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Inhibition of the cholinesterases (AChE and BChE) plays a pivotal role in the symptomatic treatment of 
Alzheimer’s disease. The present study reports the synthesis and anticholinesterase activity of five novel 
thiadiazole analogs in search of anti-Alzheimer agents. The structures of the newly synthesized compounds were 
characterized using 1H NMR, 13C NMR and HRMS. Tested compounds inhibited acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE) enzymes with IC50 values in the range of 8.250-20.382 μM and 14.143-0.986 μM, 
respectively. N-(4-Chlorophenyl)-2-[(5-(allylamino)-1,3,4-thiadiazol-2-yl)thio]-N-(3-nitrobenzyl)acetamide (6e) 
was determined as the most potent inhibitor against both tested enzymes when compared with standard drug 
tacrine. Molecular docking study was carried out to reveal the binding interactions between compound 6e and 
the active site of AChE.  
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Introduction 
 

Alzheimer’s disease (AD) is a common type of 
neurodegenerative brain disease that affects over 55 
million people globally and people with AD is estimated to 
increase to 78 million by 2030 [1]. Acetylcholine (ACh) is 
critical for cognitive processes and, in the brain of people 
suffering from AD, ACh is decreased, cholinergic pathway 
is noticed to be irreversibly impaired, resulting in cognitive 
dysfunction. The therapeutic strategies in the treatment 
of AD are mainly focused on reduced cholinergic 
neurotransmission and β-amyloid protein aggregation 
that leads to progressive loss of structure and/or function 
of neurons [2,3]. Cholinesterase inhibitors exert their 
activity by inhibiting acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE) which are both types of 
cholinesterase enzymes, eventually increase the 
concentration of the ACh in the brain of AD patients. 
Currently licensed drugs used for AD are tacrine, 
donepezil, rivastigmine and galantamine. However, their 
effectiveness is often limited by the appearance of central 
and peripheral side effects. For instance, tacrine has been 
withdrawn from the market due to hepatotoxicity [4,5].  

Thiadiazole nucleus is a well-known five-membered 
heterocyclic scaffold in medicinal chemistry.  The 
thiadiazole moiety functions as a "two-electron donor 

system" and "hydrogen-binding domain, which provide 
the thiadiazole ring its biological activity [6]. The sulfur 
atom also contributes lipo-solubility, resulting in more 
lipophilic analogues with enhanced blood–brain barrier 
(BBB) permeability. Thiadiazole ring has four isomers, 
1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole, and 
1,3,4-thiadiazole, depending on the positions of 
heteroatoms. 1,3,4-Thiadiazole is the main isomer that 
has a wide range of pharmacological effects [7]. There are 
currently numerous marketed pharmaceutical products 
containing thiadiazole scaffold including acetazolamide, 
methazolamide (carbonic anhydrase inhibitors), megazole 
(antitrypanosomal), sulfamethizole (anti-microbial), 
cefazolin, cefazedone (antibiotics) and timolol 
(antihypertensive) [8,9]. 

Among above-mentioned thiadiazoles, 2-amino-1,3,4-
thiadiazole derivatives were studied for their 
antibacterial, antifungal, antitubercular, antiparasitic 
activities, antidepressant, anticancer and cholinesterase 
inhibitory activities [10-15]. The activity of 1,3,4-
thiadiazoles is probably due to the presence of =N–C–S 
moiety [16]. In view of these facts, in this paper, we 
synthesized new series of 2-subsitutedamino-1,3,4-
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thiadiazole derivatives and evaluated their in vitro 
cholinesterase inhibitory activity. 

 
Materials and Methods 

 
Chemistry 
All Chemicals used in the synthesis pathway of the 

compounds were purchased from Sigma-Aldrich (Sigma-
Aldrich Corp., St. Louis, MO, USA) or Merck (Merck KGaA, 
Darmstadt, Germany) chemical companies and were used 
without further chemical purifications. Melting points 
(MP) were determined by an automatic melting point 
apparatus (MP90, Mettler-Toledo, OH, USA). The NMR 
spectra (1H and 13C) were recorded in DMSO-d6 by a 
Bruker digital FT-NMR spectrometer (Bruker Bioscience, 
MA, USA) at 300 MHz and 75 MHz, respectively. HRMS 
studies were performed on an LCMS-IT-TOF system 
(Shimadzu, Tokyo, Japan). Chemical purities of the 
compounds were checked by classical TLC applications 
performed on silica gel 60 F254 (Merck KGaA, Darmstadt, 
Germany). 

