


GREEN SYNTHESIS AND ANTIMICROBIAL EVALUATION OF 2-(1H-BENZIMIDAZOLE-2-YL) BENZOIC ACID AND ITS DERIVATIVE
	

ABSTRACT
A sustainable and environmentally benign synthetic approach for the preparation of 2-(1H-benzimidazole-2-yl) benzoic acid (BZ–BA) and a structurally modified derivative (BZZ–BA–X) is reported. The target benzimidazole framework was efficiently synthesized via a solvent-free microwave-assisted cyclization of o-phenylenediamine with 2-formylbenzoic acid in the presence of PPA-SiO2 reusable catalyst, affording the desired products in good yield within a significantly reduced reaction time. The structures of the synthesized compounds were confirmed by FT–IR, 1H & 13C NMR, HRMS spectroscopy, and elemental analysis. The antimicrobial potential of the compounds was evaluated in vitro against selected Gram-positive and Gram-negative bacterial strains, as well as a fungal strain, using the broth microdilution method in accordance with CLSI guidelines. The results revealed moderate to significant antimicrobial activity, particularly against Gram-positive bacteria, with the derivative exhibiting enhanced potency. The present study highlights the advantages of the developed green synthetic protocol in terms of efficiency, sustainability, and biological relevance.
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INTRODUCTION
Benzimidazole derivatives constitute an important class of nitrogen-containing heterocyclic compounds owing to their broad spectrum of pharmacological activities, including antibacterial, antifungal, antiviral, anti-inflammatory, and anticancer properties [1-2]. The benzimidazole nucleus is frequently encountered in clinically useful drugs, making it a privileged scaffold in medicinal chemistry [3-4]. Consequently, the development of efficient and sustainable synthetic methodologies for benzimidazole-based compounds continues to attract considerable research interest [5-6].
Traditional synthetic routes to benzimidazole derivatives often suffer from several limitations, such as prolonged reaction times, the use of toxic organic solvents, harsh reaction conditions, and metal-based catalysts, which collectively raise environmental and economic concerns [7]. In response to these challenges, the application of green chemistry principles has emerged as a viable strategy to minimize environmental impact while maintaining or improving synthetic efficiency [8].
Microwave-assisted organic synthesis has gained widespread acceptance as a green and powerful technique due to its ability to accelerate reactions, enhance yields, and reduce solvent consumption [9-10]. In this context, the present work describes a solvent-free, microwave-assisted synthesis of 2-(1H-benzimidazol-2-yl) benzoic acid and its derivative, followed by an evaluation of their antimicrobial activity against representative pathogenic microorganisms. The study aims to combine green synthetic methodology with biological screening to identify potentially valuable antimicrobial agents.

EXPERIMENTAL METHODOLOGY
Materials and Methods: 
All the chemicals and reagents were of analytical grade and obtained from commercial suppliers. These were used without further purification unless otherwise stated. All the investigated compounds were analysed satisfactorily for C, H, and N using Carl-Ebra 1106 Elemental Analyser in the micro-analytical laboratory. The Shimadzu UV-Vis 160A spectrophotometer (wavelength 200-1100 nm) was used to obtain the electronic spectra of the investigated compounds (in DMSO at 10-3 M). The infrared spectra of the investigated compounds were recorded (using KBr) on a Shimadzu 8400-S FT-IR spectrophotometer in the wavelength range of 4000-400 cm-1. The NMR Varian-Mercury 400 MHz spectrometer was used for recording the 1H NMR and 13C NMR spectra of the compounds in DMSO-d6 using tetramethylsilane (TMS) as an internal standard. The chemical shift was measured in ppm on the δ scale, and the coupling constants were measured in Hertz. A modified microwave oven model 2001 ETB with rotating tray and a power source 230 V, microwave energy output 800 W and microwave frequency 2450 MHz was used for the microwave-assisted synthesis of the investigated compounds. The completion of the synthetic reactions was monitored by performing TLC and melting point measurements. Thin-layer chromatography (TLC) was carried out on silica gel plates, and the plates were scanned under 254 nm UV light. 
Preparation of PPA-SiO2
A solution of polyphosphoric acid (PPA) in CHCl3 was stirred at 320K for one hour, and SiO2 (5g, 200-400 mesh) was added to the solution, which was then stirred for a further hour. A rotary evaporator was used to remove the chloroform, and the resulting solid was dried in a vacuum at 25°C for three hours. 
Recycling and reusing of the catalyst (PPA-SiO2) 
The used catalyst (PPA-SiO2) was recycled by simple filtration, and the separated catalyst was washed with cold ethanol and dried at 373K under vacuum, and after that, reused in another reaction [11-12]. 
Green synthesis of 2-(1H-benzimidazole-2-yl) benzoic acid derivatives
An equimolar mixture of o-phenylenediamine (1.0 mmol) and 6-substituted-2-formylbenzoic acid (1.0 mmol) was subjected to microwave irradiation at 100 °C for 6 -10 minutes in the presence of PPA-SiO2. Upon completion of the reaction, as monitored by TLC, the mixture was allowed to cool to room temperature (Scheme 1). The crude product was purified by recrystallisation from aqueous ethanol, affording the target compound (solid). The physical and analytical data for the investigated compounds are presented in Table 1, along with a comparison of conventional and green synthetic methods. The FTIR, 1H NMR, HRMS, and UV-Visible spectral data of the green microwave-promoted synthesized compounds are presented in Table 2.
Antimicrobial assay
Minimum inhibitory concentrations (MICs) were determined using the broth microdilution method in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines [13]. All assays were performed in triplicate, and appropriate positive and negative controls were included.

