
Benzohydrazide as a good precursor for the synthesis of novel bioactive and anti-oxidant 2-phenyl-1,3,4-oxadiazol-aminoacid derivatives: Structural determination, biological and anti-oxidant activity. 
Khaled Briki 1*, Talal Lahreche2, Mouna Souad Abbassi 1, Mokhtar Boualem Lahrech1, Adil Ali Othman3, Ahmed M. Elissawy4,5, Abdel Nasser B. Singab4,5
1Laboratory of Organic Chemistry and Natural Substance, University Ziane Achour, AinEchih, Djelfa, Algeria.
E-mail: brkhch28@live.fr; mouna0717@live.fr; lahrechmokhtarboualem@yahoo.fr
2Department of Biology, Faculty of Sciences of Nature and Life, Ziane Achour University of Djelfa, Algeria.
talal_lahreche@yahoo.fr
3Laboratoire de Synthèse Organique Bioactive, Département de Chimie Organique Industrielle, Faculté de Chimie, Université des Sciences et de la Technologie d’Oran, Mohamed Boudiaf-USTO-MB, BP. 1505, El-M’naouer, 31003 Oran, Algeria.
  adelaliothman@gmail.com.
4Department of Pharmacognosy, Faculty of Pharmacy, Ain Shams University Abbassia 11156, Cairo, Egypt.
5Centre of Drug Discovery Research and Development, Ain Shams University Abbasia, 11156,  Cairo, Egypt.
aelissawy@pharma.asu.edu.eg, Dean@pharma.asu.edu.eg.
*Corresponding author, e-mail: brkhch28@live.fr














DATA SPECTRA


Figure S1a: UV-Vis Spectra of Benzoic Acid (1)
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Figure S1b: 1HNMR Spectra of Benzoic Acid (1)
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Figure S1c: 1HNMR Spectra of Benzoic Acid (1)
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Figure S1d: 13CNMR Spectra of Benzoic Acid (1)


Figure S2a: UV-Vis Spectra of methyl benzoate (2)
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Figure S2b: IR Spectra of methyl benzoate (2)
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Figure S2c: 1HNMR Spectra of methyl benzoate (2)
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Figure S2d: 1HNMR Spectra of methyl benzoate (2)
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Figure S2e: 13CNMR Spectra of methyl benzoate (2)


Figure S3a: UV-Vis Spectra of benzohydrazide (3) 
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Figure S3b: IR Spectra of benzohydrazide (3)
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Figure S3c: 1HNMR Spectra of benzohydrazide (3)
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Figure S3d: 1HNMR Spectra of benzohydrazide (3)
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Figure S3e: 13CNMR Spectra of benzohydrazide (3)


Figure S4a: UV-Vis Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)methanamine (5a)



Figure S4b: IR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)methanamine (5a)
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Figure S4c: 1HNMR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)methanamine (5a)
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Figure S4d: 13CNMR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)methanamine (5a)



Figure S5a: UV-Vis Spectra of 3-methyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)butan-1-amine (5b)


Figure S5b: IR Spectra of 3-methyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)butan-1-amine (5b)
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Figure S5c: 1HNMR Spectra of 3-methyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)butan-1-amine (5b)
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Figure S5d: 1HNMR Spectra of 3-methyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)butan-1-amine (5b)
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Figure S5e: 13CNMR Spectra of 3-methyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)butan-1-amine (5b)


Figure S6a: UV-Vis Spectra of 2-amino-2-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanethiol (5c)


Figure S6b: IR Spectra 2-amino-2-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanethiol (5c)
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Figure S6c: 1HNMR Spectra 2-amino-2-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanethiol (5c)
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Figure S6d: 1HNMR Spectra of 2-amino-2-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanethiol (5c)
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Figure S6e: 1HNMR Spectra of 2-amino-2-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanethiol (5c)
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Figure S6f: 13CNMR Spectra of 2-amino-2-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanethiol (5c)
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Figure S6g: 13CNMR Spectra of 2-amino-2-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanethiol (5c)



