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Chemical constituents of ethyl acetate extracts of Empetrum nigrum var. japonicum
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Abstract: Objective To study the chemical constituents of Empetrum nigrum var. japonicum. Methods The chemical constituents
were isolated by silica gel column chromatography and HPLC, and its structure was identified by their spectral data and
physicochemical properties analysis. Results Twenty-two compounds were isolated from ethyl acetate extracts of E. nigrum var.
japonicum with the structures identified as 3,4-dihydroxybenzoic acid (1), 3-methoxy-4-hydroxybenzoic acid (2),
methyl-3,4-dihydroxybenzoate (3), dihydroconiferyl alcohol (4), (6S,9R)-vomifoliol (5), (6R,9R)-9-hydroxy-3-one-a-ionol (6),
phenylpropionic acid (7) quercetin-3-O-(6"-benzoyl)-B-D-galactoside (8), daucosterol (9), quercetin-3-O-B-D-glucopyranoside (10),
phenylpropyl-O-B-D-glucopyranoside (11), maslinic acid (12), rutinum (13), quercetin-3-O-p-D-galactoside (14), benzyl-(6-O-
a-L-arabinofuranosyl)-O-B-D-glucopyranoside (15), cinnamol-O-(6-O-a-L-arabinopyranosyl)-B-D-glucopyranoside (16), quercetin-3-
O-neohesperidoside (17), kaempferol-3-O-neohesperidoside (18), 2a,3B-dihydroxyurs-12-en- 28-oic acid (19), foliachinenoside Az
(20), kaempferol-3-O-rutinoside (21) and isorhamnetin-3-O-rutinoside (22). Conclusion Compounds 1—6, 8, 11—13, 15—22 were
isolated from E. nigrum var. japonicum for the first time.
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% dbt %= & % Empetrum nigrum L. var.
japonicum K. Koch 3044 H-Fil H £, s =k}
LB NEAR, TR, AR
o, BEMEY), amZRHER ECE R 1AM
Filt, RIbE =AY, B AN A,
AT A FR AT R B 24, 25 BERTE 70 3 W A5 b e e 2L
Fi% e BRI AR ST DhRe 32 uE (ALF) 145
PAFERE, HA RV DL, 76 57 A 72 o7 ka1
ARSI ARG = = B IR SR AC B A 7 B o3 ik
TR, Wb Eas 22 MEEY, oRl%EN
3,4- R FIKHER (3,4-dihydroxybenzoic acid, 1).
3-HIAEFE-4-F 52K HIER - (3-methoxy-4-hydroxybenzoic
acid, 2). 34-—FAEKHERFEE (methyl-3,4-
dihydroxy-benzoate, 3). & a1l (dihydroconiferyl
alcohol, 4). (6S,9R)-6,9- ¥4 H£-3-fli-a- % & 2 ig
[(6S,9R)-vomifoliol, 5]. (6R,9R)-9-#%3L-3-f-0-4 %
22 [(6R,9R)-9-hydroxy-3-one-a-ionol, 6]. ZEH &
( phenylpropionic acid, 7). #fi & 3-0-(6"-#H
It )-B-D-Mit R = L A% T [quercetin-3-O-(6"-benzoyl)-
p-D-galactoside, 8]. #1% M (daucosterol, 9).
Wit Bz 2 -3-O-B-D- It W % %) BE i ( quercetin-3-
O-B-D-glucopyranoside, 10). K 4 E#-O-B-D- I i i
I (phenylpropyl-O-p-D- glucopyranoside, 11)-.
(IR (maslinic acid, 12). 7T Crutinum, 13).
Hit B 2 -3-O-B-D- ik W > 7L BE i ( quercetin-3-O-
B-D-galactoside, 14). & HE#-O-(6-O-a-L- MR R +ir
B B 5 )-B-D- ik MR i % B [benzyl-(6-O-a-L-
arabinofuranosyl)-B-D-glucopyranoside, 15]. RI:RE-
O-(6-O-a-L- K g [T 37 {11 B K= )-B-D- Al 1 i %) B
[cinnamol-O-(6-0-L-arabinopyranosyl)-p-D-gluco-
pyranoside, 16]. #ffl 5 -3-0-(2-O-o-L-ML MR B3 2=
3 )-p-D- Mt W O & BE 1F ( quercetin-3-O-
neohesperidoside, 17). 111 Z3}-3-0-(2-O-a-L-M
B 2% M 2L )-B-D- It e 7 47 A ( kaempferol-3-O-
neohesperidoside, 18). 20,3p- 2 3%E-12-4%-28-13 75
2 (2a,3B-dihydroxyurs-12-en-28-oic acid, 19).
foliachinenoside A, (20). 1l 2 W}-3-0-25 F& B
(kaempferol-3-O-rutinoside, 21). 2 %-3-0-%
FHEHE Cisorhamnetin-3-O-rutinoside, 22). th&4)
1~6. 8. 11~13. 15~22 AE RN FILE ==
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AEIEC (HARSEAT]D: LC-20AR %, RID-20A
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A i) £ VBORH O B g A IR A DD, SRAMEI 85,
Cis (120 g, 40~60 um) fiff:, AR AL
(200~300 H)> NESMEEHA T i 0
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SR T
2 REESNE
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BElR 2T 1.5 L, ZEHL4 IR, & A RV 752 BURU
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BRI w22 BE IR OB ZEEY) 30.0 g, 4HER
FE S B, I IE CUe-BS R 2.6 (7 < 3,6.0 LD
BEIR O BR (4.0 LD, BEPFR OBR-FIRE (812, 40L)
Ve, ZEE 6 (TLC) K& IFMERS, W
JEeds e E L, 13 6 M (F1~F6).

