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INTRODUCTION

Diabetes mellitus is a chronic and progressive metabolic
disorder in which the body’s glucose management is impaired.
It is mainly caused by the decrease in insulin secretion by
pancreatic B-cells, which leads to insulin resistance. Insulin is
a pancreatic hormone that helps the body with blood glucose
management. An insulin deficient body causes hyperglycemia
(elevated blood glucose levels above 120 mg/dL). This condition
leads to other health issues, such as ketoacidosis, peripheral
neuropathy, retinopathy, efc. The global statistics of the Inter-
national Diabetes Federation (IDF) reported that the prevalence
of diabetes is predicted to be 643 million people by 2030 and
783 million people by 2045 [1]. Currently available drugs for
diabetes treatment have major issues related to their safety and
efficacy. Therefore, the need for new drug discovery is continu-
ously alarming medicinal chemists to design and develop novel
chemotypes.

a-Glucosidases are essential enzymes found in the small
intestine, responsible for the digestion process and carbohydrate
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A series of benzothiazole-sulfonylurea hybrids (C1-C9) were synthesized and the molecular structures were characterized using physical |
(state, colour, melting point) and spectral (FT-IR, 'H NMR, “C NMR and ESI-Mass) methods. All the compounds were screened for their |
bioactive potential as antidiabetic agents through o-glucosidase enzyme inhibitory properties at 100 uM concentration. The results were
compared with a standard drug, voglibose. The bioassay results revealed that compound C2 was found to be the hit molecule that has |
exhibited a percentage enzyme inhibition of 49.10%, which is relatively better than that of voglibose at 37.75%. The observed activity is |
primarily due to the synergistic or addition potential of the pharmacophores benzothiazole and sulfonylurea hybridized into one molecule; |
the structural analogues of these pharmacophores were earlier reported as o-glucosidase inhibitors. |
|
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metabolism. They catalyze the chemical hydrolysis of glycosidic
bonding with a terminal glucose moiety in the target tissue.
They are also involved in the biosynthesis and metabolism of
N-linked glycoproteins linked to oligosaccharide chains [2].
o-Glucosidase has sparked interest in drug discovery by chemists
due to its ability to delay glucose absorption, preventing spikes
in postprandial blood glucose levels. Various a-glucosidase
inhibitors, such as miglitol, acarbose and voglibose, are curren-
tly in clinical use for treating type 2 diabetes mellitus. However,
developing these inhibitors requires time-consuming, multistep
processes. Recently, due to their significant selectivity and
effectiveness, there has been an increased focus on non-sugar
based small or hybrid organic compounds as inhibitors of o
glucosidase.

Benzothiazole is a fused heterocyclic compound where
the thiazole ring is fused to the benzene. The functional group
substitution at various positions in the ring unfolds its chemical
diversity for possible modifications and molecular arrange-
ments in drug discovery [3]. It is one of the privileged scaffolds
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studied by medicinal chemists by virtue of their chances to
transform into clinically useful drugs like ethoxzolamide,
riluzole, zopolrestat, etc. [4]. The substituted benzothiazole
analogues revealed a diverse array of pharmacological agents
includes antiviral agents [5], human DNA topoisomerase ITo
inhibitors [6], anticonvulsant agents [7], antifungal agents [8],
anti-influenza agents [9], non-carboxylic PTP1B inhibitors [ 10],
antitubercular agents [11], B-glucuronidase activity [12], COX-
2/5-LOX inhibitors [ 13], antiproliferative agents [14], tyrosine
kinase inhibitors [15], histone deacetylase inhibitors [16],
diuretics [17], vasorelaxants and inhibitors of insulin releasing
process [18], human estrogen receptor modulators [19], anti-
tumor agents [20], selective PI3Kp inhibitors [21], bacterial
type II topoisomerase inhibitors [22], plant growth regulators
[23], a-glucosidase inhibitors [24], analgesic agents [25], schis-
tosomicidal agents [26], antichagasic agents [27], Aurora B
kinase inhibitors [28], antidiabetic agents [29], B-amyloid
imaging agents [30], cyclooxygenase inhibitors [31], anti-
cancer agents [32], neuroprotective agents [33], 17B-HSD10
inhibitors [34], chemokine receptor 2 (CXCR?2) inhibitors [35],
KATP channel openers [36], photosensitizing agents [37], Raf-1
inhibitors [38], anti-inflammatory agents [39], antimicrobial
agents [40], human DNA topoisomerase Ilo inhibitors [6],
PPARo antagonists [41], CK-18 inhibitors [42], cytotoxic agents
[43], falcipain inhibitors [44], antidepressant activity [45],
mono-amine oxidase A/B inhibitors [46], DNA gyrase B
inhibitors [47], topoisomerase I inhibitors [48], antileishmanial
agents [49], antioxidant agents [50], B-amyloid imaging agents
[30] and hemostatic agents [51].

Sulfonylureas are the organic compounds with a basic
structure consisting of a sulfonyl group covalently linked to
the urea moiety. The substitution of either a sulfonyl group or
a urea group leads to the chemical diversity of sulfonylureas
with greater therapeutic value as antidiabetic agents such as
glyburide, gliclazide, glibenclamide, efc. On the other hand,
sulfonylurea-based compounds attracted medicinal chemists
not only because of their synthetic feasibility but also because
of their biological significance, which showed a range of thera-
peutic benefits that include selective 33 adrenergic receptor
agonist [52], hypoglycemic [53], peroxisome proliferator activ-
ated receptor y-agonistic [54], antimicrobial [55], herbicidal
[56], selective EP4 receptor antagonists [57], selective bombesin
receptor subtype-3 (SCS-3) agonist [58], antagonists of the
CXCR2 receptor [59], antimalarial [60], Vibrio fischeri quorum
sensing regulator [61], selective antagonists TPo and TP
isoforms human thromboxane A2 receptor [62], reversible
inhibitors human steroid sulfatase [63], KATP-channel openers
[64], inhibitors of aldehyde dehydrogenase [65], cancer chemo-
therapeutic [66] and vasodilator [67]. In this study, based on
the research question, what would be the structure-activity
relationship of benzothiazole-fused tosylurea hybrids as
a-glucosidase inhibitors? We designed our study with specific
objectives to synthesize and evaluate in vitro o-glucosidase
inhibitory potential and due to their pharmacophore and
approved bioactivity profile. In addition, we also hypothesized
that the compounds C1-C9 synthesized in this investigation
will demonstrate inhibitory activities against o-glucosidase.

