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Abstract

The oral squamous cell carcinoma (OSCC) stands out as a public health problem due to its high
incidence and low survival rate, despite advances in diagnosis and treatment. Moreover, the most
commonly chemotherapeutic agents for OSCC, such as carboplatin and cisplatin, generate
important side effects, evidencing the urgency in developing new drugs. Naphthoquinones are an
important class of natural products or synthetic compounds with cytotoxic effect demonstrated on
different cancer types. In the present study, thirty-five 1,4-naphthoquinones tethered to 1,2,3-1H-
triazoles were synthesized and the antitumor activity and molecular mechanisms were evaluated
in several assays including in vitro and in vivo models of OSCC and normal oral human cells.
Compounds 16a, 16b and 16g were able to induce cytotoxicity in three different tumor cell lines
of human OSCC (SCC4, SCC9 and SCC25) and were more toxic and selective to tumor cells
(Selective Index, SI> 2) than classical and chemically similar controls (Carboplatin and Lapachol).
Compound 16g showed the higher SI value. Besides, compounds 16a, 16b and 16g significantly
reduced colony formation of SCC9 cells in the tested concentrations. Hemolytic assay using
compounds 16a, 16b and 16g at high concentrations showed no compound exhibited hemolysis
higher than 5%, similar to controls. /n vivo acute toxicity study showed that 16g was the only one,
among the three compounds, with no apparent limiting toxic effects on mice in the tested
concentrations. Thus, the investigation of cell death mechanisms was conducted with this
compound. 16g does not trigger ROS production nor binds to DNA. On the other hand, compound
16g induced microtubule disorganization, and molecular modeling studies suggests a potential
mechanism of action related to inhibition of topoisomerases and/or hPKM2 activities. Cell
morphology, pyknotic nuclei presence, cleaved caspase-3 staining and viability assays using
caspase-3 inhibitors demonstrate compound 16g induced cell death through apoptosis. Among the
35 synthesized triazole naphthoquinones, compound 16g was the most effective compound against
OSCC cells, presenting high cytotoxicity (~ 35 uM), selectivity (SI ~ 6) and low acute toxicity on

animals, and therefore might be considered for future cancer therapy.

Keywords: Lapachol; lawsone; CuA AC; multicomponent reactions; OSCC; hemolysis.

1. Introduction



Oral squamous cell carcinoma (OSCC) is the eighth most common cancer in men [1] with
345,864 new cases and 177,384 deaths occurring only in 2018 worldwide [2]. The disease is more
common in males above 60 years and the overall 5-year survival rate of OSCC is approximately
60 %, varying between 80 % for stage I cancers and 40 % for stage IV cancers [1]. OSCC accounts
for more than 90 % of all oral cancers and is characterized by invasive growth, being frequently
associated with regional metastases at diagnosis [3]. The main causative factors of the disease are

alcohol, tobacco products and human papillomavirus (HPV) infection [4].

The treatment of OSCC can be performed through chemotherapy, radiotherapy and surgery.
Platinum compounds such as carboplatin and cisplatin are the most commonly used in
chemotherapy in conjunction with other antineoplastic agents. Side effects include renal failure,
gastrointestinal problems, neurotoxicity and acquired resistance, thus justifying the search for new
substances with antineoplastic effects that overcome the side effects and the high costs of the

current treatments [5, 6].

Naphthoquinones are substances derived from quinones that are present in fungi and algae
plants [7]. In addition, naphthoquinones have been shown to be useful in the development of health
products, presenting antimalarial [8], antiparasitic [9, 10], bactericidal [11] and antifungal [12]
actions. The relevance of these substances in the production of compounds with antineoplastic
activity is due to their ability to produce a partial redox cycle generating reactive oxygen species
(ROS) in the tumor cell, causing an oxidative stress and consequently the cell death. In addition,
when interacting with the enzyme topoisomerase, naphthoquinones inhibit their activity in
processes such as DNA replication, repair and transcription [13]. In the present study, thirty five
compounds of 1,4-naphthoquinones tethered to 1,2,3-1H-triazoles were synthesized and antitumor
activity and molecular mechanisms evaluated in a series of assays including in vitro and in vivo

models of OSCC and normal oral human cells.

2. Experimental Section



2.1. Chemistry

The reagents were purchased from Sigma-Aldrich Brazil and were used without further
purification. Column chromatography was performed with silica gel 60 (Merck 70-230 mesh).
Analytical thin layer chromatography was performed with silica gel plates (Merck, TLC silica gel
60 Fs4), and the plates were visualized using UV light. The indicated yields refer to homogeneous
materials purified by chromatography and confirmed by spectroscopic techniques. Melting points
were obtained on a Thermo scientific 9100 apparatus and were uncorrected. Infrared spectra were
collected using KBr pellets on a Perkin-Elmer model 1420 FT-IR spectrophotometer, and the
spectra were calibrated relative to the 1601.8 cm! absorbance of polystyrene. 'H and *C NMR
were recorded at room temperature using a Varian VXR Unity 300 or 500 MHz, in the DMSO-d;.
Chemical shifts (8) are given in ppm and coupling constants (/) in Hertz. The chemical shift data
were reported in units of & (ppm) downfield from solvent, and the solvent was used as an internal
standard; coupling constants (J) are reported in hertz and refer to apparent peak multiplicities.
High-resolution mass spectra (HRMS) were recorded on a MICROMASS Q-TOF mass
spectrometer (Waters).

The protocols of C-alkylation for preparing the quinones 2-5 [14-18], the O-alkylation to
obtain 6-8 [19, 20] and the all arylazides [21, 22] respective physical and spectroscopic data were

previously reported in literature.

2.1.1. General procedure for the preparation of 9 e 10

A 100 mL round-bottom flask containing a solution of 4 or 5§ (4.38 mmols), K,CO5 (5.3
mmols) in 50 mL of acetone was stirred for 15 minutes, then 10 eq of propargyl bromide was
added and reflux lasting for 12 h. After, the solvent was evaporated under reduced pressure, the
residue was solubilized in ethyl acetate and washed with water (3 x 50 mL), the organic phase was
dried with anhydrous sodium sulfate and the solvent was evaporated under reduced pressure. The
product was purified by column chromatography containing silicagel using gradient hexane:ethyl
acetate as eluent.

(E)-2-(3-methylbut-1-en-1-yl)-3-(prop-2-yn-1-yloxy)naphthalene- 1,4-dione (9). Yellow solid, 75
% yield, m.p. 100-101 °C. IR (KBr, cm™!) v: 2360, 2960, 2871, 2124, 1711, 1661, 1620, 1592,



1330, 1291, 1267, 1251, 1190, 1157, 1043, 974, 934, 715, 665. 'H NMR (DMSO-dg, 300.00 MHz)
d ppm: 8.00-7.96 (2H, m), 7.85-7.82 (2H, m), 7.08 (1H, dd, J 7.1 and 16.2 Hz), 6.51 (1H, dd, J 1.4
and 16.2 Hz), 5.11 (2H, d, J 2.4 Hz), 3.60 (1H, td, J 2.4 Hz), 2.56-2.44 (1H, m), 1.08 (6H, d, J 6.7
Hz) ppm. HR-ESIMS [M+Na] m/z calcd. for C;gH;sNaO;: 303.0992. Found: 303.0986 m/z. A = 2
ppm.

2-allyl-3-(prop-2-yn-1-yloxy)naphthalene- 1,4-dione (10). Yellow solid, 60 % yield, m.p. 110-111
°C. IR (KBr, cm™) v: 3270, 2122, 1668, 1652, 1611, 1590, 1331, 1295, 1262, 1226, 1184, 1155,
1042, 1028, 995, 960, 968, 918, 908, 894, 721, 663, 648, 607. '"H NMR (DMSO-ds, 300.00
MHz) & ppm: 8.02-7.98 (2H, m), 7.86-7.83 (2H, m), 5.86 (1H, dddd; J 6.3, 10.0 and 16.4 Hz),
5.15-5.14 (3H, m); 5.02 (1H, dd, J 1.5 and 10.0 Hz), 3.59 (1H, t, J 2.3 Hz), 3.30 (2H, dt, J 1.5 and
6.3 Hz). HR-ESIMS [M+Na] m/z calcd. for C;¢H,NaOs: 275.0679. Found: 275.0670 m/z. A= 3.3

2.1.2. General procedure for the preparation of 13-17

In a 100 mL round-bottom flask containing a solution of arylazide 12a-g (0.5 mmol), 1,4-
naphthoquinone 6-10 (0.8 mmol), 16 mL of distilled water, 8 mL of CH,Cl, and 8 mL of +-BuOH
were added CuSO,4.5H,0 (1.1 mmol), sodium ascorbate (0.18 mmol) and acetic acid (1.7 pmol).
After 10 hours, the product was extracted from aqueous phase with dichloromethane(2 x 20 mL),
the organic phase was dried with anhydrous sodium sulfate and the solvent evaporated under
reduced pressure. The product was purified by column chromatography containing silicagel using

gradient hexane:ethyl acetate as eluent.

2-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene- 1,4-dione ~ (13a).  Yellow
solid, 30 % yield, m.p. 232-234 °C. IR (KBr, cm!") v: 3142, 3108, 3063, 1678, 1651, 1597, 1578,
1240, 1201, 1173, 1162, 1090, 1038, 1023, 1009, 989, 866, 832, 779, 716, 704, 553, 527. '"H NMR
(DMSO-dg, 500.00 MHz) 6 ppm: 8.96 (1H, s), 8.02-7.98 (2H, m), 7.95 (2H, d, J 8.9 Hz), 7.88-
7.80 (2H, m), 7.66 (2H, d, J 8.9 Hz), 6.64 (1H, s), 5.37 (2H, s). 3C NMR (DMSO-dg, 125.0 MHz
APT) 6 ppm: 189.6, 184.6, 164.1, 147.4, 140.6, 139.6, 138.8, 138.5, 136.8, 136.1, 135.0. HR-
ESIMS [M+Na] m/z calcd. for C;9H;,CIN;O;Na: 388.0459. Found: 388.0457. A= 0.5 ppm.



2-((1-(2,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene-1,4-dione (13b). Yellow
solid, 75 % yield, m.p. 200-201 °C. IR (KBr, cm™!) v: 3077, 3057, 1684, 1655, 1614, 1591, 1578,
1489, 1455, 1359, 1334, 1308, 1259, 1250, 1212, 1122, 1097, 1039, 1019, 999, 873, 828, 817,
807, 720. '"H NMR (DMSO-dg, 500.00 MHz) & ppm: 8.76 (1H, s,), 8.03-7.99 (2H, m), 7.92 (1H,
d, /2,0 Hz), 7.88-7.83 (2H, m), 7.80 (1H, d, J 8.7 Hz), 7.72 (1H, dd, J 2.0 and 8.7 Hz), 6.66 (1H,
s), 5.39 (2H, s). 3C NMR (DMSO-dg, 125.0 MHz APT) § ppm: 184.8, 179.8, 159.4, 141.7, 135.8,
134.9, 134.0, 133.0, 132.3, 132.0, 132.0, 131.4, 128.6, 128.0, 127.9, 126.5, 128.99, 111.7, 62.6.
HR-ESIMS [M+Na] m/z calcd. for C19H;;CI,N30;3Na: 422.0075.; Found: 422.0064. A = 2.1 ppm.

2-((1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene- 1,4-dione (13c¢). Yellow solid,
70 % yield, m.p. 162-163 °C. IR (KBr, cm™) v: 3162, 1679, 1652, 1605, 1594, 1578, 1491, 1457,
1348, 1332, 1303, 1266, 1242, 1205, 1037, 1012, 865, 787, 763, 726. 'H NMR (DMSO-dg, 500.00
MHz) & ppm: 8.71 (1H, s), 8.00-7.99 (3H, m), 7.80 (1H, d, J 2.0 Hz), 7.70-7.68 (2H, m), 7.60 (1H,
d, J 8.7 Hz), 7.52 (1H, dd, J 2.5 and 8.5 Hz), 6.65 (1H, s), 5.38 (2H, s). 3C NMR (DMSO-dg,
125.0 MHz APT) 6 ppm: 184.1, 179.1, 158.7, 140.8, 134.1, 133.3, 131.4, 131.2, 130.6, 130.3,
128.3, 128.1, 128.1, 127.1, 125.8, 125.3, 110.9, 62.0. HR-ESIMS [M+Na] m/z calcd. for
C19H2CIN3O3Na: 388.0459. Found: 388.0453. A= 1.5 ppm.

