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Two novel metal complexes, that is, Ni (StmAn),(4) and Cu (StmAn),(5), were synthesized from unsymmetrical Schiff base
ligand StmAn (3). The ligand was prepared by refluxing streptomycin (2) and aniline (1). They were characterized by elemental
microanalysis, conductivity measurements, and spectroscopic techniques such as 'H NMR, FT-IR, ESI-mass, and electronic
absorption spectral study. Interestingly, the study revealed metal coordination through azomethine nitrogen and N-atom of NH-
CHj; of N-methyl-L-glucosamine unit of streptomycin. The electronic absorption spectral study supported an octahedral geometry
for complex 4 and a tetrahedral geometry for complex 5. Particle size calculation by Scherrer’s formula indicated their
nanocrystalline nature. The geometry optimization of the complexes was achieved by running an MM2 job in Gaussian supported
Cs-ChemOffice ultra-12.0.1 and ArgusLab 4.0.1 version software. Based on SwissADME predictions, a theoretical drug profile was
generated by analyzing absorption, distribution, metabolism, excretion, and toxicity (ADMET) scores of the compounds. They
were screened for in vitro antibacterial activity study against four clinical pathogens such as E. coli, S. pneumoniae, P. vulgaris, and
S. aureus. Minimum inhibitory concentration (MIC) study demonstrated greater inhibitory potency of complex (4) (0.024 g/L) for

S. aureus relative to ligand (3) and complex (5). Studies show that metal complexes are more toxic to bacteria.

1. Introduction

The global community faces the crisis of effective vaccines
and medicines to treat current emerging diseases. A recent
ongoing COVID-19 pandemic has destroyed the well-
established human civilization in terms of several factors like
social behavior, countries’ economic status, and attitude to
adapt to the existing environment [1]. It was a panic moment
for everybody to come over from this disease. Many
pharmaceutical organizations claimed their discovery of
vaccines to control the current epidemic and also got partial
success. Because of the genomic mutation process, patho-
genic organisms change their biological functionalities and
behave differently [2]. It has become challenging to suppress
their activity; instead, the scientific community is trying to
find better alternatives to control their effects [3, 4]. The

pharmaceutical industries run their drug discovery pro-
grams to come out of the pandemics and save human lives. A
similar problem that medical science faces is the antibiotic
crisis and unethical use of antibiotics. Even most antibiotic
drugs stored in the drug library have undergone antibacterial
resistance, and currently, there are no new antibiotics to
fight such diseases [5-7]. The discovery of antibiotics in 1930
was a great invention of medical science. During the third
and fourth quartiles of the 20™ century, antibiotics were on
top, especially for treating injured people of post-World War
II [8, 9]. The current antibiotic research and development
have become less innovative as the pharmaceutical industry
has failed to introduce a new class of antibiotics [10]. Most of
the present antibiotics were discovered in the 1940-1960s. At
that time, the disease treatment procedure depended on
antibiotics, and even today, its use has not been denied [11].


mailto:chem_narendra@yahoo.com
https://orcid.org/0000-0002-5973-5031
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/3881217

Recently, antibiotics have become the most successful
chemotherapy drugs in the history of modern medicine and
are therefore considered a miracle drug [12]. The current
antibiotic research has been considered the most challenging
and exciting field of pharmacology due to the increasing
threat of drug resistance, which has sprouted the need for
fresh ideas and strategies to develop it anew [13]. Mis-
management in the use of antibiotics, a high rate of anti-
bacterial prescription, and large-scale antibiotic use in
clinical practice are the major causes of drug resistance [14].
Therefore, to address the severe challenges of multidrug
resistance, the frequency of antibiotic research should
necessarily be enhanced to gear up novel antibiotics’ dis-
covery. We have selected Schiff base compounds and their
metal complexes as role models for antibiotics trial discovery
to check potential drug activities. The Schiff bases are an
important class of organic compounds and are known for
their drug activities. Recently, coordination chemistry of
Schift bases is gaining much popularity due to their versatile
applications as potential drug candidates to ensure better
and more successful interaction with the disease-causing
organisms. Like a drug, they have potential applications as
an antibiotic [15, 16], antitumor [17], antimicrobial, antiviral
[18], and anti-inflammatory [19]. The Schiff bases containing
azomethine (-C=N-) linkage as the integral part of several
patented modern drugs have enamored pharmaceutical
research activity and directed the path for the discovery of
new chemotherapeutics [20]. The nucleophilic nature of
azomethine nitrogen can donate electrons to the electro-
philic substrate due to Lewis base nature and consequently
participates in chelation chemistry. The stable chelate
complex forms by coordinating metal ions with electron-
donating Schiff base molecules [21]. Besides the drug ac-
tivities, Schiff base transition metal complexes have wide
applications in many other fields such as industries, organic
and inorganic synthesis as the catalyst, polymer chemistry,
and many more [22, 23]. The present research attempts to
change the structural and physiological profile of strepto-
mycin by changing ligand property by forming a Schiff base
and its complexation with metal ions.

