140 2024, Vol.45, No.23 BERZE XER DA

PR R P R 2y . R
P LRy R A (B

Ao, O, FREME, IR, deank', % B, WEEES, kSRR, Mo
(I.ZEFPEHLREPAER, ~rAAEARFERN AR ESRGE, = B 650500;
2EMERIREL R, A RN E S, m B 6505000

i B DR T SN G, RIS ANFLBEAG . Sephadex LH-20FIRP-18%5 B M Kk, 4 &l & BLAN
Pl 2 R v RO s, B R A R U R S A W M B, AR P T T O KSR R 4y B A e 16 AN
FAEY), WHET DRI, 4 DERZE. 2 DARTRRERZ DM AT A, Hhfha2~5. TRIlI~16K
T RN EAG BRI o AR R . T RS S B RITE S B AR MR T S Ao W R T R L R R IR AT,
AEAF TCER A BORE LI TR, A SCER A BRI A S 4k 8 EKH,0. CO. CHOBRCH,OZ I/, P24 — R
THET: MEBURERER S RRFE, B, WHASSREE, P24 e BN & & 7R 10KOR r-Fi
IR LR AE T BRAZ 1 2 A b B . T HL O, I SH-SY SY 41T, - T I A b S i eh 22 4 37
Mo GREFWLEMI~4. 6. 10FN6XH,0,3SH-SYSYAN M A R 1, Hdfb &3 GREFIRETFD £
5. 10, 20 pmol/LAEZ A4 N AN ORY 1 FA BRI LR I 32 v, BAPRERAES AR 554 T HId80%,
AR ER M TRHEAYRBEE TR REE TR, LA RO S Byt U A &8 2 & MR sr, X5y
RIHER PR, R T R ARG 1 St et e & I RAE D) B

KPR ARG YRRy IR RAT N MR ER

Phenols from Vaccinium dunalianum Wight: Secondary Mass Spectrometry Fragmentation and Neuroprotective Effect
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Abstract: In order to elucidate the health efficacy of Vaccinium dunalianum buds as a tea substitute and to reveal the
material basis for its functionality, we studied the chemical constituents of V. dunalianum buds by using separation materials
such as silica gel, MICHP-20p gel, Sephadex LH-20, and RP-18 combined with preparative and semi-preparative high
performance liquid chromatography (HPLC), high-resolution mass spectrometry and nuclear magnetic resonance (NMR)
spectroscopy. Totally 16 phenolic compounds were isolated and identified from the water extract of V. dunalianum buds,
including seven arbutins, four flavonoids, two lignansand, and three other phenolic compounds, among which compounds 2-5,
7, and 11-16 were isolated from the Vaccinium genus for the first time. Secondary mass spectrometry (MS/MS) analysis
revealed that the major fragmentation pathway of glycosides in the negative ion mode was the breakage of glycosidic
bonds to produce fragments of aglycone or glycosyl units. Then, the aglycone or glycosyl units continued to lose neutral
fragments such as H,0, CO, CHO, and CH,O to yield a series of sub-ions. Flavonoids or lignans lost their substituents such
as hydroxyl, hydroxymethyl, and methoxyl groups to produce neutral fragments or additional ions. Besides, Retro-Diels-

