


GREEN SYNTHESIS OF DERIVATIVES OF 2-AMINOBENZOTHAIZOLE AS POTENTIAL ANTIMICROBIALS


ABSTRACT

	A novel series of 2-(1,3-benzothiazol-2-ylcarbamoyl)-benzoic acid was synthesized by a one-pot reaction of 2-aminobenzothiazole with phthalic anhydride, using ionic liquid {1-butyl-3-methylimidazolium bisulfate, ([BMIM]+[HSO4]-)} as a green alternative to volatile organic solvents, an environmentally benign and economical solvent, with greater yields in shorter reaction times. The ecologically benign synthesized compounds were characterised using analytical and spectral analyses. The investigated compounds were screened for their antibacterial and antifungal activities for three different bacterial strains and two different fungal isolates, respectively. The biological evaluation indicates that they exhibit moderate antibacterial activity but lack antifungal activity. 
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INTRODUCTION
 Synthetic chemists are working to minimise chemical pollution for the betterment of human life. Many studies have been conducted in these directions to design chemicals and chemical synthetic processes that are less harmful to human health and the environment through the use of environmentally benign methodologies of chemical synthesis [1-2]. Green Chemistry protects the environment by cleaning up pollutants and inventing new chemical processes that do not pollute the environment. Microwave-promoted syntheses, syntheses using catalysts, and syntheses using green solvents or solvent-free methods for the synthesis of organic compounds are significant, environmentally benign approaches [3-5].
	The widespread application of antimicrobial agents or drugs and their resistance against bacterial and fungal infections have led to serious human health hazards and have promoted the discovery and modification of new antimicrobial agents or drugs. Small-ring heterocyclic compounds, including N-S, have been under investigation for a prolonged period due to their synthetic diversity and therapeutic and biological relevance. In this respect, among the wide range of N-S heterocycles explored as privileged candidates with high potential for the synthesis of a wide range of biologically active compounds (thiazole and imidazole derivatives), which are used in drug discovery, are of great interest [6-9]. The diverse biological activities of thiazoles and imidazoles encourage the development of environmentally benign methodologies for synthesising their derivatives. Microwave-induced reactions are attractive to synthetic chemists owing to their ability to improve product yields, eco-friendliness, and shorter reaction times.
	The literature survey revealed that the environmentally benign synthesis and biological studies of heterocyclic compounds such as thiazoles in aqueous, ionic liquids, or solvent-free media under mechanochemical procedures have been studied very little [10-15]. Considering the importance of heterocyclic ring-containing compounds, this study proposes an environmentally benign synthesis and antimicrobial studies of some important categories of heterocyclic compounds, particularly amino benzothiazoles, in green solvent medium under a mechanochemical procedure, an alternative to the conventional synthetic procedure. The pharmacological properties of compounds with these derivatives and other substituents are rarely evaluated. Therefore, the main objective of this study was to synthesise variable benzothiazole derivatives, characterise them using analytical and spectral analyses, and examine the effects of the novel synthesised compounds on antimicrobial activities.


