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Abstract Three Schiff bases viz,; 3,5-bis[(E)-[(2E)-
3-(4-methoxyphenyl)prop-2-en-1-ylidene]benzoic
acid (3,5-DA), 2-[(E)-[(2E)-3-(4-methoxy-
phenyl)prop-2-en-1-ylidene]aminoJphenol (OAP)
and [3-(4-methoxy-phenyl)-allylidene]-[2-(2-{2-/3-
(4-methoxy-phenyl)-allylideneamino]-ethoxy !-eth-
oxy)-ethyl]-amine (TPMC/DDE) are reported. The
Schiff bases were synthesized from the condensation
reaction of trans-paramethoxycinnamaldehyde and
the primary amines (3,5-diaminobenzoic acid, 2-
aminophenol and 1,8-diamino-3,6-dioxaoctane re-
spectively), in dry methanol. The synthesized Schiff
bases were characterized using UV-Visible, Fourier
transform infrared (FTIR), 'H, and >C NMR spec-
troscopies. The In vitro antimicrobial screening of
the Schiff bases were carried out on gram-positive
bacteria: (Staphylococcus aureus and Bacillus sub-
tillus) and gram-negative bacteria: (Pseudomona-
saeruginosa, and Escherichia. coli strainl3) and
against the fungi, Aspergillus niger and Candida al-
bicans using the agar well diffusion method. The lig-
ands 3,5-DA and OAP only showed activity against
the fungus, Candida albicans with inhibition zone
diameter (IZD) of 10 mm and minimum inhibitory
concentrations (MIC) of 5.0 mg/mL and 3.0 mg/mL
respectively. The ligand, TPMC/DDE also showed
varying activity against the bacteria, Pseudomonas
aeroginosa with an 1ZD of 8.0 mm and MIC of 7.5
mg/mL while Escherichia coli displayed inhibition
with an IZD of 10.0 mm and MIC of 1.9 mg/mL. Ac-
cording to molecular docking studies, the binding
affinity of the compounds towards two validated an-
tibiotic and antifungal drug targets (DD-transpepti-
dase-DDPT and N-myristyol transferase-NMT)
were in agreement to their observed in vitro antimi-
crobial activities. Moreover, their retrieved binding
poses explained intermolecular forces behind the in-
teractions that exist between the proteins and the
ligands, a knowledge which is very useful in struc-
tural modification for activity optimization.

Key Words: Trans-paramethoxycinnamaldehyde;2,4-
diaminobenzoic acid;2-aminophenol; 1,8-diamino-3,6-
dioxaoctane, binding poses.

G. U. Kaior

Department of Pure and Industrial Chemistry
University of Nigeria, Nsukka, Enugu State,
Nigeria

Email: gracykaior@yahoo.com

Orecid id:

N. J. Nwodo

Department of Pharmaceutical and Medicinal
Chemistry, University of Nigeria, Nsukka,
Enugu State, Nigeria

Email: ngozi.nwodo@unn.edu.ng

Orecid id:

U. S. Oruma,

Department of Pure and Industrial Chemistry
University of Nigeria, Nsukka,

Enugu State, Nigeria

Email: susan.oruma@unn.edu.ng

Orecid id:

A. Ibezim

Department of Pure and Industrial Chemistry
University of Nigeria, Nsukka,

Enugu State, Nigeria

Email: akachukwu.ibezim@unn.edu.ng
Orecid id:

A. E. Ochonogor

Department of Pure and Industrial Chemistry
University of Nigeria, Nsukka,

Enugu State, Nigeria

Email: alfred.ochonogor@unn.edu.ng
Orecid id:

K. K. Onyia

Department of Pure and Industrial Chemistry
University of Nigeria, Nsukka,

Enugu State, Nigeria

Email: kenechi.onyia@unn.edu.ng

Orecid id:

Communication in Physical Sciences 2020, 5(4): 5344-566
Available at https://journalcps.com/index.php/volumes




