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ABSTRACT:

The interaction of substituted Benzimidazole (Al, A2) and aromatic aldehyde (B1, B2) via a
greener approach resulted in the synthesis of azomethine derivatives (C1 — C4). The
compounds Al and A2 were synthesized using phenylenediamine and respective carboxylic
acids using aqueous media. The resultant compounds were characterized by elemental analysis,
!H-NMR and IR spectral studies.

The in-vitro Antibacterial activities of the final compounds have proven that they are active
against the bacterial strains (B. subtilis, S. aureus, P. aeruginosa and E. coli) incorporating
microdilution method.
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INTRODUCTION:

Azomethines have been widely studied as they can be easily synthesized by the condensation
of amines and carbonyl compounds; where the >C=0 (carbonyl group) gets replaced by the
>C=N (azomethine group)." Azomethine derivatives of Benzimidazoles are significant in
medicinal chemistry owing to the Benzimidazole ring bio-activities viz., antimicrobial,
antitumor, antihypertensive, antimalarial, antiprotozoal, antiviral, anti-inflammatory, etc.
(Figure 1).V* It has been proven that the N-atom of the azomethine moiety is associated with
the formation of H-bond along with active centers and inhibits normal cell processes. X X
Keeping in view the variety and numerous applications of azomethine entities and
Benzimidazoles in different fields of chemistry, there has always been modifications and
developments leading to efficient, economical and greener methods for their synthesis. V-
In addition to aforementioned findings; this research paper involves outcomes on the synthesis,
characterization and in-vitro antibacterial evaluation of azomethine analogues obtained from
substituted Benzimidazoles and aromatic aldehydes. The synthesized analogues have proven
that they are active against the bacterial strains for which they were investigated.
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Figure 1.Biological significance of Benzimidazole Derivatives

EXPERIMENTAL.:

All the commercial chemicals and reagents (procured from Sigma Aldrich/Merck) were used
as such without further purification. Carbon, Nitrogen and Hydrogen were analyzed on a
Perkin-Elmer C, H, N and S 11 series 2400 analyzer. IR spectra were recorded using KBr pellet
method on a Spectrum Version: 10.4.00 - Perkin Elmer FTIR spectrophotometer in the range
4000-400cm™. 'H-NMR spectra were recorded for the synthesized compounds using TMS as
the internal reference on Bruker Ascend 300 MHz system in de-DMSO. Melting points were
determined using an electric melting point apparatus and were uncorrected.

Green SynthesisofSubstituted Benzimidazoles(Scheme 1)

A mixture of m-aminobenzoic acid (Immol) and o-phenylenediamine (1mmol) in PPA
(polyphosphoric acid) was refluxed in water for about 2 hours. The obtained dark precipitate
was filtered under vacuum, washed twice with water and dried in electric oven for about

3-4 hours to obtain compound Al as powdered solid (m.p.: 257-259°C, Yield: 91%).
A similar procedure with p-aminobenzoic acid resulted in synthesis of compound A2 (m.p.:

241-243°C, Yield: 82%).
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Scheme 1. Green Synthesis of Substituted Benzimidazole

Green Synthesis of Azomethine Derivatives (Scheme 2)

A mixture of Benzimidazole (Al, 1Immol) and salicyladehyde (B1, 1mmol) in water was
refluxed for about 2 hrs. The obtained precipitate was filtered under vacuum, washed twice
with water and dried in electric oven for about 4 hours to obtain compound C1 (m.p.: 232-

234°C, Yield: 87%).
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A similar procedure with reactant pairs A1-B2, A2-B1 and A2-B2 resulted in synthesis of
compounds C2, C3 and C4; respectively.
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Scheme 2.Green Synthesis of Azomethine Derivatives

RESULT AND DISCUSSION:

The synthesis of azomethine derivatives was carried out via greener approach in agueous
media in a two-step process. In the very first step, Benzimidazoles (Al and A2) were
prepared through a condensation pathway (Schemel). Subsequently, azomethine entities
were prepared using Benzaldehyde derivatives (B1 and B2) (Scheme 2). All the resultant
final compounds (C1-C4) were obtained as yellow powdered solids. They were found to be
thermally stable and were obtained in 79-93% yield. Physical and analytical observations are
listed in Table 1.

