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Abstract

Benzimidazole-1,3,4-oxadiazole derivatives (5a-z) were synthesized and characterized
with different spectroscopic techniques such as *H NMR, 3C NMR, and HRMS. The
synthesized analogs were examined against a-glucosidase and a-amylase enzymes to
determine their antidiabetic potential. Compounds 5g and 5q showed the most activity
with 35.04 +£1.28 and 47.60 + 2.16 ug/mL when compared with the reference drug
acarbose (ICs5o=54.63 +1.95 pug/mL). Compounds 5g, 50, 5s, and 5x were screened
against the a-amylase enzyme and were found to show excellent potential, with ICsq
values ranging from 22.39 + 1.40 to 32.07 = 1.55 pg/mL, when compared with the
standard acarbose (ICso=46.21+1.49 ug/mL). The antioxidant activities of the
effective compounds (50, 5g, 5s, 5x, and 5q) were evaluated by TAS methods. A
molecular docking research study was conducted to identify the active site and explain
the functions of the active chemicals. To investigate the most likely binding mode of the

substances 5g, 50, 5q, 5s, and 5x, a molecular dynamics simulation was also carried out.
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metastasis, and repressed tumor cell apoptosis,[7 according to a large

number of studies. Along with neuropathy, retinopathy, and

Diabetes mellitus (DM) (type 2), is one of the chronic diseases that
has seen an alarming increase in prevalence and is a public health

1 The malfunction of insulin secretion and loss of

problem.
receptivity in the destination organs describe this metabolic disorder.
This failure results in blood glucose levels that are higher than
anticipated, a condition known as postprandial hyperglycemia, which
is an early indicator of diabetes.? As a result of untreated or
unregulated hyperglycemia, patients with abnormal glucose levels
suffer from a variety of long- and short-term concurrent diseases, the

[3.4 [5]

most common of which are, cancer,®¥ cardiovascular diseases,

infections!® as well as increased tumor cell proliferation, amplified

© 2023 Deutsche Pharmazeutische Gesellschaft.

nephropathy, there is a decrease in the function of vital body
organs.®

Inhibition of a-amylase and a-glucosidase has been a key therapy
step for effectively controlling DM so far. Anti-a-glucosidase drugs
such as acarbose, miglitol, and voglibose (Figure 1) are used to

regulate PPHG, although they do not have much a-amylase inhibition

[9-11]

capacity and have a lot of side effects. The enzyme

a-glucosidase is responsible for hydrolysis, transforming unabsorbed

[12]

oligo- and disaccharides into glucose'*<' and restricting the activity of

a-glucosidase on dietary carbohydrate absorption and degradation,

[13]

leading to PPHG suppression. With the pathogenesis and

Arch. Pharm. 2023;e2200663.
https://doi.org/10.1002/ardp.202200663

wileyonlinelibrary.com/journal/ardp 1 of 16

85U8017 SUOWIWOD SAIERID 3(dedl|dde auy Aq peueob aJe sepile O ‘8sN JO Sa|ni Joj A%eiqi8UljuQ AB]1/MW UO (SUONIPUOD-PUR-SLLIBIW0D A8 | I Ake.d1jBul[Uo//SdnL) SUORIPUOD pue Swis 1 81 88S *[£202/20/T2] Uo Ariqiiauliuo Aeim ‘Aisean eAunywnd Aq £99002202 dpie/z00T OT/I0p/w0d A8 1M Aselq i puljuo//Sdiy wolj pepeojumod ‘0 ‘Y8TYTZST


http://orcid.org/0000-0003-1879-1034
http://orcid.org/0000-0001-8815-153X
http://orcid.org/0000-0003-2252-0923
mailto:uacar@anadolu.edu.tr
https://wileyonlinelibrary.com/journal/ardp
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fardp.202200663&domain=pdf&date_stamp=2023-02-09

ACAR CEVIK T AL

2 |_DPhG ARCH

Archiv der Pharmazie

-
OH -
- : H
OH N,
O
0 “"OH
OH
OH
Acarbose
HO HO,,,
HO o
N\
H
Miglitol

N
OH
\ R,
) N
“OH :
OH '

OH

Voglibose

SO
|

OH ¢

FIGURE 1 Drug molecules used for the treatment of type 2 diabetes mellitus (T2DM); and benzimidazole-oxadiazole hybrids (5a-z) designed

as inhibitors of a-glucosidase and a-amylase.

maintenance of DM, free radicals cause damage to lipids, proteins,
and DNA.'* Clinical trials have made a relationship between

diabetes and breast cancer,”!

and a-glucosidase control has a
synergistic therapeutic efficacy in anticancer treatment.*>! The
desirable antidiabetic goal should be a therapeutic drug having a
safe and competitive inhibitory effect against pancreatic a-amylase
and intestinal a-glucosidase to simultaneously decrease and control
DM. Several approaches for the synthesis of different heterocycles to
regulate the activity of a-amylase and a-glucosidases have recently
been discovered. Furthermore, naturally occurring heterocycles
derived from medicinal plants have been found to have potent
inhibition activity. As a result, much more research is required to
develop an effective antidiabetic candidate.[*!

As heterocyclic-based compounds, benzimidazole derivatives are
well known as antidiabetic drugs as a result of research into many
processes, including peroxisome proliferator, aldose reductase
enzyme, activated receptor a-transcriptional activity, dipeptidyl
peptidase IV, stearoyl-CoA desaturase, glucokinase, glycosidase
receptor, and human glucagon receptor (hGCGR) antagonist.!*”8!
Especially, benzimidazole derivatives exhibited a-glucosidasel*”-2?!

and a-amylasel30-3%!

inhibitor activity; hence, it is important to obtain
novel benzimidazole derivatives as antidiabetic compounds. On the
other hand, it was reported that oxadiazoles act as a potential class of

a-glucosidasel®4~4Y [42,43]

and a-amylase inhibitors. According to
several research, oxidative stress significantly contributes to the
pathophysiology of both kinds of diabetes mellitus. By nonenzymatic
protein glycation, glucose oxidation, and the consequent oxidative
breakdown of glycated proteins, free radicals are produced dis-
proportionately in diabetes. Free radical damage to cellular organelles
and enzymes, increased lipid peroxidation, and the emergence of

insulin resistance can result from abnormally high amounts of free

radicals. These oxidative stress-related side effects may encourage
the growth of diabetes complications.[44-4¢!

The goal of this study was to use the molecular hybridization
concept of drug development to create active, novel a-glucosidase
and a-amylase inhibitor chemical entities. Molecular hybridization is a
useful structural modification technique in which two pharmacopho-
ric moieties of a bioactive substance are joined to produce a hybrid
molecule that is more effective than the original chemical.l*”! This
concept can also develop hybrids with a high selectivity profile,
minimal side effects, and dual/multiple modes of action.

In the present work, with the aim to have hybrids with improved
affinity and efficacy, we combined the oxadiazole moiety with the
benzimidazole ring and designed novel analogs (5a-z) as Figure 1.
The synthetic analogs were tested against a-glucosidase and a-amylase
enzymes to determine their antidiabetic potential. The antioxidant
activities of the effective compounds were evaluated by TAS methods.
In addition, the effects of these compounds on the normal cell line
(L929) were evaluated and their cytotoxicity was determined.
A molecular docking research study was conducted to identify the
active site and explain the functions of the active chemicals.

2 | RESULTS AND DISCUSSION
2.1 | Chemistry

The target benzimidazole-1,3,4-oxadiazole derivatives (5a-z) were
synthesized as shown in Scheme 1. In the first step, o-phenylenediamine
with different aldehydes including 4-hydroxybenzaldehyde, 4-
methoxybenzaldehyde, and 4-ethoxybenzaldehyde in the presence of
sodium metabisulfite in DMF were reacted to afford compounds (1a-c).
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SCHEME 1 General procedure for the synthesis of the final compounds 5a-z.

