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ABSTRACT. The enaminone derivatives of sulfonamides (1-11) were obtained in good yield and high purity.
Choline esterase (ChE) inhibitory activities of the novel compounds against AChE and BChE were determined by
Ellman’s method. Ki values of compounds for AChE and BChE enzymes were obtained in the ranges of
14.28-160.17 uM, and 8.30-324.27 uM, respectively. Compound, 9 presented good activity towards AChE and
BChE with Ki values of 14.28 uM and 8.30 pM, respectively. Compounds 2 and 10 were found to be the most
potent compounds showing cytotoxic effect (ICso = 71.54 ng/mL and ICso = 83.59 pug/mL), respectively, on lung
cancer cell line (A549) and normal cells (Beas-2B) (ICsp = 164.62 pg/mL and ICso = 155.64 pg/mL), respectively.
The compounds have interacted with various proteins like AChE enzyme protein (PDB ID: 4MOE) and BChE
enzyme protein (PDB ID: SNNO). Finally, ADME/T analysis was performed to predict the movements of molecules
in human metabolism.
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INTRODUCTION

Enaminones are enamines of -dicarbonyl compounds. They have been used as building blocks
for novel drug candidates. The enaminone-containing analogs have shown activity including
antibacterial [1], anti-inflammatory [2], antitubercular [3], anticonvulsants [4], antitumor [5],
antifungal [6], and antidepressant agents [7].

Sulfonamide drugs were the first antibiotics to be used systemically and paved the new
antibiotic revolution in medicine. Nevertheless, antibiotics are not the only function of
sulfonamides. The sulfonamide derivatives have been used in various biological applications [8-
11]. Sulfonamides are found to form hydrogen bonds as well as interact with unipolar
environments within proteins. Therefore, it is strongly foresight that new entities can be developed
easily to improve the available machinery helpful in the fight against new and emerging diseases.

There are two different kinds of ChEs at the neuronal level: acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE). In a healthy brain, AChE activity predominates (80%), with BChE
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acting as a supporter. AChE levels in the brain, however, drop to about 60% of normal levels as
the disease progresses, whereas BChE levels rise to 120% of normal levels, indicating that the
latter may play a significant role in the more severe forms of the disease and offer a potential
therapeutic target for some disease [12, 13].

Recent studies show that theoretical calculations become very important in many stages, from
synthesis and characterization to activity comparison. There are many programs used for these
stages. Gaussian software and Maestro Schrddinger are the most well-known among these
programs [14, 15]. The chemical properties of the molecules were examined with the Gaussian
software program, which used this program to calculate at the B3LYP, HF, and M06-2X levels
with the 6-31++g(d,p) basis sets [ 16, 17]. On the other hand, their activities were compared against
various proteins such as AChE enzyme protein (PDB ID: 4MOE), and BChE enzyme protein (PDB
ID: 5NNO), using the Maestro Schrédinger program [18]. Finally, ADME/T calculations were
made to predict the molecule’s action, response, and movement in human metabolism.

In continuation of our research on enaminones, herein we have synthesized a series of
compounds containing the combined pharmacophore, both the enaminone and sulfonamide
moiety (1-11) [19]. Afterward, the activities of the molecules against AChE and BChE enzymes
were examined. Quantum chemical parameters were calculated with the Gaussian package
program to compare the theoretical activity of molecules. Activity calculations were made against
AChE enzyme protein (PDB ID: 4MOE) and BChE enzyme protein (PDB ID: SNNO) with
molecular docking calculations. Finally, ADMET analysis was carried out to predict the
movement of molecules.

RESULTS AND DISCUSSION

Treatment of differently substituted acetophenones (1a-f) under solvent-free conditions afforded
orange to red color crystalline products as enaminones (2a-f). The reaction of enaminone (2a-f)
with different sulfonamides was performed in the presence of glacial acetic acid to obtain
enaminone derivatives of sulfonamides [20]. Compounds (1-6), (7-8), 9, and (10-11) were
obtained by reacting enaminones with sulfadiazine, sulfametrol, sulfamoxole, and sulfanilamide,
respectively in Scheme 1.

The structures of the enaminones were identified spectroscopically. The enaminones
presented two singlets due to N,N dimethyl protons and two doublets due to ethylenic protons.
The multiplet was also obtained at the aromatic region in addition to methoxy protons. The
methoxy protons appeared as singlets in the range of 6 3.70-3.89 ppm in 'H NMR. The aromatic
protons appeared as multiplet and were present in the range of 6 6.01-8.97 ppm. The NH protons
appeared as broad singlets with different values ranging from J 8.14-11.98 ppm. The SO,NH
proton also appeared as a singlet ranging from & 7.04-12.06 ppm. '*C NMR of all compounds
agreed with their structures. All the structures of the synthesized compounds were confirmed by
"H NMR and '*C NMR.

