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Abstract: Objective To study the chemical compositions of the ethyl acetate part of Foeniculi Fructus and their effects on
tyrosinase activities. Methods The compounds were isolated and purified by using various chromatographic techniques, including
silica gel, D101 macroporous resins, MCI, ODS, Sephadex LH-20 and semi-prepative high performance liquid phase. Their
structures were identified on the basis of physicochemical properties and spectral data. The tyrosinase inhibitory activities of
compounds was screened by tyrosinase catalytic L-tyrosine rate method to evaluate the anti-tyrosinase activities of compounds

isolated from salt-processed Foeniculi Fructus. Finally, the compounds were verified by molecular docking technique. Results A
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total of 20 compounds were isolated from the ethyl acetate part of Foeniculi Fructus, which were identified as bombasinol A (1),
oleanolic acid (2), kaempferide (3), (1R,2R)-1-(4-methoxyphenyl)propane-1,2-diol ~ (5), (1S,2R)-1-
(4-methoxyphenyl)propane-1,2-diol (6), (3S,5R,6S,7E)-3,5,6-trihydroxy-7-megastigmen-9-one (7), oleanonic acid (8), acanthone (9),

quercetin  (4),

phenylpropanoid (10), (Z)-4-[30-(B-D-glucopyranosyloxy)butylidene]-3,5,5-trimethyl-2-cyclohexen-l-one (11), 3-oxo-o-ionol-p-D-
glucopyranoside (12), (+)-pinoresinol-f-D-glucopyranoside (13), trans-4-(1-propenyl)-phenol-p-D-glucopyranoside (14), 1-O--
D-glucopyranosyl-4-allybenzene (15), 3-hydroxyestragole f-D-glucopyranoside (16), thevetiaflavone (17), 3,5-dihydroxyestragole
3-0-B-D-glucopyranoside (18), salicylic acid (19) and benzyl B-D-glucopyranoside (20). Tyrosinase activities inhibition assay
showed that five of the 20 compounds isolated from salt-processed Foeniculi Fructus had good anti-tyrosinase activities with half
maximal inhibitory concentration (ICso) values of 0.783, 0.532, 0.575, 0.113, 0.092 mg/mL, respectively, and the positive drug,
B-arbutin, had an ICso value of 1.784 mg/mL. Meanwhile, the molecular docking results showed the binding energy of compound 17
was —5.74 kJ/mol, and that of compound 15 was —3.5 kJ/mol. Conclusion Compound 1 was isolated for the first time from
Umbelliferae, compounds 3, 7—17 were isolated for the first time from Anethole, compounds 4, 13—15 and 17 all had good
tyrosinase inhibitory activities, among which compounds 15 and 17 had the best inhibitory effect, and the molecular docking results

also showed that the inhibitory effect of compound 17 was stronger than that of compound 15, which was in agreement with the

experimental results.

Key words: salt-processed Foeniculi Fructus; tyrosinase activities; molecular docking; quercetin; thevetiaflavone
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bombasinol A (1), FHIREL (oleanolic acid, 2).
thZ5 %K (kaempferide, 3). #ft 2% (quercetin, 4).
(1R,2R)-1-(4-methoxypheny)propane-1,2-diol (5)