Most aminoglycosides as antibiotics are toxic, and their
use is a question of great human concern in clinical science.
Streptomycin (Figure 1) is a “first-generation aminoglyco-
side,” typically used in the treatment of highly contagious
disease, “Tuberculosis,” and exerts the bactericidal effect by
inhibiting ribosomal protein synthesis [24]. The most crucial
side effects of streptomycin are ototoxicity and nephro-
toxicity, which restrict its usefulness, and modifying its
structural design is necessary to reduce its toxicity [25]. A
significant portion of its structure is the streptose ring with
the -CHO group that plays a vital role in the formation of
Schiff base by the condensation with -NH, group of aniline.
The metal ion is nested in the Werner type compartment and
stabilizes the complex molecule due to rich redox chemistry
[26]. Since there are several published articles on metal
complexes of Schiff bases, we focus our research on strep-
tomycin-based Schiff base ligand. The present investigation
reports the synthesis, spectral characterization, coordination
behavior, X-ray powder diffraction study, and antibacterial

Journal of Chemistry

evaluation of Ni"" and Cu" complexes of Schiff base ligand
obtained from the condensation reaction of free strepto-
mycin and aniline. The work has been extended to evaluate
drug profile of the synthesized compounds by generating
ADMET scores through SwissADME prediction web server.

2. Experimental Section

2.1. Materials. All the chemicals used were of analytical
reagent grade (AR) type, available commercially. Strepto-
mycin sulphate (Alfa Aesar) and aniline (Merck) with high-
grade purity were used as starting materials to prepare ligand
3. The solvents and reagents used for synthetic purposes
were procured from commercial sources and purified by
standard procedures. The metal salts were CuCl,.2H,0 and
NiClL,.6H,0 (Merck). Distilled methanol (Qualigen) was
used as the solvent for the synthesis. The bacterial culture
was prepared in Muller Hinton’s agar media (Himedia co.).
All the glassware used in the research process was of high-
grade borosilicate glass, and they were cleaned with triple
distilled water before the research operation.

2.2. Instruments. The melting point was recorded on an
OMEGA melting point apparatus. The elemental micro-
analysis was performed on the Elemental Vario EL III
Germany model analyzer. The pH measurement was done in
the Elico-16 pH meter. FT-IR spectra were recorded on a
Perkin Elmer 783 FT-IR Spectrophotometer on KBr discs at
the range of 4000-400 cm ™. Electronic absorption spectra
were recorded on a single beam microprocessor UV/Vis.
Spectrophotometer (LT-290 model, India) used DMSO as the
solvent from the 200-800 nm range. 'H NMR spectrum of the
ligand was recorded on a Bruker AV300/1 FT-NMR spec-
trometer using DMSO-d6 as solvent and TMS as an internal
reference. ESI-mass spectra were recorded as TOF-MS on
Agilent 6520 Q-TOF mass spectrometer equipped with an
electron spray ionization source. The XRD powder pattern
was recorded on a vertical type Bruker AXS d8 Advance X-ray
diffractometer with Cu-Ka line (A =1.54056 A) as the radi-
ation source under slow-scan over the range of 5°-80" as a
function of (26). Crystallographic data were analyzed on
X’Pert High Score and Origin software programs. The metal
complexes’ possible geometries were evaluated using the
molecular modeling calculation, optimized by the CsChem
3D Ultra-12.0.1 program and Argus Lab 4.0.1 version
software.

2.3. Synthesis of Compounds

2.3.1. Synthesis of StmAn, (3) (C2;H44NgO;;). To the solu-
tion of Stm (2), (2mmol, 1.359g) in 30ml hot aqueous
methanol was added 2 mmol (0.2 ml) of ligand precursor (1),
and the pH of the solution was adjusted to slightly alkaline
(pH 8) by adding 2N NaOH solution dropwise. The mixture
was left under reflux for about 3h, and the volume of the
solution was reduced by half when the pink-colored solid
product of StmAn (3) was separated by a slow diffusion
process, purified by recrystallization from hot methanol, and
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FIGURE 1: Structure of streptomycin.

dried in a desiccator. The synthetic route for the preparation
of ligand (3) and complexes (4) and (5) is shown in
Scheme 1.

Mol. Formula: C,;H44NgO;;. Yield 80%, m.p. 187°C.
Mass spectrum ESI [M]* = 656.69 m/z. Elemental Anal. Calc.
(%): C, 49.38; H, 6.75; N, 17.06; O, 26.80, Found: C, 49.53; H,
6.81; N, 16.91; O, 26.95. IR (KBr, U, Cmfl): 3349.65 (b, O-H
str.), 1651.61 (s, C=N. imine), 1113.34 (C-N str.), 505.80 (Ni-
0), 457.09 (Ni-N). UV/Vis. (Apae nm): 314, 340, 347.
Conductivity (Ay, uS cm™): 31.8.

2.3.2. Synthesis of Complexes. To the warm solution of
StmAn (3) (2mmol, 1.3133 gm) in 30 ml methanol, 10 ml
solution (1 mmol) each of NiCl,.6H,0 and CuCl,.2H,0 was
added as separate samples and refluxed for several hours
under constant stirring conditions. A colored solid of M (II)
complexes (4) and (5) was formed by the slow diffusion of
the solution at room temperature. Solids were filtered,
washed with methanol, and dried in a desiccator.