Alder (RDA) fragmentation was also common in the cleavage of the flavonoid skeleton. Compounds 1-4, 6, 10 and 16 had
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protective effects on SH-SYSY cells damaged by H,O,. The neuroprotective effect of compound 3 (Icariside F2) increased
with increasing its concentration at 5, 10, and 20 pmol/L, and the survival rate exceeded 80% at all three concentrations. The
neuroprotective effect was stronger than that of the positive drug epigallocatechin gallate. The above findings indicated that
V. dunalianum buds was rich in phenolic compounds with obvious neuroprotective effects, which would expand the health
functions of V. dunalianum buds as green health foods.
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igEE S AR GRIHEAE R AR AR b
IERAR; LN (Eika)  EEERA A
1.3 HiE
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EL -4 P R T BRATR 02 5.0 kB i, DAS R A AR () 34
ARIHEE3 h, —3E3 ), SIHREEUR, KA 5 HT
FRAFE]TR1.5 ko HURE I AR R T 87600 gif fift T4l 7K
W, DIOLRALM e+ ENT (6.0 kg, 20 cmX 70 cm)
ZWE-7/K (10%. 30%. 50% (VIV, FE)> ) ¥,
B34 NER4y (Fr. 1~Fr. 4) ; Fr. 3% Rp-18k: 2 H7
(330g, 6ecmX18cm) , FEE-/K (10%. 30%. 50%)
Ve, 1536 NMEES> (Fr. 3-1~Fr. 3-6) ; Fr. 3-143d
Sephadex LH-204¢ A ZHr (1.5 emX 190 cm) , HIEES:
s, A, FEE7 (30 mg) . Fr.3-2
LR EN (44 g, 8 cmX20 ecm; SAfhi-HEE-K,
9:1:0.1, 8:2:0.2, 7:3:0.3) , 5HI8 N4> (Fr. 3-2-
1~Fr. 3-2-8) o Fr. 3-2-14 | & MHPLC (C f:, H
FE-7K, 40%, A=220/254 nm) X535, F31LEW10
(30 mg) M5 (20 mg) . Fr.3-2-24:4| & HHPLC (CN
K, FHEE-K, 10%~50%, A=210/254 nm) X5,
BREMNEWI2 (Tmg) 13 (10 mg) . Fr. 3-32 5k
EHr (24 g, 5ecmX20 cm, SAF-HEE-/K, 9:1:0.1,
8:2:0.2. 7:3:0.3) , 1556 M4y (Fr. 3-3-1~Fr. 3-3-
6) , HHFr. 3-3-5GRANTH, NEEW4 (5mg) .
Fr. 3-3-34 |4 MHPLC (CNkE, Zf§-7/k, 10%,
A=220/254 nm) {485, HFEMLEYT (8 mg) 12
(10 mg) - Fr.3-3-4Z 4% WHPLC (C\¢f:, ZJE-K,
10%~50%, A=210/254 nm) ¥ 45> 55, T F 6% # 2
1%y (thin layer chromatography, TLC) (& {5i-H
Bz, 8:2) #aifk1§RML&W5 (5 mg) Fl16 (7 mg) .
Fr. 3-3-6 il & TLC (- EE-/K, 8:2:0.2) 4ift
BEMELAW3 (20 mg) , PR KA G % HHPLC
(CNH:, HEE-/K, 5%~18%, A=220/254 nm) 1X4)
B, BRSP4 (5 mg) . Fr. 3-64Rp-184: 27
(23 g, HEE-7K, 10%. 30%. 50%. 70%) , 15|
4 N4y (Fr. 3-6-1~Fr. 3-6-4) . Fr. 3-6-3Z 5 ik 2
¥r (2.6 g, 1.5cmX35cm, @f5i-FEE-7/K, 9:1:0.1.
8:2:0.2, 7:3:0.3) , 1333 M4 (Fr. 3-6-3-1~
Fr. 3-6-3-3) . Fr. 3-6-3-34Hi| % B HPLC (C, o, ZJE-
K, 10%~50%, A=220/254 nm) {585, 454
%TLC (RMG-FHEE, 7:3) 4ifbBR1LE%8 (15 mg)
A1 (15 mg) . Fr. 3-6-4i# i Sephadex LH-20%¢ ik
FEEM CHEE, 1.5 em X190 cm) , A 5 & [ 447
H, NEW9 (14 mg) , FIKEHH&H % BHPLC
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5, BEEm6 (10mg) .
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Fig.1  Chemical structures of compounds 1-16

E&w, BEmAR, 757 CL,H O, &EaHn
% B L% (high resolution-electrospray ionization-
mass spectrometry, HR-ESI-MS) m/z: [M—H] 271.081 9

G 271,082 3) o EEILIRANE ('H-nuclear
magnetic resonance, 'H NMR) (600 MHz, CD,0D)
o0 (H) 697 (2H, d, J=89Hz, H-3/5) , 6.70 (2H, d,
J=9.0Hz, H-2/6) , 4.75 (1H, d, J=7.3Hz, H-1") ,
3.99~3.81 (1H, m, H-6'a) , 3.76~3.68 (1H, m,
H-6'b) , 3.52~3.32 (4H, m, H-2'/3'/4'/5") ; “C NMR
(150 MHz, CD,OD) ¢ (C) 152.6 (s, C-1) 116.8 (d,
C-2/6) , 119.6 (d, C-3/5) , 152.9 (s, C-4) , 103.8
(d, C-1"), 75.1 (d, C-2"), 782 (d, C-3") , 716
(d, C-4>, 781 (d, C-5"), 62.7 (d, C-6') ., DAL
Hlls 5 SCBRIOTIRTE R A — B, Wi e HONRE R T .
tsw2, A@iEs, 75 :08C,H Oy HR-ESI-
MS m/z: [M~H] 313.094 1 (if#{f: 313.092 9) .
"H NMR (600 MHz, CD,0OD) § (H) 6.92 (2H, d,
J=8.8 Hz, H-2/6) , 6.68 (2H, d, J=8.8 Hz, H-3/

dd, J=12.0, 2.0 Hz, H-6’a) , 4.24 (1H, dd, J=
12.0, 6.4 Hz, H-6'b) , 3.57 (1H, ddd, J=8.8, 6.4,
2.2 Hz, H-5') , 3.47~3.35 (3H, m, H-2'/3'/4") ,
2.05 (3H, s, COCH,) ; "C NMR (150 MHz,
CD,0D) ¢ (C) 153.8 (s, C-1) , 119.5 (d, C-2/6) ,
116.6 (d, C-3/5) , 152.1 (s, C-4) , 103.5 (d,
C-1") , 748 (d, C-2") , 777 (d, C-3") , 71.6 (d,
C-4') , 75.1 (d, C-5") , 64.7 (t, C-6") , 173.0 (s,
COCH,) , 20.8 (q, COCH,) . bA ¥4 5 CHk[21]#%
TERA—H, W HON6 - LR RE R .

