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SUPPLEMENTARY MATERIALS 

In vitro antimicrobial activity assays - Methodology 

The examined compounds 1 - 24 were screened in vitro for antibacterial and antifungal 

activities using the broth microdilution method according to procedure reported earlier 

by our research group [1-3] and European Committee on Antimicrobial Susceptibility 

Testing (EUCAST) [4] and Clinical and Laboratory Standards Institute (CLSI) guidelines 

[5] against a panel of reference and clinical or saprophytic strains of microorganisms, in-

cluding Gram-positive bacteria, Staphylococcus aureus ATCC 43300 (Methicillin Resistant 

S. aureus – MRSA), Staphylococcus aureus ATCC 29213 (Methicillin Susceptible S. aureus – 

MSSA), Staphylococcus epidermidis ATCC 12228, Enterococcus faecalis ATCC 29212, Micro-

coccus luteus ATCC 10240, Bacillus subtilis ATCC 6633 and Bacillus cereus ATCC 10876), 

Gram-negative bacteria (Bordetella bronchiseptica ATCC 4617, Escherichia coli ATCC 25922, 

Klebsiella pneumoniae ATCC 13883, Proteus mirabilis ATCC 12453, Salmonella typhimurium 

ATCC 14028 and Pseudomonas aeruginosa ATCC 9027) and fungi belonging to yeasts (Can-

dida albicans ATCC 10231, Candida albicans ATCC 2091, Candida parapsilosis ATCC 22019, 

Candida glabrata ATCC 90030 and Candida krusei ATCC 14243). The microorganisms be-

longing to ATCC came from American Type Culture Collection, routinely used for the 

evaluation of antimicrobials. All the used microbial cultures were first subcultured on nu-

trient agar or Sabouraud agar at 35°C for 18-24 h or 30°C for 24-48 h for bacteria and fungi, 

respectively. 

The surface of Mueller-Hinton agar (for bacteria) and RPMI 1640 with MOPS (for fungi) 

were inoculated with the suspensions of bacterial or fungal species. Microbial suspensions 

were prepared in sterile saline with an optical density of McFarland standard scale 0.5. 

Samples containing examined compounds were dissolved in dimethyl sulfoxide (DMSO). 

Furthermore, bacterial and fungal suspensions were put onto Petri dishes with solid me-

dia containing 2 mg/mL of the tested compounds followed incubation at 37°C for 24h and 

30°C for 48h for bacteria and fungi, respectively. The inhibition of microbial growth was 

judged by comparison with a control culture prepared without any sample tested. Ciprof-

loxacin, vancomycin, nitrofurantoin, cefuroxime, ampicillin or nystatin (Sigma) were used 

as a reference antibacterial or antifungal compounds, respectively. 

Subsequently, the MIC (Minimal Inhibitory Concentration) of the compounds was ex-

amined by the microdilution broth method, using their two-fold dilutions in Mueller-
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Hinton broth or (for bacteria) and RPMI 1640 broth with MOPS (for fungi) prepared in 96-

well polystyrene plates. Final concentrations of the compounds ranged from 1000 to 0.488 

µg/ml. Microbial suspensions were prepared in 0.85% NaCl with an optical density of 0.5 

McFarland standard. Next each bacterial or fungal suspension was added per each well 

containing broth and various concentrations of the examined compounds. After incuba-

tion, the MIC was assessed spectrophotometric as the lowest concentration of the samples 

showing complete bacterial or fungal growth inhibition. Appropriate DMSO, growth and 

sterile controls were carried out. The medium with no tested substances was used as con-

trol. 

The MBC (Minimal Bactericidal Concentration) or MFC (Minimal Fungicidal Concen-

tration) are defined as the lowest concentration of the compounds that is required to kill 

a particular bacterial or fungal species. MBC/MFC was determined by removing the cul-

ture using for MIC determinations from each well and spotting onto appropriate agar 

medium. The plates were incubated under appropriate conditions for bacteria and fungi. 

