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Abstract

The discovery of acetylcholinesterase inhibitors is important for the treatment of Alzheimer’s disease (AD), known as the
most common type of dementia. Due to the side effects of commonly used acetylcholinesterase inhibitors, studies for the
detection of new inhibitors are increasing day by day. In this study, we investigated the effects of some sulfonamide deriva-
tives (S1-S4 and S1i-S4i) on AChE enzymes. The best pose of the active compounds to understand the mechanism of pos-
sible inhibition in interaction of enzyme-sulfonamide derivative were performed docking studies after in vitro experimental
results. ADME-related physicochemical and pharmacokinetic properties of the synthesized 4-aminobenzenesulfonamide
derivatives were the compatibility with Lipinski’s rule of five. We found that the synthesized derivatives of sulfonamides
show potential inhibitor properties for AChE with K; constants in the range of 2.54 +0.22-299.60 + 8.73 pM. The deriva-
tives of sulfonamides exhibited different inhibition type. We determined that the derivatives (S1, S1i, S3, and S3i) showed a
competitive inhibition effect, whereas others (S2, S2i, S4, and S4i) showed mixed-type inhibition. As a result, the sulfonamide
derivatives can be used as an alternative acetylcholinesterase inhibitor due to this effect. Inhibitors with fewer side effects,
are thought to be important in the treatment of AD.
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Introduction

Alzheimer’s disease (AD) which is more common with
the increase of the aging population is a neurodegenera-
tive disorder that occurs in the central nervous system (Bag
et al. 2015). The neurodegenerative disorder is thought to
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1976). Plasma and serum biochemical markers known for
Alzheimer’s disease have appeared as a result of pathophysi-
ological processes such as oxidative stress, lipid metabolism,
amyloid plaque formation and vascular diseases (Isik et al.
2017). For example, many neurotransmitters such as cho-
linergic, noncholinergic, serotonergic, dopaminergic, amino
acidergic, and Neuropeptidergic have been shown to change
with this disease. Two basic hypotheses, amyloid cascade
and cholinergic hypothesis, are accepted in the explanation
of the molecular mechanism of AD (Parihar and Hemnani
2004). The AD is both associated with the change of cho-
linergic markers, such as acetylcholinesterase (AChE) and
choline acetyltransferase (ChAT), according to the choliner-
gic hypothesis, is also related to the formation of p-amyloid
peptide (Ap) self-assemblies (oligomers and fibrils) and the
development of neurotoxic effects, according to amyloid
cascade hypothesis (Bag et al. 2015).

Many studies have been carried out to determine the new
inhibitors (Af self-assembly and AChE inhibitors) to reduce
the strong effect of multiple AP neurotoxic products on dis-
ease development and the treatment of AD, which may occur
with the formation of low-level neurotransmitters, such as
acetylcholine (ACh) (Goger et al. 2015). The first generation
of drugs used to treat AD patients is acetylcholinesterase
(AChE) inhibitors because these inhibitors which are used to
provide symptomatic treatment reduce the excessive hydrol-
ysis of the neurotransmitter ACh (Bag et al. 2015). Develop-
ment of cognitive impairment in transgenic mice is reported
to occur with changed expression of acetylcholine. Con-
versely, the performance of cognitive tasks both in man and
animals can enhance with cholinergic stimulation (Liston
et al. 2004; Rusted and Warburton 1992). The critical role in
the cognitive function of ACh is consistent with the studies
conducted and it is possible to treat cognitive and memory
loss associated with AD with cholinomimetic agents. Cho-
linesterase inhibitors, one of the cholinomimetic agents in
the treatment of functional and cognitive symptoms of AD
have played an important role (Liston et al. 2004; Weinstock
1999). The AChE, which is one of the cholinesterase group,
is a membrane-dependent enzyme consisting of multiple
subunits. The enzyme, which is found in muscles, choliner-
gic neurons and brain have terminated nerve conduction by
hydrolyzing acetylcholine (ACh) in cholinergic synapses of
the central nervous system and somatic system (Koksal et al.
2019; Yigit et al. 2018).

