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ABSTRACT  
 

The computational modelling and total antioxidants activities of three N-
(methoxysalicylidene)anilines namely N- (methoxysalicylidene)aniline [I], N-
(methoxysalicylidene)-4-chloroaniline [II] and N-(methoxysalicylidene)-5-chloro-2-
methylaniline [III] were reported. The compounds were synthesized and characterized by 
elemental analysis, infrared, ultraviolet, proton and carbon-13 nuclear magnetic resonance. 
Quantum chemical computations were also performed on the optimized structures of the 
compounds using Density Functional Theory. The infrared, nuclear magnetic resonance and 
ultraviolet spectra of the compounds were calculated and the results likened to the 
equivalent experimental spectra to enhance the structural identification. The calculated 
infrared, nuclear magnetic resonance and ultraviolet spectra were comparable to the 
experimental spectra. The total antioxidant capacities of the Schiff bases were evaluated by 
phosphomolybdenum assay and the results indicated that all the synthesized compounds 
displayed antioxidant activities. 
 
Keywords: N-(methoxysalicylidene)anilines, substituents, computational modelling, antioxidant 
activities. 
 

1. INTRODUCTION  
 

Schiff bases are compounds like ketone or aldehyde except that the carbonyl groups (C=O) are being 

replaced by imines or azomethines (HC=N) groups. They are the products of condensation reactions 

between primary amines and carbonyl compounds. They were discovered by a German chemist, 

Hugo Schiff in 1864 [1-4]. They can also be called imines or azomethines. The ensuing imines take 

part in bonding with metal ions through nitrogen lone pair electrons. The azomethine moieties are 

essential for biological activities. They are very useful active centres of many biological systems [5, 

6]. They help to make clear the mechanism of transamination and racemization reactions in biological 

systems. The nitrogen atom of azomethines may partake in the formation of hydrogen bonds with the 

active centres of cell constituents and interfere in normal cell processes [7]. They act as excellent 

chelating ligands with broad range of properties, which can be changed by introducing numerous 

substituents on either the carbonyl or amine rings. 

Schiff bases have attracted attention because of their broad range of biological activities. Many 

literatures have reported them to having anti-inflammatory [8], analgesic [9], antimicrobial [4], 
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anticonvulsant [10], antitubercular [11], anticancer [12], antioxidants [13], anthelmintic, antimalarial 

[14], antifungal and antitumour properties [15]. They are also used in the treatment of diabetes [16] 

and as model systems for biological macromolecules [17].  

Although, many literatures have reported the synthesis and spectroscopic of different Schiff bases but 

reports on the antioxidants properties of these compounds are scanty. Thus, this study which 

investigated the computational modelling and total antioxidant activities of N-

(methoxysalicylidene)anilines. Nowadays, with the advancement of computational methods, it is 

possible to reliably modelled and determine the molecular properties of different compounds which 

help augment experimental observations. Therefore, in order to correlate between the theoretical and 

experimental results, the molecular structures of the compounds were modelled and theoretical 

calculations using Density Functional Theory (DFT) were carried out on the optimized structures. 

These were employed for the UV-Visible, IR and NMR spectroscopies. A comparison of the 

resemblances between the theoretical and experimental results of the compounds could further be 

employed for structural identification. 

2. MATERIAL AND METHODS 

2.1 Reagents 

Aniline, p-chloroaniline, 5-chloro-2-methylaniline and 2-hydroxy-5-methoxybenzaldehyde were 

purchased from Merck (Germany) and used as supplied. The solvent DMSO (dimethylsulfoxide) was 

of analytical grade and used without further purification while the ethanol was distilled.  

2.2. Instruments 

The elemental analyses were carried out on Finnigan Flash EA 1112 series. The electronic spectra 

were recorded on Shimadzu UV-2600 series (Japan), in DMSO. The infrared spectra were obtained 

using a Perkin-Elmer 400 FT-IR/FT-FIR. The NMR spectra were recorded on a Bruker Avance 111 

600 in DMSO-D6 solution with tetramethylsilane (TMS) as internal standard.  

