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The inhibition of tyrosinase, a key enzyme in mammalian melanin synthesis, plays an important role
in preventing skin pigmentation and melanoma. Therefore, tyrosinase inhibitors are very important
in the fields of medicine and cosmetics. However, only a few tyrosinase inhibitors are currently avail-
able because of their toxic effects on skin or lack of selectivity and stability. Therefore, we synthesized

a novel series of (E)-

2-(substituted benzylidene)-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-one de-

rivatives and evaluated their inhibitory effects on mushroom tyrosinase, with the aim of discovering
a novel tyrosinase inhibitor. Among 19 derivatives, MHY3655 (ICsp = 0.1456 uM) showed the strongest
inhibitory effect on tyrosinase activity compared to kojic acid (ICs = 17.2 uM), a well-known ty-
rosinase inhibitor. In addition, MHY3655 showed competitive inhibition on Lineweaver-Burk plots. We
confirmed that MHY3655 strongly interacts with mushroom tyrosinase residues through the docking
simulation. Substitutions with a hydroxy group at both R2 and R4 in the phenyl ring indicated that
these groups play a major role in the high binding affinity to tyrosinase. Further, MHY3655 did not
show cytotoxicity at the concentrations tested in B16F10 melanoma cells. In conclusion, the novel com-
pound MHY3655 potentially shows tyrosinase inhibitory activity, and it could be used as an in-

gredient in whitening cosmetics.
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of m/z2 JER o, nfo] A2 go] B & ulo] 324
o] B 443 7] Q1 Monowave 300 (Anton Paar)< AF8-3F9
o}, '"H-NMR % PC-NMR spectrat CDCl; & DMSO-dsZ
4" E st Varian Unity INOVA 400 spectrometer =+
Varian Unity AS500 spectrometer® Z4 3191 2.1, chemical
shiftv= ppm (parts per million) 22 coupling constant+= Hz
(hertz) 2 Y EFW AT} Column chromatography £ silica gel
(230-400 mesh, Merck)E AF83t%12 TLC (Thin Layer
Chromatography)+ Kieselgel 60 Fss plate (Merck KGaA,
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(E)-Ethyl 3-(naphthalen-2-yl)acrylate (20) and its (Z)-iso-
mer

2-Naphthaldehyde (4.0 g, 25.61 mmol)¢} (carbethoxy-
methylene)triphenylphosphorane (10.0 g, 28.71 mmol)E %
frote o EFA60 ml) 84S 224 2443 LA
o A4 3AE ot gao s ATt e
Aol A LA Lojd IAE 2R TS A
&2 Agete] et dYazvtEd o2 A st
(E)-C1 3 AA 203 (Z2)-018 AA S EFE(G.6Y g B2%)S 2
A DA Z AT EF=EAA AR F= FAstq] HIREA
& AN 2 AGete] A7 29 ARntEIg R
ABA S 2 o] AAE Felsked 7 o] A NMR El
O & At (B)-ol 8 AA 9} (2)-0l 3 A A <] w &L 501 ©]
At

(E)-o13 2 A4): '"H NMR (400 MHz, CDCly) & 7.93(s, 1H, 1'-
H), 7.85(d, 1H, J=16.0 Hz, 3-H), 7.85 - 7.82(m, 3H, 4"-H, 5"-H,
8’-H), 7.67(dd, 1H, J=1.6, 8.4 Hz, 3"-H), 7.52(dt, 1H, J=2.0,
6.4 Hz), 7.50(dt, 1H, J=2.0, 6.4 Hz), 6.55(d, 1H, J=16.0 Hz,
2-H), 429(q, 2H, J=6.8 Hz, CH,CHs), 1.36(t, 3H, [=6.8 Hz,
CH,CHs); °C NMR (100 MHz, CDCly) & 167.3, 144.9, 134.4,
1335, 1322, 130.2, 129.0, 128.7, 128.0, 127.4, 126.9, 123.7, 1187,
60.8, 14.6. (2)-°14 A A: "H NMR (500 MHz, CDCly) & 8.04(s,
1H, 1"-H), 7.85 - 7.79(m, 3H, 4"-H, 5"-H, 8"-H), 7.73(dd, 1H,
J=2.0, 8.0 Hz, 3"-H), 7.49(dt, 1H, [=2.0, 6.5 Hz), 7.47(dt, 1H,
J=2.0, 6.5 Hz), 7.10(d, 1H, J=12.5 Hz, 3-H), 6.02(d, 1H, J=12.5
Hz, 2-H), 4.20(q, 2H, J=7.0 Hz, CHxCHs), 1.25(t, 3H, J=7.0
HZ, CHzCH3).

Ethyl 3-(naphthalen-2-yl)propanoate (21)

313 20(5.70 g, 25.19 mmol) ¥3te HEZZHE
4925 ml)& 10% Pd/C(285 mg, Degussa type E101 NE/W)
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stol Al SWAA 4719 S3E 21(5.18 g 91%)e AT

"H NMR (500 MHz, CDCly) & 7.81-7.77(m, 3H, 4"-H, 5"-H,
8’-H), 7.65(s, 1H, 1"-H), 7.46(dt, 1H, J=1.5, 7.0 Hz), 7.43(dt,
1H, J=15, 7.0 Hz), 7.34(dd, 1H, J=15, 8.5 Hz, 3"-H), 4.14(q,
2H, J=7.0 Hz, CH,CHs), 3.12(t, 2H, ] = 8.0 Hz, 3-Hy), 2.72(t,
2H, ] = 80 Hz, 2-Hy), 1.23(t, 3H, J=7.0 Hz, CH,CHz); “C NMR
(100 MHz, CDCls) 6 173.2, 138.3, 133.8, 132.4, 128.3, 128.0,
127.7, 1273, 126.7, 1263, 125.6, 60.7, 36.1, 31.4, 14.5.

