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A series of twenty-one novel hybrids of 1,2,3-triazole, 1,3,4-oxadiazole, and benzenesulfonamide motifs has been
synthesized and evaluated for inhibitory potency against cathepsin B (EC 3.4.22), a cysteine protease lysosomal
enzyme. The most potent anti-cathepsin B compounds 9d-f were docked with the cathepsin B enzyme and free
energy of binding as well as interactions involved in protein-ligand complex are reported. ADMET parameters of
9d-f were calculated to check the drug-likeness behavior as orally administrative drug candidates. HOMO-LUMO
energies as well as values of other global reactivity parameters were also calculated for all the twenty-one target
molecules using DFT calculations. The investigated compounds have possessed excellent inhibition potential
against cathepsin B enzyme with 40.50 -76.64 % inhibition at 108 M concentrations as compared to curcumin
(% inhibition = 32.46 % at 1078 M concentration), the reference taken. Further, the docking obtained results
were found in agreement with the experimentally observed higher anti-cathepsin activity of 9e among the
docked compounds. ADMET calculations proved the compounds 9d-f as safer orally administrative drug can-
didates. DFT results suggest that the compounds of series 9 are better electron acceptors than their respective
analogues in series 10 which in turn are better electron acceptors than their respective analogues in series 11.

1. Introduction

Belonging to the family of papain enzymes, cathepsins are a group of
lysosomal proteases having their presence in mammalian cells and are
responsible for various pathological functions within the cells such as
immune response, protein degradation, energy metabolism, etc. [1-3].
Contemporarily to the presence of cathepsins within the cells, recent
research work has shown them to be present outside the cells also and
are responsible for various extracellular functions [4]. Overexpression of
extracellular cathepsins, especially cathepsin B (EC 3.4.22), a cysteine
protease lysosomal enzyme, plays a crucial role in various types of
pathological as well as oncogenic processes in living beings [5,6]. The
carboxyl peptidase activity of cathepsin B involving the degradation of
proteins and peptides contributes to diverse physiological processes
such as protein processing, wound healing, apoptosis, inflammation,
neurodegeneration, etc. [7,8]. Thus, overexpression of cathepsin B is
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associated with various pathological conditions such as a tumor,
metastasis, migraine, angiogenesis, Alzheimer’s disease, myocardial
infarction, pancreatitis, etc. [9]. The diverse pathogenic functions
associated with overexpression of cathepsin B make them a biomarker
and therapeutic target for various diseases including cancer, neurode-
generative disorders such as Alzheimer’s disease, rheumatoid arthritis,
etc. and highlight the need for further potential research in the area of
synthesis of novel drug candidates capable of inhibiting the cathepsin B
enzyme.

Owing to their presence in >85 % of drugs, heterocycles are
considered as imperative and privileged architectures for designing the
newer drug candidates [10]. Especially, 1,2,3-triazoles and 1,3,4-oxa-
diazoles are significant biologically active heterocycles possessing
diverse therapeutic effects encompassing antimicrobial,
anti-inflammatory, anti-tumor, antiviral, antioxidant, etc. activities [11,
12]. Furthermore, the benzenesulfonamide motif has also been proven
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to be as an amazing entity in the field of the development of potent
biological agents. There are numerous reports in the literature exploring
the fascinating profile of 1,2,3-triazoles, 1,3,4-oxadiazoles, and benze-
nesulfonamide as cathepsin B inhibitors. Siwach et al. [13] have re-
ported carboxylic acid and ester functionalized 1,2,3-triazole
derivatives 1 as potent inhibitors of cathepsin B showing inhibition at
1077 M concentration (Fig. 1). Novel 1,2,3-triazole-aurone hybrids 2
have been reported by Saroha et al. [14,15] as an anti-cathepsin B agent
possessing inhibition activity at 10~ M concentration (Fig. 1). Garg
et al. [16] have reported the novel 2,5-diaryl-1,3,4-oxadiazoles 3 as
potent inhibitors of cathepsin B at 10~ M concentration (Fig. 1). The
area of developing anti-cathepsin B inhibitors having benzenesulfona-
mide in their skeleton is also under progress. Cyano-N-acyl-4-amino-
benzenesulfonamides 4 have been reported by Abdoli et al. [17] as
potent inhibitors of cathepsin B (Fig. 1). Recently, Vats et al. [18] have
reported keto-bridged dual triazol-containing benzenesulfonamides 5 as
potent anti-cathepsin B agents (Fig. 1). Kumar et al. [19] have also re-
ported the synthesis of thiadiazole linked benzenesulfonamides 6-8 as
potent anti-cathepsin B agents possessing 50 % inhibition at 1077 M
concentration (Fig. 1).

The above reports on the anti-cathepsin B potential of heterocyclic
molecules having one or more of the 1,2,3-triazole, 1,3,4-oxadiazole,
and benzenesulfonamide moieties in their skeleton suggest the hybrid-
ization of all of these three in a single molecule would be a prominent
step toward the development of novel, more potent, and efficient
cathepsin B inhibitors. To the best of our knowledge, no anti-cathepsin
agent having 1,2,3-triazole, 1,3,4-oxadiazole, and benzenesulfonamide
motifs in a single skeleton has been reported till now. Motivated by the
fascinating profile of 1,2,3-triazoles, 1,3,4-oxadiazoles, and
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benzenesulfonamide coupled with our quest to develop better cathepsin
B inhibitors, we have designed and synthesized a series of twenty-one
novel hybrids containing 1,2,3-triazole, 1,3,4-oxadiazole, and benze-
nesulfonamide motifs 9-11a-g and evaluated the anti-cathepsin activity
of the synthesized target molecules (Fig. 2).

Molecular docking is a computational tool used to predict the
binding interactions between the receptors/enzymes and the synthe-
sized ligands [20]. It plays an important role in the identification of
biologically potent compounds by predicting the estimated binding
energies based on the complementarities of shape and electrostatics
between the active site of the receptor and the various possible con-
formations of the ligands [21-23]. The interpretation of docking results
provides the key binding interactions which further help in the opti-
mization of structural features of the designed compounds for enhanced
potential and selectivity against the target enzyme [24,25]. DFT is
another widely adopted computational tool for understanding the
structural characteristics of designed compounds by providing
HOMO-LUMO energies as well as other global reactivity parameters
including HOMO-LUMO energy gaps, electronegativities, ionization
energies, electron affinities, etc. [26-28]. This also helps in under-
standing the charge distribution within the structures of the molecules
which plays an important role in the prediction of interactions with the
target enzymes [29,30]. Molecular docking was performed for the most
potent compounds 9d-f among the series against the cathepsin B enzyme
to understand the binding interactions with the enzyme. ADMET pa-
rameters were also calculated for compounds 9d-f to check their
drug-likeness behavior. DFT calculations were carried out for all the
newly synthesized twenty-one target compounds to find out the values
of HOMO-LUMO energies as well as global reactivity parameters
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Fig. 1. Structures of the literature reported 1,2,3-triazole (1, 2, 5), 1,3,4-oxadiazole (3), and benzenesulfonamide (4-8) based anti-cathepsin B agents.
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Target compounds 9-11a-g

9d: % inhibition = 74.39+2.4 at 108 M,

9e: % inhibition = 76.6412.9 at 10 M

9f: % inhibition = 75.54+2.7 at 108 M
Curcumin: % inhibition = 32.46t1.3 at 10 M
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Fig. 2. Designing of the target compounds 9-11a-g based on hybrid approach containing scaffolds triazole, oxadizaole, and benzenesulfonamide.

including electronegativity (x), chemical potential (u), chemical hard-
ness (n), chemical softness (S), and electrophilicity index (o).

