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Abstract: A new series of xylyl-linked bis-benzimidazolium salts were efficiently prepared using a
simple preparation method from bis-benzimidazolium precursors featuring highly tunable linkers
and wingtips. A highly efficient Suzuki–Miyaura cross-coupling reaction of aryl chlorides within the
range of 0.5–2.0 mol% Pd-catalyst loading was observed. Also, di-ortho-substituted biaryl synthesis
was achieved.

Keywords: bis-benzimidazolium salt; coupling reaction; aryl chloride; di-ortho-substituted biaryl;
N-heterocyclic carbene

1. Introduction

The palladium-catalyzed Suzuki–Miyaura cross-coupling reaction (SMC), which in-
volves the combination of an aryl halide with an arylboronic acid in the presence of a Pd cat-
alyst, is one of the most practical protocols by which to achieve C–C bond formation [1–5].
Aryl chlorides, which are less expensive and more diverse than aryl bromides and iodides,
are challenging compounds to use in SMC reactions due to their low C–Cl bond reactiv-
ity [6]. Numerous successful examples using a combination of phosphine ligands with Pd
have been reported, however, the disadvantages of using such ligands are their difficult
preparation, air-sensitivity, expense, and toxicity [7–9]. The development of Pd catalysts
with phosphine-free ligands has thus received a great amount of attention.

Over the past three decades, the replacement of phosphine ligands with N-heterocyclic
carbenes (NHCs) has been shown to be a good choice. Compared with bulky tertiary phos-
phines, these new NHC ligands exhibit strong σ-donor but poor π-acceptor properties [10].
Metal–NHC complexes exhibit extraordinary heat, air, and moisture stability due to the
high dissociation energies of their metal–carbon bonds [11]. Bis-NHC binds to metals to
form more stable complexes compared to monodentate NHC complexes, which has led to
the development of such ligands attracting great attention in the literature. In addition,
the diversity of bis-NHC compounds is also an advantage, as they have tunable linkers
and wingtips. In 1998, a chelating bis-NHC ligand was synthesized by Herrmann and
co-workers [12] and applied in the Pd-catalyzed SMC reaction of 4-chloroacetophenone and
phenylboronic acid at 120 ◦C for 48 h, resulting in the desired product being formed with
a yield of 60%. Numerous successful examples of SMC reactions between aryl chlorides
and arylboronic acids employing Pd–bis-NHC complexes or in-situ-formed Pd(OAc)2/bis-
NHC catalyst systems have been previously reported [13–29]. However, high catalyst
loading and the variety of the substrates still present challenge.
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The catalytic reaction rate is affected by the nature of the NHC ligand. To obtain
efficient bis-NHC ligands, a series of new xylyl-linked bis-benzimidazolium salts was
prepared by modifying the wingtips and linkers of a bis-NHC precursor. These salts have
the following advantages: (1) our linker contains aryl group which can provide electronic
effect, (2) our linker has an additional methylene group compared to currently available
NHCs in which the aryl group is directly connected to the bis-benzimidazole moiety
that offers more conformational flexibility, and (3) the wingtip delivers electronic and
steric effects. Those advantages facilitate the oxidative addition and reductive elimination
steps of the SMC reaction. We report herein their application in an in-situ-generated
Pd(OAc)2/bis-NHC catalyst system for the SMC reaction of aryl chlorides with arylboronic
acids (Figure 1).
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2. Results
2.1. Synthesis and Characterization of the Bis-Benzimidazolium Salts 3

According to Scheme 1, the bis-benzimidazolium salts 3 were prepared by the combi-
nation of two equivalents of the corresponding N-arylbenzimidazole 2 and one equivalent
of the desired dibromides 1 in acetonitrile under reflux to produce the respective products
with yields in the range of 50 to 89%. The newly prepared salts were found to be air- and
moisture-stable both in the solid state and in solution, and were characterized by 1H and
13C nuclear magnetic resonance (NMR) spectroscopy.

In the 1H NMR spectra of 3a–3d, the methylene protons could be observed as a singlet,
while the 1H NMR spectra of 3e and 3f showed an AB spin system for the methylene
protons. The benzimidazolium proton signals in the spectra of 3a–3f could be observed in
a wide range of between δ 10.15 and 11.57 ppm. The 13C NMR spectra of 3a–3f showed the
NCHN resonances between δ 142.4 and 161.0 ppm.
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2.2. The Suzuki–Miyaura Cross-Coupling Reaction

Continuing our previous studies on the application of in-situ-formed catalyst systems
for the SMC reaction [28,29], 4-chloroacetophenone 4a and phenylboronic acid 5a were used
as model starting materials (Table 1). Under classical conditions (K3PO4·H2O, Pd(OAc)2,
t-BuOH, 30 ◦C, 24 h), the activity of the L/Pd(OAc)2 catalyst system was first compared
with that of 3b/Pd(OAc)2 (Table 1, entries 1 and 2). It was found that the xylyl-bridged
bis-benzimidazolium precursor 3b showed better activity in comparison to alkyl-linked
bis-benzimidazolium salt L (Table 1, entries 1 and 2). Next, the activity of the 3/Pd(OAc)2
catalyst systems was compared. Upon increasing the reaction temperature to 80 ◦C, the
gas chromatography (GC) yield of 6aa increased from 21% to 88% (Table 1, entries 2 and
3). The focus was shifted to investigate the influence that the xylyl-linked spacers and
wingtips have on the benzimidazole ring. With the same wingtip on the benzimidazole
ring (3b, 3d, and 3f), the bis-benzimidazolium precursor with a benzene ring as a xylyl-
linked spacer showed better activity in comparison to when pyridine or biphenyl were
incorporated in the xylyl-linked bridge bis-benzimidazolium salts (Table 1, entries 3, 6, and
8). The same results were also observed using bis-benzimidazolium salts 3a, 3c, and 3e
(Table 1, entries 4, 5, and 7). The activity of the bis-benzimidazolium salts with a mesityl
group on the benzimidazole ring as the wingtip (3d and 3f) was better than that when a
methoxyphenyl group was incorporated as a wingtip (3c and 3e), regardless of whether
pyridine or biphenyl was present as the xylyl-linked bridge in the bis-benzimidazolium
salts (Table 1, entries 5–8). However, both 3a and 3b exhibited similar catalytic activity
(Table 1, entries 3 and 4), an observation that shows that having a mesityl group on the
benzimidazole ring leads to a sterically hindered effect, which is beneficial in the reductive
elimination step of the catalytic cycle.
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Table 1. Screening the activity of the in-situ-formed bis-NHC/Pd catalyst 1.
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Entry Ligand Temperature (◦C) 4a GC Yield (%) 2 6aa GC Yield (%) 2

1 L 30 88 7
2 3b 30 78 21
3 3b 80 5 88
4 3a 80 5 87
5 3c 80 62 31
6 3d 80 25 70
7 3e 80 71 25
8 3f 80 37 58

1 Reaction conditions: 4a (1.0 mmol), 5a (1.5 mmol), bis-NHC 3 (1 mol%), Pd(OAc)2 (1 mol%), K3PO4·H2O
(3.0 mmol) in t-BuOH (3.0 mL) for 24 h under a N2 atmosphere. 2 Determined by gas-chromatography-flame
ionization detection (GC-FID) using undecane as an internal standard.