Enzyme study

The K; values of the test compounds demonstrated that the most active compound against AChE
and BChE was compound 9 (AChE, K; = 14.28 + 2.64 uM; BChE, K; = 8.30 + 1.17 uM) (Table
1). Also, for AChE, ICs values of compounds were studied in the following order: 9 (16.13 uM,
%:0.932) < 8 (34.25 uM, r%: 0.919) < 5 (43.84 uM, r*: 0.952) < 1 (48.57 uM, 1%: 0.943) <4 (50.16
uM, r2: 0.925) < TAC (151.20 uM, r: 0.904).

The third most potent compound among the synthesized derivatives against AChE was
derivative 5 with Ki: 39.28 pM. In this work, the second and third most potent compounds among
the synthesized derivatives against BChE were 9 and 7 with Ki: 8.30 £ 1.17 and 10.56 + 1.05 uM.
Additionally, the weak inhibitors for both enzymes were 10 and 11 compounds with Ki values of
160.17 + 11.21 and 105.04 + 8.05 uM against AChE, and 214.27 + 18.81 and 324.14 + 24.56 pM
against BChE, respectively in Figure 1.
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Scheme 1. Reaction scheme of synthesis of enaminone-derived sulfonamides (1-11).
(1) sulfadiazine; (ii) sulfametrol; (iii) sulfamoxole; (iv) sulfanilamide.
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Table 1. The enzyme inhibition results of compounds (1-11) against AChE and BChE. *Tacrine values taken
from these references.

1Cso (uM) Ki(uM)
Compounds AChE 2 BChE 2 AChE BChE
1 48.57 0.943 44.68 0.917 4726+5.74 38.056.27
2 53.42 0.987 42.60 0915 50.48+6.11 39.84+7.88
3 98.33 0.985 91.52 0.980 95.06+8.76 87.15+11.18
4 50.16 0.925 48.38 0.998 46.24+4.54 39.30+5.44
5 43.84 0.952 39.02 0.941 3928+5.41 343144.67
6 9821 0.936 3581 0918 97.46+9.71 31.24+3.78
7 64.08 0.989 11.67 0.954 58.17+6.70 10.56+1.05
8 34.25 0.919 27.58 0.971 31.60+3 34 23.27+2.84
9 16.13 0.932 10.07 0.945 14.28+2.64 8.30+1.17
10 17685 | 0986 | 229.18 0.936 160.17x11.21 | 21427+18.81
11 113.03 | 0974 | 34023 0918 105.04+8.05 324.14+24.56
Tacrine’ 15120 | 0904 | 192.72 0.974 +10.83 188,70+ 24.18
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Figure 1. Lineweaver-Burk graphs of best inhibitors.

Proliferation inhibition of lung cancer cells

The ICsq values were calculated by treating all molecules at doses of 0-200 pg/mL for 24 hours in
lung cancer (A549) and lung normal (Beas-2B) cell lines (Table 2).
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Table 2. Cytotoxic effects of (1-11) on A549 and Beas-2B cell lines (ICso).

Compounds 1C5o (uM/mL)
A549 BEAS-2B
1 0.35 0.40
2 0.17 0.40
3 1.31 0.45
4 0.79 0.25
5 1.08 0.38
6 0.29 0.38
7 0.38 0.50
8 0.42 0.29
9 0.49 0.33
10 0.23 0.42
11 0.36 0.48

The 2 and 10 were found to be highly active compounds showing cytotoxic effect (ICso: 0.17 pM/mL;
ICso: 0.23 uM/mL) on lung cancer (A549). The ICso value was calculated using the GraphPad Prism 9

program (Figure 2).
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Figure 2. Evaluation of cytotoxic effects of 10 and 2 on A549 and Beas-2B cell line by MTT
assay. All data are expressed as the mean + SD from three independent experiments.

The ICsy value was calculated using the GraphPad Prism 9 program.

Effect on the morphology of lung cancer cells

Light microscopy evaluation was performed to observe the cell's morphological changes. In A549
cells treated with 10 and 2, both cellular and nuclear morphologic changes were detected. In lung
cancer cells, it was observed that the morphology of the cells has deteriorated and cell numbers
were decreased, in proportion to the ICso dose compared to the negative group (Figure 3).

