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Isolation and identification of chemical constituents from fruit of Cornus officinalis
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Abstract: Objective To study the chemical compounds in the water extract of Cornus officinalis. Methods The compounds were
systematically isolated and purified by using various chromatographic separation and analysis techniques including macroporous
resins, silica gel, ODS and Sephadex LH-20 column chromatographies, as well as reversed phase high-performance liquid
chromatography. Their structures were elucidated based on HR-ESI-MS, NMR spectroscopic and reported data. Results A total of
18 compounds were isolated from water extract of C. officinalis and identified as 5-(1’-hydroxyethyl)-methyl nicotinate (1), 3,4-
dihydroxybenzaldehyde (2), p-methoxycinnamic acid (3), meliadanoside B (4), dunnianoside D (5), 4-O-(6-O-galloyl-B-D-
glucopyranosyl)-cis-p-coumaric acid (6), 3,3'-di-O-methylellagic acid-4'-O-B-D-glucopyranoside (7), 1-O-B-D-glucopyranosyl-
4-allylbenzene (8), 2-methoxy-4-(2-propenyl)phenyl B-D-glucopyranoside (9), (—)-(£)-4-hydroxy-3-methoxyphenylpropene 4-O-
B-L-xylopyranosyl-(1—6)-p-D-glucopyranoside ~ (10),  4-hydroxy-3-methoxyphenylprop-8-ene  4-O-3-D-xylopyraosyl-(1—6)-3-D-
glucopyranoside (11), dihydrokaempferol (12), dihydroquercetin (13), phlorizin (14), naringenin 7-O-B-D-glucopyranoside (15),
quercetin-3-O-B-D-galactoside (16), rutin (17), and quercetin-3-O-robinobioside (18). Conclusion Compounds 1—15 and 18 are isolated
from C. officinalis for the first time. In addition, compounds 1—6, 8 —11, 13, and 15 are found in the genus Cornus for the first time.
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1ZE8E Cornus officinalis Sieb. et Zucc. F&1lI%%
giFl (Cornaceae) M—FhAE KA M iR 17 1) = BH & H
W, FEATAE T E AR TR LA,
o 24 1 2R B g LU 2 BORHAE ) L2 B R AR
P, JRECT CMURAREZ), HMERE. W, ik, A
T B, BAthats. BORE RS, K
PLRESH TRITRAEES . IR . P AIH I 55
REREY. AT AL ZR B b o) B4 5 L Ak 2 B L
FEIN A . AT S ER AR R R Aol IAZY
HEAREFARN, I oRB AL o BB R .
2RI PURABTEACSEE U100, Oy 1 B 4y 4 e
B LR B R 25 R ki, (et A a2 g F T 24
e a HA A, AR AL FT I T 08-S gl
R IR BUR SERIAL S B AT T HE— B2 B A
$5E, MHILER 18 MEEY, Il 5-(1-F2 4
H)-HH R H S [5-(1'-hydroxyethyl)-methyl nicotinate,
1], 34-Z R FKH % (3,4-dihydroxybenzaldehyde,
2). XA R R (p-methoxycinnamic acid, 3)+
JIIBEH B (meliadanoside B, 4) . dunnianoside D (5).
4-0-(6"-O- 15 £ Bt Fk - - HLk e 1 267 9 2% ) - M- %o 7 2
2 [4-O-(6'-O-galloyl-B-glucopyranosyl)-cis-p-coumaric
acid, 6], 3,3"- " HIIEELAENR -4'-O-B-D- M Mo 3 461 4
H  ( 3,3'-di-O-methylellagic acid-4'-O-B-D-glucopyra-
noside, 7). 1-O-B-D-Hi & PEIE-4-JG TN IR (1-0-B-
D-glucopyranosyl-4-allylbenzene, 8). 2-H 4 %&-4-(2-
N M ) 2Kk B-D- WL W G & BE 1 [2-methoxy-
4-(2-propenyl)phenyl B-D-glucopyranoside , 9] .
()~(E)-4-F% 2 -3- W S 2 S P A -4-O-B-L- MLt o AR
3 -(1—6)-B-D- AL, WA ] % B [(—)-(E)-4-hydroxy-3-
methoxyphenylpropene-4-O-3-L-xylopyranosyl-(1—6)-
B-D-glucopyranoside, 10]. 4-F%3&-3-F 5 LKA -8-
#5i-4-O-B-D- M W5 A 1 5 -(1—6)-B-D- M It 8] 27 1
[4-hydroxy-3-methoxyphenylprop-8-ene-4-O-B-D-
xylopyraosyl-(1—6)-B-D-glucopyranoside, 11]. 5
11 22 ®y (dihydrokaempferol, 12). &M &
(dihydroquercetin, 13). #R%Z ¥ (phlorizin, 14),
Tl Jz 35 -7-O-B-D- ML W 7 % B H (naringenin 7-O-B-D-
glucopyranoside, 15), #fit & % -3-0-B-D-F- LW
(quercetin-3-O-B-D-galactoside, 16), F5] (rutin,
17 ) AI#i 2 2 -3-0- ) B X BE  ( quercetin-3-O-
robinobioside, 18). &Y 1~15 F1 18 N H XM
ZEY P EAR, Hd, EY 1~6. 8~11.
13 115 95 ML 2R B A 3 A3 31