To synthesize ethyl 2-(2-(4-substitutedphenyl)-1H-benzimidazole-1-yl)
acetate derivatives (2a-c) and ethyl chloroacetate were mixed in
THF,
solution of compounds 2a-c in ethanol was treated with hydrazine

using NaH as a catalyst, and refluxed. The appropriate

hydrate to prepare 2-(2-(4-substitutedphenyl)-1H-benzimidazole-1-yl)
acetohydrazide derivatives (3a-c). To the mixture of synthesized
hydrazide derivatives (3a-c) with an aqueous solution of NaOH and
ethanol, carbon disulfide was gently added, and compounds (4a-c) were
obtained. To obtain the final compounds (5a-z), a mixture of the
compound (4a-c) with substituted phenacyl bromide and potassium
carbonate was refluxed in acetone for éh. Their structures were
confirmed by H NMR, 3C NMR, and mass spectra.

2.2 | Pharmacology/Biology

2.21 | |In vitro a-amylase and a-glucosidase
inhibition assays

The results of a-amylase and a-glucosidase activities were described
in Figures 2-5. Compounds with calculated ICsq values are included

in Supporting Information: Table S2. According to the results of
compounds, the a-amylase inhibitory activity of compounds 5g, 50,
5s, and 5x (***p<0.001) were higher (ICso=66.94+1.55,
46.74+1.13, 45.08+1.40, and 47.43 +3.50 ug/mL, respectively)
than acarbose as a positive control. Among these compounds, 5s
were found more active than others. On the other hand, other
compounds showed moderate inhibitory activity and the ICsq values
of compounds namely 5b, 5d, 5h, 51, 5t, 5u, 5v, and 5y cannot be
calculated at 1000 pg/mL concentration. Although the results of a-
glucosidase showed that compounds 5f, 5g, and 5q possessed
the highest inhibition effect (***p<0.001) (ICso=74.27 £2.16,
35.04+1.28. and 47.60+2.16 ug/mL). Among these compounds,
5g and 5q were found more active than acarbose as a positive
control. Additionally, none of the other compounds surpassed the
activity of acarbose (ICsq=54.63 +1.95 ug/mL) and the ICsq value
cannot be calculated at 1000 pg/mL concentration. So, according to
the results, the compound 5g displayed the highest inhibitory activity
against both a-amylase and a-glucosidase enzymes.

When the effects and structures of the compounds on the alpha-
amylase enzyme are examined, it is seen that the presence of the 2,4-
difluoro (electron-withdrawing groups) group (compounds 5g, 50, 5x)
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on the phenyl ring significantly increases the activity. The incorpora-
tion of the substituent at the ortho/para position of the phenyl ring
enhances the inhibitory activity. The activity is extremely enhanced
when the diameter of the added group at the para position is smaller (as
in the case of the 2,4-difluorosubstituted derivative). These findings also
overlap with previously reported studies.*® In these compounds,
hydroxy, methoxy, and ethoxy groups are located at the 4t position of
the phenyl ring attached to benzimidazole. Among them, it was
determined that the compound containing the 4-methoxy group
(compound 50) was more effective. Especially, compound 5s, which
contains a 4-ethoxy group on the phenyl ring attached to benzimidazole,
carries methyl group, which is the electron donor group, on the phenyl
ring attached to oxadiazole, and it has been determined that it has the
highest alpha-amylase activity among the compounds. It was determined
that compound 5g (2-[(5-{[2-(4-hydroxyphenyl)-1H-benzimidazole-1-yl]
methyl}-1,3,4-oxadiazol-2-yl)thio]-1-(2,4-difluorophenyl)ethan-1-one) was
the only compound that was effective on both a-amylase and
a-glycosidase enzymes. Among the compounds, compound 5q, which
has the 3,4-dihydroxyphenyl structure, appears to act selectively on the
a-glycosidase enzyme.

2.2.2 | Antioxidant activity

The term “high and desired level” refers to total antioxidant capacity
values that are greater than or equal to 1.0 mmol Trolox Equiv/L.
Total antioxidant capacity values of the compounds 50, 5q, 5g, 5s,
and 5x were found high, which is shown in Figure 6 and Supporting
Information: Table S2. All of the compounds show high antioxidant
properties. In particular, the compound 5x shows higher Trolox
equivalence/L. than vitamin E.

2.2.3 | Cytotoxicity assay

Against the L929 cell line, the cytotoxicity of the compounds 5o, 5q,
5g, 5s, and 5x was assessed. To evaluate the cytotoxicity potency of
target compounds, the fibroblast cells were treated with the
compounds at different concentrations between 6.25 and 100 pM.
Cell viability percentages were calculated after the treatment of cells
for 24 h. Cytotoxicity results of compounds 50, 5q, 5g, 5s, and 5x
against L929 fibroblast are presented in Figure 7 and Supporting
Information: Table S3. The maximal dose used caused all compounds

to exhibit 60% or more viability.

2.3 | Molecular docking

The molecular docking study was performed to determine the pot-
ential interactions and interaction energies of the compounds on
a-glucosidase (PDB ID: 5NN8) and a-amylase (PDB ID: 10SE).#?°% The
three-dimensional structures of a-glucosidase and a-amylase carrying
the reference substance acarbose as cocrystal ligand used in enzyme
experiments were preferred. For the validation of the molecular docking
study, redocking was performed with the acarbose Glide SP contained
in 5SNN8 and 10SE, and the RMSD was measured as 1.42 and 2.21 A,
respectively. After molecular docking validation, both target enzymes
were docked by the same method as the prepared compounds. The
compounds 5a-z shown in Table S4 gave a docking score between
-5.982 and -9.306 kcal/mol, and a Glide emodel docking score between
-52.973 and -98.660 kcal/mol against a-glucosidase. The compound
with the highest activity against a-glucosidase, 5g, gave the highest
docking interaction energy. The other active compound 5q formed

interaction energy of -7.899kcal/mol. With the second target
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FIGURE 3 a-Amylase ICso values of the compounds. Values are expressed as mean = SD (n = 3). Different asterisk (*) for the same column
indicate significant differences at *p < 0.05, **p < 0.001, and ***p < 0.0001.

a-amylase, compounds 5a-z produced a Glide docking score between
-5.494 and -7.538 kcal/mol, and a Glide emodel docking score between
-71.767 and -93.149 kcal/mol. Among the active compounds, 50 gave
the highest docking score with a-amylase, while the other active
compound 5s gave the lowest docking score.

In protein-ligand atomic interactions, as shown in Figure 8a,b,
three conventional H bonds, Phe157 (2.77 A), GIn350 (2.13 A), and
Asn241 (3.01A), Lys155 (2.63A), Leu (2.95A), and His239 (3.27 A)
halogen bond to fluorine between compound 5g and a-glucosidase. In
addition, compound 5g gave hydrophobic interactions with Ser156,
Pro240, Phel77, Ala278, Glu276, Asp349, and Tyr71. The other active
compound 5q with a-glucosidase created His279 (2.96 A), His111
(2.68 A), Arg439 (1.84 A), Asp68 (1.54 A and 1.92 A) H bonds, pi-sulfur
interaction with Phe300, and hydrophobic interactions with Phe157,
Leu176, Pro240, His245, Ala278, Leu218, Phel77, and Asp214.