EXPERIMENTAL

All the reagents and chemical were purchased from Sigma-
Aldrich, USA. The compound’s purity was checked on pre-
coated 60 F,s4 silica gel TLC plates (Merck, 0.25 mm) thickness
by means of a gradient solvent system with n-hexane and ethyl
acetate. Flourier-transform infrared (FT-IR) spectrometer
(MIRAffinity-1S, Shimadzu, Japan) used to record the spectra.
'HNMR & "*C NMR spectra recorded on a Varian NMR System
(USA, Varian, 500 MHz) using TMS (tetramethylsilane) as
an internal standard. The electrospray ionization mass spectra
(ESI-MS) were recorded using high-resolution mass spectro-
metry (HRMS) (Q Exactive Focus (Orbitrap LC-MS/MS System,
Thermo-Scientific, USA). The melting point apparatus (Stuart
Scientific, Model: SMP1, UK) were determined in open capillary
tubes and are uncorrected.

General procedure for the synthesis of benzothiazole-
sulfonylurea hybrids (C1-C9): Benzothiazole-sulfonylurea
hybrids (C1-C9) were synthesized by transferring tosylisocya-
nate (0.015 M) into a conical flask (100 mL) charged with
6-substituted benzothiazole-2-amines (0.01 M) in 20 mL of
methylene chloride. The reaction mixture was gently stirred
at room temperature using a glass rod continuously for 10 min.
The flask was warmed in a water bath for 15 min and the solution
was cooled down to room temperature. A solid precipitate was
observed commonly for all compounds C1-C9. After washing
the products under vacuum filtration with cold methanol were
recrystallized with ethanol (Scheme-I).

N-(Benzo|[d]thiazol-2-ylcarbamoyl)-4-methylbenzene-
sulfonamide (C1): Yield: 64%; white colour powder; m.p.: >
250°C; m.f.: C;sH3N305S;,; relative molecular mass: 347; FT-
IR (ATR, Vi, cm™): 3167.12 (2° amine N-H str), 3122.75
(2° amine N-H str), 1647.27 (C=0 str), 1541.12 (2° amine NH
bend.), 1307.74 (SO,, asymmetrical), 1142.22 (SO,, symmet-
rical); '"H NMR (500 MHz, DMSO-d;) 8 (ppm): 2.37 (s, 3H,
Ar-CHj), 7.25 (t, 1H, J, =7MHz, J,=9 MHz, Ar-H), 7.42-7.36
(m, 3H, Ar-H), 7.52 (s, 1H, Ar-H), 7.82 (d, 1H, J = 8§ MHz,
Ar-H), 7.86 (d, 2H, J = 8 MHz, Ar-H); ESI-MS (m/z): 348
[M-+H]* (positive-ion mode), 346 [M-H] (negative-ion mode).

N-((6-Chlorobenzo|d]thiazol-2-yl)carbamoyl)-4-methyl-
benzenesulfonamide (C2): Yield: 96%; white colour powder;
m.p.: > 250 °C; m.f.: C;sH,CIN;O5S;; relative molecular mass:
381; FT-IR (ATR, Vi, cm™): 3116.97 (2° amine N-H str),
3072.60 (2° amine N-H str:), 1649.14 (C=0 str.), 1541.12 (2°
amine NH bend.), 1338.60 (SO,, asymmetrical), 1151.50 (SO,,
symmetrical); '"H NMR (500 MHz, DMSO-d;) § (ppm): 2.36
(s, 3H, Ar-CH3), 7.39-7.38 (m, 1H, Ar-H), 7.42 (d,2H, J=7.5
MHz, Ar-H), 7.56 (d, 1H, J =8 MHz, Ar-H), 7.86 (d, 2H, J =
8 MHz, Ar-H), 7.98 (s, 1H, Ar-H); ESI-MS (m/z): 382 [M+H]*
(positive-ion mode), 380 [M-H] (negative-ion mode).

N-((6-Bromobenzo|d]thiazol-2-yl)carbamoyl)-4-methyl-
benzenesulfonamide (C3): Yield: 55%; orange colour powder;
m.p.: > 250 °C; m.f.: C;sH,BrN;05S,; relative molecular mass:
426; FT-IR (ATR, Vpa, cm™): 3115.04 (2° amine N-H str),
3024.38 (2° amine N-H s#r:), 1651.07 (C=0 str:), 1541.12 (2°
amine N-H bend.), 1338.60 (SO,, asymmetrical), 1151.50 (SO,,
symmetrical); '"H NMR (500 MHz, DMSO-d;) & (ppm): 2.37
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Scheme-I: Reaction scheme for the synthesis of benzothiazole-sulfonylurea hybrids (C1-C9)

(s, 3H, Ar-CH3), 7.42 (d, 2H, J= 8 MHz, Ar-H), 7.52-7.51 (m,
3H, Ar-H), 7.85 (d, 2H, /=8 MHz, Ar-H), 8.11 (s, 1H, Ar-H);
ESI-MS (m/z): 428 [M+2]* (positive-ion mode), 424 [M-2]"
(negative-ion mode).

