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Abstract:  

A new Schiff base 2 was synthesized by condensation of 2-Hydroxy-5-(p-tolyldiazenyl)benzaldehyde 

and N(-3-aminopropyl)imidazole, and characterized by IR, 1H NMR, 13C NMR, mass spectroscopy 

and elemental analysis. Crystal structure of 2 has been determined by X-ray diffraction analysis. The 

structural parameters and electronic absorption properties of 2 were also studied using Density 

Functional Theory (DFT), and Time Dependant Density Functional Theory (TD-DFT). Computations 

were performed at DFT/B3LYP/6-31G(d), DFT/CAMB3LYP/6-31G(d) and DFT/MPW1PW91/6-

31G(d) levels of theory. The calculation results of the structural parameters and electronic absorption 

properties for compound 2 are presented and compared with the X-ray analysis result and UV-visible 

spectrum. Hirshfeld surface analysis was used to show surface contours and two-dimensional 

fingerprint plots have been used to analyse intermolecular interactions. The schiff base 2 was assessed 

for its in vitro antibacterial activities against four pathogenic strains: Staphylococcus aureus, 

Pseudomonas putida, Klebsiella pneumoniae and Escherichia coli. 

 

Keywords: Schiff base, X-ray diffraction, DFT, Electronic absorption, Hirshfeld surfaces, 
Antibacterial activity.  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

2 

 

 

1. Introduction:  

Schiff base compounds have been recognized as privileged among organic molecules, owing to their 

interesting and important properties. These molecules constitute an important centre of attraction in 

many areas like biological, clinical, medicinal, analytical and pharmacological fields [1]. They are 

also used in analytical medicinal and polymer chemistry. The azomethine (C=N) linkage in Schiff 

bases is significant in determining the mechanism of transamination and resamination reactions in 

biological systems [2], and it has been suggested that the azomethine group is responsible of the 

biological activities of Schiff bases molecules. In effect, these molecules are well-known as 

antibacterial [3,4], antifungal [5,6], anti-inflammatory [7,8], antitumor [9,10], antiviral [11], 

antipyretic [12], anti-HIV-1 [13] and antiproliferative [14,15]. Furthermore, the azomethine group is 

an important site for coordinating and stabilizing various metals. 

Imidazoles, being the core fragment of different natural products and biological or chemical systems, 

constitute an important class of heterocycles. The vast therapeutic properties of the imidazole 

derivatives drugs have encouraged the researchers in the medicinal field to synthesize a huge number 

of novel molecules based on the imidazole unit as antifungal [6], antibacterial [14,15], 

antiviral[16,17], anti-inflammatory [18], anticancer [19,20] and antidiabetic agents [21].  

In the light of the interesting chemistry of Schiff bases, we herein report the synthesis, 

characterization and X-ray diffraction of schiff base (2) based on imidazole, obtained by condensation 

of 2-Hydroxy-5-(p-tolyldiazenyl)benzaldehyde and N(3-aminopropyl)imidazole. Using DFT, lowest 

unoccupied molecular orbital (LUMO) and highest occupied molecular orbital (HOMO) energy levels 

of frontier orbital were determined. UV-visible spectra were investigated experimentally and 

theoretically. In addition, Hirshfeld surface analysis was used to analyse intermolecular interactions. 

The antibacterial activity of (2) was evaluated against four pathogenic strains: Staphylococcus aureus, 

Pseudomonas putida, Klebsiella pneumoniae and Escherichia coli.  

2. Results and discussion:  

The Schiff base ligand 2 was prepared in excellent yield via the condensation of 2-Hydroxy-5-(o-

tolyldiazenyl)benzaldehyde and N-(3-aminopropyl)imidazole then characterized by IR, 1H NMR, 13C 

NMR, mass spectroscopy, elemental analysis and X-ray diffraction. NMR spectra are reported in Fig. 

1and Fig. 2. 

2.1 Description of the crystal structure:  

The synthesized Schiff base with the general formula (C20H21N5O) crystallizes in the monoclinic 

space group P2/n. (Table 1) The dihedral angles between the imidazole ring, and the methylphenyl 

and the phenol groups are 84.39 (16)° and 81.44 (14)° respectively. An intramolecular O–H···N 
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hydrogen bond forms between the –OH substituent of the phenol ring and the adjacent iminomethyl N 

atom, enclosing an S6 ring. All the bond lengths are within normal ranges. The N1–N2 and N3–C14 

bond lengths, 1.174 (4) and 1.272(4)Å respectively, confirm their double-bond character whereas the 

N4–C18 and N4—C19 values are 1.347(3) and 1.370(3)Å, respectively.  