2. Results and discussion
2.1. Synthesis

The procedure adopted for the synthesis of target compounds 9-11a-
g is depicted in scheme 1. Structures of all the hitherto unreported target
compounds were confirmed by their spectral data (*H NMR, 13C NMR,
and IR) and HRMS data.

Key intermediates for the synthesis of target compounds 9-11 were
S-propargylated 1,3,4-oxadiazoles 15, which were synthesized using the

procedure reported in the literature by Alam et al. [31]. The synthesis
starts with the esterification of 4-substituted benzoic acids 12 in the
presence of conc. HySO4 as a catalyst in methanol solvent followed by
the treatment of the corresponding methyl benzoates with hydrazine
monohydrate under refluxing conditions resulting in the formation of
corresponding aryl hydrazides 13. Further, the treatment of aryl hy-
drazides 13 under stirring conditions with carbon disulfide in DMF
solvent at room temperature for 1 h followed by refluxing for 2-3 hrs
resulted into the formation of 3-mercapto-1,3,4-oxadiazoles 14. Prop-
argylation of 14 using propargyl bromide in the presence of triethyl-
amine as base yielded S-propargylated 1,3,4-oxadiazoles 15 which were
further utilized as key intermediates for the synthesis of target com-
pounds. Once having 15 in hand, target compounds 9/10/11 were
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C 9-11 a b c d e f g
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Scheme 1. Synthesis of target compounds 9-11a-g. Reagents and conditions: (i) Methanol, conc. HySO4, reflux; (ii) Hydrazine hydrate, methanol, reflux; (iii) DMF,
CS,, reflux; (iv) Propargyl bromide, TEA, anhyd. ethanol, reflux; (v) CuSO4-5H50, Sodium ascorbate, ‘BuOH:H,0 (1:1), 70 °C; (vi) NaNO,/HCl, H,0, 0 °C; (vii) NaNs,
H,0, 0 °C.
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obtained by click reactions of 15 with different sulfonamide substituted
aryl azides 16/17/18, respectively, in the presence of copper sulfate
pentahydrate and sodium ascorbate. Aryl azides 16/17/18 used here
were synthesized from 4-aminobenzenesulfonamide 19/20/21, respec-
tively, via the formation of corresponding diazonium salt using meth-
odology reported by Batra et al. [32]. Further, the conversion of
intermediate 15 into the desired target compounds 9-11 was confirmed
by rigorous analysis of spectral data. In 'H NMR, compounds 9-11
exhibited a singlet for two methylene protons (-SCH;-) at approximately
4.75 ppm and another singlet at approximately 8.95 ppm for one proton
of triazole ring confirming the formation of the desired products. In 13C
NMR, the methylene carbon atom (-SCHy-) resonated at approximately
26 ppm while the methine carbon atom of the triazole ring (=CH-)
resonated at approximately 162 ppm. The disappearance of a sharp band
in the range of 3350-3250 cm ! corresponding to the =C—H stretch of
the terminal alkyne group and another band at approximately 2150
cm ! corresponding to -C=C- stretch along with the appearance of two
bands at approximately 1310 and 1150 cm ™! corresponding to asym-
metric and symmetric S = O stretches of sulfonamide group, respec-
tively, supported the achievement of products. Further, HMRS data were
also in full agreement with the formation of desired products.

2.2. Anti-cathepsin b activity

2.2.1. In-vitro evaluation

All the synthesized novel target compounds 9-11a-g were investi-
gated for their inhibition potential against cathepsin B enzyme using
curcumin as a reference [33]. The findings of our in-vitro investigations
are represented in Table 1 and the pictorial representation of results is
given in Fig. 3. The graphs of log(concentration) vs. residual activity (%)
for all the tested compounds are provided in the supporting information
file (Table 2). Results reveal that all the synthesized compounds here
show effective inhibition profiles for cathepsin B at very low concen-
trations (10~8 M). Furthermore, the results were compared with those of
the cathepsin B inhibition studies of literature-reported triazoles [12]
and benzenesulfonamide-based heterocyclic molecules [19] which also
indicate that the compounds 9-11a-g are comparatively potent in-
hibitors of cathepsin B.

Inhibition data of the compounds 9-11a-g led us to the following
insights regarding cathepsin B inhibitory properties along with the
structure-activity relationships:

i. All the tested twenty-one target compounds 9-11a-g exhibited
excellent inhibition potential against cathepsin B enzyme at a
very low concentration of 108 M. Inhibition potential exhibited
by the investigated compounds is in the range of 42.50 — 76.64 %
which is better than curcumin (taken as reference) showing 32.46
% inhibition potential.

ii. Comparison of cathepsin B inhibition activity of compounds of
series 9 and 10 let us conclude that compounds of series 9 having
a benzenesulfonamide moiety at 1-position of the 1,2,3-triazole
ring were found to possess overall higher inhibition potential
than the respective analogues in series 10 (having S-piperidyl
substituted benzenesulfonamide). However, in case of compari-
son of series 9 and 11 (having S-morpholinyl substituted benze-
nesulfonamide), the compounds of series 9 with H (9a) and
halogen atoms (9d-f) as substituents were found to have higher
inhibition potential than their respective analogues in the series
11, while the compounds with Me (9b), MeO (9¢), and NO; (9 g)
groups as substituents were found to have lower inhibition po-
tential than their respective analogues in the series 11. These
findings suggest that the substitutions on the nitrogen atom of the
sulfonamide group have a remarkable influence on the anti-
cathepsin B activity of the compounds. This observation also
confirms the pharmacophoric action of the sulfonamide motif for
the cathepsin B inhibition activity of the target compounds.

Journal of Molecular Structure 1320 (2025) 139680

Table 1
% Inhibition of cathepsin B at 10~ M concentration and the ICs, values of the
target compounds 9-11a-g.

Compound  R! R? % Inhibition (1078 M)  ICso + S.D.
9a H -NH, 59.48+1.3.7 524 x107°+£1.4
9b Me -NH, 61.8942.9 4.46 x 107° £ 2.1
9c MeO  -NH, 62.48+2.3 4.07 x 1072 £3.1
9d F -NH, 74.3942.4 281 x107°+£3.2
9e cl -NH, 76.64+2.9 2,51 x107°£2.5
of Br -NH, 75.54+2.7 2.63x107°+28
9g NO, -NH, 45.2843.4 1.99 x 1078+ 2.1
10a H /\:> 46.89+3.6 2.23x107°%+£24
10b Me /\:> 52.48+3.3 1.58x 1078 +1.9
10c MeO /\:> 56.42+3.6 1.25x108+1.5
10d F /\:> 49.524+3.3 1.51 x 1078+ 2.1
10e cl C> 48.2843.6 1.90x 1078 +1.9
10f Br C> 51.54+2.4 7.94%x10°+1.3
10g NO, /\:> 41.544+3.8 5.62x 107+ 1.4
11a H /\ 40.58+3.3 6.30 x 1078 +£3.2
—N o)
_/
11b Me /\ 65.18+3.1 3.98 x107°+2.8
—N o)
_/
11c MeO /~\ 67.28+3.6 3.71 x107°+2.5
—N o)
__/
11d F VamN 57.08+3.5 512 x 107 +2.3
—N o)
_/
11e al /\ 425+ 2.2 3.98x10°%+1.3
—N o)
_/
11f Br /\ 44.68+2.8 316 x108+1.7
—N o)
_/
11g NO, /\ 60.79+1.8 5.01 x107°+2.3
—N o)
_/
Curcumin - - 32.46+1.3 3.98x10°%+25

iii. Among all the compounds of series 9, 10, and 11, the compounds
having substitution as H (a neutral substituent) have exhibited
the lowest inhibition activity within their respective series except
for the compounds 9 g and 10 g. This observation helps us to
conclude that the substitution with both the electron-donating as
well as electron-withdrawing groups has a positive influence on
the anti-cathepsin B activity of the investigated compounds.

