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A B S T R A C T   

In this study, new compounds containing the sulfonamide group and having inhibitory activity on cholinesterase 
enzymes (AChE, BChE) were synthesized. For this purpose, three new sulfonylhydrazone compounds were 
synthesized from different alkylsulfonic acid hydrazide and N’-(4-diethylamino) salicylaldehyde and designed by 
the green chemistry method in shorter time and more environmentally friendly. The structures of the synthesized 
compounds were characterized by elemental analysis (CHNS), 1HNMR , 13CNMR , and FT-IR. The effects of the 
synthesized sulfonylhydrazone derivatives (4Dea-salesh, 4Dea-salpsh, 4Dea-salbsh) on acetylcholinesterase and 
butyrylcholinesterase enzymes were investigated. According to the results, all synthesized compounds showed 
inhibitory effect on AChE and BChE enzymes. In particular, 4Dea-salbsh exhibited the best activity with an IC50 
value of 9.549±0.75 μM on AChE. The Molecules were optimized by B3LYP, HF, and M062X methods with 
6–31++g(d,p) basis sets. Then, their activities against biological materials namely acetylcholinesterase (AChE) 
(PDB ID: 4M0E and 1OCE) and butyrylcholinesterase (BChE) (PDB ID: 5NN0 and 6R6V), were compared. Mo
lecular docking studies were performed to evaluate the binding interactions between the compounds and the 
enzymes. Subsequently, ADME/T properties were investigated to test the drug properties.   

1. Introduction 

Throughout our lives, we constantly need enzymes. Even in the 
smallest life activity, metabolic activity takes place. Enzymes take care 
of that, and each of them is very important for living beings. Acetyl
cholinesterase (AChE; EC.:3.1.1.7) is one of these enzymes. Acetylcho
linesterase breaks down and removes chemicals that have accumulated 
in the nerve terminal. In this way, an environment suitable for electron 
transporters is created, ensuring that nerve conduction is not disrupted 
[1]. AChE is involved in catalysing the hydrolysis process of the 
neurotransmitter acetylcholine (ACh) and is of great biological impor
tance [2]. Cholinesterases are divided into 2 groups based on their 
substrate selectivity for acetylcholine and butyrylcholine. Acetylcho
linesterase (AChE, acetylcholine acetylhydrolase, EC 3.1.1.7) is a true 
cholinesterase; butyrylcholinesterase (BChE, acylcholine acylhydrolase, 
EC 3.1.1.8) is known as pseudocholinesterase, serum cholinesterase or 
nonspecific cholinesterase. Another important distinguishing feature 

between AChE and BChE is that AChE is inhibited and BChE is activated 
at high substrate concentrations [3]. While AChE is found in high con
centration in the brain, nerve cells, muscles, and erythrocytes, BChE; is 
found in the serum, pancreas, liver, and central nervous system, and 
these enzymes are also quite common in animals [4]. The main function 
of AChE is to terminate cholinergic neurotransmission, but the actual 
physiological function of BChE is not yet known [5]. Cholinesterases 
also play a role in cell regeneration, differentiation, stress response to 
various factors, and amyloid formation [6]. Alzheimer’s disease results 
from the decrease of neurotransmitters in the brain, and the neuro
transmitter that decreases the most in this disease is ACh. Recently, 
research has focused on the inhibition of cholinesterase, which is 
considered the only valid target for the clinical treatment of Alzheimer’s 
disease (AD) [7]. 

Sulfonamides, which have broad biological effects, are now widely 
used to treat or prevent various diseases, as are the best-selling artificial 
sweeteners such as saccharin [8]. In clinical medicine, they are used as 
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anti-cancer agents [9], antimicrobial agents [10] and antiglaucoma 
agents [11]. In addition, sulfonamide derivatives play an active role as 
cholinesterase inhibitors in the treatment of AD. Girisha et al. (2009) 
synthesized piperidine sulfonamide derivatives and investigated their 
anti-acetylcholinesterase activity in three different materials (mouse, 
human serum and electric eel) and compared their inhibitory effect on 
AChE with the neostigmine standard. It was found that some of the in
hibitors had values close to the standard [12]. Akincioglu et al. (2017) 
synthesized new sulfonamide derivatives from β-benzylphenethyl
amines and investigated the inhibitory activities of these compounds on 
acetylcholinesterase (AChE), butyrylcholinesterase (BChE) enzymes and 
compared them with tacrine (TAC) as the standard inhibitor. It was 
found that the two synthesized compounds showed much better inhib
itory effect on AChE enzyme than tacrine [13]. In another study, it was 
reported that various inhibitors were synthesized for AH, among which 
compounds containing a hydrazone group showed high activity for 
AChE and BChE enzymes. The activity differs depending on the sub
stituents attached to the hydrazone group (MeO, Cl, CH3, OH, NO2) 
[14]. Alptüzün et al. (2010) synthesized pyridinylidene hydrazones 
containing bisphenyl with different chain lengths. Among these com
pounds, the most promising compound has the longest chain for both 
AChE and BChE inhibition [15]. Recently, research in the field of 
cholinesterase inhibition has increased, and it is considered a valid 
target in clinics for the treatment of Alzheimer’s disease (AD). There
fore, there is a need for the synthesis and development of new cholin
esterase inhibitor molecules. In our previous studies, various 
sulfonamides/sulfonylhydrazones and metal complexes were synthe
sized [16–18] and their spectroscopic properties, anti-cancer, antimi
crobial, and anti-carbonic anhydrase activities were investigated [19]. 
In addition, we investigated the inhibitory properties of AChE and BChE 
enzymes of sulfonylhydrazone derivatives, which are effectively used in 
the treatment of AD [20]. 