[Ni (StmAn),].2H,0 (4). Mol. Formula:
Cs4HgoN6NiO,,. Yield 65%, m.p. 265°C. Mass spectrum ESI
[M]*=1406.13 m/z. Elemental Anal. Calc. (%): C, 46.13; H,
6.45; N, 15.94; O, 27.31 Found: C, 46.25; H, 6.44; N, 15.87; O,
27.28. IR (KBr, U, cm™"): 3349.65 (b, O-H str.), 1651.61 (s,
C=N.imine), 1113.34 (C-N str.), 505.80 (Ni-O), 457.09 (Ni-
N). UV/Vis. (Ayax nm): 305, 317, 350, 377, 398, 698, 763.
Conductivity (Ay, uS cm):29.8.

[Cu (StmAn),] (5). Mol. Formula: Cs4;HgsCuN;0,,.
Yield 70%, m.p. 278°C. Mass spectrum  ESI
[M]*=1374.39 m/z. Elemental Anal. Calc. (%): C, 47.17; H,
6.30; N, 16.30; O, 25.60 Found: C, 47.15; H, 6.24; N, 16.44; O,
25.57. IR (KBr, U, cm-1):3342.44 (b, O-H str.), 1654.16 (s,
C=N. imine), 1113.69 (C-N str.), 465.71 (Ni-N). UV/Vis.
(Amax> nmM): 306, 311, 348, 377, 650. Conductivity (A, uS
cm™): 7.4,

2.3.3. Antibacterial Activity Study. The ligand (3) and its
metal complexes (4) and (5) were screened in vitro for their
antibacterial activity against clinical strains of two Gram-
positive (S. aureus and S. pneumoniae) and two Gram-
negative (E. coli and P. vulgaris) bacterial pathogens. The
standard Kirby-Bauer paper disc diffusion method was
followed to determine the antibacterial potency. The test
solutions were prepared in DMSO at three concentrations

(100, 50, and 25 pug/uL). The well-sterilized filter paper discs
of 5 mm diameter (Whatman No. 1) were impregnated with
test compounds at their specific concentrations and carefully
stuck on the previously seeded bacterial culture in Petri
plates [27, 28]. Amikacin 30 pg/disc of 6 mm size (HIMEDIA
co.) was used as standard (+ve control). The antibacterial
activity of the test compounds was also compared with the
parent drug streptomycin. Afterward, Petri plates were in-
cubated at 37°C, and the diameter of the zone of inhibition
around each disc was measured after 24 h of incubation with
the help of an antibiogram zone measuring scale. Since the
synthesized compounds were sensitive to all selected
pathogens in the disc diffusion study, they were further
assessed for MIC studies. MIC stands for the minimum
concentration of the test compounds, which inhibits bac-
terial growth. For this study, stock solutions of the test
compounds at 50 ug/ul concentrations were prepared in
DMSO and followed twofold broth microdilution method to
prepare their lower concentration solutions. The target
organisms were cultured in nutrient broth incubated at 37°C
for 24h. To 2mL of each diluted test solution prepared
according to broth microdilution method, 0.1 mL bacterial
suspension was added, and they were incubated at 37°C for
24h to observe bacterial growth. The turbid solution rep-
resents bacterial growth. The stock solution mixed with
bacterial suspension was referenced as a positive control,
and the other containing broth loaded with bacterial sus-
pension was referenced as a negative control. The tests were
done in triplicate to reduce error.

3. Results and Discussion

3.1. Physical Characterization. Schiff base ligand and its
metal complexes were analyzed using CHN analysis to
validate their molecular formulae. The CHN and other
physical properties data of the compounds, including molar
conductance, pH, and color, are given in synthesis section.
Based on the analytical results, the complexes exhibita 1:2
metal-ligand ratio and a ML, type stoichiometry. The molar
conductance values ranged from 7.41 to 31.8 uSiemen/cm,
which indicates their nonelectrolytic nature, and these
values are smaller than expected for an electrolyte [29]. The
crystals of complex 4 are hygroscopic, which indicates that
water molecules are involved in crystal formation. Metal
complexes synthesized from the ligand undergo a change in
color, indicating that they are the product of chemical re-
actions [30, 31]. Dropping pH values can also promote
complexation with metal ions due to the deprotonation of
ligands. In our work, pH values decrease from ligand to
metal complexes, confirming complexation.

