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2% B BOBAH Bt AT A alidh, OB B S OGIE iTiRE E AN R . SR ONBETH 70% S BRI
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Chemical constituents in leaves of Ilex pubescens

ZHOU Yuan, ZHOU Si-xiang, JIANG Yong, SUN Jian, TU Peng-fei
State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences, Peking University, Beijing 100191,
China

Abstract: Objective To study the chemical constituents from the leaves of llex pubescens. Methods The chemical constituents
from the leaves of I pubescens were isolated and purified by silica column chromatography, ODS, Sephadex LH-20 column
chromatography, and semi-preparation HPLC. Their structures were elucidated by chemical and spectral analyses. Results Sixteen
compounds were obtained from 70% ethanol extract and identified as daidzein (1), genistin (2), kaempferol-3-O-f-gentiobioside (3),
kaempferol-3-O-B-robinobinoside (4), kaempferol-3-O-B-galactopyranoside (5), quercetin-3-O-f-gentiobioside (6), 3B, 19a-di-
hydroxyolean-12-ene-24, 28-dioic-28-O-B-D-glucopyranoisde (7), ilexsaponin A; (8), ilexgenin A (9), 2-hydroxymethyl-3-caffeoyloxyl-
1-butene-4-O-B-D-glucopyranoside (10), 2-caffeoyloxymethyl-3-hydroxyl-1-butene-4-O-f-D-glucopyranoside (11), 3, 4-O-diocaffeoyl-
quinic acid (12), 3, 5-O-diocaffeoylquinic acid (13), 1, 5-O-diocaffeoylquinic acid (14), 4, 5-O-diocaffeoylquinic acid (15), and 2-phenylethyl-
O-a-L-arabinopyranosyl (1—6)-O-p-D-glucopyranoside (16). Conclusion Compounds 1—6 and 12—16 are isolated from this plant
for the first time.
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FBAT llex pubescens Hook. et Arn. N4 F} B AE B AT IRIE, TSR AR YR, B
KT R EGHEARSNTEA, MO DT, E R, BT RN BEE SLAl, A SLis
NARAKEY), BAFRBEEAR, HAEA, M XT%R - 70% L BRI EATIT 9, AR
PR, HOW AR, BAFHCAERN  EMBOEEARDEEE T 16 MEEW, 2034 K&
2. <<{Tﬁ/1§|fﬂﬁ%ﬂ3$#5>> Wk BAHME, 1t (daidzein, 1), JYRLARTY (genistin, 2). 1l
MR s IS AVIEEE, IR R WA R, I, AW -3-0-B- e 0 — i 1F  (kaempferol-3-O-B-gentio-
WoRIEE, Mot HEAE NG IR BA bioside, 3). LIZSH-3-O-B-HIMXUH TS (kaempferol-
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3-O-B-robinobinoside, 4). IZW;-3-0-B-1-FLBE
(kaempferol-3-O-B-galactopyranoside, 5)- #f 7 #-3-
O-B-JElH —H+ (quercetin-3-O-B-gentiobioside, 6)+
3B, 190 FHEFE I oo 120524, 28-[R-28-0-B-D-
2 B LY LG R 28 BE (3B, 19a-dihydroxyolean-
12-ene-24, 28-dioic-28-0-B-D-glucopyranoisde, 7).
BAHEZH A, (lexsaponin A, 8). BAHFH A
(ilexgenin A, 9) 2-5% I AE-3-WIHEIEAE-1- T #-4-O-
B-D- IR 76 25 (2-hydroxymethyl-3-caffeoyloxyl-
1-butene-4-O-B-D-glucopyranoside, 10). 2-BImHEREfFH
B 3- 32 3k -1- T U -4-0-B-D- Tk T A OB T
( 2-caffeoyloxymethyl-3-hydroxyl-1-butene-4-O-p-D-
glucopyranoside, 11). 3, 4-O- " WIHEBESEEZE 71 (3,
4-O-diocaffeoylquinic acid, 12). 3, 5-O- - WiIHEmHEE
ZE TR (3, 5-O-diocaffeoylquinic acid, 13). 1, 5-O-
TMHERE LA TR (1, 5-O-diocaffeoylquinic acid, 14).
4, 5-O-ZMIMEBEEZE TR (4, 5-O-diocaffeoylquinic
acid, 15). 2-7K 2 3L -O-o-L- Bl 337 44 B 5 (1—6)-
O-B-D-ML s 75 % #E 1 [2-phenylethyl-O-o-L-arabino-
pyranosyl (1—6)-O-B-D-glucopyranoside, 16]. {t.&4)
1~6. 12~16 4 H XKML 7> B3 2.
1 NE5HH

