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ABSTRACT: Diabetes mellitus (DM) is a chronic disorder and still a challenge
throughout the world, and therefore the search for safe and effective inhibitors for α-
amylase and α-glucosidase is increasing day by day. In this work, we try to carry out the
synthesis, modification, and computer-aided results of and biological research on
thiadiazole-based Schiff base derivatives and evaluate their in vitro α-amylase and α-
glucosidase inhibitory potential (1−15). In the current series, all of the synthesized
analogues were shown to have potential inhibitory effects on targeted enzymes. The IC50
values for α-amylase values ranged from 20.10 ± 0.40 to 0.80 ± 0.05 μM, compared with
the standard drug acarbose having an IC50 value of 10.30 ± 0.20 μM, while for α-
glucosidase, the IC50 values ranged from 20.10 ± 0.50 to 1.20 ± 0.10 μM, compared to
acarbose with an IC50 value of 9.80 ± 0.20 μM. For better understanding, a SAR
investigation was undertaken. In this series, nine scaffolds (1, 2, 3, 6, 9, 10, 11, 13, and 15)
were more active than the reference drug and the docking parameter RMSD values for α-
glucosidase and α-amylase were 1.766, 2.7746, 1.6025, 2.2112, 3.5860, 2.3360, 1.6178,
2.0254, and 2.0797 and 2.6020, 1.9509, 3.1642, 1.7547, 2.2130, 1.4221, and 1.1087, respectively. The toxicity of the selected
analogues was calculated by using the OSIRIS tool, and the TPSA values were found to be lower than 140 to represent the drug-like
properties; those from Molinspiration were studied as well. The following properties were studied and found to have better
biological properties. The remaining analogues (4, 5, 7, 8, 12, and 14) were also identified as potential inhibitors of both enzymes,
but they were less active than the reference due to the substituents attached to the aromatic parts. The structures of synthesized
compounds were confirmed through different spectroscopic analyses.

■ HIGHLIGHTS

• Synthesis of 1,2,4-thiadiazole bearing Schiff base
derivatives

• Structure elucidation through different spectroscopic
techniques

• In vitro evaluation of the synthesized analogues
• Molecular docking and pharmacokinetics analysis

1. INTRODUCTION
Hyperglycemia is a symptom of the chronic metabolic and
degenerative disease known as diabetes mellitus (DM). The
disease’s alarming increase in global incidence over the past
few decades has made it a prominent public health issue in the
21st century.1,2 One of the most common types of DM is
noninsulin-dependent diabetes, commonly known to be type 2
diabetes (T2DM), which happens due to insulin resistance.
Four hundred twenty-two million people worldwide were
estimated to have diabetes as of 2014, up from 108 million in
1980 in the WHO report.3,4 Furthermore, DM currently ranks
as the seventh leading disease in mortality rate worldwide.5,6

Individuals diagnosed with diabetes may incur various issues as
a result of blood vessel impairment and harm to multiple body

organs, such as the heart, nerves, kidneys, and eyes.7−13 The
most chemotherapeutic strategy used for managing DM is to
regulate postprandial blood glucose levels by blocking the
primary enzymes that are responsible for carbohydrate
hydrolysis such as α-glucosidase and α-amylase enzymes.14−16

Both enzymes are essential for the decomposition of
disaccharides and sugars, as well as the assimilation of glucose.
In addition, the enzymes have the ability to break down
polysaccharides into glucose and maltose; through this process,
the body glucose level and the negative impact of the disease
increase.17,18 Therefore, it is thought that inhibiting α-
glucosidase and α-amylase is a useful tactic in the management
of T2DM. Acarbose, voglibose, and miglitol are α-glucosidase
and α-amylase inhibitors that have received clinical appro-
val.19,20 However, these α-glucosidase and α-amylase inhibitors
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have been linked to side effects like diarrhea, gastrointestinal
problems, and abdominal pain21−23 and therefore development
of novel antidiabetic drugs with increased efficacy and fewer
side effects for the treatment of T2DM is required. In the area
of medicinal chemistry, 1,2,4-thiadiazoles and Schiff base24−26

