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1. INTRODUCTION 

Acetylcholinesterase is a cholinesterase group 
enzyme that can catalyze the decomposition 
reaction of acetylcholine, a neurotransmitter [1]. 
Cholinesterases, which cleave choline esters with 
varying efficiency, are a ubiquitous group of serine 
hydrolases. When vertebrates are analyzed, we 
come across forms encoded by two different genes, 
acetylcholinesterase and butyrylcholinesterase. 

While the biological role of butyrylcholinesterase 
is not fully defined, acetylcholinesterase hydrolyzes 
acetylcholine at cholinergic synapses [2]. 
Acetylcholinesterase is found in muscle, lungs, 
spleen, neurons, brain gray matter, bone marrow and 
placenta [3]. This enzyme is an elliptical α/β protein 
polymer with a 12-stranded central mixed β-sheet 
surrounded by 14 α-helices. When the catalytic 
domains of other serine proteases are analyzed, there 
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ABSTRACT

Alzheimer’s disease is a progressive and degenerative brain disease 
that negatively affects people’s lives and reduces cognitive and sensory 
human functions. Today, there are active ingredients that work on 
Alzheimer’s disease, containing benzodioxole and thiadiazole rings. 
Acetylcholinesterase terminates neurotransmission in the nervous 
system and leads to the accumulation of acetylcholine, overstimulation 
of various receptors and consequent impairment of neurotransmission. 
Thiadiazole and benzodioxole rings are compounds that exhibit a 
wide range of biological activities, especially known to be effective on 
acetylcholinesterase. A new compound containing benzodioxole and 
thiadiazole rings was designed, synthesized and its chemical structure 
was revealed using spectroscopic methods such as HRMS, 13C-NMR and 
1H-NMR. Acetylcholinesterase inhibition activities were investigated 
using in vitro methods. To elucidate the acetylcholinesterase inhibition of 
compound 4a, it was subjected to in silico insertion procedure with 4EY7. 
Compound 4a exhibited 0.114±0.005 µM against AChE. The above data 
is compared with data for donepezil (0.0201±0.0014 µM), the reference 
compound in our study.
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are similarities and the catalytic domain has a serine-
histidine-glutamate triplet structure [4].

When we look at its role in the brain, 
acetylcholinesterase is the enzyme that hydrolyzes 
acetylcholine, which is responsible for the passage 
of the stimulus between neurons and prevents the 
post-synapse passage of the stimulus [5].

Looking at this role of acetylcholinesterase, it is an 
important enzyme despite its secondary position after 
and before the synapse [6,7]. This enzyme terminates 
neurotransmission in the nervous system and leads to 
the accumulation of acetylcholine, overstimulation 
of various receptors and consequent impairment of 
neurotransmission. Synthesized acetylcholinesterase 
inhibitor drugs have attempted to reverse these 
conditions by inhibiting this enzyme. These inhibitory 
drugs are either reversible or irreversible. Reversible 
inhibitors are generally used in Alzheimer’s disease, 
which we call neurodegenerative disorders. In 
today’s pharmaceutical market, the approved active 
ingredients donepezil, rivastigmine and galantamine 
stand out [8].

Alzheimer’s disease is the most common form of 
dementia. It is a progressive neurodegenerative 
disease that occurs at the onset of dementia. In this 
case, there is an initial cognitive decline, followed 
by speech, visual changes, and motor systems 
are affected. It is an extremely bad condition [9]. 
This disease is associated with aging and causes 
severe deficiencies in choline acetyltransferase 
activity in the cerebral cortex. These patients have 
reduced cholinergic activity, so acetylcholinesterase 
inhibitors are used to increase cholinergic activity 
and improve cognitive function. The most promising 
treatment for this disease is to try to increase the 
acetylcholine neurotransmitter in the brain. But of 
course, side effects such as hepatotoxicity develop 
with the drugs [10].

Thiadiazole and benzodioxole rings are 
compounds that exhibit a wide range of biological 
activities, especially known to be effective on 
acetylcholinesterase. It is found in the structure 
of compounds can be used in the treatment of 
Alzheimer disease [11-15]. When previous studies 

were examined, acetylcholinesterase inhibition 
activity was observed in many compounds containing 
thiadiazole and benzodioxole rings [16, 17]. 

In this study, a new compound containing thiadiazole 
and benzodioxole rings was synthesized, its structure 
was determined, molecular docking studies and 
biological evaluation of their acetylcholinesterase 
inhibition were carried out.