N-((6-Fluorobenzo[d]thiazol-2-yl)carbamoyl)-4-methyl-
benzenesulfonamide (C4): Yield: 98%; white colour powder;
m.p.: > 250 °C; m.f.: C;sH,FN;O;S;; relative molecular mass:
365; FT-IR (ATR, Vi, cm™): 3128.54 (2° amine N-H sr),
3070.68 (2° amine N-H str.), 1645.28 (C=0 str.), 1546.91 (2°
amine NH bend.), 1327.03 (SO,, asymmetrical), 1147.65 (SO,
symmetrical); 'H NMR (500 MHz, DMSO-d;) 6 (ppm): 2.37
(s,3H, Ar-CH;), 7.25 (t, 1H, J; =9 MHz, J, = 11.5 MHz, Ar-H),
7.42 (d, 2H, J = 8 MHz, Ar-H), 7.58 (s, 1H, Ar-H), 7.78 (d,
1H, J = 10.5 MHz, Ar-H), 7.86 (d, 2H, J = 8.5 MHz, Ar-H);
ESI-MS (m/z): 366 [M+H]" (positive-ion mode), 364 [M-H]~
(negative-ion mode).

4-Methyl-N-((6-(trifluoromethyl)benzo[d]thiazol-2-
yl)carbamoyl)benzenesulfonamide (C5): Yield: 51%; white
colour powder; m.p.: > 250 °C; m.f.: CicH1.F3N30;S;; relative
molecular mass: 415; FT-IR (ATR, Vi, cm™): 3253.91 (2° amine
N-H str), 3207.62 (2° amine N-H str.), 1747.51 (C=0 str.),
1552.70 (2° amine NH bend.), 1323.17 (SO,, asymmetrical),
1114.86 (SO, symmetrical); '"H NMR (500 MHz, DMSO-d;)
S (ppm): 2.37 (s, 3H, Ar-CH3), 7.43 (d, 2H, J = 8.5 MHz, Ar-H),
7.70-7.67 (m, 3H, Ar-H), 7.86 (d, 2H, J = 8.5 MHz, Ar-H);
ESI-MS (m/z): 416 [M+H]" (positive-ion mode), 414 [M-H]~
(negative-ion mode).

4-Methyl-N-((6-methylbenzo[d]thiazol-2-yl)carba-
moyl)benzenesulfonamide (C6): Yield: 93%; white colour
powder; m.p.: > 250 °C; m.f.: C;sH;sN305S,; relative molecular
mass: 361; FT-IR (ATR, Vyu, cm™): 3161.33 (2° amine N-H
str), 3118.90 (2° amine N-H str:), 1647.21 (C=0 str.), 1541.12
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(2° amine NH bend.), 1307.74 (SO,, asymmetrical), 1153.43
(SO,, symmetrical); '"H NMR (500 MHz, DMSO-d;) 8 (ppm):
2.33 (s, 3H, Ar-CH3), 2.36 (s, 3H, Ar-CH3), 7.19 (d, 2H, /= 8.5
MHz, Ar-H), 7.41 (d, 2H, J = 8 MHz, Ar-H), 7.60 (s, 1H, Ar-H),
7.86 (d, 2H, J = 8 MHz, Ar-H); ESI-MS (m/z): 362 [M+H]*
(positive-ion mode), 360 [M-H]™ (negative-ion mode).

4-Methyl-N-((6-nitrobenzo[d]thiazol-2-yl)carbamoyl)-
benzenesulfonamide (C7): Yield: 62%; light yellow colour
powder; m.p.: > 250 °C; m.f.: CisHi2N4OsS5; relative molecular
mass: 392; FT-IR (ATR, Vi, cm™): 3128.54 (2° amine N-H
str), 3080.52 (2° amine N-H str:), 1660.71 (C=0 str.), 1546.91
(2° amine NH bend.), 1519.91 (NO,, asymmetrical), 1339.10
(NO,, symmetrical), 1307.74 (SO,, asymmetrical), 1153.43
(SO,, symmetrical); '"H NMR (500 MHz, DMSO-d;) 8 (ppm):
2.37 (s, 3H, Ar-CHs), 7.42 (d, 2H, J = 8§ MHz, Ar-H), 7.72 (d,
1H, J=8.5 MHz, Ar-H), 7.86 (d, 2H, J = 8 MHz, Ar-H), 8.23
(d, 2H, J =9 MHz, Ar-H), 8.85 (s, 1H, Ar-H); ESI-MS (m/z):
393 [M+H]* (positive-ion mode), 391 [M-H] (negative-ion
mode).

N-((6-Methoxybenzo[d]thiazol-2-yl)carbamoyl)-4-
methylbenzenesulfonamide (C8): Yield: 99%; white colour
powder; m.p.: > 250 °C; m.f.: CisHisN304S;; relative molecular
mass: 377; FT-IR (ATR, Vi, cm™): 3201.83 (2° amine N-H
str), 3130.47 (2° amine N-H str:), 1645.28 (C=0 str.), 1541.12
(2° amine NH bend.), 1307.74 (SO,, asymmetrical), 1159.22
(SO,, symmetrical), 1087.85 (C=0 str.); 'H NMR (500 MHz,
DMSO-ds) 8 (ppm): 2.37 (s, 3H, Ar-CHs), 3.75 (s, 3H, Ar-OCH3),
6.98 (d, 2H, J =9 MHz, Ar-H), 7.42 (d, 2H, J = 8§ MHz, Ar-H),
7.44 (s, 2H, Ar-H), 7.85 (d, 2H, J = 8 MHz, Ar-H); ESI-MS
(m/z): 378 [M+H]" (positive-ion mode), 376 [M-H] (negative-
ion mode).

