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Abstract: Objective To study the constituents of n-butanol portion of Zanthoxylum bungeanum pericarps and their anti-oxidative
effects. Methods A variety of column chromatography and HPLC were used for separation and purification, and the structure of
the compounds was identified by NMR and other spectroscopy techniques. ABTS * and DPPH radical scavenging methods were used
to evaluate the antioxidant activity of the compounds. Results One new compound (1) and 13 known compounds (2—14) were
isolated from n-butanol portion of Z. bungeanum pericarps. They were identified as methyl 4-O-(3',4’-methylenedioxy-
cinnamoyl)-cinnamate (1), orcinol (2), 1-methoxy-7R,8S-dihydroxyl-phenylpropanol (3), methylcaffeate (4), methylgallate (5),
3-methyl-but-2-en-1-yl-B-D-glucopyranoside (6), adenosine (7), marmesinin (8), blumenol C glucoside (9), (6R,9S)-3-0x0-a-ionol-p-
D-glucopyranoside (10), roseoside (11), syringaresinol-4'-B-D-glucoside (12), (+)-lyoniresinol (13), and isolariciresinol (14). ABTS*
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and DPPH radical scavenging experiments showed that compounds 2, 4, 5, and 12—14 had antioxidant activity. The 1Cso of ABTS*
radical scavenging activities of 13 and 14 were 5.7 and 11.0 pmol/L, respectively, which were equivalent to the ICso of positive
control (Vc = 6.4 pmol/L), and the 1Cso of DPPH radical scavenging activities of 4, 5 and 13 were 61.2, 19.8, and 101.0 umol/L,
respectively, which were equivalent to the 1Cso of V¢ = 53.0 umol/L. Conclusion Compound 1 is a new compound named as

bungphenol A. Compounds 1—5, 7—10, and 14 are isolated from the genus Zanthoxylum for the first time, and compound 12 is
isolated from Z. bungeanum for the first time. Compounds 2, 4, 5, and 12—14 show antioxidant activities.
Key words: Zanthoxylum bungeanum Maxim.; Rutaceae; phenol; bungphenol A; coumarin; lignans; anti-oxidant activity

1EH Zanthoxylum bungeanum Maxim. & 25 %&£}
(Rutaceae) {e#UE Zanthoxylum L&Y, 7E3RE%
I AT HABRRGAR B, RRARE R LML,
TE Rt g 2 SN (R EZ53) 2020 AERRM,
BARA IR, REEERThR, KB
R YR, FEER. HE. ARMERAIARR
B2 EWE, EHCMHERERIE, WERA) 2
MZRME, AHRTEE. IEIEMAXIEE, % -
FETRO%E . R AR R 2 N AE AU TR 2. I8 51 2
B3] 1 ANHTE 28406 A4 bungsteroid A, Xt AR
FEAIM HepG2, AFLAMEAINE MCF-7 RN E 30
ZHHf HeLa HAIHIGENE, ~FEAPHIKE (1Cs0) 1H
4398 (56.3+£1.1). (64.240.9), (74.241.3) umol/L;
METER 7 B3] 12 M= g, 5 MG
YEA—ER ABTS'H HEBRIEE, HReR
HRPEME TS 4EA R C (Vo) M40, #higks:
XTACABAR B BEAT A 2 o i 9, LARE 73 B9 15
FIPTE AT F S 5 By 2R A 2 )

AT FCNAERUR B 73 B 2558 1 L& 4
Uy A Cbungphenol A), LA 13 M 4L&4,
S HINE B Corcinol, 2). 1-F4IE-7R,8S- %%
B W B ( 1-methoxy-7R,8S-dihydroxyl-phenyl-
propanol, 3). MNHEER H S (methylcaffeate, 4). ¥
7 s (methylgallate, 5). 3-FFJE-2-4% T BE-1-
i %) BE F¥ ( 3-methyl-but-2-en-1-yl-B-D-glucopyrano-
side, 6). MR1F Cadenosine, 7). RALHTHH
(marmesinin, 8). blumenol C glucoside (9).
(6R,9S)-3- A -a- & %' == W7 -B-D- Wit W &) 4 1Y
[(6R,9S)-3-0x0-a-ionol-B-D-glucopyranoside, 10].
FAEHETE (roseoside, 11). T #& M fig)-4'-O-B-D-
N IR %5 25 B 7 (syringaresinol-4'-O-B-D-glucoside,
12) (+)-FaMUAR JE® [(+)-lyoniresinol, 13]. &
JEIHAREZE Cisolariciresinol, 14). k&4 12
HIRMIER P A58, (Ew) 1~5. 7~10 1 14
HIXMAEHURE Y > #155]. ABTS'HI DPPH H
HIETERR SRR, (&) 2. 4. 5 F1 12~14 H

