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Abstract 

 

In this work, a novel compound, 1-(2,5-dimethylbenzyl)benzimidazole (1) was prepared by N-

alkylation of benzimidazole with 2,5-dimethylbenzyl chloride in the presence of KOH base. 

Quaternization of 1 with 2,5-dimethylbenzyl chloride gave 1,3-bis(2,5-

dimethylbenzyl)benzimidazolium chloride (2) salt. The reaction of 2 with palladium(II) acetate, PPh3, 

LiCl and Et3N gave [PdCl2{1,3-bis(2,5-dimethylbenzyl)benzimidazolin-2-ylidene}(PPh3)] (3) 

complex. The prepared compounds were characterized by spectroscopic methods and elemental 

analysis. The palladium complex 3 was used as catalyst in Suzuki–Miyaura cross-coupling reactions 

of some aryl bromides and chlorides with phenylboronic acid. In the reactions of the all aryl bromides, 

the catalyst displayed excellent activity and biphenyl compounds were achieved in 99% yields. High 

activity was observed with some aryl chlorides. 
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1.Introduction 

 

Cross-coupling reaction is one of the most important 

reactions in organic chemistry. A carbon-carbon bond 

is formed in this reaction that takes place  between an 

organo(pseudo)halide electrophile and an 

organometallic nucleophile. It is differently called 

depending on the nucleophile used. The reaction of a 

halide with a stable organoboron compound in the 

presence of a base and a palladium catalyst, known 

Suzuki-Miyaura cross-coupling reaction, was firstly 

performed in 1979 (Scheme 1) [1-3]. Since then, 

numerous studies on these type reactions using 

palladium, nickel, cobalt, iron, ruthenium and rhodium 

catalysts have been reported [4-9].  
 

X-R1 +  R2-BY2 R1-R2
palladium

base, solvent/water

R1 = aryl, alkenyl, alkynyl; X = halide;

R2 = aryl, alkyl; Y = organic group  

Scheme 1. Palladium catalyzed Suzuki-Miyaura 

cross-coupling reaction. 
 

N-heterocyclic carbenes (NHCs) are among the most 

interesting ligands in organometallic chemistry.       

 

Due to strong -donor and weak -acceptor features, 

they compose stable transition metal complexes. 

Palladium NHC complexes have been intensely 

studied as efficient cross-coupling catalysts [10-13]. 

PPh3 is inexpensive and air-stable chemical. Besides 

the NHC, a labile phosphine ligand contributes to the 

stability of a mixed NHC/phosphine palladium(II) 

complex. Such compounds can be prepared by 

different methods. The most commonly used one is 

the reaction of dimeric halide bridged [(NHC)PdX2]2 

complex with a phosphine ligand [14]. Another 

method is the reaction of [(NHC)PdX2(py)] with 

phosphine and an alkali halide [15]. Also, the reaction 

of a NHC precursor with a palladium(II) compound, 

phosphine, a base and an alkali halide can be used to 

prepare NHC/phosphine Pd(II) complexes [16]. They 

have been employed as efficient catalysts in many 

reactions such as Suzuki coupling, telomerization of 

butadiene, C-S bond formation and Mizoroki-Heck 

reaction [17-20].  

 

In this study, a 1-alkylbenzimidazole, a 

benzimidazolium salt and a palladium(II) complex 

containing NHC and PPh3 ligands were synthesized 

for the first time. The prepared compounds were 

characterized. Also, the catalytic activity of NHC-
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Pd(II) complex in Suzuki coupling reactions of some 

aryl bromides and chlorides with phenylboronic acid 

was tested.  
 

2. Experimental 

2.1. General Remarks 
 

All experimental studies were performed in air. The 

chemical agents were employed as purchased. 

Elemental analysis, NMR, FT-IR and LC-MSMS 

measurements were carried through CHNS-932 

(LECO) elemental analyzer, Varian 400 MHz NMR 

spectrophotometer, Perkin Elmer spectrophotometer 

and SHIMADZU LC-MSMS-8040 mass 

spectrometer, respectively.   

 

2.2. Synthesis of the compounds 

2.2.1. 1-(2,5-dimethylbenzyl)benzimidazole (1)     

 

KOH (1.91 g, 34.03 mmol) was added to an ethanolic 

solution of benzimidazole (4.02 g, 34.03 mmol) and 

the mixture was stirred at room temperature for 2h.  

