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Abstract – The reduction of organic compounds is one of the important synthetic processes both in the 

laboratory and industrially. Transfer hydrogenation, which is practically carried out with metal catalysis, is 

an important reaction in this respect. Since hydrogen donor molecules are used instead of gaseous hydrogen 

in the reduction of multiple bonds, it is economical, mild and environmentally friendly. [1] Hydrogen 

donors such as molecular hydrogen, alcohol, formic acid are catalytically activated by suitable metals or 

metal complexes. It is known that many Ru, Rh and Ir compounds reduce different substrates in both 

homogeneous and heterogeneous phases. [2,3] In this study, 5,6-dimethylbenzimidazol-2-ylidene salts, 

which were synthesized and whose structures were elucidated by spectroscopic methods, were converted 

into ruthenium-carbene complexes in the reaction medium and their catalytic activation in the transfer 

hydrogenation reaction of acetophenone derivatives was investigated. When the results were examined, it 

was seen that this catalyst system was active. 
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I. INTRODUCTION 

Catalysts, which increase the rate of a reaction by reducing the activation energy, are the most important 

element in modern organic synthesis. Because an effective and selective catalyst; reduces operating costs 

by keeping raw material resources, toxic reagents (solvents), by-products and toxic products to a minimum. 

Increasing environmental awareness and limited raw material resources have increased the importance of 

catalysts by causing a shift towards green technology. Catalysts have played a very important role in the 

economic success achieved by the chemical industry in recent years. For this purpose, effective, new, 

selective, environmentally friendly catalysts and catalytic systems are needed. N-heterocyclic carbenes are 

ligands widely used in transition metal compounds. The first NHC complexes were described by Öfele [4] 

and Wanzlick [5] in 1968. However, with the isolation of free imidazole-2-ylidene carbene by Arduengo 

and his colleagues in 1991, studies on this subject have increased rapidly. Metal-NHC complexes are more 

stable, odorless and show much more activity in many chemical reactions than their analogs, metal 

phosphine complexes. 

Transfer hydrogenation is the addition of hydrogen to a molecule from a source other than gaseous 

hydrogen. Transfer hydrogenation can be easily applied in industry and organic synthesis. Because gaseous 

hydrogen has storage and usage difficulties. In this field of organic synthesis, hydrogen-transfer catalysts 

based on ruthenium and rhodium diamine and phosphine complexes have been developed. These catalysts 
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have been used in the reduction of ketones and imines to alcohols and amines. Generally, 2-propanol, which 

is non-toxic, environmentally friendly and cheap, is used as a hydrogen donor.  

For this purpose, N-heterocyclic carbene precursors that are stable, effective and functional under catalytic 

reaction conditions were synthesized, NHC complexes were prepared by interacting with Ru compounds, 

and their catalytic properties in the hydrogen transfer reaction of ketones was investigated. 

 

II. MATERIALS AND METHOD 

Method 

Due to the sensitivity of the synthesized compounds to moisture and oxygen in the air, all experiments 

were conducted under an inert atmosphere. Before use, glassware was heated under vacuum to remove air 

and moisture, then filled with inert gas to create an inert atmosphere. Reagents were dried and purified in 

an inert environment according to methods described in the literature before use. Reagents were dried and 

purified in an inert environment according to methods described in the literature before use All chemicals 

and solvents were purchased/acquired from Sigma−Aldrich and Merck. NMR spectra were recorded on a 

Bruker Ultra Shield 300 MHz NMR. All catalytic reactions were analyzed on a Shimadzu GC2010 Plus 

system.  

 

III. RESULTS AND DISCUSSIONS 

 

Synthesis of 1-(4-vinylbenzyl)-benzimidazole 

 Sodium hydride (0.46 g, 20 mmol) was placed in a Schlenk flask, which had been heated under vacuum 

to remove air and moisture, and washed with hexane. THF (30 mL) was added. 5,6-dimethylbenzimidazole 

(2.36 g, 20 mmol) was slowly added to the solution, which was stirred at room temperature, and gas 

evolution was observed. After the complete addition of benzimidazole, the mixture was stirred at room 

temperature for half an hour, and then 4-vinyl benzyl chloride (3.05 g, 21 mmol) was added. The mixture 

was stirred overnight at room temperature and then refluxed for five hours in a water bath. THF was 

removed under vacuum, dichloromethane (20 mL) was added, and the mixture was filtered. The product 

was crystallized from dichloromethane/diethyl ether. Yield: 88% (2.82 g). 