The AChE inhibitors such as galantamine, rivastigmine,
tacrine and donepezil, which are widely used in AD treat-
ment have many side effects. Therefore, the identification
of new AChE inhibitors (novel drugs) is important in terms
of contributing to the treatment of AD. Recent research has
expressed that some molecules as newly synthesized sulfon-
amide derivative exhibit very low concentrations of AChE
inhibition (Koksal et al. 2019; Turkan et al. 2018).
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The sulfonamides are important bioactive compounds
that exhibit many biological effects such as diuretic, anti-
tumor, antithyroid, antibacterial, anti-carbon anhydrase,
antidiabetic, hypoglycemic, protease inhibitor activity and
analgesic among others and are well tolerated in biomedical
applications (Bag et al. 2015; Geng et al. 2008; Santos et al.
2006; Scozzafava et al. 2002). It has been reported that sul-
fonamides, which are systematically used for the prevention
and treatment of various diseases, are among the precursors
of chemotherapeutic agents, as well as that the compounds
may be used for symptomatic treatment of AD (Kotaczek
et al. 2014). Moreover, the formation of amyloid-p which
occurred by a f-amyloid precursor protein (APP) is inhibited
by sulfonamides. These molecules with low cost and low
toxicity are important for applications in the synthesis of
new derivatives (Bag et al. 2015; de Oliveira et al. 2016).
In a previous study, we have demonstrated the design and
synthesis of sulphonamide compounds (S1-S4 and S1i—S41)
and investigated inhibitory activities against carbonic anhy-
drase isoforms I, II, IX, and XII (Durgun et al. 2016). In the
context of this information, we investigated the effects of
synthesized sulfonamide derivatives (S1-S4 and S1i—S4i) on
AChE enzymes. The possible mechanism for the interaction
of the enzyme-sulfonamide derivative was performed with
docking studies after in vitro experimental results.

Experimental
Chemicals

All commercially available reagents required for synthe-
sis and enzyme inhibition were obtained from Merck and
Sigma.

Synthesis of sulphonamide derivatives (S1-S4
and S1i-54i)

The synthesis of sulphonamide derivatives, S1-S4 and
S1i-S4i, was outlined in Scheme 1. First, for the synthesis of
sulphonamides containing imine group (S1-S4), sulphanila-
mide, and 4-aminobenzenesulfonamide, was reacted with
substituted aromatic aldehyde (5-bromo-2-hydroxybenza-
ldehyde, 3,5-dibromo-2-hydroxybenzaldehyde, 5-chloro-
2-hydroxybenzaldehyde and 3,5-dichloro-2-hydroxybenza-
ldehyde) in methanol with catalytic amounts of formic acid,
respectively. In the second step, the obtained sulphonamide
compounds were reacted with NaBH, to give the final cor-
responding secondary amine derivative (S1i—S4i) in metha-
nol. These products are air stable and slightly soluble in
most polar organic solvents (e.g., tetrahydrofuran, methanol,
acetone, and acetonitrile). Experimental details, data, and
spectral analysis of synthesized sulphonamide derivatives
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Scheme 1 Synthesis of the sulphonamide derivatives (S1-S4 and S1i-S4i); reagents and conditions: (i) CH,OH, reflux, 34 h., (ii) CH;0H,

NaBH,, H,0, 0-25 °C, 24 h

have been presented in our previous studies and in supple-
mentary materials (Durgun et al. 2016).

In general, the FT-IR spectrum of imine compounds
(S1-S4) were characterized by the presence of a strong band
at about 1620 cm™! due to the stretching of the C=N bond,
while the FT-IR spectrum of amine compounds (S1i—S4i)
was not observed in this strong band (C=N). Besides, in the
"H NMR spectra of S1-S4, a singlet peak at about 8.50 ppm
was observed that attributed to azomethine (CH=N) chemi-
cal shift, while in the "H NMR spectrum of S1i—S4i, this
peak (CH=N) was not observed. The derivatives S1i—S4i
showed a peak at about 4.25 ppm due to the presence of
—CH,— group. In the I3C-NMR spectrum, the signals at
about 163 ppm were assigned to azomethine group (CH=N)
for S1-S4. These signals were not observed for S1i—S4i (see
supplementary materials for details).