are considered to be the most prominent subgroup of bioactive
organic compounds with five-membered ring compounds27

and display a remarkable range of biological activities,
including those for cyclooxygenase inhibition,28 human
leukemia,29 antibacterial activity,30,31 ulcerative activity,32

antihypertensive activity,33 cathepsin b inhibition,34 anticon-
vulsant activity,35 antidiabetic activity,36 and allosteric
modulators.37

DM is one of the most critical and prevalent diseases in this
age. However, different routes were adapted to find out the
beneficial inhibitors.38 Due to the diverse range of biological
activities that these fused heterocyclic compounds possessed,
we were inspired to design and synthesize a new class of
heterocyclic compounds like 1,2,4-thiadiazole,8,39,40 bearing a
Schiff base41,42 in their structure (Figure 1). Different (E)-3-
((2,4-dichlorobenzylidene)amino)-N-(3-(trifluoromethyl)-
phenyl)-1,2,4-thiadiazol-5-amine base derivatives were synthe-
sized in this work.

2. RESULTS AND DISCUSSION
2.1. Chemistry. The first step involves the addition of

guanidine salt solution (a) to isothiocyanate solution (b) in
tetrahydrofuran, with the presence of Et3N. The resulting
mixture was then stirred under reflux for 8 h, resulting in the
formation of (c) a substrate. After heating the mixture at a
temperature of 80 °C until the reaction was finished, the
solvent was removed by evaporating it under reduced pressure.
The resultant substrate (c) was then dissolved again in 1,4-
dioxane, and iodine and potassium carbonate were added in a
specified amount. The resultant residue reflux conditions to
the formation of the oxidative N−S bond were fully achieved
(the progress of the conversion was analyzed through TLC
(thin-layer chromatography), refluxing for the period of 14 h).
Once the residue was cooled to a temperature of 25 °C, it was

reacted with a 5% solution of sodium thiosulfate and the
remaining mixture was then extracted using ethyl acetate,
leading to the synthesis of 1,2,4-thiadiazole base (d) as an
intermediate. In the last step, the 1,2,4-thiadiazole-base
intermediate (d) underwent further reaction with various
substituted benzaldehydes in the presence of acetic acid as
solvent, resulting in the production of Schiff base derivatives
based on 1,2,4-thiadiazole (1−15) (Scheme 1).
2.2. Biological Analysis (1−15). 2.2.1. Inhibition Profile

of In Vitro α-Amylase and α-Glucosidase. The inhibition
profile of all synthesized analogues bearing 1,2,4-thiadiazole
containing a Schiff base moiety was assessed. The SAR
(structure−activity relationship) confirmed that newly synthe-
sized thiadiazole-based Schiff base scaffolds demonstrated a
remarkable profile toward the selected enzymes, in comparison
to standard. Furthermore, SAR studies have suggested that
different structural features, including 1,2,4-thiadiazole, Schiff
base (C�N), and rings “A” and “B”, play a key role in the
selected enzymes. Any changes in potency refer to different
substitution patterns on both rings.
2.2.2. SAR for Selected Enzymes and Their Inhibition

Profile. On the basis of the substitution pattern of both rings,
limited SAR studies were discussed for each category, since it
was revealed from SAR results that persistent and main
structural features such as thiadiazole, the Schiff base of the

Figure 1. Rationalization of this work.

