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ABSTRACT

A series of dihydrotetrazolopyrimidine derivatives were prepared to utilize a three-component Biginelli reaction from
ethyl 3-oxo butanoate, 5-amino tetrazole, and various aromatic aldehydes as reactants, pTSA as a Brensted acid
catalyst, and ethanol as the solvent. The structure of the prepared compounds was established by spectroscopic
evidence, FTIR, HRMS, and NMR ('H- and '3C-) spectra. The electronic properties of the aromatic aldehyde's
substituents affected the reaction's time and yield. Substituents possessing electron-donating character accelerated the
reaction time but decreased the reaction yield, whereas substituents with electron-withdrawing properties slowed the
reaction but increased the yield. The prepared compounds exhibited moderate to strong anti-proliferative activities
against 4T1 and HeLa cancer cell lines. Compound Ethyl (£)-5-methyl-7-(1-phenylprop-1-en-2-yl)-4,7-
dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate and compound Ethyl 7-(1H-indol-3-yl)-5-methyl-4,7-dihydrote-
trazolo[ 1,5-a]Jpyrimidine-6-carboxylate) showed strong anti-proliferative activities in vitro through induction
apoptotic cells death mechanism. In addition, five of the synthesized compounds exhibited better inhibitory activity
of a-glucosidase than quercetin, the positive control.
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INTRODUCTION
Cancer remains a high-risk global health problem, the second-highest cause of death, and the predicted
primary cause of death in the future.! According to American Cancer Society?, over 1,9 million new cancer
cases are expected to be diagnosed in the US in 2022, while 609,360 deaths from cancer are expected. A
significant enhancement of economic impact follows this. The annual economic cost of cancer in 2010 was
estimated at US$ 1.16 trillion, nearly 19 percent higher than heart disease.? Although the development of
various treatment strategies is continuously ongoing, relapses and treatment-related complications remain
a hindrance. In cancer chemotherapy, the applied anticancer drugs generally act as cytotoxic agents,
associated with various side effects, working on an unspecified target, and marred by drug resistance.’*
Related to the management of cancer therapy, utilization of anticancer drugs working through apoptotic
cell death mechanism is preferred due to the ease of follow-up care.® Therefore, discovering small
molecules that exhibit potent and selective anticancer activities is still a goal and challenge in medicinal
chemistry research. Diabetes mellitus is considered a serious health problem worldwide due to enhancing
occurrence rate indicated by the increasing obesity and aging of the population. The global diabetes
prevalence in 2021 was estimated to be 536.6 million people, rising to 783.2 million in 2045.¢ Two types
of diabetes mellitus are known, type-1 is insulin-dependent diabetes mellitus, while type-2 is non-insulin-
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dependent diabetes mellitus. Generally, diabetes mellitus is characterized by a disorder of carbohydrate,
protein, and fat metabolism due to complete or partial inadequacy of insulin action and/or insulin secretion’
and by high blood glucose levels.® The central pathophysiology of diabetes is pancreatic B-cells and insulin
as its secretory product. However, various pathogenic mechanisms for developing hyperglycemia are
determined.” Chronic hyperglycemia due to partial or complete deficiencies in insulin secretion is a
characteristic symptom of type-2 diabetes. Prolonged postprandial hyperglycemia leads to uncontrolled
high blood glucose levels and the formation of cytotoxic non-enzymatic glycation products in various
tissues as a cause of complications of diabetes.’ In addition, prolonged postprandial hyperglycemia also
leads to glucose autoxidation, and overproduction of free radicals is also observed.'®'! The a-glucosidase
(a-Gls) is an essential enzyme in polysaccharides, and disaccharides break down into glucose.!? Therefore,
one therapeutic strategy to control postprandial hyperglycemia is retarding glucose absorption through
inhibition of a-glucosidase (a-Gls) as shown by various antidiabetic drugs, such as voglibose and
acarbose.'>!* Furthermore, the a-Gls is a notable target for inhibition by antiviral agents'* and anticancer.'?
However, molecular structures of most of the known constructed glucosidase inhibitors are usually
carbohydrate mimics, which need long multi-step reaction pathways, both from sugar and non-sugar
sources. These commonly applied a-Gls inhibitors show several disadvantages, such as low efficacy with
high ICso value'¢, and sometimes are associated with the appearance of rare adverse hepatic events.!” In
addition, none of these antidiabetic drugs can treat the cause of diabetes. The Biginelli reaction is a one-pot
multi-component reaction of a 1,3-dicarbonyl compound, urea, and benzaldehyde to furnish 3,4-
dihydropyrimidine derivatives.'®!” In addition to the versatility of the reaction components, the Biginelli
reaction is also of interest as molecular structures of its various reaction products can be predicted. The use
of 5-amino tetrazole replacing urea as a building block to form dihydro-tetrazolopyrimidine possessing a
purine ring is one example of the versatility of this reaction.?’ Derivatives of dihydrotetrazolopyrimidine
have also shown various biological activities, particularly antimicrobial?!, hypoglycemic and
antibacterial®?, antioxidant®®, anticancer?®, hyperuricemic?®, an inhibitor of HIV gp-120-CD4*® activities.
Moreover, it has been demonstrated that various purine derivatives possess potent antituberculosis
activity.”” In the present study, we aimed to design and synthesize small molecules derivatives of
dihydrotetrazolo pyrimidine both as anticancer small molecules and as anti-diabetic agents via a convenient
Biginelli reaction. Based on the literature study, the prepared compounds' anticancer and a-Gls inhibitory
activities were not reported yet. Furthermore, we studied the apoptosis-inducing mechanism and cell cycle
of the two most anticancer-potent compounds. The anti-diabetic activity was assessed by inhibition of a-
Glucosidase assay. The mechanism of inhibition activity was then studied through molecular interaction of
the most active compound by docking experiment toward a-glucosidase of Mus musculus accessed from
Protein Data Bank.