RESULTS AND DISCUSSION
Green synthesis and Mechanism
The synthesis of a series of derivatives of 2-(1H-benzimidazole-2-yl) benzoic acid (Bz–BA) was accomplished using environmentally benign protocols via a solvent-free microwave-assisted condensation of o-phenylenediamine with 6-substituted-2-formylbenzoic acid in the presence of PPA-SiO2 as a solid acid catalyst in neat conditions (Scheme 1). The reaction proceeded smoothly under optimized microwave conditions, affording the desired benzimidazole products within minutes and eliminating the need for metal catalysts or hazardous solvents. Compared to conventional heating methods, this approach significantly reduced reaction time and energy consumption, in accordance with green chemistry principles [14]. 
All the investigated BZ-BAs were synthesized by using Philip’s reaction in which various 6-substituted 2-formylbenzoic acids were condensed with o-phenylenediamine. The condensation involves the nucleophilic attack of the NH2 group on the electrophilic formyl group, followed by dehydration to form corresponding imines (Scheme 2).  The used catalyst, PPA-SiO2, coordinates with carbonyl oxygen and increases the electrophilicity of the carbonyl group, facilitating the nucleophilic attack of NH2 on carbonyl and serving as a dehydrating agent to facilitate the removal of water in the formation of imines, followed by air oxidation to obtain the observed product [15]. 


Scheme-1: Green Microwave-assisted synthesis of 2-(1H-benzimidazol-2-yl) benzoic acid (BZ–BA) derivatives
BZ-BA = 2-(1H-Benzimidazol-2-yl) benzoic acid; BZ-BA-Me = 2-(1H-Benzimidazol-2-yl)-6-methylbenzoic acid; BZ-BA-OMe = 2-(1H-Benzimidazol-2-yl)-6-methoxybenzoic acid; BZ-BA-Cl = 2-(1H-Benzimidazol-2-yl)-6-chlorobenzoic acid; BZ-BA-Br = 2-(1H-Benzimidazol-2-yl)-6-bromobenzoic acid; BZ-BA-NO2 = 2-(1H-Benzimidazol-2-yl)-6-nitrobenzoic acid; 