The effects of different solvents, bases, and Pd loading amounts on the catalytic
activity of this reaction are summarized in Table 2. Most of the solvents tested gave the
products in good to excellent yields (87–94%, Table 2, entries 1–4) in this work, except for
a mixed solvent of t-butanol (BuOH)/H2O, the use of which led to a poor product yield
(55%, Table 2, entry 5). It was observed that 1,4-dioxane was the best choice of solvent
for producing products with higher conversion rates (Table 2, entry 2). The replacement
of K3PO4·H2O with KOtBu or KOAc led to lower GC yields of the respective products
(Table 2, entries 6 and 9) and when K2CO3 or Cs2CO3 was used instead, excellent yields
were observed (Table 2, entries 7 and 8). After screening Pd loading amount, the coupling
reaction could be carried out in the presence of 0.5 mol% Pd (OAc)2/3b catalyst for 6 h in
98% yield (Table 2, entry 13).

Table 2. Optimization of reaction conditions 1.

Entry 3b/Pd(OAc)2 (mol%) Solvent Base Time (h) 4a GC Yield (%) 2 6aa GC Yield (%) 2

1 1.0 Toluene K3PO4·H2O 24 0 91 (91) 3

2 1.0 1,4-Dioxane K3PO4·H2O 24 0 94 (94) 3

3 1.0 4 1,4-Dioxane K3PO4·H2O 24 – (20) 3

4 1.0 CH3CN K3PO4·H2O 24 7 87
5 1.0 t-BuOH K3PO4·H2O 24 5 88
6 1.0 t-BuOH/H2O 5 K3PO4·H2O 24 31 55
7 1.0 1,4-Dioxane KOtBu 24 1 4
8 1.0 1,4-Dioxane K2CO3 24 13 82
9 1.0 1,4-Dioxane Cs2CO3 24 − (93) 3

10 1.0 1,4-Dioxane KOAc 24 86 8
11 1.0 1,4-Dioxane K3PO4·H2O 12 0 96
12 1.0 1,4-Dioxane K3PO4·H2O 6 0 99 (98) 3

13 1.0 1,4-Dioxane K3PO4·H2O 3 60 35
14 0.5 1,4-Dioxane K3PO4·H2O 6 0 99 (98) 3

15 0.1 1,4-Dioxane K3PO4·H2O 6 65 30
16 0.05 1,4-Dioxane K3PO4·H2O 6 90 0.4
1 Reaction conditions: 4a (1.0 mmol), 5a (1.5 mmol), 3b/Pd(OAc)2 (x mol%, 3b:Pd = 1:1), base (3.0 mmol) in solvent (3.0 mL) under a N2
atmosphere. 2 Determined by GC-FID using undecane as an internal standard. 3 Isolated yield in parentheses. 4 L/Pd(OAc)2 was used.
The reaction was carried out at 110 ◦C. 5 t-BuOH/H2O = 6/4 (vol/vol).

The scope of the SMC reaction was studied after screening the optimized reaction
conditions (Table 3). The coupling reactions of aryl chlorides 4a, 4b, and 4c with electron-
withdrawing groups proceeded in quantitative yields in line with an increase in the catalyst
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loading and temperature (6aa–6ca). Similarly, the SMC reaction was carried out at 80 ◦C
in the presence of the catalyst with 1.0 mol% loading using m-chloropropiophenone and
p-chloropropiophenone as starting materials and quantitative yields of the desired products
6da and 6ea were obtained. With other electron-withdrawing groups at the para position,
such as in 4f and 4i, 96% and 90% isolated yields were obtained, respectively (6fa and
6ia), whereas, the coupling reactions of 1-chloro-2-nitrobenzene, 4g, and 1-chloro-2,4-
dinitrobenzene, 4h, with phenylboronic acid showed good yields (81–89%) at 100 ◦C. Aryl
chlorides (4a, 4d, 4e, 4f, and 4i) bearing electron-withdrawing groups at their m- or p-
positions were coupled with 1-naphthylboronic acid at 100 ◦C in the presence of a catalyst
with 1.5 mol% loading to give the respective products in yield of 90–99% (6ab–6ib). It
was observed that the coupling reactions of benzyl chloride with phenylboronic acid or
1-naphthylboronic acid led to 95% and 99% yields of 6ja and 6jb, respectively, under the
same reaction conditions. The aryl chlorides 4k and 4l with electron-donating groups gave
the corresponding products (6ka and 6la) in poor yields. Interestingly, o-chlorotoluene
was coupled with phenylboronic acid in the presence of a 1 mol% 3b/Pd(OAc)2 catalyst at
80 ◦C (6ma) to give the desired product in 95% yield. Finally, the di-ortho-substituted biaryl
syntheses of o-nitroarenes (4n and 4g) with 1-naphthylboronic acid (5b) led to excellent
yields of the respective products, with a 93% yield of 6hb and a 92% yield of 6gb observed.

Table 3. In-situ-generated 3b/Pd(OAc)2 catalyst catalyzed Suzuki–Miyaura cross-coupling reactions 1.
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1 Reaction conditions: 4 (1.0 mmol), 5 (1.5 mmol), 3b/Pd(OAc)2 (x mol%, 3b:Pd = 1:1), K3PO4‧H2O (3.0 mmol) in 
1,4-dioxane (3.0 mL) under a N2 atmosphere. Isolated yield was reported. 2 GC-FID yield was reported by using 
undecane as an internal standard. 

3. Materials and Methods 
3.1. General Methods 

Unless otherwise stated, commercially available materials were received from Al-
drich and Acros and used without further purification. Acetonitrile was distilled over cal-
cium hydride prior to its use. Toluene, 1,4-dioxane, and t-BuOH were distillated over so-
dium prior to its use. Reactions were monitored using pre-coated silica gel 60 (F-254) 
plates. The products were purified by column chromatography (silica gel, 0.040–0.063 
μm), eluting with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using 
an Agilent Mercury 400 spectrometer(Agilent Technologies Inc., Santa Clara, CA., USA), 
with the J-values given in Hz. Chemical shifts (δ) were referenced to CDCl3 (δ = 7.26 ppm) 
in the 1H NMR spectra and CDCl3 (δ = 77.0 ppm) in the 13C NMR spectra. Copies of 1H and 
13C NMR spectra of all compounds are provided as Supplementary Materials. Melting 
points were determined using Thermo 1001D digital melting point apparatus and are un-
corrected. GC-FID was recorded using a Shimadzu GC-2014 spectrometer (Shimadzu Co., 
Kyoto, Japan) equipped with a capillary column (SPB®®-5, 60 m × 0.25 mm × 0.25 μm). The 
conversion yields, GC yields, and ratios were determined using undecane as an internal 
standard. High-resolution mass spectra were recorded using a Finnigan/Thermo Quest 
MAT 95XL mass spectrometer (Finnigan MAT LCQ, San Jose, CA, USA) via either electron 
impact (EI) or electrospray ionization (ESI) methods. 1,3-Bis-(bromomethyl)benzene 1a 
[30], 2,6-bis-(bromomethyl)pyridine 1b [31], 2,2’-bis-(bromomethyl)benzene 1c [32], and 
1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a [29] were synthesized according to modi-
fied literature procedures. 