The asymmetric unit of Schiff base is reported in Fig. 3. 

 

Figure 3: Building unit of the crystal structure of 2 

 

 

2.2 Computational Study:  

Density functional theory (DFT) computation and time-dependent (TD-DFT) calculations 

were performed. The structure of 2 was optimized at the B3LYP/6-31G(d) level. As can be observed 

in Tables 2 and 3, the calculated bond distances and angles are in good agreement with the values 

obtained from X-ray crystal structure determination. A superposition of the X-ray diffraction and 

optimized structures of compound 2 is shown in Fig. 4. The negligible differences between the 

experimental and calculated bond lengths and angles are due to the fact that the computations were 

performed and calculated in the gas phase, while the X-ray data were obtained in the solid phase.  
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Figure 4: Superposition of X-Ray and optimized structures of 2. 

 

2.3 Theoretical and experimental UV-visible Spectra study: 

UV-vis absorption spectrum of 2 was simulated at TD-DFT/B3LYP/6-31G(d), TD-

DFT/CAMB3LYP/6-31G(d) and TD-DFT/MPW1PW91/6-31G(d) levels. The compound was 

investigated in chloroform by theoretical calculation. Table 4 shows the calculated oscillator strengths 

(f) and wavelengths (λ) (main transitions) along with the experimental wavelengths. The experimental 

and theoretical spectra of the compound 2 in chloroform are shown in Fig.5. The obtained results 

were closer to the experimental absorption wavelengths. We can say that, MPW1PW91 computations 

lead to a better agreement with experiment relatively to B3LYP and CAMB3LYP. As Fig. 5 exhibits, 

experimental spectrum of 2 shows three bands at 273, 349 and 437 nm. From the TD–DFT 

calculation, the most significant theoretical absorption bands of MPW1PW91 were predicted at 

279.57, 362.78 nm in chloroform solution.  
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Table 4: Theoretical and experimental electronic absorption spectral values of 2  

Compound Excitation 
level 

λ max (nm) (f) Electronic 
transition 

Major % 
Contribution 

 

 

 

2 

B3LYP 372.85 

288.67 

1.0372 

0.4422 

HOMO→LUMO 

HOMO→LUMO+1 

99.5 

58.6 

CAMB3LYP 336.20 

254.25 

1.0876 

0.4336 

HOMO→LUMO 

HOMO-3→LUMO 

95.8 

69.7 

MPW1PW91 362.78 

279.57 

1.0727 

0.4570 

HOMO→LUMO 

HOMO→LUMO+1 

99.3 

50.5 

Exp 349 

273 

   

 

 

Figure 5: Experimental and theoretical absorption spectra of Schiff base 2 at B3LYP/6-31G (d), 
CAM-B3LYP/6-31G (d) and MPW1PW91/6-31G(d) levels in CHCl3. 

 

2.4 Frontier Molecular Orbitals (FMOs):  

The resulting frontier molecular orbitals for azo-schiff base molecule are reported in Fig.6. The 

highest occupied molecular orbital HOMO (π donor) is delocalized over the azobenzene moiety 

including hydroxyl and methyl substituents and azomethine group, the lowest lying unoccupied 

molecular orbital LUMO (π acceptor) is spread over the azobenzene moiety including only the 

hydroxyl group. The 279.57 nm transition consists of HOMO → LUMO+1. The 362.78 nm excitation 

has mainly HOMO → LUMO character.   
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Figure 6: Energy levels and electronic isosurfaces of frontier molecular orbitals. 

 

2.5 Hirshfeld surfaces analysis:  

Fig. 7 shows the Hirshfeld surface of the title compound mapped over dnorm (-0.60 to 0.90 A°) and 

the shape-index (-1.0 to 1.0 A°). In the dnorm map, the vivid red spots in the Hirshfeld surface are 

due to short normalized O—H distances corresponding to O— H···N interactions. Hydrogen-donor 

groups constitute the convex blue regions on the shape-index surface and hydrogen-acceptor groups 

appear in concave red regions. The two dimensional fingerprint plots quantify the contributions of 

each type of non-covalent interaction to the Hirshfeld surface. The major contribution with 48.6% of 

the surface is due to H···H contacts, which represent van der waals interactions, followed by C···H, 

N···H and O···H interactions, which contribute 28.5, 15.2 and 6.1%, respectively, these contributions 

are observed as two sharp peaks in the plot of Fig.8.  
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Figure 7: Hirshfeld surfaces for compound (2), mapped with dnorm (top) and shape index (bottom). 

 

 

Figure 8: Two-dimensional fingerprints of compound (2), showing H···H, C···H, N···H and O···H 

close contacts. 