a3, HElE, 573 08C H0,: HR-ESI-
MS m/z: [M—H]™ 401.144 7 (it5{f: 401.145 3) .
'HNMR (600 MHz, CD,0D) 6 (H) 7.32 (2H, d, J=
7.4 Hz, H-2/6) , 7.23 (2H, t, J=7.5Hz, H-3/5) ,
7.17 (1H, t, J=7.2 Hz, H-4) , 4.96 (1H, d, J=
2.4Hz, H-1") , 479 (1H, d, J=11.8 Hz, H-7a) ,
455 (1H, d, J=11.8 Hz, H-7b) , 4.23 (1H, d, J=
7.8 Hz, H-1") , 3.91 (2H, dd, J=17.8, 5.8 Hz,
H-6"a/2’) , 3.84 (1H, d, J=2.4 Hz, H-6'b) , 3.68
(1H, overlap, H-3") , 3.53 (1H, dd, J=11.3,
6.3 Hz, H-4’) , 3.50 (2H, s, H-4") , 3.32~3.28
(1H, m, H-5") , 3.23~3.18 (2H, m, H-1"2") ,
3.16 (2H, s, H-5") ; "CNMR (151 MHz, CD,0D)
5 (C) 1389 (s, C-1) , 129.3 (d, C-2/3/5/6) , 128.7
(d, C-4), 103.1 (d, C-1") , 75.0 (d, C-2") , 77.9
(d, C-3"), 71.8 (d, C-4") , 769 (d, C-5) , 68.6
(t, C-6") , 110.9 (d, C-1") , 78.0 (d, C-2") ,
80.5 (d, C-3") , 749 (t, C-4") , 655 (t, C-5") .
DA 30 5 SCRR[22) 4008 B A — 3, WU e O R IR
HF2.

&4, Ak, 51 :8C,H,,0,;: HR-ESI-
MS m/z: [M+HCOO] 315.109 8 (iF%{&: 315.108
5) . '"HNMR (600 MHz, CD,0D) ¢ (H) 7.41 (2H,
d, J=7.3 Hz, H-3/5) , 7.32 (2H, t, J=7.5 Hz,
H-2/6) , 7.27 (1H, d, J=7.3Hz, H-4) , 492 (1H,
d, J=11.8 Hz, H-7a) , 4.66 (1H, d, J=11.8 Hz,
H-7b) , 4.34 (1H, d, J=7.8 Hz, H-1") , 3.91~3.85
(1H, m, H-6'a) , 3.71~3.64 (1H, m, H-6'b) ,
3.44~3.37 (1H, m, H-5") , 3.27~3.21 (3H, m,
H-2'/3'/4") ; CNMR (150 MHz, CD,OD) § (C) 139.1
(s, C-1), 129.3 (d, C-2/6) , 129.21 (d, C-3/5) ,
128.70 (d, C-4) , 71.7 (t, C-7) , 103.3 (d, C-1") ,
752 (d, C-2") , 78.04 (d, C-3") , 71.7 (d, C-4") ,
778 (d, C-5") , 62.8 (t, C-6') . Pl ¥R 5 CHk[23]
HOEFEAR B, M e ORI -B-D- R A R T



144 2024, Vol.45, No.23

B5aitlZ

XS L

&S, Bk, 51X~ C,H;O0,: HR-ESI-
MS m/z: [M+HCOO] 343.105 2 (i1%1H: 343.103 5) .
'"H NMR (600 MHz, CD,OD) § (H) 7.97 (2H,
d, J=8.8 Hz, H-2/6) , 7.16 (2H, d, J=8.8 Hz,
H-3/5) , 5.02 (1H, d, J=7.4Hz, H-1") , 3.87~3.81
(1H, m, H-6'a) , 3.69 (1H, dd, J=162, 4.2 Hz,
H-6'b) , 3.49~3.45 (3H, m, H-2'/3'/4") , 3.43~3.39
(1H, m, H-5") , 2.55 (3H, s, H-8) ; "C NMR
(150 MHz, CD,0D) ¢ (C) 132.6 (s, C-1) , 132.14
(d, C-2/6) , 117.24 (d, C-3/5) , 163.09 (s,
C-4) , 19943 (s, C-7) , 2647 (q, C-8) , 101.6 (d,
C-1") , 74.79 (d, C-2") , 7831 (d, C-3") , 71.26
(d, C4") , 7792 (d, C-5") , 6244 (t, C-6') . LI
Bl 5OCRR241E A —3, MR N aE T,