3.2. Experimental Procedures and Spectral Data 
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dium prior to its use. Reactions were monitored using pre-coated silica gel 60 (F-254) 
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μm), eluting with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using 
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with the J-values given in Hz. Chemical shifts (δ) were referenced to CDCl3 (δ = 7.26 ppm) 
in the 1H NMR spectra and CDCl3 (δ = 77.0 ppm) in the 13C NMR spectra. Copies of 1H and 
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points were determined using Thermo 1001D digital melting point apparatus and are un-
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[30], 2,6-bis-(bromomethyl)pyridine 1b [31], 2,2’-bis-(bromomethyl)benzene 1c [32], and 
1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a [29] were synthesized according to modi-
fied literature procedures. 
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undecane as an internal standard. 
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cium hydride prior to its use. Toluene, 1,4-dioxane, and t-BuOH were distillated over so-
dium prior to its use. Reactions were monitored using pre-coated silica gel 60 (F-254) 
plates. The products were purified by column chromatography (silica gel, 0.040–0.063 
μm), eluting with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using 
an Agilent Mercury 400 spectrometer(Agilent Technologies Inc., Santa Clara, CA., USA), 
with the J-values given in Hz. Chemical shifts (δ) were referenced to CDCl3 (δ = 7.26 ppm) 
in the 1H NMR spectra and CDCl3 (δ = 77.0 ppm) in the 13C NMR spectra. Copies of 1H and 
13C NMR spectra of all compounds are provided as Supplementary Materials. Melting 
points were determined using Thermo 1001D digital melting point apparatus and are un-
corrected. GC-FID was recorded using a Shimadzu GC-2014 spectrometer (Shimadzu Co., 
Kyoto, Japan) equipped with a capillary column (SPB®®-5, 60 m × 0.25 mm × 0.25 μm). The 
conversion yields, GC yields, and ratios were determined using undecane as an internal 
standard. High-resolution mass spectra were recorded using a Finnigan/Thermo Quest 
MAT 95XL mass spectrometer (Finnigan MAT LCQ, San Jose, CA, USA) via either electron 
impact (EI) or electrospray ionization (ESI) methods. 1,3-Bis-(bromomethyl)benzene 1a 
[30], 2,6-bis-(bromomethyl)pyridine 1b [31], 2,2’-bis-(bromomethyl)benzene 1c [32], and 
1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a [29] were synthesized according to modi-
fied literature procedures. 
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3. Materials and Methods 
3.1. General Methods 

Unless otherwise stated, commercially available materials were received from Al-
drich and Acros and used without further purification. Acetonitrile was distilled over cal-
cium hydride prior to its use. Toluene, 1,4-dioxane, and t-BuOH were distillated over so-
dium prior to its use. Reactions were monitored using pre-coated silica gel 60 (F-254) 
plates. The products were purified by column chromatography (silica gel, 0.040–0.063 
μm), eluting with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using 
an Agilent Mercury 400 spectrometer(Agilent Technologies Inc., Santa Clara, CA., USA), 
with the J-values given in Hz. Chemical shifts (δ) were referenced to CDCl3 (δ = 7.26 ppm) 
in the 1H NMR spectra and CDCl3 (δ = 77.0 ppm) in the 13C NMR spectra. Copies of 1H and 
13C NMR spectra of all compounds are provided as Supplementary Materials. Melting 
points were determined using Thermo 1001D digital melting point apparatus and are un-
corrected. GC-FID was recorded using a Shimadzu GC-2014 spectrometer (Shimadzu Co., 
Kyoto, Japan) equipped with a capillary column (SPB®®-5, 60 m × 0.25 mm × 0.25 μm). The 
conversion yields, GC yields, and ratios were determined using undecane as an internal 
standard. High-resolution mass spectra were recorded using a Finnigan/Thermo Quest 
MAT 95XL mass spectrometer (Finnigan MAT LCQ, San Jose, CA, USA) via either electron 
impact (EI) or electrospray ionization (ESI) methods. 1,3-Bis-(bromomethyl)benzene 1a 
[30], 2,6-bis-(bromomethyl)pyridine 1b [31], 2,2’-bis-(bromomethyl)benzene 1c [32], and 
1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a [29] were synthesized according to modi-
fied literature procedures. 
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Unless otherwise stated, commercially available materials were received from Al-
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cium hydride prior to its use. Toluene, 1,4-dioxane, and t-BuOH were distillated over so-
dium prior to its use. Reactions were monitored using pre-coated silica gel 60 (F-254) 
plates. The products were purified by column chromatography (silica gel, 0.040–0.063 
μm), eluting with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using 
an Agilent Mercury 400 spectrometer(Agilent Technologies Inc., Santa Clara, CA., USA), 
with the J-values given in Hz. Chemical shifts (δ) were referenced to CDCl3 (δ = 7.26 ppm) 
in the 1H NMR spectra and CDCl3 (δ = 77.0 ppm) in the 13C NMR spectra. Copies of 1H and 
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points were determined using Thermo 1001D digital melting point apparatus and are un-
corrected. GC-FID was recorded using a Shimadzu GC-2014 spectrometer (Shimadzu Co., 
Kyoto, Japan) equipped with a capillary column (SPB®®-5, 60 m × 0.25 mm × 0.25 μm). The 
conversion yields, GC yields, and ratios were determined using undecane as an internal 
standard. High-resolution mass spectra were recorded using a Finnigan/Thermo Quest 
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impact (EI) or electrospray ionization (ESI) methods. 1,3-Bis-(bromomethyl)benzene 1a 
[30], 2,6-bis-(bromomethyl)pyridine 1b [31], 2,2’-bis-(bromomethyl)benzene 1c [32], and 
1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a [29] were synthesized according to modi-
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plates. The products were purified by column chromatography (silica gel, 0.040–0.063 
μm), eluting with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using 
an Agilent Mercury 400 spectrometer(Agilent Technologies Inc., Santa Clara, CA., USA), 
with the J-values given in Hz. Chemical shifts (δ) were referenced to CDCl3 (δ = 7.26 ppm) 
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points were determined using Thermo 1001D digital melting point apparatus and are un-
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μm), eluting with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using 
an Agilent Mercury 400 spectrometer(Agilent Technologies Inc., Santa Clara, CA., USA), 
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Kyoto, Japan) equipped with a capillary column (SPB®®-5, 60 m × 0.25 mm × 0.25 μm). The 
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[30], 2,6-bis-(bromomethyl)pyridine 1b [31], 2,2’-bis-(bromomethyl)benzene 1c [32], and 
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under a N2 atmosphere. Isolated yield was reported. 2 GC-FID yield was reported by using undecane as an internal standard.

3. Materials and Methods
3.1. General Methods

Unless otherwise stated, commercially available materials were received from Aldrich
and Acros and used without further purification. Acetonitrile was distilled over calcium
hydride prior to its use. Toluene, 1,4-dioxane, and t-BuOH were distillated over sodium
prior to its use. Reactions were monitored using pre-coated silica gel 60 (F-254) plates. The
products were purified by column chromatography (silica gel, 0.040–0.063 µm), eluting
with n-hexane/ethyl acetate. 1H and 13C NMR spectra were recorded using an Agilent
Mercury 400 spectrometer(Agilent Technologies Inc., Santa Clara, CA, USA), with the
J-values given in Hz. Chemical shifts (δ) were referenced to CDCl3 (δ = 7.26 ppm) in the
1H NMR spectra and CDCl3 (δ = 77.0 ppm) in the 13C NMR spectra. Copies of 1H and 13C
NMR spectra of all compounds are provided as Supplementary Materials. Melting points
were determined using Thermo 1001D digital melting point apparatus and are uncorrected.
GC-FID was recorded using a Shimadzu GC-2014 spectrometer (Shimadzu Co., Kyoto,
Japan) equipped with a capillary column (SPB®®-5, 60 m × 0.25 mm × 0.25 µm). The
conversion yields, GC yields, and ratios were determined using undecane as an internal
standard. High-resolution mass spectra were recorded using a Finnigan/Thermo Quest
MAT 95XL mass spectrometer (Finnigan MAT LCQ, San Jose, CA, USA) via either electron
impact (EI) or electrospray ionization (ESI) methods. 1,3-Bis-(bromomethyl)benzene 1a [30],
2,6-bis-(bromomethyl)pyridine 1b [31], 2,2′-bis-(bromomethyl)benzene 1c [32], and 1-(4-
methoxyphenyl)-1H-benzo[d]imidazole 2a [29] were synthesized according to modified
literature procedures.

