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ABSTRACT

In this study, an efficient single-step method for the preparation of B-amino alcohols (1-3) in aqueous
media was applied. The aim was to investigate the cytotoxic activity of Compounds 1, 2 and 3 in neu-
roblastoma SH-SY5Y cell line and mouse fibroblast L-929 cell lines. Cytotoxic activities of compounds
1, 2 and 3 in this cell lines were also determined by MTT method. Cells were incubated with differ-
ent concentrations of Compound 3 showed the highest cytotoxic activity in SHY5Y cells at an IC50 dose
of 13.01+£0.87 uM at 72 h compared to other compounds. Compound 3 was determined to have lower
cytotoxic activity in L-929 cells. The chemical activities of the molecules against the B3LYP, HF, M062X
level 3-21 g, 6-31 g, and SDD basis set with the Gaussian package program and biologically against
the adenosine A(2A) receptor (PDB ID: 3PWH and 5NM4) proteins for neuroblastoma tumors cell with
the Maestro Molecular modeling platform by Schrédinger were compared. Both experimental and the-
oretical NMR, UV-vis, and IR spectra of the studied molecules were compared. ADME/T analysis was
performed to examine the drug properties of the molecules. Finally, these assayed for their activities
against metabolic enzymes acetylcholinesterase and «-glucosidase. The most potent compounds against
AChE were order compounds 3, 2 and 1 with K; values of 35.88+6.61, 43.75+8.28, and 45.34+3.50 uM
against AChE, respectively. The results indicated that all the synthesized compounds exhibited excellent
inhibitory activities against mentioned enzymes as compared with standard inhibitors. These inhibitors
may be candidates for drug design.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

ration of many biologically active compounds [6]. They exhibit a
broad spectrum of biological properties such as bactericide, fungi-

The vic-amino alcohol is a prevalent motif in chiral auxiliaries,
chiral ligands, chiral organocatalysts, drugs and natural products
[1-4]. B-amino alcohols derived from natural amino acids have
been widely used as a source of strong chirality. Chirality is an im-
portant property for drugs because of the different biological activ-
ities of the two enantiomers [5]. f-amino alcohols are used in the
pharmaceutical industry as versatile intermediates in the prepa-
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cide, antiparasitic, enzyme inhibitory, antitumor, antileishmanial,
antiarrhythmic activities [7-14]. Many of them found application
in medical practice (Fig. 1a) [15,16]. Cytotoxic activity of various
eugenol-based B-amino alcohol derivatives shows that some struc-
tural modifications resulted in enhanced cytotoxic activity toward
cancer cells [17,18]. Considering this literature data and structural
analogy with 1-3 compounds, some structure/activity relationships
can be drawn, which may guide future structural improvements
for anticancer agents. Consequently, herein, we disclose the results
of the biological activity assessment of synthesized products 1-3
(Fig. 1b) [19].
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Fig. 1. The B-amino alcohol drugs (a); The S-amino alcohols used in the study (b).

Neuroblastoma (NB) is one of the most common tumors in chil-
dren. NB usually originates from the sympathetic nervous system
and adrenal glands. It can also occur from the abdomen, chest,
spinal cord, and paraspinal ganglia [20]. NB accounts for approx-
imately 9% of childhood cancers seen in one in 8000 live births.
NB is seen in approximately 1 out of 105 children under the age of
15 in the world [21]. Diagnosis of cancer is 22 months on average,
more than one third is under the age of 1, and more than 88% are
diagnosed at the age of 5 [22]. The long-term survival rate of chil-
dren with NB is only 5% to 15% [23]. Therefore, the 5-year overall
survival probability of patients with high risk neuroblastoma is less
than 50% [24]. In addition, these patients treated with chemother-
apy are exposed to treatment-related sudden and long-term toxic-
ities. NB cancer is a tumor that needs new treatment approaches.
Toxicity studies have been carried out in cancer cell lines using an-
ticancer drugs, different nanoparticles or various drugs [25].

Theoretical calculations are a widely used method for drug
discovery today. With this method, it is possible to synthesize
more effective and more active molecules [26,27]. Theoretical cal-
culations are among the fastest and most accurate methods used
to compare the activities of molecules. Among this method, the
most known and most used programs are the Gaussian software
program [28] and the Maestro Molecular modeling platform by
Schrodinger [29]. Molecules can be modified to increase their ac-
tivity of molecules by determining the active sites of molecules
with theoretical calculations [30,31]. Many calculations were made
in this study. The chemical activities of the molecules against the
B3LYP, HF, M062X [32-34] level 3-21 g, 6-31 g, and SDD basis
set with the Gaussian package program and biologically against
the adenosine A(2A) receptor (PDB ID: 3PWH and 5NM4) [35,36]
proteins for neuroblastoma tumors cell with the Maestro Molecu-
lar modeling platform by Schrodinger were compared. Both exper-
imental and theoretical NMR, UV-vis, and IR spectra of the studied
molecules were compared. Finally, ADME/T analysis was performed
to examine the drug properties of the molecules.

o-Glucosidases («-D-glucoside glucohydrolase, exo-a—1,4-
glucosidase) play a key role in carbohydrate metabolism in plants,
animals and microorganisms. It is very common in microorganisms
and has been characterized by purifying its extracellular, intracel-
lular or cell-bound forms from various bacteria, yeasts and molds.

Eukaryotic «-glucosidases isolated and purified; Examples are
Saccharomyces italicus Y1225, a yeast, Aspergillus niger, a mold, and
human lysosomal «-glucosidase [37,38]. Learning of cholinesterase
(ChE) enzymes structure is essential for understanding their high
catalytic efficacy as well as for the purpose, of rational drug design
it is important to know everything related to these vital enzymes.
ChEs are a family of enzymes that catalyzes the hydrolysis of
ACh, a basic procedure taking into account the rebuilding of the
cholinergic neuron. The two sorts of ChE are: (AChE; E.C. 3.1.1.7)
and (BChE; E.C. 3.1.1.8). AChE is one of the well-known compounds,
which plays an imperative part in the central nervous system. The
availability of AChE crystal structures for distinct species with and
without ligands gives a strong premise to structure-based plan of
novel AChE inhibitors [39,40].