BRI PLEMEN, KR EYw 13 M 14 1
ABTS* H H A7 FRiE M 1Cso 2078 5.7 F1 11.0
pumol/L, S5FHMXFIE Ve (ICso=6.4 pmol/L) #H24.
&%) 4. 5 F1 13 1) DPPH H 3 E BG4 1Cso
2394 61.2. 19.8. 101.0 pmol/L, S5 MERTIE Ve
(1C50=53.0 umol/L) #H24.
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4% (Bruker A®], f#[E) Lambda 35 £4h-1] W45
FeHETE (Perkin Elmer A 5], 3E[E)D, IP-digi300/2
TEHAX CEIBCBAX B A RA T, il % w8k
AR ETEA IR DOR R A BR A 7D, i i i
HE AR (GFase, B SEFELLS ), MCI A
Sephadex LH-20 (YMC, HZA), D101 AFLIK B
& (PE2 B R A A BR A WD
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FFEERE 22 PN AL 2= A BRI T2 T R B I 72 57 45 8 R
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(HJ-TS-201604) R A7 T~ H R 7 22 A ) B A
Fi AT A [ R 27 Bt P AR E R A7) O R AL A B S
HINA RN E SR
2 RESENE

HUTJ8 . M AEmUR B2 (5.0 kgD, 10 fi5 &
70% LR = I IR ML 3 ¥ (3X50 L, 7 d/iX),
W, WEWREIE, MEATETRE 1.2 kg, BRE
7K (2 L) WA G5 SRR & ke BEIR
OB, IETEEAEEL 3 7k (3X2 L), 20 Wl& FF 2B,
WRGE T, 19 & K (253 ). BEER 2.8 AH (215
g). IETHEAH (262 9) FIKAH (4709). 1E T WA
(Fr.C, 262 9>, &HERAEEIE (200~300 H, 1000
9), PLTEH-HEE (300 1500 1) BREBE,
738 15 M4 (Fr. C1~C15), Fr. C2 (155 mg)
SRR A (15 g), LA H -BE R 46
(15 1 1) P, HE1EY 1 (17.0 mg). Fr. C3 (85
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mg) JE#14 HPLC (30% M VLM, AR E 4
mL/min) 73 5453 21k 54 3 (12.0 mg, tr=9.0 min).
Fr.C4 (125 mg) HmERA I (1009), PA=&H
Fe-FEE (10 @ 1) BEfL, 19307 MHS (Fr.C4-1~
C4-7). Fr. C4-5 Rl Fr. C4-6 4> W44 HPLC
(40%H PRI, ABURE 4 mL/min) 4 B8 E11L
A4 9 (16.0 mg, tk=9.0 min). 11 (1.5 mg, tr=12.5
min) F1 10 (9.2 mg, tg=20.6 min). Fr. C5 (255 mg)
MCI #E i (50% FRESEND 53] 7 NS (Fr.
C5-1~C5-7). Fr. C5-2 H*:Hil £ HPLC (40% H -
IK B, PRV 4 mL/min) 2 B3 204654 7(2.5
mg, tr=3.5min). Fr.5-5 F % HPLC (20%
B i, AR B 4 mL/min) 23 B A5 L5 4(21.0
mg, tr=12.0 min). Fr. C5-6 F}fil% HPLC (25%
FEE SRR, AR E 4 mL/imin) 4> 555814k &4) 8
(11.0mg, tr=16.9 min). Fr.C7 (250 mg) FHER
AR (1.0g), U HL-FEE (100 152D
Tofs BE e » 4531 8 AN2H 4y (Fr. C7-1~C7-8), Fr. C7-3
F RP-18 JAHRERAE (L3 (70%FH EEPEi) 733 6
ANy, Horf Fr. C7-3-4 33— 25 2 1] %% HPLC(20%
R SE, AR E 4 mL/imin) 2> EE 31L& 2
(2.0 mg, tk=12.8 min). Fr. 7-3-5 [fJ>F:#i % HPLC
(0% H EEVEHL, AFURE 4 mL/min) 454524k
495 (120mg, tk=10.8min) 16 (10.0 mg, tr=
14.3 min). Fr. C7-6 A4 HPLC (20% I EEHE i,
AR R 4 mL/min) 7323 3] 4 A4y, HA Fr
C7-6-1 Ht—25 I 2F# 4% HPLC (40%HEEHLE, 14
FUiE 4 mL/min) 73 BS5381ME7 12 (25 mg, tr=
14.1 min). Fr. C8 (310 mg) A MCI A% (30%
HEEPE 38 4 N4y, HoA Fr. C8-3i—0H
il % HPLC (35% FHEEVEM, R R 4 mL/min)
SEEFLEY) 13 (14.0mg, t=15.1min) Al 14
(4.0mg, tr=16.3 min).
3 KT

