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A B S T R A C T   

We have synthesized new hybrid class of indole bearing sulfonamide scaffolds (1–17) as α-glucosidase inhibitors. 
All scaffolds were found to be active except scaffold 17 and exhibited IC50 values ranging from 1.60 to 51.20 µM 
in comparison with standard acarbose (IC50 = 42.45 µM). Among the synthesized hybrid class scaffolds 16 was 
the most potent analogue with IC50 value 1.60 μM, showing many folds better potency as compared to standard 
acarbose. Whereas, synthesized scaffolds 1–15 showed good α-glucosidase inhibitory potential. Based on 
α-glucosidase inhibitory effect, Scaffold 16 was chosen due to highest activity in vitro for further evaluation of 
antidiabetic activity in Streptozotocin induced diabetic rats. The Scaffold 16 exhibited significant antidiabetic 
activity. All analogues were characterized through 1H, 13CNMR and HR MS. Structure-activity relationship of 
synthesized analogues was established and confirmed through molecular docking study.   

1. Introduction 

To maintain healthy activities of body the α-glucosidase enzyme 
catalyzes carbohydrates. Some serious problems to human health are 
associated with higher activity of α-glucosidase that leads to increase in 
blood glucose level [1–4]. In type-2 diabetes various α-glucosidase in
hibitors are used to maintain the sugar level of blood [5,6]. So far 
various clinically used α-glucosidase inhibitors are acarbose, miglitol 
and voglibose etc [7,8]. Inhibitors are usually administered orally that 
leads to carbohydrates digestion and absorption delay, resulting to 
maintain the glucose level [9–11]. Medicinal chemists focused on the 
synthesis of new α-glucosidase inhibitors as these inhibitors had various 
side effects. Pharmaceutical community takes keen interest in the 

synthesis of α-glucosidase inhibitors that possess catalytic potency to 
decrease blood glucose level that in turn result to decrease glucose ab
sorption [12–14]. α-Glucosidase inhibitors do not show life threatening 
condition and its overdose does not show weight gain or hyperglycemic 
effects in body [15]. Beside diabetes, α-glucosidase inhibitors showed 
meaningful application in obesity and in other medical therapeutics 
[16] and in case of HIV infections showed remarkable proliferation that 
result to block viral infections [17,18]. Due to these aspects, we have 
synthesized hybrid indole bearing sulfonamide as new class of 
inhibitors. 

Indoles are a heterocyclic analogue that occurs in various natural 
products as secondary metabolites such as alkaloids, marine secondary 
metabolites and fungal secondary metabolites etc [19,20]. A lot of 
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indole scaffolds showed its consideration in medicinal chemistry as well 
as in organic synthesis. Indole and its scaffolds showed broad range of 
biological potential such as antibacterial [21], anticancer [22], anti
malarial [23], anti-ulcerative [24], anti-leishmanial [25], anti-platelet 
[26], anti-rheumatoid [27], antioxidant [28], anti-viral [19], anti-HIV 
[29], thymidine phosphorylase, as well as inhibitors of β-glucuroni
dase [30,31]. 

In the synthesis of various groups of drugs sulfonamides moiety act 
as a basic skeleton that are also names as sulpha drugs or sulfa drugs 
[32,33]. To produce new effect/action in the previously synthesized 

biologically active scaffold the sulfonamide functional group showed its 
great potency e.g, Alzheimer’s disease associated butyrylcholinesterase 
(BChE) enzyme potent inhibitors have been synthesized from its previ
ously marketed lead scaffold of sulfonamide that exhibited excellent 
potency at low concentration [34,35]. Similarly, sulfonamide scaffolds 
from the decades have been extensively used against certain disease that 
are multifarious than bacterial infections like AD, diabetes [36], psy
chosis [37], central nervous system (CNS) disorders [38], tumors [39] 
and different cancer treatments [40]. 

Our research group had previously synthesized different 

Table 1 
Synthesized hybrid indole bearing sulfonamide scaffolds (1–17).  

S. No R IC50 (μM) S. No R IC50 (μM) 

1 7.30 ± 0.20 10 21.30 ± 0.30 

2 4.70 ± 0.20 11 28.50 ± 0.20 

3 51.20 ± 1.10 12 31.30 ± 0.50 

4 8.20 ± 0.50 13 35.80 ± 0.60 

5 8.40 ± 0.010 14 41.20 ± 0.20 

6 14.30 ± 0.20 15 41.90 ± 0.80 

7 15.20 ± 0.30 16 1.60 ± 0.010 

8 16.70 ± 0.30 17 N.A. 

9 21.10 ± 0.40  Standard Acarbose 42.45 ± 1.05  
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heterocycles as well as their hybrid analogues and evaluated against 
different biological potential [41]. Keeping in view, the biological 
importance of indole as well as sulfonamide scaffold we plan to design, 
synthesis of new hybrid class of indole bearing sulfonamide scaffolds 
that might show promising results upon comparison with individual 
scaffolds. 

1.1. Result and discussion 

1.1.1. Chemistry 
The indole-based sulfonamide scaffolds (1–17) were synthesized by 

treating 2-(1H-indol-3-yl) ethanamine with various aryl sulfonyl chlo
ride in the presence of pyridine. The reaction completion was confirmed 
by monitoring TLC. All synthesized compounds were recrystallized in 
methanol. The purity of compounds was confirmed by proton NMR as 
well as HR MS. All compounds were fully characterized different spec
troscopy method (Table 1) Scheme 1. 