 

 
 

Scheme 1. Synthesis of benzimidazole-2-yliden 

 

1‐(4‐Vinylbenzyl)‐3‐(benzyl)‐5,6‐dimethylbenzimidazolium chloride, 1a 

1-(4-Vinylbenzyl)-5,6-dimethylbenzimidazole was dissolved in 10 mL of DMF in a Schlenk flask. Then, 

benzyl chloride was slowly added. The mixture was stirred at room temperature for one hour and then 

heated to 70°C for 12 hours. After cooling to room temperature, ether was added to precipitate the solid. 

The obtained solid was left to crystallize in an ethanol/ether mixture. The resulting solid was washed with 

ether and dried under vacuum. Yield: 78%. mp: 218-219°C. FT‐IR ν(CN) : 1560 cm-1 ; 1 H NMR (399.9 
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MHz, DMSO‐d6 , 25°C): δ = 2.35 (6H, s, 5,6‐(CH3)2‐C6H2), 5.29 (1H, d, J = 10.8 Hz, NCH2C6H4CH=CH2‐

4), 5.75 (4H, brs, NCH2C6H5 and NCH2C6H4CH=CH2‐4), 5.89 (1H, d, J = 10.8 Hz, NCH 2C6 H4 CH═CH2‐

4), 6.73 (1H, dd, J = 12.3 and 10.8 Hz, NCH 2C6 H4 CH=CH 2‐4), 7.38–7.53 (9H, m, NCH2 C6H4CH═CH 

2‐4 and 5,6‐(CH3)2‐C6H2), 7.81 (2H, s, NCH2C6H4CH=CH2‐4), 10.18 (1H, s, NCHN). 13 C NMR (100 

MHz, DMSO‐d6, 25°C): δ = 20.5 (5,6‐(CH3)2‐C6H2), 50.0 (NCH2C6H4CH═CH2‐4), 50.2 (NCH2C6H5), 

113.9 (NCH2C6H4CH═CH2‐4), 136.4 (NCH2C6H4CH═CH2‐4), 115.8, 127.2, 128.6, 137.9 (5,6‐(CH3 )2‐C6 

H2 ), 129.0, 129.5, 130.0, 134.1, 134.7, 137.1 (NCH2C6H4CH═CH 2‐4, and NCH2C6H5), 142.0 (NCHN). 

This known compound was synthesized according to the literature [6]. 

 

Synthesis of 1-(4-Vinylbenzyl)-3-(3-methylbenzyl)-5,6-dimethylbenzimidazolium chloride, 1b: 

1-(4-Vinylbenzyl)-5,6-dimethylbenzimidazole) was dissolved in 10 mL of DMF in a Schlenk flask. Then, 

3-methylbenzyl chloride was slowly added. The mixture was stirred at room temperature for one hour and 

then heated to 70°C for 12 hours. After cooling to room temperature, ether was added to precipitate the 

solid. The obtained solid was left to crystallize in an ethanol/ether mixture. The resulting solid was washed 

with ether and dried under vacuum. Yield: 90%. M.p.: 237-238 °C. FT-IR ν(CN): 1661 cm-1; 1H NMR 

(399.9 MHz, DMSO-d6, 25°C):  = 2.30 and 2.35 (3H, s, NCH2C6H4CH3-3) 2.35 (6H, s, 5,6-(CH3)2-C6H2), 

5.29 (1H, d, J = 11.2 Hz, NCH2C6H4CH=CH2-4), 5.72 (4H, d, J = 7.8 Hz, NCH2C6H4CH3-3 and 

NCH2C6H4CH=CH2-4), 5.87 (1H, d, J = 9.0 Hz, NCH2C6H4CH=CH2-4), 6.74 (1H, dd, J = 12.2 and 10.8 

Hz, NCH2C6H4CH=CH2-4), 7.49 and 7.53 (8H, d, J = 8.4 Hz, NCH2C6H4CH=CH2-4, NCH2C6H4CH3-3 

and 5,6-(CH3)2-C6H2), 7.79 (2H, s, NCH2C6H4CH=CH2-4), 10.05 (1H, s, NCHN). 13C NMR (100 MHz, 

DMSO-d6, 25°C): = 20.5 (5,6-(CH3)2-C6H2), 21.4 [NCH2C6H4CH3-3], 50.0 (NCH2C6H4CH=CH2-4), 50.2 

(NCH2C6H4CH3-3), 113.9 (NCH2C6H4CH=CH2-4), 136.4 (NCH2C6H4CH=CH2-4), 115.8, 127.2, 128.6, 

137.9 (5,6-(CH3)2-C6H2)), 129.0, 129.5, 130.0, 134.1, 134.7, 137.1 (NCH2C6H4CH=CH2-4 and 

NCH2C6H4CH3-3), 142.0 (NCHN). This known compound was synthesized according to the literature [6]. 

