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ABSTRACT

Diabetes is a chronic disordered metabolism disease, indicated by Elevated blood glucose level. Various methods such as
Fasting plasma glucose level Oral glucose tolerance test (OGTT) and HbA 1 test, have been used to diagnose elevated blood
glucose level in the body. A better medication is the only solution to control this disease. For this at present, a-Glucosidase
inhibitors are recently used as a first line drug with safer efficacy. During study many previous study it was found that various
chemical moieties were involved in the synthesis of a-Glucosidase inhibitors for the treatment of diabetes. Compound
bearing azole moiety were one of them. This article compiled various recent researches which involved various types of
compounds, having azole in their structure. Our main objective of this article is to focus on such facts, which can be used to
design and synthesis of a- Glucosidase inhibitors bearing azole moiety, related to, which will further direct to the researchers
in future.
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1. INTRODUCTION

The main aim of this article to know about the therapeutic efficacy of azole compounds as a- Glucosidase inhibitors. This
article included the SAR, computational design, synthesis and the a- Glucosidase inhibitory activity of different compounds
containing azole moiety. In future, researchers may take help from this article for further study of compounds, having azole,
in performing the various computational design study. They may also take help in the synthesis and in vitro a- Glucosidase
inhibitory activity from this article.

Diabetes

Diabetes is a non- communicable chronic metabolic endocrine disorder, characterized by high blood sugar level in the body
[1-2]. Deficiency of blood glucose metabolic hormone (Insulin), is the main reason of high blood sugar level in the body.
Various processes such as transportation of glucose in adipose tissue, muscles and liver and glycogenesis, Insulin maintains
the normal level of glucose in blood [3]. Insufficient or deficiency of insulin in the body causes diabetes mellitus [4].
Polyphagia (Frequent hunger), polyuria (frequent urination) and polydipsia (Frequent thirst) are the initial symptoms of
diabetes mellitus in human body [4]. Other than the above symptoms, diabetes can be diagnosed by the estimation of fasting
plasma glucose (FPG) level, Oral glucose tolerance test (OGTT) and HbA . test. Fasting plasma glucose level more than
126mg/dl and OGTT, equal to or greater than 200 mg/dl and HbA 1 is equal to or greater than 48mmol/mol (6.5%), is
diagnosed as diabetes [5]. Other diagnosis techniques for diabetes mellitus are urine sugar [6], blood sugar[7], renal threshold
of glucose [8], diminished and increased glucose tolerance [9], cortisone stressed glucose tolerance test [10] and renal

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 4s
pg. 352


mailto:anushreechauhan23@gmail.com
mailto:gm25mishra@gmail.com

Deepanshu Sharma, Ganesh Prasad Mishra, Mukesh Chandra Sharma

glycosuria [11]- Diabetes mellitus can be further classified in to three types on the basis of type of insulin deficiency or
increasing blood glucose level. Type 1 diabetes, Type 2 diabetes and gestational diabetes [12]. In type 1 diabetes (Insulin
dependent diabetes mellitus or juvenile diabetes), body fails to produce insulin due to autoimmune B cell destruction [13].
The main cause of type 2 diabetes ( Non insulin dependent diabetes {NIDDM?}), is the loss of insulin secretion from the 8
cell [14]. Gestational diabetes mellitus (considered as third type of diabetes) is diagnosed on the 2™ or 3" trimester during
pregnancy [15]. The detailed classification, occurrence and complication of diabetes are describe in figure 1[15].

At worldwide, 537 million adults (10.5%) of 20 to 79 age group are affected by diabetes. It is estimated that, by 2030, 643
million people and till 2045, approx 783 million people will be affected by diabetes[16]. This will be alarming threatening
condition to the world wide population in future. At present there is no cure of diabetes but it can be treated and controlled
by present medicinal System. In the present era, Oral hypoglycemic agents (a-glucosidase inhibitor [17], biguanide [18],
sulfonylurea [19], thiazolidinediones [20], dipeptidyl peptidase — inhibitors [21]), insulin delivery devices [22] (insulin
syringes, insulin pump, implantable pump inhaled insulin and pen devices) [23], stem cell therapy [24] , dietary management,
artificial pancreas [25] are the main strategies for controlling the diabetic condition in human.
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Figure 1: Types of Diabetes and their causes.

