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Abstract

:

In the current research work, the title compounds 5-ethoxy-benzimidazole, were synthesized by nitration of phenacetin with concentrated nitric acid it gives N-(2-nitro-5-ethoxyphenyl) acetamide (I), which on reduction with alcohol gives 5-ethoxy-2-nitroaniline (II). Reaction of hydrazine hydrate with 5-ethoxy-2-nitroaniline produced 5-ethoxy ortho phenylene diamine (III). The substituted acids reacted with 5-ethoxy ortho phenylene diamine then yielded the corresponding 5-ethoxy-benzimidazole (IV). The identification and characterization of the synthesized compounds were carried out by Elemental analysis, melting point, Thin Layer Chromatography, FT-IR, NMR and Mass data. The synthesized compounds were evaluated for anti-tubercular activity. The test compounds were subjected to in vitro screening by the tube dilution technique employing the human virulent H37RV strain of M. tuberculosis. The test compounds IVa, IVc and IVd showed significant anti-tubercular activity against H37RV strain of Mycobacterium tuberculosis. The minimum inhibitory concentration (MIC) values were found in the range of 0.8 to 12.5 μg/mL compared with the standard drugs Isoniazid.
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1. Introduction


Benzimidazole ring is most common heterocycle in medicinal chemistry and it possesses most remarkable and aextesiven range of biological activities. The substituted benzimidazoles were shown to exhibit antimicrobial [1,2], antiulcer [3], anthelmintic [4], anticancer [5,6,7], anti-inflammatory [8], anti-tubercular [9,10,11], antimalarial [12], antihistaminic [13] and antioxidant [14] actions. Literature survey showed that benzimidazole ring is a main pharmacophore for anti-tubercular activity [9,10,11].



Tuberculosis (TB), the world’s most common infectious disease caused by the bacteria Mycobacterium tuberculosis, is a serious worldwide health issue. According to current epidemiological evidence, Mycobacterium tuberculosis infects one-third of the world’s population. Each year, eight million illnesses and three million fatalities are directly linked to infection with this bacillus (WHO, 2002) [15]. Another serious issue is resistance to current anti-tuberculosis treatments. The emergence of multidrug-resistant tuberculosis (MDR-TB) has made the situation much worse. Because of incomplete or partial treatment resistance, up to 4% of all TB cases globally are resistant to more than one anti-tubercular therapy [16,17,18,19,20].




2. Materials and Methods


2.1. General


All of the reagents and solvents utilised were of the highest quality. The open capillary method was used to determine the melting points of synthesised compounds, and the results were uncorrected. TLC was used to verify the purity and homogeneity of the compounds. Compounds’ IR spectra were recorded using KBr pellets on a Perkin Elmer 337 spectrophotometer, 1H-NMR spectra were recorded using dimethyl sulfoxamide as solvent on a Bruker Avance-300 MHz Spectrophotometer, and mass spectra were recorded on a Liquid Chromatography Mass Spectrometer at Diya Laboratory in Mumbai. The compounds were also tested for C, H, and N at Mumbai, Diya Laboratory.




2.2. Scheme of Synthesis


Synthesis of substituted benzimidazole derivatives contains Scheme 1 and Scheme 2. Scheme 1 involves synthesis of 5-ethoxy Ortho Phenylene Diamine [OPD] and Scheme 2 involves synthesis of substituted benzimidazoles.




2.3. Synthesis of Compounds


2.3.1. Preparation of 5-Ethoxy Ortho Phenylene Diamine [OPD]


	I.

	
N-(2-nitro-5-ethoxyphenyl)acetamide







To finely powdered phenacetin (3 g), nitric acid (50%, 3 mL), was added gradually with efficient stirring and the temperature was maintained below 25 °C [21]. Stirring was continued for 1 h, the solid was filtered at pump, washed with water till neutral to litmus. The dried product was recrystalised from ethanol, yield 2.5 g (66.5%), m.p. 82–84 °C.



	II.