 

Synthesis of 1-(4-Vinylbenzyl)-3-(4-tert-butylbenzyl)-5,6-dimethylbenzimidazolium bromide, 1c: 

1-(4-Vinylbenzyl)-5,6-dimethylbenzimidazole (2.62 g, 10 mmol) was dissolved in 10 mL of DMF in a 

Schlenk flask. Then, 4-tert-butylbenzyl bromide (2.50 g, 11 mmol) was slowly added. The mixture was 

stirred at room temperature for one hour and then heated to 70°C for 12 hours. After cooling to room 

temperature, ether was added to precipitate the solid. The obtained solid was left to crystallize in an 

ethanol/ether mixture. The resulting solid was washed with ether and dried under vacuum. Yield: 80%. 

M.p.: 252-253°C. FT-IR ν(CN): 1558 cm-1; 1H NMR (399.9 MHz, DMSO-d6, 25°C):  = 1.26 (9H, s, 

[NCH2C6H4C(CH3)3-4]) 2.41 (6H, s, 5,6-(CH3)2-C6H2), 5.30 (1H, d, J = 10.8 Hz, NCH2C6H4CH=CH2-4), 

5.73 (4H, d, J = 11.6 Hz, NCH2C6H4C(CH3)3-4 and NCH2C6H4CH=CH2-4), 5.88 (1H, d, J = 8.8 Hz, 

NCH2C6H4CH=CH2-4), 6.74 (1H, dd, J = 12.2 and 10.8 Hz, NCH2C6H4CH=CH2-4), 7.44 (4H, s, 

NCH2C6H4CH=CH2-4 and 5,6-(CH3)2-C6H2), 7.50 ve 7.53 (4H, d, J = 8.0 Hz, NCH2C6H4CH=CH2-4 and 

NCH2C6H4C(CH3)3-4), 7.81 and 7.87 (2H, s, NCH2C6H4CH=CH2-4), 10.01 (1H, s, NCHN). 13C NMR (100 

MHz, DMSO-d6, 25 °C): = 20.5 (5,6-(CH3)2-C6H2), 31.5 [NCH2C6H4C(CH3)3-4], 34.8 

[NCH2C6H4C(CH3)3-4], 49.9 (NCH2C6H4CH=CH2-4), 50.0 [NCH2C6H4C(CH3)3-4], 113.9 

(NCH2C6H4CH=CH2-4), 136.4 (NCH2C6H4CH=CH2-4), 115.8, 127.2, 128.4, 137.9 (5,6-(CH3)2-C6H2), 

129.9, 130.0, 131.8, 134.1, 137.1, 137.9 (NCH2C6H4CH=CH2-4 veNCH2C6H4C(CH3)3-4), 151.6 (NCHN). 

This known compound was synthesized according to the literature [6]. 

 

Catalytic transfer hydrogenation of ketones  

Transition-metal catalyzed transfer hydrogenation using 2-propanol as a hydrogen source has become an 

efficient method in organic synthesis as illustrated by several useful applications reported in recent years 

[7-14]. The reaction conditions for this important process are economic, relatively mild and 

environmentally friendly. The volatile acetone product can also be easily removed to shift an unfavorable 

equilibrium. Owing to its efficiency in the transfer hydrogenation of acetophenone derivatives, 

benzimidazole-2-ylidene salts (1a-c) were further investigated by transfer hydrogenation of various methyl 

aryl ketones. The benzimidazole-2-ylidene salts (1a-c) catalyzed the reduction of ketones to the 
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corresponding alcohols with RuCl2(p-cymene) via hydrogen transfer from 2-propanol with KOH as the 

promoter. As the starting point, the performance of the catalysts in the transfer hydrogenation were screened 

by using acetophenone as a model substrate (eqn (1)). In a typical experiment the preformed, isolated 

crystalline catalyst (0.01 mmol) was dissolved in 2-propanol. After the catalysts had completely dissolved, 

acetophenone (1.00 mmol) and a base (4 mmol) were added and the reaction was performed at 80 ºC. The 

reactions were conducted at a substrate/catalyst/base (S/C/base) molar ratio of 1: 0.01: 4. In the transfer 

hydrogenation reaction, the base facilitates the formation of ruthenium alkoxide by abstracting proton from 

the alcohol and subsequently alkoxide undergoes -elimination to give ruthenium hydride, which is an 

active species in this reaction. Since the base facilitates the formation of a ruthenium alkoxide by abstracting 

the proton from isopropanol, different bases were used as promoters in the transfer hydrogenation of 

ketones. Acetophenone was kept as a test substrate and allowed it to react in isopropanol with catalytic 

quantities of complex 2 in the presence of different bases like Cs2CO3, K2CO3, NaOH, KOH, t-BuOK and 