Figure S7a: UV-Vis Spectra of (1S)-3-(methylsulfanyl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)propan-1-amine (5d)


Figure S7b: IR Spectra of (1S)-3-(methylsulfanyl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)propan-1-amine (5d)
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Figure S7c: 1HNMR Spectra of (1S)-3-(methylsulfanyl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)propan-1-amine (5d)
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Figure S7d: 1HNMR Spectra of (1S)-3-(methylsulfanyl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)propan-1-amine (5d)
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Figure S7e: 1HNMR Spectra of (1S)-3-(methylsulfanyl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)propan-1-amine (5d)
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Figure S7f: 13CNMR Spectra of (1S)-3-(methylsulfanyl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)propan-1-amine (5d)


Figure S8a: UV-Vis Spectra of 1-[4-amino-4-(5-phenyl-1,3,4-oxadiazol-2-yl)butyl]guanidine (5e)


Figure S8b: IR Spectra of 1-[4-amino-	4-(5-phenyl-1,3,4-oxadiazol-2-yl)butyl]guanidine (5e)
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Figure S8c: 1HNMR Spectra of 1-[4-amino-4-(5-phenyl-1,3,4-oxadiazol-2-yl)butyl]guanidine (5e)
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Figure S8d: 1HNMR Spectra of 1-[4-amino-4-(5-phenyl-1,3,4-oxadiazol-2-yl)butyl]guanidine (5e)
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Figure S8e: 1HNMR Spectra of 1-[4-amino-4-(5-phenyl-1,3,4-oxadiazol-2-yl)butyl]guanidine (5e)
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Figure S8f: 13CNMR Spectra of 1-[4-amino-4-(5-phenyl-1,3,4-oxadiazol-2-yl)butyl]guanidine (5e)


Figure S9a: UV-Vis Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)pentane-1,5-diamine (5f)


Figure S9b: IR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)pentane-1,5-diamine (5f)
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Figure S9c: 1HNMR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)pentane-1,5-diamine (5f)
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Figure S9d: 1HNMR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)pentane-1,5-diamine (5f)
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Figure S9e: 1HNMR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)pentane-1,5-diamine (5f)
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Figure S9f: 13CNMR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)pentane-1,5-diamine (5f)
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Figure S9g: 13CNMR Spectra of 1-(5-phenyl-1,3,4-oxadiazol-2-yl)pentane-1,5-diamine (5f)


Figure S10a: UV-Vis Spectra of 3-amino-3-(5-phenyl-1,3,4-oxadiazol-2-yl)propanamide (5g)


Figure S10b: IR Spectra of 3-amino-3-(5-phenyl-1,3,4-oxadiazol-2-yl)propanamide (5g)
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Figure S10c: 1HNMR Spectra of 3-amino-3-(5-phenyl-1,3,4-oxadiazol-2-yl)propanamide (5g)
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Figure S10e: 13CNMR Spectra of 3-amino-3-(5-phenyl-1,3,4-oxadiazol-2-yl)propanamide (5g)


Figure S11a: UV-Vis Spectra of 2-(1H-indol-3-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5h)


Figure S11b: IR Spectra of 2-(1H-indol-3-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5h)
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Figure S11c: 1HNMR Spectra of 2-(1H-indol-3-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5h)
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Figure S11d: 1HNMR Spectra of 2-(1H-indol-3-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5h)
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Figure S11e: 1HNMR Spectra of 2-(1H-indol-3-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5h)
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Figure S11f: 13CNMR Spectra of 2-(1H-indol-3-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5h).


