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Abstract 

In the present work, two novel diamine-based benzyl dine were synthesized via a simple reaction. The 

structures of the resulting (1E,1'E)-N,N'-(ethane-1,2-diyl)bis(1-(4-(methylthio)phenyl)methanimine) (I) 

and (1E,1'E)-N,N'-(ethane-1,2-diyl)bis(1-(4-ethoxyphenyl)methanimine) (II) were established with the 

help of spectral-analytical techniques like; FTIR, ¹H, and ¹³C NMR spectrometry. The compounds were 

further characterized by antibacterial with different pathogens. Compounds I and II were analyzed using 

Density Functional  Theory (DFT) through the B3LYP method with 6-31G (d, p), as basis  sets to 

determine HOMO-LUMO, Mulliken atomic charges, and molecular electrostatic potential (MEP) of 

compounds. The reactivity descriptors of B3LYP (EHOMO, ELUMO,) were calculated to predict the 

stability of newly synthesized compounds. The MEP analysis revealed that electronegative elements in 

the structure possess the maximum electronic cloud. The distributions of the various atoms were probed 

by Mulliken population analysis. The microbiological activity of the compounds was tested on several 

Gram-positive bacteria. 
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Introduction 

The azomethine group, which has a typical 

structure of RN=CH-R1 and may take on 

assignments. The antibacterial activity of the 

substances mentioned in the title was examined. 

Experimental 

numerous substitutes, is what unites these 

substances structurally. Alkyl, aryl, cycloalkyl, 

and hetero molecules can all be represented by 

General 

Sigma-Aldrich was   the   source   of   all   the 
R and R1. Anils, imines, and azomethines 

among other names for these substances. 

Designing and creating novel chemical 

compounds with possible biological functions 

chemicals and solvents, which were all 

employed directly after acquisition. The changes 

in the mixture were watched using Thin Layer 

Chromatography (TLC) in sheets. The synthetic 
and fewer negative effects has drawn great 

interest from investigators, especially when it 

comes to creating Schiff bases for medicinal use 

[1-5]. Due to the ease with which they can be 

compounds have been characterized using 

multiple methods like FT-IR and NMR analyses. 

Using an Agilent Resolutions pro-FT-IR 

spectroscopy between 400 and 4000 cm-1, the 
produced    by    fusion    processes    combining 

aldehydes and imines, schiff bases are known as 

"fortunate ligands" [6, 7]. Since Hugo Schiff 

coupled amine and carbonyl base compounds 

[8, 9] that had an azomethine (C=N-) 

functioning group, he first found Schiff bases. 

Since that time, Schiff bases have gained 

popularity as drugs for the synthesis of 

numerous substances with biological activity. 

The growth of such molecules' biological 

properties depends on the carbon-nitrogen 

double-bond unit [10, 11]. Due to the nitrogen 

particle's single pair of electrons, the double 

bond's electric charge-donating nature, and the 

wavelength range of FT-IR was measured. The 

proton and carbon-13 NMR spectra were 

recorded using a BRUKER 400 MHz NMR 

instrument with a solution consisting of as the 

most common solvent and TMS as an 

intramural background. The standard of 

reference was tetramethyl silane, and chemical 

shift readings were reported in parts per million 

(ppm). 

Synthesis 

Benzylidene derivatives: overall synthesis 

steps (I and II) 

nitrogen's weak electron attraction are 4-(methylthio) benzaldehyde/4- 
biologically active [12–14] and can be used as 

antiradical, antimalarial, antiviral, cancer 
ethoxybenzaldehyde (2 mM), sodiumhydroxide 

(1   mM), and ethylenediamine (1   mM) in 
prevention,     antimicrobial,     antiseptic,     and 

medication agents [15–17]. Certain complexes 

with donor N and O atoms have been developed 

as effective stereospecific catalysts for oxidative 

alcholic (25 mL) were used to create the 

benzylidene compounds, which were agitated 

for 8 hours at ambient temperature. Thin-layer 

chromatography was applied to analyse the end 
damage [18], reduction [19], hydration [20], 

enzyme activity [21, 22], and other chemical in 

nature and basic modifications. 