iv. In the case of the compounds of series 9, the presence of an
electron-withdrawing group as a substituent has exerted a
stronger enhancing influence on the cathepsin B inhibition ac-
tivity than the electron-donating groups. However, this obser-
vation was not true for the compounds of series 10 and 11. In
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Fig. 3. % Inhibition of cathepsin B enzyme by the compounds 9-11a-g.

particular, compounds of series 10 and 11 having halogen sub-
stitutions were found to be comparatively weaker inhibitors than
their corresponding methyl and methoxy analogues.

. Compound 9e (having chloro group) was found to possess the
highest inhibition potential among the synthesized series of
compounds with 76.64 % inhibition at 10~® M concentration
followed by the compounds 9f (having bromo substitution) and
9d (having fluoro substitution) with 75.54 % and 74.39 % inhi-
bition values, respectively.

2.2.2. Molecular docking

Molecular docking is a very well-known computational tool for un-
derstanding the interactions between receptors such as enzymes, pro-
teins, DNA, RNA, etc., and the ligands, either natural or synthetic

molecules [34]. It virtually predicts the best binding conformations of
ligands for the complex formation with the enzyme in terms of binding
energies, inhibition constants, intermolecular energies, etc. We have
performed the molecular docking simulation of the most active
anti-cathepsin B compounds 9d-f against the cathepsin B enzyme. The
PDB ID: 1GMY crystal structure was used for molecular docking as it
provides a high-quality detailed view of the active site of cathepsin B
having a resolution of 1.90 A, which is considered a good resolution for
accurate representation of the atomic orbitals of the enzyme [35]. The
higher value of free energy of binding means better binding between the
ligand and the enzyme [28-30]. The binding energies obtained for
compounds 9d, 9e, 9f, and curcumin in the active site of cathepsin B
enzyme are —7.64 kcal/mol, —9.48 kcal/mol, —8.18 kcal/mol, and
—4.82 kcal/mol, respectively. The highest value of free energy of

%%
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Fig. 4. (a) Pictorial representation of ligand 9d with cathepsin B enzyme, (b) pictorial representation of ligand 9e with cathepsin B enzyme,(c) pictorial repre-
sentation of ligand 9f with cathepsin B enzyme, (d) pictorial representation of curcumin with cathepsin B enzyme.
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binding of 9e with the cathepsin B enzyme is in line with the experi-
mentally obtained highest inhibition activity of 9e, among the three
docked ones, against the cathepsin B enzyme.

Compound 9d interacts with the target enzyme by the formation of
five conventional hydrogen bonds with the HIS A:99, GLN A:23, TRP
A:221, GLY A:198, and GLY B:198 amino acid residues (Fig. 4a). Addi-
tionally, formation of one pi-sulfur bond with TRP A:221, two pi-cation
bonds with AEM A:500 and MET A:195, and one halogen (fluorine) bond
with GLU B:122 was also observed. Compound 9e interacts in the active
site of cathepsin B enzyme with the formation of four conventional
hydrogen bonds with three amino acid residues namely LYS A:184, GLN
A:189, and TYR C:94. Along with these hydrogen bonds, four pi-alkyl
interactions with LYS A:184, PRO C:117, PRO C:106, VAL A:191, and
PRO C:107 amino acid residues as well as one pi-anion interaction with
ASP A:179 amino acid residue were also formed in the enzyme-inhibitor
complex (Fig. 4b). In case of compound 9f, three hydrogen bonds with
CYS A:240, TYR A:177, TYR B:75 amino acid residues and three van der
Waals bonds with VAL A:191, SER B:65, and GLY B:68 amino acid res-
idues were observed in the docked complex with cathepsin B enzyme
(Fig. 4c). Further, from the results of docking study of curcumin against
cathepsin B enzyme, we observed that curcumin interacts with the target
enzyme by the formation of two conventional hydrogen bonds with MET
A:195 and GLY A:198 amino acid residues (Fig. 4d). One van der Walls
bond, two pi-alkyl bonds, and one alkyl bond were also formed in the
complex of curcumin and the target enzyme. As from the interactions of
co-crystallized ligand in the active site of 1GMY (provided at RCSB
protein data bank), we have observed that the co-crystallized ligand
interacts with the cathepsin B enzyme (PDB ID: 1GMY) by the formation
of three conventional hydrogen bonds i.e. one with the oxygen of GLY
A:74, one with the nitrogen of GLY A:74, and one with the nitrogen of
GLY A:198 amino acid residues. Comparison of the interactions of
compound 9d with the interactions of co-crystallized ligand led us to
conclude that both compound 9d and co-crystallized ligand interact
with GLY A:198 amino acid residue through hydrogen bond formation.
Curcumin has also been found to possess one common interaction with
the co-crystallized ligand in the active site of enzyme i.e. hydrogen bond
interaction with GLY A:198 amino acid residue. However, no such
common interaction could be observed in the case of compounds 9e and
of.

It can be clearly seen from the results obtained that the sulfonamide
group of the synthesized target compounds is involved in their inhibi-
tory action against cathepsin B with the formation of three hydrogen
bonds and one pi-sulfur bond in case of compound 3d, three conven-
tional hydrogen bonds in case of compound 3e, and three conventional
hydrogen bonds along with one van der Walls bond in case of compound
3f. This observation was in line with the inference drawn from experi-
mental results regarding the pharmacophoric action of the benzene-
sulfonamide group in cathepsin B inhibition activity.

2.2.3. ADMET parameters

ADMET study is one of the most important parts of computational
drug designing. It helps to predict the deposition of the drug inside the
body and its adverse side effects. Pharmacokinetics of the most active
anti-cathepsin B compounds 9d-f was assessed by the study of ADMET
(absorption, distribution, metabolism, excretion, and toxicity) parame-
ters (Table 3, supplementary information file). According to Lipinski’s
rule, an orally administrative drug molecule should fulfil the following
conditions: no. of hydrogen bond donors <5, no. of hydrogen bond ac-
ceptors <10, molecular weight <500, logP (partition coefficient) <5,
mol. refractivity = 40-130, and TPSA (topological polar surface area)
<140 A. A molecule will unlikely behave as an orally administrative
drug if it violates any two or more than two of the conditions of Lip-
inski’s rule. The values of ADMET parameters were calculated for the
most potent anti-cathepsin B agents 9d-f and the results are given in
Table 2 (supplementary information file). Compounds 9d-f were found
to live up to all the parameters of Lipinski’s rule within the acceptable
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range suggesting good drug likeness behaviour of them as orally
administered drugs.