N-((6-Ethoxybenzo|[d]thiazol-2-yl)carbamoyl)-4-methyl-
benzenesulfonamide (C9): Yield: 73%; cream colour powder;
m.p.: > 250 °C; m.f.: Ci7H7N30,4S;; relative molecular mass:
391; FT-IR (ATR, Vuu, cm™): 3163.26 (2° amine N-H str),
3126.61 (2° amine N-H str), 1645.28 (C=0 str.), 1543.05 (2°
amine NH bend.), 1307.74 (SO,, asymmetrical), 1159.22 (SO,,
symmetrical), 1087.85 (C=0 str); "H NMR (500 MHz, DMSO-
ds) 0 (ppm): 1.31 (t, 3H, J; =7 MHz, J,=7 MHz, Ar-OCH,CH3),
2.36 (s, 3H, Ar-CHa), 4.02-3.98 (q, 2H, J: =7 MHz, J, =7 MHz,
Ji =7 MHz, Ar-OCH,CHj3), 6.96 (d, 2H, J = 9 MHz, Ar-H),
7.42 (d, 2H, J = 8 MHz, Ar-H), 7.45 (s, 2H, Ar-H), 7.85 (d,
2H, J = 8 MHz, Ar-H); ESI-MS (m/z): 392 [M+H]* (positive-
ion mode), 390 [M-H] (negative-ion mode).

General procedure for in vitro o.-glucosidase inhibitor
screening: The a-glucosidase inhibitory activity of compounds
(C1-C9) were evaluated using in vitro o-glucosidase enzymatic
kinetics. Initially, 100 mL of phosphate buffer solution (PBS)
has been prepared using pre-adjusted buffer tablet dissolved
using distilled water. The enzyme concentrations (0.8 to 0.0125
U/mL) were prepared in PBS, alongside 4-nitrophenyl-D-gluco-
pyranoside (pNPG) prepared in PBS (0.8 to 0.0125 mM), in
addition test compounds and the standard were also prepared
100 uM concentration in DMSO. A calibration graph was plotted
for the reaction mixture concentrations enzyme (0.1 U/mL)
against substrate (0.8 to 0.0125 mM) at UV 405 nm. The scree-
ning was performed by measuring the absorbances of liberated

p-nitrophenol (yellow) in sample/blank reaction mixtures at
405 nm. The total microplate well volume of 130 pL that includes
control (enzyme: 120 puL, phosphate buffer: 5 uL, phosphate
buffer + substrate: 5 pL), Reaction control-blank (enzyme:
120 pL, phosphate buffer: 10 uL), reaction test (enzyme: 120
uL, DMSO + test compound: 5 UL, phosphate buffer + substrate:
5 puL), reaction solvent blank (enzyme: 120 uL, DMSO: 5 pL,
phosphate buffer + substrate-5 uL), reaction standard (enzyme:
120 puL, phosphate buffer + substrate: 5 p{L, DMSO + voglibose:
5 uL (100 uM to 0.5 uM). All the solutions were subjected to
enzyme kinetics for 20 min to measure the absorbance. The
percentage (%) enzyme inhibition calculated using the formula:

Abs

control Abssample % 100

Abs

The statistical analysis was carried out using Microsoft
Excel.

Enzyme inhibition (%) =

control

RESULTS AND DISCUSSION

The starting point for identifying the molecular structures
of hybrids C1-C9 emerged by applying the theoretical under-
standing of the conventional method of organic synthesis invol-
ving isocyanate and amine as reactants, resulting in the form-
ation of a urea bridge as a linkage between benzothiazole-2-
amine and tosylisocyanate. The resultant product is a benzo-
thiazole-sulfonylurea hybrid scaffold. The electrospray ionization
mass spectrometry (ESI-MS) technique was used to record the
mass spectra of compounds C1-C9 in both positive and negative
ion modes using methanol as solvent. The spectral data for
synthesized compounds C1-C9 revealed that pseudo-molecular
ions were observed as M+H or M+2 (for bromine-substituted
compounds) in positive modes and M-H or M-2 (for bromine-
substituted compounds) in negative modes, respectively. The
molecular ion signals were detected as base peaks, which corres-
pond to the corresponding relative molecular masses of C1-
C9. The synthesized compounds C1-C9 were further analyzed
with FT-IR spectroscopy. The vibrational bands observed for
compounds C1-C9 were consistent with the characteristic range
of vibrational frequencies that include two secondary amino
stretches (3200-3000 cm™), carbonyl stretch (1720-1650 cm™),
secondary amide bend (1560-1500 cm™), sulfonyl asymmetrical
stretches (1400-1300 cm™) and sulfonyl symmetrical stretches
(1200-1100 cm™), respectively. Subsequently, the chemical
shifts of the 'H NMR spectra of compounds C1-C9 exhibited
characteristic peaks that included three equivalent aromatic
methyl protons of the toluene moiety that appeared in the range
0f 2.33t02.37 § ppm as a singlet and two doublets of equivalent
protons of the phenyl ring appeared between the ranges. The
characteristic position 2 carbon of the benzothiazole ring is
identified in the downfield scale at 203.55 & ppm. In adding
up, all aromatic protons were observed within the range of
aromatic protons. Two doublets, each integrated for 2 protons
with a coupling constant of J = 8 MHz, show the presence of
equivalent phenyl ring protons. In compounds C1-C9, the
proton integration matched the expected number of protons
in the compounds, except for the 2 protons of the secondary
amino group (-NH-), which are exchangeable and do not contri-
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bute to resonance due to hydrogen-deuterium exchange. In
addition, the chemical shifts of the *C NMR spectra of the
representative compound C1 exhibited a characteristic peak
that indicates aromatic methyl carbon of the toluene methyl
group, which appeared at 21.51 & ppm. Another characteristic
carbon of the carbonyl group was found to exist at 143.95 §
ppm. In addition, the de-shielded center carbon at position in
between the sulfur at position-1 and nitrogen at position-3
appeared at 203.55 § ppm, respectively. In addition, all the
aromatic carbons were observed within the range of aromatic
carbons.

