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a b s t r a c t

b-Amino alcohols (2–4) used in this study were re-synthesized in accordance with our previous study. All
compounds were characterized by the combination of NMR, UV–Vis, IR experimental and theoretical
spectral data. Then, the cytotoxic activity studies of the molecules on SH-SY5Y and L-929 cell lines
showed that compound 2 has the highest activity on SH-SY5Y cells. Afterwards, the inhibition properties
of these derivatives were tested toward acetylcholinesterase (AChE) and a-Glycosidase (a-Gly) enzymes.
The studied molecules were optimized on B3LYP, HF, M062X level 3–21 g, 6–31 g, and SDD basis sets.
Molecular docking calculations were made to determine the biological activity values of the amino alco-
hols against the enzymes. Finally, the drug properties of molecules were investigated by ADME/T
analysis.

� 2021 Elsevier B.V. All rights reserved.
1. Introduction

The b-amino alcohol units are the predominant structural motif
in a range of natural and synthetic biologically active molecules
[1]. They are one of the most significant molecules in medicinal
chemistry. Amino alcohol derivatives are currently being studied
for their antimicrobial, antifungal activities, antimalarial activity,
cytotoxicity activity against cancer cells, as b-adrenergic blocking
agents, enzyme inhibitors and etc. [2–6]. They also used as an
effective chiral building block and chiral catalyst or ligand in
organic synthesis [7–8]. In accordance with the high value of
amino alcohols, various synthetic methods have been reviewed
in the literature [9–11].

Neuroblastoma (NB) is the most common extracranial pediatric
solid tumor that occurs in the sympathetic nervous system. NB,
originates from the neural crest, and although it is mostly seen in
the adrenal glands, it is seen in areas such as the paraspinal gan-
glion, thorax, neck, and pelvis [12]. NB constitutes 8–10% of all
childhood cancers and is responsible for 15% of deaths due to
pediatric tumors [13]. The 3-year survival rate of children in the
high-risk group is approximately 20% [14]. Chemotherapy is
among the appropriate strategies used for the treatment of NB in
case of high risk of metastasis or tumor recurrence and after surgi-
cal tumor resection [15,16]. Anthracycline antibiotics (doxoru-
bicin), camptothecins (topotecan/irinotecan), alkylating agents
(cyclophosphamide/ifosfamide), epipodophylotoxins (etoposide),
vinca alkyloids (vincristine) and heavy metals (cisplatin) are
administered within the scope of chemotherapy [17,18]. Studies
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on new drugs continue due to the heterogeneity of NB, its resis-
tance to drugs and the high toxicity of the drugs administered [19].

Alzheimer’s disease (AD) is related to defect in the level of sub-
strates of cholinergic enzymes and the inhibition of acetylcholine
esterase (AChE) that catalyzes acetylcholine (ACh) neurotransmit-
ter is one of the treatment approaches for AD according to the
cholinergic theory [20,21]. Diabetes is one of the serious diseases
globally with many complications. One of therapeutic approaches
for non-insulin-dependent diabetes mellitus (DM) is the inhibition
of carbohydrate degradative enzymes that breakdown glycosidic
bonds in polysaccharide molecules [22,23].

In this study, With theoretical calculations, important informa-
tion about the chemical and biological activities of molecules is
obtained [24,25]. Chemical properties of molecules were investi-
gated by quantum chemical parameters obtained by program.
However, experimental and theoretical NMR, IR, and UV–vis spec-
trum of the molecules were obtained. The obtained experimental
and theoretical spectrum were compared with each other. On the
other hand, molecular docking calculations were made to compare
the activities of molecules against enzyme proteins. Finally, the
biological activities of the molecules were compared by ADME/T
analysis and it was tried to predict human metabolism effect and
response. We aimed to determine the cytotoxicity of the newly
synthesized 2, 3 and 4 drugs (Fig. 1.) by applying them to the
SH-SY5Y neuroblastoma cell line and the L-929 healthy mouse
fibroblast cell line.

2. Material and methods

2.1. Experimental section

2.1.1. General comments
Mp’s were determined using open glass capillaries on a Stuart

SMP30 melting point apparatus and are uncorrected. All the chem-
icals were synthesized or obtained from commercial sources (Mer-
ck) and used as received. 1H and 13C NMR spectra were recorded at
room temperature on a Bruker Avance II + 300 (UltraShieldTM Mag-
net) spectrometer operating at 300.130 and 75.468 MHz for proton
and carbon-13, respectively, in DMSO d6 and CCl4 solutions with
TMS as internal standards. Chemical shifts are reported in d (ppm).