& 1. Atk AR (815); HR-ESI-MS i
75 i HES> T2 7l m/z 375.084 0 [M+Na]* (iH51E
N 375.083 9, CaoH16NaOs) F 727.178 8 [2M+Na]*
(VFHEAE RN 727.178 6, CaoHs2NaO12), HiEL &) 1
(155 RN CaoHisOso UV AN (nm): 204 (2.36),
292 (3.33), 333 (3.08); IR vior (cml): 2958, 2916,
1741, 1723, 1634, 1600, 1499, 1450, 1371, 1331,
1260, 1211, 1169, 1140, 1037, SRZEHHAELE o,p-
AHIAIEEFEAIZEFR . NMR 1 (% 1) K37 [X BRxt

AEURHIZEIR on 7.56 (2H, d, J = 8.4 Hz), 7.20 (2H,
d, J =8.4 Hz) 1 dc 132.0 (C), 129.2 (2C, CH), 122.2
(2C, CH), 152.4 (C); 1 X Je sUBUHE 61 7.69 (1H, d, J =
16.0 Hz), 6.40 (1H, d, J = 16.0 Hz) #1 5¢c 143.9 (CH),
117.9 (CH); 1 MiEE oc 167.4 (C); 14N HI A 01 3.81
(38H,s) #1 6c 51.7 (CHs), KL HFAFAE 4-O- R
PR FR L [ . 1% 35 B HMBC 845 H ()2 S FE A &
(IR S E . £ HMBC i (& 1) 1, H-2 (04
7.56) 5 C-4 (6c 152.4). C-6 (dc 129.2). C-7 (Jc
143.9) #%, H-3 (0n 7.20) 5 C-1 (dc 132.0). C-4.
C-5 (0c 122.2) M55, H-5(0n 7.20) 5 C-1. C-3 (dc
122.2). C-4 iK%, H-6 (01 7.56) 5 C-2 (6c 129.2).
C-4. C-7 #i2%, H-7 (61 7.69) 5 C-2. C-6. C-9 (dc
167.4) 2%, H-8 (0n 6.40) 5 C-1. C-9 #5%, OCHs
(01 3.81) 5 C-9 MK, HAiE T 4-O- PIEERZ H fig 22 [4]
AF1E. 34h, NMR it (R 1 k351X &~ ABX
REIZEIR: 6y 7.09 (1H, s), 6.84 (1H, d, J = 8.0 Hz),
7.07 (1H, d, J = 8.0 Hz) fll 6c 128.5, 106.6, 148.5,
#=1 {1LA41 85 H (400 MHz, CDCls) #1 3C-NMR (100
MHz, CDCls) #i4&

Table 1 'H- (400 MHz, CDCIs3) and *C-NMR data (100
MHz, CDCls) for compound 1

{30 OH éc

1 132.0 (C)
2 7.56 (d, J = 8.4 Hz) 129.2 (CH)
3 7.20 (d, J = 8.4 Hz) 122.2 (CH)
4 152.4 (C)
5 7.20 (d, J = 8.4 Hz) 122.2 (CH)
6 7.56 (d, J = 8.4 Hz) 129.2 (CH)
7 7.69 (d, J = 16.0 Hz) 143.9 (CH)
8 6.40 (d, J = 16.0 Hz) 117.9 (CH)
9 167.4 (C)
10 381() 51.7 (CHs)
L 1285 (C)
¥ 7.09(s) 106.6 (CH)
3 1485 (C)
4 150.2 (C)
5 6.84(d,J=80H2) 108.7 (CH)
6  7.07(d J=80H?) 125.1 (CH)
7 7.77 (d, = 16.0 Hz) 146.8 (CH)
8 6.43 (d, J = 16.0 Hz) 114.7 (CH)
9 165.3 (C)
100 6.03(s) 101.7 (CHy)
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150.2, 108.7, 125.1, 1 %} R AR 61 7.77 (1H, d, J =
16.0 Hz), 6.43 (1H, d, J = 16.0 Hz) /1 oc 146.8, 114.7;
1 /MHe%E 5¢c 165.3; 1 NHI4EJE 61 3.81 (3H, ) Fl dc
51.7, 1 MWFH %% on 6.03 (2H, s) # oc 101.7,
454 HMBC & e 1% 2L B 37,40 A R kE
Midt. 78 HMBC i (] 1) H, H-2' (64 7.09) 5
C-4' (dc 150.2). C-6' (dc 125.1)F1 C-7' (6c 146.8) #H
X, H-5" (0n 6.84) 5 C-1' (5c 128.5) 1 C-3' (oc
148.5) #=%, H-6' (64 7.07) 5 C-2' (6c 106.6). C-4'
Al C-7'#12%, H-7'(6u 7.77) 5 C-2'. C-6'F1 C-9' (6c
165.3) #H3%, H-8' (0w 6.43) F1C-1'. C-94x%, W
H —4JE (0w 6.03, OCHO) 5 C-3'fll C-4'#15%, #ff
WE 1 3 AT R AR R R AR AE . L, W
& 1 ISR 4-O-(3",4- I F — 58 35 A B i 3% ) -
WHIEH . 2%, A LDEMLEYD, ik
W A