In this study, we aimed to determine some enzymes inhibition,
in silico studies, and cytotoxicity potentials of these compounds
on SH-SY5Y neuroblastoma and L-929 healthy mouse fibroblast cell
lines by administering the newly synthesized Compound 1, 2 and
3 drugs.

2. Experimental
2.1. Chemistry section

2.1.1. General

Melting points were determined by a Stuart SMP30 melting
point apparatus and are uncorrected. The 'H and '3C NMR spectra
of known compounds were recorded on a Bruker Avance II + 300
(UltraShieldTM Magnet) instrument in DMSO at 300 MHz. All the
chemicals were purchased by chemical producers Merck (Darm-
stadt, Germany) and Fluka (Buchs, Switzerland) and used without
further purification.

2.1.2. General procedure for the synthesis of compounds (1-3)

To a 1-chloro-3-mesitylpropan-2-ol (10 mmol) in water (20 mL)
an amine (30 mmol) was added and was vigorously stirred at 90 °C
temperature for 4-24 h until the reaction mixture become homo-
geneous. Then the reaction mixture was cooled down. Then the
precipitated white solid products were separated by filtration and
recrystallized from carbon tetrachloride [19,41].
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2.1.3. 1-Mesityl-3-(phenylamino )propan-2-ol (1)

Yield 36%; Mp 123-124 °C; 'H NMR (300 MHz, DMSO-Dg):
2.20 (s, 3H, CH3); 2.28 (s, 6H, 2CH3); 2.75 (d, 2H, CH,-Ar); 3.00
(m, 2H, N-CH,); 3.85 (m, 1H, CH); 4.77 (d, 1H, OH); 5.05 (t, 1H,
NH); 6.49 (m, 3H, 3CHa); 6.74 (s, 2H, 2CHar); 7.02 (d, 2H, 2CHa);
13C NMR (300 MHz, DMSO-Dg): 20.90 (2CH5-Ar); 21.00 (CH;-Ar);
36.20 (CH,-Ar); 49.90 (N-CH,); 69.90 (CHO); 113.1 (2CHa); 117.8
(1CHar); 128.9 (4CHar); 1345 (Car-CHp); 136.7 (Car-CH3); 137.8
(2Car-CH3); 148.9 (Car-NH).

2.14. 1-Mesityl-3-(methylamino)propan-2-ol (2)

Yield 67%; Mp 104-106 °C; 'H NMR (300 MHz, DMSO-Dg): 2.15
(s, 3H, CH3); 2.25 (s, 6H, 2CH3); 2.52 (s, 3H, N-CH3); 2.62 (m, 2H,
H,C-Ar); 2.82 (m, 2H, CH,-N); 3.15 (s, 2H, NH+OH); 4.10 (m, 1H,
CH); 6.75 (s, 2H, 2CHa). 13C NMR (300 MHz, DMSO-Dg): 20.00
(2CH;-Ar); 20.10 (CH5-Ar); 33.41 (CH;-N); 37.30 (CH,-Ar); 55.22
(CH,-N); 68.40 (CHO); 129.20 (2CH4); 132.30 (Car-CHy); 134.7
(Car-CHs); 136.7 (2C4r-CH3).

2.1.5. 2-((2-Hydroxy-3-mesitylpropyl)amino)—2-
(hydroxymethyl)propane-1,3-diol
(3)

Yield 65%; Mp 105-106 °C; 'H NMR (300 MHz, DMSO-Dg): 2.17
(s, 3H, CH3); 2.24 (s, 6H, 2CHs3); 2.54 (d, 2H, CH,-Ar); 2.63 (d,
2H, CH,-N); 3.31 (s, 6H, 3CH,-0); 3.51 (s, 3H, OH); 3.55 (m, 1H,
CH-0); 4.30 (s, 1H, NH); 4.69 (s, 1H, OH); 6.77 (s, 2H, 2CHg;).
13C NMR (300 MHz, DMSO-Dg): 20.62 (2CH3-Ar); 20.90 (CH3-Ar);
35.50 (CH,-Ar); 47.7 (CHy-N); 59.82 (Ciert-N); 61.45 (3CH,-0);
71.62 (CHO); 128.98 (2CH,); 133.86 (Car-CH,); 134.53 (Car-CH3);
136.84 (2C;-CH3).

2.2. Cytotoxicity activity assay

Compounds 1, 2 and 3 were administered to cell lines and
their cytotoxic activity was analyzed using the MTT method.
These cell lines were grown in DMEM (Dulbecco’s Modified Eagle
Medium) medium containing 1% penicillin-streptomycin and 10%
fetal bovine serum (FBS). SH-SY5Y and L-929 cell lines were man-
ufactured at 37 °C, 95% moisture and 5% CO,. Cells (1 x 105/well)
were then sowed into 96 well plates after 24 h of growth and com-
pounds were applied to the cells at 8 different doses ranging from
1 to 100 puM. Cells were incubated with these drugs for 24, 48 and
72 h. After incubation of cells, 10 pL of MTT was added to each
well. After the addition of MTT, incubation was done at 37 °C for
3 h in an environment containing 5% CO,. MTT was aspirated from
the cells. Then, 100 pL of dimethyl sulfoxide (DMSO) was attached
to each well and incubated for 15 min. In order to determine the
cytotoxic activity of the cells, absorbance values were read with a
microplate reader at 570 nm. Data were analyzed using the Graph-
Pad Prism method. Then graphics were created.

