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Abstract 
Aminoethanoic acid undergoes condensation with 1,4-benzenedicarboxaldehyde 
to form an O, N, N, O donor Schiff base, N,N'-di(carboxymethylene) tereph-
thalaldehyde, Ligand L. Coordination compounds of this Schiff base using Ni 
(II), Cu (II), VO (IV) and Co (II) were then obtained in-situ. The Schiff base 
and the complexes were evaluated for their antimicrobial and DNA binding 
abilities. Molecular docking studies of the ligand and synthesized compounds 
were also carried out. Evidence for the formation of the Schiff base coordina-
tion compounds and the coordinating atoms was obtained from 1H NMR, 
infrared and ultraviolet spectral data, EDX, EDTA complexometric titration 
and magnetic susceptibility measurement. The results obtained are consistent 
with octahedral geometry for Ni (II) complex, the metal ion coordinating to 
one molecule of Ligand L and with additional coordination with two oxygen 
atoms of two molecules of the solvent. A square-planar geometry was sug-
gested for both Co (II), and Cu (II) complexes and a five-coordinate, square 
pyramidal geometry for the VO (IV) complex. The results further indicated 
that the carboxylic acid of Ligand L was not deprotonated both in the free 
base and also the complexes. In addition, the results showed that Compound 
2 elicited the best antimicrobial activity potential. Generally, the compounds 
exhibited considerable good affinity to CT-DNA. 
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1. Introduction 

Schiff bases and their coordination compounds have been extensively investi-
gated and employed in areas that include magneto chemistry, non-linear optics, 
photo physical studies, catalysis materials chemistry and medicinal chemistry [1] 
[2] [3] [4] [5]. Tetradentate Schiff bases with N2O2 donor atoms are well known 
to coordinate with various metal ions and have attracted a great deal of interest 
in recent years due to their rich coordination chemistry [6] [7] [8] [9] [10]. Nev-
ertheless, considerable effort is still being invested in the development of these 
compounds as new chelating agents as a result of their versatility [6] [7] [8] [9] 
[10]. A group of such Schiff bases is derived from amino acids [11] [12] [13] 
[14]. These complexes act as good chelating agents as such there are many inter-
esting studies on them. They have been used as ligands and their complexes 
found usage in medicinal chemistry including potential cytotoxic, antibacterial 
and anticancer agents [11] [12] [13] [14]. The investigation of drug-DNA inte-
raction is of importance for understanding the molecular mechanism of drug ac-
tion and for the design of specific DNA-targeted drug due to their importance in 
cancer therapy, design of new types of pharmaceutical molecules and molecular 
biology [5]-[19].  

However, few studies were carried out concerning the interaction of DNA 
with Schiff base amino acid complexes [20]. Interaction with DNA is accepted to 
be the cellular target of mechanism of activity of some coordination compounds 
used as therapeutic agents [21]. Although coordination compounds are success-
fully being used in cancer therapy and several other therapies, however, there are 
reported cases of some side effects and resistance [21]. Therefore there is a need 
for new approaches to circumvent these drawbacks and pave way for potent 
drug therapies. It has been shown from previous reports that coordination of bi-
ologically important molecules enhances their ability to permeate the cell wall of 
certain microbes [22] [23] [24] [25] [26]. As a consequence, they may interact 
with biomolecules, such as nucleic acids and proteins, within the interior of the 
microbe. They have been reported to bind to DNA nitrogen bases resulting in an 
alternation of the normal DNA transcription regulation thereby disrupting ge-
nome and cellular processes [27]. In most cases, the DNA-interaction with com-
plexes depends on the structure and stability of the complexes as well as the na-
ture of their ligands. This interaction may take place via the formation of cova-
lent bonds or in a non-covalent manner (intercalation, electrostatic interactions 
and/or groove-binding) or may lead to cleavage of the DNA-helix [28]. 

Currently there is a global shortage of efficient antimicrobials to successfully 
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combat drug resistant pathogens. There is therefore a need for new or lead com-
pounds as antibiotics [27]. Although, Schiff base of 1,4-benzenedicarboxaldehyde 
and some amino acids, including aminoethanoic acid and their coordination 
compounds have been synthesized and characterized [29]. However, the use of 
different synthetic route and varying reaction conditions, have been shown, may 
lead to differences in the resultant Schiff base and coordination compounds ob-
tained [30]. Therefore, this led to our synthesizing a Schiff base using 
1,4-benzenedicarboxaldehyde (Figure 1) and aminoethanoic acid (Figure 2) and 
its coordination compound. The Schiff base was characterized using proton 
NMR, uv-vis and infrared spectroscopy. The coordination compounds were ob-
tained using nickel (II), copper (II), vanadyl (IV) and cobalt (II) ion. The resul-
tant coordination compounds were characterized using uv-vis and infrared 
spectroscopy, energy-dispersion X-ray spectroscopy EDX, EDTA complexome-
tric titration and magnetic susceptibility measurement. The complexes were 
evaluated for their in vitro antimicrobial and DNA binding ability. Additionally, 
molecular docking of the ligand and synthesized compounds was also carried 
out to determine their binding affinity and sites of interaction. 

