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Abstract – Efficient synthesis of benzimidazoles, benzoxazoles and 

benzothiazole from the reaction of 2-amino-4,5-dihydro-3-furancarbonitrile with 

o-substituted anilines in the catalysis of trimethylamine hydrochloride was

achieved. The structures of the obtained products were established by 

spectroscopic data. 

Heterocyclic compounds such as benzimidazole, benzoxazole, and benzothiazole are useful structures that 

provide many biological effects such as anti-microbial,1 anti-viral,2 anti-inflammatory,3 

anti-hypertensive,4 anti-cancer,5 antioxidant,6 and anti-diabetic7 effects. Therefore, efficient synthetic 

methods for these heterocyclic compounds are needed. In the synthetic methods reported so far, 

aldehydes,8 orthoesters,9 acyl chlorides,10 carboxylic acids,11 amides,12 carbon dioxide,13 and alkenes14 are 

often used as carbon sources for reaction with o-substituted anilines. The cyclic compounds 

3-aminorodanine15 and D-glucose16 are also sometimes used as carbon sources. In this study, we

investigated an efficient method for the synthesis of benzimidazoles, benzoxazoles, and benzothiazole by 

using the cyclic compound 2-amino-4,5-dihydro-3-furancarbonitrile (1),17 which has been studied in our 

laboratory for many years, as a carbon source and reacting it with o-substituted anilines. 

The reaction of 2-amino-4,5-dihydro-3-furancarbonitrile (1) and 1,2-phenylenediamine as o-substituted 

anilines was investigated. The reaction was carried out using triethylamine, triethylamine hydrochloride, 

trimethylamine hydrochloride, ammonium chloride,18 ammonium acetate,19 acetic acid,20 and 

hydrochloric acid21 as catalysts, and various solvents such as THF, ethanol, 1,4-dioxane and DMSO. As a 

result, refluxing compound 1 and 1,2-phenylenediamine in 1,4-dioxane for 3 hours with trimethylamine 

hydrochloride catalyst afforded benzimidazole 2a in a good yield of 77%. In this reaction, the β carbon of 
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the enamine moiety of 1 is protonated by a catalyst to produce an iminium ion. 1,2-Phenylenediamine is 

added to the iminium ion, and ammonia is eliminated. After that, the intramolecular nucleophilic addition 

of the intermediate forms an imidazole ring and cleaves the furan ring to give 2a. The IR spectrum of 2a 

displays bands at 3289 cm-1 due to an amino group and a hydroxy group and at 2259 cm-1 due to a 

non-conjugated cyano group. The 1H NMR spectrum of 2a shows a signal of  2.16-2.23 due to 

methylene proton at the 2-postion of -hydroxyethyl, a signal of  3.50-3.58 due to methylene proton at 

the 3-postion of -hydroxyethyl, a signal at  4.56-4.58 due to methine proton at the -position 

of -hydroxyethyl. The 13C NMR spectrum of 2a exhibits signals at  28.8,  35.5 and  58.1 

corresponding to C-, C-2 and C-1 of -hydroxyethyl carbons, respectively.  

 

Table 1. Optimization of the reaction conditions 

 

Entry Catalysis (0.1 equiv.) Solvent Temp  Time 2a (Yield /%)a 

1 Et3N THF reflux 3 h - 

2 Et3NHCl THF reflux 3 h 70 

3 Me3NHCl THF reflux 3 h 72 

4 NH4Cl THF reflux 3 h 71 

5 AcONH4 THF reflux 3 h 66 

6 AcOH THF reflux 3 h 67 

7 HCl aq. THF reflux 3 h 63 

8 Me3NHCl EtOH reflux 3 h 59 

9 Me3NHCl 1,4-dioxane reflux 3 h 77 

10 Me3NHCl DMSO 100 C 3 h 44 

a Isolated yields. 
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In addition, the reactions of 1 and o-substituted anilines, including 4,5-dichloro-1,2-phenylenediamine, 

4,5-dibromo-1,2-phenylenediamine, 4,5-dimethy-1,2-phenylenediamine and 1,2-naphthalenediamine,  

gave the corresponding benzimidazole derivatives 2b-e in yields of 73-81%.  

