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Abstract: The ethyl acetate fraction of the 95% ethanol extract from black mulberry branches was isolated
and purified by comprehensive application of chromatographic techniques, including normal-phase silica gel
column chromatography, Sephadex LH-20 gel column chromatography, and semi-preparative high-performance
liquid chromatography (semi-prep HPLC). Fourteen compounds were obtained, and their structures were identified
using modern spectroscopic techniques (UV, IR, MS, NMR). These compounds were identified as nigrasin M (1),
nigrasin N (2), sanggenol F (3), sanggenon A (4), nigrasin K (5), nigrasin H (6), petalopurpurenol (7), solophenol D
(8), nigragenon A (9), nigragenon I (10), nigragenon J (11), notabilisin A (12), notabilisin C (13), and licoflavone C
(14). Among them, compounds 1 and 2 are new flavonoids, while compounds 13 and 14 were isolated from Morus

nigra branches for the first time. To evaluate the hypoglycemic potential of compounds 1-13, a glucose uptake assay
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was performed using an L6 cell model. The results showed that compounds 6, 9, 11, and 12 significantly enhanced

glucose uptake in L6 cells, suggesting their potential hypoglycemic activity.

Key words: Morus nigra; chemical constituent; isolation and identification; flavonoid; glucose uptake
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H AT RG22 B B g YRR 7, AR S
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G~ 13 HEAT A B TR OIS YRR 7T . 4 R e 2 B AR
VI e 15 2 M PR O B s B EA T, T i LA M 5 R A
FH A 32 EEER A 21, 67 BT 249 80% [ Jim 1 & M N - i
% JUL % 267 0 £ R /> BT R T 2 e R R 2 R,
M A HE 2 BUE FR 99 (type 2 diabetes mellitus, T2DM)
kA5 kel

FER518
1 #HWEE

&Y BEEMHIRY; [a]? 141° (c 0.4, MeOH);
HR-ESI-MS [M+H]" m/z 457.185 8, #EWll H: 4>+ R A
C,.H,,0,, NAIE A 12, "H NMR (& 1) $dE 1 4155
HEAMT155 [0, 7.23 (1H, d, J = 8.2 Hz, H-6"), 6.44
(1H, dd, J = 8.2, 2.1 Hz, H-5") f16.33 (1H, d, J = 2.1 Hz,
H-3")] #5545 — 41 ABX RSN AR (BIR) 7276, 141
FER LGS [0, 5.78 (1H, s, H-8)], BL K& 1 N7
15 5L 0 T8 % [0, 3.05 (1H, dd, J = 14.6, 9.0 Hz, H-
9a), 2.72 (1H, dd, J = 14.6, 6.3 Hz, H-9b), 5.20 (1H, t,
J = 7.2 Hz, H-10), 1.60 (3H, s, H-12), 1.50 (3H, s, H-
13)]. "C NMR FIDEPT (& 1) &R 25 M55, 46
1B 5 [0, 188.9 (C-4)] 44 FFEFR(E 5 [0,
18.1 (C-12), 25.9 (C-13), 28.8 (C-4"), 28.8 (C-5")].3
T FERRAS 5 [8, 32.5 (C-9), 17.9 (C-1"), 43.2 (C-2")]-
B I E, RRtam1 528tk &
sanggenol F (3) 15 F AL

HMBC B3 &R 0, 2.58 (H-1") 5 6. 162.8 (C-5),

Figure 1  Structures of compounds 1-14. ‘Indicates a novel compound



BEAE BEN AR LB B BRI 7S - 1751

109.8 (C-6), 167.3 (C-7), 43.3 (C-2"), 71.7 (C-3") 1 1E
HH2%; 8, 1.62 (H-2") 55 6. 167.3 (C-7), 17.9 (C-1"), 71.7
(C-3"), 28.8 (C-4") A {EAH K; 8, 1.24 (H-4", H-5") 5
3. 43.2 (C-2"), 71.7 (C-3") 47 1E #H %; H 'H-'H COSY
3 R 8, 1.62 (H-2") 5 6, 2.58 (H-1") A7 {EAH %
(E 2), &5 & 28 LRIk, oy #E90p S & 32 2 X
Bl A 3 1) C-6 b b 1) 5 M R B T B AR
1L1- IS B 45 M Bt 28 TR nT s e th 5 1
[P T 25 48 ol ok HL - B 5 3% (electronic circular
dichroism, ECD) T 5 M1 #ff & 44 & 40 1 19 48 55 ¥4 7Y
115K FH Gaussian 16 B 58 ik, 18 i 1% # Boltzmann-
opulation g 1d 1% HI# G4k . >k H B3LYP/6-311G (d)
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X H PBE0/def2-TZVP 2% 5l i+ 5, i1 5 ik 72 4 %
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M4 BN 2R, 3R, HI I, AW 1 40 37k 45 1 4%
5, H X+ H A 4 N nigrasin M.