Scheme 1. Synthesis of Thiadiazole-Based Schiff Base
Derivatives
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aryl part “A” and aryl part “B” moieties, play a key role in
inhibiting both targeted enzymes. However, variation around
the aryl parts “A” and “B” led to different inhibitory potentials
against both enzymes. Compounds 1−3 and 9 with a chloro
(−Cl) or fluoro (−F) group at the 4-position of the N-aryl
portion “A” and a nitro (−NO2) group at various positions of
the other aryl component “B” have been found to have
remarkable inhibitory activity against both enzymes. Out of all

the tested compounds, scaffold 9 showed prominent efficacy
against α-amylase and α-glucosidase. These analogues have a
−F moiety attached to the aryl part “A” at its 4-position, while
the other aryl part “B” carries a moiety −NO2 at its 3-position.
These two groups have the ability to effectively engage toward
the active part of enzymes, resulting in increased activity. The
profile of compound 9 toward enzyme activity decreased when
the group attached at the fourth position of ring “A” was

Figure 2. SAR study of compounds 1, 2, 3, and 9.

Figure 3. SAR study of compounds 4, 5, 6, and 8.

Figure 4. SAR study of compounds 7, 10, 11, and 12.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c04599
ACS Omega 2024, 9, 31148−31158

31150

https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c04599?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c04599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


changed from the −F moiety to the −Cl moiety, similar to
analogue 3. The superior inhibitory profile of compound 9 may
be attributed with respect to the strong e-withdrawing nature
of −F compared with the −Cl group. Furthermore, scaffold 2,

which is similar to compounds 1 and 3, exhibits lower potency
compared to its structurally different counterparts 1 and 3.
Scaffold 2 contains a −NO2 present at the second position of
the aryl part “A” while −Cl is present in the fourth position of
the same aryl part. Similarly, compound 3) as a −NO2 in the
third position of ring “B” and a −Cl present in the fourth in the
same ring “A”. The scaffolds labeled as 1, 2, and 3 have the

Figure 5. SAR study of compounds 13, 14, and 15.

Table 1. Inhibitory Potentials of Synthesized Analogues (1−15)

Table 2. Thiadiazole Derivatives Representing the Docking
Scores and Energy of α-Glucosidase PDB = 3WY1

Cpd S Rmsd@refine

1 −5.264 1.766
2 −6.5837 2.7746
3 −6.1562 1.6025
6 −6.0803 2.2112
9 −6.0796 3.5860
10 −6.2323 2.3360
11 −6.2469 1.6178
13 −5.7815 2.0254
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same structure in terms of the groups attached, such as −NO2
and −Cl groups. However, they differ from each other based
on the −NO2 group around the aryl part “B”. This indicates
that the inhibitory potentials were remarkably influenced by
altering the groups from one position to another position of
both aryl parts' rings (Figure 2).
Scaffold 6, which contains two −Cl groups around both

rings “A” and “B” present in the same position, demonstrated a
potency that was nine times higher than the typical acarbose as
a standard drug. The two −Cl groups present in the aromatic
rings removed a prominent amount of electronic cloud on both
rings, resulting in them becoming electron-deficient species.
The activity of scaffold 6 was reduced by a factor of 16 times
by removing one −Cl group from the fourth position of aryl
group “B” and replacing the other −Cl group from the third
position of the same aryl group “B” with a methoxy (−OCH3)
group, as seen in scaffold 5. The difference in potency observed
in each of these scaffolds can be attributed to their distinct
behavior and the varying number of attached groups. This
indicates that both nature and substituent number play a key
function in the activity. However, scaffold 8, which is
structurally identical to scaffold 5, possesses a somewhat
better activity than its counterpart 5 but still found as less
potent than the standard acarbose drug. Moreover, scaffold 4
displays less potency when compared to analogue 6. This was
due to greater numbers of −Cl moieties present at the third
and fourth positions in the ring “B” scaffold (6), while
compound (4) holds only −CH3 present in the fourth position
of ring “B” instead the di-Cl groups (Figure 3).
Compound 7 is different from analogue 4 due to the nature