2-((1-(3,4-dichlorophenil)-1H-1,2,3-triazol-4-il)metoxy)naphthaleno-1,4-dione (13d). Yellow
solid, 83 % yield, m.p. 156-157 °C. IR (KBr, cm™!) v: 1678, 1648, 1608, 1487, 1331, 1308, 1246,
1206, 1138, 1086, 1039, 1000, 880, 818, 778, 720. '"H NMR (DMSO-ds, 500.00 MHz) 6 ppm:
9.04 (1H, s), 8.25 (1H, d; J 2.5 Hz), 8.03-7.99 (2H, m), 7.96 (1H, dd, J 2.5 and 8.7 Hz), 7.87-7.81
(3H, m), 6.64 (1H, s), 5.38 (2H, s). 3C NMR (DMSO-d¢, 125.0 MHz APT) & ppm: 184.0, 179.1,
158.5, 142.1, 135.7, 134.1, 133.3, 132.1, 131.4, 131.3, 131.0, 130.6, 125.7, 125.2, 123.5, 121.8,
120.1, 110.8, 61.9. HR-ESIMS [M+Na] m/z calcd. for C;oH;;CI;N;0;Na: 422.0075. Found:
422.0051. A= 5.7 ppm.

2-((1-phenil-1H-1,2,3-triazol-4-yl)metoxy)naphthaleno-1,4-dione (13e). Yellow Solid, 82 %
yield, m.p. 176-178 °C. IR (KBr, cm!) v: 3135, 1660, 1644, 1608, 1504, 1332, 1307, 1269, 1232,



1191, 1039, 1009, 866, 843, 783, 758, 723, 687. 'H NMR (DMSO-dg, 500.00 MHz) & ppm: 8.94
(1H, s), 8.03-7.99 (2H, m), 7.91 (2H, dd, J 1.1 and 8.6 Hz), 7.88-7.81 (2H, m), 7.86 (1H, td, J 1.5
and 7.4 Hz), 7.82 (1H, td, J 1.5 and 7.4 Hz), 7.63-7.60 (2H, m), 7.53-7.54 (1H, m), 6.65 (1H, s),
5.38 (2H, s). *C NMR (DMSO-d¢, 125.0 MHz APT) 6 ppm: 184.1, 179.1, 158.6, 141.8, 136.2,
134.1,133.2,131.3, 130.6, 129.5, 128.5, 125.7, 125.2, 123.3, 120.1, 110.8, 62.0, 54.4. HR-ESIMS
[M+Na] m/z calcd. for C;9H;3N;03Na: 354.0855. Found: 354.0836. A = 5.4 ppm.

2-((1-(3,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene-1,4-dione (13f). Yellow
solid, 92 % yield, m.p. 215-216 °C. IR (KBr, cm™!) v: 3157, 3079, 1681, 1652, 1591, 1481, 1450,
1336, 1307, 1247, 1202, 1156, 1038, 1012, 884, 852, 831, 804, 783. 'H NMR (DMSO-d¢, 500.00
MHz) & ppm: 9.07 (1H, s), 8.06 (2H, d, J 1.7 Hz), 8.03-7.98 (2H, m), 7.88-7.81 (2H, m), 7.73 (1H,
s), 6.62 (1H, s), 5.38 (2H, s). 3C NMR (DMSO-dg, 125.0 MHz APT) 8 ppm: 184.0, 179.0, 158.5,
142.1, 137.8, 134.9, 134.1, 133.2, 131.3, 130.6, 127.9, 125.7, 125.2, 123.6, 118.8, 110.9, 61.9.
HR-ESIMS [M+Na] m/z calcd. for C19H;;Cl,N303Na: 422.0075. Found: 422.051. A = 5.7 ppm.

2-((1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene-1,4-dione ~ (13g).  Yellow
solid, 77 % yield, m.p. 202-203 °C. IR (KBr, cm'!) v: 3154, 1660, 1656, 1607, 1090, 1331, 1308,
1266, 1238, 1200, 1037, 1011, 866, 784, 723, 683. 'H NMR (DMSO-ds, 500.00 MHz) & ppm: 9.02
(1H, s), 8.04-7.99 (3H, m), 7.93-7.91 (1H, m), 7.88-7.81 (2H, m), 7.64 (1H, t, J 8.1 Hz), 7.58-7.56
(1H, m), 6.64 (1H, s), 5.38 (2H, s). '*C NMR (DMSO-dg, 125.0 MHz APT) & ppm: 184.1, 179.1,
158.6, 141.9, 137.3, 134.1, 134.0, 133.3, 131.3, 131.2, 130.6, 128.4, 125.8, 123.5, 120.0, 118.7,
110.9 62.0. HR-ESIMS [M+Na] m/z calcd. for C19H;,CIN3O3Na: 388.0459. Found: 388.0442. A
=4.4 ppm.

2-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(2-metilprop-1-en-1-yl)naphthalene-

1,4-dione (14a). Orange solid, 63 % yield, m.p. 109-110 °C. IR (KBr, cm) v: 3089, 2963, 2916,
1651, 1594, 1501, 1445, 1376, 1330, 1293, 1260, 1192, 1144, 1094, 1043, 976, 831, 800, 726. 'H
NMR (DMSO-dg, 500.00 MHz) & ppm: 8.86 (1H, s), 8.04-7.96 (2H, m), 7.93 (2H, d, J 8.7 Hz),
7.85-7.83 (2H, m), 7.66 (2H, d, J 8.7 Hz), 5.81 (1H, s), 5.43 (2H, s), 1.83 (3H, s), 1.49 (3H, s). 1°C
NMR (DMSO-dg, 125.0 MHz APT) & ppm: 185.0, 181.4, 155.6, 144.4, 142.5, 135.8, 134.6, 134.2,



133.5, 132.1, 131.7, 131.5, 130.3, 126.3, 126.3, 123.4, 122.2, 115.2, 65.4, 26.5, 21.7. HR-ESIMS
[M+Na] m/z calcd. for Cp3H;3CIN3O3Na: 442.0934. Found: 442.0923. A= 2.5 ppm.

2-((1-(2,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(2-metilprop-1-en-1-
yl)naphthalene-1,4-dione (14b). Orange solid, 34 % yield, m.p. 110-111 °C. IR (KBr, cm!) v:
3149, 2924, 1653, 1595, 1437, 1453, 1385, 1297, 1261, 1226, 1184, 1096, 1039, 1021, 959, 923,
885, 846, 821, 791, 718, 673. 'TH NMR (DMSO-dg, 500.00 MHz) & ppm: 8.61 (1H, s), 8.03-8.02
(1H, m), 7.98-7.96 (1H, m), 7.85-7.83 (3H, m), 7.79 (1H, d, = 8.7 Hz), 7.72 (1H, dd, J 2.5 and 8.7
Hz), 5.82 (1H, m), 5.47 (2H, s), 1.86 (3H, d,J 1.0 Hz), 1.54 (3H, d, J 1.0 Hz). 13C NMR (DMSO-dj,
125.0 MHz APT) & ppm: 184.3, 180.9, 154.8, 142.7, 133.9, 133.5, 132.3, 131.7, 131.4, 131.3,
131.1, 131.0, 127.8, 127.3, 126.6, 125.6, 114.6, 89.3, 64.6, 25.8, 21.1. HR-ESIMS [M+Na] m/z
calcd. for Cp3H;7Cl1,N;05Na: 476.0539. Found: 476.0560. A = 4.4 ppm.

2-((1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(2-metylprop-1-en- 1-yl)naphthalene-
1,4-dione (14c¢). Orange solid, 54 % yield, m. p. 110-111 °C. IR (KBr, cm™") v: 2906, 1666, 1592,
1566, 1498, 1486, 1332, 1303, 1267, 1206, 1073, 1037, 1009, 964, 931, 890, 805, 748, 718, 661.
"H NMR (DMSO-ds, 500.00 MHz) & ppm: 8.57 (1H, s), 8.04-7.96 (2H, m), 7.85-7.83 (2H, m),
7.75 (1H, d, J 7.8 Hz), 7.66-7.57 (3H, m), 5.81 (1H, s), 5.47 (2H, s), 1.86 (3H, s), 1.53 (3H, s). 1°C
NMR (DMSO-dg, 125.0 MHz APT) & ppm: 184.9, 181.5, 155.5, 143.3, 142.4, 134.9, 134.5, 134.1,
132.2,132.0, 131.8, 131.7, 131.0, 129.0, 128.9, 128.8, 128.6, 127.1, 126.3, 115.2, 65.4,26.4, 21.7.
HR-ESIMS [M+Na] m/z calcd. for Cp3H;sCIN;O3Na: 442.0929. Found: 442.0928. A = 0.2 ppm.

2-((1-(3,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(2-metylprop-1-en- 1 -
yl)naphthalene-1,4-dione (14d). Orange solid, 88 % yield, m.p. 136-137 °C. IR (KBr, cm'!) v:
3099, 2992, 1665, 1594, 1488, 1438, 1379, 1327, 1293, 1261, 1193, 1133, 1040, 1002, 968, 879,
811, 768, 720, 677, 650. '"H NMR (DMSO-ds, 500.00 MHz) & ppm: 8.23 (1H, s), 8.22 (1H, d, J
2.3 Hz), 8.03-7.93 (3H, m), 7.86-7.83 (3H, m), 5.83 (1H, s), 5.43 (2H, s), 1.85 (3H, s), 1.51 (3H,
s). BC NMR (DMSO-ds, 125.0 MHz APT) & ppm: 184.4, 181.0, 155.1, 144.1, 142.0, 136.1, 134.0,
133.6, 132.4, 131.8, 131.7, 131.3, 131.2, 125.8, 125.8, 121.9, 120.2, 114.7, 64.9, 25.9, 21.2. HR-
ESIMS [M+Na] m/z calcd. for Cp3H7CI,N30;5Na: 476.0539. Found: 476.0534. A= 1.0 ppm.



2-(2-methylprop-1-en-1-yl)-3-((1-phenyl-1H-1,2,3-triazol-4-yl)methoxy)naphthalene-1,4-dione
(14e). Orange solid, 60 % yield, m.p. 100-101 °C. IR (KBr, cm™) v: 3092, 2911, 1667, 1651,
1593, 1572, 1503, 1453, 1323, 1304, 1267, 1229, 1214, 1193, 1076, 1043, 1022, 961, 927, 848,
757, 726, 713, 698, 669, 646. 'H NMR (DMSO-dg, 500.00 MHz) & ppm: 8.83 (1H, s), 8.05-7.94
(2H, m), 7.90-7.91 (4H, m), 7.63-7.56 (2H, m), 7.51-7.48 (1H, m), 5.81 (1H, m), 5.43 (2H, s), 1.83
(3H, d, J 2.2 Hz), 1.49 (3H, d, J 1.7 hz). 3C NMR (DMSO-d¢, 125.0 MHz APT) & ppm: 184.2,
180.7, 154.9, 143.6, 141.6, 136.3, 133.8, 133.4, 131.4, 131.0, 129.5, 125.5, 125.5, 122.4, 119.9,
114.4, 95.0, 65.2, 64.8, 25.6, 20.9. HR-ESIMS [M+Na] m/z calcd. for C,3H9N;O3Na: 408.1319.
Found: 408.1305. A= 3.4 ppm.

2-((1-(3,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(2-metylprop-1-en- 1 -
yl)naphthalene-1,4-dione (14f). Orange solid, 70 % yield, m.p. 115-116 °C. IR (KBr, cm™) v:
3086, 2969, 2930, 1670, 1646, 1595, 1574, 1480, 1440, 1329, 1305, 1259, 1189, 1047, 985, 848,
805, 728, 719, 668. 'H NMR (DMSO-ds, 500.00 MHz) & ppm: 8.99 (1H, s), 8.05-8.02 (3H, m),
7.98-7.96 (1H, m), 7.85-7.83 (2H, m), 7.74-7.73 (1H, m), 5.82 (1H, s), 5.43 (2H, s), 1.84 (3H, d,
J 1.0 Hz), 1.51 (3H, s). 3C NMR (DMSO-d¢, 125.0 MHz APT) & ppm: 184.1, 180.7, 154.7, 143.8,
141.7, 137.9, 135.0, 133.8, 133.3, 131.4, 131.0, 130.9, 127.8, 125.5, 125.5, 122.9, 118.5, 188.3,
114.4, 64.6, 25.6, 20.9. HR-ESIMS [M+Na] m/z calcd. for Cp3H,,CI1,N30;Na: 476.0539. Found:
476.0520. A =4.0 ppm.