3.2. Experimental Procedures and Spectral Data
3.2.1. Synthesis of 1-(2,4,6-Trimethylphenyl)-1H-benzimidazole 2b

Procedure for 2-(2′,4′,6′-trimethylanilido)nitrobenzene (S1) [33]. A sealed tube was charged
with 2-fluoronitrobenzene (0.15 mL, 1.43 mmol), 2,4,6-trimethylaniline (0.30 mL, 2.14 mmol),
and anhydrous potassium fluoride (0.08 g, 1.43 mmol). The reaction mixture was heated
at 180 ◦C for 48 h. After completion of the reaction (monitored by TLC), the mixture was
cooled to room temperature and then quenched with water (15 mL). The aqueous phase
was extracted with EtOAc (30 mL × 3). The combined organic layers were dried over
MgSO4 and then filtered. The solvent was evaporated under reduced pressure to afford
crude product which was purified by chromatography to afford S1 as an orange solid
(0.35 g, 97%). 1H NMR (CDCl3, 400 MHz): δ 9.12 (s, 1H, NH), 8.22 (d, J = 7.6 Hz, 1H), 7.27
(t, J = 7.6 Hz, 1H), 7.00 (s, 2H), 6.68 (t, J = 7.6 Hz, 1H, 6.38 (d, J = 8.8 Hz, 1H), 2.33 (s, 3H),
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2.15 (s, 6H); 13C NMR (CDCl3, 100 MHz): δ 144.7, 137.3, 136.3, 136.1, 132.6, 131.9, 129.4,
126.7, 116.2, 115.0, 21.0, 18.1.

Procedure for N-(2′,4′,6′-trimethylphenyl)-1,2-phenylenediamine (S2) [33]5. A 250 mL
round-bottom flask was charged with 2-(2′,4′,6′-trimethylanilido)nitrobenzene S1 (2.18 g,
8.49 mmol) and ethanol (60 mL). The reaction mixture was heated at 60 ◦C. After the
2-(2′,4′,6′-trimethylanilido)nitrobenzene was dissolved completely, the solution was added
ammonium chloride solution (0.125 g/1 mL H2O, 30 mL, 85.0 mmol), and iron (4.74 g,
85.0 mmol). The reaction mixture was refluxed for 1.5 h. After completion of the reaction
(monitored by TLC), solvent was removed under reduced pressure, the residue was added
with H2O (3 mL). The aqueous layer was extracted with EtOAc (3 mL × 3). The combined
organic layers were dried over MgSO4 and then filtered. The solvent was evaporated
under reduced pressure to afford S2 as a deep purple solid (1.59 g, 99%). 1H NMR (CDCl3,
400 MHz): δ 6.93 (s, 2H), 6.79 (d, J = 7.2 Hz, 1H), 6.74 (t, J = 7.2 Hz, 1H), 6.64 (t, J = 7.2 Hz,
1H), 6.23 (d, J = 7.2 Hz, 1H), 4.76 (s, 1H, NH), 3.63 (s, 2H, NH), 2.30 (s, 3H), 2.12 (s, 6H); 13C
NMR (CDCl3, 100 MHz): δ 136.9, 135.6, 134.7, 133.9, 133.3, 129.3, 120.2, 120.0, 116.2, 114.9,
20.8, 18.0.

Procedure for 1-(2,4,6-trimethylphenyl)-1H-benzimidazole (2b) [34]6. To a solution of
N-(2′,4′,6′-trimethylphenyl)-1,2-phenylenediamine S2 (0.40 g, 1.8 mmol) and sulfamic
acid (19.0 mg, 0.20 mmol) in methanol (10 mL) was added triethyl orthoformate (1.2 mL,
6.9 mmol) at rt. After stirring overnight at rt (monitored by TLC), methanol was removed
by rotary evaporator. H2O (3 mL) was added to the residue. The aqueous layer was
extracted with EtOAc (3 mL × 3). The combined organic layers were dried over MgSO4
and then filtered. The solvent was evaporated under reduced pressure to afford crude
product which was purified by chromatography to afford 2b as a deep purple solid (0.37 g,
90%). 1H NMR (CDCl3, 400 MHz): δ 7.89 (d, J = 8.0 Hz, 1H), 7.87 (s, 1H), 7.32 (t, J = 7.2 Hz,
1H), 7.26 (t, J = 7.2 Hz, 1H), 7.05–7.02 (m, 3H), 2.39 (s, 3H), 1.92 (s, 6H); 13C NMR (CDCl3,
100 MHz): δ 143.1, 142.8, 139.0, 136.0, 133.9, 130.8, 129.1, 123.2, 122.1, 120.1, 109.9, 20.9, 17.2.

3.2.2. General Procedures for the Synthesis of Bis-Benzimidazolium Salts 3

Procedure for bis-benzimidazolium salts 3a–d. A 10 mL round-bottom flask was charged
with dibromide 1a or 1b (1.0 equiv), benzimidazole 2a or 2b (2.0 equiv to bromide), and
MeCN (5.0 mL). After refluxing for 18 h, the precipitate was formed. The precipitate was
filtered off, washed with EtOAc, and dried to afford pure product.

Procedure for 3,3′-(1,3-Phenylenebis(methylene))bis(1-(4-methoxyphenyl)-1H-benzo[d]
imidazol-3-ium) dibromide (3a). 1,3-bis-(bromomethyl)benzene 1a (46.5 mg, 0.18 mmol)
and 1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a (79.5 mg, 0.36 mmol) were used to
afford 3a as white solid in 88% yield (0.10 g). Mp = 282–283 ◦C; 1H NMR (DMSO, 400 MHz):
δ 10.36 (s, 2H), 7.97 (s, 1H), 7.94 (d, J = 8.0 Hz, 2H), 7.78–7.76 (m, 6H), 7.68–7.58 (m, 6H),
7.48 (t, J = 8.0 Hz, 1H), 7.26 (d, J = 8.8 Hz, 4H), 5.86 (s, 4H), 3.89 (s, 6H); 13C NMR
(DMSO, 100 MHz): δ 158.6, 140.8, 132.4, 129.7, 128.7, 127.6, 127.0, 126.7, 125.4, 124.9, 124.8,
123.7, 113.4, 112.1, 111.7, 57.7, 53.8. HRMS-MALDI-TOF(m/z) [M-Br]+ Calculated for
C36H32BrN4O2

+: 631.1703, found: 631.1706.