2.1.2. General procedure for the synthesis of compounds (2–4)
In pressure relief reaction vials to the vigorously stirred suspen-

sion of 10 mmol 1-chloro-3-mesitylpropan-2-ol 1 in 20 mL water
was added 30 mmol of amine and heated in 90 �C for 4–24 h until
the reaction mixture become homogeneous. Then the reaction
mixture was cooled down. Reaction products was precipitated
from reaction mixture as a white solid (or as a yellow oil 3), col-
lected by filtration and washed with distilled water. Crude prod-
ucts were recrystallized from cold CCl4 solution, the oil 3 was
purified by column chromatography over silica gel and eluted with
hexane: 2-propanol (60:40, v/v).
Fig. 1. Structures of b-a

2

2.2. In vitro assay for cytotoxicity activity (MTT assay)

Cytotoxic activity of compound 2, 3 and 4 on SH-SY5Y cell line
and L-929 cell line was analyzed using 3-[4,5-dimethylthiazol-2-
yl]-2,5 diphenyl tetrazolium bromide (MTT) method. DMEM (Dul-
becco’s Modified Eagle Medium) medium supplemented with 10%
fetal bovine serum (FBS), 1% penicillin–streptomycin and 1% L-
glutamine was used for cell lines. Cell lines were incubated at
37 �C, 95% humidity and 5% CO2. Cells (1x105/well) were seeded
in 96-well plates, and after 24 h of growth, the indicated com-
pounds were applied to the cells at concentrations of 1, 10, 25,
50, 70, 80, 90 and 100 lM in a volume of 1 lL. Cells were exposed
to these drugs for 24, 48 and 72 h of incubation. At the end of these
periods, MTT was measured. Therefore, 10 lL MTT prepared with
phosphate buffer saline at a concentration of 5 mg/ml was added
to each well and incubated for 3 h at 37 �C in an environment con-
taining 5% CO2. After the medium containing MTT was aspirated,
dimethyl sulfoxide (DMSO) was used to dissolve the formazan
crystals. 100 lL DMSO was added and incubated for 15 min at
room temperature on the shaker and absorbance values were read
with a microplate reader UV spectrophotometer at 570 nm wave-
length. These measurements were made in 3 repetitions for each
sample and repeated in at least three different passage numbers.
IC50 values were calculated using GraphPad Prism and graphs were
generated. The obtained data were compared.

2.3. Cell morphology

SH-SY5Y and L-929 cells (5x105 cells/well) were plated into the
plate. 1 mM of Compound 2, 3 and 4 was added to each of the cells.
Changes in cell morphology were observed on the cell imaging
device (ZEISS Axio Vert.A1) at 20X magnification. The groups were
compared with each other.

2.4. Statistical analysis

SPSS (Statistical Package for Social Sciences, ver: 25.0) program
was used to evaluate the data in the study. All experiments were
run in triplicate and the results expressed as mean ± SEM. The data
were analyzed using one-way ANOVA and differences were consid-
ered significant (*p < 0.05, **p < 0.01 and **p < 0.0001).

2.5. In silico calculation

2.5.1. Gaussian calculation
With theoretical calculations, it has become possible to have a

lot of information about the chemical and biological activities of
molecules before experimental procedures. Many calculation pro-
grams are used for these theoretical calculations. The programs
are GaussView 5.0.8 and Gaussian09 AS64L-G09RevD.01 package
[26,27] were used in this study. It was calculated using the Har-
tree–Fock (HF) [28] (Vautherin & Brink, 1972), Becke, 3-
mino alcohols 2–4.
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parameter, Lee–Yang–Parr (B3LYP) [29–31] (Becke, 1993; Stephens
et al., 1994; Wiberg, 2004), M06–2X [32] (Hohenstein et al., 2008)
level with 3–21 g, 6–31 g and SDD basis set in these calculations.
As a result of theoretical calculations, many quantum chemical
parameters are obtained. Highest Occupied Molecular Orbital
(HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) values
are the most significant among the parameters. Quantum chemical
parameters such as EHOMO, ELUMO, DE (HOMO-LUMO energy gap),
chemical hardness (g), chemical potential (l), nucleophilicity (e),
electronegativity (v), electrophilicity (x), global softness (r) and
proton affinity (PA) are obtained from the quantum chemical cal-
culations [33–35].

2.5.2. Molecular docking calculation
Molecular docking calculations have been made to examine the

biological activity of molecules against proteins. For these calcula-
tions, calculations are made by the Maestro Molecular modeling
platform (version 12.2) by Schrödinger [36]. These calculations
consist of many processes. This process involves the calculation
of both proteins and molecules. Firstly, active sites of proteins were
determined by using the protein preparation module [37] for por-
teins. As a result, the proteins in the active region were given free-
dom to interact with them. the LigPrep module [38] was then used
for the molecules. This module finds all conformers of the mole-
cules and prepares them for interaction with proteins. In the next
step, the Glide ligand docking module [39] is used for the interac-
tion of molecules with proteins. In these calculations, the prepara-
tion and interaction of molecules and proteins were calculated
using the OPLS3e method. As a result of these calculations, mole-
cules have been interacted with proteins. The biological activities
of molecules were compared against proteins. Then, ADME/T anal-
ysis (absorption, distribution, metabolism, excretion and toxicity)
was performed to investigate the drug properties of these mole-
cules. The Qik-prop module [40] of the Schrödinger software was
used for this analysis.