In this study, new sulfonylhydrazone compounds (4Dea-salesh, 
4Dea-salpsh, 4Dea-salbsh) were synthesized for the first time and 
characterized by spectroscopic methods (1HNMR ,13CNMR , FT-IR) and 
elemental analytical measurements. The inhibitory effect of the syn
thesized compounds on acetylcholinesterase (AChE); and butyr
ylcholinesterase (BChE) enzymes were investigated by comparing IC50 
values. In addition, by comparing the IC50 values and the AChE selec
tivity index (SI, IC50 of BChE/IC50 of AChE) and the BChE selectivity 
index (SI, IC50 of (AChE) / IC50 of (BChE), the selective inhibition of 
AChE or BChE were investigated. 

As a result of the theoretical calculations, many chemical and bio
logical properties of the molecules were studied with numerous calcu
lated parameters. In the performed calculations, the optimized 
structures of the molecules were obtained using the B3LYP, HF, and 
M062X methods with the 6–31++g(d,p) basis sets [21,22]. Molecular 
docking calculations were performed to investigate the activities of 
molecules against biological materials, acetylcholinesterase (AChE) 
(PDB ID: 4M0E and 1OCE) [23] and butyrylcholinesterase (BChE) (PDB 
ID: 5NN0 and 6R6V) [24]. Finally, the theoretical drug properties of the 
molecules were investigated so that they could be used as drugs. 

2. Experimental 

2.1. Materials 

The starting reagents were purchased from commercial sources 
(Sigma-Aldrich Chemical Company (USA)) and were used without 
further purification. The solvents were dried according to standard 
procedures. Ethane/propane/butane sulfonyl chloride, hydrazine hy
drate, and N’-(4-diethylamino) salicylaldehyde were commercial prod
ucts (Purum). All reactions were magnetically stirred and monitored by 
thin layer chromatography (TLC) using Merck silica gel and visualized 
by ultraviolet light. Melting points were determined in open capillary 
tubes on Buchi B-540. Proton nuclear magnetic resonance was 

determined with a 300-MHz Brucker Ultrashield (Gazi Univ. Depart
ment of Chemistry) using DMSO as solvent and TMS as internal stan
dard. FT-IR Spectra were recorded in KBr (ν, in cm-1) using a Mattson 
1000 FT-IR spectrophotometer (Gazi Univ. Department of Chemistry). 
Elemental analyzes were performed according to standard microana
lytical procedures (Gazi Univ. Department of Chemistry). Acetylcho
linesterase from Electrophorus electrius (AChE) and 
butyrylcholinesterase from equine serum (BChE) were assayed using 
enzyme activity assays from Sigma. The inhibition activities of all 
compounds on AChE and BChE were measured spectrophotometric ac
cording to Elman’s methods in the multi-plate reader. 

2.2. Preparation of new sulfonylhydrazone compounds (4Dea-salesh, 
4Dea-salpsh, 4Dea-salbsh) 

The one-pot synthesis method for sulfonylhydrazone is a synthesis 
method that reduces chemical waste during synthesis, reduces synthesis 
cost and time, and increases productivity. Synthesis time is shortened 
and yield loss is minimized because the two-step synthesis process is 
carried out in one vessel and at the same time. For these reasons, the 
one-pot synthesis method is a synthesis method suitable for environ
mental and green chemistry applications. All compounds were synthe
sized according to the following general procedure [20]. 

The synthesis of the targeted compounds was carried out in one pot 
and in two steps (Fig. 1.). 

In the first step, a cold ethanol solution of hydrazine hydrate (1.2 
mmol) was added to an ethanol solution of alkylsulfonyl chlorides 
(ethane, propane, or butane) at 0 ◦C (1.0 mmol). (2.0 mmol) Triethyl
amine was catalyzed by stirring for 1 h at room temperature and 
alkylsulfonic acid hydrazide compounds were synthesized. 

In the second step, new sulfonylhydrazone derivatives were syn
thesized by adding the solution of N’-(4-diethylamino) salicylaldehyde 
compound in ethanol under HCl catalysis (pH~4) (1.44 mmol) to the 
alkylsulfonic acid hydrazide compound in the obtained solution medium 
and mixing it under reflux for 10–12 h at 50–65 ◦C. The reaction was 
monitored by TLC using hexane/ethyl acetate (1:1) as eluent. The syn
thesized compounds were purified by crystallization in a solvent mixture 
of ethanol and distilled water. 