Communication in Physical Sciences 2020, 5(4): 544-566

Nnamdi L. Obasi*

Department of Pure and Industrial Chemistry
University of Nigeria, Nsukka,

Enugu State, Nigeria

Email: nnamdi.obasi@unn.edu.ng

Orcid id:

1.0 Introduction

Several Schiff bases have been reported to possess
remarkable antibacterial, antifungal, anticancer and
diuretic activities (Ahamad et al., 2010; Finar, 2006;
Golcu et al., 2005; Prakash and Adhikari, 2011;
Mokhles et al., 2014; Mostafa et al., 2012; Vogel,
1989). They have wide applications in food and dye
industries, in analytical chemistry, as catalysts, and
as agrochemicals (Mohammed and Salatheddi,
2011; Raman et al., 2004; Schmid, 1999). Schiff ba-
ses obtained from amino acids could be used in ex-
plaining transamination reactions in living systems
(Andrew et al., 1992; lihan et al., 2007). Schiff ba-
ses are studied widely due to their synthetic flexibil-
ity, selectivity and sensitivity towards the central
metal atom, structural similarities with natural bio-
logical compounds and also due to the presence of
an azomethine group (-N=CH-) (Pallavi et al.,
2014). Imine or azomethine groups are present in
various naturally derived and non-natural com-
pounds. The imine group present in such compounds
has been shown to be critical to their biological ac-
tivity (Bansade, 2012). Schiff bases having oxygen
and nitrogen atoms possess structural liability and
are sensitive to molecular environment (Ikechukwu
and Peter, 2015; Mangaiyarkkara and Arul, 2014;
Mashaly et al., 2004; Rhohini and Arul, 2014; Sob-
ola et al., 2014; Suresh and Prakash, 2011; Thomas
et al., 2011).Examples of Schiff bases that contain
oxygen and nitrogen atoms are those derived from
4-methoxycinnamaldehyde, salicylaldehyde, amino
acids and hydrazones.

Potato and oil of tarragon (Artemisia dracunculus)
are known sources of methoxycinnamaldehyde
(Yannai, 2004). It is generally used as a flavouring
agent in food additives (Arun et al., 2002). 4-meth-
oxycinnamaldehyde has been reported to be an in-
hibitor for the human respiratory syncytial virus in a
human larynx carcinoma cell line (Wang et al.,
2009). Cinnamon essential oil (which contains para-
methoxycinamaldehyde) has also been found to ex-
hibit a preventive effect on lipid oxidation of vege-
table oils (Keshvari et al., 2013) .The work by Kong
et al (2007) indicates that cassia, cinnamon oil
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compounds and related compounds could be useful
as potential nematicides for Bursaphelenchus xy-
lophilus (Nematoda: Parasitaphelenchidae) (Kong
et al.,2007). The work by Ooi et al. (2006), showed
that cinnamomum cassia comprises of 85% cin-
namaldehyde which is effective in inhibiting the
growth of bacteria, fungi and dermatophytes (Ooi et
al., 2006). A search through literature revealed that
cinnamaldehyde derivatives possess significant an-
tibacterial (Obasi et al., 2017; Seelolla et al., 2014),
antifungal (Obasi et al.,2017; Yuan et al., 2015) and
antioxidant (Seelolla et al., 2014) properties.

In view of the need to develop new and more potent
antimicrobial drugs with low toxicity, we synthe-
sized trans-paramethoxycinnamaldehyde deriva-
tives using 3,5-diaminobenzoic acid, 2-aminophe-
nol and 1,8-diamino-3,6-dioxaoctane, respectively.
The binding affinity of the compounds towards two
validated antibiotic and antifungal drug targets (DD-
transpeptidase — DDPT and N-myristyol transferase
- NMT), respectively according to molecular dock-
ing studies, also stimulated our interest to investi-
gate the in vitro antimicrobial activities of the Schiff
bases. We have patented these compounds in Nige-
ria with patent No: NG/P/2018/269.