2.6. Enzymes assays

The ChE inhibitory activities of the title compounds against
AChE were determined by Ellman’s method [41]. In this assay,
AChE from electric eel (Electrophorus electricus) was used. a-
Glucosidase inhibitory activity of novel derivatives was deter-
mined according to the reported method by Tao et al. [42].

3. Results and discussion

b-Amino alcohols were re-synthesized according to the litera-
ture [12]. The reaction scheme is illustrated in Scheme 1.

3.1. Cancer cells

The cytotoxic activities of the synthesized Compound 2, Com-
pound 3 and Compound 4 drugs were evaluated on the SH-SY5Y
Scheme 1. Resynthesize of b-amino a
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(Figs. 2–4) human neuroblastoma cancer cell line and the L-929
healthy mouse fibroblast cell line (Figs. 5–7) (Table 1). Percentage
of viability of control group and treatment group cells was calcu-
lated and compared with each other. According to the data
obtained from the cellular cytotoxicity test, it has been shown that
the compounds are effective on cells. When the IC50 values were
compared, it was found that the compounds were more effective
in the SH-SY5Y cell line than the L-929 cell line. SH-SY5Y cancer
cells were able to show cytotoxicity at lower doses of the com-
pounds synthesized than the L-929 healthy cells.

The results showed that the cytotoxicity of the compounds on
SH-SY5Y and L-929 cells was at 72 h most active. Among the com-
pounds applied to SH-SY5Y cancer cells, the most active cytotoxic
one was evaluated as compound 2; then compound 3 and com-
pound 4 were found, respectively. Compound 2 showed the highest
activity at 72 h with an IC50 concentration of 4,43 ± 0.34 lM on SH-
SY5Y cells compared to other compounds. The IC50 concentration
required for the L-929 cell line of Compound 2 is 100 lM for
24 h, 48,48 ± 1.02 lM for 48 h and 42,06 ± 0.35 lM for 72 h, respec-
tively. Compound 2 showed less cytotoxicity than other
compounds.

The cytotoxicity of Compound 4 was observed in SH-SY5Y cells
with an IC50 concentration of 7,88 ± 2.11 lM in the most active
72 h. Compound 2 showed lower activity in L-929 cells with an
IC50 concentration of 42,06 ± 0,35 lM.

After applying 10 mM Compound 2, Compound 3 and Compound
4 compounds to SH-SY5Y and L-929 cells, morphological analyzes
were performed (Fig. 8). According to the SH-SY5Y control group, a
significant change in the morphology of the cells given Compound
2, Compound 3 and Compound 4 was detected. When compared to
healthy L-929 cells with SH-SY5Y cells treated with Compound 2,
Compound 3 and Compound 4, no morphological changes were
observed in L929 cells of all three drugs. As a result, it was deter-
mined that all three compounds were active in SH-SY5Y neuroblas-
toma cells. When the three compounds applied to SH-SY5Y cells
are compared, we can say that Compound 2 and Compound 4 have
more effect.

In a previous study, chemotherapy drugs such as docetaxel and
paclitaxel, which are widely used in various cancer types, were
applied to the SY-SH5Y neuroblastoma cell line. It has been deter-
mined that docetaxel shows a high rate of cytotoxicity with IC50

values in the range of 2–11 lM [43]. In our study, we determined
the IC50 value of Compound 2 and Compound 4 after 24 h and 48 h
incubation in the range of 4–11 lM. Therefore, when the in vivo
studies and mechanisms of action of the drugs we synthesized
are completed, docetaxel may be an alternative drug candidate.

3.2. Theoretical calculations

With theoretical calculations, important information about the
chemical and biological activities of molecules is obtained [44].
Many quantum chemical parameters are obtained from quantum
chemical calculations. By comparing the numerical values of these
lcohols (2-4) used in this study.



Fig. 2. Cytotoxicity study of Compound 2, 3 and 4 on SH-SY5Y cells. The treatment of SH-SY5Y cells was performed with these groups for a period of 24 h at concentrations
varying between 1 and 100 mM. Every bar represents the mean + SEM of three separate tests (***p < 0.0001 and *p < 0.01).

