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A B S T R A C T   

The main advantage of metal-organic frameworks (MOFs) catalysts over other heterogeneous catalysts is that 
they can be designed to have reaction sites within molecularly well-defined and tunable structures to achieve 
high catalytic performance. In recent years, several types of metal-organic frameworks with copper(II) have been 
synthesized for a wide range of applications but there is still few reports for MOFs containing copper(I). Herein, 
the rod-like crystals SB-Cu1 were synthesized through coordination bonding of bbp ligand and CuI. Inside porous 
two-dimensional SB-Cu1 each Cu(I) center lies in a tetrahedral coordination sphere of pyridyl groups. This study 
demonstrates that SB-Cu1 with its desirable features: high porosity, open metal sites (Cu (I)) and benzimidazole 
(brønsted base) could play as a dual heterogeneous catalyst for C-N forming reactions to synthesize products in 
good to excellent yields(70–85%). In this work, ethanol as green solvent and a wide variety of imidazole, pyrrole, 
amine and aryl halide have been used for preparing products. Also, the MOF catalyst was recovered and reused at 
least five times without loss of activity.   

1. Introduction 

Nowadays, due to environmental problems, the current chemical 
research is focused on finding the most suitable methods based on green 
chemistry to mitigate or eradicate the impact of harmful materials on 
the environment and public health [1]. In fact, recently green chemistry 

has attracted many scientist’s attention as a great methodology to ach-
ieve sustainable development in many chemical reactions. In this regard, 
green solvents have emerged, and in contrast with conventional solvents 
that are not green, green solvents are generally derived from renewable 
resources. Simultaneously with the emergence of green solvents, green 
catalysts and in particular heterogeneous catalysts have been developed 
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which can represent promising catalysts for various chemical reactions 
as they can be effectively used and recover in small quantities to repeat a 
reaction [2]. On the other hand, the construction of C–N bonds due to 
the high value of imidazoles, pyrroles, and anilines in fields ranging 
from biology to chemistry to materials science is still interesting [3–5]. 
In recent years, many efforts have been made to develop transition 
metal–catalyzed C-N cross-coupling reactions focused on the use of aryl 
and alkenyl halides as the electrophilic coupling partner and anilines, 
pyrroles and imidazoles as the nucleophile coupling partner. Among 
different metal complexes, Pd complexes are the most efficient catalyst. 
However, there are some drawbacks in terms of high cost, low abun-
dance, harmfulness, time-consuming, and consequently unsuitable for 
C-N cross coupling reactions [6,7]. Also, conventional solvents such as 
CH2Cl2, dimethylformamide (DMF), and 1,4-dioxane are common sol-
vents for C-N cross- coupling reactions, which are toxic and bring 
negative impacts on the environment [8–11]. These drawbacks pursued 
many chemists to use suitable alternative methods with superior per-
formance, such as using heterogeneous catalysts and green solvents like 
ethanol, deep eutectic solvents and ethylene glycol for C-N cross 
coupling reactions [12–15]. Hence, copper heterogeneous catalysts have 
been attracted extensive attention towards C-N cross-coupling reactions 
because of their feasible features like environmentally friendly, low cost 
and accessibility. Among heterogeneous catalysts, metal–organic 
frameworks (MOFs) have been considered frequently. 

Porous metal–organic frameworks (MOFs) have received extensive 
attention due to their structure including metals and organic ligands 
(metal-carbon source) [16,17]. MOFs have become popular as a result of 
their specific and useful applications in various areas such as gas sepa-
ration, adsorbent, drug delivery, heterogeneous catalysts and chemical 
sensors [18–23]. These structures have become popular due to their 
feasible features like chemical stability, large surface area, high thermal 
stability, and high porosity [24–26]. Designing and tailoring the 