Physiology of Carbohydrate Digestion and absorption of Glucose in the blood

a- glucosidase and o- amylase are the two main enzymes, involved in the carbohydrate (starch) metabolism [26]. They
convert complex carbohydrate in to the simpler carbohydrate (monosaccharide mainly glucose) [27]. a- Amylase converts
complex carbohydrate in to disaccharide or trisaccharide followed by a- glucosidase converts these di or triaccharides in to
monosaccharies and makes them suitable for absorption in the blood [28].

a-Glucosidase

a-Glcosidases are the enzymes which are present on the mucosal brush border of small intestine [29] and convert complex
carbohydrate in to monosaccharide (conversion of di or trisaccharide in to monosaccharide or glucose) , which are readily
absorbed in to the blood and reflect in the term of blood glucose concentration [30].
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Figure 2 : Conversion of Complex Carbohydrate by a- Glucosidase

a-Glucosidase Inhibitors
a-Glucosidase inhibition is the main strategy, used to decrease the elevated postprandial blood

glucose level in the body [31]. It can be achieved by delaying the intestinal absorption of glucose in the blood by the inhibition
of a-Glucosidas enzyme [32]. Most of the a-Glucosidase inhibitos work as pseudo-carbohydrates due to resemblances in
their structure with the disaccharides or other saccharides which are normally hydrolysed by a-Glucosidase [33]. Due to
resemblances in the structure, they easily attach on the attachment site of disaccharide or other saccharide on a-glucosidase,
results in competitively inhibition of a-Glucosidase attachment site in the intestinal lumen [34] which delay or inhibit the
conversion of disaccharides and oligosaccharides in to monosaccharide thus decrease the postprandial glucose concentration
in blood [35]. Some examples of Alpha-glucosidase inhibitors (AGIs) are Acarbose [36], VVoglibose [37] & Miglitol [38].

Now a days, a-Glucosidase inhibition is the main attracting strategy for the treatment of diabetes. Many researchers have
synthesized and evaluated many compound as a-Glucosidase inhibitors. Researchers showed very much interest to
synthesized the compounds which were based on azole compounds.

Azole

Azoles are chemically heterocyclic compound which have significant pharmacological importance. Azole is a word made
by combination of two words- ‘Aza’ and Ole. In the nomenclature of heterocyclic system, Aza word mainly used for nitrogen
atom and ‘Ole” word is used for the 5 member unsaturated heterocyclic ring compounds. So a group of 5 member heterocyclic
compounds, having nitrogen atom and also have one other atom than Carbon (nitrogen or oxygen or sulphur) is known as
azoles [39]. On the basis of above discussion, some examples of Azoles [40] are-

Only Nitrogen atom:

/ \ / N N\ N—N\
N \ /\ A\
v v S
N N

H H H H
Pyrazole Imidazole 1,2,3- Triazole 1,2,4-Triazole
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Azole Derivatives As a-Glucosidase Inhibitors

Hussain R et al (2022) synthesize derivatives of (E)-1-(2-(1H-benzo[d]imidazol-2-ylthio)-1-(4-nitrophenyl)ethylidene)-2-
(4-phenylthiazol-2-yl)hydrazine (1-17) and tested them for their ability to inhibit alpha-glucosidase inhibitor, using acarbose
as standard drug. All 17 compounds showed good to moderate inhibitory activity against a-glucosidase . Compound 3 that
is [(E)-1-(2-(1H-benzo[d]imidazol-2-ylthio)-1-(4-nitrophenyl) ethylidene)-2-(4-(4-fluorophenyl)thiazol-2-yl)hydrazine)]
having 4-fluoro group showed best inhibitory activity against a-glucosidase. After testing, a structure activity relationship
(SAR) study was also carried out according to this-

l. Compounds having smaller substituent (-F, -Cl) and capability of forming hydrogen bonding, enhanced
the inhibitory potential.

Il. Compounds having bulky substituent (-Br) and incapability of forming hydrogen bonding, showed lower
potency for inhibitory a-glucosidase activity.

1. Introduction of Electron withdrawing groups (—F and —NO2) enhanced for inhibitory a-glucosidase
activity.

IV.  Attachment of both Electron withdrawing groups (-NO2) and bulky substitutent (-CH3 and —Br), reduce
the a-glucosidase inhibitory activity [41].
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Tarig M et al. (2018) synthesized and evaluated total 22 compounds having 2-amino thiadiazole (1-13) and 2-amino
thiadiazole based schiff base (14-22) for a-glucosidase inhibitory activity. All compounds have showed various degree of a-
glucosidase inhibitory activity with I1Cso ranging from 2.30 £0.1 to 38.30 +0.7uM in comparison to standard drug Acarbose
having 1Cso value39.60 +0.70 uM. Compound. After inhibitory activity evaluation, A SAR study was also performed which
suggested that the inhibitory activity of synthesized compound depends upon the substituent attached on phenyl ring. Among
2-amino thiadiazole, compound 6 (4-(5-amino-1,3,4-thiadiazol-2-yl)phenol), having 4-hydroxyl group (4-OH group) found
to be more potent. Docking analysis of compound 6 (Docking score-5.231) showed that it form mainly 3 hydrogen bonds
with binding site residues Glu276 and Asp408 by its hydroxyl and amine group[42].