Procedure for 3,3′-(1,3-Phenylenebis(methylene))bis(1-mesityl-1H-benzo[d]imidazol-3-ium)
dibromide (3b). 1,3-bis-(bromomethyl)benzene 1a (0.10 g, 0.38 mmol) and 1-(2,4,6-trimethy-
lphenyl)-1H-benzimidazole 2b (0.18 g, 0.77 mmol) were used to afford 3b as white solid in
89% yield (0.25 g). Mp = 210–213 ◦C; 1H NMR (CDCl3, 400 MHz): δ 11.47 (s, 2H), 8.51 (s,
1H), 8.23 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.67 (t, J = 8.4 Hz, 2H), 7.54 (t, J = 8.0 Hz,
2H), 7.33 (t, J = 8.0 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.06 (s, 4H), 6.26 (s, 4H), 2.37 (s, 6H),
1.99 (s, 12H); 13C NMR (CDCl3, 100 MHz): δ 142.4, 141.6, 135.0, 134.2, 131.5, 130.7, 130.3,
130.2, 130.1, 129.4, 128.2, 128.0, 127.8, 115.2, 112.9, 50.7, 21.1, 17.6. HRMS-MALDI-TOF(m/z)
[M-Br]+ Calculated for C40H40BrN4

+: 655.2431, found: 655.2435.

Procedure for 3,3′-(Pyridine-2,6-diylbis(methylene))bis(1-(4-methoxyphenyl)-1H-benzo[d]
imidazol-3-ium) dibromide (3c). 2,6-bis-(bromomethyl)pyridine 1b (41.5 mg, 0.16 mmol)
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and 1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a (72.1 mg, 0.33 mmol) were used to
afford 3c as white solid in 82% yield (0.095 g). Mp = 283–284 ◦C; 1H NMR (DMSO,
400 MHz): δ 10.15 (s, 2H), 8.06 (t, J = 7.6 Hz, 1H), 7.79 (t, J = 7.6 Hz, 4H), 7.68–7.55 (m, 8H),
7.47 (t, J = 7.6 Hz, 2H), 7.20 (d, J = 8.4 Hz, 4H), 5.92 (s, 4H), 3.89 (s, 6H); 13C NMR (DMSO,
100 MHz): δ 160.5, 152.9, 144.8, 142.8, 131.0, 130.97, 127.2, 126.8, 126.5, 125.4, 123.0, 115.3,
113.8, 113.4, 55.7, 50.8. HRMS-MALDI-TOF(m/z) [M-Br]+ Calculated for C35H31BrN5O2

+:
632.1656, found: 632.1657.

Procedure for 3,3′-(Pyridine-2,6-diylbis(methylene))bis(1-mesityl-1H-benzo[d]imidazol-3-
ium) dibromide (3d). 2,6-bis-(bromomethyl)pyridine 1b (24.7 mg, 0.09 mmol) and 1-(2,4,6-
trimethylphenyl)-1H-benzimidazole 2b (44.4 mg, 0.18 mmol) were used to afford 3d as
white solid in 50% yield (0.034 g). Mp = 204–205 ◦C; 1H NMR (CDCl3, 400 MHz): δ 11.57 (s,
2H), 7.97 (d, J = 8.0 Hz, 2H), 7.78–7.75 (m, 5H), 7.58 (t, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz,
2H), 7.10 (s, 4H), 6.42 (s, 4H), 2.40 (s, 6H), 2.04 (s, 12H); 13C NMR (CDCl3, 400 MHz): δ
152.9, 143.1, 141.8, 139.5, 135.1, 131.5, 130.9, 130.2, 128.6, 128.1, 127.9, 123.5, 114.6, 113.0,
52.2, 21.2, 17.7; HRMS-MALDI-TOF(m/z) [M-Br]+ Calculated for C39H39BrN5

+: 656.2383,
found: 656.2377.

General Procedures for Preparation of bis-benzimidazolium salts 3e and 3f. A 10 mL
round-bottom flask was charged with dibromide 1c (1.0 equiv), benzimidazole 2a or 2b
(2.0 equiv to bromide), and MeCN (5.0 mL). After refluxing for 18 h, the precipitate was
formed. The precipitate was filtered off, washed with EtOAc, and dried to afford pure
product.

Procedure for 3,3′-([1,1′-Biphenyl]-2,2′-diylbis(methylene))bis(1-(4-methoxyphenyl)-1H-
benzo[d]imidazol-3-ium) dibromide (3e). 2,2′-bis((bromomethyl)benzene 1c (46.0 mg,
0.14 mmol) and 1-(4-methoxyphenyl)-1H-benzo[d]imidazole 2a (62.2 mg, 0.29 mmol) were
used to afford 3e as white solid in 78% yield (0.083 g). Mp = 200–201 ◦C; 1H NMR (CDCl3,
400 MHz): δ 10.52 (s, 2H), 7.68–7.53 (m, 12H), 7.49 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H),
7.26 (t, J = 7.6 Hz, 2H), 7.11 (d, J = 8.8 Hz, 4H), 6.88 (d, J = 7.6 Hz, 2H), 6.26 (d, J = 16.0 Hz,
2H), 5.91 (d, J = 16.0 Hz, 2H), 3.87 (s, 6H); 13C NMR (CDCl3, 100 MHz): δ 161.0, 142.0, 138.5,
131.2, 131.1, 131.0, 129.8, 129.7, 129.4, 129.3, 127.72, 127.65, 126.1, 125.1, 115.7, 114.2, 113.5,
55.8, 50.3. HRMS-MALDI-TOF(m/z) [M-Br]+ Calculated for C42H36BrN4O2

+: 707.2016,
found: 707.2017.

Procedure for 3,3′-([1,1′-Biphenyl]-2,2′-diylbis(methylene))bis(1-mesityl-1H-benzo[d]
imidazol-3-ium) dibromide (3f). 2,2′-bis((bromomethyl)benzene 1c (36.5 mg, 0.11 mmol)
and 1-(2,4,6-trimethylphenyl)-1H-benzimidazole 2b (54.3 mg, 0.24 mmol) were used to af-
ford 3f as white solid in 68% yield (0.059 g). Mp = 297–298 ◦C; 1H NMR (CDCl3, 400 MHz):
δ 11.00 (s, 2H), 7.89 (d, J = 7.6 Hz, 2H), 7.70 (t, J = 7.6 Hz, 2H), 7.61 (t, J = 7.6 Hz, 2H), 7.52
(d, J = 7.6 Hz, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.37 (t, J = 7.6 Hz, 2H), 7.25 (d, J = 7.6 Hz, 2H),
7.07 (s, 4H), 7.04 (d, J = 7.6 Hz, 2H), 6.55 (d, J = 16.8 Hz, 2H), 5.97 (d, J = 16.8 Hz, 2H), 2.38
(s, 6H), 2.05 (s, 6H), 2.01 (s, 6H); 13C NMR (CDCl3, 100 MHz): δ 143.4, 141.7, 138.0, 135.1,
135.0, 131.5, 131.4, 131.3, 130.6, 130.2, 129.44, 129.39, 128.3, 128.1, 126.7, 114.7, 113.0, 49.7,
21.2, 17.8, 17.7. HRMS-MALDI-TOF(m/z) [M-Br]+ Calculated for C46H44BrN4

+: 731.2744,
found: 731.2742.