The lowest compounds concentrations with no visible growth observed was assessed as 

a bactericidal/fungicidal concentration. All the experiments were repeated three times and 

representative data are presented [6,7]. 

In this study, no bioactivity was defined as a MIC > 1000 µg/mL, mild bioactivity as a 

MIC in the range 501 – 1000 µg/mL, moderate bioactivity with MIC from 126 to 500 µg/mL, 

good bioactivity as a MIC in the range 26 – 125 µg/mL, strong bioactivity with MIC be-

tween 10 and 25 µg/mL and very strong bioactivity as a MIC < 10 µg/mL [7]. The 

MBC/MIC or MFC/MIC ratios were calculated in order to determine bactericidal/fungi-

cidal (MBC/MIC ≤ 4, MFC/MIC ≤ 4) or bacteriostatic/fungistatic (MBC/MIC > 4, MFC/MIC > 

4) effect of the tested compounds [7]. 
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Examples of 1H NMR and 13C NMR spectra of synthesized hydrazide-hydrazones of 2,4-dihydroxybenzoic acid 

 

FIGURES 

 

Figure S1. 1H NMR spectrum of compound 1 

Figure S2. 13C NMR spectrum of compound 1 

Figure S3. 1H NMR spectrum of compound 4 

Figure S4. 13C NMR spectrum of compound 4 

Figure S5. 1H NMR spectrum of compound 6 

Figure S6. 13C NMR spectrum of compound 6 

Figure S7. 1H NMR spectrum of compound 8 

Figure S8. 13C NMR spectrum of compound 8 

Figure S9. 1H NMR spectrum of compound 10 

Figure S10. 13C NMR spectrum of compound 10 
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Compound 1: 2,4-dihydroxy-N-[(2-methylphenyl)methylidene]benzohydrazide 

1H NMR (300 MHz, DMSO-d6): 2.45 (s, 3H, CH3), 6.32-6.40 (m, 2H, ArH), 7.24-7.32 (m, 3H, ArH), 7.80-7.85 (m, 2H, ArH), 8.72 (s, 1H, =CH), 10.24 (s, 1H, OH), 11.69 (s, 1H, NH), 12.43 

(s, 1H, OH). 

 
Figure S1. 1H NMR spectrum of compound 1  
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Compound 1: 2,4-dihydroxy-N-[(2-methylphenyl)methylidene]benzohydrazide 

13C NMR (75 MHz, DMSO-d6): 19.54 (CH3), 103.36, 106.49, 107.85, 126.41, 126.65, 129.93, 130.29, 131.35, 132.66, 137.44 (10Car), 147.15 (=CH), 163.01, 163.22 (2Car), 166.05 (C=O). 

 
Figure S2. 13C NMR spectrum of compound 1  
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Compound 4: 2,4-dihydroxy-N-[(4-methoxyphenyl)methylidene]benzohydrazide 

1H NMR (300 MHz, DMSO-d6): 3.80 (s, 3H, OCH3), 6.30-6.38 (m, 2H, ArH), 7.01-7.03 (d, 2H, ArH, J = 6 Hz), 7.66-7.69 (d, 2H, ArH, J = 9 Hz), 7.78-7.81 (d, 1H, ArH, J = 9 Hz), 8.37 (s, 1H, 

=CH), 10.21 (s, 1H, OH), 11.58 (s, 1H, NH), 12.43 (s, 1H, OH). 

 
Figure S3. 1H NMR spectrum of compound 4  
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Compound 4: 2,4-dihydroxy-N-[(4-methoxyphenyl)methylidene]benzohydrazide 

13C NMR (75 MHz, DMSO-d6): 55.75 (OCH3), 103.31, 106.65, 107.81, 114.82, 127.21, 129.23, 130.00 (9Car), 148.39 (=CH), 161.36, 162.78, 163.07 (3Car), 165.80 (C=O). 