Then, 2,5-dimethylbenzyl chloride (5.1 mL, 34.03 

mmol) was added. It was refluxed for 24h. After 

filtration, EtOH was removed. Water (100 mL) was 

added. The product was extracted with CH2Cl2 (3x30 

mL). Organic part was dried by adding Na2SO4. After 

filtration, the filtrate was concentrated. The product 

was crystallized by adding n-hexane. Yield: 6.60 g, 

82%. CN: 1495 cm
-1

. 
1
H NMR (400 MHz, CDCl3):  

= 7.84 (dd, J = 6.5, 2.5 Hz, 1H, Ar-H), 7.79 (s, 1H, 

NCHN), 7.35 – 7.24 (m, 3H, Ar-H), 7.11 (d, J = 7.6 

Hz, 1H, Ar-H), 7.06 (d, J = 7.5 Hz, 1H, Ar-H), 6.76 (s, 

1H, Ar-H), 5.26 (s, 2H, NCH2), 2.25 (s, 3H, Me), 2.23 

(s, 3H, Me) ppm. 
13

C NMR (100 MHz, CDCl3):  = 

144.01, 143.25, 136.34, 134.23, 133.00, 132.94, 

130.88, 129.29, 128.81, 123.12, 122.35, 120.53, 

110.00, 47.09, 21.07, 18.76 ppm. Anal. Calcd. for 

C16H16N2(%): C, 81.31; H, 6.84; N, 11.86. Found: C, 

81.29; H, 6.83; N, 11.99.  

 

2.2.2. 1,3-bis(2,5-dimethylbenzyl)benzimidazolium 

chloride (2) 

 

The mixture of 2,5-dimethylbenzyl chloride (0.51 mL, 

3.36 mmol) and 1 (0.72 g, 3.05 mmol) in DMF (2 mL) 

was stirred at 80 C for 5h. White solids were 

precipitated by adding excess Et2O. The product was 

recrystallized from EtOH/Et2O (1/3). Yield: 1.08 g, 

91%. CN: 1563 cm
-1

. 
1
H NMR (400 MHz, CDCl3):  

= 11.98 (s, 1H, NCHN), 7.43 (dt, J = 7.0, 3.5 Hz, 2H, 

Ar-H), 7.41 – 7.34 (m, 2H, Ar-H), 7.06 (q, J = 7.7 Hz, 

4H, Ar-H), 6.88 (s, 2H, Ar-H), 5.86 (s, 4H, NCH2), 

2.34 (s, 6H, Me), 2.22 (s, 6H, Me) ppm. 
13

C NMR 

(100 MHz, CDCl3):  = 144.88, 136.56, 133.32, 

131.66, 131.36, 130.42, 130.12, 128.82, 127.20, 

113.96, 51.54, 22.00, 19.19.ppm. Anal. Calcd. for 

C25H27N2Cl(%): C, 76.79; H, 6.98; N, 7.17. Found: C, 

75.78; H, 6.91; N, 7.42.  

2.2.3. [PdCl2{1,3-bis(2,5 dimethylbenzyl) benzimi- 

dazolin -2-ylidene}(PPh3)] (3) 

 

The mixture of 2 (0.22 g, 0.58 mmol), PPh3 (0.15 g, 

0.58 mmol), LiCl (0.74 g, 17.4 mmol), Pd(OAc)2 

(0.13 g, 0.58 mmol) and Et3N (0.4 mL, 2.9 mmol) in 

MeCN (10 mL) was stirred at 70 C overnight. The 

precipitated solid was isolated with filtration and 

washing excess water. It was recrystallized from 

CH2Cl2/n-pentane (1/3).  Yield: 0.33 g, 72%. CN: 

1436 cm
-1

. 
1
H NMR (400 MHz, CDCl3):  = 7.47 (dd, 

J = 12.0, 7.7 Hz, 6H, Ar-H), 7.39 – 7.33 (m, 3H, Ar-

H), 7.19 (td, J = 7.6, 2.5 Hz, 6H, Ar-H), 7.04 (dd, J = 

6.1, 3.1 Hz, 2H, Ar-H), 6.97 (d, J = 7.6 Hz, 4H, Ar-H), 

6.87 (d, J = 8.0 Hz, 2H, Ar-H), 6.75 (dd, J = 6.1, 3.1 

Hz, 2H, Ar-H), 5.88 (d, J = 15.8 Hz, 2H, NCH2), 5.02 

(d, J = 15.5 Hz, 2H, NCH2), 2.33 (s, 6H, Me), 2.08 (s, 

6H, Me) ppm. 
13

C NMR (100 MHz, CDCl3):  = 

176.55 (Ccarbene) 136.17, 134.64, 134.35, 134.24, 

131.88, 131.24, 130.38, 130.01, 129.48, 128.91, 

128.67, 128.47, 128.35, 123.48, 112.43, 50.99, 21.06, 

19.39 ppm. Anal. Calcd. for C43H41N2PPdCl2(%): C, 

65.03; H, 5.21; N, 3.53. Found: C, 64.30; H, 5.72; N, 

3.68. 