2.2.1. 4-diethylamino salicylaldehydeethanesulfonylhydrazone (4Dea- 
salesh) 

Yield: 67%; Orange; m.p. 176 ◦C; IR (KBr): 3172 (w, υN—H), 2977 (w, 
υC–H), 11,628 (m, υC––N), 1337 (m, υasSO2), 1129(s, υsSO2) cm− 1; 1H 
NMR,300 MHz (DMSO‑d6) δ 1.10 (t, 3H, CH2–CH3), 1.20 (s, 6H, N 
(CH2–CH3)2,3.05(t,4H, N(CH2–CH3)2 3.20(m, 2H, SO2–CH2), 6.10 (dd, 
1H ArH),7.46 (d, 1H, ArH), 8.22(s, 1H, ArH); 9.61 (s, 1H, HC—N), 10.76 
(s,1H, OH, 11.25(s, 1H, NH); 13C NMR,300 MHz (DMSO‑d6): δ 8.54 
(CH2–CH3), 12.51 (N(CH2CH3)2), 43.84 N(CH2–CH3)2, 45.62 
(SO2–CH2), 97.02; 104.03 ve 106.36 (CHar), 132.99 (HC—N), 150,90 
C–N(CH2–CH3)2, 160,56 (C–OH); Anal. Calcd for C13H21N3O3S: C, 
52.15; H, 7.07; N, 14.04; S, 10.71; Found: C, 51.47; H, 6.88; N, 13.36; S, 
9.94. 

2.2.2. 4-diethylamino salicylaldehydepropanesulfonylhydrazone (4Dea- 
salpsh) 

Yield: 74%; yellow; m.p. 112 ◦C; IR (KBr): 3186 (w, υN–H), 2977 (w, 
υC–H), 1625 (m, υC—N), 1312(m, υasSO2), 1134 (s, υsSO2) cm− 1; 1H 
NMR,300 MHz (DMSO‑d6) δ 0.98(t, 3H, CH2–CH3), 1.09 (t, 6H, N 
(CH2–CH3)2, 1.69 (m,2H),3.15 (t,4H, N(CH2-CH3),3.20(m,2H, 
SO2–CH2,6.09(s, 1H, ArH), 6.24(d, 1H, ArH), 7.25 (d, 1H, ArH); 8.10 (s, 
1H, HC—N), 10.20(s,1H, OH, 10.60 (s, 1H, NH); 13C NMR,300 MHz 
(DMSO‑d6): δ 13.02 (CH2–CH3) and CH2–CH2–CH3, 39.18, N 
(CH2–CH3)2, 40.82 (SO2–CH2), 97,53; 104,53, 106,88 (CHar), 133.51 
(HC—N, 15,.40 (C–N(CH2–CH3)2), 161.15 (C–OH)); Anal. Calcd for 
C14H23N3O3S: C, 53.65; H, 7.40; N, 13.41; S, 10.23; Found: C, 52.87; H, 
6.99; N, 13.00; S, 10.04. 
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2.2.3. 4-diethylamino salicylaldehydebutaneesulfonylhydrazone (4Dea- 
salbsh) 

Yield: 78%; Orange; m.p. 81 ◦C; IR (KBr): 3186(w, υN–H), 2970(w, 
υC–H), 11,634 (m, υC—N), 1317 (m, υasSO2), 1130 (s, υsSO2) cm− 1; 1H 
NMR,300 MHz (DMSO‑d6) δ O.97(t, 3H, CH2–CH3), 1.09 (t, 6H, N 
(CH2–CH3)2, 1.40 (m,2H,CH2–CH3 1.65 (m,2H, CH2–CH2–CH3, 3.15 (t, 
4H, N(CH2–CH3)2, 3.20 (m, 2H, SO2–CH2), 6.12 (s, 2H, ArH) 6.25 (d, 
2H, ArH), 7.45 (d, 2H, ArH); 8.13(s, 1H, HC—N), 10.25(s,1H, OH, 10.60 
(s, 1H, NH); 13C NMR,300 MHz (DMSO‑d6): δ 12,14 (CH2–CH3) and 
CH2–CH2–CH2–CH3, 40.18 (N(CH3)2), 43.48 (SO2–CH2), 96.65; 
103.66 ve 106.00 (CHar), 106.00 (HC—N), 150,53 C–N(CH2–CH3)2, 
160,27 (C–OH); Anal. Calcd for C15H25N3O3S: C, 55.02; H, 7.70; N, 
12,83; S, 9,79; Found: C, 53.87; H, 7.09; N, 12.00; S, 9.04. 

2.3. Procedure for choline esterase (AChE-BChE) activity 

The AChE/BChE inhibition activity was measured spectrophoto
metric according to Elman’s methods with slight modifications [25]. 
The total volume of the reaction mixture was 3,00 mL. It contained 2,89 
mL Na2HPO4 buffer with a concentration of 0.1 M and pH 8. 30 µL test 
compound (1 × 10− 5 - 10 mM well− 1) was added, followed by the 
addition of 10 µL (0.005 unit well− 1) enzyme. The contents were 
pre-incubated for 10 min at room temperature. The reaction began with 
the addition of 30 µL of 0.01 M substrate (acetylthiocholine iodide/ 
S-butyrylthiocholine iodide), followed by the addition of 30 µL 5, 
5̍-Dithio-bis (2-nitro-benzoic) acid (DTNB) (0.1 mM well− 1). After 30 
min of incubation at room temperature, absorbance was measured at 
412 nm. All experiments were carried out with their respective controls 
in triplicate. Donepezil (1 × 10− 5 - 10 mM well− 1) was used as a 
reference drug 