2.0 Materials and Methods

2.1 Reagents and Apparatus

The chemicals used were of analytical grade and
they were used without further purification. The
syntheses of the compounds were carried out using
procedures reported by Obasi et al. (2016). The
melting points of the Schiff bases were determined
using Fisher-Johns Melting point apparatus (Japan),
UV-Visible spectra were obtained on UV-1800 UV-
VIS Spectrophotometer (SHIMADZU) at the Na-
tional Research Institute for Chemical Technology
(NARICT), Zaria, Kaduna State, Nigeria. Infrared
spectra were recorded on a PerkinElmer (Waltham,
MA)FTIR spectrophotometer. Elemental analyses
were performed on a LECO-CHNS-932 Analyser.
The NMR spectra were recorded ona Bruker 400
MHz Avance-III HD spectrometer, BrukerBiospin
GmbH, with broad band decoupling of 'H at 400.25
MHz and '3C at 100.65MHz. Chemical shifts (3) are
given in ppm and referenced to tetramethylsilane
('H, BC).

2.2 Antimicrobial Screening

The antibacterial screening was carried outat the
Faculty of Pharmaceutical Sciences, University of
Nigeria, Nsukka. The compounds were screened in
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vitro  against the  gram-positive  bacteria
(Staphylococcus aureus and Bacillus subtillus) and
gram-negative bacteria (Pseudomonasaeruginosa,
and Escherichia coli strainl3) and against the fungi,
Aspergillus nigerand Candida albicans using the
conventional drugs, ciprofloxacin (an antibacterial)
and ketoconazole (an antifungal drugs) as standards
for the agar well diffusion screening method
described by Chah et al.(2006). The minimum
inhibitory concentrations (MIC) of the test
compounds were determined using the agar dilution
method as described by Ojo et al. (2007).

2.3 Molecular Simulation

The X-ray crystal structure of the DD-transpeptidase
(DDPT) and N-myristoyl transferase(NMT) in
complex with their co-crystallized inhibitors were
retrieved from the protein databank(Berman et
al.,2000) and treated using molecular operating
environment (MOE) as follows: the co-crystallized
water molecules and small molecules were deleted.
The retained protein—ligand complexes were
protonated using the protonate 3D procedure
implemented in Molecular Operating Environment
(MOE) (2010). To remove atomic clashes, energy
minimization was carried out on the protonated
complexes using the Merck Molecular Force Field
(MMFF94) (Halgren, 1996) until a gradient of 0.001
kcal/mol was attained. Chemical structures (3D)
were generated using the graphical user interface
(GUI) of the MOE software. MOE Dock tool was
used to dock the compounds towards DD-
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transpeptidase  (DDTP)  by; carrying out
conformational analysis of the ligands, using
Triangle Matcher Placement method to make poses
and estimating the free energy of binding of the
ligands from a given pose using London dG scoring
function.
2.4 Synthesis of  3,5-Bis[(E)-[(2E)-3-(4-
methoxyphenol)prop-2-en-1-
ylidene]amino]benzoic Acid (3,5-DA)
To a solution of trans-p-methoxycinnamaldehyde
(0.81 g, 5 mmol) in dry methanol (10 mL) was
addeda solution of 3,5-diaminobenzoic acid (0.76 g,
5 mmol) in dry methanol(15 mL). The solution was
heated at reflux for 1 hour at 70 °C during which a
yellow solid was formed. It was filtered
andrecrystallized from methanol and stored in a
desiccator. The yield was 93.18 % (1.025 g) and
melting range was 168 — 170 °C.UV  (Amax
nm)(DMF): 389.0, 459.0; IR (v cm™):3504 (br),
3122, (s), 2981 (s), 2861 (s), 1942 (s), 1618 (s), 1613
(s), 1357 (s), 1246 (s); 'H NMR (8 ppm):2.16 (3H,
s), 5.99 (1H, d), 6.03 (1H, d), 6.33 (1H, s),9.60 (1H,
d),6.81-7.66 (7H, m);'3*C NMR (8 ppm): 55.97,
115.60, 151.0, 118.01, 127.23,127.23, 129.05,
130.05, 130.10,130.62, 134.50, 159.25, 174.24;
Anal. calcd. For Cy7H24N>04 =440.00 g/mol,%C =
73.6,%H = 5.5, %N = 6.3, Found %C = 73.4,%H =
5.8, %N =5.8.(See Scheme 1, the 'H and *C NMR
spectra of 3,5-DA are shown in Appendices 1 and 2
respectively).
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Scheme 1:Synthesis of 3,5-bis[(E)-[(2E)-3-(4-methoxyphenol)prop-2-en-1-ylidene]amino]benzoic