Scheme 2: Plausible mechanism of the synthetic reaction
FTIR Spectral characterization
Spectroscopic techniques confirmed the structural integrity of the synthesized compounds. In the FT–IR spectra, the characteristic absorption bands corresponding to the benzimidazole C=N stretching vibration and the carboxylic acid C=O group were clearly observed. The presence of intramolecular H-bonding between the -COOH proton and the imidazole N preferentially affects the observed FTIR frequencies. The carboxylic acid O-H stretch typically appeared as a broad and strong band centred around 3000 cm-1, often extended from 2500 cm-1 to 3300 cm-1 due to extensive hydrogen bonding [16]. The N-H stretch of the benzimidazole ring overlapped with the O-H band, usually appearing as a broad shoulder near 3400 cm-1. The aromatic C-H stretches were observed as weak to medium sharp peaks just above 3000 cm-1. The C=O stretch of carboxylic acid is a dominant feature. The carbonyl group is conjugated with the aromatic ring and involved in intramolecular hydrogen bonding, which shifts the absorption to a lower frequency, especially around 1685 - 1710 cm-1. The C=C and C-=N stretching vibrations from the benzene and imidazole rings appeared as multiple medium-intensity peaks in the 1450-1620 cm-1 range [17]. The C-O stretch of the acid appeared near 1250 cm-1. The out-of-plane C-H bending for the aromatic rings occurred between 700 cm-1 and 900 cm-1. The presence of the methyl/methoxy group is confirmed by the C-H stretching at 28450 cm-1 / 2940 cm-1 as well as the medium C-C / C-O-C asymmetric stretching near 1370 cm-1 / 1100 cm-1, respectively. The aromatic C-Cl / C-Br bond produces a characteristic adsorption in the fingerprint region at 750 cm-1 / 550 cm-1, respectively. The nitro group (NO2) exhibits two characteristic intense bands, 1530 cm-1 (asymmetric stretch) and 1350 cm-1 (symmetric stretch), respectively.
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Graph-1: FTIR spectrum of 2-(1H-Benzimidazol-2-yl)-6-nitrobenzoic acid
1H NMR Spectral Characterization
The ¹H NMR spectra showed the disappearance of the aldehydic proton signal present in the starting material and the appearance of aromatic and benzimidazole NH resonances, confirming the cyclization. The analysis of the 1H NMR spectra for the investigated compounds involves identifying the distinct chemical environments of the protons in the respective molecule [18]. The structures consist of a central benzoic acid ring substituted at the 2-position with a benzimidazole group and at the 6-position with different substituents. The detailed data of 1H NMR peaks in the spectra are presented in Table 2. The 13C NMR and HRMS data further supported the proposed molecular structures. 
13C NMR Spectral Characterization
The investigated compounds consist of a benzimidazole ring system linked to a benzoic acid moiety at the 2-position. The 13C NMR spectra of the compounds are characterized by signals in the aromatic and carbonyl regions. The benzimidazole ring undergoes rapid tautomerism between N1 and N3 positions in the DMSO-d6 solution. This results in a time-averaged symmetric environment for the benzimidazole ring on the NMR time scale, making the pairs of carbons C4 / C7 and C5 / C6 equivalent. The benzoic acid ring is 1,2-disubstituted and lacks symmetry; all six carbons in that ring are chemically distinct. Except for methyl and methoxy derivatives (12 signals), all other compounds have 11 signals. The presence of the benzimidazole moiety is confirmed by the characteristic shifts at ≈151 ppm and ≈115 ppm, and the benzoic acid group is identified by the carbonyl signal at 169 ppm [19]. The methyl group appears at ≈21.5 ppm, while the methoxy group is at 56.5 ppm.
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Graph 2: 13C NMR spectrum of 2-(1H-Benzimidazol-2-yl)-6-nitrobenzoic acid
High Resolution Mass Spectral (HRMS) Characterization
High-resolution mass spectrometry (HRMS) provides precise information regarding the elemental composition and molecular structure of the compounds. The compound typically forms a protonated molecular ion in positive mode in electrospray ionization (ESI). The observed m/z corresponds to the addition of a proton (H+) and is presented in Table 2.
Physical Characterization
	All the investigated compounds are coloured solids. These compounds have high melting points due to intermolecular hydrogen bonding and planar as well as π – π stacking of the aromatic rings. These compounds were poorly soluble in water and non-polar solvents (e.g., Benzene, hexane) but soluble in aprotic solvents such as dimethyl sulfoxide (DMSO) and N, N-dimethylformamide (DMF). Due to the deprotonation of the carboxylic acid group, all the compounds were soluble in aqueous alkaline solutions (NaOH, Na2CO3). The deep colour of BZ-NO2 is attributed to the nitro group and the extended π-conjugation across the benzene and benzimidazole rings [20]. The stability of the planar conformation of the compounds is due to the intramolecular hydrogen bond between the carboxylic acid proton and the imidazole nitrogen (-N-H) or between imidazole NH and the carboxylate oxygen. 