Furthermore, reactions using 2-aminophenol, 2-aminonaphthol, and 2-aminobenzenethiol as o-substituted 

anilines similarly gave benzoxazole 2f, naphthoxazole 2g, and benzothiazole 2h in 87%, 80% and 77% 

yields, respectively. 

 

Table 2. Synthesis of benzimidazoles, benzoxazoles and benzothiazole  

 

 

 

 
a Isolated yields. 

 

In conclusion, we have developed a method for the synthesis of benzimidazoles, benzoxazoles and 

benzothiazole using 2-amino-4,5-dihydro-3-furancarbonitrile (1) and o-substituted anilines in the 

catalysis of trimethylamine hydrochloride. It was clarified that this method enables easy synthesis of 

benzimidazole, benzoxazoles and benzothiazole by using a catalytic amount of trimethylamine 

hydrochloride. Benzimidazoles, benzoxazoles and benzothiazole can be used as bioactive substances as 

important synthetic intermediates.  
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EXPERIMENTAL 

All melting points are uncorrected. IR spectra were recorded on a Thermo Fisher Scientific Nicolet IS5 

FT-IR spectrometer equipped with an iD7 diamond ATR accessory. 1H and 13C NMR spectra were 

measured with a JEOL JNM-ECZ600R spectrometer at 600.17 and 150.91 MHz, respectively. 1H and 13C 

chemical shifts () are reported in parts per million (ppm) relative to TMS as an internal standard. 

Positive FAB MS spectra were obtained on a JEOL JMS-700T spectrometer. Elemental analyses were 

performed on a YANACO MT-6 CHN analyzer. The starting compound 1 was prepared in our laboratory 

according to the procedure reported in the literature.17 

General procedure for the preparation of benzimidazoles 2a-e, benzoxazoles 2f,g and benzothiazole 

2h from 1 and o-substituted anilines. A solution of 1 (0.55 g, 5 mmol), 1,2-phenylenediamine (0.54 g, 5 

mmol), 4,5-dichloro-1,2-phenylenediamine (0.89 g, 5 mmol), 4,5-dibromo-1,2-phenylenediamine (1.33 g, 

5 mmol), 4,5-dimethyl-1,2-phenylenediamine (0.68 g, 5 mmol), 1,2-diaminonaphthalene (0.79 g, 5 mmol), 

2-aminophenol (0.55 g, 5 mmol), 3-amino-2-naphthol (0.80 g, 5 mmol) and/or 2-aminobenzenethiol (0.63 

g, 5 mmol) in the presence of catalysis of trimethylamine hydrochloride (0.05 g, 0.5 mmol) in 

1,4-dioxane (5 mL) was refluxed for 3 h. After removal of the solvent under reduced pressure, water 

(saline in the case of 2a,f) was added to the residue. The obtained solid was isolated by filtration, washed 

with water (saline in the case of 2a,f), dried, and recrystallized from an appropriate solvent to give 2a-h.  

-(2-Hydroxyethyl)-1H-benzimidazole-2-acetonitrile (2a): pale yellow prisms; (0.77 g, 77%), mp 

146-147 °C (acetone); IR (ATR): ν 3289 (NH, OH), 2259 (CN) cm-1; 1H NMR (DMSO-d6): δ 2.16-2.23 

(m, 2H, -hydroxyethyl 2-H), 3.50-3.58 (m, 2H, -hydroxyethyl 1-H), 4.56-4.58 (m, 1H, -H), 5.01 (br s, 

1H, OH), 7.15-7.18 (m, 2H, aryl H), 7.52-7.53 (m, 2H, aryl H), 12.5 (br s, 1H, NH); 13C NMR 

(DMSO-d6): δ 28.8 (C-), 35.2 (-hydroxyethyl C-2), 58.1 (-hydroxyethyl C-1), 115.1, 115.9 (C aryl), 

119.4 (CN), 122.7, 137.9, 139.2 (C aryl), 149.0 (C-2); MS: m/z 202 [M+H]+. Anal. Calcd for C11H11N3O: 

C, 65.66; H, 5.51; N, 20.88. Found: C, 65.57; H, 5.59; N, 20.84. 