1 UEEMH

Bruker AV-400 . Bruker AV-500 F1 Bruker
AV-600 A% R AR (Bruker A ); Q-Exactive
Orbitrap BYVEAH (13- 0 B B R4 GBUAH &
4t, Waters A F); i R4, Thermo A]); Agilent
1260 B3 #rifiAH (DAD Kol 45, Agilent AF]); &
L SO (R LC-20AR, Kill%s SPD-20 A, &
BT ZF-1 B =RPERAM AT CRIgEFIR
1X2%)7); Sartorius-BS223S HLF /MR (b ntd%
Z R R A A R AT ; A RER (100~200
200~300 H> M1 Bl 2 AR K GFas
V2 T AR T8 G 402 T 50T ODS (30~
50 pm) JH YMC AF]; 4344 HPLC (o8 ES
Sonoma Cjg (250 mmX 4.6 mm, 5 um); %% HPLC
ity YMC-Pack ODS-A {fif4: (250 mm X 20
mm, 5 pm) 1 Phenomenex Gemini Cjs {& 154+ (250
mmX 10 mm, 5 pm); S5 GR35 9 0 dr 4k (b
FATT ) M4l (Honeywell AF])D.

SES L2 B9 2013 4F 11 K40 B BG4
PR, mAtsE PR AR FEE IR AR S vl g8
FHLZE S JEAEY) L2688 C. officinalis Sieb. et Zucc.
F TR S, BEAS (201311060 A7 TFFH A
U R B I PR = 2 F LT
2 EESENE

I ZEBE TR RS2 (63.0 kgD, HUKBIZ LA 2
% (630L, 100 'C), HK2h. HAIFRIGH, WL
WA RRIRTE (21289 kg). MIBEHKEE,
22 D101 B RFLIB B R AT, AR I FH7K 2 30%+ 55%
95% L BE P i o 55% & BB B B AL IR 46 I 1512 B
388 g, WEHARER 101 BEEE, RARERIFEE
(200~300 H, 7.5cmX 118 cm), & 4-H# (100 :
0—1: 1) BAFEBEML, VeMRA#Z A (TLO) A
WM G AR 7y, 193] 8 AN Fr. A~H.

Fr. B 4 ODS 3t [FHEE-7K (1195110 ]
185 9 MRSy (Fr. BLI~B9), Hrh Fr. B2 &4 &
BB (Pre-HPLC) 40 & [FEE-7K (10 : 90D,
4 mL/min]f$4t &%) 2 (4.8 mg, tr=31.2 min), Fr. B3
£ Pre-HPLC [HEZ-7K (10 : 90), 4.5 mL/min] |4
NERNEY 1 (4.0 mg, =29.1 min), Fr. B4 &
X & Sephadex LH-20 Bt/RAT: i [HEE-7K (11 D]
Ve, TLC s AT UL S B 4 A3 Bk &4 3 (24.3
mg). Fr. B9 4:4 Sephadex LH-20 Bt HE (il (4l
FEE) ek —5 5 843415 Fr. B9.1~B 9.13, Fr.
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B9.10 {54 Pre-HPLC [FfEZ-/K (40 : 60), 5.0
mL/min] ] % 7 B 4346 54 6 (4.8 mg, (r=19.7 min)
5 (3.2mg, rR=24.2min).

Fr. C & ODS il [FEE-/K (21 8—1:0) ]
23 8 M/ (Fr. C1~C8), Hr Fr. 2 HZ&
Sephadex LH-20 &t A: ([ FHEE-7K (4 0 61 © 0]
Vel —5 0 B R4H % Fr. C2.1~C2.18, Fr. C2.2
P4 Pre-HPLC [HE-7K (35 :65), 5.0 mL/min]i|
BN EEEY 17 (5.4 mg, ®R=18.4 min) 118
(4.2 mg, ®=21.7 min), Fr. C2.3 & Pre-HPLC [H
fiz-7K (38 : 62), 5.0 mL/min] #1470 BEEF1LEY
12 (6.4 mg, R=25.0 min).

