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Abstract: The present study reports the synthesis, crystal structure and evaluation of biological activities of a Schiff
base, [L = (Z)-2-methoxy-6-(((2-methoxyphenyl) imino) methyl) phenol]. X-ray structure of Schiff base reveals that the
compound crystallizes in the orthorhombic system with Pca space group. The Schiff base adopts two methoxy groups,
one phenolic-OH and one azomethine group and exists in a Z-stereomer. Investigation on the self-assembled structure
of the Schiff base exhibits the formation of a 3D supramolecular architecture through intermolecular O---H hydrogen
bonding interactions. The bactericidal activity of the Schiff base has been examined against some pathogenic bacteria.
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1. Introduction

Schiff bases are an important class of molecules for their easy preparative accessibility, structural versatility and
diverse applications in modern sciences [1-7]. They exhibit interesting coordinative capability towards metal ions
and the metal-Schiff base compounds/chelates have been considered as important compounds for the development
of magnetic materials, highly efficient catalysts, bio-inspired oxidation processes, smart photoluminescent materials,
therapeutic agents and so on [8-12]. Schiff bases containing different hetero atoms as donor centres like N, O, S, P have
emerged as a promising field of research in coordination chemistry since the metal-Schiff base compounds may tune the
morphological, physiological, and pharmacological properties to some great extent [13-15]. Furthermore, among the
various aromatic aldehydes, vanillin or 3-methoxybenzaldehyde is a constituent of fruits and obtained from the plant
Vanilla Planifolia. Moreover, o-vanillin (aromatic hydroxyaldehydes) functionalized Schiff bases show high stability
in the ligand backbone and facilitate the formation of metal complex of varied functionalities [16-18]. The chelating
behaviour of o-vanilin functionalized Schiff bases is found good and well documented in scientific literatures [19, 20].
The vanillin functionalized Schiff bases also exhibit good bactericidal as well as biological activity [20]. Recently,
we synthesized a dicopper (II) complex employing this Schiff base which showed good bio-mimetic oxidation with
high efficiency [20]. With an aim to study the structural and antibacterial effect of the Schiff base, herein, a vanillin
functionalized Schiff base has been synthesized and crystallographically characterized. The bactericidal properties of
the synthetic Schiff base have also been explored against pathogenic bacteria.
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2. Experimental
2.1 Preparation of the Schiff base

2.1.1 Chemicals, solvents and starting materials

Pure o-anisidine (Sigma Aldrich, USA) and o-vanillin (Sigma Aldrich, USA) were purchased from the commercial
outlets. All the chemicals and reagents of analytical grade were used as received.

2.2.2 Synthesis of the Schiff base

The Schiff base compound was designed and prepared according to the reported procedure [20]. The Schiff base
was synthesized by refluxing o-anisidine (1 mmol, 0.123 g) with o-vanillin (1 mmol, 0.152 g) in 20 ml ethanol for 6 h.
Thereafter, the reddish coloured solution was filtered and dried. Then, the Schiff base was stored over CaCl, for use.
Yield: 0.219 g (~85.2%). Anal. Calc. for C,sH,sNO, (L): C, 70.02; H, 5.88; N, 5.44; Found: C, 70.09; H, 5.80; N, 5.93.
Infrared (IR) (KBr, cm'; Figure S1): 3435 (ny), 1617 (ne_y); UV-Vis (A, nm; Figure S2): 279, 341, 463; '"H NMR (&
ppm, 400 Mz, CDCls; Figure S3) & = 14.46 (s, 1H), 8.70 (s, 1H), 7.26-6.82 (Ar-H, 7H), 5.94 (s, 1H), 3.93, 3.89 (d, 6H)
ppm. "C NMR (400 MHz, CDCl,; Figure S4): 161.43 (HC = N); 153.19, 152.78 (Ar-OCH,); 136.42 (Ar-N = C); 148.89
(Ar-OH); 128.15, 123.60, 121.03, 119.34, 119.25, 118.09, 114.40, 112.07 (Ar-C); 56.24, 55.97 (-OCH,). ESI-MS (m/z;
Figure S5) 258.2663 (Calc. 258.28).