Table 1
Physical and Analytical data for the synthesized compounds

Molecular M.P. | Yield | Elemental Analysis % found
S. Compound Formula (°C) | (%) | (% calcd.
No. C H N
Benzimidazole — CiaHiiN 257- 91 74.56 5.27 20.02
Al 13T 259 (74.62) | (5.30) | (20.08)
Compound - C1 232- 76.94 4.89 13.33
2 | (R=H) CaoHisNsO | o3y |87 | (7666) | (4.83) | (13.41)
Compound — C2 282- 73.15 4.55 12.52
3 | (R=0H) CooHisNaOz2 | 55 193 | 7094y | (459) | (12.76)
Benzimidazole - 241- 74.66 5.25 20.09
4 a2 CisHuNs 1543 182 | 7460) | (530) | (20.08)
Compound — C3 244- 77.06 4.93 13.39
> | (R=H) CoHisNsO | 546 186 | 7666) | (4.83) | (13.41)
Compound — C4 262- 72.76 4.64 12.61
6 | (R=0H) CaoHisNaOz2 | 55, | 79 | 7094y | (459) | (12.76)

IR Spectra (Table 2)

IR Spectra of the synthesized Benzimidazoles and their azomethine derivatives were observed
in the definite region of 4000-400 cm™. These spectra were analyzed depending on some key
peaks as recorded. The formation of azomethine was verified by the absence of peaks in the
range 3450-3250 cm™ attributed to amino group v(-NHz) in Al and A2; and formation of
particular band around 1610-1590 cm* characteristic for imine group in C1, C2, C3 and C4."
XXIV

The signals in the region 1275-1260 cm*and 3065-3045 cm™ in spectra of derivatives C1-C4
have been accounted for v(C-O, phenolic) and v(OH, phenolic), respectively. The peaks
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recorded in the spectra around region 1585-1560 cm™ are attributed to v(N=C) of the
Benzimidazole ring present in all compounds.

Table 2
IR spectral readings forthe synthesized compounds
S. Compound v(NH2) v(OH) | v(N=CH) | v(N=C) | v(C=C) | v(C-
No. 0)
1 Benzimidazole — | 3445, 3340 | --- 1570 1505
Al
2 Compound - C1 3055 | 1605 1580 1510 1260
3 Compound — C2 3065 |1610 1585 1500 1260
4 Benzimidazole - | 3405, 3335 | --- 1560 1490
A2
5 Compound — C3 3045 | 1595 1565 1500 1275
6 Compound — C4 3060 | 1600 1570 1510 1275

!H-NMR Spectra (Table 3)

The presence of signals observed in 9.07-8.89 ppm region in the proton spectra of compounds
C1, C2, C3 and C4 can be attributed to N=CH group; which clearly implies the formation of
azomethine bond. v >l Additionally, signals observed in the typical ppm region are assigned
to aromatic protons in the proton spectra of all the compounds. Signals observed in the low
field in compounds C1-C4 around 13.49-12.93 ppm region have been assigned to the NH, OH
protons of Benzimidazole and Salicylidene rings, respectively.

Table 3
'H-NMR spectral readings for the synthesized compounds

ﬁllo Compound 'H NMR (300 MHz, Me2SO—ds)

8 12.67 (s, 1H), 7.59 (d, 1H), 7.46 (d, 1H), 7.40 (s, 1H),
7.25 (d, 1H), 7.20-7.08 (m, 3H), 6.65 (d, 1H), 5.27 (s, 2H)

5 12.95 (s, 1H), 12.95 (s, 1H), 9.06 (s, 1H), 8.16 (s, 1H),
2 Compound - C1 8.08 (d, 1H), 7.69 (dd, 1H), 7.61 (m, 4H), 7.42 (dd, 1H),
7.19 (dd, 2H), 7.00 (t, 2H)

9 13.42 (s, 1H), 12.93 (s, 1H), 10.29 (s, 1H), 8.89 (s, 1H),
8.09 (t, 1H), 8.03 (dd, 1H), 7.64 (d, 1H), 7.56 (t, 1H), 7.51
(d, 1H), 7.46 (d, 1H), 7.44 (d, 1H), 7.18 (m, 2H), 6.40 (dd,
1H), 6.30 (s, 1H)

d 12.45 (s, 1H), 7.87 (d, 2H), 7.50 (s, 2H), 7.14 (dd, 2H),
6.76-6.51 (M, 2H), 5.62(s, 2H)

0 12.97 (s, 1H), 12.96 (s, 1H), 9.07 (s, 1H), 8.26 (d, 2H),
5 Compound —C3 | 7.68 (m, 1H), 7.60 (d, 3H), 7.43 (dd, 1H), 7.21 (dd, 2H),
6.99 (t, 2H), 6.98 (d, 1H)

o 13.49 (s,1H), 12.95 (s,1H), 10.37 (s,1H), 8.96 (s,1H),
6 Compound —C4 | 8.28 (m,2H), 7.70 (m, 1H), 7.58 (m, 3H), 7.51 (d, 1H),
7.25 (t, 2H), 6.47 (dd, 1H), 6.36 (d, 1H)