3-(Naphthalen-2-yl)propanoic acid (22)

313HE 21(5.18 g, 22.69 mmol)& THF (35 ml)9} H,O (35
ml)oll =0]3 NaOH (140 g, 35 mmol)& F-7}3k1 60°Coll Al
oAt T wiksilt whg £4L 43 &, gz
EZ 3832 £5& IN-HC F49202 pH 2744 444 3}
AA dof LA E of3sta =2 AojFo FetE 22(4.27
g MU%)E A TAZ AT

'H NMR (500 MHz, CDCl;) & 11.38(brs, 1H, OH),
7.82-7.78(m, 3H, 4"-H, 5°-H, 8"-H), 7.66(s, 1H, 1"-H), 7.47(t,
1H, J=7.0 Hz, 7"-H), 7.44(t, 1H, J=7.0 Hz, 6"-H), 7.35(d, 1H,
J=8.5 Hz, 3°-H), 3.14(t, 2H, J=8.0 Hz, 3-H,), 2.79(t, 2H, J=8.0
Hz, 2-Hy); “C NMR (100 MHz, CDCly) 6 179.3, 137.8, 1338,
1324, 1284, 127.9, 127.8, 127.1, 126.7, 126.3, 125.7, 35.7, 30.9.

2,3-Dihydro-1H-cyclopenta[a]naphthalen-1-one (23) and its
regioisomer, 2,3-dihydro-1H-cyclopenta[bJnaphthalen-1- one
(23)

EE 224294 g 2145 mmol)E 3= methane-
sulfonic acid (20 ml) %<& vlo] 29 o] B 1-3-7] (Mono-
wave 300, Anton Paar)oll 231 90°Coll A 15417k ¥H-3-AIZi o).
A F =& st AR E LAE oAFste] e o3
1AE JEF22W e} IN-NaOH F 8402 FE3t¢] Aol
A /7152 79 MgsO,= A xetal gakstel A SRAZ
e dEzdes A48z At A7t
29 AR EINIE YAste] 3E 23298 g 76%)7
regioisomer 23 " (272 mg, 7%)= 77t &FskAl oA

3H2 23: 'H NMR (400 MHz, CDCly) 6 9.16(d, 1H, J=8.4
Hz, 9-H), 8.03(d, 1H, J=8.4 Hz, 5-H), 7.88 (d, 1H, J=8.4 Hz,
6-H), 7.66(t, 1H, [=7.6 Hz), 7.55(t, 1H, J=7.6 Hz), 7.51(d, 1H,
J=8.0 Hz, 4-H), 3.21(t, 2H, J=5.6 Hz, 3-H,), 2.80(t, 2H, J=5.6
Hz, 2-H); C NMR (100 MHz, CDCly) & 207.9, 158.7, 136.0,
1328, 131.2, 129.6, 129.1, 1283, 126.8, 124.3, 124.2, 37.2, 26 4.
3% 23" : 'H NMR (500 MHz, CDCly) & 8.38(s, 1H, 9-H),
7.99(d, 1H, J=8.5 Hz, 8-H), 7.89(s, 1H, 4-H), 7.86(d, 1H, | =
8.5 Hz, 5-H), 7.58(t, 1H, J=7.5 Hz, 6-H), 7.50(t, 1H, J=7.5 Hz,
7-H), 3.32(t, 2H, J=6.5 Hz, 3-Hy), 2.81(t, 2H, [=6.5 Hz, 2-H,).

General procedure for the synthesis of compounds 1-19
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(E)-2-(4-Hydroxybenzylidene)-2,3-dihydro-1H-cyclo-
penta[a]naphthalen-1-one (1, MHY3653)

=@ 1A, F&, 67%; 'H NMR (500 MHz, DMSO-ds)
610.09(brs, 1H, OH), 9.17(d, 1H, J=8.0 Hz, 9-H), 8.23(d, 1H,
J=8.5 Hz, 5-H), 8.06(d, 1H, J=8.5 Hz, 6-H), 7.75(d, 1H, =8.5
Hz, 4-H), 7.72(t, 1H, |=7.5 Hz, 8-H), 7.67(d, 2H, J=8.0 Hz,
2"-H, 6"-H), 7.61(t, 1H, J=7.5 Hz, 7-H), 747(s, 1H, vinylic H),
690(d, 2H, J=85 Hz, 3"-H, 5-H), 415(s, 2H, 3-H,); “C NMR
(100 MHz, DMSO-ds) 6 194.7, 160.0, 153.5, 136.1, 133.6, 133.1,
132.8, 132.0, 129.7, 129.5, 129.3, 127.3, 126.8, 124.9, 124.0,
116.7, 33.0; LRMS (ESI+) m/z 287(M+H)", 341(M+MeOH+
Na)".

(E)-2-(3,4-Dihydroxybenzylidene)-2,3-dihydro-1H-cyclo-
penta[a]naphthalen-1-one (2, MHY3654)

=@ 14, £4&, 51%; 'H NMR (400 MHz, DMSO-ds)
69.68(s, 1H, OH), 9.28(s, 1H, OH), 9.16(d, 1H, |=8.8 Hz, 9-H),
8.23(d, 1H, J=8.4 Hz, 5-H), 8.05(d, 1H, J=8.0 Hz, 6-H), 7.74(d,
1H, =80 Hz, 4-H), 7.72(t, 1H, ]=8.0 Hz, 8-H), 761(t, 1H, J=7.6
Hz, 7-H), 7.38(s, 1H, vinylic H), 7.24(s, 1H, 2"-H), 7.13(d, 1H,
J=8.0 Hz, 6"-H), 6.85(d, 1H, J=8.0 Hz, 5-H), 412(s, 2H, 3-H,);
“C NMR (100 MHz, DMSO-de) & 194.7, 153.4, 148.6, 1463,
136.1, 133.5, 133.1, 132.6, 132.1, 129.7, 129.5, 129.3, 127.3,
127.2, 1249, 124.8, 124.0, 118.1, 116.7, 33.1; LRMS (ESI+) m/z
303(M+H)’, 357(M+MeOH+Na)’, 389(M+2MeOH+Na)".

