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 In this work, the synthesis of 6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) (6a) 
and 5,5'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(benzene-1,3-diamine) (6b) was carried out and 
characterized by spectral data from 1H NMR, 13C NMR, IR and mass spectrometry. The optical 
properties of these compounds were studied, in particular the evolution of reflectance, absorption 
and band gap energy, and a scanning electron microscopy (SEM) analysis was performed. A 
comparative in-silico study combining DFT-based reactivity analysis, ADMET prediction, and 
molecular docking were employed for compounds 6a and 6b. Both exhibited distinct reactivity 
profiles and strong binding affinities toward DNA Gyrase B (7C7N) and the DNA-ruthenium 
complex (4E7Y), highlighting their potential as antibacterial agents, as well their potential use 
in photovoltaic application and for near infrared light shielding basing on the optical results. 
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1. Introduction  
   

 Oxadiazoles belong to the class of heterocyclic compounds and consist of one oxygen atom and two nitrogen atoms, 
forming a five-membered heterocyclic ring1-3. 1,3,4-Oxadiazole is a furan derivative in which two carbon atoms are 
substituted with pyridine-type nitrogen atoms. 1,3,4-Oxadiazole derivatives exhibit a wide range of properties used in 
various industrial sectors. These substances possess a broad spectrum of biological activities, facilitating their use in 
medicine and pharmacology as active agents, including anti-inflammatory4, analgesic5, antimicrobial6, antiviral7, antifungal 
8 and antitumor 9. A recent review focused on the antimicrobial properties of 1,3,4-oxadiazoles10. Due to their biological 
potential, these substances are also used in agriculture as herbicides, insecticides11 and plant protection agents to control 
bacterial12, viral13 and fungal diseases14. 1,3,4-Oxadiazole compounds also exhibit interesting optical properties15. 

To explain the reactivity as well as the biological behavior of 6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-
chloroaniline) (6a) and 5,5'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(benzene-1,3-diamine) (6b), an in-silico analysis 
combine DFT Calculations, ADMET prediction and Molecular Docking, was conducted to see how the electronic 
characteristics correlate with the absorption, distribution, metabolism and excretion, as well as with the binding to select 
biological activities. 
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2. Results and Discussion 
 

2.1 Synthesis and characterization 

The esterification of oxalic acid (1) was carried out in methanol in the presence of thionyl chloride under reflux for six 
hours to obtain dimethyl oxalate (3) in 91% yield16. Next, the reaction of dimethyl oxalate (3) with hydrated hydrazine 
under stirring at room temperature for 18 hours gave oxalohydrazide (4) in 86% yield17. Finally, the condensation of 
oxalohydrazide (4) with an acid derivative (5) in the presence of phosphoryl trichloride for six hours yielded 6,6'-([2,2'-
bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) (6a) in 96% yield and 5,5'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-
diyl)bis(benzene-1,3-diamine) (6b) in 87% yield18. This method differs from that described in the literature19. 
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Scheme 1. Methodology for the synthesis of 6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) (6a) and 5,5'-
([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(benzene-1,3-diamine) (6b) 

The structure of 6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) (6a) and 5,5'-([2,2'-bi(1,3,4-
oxadiazole)]-5,5'-diyl)bis(benzene-1,3-diamine) (6b) was identified based on spectral data: 1H NMR, 13C NMR, IR, and 
mass spectrometry. 

The ¹H NMR spectrum of 6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) (6a) shows a persistent singlet 
at 5.74 ppm, associated with the amine protons, as well as signals corresponding to the aromatic ring protons at 7.38, 7.60, 
and 7.78 ppm. The ¹³C NMR spectrum of the compound shows C=N bond resonance signals at 164.46 and 163.59 ppm, 
while those of the cyclic carbons appear at 147.30, 132.89, 128.28, 121.64, 117.55, and 116.74 ppm. The IR spectrum 
(ATR) reveals an absorption band at 1664 cm⁻¹ due to the presence of a C=N bond and a band between 3125 and 3202 cm⁻¹ 
associated with the NH₂ bond. Mass spectrometry (ESI) shows the molecular ion peak m/z = 389[M+H]⁺. 