AChE activity determination

The inhibitory effects of some sulfonamides compounds
(S1-S4 and S1i-S4i) on AChE enzymes were tested by Ell-
man’s spectrophotometric method (Ellman et al. 1961) as
described in previous studies (Caglayan et al. 2019; Tiirkan
et al. 2019). Briefly, 50 pl of 5,5'-dithio-bis(2-nitro-benzoic)
acid compound (DTNB) and 100 pl of Tris—HCI solution
(1 M, pH 8.0), and 50 pl AChE (5.32 x 1073 U) solution
were incubated and mixed for 15 min at 30 °C. Finally, the
reaction was started by adding 50 pl of acetylthiocholine
iodide (AChI), which was used as substrates conforming
to our previous studies (Caglayan et al. 2019; Erdemir
et al. 2019). The enzymatic hydrolysis of the substrate was
recorded spectrophotometrically at a wavelength of 412 nm
(Kucukoglu et al. 2019).

In vitro inhibition studies

The study investigated the inhibitory effect of some synthe-
sized sulfonamide derivatives (S1-S4 and S1i—-S4i) on the

acetylcholinesterase (AChE) enzyme at various concentra-
tions. The percent inhibition values for each compound, the
inhibition types (Tiirkes et al. 2014, 2015, 2016), and the
K; values with Lineweaver—Burk curves (Lineweaver and
Burk 1934) were determined as described in previous studies
(Demir et al. 2017; Tiirkes et al. 2019¢; Yamali et al. 2018).

ADMET analysis

The physicochemical and pharmacokinetic properties of
these 4-aminobenzenesulfonamide derivatives were pre-
dicted by the QikProp and ADME, and Molecular Proper-
ties Panel of Schrodinger Suite as in previous assay (Tiirkes
et al. 2019a). These properties involved frontier molecu-
lar orbital energies (HOMO and LUMO), dipole moment
(Dipole), octanol/water partition coefficient (QPlogPo/w),
aqueous solubility (QPlogS), ICs, value for blockage of
HERG K* channels (QPlogHERG), Caco-2 cell permeabil-
ity (QPPCaco), brain/blood partition coefficient (QPlogBB),
MDCK cell permeability (QPPMDCK), number of likely
metabolic reactions (#metab), binding to human serum
albumin (QPlogKhsa), percent human oral absorption, and
Lipinski’s rule of five (Lipinski et al. 1997).

Molecular docking analysis

The docking studies were performed using the Protein
Preparation Wizard (Sastry et al. 2013), LigPrep (Tiirkes
2019b), Receptor Grid Generation (Halgren et al. 2004),
Ligand Docking (Friesner et al. 2004), and panels imple-
mented in Schrodinger Suite (Schrodinger Release 2019-1:
Glide, Schrodinger, LLC, New York, NY, 2019). The crys-
tal structure of acetylcholinesterase complexed with the
co-crystallized dihydrotanshinone-I (PDB ID: 4MOE) with
the resolution of 2 A obtained from the protein data bank
(https://www.rcsb.org/pdb) as in our previous assays (Tiirkes
2019a; Tiirkes and Beydemir 2019). The ligands were pre-
pared using LigPrep at pH 7.0. The energy minimization was
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done using OPLS3e force field (Harder et al. 2015; Tiirkes
2019c¢). The Glide standard precision mode (Glide SP) was
used for ligand docking according to our previous studies
(Beydemir et al. 2019; Tiirkes et al. 2019b). Based on the
calculated Glide Gscore, the best pose was rank based.