1.1.2. α-Glucosidase inhibition 
The synthesized hybrid indole bearing sulfonamide scaffolds (1–17) 

were for their α-glucosidase inhibitory potential [42–44]. All scaffolds 
were found active except scaffold 17. Different inhibitory potential was 
exhibited by scaffolds1-15 with IC50 value ranging between 1.60 ±
0.010–51.20 ± 1.10 μM upon comparison with standard acarbose 
(42.45 ± 1.05 μM). Scaffold 16 exhibited IC50 value 1.60 ± 0.010 many 
folds better than standard acarbose and is the most potent scaffold 
among the synthesized derivatives. Similarly scaffold 1, 2, 4 and 5 
exhibited IC50 values ranging 4.70–8.40 μM showing 10 to 5 folds more 
potency than standard. 

The methyl substituted scaffolds 6, 9, 11 are the ortho, para and meta 
substituted scaffolds that showed IC50 value 14.30 ± 0.20, 21.10 ± 0.40 
and 28.50 ± 0.20 respectively. From IC50 values of enzyme inhibition 
pattern it was confirm that ortho substituted > para substituted > meta 
substituted scaffold. 

Scaffold 4, 5, which are mono and dichloro substituted derivatives 
exhibited IC50 value 8.20 ± 0.50 and 8.40 ± 0.010, respectively. It was 
observed that addition of chloro as substitutent might be responsible for 
slight decrease in potency. 

The bromo substituted scaffolds 3, 13 are the ortho, para substituted 
scaffolds that showed IC50 value 51.20 ± 1.10, 35.80 ± 0.60 respec
tively, while scaffold 17 meta substituted was found inactive. From IC50 
values of the scaffold it was confirmed that ortho substituted scaffold 
showed greater potential as compared to para substituted and meta 
substituted scaffold was the inactive as compared to ortho and para 
substituted scaffold. 

It was confirmed that type, number/s and position of substitutent/s 
might play a role in slight increase or decrease in α-glucosidase inhibi
tory potency. 

1.1.3. Results of animals study 

1.1.3.1. Hypoglycemic effect of Scaffold 16. Based on the excellent re
sults of in vitro and molecular docking study showed by Scaffold 16, 

antidiabetic activity in rats was designed and carried out. Acute toxicity 
study was carried out at dose of 1000 mg/kg body weight and no toxicity 
was found. Hence, three scalar doses 10, 25, & 50 mg/kg body weight 
were selected for preliminary screening of Scaffold 16 for hypoglycemic 
effect, and similar approach has been reported earlier [49]. The com
pound was administered orally, and blood glucose level measured up to 
6 h duration and the compound was found to be effective till 4 h 
duration and reduced the blood glucose level significantly (***p <
0.001), as compared to the diabetic control group. Scaffold 16 signifi
cantly decreases the blood glucose level at 2 h (17%) and 4 h (24%) at a 
dose of 50 mg/kg, as compared to the values of 30 min and diabetic 
control group. Whereas, at 25 mg/kg dose, scaffold 16 reduces 17% of 
blood glucose level, as compared to values at 1 h and diabetic control 
group (Fig. 1). No significant changes were observed in the blood 
glucose level of animals treated with Scaffold16- 10 mg/kg body weight. 
After 4 h of duration, the blood glucose levels in scaffold 16 treated 
groups started inclined towards the higher values. 

1.1.3.2. Effects of sacaffold 16 on fasting blood glucose and body weight. 
To find out the long-term beneficial effects of Scaffold 16 on fasting 
blood glucose levels and body weights of animals, two scalar doses were 
selected based on results of acute hypoglycemic effects (Fig. 1). These 
doses of the compound were administered at a dose of 25 and 50 mg/kg 
body orally for 28 days. On every 7th day interval, fasting blood glucose 
and body weights were measured. Standard drug, Glibenclamide was 
given at a dose of 5 mg/kg body weight for the same duration. It has 
been found that the fasting blood glucose level of Scaffold 16 treated 
group decreases significantly (***p < 0.001), as compared to the values 
of 1st day and diabetic control group. The fasting blood glucose level of 
the group treated with scaffold 16 at dose 25 mg/kg body was reduced 
to 317.83 mg/dl on day 28 from the initial level of 440 mg/dl on day 1 
(decrease of 28%). Higher reduction of fasting blood glucose level was 
observed with the dose of 50 mg/kg, which reduced the initial blood 
glucose level of 511 mg/dl to 241 mg/dl on 28th day (reduction of 53%) 
(Fig. 2). Significant effect (***p < 0.001) was observed in the group 
treated with standard drug Glibenclamide, which reduced 41% of fast
ing blood glucose level on day 28, as compared to day 1. 

Every week, body weight of all groups of animals were measured in 
order to know the effect of Scafffold 16 treatment, and was compared to 
normal, diabetic control and standard group. It has been found that 
there is significant (***p < 0.001) improvement on day 28 in the body 
weight of the animals treated with Scaffold 16 (25 and 50 mg/kg body 
weight), as compared to body weight of animals on day 14 (Fig. 3). 
Initial treatment of Scaffold 16 for 14 days failed to show any protection 
on loss of body weight. Body weight of animals treated with Gliben
clamide was improved significantly and was more stable throughout 
study, as compared to the diabetic control and Scaffold 16 treated group. 

1.1.3.3. Effect of Scaffold-16 on oral glucose tolerance test (OGTT). On 
28th day of the study, OGTT was carried out in fasted diabetic rats. The 
animals were observed for 120 min duration, after administration of 
Scaffold 16 at doses of 25 and 50 mg/kg body weight. There was sig
nificant increase in the blood glucose levels of all the groups at 0.5 h of 

Scheme 1. The indole-based sulfonamide scaffolds (1–17) were synthesized.  
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OGTT, as compared to the level of 0 h. The glucose response failed in 
diabetic control group of animals, whereas the animals treated with 
scaffold 16 showed significant tolerance after 1 h of duration. After 2 h 
of administration Scaffold 16, the blood glucose levels were reduced to 
below initial blood glucose levels (Fig. 4). 

