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ARTICLE INFO ABSTRACT

Article history: This study reports a joint experimental, theoretical and microbiological investigation on the
Received 11 March 2022 (E)-N,N-dimethyl-4-((pyridine-2-ylmethylene)amino)aniline (5), (E)-N,N-dimethyl-4-((pyridine-4-
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Available online 24 July 2022 These compounds were synthesized w1th‘ microwave method and thglr strucFures chgracterlzefi by FT-IR,
TH-NMR, 3C-NMR, and elemental analysis tecniques. In the theoretical studies, torsional barriers analy-
sis, ground state structure, Fourier Transform Infrared spectra (FT-IR), and Nuclear Magnetic Resonance
spectra (NMR) of 5, 6, and, 7 were calculated by Density Functional Theory (DFT) computations. The
conformers obtained from the torsional barrier scanning were optimized by B3LYP/6-31G(d,p) level.
The harmonic vibrational frequencies, potential energy distribution (PED), infrared intensities, and
NMR chemical shifts of the most stable conformers were determined using the B3LYP/6-311++G(d,p).
Theoretically, predicted spectral data were compared with experimental results. Antimicrobial studies of
the synthesized compounds were performed against various microbial strains. Antimicrobial activities of
5, 6, and, 7 were tested against selected bacteria and yeast through minimum inhibitory concentration
(MIC) and diffusion method. Compound 7 was found to be the most active against bacteria and yeast,
while compound 5 was found to be moderately active. Compounds 6 (against S. aureus and C. albicans)
and, 7 were found to have a very high minimum inhibitory concentration, ranging between 1.95 and
7.81 g/mL (against P. aeruginosa and E. coli). Compounds (6 and 7) showed zone of inhibition values in
the range of 10-20 mm against other bacteria except L. monocytogenes and S. thyphimurium.
© 2022 Elsevier B.V. All rights reserved.
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1. Introduction

Heterocycles are important organic structures, and they are
commonly found in many synthetic drug molecules. Over 70% of
pharmaceutical products contain heterocyclic substructures, which
demonstrates their importance in therapeutic research and discov-
ery [1]. Large amounts of pyridine are used as an intermediate
agent in the synthesis of substituted pyridines, piperidine, agro-
chemicals (herbicides, fungicides, etc.) pharmaceuticals, and other
products [2]. Pharmacophores containing pyridine make up an es-
sential part of the pharmaceutical industry.

Pyridine is a crucial aromatic heterocyclic organic solvent and
reagent [3]. The primary source of the pyridine molecule is coal
tar, but the amount of pyridine is very low [4]. In 1876, Ram-
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sey discovered the original laboratory synthesis of pyridine from
the reaction of acetylene and hydrogen cyanide [5,6]. Water and
organic solvents dissolve quickly with it. This property is used
in the synthesis of drugs, nicotine, niacin, vitamins, food flavors,
dyes, insecticides, rubber products, adhesives, and waterproof fab-
rics. Pyridine is also employed as a precursor for various agro-
chemicals and pharmaceuticals due to its chemical properties. As
a result, pyridine and its derivatives have a wide range of ap-
plications, particularly in medicine [7,8]. Six-membered aromatic
pyridines containing nitrogen and their derivatives are abundant,
and they play an important role in heterocyclic chemistry [9]. Pyri-
dine is used as a pharmacophore for agrochemicals [3]. Antivi-
ral, anti-HIV, anticancer, antitumor, antibacterial, antimalarial, anti-
inflammatory, antidiabetic, and antioxidant properties are among
the several medicinal properties of pyridine derivatives [9-11].
Schiff bases with pyridine nucleus have critical biological ac-
tivities. Pyridine Schiff bases are argued to be biologically impor-
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tant due to the similarity of the pyridine nucleus in many nat-
ural products such as some vitamins and enzymes [12]. Several
methods for the synthesis of Schiff bases have been reported.
However, many of them have disadvantages such as lower yields,
harsh reaction conditions, prolonged reaction times, and the use
of excessive amounts of catalysts. For this reason, new, effective,
and economical synthesis methods are needed for the synthesis
of Schiff compounds [13]. They are traditionally prepared by re-
fluxing mixtures of the amine and the carbonyl compound in a
solvent such as ethanol [14], methanol [14], tetrahydrofuran (THF)
and, 1, 2-dichloroethane [15] and acids are used as a catalyst and
then water is released in the reaction [16]. In addition to classi-
cal heating methods, many new techniques and innovations have
been reported to synthesize Schiff bases in the past two decades.
This technique includes solvent-free/clay/microwave irradiation, K-
10/microwave, infrared irradiation/no solvent, water suspension
medium, NaHSO,4/SiO,/microwave/solvent-free, solid-state synthe-
sis, and silica/ultrasound irradiation [17]. The microwave power
technique that is frequently used in organic synthesis [18]. This
technique shortens the reaction time, reduces by-product forma-
tion and evaporation of solvents, and provides a high yield product
[19].

In this study, the synthesis of pyridine derivative Schiff Bases
and their theoretical and microbiological investigation were aimed.
Compound 5 and 6 synthesized for the first time by our group us-
ing microwave method because it is a cheap, quick, and ecologi-
cally friendly process [20]. Compound 7 has been documented in
the literature [21] We also used the microwave to re-synthesize
compound 7. Structures of the all compunds were characterized by
elemental analysis, '"H NMR, 3C NMR, and FT-IR spectroscopy. This
study further provides the theoretical results of a systematic study
of torsional barrier analysis, vibrational spectra, and NMR spectra
of 5, 6, and, 7 by DFT computations. Examining the antimicrobial
properties of compounds 5, 6 and, 7 is another aim of the study.
The antimicrobial activities of 5, 6 and, 7 were investigated against
selected bacteria and yeasts using the agar well diffusion and mi-
crodilution broth method.

2. Materials and methods
2.1. Chemical material and apparatus

All chemicals were purchased commercially from Merck and
Sigma-Aldrich. Solvents were of analytical grade and were obtained
from Sigma-Aldrich, and they were used without further purifi-
cation. The reactions were monitored by thin-layer chromatogra-
phy (TLC). 'H NMR and '3C NMR spectra were recorded with Var-
ian spectrometer at 400 and 100 MHz using CDCl3 as reference.
Melting points were determined in a capillary melting apparatus
(BUCHI 530). The reactions were carried out with a Vestel MD 20
DB model microwave oven (230 V-50 Hz, 900 W). The IR spectrum
was recorded with a Perkin Elmer spectrophotometer using an ATR
head in the range of 4000-600cm~!. Elemental analysis was per-
formed on a Leco CHNS-932 instrument.

