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A B S T R A C T   

A series of novel dihydropyranoindole derivatives containing sulphonamide group were designed, synthesized 
and evaluated for in-vitro anti-cholinesterase activity. The result showed that all the compounds exhibited potent 
acetylcholinesterase (AChE) activity (IC50 = 0.41–8.79 µM) while demonstrated moderate to good activity for 
butyrylcholinesterase (BuChE) (IC50 = 1.17–30.17 µM). The tested compounds exhibited selectivity towards 
AChE over BuChE. Compound 5o was most potent towards both AChE (IC50 = 0.41 µM) and BuChE (IC50 = 1.17 
µM) when compared to standard galantamine and rivastigmine. Enzyme kinetics and molecular docking studies 
revealed that compound 5o shows mixed type inhibition and binds to peripheral anionic site (PAS) and the 
catalytic sites (CAS) of both the enzymes. Furthermore, cell viability studies were also performed against N2a 
cells along with neuroprotection studies against H2O2 in the same cell line. Antioxidant studies using DPPH 
radical and H2O2 were also performed which revealed that all compounds possessed some antioxidant activity. 
Also, DNA damage protection assay for compound 5o was performed implying that compound 5o was protective 
in nature. ADME studies were also performed which demonstrated good pharmacokinetics. These findings 
indicated that dihydropyranoindole derivatives could be possible drug lead in the search for new multifunctional 
AD drugs.   

1. Introduction 

Alzheimer’s disease (AD) is progressive neurodegenerative brain 
disorder that is jeopardizing the health of elderly population. AD is 
characterized by dementia, memory loss and irreversible cognitive 
impairment which inevitably lead to intellectual disability [1]. It affects 
nearly 40 million people worldwide and it is predicted to be more than 
131 million by 2050 [2]. Although the etiology of AD is unclear and 
complicated, a number of hypotheses have been proposed like low 
acetylcholine levels, β-amyloid (Aβ) peptides agglomeration, hypoxia, 
oxidative stress and τ-protein hyperphosphorylation [3,4]. Available AD 
drugs such as donepezil, rivastigmine and galantamine provide symp
tomatic improvement by increasing the acetylcholine levels and inhib
iting acetylcholinesterase (AChE) but also impart several side effects 
such as periphery side effect, hepatotoxicity and gastrointestinal tract 
disorders [4,5]. Hence, there is an urge to identify and develop novel 
efficacious pharmacophores and curtail the toxicity that can treat the 

underlying cause of AD. 
The crystal structure of AChE (PDB ID: 1EVE) possesses two primary 

binding sites i.e. a catalytic active site (CAS) at the bottom of the deep 
narrow gorge, and a peripheral anionic site (PAS) near the gorge 
entrance [6]. CAS acts as a binding site for substrates and inhibitors and 
comprises of three amino acid residues Ser200, His440 and Glu327 
while PAS is the binding site for the enzyme inhibitor consisting of 
Tyr70, Asp72, Tyr121, Trp279, Phe290 and Tyr334 residues [7]. PAS 
also induces the formation of Aβ-amyloid aggregates and accelerates Aβ- 
amyloid deposition [8]. Taking these findings into account, it is must to 
design dual-site AChE inhibitor that should be capable of interacting 
with both CAS and PAS sites simultaneously. 

In the area of drug discovery, indole is a versatile heterocyclic nu
cleus finding applications in medicinal chemistry. Owing to its privi
leged structure, indole moiety exhibits various pharmacological 
activities such as anti-inflammatory [9], antimicrobial [10], antioxidant 
[11], anti-tubercular [12], antihistaminic [13] anticancer [14] and 
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Alzheimer agent [15]. Also, indole can bind to multiple receptors with 
high affinity like 5-lipoxygenase inhibitors [16], selective dopamine 
agonist [17] and steroid 5α-reductase inhibitor [18]. Atevirdine, indo
methacin, indolequinone and delavirdine are several marketed drugs 
that bear indole moiety. Some naturally occurring indole derivatives are 
tryptophan (amino acid), serotonin (neurotransmitter) and psilocybin 
(psychotic) [19]. On the other hand, 4H-chromene find diverse range of 
biological activities such as antimicrobial [20], antiviral [21], antioxi
dant [22], acetylcholinesterase inhibitors [22] and several other inter
esting biomedical applications. Similar to indole and 4H-chromene, 
sulphonamides analogues find a variety of applications in treatment of 
different diseases such as antimicrobial [23], anti-inflammatory [24], 
antidiabetic [25] and acetylcholinesterase inhibitory agents [26]. 

There are many reports on AD using indole, for e.g. López-Iglesias 
et al. [27] reported melatonin derived Alzheimer’s drugs, Więckowska 
et al. [28] reported 1-(phenylsulfonyl)-4-(piperazin-1-yl)-1H-indole as 
multi-target-directed ligands for AD and Ghanei-Nasab et al. [29] re
ported coumarin-3-carboxamides bearing tryptamine moiety. Similarly, 
Kumar et al. [30] designed 2-amino-4H-pyrans as potent cholinesterase 
inhibitors while Boulebd et al. [31] reported imidazopyranotacrines as 
selective acetylcholinesterase inhibitors. Sulphonamide derivatives 
were reported by Swetha et al. [32] and Masand et al. [26] as potential 
Alzheimer agents. Prompted from these reports and the biological sig
nificance of indole, 4H-chromene and sulphonamide it is reasonable to 
conclude that fusion of these moieties may lead to increased activity 
(Fig. 1). 

In the present study, we designed and synthesized a series of novel 
dihydropyranoindole derivatives using ultrasonication. The newly syn
thesized derivatives were pharmacologically evaluated for their in-vitro 
cholinesterase inhibition, enzyme kinetic inhibition, in-vitro cell 
viability using N2a cells and cytoprotective effect against H2O2 using 
N2a cells. In addition, DNA damage protection against Fenton’s reagent 
was performed. Moreover, docking studies of the synthesized de
rivatives were carried out computationally and were subjected to in silico 
ADME prediction in order to understand their pharmacokinetic 
behaviour. 

2. Results and discussion 

2.1. Chemistry 

The route for the synthesis dihydropyranoindole derivatives 5 (a-o) 
is outlined in Scheme 1. In the first step 1-tosyl-1H-indol-4-ol (2) was 
prepared by reacting 4-Hydroxyindole (1) and Tosyl chloride in pres
ence of tBuOK at 0 ◦C for 45 min according to the published procedure 
[33]. Later the tosylated product (2) was reacted with substituted 
aldehyde 3 (a-o) and malononitrile (4) in the presence of triethylamine 
in ethanol at 80 ◦C to obtain dihydropyranoindole derivatives 5 (a-o). 
The final product was purified by crystallization using methanol in good 
to excellent yield. 

The synthesized dihydropyranoindole derivatives were successfully 
characterized by spectral (IR, 1H NMR, 13C NMR, MS) and elemental 
analyses. The FT-IR spectrum of the synthesized compound showed 
sharp absorption band in the range of 3300 cm− 1 which can be assigned 
to NH2 stretching. Also a sharp band around 2200 cm− 1 can be assigned 
to nitrile group whereas a band at 1185 cm− 1 can be ascribed to SO2 
group. 1H NMR spectrum displayed the proton around δ = 4.7 ppm 
corresponding to the methine (CH) proton of the pyran ring. In 13C NMR 
spectrum, a peak around δ = 109 ppm for nitrile group and a peak at δ =
56 ppm for methine carbon of the pyran ring confirms the product 
formation. 