Voids in the crystal structure of (2) (Fig. 9) are built on the sum of spherical atomic electron densities 

at the appropriate nuclear positions (procrystal electron density). The crystal voids calculation (results 

under 0.002 a.u. isovalue) shows the void volume of title compound to be of the order of 226.81 Å3
 

and surface area in the order of 720.59 Å2. The porosity of the calculated void volume of (2) is 
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12.37%. There are no large cavities. We note that the electron-density iso surfaces are not completely 

closed around the components, but are open at those locations where interspecies approaches are 

found.  

 

Figure 9: Void plot for (2). 

 

2.6 Antibacterial activity: 

Firstly, the diffusion agar technique was used to evaluate the antibacterial activity of the Schiff base 2. 

Schiff base 2 shows the high zone inhibition diameter against Staphylococcus aureus 20 mm, then K. 

pneumoniae with 15mm. For E.coli, the inhibition zone diameter was 13mm and the lower diameter 

was observed against P.putida with 9mm.  

The Minimum inhibitory concentrations (MIC) results of 2 and the commercially available standard 

are presented in table 5, they agree with those of the disc diffusion test. MICs of the Schiff base 2 

against the microorganism species were ranged from 28.84 to 92.10 µg.mL-1. The excellent MIC 

value was exhibited by 2 against staphylococcus aureus (28.84 µg.mL-1). E.coli (68.18 µg.mL-1) and 

K. pneumoniae (42.45µg.mL-1) seem to be less sensible to compound 2. The lower activity was 

showed against P.putida with an MIC value of 92.10 µg.mL-1. The obtained antibacterial activities 

results of 2 are significant comparing with the activity of the commercialised antibiotic 

chloramphenicol. In another hand, compound 2 exhibited encouraging antibacterial activities 

comparing to other reported Schiff bases [22-26]. For instance, the imidazole Schiff base ligand 

prepared from 1-(3-aminopropyl)imidazole and salicylaldehyde and which was reported first by M. 

Kalanithi et al. [27] then by J. McGinley et al. [28]. The authors had found the free ligand and its 

Cu(II) and Zn(II) complexes inactive against a number of tested microbes. Interestingly, for our 

compound, the functionalization of the salicylate phenyl unit leads to promising antibacterial activities 

against the selected pathogenic strains indicating the importance of the azo group in the structure of 

compound 2. Hence, Shiff base 2 could be considered as a potent antibacterial compound. 

 

Table 5: Antibacterial activities determined in liquid medium of 2 (MIC in µg.mL-1) 
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Produit 

Bacteria  

S.aureus E.Coli K. pneumoniae P. putida 

2 28.84 68.18 42.45 92.10 

Chloramphenicol 11.65 22.41 15.38 37.03 

DMSO - - - - 

   

3. Conclusion:  

In sum, the Schiff base ligand 2 has been synthesized and characterized. The crystal structure of the 

compound was determined by X-Ray diffraction. The geometry and structural parameters of the title 

compound 2 was optimized with DFT/B3LYP methods using 6-31G(d) basis set. The electronic 

absorption properties of the compound have been studied using TD-DFT computations at 

DFT/B3LYP/6-31G(d), DFT/CAMB3LYP/6-31G(d) and DFT/MPW1PW91/6-31G(d) level of 

theory, analysed and the theoretical results were similar to the experimental ones. Hirshfeld surface 

analysis gave 2D fingerprint plots showing the intermolecular interactions. The Schiff base 2 was 

assessed for its in vitro antibacterial activities against pathogenic strains, cocci Staphylococcus 

aureus, Pseudomonas putida, Klebsiella pneumoniae and Escherichia coli. The results showed that 

the compound exhibited significant activities in particular against S. aureus. Comparison with 

analogous reported Schiff bases allows us to conclude about the importance of the azo group in the 

structure of compound 2 for its antibacterial properties.  

 

4. Materiel and methods:  

4.1 Synthesis of Schiff base: 2   

The N-(3-aminopropyl)imidazole (0.5 g, 4 mmol) was added to a methanol solution (30 ml) of 2-

hydroxy-5-(-tolyldiazenyl)benzaldehyde (0.96 g, 4 mmol) prepared earlier [6]. The mixture was 

refluxed for 2 h and cooled to room temperature. The solvent was removed on a rotatory evaporator 

and the orange product was rinsed and recrystallized with a mixture of methanol and ether. The 

product was obtained as orange crystals [29].  
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Scheme 1: Synthesis of Schiff base 2 

 