Statistical analysis

The determination of K; constants was conducted using
Systat SigmaPlot12 software. The results were presented
as mean + standard deviation (95% confidence intervals).
Differences between datasets were considered statistically

Results

These compounds were re-prepared according to the gen-
eral procedure described in our previous study. Sulphona-
mides containing imine group, S1-S4, were obtained by
condensation of the sulphanilamide (4-aminobenzenesul-
fonamide) with the corresponding aromatic aldehydes in
methanol, with catalytic amounts of formic acid (Fig. 1).
The secondary amine sulphonamides, S1i—S4i, were sub-
sequently prepared by reduction of the imine derivatives
S1-S4 with NaBH, in methanol (Durgun et al. 2016).
Some data of these compounds are summarized below.

significant when the p value was less than 0.05.

Fig. 1 The molecular structure
of sulfonamide compounds (S1-
S4 and S1i—S4i) with inhibitory
effect on AChE
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S1: yield: 85%; color: orange; mp: 217-219 °C;
C,3H,;BrN,05S (355.21 g/mol). S2: yield: 85%; color:
bright red; mp: 246-248 °C; C;H,,Br,N,0,S (434.10 g/
mol). S3: yield: 85%; color: bright orange; mp: 199-201 °C;
C3H,,CIN,0;S (310.76 g/mol). S4: yield: 85%; color:
bright red; mp: 242-244 °C; C;3H,,Cl,N,05S (345.20 g/
mol). Sli: yield: 60%; color: white; mp: 213-215 °C;
C3H3B1N,0;S (357.22 g/mol). S2i: yield: 55%; color:
white; mp: 163 °C; C3H,,Br,N,05S (436.12 g/mol). S3i:
yield: 60%; color: white; mp: 195-197 °C; C;3H,;CIN,0;S
(312.77 g/mol). S4i: yield: 85%; color: white; mp:
174-176 °C; C,3H,,C1,N,0,S (347.22 g/mol).

The effect of the sulfonamide derivatives (S1-S4 and
S1i-S4i) on AChE was determined by K; values. The com-
pounds showed competitive inhibition type, and K; con-
stants were calculated as 299.60 +8.04, 116.25+2.12,

Table 1 K; constants of compounds and inhibition types for AChE

Inhibitor K; (\M) R? Inhibition type
S1 299.60 + 8.04 0.9988 Competitive
Sli 116.25+2.12 0.9994 Competitive
S2 2.54+0.22 0.9988 Mixed

S2i 5.12+0.10 0.9994 Mixed

S3 203.76 +4.97 0.9989 Competitive
S3i 298.94+7.49 0.9989 Competitive
S4 5.19+0.44 0.9988 Mixed

S4i 4.50+0.31 0.9990 Mixed

The analysis results were exhibited as mean + standard deviation

203.76 +4.97, and 298.94 +7.49 uM, respectively. On
the other hand, S2, S2i, S4, and S4i have shown a mixed-
type inhibition and K; values were found to be 2.54 +0.22,
5.124+0.10, 5.19+0.44, and 4.50 +£0.31 uM, respectively
(Table 1).

In silico prediction of the physicochemical and pharma-
cokinetic properties of each compound is an essential step
in drug development. ADME properties of the synthesized
4-aminobenzenesulfonamide derivatives were calculated by
the help of QikProp. In addition, the suitability of the com-
pounds was evaluated based on Lipinski’s rule of five. The
results are presented in Table 2. The brain/blood partition
coefficients (QPlogBB) of all the synthesized derivates were
found less than — 1.28. The percent human oral absorption of
compounds were determined in the range of 72.76-78.83%.
The values of a binding to human serum albumin (QPlog-
Khsa) of drug molecules were observed as less than 1.5 (i.e.,
in the range from —0.40 to —0.25).