 

2.3. General catalytic procedure 

 

Catalyst (7.9 mg, 0.01 mmol), aryl halide (1 mmol), 

K2CO3 (0.21 g, 1.5 mmol), phenylboronic acid (0.18 

g, 1.5 mmol) were introduced in a flask. DMF (2mL) 

and water (2 mL) were added. The mixture was stirred 

at 80 C for 2h. It was diluted with water (20 mL). 

After extraction with CH2Cl2 (3x10 mL), drying with 

Na2SO4, and filtration procedures, the solvent was 

removed under reduced pressure. The known cross-

coupling products were purely obtained by column 

chromatography and defined by 
1
H NMR.     

 

4-acetylbiphenyl (4a) 

 

COCH3

 
1
H NMR (400 MHz, CDCl3):  = 8.07-8.00 (m, 2H, 

Ar-H), 7.72-7.66 (m, 2H, Ar-H), 7.67-7.60 (m, 2H, 

Ar-H), 7.52-7.37 (m, 3H, Ar-H), 2.64 (s, 3H, Me) ppm 

[21].  

 

Biphenyl-4-carbaldehyde (4b) 

 

CHO

 

1
H NMR (400 MHz, CDCl3):  = 10.05 (s, 1H, COH), 

7.96-7.93 (m, 2H, Ar-H), 7.76-7.73 (m, 2H, Ar-H), 

7.64-7.61 (m, 2H, Ar-H), 7.50-7.45 (m, 2H, Ar-H), 

7.43-7.40 (m, 1H, Ar-H) ppm [22].  
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4-Methoxybiphenyl (4c) 

 

OCH3

 

1
H NMR (400 MHz, CDCl3):  = 7.58-7.53 (m, 4H, 

Ar-H), 7.45-7.41 (m, 2H, Ar-H), 7.34-7.29 (m, 1H, 

Ar-H), 7.01-6.98 (m, 2H, Ar-H), 3.87 (s, 3H, Me) ppm 

[22]. 

 

Biphenyl (4d) 

 

 
1
H NMR (400 MHz, CDCl3):  = 7.64-7.61 (m, 4H, 

Ar-H), 7.49-7.44 (m, 4H, Ar-H), 7.39-7.35 (m, 2H, 

Ar-H) ppm [22]. 

 

 

 

3. Results and Discussion 

 

Synthetic procedures for 1 and 2 are included in 

scheme 2. The benzimidazolium salt 2 was prepared in 

two steps using existing methods in the literature [23, 

24]. Firstly, the compound 1 was obtained by N-

alkylation of benzimidazole with 2,5-dimethylbenzyl 

chloride using KOH base in ethanolic medium. The 

reaction of 1 with 2,5-dimethylbenzyl chloride in 

DMF gave 2 in high yield.  

 

The mixed PPh3/NHC palladium(II) complex (3) was 

prepared by modifying the method used by Chan et al. 

[16]. The reaction of palladium(II) acetate with 2, 

PPh3 and LiCl in the presence of Et3N in MeCN gave 

the expected product in 72% yield (Scheme 3). As far 

as is known, palladium(II) acetate has not been 

previously used for this method. This route has the 

advantage that the desired phosphine complexes can 

be obtained from NHC precursors without isolating 

any intermediates. 3 is soluble in CH2Cl2, CHCl3, 

dmso, dmf and insoluble in MeCN, pentane, water and 

Et2O. The all compounds are stable in air. 

N

H
N

1. KOH, EtOH, RT

N

N

R

N

N

R

R

+

Cl-

RCl, DMF, 80 oC

R = CH2C6H3Me2-2,5

1 2 (L.HCl)

2. RCl, EtOH, reflux

Scheme 2. Synthesis of 1 and 2. 

 

2   +   Pd(OAc)2   +   PPh3

Et3N, LiCl,

[PdL(PPh3)Cl2]

3

MeCN, 70oC

 
Scheme 3. Synthesis of 3. 

 

The all prepared compounds were characterized by 

elemental analysis, NMR and FT-IR. According to the 

elemental analysis data, 1-3 have the anticipated 

formulations. NMR spectra validate the expected 

structures (Figures 1-3). In 
1
H NMR spectra of the 1-

3, aromatic proton and methyl signals appear at 6.75-

7.84 ppm and 2.08-2.34 ppm, respectively. NCHN 

signal was observed at 7.79 ppm for 1. The same 

signal for 2, a salt compound, appeared at 11.98 ppm. 