O

Compound 6 [4-(5-amino-1,3,4-thiadiazol-2-yl)phenol]
)

Among 2-amino thiadiazole based shciff base compounds (14-22), compound 14 was found to be most active compound
with IC50 value 2.30+0.1 uM. The docking study of compound 14 (Docking Score -5.743) suggest that chlorobenzene
moiety and three arene mainly establish hydrogen bonding ith active site of enyme.. Cholorobenene moiety of compound 14
interact with active site Pro309 residue by Hydrogen donar relationship and three arene-hdrogen bond were establish with
Phel57, Tyr71 and Arg312.This whole study suggest compound bearing —OH, -NO2 and —CI group showed good inhibitory
activity in vitro as well as in silico [42].

ﬁ; )

Compound 14 [4-((E)-(5-(4-chlorophenyl)-1,3,4-thiadiazol-2-ylimino)methyl)phenol]
©)
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Mohammed K et al. synthesized 24 new thiazole derivatives Via ‘One Pot’ multicomponent reaction and evaluated for a-
glucosidase inhibitory activity.. The structure of all synthesized compounds were confirmed by 1H-NMR, 13C-NMR and
EIMS techniques. After In vitro a-glucosidase inhibitory compound 12 [N-((2E)-2-(4-chlorophenylimino)-4-(4-
chlorophenyl) thiazol-3(2H)-yl)benzenamine, having para chloro substitution on two places , showed best activity with IC
50 =9.06+0.10 uM as compared with standard drug Acarbose with 1C50=38.25+0.12 uM. Other compounds bearing chloro
group also showed good a-glucosidase inhibitory activity suggest that chloro group is playing very important role in the
inhibitory activity of a-glucosidase. After docking analysis compound 12 also shoed best interaction with enme (Docking
score -11.8617). It made two m-interactions with binding pocket of enzyme. Aniline moiety of compound 12, made arene —
arene interaction with Phe157 and chlorobenzene made arene arene interaction with Phe300 [43].

H/N s
N

=}

Compound 12- N-((2E)-2-(4-chlorophenylimino)-4-(4-chlorophenyl)thiazol-3(2H)-
yl)benzenamine

(4)

Nasli A et. Al. (2022) rationally esigned, synthesized and evaluated some phenoxymethylbenzimidaole derivatives [9(a-n)]
for a-glucosidase inhibitor activity. The final compound are synthesized by the reaction of benzene-1,2-diamine and —(prop-
2-yn-1-yloxy)benzaldehyde in presence of Na,S,0s at 100°C for 4hr. The obtained product was recrystallied with ethanol.
The synthesized compounds were evaluated for in vitro a-Glucosidase inhibitory activity. Compound 9g Compound 9g- 2-
(4-(4-(1H-benzo[d]imidazol-2-yl)-2-methoxyphenoxy)methyl)-4,5-dihydro-1,2,3-triazol-1-yl)-N-(5-phenylthiazol-2-
ylacetamide (1C50=6.31+0.03) as found to be most active compound in comparison to standard drug Acarbose with IC50=
750.0+£10.0). Docking study as also performed on most active compounds b using Gold docking program suggest that
compound 9g score Gold Score 70.16. Various type of interaction were found between 9g and receptor. Benzimidaole of 9g
interact with receptor part by hydrogen bond, pi-Pi stacking with Asp616 and Phe649 respectively. Methoxyphenoxymethyl
of compound 9g interact with hydrogen bond by Ap616 and Adp282 [44].

NH
OCH;
=

Compound 9g- 2-(4-((4-(1H-benzo[d]imidazol-2-yl)-2-methoxyphenoxy)methyl)-4,5-dihydro-1,2,3-
triazol-1-yl)-N-(5-phenylthiazol-2-yl)acetamide

)

Shoaib et. al. (2023) synthesized 17 compounds, based on benzimidaole-thiadiazole hybrid and evaluated them against the
inhibitory activity of a-glucosidase. All the compound showed moderate to good activity with the comparison of standard
drug ‘Acarbose’. Compound 2 [3-((E)-(5-(1H-benzo[d]imidazol-4-yl)-1,3,4-thiadiazol-2-ylimino)methyl)-5-fluorophenol],
having —OH group and —F group, showing best inhibitory activity with 1Cs value 2.10£0.10 in comparison to standard
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drug acarbose with ICso value 5.30 £ 0.12.Structure activity relationship suggested that the compound bearing hydroxyl
group make hydrogen bonding with active site and showed much better binding with active site. Replacing of other
substituent like chlorine with fluorine showed better interaction and binding with receptor site due to smaller size and strong

hydrogen bonding [45].
HN‘\\

N OH

F
Compound 2- 3-((E)-(5-(1H-benzo[d]imidazol-4-yl)-1,3,4-thiadiazol-2-ylimino)methyl)-5-fluorophenol