2.2. General synthesis of Schiff bases

N,N-dimethylbenzene-1,4-diamine (1) (1 mmol) was placed in
a baloon. Aryl aldehyde compounds (isonicotinaldehyde (2), nicoti-
naldehyde (3), and picolinaldehyde (4)) were added separately as
1 mmol. The reaction mixture was exposed to microwave radia-
tion at 900 W in solvent-free conditions (Fig. 1) [22]. The progress
of the reaction was monitored by TLC. It was determined that
the reactions were completed in 5 min for all aromatic deriva-
tives. The resulting compounds were purified by crystallization in
DCM/P.Ether or Methanol/PEther. When the 'H NMR and *C NMR
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spectra of the residue were examined, it was determined that the
compounds (5, 6, and, 7) formed as single compounds.

2.3. Computational details

DFT calculations were made using Gaussian 16 software [23].
DFT/B3LYP functional were used in all calculations [24-26]. 6-
31G(d,p) and 6-311++G(d,p) basis sets were used with B3LYP func-
tional. While the 6-31G(d,p) basis set were used in the optimiza-
tion of the conformers, the 6-311++G(d,p) basis set were used in
all other calculations.

The theoretical NMR data of 5, 6, and, 7 were predicted by
Gauge Independent Atomic Orbital (GIAO) method. These calcula-
tions were done in chloroform solution using IEF-PCM model. The
predicted 'H and 3C NMR data were matched with experimental
ones. Identification and characterization of the compounds could
be done in more detail by this matching. Absolute isotropic mag-
netic shielding constants were converted into chemical shifts. This
conversion was performed relative to tetramethylsilane (TMS), the
compound used as a standard [27,28].

The stable conformers of the molecular system were deter-
mined before starting calculations of other molecular properties of
examined system. For these calculations, the torsional barrier anal-
ysis was calculated first. Torsional barrier analysis was performed
by examining conformational distribution using Gaussian 16 soft-
ware [29]. In the torsional barrier analysis, B3LYP/6-31G(d,p) level
of theory [30] was used to identify all possible conformers.

2.4. Antimicrobial activity of the compounds

In the present study, Agar Well Diffusion Method and Microdi-
lution Broth Method were used to determine the in vitro antimicro-
bial effects of newly synthesized compounds. Each standard strain
of fresh cultures was harvested, and the prepared suspension was
inoculated into each other well to reach a final concentration of
5 x 108 CFU/ml.

Inoculated test bacteria were placed in Nutrient Broth (Difco)
and incubated for 24-48 h. Mueller Hinton Agar (Oxoid) was used
in the agar well diffusion method to count bacteria and yeast (108
per mL) for 24 to 48 h. The culture plate wells were drilled with
a sterile cork borer (7 mm diameter). A stock solution of newly
synthesized compounds (1.0 mg/mL) in ethyl acetate was prepared
and mixed in a petri dish opening (Mueller Hinton Agar for bacte-
ria and Sabouraud dextrose agar medium for yeasts) (3 mm depth,
4 mm diameter). Following the addition of the compounds, the
plates were incubated in duplicate for 48 h at 37 °C (for bacte-
ria) and 30 °C (for yeast). The inhibition zones formed on the agar
plates were later measured in millimeters (mm). Positive controls
included ampicillin and cycloheximide. Each step of the disk dif-
fusion method was carried out by the NCCLS guidelines [31]. The
results of antimicrobial screening of synthesized and standard an-
tibiotics were shown in Table 8.

Minimum inhibitory concentrations (MIC) for compounds
against bacteria and yeast strains were examined by the NC-
CLS guideline [31]. Mueller-Hinton broth was used in the suspen-
sion of bacteria (0.5 McFarland), in solutions of substances to be
tested (1000 pg/mL in ethyl acetate), and in MIC testing. MIC val-
ues were determined spectrophotometrically in 96-well microtiter
plates based on the microdilution broth method. Ten standard
fresh strain cultures were used for MIC measurements. In 96-well
plates containing 100 uL of 250, 125, 62.5 31.2, and 15.6 ug/mL
of compounds, 100 uL of inoculum were seeded in duplicate and
were allowed to grow overnight with the flow at 37 oC. To deter-
mine MIC by Microdilution Broth method; 96-well sterile 100 uL
of NB medium was added to all wells of the microtiter plates with
an automatic dispenser device (BioTek, Micro Fill). The absorbance
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Fig. 1. General procedure for the synthesis of Schiff base compounds.

at 590 nm wavelength was measured with a microplate reader
(BioTek, pQuant) of plates incubated at 37 °C for 24 h. The nu-
trient broth was used as a negative control. The positive control
contained the microorganisms.

3. Results and discussion
3.1. Chemistry

A series of Pyridine-Based Schiff Bases were prepared by re-
acting various aldehyde in the presence of microwave irradiation
which is a cheap, fast and more environmentally friendly method
[22]. These compounds (5-7) were synthesized in 96%, 95% and
94% yields, respectively. In this procedure, the solvent-free reaction
of N,N-dimethylbenzene-1,4-diamine (1) and Aryl aldehyde (ison-
icotinaldehyde (2), nicotinaldehyde (3), and picolinaldehyde (4))
compounds by exposing to microwave radiation at 900 W without
solvent.

The structures of synthesized compounds characterized by IR,
TH NMR, 3C NMR, Elemental Analysis and other physical datas.
The formation of Schiff bases (5-7) was confirmed by IR and NMR
spectra. The bands at 1619, 1621, 1574 cm~! are due to the char-
acteristic carbonyl C=N (imine bond) stretching. The proton in the
H-C=N bond causes the peaks in the 'H NMR spectra at 8.52, 8.57,
and 8.21 ppm. In addition, the peaks in the 13C NMR spectra at
152.1, 151.9, and 155.4 ppm indicate the carbon atom in the H-C=N
bond in the compounds.

3.2. Spectral data and physical properties of the synthesized
compounds

(E)-N,N-dimethyl-4-((pyridin-4-ylmethylene)amino)aniline (5):

Yield 96%, green solid, m.p: 195-196 °C, Ry : 0.2 (Ethyl
acetate/Petroleum ether, 1:1), (Lit:191-192 °C [32]). 'TH NMR
(400 MHz, CDCl3) § 8.73 (dd, J = 4.5, 1.5 Hz, 2H, H; and Hy’),
8.52 (s, 1H, N=CH, Hs), 7.75 (dd, J = 4.5, 1.6 Hz, 2H, H, and H,"),
7.40-732 (m, 2H, Hy and Hy'), 6.82-6.74 (m, 2H, Hs and Hs’),
3.05 (s, 6H, N(CH3),) ppm. 13C NMR (100 MHz, CDCl3) § 152.1,
150.3 (2C), 143.7, 139.2, 122.8, 121.8, 112.5, 40.5 ppm. FI-IR (cm1):
1619 (C=N), 1582 (C=C aromatic), 1408, 1361(C-N), 1232. Elemen-
tal Anal. Calcd. for Ci4Hi5N3 C, 74.64; H, 6.71; N, 18.65 Found: C,
74.72; H, 6.70; N, 18.60.