 
Analysis of the 1H NMR spectrum of 5,5'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(benzene-1,3-diamine) (6b) reveals a 

singlet at 5.40 ppm incorporating eight protons from the amine group, as well as bulks at 7.26 and 7.46 ppm corresponding 
to aromatic protons. The 13C NMR spectrum of the compound shows two signals at 161.46 and 161.04 ppm corresponding 
to C=N bonds and signals at 148.35, 127.30, 111.71, and 104.51 ppm due to aromatic carbons. The spectrum reveals two 
bands at 3032–3117 cm⁻¹ associated with NH₂ and a band at 1625 cm⁻¹ corresponding to the C=N bond. The mass spectrum, 
taken in (ESI), shows a molecular peak relative to the molecular ion m/z = 351[M+H]+. 
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2.2. Optical properties 
 
     Studying the light reflection and absorption behavior of materials is crucial before their use in optoelectronic devices, as 
their overall efficiency depends on their ability to absorb light over a range of required wavelengths. 

Indeed, for both samples (6a and 6b), the evolution of reflectance as a function of wavelength is almost identical (Fig. 
1). It increases with increasing wavelength, reaching significant values in the near-infrared (NIR) range, on the order of 80 
to 85%. This is very promising for the application of these two samples for near infrared light shielding. 

 

 
Fig. 1: Light reflection spectra in visible (Vis) and near infrared range (NIR) for (6a) and (6b)  

 
     Furthermore, according to Fig. 2, in the visible spectrum, specifically between 400 and 500 nm, sample (6a) exhibits 
higher absorption values than sample (6b). This behavior is reversed between 500 and 750 nm for both samples. However, 
in the near-infrared (above 750 nm), both samples show similar behavior with low absorption values. It can be concluded 
that the chromophores present in both samples are responsible for this absorption capacity observed in the visible spectrum. 
Furthermore, the optical band gap energy can be determined graphically using the following equation20: 
 

(𝛼𝛼.ℎ𝜈𝜈)1 𝛾𝛾� = 𝐴𝐴 (ℎ𝜈𝜈 − 𝐸𝐸g) 
α : Absorption coefficient 
ℎ: Planck's constant 
𝜈𝜈: photon frequency 
A: constant 
𝛾𝛾 a constant related to the type of electronic transition, which is direct or indirect if 𝛾𝛾 is equal to 1/2 or 2, respectively 
Eg is determined graphically by linear extraction of the region (αhν)1/n depending on (hν) on the X axis.  
 

After adjustment, we found that the optical band gap energy of both samples is direct. According to Figure 3, the direct 
band gap energy values correspond to 2.23 to 2 eV for (6a) to (6b), respectively. This suggests a promising application of 
these samples, in particularly (6b) in the photovoltaic field, which requires low band gap energy values. 
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Fig. 2. Absorption spectra in visible and near 
infrared range for (6a) and (6b) 

Fig. 3. Tauc plots for (6a) and (6b) 
 

 
2.3. Scanning electron microscopy (SEM) 

 
The morphology of samples (6a) and (6b) was analyzed by scanning electron microscopy (SEM) at different 

magnifications (Fig. 4). These results clearly indicate that sample (6a) has a rougher surface than (6b). The latter appears 
more crystalline than (6a) because it shows particles in the form of fine flakes after magnifications of 100 μm (1) and 10 
μm (2). 

 

 
Fig. 4. SEM images at 100 μ (1, 2) and 10 μ (3, 4) for 6a (1, 3) and 6b (2, 4)  

 
2.4. Theoretical Analysis of Chemical Reactivity of 6a and 6b 

The HOMO/LUMO analysis and corresponding global reactivity indices of compounds 6a and 6b indicate that they 
exhibit different properties regarding their susceptibilities toward undergoing chemical reactions. 

Table 1. Chemical hardness η, chemical electron potential μ, electrophilicity ɷ, nucleophilicity index N, HOMO and LUMO 
energies, Gap energy (ΔE) of the two compounds 6a and 6b. 