Figure 3. Morphological observation of A549 with the administration of 10 and 2.
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Theoretical calculation

With theoretical calculations, it is possible to have a lot of information about the molecule.
Among these theoretical calculations, one of the most widely used is the Gaussian software
program, which gives important information about chemical properties of molecules. To compare
the activities of molecules, numerical values of two parameters of molecules are used, which are
HOMO and LUMO. The HOMO parameter of molecules shows the ability of molecules to donate
electrons. It is known that the activity of the molecule with the most positive numerical value of
this parameter is the highest [21].

On the other hand, the LUMO parameter of the molecules shows the electron-accepting
capacity of the molecule, which shows that the activity of the molecule with the most negative
numerical value of this parameter is higher than the other molecules [22, 23]. The numerical
value of these two parameters allows the interpretation of the activity of molecules. Apart from
these two parameters, it is predicted that the activity of the molecule with the smallest numerical
value of the AE parameter of the molecules is higher than the other molecules.

Apart from these parameters, another calculated parameter is electronegativity. The
electronegativity parameter shows the strength of the atoms in the molecule to attract the bond
electrons. As the numerical value of this parameter increases, its electronegative value will
increase, which will decrease the activity of the molecule [24]. Several parameters are calculated,
and each parameter gives information about the different properties of the molecules. Among
these, four parameters are more important than the others. The visuals of these parameters are
shown in Figure 4.

3 HOMO LUNO + J‘J ESF

Bull. Chem. Soc. Ethiop. 2024, 38(5)



Synthesis, molecular modelling and choline esterase enzyme inhibitory activity 1357

.,'?‘ﬁ

J.J la
S
J
.
.n # a}‘
4 HOMO LUMO

HOMO

F3 HOMO LUMO . FSP

LUMOD

% HONMO LUMO 4 EsP

Bull. Chem. Soc. Ethiop. 2024, 38(5)



1358 Mashooq A. Bhat et al.

a HOMO LUAMO ESP

4 J‘. J' 4 ..; ) 4
‘e 7 I
el 4
1mn HOMO
4
%42 4
3. 0 3% gen
e N L] o
92 b T ) s
9,0 ® e J'&*‘
4 & 4 =
11 HOMO LUMO < ‘;. Fsp
")

Figure 4. Representations of optimizing structure, HOMO, LUMO, and ESP of (1-11).

There are four different pictures in these images, the first of which is the picture of the
optimized structure of molecules. The next two pictures represent the HOMO and LUMO orbitals
of the molecules. In the last picture, the electrostatic potential (ESP) of the molecules has been
provided. In this picture, there is a color scale from blue to red, which shows the regions with the
lowest electron density. The red color indicates the regions with the highest electron density [25,
26].

It is possible to make molecular docking calculations to compare the activities of the studied
molecules against biological materials. By these calculations, it is made to predict the active sites
of molecules and to examine the interactions of molecules with proteins, which are formed by
biological materials [27]. During molecular docking calculations, the most important factor
determining the activities of molecules is the interactions between molecules and proteins.
Molecules try to inhibit proteins as a result of these interactions. For this reason, the chemical
interactions between the molecule and the protein have gained great importance, which are
hydrogen bonds, polar and hydrophobic interactions, m-m interaction [28, 29]. It has been
observed that as these chemical interactions increase, the activities of the molecules increase.

When the interaction between the compound 9 and the AChE enzyme protein is examined,
the benzene ring in the center of the compound 9 creates a Pi-Pi stacking interaction with the TRP
286 protein. The oxygen atom attached to the carbonyl carbon in the same molecule makes a
hydrogen bond interaction with the PHE 295 protein. It is observed that the methoxy benzene ring
in the same molecule forms Pi-Pi stacking interactions with TYR 341 and TYR 124 proteins
(Figure 5).

Bull. Chem. Soc. Ethiop. 2024, 38(5)
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When the interaction between the compound 9 and the BChE enzyme protein is examined, it
is seen that the 4,5-dimethyl-2,3dihydrooxazole ring in the compound 9 creates Pi-Pi stacking
interactions with the PHE 329 and TRP 231 proteins (Figure 6).