Based on the results obtained from in vitro enzymatic
assays, molecular modeling studies were performed to
understand the binding mode of all the synthesized deriva-
tives into the active site of the 4MOE receptor (Fig. 2).
The docked molecules were ranked according to the Glide
Gscore (Table 3). S2 is the most active compound in the
synthesized library. S2 formed four hydrogen bonds with
His287, Leu289, Ser293, and Phe295. The amino group of
the benzenesulfonamide formed two hydrogen bonds with
His287 and Leu289. Third hydrogen bond was composed
between the hydroxyl group of the phenol and Ser293, and
fourth hydrogen bond was observed between the bromine

Table 2 Analysis of physicochemical and pharmacokinetic properties of 4-aminobenzenesulfonamide derivatives

Compound  HOMO LUMO Dipole®  QPlogPo/w?  QPlogS® QPlogHERGf QPPCaco®  QPPMDCK"  #Metab'
energy® (eV) energyb eV)
S1 -9.32 -1.32 8.96 1.48 —-3.54 —5.65 141.43 161.67 1
Sli -9.24 —0.55 11.66 1.33 —3.49 -5.56 144.93 166.13 4
S2 -9.60 -1.39 5.48 2.04 —-4.25 -5.60 170.09 493.59 1
S2i -9.28 -0.67 10.26 1.92 -4.20 —5.51 171.05 498.72 4
S3 —-4.27 1.91 6.08 1.41 —343 -5.62 146.90 156.73 1
S3i -9.25 -0.53 11.70 1.22 —3.31 -5.53 144.91 154.49 4
S4 -9.49 —-1.28 7.53 1.90 —-4.08 —5.55 163.29 409.17 1
S4i -9.15 —0.66 9.80 1.63 -4.12 —5.46 167.41 422.13 4

*Highest occupied molecular orbital

®Lowest unoccupied molecular orbital

“Computed dipole moment of the molecule (recommended value: 1.0-12.5)

dPredicted octanol/water partition coefficient (recommended value: —2.0 to 6.5)

“Predicted aqueous solubility (recommended value: —6.5 to 1.5)

fPredicted ICs, value for blockage of HERG K* channels (concern below —5)
£Predicted apparent Caco-2 cell permeability in nm/s (<25 is poor and > 500 is great)

"Predicted apparent MDCK cell permeability in nm/s (<25 is poor and > 500 is great)

iNumber of likely metabolic reactions (recommended value: 1-8)
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Fig.2 Alignment of the binding conformations of 4-aminobenzene-
sulfonamide derivatives

of the benzene and Phe295. In addition, the S2 composed
a hydrophobic cloud with Tyr72, Trp286, Val288, Leu289,
Val294, Phe295, Phe297, Phe338, and Tyr341. Moreo-
ver, the phenol ring was found to have pi—pi stacking with
Trp286 (Fig. 3a). In compound S4i (second most potent
derivative), functional groups (—OH and Cl) of the phenol
ring showed four hydrogen bonds formation with amino
acids Ser293, Phe295, and Arg296. Moreover, two hydrogen
bonds were observed between the amino group of the benze-
nesulfonamide and His287 and Leu289 residues. Addition-
ally, it showed hydrophobic interactions with Tyr72, Tyr124,
Trp286, Val288, Leu289, Val294, Phe295, Phe297, Phe338,
and Tyr341. pi—pi interaction appeared between the phenol
ring and Trp286 residue (Fig. 3b). Compound S4 (third most
potent derivative) showed five hydrogen bond interactions.

Three hydrogen bonds were formed between the phenol ring
and amino acids Asp74, Ser293, and Phe295. Two hydro-
gen bonds were observed between the amino groups of the
benzenesulfonamide and amino acids His287 and Leu289
and pi—pi stacking were composed between the phenol ring
and Trp286 amino acid. Furthermore, S4 formed hydropho-
bic contact with Tyr72, Tyr124, Trp286, Val288, Leu289,
Val294, Phe295, Phe297, Phe338 and Tyr341 (Fig. 3c).