 LUMO (u.a)  HOMO (u.a) (ΔE)   Ω (eV) ɳ (eV) N (eV) µ (eV) 
6a -0.09308 -0.23239 3.79 5.17 1.89 3.40 -4.425 
6b -0.07624 -0.21074 3.66 4.15 1.83 3.99 -3.90 
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Fig. 5. Comparison of HOMO, LUMO, and Energy Gap (ΔE) for Compounds 6a and 6b 

From the analysis of frontier molecular orbital energy levels, we found that compound 6b had a higher HOMO value (-
5.73 eV) compared to that of compound 6a (-6.32 eV), which shows that compound 6b has a stronger ability to donate 
electrons and is therefore more nucleophilic than compound 6a. On the other hand, compound 6a had a lower LUMO energy 
(-2.53 eV) than that of compound 6b (-2.07 eV), indicating that compound 6a is more likely to accept electrons and has 
greater electrophilicity than compound 6b. The energy gap for 6b was slightly smaller (3.66 eV) than for compound 6a 
(3.79 eV), indicating that 6b may be marginally more reactive than compound 6a, but its greater hardness (η = 1.89 eV vs 
1.83 eV) suggests that compound 6a is more stable than compound 6b. However, the chemical potential and global 
electrophilicity index confirmed that compound 6a was much more electrophilic (μ = -4.43 eV, ω = 5.17 eV) than was 
compound 6b (μ = -3.99 eV, ω = 3.40 eV).  

     The compound 6a acts primarily as a stable electrophile, while compound 6b functions primarily as a nucleophile and 
is thus slightly more reactive in the presence of electrophilic species. 

6a

6b

 

Fig. 6. Molecular Electrostatic Potential (MEP) Surface Visualization of Compounds 6a and 6b 
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Molecular Electrostatic Potential (MEP) of Compounds 6a and 6b (Fig 6) show that there is a very clear electrical 
polarization of the electron density throughout these compounds' molecular structures. The carbonyl oxygen atom and the 
heteroatoms (N and O) are where the most negative electrostatic potential occurs, which are likely to be the preferred 
electrophilic attack sites and the most favourable hydrogen bond acceptor sites for both compounds. The blue areas of the 
MEP correspond to areas of the molecule that have little or no electron density, which in this case are due to hydrogen 
atoms and fragments that are less electronegative. These regions will be able to interact through weak donor or electrostatic 
interactions with other compounds. Compared to Compound 6a, Compound 6b has a greater extent of the negative potential 
and therefore has a greater amount of electron density and polarity that may assist it to participate in electrostatic and 
hydrogen bond interactions with biological targets. In general, the distribution of MEP suggests that the heteroatom-rich 
regions dominate the reactivity and intermolecular interaction behaviour of both compounds, providing a strong basis for 
the predicted docking affinities and biological activities of these compounds. 
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Fig. 7. Spin density maps of Parr functions illustrating the pK⁺ and pK⁻ reactive sites for compounds 6a and 6b 

Compound 6a's pK⁻ assessment, as detailed below, determined that N13 and N33 are the primary nucleophilic sites, 
whereas carbonyl oxygen atoms (O5 and O22) act as secondary sources for nucleophiles. Other nitrogen and conjugated 
carbon atoms show variations of nucleophilic behavior and impact regional selectivity or intermolecular interactions. 

C1 and C23 (as identified through the pK⁺ evaluation) are the most electrophilic parts of this compound; these positions 
are therefore where nucleophiles will preferentially react. Conversely, C4 and C6 are the next preferred reactions among 
the carbon sources. A number of H atoms possess significant pK⁺ values, indicating their potential involvement in hydrogen-
bond donation and intermolecular stabilization. 

As for 6b, the N-enriched terminal region (N29–N32) has the highest pK⁻ values of all of the components, representing 
the greatest source for nucleophile capacity; oxygen acts next, albeit at lower tendencies. 