In vitro screening: Compound C1 which is unsubstituted
at position-6 on benzothiazole ring exhibited activity close to
the standard but less potency than the standard, it is very inter-
esting to see that the substituents at position 6 of benzothiazole
shows a variability in potencies based on the type of functional
group substituted and the potency order is C2 (6-chloro) > C3
(6-bromo) > C7 (6-nitro) > C1 > C8 (6-methoxyl) > C6 (6-
methyl) > C9 (6-ethoxy) > CS5 (6-trifluromethyl) > C4 (6-fluoro),
respectively as shown in Table-1. This clearly shows that there
is no substituent at position-6, compound C1 possess inhibitory
potency, this indicates hybridization of benzothiazole-sulfonyl-
urea moieties is significant for the o-glucosidase inhibitory
potency, however the substitution on position-6 of benzothia-
zole ring led to the variations either increase or decrease in
the potency.

The structure-activity relationship (SAR) of the synthesized
compounds C1-C9 based on their percentage inhibition of
a-glucosidase enzyme activity in comparison to the standard
voglibose was investigated. The structural features analyzed
include the heterocyclic ring and the type of substituent at
position 6 and position 2. Compounds C1-C9, share a common
heterocyclic ring, benzothiazole, which contributes to the
stability of the molecular structure as a basic skeleton. Like-
wise, the tosylurea group which is also common to C1-C9, it
plays a role in modulating a-glucosidase inhibition through
exploring the influence of various substituents at position 6
on the benzothiazole, such as chloro, bromo, fluoro, tri-fluoro
methyl, methyl, nitro, methoxyl and ethoxyl respectively. The
percentage inhibition of o-glucosidase activity at 100 uM
concentration varies among the compounds screened, ranging

from 19.41% to 49.10%. Among all, compound C2, with a
chloro substituent on the benzothiazole, displayed the highest
inhibition at 49.10%;, indicating that the presence of a chlorine
atom enhances the activity. Compounds C2, C3 and C7 exhib-
ited relatively better potency than voglibose. In opposition,
compound C4, with a fluoro substituent, displays the lowest
inhibition at 19.41%. This result suggests that the lightest
halogen atom fluorine may not contribute as effectively to the
binding interactions, highlighting the importance of relative
molecular mass in influencing potency. The substituents at
position-6 of benzothiazole ring varies among the studied
compounds as observed in case of compound C3, with a bromo
substituent, exhibits a percentage inhibition of 40.40%, indic-
ating a halogen other than fluorine has showed improvement
in the activity. This suggests that the introduction of a bromine
atom enhances the interaction with the enzyme, it clearly indi-
cated that the atomic size of the halogen atom has relationship
with the activity earlier proven in case of compound C2 with
chloro substituent. In contrast, compound C6, with a methyl
substituent, shows the percentage inhibition of 26.10%, sugge-
sting a weaker inhibitory effect compared to compound C3.
The smaller size of the methyl group may reduce steric hind-
rance, affecting the binding affinity of the compound for the
a-glucosidase active site. A close interpretation of chemical
nature of functional groups, the presence of electron with-
drawing groups, such as chloro, bromo and nitro, at position 6
positively influenced the inhibitory activity. Compounds with
electron-donating groups, such as methyl, methoxyl and ethoxyl,
exhibited relatively less potency, respectively.

Conclusion

In summary, this study provides an insight into the struc-
ture activity relationship (SAR) of benzothiazole-sulfonylurea
hybrids as a novel class of o-glucosidase inhibitors. The inhibi-
tory potencies exhibited by the compounds are primarily
influenced by the nature of the functional group substituent at
position-6 on the benzothiazole ring. Compounds with electron
withdrawing groups typically exhibit greater potency; however,
this observation has a limitation since there are other substituent
groups that were not studied, such as iodine. The findings of this
study revealed the valuable insights for designing new hybrids

TABLE-1
PERCENTAGE INHIBITION OF THE o-GLUCOSIDASE ENZYME ACTIVITY DATA OF COMPOUNDS C1-C9

% Inhibition of the Structural features
Compound (100 uM) o-glucosidase H le i Substituent at the Type of position Substituent at the
enzyme activity elerocyclic g sition 6 of the BZT 6 substituent position 2 of the BZT
C1 36.47 BZT - - Tosylurea
C2 49.10 BZT Chloro EWG Tosylurea
C3 40.40 BZT Bromo EWG Tosylurea
C4 19.41 BZT Fluoro EWG Tosylurea
(05} 21.13 BZT Tri-fluoro methyl EWG Tosylurea
Cé 26.10 BZT Methyl EDG Tosylurea
C7 37.80 BZT Nitro EWG Tosylurea
C8 28.61 BZT Methoxyl EDG Tosylurea
C9 21.55 BZT Ethoxyl EDG Tosylurea
Voglibose 37.75 — — — —

BZT: Benzothiazole, EWG: Electron withdrawing group, EDG: Electron donating group
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as a-glucosidase inhibitors consisting of benzothiazole-sulfonyl-
urea moieties. Further research on derivatizing the hybrids with
a more functional group will demonstrate a detailed SAR that
contributes to the discovery of novel o-glucosidase inhibitors.

ACKNOWLEDGEMENTS

The authors are thankful to the IMU Vice Chancellor, Dean,
School of Pharmacy and Dean, School of Health Sciences for
providing the facilities to complete the final year research proj-
ects for the fulfilment of the award of B Pharm (Hons) and
B.Sc. BioMed Sci (Hons) programmes at IMU. This research
was funded by International Medical University (IMU) Joint-
Committee on Research & Ethics, Project IDs No. (B Pharm
(Hons): BP1-01-2019(08) and BSc BioMed Sci (Hons): BMSc
1-2022 (14).