EXPERIMENTAL
Materials
All reagents used were of synthesis grade and provided by Sigma-Aldrich (St. Louis, MO, USA). All
solvents used were of pro-analysis grade provided by E. Merck (Darmstadt, Germany) and used without
prior purification. Reaction progress and product purity were measured by chromatography (TLC) on silica
aluminum plates (0.25 mm) with a fluorescent coating (E. Merck, Darmstadt, Germany) using various
solvents as a mobile phase.

Instrumentation

TLC spots were visualized using a UV lamp (Sankyo Denki O8T5, Japan; A = 254 nm). An infrared
spectrophotometer (Shimadzu, Kyoto, Japan; IRTracer-100) was used to record the FTIR spectra in KBr
powder by the diffuse reflectance method, and bands were expressed in wave number (cm™'). Mass spectra
were obtained using an HRMS (Water LCT Premier XE; Santa Clara, California, USA). NMR spectra were
obtained on a 400 MHz JEOL JNM-ECS400 spectrometer (Tokyo, Japan) using CDCl3; or DMSO-d6 as
solvents and an internal standard. A microplate reader Tecan (Infinite F50, Tecan Trading AG,
Switzerland), was employed to perform the a-glucosidase inhibition assays. A flow cytometer BD
FacsCalibur (San Jose, CA, USA) was used for cell cycle and apoptosis evaluation.
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Synthesis of Target Molecules

S5-amino tetrazole (6 mmol), aromatic aldehydes (5 mmol), ethyl acetoacetate (5 mmol), para-toluene
sulfonic acid (1 mmol), and ethanol (3 ml) were poured consecutively into a reaction flask, then refluxed
to the completion of the reaction (monitored chromatographically). The mixture was then subsequently
cooled and separated by filtration. The product was cleaned using cold ethanol and recrystallized. The
structures of the reaction products were determined based on spectroscopic evidence by FTIR, HRMS, 'H-
and *C-NMR. Briefly, spectroscopic data of the prepared compounds are displayed below.

Ethyl 7-(2,4-dimethoxyphenyl)-5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (1):
yellow solid (0.79 g; 45.91%), R=0.51 (2:1 dichloromethane / ethyl acetate); HR-MS [M-H]" calcd. for
C16H1sN5O4 344.1359, found 344.1360; FTIR (DRS, KBr, v, cm™) 3242 (N-H); 3178 (C-H aromatic); 2943
(C-H aliphatic); 1712 (C=0); 1577 (C=C); 1099 & 1276 (C-O ester); 'H-NMR (400 MHz, CDCl5) & (ppm)
11.01 (s, 1H); 7.24 (d, /=8.3 Hz, 1H); 6.88 (s, 1H); 6.46 (dd, J=8.3; 2.4 Hz, 1H); 6.43 (d, J/=2.4 Hz, 1H);
4.08 (g, J=7.1 Hz, 2H); 3.77 (s, 1H); 3.73 (s, 1H); 2.63 (s, 4H), 1.17 (¢, J=7.1 Hz, 3H), 3C-NMR (100.1
MHz, CDCl;) 6 (ppm) 165.4; 161.5; 158.6; 149.4; 145.9; 130.7; 120.5; 104.4; 99.0; 98.6; 60.4; 56.1; 55.7;
55.5;19.6; 14.2.

