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The cariogenic processes are mainly caused by the bacterium Streptococcus mutans (S. mutans)
and consist of the demineralization of the tooth that occurs when the acid production overcomes
the natural repair or if a problem occurs in the last one. In this work, we performed the synthesis
of twenty-one 1,4-naphthoquinones tethered to 1,2,3-1H-triazoles (8a-8k and 9a-9j), antibacterial
evaluation against the S. mutans in vitro and the acute toxicity of the better ones in vivo. We
observed strong inhibition results in the disc diffusion test ranging, the halos of inhibitions, from
18.66 (£ 0.57) to 29 (+ 2.64) mm, and good values in the minimum inhibitory concentration
(5 to 50 pg), for the compounds 9e, 9h, 9i and 9j. Furthermore, they do not have a cytotoxic effect
at the concentrations tested. Besides that, in the in vivo test, they show some slight alteration in
the histopathological analyses and the biochemistry. Thus, we found four potential candidates to
become instruments for the treatment of cavities.
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Introduction

The search for information on the activity of natural
and synthetic substances against infections caused by
microorganisms has been conducted over the last few
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years due to health, social, environmental and economic
needs. The cariogenic processes are mainly caused by the
bacterium Streptococcus mutans (S. mutans) and consist
of the demineralization of the tooth that occurs when the
acid production overcomes the natural repair or if some
problem occurs in the last one.! The fermentation of sugar
into acids decreases the pH near the teeth surface, creating
an optimal environment for S. mutans to grow, also reducing
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the competition with other microorganisms that cannot
survive under low pH conditions on the surface of the
teeth.? This bacteria causes tooth decay and attaches to teeth
in two ways: when it has sucrose in the surface, forming
dental plaque and the other not dependent of sucrose, using
a surface protein named antigen I/I1.34

This process affects 60 to 90% of the children and a
number of adults in industrialized countries.” However,
results have shown that the cases of dental caries in Brazil
decreased significantly from 1980 until 2003, probably due
to the fluoridated water.® Despite the reduction previously
observed,’ arecent study’ demonstrated an increase in global
oral conditions, mainly for caries disease, between 1990
and 2010. This demonstrates the importance of controlling
oral microbiology, mainly the Streptococcus mutans
population, to reduce the propensity of cariogenic dental
plaque development.® Moreover, the number of resistant
bacteria to the conventional medicines used in clinics has
been growing, including the Streptococcus viridans group,
which includes S. mutans, showing the need to seek a way
to inhibit these bacteria and circumvent this problem.’!?

Although naphthoquinones'® and 1,2,3-triazoles'
are, separately, of great importance due to their diverse
biological applications, substances that contain these two
nuclei together have been studied in recent years against
various diseases and have shown that it is a molecular
combination with potential synergism, that is, they are
more bioactive when coupled than when isolated."> Thus,
considering that naphthoquinones can inhibit the bacteria!®!”
by interacting with enzymes topoisomerases I and II,
impairing the deoxyribonucleic acid (DNA) replication'®
and triazole derivatives, demonstrated strong antibacterial
properties,'** herein we describe the synthesis of twenty-
one 1,4-naphthoquinones tethered to 1,2,3-1H-triazoles,
antibacterial evaluation against the S. mutans in vitro and
the acute toxicity of the better ones in vivo.

Experimental
Chemistry

Materials and methods

The solvents and reagents were obtained from Merck
Brazil (Sao Paulo, Brazil) and used without further
purification. For qualitative monitoring of the reaction
progress, analytical thin-layer chromatography (TLC)
was produced with silica gel plates (Merck, TLC silica
gel 60 F254, Sao Paulo, Brazil), and the plots were
visualized using UV light (Sigma-Aldrich, Sdo Paulo,
Brazil). For purification of the final compounds, column
chromatography was performed with silica gel 60 (Merck
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70-230 mesh, Sdo Paulo, Brazil). Melting points, when
necessary, were obtained on a Thermo Scientific 9100
apparatus (Waltham, USA) and were uncorrected. All
final products were submitted to complete spectroscopic
characterization. Infrared spectra were measured with KBr
pellets on a PerkinElmer (Sao Paulo, Brazil) model 1420
Fourier transform infrared (FTIR) spectrophotometer,
and the spectra were calibrated using the 1601.8 cm™!
polystyrene absorbances. Nuclear magnetic resonance
(NMR) spectra were obtained with a Varian Unity Plus
VXR 500 MHz (Palo Alto, USA) instrument in dimethyl
sulfoxide (DMSO-d;, Sigma-Aldrich, Sao Paulo, Brazil)
solutions. The chemical shift data were reported in units
of 0 (ppm) downfield from tetramethylsilane (TMS) or the
solvent, either of which 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, Milford, USA).

General procedure for 6 and 7

In an Erlenmeyer flask containing of amine-quinone
(12.1 mmol, 4 or 5)*' was added an aqueous solution of HCI
50% sufficient to cover the solid, keeping the mixture in
an ice bath with NaCl (0-5 °C). Then, a solution of sodium
nitrite (18.1 mmol) in 30 mL of distilled water was added
slowly under vigorous stirring and kept for more 30 min
(0-5 °C). Next, sodium azide (48.7 mmol) dissolved in
60 mL of water was slowly added and kept for more 1 h
(0-5°C). Finally, the mixture was filtered and washed with
water. The product was used in the subsequent step without
previous purification.

General procedure for 8a-8k and 9a-9j

In a 250 mL round bottom flask containing a solution
of azide-quinone (0.5 mmol) in DMSO (40 mL) and
water (20 mL) were added copper sulfate (0.15 mmol),
sodium ascorbate (0.2 mmol) and corresponding alkyne
(0.6 mmol). The mixture was kept under constant stirring for
24 h at room temperature. Then, the mixture was extracted
with ethyl acetate (3 x 50 mL), washed with distilled
water (3 x 50 mL) and the organic layer was dried with
anhydrous sodium sulfate, filtered and concentrated under
low pressure. The crude product was chromatographed in
column using a gradient of hexane/ethyl acetate as eluent.

2-Chloro-3-((4-(4-(hydroxymethyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (8a)

Orange solid, yield 53%, mp 240-242 °C; IR (KBr)
v/cm? 3210, 1671, 1640, 1596, 1570, 1521, 1497, 1441,
1410, 1331, 1287, 1260, 1235, 1189, 1165, 1137, 1111,
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1063, 1046, 1033, 1009, 991, 912, 852, 833, 810, 787, 762,
736,714, 683, 649, 635, 609, 541, 528; "H NMR (500 MHz,
DMSO-d,) 6 4.63 (1H, s), 7.24 (2H, d, J 8.7 Hz), 7.75-7.79
(3H, m), 7.84 (1H, t, J 7.5 Hz), 8.00 (1H, d, J 7.5 Hz),
8.04 (1H, dd, J 1.1 and 7.5 Hz), 8.55 (1H, s); °C NMR
(125 MHz, DMSO-d,) 6 55.5, 70.2, 103.5, 115.7, 120.2,
121.2, 124.5, 126.4, 126.0, 131.0, 132.9, 133.3, 135.0,
144.3, 149.5, 176.3, 180.6; HRMS (ESI) m/z, caled. for
C,,H,;CIN,0,Na* [M + Na]*: 403.0574, found: 403.0584.