&6, Ak, 41 2CyHy0,,: HR-ESI-
MS m/z: [M—H] 625.130 3 (it5{H: 625.130 1) .
'H NMR (600 MHz, CD,0D) ¢ (H) 7.60 (1H, d,
J=158Hz, H-7") , 7.10 (1H, s, H-6¢') , 7.04 (1H,
s, H-2") , 6.94 (2H, d, J=8.0 Hz, H-2"/6") ,
6.81 (1H, s, H-2) , 6.76~6.72 (1H, m, H-6) ,
6.70 (1H, d, J=8.0 Hz, H-5) , 6.65 (2H, d,
J=8.8 Hz, H-3"/5") , 6.33 (1H, d, J=15.8 Hz,
H-8') , 596 (1H, d, J=7.0Hz, H-7) , 4.72 (1H,
t, J=6.4 Hz, H-1"") , 4.53 (1H, d, J=11.8 Hz,
H-6"'a) , 4.38~4.34 (1H, m, H-6"'b) , 4.33 (1H,
d, J=7.0Hz, H-8) , 3.81 (3H, s, 9-OCH,) , 3.77
(1H, d, J=4.7 Hz, H-5"") , 3.48~3.40 (3H,
m, H-2"'/3"'/4"") ; "C NMR (150 MHz, CD,0D)
0 (C) 1276 (s, C-1) , 113.9 (d, C-2) , 146.8 (s,
C-3) , 146.7 (s, C-4) , 1164 (d, C-5) , 118.7 (d,
C-6) , 88.5 (d, C-7) , 56.9 (d, C-8) , 172.9 (s,
C-9), 1298 (s, C-1") , 1172 (d, C-2) , 143.1 (s,
C-3") , 1508 (s, C-4") , 133.0 (s, C-5") , 1184 (d,
C-6') , 146.9 (d, C-7") , 1158 (d, C-8') , 168.8
(s, C-9") , 103.6 (d, C-1") , 749 (d, C-2") , 78.0
(d, C-3"), 71.8 (s, C-4") , 754 (d, C-5") , 64.7
(t, C-6") , 1523 (d, C-1"") , 119.6 (d, C-2"") ,
153.9 (d, C-4"") , 117.1 (d, C-3""/5"") , 119.6 (t,
C-6"") , 533 (q, 9-OCH;) . VA L%l 5 CHk[25]ikiE
A2, # % H NDunalianosides J.

a7, wekhK, 5T NC,HO0,: HR-ESI-
MS m/z: [M—H] 447.095 1 (it5MH: 447.093 3) .
'H NMR (600 MHz, CD,0D) ¢ (H) 8.05 (2H, d,
J=8.8 Hz, H-2'/6") , 6.88 (2H, d, J=8.8 Hz,
H-3'/5") , 6.40 (1H, d, J=2.0 Hz, H-8) , 6.20
(1H, d, J=2.0 Hz, H-6) , 5.25 (1H, d, J=

7.2 Hz, H-1") , 4.59 (1H, s, H-6"a) , 3.70~3.65
(1H, m, H-6"b) , 3.52 (1H, dd, J=12.0, 5.4 Hz,
H-5") , 3.42 (2H, dt, J=18.4, 9.0 Hz, H-2"/3") ,
3.22~3.17 (1H, m, H-4") ; "C NMR (150 MHz,
CD,0D) § (C) 158.5 (s, C-2) , 135.4 (s, C-3) ,
179.6 (s, C-4) , 161.6 (s, C-5) , 99.9 (d, C-6) ,
166.1 (s, C-7) , 94.7 (d, C-8) , 163.1 (s, C-9) ,
105.7 (s, C-10) , 122.8 (s, C-1") , 132.3 (d,
C-2'/6") , 159.1 (s, C-4’) , 116.1 (d, C-3'/5") ,
104.0 (d, C-1") , 75.7 (d, C-2") , 78.5 (d,
C-3") , 71.4 (d, C-4") , 78.0 (d, C-5") , 62.6 (t,
C-6") o PLEEdE 5 R0 RIERA—5, HEEHN
Ll 22 193-3-0-p-D- ML A 2 0 1

a8, 4+ :CyH,0,,: HR-ESI-MS m/z:
[M+H]" 465.102 7 (it5{4: 465.102 8) . 'HNMR
(600 MHz, CD,0D) ¢ (H) 7.72 (1H, s, H-2") ,
7.59 (1H, d, J=7.6 Hz, H-5") , 6.87 (1H, s,
H-6) , 640 (1H, s, H-8) , 5.19 (I1H, d, J=5.8 Hz,
H-6') , 3.71 (1H, d, J=11.3 Hz, H-1") , 3.57
(1H, d, J=13.8 Hz, H-6"a) , 3.53~3.41 (IH, m,
H-6"b) , 3.39~3.33 (4H, m, H-2"/3"/4"/5") ;
“CNMR (150 MHz, CD,0D) § (C) 159.3 (s, C-2) ,
135.6 (s, C-3) , 179.6 (s, C-4) , 163.1 (s, C-5) ,
99.9 (d, C-6) , 166.4 (s, C-7) , 95.0 (d, C-8) ,
158.6 (s, C-9) , 105.8 (s, C-10) , 123.1 (s/d,
C-1'/6") , 117.8 (d, C-2") , 146.5 (s, C-3’) , 150.1
(s, C-4") , 1162 (d, C-5') , 12341 (d, C-1'/6") ,
104.6 (d, C-1") , 758 (d, C2") , 785 (d, C-3") ,
713 (d, C4") , 782 (d, C-5") , 62.6 (d, C-6") . LA
HEE SO0 R IERA 2, W H O e R