These research served as the foundation for our 

decision to synthesize the compounds and test 

them for antibacterial activity. The products' IR, 

NMR, and mass spectrum data as well as DFT 

analyses were used to determine their structural 

result of production (Scheme 1). After adding 

the outcome of the reaction mix to frigid water, 

the layer of precipitate that resulted was passed 

through filters and dehydrated. Through a series 

of recrystallization procedures using ethanol as 

a solvent, the compounds' purities consisted 

increased. 

 

 

 

 

 

 

 

 

 

 

Scheme 1: Compound I and II's synthetic process Conditions and ingredients: 8 hours, room temperature, 

stirring, C2H5 OH, and NaOH. 
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(1E, 1’E)-N, N’-(ethane-1, 2-diyl) bis (1-(4- 

ethoxyphenyl) methanimine) (I) 

Yield 92%; Greenish solid; 1H NMR (CDCl3, 

400 MHz, ppm): δ 8.21 (s, 2H), 7.63 (d, 4H), 

6.94 (d, 4H), 4.04 (m, 4H), 3.78 (s,4H), 7, 3.78 

(t,6H), 7; 13C NMR (CDCl3, 100 MHz, ppm):δ 

161.73, 160.90, 129.90, 129.15, 114.88, 63.69, 

61.37, 14.99; IR (ATR) cm-1: 2982, 2934, 2886, 

1680, 1596, 1475, 1394, 1250, 1037, 920, 827, 

780. 

(1E, 1’E)-N, N’-(ethane-1, 2-diyl) bis (1-(4- 

(methylthio) phenyl) methanimine) (I) 

Yield 92%; Greenish solid; 1H NMR (CDCl3, 

400 MHz, ppm): δ 8.26 (s, 2H),7.64 (d, 4H), 

7.28 (d, 4H), 3.84 (s, 4H), 2.49 (s,6H); 13C 

NMR   (CDCl3,   100   MHz,   ppm):δ   161.76, 

142.01, 133.04, 128.68, 125.86, 61.38, 14.48; 

IR (ATR) cm-1: 2986, 2920, 2826, 1689, 1586, 

1434, 1387, 1300, 966, 807, 727. 

Computational studies 

The atomic arrangement of molecules I and II 

was built using a mixture of the functional 

B3LYP/6-31G (d, p) base set. The programme 

kit Gaussian 09W was used to perform the 

experiments. Bonding factors optimised the 

system at the best level of the concept, and the 

Gauss view approach was used to verify and 

present values for the HOMO-LUMO, Mulliken 

charges, and Meps [23–25]. 

Antibacterial activity 

The developed compounds (I & II) were tested 

for their effectiveness as antibacterial agents 

against health care-associated bacterial 

pathogens utilizing the culture medium of agar 

well dissemination technique. 

Results and discussion 

FT-IR spectroscopy 

The aromatic C-H bending frequencies for (I) 

and (II) were 2986 cm-1 and 2982 cm-1, 

correspondingly FT-IR (Figure 1). The 

noticeable bands about 2826 and 2920 cm-1 

came about by the asymmetric extending bands 

of the -CH3 group and the symmetrical 

stretching bands of the -CH2 group for (I). 

Because the vibrations caused by stretching of 

the -CH3 and -CH2 groups for (II) were, in turn, 

asymmetric and symmetric, sharp bands could 

be seen at 2934 and 2886 cm-1. The average 

duration of the C-C, C=C stretch was 1434, 

1586 cm-1 for (I) and 1475, 1596 cm-1 for (II). 