(E)-N,N-dimethyl-4-((pyridin-3-ylmethylene)amino)aniline (6):

Yield: 95%, green solid, m.p: 112-113 °C, Ry : 0.3 (Ethyl ac-
etate/Petroleum ether, 3:7) TH NMR (400 MHz, CDCl3) § 9.00 (d,
J = 1.8 Hz, 1H, H3), 8.66 (dd, | = 4.8, 1.6 Hz, 1H, H,), 8.57 (s, 1H,
N=CH, Hs), 8.29 (dt, ] = 8.0, 1.9 Hz, 1H, Hy), 7.39 (dd, ] = 7.9,
4.8 Hz, 1H, H;), 732 (d, J = 9.0 Hz, 2H, Hg and Hg’), 6.78 (d,
J = 9.0 Hz, 2H, H;’ and H7’), 3.02 (s, 6H, 2xCHs3) ppm. 13C NMR
(100 MHz, CDCl3) § 151.9, 151.1, 150.5, 149.9, 140.0, 134.3, 132.5,
123.7, 122.4, 112.7, 40.6 ppm. FT-IR (cm!): 1621(C=N), 1517(C=C
aromatic), 1421, 1358 (C-N), 1231. Elemental Anal. Calcd. for
CiuHisN3 C, 74.64; H, 6.71; N, 18.65 Found: C, 74.62; H, 6.71; N,
18.74

(E)-N,N-dimethyl-4-((pyridin-2-ylmethylene)amino)aniline (7):

94% yield, green solid, m.p: 90-92 °C, Ry : 0.36 (Ethyl ac-
etate/Petroleum ether, 3:7) TH NMR (400 MHz, CDCl;) § 8.70 (d,
J = 5.0 Hz, 2H, H3 and H4), 8.21 (d, ] = 8.0 Hz, 1H, N=CH, Hs),
7.79 (td, J = 7.7, 1.7 Hz, 1H, H;), 7.42-7.37 (m, 2H, Hg and Hg'), 7.32
(ddd, J = 75, 4.8, 1.2 Hz, 1H, H;), 6.81-6.76 (m, 2H, H; and H7’),
3.03 (s, 6H, 2xCH3) ppm. 3C NMR (100 MHz, CDCl3) § 155.4, 155.3,
150.1, 149.5, 1394, 136.4, 124.2, 122.9, 121.3, 112.6, 40.5 ppm. FT-
IR (cm-1): 1574 (C=N), 1516 (C=C aromatic), 1358 (C-N), 1166. Ele-
mental Anal. Calcd. for C14H5N3 C, 74.64; H, 6.71; N, 18.65 Found:
C, 74.58; H, 6.78; N, 18.58.

3.3. Torsional barrier analysis and molecular structure

Atomic numbering and molecular structures of 5, 6, and, 7 was
given in Fig. 2. The torsional analysis of 5, 6, and, 7 was run by
considering the bonds shown by the 1, 2, and 3 in Fig. 2. The di-
hedral angles of the PES scan were carried out around the bond
CH-Pyridine group (I), N=CH (II), and C-N(CHg3), (Ill) by chang-
ing the dihedral angle at 10 steps from O to 360. According to the
PES scan result (Fig. S5), two conformers of the 5, two conform-
ers of the 6, and four conformers of the 7 were determined using
the B3LYP/6-31G(d,p) level of theory in the Gaussian 16 program
in Table 1.

The optimized geometric structure, optimized energies, relative
energies, Dipol moment, Boltzmann population distrubition and di-
hedral angles of conformers were provided in Table 1. According
to these results, the relative energies conformer-1 and conformer-
2 of 5 were predicted at 0.00 kcal/mol, 0.0538 kcal/mol, respec-
tively. Them of conformer-1 and conformer-2 of 6 determined at
0.00 kcal/mol, 0.0580 kcal/mol, respectively. Compound 7 has four
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Fig. 2. Atomic numbering and molecular structures of 5, 6 and, 7.

conformers with relative energies 0.00 kcal/mol, 0.0480 kcal/mol,
4911 kcal/mol and 4.983 kcal/mol. The parameters such as opti-
mized energies, relative energies, dipol moment, population and
dihedral angles of the conformer 1 and 2 of compounds were de-
termined to be very close to each other. Compared to conformers
of 7, conformer 3 and 4 have higher energies. We made all future
calculations with conformer 1 of the compounds. The optimized
molecular parameters obtained as a result of the calculations of
the conformer-1 of all compounds were presented in Table S1 as
supplementary material.

3.4. Vibrational assignment

5, 6, and, 7 have 32 atoms, and thus it has 90 normal modes.
5, 6, and, 7 have the C; symmetry. All fundamental vibrations are
active in the infrared spectra. The measured and calculated fre-
quencies were tabulated in Tables 2-4. We scaled the computed
frequencies in the harmonic approximation to closely reproduce
the experimental value. A scaling factor of 0.988 was used for
wavenumbers below 1800, and a scaling factor of 0.960 was used
for wavenumbers above 1800 [33]. The experimental FT-IR of 5, 6,
and, 7 was shown in Fig. S1. Comparing the observed and calcu-

lated spectral data of compounds 5, 6, and, 7, it was possible to
notice that both spectral data overlapped well.

The characteristic band of H-C=N stretching vibration in the
imine group was observed at a medium peak in the 1690-1640
cm~! range. This peak predicted as 1658 cm~! for 5, 1658 cm™!
for 6, and 1659 cm~! for 7 by DFT calculation. The observed 1619
cm~! peak was assigned as imine group vibrations of 5. Similarly,
1621 and 1619 were detected for 6 and, 7. PED contributions of
these peaks were determined as 40-45% for CC, CN stretching and
30%—35% for CCC and CCH bending vibrations.

Observed wave numbers between 3092 and 2814 cm~! were
determined as CH stretching of the phenyl group (3092 cm~1), CH
stretching of the pyridine group (3071 and 3031 cm~1!), CH stretch-
ing of the H-C=N (imine group, 2888 cm~!), and CHj3 stretching
of the methyl group (2814 cm™!) in the FT-IR spectra of the 5, re-
spectively. In the FT-IR spectra of 6, 3036, 2886 and 2810 cm~! as
assigned to the CH stretching of the pyridine group, the H-C=N
(imine group) and the CHj3 stretching of the methyl group, respec-
tively. The CH stretching vibration of the phenyl group, the methyl
group, imine group, and the CHj stretching of the methyl group of
7 were measured at 3046, 3008, 2924 and 2080 cm~! in the FI-IR
spectra, respectively. The CH vibrations of the pyridine group of 7
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Table 1
Torsional Barrier results of 5, 6, and, 7 compounds.