1 Benzimidazole — Al

3 Compound — C2

4 Benzimidazole - A2
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Antibacterial Evaluation (Table 4, Figure 2)

The synthesized azomethine derivatives were evaluated for their antibacterial activities against
the bacterial strains (B. subtilis ATCC 55406, S. aureus ATCC 25923, P. aeruginosa ATCC
9027 and E. coli ATCC 8739). For this purpose; Ciprofloxacin was used as the control drug
for antibacterial activity Vil xxvili

Antibacterial evaluation of compounds C1-C4 reveals that they exhibit appreciable activities
against Gram-positive (B. subtilis and S.aureus) as well as Gram-negative (P. aeruginosa and
E. coli) bacterial strains. Strains were incubated with the compounds under investigation at 37

°C for 48 hours and the assays were performed in triplicate.

Table 4
Antibacterial activityresultsfor the synthesized compounds C1-C4

S MIC concentrations (ug/ml)

N' Compound Gram-positive bacterial strains | Gram-negative bacterial strains
' B. subtilis S. aureus P. aeruginosa | E. coli

1 |C1 450 450 1750 1500

2 | C2 400 400 1500 1000

3 |C3 250 225 750 500

4 | C4 750 225 1500 750

5 | Ciprofloxacin | 1 1 10 5

MIC concentrations (ng/ml)

Compound C4

Compound C3

Compound C1 Compound C2

* B. subtilis ~S.aureus = P.aeruginosa ~E. coli

Figure 2. Antimicrobial activities of synthesized compounds C1-C4

CONCLUSION

In the mentioned work here; green synthesis of some azomethine derivatives obtained from
substituted Benzimidazole and aromatic aldehydes have been reported. All the synthesized
analogues were analyzed based on their elemental analysis, *H-NMR, IR spectral studies. The
antibacterial evaluation of azomethine derivatives demonstrates their significant biological
activities against B. subtilis, S. aureus, P. aeruginosa and E. coli.

307



V.K. Yadav et al. / Heterocyclic Letters Vol. 13| N0.2|303-309|February-April|2023

REFRENCES

Vi.

Vii.

viii.

Xi.

Xil.

Xiil.

Xiv.

XV.

XVI.

XVil.

XViii.

XiX.

308

Bigelow L.A. and Eatough H.; “Benzalaniline”’; Organic Syntheses; 1928, 8, 22.

Wittig G. and Hesse A.; “Directed Aldol Condensations: B-phenylcinnamaldehyde”;
Organic Syntheses; 1970, 50, 66.

Cimerman Z.; Miljanic, S. and Galic N.; “Schiff bases derived from
aminopyridinesasspectrofluorimetricanalyticalreagents™; Croat. Chem. Acta; 2000, 73,
81.

Robinson M.W.; McFerran N.; Trudgett A.; Hoey L. and Fairweather I.; “A possible
model of benzimidazole binding to B-tubulin disclosed by invoking an inter-domain
movement”; J. Mol. Graph. Model.; 2004, 23, 275.

Hranjec M.; Star'cevi'c K.; Paveli’c S.K.; Lu'cin P.; Paveli'c K. and Zamola G.K.;
“Synthesis, spectroscopic characterizationand antiproliferative evaluation in vitro of
novel Schiff bases related to benzimidazoles”; Eur. J. Med. Chem.; 2011, 46, 2274.
Bansal Y. and Silakari O.; “The therapeutic journey of benzimidazoles: A review”;
Bioorganic Med. Chem.; 2012, 20, 6208.

Wang Y.T.; Qin Y.J.; Yang N.; Zhang Y.L.; Liu C.H. and Zhu H.L.; “Synthesis, biological
evaluation, and molecular docking studies of novel 1-benzene acyl-2-(1-methylindol-3-
yl) benzimidazole derivatives as potential tubulin polymerization inhibitors”; Eur. J. Med.
Chem.; 2015, 99, 125.

Castro L.S.E.P.W.; Kviecinski M.R.; Ourique F.; Parisotto E.B.; Grinevicius V.M.A.S.;
Correia J.F.G.; Filho D.W. and Pedrosa R.C.; “Albendazole as a promising molecule for
tumor control”’; Redox Biol.; 2016, 10, 90.

Fang X.J.; Jeyakkumar P.; AvulaS.R.; ZhouQ. and Zhou C.H.; “Design, synthesis and
biological evaluation of 5-fluorouracil-derivedbenzimidazoles as novel type of potential
antimicrobial agents”; Bioorganic Med. Chem. Lett.; 2016, 26, 2584.

Tahlan S.; Kumar S. and Narasimhan B.; “Pharmacological significance of heterocyclic
1H-benzimidazole scaffolds: a review”; BMC Chemistry; 2019, 13, 101.