	
5-ethoxy-2-nitroaniline







To 2.0 g of compound I in ethanol (6 mL), concentrated hydrochloric acid was added, the reaction mixture was refluxed for 2 h. The reaction mixture was diluted with water (15 mL) and distilled to remove ethyl acetate formed during the reaction and excess of ethanol [22]. The hot solution was poured to crushed ice and basified with sodium hydroxide solution(20%). The separated solid was filtered at pump, washed with water till nutral to litmus, dried and recrystalised from ethanol, yield 1.7 g (87%), m.p. 90–92 °C.



	III.

	
5-ethoxy Ortho Phenylene Diamine (OPD)







To the solution of compound II (1.5 g) in ethanol (20 mL), equimolar ratio of hydrazine hydrate (2.1 mL) was added. The solution was just warmed on a steam bath and little amount of freshly prepared raney nickel was added till the solution changed its colour from reddish brown to yellow. Still, more catalyst was added to decompose the excess hydrazine hydrate and the reactant solution was refluxed for 1 h to complete the reaction and drive off dissolve gas. The contentwere filtered hot to remove the catalyst, decolourised using charcoal, concentrated (2.5 mL) and poured to large excess of cold water, dried over anhydrous sodium sulphate and the solvent was removed under reduced pressure [23]. The residue was recrystallized from ether, yield 1.2 g (76%), m.p. 92–94 °C.




2.3.2. Compound IVa: 5-Ethoxy-2-Methyl-1H-Benzimidazole


To compound III (1 g) in 25mLof round bottom flask 0.9 mL acetic acid was added. The mixture was heated on water bath at 100 °C for 2 h. After cooling the mixture sodium hydroxide solution (10%) was added slowly with constant shaking of flask, till the mixture was just alkaline to litmus. The crude 5-ethoxy-benzimidazoles were filtered at pump, washed it with ice-cold water, drained well and wash again with 25 mL cold water. The mixture was filtered by Buchner funnel. The residue was recrystalised from ethanol, yield 1.2 g (78%), m.p. 82–84 °C.



Remaining compounds were prepared by following the above procedure using different substituted alkyl and aromatic substituted carboxylic acids such as, salicylic acid, benzoic acid, aspirin, and propionic acid.





2.4. Anti-Tubercular Activity


The test compounds were screened in vitro using the tube dilution method with thehuman virulent H37RV strain of Mycobacterium tuberculosis. In this method, Kirchner’s medium containing Tween-80 was used [20].





3. Result and Discussion


3.1. Characterization of Compounds


5-ethoxy-2-methyl-1H-benzimidazole (IVa). Yield: 78%; m.p. 82–84 °C; Rf: 0.74; IR (KBr) cm−1: 3342 cm−1 (-NH-), 1250 cm−1 (C=N), 3012 cm−1 (Ar–H), 1040 cm−1 (ether group in ring), 2950 cm−1 (CCH3); 1H NMR: (CDCl3) δ 7.21, δ 6.77, δ 7.59 (Ar-H), δ 5.0 (-NH-), δ 3.9 (>CH2), δ 3.98 and δ2.42 (-CH3); FAB-MS: (m/z, 100%): 174 ([M+], 100%).



5-ethoxy-2-ethyl-1H-benzimidazole (IVb). Yield: 75%; m.p. 86–88 °C; Rf: 0.75; IR (KBr) cm−1: 3327 cm−1 (-NH-), 1248 cm−1 (C=N), 3010 cm−1 (Ar–H); 1039 cm−1 (ether group in ring); 2990 cm−1 (CC2H5); 1H NMR: (CDCl3) δ 3.9 and 2.59 (>CH2), δ 3.98 and δ2.42 (-CH3), δ 7.21, δ 6.77, δ 7.59, (Ar-H), δ 5.0 (-NH-); FAB-MS: (m/z, 100%): 189 ([M+], 100%).



5-ethoxy-2-phenyl-1H-benzimidazole (IVc). Yield: 62%; m.p. 90–92 °C; Rf: 0.72; IR (KBr) cm−1: 3324 cm−1 (-NH-), 1250 cm−1 (C=N), 3020 cm−1 (Ar–H); 1043 cm−1; 1H NMR: (CDCl3) δ 3.9 (>CH2), δ 1.33(-CH3), δ 7.21, δ 6.77, δ 7.59, (Ar-H), 7.29 and δ 7.03(phenyl); FAB-MS: (m/z, 100%): 237 ([M+], 100%).



