
Zn3(BTC)2 as a Highly Efficient Reusable Catalyst for the Synthesis of 2-Aryl-1H-
Benzimidazole

Sami Sajjadifar ,* Zeinab Arzehgar and Azadeh Ghayuri

Department of Chemistry, Payame Noor University, Ilam, Iran

(Received: July 30, 2017; Accepted: October 15, 2017; DOI: 10.1002/jccs.201700266)

Zn3(BTC)2 metal-organic frameworks as recyclable and heterogeneous catalysts were effectively
used to catalyze the synthesis of benzimidazole derivatives from o-phenylendiamine and aldehydes
in ethanol. This method provides 2-aryl-1H-benzimidazoles in good to excellent yields with little
catalyst loading. The catalyst was characterized using different techniques such as X-ray diffrac-
tion (XRD), energy dispersive X-ray (EDX) analysis, scanning electron microscopy (SEM), and
Fourier transform infrared (FT-IR) spectroscopy.
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INTRODUCTION
Metal-organic frameworks (MOFs) are important

crystalline materials used as heterogeneous catalysts or
catalyst supports in a variety of organic transfor-
mations.1–4 MOFs open up the possibility to design and
synthesize a variety of new porous materials. Some of
the features of MOFs for their use as heterogeneous
catalysts are their high internal surface area, micropo-
rosity, ease of separation of the product, acid sites, base
sites, stability, diffusion, and high metal content.5

MOFs catalyze many reactions such as the oxidation of
organosulfides, cyclopropanation of alkene, N-
methylation of aromatic primary amines, Sonogashira
reaction, Suzuki cross-coupling, Friedel-Crafts alkyl-
ation and acylation, three-component coupling reaction
of aldehyde, alkyne, and amine, the Biginelli reaction,
Knoevenagel condensation, cycloaddition of CO2 with
epoxides, alkene epoxidation, oxidation of homocou-
pling of phenylboronic acid, transesterification reaction,
hydrolysis of ammonia borane, aza-Michael condensa-
tion, and 1,3-dipolar cycloaddition reactions.6–16

Benzimidazoles have attracted much attention
because of their various applications.17,18 For instance,
they have been shown to exhibit fungicide, antitumor,
immunosuppressant, and anticonvulsant properties.19

They have also been used as ligands for asymmetric
catalysis.20 Benzimidazoles and their derivatives

represent one of the most biologically active classes of
compounds. The high profile of biological applications
of the benzimidazole compounds has prompted exten-
sive studies of their syntheses. During the past decades,
many methods have been reported for the synthesis of
these heterocycles including (1) condensation of
o-phenylenediamines with carboxylic acids and their
derivatives (the condensation of o-phenylenediamine
with carboxylic acid often requires strong acidic condi-
tions and high temperatures),21 (2) transition-metal-
catalyzed coupling reactions to construct the benzimid-
azole nucleus,22 and (3) the condensation of aldehydes
with o-phenylenediamine, 23 which are traditional
methods for the synthesis of these compounds. Though
efficient, most of these methods have significant draw-
backs such as the use of harsh conditions, expansive
reagents, low isolation yields, laborious work-up and
purifications, special oxidation process, and long reac-
tion times. Partially due to the availability of a large
number of aldehydes, method (3) has been extensively
used. In this regard, a large number of reagents have
been used and reported in the literature.24–28

Indeed, the design of eco-friendly and economical
processes, more efficient systems, and new protocols to
improve these methods are considered of high practical
value. Here, we describe a simple, mild, and efficient
procedure for the synthesis of 2-aryl-1H-benzimidazole
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in the presence of Zn3(BTC)2 MOF as an efficient het-
erogeneous catalyst.