Fig. 3. Cytotoxicity study of Compound 2, 3 and 4 on SH-SY5Y cells. The treatment of SH-SY5Y cells was performed with these groups for a period of 48 h at concentrations
varying between 1 and 100 mM. Every bar represents the mean + SEM of three separate tests (***p < 0.0001, **p < 0.001 and *p < 0.01).
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quantum chemical parameters, it is possible to compare the chem-
ical activity of the molecules. Among the parameters used for this
comparison, the most used and known are HOMO and LUMO, these
parameters are used to explain intermolecular interactions. HOMO
is Highest Occupied Molecular Orbital and LUMO is Lowest Unoc-
cupied Molecular Orbital [45]. The HOMO parameter of the mole-
cules shows the molecule’s ability to donate electrons [46]. The
molecule with the most positive energy values of the electrons in
the HOMO orbitals gives this electron more easily and quickly
[47]. As a result, the chemical activity of this molecule is highest.
However, the LUMO energy value of the molecules is very impor-
tant for their chemical activity. The molecule with the lowest
energy value of the LUMO orbitals of the molecules is easier and
faster to accept electrons into these orbitals [48]. That is, it shows
the easier and faster acceptance of electrons by molecules. These
4

two parameters provide important information about the chemical
activities of the molecules. Although other parameters are impor-
tant for the chemical activities of the molecules, they are calcu-
lated from the HOMO and LUMO energy values. More detailed
information for these parameters is given in previous studies. All
calculated parameters of compounds 2, 3, and 4 are given in
Table 2.

Although many parameters are obtained from the calculations,
few of them have a visual representation. In which, in Fig. 9, first
optimized versions of the molecules are given. Afterwards, the
atoms on which the HOMO and LUMO orbitals of the molecules
are concentrated, are given. Finally, molecular electrostatic poten-
tial (ESP) of the molecules is given, which gives information about
the electron density in the molecule. In the ESP views of the mole-
cules, the dark red regions are the regions with the highest electron



Fig. 4. Cytotoxicity study of Compound 2, 3 and 4 on SH-SY5Y cells. The treatment of SH-SY5Y cells was performed with these groups for a period of 72 h at concentrations
varying between 1 and 100 mM. Every bar represents the mean + SEM of three separate tests (***p < 0.0001, **p < 0.001 and *p < 0.01).

Fig. 5. Cytotoxicity study of Compound 2, 3 and 4 on L-929 cells. L-929 cells were treated with these drugs for 24 h in a concentration range of 1 to 100 mM. Represents the
mean ± SEM of three separate experiments.
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density. On the other hand, the light blue regions are the regions
with the least electron density. Other fields are shown in green
[49].

For the characterization of the molecules studied, NMR, IR, and
UV–vis spectra of the molecules were obtained and compared both
experimentally and theoretically.
3.2.1. Nuclear magnetic resonance analysis
In this characterization, first NMR analysis was performed. NMR

(Nuclear Magnetic Resonance) analysis is one of the three most
important methods used to determine the structure of molecules.
5

This analysis is based on measuring the absorption of all the atoms
in the molecule of the beam sent to the molecule as a result of the
absorption of electromagnetic radiation in the radio frequency
range. In experimental and theoretical studies, NMR chemical shift
values of carbon (13C) and hydrogen (1H) atoms were calculated. In
theoretical calculations, numerical values were found using the
Gauge-Independent Atomic Orbital (GIAO) method [50]. NMR
analysis was done at room temperature on a Bruker Avance
II + 300 (UltraShieldTM Magnet) spectrometer operating at
300.130 and 75.468 MHz for proton and carbon-13, respectively.
Experimental and theoretical pictures of NMR spectra are given



Fig. 6. Cytotoxicity study of Compound 2, 3 and 4 on L-929 cells. L-929 cells were treated with these drugs for 48 h in a concentration range of 1 to 100 mM. Represents the
mean ± SEM of three separate experiments. (***p < 0.0001, **p < 0.001 and *p < 0.01).

Fig. 7. Cytotoxicity study of Compound 2, 3 and 4 on L-929 cells. L-929 cells were treated with these drugs for 72 h in a concentration range of 1 to 100 mM. Represents the
mean ± SEM of three separate experiments. (***p < 0.0001 and *p < 0.01).

Table 1
Comparing IC50 values between Compound 2, 3 and 4 on SH-SY5Y and L929 cell lines following incubation for 24 h, 48 h, and 72 h.

Drugs SH-SY5Y L929
IC50 (lM ± SD*)

24 h 48 h 72 h 24 h 48 h 72 h

Compound 2 16.32 ± 1.02 7.05 ± 1.98 4.43 ± 0.34 �100 48.48 ± 1.02 42.06 ± 0.35
Compound 3 83.68 ± 2.67 53.16 ± 1.56 48.89 ± 2.09 �100 81.19 ± 2.17 51.63 ± 3.03
Compound 4 11.71 ± 3.34 8.93 ± 1.44 7.88 ± 2.11 �100 56.05 ± 1.98 47.00 ± 1.36
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Fig. 8. Morphological changes of SH-SY5Y and L-929 cells after 24 h of incubation with concentrations (10 lM) of Compound 2, 3 and 4 the results presented are from that
were carried out and photographed microscopically.