Bruker Avance DRX 400 1!, Vnmrs—500 4%
WALPRAL; Aglient 6300 %1 ESI-MS I HIAX;
Waters 2996, Waters 2487 DAD A5l % fll ELSD £
W& (Alltech A%]); Alltech ODS Cg -1l % (1%
FE (250 mmX 10 mm, 5 pm); AT (200~
300 H ) Ll = Gl FIRER 0 S Ae T
HPD100 KALMAG A M 5 B A H A2 5=;  Sephadex
LH-20 >4 Pharmcia /A 7] 7% s ODS Cig 4 Merck A
AL s AR R AR 56 [ CIL =i 3L
(EREAIEE S B T2

BATE M) PEEEAR = 25 A7 B A m 4L,
LRt K = B B E E W4T B &
4 Ilex pubescens Hook. et Arn. [T .
2 RBSSE

BAFT T 2.5 kg, F 12 55 70% LRI
PRI 3 R, BER 3 h, PRIBGEIE AR 2 IRk . ik
g e AR IR 0, TR EORALR A, F KR
BIHHR L, RJEKIR 20%. 50%. 70% LEdE
B, RGO, TR o3 AR 20% LI
7 (110 @) 50% LEESHAL (100 gD 70% LAY
(12 @ &RHEIE. AERAEGOIEE, 4E57H

WAL Sephadex LH-20 k(2335 & 21l £ HPLC
W, M 20% SEEEAL T A B AR AP 1 (3 mg).
2 (2mg). 3 (30mg). 4 (32mg). 5 (80 mg). 7
(30 mg). 8 (45mg). 10 (43 mg). 11 (85 mg).

12 (78 mg). 13 (45 mg). 14 (80 mg). 15 (8 mg).
16 (15 mg), M 70% LEERAL 73 ML &) 6
(45mg). 9 (9.8 g).

3 HM%E

&1 IR R, ESI-MS m/z: 253.058 [M—
H] . 'H-NMR (500 MHz, DMSO-d;) &: 10.76 (1H, s,
7-OH), 9.52 (1H, s, 4-OH), 8.27 (1H, s, H-2), 7.96
(1H, d, J= 8.5 Hz, H-5), 6.93 (1H, dd, J= 8.5, 2.0 Hz,
H-6), 6.85 (1H, d, J = 2.5 Hz, H-8), 7.38 (2H, d, J =
8.5 Hz, H-2', 6), 6.79 (2H, d, J = 8.5 Hz, H-3', 5');
BC-NMR (125 MHz, DMSO-dq) 6: 152.8 (C-2), 122.5
(C-3), 174.7 (C-4), 127.3 (C-5), 115.4 (C-6), 162.3
(C-7), 102.0 (C-8), 157.4 (C-9), 116.6 (C-10), 123.5
(C-1"), 130.0 (C-2'), 114.9 (C-3"), 157.1 (C-4)), 114.9
(C-5'), 130.0 (C-6")o LA_F-30dhi 5 Sk S A 55,
A1 K E T G,

& 2: RFEER A, ESI-MS m/z: 431.105
[M—H] . 'H-NMR (500 MHz, DMSO-dg) J: 12.93
(1H, s, 5-OH), 9.60 (1H, s, 4-OH), 8.42 (1H, s, H-2),
6.46 (1H, d, J= 2.0 Hz, H-6), 6.71 (1H, d, J= 2.0 Hz,
H-8), 7.40 (2H, d, J = 8.5 Hz, H-2', 6'), 6.83 (2H, d,
J=8.5Hz, H-3',5"); *C-NMR (125 MHz, DMSO-dj)
51 154.6 (C-2), 122.5 (C-3), 180.5 (C-4), 161.6 (C-5),
99.8 (C-6), 162.9 (C-7), 94.5 (C-8), 157.5 (C-9), 106.1
(C-10), 121.0 (C-1"), 130.1 (C-2"), 115.1 (C-3"), 157.2
(C-4"), 115.1 (C-5"), 130.1 (C-6"), 99.6 (C-1"), 73.1
(C-2"), 77.2 (C-3"), 69.6 (C-4"), 76.4 (C-5"), 60.6
(C-6")o LA F3uH 5 SCiikpE SEA —50), Mt
G 2 AYRARTF