3.2.3. General Procedures for Suzuki–Miyaura Cross-Coupling Reactions under N2

All manipulations were carried out under nitrogen using dried solvent. Pd(OAc)2
(1 mol%), salt 3b (1 mol%) and 1,4-dioxane (3 mL) were charged to the Schlenk tube at
80 ◦C for 1 h, followed by the addition of arylboronic acid 5 (1.50 mmol), aryl chloride 4
(1.00 mmol), and K3PO4·H2O (3.00 mmol) at the prescribed temperature for the prescribed
time. After completion of the reaction, monitored by TLC, the reaction was quenched by
water (3.0 mL). The aqueous layer was extracted with EtOAc (3.0 mL × 3). The organic
layer was dried over anhydrous MgSO4 and then filtered. The solvent was evaporated
under reduced pressure and the corresponding crude product of the Suzuki−Miyaura
coupling reaction was purified by chromatography.
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4-Acetylbiphenyl (6aa) [29]. 1H NMR (CDCl3, 400 MHz): δ 8.04 (d, J = 7.6 Hz, 2H), 7.69 (d,
J = 7.6 Hz, 2H), 7.63 (d, J = 7.6 Hz, 2H), 7.47 (t, J = 7.6 Hz, 2H), 7.43–7.38 (m, 1H), 2.64 (s,
3H); 13C NMR (CDCl3, 100 MHz): δ 197.7, 145.7, 139.8, 135.8, 128.92, 128.88, 128.2, 127.2,
127.2, 26.6.

3-Acetylbiphenyl (6ba) [35]. 1H NMR (CDCl3, 400 MHz): δ 8.19 (s, 1H), 7.94 (d, J = 7.6 Hz,
1H), 7.80 (d, J = 7.6 Hz, 1H), 7.63 (d, J = 7.2 Hz, 2H), 7.54 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.2 Hz,
2H), 7.41–7.37 (m, 1H), 2.66 (s, 3H); 13C NMR (CDCl3, 100 MHz): δ 197.8, 141.4, 139.9, 137.4,
131.5, 128.8, 128.7, 127.6, 127.0, 126.95, 126.7, 26.5.

2-Acetylbiphenyl (6ca) [36]. 1H NMR (CDCl3, 400 MHz): δ 7.57–7.50 (m, 2H), 7.44–7.39 (m,
5H), 7.36–7.34 (m, 2H), 2.01 (s, 3H); 13C NMR (CDCl3, 100 MHz): δ 205.0, 140.8, 140.6, 140.5,
130.7, 130.2, 128.8, 128.6, 127.85, 127.82, 127.4, 30.4.

4′-Phenylpropiophenone (6da) [29]. 1H NMR (CDCl3, 400 MHz): δ 8.05 (d, J = 8.4 Hz, 2H),
7.68 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 7.8 Hz, 2H), 7.47 (t, J = 7.8 Hz, 2H), 7.43–7.38 (m, 1H),
3.05 (q, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H); 13C NMR (CDCl3,100 MHz): δ 200.5, 145.5,
139.9, 135.6, 128.9, 128.6, 128.2, 127.23, 127.19, 31.8, 8.3.

3′-Phenylpropiophenone (6ea) [29]. 1H NMR (CDCl3, 400 MHz): δ 8.20 (s, 1H), 7.95 (d,
J = 7.6 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.63 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 7.6 Hz, 1H), 7.48
(t, J = 7.6 Hz, 2H), 7.43–7.36 (m, 1H), 3.07 (q, J = 7.2 Hz, 2H), 1.27 (t, J = 7.2 Hz, 3H); 13C
NMR (CDCl3, 100 MHz): δ 200.7, 141.6, 140.2, 137.3, 131.5, 129.0, 128.9, 127.7, 127.1, 126.8,
126.6, 31.9, 8.2.

4-Nitrobiphenyl (6fa) [37]. 1H NMR (CDCl3, 400 MHz): δ 8.30 (d, J = 8.4 Hz, 2H), 7.74 (d,
J = 8.4 Hz, 2H), 7.63 (d, J = 7.2 Hz, 2H), 7.55–7.41 (m, 3H); 13C NMR (CDCl3, 100 MHz): δ
147.6, 147.0, 138.7, 129.1, 128.9, 127.8, 127.3, 124.1.

2-Nitrobiphenyl (6ga) [37]. 1H NMR (CDCl3, 400 MHz): δ 7.86 (d, J = 7.6 Hz, 1H), 7.62 (t,
J = 7.6 Hz, 1H), 7.51–7.39 (m, 5H), 7.34–7.32 (m, 2H); 13C NMR (CDCl3, 100 MHz): δ 149.2,
137.3, 136.3, 132.2, 131.9, 128.7, 128.2, 128.1, 127.9, 124.0.

2,4-Dinitrobiphenyl (6ha) [29]. 1H NMR (CDCl3, 400 MHz): δ 8.71 (d, J = 2.4 Hz, 1H), 8.47
(dd, J = 8.8, 2.4 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.50–7.47 (m, 3H), 7.36–7.33 (m, 2H); 13C
NMR (CDCl3, 100 MHz): δ 148.8, 146.6, 142.1, 135.1, 133.2, 129.4, 128.9, 127.5, 126.4, 119.6.

4-Cyanobiphenyl (6ia) [38]. 1H NMR (CDCl3, 400 MHz): δ 7.73 (d, J = 8.4 Hz, 2H), 7.69 (d,
J = 8.4 Hz, 2H), 7.59 (d, J = 7.6 Hz, 2H), 7.49 (t, J = 7.6 Hz, 2H), 7.46–7.40 (m, 1H); 13C NMR
(CDCl3, 100 MHz): δ 145.2, 138.7, 132.2, 128.8, 128.4, 127.3, 126.9, 118.6, 110.5.

1-(4-(Naphthalen-1-yl)phenyl)ethan-1-one (6ab) [29]. 1H NMR (CDCl3, 400 MHz): δ 8.10
(d, J = 7.6 Hz, 2H), 7.94–7.84 (m, 3H), 7.61 (d, J = 7.6 Hz, 2H), 7.57–7.43 (m, 4H), 2.69 (s, 3H);
13C NMR (CDCl3, 100 MHz): δ 197.9, 145.8, 139.0, 135.9, 133.7, 131.1, 130.3, 128.4, 128.35,
128.33, 126.9, 126.4, 126.0, 125.5, 125.3, 26.7.

1-(4-(Naphthalen-1-yl)phenyl)propan-1-one (6db) [29]. 1H NMR (CDCl3, 400 MHz): δ 8.10
(d, J = 8.0 Hz, 2H), 7.94–7.84 (m, 3H), 7.60 (d, J = 8.0 Hz, 2H), 7.57–7.42 (m, 4H), 3.09 (q,
J = 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δ 200.1, 145.2, 138.8,
135.5, 133.6, 130.9, 130.0, 128.2, 128.1, 127.8, 126.7, 126.2, 125.8, 125.3, 125.1, 31.6, 8.1.

1-(3-(Naphthalen-1-yl)phenyl)propan-1-one (6eb) [29]. 1H NMR (CDCl3, 400 MHz): δ 8.09
(s, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.94–7.89 (m, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 8.0 Hz,
1H), 7.61–7.50 (m, 3H), 7.44 (t, J = 8.4 Hz, 2H), 3.05 (q, J = 7.2 Hz, 2H), 1.25 (t, J = 7.2 Hz, 3H);
13C NMR (CDCl3, 100 MHz): δ 200.1, 140.7, 138.8, 136.7, 134.0, 133.5, 131.1, 129.2, 128.2,
128.1, 127.8, 126.7, 126.5, 126.0, 125.6, 125.2, 125.0, 31.5, 7.9.