The changes in the blood glucose level was used to calculated area 
under the curve. As compared to level at 0.5 h, Scaffold 16 at a dose of 
25 mg/kg bod weight reduced the areas under the curve (AUC) for 
glucose by 36.90% and 43.30% at 50 mg/kg, whereas, Glibenclamide 
reduces 20.62%, after 2 h of administration (Fig. 5). Area under curve 
for Scaffold 16 at 25 and 50 mg/kg body weight was 55,765 and 53,408, 
as compared to the 63,677 of Diabetic control group. Area under curve 
was calculated by using Gaphpad Prism 8.0.1. 

1.1.4. Docking study 
The docking results the most active compound 16 displayed inter

action involving extended aromatic ring bearing chloro at ortho position. 
The chloro substituent at ortho position interacts with the backbone of 
Arg312 through hydrophobic alkyl interaction at 3.91 Å. Besides that, 
the backbone of Arg312 also played an important role in making sure 
that the extended aromatic ring is stable in the active site by interacting 
with the π-orbital of the aromatic ring through a π-alkyl interaction at 
4.32 Å. On the other hand, some hydrogen bonds were observed as well. 
It was observed that one of the oxygens of sulfonamide moiety forms a 
conventional hydrogen bonding with the backbone (HD) of Asn241 at 
1.88 Å. While another hydrogen bonding was observed between 
hydrogen of amino group with the backbone (Nε2) of His279 at 2.06 Å 

Fig. 1. Hypoglycemic Effects of Scaffold-16. Values are expressed as the mean ± standard error of the mean (n = 6). ***P < 0.001 Compared to Diabetic control and 
1 h (25 mg /kg); ***P < 0.001 Compared to Diabetic control and 0.5 h (50 mg /kg). 

Fig. 2. Effect of Scaffold-16 on Fasting Blood Glucose Levels Values are expressed as the mean ± standard error of the mean (n = 6). ***P < 0.001 Compared to 
Diabetic control and Day 1. 

Fig. 3. Effect of Scaffold-16 on Body weight of Animals. Values are expressed as the mean ± standard error of the mean (n = 6). ***P < 0.001 Compared to Diabetic 
control and Day 14. 
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(Fig. 6). 
In the case of the second most active compound 2, it was observed 

that the extended aromatic ring can interact with various residues with 
the active site. The results showed that one of the oxygen atoms of the 
nitro group is forming a conventional hydrogen bonding with the 
hydrogen (Hε1) on the backbone of His279 at 2.99 Å. On the other hand, 

one of the nitrogen (Nε2) on imidazole ring of His279 further stabilizes 
the interaction by acting as a hydrogen bond acceptor and interacts with 
hydrogen (H36) on amino group of the sulfonamide moiety at a distance 
of 2.25 Å. It was also observed that oxygen (Oε2) on Glu304 can form 
two electrostatic interactions with nitrogen (N23) of nitro substituent 
and π-orbital of the extended aromatic ring. Glu304 forms an 

Fig. 4. Oral Glucose Tolerance Test. Values are expressed as the mean ± standard error of the mean (n = 6). ***P < 0.001 Compared to Diabetic control and 0.5 h.  

Fig. 5. Area Under Curve Values are expressed as the mean ± standard error of the mean (n = 6). ***P < 0.001 Compared to Diabetic control and 0.5 h.  

Fig. 6. Interaction of most active compound 16 with residues in the active site.  
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electrostatic attractive charge interaction with nitro substituent at 4.20 
Å while on the extended aromatic ring, Glu304 forms an electrostatic 
π-anion interaction at 3.60 Å. It was observed that one of the oxygens of 
sulfonamide moiety forms a conventional hydrogen bonding with the 
backbone (HD22) of Asn241 at 2.09 Å (Fig. 7). 

For the third most active compounds 1, hydrogen (H39) on methoxy 
substituent interacts with Thr307 backbone oxygen at 2.81 Å through 
carbon hydrogen bond (Fig. 8). Oxygen (O23) of methoxy substituent 
interacts with the backbone of Thr301 (HG1) through a conventional 
hydrogen bond at 2.05 Å. Extended aromatic ring is stabilized by elec
trostatic π-anion interaction with backbone of Glu304 (Oε1) at 3.44 Å 
and also a hydrophobic π-alkyl interaction with Arg312 at a distance of 
4.15 Å. On the other hand, some hydrogen bonds were observed as well. 
It was observed that both oxygens of sulfonamide moiety can form 
conventional hydrogen bonds. One of the oxygens of sulfonamide moi
ety forms a hydrogen bonding withAsn241 (HD22) at 213 Å while the 
other oxygen atom forms a hydrogen bonding with His239 (Hε1) at 2.96 
Å. While another hydrogen bonding was observed between hydrogen of 
amino group with the backbone (Nε2) of His279 at 2.10 Å. Phe157 is 
potentially involved in two hydrophobic π- πstaking interactions with 
indole moiety at 4.51 and 5.17 Å, which may have resulted in better 
complex stability. 

2. Experimental 

2.1. Synthesis procedure for hybrid indole bearing sulfonamide 

The synthesis of indole-based sulfonamide was carried out by 
reacting 2-(1H-indol-3-yl) ethanamine (1 mmol) with various aryl sul
fonyl chloride (1.1 mmol each) in the presence of pyridine (10 mL). The 
reaction was remained on stirring overnight. The confirmation of 
completion of reaction was monitored by TLC. After completion of re
action the mixture was poured in dilute solution of HCl to kill pyridine. 
The ppt formed was filtered and washed with cold water. The crude 
products were recrystallized in methanol to afford pure indole-based 
sulfonamide scaffolds (1–17) in good yields. The purity of compounds 
was confirmed by proton NMR as well as HR MS (Fig. 9) general figure of 
compounds (1–17). 