2.3. Morphological examination of cells

10 mM Compounds 1, 2 and 3 were added to each of the cells.
The morphology of the cells after the applied dose was examined
on the device at 20X magnification (ZEISS Axio Vert.A1).

2.4. Statistical analysis

In the cytotoxic activity determination study in cell lines,
each compound was performed in triplicate. Results are given as
mean+SEM. Study data were analyzed by one-way ANOVA method.
Differences were considered significant. The statistical significance
levels of the doses are given on the columns in 1-6 figures
(*p<0.05, ** p<0.01 and **p<0.0001).
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2.5. Theoretical calculation

Theoretical calculations provide important information about
the chemical and biological properties of molecules. Many quan-
tum chemical parameters are obtained from theoretical calcula-
tions. 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 GaussView
6.0 [28,42] By using these programs, calculations were made in
B3LYP, HF, M06-2X [32-34] methods with the 6-31++g(d,p) ba-
sis set. As a result of these calculations, many quantum chemical
parameters have been found. each parameter describes a differ-
ent chemical property of molecules. These parameters are HOMO
(Highest Occupied Molecular Orbital), LUMO (Lowest Unoccupied
Molecular Orbital), AE (HOMO-LUMO energy gap), chemical poten-
tial (u), electrophilicity (w), chemical hardness (), global softness
(o), Many parameters such as nucleophilicity (&), dipole moment,
energy value are calculated [43-45].

oE 1 1
X = _<8N>u(r) = E(H_A) = _i(EHOMO + Ewymo)

02E 1 1
n= _<8NZ>U(r) = 5(1 -A) = _E(EHOMO — Ewmo)

oc=1/mw=x*2ne=1/w

Molecular docking calculations are performed to compare the
biological activities of molecules against biological materials. The
program developed by Maestro Molecular modeling platform (ver-
sion 12.8) by Schrodinger [21] was used for molecular docking cal-
culations. Calculations are made up of several steps. Each step is
done differently. In the first step, the protein preparation module
[46] was used in the preparation of proteins. In this module, the
active sites of the proteins were determined. In the next step, the
studied molecules are prepared. First, the molecules are optimized
in the gaussian software program, then the LigPrep module [47] is
prepared for calculations using optimized structures. The Glide lig-
and docking module [48] was used to examine the interactions be-
tween the molecules and the cancer protein after preparation. Cal-
culations were made using the OPLS4 method in all calculations.
Finally, ADME/T analysis (absorption, distribution, metabolism, ex-
cretion and toxicity) will be performed to examine the drug po-
tential of the studied molecules. The Qik-prop module [49] of the
Schrédinger software was used to predict the effects and reactions
of molecules in human metabolism.

2.6. Enzymes assays

ChE inhibitory activities of the title compounds against AChE
was determined by Ellman’s method [50]. In this assay, AChE from
electric eel (Electrophorus electricus) and BChE from equine serum
were used [51]. «-Glucosidase inhibitory activity of novel deriva-
tives was determined according to the reported method by Tao
et al. [52].

3. Results and discussion

B-Amino alcohols were resynthesized according to the litera-
ture [19]. The formulas of the compounds used in the study are
given in Fig. 1b.

In present study, cytotoxic activities of Compounds 1, 2 and 3
were evaluated in Table 1 and Figs. 2-4. The percentages of sur-
vival of cells after administration of the compounds were calcu-
lated and compared with each other. ICsy doses of compounds ap-
plied to cells were found to be more effective in SH-SY5Y cells.
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Table 1
Comparison of IC50 values of Compounds 1, 2 and 3 in cell lines.
SH-SY5Y 1929
ICs (uM=£SD*)
Drugs 24h 48h 72h 24h 48h 72h
Compound 1 >100 42,2340,21 3597+1,67 >100 >100 >100

Compound 2 64,76+1,46  44,53+1,98  36,12+3,51 78,87+3,76  52,05+1,07 47,71+£1,48
Compound 3 25,96+1,23 16,71+2,33 13,01+0,87 91,32+1,99 82,77+2,79 52,14+4,32
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Fig. 2. Determination of the cytotoxic activity of compounds 1, 2 and 3 in SH-SY5Y cells. Activities of compounds after 24-hour incubation at concentrations ranging from 1
to 100 pM.
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Fig. 3. Determination of the cytotoxic activity of compounds 1, 2 and 3 in SH-SY5Y cells. Activities of compounds after 48-hour incubation at concentrations ranging from 1
to 100 pM.
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Fig. 4. Determination of the cytotoxic activity of compounds 1, 2 and 3 in SH-SY5Y cells. Activities of compounds after 72-hour incubation at concentrations ranging from 1

to 100 pM.
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Fig. 5. Cytotoxicity activity of compounds in L-929 cells. Doses of compounds in the dose range of 1-100 uM were administered over 24 h.

Cytotoxic activity on compounds cells was found to be most
active at 72 h over the three time periods. Compound 3
showed the highest cytotoxic activity amongst the compounds
performed to SH-SY5Y cells. Compound 3 was found to have
the highest cytotoxic activity at 72 h in SH-SY5Y cells with an
IC50 dose of 13.01+0.87 pM. The IC50 concentration of Com-
pound 3 in the 1-929 cell line is 5214 + 432 pM for 72 h
(Table 1). In SH-SY5Y cancer cells, Compound 2 had the most
active cytotoxicity at 72 h and the ICsg concentration was
36.12 + 3.51 puM, while the cytotoxicity of Compound 1 was found
to be 35.97 + 1.67 pM at 72 h (Table 1). Morphological analyzes
were performed 24 h after the administration of Compounds 1,

2 and 3 at a dose of 10 M to SH-SY5Y and L-929 cells (Fig. 5-
8).