 

 
 

 
 

 

Figure 1: Compound (I&II)'s IR spectrum 
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The strong vibrations that stretch of (C=N) for 

(I) and (II) are detected at 1689 cm-1 and 1680 

cm-1, respectively. The C-N stretched ratio was 

determined to be 1300 cm-1 for (I) and (II) and 

1250 cm-1 for (II), accordingly. For -SCH3/- 

OC2H5, (I) and (II) have respective C-H bend 

rates of 1387 cm-1 and 1394 cm-1. The 

aromatic C-H bending ratios for -NCH2 were 

807 cm-1 and 827 cm-1 for (I). Table 1 shows 

that the -CH2 rocking vibration are measured at 

727 cm-1 for (I) and 780 cm-1 for (II). 

Table 1: Compounds I and II in the IR spectrum determined at cm-1. 
 

Assignments (cm
-1

) I II 

ν (C-H)(Ar) 2986(w) 2982(s) 

ν (C-H, a) of (–SCH3/N-CH2)/–OC2H5/N-CH2) 2920(m) 2934(m) 

ν (C-H, s) of (–SCH3/N-CH2)/–OC2H5/N-CH2) 2826(m) 2886(W) 

ν (C-O-C) - 1037(s) 

ν (C-C) 1434(m) 1475(m) 

ν (C=C) 1586(s) 1596(s) 

ν (C=N) 1689(m) 1680(m) 

ν (C-N) 1300(s) 1250(s) 

δ (C-H) of –SCH3/–OC2H5 1387(m) 1394(m) 

δ (C-H) of –NCH2/ -NCH2 966(s) 920(s) 

δ (C-H)(Ar) 807(s) 827(m) 

δ (CH2) rocking 727(m) 780(m) 
 

1
H and 

13
C NMR spectroscopy 

The protons of the methylene groups (H6–8) are 

allocated a singlet signal at 2.49 ppm in the 

compound's 
1
H NMR spectrum, and the protons 

of H4 and H4' are assigned a doublet signal at 

7.62 ppm. Aromatic H5 and H5' protons have a 

singlet signal attributed to them at 7.26 ppm, 

and aromatic H3 protons have a singlet sign 

given to them at 8.19 ppm. N-C-H protons (H1 

and H2) are given a singlet signal with a 

wavelength of 

3.84 ppm. The thiomethyl carbons C7 are 

visible at a frequency of 14.68 ppm in the 

compound. (I)'s 
13

C NMR spectra. At 125.86 

ppm, the C5 and C5' aromatic carbons were 

detectable. The aromatic carbons C4 and C4' 

also show up at 128.68 ppm. At 133.04 ppm, a 

C3 ipso carbon signal may be seen. There is a 

C6 carbon signal at 142.01 ppm. There are 

161.76 and 61.38 ppm of C1 and C2 (C=N) 

carbons, respectively. The results of the 

compounds (I) and (II)'s 1H NMR spectra are 

displayed in Table 2 and Figure. 2. 

Table 2: The 
1
H and 

13
C NMR's Compounds I and II spectral values 

 

I II 

Protons  (ppm) Protons (ppm) 
H1&2 3.84 H1&2 3.78 

H3 8.26 H3 8.21 
H5&5' 7.26 H5&5' 6.92 
H4&4' 7.62 H4&4' 7.60 
H6-8 2.49 H6,7 4.02 

- - H8-10 1.31 

Carbons (ppm) Carbons (ppm) 

C1 61.38 C1 61.37 

C2 161.76 C2 160.90 

C3 133.04 C3 129.15 

C6 142.01 C6 161.73 
C4&4' 128.68 C4&4' 129.15 
C5&5' 125.86 C5&5' 114.88 

C7 14.68 C7 63.69 

- - C8 14.99 
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Figure 2: Compound (I)'s 
1
H NMR and 

13
C NMR spectra. 
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Figure 3: Compound (II) 
1
H and 

13
C NMR spectra 
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The protons of the CH3 groups (H8–10) are 

characterised by a triplet signal at 1.31 ppm in 

the 
1
H-NMR spectra for compound (II) (Figure 

3), while the protons of H4 and H4' are 

characterised by a doublet signal at 7.60 ppm. 