—— !H-'HCOSY
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Figure 2 Key HMBC, 'H-'H COSY and ROESY of compounds
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Figure 3 Experimental and calculated ECD spectra of compound
1

th&EW2  EOHPIRY; (0] 187.5° (c 0.4, MeOH);
HR-ESI-MS [M+H]" m/z 439.175 1, #:0ll 2 5 7 X A
C,.H, 0, NEFIEE A 13. 'THNMR (F 1) #HdE#En 141
Ji & W ABX H i R 415 52T 0, 721 (I1H, d, J =
8.2 Hz, H-6"), 6.42 (1H, dd, J = 8.2, 2.1 Hz, H-5") fil §,,
6.31 (1H, d, J=2.1 Hz, H-3'); 1 {175 F L E AL T 5,
5.69 (1H, s, H-8); 7 M 2 1 i+ 15 5 &4 9, 5.19
(1H, t, J = 7.7 Hz, H-10) {4 5 K £ 7, 6, 3.03
(1H, br dd, J = 9.0, 14.6 Hz, H-9a) fil 6, 2.70 (1H, br dd,
J=6.2,14.6 Hz, H-9b) % A& A T H 38 i 1, DA%
d, 1.57 (3H, br s, H-12), 6, 1.49 (3H, br s, H-13) {14
L5 5. “C NMR M DEPT (% 1) i 5 25 MR 1E
S E IR S [0, 189.4 (C-4)] 4 NHEBE S
[0. 18.0 (C-12), 25.9 (C-13), 27.1 (C-4"), 26.6 (C-5")]-
3ANE H LB AS 5 [, 32.5 (C-9), 32.6 (C-2"), 16.5 (C-
1M)], R EEILREE R A 1 B SR Y
BB () B AL a5 1 . Ik Ah, A1 TH NMR I 7E 5,
1.77 (2H, t, J= 7.0 Hz, H-2"), 2.56 (2H, t, J= 7.4 Hz, H-
1"), 1.29 (3H, s, H-5"), 1.30 (3H, s, H-4") &b (55, &
B LG5 T S — AN 2,2- I AL IR . 7R A
AHIESCERY G, R I &9 2 5 nigrasin A S5 FIFHALL

HMBC i &R §, 2.56 (H-1") 5 6. 162.9 (C-5),
5. 102.8 (C-6), 5. 165.4 (C-7), 8. 32.6 (C-2"), 6. 77.4
(C-3") fFAEM 2% 6, 1.77 (H-2") 55 5. 102.8 (C-6), &,
77.4 (C-3"), 8. 16.6 (C-1"), 5. 26.6 (C-5") fE{EMIIK; 5,
1.29 (H-5")~ 8, 1.30 (H-4") 5 &, 77.4 (C-3") im FEAH K,
Fi 454 'H-"H COSY B i 7R 8, 1.77 (H-2") 5 5,
2.56 (H-1") Z [A] #H K 2 7~ -(CH,),-C(O)-(CH,), [t 45 14
(E2). K8, HMBC H H-1"5 §. 165.4 (C-7) )
P, BLK H-2"5 8. 102.8 (C-6) M 2, JL[RIE
SEAZANBE (1) C-2" A8 it C-C #E 5 BERZ ¥ C-6 1 M1 3%,
H C-1"f 5 C-7 i A, AT R T — A8 I i 26
B G R TN RE L C-T RS
MEE C-3"hr 2R K A4+ N K SN I 45 2R o &5 B
R, ATHEN AL A4 2 5 nigrasins A 1 F EXAET, B
R A S EAL A ) nigrasins A S MR K C-
3rhr R R T BT R, bk — 2P e LA .
i /] 3R ECD it 5 77 vk 5 Hodk 47 ECD % & (K 4)
THE A e dax MY, 45 R B R Ak B YR 45 M R R
2R, 3R, FFX} HoAr 4 A nigrasin N
2 GEMITEN

T L6 2 e 1 1 5 260 B 15 B S B i ik S 1~
13 5% L6 B % JUL 2 i Py 61 265 W 35 0 2 e, DU B 3R
(insulin, INS) ABHPEXT IR, % & 2= X 2 (control) 1
SEOG M, SR P 5. | kR, FE B VR FE S0 mg L
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Figure 4 Experimental and calculated ECD spectra of compound
2
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Bruker DRX-600 MHz %4 #% i J& 9% i 1% 4% (4
Bruker 24 ]); Waters ACQUITY SQD MS & #H Jii 1% Ih¢
FHAX < Waters 2535 - fil] 2% v R0 VR A (2 5% 4L (3£
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Figure 5 The effect of compounds on glucose uptake in L6 cells.
Compounds 1-13 were tested at 50 mg-L" for glucose uptake
activity. n =3, X £s. P <0.05,

ok

P <0.001 vs control group. INS:

Insulin

Waters 2 7); Silgreen C, A (250 mm x 10 mm, 5 pm,
e gk A B R K A IR A F]); COSMOSIL Cholester
FE (250 mm x 10 mm, 5 pm, H A& COSMOSIL 2 );
Phenomenex Gemini Cy#£ (250 mm x 10 mm, 5 um, 3£
Phenomenex 2 &)); COSMOSIL 5PFP £+ (250 mm x
10 mm, 5 pm, H 4 Nacalai Tesque); GF,, ¥ 2 i AR
TR (0 & VL AR IR IT R A7 BR A 7]); Sephadex LH-
20 7] SRR RS (32 [E Amersham A &]); HP20 K FL W Bt
PG (HAR =3 R)); a4 g (L s R A /R AEE
A B 2> 7); DMEM/HIGH GLUCOSE % 77 % (3£

