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ABSTRACT  

A facile and highly efficient protocol was applied successfully to synthesize 4H-pyrimido[2,1,b]benzimiazoles and 
4H-pyrimido[2,1,b]benzothiazoles through one-pot three-component cyclocondensation reactions of 2-aminobenzimidazole or 
2-aminobenzothiazole with dimedone and aromatic aldehydes in the presence of guanidinium chloride under solvent-free
conditions. The reactions using guanidinium chloride provided high to excellent yields of the products.  The key advantages of
this process are operational simplicity, inexpensive catalyst, short reaction time, simple workup and non-chromatographic
purification, which make it an attractive route for the synthesis of benzimidazolo/benzothiazolo quinazolinones. Due to these
advantages, several benzimidazolo/benzothiazolo quinazolinones as important pharmaceutical molecules can be prepared in
high yield and high purity.
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1. Introduction

The chemistry benzimidazoquinazolinones is 
interesting because of the diverse range of their 
biological properties, including anticancer [1]  
anti-inflammatory [2] anticonvulsant activities [3]. 
Moreover; benzothiazoquinazolinones represent an 
important structural motif in medicinal chemistry and 
can be found in drugs and natural products [4-8]. In 
recent years, several different strategies for the 
synthesis of 4H- pyrimido [2,1,b] benzimiazoles and 
4H- pyrimido [2,1,b] benzothiazoles have been 
developed by using catalysts such as 1-butyl-3-
methylimidazolium bromide as an ionic liquid [9], I2 
[10], sulfamic acid [11], microwave [12], SBA-Pr-
SO3H [13], tetrabutylammonium hydrogen sulfate 
(TBAHS) [14] kaolin [15] Hydrotalcite [16] aluminum 
trichloride [17] Boric acid [18] N,N'-dichlorobis (2,4,6-
trichlorophenyl) urea [19], anhydrous zinc chloride [20] 
and FeF3 [21]. However, some of the synthetic 
strategies suffer with certain limitations such as 
expensive catalysts, low yields of products, long 
reaction times, tedious procedures for the preparation 
of catalysts and tedious work-up conditions. 
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Recently, guanidinium salts have been successfully 
employed as a novel chiral phase-transfer catalyst in 
the conjugate addition of nitroalkanes with enones [22] 
and synthesis of β-nitroalcoholes [23]. Moreover, these 
organocatalysts provide an environment to the process 
of activating the nucleophile, the electrophile or both 
reagents through weak interactions, such as hydrogen 
bonding or ion pairing or much stronger interactions 
such as covalent bonding. Due to our interest in 
developing multi-component and solvent-free reactions 
[24], we have described a successful strategy for the 
efficient and convenient synthesis of substituted 
4H- pyrimido [2,1,b] benzimiazoles and  
4H- pyrimido [2,1,b] benzothiazoles by condensation 
of 2-aminobenzimidazole or 2-aminobenzothiazole 
with aromatic aldehydes and dimedone in the presence 
of guanidinium chloride under solvent-free condition. 

2. Experimental

2.1. General 

All commercially available chemicals and reagents 
were used without further purification. Melting points 
were determined with an Electrothermal model 9100 
apparatus and are uncorrected. IR spectra were 
recorded on a Shimadzu 4300 spectrophotometer. The 
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1H and 13CNMR spectra were recorded in DMSO-d6 on 
Bruker DRX-300 AVANCE spectrometers. Chemical 
shifts (δ) are reported in ppm and are referenced to the 
NMR solvent. Mass spectra (Electron Impact 70 eV) of 
the products were obtained with a HP (Agilent 
technologies) 5973 Mass Selective Detector. Elemental 
analyses were carried out by a CHN-Rapid Heraeus 
elemental analyzer (Wellesley, MA). 

2.2. General procedure for the synthesis of  
4H- pyrimido [2, 1, b] benzimiazoles 5 and  
4H- pyrimido [2, 1, b] benzothiazoles 6 

To a mixture of 2-aminobenzimidazole or  
2-aminobenzothiazole (1 mmol), dimedone (0.14 g, 1 
mmol) and aromatic aldehyde (1 mmol), guanidinium 
chloride (10 mol %) was added. The mixture was 
heated at 110°C for the appropriate time. The progress 
of the reaction was monitored by thin-layer 
chromatography (TLC). After completion, the reaction 
mixture was cooled to room temperature and EtOH  
(5 mL) was added until solid products precipitated. The 
precipitate was filtered, washed with ethanol, and 
dried. The crude product 5 was stirred for 5 min in 
boiling EtOH and the resulting precipitate was filtered. 
The product 5 thus obtained was found to be pure upon 
TLC examination. The crude product 6 was 
recrystallized from ethanol to get the pure final 
product. 

