2) 147 
C21-H21A· · .Br2"' 0.93 2.83 3.603 (3) 141 

Symmetry codes: (i) x + 1, y, z; (ii ) x , -y +~. z -H; (ii i) x + I. - y +~, z +!. 

Data collection: APEX2 (Bruker, 2009); ce ll refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare material for publication: SHELXTL and PLA TON (Spek, 

2009). 
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References 

Bruker (2009) . APEX2, SAINT and SA DABS. Bruker AXS Inc., Madison, 
Wisconsin , USA. 

Burstein, C. & Glorius, F. (2004). AngelV. Chem. Int. Ed. 43,6205- 6208. 
Cosier, J. & G lazer, A. M. (1986).1. Appl. Cryst. 19,105- 107. 
Grasa, G. A., Kissling, R. M. & Nolan, S. P. (2002). Org. Lett. 4, 3583-3586. 
Marion, N., Oiez-Gonzales, S. & Nolan, S. P. (2007). A llgew. Chem. Int. Ed. 46, 

2988-3000. 
Papini, G., Bandoli, G., Oolmella, A., Lobbia, G. G., Pellei, M. & Santini, C. 

(2008). In a rg. Chem. Commull. 11, 1103- 1106. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112- 122. 
Singh, R . & Nolan, S. P. (2005). Chem. Commull. pp. 5456-5458. 
Sohn, S. S., Rosen, E. L. & Bode, 1. W. (2004).1. Am. Chem. Soc. 126, 14370-

14371. 
Spek, A. L. (2009). A cta Cryst. 065,148- 155. 
Winkelmann, O. H. & Navarro, O. (2010). A dv. Synth. Catal. 352, 212- 214. 

Acta Cryst. (20 11 ). E67, 0643 do i: 10 .1107 /SI 6005368 11 005204 Haque et a/. 0643 



metal-organic compounds --- -=====================================~--
Acta Crysta llographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

Potassium bis[bis(1-benzyl-3-methyl­
imidazolium)silver(l)] tris(hexafluorido­
phosphate) 

Rosenani A. Haque,a Abbas Washeel Salman,a 
Choong Kah Whai,a Ching Kheng Quahb:j: and Hoong-Kun 
Funb*§ 

'School of Chemical Sc iences, Universiti Sains Malaysia, 11800 USM, Penang, 
Malaysia, and bX_ray Crystallography Unit, School of Ph ys ics, Universiti Sa ins 
Malaysia, 11800 USM, Penang, Malaysia 
Correspondence e-mai l: hkfun@us m.my 

Received 10 December 2010; accepted 11 December 2010 

Key indicators: 'ingle-crystal X-ray study; T = 100 K; mean arC- C) = 0.004 A; 
disorder in main residue; R factor = 0.035; wR factor = 0.124; data-to-parameter 
ratio = 20.2. 

In the title compound, K[Ag(CllH12N2hh(PF6h, the 12-
coordinate potassium cation lies on a crystallographic twofold 
axis and one of the hexafiuorophosphate anions is generated 
by I symmetry_ In the complex cation, the Agi ion is 
coordinated by two C atoms; the two imidazolium rings are 
orientated at a dihedral angle of 8.14 (14)°. In the 1-benzyl-3-
methylimidazolium units, the dihedral angles between imida­
zolium and phenyl rings are 80.47 (15) and 76.53 (14)°. The F 
atoms of the general-position hexafiuorophosphate anion are 
disordered over two sets of sites in a 0.767 (17):0_233 (17) 
ratio. In the crystal, the hexafluorophosphate anions link the 
cations into three-dimensional networks via intermolecular 
C- H- - ·F hydrogen bonds and are further consolidated by TC­

TC stacking [centroid-centroid distances = 3.5518 (15) A] 
interactions. 