2-Chloro-3-((4-(4-(2-hydroxyethyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (8b)

Orange solid, yield 58%, mp 234-236 °C; IR (KBr)
v/em 3292, 3137, 3096, 2918, 2875, 2324, 1731, 1667,
1597, 1575, 1521, 1492, 1448, 1412, 1379, 1352, 1331,
1287, 1260, 1217, 1195, 1135, 1112, 1053, 1016, 990,
912, 849, 838, 803,790, 735,717, 682, 670, 629, 615, 581,
542, 529; '"H NMR (500 MHz, DMSO-d,) 6 2.92 (2H, t,
J6.8Hz),3.77 (2H, q,J 6.8 Hz),7.31 (2H, d, /8.7 Hz), 7.79
(2H, d, J 8.7 Hz), 7.81-1.90 (2H, m), 8.04-8.07 (2H, m),
8.44 (1H, s), 9.25 (1H, s); *C NMR (75 MHz, DMSO-dy)
0 29.7, 60.8, 116.5, 121.0, 120.1, 125.0, 126.6, 127.0,
130.9, 132.4, 133.5, 133.7, 135.2, 139.6, 143.5, 146.1,
177.2,180.4; HRMS (ESI) m/z, calcd. for C,H,;CIN,O;Na*
[M + Na]*: 417.0731, found: 417.0724.

2-((4-(4-Butyl-1H-1,2,3-triazol-1-yl)phenyl)amino)-3-chloro-
naphthalene-1,4-dione (8c)

Brown solid, yield 93%, mp 192-194 °C; IR (KBr)
v/ cm 3326, 2929, 2857, 1670, 1647, 1594, 1572, 1521,
1498, 1410, 1331, 1287, 1259, 1237, 1190, 1136, 1109,
1043, 1018, 989, 912, 850, 834, 808, 787, 734, 716, 682,
616, 542; '"H NMR (500 MHz, DMSO-d,) é 0.94 (3H,
t, J 7.4 Hz), 1.40 (2H, sex, J 7.4 Hz), 1.68 (2H, quin,
J7.4Hz),2.72 (2H,tJ 7.4 Hz),7.31 (2H, d, J 8.7 Hz), 7.79
(2H, d, J 8.7 Hz), 7.83-7.90 (2H, m), 8.04-8.07 (2H, m),
8.46 (1H, s), 9.27 (1H, s); 3C NMR (75 MHz, DMSO-dy)
0 14.0, 22.1, 25.1, 31.4, 116.5, 120.1, 120.4, 125.0,
126.6, 127.0, 130.9, 132.4, 133.5, 133.7, 135.2, 139.5,
143.5, 148.5, 177.2, 180.4; HRMS (ESI) m/z, caled. for
C,,H,,CIN,O,Na* [M + Na]*: 429.1095, found: 429.1088.

2-Chloro-3-((4-(4-(1-hydroxyethyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (8d)

Red solid, yield 68%, mp 225-227 °C; IR (KBr) v/cm’!
3218, 1673, 1639, 1595, 1568, 1521, 1504, 1436, 1412,
1332, 1289, 1256, 1240, 1192, 1169, 1140, 1105, 1046,
1020, 1003, 990, 914, 890, 852, 839, 805, 738, 717, 682,
613, 547; '"H NMR (500 MHz, DMSO-dy) 6 1.50 (2H, d,
J 6.5 Hz),4.93 (1H, q, J 6.5 Hz), 7.31 (2H, d, J 8.7 Hz),
7.84-7.90 (2H, m), 8.05-8.07 (2H, m), 8.52 (1H, s), 9.28

J. Braz. Chem. Soc.

(1H, s); *C NMR (126 MHz, DMSO-d;) ¢ 23.6, 61.5,
115.8, 119.4, 119.5, 124.4, 126.1, 126.5, 130.3, 131.8,
132.7, 133.2, 134.7, 139.0, 142.9, 153.6, 176.7, 179.9;
HRMS (ESI) m/z, caled. for C,,H,,CIN,O,Na* [M + Na]*:
417.0731, found: 417.0708.

2-Chloro-3-((4-(4-(2-hydroxybutan-2-yl)-1H-1,2,3-triazol-
1-yl)phenyl)amino)naphthalene-1,4-dione (8e)

Red solid, yield 58%, mp 204-206 °C; IR (KBr) v/cm'!
3269,3123,2962, 1676, 1635, 1594, 1562, 1524, 1501, 1447,
1412, 1369, 1334, 1287, 1261, 1241, 1190, 1162, 1137, 1110,
1050, 1019, 989, 914, 851, 837, 806, 789, 737, 719, 682,
634,619, 547; '"H NMR (500 MHz, DMSO-dy) 6 0.83 (3H,
t, J 7.5 Hz), 1.52 (3H, s), 1.82-1.86 (2H, m), 7.31 (3H, d,
J8.7Hz),7.81-7.83 (3H, m), 7.86 (1H, td,J 1.5 and 7.5 Hz),
8.05-8.07 (2H, m), 8.45 (1H, s), 9.27 (1H, s); *C NMR
(75 MHz, DMSO-d,) ¢ 8.7, 28.5, 35.8, 70.2, 116.5, 119.7,
120.1, 125.0, 126.6, 127.0, 130.9, 132.5, 133.5, 133.7, 135.2,
139.6, 143.6, 156.4, 177.2, 180.4; HRMS (ESI) m/z, calcd.
for C,H,,CIN,O;Na* [M + Na]*: 445.1044, found: 445.1053.

2-Chloro-3-((4-(4-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)phenyl)amino)naphthalene-1,4-dione (8f)

Red solid, yield 56%, mp 194-196 °C; IR (KBr) v/ cm'
3216,2977,2108, 1674, 1639, 1595, 1569, 1519, 1498, 1436,
1415, 1332,1287,1238,1176,1139, 1110, 1043, 1018, 992,
959, 914, 852, 835, 810, 790, 737,717, 683, 636, 608, 544;
"H NMR (500 MHz, DMSO-d;) 6 1.56 (6H, s), 5.02 (1H, s),
7.31(2H,d,J 8.7 Hz), 7.80-7.84 (3H, m), 7.88 (1H,td, J 1.3
and 7.5 Hz), 8.05-8.07 (2H, m), 8.48 (1H, s), 9.28 (1H, s);
BC NMR (75 MHz, DMSO-dy) 6 31.1, 67.5, 116.6, 119.1,
120.2,125.0, 126.0, 126.6, 127.0, 130.9, 132.4, 133.7,135.2,
139.6, 143.6, 157.3, 177.2, 180.4; HRMS (ESI) m/z, calcd.
for C, H,,CIN,O,Na* [M + Na]*: 431.0887, found: 431.0881.

2-Chloro-3-((4-(4-phenyl-1H-1,2,3-triazol-1-yl)phenyl)
amino)naphthalene-1,4-dione (89g)

Red solid, yield 30%, mp 266-268 °C; IR (KBr) v/cm!
3327, 3138, 2920, 1664, 1642, 1600, 1573, 1525, 1505,
1482, 1456, 1436, 1407, 1332, 1288, 1259, 1233, 1184,
1134, 1109, 1073, 1040, 1018, 992, 950, 911, 849, 833,
821, 806, 785, 766, 714, 693, 680, 631, 614, 531; 'HNMR
(500 MHz, DMSO-d,) 6 7.36 (2H, d, J 8.7 Hz), 7.38-7.40
(1H, m), 7.50 (2H, t, J 7.5 Hz), 7.84 (1H, td, J 1.1 and
7.5 Hz), 7.88-7.90 (3H, m), 7.94-7.95 (2H, m), 8.06-8.07
(2H, m), 9.17 (1H, s), 9.31 (1H, s); “C NMR (125 MHz,
DMSO-d) 6 116.8, 119.9, 120.4, 121.6, 124.9, 125.9,
126.6, 127.0, 128.6, 129.4, 130.9, 130.9, 132.4, 133.2,
133.8, 135.2, 140.0, 143.5, 147.8, 177.2, 180.4; HRMS
(ESI) m/z, calcd. for C,,H,,CIN,O, [M — H]: 425.0806,
found: 425.0801.
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2-Chloro-3-((3-(4-(3-chloropropyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (8h)