Compound-5

Conformer-1 Conformer-2
Optimized Energy (a.u.) —706.77712108 —706.77703529
Relative Energy (kcal/mol) 0.000 0.0538
Dipol Moment (Debye) 6.142 6.251
Population (298 K)/% 52.26 47.73
Cy1-N3o-C5-Cg Dihedral Angel 24.52 23.55
C3-C7-Ny1-Cy, Dihedral Angel 7.48 -175.19
N3-C;1-C23-Cy5 Dihedral Angel 0.64 0.72

Compound-6

Conformer-1 Conformer-2
Optimized Energy (a.u.) —706.77763686 —706.77754454
Relative Energy (kcal/mol) 0.000 0.0580
Dipol Moment (Debye) 4,408 4.960
Population (298 K)/% 52.44 47.55
C;1-Nyo-Cs-C3 Dihedral Angel 25.74 S2 26.51
C7-C4-Ny1-Cy6 Dihedral Angel -9.87 S3 169.46
Njo-Cz1-Cy3-Cy Dihedral Angel 1.02 S1 —179.00

Compound-7

]

q(

Conformer-1 Conformer-2 Conformer-3 Conformer-4
Optimized Energy (a.u.) —706.77959086  —706.77951349  -706.77176386  —706.77164931
Relative Energy (kcal/mol) 0.000 0.048 4911 4.983
Dipol Moment (Debye) 2.541 2.516 3.200 3.417
Population (298 K)/% 50.70 49.27 0.01 0.01
C5-Cg-Nyo-Cp; Dihedral Angel 23.82 22.83 27.71 26.82
C7-C4-Ny1-Cy6 Dihedral Angel -171.22 8.13 10.64 8.27
Njo-Cy1-Cy3-Cy6 Dihedral Angel  0.24 0.36 -170.73 -178.39

Torsional barrier calculations were performed by B3LYP/6-31G(d,p) level of theory.

could not be observed in the FT-IR spectra. In addition, CH vibra- 3.5. NMR spectra

tions of the CH3 group of 5 and 6 could not be observed. Besides,

from the vibrations, it could be seen that there was a perfect sim- The theoretical 'H and 3C NMR chemical shifts of the 5, 6, and,
ilarity. 7 were predicted through the GIAO method. The researchers com-



M. Ayaz, 0. Giindogdu, S. Aytag et al.

Journal of Molecular Structure 1269 (2022) 133791

Experimental and predicted vibrational wavenumber for 5 at B3LYP/6-311++G(d,p).

Table 2

FTI-IR  Freq® Freq® I TED¢

515 517 519 3.523

548 552 551 7.366

617 621 621 2.461

739 733 731 0.402

814 816 816 1.023

826 828 827 15.95

884 887 886 1.099

936 935 935 0.798

947 949 950 6.718

970 978 978 1.256

1067 1069 1069 0325

1083 1092 1092 0.020

1125 1127 1126 17.37

1168 1172 1172 19.43

1212 1208 1208 1.163

1232 1244 1246 7.839

1321 1333 1333 0.392

1361 1360 1361 71.78

1408 1424 1424 4.232

1444 1447 1448 0.676

1459 1467 1468 7.156

1518 1511 1511 8.787

1542 1529 1529 4225

1583 1598 1598 100  Sccu(33%
1619 1622 1622 6.707  Sccu(33%
2814 2858 2860  30.77  vcu(78%)
2888 2891 2891 9.822  vcu(78%)
3034 3024 3024 5409  vcu(79%)
3071 3075 3075 0.765  vcu(77%)
3092 3083 3082 2950  vcu(80%)

Teeen(20%)+Tueen(15%)+T ccec(10%)+T enec(117%)
Teecn(32%)+T conc(30%)+THeen(16%)+T ccec(15%)
Sccc(18%)+8ccu(15%)+cen(11%)+3cnc(10%)
Tceen(21%)+T ccec(19%)+T enec(13%)

THeen (43%)4T cccn(41%)+7 cecc(10%)
TcecH(38%)+Theen(30%)+T ccec(11%)
vee(13%)+0ccn(11%)+8enc(10%)+T cccn(10%)
Teeen(50%)+T enen(20%)+T cecc (14%)+Tucen(11%)
Teeen(29%)+Tueen (15%)+ven(11%)+8uen(10%)
Tcecn(50%)+Theen(13%)
Sccn(41%)+vcc(15%)+ven(11%)+8cnc(10%)
8((}4(48%)4-1)(((17%)

Treen(36%)4-0nen(27%)
8ccn(25%)+Theen(17%)+vcc(12%)+0uen(13%)
(SCCH(46%)+VCC(]5%)+8CCC(]3%)
THeen(20%)4+vcc(18%)+8ccu(16%)+ven(13%)+0uen(13%)
Sccn(51%)+vec(13%)+8uen(13%)
Sneen(22%)+8ccn(17%)+8uen (13%)+Smen(13%)+ven(12%)
Scen(38%)+8uen(23%)+vec(13%)

Sccn(31%)+6uen (13%)+Sucn(13%)+Treen(11%)
Sucn(30%)+3nen(29%)+-8ccn(15%)+ Theen(11%)
Treen(31%)+81cu(29%)+ccn(17%)+0nen(12%)
Sccn(32%)+0ucn(24%)+vec(13%)
+vcc(25%)+8ccc(12%)
+Vcc(26%)+8ccc(12%)

v: Stretching, §: Bending, 7: Torsion.

3 Obtained from the wave number calculated at B3LYP/6-311++G(d,p) using scaling fac-
tors 0.960 in the high wavenumbers region and 0.988 in the low wavenumbers region [34].

(Conformer-1).

b Obtained from the wave number calculated at B3LYP/6-311++G(d,p) using scaling fac-
tors 0.960 in the high wavenumbers region and 0.988 in the low wavenumbers region [34].
(Conformer-2)°Relative absorption intensities normalized with highest peak absorption equal to

100.

4 Total energy distribution calculated B3LYP/6-311++G(d,p) level, PED less than 10% are not

shown.

pared the detected and predicted NMR data for 'H and 3C nuclei
in Table 5. Experimental 'H and 3C NMR spectra of 5, 6 and, 7
were given in Figs. S2-54.