&Y 3: WEAK AR, ESI-MS m/z: 609.152
[M—H] . 'H-NMR (500 MHz, DMSO-d) J: 12.65
(1H, s, 5-OH), 8.11 (2H, d, J = 8.5 Hz, H-2', 6'), 6.87
(2H, d, J = 8.5 Hz, H-3', 5'), 6.38 (1H, d, J= 1.5 Hz,
H-8), 6.15 (1H, d, J = 1.5 Hz, H-6), 5.69 (1H, d, J =
8.0 Hz, H-1"), 4.56 (1H, d, J = 7.0 Hz, H-1""); “C-
NMR (125 MHz, DMSO-dg) 6: 156.3 (C-2), 133.1
(C-3), 177.1 (C-4), 160.5 (C-5), 98.8 (C-6), 161.2
(C-7), 93.6 (C-8), 156.2 (C-9), 103.9 (C-10), 120.8
(C-1), 130.8 (C-2'), 115.0 (C-3"), 157.2 (C-4"), 115.0
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(C-5"), 130.8 (C-6'), 100.9 (C-1"), 73.3 (C-2"), 76.1
(C-3"), 69.6 (C-4"), 76.5 (C-5"), 76.6 (C-6"), 103.1
(C-1""), 74.0 (C-2"), 76.5 (C-3"), 69.6 (C-4""), 76.5
(C-5"), 60.7 (C-6"") LA_E X4l 15 Sciikwet e — 25, it
e a3 g 25 y-3-0-B- 0 BT

et 4: JRFEEHRAR, ESI-MS m/z: 593.158
[M—H] . 'H-NMR (500 MHz, DMSO-d) J: 12.65
(1H, s, 5-OH), 8.04 (2H, d, J = 8.5 Hz, H-2, 6'), 6.85
(2H, d, J= 8.5 Hz, H-3', 5'), 6. 35 (1H, brs, H-8), 6.14
(1H, brs, H-6), 5.29 (1H, d, J = 7.5 Hz, H-1"), 4.39
(1H, d, J = 1.5 Hz, H-1""), 1.06 (1H, d, J = 6.0 Hz,
H-6"); "“C-NMR (125 MHz, DMSO-dy) J: 156.5
(C-2), 133.2 (C-3), 177.2 (C-4), 161.0 (C-5), 99.1
(C-6), 161.1 (C-7), 93.9 (C-8), 156.3 (C-9), 103.3
(C-10), 120.8 (C-1"), 130.9 (C-2"), 115.0 (C-3"), 157.2
(C-4"), 115.0 (C-5"), 130.9 (C-6'), 102.2 (C-1"), 71.1
(C-2"), 73.5 (C-3"), 68.3 (C-4"), 73.0 (C-5"), 65.3
(C-6"), 100.0 (C-1""), 70.4 (C-2'"), 70.6 (C-3""), 71.9
(C-4""), 68.0 (C-5"), 17.9 (C-6""). LA - %Hs 5 STk
BHA P, W s 4 I L2m-3-0-p-41
TSR o

WE 5: KR K. ESI-MS m/z: 447.103
[M—H] . 'H-NMR (500 MHz, DMSO-dg) J: 12.61
(1H, s, 5-OH), 8.06 (2H, d, J = 6.5 Hz, H-2', 6'), 6.85
(2H, d, J = 7.0 Hz, H-3', 5), 6.42 (1H, d, J = 2.0 Hz,
H-8), 6.19 (1H, d, J = 2.0 Hz, H-6), 5.40 (1H, d, J =
7.5 Hz, H-1"); “C-NMR (125 MHz, DMSO-d) &
156.4 (C-2), 133.2 (C-3), 177.5 (C-4), 161.2 (C-5),
98.7 (C-6), 160.0 (C-7), 93.6 (C-8), 156.3 (C-9), 103.9
(C-10), 120.8 (C-1"), 131.0 (C-2'), 115.0 (C-3"), 157.1
(C-4), 115.0 (C-5"), 131.0 (C-6'), 101.6 (C-1"), 75.8
(C-2"), 73.1 (C-3"), 71.2 (C-4"), 67.9 (C-5"), 60.2
(C-6")o LA -t 5 Seiifw e A — 350, e etk
HW 5 L2 -3-0-B-2FFLBHT .

