
1 
 

Supplementary Material 

 

Isoniazid linked to sulfonate esters via hydrazone functionality: Design, synthesis, and 

evaluation of antitubercular activity  

 

Ebru Koçak Aslana, M. İhsan Hanb, Vagolu Siva Krishnac, Rasoul Tamhaevd,e, Cagatay Dengizf, 
Şengül Dilem Doğang, Christian Lherbetd, Lionel Moureye, Tone Tønjumc,h, Miyase Gözde 
Gündüza* 

 

aDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, Hacettepe University, Sıhhiye, 
06100, Ankara, Turkey 

bDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, Erciyes University, 38039, 
Kayseri, Turkey 

cUnit for Genome Dynamics, Department of Microbiology, University of Oslo, Oslo, Norway 

d SPCMIB, UMR5068, CNRS, Université de Toulouse, UPS, Toulouse, France. 

eInstitut de Pharmacologie et de Biologie Structurale, IPBS, Université de Toulouse, CNRS, UPS, 
Toulouse, France. 

fDepartment of Chemistry, Middle East Technical University, 06800, Ankara, Turkey 

gDepartment of Basic Sciences, Faculty of Pharmacy, Erciyes University, 38039, Kayseri, Turkey 

hUnit for Genome Dynamics, Department of Microbiology, Oslo University Hospital, Oslo, 
Norway 

 

*Corresponding author 

Dr. Miyase Gözde GÜNDÜZ 

 

Address: Hacettepe University 

Faculty of Pharmacy 

Department of Pharmaceutical Chemistry 

06100 Sıhhiye 

Ankara, TURKEY 

E-mail address: miyasegunduz@yahoo.com 

 



2 
 

Table of Contents Page 

1H NMR, 13C NMR, HRMS, and FTIR Spectra of SIH1-SIH13 3-28 

InhA optimised sequence 29 

Stability assessment of SIH1, SIH4, and SIH12 in DMSO and EtOH-water 30 

Molecular docking studies 31-32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

1H NMR, 13C NMR, HRMS and FTIR spectra of SIH1 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH2 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH3 

 

 



8 
 

 

 

  



9 
 

1H NMR, 13C NMR, HRMS and FTIR spectra of SIH4 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH5 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH6 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH7 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH8 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH9 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH10 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH11 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH12 
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1H NMR, 13C NMR, HRMS and FTIR spectra of SIH13 
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InhA optimised sequence: 

ATGACAGGGCTATTAGATGGAAAAAGGATATTGGTCTCCGGTATCATCACTGACT
CTTCTATCGCATTTCACATCGCGCGCGTTGCCCAAGAGCAGGGTGCGCAACTGGT
GCTGACCGGCTTCGACCGCCTAAGACTTATCCAACGTATTACCGACCGTCTGCCG
GCTAAGGCTCCGCTGCTTGAGCTGGACGTTCAGAATGAAGAGCACCTGGCCTCCC
TGGCTGGCCGTGTGACCGAAGCGATCGGCGCGGGAAACAAACTGGACGGTGTCG
TGCACTCCATCGGCTTCATGCCGCAGACCGGTATGGGTATTAACCCGTTTTTCGA
CGCACCGTATGCCGACGTGTCGAAAGGTATTCATATTAGCGCATACAGCTATGCG
AGCATGGCGAAGGCGCTCTTGCCTATCATGAACCCGGGTGGCTCGATCGTGGGCA
TGGATTTTGATCCGAGCCGTGCAATGCCGGCGTACAACTGGATGACCGTTGCGAA
GTCTGCGTTGGAGAGCGTTAATCGTTTCGTGGCCCGTGAAGCTGGCAAATACGGC
GTTCGTAGCAATCTGGTAGCGGCAGGTCCGATCCGCACCCTGGCGATGAGCGCG
ATTGTTGGTGGCGCGTTAGGTGAAGAGGCTGGCGCTCAAATTCAGCTGCTGGAAG
AGGGTTGGGATCAGCGCGCGCCAATTGGTTGGAACATGAAAGATGCCACTCCGG
TTGCTAAGACGGTGTGCGCATTGCTGAGCGATTGGCTGCCGGCGACCACGGGTGA
TATTATCTATGCGGATGGTGGCGCGCATACCCAGCTGTTG 
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Stability studies in water and DMSO 
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Molecular docking studies 

 

3D view of GEQ (A) and the most plausible binding mode of SIH7 (C) in the active pocket of 
InhA (PDB ID:1P44). Ligands are shown as colored balls and sticks, protein backbone as white 
cartoons, and amino acid residues participating in the binding of both ligands as gray sticks. 2D 
depictions of enzyme-ligand interactions are provided for GEQ (B) and SIH7 (D): Hydrogen bond 
acceptors-red arrows, hydrogen bond donor-green arrow, and hydrophobic interactions-yellow 
spheres. 

Initially, we examined the binding mode of GEQ, the co-crystallized ligand of 1P44. This inhibitor 
binds to the InhA enzyme through hydrogen bonds with NAD+ and Tyr158, like most of the direct 
inhibitors of InhA reported in the literature. Furthermore, two terminal aromatic rings were 
responsible for forming hydrophobic contacts within the lipophilic pockets of the active site. 
Subsequently, we analyzed the docking pose of SIH7 in the same binding pocket. SIH7 
demonstrated a similar orientation with GEQ and formed hydrogen bond with the cofactor NAD 
through the sulfonate moiety. Additionally, aromatic rings mediated hydrophobic interactions 
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within the same lipophilic pockets occupied by the co-crystallized ligand. However, hydrogen bond 
with Tyr158 as one of the key interactions of direct InhA inhibitors lacks for SIH7. Consequently, 
although SIH7 occupies the native ligand-binding pocket with many common interactions, the 
lacking hydrogen bond with Tyr158 can explain the moderate InhA inhibitory activity of SIH7.  
 