Ethyl 5-methyl-7-(4-morpholinophenyl)-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (2):
Violet needle crystal (1.08 g; 58%), Rr=0.47 (2:1 dichloromethane / ethyl acetate); HR-MS: [M+H]" calcd.
for C1sH2N6O3, 371.1832; found 371.1833; FTIR (DRS, KBr, v, cm™) 3242 (N-H); 3178 (C-H aromatic);
2943 (C-H aliphatic); 1712 (C=0); 1577 (C=C, aromatic); 1099 & 1276 (C-O ester); "H-NMR (400 MHz,
CDCI3) 6 (ppm) 11.08 (s, 1H); 7.25 (d, J/=8.8 Hz, 2H); 6.83 (d, J/=8.8 Hz, 2H); 6.67 (s, 1H); 4.05 (m, 2H);
3.83 (1, J=4.8 Hz, 4H); 3.14 (1, J=4.8 Hz, 4H); 2.67 (s, 4H); 1.16 (¢, J=7.1 Hz, 3H), *C-NMR (100.1 MHz,
CDCl;) & (ppm) 165.1; 151.5, 148.8; 145.7; 131.1; 128.3; 115.5; 99.6; 66.9; 60.9; 59.2; 48.9; 19.6; 14.2.%8

Ethyl 7-(furan-2-yl)-5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (3): Pale yellow
solid (0.66 g; 47.87%), R=0.55 (2:1 chloroform / ethyl acetate); HR-MS: [M+H]" calcd. for C12H14N4O3,
276.1097; found 276.1099; FTIR (DRS, KBr, v, cm™) 3394 (N-H); 3161 (C-H aromatic); 2941 (C-H
aliphatic); 1712 (C=0); 1570 (C=C); 1099 & 1276 (C-O ester); 'H-NMR (400 MHz, DMSO-ds) & (ppm)
11.34 (s, 1H); 7.58 (d, J=1.2 Hz, 1H); 6.80 (s, 1H); 6.45 (d, J/=3.1 Hz, 1H); 6.41 (dd, J=3.2; 1.4 Hz, 1H);
4.02-4.04 (m, 2H); 2.44 (s, 3H); 1.10 (¢, J=7.1 Hz, 3H), *C-NMR (100.1 MHz, DMSO-ds) & (ppm) 164.4;
151.9; 148.6; 147.3; 143.3; 110.8; 108.3; 95.2; 59.7; 52.1; 18.4; 13.9.

Ethyl (E)-5-methyl-7-(1-phenylprop-1-en-2-yl)-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carbo-
xylate (4) : brown needle crystal (0.19 g; 11.89%), R¢=0.43 (2:1 n-hexane / ethyl acetate); HR-MS: [M+H]"
calcd. for Ci7H9NsOa, 326.1539; found 326.1649; FT-IR (DRS, KBr, ¥, cm™) 3304 (N-H); 3172 (C-H
aromatic); 2949 (C-H aliphatic); 1681 (C=0); 1562 (C=C); 1095 & 1290 (C-O ester); 'H-NMR (400 MHz,
DMSO-ds) & (ppm) 11.18 (s, 1H); 7.33 (m, SH); 6.70 (s, 1H); 6.23 (s, 1H); 3.98-4.04 (m, 2H); 2.43 (s, 3H);
1.55-1.56 (m, 3H); 1.20 (¢, J=7.1 Hz, 3H), *C-NMR (100.1 MHz, DMSO-ds) & (ppm) 164.7; 149.0; 147.0;
136.1; 134.8; 129.3; 128.8; 128.4; 127.1; 96.1; 62.9; 59.7; 18.4; 14.1; 13.0.

Ethyl 7-(2-methoxyphenyl)-5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (5): White
crystal (0.75 g; 47.59%), Rr = 0.57 (2:1 chloroform / ethyl acetate); HR-MS: [M+Na]" calcd. for
CisH17NsO3Na, 338.1331; found 338.1221; FTIR (DRS, KBr, ¥, cm™) 3255 (N-H); 3184 (C-H aromatic);
2945 (C-H aliphatic); 1708 (C=0); 1573 (C=C); 1101 & 1278 (C-O ester); 'H-NMR (400 MHz, DMSO-
ds) O (ppm) 11.17 (s, 1H); 7.28 (¢, J=7.1 Hz, 2H); 6.99 (d, J/=8.5 Hz, 1H); 6.92 (d, J=7.5 Hz, 1H); 6.83 (s,
1H); 3,92-3.94 (m, 2H); 2.42 (s, 3H); 1.03 (¢, J=7.1 Hz, 3H), *C-NMR (100.1 MHz, DMSO-d) & (ppm)
164.7; 156.9; 149.0; 146.7; 130.0; 129.5; 128.4; 120.2; 111.8; 96.7; 59,5; 55.6; 55.1; 18.4; 13.7.