acid (3,5-DA).

2.5 Synthesis of
Methoxyphenyl)prop-2-en-1-
ylidene]amino[phenol (OAP)
To a solution of trans-p-methoxycinnamaldehyde
(1.62 g, 10 mmol) in dry methanol(15 mL) was
added a solution of o-aminophenol (1.09 g, 10
mmol) in dry methanol(18 mL). This was heated at
reflux for about 1 h at 70 °C during which yellow
crystals were formed. The crystals were filtered,

2-[(E)-[(2E)-3-(4-

e N
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recrystallized from methanol and stored in a
desiccator. The yield was 68.97 % (1.745 g) and
melting point ranged from 197 — 199 °C.UV (Amax
nm) (DMF), 429.0;IR (v cm™):3690 (br), 3117, (s),
3003 (s), 2814 (s), 1637 (s), 1424 (s), 1357 (s);'H
NMR (6 ppm):3.86 (3H, s), 4.96 (1H, s),6.82 (1H,
1),6.93 (1H, d),9.62 (1H, d),8.39 (1H, d),6.98-7.59
(8H, m);'3C NMR (8 ppm):55.91, 115.49, 116.94,
123.36, 126.17, 129.86,130.28, 130.15,143.75,
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143.83,145.70,157.88,161.79, 162.64; Anal. calcd.
For CisHisNOz =253 g/mol,%C = 75.9, %H = 5.9,
%N = 5.5, Found %C = 75.5,%H = 6.2, %N =

HO

547

5.6.(See Scheme 2, the 'H and '3C NMR spectra of
OAP are shown in Appendices 3 and 4 respectively).

7
(o]
OH
X X0 dry methanol
+ H,O NN
H3C\O HoN -Hy

Scheme 2: Synthesis of 2-[(E)-[(2E)-3-(4-methoxyphenyl)prop-2-en-1-ylidene]amino]phenol(OAP).

2.6 Synthesis of  [3-(4-Methoxy-phenyl)-
allylidene|-[2-(2-{2-[3-(4-methoxy-phenyl)-
allylideneamino|-ethoxyj}-ethoxy)-ethyl]-amine
(TPMC/DDE)

To a solution of trans-p-methoxycinnamaldehyde
(3.20 g; 20 mmol) in dry methanol (20 mL) was
added  1,8-diamino-3,6-dioxaoctane(1.48g; 10
mmol).The mixture was heated at reflux for 3 h at
75 °C over water bath with constant stirring, during
which a Pale pink powder was formed which was
collected and recrystallized in hot methanol. The
yield was 71.00 % (3.05 g) and melting point ranged
from 128-130 °C.UV (Amax nm) (DMF): 322, 314,

