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3-Amino-4-(4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-6-(hydroxymethyl)-8-oxo-4,8-
dihydropyrano[3,2-b]pyran-2-carbonitrile (8a)

Yellow solid; m.p. = 183-185 °C; FTIR (KBr), © (cm™): 3425, 2924, 2193, 1641, 1509, 1410; 'H NMR
(400 MHz, DMSO-dj), dppm: 6 8.32 (s, 1H), 7.44 — 7.33 (m, 7H), 7.27 (s, 2H), 7.04 (d, J = 7.8 Hz, 1H),
6.94 (s, 1H), 6.89 (d, J = 7.8 Hz, 1H), 6.36 (s, 1H), 5.63 (s, 2H), 5.16 (s, 2H), 4.79 (s, 1H), 427 — 4.13
(m, 2H); °C NMR (100 MHz, DMSO-dq), 8,,,: 162.6, 157.7, 150.9, 144.4, 131.4, 131.0, 127.7, 127.2,
125.2, 125.0, 120.7, 119.4, 116.0, 115.8, 115.7, 105.7, 59.7, 56.9, 55.1, 39.8; Anal. calcd. for
Cy6H,1N5Os, C: 64.59, H: 4.38, N: 14.49, and found, C: 64.51, H: 4.42, N: 14.52.

2-Amino-4-(4-((1-(4-chlorobnzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-6-(hydroxymethyl)-8-oxo-
4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8b)

Yellow solid; m.p.= 174-176 °C; FTIR (KBr), v (cm'l): 3229, 2193, 1644, 1509, 1409; 'H NMR (400
MHz, DMSO-de) 0,pm: 6 8.29 (s, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.20 (s, 2H),
7.19 (d, J = 7.2 Hz, 2H), 7.03 (d, J = 7.2 Hz, 2H), 6.31 (s, 1H), 5.61 (s, 2H), 5.12 (s, 2H), 4.72 (s, 1H),
4.24 — 4.08 (m, 2H); C NMR (100 MHz, DMSO-dg) d,,,: 170.1, 168.8, 159.7, 158.2, 149.8, 143.4,
138.1, 136.7, 133.7, 133.5, 129.8, 129.4, 128.6, 125.1, 119.9, 115.5, 111.9, 61.6, 56.4, 53.2, 40.7; Anal.
calced. for C,6H,oCIN5Os, C: 60.30, H: 3.89, N: 13.52, and found, C: 60.19, H: 3.80, N: 13.24.

2-Amino-6-(hydroxymethyl)-4-(4-((1-(4-methylbenzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-8-
oxo-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8c)

Brown solid; m.p= 178-180 °C; FTIR (KBr), ¥ (cm™): 3318, 2920, 2193, 1645, 1509; 'H NMR (400
MHz, DMSO-dg) d,,: & 8.26 (s, 1H), 7.28 — 7.14 (m, 8H), 7.03 — 7.05 (m, 2H), 6.33 (s, 1H), 5.56 (s,
2H), 5.12 (s, 2H), 4.74 (s, 1H), 4.24 — 4.10 (m, 2H), 2.28 (s, 3H); C NMR (100 MHz, DMSO-dy) ,n:
169.6, 168.2, 159.1, 157.6, 149.2, 142.8, 137.5, 136.1, 133.2, 132.9, 131.6, 129.2, 128.8, 128.0, 124.5,
119.3, 115.0, 111.3, 61.1, 59.1, 55.9, 52.6, 38.0, 20.7; Anal. calcd. for C,;H»N50s, C: 65.18, H: 4.66, N:
14.08, and found, C: 65.19, H: 4.70, N: 14.04.

2-Amino-6-(hydroxymethyl)-4-(4-((1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-8-
oxo0-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8d)

Brown solid; m.p= 131-133 °C; FTIR (KBr), © (cm’l): 3429, 2926, 2197, 1640, 1511, 1385; '"H NMR
(400 MHz, DMSO-de) 6,,,: & 8.25 (s, 1H), 7.31 (d, J = 8.7 Hz, 2H), 7.20 (d, J = 8.7 Hz, 3H), 7.04 (d, J
= 8.7 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 6.33 (s, 1H), 5.53 (s, 2H), 5.11 (s, 2H), 4.74 (s, 1H), 4.10-415
(m, 2H), 3.74 (s, 3H); °C NMR (100 MHz, DMSO-dj) 6,,,,: 169.6, 168.2, 159.1, 157.6, 149.2, 136.1,
133.9,133.2, 129.6, 128.8, 127.9, 124.4,119.3, 114.9, 114.3, 114.1, 113.4, 111.3, 61.1, 59.0, 55.1, 45.5,
41.3; Anal. calcd. for C,7H»3N504, C: 63.15, H: 4.51, N: 13.64, and found, C: 63.19, H: 4.45, N: 13.58.