Ethyl 7-(4-(dimethylamino)phenyl)-5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxy-late
(6) : Yellow needle crystal (0.69 g; 42.40%), R¢=0.53 (2:1 chloroform / ethyl acetate); HR-MS: [M+Na]"
calcd. for C16H20N¢O2Na, 351.1648; found 351.1525; FTIR (DRS, KBr, v, cm™) 3232 (N-H); 3169 (C-H
aromatic); 2956 (C-H aliphatic); 1697 (C=0); 1575 (C=C); 1099 & 1279 (C-O ester); '"H-NMR (400 MHz,
CDCl3) & (ppm) 11.12 (s, 1H); 7.20 (d, J/=8.7 Hz, 2H); 6.66 (s, 1H); 6.66 (d, J=8.7 Hz, 2H), 4.08-4.09 (m,
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2H); 2.92 (s, 6H); 2.67 (s, 3H); 1,17 (+, J=7.2 Hz, 3H), 3C-NMR (100.1 MHz, CDCl5) & (ppm) 165.3;
150.7; 148.9; 145.5; 128.3; 127.7; 112.3; 99.8; 60.5; 59.4; 40.5; 19.6; 14.2.

Ethyl  5-methyl-7-(2,4,6-trimethoxyphenyl)-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxyla-te
(7): White crystal (0.55 g; 29.45%), R¢ = 0.41 (2:1 dichloromethane / ethyl acetate); HR-MS: [M+Na]"
calcd. for C17H21NsOsNa, 398.1434; found 398.1419; FTIR (DRS, KBr, v, cm™) 3248 (N-H); 3180 (C-H
aromatic); 2947 (C-H aliphatic); 1705 (C=0); 1577 (C=C); 1128 & 1232 (C-O ester); 'H-NMR (400 MHz,
DMSO-ds) & (ppm) 10.97 (s, 1H); 7.06 (s, 1H); 6.18 (s, 2H); 3.92 (¢, J=7.1 Hz, 2H); 3.74 (s, 6H); 2.54 (s,
3H); 1.04 (1, J=7.1 Hz, 3H), *C-NMR (100.1 MHz, DMSO-ds) & (ppm) 165.1; 161.1; 161.1; 149.5; 146.6;
109.3; 96.2; 90.9; 59.2; 55.8; 55.2; 49.2; 18.3; 13.8.

Ethyl 7-(1H-indol-3-yl)-5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (8): White
solid (0.04 g; 2.59%), Rr = 0.36 (2:1 dichloromethane / ethyl acetate); HR-MS: [M+Na]" calcd. for
C16H16NsO2Na, 347.1227; found 347.1220; FTIR (DRS, KBr, v, cm™) 3417 (N-H); 3172 (C-H aromatic);
2945 (C-H aliphatic); 1676 (C=0); 1577 (C=C); 1095 & 1315 (C-O ester); 'H-NMR (400 MHz, DMSO-
de) 6 (ppm) 11.25 (s, 1H); 11.17 (s, 1H); 7.40 (d, J/=2.6 Hz, 1H); 7.00-7.37 (m, 4H); 6.97 (s, 1H); 3.95-3.97
(m, 2H); 2.46 (s, 3H); 1.13 (¢, J=7,1 Hz, 3H), *C-NMR (100.1 MHz, DMSO-ds) & (ppm) 164.9; 148.6;
145.4;136.4; 124.8; 124.7;121.4;119.3; 117.9; 114.7; 111.9; 97.8; 59.5; 52.1; 18.2; 13.9.

Ethyl 7-(4-chlorophenyl)-5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (9): White
crystal (1.19 g; 74.28%), Ry = 0.54 (2:1 chloroform / ethyl acetate); HR-MS: [M+Na]" calcd. for
C14H14CINsO2Na, 342.0836; found 342.0729; FTIR (DRS, KBr, ¥, cm™) 3390 (N-H); 3182 (C-H aromatic);
2912 (C-H aliphatic); 1703 (C=0); 1575 (C=C); 1103 & 1282 (C-O ester); 'H-NMR (400 MHz, DMSO-
ds) 6 (ppm) 11.33 (s, 1H); 7.39-7.42 (m, 2H); 7.37-7.38 (m, 2H); 6.69 (s, 1H); 3.95-3.98 (m, 2H); 2.47 (s,
3H); 1.03 (¢, J=7.1 Hz, 3H), *C-NMR (100.1 MHz, DMSO-ds) & (ppm) 164.4; 148.3; 146.9; 139.9; 133.1,;
129.1; 128.7; 97.2; 59.7; 58.1; 18.5; 13.8.