2.3 Synthesis of the Schiff bases 

The Schiff bases were synthesized according to literature [18]. 0.015 mole of 2-hydroxy-5-

methoxybenzaldehyde in 10 mL ethanol was added in drops to a stirring solution of 0.015 mole of the 

corresponding amine in 15 mL of ethanol. The resulting solution was stirred for 2 hours on addition of 
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three drops of methanoic acid. The coloured precipitates were filtered and washed with cold ethanol, 

recrystallized from ethanol and dried in a desiccator over silica gel for two days. 

 

R1= H, R2= H, R3= H (I); R1= H, R2= Cl, R3= H (II); R1= CH3, R2= H, R3= Cl (III) 

Scheme 1. Synthetic route to compounds (I-III). 

2.4 Details of Computational Modelling 

The Schiff bases were modelled and optimized using Gaussian 09 and Spartan ‘14 computational 

software packages. Density Functional Theory (DFT) was employed for the geometry optimization, 

chemical shifts, electronic transitions and frequency calculations of the compounds based on 

preliminary conformational search of the molecules with molecular mechanics force field. The DFT 

calculations were performed on the most stable conformer in the ground state using Becke’s three-

parameter hybrid functional employing the Lee-Yang-Parr correlation functional (B3LYP) method with 

6-31G** basis set [19-22].   

2.5 Phosphomolybdate Total Antioxidant Capacity Assay 

The total antioxidant capacities (TAC) of the Schiff bases were evaluated by phosphomolybdenum 

assay using the method described by Pierre and coworkers [23] while ascorbic acid was used as the 

standard.  1.0 mL of reagent (0.6 M sulphuric acid, 28 µM sodium phosphate and 4 µM ammonium 

molybdate) was reacted with a fractional part of the solution of the compounds (1.0 mL of 1000 µg). 

The covered tubes were incubated at 95 
o
C in a water bath for 90 minutes after which the samples 

were cooled to room temperature and a UV spectrophotometer was used to measure the absorbance 

of the aqueous solution of each at 695 nm. The procedure was repeated for a blank solution 

containing 1.0 mL of reagent solution. The TAC studies were performed three times and the mean 

was expressed as equivalents of ascorbic acid.   
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3. RESULTS AND DISCUSSION 

3.1 Characterization of the Schiff bases 

I (N-(5-methoxysalicylidene)anline) = C14H13NO2, Molecular weight: 227.26 g/mol, Yield: 74%, IR (cm
-

1
): 3200-2500 (O−H), 1616 (C=N), 1565-1447 (C=C), 1272 (C−O). 

1
H NMR (ppm): 12.36 (s, 1H, OH), 

8.90 (s, 1H, C=N), 7.40-6.80 (m, 6H, C−HAr), 3.70 (s, 3H, C−Hmethoxy). 
13

C NMR (ppm): 163.60, 

154.83, 152.40, 148.88, 130.02, 129.34, 127.45, 121.86, 121.04, 119.69, 118.01, 115.66, 114.38, 

56.07. UV: 308 (n−π
*
), 367 (π−π

*
). Elemental analysis in %: Found (Calculated):  74.01 (73.99), 5.79 

(5.77), 6.15 (6.16).  

II (N-(5-methoxysalicylidene)-4-chloroanline) = C14H12ClNO2, Molecular weight: 261.70 g/mol, Yield 

80%, IR (cm
-1

): 3300-2550 (O−H), 1617 (C=N), 1591-1488 (C=C), 12721(C−O). 
1
H NMR (ppm): 

13.00 (s, 1H, OH), 8.90 (s, 1H, C=N), 7.40-6.70 (m, 5H, C−HAr), 3.37 (s, 3H, C−Hmethoxy). 
13

C NMR 

(ppm): 163.86, 154.89, 152.41, 148.90, 131.07, 129.67, 127.14, 121.57, 121.01, 119.35, 118.01, 

115.79, 114.05, 56.29. UV: 313 (n−π
*
), 371 (π−π

*
). Elemental analysis in %: Found (Calculated):  

64.23 (64.25), 4.58 (4.62), 5.38 (5.35).  