of the substituents attached on the rings. Analogue 7 contains a
−CH3 present in the fourth position of ring “B”, while
compound 4 also contains the −Br group similar to the fourth
position of ring “B” and scaffold 4 exhibited lower inhibitory
potentials compared to the scaffold due to the larger size of the
−Br moiety on the fourth position of the aryl component “B”.
Those groups having a larger size caused steric hindrance,
resulting in reduced enzymatic inhibition. In addition, a
scaffold 10 that contains −NO2 groups at the third position of
both aryl components “A” and “B” was identified as a powerful
inhibitor of targeted enzymes. However, the inhibition profile
of 10 decreased when the −NO2 group of the aryl component
“B” was moved from the third position to the fourth position,
as observed in scaffold 11. The decrease in inhibitory
potentials of analogue 10 was further seen by changing the
−NO2 group to the second position of the aryl component “B”
in scaffold 12. The scaffolds 10, 11, and 12 have a single
−NO2 group that is permanently attached to the third position
of the aryl part “A”. The other aryl component “B” carries a
−NO2 moiety at different positions such as second, third, and
fourth positions, showing that variation of the −NO2 moiety
around aryl part “B” results in different inhibitory potentials.
The variation seen in these scaffolds was caused by the
differing placement of the −NO2 group on the ring “B” shown
in Figure 4.
A scaffold (15) with a trifluoro methyl present at the third

position of ring “A” and dichloro moieties at the second and
fourth positions of ring “B” has been known as an active
competitor against both enzymes from all of the synthesized
compounds. This scaffold 15 showed many-fold better potency
than the standard acarbose drug. The better potency shown by
scaffold 15 having more −Cl moieties and an attached
trifluoromethyl moiety, which was the withdrawal of electronic

Table 3. Interacting Residues of Thiadiazole Derivatives
with α-Glucosidase PDB = 3WY1

Cpd
ligand

interaction receptor interactions
distance

(Å) E (kcal/mol)

1 O 33 NH1 ARG
124 (C)

H_acceptor 2.93 −2.0

O 34 NH2 ARG
124 (C)

H_acceptor 2.83 −1.4

6-ring 6-ring PHE
40 (A)

pi_pi 3.96 −0.0

2 N 2 NH2 ARG
124 (C)

H_acceptor 2.80 −6.4

6-ring CG1 VAL
117 (B)

pi_H 4.78 −0.5

3 S 4 O THR 33
(C)

H_donor 3.83 −0.7

N 6 OE1 GLU
36 (C)

H_donor 2.74 −3.3

6 CL 29 OE2 GLU
43 (B)

H_donor 3.50 −0.6

CL 30 O THR 33
(C)

H_donor 3.16 −1.0

N 3 NH1 ARG
124 (A)

H_acceptor 3.12 −2.3

N 17 NH2 ARG
124 (C)

H_acceptor 3.07 −1.9

CL 31 N ARG 124
(C)

H_acceptor 3.29 −0.5

C 18 6-ring PHE
40 (C)

H_pi 4.10 −0.9

6-ring CE1 PHE
40 (C)

pi_H 3.53 −0.5

9 S 4 OG1 THR
120 (B)

H_donor 4.28 −0.7

O 33 NZ LYS
114 (C)

H_acceptor 3.04 −1.2

10 N 2 NH2 ARG
124 (B)

H_acceptor 3.00 −1.7

5-ring NH2 ARG
124 (A)

pi_cation 3.53 −0.5

6-ring CG2 ILE
121 (C)

pi_H 3.81 −0.7

6-ring 6-ring PHE
40 (B)

pi_pi 3.69 −0.0

11 S 4 OE1 GLU
36 (A)

H_donor 4.45 −0.8

N 6 OE1 GLU
36 (B)

H_donor 2.90 −4.4

13 N 6 OE1 GLU
36 (C)

H_donor 2.71 −3.7

CL 31 NE ARG
127 (C)

H_acceptor 3.46 −0.5

F 35 NH2 ARG
124 (B)