&, 2 TR HNC,H, O,,: HR-ESI-MS
mlz: [M—H] 433.080 0 (it%iff: 433.0776) . 'HNMR
(600 MHz, CD,0OD) § (H) 7.53 (1H, d, J=8.0 Hz,
H-6') , 7.46 (1H, d, J=2.0Hz, H-2") , 6.91 (1H,
d, J=8.0 Hz, H-5') , 6.34 (1H, s, H-8) , 6.16
(1H, s, H-6) , 5.43 (1H, d, J=5.0 Hz, H-1") ,
4.34~3.51 (5H, m, H-2"/3"/4"/ H-5") ; “C NMR
(150 MHz, CD,0D) § (C) 159.1 (s, C-2) , 134.8
(s, C-3), 1798 (s, C-4) , 1629 (s, C-5) , 100.0
(d, C-6), 1659 (s, C-7) , 94.7 (d, C-8) , 158.4
(s, C-9) , 105.5 (s, C-10) , 122.9 (s, C-1") ,
116.6 (d, C-2") , 146.3 (s, C-3") , 149.9 (s,
C-4") , 116.2 (d, C-5") , 122.9 (d, C-6") , 109.5
(d, C-1") , 83.1 (d, C-2") , 78.6 (d, C-3") , 88.0
(d, C-4"), 62.5 (t, C-5") . LA l%# 5 CHr[27]#
EHA—, WMEEHARER.
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&0, 5T NC,H,0,5: HR-ESI-MS m/z:
[M+H]" 627.125 1 (it5i{f: 627.134 4) . '"H NMR
(600 MHz, CD;OD) § (H) 7.59 (1H, d, J=8.0 Hz,
H-2') , 7.54 (1H, d, J=82Hz, H-6") , 7.33 (IH,
d, J=15.8 Hz, H-7"") , 6.95 (1H, s, H-2"") ,
6.77 (3H, dd, J=13.2, 7.2 Hz, H-5"/5""/6"") , 6.26
(1H, s, H-8) , 6.11 (1H, s, H-6) , 6.04 (1H,
d, J=15.8 Hz, H-8"") , 5.22 (1H, d, J=7.6 Hz,
H-1") , 4.29 (1H, d, J=11.4 Hz, H-6"a) , 4.20
(1H, dd, J=11.6, 6.4 Hz, H-6"b) , 3.55~3.43
(2H, m, H-2"/3") , 3.38~3.32 (1H, m, H-4") ,
3.32~3.28 (1H, m, H-5") ; "C NMR (150 MHz,
CD,0D) ¢ (C) 159.1 (s, C-2) , 1352 (s, C-3) ,
179.3 (s, C-4) , 162.9 (s, C-5) , 100.5 (d, C-6) ,
167.4 (s, C-7) , 952 (d, C-8) , 158.5 (s, C-9) ,
105.2 (s, C-10) , 123.3 (s/d, C-1'/6") , 114.6 (d,
C-2"), 149.8 (s, C-3") , 149.6 (s, C-4") , 1173
(d, C-5'), 104.0 (d, C-1") , 75.8 (d, C-2") ,
78.1 (d, C-3") , 71.7 (d, C-4") , 75.7 (d,
C-5") , 64.3 (d, C-6") , 127.7 (s, C-1"") ,
115.1 (d, C-2"") , 1459 (s, C-3"") , 146.7 (s,
Cc-4"") , 116.5 (d, C-5"") , 123.2 (d, C-6"") ,
146.9 (d, C-7"") , 1159 (d, C-8"") , 168.9 (s,
C-9"") . LA EFBUES CHR28 3G HE A — 5, Wk EH
i 1 R -3-0-(6-0-(E)-MMERE 3% )-p-D- 1 G i

&P, A, 51 R08CH0,: HR-ESI-
MS m/z: [M+Na]" 547.212 6 (it5fH: 547.2150) .
"H NMR (600 MHz, CD,0D) § (H) 7.00 (1H, s,
H-2) , 6.81 (2H, d, J=7.8 Hz, H-6/2") , 6.78 (1H,
d, J=7.8Hz, H-5) , 6.74~6.71 (1H, m, H-5") ,
6.65 (1H, d, J=8.2 Hz, H-6') , 4.82 (1H, d, J=
5.8 Hz, H-7) , 4.63 (1H, s, H-1") , 4.27 (1H,
d, J=9.2 Hz, H-8) , 3.84 (1H, overlap, H-2") ,
3.75~3.73 (1H, m, H-9a) , 3.65 (1H, overlap,
H-3") , 3.66~3.62 (2H, m, H-9'a/5") , 3.59~3.54
(1H, m, H-9b) , 3.38~3.33 (2H, m, H-9'b/4") ,
3.79 (3H, s, 5-OCH,) , 3.78 (3H, s, 5'-OCH,) ,
2.62 (2H, td, J=13.8, 6.4 Hz, H-7") , 1.90~1.81
(2H, m, H-8") , 122 (3H, d, J=62Hz, H-6") ;
“CNMR (150 MHz, CD,0D) ¢ (C) 134.1 (s, C-1) ,
111.8 (d, C-2) , 148.7 (d, C-3) , 1473 (s, C4) ,
115.6 (d, C-5) , 121.0 (d, C-6) , 74.1 (d, C-7) ,
86.6 (d, C-8) , 62.1 (t, C-9) , 137.7 (s, C-1") ,
114.0 (d, C-2") , 151.9 (s, C-3") , 147.0 (s,
C-4") , 119.6 (d, C-5") , 121.9 (d, C-6") , 33.0
(t, C-7") , 32.4 (t, C-8) 67.7 (t, C-9") , 101.7