o o}

1 &% 18 HMBC 8% (H—C)
Fig. 1 Key HMBC correlations (from H to C) of compound 1

&Y 2: ToJRARY: 7312 C7HgO2: ESI-MS
m/z: 125.1 [M+H]*; *H-NMR (400 MHz, CD;0D) 6:
6.10 (2H, d, J = 1.6 Hz, H-4, 6), 6.05 (1H, s, H-2),
2.16 (3H, s, 5-OCH3). b iR%df 5 k4o — 30,
WS B EY) 2 NE B,

&Y 3. BEECRY: [a]) -13.2° (c 0.28,
MeOH), ESI-MS m/z: 199.1 [M+H]*, 4> T =
C10H1504; H-NMR (400 MHz, CD3;0D) 6: 7.31 (2H,
d, J=8.0 Hz, H-3, 5), 6.88 (2H, d, J = 8.0 Hz, H-2, 6),
4.55 (1H, d, J = 6.4 Hz, H-7), 3.77 (3H, s, 1-OCHa),
3.72 (1H, ddd, J = 6.4, 3.6, 2.8 Hz, H-8), 3.66 (1H, dd,
J=11.2, 3.6 Hz, H-9a), 3.59 (1H, dd, J = 11.2, 2.8 Hz,
H-9b); C-NMR (100 MHz, DMSO-ds) &: 159.2
(C-1, C), 134.0 (C-4, C), 128.0 (C-3, 5, CH), 113.1
(C-2, 6, CH), 75.2 (C-7, CH), 74.4 (C-8, CH), 63.1 (C-9,
CHy), 54.3 (1-OCHa). _Fid%ds 5 i — 3o,
WS E B 3 8 1-H A JE-TR 8S- R AR T .

&Y 4: Bk AR 4313 CoH1004: ESI-MS
m/z: 195.1 [M+H]*; *H-NMR (400 MHz, CD;0D) 6:
7.02 (1H, d, J = 2.0 Hz, H-2), 6.76 (1H, d, J = 8.0 Hz,
H-5), 6.92 (1H, dd, J = 8.0, 2.0 Hz, H-6), 7.52 (1H, d,
J =16.0, H-7), 6.24 (1H, d, J = 16.0, H-7), 3.73 (3H,

OCHa). A%l 5 ki — 30, s e
W 4 e

AW 5: E 4 A ; CeHgOs; ESI-MS m/z: 184.0
[M+H]*; 'H-NMR (400 MHz, methanol-ds) 6: 7.03
(2H, s, H-2, 5), 3.80 (3H, s, OCH3). _FiR%dlE 5 CHk
frRiE—8, MUEEEY 5 BT R,

e 6: TEKARY: [o]d +42.3° (c 0.1,
MeOH); ﬁ}%ﬁ C11H2006; ESI-MS m/z; 271.2 [|\/H‘
Na]*; 'H-NMR (400 MHz, CDsOD) 6: 5.36 (1H, td,
J=6.4,1.2 Hz, H-2), 432 (1H, dd, J = 11.6, 6.4 Hz,
H-1a), 4.27 (1H, d, J = 7.6 Hz, H-1"), 4.21 (1H, dd, J =
11.6, 7.6 Hz, H-1b), 3.86 (1H, dd, J = 12.0, 2.0 Hz,
H-6'a), 3.66 (1H, dd, J = 12.0, 5.6 Hz, H-6'b), 3.23
(1H, m, H-5"), 3.30 (2H, m, H-3', 4"), 3.16 (1H, t, J =
8.4 Hz, H-2"), 1.75 3H, s, CHs-4), 1.69 (3H, s,
CH3-5). IR ¥¥ 5 ko — 8, et &
V6 Jy 3-FHEE 2-0a T M- 1-H AR