Ethyl 7-(4-fluorophenyl)-5-methyl-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (10): White
crystal (0.87 g; 58.58%), R=0.53 (2:1 chloroform / Ethyl acetate); HR-MS: [M+Na] * calcd. for
C14H14FN5O2Na, 326.1024; found 326.1027; FTIR (DRS, KBr, ¥, cm™) 3230 (N-H); 3169 (C-H aromatic);
2943 (C-H aliphatic); 1701 (C=0); 1571 (C=C); 1103 & 1228 (C-O ester); 'H-NMR (400 MHz, CDCl5) &
(ppm) 11.26 (s, 1H); 7.35-7.37 (m, 2H); 7.02 (¢, J/=8.6 Hz, 2H); 6.72 (s, 1H); 4.09-4.10 (m, 2H); 2.69 (s,
3H); 1.14 (¢, J=7.1 Hz, 3H), *C-NMR (100.1 MHz, CDCl;) & (ppm) 164.9; 162.9 (1Jcr=247.0 Hz); 148.7;
146.2; 135.8; 129.3 (*Jcr=8,4 Hz); 116.0 (3Jcr=21.8 Hz); 99.2; 60.7; 58.9; 19.7; 14.1.

Anticancer Activity

The prepared compounds' cytotoxicity toward breast cancer cell line 4T1 and cervical cancer cell line HeLLa
was evaluated via a previously described MTT assay protocol.?*® Doxorubicin was used as a positive
control. Cancer cells were collected from the Laboratory of Pathology, Faculty of Medicine, Public Health,
and Nursery at Gadjah Mada University, Yogyakarta, Indonesia. Cell lines were cultured in RPMI-1640
containing 10% fetal bovine serum, penicillin, and streptomycin and grown in an incubator (5% CO5). Cells
were seeded in a 96-well plate at a density of 5.0 x 10* cells per well at 37°C, and cells were incubated for
24 h. Then, the tested compounds (7 different concentrations) were added to the cultures and incubated for
an additional 24 h. Afterward, 100 uL of MTT solution [S0 mg MTT in 10 ml phosphate-buffered saline
(PBS)] was added, and cells were further incubated for 4 h at 37°C in 5% CO,. To stop the reaction, an
equal volume of HCI (0.04 N in isopropanol) was added to each well, followed by the dissolution of the
purple formazan by adding 100 pl dimethyl sulfoxide. Formazan was formed proportionately to the total
viable cells, of which absorbance was then measured at 570 nm. Experiments were conducted in
triplicate. Statistical Probit analysis (SPSS 17) was employed to determine the ICso value. Viability
was determined according to the equation:

Treatment absorbance — Control medium absorbance

% Viable cells = 1009
% Viable cells Negative Control absorbance — Control medium absorbance x %
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Evaluation of Apoptosis and Determination of Cell Cycle using Flow Cytometer

Cancer cells (4T1 and HeLa) were cultured in RPMI medium at a density of 5 x 10° cells/well in 6-well
plates and incubated under a 5% CO, atmosphere for 24 h. The medium was then washed with PBS. Into
each well were added test compounds at ICsy concentrations, then cells were further incubated for 24 h
before being suspended in 1 ml cold ethanol and 1 ml PBS. After incubation in a refrigerator for 30 min,
the staining reagents (100 pul Annexin V—PI and 350 pl buffer) were added and mixed homogeneously. This
mixture was allocated into flow cytometer tubes, and cytograms were evaluated. Cell cycle evaluation was
conducted by resuspension of 400 pl homogeneous test solution, followed by incubation for 10 min at 37°C,
and reallocation into a flow cytometer tube. The cell cycle profile was then analyzed via flow cytometry.
The cell cycle phase was determined using the Cell Quest program.>!-3

0-Glucosidase Inhibition Assay

a-glucosidase (maltase and sucrase) from rat intestines was used to evaluate a-glucosidase inhibitory
activity following a previously reported protocol.?? Test compounds (10 pl), 20 pl substrate solution (10
mM maltose and 100 mM sucrose in 0.1 M phosphate buffer), crude enzyme (20 pL), and glucose solutions
(80 ul) were added consecutively, then incubated for 40 min (for sucrose) or 10 min (for maltose) at 37°C.
Glu-kit (Human, Germany) was applied to determine the concentration of glucose released from the
reaction mixture based on the glucose-oxidase assay. Quantitative inhibition of enzyme activity was
calculated at an absorbance of 503 nm according to the following formula: % Inhibition = [(A¢ — A1)/Ao] x
100, where Ao represents the absorbance without a sample, and A; represents the absorbance with the
sample. The plot of % inhibition of test compounds was used to determine 1Cso values.*