Brown solid, yield 45%, mp 183-185 °C; IR (KBr)
v/ cm! 3331, 2922, 2852, 1667, 1644, 1599, 1572, 1525,
1504, 1459, 1442, 1408, 1332, 1286, 1260, 1236, 1188, 1135,
1108, 1046, 1017, 990, 911, 851, 832, 806, 789, 732, 717,
682, 654, 625; '"H NMR (500 MHz, DMSO-dy) 6 2.15 (2H,
m), 2.87 2H, t, J 7.4 Hz), 3.74 (t, J 6.6 Hz), 7.32 (2H, d,
J8.7Hz),7.79-7.84 (3H, m), 7.88 (1H, td, J 1.3 and 7.5 Hz),
8.05-8.07 (2H, m), 8.52 (1H, s), 9.29 (1H, s); C NMR
(75 MHz, DMSO-d;) 6 22.9,32.1,45.1, 116.6, 120.2, 120.8,
125.0,126.6,127.0, 130.9, 132.4, 133.4,133.7,135.2,139.7,
143.5, 147.1, 177.2, 180.5; HRMS (ESI) m/z, calcd. for
C,H,;,CLN,O, [M + H]*: 427.0728, found: 427.0718.

2-Chloro-3-((4-(4-(((tetrahydro-2H-pyran-2-yl)oxy)methyl)-
1H-1,2,3-triazol-1-yl)phenyl)amino)naphthalene-1,4-dione (8i)

Orange solid, yield 70%, mp 181-183 °C; IR (KBr)
v/cem 3264, 2937, 1670, 1598, 1576, 1522, 1498, 1442,
1411, 1333, 1287, 1259, 1235, 1200, 1189, 1134, 1111,
1034, 941, 901, 869, 849, 839, 809, 791, 735, 717, 682,
616, 532; '"HNMR (500 MHz, DMSO-d;) 6 1.48-1.57 (4H,
m), 1.63-1.79 (2H, m), 3.49-3.53 (1H, m), 3.82-3.87 (1H,
m),4.63 (1H,d, J 12.3 Hz), 4.76-4.80 (2H, m), 7.32 (2H, d,
J8.9Hz),7.81-7.84 (3H, m), 7.88 (1H, td,J 1.3 and 7.5 Hz),
8.05-8.06 (1H, m), 8.06-8.07 (1H, m), 8.70 (1H, s), 9.29
(1H, s); BC NMR (75 MHz, DMSO-d;) 6 19.4, 25.5, 30.6,
60.0, 61.9,97.8, 116.7, 120.4, 122.4, 124.9, 126.6, 127.0,
130.9, 132.4, 133.3, 133.7, 135.2, 139.9, 143.5, 145.6,
177.2, 180.4; HRMS (ESI) m/z, calcd. for C,,H,,CIN,O,:
[M + HJ*: 465.1329, found: 465.1322.

(1-(4-((8-Chloro-1,4-dioxo-1,4-dihydronaphthalen-2-yl)
amino)phenyl)-1H-1,2,3-triazol-4-yl)ymethyl acetate (8j)

Orange solid, yield 60%, mp 208-210 °C; IR (KBr)
v/em' 3230, 3137, 2922, 2852, 1730, 1676, 1648, 1597,
1575, 1523, 1505, 1459, 1445, 1412, 1377, 1332, 1289,
1256, 1244, 1228, 1189, 1138, 1111, 1040, 1018, 991, 960,
914, 850, 837, 808, 789, 771,735,718, 702, 682, 642, 633,
615,546,531; '"HNMR (500 MHz, DMSO-d;) 6 2.07 (3H,
s), 5.22 (2H, s), 7.33 (2H, d, J 8.8 Hz), 7.81-7.84 (3H, m),
7.88 (1H,td, J 1.3 and 7.5 Hz), 8.05-8.06 (1H, m), 8.06-8.07
(1H, m), 8.74 (1H, s), 9.29 (1H, s); '3*C NMR (75 MHz,
DMSO-d,) 6 21.0,57.4,116.9, 120.5, 123.1, 124.9, 126.6,
127.0, 130.9, 132.4, 133.0, 133.8, 135.2, 140.1, 143.5,
143.6, 170.4, 177.2, 180.5; HRMS (ESI) m/z, calcd. for
C, H,,CIN,O, [M + HJ*: 423.0860, found: 427.0860.

2-Chloro-3-((3-(4-(phenoxymethyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (8k)
Orange solid, yield 55%, mp 212-214 °C; IR (KBr)
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v/ cm' 3332, 3076, 2925, 1664, 1653, 1574, 1522, 1496,
1456, 1445, 1408, 1326, 1287, 1236, 1187, 1176, 1152,
1135, 1111, 1083, 1057, 1044, 1017, 991, 910, 884, 851,
834, 809, 786,749, 732,715, 690, 680, 652, 628, 614, 535;
"H NMR (500 MHz, DMSO-d,) 6 5.25 (1H, s), 6.96-6.99
(2H, m), 7.30-7.35 (4H, m), 7.81-7.84 (3H, m), 8.05-8.06
(1H, m), 8.06-8.07 (1H, m), 8.83 (1H, s), 9.30 (1H, s);
BCNMR (75 MHz, DMSO-d;) 6 61.7,115.4,116.8, 120.4,
121.5, 123.0, 124.9, 126.6, 127.0, 129.9, 130.8, 132.5,
133.1, 133.7, 135.2, 140.0, 143.6, 144.4, 158.6, 177.2,
180.4; HRMS (ESI) m/z, caled. for C,H,,CIN,O,Na*
[M + Na]*: 479.0887, found: 479.0881.

2-Chloro-3-((3-(4-(hydroxymethyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (9a)

Brown solid, yield 46%, mp 220-222 °C; IR (KBr)
v/ cm' 3248, 3145, 1672, 1636, 1594, 1570, 1504, 1443,
1332, 1287, 1239, 1209, 1165, 1138, 1088, 1045, 1027, 1005,
922, 860, 845, 787,765, 739, 714, 700, 685, 659, 611, 595,
571; 'HNMR (500 MHz, DMSO-d;) 6 4.62 (2H, d, J 5.4 Hz),
5.14 (1H, s), 7.23-7.26 (1H, m), 7.51 (1H, t, J 8.0 Hz), 7.62-
7.64 (1H, m), 7.67 (1H, t, J 2.0 Hz), 7.83 (1H, td, J 1.3 and
7.5 Hz), 7.88 (1H, td, J 1.3 and 7.5 Hz), 8.05-8.08 (2H, m),
8.53 (1H, s), 9.28 (1H, s); *C NMR (75 MHz, DMSO-d;) 6
55.5,115.3,115.8,117.3,121.3, 123.6, 126.6, 127.0, 129.8,
130.9,132.4,133.8,135.2,137.0, 141.1, 143.5, 149.6, 177.3,
180.4; HRMS (ESI) m/z, calcd. for C,(H,CIN,O; [M + H]*:
381.0754, found: 381.0752.