Discussion

Many researches showed that some neurotransmitter systems
in the brain of Alzheimer’s patients (AD) are selectively
modified. The most striking abnormalities resulting from the
change are the cholinergic system, which is the basis for the
cholinergic hypothesis of AD. The etiology and exact patho-
genesis of AD is still unknown. The cholinergic hypothesis
constituted the rationale for a symptomatic treatment aimed
at strengthening the central cholinergic function of AD,
hoping to improve cognitive function (Benzi and Moretti
1998). The AD which is related to the cholinergic hypoth-
esis is associated with the change of cholinesterases such as
acetylcholinesterase (AChE) and choline acetyltransferase
(ChAT). In the brain of AD patients, acetylcholinesterase
and butyrylcholinesterase have been reported to be in around
tangles and plaques. Biochemical properties of cholinester-
ase in AD brain are sensitive to inhibitors, the optimum pH
has changed, and appears to be different from those in the
normal brain (Geula and Mesulam 1989; Schiitz et al. 1990;
Weinstock 1999). The findings suggest that agents which
inhibit cholinesterase may have advantages over selec-
tive AChE inhibitors (Weinstock 1999). The agents which
have the common mechanism of AChE inhibition shows a

Table 3 Binding free energy calculation results for 4-aminobenzenesulfonamide derivatives bound with 4MOE

Inhibitor Glide Gscore® AG AG Glide Glide H-bonds pi—pi stacking
vdW (kcal/mol) Coulomb (kcal/mol) energy emodel
(kcal/mol)  (kcal/mol)

S2 —8.24 —34.50 —11.451 —46.02 —62.38 His287, Leu289, Ser293, Trp286
Phe295

S4i —7.84 —34.38 —10.96 —45.34 —63.06 His287, Leu289, Ser293, Trp286
Phe295, Arg296

S4 —17.83 —35.51 -9.92 —4543 -59.07 Asp74, His287, Leu289, Trp286
Ser293, Phe295

S2i —-7.25 —36.94 —10.15 —47.09 —-63.36 Asp74, His287, Leu289, Trp286
Ser293, Phe295

S3 —-7.17 —-37.18 -3.20 —40.38 —56.05 Phe295 Tyr337

S1 -6.57 —36.21 —4.94 —41.15 —55.51 Tyr124, Ser293

S3i —-6.54 —37.88 —3.66 —41.54 —53.32 Phe295 Tyr337

S1i -5.78 —-30.26 —-8.62 —38.88 —-50.92 Asp74, Ser293, Phe295 Trp286, Tyr341

2Glide Gscore: standard precision Glide
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Fig.3 3D and 2D ligand interaction diagrams of docking pose of S2 (a), S4i (b), and S4 (c) at the binding pocket of AChE (PDB: 4MOE)

positive correlation with cognitive changes in both patients
with AD and laboratory animals (Imbimbo 2001; Liston
et al. 2004).

The main role of AChE is to end nerve impulse conduc-
tion in cholinergic synapses by reducing ACh concentration

in presynaptic region with rapid hydrolysis of acetylcholine
(ACh). Therefore, AChE inhibitors that inhibit or slow down
the hydrolysis of ACh are great importance for the treatment
of many diseases such as AD, myasthenia gravis, Parkinson,
senile dementia and ataxia (Choudhary 2001; Mukherjee
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et al. 2007). For the treatment of cognitive dysfunction and
AD-associated memory loss, there are a number of synthetic
drugs currently available, which are the AChE inhibitors
such as rivastigmine, tacrine, and donepezil (Mukherjee
et al. 2007; Oh et al. 2004). According to the literature
results, the commonly used the AChE synthetic inhibitors
have been shown to have side effects such as gastrointesti-
nal disturbance and hepatotoxicity, while the sulfonamides
used have no side effects (Koksal et al. 2019). Sulfonamides,
which are important bioactive compounds with many bio-
logical effects such as diuretic, antitumor, antithyroid,
antibacterial, anti-carbon anhydrase, antidiabetic, hypogly-
cemic, and protease inhibitor activity, have been found to
be beneficial in AD. The sulfonamide derivatives used for
symptomatic treatment of AD has inhibited the formation of
amyloid-p which occurred by a p-amyloid precursor protein
(APP) (Bag et al. 2015).