(18,2R)-1-(4-methoxyphenyl)propane-1,2-diol (6 .
(3S,5R,6S,7F)-3,5,6-trihydroxy-7-megastigmen-9-one
(7). FFHIREAER (oleanonic acid, 8)- Hl FL
(acanthone, 9). phenylpropanoid (10). (Z)-4-[30-
(B-D-glucopyranosyloxy)butylidene]-3,5,5-trimethyl-
2-cyclohexen-l-one ( 11 ) . 3-oxo-a-ionol-B-D-
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TASPRER, B IR R 4R 15 3 2.387 kg M2,
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R IE R AR R 96 FLARIKK I PBS
Gerti. ASFEIR BB AR AN AR
o6 BE 1) RE SR R A B RV, 37 C R
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WEY 1. BEEMIRY, 757208 CaiHwuOs,
HR-ESI-MS m/z: 395.146 0 [M+ Na]* (it &1
395.146 5). 'H-NMR (400 MHz, CD;OD) J: 6.95
(1H, d, J = 1.9 Hz, H-2"), 6.82 (1H, dd, J = 8.1, 1.9
Hz, H-6'), 6.77 (1H, d, J = 8.1 Hz, H-5'), 6.66 (2H, d,
J=1.5Hz, H-2, 6),4.72 2H, d, J = 4.2 Hz, H-7, 7'),
4.25 (2H, dd, J=9.1, 6.7 Hz, H-9a, 9'a), 3.88 (3H, s,
3'-OMe), 3.86 (6H, s, 3, 5-OMe), 3.85 (2H, dd, J =
8.5, 3.5 Hz, H-9p, 9B), 3.15 (2H, m, H-8, 8:
13C-NMR (100 MHz, CDsOD) J: 149.4 (C-3, 5), 149.2
(C-3'), 147.4 (C-4"), 134.3 (C-1), 133.8 (C-1), 120.1
(C-6'), 116.1 (C-5"), 111.0 (C-2"), 106.2 (C-4), 104.5
(C-2, 6), 87.7 (C-7), 87.5 (C-7"), 72.7 (C-9", 72.6
(C-9), 56.8 (3, 5-OMe), 56.4 (3'-OMe), 55.6 (C-8),
55.3 (C-8"). LA E&d 55 3k iiE —2Y, #k el
A% 1 4 bombasinol A.

&y 2. A, 77N CioHaOs,
HR-ESI-MS m/z: 479.348 8 [M+ Na]* (it %14
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479.349 6). 'H-NMR (400 MHz, Pyridine-ds) 6: 5.52
(1H, s, H-12), 3.47 (1H, m, H-3a), 3.33 (1H, dd, J =
14.1, 4.6 Hz, H-18), 1.31 (3H, s, H-27), 1.27 (3H, s,
H-23), 1.05 (9H, s, H-24, 25, 30), 0.97 (3H, s, H-29),
0.92 (3H, s, H-26); '3C-NMR (100 MHz, Pyridine-ds)
5 180.7 (C-28), 145.3 (C-13), 123.0 (C-12), 78.6
(C-3), 56.3 (C-5), 48.6 (C-4), 47.2 (C-9), 46.9 (C-17),
42.7 (C-19), 42.5 (C-14), 40.2 (C-18), 39.9 (C-1), 39.4
(C-8), 37.9 (C-10), 37.7 (C-2), 33.8 (C-21), 33.8
(C-29), 33.7 (C-22), 31.4 (C-7), 29.3 (C-20), 28.8
(C-15), 28.6 (C-23), 26.6 (C-27), 24.3 (C-30), 24.2
(C-1), 24.2 (C-16), 19.3 (C-24), 17.9 (C-6), 17.0
(C-26), 16.0 (C-25). LA ¥ 5 SCikoE — 35122,
WS ENAY) 2 AFHERIR

EY 3: BEBRAK, 55 FRA CieHiOs,
HR-ESI-MS m/z: 323.052 4 [M+Na]* (it %18
323.052 6). 'H-NMR (600 MHz, CD;OD) ¢: 8.08
(2H, d, J = 8.5 Hz, H-2', 6'), 6.90 (2H, d, J = 8.5 Hz,
H-3', 5", 3.34 (3H, s, 4-OMe); '3C-NMR (150 MHz,
CD;0D) 6: 177.4 (C-4), 165.6 (C-7), 162.5 (C-9),
160.6 (C-4"), 158.3 (C-5), 148.1 (C-2), 137.2 (C-3),
130.7 (C-2', 6'), 123.8 (C-1), 116.3 (C-3', 5'), 104.5
(C-10), 99.3 (C-6), 94.4 (C-8), 56.5 (4-OMe). L F3
I 5 SRR E — 202, S e S 3 ML R