2.3. DFT calculations

Values of global reactivity descriptors convey important information
about the chemical reactivity of the compounds. Using the energies of
FMOs, values of various global reactivity parameters including HOMO-
LUMO energy gap (AEy), chemical hardness (1), chemical softness (S),
chemical potential (), electronegativity ()), and electrophilicity index
(o) were calculated for all the target compounds. The results obtained
are depicted in Table 4 (supplementary information file). A smaller
value of the HOMO-LUMO energy gap, lower hardness, and higher
softness may be attributed to the higher reactivity of the molecules [36].
The compounds of series 10 (except 10 g) have lower values of energy
gap, lower values of chemical hardness, and higher values of chemical
softness than their counterparts in series 11 which in turn have lower
values of energy gap, lower values of chemical hardness and higher
values of chemical softness than their counterparts in series 9. These
results suggest that the compounds of series 10 (except the nitro de-
rivatives) are more reactive than their respective analogues in series 11
followed by their respective analogues in series 9. In the case of nitro
derivatives, compound 9 g should be more reactive than compound 10 g
followed by compound 11 g as per the values obtained. Nitro derivatives
have the lowest values of AE; within their respective series (9 g [NO2] <
9e [Cl] =9d [F] < 9f [Br] < 9a [H] < 9¢ [MeO] < 9b [Me], 10 g [NO3]
< 10e [ClI] < 10d [F] < 10f [Br] < 10a [H] < 10b [Me] < 10c [MeO],
and 11 g [NO3] < 11f [Br] < 11e [Cl] < 11d [F] < 11a [H] < 11b [Me]
< 11c [MeO]). Further, they have the lowest values of chemical hard-
ness and the highest values of chemical softness. These results suggest
that the nitro derivatives are the most reactive ones within their
respective series. Further, the lower value of Ejyyo suggests the more
stable LUMO and the higher electron acceptance ability of the com-
pound. The LUMOs of the compounds of series 9 have lower energy and
thus are more stable than their respective analogues in series 10 which
in turn are more stable than their respective analogues in series 11. From
this, we can conclude that compounds of series 9 are better electron
acceptors than their respective analogues in series 10, which are better
electron acceptors than their counterparts in series 11. It is noteworthy
here that the compounds of series 9 are overall better anti-cathepsin B
agents also in comparison to the compounds of series 10 and 11, sug-
gesting that the electron acceptance power could be considered as one of
the important factors in determining the cathepsin B inhibition potential
of the compounds.

3. Conclusion

Herein, we have reported the synthesis of a library of novel hybrids
containing 1,2,3-triazole, 1,3,4-oxadiazole, and benzenesulfonamide
motifs using a molecular hybridization approach. Further, all the target
compounds were well characterized by rigorous analysis of their spec-
tral (*H, '3C NMR, IR) and HRMS data. In-vitro evaluation of all the
newly synthesized compounds was performed against cathepsin B
enzyme, a biomarker and therapeutic target for several diseases. All the
investigated hybrids were found to possess excellent inhibitory potential
with 40.50 —76.64 % inhibition at 10~® M concentrations as compared
to the reference, curcumin (% inhibition = 32.46 % at 10~ M concen-
tration). Findings of the SAR studies suggested the remarkable influence
of substitutions on the nitrogen atom of the sulfonamide group and
compounds 9d-f were found to exhibit the highest cathepsin B inhibition
activity. ADMET calculations further proved the most active hybrids 9d-
f as safer drug candidates in terms of Lipinski’s rule of five. Results of
DFT calculations suggested the compounds of series 9 to be better
electron acceptors than their respective counterparts in the series 10
followed by their respective counterparts in series 11. As a conclusive
remark, we can say that even though 1,2,3-triazoles, 1,3,4-oxadiazoles,
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and benzenesulfonamides have already been individually developed as
potent inhibitors of cathepsin B enzyme, herein, hybrids of these three
motifs have been successfully explored as excellent anti-cathepsin B
agents for the first time.

4. Experimental
4.1. General information

All chemicals were purchased from Spectrochem and Merck chemi-
cal companies. TLC (Thin layer chromatography) was carried out on
silica-aluminum plates using long-range ultraviolet chamber for visu-
alization of TLC plates. All glasswares’ were used after drying in an oven
for 12 hrs. Open capillaries were used to determine melting points in the
digital melting point apparatus and are thus found uncorrected. Infrared
(IR) spectra were recorded on the Perkin Elmer Spectrophotometer. 'H
and '*C NMR data were recorded on Bruker Advance Neo 500 MHz NMR
Spectrometer and JNM-ECZ 400S: 400 MHz NMR Spectrometer in pure
DMSO-dg using TMS (Tetramethylsilane) as internal reference. HRMS
(High-resolution mass spectrum) data were recorded on SYNAPT-
XS#DBA064 in ESI (Electron spray ionization) modes. The reference
values for the residual solvent were taken as § = 2.50 ppm (DMSO-dg)
for 'HNMR, 8 = 39.54 ppm (DMSO-d) for >C NMR. The abbreviations:
s = singlet, d = doublet, dd doublet of doublets, m = multiplets, and ex =
exchangeable protons are used for NMR assignments.

4.2. General method of synthesis of target compounds 9-11a-g

To well-stirred solution of aromatic azide 17/18/19 (1.0 equivalent)
and S-propargylated 1,3,4-oxadiazole 16 (1.0 equivalents) in tert-bu-
tanol and water (1:1), a solution of sodium ascorbate (0.6 equivalent) in
water (2 mL) was added. After 10 min, a solution of CuSO4-5H50 (0.6
equivalent) in water (2 mL) was added and the reaction mixture was
allowed to stir at 70 °C for 6 hrs. Reaction progress was monitored using
TLC. After completion of the reaction, the reaction mixture was poured
over crushed ice. The solid obtained was filtered, dried, and then
recrystallized from ethanol yielding the pure product 9/10/11.

4-((4-Amino-5-phenyl-4H-1,2,4-triazol-3-yl)amino)benzenesulfona-
mide (9a)

Yield: 75 %; solid; m.p.:180-182 °C; IR (KBr,cm 1):3342, 3260,
3030, 2975, 1311 & 1156; H NMR (400 MHz, DMSO-dg): & = 8.92 (s,
1H, triazole H), 8.10 (d, J = 7.2 Hz, 2H, Ar), 8.05-7.90 (m, 5H, Ar), 7.59
(s, J = 7.2 Hz, 2H, Ar), 7.53 (s, 2H, SO,NHo,), 4.75 (s, 2H, CH,S); 13C
NMR (126 MHz, DMSO-dg): & = 165.45, 162.90, 144.04, 143.92,
138.46,132.09, 129.45,127.51, 126.44, 123.05, 122.37, 120.39, 26.70;
HRMS (m/2): [M + HI]" caled for Ci7H;14NgO3Ss: 415.0647: Found
415.0616.

4-(4-(((5-(p-Tolyl) —1,3,4-oxadiazol-2-yl) thio)methyl) — 1H-1,2, 3-tri-
azol-1-yl)benzenesulfonamide (9b)

Yield: 76 %; solid; m.p.:228-230 °C; IR (KBr, em™h): 3334, 3356,
2982, 1312, 1154, 618; 'H NMR (400 MHz, DMSO-dg): & = 8.93 (s, 1H,
triazole H), 8.11 (d, 2H, J = 8.8 Hz, Ar), 8.01 (d, J = 8.8 Hz, 2H, Ar),
7.86 (d, J = 8.0 Hz, 2H, Ar), 7.54 (s, 2H, SO,NH> ), 7.39 (d, J = 8.0 Hz,
2H, Ar), 4.75 (s, 2H, CH,S), 2.39 (s, 3H, Me); '°C NMR (126 MHz,
DMSO-dg): 6 = 165.62, 162.59, 144.12, 143.97, 142.38, 138.52,
130.06, 127.59, 126.47, 122.42, 120.45, 120.34, 26.75, 21.20; HRMS
(m/2): [M + H]™ caled for C1gH;6NgO3S2: 429.0803: Found 429.0827.