Figure S12a: UV-Vis Spectra of 2-(1H-imidazol-4-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5i)


Figure S12b: IR Spectra of 2-(1H-imidazol-4-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5i)
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Figure S12c: 1HNMR Spectra of 2-(1H-imidazol-4-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5i)
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Figure S12d: 1HNMR Spectra of 2-(1H-imidazol-4-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5i)
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Figure S12f: 13CNMR Spectra of 2-(1H-imidazol-4-yl)-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanamine (5i)


Figure S13a: UV-Vis Spectra of 2-phenyl-5-(pyrrolidin-2-yl)-1,3,4-oxadiazole (5j)


Figure S13b: IR Spectra of 2-phenyl-5-(pyrrolidin-2-yl)-1,3,4-oxadiazole (5j)
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Figure S13c: 1HNMR Spectra of 2-phenyl-5-(pyrrolidin-2-yl)-1,3,4-oxadiazole (5j)
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Figure S13d: 1HNMR Spectra of 2-phenyl-5-(pyrrolidin-2-yl)-1,3,4-oxadiazole (5j)
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Figure S13e: 1HNMR Spectra of 2-phenyl-5-(pyrrolidin-2-yl)-1,3,4-oxadiazole (5j)


















BIOLOGICAL ACTIVITY
Antibacterial Activity
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Figure S14: Biological effect of synthesized products 2, 3 and 5(a-j) at 10 mg/ml against Staphylococcus aureus ATCC 25923. 
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Figure S15: Biological effect of synthesized products 2, 3 and 5(a-j) at 10 mg/ml against Bacillus cereus ATCC 14579
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Figure S16: Biological effect of synthesized products at 10 mg/ml against Listeria innocua ATCC 33090.
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Figure S17: Biological effect of synthesized products 2, 3 and 5(a-j) at 10 mg/ml against Escherichia coli ATCC 25922.
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Figure S18: Biological effect of synthesized products 2, 3 and 5(a-j) at 10 mg/ml against Pseudomonas aeruginosa ATCC 27853.
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Figure S19: Biological effect of synthesized products 2, 3 and 5(a-j) at 10 mg/ml against Candida albicans ATCC 10231.
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Figure S20: Biological effect of products at 0.1 mg/ml against Staphylococcus aureus ATCC 25923.
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Figure S21: Biological effect of products at 0.1 mg/ml against Bacillus cereus ATCC 14579.
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Figure S22: Biological effect of products at 0.1 mg/ml against Listeria innocua ATCC 33090.
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Figure S23: Biological effect of products at 0.1 mg/ml against Escherichia coli ATCC. 25922
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Figure S24: Biological effect of products at 0.1 mg/ml against Pseudomonas aeruginosa ATCC 27853.
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Figure S25: Biological effect of products at 0.1 mg/ml against Candida albicans ATCC 10231.
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         Table S1: Minimum inhibitory concentration for compounds that have good antibacterial and antifungal activities.	









S: Staphylococcus aureus ATCC 25923, B: Bacillus cereus ATCC 14579, L: Listeria innocua ATCC 33090, E: Escherichia coli ATCC 25922, P: Pseudomonas aeruginosa ATCC 27853, C: Candida albicans ATCC 10231; . +: presence of growth of microorganisms; −: inhibition of growth of micro-organisms.
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Figure S26: Biological effect of the control (AX 25 Amoxicillin, TE 30 Tetracycline, CN 120 Gentamicin,  OX 1 Oxacillin) against bacteria Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 14579, Listeria innocua ATCC 33090, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Candida albicans ATCC 10231.












Antioxidant Activity

Figure S27: Free radical scavenging activity of synthesized 2,5-disubstituted-1,3,4-oxadiazole derivatives 5(a–j), 2, and 3

Figure S28: Ferric-reducing antioxidant power of synthesized 2,5-disubstituted-1,3,4-oxadiazole derivatives 5(a–j), 2, and 3.


Figure S29: Total antioxidant capacity of synthesized 2,5-disubstituted-1,3,4-oxadiazole derivatives 5(a–j), 2, and 3.
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