Compounds 1, 2 and 3 were found to significantly alter the
morphology of the cells in SH-SY5Y cells compared to the con-
trol group. All three compounds were found to produce more
morphological changes in SH-SY5Y cells compared to L-929 cells.
Compound 3 was found to be more effective than the com-
pounds applied to the cells. In one study, different concentrations
of paclitaxel and docetaxel ranging from 0.1 nM to 10 uM were
administered to SH-SY5Y cells (3, 6, 12, 24, 48, and 72 h) and cyto-
toxic activities were determined. It was determined that paclitaxel
and docetaxel drugs showed antineoplastic activity in SH-SY5Y cell
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Fig. 6. Cytotoxicity activity of compounds in L-929 cells. Doses of compounds in the dose range of 1-100 tM were administered over 48 h.

100 9

80 "

60

407 B

TT
Cell Viability %

20 4 B

T/ 0000000070000777007

T/

7
7o
%o
%o

- Compound 1

N com pound 2

m Compound 3

7

72h Treatment (pM)

Fig. 7. Cytotoxicity activity of compounds in L-929 cells. Doses of compounds in the dose range of 1-100 uM were administered over 72 h.

lines. Therefore, our study results suggest that Compound 3 may
be a drug candidate when compared with these results [53].
Comparing the activities of molecules as a result of theoret-
ical calculations is both fast and easy. In the calculations made
with the Gaussian package program, many quantum chemical cal-
culations of the molecules were made. Among these calculated
quantum chemical parameters, the most important parameters are
Highest Occupied Molecular Orbital (HOMO) and Lowest Unoccu-
pied Molecular Orbital (LUMO), which explain the electron donat-
ing properties of molecules. this is used to explain the activities
of molecules. The activity of the molecule with the most positive
numerical value of the Highest Occupied Molecular Orbital param-
eter of the molecules is higher than the activity of other molecules

[54]. On the other hand, the activity of the molecule with the most
negative numerical value of the Lowest Unoccupied Molecular Or-
bital parameter of the molecules is higher than the activity of other
molecules [55]. As a result of the calculations, many parameters
were calculated. From these calculations, it is seen that the com-
pound 3 has the highest value in all basis sets, according to the
numerical value of the HOMO parameter of the molecules. These
parameters are used to explain the activities of molecules, since
electron transfer occurs between molecules. Apart from these two
parameters, many parameters of the molecular are calculated. All
of these parameters are given in Table 2. but since many parame-
ters are calculated from these two parameters, a similar ranking is
obtained.
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Fig. 8. Morphological changes of cells after 24 h of incubation with 10 ptM dose of Compounds 1, 2 and 3.

Table 2
The calculated quantum chemical parameters of molecules.

Enomo ELumo I A AE n = X Pi 1) € dipol Energy

B3LYP/3-21 g LEVEL

1 -57950 -0.0229 57950  0.0229 57721  2.8861 03465 29089 -29089 14660 0.6821 3.6024  —22,446.4004
2 56948 05510 56948 —05510 62459  3.1229 03202 25719 -25719 1.0590 09442 43040 —17,258.7453
3 55697 07274 55697 —0.7274 62970  3.1485 03176 24212 -24212 09309 1.0742 58913  —26,553.8927
B3LYP/6-31 g LEVEL

1 -54197 0.0648 54197 -0.0648 54845 27422 03647 26775 -2.6775 13071 07650 19350  —22,564.4895
2 57457  0.4642 57457 -0.4642 62100  3.1050 03221 26407 -2.6407 1.1230 0.8905 3.8184 —17,349.1995
3 -55923  0.6071 55923  —0.6071 6.1993  3.0997 03226 24926 -24926 1.0022 09978 51803  —26,692.8085
B3LYP/SDD LEVEL

1 55493 -02555 55493  0.2555 52937 26469 03778 29024 -29024 15913 06284 19488  —22,566.8587
2 58407 02672 58407 -02672 6.1079  3.0540 03274 27867 -2.7867 12715 07865 3.9095 —17,351.2589
3 56312 04963 56312 -0.4963 6.1275  3.0638 03264 25674 -2.5674 1.0757 09296 7.0284  —26,697.2006
HF/3-21 g LEVEL

1 81891 3.8779  8.1891 -3.8779 120670 6.0335 0.1657 2.1556 -2.1556 03851 2.5970 3.4673  —22297.3093
2 81480 43675 81480 -43675 125154 62577 01598 18903 —1.8903 02855 3.5027 3.8251  —17,143.4508
3 -7.9599 45637 79599 45637 12.5236 62618 0.1597 16981 -1.6981 02303 43429 56610 —26,386.4669
HF/6-31 g LEVEL

1 -77659 38956  7.7659 —3.8956 11.6615 58308 0.1715 19352 -19352 03211 3.1140 16192 —22,413.4968
2 80541 42896  8.0541 -42896 123437 6.1719 0.1620 1.8822 -1.8822 02870 3.4842 3.5330 —17,232.2833
3 -7.8233 45490  7.8233 -45490 123723 6.1861 01617 16372 -1.6372 02166 46159 67771  —26,522.7558
HF/SDD LEVEL

1 -76639 3.5982 76639 35982 112621 56310 01776 20328 -2.0328 03669 27253 24453  —224159758
2 81553 3.9675 81553 39675 12.1228 6.0614 0.1650 20939 -2.0939 03617 27649 3.6623  —17,234.4563
3 _7.9262 42096  7.9262 -42096 12.1358 6.0679 0.1648 18583 -1.8583 02845 3.5144 68172 —26,527.0594
M062X/3-21 g LEVEL

1 -7.1626 09731 71626  -09731 8.1357 40679 02458 3.0948 -3.0948 1.1772 08495 3.6389  —22,436.3641
2 70718 15475 70718  —15475 86193 43096 02320 27621 -2.7621 08851 1.1298 43193  —17,250.7319
3 -7.1923 14588 71923 14588 86511 43256 02312 28667 -2.8667 09500 1.0527 24473  —26,542.5545
M062X/6-31 g LEVEL