3.2. Spectroscopic Characterization

3.2.1. FT-IR Study. Figures S1-S3 demonstrate selected IR
absorption peaks and spectral data of ligand 3 and its metal
complexes 4 and 5. The peaks observed at different regions of
the spectrum provide valuable information related to the
structure of the synthesized compounds. The IR spectrum of
3 shows characteristic broadband at 3367.45 cm™ !, which is
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ScHEME 1: Synthetic route for the preparation of ligand and metal complexes.

assigned to v (O-H) stretch. Azomethine (C = N) stretch as a
strong intensity band at 1663.40 cm ™" for ligand 3 has shifted
to lower wavenumbers at 1651.61 and 1654.16cm™" for
complexes 4 and 5, respectively [32]. This shift of IR band
positions indicates the coordination of the azomethine ni-
trogen with the metal centers. A sharp band around
1100 cm ™" for all the compounds is attributed to the v (C-N)
stretch of the N-methyl group attached to the N-methyl-L-
glucosamine ring of Streptomycin moiety [33]. Medium
intensity bands evidence the metal-nitrogen bonding in
metal complexes at 457.09 and 465.71 cm™" characteristics
for complexes 4 and 5, respectively [34]. The metal-oxygen
bonding in complex 4 is substantiated by forming a medium
intensity band at 505.80 cm™' [35]. Thus, the IR spectral
results provide strong evidence for the complexation with
Schiff base and suggest that the ligation is likely due to
azomethine nitrogen and the nitrogen atom of the CHj;
substituted amine group in the N-methyl-L-glucosamine
component of Schiff base. These data indicate that coordi-
nation to the metal centers occurs via the N,N donor atoms
of ligand 3.

3.2.2.'"H NMR Study. The 'H NMR spectrum of ligand 3 is
shown in Figure S4, and the spectral data are summarized in
Table 1. The integral intensities of each signal in the spec-
trum agree with the number of different types of protons
present. The "H NMR signal around 2.5 ppm is assignable to
DMSO solvent protons. The signal at 1.21 ppm is suggested
to be the peak for CHj protons attached to the tetrahy-
drofuran ring. The azomethine proton appears as a singlet at
7.983 ppm [36]. All the four aromatic protons as a set of two
doublets appear in the range of 6.956-7.4 ppm. Other
protons of the tetrahydrofuran and tetrahydropyran ring
show peaks in the region of 3.798-4.983 ppm. The peak in
the region between 2.67-2.71 ppm is assignable to N-CHj,
protons [37]. All these results are in good agreement with the
proposed molecular formula of the ligand.

3.2.3. Electronic Absorption Spectral Study. The electronic
absorption spectra of the synthesized compounds 3, 4, and 5

in DMSO were studied in the range of 250-800 nm at room
temperature [38]. The spectral comparison of the free ligand
with its metal complexes showed the persistence of the bands
representing n — 7% and w — 7* transitions for the li-
gand in all the complexes. However, the bands have un-
dergone a bathochromic shift in the regions of the visible
spectrum in all the complexes [39]. The new bands were also
observed in the spectra of metal complexes. The electronic
absorption spectra provide valuable information about
possible geometry of the metal complexes, and ligand ar-
rangement. The absorptions below 400 nm are attributed to
transitions within the ligand orbital and ligand-metal charge
transfer, whereas those in the visible region are due to d-d
transitions. The electronic absorption spectrum of the ligand
shows a peak at the wavelength of 319 nm assignable for
nm — m* transitions. The broad closely spaced peaks at
340-347nm are assignable for the intraligand n — 7*
transitions. The electronic absorption spectrum of complex 4
displayed three d-d transition bands at 761 nm’ A2 (F) —
T,g (F) 696 nm: *A,, (F) — *T;g (F), and 398 nm: 3A2g (F)
— *T,g (P), supporting its octahedral geometry. The high
energy bands at 305-320nm range are attributed to
m — 7" transitions for azomethine and aromatic 7 elec-
trons [40, 41]. The electronic absorption spectrum of the
complex 5 displayed only one d-d transition band at 650 nm
corresponding to 2T2g — 2eg transition, which supports its
tetrahedral geometry [42, 43]. The electronic absorption
spectra of all the three synthesized compounds are shown in
Figure 2.

3.2.4. ESI-Mass Study. The molecular ion peaks for the
compounds have been considered to determine the pro-
posed molecular weight. A positive ion ESI-mass spectrum
of the ligand (3) showed a peak at m/z 656.68 amu corre-
sponding to molecular ion peak [M"], which confirms the
proposed molecular formula of the ligand. The series of
peaks in the range m/z 642.7, 585.6, 553.56, 487.5, 455.5,
412.44, 396.5, 348.4, 262.2, 242.47, etc. may be assigned to
various fragment peaks. Similarly, the positive ion ESI-mass
spectrum of complexes 4 and 5 showed molecular ion peaks
at m/z 1406.13 and 1374.39amu, consistent with the
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TaBLE 1: "H NMR spectral data of StmAn ligand (3).

Compounds Chemical shift § ppm Assignment
6.956-7.4 M, aromatic protons
7.983 S, 1H, azomethine protons
6.547 Tetrahydrofuran CH near to C-O linkage
6.3-6.319 Tetrahydropyran CH near to C-O bond
StmAn (3) 3.798-4.983 Tetrahydrofuran and tetrahydropyran ring protons
2.823-3.33 Cyclohexane protons
3.79-3.54 Methylene proton
2.671-2.712 N-Methyl protons
1.194 Methyl protons

300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

—— Ligand (3)
- -~ Complex (4)
— -~ Complex (5)

FI1GURE 2: UV/Visible spectrum of the ligand and complexes.

molecular ion peak. Accordingly, it is in favor of the pro-
posed structure. The ESI-mass spectra of the ligand 3 and
metal complexes 4 and 5 are presented in Figures 3, S5, and
S6.