(E)-2-(2,4-Dihydroxybenzylidene)-2,3-dihydro-1H-cyclo-
penta[a]naphthalen-1-one (3, MHY3655)

24 1A, £4&, 41%; 'H NMR (500 MHz, DMSO-dq) &
10.13(s, 1H, OH), 9.92(s, 1H, OH), 9.19(d, 1H, J=8.5 Hz, 9-H),
8.21(d, 1H, [=8.5 Hz, 5-H), 8.05(d, 1H, J=8.0 Hz, 6-H), 7.91(s,
1H, vinylic H), 7.74(d, 1H, 9.0 Hz, 4-H), 7.71(t, 1H, [=7.5
Hz, 8-H), 7.62(d, 1H, J=8.5 Hz, 6"-H), 7.60(t, 1H, J=7.0 Hz,
7-H), 6.42(d, 1H, J=2.0 Hz, 3"-H), 6.39(dd, 1H, J=2.0, 8.5 Hz,
5°-H), 4.09(s, 2H, 3-Hz); °C NMR (100 MHz, DMSO-ds) &
194.8, 1615, 160.2, 153.3, 135.7, 133.1, 132.2, 131.6, 131.0,
129.7, 129.3, 1293, 127.8, 127.2, 1249, 124.0, 114.4, 108.6,
103.1, 33.1; LRMS (ESI+) m/z 303(M+H)", 357(M+MeOH+
Na)’, 389(M+2MeOH+Na)".

(E)-2-(4-Hdroxy-3-methoxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (4, MHY3656)

=& 1A $€, 52% 'H NMR (500 MHz, CDCl) 6
9.33(d, 1H, J=8.5 Hz, 9-H), 8.05(d, 1H, J=8.5 Hz, 5-H), 7.90(d,
1H, J=8.0 Hz, 6-H), 7.69(t, 1H, J=7.5 Hz, 8-H), 7.60(s, 1H,
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vinylic H), 7.59(d, 1H, [=8.5 Hz, 4-H), 7.57(t, 1H, J=7.5 Hz,
7-H), 7.30(dd, 1H, =15, 8.0 Hz, 6"-H), 7.16(d, 1H, 1.5 Hz,
2°-H), 7.01(d, 1H, J=8.5 Hz, 5°-H), 5.92(s, 1H, OH), 4.07(s,
2H, 3-Hy), 3.98(s, 3H, OCHz); "C NMR (100 MHz, DMSO-ds)
§ 194.7, 153.6, 149.5, 148.5, 136.1, 133.5, 133.1, 132.9, 132.0,
129.7, 1295, 129.9, 1273, 127.2, 125.6, 124.9, 124.0, 116.6,
1152, 56.3, 32.9; LRMS (ESI+) m/z 317(M+H)", 371(M+
MeOH+Na)".
(E)-2-(3-Ethoxy-4-hydroxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (5, MHY3657)
oA 3A); £48, 45%; 'H NMR (500 MHz, DMSO-ds)
§9.62(s, 1H, OH), 9.17(d, 1H, =8.0 Hz, 9-H), 8.23(d, 1H,
J=8.5 Hz, 5-H), 8.06(d, 1H, J=8.0 Hz, 6-H), 7.76(d, 1H, J=8.0
Hz, 4H), 7.72(t, 1H, [=8.0 Hz, 8-H), 761(t, 1H, ]=8.0 Hz, 7-H),
747(s, 1H, vinylic H), 7.35(s, 1H, 2"-H), 7.28(d, 1H, J=8.5 Hz,
6’-H), 6.92(d, 1H, =8.5 Hz, 5"-H), 4.18(s, 2H, 3-H.), 4.14(q,
2H, J=6.5 Hz, CH,CHs), 1.38(t, 3H, J=6.5 Hz, CH,CH;); °C
NMR (100 MHz, DMSO-de) 61947, 153.6, 149.7, 147.7, 136.1,
133.5, 133.1, 132.9, 132.0, 129.7, 129.5, 129.3, 127.3, 1272,
125.6, 124.9, 124.0, 116.7, 116.4, 64.5, 32.9, 15.4; LRMS (ESI+)
m/z 331 (M+H)", 385 (M+MeOH+Na)".
(E)-2-(3-Hydroxy-4-methoxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (6, MHY3658)
=@ 1A, £8, 79%; 'H NMR (500 MHz, DMSO-ds)
§9.29(brs, 1H, OH), 8.17(d, 1H, J=8.0 Hz, 9-H), 8.24(d, 1H,
J=8.5 Hz, 5-H), 8.06(d, 1H, J=8.0 Hz, 6-H), 7.76(d, 1H, J=8.0
Hz, 4H), 7.73(t, 1H, |=8.0 Hz, 8-H), 7.62(t, 1H, |=7.5 Hz, 7-H),
741(s, 1H, vinylic H), 7.27(s, 1H, 2°-H), 7.24(d, 1H, J=8.5 Hz,
6"-H), 7.04(d, 1H, | = 8.5 Hz, 5"-H), 4.14(s, 2H, 3-H), 3.83(s,
3H, OCHz); °C NMR (100 MHz, DMSO-ds) 6 1947, 153.6,
150.2, 1474, 136.2, 1335, 133.1, 131.9, 129.7, 129.5, 129.3,
1285, 127.3, 124.9, 1245, 123.9, 117.5, 112.8, 56.3, 33.0; LRMS
(ESI+) m/z 317(M+H), 371(M+MeOH+Na)".
(E)-2-(4-Methoxybenzylidene)-2,3-dihydro-1H-cyclo-
penta[a]naphthalen-1-one (7, MHY3659)
=@ 1A, £€, 79%; 'H NMR (500 MHz, DMSO-ds)
§9.16(d, 1H, J=8.0 Hz, 9-H), 8.24(d, 1H, [=8.5 Hz, 5-H),
8.06(d, 1H, J=8.5 Hz, 6-H), 7.77(d, 2H, J=8.5 Hz, 2"-H, 6"-H),
7.76(d, 1H, J=7.5 Hz, 4-H), 7.73(t, 1H, J=8.5 Hz, 8-H), 7.62(t,
1H, J=8.0 Hz, 7-H), 7.51(s, 1H, vinylic H), 7.07(d, 2H, J=8.5
Hz, 3"-H, 5-H), 4.17(s, 2H, 3-H,), 3.82(s, 3H, OCHz); °C
NMR (100 MHz, DMSO-de) 6 194.7, 161.2, 153.7, 136.3, 133.8,
133.3, 133.1, 132.6, 1319, 129.7, 129.6, 1294, 128.3, 1273,
124.9, 1239, 1153, 56.1, 33.0; LRMS (ESI+) m/z 301(M+H)",
355(M+MeOH+Na)".
(E)-2-(3,4-Dimethoxybenzylidene)-2,3-dihydro-1H-cyclo-
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penta[a]naphthalen-1-one (8, MHY3660)