2.1.1. N-(2-(1H-indol-3-yl)ethyl)-2-fluoro-4-methoxybenzenesulfonamide 
(1) 

1H NMR (400 MHz DMSO‑d6): δ 1H NMR (400 MHz DMSO‑d6): δ 
12.70 (s, 1H, NH), 10.92 (s, 1H, NH), 7.87 (t, J = 6.7 Hz, 1H), 7.58 (d, J 
= 6.9 Hz, 1H), 7.34 (d, J = 6.5 Hz, 1H), 7.14 (d, J = 2.2 Hz, 1H) 7.06 (t, 

J = 6.4 Hz, 1H), 7.02 (t, J = 6.1 Hz, 1H), 6.88–6.83 (m, 2H), 3.94 (t, J =
6.5 Hz, 2H), 3.03 (t, J = 6.5 Hz, 2H);13C NMR (100 MHz, DMSO‑d6): δ 
162.1, 136.1, 132.6 (d, J = 182, C-F), 129.3, 127.0, 122.8, 121.4, 119.5, 
118.5, 118.0, 112.5, 111.0, 110.0, 102.5, 55.5 (OCH3), 43.5, 27.6; 
HREI-MS: m/z 348.0935; [(M+1)+ Calcd for C17H17FN2O3S 348.0943. 

2.1.2. N-(2-(1H-indol-3-yl)ethyl)-2-chloro-5-nitrobenzenesulfonamide (2) 
1H NMR (400 MHz DMSO‑d6): δ 1H NMR (400 MHz DMSO‑d6): δ 

14.13 (s, 1H, NH), 10.92 (s, 1H, NH), 8.33 (d, J = 2.1 Hz, 1H), 8.02 (d, J 
= 6.0 Hz, 1H), 7.62 (d, J = 6.7 Hz, 1H), 7.36 (d, J = 6.4 Hz, 1H), 7.19 (d, 
J = 2.4 Hz, 1H) 7.09 (t, J = 6.3 Hz, 1H), 6.99 (t, J = 6.1 Hz, 1H), 6.57 (d, 
J = 7.3, Hz, 1H), 3.95 (t, J = 6.2 Hz, 2H), 3.15 (t, J = 6.2 Hz, 2H);13C 
NMR (100 MHz, DMSO‑d6): δ 152.0,145.0, 136.1, 132.6, 129.1, 127.0, 
124.4, 122.8, 122.0, 121.4, 119.5, 118.5, 112.5, 111.0, 43.5, 27.6; 
HREI-MS: m/z 379.0381; [(M+1)+ Calcd for C16H14ClN3O4S 379.0393. 

2.1.3. N-(2-(1H-indol-3-yl)ethyl)-2-bromobenzenesulfonamide (3) 
1H NMR (400 MHz DMSO‑d6): δ 1H NMR (400 MHz DMSO‑d6): δ 

11.56 (s, 1H, NH), 10.53 (s, 1H, NH), 7.88 (t, J = 6.7 Hz, 1H), 7.65–7.62 
(m, 2H), 7.57 (d, J = 6.9 Hz, 1H), 7.36–7.32 (m, 2H), 7.19 (d, J = 2.4 Hz, 
1H) 7.13 (t, J = 6.2 Hz, 1H), 7.07 (t, J = 6.2 Hz, 1H), 3.93 (t, J = 6.3 Hz, 
2H), 3.14 (t, J = 6.3 Hz, 2H); 13C NMR (100 MHz, DMSO‑d6):): δ), 142.2, 
136.1, 134.4, 130.2, 129.2, 127.8, 127.0, 122.8, 121.4, 120.3, 119.5, 
118.5, 112.5, 111.0, 43.5, 27.6; HREI-MS: m/z 378.0023; [(M+1)+

Calcd for C16H15BrN2O2S 378.0037]. 

2.1.4. N-(2-(1H-indol-3-yl)ethyl)-4-chlorobenzenesulfonamide (4) 
1H NMR (400 MHz DMSO‑d6): δ 12.09 (s, 1H, NH), 11.12 (s, 1H, NH), 

7.90 (d, J = 6.7 Hz, 2H), 7.54 (d, J = 6.9 Hz, 1H), 7.33 (d, J = 6.4 Hz, 
2H), 7.15–7.05 (m, 3H), 3.90 (t, J = 6.2 Hz, 2H), 3.11 (t, J = 6.2 Hz, 2H); 
13C NMR (100 MHz, DMSO‑d6): δ 143.0, 137.0, 136.1, 129.0, 129.0, 
128.5, 128.5, 127.0, 122.8, 121.4, 119.5, 118.5, 112.5, 111.0, 43.5, 
27.6; HREI-MS: m/z 334.0530; [(M+1)+ Calcd for C16H15ClN2O2S 
334.0522. 

2.1.5. N-(2-(1H-indol-3-yl)ethyl)-2,5-dichlorobenzenesulfinamide (5) 
1H NMR (400 MHz DMSO‑d6): δ 13.81 (s, 1H, NH), 10.8 (s, 1H, NH), 

7.57 (d, J = 6.7 Hz, 1H), 7.47 (t, J = 2.4 Hz, 2H), 7.34–7.31 (m, 2H), 
7.14 (t, J = 2.4 Hz, 2H), 7.07 (t, J = 6.3 Hz, 1H), 6.98 (t, J = 6.1 Hz, 1H), 
6.88 (t, J = 7.5 Hz, 2H), 3.90 (t, J = 6.2 Hz, 2H), 3.11 (t, J = 6.2 Hz, 2H); 
13C NMR (100 MHz, DMSO‑d6): δ 138.1, 137.5, 136.1, 132.6), 130.5, 
130.0, 127.5, 127.0, 122.8, 121.4, 119.5, 118.5, 112.5, 111.0, 43.5, 
27.6; HREI-MS: m/z 368. 0530; [(M+1)+ Calcd for C16H14Cl2N2O2S 
368.0153. 