2-Chloro-3-((3-(4-(2-hydroxyethyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (9b)

Orange solid, yield 31%, mp 204-206 °C; IR (KBr)
v/ cm 3247, 3146, 2959, 2924,1672, 1635, 1593, 1569,
1504, 1445, 1374, 1334, 1289, 1238, 1202, 1173, 1139,
1091, 1049, 1001, 923, 860, 836, 788, 737, 716, 684, 643,
612,594, 569; '"H NMR (500 MHz, DMSO-d;) 6 2.87 (2H,
t,J 6.8 Hz), 3.72 (2H, t, J 6.8 Hz), 4.57 (1H, s), 7.50 (1H,
t,J 8.0 Hz), 7.59-7.61 (1H, m), 7.65 (1H, t, J 2.0 Hz), 7.82
(1H, td, J 1.3 and 7.5 Hz), 7.88 (1H, td, J 1.3 and 7.5 Hz),
8.05-8.07 (2H, m), 8.42 (1H, s), 9.27 (1H, s); *C NMR
(125 MHz, DMSO-d) ¢ 29.6, 60.7, 115.3, 115.8, 117.0,
121.1, 123.6, 126.6, 127.0, 129.8, 130.9, 132.4, 133.8,
135.2, 137.1, 141.0, 143.5, 146.2, 177.3, 180.4; HRMS
(EST) m/z, caled. for C,,H,(CIN,O; [M + H]*: 395.0911,
found: 395.0910.

2-((3-(4-Butyl-1H-1,2,3-triazol-1-yl)phenyl)amino)-3-chloro-
naphthalene-1,4-dione (9¢)

Black solid, yield 56%, mp 181-183 °C; IR (KBr)
v/ cm! 3340, 2930, 2237, 2182, 2159, 2021, 2004, 1982,
1669, 1647, 1592, 1569, 1493, 1464, 1328, 1285, 1260,
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1238, 1222, 1158, 1134, 1095, 1044, 1020, 1004, 918,
862, 828, 785, 682, 597, 574, 550; 'H NMR (500 MHz,
DMSO-d) 6 0.93 (3H,t,J 7.4 Hz), 1.38 (2H, sex, J 7.4 Hz),
1.66 (2H, quin, J 7.4 Hz), 2.71 (2H, t,J 7.4 Hz), 7.21-7.23
(1H, m), 7.50 (1H, t, J 8.0 Hz), 7.59-7.61 (1H, m), 7.65
(1H,t,J2.0Hz), 7.82 (1H, td, J 1.3 and 7.5 Hz), 7.88 (1H,
td, J 1.3 and 7.5 Hz), 8.05-8.08 (2H, m), 8.42 (1H, s), 9.27
(1H, s); 3*C NMR (75 MHz, DMSO-d,) 6 13.2,21.3,24.3,
30.6,114.5,115.0,116.3,119.6, 122.8, 125.9, 126.2, 129.0,
130.2, 131.7, 133.0, 134.4, 136.4, 140.3, 142.8, 147.9,
176.5, 179.6; HRMS (ESI) m/z, calcd. for C,,H,,CIN,O,
[M + H]*: 407.1275, found: 407.1259.

2-Chloro-3-((3-(4-(1-hydroxyethyl)-1H-1,2,3-triazol-1-yl)
phenyl)amino)naphthalene-1,4-dione (9d)

Orange solid, yield 40%, mp 191-193 °C; IR (KBr)
v/cm! 3252, 3143, 2923, 2852, 1671, 1638, 1593, 1570,
1504, 1459, 1442, 1372, 1331, 1256, 1238, 1162, 1136,
1094, 1048, 1008, 922, 884, 858, 834,787, 742,714, 685,
654,611,570, '"HNMR (500 MHz, DMSO-d;) 6 1.48 (3H,
d,J 6.1 Hz),2.54 (1H, s),4.92 (1H, q,J 6.1 Hz), 7.24 (1H,
dd, J 1.2 and 8.0 Hz), 7.50 (1H, t, J/ 8.0 Hz), 7.64 (1H, dd,
J1.2and 8.0Hz),7.67 (1H,t,J2.0 Hz),7.82 (1H, td,J 1.3
and 7.5 Hz), 7.88 (1H, td, J 1.3 and 7.5 Hz), 8.05-8.08
(2H, m), 8.48 (1H, s), 9.28 (1H, s); '*C NMR (75 MHz,
DMSO-dy) 6 23.3,61.5,114.6,115.0, 116.4, 119.1, 122.8,
125.9, 126.2, 129.0, 130.2, 131.7, 133.0, 134.4, 136.3,
140.3, 142.8, 153.5, 176.6, 179.7; HRMS (ESI) m/z, calcd.
for C,,H,(CIN,O, [M + H]*: 395.0911, found: 395.0910.

2-Chloro-3-((3-(4-(2-hydroxybutan-2-yl)-1H-1,2,3-triazol-
1-yl)phenyl)amino)naphthalene-1,4-dione (9e)

Red solid, yield 34%, mp 198-200 °C; IR (KBr) v/cm’!
3280, 2963, 2924, 2112, 1678, 1634, 1595, 1566, 1519,
1504, 1440, 1372, 1339, 1288, 1241, 1229, 1174, 1137,
1083, 1043, 1016, 1003, 923, 862, 827, 808, 799, 791, 721,
690, 633, 600, 571, 534; '"H NMR (500 MHz, DMSO-d;)
00.81 (3H,t,J7.4Hz), 1.79-1.86 (1H, m), 7.22-7.24 (1H,
m), 7.50 (1H, t, J 8.0 Hz), 7.64-7.65 (1H, m), 7.68 (1H,
t,J 2.0 Hz), 7.82 (1H, td, J 1.3 and 7.5 Hz), 7.88 (1H, td,
J 1.3 and 7.5 Hz), 8.05-8.08 (2H, m), 8.41 (1H, s), 9.28
(1H, s); C NMR (75 MHz, DMSO-dy) 6 8.2, 28.0, 35.2,
69.7, 108.9, 114.6, 115.1, 116.4, 123.0, 119.3, 126.1,
126.5, 129.3, 130.3, 131.8, 133.3, 134.7, 136.5, 140.5,
143.0, 155.9, 176.8, 179.9; HRMS (ESI) m/z, caled. for
C,,H,,CIN,O;Na* [M + Na]*: 445.1044, found: 445.1034.

2-Chloro-3-((3-(4-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)phenyl)amino)naphthalene-1,4-dione (9f)

Red solid, yield 40%, mp 192-194 °C; IR (KBr) v/cm’!
3287, 2964, 1676, 1636, 1594, 1567, 1521, 1505, 1436,
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1375, 1362, 1337, 1287, 1239, 1211, 1165, 1136, 1082,
1047, 1020, 1005, 978, 962, 921, 895, 862, 826, 808, 740,
685, 633, 600, 570, 534; 'H NMR (500 MHz, DMSO-d,)
6 1.54 (6H, s), 5.06 (1H, s), 7.24 (1H, dd, J 1.2 and 8.0 Hz),
7.50 (1H, t, J 8.0 Hz), 7.63-7.65 (1H, m), 7.67 (1H, t,
J 2.0 Hz), 7.82 (1H, td, J 1.3 and 7.5 Hz), 7.88 (1H, td,
J 1.3 and 7.5 Hz), 8.06-8.07 (1H, m), 8.07-8.08 (1H, m),
8.43 (1H, s), 9.28 (1H, s); '3C NMR (75 MHz, DMSO-d,)
6 31.0, 67.5, 115.3, 115.8, 117.1, 119.1, 123.6, 126.6,
127.0, 129.8, 130.9, 132.4, 133.8, 135.2, 137.1, 141.0,
143.6, 157.4, 177.3, 180.4; HRMS (ESI) m/z, caled. for
C,,H,;CIN,O, [M + HJ*: 409.1067, found: 409.1071.

