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Structures of 1,3,4 - thiadiazoles under investigation
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Biological targets from Protein Data Bank

PDB ID : 3M4I [1] PDB ID : 4P80 [2] PDB ID : 4RTO [3] &
Crystal structure of the second part S. aureus gyrase bound to an Complex of Escherichia €
of the Mycobacterium tuberculosis aminobenzimidazole urea Agienlr!e Methyltransfe.ra
DNA gyrase reaction core: the inhibitor with Sinefungin and wit
TOPRIM domain at 1.95 A resolution Containing Proximal Pap

Sequence
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Docking validation of co-crystallized ligands
Interacting group Ligand interactions (A)

MPD

OH ARG451, HIS525, PRO450, TYR524, HIS560, 04(sp3) - O (sp?) LEU522:3.302
GLY520, ILE519, LEU522, ARG523

OH

Ligand (MPD): (4S)-2-methyl-2,4-pentanediol

ASN54, VAL52, ILE51, ILE102, VAL79, ILE175, N25(sp?) - N(sp2) ARG144: 2.769
VAL174, THR80, THR173, PRO87, GLY85, Né(sp?) - O(sp?) ASP81: 2.797 70.22
ASP81, ARG144, ARG84, GLY83, GLU58, N3(sp?) - O(sp2) ASP81: 2.914 0.08
SER55, ILE86 N3(sp?) - O(sp3) SER55: 3.081

Ligand (883): 1-ethyl-3-[5-(5-fluoropyridin-3-yl)-7-(pyrimidin-2-yl)-1H-benzimidazol-2-yljure

4RTO N1(sp?) - N(sp?) TYR165: 3.129

N 02’ (sp3) - O(sp?) ASP54: 2.654
03’(sp3) - O(sp3) ASP54: 2.567 67.74
03’(sp3) - N(sp?) TRP10: 3.128 0.79
O(sp?) - N(sp?) ALA38: 2.834
OXT(sp?) - O(sp3) SER40: 2.980
N(sp3) - O(sp3) ASP181: 2.426

Ligand (SFG): (2S,55)-6-[(2R,3S,4R,5R)-5-(6-aminopurin-9-yl)-3,4-dihydroxy-oxolan-2-yl]-2,5-bis(azanyl)hexanoic acid

ASN56, ILE55, PHE201, GLU163, SER164,
i GLN205, TYR165, SER168, LEU59, ASP54,
N PRO183, PHE35, ALA53, PRO182, PRO34,
ASP181, GLU33, TYR179, VAL36, TYR184,
VAL41, LYS14, SER40, GLY39, GLY13,
GLY12, GLY37, ALA38, ALA11, TRP10




Docking results for 1,3,4 - thiadiazoles against 3M4|
(Mycobacterium tuberculosis DNA gyrase)
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Interacting group Interacting group Interacting group
ASP449. ARG451, PRO450, TYR524,  ASN558, HIS560, ILE519, HIS525, GLUS57, ASN558, HIS560, ILE
ARG523, LEUS22, LYS521, GLY520, ~ ARG451, PRO450, GLY520, TYR524, E}Izsc)sisé A$$;55214 Lgiéggb‘\i
LEU522, ARG523, LYS521 : : :
ALA508, LEU509, GLY510, THR507 P ARes23, Lyeoll
y : |
Hydrogen bond: N18(sp?) - N(sp?) HIS560: 3.057 A Hydrogen bodgs:

2y _ 2 .
N24(sp2) - O (sp3) ASP449: 3.247 A N20(sp?) - N(sp2) ASN558: 3.126 A ﬂ;g‘ffpi) _NNggz; Eéi,5565%. 3

2) _ 2 :
N24(sp?) - N (sp?) ASN558: 3.103 A 5 (sp2) - N (sp?) ASN558:

Score: 38.19, RMSD: 0.06 Score:43.19, RMSD: 0.69 Score: 40.95, RMSD: 0.72



Docking results for 1,3,4 - thiadiazoles against 4P80

(Staphyloccocus aureus gyrase )
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Interacting group Interacting group Interacting group

SER55. ASN54. GLUS8. ASP81 VAL52, VAL79, ASN54, ILE51, GLU50,  ASP81, GLU58, GLY83, THR&0,
GLYS3. GLY172. ARG84. GLY85 SER55, THR80, ASP81, GLU8S, GLY83, SER55, VAL79, ASN54, ILE5T,
ILE86, PRO87, ARG144, ILE102 ARG84, THR173, VAL174, ILE175, VAL174, THR173, ARG84, GLY
SER128, THR173 ’ ’ GLY85, ARG144, ILE86, PRO87, ILE102 ARG144, ILE86, PRO87, ILE1C
Hydrogen bond: Hydrogen bonds: Hydrogen bonds:

N20(sp?) - N(sp2) ASN54: 3.062 A N24(sp2) - N(sp?) ASN54: 2.790 A N24(sp2) - N(sp2) ASN54: 2.¢
N18(sp?) - N(sp2) ASN54: 3.135 A N20(sp2) - N(sp?) ASN54: 2.944 A N20(sp?) - N(sp2) ASN54: 2.