2.2. Biology 

2.2.1. In-vitro cholinesterase activity 
Synthesized compounds 5 (a-o) were accessed for their potential 

AChE/BuChE inhibitory properties according to modified Ellman’s 
method [34]. Galantamine and rivastigmine were used as reference 
drugs. The results are summarized in Table 1. The IC50 values of tested 
compounds ranged between 0.41 and 8.79 µM for AChE and 1.17 to 
30.17 µM for BuChE suggesting that tested compounds exhibited higher 
inhibitory activity against AChE. A total of eight derivatives exhibited 
improved AChE activity than the standard drugs, although only one 
derivative exhibited better BuChE activity when compared to standards. 

Fig. 1. Design strategy for target compound.  
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Compound 5o exhibited the highest inhibition value (IC50 = 0.41 ±
0.16 µM) in comparison to the standard drugs galantamine (IC50 = 2.16 
± 0.09 µM) and rivastigmine (IC50 = 4.63 ± 0.1 µM) implying the sig
nifance of three methoxy groups in 3,4,5-position. From structure- 
activity point of view, the inhibitory potency of the synthesized mono- 
substituted derivatives bearing different substituents was found to be 
in the order: -OH group > -OMe group > -Cl group > -Me group > -CF3 
group > -CN group implying that electron-donating groups afforded 
good to moderate inhibitory activity. Di-substitution on the ring with 
groups such as Methoxy or Methyl; inhibitory activity was found to 
decrease in case of Methyl group. Selectivity index of the synthesized 
derivatives was observed to be in the range between 1.60 and 21.59. 

In the term of BuChE inhibitory activity, compound 5o (IC50 = 1.17 
± 0.06 µM) showed enhanced inhibitory activity than the standard drugs 
galantamine (IC50 = 1.41 ± 0.12 µM) and rivastigmine (IC50 = 4.34 ±
0.14 µM). In addition, compounds 5b (IC50 = 3.462 ± 0.09 µM) and 5j 
(IC50 = 3.32 ± 0.17 µM) showed better inhibitory activity than standard 
drug rivastigmine. 

2.2.2. Kinetic analysis of AChE and BuChE inhibition 
The mechanism for AChE and BuChE inhibitions were elucidated by 

applying the Lineweaver-Burk plot analysis for the most potent deriva
tive (5o). Acetylthiocholine iodide and S-Butyrylthiocholine iodide were 
used as substrate for AChE and BuChE inhibitions respectively. 
Lineweaver-Burk plot of 1/V versus substrate 1/[S] in the presence of 
different inhibitor concentrations (5, 10 and 20 μM) resulted into a se
ries of straight lines as shown in Fig. 2a and b for AChE and BuChE 
respectively. In both AChE and BuChE, slopes and intercepts are 
increasing with increasing concentration of inhibitor 5o ascribing a 
mixed-type inhibition. A secondary plot of slope versus concentration of 
inhibitor was plotted and the inhibition constant (Ki) was calculated 
which was found to be 2.354 µM and 7.054 µM (Fig. 2c and 2d 
respectively). 

2.2.3. Antioxidant activity assay 
The antioxidant activity of compounds 5(a-o) was performed against 

DPPH and hydrogen peroxide scavenging. 

2.2.3.1. DPPH radical scavenging assay. Radical scavenging activity by 
DPPH is a popular and rapid assay used to access the antioxidant ac
tivity. Compounds of different concentrations were subjected for scav
enging activity using stable DPPH radical and the decrease in 
absorbance was monitored by visible spectrophotometer at 517 nm. The 
results are summarized in Table 1. The IC50 values of tested compounds 
ranged between 30.26 and 49.29 µM implying that the test compounds 
possessed some scavenging activity. Compounds 5o was the most potent 
compounds with IC50 value 30.26 ± 0.13 µM when compared to the 
ascorbic acid (IC50 = 27.18 ± 0.1 µM). 

2.2.3.2. Hydrogen peroxide scavenging assay. Hydrogen peroxide (H2O2) 
is an oxidizing agent resulting from aerobic metabolisms. It generates 
hydroxyl radical through Fenton reaction [35]. These hydroxyl cause 
severe tissues damages by disrupting cell membranes or altering the 
proteins/ DNA’s structure resulting in oxidative stress [36]. Hence it is 
necessary to scavenge H2O2 in the cells to avoid cellular cytotoxicity. 
The IC50 values of tested compounds examined ranged from 28.07 to 
48.84 µM indicating that the test compounds acquire certain scavenging 
activity. The results are represented in Table 1. Compounds 5o was the 
most potent with IC50 value 28.07 ± 0.17 µM when compared to 
ascorbic acid (IC50 = 23.94 ± 0.11 µM) while other test compounds 
exhibited notable scavenging activity. 

2.2.4. Determination of cell viability 
In order to determine the therapeutic potential of synthesized com

pounds, cell viability assay was conducted in N2a neuroblastoma cell by 
using MTT assay. For this purpose, cells were exposed to the test com
pounds at higher concentration (20 and 40 μM) for 24 h and cell viability 
was determined. The results are outlined in Table 2. The results indi
cated that none of the test compounds demonstrated toxicity to the 
neuron cells at any tested concentrations. The screening results of the 
compounds were also compared to standard drugs indicating no cyto
toxicity in N2a cells as shown in Fig. 3. 

2.2.5. Neuroprotective studies against H2O2-induced stress 
It is hypothesized that oxidative stress plays an important role in the 

progression of AD contributing to several degenerative diseases related 
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Scheme 1. Synthesis of novel dihydropyranoindole.  
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to aging such as cancer, epilepsy and AD [37]. Therefore, we investi
gated neuroprotective effect of test compounds for H2O2-induced stress 
in N2a cells. For this, N2a cells were pretreated with test compounds (20 
and 40 μM) for 2 h and then exposed to 100 µM H2O2 for 24 h. The 
results are summarized in Table 2 which reveals that the tested de
rivatives exhibited significant neuroprotective effect. N2a cells exposed 
to 100 µM H2O2 for 24 h were taken as negative control. The compounds 
were also compared with the reference drugs and it was found that they 
showed comparable results (Fig. 4). 

2.2.6. DNA damage protection assay 
Aforementioned, H2O2 is proposed to be leading cause of oxidative 

stress resulting in AD progression, we examined DNA damage protection 
assay using different concentrations of compound 5o (10, 20 and 40 
µM). For this purpose, Agarose gel electrophoresis was performed where 
supercoiled pBR322 plasmid DNA was used as a substrate and Fenton’s 
reagent was used as DNA damaging agent. During the electrophoresis, 
DNA damage was visualised by the shearing or disappearance of the 
band. From Fig. 5, it is evident that compound 5o displayed maximal 
DNA damage protection at 20 and 40 µM (Fig. 5; Lane 4 and 5 respec
tively) in comparison with plasmid DNA incubated with Fenton’s re
agent (Fig. 5; Lane 2). 