Related literature 

For general background to and the biological actIVIty of 
carbene derivatives, see: Lee et al. (2001); Bourissou et al. 
(2000); Herrmann & Kocher (1997); Hermann et al. (1996) ; 
Zhou et al. (2008); Wang & Lin (1998); Lin & Vasam (2007); 
Ray et al. (2007); Ozdemir et al. (2010); Medvetz et al. (2008) . 
For the stability of the temperature controller used in the data 
collection, see: Cosier & Glazer (1986). For related structures, 
see: Haque et al. (2010a,b). For bond-length data, see: Allen et 
al. (1987). 

+ Thomson Reuters ResearcherlD: A-5525-2009. 
§ Thomson Reuters ResearcherlD: A-3561-2009. 

2 

Experimental 

Crystal data 

K[Ag(CllHl2N2hlz(PF6h 
Mr ; 1378.65 
Monoclinic, C2/c 
a; 19.917 (2) A 
b ; 23.047 (2) A 
c ; 11.5787 (12) A 
f3 ; 103.108 (3)0 

Data collection 

Bruker SMART APEXII DUO 
CCD diffractometer 

Absorption correction: multi-scan 
(8ADABS; Bruker, 2009) 
T m;n ; 0.632, T m"x ; 0.847 

Refin ement 

R[F2> 2a(F2») ; 0.035 
wR(F2) ; 0.124 
8;1.11 
7528 reflections 
372 parameters 

Table 1 
Selected bond lengths (A). 

+ 

v ; 5176.4 (9) A 3 

2;4 
Mo KO/ rad iation 
}J. ; 1.04 mm- l -

T; 100 K 
0.49 x 0.42 x 0.17 mm 

66454 measured reflections 
7528 independent reflections 
7058 reflections with I > 2a(l) 
R;n' ; 0.050 

51 restraints 
H-atom parameters constrained 
t,Pmax ; 1.68 e A -3 

0 _ 3 
t,Pm;n ; - 0_91 e A 

Ag1 - C12 2.092 (2) Ag1- C1 2.093 (2) 
------------~~--~----------------~ 

Table 2 
Hydrogen-bond geometry (A, 0). 

D - H- · -A D-H H- . -A D·· -A D-H- ·A 

C14 - R14A-· ·F1; 0.93 2.45 3.285 (5) 149 
C15 - R15A·· ·F6 0.97 2.51 3.204 (5) 129 
C1S-R15B· · ·F4; 0.97 2.51 3.415 (7) 156 
Cn-R22A·· ·F6;; 0.96 2.42 3.171 (5) 135 

Symme try codes: (i) -x +!, -y + t. -z + 1; (ii) -x + t, -y +!. -z. 

D a ta collection: APEX2 (Bruker, 2009); cell refine ment: SAINT 
(Bruk e r, 2009); data reduction: SAINT; program(s) used to so lve 

structure: SHELXTL (Sheldrick, 2008) ; progra m(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare material for publication: SHELXTL and PLATON (Spek, 

2009) . 
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Key indicators: single-crystal X-ray study; T = 100 K; mean a(C--C) = 0.002 A; 
II. factor = 0 .0](,; ""II. faclor = 0. 121; data-to-parameter ratio = 29 . 2. 

The asymmetric unit of the title N-heterocyclic cm·bene 
compound, C22H32N/+ ·2PF6 - , consists of one half of the N­
heterocyclic carbene dication and one hexafluorophosphate 
anion . The clication lies across a crystallographic inversion 
center. The imidazole ring is twisted away from the central 
benzene ring. making a dihedral angle of 76.23 (6)". The 
hexafluo rophosphate anions link the ca tions into a three­
dimensional network via intermolecular C-R ··F hydrogen 
bonds. A weak C- H···n interaction further stabilizes the 
crystal structure. 