In the TH NMR spectra, the peak detected at 8.50 ppm for 5, at
8.57 ppm for 6 and 8.70 ppm for 7 belonged to the proton in the
H-C=N group. The chemical shift of Hy, atoms was predicted at
8.70 ppm (5), 8.71 ppm (6), and 8.82 ppm (7) by DFT calculations.
The C,; peaks of each compound were experimentally measured
at 152.1 ppm (5), 150.5 ppm (6), and 155.4 ppm (7) in the 13C
NMR spectra. The C3; NMR chemical shift of each compound was
calculated at 154.9 ppm (5), 154.2 ppm (6), and 159.2 ppm (7) by
DFT calculations.

Peaks experimentally measured as 3.05 ppm (5), 3.02 ppm (6),
and 3.03 ppm (7) belonged to the proton of the methyl groups.
Predicted '"H NMR chemical shift of each compound appeared at
3.39-2.76 ppm region by DFT. The 13C NMR peaks were detected
at 40.05 ppm (5), 40.06 ppm (6), and 40.05 ppm (7). The small-
est 13C NMR chemical shift values were theoretically calculated
for the CH5; group. Theoretical and experimental values for both
TH and 3C NMR seemed to be in good agreement. As expected,
the theoretical and experimental '3C NMR values, except for the
methyl group, appeared above 100 ppm. The Carbon atoms at-
tached to the Nitrogen atom with greater electronegativity were
more de-shielded [34-37]. Therefore, these atoms had higher 3C
NMR peaks than other ones.

3.6. Frontier molecular orbital analysis (FMO)

The highest occupied molecular orbital (HOMO) and lowest un-
occupied molecular orbital (LUMO) plots of the 5, 6, and, 7 were
given in Fig. 3. The positive and negative phases were characterized
in red and green colors, respectively. HOMO and LUMO were dis-
tributed over the entire compounds. However, this distribution was
not homogeneous. It could be seen that LUMO was more concen-
trated in phenyl and N-CH3 groups, while HOMO was more con-
centrated in the pyridine group. The HOMO, LUMO, bandgap ener-
gies, and other molecular parameters were determined at B3LYP/6-
311++G(d,p) theory. Molecular parameters such as ionization po-
tential (I), electron affinity (A), Mulliken’s absolute electronegativ-
ity (x), chemical potential (), spherical hardness (7), spherical
softness (o), and spherical electrophilicity (w) were determined
through the equations given in the footnote of Table 6 [38-40].
These properties were tabulated in Table 6.

It is clear from the literature that less reactivity and greater sta-
bility of any compound are associated with a larger HOMO-LUMO
gap. The value of the HOMO-LUMO gap calculated for 5, 6, and,
7 was determined as 3.312 eV, 3.362 eV, and 3.381 eV, respec-
tively. The smaller HOMO-LUMO gap is considered high reactivity.
According to the calculation result, the reactivity of the compound
5 could be noted as being greater than the others. The HOMO and
LUMO plot of 5, 6, and, 7 were illustrated in Fig. 3. The HOMO is
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Fig. 3. HOMO and LUMO polts of 5, 6 and, 7.

Table 3

Experimental and predicted vibrational wavenumber for 6 at B3LYP/6-311++G(d,p).
FI-IR  Freq® Freq® I TED¢
515 518 519 1.669  Tceen(22)+7cenc(20)+8ccc(10)
545 544 545 5.697  tcecn(32)+Tencc(17)+Theen(14)+Tcccc(12)
614 617 617 0.680 (SCCH(36)+8CCC(20)+‘SCCN(12)
640 646 647 0.501  Sccn(27)+8ccc(27)+8enc(11)
702 711 711 9.090  Tceen(34)+Tenec(31)+Tccec(17)
720 725 723 0.617  Tceen(28)+Tccec(24)+Tenec(15)
813 809 809 1.783 ‘[CCCH(‘“)+IHCCN(16)+ICNCC(10)
824 823 823 2230  Teecn(33)+THeen(22)+Tenee(21)+Tecec(11)
879 883 884 3.057  tceen(15)+vec(14)+8ccu(11)+8cenc(10)
935 934 934 0.833 fCCCH(SO)"'rHCCN(]8)+ICCCC(]2)
970 979 979 1.854 TCCCH(39)+THCCN(]9)+TCCNC(10)
1021 1025 1025 2943 8ccn(26)+68ccc(25)+vec(14)+8cenc(13)
1066 1065 1065 7.141 Theen(37)4+6uen(31)+8ucn(10)+ven(10)
1124 1127 1128 21.77 Theen(35)+8uen(27)
1169 1173 1173 24.07  Sccu(25)+Treen(18)+8Hen(15)+vec(13)
1232 1244 1243 1224 theen(21)+vec(17)4+8ccn(16)+8uen(13)
1323 1337 1336 0.762 8CCH(49)+8HCN(13)+VCC(1O)

1358 1358 1358 100 Theen(22)+8cci(17)+8uen(13)+81cu(13)

1422 1428 1428  1.048  Sucn(26)4+8ucn(24)+8ccu(16)+Treen(10)
1444 1447 1446 0.928 8((H(30)+8HCN(14)+8HCH(12)+IHCCN(]0)
1518 1511 1510 1070  Treen(33)+6ncn(30)+Tccu(14)+8men(10)
1567 1567 1567  2.689  Sccn(27)+vec(25)4+8ccc(1D+8anc(11)
1595 1600 1600  19.50  Becu(32%)4+vec(22%)+Becc(10%)+ven(10%)
1621 1620 1620  66.83  Sccn(34)+vec(24)+ven(10)+8ccc(13)

2810 2856 2854 4243  veu(78)

2886 2889 2889  13.80  veu(78)

3036 3024 3024 2.987 veu(80)

v: Stretching, §: Bending, t: Torsion.

3 Obtained from the wave number calculated at B3LYP/6-311++G(d,p) using scal-
ing factors 0.960 in the high wavenumbers region and 0.988 in the low wavenum-
bers region [34]. (Conformer-1).

b Obtained from the wave number calculated at B3LYP/6-311++G(d,p) using scal-
ing factors 0.960 in the high wavenumbers region and 0.988 in the low wavenum-
bers region [34]. (Conformer-2)°Relative absorption intensities normalized with
highest peak absorption equal to 100.

d Total energy distribution calculated B3LYP/6-311++G(d,p) level, PED less than
10% are not shown.

mostly located over imine group, (N-CHs3), group and phenyl ring,
the LUMO is mostly located over the pyridine ring, imine group.
Consequently, the HOMO-LUMO transition implies an electron den-
sity transfer to pyrdine group from the (N-CHs), group and phenyl
ring.