III (N-(5-methoxysalicylidene)-2-methyl-5-chloroanline) = C15H14ClNO2, Molecular weight: 275.73 

g/mol, Yield 84%, IR (cm
-1

): 3300-2400 (O−H), 1614 (C=N), 1564-1487 (C=C), 1270 (C−O). 
1
H NMR 

(ppm): 12.33 (s, 1H, OH), 8.84 (s, 1H, C=N), 7.37-6.86 (m, 6H, C−HAr), 3.71 (s, 3H, C−Hmethoxy), 2.25 

(s, 3H, C−Hmethyl). 
13

C NMR (ppm): 164.39, 154.99, 152.43, 149.02, 132.50, 131.79, 126.71, 121.43, 

118.54, 118.03, 115.85, 113.33, 110.69, 55.95, 17.38. UV: 320 (n−π
*
), 372 (π−π

*
). Elemental 

analysis in %: Found (Calculated): 65.35 (65.34), 5.15 (5.12), 5.10 (5.08).  

The Schiff bases were obtained in good yields as solids.  They were stable in air and soluble in most 

organic solvents but insoluble in water. They were of different shades of yellow. The IR spectra 

results of the compounds confirmed the formation of the azomethine bonds ⱱ(−HC=N). All the 

compounds exhibited the azomethine absorption bands in the range 1617-1614 cm
-1

. They displayed 

the phenolic stretching ⱱ(C−O) vibrations at 1272-1270  cm
-1

 and the hydroxyl (O−H) absorption 

bands around 3640-3630 cm
-1

. The compounds showed the aromatic (C=C) bands in the range 1591-

1447 cm
-1

 [18, 24-28]. 
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The 
1
H NMR spectra data of the compounds (Figs. 1-3) revealed a singlet signal at δ 13.00-12.33 

ppm assigned to the phenolic –OH protons. All the compounds showed a singlet signal at δ 8.91-8.85 

ppm attributed to the azomethine (−HC=N) protons which further confirmed the formation of the Schiff 

bases [18, 24, 25, 27]. The aromatic protons appeared as multiplets at δ 7.40-6.70 ppm [18, 26-28]. A 

sharp singlet signal attributed to the methoxy groups’ protons appeared at δ 3.70, 3.37 and 3.71 ppm 

in the spectra of the compounds I, II and III respectively while the signal at 2.25 ppm in compound III 

was assigned to the protons of the methyl group [18, 24-27, 29]. The 
13

C NMR spectra of the 

compounds (Figs. 4-6) were consistent with the 
1
H NMR. All of the 

13
C NMR spectra showed the 

azomethine carbon peaks in the range 164.39-163.60 ppm and the aromatic carbon around 154.99-

110.69 ppm. The carbon of the methoxy groups were displayed at δ 56.07, 56.29 and 55.95 ppm for 

the compounds I, II and III respectively. Furthermore, the carbon peak of the methyl group in 

compound III appeared at δ 17.38 ppm [18, 28]. The UV spectra of the compounds showed two 

absorption peaks at 270-320 nm and 367-372 nm which were assigned to n-π* of the azomethines 

and π-π*of the aromatic rings in the compounds [18].  

  

Fig. 1: 
1
H NMR of [I]. 
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Fig. 2: 

1
H NMR of [II]. 

 

  
Fig. 3: 

1
H NMR of [III]. 

 

 
Fig. 4: 

13
C NMR of [I]. 
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Fig. 5: 13

C NMR of [II]. 

 

 

 
Fig. 6: 

13
C NMR of [III]. 

 

3.2 Computational Studies 

3.2.1 Theoretical IR Spectra 

The theoretical IR vibrational frequency data of the Schiff bases presented in Table 1 and Figs (7-9) 

were in agreement with the experimental data. The absorption bands of the azomethine protons 

(−HC=N) in the Schiff bases appeared at 1687, 1686 and 1676 cm
-1 

for compounds I, II and III in the 

theoretical spectra while the experimental values were observed at 1616, 1617 and 1614 

respectively. The phenolic (C−O) stretching vibrations of the compounds were displayed around 

1337-1335 cm
-1

 theoretically while the experimental spectra showed the bands around 1272-1270 

cm
-1

. However, the ⱱ(O−H) absorption bands in the compounds ranged from 3268-3238 cm
-1

 in the 

theoretical data while the experimental values were observed in the range 3300-2400 cm
-1

. The 
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theoretical spectra showed the aromatic (C=C) absorption bands in the range 1655-1426 cm
-1

 while 

the experimental data were observed around 1592-1442 cm
-1

. 