NH,
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2 HaC_ *
o
o

HoN

dry methanol
-2H,0

N
HBC\OJ@/\/\

310; IR (v em™): 3182(s), 2852(s), 3182 (s), 2852
(s), 1783 (s), 1632 (s), 1598 (s), 1303 (s), 1251 (s);
"H NMR (8 ppm): 2.09 (3H, s), 3.55-3.63 (4H, m),
3.76 (4H,s),6.65 (1H,d), 6.69 (1H,d), 6.87 (1H.,t),
6.98 (2H,d), 7.42 (2H,d),7.94 (2H, d); 3C NMR (8
ppm): 55.87, 60.98,71.57, 71.62, 115.43, 125.35,
129.59, 130.16, 144.86, 162.50,167.68; Anal. calcd.
For C26H32N204 =436.31 g/mol, %C = 71.60, %H =
7.30, %N = 6.40, Found %C = 70.90, %H =7.70,
%N = 6.00.(See Scheme 3, the 'H and *C NMR
spectra of TPMC/DDE are shown in Appendices 5
and 6 respectively).
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Scheme 3: Synthesis of [3-(4-Methoxy-phenyl)-allylidene]-[2-(2-{2-[3-(4-methoxy-phenyl)-
allylideneamino]-ethoxy}-ethoxy)-ethyl]-amine (TPMC/DDE).

3.0 Results and Discussion

The reaction of trans-p-methoxycinnamaldehyde
with three different classes of amines is shown in
Schemes 1-3.Three different classes of amines
namely: two amino groups and a phenyl ring, two
amino groups and aliphatic chain and one amino
group and a phenyl ring were chosen so as to study
the effect of the different substituents on the
antimicrobial properties of the synthesized Schiff
bases. The elemental analysis data of these
compounds show that the amount of carbon,
hydrogen and nitrogen are close to the
experimentally determined values.

3.1 Electronic spectra

The ligand, 3,5-DA showed two absorption bands at
389 and 459 nm which were assigned n—6* and n —
w* transition, respectively. The ligand, OAP showed
an absorption band at 429 nm and TPMC/DDE also
showed three absorption bands at 322, 314 and 310
nm that were assigned to n — *.

e N

VV?"”-'-J“-?‘—"-"

3.2 Infra red spectra

The strong IR absorption bands at 1618 cm™ for 3,5-
DA, 1637 cm! for OAP and 1598 cm™ for
TPMC/DDE were assigned to azomethine, C=N
stretching vibrations. The strong bands at 1613 cm™!
for 3,5-DA, 1637 cm™! for OAP and 1783 cm™!, 1632
cm! for TPMC/DDE were assigned C=C stretching
vibrations. Strong bands at 3122, 2981 ¢m™! for 3,5-
DA, 3117 cm’!, 3003 cm™ for OAP and 3182 cm’!,
2852 c¢cm! for TPMC/DDE were assigned C-H
aromatic stretching vibrations. The broad bands at
3504 cm™' for 3,5-DA and 3690 cm! for OAP were
assigned OH stretching vibrations. The sharp strong
band at 1942 cm! for 3,5-DA is assigned C=0 of
CO,H.

3.3'H NMR and "*C NMR spectra

The 'H-NMR signal for the ligand, 3,5-DA at § 9.60
(IH, d) was assigned to the aldimine proton
of(H)C=N. The signals at 6 6.81-7.66 (7H, m) were
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due to phenyl protons. The signals at 6 5.99 (1H, d),
6.03 (1H, d) correspond to ethylene protons. The
signal at 6 6.33 (1H, s) was assigned to the carboxyl
proton CO;H. The signal at 6 2.16 (3H, s) is
attributed to the methyl proton, OMe.

The '"H NMR signal at § 9.62 (1H, d) for the ligand,
OAP was assigned to the aldimine proton, (H)C=N.
The signals at & 6.82 (1H, t), 6.93 (1H, d) were
attributed to ethylene protons HC=C(H)-C. The
signals at & 6.98-7.59 (8H, m) were attributed to
phenyl protons. The signal at 6 8.39 (1H, d) is
assigned to the hydroxyl proton. The signal at d 3.86
(3H, s) corresponds to the methyl protons, OMe.
The 'H NMR signal of the ligand, TPMC/DDE at &
6.69 (1H,d) was assigned to the aldimine proton
(H)C=N. The signals at 6 6.87 (1H, t), 6.98 (2H, d)
were due to ethylene protons. The signals at 6 7.42
(2H, d), 7.94 (2H, d) were attributed to phenyl
protons. The signal at 6 2.09 (3H, s) was assigned to
the methyl protons, OMe.