Figure 1: Intermolecular hydrogen bonding
All the investigated compounds are of an amphoteric nature, as their molecules contain both a basic benzimidazole nitrogen (pKa ≈ 5.0) and an acidic carboxylic acid group (pKa ≈ 3.5 – 4.5). These may exist as a zwitterion in a certain pH range, where the carboxyl group is deprotonated (COO-) and the benzimidazole nitrogen is protonated (NH+). 



			Figure 2: Zwitterion [2-(1H-benzimidazol-3-ium-2-yl) benzoate] 
Catalysts for organic transformation are particularly beneficial because they can be reused. Our research was motivated by the principle of studying the catalytic activity of recycled PPA-SiO2 in the compounds we were investigating. After a simple workshop, the catalyst was recycled and reused multiple times, resulting in minimal deterioration in its efficiency.



Table 1: Physical and analytical data of the synthesized compounds
	Compounds Mol. Formula
(colour)
	Molar Mass
(g mol-1)
	Melting point
(0C)
	Percentage Yield (%)
	Analytical data
Found (calc.)

	
	
	
	Conventional Method
	Green Method
	C
	H
	N

	BZ-BA
C14H10N2O2
(Off white)
	238.24
	284
	40
	75
	70.5
(70.6)
	4.0
(4.2)
	12.0
(11.8)

	BZ-BA-Me
C15H12N2O2
(Off white)
	252.26
	252
	45
	78
	71.5
(71.4)
	4.7
(4.8)
	11.0
(11.0)

	BZ-BA-OMe
C15H12N2O3
(Yellowish-white)
	268.26
	235
	46
	80
	67.0
(67.2)
	4.7
(4.5)
	10.5
(10.4)

	BZ-BA-Cl
C14H9ClN2O2
(Light yellow)
	272.68
	275
	38
	70
	61.8
(61.7)
	3.5
(3.3)
	10.4
(10.3)

	BZ-BA-Br
C14H9BrN2O2
(Light yellow)
	317.13
	265
	40
	72
	53.1
(53.0)
	3.0
(2.9)
	9.0
(8.8)

	BZ-BA-NO2
C14H9N3O4
(Yellow orange)
	283.23
	304
	35
	70
	59.5
(59.4)
	3.1
(3.2)
	14.5
(14.8)




Table 2: Spectroscopic data of the investigated compounds
	Compounds
	UV-visible
(λmax nm)
	FIRST
(KBr, cm-1)
	1H NMR
(DMSO-d6, δ ppm, 400 MHz)
	HRMS
m/z[M+H]+ 

	BZ-BA
C14H10N2O2

	244 (BZ) (E-band)
275 (shoulder)
308 (B-band)
	3484 (N-H, s, br); 2852 (O-H, s, br); 1600, 1445 (C=C, s); 1620 (C=N, m); 1695 (C=O, s); 1285 (C-O, s).
	13.40 (br, s, 2H, NH & COOH);8.08 (dd, H Ph, jj 7.8 & 1.2 Hz), 7.85 (dd, H Ph); 7.72 (m, 2H Ph); 7.66 (td, 1H Ph, jj); 7.58 (td, 1H Ph, jj); 7.32 (m, 2H BZ).
	239.0815


	BZ-BA-Me
C15H12N2O2

	242 (E-band)
302 (B-band)
	3480 (N-H, s, br); 2842 (O-H, s, br); 1455 (C=C, m); 1615 (C=N, m); 1685 (C=O, s); 3030 (C-H, Ar, m); 2960 (C-H, Me, m); 1280 (C-O, s).
	13.10 (br, s, 2H, NH & OH);7.89 (d, H Ph, jj 7.66 Hz), 7.55 (t, H Ph, jj); 7.41(d, H Ph, jj); 7.28 (m, 2H Ph, jj); 72.64 (s, 3H BZ).
	253.0977