F2 (4.6 ) SRERAEIESE, R IE k-
BERR G (614, 3.0L). BEER4ME (15 L), BAIR
CBE-FEE (703, 1L5L) WM, &HMARSE5
ANy (F2-1~F2-5), F2-2 (827.0 mg) FIFdhl4%
ERORAR 3 (FEE-7K 8 & 2, MR 4 mL/min)
S EARF] 2 NS (F2-2-1~F2-2-2) ., F2-2-1 (103.1
mg) il & RO A Lt (FREE-/K 55 - 45,
AR E 4 mL/min) 2 BAEMHEY 1 (1.8 mg,
tr=6.9 min). 2 (2.5 mg, tg=9.9 min). 3 (1.3 mg,
tr=13.7 min); F2-2-2 (73.5 mg) K4 w30l
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FRE (FFEE-K 6 ¢ 4, AFRE 4 mL/min) 43 &
BEMEY 4 (6.4mg, tk=7.1min). 5 (11.8 mg,
tr=7.5min). 6 (2.7 mg, tg=12.2 min). 7 (3.8 mg,
tr=15.9 min). F2-4 (1.5 g) SR GIE S,

R IE Cbe-BE IR 206 (317, 1.0 LD BSR4
(0.6 L), EHRZLF8-HEE (8:2, 0.5L). HEE (0.5
L) e, &IHMEARDSE 3 NS (F2-4-1~
F2-4-3). F2-4-2 (808.0 mg) FHfill 4w 20i A &
i (HEE-7K 6 ¢ 4, BSR4 mL/min) 7y & 152
2 NH Sy (F2-4-1-1~F2-4-1-2) . F2-4-1-1(256.0 mg)
FH 2] 4% T RORM (il (FREE-/K 45 055, RFRIR
&= 4 mL/min) 2 EAENEY) 8 (5.4mg, t=36.5
min).

F3 (5.39) &RERAGIESE, RKIKABER
fis (6.0 L) BEMRLME-FRE (812, 25 L), HIfE
(1.0 L) ¥, &IFMRERSS 4 NS (F3-1~
F3-4), F3-2 (462.0 mg) FREELHEIMLEY 9
(31.3mg). F3-3 (440.2 mg) F il 4% m HoRAH
i (HEE-K 8 12, R 4 mL/min) 4 £33
3 M4y (F3-3-1~F3-3-3). F3-3-2 (177.5mg)
HPLC HIfE-/K (6 © 4, MRFUALE 4 mL/imin) 43515
3| 4 NHS (F3-3-2-1~F3-3-2-4), F3-3-2-1 (30.0
mg) i HPLC FZ-7K (45 : 55, /R FH 7 & 4 mL/min)
HEAFEY 10 (11.0 mg, tk=18.6 min);
F3-3-2-1 (35.2mg) JH -l & ey SOl AR (it P -
/K 55 : 45, {RFUAE 4 mL/min) 4> EEE1LEY)
11 (143 mg, tr=13.4min).

F4(1.0 o) I H 45 515 2L &4 12(20.3 mg),
BERAREIRAE A 5, RIKFBERR 488 (1.0 LD,
BEER 2. BE-HEE (9.5: 05, 0.8 L) EEER £ Hig-H %
(8:2, 05 L), BEMRCER-HEE (5:5, 0.5 L) ¥
B, G HAHE 15 6 N5 (FA-1~F4-6). F4-1
(159.9 mg) -l & s R Ae il (FREE-7K 6 © 4,
R E 4 mL/min) 735452011654 13 (47.7 mg,
tr=5.4min). F4-2 (67.4mg) FEEEL F5E1LE
)14 (46.3 mg). F4-3 (179.5 mg) FHFHil# =%k
WA (HEE-K 5 05, AFUAE 4 mL/min) 2
A 2LAEY) 15 (16.0 mg, tk=6.1min). 16 (19.1
mg, tk=9.7min). F4-5 (179.5 mg) F}Hl#% =k
WiAR I (FIEE-/K 45 @ 55, MARUAE 4 mL/min)
SEARNEY 17 (11.3 mg, tr=12.6 min). 18
(8.8mg, tr=17.8 min).