&) 4. wEmAKR, 751N CisHiO7, HR-
ESI-MS m/z: 303.049 2 [M+H]* G514 303.049 9).
'H-NMR (400 MHz, CD;OD) ¢: 7.75 (1H, d, J = 2.2
Hz, H-2'), 7.65 (1H, dd, J = 8.4, 2.2 Hz, H-6'), 6.90
(1H, d, J = 8.4 Hz, H-5"), 6.40 (1H, d, J = 2.0 Hz,
H-8), 6.19 (1H, d, J = 2.0 Hz, H-6); '*C-NMR (100
MHz, CD;OD) d: 177.4 (C-4), 165.6 (C-7), 162.5
(C-5), 158.2 (C-9), 148.8 (C-2), 148.0 (C-4"), 146.2
(C-3"), 137.3 (C-3), 124.2 (C-1"), 121.7 (C-6"), 116.2
(C-5"), 115.9 (C-2"), 104.5 (C-10), 99.2 (C-6), 94.4
(C-8). LA FHUl 5 sClik e — Y, M e e
4 Ji I ER

&Y 5. LtsHiREm (FED, o+
C10H1403, HR-ESI-MS m/z: 205.082 6 [M+Na]" (if
#1H 205.083 5). 'H-NMR (400 MHz, CD;0D) §:
7.26 (2H, d, J = 8.7 Hz, H-2, 6), 6.86 (2H, d, J = 8.7
Hz, H-3, 5), 5.08 (1H, d, J = 5.0 Hz, H-1"), 4.40 (1H,
dq, J=5.0,6.0 Hz, H-2"), 3.75 (3H, s, 4-OMe), 1.09
(1H, d, J = 6.0 Hz, H-3"); *C-NMR (100 MHz,

CD;0D) d: 160.5 (C-4), 135.4 (C-1), 129.2 (C-2, 6),
114.4 (C-3, 5), 78.7 (C-1"), 72.4 (C-2'), 55.6 (4-OMe),
18.4 (C-3")o VA - HU 5 SOk o — 20, #s et
4% 5 N (IR,2R)-1-(4-methoxyphenyl)propane-
1,2-diol.

waEY 6. Lt (Wi, 710N
Ci0H1403, HR-ESI-MS m/z: 205.082 5 [M+Na]* (it
18 205.083 5). 'H-NMR (400 MHz, CD;0D) o:
7.23 (2H, d, J = 8.7 Hz, H-2, 6), 6.86 (2H, d, J = 8.7
Hz, H-3, 5), 4.26 (1H, d, J = 7.0 Hz, H-1"), 3.82 (1H,
dq, J = 6.0, 7.0 Hz, H-2"), 3.75 (3H, s, 4-OMe), 0.91
(1H, d, J = 6.0 Hz, H-3"); BC-NMR (100 MHz,
CD;0D) d: 160.7 (C-4), 135.3 (C-1), 129.3 (C-2, 6),
114.6 (C-3, 5), 79.9 (C-1'), 72.9 (C-2'), 55.6 (4-OMe),
19.2 (C-3"). VA FHR 5 S0k HoE — 20, #is et
A 6 4 (15,2R)-1-(4-methoxyphenyl) propane-1,2-
diol,

twaEY 7. AtERg s (FED, 4+~
C13H204, HR-ESI-MS m/z: 265.142 5 [M+Na]*
({+ 518 265.141 0).'H-NMR (600 MHz, CD30D) ¢:
7.15 (1H, d, J = 15.7 Hz, H-7), 6.16 (1H, d, J = 15.7
Hz, H-8), 3.74 (1H, m, H-3), 2.29 (1H, ddd, J = 14.3,
5.0, 1.7 Hz, H-4a), 2.28 (3H, s, H-10), 1.64 (1H, dd,
J =143, 9.2 Hz, H-4b), 1.56 (1H, ddd, J = 12.9, 3.4,
1.7 Hz, H-2a), 1.25 (1H, m, H-2b), 1.18 (3H, s, H-12),
1.16 (3H, s, H-13), 0.94 (3H,s, H-11); '*C-NMR (150
MHz, CD;OD) d: 200.3 (C-9), 145.4 (C-7), 133.8
(C-8), 70.8 (C-6), 68.8 (C-5), 64.4 (C-3), 47.7 (C-2),
41.3 (C-4), 36.1 (C-1), 29.8 (C-12), 27.4 (C-10), 25.1
(C-11),20.0 (C-13). LA FXf 5 SClifgoE —2ee),
WENEY T N (3S,5R,6S,7E)-3,5,6-trihydroxy-7-
megastigmen-9-one.