2-((1-(3-chlorophenyl)-1H- 1,2, 3-triazol-4-yl)methoxy)-3-(2-metylprop- 1-en-1-yl)naphthalene-
1,4-dione (14g). Orange solid, 60 % yield, m.p. 101-102 °C. IR (KBr, cm!) v: 3124, 3098, 2912,
1687, 1652, 1595, 1675, 1430, 1341, 1327, 1310, 1294, 1259, 1193, 1097, 1043, 1024, 969, 914,
787, 727, 677. '"H NMR (DMSO-ds, 500.00 MHz) & ppm: 8.93 (1H, s), 8.04-8.01 (2H, m), 7.98-
7.96 (1H, m), 7.91-7.89 (1H, m), 7.85-7.83 (2H, m), 7.62 (1H, ¢, J 8.1 Hz), 7.57-7.55 (1H, m),
5.82-5.81 (1H, m), 5.43 (2H, s), 1.84 (3H, d, J 1.2 Hz), 1.50 (3H, d, J 0.8 Hz). 3C NMR (DMSO-
ds, 125.0 MHz APT) & ppm: 184.9, 181.5, 155.6, 144.5, 142.4, 138.1, 134.7, 134.5, 134.1, 132.2,
132.0, 131.8, 131.7, 139.0, 126.3, 126.2, 123.4, 120.4, 119.2, 115.2, 65.5, 26.4, 21.7. HR-ESIMS
[M+Na] m/z caled. for Cp3H;sCIN3O3Na: 442.0929. Found: 442.0922. A = 1.6 ppm.



2-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut-2-en-1-yl)naphthalene- 1,4-
dione (15a). Orange solid, 40 % yield, m.p. 150-151 °C. IR (KBr, cm™") v: 3087, 2987, 2909, 1656,
1609, 1593, 1579, 1501, 1459, 1331, 1306, 1259, 1239, 1211, 1190, 1092, 1048, 949, 932, 827,
790, 722, 641. '"H NMR (DMSO-d¢, 500.00 MHz) & ppm: 8.88 (1H, s), 8.04-8.02 (1H, m), 7.98-
7.96 (1H, m), 7.90 (2H, d, J 8.8 Hz), 7.84-7.82 (2H, m), 7.64 (2H, d, J 8.8 Hz), 5.56 (2H, s), 4.89-
4.86 (1H, m), 3.11 (2H, d, J 7.2 Hz), 1.58 (3H, s), 1.50 (3H, s). 3C NMR (DMSO-dg¢, 125.0 MHz
APT) 6 ppm: 185.0, 181.6, 156.5, 144.4, 135.8, 135.1, 134.6, 134.1, 133.6, 132.8, 132.0, 131.7,
130.3,126.4, 126.2, 123.4, 122.3, 120.5, 65.8, 25.7, 23.2, 18.0. HR-ESIMS [M+Na] m/z calcd. for
Cy4H,0CIN;O;3Na: 456.1031. Found: 456.1064. A = 7.2 ppm.

2-((1-(2,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut-2-en-1-yl)naphthalene-
1,4-dione (15b). Orange solid, 33 % yield, m.p. 102-104 °C. IR (KBr, cm!) v: 3142, 3100, 3074,
2970,2924,1674, 1644, 1601, 1575, 1485, 1457, 1378, 1329, 1302, 1263, 1237, 1204, 1195, 1095,
1060, 1044, 1010, 995, 948, 937, 870, 826, 819, 807, 720, 591, 576, 529. 'H NMR (DMSO-ds,
500.00 MHz) 6 ppm: 8.64 (1H, s), 8.03-8.01 (1H, m), 7.98-7.96 (1H, m), 7.83-7.92 (2H, m), 7.80
(1H, d, J 2.5 Hz), 7.76 (1H, d, J 8.7 Hz), 7.69 (1H, dd, J 2.5 and 8.7 Hz), 5.58 (2H, s), 4.98 (1H,
ddd, J 1.0,4.2 and 7.1 Hz), 3.11 (2H, d, J 7.1 Hz), 1.62 (2H, s), 1.57 (3H, d, J 1.0 Hz). *C NMR
(DMSO-dg, 125.0 MHz APT) § ppm: 185.0, 181.6, 156.4, 143.4,135.2, 134.6, 134.2,133.0, 133.0,
132.4, 131.9, 131.7, 128.4, 127.9, 127.3, 126.4, 126.2, 120.5, 65.7, 25.7, 23.2, 18.1. HR-ESIMS
[M-+Na] m/z caled. for C4H19C1,N305Na: 490.0701. Found: 490.0676. A = 1.0 ppm.

2-((1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metilbut-2-en-1-yl)naphthalene- 1,4-
dione (15¢). Orange solid, 73 % yield, m.p. 80-82 °C. IR (KBr, cm™) v: 3125, 3084, 2952, 2927,
1656, 1593, 1578, 1493, 1458, 1375, 1332, 1261, 1238, 1191, 1048, 949, 934, 847, 789, 755, 720,
703. '"H NMR (DMSO-ds, 500.00 MHz) & ppm: 8.61 (1H, s), 8.05-8.03 (1H, m), 8.00-7.98 (1H,
m), 7.85-7.83 (2H, m), 7.74 (1H, dd, J 1.5 and 8.1 Hz), 7.66-7.58 (3H, m), 5.61 (2H, s), 5.01-4.98
(1H, m), 3.12 (2H, d, J 7.2 Hz), 1.64 (3H, s), 1.58 (3H, d, J 1.0 Hz). 3*C NMR (DMSO-dg, 125.0
MHz APT) & ppm: 185.0, 181.6, 156.5, 143.2, 135.2, 134.9, 134.6, 134.2, 132.9, 132.1, 132.0,
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131.7, 131.0, 128.9, 128.9, 128.6, 127.3, 126.4, 126.2, 120.5, 65.8, 25.7, 23.2, 18.1. HR-ESIMS
[M+H] m/z calcd. for Cp4H,CIN3O3: 434.1266. Found: 434.1249. A= 3.9 ppm.

2-((1-(3,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut-2-en-1-yl)naphthalene-
1,4-dione (15d). Orande solid, 71 % yield, m.p. 124-126 °C. IR (KBr, cm) v: 3133, 2905, 1666,
1651, 1594, 1577, 1485, 1438, 1335, 1235, 1211, 1193, 1129, 1057, 1041, 1023, 953, 876, 824,
721, 679, 584. 'H NMR (DMSO-ds, 500.00 MHz) 6 ppm: 8.99 (1H, s), 8.23 (1H, d, J 2.5 Hz),
8.05-8.04 (1H, m), 8.00-7.98 (1H, m), 7.94 (1H, dd, J 2.5 and 8.7 Hz), 7.86-7.84 (3H, m), 5.57
(2H, s), 4.92-4.89 (1H, m), 3.13 (2H, d, J 7.2 Hz), 1.61 (3H, s), 1.53 (3H, s). 3C NMR (DMSO-
ds, 125.0 MHz APT) 6 ppm: 185.0, 181.6, 156.5, 143.2, 135.2, 134.9, 134.6, 134.2, 132.9, 132.0,
132.0, 131.7, 131.0, 128.9, 128.6, 127.3, 126.4, 126.2, 120.5, 65.8, 25.7, 23.2, 18.1. HR-ESIMS
[M+Na] m/z calcd. for Cp4H;9Cl;N3;0;5Na: 490.0696. Found: 490.0702. A = 1.2 ppm.

2-(3-metylbut-2-en-1-yl)-3-((1-phenyl-1H-1,2,3-triazol-4-yl)methoxy)naphthalene- 1,4-dione
(15e). Orange solid, 77 % yield, m.p. 139-140 °C. IR (KBr, cm™") v: 3073, 2910, 1664, 1663, 1610,
1593, 1500, 1334, 1263, 1240, 1108, 1061, 956, 952, 761, 722, 689. 'H NMR (DMSO-d¢, 500.00
MHz) 6 ppm: 8.87 (1H, s), 8.06-8.04 (1H, m), 8.00-7.98 (1H, m), 7.89-7.87 (2H, m), 7.86-7.84
(2H, m), 7.61-7.58 (2H, m), 7.51-7.48 (1H, m), 5.58 (2H, s), 4.91-4.88 (1H, m), 3.13 (2H, d, J 7.2
Hz), 1.60 (3H, s), 1.52 (3H, s). 3C NMR (DMSO-dg, 125.0 MHz APT) & ppm: 185.0, 181.6, 156.4,
136.5, 135.1, 134.6, 134.1, 132.9, 132.9, 132.2, 132.0, 131.7, 131.7, 126.4, 126.2, 123.6, 122.3,
120.6, 120.5, 65.7,25.7, 23.2, 18.0. HR-ESIMS [M+Na] m/z calcd. for Cp4H,N;O3Na: 422.1475.
Found: 422.1466. A = 1.2 ppm.

2-((1-(3,5-diclorofenil)-1H-1,2,3-triazol-4-il)metoxi)-3-(3-metilbut-2-en- I-il)naftaleno- 1,4-diona
(15f). Orange solid, 78 % yield, m.p. 103-104 °C. IR (KBr, cm™") v: 3081, 2961, 2919, 1659, 1651,
1591, 1479, 1439, 1332, 1259, 1239, 1190, 1048, 1010, 949, 930, 849, 800, 719, 666. 'H NMR
(DMSO-ds, 500.00 MHz) & ppm: 9.03 (1H, s), 8.06-8.03 (3H, m), 8.00-7.98 (1H, m), 7.86-7.84
(2H, m), 7.72 (1H, t, J 1.7 Hz), 5.57 (2H, s), 4.93-4.90 (1H, m), 3.13 (2H, d, J 7.8 Hz), 1.61 (3H,
s), 1.53 (3H, d, J 1.0 Hz). *C NMR (DMSO-dg, 125.0 MHz APT) & ppm: 185.1, 181.6, 156.6,
144.3, 137.1, 135.1, 134.6, 134.2, 132.9, 132.0, 131.8, 130.3, 129.2, 126.4, 126.2, 132.4, 121.3,
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120.6, 120.5, 65.9, 25.7, 23.2, 18.0. HR-ESIMS [M+Na] m/z calcd. for CysH;9Cl,N30;3Na:
490.0696. Found: 490.0646. A =10.2 ppm.

2-((1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut-2-en-1-yl)naphthalene- 1,4-
dione (15g). Orange solid, 73 % yield, m.p. 142-143 °C. IR (KBr, cm™") v: 3135, 3100, 2958, 2912,
1689, 1654, 1608, 1596, 1490, 1333, 1260, 1240, 1193, 1058, 1049, 953, 784, 720, 677. '"H NMR
(DMSO-ds, 500.00 MHz) & ppm: 8.96 (1H, s), 8.06-8.04 (1H, m), 8.01-7.97 (2H, m), 7.90 (1H,
ddd, J 1.0, 2.0 and 8.1 Hz), 7.86-7.83 (2H, m), 7.64-7.61(1H, m), 7.56 (1H, ddd, J 1.0, 2.0 and 8.1
Hz), 5.58 (2H, s), 4.91-4.89 (1H, m), 3.13 (2H, d, J 7.2 Hz), 1.60 (3H, s), 1.52 (3H, d, J 0.8 Hz).
13C NMR (DMSO-ds, 125.0 MHz APT) & ppm: 185.0, 181.6, 156.4, 144.6, 138.7, 135.8, 135.2,
134.6, 134.2,132.9, 132.0, 131.7, 128.6, 126.4, 126.2, 123.8, 120.5, 119.3, 65.7, 25.7, 23.2, 18.0.
HR-ESIMS [M+Na] m/z calcd. for C,4H,oCIN;O3;Na: 456.1031. Found: 456.1064. A = 7.2 ppm.

2-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut- 1-en-1-yl)naphthalene- 1,4-
dione (16a). Red solid, 81 % yield, m.p. 144-145 °C. IR (KBr, cm™) v: 3099, 2906, 2867, 1659,
1624, 1545, 1501, 1332, 1304, 1292, 1252, 1197, 1094, 1047, 963, 933, 830, 790, 714. '"H NMR
(DMSO-dg, 500.00 MHz) 6 ppm: 8.93 (1H, s), 8.05-7.98 (2H, m), 7.91 (2H, d, J 8.9 Hz), 7.86-
7.83 (2H, m), 7.66 (2H, d, J 8.9 Hz). 6.90 (1H, dd, J 7.0 and 16.3 Hz), 6.33 (1H, dd, J 1.1 and 16.3
Hz), 5.56 (2H, s), 2.35 (1H, ddq, J 1.1, 6.7 and 7.0 Hz), 0.92 (6H, d, J 6.7 Hz). *C NMR (DMSO-
ds, 125.0 MHz APT) 6 ppm: 185.0, 181.6, 156.5, 144.4, 138.1, 135.1, 134.7, 134.6, 134.2, 132.8,
132.0, 132.0, 131.7, 129.0, 126.4, 126.2, 123.5, 120.5, 120.4, 119.2, 65.8, 25.7, 23.2, 18.0. HR-
ESIMS [M+H] m/z caled. for C,4H,CIN;O5: 434.1266. Found: 434.1243. A= 5.3 ppm.