Fr. D &Rk iE i, &57-HEE (100 @ 0, 95 :
5.9:1.8:2.7:3,6:4.1:1.3:7) BhEMk
i, TLC st &8 6 Ny (Fr. DI~D6).
Fr. D3 fi% ODS fHaily [HEE-/K (2:8—>1:0) ]
B3 11 M™Mf4r (Fr. D3.1~D3.11). Fr. D3.5 B4
Sephadex LH-20 #EfH: A [FEE-/K (31 7—1:
0) JWeMtE—5 7 1345y Fr. D3.5A~D3.5K, Fr.
D3.5B 4 Pre-HPLC [Z.JiE-7K (18 & 92), 6.0 mL/min]
DB S 8 (19.0mg, ®R=22.3min) 19
(19.2 mg, ,rR=26.5 min). Fr. D3.5C £ Pre-HPLC[
fiz-7K (50 1500, 5.0 mL/min]#] %2> EELEY) 4
(52.5 mg, tr=19.3 min) . Fr. D3.5D £ Pre-HPLC [
i-7K (16 : 84), 5.0 mL/min]#l| %2> B9 &40 13
(10.8 mg, r=20.8 min) M1 16(14.4 mg, r=28.9 min).

Fr. E SRR (il , S0 - I B A B2 e B (100 -
0.95:5.9:1.8:2.7:3.6:4.1:1.3:7),
TLC R #r& IR 14 Mivsr (Fr. EI~E14). Fr.
E3 4 ODS M [HEE-/K (31711 0) 1153
18 M4 (Fr. E3.1~E3.18). Fr. E3.3 & xE
Sephadex LH-20 #ERAE N [FHEE-/K (10 1) 8%
i, TLC mtsr#r LA R EAq i3 2 &4 7 (150.1
mg). Fr. E3.4 4 Pre-HPLC [ EZ-/K (32 :68), 4.5
mL/min]#] & B AL A 15 (28.7 mg, =47.4
min). Fr. E3.6 £ Sephadex LH-20 &4 A [H
FE-7K (12 1—>1 0 0) et — D5 Ba 4 s Fr
E3.6A~ E3.6F, Fr. E3.6B £ Pre-HPLC[H E¥-/K
(38 :62), 5.0 mL/min]#l#&5EEHLEY 10 (7.5
mg, (R=25.8 min). Fr. E3.6F & Pre-HPLC [H![§%-
7K (40 : 60), 5.0 mL/min]fil| %43 B 1546 54 11 (6.2
mg, (R=26.3 min), Fr. E3.7 f§4¢ Sephadex LH-20
B A [FEE-K (10 1—1:0) ] ¥emst—%

BG4S Fr. E3.JA~Fr. E3.7G, Fr. E3.7E 4
Pre-HPLC [FFEE-7K (45 :55), 5.0 mL/min] %%
Bk 14 (23.0mg, R=29.5 min).

3 HEE

&Y 1: LEMRY . 'TH-NMR (600 MHz,
CD;0D) d: 9.02 (1H, d, J = 1.8 Hz, H-2), 8.76 (1H, d,
J = 1.8 Hz, H-6), 8.42 (1H, m, H-4), 4.99 (1H, q, J =
6.6 Hz, H-1"), 3.98 (3H, s, -OCH3), 1.51 3H, d, J =
6.6 Hz, -CH3); 3C-NMR (150 MHz, CD;0D) ¢: 167.0
(C=0), 151.9 (C-6), 149.8 (C-2), 144.2 (C-5), 136.0
(C-4), 127.8 (C-3), 68.1 (C-1"), 53.1 (-OCH3), 25.5
(1-CHs). DA EHH 5 SCERHRE AT 0 LR 0O, %o
WA 1 R 5-(1-F2 £H5)-JH g F s

&Y 2: ARAR. HR-ESI-MS m/z: 137.024 3
[M—H] . 'H-NMR (600 MHz, DMSO-ds) 0: 9.69
(1H, s, CHO), 7.26 (1H, d, J = 7.9 Hz, H-6) , 7.23
(1H, s, H-2), 6.91 (1H, d, J = 8.0 Hz, H-5); 13C-NMR
(150 MHz, DMSO-ds) 6: 191.0 (CHO), 152.2 (C-4),
145.9 (C-3), 128.8 (C-1), 124.5 (C-6), 115.5 (C-5) ,
114.3 (C-2). VA -3l 5 5CHREdR AT DT, %
EEY 2 ]934 FREIEREE,

&Y 3: FBK AR . HR-ESI-MS m/z: 179.070 1
[M+H]" . 'H-NMR (400 MHz, CD;OD) é: 7.61 (1H,
d, J=16.0 Hz, H-7), 7.53 (2H, d, J = 8.8 Hz, H-2, 6),
6.94 (2H, d, J = 8.8 Hz, H-3, 5), 6.32 (1H, d, J = 16.0
Hz, H-8), 3.83 (3H, s, -OCH3); '3C-NMR (100 MHz,
CD;0D) §: 170.9 (C-9), 163.1 (C-4), 146.1 (C-7),
130.9 (C-2, 6), 128.4 (C-1), 116.7 (C-3, 5), 115.4 (C-8),
55.9 (-OCHs). LA FEE 5 SCRRARGE AT X ELDS), %
ENEY 3 N AR R