2.4. Theoretical methods 

Theoretical calculations provide important information about the 
chemical and biological properties of molecules. Many quantum chem
ical parameters are determined by theoretical calculations. The calcu
lated parameters are used to explain the chemical activities of 
molecules. Numerous programs are used to calculate molecules. These 
programs are Gaussian09 RevD.01 and GaussView 6.0 [26]. Using these 
programs, calculations were performed in B3LYP, HF and M06–2x 
methods with the basis set 6–31++g(d,p) [27]. As a result of these 
calculations, many quantum chemical parameters were found. Each 
parameter describes a different chemical property of the molecules. 
These parameters are HOMO (highest occupied molecular orbital), 
LUMO (lowest unoccupied molecular orbital), ΔE (HOMO-LUMO en
ergy gap), chemical potential (μ), electrophilicity (ω), chemical hardness 
(η), global softness (σ), Many parameters such as nucleophilicity (ε), 
dipole moment, energy value are calculated [28]. 

χ = −

(
∂E
∂N

)

υ(r)
=

1
2
(I+A) ≅ −

1
2
(EHOMO +ELUMO)

η = −

(
∂2E
∂N2

)

υ(r)
=

1
2
(I − A) ≅ −

1
2
(EHOMO − ELUMO)

σ = 1
/

η ω = χ2/2η ε = 1
/

ω 

Molecular docking calculations are performed to compare the bio
logical activities of molecules with biological materials. The Maestro 
Molecular modeling platform program (version 12.8) developed by 
Schroedinger was used for the molecular docking calculations [29]. The 
calculations composed of several steps. Each step is performed differ
ently. In the first step, the protein preparation module was used to 
prepare proteins [30]. In this module, the active sites of proteins were 
determined. In the next step, the studied molecules are prepared. First, 
the molecules are optimized in the Gaussian software program, then the 
LigPrep module is prepared for calculations with optimized structures 
[31]. The Glide ligand docking module was used to study the in
teractions between the molecules and the enzyme protein after prepa
ration [32]. All calculations were performed using the OPLS3e method. 
Finally, ADME/T (absorption, distribution, metabolism, excretion, and 
toxicity) analysis is performed to investigate the drug potential of the 
studied molecules. The Qik‑prop module of the Schrödinger software 
was used to predict the effects and reactions of molecules in human 
metabolism [33]. 

3. Results and discussion 

The synthesis of the sought compounds was carried out in two steps 
and in a one-pot procedure (Fig. 1). The synthesized sulfonylhydrazone 
compounds were 4-diethylaminosalicylaldehyde sulfonylhydrazone 
(4Dea-salesh), 4-diethylaminosalicylaldehydepropanesulfonylhydra
zone (4Dea-salpsh), 4-diethylaminosalicylaldehydebutansulfonylhydra
zone (4Dea-salbsh), respectively. The results of elemental analysis (C, H, 
N, S) agreed well with the valuescalculated for the proposed formula. 
The obtained sharp melting points indicate the purity of the synthesized 
compounds. 

3.1. Characterization of compounds 

3.1.1. IR spectra 
Selected vibrational frequencies of the sulfonylhydrazone are shown 

in Supplementary Table 1 and FT-IR spectra are shown in Supplemen
tary Figs. 1–3. The bands in the 3172, 3186, and 33,186 cm-1 region 
may be due to ʋ (NH) stretching vibrations in 4-Dea-Esh, 4-Dea-Psh, and 
4-Dea-Bsh, respectively. The strong bands at 1628, 1625, and 1634 cm1 
are assigned to the ʋ (C = N) stretching mode of the imine group in the 
compounds. The ligands also exhibit bands at 1237, 1241, and 1236 
cm− 1 assigned to ʋ (C–O) stretching vibrations at 4Dea-salesh, 4Dea- 

Fig. 1. Preparation of sulfonylhydrazone series in two steps and in one pot method.  
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Psh, and 4Dea-salbsh, respectively. ʋas(SO2) and ʋs(SO2) stretching vi
brations are observed between 1312 and 1337 cm− 1 and 1129–1134 
cm− 1 for the compounds, respectively. 

3.1.2. NMR spectra 
The 1HNMR spectra of the 4Dea-salesh, 4Dea-salpsh, and 4Dea-salbsh 

series were recorded in DMSO and are given in Fig. 2. In this study, 
4Dea-Esh, 4Dea-Psh, and 4Dea-Bsh show signals at 8.10–9.61 ppm 
attributable to the imine protons (–N—CH –). The HC—N proton signals 
show no splitting, and the positions of the ring proton signals are typical. 
In general, the multiple signals observed at 6.10–8.22 ppm, 6.09–7.25 
ppm, and 6.12–7.45 ppm are assigned to the 4Dea-salesh, 4Dea-salpsh, 
and 4Dea-salbsh ring protons, respectively. Signals at 11.25 ppm,10.60 
ppm; 10.60 ppm, and 10.76 ppm; 10.20 ppm, and 10.25 ppm are 
assigned to the NH and OH protons, for 4Dea-salesh, 4Dea-salpsh and 

4Dea-salbsh, respectively. The high field shift of NH protons could be 
due to the involvement of this group with a hydrogen bond in DMSO‑d6, 
which is known for its interaction with an amide proton. 