The '3C NMR signal for the ligand, 3,5-DA at
159.25 ppm was attributed to the azomethine C=N
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carbon atom. The signal at 55.97 ppm was assigned
to the methoxy, OMe carbon atom. The signals at &
115.60-134.50 ppm correspond to the phenyl carbon
atoms. The signal at 174.24 ppm was assigned to
carboxylic acid carbon atom, CO,H.

For the ligand, OAP the '*C NMR signal at 162.64
ppm was attributed to azomethine carbon. The
signal at 55.91 ppm is as a result of the OMe carbon
atom. The signals at 6 115.49-157.88 ppm
correspond to the phenyl carbon atoms. The signal
at 161.79 ppm was due to methelene carbon atom.
For the ligand, TPMC/DDE the signal at 167.68
ppm was assigned to the azomethine C=N carbon
atom. The signal at 55.87 ppm was due to OMe
carbon atom. The signals at 6 125.35-162.50 ppm
were attributed to the phenyl carbon atoms. The
signals at & 60.89-71.62 ppm were assigned to the
CH»-CH; carbon atoms.

3.4 Antimicrobial Screening

Table 1 shows the Inhibition Zone Diameter (IZD)
and the Minimum Inhibition Concentrations (MIC)
of the compounds.

Table 1: The Antimicrobial results of the compounds

Sample Pseudomonas Escherichia  coli  Staphylococcus  Bacillus subtillus ~ Aspergillus Candida albicans

aeruginosa aureus niger

IZD MIC IZD  MIC IZD MIC IZD MIC IZD MIC 1IZD MIC

(mm) (mg/mL) (mm) (mg/mL) (mm) (mgmL) (mm) (mgmL) (mm) (mgmL) (mm) (mgmL)
3,5-DA - - - - - - - - - 100 5.0
0AP 100 3.0
TPMCDDE 80 75 10.0 1.9 - - - 150 16
Ciprofloxacin 50 6.0 10.0 1.1 2020 100 23 - - - -
Ketoconazole - - 15 32 11 1.3

Ciprofloxacin and ketoconazolewere used as
positive control while sterile DMSO served as
negative control. The structures of these drugs are
shown in Fig.l. Ciprofloxacin (Ci7HisFN3O3)
belongs to fluoroquinolones and can inhibits
bacteria growth by preventing deoxyribonucleic
acid (DNA) synthesis before mitosis (Wolters,
(0]

Ciprofloxacin

2009). Ketoconazole (CasH23C12N4O4) is a synthetic
imidazole antifungal drug which can inhibits sterol
14-a-dimethylase, a microsomal cytochrome P450-
dependent enzyme, thereby disrupting synthesis of
ergosterol, an important component of the fungal
cell wall (Kester et al., 2012).

HZ?—N@N@—OLCO Clz )
'

Ketoconazole

Fig. 1: Chemical structure of the drugs used as standard
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Table 1 reveals that the ligands, 3,5-DA and OAP
showed activity only against the fungus, Candida
albicans with inhibition zone diameter (IZD) of
10mm and minimum inhibitory concentration of 5.0
mg/mL and 3.0 mg/mL respectively. TPMC/DDE
gave the highest [ZD of 15 mg/mL and MIC of 1.60
mg/mL against Candida albicans. The ligand,
TPMC/DDE also showed varying activity against
bacteria; Pseudomonas aeroginosa with an 1ZD of
8.0mm andMIC of 7.5 mg/mL; Escherichia coli
with an IZD of 10.0mm and MIC of 1.9 mg/mL. The
antibacterial activity of TPMC/DDE against
Escherichia coli is comparable to that of
Ciprofloxacin as shown in Table 1. Comparatively,
the compounds showed close antifungal activity
with the standard antifungal drug, ketoconazole.
Therefore, the result showed that the compounds
have good anti-fungal properties.