Analysis via pK⁺ clearly indicates that C1 and C17 are the zones of highest electrophilicity for this compound; these 
areas provide the highest likelihood for nucleophilic intervention in the compound. Other carbon positions (C4 and C6) 
indicate lower levels of electrophilicity but, similar to 6a, are all carbon sources and are therefore primarily carbon-based 
nucleophiles. Similarly, numerous H atoms are in very active configurations (H-atoms) that act in support of H-bond 
formation and intermolecular stabilization with regard to nitrogens in both compounds. 

The populations of ELF (Fig 8) indicate where the most significant electron donating and bond polarizing sites of 6a 
and 6b are located, as well as where electron flow occurs and how electron density distributes throughout the entire 
molecule. 

The ELF analysis of compounds 6a and 6b reveals that the oxygen atoms (O1 and O2) are the sites of highest electron 
density, with their populations being approximately 4.2 to 4.3 electrons. Therefore, it is concluded that oxygen is a 
significant nucleophile for these compounds. In addition to oxygen, nitrogen (N1, N2, N5, and N8) was determined from 
the analysis to have a substantial amount of electron density (1.6-3.1 electrons). Thus, nitrogen was classified as a 
nucleophile, although only a secondary nucleophile compared to oxygen. Additionally, the covalent C–H bonds of 6a and 
6b have a population near two electrons, indicating that these bonds are adequately localized; however, the populations of 
electrons in the intermediate C–C and C–N bonds (2.4-3.1 electrons) exhibit partial delocalization, particularly within the 
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conjugated portions of the compounds, which results in increased stability for both molecules. The polar bonds of 6a and 
6b (C–O and C–Cl), as expected, show greater electron density near the more electronegative atoms of carbon and chlorine, 
indicating both the polar nature of these bonds and their potential for reactivity.  

6a

6b
 

Fig. 8. Electron Localization Function (ELF) visualizations illustrating the distribution and localization of electrons in 
compounds 6a and 6b 

 

6b

6a

 
Fig. 9. RDG/NCI Analysis of Compounds 6a and 6b Highlighting Non-Covalent Interactions 
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The RDG (Reduced Density Gradient) and NCI (Non-Covalent Interaction) analysis provides insight into the nature and 
strength of non-covalent interactions in compounds 6a and 6b. The colour map has assigned a blue colour to areas of strong 
attractive interaction (hydrogen bonds), green areas representing weak van der Waals type interactions (dispersion forces, 
π-π stacking, etc.) and red areas representing repulsive steric interactions. For compound 6a, it can be seen that most of the 
RDG colour map consists of green colour indicating an abundance of van der Waals contact between molecular fragments 
stabilizing the dimer or conformation of the fragment; additionally, there are some small areas of blue which may indicate 
the presence of hydrogen bonds between the nitrogen and oxygen of the molecule, and there are a few limited areas of red 
which indicate little steric repulsion. With compound 6b, the RDG colour map has similar patterns to that of compound 6a: 
with the green regions indicating van der Waals interaction, but somewhat more localized than that observed for compound 
6a. Additionally, blue regions are indicative of possible hydrogen bonding, with significantly less pronounced blue areas 
indicating weaker or fewer directional interactions. These observations collected from the RDG and NCI analysis has 
assisted in planning future molecular docking experiments to help identify potential binding sites and interaction hotspots 
for target proteins. 

2.5. ADMET Properties and Docking-Redocking Validation of Compounds 6a and 6b 

Examining ADME parameters (Table 2) indicates pharmaceutical differences in two compounds (6a and 6b). 
Compound 6a has the highest lipophilicity with XLOGP3 of 3.01 and moderate polar surface area; therefore, predicted to 
have highest gastrointestinal absorption due to one Lipinski rule violation due to molecular weight. Compound 6b has much 
higher overall polarity, as shown by its high TPSA and ability to form many hydrogen bonds, and therefore, predicted to 
have minimal gastrointestinal absorption. Both compounds are predicted not to be permeant to the blood-brain barrier and 
likely P-gp substrates, indicating limited exposure to the central nervous system and possible efflux. In addition, both 
compounds have been found to have aniline structural alerts. Therefore, compound 6a is predicted to have better oral 
absorption properties than compound 6b; however, compound 6b is anticipated to be more soluble in aqueous solutions and 
have stronger intermolecular interactions compared to compound 6a, which could affect how each compound binds in 
molecular docking. 