Table 2
The calculated quantum chemical parameters of molecules.

EHOMO ELUMO I A DE g R v P_I x e dipol Energy

B3LYP/3–21 g LEVEL
2 �5.6965 0.5627 5.6965 �0.5627 6.2592 3.1296 0.3195 2.5669 �2.5669 1.0527 0.9500 4.3221 �20448.8890
3 �5.7060 0.5423 5.7060 �0.5423 6.2483 3.1242 0.3201 2.5818 �2.5818 1.0668 0.9374 4.0896 �21479.8236
4 �5.8744 �0.3361 5.8744 0.3361 5.5384 2.7692 0.3611 3.1053 �3.1053 1.7410 0.5744 3.7814 �92141.2881
B3LYP/6–31 g LEVEL
2 �5.7414 0.4683 5.7414 �0.4683 6.2097 3.1048 0.3221 2.6365 �2.6365 1.1194 0.8933 3.8162 �20555.8081
3 �5.7563 0.4411 5.7563 �0.4411 6.1974 3.0987 0.3227 2.6576 �2.6576 1.1397 0.8775 3.5576 �21592.0350
4 �5.8431 �0.3478 5.8431 0.3478 5.4954 2.7477 0.3639 3.0955 �3.0955 1.7436 0.5735 2.5022 �92525.1419
B3LYP/SDD LEVEL
2 �5.8445 0.2645 5.8445 �0.2645 6.1090 3.0545 0.3274 2.7900 �2.7900 1.2742 0.7848 3.8895 �20558.0934
3 �5.8374 0.2678 5.8374 �0.2678 6.1052 3.0526 0.3276 2.7848 �2.7848 1.2703 0.7872 3.8230 �21594.3055
4 �5.8513 �0.6939 5.8513 0.6939 5.1574 2.5787 0.3878 3.2726 �3.2726 2.0766 0.4816 2.8820 �22914.7338
HF/3–21 g LEVEL
2 �8.1529 4.3647 8.1529 �4.3647 12.5176 6.2588 0.1598 1.8941 �1.8941 0.2866 3.4893 3.7056 �20310.3300
3 �8.1556 4.3634 8.1556 �4.3634 12.5190 6.2595 0.1598 1.8961 �1.8961 0.2872 3.4821 3.6190 �21334.7173
4 �8.2693 3.5081 8.2693 �3.5081 11.7775 5.8887 0.1698 2.3806 �2.3806 0.4812 2.0781 3.6674 �91945.1993
HF/6–31 g LEVEL
2 �8.0571 4.2877 8.0571 �4.2877 12.3448 6.1724 0.1620 1.8847 �1.8847 0.2877 3.4755 3.4580 �20415.3596
3 �8.0590 4.2828 8.0590 �4.2828 12.3418 6.1709 0.1621 1.8881 �1.8881 0.2888 3.4621 3.3178 �21444.9778
4 �8.1052 3.4366 8.1052 �3.4366 11.5418 5.7709 0.1733 2.3343 �2.3343 0.4721 2.1181 2.2213 �92325.3638
HF/SDD LEVEL
2 �8.1529 3.9669 8.1529 �3.9669 12.1198 6.0599 0.1650 2.0930 �2.0930 0.3614 2.7667 3.6258 �20417.8535
3 �8.1540 3.9669 8.1540 �3.9669 12.1209 6.0604 0.1650 2.0935 �2.0935 0.3616 2.7655 3.5345 �21447.5398
4 �8.1586 2.6670 8.1586 �2.6670 10.8256 5.4128 0.1847 2.7458 �2.7458 0.6964 1.4359 2.4855 �22757.6245
M062X/3–21 g LEVEL
2 �7.0788 1.5404 7.0788 �1.5404 8.6193 4.3096 0.2320 2.7692 �2.7692 0.8897 1.1240 4.1576 �20439.1755
3 �7.0818 1.5391 7.0818 �1.5391 8.6209 4.3105 0.2320 2.7714 �2.7714 0.8909 1.1224 4.1196 �21469.8483
4 �7.2421 0.6555 7.2421 �0.6555 7.8976 3.9488 0.2532 3.2933 �3.2933 1.3733 0.7282 3.8341 �92132.9277
M062X/6–31 g LEVEL
2 �7.0952 1.4275 7.0952 �1.4275 8.5227 4.2613 0.2347 2.8338 �2.8338 0.9423 1.0613 3.7682 �20546.3986
3 �7.1104 1.4063 7.1104 �1.4063 8.5167 4.2583 0.2348 2.8520 �2.8520 0.9551 1.0470 3.5450 �21582.3324
4 �7.2271 0.4446 7.2271 �0.4446 7.6718 3.8359 0.2607 3.3912 �3.3912 1.4991 0.6671 3.5889 �92517.4545
M062X/SDD LEVEL
2 �7.1975 1.2106 7.1975 �1.2106 8.4081 4.2041 0.2379 2.9934 �2.9934 1.0657 0.9384 3.8959 �20549.1467
3 �7.2048 1.2041 7.2048 �1.2041 8.4089 4.2045 0.2378 3.0004 �3.0004 1.0705 0.9341 3.8239 �21585.1834
4 �7.8941 0.2291 7.8941 �0.2291 8.1232 4.0616 0.2462 3.8325 �3.8325 1.8081 0.5531 2.8065 �22904.2942
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Fig. 9. Representations of optimized structures, HOMO, LUMO, and ESP of compound 2, 3, and 4.
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in Fig. S1-S9. In NMR analysis, the chemical shift values of the car-
bon and hydrogen atoms in the molecule are calculated by the
effect of the atoms or atoms around the atoms [51]. In the theoret-
ical calculations made, the chemical shifts values of carbon and
hydrogen atoms in the molecule were calculated on a HF/6-31+
+g basis set. All numerical values obtained as a result of experi-
mental and theoretical operations are given in Tables S1, S2, and
S3. Plotted against theoretical values versus experimental values.
Calculations of molecules in gas, methanol, DMSO (Dimethyl sul-
foxide) phases were made. The theoretical values obtained were
plotted against the experimental values in the Fig. S10-S12.