Synthesis of 4-chloro-N-(3-nitrobenzylidene)aniline (1) 
[17] 

Yield 69%. 4-Chloroaniline (33 mmol, 4.22 g), 3-
nitrobenzaldehyde (33 mmol, 5 g) and catalytic amount of 
glacial acetic acid (0.5 ml) were dissolved in ethanol (100 
ml) and refluxed for 9 h. After TLC screening, the mixture 
was cooled, the product was filtered and the crude 
product was recrystallized from ethanol.  

Synthesis of 4-chloro-N-(3-nitrobenzyl)aniline (2) [17] 
Yield 70%. Compound 1 (27 mmol, 7.1 g) was dissolved 

in methanol (150 mL) and sodium borohydride was added 
in four portions (4×0.5 g) 15 min intervals. After addition, 
reaction mixture was allowed to stir for 1 h at room 
temperature. The solvent was evaporated and the crude 
product was washed with water, dried and recrystallized 
from ethanol.  

Synthesis of 2-chloro-N-(4-chlorophenyl)-N-(3-
nitrobenzyl)acetamide (3) [17] 

Yield 67%. To a mixture of compound 2 (24 mmol, 6.2 
g) and triethylamine (29 mmol, 4.04 mL) in 
tetrahydrofuran (100 mL), chloroacetyl chloride (29 
mmol, 2.31 mL) was added dropwise with stirring at 0–5 
◦C. The reaction was mixed for one hour at room 
temperature, after dripping of ClCH2COCl. To gain 
product, tetrahydrofuran was evaporated. The product 
was recrystallized from ethanol, after washing with water. 

Synthesis of 4-substituted thiosemicarbazides (4a-4e) 
[18] 

Yield 72%. Various substituted isothiocyanates (20 
mmol) and hydrazine hydrate (40 mmol) were dissolved in 
ethanol (50 mL) and stirred at room temperature for 4 h. 
The precipitated compound filtered and crystallized from 
ethanol.  

Synthesis of 5-substituted amino-1,3,4-thiadiazole-
2(3H)-thiones (5a-5e) [18] 

Yield 65%. To a solution of 4-
substitutedthiosemicarbazide derivative (4a-4e) (23 
mmol) in ethanol (80 mL), carbon disulfide (27 mmol, 1.6 
mL) and potassium hydroxide (27 mmol) were added and 
the mixture was refluxed for 12 h. The solution was cooled 
and acidified to pH 4–5 with a hydrochloric acid solution 
and crystallized from ethanol.  

Synthesis of N-(4-chlorophenyl)-2-[(5-
substitutedamino-1,3,4-thiadiazol-2-yl)thio]-N-(3-
nitrobenzyl)acetamide derivatives (6a-6e) [18] 

Yield 77%. A mixture of appropriate 5-
substitutedamino-1,3,4-thiadiazole-2(3H)-thione 
derivative (5a-5e) (4 mmol), compound 3 (4 mmol) and 
potassium carbonate (5 mmol, 0.66 g) were stirred was 
stirred at room temperature for 9 h in acetone (40 mL). 
After that, acetone was evaporated, the residue was 
washed and crystallized from ethanol.  

N-(4-Chlororophenyl)-2-[(5-(methylamino)-1,3,4-
thiadiazol-2-yl)thio]-N-(3-nitrobenzyl) acetamide (6a): 
Yield 77%. M.P.= 145.9 oC. 1H NMR (300 MHz, DMSO-d6, 

ppm) δ 2.83 (3H, s, CH3), 3.91 (2H, s, CO-CH2), 5.01 (2H, s, 
N-CH2), 7.33 (2H, d, J= 8.6 Hz, Ar-H), 7.46 (2H, d, J= 8.6 Hz, 
Ar-H), 7.46 (1H, t, J= 7.8 Hz, Ar-H), 7.67-7.74 (2H, m, Ar-H), 
8.08-8.13 (2H, m, Ar-H and NH). 13C NMR (75 MHz, DMSO-
d6, ppm) δ 31.53, 38.33, 52.17, 122.81, 123.22, 130.19, 
130.38, 130.53, 133.36, 135.13, 139.68, 140.31, 148.24, 
149.27, 167.47, 170.77.  HRMS (m/z): [M+H]+ calcd for 
C18H16ClN5O3S2: 450.0456; found 450.0434. 