(6)

Zahra FT et al. (2023) synthesized a series of 10 compound (6a-j) having N-aryl amino thiazole derivatives clubbed with
new amantadine. All the copund were evaluated against in vitro a- Glucosidase inhibition asaay. The activity of all
compounds were reported in terms of ICsp value. Compound 6¢ showed best inhibitory activity against a- Glucosidase with
ICso value 38.73+0.80 as compared to standard drug Acarbose with 1C50 value 1.21+0.16. Docking study as also performed
for active compound. Compoud 6a, 6b and 6e showed the best interaction, in the term of lowest energy -3.6, -0.7 and -1.5
kcal mol?. These compounds showed dual interaction with the receptor by the interaction with the amino acid (receptor)
ARG-609, ARG-587 and THR-384. A SAR study was also generated as per the result of a- Glucosidase inhibition activity.
As per the SAR study, the bromo group at para postion showed best activity against a- Glucosidase inhibition in coparison
to other halogen group (chloro) at meta positionl [46].

R=4-NO, (6b)
0 R=4-Br (6¢)
R= 4-OMe (6d)
R=2-OMe (6e)
= R=3-Cl  (6f)
N N R=2-Cl  (6g)
. / R=3-F  (6i)

TN/

U]

Mall, R. et al. (2017) synthesized and evaluated a series based on N-substituted-benzimidazolyl linked para substituted
benzylidene and evaluated the synthesized compound for in vitro alpha glucosidase activity. LC-MS, 1H-NMR, 13CNMR
and FT-IR are the techniques which are used for the confirmation of structure of synthesized compounds. Compound 4-(1-
(4-chlorobenzyl)-1H-benzo[d]imidazol-2-yl) benzaldehyde showed the best in vitro inhibitory activity against a-amylase
and o-glucosidase with an 1C50 value of 0.54 + 0.01 uM. Docking study was also performed in which the protein, PDB
code: 3TOP was used as a receptor site for the interaction of different synthesized compound with standard drug Acarbose.
The result of docking study was represented in terms of binding affinities (G score values and hydrogen bond interactions).
Compound 4-(1-(4-chlorobenzyl)-1H-benzo[d]imidazol-2-yl) benzaldehyde gave the best docking result among the all
synthesized compound [47].
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N
\ CHO
N
Cl
4-(1-(4-chlorobenzyl)-1H-benzo[d]imidazol-2-yl)benzaldehyde

(8)

Mishra S. et al. (2020) design, synthesize and evaluated eleven compounds benzimidazoles derivatives for alpha-glucosidase
activity. Initially, 60 compounds were designed using computation techniques including 3D QSAR, HQSAR, and
Pharmacophore mapping. Docking studies were also performed for evaluation of best interaction on the above designed
compounds. Amino acids LEU 520, ARG 335 and ASP 69 were found to be the main amino acid which are involved in the
interaction with the designed compound. On the basis of docking study, Eleven compounds were selected for the synthesis
and also evaluated for alpha- glucosidase activity. In vitro alpha- glucosidase activity showed that hydroxyl and alkyl groups
(compound no. 3, 9 and 10) were found to be best active compounds and found five to eight folds more active with 1C90
values (in the range of 6.02 + 1.10 to 33.25 £ 1.20 pg/ml), in comparison with the standard drug, Acarbose (IC90=290.55 +
0.081 pg/ml) [48].

- R

<
7 \_/

C[N\ ::: HN——N

Derivatives of (E)-4-(1H-benzo[d]imidazol-2-yl)-N'-benzylidenebenzohydrazide
9)

Aroura L.M. et al. (2021) synthesized and evaluated a series of derivatives of phenyl(2-phenyl-1H-benzo[d]imidazol-6-
yhmethanone (3a-h) as antidiabetic agents. The above derivatives were synthesized by the reaction of 3,4-
diaminobenzophenone with arylaldehyde in the presence of ammonium chloride or a mixture of ammonium chloride and
sodium metabisulfite as catalyst. Antidiabetic activity of the synthesized compounds was performed by using in vitro
antidiabetic assay of a-amylase and a-glucosidase. Compound 3f (2-(4-hydroxyphenyl)-1H-benzo[d]imidazol-6-yl)(phenyl)
containing hydroxyl motif at para-position of phenyl was found to be more active inhibitor against a- amylase (IC50 = 12.09
+0.38 uM) and a-glucosidase (IC50 = 11.02 £+ 0.04 uM) comparable to the reference drug acarbose. Docking study was also
performed on the above compounds with human pancreatic a-amylase (HPA) and human lysosomal acid-a-glucosidase
(HLAG) active sites for confirmation of result [49].