5,6-Dichloro--(2-hydroxyethyl)-1H-benzimidazole-2-acetonitrile (2b): colorless prisms; (1.03 g, 

76%), mp 190-192 °C (acetone); IR (ATR): ν 3111 (NH, OH), 2253 (CN) cm-1; 1H NMR (DMSO-d6): δ 

2.13-2.22 (m, 2H, -hydroxyethyl 2-H), 3.50-3.60 (m, 2H, -hydroxyethyl 1-H), 4.61-4.64 (m, 1H, -H), 

4.90 (br s, 1H, OH), 7.82 (s, 2H, aryl H), 13.0 (br s, 1H, NH); 13C NMR (DMSO-d6): δ 28.9 (C-), 35.0 

(-hydroxyethyl C-2), 58.0 (-hydroxyethyl C-1), 116.1, 118.1 (C aryl), 119.0 (CN), 125.2, 138.7 (C 

aryl), 152.0 (C-2); MS: m/z 271 [M+H]+. Anal. Calcd for C11H9N3OCl2: C, 48.91; H, 3.36; N, 15.56. 

Found: C, 48.86; H, 3.31; N, 15.54. 

5,6-Dibromo--(2-hydroxyethyl)-1H-benzimidazole-2-acetonitrile (2c): colorless needles; (1.30 g, 

73%), mp 203-204 °C (acetone); IR (ATR): ν 3109 (NH, OH), 2253 (CN) cm-1; 1H NMR (DMSO-d6): δ 
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2.14-2.20 (m, 2H, -hydroxyethyl 2-H), 3.50-3.53 (m, 2H, -hydroxyethyl 1-H), 4.60-4.62 (m, 1H, -H), 

5.06 (br s, 1H, OH), 7.96 (s, 2H, aryl H), 12.8 (brs, 1H, NH); 13C NMR (DMSO-d6): δ 28.9 (C-), 35.1 

(C-3), 58.0 (-hydroxyethyl C-1), 116.9 (C aryl), 119.0 (CN), 120.4, 120.6, 139.8 (C aryl), 152.0 (C-2’); 

MS: m/z 360 [M+H]+. Anal. Calcd for C11H9N3OBr2: C, 36.80; H, 2.53; N, 11.70. Found: C, 36.77; H, 

2.48; N, 11.73. 

-(2-Hydroxyethyl)-5,6-dimethyl-1H-benzimidazole-2-acetonitrile (2d): colorless prisms; (0.91 g, 

80%), mp 194-195 °C (acetone); IR (ATR): ν 3128 (NH, OH), 2249 (CN) cm-1; 1H NMR (DMSO-d6): δ 

2.12-2.22 (m, 2H, -hydroxyethyl 2-H), 2.25 (s, 6H, 2CH3), 3.49-3.57 (m, 2H, -hydroxyethyl 1-H), 

4.50-4.53 (m, 1H, -H), 4.88 (br s, 1H, OH), 7.28 (br s, 2H, aryl H), 12.4 (br s, 1H, NH); 13C NMR 

(DMSO-d6): δ 20.4 (CH3), 28.7 (C-), 35.2 (-hydroxyethyl C-2), 58.1 (-hydroxyethyl C-1), 112.7, 

118.7 (C aryl), 119.5 (CN), 131.1, 131.2, 141.4 (C aryl), 147.9 (C-2); MS: m/z 230 [M+H]+. Anal. Calcd 

for C13H15N3O: C, 68.10; H, 6.59; N, 18.33. Found: C, 68.11; H, 6.66; N, 18.39. 