Docking Experiment
Molecular docking was carried out using the Dock 6.8 package. The crystal structure of Mus musculus ao-
glucosidase complexed with Valiolamine was obtained from Protein Data Bank (PDB: 7K9Q).** Structure
preparation and molecular surface generation were conducted by Dock Prep and Write DMS features on
Chimera 1.16 package.*® Spheres of the molecular surface were generated using the SPHGEN program,
and spheres were selected 8.0 around ligand position using the SPHERE SELECTOR program. The
SHOWBOX program generated a box around the selected sphere with an 8.0 A extra margin in all
directions. Grid was generated in 0.25 A resolution with the GRID program. In this experiment, Van der
Waals interactions were modeled with Lennard Jone’s potential with 6-12 attractive and repulsive
exponents. Coulomb potential was used to model the electrostatic interaction with a distance-dependent
dielectric coefficient of &=4r.>® The assessment of the docking parameter was validated by the pose
reproduction experiment, where the value of the corrected symmetry root means square deviation of the
heavy atom (HA RMSDh) should be less than 2.0 A. All ligand structures were optimized with MMFF
using the Avogadro program®’, and the electrostatic charge was computed with the AM1-BCC method
using the ANTECHAMBER program.*® The pose of docked ligands was visualized in Maestro 2020
(Schrodinger, Inc.)

RESULTS AND DISCUSSION
Chemistry
A series of dihydrotetrazolopyrimidine compounds 1-10 was synthesized as outlined in Scheme 1. The
preparation of target molecules employed the Biginelli reaction, a three-component reaction between ethyl
acetoacetate, S-amino tetrazole, and various aromatic aldehydes using pTSA as a Bronsted acid catalyst
and ethanol as solvent, conducted under reflux. The reaction progress was measured by TLC and stopped
when all reagents had reacted completely. The molecular structures of prepared compounds are presented
in Fig.-1.

HN—N

H2N/<\ /\\N

N

Scheme-1: Three-Component Reaction for the Formation of the Target Molecule
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Fig.-1: Molecular Structure of the Synthesized Compounds

Three reaction mechanism pathways of the Biginelli reaction were already reported. Those were through
Knoevenagel, enamine, and iminium routes.** However, reinvestigating the reaction mechanism conducted
by Kappe* using NMR spectroscopy revealed that the reaction proceeded through the iminium route.
Briefly, the reaction process proceeds as follows. The reaction starts with protonating aromatic aldehyde,
followed by a nucleophilic attack of 5-amino tetrazole to form an iminium ion. The next step is a
condensation of iminium ion with an enolate ion of ethyl-acetoacetate to form an intermediate as
Knoevenagel product. Protonation of this intermediate leads to an intermediate, followed by intramolecular
cyclization. Then dehydration and deprotonation steps lead to the target molecule.* The yield and reaction
time of the target compounds are presented in Table-1. It is observed that the reaction proceeded between
3-11 hours and yielded 3.22-74.28%. Further observation showed that electron-donating substituents
attached in phenyl ring at C-7 (compound 1-8) accelerated the reaction time (3-9 h), while electron-
withdrawing one (compound 9,10) slowed down the reaction time (11 h). However, on the contrary,
electron-donating substituents lowered the yield (3.22 - 58.19%), while electron-withdrawing one increased
the yield (58.58 - 74.28%). This finding follows the theoretical concept of the reaction mechanism of the
Biginelli reaction through the iminium route, which is formed through the reaction between benzaldehyde
derivatives and urea. The electron-withdrawing substituents of benzaldehyde increase carbonyl
benzaldehyde's electrophilicity, which accelerates the reaction.*®

Table-1: Yield and Reaction Time of the Synthesis of Target Molecules

No Compound Yield (%) Time (h)
1 1 45.91 7
2 2 58.19 7
3 3 47.87 9
4 4 11.89 7
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5 5 47.59 5
6 6 42.40 7
7 7 29.45 3
8 8 2.59 5
9 9 74.28 11
10 10 58.58 11