“@

Derivatives of phenyl(2-phenyl-1H-benzo[d]imidazol-6-yl)methanone
(10)
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Ozil et al (2016) synthesized a series of benzimidazole derivatives by the reaction of o-phenylenediamine and 4-nitro-o-
phenylenediamine with iminoester hydrochlorides. Acidic proton in benzimidazole was exchanged with ethyl bromoacetate,
then ethyl ester group was transformed into hydrazide group. Cyclization using CS2/KOH leaded to the corresponding 1,3,4-
oxadiazole derivative, which was treated with phenyl isothiocyanate resulted in carbothioamide group, respectively. As the
target compounds, triazole derivative was obtained under basic condition and thiadiazole derivative was obtained under
acidic condition from cyclization of carbothioamide group. Most reactions were conducted using both the microwave and
conventional methods to compare yields and reaction times. All compounds obtained in this study were investigated for a-
glucosidase inhibitor activity. Compounds 6a, 8a, 4b, 5b, 6b and 7b were potent inhibitors with 1C50 values ranging from
10.49 to 158.2 IM. This has described a new class of a-glucosidase inhibitors. Molecular docking studies were done for all
compounds to identify important binding modes responsible for inhibition activity of a-glucosidase [50].

Cl

Cl

S
NF N/\[(H\N)J\N
H H
o

Derivatives of 1-(2-(2-(2,4-dichlorobenzyl)-1H-benzo[d]imidazol-1-yl)acetyl)-4-phenylthiosemicarbazide

(11)
Zawawi et al. (2016) synthesized 26 derivatives of 4-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)benzohydrazide Schiff bases
(1-26) and evaluated them for a glucosidase inhibitory activity with IC50 values between 8.40 = 0.76 - 179.71 + 1.11 uM

when compared with standard acarbose. In this assay, seven compounds that showed highest inhibitory effects than the rest
of benzimidazole series were identified. All the synthesized compounds were characterized by different spectroscopic

methods adequately®.
ﬁ N: i : io
N HN——N
" N

Derivatives of (E)-N'-ethylidene-4-(5,6-dimethyl-1H-benzo[d]imidazol-2-yl)benzohydrazide
(12)

R

Esfahani et al. (2022) rationally designed, synthesized some phenoxymethy benzoimidazole derivatives (9a-n) and evaluated
them for a-glycosidase inhibitory activity. All tested compounds displayed promising a-glycosidase inhibitory potential with
IC50 values in the range of 6.31 to 49.89 uM compared to standard drug acarbose (IC50=750.0} 10.0 uM). Compound 9c
(2-{4-[4-(1H-1,3-benzodiazol-2-yl) phenoxy- methyl]-1H-1,2,3-triazol-1-y1}-N-[2-(4-bromophenyl)-1,3-thiazol-5-yl]ac-
tamide), 99  (2-{4-[4-(1H-1,3-benzodiazol-2-yl)-2-methoxyphenoxymethyl]-1H-1,2,3-triazol-1-yI}-N-(2-phenyl-1,3-
thiazol-5-yl)acetamide), and 9m (2-{4-[4-(6-Methyl-1H-1,3-benzodiazol-2-yl ) phenoxymethyl]-1H-1,2,3-triazol-1-yI}-N-
[2-(4-methylphenyl)-1,3-thiazol-5-yl]acetamide) were found as the most potent compounds by enzyme Kinetics study.
Docking studies also performed for confirmation of the result and also suggest the important role of benzoimidazole and
triazole rings of the synthesized compounds to fit properly into the a-glycosidase active site [52].
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Derivatives of 2-(4-((4-(1H-benzo[d]imidazol-2-yl)phenoxy)methyl)-4,5-dihydro-1,2,3-triazol-1-yl)-N-(5-
phenylthiazol-2-yl)acetamide

(13)

Dinparast et al. (2016) synthesized some benzimidazole derivatives by green, one-pot, solvent-free synthesisand evaluated
them for their a-glucosidase inhibitory potential. The reactions were catalyzed by ZnO/MgO containing ZnO nanoparticles
as a highly effective, non-toxic and environmentally friendly catalyst. Characterized of synthesized compound ere done by
using spectroscopic technics (FT-IR, ITHNMR, 13CNMR). Compounds 3c (2-(4-methoxyphenyl)-1H-benzo [d] imidazole),
3e (2-(4-methoxyphenyl)-5-methyl-1H-benzo[d]imidazole), 3l (5-chloro-2-(4-methoxyphenyl)-1H-benzo[d]imidazole) and
4n (1-(4-isocyanobenzyl)-5-chloro-2-(4-chlorophenyl)-1H-benzo[d]imidazole) were potent inhibitors with IC50 values
ranging from 60.7 to 168.4 mM. In silico studies were performed . Developed linear QSAR model based on density and
molecular weight could predict bioactivity of newly synthesized compounds well. Molecular docking studies revealed the
availability of some hydrophobic interactions[53].