3.2.5. PXRD Study. The powder X-ray diffraction technique
was applied to get different crystal information [44, 45].
Powder diffraction patterns of the ligand and metal com-
plexes (Figure 4) revealed their crystalline nature. Crystal data
and structure refinement analysis data are also summarized in
Table 2. The average crystallite size of the ligand (3) and its
metal complexes (4) and (5) was calculated from Scherer’s
formula, dxrp =0.91/3Cos6, where A is the wavelength, f3 is
the full-width at half maximum of the characteristic peak, and
0 is the diffraction angle for the reflection plane [46, 47].
Eleven reflection peaks had been recorded for the ligand (3)
with maximum intensity at 20 =44.64" and interplanar dis-
tance d = 2.028 A. For the complex (4), 12 reflection peaks had
been observed with peak maxima at 44.65° and a corre-
sponding d spacing value of 2.03 A. Complex (5) exhibited 11
reflection peaks with an intense peak at 15.45° with a cor-
responding d spacing value of 5.73 A. The average crystalline
size was calculated as 10.81 nm, 12.72 nm, and 11.96 nm for
the ligand (3), and complexes (4) and (5) respectively, re-
vealing their nanocrystalline nature.
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FIGURE 3: Mass spectrum of ligand (3).

To find the number of dislocation lines per unit
area (nm™°) of ligand (3) and its complexes (4) and (5), the
equation 8=1/a” was used, in which & represents the av-
erage crystallite size [48]. It is one of the factors that cause
crystallographic defects. The dislocation density of 3 varied
from 2.67 x 107> to 148.22x 10> nm >, which is different
from the dislocation density of complex (4) (6 =3.61 x 1073
t012.80x 10°) nm > and (5) (6=3.53x 107> t0 18.69 x 10~
%) nm 2. Different dislocation densities of ligand relative to
complexes have proven the formation of complexes by the
interaction of the ligand with metals. Additionally, the
variation in their lattice parameters was also evidenced by
the comparative study of microstrain (g). Here, € of the
ligand and its metal complexes were calculated by the
equation &= f/4tanf, where p stands for FWHM, and 0
represents the diffraction angle [49]. The microstrain of
ligand and its metal complexes are shown in Table 2.
Microstrain is another factor that leads to crystallographic
defects. The & values are in the range of (3.34x 107> to
64.50 x 107°) for ligand (3), (3.89 x 10~ t0 20.97 x 10>) for
complex (4), and (5.95x 10~ to 25.69 x 10~°) for complex

(5).

3.2.6. Molecular Modeling Study. To better understand
hexa- and tetra-coordination of complexes (4) and (5), 3D
molecular modeling of the proposed structure was carried



20 25 30 35

40

Journal of Chemistry

45 50 60 65 70

o
(=}

55 75

776 |
679 -
582 |
485
388
291 -
194
97

Tobs [cts]

]

392 |
343
294
245
196
147

98

49

Tobs [cts]

376 |
329 |
282
235

Tobs [cts]

|

20

25 30 35

—— Complex (5)
—— Complex (4)
—— StmAn (3)

40

'S
[
[
S
w
]
o
S
o)
%
~
S
~
a
%
S

Pos. [°2Th.]

FIGURE 4: Powder XRD pattern of the ligand and metal complexes.

out by CsChemOffice 3D Ultra 12.0.1 and ArgusLab 4.0.1
version software program package [50, 51]. The study
revealed octahedral geometry for complex (4) and tetra-
hedral geometry for complex (5). The correct stereochem-
istry was established by modifying molecular coordinates to
obtain low energy and suitable molecular geometry [52]. The
most stable conformer was fully optimized with molecular
orbital functions PM3 supported in ArgusLab molecular
modeling software [41]. Several attempts at energy opti-
mization were made to determine the minimum. Some
selected bond lengths and bond angles are listed in Table 3,
and the optimized structures with atom labeling of the
complexes are presented in Figures 5(a) and 5(b). The
modeling software shows that the bond angles around the
metal centers strongly support octahedral and tetrahedral
geometries for complexes (4) and (5), respectively. The
minimum geometrical energy of the complexes, optimized
by MM2 calculation in CsChemOffice 3D Ultra software,
was similar to the calculations made in ArgusLab software.
The final geometrical energy for complexes (4) and (5) was
493.4026 and 991.4023 Kcal/mol. Furthermore, the change
in bond lengths between metal-nitrogen and the metal-
oxygen complexes compared with the ligands suggests co-
ordination. The azomethine C=N bond length of the ligand

(1.265A) has been increased to (1.286A/1.281 A) and
(1.270 A/1.291 A) for complexes (4) and (5), respectively.

3.2.7. Antibacterial Activity Study. Recent advances in
pharmaceutical research have stressed the need for metals to
be used in drug delivery systems as chemotherapeutic agents
[53]. Metals provide templates for synthesis, but they also
introduce functionalities that enhance drug delivery vectors
[54]. Metals are biologically inert, and many organic drugs
require interactions with metals for optimal activity [55, 56].
Therefore, attempts were made to explore the antimicrobial
activity of ligand (3), and its complexes (4) and (5).