2. MATERIALS AND METHODS 

2.1. Chemistry

All reagents are purchased from chemical suppliers 
(Sigma-Aldrich Corp., USA or Merck KGaA, 
Germany). NMR spectroscopy was recorded 
1H-NMR 300 MHz FT-NMR spectrometer; 
13C-NMR, 75 MHz spectrometer (Bruker Bioscience, 
Billerica, MA, USA) in DMSO-d6. In the NMR 
spectra splitting patterns were represented as follows: 
singlet (s); doublet (d); triplet (t). J values were 
expressed as Hertz. Mass spectra were recorded on a 
LCMS-IT-TOF (Shimadzu, Kyoto, Japan) using ESI. 
Melting degree determination was determined with 
the Mettler Toledo-MP90 (Greifensee, Switzerland).

2.1.1. Synthesis of N-(benzo[d][1,3]dioxol-5-
ylmethyl)hydrazinecarbothioamide (1) 
5-(Isothiocyanatomethyl)benzo[d][1,3]dioxole 
(0.012 mol, 2.32 g) and hydrazine hydrate (0.015 mol) 
were dissolved in separate beakers by adding ethanol. 
The hydrazine hydrated mixture was added dropwise 
to the other mixture in an ice bath environment. At 
the end of the reaction, the precipitated product was 
filtered, washed with ethanol and dried.

2.1.2. Synthesis of 5-((benzo[d][1,3]dioxol-5-
ylmethyl)amino)-1,3,4-thiadiazole-2-thiol (2)
N - ( B e n z o [ d ] [ 1 , 3 ] d i o x o l - 5 - y l m e t h y l )
hydrazinecarbotioamide (1) (0.009 mol, 2.025 g) 
was dissolved in ethanol. Sodium hydroxide (0.012 
mol) and carbon disulfide (0.012 mol) were added 
and this mixture was refluxed for 12h. Afterwards, 
20% HCl was added dropwise in an ice bath and 
the pH was adjusted to 4. At the end of the reaction, 
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the precipitated product was filtered, washed with 
ethanol and dried.

2.1.3. Synthesis of 2-chloro-N-(4-
trifluoromethylphenyl)acetamide (3)
Chloroacetyl chloride (0.009 mol) was added 
dropwise to a mixture of 4-(trifluoromethyl)
aniline (0.009 mol) and triethanolamine (10 mL) 
in tetrahydrofuran (10 mL) in an ice bath. After 
the reaction occurred, the resulting substance was 
purified and washed with water to remove the salt.

2.1.4. Synthesis of the target compound (4a)
5-((Benzo[d][1,3]dioxol-5-ylmethyl)amino)-1,3,4-
thiadiazole-2-thiol (2) (0.007 mol, 1.87 g) and 
2-chloro-N-(4-trifluoromethylphenyl)acetamide (3) 
(0.007 mol) in acetone were dissolved. K2CO3 was 
added to the mixture and was refluxed for 12 h. At 
the end of the reaction, the precipitated product was 
filtered, washed with ethanol and dried.

2-((5-((Benzo[d][1,3]dioxol-5-ylmethyl)amino)-
1,3,4-thiadiazol-2-yl)thio)-N-(4-(trifluoromethyl)
phenyl)acetamide (4a)

Yield: 83%, M.p: 120-123°C 1H-NMR (300 MHz, 
DMSO-d6): δ = 4.04 (2H, s, -CH2), 4.34 (2H, 
s, -CH2), 5.92 (1H, s, -NH), 5.98 (2H, s, -CH2, 
1,3-dioxole), 6.77 (1H, d, J= 4.6 Hz, benzodioxole), 
6.81 (1H, s, benzodioxole), 6.85 (1H, d, J= 8.0 Hz, 
benzodioxole), 6.89 (1H, s, -CONH), 7.68 (2H, d, 
J= 8.7 Hz, trifluoromethylphenyl), 7.78 (2H, d, J= 
8.5 Hz, trifluoromethylphenyl). 13C-NMR (75 MHz, 
DMSO-d6): δ = 37.28, 48.09, 48.92, 99.02, 101.35, 
103.67, 107.42, 109.61, 118.40, 118.47, 120.30, 
120.67, 122.42, 125.54, 127.68, 142.98, 146.90, 

166.99, 170.07. HRMS (m/z): [M+H]+ calcd for 
C19H15F3N4O3S2: 469.0622; found 469.0610.

2.2. Acetylcholinesterase Inhibition Assay 

The inhibitory activities of compound 4a against 
AChE and BChE were determined by modified 
Ellman method using 96-well plate. The reference 
drugs in the method were Donepezil and Tacrine. 
Pipetting in the method was performed by Biotek 
Precision XS robotic system (USA). Percent 
inhibition values were measured at 412 nm by 
BioTek-Synergy H1 microplate reader (USA) [18]. 
First, compound 4a was prepared at two different 
concentrations (10-3 and 10-4 M) using 2% DMSO 
and the inhibition potentials were measured. Then 
the compound was tested at higher concentrations 
(10-5-10-9 M). Inhibition potencies of synthesized 
compound and IC50 of selected derivatives were 
calculated as reported previously. The results 
obtained are shown as mean ± standard deviation 
(SD) [19] (Table 1).