Fig. 7. Interaction of second most active compound 2 with residues in the active site.  
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2.1.6. N-(2-(1H-indol-3-yl)ethyl)-2-methylbenzenesulfonamide (6) 
1H NMR (400 MHz DMSO‑d6): δ 1H NMR (400 MHz DMSO‑d6): δ 

13.38 (s, 1H, NH), 10.52 (s, 1H, NH), 7.93 (t, J = 6.4 Hz, 1H), 7.69–7.66 
(m, 2H), 7.60 (d, J = 64 Hz, 1H), 7.39–7.35 (m, 2H), 7.22 (d, J = 2.2 Hz, 
1H) 7.17 (t, J = 6.7 Hz, 1H), 7.10 (t, J = 6.4 Hz, 1H), 3.96 (t, J = 6.7 Hz, 
2H), 3.12 (t, J = 6.7 Hz, 2H) 2.10 (s, 3H, CH3); 13C NMR (100 MHz, 
DMSO‑d6): δ 138.5, 136.1, 135.6, 131.1, 131.5, 129.5, 127.0, 122.8, 
121.4, 120.3, 119.5, 118.5, 112.5, 111.0, 43.5, 27.6, 21.5 (CH3); HREI- 
MS: m/z 314.1073; [(M+1)+ Calcd for C17H18N2O2S 314.1089. 

2.1.7. N-(2-(1H-indol-3-yl)ethyl)-2-hydroxynaphthalene-1-sulfonamide 
(7) 

1H NMR (400 MHz DMSO‑d6): δ 14.04 (s, 1H, NH), 10.93 (s, 1H, NH), 
9.03(s, 1H, OH), 7.95 (t, J = 6.7 Hz, 1H), 7.62–7.58 (m, 2H), 7.54 (d, J 
= 6.3 Hz, 1H), 7.33–7.29 (m, 2H), 7.19 (d, J = 2.4 Hz, 1H) 7.14 (t, J =
6.3 Hz, 1H), 7.07 (t, J = 6.2 Hz, 1H), 7.00 (t, J = 6.6 Hz, 1H), 6.66 (d, J 
= 6.3 Hz, 1H), 3.93 (t, J = 6.7 Hz, 2H), 3.08 (t, J = 6.7 Hz, 2H); 13C NMR 
(100 MHz, DMSO‑d6): δ 148.1, 137.5, 136.1, 127.5, 127.0, 126.6, 126.3, 
126.0, 124.0, 122.8, 122.5, 122.1, 121.4, 119.5, 119.1, 118.5, 112.5, 
111.0, 43.5, 27.6; HREI-MS: m/z 366.1029; [(M+1)+ Calcd for 
C20H18N2O3S 366.1038. 

2.1.8. N-(2-(1H-indol-3-yl)ethyl)-3-chlorobenzenesulfonamide (8) 
1H NMR (400 MHz DMSO‑d6): δ 12.13 (s, 1H, NH), 10.83 (s, 1H, NH), 

7.64 (t, J = 6.6 Hz, 2H), 7.53 (d, J = 6.4 Hz, 1H), 7.42 (d, J = 6.7 Hz, 1H) 
7.19 (t, J = 6.2 Hz, 2H), 7.14 (t, J = 6.1 Hz, 1H), 7.02 (t, J = 6.2 Hz, 1H), 
7.00 (t, J = 6.6 Hz, 1H), 6.76 (t, J = 6.2 Hz, 1H), 3.88 (t, J = 6.4 Hz, 2H), 
3.06 (t, J = 6.4 Hz, 2H); 13C NMR (100 MHz, DMSO‑d6): δ 141.0, 136.1, 
134.1, 132.5, 130.3, 127.0, 126.1, 125.1, 122.8, 121.4, 119.5, 118.5, 
112.5, 111.0, 43.5, 27.6; HREI-MS: m/z 334.0532; [(M+1)+ Calcd for 
C16H15ClN2O2S 334.0542]. 

2.1.9. N-(2-(1H-indol-3-yl)ethyl)-4-methylbenzenesulfonamide (9) 
1H NMR (400 MHz DMSO‑d6): δ 12.64 (s, 1H, NH), 10.92 (s, 1H, NH), 

7.89 (t, J = 6.3 Hz, 1H), 7.72 (t, J = 6.1 Hz, 2H), 7.55 (d, J = 6.7 Hz, 1H), 
7.36–7.30 (m, 2H), 7.22 (t, J = 6.3 Hz, 1H), 7.06–7.02 (m, 2H), 3.91 (t, J 
= 6.2 Hz, 2H), 3.09 (t, J = 6.2 Hz, 2H);13C NMR (100 MHz, DMSO‑d6): δ 
137.5, 137.0, 136.1, 129.0, 129.0, 128.1, 128.1, 127.0, 122.8, 121.4, 

119.5, 118.5, 112.5, 111.0, 43.5, 27.6, 21.4 (CH3); HREI-MS: m/z 
314.1073; [(M+1)+ Calcd for C17H18N2O2S 314.1089]. 