In this work, four clinical isolates of bacterial pathogens
viz. E. coli, S. pneumoniae, P. vulgaris, and S. aureus were
selected for in vitro interaction with the ligand 3 and its
metal complexes (4 and 5). Antibacterial activity was
evaluated by measuring the diameter of the zone of inhi-
bition around each disc in mm. The antibacterial results
presented in Table 4 showed that complexes 4 and 5 are
relatively more active than the ligand 3 and its parent
compound (Streptomycin) against all the four bacterial
pathogens. The comparative antibacterial activity of the
synthesized compounds and control drug Amikacin with all
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TaBLE 2: Crystal data of ligand (3) and complexes (4) and (5).

No. Pos. [20] FVYHM d-spacing (A) Crystallite size Dlslocatlon_3d eOSIY X Microstrain x 10~ Crystallinity (%)
[°26] (nm) 10
Ligand (3)

1 12.30399 0.6741 7.187889047 11.85329233 711741041 27.2881996 40.9695
2 15.4787 0.66053 5.720046042 12.1377064 6.787764155 21.20681317
3 19.75461 1.47062 4.490527095 5.483276532 33.2598053 36.85273177
4 22.29616 0.79582 3.98406262 10.17450508 9.659917424 17.62079005
5 23.88044 3.12614 3.723216215 2.597443745 148.2203038 64.50369908
6 29.95229 1.27797 2.980842646 6.434905725 24.1499159 20.84535886
7 31.6725 0.66204 2.822759743 12.47312221 6.427611885 10.18383259
8 33.85303 0.6926 2.645761149 11.98964513 6.95644478 9.930173115
9 38.37317 0.66932 2.343862736 12.5672636 6.331674073 8.392743758
10 44.64285 0.62174 2.028161493 13.81251239 5.241488518 6.607579026
11 65.01222 0.48709 1.433410844 19.33953992 2.673669512 3.335316571

Average ‘crystalhte 10.80574664

size
Complex (4)

1 15.68908 0.6622 5.643814342 1211013835 6.818703253 20.97182031 48.26636
2 19.15657 0.66244 4.62934461 12.16201431 6.760658202 17.12878329
3 20.09317 0.80305 4.415621485 10.04669922 9.907251754 19.77793527
4 22.60666 0.89633 3.930039146 9.038445974 12.24087511 19.56661157
5 28.02882 0.67538 3.180876989 12.12355449 6.803620208 11.80672423
6 29.44258 0.92938 3.031276751 8.838068674 12.80221912 15.43407942
7 30.53251 0.49503 2.925505563 16.63510466 3.613673616 7.913851643
8 32.12735 0.63034 2.783826403 13.11526948 5.813605569 9.551628989
9 33.9647 0.62605 2.637317333 13.26810257 5.680445003 8.944706249
10 38.5021 0.56194 2.336310083 14.97458933 4.459540973 7.020823841
11 44.64861 0.62393 2.027913219 13.76431442 5.278260623 6.629904843
12 65.28377 0.5704 1.428103966 16.53991794 3.655386462 3.885429101

Average .crystalhte 1271801828

size
Complex (5)

1 15.45254 0.58949 5.729670737 13.60001133 5.406565384 18.95845355 52.7245
2 19.72787 1.02358 4.496553373 7.87773181 16.11378693 25.68568043
3 22.29496 0.75955 3.984274344 10.66033563 8.799505029 16.81863984
4 24.87372 1.11216 3.576741784 7.314765809 18.68956303 22.00390067
5 27.70859 0.48612 3.216906851 16.83191598 3.529660143 8.600376122
6 29.35107 0.71351 3.040519033 11.50958473 7.548848179 11.88777525
7 30.20031 0.51968 2.956924934 15.83358953 3.988790581 8.403755935
8 31.46701 0.63934 2.840723072 12.90943919 6.000469705 9.902253407
9 33.93973 1.01346 2.639200516 8.195629902 14.88796446 14.49114036
10 40.77191 0.74064 2.211330767 11.4429506 7.637020455 8.696173563
11 44.64942 0.56001 2.027878311 15.33542905 4.252145704 5.95056869

Average crystallite 11.956

size

the bacterial pathogens is shown in the bar graph in
Figures 6-8. The antibacterial data demonstrate the more
excellent antibacterial activity of the synthesized compounds
at their higher concentration. Moreover, the antibacterial
growth inhibition activity of the complexes was enhanced
after the chelation of metal with the ligand. Their MIC
studies demonstrated a precise measurement of the anti-
bacterial activity of the ligand and complexes. The lowest
MIC value (0.048 ug/uL) was reported for ligand 3 with
S. aureus bacteria followed by S. pneumoniae (0.097 ug/uL).
Complex 4 has shown the lowest MIC value (0.024 ug/uL)
with S. aureus bacteria. Likewise, complex 5 has also shown
greater antibacterial potency with S. aureus and
S. pneumoniae organisms. Overall, the MIC study revealed