2-((1-(2,5-dichloropheniyl)-1H-1,2, 3-triazol-4-yl)methoxy)-3-(3-metylbut-1-en-1-

yl)naphthalene-1,4-dione (16b). Red solid, 33 % yield, m.p. 102-104 °C. IR (KBr, cm!) v: 2954,
2923, 2867, 1666, 1591, 1551, 1488, 1336, 1292 1184, 1101, 1022, 962, 930, 878, 822, 723, 591.
"H NMR (DMSO-dg, 500.00 MHz) & ppm: 8.69 (1H, s), 8.02-8.01 (1H, m), 7.98-7.97 (1H, m),
7.84-7.83 (2H, m); 7.81-7.78 (2H, m), 7.71 (1H, dd, J 2.5 and 8.7 Hz), 6.95 (1H, dd, J 7.1 and
16.3 Hz), 6.35 (1H, dd, J 1.1 and 16.3 Hz), 5.60 (2H, s), 2.37 (1H, ddq, J 1.1, 6.7 and 7.1Hz), 0.97
(6H, d, J 6.7 Hz). *C NMR (DMSO-dg, 125.0 MHz APT) & ppm: 185.2, 181.4, 155.1, 150.5,
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144.3, 135.8, 134.5, 134.2, 133.6, 132.2, 131.7, 130.3, 129.5, 126.4, 126.1, 123.5, 122.2, 116.6,
66.1, 32.9, 22.1, 22.1. HR-ESIMS [M+Na] m/z calcd. for C,4H9C1,N303Na: 490.07016. Found:
490.0683. A= 5.3 ppm.

2-((1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut-1-en-1-yl)naphthalenr- 1,4-
dione (16¢). Red solid, 30 % yield, m.p. 69-71 °C. IR (KBr, cm!) v: 3133, 2905, 1666, 1651, 1577,
1485, 1438, 1335, 1235, 1193, 1129, 1057, 1041, 1023, 953, 934, 876, 824, 795, 721, 679. 'H
NMR (DMSO-dg, 500.00 MHz) 6 ppm: 8.61 (1H, s), 8.04-8.02 (1H, m), 8.00-7.98 (1H, m), 7.86-
7.83 (2H, m), 7.75-7.73 (1H, m), 7.64-7.57 (3H, m), 6.95 (1H, dd, J 7.0 and 16.3 Hz), 6.38 (1H,
dd, J 1.4 and 16.3 Hz), 5.62 (1H, s), 2.40 (1H, ddq, J 1.4, 6.8 and 7.0 Hz), 0.99 (6H, d, J 6.8 Hz).
13C NMR (DMSO-ds, 125.0 MHz APT) & ppm: 184.4, 180.6, 154.3, 149.8, 142.4, 133.8, 133.4,
133.2,132.2,131.6,131.5,131.1, 130.9, 128.9, 127.6, 127.1, 126.6, 125.6, 125.3, 65.1,32.2, 21 4.
HR-ESIMS [M+Na] m/z calcd. for C,4H,,CIN;O5: 456.1091. Found: 456.1073. A = 3.9 ppm.

2-((1-(3,4-dichlorophenyl)-1H- 1,2, 3-triazol-4-yl)methoxy)-3-(3-metylbut- 1-en- 1-yl)naphthalene-
1,4-dione (16d). Red solid, 34 % yield, m.p. 102-103 °C. IR (KBr, cm™) v: 3144, 2969, 1662,
1620, 1591, 1489, 1348, 1293, 1260, 1191, 1138, 1043, 1000, 964, 923, 651, 809, 719, 676. 'H
NMR (DMSO-dg, 500.00 MHz) & ppm: 8.99 (1H, s), 8.20 (1H, d, J 2.5 Hz), 8.04-8.01 (1H, m),
8.01-7.99 (1H, m), 7.93 (1H, dd, J 2.5 and 8.8 Hz), 7.87-7.84 (3H, m), 6.92 (1H, dd, J 1.4 and 16.3
Hz), 6.36 (1H, dd, J 1.4 and 16.3 Hz), 5.56 (2H, s), 2.37 (1H, ddq, J 1.4, 6.8 and 7.0 Hz), 0.95
(6H, d, J 6.8 Hz). 3C NMR (DMSO-dg, 125.0 MHz APT) 6 ppm: 185.1, 181.4, 181.4, 155.1,
150.5, 143.1, 134.5, 134.2, 132.2, 132.0, 131.7, 131.0, 129.6, 128.9, 128.9, 128.8, 128.7, 128.6,
126.3, 1244, 124.1, 659, 55.4, 32.9, 22.6, 22.2. HR-ESIMS [M+Na] m/z calcd. for
Cy4H9CI,N30;5Na: 490.0716. Found: 490.0684. A = 6.5 ppm.

2-(3-metylbut-1-en-1-yl)-3-((1-phenyl-1H-1,2,3-triazol-4-yl)methoxy)naphthalene- 1,4-dione

(16e) . Red solid, 73 % yield, m.p. 100-101 °C. IR (KBr, cm™) v: 3146, 2957, 2869, 1661, 16438,
1622, 1593, 1503, 1354, 1332, 1302, 1268, 1252, 1198, 1047, 962, 759, 721, 689. 'H NMR
(DMSO-dg, 500.00 MHz) 6 ppm: 8.87 (1H, s), 8.05-8.03 (1H, m), 8.01-7.99 (1H, m), 7.87-7.84
(4H, m), 7.61-7.58 (2H, m), 7.51-7.48 (1H, m), 6.91 (1H, dd, J 7.0 and 16.3 Hz), 6.35 (1H, dd, J
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1.4 and 16.3 Hz), 5.57 (2H, s), 2.36 (1H, ddq, J 1.4, 6.8 and 7.0 Hz), 0.94 (6H, d, J 6.8 Hz). 13C
NMR (DMSO-dg, 125.0 MHz APT) & ppm: 185.1, 181.4, 155.1, 150.6, 144.5, 136.5, 134.6, 134.2,
132.9,132.3,132.3,132.2,131.7, 129.6, 126.4, 126.1, 123.7, 122.3, 120.6, 116.6, 66.0, 32.9, 22.1.
HR-ESIMS [M+Na] m/z calcd. for C,4H,;N3;0;5Na: 422.1481. Found: 422.1468. A= 3.1 ppm.

2-((1-(3,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut- 1-en- 1-yl)naphthalene-
1,4-dione (16f). Red solid, 60 % yield, m.p. 103-104 °C. IR (KBr, cm™!) v: 2666, 1660, 1646, 1585,
1557, 1477, 1251, 1184, 1037, 1001, 950, 915, 793, 723, 716, 666. 'H NMR (DMSO-ds, 500.00
MHz) & ppm: 9.04 (1H, s), 8.04-8.03 (1H, m), 8.02 (2H, d, J 1.8 Hz), 8.01-7.98 (1H, m), 7.85-7.84
(2H, m), 7.72 (1H, t,J 1.8 Hz), 6.92 (1H, dd, J 7.1 and 16.3 Hz), 6.36 (1H, dd, J 1.5 and 16.3 Hz),
5.57 (2H, s), 2.38 (1H, ddq, J 1.5, 6.8 and 7.1 Hz), 0.95 (6H, d, J 6.8 Hz). 13C NMR (DMSO-dg,
125.0 MHz APT) & ppm: 185.2, 181.4, 155.2, 150.5, 144.2, 137.1, 134.5, 134.2, 132.2, 131.7,
130.3, 139.6,129.2,126.4, 126,1. 123.4, 120.6, 120.5, 116.6, 66.1, 32.9, 22.1. HR-ESIMS [M+Na]
m/z calcd. for C,4H9C1,N305Na: 490.07016. Found: 490.0684. A = 6.5 ppm.

2-((1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-(3-metylbut- 1-en-1-yl)naphthalene- 1,4-
dione (16g). Red solid, 69 % yield, m.p. 107-108 °C. IR (KBr, cm') v: 3146, 2957, 2869, 1661,
1648, 1622, 1593, 1503, 1354, 1332, 1302, 1252, 1198, 1047, 962, 759, 721, 689. 'H NMR
(DMSO-ds, 500.00 MHz) & ppm: 8.96 (1H, s), 8.04-8.03 (1H, m), 8.01-7.98 (2H, m), 7.88 (1H,
ddd, J 1.0, 2.1 and 8.1 Hz), 7.85-7.81 (2H, m), 6.73 (1H, t, J 8.1 Hz), 7.56 (1H, ddd, J 1.0, 2.0 and
8.1 Hz), 6.91 (1H, dd, J 7.0 and 16.3 Hz), 6.51 (1H, dd, J 1.4 and 16.3 Hz), 5.57 (2H, s), 2.37 (1H,
ddq, J 1.4, 6.8 and 7.0 Hz), 0,94 (6H, d, J 6.8 Hz). 3C NMR (DMSO-ds, 125.0 MHz APT) & ppm:
185.2, 181.3, 155.0, 150.6, 144.5, 138.6, 135.8, 134.6, 134.2, 132.2, 131.7, 129.6, 128.6, 126.4,
126.0, 123.8, 119.2, 116.6, 65.9, 32.9, 22.1. HR-ESIMS [M+H] m/z calcd. for C,4H,;CIN;O5:
434.1266. Found: 434.1268. A = 0.5 ppm.

2-allyl-3-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene-1,4-dione (17a).
Yellow solid, 57 % yield, m.p. 139-140 °C. IR (KBr, cm™) v: 3132, 3095, 2958, 2918, 1670,1653,
1605, 1591, 1578, 1502, 1333, 1308, 1237, 1231, 1189, 1095, 1044, 991, 956, 930, 911, 830, 814,
797,725, 677, 652, 604. '"H NMR (DMSO-ds, 500.00 MHz) & ppm: 8.96 (1H, s), 8.06-8.05 (1H,
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m), 8.00-7.97 (1H, m), 7.94 (2H, d, J 8.9 Hz), 7.87-7.85 (2H, m), 7.67 (2H, d, J 8.9 Hz), 5.71 (1H,
dddd, J 6.3, 6.3, 10.1 and 16.8 Hz), 5.86 (2H, s), 4.93 (1H, dd, J 1.7 and 16.8 Hz), 4.86 (1H, dd, J
1.7 and 10.1 Hz), 3.18 (2H, d, 16.8 Hz). *C NMR (DMSO-d¢, 125.0 MHz APT) & ppm: 184.8,
181.4, 157.0, 144.3, 135.8, 134.7, 134.6, 134.3, 133.5, 133.4, 131.8, 131.7, 130.3, 126.5, 126.2,
123.6, 122.3, 116.6, 65.8, 27.9. HR-ESIMS [M+H] m/z calcd. for C,H;7CIN3;05: 406.0953.
Found: 406.0937. A = 3.9 ppm.

2-allyl-3-((1-(2,5-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene- 1,4-dione  (17b).
Yellow solid, 59 % yield, m.p. 145-146 °C. IR (KBr, cm™') v: 3164, 3094, 2968, 1669, 1651, 1615,
1593, 1578, 1486, 1452, 1334, 1264, 1228, 1186, 1153, 1043, 961, 899, 842, 722, 591, 573. 'H
NMR (DMSO-ds, 500.00 MHz) & ppm: 8.70 (1H, s), 8,06-8,04 (1H, m), 8.00-7.98 (1H, m), 7.88
(1H, d, J 2.5 Hz), 7.87-7.85 (2H, m), 7.79 (1H, d, J 8.7 Hz), 7.72 (1H, dd, J 2.5 and 8.7 Hz), 5.73
(1H, dddd, J 6.4, 6.4, 10.9 and 16.8 Hz), 5.60 (2H, s), 4.99 (1H, dd, J 1.6 and 16.8 Hz), 4.93 (1H,
dd, J 1.6 and 10.9 Hz), 3.17 (2H, d, J 6.4 Hz). *C NMR (DMSO-ds, 125.0 MHz APT) & ppm:
184.7, 181.5, 157.0, 135.8, 134.6, 134.6, 134.2, 133.6, 133.6, 131.9, 131.8, 130.3, 126.4, 126.2,
123.5, 122.4, 116.5, 65.9, 27.9. HR-ESIMS [M+H] m/z calcd. for CyH;5Cl;N30;:440.0490.
Found: 440.0478. A= 2.7 ppm.