& 7: AEKIER; [a]7—40° (c 0.1, MeOH);
C10H13Ns04; HR-ESI-MS m/z: 290.085 6 [M-+Na]*
(i+514 290.086 0, CioH13NsOsNa); H-NMR (400
MHz, CD30D) &: 8.30 (1H, s, H-2), 8.17 (1H, s, H-8),
5.95 (1H, d, J = 6.4 Hz, H-1), 4.73 (1H, dd, J = 6.4,
5.2 Hz, H-2'), 431 (1H, dd, J = 5.2, 2.4 Hz, H-3),
4.16 (1H, brd, J = 2.4 Hz, H-4"), 3.88 (1H, dd, J =
12.8, 2.4 Hz, H-5'a), 3.74 (1H, dd, J = 12.8, 2.4 Hz,
H-5'b); 13C-NMR (100 MHz, CDs0D) &: 157.6 (C-6,
C), 153.5 (C-2, CH), 150.1 (C-4, C) , 142.0 (C-8, CH),
121.1 (C-5, C), 91.3 (C-1’, CH), 88.2 (C-4', CH), 75.5
(C-2', CH), 72.7 (C-3’, CH), 63.5 (C-5', CHp). &%k
W5 STk IE — B0, WS AT T IR

& 8: AEKAK; [a]p +26.1° (c 0.5,
MeOH); CzoH2409; ESI-MS m/z: 409.1 [M+H]"*;
'H-NMR (400 MHz, DMSO-dg) 6: 6.23 (1H, d, J = 9.2
Hz, H-3), 7.95 (1H, d, J = 9.2 Hz, H-4), 7.49 (1H, s,
H-5), 6.83 (1H, s, H-8), 4.84 (1H, t, J = 4.8 Hz, H-2"),
3.17 (2H, dd, J = 15.6, 4.8 Hz, Hz-3"), 1.24 (3H, s,
CHz-5"), 1.27 (3H, s, CHs-6"), 4.41 (1H, d, J = 7.6 Hz,
H-1"), 2.84~4.50 (6H, m, 2"~5", 6"a, 6"b), 3.86
(1H, dd, J = 12.0, 2.0 Hz, H-6'a), 3.65 (1H, dd, J =
12.0, 5.6 Hz, H-6'a); 3C-NMR (100 MHz, DMSO-ds)
8: 161.0 (C-2, C), 112.7 (C-3, CH), 145.2 (C-4, CH),
124.4 (C-5, CH), 126.1 (C-6, C), 163.6 (C-7, C), 97.3
(C-8, CH), 155.5 (C-9, C), 111.8 (C-10, C), 90.6 (C-2’,
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CH), 29.3 (C-3', CHyp), 77.4 (C-4', C), 23.0 (C-5,
CHs), 23.6 (C-6", CH3), 97.8 (C-1", CH), 74.0 (C-2",
CH), 77.0 (C-3", CH), 70.6 (C-4", CH), 77.4 (C-5",
CH), 61.4 (C-6", CHp)» il %5l 5 Lk — e,
M A 8 NEALRT T .

EY 9: TEBARY: [o]d +21.9° (¢ 0.1,
MeOH); 43F 3 C19H3207; ESI-MS m/z: 373.2 [M+
H]*; 'H-NMR (400 MHz, DMSO-ds) o: 1.97 (1H, d,
J = 17.2 Hz, H-2a), 2.47 (1H, d, J = 17.2 Hz, H-2b),
5.79 (1H, s, H-4), 1.96 (1H, m, H-6), 1.64 (1H, m,
H-7a), 1.79 (1H, m, H-7b), 1.62 (1H, m, H-8a), 1.65
(1H, m, H-8Db), 3.80 (1H, m, H-9), 1.24 (3H, d, J = 6.0
Hz, CHs-10), 1.00 (3H, s, CHs-11), 1.08 (3H, s,
CHs-12), 2.03 (3H, s, CHs-13), 431 (1H, d, J = 7.6
Hz, H-1"), 3.10~3.49 (4H, m, H-2'~5"), 3.66 (1H, dd,
J = 12.0, 4.0 Hz, H-6a’), 3.85 (1H, d, J = 12.0 Hz,
H-6b"); 3C-NMR (100 MHz, DMSO-de) d: 37.4 (C-1,
C), 48.1 (C-2, CHy), 202.4 (C-3, C), 125.4 (C-4, CH),
169.9 (C-5, C), 52.5 (C-6, CH), 26.6 (C-7, CH,), 37.4
(C-8, CHy), 77.8 (C-9, CH), 21.9 (C-10, CHs), 29.0
(C-11, CH3), 275 (C-12, CHs), 25.0 (C-13, CHa),
104.0 (C-1', CH), 75.3 (C-2', CH), 78.2 (C-3', CH),
71.7 (C-4', CH), 77.6 (C-5', CH), 62.8 (C-6/, CHp).
REAE 5 kR E — 0T, M EEY 9 A
blumenol C glucoside.