Correlation coefficient values of each curve are found in this
graph. In the drawn graph, the correlation coefficient values of
the gas phase, methanol phase, and DMSO phase for compound 2
are 0.9984, 0.9983, and 0.9983, respectively. Correlation coefficient
values of the gas phase, methanol phase, and DMSO phase, respec-
tively, for compound 3 are 0.9943, 0.9969, and 0.9969, respec-
tively. Finally, for compound 4, the correlation coefficient values
of the gas phase, methanol phase, and DMSO phase, respectively,
are 0.9968, 0.9975, and 0.9975, respectively. The correlation coef-
ficient values obtained are very close to 1. These correlation coef-
ficient values were generally found to be closer to the
experimental values in the methanol and DMSO phases. The high
R2 values of the molecules indicate that the calculated theoretical
values are reliable. In the theoretical calculations made, aromatic
carbon chemical shift values were found to be between 106.88
and 148.90 [50]. However, chemical shift values of aliphatic car-
bons were found to be between 20.80 and 70.00 [51]. On the other
hand, chemical shift values of aromatic hydrogen atoms were
found to be between 6.66 and 6.79 [46].
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3.2.2. Ultraviolet and visible light (UV–vis) absorption
Ultraviolet and visible light (UV–vis) absorption is based on the

principle of stimulation of electrons in the molecule as a result of
the absorption of the light sent to the molecules by the molecule.
each molecule is excited by a different wavelength of light
[46,48]. With the ultraviolet and visible light (UV–vis) absorption
method, it is possible to use the molecules in the process of recog-
nizing molecules as a result of the absorption of rays of different
wavelengths. It is also possible to determine the amount of sub-
stance from the intensity of the absorbed beam. The molecules
studied were gas (e = 1), chloroform (e = 4.711), methanol (e = 3
2.613), dimethyl sulfoxide (e = 46.826), water (e = 78.355), and n
methyl formamide-mixture (e = 181.56). The UV–vis spectrum
was obtained in the phases. These spectrum values are calculated
on HF/6-31++g basis set. The representations of the experimental
and theoretical UV–Vis spectrum values of compound 2–4 are
given in Fig. S13-S18.

The most important reason to study so many solvents is to
examine how the solvent phase affects the absorbance values.
besides, it is to investigate in which solvent the curve similar to
the experimental curve will be obtained. When the experimental
and theoretical UV–vis spectra of the molecules were examined,
it was seen that there were two main peaks. As a result, it has been
observed that there are n ! n� and p! p� transitions in
molecules.

3.2.3. Infrared spectroscopy
Infrared spectroscopy method is the measurement of the rays

sent to the molecule by absorption, emission or reflection by the
molecule. Infrared spectroscopy is used like other methods to



Fig. 10. Presentation interactions of afzelin with AChE enzyme.
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recognize and study molecules. In the theoretical calculations of
the IR spectra of molecules, calculations were made on the basis
set HF/6-31++g. Both experimental and theoretical spectra
obtained in Figs. S19-S21 are given. In these spectra, the blue col-
ored spectra are the experimental spectrum, the red colored spec-
tra are the theoretical spectrum.