Against a-amylase, as shown in Figure 8c-f, dual-acting
compound 5g, GIné3 (2.01 A) and Lys200 (2.23 A) with two H bonds

and Trp59 (3.06 A) a fluorinated halogen bond, formed hydrophobic
interactions with Asp197, Asp300, Glu233, Tyré2, His305, Val163,
and lle235. Compound 50, on the other hand, gave two H bonds with
Gln (2.16 and 2.29A), hydrophobic interactions with Asp197,
Asp300, Glu233, His305, Tyr62, Val163, Trp59, 1le235, and Tyr151
in the a-amylase active pocket. Compound 5s formed a 2.48 A length
H bond with Tyr151, and Ala307, lle235, Tyr62, Val163, Trp59, and
His305 van der Waals interactions. The other active compound 5x,
on the other hand, formed hydrophobic interactions with Asp197,
Asp300, Glu233, Tyré2, 1le235, Leul62, Vall63, Trp59, and two H
bonds with Tyr151 (2.82 A) and GIné3 (2.74 A).

2.4 | Molecular dynamics simulations

MD simulation was performed to examine the stability and interactions
of protein-ligand complexes obtained from the molecular docking
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FIGURE 4 a-Glycosidase inhibitory activities of the compounds (ICsq value > 1000).

study in silico physiological environment.®**? RMSD analysis was
performed from the trajectory to show the deviations in protein
structure during the 200 ns MD period. Figure 9a shows the RMSD
values of the complexes of compounds 5g and 5q, which inhibit
a-glucosidase more potently than the standard compound acarbose.
The A-Glu and 5g complex was up to 0.6 nm for up to 100 ns and
remained stable below 0.8 nm for up to 200ns. The A-Glu and 5q
complex remained stable below 0.4 nm after the first 20 ns presimula-
tion phase. As shown in Figure 9b, the A-Glu and 5g complex fluctuated
the highest around 0.6 nm, excluding the terminal parts, while the A-
Glu and 5q complex fluctuated below 0.4 nm. According to the RMSD
and RMSF plots, the A-Glu and 5 complex is more stable. Animated

video showing interactions of composite 5g and 5q creating the active
site for 200 ns is provided in Supporting Information: Videos S1 and S2.
RMSD and RMSF graphs of the complexes formed by a-amylase of
compounds 5g, 50, 5s, and 5x are shown in Figure 9c,d. Complexes
A-Ami and 5g, A-Ami and 50, A-Ami and 5s, and A-Ami and 5x
exhibited similar RMSD profiles. According to the RMSF graph, the
highest fluctuation occurred around the active site amino acids Tyr151,
Val163, and Phel57. A-Ami and 50 complex showed the highest
fluctuation, and A-Ami and 5g complex showed the lowest fluctuation.
An animation showing the movements of the complexes formed with
a-amylase of compounds 5g, 50, 5s, and 5x during 200ns MD
simulation is provided in Supporting Information: Videos S3-S6.
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3 | CONCLUSION

In the present study, benzimidazole-1,3,4-oxadiazole derivatives
(5a-z) have been synthesized and evaluated for their in vitro
a-glucosidase and a-amylase inhibitory potentials and antioxidant
properties. As a result of in vitro screening, compound 5g was
found to be the most effective-glucosidase inhibitor of the
examined compounds (ICso: 35.041.28 g/mL). The a-amylase

L1929 Cell Line for 24 h
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FIGURE 7 After 24 h, % Viability of the L929 cell line.

inhibitory activity of the compound 5s with an ICsq: 22.39 ¢
1.49 ug/mL was found to be two times more effective than the
reference drug acarbose (ICso: 46.21+1.49 pug/mL). The results of
the MTT cytotoxicity assay established the safety profile of
active compounds 50, 5g, 5s, 5x, and 5q. In silico molecular
docking study was performed to predict the interactions of all
compounds with a-glucosidase and a-amylase. MD simulations
study was performed for the confirmation of protein-ligand
stability of compounds 5g and 5q with a-glucosidase, and
compounds 5g, 5s, 5x, and 5q with a-amylase. Additionally,
significant antioxidant qualities of components 50, 5g, 5s, 5x, and
5q may help to lessen difficulties caused by oxidative stress in
people with diabetes.
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FIGURE 8
5g, 50, 5s, and 5x at the a-amylase active pocket, respectively.

4 | EXPERIMENTAL
41 | Chemistry
411 | General

The whole chemicals used in the synthetic process were bought from
Merck Chemicals or Sigma-Aldrich Chemicals (Sigma-Aldrich Corp.)
(Merck KGaA). A Bruker digital FT NMR spectrometer (Bruker
Bioscience) was used to record the *H and *3C NMR spectra of the
produced compounds in DMSO-d¢. Splitting patterns were desig-
nated as follows: s: singlet; d: doublet; t: triplet; m: multiplet in the
NMR spectra. Hertz values for coupling constants (J) were given.
Shimadzu LC/MS ITTOF equipment was used to determine M+1

(a, b) Binding mode and interactions of compounds 5g and 5q at the a-glucosidase active site. (c-f) Binding pose of compounds

peaks (Shimadzu). The uncorrected melting points of the resulting
compounds were established using the MP90 digital melting point
instrument (Mettler Toledo). Using Silica Gel 60 F254 TLC plates,
thin-layer chromatography (TLC) was used to monitor each reaction
(Merck KGaA).

The InChl codes of the investigated compounds, together with

some biological activity data, are provided as Supporting Information.
41.2 | Synthesis of 2-(4-substitutedphenyl)-1H-
benzimidazole derivatives (1a-c)

An Anton-Paar Monowave 300 was used to microwave irradiate a
mixture of sodium metabisulfite (0.03 mol, 5.7 g) and 4-substituted
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FIGURE 9 Root mean square deviation (RMSD), root mean square fluctuation (RMSF) results obtained from molecular dynamics simulation
trajectory. (a, b) RMSD and RMSF graphs of a-glucosidase and 5g (A-Glu and 5g) and a-glucosidase and 5q (A-Glu and 5q) complexes. (c, d)
a-amylase and 5g (A-Ami and 5g), a-amylase and 50 (A-Ami and 50), a-amylase and 5s (A-Ami and 5s) and a-amylase and 5x (A-Ami and 5x)

complexes for 200 ns.

benzaldehyde (0.03 mol, 240°C) for 5min. O-Phenylenediamine
(0.03 mol) was added after the mixture had cooled and held under
the same reaction conditions. The combination was put onto crushed
ice after the reaction was finished. The resulting solid was filtered,

water-washed, dried, and then recrystallized from ethanol.

4.1.3 | Synthesis of ethyl 2-[2-(4-
substitutedphenyl)-1H-benzimidazole-1-yl]acetate
derivatives (2a-c)

2-(4-Substitutedphenyl)-1H-benzimidazole derivatives (1a-c) deriva-
tive compound (0.025 mol) and chloroethylacetate were dissolved in

THF and NaH were added into the mixture. The reaction mixture was

and 10 bar. The product was then filtered, water-washed, dried, and
recrystallized from ethanol once the mixture had cooled.