2. Materials and Method 

All starting materials and solvents used were purchased from Aldrich and Fluka 
and were used without further purification. The melting points were determined 
on a Gallenhamp melting point apparatus and are uncorrected. The infrared 
spectra were recorded in the region 4000 - 499 cm−1 on a Fourier-Transform 
infrared spectrophotometer. Electronic spectra were measured on a Varian Cary 
50 ultraviolet-visible spectrophotometer the measurements were made from 200 
to 800 nm. Magnetic susceptibility measurements were carried out at room 
temperature, using a Sherwood scientific balance with [HgCo(SCN)4] as stan-
dard. EDX analyses were obtained using Shimadzu Ray ny EDX 720 The proton 
NMR was recorded on a Bruker spectrophotometer model ultra shield at 600 
MHz in CHCl3-d6 with TMS as internal standard. Screening of the compounds 
for their antimicrobial activity was carried out using disc diffusion method. The  
 

 
Figure 1. 1,4-benzenedicarboxaldehyde. 

 

 

Figure 2. Aminoethanoic acid. 
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compounds were synthesized according to adaptation of established procedure 
described in literature [31]. The equations of the reactions are given in Equa-
tions (1)-(5). 

8 8 2 2 5 2 12 12 2 4C H O 2C H NO C H N O+ →  Ligand L           (1) 

Coordination compounds: 

( )2 8 8 2 2 5 2 2NiCl C H O 2C H NO Ni S + + →  L  Compound 1      (2) 

[ ]2 8 8 2 2 5 2CuCl C H O 2C H NO Cu+ + → L  Compound 2       (3) 

[ ]4 8 8 2 2 5 2VOSO C H O 2C H NO VO+ + → L  Compound 3      (4) 

[ ]2 8 8 2 2 5 2CoCl C H O 2C H NO Co+ + → L  Compound 4       (5) 

where 1,4-benzenedicarboxaldehyde = C8H8O2; Aminoethanoic acid = C2H5NO2; 
Ligand L = C12H12N2O4; S = solvent. 

2.1. Syntheses of Coordination Compounds 
2.1.1. Synthesis of Ligand L 
A solution of aminoethanoic acid (1.56 g, 0.02 M) in absolute ethanol was added 
drop-wise to a stirring solution of 1,4-benzenedicarboxaldehyde (1.37 g, 0.01 
M)) in 150 ml absolute ethanol and refluxed for 4 h after the addition of 4 drops 
of acetic acid. A yellow precipitate was obtained, which was recrystallized using 
chloroform–ethanol mixture (70/30 v/v), washed, filtered and dried in a vacuum 
oven at 60˚C to give ligand L. Yield: 1.47 g (58.20%), M.pt: 126˚C - 127˚C. 

1H NMR (600 MHz) CHCl3-d6, (δ ppm): 7.24 (s, 2H, HC=N), 2.13 (d, 4H, J= 
-CH2), 8.01 (m, 4H), 10.09 (s, 2H, -OH). 

IR (cm−1): 3177 ν (O-H), 1689 ν (C=N), 1586 ν (C N) + ν (C C), 1518 ν 
(C-N) + δ (C-H), 1412 δ (C-H) + ν (C N), 1334 δ (C-H) + ν (C N), 1117 ν 
(C-N), 1038 ν (C-OH); Uv-Vis (nm): 202, 220 and 345. 

2.1.2. Compound 1 
A solution of NiCl4 (1.72 g, 0.01 M) in absolute ethanol was added to a stirring 
solution of 1,4-benzenedicarboxaldehyde (1.35 g, 0.01 M) in 150 ml of absolute 
ethanol into which ethanolic solution of aminoethanoic acid (1.52 g, 0.02 M) was 
added drop-wise and refluxed for 4 h after the addition of 4 drops of acetic acid. 
A pale green precipitate was obtained, which was recrystallized using etha-
nol–water mixture (70/30 v/v), washed, filtered and dried in a vacuum oven at 
60˚C to give compound 1. Yield: 2.01 g (65.80%), M.pt: 201˚C - 202˚C (d); metal 
composition (%): calc.19.28; found: 19.86. The complex was sparingly soluble in 
ethanol, methanol but soluble in water.  

IR (cm−1): 1581 ν (C N) + ν (C C), 1402 δ (C-H) + ν (C N), 1039 ν 
(C-OH), 619 ν (M-N), 592 and 557 ν (M-O); Uv-Vis (nm): 232, 334 550 and 563. 

2.1.3. Compound 2 
A solution of copper (II) chloride (1.36 g, 0.01 M) in absolute ethanol and 20 ml 
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solution of aminoethanoic acid (1.54 g, 0.02 M) in absolute ethanol were added 
drop-wise to a stirring solution of 1,4-benzenedicarboxaldehyde (1.36 g, 0.01 M) 
in 150 ml absolute ethanol and refluxed for 4 h after the addition of 4 drops of 
acetic acid. A blue precipitate was obtained, which was recrystallized using 
ethano-water mixture (70/30 v/v), washed, filtered and dried in a vacuum oven 
at 60˚C to give compound 2. Yield: 2.92 g (72.54%). M.pt: 167˚C - 169˚C (d); 
metal composition (%): calc.20.42; found: 21.56. The complex was sparingly so-
luble in ethanol, methanol and water. 

IR (cm−1): 3173 ν (O-H), 1592 ν (C N) + ν (C C), 1516 ν (C-N) + δ 
(C-H), 1412 δ (C-H) + ν (C N), 1334 δ (C-H) + ν (C N), 1117 ν (C-N), 
1042 ν (C-OH), 608 ν (M-N), 556 ν (M-N); Uv-Vis (nm): 225, 290, 523 and 556. 