RESULTS AND DISCUSSION
Characterization of catalyst

Zn3(BTC)2 was successfully synthesized using
strategy depicted in Figure 1 and characterized using
different analysis techniques including Fourier trans-
form infrared (FT-IR) spectroscopy, scanning electron
microscopy (SEM), and X-ray diffraction (XRD). The
FT-IR spectra (Figure 2) displayed a peak at about
3447 cm−1 due to the stretching of the water molecul
and peaks at 1642 and 1446 cm−1 due to the carbonyl
group of benzenetricarboxylic acid (BTC) and double
bonds of benzene, respectively. The FT-IR spectrum in
this figure is similar to those in previous reports29 with
no change in the position or shape of the bands, which
indicates that the structure of the compound is
preserved.

The particle morphology and textural properties
of the nanoporous catalyst were studied using SEM.

The SEM images of Zn3(BTC)2 at different magnifica-
tions are displayed in Figure 3. These images of the syn-
thesized nanoporous material confirm the formation of
nanoparticles with high quality and of conical shape.
From this analysis, it is evident that the catalyst is made
up of uniform particles, with the average size of
Zn3(BTC)2 being ~100 nm.

EDX is an effective technique for studying the
conformation of the metal inside the nanostructures. It
shows the incorporation of Zn metal inside the organic
framework and a uniform distribution of the particles
throughout the framework (Figure 4).

Catalytic study in the synthesis of 2-aryl-1H-
benzimidazole

After successful characterization of the prepared
MOF, the catalytic activity of Zn3(BTC)2 in the synthe-
sis of 2-aryl-1H-benzimidazole was studied. Our first

Fig. 1. Synthesis of Zn3(BTC)2.

Fig. 2. FT-IR spectrum of Zn3(BTC)2.

Fig. 3. Surface morphology of Zn3(BTC)2.

Fig. 4. Energy-dispersive X-ray spectrum of
Zn3(BTC)2.
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step was to optimize the reaction under normal atmo-
spheric conditions to achieve information about the
amount of catalyst and determine the kind of solvent to
be used. In a preliminary experiment, the reaction
between o-phenylenediamine (1a) and benzaldehyde
(2a) was studied in the presence of Zn3(BTC)2 in etha-
nol at room temperature. The kind of solvent was con-
trolled. According to the results shown in Table 1, 2,-
phenyl-1H-benzo[d]imidazole 3a was obtained in 97%
yield in ethanol (Table 1, entry 3). Afterward, the influ-
ence of the amount of Zn3(BTC)2 was also examined.
As the results show, the yield of 3a depended on the
amount of Zn3(BTC)2. When the amount of Zn3(BTC)2
was decreased to 6.0 and 4.0 mg, the reaction yield was
65% and 80%, respectively (Table 1, entry 1–2). Signifi-
cant improvement of the reaction was also observed in
the presence of 8.0 mg of Zn3(BTC)2, as the product
yield was 97%. According to Table 1, the highest yield
and shortest reaction time of product 3a are obtained in
the presence of 8.0 mg of Zn3(BTC)2 in EtOH (2.0 mL)
at room temperature (Table 1, entry 3).

With the optimized reaction conditions, to explore
the scope and limitation of this catalytic system, a library
of aromatic aldehydes (1.2 mmol) was subjected to react
with o-phenylenediamine (1.0 mmol) for converting to

the corresponding 2-aryl-1H-benzimidazole in the pres-
ence of Zn3(BTC)2 (8.0 mg) in EtOH at room tempera-
ture (Scheme 1). The results are summarized in Table 2.

The results show that this protocol efficiently gen-
erated the corresponding products for both electron-
donating groups (EDGs) and electron-withdrawing
groups (EWGs) or electron-rich substituents on the aro-
matic ring in the ortho, meta, and para positions when
subjected to the same reaction conditions, and the cor-
responding 2-aryl-1H-benzimidazole derivatives were

Table 1. Optimization of reaction conditions1

Entry Amount of catalyst (mg) Solvent Time (min) Yield (%)2

1 4 EtOH 25 65
2 6 EtOH 20 80
3 8 EtOH 10 97
4 10 EtOH 9 98
5 8 Acetone 30 85
6 8 EtOAc 45 75
7 8 CH3CN 45 73
8 8 H2O 60 70
9 8 CH2Cl2 30 60
1 Reaction conditions: o-phenylendiamine (1.0 mmol) and benzaldehyde (1.2 mmol) in the presence of catalyst and
solvent (2.0 mL).