41.5 | Synthesis of 5-{[2-(4-substitutedphenyl)-1H-
benzimidazole-1-yl]-methyl}-1,3,4-oxadiazol-2-
yl (4a-c)

2-[2-(4-Substitutedphenyl)-1H-benzimidazole-1yl]acetohydrazide deri-
vatives (3a-c) (0.01 mol) was dissolved in a solution of NaOH (0.01 mol,
0.4 g) in ethanol and carbon disulfide (0.01 mol, 0.60 mL) was added in
the mixture. For 8 h, the mixture was refluxed. After the reaction was
complete, the solution was cooled and the desired chemical was

obtained by acidifying it to a pH of 4-5 using strong hydrochloric acid

refluxed. After TLC control, the solvent was evaporated. The residue solution.
was dried, then recrystallized from ethanol after being rinsed with
water.
41.6 | Synthesis of 2-[(5-{[2-(4-substitutedphenyl)-
1H-benzimidazole-1-yllmethyl}-1,3,4-oxadiazol-2-yl)
414 | Synthesis of 2-[2-(4-substitutedphenyl)-1H- thio]-1-(substitutedphenyl)ethan-1-one (5a-z)

benzimidazole-1yllacetohydrazide derivatives (3a-c)

Ethyl 2-[2-(4-substitutedphenyl)-1H-benzimidazole-1-yl]acetate (0.018
mol) and excess of hydrazine hydrate (5mL) in ethanol (15 mL) were
mixed in a vial (30mL) of microwave synthesis reactor (Anton-Paar

Monowave 300). For 10 min, the reaction mixture was heated at 80°C

5-{[2-(4-Substitutedphenyl)-1H-benzimidazole-1-yl]-methyl}-1,3,4-
oxadiazol-2-yl (4a-c) (0.001 mol), potassium carbonate (0.001 mol,
0.138 g) and substituted phenacyl bromide (0.0015 mol) derivative
were dissolved in acetone and refluxed for 6 h. The solvent was

evaporated after TLC control, the residue was washed with water,
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products (5a-z).

2-[(5-{[2-(4-Hydroxyphenyl)-1H-benzimidazole-1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-phenylethan-1-one (5a)

Yield: 72%, M.p.: 125.3-126.8°C. *H NMR (300 MHz, DMSO-dq, 36°C,
TMS): 6 12.89 (s,1H, OH), 8.16-8.12 (m, 3H, Aromatic CH), 8.06-8.03
(m, 2H, Aromatic CH), 7.70-7.67 (m, 2H, Aromatic CH), 7.60-7.54
(m, 3H, Aromatic CH), 7.24-7.20 (m, 3H, Aromatic CH), 5.49 (s, 2H,
CHy), 5.14 (s, 2H, CH,). 3C NMR (75 MHz, DMSO-dy, 36°C, TMS):
§=193.13 (C=0), 167.20, 163.98, 143.64, 134.50, 129.38, 128.93,
128.52, 126.80, 125.05, 123.97, 122.62, 115.71, 114.01, 113.05,
111.85, 111.53, 11041, 60.89 (CH,), 59.64 (CH,). HRMS (m/z):
[M+H]" calcd for CoqH1gN4O3S: 443.1158; found: 443.1172.

2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-tolyl)ethan-1-one (5b)

Yield: 77%, M.p.: 124.4-126.1°C. *H NMR (300 MHz, DMSO-dj,
36°C, TMS): § 12.85 (s, 1H, OH), 8.12 (d, J=8.55Hz, 2H, 14-
disubstitutedbenzene), 7.92 (d, J=8.25Hz, 2H, 1,4-disubstitute-
dbenzene), 7.36 (d, J=7.92Hz, 2H, 1,4-disubstitutedbenzene),
7.24-7.21 (m, 3H, Aromatic CH), 7.19-7.16 (m, 3H, Aromatic CH),
5.49 (s, 2H, CHy), 5.11 (s, 2H, CHy), 2.37 (s, 3H, CH3). °C NMR
(75 MHz, DMSO-dg, 36°C, TMS): § = 192.21 (C=0), 165.05, 163.90,
158.88, 151.47, 145.07, 132.91, 129.89, 129.03, 128.50, 125.90,
124.38, 123.83, 122.65, 121.99, 115.72, 115.60, 111.90, 60.52
(CHy), 59.87 (CH,), 21.67 (CH3). HRMS (m/z): [M+H]* calcd for
Ca5H20N403S: 457.1320; found: 457.1329.

2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole-1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(4-chlorophenyl)ethan-1-one (5c)

Yield: 74%, M.p.: 121.4-123.7°C. 'H NMR (300 MHz, DMSO-dj,
36°C, TMS): § 8.15 (d, J=8.40Hz, 2H, 1,4-disubstitutedbenzene),
8.06 (d, J = 8.79 Hz, 2H, 1,4-disubstitutedbenzene), 7.66-7.63 (m, 3H,
Aromatic CH), 7.61-7.59 (m, 2H, Aromatic CH), 7.27-7.20 (m, 3H,
Aromatic CH), 5.51 (s, 2H, CHy), 5.14 (s, 2H, CH,). 3*C NMR (75 MHz,
DMSO-dg, 36°C, TMS): § =191.91 (C=0), 164.92, 163.94, 159.11,
151.23, 143.29, 139.41, 138.11, 134.13, 131.98, 130.85, 129.50,
128.70, 123.49, 122.70, 117.65, 115.78, 114.47, 60.17 (CH,), 59.90
(CH5). HRMS (m/z): [M+H]"* calcd for Co4H17N405SCl: 477.0764;
found: 477.0783.

2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole-1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(4-fluorophenyl)ethan-1-one (5d)

Yield: 68%, M.p.: 119.1-121.2°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): §=12.90 (s, 1H, OH), 8.16-8.13 (m, 3H, Aromatic CH), 8.11
(s, 1H, Aromatic CH), 7.44-7.38 (m, 2H, Aromatic CH), 7.24-7.21
(m, 3H, Aromatic CH), 7.20-7.16 (m, 3H, Aromatic CH), 5.50 (s, 2H,
CH,), 5.15 (s, 2H, CH,). 3C NMR (75 MHz, DMSO-d,, 36°C, TMS):
§=191.42 (C=0), 163.95, 159.28, 148.37, 138.71, 136.22, 132.12,
131.99, 131.54, 128.52, 124.36, 122.33, 116.61, 116.32, 115.70,
114.19, 106.60, 104.84, 60.68 (CH,), 59.54 (CH,). HRMS (m/z):
[M+H]* caled for Cp4H17N4O3FS: 461.1061; found: 461.1078.

2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-bromophenyl)ethan-1-one (5e)

Yield: 72%, M.p.:119.2-120.8°C. *H NMR (300 MHz, DMSO-dj,
36°C, TMS): §=12.85 (s, 1H, OH), 8.14 (d, J=6.84Hz, 2H,
1,4-disubstitutedbenzene), 8.11-8.10 (m, 2H, Aromatic CH), 7.97
(d, J=8.61Hz, 2H, 1,4-disubstitutedbenzene), 7.78 (d, J=8.61 Hz,
2H, 1,4-disubstitutedbenzene), 7.22 (d, J=6.90Hz, 2H, 1,4-
disubstitutedbenzene), 7.18-7.16 (m, 2H, Aromatic CH), 5.49
(s, 2H, CH,), 5.13 (s, 2H, CH,). ¥*C NMR (75 MHz, DMSO-d,,
36°C, TMS): 6=192.64 (C=0), 159.39, 150.97, 145.15, 135.95,
134.46, 132.66, 131.85, 130.90, 129.44, 128.51, 127.27, 124.68,
122.09, 117.41, 115.59, 112.11, 110.55, 60.47 (CH,), 56.10 (CH,).
HRMS (m/z): [M+H]"* caled for Co4H17N4O3SBr: 521.0272; found:
521.0277.

2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-cyanophenyl)ethan-1-one (5f)

Yield: 69%, M.p.: 130.4-132.2°C. 'H NMR (300 MHz, DMSO-d,
36°C, TMS): 6=8.17 (d, J=8.67 Hz, 2H, 1,4-disubstitutedbenzene),
8.13-8.11 (m, 2H, Aromatic CH), 8.05 (d, J=8.55Hz, 2H, 1,4-
disubstitutedbenzene), 7.58-7.56 (m, 2H, Aromatic CH), 7.26-7.24
(m, 2H, Aromatic CH), 7.21-7.20 (m, 2H, Aromatic CH), 5.49 (s, 2H,
CH,), 5.17 (s, 2H, CH,). *C NMR (75 MHz, DMSO-d,, 36°C, TMS):
6=191.60 (C=0), 171.34, 168.01, 157.31, 151.80, 144.77, 137.23,
133.39, 131.33, 129.51, 128.64, 126.14, 124.27, 122.64, 119.07,
115.77, 113.67, 110.86, 108.58, 60.26 (CH,), 54.96 (CH,). HRMS
(m/2): [M+H] calcd for Co5H17N503S: 468.1114; found: 468.1125.