&Y 10: LOBSRY: [a]d +38.0° (c 0.3,
MeOH); ﬁ%ﬁ C19H3007; ESI-MS m/z: 371.2 [M+
H]*: H- NMR (400 MHz, CDs0OD) : 2.05 (1H, d, J =
16.8 Hz, H-2a), 2.48 (1H, d, J = 16.8 Hz, H-2D), 5.88
(1H, s, H-4), 2.69 (1H, d, J = 9.2 Hz, H-6), 5.75 (1H,
dd, J=15.2, 9.2 Hz, H-7b), 5.58 (1H, dd, J = 15.2, 7.2
Hz, H-8), 4.47 (1H, brt, J = 6.4 Hz, H-9), 1.28 (3H, d,
J = 6.4 Hz, CH3-10), 0.98 (3H, s, CHs-11), 1.02 (3H,
s, CHz-12), 1.98 (3H, s, CH3-13), 4.28 (1H,d, J = 7.6
Hz, H-1"), 3.10~3.49 (4H, m, 2'~5"), 3.62 (1H, dd,
J = 11.6, 6.4 Hz, H-6a’), 3.84 (1H, dd, J = 11.6, 2.0
Hz, H-6b"); C-NMR (100 MHz, CD;OD) ¢: 37.2
(C-1, C), 48.5 (C-2, CHy), 202.0 (C-3, C), 126.2 (C-4,
CH), 165.7 (C-5, C), 56.9 (C-6, CH), 131.2 (C-7, CH),
137.0 (C-8, CH), 74.8 (C-9, CH), 22.2 (C-10, CHy),
27.4 (C-11, CHg), 28.0 (C-12, CH3), 23.9 (C-13, CHg),
101.2 (C-1', CH), 75.0 (C-2', CH), 78.4 (C-3', CH),
71.7 (C-4', CH), 78.2 (C-5', CH), 62.9 (C-6, CHp). I

AR 5 SO TE — B8, B EAAY) 10
(6R,9S)-3-4-0- 55 &' =% [~ B-D- Nk e ] 26 W o

&Y 11 BORARY): [o]d +49.9° (c 0.2,
MeOH); 7313 C19Ha00s: ESI-MS m/z: 387.2 [M+
H]*; H-NMR (400 MHz, CD;0D) 6: 2.16 (1H, d, J =
17.2 Hz, H-2a), 2.61 (1H, d, J = 17.2 Hz, H-2b), 5.86
(1H, s, H-4), 5.85 (1H, d, J = 15.6, Hz, H-7), 5.72
(1H, dd, J = 15.2, 7.2 Hz, H-8), 4.53 (1H, dd, J = 7.2,
6.4 Hz, H-9), 1.27 (3H, d, J = 6.4 Hz, CH5-10), 1.01
(3H, s, CH3-11), 1.03 (3H, s, CH3-12), 1.94 (3H, s,
CHz-13), 4.26 (1H, d, J = 7.6 Hz, H-1"), 3.16 (1H, dd,
J =176, 8.8 Hz, H-2"), 3.18 (1H, dd, J = 8.8, 7.6 Hz,
H-3%, 3.25 (1H, t, J = 7.6 Hz, H-4'), 3.24 (1H, m,
H-5%, 3.62 (1H, dd, J = 12.0, 6.4 Hz, H-6a’), 3.84 (1H,
dd, J = 11.6, 1.6 Hz, H-6b’); 3C-NMR (100 MHz,
CDs0D) ¢: 42.4 (C-1, C), 50.8 (C-2, CH,), 201.3
(C-3, C), 127.1 (C-4, CH), 167.1 (C-5, C), 80.0 (C-6,
C), 133.7 (C-7, CH), 133.8 (C-8, CH), 74.6 (C-9, CH),
22.2 (C-10, CH3), 23.5 (C-11, CH3), 24.7 (C-12, CHs),
19.6 (C-13, CHs), 101.3 (C-1’, CH), 75.0 (C-2', CH),
78.4 (C-3', CH), 71.7 (C-4', CH), 78.2 (C-5', CH),
62.8 (C-6', CHz)o iR ## 5 ki — 51, iy
KEAEY) 11 K FFIERET .