Related literature 

For background to N-heterocyclic cat'benes, see: Arduengo et 

al. (1991); Papini et af. (2008). For applications of N-hetero­
cyclic cal·bene derivatives, see: Meyer el af. (2009); Barnard et 

al. (20(H); Lin & Vasam (2007) . For a related structure, see: 
Washeel el af. (2010). For the stability of the temperature 
controller used for the data collection. see: Cosier & Glazer 
(1986) . 

of Thomson Reuters ResearcherlD: A-5523-2009. 
§ Thomson Rl:ull:rs RescarcherlD: A-3561 -2009. 

Experimental 

Crystal data 

~2H32N. 2+.2PF6-

Mr = 642.46 
Monoclinic, P2l/e 
a = 8.9802 (5) A 
b = 17.8421 (10) ).. 
c = 9.3637 (5) A 
f3 = 1.13.233 (I)" 

Data collection 

Bruker APEX Duo CeD area 
detector diffractometer 

Absorption correction: multi-scan 
(SA DABS; Bruker. 2009) 
Tm'n = 0.910. Tn",. = 0.950 

Refinement 

R[F2 > 2a(F2) ] = 0.036 
wR(p2) = 0.121 
S = 1.10 
5550 reflect ions 
190 parameters 

Table 1 
Hydrogen-bond geometry (A. 0). 

v = 1378.64 (13) ).., 

2=2 
Mo f((X radiation 
/1· = 0.26 mm- 1 

T = "IOO K 
0.37 x 0.25 x 0.20 mm 

21938 measured reflections 
5550 independent reflections 
4750 reflections with 1 > 2a(l) 
R'n' = 0.027 

H aloms treated by a mixture of 
independent and constrained 
retinement 

D.p",", = 0.52 e A-3 

. - ) 
D.pm'n = -0.35 e A 

Table 1. Hydrogen bond geometry (A, ' ). Cgl is the centroid of the Cl­
C3,CIA-C3A benzene ring. 

D-l-l··A D- H 1-1· · .;1 D··A D - l-f.·A 

CI-HIA .. ·F3' 1.004 (17) 2.532 (18) 3.3945 (14) 143.8 (IS) 
C4-H4A · . ·F4' 0.97 2.52 3.3516 (14) 144 
C4-H4B .. ·nii 0.97 2.45 3.3497 (14) 153 
C7-H7A·· ·Fl'ii 0.93 2.36 2.879R (13) 115 
C8-H8B·· H" · 0.97 2.49 3.3537 (13) 148 
C8- H8A·· ·Cgl" 0.97 2.84 3.7376 (12) 154 
C8- H8A·· .Cgl'·' 0.97 2.84 3.7376 (12) 154 

Sym me try codes: (i) x, - y -H. z - I: (ii) x. y - I, z; (iii) - x, y - I, -z +!; (iv) 
x, -y +t.z +4; (v) x - I,y, z; (vi) - x. - yo -z + 1. 

Data collection: APEX2 (Brukcr, 2009); cell refinement: SAINT 
(Bruker, 20(9); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 20(8); program(s) used to refine 
structure: SJ-[ ELXTL; molecular graphics: SH ELXTL; software used 
to prepare material for publication: SJ-[ ELXTL and PLATON (Spek . 
2009). 
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rUCr electronic archives (Reference: SJ2739). 
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R factor · 0.051; wR factor · 0.161; data-to-parameter rat io · 23.1. 

The asymmetric unit of the title complex, [Ag2(C22H30N4h]­
(PF6h, consists of one Agl ion, one 1,4-bis[(3-butyl­
imidazolium-1-yl)methyl]benzene ligand and one discrete 
hexafluoridophosphate anion. The formula unit is generated 
by an inversion center. The unique Agl ion is coordinated by 
two C atoms of two heterocyclic carbene ligands in an 
essentially linear geometry. In the crystal structure, cations 
and anions are linked through weak C- H···F hydrogen 
bonds, forming a three-dimensional network. 