2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole-1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(2,4-difluorophenyl)ethan-1-one (53)

Yield: 72%, M.p.: 164.1-166.1°C. 'H NMR (300 MHz, DMSO-d,
36°C, TMS): 6=8.16 (d, J=8.91 Hz, 2H, 1,4-disubstitutedbenzene),
7.61-7.58 (m, 3H, Aromatic CH), 7.25 (d, J=8.94Hz, 2H, 1,4-
disubstitutedbenzene), 7.22-7.20 (m, 4H, Aromatic CH), 5.51 (s, 2H,
CH,), 5.39 (s, 2H, CH,). *3C NMR (75 MHz, DMSO-dj, 36°C, TMS):
6=191.39 (C=0), 178.59, 159.84, 159.05, 151.25, 145.10142.07,
139.19, 138.57, 128.69, 123.81, 123.62, 123.23, 122.68, 116.31,
115.80, 115.47, 115.33, 115.25, 115.13, 60.10 (CH,), 58.19 (CH,).
HRMS (m/z): [M+H] calcd for Cy4H14N4O3F5S: 479.0969; found:
479.0984.

2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole- 1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(2,4-dichlorophenyl)ethan-1-one (5h)

Yield: 77%, M.p.: 178.2-179.4°C. 'H NMR (300 MHz, DMSO-d,
36°C, TMS): 6§ =8.17-8.16 (m, 2H, Aromatic CH), 7.92-7.88 (m, 2H,
Aromatic CH), 7.63-7.62 (m, 1H, Aromatic CH), 7.58-7.56 (m, 3H,
Aromatic CH), 7.20-7.19 (m, 3H, Aromatic CH), 5.49 (s, 2H, CH,),
498 (s, 2H, CH,). ¥C NMR (75MHz, DMSO-d,, 36°C, TMS):
6=193.47 (C=0), 164.32, 160.32, 158.66, 151.59, 143.39, 137.15,
132.28, 131.74, 131.57, 131.10, 128.80, 128.61, 128.42, 122.67,
122.60, 116.15, 115.97, 115.71, 110.66, 60.16 (CH,), 58.60 (CH,).
HRMS (m/z): [M+H]"* calcd for Cy4H14N4O3SCly: 511.0379; found:
511.0393.
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2-[(5-{[2-(4-Hydroxyphenyl)- 1H-benzimidazole- 1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(3,4-dihydroxyphenyl)ethan-1-one (5i)
Yield: 66%, M.p.: 178.6-180.1°C. *H NMR (300 MHz, DMSO-dj,
36°C, TMS): 6§ =8.15 (d, J=8.79 Hz, 2H, 1,4-disubstitutedbenzene).
7.45-7.41 (m, 1H, Aromatic CH), 7.37 (s, 1H, Aromatic CH), 7.22
(d, J=8.85Hz, 2H, 1,4-disubstitutedbenzene), 7.18-7.15 (m, 2H,
Aromatic CH), 6.80 (d, J=7.95Hz, 1H, Aromatic CH), 5.48 (s, 2H,
CH,), 5.01 (s, 2H, CH,). 3C NMR (75 MHz, DMSO-dy, 36°C, TMS):
6§=190.57 (C=0), 165.29, 163.79, 158.89, 152.61, 151.48, 149.39,
145.99, 139.80, 137.34, 135.54, 134.08, 128.54, 126.80, 124.38,
122.60, 122.31, 118.86, 117.41, 115.71, 59.91 (CH,), 54.55 (CH,).
HRMS (m/z): [M+H]* caled for CpsH1gN4OsS: 475.1062; found:
475.1071.

2-[(5-{[2-(4-Methoxyphenyl)- 1H-benzimidazole-1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(4-tolyl)ethan-1-one (5j)

Yield: 69%, M.p.: 94.2-96.3°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): §=7.93 (d, J=8.31Hz, 2H, 1,4-disubstitutedbenzene), 7.79
(d, J=8.79Hz, 2H, 1,4-disubstitutedbenzene), 7.72-7.71 (m, 2H,
Aromatic CH), 7.37 (d, J=8.37 Hz, 2H, 1,4-disubstitutedbenzene),
7.30-7.27 (m, 2H, Aromatic CH), 7.14 (d, J=8.94Hz, 2H, 1,4-
disubstitutedbenzene), 5.58 (s, 2H, CH,), 5.05 (s, 2H, CH,), 3.86
(s, 3H, OCH3), 2.39 (s, 3H, CHg). 13C NMR (75 MHz, DMSO-d,, 36°C,
TMS): § =192.65 (C=0), 179.70, 163.79, 161.00, 159.13, 153.44,
144.92, 142.91, 136.21, 133.08, 131.23, 129.86, 129.06, 122.86,
122.12, 119.44, 114.77, 111.34, 60.14 (OCHs), 55.83 (CH,), 42.16
(CHy), 21.69 (CH3). HRMS (m/z): [M+H] calcd for CygH2oN405S:
471.1467; found: 471.1485.

2-[(5-{[2-(4-Methoxyphenyl)- 1H-benzimidazole-1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(4-chlorophenyl)ethan-1-one (5k)

Yield: 76%, M.p.: 93.6-95.2°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): 6§ =7.96-7.92 (m, 1H, Aromatic CH), 7.83 (d, J=8.88 Hz, 2H,
1,4-disubstitutedbenzene), 7.76 (d, J=8.64Hz, 1H, Aromatic CH),
7.66-7.65 (m, 2H, Aromatic CH), 7.57-7.56 (m, 2H, Aromatic CH),
7.28-7.24 (m, 2H, Aromatic CH), 7.14 (d, J=8.88Hz, 2H, 1,4-
disubstitutedbenzene), 5.45 (s, 2H, CH,), 5.06 (s, 2H, CH,), 3.86
(s, 3H, OCHg). 3C NMR (75 MHz, DMSO-d,, 36°C, TMS): 6 = 191.91
(C=0), 158.66, 142.93, 142.54, 136.27, 135.67, 131.48, 131.25,
130.86, 129.49, 129.00, 128.48, 122.89, 122.71, 122.30, 119.36,
114.73, 111.44, 59.73 (OCHs3), 55.87 (CH,), 42.09 (CH,). HRMS
(m/2): [IM+H]" calcd for Co5H19N403SCl: 491.0932; found: 491.0939.

2-[(5-{[2-(4-Methoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-fluorophenyl)ethan-1-one (5I)

Yield: 78%, M.p.: 100.1-101.6°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): 6=8.15-8.12 (m, 1H, Aromatic CH), 7.91-7.88 (m, 2H,
Aromatic CH), 7.81 (d, J=8.85Hz, 2H, Aromatic CH), 7.68-7.66
(m, 1H, Aromatic CH), 7.59-7.56 (m, 1H, Aromatic CH), 7.29-7.24 (m,
3H, Aromatic CH), 7.13 (d, J = 8.88 Hz, 2H, 1,4-disubstitutedbenzene),
5.81 (s, 2H, CH,), 5.44 (s, 2H, CH,), 3.85 (s, 3H, OCHj). 3C NMR
(75 MHz, DMSO-dg, 36°C, TMS): §=192.43 (C=0), 160.96, 158.66,
153.37, 142.93, 136.26, 132.23, 131.85, 131.25, 128.49, 122.90,
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122.71, 122.30, 119.36, 116.45, 115.70, 114.73, 114.32, 111.42,
60.37 (OCH3), 55.83 (CH,), 46.34 (CH,). HRMS (m/z): [M+H]" calcd for
C,psH1oN4O5FS: 475.1211; found: 475.1235.