1 -7.1403 08572 71403  -0.8572 7.9975  3.9987 02501 3.1416 -3.1416 12341 08103 3.3765 -—22,554.5088
2 -7.1041 14155 71041 —14155 85197 42598 02348 28443 28443 09496 1.0531 3.7647 —17,341.3215
3 -69839 15279 69839 —15279 85118 42559 02350 27280 -2.7280 0.8743 1.1438 47402 —26,681.6136
M062X/SDD LEVEL

1 -69210 06615 69210 —0.6615 7.5825  3.7913 02638 3.1297 -3.1297 12918 07741 2.0955 —22,557.5883
2 -72045 12063 72045 12063 84108 42054 02378 29991 -29991 1.0694 09351 3.9016  —17,343.7429
3 -69411 14760 69411 -14760 84171 42085 02376 27326 -2.7326 08871 1.1272 74911 —26,686.5421
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LUMO

Fig. 9. Shapes of optimized structure, HOMO, LUMO and ESP of all molecule.

On the other hand, it is known that molecules with the low-
est numerical value of the HOMO-LUMO energy gap value have
the highest chemical activity [56]. In the calculations, it is known
that the molecule with the lowest numerical value of the HOMO-
LUMO energy gap parameter of the molecules has higher activity
than other molecules.

Although molecules have many calculated parameters, few of
them can be visualized. these are given in Fig. 9. are the opti-
mized shapes of the first visual molecules. Using this optimized
structure, it is seen on which atoms the HOMO and LUMO orbitals
of the molecules are located. In the last relative, electrostatic po-
tential (ESP) images are given, in which electron charge distribu-
tions of molecules are given. It has been understood that this vi-
sual molecule has two active points. The red regions are the re-
gions with the highest electron density, which are the regions with
the highest electron donating potential [57,58]. However, the blue
regions, which are the regions with the lowest electron density, are
the regions with the highest electron acceptability potentials.

3.1. Nuclear magnetic resonance (NMR) spectra

Nuclear magnetic resonance spectroscopy of molecules, gener-
ally abbreviated NMR spectroscopy, is a research technique that
uses certain magnetic properties of atomic nuclei. It determines
the physical and chemical properties of the atoms or molecules
in it. NMR Spectroscopy gives information about the skeleton of
the molecule, depending on the magnetic character of the atomic
nucleus. Other spectroscopic methods deal with electrons, NMR
Spectroscopy with the nucleus [59]. NMR analysis was done at
room temperature on a Bruker Avance I1+300 (UltraShieldTM Mag-
net) spectrometers operating at 300.130 and 75.468 MHz for pro-
ton and carbon-13, respectively in experimental analyses in Fig-
ure S4-S9. On the other hand, Chemical shift values of carbon and
hydrogen atoms of all compound were calculated by using the
gage-independent atomic orbital (GIAO) method [60] in theoreti-

cal analysis. The NMR spectrum of the all compound was calcu-
lated on the HF/6-31++g basis set. The calculated chemical shift
values are given in Table S1-S3. The chemical shift values calcu-
lated with the experimental chemical shift values obtained were
plotted. The chemical shift values of carbon and hydrogen atoms
in each molecule in gas phase, methanol phase, and DMSO phase
were calculated theoretically. Labeling of atoms is given in Figure
S1-S3. The correlation coefficient values (R%) were calculated for
each molecule. It can be seen that this value is very close to 1. R?
values for each molecule in all three phases are 0.99 in Figs. 10—
12. When this table and graphic is examined in detail, it is seen
that carbon atoms with a chemical shift value of 20-70 ppm are
aliphatic carbon atoms, while the others are aromatic carbons [61].
On the other hand, it is seen that hydrogen atoms with chemical
shift values between 7.28-8.18 ppm are attached to the aromatic
ring [62]. However, it is seen that hydrogen atoms with a chem-
ical shift value of 2.28-4.14 ppm are hydrogen atoms attached to
aliphatic carbons [63].

3.2. Infrared spectroscopy

Infrared (IR) spectroscopy spectra of molecules is a charac-
terization method obtained from the vibrations of atoms in the
molecule. This spectrum method is the measurement of the inter-
action of infrared radiation with the molecule through absorption,
emission or reflection [64]. It is used to study and identify solid,
liquid or gaseous chemical substances or functional groups. These
vibrations occurring in molecules provide the formation of IR spec-
tra. The IR spectrum of the molecules was calculated on the HF/6-
31++g basis set. Many vibrations are observed in the molecule.
Both experimental and theoretical IR spectrums were obtained for
the compound 1, 2, and 3. In Figs. 13-15, both spectra are com-
pared. The red colored spectrum is the theoretical spectrum and
the blue colored spectrum is the experimental spectrum.
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Fig. 10. Experimental and theoretical graph of all chemical shift values of compound 1.
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Fig. 11. Experimental and theoretical graph of all chemical shift values of compound 2.

Each molecule was pressed into potassium bromide pellets and
then used for the purpose of examining the functional groups by
means of a Fourier transform infrared spectrophotometer (FTIR:
Bruker: Tensor II) in the interval ranging from 4000 to 500 cm™'.
The spectra of the prepared samples were recorded by employing
a UV-Vis spectrophotometer (UV-2600, Shimadzu, Japan) in the
range of 200-800 nm. It is crucial to study the functional groups,
combinations of various substances, and possible variations in the
structure of substances for the material’'s structure. FTIR is fre-
quently employed for the analysis and description of a material’s
structure and investigation of the interaction of various groups.
FTIR analyses were conducted with the aim of observing functional
groups in the current study.