F5 (1.5¢) HHEEEL;AAEEMLAY 19 (13.3

mg), BREAF RSB R 210 nm, F
fig-7K (30 1 70—90 : 10 BHFEBENL, MAFME 10
mL/min) 7 &E158] 4 M (F5-1~F5-4), F5-2
(46.8 mg) HI:Mil & Mo AH il CFREE- 2 0i-7K
15:15:7, G E 4 mL/min) 45538405
) 20 (6.6 mg, tr=24.3min). F5-3 (44.0mg)
el %% SO AR R (R EE- 2 -K 125 0 1.25 ¢
75, FRFURE 4 mLimin) 4 EEEAEY) 21 (3.4
mg, tg=30.3min). 22 (3.8 mg, trg=34.2min).
3 HEMKRE

&Y 1. Ak K, mp 195~197 °C; ESI-MS
m/z: 177.01 [M—+Na]*, 4> 73N C/HeOs. H-NMR
(600 MHz, DMSO-ds) 6: 7.33 (1H, d, J = 1.6 Hz,
H-2), 7.28 (1H, dd, J = 8.2, 1.6 Hz, H-6), 6.78 (1H, d,
J =8.2 Hz, H-5); *C-NMR (150 MHz, DMSO-dg) 4:
167.8 (-COOH), 150.5 (C-4), 145.3 (C-3), 122.3
(C-6), 122.2 (C-1), 117.0 (C-2), 115.6 (C-5). LA L%
W5k iiE — 50, WS e AT 1N 34-25%
BRI

&Y 2: AR AR, mp210~212 C; ESI-MS
m/z: 191.03 [M+Na]*, 7> TN CsHgOs. H-NMR
(600 MHz, DMSO-ds) 6: 7.44 (1H, dd, J = 8.6, 1.2 Hz,
H-6), 7.43 (1H, d, J = 1.2 Hz, H-2), 6.84 (1H, d, J =
8.6 Hz, H-5), 3.81 (3H, s, 3-OCH3); *C-NMR (150
MHz, DMSO-ds) d: 167.9 (-COOH), 151.4 (C-4),
147.6 (C-3), 123.9 (C-6), 122.5 (C-1), 115.5 (C-5),
113.2 (C-2), 55.9 (-OCHz). LA L%ds 5 ClikkiE—
O, MG 2 N 3-FFRR-4- R R HE.

&4 3: Tok K, mp 133~135 C; ESI-MS
m/z: 191.03 [M+Na]*, 43T 3N CsHgOs. *H-NMR
(600 MHz, DMSO-ds) 6: 7.34 (2H, d, J = 2.1 Hz,
H-2), 7.31 (1H, dd, J = 6.2, 2.1 Hz, H-6), 6.80 (1H, d,
J=6.2 Hz, H-5), 3.76 (3H, s, -OCH3); **C-NMR (150
MHz, DMSO-ds) J: 166.6 (C-7), 150.9 (C-4), 145.5
(C-3), 122.2 (C-1), 120.9 (C-6), 116.7 (C-5), 115.7
(C-2),52.1 (-OCHs). LA F%d 5 ik — 5o,
MO E AW 38 3.4- RS IR R R

e 4: AEBA, mp63~65T; H-NMR
(600 MHz, DMSO-ds) 6: 6.73 (1H, d, J = 1.4 Hz,
H-2), 6.65 (1H, d, J = 7.9 Hz, H-5), 6.55 (1H, dd, J =
7.9, 1.4 Hz, H-6), 3.73 (3H, s, 3-OCH3), 3.38 (2H, m,
H-1), 2.48 (2H, m, H-2"), 1.66 (2H, m, H-3');
13C-NMR (150 MHz, DMSO-ds) J: 147.8 (C-3), 144.8
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(C-4), 133.4 (C-1), 120.7 (C-6), 115.7 (C-5), 112.9
(C-2), 60.6 (C-1"), 56.0 (-OCHa), 35.1 (C-2'), 31.7
(C-3"). A3 5 ik — M, e am
4 R AR

&Y 5. Ry, [o]5 +23° (c 0.033,
MeOH); ESI-MS m/z: 247.13 [M+Na]*, 7+ N
C13H2003o 1H-NMR (600 MHZ, CDC|3) J: 5.90 (2H,
m, H-4), 5.85 (1H, dd, J = 15.6, 4.8 Hz, H-8), 5.77
(1H, d, J = 15.6 Hz, H-7), 4.41 (1H, m, H-9), 2.46
(1H, d, J = 17.0 Hz, H-2a), 2.25 (1H, d, J = 17.0 Hz,
H-2b), 1.91 (1H, d, J = 0.8 Hz, H-13), 1.30 (3H, d, J =
6.4 Hz, H-10), 1.08 (3H, s, H-11), 1.01 (3H, s, H-12);
3C-NMR (150 MHz, CDCls) §: 198.2 (C-3), 163.1
(C-5), 135.7 (C-8), 129.0 (C-7), 126.9 (C-4), 79.1
(C-6), 68.1 (C-9), 49.7 (C-2), 41.2 (C-1), 24.1 (C-11),
23.8 (C-12), 22.9 (C-10), 19.0 (C-13). DL E¥¥E 5
mRdRE — 32, M EY 5 N (6S,9R)-6,9-—
F2IE-3-F-a- K B LT

