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Table 1. Different conformations obtained for complexes of 
compounds 3, 2, and 4. 

Compound Conformation  (degrees)  (degrees)
Relative energy 

(kcal/mol)

A 90.79 -66.78 0.00

B 90.79 -126.78 0.31

C 90.79 -141.78 0.70

D 90.79 38.22 5.53

E -74.21 -6.78 5.95

F -74.21 83.22 5.96

G -74.21 8.22 6.07

3 

H -74.21 -111.78 9.14

A 119.94 48.83 0.00

B 119.94 108.83 0.93

C 134.94 -146.17 2.99

D 134.94 33.83 3.07

E 134.94 -86.17 4.35

F 134.94 168.83 4.96

G 179.94 63.83 7.61

H -135.06 -131.17 7.92

2

I -135.06 33.83 7.93

A -128.85 9.68 0.00

B -128.85 99.68 0.13

C -83.85 114.68 1.37

D -98.85 -20.32 3.16

E 111.15 144.68 3.63

4

F -38.85 24.68 3.63



2

Table 2. Inhibitory activities of compounds 9 and 14 against DNA 

gyrase from E. coli.

a Concentration of compound that inhibits the enzyme activity by 50%. b RA – Residual 
activity of the enzyme at the indicated concentration of the compound. 
Mean values with standard deviations are reported. Biological assessments were 
performed in duplicate.

Compound Structure IC50 (nM)a  or RA (%)b E. coli gyrase
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1H and 13C NMR spectra of the representative compounds

4,5-Dibromo-N-(6-nitrobenzo[d]thiazol-2-yl)-1H-pyrrole-2-carboxamide (6)
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f1 (ppm)

13C NMR (100 MHz, DMSO-d6)
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(Z)-N-(3-Benzyl-6-nitrobenzo[d]thiazol-2(3H)-ylidene)-4,5-dibromo-1H-pyrrole-2-
carboxamide (7)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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(Z)-N-(6-Amino-3-benzylbenzo[d]thiazol-2(3H)-ylidene)-4,5-dibromo-1H-pyrrole-2-
carboxamide (8)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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tert-Butyl(Z)-2-((3-benzyl-2-((4,5-dibromo-1H-pyrrole-2-carbonyl)imino)-2,3-
dihydrobenzo[d]thiazol-6-yl)amino)-2-oxoacetate (9)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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(Z)-2-((3-Benzyl-2-((4,5-dibromo-1H-pyrrole-2-carbonyl)imino)-2,3-
dihydrobenzo[d]thiazol-6-
yl)amino)-2-oxoacetic acid (2) 

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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2-Bromo-6-nitrobenzo[d]thiazole (10)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, chloroform-d)
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N-Benzyl-6-nitrobenzo[d]thiazol-2-amine (11a)
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1H NMR (400 MHz, chloroform-d)
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N-Benzyl-4,5-dibromo-N-(6-nitrobenzo[d]thiazol-2-yl)-1H-pyrrole-2-carboxamide 
(12a)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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N-(6-Aminobenzo[d]thiazol-2-yl)-N-benzyl-4,5-dibromo-1H-pyrrole-2-
carboxamide (13a)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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tert-Butyl2-((2-(N-benzyl-4,5-dibromo-1H-pyrrole-2-carboxamido)benzo[d]thiazol-6-
yl)amino)-2-oxoacetate (14a)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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2-((2-(N-Benzyl-4,5-dibromo-1H-pyrrole-2-carboxamido)benzo[d]thiazol-6-yl)amino)-2-
oxoacetic acid (3)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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tert-Butyl 3-(((6-nitrobenzo[d]thiazol-2-yl)amino)methyl)benzoate (11b)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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tert-Butyl3-((4,5-dibromo-N-(6-nitrobenzo[d]thiazol-2-yl)-1H-pyrrole-2-
carboxamido)methyl)benzoate (12b)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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tert-Butyl 3-((N-(6-aminobenzo[d]thiazol-2-yl)-4,5-dibromo-1H-pyrrole-2-
carboxamido)methyl)benzoate (13b)