Examining the functional groups, combinations of different sub-
stances, and potential changes in the structure of substances is
very essential in terms of the structure of the material. FTIR is often
used to analyze and describe the structure of a material and to
study the interaction of different groups. In this study, FTIR ana-
lyzes were performed to observe functional groups. In all
Figs. S19–S21, NAH stretching is observed between 3000 and
3400 cm�1 [46,48]. In addition, OAH and NAH overlap at the same
wavelengths. The CAH stretching appeared between 2921 and
2880 cm�1 in Fig. S19. Similarly, Figs. S20 and S21 may overlap
with the CAH vibrational bond in the range of 3000–2800 cm�1.
Due to the chemical structure of the materials, it can be seen from
the figures that there is a CAH bond between 1400 and 600 cm�1.
Fig. 11. Presentation interactions
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As seen in Figs. S19–S21, it is seen that there is no peak in the
2800–1500 cm�1 region in the products formed after the synthesis.
3.2.4. Molecular docking
Molecular docking calculations are performed to compare the

biological activities of molecules against biological materials. Many
parameters are calculated from the calculations made to compare
the activities of molecules against cancer proteins [52,53]. These
parameters are used in molecular docking calculations to explain
the chemical interactions that occur between molecules and pro-
teins. The most important parameter among these parameters is
the docking score. The molecule with the most negative numerical
value of this parameter is considered to have higher activity than
the other molecular. The most important factor determining the
numerical value of the molecular docking score parameter is the
chemical interaction. The interactions between cancer proteins,
which are composed of many proteins, and molecules, determine
the numerical value of the docking score parameter [54]. As the
interactions between molecules and proteins increase, the numer-
ical value of the docking score parameter becomes more negative
of afzelin with a-Gly enzyme.



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

AChE 2 3 4

Docking Score �7.51 �6.81 �7.06
Glide ligand efficiency �0.42 �0.36 �0.34
Glide hbond �0.11 0.00 �0.20
Glide evdw �24.96 �25.98 �35.82
Glide ecoul �11.13 �11.44 �4.27
Glide emodel �58.58 �57.94 �55.05
Glide energy �36.09 �37.42 �40.08
Glide einternal 3.26 1.15 3.92
Glide posenum 293 129 76

a-Gly 2 3 4

Docking Score �4.93 �4.92 �4.20
Glide ligand efficiency �0.26 �0.26 �0.20
Glide hbond �0.48 �0.36 �0.30
Glide evdw �18.31 �21.76 –22.14
Glide ecoul �12.73 �12.44 �9.56
Glide emodel �44.83 �49.96 �37.03
Glide energy �31.04 �34.20 �31.70
Glide einternal 3.02 3.58 9.08
Glide posenum 56 72 362
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[55]. Therefore, the biological activity of the molecule is higher
than other molecules. These interactions have many interactions
such as hydrogen bonds, polar and hydrophobic interactions, p-p
and halogen [56–59]. These interactions are shown in Figs. 10
and 11.

Many parameters are derived from molecular docking calcula-
tions, which are used to describe the chemical interactions
between molecules and proteins, are given Table 3. Glide ligand
efficiency parameter shows the efficiency of ligand molecules.
Table 4
ADME properties of molecule.

2

mol_MW 249
dipole (D) 3.0
SASA 555
FOSA 458
FISA 29
PISA 68
WPSA 0
volume (A3) 969
donorHB 2
accptHB 2.7
glob (Sphere = 1) 0.9
QPpolrz (A3) 29.4
QPlogPC16 8.4
QPlogPoct 13.2
QPlogPw 6.0
QPlogPo/w 3.4
QPlogS �3.0
CIQPlogS �2.4
QPlogHERG �5.0
QPPCaco (nm/sec) 1320
QPlogBB 0.3
QPPMDCK (nm/sec) 739
QPlogKp �3.3
IP (ev) 9.0
EA (eV) �0.5
#metab 6
QPlogKhsa 0.4
Human Oral Absorption 3
Percent Human Oral Absorption 100
PSA 28
RuleOfFive 0
RuleOfThree 0
Jm 0.1

* <25 is poor and > 500 is great, ** <25% is poor and > 80% is high.
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Glide hbond, Glide evdw, and Glide ecoul parameters are numeri-
cal values of chemical interactions of molecules with cancer pro-
teins [57]. The remaining parameters are take numerical data
about the exposure between molecules and cancer proteins [58].

The biological activities of the molecules were compared with
molecular docking calculations. After this comparison, the proper-
ties of molecules to be drugs are examined. ADME/T (Absorption,
Distribution, Metabolism, Excretion and Toxicity) analysis was per-
formed to predict the movements of these drug candidate mole-
cules in human metabolism. All calculated parameters of ADME/T
are given in Table 4. In this analysis, many movements of mole-
cules in tissues were predicted. As a result of this analysis, it is pos-
sible to synthesize more effective drugs by predicting toxicological
effects. As a result of the calculated ADME/T analysis, many param-
eters were found. Among these parameters, many chemical param-
eters such as molar masses of molecules, dipole moment, hydrogen
bonds they give, hydrogen bonds they take, Total solvent accessible
surface area, Hydrophobic and Hydrophilic of component of the
SASA (solvent accessible surface area), and Predicted polarizability
are calculated [59]. Apart from this, many biological parameters
such as intestinal-blood barrier, brain-blood barrier, absorption
through the skin, and orally usable properties of molecules are cal-
culated [57].