2-Amino-4-(4-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-6-(hydroxymethyl)-8-
oxo-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8e)

Brown solid; m.p= 163-165 °C; FTIR (KBr), v (cm'l): 3416, 2207, 1605, 1510, 1228; 'H NMR (400
MHz, DMSO-ds) 6,pm: 8.30 (s, 1H), 7.42 (d, J = 5.4 Hz, 1H), 7.40 (d, J = 5.4 Hz, 2H), 7.22 — 7.19 (m,
5H), 7.04 (d, J= 8.7 Hz, 2H), 6.33 (s, 1H), 5.61 (s, 2H), 5.13 (s, 2H), 4.74 (s, 1H), 4.17 — 4.11 (m, 2H);
PC NMR (100 MHz, DMSO-dg) 6, 170.1, 168.7, 159.8, 149.6, 147.6, 143.4, 136.7, 135.5, 134.2,
132.8,130.9, 130.8, 125.3, 124.7, 120.1, 116.7, 116.4, 116.2, 116.0, 114.1, 111.8, 62.1, 59.6, 56.0, 46.2;
Anal. calcd. for Co,sH,0FNsOs, C: 62.27, H: 4.02, N: 13.97, and found, C: 62.22, H: 4.10, N: 13.98.
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2-Amino-4-(3-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-6-(hydroxymethyl)-8-oxo-4,8-
dihydropyrano[3,2-b]pyran-3-carbonitrile (8f)

Yellow solid; m.p= 139-141 °C; FTIR (KBr), © (cm™): 3320, 2194, 1643, 1639, 1097; '"H NMR (400
MHz, DMSO-de) J,: 8.32 (s, 1H), 7.44 — 7.33 (m, 7TH), 7.27 (s, 2H), 7.04 (d, J = 8.6 Hz, 1H), 6.94 (s,
1H), 6.89 (d, J= 7.8 Hz, 1H), 6.36 (s, 1H), 5.63 (s, 2H), 5.16 (s, 2H), 4.79 (s, 1H), 4.27 — 4.13 (m, 2H);
C NMR (101 MHz, DMSO-dq) J,,,: 163.6, 162.2, 157.7, 150.8, 144.1, 135.0, 131.4, 131.3, 131.2,
130.1, 128.5, 127.7, 127.1, 124.3, 120.6, 119.5, 117.4, 116.1, 115.9, 105.7, 61.6, 58.0, 55.1, 39.9; Anal.
calcd. for CyH, NsOs, C: 64.59, H: 4.38, N: 14.49, and found, C: 64.42, H: 4.40, N: 14.55.

2-Amino-4-(3-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-6-(hydroxymethyl)-8-
oxo-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (89)

Brown solid; m.p= 183-185 °C; FTIR (KBr), d (cm™): 3430, 2925, 2193, 1641, 1601, 1508, 1408, 1256;
'H NMR (400 MHz, DMSO-de) J,: 8.32 (s, 1H), 7.46 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.5 Hz, 2H),
7.32(d, J=7.9 Hz, 1H), 7.25 (s, 2H), 7.02 (d, J = 7.9, Hz, 1H), 6.92 — 6.90 (m, 1H), 6.87 (d, /= 7.9 Hz,
1H), 6.34 (s, 1H), 5.63 (s, 2H), 5.14 (s, 2H), 4.77 (s, 1H), 4.24 — 4.12 (m, 2H); °C NMR (100 MHz,
DMSO-dg) d,pm: 162.9, 162.1, 142.3,134.9, 131.8, 131.5, 129.9, 129.6, 129.4, 128.8, 128.7, 128.7, 125.0,
122.0, 115.2, 114.7, 98.3, 61.4, 56.1, 52.0, 40.1; Anal. calcd. for CyHyCIN;sOs, C: 60.30, H: 3.89, Cl:
6.84, N: 13.52, and found, C: 60.30, H: 3.40, N: 13.56.(1

2-Amino-6-(hydroxymethyl)-4-(3-((1-(4-methylbenzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-8-
oxo0-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8h)