The 13CNMR spectra of the 4Dea-salesh, 4Dea-salpsh, and 4Dea- 
salbsh,series (Supplementary 

Figs. 4–6) were recorded in DMSO. Imine (C = N) carbon atoms are 
observed in the 13C NMR spectra in the range of 132.99, 133.51, and 
132.64 ppm for 4Dea-salesh, 4Dea-salpsh, and 4Dea-salbsh, respec
tively. The 13C–NMR spectral data of the sulfonylhydrazone de
rivatives confirm the results of the 1H NMR spectra. All spectroscopic 
data were presented in the experimental section 

3.2. In vitro choline esterase activities of the synthesized compounds 

AChE and BChE inhibitors are used clinically to prevent Alzheimer’s 

Fig. 2. 1HNMR spectrum of 4Dea-sal series.  
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disease. Since only a limited number of drugs are available, there is a 
need to develop new cholinesterase inhibitors. To this end, the inhibi
tory effects of the newly synthesized sulfonylhydrazone series on two 
esterase enzymes acetylcholinesterase (AChE) and butyrylcholinester
ase (BChE) were investigated. The inhibitory effects of the new sulfo
nylhydrazone derivatives were evaluated using the IC50 value which is 
one of the most appropriate parameters for inhibitors and represents the 
50% inhibitory molarity of the enzyme [34]. Donepezil was also 
investigated as a standard inhibitor, used clinically against acetylcho
linesterase (AChE) and butyrylcholinesterase (BChE). The results are 

presented in Table 1 and Fig. 3 (IC50 values of the sulfonyl hydrazone 
series against AChE and BChE) and in Supplementary Figs. 7 and 8 
(percent inhibition graph for the sulfonylhydrazone series against AChE 
and BChE) and are commented on below. According to the results:  

➢ All sulfonylhydrazone compounds behave as inhibitors against 
AChE/BChE.  

➢ When comparing the effects of the inhibitors on the enzymes, it was 
found that the inhibitory effects on the AChE enzyme were stronger 
than the inhibitory effects on the BChE enzyme. The anti-BChE 

Fig. 2. (continued). 

Table 1 
The result of inhibition effect on choline esterase enzymes of the sulfonyl hydrazone compounds.  

Structure Molecular Structure of 4-Dea Derivatives and Donepezil AChE IC50 (μM) BChE IC50 (μM) Selectivity index 
AChEa BChEb 

4-Dea-salesh 20.75±1.56 330.1 ± 6.12 15.9 0.063 

4-Dea-salpsh 15.71±1.92 209.0 ± 11.53 13.3 0.075 

4-Dea-salbsh 9.549±0.75 153.9 ± 5.79 16.1 0,062 

Donepezil 0.0107±0.025 2.55±0.10 238.3 0.0042  

a Selectivity for AChE = IC50 (BChE) / IC50 (AChE). 
b Selectivity for BChE = IC50 (AChE) / IC50 (BChE). 
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activity of 4dea-Salbsh derivative was lower than AChE inhibition 
with 16.1-fold selectivity, the anti-BChE activity of 4dea-Salpsh de
rivative was lower than AChE inhibition with 13.3-fold selectivity, 
and the anti-BChE activity of 4dea-Salesh derivative was lower than 
AChE inhibition with 15.9-fold selectivity for AChE over BChE. 

➢ When the inhibition activity of the compounds against the acetyl
choline esterase enzyme was examined, the compound 4Dea-salbsh 
(IC50 = 9.549±0.75 μM) showed the best inhibitory activity 
compared with the other compounds ((IC50 = 15.71±1.92 μM for 
4Dea-salpsh and IC50 = 20.75±1.56 μM for 4dea-salesh). This com
pound (4dea-salbsh) also shows similar properties to the best in
hibitor of the butyrylcholineesterase enzyme.  

➢ Considering the inhibition effects of the compounds on the two 
enzymes; 

In the following order, butanesulfonylhydrazones are effective first, 
followed by propanesulfonylhydrazones, and finally ethanesulfonylhy
drazone compounds  

(4Dea-salbsh) 〉 (4Dea-salpsh) 〉 (4Dea-salesh)                                             

All compounds have a diethylamine group (-N(C2H5)2) attached to 
the aromatic ring, Which is thought to play a role in the inhibition ac
tivity of both enzymes with its electron-donating property on the ring 
[20]. Moreover, the best inhibition in the synthesized sulfonylhydrazone 
series shows a butyl‑containing compound (4Dea-salbsh). This shows 
that the inhibitors increase the enzyme inhibition by lengthening the 
aliphatic chain with the increase of alkyl group [20]. 

3.3. Theoretical calculations studies (DFT, ADME properties, and 
Molecular Docking) 

Theoretical calculations provide important information about many 
chemical properties of molecules. Many chemical and biological prop
erties of the synthesized compounds were studied using the parameters 
obtained as a result of the calculations. In the calculations, the optimized 
structures of the compounds were obtained using the B3LYP, HF, and 
M062X methods with basis sets of 6–31++g(d,p). 