2.3. Molecular docking 

To understand the binding mode, the most active compound 5o was 
docked with AChE. The docking analysis revealed that compound 5o 
interacts with both the CAS and the PAS of AChE (Fig. 6). Compound 5o 
possessed three H-bonding interactions: One at the PAS with Asp72, one 
at acyl binding pocket with Phe288 and the other CAS with Ser200 
residue. Compound 5o showed two π-π interactions with Trp279 and 
Tyr334 residues at the PAS while one π-π interaction at anionic subsite 
with Phe330 residue. When rivastigmine and galantamine were docked 
into the active site of AChE, similar interactions were observed as 
observed with compound 5o. The orientation of compound 5o, riva
stigmine and galantamine with AChE is represented in Fig. 6. Also, 
compound 5o displayed high binding affinity than standards (Table 3). 
Based on these assessments, it can be stated that compound 5o has 
ability as that of standard drug to bind in the active site of the protein. 
The results also corroborate with the kinetic studies i.e. compound 5o 
exhibit mixed type inhibition. 

Crystal structure of human BuChE was used in the docking studies 
since the crystal structure of BuChE from equine serum is not reported. 
Fig. 7 displays 3D and 2D docking poses of compound 5o, rivastigmine 
and galantamine. Compound 5o displayed two Hydrogen-bonding in
teractions with Glu197 residue at the PAS while Ser287 residue in the 
acyl pocket. Compound 5o also exhibited π-π stacking interactions with 
Trp82 of PAS, His438 of CAS and Phe329 of anionic subsite. This ex
plains mixed type inhibition of compound 5o with BuChE. From Table 3, 
it is noticeable that compound 5o displayed high binding affinity than 
the standard. Also, compound 5o fits exactly in the binding pocket of 
BuChE as seen in the standard drugs with similar interaction. 

2.4. ADME studies 

The synthesized derivatives were analysed for drug-likeness by 
evaluating with QikProp module of Schrodinger. The pharmacokinetic 
parameters along with their acceptable range are displayed in Table 4. 

2.5. PAINS 

PAINS (Pan-Assay INterference compoundS) filters are used to clean 
chemical libraries from substances that are most likely toxic, reactive or 
unstable and vulnerable to interference with biological testing [38]. Any 
of the synthesized compounds did not exhibit any PAINS alerts 
(Table 4). 

3. Conclusion 

In conclusion, we designed, synthesized and characterised 15 novel 
dihydropyranoindole derivatives containing sulphonamide group and 
evaluated for in-vitro anti-cholinesterase activity. The result revealed 
that all the compounds exhibited potent AChE activity (IC50 =

0.41–8.79 µM) when compared to BuChE (IC50 = 1.17–30.17 µM). 
Compound 5o was most active inhibitor towards both AChE (IC50 =

0.41 µM) and BuChE (IC50 = 1.17 µM) when compared to standard 
drugs. Enzyme kinetics and molecular docking studies suggested that 
compound 5o shows mixed type inhibition and binds to PAS and CAS of 
both enzymes. Also, cell viability studies were also performed against 
N2a cells which suggested that compounds do not impart any cytotox
icity. Further, neuroprotection assay against H2O2 were performed in 
N2a cell line and the compounds were found to be protective in nature. 
In addition, antioxidant studies using DPPH radical and H2O2 were also 
performed and the results indicated that test compounds possess some 
antioxidant activity. DNA damage protection assay for compound 5o 
suggested that it is protective in nature. ADME studies were also per
formed which demonstrated good pharmacokinetics. 

Table 1 
Inhibitory Cholinesterase activity and antioxidant scavenging activity of com
pounds 5(a-o).  

Code Cholinesterase 
activity (IC50 ± SD)a 

SI for 
AChEb 

Antioxidant activity 
(IC50 ± SD) a 

AChE BuChE DPPH H2O2 

5a 8.79 ±
0.16 

30.17 ±
0.19  

3.43 44.97 ±
0.25 

44.84 ±
0.18 

5b 3.44 ±
0.14 

10.37 ±
0.12  

3.01 47.44 ±
0.14 

43.83 ±
0.15 

5c 0.67 ±
0.12 

3.46 ±
0.09  

5.16 46.67 ±
0.17 

41.51 ±
0.11 

5d 0.95 ±
0.21 

4.54 ±
0.17  

4.75 38.28 ±
0.19 

42.91 ±
0.17 

5e 5.03 ±
0.23 

8.06 ±
0.26  

1.60 41.49 ±
0.21 

42.21 ±
0.24 

5f 3.64 ±
0.19 

17.54 ±
0.22  

4.85 37.54 ±
0.27 

33.58 ±
0.19 

5g 0.96 ±
0.26 

16.91 ±
0.15  

17.61 37.43 ±
0.14 

30.48 ±
0.22 

5h 0.54 ±
0.11 

5.73 ±
0.21  

10.61 49.29 ±
0.19 

46.56 ±
0.18 

5i 0.92 ±
0.14 

19.87 ±
0.18  

21.59 43.44 ±
0.24 

44.61 ±
0.19 

5j 0.57 ±
0.17 

3.32 ±
0.17  

5.82 36.59 ±
0.17 

43.36 ±
0.24 

5k 5.12 ±
0.19 

17.34 ±
0.16  

3.38 45.58 ±
0.25 

44.79 ±
0.27 

5l 5.26 ±
0.19 

11.72 ±
0.13  

2.22 45.82 ±
0.29 

48.84 ±
0.26 

5m 7.35 ±
0.09 

12.64 ±
0.12  

1.71 37.93 ±
0.14 

42.14 ±
0.24 

5n 0.74 ±
0.17 

6.28 ±
0.11  

8.48 37.54 ±
0.18 

33.58 ±
0.14 

5o 0.41 ±
0.16 

1.17 ±
0.13  

2.84 30.26 ±
0.13 

28.07 ±
0.17 

Rivastigmine 4.63 ±
0.12 

4.34 ±
0.14  

0.93 – – 

Galantamine 2.16 ±
0.09 

1.41 ±
0.12  

0.65 – – 

Ascorbic acid – –  – 27.18 ±
0.1 

23.94 ±
0.11  

a IC50 values = mean (n ± SD). (Concentration that inhibits 50% in µM, and 
the data were obtained from triplicate runs). 

b Selectivity Index = IC50 (BuChE)/IC50 (AChE). 
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4. Experimental 

4.1. Materials and methods 

Acetylcholinesterase from Electrophorus electricus (electric eel) 

Type VI-S, Butyrylcholinesterase from equine serum lyophilized powder 
and supercoiled pBR322 plasmid DNA were procured from Sigma 
Aldrich (India). All the chemicals were purchased from Sigma Aldrich 
(India) and were used without further purification. Neuro2a cells (N2a) 
was purchased from National Centre for Cell Sciences (NCCS), Pune, 
India. MTT, Minimum Essential Medium Eagle (MEM) and antibiotics 
were purchased from Hi-Media Laboratories Ltd. (Mumbai, India). Fetal 
bovine serum (FBS), Phosphate buffered saline (PBS) and Trypsin-EDTA 
was obtained from Thermo scientific (Gibco). The activity was deter
mined by measuring the absorbance on Thermo Scientific Multiskan GO 
Microplate Spectrophotometer. All the reactions were monitored by 
using thin layer chromatography (TLC) using Merck silica gel 60 F254 
plates. Melting points were measured in open capillary tubes and are 
uncorrected. FTIR was recorded on Perkin Elmer, Frontier equipment 
with ATR. 1H NMR (300 MHz) and 13C NMR (75 MHz) were recorded on 
Bruker AVANCE II using TMS as internal standard in DMSO‑d6. ESI mass 
spectra were recorded on AB SCIEX 3200 QTRAP mass spectrometer. 
Elemental analysis was performed on model EA300, Euro Vector, Italy. 