molecular structures inside MOFs backbone has been a critical chal-
lenge. Therefore, recently, numerous MOFs based on different metal 
ions and organic functional groups have been developed. Although 
MOFs with Cu(II) have been prepared in a wide range of applications, 
MOFs with Cu(I) are still unique and it is still difficult to find Cu(I)-based 
MOFs. On the other hand, C-N cross-coupling reactions can be catalyzed 
by the starting copper salts or copper complexes with various oxidation 
states including Cu(0), Cu(I), and Cu(II). Early studies demonstrate that 
Cu(I) might be the most efficient type of the active catalyst in the 
copper-catalyzed C–heteroatom (C-N, C-O and C-S) cross coupling re-
actions [27–32]. In this report, high porosity MOFs with Cu(I) is pre-
sented as the unique type of MOF and efficient catalyst for C-N cross 
coupling reactions [33]. SB-Cu1 MOF can be successfully prepared by 
cooperative self-assembly between 1- benzimidazolyl-3,5-bis(4-pyridyl) 
benzene (bbp) and CuI, which are shown in Fig. 1. The combination of 
bbp ligand with Cu(I) in a CH3CN/CH2Cl2/MeOH mixed-solvent gives 
rod-like crystals. The porous two-dimensional sheets of SB-Cu1 are 
created by grafting two I- anions and generating the bimetallic {Cu2 I2} 
cluster core which is further ligated by four-terminal pyridyl groups. 
When SB-Cu1 MOF catalyst is applied for C-N cross coupling reactions, it 
could accelerate the reaction rate because of its interesting aspects 
including high porosity with Cu(I) (open metal sites) and brønsted base 
behavior of benzimidazole inside MOFs [34]. Since base plays as an 
important reagent for N-arylation reactions, SB-Cu1 due to its electro-
negative nitrogen in the benzimidazole functional groups could help to 
accelerate C-N cross coupling reactions without the need of using an 
extensive amount of base. In other words, SB-Cu1 with high porosity can 
play as a dual catalyst owing to the open metal sites, which could pro-
vide electron-rich metal complexes with increased stability and brønsted 
base inside MOFs. 

Fig. 1. Overview about synthesis of 1-benzimidazolyl-3,5-bis(4-pyridyl)benzene (bbp) linker, b) SB-Cu1.  
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2. Experimental 

2.1. Materials and instrumentation 

All starting materials were purchased from Aldrich and Merck 
Company and used as received. Melting points were measured on an 
Electrothermal 9100 apparatus. Fourier transform infrared (FTIR) 
spectra were recorded by Thermo Nicolet IR 100 FT-IR. Transmission 
electron microscopy (TEM) was obtained at 120 kV (Philips, model 
CM120). For synchronous determination of the target elements, we used 
a simultaneous inductively coupled plasma-optical emission spectrom-
etry (ICP-OES) on a Varian Vista-PRO instrument (Springvale, Australia) 
having a radial torch coupled to a concentric nebulizer and a Scott spray 
chamber carrying a charge-coupled detector (CCD). The adsorption/ 
desorption isotherm of N2 was measured at liquid nitrogen temperature 
(77 K) using a Micromeritics ASAP 2020 analyzer. The specific surface 
area was calculated by the Brunauer-Emmett-Teller (BET) method. 
Thermogravimetric analysis (TGA) was characterized by thermal ana-
lyses with a temperature range of 25–1100 ◦C under flowing compressed 
nitrogen. X-ray powder diffraction (XRD) measurements were carried 
out by a Philips X′pert diffractometer with mono chromated Cu-Kα ra-
diation. 1H NMR (300 MHz) spectra was determined on Bruker DRX-300 
Advance spectrometers at ambient temperature in CDCl3. The samples 
were also recorded by field emission scanning electron microscope (FE- 
SEM) SIGMA ZEISS SIGMA VP (Germany) with gold coating. Column 
chromatography purifications were performed by usage of the flash 
technique on EMD silica gel 60 (230–400 mesh). 