Aromatic H5 and H5' protons have a doublet 

signal assigned to them at 6.92 ppm, while 

aromatic H3 protons have a singlet signal at 

8.21 ppm. N-C-H protons (H1 and H2) are 

given a singlet signal with a wavelength of 3.78 

ppm. -OCH2 protons (H6, 7) were allocated to 

one quartet signal at 4.02 ppm. The CH3 

carbons C8 are seen at a concentration of 14.99 

ppm in the compound (II)'s 
13

C NMR spectra. 

At 129.15 ppm, the C4 and C4' aromatic 

carbons were present. Similarly, at 114.88 ppm, 

the C5 and C5' aromatic carbons can be found. 

At 129.15 ppm, the C3 ipso carbon signal is 

visible. At 161.73 ppm, the C6 ipso carbon 

signal may be seen. There are 160.90 and 61.37 

ppm worth of C1 and C2 (C=N) carbons, 

respectively. At 63.69 ppm, the CH2 carbons C7 

are visible. Compounds (I) and (II)'s 
1
H and 

13
C 

NMR spectrum values are displayed in Table 2. 

DFT Studies 

Frontier molecular orbital analysis (FMO) 

The additional species along the route with 

chemical interactions are called the Frontier 

Molecular Orbitals (LUMO and HOMO), and 

they are [27]. The FMO length describes both 

the chemical compound's kinetic stability and 

chemical responsiveness. A soft molecule is one 

that is more polarizable, more frequently linked 

to greater chemical responsiveness, less kinetic 

predictability, and a constrained planetary limit 

gap. The HOMO and LUMO serve as electron 

donors and acceptors, respectively, while 

operating as orbitals. Figure 4 displays the I&II 

LUMO plots and 3D HOMO FMO plots. In 

compounds I and II, the HOMO is located in the 

thio methyl group and phenyl rings, 

respectively. For technological uses, Molecules 

I and II will be preferable to the stack-transfer 

connection that ends in Table 3. 

Table 3: B3LYP/6-31G (d, p)'s calculations of 

the HOMO-LUMO energies and quantum 

chemical parameter values. 
 

Property Compounds 

B3LYP/6-31G(d,p) I II 
EHOMO -6.4575 -5.9459 
ELUOMO -0.5586 -1.1181 

ELUMO-HOMO 5.8989 4.8279 

Electronegativity(χ) -3.5081 -3.5319 

Hardness(η) 2.9494 2.4139 

Electrophilicity 

index (ᴪ ) 
2.0862 2.5839 

Softness(ξ ) 0.1695 0.2071 

 

 

 
 

 

Figure.4 Frontier molecular orbital of compound (I&II). 
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Mulliken population analysis 

 

 

Figure 5: Mulliken atomic charge distribution and Mulliken plot of compounds (I) & (II) 

Table 4: Mulliken charges of (I) and (II) 