4.2. Chemistry 

4.2.1. Synthesis of 1-tosyl-1H-indol-4-ol (2) [33] 
tBuOK (1 mmol) was added to a stirring solution of 4-Hydroxyindole 

(1) (1 mmol) in dry DMF (20 mL), followed by dropwise addition of 
Tosyl chloride (1 mmol) at 0 ◦C. The reaction mixture was stirred for 45 
min and progress of the reaction was monitored by TLC. After comple
tion, the mixture was poured into water and extracted with ethyl ace
tate. The filtrate was concentrated under reduced pressure and mixture 

Fig. 2. (a) Lineweaver-Burk plot for the inhibition of AChE by compound 5o, (b) Lineweaver-Burk plot for the inhibition of BuChE by compound 5o, (c) Secondary 
plot for steady-state inhibition constant (Ki) of AChE by compounds 5o and (d) Secondary plot for steady-state inhibition constant (Ki) of BuChE by compounds 5o. 

Table 2 
Cell viability and neuroprotection activity of compounds 5(a-o) against N2a cell 
line.  

Code Cell viability (%)a Neuroprotection (%)a 

20 μM 40 μM 20 μM 40 μM 

5a 88.89 ± 0.95 91.28 ± 2.01 22.45 ± 1.68 39.65 ± 1.19 
5b 90.08 ± 1.65 92.67 ± 0.86 27.03 ± 2.15 51.61 ± 0.96 
5c 92.48 ± 0.43 90.46 ± 0.81 27.24 ± 2.19 39.53 ± 0.48 
5d 89.60 ± 1.02 91.91 ± 1.17 29.56 ± 1.32 50.86 ± 0.90 
5e 92.48 ± 1.46 89.46 ± 1.91 27.25 ± 4.80 51.48 ± 0.69 
5f 90.08 ± 1.46 89.61 ± 1.44 31.61 ± 1.30 39.53 ± 0.55 
5g 90.70 ± 0.51 91.04 ± 1.22 25.79 ± 2.26 41.15 ± 1.59 
5h 91.71 ± 0.93 90.46 ± 1.89 28.70 ± 1.62 39.12 ± 0.81 
5i 91.76 ± 0.81 89.65 ± 1.97 27.35 ± 3.68 38.75 ± 0.49 
5j 91.81 ± 2.02 88.84 ± 0.50 26.65 ± 4.19 39.47 ± 0.78 
5k 89.94 ± 1.37 92.52 ± 1.52 28.54 ± 3.52 50.61 ± 0.68 
5l 91.04 ± 1.63 92.24 ± 1.01 29.88 ± 3.72 51.02 ± 0.70 
5m 90.08 ± 1.31 92.28 ± 0.59 37.53 ± 2.26 50.43 ± 0.43 
5n 91.52 ± 2.44 90.97 ± 1.96 39.31 ± 3.52 38.45 ± 0.52 
5o 93.34 ± 0.36 92.14 ± 1.20 39.14 ± 2.15 52.26 ± 0.34 
Rivastigmine 92.24 ± 1.74 92.72 ± 1.02 40.28 ± 1.21 51.66 ± 1.52 
Galantamine 93.19 ± 1.79 92.81 ± 2.90 39.90 ± 1.29 51.75 ± 0.26  

a Data are expressed as Mean ± SD (three independent experiments). 
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was purified by column chromatography with 20% ethyl acetate in n- 
hexane afford titled compound. 

4.2.1.1. 1-tosyl-1H-indol-4-ol (2). Buff solid, Yield ¼ 80%; M.P: 
143–145 ◦C. IR (υmax/cm¡1): 3454 (OH), 1593 (C––C), 1160 (SO2). 1H 
NMR (300 MHz, CDCl3) δ = 77.75 (d, J = 8.0 Hz, 2H, Ar-H), 7.57 (d, J 
= 8.5 Hz, 1H, Ar-H), 7.48 (d, J = 3.6 Hz, 1H, Ar-H), 7.21 (d, J = 7.9 Hz, 
2H, Ar-H), 7.14 (t, J = 8.1 Hz, 1H, Ar-H), 6.74 (d, J = 3.6 Hz, 1H, Ar-H), 
6.61 (d, J = 7.7 Hz, 1H, Ar-H), 5.28 (s, 1H, OH), 2.33 (s, 3H, CH3). 13C 
NMR (75 MHz, CDCl3) δ ¼ 149.15, 145.12, 136.77, 135.40, 130.08, 
127.06, 125.35, 120.20, 108.48, 106.80, 105.527, 21.75 (CH3). MS 
(ESI) m/z: 288.2 (M+1)+. Elemental analysis for C15H13NO3S: C, 

62.70; H, 4.56; N, 4.87; found: C, 62.64; H, 4.42; N, 4.61. 

4.2.2. Synthesis of dihydropyranoindole 5(a-o) 
Triethylamine (1 mmol) was added to a mixture of 1-tosyl-1H-indol- 

4-ol (2) (1 mmol), substituted aldehyde 3 (a-o) (1 mmol) and malono
nitrile (4) (1 mmol) in 10 mL ethanol. The reaction was refluxed at 80 ◦C 
and the solid formed was cooled and filtered. The residue obtained was 
recrystallized using ethanol to afford pure solid in good to excellent 
yield. 

4.2.2.1. Ethyl 2-amino-3-cyano-7-tosyl-4,7-dihydropyrano[2,3-e]indole- 
4-carboxylate (5a). White solid, Yield: 94%, M.P: 197–199 ◦C. IR (υmax/ 

Fig. 3. Microscopic photographs of N2a cells treated with compound 5c, 5e, 5g, 5i, 5n, 5o, galantamine and rivastigmine (40 µM). Data are expressed as mean ±
SD in triplicates. 

Fig. 4. Microscopic photographs of N2a cells treated with H2O2; H2O2 + Compound 5o and H2O2 + Galantamine (40 µM). Data are expressed as mean ± SD in 
triplicates. 
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cm¡1): 3324 (NH2), 2203 (CN), 1165, 1181 (SO2). 1H NMR (300 MHz, 
DMSO) δ = 7.87 (t, J = 5.7 Hz, 3H, Ar-H), 7.72 (d, J = 8.5 Hz, 1H, Ar-H), 
7.38 (d, J = 8.1 Hz, 2H, Ar-H), 7.28–7.19 (m, 3H, NH2, Ar-H), 6.75 (d, J 
= 3.6 Hz, 1H, Ar-H), 4.52 (s, 1H, CH), 4.08 (q, J = 7.1 Hz, 2H, CH2), 2.31 
(s, 3H, CH3), 1.14 (t, J = 7.1 Hz, 3H, CH3). 13C NMR (75 MHz, DMSO) δ 
= 171.82, 161.09, 145.84, 141.57, 134.60, 133.82, 130.32, 127.60, 
126.77, 124.83, 119.75, 119.09, 111.74, 109.52 (CN), 104.56, 61.10 
(CH), 50.67 (CH2), 20.98 (CH3), 13.96 (CH3). MS (ESI) m/z: 438.4 
(M+1)+. Elemental analysis for C22H19N3O5S: C, 60.40; H, 4.38; N, 
9.61; found: C, 60.24; H, 4.20; N, 9.42. 