2-allyl-3-((1-(2-chlorophenyl)-1H-1,2, 3-triazol-4-yl)methoxy)naphthalene- 1,4-dione (17¢).
Yellow solid, 97 % yield, m.p. 62-63 °C. IR (KBr, cm™) v: 3131, 3096, 1667, 1651, 1593, 1336,
1302, 1229, 1190, 1037, 954, 925, 802, 693. '"H NMR (DMSO-dg, 500.00 MHz) & ppm: 8.61 (1H,
s), 8.07-8.05 (1H, m), 8.00-7.98 (1H, m), 7.86-7.84 (2H, m), 7.74 (1H, dd, 1.6 and 7.8 hz), 7.65
(1H, dd, J 1.8 and 7.6 Hz), 7.62 (1H, td, J 1.8 and 7.8 Hz), 7.58 (1H, td, J 1.6 and 7.6 hz), 5.75
(1H, dddd, J 6.4, 6.4, 10.1 and 16.8 Hz), 5.62 (2H, s), 5.00 (1H, ddd, J 1.6, 3.4 and 16.8 Hz), 4.93
(1H, ddd, J 1.4, 3.4 and 10.1 Hz), 3.20 (2H, ddd, 1.4, 1.6 and 6.4 Hz). 1*C NMR (DMSO-ds, 125.0
MHz APT) 6 ppm: 184.0, 180.8, 156.2, 142.5, 133.9, 133.5, 128.1, 125.7,125.5, 116.0, 65.1, 27.2.
HR-ESIMS [M+H] m/z calcd. for C;,H¢CIN3O3: 406.0880. Found: 406.0857. A= 5.7 ppm.

2-allyl-3-((1-(3,4-dichlorophenyl)- 1 H- 1,2, 3-triazol-4-yl)methoxy)naphthalene-1,4-dione ~ (17d).
Yellow solid, 84 % yield, m.p. 104-105 °C. IR (KBr, cm™) v: 3144, 3101, 2954, 1664, 1654, 1609,
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1592, 1488, 1438, 1335, 1263, 1237, 1195, 1042, 1031, 959, 823, 814, 729. '"H NMR (DMSO-ds,
500.00 MHz) & ppm: 8.97 (1H, s), 8.22 (1H, d, J 2.5 Hz), 8.07-8.05 (1H, m), 8.01-7.99 (1H, m),
7.94 (1H, dd, J 2.5 and 8.8 Hz), 7.87-7.85 (3H, m), 5.74 (1H, dddd, J 6.3, 6.3, 10.1 and 16.8 Hz),
4.96 (1H, dd, J 1.7 and 16.8 Hz), 4.89 (1H, dd, J 1.7 and 10.1 Hz), 5.58 (2H, 5), 3.21 (2H, d, J 6.3
Hz). 3C NMR (DMSO-ds, 125.0 MHz APT) & ppm: 184.7, 181.4, 156.9, 144.5, 136.5, 134.6,
134.6, 134.2, 133.6, 132.9, 132.2, 131.9, 131.7, 131.7, 162.4, 126.2, 123.7, 122.4, 120.7, 116.5,
65.9, 27.9. HR-ESIMS [M+H] m/z calcd. for C,H;5C1N;305:440.0590. Found: 440.0562. A = 6.4

2-((1-phenyl-1H-1,2,3-triazol-4-yl)methoxy)-3-(prop-1-en-1-yl)naphthalene-1,4-dione (17e).
Yellow solid, 97 % yield, m.p. 129-130 °C. IR (KBr, cm™) v: 3134, 3075, 1663, 1651, 1609, 1592,
1578, 1502, 1344, 1228, 1187, 1042, 949, 911, 901, 758, 724, 686, 649. 'H NMR (DMSO-d,,
500.00 MHz) 6 ppm: 8.85 (1H, s), 8.07-8.06 (1H, m), 8.01-7.99 (1H, m), 7.88-7.85 (4H, m), 7.62-
7.58 (2H, m), 7.52-7.48 (1H, m), 5.73 (1H, dddd, J 6.3, 6.3, 10.1 and 16.8 Hz), 5.59 (2H, s), 4.96
(1H, dd, J 1.7 and 16.8 Hz), 4.89 (1H, dd, J 1.7 and 10.1 Hz), 3.21 (2H, d, J 6.3 Hz). 3C NMR
(DMSO-dg, 125.0 MHz APT) & ppm: 184.8, 181.5,157.0, 144.2,137.1, 134.6, 134.6, 134.2, 133.6,
132.0, 131.8, 130.3, 129.2, 126.4, 126.2, 123.4, 120.7, 116.5, 66.0, 27.9. HR-ESIMS [M+H] m/z
calcd. for C;,H7N305: 372.1270. Found: 372.1242. A ="7.5 ppm.

2-allyl-3-((1-(3,5-dichlorophenyl)-1H- 1,2, 3-triazol-4-yl)methoxy)naphthalene- 1,4-dione ~ (17f).
Yellow solid, 37 % yield, m.p. 101-103 °C. IR (KBr, cm') v: 3150, 3085, 2918, 1671, 1655, 1613,
1583, 1476, 1436, 1334, 1262, 1236, 1193, 1155, 1039, 960, 923, 853, 812, 802, 732, 665. 'H
NMR (DMSO-dg, 500.00 MHz) 6 ppm: 9.01 (1H, s), 8.07-8.05 (1H, m), 8.04 (2H, d, J 1.8 Hz),
8.01-7.99 (1H, m), 7.87-7.85 (2H, m), 7.71 (1H, t, J 1.8 Hz), 5.74 (1H, dddd, J 6.4, 6.4, 10.1 and
16.8 Hz), 5.58 (2H, s), 4.97 (1H, dd, J 1.7 and 16.8 Hz), 4.20 (1H, dd, J 1.7 and 10.1 Hz), 3.22
(2H, d, J 6.4 Hz). 3C NMR (DMSO-dg, 125.0 MHz APT) & ppm: 184.7, 181.4, 156.9, 144.5,
138.7, 135.7, 134.7, 134.6, 134.2, 133.6, 132.0, 131.8, 128.5, 126.4, 126.2, 123.8, 119.3, 116.6,
65.8, 27.9. HR-ESIMS [M+H] m/z calcd. for Cy,H;5sCI,N305: 440.0490. Found: 440.0459. A=7.0
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2-allyl-3-((1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene-1,4-dione (17g).
Yellow solid, 98 % yield, m.p. 104-105 °C. IR (KBr, cm™") v: 3153, 3074, 2976, 1671, 1643, 1592,
1576, 1348, 1263, 1228, 1199, 1046, 1028, 954, 907, 791, 721, 685. 'H NMR (DMSO-d¢, 500.00
MHz) & ppm: 8.94 (1H, s), 8.07-8.05 (1H, m), 8.01-7.99 (2H, m), 7.89 (1H, ddd, J 1.0, 2.1 and 8.1
Hz), 7.87-7.88 (2H, m), 7.63 (1H, t, J 8.1 Hz), 7.55 (1H, ddd, J 1.0, 2.0 and 8.1 Hz), 5.74 (1H,
dddd, J 6.3, 6.3, 10.1 and 16.8 Hz), 5.59 (2H, s), 4.96 (1H, dd, J 1.7 and 16.8 Hz), 4.89 (1H, dd, J
1.7 and 10.1 Hz), 3.21 (2H, d, J 6.3 Hz). 13C NMR (DMSO-ds, 125.0 MHz APT) & ppm: 184.7,
181.5, 157.0, 144.4, 138.1, 134.7, 134.7, 134.2, 133.6, 132.0, 132.0, 131.8, 129.1, 126.4, 126.2,
123.6,120.5,119.3, 116.5, 65.9, 27.9. HR-ESIMS [M+H] m/z calcd. for C,,H;sCIN;O5: 406.0880.
Found: 406.0853. A = 6.6 ppm.

2.2. Biological Assays

Cells and reagents. The human SCC-4, SCC-9 and SCC-25 cells, derived from a human
oral tongue SCC, were obtained from ATCC (CRL-1624; CRL-1629 and CRL-1628, respectively)
and maintained in 1:1 DMEM/F12 medium (Dulbecco's modified Eagle's medium and Ham's F12
medium; Gibco (Thermo Fisher, Waltham, MA, USA) supplemented with 10 % (v/v) FBS (fetal
bovine serum; Invitrogen, Thermo Fisher, Waltham, MA, USA) and 400 ng/mL of hydrocortisone
(Sigma-Aldrich Co., St. Louis, MO, USA). Primary normal human gingival fibroblast was
obtained from ATCC (PCS-201-018) and maintained in DMEM supplemented with 10 % (v/v)
FBS and were used at a maximum of 6 passages (4 passage for frozen stock vials and 2 passages
for experimentation). Cells were cultured in a humidified environment containing 5 % CO, at 37
°C. For all biological experiments: Compounds were solubilized in 100 % DMSO (Sigma-Aldrich)
to a final concentration of 10 mM. Carboplatin in water (Fauldcarbo®; Libbs Farmacéutica, Sao

Paulo, SP, Brazil) was used as a standard anticancer compound.
Cell viability (Cytotoxicity) assay, compound stability assay. The SCC cell lines and

primary human fibroblast cell metabolic activities (viability) were evaluated using the MTT assay.

Cells were seeded in triplicate in 96-well plates (5 x 103 cells/well) and grown for two days until
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confluence. Then, medium was removed, fresh medium was added, and the cells were returned to
the incubator in the presence of different compounds. DMSO in the same concentrations was used
as 100 % cell viability control. After 48 h, cells were incubated with 5 mg/mL MTT reagent (3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide) (Sigma-Aldrich Co., St. Louis,
MO, USA) for 3.5 h. Thereafter, the formazan crystals were dissolved in MTT solvent solution
(DMSO/methanol 1:1 v/v), and the absorbance at 560 nm was evaluated using an EPOCH
Microplate Spectrophotometer (BioTek Instruments, Winooski, VT, USA) with the background
absorbance at 670 nm subtracted. Each of the 35 compounds was tested at six or seven different
concentrations varying from 0.8 uM to 100 uM in cancer cell lines (SCC-4, SCC-9 and SCC-25)
and 9.4 pM to 300 uM in primary normal human gingival fibroblast. Controls (carboplatin and
lapachol) were tested at six or seven different concentrations varying from 31.20 uM to 1,000 uM
in cells. Compounds that did not reach the ICs, between this concentration threshold were
considered Not Determined (ND). For the assays using inhibitors of caspases, SCC-9 cells were
incubated with ZVAD or ZDEVD (Sigma-Aldrich Co., St. Louis, MO, USA) at 20 uM for 2 h and
then treated with 1xICsy of compound 16g or control (DMSO) for more 24 h. MTT assay was then

carried as described above.

Hemolysis assay. The hemolysis evaluation of derivatives was performed using fresh lamb
blood from CECAL/FIOCRUZ (breeding center of laboratory animals). Erythrocytes were
collected by centrifugation at 1500 rpm for 15 min., washed three times with phosphate-buffered
saline (PBS) with 10 mM glucose at pH 7.4 and counted in a Countess® FLII Automated Cell
Counter (Thermo Fisher, Waltham, MA, USA). Erythrocytes were seeded in 96-well plates at a
concentration of 4 x 103 cells/well in triplicate, and 10 uL of the compounds was added at a final
concentration of 400 uM in glucose-PBS (100 pL final volume). Ten microliters of PBS were used
as a negative control (0 % hemolysis), and 10 pL of PBS with 0.1 % Triton X-100 was used as a
positive control (100 % hemolysis). The solutions were mixed and incubated in a shaker for 30
min. at room temperature. After centrifugation at 13,000 rpm for 15 min., hemolysis was measured
by reading the supernatant absorbance at 540 nm on an EPOCH Microplate Spectrophotometer
(BioTek Instruments, Winooski, VT, USA). All hemolysis data points were presented as the

percentage of the complete hemolysis control.
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Clonogenic assay. The ability of individual SCC9 and normal fibroblasts cells to undergo
“unlimited” division was tested using a clonogenic assay. Cells were seeded in duplicates in 24-
well plates (5 x 103 cells/wells) for 24 h. Fresh medium was added in the presence of the indicated
compounds at the concentrations of 1x ICs, and 2x 1Cs( as determined for SCC-9 cells. DMSO at
the same concentrations of the compounds was used as a 100 % control. On the fifth day (120 h),
the wells were fixed with ethanol for 10 min., followed by staining with 0.05 % crystal violet
(Sigma-Aldrich) in 20 % ethanol for 10 min and washed three times with distilled water and set to
dry. Wells were photographed and the absorbance was read in spectrophotometer at the 595 nm
microplate spectrophotometer (EPOCH, BioTek Instruments, Winooski, VT, USA), after

solubilization of the dye in 33 % acetic acid.