2.1.4. Compound 3 
A solution of vanadyl sulphate (1.72 g, 0.01 M) was added to a stirring solution 
of 1,4-benzenedicarboxaldehyde (1.37 g, 0.01 M) in 170 ml. A solution of ami-
noethanoic acid (1.54 g, 0.02 M) in absolute ethanol was also added simulta-
neously drop-wise absolute. The resultant mixture was refluxed for 4 h after the 
addition of 4 drops of acetic acid. A bluish green precipitate was obtained, which 
was recrystallized using ethanol–water mixture (70/30 v/v), washed, filtered and 
dried in a vacuum oven at 60˚C to give 3. Yield: 2.18 g (68.40%), M.pt: 232˚C - 
233˚C; metal composition (%): calc.16.98; found: 17.54. The complex was spa-
ringly soluble in ethanol, methanol and water. 

IR (cm−1): 3195 ν (O-H), 1615 ν (C=N), 1575 ν (C N) + ν (C C), 600 ν 
(M-N), 534 ν (M-O); Uv-Vis (nm): 240, 332, 450, 628 and 847. 

2.1.5. Compound 4 
An ethanolic solution of cobalt (II) chloride (1.54 g, 0.01 M) was added to a stir-
ring solution of 1,4-benzenedicarboxaldehyde (1.37 g, 0.01 M) in 150 ml abso-
lute ethanol. An ethanolic solution of aminoethanoic acid (1.52 g, 0.02 M) was 
added drop-wise simultaneously and refluxed for 4 h after the addition of 4 drops 
of acetic acid. A pink precipitate was obtained, which was recrystallized washed 
and filtered and dried in a vacuum oven at 60˚C to give 4. Yield: 1.90 g (61.82%), 
M.pt: 250˚C - 252˚C (d); metal composition (%): calc.18.89; found: 19.34. The 
complex was sparingly soluble in ethanol, methanol but soluble in water. 

IR (cm−1): 3245 ν (O-H), 1592 ν (C N) + ν (C C), 1408 δ (C-H) + ν (C N), 
1039 ν (C-OH), 624 ν (M-N), 576 ν (M-O); Uv-Vis (nm): 259, 349, 512 and 735. 

2.2. Antimicrobial Methodology 

The organisms used were five Gram-positive and three Gram-negative bacteria 
and two fungi. These were Staphylococcus aureus (ATCC 29213), Staphylococ-
cus epidermidis (clinical strain), Bacillus subtilis 12 (NCIB 3610), Bacillus subti-
lis 82 (NCIB 6349), Clostridium sp. (NCIB 532), Klebsiella pneumonia (clinical 
strain), Pseudomonas aeruginosa (ATCC 27853), Escherichia coli (ATCC 25922), 
Candida albicans (ATCC 24433) and Candida pseudotropicalis (NCYC 6), re-
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spectively. The agents were dissolved in water at room temperature or hot water 
as appropriate to give a concentration of 40 mg/ml. The resulting solutions were 
used to soak sterile Whatman No 2 discs (diameter = 6 mm) and allowed to dry 
in an oven at 50˚C. The discs were then used to determine antibacterial and an-
tifungal activities as previously described by Aiyelabola et al. 2012 [32]. Discs of 
imipenem and chlorhexidine were used as positive controls for bacteria and fun-
gi respectively. Zones of inhibition were used as indices of antimicrobial actions. 

2.3. DNA Binding Experiments 
2.3.1. Methodology for DNA Binding Using Absorption Spectroscopic  

Studies 
All the experiments involving the interaction of the complexes with DNA were 
carried out in Tris-HCl buffer (50 mM, pH 7.2). A solution of calf thymus DNA 
in the buffer gave a ratio of UV absorbance at 260 and 280 nm of about >1.79, 
indicating that the DNA was sufficiently free from protein contamination [33] 
[33]. The concentration of DNA was determined by monitoring the UV absor-
bance at 260 nm using ε 260 = 6600 mol−1∙cm2. The stock solution was stored at 
4˚C and used within only one day. Spectrophotometeric titration experiment 
was performed by:  

1) Maintaining a constant DNA concentration (1.2 - 1.4 × 10−4 M) in the 
presence of each complex at diverse [complex]/[DNA] mixing ratios (=R) and; 

2) Maintaining metal complex concentration constant (2.0 × 10−4 - 1.8 × 10−4 
M) in the presence of increasing concentration of CTDNA at diverse [DNA]/ 
[complex] mixing ratio (=R). 

The absorption due to free CT-DNA or metal complex was eliminated by 
adding the corresponding equimolar CT-DNA/metal complex to pure buffer 
solution in the reference compartment and the resulting spectra were considered 
to result from the metal complex-DNA and the DNA-metal complex aggregates. 
From the absorption data, the intrinsic binding constant (Kb) was determined by 
plotting [DNA]/(εa − εf) vs. [DNA] according to the Wolfe-Shimer equation: 

[ ] ( ) [ ] ( ) ( )DNA DNA 1a f b f b a fKε ε ε ε ε ε − = − + −   

where [DNA] is the concentration of DNA in base pairs,  
εa, εf and εb are the apparent, free and fully bound complex absorption coeffi-

cients, respectively. 
Furthermore, εf was determined from the calibration curve of the isolated 

metal complex; following the Beer’s law, εa was determined as the ratio between 
the measured absorbance and the metal (II) complex concentration, Aobs/[complex] 
[28]. The data were fitted to the above equation with a slope equal to 1/(εb − εf) 
and y-intercept equal to 1/[Kb(εb − εf)] and Kb was obtained from the ratio of the 
slope to the intercept [35] [36]. 