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. https://idf.org/about-diabetes/diabetes-facts-figures/

2. H. Kashtoh and K.-H. Baek, Plants, 11, 2722 (2022);
https://doi.org/10.3390/plants 11202722

3. S. Banerjee, S. Payra and A. Saha, Curr. Organocatal., 4, 164 (2018);
https://doi.org/10.2174/2213337205666180119143539

4. M. Asif and M. Imran, Mini Rev. Org. Chem., 18, 1086 (2021);
https://doi.org/10.2174/1570193X17999201127110214

5. R.A. Azzam, R.R. Osman and G.H. Elgemeie, ACS Omega, 5, 1640
(2020);
https://doi.org/10.1021/acsomega.9b03706

6.  C.Kaplan-Ozen, B. Tekiner-Gulbas, E. Foto, I. Yildiz, N. Diril, E. Aki
and I. Yalcin, Med. Chem. Res., 22, 5798 (2013);
https://doi.org/10.1007/s00044-013-0577-5

7. D.-C. Liu, H.-J. Zhang, C.-M. Jin and Z.-S. Quan, Molecules, 21, 164
(2016);
https://doi.org/10.3390/molecules21030164

8. N.Herrera Cano, M.S. Ballari, A.G. Lopez and A.N. Santiago, J. Agric.
Food Chem., 63, 3681 (2015);
https://doi.org/10.1021/acs.jafc.5b00150

9. M. Kumar, S.-M. Chung, G. Enkhtaivan, R.V. Patel, H.-S. Shin and
B.M. Mistry, Int. J. Mol. Sci., 22, 2368 (2021);
https://doi.org/10.3390/ijms22052368

10. N. Maheshwari, C. Karthikeyan, S.V. Bhadada, A.K. Verma, C. Sahi,
N.S.H.N. Moorthy and P. Trivedi, Bioorg. Chem., 92, 103221 (2019);
https://doi.org/10.1016/j.bioorg.2019.103221

11.  A.J. Suresh, K. Bharathi, and P. R. Surya, J. Pharm. Chem. Bio. Sci.,
5, 312 (2018).

12. M. Taha, M. Arbin, N. Ahmat, S. Imran and F. Rahim, Bioorg. Chem.,
77, 47 (2018);
https://doi.org/10.1016/j.bioorg.2018.01.002

13. S.Yatam, R. Gundla, S.S. Jadav, N. Pedavenkatagari, J. Chimakurthy,
N. Rani and T. Kedam, J. Mol. Struct., 1159, 193 (2018);
https://doi.org/10.1016/j.molstruc.2018.01.060

14. S.Narva, S. Chitti, S. Amaroju, S. Goud, M. Alvala, D. Bhattacharjee,
N. Jain and C.S.K. Venkata Gowri, J. Heterocycl. Chem., 56,520 (2019);
https://doi.org/10.1002/jhet.3427

15. H.A. Bhuva and S.G. Kini, J. Mol. Graph. Model., 29, 32 (2010);
https://doi.org/10.1016/j.jmgm.2010.04.003

16. T.T. Tung, D.T.K. Oanh, P.T.P. Dung, T.M. Van Hue, S.H. Park, B.W.
Han, Y. Kim, J.-T. Hong, S.-B. Han and N.-H. Nam, Med. Chem., 9,
1051 (2013);
https://doi.org/10.2174/15734064113099990027

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

A. Husain, D. Madhesia, M. Rashid, A. Ahmad and S.A. Khan, J.
Enzyme Inhib. Med. Chem., 31, 1682 (2016);
https://doi.org/10.3109/14756366.2015.1128425

K. Harrouche, J.-F. Renard, N. Bouider, P. De Tullio, E. Goffin, P. Lebrun,
G. Faury, B. Pirotte and S. Khelili, Eur. J. Med. Chem., 115, 352 (2016);
https://doi.org/10.1016/j.ejmech.2016.03.028

P. Kapse, R.V. Chikhale, M.R. Khan, S.M. Wabaidur and M.A. Islam,
J. Mol. Struct., 1227, 129516 (2021);
https://doi.org/10.1016/j.molstruc.2020.129516

M. Yoshida, I. Hayakawa, N. Hayashi, T. Agatsuma, Y. Oda, F. Tanzawa,
S. Iwasaki, K. Koyama, H. Furukawa, S. Kurakata and Y. Sugano,
Bioorg. Med. Chem. Lett., 15, 3328 (2005);
https://doi.org/10.1016/j.bmcl.2005.05.077

S. Cao, R. Cao, X. Liu, X. Luo and W. Zhong, Molecules, 21, 876 (2016);
https://doi.org/10.3390/molecules21070876

N.R. Stokes, H.B. Thomaides-Brears, S. Barker, J.M. Bennett, J. Berry,
I. Collins, L.G. Czaplewski, V. Gamble, P. Lancett, A. Logan, C.J. Lunniss,
H. Peasley, S. Pommier, D. Price, C. Smee and D.J. Haydon, Antimicrob.
Agents Chemother., 57, 5977 (2013);
https://doi.org/10.1128/AAC.00719-13