NaOAc. It has been observed that NaOH and KOH are shown to have good conversions when compared to 

the Cs2CO3, K2CO3, t-BuOK and NaOAc in the hydrogenation reactions. The stronger the base the higher 

the conversion rate, NaOAc (48%) < K2CO3 (56%) < Cs2CO3 (59%) < t-BuOK(79%) < NaOH (89) decided 

that base KOH is the best compromise between optimum reaction rate in isopropanol and reaching 95% 

conversion for acetophenone within 1 h. In the absence of a base no transfer hydrogenation of the ketones 

was observed [15]. 
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Table 1. In-situ benzimidazole Ru-NHC catalyzed transfer hydrogenation of ketone derivatives 

  

Entry Substrate Product Cat. Yield (%) 

1 
 

 

 

 

1a 98 

2 1b 96 

3 1c 90 

4 

 

 

 

1a 95 

5 1b 90 

6 1c 98 

7 
 

 

 

 

1a 99 

8 1b 99 

9 1c 90 

10  

 

 

 

1a 75 

11 1b 95 

12 1c 78 

13  

 

 

 

1a 60 

14 1b 84 

15 1c 75 

16 
 

 

 

 

1a 85 

17 1b 79 

18 1c 80 

Reaction conditions: benzimidazol-2-ylidene salt (1a-c) (0.02 mmol), [RuCl2(p-cymene)]2 (0.01 mmol) 

substrate (1 mmol), iPrOH (10 mL), KOH (4 mmol), 80 ºC, 1 h. The purities of the products were checked by 

GC and GC-MS and the yields were calculated according to acetophenone derivatives. 

 



International Journal of Advanced Natural Sciences and Engineering Researches 

 

91 
 

Instead of preparing carbene complexes with vinyl substituted benzimidazol-2-ylidene salts, hydrogen 

transfer reaction of ketones was studied by forming carbene complexes in situ conditions. [RuCl2(p-

cymene)] (0.01 mmol), benzimidazol-2-ylidene salts (1a-1c) and KOH (4 mmol) were added to the Schlenk 

tube under argon gas. Dry 2-Propanol (10 ml) was added and the suspension was stirred at room temperature 

for 30 min. Then, substrate (1 mmol) was added to the complex. It was heated at 80 ºC for 1 h. Control of 

the products was done by NMR spectroscopy, GC and GC-MS. Table 1 shows the yields (%) determined 

according to the conditions of the reactions and ketones. 

 

IV. CONCLUSION 

We successfully synthesized benzimidazolium salts (1a-1c) and elucidated their structures using 

appropriate spectroscopic methods. The catalytic activities of 6 different substurates of acetophenone 

derivatives in transfer hydrogenation reactions gave successful results. The realization of these organic 

reactions using environmentally friendly solvents is of great importance in terms of green chemistry. In the 

next step, metal complexes of these benzimidazolium salts will be synthesized and their activities in other 

C-C coupling reactions will be investigated.   

 

ACKNOWLEDGMENT 

I would like to thank my instructors, Prof. Dr. Nevin Gürbüz and Prof. Dr. İsmail Özdemir, for their help 

in my studies. 

 

REFERENCES 

 
[1] Murahashi, S.I. (Ed.), Ruthenium in Organic Synthesis, Wiley-VCH Weinheim 2004.  

[2] Hashiguchi, S.; Fujii, A.; Takehara, J.; Ikariya, T.; Noyori, R. Journal of American Chemical Society, 117, 7562–7563, 

1995. b) Noyorı, R.; Hashıguchı, S. Accounts of Chemical Research, 30, 97-102, 199.  

[3] Özdemir, İ.; Yaşar, S.; Çetinkaya, B. Transition Metal Chemistry, 30, 30:831–835, 2005.M. Wegmuller, J. P. von der 

Weid, P. Oberson, and N. Gisin, “High resolution fiber distributed measurements with coherent OFDR,” in Proc. 

ECOC’00, 2000, paper 11.3.4, p. 109. 

[4] Öfele, K., 1,3-Dimethyl-4-imidazolinyliden-(2)-pentacarbonylchrom ein neuer übergangsmetall-carben-komplex, J 

Organomet. Chem. 12, 42-44 (1968). 

[5] Wanzlick, H., Wchönherr, H. Passivation of Raney Nickel by Nitriles. - Hydrogenation in Acid Solution,   Angew.Chem. 

7, 141-142 (1968). 