2.3.2. Viscosity Experiments for Interaction of the Prepared Complexes  
with DNA 

Viscosity measurements were carried out using an Oswald microviscometer, 
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maintained at constant temperature at 25˚C. The flow times were recorded for 
different concentrations of the complex (10 - 50 µM), maintaining the concen-
tration of DNA constant (0.5 mM). The average value of the three measurements 
was used to determine the viscosity of the samples. The buffer flow time in 
seconds was recorded as to. The relative viscosities for DNA in the presence (η) 
and absence (η0) of the complex were calculated using the relation η = (t – to)/to. 
Where, t is the observed flow time in seconds and the values of the relative vis-
cosity (η/η0) were plotted against 1/R (R = [DNA]/[Complex]) [37]. 

3. Result and Discussion 
3.1. Ligand L 
3.1.1. 1H NMR 
The proton NMR of ligand L provided evidence for the formation of the Schiff 
base as a result of the signal observed at 7.24 ppm, which was absent in that of 
the starting material [38] [39] [40]. This is assignable to the azomethine proton 
(-N=CH), which resonated downfield, than expected, due to its sp2 hybridized 
methine carbon been shielded as a result of conjugation with the lone pair of 
electrons on the azomethine nitrogen atom [38] [39] [40] [41]. This is supported 
by reports from previous studies [38] [39] [40] [41]. Further buttressing the 
formation of a Schiff base was the presence of a doublet at 2.13 and 2.40 ppm 
ascribed to the methylene protons, from previous studies this multiplicity sug-
gests that the molecule is not completely planar and may be slightly bent. The 
signal obtained downfield at 10.09 ppm was ascribed to the hydroxyl proton of 
the carboxylic acid moiety, thus indicating that it was not deprotonated and also 
suggests the presence of hydrogen bond. The aromatic protons resonated as a 
multiplet at 8.01 ppm [38] [39] [40] [41]. 

3.1.2. Fourier-Transformed Infrared 
Evidence of the formation of the Schiff base was suggested by the azomethine 
absorption frequency band at 1689 cm−1 [38] [39] [42]. Supporting this was the 
absence of the N–H and carbonyl stretching frequencies which were present in 
the starting material. A broad band in the shape of a trough at 3177 cm−1 as-
cribed to the ν (O-H). This was observed at lower frequency than that expected. 
It is suggested that this may be as a result of intra-molecular hydrogen bonding 
[38] [39] [42]. Further supporting this are frequencies observed at 2903 and 2615 
cm−1 [38] [39] [42]. Corroborating this further was the ν (C-OH) at 1038 cm−1. 
Further evidence for the formation of the Schiff base was given by bands ob-
served at 1586, 1518 and 1334, which are assignable to ν (C-N) + ν (C-C), ν 
(C-N) + δ (C-H) and δ (C-H) + ν (C-N). Additional observed absorption fre-
quencies include 1412, 1400 and 1117 nm ascribable to δ (CH2), ν (C=O) and ν 
(C-N) [38] [39] [42]. 

3.1.3. Electronic transitions 
The ultraviolet spectrum of ligand L exhibited bands at 202, 220 and 345 nm and 
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are assigned to π → π* and n → π* of the major chromophores of the ligand the 
aromatic, C=N and carboxylic acid substituents [38] [39] [43].  

3.2. Coordination Compounds 
3.2.1. Compound 1 
Evidence of coordination and formation of the Schiff base was inferred by the 
shift in the δ (C-H) + ν (C N) absorption frequency observed at 1402 cm−1 
relative to what was obtained for the ligand in the FTIR spectrum of compound 
1 [38] [39] [42]. The appearance of the ν (C N) + ν (C C) at 1581 cm−1 
stands as further confirmation to the formation of the Schiff base [38] [39] [42]. 
Corroborating this was the absence of the carbonyl and amine stretching fre-
quencies which were present in the starting material. No clear well defined band 
was observed for the hydroxyl moiety, only weak sharp extended bands were 
observed in this region [38] [39] [42]. However, the band observed at 1039 cm−1 
which is assignable to the ν (C-OH), points to the fact that the carboxylic acid 
moiety was not deprotonated [38] [39] [42] [44] [45]. Further evidence for coor-
dination of the metal ion with the ligand was the observance of the metal nitro-
gen stretching frequency at 619 cm−1 and the metal oxygen stretching frequency 
592 cm−1 and 557 cm−1 [42]. This therefore, suggests that cyclization occurred in 
the coordination sphere of the metal ion.  

The electronic spectrum of this complex showed two sets of bands. In the ul-
traviolet region, two intense bands were observed at 232 and 334 nm. The other 
set of bands were observed in the visible region as a well resolved band at 563 
nm and a shoulder at 550 nm. These were assigned to spin allowed transitions of 
3A2g (F) → 5T1g (F) and 3A2g (F) → 5T1g (P) suggestive of an octahedral geometry. 
The magnetic moment of 2.96 BM indicated two unpaired electrons per nickel 
ion, further validates an octahedral geometry for the complex [46] [47]. 