(d, C-1"), 724 (d, C2") , 72.5 (d, C-3") , 74.0
(d, C-4") , 69.8 (d, C-5") , 18.0 (q, C-6") , 56.5
(g, 3-OMe) , 563 (q, 3-OMe) . DL ¥#i 5 3CHR[29]
B RA L, WS HoNTS8S-7530-4,7.9- = #2533 -
AR JE-8-0-4" BT AR -9 -O-0- LML T B 2

WwEML2, 71 ANC,,H,O0p: HR-ESI-MS m/z:
[M+Na]" 443.170 3 (it % {4: 443.167 6) . 'HNMR
(600 MHz, CD,0D) § (H) 6.61 (1H, s, H-6) ,
6.40 (2H, s, H-2'/6") , 4.33 (1H, d, J=5.8 Hz,
H-7') , 3.88 (3H, s, 5-OCH,) , 3.76 (6H, s,
3'/5'-OCH;) , 3.63~3.60 (2H, m, H-9a/9'a) , 3.52
(2H, d, J=4.3 Hz, H-9b/9'b) , 2.72 (1H, dd, J=
14.8, 4.6 Hz, H-7a) , 2.63~2.51 (1H, m, H-7b) ,
2.01~1.96 (1H, m, H-8’) , 1.71~1.59 (1H, m,
H-8) ; ""C NMR (150 MHz, CD,0D) § (C) 130.2
(s, C-1), 1262 (s, C-2) , 147.7 (s, C-3) , 139.3
(s, C-4/1") , 148.7 (s, C-5) , 107.7 (d, C-6) ,
33.6 (t, C-7) , 40.9 (d, C-8) , 66.8 (t, C-9) ,
106.8 (d, C-2'/6') , 149.0 (s, C-3'/5") , 134.5 (s,
C-4") , 423 (d,C-7") , 49.0 (d, C-8") , 64.1 (t,
C-9") , 60.1 (q, 3-OCH,) , 56.7 (q, 3'/5’-OCH,) ,
56.6 (q, 5-OCH;) . P E%d 5 STk [30]4k I8 B A —
B, WO e O R OB T -

th&WI13, 5 FRNC,LH,0,: HR-ESI-MS m/z:
[M-H] 435.167 7 (il5i{f: 435.166 1) . 'H NMR
(600 MHz, CD,0D) 6 (H) 6.73 (4H, s,
H-2/6/2'/6") , 4.95 (2H, d, J=6.8 Hz, H-7/7") ,
3.87 (12H, s, 3/5/3'/5'-OCH,) , 3.71 (1H, dd, J=
11.2, 2.6 Hz, H-9a/9'a) , 3.62 (1H, dd, J=11.2,
42 Hz, H-9b/9'b) , 3.30 (2H, o, H-8/8") ; “C NMR
(150 MHz, CD,0D) § (C) 149.3 (s, C-3/5/3'/5") ,
136.2 (s, C-4/4') , 1342 (s, C-1/1') , 104.8 (s,
C-2/6/2'16") , 84.6 (d, C-7/7") , 61.7 (t, C-9/9") ,
56.8 (q, 3/5/3'/5'-OCH;) , 552 (d, C-8/8') . LA L%k
P 5 SCHR[3 1R B AR — 5, Wi e H N cariol A,.

&4, gk, 51 A08C 0 H;05: HR-ESI-
MS m/z: [M—H]™ 385.188 2 (i} %ifl: 385.186 8) .
'"H NMR (600 MHz, CD,0D) 6 (H) 5.89~5.81
(3H, m, H-2/3/6) , 4.43~4.38 (1H, m,
H-6"a) , 4.33 (1H, d, J=7.8 Hz, H-1") ,
3.84 (1H, dd, J=12.0, 1.8 Hz, H-6'b) , 3.62
(1H, dd, J=11.8, 5.4 Hz, H-5") , 3.31~3.29
(1H, m, H-3") , 3.27~3.19 (1H, m, H-2") ,
3.18~3.14 (1H, m, H-4") , 2.51 (1H, d,
J=16.9 Hz, H-8a) , 2.14 (1H, d, J=16.8 Hz,
H-8b) , 1.91 (3H, s, H-11) , 1.28 (I1H, d,
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J=6.4Hz, H-10) , 1.03 (1H, s, H-12) , 1.02 (IH,
s, H-13) ; "CNMR (150 MHz, CD,0D) ¢ (C) 78.1
(d, C-1), 1353 (d, C-2) , 131.5 (d, C-3) , 80.0
(s, C-4), 1673 (s, C-5), 1272 (d, C-6) , 201.2
(s, C-7) , 50.7 (t, C-8) , 42.4 (s, C-9) , 212
(q, C-10) , 19.6 (q, C-11) , 23.4 (q, C-12) , 24.7
(q, C-13), 102.7 (d, C-1"), 752 (d, C-2") ,
78.0 (d, C-3") , 71.6 (d, C-4') , 77.3 (d, C-5") ,
62.8 (t, C-6') . DL EERE CHR[32]4IE A —FL, %
%5 HON(IRAS)-KAF LT