&Y 6: KEMIRY, [o]S +12° (c 0.011,
MeOH); ESI-MS m/z: 231.13 [M+Na]*, 27K
C13H20020 1H-NMR (600 MHZ, CDC|3) 0. 591 (2H,
m, H-4), 5.68 (1H, dd, J = 9.2, 7.3 Hz, H-7), 5.55 (1H,
dd, J=9.2, 7.3 Hz, H-8), 4.35 (2H, m, H-9), 2.34 (1H,
d, J =17.0 Hz, H-2a), 2.09 (1H, d, J = 17.0 Hz, H-2b),
1.89 (3H, s, H-13), 1.28 (3H, d, J = 3.2 Hz, H-10),
1.04 (3H, s, H-11), 0.98 (3H, s, H-12); 3C-NMR (150
MHz, CDCls) o: 199.2 (C-3), 161.9 (C-5), 138.4
(C-8), 126.7 (C-7), 125.9 (C-4), 68.4 (C-6), 55.4
(C-9), 47.45 (C-2), 36.2 (C-1), 27.9 (C-11), 27.2
(C-12), 25.5 (C-13), 23.67 (C-10). LA %¥s 5 kK
E—H0, e A 6 4 (6R,9R)-9-F25k-3-fif-
- Y AR,

&M 7. AEKAK, mp 47~50 'C; ESI-MS
m/z: 173.05 [M+Na]*, 4 30A CoH1002. 'H-NMR
(600 MHz, CDCl3) §: 7.30 (2H, m, H-2, 6), 7.22 (3H,
m, H-3~5), 2.97 (2H, t, J = 7.8 Hz, H-8), 2.69 (2H, t,
J = 7.8 Hz, H-7); *C-NMR (150 MHz, CDCly) ¢:
177.1 (C-9), 140.2 (C-1), 128.6 (C-3, 5), 128.3 (C-2,
6), 126.3 (C-4), 35.3 (C-8), 30.6 (C-7). LA F¥E 53¢
BRARE — 3, MR A T RN .

&) 8: FFA, mp 191~193 C; [a]p
+16°(c 0.019, MeOH); ESI-MS m/z: 591.11 [M+
Na]", %?fﬁ%} CaxsH24013- 1H-NMR (600 MHz,

DMSO-ds) o: 7.67 (2H, d, J = 7.4, H-3"", 7'""), 7.62
(1H, d, J = 8.5 Hz, H-6), 7.54 (1H, t, J = 7.4 Hz,
H-5""), 7.50 (1H, s, H-2"), 7.30 (2H, t, J = 7.4 Hz,
H-4"" 6", 6.81 (1H, d, J = 8.5 Hz, H-5"), 6.33 (1H, s,
H-8), 6.16 (1H, s, H-6), 5.49 (1H, d, J = 7.7 Hz,
H-1"); BC-NMR (150 MHz, DMSO-dg) ¢6: 177.8
(C-4), 165.8 (C-7), 165.3 (C-1""), 161.7 (C-5), 156.8
(C-9), 156.5 (C-2), 149.1 (C-4"), 145.4 (C-3"), 133.6
(C-3), 133.5 (C-5""), 129.2 (C-3", 7'), 128.9 (C-4"",
6'""), 122.3 (C-1"), 121.5 (C-6'), 121.5 (C-2""), 116.3
(C-2"), 115.7 (C-5'), 104.0 (C-10), 101.3 (C-1"), 99.4
(C-6), 94.0 (C-8), 73.5 (C-5"), 73.5 (C-3"), 71.5
(C-2"), 68.8 (C-4"), 64.5 (C-6"). LL_EH¥E 5 kIR
), M EY) 8 it % -3-0-(6"- 2K
1ik)-B-D-F L HEE

&Y 9: HEH AR (MeOH), mp 280~282 C;
!H-NMR (600 MHz, DMSO-dg) J: 5.33 (1H, dd, J =
4.7, 2.2 Hz, H-6), 4.23 (1H, d, J = 7.8 Hz, H-1"), 3.64
(1H, dddd, J = 11.8, 5.7, 5.2, 1.3 Hz, H-3), 3.70~2.98
(6H, m, H-2'~6'), 0.96 (3H, s, H-19), 0.92 (3H, d, J =
6.5 Hz, H-21), 0.83 (3H, t, J = 7.2 Hz, H-29), 0.82
(3H, d, J = 6.8 Hz, H-26), 0.80 (3H, d, J = 6.8 Hz,
H-27), 0.65 (3H, s, H-18). LA L %4 5 Sk 4k iE —
OO, M e A 9 NEHE M.