4.2.2.2. 2-amino-4-(2-methoxyphenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5b). White solid, Yield: 94%, M.P: 266–268 ◦C. IR 
(υmax/cm¡1): 3319 (NH2), 2197 (CN), 1185 (SO2). 1H NMR (300 MHz, 
DMSO) δ = 7.83 (t, J = 6.4 Hz, 3H, Ar-H), 7.58 (d, J = 8.6 Hz, 1H, Ar-H), 
7.34 (d, J = 8.1 Hz, 2H, Ar-H), 7.17 (t, J = 7.2 Hz, 1H, Ar-H), 7.09–6.93 
(m, 5H, NH2, Ar-H), 6.88–6.74 (m, 2H, Ar-H), 5.15 (s, 1H, CH), 3.76 (s, 
3H, OCH3), 2.27 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) δ = 160.59, 
156.23, 145.71, 141.13, 133.89, 133.80, 133.57, 130.27, 128.75, 
128.12, 127.18, 126.72, 124.99, 120.81, 120.46, 118.86, 117.28, 
111.64, 109.41 (CN), 104.74, 55.67 (CH), 55.43 (OCH3), 20.96 (CH3). 
MS (ESI) m/z: 472.3 (M+1)+. Elemental analysis for C26H21N3O4S: C, 
66.23; H, 4.49; N, 8.91; found: C, 66.07; H, 4.27; N, 8.23. 

4.2.2.3. 2-amino-4-(3-methoxyphenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5c). White solid, Yield: 95%, M.P: 222–224 ◦C. IR 
(υmax/cm¡1): 3301 (NH2), 2198 (CN), 1181 (SO2). 1H NMR (300 MHz, 
DMSO) δ ¼ 7.84 (dd, J = 5.9, 3.8 Hz, 3H, Ar-H), 7.62 (d, J = 8.6 Hz, 1H, 
Ar-H), 7.35 (d, J = 8.2 Hz, 2H, Ar-H), 7.19 (dd, J = 8.8, 7.6 Hz, 1H, Ar- 
H), 7.07–6.98 (m, 3H, NH2, Ar-H), 6.80–6.72 (m, 4H, Ar-H), 4.78 (s, 1H, 
CH), 3.69 (s, 3H, OCH3), 2.28 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) 
δ = 160.01, 159.33, 147.45, 145.76, 140.78, 133.89, 130.30, 129.81, 
127.32, 126.74, 125.53, 120.34, 119.68, 118.93, 116.98, 113.59, 
111.64, 109.51 (CN), 104.70, 56.21 (CH), 54.91 (OCH3), 20.96 (CH3). 
MS (ESI) m/z: 472.0 (M+1)+. Elemental analysis for C26H21N3O4S: C, 
66.23; H, 4.49; N, 8.91; found: C, 66.19; H, 4.21; N, 8.64. 

4.2.2.4. 2-amino-4-(4-methoxyphenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5d). White solid, Yield: 94%, M.P: 221–223 ◦C. IR 
(υmax/cm¡1): 3324 (NH2), 2200 (CN), 1173 (SO2). 1H NMR (300 MHz, 
DMSO) δ ¼ 7.84 (t, J = 6.3 Hz, 3H, Ar-H), 7.60 (d, J = 8.6 Hz, 1H, Ar-H), 
7.37 (d, J = 8.1 Hz, 2H, Ar-H), 7.10 (d, J = 8.5 Hz, 2H, Ar-H), 7.04–6.90 
(m, 3H, NH2, Ar-H), 6.84 (d, J = 8.5 Hz, 2H, Ar-H), 6.76 (d, J = 3.5 Hz, 
1H, Ar-H), 4.74 (s, 1H, CH), 3.70 (s, 3H, CH3), 2.30 (s, 3H, CH3). 13C 
NMR (75 MHz, DMSO) δ = 159.76, 158.04, 145.77, 140.71, 138.04, 
133.90, 133.78, 130.32, 128.53, 127.26, 126.75, 125.61, 120.39, 
118.90, 117.41, 113.98, 109.46 (CN), 104.70, 56.67 (CH), 54.97 
(OCH3), 20.99 (CH3). MS (ESI) m/z: 472.3 (M+1)+. Elemental anal
ysis for C26H21N3O4S: C, 66.23; H, 4.49; N, 8.91; found: C, 66.10; H, 

4.22; N, 8.54. 

4.2.2.5. 2-amino-4-(p-tolyl)-7-tosyl-4,7-dihydropyrano[2,3-e]indole-3- 
carbonitrile (5e). White solid, Yield: 94%, M.P: 267–269 ◦C. IR (υmax/ 
cm¡1): 3302 (NH2), 2200 (CN), 1190 (SO2). 1H NMR (300 MHz, 
DMSO) δ ¼ 7.84 (t, J = 5.6 Hz, 3H, Ar-H), 7.61 (d, J = 8.6 Hz, 1H, Ar-H), 
7.36 (d, J = 8.2 Hz, 2H, Ar-H), 7.07 (s, 4H, Ar-H), 7.00 (s, 2H, NH2), 6.93 
(d, J = 8.6 Hz, 1H, Ar-H), 6.75 (d, J = 3.6 Hz, 1H, Ar-H), 4.75 (s, 1H, 
CH), 2.30 (s, 3H, CH3), 2.23 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) δ 
= 159.83, 145.76, 142.99, 140.75, 135.89, 133.90, 133.81, 130.32, 
129.19, 127.39, 127.29, 126.75, 125.60, 120.36, 118.90, 117.25, 
109.47 (CN), 104.66, 56.48 (CH), 20.98 (CH3), 20.54 (CH3). MS (ESI) 
m/z: 456 (M+1)+. Elemental analysis for C26H21N3O3S: C, 68.55; H, 
4.65; N, 9.22; found: C, 68.31; H, 4.23; N, 9.17. 

4.2.2.6. 2-amino-4-(3-chlorophenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5f). White solid, Yield: 94%, M.P: 247–249 ◦C. IR 
(υmax/cm¡1): 3322 (NH2), 2199 (CN), 1170 (SO2). 1H NMR (300 MHz, 
DMSO) δ ¼ 7.98–7.78 (m, 3H, Ar-H), 7.64 (d, J = 8.6 Hz, 1H, Ar-H), 
7.45–7.21 (m, 5H, Ar-H), 7.22–7.07 (m, 3H, Ar-H), 6.98 (d, J = 8.7 Hz, 
1H, Ar-H), 6.77 (d, J = 3.5 Hz, 1H, Ar-H), 4.88 (s, 1H, CH), 2.29 (s, 3H, 
CH3). 13C NMR (75 MHz, DMSO) δ = 160.07, 148.33, 145.79, 140.85, 
134.02, 133.89, 133.19, 130.67, 130.31, 127.43, 127.23, 126.88, 
126.76, 126.32, 125.47, 120.17, 118.98, 116.34, 109.69 (CN), 104.68, 
55.75 (CH), 20.97 (CH3). MS (ESI) m/z: 476.3 (M+1)+. Elemental 
analysis for C25H18ClN3O3S: C, 63.09; H, 3.81; N, 8.83; found: C, 
62.98; H, 3.51; N, 8.64. 