Table 1

"H (600 MHz) and "*C (150 MHz) NMR data of compounds 1 and 2 (in CD,0D)

1
Position 0y JHz
2 _
3 -
4 _
4a -
5 _
6 -
7 _
8 5.78 (s, 1H)
8a -
9 3.05 (dd, J=14.6,9.0 Hz, 1H)
2.72 (dd, J=14.6, 6.3 Hz, 1H)
10 5.20 (t,J=7.2 Hz, IH)
11 -
12 1.60 (s, 3H)
13 1.50 (s, 3H)
1 -
2 _
3 6.33 (d,J=2.1 Hz, 1H)
4! _
5 6.44 (dd, J=8.2,2.1 Hz, IH)
6 7.23 (d,J=8.2 Hz, 1H)
1" 2.58 (dd, J=7.4,4.1 Hz, 2H)
2" 1.61 (m, 2H)
37 -
4" 1.24 (s, 3H)
5" 1.24 (s, 3H)

2
Oe 0, JHz Se
92.1 - 92.2
103.0 - 103.0
188.9 - 189.9
100.5 - 100.7
162.8 - 162.9
109.8 - 102.8
167.3 - 165.4
95.2 5.69 (s, 1H) 96.8
161.9 - 161.3
325 3.03 (dd, J= 14.6,9.0 Hz, 1H) 325
2.70 (dd, J = 14.6, 6.2 Hz, 1H)

119.0 5.19 (t,J=7.7 Hz, 1H) 119.0
136.9 - 136.9
18.1 1.57 (s, 3H) 18.0
25.9 1.49 (s, 3H) 25.9
121.6 - 1215
161.4 - 161.4
99.5 6.31 (d,J=2.1 Hz, 1H) 99.5
161.5 - 161.5
110.1 6.42 (dd, J=18.2,2.1 Hz, 1H) 109.8
125.6 7.21(d,J=8.2 Hz, 1H) 125.6
17.9 2.57 (t, J= 7.4 Hz, 2H) 16.5
432 1.77 (t, J = 7.0 Hz, 2H) 32.6
71.7 - 77.7
28.8 1.29 (s, 3H) 27.1
28.8 1.30 (s, 3H) 26.6
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Hyclone A #]); HH 2-HHRBOGHHR GEEERRE
BHECA IR A A]); PBS 2 Ml (WU B4R A RHEH
[ 2\ &1); DMSO (3 [E MP Biomedicals 2\ &); % %] ¥
M52 R (A154-1-1, o A TRERE 0B, 7 L,
), OB (B4l 25 [ Tedia A &); FABIRA A
IrHT 4t

BT 202196 HIW A ¥ iE4EE /R By X ATH
T, G0 T K5 24 2 B D o U8 v 2 TR T 468 0 5%
BHE W) B 5% Morus nigra L. T IEE 26, FRIER A (4
51 SCO878) TRA7- T 1 R B K 2 24 - B A AR A I o
1 RS E

B 6 SR S8 31 kg My I 7 /S, A8 95% £ IE
TSR R 6% (200 L, 7 d/AR), $2 B 7E 48 5 i
JE R 40 5 15 23R B 2.68 kg, iz B £ oK 3851 5 B
)&, R CBEFIIE T B2l 0T 2 IRAEEL, 1531 2
R G R IR 8 790 g IE T BEF AR B 190 g BN Z
% B8 3B AL (700 g) ok K FLBE AR A, 43 B FH 10%.
20%- 30%- 35%- 40%- 50%- 60%-+ 70%- 80%- 90%-
100% ZBE AT Ye i, 4298 2 itk ik ot 15 5 8 4~
Y9y Fr.1~Fr.8. HUFr.5 (64.82 g) il i 1 AR fR AE (1 it
(300~400 H) 47 &, LA =& H k- EE (1002 1—0:100)
BEAT BR RS TR B, )2 A AR A IE, BRI 8 N4
(Fr.5-1~Fr.5-8).

Fr.5-3 £ 1E A REAE (13 (300~400 B) 77 5545 2
3ANYL Yy (Fr.5-3-1~Fr.5-3-3), ¥ Fr.5-3-1 ] 41 %% =
RO (2B -7K, 58142, WM& 4 0.1% I H
i2) 7 B B A1 2 (59 mg, 1,=44 min) FI{L 59 4
(13.9 mg, £, = 46 min). Fr.5-3-2 £& 1F M i 2 B 15 21
9 /Ny (Fr.5-3-2-1~Fr.5-3-2-9), Fr.5-3-2-8 £ 3¢ -
RO A (ZKE-K, 50150, WIS 0.1%
HER) 0 B3 2595 (13 mg, 1, = 18 min) (b &4 3
(10.1 mg, #, = 23 min) MG 11 (37 mg, ¢, = 38 min).
Fr.5-3-3 & P-4l 2% = OB AR il (457K, 45155, sl
MEH0.1% MHIR) 7 B 2MLE41 (96.6 mg, 1, =
15 min),