H_acceptor 2.83 −0.9

5-ring NH1 ARG
124 (C)

pi_cation 3.52 −0.8

Table 4. Docking Score Energies of Thiadiazole Analogues
with α-Amylase PDB = 4BFH

Cpd S Rmsd@refine

1 −5.5608 2.0797
2 −5.4159 2.6020
3 −6.0256 1.9509
6 −5.7133 3.1642
9 −5.8136 1.7547
10 −6.0409 2.2130
11 −5.6153 1.4221
13 −5.5869 1.1087

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c04599
ACS Omega 2024, 9, 31148−31158

31152

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c04599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


clouds from ring components “A” and “B”, increases their
susceptibility to interact with the active pocket of enzymes,
resulting in higher enzymatic inhibition. Moreover, the
trifluoromethyl moiety has a tendency to interact well through
a halogen bond with the active residue of targeted enzymes. In
addition, the activity of compound 15 was dropped down by
replacing one −Cl group on the second position of ring “B”
with a simple hydrogen atom as in analogue 13, indicating that
addition of the −Cl moiety in greater number around aryl part
“B” enhanced the enzymatic potentials. Moreover, a further
decrease in inhibitory potentials of both scaffolds 13 and 15
was observed by removing either −Cl group from the fourth
position of ring “B” or both −Cl moieties at the second and
fourth positions of ring “B” in analogue 14 that bear
unsubstituted aryl part “B”. This scaffold (15) holds the
−CF3 group in the third position of aryl part “A” along with
unsubstituted aryl part “B” that exhibited 17-fold less potency
compared to its counterparts 13 and 15. It was concluded that
addition of one or more substituents of electron-withdrawing
(EWD) nature such as −Cl around aryl part “B” enhanced the
enzymatic potentials as in the case of scaffolds 13 and 15
(Figure 5 and Table 1).
2.3. In Silico Studies. 2.3.1. Molecular Docking. Recently,

docking has had a remarkable rise in molecular docking
simulation toward drug discovery and design. Now, the
computational technique43 has proven to be valuable in
providing crucial insights on the binding property toward a
novel drug and protein being targeted. Hence, it serves as a
reliable approach for forecasting the suppression of a specific
protein with remarkably reduced time and expenses.44 A
reliable hypothesis is provided toward the mechanism of
discovered medicine, which must be further defined. The
docking score energy and RMSD results of docked compounds
with PDB: 3WY1 and PDB: 4BFH are represented in 2, 3, and
4. The interacting residues of thiadiazole derivatives with α-
glucosidase PDB = 3WY1 and α-amylase PDB = 4BFH are

represented in Tables 3 and 5, respectively, while the mode of
interaction is represented in Figures 6 and 7.
2.3.2. Pharmacokinetics. The expected toxicity was

calculated by using the OSIRIS program for analogues 1, 2,
3, 6, 9, 11, and 13. The outcomes are shown in Table 6. Based
on standard therapeutic treatments, these compounds result in
having fewer negative side effects. Furthermore, it was shown
that certain analogues possess pharmaco-modulation proper-
ties and can act as antibiotics respectively (with DS values of
0.53, 0.42, and 0.5). However, these compounds also show
reproductive toxicity and have a topological polar surface area
(TPSA) greater than 140. It is worth noting that a TPSA score
below 140 A 2 is considered ideal for drug-like molecules.
(6) The pharmacokinetic/Molinspiration characteristics for

the derivatives 1, 2, 3, 6, 9, 10, 11, and 13 were determined
using Molinspiration online analysis. Mostly analogues showed
remarkable potential as such shown in the above docking
results. These derivatives showed drug-like characteristics in
relation to enzyme, kinase, and protease inhibitors. The activity
score distribution (version 2022.08) is related to the scores of
GPCR (ligands), ion channel modulators, kinase inhibitors,
and nuclear compounds.