It is characteristic that a singlet signal is present in the 

low field in 
1
H NMR spectrum for the acidic proton of 

the benzimidazolium salt. This low field signal 

disappears for 3. This signifies that deprotonation 

takes place [25]. The number of phenyl proton peaks 

in the range of 7.0-8.0 ppm increases due to the 

presence of PPh3 ligands in 3 [15]. The singlet signals 

of the methylene protons at 5.86 ppm in the 
1
H NMR 

spectrum of 2 become dublet signals at 5.02 and 5.88 

ppm in that of 3. So, the methylene protons are 

diastereotopic as mentioned previously [22, 26]. In 
13

C 

NMR spectrum of 3, carbene carbon signal was 

observed at 176.55 ppm [15, 27]. The peaks observed 

in LC-MSMS at 723.30 and 355.25 show [M-2Cl]
+
 

and [M-2Cl-PPh3-Pd]
+
 fragments, respectively (Figure 

4). CN  peaks were monitored at 1495, 1563 and 1436 

cm
-1 

in FT-IR spectra  of 1-3. 

 

The preliminary catalytic tests of NHC palladium(II) 

complex 3 were done for Suzuki-Miyaura coupling 

reactions of some aryl bromides and chlorides with 

phenylboronic acid. The experiments were performed 

by using 1% mol catalyst in DMF/water (1/1) at 80 C 

for 2h. K2CO3 was employed as base. No optimization 

study was done. The cross-coupling products were 
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isolated by purifying with column chromatography 

and percentage yields were calculated. 
1
H NMR 

spectra of them are given in figures 5-8. When aryl 

bromides were used, each biphenyl compound was 

obtained in 99% yield. Complex 3 exhibited 

excellent activity for aryl bromides under the studied 

conditions (Table 1, entries 1,3,5,7). Catalytic activity 

was also studied with aryl chlorides. The studied all 

aryl chlorides led to lower yields than the aryl 

bromides. It has been previously reported that this is 

due to the slow oxidative addition of aryl chlorides to 

palladium [28]. 4-chloroacetophenone and 4-

chlorobenzaldehyde bearing electron withdrawing 

groups led to the biaryls in good yields (Table 1, 

entries 2 and 4). While chlorobenzene formed 

biphenyl in 30% yield, the yield was only 5% with 4-

chloroanisole bearing donating methoxy group (Table 

1, entries 6 and 8). It is understood from these results 

that decrease in electron density on aryl chlorides 

causes increase in activity. These results are consistent 

with the  literature [29,30].  

 

4. Conclusion 

 

In this study, 1-(2,5-dimethylbenzyl)benzimidazole, 

1,3-bis(2,5-dimethylbenzyl)benzimidazolium chloride 

and [PdCl2{1,3-bis(2,5-dimethylbenzyl)benzimi-

dazolin-2-ylidene}(PPh3)] compounds were 

succesfully prepared and characterized. Palladium(II) 

complex  was tested as catalyst in the Suzuki-Miyaura 

cross-coupling reactions of some aryl bromides and 

chlorides with phenylboronic acid in aqueous media.

 

Table 1. Suzuki-Miyaura cross-coupling reactions catalyzed by 3. 

 

B(OH)2R +
3 (1 mol %)

K2CO3, DMF/H2O (1/1), 80 oC, 2h

RX

Entry R X Product Yield(%) 

1 COCH3 Br 4a 99 

2 COCH3 Cl 4a 76 

3 CHO Br 4b 99 

4 CHO Cl 4b 77 

5 OCH3 Br 4c 99 

6 OCH3 Cl 4c 5 

7 H Br 4d 99 

8 H Cl 4d 29 
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Figure 1. 
1
H and

  13
C NMR spectra of 1. 
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Figure 2. 
1
H and

  13
C NMR spectra of 2. 
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Figure 3. 
1
H and

  13
C NMR spectra of 3. 
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Figure 4. LC-MSMS spectrum of  3. 

 

 

 

Figure 5. 
1
H NMR spectrum of  4-acetylbiphenyl. 
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Figure 6. 
1
H NMR spectrum of  biphenyl-4-carbaldehyde. 

 

 

Figure 7. 
1
H NMR spectrum of  4-methoxybiphenyl. 
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Figure 8. 
1
H NMR spectrum of  biphenyl. 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 