2-Chloro-3-((3-(4-pentyl-1H-1,2,3-triazol-1-yl)phenyl)amino)
naphthalene-1,4-dione (99)

Brown solid, yield 48%, mp 180-182 °C; IR (KBr)
v/cm' 3342,3127,3081, 2955, 2928, 2853, 1670, 1648,
1594, 1575, 1513, 1493, 1465, 1377, 1329, 1289, 1258,
1239, 1216, 1157, 1134, 1091, 1044, 1020, 863, 786, 748,
714, 682, 650, 634, 597, 575, 532; '"H NMR (500 MHz,
DMSO-d) 6 0.88 (3H, t, J 7.4 Hz), 1.33-1.36 (4H, m),
1.68 (2H, quint, J 7.4 Hz), 2.70 (2H, t, J 7.4 Hz), 7.22
(1H, dd, J 1.8 and 8.0 Hz), 7.50 (1H, t, J 8.0 Hz), 7.59-
7.61 (1H, m), 7.65 (1H, t, J 2.0 Hz), 7.82 (1H, td, J 1.3
and 7.5 Hz), 7.88 (1H, td, J 1.3 and 7.5 Hz), 8.05-8.08
(2H, m), 8.42 (1H, s), 9.28 (1H, s); 3*C NMR (75 MHz,
DMSO-dy) 0 14.2, 22.3, 25.3, 28.9, 31.1, 115.3, 115.7,
117.1, 120.4, 123.6, 126.6, 127.0, 129.7, 130.9, 132.4,
133.8, 135.2, 137.1, 141.1, 143.6, 148.6, 177.3, 180.4;
HRMS (ESI) m/z, caled. for C,;H,,CIN,O, [M + H]*:
421.1431, found: 421.1411.

2-Chloro-3-((3-(4-hexyl-1H-1,2,3-triazol-1-yl)phenyl)amino)
naphthalene-1,4-dione (9h)

Red solid, yield 70%, mp 186-188 °C; IR (KBr) v/cm'
3342, 3127, 3082, 2954, 2922, 2852, 1730, 1670, 1649,
1595, 1577, 1515, 1493, 1465, 1329, 1289, 1240, 1211,
1156, 1135, 1095, 1045, 1021, 1008, 970, 916, 864, 829,
786, 725, 714, 683, 649, 634, 597, 575, 532; 'H NMR
(500 MHz, DMSO-d,) 6 0.88 (3H, t, J 7.4 Hz), 1.27-1.38
(6H, m), 1.67 (2H, quint, J 7.4 Hz), 2.70 (2H, t, J 7.4 Hz),
7.21-7.23 (1H, m), 7.50 (1H, t, J 8.0 Hz), 7.59-7.61 (1H,
m), 7.64 (1H, t, J 2.0 Hz), 7.82 (1H, td, J 1.3 and 7.5 Hz),
7.88 (1H, td, J 1.3 and 7.5 Hz), 8.05-8.08 (2H, m), 8.42
(1H, s), 9.28 (1H, s); *C NMR (125 MHz, DMSO-d,)
0 14.2,22.3, 254, 28.6, 29.1, 31.4, 115.2, 115.8, 116.9,
120.4, 123.6, 126.6, 127.0, 129.8, 130.8, 132.3, 133.8,
135.2, 137.1, 140.9, 143.5, 148.7, 177.3, 180.3; HRMS
(EST) m/z, caled. for C,,H,,CIN,O, [M + H]*: 435.1588,
found: 435.1585.
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2-Chloro-3-((3-(4-(((tetrahydro-2H-pyran-2-yl)oxy)methyl)-
1H-1,2,3-triazol-1-yl)phenyl)amino)naphthalene-1,4-dione (9i)

Orange solid, yield 38%, mp 154-156 °C; IR (KBr)
v/ cm™ 3341, 2924, 2850, 1670, 1648, 1593, 1574, 1513,
1494, 1466, 1328, 1288, 1239, 1200, 1132, 1078, 1035,
972, 904, 863, 828, 787, 733, 714, 683, 649, 633, 598,
574, 531; 'H NMR (500 MHz, DMSO-d;) 6 1.47-1.55
(4H, m), 1.61-1.76 (2H, m), 3.47-3.51 (1H, m), 3.80-3.85
(1H, m), 4.62 (1H, d, J 12.5 Hz), 4.75 (1H, t, J 3.8 Hz),
4.78 (1H, d, J 12.5 Hz), 7.24-7.26 (1H, m), 7.51 (1H, t,
J 8.0 Hz), 7.63-7.65 (1H, m), 7.69 (1H, t, J 2.0 Hz), 7.82
(1H, td, J 1.3 and 7.5 Hz), 7.88 (1H, td, J 1.3 and 7.5 Hz),
8.05-8.07 (2H, m), 8.65 (1H, s), 9.29 (1H, s); 3C NMR
(75 MHz, DMSO-d;) 6 19.4, 25.4, 30.5, 59.9, 61.8, 97.7,
115.3, 115.8, 117.1, 122.6, 123.7, 126.6, 127.0, 129.8,
130.9, 132.3, 133.8, 135.2, 136.8, 141.0, 143.5, 145.6,
177.3, 180.4; HRMS (ESI) m/z, calcd. for C,,H,,CIN,O,
[M + H]*: 465.1329, found: 465.1309.

2-Chloro-3-((3-(4-propyl-1H-1,2,3-triazol-1-yl)phenyl)amino)
naphthalene-1,4-dione (9j)

Brown solid, yield 38%, mp 187-189 °C; IR (KBr)
v/ cm 3340, 2960, 2928, 1670, 1648, 1593, 1574, 1513,
1493, 1465,1328, 1288, 1238, 1194, 1157, 1133, 1046,
1020, 1004, 916, 863, 828, 786, 734, 714, 683, 633, 598,
574, 531; '"H NMR (500 MHz, DMSO-d,) § 0.96 (3H, t,
J 7.4 Hz), 1.69 (2H, q, J 7.4 Hz), 2.68 (2H, t, J 7.4 Hz),
7.22 (1H,dd, J 1.8 and 8.0 Hz), 7.50 (1H, t, J 8.0 Hz), 7.60-
7.62 (1H, m), 7.66 (1H,t,J 2.0 Hz), 7.82 (1H, td, J 1.3 and
7.5Hz),7.88 (1H, td, J 1.3 and 7.5 Hz), 8.05-8.07 (1H, m),
8.04-8.05 (1H, m), 8.41 (1H, s), 9.27 (1H, s); 3C NMR
(75 MHz, DMSO-d;) ¢ 14.0, 22.5, 27.5, 115.1, 115.6,
116.9, 120.5, 123.5, 126.6, 127.0, 129.8, 130.9, 132.3,
133.8, 135.2, 137.0, 141.0, 143.5, 148.4, 177.3, 180.4;
HRMS (ESI) m/z, calcd. for C, H,CIN,O,Na [M + Na]*:
415.0938, found: 415.0916.

Biological assays

Solubilization and dilution

The synthetic compounds were solubilized first in
DMSO 100%, and then diluted in distilled water, for 1.5
and 40 mg mL"! concentrations, respectively. After dilution,
the compounds were immediately used and later stored in
a —20 °C freezer.

Bacterial strain

The bacterial strain used was CCT 3440 because its
cultivation is done in a simplified way and in aerobiosis was
donated by The Collection of Reference Microorganisms in
Sanitary Surveillance (CMRVS) and Dr Ivano de Filippis
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of the National Institute of Quality Control in Health
(INCQS), Oswaldo Cruz Foundation (FIOCRUZ).