3.3.1. DFT properties of synthesized compounds 
Many quantum chemical parameters of molecules are calculated 

using the Gaussian software program. Each quantum chemical param
eter gives important information about a different property of molecules 
in Table 2. Among the many parameters calculated, two of the most 
important are HOMO and LUMO, which show the ability of molecules to 
donate and accept electrons [35]. However, the ΔE energy gap of mol
ecules is another parameter used to explain the activity of molecules. 
This parameter is calculated from the difference between the HOMO and 
LUMO energy values of the molecule, which is the smallest when the 
activity of the molecule is highest. 

Apart from these parameters, some parameters explain many 
chemical properties of molecules. One of them is electronegativity, 
which parameter indicates the strength of atoms in the molecule to 
attract bond electrons. If the electronegativity value of the molecules is 
high, the bond will attract more electrons and this will reduce the ac
tivity of the molecules. Another parameter is chemical hardness, which 
is an important parameter to compare the activities of molecules. Soft
ness is the opposite of chemical hardness (1/ η). Both chemical hardness 
and softness are important properties that measure reactivity and 

Fig. 3. IC50 values of sulfonylhydrazones against AChE (A) and BchE (B). Data represent means ± SE for three independent experiments.  

Table 2 
The calculated quantum chemical parameters of molecules.   

EHOMO ELUMO I A ΔE η μ χ Pİ ω ε dipol Energy 

B3LYP/6–31þþg(d,p) LEVEL 
1 − 5.5572 − 1.6218 5.5572 1.6218 3.9353 1.9677 0.5082 3.5895 − 3.5895 3.2740 0.3054 7.4389 − 35,261.4611 
2 − 5.5471 − 1.6090 5.5471 1.6090 3.9381 1.9690 0.5079 3.5781 − 3.5781 3.2510 0.3076 7.3746 − 36,330.5943 
3 − 5.3759 − 1.3195 5.3759 1.3195 4.0564 2.0282 0.4930 3.3477 − 3.3477 2.7628 0.3620 10.012 − 37,399.8607 
HF/6–31þþg(d,p) LEVEL 
1 − 7.8190 0.9581 7.8190 − 0.9581 8.7771 4.3886 0.2279 3.4304 − 3.4304 1.3407 0.7459 7.2831 − 35,091.4804 
2 − 7.8122 0.9489 7.8122 − 0.9489 8.7610 4.3805 0.2283 3.4317 − 3.4317 1.3442 0.7440 7.1910 − 36,152.9514 
3 − 8.8073 0.9304 8.8073 − 0.9304 9.7377 4.8688 0.2054 3.9385 − 3.9385 1.5929 0.6278 7.0035 − 37,214.5428 
M062X/6–31þþg(d,p) LEVEL 
1 − 6.6511 − 0.6732 6.6511 0.6732 5.9778 2.9889 0.3346 3.6621 − 3.6621 2.2435 0.4457 7.5786 − 35,249.3533 
2 − 6.7172 − 0.6338 6.7172 0.6338 6.0834 3.0417 0.3288 3.6755 − 3.6755 2.2206 0.4503 6.8034 − 36,317.9900 
3 − 6.5743 − 0.4689 6.5743 0.4689 6.1055 3.0527 0.3276 3.5216 − 3.5216 2.0312 0.4923 8.4241 − 37,386.6383  
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stability. The softness value of the molecules is the numerical value of 
the polarization property of the molecules [36]. Soft molecules are more 
reactive because soft molecules are more reactive than hard molecules 
and can easily donate electrons to an acceptor [37]. 

Although many parameters are calculated as a result of the calcula
tions, only a few parameters are visualized. these images are given in 
Fig. 4. in this way, the optimized structures of the molecules include 
HOMO, LUMO, and the representation of the electrostatic potentials of 
the molecules. Electrostatic potentials of molecules give information 
about electron density. Although the red-colored regions are high in 
electron density, the blue-colored regions are electron poor [37]. As a 
result of the Gaussian calculations, it was seen that 4Dea-Salbsh mole
cule among the 3 studied molecules had higher activity than the other 
molecule in all methods. 

3.3.2. Molecular docking calculations of synthesized compounds 
After examining the DFT properties of molecules, it is important to 

compare the activity against biological materials to achieve better and 
more reliable results. In the study, the most important of many factors 
affecting the results obtained against proteins to compare the activities 
of molecules is the chemical interaction that occurs between proteins 
and molecules. These chemical interactions that occur are shown in 
Fig. 5 (interactions 4Dea-Salbsh with AChE and BchE enzyme) and 
Supplementary Figs. 9–12 (interactions of 4Dea-Salesh and 4Dea-Salpsh 
compounds with AChE and BchE enzyme). As a result of molecular 
docking calculations, many parameters are calculated, which are made 
to compare the molecule’s activities and examine the chemical in
teractions that occur. Many parameters are calculated in these calcula
tions and are given in Table 3. In this table, some of the given parameters 
are the parameters used to compare the activities of the molecules, and 
some of them give the numerical value of the interactions between 
molecules and proteins (Glide hbond, Glide evdw, and Glide ecoul), 
while the remaining parameters are related to the exposure that occurs 
as a result of chemical interactions between molecules and proteins. 

parameters (Glide emodel, Glide energy, Glide einternal, and Glide 
posenum) [38]. 