As a result of the MM-GBSA calculations, the binding free energy values of the molecules
were calculated by Maestro. It was observed that the binding free energy value of compound 10
was found to be with a numerical value of -27.51. However, there are many interactions between
molecules and proteins. These interactions are coulomb, covalent, H bond, lipophilic, packaging,
Solv GB and vdW interactions [30]. Each interaction was found to be of greater importance in
different molecules. For example, Coulomb and vdw (van der Waals) interactions are more
common in the interaction between the compound 10 and the protein.
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Figure 5. Presentation interactions of compound 9 with AChE enzyme protein.
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As a result of the calculations, the activities of the molecules against various proteins are
compared. For this comparison, the docking score parameter is made according to its numerical
value; the most negative numerical value of this parameter has the highest activity. Although
many parameters except the docking score parameter, are calculated in the molecular docking
calculations, the parameter that affects the activity is quite limited. Parameters such as Glide
ligand efficiency, Glide Hbond, Glide evdw, and Glide ecoul give numerical values obtained on
the interaction between molecules and proteins [31]. On the other hand, the four calculated
parameters, Glide emodel, Glide energy, Glide einternal, and Glide posenum, give the numerical
values obtained on the pose formed as a result of the interaction [32].
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Figure 6. Presentation interactions of 9 with BChE enzyme protein.
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After comparing the activities of compounds (1-11) against various proteins, it has been
theoretically tested that these molecules can be used as drugs for human metabolism. ADME/T
analysis was performed. With this analysis, the movements of molecules in human metabolism
are predicted. The entry of the molecule into human metabolism includes many processes
including movements in metabolism and excretion from metabolism, which are called ADME/T
for short, known as Absorption, Distribution, Metabolism, Excretion, and Toxicity. This analysis
is divided into two. Firstly, the chemical properties of the molecules in the first part and the
biological properties of the molecules in the second part are examined.

Many parameters are examined in the chemical properties of molecules, such as mol MW
(mole mass of molecules), dipole (dipole moment), SASA (solvent accessible surface area),
volume (molecule volume), donor HB and accept HB (number of hydrogen bonds that a molecule
receives and gives off). On the other hand, many parameters examine the biological properties of
molecules, which are QPlog HERG (Predicted ICsy value for blockage of HERG K* channels),
QPPCaco and QPPMDCK (blood-brain and blood-bowel barriers), QPlog Kp (Predicted skin
permeability), QPlogKhsa (Prediction of binding to human serum albumin), and Human Oral
Absorption (Predicted qualitative human oral absorption) [33]. Apart from these, there are two
parameters such as rule of five [34, 35] and rule of three [36], that examine the drug feasibility of
molecules. The numerical value of all these calculated parameters showed that the molecules can
be used for human metabolism.

EXPERIMENTAL
Chemical and instruments

All the solvents were obtained from (Merck). Thin layer chromatography (TLC) was performed
on Silica gel 60F,s4 (Merck). Perkin Elmer FT-IR spectrophotometer (PerkinElmer Inc.) was used
for FT-IR spectroscopy. Gallenkamp melting point apparatus was used for melting point
determination. 'H and '3C NMR spectra of the compounds were performed on Bruker NMR
500/700 MHz (Bruker) respectively. Mass spectra of compounds were performed on Agilent
triple quadrupole 6410 TQ GC/MS equipped with ESI (electrospray ionization). The elemental
analysis of the compounds was performed by CHN Elementar (Analysensysteme GmbH).

General procedure for the preparation of enaminone intermediate (2 a-f)
Compounds (2a-f) were prepared according to the reported procedure [37].
General procedure for the preparation of enaminone sulfonamide derivative (1-11)

The enaminone (2a-f) (0.1 mol) was added to a hot stirred solution of sulfonamide (0.1 mol) in
glacial acetic acid (15 mL) and was refluxed for 4 h. After the completion of the reaction, which
was confirmed by thin-layer chromatography. The reaction was stopped by adding cold water to
the reaction mixture. The compound was precipitated and was collected by filtration. The crude
product was washed several times with cold water and methanol. The product was dried and
recrystallized from ethanol to afford the final product.

4-[(3-(3,4-Dimethoxyphenyl)-3-oxoprop-1-en- 1-yl]-4-amino-N-(pyrimidin-2-yl) benzene-1-
sulfonamide (1). Yield: 65%; m. p.: 265-267 °C; FT-IR (KBr) vem™: 2911 (NH str.), 1679 (C=0),
1542 (C=N), 1336, 1156 (SO,NH); 'H NMR (500 MHz, DMSO-ds) J (ppm): 3.84 (6H, s, 2
xOCHs), 6.24 (1/2 H, d, Ar-H, J= 10 Hz), 6.57 (1/2 H, d, Ar-H, J = 15 Hz), 7.06 (2H, s, ArH),
7.27-7.28 (1H, d, SO;NH, J = 5 Hz), 7.45 (7TH, m, Ar-H), 10.33 (d, 2 H, NH, D,O exchange), J
=15 Hz), 10.02 (d, 4 H, NH, D,O exchange), J = 10 Hz); MS: m/z = 440.47 [M]"; analysis: for

Bull. Chem. Soc. Ethiop. 2024, 38(5)
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C21H20N4O:sS, caled. C 57.26, H 4.58, N 12.72, S 7.28 %; found C 57.06, H 4.57, N 7.24, S 7.30
%.