3. Results and Discussion 

Initially, a model reaction was conducted by taking  
2-aminobenzimidazole (1 mmol), benzaldehyde  
(1 mmol) and 5,5-dimethylcyclohexane-1,3-dione 
(dimedone) (1 mmol) in the presence of 10 mol% of 
guanidinium chloride as organocatalyst at a 

temperature of 80-140°C under solvent-free conditions. 
We were pleased to find that the reaction proceeded 
smoothly and almost complete conversion of reactants 
was observed at 110°C to afford the desired product 
(5a) in 91% yield within 30 min. To optimize the 
amount of the catalyst, the reaction was carried out 
with different amounts of the catalyst (2, 5, 7, 15 and 
20 mol %) under solvent-free condition. It was found 
that 10 mol% gives the best results. After optimizing 
the experimental conditions, to explore the synthetic 
scope and the generality of the present protocol, 
various reactions were performed with a wide variety 
of aromatic aldehydes with 2-aminobenzimidazole and 
dimedone for the syntheses of benzimidazolo- 
quinazolinones. The percentage yields of the products 
(5a-g) are shown in Table 1. It is interesting to note 
that the pure products of all these reactions can be 
obtained just by boiling of the crude materials in 
ethanol by avoiding tedious work-up and column-
chromatographic separation. 
As shown in Table 1, it was clear that a variety of 
aromatic aldehydes with electron-withdrawing or 
electron-donating groups were employed as substrates 
and the reactions afforded the corresponding products 
in high to excellent yields. 
Encouraged by the remarkable results obtained with 
the above reaction conditions, and in order to show the 
generality and scope of this new protocol, we used  
2-aminobenzothiazole, benzaldehyde and dimedone in 
the presence of guanidinium chloride catalyst  
(10 mol %) at 110°C as a model reaction. It was 
observed that the desired product 6a was obtained in 
89% yield within 120 min. Notably, a wide range of 
aromatic aldehydes were well tolerated under the 
reaction conditions (Table 2). 

Table 1. Synthesis of 4H-pyrimido[2, 1, b]benzimiazoles 5 after 30 min. 

 

Entry Aromatic Product Yield (%) 
m.p. (°C) 

Ref. 
Found Reported 

1 C6H5 5a 91 > 300 > 300 [11] 

2 4-MeO C6H4 5b 89 > 300 > 300 [11] 

3 4-Me C6H4 5c 90 > 300 > 300 [25] 

4 4-F C6H4 5d 92 > 300 > 300 [26] 

5 3-NO2 C6H4 5e 91 > 300 > 300 [27] 

6 2-NO2 C6H4 5f 87 >300 - - 

7 3-OH C6H4 5g 88 >300 - - 
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Table 2. Synthesis of 4H-pyrimido[2,1,b]benzothiazoles 6 after 120 min. 

 

Entry Aromatic Product Yield (%) 
m.p.( °C) 

Ref. 
Found Reported 

1 C6H5 6a 89 223-225 205-206 [21] 

2 4-Me C6H4 6b 88 209-211 202-204 [21] 

3 3-NO2 C6H4 6c 90 240-241 - - 

4 3-OH C6H4 6d 89 292-294 - - 

5 4-Cl C6H4 6e 92 202-203 - - 

6 4-F C6H4 6f 91 178-180 - - 

All of the pure products can be obtained just by 
recrystallization of the crude materials from ethanol by 
avoiding tedious work-up and column-
chromatographic separation. Also, it was clear that a 
variety of aromatic aldehydes with electron-
withdrawing or electron-donating groups were 
employed as substrates and the reactions afforded the 
corresponding products. 
In order to demonstrate the merits of the present 
method in comparison with other reported methods in 
the synthesis of 4H- pyrimido [2, 1, b] benzimiazoles 
and 4H- pyrimido [2, 1, b] benzothiazoles with 
benzaldehyde, we have tabulated some of results in 
Table 3. The results show the promising features of 
this method in terms of inexpensive catalyst and the 
yield of the product with those reported in the 
literature. Additionally, the present catalyst seems to be 
more beneficial from the economical and accessibility 
point of view (entries 3, 7). 