3. CONCLUSIONS
In conclusion, thiadiazole-bearing Schiff base derivatives (1−
15) were synthesized and their biological profile was assessed.
In order to understand in a better way, a SAR study was
conducted. The synthesized derivatives are known as active
analogues among the selected enzymes. Among the series, nine
scaffolds including 1, 2, 3, 6, 9, 10, 11, and 13 emerged as
active than the standard and their docking parameter RMSD
values for α-glucosidase and α-amylase were 1.766, 2.7746,
1.6025, 2.2112, 3.5860, 2.3360, 1.6178, and 2.0254 and 2.0797,
2.6020, 1.9509, 3.1642, 1.7547, 2.2130, 1.4221, and 1.1087,
respectively. The toxicity of the selected analogues was
calculated by using the OSIRIS tool, and TPSA values lower
than 140 were found to represent drug-like properties; those

Table 5. Interaction of the Active Residue of Thiadiazole Derivatives with α-Amylase PDB = 4BFH

Cpd ligand interaction receptor interactions distance (Å) E (kcal/mol)

1 N 6 O ILE 28 (A) H_donor 2.84 −1.5
O 33 N SER 9 (A) H_acceptor 3.02 −1.2
O 34 OG SER 9 (A) H_acceptor 2.70 −1.9
5-ring CB CYS 14 (A) pi_H 4.42 −0.9

2 N 2 N CYS 14 (A) H_acceptor 2.89 −2.4
5-ring CB CYS 29 (A) pi_H 3.70 −0.6

3 N 6 O TYR 18 (A) H_donor 2.83 −1.1
O 33 CA CYS 1 (A) H_acceptor 3.04 −0.5
6-ring N THR 21 (A) pi_H 4.18 −1.2

6 S 4 OG1 THR 21 (A) H_donor 3.20 −0.6
N 6 O ALA 30 (A) H_donor 2.79 −5.7
6-ring CB CYS 1 (A) pi_H 4.47 −0.6

9 N 6 O TYR 18 (A) H_donor 2.95 −3.5
N 2 N CYS 14 (A) H_acceptor 2.88 −4.2

10 N 6 O GLU 6 (A) H_donor 2.83 −1.7
O 35 N HIS 19 (A) H_acceptor 2.87 −3.7
6-ring CB LEU 12 (A) pi_H 4.41 −0.5
6-ring CD1 LEU 12 (A) pi_H 3.98 −0.5
6-ring CB ALA 30 (A) pi_H 4.14 −0.5

11 N 6 O GLU 6 (A) H_donor 2.88 −3.2
6-ring CA CYS 29 (A) pi_H 3.57 −0.6

13 N 6 O GLU 6 (A) H_donor 2.96 −1.3
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from Molinspiration were studied as well. The following
properties were studied and found to have better biological
properties. NMR and HREI-MS were used for the structural

Figure 6. 2D and 3D snaps of interacting residues of thiadiazole
derivatives with α-glucosidase PDB = 3WY1.

Figure 7. 2D and 3D snaps of interacting residues of thiadiazols’
derivatives with alpha-amylase PDB = 4BFH.
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confirmation. In future, cytotoxic study, identification of lead
compounds, refining for selectivity as choice of drugs, in vivo
study, and introduction of new groups in the parent
compounds will be employed to explore further activities.

4. MATERIALS AND METHODS
4.1. Materials. Analytical-grade solvents and reagents were

obtained from Sigma-Aldrich and used without distillation
further. TLC (precoated silica gel aluminum plates) was used
in this experiment. UV−visible (UV) light was used to view
TLC chromatograms at lower 254 and higher 366 nm

wavelengths. A mass spectrometer was used to record mass
spectra using electron impact (EI). 600 and 150 MHz
spectrometers (Bruker Advance AM), 1H-/13C-NMR spectra,
were used to record the spectra of the synthesized compounds.
4.2. General Procedure for the Synthesis of 1,2,4-