e 6: I EHA . ESI-MS m/z: 625.148
[M—H] . 'H-NMR (500 MHz, DMSO-dy) o: 7.74
(1H, dd, J = 8.0, 2.0 Hz, H-6'), 7.51 (1H, d, J = 2.0
Hz, H-2'), 6.81 (1H, d, J = 8.5 Hz, H-5'), 6.35 (1H,
brs, H-8), 6.15 (1H, brs, H-6), 5.69 (1H, d, J = 7.5 Hz,
H-1"),4.55 (1H, d, J= 7.5 Hz, H-1""); C-NMR (125
MHz, DMSO-ds) &: 156.2 (C-2), 133.2 (C-3), 177.2
(C-4), 161.1 (C-5), 98.5 (C-6), 161.6 (C-7), 93.4
(C-8), 156.2 (C-9), 104.0 (C-10), 121.0 (C-1"), 115.1

(C-2), 144.6 (C-3'), 148.3 (C-4'), 116.1 (C-5"), 121.5
(C-6"), 101.0 (C-1"), 73.2 (C-2"), 76.1 (C-3"), 69.7
(C-4"), 76.4 (C-5"), 76.6 (C-6"), 103.1 (C-1""), 74.1
(C-2"), 76.3 (C-3""), 69.6 (C-4), 76.3 (C-5""), 60.6
(C-6"")o VA _b-¥ods 5 Scikafos 2 A — 5, ko
A& 6 JHfit iz &-3-0-B-JeIH BT

a1 AR K. 10%0M IR A8 SR,
Libermann-Burchard J V2 H{%:, Molish S W & FH
£, ESI-MS m/z: 663.380 [M—H] . 'H-NMR (400
MHz, CsDsN) §: 0.96, 1.12, 1.20, 1.25, 1.62, 1.68 (%
3H, s, -CH3), 3.51 (1H, brs, H-18), 3.32 (1H, dd, J =
12.0, 4.0 Hz, H-3), 5.51 (1H, brs, H-12), 6.34 (1H, d,
J = 6.5 Hz, H-1"); "C-NMR (100 MHz, CsDsN) ¢:
39.3 (C-1), 28.9 (C-2), 78.3 (C-3), 49.3 (C-4), 57.0
(C-5), 21.1 (C-6), 33.5 (C-7), 40.1 (C-8), 47.8 (C-9),
38.0 (C-10), 24.3 (C-11), 123.5 (C-12), 144.3 (C-13),
422 (C-14), 29.1 (C-15), 28.0 (C-16), 46.5 (C-17),
44.7 (C-18), 81.0 (C-19), 35.5 (C-20), 28.7 (C-21),
33.0 (C-22), 24.7 (C-23), 180.8 (C-24), 13.7 (C-25),
17.4 (C-26), 24.8 (C-27), 177.2 (C-28), 28.7 (C-29),
24.4 (C-30), 95.9 (C-1'), 74.1 (C-2'), 78.9 (C-3"), 71.0
(C-4"),79.3 (C-5"), 62.1 (C-6")o LA _E-Hdi 15 STk i
FEA 5, W A 7 N 3P, 190 FRIEFFIY
F-12-45-24, 28- - [R-28-0-B-D-HHL i 7 45 BT