Acetic acid3-(5-ethoxy-1H-benzimidazole-2yl)-phenyl ester (IVd). Yield: 60.7%; m.p. 110–112 °C; Rf: 0.75; IR (KBr) cm−1: 1240 cm−1 (C=N), 3010 cm−1 (Ar–H); 3320 cm−1 (-NH-), 1047 cm−1, 1730 cm−1 (C=O); 1H NMR: (CDCl3) δ 3.9 (>CH2), δ 1.34 and 2.08 (-CH3), δ 7.21, δ 6.77, δ 7.59, (Ar-H), δ 7.29 and δ 7.03(substituted phenyl); FAB-MS: (m/z, 100%): 296 ([M+], 100%).



2-(5-ethoxy-1H-benzimidazole-2yl)-phenol (IVe). Yield: 68%; m.p. 80–82 °C; Rf-0.67; IR (KBr) cm−1: 1249 cm−1 (C=N), 3034 cm−1 (Ar–H), 3323 cm−1 (-NH-), 1039 cm−1 (ether group in ring), 3634 cm−1(C-OH); 1H NMR: (CDCl3) δ 3.9 (>CH2), δ 1.33 (-CH3), δ 7.21, δ 6.77, δ 7.59, (Ar-H), δ 6.79, δ 7.05, δ 6.88 and δ 7.31(substituted phenyl), δ 5.0 (-OH).



1-(5-ethoxy-1H-benzimidazole-2yl)-ethanol (IVf). Yield- 56.4%, m.p. 92–94 °C, Rf: 0.6; IR (KBr) cm−1: 3330 cm−1 (-NH-), 1245 cm−1 (C=N), 3010 cm−1 (Ar–H); 1044 cm−1 (ether group in ring), 3634 cm−1(C-OH). 1H NMR: (CDCl3) δ 3.9 (>CH2), δ 1.33 and 1.49 (-CH3), δ 7.21, δ 6.77, δ 7.59, (Ar-H), δ 5.0 (-NH-), δ 2.0 (-OH); FAB-MS: (m/z, 100%): 205 ([M+], 100%).




3.2. Elemental Analysis of Compounds


% Elemental analysis of synthesized compounds with calculated and found values are mentioned in Table 1.




3.3. Anti-Tubercular Activity of Compounds


The minimum inhibitory concentration (MIC) values of synthesized compounds and standard drugare mentioned in Table 2.



The literature survey on the benzimidazole ring revealed that substituted benzimidazole derivatives were tested for anti-tubercular activity. Benzimidazole possesses diversified pharmacological activity; among them the anti-tubercular activity is prominent. It has been reported that 2-pyridinyl substituted benzimidazole derivatives possess anti-tubercular activity [24]. The salicylic acid, acetyl salicylic acid and benzoic acid possess anti-tubercular activity [9,10,11]. Hence it was planned to synthesize benzimidazole derivatives by using these acids and other aliphatic carboxylic acids at 2nd position to give better anti-tubercular activity.





4. Conclusions


The test compounds IVa, IVc and IVd showed significant anti-tubercular activity against H37RV strain of Mycobacterium tuberculosis. The minimum inhibitory concentration (MIC) values were found in the range of 0.8 to 12.5 μg/mLcompared with the standard drugs Isoniazid.



Hence, the presented work has another humble effort in the field of medicinal chemistry and sincerely contributes to a healthier and happier human life.