	BZ-BA-OMe
C15H12N2O3

	210
255 (BZ)
335 (ICT)
	3485 (N-H, s, br); 2830 (O-H, s, br);1460 (C=C, m);1620(C=N, s); 1690 (C=O, s); 3070 (C-H, Ar, m); 2850 (C-H, MeO, m); 1280 (C-O, s).
	13.50 (br, s,1H, COOH); 12.80 (br, s, 1H, NH); 7.88 (d, 1H Ph, jj 8.2 Hz); 7.70 (m, 2H Ph); 7.60 (t, 1H Ph, jj); 7.30 (m, 2H Ph); 7.22 (d, 1H Ph, jj); 3.58 (s, 3H OCH3).
	269.0621

	BZ-BA-Cl
C14H9ClN2O2

	242 (E-band)
305 (B-band)
	3130 (O-H, s); 3210 (N-H, m); 1620 (C=O, s); 1590 (C=N, s); 1510 (C=C, s); 
1270 (C-O, s); 760 (C-Cl, s); 3070 (C-H, w).
	13.25 (br, s, 1H COOH); 12.75 (br, s, 1H NH, BZ); 7.95 (d, 1H Ph, jj 8.0 Hz); 7.75 (m, 2H BZ); 7.65 (d, 1H Ph, jj); 7.55 (t, 1H Ph, jj);7.30 (m, 2H, BZ).
	273.0425

	BZ-BA-Br
C14H9BrN2O2

	242
335
310
	3135 (O-H, s); 3215 (N-H, m); 1695 (C=O, s); 1675 (C=N, s); 1580 (C=C, s); 
1280 (C-O, s); 565 (C-Br, m); 3040 (C-H, m).
	13.50 (br, s, 1H COOH); 12.80 (br, s, 1H NH, BZ); 8.05 (dd, 1H Ph, jj 7.8 & 1.2 Hz); 7.85 (dd, 1H Ph, jj); 7.70 (m, 2H BZ); 7.55 (dd, 1H Ph, jj 7.9 Hz);7.30 (m, 2H, BZ).
	316.9926

	BZ-BA-NO2
C14H9N3O4

	254
312
	3300 (O-H, s); 3400 (N-H, m); 3060 (C-H, w); 1700 (C=O, s); 1620 (C=N, m); 1260 (C-O, s); 1535 (NO2asym, s); 1350 (NO2sym, s).
	13.50 (br, 1H COOH); 12.80 (br, s,1H NH); 8.42 (dd, 1H Ph, jj 8.1 & 1.2, jj 8.1 & 1.2 Hz); 8.25 (dd, 1H Ph, jj); 7.92 (t, 1H Ph, jj); 7.72 (m, 2H BZ); 7.32 (m, 2H BZ). 
	283.0593


s = singlet, d = doublet, t = triplet, dd = double doublet, m = multiplet, br = broad

Antimicrobial activity: Zone of inhibition: 
Gram-positive bacteria S. aureus and B. subtilis, as well as Gram-negative bacteria E. coli and S. typhi, were tested for antibacterial activity using nutritional agar broth as the test medium [21]. The antifungal activity was evaluated against two strains, A. niger and C. albicans, utilising potato dextrose agar as the testing medium. For antibacterial and antifungal activities, amoxicillin and fluconazole were used as the standards, respectively. Table 3 presents observations on the antimicrobial activity of the examined compounds against the tested bacteria and fungi, respectively.


Table 3: Zone of inhibition against micro-organisms
	Compounds
	Concentration
µg/10µL
	Gram-positive Bacteria
	Gram-negative Bacteria
	Fungi

	
	