The n value of 5, 6, and, 7 was predicted at 1.656 eV, 1.681 eV,
and 1.690 eV. The o value of 5, 6, and, 7 were determined at
0.302 eV, 0.297 eV and 0.296 eV. The global hardness (1) of the
compounds was larger than the global softness (o) of them (in
Table 6). These results indicate that the compounds are hard ones.
Whether a compound is hard or soft means that the compound
has very different properties. For example, hard materials have a
large energy gap while soft materials have a small energy gap. Hard
compounds are not easily polarized, contrarily to soft ones. The bi-
ological reactivity of soft compounds is, therefore, higher than that
of hard compounds [38-40].

3.7. Non linear optical properties

It is important to determine the nonlinear optical properties of
materials. Theoretically, making (hyper) polarizability calculations
might provide data for future studies of materials. The energy of a
system in the weak and homogeneous electric field can be defined
as:

1 1
E = EO — /,LaFa — iaaﬁFaFﬁ — gﬁaﬂyFaFﬁFy — ... (5)

where E0 is the total molecular energy in the absence of an elec-
tric field. F, is the electric field component along the « direction.
The pq, agp, and B,g, denote dipol moment, polarizability and
the first order hyperpolarizability, respectively [13]. The dipol mo-
ment (x), the mean polarizability (&), and the first order hyperpo-
larizability (Bg) are defined as:

WP = Ug + iy + 2 (6)
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Table 4
Experimental and predicted vibrational wavenumber for 7 at B3LYP/6-311++G(d,p).
FT-IR  Freq® Freq® I TED¢
513 520 517 2512 Teecn(21%)4+T ceec(11%)+ T ence(10%)+T een(10%)+Bene (10%)
542 531 530 8.835  Tccen(30%)+T cenc(28%)+T cccc(13%)+T neen(14%)
614 545 546 1.767  Bcen(23%)+Bccc(19%)+Benc(13%)+Been(11%)
746 622 622 6.757  Tcccn(30%)+T encc(27%)+ T icen(18%)+ T ccec(15%)
780 646 646 6.099 Teccn(35%)+T ueen(20%)+T ence(14%)+T ccec(12%)
792 647 647 1.980  Tcecn(54%)+T ucen(27%)
820 724 722 2326 Tcecn(30%)+T ueen(23%)+ecec(11%)+ T enec(11%)
875 734 736 4.065  Tceen(23%)+vec(14%)+Becn(14%)+Benc(10%)
947 747 747 1.232 Teccu(47%)+T ucen(19%)+T cccc(13%)
970 781 781 2.644  Tceen(38%)+Theen(32%)
990 795 795 1.946  Bccc(20%)+Bccn(20%)+vec(14%)+Benc(13%)+ven(10%)
1044 823 823 1.629  Bcen(38%)+vcc(28%)
1064 841 841 7.829  Theen(37%)+Bucn(31%)+Bucn(10%)+ven(10%)
1090 882 883 0572 Bccu(48%)+vcc(17%)
1124 904 904 2633 Theen(36%)+PBuen(27%)
1147 936 937 0.859  Bcen(47%)+vcc(14%)
1168 950 949 2.000  Bceu(71%)+vcc(16%)
1228 951 952 12.85  Theen(20%)+vcc(17%)+Becn(16%)+Bren(14%)+ven(12%)
1278 967 966 0632  Bccu(38%)+vcc(16%)+Buen(15%)+ven(12%)
1302 982 982 1320 Bceu(35%)+vcc(23%)+ven(11%)
1365 996 996 88.38  Thcen(20%)+Bccu(19%)+Bren(15%)+Brcu(12%)+ven(11%)
1430 1002 1002 0217  Bucu(28%)+Pucn(27%)+PBccn(12%)+ T ucen(11%)
1466 1005 1005  9.754  Bucu(29%)+PBucn(28%)+PBccn(16%)+cen(11%)
1519 1049 1049 12.24  Tucen(34%)+Bucn(31%)+Bccn(14%)+Puen(11%)
1571 1065 1065 3346  Bceu(27%)+vec(25%)+Bccc(12%)+LBenc(11%)
1590 1097 1097  7.771  Bceu(36%)+vec(24%)+Becc(11%)+ven(11%)
1606 1116 1115 100 Becn(36%)+vcc(24%)+Bcc(11%)+ven(10%)
1619 1127 1128  37.89  Bccu(35%)+vcc(25%)+Pccc(10%)
2808 1135 1135  26.59  vcu(82%)
2890 1155 1155  47.08  vcu(78%)
2924 1175 1175 11.99  veu(75%)
3008 1181 1181 1538  veu(75%)
3046 1225 1225 1.486  vcu(76%)

v: Stretching, §: Bending, 7: Torsion.

2 Obtained from the wave number calculated at B3LYP/6-311++G(d,p) using scaling factors 0.960 in
the high wavenumbers region and 0.988 in the low wavenumbers region [34]. (Conformer-1).

b Obtained from the wave number calculated at B3LYP/6-311++G(d,p) using scaling factors 0.960 in
the high wavenumbers region and 0.988 in the low wavenumbers region [34]. (Conformer-2)°Relative
absorption intensities normalized with highest peak absorption equal to 100.