EXPERIMENTAL STUDY
Materials and Instrumentation
All chemicals and solvents were of analytical R grade and obtained from a local supplier. The progress of the synthetic reaction was monitored by performing TLC using aluminium sheets precoated with Kieselgel 60 F254, Merck.  A Carlo Ebra-1106 elemental analyser was used to analyse the C, H, and N contents of the compounds in the microanalytical laboratory.  Electronic spectra were recorded (in DMSO at 10-3 M) on a Shimadzu UV-Vis-160A spectrophotometer (λ = 200 -1100 nm). A Shimadzu 8400-S FT-IR spectrophotometer (λ = 4000 - 400 cm-1) was used to record the infrared spectra using KBr pellets. 1H and 13C NMR spectra were recorded on a Varian-Mercury 400 MHz spectrometer operating at 300 and 75 MHz for 1H and 13C, respectively, using CDCl3 and DMSO-d6 as solvents. The chemical shift was measured in ppm on the δ scale, and the coupling constants were measured in hertz. The melting points were determined using a Gallenkamp capillary melting point apparatus in open glass capillary tubes and were uncorrected.
Green Synthesis of Compounds
A mixture of 2-amino-1,3-benzothiazole (0.01 mol) and phthalic anhydride (0.01 mol) was thoroughly ground using a mortar and pestle. Five millilitres of the triturated reaction mixture in IL {(1-butyl-3-methylimidazolium) bisulfate, ([BMIM]+[HSO4]-)} was stirred for 15 min on a mechanical stirrer, and the reaction was monitored by TLC (Scheme 1). After the completion of the reaction, 25 mL of water was added, and the coloured solid product was filtered off, washed with aqueous ethanol, dried, and recovered by recrystallisation with ethyl acetate. The products were identified by FTIR and NMR spectroscopy and melting point analysis [yield = 91-70% (conventional 75-49%)]. 
1. Synthesis of 2-(1,3-Benzothiazol-2-ylcarbamoyl) benzoic acid
Molecular Formula: C15H10N2O3S; Molecular Mass: 298.32u; White solid; M.P. 250OC; Composition: C: 60.4% (60.5%) H: 3.4% (3.5%) N: 9.4% (9.5%) O: 16.1% (16.0%) S: 10.7% (10.5%); IR cm-1 (KBr pellets) 3417 ν(OH), 3370 ν(N-H), 1693, 1647 ν(C=O), 1600 ν(C=N),  1550 ν(C=C), 651 ν(C-S). 1H NMR (400MHz, DSMO-d6) 10.8 (s, 1H), 6.51 -7.82 (m, aromatic H), 1.8 (s, 1H). 13C NMR (100 MHz, CDCl3) 123.4-140.4 (aromatic carbon), 160.7 – 161.3 (C=N), 169.1 – 170.1 (C=O of amide and carboxyl groups), Yield 95%.
2. Synthesis of 2-(4-Chloro-1,3-benzothiazol-2-ylcarbamoyl) benzoic acid
Molecular Formula: C15H9ClN2O3S; Molecular Mass: 332.76u; Light yellow solid; M.P. 197 °C; Composition: C: 54.1% (54.2%)  H: 2.7% (2.5%)  Cl: 10.7% (10.5%)  N: 8.4% (8.5%)  O: 14.4% (14.5%)  S: 9.6% (9.5%); IR cm-1 (KBr pellets) 3470 ν(OH), 3390 ν(N-H), 1750, 1660 ν(C=O), 1618 ν(C=N),  1545 ν(C=C), 645 ν(C-S),  1060ν(C-Cl). 1H NMR (400MHz, DSMO-d6) 10.8 (s, 1H), 6.51 -7.82 (m, aromatic H), 1.8 (s, 1H). 13C NMR (100 MHz, CDCl3) 123.4-140.4 (aromatic carbon), 160.7 – 161.3 (C=N), 169.1 – 170.1 (C=O of amide and carboxyl groups). Yield 75%.
3. Synthesis of 2-(4-Bromo-1,3-benzothiazol-2-ylcarbamoyl) benzoic acid
Molecular Formula: C15H9BrlN2O3S; Molecular Mass: 377.21u;  Yellow solid; M.P. 218 °C; Composition: C: 47.8% (47.5%), H: 2.4% (2.5%), Br: 21.2% (21.4%), N: 7.4% (7.5%), O: 12.7% (12.5%), S: 8.5% (8.7%); IR cm-1 (KBr pellets) 3458 ν(OH), 3370 ν(N-H), 1740, 1652 ν(C=O), 1625 ν(C=N),  1555 ν(C=C), 650 ν(C-S),  1060 ν(C-Br). 1H NMR (400MHz, DSMO-d6) 10.8 (s, 1H), 6.51 -7.82 (m, aromatic H), 1.8 (s, 1H). 13C NMR (100 MHz, CDCl3) 123.4-140.4 (aromatic carbon), 160.7 – 161.3 (C=N), 169.1 – 170.1 (C=O of amide and carboxyl groups). Yield 80%.
4. Synthesis of 2-(4-Nitro-1,3-benzothiazol-2-ylcarbamoyl) benzoic acid
Molecular Formula: C15H9N3O5S; Molecular Mass: 343.31u;  Yellow solid; M.P. 228 °C; Composition: C: 52.5% (52.3%), H: 2.6% (2.5%), N: 12.2% (12.3%), O: 23.3% (23.5%), S: 9.3% (9.5%); IR cm-1 (KBr pellets) 3480 ν(OH), 3407 ν(N-H), 1725, 1662 ν(C=O), 1612 ν(C=N),  1531 ν(C=C), 651 ν(C-S),  1500 ν(C-NO2). 1H NMR (400MHz, DSMO-d6) 10.8 (s, 1H), 6.51 -7.82 (m, aromatic H), 1.8 (s, 1H). 13C NMR (100 MHz, CDCl3) 123.4-140.4 (aromatic carbon), 160.7 – 161.3 (C=N), 169.1 – 170.1 (C=O of amide and carboxyl groups), Yield 70%.
5. Synthesis of 2-(4-Methyl-1,3-benzothiazol-2-ylcarbamoyl) benzoic acid
Molecular Formula: C16H12N2O3S; Molecular Mass: 312.34u; Off-white solid; M.P. 225 °C; Composition: C: 61.5% (61.7%),  H: 3.9% (4.0%),  N: 9.0% (9.2%),  O: 15.4% (15.5%),   S: 10.3% (10.5%); IR cm-1 (KBr pellets) 3483 ν(OH), 3390 ν(N-H), 1715, 1655 ν(C=O), 1625 ν(C=N),  1550 ν(C=C), 660 ν(C-S), 1H NMR (400MHz, DSMO-d6) 10.8 (s, 1H), 6.51 -7.82 (m, aromatic H), 1.8 (s, 1H). 13C NMR (100 MHz, CDCl3) 123.4-140.4 (aromatic carbon), 160.7 – 161.3 (C=N), 169.1 – 170.1 (C=O of amide and carboxyl groups).  Yield 85%.
6. Synthesis of 2-(4-Methoxy-1,3-benzothiazol-2-ylcarbamoyl) benzoic acid
Molecular Formula: C16H12N2O4S; Molecular Mass: 328.42u; Yellow solid; M.P.(Decomposition) 255 °C; Composition: C: 58.5% (58.6%),  H: 3.6% (3.5%),  N: 8.2% (8.4%),  O: 19.4% (19.5%),   S: 9.7% (9.6%); IR cm-1 (KBr pellets) 3400 ν(OH), 3360 ν(N-H), 1730, 1670 ν(C=O), 1620 ν(C=N),  1535 ν(C=C), 640 ν(C-S). 1H NMR (400MHz, DSMO-d6) 10.8 (s, 1H), 6.51 -7.82 (m, aromatic H), 1.8 (s, 1H). 13C NMR (100 MHz, CDCl3) 123.4-140.4 (aromatic carbon), 160.7 – 161.3 (C=N), 169.1 – 170.1 (C=O of amide and carboxyl groups). Yield 82%.
The comparison of the % yield of the conventional method and green synthetic method is presented in Table 1.
Table 1: Comparison of the reaction time, percentage (%) yield of the compounds by the conventional method and green synthetic method
	Compound
	Reaction Time
	Percentage (%) yield
	Crystallisation solvent