The N-H stretches of amines are present in the 3300-3000
cm~! region [65]. The mentioned bands are weaker and sharper
in comparison with the bands of the alcohol O-H stretches oc-
curring in the identical region. Secondary amines (R,NH) exhibit a
single weak band in the region of 3300-3000 cm~!. Because they
have a single N-H bond. The peaks that correspond to 2° amine
found in all three molecules are observed at 3350-3310 cm~!. O-H
and N-H stretching vibrations are defined by absorption peaks in
the region of 3700-3100 cm~!. Peaks belonging to O-H tend to
be at higher wavenumbers. O-H bands are wider than hydrogen
bond formation causes the broadening of peaks and shifts them to
lower wavenumbers. O-H and N-H overlapping occur at identical

wavelengths in all three molecules. The peak observed at ~3300
in compound 3 is broader than the others and originates from the
0O-Hs in the molecule.

The molecules cause C-H modes, including stretching, in-plane
and out-of-plane bending vibration. Aromatic compounds usually
show multiple weak bands in the 3000- 3100 cm~! [66] region
because of aromatic C-H stretching vibrations. The C-H in-plane
bending frequencies occur in the 1000- 1300 cm~! range, while
C-H out-of-plane bending vibration occurs in the 750-1000 cm~!
range for aromatic compounds [67,68]. The aromatic C-H stretch-
ing bands are revealed to be weak, which is caused by the de-
creased dipole moment due to a reduction in negative charge
on the carbon atom. There are two types of CH modes in the
molecule, including CH modes in the ring and the CH; modes of
substituted methyl groups.

There are three methyl groups in the mesitylene molecule in
the first, third, and fifth positions. For benzene derivatives that
contain a CH3 group, two bands with asymmetric and symmet-
ric stretching appear. The asymmetric stretching for the CH3 and
CH, groups has a higher magnitude compared to the symmet-
ric stretching [69]. The CH stretching vibration of methyl groups
occurs at frequencies lower than the frequencies of the aromatic
ring (3000-3100 cm~!). The asymmetric and symmetric stretch-
ing modes of the methyl group attached to the benzene ring are
generally downshifted because of electronic impacts and are fore-
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Fig. 12. Experimental and theoretical graph of all chemical shift values of compound 3.
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Fig. 13. IR spectra of compound 1.

seen around 2990, 2940 cm~! asymmetric and 2860 cm~! sym-
metric stretching vibrations. In the current study, the examined
wavenumbers were recorded at 2965, 2946, 2922 cm~! asymmet-
ric and 2918, 2851,2855, 2730 cm~! symmetric stretching vibra-
tions, which is identical in all three molecules, and the experi-
mental values represent very good consistent calculated data. The
ring stretching vibrations are essential and represent the important
characteristic of the aromatic ring itself. The CC stretching vibra-
tion modes in the phenyl ring usually take place in the 1430-1625
cm~! region in all three molecules. The wavenumbers identified in
the FT-IR spectrum at 1605 and 1503 cm~! were assigned to C = C
stretching vibrations in molecule 1 [70].

The C-CHj3 vibrations represent significant modes for the
molecules with methyl groups. The said modes are usually contam-
inated with C-H in-plane bending vibration [71,72]. The active fun-
damental mode revealed as C-CH3 was determined at 1226 cm~1
in FT-IR. There is good agreement between the C-CHj stretching
mode and the calculated wavenumber.

10

The presence of the ring stretching modes of mono-substituted
benzene is foreseen in the 1620-1285 cm~1 range [73]. For
compound 1, the phenyl ring stretching modes are detected at
1600, 1503, 1471 cm~! in the IR spectrum. There is a consider-
ably high overlap between regions. Therefore, the deformations
frequently overlap a lot of molecules. For the hydroxyl group,
three normal vibrations, such as the stretching vibration vOH,
in-plane and out-of-plane deformations §OH and yOH, are en-
sured by the OH group. The in-plane OH deformation [74-76] is
predicted in the 1440 + 40 cm~! region. The stretching of hy-
droxyl group C-O is foreseen in the 1220 + 40 cm~1 region
[29-31]. Varghese et al. stated vOH at 3633 and SOH at 1345
cm~! in theory and CO stretching at 1255 cm~! in IR spec-
tra. The out-of-plane deformation is usually predicted in the
650 + 80 cm~! region [77]. For the compounds, OH modes are
assigned at 3466 (stretching), 1407 (in-plane deformation), and
631 cm~1 (out-of-plane deformation) experimentally and in the-
ory.
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Fig. 15. IR spectra of compound 2.

3.3. UV spectra

Ultraviolet and visible light (UV-Vis) absorption spectroscopy
is the measurement of the attenuation of a beam of light after
it has passed through a sample or is reflected off a sample sur-
face. UV-Vis spectroscopy is generally used for the measurement
of molecules in solution or inorganic ions and complexes [78]. Ul-
traviolet or ultraviolet (abbreviated UV) radiation is radiation with
a wavelength between 100 and 400 nm. This spectroscopic method
is used to determine the concentration of that substance or to de-
termine the substance as a result of the substance absorbing light
at certain wavelengths. In the calculations, compounds 1, 2, and 3
were found to be in gas (e = 1), chloroform (e = 4.711), methanol

1

(e = 32.613), dimethyl sulfoxide (e = 46.826), water (e = 78.355),
and n-methyl formamide-mixture (e = 181.56) phases were calcu-
lated. These phases of all compound are calculated on HF/6-31++g
basis set in Figs. 16-18.

For the purpose of investigating the UV spectrum analyses of
the molecules, they were studied by theoretical computation us-
ing the combined experimental results [77]. It was revealed that
the examined peaks were located at 240 nm in compound 1,
at 205, 220 and 230 nm in compound 2, and the absorption
peaks of compound 3 were detected at 230 nm with a small
excited peak at 205 nm. The highest absorption values recorded
experimentally are 205 and 250 nm due to n — mx* transition
[78,79]. According to the above-mentioned observation, an infer-
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ence that all the peaks were identified with small fluctuations was
made.