4-(4-(((5-(4-Methoxyphenyl)—1,3,4-oxadiazol-2-yl)thio)methyl) — 1 H-
1,2, 3-triazol-1-yl)benzenesulfonamide (9c¢)

Yield: 82 %; solid; m.p.: 234-36 °C; IR (KBr, cm~1):3336, 3354,
2984, 1314, 1150, 602; 'H NMR (400 MHz, DMSO-dg): 5 = 6 8.89 (s, 1H,
triazole H), 8.09 (d, J = 6.8 Hz, 2H, Ar), 7.99 (d, J = 6.8 Hz, 2H, Ar),
7.89" (d, J = 7.2 Hz, 2H, Ar), 7.51 (s, 2H, SOoNH5 ), 7.11 (d, J = 7.2 Hz,
2H, Ar), 4.72 (s, 2H, CH,S), 3.83 (s, 3H, OMe); '3C NMR (126 MHz,
DMSO-dg): 6 = 165.31, 162.01, 161.93, 143.98, 143.82, 138.36,
128.24, 127.42, 122.24, 120.29, 115.31, 114.80, 55.46, 26.6; HRMS
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(m/2): [M + H] " caled for CigH1NO4S2: 445.0752: Found 445.0791.
4-(4-(((5-(4-Fluorophenyl) — 1, 3,4-oxadiazol-2-yl) thio)methyl) — 1H-
1,2,3-triazol-1-yl)benzenesulfonamide (9d)

Yield: 78 %; solid; m.p.: 226-228 °C; IR (KBr, em ™) 3330, 3346,
2982, 1310, 1150; H NMR (400 MHz, DMSO-dg): 8 = 8.93 (s, 1H, tri-
azole H), 8.11 (d, 2H, J = 8.8 Hz, Ar), 8.05 (dd, *Jy—y = 8.8 Hz &*Jyp =
5.6 Hz, 2H, Ar), 8.01 (d, J = 8.8 Hz, 2H, Ar), 7.53 (s, 2H, SO,NH, ), 7.45
(t,2Jy—u& Jur = 8.8 Hz, 2H, Ar), 4.75 (s, 2H, CH,S); >C NMR (101
MHz, DMSO-dg): & = 164.28 (d, 'Jo.r = 184.83 Hz), 163.45, 163.39,
144.43, 138.97, 129.68 (d, 3Jc_p = 9.09 Hz), 128.03, 122.89, 122.87,
120.88, 120.27 (d, “Jc.r = 4.04 Hz), 117.21 (d, %Jc.r = 22.22 Hz), 27.20;
HRMS (m/z): [M + H]" caled for C17H;3FNgO3Ss: 433.0552: Found
433.0522.

4-(4-(((5-(4-Chlorophenyl)— 1, 3,4-oxadiazol-2-yl) thio)methyl) — 1H-
1,2,3-triazol-1-yl)benzenesulfonamide (9e)

Yield: 80 %; solid; m.p.: 232-234 °C; IR (KBr, em ™ V) 3336, 3342,
2980, 1314, 1154 ; H NMR (400 MHz, DMSO-dg) 8 = 8.90 (s, 1H, tri-
azole H), 8.09 (d, J = 7.2 Hz, 2H, Ar), 8.10 - 7.97 (m, 4H, Ar), 7.65 (d, J
= 7.2 Hz, 2H, Ar), 7.53 (s, 2H, SOoNH, ), 4.75 (s, 2H, CH,S); 13C NMR
(126 MHz, DMSO-dg): & = 164.74, 163.27, 144.03, 143.98, 138.50,
136.86, 129.68, 128.32, 127.57, 122.41, 121.99, 120.45, 26.72;HRMS
(m/2): [M + H]*/[M + H + 2]"caled forC;7H;3CINgO3Ss: 449.0257/
451.0228: Found 449.0185/451.0167.

4-(4-(((5-(4-Bromophenyl) —1,3,4-oxadiazol-2-yDthio)methyl) — 1H-
1,2,3-triazol-1-yl)benzenesulfonamide (9f)

Yield: 72 %; solid; m.p.: 240-242 °C; IR (KBr, em ™) 3331, 3352,
2972,1313, 1154, 612; H NMR (400 MHz, DMSO-dg) 6 = 8.91 (s, 1H,
triazole H), 8.10 (d, J = 8.8 Hz, 2H, Ar), 8.00 (d, J = 8.8 Hz, 2H, Ar),
7.91 (d, J = 8.8 Hz, 2H, Ar), 7.80 (d, J = 8.8 Hz, 2H, Ar) 7.53 (s, 2H,
SO,NH; ), 4.76(s, 2H, CH»S); 3¢ NMR (126 MHz, DMSO-dg): 6 =
164.84, 163.27, 144.00, 143.97, 138.49, 132.58, 128.41, 127.55,
125.72, 122.40, 122.32, 120.44, 26.70;HRMS (m/2): [M + H"/[M + H
+ 2] caled for C17H13BrNgOsSo: 492.9752/494.9732: Found 492.9746/
494.9742.

4-(4-(((5-(4-Nitrophenyl)—1,3,4-oxadiazol-2-yl)thio)methyl) — 1 H-
1,2,3-triazol-1-yl)benzenesulfonamide (9 g)

Yield: 68 %; solid; m.p.: 245-247 °C; IR (KBr, em™Y): 3331, 3353,
2981, 1314, 1154; 'H NMR (400 MHz, DMSO-dg): & = 8.93 (s, 1H, tri-
azole H), 8.40 (d, J = 8.4 Hz, 2H, Ar), 8.23 (d, J = 8.4 Hz, 2H, Ar), 8.10
(d, J=8.0 Hz, 2H, Ar), 8.00 (d, J = 8.0 Hz, 2H, Ar), 7.53 (s, 2H, SO,NH,
), 4.80 (s, 2H, CH,S); '3C NMR (126 MHz, DMSO-dg): & = 164.20,
163.90, 148.99, 143.75, 138.27, 128.39, 127.68, 127.63, 127.32,
124.44, 122.25, 120.21, 26.49; HRMS (m/2): [M + H]" caled for
C17H13N705Ss: 460.0497: Found 460.0523.

2-Phenyl-5-(((1-(4-(piperidin-1-ylsulfonyl)phenyl) — 1H-1,2, 3-triazol-4-
yDmethyl)thio)—1,3,4-oxadiazole (10a)

Yield: 76 %; solid; m.p.: 241-243 °C; IR (KBr, em ™) 2980, 1314,
1153; 'H NMR (400 MHz, DMSO-dg): & = 8.97 (s, 1H, triazole H), 8.16
(d, J = 8.4 Hz, 2H, Ar), 7.96 (d, J = 6.8 Hz, 2H, Ar), 7.91 (d, J = 8.4 Hz,
2H, Ar), 7.64-7.56 (m, 3H, Ar), 4.76 (s, 2H, CH,S), 2.91 (s, 4H, CH3N),
1.53 (s, 4H, CH>), 1.34 (s, 2H, CH,); 3¢ NMR (126 MHz, DMSO-dg): 6 =
165.29, 162.71, 144.01, 139.19, 135.25, 131.92, 129.30, 129.20,
126.29,122.91, 122.28, 120.41, 46.43, 26.56, 24.53, 22.64; HRMS (m/
2): [M + H]™ caled for CooHooNgO3Sa: 483.1273: Found 483.1299.