 

 

 

 

 

 

 

 

 Table 1: Theoretical IR data of the Schiff bases 

 

 

 

 

 

 

 

A 

B 
Fig. 7: IR spectra of compound I, theoretical (A) and experimental (B). 
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76

77

78

79
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81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

95.9

cm-1

%T 

3035.09

2936.65

2830.29

2024.27

1989.52

1615.71

1565.49

1491.01

1456.91

1446.77

1394.78

1360.61

1329.18

1272.38

1223.70

1208.99

1183.07

1164.20

1155.49

1074.18

1045.24

973.27

941.81

900.96

870.15

822.78

794.50

758.23

749.90

721.67

679.35

592.91

554.79

516.78

500.75

Compounds                                           IR (cm
-1

)  UV-Vis (nm) 
 
 

OH           C=N C=C   C−O 

I 3242 1687 1655-1447 1337 237, 254, 262, 
340 
 

II 3268 1686 1647-1440 1335 239, 250, 268, 
345 
 

III 3238 1676 1644-1426 1337 251, 262, 288, 
317, 375 
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A 

B 
Fig. 8: IR spectra of compound II, theoretical (A) and experimental (B). 

 

A

B 
Fig. 9: IR spectra of compound III, theoretical (A) and experimental (B). 

 
3.2.2 Theoretical NMR Spectra 

The theoretical chemical shifts of the compounds (Table 2) were comparable to the experimental 

values. The data obtained revealed that the aromatic hydrogen in compound I: H6, H11, H14, H1, 

H10, H15, H13, H17 appeared at 7.74, 7.79, 7.90, 7.89, 8.38, 8.20, 8.38, 7.89 ppm respectively in the 

theoretical study, these ranged at 7.40-6.80 ppm in the experimental spectrum. The azomethine 

(HC=N, H4) and hydroxyl (−OH, H9) hydrogen were observed at 9.19 ppm and 13.07 ppm in the 

theoretical spectrum while they appeared experimentally at 8.90 ppm and 12.36 ppm respectively. 

The 

three hydrogen (H2, H3, H5) of the methoxy group appeared at 4.68 ppm in the theoretical study and 

3.70 ppm experimentally. The aromatic carbon in compound I ranged at 151.43-110.92 ppm in the 

theoretical calculations, these appeared experimentally in the range 154.83-114.38 ppm. Moreover, 
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1219.00

1207.60

1179.04
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943.85
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the azomethine and 

methoxy carbon were 

observed at 160.41 ppm 

and 52.39 ppm in the 

theoretical spectrum, these 

appeared at 163.60 ppm 

and 56.07 ppm respectively 

in the experimental study. 

Nevertheless in compound 

II, the aromatic hydrogen: 

H6, H11, H14, H1, H10, 

H13, H17 were observed at 

7.73, 7.80, 7.91, 7.82, 8.23, 

8.23, 7.82 ppm respectively 

in the theoretical 

calculations. These ranged 

at 7.40-6.70 ppm in the 

experimental spectrum. The 

hydrogen of the azomethine 

(−HC=N, H4) and hydroxyl (–OH, H9) groups were observed at 9.14 ppm and 12.84 ppm in the 

theoretical spectrum while they appeared at 8.90 ppm and 13.00 ppm respectively in the 

experimental study. The three hydrogen (H2, H3, H5) of the methoxy group appeared at 4.68 ppm in 

the theoretical study and 3.37 ppm experimentally. Furthermore, the aromatic carbon in compound II 

ranged at 151.44-111.46 ppm in the 

Positions of 

H & C                                                   

                                   δ (ppm) 