Score: 58.08, RMSD: 0.10 Score: 56.49, RMSD: 0.18 Score: 53.61, RMSD; 0.19



Docking results for 1,3,4 - thiadiazoles against 4RTO
(Escherichia coli DNA Adenine Methyltransferase)
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Interacting group

ALA53, VAL36, GLU163, PRO34, ASP54,

PHE35, ILE55, SER164, TYR165,
ALA166, GLN205, PHE201, SER200,
PRO183, ASN120, LEU122, CYS123,

ALA11, TRP10, LYS59, ASN115, GLY121

Hydrogen bond:
N24(sp?) - N(sp?) TRP10: 3.101 A

Score: 72.21, RMSD: 0.07
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L TYR 184

Interacting group

ALA53, ASP54, GLU163, PRO34,

PHE35, ILE55, SER164, TYR165,
GLN205, PHE201, TYR184,
PRO183, PRO182, ASP181,

ALA11, GLY12, TRP10, GLY13

Hydrogen bonds:
N24(sp?) - O(sp3) ASP54: 3.000 A
N20(sp?) - O(sp3) ASP54: 2.982 A

Score: 71.15, RMSD: 0.07

T3

Interacting group

TRP10, ALA11, GLY12, GLY37,
ASP54, ALA53, ILE55,

SER164, PHE35, PRO34,
ASP181, PRO183, PRO182,
TYR184, PHE201, GLN205

Hydrogen bond;
N18(sp?) - O(sp?) ASP54: 3.

Score: 66.42, RMSD: 0.23



Assessment of oral bioavailability according Lipinski’s rule of Fi
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Lipinski's rule of five [4]:
MW < 500 Da
LogP <5
HBD < 5
HBA < 10

[4] C.A. Lipinski, Lead-and drug-like compounds: the rule-of-five revolution, Drug Discovery Today: Technologi€SE200ZNi=HENsS

118.17 2 2 0.27 2 0
376.37 2 8 1.61 4 0
382.39 10 12 -3.22 7 2
358.46 0 4 5.24 3
326.46 0 4 5.49 3
322.41 0 4 5.21 3

MW - molecular weight ; HBD - Hydrogen bond donor count; HBA - Hydrogen bond acceptor
count; logP - water-octanol partition coefficient

Conclusion:
Log P parameter is larger than 5 for all investigated 1,3,4 - thiadiazo
structures being highly lipophilic, with poor aqueous solubility. Values
over 5 suggest poor absorption or permeation. Further optlmlzatlon
ligands containing together azulene and thiadiazole moieties, is
to increase the hydrophilicity and to favor hydrophilic interactions by
NH/OH/N/O groups. Thus the propensity/probability to_.interact wi
and the ability to become biologically active, can be successfully a



Conclusions and perspectives

NN Docking conclusions:

T1 @z‘{}‘vw ¢ ) a) 3M4l (Mycobacterium tuberculosis DNA gyrase)
Q > All 1,3,4-thiadiazoles exhibit greater docking score than the natural ligand.
» T2 and T3 reveals similar scores, by forming 3 hydrogen bonds with the sa
acids residues, with N (sp?) HIS560 and N (sp?) ASN558, respectively, at
nitrogen atoms of the thiadiazole aromatic ring, that is known as structure
T2 75— Sy common in pharmacology [5] and one interaction by the diazo bond that |

% thiadiazole with the azulene.

- » The planar five-member thiadiazole ring acts as an acceptor in the H-bond for
in the biological media. Some of thiadiazole based structures posses antimi
activities, e.g. oxazolidinone analogues possessing 1,3,4 - thiadiazole C-ring, de
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[5] Y. Hu, C.Y. Li, X.M. Wang, Y.H. Yang, H.L. Zhu, 1,3,4-Thiadiazole: Synthesis, Reactions, and Applications in MEdiCinaENASE
Materials Chemistry, Chem. Rev. 2014, 114, 5572-5610.

[6] J. Matysiak, Biological and Pharmacological Activities of 1,3,4-Thiadiazole Based Compounds, Mini Reviews in MedS GRS
[7] .M. Thomasco, R.C.Gadwood, E.A. Weaver, J.M. Ochoada, C.W. Ford, G.E. Zurenko, J.C. Hamel, D. Stapert, JSSMOSrans
Yagi, The synthesis and antibacterial activity of 1,3,4-thiadiazole phenyl oxazolidinone analogues, Bioorg. Med. SRS ESEENZ200
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Conclusions and perspectives

» Docking conclusions:
b). 4P80 (S. aureus gyrase)
> All 1,3,4-thiadiazoles exhibit lower docking score than the natural ligand.
» ASN54 amino acid residue is involved by it’s Nsp? in two H-bond forming
T1-T3 ligands. Although present in the interacting surrounding group o
crystalized ligand and thiadizoles ligands, ASN54 don’t interact by hydr
bonding with the natural ligand. This compound reveals more interactions
bonding and greater docking score). So, lower, maybe inefficient activit
investigated thiadiazoles against S. aureus gyrase is expected.
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» Docking conclusions:
C). 4RTO (Escherichia coli DNA Adenine Methyltransferase)
» Concerning T1 and T2, the thiadiazole ring is involved in H bonding

Conclusions and perspectives

different amino acid residues (TRP10 and ASP54, respectively).T3 ac
differently, by a nitrogen of the azo bond, that forms Hydrogen bond wi
ASP54.

T1 and T2 reveals greater docking scores than the natural ligand. The obtaine
score for T3 is lower. The co-crystallized ligand presents interactions withi
the active binding site, whiles our investigated thiadiazoles are poorl
interacting.

Further analyses are required in order to establish certainly a possible
inhibitory action against E. coli and other hybrid optimized structure
containing thiadiazole and azulene scaffolds are considered.