	
	CM (Hours)
	GM (minutes)
	CM
	GM
	

	1
	2
	10
	75
	95
	Ethyl acetate

	2
	2.5
	15
	65
	75
	Ethyl acetate

	3
	2.4
	13
	68
	80
	Ethyl acetate

	4
	2.5
	15
	62
	70
	Ethyl acetate

	5
	2.2
	12
	72
	85
	Ethyl acetate

	6
	2.2
	12
	70
	82
	Ethyl acetate


CM = Conventional synthetic method; GM = Green synthetic method
Antimicrobial Activity

The in vitro antibacterial and antifungal potential of the investigated compounds was screened against two gram-positive bacteria, {Staphylococcus aureus (SA) and Bacillus subtilis (BS)}, one gram-negative bacteria {Escherichia coli (EC)} and two fungal strains, {Candida albicans (CA) and Aspergillus niger (AN)}, using the disc diffusion method or Kirby-Bauer method. Ciprofloxacin and Fluconazole were used as standard drugs for bacteria and fungi, respectively. DMSO was used as a negative control, and the minimum inhibitory concentration (MIC) values were recorded in micromolar units (µmol/mL).
MIC values were calculated using a two-fold serial dilution method with 1000 µg/mL stock solutions of the compounds, prepared by dissolving 5 mg of each compound in 5 mL of DMSO. The bacterial strains were subcultured in nutrient broth (NB), and the fungal strains were subcultured in potato dextrose broth (PDB), both in distilled water. The mixtures were then autoclaved for 30 minutes at 15 psi, and the bacterial subcultures were incubated for 1 day at 308 K. The fungal subcultures were incubated for 7 days at 298 K. The two-fold serial dilution assays were performed in triplicate to detect the antimicrobial potential of the compounds. The results, expressed as MIC (µg/mL), are listed in Table 2, and the resultant bar plot is presented here.
Table 2: MIC at specific concentration (5 µg/mL in DMSO) for 24 hours for bacteria and 48 hours for fungi
	Compounds
	Minimum Inhibition Concentration (MIC) of compounds against pathogens 

	
	Gram-positive bacteria
	Gram-negative bacteria
	Fungi

	
	SA
	BS
	EC
	CA
	AN

	1
	1.2
	-
	-ve
	-
	-

	2
	2.1
	-
	1.5
	-
	-

	3
	2.5
	-
	1.8
	-
	-

	4
	4.2
	-
	-ve
	-
	-

	5
	2.8
	-
	-ve
	-
	-

	6
	1.1
	-
	2.0
	-
	-

	Ciprofloxacin
	0.55
	0.45
	0.50
	-
	-

	Fluconazole
	-
	-
	-
	2.5
	2.0

	DMSO
	0
	0
	0
	0
	0



[image: ]
RESULTS AND DISCUSSION

The 2-aminobenzothiazole derivatives have a significant impact on medicinal and pharmaceutical chemistry because they are potent, biologically active molecules. Ionic liquids are a green alternative to volatile organic solvents and act as auto-catalysts for several synthetic organic reactions. The reaction rate and product yield can be enhanced by ILs, which are beneficial, economical, and environmentally friendly solvents that can be easily recovered by filtration. 
The substituted thiourea undergoes cyclisation to the corresponding 2-aminobenzothiazoles in ionic liquids. The synthesized 2-aminobenzothiazoles were treated with phthalic anhydride in the IL, ([BMIM]+[HSO4]-), to form corresponding derivatives of phthalic acids as shown in Scheme 1. 