I II III 

H1 
C1 

7.89 
144.80 

7.82 
145.01 

7.87 
145.09 

H2 
C2 

4.68 
116.35 

4.68 
116.44 

4.70 
116.43 
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Table 2: Theoretical NMR data of the compounds 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

H3 
C3 

4.68 
115.31 

4.68 
115.02 

3.21 
116.02 

H4 
C4 

9.19 
151.43 

9.14 
151.44 

9.30 
151.74 

H5 
C5 

4.68 
113.13 

4.68 
113.30 

3.21 
113.11 

H6 
C6 

7.74 
110.92 

7.73 
111.46 

7.84 
111.41 

H7 
C7 

- 
160.41 

- 
161.11 

3.21 
159.62 

H8 
C8 

- 
147.99 

- 
146.66 

8.04 
145.36 

H9 
C9 

13.07 
114.84 

12.84 
116.12 

13.60 
113.79 

H10 
C10 

8.38 
123.20 

8.23 
123.83 

4.70 
137.53 

H11 
C11 

7.79 
118.63 

7.80 
134.39 

7.81 
121.11 

H12 
C12 

- 
123.20 

- 
123.82 

4.70 
126.29 

H13 
C13 

8.38 
114.84 

8.23 
116.12 

8.15 
127.77 

H14 
C14 

7.90 
52.39 

8.23 
52.41 

7.91 
20.10 

H15 
C15 

8.20 
- 

- 
- 

- 
52.41 

H16 
C16 

- 
- 

- 
- 

- 
- 

H17 
C17 

7.89 
- 

- 
- 

- 
- 
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theoretical calculations, these appeared experimentally in the range 154.33-114.05 ppm. The 

azomethine and methoxy carbon appeared at 161.11 ppm and 52.41 ppm theoretically and at 163.86 

ppm and 56.29 ppm respectively in the experimental data. However, the aromatic hydrogen in 

compound III: H6, H11, H14, H1, H8, H13 appeared at 7.84, 7.81, 7.91, 7.87, 8.04, 8.15 ppm 

respectively in the theoretical data, these ranged at 7.37-6.86 ppm in the experimental study. The 

hydrogen of the azomethine (−HC=N, H4) and hydroxyl (–OH, H9) groups appeared at 9.30 ppm and 

13.60 ppm in the theoretical spectrum while they were experimentally observed at 8.84 ppm and 

12.33 ppm respectively. The chemical shifts of the three hydrogen of the methoxy (H2, H10, H12) and 

methyl (H3, H5, H7) groups were observed at 4.70 ppm and 3.21 ppm in the theoretical calculations 

while they appeared at 3.71 ppm and 2.25 ppm respectively in the experimental data. The aromatic 

carbon in compound III ranged at 151.74-111.41 ppm in the theoretical calculations, these appeared 

experimentally in the range 154.99-110.69 ppm. The carbon in the azomethine appeared at 159.62 

ppm in the theoretical spectrum and was observed at 164.39 ppm in the experimental study. 

Moreover, the methoxy and methyl groups’ carbon appeared at 52.41 ppm and 20.10 ppm 

theoretically while they were displayed at 55.95 ppm and 17.38 ppm respectively in the experimental 

spectrum. 

3.2.3 Theoretical Electronic Spectra 
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The theoretical electronic spectra values of the compounds were in agreement with the experimental 

data. The agreement between the theoretical and experimental electronic spectra data supported the 

proposed structures. The theoretical spectrum of compound I revealed four absorption bands at 237, 

254, 262 and 341 nm, these bands were related to the promotion of electrons from HOMO – 2 → 

LUMO, HOMO → LUMO + 1, HOMO – 3 → LUMO + 1 and HOMO → LUMO respectively. Similarly, 

compound II exhibited four absorption bands at 239, 250, 268 and 345 nm. These bands were 

obtained when electrons were promoted from HOMO – 2 → LUMO, HOMO – 3 → LUMO, HOMO → 

LUMO + 1, HOMO – 1→ LUMO and HOMO → LUMO respectively. However, compound III displayed 

six absorption bands at 251, 262, 263, 289, 317 and 375 nm. These bands were related to the 

promotion of electrons from HOMO → LUMO + 2, HOMO – 3 → LUMO, HOMO → LUMO + 1, HOMO 

– 2→ LUMO, HOMO – 1 → LUMO and HOMO → LUMO respectively.  