2.2. Synthesis of SB-Cu1 

In a general procedure for the preparation of SB-Cu1 metal-organic 
frameworks, the N-donor ligand is synthesized through the mixture of 3, 
5-bis(4-pyridyl)benzoic acid (2.76 g, 10 mmol), 1,2-diaminobenzene 
(1.08 g, 10 mmol) and phenylpropanolamine (PPA) (30 g). Then the 
solution was treated at 170 ◦C for 6 h and after that the nitrogen donor 
bbp ligand was obtained by purification of the mixture. In order to 
synthesize SB-Cu1 MOF, a solution of CuI (15 mg, 0.079 mmol) with 
CH3CN (7 ml) was added onto a solution of bbp as N-donor ligand 
(10 mg, 0.029 mmol) in CH2Cl2/CH3OH (6 ml) as a mixed solvent. The 
solution was left for 48 h at 25 ◦C and rod-like crystals were obtained. 

2.3. Procedure for recyclability of the SB-cu1 

To determine recyclability of SB-Cu1, after completion of the reac-
tion, SB-Cu1 catalyst was filtered off through centrifugation and then 
was washed with excess ethyl acetate and deionized water. Finally, the 
recycled catalyst dried under vacuum at 25 ◦C to reuse in the next cycle. 

2.4. The catalytic performance for the N-arylation reaction 

To elucidate the catalytic activity of SB-Cu1 in C–N bond-forming 
reaction, SB-Cu1 (0.03 mg) is applied in N-arylation reactions of imid-
azole/pyrrole/aniline as the excess reagent (1.2 mmol) with aryl halides 
as the limiting reagent (1.0 mmol) and K2CO3 (2.0 mmol) in ethanol 
solvent. The mixture of the reaction was stirred in a 6 ml screw cap glass 
vial with a magnetic stir bar at 80 ◦C for 16 h. The progress of 
completion of the N-arylation reaction was monitored by analytical thin- 
layer chromatography TLC from Merck. After the end of the reaction, the 
SB-Cu1 MOFs was removed through centrifugation and washed three 
times with ethyl acetate and deionized water for the recycling test of the 
catalyst. Next, the products were concentrated under vacuum and pu-
rified through column chromatography to produce the product with 
high purity. Finally, all compounds’ structures were investigated via 1H 
NMR, mass spectrometry and melting point and verified with literature 
reports. 

3. Results and discussion 

3.1. Structure characterization of SB-Cu1 

After adding CuI into the solution of bbp ligands in a mixed-solvent 
(CH3CN/CH2Cl2/CH3OH), it can interact with pyridyl groups through 
coordination bonding and gives homogeneous crystals of SB-Cu1 
(Fig. 2). In SB-Cu1 frameworks each Cu(I) center lies in a tetrahedral 
coordination sphere {CuI2N2} which in two Cu(I) nodes are bounded 
together via two I- anions [33]. The obtained a bimetallic {Cu2 I2} 
cluster core is further ligated by four-terminal pyridyl groups and cre-
ates a porous 2D network (Fig. 2a). The binding of 2D sheets together 
shapes a rhombus-like open channel as shown in Fig. 2(b). Also, the pore 
structure and orientation of benzimidazole inside MOFs has shown 
clearly in Fig. 2(c, d). 

Fig. 2. Coordination environment around Cu(I) in SB-Cu1 (a), simplified structure (b), pore structure and orientation of benzimidazole inside pore wall (c, d).  
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After the synthesis of SB-Cu1, the crystals were first identified by 
powder X-ray diffraction (PXRD) (Fig. 3). It is clear that the simulated 
and experimental PXRD patterns of SB-Cu1 confirm a good match. There 
is a good agreement of most of the peaks in the PXRD pattern of SB-Cu1, 
2θ values of 7.20◦, 9.10◦, 10.50◦, 14.70◦, 19.20◦, 20.70◦, 23.30◦, 24.00◦, 
and 29.70◦ corresponding to (200), (110), (002), (112), (113), (402), 
(222), (601) and (205). Also, the refinement results of the lattices of the 
SB-Cu1 were to be a = 26.324 ± 0.004 Å, b = 10.4562 ± 0.010 Å, 
c = 18.315 ± 0.005 Å, and β = 111.701◦ ± 0.010◦, V0 = 4755.2 ±

0.034 Å3, Rwp = 17% and Rp = 5.4%. In this work, the stability of SB- 
Cu1 also has been verified during the reaction. It was revealed that the 
crystallinity of SB-Cu1 was maintained even after five tests towards the 
synthesis of 1-phenyl-1H-imidazole and have no significant difference in 
comparison with fresh PXRD patterns of SB-Cu1. In other words, it is 
proved that the crystalline structure of SB-Cu1 remains unchanged 
during the N-arylation reaction. 