@A 1A &, 42%; 'H NMR (500 MHz, DMSO-ds)
6 9.17(d, 1H, J=8.0 Hz, 9-H), 8.25(d, 1H, J=8.0 Hz, 5-H),
8.07(d, 1H, J=8.5 Hz, 6-H), 7.78(d, 1H, J=8.5 Hz, 4-H), 7.73(t,
1H, J=8.0 Hz, 8-H), 7.62(t, 1H, J=8.0 Hz, 7-H), 7.52(s, 1H,
vinylic H), 7.41(d, 1H, /=8.0 Hz, 6"-H), 7.39(s, 1H, 2"-H),
7.09(d, 1H, J=8.0 Hz, 5-H), 4.23(s, 2H, 3-H,), 3.87(s, 3H,
OCHs), 3.83(s, 3H, OCHz); °C NMR (150 MHz, DMSO-dc)
61944, 153.5, 1509, 149.3, 136.0, 133.7, 132.8, 132.8, 1317,
1295, 129.3, 1291, 128.3, 127.1, 1251, 124.6, 123.7, 114.2,
1124, 56.1, 32.6; LRMS(ESI+) m/z 331(M+H)’, 369(M+K)",
385(M+MeOH+Na)".

(E)-2-(24-Dimethoxybenzylidene)-2,3-dihydro-1H-cyclo-
penta[a]naphthalen-1-one (9, MHY3661)

34 1A, £4, 63% 'H NMR (500 MHz, DMSO-de) &
9.17(d, 1H, J=8.0 Hz, 9-H), 8.23(d, 1H, J=8.5 Hz, 5-H), 8.06(d,
1H, J=8.5 Hz, 6-H), 7.87(s, 1H, vinylic H), 7.79(d, 1H, J=9.0
Hz, 6"-H), 7.74(d, 1H, J=8.5 Hz, 4-H), 7.72(t1 H, J=7.5 Hz,
8-H), 7.61(t, 1H, J=7.5 Hz, 7-H), 6.68-6.67(m, 2H, 3"-H, 5-H),
4.13(s, 2H, 3-Hy), 3.90(s, 3H, OCHj), 3.84(s, 3H, OCHz); °C
NMR (100 MHz, DMSO-de) 6 194.7, 163.0, 160.9, 153.6, 136.1,
133.2, 1331, 132.0, 1315, 129.7, 129.5, 1294, 127.3, 126.6,
124.9, 124.0, 116.9, 106.8, 99.0, 56.6, 56.2, 33.0; LRMS (ESI+)
m/z 331(M+H)", 353(M+Na)", 369(M+K)", 385(M+MeOH+
Na)".

(E)-2-(3,4,5-Trimethoxybenzylidene)-2,3-dihydro-1H-cy-
clopenta[a]Jnaphthalen-1-one (10, MHY3662)

E3A 34, £4&, 58%; 'H NMR (500 MHz, DMSO-ds)
6 9.16(d, 1H, J=8.5 Hz, 9-H), 8.26(d, 1H, J=8.0 Hz, 5-H),
8.06(d, 1H, J=8.5 Hz, 6-H), 7.78(d, 1H, J=8.5 Hz, 4-H), 7.74(t,
1H, J=8.0 Hz, 8-H), 7.62(t, 1H, J=8.0 Hz, 7-H), 7.51(s, 1H,
vinylic H), 7.12(s, 2H, 2"-H, 6’-H), 4.27(s, 2H, 3-H), 3.88(s,
6H, 2*OCHj), 3.72(s, 3H, OCHs); °C NMR (150 MHz,
DMSO-ds) & 1944, 153.7, 153.5, 139.5, 136.3, 135.1, 1329,
132.8, 131.6, 131.0, 1294, 1294, 129.2, 127.2, 124.6, 1237,
1088, 60.6, 565, 324; LRMS (ESI+) m/z 361(M+H)",
415(M+MeOH+Na)".

(E)-2-(4-Hydroxy-3,5-dimethoxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a[naphthalen-1-one (11, MHY3663)

@A 1A &, 71%; 'H NMR (500 MHz, DMSO-dq)
69.18(d, 1H, J=8.0 Hz, 9-H), 9.09(brs, 1H, OH), 8.24(d, 1H,
J=8.5 Hz, 5-H), 8.06(d, 1 H, [=8.0 Hz, 6-H), 7.78(d, 1H, J=8.5
Hz, 4 H), 773(t, 1H, |75 Hz, 8-H), 7.62(t, 1H, [=7.5 Hz, 7-H),
7.49(s, TH, vinylic H), 7.10(s, 2H, 2"-H, 6"-H), 4.24(s, 2H,
3-H,), 3.87(s, 6H, 2*OCH;); °C NMR (100 MHz, DMSO-de)
6 194.7, 153.6, 148.7, 138.7, 136.2, 133.9, 133.2, 133.1, 132.0,

129.7, 129.5, 129.4, 127.3, 126.0, 124.9, 124.0, 109.3, 56.8, 32.8;
LRMS(ESI+) m/z 347(M+H)", 401(M+MeOH+Na)".