2-[(5-{[2-(4-Methoxyphenyl)-1H-benzimidazole- 1-yl)methyl}- 1,3,
4-oxadiazol-2-yl)thio]-1-(4-bromophenyl)ethan-1-one (5m)

Yield: 66%, M.p.: 100.5-101.7°C. 'H NMR (300 MHz, DMSO-d,
36°C, TMS): 6§ =8.15-8.12 (m, 1H, Aromatic CH), 7.82 (d, J = 8.79 Hz,
2H, Aromatic CH), 7.75-7.73 (m, 2H, Aromatic CH), 7.71-7.70
(m, 2H, Aromatic CH), 7.28-7.27 (m, 3H, Aromatic CH), 7.15
(d, J=8.85Hz, 2H, 1,4-disubstitutedbenzene), 5.78 (s, 2H, CH,),
5.47 (s, 2H, CH,), 3.86 (s, 3H, OCHj3). 3C NMR (75 MHz, DMSO-d,,
36°C, TMS): §=191.37 (C=0), 160.95, 158.67, 153.37, 142.93,
136.26, 132.45, 132.13, 131.36, 131.25, 128.47, 123.20, 122.90,
122.72,122.29, 119.36, 114.74, 111.42, 58.86 (OCH3), 55.83 (CH>),
41.63 (CH,). HRMS (m/z): [M+H]* calcd for CysHq9N4O3SBr:
535.0421; found: 535.0434.

2-[(5-{[2-(4-Methoxyphenyl)- 1H-benzimidazole- 1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-cyanophenyl)ethan-1-one (5n)

Yield: 62%, M.p.: 104.2-105.9°C. *H NMR (300 MHz, DMSO-d,
36°C, TMS): 6 =8.12-8.11 (m, 2H, Aromatic CH), 7.97-7.94 (m, 2H,
Aromatic CH), 7.83 (d, J=8.88 Hz, 2H, Aromatic CH), 7.67-7.66
(m, 1H, Aromatic CH), 7.27-7.25 (m, 3H, Aromatic CH), 7.15
(d, J=8.88Hz, 2H, 1,4-disubstitutedbenzene), 5.77 (s, 2H, CH,),
5.45 (s, 2H, CH,), 3.86 (s, 3H, OCHs). 23C NMR (75 MHz, DMSO-d,
36°C, TMS). §=197.73 (C=0), 161.26, 158.67, 153.36, 142.94,
136.35, 133.33, 132.99, 131.25, 130.34, 123.71, 122.89, 122.71,
122.30, 120.87, 119.61, 119.36, 114.73, 111.42, 59.29 (OCHy),
55.83 (CH,), 43.16 (CH3). HRMS (m/z): [M+H] calcd for Cyq
H19N503S: 482.1271; found: 482.1281.

2-[(5-{[2-(4-Methoxyphenyl)- 1H-benzimidazole- 1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(2,4-difluorophenyl)ethan-1-one (50)

Yield: 70%, M.p.: 105.3-106.4°C. *H NMR (300 MHz, DMSO-d,
36°C, TMS): 6=7.81 (d, J=8.82Hz, 2H, 1,4-disubstitutedbenzene),
7.75-7.72 (m, 2H, Aromatic CH), 7.68-7.65 (m, 2H, Aromatic CH),
7.27-7.25 (m, 3H, Aromatic CH), 7.13 (d, J=8.91Hz, 2H, 14-
disubstitutedbenzene), 5.78 (s, 2H, CH,), 5.44 (s, 2H, CH,), 3.85
(s, 3H, OCHg). 3C NMR (75 MHz, DMSO-d,, 36°C, TMS): & = 190.28
(C=0), 165.34, 143.75, 143.11, 138.64, 138.20, 131.25, 130.83,
130.05, 125.33, 123.70, 123.09, 119.42, 118.47, 115.99, 115.82,
114.73, 113.72, 110.17, 106.72, 55.86 (OCH3), 54.84 (CH,), 42.95
(CH.). HRMS (m/z): [M+H] calcd for CosHigN4OsF,S: 493.1120;
found: 493.1140.

2-[(5-{[2-(4-Methoxyphenyl)-1H-benzimidazole- 1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(2,4-dichlorophenyl)ethan-1-one (5p)

Yield: 73%, M.p.: 129.5-130.4°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): 6=7.76 (d, J=882Hz, 2H, 14-disubstitutedbenzene),
7.70-7.67 (m, 2H, Aromatic CH), 7.63-7.60 (m, 1H, Aromatic CH),
7.56-7.54 (1H, m, Aromatic CH), 7.29-7.27 (m, 3H, Aromatic CH), 7.13
(d, J=8.91Hz, 2H, 1,4-disubstitutedbenzene), 5.81 (s, 2H, CH,), 5.61
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(s, 2H, CH,), 3.85 (s, 3H, OCH3). 3C NMR (75 MHz, DMSO-d,, 36°C,
TMS): 6=191.49 (C=0), 161.04, 159.54, 158.23, 153.50, 143.09,
136.17, 133.32, 132.91, 131.22, 130.36, 128.54, 128.06, 123.22,
122,99, 122.34, 121.97, 119.51, 114.79, 111.27, 57.98 (OCH3), 55.84
(CHy), 48.59 (CH,). HRMS (m/2): [M+H]* calcd for CpsH1gN403SCly:
525.0554; found: 525.0549.

Archiv der Pharmazie

2-[(5-{[2-(4-Methoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(3,4-dihydroxyphenyl)ethan-1-one (5q)
Yield: 65%, M.p.: 227.6-229.3°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): 6 =7.73 (d, J = 8.85 Hz, 2H, 1,4-disubstitutedbenzene), 7.62-7.59
(m, 1H, Aromatic CH), 7.42-7.34 (m, 3H, Aromatic CH), 7.29-7.26 (m,
2H, Aromatic CH), 7.10 (d, J =8.88 Hz, 2H, 1,4-disubstitutedbenzene),
6.81 (d, J=8.28 Hz, 1H, 1,4-disubstitutedbenzene), 5.77 (s, 2H, CH,),
4.94 (s, 2H, CH,), 3.83 (s, 3H, OCHa). 3C NMR (75 MHz, DMSO-d,,
36°C, TMS): 6 = 189.88 (C=0), 165.03, 163.66, 161.02, 153.54, 146.48,
14293, 136.11, 131.20, 128.46, 124.99, 123.22, 123.12, 122.99,
121.99, 119.55, 115.35, 114.78, 114.32, 111.18, 57.59 (OCHj3), 55.78
(CH,), 42.27 (CH,). HRMS (m/2): [M+H]" calcd for CusHooN4OsS:
489.12183; found: 489.1227.

2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-phenylethan-1-one (5r)

Yield: 66%, M.p.: 189.1-190.6°C. *H NMR (300 MHz, DMSO-dj,
36°C, TMS): 6§=8.11 (d, J=8.73Hz, 1H, Aromatic CH), 7.76 (d,
J=8.82Hz, 2H, Aromatic CH), 7.69-7.67 (m, 2H, Aromatic CH),
7.62-7.59 (m, 3H, Aromatic CH), 7.29-7.26 (m, 3H, Aromatic CH),
7.11 (d, J=8.76 Hz, 2H, Aromatic CH), 5.77 (s, 2H, CH,), 5.57 (s, 2H,
CH,), 4.17-4.12 (m, 2H, CH,), 1.37 (t, J = 6.93 Hz, 3H, CH3). **C NMR
(75 MHz, DMSO-dg, 36°C, TMS): 6§ = 191.80 (C=0), 160.30, 159.17,
153.47, 142.91, 136.21, 131.23, 129.72, 129.38, 129.04, 128.49,
123.06, 122.85, 122.22, 121.95, 119.44, 115.14, 111.32, 63.77
(CH,), 56.83 (CH.,), 44.87 (CH,), 15.07 (CH3). HRMS (m/z): [M+H]*
calcd for CogHooN4O3S: 471.1463; found: 471.1485.