Thiadiazole Derivatives (1−15). The synthesis of 1,2,4-
thiadiazole-based derivatives was completed in three steps. In
the first step, guanidine salt solution (a) was added into the
isothiocyanate solution (b) in the presence of tetrahydrofuran
(THF) and Et3N. The resulting mixture was then stirred under
reflux for 8 h, resulting in the formation of (c). After heating

Table 6. Pharmacokinetics Study of the Selected Analogues
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the mixture at the temperature of 80 °C until the reaction was
finished, the solvent was evaporated under reduced pressure.
The substrate (c) was dissolved in 1,4-dioxane, and iodine and
potassium carbonate were added in a specified amount. The
mixture was stirred under reflux conditions until the formation
of the N−S bond. The residue was cooled to a temperature
and treated with a 5% solution of sodium thiosulfate, and the
remaining mixture was then extracted using ethyl acetate,
leading to the (d) intermediate. Furthermore, the last step
intermediate (d) underwent further reaction with various
substituted benzaldehydes in the presence of acetic acid as
solvent, resulting in the production of Schiff base derivatives
based on 1,2,4-thiadiazole (1−15) (Scheme 1).
4.3. Spectral Analysis. The spectral analysis of the

synthesized compounds is found in the Supporting Informa-
tion.
4.4. Assay Protocol for α-Glucosidase Inhibition.

Assay protocol was developed according to the literature
reported data.45

4.5. Assay Protocol for α-Amylase Inhibition. For the
inhibition activity against α-amylase, assay protocol was
conducted according to a literature's known method.46

4.6. Molecular Docking Study Protocol. The thiadizaole
used previously in the human pancreatic enzymes such as α-
amylase and α-glucosidase47 was taken (https://www.rcsb.org/
) from the Protein Data Bank (PDB) with the PDB ID: 4BFH
and PDB ID: 3WY1. The selection of these proteins was based
on a trial of various appropriate enzymes for their interactions
with the prepared ligands. Initially, the cocrystallized acarbose
obtained by using the proteins was subsequently isolated as an
independent molecule and used as the control. The software
program known as Molecular Operating Environment (MOE)
201948,49 was employed here; this software gained remarkable
attention for the preparation of compounds into proteins.50

Subsequently, at pH 7, hydrogen atoms were employed for
obtaining the structure while water molecules were removed by
applying the QuickPrep option available in the tool bar of
MOE. Prior to validating the docking process, the ligands that
were cocrystallized were redocked at the active site of proteins
while poses of the molecules were compared with the
cocrystallized ligands, their root mean square deviation
(RMSD) values being less than 3 Å. The docking results
show the presence of four to five orientations for each
molecule in relation to the targets. The most flattering stance
was determined based on the lowest S value.44 The simulated
approximation of ΔG (kcal·mol−1) represents the binding
properties, whereas the low RMSD value (Å) indicates
minimal disruption in the process. Two metrics are suggested
for analyzing the (i) stability of the binding and (ii) the
resulting complex between the chemical and the target protein.
4.6.1. OSIRIS Calculation. Thomas Sander created the

OSIRIS tool, also known as Osiris Property Explorer, to
predict several physicochemical characteristics such as
molecular weight, clogP, water solubility, and TPSA. Addi-
tionally, it can also assess toxicological properties such as
mutagenesis effects, tumorigenicity, irritancy, and reproductive
toxicity.51−53

4.6.2. Molinspiration Calculation. Molinspiration is offered
in different areas of computational biology software, which tell
us about the manipulation as well as the processing. The
provided tools include the conversion of SD files and SMILES
like molecule normalization, formation of tautomers, fragmen-
tation of molecules, calculation of various properties necessary

for the quantitative structure−activity relationship (QSAR)
used for the molecular docking, drug design, and depiction of
high-quality molecules and tools for database, which assist in
searches for the substrate.43,51
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