4.2.2.7. 2-amino-4-(4-chlorophenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5 g). White solid, Yield: 94%, M.P: 283–285 ◦C. IR 
(υmax/cm¡1): 3321 (NH2), 2199 (CN), 1173 (SO2). 1H NMR (300 MHz, 
DMSO) δ = 7.96–7.79 (m, 3H, Ar-H), 7.63 (d, J = 8.6 Hz, 1H, Ar-H), 
7.48–7.31 (m, 4H, Ar-H), 7.22 (d, J = 8.4 Hz, 2H, Ar-H), 7.08 (s, 2H, 
NH2), 6.94 (d, J = 8.6 Hz, 1H, Ar-H), 6.76 (d, J = 3.6 Hz, 1H, Ar-H), 4.86 
(s, 1H, CH), 2.31 (s, 3H, CH3). 

13C NMR (75 MHz, DMSO) δ = 159.93, 145.81, 144.86, 140.82, 
133.94, 133.88, 131.41, 130.34, 129.40, 128.64, 127.39, 126.77, 
125.50, 120.20, 118.95, 116.56, 109.62 (CN), 104.66, 55.95 (CH), 
20.99 (CH3). MS (ESI) m/z: 475 (M)+. Elemental analysis for 
C25H18ClN3O3S: C, 63.09; H, 3.81; N, 8.83; found: C, 63.00; H, 3.04; N, 
8.43. 

4.2.2.8. 2-amino-4-(3-fluorophenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5 h). White solid, Yield: 95%, M.P: 284–286 ◦C. IR 
(υmax/cm¡1): 3321 (NH2), 2205 (CN), 1178 (SO2). 1H NMR (300 MHz, 
DMSO) δ ¼ 7.98–7.79 (m, 3H, Ar-H), 7.64 (d, J = 8.6 Hz, 1H, Ar-H), 
7.34 (dd, J = 11.3, 4.9 Hz, 3H, Ar-H), 7.11 (s, 2H, NH2), 7.07–6.93 (m, 
4H, Ar-H), 6.77 (d, J = 3.6 Hz, 1H, Ar-H), 4.88 (s, 1H, CH), 2.29 (s, 3H, 
CH3). 13C NMR (75 MHz, DMSO) δ ¼ 162.20 (d, 1JFC = 244.4 Hz), 
160.08, 148.73, 148.64, 145.82, 140.82, 133.91 (d, 3JFC = 11.0 Hz), 
130.70 (d, 3JFC = 8.2 Hz), 130.30, 127.36, 126.74, 125.44, 123.55, 
120.22, 119.00, 116.40, 114.14 (d, 2JFC = 21.5 Hz), 113.68 (d, 2JFC =

21.2 Hz), 109.62 (CN), 104.81, 55.80 (CH), 20.95 (CH3). MS (ESI) m/z: 
460.3 (M+1)+. Elemental analysis for C25H18FN3O3S: C, 65.35; H, 
3.95; N, 9.14; found: C, 65.20; H, 3.74; N, 9.09. 

4.2.2.9. 2-amino-4-(4-fluorophenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5i). White solid, Yield: 93%, M.P: 280–282 ◦C. IR 
(υmax/cm¡1): 3324 (NH2), 2200 (CN), 1176 (SO2). 1H NMR (300 MHz, 
DMSO) δ = 7.85 (dd, J = 5.6, 4.8 Hz, 3H, Ar-H), 7.62 (d, J = 8.6 Hz, 1H, 
Ar-H), 7.37 (d, J = 8.2 Hz, 2H, Ar-H), 7.23 (dd, J = 8.5, 5.6 Hz, 2H, Ar- 
H), 7.12 (d, J = 8.8 Hz, 2H, Ar-H), 7.07 (d, J = 7.8 Hz, 2H, NH2), 6.94 (d, 
J = 8.6 Hz, 1H, Ar-H), 6.77 (d, J = 3.6 Hz, 1H, Ar-H), 4.85 (s, 1H, CH), 
2.30 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) δ = 160.99 (d, 1JFC =

246.7 Hz), 159.88, 145.79, 142.11 (d, 3JFC = 3.0 Hz), 140.80, 133.89, 

Fig. 5. Lane 1-pBR322 (control), Lane 2-pBR322 + Fenton’s reagent, Lane 3- 
pBR322 + Fenton’s reagent + 5o (10 µM), Lane 4-pBR322 + Fenton’s reagent 
+ 5o (20 µM), Lane 5-pBR322 + Fenton’s reagent + 5o (40 µM). 
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130.32, 129.39 (d, 3JFC = 8.2 Hz), 127.36, 126.76, 125.52, 120.26, 
118.95, 116.88, 115.38 (d, 2JFC = 21.2 Hz), 109.58 (CN), 104.69, 56.28 
(CH), 20.98 (CH3). MS (ESI) m/z: 459.3 (M)+. Elemental analysis for 
C25H18FN3O3S: C, 65.35; H, 3.95; N, 9.14; found: C, 65.14; H, 3.75; N, 
9.02. 

4.2.2.10. 2-amino-4-(3-hydroxyphenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5j). White solid, Yield: 94%, M.P: 275–278 ◦C. IR 
(υmax/cm¡1): 3600 (OH), 3321 (NH2), 2202 (CN), 1179 (SO2). 1H NMR 

(300 MHz, DMSO) δ ¼ 9.34 (s, 1H, OH), 7.85 (t, J = 5.4 Hz, 3H, Ar-H), 
7.63 (d, J = 8.6 Hz, 1H, Ar-H), 7.35 (d, J = 8.2 Hz, 2H, Ar-H), 7.18–6.92 
(m, 4H, NH2, Ar-H), 6.78 (d, J = 3.6 Hz, 1H, Ar-H), 6.71–6.52 (m, 3H, 
Ar-H), 4.70 (s, 1H, CH), 2.27 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) δ 
= 159.96, 157.40, 147.32, 145.80, 140.74, 133.81, 133.75, 130.26, 
129.65, 127.20, 126.68, 125.49, 120.44, 118.95, 118.17, 117.09, 
114.14, 113.91, 109.49 (CN), 104.87, 56.45 (CH), 20.90 (CH3). MS 
(ESI) m/z: 456.1 (M− 1). 