& 4. Bk AK. HR-ESI-MS m/z: 327.108 5
[M—H] . 'H-NMR (400 MHz, CD;0D) ¢: 7.25 (2H,
d,J=8.4Hz, H-2, 6), 6.78 (2H, d, J = 8.4 Hz, H-3, 5),
458 (1H, d, J=7.6 Hz, H-1'), 4.45 (1H, d, J= 9.6 Hz,
H-7), 3.90 (1H, dd, J = 12.0, 2.4 Hz, H-6'a), 3.78 (1H,
m, H-8), 3.73 (1H, m, H-6'b), 3.48 (1H, dd, J = 9.6,
8.4 Hz, H-3'), 3.49 (1H, m, H-5"), 3.44 (1H, m, H-9a),
3.41 (1H, m, H-4"), 3.40 (1H, m, H-9b), 3.15 (1H, dd,
J=9.6,7.6 Hz, H-2"); '3C-NMR (100 MHz, CD;0D)
5 159.1 (C-4), 130.3 (C-2, 6), 129.7 (C-1), 116.3
(C-3, 5), 100.0 (C-1"), 82.9 (C-8), 80.9 (C-2"), 80.1
(C-7), 79.9 (C-5"), 75.3 (C-3"), 72.0 (C-4"), 62.7 (C-6"),
62.2 (C-9). LA FHUR S SCIRE R E AT 0T L), %5
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& 5. Ak K. HR-ESI-MS m/z: 421.113 8
[M—H] . 'H-NMR (400 MHz, CD;OD) &: 7.88 (2H,
d, J=8.8 Hz, H-2", 6"), 6.84 (2H, d, J = 8.8 Hz, H-3",
5", 6.71 (1H, d, J= 1.6 Hz, H-2), 6.58 (1H, d, J= 8.5
Hz, H-5), 6.57 (1H, d, J = 8.5 Hz, H-6), 4.76 (1H, d,
J = 7.2 Hz, H-1"), 4.68 (1H, dd, J = 12.0, 6.0 Hz,
H-6a), 4.35 (1H, dd, J = 12.0, 7.2 Hz, H-6b), 3.72
(1H, m, H-5"), 3.72 (3H, s, 3-OCH3), 3.48 (1H, m,
H-3"), 3.46 (1H, m, H-2), 3.41 (1H, m, H-4);
13C-NMR (100 MHz, CD;0D) 6: 167.8 (C-7"), 163.8
(C-4"), 152.7 (C-1), 149.4 (C-3), 143.3 (C-4), 133.1
(C-2", 6"), 1223 (C-1"), 116.4 (C-3", 5"), 116.1
(C-5), 110.3 (C-6), 104.2 (C-1"), 103.9 (C-2), 78.1
(C-3"), 75.8 (C-5'), 75.1 (C-2), 722 (C-4), 652
(C-6"), 56.5 (3-OCH3). LA_b%ds5 STk Ehdh idt47 X}
tplol, %524k -&%) 5 4 dunnianoside Do

G 6: R AR K. HR-ESI-MS m/z:
477.103 7 [M—H] . 'H-NMR (400 MHz, CD;0D) 6:
7.55 (2H, d, J = 8.4 Hz, H-2, 6), 7.10 (2H, s, H-2",
6"), 7.01 (2H, d, J = 8.4 Hz, H-3, 5), 6.83 (1H, d, J =
12.8 Hz, H-7), 5.84 (1H, d, J = 12.8 Hz, H-8), 4.94
(1H, d, J= 7.6 Hz, H-1"), 3.42~3.80 (3H, m, H-2', 3/,
4'), 4.60 (1H, dd, J = 12.0, 2.4 Hz, H-6'), 4.40 (1H, dd,
J=12.0, 7.6 Hz, H-6"); 3C-NMR (100 MHz, CD;0D)
5:170.2 (C-9), 168.2 (C-7"), 159.4 (C-4), 146.6 (C-3",
5"), 143.3 (C-7), 140.0 (C-4"), 132.9 (C-2, 6), 130.6
(C-1), 121.4 (C-1"), 119.2 (C-8), 117.0 (C-3, 5), 110.3
(C-2", 6", 102.0 (C-1'), 77.9 (C-3"), 75.7 (C-5'), 74.9
(C-2"), 71.8 (C-4"), 64.8 (C-6"). LA FEE 5 S0k %k
AT XY, SR B 6 N 4-0-(6'-0-% & T
i = -B- D~ ) W 5 ) - - ) 7 2R