1-(4-Nitrophenyl)naphthalene (6fb) [37]. 1H NMR (CDCl3, 400 MHz): δ 8.37 (d, J = 8.4 Hz,
2H), 7.94 (dd, J = 8.4, 2.4 Hz, 2H), 7.78 (d, J = 8.4 Hz, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.59–7.41
(m, 4H); 13C NMR (CDCl3, 100 MHz): δ 147.6, 147.1, 137.7, 133.7, 130.9, 128.9, 128.5, 127.1,
126.7, 126.2, 125.3, 125.1, 123.6.

4-(1-Naphthyl)benzonitrile (6ib) [38]. 1H NMR (CDCl3, 400 MHz): δ 7.93 (d, J = 7.2 Hz,
2H), 7.80–7.76 (m, 3H), 7.62 (d, J = 8.4 Hz, 2H), 7.57–7.45 (m, 3H), 7.40 (d, J = 7.2 Hz, 1H);
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13C NMR (CDCl3, 100 MHz): δ 145.2, 137.8, 133.5, 131.8, 130.6, 130.4, 128.5, 128.3, 126.8,
126.4, 125.9, 125.1, 124.9, 118.6, 110.8.

Diphenylmethane (6ja) [39]. 1H NMR (CDCl3, 400 MHz): δ 7.31–7.27 (m, 4H), 7.22–7.20
(m, 6H), 3.99 (s, 2H); 13C NMR (CDCl3, 100 MHz): δ 141.1, 128.9, 128.4, 126.0, 41.9.

1-Benzylnapthalene (6jb) [40]. 1H NMR (CDCl3, 400 MHz): δ 7.99 (d, J = 8.0 Hz, 1H),
7.86–7.84 (m, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.46–7.40 (m, 3H), 7.29–7.24 (m, 3H), 7.20–7.16
(m, 3H), 4.45 (s, 2H); 13C NMR (CDCl3, 100 MHz): δ 140.5, 136.5, 133.9, 132.1, 128.6, 128.58,
128.4, 127.2, 127.1, 125.9, 125.9, 125.5, 124.2, 38.9.

4-Methylbiphenyl (6ka) [37]. 1H NMR (CDCl3, 400 MHz): δ 7.58 (d, J = 7.2 Hz, 2H), 7.49 (d,
J = 8.0 Hz, 2H), 7.42 (t, J = 7.2 Hz, 2H), 7.34–7.30 (m, 1H), 7.25 (d, J = 8.0 Hz, 2H), 2.40 (s,
3H); 13C NMR (CDCl3, 100 MHz): δ 141.1, 138.3, 137.0, 129.5, 128.7, 127.0, 21.1.

3-Methylbiphenyl (6la) [41]. 1H NMR (CDCl3, 400 MHz): δ 7.60 (d, J = 7.2 Hz, 2H), 7.46–
7.40 (m, 4H), 7.37–7.33 (m, 2H), 7.18 (d, J = 7.2 Hz, 1H), 2.44 (s, 3H); 13C NMR (CDCl3,
100 MHz): δ 141.3, 141.2, 138.2, 128.6, 127.9, 127.87, 127.1, 124.2, 21.4.

2-Methylbiphenyl (6ma) [29]. 1H NMR (CDCl3, 400 MHz): δ 7.41 (t, J = 7.2 Hz, 2H), 7.35–
7.31 (m, 3H), 7.26–7.24 (m, 4H,), 2.27 (s, 3H); 13C NMR (CDCl3, 100 MHz): δ 141.9, 141.89,
135.3, 130.3, 129.8, 129.1, 128.0, 127.2, 126.7, 125.7, 20.4.

1-(2,4-Dinitrophenyl)naphthalene (6hb) [42]. 1H NMR (CDCl3, 400 MHz): δ 8.93 (s, 1H),
8.55 (d, J = 8.4 Hz, 1H), 7.96 (t, J = 9.2 Hz, 2H), 7.74 (d, J = 8.4 Hz, 1H), 7.57–7.52 (m, 2H),
7.46 (t, J = 7.6 Hz, 1H), 7.38–7.34 (m, 2H); 13C NMR (CDCl3, 100 MHz): δ 149.8, 147.4, 141.6,
134.5, 133.4, 133.2, 130.7, 129.7, 128.8, 127.2, 126.6, 126.5, 126.1, 125.2, 124.1, 119.9.

1-(2-Nitrophenyl)naphthalene (6gb) [43]. 1H NMR (CDCl3, 400 MHz): δ 8.08 (d, J = 8.4 Hz,
1H), 7.91 (d, J = 8.4 Hz, 2H), 7.71 (t, J = 7.2 Hz, 1H), 7.61 (t, J = 8.4 Hz, 1H), 7.52–7.39 (m,
5H), 7.35 (d, J = 7.2 Hz, 1H); 13C NMR (CDCl3, 100 MHz): δ 149.8, 135.5, 135.3, 133.4, 133.1,
132.5, 131.4, 128.6, 128.6, 128.5, 126.6, 126.0, 125.6, 125.2, 124.8, 124.23.