FT-IR spectra were recorded for bbp ligand, SB-Cu1 before and after 
the N-arylation reaction (Fig. 4). The result confirms that the structure of 
MOF remains constant without showing significant changes after 5 tests. 
Also, the IR spectra displays the characteristic peaks of benzimidazole 
groups at 970 cm− 1, 1100 cm− 1, and 3100–3300 cm− 1 related to the 
N–H bonds of benzimidazole and confirms the presence of benzimid-
azole functional groups inside the MOF. Comparing the vibration band 
in the FT-IR spectrum of bbp ligand at 1375 cm− 1 and 1260 cm− 1 with 
that of SB-Cu1 at 1364 cm− 1 and 1192 cm− 1 which are shifted confirm 
the interaction of pyridyl groups with Cu(I) and the formation of the 
metal organic framework. Furthermore, the inductively coupled plasma- 
optical emission spectrometry (ICP-OES) were also used to investigate 
the actual weight content of Cu in SB-Cu1. According to the ICP-OES, the 
actual weight content of Cu in SB-Cu1 is 12.2 wt%. 

The scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM) measurements as a powerful technique were applied 
for SB-Cu1to investigate the crystal structure and morphology of MOF 
(Fig. 5 and Fig. 6). However, it is difficult to predict the network 
morphology structures due to the different growth rates of faces of the 
crystal. But it’s important to underline that according to the BFDH 
(Bravais–Friedel–Donnay–Harker) theory, it is possible to anticipate the 
morphological and structural features of the SB-Cu1. Indeed, the hex-
agonal and the rod-like morphology structure was revealed for SB-Cu1 
and in this work, rod-like morphology was observed for SB-Cu1 MOF 
(Fig. 5. a). Also, the crystalline structure of MOFs was investigated 
before and after 5 tests in the N-arylation reaction, FE-SEM and TEM 
images (Fig. 5. d, e and Fig. 6.) confirmed that the crystalline structure of 
SB-Cu1 catalyst remains unchanged during the reaction. 

Thermogravimetric analysis (TGA) was carried out to investigate the 
thermal stability of SB-Cu1 by heating MOFs from 25 ◦C to 600 ◦C. 
(Fig. 7). The TGA curve of MOFs confirms that the minor weight loss 
below 200 ◦C is related to the loss of solvents from the MOFs including 
water and other organic solvents (methanol, dichloromethane and 
acetonitrile) on the surfaces of SB-Cu1. The second weight loss during 
the heating range of 320–480 ◦C is related to the decomposition of the 
organic compounds in SB-Cu1. The third residual weight range of 
480–600 ◦C proves the copper insides MOFs. The results prove that the 
weight loss of synthesized catalyst, after five runs have no significant 
difference with fresh catalyst. 

The Brunauer–Emmett–Teller (BET) surface areas of SB-Cu1 
measured with N2 at 77 K is 224 m2 g− 1. Further, the pore size distri-
bution analysis demonstrates (Fig. 8) that pores are of an average 
diameter of 0.8 nm and is in good accordance with the measured pore 
size. 

Furthermore, the heterogeneous nature of the SB-Cu1 was examined 
by the hot filtration experiment for N-arylation reaction of imidazole, 

Fig. 3. PXRD spectra of the synthesized SB-Cu1: simulated, before and after 
one, tree and five tests towards synthesize of 1-phenyl-1H-imidazole. 

Fig. 4. Fourier transform infrared (FT-IR) spectra of bbp ligand and SB-Cu1: before and after five tests towards synthesize of 1-phenyl-1 H-imidazole.  
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where the model reaction mixture was filtered after 2 h to separate out 
the catalyst (Fig. 9). Subsequently, only a slight increment in the con-
version of 1-phenyl-1H-imidazole was observed, suggesting the true 
heterogeneous nature. 