2.1.10. N-(2-(1H-indol-3-yl)ethyl)-3-iodo-5-methoxybenzenesulfonamide 
(10) 

1H NMR (400 MHz DMSO‑d6): δ 12.21 (s, 1H, NH), 10.88 (s, 1H, NH), 
7.76 (t, J = 6.3 Hz, 1H), 7.71 (t, J = 6.2 Hz, 1H), 7.47–7.42 (m, 2H), 7.24 
(t, J = 6.1 Hz, 2H), 7.08 (t, J = 2.4 Hz, 1H), 7.01 (d, J = 7.2 Hz, 1H), 3.85 
(t, J = 6.4 Hz, 5H), 3.07 (t, J = 6.0 Hz, 2H);13C NMR (100 MHz, 
DMSO‑d6): δ 162.0, 142.0, 136.1, 127.0, 126.1, 124.5, 122.8, 121.4, 
119.5, 118.5, 112.5, 111.0, 110.0, 95.4, 55.5 (OCH3), 43.5, 27.6; HREI- 
MS: m/z 455.9989; [(M+1)+ Calcd for C17H17IN2O3S 456.0004]. 

2.1.11. N-(2-(1H-indol-3-yl)ethyl)-3-methylbenzenesulfonamide (11) 
1H NMR (400 MHz DMSO‑d6): δ 11.76 (s, 1H, NH), 10.76 (s, 1H, NH), 

7.60 (t, J = 6.1 Hz, 2H), 7.49 (d, J = 6.2 Hz, 1H), 7.39 (d, J = 6.3 Hz, 1H) 
7.15 (t, J = 7.2 Hz, 1H), 7.20 (t, J = 6.4 Hz, 1H), 7.04 (t, J = 6.3 Hz, 1H), 
6.74 (t, J = 6.2 Hz, 2H), 3.85 (t, J = 4.6 Hz, 5H), 3.09 (t, J = 6.3 Hz, 2H), 
2.14 (s, 3H, CH3); 13C NMR (100 MHz, DMSO‑d6): δ 139.5, 138.4, 136.1, 
132.5, 128.5, 127.0, 126.5, 124.1, 122.8, 121.4, 119.5, 118.5, 112.5, 
111.0, 43.5, 27.6, 21.5 (CH3); HREI-MS: m/z 314.1073; [(M+1)+ Calcd 
for C17H18N2O2S 314.1089]. 

2.1.12. N-(2-(1H-indol-3-yl)ethyl)-3,5-dimethoxybenzenesulfonamide 
(12) 

1H NMR (400 MHz DMSO‑d6): δ 11.98 (s, 1H, NH), 10.73 (s, 1H, NH), 
7.75 (dd, J = 2.3, 2.4 Hz, 1H), 7.73 (d, J = 2.3 Hz, 1H), 7.44 (d, J = 6.1 
Hz, 1H) 7.42 (t, J = 6.2 Hz, 1H), 7.39 (t, J = 6.1 Hz, 1H), 7.09 (t, J = 6.6 
Hz, 1H), 6.98 (t, J = 6.2 Hz, 2H), 6.82 (t, J = 2.0 Hz, 1H), 3.95 (t, J = 6.4 
Hz, 2H), 3.82 (s, 6H, 2xCH3), 3.06(t, J = 6.4 Hz, 2H); 13C NMR (100 
MHz, DMSO‑d6): δ 161.2, 161.2, 142.0, 136.1, 127.0, 122.8, 121.4, 
119.5, 118.5, 112.5, 111.0, 103.5, 103.0, 103.0, 55.5 (OCH3), 55.5 
(OCH3), 43.5, 27.6; HREI-MS: m/z 360.1131; [(M+1)+ Calcd for 
C18H20N2O4S 360.1143]. 

2.1.13. N-(2-(1H-indol-3-yl)ethyl)-4-bromobenzenesulfonamide (13) 
1H NMR (400 MHz DMSO‑d6): δδ 11.22 (s, 1H, NH), 9.56 (s, 1H, NH), 

7.73 (t, J = 6.5 Hz, 1H), 7.49 (d, J = 7.2 Hz, 2H), 7.43 (d, J = 6.1 Hz, 
1H), 7.25 (d, J = 7.2 Hz, 2H), 7.01–6.96 (m, 2H), 3.93 (t, J = 6.6 Hz, 
2H), 3.13 (t, J = 6.6 Hz, 2H); 13C NMR (100 MHz, DMSO‑d6): δ 143.1, 
136.1, 131.3, 131.3, 129.0, 129.0, 127.0, 126.0, 122.8, 121.4, 119.5, 
118.5, 112.5, 111.0, 43.5, 27.6; HREI-MS: m/z 378.0023; [(M+1)+

Calcd for C16H15BrN2O2S 378.0037]. 

2.1.14. N-(2-(1H-indol-3-yl)ethyl)naphthalene-1-sulfonamide (14) 
1H NMR (400 MHz DMSO‑d6): δδ 10.81 (s, 1H, NH), 9.04 (s, 1H, NH), 

8.87 (d, J = 6.7 Hz, 1H), 7.72 (t, J = 6.1 Hz, 2H), 7.55 (d, J = 6.7 Hz, 
1H), 7.36–7.30 (m, 2H), 7.22 (t, J = 6.3 Hz, 1H), 7.06–7.02 (m, 2H), 
3.91 (t, J = 6.2 Hz, 2H), 3.09 (t, J = 6.2 Hz, 2H); 13C NMR (100 MHz, 
DMSO‑d6): δ 137.4, 136.5, 136.1, 134.3, 129.1, 128.0, 128.0, 127.0, 
126.3, 125.5, 123.5, 123.5, 122.8, 121.4, 119.5, 118.5, 112.5, 111.0, 

Fig. 8. Interaction of third most active compound 1 with residues in the active site.  

Fig. 9. General Figure of indole-based sulfonamide analogs (1–17).  
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43.5, 27.6; HREI-MS: m/z 350.1076; [(M+1)+ Calcd for C20H18N2O2S 
350.1089]. 