Singhal S.; Khanna P.; Khanna L.; “Synthesis, DFT studies, molecular docking,
antimicrobial screening and UV fluorescencestudies on ct-DNA for novel Schiff bases of
2-(1-aminobenzyl)benzimidazole”; Heliyon; 2019, 5, 02596.

Venugopala K.N. and Jayashree B.S.; “Synthesis of carboxamides of 2 -amino-4 -(6-
bromo-3-coumarinyl)thiazoleasanalgesicandantiinflammatoryagents”; Indian J.
Heterocycl. Chem., 2003, 12, 307.

Vashi K. and Naik H.B.; “Synthesis of novel Schiff base and azetidinone derivatives
andtheirantibacterial activity”; Journal of Chemistry; 2004, 1, Article ID 158924.

Xu J.; Zhuang R.; Bao L.; Tang G. and Zhao Y.; “KOH-mediated transition metal-free
synthesis of imines from alcohols and amines”; Green Chemistry, 2012, 14, 2384.

Patil R.D. and Adimurthy S.; “Catalytic Methods for Imine Synthesis” Asian J. Org.
Chem.; 2013, 2, 726.

Yadav G. and Mani J.V.; “Green Synthesis of Schiff Bases by Using Natural Acid
Catalysts”; Int. J. Sci. Res.; 2015, 4, 121.

Sharma D. and Nag P.; “In-vitro antifungal evaluation of some Cu and Ni complexes”;
Res. J. Pharm. Technol.; 2022, 1, 24.

Reeves J.T.; Visco M.D.; Marsini M.A.; Grinberg N.; Busacca C.A.; Mattson A.E. and
Senanayake C.H.; “A General Method for Imine Formation Using B(OCH2CF3)3”; Org.
Lett., 2015, 17, 2442.

Lv X.; Zhou Y.; Zhang A.; Zhou L. and Zeng Q.; “A straightforward green synthesis of N-
(tert-butylsulfinyl)imines”; Toxicol. Environ. Chem.; 2015, 98, 1155.



XX.

XXI.

XXil.

xXiii.

XXIV.

XXV.

XXVI.

XVil.

XViii.

V.K. Yadav et al. / Heterocyclic Letters Vol. 13| N0.2|303-309|February-April|2023

Adams M.R.; Tien C.H.; Huchenski B.S.N.; Ferguson M.J. and Speed A.W.H.
“DiazaphospholenePrecatalysts for  Imine and  Conjugate  Reductions”;
AngewandteChemie International Edition; 2017, 56, 1.

Illan J.A.M.; Miguel D.R.S.; Franco C.; Imaz I.; Maspoch D.; Luis J.P. and Zamora F.;
“Green synthesis of imine-based covalent organic frameworks in water”; Chem.
Commun.; 2020, 56, 6704.

Chandrakala M.; Sheshadri B.S.; Gowda N.M.N.; Murthy K.G.S.; Nagasundara K.R.;
“Synthesis and spectral studies of 2-salicylidine-4-aminophenyl benzimidazole and its
reaction with divalent Zn, Cd and Hg: Crystal structure of the cadmium bromide
complex’; J. Chem. Res.; 2010, 576.

Zuo Z.; Liu J.; Nan J.; Fan L.; Sun W.; Wang Y. and Luan X. “Highly Stercoselective
Synthesis of Imine-Containing Dibenzo[b,d]azepines by a Palladium(Il)-Catalyzed [5+2]
Oxidative Annulation of 0-Arylanilines with Alkynes”; AngewandteChemie International
Edition; 2015, 54, 15385.

Nag P. and Sharma D.; “Synthesis, Characterization and Antifungal Evaluation of Some
Novel Mo(VI) Complexes”;Rev. Roum. Chim.; 2021, 64, 331.

Gupta S.D.; Revathi B.; Mazaira G.l.; Galigniana M.D.; Subrahmanyam C.V.S.;
Gowrishankar N.L.; Raghavendra N.M.; “2,4-dihydroxy benzaldehyde derived Schiff
bases as small molecule Hsp90 inhibitors: Rational identification of a new anticancer
lead”; Bioorg. Chem.; 2015, 59, 97.

Chandrakala M.; “Hydrolysis of -N=CH- Bond in 2-Salicylidene-4-aminophenyl
benzimidazole by Palladium(II)”’; Asian J. Chem.; 2019, 31, 287.

Brown D.F.J. and Kothari D.; “Comparison of antibiotic discs from different sources”;
J. Clin. Pathol. (London); 1975, 28, 779.

Patel AB.; “Investigation of the antibacterialactivity of new quinazoline

derivativesagainst methicillin and quinolone resistant Staphylococcus aureus”; J. Chem.
Res.;2020, 44, 315.

Received on December 8, 2022.

309