2 Isolated yield.

Scheme 1. Zn3(BTC)2 cyclocondensation of
o-phenylenediamine with aromatic
aldehydes.
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obtained in excellent yields (90–97%) in short reaction
times (less than 60 min).

Recovery and reusability
Recovery and reusability of the catalysts are valu-

able advantages in catalysis research, which make them
very favorable from the commercial and economic
points of view. In this respect, the reusability of
Zn3(BTC)2 in the syntheses of product 3a was investi-
gated by repeatedly separating the Zn3(BTC)2 from the
reaction mixture, washing it, and then reusing it over
five successive runs. After each run, the catalyst was
separated from the reaction mixture by simple decanta-
tion, then washed with copious amounts of n-hexane to
remove any physisorbed reagents, and dried. Then, the
recovered catalyst was reused for a subsequent fresh
batch of the reaction. The catalytic activity was studied
for several successive runs, showing similar activity
(Figure 5).

In order to determine whether active Zn species
leached from the solid Zn3(BTC)2 catalyst could con-
tribute to the total conversion of the reaction between
o-phenylenediamine and 4-hydroxy benzaldehydes for
the synthesis of 2-(4-hydroxyphenyl)-1,3-benzimidazole,
an experiment was performed using simple centrifuga-
tion during the course of the reaction.

The reaction was carried out under optimized con-
dition using 8.0 mg Zn3(BTC)2 for the synthesis of 2-(4-
hydroxyphenyl)-1,3-benzimidazole, and then the nano-
catalyst was removed from the reaction mixture after
10 min of reaction by simple filtration. The reaction
solution was then transferred to a new flask, stirred for
an additional 20 min with aliquots being sampled at
different time intervals, and analyzed by gas chroma-
tography (GC). The results confirmed that almost no
further conversion was observed for the synthesis of 2-

Table 2. Zn3(BTC)2-catalyzed synthesis of 2-aryl-1H-benzimidazole in EtOH at room temperature1

Entry R1 R2 Product Time (min) Yield (%)2 M.p. (�C)

1 H H 3a 10 97 288–29130

2 H 4-Cl 3b 15 91 285–28830

3 H 4-NO2 3c 35 93 307–30930

4 H 3-NO2 3d 60 95 209–21131

5 H 4-OMe 3e 15 91 225–22832

6 H 4-Me 3f 10 94 275–27831

7 Me H 3g 20 90 270–27530

8 Me Me 3h 30 90 258–26230

9 Me 4-NO2 3i 20 93 145–14833

10 Me 2-Cl 3j 45 93 263–26833

11 Me 4-Cl 3k 60 92 206–21033

12 Me CHO 3l 60 90 178–18034

13 H OH 3m 60 91 242–24533

14 Me N(Me)2 3n 60 90 232–23534

15 H 2-Cl 3o 40 94 228–23030

1 Reaction conditions: aldehyde (1.2 mmol), o-phenylenediamine (1.0 mmol) in the presence of Zn3(BTC)2 and EtOH (2.0 mL)
at room temperature.

2 Isolated yield.

Fig. 5. Catalyst recycling studies. Reaction condi-
tions: benzaldehyde (1.2 mmol), o-phenylene-
diamine (1.0 mmol), Zn3(BTC)2 (8.0 mg),
and EtOH (2.0 mL) at room temperature.
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(4-hydroxyphenyl)-1,3-benzimidazole. Also, the synthe-
sis of these compounds could only be performed in the
presence of the Zn3(BTC)2 catalyst, and the contribu-
tion of leached active Zn species soluble in the solution,
if any, was insignificant (Figure 6).

In order to show the efficiency of the synthesized
catalyst, the results obtained for the synthesis of the
products were compared with those of previously
reported procedures (Table 3). The present protocol is
found to be similar to some of the previously reported
procedures in terms of product yield, reaction time, and
reaction conditions.