Author Contributions


Conceptualization, S.P. and H.S.; methodology, S.P.; software, S.P. and R.C.; formal analysis, S.P. and P.B.; investigation, S.P.; resources, S.P.; writing—original draft preparation, S.P. and J.P.; writing—review and editing, H.S.; visualization, S.P. and J.P.; supervision, S.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Acknowledgments


We would like to convey our obligation to Management and Principal, P.S.G.V.P. Mandal’s College of Pharmacy, Shahada, Dist. Nandurbar for providing necessary facilities for research purposed.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Arjmand, F.; Mohani, B.; Ahmad, S. Synthesis, antibacterial, antifungal activity and interaction of CT-DNA with a new benzimidazole derived Cu (II) complex. Eur. J. Med. Chem. 2005, 40, 1103–1110. [Google Scholar] [CrossRef] [PubMed]

	



Rathee, P.S.; Bhardwaj, S.; Gupta, M. Synthesis and antimicrobial studies of novel benzimidazole derivatives. J. Appl. Pharm. Sci. 2011, 1, 127–130. [Google Scholar]

	



Patil, A.; Ganguly, S.; Surana, S. A systematic review of benzimidazole derivatives as an antiulcer agent. Rasayan J. Chem. 2008, 1, 447–460. [Google Scholar]

	



Wright, J.B. The Chemistry of Benzimidazole; Research Laboratories, the Upjohn Company: Kalamazoo, MI, USA, 1951; pp. 398–524. [Google Scholar]

	



Thimme Gowda, N.R.; Kavitha, C.V.; Kishore, K.C.; Omana, J.; Kanchugarakoppal, S.R.; Raghavan, S.C. The synthesis and biological evaluation of novel 1-(4-methoxyphenethyl)-1H-benzimidazole-5-carboxylic acid derivatives and their precursors as antileukemic agents. Bioorg. Med. Chem. Lett. 2009, 19, 4594–4600. [Google Scholar] [CrossRef] [PubMed]

	



Karpozilos, A.; Pavlidis, N. The treatment of cancer in Greek antiquity. Eur. J. Cancer. 2004, 40, 2033–2040. [Google Scholar] [CrossRef]

	



Grange, J.M.; Stanford, J.L.; Stanford, C.A.; Campbell, D.M. Observations on cancer, and their relevance today. J. R. Soc. Med. 2002, 95, 296–299. [Google Scholar]

	



Brown, D.H.; Smith, W.E.; Teape, J.W.; Lewis, A.J. Anti-inflammatory effects of some copper complexes. J. Med. Chem. 1980, 23, 729–734. [Google Scholar] [CrossRef]

	



Abdel-Rahman, A.E.; Mahmoud, A.M.; El-Naggar, G.M.; El-Sherief, H.A. Synthesis and biological activity of some new benzimidazolyl-azetidin-2-ones and thiazolidin-4-ones. Die Pharm. 1983, 38, 589–590. [Google Scholar]

	



Ilango, K.; Arunkumar, S. Synthesis, antimicrobial and antitubercular activities of some novel trihydroxy benzamido azetidin-2-one derivatives. Trop. J. Pharm. Res. 2011, 10, 219–229. [Google Scholar] [CrossRef]

	



Maste, M.M.; Jeyarani, P.; Kalekar, M.C.; Bhat, A.R. Synthesis and evaluation of benzimidazole derivatives for antitubercular and antimicrobial activities. Asian J. Res. Chem. 2011, 4, 1055–1058. [Google Scholar]

	



Toro, P.; Klahn, A.H.; Pradines, B.; Lahoz, F.; Pascual, A.; Biot, C.; Arancibia, R. Organometallic benzimidazoles: Synthesis, characterization and antimalarial activity. Inorg. Chem. Commun. 2013, 35, 126–129. [Google Scholar] [CrossRef]

	



Wang, X.J.; Xi, M.Y.; Fu, J.H.; Zhang, F.R.; Cheng, G.F.; You, Q.D. Synthesis, biological evaluation and SAR studies of benzimidazole derivatives as H1-antihistamine agents. Chin. Chem. Lett. 2012, 23, 707–710. [Google Scholar] [CrossRef]

	



Can-Eke, B.; Puskullu, M.O.; Buyukbingol, E.; Iscan, M. Synthesis and antioxidant properties of some novel benzimidazole derivatives on lipid peroxidation in the rat liver. Chem. Biol. Interact. 1998, 113, 65–77. [Google Scholar] [CrossRef]

	



Bernardo, J. Tuberculosis. In Immigrant Medicine, 1st ed.; Walker, P.F., Barnett, E.D., Eds.; Elsevier: Amsterdam, The Netherlands, 2007; pp. 255–271. [Google Scholar]