Elemental analysis for C25H19N3O4S: C, 65.63; H, 4.19; N, 9.18; 

Fig. 6. 3D and 2D docking pose of (a) compound 5o, (b) rivastigmine and (c) galantamine in the active site of AChE.  
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found: C, 65.52; H, 4.11; N, 9.12 

4.2.2.11. 2-amino-7-tosyl-4-(4-(trifluoromethyl)phenyl)-4,7-dihydropyr
ano[2,3-e]indole-3-carbonitrile (5 k). White solid, Yield: 95%, M.P: 
244–244 ◦C. IR (υmax/cm¡1): 3320 (NH2), 2200 (CN), 1173 (SO2). 1H 
NMR (300 MHz, DMSO) δ ¼ 7.93–7.81 (m, 3H, Ar-H), 7.65 (dd, J =
10.5, 8.6 Hz, 3H, Ar-H), 7.40 (dd, J = 14.5, 7.7 Hz, 4H, Ar-H), 7.14 (s, 
2H, NH2), 6.96 (d, J = 8.6 Hz, 1H, Ar-H), 6.78 (d, J = 3.7 Hz, 1H, Ar-H), 
4.97 (s, 1H, CH), 2.30 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) δ =
160.03, 150.38, 145.82, 140.92, 134.04, 133.89, 130.33, 128.39, 
127.47 (t, J = 15.8 Hz, CF3), 126.76, 125.97, 125.69, 125.64, 125.59, 
125.48, 120.13, 119.00, 116.13, 109.71 (CN), 104.66, 55.65 (CH), 
20.98 (CH3). MS (ESI) m/z: 510.6 (M+1)+. Elemental analysis for 
C26H18F3N3O3S: C, 61.29; H, 3.56; N, 8.25; found: C, 61.10; H, 3.25; N, 
8.07. 

4.2.2.12. 2-amino-4-(4-cyanophenyl)-7-tosyl-4,7-dihydropyrano[2,3-e] 
indole-3-carbonitrile (5 l). White solid, Yield: 95%, M.P: 233–235 ◦C. IR 
(υmax/cm¡1): 3320 (NH2), 2202 (CN), 1180 (SO2). 1H NMR (300 MHz, 
DMSO) δ ¼ 7.85 (d, J = 8.6 Hz, 3H, Ar-H), 7.74 (d, J = 8.1 Hz, 2H, Ar- 
H), 7.64 (d, J = 8.6 Hz, 1H, Ar-H), 7.36 (dd, J = 19.3, 8.1 Hz, 4H, Ar-H), 
7.20 (s, 2H, NH2), 6.95 (d, J = 8.6 Hz, 1H, Ar-H), 6.78 (d, J = 3.5 Hz, 1H, 
Ar-H), 4.97 (s, 1H, CH), 2.26 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) δ 
= 160.16, 151.12, 145.79, 140.91, 134.06, 133.78, 132.70, 130.26, 
128.53, 127.41, 126.72, 125.37, 120.09, 119.07, 118.62, 115.82, 
109.72 (CN), 109.68 (CN), 104.80, 55.36 (CH), 20.91 (CH3). MS (ESI) 
m/z: 469.0 (M+3)+. Elemental analysis for C26H18N4O3S: C, 66.94; H, 
3.89; N, 12.01; found: C, 66.65; H, 3.68; N, 11.89. 

4.2.2.13. 2-amino-4-(3,5-dimethylphenyl)-7-tosyl-4,7-dihydropyrano 
[2,3-e]indole-3-carbonitrile (5 m). White solid, Yield: 94%, M.P: 
263–265 ◦C. IR (υmax/cm¡1): 3328 (NH2), 2198 (CN), 1187 (SO2). 1H 
NMR (300 MHz, DMSO) δ = 7.87–7.81 (m, 3H, Ar-H), 7.60 (d, J = 8.6 

Hz, 1H, Ar-H), 7.33 (d, J = 7.4 Hz, 2H, Ar-H), 7.04–6.93 (m, 3H, NH2, 
Ar-H), 6.78 (t, J = 4.8 Hz, 4H, Ar-H), 4.69 (s, 1H, CH), 2.26 (s, 3H, CH3), 
2.17 (s, 6H, 2 × CH3). 13C NMR (75 MHz, DMSO) δ = 159.89, 145.86, 
145.74, 140.71, 137.60, 133.88, 133.83, 130.28, 128.36, 127.27, 
126.74, 125.60, 125.20, 120.42, 118.93, 117.17, 109.49 (CN), 104.73, 
56.44 (CH), 20.95 (CH3), 20.87 (CH3). MS (ESI) m/z: 470.6 (M+1)+. 
Elemental analysis for C27H23N3O3S: C, 69.06; H, 4.94; N, 8.95; found: 
C, 69.00; H, 4.72; N, 8.80. 

4.2.2.14. 2-amino-4-(2,5-dimethoxyphenyl)-7-tosyl-4,7-dihydropyrano 
[2,3-e]indole-3-carbonitrile (5n). White solid, Yield: 94%, M.P: 
199–201 ◦C. IR (υmax/cm¡1): 3296 (NH2), 2202 (CN), 1175 (SO2). 1H 
NMR (300 MHz, DMSO) δ ¼ 7.82 (t, J = 5.5 Hz, 3H, Ar-H), 7.59 (d, J =
8.6 Hz, 1H, Ar-H), 7.32 (d, J = 8.2 Hz, 2H, Ar-H), 7.03–6.95 (m, 3H, 
NH2, Ar-H), 6.92 (d, J = 8.9 Hz, 1H, Ar-H), 6.79–6.71 (m, 2H, Ar-H), 
6.56 (d, J = 2.9 Hz, 1H, Ar-H), 5.09 (s, 1H, CH), 3.67 (s, 3H, OCH3), 3.58 
(s, 3H, OCH3), 2.25 (s, 3H, CH3). 13C NMR (75 MHz, DMSO) δ ¼
160.61, 153.28, 150.56, 145.70, 141.07, 134.76, 133.85, 130.24, 
127.20, 126.69, 124.97, 120.44, 118.86, 117.04, 115.18, 113.01, 
111.85, 109.40 (CN), 104.78, 56.30 (CH), 55.21 (OCH3), 55.13 (OCH3), 
20.93 (CH3). MS (ESI) m/z: 502.8 (M+1)+. Elemental analysis for 
C27H23N3O5S: C, 64.66; H, 4.62; N, 8.38; found: C, 64.35; H, 4.41; N, 
8.15. 

4.2.2.15. 2-amino-7-tosyl-4-(3,4,5-trimethoxyphenyl)-4,7-dihydropyrano 
[2,3-e]indole-3-carbonitrile (5o). White solid, Yield: 94%, M.P: 
235–237 ◦C. IR (υmax/cm¡1): 3322 (NH2), 2182 (CN), 1174 (SO2). 1H 
NMR (300 MHz, DMSO) δ = 7.84 (t, J = 6.1 Hz, 3H, Ar-H), 7.63 (d, J =
8.6 Hz, 1H, Ar-H), 7.35 (d, J = 8.2 Hz, 2H, Ar-H), 7.13–6.96 (m, 3H, Ar- 
H), 6.76 (d, J = 3.6 Hz, 1H, Ar-H), 6.51 (s, 2H, NH2), 4.78 (s, 1H, CH), 
3.69 (s, 6H, 2 × OCH3), 3.61 (s, 3H, OCH3), 2.29 (s, 3H, CH3). 13C NMR 
(75 MHz, DMSO) δ = 160.05, 152.92, 145.76, 141.40, 140.65, 136.29, 
133.93, 133.87, 130.28, 127.30, 126.74, 125.57, 120.41, 118.91, 
116.83, 109.48 (CN), 104.74, 59.87 (OCH3), 55.98 (CH), 55.75 (OCH3), 
20.96 (CH3). MS (ESI) m/z: 532.5 (M+1)+. Elemental analysis for 
C28H25N3O6S: C, 63.26; H, 4.74; N, 7.90; found: C, 63.07; H, 4.26; N, 
7.75. 