	S. aureus
	S. epidermis
	E. coli
	S. typhi
	A. niger
	C. albicans

	Amoxicillin
	30
	21
	22
	20
	21
	-
	-

	Fluconazole
	30
	-
	-
	-
	-
	19
	21

	BZ-BA

	50
100
150
	12
18
21
	14
19
22
	15
21
24
	16
22
25
	13
16
19
	14
17
24

	BZ-BA-Me

	50
100
150
	10
15
20
	12
16
21
	13
18
22
	14
21
26
	13
14
23
	15
18
26

	BZ-BA-OMe

	50
100
150
	9
13
19
	11
15
18
	10
16
20
	11
16
21
	13
15
22
	15
17
25

	BZ-BA-Cl

	50
100
150
	11
15
19
	10
14
18
	9
13
18
	10
14
20
	9
13
20
	13
16
23

	BZ-BA-Br

	50
100
150
	10
13
16
	9
12
16
	10
14
19
	9
13
17
	10
13
19
	11
17
23

	BZ-BA-NO2

	50
100
150
	7
11
16
	9
13
18
	8
12
17
	7
13
19
	8
12
17
	10
14
21



Minimum Inhibitory Concentration (MIC): The minimum inhibitory concentration (MIC) against the tested bacteria was determined by the broth dilution method, and the related observations are presented in Table 4 and Graph 3. 
Table 4: Minimum inhibitory concentration (MIC) of investigated compounds against tested bacteria

	Compounds
	MIC (µg/mL)

	
	Gram-positive Bacteria
	Gram-negative Bacteria

	
	S. aureus
	S. epidermis
	E. coli
	S. typhi

	BZ-BA
	15
	16
	16
	22

	BZ-BA-Me
	14
	16
	16
	21

	BZ-BA-OMe
	14
	17
	17
	22

	BZ-BA-Cl
	12
	13
	16
	20

	BZ-BA-Br
	13
	14
	17
	21

	BZ-BA-NO2
	11
	12
	15
	19


[image: ]
Graph 3: Plot of MIC of the investigated compounds against the tested pathogens
It is a well-known fact that the MIC is a critical parameter in microbiology, representing the lowest value of an antimicrobial agent that prevents visible bacterial growth. Thus, a lower MIC value indicates higher potency. The overall potency ranking based on the average MIC values of studied compounds across all four tested bacterial strains is as follows:
BZ-BA-NO2 ˃ BZ-BA-Cl ˃ BZ-BA-Br ˃ BZ-BA-Me ˃ BZ-BA ≈ BZ-BA-Ome
Evidently, BZ-BA-NO2 demonstrates the highest activity across all tested strains, with the lowest MIC values, and the parent compound BZ-BA and the methoxy derivative BZ-BA-OMe show the highest MIC values, indicating lower relative activity.
Furthermore, Gram-positive bacterial strains are more susceptible to the compounds, indicating lower MIC values due to their thick and porous peptidoglycan layer, which allows easier penetration of the molecules. Gram-negative bacterial strains exhibit higher resistance (higher MIC values) due to the presence of an outer membrane containing lipopolysaccharides (LPS) and porins that act as a selective permeability barrier, hindering the entry of antimicrobial compounds into the cell.
The antibacterial efficacy of the compounds varies significantly based on the substituents attached to the core scaffold. The presence of electron-withdrawing groups (-NO2, -Cl, -Br) enhances antibacterial activity compared to electron-donating groups (-CH3, -OCH3). The strong electron-withdrawing effect of the nitro group likely increases the lipophilicity or the binding affinity of the compound to its biological target [22-23]. The same trend is also found in the case of antifungal activity of the compounds.
While the specific molecular target depends on the scaffold, such compounds typically exert their effects through 
(i) the membrane disruption by altering the permeability of the cytoplasmic membrane, leading to the leakage of essential ions and metabolites, and 
(ii) (ii) enzyme inhibition by interfering with metabolic pathways or DNA protein synthesis machinery.
Notably, the derivatives BZ-BA-X exhibited enhanced antimicrobial activity compared to the parent compound, suggesting that structural modification plays a significant role in modulating biological activity.
CONCLUSIONS
An efficient, solvent-free, and environmentally friendly microwave-assisted synthetic protocol for 2-(1H-benzimidazol-2-yl)benzoic acid and its derivative has been successfully developed. The method offers significant advantages, including reduced reaction times, high yields, operational simplicity, and sustainability. Microwave-assisted synthesis contributes to energy efficiency and aligns with green chemistry principles by adopting approaches that minimise environmental impact. It is specifically designed to enable solvent-free reactions and facilitate catalytic processes. The synthesized compounds exhibited promising antimicrobial activity, particularly against Gram-positive bacteria, with enhanced efficacy observed for the nitro derivative. These findings suggest that benzimidazole-based scaffolds prepared via green methodologies hold potential for further development as antimicrobial agents. 
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