EY 8: FIORAR, 10%00 IR £ 0% W i (0 Bt
A, Libermann-Burchard W 2 FH, Molish W
P ESI-MS m/z: 663.382 [M—H] . 'H-NMR
(400 MHz, CsDsN) 6: 1.16, 1.27, 1.41, 1.70, 1.70 (%
3H, s, -CH3), 1.06 (3H, d, J = 5.6 Hz, 30-CH3), 2.93
(1H, brs, H-18), 3.33 (1H, m, H-3), 5.57 (1H, brs,
H-12), 5.18 (1H, brs, 19-OH), 6.26 (1H, d, J = 8.0 Hz,
H-1"); “C-NMR (100 MHz, CsDsN) d: 39.7 (C-1),
29.3 (C-2), 78.4 (C-3), 49.3 (C-4), 56.9 (C-5), 21.1
(C-6), 33.9 (C-7), 40.4 (C-8), 47.2 (C-9), 37.7 (C-10),
24.7 (C-11), 128.5 (C-12), 139.3 (C-13), 42.1 (C-14),
29.1 (C-15), 26.2 (C-16), 48.7 (C-17), 54.5 (C-18),
72.6 (C-19), 42.2 (C-20), 26.7 (C-21), 37.9 (C-22),
243 (C-23), 180.8 (C-24), 13.9 (C-25), 17.3 (C-26),
24.4 (C-27), 176.9 (C-28), 27.0 (C-29), 16.7 (C-30),
95.98 (C-1'), 74.0 (C-2'), 78.9 (C-3"), 71.2 (C-4"), 79.3
(C-5"), 62.3 (C-6"). LA - %dhs 5 3cipdii—5™, %
Yt 8 HBATH BT Al

WEW 9: KK, 10%0 R LB W (LBt
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i, Libermann-Burchard < V. £ fH: . ESI-MS m/z:
501.691 [M—H] . 'H-NMR (400 MHz, CsDsN) §:
1.23, 1.16, 1.45, 1.71, 1.76 (% 3H, s, -CH3), 1.12 (3H,
d, J = 7.0 Hz, 30-CHs), 3.06 (1H, brs, H-18), 3.34
(1H, dd, J = 12.0, 4.0 Hz, H-3), 5.62 (1H, brs, H-12);
BC.NMR (100 MHz, CsDsN) &: 39.7 (C-1), 29.1
(C-2), 78.3 (C-3), 49.3 (C-4), 56.9 (C-5), 20.9 (C-6),
33.9 (C-7), 40.2 (C-8), 47.2 (C-9), 37.9 (C-10), 24.7
(C-11), 128.1 (C-12), 139.9 (C-13), 42.4 (C-14), 29.3
(C-15), 26.4 (C-16), 48.3 (C-17), 54.7 (C-18), 72.7
(C-19), 42.3 (C-20), 27.1 (C-21), 38.4 (C-22), 24.2
(C-23), 180.6 (C-24), 13.9 (C-25), 17.1 (C-26), 24.5
(C-27), 180.8 (C-28), 26.9 (C-29), 16.8 (C-30). LA -
Kl 5 SCRIRE S EA 8, M e e S 9 B
AHE Ao

WEY10: I OWTRIRY . 10%0RIR LB 2
A, SHEABR-EREAE RS (M. ESI-MS m/z:
441.416 [M—H] . "H-NMR (400 MHz, DMSO-dj) 6:
5.14 (1H, brs, H-la), 5.09 (1H, brs, H-Ib), 5.38 (1H,
dd, J = 7.6, 3.2 Hz, H-3), 3.32 (2H, overlapped, H-4),
3.67 (1H, m, H-5a), 3.72 (1H, m, H-5b), 7.05 (1H, brs,
H-2'), 6.74 (1H, d, J = 8.0 Hz, H-5"), 7.00 (1H, d, J =
8.0 Hz, H-6"), 4.18 (1H, d, J = 7.6 Hz, H-1"), 2.91~
3.32 (7H, m, H-2"~6"); “C-NMR (100 MHz,
CD;0D) §: 110.9 (C-1), 145.4 (C-2), 72.7 (C-3), 72.4
(C-4), 63.0 (C-5), 125.4 (C-1), 114.8 (C-2'), 146.0
(C-3"), 148.4 (C-4"), 115.7 (C-5"), 121.3 (C-6"), 146.4
(C-7), 113.9 (C-8), 166.4 (C-9'), 102.8 (C-1"), 73.3
(C-2"), 76.7 (C-3"), 69.9 (C-4"), 76.9 (C-5"), 61.6
(C-6")o VL b-¥ods 5 Scukapia 2 A — s, Hk e
AW 10 2 2-F8 HE-3-WHERE S - 1- T 4i-4-0-B-D-
L g 48] 26 B