2.2 Physical measurements

IR spectrum of the Schiff base was recorded with a SHIMADZU Fourier-transform infrared spectroscopy (FTIR)-
84008 spectrophotometer with KBr pellet. The Nuclear magnetic resonance (NMR) spectra of L were obtained on a
Bruker Advance 400 MHz spectrometer in CDCl,. Steady-state absorption data was measured using a JASCO V-730
UV-Vis spectrophotometer. ESI mass spectrum of L was measured with a Q-tof-micro quadruple mass spectrometer.
Elemental analysis was carried out on a Perkin Elmer 2400 CHN microanalyser.

2.3 Crystal structure determination and refinement

The Single crystal X-ray diffraction data of the Schiff base were collected on a Rigaku XtalLABmini diffractometer
with Mercury 375R (2 x 2 bin mode) CCD detector. The diffraction data were recorded with graphite monochromated
Mo-Ka radiation (A=0.71073 A) at 100.0 (2) K using  scans. The data were reduced using CrysAlisPro 1.171.38.46 [21]
and the space group determination by Olex2. The structural refinement parameter were resolved by dual space method
using SHELXT-2015 [22] and refined with full-matrix least-squares procedures employing the SHELXL-2015 [23]
through OLEX2 suite [24].

2.4 Hirshfeld surface calculations of the Schiff base

Crystal Explorer 17.5 [25] program package was employed to generate Hirshfeld surfaces [26] and 2D fingerprint
plots [27] of L using its single-crystal X-ray diffraction data. It has already been established that Hirshfeld Surface
analysis is a very important tool to study and locate intermolecular interactions within a crystal packing. The function
d,om 1S a ratio of the distances of any surface point to the nearest interior (d;) and exterior (d,) atom and the van der
Waals radii of the atoms [28]. The normalized contact distance (d,,,,,) could be expressed as

d B dl' _ r}vdW de _I”eVdW
norm = Ty vaw (M
T Te

Where, r,"™" and 1" denote the corresponding van der Waals radii of atoms. The details of negative value of d
the red colour, and the blue colour in Hirshfeld surfaces are described elsewhere [27, 28].

norm»
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2.5 Antibacterial activity of the Schiff base

Different pathogenic bacteria were used to examine the antibacterial properties of the Schiff base. Three gram-
positive strains (Listeria monocytogenes (MTCC 657), Bacillus cereus DGA14 (MN809373) and Staphylococcus aureus
S5 (MWO073410)) and three gram-negative strains (Salmonella typhimurium MTCC 660, Pseudomonas aeruginosa S3
(MWO073400) and Shigella flexneri MTCC 1457) were taken for antimicrobial assay. The strains L. monocytogenes,
S. typhimurium and S. flexneri were procured from Institute of Microbial Technology (IMTECH), Chandigarh and the
other three strains were isolated in the Plant Biotechnology Laboratory, Department of Biotechnology, University of
North Bengal, India. The accession numbers of the partial 16S Ribosomal ribonucleic acid (rRNA) gene sequences of
the isolated strains that were deposited to GenBank are mentioned in parentheses initially. All the strains were grown at
37°C for 24 h in nutrient agar media and then stored at 4°C for further use.

In vitro bactericidal activity of the Schiff base compound was tested using the agar well diffusion assay [29]. The
pathogenic bacteria were cultured in Nutrient broth followed by incubation for 24 h at 37°C. Approximately 20 ml of
sterile molten and cooled Nutrient agar was poured in sterilized Petri dishes. Thereafter, 100 pL (10° CFU/mL) of the
respective strains were inoculated on nutrient agar plates by spread plate method and agar wells of 9 mm diameter were
prepared with a sterilized stainless steel cork borer. About 50 pul of different concentrations (1 mM, 2.5 mM, 5 mM and
10 mM) of the compound dissolved in dimethylsulfoxide (DMSO) were added into the wells. DMSO without addition
of the compound was also kept in one well to understand the effect of solvent for antimicrobial activity. The plates were
incubated at 37°C and after 24 h of incubation, the zones of inhibition developed were measured and noted down [30].

2.5.1 Determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
the Schiff base

For the estimation of MIC, a stock solution of 50 mM was prepared in DMSO from where 4.5 ml was mixed with
10 ml of nutrient broth (450 pl/ml) to obtain a final concentration of 22.5 mM. From this, several dilutions were made
up to 1 mM concentration. Then, 50 pl of fresh microbial inoculums was added to 5 ml of each dilution in 15 ml glass
tube making the final concentrations of 0.9 mM, 1.1 mM, 1.3 mM up to 22.3 mM and allowed the set up at 37°C for
24 h to grow. Negative and positive control contained 5.05 ml of inoculated broth and compound respectively. The
visual turbidity was examined before and after incubation following a reported procedure during 24 h of incubation [31].
Further, MBC which presents the lowest concentration of L that prevents the growth of bacterial colony on the solid
media was determined by subculturing the above (MIC) dilutions [31].