Compounds 2-7 and 9-10 were purified by recrystallization from a mixed solvent of ethanol-water, and
compound 7 was recrystallized from ethanol. Compounds 1 and 8 were purified chromatographically using
a silica column as stationary phase and a combination of ethyl acetate: dichloromethane (1:2) as mobile
phase for compound 1 and chloroform: ethyl acetate (3:1) for compound 8. Based on SciFinder research,
compounds 1 and 8 are commercially available, while compounds 4 and 7 are new. The synthesis and
structure characterization of compound 2 has been reported previously in detail®®, while compounds 3, 5,
6, 9, and 10 are already reported previously. We determined the molecular structure of all prepared
compounds based on HR-MS, FTIR, and NMR spectroscopic data. The HR-MS spectrum of the obtained
exhibited conformity between the observed and calculated molecular mass. According to FTIR spectra, the
vibration bands ¥ consecutively at range 3232-3335,3161-3180, 2912-2956, 1676-1712, 1556-1577, 1095-
1128, and 1217-1230 cm! are evidence for the existence of secondary N-H bond, C-H sp?, C-H sp?, C=0
ester, C=C aromatic, and C-O ester respectively. A consistent pattern of the "H-NMR spectrum of all the
prepared compounds was observed, which were singlet signals at 6H 2.36-2,69 ppm represented methyl
protons attached at C-5. The others singlet signals at dH 6.23-7.06 ppm are suitable for the chiral proton
signal at C-7 of the purine ring of prepared compounds. The N-H appeared as singlet signals at 3H 10.97-
11.33 ppm. Moreover, these data were also supported by *C-NMR (APT) data, which exhibited the
existence of C-5, C-5a, C-6, and C-7 signals that appeared consecutively at a range of 0C 145.4-147.3,
148.3-149.5, 95.2-99.58, and 49.2-62.9 ppm. These data showed the existence of a purine ring of all target
molecules.”!

Bioactivities Evaluation

Cytotoxicity Activity in Vitro

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay was applied to
evaluate the antiproliferative activity of the prepared compounds toward human breast cancer cell line 4T1
and cervical cancer cell line HelLa, with doxorubicin as a positive control. The results were presented as
growth inhibitory concentration (ICso) values in Table-2.

The tested samples showed cytotoxic activity toward the two cancer cell lines used in this experiment.
Although none of the tested compounds exhibited anti-proliferative activities on the order of the positive
control doxorubicin, their activities ranged from strong (compounds 4 and 8) to moderate (compounds 1—
3, 5-7, and 9-10). Compounds exhibiting ICso > 50 uM were not considered to have activity.??

Table-2: In vitro Cytotoxicity of the Prepared Compounds

1Cso (UM)

Sample 4T1 HeLa
1 0.272 0.603

2 0.824 0.085

3 0.664 0.619

4 0.040 0.023

5 0.548 0.319

6 0.897 0.299

7 0.664 0.643

8 0.045 0.041

9 3.737 0.458

10 0.470 0.305
Doxorubicin 0.006 0.002
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Cell Cycle Analysis

Considering their strong anti-proliferative activities, compounds 4 and 8 were tested for further biological
activities. To obtain a deeper understanding of the cytotoxic activities of these compounds, their effects on
the phases of the cell cycle and induction of apoptosis were appraised using 4T1 and HeLa cells according
to a method outlined in the previous studies.!” Generally, anticancer agents inhibit the growth and
multiplication of cancer cells by restraining cell division at certain checkpoints. Furthermore, cells that
resist apoptosis are traditionally averse to cancer therapy.?’ Herein, HeLa cancer cell lines were treated with
compounds 4 and 8 at concentrations equal to their ICso value from the above anti-proliferation assays
(0.023 uM for compound 4 and 0.041 pM for compound 8) for 24 h.
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Fig.-2: HeLa Cancer Cell Line Distribution Upon Treatment with (a) Doxorubicin, (b) Compound 4, and (c)
Compound 8

g

As shown in Fig.-2 and Table 2, the percentage of HeLa cells at the GO—G1 phase decreased from 70.61%
to 53.69%, while that in the S phase increased from 9.40% to 13.52%, and that in G2—-M, phase was
enhanced from 20.26% to 33.50% after treatment with compound 4, indicating that compound 4 led to cell
cycle arrest at GO—G1 phase. Furthermore, the percentage of HeLa cells in the GO—G1 phase increased from
70.61% to 81.00%, in the S phase decreased from 9.40% to 8.61%, and in the G2—M phase decreased from
20.26% to 10.97% after treatment with compound 8. This demonstrated that compound 8 led to cell cycle
arrest at the G2—M phase.

Table-2: Effect of Compounds 4 and 8 on Cell Cycle Progression in HeLa Cancer Cells

Sample Cell cycle distribution (%)
G0-Gl S G2-M
Control 70.61 9.40 20.26
Compound 4 53.69 13.52 33.50
Compound 8 81.00 8.61 10.97

Annexin V-PI Apoptosis Assay

Determination of apoptosis induction effects of compounds 4 and 8 was made in cell lines HeLa via PI and
Annexin V double staining assay after incubating cells for 24 h with compound 4 or 8 at concentrations
equal to their previously determined ICso values, shown in Table-3 and Fig.-3.