WED 11: REEHIRIRY) . 10%RIR L1 5
R, SRR B 2 (4 . ESI-MS m/z:
441.416 [M—H] . 'H-NMR (400 MHz, CD;0D) 6:
5.30 (1H, brs, H-la), 5.22 (1H, brs, H-Ib), 4.37 (1H,
dd, J = 6.4, 2.8 Hz, H-3), 3.71 (1H, dd, J = 11.8, 3.2
Hz, H-4a), 3.85 (1H, dd, J = 11.8, 7.2 Hz, H-4b), 4.74
(1H, d, J = 13.6 Hz, H-5a), 4.68 (1H, d, J = 13.6 Hz,
H-5b), 7.00 (1H, brs, H-2'), 6.72 (1H, d, J = 8.4 Hz,
H-5"), 6.90 (1H, d, J = 8.4 Hz, H-6"), 7.51 (1H, d, J =
15.9 Hz, H-7"), 6.23 (1H, d, J = 15.9 Hz, H-8'), 4.26
(1H, d, J = 7.6 Hz, H-1"), 3.18 (1H, t, J = 8.4 Hz,

H-2"), 3.25 (1H, m, H-3"), 3.26 (1H, m, H-4"), 3.23
(1H, m, H-5"), 3.60 (1H, dd, J = 12.0, 4.8 Hz, H-6"a),
3.80 (1H, d, J = 11.6 Hz, H-6"b); “C-NMR (100
MHz, CD;OD) J: 114.8 (C-1), 145.4 (C-2), 72.3
(C-3), 74.0 (C-4), 65.4 (C-5), 127.6 (C-1"), 115.2
(C-2"), 146.8 (C-3'), 149.7 (C-4"), 116.5 (C-5"), 123.0
(C-6'), 147.3 (C-7'), 114.8 (C-8), 168.8 (C-9"), 104.3
(C-1"), 75.0 (C-2"), 77.9 (C-3"), 71.5 (C-4"), 78.0
(C-5"), 62.7 (C-6"). LA_b¥dfs b5 Srikiias —a,
WU B A 11y 2-WHERRE -3 -2 -1 T -4
O-B-D-ME i T 2 W 1

AW 12: RFEOMIRRY . =SB
A B0 L5 4 . ESI-MS m/z: 515 [M—H] ;. MS*[515]:
353 (100), 191 (4.3); MS® [353]: 191 (100), 179
(88.0), 135 (4.2). 'H-NMR (500 MHz, CD;0D) §:
2.07~2.36 (4H, m, H-2, 6), 4.34 (1H, m, H-5), 5.02
(1H, dd, J = 8.5, 2.5 Hz, H-4), 5.64 (1H, dd, J = 8.0,
2.5 Hz, H-3), 7.03 (1H, d, J = 2.0 Hz, H-2'), 6.78 (1H,
d, J = 8.5 Hz, H-5'), 6.93 (1H, dd, J = 8.5, 2.0 Hz,
H-6'), 7.56 (1H, d, J = 16.0 Hz, H-7), 6.27 (1H, d, J =
16.0 Hz, H-8'), 7.02 (1H, d, J = 2.0 Hz, H-2"), 6.72
(1H, d, J = 8.0 Hz, H-5"), 6.88 (1H, dd, J = 8.0, 2.0
Hz, H-6"), 7.53 (1H, d, J = 16.0 Hz, H-7"), 6.16 (1H,
d,J=16.0 Hz, H-8"). LA F¥d 5 Sckipas—a,
MUK SEAL G 12 0 3, 4-0- —WNHEI R TR

AW 13: FFEOMIERY . =SR2
B0 HE 14 . ESI-MS m/z: 515 [M—H]; MS*[515]:
353 (100), 173 (12.1), 179 (9. 6) MS® [353]: 173
(100), 179 (52.1), 191 (33.3). 'H-NMR (500 MHz,
CD;0D) &: 2.14~2.65 (4H, m, H-2, 6), 5.43 (1H, m,
H-3), 3.96 (1H, dd, J = 8.0, 3.5 Hz, H-4), 5.40 (1H, m,
H-5), 7.06 (2H, d, J = 2.0 Hz, H-2, 2"), 6.77 (1H, d, J =
8.0 Hz, H-5', 5"), 6.96 (2H, dd, J = 8.0, 2.0 Hz, H-6, 6"),
7.60 (1H, d, J=16.0 Hz, H-7'), 6.34 (1H, d, J= 16.0 Hz,
H-8"), 7.56 (1H, d, J = 16.0 Hz, H-7"), 6.26 (1H, d, J =
16.0 Hz, H-8"). LA % 5 ki A8, i
WEEYI 13 K 3, 5-0- WSR2 TR