3. Results and discussion
3.1 Synthesis and formulation of the Schiff base (L)

The reddish coloured Schiff base ligand, L is synthesized by refluxing o-anisidine with o-vanillin in ethanol
medium. Single crystals of the Schiff base were grown in the saturated solution of Schiff base in ethanol medium
using slow evaporation technique (Figure 1). The Schiff base exhibits good solubility in methanol, ethanol, and
dimethylsulphoxide.

NH, CHO
OCH, HO H,CO N
- -
EtOH
H,CO C} m
H,CO

Figure 1. Synthetic route for the formation of the Schiff base

Applied Microbiology: Theory & Technology 20 | Bhaskar Biswas, et al.


https://www.ncbi.nlm.nih.gov/nuccore/MN809373

3.2 Description of crystal structure

The crystal structure analysis of the Schiff base reveals that the compound crystallizes in orthorhombic system with
Pca2, space group. An ellipsoidal plot of the Schiff base is shown in Figure 2. The X-ray refinement parameter of the

Schiff base is given in Table 1.

Figure 2. Molecular structure of the Schiff base complex with 30% ellipsoid probability

Table 1. Crystallographic data and structure refinement parameters for L

Parameters

L

Empirical formula
Formula weight
Temperature (K)

Crystal system
Space group
a(A)
b (A)
c(A)
Volume (A’)
V4
p (gem”)
w (mm)
F (000)
Riy
0 ranges (°)

Number of unique reflections

Total number of reflections
Final R indices

Largest peak and hole (eA™)

CsH,sNO;
257.28
296
Orthorhombic
Pca2,
23.723(3)
7.7146(9)
7.3608(5)
1347.1(2)
4
1.269
0.089
544
0.040
2.6-32.7
4469
10018
0.0601, 0.2106
0.17,-0.16
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Table 2. Bond angles and bond distances value of 1

Bond distances (A)
01-Cl 1.356(5) 01-C7 1.423(7)
02-C10 1.358(6) 03-Cl1 1.355(6)
03-C15 1.422(7) N1-C8 1.290(6)
NI-C2 1.424(6) C1-C2 1.403(6)
C1-C6 1.386(6) C2-C3 1.385(6)
C3-C4 1.387(7) C4-Cs 1.366(8)
C5-C6 1.368(7) C8-C9 1.455(7)
C9-C10 1.388(6) C9-C14 1.417(6)
C10-Cl1 1.414(7) C11-C12 1.387(7)
C12-C13 1.383(8) CI3-Cl4 1.366(8)
Bond angles (°)

C1-01-C7 117.8(4) C1-C2-C3 119.4(4)
C11-03-C15 116.6(4) C2-C3-C4 120.3(4)
C10-02 -H2 109.00 C3-C4-Cs 119.4(4)

C2-N1-C8 120.0(4) C4-C5-C6 121.5(5)

01-C1-C2 115.3(4) C1-C6-C5 120.1(5)

01-C1-C6 125.4(4) C8-C9-C10 121.2(4)
02-C10-C9 123.1(4) C8-C9-C14 119.0(4)
02-C10-C11 116.6(4) C10-C9-C14 119.7(4)
03-C11-C12 125.6(4) C9-C10-C11 120.3(4)
03-C11-C10 116.0(4) C10-C11-C12 118.4(5)

N1-C2-C1 116.9(4) C11-C12-C13 121.2(5)

N1-C2-C3 123.5(4) C12-C13-C14 121.0(5)

N1-C8-C9 120.4(5) C9-C14-C13 119.4(5)

C2-C1-C6 119.3(4)

The bond distances and bond angles of the Schiff base are specified in Table 2. It is observed that the Schiff base
consists of three main functional sites-phenoxo, azomethine and methoxy groups. More interestingly, all the four donor
sites (two methoxy-O, one azo methane-N and one phenoxo-O) appear in the same side to present the Z-stereomer of the
Schiff base in the crystalline phase. It is also observed that the phenoxo-H couples strongly with the azomethine-N with
strong intramolecular H-bonding and lock the side in a plane.