2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-tolyl)ethan-1-one (5s)

Yield: 64%, M.p.: 148.5-149.7°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): 6 =7.91-7.88 (m, 1H, Aromatic CH), 7.76-7.70 (m, 3H, Aromatic
CH), 7.62-7.53 (m, 2H, Aromatic CH), 7.38-7.35 (m, 1H, Aromatic CH),
7.29-7.25 (m, 2H, Aromatic CH), 7.18-7.16 (m, 1H, Aromatic CH),
7.13-7.04 (m, 2H, Aromatic CH), 5.76 (s, 2H, CH,), 5.60 (2H, s, CH>),
4.13-4.10 (m, 2H, CH,), 2.39 (s, 3H, CH3), 1.37 (t, J = 6.51 Hz, 3H, CHa).
13C NMR (75 MHz, DMSO-d,, 36°C, TMS): § = 192.22 (C=0), 163.79,
160.31, 153.54, 145.08, 131.19, 129.89, 129.60, 129.01, 128.53,
123.19,122.95,122.29,121.81,119.54, 115.15,111.27, 111.15, 63.75
(CH,), 61.18 (CH,), 44.21 (CH,), 21.72 (OCHj3), 15.07 (OCHz). HRMS
(m/z): [IM+H]" calcd for Co7H4N4O3S: 485.1622; found: 485.1642.

2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-chlorophenyl)ethan-1-one (5t)

Yield: 71%, M.p.: 187.9-189.3°C. H NMR (300 MHz, DMSO-dg,
36°C, TMS): 6§ =8.14-8.11 (m, 1H, Aromatic CH), 8.02-7.99 (m, 1H,

Aromatic CH), 7.73-7.66 (m, 2H, Aromatic CH), 7.63-7.62 (m, 2H,
Aromatic CH), 7.30-7.28 (m, 3H, Aromatic CH), 7.13-7.08
(m, 3H, Aromatic CH), 5.78 (s, 2H, CH,), 5.64 (s, 2H, CH,),
4.15-4.09 (m, 2H, CH,), 2.39 (s, 3H, CH3), 1.37 (t, J= 6.87 Hz, 3H,
CH3). 3C NMR (75 MHz, DMSO-dg, 36°C, TMS): 6= 191.49 (C=0),
163.86, 159.54, 153.52, 142.87, 136.17, 134.08, 131.21, 130.80,
129.48, 128.59, 123.20, 122.99, 122.37, 121.80, 119.51, 115.17,
111.25, 63.77 (CH,), 61.09 (CH,), 44.47 (CH,), 15.07 (CH3). HRMS
(m/2): [M+H]" calcd for CoH»1N403SCl: 505.1084; found: 505.1096.

2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole- 1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-fluorophenyl)ethan-1-one (5u)

Yield: 73%, M.p.: 181.8-182.9°C. 'H NMR (300 MHz, DMSO-dj,
36°C, TMS): 6§=8.18-8.13 (m, 2H, Aromatic CH), 8.03 (d,
J=8.40Hz, 2H, Aromatic CH), 7.81-7.73 (m, 1H, Aromatic CH),
7.69-7.61 (m, 2H, Aromatic CH), 7.45-7.37 (m, 3H, Aromatic CH),
6.93 (d, J=8.61Hz, 2H, Aromatic CH), 5.64 (s, 2H, CH,), 5.00
(s, 2H, CH5), 4.07 (g, J = 6.75 Hz, 2H, CH,), 1.25 (t, J = 6.84 Hz, 3H,
CHa). 3C NMR (75 MHz, DMSO-dg, 36°C, TMS): 6 = 191.49 (C=0),
160.38, 159.73, 144.20, 142.79, 136.11, 133.00, 132.07, 131.22,
128.95, 123.31, 123.10, 119.49, 116.75, 116.60, 115.39, 115.19,
111.25, 63.77 (CHy), 61.51 (CH,), 43.85 (CH>), 15.06 (CH3). HRMS
(m/z): [M+H]* caled for CyeH1N4O5FS: 489.1369; found:
489.1391.

2-[(5-{[2-(4-Ethoxyphenyl)-1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-bromophenyl)ethan-1-one (5v)

Yield: 77%, M.p.: 192.5-194.1°C. *H NMR (300 MHz, DMSO-d,
36°C, TMS): 6§ =7.95-7.91 (m, 1H, Aromatic CH), 7.77-7.74 (m, 3H,
Aromatic CH), 7.71-7.68 (m, 2H, Aromatic CH), 7.64-7.61
(m, 1H, Aromatic CH), 7.58-7.55 (m, 1H, Aromatic CH), 7.30-7.27
(m, 2H, Aromatic CH), 7.13-7.10 (m, 2H, Aromatic CH), 5.78 (s, 2H,
CH,), 5.61 (s, 2H, CH,), 4.12 (q, J=7.56Hz, 2H, CH,), 1.37
(t, J=6.93 Hz, 3H, CH3). 13C NMR (75 MHz, DMSO-d,, 36°C, TMS):
6=192.52 (C=0), 179.18, 160.32, 159.37, 153.50, 142.89, 136.18,
132.43, 131.22, 130.86, 128.53, 123.14, 122.93, 122.27, 121.87,
119.48,115.16, 114.14, 65.47 (CH,), 63.77 (CH>), 42.07 (CH,), 15.07
(CH3). HRMS (m/z): [M+H]" calcd for CpgH21N4O3SBr: 549.0573;
found: 549.0590.

2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole- 1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(4-cyanophenyl)ethan-1-one (5w)

Yield: 64%, M.p.: 183.1-184.5°C. 'H NMR (300 MHz, DMSO-d,
36°C, TMS): 6=8.08 (d, J=8.43Hz, 2H, Aromatic CH), 7.80 (d,
J=8.76 Hz, 2H, Aromatic CH), 7.78 (d, J = 8.79 Hz, 2H, Aromatic CH),
7.28-7.25 (m, 3H, Aromatic CH), 7.14-7.11 (m, 3H, Aromatic CH),
5.78 (s, 2H, CH,), 5.48 (s, 2H, CH,), 4.17-4.11 (m, 2H, CH,), 1.37
(t, J=6.96 Hz, 3H, CHg). 13C NMR (75 MHz, DMSO-d,, 36°C, TMS):
6=192.98 (C=0), 160.28, 158.98, 153.43, 142.91, 136.22, 133.17,
131.23, 130.40, 128.49, 127.73, 123.00, 122.80, 122.49, 122.20,
122.01, 119.41, 115.12, 111.35, 63.76 (CH,), 60.92 (CH,), 45.62
(CHy), 15.08 (CH3). HRMS (m/z): [M+H] calcd for Cy7H21N505S:
496.1437; found: 496.1438.
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2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(2,4-difluorophenyl)ethan-1-one (5x)

Yield: 70%, M.p.: 138.7-139.9°C. *H NMR (300 MHz, DMSO-dj,
36°C, TMS): 6=8.11 (d, J=8.79Hz, 1H, Aromatic CH), 7.80
(d, J=8.76 Hz, 2H, Aromatic CH), 7.58-7.55 (m, 2H, Aromatic CH),
7.27-7.24 (m, 3H, Aromatic CH), 7.17-7.15 (m, 1H, Aromatic CH),
7.11 (d, J = 8.85 Hz, 2H, Aromatic CH), 5.78 (2H, s, CH,), 5.44 (s, 2H,
CH,), 4.12 (q, J = 6.96 Hz, 2H, CH,), 1.37 (t, J = 6.93 Hz, 3H, CHj). 3C
NMR (75 MHz, DMSO-d,, 36°C, TMS): §=190.94 (C=0), 160.32,
160.25, 158.67, 153.39, 142.93, 140.97, 140.10, 136.25, 132.91,
131.25, 125.74, 122.88, 122.71, 122.12, 119.35, 115.18, 115.10,
111.41, 63.76 (CH,), 60.35 (CH,), 44.82 (CH,), 15.08 (CH3). HRMS
(m/z): [M+H] calcd for CosHoN4O3F,S: 507.1281; found: 507.1297.