2-(((1-(4-(Piperidin-1-ylsulfonyl)phenyl) —1H-1,2, 3-triazol-4-yl)
methyDthio)—5-(p-tolyl)—1,3,4-oxadiazole (10b)

Yield: 80 %; solid; m.p.: 250-252 °C; IR (KBr, em ™) 2956, 1314,
1154; 'H NMR (400 MHz, DMSO-dg): 6 = 8.97 (s, 1H, triazole H), 8.16
(d, J = 8.0 Hz, 2H, Ar), 7.92 (d, J = 8.0 Hz, 2H, Ar), 7.85 (d, J = 7.6 Hz,
2H, Ar), 7.38 (d, J = 7.6 Hz, 2H, Ar), 4.75 (s, 2H, CH,S), 2.91 (s, 4H,
CH5N), 2.38 (s, 3H, CH3), 1.53 (s, 4H, CH3), 1.35 (s, 2H, CHy); 3¢ NMR
(126 MHz, DMSO-dg): & = 165.41, 162.34, 144.06, 142.15, 139.20,
135.26, 129.85, 129.22, 126.27, 122.28, 120.43, 120.17, 46.44, 26.55,
24.54, 22.64, 21.00; HRMS (m/2): [M + H]" caled for Co3HosNgO5S:
497.1429: Found 497.1424.

2-(4-Methoxyphenyl) —5-(((1-(4-(piperidin-1-ylsulfonyl)phenyl) —1H-
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1,2, 3-triazol-4-ylmethyDthio)—1,3,4-oxadiazole (10c)

Yield: 83 %; solid; m.p.: 256-258 °C; IR (KBr, em™ ) 2965, 1312,
1153; H NMR (300 MHz, DMSO-dg): & = 8.94 (s, 1H, triazole H), 8.15
(d, J = 8.7 Hz, 2H, Ar), 7.96-7.84 (m, 4H, Ar), 7.10 (d, J = 8.7 Hz, 2H,
Ar), 4.72 (s, 2H, CH,S), 3.82 (s, 3H, OCHj3), 2.91 (s, 4H, CH3N), 1.53 (s,
4H, CH»), 1.34 (s, 2H, CH)); 13¢ NMR (126 MHz, DMSO-dg): 8 = 165.27,
161.94, 161.90, 143.84, 139.24, 135.27, 129.07, 128.05, 122.00,
120.19, 115.27, 114.52, 55.27, 46.43, 26.52, 24.59, 22.75; HRMS (m/
2): [M + H]™ caled for Co3Hy4NgO4So: 513.1378: Found 513.1370.

2-(4-Fluorophenyl) —5-(((1-(4-(piperidin-1-ylsulfonyDphenyl) — 1H-
1,2, 3-triazol-4-yl)methyDthio) —1,3,4-oxadiazole (10d)

Yield: 76 %; solid; m.p.: 246-248 °C; IR (KBr, em™): 2962, 1315,
1150; H NMR (400 MHz, DMSO-dg): & = 8.95 (s, 1H, triazole H), 8.13
(d, J = 8.8 Hz, 2H, Ar), 8.04-7.93 (m, 2H, Ar), 7.92 (d, J = 8.8 Hz, 2H,
Ar), 7.41 (t, 3Jy—u&>Jur = 8.8 Hz, 2H, Ar), 4.74 (s, 2H, CH,S), 2.88 (s,
4H, CH,N), 1.50 (s, 4H, CHy), 1.32 (s, 2H, CH,); °C NMR (126 MHz,
DMSO-dg): & = 164.04 (d, lJC_F = 250.74 Hz), 164.61, 163.05, 162.79,
144.03, 139.22, 135.30, 129.26, 129.09 (d, 3JC_F = 10.08 Hz), 122.31,
120.47,119.65 (d, “Jc.r = 3.78 Hz), 116.62 (d, 2Jc.r = 22.69 Hz), 46.48,
26.60, 24.58, 22.68; HRMS (m/z): [M + H]" calced for CasHoFNgO3Sa:
501.1178: Found 501.1154.

2-(4-Chlorophenyl) —5-(((1-(4-(piperidin-1-ylsulfonyDpheny) — 1H-
1,2, 3-triazol-4-yDmethyDthio) — 1, 3,4-oxadiazole (10e)

Yield: 78 %; solid; m.p.: 238-240 °C; IR (KBr, em™): 2968, 1315,
1148; 'H NMR (400 MHz, DMSO-dg) 6 = 8.93 (s, 1H, triazole H), 8.12
(d, J = 8.4 Hz, 2H, Ar), 7.94 (d, J = 8.0 Hz, 2H, Ar), 7.88 (d, J = 8.4 Hz,
2H, Ar), 7.62 (d, J = 7.6 Hz, 2H, Ar), 4.72 (s, 2H, CH,S), 2.88 (s, 4H,
CH,N), 1.50 (s, 4H, CH,), 1.31 (s, 2H, CHp); 3C NMR (126 MHz,
DMSO-dg): & = 163.08, 158.56, 139.23, 136.71, 135.32, 129.54,
129.27, 128.17, 122.34, 121.84, 120.49, 46.49, 31.19, 26.58, 24.58,
22.69;HRMS (m/z): [M + H]*/[M + H + 2] "calcd for Cp2Hp1CINgO3S:
517.0883/519.0854: Found 517.0853/519.0852.

2-(4-Bromophenyl)—5-(((1-(4-(piperidin-1-ylsulfonyl)phenyl) — 1 H-
1,2,3-triazol-4-yDmethyDthio)—1,3,4-oxadiazole (10f)

Yield: 69 %,; solid; m.p.: 252-254 °C; IR (KBr, em™Y): 2965, 1310,
1156; 'H NMR (400 MHz, DMSO-dg) & = 8.93 (s, 1H, triazole H), 8.13
(d, J = 8.4 Hz, 2H, Ar), 7.88 (m, 4H, Ar), 7.76 (d, J = 8.0 Hz, 2H, Ar),
4.72 (s, 2H, CH,S), 2.88 (s, 4H, CH,N), 1.50 (s, 4H, CHj), 1.32 (s, 2H,
CHy); 3¢ NMR (126 MHz, DMSO-dg): & = 164.72, 162.84, 144.01,
135.31, 132.46,129.26, 128.28, 125.59, 122.33, 122.18, 120.48, 46.48,
31.20, 26.58, 24.58, 22.68;HRMS (m/z): [M + H]"/[M + H + 2]"caled
for CooHy1BrNg03Ss: 561.03782/563.0358: Found 561.0407/563.0405.

2-(4-Nitrophenyl) —5-(((1-(4-(piperidin-1-ylsulfonylphenyl) — 1H-
1,2,3-triazol-4-yl)methyDthio)—1,3,4-oxadiazole (10 g)

Yield: 64 %,; solid; m.p.: 258-260 °C; IR (KBr, em ™) 2986, 1316,
1152; H NMR (400 MHz, DMSO-dg): & = 8.99 (s, 1H, triazole H), 8.41
(d, J = 8.4 Hz, 2H, Ar), 8.24 (d, J = 8.4 Hz, 2H, Ar), 8.17 (d, J = 8.4 Hz,
2H, Ar), 7.92 (d, J = 8.4 Hz, 2H, Ar), 4.80 (s, 2H, CH,S), 2.92 (s, 4H,
CHyN), 1.53 (s, 4H, CH5), 1.23 (s, 2H, CHy); 3¢ NMR (126 MHz,
DMSO-dg): & = 163.98, 162.79, 143.89, 132.14, 129.22, 127.68,
124.51, 122.34, 120.45, 116.11, 114.61, 46.43, 31.68, 26.55, 24.53,
22.64; HRMS (m/2): [M + H]" caled for CooHyiN7OsSo: 528.1123:
Found 528.1161.