E. Simonova, M. Henselova and P. Zahradnik, Plant Soil Environ., 51,
496 (2005);

https://doi.org/10.17221/3623-PSE

M. Gollapalli, M. Taha, M.T. Javid, N.B. Almandil, F. Rahim, A. Wadood,
A. Mosaddik, M. Ibrahim, M.A. Algahtani and Y.A. Bamarouf, Bioorg.
Chem., 85, 33 (2019);

https://doi.org/10.1016/j.bioorg.2018.12.021

P. Gupta, H.L. Yadav, G. Garg, R.S. Pawar, U.K. Patil and P.K. Singour,
Asian J. Res. Chem., 3, 47 (2010).

M.A. Mahran, S. William, F. Ramzy and A.M. Sembel, Molecules, 12,
622 (2007);

https://doi.org/10.3390/12030622

M.V. Papadopoulou, W.D. Bloomer, H.S. Rosenzweig, M. Kaiser, E.
Chatelain and J.-R. loset, Bioorg. Med. Chem., 21, 6600 (2013);
https://doi.org/10.1016/j.bmc.2013.08.022

E. Lee,Y. An,J. Kwon, K.I. Kim and R. Jeon, Bioorg. Med. Chem., 25,
3614 (2017);

https://doi.org/10.1016/j.bmc.2017.04.004

K. Bhagdev and S. Sarkar, Ann. Rom. Soc. Cell Biol., 10, 20269 (2021).
M. Cui, Z. Li, R.-K. Tang and B. Liu, Bioorg. Med. Chem., 18, 2777
(2010);

https://doi.org/10.1016/j.bmc.2010.02.002

R. Paramashivappa, P.P. Kumar, P.V. Subba Rao and A. Srinivasa Rao,
Bioorg. Med. Chem. Lett., 13, 657 (2003);
https://doi.org/10.1016/S0960-894X(02)01006-5

X.-H. Shi, Z. Wang, Y. Xia, T.-H. Ye, M. Deng, Y.-Z. Xu, Y.-Q. Wei and
L.-T. Yu, Molecules, 17, 3933 (2012);
https://doi.org/10.3390/molecules17043933

M. Anzini, A. Chelini, A. Mancini, A. Cappelli, M. Frosini, L. Ricci,
M. Valoti, J. Magistretti, L. Castelli, A. Giordani, F. Makovec and S.
Vomero, J. Med. Chem., 53, 734 (2010);
https://doi.org/10.1021/jm901375r

L. Aitken, O. Benek, B.E. McKelvie, R.E. Hughes, L. Hroch, M. Schmidt,
L.L. Major, L. Vinklarova, K. Kuca, T.K. Smith, K. Musilek and F.J.
Gunn-Moore, Molecules, 24, 2757 (2019);
https://doi.org/10.3390/molecules24152757

W.E. Mehanna, T. Lu, B. Debnath, D.S. Lasheen, R.A.T. Serya, K.A.
Abouzid and N. Neamati, ChemMedChem, 12, 1045 (2017);
https://doi.org/10.1002/cmdc.201700229

A. Fischer, C. Schmidt, S. Lachenicht, D. Grittner, M. Winkler, T. Wrobel,
A. Rood, H. Lemoine, W. Frank and M. Braun, ChemMedChem, 5,
1749 (2010);

https://doi.org/10.1002/cmdc.201000297

W.-P. Hu, Y.-K. Chen, C.-C. Liao, H.-S. Yu, Y.-M. Tsai, S.-M. Huang,
F.-Y. Tsai, H.-C. Shen, L.-S. Chang and J.-J. Wang, Bioorg. Med. Chem.,
18, 6197 (2010);

https://doi.org/10.1016/j.bmc.2010.04.082

E.Y. Song, N. Kaur, M.-Y. Park, Y. Jin, K. Lee, G. Kim, K.Y. Lee, J.S.
Yang, J.H. Shin, K.-Y. Nam, K.T. No and G. Han, Eur. J. Med. Chem.,
43, 1519 (2008);

https://doi.org/10.1016/j.ejmech.2007.10.008



https://doi.org/10.1016/S0960-894X(02)01006-5

Vol. 36, No. 6 (2024) Synthesis and Biological Evaluation of Benzothiazole-Sulfonylurea Hybrids as Novel Class of o--Glucosidase Inhibitors 1435

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

D. Gandhi, D.K. Agarwal, P. Kalal, A. Bhargava, D. Jangid and S.
Agarwal, Phosphorus Sulfur Silicon Rel. Elem., 193, 840 (2018);
https://doi.org/10.1080/10426507.2018.1514502

B. Rajeeva, N. Srinivasulu and S.M. Shantakumar, E-J. Chem., 6, 775
(2009);

https://doi.org/10.1155/2009/404596

A. Ammazzalorso, A. Giancristofaro, A. D’ Angelo, B.D. Filippis, M.
Fantacuzzi, L. Giampietro, C. Maccallini and R. Amoroso, Bioorg.
Med. Chem. Lett., 21, 4869 (2011);
https://doi.org/10.1016/j.bmc].2011.06.028

J.A. Morales-Garcia, I.G. Salado, M. Sanz-San Cristobal, C. Gil, A.
Pérez-Castillo, A. Martinez and D.I. Pérez, ACS Omega, 2,5215 (2017);
https://doi.org/10.1021/acsomega.7b00869

T.L. Dadmal, K. Appalanaidu, R.M. Kumbhare, T. Mondal, M.J.
Ramaiah and M.P. Bhadra, New J. Chem., 42, 15546 (2018);
https://doi.org/10.1039/C8NJ01249K

F. Shah, Y. Wu, J. Gut, Y. Pedduri, J. Legac, P.J. Rosenthal and M.A.
Avery, MedChemComm, 2, 1201 (2011);
https://doi.org/10.1039/c1md00129a

U.D. Ozkay, C. Kaya, U.A. Cevik and O.D. Can, Molecules, 22, 1490
(2017);

https://doi.org/10.3390/molecules22091490

G. Turan, D. Osmaniye, B.N. Saglik, U.A. Cevik, S. Levent, B.K.
Cavusoglu, U.D. Ozkay, Y. Ozkay and Z.A. Kaplancikli, Phosphorus
Sulfur Silicon Rel. Elem., 195, 491 (2020);
https://doi.org/10.1080/10426507.2020.1722667