In the molecular docking calculations in the study, when the in
teractions of molecules with various enzyme proteins are examined, in 
Supplementary Fig. 9 when we examine the interaction between the 
molecule 4Dea-salesh and the AChE enzyme, it is seen that Pi-Pi stacking 
interaction occurs between the benzene ring in the center of the mole
cule and the TYR 341 protein. however, the hydroxy group attached to 
the benzene ring in the same center appears to form hydrogen bonds 
with the ASP 74 protein. at the same time, one of the interconnected 
nitrogen atoms appears to form hydrogen bonds with the ASP 74 pro
tein. In Supplementary Fig.10 in the interaction of the molecule 4Dea- 
salpsh with the AChE enzyme, it is seen that the benzene haka in the 
center of the molecule creates a Pi-Pi stacking interaction with the TYR 
341 and TRP 286 proteins. It is seen that one of the two nitrogen atoms 
bonded to each other in the molecule forms a hydrogen bond with the 
TYR 124 protein. In Fig. 5(A), it is seen that the interaction between the 
molecule 4Dea-salbsh and the AChE enzyme creates a Pi-Pi stacking 
interaction with the benzene ring TRP 286 and TYR 341 in the center of 
the molecule. however, one of the nitrogen atoms bonded to each other 
in the molecule makes a hydrogen bond with TYR 124. In Supplemen
tary Fig. 11, in the interaction between the molecule 4Dea-salesh and 
the BChE enzyme, hydrogen bonding occurs between the hydroxy group 
attached to the benzene ring in the center of the molecule and the SER 
287 protein. In Supplementary Fig. 12, it is seen that hydrophobic and 
polar interactions occur in the interaction between the molecule 4Dea- 
salpsh and the BChE enzyme. In Fig. 5(B), in the interaction between 
the molecule 4Dea-salbsh and the BChE enzyme, it is seen that Pi-Pi 
stacking interaction occurs with the benzene ring PHE 329 protein 
located in the center of the molecule. however, it is seen that the 
molecule generally has a hydrophobic and charged (negative) interac
tion. According to Docking results, it has been observed that docking 
score and hydrogen bonds play an important role in the interaction 
between molecules and the active site of the enzyme. The interaction of 

Fig. 4. Representations of optimized structures, HOMO, LUMO, and ESP.  
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Fig. 5. Presentation interactions of 4Dea-Salbsh with AChE enzyme (A) and BChE(B).  

Table 3 
Numerical values of the docking parameters of molecule against enzymes.  

4M0E Docking Score Glide ligand efficiency Glide hbond Glide evdw Glide ecoul Glide emodel Glide energy Glide einternal Glide posenum 

1 − 6.33 − 0.32 − 0.32 − 31.24 − 5.84 − 47.73 − 37.09 6.47 361 
2 − 6.78 − 0.32 − 0.32 − 36.54 − 7.18 − 56.86 − 43.73 5.18 379 
3 − 6.84 − 0.28 − 0.32 − 38.27 − 9.11 − 59.22 − 47.38 7.83 168  

1OCE Docking Score Glide ligand efficiency Glide hbond Glide evdw Glide ecoul Glide emodel Glide energy Glide einternal Glide posenum 

1 − 5.67 − 0.28 0.00 − 34.65 − 4.76 − 49.48 − 39.41 6.29 8 
2 − 5.52 − 0.26 0.00 − 38.90 − 2.90 − 51.98 − 41.80 8.17 377 
3 − 5.69 − 0.21 0.00 − 37.16 − 8.13 − 61.51 − 45.30 13.52 161  

5NN0 Docking Score Glide ligand efficiency Glide hbond Glide evdw Glide ecoul Glide emodel Glide energy Glide einternal Glide posenum 

1 − 4.51 − 0.23 − 0.32 − 30.45 − 4.79 − 43.87 − 35.23 3.68 167 
2 − 4.85 − 0.23 0.00 − 30.48 − 1.54 − 32.31 − 32.02 7.74 374 
3 − 6.34 − 0.29 0.00 − 40.91 − 0.87 − 51.44 − 41.78 11.52 320  

6R6V Docking Score Glide ligand efficiency Glide hbond Glide evdw Glide ecoul Glide emodel Glide energy Glide einternal Glide posenum 

1 − 6.34 − 0.32 − 0.38 − 40.57 − 5.28 − 54.46 − 45.84 9.75 176 
2 − 5.91 − 0.27 − 0.41 − 40.00 − 4.63 − 56.10 − 44.62 3.26 287 
3 − 6.64 − 0.28 − 0.30 − 31.10 − 8.14 − 49.08 − 39.25 5.71 296  
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the molecules with the choline esterase enzyme was compared with 
theoretical calculations. As a result of this comparison, it was seen that 
4-Dea-salbsh molecule had higher activity than other molecules. 

3.3.3. ADME/T analysis of synthesized compounds 
Although the molecular docking calculations made allow us to 

comment on the activities of the molecules, they do not provide suffi
cient data for the molecules to be taken into human metabolism as 
drugs. For this, it is important to examine the molecules by making 
ADME/T analysis. Many parameters calculated as a result of this anal
ysis are useful to collect the necessary information in Table 4. The 
parameter obtained as a result of the calculations examines both its 
chemical properties and biological properties. Some of the investigated 
chemical properties of molecules are molar mass (mol MW), dipole 
moment (dipole), Total solvent accessible surface area (SASA), volume 
(volume), number of hydrogens (donorHB and accptHB), Globularity 
descriptor (glob), Predicted polarizability (QPpolrz) values. In addition, 
some of the examined biological properties of molecules are predicted 
IC50 value for blockage of HERG K+ channels (QPlogHERG), Predicted 
apparent Caco-2 cell permeability (QPPCaco), predicted brain/blood 
partition coefficient (QPlogBB) [39]. 