Scheme 1: Eco-friendly synthesis of 2-(1,3-benzothiazol-2-ylcarbamoyl)-benzoic acids
The mechanism of the synthetic reaction involved nucleophilic attack of the amino (-NH2) group in benzothiazole amines on the carbonyl group of phthalic anhydride, as presented in Scheme 2.


Scheme 2: Mechanism of the synthesis of 2-(1,3-benzothiazol-2-ylcarbamoyl) phthalamic acids
The proposed structure of the green synthesized compounds is well-supported by elemental analysis and spectral data.
The FTIR spectra of investigated compounds showed various characteristic absorption bands at (3268 – 3485) cm-1 due to ν(O-H) carboxylic and ν(N-H) amide. In addition to these, the spectra also showed absorption bands at (1735, 1648) cm-1 to ν(C=O) carboxylic and, for ν(C=O) amide, respectively. Furthermore, the infrared spectra showed other absorptions at (1675- 1600) cm-1 for ν(C=N), (1610 – 1530) cm-1 for ν(C=C), and (660 – 635) cm-1 for ν(C-S), respectively [16].
The 1H NMR spectra of the green synthesized compounds were recorded, which clearly showed signals at δ = (6.5 – 7.8) ppm due to aromatic protons, and singlets at δ = (10.8) ppm to (OH) carboxylic proton. Furthermore, the spectra showed a signal at δ = (1.8) ppm attributed to the (NH) amine proton, which appeared due to the tautomerism between the amide group and N atom in the thiazole ring, as shown in Scheme 3.



Scheme 3: Tautomerism between the amide group and the N atom in the thiazole ring

The 13C NMR spectra of compounds under investigation showed many signals at δ = (21.02 – 24.8) ppm belong to methyl group, signals at δ = (124.2 – 140.5) ppm belong to aromatic carbons, signals at δ = 160.5 – 162.2) ppm belong to (C=N) and signals at δ = (168 -171) ppm belong to (C=O) of amide and carboxyl groups [16].
The percentage yield of the products depends on the nature of the attached substituents. The more electron-releasing group would give a larger amount of the product than those compounds that have electron-withdrawing groups (Table 1). Furthermore, we have carried out the synthesis of derivatives of 2-aminobenzothiazole in an ionic liquid, namely (1-butyl-3-methylimidazolium) bisulfate, ([BMIM]+[HSO4]-), which is an excellent solvent as an alternative to volatile organic solvents in more environmentally benign green and sustainable technology. It acts as a catalyst, and its catalytic activity and product yields are less affected by the catanionic part. But the catalytic activity and the yields of the products are greatly affected by the Bronsted acidity of the anionic part of the ionic liquid.

Antimicrobial Activity
The experimental outcomes of the antimicrobial activity of the investigated compounds are presented in Table 2. Furthermore, the resultant data and bar plots of the antimicrobial activities of the compounds showed that:
i. The antibacterial activity of all investigated compounds against SA is positive and less than that of the reference drug.
ii. The antibacterial activity of chloro-, bromo- and methoxy- derivatives of investigated compounds against EC bacteria is positive but less than that of the reference drug.
iii. The antibacterial and antifungal activities of all the investigated compounds are ineffective against the BS, CA and AN strain.
It is proposed that the essential biological processes within the microorganism can be disrupted by the investigated benzothiazole derivatives that inhibit key enzymes involved in microbial metabolic pathways [17]. Furthermore, the microbial cell membranes may be disrupted by these derivatives, which can increase permeability and lead to cell lysis [18].

CONCLUSIONS

	In our research, we develop an expedient green chemical synthesis of a novel series of derivatives of 2-aminobenzothiazole using ionic liquid {1-butyl-3-methylimidazolium bisulfate, ([BMIM]+[HSO4]-)} as a green alternative to volatile organic solvents and as an auto-catalyst in mechanochemical synthetic methodology. This green synthetic methodology is found to offer more advantages in comparison to conventional synthetic methods, with excellent yields, high purity, a reusable catalytic medium, a broad substrate scope, and an environmentally benign and economical process relevant to sustainable chemistry protocols. The green-synthesized compounds were screened for antimicrobial activity and found to exhibit moderate antibacterial activity but lack antifungal activity. 
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