-(2-Hydroxyethyl)-1H-naphth[2,3-d]imidazole-2-acetonitrile (2e): pale yellow prisms; (1.02 g, 81%), 

mp 194-195 °C (acetone); IR (ATR): ν 3126 (NH, OH), 2251 (CN) cm-1; 1H NMR (DMSO-d6): δ 

2.22-2.32 (m, 2H, -hydroxyethyl 2-H), 3.56-3.63 (m, 2H, -hydroxyethyl 1-H), 4.68-4.71 (m, 1H, -H), 

4.93 (br s, 1H, OH), 7.34-7.35 (m, 2H, aryl H), 7.96-7.98 (m, 3H, aryl H), 8.06 (br s, 1H, aryl H), 12.7 (br 

s, 1H, NH); 13C NMR (DMSO-d6): δ 29.3 (C-), 35.0 (-hydroxyethyl C-2), 58.1 (-hydroxyethyl C-1), 

107.6, 116.0 (C aryl), 119.2 (CN), 124.3, 128.5, 130.4, 135.7, 143.9 (C aryl), 153.7 (C-2); MS: m/z 252 

[M+H]+. Anal. Calcd for C15H13N3O: C, 71.70; H, 5.21; N, 16.72. Found: C, 71.70; H, 5.18; N, 16.58. 

-(2-Hydroxyethyl)-2-benzoxazoleacetonitrile (2f): colorless prisms; (0.88 g, 87%), dec. 57-58 °C 

(Et2O); IR (ATR): ν 3385 (OH), 2256 (CN) cm-1; 1H NMR (DMSO-d6): δ 2.18-2.29 (m, 2H, 

-hydroxyethyl 2-H), 3.56-3.63 (m, 2H, -hydroxyethyl 1-H), 4.86 (t, J = 5.1 Hz, 1H, OH), 4.89 (dd, J = 

6.0, 8.4 Hz, 1H, -H), 7.36-7.42 (m, 2H, aryl H), 7.72-7.75 (m, 2H, aryl H); 13C NMR (DMSO-d6): δ 

29.1 (C-), 34.1 (-hydroxyethyl C-2), 57.9 (-hydroxyethyl C-1), 111.6 (C aryl), 117.8 (CN), 120.4, 

125.5, 126.3, 140.8, 151.0 (C aryl), 161.1 (C-2); MS: m/z 203 [M+H]+. Anal. Calcd for C11H10N2O2: C, 

65.34; H, 4.98; N, 13.85. Found: C, 65.31; H, 4.95; N, 13.83. 

-(2-Hydroxyethyl)-naphth[2,3-d]oxazole-2-acetonitrile (2g): colorless needles; (1.01 g, 80%), dec. 

131-132 °C (Et2O); IR (ATR): ν 3483 (OH), 2250 (CN) cm-1; 1H NMR (DMSO-d6): δ 2.23-2.36 (m, 2H, 

-hydroxyethyl 2-H), 3.60-3.68 (m, 2H, -hydroxyethyl 1-H), 4.89 (t, J = 4.8 Hz, 1H, OH), 4.97 (dd, J = 

5.4, 8.4 Hz, 1H, -H), 7.48-7.53 (m, 2H, aryl H), 8.02-8.07 (m, 2H, aryl H), 8.21 (s, 1H, aryl H), 8.29 (s, 

1H, aryl H); 13C NMR (DMSO-d6): δ 29.4 (C-), 34.0 (-hydroxyethyl C-2), 58.0 (-hydroxyethyl C-1), 

107.3 (C aryl), 117.7 (CN), 117.9, 125.5, 126.4, 128.5, 129.0, 131.5, 131.8, 140.7, 149.7 (C aryl), 163.6 
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(C-2); MS: m/z 253 [M+H]+. Anal. Calcd for C15H12N2O2: C, 71.42; H, 4.79; N, 11.10. Found: C, 71.29; 

H, 4.79; N, 10.97. 

-(2-Hydroxyethyl)-2-benzothiazoleacetonitrile (2h): pale yellow columns; (0.84 g, 77%), dec. 