N-(4-Chlororophenyl)-2-[(5-(ethylamino)-1,3,4-
thiadiazol-2-yl)thio]-N-(3-nitrobenzyl) acetamide (6b): 
Yield 67%. M.P.= 161.5 oC. 1H NMR (300 MHz, DMSO-d6, 

ppm) δ 1.14 (3H, t, J= 7.2 Hz, CH2-CH3), 3.19-3.28 (2H, m, 
CH2-CH3), 3.91 (2H, s, CO-CH2), 5.01 (2H, s, N-CH2), 7.33 
(2H, d, J= 8.6 Hz, Ar-H), 7.47 (2H, d, J= 8.6 Hz, Ar-H), 7.59 
(1H, t, J= 7.8 Hz, Ar-H), 7.69 (1H, d, J= 7.6 Hz, Ar-H), 7.76 
(1H, t, J= 5.2 Hz, Ar-H), 8.08-8.13 (2H, m,  Ar-H and NH). 
13C NMR (75 MHz, DMSO-d6, ppm) δ 14.66, 38.32, 39.86, 
52.17, 122.81, 123.21, 130.19 (2C), 130.38, 130.53 (2C), 
133.36, 135.13, 139.68, 140.31, 148.24, 149.12, 167.48, 
169.83. HRMS (m/z): [M+H]+ calcd for C19H18ClN5O3S2: 
464.0612; found 464.0606. 

N-(4-Chlorophenyl)-2-[(5-(propylamino)-1,3,4-
thiadiazol-2-yl)thio]-N-(3-nitrobenzyl) acetamide (6c): 
Yield 72%. M.P.= 144.0 oC. 1H NMR (300 MHz, DMSO-d6, 

ppm) δ 0.88 (3H, t, J= 7.4 Hz, CH3), 1.48-1.60 (2H, m, CH3-
CH2-CH2-), 3.14-3.21 (2H, m, CH3-CH2-CH2-), 3.91 (2H, s, 
CO-CH2), 5.01 (2H, s, N-CH2), 7.33 (2H, d, J= 8.6 Hz, Ar-H), 
7.46 (2H, d, J= 8.6 Hz, Ar-H), 7.59 (1H, t, J= 7.8 Hz, Ar-H), 
7.69 (1H, d, J= 7.7 Hz, Ar-H), 7.79 (1H, t, J= 5.5 Hz, Ar-H), 
8.08-8.13 (2H, m, Ar-H and NH). 13C NMR (75 MHz, DMSO-
d6, ppm) δ 11.82, 22.22, 38.32, 46.84, 52.18, 122.80, 
123.21, 130.18 (2C), 130.37, 130.52 (2C), 133.36, 135.13, 
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139.69, 140.31, 148.24, 148.99, 167.49, 170.06. HRMS 
(m/z): [M+H]+ calcd for C20H20ClN5O3S2: 478.0769; found 
478.0749. 

N-(4-Chlorophenyl)-2-[(5-(isopropylamino)-1,3,4-
thiadiazol-2-yl)thio]-N-(3-nitro benzyl)acetamide (6d): 
Yield 69%. M.P.= 118.9 oC. 1H NMR (300 MHz, DMSO-d6, 

ppm) δ 1.15 (6H, d, J= 6.5 Hz, 2CH3), 3.68-3.79 (1H, m, CH), 
3.91 (2H, s, CO-CH2), 5.01 (2H, s, N-CH2), 7.33 (2H, d, J= 8.6 
Hz, Ar-H), 7.46 (2H, d, J= 8.6 Hz, Ar-H), 7.59 (1H, t, J= 7.9 
Hz, Ar-H), 7.70 (2H, t, J= 5.0 Hz, Ar-H), 8.08-8.13 (2H, m, 
Ar-H and NH). 13C NMR (75 MHz, DMSO-d6, ppm) δ 22.57 
(2C), 38.32, 46.98, 52.17, 122.81, 123.21, 130.18 (2C), 
130.38, 130.53 (2C), 133.36, 135.13, 139.68, 140.30, 
148.24, 148.97, 167.49, 169.01. HRMS (m/z): [M+H]+ calcd 
for C20H20ClN5O3S2: 478.0769; found 478.0749. 