In vivo acute toxicity study. Acute toxicity study for the compound was conducted in twelve
weeks old female C57BL/6 mice through intraperitoneal injection route and was approved by the
University animal ethical council under de registration number 982. All experiments were
performed in accordance with Brazilian guidelines and regulations. Dosing and analysis were done
as per OECD 423 guidelines and as reviewed by Parasuraman [34]. Each animal group had n =3
and received only one intraperitoneal injection (Day 0) of each compound dissolved in 3 mL of
PBS and 3 % of DMSO. Control animals received only 3 % of DMSO in PBS. The first dose of
the compound was 50 mg/kg. Subsequent dose levels (150 mg/kg and 450 mg/kg) were determined
based on the result after the previous dosing. Animals were examined every day, two times a day
for mortality and morbidity for 14 days, when all animals were anesthetized (ketamine 100 mg/kg
and xylazine 10 mg/kg) and euthanized by cervical dislocation and gross necropsy and major
organs histology was accessed. Animal body weight and average food consumption were measured
every 7 days. As morbidity indication, the following signs were accessed two times a day: tremors;
convulsion; salivation; diarrhea; lethargy; coma; signs of pain; increased back arching and
mobility defect. The necropsy included an examination of the external features of the carcass;
external body orifices; the abdominal, thoracic, and cranial cavities; organs/tissues of liver,
thymus, right kidney, right testicle, heart, and lung. For more details, see Supplementary Methods
(Appendix A).
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Videomicroscopy. SCC-9 cells, previously plated the day before the experiment, were
treated and transferred to a culture chamber adapted to a Nikon Eclipse TE300 microscope (Nikon,
USA) under controlled conditions of CO, and temperature (5 % and 37 °C, respectively). For 24
hours, phase contrast images from the same field were captured every minute using a Hamamatsu
C2400 CCD camera (Hamamatsu, Japan). Two experimental conditions were performed: control
(DMSO) and treatment with 16g compound (2 x ICs). Images of each experimental condition

were integrated in videos using the ImagelJ software (National Institute of Health, USA).

Immunocytochemistry. SCC-9 cells, previously plated the day before the experiment in
round 13 mm coverslips, were treated as described above for 4 and 24 h. Then, they were fixed for
15 min. with PBS-paraformaldehyde 4 %, treated with PBS-triton X100 0.2 % for 5 min., blocked
with PBS-BSA 5 % (Sigma-Aldrich, USA) for 30 min. and incubated overnight with a-tubulin
(Sigma-Aldrich, USA) or LC3 (Cell Signaling; ab48394) primary antibody. Then, secondary
monoclonal Alexa 546 nm antibody (Molecular Probes Inc, USA) was incubated for 2 h as the
fluorescent probes. Finally, cells were incubated for 10min with DAPI, and coverslips were
mounted in glass slides to be visualized using a Leica TCS-SP5 II confocal microscope (Leica
Microsystems, Germany). Confocal fluorescence images were captured employing the LAS AF
2.2.0 Software (Leica Microsystems, Germany).

For cleaved caspase-3 analysis, cells were plated on coverslips placed on a 24-well plate.
After 30 min. of compound incubation at a concentration of 2 x ICs, the cells were fixed with 4
% paraformaldehyde in phosphate buffer for 15 min. The fixed cells were then washed with PBS
and incubated with 5 % bovine serum albumin (BSA) diluted in PBS for 60 min. After this, the
cells were incubated overnight at 4 °C with a Cleaved Caspase-3 Antibody (Alexa Fluor® 488
Conjugate) (1:50 dilution; Cell Signaling; #9669). Then, were washed with PBS, stained with
DAPI, washed again and mounted. The cells were imaged using an inverted fluorescence Zeiss

Axio Observer microscope.

ROS Production. Dihydrorhodamine 123 is used for the detection of ROS (reactive oxygen
species). The presence of ROS oxidizes the dihydrorhodamine 123 to the fluorescent derivative
rhodamine 123. To verify the level of mitochondrial ROS by fluorescence microscopy, 5 x 10*

cells per well were plated on a 24-well plate. After 6 hours of compounds incubation at a
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concentration of 2 x ICs5o, DHR123 (Sigma; # D1054) was added at a final concentration of 1.2
puM for 15 min. at 37 °C and then washed twice with medium. Cells were analyzed using an

inverted fluorescence Zeiss Axio Observer microscope.

Molecular modeling analysis. The most active compound (16g) was submitted to docking
studies in attempt to provide a possible mechanism of action of these derivatives. The binding
mode and interactions were compared with lapachol and other inhibitors of lapachol targets.
Ligands and receptors were prepared for the docking studies. The three-dimensional structures of
the lapachol and the derivative 16g were constructed using Spartan’10 program (Wavefunction
Inc. Irvine, CA, USA). Initially, structures were submitted to a conformational analysis using
molecular mechanics and the MMFF force field. Then, the geometry of the lowest-energy
conformer was optimized in a vacuum by the semi-empirical method RM1, followed by a single
point calculation using the density functional theory (DFT) method with B3LYP/6-31G* basis set.
Electrostatic charges were added and torsions of ligands were set automatically using Autodock
Tools 1.5.7. The structures of DNA-binding domain of human topoisomerase I, topoisomerase Ila
and topoisomerase IIf were retrieved from Protein Data Bank (PDB) under the codes 1K4T [23],
S5GWK [24] and 3QX3 [25], respectively. Meanwhile, the structure of human pyruvate kinase M2
(hPKM2) complexed with oxalate and fructose-1,6-biphosphate was obtained from PDB with the
code 3SRD. Molecular docking studies were carried out using Autodock Tools 1.5.7 and Autodock
Vina 1.1.2 [26]. Initially, solvent and ligands were removed from protein structures. Polar
hydrogens and Gasteiger charges were added to protein structures. To evaluate the binding mode
of compounds against topoisomerases, we employed docking protocols validated previously by
our group and described elsewhere [27]. To validate the docking method of pyruvate kinase, the
redocking of ATP was carried out in the active site of rabbit muscle pyruvate kinase (PDB code
1A49) [28]. The grid box with dimensions of 18 x 24 x 20 A3 was centered on residue H77 (H78
in hPKM?2). The search parameters were kept as default, except for the exhaustiveness that was set
to 5. Finally, the lowest-binding-energies of the conformers (Kcal/mol) were evaluated and
conformer was the one with the lowest value for each ligand was selected for visual inspection and
the binding mode analysis were carried out. Finally, the conformers with the lowest binding energy
were selected for visual inspection and the binding mode analysis were carried out using Pymol v.

1.2r2 (The PyMOL Molecular Graphics System, Version 1.2r2 Schrédinger, LLC).
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Statistical analysis, IC50 calculation. The 1Cs values for the MTT assay were obtained by
nonlinear regression using the GRAPHPAD 5.0 program (Intuitive Software for Science, San
Diego, CA) from at least 3 independent experiments. Data are presented as means = S.D. A dose-
response log (inhibitor) vs. response curve using fitting least squares method was used to determine
the ICso, SD and R? of the data. Selective index was calculated as S.I. = ICs of compound in
normal oral fibroblasts cells/ICsy of the same compound for each oral cancer cell line (SCC-4,

SCC-9 and SCC-25) and the average was calculated when indicated.

3. Results and discussion

3.1. Chemistry

Initially, we performed the synthesis of O-propargyl quinones 6-10 using a sequence of
reactions that involved C-3 alkylation by Knoevenagel condensation (to obtain 2-4) [14-17] or
[3.3]-sigmatropic rearrangement (to obtain S5) [18]. Then, the treatment of quinones 2-5 with
propargyl bromide refluxing acetone and K,COj led to the propargylated quinones 6-10 in 50-84
% yields [19, 20]. On the other hand, arylazides 12a-g were prepared, in quantitative yields, from
commercial anilines through their treatment with sodium nitrite in hydrochloric acid at 0-5 °C
followed by aromatic electrophilic substitution with sodium azide (Scheme 1) [21, 22].

Finally, the reaction between the arylazides 12a-g and O-propargyl quinones, 6-10
catalyzed by Cu(I), provided only the 1,4-disubstituted regioisomer from the protocol based on a
Huisgen 1,3-dipolar cycloaddition CuAAC in 30-97 % yields (Fig. 1).
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12a, X = 4-Cl-CgHy

NHz Ns 12b, X = 2,5-diCI-CgH3
X 1) NaNOy, HCl(5q) 6 M, 0-5 °C X 12¢, X = 2-CI-CgHy
| | 12d, X = 3,4-diCI-CgH3
,\;( 2) NaNg, H,0, 0-5°C, 3 h /\;( 12e, X=H
12f, X = 3,5-diCl-CgHg
11a-g 12a-9,>98%  12g, X = 3-CI-CgH,

|

=
Z
/ o} N=N

o o
= X
COr o L oyt e ol D
K5COs, acetone, H,0, CH,Cly, -BUOH
R e 120 R AcOH, t, 10 h B
. o)
1

e} reflux, 12 h o
2, R =-CH=C(CHg),, 65 % 6, R=-H, 50 % 13a-g, R=H, 30-92 %
3, R=-CH,CH=C(CHj),, 78 % 7, R =-CH=C(CHg),, 84 % 14a-g, R = -CH=C(CH,),, 34-88 %
4, R = (E)-CH=CHCH(CHj),, 50 % 8, R =-CH,CH=C(CHpg),, 70 % 15a-g, R = -CH,CH=C(CHg),, 33-78 %
5, R =-CH2CH=CHz, 75 % 9, R = (E)-CH=CHCH(CHj),, 75 % 16a-g, R = (E)-CH=CHCH(CHs),, 30-81 %
10, R =-CH,CH=CH,, 60 % 17a-g, R = -CH,CH=CH,, 37-97 %

For 2, condition i, (CH3),CHCHO, HCI, AcOH, 80 °C, 2 h.

For 3, condition /i, (CH3),CH,CHCHO, HCO,H, EtOH 44, 50 %, 200 °C, 3 h.
For 4, condition iii, (CHz),CH,CHCHO, HCI, AcOH, 80 °C, 2 h.

For 5, condition iv, H,C=CHCH,Br, K,CO3 DMF, reflux, 4 h.

Fig. 1. Synthesis of 1,4-naphthoquinones tethered to 1,2,3-1H-triazoles 13-17

The structures of the compounds were elucidated by spectroscopic techniques (see
Experimental Section and Supplementary Information). For example, the 'H NMR spectrum
analysis of compound 16g (highlighted compound derived from isolapachol), it could be observed
a singlet at 5.57 ppm corresponding to OCH, tethered to 1,2,3-triazole ring; it could be observed
doublet of doublet of quartets at 2.37 (ddq, J 1.4, 6.8 and 7.0 Hz) corresponding to CH(CHj3),
protons of C-3 side chain; it was also observed a the typical benzoaromatic pattern of 1,4-
naphthoquinone isomers as multiplets at 8.01-7.98 and 7.85-7.81. Moreover, in the aromatic
region, the singlet at 9.04 ppm assigned to the resonance of the proton resonance of triazolic ring

CH.

3.2. Evaluation of biological activity

Human OSCC cell lines survival, Selective Index, Hemolytic activity and Compounds

stability

All thirty-five new compounds were first screened by the sensitive cell viability MTT
assay. This assay is a colorimetric analysis that quantifies total viable cells indirectly based on the
conversion of MTT salt from yellow to purple due to formazan formation. It is a classical assay to

determine the cytotoxicity of anticancer compounds and was used to investigate the application of
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these compounds as target drugs. In order to select highly active compounds, cytotoxic activity
was first tested in a single human tongue squamous cell carcinoma (SCC-9) cell line with a
maximum concentration threshold of 100 uM and compounds with ICsy higher than this
concentration were considered Not determined (ND), as previously characterized [6, 29].
Furthermore, higher concentration then 100 uM of several new compounds tend to be insoluble in
medium generating misleading results. Carboplatin, a widely used chemotherapeutic agent for this
type of cancer, and lapachol, a similar naphthoquinone with a natural origin extracted from 7Tecoma
trees or from synthetic sources that has pronounced anticancer activity [7], were used as positive
controls. Regression curves were calculated and used to determine ICso. Among all thirty-five
compounds, seventeen achieved 50 % of viability reduction in the tested concentrations threshold
(0.8-100 uM) (Table 1). Anticancer activities of these compounds are reported here for the first

time.