& 10: SRR, mp 225~227 C; [a]5
—8° (¢ 0.025, MeOH); ESI-MS m/z: 487.08 [M+
Na]*, TR A CuHx012. H-NMR (600 MHz,
DMSO-ds) 6: 7.58 (1H, d, J = 2.2, H-2"), 7.57 (1H, dd,
J =85, 2.2 Hz, H-6), 6.81 (1H, d, J = 8.5 Hz, H-5"),
6.39 (1H, s, H-8), 6.19 (1H, s, H-6), 5.46 (1H, d, J =
7.2 Hz, H-1"); BC-NMR (150 MHz, DMSO-dg) ¢:
177.9 (C-4), 164.7 (C-7), 161.7 (C-5), 156.7 (C-9),
156.6 (C-2), 148.9 (C-4"), 145.3 (C-3'), 133.7 (C-3),
122.0 (C-1"), 121.6 (C-6"), 116.6 (C-2"), 115.6 (C-5"),
104.4 (C-10), 101.3 (C-1"), 99.1 (C-6), 93.9 (C-8),
78.0 (C-5"), 77.0 (C-3"), 74.5 (C-2"), 70.4 (C-4"),
60.6 (C-6"). LA F¥d 5 sckliE — M, W
&) 10 it B % -3-O-B-D-Hi & b -

& 11: AEH AR, mp 91~93 °C; [a]5 +31°
(c 0.013, MeOH); ESI-MS m/z: 321.13 [M+Na]*, %
?‘fﬁj‘ﬂ C15H22060 1H-NMR (600 MHz, DMSO-de) 0:
7.27 (2H,t,J = 7.4 Hz, H-3, 5), 7.22 (2H, d, J = 7.4
Hz, H-2, 6), 7.17 (1H, t, J = 7.4 Hz, H-4), 4.11 (1H, d,
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J=7.8 Hz, H-1"), 3.67~3.79 (2H, m, H-8), 2.64 (2H,
t,J = 7.7 Hz, H-7); 3C-NMR (150 MHz, DMSO-de)
5: 142.3 (C-1), 128.8 (C-3, 5), 128.7 (C-2, 6), 126.1
(C-4), 103.4 (C-1"), 77.3 (C-5), 77.2 (C-3"), 73.9
(C-2"), 70.5 (C-4"), 68.3 (C-9), 61.6 (C-6"), 32.0 (C-7),
31.5(C-8). LAL-%idi 5 scikiiE —5le, ket
B 11 AR R E-O-B-D- M i ] 26 B .

&Y 12 LMK, mp 256~257 C;
'H-NMR (600 MHz, DMSO-dg) d: 5.17 (1H, m,
H-12), 3.41 (1H, m, H-2), 2.73 (1H, d, J = 10.0 Hz,
H-3), 1.09 (3H, s, H-23), 0.92 (3H, s, H-27), 0.90 (3H,
s, H-24), 0.87 (3H, s, H-30), 0.87 (3H, s, H-25), 0.71
(3H, d, H-26), 0.70 (3H, s, H-29); 3C-NMR (150
MHz, DMSO-de) 0: 179.0 (C-28), 144.3 (C-13), 121.9
(C-12), 82.7 (C-3), 67.6 (C-2), 55.2 (C-5), 47.5 (C-9),
47.3 (C-8), 46.1 (C-19), 45.9 (C-1), 45.9 (C-17), 41.8
(C-14), 41.3 (C-18), 38.1 (C-10), 38.0 (C-4), 33.8
(C-21), 33.3 (C-29), 32.8 (C-7), 32.6 (C-22), 30.9
(C-20), 28.3 (C-23), 27.6 (C-15), 26.1 (C-27), 23.8
(C-11), 23.8 (C-30), 23.5 (C-16), 18.5 (C-6), 17.8
(C-26), 17.3 (C-24), 16.8 (C-25). LA %3k 5 iRk
0, etk A 12 NIIIEER .

&) 13: FOFAR, mp 214~215 C; [a]y
—7° (¢ 0.075, MeOH); ESI-MS m/z: 633.14 [M+
Na]*, é}?fﬁﬁg Cu7H30015 - lH-NMR (600 MHZ,
DMSO-ds) 0: 7.54 (1H, d, J = 8.2 Hz, H-6"), 7.52 (1H,
s, H-2"), 6.83 (1H, d, J = 8.2 Hz, H-5), 6.18 (1H, s,
H-6), 6.37 (1H, s, H-8), 5.33 (1H, d, J = 7.0 Hz,
H-1"), 4.38 (1H, s H-1""); ¥C-NMR (150 MHz,
DMSO-ds) d: 177.8 (C-4), 164.7 (C-7), 161.7 (C-5),
157.1 (C-9), 156.9 (C-2), 148.9 (C-4'), 145.2 (C-3"),
133.7 (C-3), 122.1 (C-1"), 121.6 (C-6'), 116.7 (C-2',
5%, 104.4 (C-10), 101.7 (C-1"), 101.2 (C-1""), 99.1
(C-6), 94.1 (C-8), 76.9 (C-3"), 76.4 (C-5"), 74.5
(C-2"), 72.3 (C-4""), 71.0 (C-3""), 70.8 (C-2""), 70.5
(C-4"), 68.7 (C-5""), 67.5 (C-6"), 18.2 (C-6""). LA %
W5 scmkalIE — 502, Wt a Y 13 N T