3.2.2. Compound 2 
The FTIR infrared spectrum for the copper (II) complex exhibited a stretching 
frequency at 3173 cm−1 ascribed to the ν (O-H) of the carboxylic acid, observed 
at lower frequency as a result of hydrogen bond. This was supported with the 
observed broad bands at 2593, 2158, 2149 cm−1 [38] [39]. Corroborating this fur-
ther was the band at 1042 cm−1, assigned to the ν (C-OH) [38] [39] [42]. Corro-
borating this was the absence of the carbonyl and amine stretching frequencies 
which were present in the starting material, thus formation of the Schiff base 
maybe suggested. Evidence for coordination and formation of the Schiff base 
was provided in the shifts observed for the ν (C-N) + ν (C C) at 1592 cm−1 
compared with the synthesized ligand L. Corroborating the formation of the 
Schiff base was the appearance of bands at 1516 and 1117 cm−1 which are as-
cribable to ν (C-N) + δ (C-H) and ν (C-N) respectively [38] [39] [42]. There was 
no significant shift in the frequencies observed for bands observed at 1412 cm−1 
and 1334 cm−1, which are attributable to δ (CH2) and δ (C-H) + ν (C-N), in 
comparison with that obtained with the ligand [38] [39] [42]. Further evidence 
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and support to the N2O2 assignment of the proposed coordination sites is further 
suggested by the appearance of medium bands at 608 cm−1 and 556 cm−1 which 
could be attributed to ν (Cu-N) and ν (Cu-O), respectively [42] [48] [49] [50]. 

The electronic spectrum of the Cu (II) complex elicited one intense band and 
a shoulder at 225 and 290 nm in the ultraviolet region. In the visible region 
however a well resolved band was observed at 523 nm and a weak band at 556 
nm. This may be attributed to 2B1 → 2A1 and 2E → 2A1 transition. Its magnetic 
moment value of 2.40 BM is indicative of a mononuclear four coordinate geo-
metry. This therefore suggests a square planar geometry for this complex. This is 
in agreement with that proposed by previous workers [46] [47]. 

3.2.3. Compound 3 
The FTIR spectrum of this complex exhibited absorption frequency at 1615 cm−1 
suggestive of the formation and coordination of the lone pair of electrons of the 
azomethine nitrogen. A sharp band observed at 3195 cm−1 ascribable to the ν 
(O-H) of the carboxylic acid. A medium band observed at 1575 cm−1 attributable 
to ν (C-N) + ν (C C) stretching frequency, suggests the formation of the Schiff 
base. The appearance of bands at 500 and 634 cm−1 assigned to the ν (V-N) and 
ν (V-O) further corroborates the formation of the coordination compound. The 
spectrum also exhibited a signal at 980 cm−1 attributable to the v (V=O). [51] 
[52] 

The ultraviolet region of the electronic spectrum of the VO (IV) complex of 
ligand L displayed two bans one intense and a weak band at 240 and 332 nm. 
These were assigned to intra-ligand transition. The visible spectrum of the com-
plex exhibitedtwo broad at bands 450 and 628 nm ascribable to 2B2 → 2E1 and 2B2 
→ 2B1 transitions respectively. This is indicative of a square pyramidal geometry 
[46] [47]. From previous reports a broad band suggests possibility of pseudoa-
romatization of the rings around the vanadium ion when the azomethine N 
atoms are bridged with aromatic groups, with the d1electron of the vanadyl ion 
delocalised into the ring system. The magnetic moment of 1.79 BM obtained for 
the complex further supports the square pyramidal geometry [46] [47]. 

3.2.4. Compound 4 
The infrared spectrum for the cobalt (II) complex exhibited a stretching fre-
quency at 3245 cm−1 ascribed to the ν (O-H) of the carboxylic acid [38] [39]. 
Evidence of coordination and formation of the Schiff base was observed in the 
shift in the δ (C-H) + ν (C N) absorption frequency at 1408 cm−1 relative to 
ligand L [42]. Supporting this was the appearance of the ν (C-N) + ν (C C) 
stretching frequency band at 1592 cm−1. Corroborating this is the absence of the 
carbonyl and amine stretching frequencies which were present in the starting 
material. The band observed at 1039 cm−1 and assigned to the ν (C-OH). Further 
evidence for coordination of the metal ion with that of the ligand is the obser-
vance of the metal nitrogen stretching frequency at 624 cm−1 ν (M–N) and the 
metal oxygen stretching frequency 576 cm−1 [53]. 
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The electronic spectrum of compound 4 elicited two bands in the ultraviolet 
region: an intense one at 340 nm and a shoulder at 259 nm. Both are associated 
to the π → π* and n → π* intra-ligand transitions respectively. On the other hand 
the visible region exhibited two bands at 512 nm and 735 nm corresponding to 
2A1 → 2B2 and 2A1 → 2E1 respectively [46] [47]. This is suggestive of a square pla-
nar geometry. It exhibited a magnetic moment of 2.45 BM which further corro-
borates its square planar [54].  