012345678910111213141516
f1 (ppm)

1H NMR (400 MHz, DMSO-d6)
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tert-Butyl 3-((4,5-dibromo-N-(6-(2-(tert-butoxy)-2-oxoacetamido)benzo[d]thiazol-2-yl)-
1H-pyrrole-2-carboxamido)methyl)benzoate (14b)
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3-((4,5-Dibromo-N-(6-(carboxyformamido)benzo[d]thiazol-2-yl)-1H-pyrrole-2
carboxamido)methyl)benzoic acid (4)
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1H NMR (400 MHz, DMSO-d6)
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HRMS spectra of the representative compounds

4,5-Dibromo-N-(6-nitrobenzo[d]thiazol-2-yl)-1H-pyrrole-2-carboxamide (6)
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(Z)-N-(3-Benzyl-6-nitrobenzo[d]thiazol-2(3H)-ylidene)-4,5-dibromo-1H-pyrrole-2-
carboxamide (7)
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(Z)-N-(6-Amino-3-benzylbenzo[d]thiazol-2(3H)-ylidene)-4,5-dibromo-1H-pyrrole-2-
carboxamide (8)
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tert-Butyl(Z)-2-((3-benzyl-2-((4,5-dibromo-1H-pyrrole-2-carbonyl)imino)-2,3-
dihydrobenzo[d]thiazol-6-yl)amino)-2-oxoacetate (9)
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(Z)-2-((3-Benzyl-2-((4,5-dibromo-1H-pyrrole-2-carbonyl)imino)-2,3-
dihydrobenzo[d]thiazol-6-
yl)amino)-2-oxoacetic acid (2) 
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N-Benzyl-6-nitrobenzo[d]thiazol-2-amine (11a)
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N-Benzyl-4,5-dibromo-N-(6-nitrobenzo[d]thiazol-2-yl)-1H-pyrrole-2-carboxamide 
(12a)
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N-(6-Aminobenzo[d]thiazol-2-yl)-N-benzyl-4,5-dibromo-1H-pyrrole-2-
carboxamide (13a)
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tert-Butyl2-((2-(N-benzyl-4,5-dibromo-1H-pyrrole-2-carboxamido)benzo[d]thiazol-6-
yl)amino)-2-oxoacetate (14a)
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2-((2-(N-Benzyl-4,5-dibromo-1H-pyrrole-2-carboxamido)benzo[d]thiazol-6-yl)amino)-2-
oxoacetic acid (3)
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tert-Butyl 3-(((6-nitrobenzo[d]thiazol-2-yl)amino)methyl)benzoate (11b)
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tert-Butyl3-((4,5-dibromo-N-(6-nitrobenzo[d]thiazol-2-yl)-1H-pyrrole-2-
carboxamido)methyl)benzoate (12b)
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tert-Butyl 3-((N-(6-aminobenzo[d]thiazol-2-yl)-4,5-dibromo-1H-pyrrole-2-
carboxamido)methyl)benzoate (13b)
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tert-Butyl 3-((4,5-dibromo-N-(6-(2-(tert-butoxy)-2-oxoacetamido)benzo[d]thiazol-2-yl)-
1H-pyrrole-2-carboxamido)methyl)benzoate (14b)



36

3-((4,5-Dibromo-N-(6-(carboxyformamido)benzo[d]thiazol-2-yl)-1H-pyrrole-2 
carboxamido)methyl)benzoic acid (4)
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HPLC chromatograms of the final compounds

(Z)-2-((3-Benzyl-2-((4,5-dibromo-1H-pyrrole-2-carbonyl)imino)-2,3-
dihydrobenzo[d]thiazol-6-yl)amino)-2-oxoacetic acid (2) 
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2-((2-(N-Benzyl-4,5-dibromo-1H-pyrrole-2-carboxamido)benzo[d]thiazol-6-yl)amino)-2-
oxoacetic acid (3) 
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3-((4,5-Dibromo-N-(6-(carboxyformamido)benzo[d]thiazol-2-yl)-1H-pyrrole-2-
carboxamido)methyl)benzoic acid (4)