In the context of this information, we investigated the
effects of synthesized sulfonamide derivatives (S1-S4 and
S1i-S4i) on AChE enzymes. The molecular docking studies
were performed to determine the probable binding mecha-
nism. In this study, the K; parameters of the sulfonamide
derivatives (S1-S4 and S1i—S4i) were determined with
Lineweaver—Burk graphs (1/V—1/[S]).

In our results, 4-((3,5-dibromo-2-hydroxybenzylidene)
amino)benzenesulfonamide (S2) has a high inhibitory effect
than other derivatives. Inhibition type was found for sulfona-
mides derivatives (S1-S4 and S1i—S4i). The S1, S1i, S3,
and S3i derivatives have shown competitive inhibition type,
and K; values were found to be 299.60+8.04, 116.25+2.12,
203.76 +4.97, and 298.94 +7.49 pM, respectively. Accord-
ing to the results, the sulfonamide derivatives (S1, S1i, S3,
and S3i) may be attached to the functional ends of the amino
acids in the active site of the AChE enzyme. The S2, S2i, S4,
and S4i have shown a mixed-type inhibition and K; values
were found to be 2.54+0.22, 5.12+0.10, 5.19+0.44, and
4.50+0.31 uM, respectively (Table 1). According to this
result, the derivatives (S2, S2i, S4, and S4i) can bind to
the enzyme substrate complex or free enzyme and lead to
inhibition. In this study, the molecular docking studies were
performed to determine the probable binding mechanism
of S1-S4 and S1i—S4i derivatives into the active site of the
AChE.

Drug-likeness is a shred of evidence which defines an
integrated equilibrium between many molecular properties
and structural features, such as Lipinski’s rule of five, ICs,
value for blockage of HERG K* channels, Caco-2 cell per-
meability, MDCK cell permeability, and number of likely
metabolic reactions, which describe whether a specific agent
is comparable to already recognized medicates. In addition,
HOMO (electron donor) and LUMO (electron acceptor)
orbitals are responsible for charge transfer during a chemi-
cal reaction (Eroglu and Tiirkmen 2007). The ligands with
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the highest HOMO energy have the probability to strongly
inhibiting the receptor. In addition, the compounds with
smaller HOMO-LUMO energy gaps tend to be more active
(Sakkiah and Lee 2012). Based on their high HOMO values
and small energy gaps, S2 and S4 (—8.21 eV for S2 and S4)
were assumed to be of interest. The MW of all the 4-amin-
obenzenesulfonamide derivatives was determined to be less
than 500 and hence predicting their easy absorption, dis-
tribution, metabolism, and excretion (recommended value:
130-725). All these physicochemical and pharmacokinetic
properties, as displayed in Table 2, are the compatibility
with Lipinski’s rule of five and thus making all these com-
pounds as good orally potent AChE inhibitors. In addition,
computed toxicity analysis results of compounds indicated
that derivatives were relatively safe and it was displayed
that there was a similarity between these agents and some
known central nervous system drugs, such as galantamine,
rivastigmine, tacrine, and donepezil (Wager et al. 2010). The
results suggested that the derivatives had no risk as a poten-
tial drug temporarily.

The analysis of interactions between all derivatives and
the binding site of 4MOE is shown in Table 3. All the deriva-
tives in the series were active. Three compounds S2, S4i,
and S4 showed the highest Glide Gscores (—8.24, —7.84,
and —7.83, respectively) among all the derivatives. Dock-
ing study of compounds S2, S4i, and S4 into the active site
of target indicated that several molecular interactions were
supposed to be accountable for the remarkable affinity of
these compounds.