more significant antibacterial activity of all the synthesized
compounds with Gram-positive bacteria. The studied metal
salts have shown no remarkable antibacterial potency in
MIC values. With S. aureus bacteria, complexes (4) and (5)
have shown two multiples more active than 3 and four
multiples more active than compound (2). Similarly, the
MIC study also revealed more excellent activity of complexes
relative to compounds (2) and (3) with S. pneumoniae
bacteria. Concerning E. coli, complex (4) has shown more
excellent antibacterial activity than other compounds. The
MIC data are presented in Table 5. The enhanced antibac-
terial activity of the complexes concerning the ligand can be
explained based on Tweedy’s chelation theory. Chelation
reduces the polarity of the metal atom by sharing charge with
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TaBLE 3: Selected bond lengths, bond angles, and energy parameters of metal complexes.
Complex Atoms Bond length Atoms Bondoangle Optimized energy (Kcal/
(4) ) mol)
O (77)-Ni (76)-O (80) N
O (77)-Ni (76)-N (66) 9 820
O (77)-Ni (76)-N (37) 01375
O (77)-Ni (76)-N (39) O (77)-Ni (76)-N (68) 82.878
O (80)-Ni (76)-N (66) 05 108
O (80)-Ni (76)-N (37) 150.574
O (80)-Ni (76)-N (39) 85.665 493.4026
O (77)-Ni (76) 1.851 O (80)-Ni (76)-N (68) 23089 Octahedial seometr
O (80)-Ni (76) 1.861 N (66)-Ni (76)-N (37) L0874 St 1o oao
N (66)-Ni (76) 1.332 N (66)-Ni (76)-N (39) 95,903 Bond: 279 2888
N (37)-Ni (76) 1.307 N (66)-Ni (76)-N (68) : s eeo
Complex 4 . . 93.606 Stretch-bend: 7.6676
N (39)-Ni (76) 1.887 N (37)-Ni (76)-N (39) .
N (68)-Ni (76) 1.895 N (37)-Ni (76)-N (68) 88.044 Torsion: 113.0913
. 99.408 Non-1, 4 VDW: -38.2430
C (61)-N (68) 1.286 N (39)-Ni (76)-N (68)
. 165.518 1,4 VDW: 102.3171
C (32)-N (39) 1.281 Ni (76)-N (68)-C (69) 116.664 Dipole/dipole: -26.6702
Ni (76)-N (68)-C (61) 114392 T
Ni (76)-N (66)-C (75) 123'069
Ni (76)-N (66)-C (59) 130.059
Ni (76)-N (39)-C (40) 123.817
Ni (76)-N (39)-C (32) 120,999
Ni (76)-N (37)-C (46) 127 313
Ni (76)-N (37)-C (30) 128,841
N (66)-Cu N (66)-Cu (76)-N (37) 112.055 991.4023
(76) N (66)-Cu (76)-N (39) 114.873 Tetrahedr:al comet
N (37)-Cu 1.869 N (66)-Cu (76)-N (68) 100.215 St o aesa
(76) 1.920 N (37)-Cu (76)-N (39) 93.120 Bend: .206 2694
Complex 5 N (39)-Cu 1.328 N (37)-Cu (76)-N (68) 128.136 Stretch—l;end-.32 5374
(76) 1.380 N (39)-Cu (76)-N (68) 109.129 Torsion: 12'3 9495
N (68)-Cu 1.291 Cu (76)-N (68)-C (69) 126.904 Non-1. 4 Vi)W'.218 1859
(76) 1.270 Cu (76)-N (68)-C (61) 119.491 1 4,VDW' 149 65'83
C (61)-N (68) Cu (76)-N (66)-C (75) 116.111 Di, ole/di oie' _2'0 6644
C (32)-N (39) Cu (76)-N (66)-C (59) 129.044 pole/dipole: =25

donor atoms in the heterocyclic ring and provides stability of
the complex. Delocalization of charge over the whole chelate
ring enhances the complex’s lipophilic character and in-
creases penetrating power into the lipid membrane. Finally,
the growth of microorganisms is deactivated by blocking
protein binding sites in the enzyme of microorganisms. The
antibacterial toxicity of the complexes is higher for Gram-
positive strain relative to the Gram-negative strain of the
bacterial pathogens. The Gram-negative strain bacteria have
a hydrophilic polysaccharide chain in the outer cell mem-
brane, disturbing the free penetration of complexes and
showing relatively low toxicity.

3.2.8. Swiss ADME Study. Medicinal chemistry is one of the
fastest-growing fields of today’s research. On the dark side, it
takes more than ten years and billions of money to develop a
drug [57]. In fact, from several thousand to millions of
compounds, one compound may pass all the criteria to
become an approved drug. Over 50% of these compounds
fail the physicochemical properties tests, and the drug de-
velopment processes are greatly helped by assessments like
ADMET properties, which aim to predict the hit compounds
(Table 6) [58].