CONCLUSIONS
To summarize, in this study, we have developed a

straightforward synthetic method for the preparation of
2-aryl-1H-benzimidazole from aldehydes and o-
phenylenediamine in the presence of Zn3(BTC)2 in

ethanol. It is noteworthy that all products were
obtained in good to excellent yields. The important fea-
ture of this method is the use of Zn3(BTC)2 as a recy-
clable and porous catalyst. This protocol has several
advantages such as high catalytic activity, simple opera-
tion, high yields, and the use of a minimum amount of
catalyst, simple preparation of the catalyst from com-
mercially available materials; also, the reactions can be
carried out in EtOH as a green solvent instead of the
usually used organic solvents.

EXPERIMENTAL
Synthesis of Zn3(BTC)2

Initially, zinc acetate dihydrate 1.2 g (5.4 mmol)
was dissolved into 25 mL ethanol. It was followed by
the addition of trimesic acid (benzene-1,3,5-tricarboxylic
acid, 0.315 g (1.5 mmol)) in 5 mL of dimethylforma-
mide (DMF) and mixing thoroughly until it was
completely dissolved. It was kept at 100 �C for 12 h in
an oven to yield small crystals. Then the autoclave was
cooled down to room temperature naturally, and the
white crystals were recovered by filtration. The suspen-
sion was washed with a mixture of DMF and ethanol
(10:20) several times and then dried at 100 �C for
45 min.47

Synthesis of 2-aryl-1H-benzimidazole
o-Phenylenediamine (1.0 mmol) and aldehyde

(1.2 mmol) in the presence of Zn3(BTC)2 (8.0 mg) was

Fig. 6. Leaching test.

Table 3. Comparison of activity of various catalysts in the synthesis of 2-aryl-1H-benzimidazole

Entry Catalyst Conditions Time (h) Yield (%)1 Ref.

1 Ceric (IV) ammonium nitrate (50 mol%) CH2Cl2, reflux 15–50 min 65–95 35

2 NaHSO4-SiO2 EtOH, reflux 8 87–95 36

3 p-TsOH (10 mol%) DMF, 80 �C 10–60 min trace-85 37

4 — PhNO2,150 �C 1 83–88 38

5 LaCl3 (10 mol%) CH3CN, r.t. 2–4 85–95 23

6 Yb(OTf )3 (0.5 mol%) Solvent-free, 90 �C 1–6 40–92 39

7 Dowex 50 W (10 mol%) H2O, reflux 4–16 75–93 40

8 T(o-Cl)PPFeIII a (5 mol%) EtOH, r.t. 1–5 90–97 41

9 TiCl3OTf (5 mol%) EtOH, r.t. 50–130 min 70–90 42

10 HBr (10 mol%) CH3Ph, reflux 5 77 43

11 Cu(OAc)2.H2O (7 g) MeOH/H2O, reflux 3 72 44

12 H2O2/SiO2-FeCl3 (0.1 g) Solvent-free, 150 �C 30 min 25 45

13 Er(OTf )3 (10 mol%) H2O, 1–2 �C 2–5 min 81–97 46

14 Zn3(BTC)2 EtOH, r.t. 10–60 min 91–97 This work
1 meso-Tetrakis(o-chlorophenyl)porphyrinato)iron(III) chloride.
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added to a flask containing ethanol (5.0 mL) at room
temperature until the reaction went to completion. thin-
layer chromatography (TLC) was used to monitor the
progress of the reaction. After completion of the reac-
tion, the solvent was evaporated by a rotary evaporator
and the residue was dissolved in ethyl acetate and
washed with water. Then the organic layer and the
aqueous layer were separated. The organic layer was
dried by Na2SO4 and concentrated under a rotary evap-
orator. The crude products were separated by plate
chromatography.

ACKNOWLEDGMENT
Financial support from the Payame Noor Univer-

sity Research Council is gratefully acknowledged.