Brown solid; m.p= 135-137 °C; FTIR (KBr), © (cm™): 3313, 2927, 2193, 1643, 1442, 1261, 1021; 'H
NMR (400 MHz, DMSO-ds) d,,: 8.26 (s, 1H), 7.33 (t, J=7.9 Hz, 1H), 7.28 — 7.21 (m, 4H), 7.18 (d, J =
7.9 Hz, 3H), 7.02 (dd, J = 8.2, 2.6 Hz, 1H), 6.91 (t, J = 2.0 Hz, 1H), 6.89 — 6.84 (m, 1H), 6.34 (s, 1H),
5.55 (s, 2H), 5.13 (s, 2H), 4.76 (s, 1H), 4.25 — 4.10 (m, 2H), 2.28 (s, 3H); °C NMR (100 MHz, DMSO-
dg) Oppm: 169.5,168.2, 166.9, 162.3, 159.2, 158.3, 148.8, 142.8, 142.4, 137.5, 136.4, 132.9, 131.6, 130.1,
129.3, 128.6, 128.0, 124.5, 120.1, 119.2, 114.5, 113.6, 111.4, 61.1, 59.1, 52.6, 40.2, 20.7; Anal. calcd. for
C,7H3N50s, C: 65.18, H: 4.66, N: 14.08, and found, C: 65.21, H: 4.70, N: 14.08.

2-Amino-6-(hydroxymethyl)-4-(3-((1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-8-
oxo-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8i)

Brown solid; m.p= 143-145 °C; FTIR (KBr), © (cm™): 3425, 2928, 2193, 1642, 1513, 1252, 1139; 'H
NMR (400 MHz, DMSO-dg) d,pm: 8.23 (s, 1H), 7.32 (d, J = 8.6 Hz, 2H), 7.22 (d, J = 4.0 Hz, 3H), 7.14
(d, J=8.3 Hz, 1H), 6.93 (d, J = 8.6 Hz, 2H), 6.87 (d, /= 1.7 Hz, 1H), 6.77 (dd, J = 8.3, 1.7 Hz, 1H), 6.33
(s, 1H), 5.53 (s, 2H), 5.08 (s, 2H), 4.74 (s, 1H), 4.12-4.26 (m, 2H), 3.74 (s, 3H); °C NMR (100 MHz,
DMSO-dg) d,pm: 169.6, 168.1, 159.2, 159.1, 149.1, 149.0, 147.1, 142.8, 136.1, 133.6, 129.6, 127.9, 124.4,
119.6, 119.3, 115.7, 115.5, 114.1, 113.6, 111.5, 111.3, 61.6, 59.1, 55.1, 52.3, 39.8; Anal. calcd. for
C,7;Hx3N504, C: 63.15, H: 4.51, N: 13.64, and found, C: 63.15, H: 4.49, N: 13.55.(1

2-Amino-4-(3-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-6-(hydroxymethyl)-8-oxo-
4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8j)

Yellow solid; m.p= 151-153 °C; FTIR (KBr), © (cm™): 3387, 2938, 2192, 1641, 1511, 1420, 1223; 'H
NMR (400 MHz, DMSO-dg) J,,m: 8.30 (s, 1H), 7.62-7.56 (m, 1H), 7.42 (dd, J = 8.3, 5.8 Hz, 2H), 7.24 —
7.19 (m, 3H), 7.15 (d, J = 8.5 Hz, 1H), 6.89 (d, J = 1.9 Hz, 1H), 6.81 — 6.75 (m, 1H), 6.34 (s, 1H), 5.62
(s, 2H), 5.10 (s, 2H), 4.75 (s, 1H), 4.13-4.26 (m, 2H); *C NMR (100 MHz, DMSO-d¢) 3, 169.6, 168.1,
159.2, 149.1, 147.0, 142.9, 136.1, 135.0, 133.6, 132.2, 130.4, 130.3, 124.7, 119.6, 115.9, 115.7, 115.5,
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113.6, 111.3, 61.6, 59.1, 55.4, 45.6; Anal. calcd. for C,cH,0FNsOs, C: 62.27, H: 4.02, N: 13.97, and
found, C: 62.14, H: 3.99, N: 13.98.1

2-Amino-4-(4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)-3-methoxyphenyl)-6-(hydroxymethyl)-8-
0xo0-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8k)