Bacterial resuspension

The culture media used were sterilized before use
and were evaluated by bacterial growth test and Gram,
ensuring that the media is sterile. The resuspension was
made according to that provided by the FIOCRUZ, POP
INCQS number: 65.3230.006-attachment E-Rev 05,
classification 544.2, described below. The end of the
recipient was broken. Then, with a Pasteur pipet, 0.2-
0.5 mL of the medium Brain Heart Infusion (BHI) was
inoculated to solubilize the bacteria. The homogenized
solution was moved into a cell culture bottle, which went
to a bacteriological incubator for 24 h under the conditions
of 37 °C and 5% of CO,. At the end of this time, the bottle
was moved to a freezer.

Antibiogram preparation

Miiller-Hinton agar was prepared in proportion
according to the manufacturer’s recommendation. This
medium was then poured in Petri dishes, which were placed
under ultraviolet light to solidify.

The sterile disk diffusion was placed in an apparatus
and received the desired doses of evaluation. They were
15 and 300 pg for each synthetic compound, and the same
for the streptomycin control (the 300 ug dose contained
pre-prepared disks from the Specialized Microbiological
Diagnostics-DME).

In a cleanroom, the antibiogram was performed near
a Bunsen burner. The bacteria in the 0.5 McFarland scale
(1.5 x 108 CFU mL"!, where CFU is colony forming unit)
were seeded in all the Petri dish plates. The disks with
the doses to be evaluated were placed in the periphery of
the plate, and the control in the middle. The plates were
moved to the bacteriological incubator for 24 h in the
same conditions described above. After this time, they
were observed to determine if any compound inhibits the
bacterial growth and the halo of inhibition was measured.
This experiment was performed in triplicate.

The statistical analysis performed was a one-way
analysis of variance (ANOVA) followed by Tukey’s test,
using the GraphPad Prism 8 program.?? For the comparison
between two doses (15 and 300 pg) tested for the same
compound, an unpaired #-test was used.

Minimum inhibitory concentration (MIC)

The BHI medium was prepared according to the
manufacturers’ recommendations and taken to be
autoclaved at 121 °C for 15 min. 96-well plates were
made, receiving 200 pL as the final volume used in each
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well. Each used well, except the negative control, also
received 1 pL of a solution containing bacteria in the 0.5
McFarland scale. The curve of concentration test used for
the treatment were 2.5, 5.0, 10.0, 15.0, 30.0 ug mL"". The
plates were taken to a bacteriological incubator for 24 h
in the conditions described above. At the end of this time,
one representative drop was removed from each well and
placed in different Petri dishes. They were taken again to
the incubator for more than 24 h under the same conditions.
After this time, they were observed for any bacterial
growth. If there was not in some concentration, then it was
considered as the MIC.

Cytotoxicity assay

The cytotoxicity test was performed previously by our
research group, using the 3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenylthetrazolium bromide (MTT) methodology.*
Vero cells were seeded in 96-well plates, with a density of
1 x 10* cells per well, and treated with doses of 50, 100,
200, 400, 800 and 1000 pg mL-! for synthetic compounds,
maintained cell viability above 80%, then taken to a cell
culture incubator for 72 h at 37 °C in a humid atmosphere
with 5% CO,. After that time, the medium with the
substances was removed to add 50 uLL of the MTT solution
(Sigma-Aldrich, Sao Paulo, Brazil) at a concentration of
5 mg mL!" and incubated for 4 h at the conditions described
above. At the end, the medium was removed, and 100 uL
of DMSO was added to each well to dissolve formazan
crystals. The optical density was determined in a plate
reader at 545 nm, and the cell viability was calculated by
comparing the treated and untreated values. All experiments
were carried out in triplicate.

Acute toxicity

Animals

Female BALB/c mice, weighing 20 to 30 g, with two
months of life were used. These animals were raised and
kept at Universidade Federal Fluminense (UFF), having
been approved by No. 798 of the Ethics Committee on
the Use of Animals of the Pro-Rectory of Research,
Postgraduate and Innovation of the referred university.

The animals were housed in three groups of five
animals each (Al, A2, A3, A4 and AS). Group 1 (G1),
represented by animals that received the synthetic
substance 9i diluted in DMSO 1%, group 2 (G2), animals
that received DMSO 1% (vehicle) and group 3 (G3),
animals that received saline.

The animals remained in polyethylene cages with wire
lids, measuring about 30 x 20 x 13 cm. The mice were
housed in environments like: a 12/12 h light and dark cycle,
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at a controlled temperature of 22 to 24 °C, receiving basic
food from commercial feed and filtered water and treated
with HCI (hydrochloric acid) at 0.1% ad libitum provided
by the university.

Throughout the experiment, which lasted 14 days,
behavioral aspects of the animals were observed, such as:
bristling of the hair, tachycardia, stretching of the hind legs
(pain symptom), apathy, and hyperesthesia of the tail. The
weights of the mice were observed and recorded during the
14 consecutive days of the trial.

Administration

To determine the acute toxicity of the synthetic
substance 9i, the OECD chemical testing guides* were
used, with some modifications. BALB/c mice were used, in
which substances diluted with 1% DMSO was administered
in the group: 9i at a dose of 175 mg kg and two control
groups: one with saline solution (control) and the other
with 1% DMSO (vehicle). The dose applied with the 9i was
lower due to the low 50% cytotoxic concentration (CCs,)
of the 9i. The administrations were made by single gavage
on the first day of the experiment, in the amount of 200 L.
Blood and the organs were collected on the 14™ day after
the administration of the substances.

Biochemical assessment

Blood samples were collected through the retro-
orbital procedure, and the animals were euthanized with
ketamine associated with xylazine, at a dose of 90 mg kg!
of ketamine weight and 10 mg kg' of xylazine weight,
applied intraperitoneally.

These samples were collected in blood collection
microtubes with separator gel in order to facilitate the
separation of serum to be evaluated for the following
parameters: urea (mg dL"), creatinine (mg dL.'), TGO/AST
(glutamic-transaminase-oxalacetic-IU L') and TGP/ALT
(pyruvic glutamic transaminase-IU L1). For the separation
of the serum, the blood was centrifuged at 3500 rpm for
30 min. After being centrifuged, the serum was transferred
to another test tube with the aid of an automatic pipette and
stored (—18 °C) until the time of analysis.

Kits developed and standardized by BIOCLIN (Quibasa
Quimica Basica LTDA, Belo Horizonte, Brazil) from the
State of Rio de Janeiro were used and analyzed on the BS
120 (BIOCLIN) equipment for biochemistry. The analyses
were carried out at the Experimental Nutrition Laboratory
(LABNE) of this university.

Histological analyses
At the end of the experiment, the animals were
euthanized by anesthetic overdose (ketamine/xylazine),
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and, in order to perform the histological analysis, the
following organs were extracted: liver, spleen, kidney,
brain, stomach, duodenum, and heart. The organs
were fixed in Carson’s formaldehyde (5% buffered).
Subsequently, fragments of the organs were removed
and processed in the Lupe PT 05 histotechnical machine,
undergoing gradual dehydration in alcohols (70, 90, 95
and 100%), diaphanization in xylol, and impregnation in
paraffin. The fragments were cut in a microtome 5 pm
dewaxed and stained with hematoxylin and eosin. After
this processing, histological analysis was performed
with the help of pathologist Dr Carla Eponina from
the Laboratory of Experimental Pathology (LAPE),
Department of Immunobiology at UFF.

Data evaluation

A quantitative-type methodology was used for the
results obtained with the school’s salivary exams (salivary
electrical test and salivary pH). The data were tabulated in
a statistical program (EPI INFO™ 6.04)* and presented
descriptively. For statistical analysis of the laboratory part
of the substances tested and in vivo tests of the animals
used in the work, the results were described as means
and standard deviations. The one-way ANOVA test was
applied, with Dunnett’s post-test comparing all verses
to reference, at the level of p < 0.05, using the GraphPad
InStat® Program.?