&) 14: FOFA, mp 225~226 C; [a]p
—14° (c 0.021, MeOH); ESI-MS m/z: 487.08 [M+
Na]", %?fﬁ%} C1H20012 1H-NMR (600 MHz,
DMSO-dg) 6: 7.66 (1H, dd, J = 8.5, 2.2 Hz, H-6"), 7.52
(1H, d, J = 2.2 Hz, H-2"), 6.81 (1H, d, J = 8.5 Hz,
H-5"), 6.40 (1H, s, H-8), 6.20 (1H, s, H-6), 5.37 (1H,

d, J=7.4 Hz, H-1"); *C-NMR (150 MHz, DMSO-ds)
8: 177.9 (C-4), 164.5 (C-7), 161.6 (C-5), 156.7 (C-2),
156.7 (C-9), 148.9 (C-4"), 145.3 (C-3"), 133.9 (C-3),
122.4 (C-1"), 121.6 (C-6'), 116.4 (C-2"), 115.6 (C-5"),
104.4 (C-10), 102.2 (C-1"), 99.1 (C-6), 94.0 (C-8),
76.31 (C-5"), 73.6 (C-3"), 71.6 (C-2"), 68.4 (C-4"),
60.3 (C-6"). LA %l 5 ocimakiE —32Y, ke
AW 14 9t e 2=-3-0-B-D-2F-FLRE

&Y 15: RBEETLERH K, mp 150~
151 C: [a]n —44° (c 0.013, MeOH); ESI-MS m/z:
425.14 [M+Na]*, 4 F3UA CigHa6010. H-NMR
(600 MHz, DMSO-ds) d: 7.39 (2H, d, J = 7.5 Hz, H-2,
6), 7.34 (2H,t,J = 7.5 Hz, H-3,5), 7.27 (1H,t,J = 7.5
Hz, H-4), 4.78 (1H, d, J = 12 Hz, H-7a), 4.56 (1H, d,
J =12 Hz, H-7b), 4.84 (1H, s, H-1"), 4.24 (1H, d, J =
8.0 Hz, H-1"); BC-NMR (150 MHz, DMSO-dg) 6:
138.4 (C-1), 128.6 (C-3, 5), 128.2 (C-2, 6), 127.9
(C-4), 109.0 (C-1"), 102.5 (C-1'), 84.3 (C-4"), 82.6
(C-2"), 77.7 (C-3"), 77.1 (C-3"), 76.1 (C-5"), 73.9
(C-2"), 71.0 (C-4), 70.0 (C-7), 67.6 (C-6"), 61.8
(C-5"). LA -E# 5 cikikiE — 5P, M e is
W) 15 K EE-O-(6-0-o-L- R IR Rl 437 11 4 ) -B-D-
ML ) 2 B Y

& 16: RO ERH AR, mp 198~
200 ‘C; [0]® —57° (c 0.021, MeOH); 'H-NMR (600
MHz, DMSO-dg) d: 7.45 (2H, d, J = 7.2 Hz, H-2, 6),
7.34 (2H,t,J = 7.2 Hz, H-3, 5), 7.25 (1H, t, J = 7.2
Hz, H-4), 6.69 (1H, d, J = 16.2 Hz, H-7), 6.36 (1H, dt,
J=16.2, 5.4 Hz, H-8), 4.41 (1H, dd, J = 13.8, 5.4 Hz,
H-9a), 4.32 (1H, dd, J = 13.8, 5.4 Hz, H-9b), 4.83
(1H, d, J = 1.8 Hz, H-1"), 423 (1H, d, J = 7.8 Hz,
H-1"); *C-NMR (150 MHz, DMSO-dg) d: 137.0 (C-1),
131.9 (C-7), 129.1 (C-3, 5), 128.7 (C-4), 127.7 (C-8),
126.8 (C-2, 6), 109.0 (C-1"), 102.4 (C-1"), 84.3 (C-4"),
82.6 (C-2"), 76.0 (C-5"), 77.1 (C-3"), 77.7 (C-3"), 73.9
(C-2), 71.0 (C-4"), 69.0 (C-9), 67.7 (C-6"), 61.8
(C-5"). VL I-%d 5 ks —5®, M e is
) 16 9P RERE-O-(6-0-o-L-HR MR i 437 1174 52) -B-D-
WEL I e 2 B Y