 
Figure S4. 13C NMR spectrum of compound 4  
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Compound 6: 2,4-dihydroxy-N-[(4-propoxyphenyl)methylidene]benzohydrazide 

1H NMR (300 MHz, DMSO-d6): 0.95-1.00 (t, 3H, CH3, J = 9 Hz, J = 6 Hz), 1.68-1.80 (m, 2H, CH2), 3.95-3.99 (t, 2H, CH2, J = 6 Hz), 6.30-6.38 (m, 2H, ArH), 6.99-7.02 (d, 2H, ArH, J = 9 Hz), 

7.64-7.67 (d, 2H, ArH, J = 9 Hz), 7.78-7.81 (d, 1H, ArH, J = 9 Hz), 8.37 (s, 1H, =CH), 10.20 (s, 1H, OH), 11.58 (s, 1H, NH), 12.44 (s, 1H, OH). 

 
Figure S5. 1H NMR spectrum of compound 6  
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Compound 6: 2,4-dihydroxy-N-[(4-propoxyphenyl)methylidene]benzohydrazide 

13C NMR (75 MHz, DMSO-d6): 10.82 (CH3), 22.44 (CH2), 69.57 (CH2), 103.31, 106.63, 107.80, 115.25, 127.06, 129.24, 129.98 (9Car), 148.40 (=CH), 160.82, 162.80, 163.07 (3Car), 165.81 (C=O). 

 
Figure S6. 13C NMR spectrum of compound 6  
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Compound 8: N-[(2-chloro-3-methoxyphenyl)methylidene]-2,4-dihydroxybenzohydrazide 

1H NMR (300 MHz, DMSO-d6): 3.88 (s, 3H, OCH3), 6.31-6.40 (m, 2H, ArH), 7.19-7.21 (m, 1H, ArH), 7.35-7.40 (t, 1H, ArH, J = 6 Hz, J = 9 Hz), 7.58-7.61 (d, 1H, ArH, J = 9 Hz), 7.80-7.83 

(d, 1H, ArH, J = 9 Hz), 8.86 (s, 1H, =CH), 10.27 (s, 1H, OH), 11.92 (s, 1H, NH), 12.34 (s, 1H, OH). 

 
Figure S7. 1H NMR spectrum of compound 8  
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Compound 8: N-[(2-chloro-3-methoxyphenyl)methylidene]-2,4-dihydroxybenzohydrazide 

13C NMR (75 MHz, DMSO-d6): 56.77 (OCH3), 103.34, 106.36, 107.92, 114.11, 118.77, 122.17, 128.31, 130.05, 133.13 (9Car), 144.61 (=CH), 155.41, 163.13, 163.39 (3Car), 166.32 (C=O). 

 
Figure S8. 13C NMR spectrum of compound 8  
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Compound 10: N-[(3-bromo-4-methoxyphenyl)methylidene]-2,4-dihydroxybenzohydrazide 

1H NMR (300 MHz, DMSO-d6): 3.90 (s, 3H, OCH3), 6.32-6.39 (m, 2H, ArH), 7.20-7.23 (d, 1H, ArH, J = 9 Hz), 7.67-7.68 (m, 1H, ArH), 7.79-7.82 (m, 2H, ArH), 8.35 (s, 1H, =CH), 10.22 (s, 

1H, OH), 11.68 (s, 1H, NH), 12.34 (s, 1H, OH). 

 
Figure S9. 1H NMR spectrum of compound 10  



Int. J. Mol. Sci. 2023, 24, 17481 10 of 13 
 

 

Compound 10: N-[(3-bromo-4-methoxyphenyl)methylidene]-2,4-dihydroxybenzohydrazide 

13C NMR (75 MHz, DMSO-d6): 56.75 (OCH3), 103.32, 106.69, 107.90, 113.40, 122.14, 128.10, 128.26, 128.36, 133.19 (9Car), 146.83 (=CH), 156.31, 162.66, 163.16 (3Car), 165.84 (C=O). 

 
Figure S10. 13C NMR spectrum of compound 10 