Results and Discussion
Chemistry

Initially, from the nucleophilic aromatic substitution
between phenylenediamine (2 or 3) and 2,3-dichloro-

X o#gc

2, para isomer
3, meta isomer
- 5

DMF, rt, 2h
1 o
4, para isomer (85%)
5, meta isomer (72%)
Q H
CO T
Cl l\\l
O N
R—=
DMCS%S%'SS%N; h o N=N
, i H
2 (s

Scheme 1. Synthetic route for the synthesis of 8a-8k and 9a-9j.
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1,4-naphtoquinone (1) we produced amino-quinones 4
(para isomer) and S (meta isomer) in good yields (85 and
72%, respectively). Next, diazotization of anilines 4 and
5 by treatment with aqueous sodium nitrite followed by
nucleophilic aromatic substitution in reaction with sodium
azide led to the formation of azides 6 and 7. Then, without
prior purification of 6 and 7, using the protocol based
on a Huisgen 1,3-dipolar cycloaddition, we performed
the reaction between the azido-naphthoquinones 6
and 7 and a correspondent alkyne catalyzed by Cu(l),
led to 1,4-disubstituted regioisomer 8a-8k and 9a-9j
(Scheme 1).

In general, we did not observe any significant influence
of the R group in the phenyl ring on the yield of the
reactions to obtain 8a-8k and 9a-9j.

The compounds structures were confirmed by
spectroscopic techniques (see Experimental and
Supplementary Information (SI) sections). In the 'H NMR
spectrum analysis of compound 9i, for example, it
could be observed a triplet at 4.75 ppm (1H, t, J 3.8 Hz)
corresponding to anomeric hydrogen of furan group; it was
also observed a singlet at 9.29 ppm (1H, s) corresponding
to aromatic hydrogen of triazolic ring. The signals at 177.3
and 180.4 ppm in *C NMR corresponding to two carbonyls
group confirm the coupling between 1,4-naphthoquinone
and 1,2,3-triazole moieties.

Biological assays

Caries remains a global public health problem today,”
even with actions aimed at preventing it.” This issue ends
up impacting people’s quality of life, including financial
expenses,?? which leads to a search for new synthetic
compounds and natural extracts that have an inhibiting

1) NaNO,, HCI 2 n
0-5°C N~
O T3
2) NaN; 0-5°C cl
)

6, para isomer
7, meta isomer

8a, R = CH,0H, 53%
8b, R = CH,CH,0H, 58%
8¢, R = Butyl, 93%

8d, R = CH(OH)CHj, 68%

8e, R = C(CH3)(OH)CH,CHs,

8f, R = G(CH3)20H, 56%

9a, R = CH,0H, 46%

9b, R = CH,CH,0H, 31%
9c, R = Butyl, 56%

9d, R = CH(OH)CHj, 40%

58%

9e, R = C(CH3)(OH)CH,CH3, 34%

9f, R = C(CH3),0H, 40%

8g, R=Ph, 30%

8h, R = (CH2)3Cl, 45%

8i, R = CH,0-2-pyran, 70%
8j, R = CH,0Ac, 60%

8k, R = CH,OPh, 55%

9g, R = Pentyl, 48%
9h, R = Hexyl, 70%
9i, R = CH,0-2-pyran, 38%
9j, R = Propyl, 38%
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effect on the multiplication of the main etiological agent
of this dysbiosis, S. mutans.

S. mutans has been described as resistant to antibiotic
aminoglycosides, including streptomycin.’*3?> However,
our data showed that this bacterium is not resistant
to streptomycin, and this is demonstrated in other
works, where the S. mutans did not show resistance to
aminoglycosides, including to streptomycin.3*3

Also, our data demonstrate a strong sensibility of this
bacteria to the synthetic compounds, in both doses (15 and
300 pg), since they behave similarly to the streptomycin
control, an antibiotic of clinical use, in the antibiogram test.
This inhibition is also observed at the MIC assay, where
we found no growth of it in low doses, 5 and 10 ug mL".
These promising results are also found in the scaffolds that
gives our compounds’ origin. To begin, it was described
that derivatives of triazoles had strong results against Gram-
positive and negative bacteria.?*3** Besides that, low MIC
values were also found, ranging from 1 to 10 uyg mL"'," 9
to 26 ug mL"',* and higher 16 to more than 512 ug mL'.
Furthermore, good results of naphthoquinones were
demonstrated against Gram-positive bacteria in the
sensibility and MIC test, with data showing 7 to 13 mm of
inhibition halo and MIC values of 32 to 256 ug mL"!,'®and
other derivatives with inhibition zones ranging from 10 to
13 mm, for Gram-positive bacteria.'”

Our compounds showed results better than the single
derivatives of naphthoquinones or triazoles supporting the
idea that hybrid these molecules have a better effect than
the nucleus that gives the origin of this hybrid structure.’ It
is suggested that the biological activity of the compounds
tested in the present study is similar to the mechanism
of action observed in triazoles, which may occur due to
interference in the cytochrome P450 pathway,* involved
in different important metabolic routes for bacteria.** It
can also be similar to the mechanism of action described
for naphthoquinones, promoting oxidative stress through
the production of reactive oxygen species or interfering
with the biological functions of topoisomerases I and
II.13,18

From the twenty-one compounds evaluated, we
observed that four of them were able to significantly inhibit
the multiplication of S. mutans. In both doses, 15 pg per disc
and 300 pg per disc, the synthetic molecules behaved
similarly to the streptomycin control, which is a drug for
clinical use. With no statistical difference as to the size of
the inhibition halos (Figure 1), these results were evaluated
as very promising. It is noteworthy that compounds 8a-8k
and compounds 9a-9d, 9f and compound 9g, had no effect
on the multiplication of S. mutans. The DMSO, used as a
control, showed no inhibition and was made on a separate

J. Braz. Chem. Soc.

plate. Statistical analysis performed was one-way ANOVA
followed by the Tukey’s test (p < 0.05), using GraphPad
Prism 8.2

15ug (b) 300ug
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Figure 1. Antibiogram of doses of 15 and 300 pg per disc (mm) of the
synthetic compounds 9e, 9h, 9i, and 9j, which shows biological activity.
(a) Average inhibition halos at the dosage of 15 pg per disc. (b) The
average of the inhibition halos at the dosage of 300 pg per disc. (c) Plate
representing the result of the antibiogram at the dosage of 15 pg per disc.
(d) Plate representing the result of the antibiogram at a dosage of 300 pg
per disc. *p < 0.05. Stm = streptomycin.

Concerning these same substances evaluated, a
comparison was made between the averages of the halos
of inhibition of the highest dose (300 pg per disc) and the
lowest dose (15 ug per disc) for each of the four molecules
and the streptomycin control to see if the difference in
dosages could imply variations in biological activity. It
was observed that the compounds 9i and 9j showed high
significance (p = 0.0001 and p = 0.0002, respectively)
(***), while streptomycin and 9h showed a low significance
(»p =0.0188 and p = 0.0211, respectively) (*) and, finally,
9e does not present significance (p = 0.0572), indicating
that the mean of the latter was not statistically different.
This demonstrates that the substances 9i and 9j present
an elevation of the inhibitory effect, as it increases the
dose. This fact is also observed, in a tenuous way, with
streptomycin and 9h. Regarding the 9e molecule, there
was no increase in inhibition with dose rise. The statistical
test used was the unpaired #-test (p < 0.05) in the GraphPad
Prism 8 program?* (Figure 2).