Table 2. Comparative ADME parameters of compounds 6a and 6b 
Parameter 6a 6b 

Molecular weight (MW) > 350 g·mol⁻¹ 350.33 g·mol⁻¹ 
Log P (XLOGP3) 3.01 -0.12 

TPSA (Å²) Moderate (< 100 Å²) 181.92 Å² 
H-bond donors (HBD) 2 4 

H-bond acceptors (HBA) 5 6 
Lipinski’s rule violations 1 (MW > 350) 0 

GI absorption High  Low 
BBB permeant No No 
P-gp substrate Yes Yes 

 

Compounds 6a and 6b have predicted toxicity profiles that share and differ in some ways (Table 3). Compound 6b has 
been predicted as AMES toxic; however, Compound 6a is not flagged as a mutagenic. Their predicted activities against 
hERG I suggest they are both noninhibitors of hERG I; however, their activities against hERG II suggest they both have 
the potential to inhibit hERG II giving them both equal risk of cardiac liability. The values for acute oral toxicity (LD50) for 
both Compounds are quite comparable indicating that they both possess a similar risk of short-term toxicity; however, 
Compound 6b is also predicted to have a higher TMAX [maximum tolerated dose] in humans than Compound 6a and a 
higher chronic toxicity threshold (LOAEL) than Compound 6a; this suggests a greater degree of safety with prolonged 
exposure. Both Compounds have predicted hepatotoxicity, but neither are predicted to produce skin sensitization. When 
environmental predictions are considered, the predictions of Tetrahymena pyriformis toxicity from both Compounds are 
identical, but the predicted toxicity towards fish differs greatly, with Compound 6a predicted to have a greater toxicity to 
minnows than Compound 6b. 

Table 3. Comparative toxicity profile of compounds 6a and 6b 
Toxicity parameter 6a 6b 

AMES toxicity No Yes 
Max. tolerated dose (human) 0.244 log mg/kg/day 0.951 log mg/kg/day 

hERG I inhibitor No No 
hERG II inhibitor Yes Yes 

Oral Rat Acute Toxicity (LD₅₀) 2.726 mol/kg 2.788 mol/kg 
Oral Rat Chronic Toxicity (LOAEL) 0.779 log mg/kg_bw/day 2.285 log mg/kg_bw/day 

Hepatotoxicity Yes Yes 
Skin sensitisation No No 

T. pyriformis toxicity 0.285 log µg/L 0.285 log µg/L 
Minnow toxicity −1.192 log mM 2.057 log mM 
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The toxic potential of both Compounds resulted in the execution of molecular docking studies to assess the binding 
affinity and interaction profile of the two Compounds against two of the selected bacterial targets; DNA Gyrase B (7C7N) 
and the DNA-ruthenium complex (4E7Y). The use of toxicity predictions is a common practice in the early stages of drug 
discovery; however, it does not remove the need to investigate the target-ligand interactions. The objective of the docking 
work is to gain insight into the mechanism of antibacterial activity demonstrated by the bis-1,3,4-oxadiazole derivatives, 
while the consideration of toxicity serves to highlight possible areas for improvement in compound structure rather than 
being disqualified from being explored at this stage. 

Molecular docking targets DNA Gyrase B (PDB ID: 7C7N) and the DNA-ruthenium complex (PDB ID: 4E7Y) were 
chosen based on the molecular structure and physicochemical properties of bis-1,3,4-oxadiazole derivatives assessed in this 
study. The chemical structure of the compounds 6a and 6b demonstrates rigid structures with planar aromatic components 
and multiple heteroatoms (N, O) capable of forming multiple hydrogen-bonding interactions and establishing favorable 
electrostatic interactions in the well-defined pockets of the target structures. It has been established that DNA Gyrase B is 
an effective antibacterial target for which the identified binding site also represents a sufficient binding site for heterocyclic 
and aromatic inhibitors, both polar and hydrophobic in nature, which would augur the oxadiazole scaffold. The availability 
of high-resolution co-crystallized 4E7Y structures presented an opportunity to further investigate the mode of action of the 
fatty acid-derivative plan oxadiazole molecules by taking advantage of the DNA binding site of structurally defined DNA–
ruthenium complexes, enabling further analysis of intercalation and electrostatic interactions associated with antibacterial 
activity. The identification of high-resolution co-crystallized structures validates both PDB IDs 7C7N and 4E7Y as 
appropriate models for the evaluation of antibacterial effects and various structural formats. 