(E)-2-(3-Bromo-4-hydroxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (12, MHY3664)

o] 2|4 A =&, 56%; 'H NMR (400 MHz, DMSO-de)
§10.94(s, 1H, OH), 9.14(d, 1H, =84 Hz, 9-H), 8.23(d, 1H,
J=8.4 Hz, 5-H), 8.05(d, 1H, J=8.0 Hz, 6-H), 7.94(s, 1H, 2"-H),
7.75(d, 1H, =84 Hz, 4-H), 7.72(t, 1H, J=8.0 Hz, 8-H), 7.66(d,
1H, =84 Hz, 6"-H), 7.60(t, 1H, J=8.0 Hz, 7-H), 7.42(s, 1H,
vinylic H), 7.06(d, 1H, J=8.0 Hz, 5-H), 4.15(s, 2H, 3-H,); °C
NMR (100 MHz, DMSO-de) & 194.6, 156.3, 153.7, 136.3, 135.9,
134.2, 133.1, 132.4, 1318, 131.5, 129.7, 129.6, 129.4, 1285,
127.3, 124.9, 1239, 117.3, 110.7, 32.8; LRMS(ESI+) m/z
365(M+H)", 367(M+2+H)", 419(M+MeOH+Na)", 421(M+2+
MeOH+Na)".

(E)-2-(3,5-Dibromo-4-hydroxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (13, MHY3665)

oA 3A; £48, 54%; 'H NMR (400 MHz, DMSO-dy)
§10.57(s, 1H, OH), 9.12(d, 1H, J=8.0 Hz, 9-H), 8.25(d, 1H,
J=8.8 Hz, 5-H), 8.05(d, 1H, J=8.8 Hz, 6-H), 7.98(s, 2H, 2"-H,
6"-H), 7.79(d, 1H, J=8.4 Hz, 4-H), 7.72(t, 1H, J=8.0 Hz, 8-H),
7.61(t, 1H, |=7.6 Hz, 7-H), 7.40(s, 1H, vinylic H), 4.18(s, 2H,
3-Hy); C NMR (150 MHz, DMSO-dq) 6 194.2, 153.7, 1524,
136.4, 135.7, 134.7, 1329, 1314, 130.1, 129.7, 1294, 1294,
129.2, 127.2, 1247, 123.7, 112.7, 32.3.

(E)-2-(4-Hydroxy-3-methylbenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (14, MHY3666)

oA 3A; £48, 29%; 'H NMR (400 MHz, DMSO-ds)
§10.03(s, 1H, OH), 9.16(d, 1H, J=8.4 Hz, 9-H), 8.22(d, 1H,
J=8.0 Hz, 5-H), 8.04(d, 1H, J=8.0 Hz, 6-H), 7.74(d, 1H, =84
Hz, 4-H), 771, 1H, [=7.6 Hz, 8-H), 7.60(t, 1H, |=7.6 Hz, 7-H),
7.54(s, 1H, 2"-H), 7.48(d, 1H, |=8.8 Hz, 6"-H), 7.42(s, 1H, vi-
nylic H), 6.90(d, 1H, J=8.4 Hz, 5-H), 4.13(s, 2H, 3-H,), 2.18(s,
3H, CHs); °C NMR (100 MHz, DMSO-dg) & 194.7, 1583,
153.5, 136.0, 134.3, 133.3, 133.1, 132.5, 132.0, 131.1, 129.7,
1294, 129.3, 127.3, 126.6, 125.5, 124.9, 124.0, 115.9, 33.0, 16.7;
LRMS (ESI+) m/z 301(M+H)", 355(M+MeOH+Na)".

(E)-2-(4-Hydroxy-3,5-dimethylbenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (15, MHY3667)

oA 3A; £8, 84%; 'H NMR (400 MHz, DMSO-ds)
§9.16(d, 1H, J=8.0 Hz, 9-H), 8.93(brs, 1H, OH), 8.21(d, 1H,
J=8.4 Hz, 5-H), 8.04(d, 1H, J=8.4 Hz, 6-H), 7.75(d, 1H, [=8.8
Hz, 4H), 771, 1H, [=7.6 Hz, 8-H), 7.60(t, 1H, |=7.6 Hz, 7-H),
7.39(s, 1H, vinylic H), 7.39(s, 2H, 2°-H, 6-H), 4.14(s, 2H,
3-Hy), 2.22(s, 6H, 2*CHz); °C NMR (100 MHz, DMSO-dq) &
194.7, 156.2, 153.6, 136.0, 133.4, 133.1, 132.7, 132.2, 1320,



129.7, 1294, 129.3, 127.3, 126.8, 125.4, 124.9, 123.9, 33.0, 17.4;
LRMS (ESI+) m/z 315(M+H)", 369(M+MeOH+Na)".

(E)-2-(4-Fluoro-3-methoxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (16, MHY3668)

B354 37, £, 48%; 'H NMR (400 MHz, DMSO-dq)
6 9.13(d, 1H, J=8.4 Hz, 9-H), 8.24(d, 1H, /=84 Hz, 5-H),
8.05(d, 1H, J=8.0 Hz, 6-H), 7.74(d, 1H, J=84 Hz, 4-H), 7.73(t,
1H, 7.6 Hz, 8-H), 7.61(t, 1H, J=7.6 Hz, 7-H), 7.55(d, 1H,
J=8.0 Hz, 2°-H), 7.51(s, 1H, vinylic H), 7.39(m, 1H, 6"-H),
7.30(t, 1H, J=84, 104 Hz, 5"-H), 4.21(s, 2H, 3-H,), 3.93(s, 3H,
OCHs); °C NMR (100 MHz, DMSO-d¢) & 194.6, 154.0, 152.8
(d, J=244.2 Hz), 148.0(d, J=10.6 Hz), 136.6, 136.0, 133.1, 132.8
(d, J=3.8 Hz), 131.9, 1317, 129.7, 129.6, 1294, 127.4, 124,
1242(d, [=7.6 Hz), 1239, 117.1(d, J18.2 Hz), 116.7, 56.8, 32.7;
LRMS (ESI+) m/z 319(M+H)", 355(M+MeOH+Na), 405(M+
2MeOH+Na)".