3.4. Molecular docking

Molecular docking calculations were used to compare the ac-
tivity of molecules against biological materials. These calculations
have important benefits in designing more active and more effec-
tive drugs for many diseases such as cancer. There are many fac-
tors affecting the activities of molecules in these calculations. At
the very beginning of these factors, the inhibition of molecules by
interacting with cancer proteins is the most important thing that

12

Journal of Molecular Structure 1273 (2023) 134282

Table 3

Numerical values of the docking parameters of molecule against enzymes.
3PWH Compound 1 Compound 2 Compound 3
Docking Score —6.45 -7.79 —-8.00
Glide ligand efficiency = —0.32 —0.52 -0.38
Glide hbond 0.00 -0.36 -1.06
Glide evdw -31.40 -15.98 -15.09
Glide ecoul —2.44 -15.18 -30.48
Glide emodel -43.81 —53.82 -73.35
Glide energy —33.83 -31.16 —45.57
Glide einternal 5.43 3.58 11.02
Glide posenum 73 370 211
5NM4 Compound 1 Compound 2 Compound 3
Docking Score -6.33 -5.32 —6.58
Glide ligand efficiency  —0.32 -0.35 -0.27
Glide hbond -0.32 -0.20 -0.30
Glide evdw —26.11 -19.62 —-20.76
Glide ecoul —4.22 -8.97 —25.24
Glide emodel —40.33 —44.12 —-63.91
Glide energy -30.33 —28.60 —46.00
Glide einternal 4,67 1.32 10.22
Glide posenum 338 248 248

affects the activities of molecules. Many chemical interactions oc-
cur between molecules and proteins, such as hydrogen bonds, po-
lar and hydrophobic interactions, 7 -7 and halogen [80,81].

Molecular docking calculations are made to predict the activ-
ity of molecules against biological materials. In molecular dock-
ing calculations, in order to be able to comment on the biological
activities of molecules, it is necessary to examine the numerical
value of the docking score parameter of the molecules, and it is
known that the molecule with the most negative numerical value
of this parameter has the highest activity [80]. The interactions of
the molecule with the proteins are given in Fig. 19 and 20.

All parameters calculated as a result of the interaction of the
molecules with the proteins are given in Table 3. Among these pa-
rameters, parameters such as Glide ligand efficiency, Glide hbond,
Glide evdw, and Glide ecoul show the efficiency of the molecule
and the numerical value of the chemical interactions in the inter-
action [80]. These chemical interactions are hydrogen bonds, po-
lar and hydrophobic interactions, w-7 and halogen. On the other
hand, parameters such as Glide emodel, Glide energy, Glide ein-
ternal, and Glide posenum are the numerical values of the pose
between the molecule and the protein [81].

While examining the interaction of the molecules with proteins,
it was understood as a result of molecular docking calculations
that compound 3 had higher activity than others. After the activ-
ity of the molecules, it is necessary to examine the drug proper-
ties so that the molecule can be used as a drug in the future [82].
ADME/T (Absorption, Distribution, Metabolism, Excretion and Toxi-
city) analysis was performed for these calculations in Table 4. This
figure examines the entry of the molecule into human metabolism,
its interaction in human metabolism, and a series of processes that
follow excretion from human metabolism. All parameters obtained
as a result of the calculations of this analysis are given in Table
6. Some of these parameters are about the chemical properties of
the molecule and some of them are about the biological proper-
ties. However, there are two important parameters that determine
whether molecules can be drugs, which are RuleOfFive [83,84],
also known as Lipinski’s fifth rule of Pfizer, and RuleOfThree [85],
known as the three of Jorgensen’s rule. The numerical value of
these parameters is required to be zero. However, it is seen by
theoretical calculations that the all compound is difficult to pass
through the blood-brain and blood-intestinal barriers.
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Fig. 20. Presentation interactions of Compound 3 with 5SNM4 protein.

3.5. Enzymes results

The AChE plays a primary role in acetylcholine-mediated neu-
rotransmission. At the therapeutic level, the utilization of AChE
inhibitors is used to increase synaptic levels of acetylcholine
in diseases that reduce acetylcholine neurotransmission, such as
AD [86]. However, BChE activity regularly increments in patients
with AD, while AChE action stays unaltered or decays. Both en-
zymes, therefore, represent right therapeutic targets for improv-
ing the cholinergic shortfall considered to be responsible for the
declines in cognitive and behavioral characteristic of AD [87].
These compounds showed excellent to good inhibitory activities
against studied AChE enzyme with K; values ranging between
35.88+6.61 to 45.344+3.50 uM for AChE, whereas, tacrine, which
was the first drug approved by the Food and Drug Administra-
tion for treatment of AD. It had K; value of 117.48+23.61 pM
against AChE (Table 5). The most potent compounds against AChE
were order compounds 3, 2 and 1 with K; values of 35.88+6.61,
43.75+8.28, and 45.344+3.50 pM against AChE, respectively. The or-
der of ICsq inhibitory activity against AChE for these derivatives
were 3 (32.73 uM) < 2 (38.82 uM) < 1 (44.64 uM). AChE inhibitors
such as Donepezil and Rivastigmine are generally used for this pur-
pose. However, it has been reported that these drugs cause side ef-
fects such as hepatotoxicity and gastrointestinal disorders. There-
fore, safe and effective natural AChE inhibitors are gaining more
and more importance recently. Competitive and non-competitive
reversible AChE inhibitors are mostly used for therapeutic purposes
[88]. These inhibitor compounds include carbamates, neostig-