3.5 Molecular Simulation

The lipopolysaccharide layer around the cell wall of
gram negative bacteria is one of the major features
that differentiate them from their gram positive
counterpart (Nwuche et al., 2017). Antibiotic
resistance has been attributed to the difficulty of
passage of drugs across this layer (Nikaido, 1994).
However, activities which tamper with the integrity
of the bacteria cell wall could lead to death of the
organism. One of the enzymes involved in the
biosynthesis of bacteria cell wall is DD-
transpeptidase (DDTP) (Poole, 2002). This makes
the enzyme a choice drug target for the
chemotherapy of bacterial infection. Moreover, it is
not found in mammalian cells (Onoabedje et al.,
2016).

The grid box that defines the region of protein
ligands search for possible binding interaction was

Pl
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constructed to cover the entire macromolecules
(DDTP and NMT) so as to recognize the possibility
of binding at allosteric sites (potential binding sites
other than the active site known inhibitors of the
protein binds). Out of the three studied Schiff-bases
only TPMC/DDE (free binding energy = -8.33
kcal/mol) dock into the known binding site groove
of DDPT whereas 3,5-DA(free binding energy = -
8.92 kcal/mol) and OAP (free binding energy = -
8.58 kcal/mol) bind in allosteric sites and made
interaction with residues different from those
resident/surrounding the active site of the DDTP
(Fig 2a). The best binding conformation of the
ligands in DDPT active cavity as retrieved from the
lowest theoretical binding free energy suggests that
3,5-DA and OAP inhibit the activity of DDPT and
hence better antibiotic molecules than TPMC/DDE.
However, the contrary antibiotic in vitro screening
infers that either the binding of 3,5-DA and OAP at
the allosteric sites are not stable enough within the
physiological  time necessary to initiate
pharmacological effect or the conformational
change(s) undergone by the protein consequence of
the presence of the ligands at the allosteric site could
not prevent DDPT catalytic activity. The flexibility
of the TMPC/DDE enabled it to fold into the binding
cavity of the protein as other known inhibitors of
DDTP (-8.33 kcal/mol). Binding interaction
between it and DDTP was mainly characterized by
n-n bonding occurring between the phenyl rings of
the compound and the aromatic groups of Phel20,
Tyrl157, Tyr 159, and Tyr 306 (Fig 2a). In addition,
methoxyl and NH groups of the ligand were found
to be involved in H-bonding with Arg285, Thr299
and Asnl61.

Fig. 2: Binding poses of 3,5-DA, OAP and TPMC/DDE toward DDTP and NMT. The carbon atoms
in 3,5-DA, OAP and TPMC/DDE are coloured in green, purple and yellow, respectively while other