Related literature 

For applications of N-heterocyclic carbenes, see: Tryg et ai. 
(2005); Herrmann (2002); Herrmann et af. (1998) ; McGuinness 
et af. (1999); Tominaga et af. (2004); Magill et al. (2001) ; 
Yongbo et af. (2008); Garrison & Youngs (2005); Kascatan­
Nebioglu et ai. (2007); Ozdemir et ai. (2010); Medvetz et af. 

(2008); Catalano & Malwitz (2003). For a related structure, 
see: Chen & Liu (2003) . For the stability of the temperature 
controller used in the data collection, see: Cosier & Glazer 
(1986) . 

:j: Thomson Reuters ResearcherID: A-3561 -2009. 

Experimental 

Crystal data 

[Ag2( Cn H30N.h] (PF hh 
M, = 1206.68 
Triclinic, pI 
a = 1l.3636 (15) A 
b = 11.4119 (15) A 
c = 11.9918 (15) A 
a = 63.528 (2)0 
f3 = 89.335 (2)" 

Data collection 

Bruker APEXII DUO CCD area-
detector diffractometer 

Absorption correction: multi -scan 
(SADABS; Bruker, 2009) 
Too;n = 0.806, T mn, = 0.930 

Refinement 

R[F2 > 2a(F2)] = 0.051 
wR(F2) = 0.161 
S = 1.16 
7142 reflections 

Table 1 
Hydrogen-bond geometry (A, 0). 

D - R· A D - H 

CZ-H2A . . F3; 0.93 
C5-H5A·· ·Fl ;; 0.93 
C7 - H7B· · ·F5 ;; 0.97 
Cll - HllA· · ·F6;;; 0.97 
Cll-HIIB·. ·Fiv 0.97 

y = 65.811 (2)0 
V = 1241.7 (3) A3 

2= 1 
Mo Ka radiation 
/J- = 0.94 mm- 1 

T= 100 K 
0.24 x 0.14 x 0.08 mm 

2+ 

25433 measured reflections 
7142 independent reflections 
6512 reflections with / > 2a(I) 
R;n' = 0.035 

309 parameters 
H-atom paramet.e~; constrained 
D.Pma, = 3.16 e A 
D.pm;n = - 1.23 e A- 3 

R·A D· ··A D-R · ·A 

2.42 3.251 (6) 149 
2.52 3.392 (6) 157 
2.44 3.367 (6) 160 
2.44 3.364 (7) 159 
2.38 3.129 (7) 134 

Symmetry codes: (i) - x + 1, -y + I, - l; (ii) -x + 1, - y + 1, -l + 1; (iii) x - I, y, l; 
(iv) - x + 1, -y, - l + 1. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 

structure: SHELXTL (Sheldrick , 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Key indicalors: single-cryslal X-ray study; T = 100 K; mean a(C- C) = 0 .002 A; 
disorder in main residue; R factor = 0.046; wR factor = 0.122; data-to-parameter 

ratio = 2.1.2. 

In the title compound [systematic name: 3,3'-Dibutyl-1,l'-(5-
methyl-m-phenylenedime thylene )diimidazol-1-ium bis(hexa­
ftuoridophosphate)], ~3H34N/+·2PF6 -, the imidazole rings 
are inclined at angles of 68.06 (7) and 75.05 (8)0 with respect 
to the central benzene ring. In the crystal, molecules are linked 
into one-dimensional columns along [010] via weak inter­
molecular C-H· · ·F hydrogen bonds. The crystal structure is 
further consolidated by weak C-H· . ·;r(arene) interactions. 
One of the n-butyl groups is disordered over two sites with 
refined occupancies of 0.694 (5) and 0.306 (5). In addition, 
four of the F atoms of one of the PF6 - cations are disordered 
over two sites with occupancies of 0.64 (3) and 0.36 (3). 