3.2. Catalytic performance 

Since the SB-Cu1 frameworks were decorated with benzimidazole 
functional groups and Cu(I), it was applied as the catalyst in the N- 
arylation reaction to examine the activity/efficacy of benzimidazole 
functional groups and active metal sites. N-arylation reaction is the re-
action between aryl or alkenyl halides as the electrophilic coupling 
compound and amines or imidazoles as the nucleophilic coupling 
compound. Generally, N-arylation reactions need transition metals and 
base simultaneously to produce products with high yields. On the other 

hand, two main factors of MOFs including porosity and functionality 
play significant roles in the catalytic process. In terms of the porosity, 
SB-Cu1 displays high porosity and surface area, which can enable great 
catalytic performance in coupling reactions. The excellent catalytic ac-
tivity of SB-Cu1 for the N-arylation reaction could also be related to 2D 
sheets of MOF that offer a large surface and active metal sites of Cu(I). 
Consequently, SB-Cu1 as an efficient heterogeneous catalyst has two 
essential factors for N-arylation reactions including active metal sites 
(Cu(I)) and brønsted base which can accelerate the rate of the reaction 
and decrease the time for N-arylation reaction to 16 h. All reactions were 
monitored by TLC with detection by UV to determine completion of the 
reaction prior to quantification of products. In other words, the catalyst 
was separated once the reaction completed and the products were pu-
rified first through column chromatography through silica gel and then 
analyzed by 1H NMR and mass spectrometry. The optimized condition 

Fig. 5. Predicted morphology of SB-Cu1 (a) by BFDH method and (b, c) FE-SEM images of fresh MOFs (d, e) FE-SEM images of framework after five tests towards 
synthesize of 1-phenyl-1H-imidazole. 
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was carried out for N-arylation reactions by variation of experimental 
conditions, including the solvents, the amount of the catalyst and tem-
perature. Polar solvents commonly have greater basicity and nucleo-
philicity compared to nonpolar solvents. Hence, the reaction was carried 
out in different solvents like CH2Cl2, DMF, water, 1,4-dioxane and EtOH 
(Table 1). Although CH2Cl2 is the common solvent for the Ullman re-
action, EtOH is an environmentally friendly solvent and resistant solvent 
in comparison to CH2Cl2. Furthermore, in order to study the effect of SB- 
Cu1, different amounts of the catalyst were also tested. An increasing 

amount of SB-Cu1 led first to an increase in yields, whereas the yield of 
products remained constant after adding more catalyst. Subsequently, it 
was clear that 0.03 g of SB-Cu1 for C-N cross-coupling reactions gives 
the desired product with 85% yields (Table 1, entry 9). 

Furthermore, the catalytic performance of SB-Cu1 for N-arylation 
reaction between imidazole/pyrrole/aniline and aryl halides compared 
with other reported heterogeneous systems in the presence of metallic or 
metal-ligands complexes (Table 2). The results showed that SB-Cu1 
MOFs catalyst exhibited better yields in comparison with other 
copper-based catalysts. The presence of benzimidazole functional 
groups (brønsted base), copper(I) and high porosity of SB-Cu1 should be 
responsible for the remarkable performance. Also, to confirm the 

Fig. 6. TEM images of the SB-Cu1 framework.  

Fig. 7. Thermogravimetric analysis of SB-Cu1 before and after five tests to-
wards synthesize of 1-phenyl-1H-imidazole. 

Fig. 8. Fig. 10. Nitrogen adsorption–desorption of SB-Cu1.  

Fig. 9. Showing the hot-filtration experiment, confirming the heterogeneous 
nature of SB-Cu1. 

Table 1 
Optimization condition for the C-N cross-coupling reaction in the presence of SB- 
Cu1 MOFs.  