aW 12: WOERY): [o]f -19.2° (c 0.1,
MeOH); 7373\ CasH3s013: ESI-MS m/z: 581.2 [M+
H]*; *H-NMR (400 MHz, CD30D) 6: 6.71 (2H, s, H-2,
6), 4.76 (1H, d, J = 3.2 Hz, H-7), 3.14 (1H, m, H-8),
3.91 (1H, d, J = 6.0 Hz, H-9a), 4.28 (1H, d, J = 8.4
Hz, H-9b), 6.65 (2H, s, H-2', 6'), 4.71 (1H, d, J = 3.6
Hz, H-7"), 3.14 (1H, m, H-8), (1H, d, J = 6.0 Hz,
H-9'a), 4.28 (1H, d, J = 8.4 Hz, H-9'b), 3.85 (6H, s, 3,
5-OCHg), 3.84 (6H, s, 3’, 5-OCHj3), 4.85 (1H, m,
H-1"), 3.46 (1H, m, H-2"), 3.40 (2H, m, H-3", 4"),
3.19 (1H, m, H-5"), 3.77 (1H, d, J = 12.0 Hz, H-6"a),
3.65 (1H, dd, J = 12.0, 5.2 Hz, H-6"b); *C-NMR (100
MHz, CD;OD) 4: 139.6 (C-1, C), 104.9 (C-2, CH),
154.4 (C-3, C), 135.6 (C-4, C), 154.4 (C-5, C), 104.9
(C-6, CH), 87.2 (C-7, CH), 55.5 (C-8, CH), 72.9 (C-9,
CHy), 56.8 (2-OCHs), 133.1 (C-1', C), 104.6 (C-2,
CH), 149.4 (C-3, C), 135.6 (C-4', C), 149.4 (C-5', C),
104.6 (C-6', CH), 87.6 (C-7', CH), 55.7 (C-8', CH),
72.9 (C-9', CHy), 57.1 (2-OCHs), 105.4 (C-1", CH),
75.7 (C-2", CH), 77.8 (C-3", CH), 71.4 (C-4", CH),
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78.4 (C-5", CH), 62.6 (C-6", CHz). _iR%d 5 CHk
fiE— R0, MR E ) 12 K FFACRET
&Y 13 LERRY); [a]f +35.6° (¢ 0.1,
MeOH); CaH20s; ESI-MS m/z: 421.2 [M+H]*; H-
NMR (400 MHz, CD30OD) &: 6.51 (1H, s, H-8), 6.31
(2H, s, H-2', 6"), 4.24 (1H, d, J = 5.6 Hz, H-4), 3.78
(3H, s, 7-OCH3), 3.66 (6H, s, 3', 5'-OCHa), 3.59 (1H,
dd, J = 14.0, 4. 8 Hz, H-2aa), 3.43 (3H, m, Hx-3a,
2ab), 3.30 (3H, s, 5-OCHs), 2.64 (1H, dd, J = 14.8, 4.8
Hz, H-1a), 2.51 (1H, dd, J = 14.8, 11.2 Hz, H-1b),
1.89 (1H, m, H-3), 1.56 (1H, m, H-2); 3C-NMR (100
MHz, CD;OD) d: 130.2 (C-9, C), 126.2 (C-10, C),
147.7 (C-5, C), 138.9 (C-6, C), 148.6 (C-7, C), 107.7
(C-8, CH), 33.6 (C-1, CH), 40.9 (C-2, CH), 66.8
(C-2a, CHy), 139.3 (C-1’, C), 106.8 (C-2', ¢', CH),
149.0 (C-3', 5', C), 134.5 (C-4', C), 42.3 (C-4, CH),
49.0 (C-3, CH), 64.1(C-3a, CHy), 60.1 (5-OCHs), 56.6
(7-OCHy), 56.7 (3', 5'-OCHa). L iR%¥d 5 SRk HRiE
— B2, WO E A 13 (+)-FE MUORR I -
taY 14 BERRY: [o]d -72.1° (¢ 0.3,
MeOH); CxH240¢; ESI-MS m/z: 361.2 [M+H]*:
1H-NMR (400 MHz, CDs0D) 6: 1.75 (1H, brt, J =10.0
Hz, H-3), 2.00 (1H, m, H-2), 2.77 (2H, d, J = 7.6 Hz,
H-1a), 3.39 (1H, dd, J = 4.0, 11.2 Hz, H-2ab), 3.66
(1H, brd, J = 11.2 Hz, H-2aa), 3.66 (3H, m, H-3a,
1b), 3.77 (3H, s, 3'-OMe), 3.80 (3H, s, 7-OMe), 6.17
(1H, s, H-8), 6.60 (1H, dd, J = 8.0, 1.6 Hz, H-6'), 6.65
(1H, s, H-5), 6.66 (1H, d, J = 1.6 Hz, H-2'), 6.73 (1H,
d, J = 8.0 Hz, H-5"); 3C-NMR (100 MHz, CD30D) ¢:
33.6 (C-1, CHy), 40.0 (C-2, CH), 48.0 (C-3, CH), 48.1
(C-4, CH), 56.3 (3’-OMe), 56.4 (3-OMe), 62.2 (C-3a,
CH>), 65.9 (C-2a, CHy), 112.4 (C-5, CH), 113.8 (C-2',
CH), 116.0 (C-5', CH), 117.4 (C-8, CH), 123.2 (C-6/,
CH), 129.0 (C-9, C), 134.2 (C-10, C), 138.6 (C-1, C),
145.3 (C-6, C), 146.0 (C-4', C), 147.2 (C-7, C), 149.0