N-(4-Chlorophenyl)-2-[(5-(allylamino)-1,3,4-
thiadiazol-2-yl)thio]-N-(3-nitrobenzyl) acetamide (6e): 
Yield 75%. M.P.= 130.2 oC.  1H NMR (300 MHz, DMSO-d6, 

ppm) δ 3.86-3.92 (4H, m, CH2=CH-CH2 and CO-CH2), 5.01 
(2H, s, N-CH2), 5.10-5.25 (2H, m, CH2=CH-CH2), 5.82-5.95 
(1H, m, CH2=CH-CH2), 7.33 (2H, d, J= 8.7 Hz, Ar-H), 7.46 
(2H, d, J= 8.6 Hz, Ar-H), 7.59 (1H, t, J= 7.7 Hz, Ar-H), 7.69 
(1H, d, J= 7.5 Hz, Ar-H), 7.95 (1H, t, J= 5.6 Hz, Ar-H), 8.08-
8.12 (2H, m, Ar-H and NH). 13C NMR (75 MHz, DMSO-d6, 

ppm) δ 38.28, 47.12, 52.19, 116.65, 122.80, 123.21, 
130.19 (2C), 130.38, 130.52 (2C), 133.37, 134.75, 135.13, 
139.67, 140.31, 148.24, 149.71, 167.46, 169.82. HRMS 
(m/z): [M+H]+ calcd for C20H18ClN5O3S2: 476.0612; found 
476.0604. 

 
Cholinesterase Inhibitory Activity 
The anticholinesterase (AChE and BChE) activities 

were assayed by a modified version of the Ellman 
method.The inhibitory effect of novel 2-subsitutedamino-
1,3,4-thiadiazole derivatives (6a-6e) on AChE (from 
electric eel; Sigma) and BChE (from equine serum) was 
investigated using acetylthiocholine iodide (ATChI) and 
butrylcholine iodide (BChI) as substrates at 37°C. Stock 
solutions of the compounds synthesized as inhibitors 
were prepared in 20 % DMSO. The inhibition effects of 
novel 2-subsitutedamino-1,3,4-thiadiazole derivatives 
(6a-6e) was determined in the presence of at least five 
different inhibitor concentrations, usually in the 10-2-102 
μM range, to obtain between 0% and 100% inhibition of 
cholinesterase activity. Enzyme solution (5.32 × 10−3 U, 50 
µL) and inhibitor solution (20 µL) were added to a cuvette 
containing Tris–HCl (100 µL, 1 M; pH= 8.0). After 5 min 
incubation, DTNB solution (0.01 M, 100 µL) and 
ATChI/BChI (0.050 M, 50 µL) were added. Immediately 
after brief stirring, 3 replicate measurements were 
monitored spectrophotometrically at 412 nm [19-22]. The 
IC50 values of the derivatives were calculated from Activity 

(%)-[Ligand] graphs for derivatives according to our 
previous studies [23,24]. 

 
Molecular Docking 
In silico investigations were conducted to study the 

interactions between the compound 6e and the AChE and 
BChE enzymes using molecular docking simulations, as 
described in our earlier research [25-27]. These 
simulations utilized Maestro 13.9 from the Schrödinger 
Molecular Modeling Suite [28]. The crystal structures of 
AChE and BChE, with PDB IDs 4TVK and 5NN0 respectively, 
were sourced from the RCSB Protein Data Bank. The 
receptors were prepared at physiological pH using the 
Protein Preparation Wizard [29], followed by optimization 
and minimization with the OPLS4 force field. A receptor 
grid was established around the natural ligands within the 
protein structures. Ligands were prepared and protonated 
at pH 7.0 ± 2.0 using the LigPrep module. 