H
N
\ —

R2

—
L7 )
3a-3n
(14

Bharadwaj et al. (2018) synthesized, characterized (FT-IR, 1H NMR, mass spectroscopy and single crystal X-ray diffraction
methods) some novel benzimidazole-containing quinolinyl oxadiazoles derivatives and evaluated them for antidiabetic,
anticoagulant, and antiplatelet activity. These compounds were also evaluated for in vitro a-glucosidase inhibitory assay and
showed the activity in the range of IC50 = 0.66 + 0.05 to 3.79 £+ 0.46 ng/mL. Molecular docking studies, performed on these
compounds, revealed that benzimidazole-containing quinolinyl oxadiazoles can correctly dock into the target receptor protein
of the human intestinal a-glucosidase, while their bioavailability/drug-likeness was predicted to be acceptable but requires
further optimization. These findings suggest that benzimidazole containing quinolinyl oxadiazoles acted as a-glucosidase
inhibitors to develop novel therapeutics for treating type-11 diabetes mellitus and also can act as lead molecules in drug
discovery as potential antidiabetic and antithrombotic agents [54].

\R

Derivatives of 4-(5-(2-(5-bromothiophen-2-yl)-1-methyl-1H-benzo[d]imidazol-5-yl)-1,3,4-oxadiazol-2-
yl)quinoline

(15)
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Ozil et al. (2016) synthesized and evaluated a series of bisbenzimidazole derivatives starting from o-phenylenediamine and
4-nitro-o-phenylenediamine with oxalic acid for inhibitory activities against a-glucosidase. The results showed different
range of o -glucosidase inhibitory potential with IC50 value ranging between 0.44 + 0.04 and 6.69 + 0.01 IM when compared
to the standard acarbose (IC50, 13.34 + 1.26 IM). Molecular docking studies were done for all compounds to identify
important binding modes responsible for inhibition activity of o —glucosidase [55].

Ry

W/N\N/k/ y

NI/
N/ N/W/“ /@
\N .
M N—Fe

(16)

Kumar et al.(2010) synthesized and evaluated some benzimidazole derivatives from the reaction of o-phenylenediamine
and aromatic and heteroaromatic carboxaldehydes in very good yields, using PdCI2(CH3sCN). as the catalyst and evaluated
for their activity on yeast and rat intestinal a-glucosidase inhibition and cytotoxic activity against colon carcinoma cell line
HT29. Compound 3e (6-Nitro-2-(4-pyridyl)-1H-benzo[d]imidazole) exhibited 95.6% and 75.3% inhibition of yeast and rat
intestinal a-glucosidase enzyme, while showing 74.8% cytotoxic activity against the HT-29 cell line at primary screening
concentrations of 2.1 mM for yeast and rat intestinal a-glucosidase enzyme and 0.2 mM for cytotoxic activity against the
HT-29 cell line, respectively. Compound 3c (4-(6-methy I-1H-benzo[d] imidazo I-2-yl)-1,3-Benzenediol) displayed 76% and
34.4% inhibition of yeast and rat intestinal a-glucosidase enzyme, and 80.4% cytotoxic activity against the HT-29 cell line
at similar primary screening concentrations. The IC50 value for the most potent intestinal a-glucosidase inhibitor compound
3e (6-Nitro-2-(4-pyridyl)-1H-benzo[d]imidazole) was found to be 99.4 uM. The IC50 values for the most active cytotoxic
compounds  3c(4-(6-methy I-1H-benzo[d] imidazo I-2-yl)-1,3-Benzenediol) and 3e (6-Nitro-2-(4-pyridyl)-1H-
benzo[d]imidazole) were 82 uM and 98.8 uM, respectively. Both compounds displayed significant antihyperglycemic
activity in starch-induced postprandial hyperglycemia in rats. This is the first report assigning yeast and rat intestinal a-
glucosidase enzyme inhibition, cytotoxic activity against the HT-29 cell line, and antihyperglycemic activity to
benzimidazole compounds 3c and 3e [56].

NN
\ 7/

N
6-nitro-2-(pyridin-4-yl)-1H-benzo[d]imidazole

02N H

(A7)