Based on the results obtained for the syntheses of the Schiff base L and its 
coordination compounds, compounds 1 - 4, it may be inferred that contrary 
to the results obtained by previous workers on similar Schiff base of 1,4-benzen- 
edicarboxaldehyde and 2-aminoethanoic acid in which the carboxylic acid was 
deprotonated, in this case it was not [29]. In their publication Patel and 
co-workers reported the synthesis of the Schiff base, N,N'-di(carboxymethy- 
lene)terephthalaldehydediimine via the condensation reaction between 1,4-ben- 
zenedicarboxaldehyde and 2-aminoethanoic acid. The results they obtained 
suggested that the carboxylic acid end was deprotonated to give a carboxylate 
ester. Since our reaction conditions for the formation of the base is marked dif-
ferent from theirs, interesting differences may therefore, become evident, if one 
compares our data with that obtained by these authors [29]. Our hypothesis 
on the protonated carboxylic acid moiety is supported by the chemical shift 
observed at 10.09 ppm assignable to the hydroxyl proton of the carboxylic 
acid of the free base in its proton NMR. Further evidence confirming the 
non-deprotonation of the carboxylic acid end of the base and the formation of 
Schiff base was the observance, in the infrared spectra of the coordination com-
plexes, of the hydroxyl stretching frequency and also the ν (C-OH) in some cas-
es. This therefore supports the proposed monomeric nature of the coordination 
complexes as opposed to the proposed polymer structure observed in previous 
studies. This may be ascribed to the differing route employed in the syntheses of 
the coordination complexes. In this instance the coordination complexes were 
formed in-situ. Further lending credence to this proposed monomeric structure 
is the fact that sodium hydroxide is sparingly/partially soluble in absolute etha-
nol as such it not could have ionized completely in absolute ethanol. However, 
condensation of 1,4-benzenedicarboxaldehyde and 2-aminoethanoic acid with 
aqueous sodium hydroxide in 50/50, v/v aqueous ethanol afforded a white preci-
pitate as the major product and a pale yellow precipitate as a minor product. 
Infrared analyses suggested carboxylate formation in the former, indicating de-
protonation of the carboxylic acid end. On the other hand it suggested that in 
the latter, this was not deprotonated. No significant shift was observed for some 
bands in the infrared spectrum of the coordination compounds in comparison 
with the ligand. The reason for this is not quite evident but we propose that this 
may be as a result of cyclization that occurred within the coordination sphere of 
the metal ions. This it is suggested may lead to the structure of the coordination 
compounds to be more defined, which may result in the bonds to be less elastic 
in comparison with those of the free base. Fundamentally the electronic spectra 

https://doi.org/10.4236/abc.2021.111004


T. O. Aiyelabola et al. 
 

 

DOI: 10.4236/abc.2021.111004 40 Advances in Biological Chemistry 
 

of the compounds 1 - 4 showed two intense bands in the ultraviolet region with 
maxima at ~225 and ~300 nm. From literature data the higher energy band may 
be attributed to intra-ligand π → π* transitions which contain intra-ligand 
charge-transfer excitations and the lower energy band could be considered as an 
intra-ligand transition which possesses some MLCT character [28] [47]. This 
was therefore, subsequently used in the study the interactive mode of com-
pounds 1 - 4 with CT-DNA.  

Accordingly, based on the results obtained it is proposed the condensation 
reaction of 1,4-benzenedicarboxaldehyde and aminoethanoic acid afforded a 
Schiff base Ligand L withN2O2 chromophore (Figure 3). It is also suggested that 
ligand L coordinated in a tetradentate fashion, coordinating to the metal ions via 
its two azomethine nitrogen atoms and two oxygen atoms of its carboxylic acid 
end. As a consequence, it is further proposed that geometry assumed by com-
pound 1 is an octahedral geometry and this may be represented by Figure 4. In 
the case of compounds 2 and 4 a square planar is proposed. This may be de-
picted by Figure 5. Additionally, it is suggested that compound 3 assumed a 
square planar geometry; this may be represented by Figure 6. 
 

 

Figure 3. Ligand L. 
 

 

Figure 4. Compound 1; S = solvent = ethanol. 
 

 

Figure 5. M = Cu/Co = compound 2/compound 4. 
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Figure 6. Compound 3. 

3.3. Antimicrobial Activity 

The synthesized compounds; ligand L and its complexes compounds 1 - 4 were 
screened for their zone of inhibition against five Gram-positive and three 
Gram-negative bacteria and two fungi. The results obtained are presented in 
Table 1. The result obtained indicated that ligand L was inactive to all the tested 
organisms. Both standards (imipenem for bacteria and chlorhexidine for fungi) 
exhibited significantly better activity than all the synthesized compounds and li-
gand L (P < 0.05). The copper (II) complex exhibited the best activity, eliciting 
activity against S. aureus, B. subtilis 12, K.pneumonia and P. aeruginosa. This 
therefore suggests the relative broad spectrum of activity of this compound. The 
better activity of this compound also further validated the antimicrobial activity 
of copper and its complexes. All the synthesized complexes exhibited activity 
against B. subtilis 12, except the cobalt (II) complex. On the other-hand all the 
synthesized complexes showed moderate activity against K. pneumonia with ex-
ception of the nickel (II) complex. The nickel (II) and cobalt (II) complexes ex-
hibited activity against E. coli a Gram negative bacteria. Although the ligand did 
not exhibit any antimicrobial activity, the synthesized complexes were activity 
against some of the microbes. This may be ascribed to the increased liposolubil-
ity of the complexes resulting in their enhanced ease of penetration through the 
lipid membrane of the Gram positive bacteria. As a consequence the result ob-
tained suggests that chelation may serve as a tool for improved antimicrobial ac-
tivity [23] [24] [25] [26].  

3.4. Interaction with CTDNA 
3.4.1. DNA Binding Using Absorption Spectroscopic Studies 
Titration monitored by electronic absorption spectroscopy is one of the effective 
methods used in the investigation of the interaction of compounds with DNA 
[34]. In this present study, UV spectra of CT DNA were recorded for a constant 
DNA concentration (1.2 - 1.4 × 10−4 M) in the presence of each complex at di-
verse [complex]/[DNA] mixing ratios (=R). The observed increase of the absor-
bance of the DNA-band at λmax 300 nm for compounds 1 - 4 serves to suggest 
the interaction of the complexes with CT-DNA [5] [28] [34]. Additionally, the 
UV–vis spectra of compounds 1 - 4 were recorded in the presence of increasing 
amounts of CT DNA. The changes of the intraligand bands located at 350 nm 
was monitored for compounds 1, 2 and 4. However the addition of CT DNA to a  
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Table 1. Result of zone of antimicrobial inhibition (mm) for the ligands and complexes. 