Entry Cat (g) Solvent Base Temp (◦C) Yield (%)a      

6 h 12 h 16 h 

1 0.04 DMF K2CO3 100 30 50 70 
2 0.04 H2O K2CO3 100 – – – 
3 0.04 Dioxane K2CO3 100 25 40 65 
4 0.04 CH2Cl2 K2CO3 60 40 60 80 
6 0.04 EtOH K2CO3 80 50 75 90 
7 0.04 EtOH K2CO3 60 35 50 70 
8 0.04 EtOH K2CO3 40 5 15 30 
9 0.03 EtOH K2CO3 85 40 75 85 
10 0.03 EtOH K2CO3 60 25 45 65 
11 0.02 EtOH K2CO3 80 15 40 60 
12 – EtOH – 80 – – – 
13 – EtOH K2CO3 80 – – – 

Reaction conditions: Imidazole (1.2 mmol), bromo benzene (1.0 mmol) and 
K2CO3 (2.0 mmol) in various solvent (3.0 mmol) at the presence of SB-Cu1 for 
16 h. 

a Isolated yield. 
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promoter effect of benzimidazole (brønsted base) inside SB-Cu1, the 
experiments were carried out by imidazole/pyrrole/aniline (1.2 mmol) 
and iodobenzene (1.0 mmol) at the amount of SB-Cu1 with K2CO3 and 
without using base at 80 ◦C for 24 h (Fig. 10). In the absence of K2CO3, 
benzimidazole can act as base and the result is determined in Fig. 10. 

Several aryl halides along with imidazole/pyrrole/aniline de-
rivatives were tested in order to confirm the catalyst efficiency and the 
reaction mechanism. The results are summarized in the Table 3 indicates 
both electron-withdrawing and electron-donating groups of products. 
Indeed, electron-donating groups of aryl halides gave moderate rate 
products, while products with higher yield were obtained for aryl ha-
lides substituted via electron-withdrawing groups. In the case of cata-
lytic activity of SB-Cu1, the morphology and porous structure of MOFs 
with high surface area, abundant active metal sites and brønsted base 
increase catalytic performance. Finally, the optimal conditions for the N- 
arylation reaction catalyzed by SB-Cu1 (0.03 mg) involve imidazole/ 
pyrrole/aniline (1.2 mmol), aryl halides (1.0 mmol), and K2CO3 in 
ethanol (2.0 mmol) at 80 ◦C for 16 h. 

In order to determine recyclability of SB-Cu1, the N-arylation reac-
tion of imidazole/pyrrole/aniline with bromobenzene was carried out 

Table 2 
Comparison of catalytic activity of reported heterogeneous catalysts for the N- 
arylation reaction.  

Entry Cat (g) Conditions Yields 
(%)a  

1 CuCl Aryl halides (0.5 mmol), Imidazoles 
(1.0 mmol), Ligand (16 mol%), NaOH 
(1.0 mmol), DMSO (1 ml), 100 ◦C, 24 h. 

90 [35]  

2 CuBr Aryl halides (0.5 mmol), Imidazoles 
(0.55 mmol), Ligand (20 mol%), NaOH 
(1.0 mmol), DMSO (1 ml), 120 ◦C, 24 h. 

85 [36]  

3 Cu-Fe/ 
hydrotalcite 

Aryl halides (0.5 mmol), Aniline 
(1.0 mmol), NaOH (1.0 mmol), DMSO 
(1 ml), 110 ◦C, 24 h. 

80 [37]  

4 Cu0 Aryl halides (0.5 mmol), Pyrrole 
(1.0 mmol), Cs2CO3 (6.0 mmol), 
acetonitrile (1 ml) 80 ◦C, 24 h. 

80 [38]  

5 MOF-199 Aryl halides (1.0 mmol), Pyrrole/ 
Imidazole/Aniline (1.2 mmol), K2CO3 

(2.0 mmol), ethanol (3 ml) 80 ◦C, 16 h. 

75  

6 Fe3O4@SiO2- 
CSX 

Aryl halides (1.0 mmol), Pyrrole/ 
Imidazole/Aniline (1.2 mmol), K2CO3 

(2.0 mmol), ethanol (3 ml) 80 ◦C, 16 h. 

70  

6 This work Aryl halides (1.0 mmol), Pyrrole/ 
Imidazole/Aniline (1.2 mmol), K2CO3 

(2.0 mmol), ethanol (3 ml) 80 ◦C, 16 h. 