(E)-2-(3,4-Difluorobenzylidene)-2,3-dihydro-1H-cyclo-
penta[a]naphthalen-1-one (17, MHY3669)

B354 34, £, 70%; 'H NMR (500 MHz, DMSO-dq)
6 9.13(d, 1H, J=7.5 Hz, 9-H), 8.28(d, 1H, J=7.5 Hz, 5-H),
8.08(d, 1H, J=7.5 Hz, 6-H), 7.90-7.54(m, 6H, 4-H, 7-H, 8-H,
2"-H, 5"-H, 6™-H), 7.52(s, 1H, vinylic H), 4.24(s, 2H, 3-Hy);
“C NMR (100 MHz, DMSO-de) & 194.5, 154.2, 137.3, 136.9,
133.6, 133.1, 131.5, 1304, 129.8, 129.6, 129.4, 128.8, 1275,
124.8, 1239, 119.8(d, J=17.4 Hz), 118.8(d, [17.5 Hz), 32.6;
LRMS(ESI+) m/z 307(M+H)", 361(M+MeOH+Na)", 393(M+
2MeOH+Na)".

(E)-2-(2,4-Difluorobenzylidene)-2,3-dihydro-1H-cyclo-
penta[alnaphthalen-1-one (18, MHY3670)

@A 1A, £, 41%; 'H NMR (400 MHz, CDCL) &
9.27(d, 1H, J=8.4 Hz, 9-H), 8.05(d, 1H, J=8.8 Hz, 5-H), 7.88(d,
1H, J=8.4 Hz, 6-H), 7.79(s, 1H, vinylic H), 7.77-7.66(m, 2H,
6’-H, 8-H), 7.56(t, 1H, [=7.6 Hz, 7-H), 7.55(d, 1H, J=8.4 Hz,
4-H), 6.97(dt, 1H, [=24, 7.6 Hz, 5"-H), 6.89(dt, 1H, =24, 10.8
Hz, 3"-H), 4.00(s, 2H, 3-Hy); °C NMR (100 MHz, CDCly) §
1944, 163.7(dd, J=12.2, 252.2 Hz), 162.3(dd, J=11.8, 254.3 Hz),
152.4, 136.7, 136.3, 133.0, 1324, 131.1(dd, J=3.9, 9.5 Hz), 130.0,
129.3, 128.6, 127.1, 124.6, 123.6, 120.3(dd, =37, 11.8 Hz), 112.1
(dd. [=3.8, 21.3 Hz), 104.8(t, /=25.8 Hz), 32.8; LRMS (ESI+)
m/z 307(M+H)", 361(M+MeOH+Na)", 393(M+2MeOH+Na)".

(E)-2-(3,5-Di-tert-butyl-4-hydroxybenzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one (19, MHY3671)

FA 14, F&, 61%; 'H NMR (400 MHz, DMSO-ds)
69.17(d, 1H, J=8.4 Hz, 9-H), 8.23(d, 1H, J=8.8 Hz, 5-H), 8.05
(d, 1H, J=8.0 Hz, 6-H), 7.79(d, 1H, [=8.4 Hz, 4-H), 7.72(t, 1H,
J=7.6 Hz, 8-H), 7.61(t, 1H, J=7.6 Hz, 7-H), 7.58(s, 1H, OH),
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756(s, 2H, 2°-H, 6°-H), 7.49(s, 1H, vinylic H), 4.15(s, 2H,
3-H,), 1.44(s, 18H, 2*-C;Hg); ®C NMR (100 MHz, DMSO-d)
51947, 156.7, 1535, 139.8, 136.1, 1343, 133.1, 132.8, 132.0,
1297, 1295, 129.3, 128.6, 127.3, 1271, 125.0, 124.0, 353, 329,
30.8; LRMS (ESI+) m/z 399(M+H)".

Tyrosinase Msi&d £

Tyrosinase A3 24 5745 s Gk 02 o] AL
atal A= WA tyrosinaseE AH&3 ST, Tyrosinase A
& a3 A4S 93 96-well microplate (SPL Life Scien-
ces Co., Ltd., Pocheon, Korea)®l 1 mM L-tyrosine®} 0.5 M
phosphate buffer (pH 6.5)7} 38 4584 170 pl9} ty-
rosinase (300 U) 20 ul 128|350 yM MHY 5453 24
10 & 27t A7be 5, 25C oA 3083t WA AT ¥
<, microplate reader (Berthold, Bad Wildbad, Germany)&
o -gdto] 450 nmollA ZAsAT. FHEEH ZALL
DMSOZ 77} 125, 25, 50 ng/mle] ¥ EHE dAH o=
3 4ste] Agstitt. e d T 2444 talel DMSO 10
ul 74ske] control® dFATE E@ tyrosinase Al 0.1 M
phosphate buffer (pH 6.5) 20 ulE 7}3t4 blank& 3} %t}
ojuf o &4 B A& (%) ofel ot 2ol ALt il
& 50% Adshes 55 WAYLZ T8t o5 ICx
oz Ut o8]

Tyrosinase 273 A3} &(%) = {(A—B)/A} x100

A; OD at 450 nm without sample, B; O.D at 450 nm with
sample

MHY36552] enzyme kinetic assay

Enzyme kinetic assay= 7] &% 0.2 tyrosinase A3} &4
SATH S gde 22 st A #3H3U T L-DOPA, mush-
room tyrosinase solution (300 U), 50 mM potassium phos-
phate buffer (pH 6.5), MHY3655 96-well plate (SPL Life
Sciences Co., Ltd., Korea)oll A 8- %, dopachrome %4 7
S5 450 nmol A 502 F<F 108 HAE AT F &3 W
& 73} Lineweaver-Burk?] & ©] §3}¢] FEH sl w}
B A 24E Hluste] AAH, vIPAA A 24 & dde

Atk

In silico protein-ligand docking simulation

AFE Aol A @A (protein)-2] 7HE (ligand) 7He] dock-
ing simulatione 43 3}7] 93§ docking simulation Z &
3% F 34l Autodock Vinag A3 TH10]). 23 ty-
rosinase®] 3D TFEE& Agaricus bisporus®] 2% TZE &
0.0 (PDB ID: 2Y9X) Chimera Z21% oA 54 A4Z
oA AERT =& sk 739 docking pocketS. E &
tyrosinase® %217 binding sites AA Y. YAHEEE
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MHY36555 AH&-dlth. 2tEE 2D 7% 392 Chemsketch
Z 2 33 (http:/ /www.acdlabs.com/resources/ freeware/
indexphp)oi 3D 72 M2 3kl YA Chimera ZZ 17

< 5l F29AE A e e =7 o phar-
macophoreE A¥ 17| 134 LigandScout 3.12 Z2 1% &
AH-&-3 A TH13].