3.2.4 Frontier Molecular Orbitals 

The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) 

are also called the frontier molecular orbitals. They govern the way molecules relate with other 

species. The HOMO is the orbital of highest energy containing electrons, thus, donates electrons 

while LUMO is the orbital of lowest energy. According to the frontier molecular orbital theory, the 

energy gap between the HOMO and LUMO is anticipated to play fundamental roles in the intra- and 

inter- charge transfers. The energy band gaps between the HOMO and LUMO is more significant in 

considering electronic transitions than individual orbital components of a molecule. Since the 

difference between the LUMO and HOMO shows the reactivities and stabilities of molecules in 

chemical reactions. Therefore, the lower the energy gap, the more reactive and less stable the 

molecule [20, 30, 31]. Thus, Fig. 10 displays the proposed structures, optimized structures, HOMO 

and LUMO of the synthesized Schiff bases while the calculated energy band gaps for compounds I, II 

and III are presented in Table 3 as 3.9, 3.9 and 3.6 eV respectively. This indicates that compound III 

is expected to be more reactive than compounds I and II. Thus, compounds I and II would be more 

stable than compound III. 
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HOMO                               

LUMO                        

                    I                                               II                                                    III 

Fig. 10: Proposed structures, Optimized structures, HOMO and LUMO of the compound. 
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Table 3: The HOMO, LUMO and Energy gap of the compounds 

 

 

 

 

 

 

 

3.3 Total Antioxidant Capacity  

  The total antioxidant capacities results (TAC) of the synthesized compounds are presented in 

Table 4. The results revealed that all the synthesized compounds exhibited antioxidant activities. This 

showed that they have the ability to inhibit or limit the harm caused by free radicals. Antioxidants 

function by freely giving out electrons to free radicals without changing into electron–scavenging 

substances themselves [32, 33]. They are chemicals that deter or lessen the damage caused by free 

             I           II         III 

HOMO           -5.4         -5.5         -5.5 

LUMO           -1.5         -1.6         -1.9 

ENERGY GAPS           3.9          3.9          3.6 
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radicals and can also be called free radical scavengers [34-36]. Free radicals are molecules that have 

one or more unpaired electrons. They are unstable and very reactive because of the unpaired 

electrons. In an attempt to be stable, free radicals either give out or receive electrons from another 

molecules which then become free radicals [35, 37]. These new free radicals will either give out or 

receive electrons from another molecules, consequently, commencing chain reactions. If free radicals 

are too many in a biological system, they can overpower the cells’ usual defenses. Hence, causing 

harms to the cells which ultimately lead to many diseases [33, 34]. On the other hand, if there are 

antioxidants in the cells, they donate electrons to the free radicals, thus, making them become stable 

and ending the chain reactions [38].  

The differences observed in the TAC of the Schiff bases are due to the presence of various 

substituents on the compounds and possibly the positions of the substituents. Compound II showed 

the highest total antioxidant capacities while compound I displayed the least capacities. Hence, 

compound II would be a better free radical scavenger. 

 

 

 

 

  

 

 

 

 

 

 

 

Table 4: The total antioxidant capacity of the salicylaldimines 

  

 

Compounds TAC µg per AA 

I 0.50 

II 0.65 

III 0.62 
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*Key: AA = ascorbic acid 
 

4. CONCLUSION 

            A comparison of the theoretical and experimental data revealed that the theoretical values 

were in agreement with the experimental results, therefore, supporting the suggested structures. The 

calculated energy gaps indicated that compound III would be more reactive than compounds I and II. 

The TAC results showed that compound II displayed the highest antioxidant capacities, which 

consequently implies that it has the highest capability to impede or lessen the harm caused by free 

radicals. 
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