But among the calculated parameters, two parameters decide 
whether the molecules can be drugs. These are RuleOfFive, which is the 
number of violations of Lipinski’s rule of five, and RuleOfThree, which is 
the number of violations of Jorgensen’s rule of three [40]. The numer
ical value of these parameters is desired to be zero for a good drug 
molecule. 

This is the first report to our knowledge that sulfonyl hydrazone 
derivatives (4Dea-salesh, 4Dea-salpsh, 4Dea-salbsh) have a significant 
inhibition effect over Acetyl and butyryl choline enzymes. The limita
tions of our study are that we did not evaluate the cytotoxicity tests of 
sulfonylhydrazone compounds on cell culture and antimicrobial activity 
in vitro assay. 

4. Conclusions 

In the present study, sulfonyl hydrazone derivatives (4Dea-salesh, 
4Dea-salpsh, and 4Dea-salbsh) were synthesized and characterized by 
using elemental analyses and spectroscopic methods (FT-IR, 1H, and 13C 
NMR). This synthetic method has advantages such as room temperature, 
short time, and good selectivity to the development trend of green 
chemistry. 

According to biological activity results, the three compounds against 
the AChE enzyme and the BChE enzyme showed inhibitory properties, 
especially 4Dea-salbsh exhibited the best activity with IC50 value of 
9.549±0.75 μM on AChE and can be used as a potential inhibitor for the 
treatment of Alzheimer’s disease. The interaction of the molecules with 
the choline esterase enzyme was compared with theoretical calculations. 
As a result of this comparison, it was seen that 4-Dea-salbsh molecule 
had higher activity than other molecules. The remarkable activity of 
compound the 4dea-salbsh may be arising from increasing methyl units, 
which may play an important role in biological activities. Changing the 
alkyl chain increases lipophilicity and easily passes the cell membrane. 
Physicochemical properties, lipophilicity, water-solubility, pharmaco
kinetics, drug-likeness, and medicinal chemistry properties were calcu
lated for the synthesized molecules. Analysis of the ADME parameters 
for compounds showed their optimal oral drug-like traits in most com
pounds and the potential for development as candidates for oral drugs. 
To evaluate the binding interactions between the compounds and en
zymes molecular docking studies were performed. According to Docking 
results, it has been observed that docking score and hydrogen bonds play 
an important role in the interaction between molecules and the active 
site of the enzyme. 

As a result of the theoretical calculations, the activities of the mol
ecules were examined by both gaussian calculations and molecular 
docking calculations. show the results obtained. indicates that the 

molecules will be good drug molecules for further studies. 
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Table 4 
ADME properties of molecules.   

4Dea- 
Salesh 

4Dea- 
Salpsh 

4Dea- 
Salbsh 

Referance 
Range 

mol_MW 299 313 327 130–725 
dipole (D) 8.2 8.0 7.9 1.0–12.5 
SASA 589 612 644 300–1000 
FOSA 331 365 397 0–750 
FISA 153 143 143 7–330 
PISA 103 103 103 0–450 
WPSA 1 1 1 0–175 
volume (A3) 999 1047 1107 500–2000 
donorHB 2 2 2 0–6 
accptHB 6.3 6.3 6.3 2.0–20.0 
glob (Sphere =1) 0.8 0.8 0.8 0.75–0.95 
QPpolrz (A3) 29.0 30.3 32.1 13.0–70.0 
QPlogPC16 9.7 10.1 10.7 4.0–18.0 
QPlogPoct 16.2 16.5 17.0 8.0–35.0 
QPlogPw 10.0 9.7 9.6 4.0–45.0 
QPlogPo/w 1.9 1.6 2.6 − 2.0–6.5 
QPlogS − 3.3 − 3.6 − 3.9 − 6.5–0.5 
CIQPlogS − 3.2 − 3.5 − 3.7 − 6.5–0.5 
QPlogHERG − 4.9 − 5.0 − 5.2 * 
QPPCaco (nm/sec) 351 438 438 ** 
QPlogBB − 1.5 − 1.5 − 1.6 − 3.0–1.2 
QPPMDCK (nm/sec) 162 206 206 ** 
QPlogKp − 3.1 − 2.8 − 2.7 Kp in cm/hr 
IP (ev) 8.0 8.0 8.0 7.9–10.5 
EA (eV) 0.7 0.7 0.7 − 0.9–1.7 
#metab 2 2 2 1–8 
QPlogKhsa − 0.3 − 0.2 − 0.1 − 1.5–1.5 
Human Oral Absorption 3 3 3 – 
Percent Human Oral 

Absorption 
84 84 90 *** 

PSA 88 84 84 7–200 
RuleOfFive 0 0 0 Maximum is 4 
RuleOfThree 0 0 0 Maximum is 3 
Jm 0.1 0.1 0.1 –  

* corcern below − 5. 
** <25 is poor and >500 is great. 
*** <25% is poor and >80% is high. 
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