Apart from these, it is the RuleOfFive and RuleOfThree parame-
ters that determine the properties of being a drug. RuleOfFive is
known as Lipinski’s rule of five. RuleOfFive [60,61] consists of four
rules. these rules are mol_MW < 500, QPlogPo/w < 5, donorHB � 5,
accptHB � 10. RuleOfThree [62] is known as Jorgensen’s rule of
three. these three rules are QPlogS > -5.7, QP PCaco > 22 nm/s, #Pri-
mary Metabolites < 7.
3 4 Referance Range

261 348 130–725
2.7 2.6 1.0–12.5
559 595 300–1000
469 268 0–750
22 41 7–330
68 208 0–450
0 78 0–175
983 1035 500–2000
1 2 0–6
3.7 2.7 2.0–20.0
0.9 0.8 0.75–0.95
30.6 33.4 13.0–70.0
8.2 10.6 4.0–18.0
12.7 15.2 8.0–35.0
5.7 7.1 4.0–45.0
3.3 4.7 �2.0–6.5
�3.1 �5.3 �6.5–0.5
�2.4 �5.8 �6.5–0.5
�4.9 �5.2 (corcern below �5)
1543 4004 *
0.5 0.0 �3.0–1.2
875 5915 *
�3.3 �1.0 Kp in cm/hr
9.0 8.4 7.9–10.5
�0.5 0.1 �0.9–1.7
6 7 1–8
0.4 0.6 �1.5–1.5
3 3 –
100 100 **
21 30 7–200
0 0 Maximum is 4
0 1 Maximum is 3
0.1 0.2 –



Table 5
The enzyme inhibition results of novel compounds (2–4) against acetylcholinesterase and a-glucosidase enzymes.

Compounds IC50 (mM) Ki (mM)

AChE r2 a-Gly r2 AChE a-Gly

2 63.52 0.9451 6.13 0.9482 54.76 ± 7.73 6.25 ± 0.46
3 75.84 0.9832 4.18 0.9462 71.25 ± 8.22 3.15 ± 0.65
4 92.71 0.9951 0.88 0.9539 90.27 ± 9.66 0.81 ± 0.13
TAC* 125.27 0.9921 – – 117.48 ± 23.61 –
ACR* – – 11.84 0.9391 – 9.44 ± 1.81

* Control compounds.

A.N. Khalilov, B. Tüzün, P. Taslimi et al. Journal of Molecular Liquids 344 (2021) 117761
3.3. Enzymes results

All synthesized compounds against to studied enzymes have
inhibitory properties at different mM levels compared to control
compounds (tacrine and acarbose) and the results are showed in
Table 5. Experimental results show that these compounds have
inhibitory potential with IC50 values in the range of 63.52–92.71 m
M and Ki values 54.76–90.27 mM for AChE. As is clear from Table 1,
compound 2 has higher inhibitory potential against AChE (IC50:
63.52 mM; Ki: 54.76 ± 7.73 mM), compared by tacrine compound
(IC50: 125.27 mM, Ki: 117.48 ± 23.61). The alpha glucosidase inhibi-
tory activities of these compounds observed with IC50 values in the
range of 0.88–6.13 and Ki values 0.81–6.25 mM. Molecules with the
most inhibitory properties was compound 3 and 4 was more inhi-
bitory potent (IC50: 0.88 mM; Ki: 0.81 mM and IC50: 4.18 mM; Ki:
3.15), while compound 2 have lower inhibitory potential.

Alpha-glucosidase inhibitors (Miglitol, acarbose, voglibose) are
extensively used in the therapy of patients with type 2 diabetes.
Alpha-glucosidase inhibitors delay the absorption of carbohydrate
molecules from the small intestine and thus have a lowering effect
on postprandial blood glucose and insulin levels [63,64]. Cho-
linesterase inhibitors are a group of medicines that block the nor-
mal breakdown of acetylcholine. For example, acetylcholine (ACh)
is released by motor neurons to activate muscles; ACh also has an
key role in attention, arousal, memory, learning, and motivation
[65,66].
4. Conclusion

Both chemical and biological activities of molecules were com-
pared with theoretical calculations. It was observed that the activ-
ity of compound 2 was higher than the other molecules. For the
characterization of the molecules, both experimental and theoret-
ical spectra were compared. It was seen that the obtained theoret-
ical and experimental spectra were in great agreement with each
other. Biological activities of molecules against the enzyme were
compared with molecular docking calculations. According to the
findings, the cytotoxic activity of the compounds was found to be
higher in cancer cell line than healthy cell line. As a result, it was
concluded that synthesized compounds could be candidates for
use in cancer treatment with supportive studies.
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