& 8. Bt LERHm K, 7T+ N
C30H4603, HR-ESI-MS m/z: 455.351 4 [M+H]* (it
18 455.352 0). '"H-NMR (400 MHz, CDCl5) 6: 5.30
(1H, s, H-12), 2.84 (1H, m, H-18), 2.54 (1H, m, H-2),
2.36 (1H, m, H-2), 1.14 (3H, s, H-27), 1.08 (3H, s,
H-23), 1.05 (3H, s, H-25), 1.03 (3H, s, H-24), 0.93
(3H, s, H-30), 0.91 (3H, s, H-29), 0.81 (3H, s, H-26);
3C-NMR (100 MHz, CDCl3) 6: 217.9 (C-3), 183.7
(C-28), 143.8 (C-13), 122.6 (C-12), 55.5 (C-5), 47.6
(C-4), 47.0 (C-9), 46.7 (C-17), 45.9 (C-19), 41.9
(C-14), 412 (C-18), 39.4 (C-1), 39.3 (C-8), 36.9
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(C-10), 34.3 (C-2), 33.9 (C-21), 33.2 (C-29), 32.6
(C-22), 32.3 (C-7), 30.8 (C-20), 27.8 (C-15), 26.6
(C-23), 25.9 (C-27), 23.7 (C-30), 23.6 (C-1), 23.1
(C-16), 21.6 (C-24), 19.7 (C-6), 17.2 (C-26), 15.2
(C-25). LA B 5 SCifRoE — 3027, Hes e s
V) 8 NFFEURIRIR -

&Y 9: LsHIREE R (HED, 571X N
C2Ha609, HR- ESI-MS m/z: 435.165 3 [M~+H]" (it
1Y 435.165 0). 'H-NMR (400 MHz, CD;OD) :
7.35 (2H, s, H-2, 6), 6.69 (2H, s, H-2', 6'), 4.61 (1H, s,
H-7"), 4.26 (1H, m, H-8), 4.19 (2H, m, H-9a, 9b), 3.88
(6H, s, 3, 5-OMe), 3.82 (6H, s, 3, 5’-OMe), 3.64 (2H,
m, H-9'a, 9'b), 2.61 (1H, m, H-8'); '3C-NMR (100
MHz, CD;0D) d: 200.3 (C-7), 149.2 (C-3, 5"), 148.1
(C-3, 5), 136.2 (C-4), 132.9 (C-1"), 128.0 (C-1), 107.7
(C-2, 6), 105.1 (C-2', 6"), 85.4 (C-7), 71.6 (C-9), 61.3
(C-9'), 56.9 (3, 5-OMe), 56.8 (3/, 5-OMe), 55.2
(C-8'),49.9 (C-8). LA ¥ 5 Clik i — 528, i
YA 9 AR FINER .

&P 10: LERY), 108 CioH1404,
HR-ESI-MS m/z: 221.077 5 [M+Na]* (it 514
221.078 4). 'H-NMR (400 MHz, CDs;OD) &: 7.30
(2H, d, J = 8.6 Hz, H-2', 6), 6.89 (2H, d, J = 8.6 Hz,
H-3', 5'), 4.55 (1H, d, J = 6.2 Hz, H-1), 3.78 (3H, s,
4'-OMe), 3.66 (1H, m, H-2), 3.47 (1H, m, H-3b), 3.34
(1H, m, H-3a); 3C-NMR (100 MHz, CDsOD) d: 160.7
(C-4"), 135.3 (C-1"), 129.1 (C-2, 6"), 114.6 (C-3, 5"),
77.6 (C-2), 75.2 (C-1), 64.2 (C-3), 55.7 (4-OMe). LA
RS SRR IE — Y, WS E AT 10
phenylpropanoid.