Table-3: Percent of Apoptotic and Necrotic HeLa Cells Induced by Compound 4 or 8

Apoptosis (%)
Sample Total Early Late Necrosis
Control 93.56 0.85 2.75 2.92
Compound 4 68.51 3.50 18.46 9.98
Compound 8 1.97 0.03 6.09 91.97
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Fig.-3: Apoptosis of HeLa Cancer Cells Induced by Compounds 4 and 8

These results revealed that compound 4 induced early apoptosis in 3.50% of cells and increased late
apoptosis by 18.46%, whereas compound 8 caused early apoptosis in 0.03% of cells and increased late
apoptosis by 6.09%. On the other hand, 0.85% of untreated HeLa cells exhibited early apoptosis, and 2.75%
exhibited late apoptosis. Unfortunately, compound 8 appeared to cause necrosis in 91.97% of cells.

Antidiabetic Activity

Diabetes mellitus (DM) is a complex chronic illness associated with hyperglycemia or a high blood glucose
level, which occurs from a lack of insulin secretion action, or both.*> Therefore, all available anti-diabetic
drugs considered the most effectively used in managing type-2 DM are designed as a-Glucosidase
inhibitors. In this present study, the prepared compounds are designed as a-Glucosidase inhibitors. The
results of antidiabetic activity assays of the prepared compounds are displayed in Table 4. The antidiabetic
activities of the tested samples were calculated as percent inhibition (%) at 10 mg/ml and ICso (mM).
Quercetin, known to exhibit antidiabetic activity, was used as a control. Briefly, the tested compounds
exhibited better inhibitory activity against maltase than sucrose at 10 mg/ml concentrations and their
respective ICso concentrations. In addition, compounds 4, 6, 7, and 9 exhibited better inhibitory activity
even than quercetin against maltase, while compounds 7 and 8 showed better inhibitory activity than
quercetin against sucrase.

Table-4: Inhibition Activity of the Prepared Compounds Against a-glucosidase

Molecular Percentage inhibition (%) at 10 ICso (mM)*
No Compounds weight mg/mL
Maltase Sucrase Maltase Sucrase
1 1 345.13 37.17 13.59 NI** NI
2 2 371.18 22.77 26.64 NI NI
3 3 275.10 32.90 17.82 NI NI
4 4 325.15 61.17 19.35 1.67 NI
5 5 315.13 17.12 32.92 NI NI
6 6 328.16 53.60 15.26 1.83 NI
7 7 375.15 46.77 42.83 1.67 1.67
8 8 324.13 19.60 55.24 NI 1.51
9 9 319.08 75.26 14.83 0.85 NI
10 10 303.11 22.34 3.20 NI NI
11 Quercetin - - 2.72 1.76

*Nonlinear regression analyses were conducted in SigmaPlot 12.5; ** NI, no inhibition, inhibitory effect less than
40% at 10 mg/ml

As presented in Table 4, compound 7 showed better inhibitory activity against maltase and sucrase, so that
used to study the inhibitory mechanism of the tested compound by observing its intermolecular interaction
in silico with a-glucosidase (PDB: 7K9Q) and compared with valiolamine as ligand. Based on the result
of pose reproduction, the computed grid successfully predicted the crystallographic pose of valiolamine as
cognate ligands (HA RMSDh = 0.6613), as shown in Scheme-2. The calculated docking score of
valiolamine, R- and S-DHPM-7 are -50.13; -32.23; and -30.83, respectively. Obtained all grid score of
DHPM-7 is more positive than valiolamine, indicating this compound is predicted to have less affinity or
inhibition. Valiolamine has six interactions; four are hydrogen bonds, and the others are electrostatic
interactions (Scheme-2b). Since the catalytic residue is anionic, the amine group in valiolamine plays a
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pivotal role in affinity by electrostatic interaction. Differing from valiolamine, DHPM-7 has only two
interactions: hydrogen bond and van der Waals interaction (nt-stacking).

Scheme-2: Superimpose of Crystallographic and Docking Pose of Valiolamine (a), Interaction Binding Site with
Valiolamine (b), S-DHPM-7 (c) dan R-DHPM-7 (d)

CONCLUSION
In conclusion, we have successfully synthesized 10 dihydrotetrazolopyrimidine derivatives via the Biginelli
reaction. The synthesized compounds exhibited strong and moderate anti-proliferative activities against
4T1 and HeLa cancer cell lines via induction of apoptosis. Some tested compounds showed inhibitory
activities against rat intestinal a-glucosidase superior to the positive control quercetin.
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