4-[3-(4-Methoxyphenyl)-3-oxoprop-1-en-1-yl]-4-amino-N-(pyrimidin-2-yl) ~ benzene-1-sulfon-
amide (2). Yield: 70%; m. p.: 280-282 °C; FT-IR (KBr) vem': 2986 (NH str.), 1641 (C=0), 1479
(C=N), 1231, 1153 (SO,NH); 'H NMR (500 MHz, DMSO-ds) J (ppm): 3.84 (6H, s, 2 xCH3),
6.21 (1H, d, Ar-H, J= 10 Hz), 6.54 (1H, d, Ar-H, J = 15 Hz), 7.05 (2H, s, Ar-H), 7.27-7.28 (1H,
d, SO;NH, J = 5 Hz), 7.46-8.52 (9H, m, Ar-H), 10.33 (d, 1H, NH, D,O exchange), J = 15 Hz),
11.98 (d, 1H, NH, D,O exchange), J = 15 Hz); MS: m/z = 410.44 [M]"; analysis: for C2oH;sN4O.S,
caled. C 58.53, H4.42, N 13.65, S 7.81 %; found C 58.72, H 4.43, N 13.60, S 7.80 %.

4-[3-(2,4,6-Trimethoxyphenyl)-3-oxoprop- 1-en- 1-yl]-4-amino- N- (pyrimidin-2-yl) benzene-1-
sulfonamide (3). Yield: 65%; m. p.: 270-272 °C; FT-IR (KBr) v cm™': 2985 (NH str.), 1686 (C=0),
1589 (C=N), 1334, 1156 (SO.NH); 'H NMR (500 MHz, DMSO-ds) 6 (ppm): 3.71-3.89 (9H, s, 3
xOCHa;), 6.27 (1H, d, Ar-H, J= 10 Hz), 6.56 (1H, d, Ar-H, J= 10 Hz), 7.05 (2H, s, Ar-H), 7.27-
7.28 (1H, d, SO,NH), 7.87-8.51 (7H, m, Ar-H), 10.73 (d, 1H, NH, D,O exchange), J = 15 Hz);
BC NMR (125.76 MHz, DMSO-ds) § (ppm): 21.5, 55.8, 91.5, 98.7, 112.5, 114.3, 116.2, 118 4,
129.3, 130.2, 139.9, 153.5, 157.4, 158.7, 166.2, 172.0; MS: m/z = 470.49 [M]"; analysis: for
CnH2N4O6S, caled. C 56.16, H 4.71, N 11.90, S 6.82 %; found C 56.37, H 4.70, N 11. 85, S
6.84%.

4-[3-(2,4-Dimethoxyphenyl)-3-oxoprop- 1-en-1-yl]-4-amino-N-(pyrimidin-2-yl) benzene-1-
sulfonamide (4). Yield: 60%; m. p.: 250-252 °C; FT-IR (KBr) v cm™': 2984 (NH str.), 1690 (C=0),
1520 (C=N), 1397, 1154 (SO,NH); 'H NMR (500 MHz, DMSO-d¢) & (ppm): 3.83 (6H, s, 2
xOCHs), 6.21 (1/2 H, d, Ar-H, J =10 Hz), 6.49 (1/2 H, d, Ar-H, J =10 Hz), 6.64 (2H, s, ArH),
7.04 (1H, s, SO,NH), 7.21-8.50 (8H, m, Ar-H), 10.21 (d, 2 H, NH, D,O exchange), J = 10 Hz),
11.89 (d, % H, NH, D,0 exchange), J = 10 Hz); *C NMR (125.76 MHz, DMSO-d) J (ppm):
21.5,55.9,56.2,99.0, 101.0, 106.3, 112.6, 114.7, 121.8, 130.2, 132.2, 141.3, 142.9, 145.7, 157.4,
158.8, 159.8, 160.0, 163.4, 172.5, 188.1, 190.0; MS: m/z = 440.47 [M]'; analysis: for
C21H2N4OsS, caled. C 57.26, H4.58,N 12.72, S 7.28%; found C 57.13, H4.57,N 12.77, S 7.26%.