&Y 17: FEOF A, mp 248~249 C; [a]d
—54° (¢ 0.015, MeOH); ESI-MS m/z: 633.14 [M+
Na]+, ﬁ%ﬁjﬂ C,7H30015 - 1H-NMR (600 MHz,
DMSO-dg) §: 7.61 (1H, dd, J = 8.0, 1.4 Hz, H-6"), 7.52
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(1H, d, J = 1.4 Hz, H-2"), 6.83 (1H, d, J = 8.0 Hz,
H-5", 6.40 (1H, s, H-8), 6.17 (1H, d, J = 1.2 Hz, H-6),
5.65 (1H, d, J = 7.5 Hz, H-1"), 5.10 (1H, s, H-1"");
13C-NMR (150 MHz, DMSO-ds) 0: 177.6 (C-4), 161.4
(C-7), 161.4 (C-9), 156.7 (C-2), 156.6 (C-5), 148.6
(C-4"), 145.0 (C-3"), 133.9 (C-3), 121.6 (C-6"), 122.1
(C-1"), 116.3 (C-5"), 115.6 (C-2'), 104.4 (C-10), 101.3
(C-1"), 99.2 (C-1"), 98.7 (C-6), 94.9 (C-8), 78.4
(C-5"), 77.3 (C-3"), 77.2 (C-2"), 72.1 (C-4""), 70.9
(C-4"), 70.8 (C-3""), 70.2 (C-2""), 68.8 (C-5""), 61.0
(C-6"), 17.2 (C-6"")o LA L %5d 5 SCiik s — 55242,
WS BB 1T A 3R -3-0-(2-0-a-L-Mit i i 4
R 5 ) - B~ D- ML A ] 267 4

&) 18: KA, mp 246~248 C; [a]p
—61° (c 0.018, MeOH); ESI-MS m/z: 617.14 [M+
Na]*, % 73N CxH3015. H-NMR (600 MHz,
DMSO-ds) d: 8.03 (2H, d, J = 8.4 Hz, H-6', 2'), 6.88
(2H, d, J = 8.0 Hz, H-5", 3"), 6.40 (1H, s, H-8), 6.20
(1H, s, H-6), 5.66 (1H, d, J = 7.5 Hz, H-1"), 5.10 (1H,
s, H-1""); ¥C-NMR (150 MHz, DMSO-dg) d: 177.7
(C-4), 164.5 (C-7), 161.4 (C-5), 156.8 (C-4'), 156.7
(C-2), 156.7 (C-9), 133.0 (C-3), 131.2 (C-2', 6'), 121.4
(C-1"), 115.7 (C-3', 5'), 104.4 (C-10), 101.1 (C-1"),
99.3 (C-6), 98.7 (C-1""), 94.3 (C-8), 78.4 (C-5"), 77.3
(C-3"), 77.2 (C-2"), 72.2 (C-4"), 70.3 (C-3""), 70.2
(C-4"), 70.3 (C-2"), 68.8 (C-5""), 61.0 (C-6"), 17.3
(C-6"). DA%l 5 ociiE — 502, #dse s
Y1 18 Jyili 22 1-3-0-(2-O-a-L- M i il 25 B 3t )-B-D-
YL et ] 227 M T

&9 19: ALK K, mp 270~272 °C; ESI-MS
m/z: 495.34 [M+Na]*, 77N CaoHagOs tH-NMR
(600 MHz, DMSO-dg) d: 3.42 (1H, m, H-2), 2.74 (1H,
d, J = 9.2 Hz, H-3), 1.04 (3H, s, H-23), 0.93 (3H, s,
H-27), 0.92 (3H, s, H-29), 0.87 (3H, d, J = 15.7 Hz,
H-25), 0.82 (3H, d, J = 6.4 Hz, H-24), 0.75 (3H, s,
H-26), 0.71 (3H, s, H-30); *C-NMR (150 MHz,
DMSO-dg) o: 178.8 (C-28), 138.7 (C-13), 124.9
(C-12), 82.7 (C-3), 67.6 (C-2), 55.2 (C-18), 47.5
(C-5), 47.4 (C-17), 47.3 (C-9), 42.2 (C-1), 405
(C-14), 40.4 (C-8), 40.3 (C-4), 40.0 (C-19), 38.9
(C-20), 38.0 (C-10), 36.8 (C-22), 33.1 (C-7), 30.6
(C-21), 29.3 (C-15), 28.0 (C-23), 24.3 (C-16), 23.7
(C-11), 23.4 (C-27), 21.6 (C-24), 185 (C-30), 17.7

