
Identification of novel benzoxa-[2,1,3]-diazole substituted amino 
acid hydrazides as potential anti-tubercular agents 
 
Table S1: Initial screen of 99 compounds against a range of Gram-positive, Gram-negative and mycolata 

bacterial in a 96-well plate REMA assay at 128 g/ml. Blue cells indicate no bacterial growth. Empty cells 
indicate bacterial growth. 
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Figure S1: Several of the amino acid hydrazides presented as a mixture of rotamers by NMR. 
To prove this, variable temperature 1H-NMR of 14 in DMSO was undertaken. Raising the 

temperature from ambient (Spectrum 1) to 50 C (Spectrum 2) demonstrated no discernible 

difference in signals however, a further increase to 100 C saw coalescence of the signals 
(Spectrum 3). Furthermore, returning the sample to room temperature allowed for the 
rotamers to regress back to their original values and a spectrum identical to spectrum 1. 
 

 

 VT 1H-NMR of 12 at 1) room temperature; 2) 50 C; 3) 100 C; Blank space in the spectra have been removed for clarity and 
increased coverage of the spectrum. 

 



Table S2: Antibacterial activity against Gram-positive, -negative and mycolata bacteria and Mammalian Cell Toxicity of amino acid hydrazides 
and benzoxa-[2,1,3]-diazole amino acid hydrazides, expressed as MIC (μM) or percentage relative to control (100 %). - = No activity from the 

REMA assay at 128 g/ml 
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Gly 4-CF3 
13a 47 % - 12.01 0 % - - - - - - - - - - - - - 

9 7 % 7:1 31.13 >90 % - - - - - - - - - - - - - 

Phg 4-CF3 
14a 95 % - 117.24 0 % - - - - - - - - - - - - - 

14b 63 % - 60.85 >90 % - - - - - - - - - - - - - 

Pro 4-CF3 
15a 85 % - 214.26 0 % - - - - - - - - - - - - - 

15b 85 %  16.33 >90 % - - - - - - - - - - - - - 

Phe 4-CF3 
16a 83 % - 151.14 <10 % - - - - - - - - - - - - - 

16b 85 % - 59.27 >90 % - - - - - - - - - - - - - 

Ala 4-CF3 17a 93 % - 46.06 0 % - - - - - - - - - - - - - 



17b 60 % - 17.25 > 90 % - - - - - - - - - - - - - 

Gly H 
18a 76 % 5:1 90.46 57 % - - - - - - - - - - - - - 

10 60 % 4:1 36.67 0 % - - - - - - - - - - - - 20.95 

Gly 4-F 
19a 78 % 4:1 112.95 59 % - - - - - - - - - - - - - 

19b 57 % 4:1 20.00 60 % - - - - - - - - - - - - - 

Gly 4-Cl 
20a 96 % 4:1 106.75 43 % - - - - - - - - - - - - 1.67 

20b 43 % 6:1 19.22 80 % - - - - - - - - - - - - - 

Gly 3-Cl 
21a 80 % 4:1 213.50 55 % - - - - - - - - - - - - 3.34 

21b 22 % 5:1 19.22 45 % - - - - - - - - - - - - 4.81 

Gly 2-Cl 
22a 95 % 3:1 106.75 <20 % - - - - - - - - - - - - 26.69 

22b 29 % 4:1 19.22 70 % - - - - - - - - - - - - - 

 



Table S3: Bacterial strains and growth media used in the REMA assays. 

Test Organisms Strain Growth Media (Broth) 

Bacillus cereus 7464 Brain Heart Infusion   
Bacillus subtilis 9372 Brain Heart Infusion   
Enterococcus faecalis 775 Brain Heart Infusion   
Enterococcus faecium 7171 Brain Heart Infusion   

Escherichia coli K12 Nutrient   
Klebsiella pneumonae 9282 Brain Heart Infusion   
Listeria monocytogenes NCTC 10357 Nutrient   
Micrococcus luteus ATCC10786 Nutrient    
Mycobacterium bovis BCG Pasteur Middlebrook 7H9 

Mycobacterium smegmatis mc2155 Middlebrook 7H9   

Mycobacterium tuberculosis 
mc27000 ( RD1 

panCD) 
Middlebrook 7H9 

Proteus mirabilis NCTC 11938 Nutrient   
Pseudomonas aeruginosa 19880 Nutrient   
Rhodococcus equi NCTC1621 Nutrient   
Salmonella enterica subsp. enterica NCTC 6754 Nutrient   
Serratia marcescens NCTC 10211 Nutrient   
Staphylococcus aureus DSM110 Nutrient    
Staphylococcus aureus MRSA Nutrient    

Streptococcus agalactiae NCTC8181 Todd Hewitt   
Streptococcus equi 4044 Todd Hewitt   
Streptococcus equi 4047 Todd Hewitt   
Streptococcus pyogenes 20565 Todd Hewitt   

Yersinia enterocolitica NCTC11176 Nutrient   

 
 
  



1H NMR, 13C NMR for all compounds 
Compound 1 is commercially available (CAS: 20138-79-8) 
Compound 2, 3, 4 are all patented compounds (WO2009034396A2) 
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Compound 7 

 



  



Compound 8 
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Compound 9 
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Compound 14b 
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