wEY 1. TEEREGR (RED, 27Xk
Ci9H3007, HR-ESI-MS m/z: 393.188 0 [M+Na]*
(11514 393.188 4).'H-NMR (400 MHz, CD;0D) §:
5.97 (1H, t, J = 7.8 Hz, H-1"), 5.91 (1H, s, H-2), 4.43
(1H, d, J= 7.8 Hz, H-1"), 4.04 (1H, m, H-3'), 2.62 (2H,
m, H-2"), 2.37 (2H, d, J= 6.0 Hz, H-6), 2.30 (3H, s, H-9),
1.34 3H, d, J = 5.3 Hz, H-4), 1.22 (6H, s, H-7, 8);
3C-NMR (100 MHz, CD;OD) d: 202.1 (C-1), 159.1
(C-3), 143.7 (C-4), 134.4 (C-1'), 125.6 (C-2), 103.9
(C-1"), 782 (C-3"), 77.9 (C-3"), 77.2 (C-5"), 75.3
(C-2"), 71.7 (C-4"), 62.8(C-6"), 54.7 (C-6), 39.3
(C-5), 37.7 (C-2), 29.3 (C-8), 29.2 (C-7), 22.7 (C-9),
22.2 (C-4"). LA bHdRE 5Okl —300, He

&Y 11 4 (2)-4-[30-(B-D-glucopyranosyloxy)
butylidene]-3,5,5-trimethyl-2-cyclohexen-1-one.

tEW 12: Lk, 51308 CioHz07,
HR-ESI-MS m/z: 393.188 2 [M + Na]* (it #H {4
393.188 4). 'H-NMR (400 MHz, CD;OD) J: 5.88
(1H, s, H-4), 5.74 (1H, dd, J = 15.4, 9.3 Hz, H-7), 5.58
(1H, dd, J = 15.4, 7.8 Hz, H-8), 4.49 (1H, m, H-9),
434 (1H, d, J= 7.8 Hz, H-1"), 3.87 (1H, dd, J = 11.9,
2.1 Hz, H-6'a), 3.64 (1H, dd, J = 11.9, 5.9 Hz, H-6'),
3.23 (4H, m, H-2"), 2.71 (1H, d, J= 9.3 Hz, H-6), 2.44
(1H, d, J = 16.7 Hz, H-2b), 2.07 (1H, d, J = 16.7 Hz,
H-2a), 1.94 3H, d, J = 1.4 Hz, H-13), 1.28 (3H, d, J =
5.9 Hz, H-10), 1.05 (3H, s, H-11), 1.03 (3H, s, H-12);
BC-NMR (100 MHz, CDsOD) d: 201.9 (C-3), 165.5
(C-5), 137.1 (C-8), 131.4 (C-7), 126.2 (C-4), 101.0
(C-17), 78.3 (C-3"), 78.2 (C-5'), 75.0 (C-2"), 74.8 (C-9),
71.8 (C-4"), 62.9 (C-6'), 56.9 (C-6), 48.4 (C-2), 37.1
(C-1), 28.1 (C-12), 27.7 (C-11), 23.7 (C-13), 22.2
(C-10). LA E30d 5 SCmkdiE —203), s e s
¥ 12 2N 3-oxo-a-ionol-B-D-glucopyranoside.

&Y 13: LtsHIREG & (FED, 21Xk
C26H3,011, HR-ESI-MS m/z: 519.187 3 [M-H]~ (i}
18 519.187 2). 'H-NMR (400 MHz, CD;OD) o:
6.86 (6H, m, H-2, 5, 6, 2", 5', 6", 4.85 (1H, d, J= 7.0
Hz, H-1"), 4.74 (1H, d, J = 4.0 Hz, H-7), 4.69 (1H, d,
J=4.0 Hz, H-7), 4.22 (2H, m, H-9, 9'), 3.85 (6H, s, 3,
3-OMe), 3.11 (2H, m, H-8, 8'); 3C-NMR (100 MHz,
CD;0D) §: 150.9 (C-3"), 149.1 (C-3), 147.5 (C-4),
147.3 (C-4"), 137.5 (C-1"), 133.7 (C-1), 120.1 (C-6),
119.8 (C-6"), 117.9 (C-5), 116.1 (C-5'), 111.6 (C-2),
110.9 (C-2'), 102.8 (C-1"), 87.5 (C-7"), 87.1 (C-7),
78.2 (C-5"), 77.8 (C-3"), 74.9 (C-2"), 72.7 (C-9"), 72.7
(C-9), 71.3 (C-4"), 62.5 (C-6"), 56.7 (3-OMe), 56.4
(3-OMe), 55.5 (C-8"), 55.4 (C-8). P % 5 STk 4R
E—0Y, %S 13 N (+)-pinoresinol-B-D-
glucopyranoside