Fr.5-4 £& Sephadex LH-20 ¢/l £, HEEVE M, 15 21
6 NH 43 (Fr.5-4-1~Fr.5-4-6), 31 Fr.5-4-5 28 JH 241 4%
RO L3 (2 -K, 64136, BNH S 0.1% I H
i) 2k 3 B 58 (16.1 mg, ¢, = 13 min) FLE 7
(15.6 mg, t, = 16 min). Fr.5-4-4 % Sephadex LH-20 #
JRe A, HEE R, 73 3 3 AN 44y (Fr.5-4-4-1~Fr.5-4-4-3),
Fr.5-4-4-3 2 - il 2% = RO AR B3 (2B -7K, 75135, i
A 0.1% B HER) 414> 4 /N 2H 4 (Fr.5-4-4-3-1~
Fr.5-4-4-3-4), H: 1 Fr.5-4-4-3-2 2 2 1] £ 75 BOB A 2
W (ZHE-7K, 50150, FishAH S A 0.1% 1) L) 473 1k

2Ny (Fr.5-4-4-3-2-1.Fr.5-4-4-3-2-2), Fr.5-4-4-3-2-1
28 2P £ T RO 3 (2B -K, 30070, BN A H
0.1% 1 HER) 2ifb 13 2L 5110 (44.7 mg, £, = 15 min).
Fr.5-4-4-3-3 22 - il £ =1 S0A il (457K, 5050,
WMAHE A 0.1% 1 ER) 2ib 5 2465913 (9.3 mg,
ty =16 min), Fr.5-4-4-3-4 48 2 i £ & ROBAH (% (2
E-7K, 40260, MAIH & 0.1% ) H ) ik 53 21L&
16 (10.7 mg, t, = 15 min).

Fr.5-5 2 IE AR fE R A €21 (300~400 H) 70 55 6 4>
Y73 (Fr.5-5-1~Fr.5-5-6), Fr.5-5-3 % Sephadex LH-20 %
JeAE, FREEVE, 193] 6 N4H4) (Fr.5-5-3-1~Fr.5-5-3-6),
Fr.5-5-3-5 28 - il 2% 21 RO A 3 (257K, 50150, it
FIHEH 0.1% FIHER) 415 M 6 A4 45 (Fr.5-5-3-5-1~
Fr.5-5-3-5-6), H: 1, Fr.5-5-3-5-1 £ 2 il & = A0 AH B
B (4 HE-7K, 50050, VLB AHE A 0.1% [ HIR) 4ifiis
B4 5414 (10.8 mg, £, = 15 min). Fr.5-5-3-2 28 -4l
2 R B (ZHE-K, 5050, A 0.1% 1)
HER) 4l 43 N 5 N4 4 (Fr. 5-5-3-2-1~Fr. 5-5-3-2-5),
Fr.5-5-3-2-4 2 -1l & =1 S0 A il (25 -9K, 35165,
WA E A 0.1% B HIR) 46tk 246599 (11.9 mg,
t, =17 min). Fr.5-5-5 2 il & = 800 H 3 (206 -
7K, 50250, FBHAH & 0.1% 1) ER) 409 1% 5 AN 450
(Fr.5-5-5-1~Fr.5-5-5-5), Fr.5-5-5-4 22 41| % 7= S0 A
itk (LHE-7K, 50250, MM & F 0.1% T R) 2tk
BEMLA Y12 (15.6 mg, £, = 13 min),

2 HHWEE

&Y EOHIRYD; [a]Z 141° (¢ 0.4, MeOH).
HR-ESI-MS [M+H] m/z 457.185 8 (Calcd. for 457.186 2,
C,sH,,0,)o UV MO (Joge): 235 (4.53).315 (4.57) nm.

max

IR vEP: 2972, 1 643, 1 604 cm™. '"H NMR (600 MHz,
CD,0D) A1 °C NMR (150 MHz, CD,0D) ## L% 1.
&2 FEEHRYD; (@] 187.5° (¢ 0.4, MeOH).
HR-ESI-MS [M+H]" m/z 439.175 1 (Calcd. for 439.175 7,
C,H,,0,). UV MO (loge): 230 (4.31).310 (4.32) nm.

max

IR vEB: 3.427,2 978, 1 651 cm™. '"H NMR (600 MHz,
CD,0OD) 1 °C NMR (150 MHz, CD,0OD) %4 IL5 1.
th&3  EEOHRYY; ESI-MS m/z: 438.166 8 [M+
H]" (Calcd. for438.167 8, C,;H,,0.). 'HNMR (600 MHz,
CD,0D) §,: 7.23 (1H, d, J = 8.2 Hz, H-6"), 6.44 (1H, dd,
J=8.2,2.1 Hz, H-5"), 6.33 (1H, d, J= 2.1 Hz, H-3"), 5.77
(1H, s, H-8), 5.20 (1H, t, J= 9.1 Hz, H-2"), 5.16 (1H, t,
J=9.1 Hz, H-10), 3.18 (2H, d, J = 7.2 Hz, H-1"), 3.04
(1H, dd, J = 14.6, 9.0 Hz, H-9a), 2.71 (1H, dd, J = 14.5,
6.3 Hz, H-9b), 1.74 (3H, s, H-3"), 1.64 (3H, s, H-4"), 1.60
(3H, s, H-12), 1.50 (3H, s, H-13); "C NMR (150 MHz,
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CD,OD) 6. 188.8 (C-4), 167.3 (C-7), 162.8 (C-5), 161.9
(C-8a), 161.5 (C-2'), 161.4 (C-4"), 136.9 (C-11), 131.7 (C-
3", 125.6 (C-6'), 123.6 (C-2"), 121.6 (C-1"), 119.0 (C-
10), 109.8 (C-5"), 109.5 (C-6), 103.0 (C-3), 100.6 (C-4a),
99.5 (C-3"), 95.2 (C-8), 92.1 (C-2), 32.5 (C-9), 25.9 (C-
13), 25.9 (C-5"), 21.7 (C-1"), 18.1 (C-12), 17.8 (C-4").
DA b 5 SR ol H AR — 3, 504 5E N sanggenol F.