In the minimum inhibitory concentration test, promising
results were observed for these compounds, with MIC for



Vol. 33, No. 9, 2022

9e and 9h at 10 ug mL! and 9i and 9j at 5 ug mL"!, the
same being determined by the absence of bacterial growth,
as demonstrated in Figure 3.
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Figure 2. Comparison between the two dosages (300 and 15 ug per disc)
of each of the synthetic compounds that show biological activity (9e, 9h,
9i, 9j). (a) Streptomycin showing low significance (*p = 0.0188). (b) 9e
not showing significance (p = 0.0572). (c) 9h showing low significance
(*p =0.0211). (d) 9i showing high significance (***p = 0.0001). (e) 9j
showing high significance (***p = 0.0002). *p < 0.05.
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Figure 3. Scheme showing the result of the minimum inhibitory
concentration. 9¢ and 9h had concentrations found at 10 pg mL". 9i, and
9j at 5 pg mL-'. Brown stain on the Petri dish represents bacterial growth.

5 OB

Another interesting result is that when we used two
different doses of compound 9e, we observed that both had
potent inhibitory effects at a concentration of 15 ug mL!
being able to inhibit bacterial multiplication with an
inhibitory halo of 21 mm similar to streptomycin that was
used as a control. However, the inhibitory effects at the
concentration of 300 and 15 pg mL"' when compared to
streptomycin, showed a smaller effect at this concentration,
demonstrating that compound 9e reached the inhibition
plateau before the control drug.

When investigating the cytotoxicity of the formulated
compounds, we observed that the compounds had low
cytotoxicity. These results show that the initial concentration
of 50 ug mL" for synthetic compounds, maintained cell
viability above 80%. At the highest concentration used
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(1000 ug mL1"), both 9i and 9j still maintained viability at
around 60% (Figure 4).

40+

% Vero cells viability
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Figure 4. Graphical representation of the cytotoxicity assay from synthetic
compounds.

Besides, the cytotoxicity results already established by
our research group are complementary to the promising
findings concerning the sensitivity test and MIC. This
is because it is shown that synthetic compounds are not
cytotoxic, maintaining good cell viability even in moderate
to higher concentrations. This initial dose of 50 ug suggests
that the compounds can be used as an alternative treatment
with a low risk of toxicity.

Comparisons of weight averages were performed in the
three groups of BALB/c mice to verify any alteration that
could have occurred in any animal treated with the synthetic
substance 9i (G1), in comparison with both control groups
DMSO 1% (G2) and saline (G3). The one-way ANOVA
statistical test with Dunnett’s post-test did not demonstrate
any statistically significant difference between groups, even
within each group during the experiment (p >0.05) (Figure 5).

The weight assessment in mice, with any significant
variations after the fourteen days of the experiment, was
important since it suggests that the tested substances were
not toxic to the animals. Also, it was noted that the mice’s
habits and behavior remained stable.

The mean values of urea, creatinine, TGP (ALT), and
TGO (AST) (Figure 6), as well as their respective standard
deviations, were analyzed (parametric one-way ANOVA
test with Tukey’s post-test for multiple comparisons) (¥p <
0.05). Despite some significant differences found in the
biochemical parameters of animals, these are close to
normal values for mice found in the literature.*** Thus,
substance 9i maintained the parameters of urea, creatinine
and liver enzymes tested within the norm.

In the histological analysis of the animals, changes
were observed in some mice organs from different groups,
as shown in Table 1.
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Figure 5. Acute toxicity. Mice weight evolution during 14-days
experiment for DMSO 1%, saline and 9i 175 mg kg™'. *p < 0.05. 40 150+
The group that received 9i had no changes in the brain, 304
. 100
heart, duodenum and stomach. The 9i group presented o 9
liver with hepatic steatosis and the presence of necrotic 5 207 3
hepatocytes around the central lobular veins (Figure 7a) 50
in addition to the kidneys with mild hyaline degeneration iy
(Figure 7b). However, the hepatic enzymes (TGO and TGP), ot

urea and creatinine that indicate the renal function remained
within the normal range.***® Some alterations were found in
animals treated with 9i. However, there were no deaths or
behavioral changes despite the high concentration used for
the acute toxicity test. In view of the high concentrations
that are used in toxicity studies, above the therapeutic dose,
some alterations in organs may occur. The alterations found
in this study are compatible with alterations caused by other
substances considered to have low toxicity.**” The DMSO
group 1% presented necrotic areas in the pancreas (Figure 7¢)
and showed the kidneys with intense areas of hemorrhagic
tubular necrosis (Figure 7d), also spleen with germinal

o\o

o é\(& * or{’\" é\(& o
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Figure 6. Biochemical analysis. (a) Mean value of urea. (b) Mean value of
creatinine, DMSO 1% (*p = 0.0120). (c) Mean value of TGP, DMSO 1%
(**p = 0.0017) and saline (*p = 0.0473). (d) Mean value of TGO. All
this means values are concerning from groups DMSO 1%, saline and
9i. *p < 0.05.

centers evident in the white pulp (Figure 7e), demonstrating
some of the effects of the vehicle used, but these effects
were also unable to cause deaths or change in weight
and behavior.

Table 1. Demonstration of the results of the histological analysis of the organs of the BALB/c mice for each substance tested

Organ 9i

DMSO 1% Saline

spleens with centers germinative in

three animals without amendment and

all the spleens presented centers

Spleen white pulp, except one animal (AS) two with center§ germinative in the germinative in thf;t pulp white, except
white pulp one animal (AS)
. . Lo . three animals presented steatosis, being
. all with hepatic steatosis in livers, all presented steatosis, . R
Liver . . one discrete, and two animals not
except one animal (A2) except one animal (A2)
owned change
11 without kid h t . . .
. a% without fuchicy changes, excep all presented necrosis all without kidney changes, except two
Kidney one animal, which presented discrete . . .
. . areas tubular animals, which presented hyperemia
hyaline degeneration
Brain all without change all without change all without change
. . h imal hi
Heart all without change all without change three animals unchanged 'a nd two
presented hyperemia
. 11 without ch: t A2) that .
Duodenum all without change all without change excep one (A2) tha all without change
presented necrosis areas
Stomach all without change all without change all without change

DMSO: dimethyl sulfoxide.
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Figure 7. Changes in BALB/c mice toxicity tests on different organs (a) group 9i, liver- hepatic steatosis, area marked with an arrow within the dotted
circle, 20x. (b) Group 9i, kidneys-mild hyaline degeneration, arrow, 40x. (c¢) DMSO group 1%, pancreas-necrotic areas, dotted circle, 20x. (d) DMSO
group 1%, kidneys-intense areas of hemorrhagic tubular necrosis, dotted circle, 40x. (¢) DMSO group 1%, spleen-evidence of germinal centers in the

white pulp, area within the dotted circle indicated by the arrow, 40x.
Conclusions

Based on the data obtained, we can conclude that
compounds 9e, 9h, 9i and 9j presented low toxicity, even
at moderate to high concentrations, showing themselves to
be good candidates for use in controlling the multiplication
of S. mutans acting in this way to reduce tooth decay.
The compounds 9e, 9h, 9i and 9j are potent in inhibiting
S. mutans compared with streptomycin, a drug of clinical use.
Also, the 9e, 9h, 9i and 9j showed good inhibition of bacterial
multiplication in the minimum inhibitory concentration test,
being able to inhibit S. mutans even at low concentrations.

Thus, it is important to highlight that the compounds
showed medium to high activity against S. mutans and are
promising to become chemical agents for the treatment or
prevention of caries. However, further studies are needed to
prove the effectiveness of these compounds, such as in vivo tests.

Supplementary Information

Supplementary data are available free of charge at
http://jbcs.sbq.org.br as PDF file.
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