All new products were well characterized by 1H NMR, 
13C NMR, FTIR, mass spectra, elemental analyses and 
the melting point and the known products were 
characterized by 1H NMR, FTIR and the melting point.  
To the best of our knowledge, synthesis of compounds 
5f-g and 6c-f has not previously been reported in the 
literature. A possible mechanism for the 4H- pyrimido 
[2, 1, b] benzimidazoles formation is outlined in 
(Scheme 1). Concerning the reaction mechanism,  
we suggest that initially, guanidinium chloride 
protonates the carbonyl group of aldehyde, which then 
condenses with dimedone to produce the adduct 7. 
Michael addition reaction of nitrogen number 3 in  
2-aminobenzimidazole 3 to adduct product 7  
creates intermediate 8. The reaction of amino  
group with carbonyl group of 8 and then elimination  
of water in the presence of guanidinium  
chloride produces the desired products 5 in excellent 
yield. 

Table 3. Studying efficiency of the presence method over some reported catalysts. 

Entry Catalyst Conditions Product Time (min) Yield (%) Ref. 

1 I2 CH3CN / reflux 5a 10 84.6 [10] 

2 SBA-Pr-SO3H Solvent-free/ heat 5a 10 90 [13] 

3 Guanidinium chloride Solvent-free/ 110°C 5a 30 91 Present work 

4 FeF3 (10 mol%) Solvent-free/ 100°C 6a 30 97 [21] 

5 Hydrotalcite Solvent-free/ 70°C 6a 60 65 [16] 

7 Guanidinium chloride Solvent-free/ 110°C 6a 120 89 Present work 
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Scheme 1. Plausible mechanism for the formation of 4H-pyrimido[2,1-b]benzimidazole 5. 

4. Conclusions 

In conclusion, the present method employing 
guanidinium chloride is an efficient, one-pot procedure 
for the preparation of 4H-pyrimido [2,1,b] 
benzimiazoles and 4H-pyrimido[2,1,b]benzothiazoles 
in neat conditions. It is suggested that guanidinium 
chloride as a polyfunctional organocatalyst (Bronsted 
acid and donating hydrogen bonding) shows a high 
catalytic activity. The current strategy offers several 
advantages such as high to excellent yields and non-
chromatographic purification, low amount of catalyst, 
safe, cheap and environmentally benign and an easy 
experimental workup procedure. 

Acknowledgment 

The authors thank the Research Council of Payame 
Noor University for financial support. 

References 

[1] Y. Xia, Z.Y. Yang, M.J. Hour, S.C. Kuo, P. Xia, K.F. 
Bastow, Y. Nakanishi, P. Nampoothiri, T. Hackl, E. 
Hamel, K.H. Lee, Bioorg. Med. Chem. Lett. 11 (2001) 
1193-1196. 

[2] K.I. Ozaki, Y. Yamada, T. Oine, T. Ishizuka, Y. 
Iwasawa, J. Med. Chem. 28 (1985) 568-576.  

[3] J.G. Buchanan, HZ Sable, Selective Organic 
Transformations, B.S. Thyagarajan, Ed., Wiley- 
Interscience, New York 2 (1972) 1-95. 

[4] (a) L. Racane, V. Tralic-Kulenovic, S.K. Pavelic, I. 
Ratkaj, P. Peixoto, R. Nhili, S. Depauw, M.P. Hildebrand, 
M.H. David-Cordonnier, K.G. Pavelic, Karminski-
Zamola, J. Med. Chem. 53 (2010) 2418-2432; (b) Q. 
Chao, K.G. Sprankle, R.M. Grotzfeld, A.G. Lai, T.A. 

Carter, A.M. Velasco, R.N. Gunawardane, M.D. Cramer, 
M.F. Gardner, J. James, P.P. Zarrinkar, H.K. Patel, S.S. 
Bhagwat, J. Med. Chem. 52 (2009) 7808-7816. 

[5] (a) J.J. Wade, C.B. Toso, C.J. Matson, V.L. Stelzer, J. 
Med. Chem. 26 (1983) 608-611; (b) J.P. Yevich, D.L. Jr. 
Temple, R.R. Covington, D.A. Owens, R.J. Seidehamel, 
K.W. Dungan, J. Med. Chem. 25 (1982) 864-868. 

[6] (a) V.N. Bhosale, S.P. Vartale, V.K. Deshmukh, S.V. 
Kuberkar, J. Chem. Pharm. Res. 2 (2010) 51-58; (b) P.K. 
Sharma, M. Kumar, V. Mohan, Res. Chem. Intermed. 36 
(2010) 985-993; (c) H.P. Singh, C.S. Sharma, C.P. 
Gautam, Middle-East J. Sci. Res. 4 (2009) 203-210. 