&4 BB TEE M R, ESI-MS m/z:
435.143 8 [M-H] " (Caled. for 435.143 8, C,.H,,0.).
'"H NMR (600 MHz, CD,0D) 8, 7.26 (1H, d, J = 8.2 Hz,
H-6), 6.57 (1H, d, J=10.0 Hz, H-1"), 6.46 (1H, dd, J =
8.2, 2.1 Hz, H-5"), 6.34 (1H, d, J = 2.1 Hz, H-2'), 5.72
(1H, s, H-8), 5.57 (1H, d, J = 10.0 Hz, H-2"), 5.18 (1H,
t, J= 7.6 Hz, H-10), 3.09 (1H, dd, J= 14.5, 9.2 Hz, H-
9a), 2.73 (1H, dd, J = 14.6, 6.2 Hz, H-9b), 1.61 (3H, s,
H-12), 1.49 (3H, s, H-13), 1.40 (3H, s, H-4"), 1.39 (3H,
s, H-5"); ®C NMR (150 MHz, CD,0D) &, 189.5 (C-4),
164.5 (C-7), 163.6 (C-5), 161.6 (C-8a), 161.5 (C-4"),
159.7 (C-2"), 137.3 (C-11), 127.4 (C-2"), 125.6 (C-6"),
121.3 (C-1"), 118.9 (C-10), 115.8 (C-1"), 109.9 (C-5"),
103.5 (C-6), 102.7 (C-3), 101.0 (C-4a), 99.6 (C-3"), 96.6
(C-8), 92.9 (C-2), 79.6 (C-3"), 32.4 (C-9), 28.6 (C-4"),
28.5 (C-5"), 25.9 (C-12), 18.1 (C-13). LA b ¥4l 5
RV T8 3 A —E, W% 2 A sanggenon A

&S FAAMIRY; ESI-MS m/z: 438.168 9
[M+H] * (Caled. for 438.167 9, C,.H,0.). 'H NMR
(600 MHz, CD,0OD) ¢,: 7.21 (1H, d, J = 8.2 Hz, H-6"),
6.42 (1H, dd, J = 8.2, 2.1 Hz, H-5"), 6.31 (1H, d, J =
2.1 Hz, H-3"), 5.26 (1H, t, J= 7.2 Hz, H-10), 5.06 (1H, t,
J=17.1Hz, H-2"), 3.18 (1H, dd, J = 14.2, 7.4 Hz, H-1"a),
3.10 (1H, dd, J= 14.1, 7.0 Hz, H-9a), 2.97 (1H, dd, J =
14.8, 8.1 Hz, H-1"b), 2.79 (1H, dd, J = 14.8, 6.9 Hz, H-
9b), 1.66 (3H, s, H-4"), 1.59 (3H, s, H-12), 1.57 (3H, s,
H-5"), 1.55 (3H, s, H-13); *C NMR (150 MHz, CD,0D)
5.: 189.5 (C-4), 167.5 (C-7), 163.8 (C-5), 161.4 (C-2"),
161.2 (C-4"), 160.3 (C-8a), 136.5 (C-11), 131.5 (C-3"),
125.8 (C-6"), 123.8 (C-2"), 121.4 (C-1"), 119.0 (C-10),
109.7 (C-5"), 108.8 (C-8), 103.0 (C-3), 101.0 (C-4a),
99.4 (C-3"), 96.2 (C-6), 91.8 (C-2), 32.8 (C-9), 26.0 (C-
13), 25.9 (C-5"), 22.3 (C-1"), 18.1 (C-12), 18.0 (C-4").
DA_F it 5 SR O B AR — 2R, W% N nigrasin Ko

&6  FHETLE A, ESI-MS m/z: 422.1729
[M+H] * (Caled. for 422.172 9, C,.H,.0,)- 'H NMR
(600 MHz, CD,0D) d,: 7.12 (1H, d, J = 8.3 Hz, H-6"),
6.43 (1H, d, J = 2.1 Hz, H-3"), 6.40 (1H, dd, J = 8.3,