Investigation on self-assembly of the Schiff base, it is observed that methoxy-O makes intermolecular H-bonded
network with the H attached to the carbon atom of phenyl and grows in a 3D architecture in ac plane (Figute 3, Table
S1). The intermolecular H-bonded interactions are of moderate strength (03---H12, 2.64 A) and assembled in a definite

SR

Figure 3. O---H interactions mediated supramolecular architecture of the Schiff base

fashion.
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3.3 Hirshfeld analysis of the Schiff base

2.4 2.4
2.2 2.2
2.0 2.0
1.8 1.8
1.6 1.6
1.4 14
1.2 1.2
1.0 1.0
0.8 0.8
0.6 0.6
06081012141.6182.02224 0608101214161.8202224
All-in All-out (100 %) All-in O-out (8.5 %)
2.4 24
2.2 2.2
2.0 2.0
1.8 1.8
1.6 1.6
1.4 1.4
1.2 1.2
1.0 1.0
0.8 0.8
0.6 0.6
0.60.81012141.61.82.02224 06081.012141.61.82.02224
All-in N-out (1.0 %) All-in C-out (13.3%)
24 2.4
2.2 2.2
2.0 2.0
1.8 1.8
1.6 1.6
1.4 14
1.2 1.2
1.0 1.0
0.8 0.8
0.6 0.6
06081012141.618202224 06081.012141.61.82.02224
All-in H-out (77.2 %) O-in All-out (10.1 %)
2.4 24
22 2.2
2.0 2.0
1.8 1.8
1.6 1.6
14 1.4
1.2 1.2
1.0 1.0
0.8 T T 0.8
0.6 0.6
|
06081012141.61.8202224 06081012141.61.8202224
N-in All-out (1.6%) C-in All-out (19.3%)
24 7|
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6

06081.012141.6182.02224
H-in All-out (69.1%)

Figure 4. Fingerprint plot of the Schift base
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Hirshfeld surface analysis of the Schiff base was calculated over a definite d,,,, with Crystal Explorer software.
The surface volume and surface area were calculated as 330.13 A and 312.88 A” respectively. The red highlighted area
displays the d,,,, area and non-covalent interactions of the Schiff base with the neighbour in the crystal. The percentage
share of each element in close interaction with others is given in Table S2. In the d,,, plot, the red area displays the
moderate intermolecular C-H--O interactions as displayed in Fingerprint plots (Figure 4). Table S2 provides quantitative
information of the H-bonded interactions by each pair of elements.

3.4 Solution phase behaviour of the Schiff base

The solution phase behaviour is very important for a molecule to view its intricate photophysical properties as well
as molecular integrity. The solution phase properties were studied with different spectroscopic methods especially UV-
Vis, ESI-Ms and spectrofluorimetry. The UV-Vis spectrum of the Schiff base was recorded in acetonitrile (MeCN) at
room temperature. The Schiff base displayed electronic bands of high absorbance at 278, 340 nm and a broad band with
low absorbance at 460 nm (Figure S1). The electronic bands at 278 and 340 nm for the Schiff base may be assigned as
n — m* /n — ©* electronic transitions of ligand origin. The appearance of optical band at 460 nm is attributed to the
ligand centric charge transition [20].

ESI-Ms spectrum of the Schiff base was also measured in MeCN and shown in Figure S5. The molecular ion
peak for the Schiff base was appeared at m/z 258.6663 which also ensured the molecular integrity of the Schiff base
in solution phase. The experimental m/z value also agrees well with the calculated m/z value of the Schiff base. The
solvatochromism property of the Schiff base was further examined in different solvents like tetrahydrofuran (THF),
dichoromethane (DCM), propan-2-ol and acetonitrile at room temperature. It is observed that the colour of the solution
of the Schiff base remains yellowish red to red in different solvent. It is further noted that upon moving from non-polar
to polar solvent, the compound exhibits a bathochromic shift of ~5 nm. Figure S6 represents the absorption profile of
the Schiff base in different solvent media. Probably, the excited states of the Schiff base get more stabilized with the
increase of polarity of the solvent.

The fluorescence behaviour of the Schiff base was examined in MeCN and presented in Figure S7. The Schiff
base exhibits moderate fluorescence behaviour which may be explained by considering the intramolecular coupling of
phenoxo-H with imine-N. Phenoxo-H in locked condition in general exhibit poor fluorescence properties [20].