Compound I Compound II 

Atom Charges Atom Charges Atom Charges Atom Charges 

1C -0.04585 22H 0.113153 1C -0.04746 25C -0.12402 

2H 0.121703 23C -0.08628 2H 0.125707 26C 0.064624 

3H 0.077176 24C -0.10276 3H 0.095758 27C -0.11234 

4C -0.04586 25C -0.09519 4C -0.0486 28C -0.10708 

5H 0.077179 26C 0.085589 5H 0.095629 29H 0.091519 

6H 0.121699 27C -0.1162 6H 0.126169 30H 0.117904 

7N -0.40622 28C -0.11024 7N -0.41059 31H 0.092681 

8N -0.40622 29H 0.087198 8N -0.40965 32H 0.099703 

9C 0.110803 30H 0.113151 9C 0.100162 33C 0.050662 

10H 0.064372 31H 0.087417 10H 0.074817 34H 0.104381 

11C 0.110801 32H 0.098544 11C 0.103964 35H 0.1087 

12H 0.064374 33C -0.47796 12H 0.073365 36C 0.055152 

13C 0.085589 34H 0.151282 13C 0.082152 37H 0.103333 

14C -0.1162 35H 0.149932 14C -0.14683 38H 0.106204 

15C -0.11024 36H 0.150899 15C -0.14596 39C -0.3428 

16C -0.08627 37S 0.142635 16C 0.346868 40H 0.109245 

17C -0.10276 38S 0.142643 17C -0.11348 41H 0.124383 

18C -0.09519 39C -0.47797 18C -0.10753 42H 0.123248 

19H 0.087415 40H 0.151277 19H 0.092548 43C -0.34275 

20H 0.098544 41H 0.149931 20H 0.098454 44H 0.10946 

21H 0.087198 42H 0.150898 21H 0.094915 45H 0.124469 

- - - - 22H 0.114449 46H 0.122868 

- - - - 23C 0.334046 47O -0.53315 

- - - - 24C -0.14034 48O -0.53498 
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The determination of valuable atomic charge is 

crucial in the application of quantum 

mechanical calculations to molecular systems 

[28]. The Mulliken atomic charges are 

determined using the base characteristic electron 

population of each atom. The charge distribution 

and plot of (I) are shown in Figure 5. From the 

atomic charge values the nitrogen (N7 and N8) 

and carbon (C1, C4, C14, C15, C16, C17, C18, 

C23, C24, C25, C27, C29, C33, and C39) in the 

compound for (I) had a large negative charge 

and behaved as electron donors. Similarly, 

oxygen (O47 and O48), nitrogen (N7 and N8) 

and carbon (C1, C4, C14, C15, C17, C18, C25, 

C27, C28, C39 and C43) in the compound for 

(II) exhibited a strong negative charge and elec- 

tron donor behaviour. The remaining atoms (all 

H atoms C9, C11, C13, C26 and S37, S38 (I)) 

and (all H atoms C9, C11, C13, C16, C23, C26, 

C33 and C36 (II)) are acceptors exhibiting 

positive charge. The negative charges on 

nitrogen/oxygen, which is a donor atom and the 

net positive charge on the hydrogen atom, which 

is an acceptor atom suggest the presence of 

intra- and intermolecular hydrogen bonding 

interactions. The Mulliken charge population 

values are given in Table 4. 

 

Molecular electrostatic potential 
 

 
 

Figure 6: Molecular electrostatic potential of 

compound (I&II). 

 
The electronegativity, partial charges, and 

chemical reactivity of a molecule are all 

correlated with its molecular electrostatic 

potential (MEP), which measures the net 

electrostatic impact created at a specific location 

by the entire charge distribution of the atom or 

molecule. MEP is a well-known, effective 

approach for explaining and foretelling 

molecular reactive activity. The different values 

of the electrostatic potential at the surface are 

represented by different colours. Potential 

increases in the order of red < orange < yellow 

< green < blue. The colour code of these maps is 

in the range between −3.920 × 10−2 (deepest 

red) to +3.920 × 10−2 (deepest blue) for (I) and- 

3.663 × 10−2 (deepest red) to +3.663 × 10−2 

(deepest blue) for (II), more electronegativity 

appears at the oxygen and nitrogen atoms 

indicated by yellow colour. The zone of bright 

green that dominates the MEP's surface might 

be thought of as a potential midpoint between 

the extremes of red and dark blue colours. The 

positive sections were connected to nucleophilic 

reactivity, while the negative regions were 

connected to electrophilic reactivity. The areas 

around the oxygen and nitrogen atoms in 

compounds (I) and (II) have negative potential, 

as can be shown in Figure.6. The electrophiles 

tend to the negative and the nucleophiles tend to 

the region of positive MEP. Molecular surfaces 

obtained by B3LYP level 6–31 G (d, p) as the 

basis set [29]. 