2.1 Hz, H-5"), 6.14 (1H, s, H-6), 5.12 (1H, t, J = 4.2 Hz,
H-10), 449 (1H, q, J = 6.5 Hz, H-2"), 3.12 (2H, d, J =
7.1 Hz, H-9), 1.60 (3H, s, H-13), 1.42 (3H, s, H-12),
1.41 (3H, s, H-5"), 1.36 (3H, d, J = 6.6 Hz, H-4"), 1.19
(3H, s, H-6"); °C NMR (150 MHz, CD,0OD) &, 183.8
(C-4), 166.0 (C-7), 163.7 (C-2), 163.0 (C-4"), 162.0 (C-
5), 158.1 (C-2"), 154.6 (C-8a), 132.7 (C-6"), 132.4 (C-
11), 122.9 (C-10), 121.4 (C-3), 113.6 (C-8), 113.1 (C-
1), 107.9 (C-5"), 106.0 (C-4a), 103.8 (C-3"), 94.6 (C-6),
92.0 (C-2"), 44.7 (C-3"), 26.1 (C-5"), 25.8 (C-13), 24.9
(C-9), 21.5 (C-6"), 17.7 (C-12), 14.5 (C-4"). L E%¥¥E
55 SR TE e AR — 2, W% 5E N nigrasin Ho

&7 FaE A ESI-MS m/z: 436.152 4 [M+
H]" (Calcd. for 436.152 2, C,;H,,0,). 'HNMR (600 MHz,
CD,0D) d,;: 7.00 (1H, d, J = 8.2 Hz, H-2"), 6.80 (1H, d,
J = 8.1 Hz, H-3"), 6.35 (1H, d, J = 9.9 Hz, H-1"), 6.29
(1H, s, H-8), 6.19 (1H, s, H-6), 5.71 (1H, d, J = 9.9 Hz,
H-2"), 5.12 (1H, s, H-3"), 2.16 (2H, m, H-2"), 1.77 (2H
m, H-1"), 1.65 (3H, s, H-4"), 1.58 (3H, s, H-5"), 1.44
(3H, s, H-6"); "C NMR (150 MHz, CD,OD) §.: 177.7
(C-4), 165.6 (C-7), 162.7 (C-5), 158.8 (C-9), 149.3 (C-2),
148.3 (C-4"), 141.8 (C-5', ), 138.1 (C-3), 132.5 (C-4™),
131.5 (C-2"), 125.2 (C-3"), 123.4 (C-6"), 122.1 (C-1"),
122.0 (C-2"), 120.0 (C-1"), 116.1 (C-3"), 105.0 (C-10), 99.3
(C-6), 94.5 (C-8), 79.5 (C-3"), 41.7 (C-2"), 26.4 (3"-CH,),
25.8 (C-6"), 23.8 (C-1"), 17.6 (C-5"). LA L% 5
R R T AR — 3, W% 58 A petalopurpurenol o

&8 FAAIMIRY; ESI-MS m/z: 437.157 6
[M - H] "~ (Caled. for 436.154 2, C,;H,;0,)s 'H NMR
(600 MHz, CD,0OD) §,;: 6.84 (1H, d, J = 8.2 Hz H-2"),
6.75 (1H, d, J = 8.1 Hz H-3"), 6.25 (1H, s, H-8), 6.18
(1H, s, H-6), 5.07 (1H, t, J = 6.0 Hz H-10), 4.97 (1H, t,
J = 6.5 Hz, H-2"), 3.44 (2H, d, J = 6.8 Hz, H-9), 1.83
(2H, m, H-13), 1.76 (2H, m, H-1"), 1.59 (3H, s, H-4"),
1.50 (3H, s, H-5"), 1.42 (3H, s, H-12); "C NMR (150 MHz,
CD,0OD) 6.: 177.8 (C-4), 165.4 (C-7), 162.7 (C-5), 158.7
(C-8a), 152.0 (C-2), 147.9 (C-4"), 144.6 (C-5"), 137.8 (C-
3), 135.7 (C-11), 132.0 (C-3"), 129.9 (C-6"), 125.4 (C-
2"), 124.0 (C-1"), 123.5 (C-10), 122.8 (C-2"), 113.1 (C-
3"), 105.1 (C-4a), 99.2 (C-6), 94.5 (C-8), 40.7 (C-13),
27.7 (C-1"), 26.7 (C-9), 25.8 (C-4"), 17.7 (C-5"), 16.3
(C-12). LA FEdlE 5 Skl o iE S AR — 3%, #S e R
solophenol D,