thams, Ak, 573 8CH,0,: HR-ESI-
MS m/z: [M+Na]" 393.186 6 (it%5{4: 393.188 4) .
'"H NMR (600 MHz, CD,OD) § (H) 5.87 (1H, s,
H-6) , 5.77 (1H, dd, J=15.4, 6.4 Hz, H-2) , 5.64
(1H, dd, J=15.4, 9.1 Hz, H-3) , 4.39 (1H, p,
J=6.8 Hz, H-9) , 434 (1H, d, J=7.8 Hz, H-1") ,
3.82 (1H, dd, J=11.8, 2.4 Hz, H-6'a) , 3.64 (1H,
dd, J=11.8, 6.6 Hz, H-6'b) , 3.27 (1H, overlap,
H-4') , 3.16 (1H, t, J=9.0Hz, H-2") , 2.42 (IH,
d, J=16.8 Hz, H-8a) , 2.04 (1H, d, J=16.8 Hz,
H-8b) , 1.93 (3H, s, H-11) , 1.29 (1H, d, J=
5.4 Hz, H-10) , 1.02 (3H, s, H-13) , 1.00 (3H, s,
H-12) ; "CNMR (150 MHz, CD,0D) § (C) 77.0 (d,
C-1) , 1382 (d, C-2) , 128.8 (d, C-3, 56.8 (d,
C-4) , 1659 (s, C-5) , 126.1 (d, C-6) , 202.1 (s,
C-7) , 483 (t, C-8) , 37.1 (s, C-9) , 23.8 (q,
C-10) , 21.0 (q, C-11) , 28.0 (q, C-12) , 27.6 (q,
C-13) , 1024 (d, C-1") , 753 (d, C-2") , 78.1 (d,
C-3"), 71.5 (d, C-4’), 78.0 (d, C-5") , 62.7 (d,
C-6") o VA EHIE S CHR[33RIEFEA 5, #H%Ein
(1RAR)-T-#dk-0- 48 % = B~ 1-O-f-D-71 %) BE WL AR B

WwEWL6, 4 FRNC,,HyyOp: HR-ESI-MS m/z:
[M+HCOO] 337.111 1 Cil-5ifl: 337.114 00 . 'HNMR
(600 MHz, CD,0OD) § (H) 4.72 (1H, overlap, H-5) ,
437 (1H, d, J=7.8 Hz, H-1") , 4.32 (1H, d, J=
3.3 Hz, H-3) , 3.29 (4H, dd, J=7.4, 5.8 Hz,
H-2'/3'/4"/5") , 2.77~2.70 (1H, m, H-2a) , 2.73
(1H, d, J=4.8 Hz, H-2b) , 2.26 (1H, d, J=
14.5 Hz, H-4a) , 1.72 (1H, ddd, J=14.2, 11.6,
2.6 Hz, H-4b) , 1.35 (3H, d, J=6.4 Hz, H-6) ;
“C NMR (150 MHz, CD,0D) ¢ (C) 173.3 (s,
C-1) , 36.1 (t, C-2) , 72.0 (d, C-3) , 36.7 (t,
C-4) , 749 (d, C-5) , 21.60 (q, C-6) , 103.6 (d,
C-1) , 748 (d, C-2") , 779 (d, C-3") , 71.5 (d,

C-4") , 779 (d, C-5") , 62.7 (t, C-6") . LA L¥dE
5 HRB41RE FE A — 5, #%s  H yParasorboside.
22 MR A PIMS/MSZARIT N
&1L 3. 64 T OFN12~ 1445 M B AG AR 1
T2y, PRI HEATMS/MS /M (1), gh Hm
TR . BLLME S 1 A A kA e SR R AL
E YOG SRS TR . WER2FTR, AW
[M-H] V& Rym/z 271.081 9, FTIH T NC,H,0;0 LA
miz 271.081 9 RTFE FHEATMS/MSELR, e L2 5
ZUPELRRE, PR B Tm/z 161.045 3F1108.021 6, Rl
NEEREREE R THOGEME, Ja&E AR RERIR
W K, AV ARCEEERN, (EMS/MSS)
BT S A2 e, A 0 380 ] 7 A1 W i ) 0 ik 2 2 7 A
Fry Wim/z269.102 3, 161.044 9F1113.023 9%,