REFERENCES
1. A. H. Chughtai, N. Ahmad, H. A. Younus, A. Laypkov,

F. Verpoort, Chem. Soc. Rev. 2015, 44, 6804.
2. J. Gascon, A. Corma, F. Kapteijn, F. X. Llabre’s, ACS

Catal. 2014, 4, 361.
3. A. Dhakshinamoorthy, M. Alvaro, A. Corma, H. Garcia,

Dalton Trans. 2011, 40, 6344.
4. P. Deria, J. E. Mondloch, O. Karagiaridi, W. Bury,

J. T. Hupp, O. K. Farha, Chem. Soc. Rev. 2014, 43, 5896.
5. A. Dhakshinamoorthy, A. M. Asiric, H. Garcia, Chem.

Soc. Rev. 2015, 44, 1922.
6. S. Gao, N. Zhao, M. Shu, S. Che, Appl. Catal. A: Gen.

2010, 388, 196.
7. L. T. L. Nguyen, C. V. Nguyen, G. H. Dang,

K. K. A. Le, N. T. S. Phan, J. Mol. Catal. A. Chem.
2011, 349, 28.

8. J. Yang, P. Li, L. Wang, Catal. Commun. 2012, 27, 58.
9. P. Li, S. Regati, R. J. Butcher, H. D. Arman, Z. Chen,

S. Xiang, B. Chen, C.-G. Zhao, Tetrahedron Lett. 2011,
52, 6220.

10. J. Song, Z. Zhang, S. Hu, T. Wu, T. Jiang, B. Han, Green
Chem. 2009, 11, 1031.

11. F. Song, C. Wang, J. M. Falkowski, L. Ma, W. Lin,
J. Am. Chem. Soc. 2010, 132, 15390.

12. A. Dhakshina-moorthy, M. Alvaro, H. Garcia, ACS
Catal. 2011, 1, 48.

13. P. Puthiaraj, P. Suresh, K. Pitchumani, Green Chem.
2014, 16, 2865.

14. P. Song, Y. Li, W. Li, B. He, J. Yang, X. Li, Int.
J. Hydrogen Energy 2011, 36, 10468.

15. M. Savonnet, S. Aguado, U. Ravon, D. Bazer-Bachi,
V. Lecocq, N. Bats, C. Pinel, D. Farrus-seng, Green
Chem. 2009, 11, 1729.

16. I. Luz, F. X. L. I. Xamena, A. Corma, J. Catal. 2010,
276, 134.

17. Z. Zhu, B. Lippa, J. C. Drach, L. B. Townsend, J. Med.
Chem. 2000, 43, 2430.

18. A. W. White, R. Almassy, A. H. Calvert, N. J. Curtin,
R. J. Griffin, Z. Hostommsky, K. Maegley,

D. R. Newell, S. Srinivasan, B. T. Golding, J. Med.

Chem. 2000, 43, 4084.
19. M. R. Grimmett, Imidazole and Benzimidazole Synthesis,

Academic Press, San Diego, 1997.
20. A. Figge, H. J. Altenbach, D. J. Brauer, P. Tielmann,

Tetrahedron: Asymmetry 2002, 13, 137.
21. R. J. Perry, B. D. Wilson, J. Org. Chem. 1993, 58, 7016.
22. D. Vourloumis, M. Takahashi, K. B. Simonsen,

B. K. Ayida, S. Barluenga, G. C. Winters, T. Hermann,
Tetrahedron Lett. 2003, 44, 2807.

23. Y. Venkateswarlu, S. R. Kumar, P. Leelavathi, Org.
Med. Chem. Lett. 2013, 3, 7.

24. K. Bahrami, M. M. Khodaei, F. Naali, J. Org. Chem.
2008, 73, 6835.

25. H. L. Du, A. P. Luo, Synth. Commun. 2010, 40, 2880.
26. S. C. Subramanyam, S. Narayanan, Int. J. Appl. Biol.

Pharm. 2010, 1, 689.
27. K. Pitchumani, K. Kanagaraj, A. Dhakshinamoorthy,

Tetrahedron Lett. 2011, 52, 69.
28. Z. Mao, Z. Wang, J. Li, X. Song, Y. Luo, Synth. Com-

mun. 2010, 40, 1963.
29. O. M. Yaghi, H. Li, T. L. Groy, J. Am. Chem. Soc. 1996,

118, 9096.
30. A. B. Allouma, K. Bougrinb, M. Soufiaoui, Tetrahedron

Lett. 2003, 44, 5935.
31. M. Kalhor, A. Mobinikhaledi, J. Jamshidi, Res. Chem.