2.3. Prediction of ADME Parameters

SwissADME (online) were used for the prediction 
of ADME parameters of our synthesized compound 
[20] (Table 2).

Table 1. IC50 (µM) values of the obtained compound 
against AChE and BChE
Compound AChE IC50 (µM) BChE IC50 (µM)
4a 0.114±0.005 >100
Donepezil 0.0201±0.0014 -
Tacrine - 0.0064±0.0002

Table 2. Predicted ADME parameters of compound 4a
Comp Physicochemical Properties Lipo. Druglikeness Water Solubility Pharmacokinetics
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4a 468.47 0.21 9 8 2 110.32 138.91 4.13 + + + - + -5.47 Moderately Low 0.55
Comp: Compounds, MW: Molecular weight, Fsp3: Fraction Fsp3, RB: Number of rotatable bonds, HBA: Number of hydrogen bond 
acceptors, HBD: Number of hydrogen bond donors, MR: Molar refractivity, TPSA: Total polar surface area, Lipo: Lipophilicity, GI abs: 
Gastrointestinal absorption, F: Bioavailability score.
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2.4. Molecular Docking Study

Molecular docking studies were performed using 
in silico procedure to define the binding modes of 
compound 4a in the active regions of enzyme X-ray 
crystal structures of acetylcholinesterase (PDB 
ID: 4EY7) [21] were retrieved from Protein Data 
Bank server (https://www.rcsb.org/structure/4ey7, 
accessed 20.05.2024). Molecular docking studies 
were performed as previously reported [22-24]. 
For docking validation, co-crystallized ligand were 
re-docked onto target site of 4EY7 and RMSD 
value have been determined to be less than 0.3 
for existing ligand E20 in macromolecule. In the 

receptor, waters around the previously identified 
active site E20 (8Å) were left and all other water 
molecules were removed. Preprocessing and H-Bond 
optimization for the macromolecule was performed 
using the Maestro program. Then, the resulting 
pdb formatted macromolecule was edited with the 
AutoDock program and saved in pdbqt format. The 
regular spacing of the grid boxes was determined 
to be 0.375 Å centered on E20 (40*40*40 Å3). 
Lamarckian Genetic Algorithm was preferred in the 
study, detailed results such as docking scores were 
obtained using both AutoDock 4.2 and AutoDock 
Vina software [25, 26] and are presented in Table 3 
and Figure 1, 2. 

Table 3. Molecular docking scores, interaction types and estimated inhibition constants of synthesized compound and 
AChE (PDB ID: 4EY7)

Comp.
Autodock Results Vina Results

Interacting  
Residues

Interaction  
Types

Estimated Inhibition 
Constant, Ki

Best Docking  
Score

Best Docking  
Score

4a
Trp86
Tyr337

Pi-Pi Stacking
Pi-Pi Stacking

358.32 nM -8.79 -10.6

nM: nanomolar, Docking Score: Estimated Free Energy of Binding (kcal/mol)

Figure 1. Localization of compound 4a in the enzyme active site (PDB ID: 4EY7)

https://www.rcsb.org/structure/4ey7
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3. RESULTS AND DISCUSSION 

3.1. Chemistry

Compound 4a was obtained as presented in Scheme 
1. Initially, hydrazinecarbothioamide derivative 
(1) was obtained as a result of the reaction of 

5-(isothiocyanato-methyl)benzo[d][1,3]dioxol 
with hydrazine hydrate. Secondly, N-(Benzo[d]
[1,3]dioxol-5-ylmethyl)hydrazinecarbothioamide 
underwent ring closure reaction to obtain thiadiazole 
derivative (2). As the third, 4-trifluoromethylphenyl 
was reacted with chloroacetylchloride to obtain 

Figure 2. The three-dimensional interacting mode of compound 4a in the active region of acetylcholinesterase enzyme 
(PDB ID: 4EY7)

Scheme 1. Synthesis pathway for compound 4a
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2-Chloro-N-(4-trifluoromethyl phenyl)acetamide 
(3). Target compound 4a, 5-((Benzo[d][1,3]dioxol-
5-ylmethyl)amino)-1,3,4-thiadiazole-2-thiol (2) and 
2-Chloro-N-(4-trifluoromethylphenyl)acetamide (3) 
was obtained by reaction. The structure of compound 
4a was evaluated using spectroscopic methods 
(HRMS, 1H-NMR and 13C-NMR) (Figures 3-5).