 
Results and Discussions 

 
Chemistry 
The target compounds were prepared as illustrated in 

Scheme 1. Firstly, 3-nitrobenzaldehyde and 4-
chloroaniline was reacted in the presence of glacial acetic 
acid as a catalyst to afford compound 1, which further 
reacted with sodium borohydride for the reduction of 
imine bond to synthesize compound 2. Subsequently, 
compound 3 was obtained via the reaction between 
compound 2 and chloroacetyl chloride in the presence of 
triethylamine. Various substituted isothiocyanates were 
reacted with hydrazine hydrate to prepare compounds 
4a-4e. In the next step, intermediate compounds 4a-4e 
were subjected to the ring closure reaction with carbon 
disulfide to give 5-substitutedamino-1,3,4-thiadiazole-
2(3H)-thione derivatives (5a-5e). In the final step, 
compounds 5a-5e were treated with compound 3 in 
acetone in the presence of potassium carbonate to yield 
target compounds 6a-6e. 

The structures of the synthesized analogues were 
confirmed using NMR and MS spectral analysis. In the 1H 
NMR spectra, CH2 protons bound to nitrogen and carbonyl 
group were observed at 5.01 ppm and at between 3.91-
3.92 ppm, respectively. The rest aliphatic protons and all 
the aromatic protons were assigned at their expected 
area. In the 13C NMR spectra, a peak at between 38.28-
38.33 ppm was detected due to the signal of CH2 carbon 
bound to carbonyl group. The signal belonging to the N-
CH2 carbon was determined at between 52.17-52.19 ppm. 
The rest aliphatic and aromatic carbons were assigned at 
their expected regions. In the HRMS spectra of final 
compounds (6a-6e), the M+1 peaks were observed in 
accordance with their molecular formula. 
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Scheme 1. The synthetic pathway of the compounds (6a-6e). Reagents and conditions; i: acetic acid, ethanol, reflux, 9 
h; ii: sodium borohydride, methanol, r.t, 11 h; iii: Chloroacetyl chloride, triethylamine, tetrahydrofuran, ice-bath, 5 
h; iv: hydrazine hydrate, ethanol, r.t., 4 h; v: (1) carbon disulfide/potassium hydroxide, ethanol, reflux, 12 h; (2) 
hydrochloric acid, pH 4–5; vi: potassium carbonate, acetone, r.t., 9 h 

 
Biological Activity 
The aim of this study was to investigate the in vitro 

effects of newly synthesized derivatives (referred to as 6a-
6e) on cholinesterase enzymes. The inhibitory activities of 
the derivatives against key metabolic enzymes such as 
AChE and BChE were determined and analyzed in 
comparison with the known inhibitory effect of tacrine. 
The IC50 values of the derivatives were determined from 
Activity (%)-[Ligand] graphs for derivatives (Figure S1 and 
Figure S2). The inhibition data of IC50 values found to 
evaluate the potential inhibitory effects of all series of the 
new derivatives are presented in Table 1. The synthesized 
derivatives exhibited inhibitor activity in micromolar 
levels against AChE and BChE with the IC50 values in the 
range of 8.250-20.382 μM and 14.143-0.986 μM, 
respectively. The AChE inhibitory activities for the novel 
compounds reduced in the order of 6e (allyl-substituted) 
> 6d (isopropyl-substituted) > 6c (propyl-substituted) > 6b 
(ethyl-substituted) > 6a (methyl-substituted), as well as 
for BChE; 6e (allyl-substituted) > 6c (propyl-substituted) > 
6d (isopropyl-substituted) > 6a (methyl-substituted) > 6b 
(ethyl-substituted). The 6e derivative shows a more 
selective inhibition potential for both cholinesterase 
enzymes, while the effect of compounds 6a and 6b is 
lower than the others. The allyl-substituted derivative 6e 

(IC50 for AChE and BChE; 8.250 μM and 0.986 μM, 
respectively) was identified as the most potent 
cholinesterase inhibitor in the series (6a-6e). 