Yellow solid; m.p= 159-161 °C; FTIR (KBr), v (cm"): 3400, 2925, 2193, 1644, 1509, 1409, 1210; 'H
NMR (400 MHz, DMSO-d) d,m: 8.28 (s, 1H), 7.41-7.36 (m, 5H), 7.21 (s, 2H), 7.14 (d, J = 8.5 Hz, 1H),
6.88 (d, J=2.1 Hz, 1H), 6.77 (dd, J = 8.5, 2.1 Hz, 1H), 6.33 (s, 1H), 5.60 (s, 2H), 5.11 (s, 2H), 4.74 (s,
1H), 4.13-415 (m, 2H), 3.73 (s, 3H); °C NMR (100 MHz, DMSO-dq) J,,,: 160.5, 159.0, 151.0, 148.6,
146.3, 138.3, 137.7, 137.5, 133.2, 131.1, 130.7, 128.1, 127.8, 127.0, 126.7, 121.9, 121.7, 119.0, 115.3,
113.7, 112.0, 111.7, 109.7, 61.7, 57.7, 55.4, 52.0, 36.1, Anal. caled. for C»;H»3NsOg, C: 63.15, H: 4.51,

N: 13.64, and found, C: 63.16, H: 4.46, N: 13.66.1

2-Amino-4-(4-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-methoxyphenyl)-6-
(hydroxymethyl)-8-oxo0-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8l)

Brown solid; m.p = 190-192 °C; FTIR (KBr), 0 (cm™): 3430, 2927, 2193, 1642, 1512, 1092; '"H NMR
(400 MHz, DMSO-d;) ,pm: 8.29 (s, 1H), 7.46 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.21 (s,
2H), 7.15 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 2.0 Hz, 1H), 6.78 (dd, J = 8.4, 2.0 Hz, 1H), 6.33 (s, 1H),
5.63 (s, 2H), 5.11 (s, 2H), 4.75 (s, 1H), 4.13-4.25 (m, 2H), 3.73 (s, 3H); °*C NMR (100 MHz, DMSO)
5 168.5, 167.2, 162.1, 159.6, 158.2, 157.3, 147.8, 141.9, 141.4, 135.4, 131.2, 129.3, 129.3, 129.1,
123.6, 119.2, 118.2, 114.7, 114.5, 113.5, 112.6, 110.4, 60.1, 58.1, 54.5, 51.0, 44.7; Anal. calcd. for

C,7H»CINsOg, C: 59.18, H: 4.05, N: 12.78, and found, C: 59.20, H: 4.01, N: 12.70.

2-Amino-6-(hydroxymethyl)-4-(3-methoxy-4-((1-(4-methylbenzyl)-1H-1,2,3-triazol-4-
yl)methoxy)phenyl)-8-ox0-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8m)

Brown solid; m.p= 165-167 °C; FTIR (KBr), v (cm’l): 3405, 2189, 1642, 1512, 1420, 1215; '"H NMR
(400 MHz, DMSO-d;) ,pm: 8.24 (s, 1H), 7.19-7.25 (m, 6H), 7.18 — 7.10 (m, 2H), 6.88 (d, J=2.1 Hz,
1H), 6.77 (dd, J = 8.3, 2.2 Hz, 1H), 6.33 (s, 1H), 5.56 (s, 2H), 5.09 (s, 2H), 4.74 (s, 1H), 4.21 — 4.08
(m, 2H), 3.72 (s, 3H), 2.28 (s, 3H); °C NMR (100 MHz, DMSO-dj) 6,,,,: 169.6, 168.2, 159.2, 149.1,
149.0, 147.0, 142.8, 137.5, 136.1, 133.6, 133.0, 129.3, 128.0, 124.6, 119.6, 119.3, 113.6, 111.5, 111.3,
61.6, 59.1, 55.4, 52.6, 39.8, 20.7; Anal. calcd. for C,3H,5sN5O4, C: 63.75, H: 4.78, N: 13.28, and found,
C: 63.72,H: 4.78, N: 13.32.

2-Amino-6-(hydroxymethyl)-4-(3-methoxy-4-((1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-
yl)methoxy)phenyl)-8-oxo-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (8n)

Brown solid; m.p= 163-165 °C; FTIR (KBr), 0 (cm™): 3430, 2924, 2193, 1641, 1514; "H NMR (400
MHz, DMSO-dj) J,,,m: 8.26 (s, 1H), 7.31 (d, J= 8.4 Hz, 2H), 7.24 (s, 2H), 7.01 (d, J = 8.0, Hz, 1H), 6.93
(d, J = 8.4 Hz, 2H), 6.92-6.89 (m, 1H), 6.87 (d, J = 8.0 Hz, 1H), 6.34 (s, 1H), 5.72 (t, /= 5.2 Hz, 1H),
5.52 (s, 2H), 5.12 (s, 2H), 4.76 (s, 1H), 4.18 (qd, J = 15.9, 5.9 Hz, 2H), 3.73 (s, 3H), 3.60 (s, 3H); "°C
NMR (101 MHz, DMSO) 6 169.5, 168.2, 159.2, 159.1, 158.3, 148.8, 142.4, 136.4, 130.1, 129.6, 127.9,
124.3, 120.1, 119.2, 114.5, 114.1, 113.6, 111.4, 69.7, 61.1, 59.1, 55.1, 52.4, 40.2; Anal. calcd. for

C,3H,5NsO5, C: 61.87, H: 4.64, N: 12.89, and found, C: 61.85; H: 4.64; N: 12.67.