Related literature 

For general background to imidazoline-2-ylidenes, see: 
Arduengo et al. (1991). For the organometallic and coordin­
ation chemistry of N-heterocyclic carbene ligands, see: Chen et 
al. (2002); Zhou et al. (2008); Hahn & Jahnke (2008); Dano­
poulos et al. (2007); Bourissou et al. (2000); McGuinness & 
Cavell (2000); Garrison et al. (2001) . For catalytic studies 
related to organic synthesis, see: Cavell & McGuinness (2004); 
Liu et al. (2007). For the stability of the temperature controller 
used in the data collection, see: Cosier & Glazer (1986) . For 
standard bond-length data, see: Allen et at. (1987). 

:j: 111Omson Reuters ResearcherID: A-5525-2009. 
§ Thomson Reuters ResearcherID: A-3561-2009. 

Experimental 

Crystal data 

C"H34N/+.2PF6 -

M, = 656.48 
Monoclinic, nL/c 
a = 9.6207 (1) A 
b = 11.1801 (1) A 
c = 27.9277 (3) A 
f3 = 102.416 (1)0 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffraclometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T m;n = 0.890, T max = 0.967 

Refinement 

R[F2 > 2<T(F2) ] = 0.046 
wR(F2) = 0.122 
S = 1.03 
10399 reflections 

Table 1 

(~) 
'--~ 

. 2PF(; 

v = 2933.66 (5) A3 

2=4 
Mo Ka radiation 
J.I, = 0.25 mm-1 

T= 100 K 
0.49 x 0.20 x 0.14 mm 

45569 measured reflections 
10399 independent reflections 
7294 reflections with I > 2u(J) 
R;n, = 0.040 

448 parameters 
H-atom parameters constrained 
I'!.Pmnx = 0.39 e A -3 

I'!.Pm;n = - 0.26 e A -3 

Hydrogen-bond geometry (P.. , 0). 

egl is the centroid of the CI-C6 phenyl ring. 

D- H-··A D- H H··A D···A D - H··A 

C8-H8A · · ·F4 0.93 2.42 3.0154 (16) 121 
C8- H8A·· ·F5 0.93 2.39 3.2700 (16) 157 
C16- HI6A·· ·F3 0.93 2.31 3.1941 (16) 160 
CI6 - HI6A·· ·F4 0.93 2.45 3.1677 (16) 134 
C21A - H21B·· ·F4 0.97 2.49 3.196 (2) 130 
C3-H3A · · ·Flz' 0.93 2.44 3.3147 (16) 157 
CS-H5A·· ·F9AH 0.93 2.55 3.420 (8) 156 
C7-H7A·· ·FIOA;; 0.97 2.51 3.427 (6) 158 
C9-H9A · · ·Flz'" 0.93 2.48 3.2805 (17) 144 
C12-H12A· . ·F3;" 0.97 2.53 3.3358 (18) 140 
CI8-H18A·· ·F8A" 0.93 2.38 3.148 (11) 140 
C22A - H22C-· .CgI"' 0.96 2.76 3.535 (3) 138 
C23 - H23B· · .Cg1";; 0.96 2.59 3.487 (2) ISS 
C22B - H22E·· ·Cgl"; 0.96 2.86 3.637 (8) 139 

Symmelry codes: (i) x-I , y + 1, z; (ii) x - I, y , z; (iii) - x + 1, - y + 1, - l + 2; (iv) 
-x,y-t,-z+~; (v) - x+I,-y+2,-z+2; (vi) x+l,y,z; (vii) 
- x. - y + 2, -z + 2. 

Acta e, l's!. (2010). E66, 02797- 02798 doi :1 0.11 07/5160053681 0040055 Haque el: il l . 02797 



organic compounds 

Data collection: APEX2 (Bruker, 2009); cell re finement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 

structure : SHELXTL (Sheldrick, 2008); program(s) used to refine 

structure: SHELXTL; molecular graphics: SHELXTL; software used 

to prepare material for publication: SHELXTL and PLATON (Spek, 

2009) . 
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