Table 1. Determination of ICsy, and Selective Index of the new synthesized triazole
naphthoquinones. SCC-9 (OSCC cells) or normal human gingival fibroblast were treated with the
indicated compound for 48 h and cell viability was determined as indicated in material and
methods. It is shown from left to right: compound structure, name, SCC-9 tumor or normal
fibroblast ICsy (uM), SD and Selective index (SI) of at least 3 independent experiments. SI = ICs
of compound in normal oral fibroblasts cells / ICs, of the same compound for SCC-9 oral cancer
cell line. SD = standard deviation; ND = not determined (compounds with ICsy above the tested

concentration threshold of 100uM)

Primary Gingival Selective
Compounds SCC-9 Oral Fibroblast Index (SI)
ICs SD ICs SD

13a ND ND ND ND ND
13b ND ND ND ND ND
13¢ 69.33 0.15 32.54 0.07 0.47
13d 29.04 0.14 43.08 0.47 1.48
13e 44.41 0.10 11.80 0.20 0.27
13f 61.50 0.08 102.10 0.23 1.66
13g 56.13 0.09 54.10 0.38 0.96
14a 35.48 0.31 47.59 0.19 1.34
14b 31.48 0.08 45.94 0.06 1.11
14¢ 27.89 0.35 34.87 0.05 1.25
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14d 33.11 0.32 60.38 0.01 1.82

14e 60.19 0.38 59.52 0.00 0.99
14f 71.31 0.32 34.33 0.09 0.48
14g 77.99 0.25 49.30 0.05 0.63
15a ND ND ND ND ND
15b ND ND ND ND ND
15¢ ND ND ND ND ND
15d ND ND ND ND ND
15¢ ND ND ND ND ND
15¢ ND ND ND ND ND
15g ND ND ND ND ND
16a 33.88 0.24 70.45 0.35 2.08
16b 79.43 0.32 173.20 0.19 2.18
16¢ ND ND ND ND ND
16d ND ND ND ND ND
16e 33.07 0.08 62.40 0.10 1.89
16f N.D. N.D. N.D. N.D. N.D.
16g 66.06 0.34 209.90 0.16 3.18
17a ND ND ND ND ND
17b ND ND ND ND ND
17¢ 89.07 0.37 114.20 0.17 1.28
17d ND ND ND ND ND
17e ND ND ND ND ND
17¢ ND ND ND ND ND
17g ND ND ND ND ND
Carboplatin 268.3 0.03 394.1 0.04 1.46
Lapachol (3) 108.04 0.11 296.90 0.02 2.75
Doxorubicin 72 0.04 18.68 0.07 2.57

The degree of selectivity of these compounds can be expressed by their Selective Index
(SI). A high SI value > 2 of a compound represents a selective toxicity towards cancer cells, while
a SI value <2 is considered generally toxic, such that it can also cause cytotoxicity in normal cells
[6, 30-32]. Accordingly, each SI value was calculated using the given formula: SI = ICs, normal
cell / ICsq cancer cell. A primary non-transformed gingival human fibroblast (normal cell) was
used to determine the SI of tested compounds. Comparison between the I1Cs, in normal cells and
SCC9 cell line and calculation of the SI demonstrates that only compounds 16a, 16b and 16g
displayed a SI higher than 2 (SI 16a = 2.08, SI 16b = 2.18, SI 16g = 3.18) as shown in Table 1.
All other compounds and, surprisingly, carboplatin showed SI <2. Lapachol and doxorubicin were

also selective in SCC-9 cells with a SI of 2.74 and 2.57, respectively.
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Initial screening was performed exclusively in SCC-9, as it exhibits the most stringent
phenotype (lower sensitivity) to cytotoxic agents of the different SCC cell lines, as previously
demonstrated [6, 29]. To limit possible aberrations in behavior from a single cell line when
compared with cancer cells in patients and to determine the effectiveness of these compounds
against oral cell carcinoma, the three selective compounds were tested in two other oral human
carcinoma cell lines, SCC-4 and SCC-25. These cell lines were, as expected, even more susceptible
to compounds 16a, 16b and 16g, leading to an average SI of 2.40 for 16a, 3.55 for 16b and 6.01
for 16g (Table 2). Carboplatin maintained its SI below 2 and surprisingly average SI for Lapachol
(3) decreased to 1.56, suggesting that these compounds are less selective than the new tested
compounds. Only doxorubicin (SI = 3.39) had a SI > 2. Taken together, the above results
demonstrated that compounds 16a, 16b and 16g were able to induce cytotoxicity in three different
cell lines of human oral squamous cell carcinoma and were more or comparably toxic and selective

to tumor cells than classical and chemically similar controls.

Table 2. Characterization of the most selective compounds in other OSCC cells and analysis of
colony formation and hemolytic activity. The 1Csy (uM) of three different OSCC cell lines (SCC-
4, SCC-9 and SCC-25) and normal fibroblast cells followed by the average selective index of
compounds 16a, 16b and 16g was calculated as in Table 1. All experiments are results of at least

3 independent experiments.

Oral Tumor Cells Primary
Average Gzl Average
Compounds SCC-4 SCC-9 SCC-25 1Cso Fibroblast SI
1Cs SD ICs SD 1Cs SD 1Cs SD

16a 36.30 037 33.88 0.24 18.19  0.27 29.46 70.45 0.35 2.40

16b 43.65 0.31 79.43 0.32 2344 0.39 48.84 173.20 0.19 3.55

16g 28.84  0.25 66.06 0.34 9.81 0.18 3490 20990 0.16 6.01
Carboplatin ~ 316.70 0.52  268.3 0.03 270.80 046 26690 394.10 0.04 1.37
Lapachol (3) 218.3 0.01 108.04 0.11 237.1 0.07 187.48 296.90 0.02 1.58
Doxorubicin 5.87 0.13 7.26 0.04 3.37 0.05 5.5 18.16 0.07 3.39

After initial screening, the three compounds selected through cytotoxicity assays were

tested by the highly sensitive clonogenic assay, which is an in vitro cell survival assay based on
the ability of a single cell to grow into a colony. The assay essentially tests every cell in the

population for its ability to undergo “unlimited” division. Clonogenic assay is the method of choice
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to determine cell reproductive and death and is used to determine the effectiveness of cytotoxic
agents [33]. Colony formation and densitometry were accessed five days after treatment with
variable concentrations of the compounds.

The three compounds (16a, 16b and 16g) significantly reduced colony formation of SCC-
9 cell line in the tested concentrations with variable potencies (Fig. 2A). To enable the analyses
and comparison of phenotype induced between each compound we used a normalized ICs, dose
calculated for SCC-9 cells for these experiments (2 times the ICsy). It is remarkable that
compounds 16a and 16g exhibited similar cytotoxicity to chemotherapy drug carboplatin in
reducing colony formation. Also, it is outstanding that the reduction in colony formation was more
prominent in SCC-9 cells than in normal cells, showing again the selectivity of these compounds
(Fig. 2A). Altogether, these results suggest that compounds 16a, 16b and 16g may become
promising targets for further analysis.

Furthermore, to discard any surfactant activity of the compounds, which could lead to
unspecific cytotoxicity through cellular membrane damage, a hemolytic assay was performed.
Compounds 16a, 16b and 16g were evaluated at a concentration of 400 uM, approximately 10
times the average ICsy of these compounds in cancer cells. No compound exhibited hemolysis
higher than 5 %, a level that is comparable to carboplatin and that of the solvent alone (DMSO;
Fig. 2B).
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Fig. 2. (A) Clonogenic assay: each column indicates the cell type (SCC-9 or normal fibroblast)
treated with indicated compound. Cells were treated with two times of the calculated ICsy (2 x
ICs) in SCC-9 cells (16a: 67.76 uM; 16b: 87.34 uM; 16g: 132.12 uM). The use of the normalized
concentration with the 1Cs is useful to analyze the effect between each compound. Top: graphical
analyses of colony formation by absorbance reading as indicated in material and methods. Bottom:
representative wells of colony formation assay stained with crystal violet. One-way ANOVA with
Boferroni’s Multiple Comparation post test was performed where all columns were significantly
different from control (DMSO) and * represents p < 0.0001. (B) Hemolytic activity of compounds
at 400 uM (approximately 10 x ICsp). One-way ANOVA with Dunnett post test was performed
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where all columns were significantly different from control (Triton X) with p < 0.0001. All

experiments are results of at least 3 independent experiments.

In vivo acute toxicity study

Preclinical animal studies were performed as additional tests with compounds 16a, 16b
and 16g for future clinically applicable drugs. Due to cytotoxicity activity data which revealed that
these compounds are more effective (low ICsy versus high SI) than other tested compounds it was
decided to assay their acute toxicity. Toxicity testing of new compounds is essential for drug
development process. The preclinical toxicity testing on various biological systems reveals the
species-, organ- and dose- specific toxic effects of an investigational product. Toxicological
screening is very important for the development of new drugs and for the extension of the
therapeutic potential of existing molecules. The US Food and Drug Administration (FDA) states
that it is essential to screen new molecules for pharmacological activity and toxicity potential in
animals (21CFR Part 314). Acute toxicity testing was carried out to determine the effect of a single
dose on a particular animal species [34].

For the acute toxicological testing, the three compounds were administered
intraperitoneally in C56BL/6 mice at different concentrations and their effect was observed along
14 days. All mortalities caused by the compounds during the experimental period were recorded
and morphological, pathological, and histological changes in the dead animals were investigated.
A sequential procedure in which three animals of the same sex were used in each step was done as
follow: a single dose of a lower concentration of 50 mg/kg was used. Since there was no indication
of morbidity and less than 2 causalities, the next group received a concentration of 150 mg/kg and
for the same reason a third group received a concentration of 450 mg/kg (Table 3, Supplementary
Table S1 and Supplementary Fig. S1). No significant alteration in body weight and food
consumption relative to control animals in any concentration of tested compounds was observed
(Table 3 and Supplementary Fig. S1A and S1B). Furthermore, no alteration in morbidity was
observed (Table 3). The death of one animal was observed only in the group treated with
compound 16b at 150 mg/kg but since it didn’t achieve 50 % of the animals in the group we
proceeded to a higher dose (450 mg/kg) to try to determine the LCsy. However, no lethality was
observed at this higher dose. Regarding gross major organs necropsy, it was noticed an in loco

precipitation of compound 16a, at 150 and 450 mg/kg (Table 3). In the histopathological analysis,
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the effect of a mild binucleation and megalocytosis, an indication of moderate degree of hepatic
cellular stress of hepatocytes, were observed only in groups that received 450 mg/kg of all tested
compounds. Binucleation is a normal phenomenon of a healthy liver but may be involved with
liver recovery after injury and is a characteristic of liver regeneration. The presence of binucleation
and megalocytosis in the absence of necrotic or inflammatory processes suggests that a discrete
hepatic damage may be related to oxidative stress induced by the high dose of compounds.
However, animals of group treated with 450 mg/kg of 16a showed findings that were not present
in any other group; they presented peritoneal nodules with lesion pattern compatible with immune
granuloma, which may be associated with the reaction to the inoculated substance. Taken together,
the results obtained from this experiment demonstrated no apparent limiting toxic effects of
compound 16g on mice in the tested concentrations, making this compound a good candidate for
further anticancer in vivo tests. On the other hand, compounds 16a, which was not fully absorbed
and induced immune granuloma, and 16b, that lead to one lethality in the tested concentrations but

did not reach LCs, are less promising candidates.

Table 3. Acute toxicity study: Morbidity, mortality, gross organs necropsy and histology of mice
treated with compounds 16a, 16b and 16g.

Dose Change Change in Gross
. N . . d
Treatment in body food Morbidity® Mortality Neammmsy® Histology

mg/Kg weight consumption
Control 0 Absent Absent Absent Absent NO. Normal
alteration
16a 50 Absent Absent Absent Absent  Precipitated Normal
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compound

in
loco
Precipitated
150 Absent Absent Absent Absent comg;)und Normal
loco
Peritoneal
Immune
granulomas;
450 Absent Absent Absent Absent NO. Moderate }
alteration = megalocytosis;
Moderate
hepatocyte
Binucleation;
50 Absent Absent Absent Absent NO. Normal
alteration
150 Absent Absent Absent 1 death NO. Normal
alteration
16b Moderate
No megalocytosis;
450 Absent Absent Absent Absent ) Moderate
alteration
hepatocyte
Binucleation
50 Absent Absent Absent Absent NO. Normal
alteration
150 Absent Absent Absent Absent NO. Normal
alteration
16g Moderate
No megalocytosis;
450 Absent Absent Absent Absent . Moderate
alteration
hepatocyte
Binucleation

aDose level for each subsequent group was determined based on the result after the previous lower

dosing. "Morbidity symptoms were analyzed every day, two times a day and were considered as:

Tremors; Convulsion; Salivation; Diarrhea; Lethargy; Coma; Signs of Pain; Mobility defect.

°Gross organ necropsy of liver, thymus, right kidney, right testicle, heart, major lymph nodes and

lung. Histopathology of the lung, kidney, heart, liver and spleen was accessed by trained

pathologist and are summarized here. For more information and results see Supplementary Table

S1.

Investigation of cell death mechanisms
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In view of the results showing high cytotoxicity (~ 35uM), selectivity (SI ~ 6) and low
acute toxicity on animals, we decided to deepen our studies exclusively on compound 16g. Then,
we aimed to investigate cell death molecular mechanisms triggered by compound 16g treatment.
Chemotherapeutic agents are well-known to induce cell death by boosting reactive oxygen species
(ROS) production, directly binding to DNA by intercalation or between double helix grooves, by
promoting microtubule disorganization and inhibiting topoisomerases activity. All these molecular

mechanisms were explored for the 16g compound.

ROS Production

The production of ROS was assessed using DHR123, a cell-permeable fluorogenic probe
and an indicator of ROS levels, after 6 hours of compound 16g incubation. There was a low
production of ROS on SCC-9 cells, similar to solvent alone (DMSO), but significantly different
of positive control (H,O;) (Supplementary Fig. S2), demonstrating that ROS production is not
triggered by compound 16g. Latter times (12 h and 24 h) were also accessed with similar results

(data not shown).