Yield 82%, m.p 95 °C. 1H NMR (300MHz, [D6]DMSO, 25°C, TMS) δ/ppm: 8.63 (s,1H), 

7.99 (d,1H , J = 7.2), 7.88(dd, 1H, J = 6.6, J = 2.4), 7.71(d, 2H, J = 8.1), 7.65(s, 1H), 7.32(d, 

2H, J = 8.1),7.19 (s, 1H), 6.90-7.00 (m, 2H), 4.04(t, 2H, J= 7.2), 3.55(t, 2H, J= 6.6), 

2.34(s,3H), 2.13(qd, 2H, J=6.9). 13C NMR (75 MHz, [D6]DMSO, 25°C, TMS) δ/ppm: 21.49, 

31.76, 44.34, 55.74, 117.95, 118.22, 118.73, 122.59, 126.93, 127.06, 129.77, 129.91, 137.12, 

141.11, 145.46, 150.69, 163.80, 165.95. MALDI TOF MS calcd: m/z=347.17 Da. Found 

m/z= 348.4 [M+1]+. HR-MS(M): for C20H21N5O : 347.1746 found: 347.1745. Selected IR 

bands (cm-1) 3105, 2943, 1634, 1580, 1485, 1445, 1377, 1283, 1229, 1107, 999, 959, 905, 

851, 756, 689, 662. Anal. Calc. for C20H21N5O: C, 69.14%; H, 6.09%; N, 20.16%. Found: C, 

69.23%; H, 6.01%; N, 20.07%.  
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Figure 1: 1H NMR spectrum of compound 2 

 

Figure 2: 13C NMR spectrum of compound 2 
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4.2 Single crystal X-ray diffraction:  

A suitable single crystal was selected for X-ray diffraction analysis. Data of the compound was 

collected at room temperature with an Agilent SuperNova diffractometer using graphite 

monochromatized CuKα radiation (λ = 1.54184 Å), equipped with a CCD area detector. The phase 

problem was solved by direct methods using SHELX97 programs [30]. The structural graphics were 

created using DIAMOND program. Experimental data collections details and the crystallographic 

features of (2) are reported in Table 1. The atomic coordinates and the basic geometrical data are 

reported in Tables 2 and 3. 

4.3 DFT details:  

The ground state geometry of schiff base 2 was optimized using DFT with Becke-3-Lee-Yang-Parr 

(B3LYP) exchange correlation functional with 6-31G(d) basis set for all atoms [31,32]. The 

calculation was carried out with Gaussian 09 software package without any symmetry constraint [33]. 

Then, the optimized geometry was used for energy calculations. Optical absorption spectra were 

simulated using the polarisable continuum model (PCM) with TD-DFT at B3LYP/6-31G(d), CAM- 

B3LYP/6-31G(d) and MPW1PW91/6-31G(d) levels , based on optimized ground state geometries. 

The PCM calculations have been performed in the chloroform solution. 

4.4 Hirshfeld surfaces analysis:  

Hirshfeld surfaces and fingerprint plots were generated for 2 based on the crystallographic 

information file (CIF) using CrystalExplorer [34,35]. Hirshfeld surfaces allow the visualization of 

intermolecular interactions. Colors and color intensities are related to the relative strength of the 

interaction and the short or long contacts. 

4.5 Antibacterial activity:  

The Schiff base 2 was tested for its antimicrobial activities against four bacterial strains, one Gram-

positive cocci Staphylococcus aureus and three Gram-negative bacteria Escherichia coli, Klebsiella 

pneumoniae and Pseudomonas putida by the agar disc diffusion method using Muller Hinton agar. 

The strains were grown in Mueller-Hinton agar at 37 °C for 24 h and the suspension was prepared by 

matching a 0.5 McFarland standard. All the compounds were dissolved in dimethyl sulfoxide DMSO 

and tested by the procedure of measuring the inhibition zone, as described in literature [36,37]. The 

minimum inhibitory concentrations (MIC) of the schiff base 2 were also studied by liquid 

microdilutions method, using sterile 96-wells flat-shaped microtitre plates by serial dilution of the 

concentrations ranging from 145.16 to 7.42 µg.mL-1. The commercially chloramphenicol was used as 

control drug. The analysis of both methods were made in three replicate for each compound.  
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Table 1: Crystallographic data, details of data collection and structure refinement parameters for 2. 