84-85 °C (Et2O); IR (ATR): ν 3288 (OH), 2258 (CN) cm-1; 1H NMR (DMSO-d6): δ 2.20-2.25 (m, 2H, 

-hydroxyethyl 2-H), 3.57-3.58 (m, 2H, -hydroxyethyl 1-H), 4.87-4.89 (m, 1H, OH), 4.95-4.98 (m, 1H, 

-H), 7.46-7.47 (m, 1H, aryl H), 7.51-7.53 (m, 1H, aryl H), 8.01 (d, J = 7.5 Hz, aryl H), 8.11 (d, J = 7.5 

Hz, 1H, aryl H); 13C NMR (DMSO-d6): δ 32.9 (C-), 36.7 (-hydroxyethyl C-2), 58.0 (-hydroxyethyl 

C-1), 119.3 (CN), 123.0, 123.4, 126.3, 127.2, 135.3, 152.7 (C aryl), 165.7 (C-2); MS: m/z 219 [M+H]+. 

Anal. Calcd for C11H10N2OS: C, 60.53; H, 4.62; N, 12.83. Found: C, 60.51; H, 4.65; N, 12.77. 

ACKNOWLEDGEMENTS 

The authors thank Hiroshi Hanazono for obtaining MS spectra and Junko Honda for her valuable help 

with elemental analyses. 

REFERENCES 

1. (a) G. A. Holloway, J. B. Baell, A. H. Fairlamb, P. M. Novello, J. P. Parisot, J. Richardson, K. G. 

Watsona, and I. P. Street, Bioorg. Med. Chem. Lett., 2007, 17, 1422; (b) H. H. Fahmy, A. El-masry, 

and S. H. A. Abdelwahed, Arch. Pharm. Res., 2001, 24, 27; (c) Z. M. Nofal, H. H. Fahmy, and H. S. 

Mohamed, Arch. Pharm. Res., 2002, 25, 250; (d) Z. M. Nofal, H. H. Fahmy, and H. S. Mohamed, 

Arch. Pharm. Res., 2002, 25, 28; (e) I. Oren, O. Temiz, I. Yalcin, E. Sener, and N. Altanlar, Eur. J. 

Pharm. Sci., 1998, 7, 153; (f) H. Goker, S. Ozden, S. Yildiz, and D. W. Boykin, Eur. J. Med. Chem., 

2005, 40, 1062. 

2. (a) G. Vitale, P. Corona, M. Loriga, A. Carta, G. Pagliettia, P. L. Collab, B. Busonera, E. Marongiu, 

D. Collu, and R. Loddo, Med. Chem., 2009, 5, 507; (b) M. L. Barreca, A. Rao, L. D. Luca, N. Iraci, 

A. M. Monforte, G. Maga, E. D. Clercq, C. P. Annecouque, J. Balzarinic, and A. Chimirri, Bioorg. 

Med. Chem. Lett., 2007, 17, 1956; (c) K. L. Yu, Y. Zhang, R. L. Civiello, K. F. Kadow, C. Cianci, M. 

Krystal, and N. A. Meanwell, Bioorg. Med. Chem. Lett., 2003, 13, 2141; (d) X. A. Wang, C. W. 

Cianci, K. L. Yu, K. D. Combrink, J. W. Thuring, Y. Zhang, R. L. Civiello, K. F. Kadow, J. Roach, 

Z. Li, D. R. Langley, M. Krystal, and N. A. Meanwell, Bioorg. Med. Chem. Lett., 2007, 17, 4592; (e) 

Y. F. Li, G. F. Wang, Y. Luo, W. G. Huang, W. Tang, C. L. Feng, L. P. Shi, Y. D. Ren, J. P. Zuo, 

and W. Lu, Eur. J. Med. Chem., 2007, 42, 1358; (f) Y. Zhao, Y. Liu, D. Chen, Z. Wei, W. Liu, and P. 

Gong, Bioorg. Med. Chem. Lett., 2010, 20, 7230. 

3. (a) M. Sabat, J. C. VanRens, M. J. Laufersweiler, T. A. Brugel, J. Maier, A. Golebiowski, B. De, V. 