DNA Binding

We next investigated a possible interaction between compound 16g with DNA by
calorimetry (Supplementary Fig. S3). Doxorubicin was used as a positive control since it was
characterized to interact with DNA [35] and the calorimetric traces can be observed in
Supplementary Fig. S3B. The Q/mol changes as a function of the concentration of poly(GC) DNA,
confirming Doxorubicin-DNA interaction in a process enthalpically driven at 37 °C. On the other
hand, the small difference among the heat of dilution of poly(GC) DNA in buffer and the heat
released in 16G solution (Supplementary Fig. S3A) can be associated to absence of residual

DMSO in the buffer, indicating no binding or a very low-affinity binding of this compound.

Microtubule organization
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Still seeking for a molecular mechanism of cell death that could explain compound 16g
toxicity, we further analyzed the microtubule of cells in a determined time point. Through
immunocytochemistry, it was possible to note that compound 16g (2 x ICsy) induced an increase
in tubulin filaments disorganization after 4h of treatment followed by a complete disruption of the
network after 24 h of treatment (Fig. 3), thus, showing that treatment with compound 16g is able

to induce microtubule disarrangement.

c-tubulin dapi

Fig. 3. Compound 16g induces microtubules disorganization. Representative confocal

Control

16g 4h

16g 24h

fluorescence images of tubulin filaments of SCC9 cells revealed that 16g treatment (2 x 1Cs)

induced an increase in filaments disorganization after 4h followed by a complete disruption of the
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network after 24h. Images were selected as the representative results of at least 3 independent

experiments. Scale bars are all 20pum.

Microtubules have critical functions in cell survival, acting on cellular organization, cargo
transport and chromosome segregation during mitosis [36]. Indeed, several chemotherapeutic
agents used in clinic target microtubules, such as the well-known Taxol, Vinblastine and

Vincristine [37].

Molecular docking of compound 16g

To investigate a possible mechanism of action of 16g, we searched for other similar
compounds with well-known mechanisms of cell death and established a y molecular modeling
analysis.

As mentioned before, lapachol was used as a control in the cytotoxic assays for being as it
is a similar naphthoquinone similar to our compounds, with pronounced anticancer activity.
Indeed, the antitumoral activity of lapachol and its derivatives has been widely explored in many
human cell lines and one of the mechanisms of action identified so far is the inhibition of DNA
topoisomerase enzymes [38-41]. Thereby, to investigate the possible molecular mechanism of
antitumor activity of compound 16g, we docked it as well as lapachol with DNA topoisomerase I,
[T and 11 and compared their binding mode with the ones of known inhibitors of these enzymes.
In this session the results will shortly be presented; the detailed analysis of compound 16g and its
possible targets can be found at supplementary material.

The naphthoquinone derivative 16g showed a different binding mode to topoisomerase I,
compared to lapachol (3). The binding energy of the complex of 16g (-10.7 Kcal/mol) with
topoisomerase I was similar to that of topotecan (-11.5 Kcal/mol), a known inhibitor of this
enzyme, and lower than that of lapachol (3, -8.4 Kcal/mol). Compound 16g also exhibited a
different binding mode to topoisomerase Ila comparing with lapachol (3). The binding energy
found in the docking of 16g with topoisomerase Ila was -10.3 Kcal/mol, which was higher than
that of etoposide (-13.1 Kcal/mol), known topoisomerase II inhibitor, and lower than that of

lapachol (-8.2 Kcal/mol). Also, in the case of topoisomerase IIf, the binding energy of 16g (-11.0
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Kcal/mol) was higher than etoposide (-14.7 Kcal/mol) but lower than lapachol (3, -8.9 Kcal/mol)
(Fig. 4A-C).

Our results showed that lapachol can intercalate with DNA complexed with topoisomerase
enzymes theoretically which is in agreement with several experimental data [35-38]. Quinone ring
of 16g did not superpose to the quinone of lapachol (3), only in the case of topoisomerase IIf3, they
were positioned in the same region. It is probably due to the greater size of 16g in comparison to
lapachol and the presence of the aromatic rings (phenyl and triazole), which superposed with the
rings of the known inhibitors. However, but compound 16g seems to resemble the binding manner
and interaction network of known inhibitors of the studied topoisomerases, suggesting these
enzymes could be potential targets for the anticancer action of this compound.

Topoisomerase enzymes preserve DNA topology throughout replication and transcription,
and 1s also being essential for cell survival. Inhibitors of topoisomerases, such as Etoposide,
Topotecan and Irinotecan, are similarly indispensable to fight cancer in the clinic [42]. All these
drugs present at some extent dose limited toxicities and/or the development of resistance [37, 42].
In this context, compound 16g emerges as a possible future choice of cancer treatment targeting
microtubules and/or topoisomerases and could be combined with other anticancer drugs for a better
outcome.

Recently, it was demonstrated that lapachol inhibits hPKM2 enzyme involved in the
glycolysis pathway and further impairs cancer cell metabolism which can contribute to its
antitumoral activity [43]. Hence, we also investigated this enzyme as a potential biological target
for 16g. First, we validated our docking protocol by redocking ATP within the active site of the
rabbit muscle pyruvate kinase (Supplementary material). Lapachol bound at the entrance of the
active site like the adenine group of ATP in the active site of the homologous enzyme [28].
Compound 16g exhibited a similar binding mode. The binding energy of the complex of 16g with
hPKM?2 was -8.1 Kcal/mol. This value is in the range of those found for the redocking of ATP (-
9.4 Kcal/mol) and for the docking of lapachol (-6.8 Kcal/mol) (Fig. 4D-G), suggesting that
inhibition of hPKM2 may be also a feasible mechanism of action for the antitumoral profile of
16g.

Altogether these data suggest that compound 16g may bind with higher affinity (lower

binding energy) than lapachol and with affinity close to current anticancer drugs to topoisomerase
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I, IT (o and B) and hPKM2. All these modes of action could be responsible for cell death induction

observed above.
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Fig. 4. Compound 16g binds to topoisomerases and hPKM2 with high affinity. Binding mode of
lapachol (green) and its derivative 16g (purple) with DNA-binding domain of (A) topoisomerase
I, (B) topoisomerase Ila, and (C) topoisomerase IIf and comparison with the known inhibitors
(cyan; topotecan for topoisomerase I and etoposide for topoisomerases Ila and IIp). Carbon atoms
of amino acid residues are shown in white while the C-atoms of nucleotides are shown in light
yellow. (D) Redocking of ATP with rabbit muscle pyruvate kinase (PDB code 1A49), where
experimental and docked poses are represented as green and cyan sticks, respectively. (E)
Superposition of ATP conformation bound to rabbit muscle pyruvate kinase (cyan) and the docked
poses of lapachol (green) and 16g (yellow) bound within the active site of hPKM?2. Binding mode
and interactions of (F) lapachol (3), and (G) 16g with hPKM2 obtained by molecular docking.
Hydrogen bond interactions are shown as dashed lines. For more information and results see

Supplementary Data.

PKM2 is an enzyme involved in the production of pyruvate and ATP at the last step of
glycolysis. Pyruvate is then oxidized to produce ATPs in the presence of oxygen or converted to
lactate when oxygen level is low. In cancer, cells increase their uptake of glucose and produce
large amounts of pyruvate, which produce lactate independently of oxygen concentration. This
occurs to attend their high energetic and biosynthetic needs. PKM2 is one of the proteins
overexpressed in this situation [44]. PKM2 has already been linked to enhancing metastatic
potential [45, 46], cancer invasion [47] and cancer progression [48] in OSCC. Indeed, PKM?2 is
overexpressed in OSCC tissue [47, 49, 50], being related to a poor survival of patients [47, 49].
Lapachol is a compound that target PKM2 and, as shown suggested in by the molecular docking
results, compound 16g may also theoretically bind had lower binding free energy (higher affinity)
to PKM2 than Lapachol. Besides, lapachol (3) may present dose limiting toxicity [51]. Therefore,
new drugs that can inhibit PKM?2 activity are needed for both clinic and research, and compound

16g may prove useful in this context.

Cell death pathway determination
Microtubule disorganization and inhibition of topoisomerases and PKM2 activities can
induce different types of cell death, such as autophagy and apoptosis [52-55]. Thus, we

investigated these two processes in our experimental context.
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First of all, there was no relevant difference in LC3 stanning, an autophagy marker,
between treatment and control (Supplementary Fig. S4). However, through time-lapse
videomicroscopy images, it was observed that compound 16g greatly increased the rate of
detachment of SCC-9 cells when compared with control (Fig. 5A; Supplementary Video S5) and
induced an increase in cellular blebs after 30 min. of treatment (Fig. SB; Supplementary Video
S6). It is worth to note that this phenotype occurs prior to cytoskeletal microtubule alteration
observed before (Fig. 3). After 8 hours of treatment, there was a drastic change in cell morphology,
with the shrinkage of cells and the formation of large membrane blebs, indicators of apoptosis
(Fig. 5B). Besides, we tested for the presence of pyknotic nuclei and cleaved caspase-3
involvement, well-known apoptosis hallmarks. Fig. SC-D shows a significant increase in the
number of pyknotic nuclei on SCC-9 cells treated with compound 16g, compared to control. The
change in cell morphology under this treatment was also notable (Fig. 5C). The expression of
cleaved caspase-3 in cells treated with compound 16g was remarkable, in contrast to control (Fig.
SE). In more detail, these treated cells presented characteristic morphology of apoptosis, with
cellular blebs and cell shrinkage (Fig. 5F). MTT assays using caspase inhibitors, ZVAD (pan-
caspases) and ZDEVD (caspase-3), before incubation with compound 16g showed an increase in
cell viability compared to 16g alone, specially ZVAD (Fig. 5G). In these assays, the total time of
incubation with drugs was 24 hours, in contrast to the 30 minutes of incubation in the
immunocytochemistry for cleaved caspase-3. The difference between results of ZVAD and
ZDEVD might be explained because there is more than just one effector caspase (e.g. caspases 6)
that have different substrate preference than DEVD (VEID) and thus are less sensitive to this
inhibitor. Altogether, our results demonstrate that compound 16g induces cell death through

apoptosis.

39



240min

/
/A

/

=
E
(-]
o~
-

|oJu0D 0} aAne|al
O  fugenjesoy,

Idva ¢-dsed 2ia

*kk

T T
wn o
- -

25

T
[=]
o~

A (%) ePnu onouyhyg

40



Fig. 5. Compound 16g induces cell death through apoptosis. All experiments were made using
SCC9 cells. (A) Time-lapse videomicroscopy images obtained from Supplementary Video S5
reveal that 16g (2 x ICs) increases the rate of detachment of SCC-9 cells when compared with
control. Scale Bar is 100 pum. (B) Time-lapse videomicroscopy zoom obtained from
Supplementary Video S6 reveals that 16g induced an increase in cellular blebs after 30min of
treatment (indicated as white arrowheads). Between 120 and 240 min. after treatment, cells showed
an increase in number and size of vacuoles (indicated as white arrows) together with a change in
cell morphology, that drastically increased at 480 min. after treatment, with cell shrinkage and the
formation of large membrane blebs (indicated as white arrowheads). Scale Bar is 20 pm. (C and
D) Cells treated with 2 x ICs, of compound 16g were stained with DAPI and had their pyknotic
nuclei counted (representatives indicated with white arrows). (E and F) Immunocytochemistry of
cleaved caspase-3 and detailed morphology of SCC-9 cells treated with 2 x ICs, for 30 minutes.
DIC stands for Differential interference contrast microscopy. (G) MTT assay on SCC-9 cells using
caspase inhibitors (pan-caspase — ZVAD; caspase 3 — ZDEVD) with 1 x ICs, of compound 16g

for 24 h. Results of at least 3 independent experiments.

4. Conclusions

In summary, thirty-five compounds of triazole naphthoquinones were synthesized and
evaluated for their antitumor activity against OSCC. Classical chemotherapy pathways of action
were tested, such as cytoskeletal dynamic alteration, DNA interaction, ROS production and
topoisomerases inhibition. We found one of these compounds, 16g, as highly effective, presenting
high cytotoxicity (~ 35uM), selectivity (SI ~ 6) and low acute toxicity on animals. Mechanistically,
compound 16g induced apoptosis in OSCC cells, and disrupted the microtubule organization

possibly by inhibition of activities of topoisomerases and hPKM2.
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Highlights

Thirty-five new compounds of triazole naphthoquinones were synthesized.
Compounds 16a, 16b and 16g were able to induce cytotoxicity in human OSCC cell lines.
Compound 16g showed the higher SI value on cells and low toxic effects on mice.

Compound 16g induces apoptosis and acts on the microtubule, topoisomerases and

hPKM?2.

16g might be considered as a lead compound for future cancer therapy.
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