When the NMR data of the compound are examined, it 
is seen that the protons of methylene groups observed 
between 4.04 ppm and 4.34 ppm with 2H and 2H. 
Proton of the amine group were recorded singlet 5.92 
ppm. Methyl group of inside benzodioxole come 
5.98 ppm and 2H singlet. When benzodioxole ring 
was examined 3H protons were observed between 
6.77 and 6.85 ppm. Trifluoromethylphenyl ring 
protons were detected as 2H-2H between 7.68-7.68 
ppm. When carbon NMR peaks are examined its 
seen that all carbon peaks are detected as we expect. 
Aromatic carbon peaks were observed between 110-

170 ppm. Moreover, the carbonyl peak we expected 
around 165 ppm was observed at 166.99 ppm. Most 
importantly our compound was examined with mass 
spectra, which is equipped with high resolution liquid 
chromatography system, and its HRMS data was 
found to be compatible with its molecular weight.

3.2. Acetylcholinesterase Inhibition Assay 

Synthesized compounds were tested at 10−3 M 
and 10−4 M concentrations. The inhibition of 
acetylcholinesterase and butyrylcholinesterase at the 
initial concentrations of the resulting compound 4a, 
donepezil and tacrine is shown in Table 1. According 
to the activity results, the obtained compound showed 
higher inhibition activity on AChE than BChE. The 
IC50 value was calculated as 0.0201±0.0014 µM for 
donepezil. The synthesized compound 4a gave an 
IC50 value of 0.114±0.005 µM. The 4-substituted 
phenyl group activity also played an important role. 

Figure 3. 1H-NMR spectrum of compound 4a
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The results demonstrated that our compound IC50 
values similar activities compared to the reference 
drug against AChE.

3.3. Prediction of ADME Parameters

The online SwissADME was used and the estimated 
ADME parameters of the obtained compound were 
calculated [20]. Looking at Table 2 showing the 
results, It was observed that none of the synthesized 
compounds violated any other drug rules except 
Egan’s rule [27]. Absorption from the gastrointestinal 
tract provides a preliminary idea about the oral use 
of the synthesized compound. When the table was 
examined, it was seen that the absorption of the 
compound was low. Log S values of the compound is 
-5.47, and their solubility is estimated to be moderate. 
The F value, which shows the oral bioavailability of 
the compound, is 0.55, which is the ideal value [28]. 

3.4. Molecular Docking Studies

To elucidate the acetylcholinesterase inhibition of 
compound 4a, it was subjected to in silico insertion 
procedure with 4EY7 [21]. Active site interactions 
of the synthesized compound are shown Figure 1-2.

The interaction domain of acetylcholinesterase and 
its cocrystal ligand Donepezil (PDB ID: E20) has 
been previously revealed, Tyr72, Trp86, Tyr124, 
Glu202, Trp286, Ser293, Phe295, Phe297, Tyr337, 
Phe338, Tyr341, His447 were emphasis to be 
important for the interaction (https://www.ebi.ac.uk/
pdbe/entry/pdb/4ey7/bound/E20#604A).

When the docking poses of compound 4a were 
examined, it was clearly seen that it had many 
interactions such as H-bond and pi-pi stacking with 
macromolecule. The pi-pi stacking was detected in 
the 4-trifluoromethylphenyl (Trp86 and Tyr337) 

Figure 4. 13C-NMR spectrum of compound 4a

https://www.ebi.ac.uk/pdbe/entry/pdb/4ey7/bound/E20#604A
https://www.ebi.ac.uk/pdbe/entry/pdb/4ey7/bound/E20#604A
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Figure 5. HRMS report of compound 4a
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ring of compound 4a. Also, there was an H-bond 
interaction between the benzo[d][1,3]dioxol ring 
and HOH953 (Figures 1, 2). In this study, it was 
determined that compound 4a interacted with these 
residues of acetylcholinesterase in a similar way. 

4. CONCLUSION

A decrease in this neurotransmitter in the brain also 
causes Alzheimer’s disease. Previous studies have 
shown that compounds containing thiadiazole rings 
have an acetylcholinesterase inhibition effect. In this 
study, a compound containing benzodioxole and 
thiadiazole rings (4a) was designed, and synthesized, 
and its acetylcholinesterase and butylcholinesterase 
inhibition activities were compared with the active 
ingredients donepezil and tacrine. Compound 4a 
showed IC50 value of 0.114±0.005 µM against AChE 
(IC50 value of donepezil: 0.0201±0.0014 µM). No 
significant values were noted for compound 4a 
against butyrylcholinesterase. In silico studies, 
the interactions of compound 4a with the active 
site of acetylcholinesterease were examined and 
it was observed that it interacted with Trp86 and 
Tyr337 residues, which are known to be important 
in inhibition. In conclusion, this study provides a 
result that may be important for the development of 
new agents for neurodegenerative diseases such as 
Alzheimer’s disease.
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