E
=
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-
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Fig. 21. Ki graphs of best inhibitor (3) for AChE and alpha glycosidase enzymes.

mine, physostigmine, ambenonium, demecarium, pyridostigmine,
phenanthrene derivatives, rivastigmine, galantamine, caffeine (non-
competitive), donepezil, piperidines, tacrine (tetrahydroaminocri-
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Table 4
ADME properties of molecules.
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Compound 1 Compound 2 Compound 3  Referance Range
mol_MW 269 207 297 130-725
dipole (D) 1.5 32 6.3 1.0-12.5
SASA 564 476 551 300-1000
FOSA 267 357 350 0-750
FISA 41 50 133 7-330
PISA 256 68 68 0-450
WPSA 0 0 0 0-175
volume (A3) 981 805 994 500-2000
donorHB 2 2 5 0-6
accptHB 2.7 32 7.8 2.0-20.0
glob (Sphere =1) 0.8 0.9 0.9 0.75-0.95
QPpolrz (A3) 31.7 23.5 26.6 13.0-70.0
QPlogPC16 9.9 7.0 10.1 4.0-18.0
QPlogPoct 14.2 11.6 20.1 8.0-35.0
QPlogPw 7.4 6.6 14.8 4.0-45.0
QPlogPo/w 4.2 1.2 0.5 -2.0-6.5
QPlogS -4.4 -1.7 -0.6 -6.5-0.5
CIQPlogS —4.2 -14 -1.5 -6.5-0.5
QPlogHERG -5.2 -4.5 -4.6 ’
QPPCaco (nm/sec) 4012 830 136
QPlogBB -0.2 0.2 -0.9 -3.0-1.2
QPPMDCK (nm/sec) 2221 448 63
QPlogKp -0.8 -3.8 —4.6 Kp in cm/hr
IP (ev) 8.3 9.0 8.9 7.9-10.5
EA (eV) -0.4 -0.5 -0.7 -0.9-1.7
#metab 8 6 9 1-8
QPlogKhsa 0.4 -0.1 -0.6 -1.5-1.5
Human Oral Absorption 3 3 2 -
Percent Human Oral Absorption 100 86 68
PSA 30 31 87 7-200
RuleOfFive 0 0 0 Maximum is 4
RuleOfThree 1 0 1 Maximum is 3
Jm 1.7 0.7 1.9 -

* Corcern below —5.
** <25 is poor and >500 is great.
% <25% is poor and >80% is high.

Table 5

The enzyme inhibition results of novel compounds (1-3) against acetylcholinesterase and

«-glycosidase enzymes.

Compounds IC50 (M) Ki (uM)

AChE r? a-Gly r? AChE a-Gly
1 44.64 0.9828 1.05 0.9885  45.3443.50 1.324+0.32
2 38.82 09961 093 0.9721  43.754+8.28 1.06+0.31
3 32.73 0.9883  0.16 0.9824  35.88+6.61 0.12+0.03
TAC** 125.27  0.9921 - - 117.48+23.61 -
ACR* - - 22.80  0.9391 - 12.60+1.81

* TAC (tacrine) was used as a positive control for acetylcholinesterase (AChE).
** Acarbose was used as a positive control for a-glycosidase enzyme. This has given in

references [90,91].

dine, THA), huperophonymine, edrophonium, lalactuungados that
we can write example. AChE enzyme inhibitors are used in many
fields. These areas are listed below. (a) Naturally, venoms of plant
and animal origin can inhibit the AChE enzyme. (b) They are found
in insecticides. (c) For medical purposes, it is used in the treatment
of glaucoma and myasthenia gravis [89].

Finally, «-glucosidase inhibitory activity of the derivatives
was determined in this study (Table 5). Also, obtained results
demonstrated that all these compounds (K; values = 0.12+0.03-
1.324+0.32 pM) acted better than standard inhibitor acarbose (K;
value = 12.60+0.78 pM) against «-glucosidase. The most active
compounds were order 3, 2, and 1 that had K; values 3 (0.12) <
2 (1.06) < 1 (1.32) uM in Fig. 21. «-glucosidase inhibitors are com-
pounds from the oral antidiabetic class used in the treatment of
Type 2 diabetes. These groups of compounds inhibit the conver-
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sion of carbohydrates to monosaccharides, reducing their absorp-
tion by the intestine [92]. Thus, «-glucosidase inhibitors decrease
blood glucose level and insulin level. When we look at the liter-
ature, synthesized a group of new benzimidazole derivatives and
conducted inhibition studies on yeast a-glucosidase.

4. Conclusion

In conclusion, a series of novel B-amino alcohol compounds
1-3 has been designed, synthesized, and evaluated against
metabolic enzymes AchE and «-glucosidase. All of the synthe-
sized compounds inhibited AChE and alpha glycosidase better
than positive control tacrin and acarbose. Among them, 2-((2-
Hydroxy-3-mesitylpropyl)amino)—2-(hydroxymethyl)propane-
1,3-diol (3) derivative showed the most potent anti-AChE and
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alpha glycosidase activities. Interestingly, compound 1-Mesityl-3-
(methylamino)propan-2-ol (2) was the second potent compound
against AChE and «-glucosidase activities. All the title compounds
1-3 with K; values in range of 35 to 46 pM for AChE were excellent
inhibitors in comparison positive control tacrine with K; value of
117.5. Consequently, it was determined that the compounds were
more effective in neuroblastoma cells. Cholinesterase inhibitors
function to decrease the breakdown of acetylcholine that use in
the treatment of Alzheimer and dementia symptoms. Additionally,
Alpha-glucosidase inhibitors are oral anti-diabetic drugs used for
diabetes mellitus type 2 that work by preventing the digestion of
carbohydrates (such as starch and table sugar). We think that the
compounds may be drug nominees with the support of in vitro
and in vivo studies in the future.
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