4 Total energy distribution calculated B3LYP/6-311+-+G(d,p) level, PED less than 10% are not shown.

Table 5

The experimental and calculated chemical shifts for 'H and *C nuclei.
Compound-5 Compound-6 Compound-7
Atom  Theo. Exp. Atom  Theo. Exp. Atom  Theo. Exp.
Cy7 156.7 152.1 Cys 158.5 151.9 Cy3 163.0 155.4
Cas 155.9 Cys 156.8 Cyy 159.2
C; 155.8 Cy 155.3 151.1 Cy 155.6 155.3
Cy 154.9 Cy 154.2 150.5 Cys 155.4 150.1
Cy3 150.0 150.3 Ce 145.4 149.9 Cs 144.6 149.5
Cs 1448 1437 Cyp 139.1 1400 Cyy 1410 1394
G, 135.9 139.2 Cy6 137.3 134.3 Cs 1354 136.4
Cs 129.3 122.8 Cs 134.6 132.5 Cy4 128.2 124.2
Cys 122.8 121.8 Cy7 128.2 123.7 Ca6 125.0 122.9
Cs 120.3 Cs 1204 1224 Cs 120.8 1213
Cs 115.1 1125 Cy 1153 112.7 C, 1154 112.6
Cy 114.8 C, 114.5 C; 114.5
Ciz 4047 405 Ciz 4052 40.6 Cis 4051 405
Cis 40.43 Cie 40.43 Ci2 40.45
Hsq 8.85 8.73 Hao 8.87 9.00 Hsq 8.82 8.70
Has, 8.81 Hs» 8.75 Has 8.82
Hy, 8.70 8.52 Hso 8.83 8.66 Hyo 8.59 8.21
Hao 8.36 7.75 Ha, 8.71 8.57 Hso 7.90 7.79
Hso 7.50 Hg 7.52 7.39 Hg 7.66 7.42-7.37
H; 7.59 7.40-  Hpo 7.52 Hio 7.55 7.28
Ho 7.55 7.32 Hsq 7.50 7.32 Hs, 7.38 7.32
Hs 6.83 6.82- Ho 6.79 6.78 Hy 6.81 6.81-
Hio 6.79 6.74 H: 6.77 Ho 6.77 6.76
Hio 3.37 3.05 Hio 3.39 3.02 His 3.39 3.03
Hia 3.34 Hia 3.35 Hq7 3.36
Hys 2.94 His 2.90 Hio 2.90
His 2.92 Hiy 2.86 Hig 2.88
His 2.76 His 2.77 His 2.77
His 2.76 Hig 2.76 His 2.77
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Table 6
HOMO, LUMO, HOMO-LUMO gap and selected molecular properties of 5, 6 and, 7.
Energy (eV) Energy gap Ionization Electron affinity  Global Electronegativity Chemical potential Global Softness Global
(eV) Potential (I) (A) (eV) Hardness (1) (x) (eV) () (eV) (o) (eV)! electrophilicity
(eV) (eV) (@) (eV)
HOMO —5.414 AEpomo-Lumo 3.312 5.414 2.102 1.656 3.758 —3.758 0.302 4.265
LUMO -2.102
5 HOMO-1 —-7.101 AE.q)(L+1y 7.040 7.101 0.061 3.520 3.581 —3.581 0.142 1.822
LUMO+1 —-0.061
HOMO —5.309 AEpomo-Lumo 3.362 5.309 1.946 1.681 3.628 —3.628 0.297 3914
LUMO —1.946
6 HOMO-1 -7.027 AEg.1)-(L+1) 6.122 7.027 0.905 3.061 3.966 —3.966 0.163 2.569
LUMO+1 —-0.905
HOMO —5.257 AEnomo-Lumo 3.381 5.257 1.877 1.690 3.567 —3.567 0.296 3.763
LUMO —-1.877
7 HOMO-1 —6.953 AEg.1)(L+1, 6.069 6.953 0.884 3.034 3.919 -3.919 0.165 2.530
LUMO+1 —-0.884
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Fig. 5. RDG scatter plots (left) and corresponding non-covalent interaction (NCI) plots (right) of 5, 6 and, 7. The isosurfaces are colored (right) with respect to the values of

sign (A2)p (a.u.).

values of 5, 6, and, 7 were found 89.83 x 1030 esu, 78.64 x 1030
esu, and 85.51 x 1030 esu, respectively.

In the literature, urea is widely used to compare dipol moment
and hyperpolarizability values. Therefore, we compared the dipol
moment and hyperpolarizability values of 5, 6, and, 7 with urea.
When compared to the urea, which has a dipol moment of 1.373 D,
the dipol moment of 5, 6, and, 7 were found to be 4.61, 3.22, and

10

1.77 times greater. Compared with urea’s first hyperpolarizability
value (0.3728 x 10730 esu for urea), the hyperpolarizability value
of the 5, 6, and, 7 were determined to be 240, 210, and 229 times
greater than that of urea. 5, 6, and, 7 had a very high first hy-
perpolarizability. The high hyperpolarizability value and non-zero
value of dipol moment indicated that 5, 6, and, 7 might be a good
candidate of NLO material (Table 3).
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Fig. 6. Color filled map of Electron localization function (ELF) of 5, 6 and, 7.

3.8. Molecular electrostatic potential maps

A 3D plot of the molecular electrostatic potential (MEP) of 5,
6, and, 7 were given in Fig. 4. The reactive regions of the com-
pounds could be easily identified via the MEP diagram. The red re-
gions showed electron-rich regions, and the blue regions showed
electron-poor regions. The region around the nitrogen atom of
the pyridine ring and imine group was found to be electron-rich.
[41,42].

3.9. Reduced density gradient

The Reduced Density Gradient (RDG) gives an analysis that vi-
sualizes the regions where intra and inter non-covalent interac-
tions occur in a compound. The Reduced Density Gradient (RGD)
analysis were completed using Multiwfn program. Gradient iso-

Journal of Molecular Structure 1269 (2022) 133791

surfaces and scatter plots of 5, 6, and, 7 were shown in Fig. 5.
The RDG scatter plot was created between RDG versus sign(A2)p.
The sign(A2)p was the second Eigenvalue of electron density.
Sign(A2)p value and sign were used to explain the nature of in-
teractions. If sign(A2)p was greater than zero, repulsive interaction
would occur, and if sign(A2)p was less than zero, attractive inter-
action would occur, and if sign(A2)0 was zero, weak Van der Waals
interaction would occur. The function of A2(r) in the RDG scatter-
ing spectrum divided into three colors as red, green, and blue was
between —0.035 and 0.020 a.u. The color-coding scheme for 3D
spatial visualization of RDG surface indicated blue for attractive,
red for repulsive, and green for intermediate interactions [43,44].

In the RDG isosurfaces, the red spike showed the steric repul-
sion in the centers of phenyl and pyridine rings. The RDG scatter
plot shows red contour between 0.02 and 0.05 au, clarifies higher
repulsive change contribution. The red-green mixed spikes were
observed near the N-CH3 and imine groups. The RDG scatter plot
shows the red-green mixed spikes between 0.00 and 0.015 au The
RDG graph results confirmed the interacting regions in the molec-
ular structure of 5, 6, and, 7.

3.10. Electron localization function

The Electron Localization Function (ELF) analysis were com-
pleted using Multiwfn program [45]. The possibility of finding an
electron with the same spin in the neighborhood concerning an
electron located at a given point (reference electron) could be mea-
sured using ELF. For 5, 6, and, 7, two-dimensional plots of the ELF
are shown in Fig. 6. In the scale, red color (0.8-1.0) represented
high ELF values; the low ELF regions were shown in blue, and the
intermediate region was represented in green. The red color which
surrounded the hydrogen atoms with maximum value indicated
the presence of bonding and nonbonding electrons. The blue color
cloud around the carbon and nitrogen atoms indicated a low elec-
tron localization values as represented in Fig. 6. For the 5, 6, and,
7, the maximum Pauli repulsion was found around the Hydrogen
atoms as indicated in red, and the minimum Pauli repulsion is for
Carbon and Nitrogen atoms as indicated by blue region [46].