	



American Thoracic Society. Diagnostic Standards and Classification of Tuberculosis in Adults and Children. Am. J. Respir. Crit. Care. Med. 2000, 161, 1376–1395. [Google Scholar] [CrossRef]

	



Sudre, P.; Dam, G.T.; Kochi, A. Tuberculosis: A global overview of the situation today. Bull. World Health Org. 1992, 70, 149–159. [Google Scholar]

	



Starke, J.; Jacobs, R.; Jereb, J. Resurgence of tuberculosis in children. J. Pediatr. 1992, 120, 839–855. [Google Scholar] [CrossRef]

	



Edwards, D.; Kirkpatrick, C.H. The immunology of mycobacterial diseases. Am. Rev. Respir. Dis. 1986, 134, 1062–1071. [Google Scholar] [CrossRef]

	



Balows, A.; Hausler, W.J., Jr.; Herrmann, K.L.; Isenberg, H.D.; Shadomy, H.J. (Eds.) Manual of Clinical Microbiology; American Society for Microbiology: Washington, DC, USA, 1991; Volume 5, p. 1384. [Google Scholar]

	



Tiwari, A.K.; Mishra, A. Synthesis and antiviral activities of N-substituted-2-substituted-benzimidazole derivatives. Indian J. Chem. 2006, 45B, 489–493. [Google Scholar] [CrossRef]

	



Eldereld, R.C. Heterocyclic Compounds. J. Am. Pharm. Assoc. 1957, 46, 390. [Google Scholar]

	



Alaqeel, S.I. Synthetic approaches to benzimidazoles from o-phenylenediamine: A literature review. J. Saudi Chem. Soc. 2017, 21, 229–237. [Google Scholar] [CrossRef]

	



Antoci, V.; Cucu, D.; Zbancioc, G.; Moldoveanu, C.; Mangalagiu, V.; Amariucai-Mantu, D.; Arciu, A.; Mangalagiu, I.I. Bis-(imidazole/benzimidazole)-pyridine derivatives: Synthesis, structure and antimycobacterial activity. Future Med. Chem. 2020, 12, 207–222. [Google Scholar] [CrossRef] [PubMed]








[image: Chemproc 08 00055 sch001 550] 





Scheme 1. 5-ethoxy Ortho Phenylene Diamine [OPD]. 
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Scheme 2. Synthesis of substituted benzimidazole derivatives. 
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Table 1. % Elemental analysis of synthesized compounds.






Table 1. % Elemental analysis of synthesized compounds.





	

	
Elemental Analysis (%)




	
Comp. No.

	
Calculated

	
Found




	
C

	
H

	
N

	
C

	
H

	
N






	
IVa

	
68.96

	
5.74

	
16.09

	
68.92

	
5.78

	
16.05




	
IVb

	
69.84

	
6.87

	
14.8

	
69.80

	
6.91

	
14.4




	
IVc

	
75.94

	
5.48

	
11.81

	
75.98

	
5.44

	
11.85




	
IVd

	
68.91

	
5.40

	
9.45

	
68.87

	
5.44

	
9.49




	
IVe

	
71.14

	
5.13

	
11.06

	
71.10

	
5.17

	
11.02




	
IVf

	
64.39

	
6.34

	
13.65

	
64.41

	
6.38

	
13.61
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Table 2. The minimum inhibitory concentration (MIC) values of synthesized compounds and standard drug.






Table 2. The minimum inhibitory concentration (MIC) values of synthesized compounds and standard drug.





	
Comp. No.

	

	
Anti-Tubercular Activity




	
R

	
H37Rv Strain of M. tuberculosis




	

	
21 Days (µg/mL)






	
IVa

	
Methyl

	
12.5




	
IVb

	
Ethyl

	
25




	
IVc

	
Phenyl

	
1.6




	
IVd

	
2-subst-acetic acid phenyl ester

	
0.8




	
IVe

	
2-subst.phenol

	
25




	
IVf

	
2-subst.ethanol

	
25




	
Std.

	
Isoniazid

	
0.8
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