(C-3,, C)o FREHE 5 SChkHRIE — 512324, Hd e
WEY 14 NFVEHAIER .
4 ABTS'EHHEBMRIEMIFE

SEEGR A ABTS'H HIEE RA VAN e 13

AR S TTEACRE ST . SR A YR BR T
18 Ve 4> BIfcHI s 5.0. 1.0 0.5, 0.1, 0.01. 0.001
mmol/mL AW, %X 50 ub, ¥shnE 96 fL4n ks
FEM LA, FE4 L 150 pL ABTSHATR, @sin

3 96 FLAIMIRE TR AL . EEE TIHE 6
min J&, K 734 nm ZLFITROGE (A, THEIERRR
F 1Cs0 1H

TEER=[Ao— (A1—A2)]/Ao

v AR A 73 AR AT VRN ABTSHARIT AL DI
Hh 'ﬁ ABTSHE G A FIIUEAE S A

ICso ELIE T Origin 7.0 345 . AL A& YPTE L
WEIESE R IR 2. SIS RER, (W& 2. 4.5
A 12~14 BA ABTSYH G RIEN:, Hoib&
W) 13 A1 14 19 1Cs0 23519 5.7+ 11.0 pmol/L, 5[H
PEXTHE Ve 19 1ICso (6.4 pmol/L) 24
#2 &2, 4. 5 12~14 #) ABTS F1 DPPH B
TERRIEME
Table 2 ABTS* and DPPH radical-scavenging activities of
compounds 2, 4, 5, and 12—14

ICso/(umol-L™)

I

e ABTS* DPPH

38.0 -

21.0 61.2

5 14.9 19.8

12 35.0 210.0

13 5.7 101.0

14 11.0 151.0

Ve 6.4 53.0

5 DPPH BHEABMRIEMIFIE

SEEGR A DPPH [ HH AR BRik 252815 4 fEAR
13 MR EIIIPUERARE 7T o SR &P ATBA 1
XHHE Ve 4 g # s 10.04 5.04 1.0, 0.5, 0.1. 0.01.
0.001 mmol/mL FJ¥# . #HL 50 L, ¥z 96 fL
YRR TR RN FLA, B4 i B 130 pL DPPH %
W, A3 96 FLANMRE FRIR RN R E
AL CE 30 min, K 517 nm AbR A{E, THETE
BRZEH 1Cso {H o H HHHETE B 1E 1 00 1F 87 1 7]
ABTS*H HEERRIE IR T % BRI EP9
FAEMESE R AR 2. SIS R, (a2, 4.
5 fll 12~14 B4 DPPH H HHI&ERRTE M, s
¥ 4. 5 A1 13 () DPPH H HIEIERRIENE 1Cs0 2350 M
61.2. 19.8. 101.0 umol/L, SPFHMXIHE Ve 1 1Cso
(53.0 umol/L) #H24.
6 g

A SEES MAEHUE T BEAL S B IS E T 1 AN
&P 13 ARG EY), (&Y 2. 4.5 F1 12-14
KL T TEARE S, ABTSHH LSRRI LS B &
HIALEW) 13 A1 14 35 ERRE, SN Ve BiE
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PEAHY . DPPH H G R GRS LR ANAEY) 4.
5 A1 13 s MR, 5 Ve BINEPER S, B, b
B 13 AR NTEARDU A TS P R O FR b 1 13 o
MR RFEE TR ED ISR SR, NI
P TR ORI S AR 2%

RBFR FIHEHAFE ARG EF SR
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