 L 1 2 3 4 C 

S. aureus, - - 09 - - 44 

S. epidermidis - - - - - 34 

B. subtilis 12 - 05 07 - 06 34 

B. subtilis 82 - - - - - 29 

Clostridium - - - - - 34 

K. pneumonia - - 04 07 08 34 

P. aeruginosa - - 05 - - 39 

E. coli - 05 - - 04 33 

C. albicans - - - - - 36 

C. pseudotropicalis. - - - - - 36 

Where C = imipenem and chlorhexidine for bacteria and fungi respectively. 

 
constant solution compound 2 was monitored at λmax 300 nm. The result ob-
tained indicated hyperchromic shifts in the monitored interligand transition 
band for all the tested compounds. Previous studies have suggested that the 
binding mode of coordination compound to DNA may be either via intercala-
tion in-between DNA-bases or by groove-binding/Coulombic forces [28] [34]. 
When binding is via intercalation, the orbital of the intercalated ligand can 
couple with the orbital of the base pairs, reducing the π → π* transition energy 
and resulting in bathochromism or hypsochromism. If the coupling orbital is 
partially filled by electrons, it results in decreasing the transition probabilities, 
resulting in hyperchromism/hypochromism [5] [34]. In this study, the absorp-
tion intensities of intra-ligand charge transfer bands for compounds 1 - 4, on 
addition of CT-DNA, increased significantly for each investigated compound. 
Additionally bathochromic shifts were observed in this band for compounds 1, 2 
and 4. However, a blue shift was observed in the case of compound 3. As such 
this suggests that the binding mode may be by intercalation. In the case of spec-
tra obtained monitoring DNA-band with increasing concentration of complex, 
bathochromic shifts were observed in the π → π* transition band of the nuclei 
acid. Although in some cases the observed shifts was not so pronounced. The 
observed shifts, therefore, serves as an indication of intercalation as the binding 
mode. 

The values of Kb for the complexes were determined by the Wolfe Shimer eq-
uation and the corresponding plots [DNA]/(εa − εf) versus [DNA]. The Kb values 
the complexes are significantly high (of the order 105 M−1) showing that the 
complexes are tightly bound with CTDNA (Table 2). The Kb values the com-
plexes are close and in the case of compound 1 higher than that of the classical 
intercalator EB (Kb = 1.23 × 105 M−1). The order for the Kb values is given as 
compound 1 > compound 2 > compound 4 > compound 3. The reason for this 
order is not readily evident, however we suggest the structure assumed by com-
pound 1 is the most favourably to bind to the DNA strands. Ligand L, however 
exhibited better activity when compared with the compounds 1 - 4. 
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Table 2. The spectral parameters for the DNA interaction for the compounds. 

Compound λ (nm) (ΔA/A0) (%); Δλ (nm) Kb (M−1) 

Ligand L 350 68.96 (Hyper); +3 1.42 × 105 

Compound 1 350 76.00 (Hyper); +3 1.34 × 105 

Compound 2 350 48.70 (Hyper); +2 1.19 × 105 

Compound 3 300 50.00 (Hyper); −3 1.02 × 105 

Compound 4 350 16.53 (Hyper); +5 1.12 × 105 

Where: Hyper = Hyperchromism; + red shift; − = blue shift. 

3.4.2. DNA Binding Using Viscosity Measurements 
In order to further clarify the nature of the interaction between the compounds 
1 - 4 and CT-DNA, viscosity measurements were carried out. The relative vis-
cosity of a DNA solution (η/η0) is related to the relative DNA length (L/L0) ac-
cording to the equation: 

( ) ( )1 3
0 0L L η η= , 

where η0 and L0 denote the viscosity and the apparent molecular length in the 
absence of the compound, respectively [28] [33] [34]. Optical photo-physical 
probes provide necessary data but only sufficient evidence to support a binding 
mode of DNA with the complexes. Hydrodynamic methods such as viscosity 
measurements which are sensitive to length increase or decrease of DNA are re-
garded as the most effective means of studying the binding mode of complexes 
to DNA in the absence of crystallographic structural data and NMR [5] [34]. 
According to Anastasaiadou et al., the presence of compounds intercalation 
in-between DNA-bases will lead to an increase of the DNA-bases separation 
distance resulting in increased relative DNA length and subsequently enhanced 
DNA-viscosity [28]. However on the other hand decrease DNA-viscosity sug-
gests a relative decrease in DNA length and thus indicates that interaction with 
DNA is via groove-binding or Coulomb forces [28]. 

The changes of relative DNA-viscosity of a CT-DNA solution (0.5 mM) were 
monitored in the presence of increasing amounts of compounds 1 - 4 (up to the 
value of R = 0.5). The relative DNA-viscosity exhibited a significant increase 
with increasing concentration of compounds 1 - 4. Such changes of the relative 
DNA viscosity may suggest the possible existence of an intercalative binding 
mode of the complexes in-between the DNA-bases corroborates. Additionally, 
the sequence of the observed increase in the values of viscosity was in positive 
correlation with the binding affinity to DNA. 

3.4.3. DNA Binding Study Using Computational Analysis 
Molecular docking has been an increasingly pivotal tool for drug discovery. The 
ability to predict binding affinity for different DNA target is useful in characte-
rizing genetic regulatory pathway. This enables us to characterize the behaviour 
of small molecules in the binding site of target DNA as well as to elucidate fun-
damental biochemical processes. Molecular recognition has two important de-
fining characteristics: 
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1) Specificity; which distinguishes the high specific binding partner from less 
specific partners; 

2) Affinity; which determines that a high concentration of weakly interacting 
partners cannot replace the effect of a low concentration of the specific partner 
interacting with high affinity [55]. 