[6] E. Ö. Karaca, Z. Bingöl, N. Gürbüz, İ. Özdemir, İ. Gülçin, Vinyl functionalized 5,6-dimethylbenzimidazolium salts: 

Synthesis and biological activities, J Biochem Mol Toxicol. (2023);37:e23255. 

[7] (a) M. Poyatos, J. A. Mata, E. Falomir, R. H. Crabtree and E. Peris, Organometallics, 2003, 22, 1110–1114; (b) R. 

Corbean, M. Sanau and E. Peris, Organometallics, 2007, 26, 3492–3498; (c) D. Gnanamgari, A. Moores, E. Rajaseelan 

and R. H. Crabtree, Organometallics, 2007, 26, 1226–1230; (d) R. Castarlenas, M. A. Esteruelas and E. Onate, 

Organometallics, 2008, 27, 3240–3247; (e) D. Gnanamgari, E. L. O. Sauer, N. D. Schley, C. Butler, C. D. Incarvito and 

R. H. Crabtree, Organometallics, 2009, 28, 321–325. 

[8] (a) P. Hauwert, G. Maestri, J. W. Sprengers, M. Catellani and C. J. Elsevier, Angew. Chem. Int. Ed., 2008, 47, 3223–

3226; (b) S. Gladiali and E. Alberico, Chem. Soc. Rev., 2006, 35, 226–236; (c) G. Zassinovich, G. Mestroni and S. 

Gladiali, Chem. Rev, 1992, 51, 1051–1069; (d) R. Noyori and S. Hashiguchi, Acc. Chem. Res., 1997, 30, 97–102; (e) H. 

U. Blaser, C. Malan, B. Pugin, F. Spindler and M. Studer, Adv. Synth. Catal, 2003, 345, 103–151. 

[9] (a) S. T. Liddle, I. S. Edworthy and P. L. Arnold, Chem. Soc. Rev, 2007, 36, 1732–1745; (b) O. K ¨uhl, Chem. Soc. Rev, 

2007, 36, 592–608; (c) A. T. Normand and K. J. Cavell, Eur. J. Inorg. Chem, 2008, 2781–2800; (d) P. L. Chiu, C. Y. 

Chen, C.-C. Lee, M.-H. Hsieh, C.- H. Chuang and H. M. Lee, Inorg. Chem., 2006, 45, 2520–2530; (e) R. Corberan, E. 

Mas-Marza and E. Peris, Eur. J. Inorg. Chem, 2009, 1700–1716. 

[10] A. C. Hillier, H. M. Lee, E. D. Stevens and S. P. Nolan, Organometallics, 2001, 20, 4246–4252. 



International Journal of Advanced Natural Sciences and Engineering Researches 

 

92 
 

[11] (a) E. Mas-Marza, M. Poyatos, M. Sanau and E. Peris, Organometallics, 2004, 23, 323–325; (b) M. Poyatos, E. Mas-

Marza’, J. A. Mata, M. Sanau and E. Peris, Eur. J. Inorg. Chem, 2003, 1215–1221; (c) H. T ¨urkmen, T. Pape, F. E. Hahn 

and B. C  ̧etinkaya, Organometallics, 2008, 27, 571–575. 

[12] (a) F. E. Hahn, C. Holtgrewe, T. Pape, M. Martin, E. Sola and L. A. Oro, Organometallics, 2005, 24, 2203–2209; (b) J. R. 

Miecznikowski and R. H. Crabtree, Organometallics, 2004, 23, 629–631; (c) M. Albrecht, J. R. Miecznikowski, A. 

Samuel, J. W. Faller and R. H. Crabtree, Organometallics, 2002, 21, 3596–3604. 

[13] (a) S. Burling, M. K. Whittlesey and J. M. J. Williams, Adv. Synth. Catal, 2005, 347, 591–594; (b) P. L. Chiu and H. M. 

Lee, Organometallics, 2005, 24, 1692–1702; (c) M. G. Edwards, R. F. R. Jazzar, B. M. Paine, D. J. Shermer, M. K. 

Whittlesey, J. M. J. Williams and D. D. Edney, Chem. Commun, 2004, 90–91. 

[14] S. Kuhl, R. Schneider and Y. Fort, Organometallics, 2003, 22, 4184–4186. 

[15] N. Gürbüz, E.Ö. Özcan, İ. Özdemir, B. Çetinkaya, O. Şahin, O. Büyükgüngör, “Preparation of a series of Ru(ii) 

complexes with N-heterocyclic carbeneligands for the catalytic transfer hydrogenation of aromatic ketones”, Dalton 

Trans., 2012,41, 2330-2339. 

 

 

 