2-Amino-4-(4-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-methoxyphenyl)-6-
(hydroxymethyl)-8-oxo-4,8-dihydropyrano[3,2-b]pyran-3-carbonitrile (80)
Brown solid; m.p= 181-183 °C; FTIR (KBr), ¥ (cm™): 3441, 2193, 1637, 1510, 1223; 'H NMR (400
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MHz, DMSO-dq) 8, 8.26 (s, 1H), 7.44 — 7.40 (m, 2H), 7.35 — 7.31 (m, 2H), 7.14 (s, 2H), 7.11 (d, J =
8.4 Hz, 1H), 6.84 (d, J = 2.2 Hz, 1H), 6.74 (dd, J = 8.4, 2.2 Hz, 1H), 6.29 (s, 1H), 5.59 (s, 2H), 5.07 (s,
2H), 4.71 (s, 1H), 4.09-4.21 (m, 2H), 3.69 (s, 3H); °C NMR (100 MHz, DMSO-dg) 3, 169.5, 168.2,
163.1, 160.6, 159.2, 158.3, 148.8, 142.9, 142.4, 136.4, 132.2, 130.3, 130.3, 130.1, 124.6, 120.2, 119.2,
115.7, 115.5, 114.5, 113.6, 111.4, 61.1, 59.1, 55.5, 52.0, 45.7; Anal. calcd. for Co;H,,FN;Oq, C: 61.02, H:

4.17,N: 13.18, and found, C: 61.00,; H: 4.11, N: 13.15.
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HO Ry DMF. 24 h, r.t
la-c 2
R;=H, OMe

Ox OH
0]
N . . 4 Triethanolamine
NC _CN ——  »
R, HO Ethanol, Reflux

°© (0]
5
. 3a-c 4
R,=H, OMe
Br
1. NaNj;, Methanol. r.t
2. Ascorbic acid. CuSO,4.5H,0 R,
R,=4-H, 4-F, 4-Cl, 4-Me, 4-OMe Ta-e
R
R, .

8a-e 8f-j 8k-o

8a, R, R, =H 8f.R,R,=H 8k, R;=OMe, R, =H

8b,R=H.R,=F 8g.Ri=H.R,=F 8, R;= OMe, R, = F

8¢, R=H.R,=Cl 8h,R|=H,R,=Cl 8m, R;= OMe, R, = Cl

8d,R\=H. R, =Me 8i. Ry= H, R, = Me 8n, R;= OMe, R, = Me

8e, R= H, R, = OMe 8j, Rj=H, R, = OMe 80, R;= OMe, R, = OMe
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Synthesis of dihydropyranocarbonitrile compounds based on kojic acid linked to

1,2,3-triazole ring by click chemistry approach and their evaluation as potential
tyrosinase inhibitors
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Abstract: In this research, synthesis of dihydropyranocarbonitrile compounds based on
kojic acid linked to 1,2,3-triazole ring were performed by click chemistry method and
evaluated as tyrosinase enzyme. Ring formation of triazole in the target compounds was
performed by the classic Sharpless approach and in the presence of copper as catalyst.
The compounds included three categories including kojic acid derivatives with 1,2,3-
triazole ring based on 4-hydroxybenzaldehyde, 3-hydroxybenzaldehyde, and 4-hydroxy-
3-methoxy benzaldehyde (vanillin). In vitro evaluation of the tyrosinase enzyme
inhibitory effect of all compounds was performed. Most of the compounds showed
moderate to weak inhibition and finally, the results were reported as inhibition
percentage. Among them 8d, 8f, and 8n compounds have the best percentage of
tyrosinase enzyme inhibitory activity with percentages of 40.40 + 2.88, 45.53 + 3.05,
and 42.52 + 2.05, respectively, compared to kojic acid as standard control (19.69 + 2.11
uM). Docking studies showed that the compounds interacted with the amino acids of the
entry of active site and its around. In addition, the drug-likeness and pharmacokinetic
properties for the selected compounds were calculated and the obtained data were
within the acceptable range.

Keywords: Tyrosinase inhibitors, Kojic acid, 1,2,3-Triazole, Cyclization, Molecular
docking
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