In view of the foregoing, the molecular docking studies of the ligand and syn-
thesized compounds were carried out. 

The ligand was prepared according to the method of Sastry G. M et al., (2013) 
using ChemDraw 12.0 and Autodock tools software [56]. The ligand structures 
were drawn in 2D conformation using ChemDraw Ultra 12.0. Conversion of 2D 
to 3D conformation and energy minimization were carried out using Chem3D 
Pro 12.0. And saved in a dockable format (.pdb). The energy-minimized struc-
ture (3D conformation) was open in Autodock Tools to view the geometry and 
bond flexibility, and finally saved in pdbqt format. In order to estimate the con-
formation of the nucleic acid base-ligand complex and to increase accuracy, re-
peatability, and reliability of docking results, AutoDock Vina 4.2 docking pro-
gram was used, as described by Jung et al., 2016 [57]. 

AutoDock Vina is a docking program which uses the empirical scoring func-
tion and uses an iterated local search algorithm by using the search space para-
meters provided by the user. These include hydrogen bonding, ionic and 
non-polar interactions, as well as desolvation and entropic effects. The output 
was obtained in the form of binding energies (Kcal/mol) and the lower the 
energy; the more stable the protein-ligand complex. The binding conformations 
with the lowest binding energies were visualized in the PyMOL molecular 
graphics interface, and spatial (3D) and linear (2D) interaction was studied in 
order to know the amino acids involved in the protein-ligand complex. 

Generally the result obtained indicated that the reactions were spontaneous 
(Table 3). From the result obtained ligand L has the least binding affinity to 
CT-DNA with polar contact at DC5 and DG18 residues and interaction with 
four residues Figure 7 and Figure 8. Interestingly compound 3 demonstrated 
had the highest binding affinity towards CT-DNA. The compound exhibited 
8.26% better affinity (−7.5 KJ/mol) for CT-DNA compared to ligand L (−6.2 
KJ/mol). The visualization of this docked compound revealed that it had polar 
contact with DG2 and DA4 residues and interaction with seven residues, the 
highest amount to interacting sites in comparison with other synthesized com-
pounds. This was followed by compounds 1 and 2 with both having similar po-
lar contacts and interacting residues. The reason for observation is not readily 
evident to us. One potential reason for this phenomenon we propose may be 
that in the case of compound 3, it is structurally more suited to interact with the 
observed sites. As a consequence it molecular recognition with active site in the 
CT-DNA was more than the others. This is indicative of its specificity for such 
sites in comparison with the other compounds. The binding of compound 4 with 
CT-DNA is illustrated in Figure 9, the binding of compound 4 with CT-DNA 
showing the interacting residue is shown in Figure 10. 
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Figure 7. Binding of Ligand L with CT-DNA. 
 

 

Figure 8. Binding of Ligand L with CT-DNA indicating the interacting residues. 
 

 

Figure 9. Binding of Compound 4 with CT-DNA. 
 

 

Figure 10. Binding of Compound 4 with CT-DNA showing the interacting residues. 
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Table 3. Binding parameters obtained from computational studies. 

 
Binding energy 

(KJ/mol) 
Polar 

contact 
Interacting Residue 

Ligand L −6.2 DC5, DG18 DC5, DT17, DG18, DT19 

Compound 1 −6.8 DG2, DA4 DG2, DG3, DA4, DC5, DC20, DC21 

Compound 2 −6.8 DG2, DA4 DG2, DG3, DA4, DC5, DC20, DC21 

Compound 3 −7.5 DG2, DA4 DG2, DG3, DA4, DC5, DC20, DC21, DG22 

Compound 4 −6.6 - DC5, DA6, DT17, DG18, DT19 

4. Conclusion 

Synthesis of condensation product of 1,4-benzenedicarboxaldehyde with ami-
noethanoic acid and its coordination compounds 1 - 4 have been described in 
this study. The Schiff base was characterized using proton NMR, UV-vis and 
infrared spectroscopy. The coordination compounds were obtained using nickel 
(II), copper (II), vanady (IV) and cobalt (II) ion. The resultant coordination 
compounds were characterized using UV-vis and infrared spectroscopy, ener-
gy-dispersion X-ray spectroscopy EDX, EDTA complexometric titration and 
magnetic susceptibility. The antimicrobial activity of the compounds was deter-
mined as well as their affinity to bind to CT-DNA biomolecules. It was con-
firmed form characterization techniques used carboxylic acid end in the con-
densation product L and the coordination compounds 1 - 4 were protonated. 
The Schiff base, ligand further coordinated with metal ions in a tetradentate fa-
shion. The involvement of the azomethine N and carboxylic acid O in bonding 
resulted in an N2O2 chromophore around the central metal atom. The results 
obtained are consistent with octahedral for Ni (II) complex with additional 
coordination with two oxygen atom of two molecules of the solvent. A square- 
planar geometry was suggested for both Co (II), and Cu (II) complexes and a 
five-coordinate, square pyramidal geometry for the VO (IV) complex. The in-
vestigated compounds in some cases exhibited moderate activity against five 
Gram-positive and three Gram-negative bacteria. The compounds showed nill 
fungicidal acidity against the two tested fungi. Compound 2 elicited the best an-
timicrobial activity potential. However, compound 1 had the highest affinity to 
CT-DNA. Generally the compounds exhibited considerable good affinity to 
CT-DNA. 
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