&Y 7. FK A . HR-ESI-MS m/z: 491.083 1
[M—H] . 'H-NMR (400 MHz, DMSO-ds) J: 10.84
(1H, s, OH), 7.81 (1H, s, H-5"), 7.52 (1H, s, H-5), 5.47
(1H, s, H-1"), 5.15 (2H, m, H-6"), 5.07 (1H, m, H-5"),
4.59 (1H, m, H-2"), 4.09 (3H, s, 3-OMe), 4.05 (3H, s,
3-OMe), 3.70 (1H, m, H-3"), 3.49 (1H, m, H-4");
3C-NMR (100 MHz, DMSO-ds) d: 158.4 (C-7'),
158.3 (C-7), 152.8 (C-4"), 151.6 (C-4), 141.8 (C-3"),
141.6 (C-2"), 140.9 (C-2), 140.2 (C-3), 114.1 (C-1"),
112.8 (C-6"), 111.9 (C-5'), 111.9 (C-6), 111.6 (C-5),
111.1 (C-1), 101.3 (C-1"), 77.3 (C-3"), 76.5 (C-5"),

73.3 (C-2"), 69.5 (C-4"), 61.7 (3-OMe), 61.0
(3-OMe), 60.5 (C-6"). LA ¥ 5 SClRE A 3347 Xt
b2, S A9 7 N 3,3 - B AEIR-4"-0-B-D-
MEL et 77 25 W

&Y 8: HRA . HR-ESI-MS m/z: 341.124 1
[M+HCOO] . 'H-NMR (400 MHz, CD;OD) d: 7.10
(2H, d, J = 8.7 Hz, H-3, 5), 7.03 (2H, d, J = 8.7 Hz,
H-2, 6), 5.95 (1H, ddt, J = 16.8, 10.1, 6.7 Hz, H-8),
5.06 (1H, m, H-9a), 5.04 (1H, m, H-9b) , 4.88 (1H, m,
H-1'), 3.90 (1H, dd, J = 12.0, 2.0 Hz, H-6"a), 3.70 (1H,
dd, J = 12.0, 5.1 Hz, H-6'b), 3.46~3.35 (4H, m,
H-2'~5"), 3.32 (2H, m, H-7); 3C-NMR (100 MHz,
CD;0D) d: 157.7 (C-1), 139.4 (C-2, 6), 135.4 (C-4),
130.6 (C-3, 5), 117.9 (C-8), 115.8 (C-9), 102.7 (C-1"),
783 (C-3"), 78.2 (C-5)), 75.1 (C-2), 71.6 (C-4'), 62.7
(C-6'),40.5 (C-7). VA -Hds 5 SCRBdE 170 b2,
YA 8 N 1-0-B-D- % Wi FE-4-J7 TR FE

&M 9: At AR. HR-ESI-MS m/z: 371.134 9
[M+HCOO] . 'H-NMR (400 MHz, CD;0D) d: 7.10
(1H, d, J=8.2 Hz, H-6), 6.84 (1H, d, J= 2.0 Hz, H-3),
6.73 (1H, dd, J = 8.2, 2.0 Hz, H-5), 5.96 (1H, ddt, J =
16.8, 10.1, 6.7 Hz, H-8), 5.07 (I1H, m, H-9a), 5.03
(1H, m, H-9b), 4.85 (1H, s, H-1), 3.88 (1H, m, H-6a’),
3.85 (3H, s, 10-OCH3), 3.70 (1H, m, H-6b’), 3.49~
3.31 (6H, m, H-7, 2', 3", 4, 5"); '3C-NMR (100 MHz,
CD;0D) §: 150.9 (C-2), 146.5 (C-1), 139.2 (C-8),
136.6 (C-4), 122.2 (C-5), 118.4 (C-6), 116.0 (C-9),
114.3 (C-3), 103.2 (C-1'), 78.3 (C-3"), 78.0 (C-5"), 75.1
(C-2'), 71.5 (C-4'), 62.7 (C-6'), 56.8 (C-10), 40.9 (C-7).
LB S SR AR A T LR, St A 9 R 2-
FHAA U -4-(2- P M ) R B B-D-NHL I A & E