#1 AW, 3. 6. 7. SRI2~14{E 50 TR Y
HR-ESI-MS/MS %4 53 Bt

Table1l HR-ESI-MS/MS data of compounds 1, 3, 6, 7,9 and 12-14 in
the negative ion mode
mlz mlz -
Y ey O™ TEmaER ream e
271 C,H0, 2710819 2710823 —043
wa - 161 CHO,  161.0453 161.045 5 —0.15
151 CH0, 1510396 151.040 1 —0.37
108 CHO, 1080216 108.021 7 —0.08
401 CgHx0,  401.1447 4011453 —0.62
209 CyH,06  269.1023 269.103 1 —0.76
233 CHL0,  233.0659 233.066 7 —0.78
w0 161 CHO,  161.0449 161.045 5 —0.65
113 CHO,  113.0239 113.024 4 —0.52
101 CHO,  101.0242 101.024 4 —0.22
89 CHO,  89.0239 89.024 4 —0.52
71 CHO, 710137 710139 —0.15
625 CyHu0,  625.1588 6251598 +2.52
593 CyuHx0,  593.1303 593.130 1 +0.24
483 CuH,0,  483.0928 483.0933 —0.49
381 CuH0 3810611 381.061 6 —049
353 CoH 0,  353.0664 353.066 7 —0.28
kame 626 339 C,H,0,  339.0508 339.051 0 —0.23
321 CyHO, 3210403 321.040 5 —0.16
295 C,H,05  295.0600 295.061 2 —-120
209 CyH0;  269.0451 269.045 5 —045
161 CHO,  161.0242 161.024 4 —022
109  CHO,  109.0292 109.029 5 —0.30
47 CHL0,  447.0951 447.093 3 +1381
284 CHO,  284.0328 2840326 +0.16
& 448 255 C,H0, 2550303 255.0299 +0.40
27 CHO0,  227.0350 227.0350 +0.02
151 CHO,  151.0035 151.003 7 —0.18
433 CHL0,  433.0800 433.0776 +237
300 C.HO,  300.0277 300.027 6 +0.15
e B19 434 271 CHO,  271.0248 271.024 8 —0.01
255 C,H0, 2550295 255.0299 —0.40
151 CHO,  151.0035 151.003 7 —0.18
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=3 1.6 A
1.4 [M-H-Glc] HOws
A mlz ) mlz e E o .
W —mar ey O™ TEmamE reagm e 124 ¢ 2,
.04 n Gle-H-H,0]~ IIO%OH
419 CoHy0, 4191750 4191711 +386 # 08 (Gl T 0l o> on
404 CH,0, 4041480 441477 033 3:;;0,6_ MHCROI | !
389 CyH,0p 3891245 389.1242  +031 044 5 Z
wam2 40 31 CyH,0, 3731293 3731293 4002 8%‘ R ‘ i
39 Coll0; - 350.1135 391136 -0 80 100 120 140 160 180 200 220 240 260 280
M4 CHO, 3440893 3440902 —085 iz
307 CH0,  327.0872 070874 —021
55-B a S
435 CoH,0, 4351664 4350661 +334 ] W N ‘(II@ aed
47 CHO, 4171555 4171555 +001 45 J mcecnor DR
wams 436 405 CyH,0,  405.1561 405.1555 0.6l 14 4.0 R
'H‘ 35 [M-H-Gle-CHO-CO] g .
375 CyuHu0, 3751454 375.1449 +047 = 3.0+ o gl
357 CuHu0, 3571348 357.134 4 +0.44 Z %S . 5 g
385 CoHu0,  385.1873 3851868 +14 i.g— g J
23 CHO, 2231344 231340 +043 r—
179 CH,0, 179.056 7 179.056 1 +0.59 140 180 220 260 300 340 380 420 460 50
e 380 161 CHO;  161.0458 161,045 5 +0.25 miz
19 CHO,  119.0349 1190350 —0.08 —
101 CHO;  101.0245 1010244 +0.08 }-2: c nCROROT 5
89  CHO,  89.0242 89.024 4 —0.22 144 3 g
1.2 T
, 1.0
AR S PITEMS/MS 3 M 28 5 & R CO. CO,y & 0.8 N e A
I 2064 ’ g e
H,0. CHyZrh /Ny 7P A b v 2 I 1 2 B 43 04 % - Es B3
) . Sy 0242 3 3
BEHO-FETFEE, RIILTERMAILRE R s S kAN ool F LT
MU S . LA 07 U R B L 2 i 2 10 220 260 300 0. 380 420 460
miz
AT IR . WE2ATR, EWTIM-H] & 7§
Hmlz 447.095 1, FHH A1 HAC,HyO,0 BT D i
miz 284.032 8 BEES T 2 SR T ATHE R L 72 A 0 P e A P ﬁ\M
= =5 . [Gle-H-H,0]~ P OH 0 ~OH ¢
TPy B Fmiz 255.030 3 AE B Fmiz 284.032 8IfI LR 1 5 o071 PN R
1 _ - 14
K5y FCHOFY M WY B Fm/z 227.035 O /2AE S Fog] e
. H 04 2 oo L
Tmlz 255.030 3[Rl B R —0r T COFTE kL b Ah =N EE
. _ b 023 g
iz 151,003 5 B BBy L IRR AR A0 0k - sl L |
_ 002l = i
Ji7 fidd : =7 3 % T T T T T T T T T T
/K% (Retro-Didls-Alder, RDA) HHF/= /£33 75 f7 100 140 180 220 260 300 340 380 420 46
B 0 miz
ANE A AN DAL & P13 8], X 3R 1% Y B2 a1 (A) . 7(B) . 13 (C) filld (D) MMS/MSH
R HAT TG . BN, LE131 [M—-H]™ U Fig.2  MS/MS spectra of compounds 1 (A), 7 (B), 13 (C), and 14 (D)

Hmlz 435.166 4, FHSTFRACLH,.0, . B BT
m/z 417.155 5F1405.156 14351l & B 5 12k 2 — 4> T H,OF!
CH,OF P42 1115 miz 405.156 185 F4k4: % —4FCH,0
JE AR R BB Fmlz 375.145 4, E%E T E %k —4 FH,0M
15Fmlz 357.134 8.

HALBy KL A UL G145, X 2R i 2 7
AT . WE2R, a4 [M-H] IgEXR
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