4. Conclusions

In summary, a series of new xylyl-linked bis-benzimidazolium salts 3a–3f were ef-
fectively synthesized via a simple synthetic route using cheap reactants. The changing of
both the linkers and wingtips of the xylyl-linked bis-benzimidazolium salts 3a–3f led to
different steric and electronic effects being observed. It was found in the Suzuki–Miyaura
cross-coupling reactions of aryl chlorides that bis-benzimidazolium salts featuring benzene
as a xylyl-linked spacer (3a and 3b) led to higher yields of the respective products being
formed, whereas when pyridine (3c and 3d) and biphenyl (3e and 3f) were used as linkers
lower yields were observed. Comparing the bis-NHC precursors 3a and 3b, the precursor
with a sterically demanding wingtip (3b) led to the product being formed in a higher yield
than when a precursor was used with an electronically demanding wingtip (3a). Various
aryl chlorides, including carbonyl-, nitro-, and nitrile-functionalized compounds, were
coupled with arylboronic acids to give the respective products in good to excellent yields
at 80–100 ◦C using the in-situ-generated bis-NHC 3b/Pd catalyst system, with a loading in
the range of 0.5–2.0 mol%. In addition, in di-ortho-substituted biaryl syntheses excellent
yields were observed when 1-chloro-2,4-dinitrobenzene and 1-chloro-2-nitrobenzene were
coupled with 1-naphthylboronic acid.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/catal11070817/s1, Figure S1: 1H NMR spectrum of 2-(2′,4′,6′-trimethylanilido)nitrobenzene
S1 in CDCl3, Figure S2: 13C NMR spectrum of 2-(2′,4′,6′-trimethylanilido)nitrobenzene S1 in
CDCl3, Figure S3: 1H NMR spectrum of N-(2′,4′,6′-trimethylphenyl)-1,2-phenylenediamine S1
in CDCl3, Figure S4: 13C NMR spectrum of N-(2′,4′,6′-trimethylphenyl)-1,2-phenylenediamine
S2 in CDCl3, Figure S5: 1H NMR spectrum of 1-(2,4,6-trimethylphenyl)-1H-benzimidazole 2b in
CDCl3, Figure S6: 13C NMR spectrum of 1-(2,4,6-trimethylphenyl)-1H-benzimidazole 2b in CDCl3,
Figure S7: 1H NMR spectrum of (3,3′-(1,3-phenylenebis(methylene))bis(1-(4-methoxyphenyl)-1H-
benzo[d]imidazol-3-ium)) dibromide (3a) in DMSO-d6, Figure S8: 13C NMR spectrum of (3,3′-
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(1,3-phenylenebis(methylene))bis(1-(4-methoxyphenyl)-1H-benzo[d]imidazol-3-ium)) dibromide (3a)
in DMSO-d6, Figure S9: 1H NMR spectrum of (3,3′-(1,3-phenylenebis(methylene))bis(1-mesityl-
1H-benzo[d]imidazol-3-ium)) dibromide (3b) in CDCl3, Figure S10: 13C NMR spectrum of (3,3′-
(1,3-phenylenebis(methylene))bis(1-mesityl-1H-benzo[d]imidazol-3-ium)) dibromide (3b) in CDCl3,
Figure S11: 1H NMR spectrum of (3,3′-(pyridine-2,6-diylbis(methylene))bis(1-(4-methoxyphenyl)-
1H-benzo[d]imidazol-3-ium)) dibromide (3c) in DMSO-d6, Figure S12: 13C NMR spectrum of (3,3′-
(pyridine-2,6-diylbis(methylene))bis(1-(4-methoxyphenyl)-1H-benzo[d]imidazol-3-ium)) dibromide
(3c) in DMSO-d6, Figure S13: 1H NMR spectrum of (3,3′-(pyridine-2,6-diylbis(methylene))bis(1-
mesityl-1H-benzo[d]imidazol-3-ium)) dibromide (3d) in CDCl3, Figure S14: 13C NMR spectrum of
(3,3′-(pyridine-2,6-diylbis(methylene))bis(1-mesityl-1H-benzo[d]imidazol-3-ium)) dibromide (3d)
in CDCl3, Figure S15: 1H NMR spectrum of 3,3′-([1,1′-biphenyl]-2,2′-diylbis(methylene))bis(1-(4-
methoxyphenyl)-1H-benzo[d]imidazol-3-ium) dibromide (3e) in CDCl3, Figure S16: 13C NMR spec-
trum of 3,3′-([1,1′-biphenyl]-2,2′-diylbis(methylene))bis(1-(4-methoxyphenyl)-1H-benzo[d]imidazol-
3-ium) dibromide (3e) in CDCl3, Figure S17: 1H NMR spectrum of 3,3′-([1,1′-biphenyl]-2,2′-diylbis
(methylene))bis(1-mesityl-1H-benzo[d]imidazol-3-ium) dibromide (3f) in CDCl3, Figure S18: 13C
NMR spectrum of 3,3′-([1,1′-biphenyl]-2,2′-diylbis(methylene))bis(1-mesityl-1H-benzo[d]imidazol-3-
ium) dibromide (3f) in CDCl3, Figure S19: 1H NMR spectrum of 4-acetylbiphenyl (6aa) in CDCl3,
Figure S20: 13C NMR spectrum of 4-acetylbiphenyl (6aa) in CDCl3, Figure S21: 1H NMR spectrum of
3-acetylbiphenyl (6ba) in CDCl3, Figure S22: 13C NMR spectrum of 3-acetylbiphenyl (6ba) in CDCl3,
Figure S23: 1H NMR spectrum of 2-acetylbiphenyl (6ca) in CDCl3, Figure S24: 13C NMR spectrum of
2-acetylbiphenyl (6ca) in CDCl3, Figure S25: 1H NMR spectrum of 4′-phenylpropiophenone (6da)
in CDCl3, Figure S26: 13C NMR spectrum of 4′-phenylpropiophenone (6da) in CDCl3, Figure S27:
1H NMR spectrum of 3′-phenylpropiophenone (6ea) in CDCl3, Figure S28: 13C NMR spectrum of
3′-phenylpropiophenone (6ea) in CDCl3, Figure S29: 1H NMR spectrum of 4-nitrobiphenyl (6fa)
in CDCl3, Figure S30: 13C NMR spectrum of 4-nitrobiphenyl (6fa) in CDCl3, Figure S31: 1H NMR
spectrum of 2-nitrobiphenyl (6ga) in CDCl3, Figure S32: 13C NMR spectrum of 2-nitrobiphenyl
(6ga) in CDCl3, Figure S33: 1H NMR spectrum of 2,4-dinitrobiphenyl (6ha) in CDCl3, Figure S34:
13C NMR spectrum of 2,4-dinitrobiphenyl (6ha) in CDCl3, Figure S35: 1H NMR spectrum of 4-
cyanobiphenyl (6ia) in CDCl3, Figure S36: 13C NMR spectrum of 4-cyanobiphenyl (6ia) in CDCl3,
Figure S37: 1H NMR spectrum of diphenylmethane (6ja) in CDCl3, Figure S38: 13C NMR spec-
trum of diphenylmethane (6ja) in CDCl3, Figure S39: 1H NMR spectrum of 4-methylbiphenyl
(6ka) in CDCl3, Figure S40: 13C NMR spectrum of 4-methylbiphenyl (6ka) in CDCl3, Figure S41:
1H NMR spectrum of 3-methylbiphenyl (6la) in CDCl3, Figure S42: 13C NMR spectrum of 3-
methylbiphenyl (6la) in CDCl3, Figure S43: 1H NMR spectrum of 2-methylbiphenyl (6ma) in
CDCl3, Figure S44: 13C NMR spectrum of 2-methylbiphenyl (6ma) in CDCl3, Figure S45: 1H
NMR spectrum of 1-(4-(naphthalen-1-yl)phenyl)propan-1-one (6db) in CDCl3, Figure S46: 13C
NMR spectrum of 1-(4-(naphthalen-1-yl)phenyl)propan-1-one (6db) in CDCl3, Figure S47: 1H NMR
spectrum of 1-(4-nitrophenyl)naphthalene (6fb) in CDCl3, Figure S48: 13C NMR spectrum of 1-(4-
nitrophenyl)naphthalene (6fb) in CDCl3, Figure S49: 1H NMR spectrum of 4-(1-naphthyl)benzonitrile
(6ib) in CDCl3, Figure S50: 13C NMR spectrum of 4-(1-naphthyl)benzonitrile (6ib) in CDCl3, Figure S51:
1H NMR spectrum of 1-(3-(naphthalen-1-yl)phenyl)propan-1-one (6eb) in CDCl3, Figure S52: 13C
NMR spectrum of 1-(3-(naphthalen-1-yl)phenyl)propan-1-one (6eb) in CDCl3, Figure S53: 1H NMR
spectrum of 1-benzylnapthalene (6jb) in CDCl3, Figure S54: 13C NMR spectrum of 1-benzylnapthalene
(6jb) in CDCl3, Figure S55: 1H NMR spectrum of 1-(2-nitrophenyl)naphthalene (6gb) in CDCl3,
Figure S56: 13C NMR spectrum of 1-(2-nitrophenyl)naphthalene (6gb) in CDCl3, Figure S57: 1H
NMR spectrum of 1-(2,4-dinitrophenyl)naphthalene (6hb) in CDCl3, Figure S58: 13C NMR spectrum
of 1-(2,4-dinitrophenyl)naphthalene (6hb) in CDCl3.
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