Absorption, distribution, metabolism, excretion, and
toxicology, shortly referred to as ADMET, are associated
with the fate of a chemical compound in our body. Swiss
ADME is a freely available web server that computes the
physicochemical properties based on the structure of the
compound (http://www.swissadme.ch/). Because of having
large structures, the metal complexes could not be com-
puted. So, the in silico properties of the prepared Schiff base
are compared with those of one of its precursors, strepto-
mycin. It is interesting to note that the streptomycin drug,
which has been approved as a drug, was found to possess
such intriguing physicochemical properties, many of which
do not “fit” the suitable criteria range as stated here [59] and
otherwise [58]. The mcule web server (https://mcule.com/),
which along with other properties, is equipped to evaluate
the toxicity of the compound presented. This mcule web
server reported a potential toxic substructure found for the
Schiff base and the precursor antibiotic streptomycin. The
data of pharmacokinetic and drug-likeness results are re-
ported in Tables S1 and S2.

Furthermore, the compound showed higher synthetic
ability and lower bioavailability scores. Due to “failed”
physiochemical properties, both compounds failed in almost
all the drug-likeness and medicinal chemistry filters the
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FIGURE 5: 3D-optimized structures of (a) complex (4) and (b) complex (5).
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TaBLE 4: Antibacterial activity data.

Diameter of zone of inhibition in mm

Compounds ) ) )
E. coli S. pneumoniae P. vulgaris S. aureus
Concentration (ug/uL) 100 50 25 100 50 25 100 50 25 100 50 25
StmAn, 3 19 15 12 22 18 15 18 14 11 21 13 11
Ni (StmAn)2, 4 21 16 10 23 19 15 16 10 9 23 17 10
Cu (StmAn)2, 5 20 15 10 24 20 13 20 15 10 21 15 12
Stm, 2 17 15 8 19 18 14 17 13 9 18 10 10
Amk 18 18 18 22 22 22 25 25 25 23 23 23
DMSO 0 0 0 0 0 0 0 0 0 0 0 0
25 —~
g 20 -
g 20
g
s L
j§ 155 S. aureus
=S
=
= 10 P. vulgaris
=
% 5 | S. pneumoniae
N b - ;-
4 E. coli
0 1 1 1 1 1 LB
[=} o o E 4 Q
< &) =) 8
: £z 2 2 £ g
3 E E A
L £
z &
Bl E. coli
B S. pneumoniae
B P. vulgaris
B S. aureus
FIGURE 6: Bar graph showing the antibacterial activity at 100 ug/uL concentration.
TaBLE 5: Minimum Inhibitory Concentration (MIC) data.
Minimum inhibitory concentration (MIC) in (ug/uL)
Compound ) ) )
E. coli S. pneumoniae P. vulgaris S. aureus
StmAn, 3 0.39 0.097 0.39 0.048
Ni (StmAn)2, 4 0.097 0.048 0.19 0.024
Cu (StmAn)2, 5 0.39 0.048 0.39 0.048
Stm, 2 0.19 0.024 0.097 0.097
NiCl, na na na na
CuCl, na na na na
na=no activity.
TaBLE 6: Results of physicochemical properties obtained from SwissADME web server.
Physicochemical properties”
Formula C;H3oN;01, CyyH4NgO 1,
Molecular weight 581.57 g/mol 656.69 g/mol
Num. rotatable bonds 11 12
Num. H-bond acceptors 15 15
Num. H-bond donors 14 14
Molar refractivity 130.43 158.96
TPSA 331.43 A2 326.72 A>
Lipophilicity (Log Poy) —5.87 -4.34

Water solubility

Highly soluble

Highly soluble

“The first column is the data of streptomycin, and the second is of Schiff base.
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FIGURE 7: Bar graph showing the antibacterial activity at 50 ug/uL concentration.
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FIGURE 8: Bar graph showing the antibacterial activity at 25 yg/uL concentration.
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pains and brenk, which rules out the undesirable sub-
structures on the compound. A bioavailability score greater
than 0 implies that they are biologically active. Furthermore,
the criteria established in assessment tools are selected to
include the properties of as many compounds as possible,
but not to all, as evidenced here.

4. Conclusion

Two new metal complexes (4) and (5) were successfully
synthesized from aminoglycosidic Schift base ligand (3),
obtained by condensation of starting compounds 1 and 2.
Besides the polydentate nature of 3, its complexation with
Ni™ and Cu™ ions occurred through N, N donor atoms.
Various spectral studies validated this study. All compounds
synthesized were nonelectrolytic based on the molar con-
ductance data. The IR spectral study confirmed the ligand-
metal coordination through azomethine nitrogen and
N-atom of N-methyl-L-glucosamine ring of Streptomycin
moiety, which was evidenced by shifting of the peak values in
the spectra of complexes. The particle size calculation by
Scherrer’s formula indicated their nanocrystalline nature.
An octahedral geometry for complex (4) and a tetrahedral
geometry for complex (5) have been assigned, which were
further supported by various molecular modeling MM?2
calculations and energy optimizations. The antibacterial data
revealed better growth inhibition effect of ligand (3) relative
to starting drug compounds (2) and control drug Amikacin.
The metal complexes exhibited enhanced antibacterial ac-
tivity against all bacterial pathogens. Data from SwissADME
and Mcule web server reported potentially toxic substruc-
tures for ligand (3) and precursor antibiotic streptomycin.
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