4-((4-(4-(((5-Phenyl-1,3,4-oxadiazol-2-yDthio)methyl) — 1H-1,2, 3-tri-
azol-1-yDphenyDsulfonyDmorpholine (11a)

Yield: 75 %,; solid; m.p.: 254-256 °C; IR (KBr, em™b): 2976, 1314,
1152; 'H NMR (400 MHz, DMSO-dg): 9.00 (s, 1H, triazole H), 8.21(d, J
= 8.8 Hz, 2H, Ar), 7.97 (d, J = 8.0 Hz, 4H, Ar), 7.94 (d, J = 8.8 Hz, 2H,
Ar), 7.66-7.54 (m, 3H, Ar), 4.77 (s, 2H, CH>S), 3.64 (s, 4H, CH,N), 2.91
(s, 4H, CH,0); '3C NMR (126 MHz, DMSO-dg): & = 165.34, 162.75,
144.09, 139.51, 134.16, 131.97, 129.51, 129.33, 126.33, 122.92,
122.35, 120.55, 65.18, 45.77, 26.60; HRMS (m/2): [M + H]™" calcd for
C21H29Ng04So: 485.10657: Found 485.1094.

4-((4-(4-(((5-(p-Tolyl)—1,3,4-oxadiazol-2-yDthio)methy) —1H-1,2,3-
triazol-1-yDphenyDsulfonyl)morpholine (11b)

Yield: 81 %; solid; m.p.: 251-253 °C; IR (KBr, em™Y): 2978, 1310,
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1154, 'H NMR (400 MHz, DMSO-dg): & = 8.98 (s, 1H, triazole H), 8.20
(d, J = 8.0 Hz, 2H, Ar), 7.93 (d, J = 8.0 Hz, 2H, Ar), 7.85 (d, J = 7.6 Hz,
2H, Ar), 7.38 (d, J = 7.6 Hz, 2H, Ar), 4.75 (s, 2H, CH,S), 3.63 (s, 4H,
CH,0), 2.91 (s, 4H, CH,N), 2.38 (s, 3H, Me); '*C NMR (126 MHz,
DMSO-dg): 6 = 165.43, 162.35, 144.09, 142.16, 139.50, 134.16,
129.86, 129.50, 126.28, 122.32, 120.53, 120.19, 65.17, 45.76, 26.58,
21.02; HRMS (m/2): [M + H]" caled for CooHyoNgO04So: 499.1222:
Found 499.1190.
4-((4-(4-(((5-(4-Methoxyphenyl)—1,3,4-oxadiazol-2-yDthio)methyl) —
1H-1,2,3-triazol-1-yDphenyl)sulfonyl)morpholine (11c)

Yield: 76 %; solid; m.p.: 255-257 °C; IR (KBr, em™Y): 2984, 1317,
1156; 'H NMR (300 MHz, DMSO-dg): § = 8.93 (s, 1H, triazole H), 8.17
(d, J = 8.4 Hz, 2H, Ar), 7.92 (d, 8.7 Hz, 2H, Ar), 7.88 (d, 8.7 Hz, 2H, Ar),
7.10 (d, J = 8.7 Hz, 2H, Ar), 4.72 (s, 2H, CH,S), 3.82 (s, 3H, OMe), 3.59
(s, 4H, CH,0), 2.90 (s, 4H, CHoN); 13¢ NMR (126 MHz, DMSO-dg): 6 =
165.32, 161.95, 143.82, 139.56, 134.22, 129.32, 128.03, 121.96,
120.27,115.28, 115.24, 114.45, 65.30, 55.23, 45.66, 26.50; HRMS (m/
%): [M + H]™ caled for CoaHooNgOsS9: 515.1171: Found 515.1213.

4-((4-(4-(((5-(4-Fluorophenyl) —1,3,4-oxadiazol-2-yDthio)methyl) —
1H-1,2,3-triazol-1-yDphenyl)sulfonyl)morpholine (11d)

Yield: 82 %; solid; m.p.: 247-249 °C; IR (KBr, em™ ) 2986, 1314,
1150; 'H NMR (400 MHz, DMSO-dg): 6 = 8.98 (s, 1H, triazole H), 8.19
(d, J = 8.8 Hz, 2H, Ar), 8.03 (dd, 3Jy—y = 8.8 Hz,*Jy.p = 5.2 Hz, 2H, Ar),
7.93(d, J = 8.8 Hz, 2H, Ar), 7.43 (t, >Jy—u&>Jyr = 8.8 Hz, 2H, Ar), 4.76
(s, 2H, CH5S), 3.63 (t, J = 4.4 Hz, 4H, CH0), 2.91 (t, J = 4.4 Hz, 4H,
CH,N); 13C NMR (126 MHz, DMSO-dg): § = 164.57, 164.00 (d, YJc.r =
250.74 Hz), 162.76, 144.03, 139.49, 134.16, 129.49, 129.05 (d, 3JC,F =
8.82 Hz), 122.32, 120.53, 119.64 (d, *Jc.r = 2.52 Hz), 116.58 (d, 2Jc.p =
22.68 Hz), 65.16, 45.74, 26.56; HRMS (m/z): [M + H]' caled for
C21H19FNg04S5: 503.0971: Found 503.0999.

4-((4-(4-(((5-(4-Chlorophenyl)—1,3,4-oxadiazol-2-yl) thio)methyl) —
1H-1,2,3-triazol-1-yDphenyl)sulfonyl)morpholine (11e)

Yield: 77 %,; solid; m.p.: 245-247 °C; IR (KBr, em ™) 2984, 1315,
1152; 'H NMR (400 MHz, DMSO-dg) 6 = 8.95 (s, 1H, triazole H), 8.16
(d, J = 8.4 Hz, 2H, Ar), 7.94 (d, J = 8.4 Hz, 2H, Ar), 7.90 (s, J = 8.4 Hz,
2H, Ar), 7.62 (d, J = 8.4 Hz, 2H, Ar), 4.75 (s, 2H, CH,S), 3.59 (s, 4H,
CH>0), 2.87 (s, 4H, CH2N); 3¢ NMR (126 MHz, DMSO-dg): § = 164.59,
163.06, 144.04, 139.50, 136.69, 134.18, 129.65, 129.51, 128.15,
122.35,121.84, 120.56, 65.18, 45.76, 26.56;HRMS (m/z): [M + H]"/[M
+ H + 2]Tcaled for CpHp9CINgO4S2: 519.0676/521.0646: Found
519.0692/521.0648.