4.3. Biology 

4.3.1. In-vitro cholinesterase activity 
The AChE inhibition activity of test drugs and standards were 

determined using Ellman’s method [34]. Standards and test drugs of six 
different concentrations of were prepared by diluting their stock solu
tions in sodium phosphate buffer (10 mM, pH 8.0). In 96-well plate, 20 
µL test compound, 20 µL of AChE (0.2 U/mL) and 140 µL sodium 
phosphate buffer were mixed and incubated at RT for 15 min. Later, 5 
mM acetylthiocholine iodide (ASCh) and 20 µL of 5 mM DTNB solution 
(containing 0.1% bovine serum albumin) (1:5) was added and the ac
tivity was determined spectrophotometrically at 412 nm every 60 sec 
intervals at 37 ◦C on Thermo Scientific Multiskan GO Microplate Spec
trophotometer for 5 min. Percentage of inhibition was calculated by the 
following equation: 

Inhibition activity(%) =
[Acontrol − Asample]

Acontrol
x100 (1) 

The IC50 values were determined graphically from inhibition curves 
(Inhibitor concentration vs Percent of inhibition) in triplicate using 
GraphPad Prism 5.0. Similarly, BuChE assay was performed using 
BuChE (0.25 U/mL) and butyrylthiocholine chloride (BTCh) as 
substrate. 

4.3.2. Kinetic analysis of ChE inhibition 
The inhibition mechanism of most active inhibitor 5o was deter

mined spectrophotometrically at 412 nm using by using Ellman’s 

Table 3 
Comparative interaction analysis of compound 5o with standard AChE/BuChE 
inhibitors.  

Enzyme Compound Glide 
score 

Glide 
energy (kJ/ 
mol) 

Interacting residues 

AChE 5o − 8.138 − 62.436 Hydrogen bonding: 
Asp72, Ser200, Phe288 
Hydrophobic 
interactions: Trp279, 
Phe330, Tyr334 

Rivastigmine − 9.788 − 38.221 Hydrogen bonding: 
Gly118 
Hydrophobic 
interactions: Phe330, 
Phe331, Tyr334 

Galantamine − 12.546 − 38.576 Hydrogen bonding: 
Ser122, Glu199 
Hydrophobic 
interactions: Phe330, 
Phe331, Tyr334  

BuChE 5o − 7.842 − 58.929 Hydrogen bonding: 
Glu197, Ser287 
Hydrophobic 
interactions: Trp82, 
Phe329, His438 

Rivastigmine − 6.144 − 40.857 Hydrogen bonding: 
Glu197, Asn328 
Hydrophobic 
interactions: Phe329 

Galantamine − 6.311 − 38.447 Hydrogen bonding: 
Thr120, Glu197 
Hydrophobic 
interactions: Trp82, 
Phe329  
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method. For this purpose, five different concentrations of substrate 
(acetylthiocholine; 0.2, 0.25, 0.33, 0.5 and 1 mM) and three different 
concentrations of inhibitor (5, 10 and 20 μM) were used. Lineweaver- 
Burk plot of reciprocal rate of reaction (1/V) vs reciprocal of substrate 
(1/[S]) was constructed using GraphPad Prism 5.0 and the type of in
hibition was determined. Also, Steady-state inhibition constant (Ki) was 
determined by plotting the Slopes versus the inhibitor concentration. 
Similar experiments were performed for BuChE using butyrylthiocho
line as substrate. The experiments were performed in triplicate. 

4.3.3. Determination of cell viability 
Cytotoxicity was evaluated on N2a cells using (3-(4,5-dimethylth

iazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Briefly, in a 
96-well plate N2a cells were seeded at a density of 5 × 103 cells per well 
containing Minimum Essential Medium Eagle (MEM) with 10% fetal 
bovine serum (FBS) and penicillin–streptomycin (50U/ml, 50 µg/ml) 
incubated at 37 ◦C under 5% CO2. After incubation, the cells were 
treated with test compounds (20 μM and 40 μM in triplicate) and 
incubated under similar conditions for 24 h. Post incubation, 20 µL of 

Fig. 7. 3D and 2D docking pose of (a) compound 5o, (b) rivastigmine and (c) galantamine in the active site of BuChE.  
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MTT at a concentration of 0.5 mg/mL was added to the wells, and the 
plate was incubated for 4 h. The contents of the wells were gently dis
carded post incubation, without disturbing the cells. Thereafter, 100 µL 
of dimethyl sulfoxide (DMSO) was added to solubilise the formazan 
crystals. Plate was incubated for 30 min. The plate was then read at 570 
nm with a microplate reader and cytotoxicity was calculated by 
considering absorbance of the control cells as 100% of the cell viability. 
Images were procured using Evos XL core system- AMEX1000. 

4.3.4. Neuroprotective studies against H2O2-induced stress 
The N2a cells were seeded into 96-well plates (5 × 103 cells/well) 

and allowed to adhere in a CO2 incubator for 24 h. Cells were pre-treated 
with 20 µM and 40 µM of the test compounds and incubated for 2 h. After 
the incubation period, freshly prepared H2O2 (from 30% stock) was 
added at a concentration of 100 µM and left for an additional 24 h 
period. Thereafter, the cell viability was assessed using MTT assay (as 
stated earlier) to examine potential effects. Percentage protection 
against H2O2 was calculated by considering absorbance of the control 
cells as 100% of the cell viability. 

4.3.5. DNA damage protection assay 
DNA protection assay of compound 5o was performed according to 

our previous report [39]. For this purpose, Fenton’s reagent was pre
pared in ratio 1:1:1 using H2O2 (30 mM), ferric chloride (100 μM) and 
ascorbic acid (500 μM). The reaction mixture included 3 μL of pBR322 
plasmid DNA (0.25 μg), 3 μL of compound (10, 20 and 50 μM), 2 μL of 
Fenton’s reagent and 2 μL of nuclease free double distilled water. The 
reaction mixture was incubated on a waterbath at 37 ◦C for 30 min. After 
loading the mixture onto 1% agarose gel containing 20 μL of ethidium 
bromide (1 mg/ml), electrophoresis was performed. The results were 
visualized by viewing the gel under a BIORAD ChemiDoc MP imaging 
system. 

4.4. Molecular docking 

Glide (Maestro, version 8.5, Schrodinger, LLC, 2008) software was 
used to perform molecular docking studies. The crystal structure of 
AChE (PDB ID: 1EVE) and BuChE (PDB ID: 1P0I) were obtained from 
protein data bank. Docking experiments were conducted using Glide XP 
docking following the standard protocol and parameters [40]. 

4.5. Prediction of ADME properties 

The ADME properties were calculated using QikProp in normal 
processing mode with default options. 

4.6. PAINS 

PAINS filter was evaluated using SwissADME [41]. 
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