The diffusion technique using agar wells for 

testing antibacterial activit 

The compound I screened for antibacterial 

activity against four bacterial pathogens (table 

5&6) (Figure. 7). In antibacterial assay, the 

compound I showed the maximum zone of 

inhibition observed in Escherichia coli (23 

±1.53 mm ) followed by Streptococcus 

pneumoniae (20 ±1.00) , Klebsiella pneumoniae 

(20 ±1.00) and minimum zone of inhibition 

observed   in   Staphylococcus   aureus       (14 

±0.58mm) at 100 µl concentration. The 

compound II screened for antibacterial activity 

against four bacterial pathogens. 
 

Figure: 7 Antibacterial activity of compound 

(I &II) 
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Table 6. Antibacterial Activity against Four Bacterial Pathogens of Compound I 

 

 
S.NO 

 
Bacterial Pathogens 

Zone Of Inhibition (mm) 

I 

50 µl 75 µl 100 µl 
Positive 

control 

Negative 

Control 

1 
Staphylococcus 

aureus 
10±1.00 12 ±1.00 14 ±0.58 19 ±1.53 - 

2 
Streptococcus 
pneumoniae 

14 ±0.58 19 ±0.58 20 ±1.00 24 ±1.00 - 

3 Escherichia coli 17 ±1.53 21 ±0.58 23 ±1.53 28 ±0.58 - 

4 
Klebsiella 

pneumoniae 
14 ±1.53 18 ±1.53 20 ±1.00 31 ±0.58 - 

 

Table 6. Antibacterial Activity against Four Bacterial Pathogens of Compound II 
 

 
S.N 

O 

 

Bacterial Pathogens 

Zone Of Inhibition (mm) 

II 

50 µl 75 µl 100 µl 
Positive 

control 

Negative 

Control 

1 Staphylococcus aureus 26 ±1.00 28±1.00 29 ±0.58 30 ±0.58 - 

2 
Streptococcus 

pneumoniae 
22 ±0.58 24 ±0.58 27 ±1.00 18 ±1.53 - 

3 Escherichia coli 25 ±1.53 28 ±1.00 30 ±0.58 30 ±1.53 - 

4 Klebsiella pneumoniae 28 ±1.00 30 ±1.53 32 ±1.00 30 ±1.00 - 

 

 
In antibacterial assay, the compound I showed 

the maximum zone of inhibition observed in 

Klebsiella pneumoniae (32 ±1.00 mm) 

followed by Escherichia coli (30 ±0.58 mm ) , 

Staphylococcus aureus (29 ±0.58 mm) and 

minimum zone of inhibition observed in 

Streptococcus pneumoniae (27 ±1.00 mm) at 

100 µl concentration. Compare with both 

compounds better antibacterial activity showed 

in compound II against all the tested bacterial 

pathogens [30]. 

Conclusion 

 
Finally,   a novel (1E,1'E)-N,N'-(ethane-1,2- 

diyl)bis(1-(4-(substituted)phenyl)methanimine) 

(I & II) was created, and their structural 

integrity was verified using 1H and 13C NMR 

spectroscopy. Better antibacterial activity than 

the parent  compound   is present in the 

synthesized compounds. The activity of all the 

synthesized  compounds versus pathogenic 

bacteria ranges from modest to excellent. 

Compounds I and II have more antibacterial 

potency than ciprofloxacin, whereas other 

compounds were roughly equal in strength. On 

compounds I and II, a DFT comparison study 

has been conducted. The stretching frequency of 

the IR spectra of compounds that were 

 
calculated theoretically and empirically show a 

strong relationship. The compounds were 

identified as descriptors of the measured 

chemical reactivity using the DFT experiments. 
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