Intermed. 2013, 39, 3127.
32. D. T. Nannapaneni, A. V. S. S. S. Gupta, M. I. Reddy,

R. C. Sarva, J. Young Pharm. 2010, 2, 273.
33. D. Patil, Der. Chem. Sin. 2010, 1, 125.
34. S. Sajjadifar, S. A. Mirshokraie, N. Javaherneshan,

O. Louie, Am. J. Org. 2012, 2, 1.
35. R. Kumar, Y. C. Joshi, Eur. J. Chem. 2007, 4, 606.
36. K. R. Kumar, P. V. V. Satyanarayana, B. S. Reddy,

Arch. Appl. Sci. Res. 2012, 4, 1517.
37. H. Xiangming, M. Huiqiang, W. Yulu, ARKIVOC (xiii)

2007, 2007, 150.
38. (a) Y.-S. Xu, C.-C. Zeng, Z.-G. Jiao, L.-M. Hu, R.-

G. Zhong, Molecules 2009, 14, 868. (b) D. Pessoa-

Mahana, C. Espinosa-Bustos, J. Mella-Raipán,

J. Canales-Pacheco, H. Pessoa-Mahana, ARKIVOC (xii)

2009, 2009, 131.
39. L. Wang, J. Sheng, H. Tian, C. Qian, Syn. Commun.

2004, 34, 4265.
40. C. Mukhopadhyaya, A. Datta, R. J. Butcher, B. K. Paul,

N. Guchhait, R. Singha, ARKIVOC (xiii) 2009, 2009, 1.

Sajjadifar et al.Article

6 www.jccs.wiley-vch.de J. Chin. Chem. Soc. 2017© 2017 The Chemical Society Located in Taipei & Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim



41. H. Sharghi, M. H. Beyzavi, M. M. Doroodmand, Eur.
J. Org. Chem. 2008, 2008, 4126.

42. J. Azizian, P. Torabi, J. Noei, Tetrahedron Lett. 2016,
57, 185.

43. E. Moriarty, M. Carr, S. Bonham, M. P. Carty,
F. Aldabbagh, Eur. J. Med. Chem. 2010, 45, 3762.

44. J. R. Kumar, J. Jawahar, D. P. Pathak, Eur. J. Chem.
2006, 3, 278.

45. A. Fazlinia, M. H. Mosslemin, H. Sadoughi, J. Korean
Chem. Soc. 2010, 54, 579.

46. N. H. Cano, J. G. Uranga, M. Nardi, A. Procopio,
D. A. Wunderlin, A. N. Santiago, Beilstein J. Org. Chem.
2016, 12, 2410.

47. O. M. Yaghi, C. E. Davis, G. Li, H. Li, J. Am. Chem.
Soc. 1997, 119, 2861.

JOURNAL OF THE CHINESE
CHEMICAL SOCIETYZn3(BTC)2 as a Highly Efficient Reusable Catalyst

J. Chin. Chem. Soc. 2017 www.jccs.wiley-vch.de 7© 2017 The Chemical Society Located in Taipei & Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


	 Zn3(BTC)2 as a Highly Efficient Reusable Catalyst for the Synthesis of 2-Aryl-1H-Benzimidazole
	INTRODUCTION
	RESULTS AND DISCUSSION
	Characterization of catalyst
	Catalytic study in the synthesis of 2-aryl-1H-benzimidazole
	Recovery and reusability

	CONCLUSIONS
	EXPERIMENTAL
	Synthesis of Zn3(BTC)2
	Synthesis of 2-aryl-1H-benzimidazole

	ACKNOWLEDGMENT
	REFERENCES