4-[3-(2,5-Dimethoxyphenyl)-3-oxoprop-1-en- 1-yl]-4-amino- N-(pyrimidin-2-yl) benzene-1-
sulfonamide (5). Yield: 75%; m. p.: 255-257 °C; FT-IR (KBr) vem!: 2979 (NH str.), 1691 (C=0),
1522 (C=N), 1331, 1069 (SO.NH); 'H NMR (500 MHz, DMSO-ds) J (ppm): 3.78 (6H, s, 2
xOCH3), 6.34 (1/2 H, d, Ar-H, J = 15 Hz), 6.58 (1/2 H, d, Ar-H, J= 10 Hz), 7.02 (2H, s, ArH),
7.20 (1H, d, SO,NH), 7.46-8.50 (8H, m, Ar-H), 10.31 (d, 1H, NH, D,O exchange), /= 10 Hz),
11.86 (d, 1H, NH, D,0 exchange), J= 15 Hz); 3C NMR (125.76 MHz, DMSO-ds) 6 (ppm): 21.5,
55.9, 56.7, 100.8, 106.2, 112.6, 114.1, 115.0, 116.1, 130.0, 131.0, 142.4, 143.7, 144.5, 145.4,
151.7, 153.4, 1574, 1588, 172.5, 189.7, 190.9; MS: m/z = 440.47 [M]"; analysis: for
C21H20N40s8S, caled. C 57.26, H 4.58, N 12.72, S 7.28%; found C 57.05, H4.59, N 12.76, S 7.30%.

4-[3-(3-Methoxy, 4-hydroxyphenyl)-3-oxoprop-1-en-1-yl]- 4-amino-N-(pyrimidin2-yl) benzene-
I-sulfonamide (6). Yield: 70%; m. p.: 245-247 °C; FT-IR (KBr) v em: 2983 (NH str.), 1692
(C=0), 1583 (C=N), 1321, 1148 (SO.NH); 'H NMR (500 MHz, DMSO-d) J (ppm): 3.84 (3H,
s, OCHz3), 6.01 (1H, s, Ar-H), 6.54 (1H, d, Ar-H, J =10 Hz), 7.01-7.63 (10 H, m, Ar-H), 8.48 (1H,
d, SO,NH), 10.32 (1H, NH, D,O exchange), 11.50 (1H, s, OH, D,O exchange); *C NMR (125.76
MHz, DMSO-ds) 0 (ppm): 112.5, 116.0, 118.6, 125.3, 130.2, 153.4, 157.6, 158.7, 169.5, 172.5;
MS: m/z = 426.44 [M]"; analysis: for Co0H;sN4OsS, caled. C 56.33, H 4.25, N 13.14, S 7.52%;
found C 56.55, H4.24, N 13.18, S 7.50%.
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4-[3-(2,4,5-Trimethoxyphenyl)-3-oxoprop- 1-en-1-yl]-4-amino-N-(4-methoxy-1, 2, 5thiadiazol-3-
yl) benzene-1-sulfonamide (7). Yield: 72%; m. p.: 273-275 °C; FT-IR (KBr) v cm™': 2981 (NH
str.), 1690 (C=0), 1521 (C=N), 1336, 1069 (SO.NH); 'H NMR (500 MHz, DMSO-ds) J (ppm):
3.79 (12H, s, 4xOCHs), 6.48 (1H, s, Ar-H), 6.81 (1H, s, Ar-H), 7.11-8.36 (6H, m, Ar-H)., 9.42
(1H, s, NH, D,O exchange), 10.33 (1H, s, SO,NH, D,O exchange); *C NMR (125.76 MHz,
DMSO—-ds) 6 (ppm): 21.5, 24.5, 49.0, 56.1, 58.2, 111.3, 112.7, 115.1, 118.8, 129.0, 140.1, 143.8,
155.7, 169.5, 172.5; MS: m/z = 506.55 [M]"; analysis: for C2;H2,N407S,, caled. C 49.79, H 4.38,
N 11.06, S 12.66 %; found C 49.95, H4.39, N 11.10, S 12.68%.

4-[3-(2,5-Dimethoxyphenyl)-3-oxoprop- 1-en-1-yl]-4-amino-N-(4-methoxy-1,2, Sthiadiazol-3-yl)
benzene-I-sulfonamide (8). Yield: 70%; m. p.: 255-257°C; FT-IR (KBr) v cm™': 2984 (NH str.),
1690 (C=0), 1521 (C=N), 1394, 1066 (SO,NH); 'H NMR (500 MHz, DMSO-de) 6 (ppm): 3.70
(3H, s, OCH3), 3.79 (3H, s, OCHj3), 3.89 (3H, s, OCHs), 6.80 (1H, s, Ar-H), 6.82 (1H, s, Ar-H),
7.02-8.97 (7TH, m, Ar-H), 9.52 (1H, s, NH, D,O exchange), 10.30 (1H, s, SO.NH, D,O exchange);
13C NMR (125.76 MHz, DMSO-dg) é (ppm): 56.0, 56.2, 56.7, 113.0, 114.9, 115.2, 117.0, 118.9,
120.7, 121.5, 125.4, 126.0, 131.4, 136.6, 148.0, 149.6, 152.8, 153.8, 155.2, 157.7, 189.71; MS:
m/z=476.52 [M]"; analysis: for C2o0H20N4OsS,, calcd. C 50.41, H4.23, N 11.76, S 13.46 %; found
C50.22,H4.24, N 11.71, S 13.44%.