ey 14: BEmARREG & (PED, 21
A C1sH2006, HR-ESI-MS m/z: 319.115 2 [M+Na]*
(iH51E 319.115 2). 'H-NMR (400 MHz, CD;0D) 6:
6.36 (1H, d, J = 15.8 Hz, H-7), 6.15 (1H, dq, J = 15.8,
6.5 Hz, H-8), 3.80 (5H, m, H-2'~6"), 1.85 (3H, d, J =
6.5 Hz, H-9); 3C-NMR (100 MHz, CD;OD) ¢: 158.1
(C-4), 133.8 (C-1), 131.6 (C-7), 127.8 (C-2, 6), 124.8
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(C-8), 117.8 (C-3, 5), 102.4 (C-19, 78.1 (C-3"), 77.9
(C-5),74.9 (C-2'), 71.4 (C-4"), 62.5 (C-6"), 18.5 (C-9).
DB B 5 0CHR I E — B0, e S 14 N
trans-4-(1-propenyl)-phenol-B-D-glucopyranoside.
aEY 15 AR AREG R (FED, 27X
A Ci1sH2006, HR-ESI-MS m/z: 319.114 9 [M+Na]*
({1548 319.115 2). 'H-NMR (400 MHz, CD;0D) §:
7.11 2H, d, J= 8.6 Hz, H-2, 6), 7.03 (2H, d, J = 8.6
Hz, H-3, 5), 5.95 (1H, m, H-8), 5.06 (1H, d, /= 15.4
Hz, H-9b), 5.02 (1H, d, J = 8.9 Hz, H-9a), 3.90 (1H,
dd, J=12.0, 1.9 Hz, H-6b), 3.71 (1H, dd, /= 12.0, 4.8
Hz, H-6a), 3.45 (4H, m, H-2'~5"),3.33 2H, d,J=7.1
Hz, H-7); BC-NMR (100 MHz, CD:OD) &: 157.5
(C-4), 139.2 (C-8), 135.2 (C-1), 130.5 (C-3, 5), 117.8
(C-2, 6), 115.7 (C-9), 102.5 (C-1"), 78.0 (C-3"), 77.9
(C-5), 749 (C-2"), 71.4 (C-4"), 62.5 (C-6), 40.3
(C-7)o VL EHE 5 SR IE — 200, et a9
15 4 1-O-B-D-glucopyranosyl-4-allybenzene -
&P 16: TEM AR, 71 XA CieHnO7,
HR-ESI-MS m/z: 350.1292 [M + Na]* (it & {8
350.129 2). 'H-NMR (400 MHz, CDs;OD) 4: 7.03
(1H, d, J=2.0 Hz, H-2), 6.93 (1H, d, /= 8.3 Hz, H-5),
6.83 (1H, dd, J = 8.3, 2.0 Hz, H-6), 5.96 (1H, ddt, J =
17.0, 10.0, 6.8 Hz, H-2"), 5.69 (1H, d, J = 7.0 Hz,
H-1"), 5.09 (1H, dd, /= 10.0, 2.0 Hz, H-3"), 5.02 (1H,
dd, J=17.0, 2.0 Hz, H-3"), 3.84 (3H, s, 4-OMe), 3.32
(H, d, J = 6.8 Hz, H-1"). BC-NMR (100 MHz,
CDs;0D) ¢: 149.1 (C-3), 147.9 (C-4), 139.0 (C-2),
134.6 (C-1), 123.8 (C-6), 118.5 (C-2), 115.8 (C-3"),
113.8 (C-5), 102.9 (C-1"), 78.2 (C-3"), 77.8 (C-5"),
74.9 (C-2"), 71.3 (C-4"), 62.5 (C-6"), 56.9 (4-OMe),
40.5 (C-1")o LA Xdie 15 SCRRIRGE — 309, $ee b
) 16 4 3-hydroxyestragole B-D-glucopyranoside.
WEM T B AK, 7373 CisHizO0s,
HR-ESI-MS m/z: 307.057 0 [M+Na]* (it 514
307.057 7). 'H-NMR (400 MHz, CD:OD) &: 7.45
(2H, d, J = 8.5 Hz, H-2', 6"), 7.02 (2H, d, J = 8.5 Hz,
H-3', 5%), 6.22 (1H, d, J = 2.1 Hz, H-8), 6.19 (1H, d,
J=2.1Hz, H-6), 3.78 (3H, s, 5-OMe); '3C-NMR (100
MHz, CD;OD) ¢: 175.9 (C-4), 162.1 (C-7), 160.5
(C-4", 160.1 (C-2), 159.8 (C-5), 159.6 (C-9), 127.5
(C-2', 6, 121.6 (C-1"), 115.9 (C-3', 5"), 106.9 (C-3),
106.7 (C-10), 96.7 (C-6), 96.0 (C-8), 57.6 (4-OMe).