MZHI & MESN £3

B Aol AT ‘1]3?—% AFHAA e A ST A
X312l BI6F102.2 MEE 34 X523 (Seoul, Korea)©l
A Fdstsdth B16F10 AiliE DMEM ¥{A & 5% Fetal
Bovine Serum (FBS)$¢} 38 Al (Antibiotic antimycotic)& 3 7}
sttt Al 377C, 5% CO0l &3t W7o A 254
AA W Fstatt. AEZe 2~3Y9 0 culture dish®] 80~90%
A% A%< ) PBSE M % 3ko] Trypsin-EDTA (GibCo/BRL,
USA)S Aglste] Aol atsitt.

MHY3655] th3t Al £%54 4L EZ-cytox cell viability
assay Kit (Daeil Lab Service. Co., Ltd., Suwon, Korea)& ©]-&
st ZA stk WA, 96-well microplate (SPL Life Sciences
Co., Ltd., Korea)®l 1x10* cells/ml¢] =2 HZE3dto 37C,
5% COp Ml %71l A 2447t 5<F W FAIZl £ 1, 2, 5,10 pM 9
FEZ AYsta] 4847 Fek wjstd Tt 1§ EZ-cytox 10
s AEste] AE ML a4l o) SFAE =5 24
ZH W Fslgth 1 % 450 nmol A SR EE SA T A E9
HEES T3

SHEN

B AT 28 489 e 33 o] WEY A A3
BHHLE Yt dzed 487y A4 194

7% & one-way ANOVA HAE A&t o p<0.05 +F
oA fFod AAE AR
27 3 1%
Fig. 1] Yerdl ZAA, A2 < tyrosinase A4 A& 33
3t7] 9laf mo] AR ol B GRS E o] &3 A-Z o) Sol
Ao & g4 whg, Wittig WH3 2 A 21049 aldol 5
Hh&& o] &3] (E)-2-(X#¥ benzylidene)-2,3-dihydro-1H-
cyclopenta[alnaphthalene-1-one %4 (1-19)5< A3
t}. 2-NaphthaldehydeE Wittig Al %F¢l (carbethoxymethy-
lene) triphenylphosphorane®} §H-8-A1 7 (E)-olefin 3}3}+%(20)
< FHAEEE A o] WHEA (E)-olefind (S)-olefin
AA o] A AA ] vl && 50:101 % o] o] ALY AT
ZE HNMR 29 E £42 53 474 #9990 +
A2 HEH oA vinyl $£49] | %S 160 HzE 1/}5}14104
o, W SIFEZHE Aojz vinyl F49 J %2 125 Hz
UrF/}lﬂoiE} )AL FH =] (E) YAT=E, 1
nF sg=Eo] (5 YATEE ueE AL
Folth. o] & 2 /9 SFFE F45 S 5td Y
F=2)e FAs] "o, 4 oJdEA=
Pd/Co EA st 438 WEAA o] FAFS s}
e 21e T AP EEA A Tk
FHE A4 313HE(22) € acid chlorideZ A A7 &, AICK 3
UH stol A £ W Friedel-Crafts o} 3} wH-g-& Al A o}4 s}
¥ SEE 239 A% regioisomer 23 (2,3-dihydro-1H-cy-
clopenta[b] naphthalen-1-one)& A UA T §H-& F&0] 50%
€ 94 °L°LE} ofAd3} W £&S& £017] A3, rtojazd
o]H Bh3& A E3S T 4 Z vl methanesulfonic acid®] &

l

I

= i

23"

Fig. 1. Synthetic route for the preparation of compounds 1-19.



A st A BE 228 vlolaZgolBH W E o] 8319
B Al A regioisomer (237, 7%)9F T 76%9] &

2 24
3 obdateE S E)S AT HHE 234 E}%a IES
A3 =S IN HCl oFH EAF &9 3o A} HEG A A B A5l

e 1198 AF FAA
MEA #4E (E)-2-(substituted benzylidene)-2,3-dihy-
dro-1H-cyclopenta[a]naphthalen-1-one =4 €°¢] WW &5
< 7HAEA #lstr] sk, in vitro /4ol A tyrosinase 24
A4 E5< Ui 19579 A dz=Ld 23
& 77 50 uMA AHE-SHY tyrosinase 84 A3l 5ol st
Hatdd 2 A3, §4 852 MHY3655 (97%)7F )
AAETH63%) =2 tyrosinase 24 Al TS HY
Table 1). Table 191 A B %0] FA =49 tyrosinase Z73
%5l 9lol A= phenyl ring®] R® 9+ R* 9]¢ OH 2717}
TLES AR,
nebA, & AT
MHY3655% A

¢
il

X

=]
ro o

<A
Sl

O AN

tyrosinase &4 Al 5ol 71 ¢4
ke tyrosinase A 8| A 2419 7}5A &
a7 94 FHEES AgaArt

ot
gl
A, MHY36559] tyrosinase /3 A8l o] & ICsxakol &

Table 1. Substitution pattern and tyrosinase inhibition of the (E)-2-

thalen-1-one derivatives
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gelst Atk MHY36559] tyrosinase &4 A3 =7} U
ARG ofF 5 gl7] Wl 224 MHY
TYE FEAA ICso 3 T 7 fiSith whebad,
(12.5, 25, 50 uM)Z MHY3655 (0.0625, 0.125, 0.25 uM)

Zelste] ICx #S SA 5t Table 2914 B%
o], MHY3655% thzw¢l 24 ICy ¢k 2+ 01456 1M,
172 iM& YT o] g st 242 3FE, A 542 MHY
36557+ AAALH T ok -8} tyrosinase 2432 A 3f 3
_“—:- 7«]_0_ g].o]al _/‘,: 101];].