4-[3-(4-Methoxyphenyl)-3-oxoprop-1-en- 1-yl]-4-amino-N-(4,5-dimethyl-1,30xazol-2-yl) benzene
-I-sulfonamide (9). Yield: 65%; m. p.270-272 °C; FT-IR (KBr) v cm': 2980 (NH str.), 1628
(C=0), 1529 (C=N), 1236, 1156 (SO,NH); 'H NMR (500 MHz, DMSO—d¢) 6 (ppm): 3.40 (3H,
s, OCHa), 3.83 (6H, s, 2xCH3), 6.20 (1H, s, Ar-H), 6.54 (1H, s, Ar-H), 7.03-7.98 (8H, m, Ar-H),
10.28 (1H, s, NH, D,O exchange), 12.0 (1H, s, SO.NH, D,O exchange); '*C NMR (125.76 MHz,
DMSO-ds) o (ppm): 8.2, 9.4, 55.8, 95.0, 99.7, 114.2, 115.2, 116.1, 128.3, 131.5, 132.1, 136.2,
136.3, 137.5, 142.9, 143.5, 144.5, 155.5, 162.6, 162.8, 186.7, 189.5; MS: m/z = 427.47 [M];
analysis: for C2H2i1N30:sS, caled. C 59.00, H 4.95, N 9.83, S 7.50 %; found C 59.22, H 4.94, N
9.88, S 7.52%.

4-{[3-(3,4-Dimethoxyphenyl)-3-oxoprop-1-en-1-yl] amino}benzene- Isulfonamide (10). Yield:
80%; m. p. 250-252 °C; FT-IR (KBr), v cm™': 2900 (NH), 1600 (C=N), 1100 (SO,);"H NMR (500
MHz, DMSO-ds) J (ppm): 3.85 (6H, s, 2xOCH3), 6.25 (1H, d, Ar-H, J= 10 Hz), 6.59 (1H, d, Ar-
H, J= 10 Hz), 7.05-7.79 (7TH, m, Ar-H), 8.14 (1H, s, NH, D,O exchange), 10.30 (1H, d, NH, D,O
exchange), 12.06 (1H, d, NH, D,O exchange); MS: m/z = 362.40 [M]"; analysis: for Ci7H;sN>OsS,
caled. C 56.34, H5.01, N 7.73, S 8.85%; found C 56.36, H 5.02, N 7.70, S 8.83%.

4-{[3-(4-Methoxyphenyl)-3-oxoprop-1-en-1-yl] amino} benzene-1-sulfonamide (11). Yield: 80%;
m. p. 260-262 °C; FT-IR (KBr), v cm™: 3000 (NH), 1650 (C=0), 1150 (SO,); 'H NMR (500
MHz, DMSO-d¢) ¢ (ppm): 3.84 (3H, s, OCH3), 6.21 (1H, d, Ar-H, J= 10 Hz), 6.56 (1H, d, Ar-H,
J=10Hz), 7.04-7.99 (8H, m, Ar-H), 8.15 (1H, s, NH, D,O exchange), 10.30 (1H, d, NH, J= 10,
D,0 exchange), 12.03 (1H, d, NH, J = 10, D,O exchange); MS: m/z = 332.37 [M]"; analysis: for
Ci6H16N20s4S, caled. C 57.82, H 4.85, N 8.43, S 9.65%; found C 57.80, H 4.84, N 8.44, S 9.63 %.