(C-6), 17.5 (C-26), 17.4 (C-29), 16.9 (C-25). LA ¥k
W5 ki IE — 5P, M A 19 N 20,3p-
TR HE-12-45-28- 5 D5 R -

A 20: AEFA, mp 187~189 C; [o]h
+44° (c 0.016, MeOH); ESI-MS m/z: 575.17 [M-+
Na]*, 4 TR AN CupH32013. H-NMR (600 MHz,
DMSO-ds) 0: 7.78 (1H, dd, J = 8.7, 1.7 Hz, H-6), 7.54
(1H, dt, J = 8.7, 1.7 Hz, H-4), 7.49 (2H, d, J = 7.5 Hz,
H-2',6), 7.41 (1H, dd, J = 8.7, 1.7 Hz, H-3), 7.40 (2H,
t,J = 7.5 Hz, H-3, 5), 7.34 (1H, t, J = 7.5 Hz, H-4"),
7.09 (1H, dt, J = 8.7, 1.7 Hz, H-5), 5.34 (1H, d, J =
12.6 Hz, H-7"a), 5.28 (1H, d, J = 12.6 Hz, H-7'b), 4.93
(1H, d, J = 7.3 Hz, H-1"), 422 (1H, d, J = 7.8 Hz,
H-1"), 4.02 (1H, d, J = 10.8 Hz, H-6"a), 3.65 (1H, dd,
J =124, 1.7 Hz, H-6""a), 3.63 (1H, m, H-3"), 3.61
(1H, dd, J = 10.8, 3.1 Hz, H-6"b), 3.41 (1H, dd, J =
12.4, 5.7 Hz, H-6""b), 3.31 (1H, m, H-2"), 3.31 (1H,
m, H-3""), 3.16 (1H, m, H-4"), 3.09 (1H, m, H-5"),
3.03 (1H, m, H-4""), 3.02 (1H, m, H-5""), 2.98 (1H, m,
H-2'"); ¥C-NMR (150 MHz, DMSO-ds) J: 166.3
(C-7), 156.7 (C-2), 136.7 (C-1'), 134.3 (C-4), 130.8
(C-6), 128.9 (C-3, 5"), 128.4 (C-2', 4, 6'), 122 (C-5),
121.3 (C-1), 117.1 (C-3), 103.8 (C-1""), 101.2 (C-1"),
77.3 (C-5""), 77.1 (C-5"), 77.0 (C-3""), 76.6 (C-3"),
74.1 (C-2"), 73.8 (C-2"), 70.6 (C-4""), 70.2 (C-4"),
69.0 (C-6"), 66.6 (C-7"), 61.5 (C-6""). LA ¥ 5
kIR IE — 228, % e LA 20 A foliachinenoside
A20

th&w 21 #EEFAR, ESI-MS m/z: 617.14 [M+
Na]*, T3 A CxHz0015. H-NMR (600 MHz,
DMSO-ds) J: 7.97 (2H, d, J = 8.8 Hz, H-¢', 2'), 6.97
(2H, d, J = 8.8 Hz, H-5', 3"), 6.34 (1H, s, H-8), 6.15
(1H, s, H-6), 5.30 (1H, d, J = 7.5 Hz, H-1"), 4.37 (1H,
s, H-1""); C-NMR (150 MHz, DMSO-ds) ¢: 178.0
(C-4), 161.7 (C-7), 159.9 (C-5), 158.1 (C-4'), 157.1
(C-2), 157.1 (C-9), 133.7 (C-3), 131.3 (C-2', 6'), 121.4
(C-1"), 115.6 (C-3', 5'), 104.1 (C-10), 102.0 (C-1"),
101.3 (C-1""), 99.4 (C-6), 94.3 (C-8), 76.9 (C-3"), 76.2
(C-5"), 74.6 (C-2"), 72.3 (C-4""), 71.1 (C-3""), 70.8
(C-2""), 70.4 (C-4"), 68.7 (C-5""), 67.4 (C-6"), 18.2
(C-6"). LA F#E5ScikkiE — 8, wdse s
W) 21 Ryl A5 E-3-O- A B

&) 22: EEHA, ESI-MS miz: 647.15 [M+
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Na]", 4 F RN CagH32016. H-NMR (600 MHz,
DMSO-dg) §: 7.86 (1H, s, H-2"), 7.51 (1H, d, J = 8.5
Hz, H-6"), 6.91 (1H, d, J = 8.5 Hz, H-5"), 6.36 (1H, s,
H-8), 6.14 (1H, s, H-6), 5.42 (1H, d, J = 7.2 Hz,
H-1"), 4.42 (1H, s, H-1"), 3.84 (3H, s, -OCH3);
13C-NMR (150 MHz, DMSO-dg) J: 177.5 (C-4), 164.1
(C-7), 161.6 (C-5), 157.2 (C-2), 156.7 (C-9), 150
(C-3"), 147.4 (C-4"), 133.4 (C-3), 122.7 (C-6'), 121.7
(C-1"), 115.7 (C-5"), 113.7 (C-2'), 105.6 (C-10), 101.8
(C-1"), 101.4 (C-1""), 99.8 (C-6), 94.5 (C-8), 76.9
(C-3"), 76.4 (C-5"), 74.8 (C-2"), 72.3 (C-4""), 71.8
(C-3", 71.1 (C-2""), 70.5 (C-4"), 68.8 (C-5"), 67.3
(C-6"), 56.1 (-OCH3), 18.2 (C-6""). LA F¥dl 5 ik
g — B0, WA 22 MR REFER-3-0-
EHEE .
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