It is a necessary validation step to redock the co-crystallized ligand before docking new compounds. The reliability of 
docking protocol was evaluated using the experimentally known confirmation as a reference. Redockings of DNA Gyrase 
B (7C7N), and the DNA-Ru complex, 4E7Y) resulted in RMSDs of 0.43 Å, and 0.23 Å, respectively for comparison with 
the native structures (Fig 10). These small RMSD values demonstrate that the docking protocol is able to truly reproduce 
the experimentally known binding modes, and this instills confidence for the further docking of 6a and 6b. 

(a)

(b)

0.23 Å

0.43 Å

 
Fig. 10. Validation of Docking Protocol: Superposition of Native and Redocked Co-Crystallized Ligands in 7C7N (b) and 

4E7Y (a) 
 

6a_4E7Y 6b_4E7YGalantamine_4E7Y

-10.4 -10.4-6.4

 
Fig. 11. 2D Interaction and Hydrogen Bond Analysis of Galantamine and Compounds 6a/6b Docked into 

Acetylcholinesterase (4E7Y): Comparative Binding Affinities (kcal/mol) 
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6a_7C7N 6b_7C7NCiprofloxacin _7C7N

-8.3-8.3-7.2

 
Fig. 12. 2D Interaction and Hydrogen Bond Analysis of Ciprofloxacin and Compounds 6a/6b Docked into DNA Gyrase 

(7C7N): Comparative Binding Affinities (kcal/mol) 
 

The molecular docking studies show that 6a and 6b bind effectively to both target proteins, DNA Gyrase B (7C7N) and 
the DNA-Ru complex (4E7Y). For DNA Gyrase B (7C7N), 6a and 6b have an identical binding affinity of -8.3 kcal/mol, 
which is higher than that of the reference ligand, Ciprofloxacin (-7.2 kcal/mol) and shows the potential for increased 
antibacterial activity. For the DNA-Ru complex (4E7Y), both 6a and 6b have a binding affinity that is much greater than 
that for Galantamine (-6.4 kcal/mol. -10.4 kcal/mol indicates strong neuroprotective interactions. The data support the 
conclusion that both compounds 6a and 6b bind to the target proteins effectively, better than the reference ligands, providing 
support for their predicted biological activity. 

3. Conclusion  
 
This study confirms the structure of  6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) (6a) and 5,5'-([2,2'-

bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(benzene-1,3-diamine) (6b) by 1H NMR, 13C NMR, mass spectrometry and FTIR-ATR 
infrared spectroscopy. The reflectance of these compounds (6a and 6b) increases with increasing wavelength, reaching 
significant values in the near-infrared (NIR) range of 80 to 85%. This shows the possible application of the synthesized 
organic samples for NIR light shielding. Also, both the samples, in particular (6b) demonstrate a promising application in 
photovoltaics. Scanning electron microscopy (SEM) analysis clearly indicates well crystallized particles of sample (6b), in 
contrast to sample (6a) which showed rougher surface. The results of both, DFT Calculations for reactivity with Molecular 
Docking analyses, suggest that 6a is both less reactive (Electrophilic) and more stable than 6b (Nucleophilic) and provides 
unique chemical interaction patterns for both oxadiazole derivatives. The results show that both oxadiazole derivatives have 
significant binding potential, suggesting further evaluation of their use for potential biomedical applications. 