M. Gjorgjieva, T. Tomasi¢, M. Baraneokova, S. Katsamakas, J. Ilas, P.
Tammela, L.P. Masi¢ and D. Kikelj, J. Med. Chem., 59, 8941 (2016);
https://doi.org/10.1021/acs.jmedchem.6b00864

B. Nagaraju, J. Kovvuri, C.G. Kumar, S.R. Routhu, M.A. Shareef, M.
Kadagathur, PR. Adiyala, S. Alavala, N. Nagesh and A. Kamal, Bioorg.
Med. Chem., 27, 708 (2019);
https://doi.org/10.1016/1.bmc.2019.01.011

F. Rahim, T.M. Samreen, S.M. Saad, S. Perveen, M. Khan, M.T. Alam,
K.M. Khan and M.I. Choudhary, J. Chem. Soc. Pak., 37, 157 (2015).
R.V. Gadhave and B.S. Kuchekar, Res. J. Pharm. Technol., 13, 5661
(2020);

https://doi.org/10.5958/0974-360X.2020.00986.5

W. Nong, A. Zhao, J. Wei, H. Cheng, X. Luo and C. Lin, RSC Adv., 8,
6231 (2018);

https://doi.org/10.1039/C7RA13397A

D.E. Uehling, K.H. Donaldson, D.N. Deaton, C.E. Hyman, E.E. Sugg,
D.G. Barrett, R.G. Hughes, B. Reitter, K.K. Adkison, M.E. Lancaster,
F. Lee, R. Hart, M. A. Paulik, B.W. Sherman, T. True and C. Cowan, J.
Med. Chem., 45, 567 (2002);

https://doi.org/10.1021/jm0101500

H. Zhang, Y. Zhang, G. Wu, J. Zhou, W. Huang and X. Hu, Bioorg.
Med. Chem. Lett., 19, 1740 (2009);
https://doi.org/10.1016/j.bmcl.2009.01.082

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

S. Fukuen, M. Iwaki, A. Yasui, M. Makishima, M. Matsuda and I.
Shimomura, J. Biol. Chem., 280, 23653 (2005);
https://doi.org/10.1074/jbc.M412113200

D.B.J. Ramudu, P.H. Babu, N. Venkateswarlu, T. Vijaya, S. Rasheed,
C.N. Raju and P.V. Chalapathi, Indian J. Chem., 57B, 127 (2018).

C. Gang, M.-Y. Wang, M.-Z. Wang, S.-H. Wang, Y.-H. Li, and Z.-M.
Li, Chem. Res. Chinese Uniyv., 27, 62 (2011).

J.D. Burch, J. Farand, J. Colucci, C. Sturino, Y. Ducharme, R.W. Friesen,
J.-F. Lévesque, S. Gagné, M. Wrona, A.G. Therien, M.-C. Mathieu, D.
Denis, E. Vigneault, D. Xu, P. Clark, S. Rowland and Y. Han, Bioorg.
Med. Chem. Lett., 21, 1041 (2011);
https://doi.org/10.1016/j.bmcl.2010.12.014

M.M.C. Lo, H.R. Chobanian, O. Palyha, Y. Kan, T.M. Kelly, X.-M.
Guan, M.L. Reitman, J. Dragovic, K.A. Lyons, R.P. Nargund and L.S.
Lin, Bioorg. Med. Chem. Lett., 21, 2040 (2011);
https://doi.org/10.1016/j.bmcl.2011.02.011

M.P. Winters, C. Crysler, N. Subasinghe, D. Ryan, L. Leong, S. Zhao,
R. Donatelli, E. Yurkow, M. Mazzulla, L. Boczon, C.L. Manthey, C.
Molloy, H. Raymond, L. Murray, L. McAlonan and B. Tomczuk,
Bioorg. Med. Chem. Lett., 18, 1926 (2008);
https://doi.org/10.1016/j.bmc].2008.01.127

C. Leon, J. Rodrigues, N.G. de Dominguez, J. Charris, P.J. Rosenthal ,
J. Gut and J.N. Dominguez, Eur. J. Med. Chem., 42, 735 (2007);
https://doi.org/10.1016/j.ejmech.2007.01.001

M. Frezza, L. Soulere, S. Reverchon, N. Guiliani, C. Jerez, Y. Queneau
and A. Doutheau, Bioorg. Med. Chem., 16, 3550 (2008);
https://doi.org/10.1016/j.bmc.2008.02.023

J. Hanson, J.M. Dogné, J. Ghiotto, A.L. Moray, B.T. Kinsella and B.
Pirotte, J. Med. Chem., 50, 3928 (2007);
https://doi.org/10.1021/jm070427h

P. Nussbaumer, D. Geyl, A. Horvath, P. Lehr, B. Wolff and A. Billich,
Bioorg. Med. Chem. Lett., 13, 3673 (2003);
https://doi.org/10.1016/j.bmc].2003.08.019

E. Salamon, R. Mannhold, H. Weber, H. Lemoine and W. Frank, J.
Med. Chem., 45, 1086 (2002);

https://doi.org/10.1021/jm010999¢

M.J. Lee, J.A. Elberling and H.T. Nagasawa, J. Med. Chem., 35, 3641
(1992);

https://doi.org/10.1021/jm00098a007

F. Mohamadi, M.M. Spees and G.B. Grindey, J. Med. Chem., 35, 3012
(1992);

https://doi.org/10.1021/jm000942a013

S. Khelili, G. Leclerc, G. Faury and J. Verdetti, Bioorg. Med. Chem., 3,
495 (1995);

https://doi.org/10.1016/0968-0896(95)00040-N



https://doi.org/10.1016/0968-0896(95)00040-N