atoms retain their standard colours.
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NMT is a pre-clinically validated protein targeted
for the treatment of fungal infections. NMT
functions as a catalyst for the attachment of the fatty
acid and myristate to protein substrate (N-
myristoylation) (Bell et al., 2012; Sogabe et al.,
2002).The best dock poses of the ligands (3,5-DA =
-12.99 kcal/mol, OAP = -11.24 kcal/mol and
TMPC/DDE = -11.75 kcal/mol)(Fig. 2b) toward
NMT binding site showed that the ligand interacted
(n-m bonding) with the protein Tyrl57, Tyrl59,
Tyr306 and Phel20 phenyl rings through their
terminal aromatic groups. It was also observed that
the ligands used their carboxylate, hydroxyl and
methoxyl groups respectively, to H-bond with NMT
Thr211. The calculated binding affinity derived
from docking studies validatesthe in vitro antifungal
potencies of the Schiff-bases.
4.0 Conclusion
The syntheses of the Schiff bases, 3,5-bis[(E)-[(2E)-
3-(4-methoxyphenyl)prop-2-en-1-ylidene]benzoic
acid, 2-[(E)-[(2E)-3-(4-methoxyphenyl)prop-2-en-
I-ylidene]amino]phenol  and [3-(4-methoxy-
phenyl)-allylidene]-[2-(2-{2-[3-(4-methoxy-
phenyl)-allylideneamino]-ethoxy} -ethoxy)-ethyl]-
amine were achieved successfully. The Schiff bases
were characterized using UV-visible, infrared,'H
and *C NMR spectroscopy. The antimicrobial
activities of the compounds were compared with
those of ciprofloxacin as standard antibacterial drug
and ketoconazole as anti-fungal drug. The
antimicrobial screening shows that the ligands are
promising fungicidal agent. The molecular docking
results justified the observed in vitro antimicrobial
properties of the ligands. Moreover, the compound,
TMPC/DDE, emerged as the most promising
antibiotic and antifungal candidate and is worth
receiving further attention to develop it into a new
and better antimicrobial agent.
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Appendix 1 (a): Experimental "H NMR Spectra of 3,5 DA showing peaks 9.085 -9.602
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Appendix1 (e): Experimental '"H NMR Spectra of 3,5 DA showing peaks 3.736 — 3.845 ppm
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Appendix 2 (a): Experimental *C NMR Spectra of
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Appendix 2(c): Experimental *C NMR Spectra of 3,5 DA showing peaks 55.735 and 55.973 ppm
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Appendix 3: Experimental '"H NMR Spectra of OAP
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Appendix 3 (a): Experimental "H NMR Spectra of OAP showing peaks 9.603 and 9.623
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Appendix 3 (b): Experimental '"H NMR Spectra of OAP showing peaks 8.368 and 8.391

7.585
7.563
7.286
724
7175
718
7.000
6.978
6.839
6.817

.’ il M

f“u ‘“

}-'

A

U'\ JUY
[

A n < »
S 8 3 =2 2
T T T T I T T T T I T T T T I T T T T | T T T
7.50 7.25 7.00 6.75

ppm (f1) OAP, 1H NMR spectrum, CD30D, 400.25 MHz, 298.2 K, 16 scans

Appendix 3(c): Experimental "TH NMR Spectra of OAP showing peaks 6.817- 7.585 ppm

|
N
Ao

&3
il



Communication in Physical Sciences 2020, 5(4): 544-566 561

3.858

LA L Y N Y N I L N I Y I L B L L Y N L L B L B B B T T
4.100 4.050 4.000 3.950 3.900 3.850 3.800 3.750 3.700 3.650
ppm (f1) OAP, 1H NMR spectrum, CD30D, 400.25 MHz, 298 2 K, 16 scans

Appendix 3 (d): Experimental '"H NMR Spectra of OAP showing peak 3.858 ppm
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Appendix 4: Experimental *C NMR Spectra of OAP
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Appendix 4 (a): Experimental *C NMR Spectra of OAP showing peaks 157.883 — 162.642 ppm
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Appendix 4 (c): Experimental *C NMR Spectra of OAP showing peaks 123.632 — 130.283 ppm
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Appendix 4 (e): Experimental 3C NMR Spectra of OAP showing peaks 55.909 ppm
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Appendix 5: Experimental '"H NMR Spectra of TPMC/DDE
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Appendix 5 (a): Experimental 'H NMR Spectra of TPMC/DDE showing peaks 6.624 — 7.944 ppm
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Appendix 5 (b): Experimental 'TH NMR Spectra of TPMC/DDE showing peaks 2.089 —3.757 ppm
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Appendix 6: Experimental *C NMR Spectra of TPMC/DDE
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Appendix 6 (a): Experimental *C NMR Spectra of TPMC/DDE showing peaks 115.427- 167.677
ppm
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Appendix 6 (b): Experimental *C NMR Spectra of TPMC/DDE showing peaks 55.871- 711.621
ppm
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