Yan et al.(2019)% synthesized and evaluated a series of tricyclic benzimidazole-iminosugars 1(a—f) (derivatives of
1S,2R,3S5,45)-1-(hydroxymethyl)-1,2,3,4-tetrahydrobenzo [4,5] imidazo [1,2-a]pyridine-2,3,4-triol) and 2(a—f) (derivatives
of  1S,2R,3S,45)-1-(hydroxymethyl)-7,8-dimethyl-1,2,3,4-tetrahydrobenzo[4,5]imidazo[1,2-a]pyridine-2,3,4-triol) ~ for
against five glycosidases. The synthesis initiated from the benzyl protected sugar (aldehyde), reacted with 1,2
diaminobenzene to afford aldo-benzimidazole by the iodine-induced oxidative condensation. Then, tricyclic compound was
snthesized by the key Mitsunobu reaction. After removal of the benzyl group in CF3SO3H, the target tricyclic benzimidazole-
iminosugars 1 and 2 were synheszied. The results of the glycosidase inhibitory activities of 1 and 2 showed that three
compounds derived from D-ribose exhibited specific and good inhibitory effects on f glucosidase. Among them, 1e was the
best one with IC50 value of 5.37 uM. All hydroxyl groups on B-position would be favourable to the inhibitory activity of
such tricyclic benzimidazole-iminosugars against B-glucosidase [57].

Singh et al.(2018) synthesized and evaluated a novel series of N-substituted-benzimidazolyl linked para substituted
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benzylidene based molecules containing three pharmacologically potent hydrogen bonding parts namely; 2,4-
thiazolidinedione (TZD: a 2,4-dicarbonyl), diethyl malonate (DEM: a 1,3-diester and an isooxazolidinedione analog) and
methyl acetoacetate (MAA: a S-ketoester) (6a—11b) for in vitro a-glucosidase inhibition. Characterization of synthesied
compound were performed (LC-MS, 'H NMR, C NMR, FT-IR). In vitro evaluation of these compounds revealed that the
compound 9b (5-{4-[1-(4-chlorobenzyl)-1H-benzimidazol-2-yl]benzylidene}-1,3-thiazolidine-2,4-dione) showed
maximum inhibitory potential against a-amylase and a-glucosidase, giving an ICsy value of 0.54 +0.01 uM. Docking study
as also performed which showed the binding affinities in terms of G score values and hydrogen bond interactions between
all the synthesized compounds and the AA residues in the active site of the protein (PDB code: 3TOP) to that of Acarbose
(standard drug) were explored with the help of molecular docking studies. Compound 9b (5-{4-[1-(4-chlorobenzyl)-1H-
benzimidazol-2-yl]benzylidene}-1,3-thiazolidine-2,4-dione) was selected as promising candidate of this series [58].

N

N\ o
' N\

T

o

Cl
Compound 9b- (Z2)-5-((4-(1-(4-chlorobenzyl)-1H-benzo[d]imidazol-2-
ylh)phenyl)methylene)thiazolidine-2,4-dione

(18)

Arshad et al.(2016) synthesized and evaluated 5-bromo-2-aryl benzimidazole derivatives 1-25 for their in vitro a-
glucosidase inhibitory activities.. Characterization of synthesized compounds were performed by EIMS, HRMS, *H-NMR,
and *C-NMR. Molecular docking study was also performed on the selected compounds 1, 4, 7, and 17 having varying
substitution pattern. Twenty-three compounds out of twenty-five showed excellent to moderate activity in the range of
ICs50=12.4-103.2 uM. Inhibitory results were compared with the standard drug acarbose (ICsp=38.25+0.12 uM).
Compounds 1 (2-(5-Bromo-1H-benzo[d]imidazol-2-yl)-5-methoxyphenol, 1Cso= 37.82+0.08 uM) , 9 (2-(5-Bromo-1H-
benzo[d]imidazol-2-yl)phenol, 1Cso=37.76+0.05uM), 12 (5-Bromo-2-(4-butoxyphenyl)-1H-benzo [d] imidazole, 1Cso=
24.96 + 0.09 uM), 16 (5-Bromo-2-(3-bromophenyl)-1H-benzo[d]imidazole, ICso=21.15 £+ 0.08 uM) and 17 (4-(5-Bromo-
1H-benzo[d]imidazol-2-yl)phenol, 1Cso = 8.34 +£0.02 uM) showed excellent inhibition as compared to standard drug
acarbose (ICsp =38.25 +£0.12 pM). Especially, compound 17 (4-(5-Bromo-1H-benzo[d]imidazol-2-yl)phenol,
ICs0=28.34£0.02 uM) was found to be five-fold more active than the standard [59]

\ R

N
Br

Substituted 6-bromo-1H-benzo[d]imidazole Derivatives
(19)