Recently, new inhibition studies from newly synthesized
derivatives have been performed in large numbers. In a
study on Benzoxazole, substitution derivatives worked on
the replacement of the indanone ring of donepezil with a
benzisoxazole ring system. Some compounds synthesized
from N-benzylpiperidine benzisoxazole derivatives showed
a high effect of AChE inhibitory with the ICs, value of
0.8-14 nM. Moreover, the obtained compound, 1,2,4-thi-
adiazolidinone-substituted derivatives showed more selec-
tivity to the AChE (ICs,: 0.14 uM) when the donepezil
indanone system is replaced with the 1,2,4-thiadiazolidone
ring (Martinez et al. 2000). Andreani et al. has been shown
that alternative benzylpiperidinone substitution derivatives
have AChE inhibitory potential (ICs,: 8 uM) when the done-
pezil indanone system is replaced with substitution indole or
pyrol ring (Andreani et al. 2001). Benzophenone derivatives
which contain the N,N-benzyl methylamine as tertiary amino
function and benzophenone nucleus as an aromatic func-
tion also have high AChE inhibitory potential (Belluti et al.
2009; Singh et al. 2013). In another study on the inhibitory
effect of sulfonamide derivatives on AChE and butyrylcho-
linesterase (BuChE), a series of new biphenyl bis-sulfona-
mide derivatives showed in vitro inhibition effect. The ICs
values of new biphenyl bis-sulfonamide derivatives were
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Fig.4 Structure—activity rela-
tionship of sulfonamide-based
agents

ranged from 2.27 +0.01 to 123.11 £0.04 uM for AChE and
7.74 +0.07 to <400 pM for BuChE (Mutahir et al. 2016).

Furthermore, according to recent studies, it can be con-
cluded that acetylcholinesterase inhibitors have a reducing
effect on the formation of amyloid beta proteins and regula-
tors cholinergic system. For example, a group of researchers
showed that a new series of 2-(diethylaminoalkyl)-isoindo-
line-1,3-dione derivatives, which are designed using molec-
ular modeling for the purpose of synthesizing cholinesterase
inhibitors have AChE inhibitory activity with ICs, values
ranging from 0.9 to 19.5 uM and weak Af anti-aggregation
inhibitory activity (Ignasik et al. 2012).

Studies to identify novel and specific AChE inhibitors that
both have a reducing effect on amyloid beta proteins and the
formation of the regulatory cholinergic system are widely
underway. We believe that this study may be important in
determining the new inhibitory derivatives of sulfonamides
and in using them as a new agent in the treatment of AD.
When the results of the study are evaluated, in vitro effect
studies have shown that bromine and chlorine derivatives
inhibit the AChE activity. The locations where the different
groups were bound to the chemical compound were impor-
tant to understand the structure—activity relationship (SAR).
When the structure of the compounds is examined, all com-
pounds appear to contain the sulfonamide group in the para-
position (Fig. 4). Thus, inhibition of AChE may be related
to groups bound to the B ring. Nitrogen in the compounds is
in imine form. Compounds S2 and S4 include imine groups
and types of inhibition of non-competitive compounds. The
amine group may have a inhibitory effect on AChE. The
imine groups may have better binding interactions within
the enzyme structure. The higher inhibitory effect of S2 and
S4 than S1 and S3 may be due to the bonding of the bound
electronegative atoms as mono and di. Two bromo groups
in the para-ortho position of ring B facilitate the binding of
the compounds to the active site of the enzyme.

Conclusions

The new derivatives of sulfonamides, which are system-
atically used for the prevention and treatment of various
diseases, may be used for symptomatic treatment of AD
as AChE inhibitor. The change in AChE activity plays an

important role in determining the degree of neurotoxicity
(Isik et al. 2015; von Bernhardi et al. 2005). Increased AChE
activity is known to play a role in the formation of f-amyloid
(Ap) accumulated in extracellular toxic plaques in the brain
of Alzheimer’s patients. If this enzyme is inhibited, the for-
mation of AP aggregation can be reduced (Bartolini et al.
2003; Garcia-Ayllon et al. 2011; Isik 2019). It is thought
that the newly synthesized derivatives of sulfonamides
may inhibit the formation of amyloid-f which occurred by
a p-amyloid precursor protein (APP). Moreover, the novel
inhibiting compounds may have the potential to be an alter-
native drug in AD patients because it may have a cholinergic
system regulatory effect.
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