Easwaran, L. C. Hsieh, R. L. Walter, M. J. Mekel, A. Evdokimov, and J. M. Janusz, Bioorg. Med. 

2212 HETEROCYCLES, Vol. 102, No. 11, 2021



 

Chem. Lett., 2006, 16, 5973; (b) P. Bamborough, J. A. Christopher, G. J. Cutler, M. C. Dickson, G. 

W. Mellor, J. V. Morey, C. B. Patel, and L. M. Shewchuk, Bioorg. Med. Chem. Lett., 2006, 16, 

6236; (c) J. J. Chen, K. D. Thakur, M. P. Clark, S. Laughlin, K. M. George, R. G. Bookland, J. R. 

Davis, E. J. Cabrera, V. Easwaran, B. De, and Y. G. Zhang, Bioorg. Med. Chem. Lett., 2006, 16, 

5633; (d) K. C. S. Achar, K. M. Hosamani, and H. R. Seetharamareddy, Eur. J. Med. Chem., 2010, 

45, 2048. 

4. (a) A. P. Thomas, C. P. Allott, K. H. Gibson, J. S. Major, B. B. Masek, A. A. Oldham, A. H. 

Ratcliffe, D. A. Roberts, S. T. Russell, and D. A. Thomason, J. Med. Chem., 1992, 35, 877; (b) A. D. 

Palkowitz, M. I. Steinberg, K. M. Zimmerman, K. J. Thrasher, K. L. Hauser, and D. B. Boyd, Bioorg. 

Med. Chem. Lett., 1995, 5, 1015; (c) J. Y. Xu, Q. Ran, W. Y. Hua, X. M. Wu, Q. J. Wang, and J. 

Zhang, J. Chinese Chem. Lett., 2007, 18, 251; (d) W. Wienen, N. Hauel, J. C. A. Van Meel, B. Narr, 

U. J. Ries, and M. Br. Entzeroth, J. Pharmacol., 1993, 110, 245; (e) L. M. Yagupolskii and D. V. 

Fedyuk, Tetrahedron Lett., 2000, 41, 2265; (f) D. Dorsch, W. W. K. R. Mederski, N. Beier, I. Lues, 

K. O. Minck, and P. Schelling, Bioorg. Med. Chem. Lett., 1994, 4, 1297; (g) M. C. Sharma, D. V. 

Kohli, and S. Sharma, Int. J. Chem. Tech. Res., 2010, 2, 1618; (h) M. C. Sharma, D. V. Kohli, and S. 

Sharma, Int. J. Drug Deliv., 2010, 2, 265. 

5. (a) M. A. Omar, Y. M. Shaker, S. A. Galal, M. M. Ali, S. M. Kerwin, J. Li, and H. I. El Diwani, 

Bioorg. Med. Chem., 2012, 20, 6989; (b) T. Liu, C. Sun, X. Xing, L. Jing, R. Tan, Y. Luo, and Y. 

Zhao, Bioorg. Med. Chem. Lett., 2012, 22, 3122; (c) Y. K. Yoon, M. A. Ali, A. C. Wei, T. S. Choon, 

H. Osman, K. Parang, and A. N. Shirazi, Bioorg. Chem. Med., 2014, 22, 703; (d) H. B. El-Nassan, 

Eur. J. Med. Chem., 2012, 53, 22; (e) M. Singh and V. Tandon, Eur. J. Med. Chem., 2011, 46, 659. 

6. (a) M. A. Azam, B. R. P. Kumar, R. Mazumdar, and B. Suresh, Dhaka Univ. J. Pharm. Sci., 2009, 8, 

131; (b) T. Kalai, M. Balog, A. Szabo, G. Gulyas, J. Jeko, B. Sumegi, and K. Hideg, J. Med. Chem., 

2009, 52, 1619. 

7. (a) M. Ishikawa, K. Nonoshita, Y. Ogino, Y. Nagae, D. Tsukahara, H. Hosaka, H. Hosaka, H. 