Taha et al. (2016) synthesized and evaluated some substituted 7-methyl-1H-benzo[d]imidazole analogs (1-27) for their a-
glucosidase inhibitory activity. After synthesis these compounds were characterized by EI-MS and *H NMR. Compound 25
(2-(2" -Chlorophenyl)-7-methyl-1H-benzo[d]imidazole), 19 (2-(2’-Hydroxyphenyl)-7-methyl-1H-benzo [d] imidazole), 10
(2-(3',4'-dihydroxyphenyl)-7-methyl-1H-benzo[d]imidazole) and 20 (2-(2'-Hydroxy-4'-methoxy phenyl)-7-methyl-1H-
benzo[d]imidazole) had best inhibitory activities with 1C50 values 5.30 + 0.10, 16.10 + 0.10, 25.36 + 0.14 and 29.75 + 0.19
respectively against a-glucosidase. Compound 6 (2-(4'-Nitrophenyl)-7-methyl-1H-benzo[d]imidazole) and 12 (7-methyl-2-
(pyridin-3'-yl)-1H-benzo[d]imidazole) have no inhibitory activity against a-glucosidase enzyme among the series. Further
studies showed that the compounds are not showing any cytotoxicity effect. The docking studies of the compounds as well
as the experimental activities of the compounds correlated well. From the molecular docking studies, it was observed that
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the top ranked conformation of all the compounds fit well in the active site of the homology model of a-glucosidase [60].

Substituted 4-methyl-1H-benzo[d]imidazole Derivative

CHs

(20)

Zawawi et al.(2017) synthesized and evaluated thiourea derivatives bearing benzimidazole nucleus ( 1-17) a-glucosidase
inhibition. Characterized of the synthesized compounds were done by *H NMR, 3C NMR and EI-MS. In vitro screening of
17 thiourea bearing benzimidazole derivatives were done by using Baker’s yeast a-glucosidase enzyme. Compounds 1-17
exhibited good to moderate a-glucosidase inhibitory activity with IC50 values between 35.8310.66 - 297.99+1.20 uM which
are more better than the standard acarbose (IC50 = 774.5+£1.94 uM). Compound 10 (N-(4-bromophenyl)-2-(4-(5,6-dimethyl-
1H-benzo[d]imidazol-2-yl)benzoyl) hydrazine carbo thioamide) and 14 (2-(4-(5,6-dimethyl-1H-benzo[d]imidazol-2-
ylhbenzoyl)-N-(4-nitrophenyl) hydrazinecarbothioamide) showed significant inhibitory effects with 1C50 value 50.57+0.81
and 35.83+0.66 pM, respectively better than the rest of the series. Structure activity relationships were established. Molecular
docking studies were performed to understand the binding interaction of the compounds [61].

-0
| -

HN

S

(1)

Ali et al.(2018)*° synthesized a new series of N-acylhydrazone derivatives (4-17). FT-IR, Mass and IHNMR techniques were
used as the spectral techniques. After synthesis, the synthesized compounds were also evaluated for in vitro free radical
scavenging and a-glucosidase inhibition activity and ascorbic acid and acarbose were used as a standard drug, respectively.
Compound 13 (N-(4-formylbenzylidene)-2-(2-(tetradecylthio)-1H-benzo[d] imidazol-1-yl)acetohydrazide) wre found to be
most active compound with IC50=131.50 uM (DPPH scavenging assay) and 1Cs=352 pg/ml (a-glucosidase inhibition).
Docking analysis was also performed by using Molecular Operating Environment (MOE 2016.08) on the above compounds.
A homology model for a-glucosidase was constructed and validated using Ramachandran plot [62].

(22)
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2. CONCLUSION

Diabetes mellitus is a complex metabolic disorder affecting a very large population of worldwide. Unbalanced diet, obesity
make diabetic to a large population of world. It is assuming that till 2040, one person out of 10 people will be affected from
diabetes. For avoiding such condition it is essential to search some effective antidiabetic agents. Recently it proves that a-
glucosidase inhibitors, play an important role in the management of diabetes. In some couple of past decades, various
synthetic and pharmacological studies in the field of a- glucosidase inhibitors have tried to unwind the increasing
complexities of diabetes. Better understand of etiology and pathogenesis of this dangerous disease, help in the discovery of
new therapeutic agents. Understanding the seriousness and complexity of this disease, a very large number of therapeutic
agents, based on a- glucosidase inhibiton approach were developed in some couple of past decades. Data between the year
of 2000 to 2023 suggested that newly discovered compounds have shown better therapeutic efficacy towards the a-
glucosidase inhibiton.

As the various previous researches suggest that the various disaccharide bind to the a- glucosidase for conversion of simpler
monosaccharide and the various compound which mimic the structure of these disaccharide, show better a- glucosidase
inhibition activity. Aside from this consideration it was also proved that the compounds bearing azole moiety, also show
better therapeutic efficacy against a- glucosidase inhibition.

In this paper, some recent researches, including computational design, synthesis, in vitro, in vivo biological activity of such
compounds which have azole moiety in their structure and showing better therapeutic efficacy, regarding the a- glucosidase
inhibiton, have been reported which will help the researchers to discover better therapeutic agents in the future.

ABBREVIATIONS
OGTT: Oral glucose tolerance test; HbA.. Hemoglobin A1C (Glycated hemoglobin), SAR: Structure Activity Relationship
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