[7] H.S. Hilal, M.S. Ali-Shtayeh, R. Arafat, T. Al-Tel, W. 
Voelter, A. Barakat, Eur. J. Med. Chem. 41 (2006) 1017-
1024. 

[8] (a) G. Trapani, A. Carotti, M. Franco, A. Latrofa, G. 
Genchi, G. Liso, Eur. J. Med. Chem. 28 (1993) 13-21; 
(b) G. Trapani, M. Franco, A. Latrofa, G. Genchi, G. 
Liso, Eur. J. Med. Chem. 27 (1992) 39-44. 

[9] A. Shaabani, E. Farhangi, S. Shaabani, Iran. J. Chem. 
Chem. Eng. 32 (2013) 3-10. 

[10] R.G. Puligoundla, S. Karnakanti, R. Bantu, N. 
Kommub, S.B. Kondra, L. Nagarapu, Tetrahedron Lett. 
54 (2013) 2480-2483. 

[11] M.M. Heravi, F. Derikvand, L. Ranjbar, Synth. 
Commun. 40 (2010) 677-685. 

[12] A-F.E. Mourad, A.A. Aly, H.H. Farag, E.A. Beshr, 
Beilstein J. Org. Chem. 3 (2007) 1-5. 

[13] G. Mohammadi Ziarani, A. Badiei, Z. Aslani, N. 
Lashgari, Arabian J. Chem. 8 (2015) 54-61. 

[14] N. Lingaiah, H.K. Gaikwad, J.D. Palem, V. Ramineni, 
B. Rajashaker, B. Sridhar, Synth. Commun. 43 (2013) 
93-104. 

[15] P.K. Sahu, P.K. Sahu, D.D. Agarwal, RSC Adv. 3 
(2013) 9854-9864.  

342



R. Talaei and A. Olyaei / Iranian Journal of Catalysis 6(4), 2016, 339-343

[16] P.K. Sahu, P.K. Sahu, R. Jain, R. Yadav, D.D. Agarwal,
Catal. Sci. Technol. 2 (2012) 2465-2475.

[17] P.K. Sahu, P.K. Sahu, J. Lal, D. Thavaselvam, D.D.
Agarwal, Med. Chem. Res. 21 (2012) 3826-3834.

[18] H.M. Meshram, A.S. Kumar, G.S. Kumar, A. Swetha,
B.C. Reddy, P. Ramesh, Pharma Chem. 4 (2012) 956-
960.

[19] G.B. Dharma Rao, B.N. Acharya, S.K. Verma, M.P.
Kaushik, Tetrahedron Lett. 52 (2011) 809-812.

[20] S.A. Dake, S.U. Tekale, S.R. Sarda, W.N. Jadhav, S.R.
Bhusare, R.P. Pawar, Arkivoc 17 (2008) 241-247.

[21] A.B.Y. Atar, S. Jeong, Y.T. Jeong, Tetrahedron 70
(2014) 5207-5213.

[22] (a) A.P. Davis, K.J. Dempsey, Tetrahedron: Asymmetry
6 (1995) 2829-2840; (b) M.T. Allingham, A. Howard-
Jones, P.J. Murphy, D.A. Thomas, P.W.R. Caulkett,
Tetrahedron Lett. 44 (2003) 8677-8680.

[23] A. Alizadeh, M.M. Khodaei, G. Abdi, S. Ghouzivand,
M. Fakhari, M. Beygzadeh, A.H. Fallah, Iran. J. Catal. 5
(2015) 261-268.

[24] (a) M. Sadeghpour, A. Olyaei, J. Lotfiyan, F. Rajabi,
Synth. Commun. 45 (2015) 1311-1320; (b) A. Olyaei, M.
Ghodrat Alidoust, Synth. Commun. 45 (2015) 94-104;
(c) A. Olyaei, M. Karbalaei Karimi, R. Razeghi,
Tetrahedron Lett. 54 (2013) 5730-5733; (d) A. Olyaei,
M. Vaziri, R. Razeghi, Tetrahedron Lett. 54 (2013)
1963-1966.

[25] M.M. Heravi, L. Ranjbar, F. Derikvand, B. Alimadadi,
H.A. Oskooie, F.F. Bamoharram, Mol. Divers. 12 (2008)
181-185.

[26] G. Krishnamurithy, K.V. Jagannath, J. Chem. Sci. 125
(2013) 807-811.

[27] A. Shaabani, E. Farhangi, A. Rahmati, Comb. Chem.
High Throughput Screening 9 (2006) 771-776.

343