 
4. Experimental 

 
4.1. Materials and Methods 

 

All reagents and solvents were obtained from Sigma Aldrich and used as received. Reaction progress is monitored by 
thin-layer chromatography (TLC) on aluminum sheets coated with Merck 60 F254 silica gel (thickness 0.2 nm). Revelation 
is carried out under a UV-Visible lamp (at 254 and 365 nm). The melting points of the synthesized compounds were 
determined using a Köfler bench to degrees Celsius. FTIR spectra were recorded on a SHIMADZU FT-IR 8400S 
spectrometer with a Smart iTR accessory and attenuated with total reflection crystal diamond (ATR) in the range (500-4000 
cm-1). Spectra were recorded on a Fourier transform JNM-ECZ500/S1 FT NMR SYSTEM (JEOL) (500 MHz for proton 
and 125 MHz for carbon 13) at the Centre National pour la Recherche Scientifique et Technique (CNRST) in Rabat.  High-
resolution mass spectrometry (HRMS) was performed using an Ultimate 3000-Exactive Plus Thermo quadrupole-Orbitrap 
mass spectrometer, equipped with a collision cell, also housed at the CNRST in Rabat. 

4.2. Operating conditions of optical properties 

A Shimadzu UV-160 A spectrophotometer was used for optical measurements. 
 

4.3. Operating conditions of scanning electronic microscopy (SEM) 

Scanning electron microscopy (SEM) was performed using a Hirox SH-5500P microscope, equipped with a GEMINI 
field emission gun (FEG), operating at an accelerating voltage of 15 kV and a working distance of 5 mm. 
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4.4. General Procedure  
 
4.4.1. Synthesis of dimethyl oxalate (3) 
 

     To synthesize dimethyl oxalate (3), 7 mmol of oxalic acid (1) were dissolved in 30 mL of methanol (2), and then 8 mL 
of thionyl chloride were added at 0 °C. The reaction mixture was refluxed for six hours. After the reaction was complete, 
the mixture was neutralized to pH 7 using a 10% NaHCO3 solution until a pH of 7 was reached. This was followed by 
liquid-liquid extraction with ethyl acetate. Dimethyl oxalate (3) was obtained in liquid form by evaporation of this 
compound16. Colorless Liquid, 91%, 1H NMR(500MHz/DMSO-d6,ppm): 3,62(s,6H,CH3), 13C NMR (125MHz/DMSO-d6, 
ppm) : 156.66(2C=O), 56.56(2CH3), IR (cm-1): 1712 υC=O, 1267 υC-H, 1102 υC-O, MS(ESI): m/z = 119 [M+H]+, Found, 
%: C 40.67; H 5.07. C4H6O4. Calculated, %: C 40.68; H 5.08. 

4.4.2. Synthesis of oxalohydrazide (4) 

Seven mmol of dimethyl oxalate (3) was treated with 10 mL of hydrazine hydrate by stirring at room temperature for 
18 hours. The reaction mixture was then concentrated and subjected to several triturations with methanol to remove excess 
hydrazine hydrate. The solid was finally recrystallized from ethanol, yielding a white powder17. Solid White, 86%, m.p: 
242°C 1H NMR(500MHz/DMSO-d6,ppm): 4.81(s,4H,NH2), 9.32(s,2H,NH),  13C NMR (125MHz/DMSO-d6, ppm) : 
157.00(2C=O), IR (cm-1): 3204 υN-H,  3061-3111 υNH2, 1721 υC=O, MS(ESI): m/z = 119 [M+H]+, Found, %: C 20.35; 
H 5.07; N 47.47. C2H6N4O2. Calculated, %: C 20.34; H 5.08; N 47.46. 

4.4.3. Synthesis of 6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) (6a) and 5,5'-([2,2'-bi(1,3,4-oxadiazole)]-
5,5'-diyl)bis(benzene-1,3-diamine) (6b) 

 

      Three millimoles of oxalohydrazide (4) are added to a solution of 6 millimoles of an acid derivative (5) in 15 mL of 
phosphoryl trichloride. The mixture is boiled under reflux for six hours. After cooling, the mixture is neutralized with a 
25% ammonia solution until a pH of 7 is reached. The precipitate formed is filtered and recrystallized in ethanol18.  