&1 10: AEK A . HR-ESI-MS m/z: 503.177 3
[M+HCOO] . 'H-NMR (500 MHz, CD;OD) §: 7.13
(1H, d, J = 8.4 Hz, H-5), 7.00 (1H, d, J= 1.8 Hz, H-2),
6.90 (1H, dd, J= 8.4, 1.8 Hz, H-6), 6.36 (1H, m, H-7),
6.19 (1H, dd, J = 15.7, 6.6 Hz, H-8), 4.85 (1H, s,
H-1), 432 (1H, d, J = 7.4, H-1"), 4.10 (1H, dd, J =
11.7, 1.9 Hz, H-6'a), 3.88 (3H, s, 10-OCH3), 3.85 (1H,
dd, J=11.5, 5.3 Hz, H-5"a), 3.77 (1H, dd, J = 11.6,
6.3 Hz, H-6'b), 3.62 (1H, m, H-5'), 3.50~3.46 (4H,
m, H-2', 3, 4", 3.40 (1H, d, J = 9.5 Hz, H-4'), 3.28
(1H, d, J = 8.8 Hz, H-2"), 3.21 (1H, dd, J = 9.1, 7.4
Hz, H-3"), 3.15 (1H, dd, J = 11.5, 10.2 Hz, H-5"b),
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1.86 (3H, dd, J = 6.6, 1.5 Hz, H-9); 3C-NMR (125
MHz, CD;0D) ¢: 150.9 (C-3), 147.1 (C-4), 134.9
(C-1), 131.9 (C-7), 125.4 (C-8), 120.4 (C-6), 118.3
(C-5), 111.1 (C-2), 105.5 (C-1"), 102.9 (C-1"), 77.8
(C-3", 77.8 (C-2"), 77.6 (C-5"), 75.1 (C-3"), 75.0
(C-2), 71.5 (C-4'), 71.4 (C-4"), 69.9 (C-6"), 67.0
(C-5"), 56.8 (10-OCH3), 18.7 (C-9). LA %# 5 ik
FAHEHATO RS, S B 10 2 ()-(B)-4-FR2E-3-
FH 4 2 2 A 45 -4-O-B-L- ML TR A 4 25 -(1—6)-B-D- it
Ve 8] 267 W

AP 11: Ak K. HR-ESI-MS m/z: 503.177 1
[M-+HCOO] . 'H-NMR (500 MHz, CD;0OD) ¢: 7.13
(1H, d, J=8.2 Hz, H-5), 6.84 (1H, d, J= 1.6 Hz, H-2),
6.76 (1H, dd, J = 8.2, 1.7 Hz, H-6), 5.98 (1H, ddt, J =
16.8, 10.1, 6.7 Hz, H-8), 5.11~4.99 (2H, m, H-9),
4.84 (1H, m, H-1"), 431 (1H, d, J = 7.4 Hz, H-1"),
4.09 (1H, dd, J = 11.6, 1.7 Hz, H-6'a), 3.86 (3H, s,
10-OCH3), 3.83 (1H, m, H-5"a), 3.78 (1H, dd, J =
11.7, 6.1 Hz, H-6'b), 3.60 (1H, ddd, J = 10.0, 6.3, 2.2
Hz, H-3'), 3.48 (1H, m, H-2"), 3.42 (1H, m, H-4"),
3.35 (1H, s, H-3"), 3.33 (1H, s, H-4), 3.31 (2H, s,
H-7), 3.29 (1H, t, J = 8.9 Hz, H-3"), 3.20 (1H, dd, J =
8.9, 7.6 Hz, H-2"), 3.13 (1H, dd, J = 11.5, 10.2 Hz,
H-5"b); BC-NMR (125 MHz, CD;0D) d: 150.9 (C-3),
146.3 (C-4), 139.1 (C-8), 136.6 (C-1), 122.4 (C-6),
118.5 (C-5), 116.0 (C-9), 114.2 (C-2), 105.4 (C-1"),
103.0 (C-1'), 77.8 (C-3"), 77.7 (C-3"), 77.5 (C-5"),
75.1 (C-2), 75.0 (C-2"), 71.5 (C-4"), 71.3 (C-4"), 69.8
(C-6"), 66.9 (C-5"), 56.8 (10-OCH3), 40.9 (C-7). AL
Kb 5 SCEREE AT R, Stk 11 R 4-
2 e -3- B A B 2R T -8- Ui -4-O-B-D- M TRj A i L -
(1—6)-B-D-H 1R ] 2] i

&Y 12: HE AR K. HR-ESI-MS m/z:
287.056 1 [M—H] . 'H-NMR (400 MHz, CD;0D) §:
7.36 (2H, dd, J = 8.6 Hz, H-2', 6'), 6.84 (2H, dd, J =
8.6 Hz, H-3', 5'), 5.93 (1H, d, J = 2.1 Hz, H-8), 5.89
(1H, d, J = 2.1 Hz, H-6), 4.99 (1H, d, J = 11.6 Hz,
H-2), 4.55 (1H, d, J = 11.6 Hz, H-3); 3C-NMR (100
MHz, CD;0D) ¢: 198.6 (C-4), 168.8 (C-7), 165.4
(C-5), 164.7 (C-9), 159.3 (C-4"), 130.5 (C-2', 6"), 129.4
(C-17), 116.2 (C-3', 5'), 102.0 (C-10), 97.4 (C-6), 96.4
(C-8), 85.1 (C-2), 73.7 (C-3). VA L-Hdl 5 crik it
BT, St E 12 AL ER.