DAL HH 5 Sk R E — B0, MUSE AT 17 R
BEACRAT BT IR o

EY) 18 ILOEHRE s (PED, 707N
Ci6H220g, HR-ESI-MS m/z: 365.120 6 [M+ Na]+ (ﬁ‘
1Y 365.120 7). 'H-NMR (400 MHz, CD;OD) o:
6.55 (1H, d, J= 2.0 Hz, H-2), 6.41 (1H, d, J= 2.0 Hz,
H-6), 5.93 (1H, ddt, J = 16.9, 10.0, 6.7 Hz, H-2"), 5.73
(1H, d, J= 7.0 Hz, H-1"), 5.07 (1H, dd, J = 16.9, 2.2
Hz, H-3'b), 5.02 (1H, dd, J = 2.2, 1.0 Hz, H-3a), 3.83
(3H, s, 4-OMe), 3.25 (2H, d, J = 6.7 Hz, H-1');
BC-NMR (100 MHz, CD;OD) &: 152.1 (C-5), 151.6
(C-3), 138.7 (C-2'), 137.6 (C-4), 136.7 (C-1), 115.9
(C-3"), 111.6 (C-6), 109.2 (C-2), 102.6 (C-1"), 78.1
(C-3"), 78.0 (C-5"), 74.9 (C-2"), 71.3 (C-4"), 62.5
(C-6"), 61.6 (4-OMe), 40.0 (C-1"). LL X 5 ciik
il —HP, wEEHKED 18 K 35-
dihydroxyestragole 3-O-B-D-glucopyranoside.

A 19: FEag Bt AR, 757208 CH6Os,
HR-ESI-MS m/z: 139.038 2 [M+ H]" (it & 1
139.039 0). 'H-NMR (400 MHz, CD;OD) &: 8.02
(1H, dd, J = 7.8, 1.8 Hz, H-6), 7.77 (1H, dd, J = 8.3,
1.8 Hz, H-4), 7.34 (1H, t, J = 7.8 Hz, H-5), 6.81 (1H,
d, J=8.3 Hz, H-3); 3C-NMR (100 MHz, CD;0D) 6:
174.3 (C=0), 163.1 (C-2), 136.1 (C-4), 131.6 (C-6),
119.9 (C-5), 117.9 (C-3), 110.9 (C-1). L EHHE 5
BRARIE — 38, M AT 19 KR .