2.1.15. N-(2-(1H-indol-3-yl)ethyl)-2-bromo-4,5- 
dimethoxybenzenesulfonamide (15) 

1H NMR (400 MHz DMSO‑d6): δ 12.64 (s, 1H, NH), 10.92 (s, 1H, NH), 
8.89 (t, J = 6.3 Hz, 1H), 8.01–7.97 (m, 3H), 7.68–7.64 (m, 3H), 7.52 (t, J 
= 6.7 Hz, 1H), 7.32 (d, J = 6.4 Hz, 1H), 7.19 (d, J = 6.3 Hz, 1H), 
7.04–7.01 (m, 3H), 3.91 (t, J = 6.2 Hz, 2H), 3.09 (t, J = 6.2 Hz, 2H); 13C 
NMR (100 MHz, DMSO‑d6): δ 153.1, 149.3, 136.1, 135.6, 127.0, 122.8, 
121.4, 119.5, 118.5, 118.2, 114.2, 113.0, 112.5, 111.0, 55.7 (OCH3), 
55.7 (OCH3), 43.5, 27.6; HREI-MS: m/z 438.0233; [(M+1)+ Calcd for 
C18H19BrN2O4S 438.0248]. 

2.1.16. N-(2-(1H-indol-3-yl)ethyl)-2-chloro-5-fluorobenzenesulfonamide 
(16) 

1H NMR (400 MHz DMSO‑d6): δ 13.41 (s, 1H, NH), 10.83 (s, 1H, NH), 
7.58 (d, J = 6.5 Hz, 1H), 7.34 (d, J = 6.7 Hz, 1H), 7.27 (dd, J = 7.3, 2.4 
Hz, 1H) 7.18–7.14 (m, 2H), 7.07 (t, J = 6.0 Hz, 1H), 6.98 (t, J = 6.2 Hz, 
1H), 6.88 (dd, J = 6.0, 6.2 Hz, 1H), 3.90 (t, J = 5.8 Hz, 2H), 3.08 (t, J =
5.8 Hz, 2H); 13C NMR (100 MHz, DMSO‑d6): 167.1 (d, J = 174, C-F), 
136.1, 135.0, 132.7, 130.0, 127.0, 122.8, 121.4, 119.5, 118.5, 117.4, 
113.5, 112.5, 111.0, 43.5, 27.6; HREI-MS: m/z 352.0436; [(M+1)+

Calcd for C16H14ClFN2O2S 352.0448. 

2.1.17. N-(2-(1H-indol-3-yl)ethyl)-3-bromobenzenesulfonamide (17) 
1H NMR (400 MHz DMSO‑d6): δ 12.23 (s, 1H, NH), 11.73 (s, 1H, NH), 

7.53 (t, J = 6.3 Hz, 2H), 7.41 (d, J = 6.3 Hz, 1H), 7.30 (d, J = 6.5 Hz, 1H) 
7.07 (t, J = 7.5 Hz, 1H), 6.99 (t, J = 6.3 Hz, 1H), 6.94 (t, J = 6.4 Hz, 1H), 
6.83 (t, J = 6.6 Hz, 2H), 3.85 (t, J = 4.6 Hz, 5H), 3.09 (t, J = 6.3 Hz, 2H); 
13C NMR (100 MHz, DMSO‑d6): δ 142.0, 136.1, 134.5, 130.0, 
129.3,127.0, 126.1, 123.2, 22.8 , 121.4, 119.5, 118.5, 112.5, 111.0, 
43.5, 27.6; HREI-MS: m/z 378.0023; [(M+1)+ Calcd for C16H15BrN2O2S 
378.0037]. 

2.2. Molecular docking protocol 

Molecular docking was performed on the active compounds to 
identify possible binding modes that explained the reason for their po
tency. The method used for molecular docking was as mentioned in our 
previous paper with slight modifications [45]. The molecular docking 
study was conducted using a homology model for α-glucosidase. The 
structures of all compounds were prepared using Chem3D by Cam
bridgeSoft. The geometry and energy of the structures were optimized 
using MMFF94. GOLD was used to identify the binding modes of the 
active compounds responsible for the activity. The Chemscore fitness 
function with default settings was employed in this study. The protein 
sequence for Baker’s yeast α-glucosidase (MAL12) was obtained from 
uniprot (http://www.uniprot.org). A homology model for Saccharo
myces. cerevisiae glucosidase was built using the crystal structure of α-D- 
glucose-bound isomaltase from S. cerevisiae (PDB ID: 3A4A), which 
shares a 72% identical and 85% similar sequence to α-glucosidase. The 
sequence alignment and homology modeling were performed using 
Swiss-Model, which is a fully automated homology modeling pipeline 
(SWISS-MODEL) managed by the Swiss Institute of Bioinformatics. The 
docking results were visualized using Discovery Studio visualizer 3.5 
and PyMol. The homology model was evaluated using PROCHECK. 

2.3. α-Glucosidase assay 

α-Glucosidase inhibitory activities was determined as per reported 
methods [46]. 10 μL of test samples (5 mg/mL DMSO solution) were 
altered in 100 μL of 100 mM-phosphate buffer (pH 6.8) in 96-well 
microplate and incubated with 50 μL of crude intestinal α-glucosidase 
for 5 min before 50 μL substrate (5 mM, p-nitrophenyl-α-D-glucopyr
anoside prepared in same buffer) was added. Release of p-nitrophenol 

was measured at 405 nm spectrophotometrically (SpectraMax® 
plus384) for 5 min after incubation with substrate. Individual blanks for 
test samples were prepared to correct background absorbance where 
substrate was replaced with 50 μL of buffer. Control sample contained 
10 μL DMSO in place of test samples. Percentage of enzyme inhibition 
was calculated as (1-B/A) × 100 where A represents absorbance of 
control without test samples, and B represents absorbance in presence of 
test samples. Data found was used for the calculation of IC50 values 
(concentration at which there is 50% enzyme inhibition) 

Enzyme unit Definition: The amount of enzyme required to release 
one µmole of glucose per minute from maltose (10 mg/mL) in sodium 
acetate buffer (100 mM), pH 4.5 at 40 ◦C. 