&Y 13: HI A K. HR-ESI-MS m/z:
303.051 2 [M—H] > 'H-NMR (400 MHz, CD;0D) ¢:
6.97 (1H, d, J=2.0 Hz, H-2"), 6.84 (1H, d, J= 2.1 Hz,
H-6'), 6.81 (1H, d, J = 8.1 Hz, H-5"), 5.93 (1H, d, J =
2.2 Hz, H-8), 5.89 (1H, d, J = 2.1 Hz, H-6), 4.92 (1H,
d, J=11.5 Hz, H-2), 4.51 (1H, d, J = 11.5 Hz, H-3);
BC-NMR (100 MHz, CD;OD) J: 198.6 (C-4), 168.8
(C-7), 165.5 (C-5), 164.5 (C-9), 147.3 (C-4"), 146.5
(C-3), 130.0 (C-1'), 121.0 (C-6'), 116.2 (C-2'), 116.0
(C-5"), 102.0 (C-10), 97.4 (C-6), 96.4 (C-8), 85.3
(C-2), 73.8 (C-3). LA FE#R 5 TR BRI AT XS L,
Y E 13 N EAM R R

A1) 14: FEEHAR . HR-ESI-MS m/z: 435.129 8
[M—H] . 'H-NMR (400 MHz, CD;0D) d: 7.06 (2H,
d, J=8.5Hz, H-2, 6), 6.68 (2H, d, J = 8.5 Hz, H-3, 5),
6.18 (1H, d, J = 2.3 Hz, H-3"), 5.96 (1H, d, J= 2.3 Hz,
H-5'), 5.04 (1H, d, J= 7.3 Hz, H-1"), 3.91 (1H, dd, J =
12.1, 2.0 Hz, H-6"a), 3.72 (1H, dd, J = 12.1, 5.4 Hz,
H-6"b), 3.45 (2H, m, H-a), 2.88 (2H, t, J = 7.6 Hz,
H-B); 3C-NMR (100 MHz, CD;0D) 6: 206.7 (C = O),
167.7 (C-4"), 166.0 (C-6"), 162.5 (C-2'), 156.5 (C-4),
134.0 (C-1), 130.5 (C-2, 6), 116.2 (C-3, 5), 106.9
(C-1%), 102.2 (C-1"), 98.5 (C-5"), 95.6 (C-3'), 78.6
(C-5"), 78.6 (C-3"), 74.9 (C-2"), 71.3 (C-4"), 62.6
(C-6"), 47.1 (C-a), 30.9 (C-B). LL_EHE S5 k%L
PEPIFEAT LG, St B 14 AR 7 .

&Y 15 RFEEH K. HR-ESI-MS m/z:
433.113 6 [M—H] > 'H-NMR (500 MHz, CD;0D) §:
7.33 (2H, d, J = 8.4 Hz, H-2, 6'), 6.83 (2H, d, J=8.5
Hz, H-3',5'), 6.22 (1H, t, J = 2.2 Hz, H-8), 6.20 (1H, t,
J=1.9 Hz, H-6), 5.39 (1H, dt, J = 13.0, 2.8 Hz, H-2),
4.98 (1H, m, H-1"), 3.89 (1H, d, J = 12.0 Hz, H-6a"),
3.70 (1H, m, H-6b"), 3.18 (1H, dd, J = 17.0, 13.3 Hz,
H-3a), 2.76 (1H, dt, J=17.2, 3.4 Hz, H-3¢); 3C-NMR
(125 MHz, CD;0D) 6: 198.7 (C-4), 167.2 (C-7), 165.1
(C-5), 164.8 (C-9), 159.3 (C-4'), 131.0 (C-1"), 129.3
(C-2', 6'), 116.5 (C-3', 5", 105.1 (C-10), 101.4 (C-1"),
98.1 (C-6), 97.1 (C-8), 80.9 (C-2), 78.4 (C-3"), 77.9
(C-5"), 74.8 (C-2"), 71.3 (C-4"), 62.5 (C-6"), 44.3
(C-3). VA 3RS SCEREAREOAT XL, S
Y15 il Bz K -7-0-B-D-nt g 4 2 B HY

&Y 16: HEE O K. HR-ESI-MS m/z:
463.088 7 [M—H] > 'H-NMR (400 MHz, CD;0D) &:



FES 2021E8 7 $52% H 158  Chinese Traditional and Herbal Drugs 2021 August Vol. 52 No. 15