2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(2,4-dichlorophenyl)ethan-1-one (5y)

Yield: 71%, M.p.: 166.5-168.0°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): 6 =7.70 (d, J = 8.85 Hz, 2H, 1,4-disubstitutedbenzene), 7.61-7.58
(m, 1H, Aromatic CH), 7.43-7.36 (m, 2H, Aromatic CH), 7.28-7.25 (m,
2H, Aromatic CH), 7.07 (d, J=8.82 Hz, 2H, 1,4-disubstitutedbenzene),
6.83 (d, J=8.25Hz, 2H, 1,4-disubstitutedbenzene), 5.76 (s, 2H, CH,),
4.95 (s, 2H, CH,), 4.09 (q, J= 6.93Hz, 2H, -CH,), 1.37 (t, J= 6.93 Hz,
3H, -CHj). 3C NMR (75MHz, DMSO-ds, 36°C, TMS): §=190.53
(C=0), 164.92, 163.69, 160.31, 153.56, 15249, 145.96, 14293,
136.10, 131.19, 126.85, 123.20, 122.99, 122.60, 121.83, 119.56,
115.64, 115.43, 115.14, 111.17, 63.77 (CH,), 55.11 (CH,), 53.66 (CH,),
1507 (CHz). HRMS (m/z: [M+H]" caled for CogHaoN4O3SCly:
539.0705; found: 539.0706.

2-[(5-{[2-(4-Ethoxyphenyl)- 1H-benzimidazole-1-yl)methyl}-1,3,
4-oxadiazol-2-yl)thio]-1-(3,4-dihydroxyphenyl)ethan-1-one (5z)
Yield: 67%, M.p.: 258.6-259.7°C. *H NMR (300 MHz, DMSO-d,, 36°C,
TMS): 6 =8.11 (d, J = 8.82 Hz, 2H, 1,4-disubstitutedbenzene), 7.70-7.66
(m, 1H, Aromatic CH), 7.58-7.54 (m, 2H, Aromatic CH), 7.30-7.24 (m,
1H, Aromatic CH), 7.18-7.15 (m, 3H, Aromatic CH), 7.08 (d, J = 8.91 Hz,
2H, 1,4-disubstitutedbenzene), 5.77 (s, 2H, CH>), 5.46 (s, 2H, CH,), 4.09
(g, J=6.90Hz, 2H, -CH,), 1.37 (t, J=6.96 Hz, 3H, -CH5). 3C NMR
(75 MHz, DMSO-d,, 36°C, TMS): 6 =190.56 (C=0), 160.32, 160.25,
151.82, 145.99, 142.94, 131.06, 12849, 122.99, 122.70, 12248,
122.30,122.13,121.85,118.57,115.19, 115.10, 111.40, 111.22, 63.72
(CHy), 56.94 (CH,), 55.07 (CHy), 15.08 (CH3). HRMS (m/2): [M+H]" calcd
for CogH2oN405S: 503.1395; found: 503.1384.

4.2 | Pharmacological/biological assays

421 | Invitro a-amylase and a-glucosidase
inhibition assays

The method developed by Pasayeva et al. was applied in this
investigation to measure the inhibitory activity of a-amylase and
a-glucosidase.[53] The used concentrations of compounds ranged
between 1 and 1000 pg/mL. The samples' absorbance was measured
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at 540 nm once the reaction came to an end. Acarbose served as the
positive control in this investigation. The a-amylase inhibitory activity

was calculated as Equation (1):

Asample

(%) = [1 - (m]] x 100. (1)

To determine the a-glucosidase inhibitory activity, the
concentration of compounds was prepared between 1 and
1000 pg/mL. The increased absorbance at the end of the reaction
caused by the released p-nitrophenol was measured at 400 nm in
accordance with the procedure. Acarbose was employed as a
positive control in this experiment. The calculation of the
a-glucosidase inhibitory activity followed the instructions for the

a-amylase method.

422 | Statistical analysis

The standard and experimental groups' values were compared using
statistical analysis utilizing GraphPad Prism Software Version 8.0. The
outcome is represented as the mean standard deviation (SD). The
one-way analysis of variance with multiple comparison test was used
to compare statistically significant values, and p-values of less than

0.05 were regarded as statistically significant.

423 | Antioxidant activity (total antioxidant
status [TAS])

A commercial test produced by Rel Assay Diagnostics is used to
determine the TAS. The sample's potential antioxidant structures are
converted using this procedure from the dark blue-green ABTS
radical form to the colorless reduced ABTS form. The total
antioxidant capacity of the sample is determined by the change in
absorbance at 660 nm. The reference material, which is an analog of
vitamin E known as the Trolox equivalent, was utilized to calibrate the
assay as the stable standard antioxidant solution. The kit method was
followed when measuring TAS. The equation given below is
computed in accordance with Equation (2) after determining the

discrepancy between absorbance readings.[54]

A2 - A1 = AAbs of standard or sample or H,O,

[AAbs H,O - AAbs Sample]
[AAbs H,O - AAbs Standard]’ 2)

Results =

424 | Cytotoxicity assay

The cytotoxicity assay of compounds 5a-z was determined by the
absorbance values obtained from MTT assays. The MTT method
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was performed as previously described.®® L929 healthy mouse

Archiv der Pharmazie

fibroblast cells were used to evaluate the cytotoxicity of the

compounds.

4.3 | Molecular docking

The Maestro graphical user interface of the Schrodinger 2022.2
version was used for the molecular docking experiment. It was
selected from PDB for the target enzymes a-glucosidase (PDB ID:
5NN8)°¢~>8] and a-amylase (PDB ID: 10SE).*”-5?! Using the Alpha-
Fold®®>! protein structure database, incomplete residues in the SNN8
structure were filled in. Both of the target proteins’ structures were
created using the default settings of the “Protein Preparation Wizard”
in OPLS4 force fields. ChemDraw Professional 17.0 was used to create
their composite structures, which were then reduced using OPLS4
force fields using “LigPrep” and “Epik” at pH:7.2. Redocking the
cocrystal ligands of both enzymes with acarbose Glide SP served to
confirm the docking studies.[’? The molecules Glide SP were docked

with the target -glucosidase and -amylase.

4.4 | Molecular Dynamics Simulations

Gromacs 2021.2 version was used for the MD simulation, much like
in our earlier published work.[**~¢%! Using the CHARMM-GUI service
(https://charmm-gui.org/), the relevant input files for MD of protein-
ligand complexes obtained from the glide ligand docking investigation
were produced.[®*¢5! The protein-ligand combination was used to
generate a triclinic water box using the TIP water model at 10, which
was then neutralized by adding 0.15M KCI. NVT/NPT ensemble
equilibration stages with a 0.3 ns duration were carried out after
5000 steps of minimization. Two thousand frames were captured
while 200 ns of MD was simulated to 2 fs. CHARMMS36m force fields
were used to produce topology files.l6®! Trajectory analyzes were
performed with gmx rms and rmsf scripts. MD animation videos were
created with PyMOL Molecular Graphics System v2.5.2.
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