3.5 Antibacterial activity

The bactericidal activity of the Schiff base compound was studied by Agar well diffusion method and the
compound exhibited a noticeable zone of inhibition against different pathogenic bacteria while no such antibacterial
activity was shown by DMSO. The organic molecules as the basic structural unit have been studied as potential
antibiotics [32] and recently investigated by researchers in an attempt to develop antibacterial agents capable of
overcoming bacterial resistance. In this study, our synthesized compound showed its antimicrobial effectiveness towards
both the groups of bacteria with the most susceptible being gram-negative bacteria S. flexneri (Figure S8).

The estimation of MIC was done both qualitatively and quantitatively. The MIC and MBC values of the Schiff base
against the pathogens are summarized in Table 3.

Table 3. MIC and MBC value of compound against the test pathogens

Pathogens MIC MBC

(mM) (mM)
Bacillus cereus 2.1 8.7
Gram +ve Listeria monocytogenes 1.7 2.9
Staphylococcus aureus 4.5 15.1
Pseudomonas aeruginosa 1.5 4.5
Gram -ve Salmonella typhimurium 2.1 6.5
Shigella flexneri 1.3 2.1
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The Schiff base showed the highest MIC value of 4.5 mM for S. aureus and the lowest value of 1.3 mM for S.
flexneri. The bactericidal activity of the compound ranged in the order S. flexneri > L. monocytogenes > P. aeruginosa >
S. typhimurium > B. cereus > S. aureus with lowest MBC of 2.1 mM for S. flexneri and highest MBC of 15.1 mM for S.
aureus (Figure 5).
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Figure 5. Bar diagram of antimicrobial activity of the Schiff base against some pathogenic bacteria at different concentrations.
Inhibition zone was calculated as: diameter of inhibition zone-diameter of well (9 mm).
Data are represented as triplicate of mean + SD. No zone was observed in ImM concentration of compound against all the pathogens

From the combined result of agar well diffusion method and quantitative estimation of antibacterial activity, it was
observed that the Schiff base was highly effective against S. flexneri showing the lowest MIC and MBC values whereas
the least effectivity was found against S. aureus giving the highest MIC and MBC values (Figure 5). It was observed that
gram-negative bacteria were more susceptible towards this Schiff base than the gram-positive bacteria. Gram-negative
bacteria are supposed to consider harder to treat with antimicrobial agents because of their outer membrane serves
as a permeability barrier. Therefore, exhibits higher levels of antibacterial resistance and consequently can exclude
the antibiotics from penetrating the cell [33]. However, vanilin functionalized derivatives have been found to show
its antibacterial activity against gram-negative bacteria like P. aeruginosa and E. coli with the mechanism being still
unclear [34]. Similar observation was made for a novel N-acyl substituted indole linked benzimidazoles which showed
a broad-spectrum antibacterial activity against E. fecalis, P. aeruginosa, E. coli and S. aureus [35]. Some mechanistic
studies point to the membrane-permeabilizing effect of the indole derivative compounds against bacterial pathogens
[36, 37]. A transcriptome data of P. putida upon indole treatment show that exogenous indole can cause a reduction in
adenosine triphosphate (ATP) production by membrane perturbation [38]. However, elucidation of the respective roles
of membrane permeabilization and depolarization is of utmost importance for understanding the mechanisms of action
of such antimicrobial agents.

4. Conclusions

An o-vanillin functionalized Schiff base was synthesized and crystallographically characterized. The structural
formulation and solution phase behaviour were studied with different conventional spectroscopic methods. The X-ray
crystal structure shows that the Schiff base crystallizes in orthorhombic system with Pca2, space group. The Schiff base
exhibits moderate fluorescence property in MeCN. The Schiff base shows highest bactericidal activity against S. flexneri
in a concentration-dependent manner. The molecules will certainly enrich the molecular library of the Schiff base with
good bactericidal activity.

Volume 2 Issue 1]2021] 25 Applied Microbiology: Theory & Technology



Supplementary data

Supplementary crystallographic data are available free of charge from The Director, CCDC, 12 Union Road,
Cambridge, CB2 1EZ, UK (fax: +44-1223-336033; E-mail: deposit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.
ac.uk) upon request, quoting deposition number CCDC 2050514 for the Schiff base ligand. Experimental information
such FT-IR, UV-Vis, 'H & “C NMR, ESI mass spectrum, inhibition of bacterial growth, Fluoresecence spectrum,
Hirshfeld surface plot elemental contribution parameter etc are given here.
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