2.4. In vivo antidiabetic study 

Albino Wistar rats were obtained from IRMC animal house. The 
animals were fed standard diet along with water. The experiments were 
carried out as per IAU guidelines of Animal Care and Use applicable to 
animal study and the study was approved by the ethical committee 
(Ethics Review ID: IRB-2021-300). 

2.4.1. Acute oral toxicity study 
Synthesized Scaffold 16 was administered to Wistar rats at a dose of 

1000 mg/kg body weight to observe the toxicity or lethality of the 
compound. 

2.4.2. STZ induced diabetes 
For the present study, albino male wistar rats weighing 170–220 gm 

were used. To induce the diabetes, 16 h fasted rats were injected 
intraperitoneally 60 mg/kg Streptozotocin (MOLECULE-ON CAS 
number 18883-66-4) dissolved in cold citrate buffer of pH 4.5. After 
injecting the STZ, to prevent the hypoglycaemia, 5% glucose solution 
will be given per oral for a period of two days. After 5 days of injection, 
blood glucose level was measured by using glucometer (Accu-chek, 
Roche), rats with blood glucose level above 200 mg/dL were considered 
as diabetics and used in the experiments. Animals could access normal 
food and water during entire study, except prior to the collection of 
blood sample (fasted blood glucose was measured) [47–49]. 

2.4.3. Hypoglycemic study 
Since there was no information on effective dose of synthesized 

Scaffold 16 and the compound was found to be safe at a dose of 1000 
mg/kg, hence we have selected scalar doses 10, 25, and 50 mg/kg body 
weight. The effect of these Scaffold doses on fasting blood glucose levels 
was determined by administering orally and blood glucose level was 
measured by using glucometer (Accu-chek, Roche) at the interval of 0 , 
0.5 , 1 , 2 , 4 and 6 h following treatment by tail vein method under mild 
sevoflurane anaesthesia [47–49]. Each group was consisting of 6 ani
mals (n = 6). 

2.4.4. Effects of Sacaffold-16 on blood glucose and body weight 
The animals were grouped as follows and each group was consisting 

of 6 animals (n = 6): 

Group 1: Normal control; Received water 
Group 2: Diabetic Control; Received water 
Group 3: Standard treatment; Received Glibenclamide (5 mg/kg 
body weight) 
Group 4: Treatment group; Received 25 mg/kg of Scaffold 16 
Group 5: Treatment group; Received 50 mg/kg of Scaffold 16 

Fasting blood glucose levels and body weights were measured at 1st, 
7th, 14th, 21st and 28th day of the study. 
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2.4.5. Oral glucose tolerance test (OGTT) in Streptozotocin–induced 
diabetic rats 

OGTT was carried on 28th day of the study. The animals were divided 
and grouped as: Diabetic control, Standard treatment group, Scaffold 16 
(25 and 50 mg/kg body weight). The diabetic control and standard 
group of animals received normal saline and Glibenclamide 5 mg/kg 
body weight, respectively. The group 3 and 4 received Scaffold 16 at the 
dose of 25 mg and 50 mg/kg, per oral. After overnight fasting, a baseline 
(t = 0 h) blood sample was taken from rats of respective groups and 2 g/ 
kg p.o. of Glucose was fed 0.5 h after Scaffold 16 (oral) administration. 
Blood glucose levels was measured at the interval of 0, 0.5, 1, and 2 h 
following treatment by tail vein method under mild sevoflurane anaes
thesia [47–49]. 

2.4.6. Statistical analysis 
Statistical analysis was performed using analysis of variance 

(ANOVA) followed by Tukey’s post-hoc test through GraphPad Prism 
v8.02 (GraphPad Software Inc.,). p < 0.05 was considered to indicate a 
statistically significant difference between values. 

3. Conclusions 

New hybrid class of indole bearing sulfonamide scaffolds (1–17) as 
α-glucosidase inhibitors were synthesized. All scaffolds exhibited 
excellent to good potency with IC50 values ranging from 1.60 ± 0.010 to 
51.20 ± 1.10 µM in comparison with standard acarbose (IC50 = 42.45 ±
1.05 µM) except scaffold 17 which was inactive. Among the synthesized 
hybrid class scaffolds 1 was the most potent analogue with IC50 value 
1.60 ± 0.010 μM, showing ~26-fold better potency as compare to 
standard acarbose. Scaffolds 1–15 showed an excellent α-glucosidase 
inhibitory potency as compared to standard. Scaffold 16 showed 
excellent potency with IC50 value 1.60 μM, as compared to standard 
(42.45 ± 1.05). Antidiabetic potential of Scaffold 16 was further 
confirmed in STZ induced diabetic rat model. Among the synthesized 
class, scaffold 17 was found inactive. All analogues were characterized 
through 1H, 13CNMR and HREI-MS analysis. Structure activity rela
tionship of synthesized new hybrid class were established and confirmed 
through molecular docking study. 
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[1] P. Taslimi, İ. Gulçin, Antidiabetic potential: in vitro inhibition effects of some 
natural phenolic compounds on α-glycosidase and α-amylase enzymes, J. Biochem. 
Mol. Toxicol. 10 (2017) 21956. 
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M. Zivin, A. Podkowa, F. Nachon, The magic of crystal structure-based inhibitor 
optimization: development of a butyrylcholinesterase inhibitor with picomolar 
affinity and in vivo activity, J. Med. Chem. 61 (2018) 119–139. 
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