&9 A (K K ESI-MS m/z: 439.175 4
[M - H] " (Calcd. for 436.175 7, C,;H,,0,). 'H NMR
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(600 MHz, CD,0D) §,: 7.22 (1H, d, J = 8.5 Hz, H-6'),
6.24 (1H, d, J = 2.4 Hz, H-3"), 6.22 (1H, dd, J = 8.6,
2.5 Hz, H-5"), 6.00 (1H, s, H-8), 5.17 (1H, t, J= 3.8 Hz,
H-10), 5.13 (1H, t, J= 8.6 Hz, H-2"), 4.81 (1H, s, H-3),
3.17 (2H, d, J = 7.1 Hz, H-1"), 2.89 (1H, dd, J = 15.0,
6.8 Hz, H-9a), 2.76 (1H, dd, J = 15.0, 7.9 Hz, H-9b),
1.73 (3H, s, H-5"), 1.64 (3H, s, H-12), 1.63 (3H, s, H-
13), 1.48 (3H, s, H-4"); "C NMR (150 MHz, CD,0OD)
5.2 197.3 (C-4), 166.1 (C-7), 161.8 (C-5), 159.8 (C-8a),
159.0 (C-4"), 156.0 (C-2"), 136.0 (C-11), 131.6 (C-3"),
130.6 (C-6'), 123.8 (C-2"), 119.1 (C-10), 117.4 (C-1"),
109.5 (C-6), 107.5 (C-5"), 104.6 (C-3"), 102.0 (C-4a),
96.1 (C-8),89.1 (C-2),75.1 (C-3),34.9 (C-9), 26.1 (C-12),
25.9 (C-4"),21.8 (C-1"), 18.0 (C-13), 17.8 (C-5"). LA E
K 5 SCERU IR TE FEAR — 5K, W% 52 N nigragenon A,
&0 3 AR Y ; ESI-MS m/z: 469.186 6
[M - H] " (Calcd. for 469.186 2, C,H,0,)- 'H NMR
(600 MHz, CD,0D) §,;: 7.61 (1H, d, J = 8.3 Hz, H-6'),
6.43 (1H, dd, J= 8.3, 2.1 Hz, H-5") ), 6.35 (1H, d, J =
2.1 Hz, H-3"), 6.02 (1H, s, H-6), 5.19 (1H, t, J= 6.2 Hz,
H-2"), 4.99 (1H, t, J = 7.6 Hz, H-10), 3.44 (1H, dd, J =
14.6, 7.5 Hz, H-1"a), 3.25 (1H, dd, J = 14.5, 6.2 Hz, H-
1"b), 3.02 (3H, s, H-6"), 2.42 (1H, dd, J= 14.7, 8.5 Hz,
H-9a), 2.12 (1H, dd, J= 14.8, 6.9 Hz, H-9b), 1.73 (3H, s,
H-5"), 1.66 (3H, s, H-13), 1.55 (3H, s, H-12), 1.25 (3H,
s, H-4"); ®C NMR (150 MHz, CD,0OD) §.: 199.1 (C-4),
166.18 (C-7), 162.02 (C-5), 161.17 (C-2"), 157.37 (C-4"),
155.48 (C-8a), 136.4 (C-11), 132.1 (C-6"), 131.8 (C-3"),
124.3 (C-2"), 117.5 (C-10), 112.5 (C-1"), 109.8 (C-8),
109.0 (C-2), 108.1 (C-5"), 105.2 (C-3"), 101.4 (C-4a), 97.0
(C-6), 82.1 (C-3), 51.0 (C-6"), 35.2 (C-9), 26.0 (C-4"),
25.9 (C-12), 22.5 (C-1"), 18.2 (C-5"), 17.5 (C-13). LA L
Hdm 5 SCERU 3 AR — 2, WU 8 N nigragenon 1
&1 FARYI; ESI-MS m/z: 469.185 8
[M - H] "~ (Calcd. for 469.186 2, C,;H,0,). 'H NMR
(600 MHz, CD,0OD) 6,: 7.53 (1H, d, J = 8.7 Hz, H-6'),
6.43 (1H, dd, J = 8.7, 2.5 Hz, H-5"), 6.34 (1H, d, J =
2.5 Hz, H-3"), 6.09 (1H, s, H-8), 5.20 (1H, t, J= 6.4 Hz,
H-10), 4.99 (1H, t, J = 7.3 Hz, H-2"), 3.23 2H, d, J =
7.3 Hz, H-1"), 3.06 (3H, s, H-6"), 2.45 (1H, dd, J= 14.7,
8.5 Hz, H-9a), 2.10 (1H, dd, J = 14.7, 6.7 Hz, H-9b),
1.76 (3H, s, H-5"), 1.66 (3H, s, H-13), 1.56 (3H, s, H-
12), 1.24 (3H, s, H-4"); "C NMR (150 MHz, CD,0OD)
5.: 199.0 (C-4), 165.8 (C-7), 161.3 (C-2"), 161.1 (C-5),
157.3 (C-4"), 156.5 (C-8a), 136.5 (C-11), 131.9 (C-3"),

131.8 (C-6"), 123.6 (C-2"), 117.4 (C-10), 112.4 (C-1"),
110.5 (C-6), 109.2 (C-2), 108.2 (C-5"), 105.1 (C-3"),
101.3 (C-4a), 96.1 (C-8), 82.4 (C-3), 51.1 (C-6"), 35.1
(C-9), 26.0 (C-12), 25.9 (C-4"), 21.8 (C-1"), 17.8 (C-5"),
17.5 (C-13). DA ¥4 5 SOkl 4o e AR — 5, # %
%€ A nigragenon J.

thE&m12 AR Y); ESI-MS m/z 452.183 4
[M+H] " (Calcd. for 452.183 5, C,,H,;0,)s 'H NMR
(600 MHz, CD,0OD) &, 6.84 (1H, d, J = 8.1 Hz, H-6'),
6.76 (1H, d, J= 8.2 Hz, H-5"), 6.29 (1H, d, J=2.1 Hz, H-
8), 6.21 (1H, d, J= 2.0 Hz, H-6), 5.06 (1H, t, J= 6.2 Hz,
H-10), 4.96 (1H, t, J= 6.9 Hz, H-2"), 3.57 (3H, s, H-6"),
3.44 (2H, d, J = 6.7 Hz, H-9), 1.83 (2H, m, H-1"), 1.76
(2H, t, J=5.1 Hz, H-13), 1.59 (3H, s, H-18), 1.50 (3H, s,
H-17), 1.41 (3H, s, H-12); “C NMR (150 MHz, CD,OD)
5 180.1 (C-4), 165.9 (C-7), 163.1 (C-5), 161.7 (C-2),
158.8 (C-8a), 148.4 (C-4"), 144.7 (C-5"), 140.4 (C-3),
136.0 (C-11), 132.1 (C-3"), 129.6 (C-6"), 125.2 (C-2"),
123.8 (C-10), 122.9 (C-1"), 122.7 (C-2"), 113.1 (C-3"),
106.2 (C-4a), 99.8 (C-6), 94.9 (C-8), 60.9 (C-6"), 40.6
(C-13), 27.6 (C-1"), 26.5 (C-9), 25.8 (C-4"), 17.7 (C-5"),
16.3 (C-12). LA %l 5 SCHRUI o8 HE AR — 2, T
% N notabilisin A .