- 4485 «

7.85 (1H, d, J = 2.2 Hz, H-2"), 7.59 (1H, dd, J = 8.5
Hz, 2.2 Hz, H-6'), 6.87 (1H, d, J = 8.5 Hz, H-5"), 6.41
(1H, d, J=2.1 Hz, H-8), 6.21 (1H, d, J=2.1 Hz, H-6),
5.18 (1H, d, J = 7.8 Hz, H-1"), 3.86 (1H, m, H-4"),
3.82 (1H, m, H-2"), 3.65 (2H, dd, J = 11.1, 6.0 Hz,
H-6"), 3.56 (1H, m, H-3"), 3.49 (1H, m, H-5");
BC-NMR (100 MHz, CD;0D) J: 179.7 (C-4), 166.2
(C-7), 163.2 (C-5), 158.9 (C-2), 158.6 (C-9), 150.1
(C-4"), 145.9 (C-3"), 135.9 (C-3), 123.1 (C-1'), 123.0
(C-6", 117.9 (C-2"), 116.2 (C-5"), 105.8 (C-10), 105.5
(C-1"), 100.0 (C-6), 94.8 (C-8), 77.3 (C-5"), 75.2
(C-3"), 73.3 (C-2""), 70.2 (C-4"), 62.1 (C-6"). LA %k
P55 SCER BRI TR LG, S th B 16 A
K-3-0-B-D-F-FLbET -

WEY17: FEEH K. HR-ESI-MS m/z: 611.158 3
[M+H]". 'H-NMR (400 MHz, DMSO-ds) d: 12.59
(1H, brs, 5-OH), 7.65 (1H, dd, J = 8.5, 2.2 Hz, H-6"),
7.51 (1H, d, J= 2.1 Hz, H-2"), 6.83 (1H, t, J=7.9 Hz,
H-5"), 6.38 (1H, dd, J = 5.6, 1.9 Hz, H-8), 6.19 (1H, t,
J=1.8 Hz, H-6), 5.32 (1H, d, J = 7.8 Hz, H-1"), 4.40
(1H, dd, J = 14.0, 1.5 Hz, H-1""), 1.06 (3H, d, J= 6.2
Hz, H-6""); 13C-NMR (100 MHz, DMSO-dy) J: 177.3
(C-4), 164.2 (C-7), 161.2 (C-5), 156.4 (C-2, 9), 148.4
(C-4"), 144.8 (C-3"), 133.3 (C-3), 121.6 (C-6"), 121.1
(C-1'), 116.0 (C-5"), 115.2 (C-2'), 103.9 (C-10), 101.2
(C-1"), 100.0 (C-1"), 98.7 (C-6), 93.6 (C-8), 76.4
(C-3"), 75.9 (C-5"), 73.5 (C-2"), 71.9 (C-4"), 71.1
(C-3""), 70.6 (C-4"), 70.4 (C-2""), 68.3 (C-5""), 67.0
(C-6"), 17.7 (C-6"")o LA b %df 5 STk Bl i3t 47 %)
HB2, BmAAEm 1T AT .

& 18: FEEOK A . HR-ESI-MS m/z: 611.158 3
[M+H]". 'H-NMR (400 MHz, DMSO-ds) J: 12.59
(1H, brs, 5-OH), 7.65 (1H, dd, J = 8.5, 2.2 Hz, H-6),
7.51 (1H, d, J=2.1 Hz, H-2'), 6.83 (1H, t, J=7.9 Hz,
H-5'), 6.38 (1H, dd, J= 5.6, 1.9 Hz, H-8), 6.19 (1H, t,
J=1.8 Hz, H-6), 5.32 (1H, d, J = 7.8 Hz, H-1"), 4.40
(1H, dd, J = 14.0, 1.5 Hz, H-1""), 1.06 (3H, d, J= 6.2
Hz, H-6""); '3C-NMR (100 MHz, DMSO-dy) 5: 177.4
(C-4), 164.3 (C-7), 161.2 (C-5), 156.6 (C-9), 156.4
(C-2), 148.5 (C-4"), 144.8 (C-3"), 133.5 (C-3), 121.9
(C-6"), 121.2 (C-1"), 116.2 (C-5"), 115.2 (C-2'), 103.9
(C-10), 102.0 (C-1"), 100.8 (C-1""), 98.7 (C-6), 93.6
(C-8), 74.1 (C-5"), 73.0 (C-3"), 71.8 (C-4"), 70.6

(C-2"), 70.4 (C-3""), 70.0 (C-2'"), 68.3 (C-4"), 68.0
(C-5""), 65.1 (C-6"), 17.9 (C-6""). LA 5 k%
PEHEATXTERR, Sm b & 18 Julfi iz 2-3-0-HlFE
BUHE .
4 g

AT FE N L 2 5 SR SEER AT K SE 1) 55% B4R
BRI 3 B %558 1 18 AME A, BLHE 1 N ERR
10 NMHER () A7 AN EERA G . AW
Rit—DFE T IR E R 2R, IR
P20 L R B 2 R B8 T A

RBAR AR ERRALEF BT R
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