Although the inhibitory potential of the series was 
lower than the inhibitory potential of the standard tacrine 
(IC50 for AChE and BChE; 0.145 μM and 0.208 nM), they 
showed a more effective inhibitory effect than many 
compounds with similar structures given in the literature 
[30]. In a study, indole-based thiadiazole derivatives (1-18) 
were synthesized and their inhibition effects against AChE 
and BChE were evaluated. The IC50 values of the 
synthesized analogues against these enzymes ranging 
between 0.17 ± 0.05 to 33.10 ± 0.6 μM against AChE and 
0.30 ± 0.1 to 37.60 ± 0.6 μM against BChE [31]. In a 
separate investigation, a novel set of benzimidazole-
based thiadiazole hybrid analogues was synthesized, 
demonstrating diverse inhibitory capabilities against 
targeted enzymes AChE and BChE. The IC50 values ranged 
from 1.32 ± 0.10 µM to 19.26 ± 0.60 µM for AChE and from 
1.94 ± 0.10 µM to 21.33 ± 0.70 µM for BChE [32]. The allyl-
substituted derivative 6e has much more effective 
inhibitory potential than many thiadiazoles synthesized in 
many series in the literature and shown to have inhibitory 
effect on cholinesterase. 
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Table 1. IC50 values of novel 2-subsitutedamino-1,3,4-
thiadiazole derivatives (6a-6e) against AChE and BChE 
enzymes. 

Compound AChE BChE 
IC50 (μM) R2 IC50 (μM) R2 

6a 20.382 0.968 10.520 0.979 
6b 17.769 0.974 14.143 0.987 
6c 16.902 0.973 4.846 0.939 
6d 13.075 0.963 5.331 0.983 
6e 8.250 0.963 0.986 0.944 

Tacrine 0.145 0.962 0.208 0.966 
 
Molecular Docking 
We employed the Extra Precision (XP) molecular 

docking method to perform detailed molecular docking 
studies with the 6e compound to understand the protein-
ligand interactions. The 6e compound, recognized for its 
strong inhibitory effects on AChE and BChE enzymes, was 
analyzed using the XP docking protocol. Table 2 
summarizes the docking scores of 6e compound against 
the AChE and BChE enzymes. 

 

Table 2. The docking scores of 6e compound against the 
AChE and BChE enzymes. 

Compound Docking Score (Kcal/mol) 
AChE BChE 

6e -8.301 -5.008 
 
Molecular docking studies of the 6e compound, which 

demonstrated significant inhibitory effects against AChE 
and BChE enzymes in in vitro assays, revealed high docking 
scores for both enzymes. Specifically, the docking 
simulations showed scores of -8.301 kcal/mol for AChE 
and -5.008 kcal/mol for BChE (Table 2), indicating a strong 
binding affinity between the 6e compound and the 
enzymes. Within the active site of the AChE enzyme, 
compound 6e established a hydrogen bond with TYR121. 
Additionally, it participated in pi-pi interactions with 
TRP279 and TRP84, key components of the enzyme's 
active site. In the BChE enzyme's active site, compound 6e 
formed hydrogen bonds with THR120 and SER287 
residues and engaged in a halogen bond interaction with 
TRP82 (Figure 1). 

 
 

 
Figure 1. Ligand-enzyme interaction diagram of compound 6e with AChE (left) and BChE (right) enzymes. 

Conclusions 
 
In this study, a novel series of 2-subsitutedamino-

1,3,4-thiadiazole derivatives (6a-6e) were synthesized as 
potential targets for treatment of AD. The structures were 
clarified by modern spectral techniques consisting of 1H 
NMR, 13CNMR and HRMS. Cholinesterase assay displayed 
that N-(4-chlorophenyl)-2-[(5-(allylamino)-1,3,4-
thiadiazol-2-yl)thio]-N-(3-nitrobenzyl) acetamide (6e) was 
the most potent compounds against both AChE and BChE 
with the IC50 values of 8.250 μM and 0.986 μM, 
respectively. According to activity results, allyl group 
enhanced both acetylcholinesterase and 
butyrylcholinesterase inhibition. This might be due to the 

binding interactions between compound 6e and the active 
site of the cholinesterase enzymes. 
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