3.11. Antimicrobial evaluation of the synthesized compounds

The synthesized compounds were evaluated for their antimicro-
bial screening against selected bacteria such as L. monocytogenes
ATCC 7644, S. aureus ATCC 25923, B. subtilis ATCC 6633, E. faecalis
ATCC 29212, K. pneumonia ATCC 21541, P. aeruginosa ATCC 27853,
S. dysenteriae ATCC 11835, S. typhimurium ATCC 14028, E. coli ATCC
25922 and yeast such as C. albicans ATCC 10231 by both microdi-
lution and disk diffusion methods. Results of antimicrobial activity
of the compounds all with Minimal Inhibitory Concentration (MIC)
and inhibition zone diameter (mm) were shown in Table 8. Based
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Fig. 7. The interacting mode with 4QGG in 2D representations of compound 5 (a), 6 (b), 7 (c).
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Table 8

Journal of Molecular Structure 1269 (2022) 133791

Antimicrobial and antifungal evaluation of 5, 6 and, 7. MIC (pg/mL) values and the inhibition zone diameter (mm).

MIC (pg/mL)

Diameter of inhibition zone (mm)

Microorganisms

Compounds (1000 pg/ml)

Compounds (1000 pg/ml)

5 6 7 5 6 7 AMP (10 ng)  Cycloheximide
L. monocytogenes ATCC 7644 - - - - - - 10 -
S. aureus ATCC 25923 - 1.95 1.95 - 20 20 18 -
B. subtilis ATCC 6633 - 625 625 - 12 12 24 -
E. faecalis ATCC 29212 - - 250 - - 10 - -
K. pneumoniae ATCC 21541 - - 250 - - 10 - -
P. aeruginosa ATCC 27853 250 - 7.81 10 - 15 18 -
S. dysenteriae ATCC 11835 - 250 250 - 10 10 20 -
S.typhimurium ATCC 14028 - - - - - - 18 -
E. coli ATCC 25922 - - 7.81 - - 15 - -
C. albicans ATCC 10231 250 7.81 62.5 10 15 12 - 18

MIC >250.
Amp: Ampicillin.

Table 9
Docking parameters of title compounds docked with the 4QGG protein target.

Compound  Bonded residues  No of hydrogen bonds ~ Bonded distance (A)  Binding energy (kcal/mol)  Inhibition Constant K; (1M)  Reference RMSD(A)
5 GLN 101 3 2.03 -6.44 19.10 34.81
ARG 105 2.48
ARG 105 1.70
6 GLU 11 2 1.94 —5.89 48.49 45.62
TYR 100 2.47
7 GLU 11 1 2.73 —5.47 97.20 46.52

on the findings of the present study, the MIC values of the com-
pounds ranged from 1.95 to 250 g /ml for antimicrobial activ-
ity against S. aureus, B. subtilis, E. faecalis, K. pneumoniae, P. aerugi-
nosa, and S. dysenteriae. Compound 7 was found to be the most ac-
tive against bacteria and yeast while compound 5 was found to be
moderately active. Compounds 6 (against S. aureus and C. albicans)
and, 7 were found to have a very high minimum inhibitory concen-
tration ranging between 1.95 and 7.81 g/mL (against P. aeruginosa
and E. coli). Compounds (6 and 7) showed zone of inhibition val-
ues in the range of 10-20 mm against other bacteria except for L.
monocytogenes and S. typhimurium. C. albicans showed good activ-
ity against all compounds (5, 6, and, 7) with a MIC value of 1.95-
250 pg/ml. In addition, all compounds (5, 6, and, 7) tested against
C. albicans showed high levels of antifungal activity (Table 8).

3.12. Molecular docking

The molecular docking of the chemical compounds-proteins
binding site was performed using Autodock 2.2.6 software [47] The
docked complexes were visualized using Chimera [27] and Dis-
cover studio software [48]| The target proteins’ crystal structures
were taken from the RCSB database (www.pdb.org).

As shown in Table 9, the docking parameters calculated inhi-
bition constant, binding energy, and hydrogen bond distance all
play a role in determining the type of the molecule. The binding
interactions of the compound with protein are depicted in Fig. 7.
From the docking results in Table 9 and Fig. 7. The compounds and
4QGG (receptor) with a binding energy values are —6.44, —5.89,
—5.47 kcal/mol, respectively. These results show that the protein
targets under consideration, compound 5, show the best pharma-
cological activity against 4QGG with lower binding energies and Ki
values. All proteins, the hydrogen bonded amino acids bond length
is with the <3 A which indicate they are all strong hydrogen bond-
ing interaction. As can be seen from the results in Table 9, the
compound interacted with the amino acids of the receptor through
hydrogen bonding. In Fig. 7, the pyridine ring of the compound
5 interacted with residues of the protein by hydrogen bonding
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with ARG'105 and GLN'101. Similarly, H-bond interactions involv-
ing residues GLU’11, TYR’100 with compounds 6 and 7.

4. Conclusion

The present study reported that microwave-assisted preparation
of a series of Schiff bases without the use of a solvent was pos-
sible. The structures of synthesized compounds were confirmed
by FT-IR and NMR spectroscopy. Two conformers of the 5, two
conformers of the 6, and four conformers of the 7 were deter-
mined using the PES scan result. The most stable conformers of
the compounds were determined and then re-optimized by using
6-311++G(d,p) basis set for future calculations. There appeared to
be a perfect agreement between the experimental FT-IR, 'H, and
13C NMR data, and the theoretical ones of the most stable isomer.
The compounds 5, 6, and, 7 had a very high first hyperpolariz-
ability. The high hyperpolarizability value and non-zero value of
dipol moment indicated that 5, 6, and, 7 might be a good candi-
date of NLO material. Investigation of antimicrobial screening data
revealed that the compounds (6 and 7) showed maximum zone
of inhibition against nearly all bacteria (except L. monocytogenes
ATCC 7644, S.typhimurium ATCC 14028) and yeast. Compounds (6
and 7) showed a maximum zone of inhibition (20 mm) specifi-
cally against S. aureus ATCC 25923. The antibacterial activity of the
molecules synthesized were found to be 5 < 6 < 7. This is thought
to be owing to the compounds’ structural stability. The synthesized
compounds exhibited significant antimicrobial activity. 5 were de-
termined to dock with the energetic spot of ARG'105 and GLN’101.
Similarly, 6 and 7 were determined to dock with the energetic spot
of GLU'11, TYR'100.

Captions of supplementary material

Fig. S1 Experimental FT-IR spectra of 5, 6 and, 7
Fig. S2 TH and 3C NMR spectra of compound-5
Fig. S3 'H and 3C NMR spectra of compound-6
Fig. S4 'H and 3C NMR spectra of compound-7
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Fig. S5 Torsional barriers results of 5, 6 and, 7.
Table S1 Optimized geometric parameters of 5, 6 and, 7
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