&3 FHARY); ESI-MS m/z 506.231 0
[M+H] "~ (Caled. for 506.230 5, C,,H,,0,). 'H NMR
(600 MHz, CD,0D) §,: 6.80 (1H, d, J = 8.1 Hz, H-2'),
6.76 (1H, d, J= 8.1 Hz, H-3"), 6.24 (1H, s, H-6), 5.11 (1H,
t, J= 7.3 Hz, H-10), 5.02 (1H, t, J= 6.8 Hz, H-2"), 4.93
(1H, t, J= 4.0 Hz, H-7"), 3.47 (2H, d, J = 6.8 Hz, H-1"),
3.33 (2H, d, J = 7.1 Hz, H-9), 1.76 (2H, m, H-6"), 1.70
(2H, t, J= 5.5 Hz, H-5"), 1.59 (3H, s, H-12), 1.58 (3H, s,
H-9"), 1.51 (3H, s, H-13), 1.47 (3H s, H-4"), 1.36 (3H, s,
H-10"); "C NMR (150 MHz, CD,0D) §.: 178.1 (C-4),
162.5 (C-7), 160.1 (C-5), 156.2 (C-8a), 152.1 (C-2), 147.8
(C-4"), 144.4 (C-5"), 137.7 (C-3), 135.8 (C-3"), 132.1 (C-
11), 131.9 (C-8"), 130.0 (C-6'), 125.4 (C-7"), 124.0 (C-
2"), 123.9 (C-1"), 123.4 (C-10), 122.7 (C-2"), 113.1 (C-
3"), 107.5 (C-8), 105.1 (C-4a), 98.7 (C-6), 40.7 (C-5"),
27.7 (C-1"), 26.5 (C-13), 26.0 (C-6"), 25.8 (C-9"), 22.4
(C-9), 17.8 (C-12), 17.7 (C-10"), 16.1 (C-4"). LA I ¥k
L5 SCHRU O £ A — B, WU T8 A notabilisin Co

AW 14 B R KR ESI-MS m/z: 338.115 4
[M+H] * (Caled. for 338.115 4, C,H,;0,)s 'H NMR
(600 MHz, DMSO-d,) d,;: 12.89 (1H, s 5-OH), 7.89 (2H,
d, J = 8.4 Hz, H-2', H-6'), 6.93 (2H, d, J = 8.3 Hz, H-3’,
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H-5"), 6.76 (1H, s, H-3), 6.28 (1H, s, H-6), 5.19 (1H, t,
J = 6.3 Hz, H-10), 3.43 (2H, d, J = 6.9 Hz, H-9), 1.76
(3H, s, H-12), 1.62 (3H, s, H-13); "C NMR (150 MHz,
DMSO-d,) J.: 182.0 (C-4), 163.6 (C-2), 161.7 (C-7),
161.1 (C-4"), 159.0 (C-5), 154.5 (C-8a), 130.9 (C-11),
128.3 (C-2, C-6'), 122.5 (C-10), 121.5 (C-9), 116.0 (C-
3', C-5"), 106.1 (C-8), 103.5 (C-4a), 102.6 (C-3), 98.4
(C-6), 25.4 (C-12), 21.3 (C-9), 17.8 (C-13). LI E ¥ #5
5kl R IE FE AR — B, 0% E N licoflavone Co
3 EEEERXRE

L6 2 g 2 K B % UL L 40 g, FF Lo 40 B 7E &
10% Ji6 4= M35 F1 1% 75 % 3 -4 55 2= 1 a-MEM £ 77 &
1137 °C.5% COL 1 FREFR. UM A A 70%~
80% I, 7 2% i 21 L3 1) o-MEM $% 77 5 Hh 431k
5~TK, ERNLE 40 . S8 5 H DMSO. JiE 5 2= fil £
DAY A b YL 40 I 12 o 5 P %81 260 08 0 o 3875 U
S8 15 7 R AT RE IR BE, IR A R I E A B
W06 21 0 FL B AR AT TR I 22 S, A EA RS .

TEB R B E AR — 1, S &5 5
a5 W7 L RO E R 585 B S I R B L « 5 BT 67 5T 0
75 356 ; K 260 R B DL o« A7 del B M S A S 50 T FE SR A A
P 5 U SR A SC P8 TR 5, X 246 TR T ST R 4 o AR R S B
W N 4= ST B AR 2, A7 5% SC 35 I o ) R 9 e SC S 1E
I, H R 28 i

FIFHSE: PraE 575 AR PR .
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