6a: 6,6'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(3-chloroaniline) 

Solid beige, 96%, m.p >300°C, 1H NMR(500MHz/DMSO-d6,ppm): 5.74(s,4H,NH2), 7.38(d,2H,CHar), 7.60(d,2H, CHar), 
7.78(s,2H, CHar).  13C NMR (125MHz/DMSO-d6, ppm): 164.46(2C=N), 163.59(2C=N), 147.30(2Car), 132.89(2Car), 
128.28(2Car), 121.64(2Car), 117.55(2Car), 116.74(2Car). IR (cm-1): 3125-3202 υNH2, 1664 υC=N, MS(ESI): m/z = 389 
[M+H]+, Found, %: C 49.47; H 2.59; N 21.64. C16H10N6O2Cl2. Calculated, %: C 49.48; H 2.58; N 21.65. 

6b: 5,5'-([2,2'-bi(1,3,4-oxadiazole)]-5,5'-diyl)bis(benzene-1,3-diamine) 

Solid brown, 87%, m.p >300°C, 1H NMR(500MHz/DMSO-d6,ppm): 5.40(s,8H,NH2), 7.26(s,2H,CHar), 7.46(s,4H, CHar). 
13C NMR (125MHz/DMSO-d6, ppm): 161.46(2C=N), 161.04(2C=N), 148.35(4Car), 127.30(2Car), 111.71(4Car), 
104.51(2Car). IR (cm-1): 3032-3117 υNH2, 1625 υC=N, MS(ESI): m/z = 351 [M+H]+, Found, %: C 54.85; H 4.01; N 32.01. 
C16H14N8O2. Calculated, %: C 54.86; H 4; N 32. 

4.5. Theoretical and Computational Methods 

This study used Density Functional Theory (DFT) because of its balance between the computational accuracy and 
computer efficiency21-23. DFT is one of the techniques used most often to study chemical and electronic reaction mechanisms 
and has produced a substantial increase in the number of theoretical studies based on its use. Gaussian 0924 was used to 
perform the DFT calculations25,with the graphical interface GaussView 6.0.16. The B3LYP/6-311G(d,p)26 method was 
utilized to optimize all stationary point geometries, as this method has demonstrated reliable performance in accurately 
describing frontier molecular orbital energies and global reactivity descriptors of heterocyclic systems26. The starting 
materials, 6a and 6b, were initially optimized using gas phase calculations. The HOMO and LUMO energies were 
determined from the optimized structures of the compounds; then the energy gap was calculated as ΔE = E (LUMO)-E 
(HOMO). The global electrophilicity (ω) and nucleophilicity (N) indices were determined following established conceptual 
DFT approaches27,28, The electrophilicity was computed using the relation ω = (µ2/2ɳ) , whereas the nucleophilicity index 
was evaluated relative to tetracyanoethylene (TCE) as a reference29 electrophile according to N = EHOMO(molecule)-
EHOMO(TCE). The electronic chemical potential (µ) and chemical hardness (ɳ) were took from the energies of the frontier 
molecular orbitals (HOMO and LUMO) using the standard expressions µ = (EHOMO + ELUMO) /2 and ɳ = (ELUMO – EHOMO) 
/2. The molecular electrostatic potential (MEP) surface27 was generated on the electron density isosurface using the 
optimized geometry obtained after complete geometry optimization. Parr reactivity functions, which are widely employed 
to identify nucleophilic and electrophilic sites in heterocyclic systems and have been successfully applied to bis-(5-
membered heterocyclic) compounds30,31, were used in this study to estimate the electrophilic and nucleophilic reactivity of 
both compounds, allowing the identification of the most reactive sites in each molecule32. Subsequently, the Electron 
Localization Function (ELF) analyses33 were performed using TopMod and Multiwfn, and SMILES representations of both 
compounds were developed in order to predict the ADME properties of each compound with the SwissADME program.34    
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The compound toxicity profiles were predicted with pkCSM35. Molecular docking studies were conducted following a 
validated redocking protocol of the co-crystallized ligand36 allowing validation of the docking grid parameters and 
confirmation of proper active-site recognition. 
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