82, 85  

a Isolated yield. 

Fig. 10. The investigation the role of benzimidazole (brønsted base) inside SB- 
Cu1 towards N-arylation reactions. 

Table 3 
Cross coupling of imidazole/pyrrole/aniline with various aryl halides catalyzed 
by SB-Cu1.  

Entry Substrate Product Yield (%)a TON/TOF 

1 85 170/10.62 

2 70 140/8.75 

3 70 140/8.75 

4 75 150/9.37 

5 80 160/10.0 

6 78 156/9.75 

7 82 164/10.25 

8 75 150/9.37 

9 75 150/9.37 

10 80 160/10.0 

11 85 170/10.62 

12 80 160/10.0 

All the reactions were performed with SB-Cu1 (0.03 g, 0.5 mol%), Imidazole/ 
Pyrrole/Aniline (1.2 mmol), aryl halides (1.0 mmol) and K2CO3 (2.0 mmol) in 
ethanol (3 ml) at 80 ◦C for 16 h. 

a Isolated yield. 
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under optimum conditions. After completion of the reaction, SB-Cu1 
catalyst was filtered off through centrifugation. SB-Cu1 was washed 
with excess ethyl acetate and deionized water and then dried under 
vacuum at 25 ̊C to reuse in the next cycle. The recovered SB-Cu1 was 
reused well five times for all three types of the N-arylation reaction 
without a significant loss in catalytic activity (Fig. 11). Furthermore, 
according to the ICP-OES, 0.48% of residual copper was identified, 
which significantly confirmed that more than 99% of the copper metal 
center does not leach into the solution. 

The mechanism of N-arylation reaction catalyzed by SB-Cu1 is 
shown in Fig. 12. The oxidative addition of SB-Cu1 to aryl halides gave 
MOF-aryl-halide intermediate through copper(I) inside MOF as open 
metal sites. Deprotonation process of the reaction mixture was acceler-
ated at the presence of K2CO3 along with benzimidazole functional 
groups (brønsted bases) inside SB-Cu1. Indeed, benzimidazole along 
with K2CO3 contributes to the progress of deprotonation process of C-N 
cross coupling reactions with decrease the usage amount of K2CO3. The 
nucleophilic exchange of intermediates with different N-containing 

reagents, followed by reductive elimination that generated desired 
products and then recovered SB-Cu1 back to the catalytic cycle. These 
results suggest that high catalytic efficiency is not solely a function of the 
porosity but is a dual function of SB-Cu1. Metal organic frameworks 
(MOFs) play an important role in many catalytic processes and can 
catalyze many types of chemical reactions (such as coupling reactions) 
to produce products with good to excellent yields. 

4. Conclusion 

In this work, SB-Cu1 frameworks was synthesized with Cu(I) and bbp 
ligand as heterogeneous catalytic sites in the N-arylation reaction. It was 
clarified that SB-Cu1frameworks due to Cu(I) and benzimidazole 
(brønsted bases) could play as a dual efficient heterogeneous catalyst for 
Cu-catalyzed Ullman type reaction. High quality synthesized products 
clearly confirmed the fact that the excellent catalytic activity of SB-Cu1 
was related to 2D sheets of MOFs with high porosity that offers a large 
surface and open metal sites of Cu(I) along with benzimidazole 

Fig. 11. (a) Reusability tests after five runs in N-arylation reactions catalyzed by SB-Cu1, (b) FE-SEM images of framework after five tests towards synthesis of 1- 
phenyl-1H-imidazole. 

Fig. 12. Possible mechanism for the N-arylation reaction catalyzed by SB-Cu1.  
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(brønsted bases) for C-N forming reactions. Also, in this work it was 
proved that SB-Cu1 catalyst was recovered and reused at least five times 
without loss of activity. In summary, this work provides fundamental 
insights for developing an environmentally friendly method by applying 
SB-Cu1 heterogeneous catalyst and ethanol solvent for N-arylation re-
actions to prepare desirable products. 
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