CCDC number  1889270 

Chemical formula C20H21N5O 

Mr  347.42 

Crystal system, space group Monoclinic, P2/n 

Temperature (K) 293 

a (Å) 12.2410 (4) 

b (Å) 5.9386 (2) 

c (Å) 25.2112 (9) 

β (°) 90.317 (3) 

V (Å3) 1832.69 (11) 

Z 4 

Radiation type  Cu Kα 

µ (mm-1) 0.65 

Crystal size (mm) 0.35 × 0.22 × 0.13 

No. of measured, independent and 
observed [I > 2σ(I)] reflections 

5548, 3487, 3037 

Rint 0.016 

(sin θ/λ)max (Å-1)  0.622 

R[F2 > 2σ(F2)], wR(F2), S  0.084, 0.245, 1.08 

No. of reflections  3487 

No. of parameters  236 

∆ρmax, ∆ρmin (e Å-3)  1.02, -0.67 
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Table 2: Experimental and theoretical bond distances 

Distance  Theoretical Experimental 

C13—C2  1.5097 1.501 (5) 

C14—N3  1.2747 1.272 (4) 

C14—C11  1.4711 1.457 (4) 

C15—C16  1.535 1.500 (4) 

C15—N3  1.4529 1.464 (3) 

C16—C17  1.5341 1.520 (4) 

C17—N4  1.4603 1.465 (3) 

C18—N4  1.3687 1.347 (3) 

C18—N6 1.3162 1.317 (3) 

C19—C20  1.3732 1.354 (4) 

C19—N4 1.3821 1.370 (3) 

C20—N6  1.3765 1.367 (4) 

C1—C2  1.4081 1.372 (5) 

C1—C6  1.3868 1.427 (5) 

C2—C3  1.3994 1.397 (5) 

C3—C4  1.3936 1.333 (6) 

C4—C5  1.3997 1.333 (6) 

C5—C6  1.4071 1.426 (6) 

C5—N1  1.4152 1.537 (5) 

C7—C8  1.3969 1.381 (4) 

C7—C11  1.4013 1.386 (4) 

C8—C9  1.4061 1.399 (5) 

C8—N2  1.4124 1.547 (5) 

C9—C10  1.3844 1.385 (5) 

C10—C12  1.4065 1.401 (4) 

C11—C12  1.4164 1.417 (4) 

O1—C12  1.3541 1.336 (3) 

N1—N2  1.263 1.174 (4) 
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Table 3: Experimental and theoretical angles 

Angle  Theoretical Experimental 
C18—N6—C20  104.8159 103.9 (2) 
C2—C1—C6  119.3819 119.0 (4) 
C1—C2—C3  118.1767 119.3 (4) 
N3—C14—C11  125.7455 121.1 (3) 
C1—C2—C13  120.4741 121.2 (4) 
C3—C2—C13  121.3492 119.4 (4) 
C4—C3—C2  120.8914 123.6 (4) 
N3—C15—C16  109.9768 110.2 (2) 
C3—C4—C5  120.4182 117.8 (4) 
C4—C5—C6  119.2652 123.7 (4) 
C15—C16—C17  113.7855 113.1 (2) 
C4—C5—N1  115.7123 116.4 (4) 
C6—C5—N1  125.0225 119.9 (4) 
C5—C6—C1  119.7799 116.5 (4) 
C8—C7—C11  122.796 121.6 (3) 
N4—C17—C16  113.8787 111.5 (2) 
C7—C8—C9  118.7645 119.0 (3) 
C7—C8—N2  116.0647 111.1 (3) 
C9—C8—N2 125.1708 129.8 (3) 
C10—C9—C8  119.691 120.7 (3) 
N6—C18—N4  112.6158 112.8 (2) 
C9—C10—C12  121.3768 120.4 (3) 
C20—C19—N4  105.6623 105.6 (2) 
C7—C11—C12  117.5065 119.4 (3) 
C19—C20—N6  110.7339 111.3 (2) 
C7—C11—C14  117.313 119.5 (3) 
C12—C11—C14  125.1804 121.1 (3) 
O1—C12—C10  120.8141 119.6 (3) 
C14—N3—C15  117.2776 119.3 (3) 
O1—C12—C11  119.3208 121.5 (2) 
C18—N4—C19  106.172 106.4 (2) 
C10—C12—C11  119.8651 118.9 (3) 
C18—N4—C17  126.9746 126.2 (2) 
N2—N1—C5  114.8834 108.1 (3) 
C19—N4—C17  126.8219 127.3 (2) 
N1—N2—C8  114.7568 105.2 (3) 
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Highlights 

- Synthesis and characterization of Schiff base based on imidazole is reported. 

- The structure of Schiff base was confirmed by X-ray crystallography. 

- The Schiff base was screened for its potential antibacterial. 

- The structure of Schiff base was investigated using DFT and the nature of HOMO and 
LUMO, electronic absorption were theoretically studied.  

 