WEY 14: RFEORIRRY . =SB0
A A0 S WS {0 67 2 F ESI-MS mi/z: 515 [M—H]
MS? [515]: 353 (100), 191 (22.3), 335 (15.4): Ms3
[353]: 173 (100), 191 (65.4), 113 (18.4). 'H-NMR
(500 MHz, CD;OD) &: 2.09~2.31 (4H, m, H-2, 6),
437 (1H, m, H-3), 5.13 (1H, dd, J = 9.0, 2.5 Hz, H-4),
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5.63 (1H, m, H-5), 7.03 (1H, d, J = 2.0 Hz, H-2"), 6.74
(1H, d, J = 8.5 Hz, H-5"), 6.92 (1H, dd, J = 8.5, 2.0 Hz,
H-6), 7.59 (1H, d, J = 16.0 Hz, H-7'), 627 (1H, d, J =
16.0 Hz, H-8'), 7.00 (1H, d, J = 2.0 Hz, H-2"), 6.73 (1H,
d, J=8.5 Hz, H-5"), 6.89 (1H, dd, J = 8.5, 2.0 Hz, H-6"),
7.49 (1H, d,J = 16.0 Hz, H-7"), 6.16 (1H, d, J = 16.0 Hz,
H-8"). DA_E30d b ok kA — 50, etk
HW 14 9 1, 5-0-—WMHERESEZE TR

WEW 15: wEORIRRY . =& B-20
B A0 5 {4, ESI-MS m/z: 515 [M—H] ;. MS?
[515]: 353 (100), 191 (4.6); MS? [353]: 191 (100), 179
(48.5), 173 (14.4). 'H-NMR (500 MHz, CD;OD) 6:
2.13-2.36 (4H, m, H-2, 6), 3.97 (1H, dd, J = 6.5, 3.0
Hz, H-3), 5.31 (1H, m, H-4), 5.40 (1H, dd, J = 8.5, 3.5
Hz, H-5), 7.06 (2H, d, J = 2.0 Hz, H-2, 2"), 6.78 (1H,
d, J = 8.0 Hz, H-5'), 6.96 (2H, dd, J = 8.0, 2.0 Hz,
H-6', 6"), 7.61 (1H, d, J = 15.5 Hz, H-7'), 6.33 (1H, d,
J = 15.5 Hz, H-8'), 6.77 (1H, d, J = 8.0 Hz, H-5"),
7.54 (1H, d, J = 16.0 Hz, H-7"), 6.20 (1H, d, J = 16.0
Hz, H-8"). DA 3 5 scmkon A — s, e
EAE 15 0 4, 5-0- WL L T

E 16: AEMAR. Bk OEE SR M,
ESI-MS m/z: 415.167 [M—H] . 'H-NMR (500 MHz,
CsDsN) 6: 7.26 (2H, dd, J = 8.5, 2.0 Hz, H-3, 5), 7.24
(2H, d, J = 8.5 Hz, H-2, H-6), 7.16 (1H, m, H-4), 4.89
(1H, d, J= 7.0 Hz, H-1'), 4.77 (1H, d, J = 8.0, H-1");
BC-NMR (125 MHz, CsDsN) d: 139.4 (C-1), 128.6
(C-2), 129.4 (C-3), 126.4 (C-4), 129.4 (C-5), 128.6
(C-6), 39.6 (C-7), 72.3 (C-8), 104.6 (C-1'), 74.4
(C-2"), 78.5 (C-3"), 71.7 (C-4'), 77.0 (C-5"), 69.2
(C-6'), 105.5 (C-1"), 70.5 (C-2"), 74.9 (C-3"), 69.6
(C-4"), 66.7 (C-5")o LA_E Xt 5 Scihont e — 25, i
YKEWAEY 16 ) 2-2K L3-0-a-L-BT R AT (1—
6)-O-B-D-NL I 48] 2 T -
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