& 20 AL ERMAK, 5+ TN
Ci13H1306, HR-ESI-MS m/z: 293.099 3 [M+Na]* (it
518 293.099 6). 'H-NMR (400 MHz, CD;OD) J:
731 (5H, m, H-2~6), 491 (1H, d, J = 11.8 Hz,
H-7b), 4.63 (1H, d, J = 11.8 Hz, H-7a), 4.32 (1H, d,
J = 7.7 Hz, H-1'0)), 3.86 (1H, dd, J = 11.9, 2.1 Hz,
H-6'b), 3.66 (1H, dd, J = 11.9, 5.7 Hz, H-6'a);
13C-NMR (100 MHz, CD;0D) ¢: 139.0 (C-1), 129.3
(C-3, 5), 129.2 (C-2, 6), 128.7 (C-4), 103.2 (C-1"),
78.1 (C-3), 78.0 (C-5"), 75.1 (C-2"), 71.7 (C-7), 71.7
(C-4"), 62.8 (C-6")0 LA EEGHE 5 30k iE —FUBY, Wi
YA 20 SN benzyl B-D-glucopyranoside .

5.2 (&YX RERESHIHIE AN

KB 2 IR B AL LB 2 BRI 70, X /NE
Rt R ZLBE BRI 70 B ) 20 AME AW T IR SNER
FR B A0S e, LR e 5 NS EEUF I R
Fx A REEHIHIEH L&Y (4. 13~15. 17, H
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H LGS 15 R 17 56 e I i P 4 ) A P A B
0, TESRIOIREVEEN, thEY 17 MBS R
PN Ik F] 88.27%. FAW) ICso 25 R IFE 1.
5 MEAW 1Cs /T FEMEZY B-RESR T, Hps
Y115 A1 17 1) ICso {85/, RWIIX 2 MUEVIRTEE
SIRBGHDHIE e, FH SR R aF, AW 13
A 14 XEREEREG ADHI A Y, (A 4 fEH AP
PR AL o
53 DFXIELER

I8 0 B SRR W A R S AR A 2 MLA )
(15, 17 HAT 0 FRHEFFER HAT 45

A 15 A RWE 1 FoR, e 15 4
w5 R BRI A R R EER (Cys)y HEA
i (Gly) WRILERESE, HEKS R 1.9, 2.0,
231 2.8 3.2, 7 TRHERSE G EEN-3.5 kI/mol, E W]

HEARGFE RS GRE.

&Y 17 R A R 2 Fos, &Y 17 51
il R 2 Y Cys SR TR RERE, H
KRN 2.00 2,04 2.4, 2.8, HTXHEES AN
-5.74 kJ/mol, FRWIHEA RIFIHH HAEL G HEST

*1 BFUAVNESEREIEIEYE (Xts,n=3)
Table1l Tyrosinase inhibitory activity of compounds (X + s,
n=3)

EW ICso/(mg-mL ™)
4 0.78340.024
13 0.5320.091

14 0.575+0.022°

15 0.113+0.032"

17 0.09240.011
B-RER 1.78440.240

5 p-REREAMLEL: "P<0.05
“P < 0.05 vs B-arbutin

El1 L& 15 HFRHEER
Fig. 1 Molecular docking results of compound 15

B2 & 17 DFIHEER

Fig. 2 Molecular docking results of compound 17

6 iTie

s R IR 2 — PR R, | AR T Y
Mk, RAEMREREARN N, BE
R IEY) G T S A R AR N LT R

(L-Tyr) Az, ZERE&d# PR ERZE
B, 2 OERHLE—RIERE, a4 R
BRI, DHERYIN, BREIREERE LS B
R REAS, 2 B AT fh] B R AR R
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AHEFARIE T 20 A /NEEBERR SRR 7
BHCSRIAA YD, FEE H AT 0 T 2 BRI v 1 S
3, SIS REREAEY 4. 13~15. 17 EH R
(1) % BRI A5 12k, ) R 35 v TP 24 B-fE
B, HAEY 15 F17 JUR U, H 1Cs 7051
N 0.113+ 0.092 mg/mL, T k&4 15 F1 17
AT R, R R B EY 15 BA
HiF M SERARME DS G, 28R 5T
SEuG gk 5 A 1S IHIRERIE T &9 14,
AIREHTHEY 15 RN A i AR s 2
B AR R ARIX I, B & 15 15K
RIT WA 140 ARWFFEE FA I/ NEEA 85
% F R B — 2B I R AR SR R AR A 2 2%
IKEER
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