AChE/BChE inhibition studies
ChE inhibitory activities of the new compounds against AChE and BChE were determined by

Ellman’s method and this method was based on previous studies [38]. Activities of these enzymes
were evaluated spectrophotometrically at a wavelength of 412 nm.
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Cell culture
Materials

The following materials were used in this study: The cell culture medium (RPMI 1640; Sigma-
Aldrich Cat No: R8758, USA), fetal bovine serum (FBS; Sigma-Aldrich Cat No: F7524, USA),
%] penicillin/streptomycin (Sigma-Aldrich Cat No: P4333, USA), L-glutamine (Sigma-Aldrich
Cat No: 59202C, USA), trypsin-EDTA solution (Sigma-Aldrich Cat No: 59417C, USA), dimethyl
sulfoxide (DMSO) (Sigma-Aldrich Cat No: PHR1309, USA), MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide; Sigma-Aldrich Cat No: M2128, USA). The culture plates
(96 wells) were purchased from Nunc (Brand products, Denmark).

Cell culture

Following cancer and normal cell lines obtained from ATCC and stored in liquid nitrogen were
used for the study. A549 (Lung Carcinoma) and Beas-2B (Lung Epithelium Normal) cells were
cultured in RPMI-1640 media supplemented with 10% Fetal Bovine Serum (FBS), 100 pg/mL
streptomycin/100 IU/mL penicillin in incubators at 37 °C under humid conditions containing 5%
CO;.

Cell viability assay

The cytotoxic effects of all molecules were assessed using the MTT (3-(4,5-dimethylthiazol2-yl)-
2,5-diphenyltetrazolium bromide) assay. The cells (A549 and Beas-2B) were incubated in 96-well
sterile plates for 24 hours with 1x10* cells per well. The media were removed and the molecules
were incubated at doses of 0, 2.5, 5, 10, 25, 50, 100, and 200 pg/mL for 24 hours. 10 uL of MTT
(0.5 mg/mL) were added into each well as the reactive agent. After 4 hours of incubation, the
media was removed and substituted with 100 uL. of DMSO, after which measurements were
performed at ODs7-ODggoo nm using a plate reader (Thermo Multiskan GO, Thermo, USA).
Following these measurements, plots were formed and the ICsy value was calculated.

Cell morphology images

After cells were incubated in 12-well plates, 5x10* cells per plate, for 24 h, the treatment with
ICs doses, was carried out by incubating for 24 h at 37 °C. Morphological changes were assessed
using a light microscope (Olympus CKX 51, DP73).

Theoretical methods

Theoretical calculations provide important information about the chemical and biological
properties of molecules. Many quantum chemical parameters are obtained from theoretical
calculations. The calculated parameters are used to explain the chemical activities of the
molecules. Many programs are used to calculate molecules. These programs are Gaussian09
RevD.01 and Gauss View 6.0 [39]. By using these programs, calculations were made in B3LYP,
HF, and M06-2x methods with the 6-31++g (d,p) basis set. As a result of these calculations, many
quantum chemical parameters have been found. Each parameter describes a different chemical
property of molecules, the calculated parameters are calculated as follows [40, 41].

9E 1 1
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0%E 1 1
n=- INZ o = 5(1 —-A) = _E(EHOMO — Erymo)

o=1/n w=x%/2n e=1/w

An important method used to determine the molecules with the highest activity against biological
materials is molecular docking. Its calculations are made in Schrodinger's Maestro Molecular
modeling platform (version 12.8) [42, 43]. The prepared proteins and molecules interact with each
other with the Glide ligand docking tool [44]. Finally, the Qik-prop module of the Schrodinger
software was used while performing ADME/T analysis (absorption, distribution, metabolism,
excretion, and toxicity to examine the effects of the studied molecules on human metabolism [45].

MM-GBSA calculation

The binding free energy of ligand-protein complexes was found using the MM-GBSA method of
the Prime module from Schrodinger. Other parameters were set by default [46]. During the
calculation, the OPLS3e force field, VSGB solvent model, and rotamer search algorithms were
applied to define the binding free energy. Here, we performed the binding free energy calculations
of all complexes with the following equation:

AGbind = Gcomplex - (Gprotein + Gligand)

where AGpnq is the binding free energy, Geompiex ligand-protein complexes are the free energy
value, Gprotein 18 the target protein's free energy value, and G;g4n4 is the free energy value of the
ligand.

CONCLUSION

A novel series of enaminone derivatives of sulfonamides (1-11) were synthesized in good yield.
All the compounds were characterized and confirmed spectroscopically by 'H NMR and '3C
NMR. All the synthesized compounds were screed for choline esterase (ChE) inhibitory activity
against AChE and BChE. Compound 9 was found to be the most potent compound for AChE and
BChE. All the synthesized compounds were also screened for cytotoxic activity against the lung
cancer cell line. The compounds 2 and 10 were found the most potent compounds having cytotoxic
effects. The activities of molecules against various proteins were investigated in molecular
docking calculations. As a result of ADME/T analysis, it has been observed that the molecules
will be good drug candidates.
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