4-((4-(4-(((5-(4-Bromophenyl)—1,3,4-oxadiazol-2-ylthio)methyl) —
1H-1,2,3-triazol-1-yDphenylsulfonyl)morpholine (11f)

Yield: 75 %; solid; m.p.: 254-256 °C; IR (KBr, em™b): 2986, 1314,
1152; 'H NMR (400 MHz, DMSO-de) & = 8.99 (s, 1H, triazole H), 8.20
(d, J = 8.4 Hz, 2H, Ar), 7.94 (d, J = 8.4 Hz, 2H, Ar), 7.91 (d, J = 8.4 Hz,
2H, Ar), 7.80 (d, J = 8.4 Hz, 2H, Ar), 4.77 (s, 2H, CH,S), 3.64 (s, 4H,
CH,0), 2.91 (s, 4H, CH,N); 13C NMR (126 MHz, DMSO-dg): & = 164.71,
163.10, 144.04, 139.51, 134.20, 132.45, 129.53, 128.28, 125.59,
122.36,122.19, 120.58, 65.20, 45.78, 26.57;HRMS (m/z): [M + H]*/[M
+ H + 2]"caled for CoiHi9BrNgO4Ss: 563.0170/565.0150: Found
563.0155/565.0187.

4-((4-(4-(((5-(4-Nitrophenyl) —1,3,4-oxadiazol-2-yD thio)methyl) — 1 H-
1,2,3-triazol-1-yDphenyl)sulfonyl)morpholine (11 g)

Yield: 65 %; solid; m.p.: 243-245 °C; IR (KBr, em™ ) 2976, 1314,
1154, 'H NMR (400 MHz, DMSO-dg): 6 = 9.00 (s, 1H, triazole H), 8.41
(d, J = 8.4 Hz, 2H, Ar), 8.24 (d, J = 8.4 Hz, 2H, Ar), 8.20 (d, J = 8.4 Hz,
2H, Ar), 7.94 (d, J = 8.4 Hz, 2H, Ar), 4.81 (s, 2H, CH,S), 3.63 (s, 4H,
CH>0), 2.91 (s, 4H, CH2N); 3¢ NMR (126 MHz, DMSO-dg): 6 = 164.21,
164.00, 149.10, 143.94, 139.49, 134.19, 129.50, 128.47, 127.70,
124.52, 122.39, 120.55, 65.16, 45.75, 26.56; HRMS (m/z): [M + H]"
caled for C21H19N706S5: 530.0916: Found 530.0886.

4.3. Anti-cathepsin assay

Cathepsin B was purified by the standard protocol used [37].
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Cathepsin B activity was assessed by incubating synthesized compounds
with the enzyme in a phosphate buffer at pH 6.0 for 30 min. Stock so-
lutions of the synthesized compounds were prepared at a concentration
of 1 mM in DMSO and diluted with DMSO to achieve working standards
ranging from 1072 to 10~ M. These were then incubated in 1.740 ml of
0.1 M phosphate buffer of pH 6.0 containing 2 mM thiol activator and
approximately 1 mM EDTA for about 10 min at 37 °C. The effective
concentration of the inhibitory compounds was calculated to be between
1075 and 10~° M. Thereafter, about, 20 ul of the prepared stock solu-
tions in DMSO was added to the reaction mixture and incubated again at
37 °C for half an hour. Afterward, 40 ul of 40 mg BANA/ml DMSO was
added as the substrate. The corresponding effective concentrations to
the above working standards of the inhibitory compounds became be-
tween 10> and 10~° M. The remaining enzyme activity was determined
by adding Fast Garnet GBC solution, and the colorimetric quantification
of the released fB-naphthylamine was measured at 520 nm using a
standard assay procedure. The results were compared to a control con-
taining an equal amount of DMSO without any compound. The inhibi-
tion was studied with reference to curcumin, a known cathepsin B
inhibitor [38,39].% Inhibition was calculated using the following for-
mulas:% Inhibition= [(Ac-As)/Ac)] x 100, where Ac and Ag represent
the absorbance of the control and sample, respectively. The experiments
were performed in triplicates and average values are reported in the
following section.

4.4. Molecular docking

4.4.1. Protein and ligand file preparation

Ligand files were prepared minimized in energy using ChemDraw 3D
and saved as .mol files. Open Babel was used to convert ligand mol files
to pdb files. The cathepsin B protein pdb file was downloaded from the
RCSB Protein data bank (https://www.rcsb.org/structure/1GMY) and
prepared for docking by deleting water molecules, adding polar hy-
drogens, and adding Kollman charges to the protein in AutoDock 4.2
[40] and saved in pdbqt format. Ligand files were also converted to the
pdbqt format required for molecular docking using AutoDock 4.2.

4.4.2. Grid box generation

Protein and ligand pdbaqt files were opened in AutoDock 4.2. In the
next step, grid box was generated keeping the dimensions in such a way
that it covers the complete binding site of the protein. Saved the grid box
parameter files as .gpf file after grid box generation and ran the auto-
grid4 application giving the output in .glg format.

4.4.3. Docking

Choose the macromolecule by setting the rigid file name and then
open the ligand pdbaqt file. Genetic algorithm with ten runs, 150 popu-
lation size, maximum number of evals: medium-25,00,000, and keeping
other parameters as default was used as search parameter. The docking
parameter file was saved as Lamarckian GA4.2 in .dpf format. Ran the
autodock4 application resulting in the docked output file in .dlg format
[41,42].

4.4.4. Analysis of results and visualization

Opened the docking output (.dlg) file in AutoDock 4.2. Choose the
macromolecule and play the conformation obtained ranked by energy.
The highest binding energy conformation is selected as output and saved
as a pdbqt file. Converted the output format from pdbqt to pdb. Dis-
covery studio visualizer was used to open the output file, and 3D and 2D
representations of output are reported in the manuscript.

4.4.5. Validation of docking protocol

For validation of docking protocol, we have performed docking of a
co-crystallized ligand (N-cyanomethyl-Na-(diphenylacetyl)—3-methyl-
phenyl-alaninamide) into the original binding site of the protein struc-
ture 1GMY using the same protocol as used for the docking of most
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potent compounds 9d, 9e, 9f, and curcumin and compared the results
with available data of co-crystallized ligand [43]. Visual inspection of
the result obtained from the molecular docking confirmed that key in-
teractions of ligand and protein were same in protein-ligand docked
complex and co-crystallized ligand complex. The consistency between
the docking data and the crystallization data of the interactions of the
ligand with the enzyme supports the acceptable reliability of our
docking protocol in predicting ligand-binding interactions. The RMSD
value of binding pose of the docked ligand and the co-crystallized ligand
was found to be 0.899, which is also supports the accuracy of our
docking protocol.

4.5. AMDET calculations

The ADMET parameters for most active compounds 9d-f were
calculated using an online ADME calculator at atomistic.online platform
[44].

4.6. DFT calculations

We have prepared the structures of compounds in ChemDraw 8.0.
The energy of compounds was minimized using ChemDraw 3D software
with minimum RMS gradient: 0.100 and generated the gaussian input
files using job type: compute properties. B3LYP method was used with
closed shell (restricted) wavefunction. Basis set: 3-21 G was used with
d polarization and keeping charges equals to zero and multiplicity
equals to 1 using gas phase solvation model. Now the files were saved in
Gaussian Input (.gif) format. DFT calculation using Gaussian 09 WIN 64
using B3LYP/3-21G* basis set and saved the output files as .out. The
values of global reactivity parameters were calculated using the energies
of HOMO-LUMO in accordance with the Koopmans theorem as given
below [45,46]:

Ionization energy (IE) = -Enomo

Electron affinity (EA) = -Eruymo

Energy gap (AEg) = Erymo - Enomo

Electronegativity (y) = - (IE + EA)/2

Chemical potential () = -y

Chemical hardness (n) = (IE - EA)/2

Chemical softness (S) = 1/2n

Global electrophilicity index (®) = u/2n
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