T2 MEA F9E MHY36559] tyrosinase A 3l &4 <]
71A& &olR 7] $35+9 Lineweaver-Burk ¥4& 433} %
o MHY36559] & =7} 22} 0125, 0.25 yuM ¢ Km- 7.98,
9.75 mMe°] I Vmax- 1.6x10> mM/min®] ™ Ki& 2.0x10°,
1.6x10°% YRR ATHTable 3). AIth7}, tyrosinaseol o &
Kme Vmax H3}% §lo] #EEH 02 F713%7] W&ol
MHY3655% 442 Ad) 718 0.2 tyrosinase®] T4 A3
e Aoz AT ST (Fig. 2).

MHY36557} tyrosinase¢t 2142 0.2 Ag}st=A A<l

3t7] 93t Autodock Vinag ©] 83} docking simulation

(substituted benzylidene)- 2,3-dihydro-1H-cyclopenta[a] naph-

Compound R’ R’ R* R’ Tyrosinase inhibition (%)
1 (MHY3653) H H OH H 84.69+1.11
2 (MHY3654) H OH OH H 12.9240.87
3 (MHY3655) OH H OH H 97.1541.09
4 (MHY3656) H OMe OH H 25.31+1.93
5 (MHY3657) H OFEt OH H 31.88+2.38
6 (MHY3658) H OH OMe H 34.001.14
7 (MHY3659) H H OMe H 17.4747.72
8 (MHY3660) H OMe OMe H 3.37+3.86
9 (MHY3661) OMe H OMe H 17.2842.62
10 (MHY3662) H OMe OMe OMe 20.27+1.40
11 (MHY3663) H OMe OH OMe 16.78+1.80
12 (MHY3664) H Br OH H 19.46+1.09
13 (MHY3665) H Br OH Br 35.06+4.05
14 (MHY3666) H Me OH H 14.7841.76
15 (MHY3667) H Me OH Me 447217
16 (MHY3668) H OMe F H 14.42+2.32

7 (MHY3669) H F F H 3.47£3.09
18 (MHY3670) F H F H 12.08+2.61
19 (MHY3671) H t-Bu OH t-Bu 30.5145.08

Kojic acid 63.3545.72

Tyrosine inhibition was measured using mushroom tyrosinase and L-tyrosine as the substrate. Results are expressed as percentage
of control and each value represents the mean * S.E.M. Repeated experiments showed the similar results.
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Table 2. ICsp values of MHY3655 and kojic acid

Concentration i 1Cso
Compound Inhibiion (%
P (M) e
0.0625 23.67
MHY3655 0.125 48.04 0.1456
0.25 62.75
125 38.97
Kojic acid 25 63.83 17.20
50 83.22
ICsp represents 50% inhibitory concentration.
Table 3. Kinetic analysis of MHY3655
Concentration Vmax Km .
(M) (mM/min)  (mM) Ki M)
No inhibitor 1.7x10° 3.57 -
MHY3655 (0.125) 1.6x10” 7.98 2.0x10°
MHY3655 (0.25) 1.6x10°” 9.75 1.6x10°

Data are presented as mean values of 1/V, inverse of the in-
crease in absorbance at a wavelength of 492 nm (A A492/min),
of three independent tests performed using different concen-
trations of L-DOPA as a substrate. The Lineweaver-Burk plot's
equation is: 1/V = Km/Vmax x 1/[S] + 1/Vmax and the modi-
fied Michaelis-Menten equation is : 1/Vmax = 1/Km (1+[I]/Ki),
where V is the reaction velocity (the reaction rate), Km is the
Michaelis-Menten constant, Vmax is the maximum reaction ve-
locity, [S] is the substrate concentration, [I] is the inhibitor con-
centration, and Ki is the inhibitor constant.

Fdste] AgdodA s TR 1 A3, MHY36557}
tyrosinase?] ligand binding domain®l] 2% 23S 317 (Fig.
3A), ol") MHY36559] A& AUIA gho] 87 keal/mol&.2 =
2 2H(-5.7 keal/mol) .ok H 4 =9k Th(Fig. 3B). Alth7h, MHY
36557} tyrosinase®| oJ® o}n| At 77| e} A=A 4
3171 913t LigandScout 3.12 Z2 13 & AH-8-3t4] pharma-

g

g

g

900 -

700 + +con

mQ125
40.25

500 -

ANV, (AAg,/min) !

300 -

¥ . S T
.1y/0- 0

-300

T T T 1
0.5 1 15 2 2.5

-500
1/[L-Dopa], mM-1

Fig. 2. MHY3655 as a competitive inhibitor of tyrosinase. Lin-
eweaver-Burk plot of MHY3655 on mushroom
tyrosinase. Data were obtained as mean values of 1/V,
inverse of the increase of absorbance at a wavelength
492 nm per min, of 3 independent tests with different
concentrations of L-tyrosine as a substrate.

cophore #4& F335t9th 1 23, MHY3655% tyrosinase
9] A chainoll 4| ALA286, VAL283, VAL248, PHE264, MET257
HE3 hydrophobicZ 3 3, ASN260% = F4A %< 3t
AT (Fig. 3C). whekA}, MHY36557} tyrosinase?] 2]7HE HlQl
Q 29 AYF LR tyrosinase A3 &S YERHE S AS
.

npA| g0 2 MHY36557F Al 254 & Yehl &4 <137
A3k, MHY36555 $XH(1, 2, 5, 10 ul)E B16F10 Al Z
Alste] 48A17F Tk WEAAG. I A3}, BE FEOA
B16F10 Al ol T A& Uehl A &okth(Fig. 4). whebA,
MHY3655% A 4HE T $-3F tyrosinase A 3 2744 & UE}

3 gy AZs4d dFs AR de AEL G0
gt AR T

B AFE 7]29 tyrosinase AN GHAZ &3
Bt ¢ M ads el 44 ER S

EER:

Nst7] 93

ASN2BOA < eveees

ALA286A

VAL283A

Fig. 3. MHY3655 can directly bind to ty-
rosinase. (A) Docking simulation was per-
formed to identify interaction between LBD
and MHY3655. Docking modes of MHY
3655 on the LBD of mushroom tyrosinase.
(B) Table shows predicted binding affinity
of MHY3655 and kojic acid with tyrosinase.
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() The binding sites of MHY3665 with ty-
rosinase are shown. LBD, ligand binding
domain.
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