Maruki, S. Ohyama, R. Yoshimoto, K. Sasaki, Y. Nagata, and T. Nishimura, Bioorg. Med. Chem. 

Lett., 2009, 19, 4450; (b) H. J. Kwak, Y. M. Pyun, J. Y. Kim, H. S. Pagire, K. Y. Kim, K. R. Kim, S. 

D. Rhee, W. H. Jung, J. S. Song, M. A. Bae, D. H. Lee, and J. H. Ahn, Bioorg. Med. Chem. Lett., 

2013, 23, 4713. 

8. (a) F. Ke, P. Zhang, C. Lin, X. Lin, J. Xua, and X. Zhou, Org. Biomol. Chem., 2018, 16, 8090; (b) T. 

H. EL-Sayed, A. Aboelnaga, and M. Hagar, Molecules, 2016, 21, 1111. 

9. (a) D. Villemin, M. Hammadi, and B. Martin, Synth. Commun., 1996, 26, 2895; (b) M. Doise, F. 

Dennin, D. Blondeau, and H. Sliwa, Tetrahedron Lett., 1990, 31, 1155; (c) G. L. Jenkins, A. M. 

Knevel, and C. S. Davis, J. Org. Chem., 1961, 26, 274. 

HETEROCYCLES, Vol. 102, No. 11, 2021 2213



 

10. R. N. Nadaf, S. A. Siddiqui, T. Daniel, R. J. Lahoti, and K.V. Srinivasan, J. Mol. Catal. A: Chem., 

2004, 214, 155. 

11. (a) M. B. Maradolla, S. K. Allam, A. Mandha, and G. V. P. Chandramouli, ARKIVOC, 2008, xv, 42; 

(b) S. Sharma, D. Bhattacherjeea, and P. Das, Org. Biomol. Chem., 2018, 16, 1337; (c) H. Alinezhad, 

F. Salehian, and P. Biparva, Synth. Commun., 2012, 42, 102. 

12. (a) J. Zhu, Z. Zhang, C. Miao, W. Liu, and W. Sun, Tetrahedron, 2017, 73, 3458; (b) Z. Gan, Q. 

Tian, S. Shang, W. Luo, Z. Dai, H. Wang, D. Li, X. Wang, and J. Yuan, Tetrahedron, 2018, 74, 

7450. 

13. Z. Zhang, Q. Sun, C. Xia, and W. Sun, Org. Lett., 2016, 18, 6316. 

14. (a) E. R. Marinho and F. P. Proença, ARKIVOC, 2009, xiv, 346; (b) A. Shaikh, O. Ravi, S. P. Ragini, 

N. Sadhana, and S. R. Bathula, Tetrahedron, Lett., 2020, 61, 151356. 

15. A. El Kihel, H. Ait Sir, S. Jebbari, M. Ahbala, S. Guesmi, and P. Bauchat, Orient. J. Chem., 2016, 

32, 1765. 

16. D. Raja, A. Philips, P. Palani, Wei-Yu Lin, S. Devikala, and G. C. Senadi, J. Org. Chem., 2020, 85, 

11531. 

17. T. Mastuda, K. Yamagata, Y. Tomioka, and M. Yamazaki, Chem. Pharm. Bull., 1985, 33, 937. 

18. C. Fortenberry, B. Nammalwar, and R. A. Bunce, Org. Prep. Proced. Int., 2013, 45, 57. 

19. X. Zhu, F. Zhang, D. Kuang, G. Deng, Y. Yang, J. Yu, and Y. Liang, Org. Lett., 2020, 22, 3789. 

20. J. Kim, J. Kim, H. Lee, B. M. Lee, and B. H. Kim, Tetrahedron, 2011, 67, 8027. 

21. F. A. S. Alasmary, A. M. Snelling, M. E. Zain, A. M. Alafeefy, A. S. Awaad, and N. Karodia, 

Molecules, 2015, 20, 15206. 

2214 HETEROCYCLES, Vol. 102, No. 11, 2021




