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Non-alkaloid constituents from ethyl acetate extract of fruits of Lycium barbarum
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Abstract: Objective To investigate the chemical constituents from the fruits of Gougizi (Lycium barbarum L.). Methods The
compounds were isolated and purified by various column chromatographies, and their structures were identified by physiochemical
properties and spectroscopic data. Results Twenty-three compounds were isolated from the ethyl acetate part of the 95% ethanol
extract of L. barbarum and their structures were identified as methyl-3-O-B-D-glucopyranosyl-4-hydroxy caffeic acid (1),
linocinnamarin (2), 3-O-p-D-glucopyranosyl-5-hydroxy cinnamate (3), methyl-4-O-B-D-glucopyranosyl-5-methoxy ferulic acid (4),
cassoside | (5), nicphenside A (6), methyl-3-(4-O-p-D-glucopyranosylphenyl) propionate (7), phenethyl-p-D-glucopyranoside (8),
7-O-B-D-glucopyranose-quercetin glycoside (9), dihydroferulic acid methyl ester (10), methyl-7,8-dihydro-(S)-7-methoxy ferulate
(11), methyl-3-(4-hydroxyphenyl) propionate (12), 1-(2-ethylphenyl) ethane-1,2-ethanediol (13), 1-(4-ethylphenyl)-1,2-ethanediol
(14), loliolide (15), (3S)-3-hydroxy-B-ionone (16), sinapic acid (17), ferulic acid (18), p-hydroxycinnamic acid (19), quercetin (20),
syringaresinol (21), 6-methoxy-7-hydroxycoumarin (22), dibutylphthalate (23). Conclusion Compound 1 is a new natural product,
compounds 1—38, 10, 11, 13—16 are isolated from this genus for the first time, and compounds 1—16 are isolated from this plant for
the first time.
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MifcJ& Lycium L. AjiFl (Solanaceae) Y,
A SR 80 A, 32 B A AR R AT AL R HB X
WEA 7 50 348Fh, FE AT IRE VI AL
X[, Horp B My L. barbarum L..#742 L. chinense
Mill.F1 2 A4 L. ruthenicum Mill y3RE 3 R I,
AR, AREACE AT R, T E A AT
R R it AR BA RS 2 ATE FRMERL. (h
FE| 24 1) 2020 RIS 1 7 E MR FIMIAC AR K
VERZIMHE N, B LR IR K
DR T EMRC TR R IR MM 1,
WRH L P, HR B, FWNE . s HE
Z. D3 B, AR ¥ ) g B AT T R
Bt geel, Dyt — e dE A AC IR AR AL i 1
WEFCHERE, 5835 HAN[R] 24 HI B0 AL AR 24 24000 Jo A=At
TR 7L F AL B A, FE I 95% 2 4R
WIRIBEIR LR ER ALy B %€ 1 23 MEEY,
NAEAEYI T, BAE 2 DIRG9 20);
14 NEHRE (1~8. 10~12, 17~19); 2 MF L
BE (13, 14); 2 AR (15, 16); 1 PMAMER
(21); LANEE R (22) FARZE —HER T g (23).
HA5M o B % e 3-O-B-D- Mt i 48] 4 B i -4-F2
uhn Mk B2 g methyl-3-O-B-D-glucopyranosyl-4-
hydroxy caffeic acid, 1). linocinnamarin (2).
3-O-p-D- Wit g % %) B K= -5- ¥2 M R W M
(3-0-B-D-glucopyranosyl-5-hydroxy cinnamate, 3).
4-O-B-D- Nt WA i %) K K -5- HY 4 5 BT 21 R Y I
( methyl-4-O-B-D-glucopyranosyl-5-methoxy  ferulic
acid, 4). cassoside I (5). nicphenside A (6).
3-(4-O-PB-D- A iyt 7 26 Al 5= 2K 45 ) TR FH B (meethyl-3-
(4-O-B-D-glucopyranosylphenyl)-propionate, 7). 7
Z.FE-B-D-Hi % HEEF (phenethyl-B-D-glucopyranoside,
8). Mt ¥ ( 7-O-p-D-glucopyranose-quercetin
glycoside, 9). —ZF#ER i (dihydroferulic acid
methyl ester, 10). 7,8-—4-(S)-7-FH & JEp $4 2 H
fit (methyl-7,8-dihydro-(S)-7-methoxy ferulate, 11).
3-(4- ¥ K R A ) N B W B [methyl-3-(4-
hydroxyphenyl) propionate, 12]. 1-(2-Z.3L73E) 2
e -1,2- — [ [1-(2-ethylphenyl) ethane-1,2-
ethanediol, 13]. 1-(4- & B K 3E) £ e -1,2- — B
[1-(4-ethylphenyl)-1,2-ethanediol, 14]. &3 & g
( loliolide , 15 ) . (39)-3- ¥& % -B- % ¥ = [
[(3S)-3-hydroxy-p-ionone, 16]. 7+ & (sinapic acid,
17). Fi%EE (ferulic acid, 18). XJ¥%3& AR

(p-hydroxycinnamic acid, 19). # %2 (quercetin,
20). T &MY (syringaresinol, 21). 6- 48 %-7-
}IEAE T 2 (6-methoxy-7-hydroxycoumarin, 22).
ARK W T —FE (dibutylphthalate, 23). th&%
1 NFHRAR =, H H-NMR. BC-NMR $fE N
YRS, & 1~8. 104 11, 13~16 BN E M
ZIEMEYI R EAR, WA 1~16 NE IR MIZE
Yoy B3]
1 UEEHH

Bruker AVANCE 111 500 B AZ i 3LHR4% . Bruker
maxis HD B4 KATHI A5 iE (fE[E Bruker A#]);
Autopol IV 4= B 3l ie A (3 i KA F]D; LC52
T 1o T S B VB 1A (R B L R A TR 2
"], SP-5030 AL :dfiles A s R AR ZE, UV200 AL
AMKG I 2%, Easychrom AU T{EuG, Btk N
YMC-Pack ODS-A (250 mm <20 mm, 5 um). i#
FE OGRS GFass. AEERERERR (200~300 H, &
¥ PEAL T ), Sephadex LH-20( Pharmacia Biotech
A T]); RP-Cig (40~60 um, YMC); KFL# i D101
(P IERERHHM R R A IR AFD; HEE, @i
afi CREET AR IS A R AR HAR )
BRI

MIfc+F 2017 4F 9 AR EAFEER /KA,
22 VA R H R ) K A 24 A B R B IS B0 S 8 R L
MR JEAE Y T EMIAC L. barbarum L. A4 A4 R
S, ARUFRESL (20170906A) AET8CT A F A EE 24k
A 2 T
2 RESNE

MR T 552 50 kg, 959% Z B [RIH2HYL 3 VX,
e, GIFUEML, JREWKYE, 1995E 32.58 kg. 12
KRR, SRR G D101 A il s 5,
IR 95% LM NEHBEATBEME, 15 E1K Bl
#hA7 30 kg 95% LEESE LA 1336 g PR e M i
{37 52.5 go 95% L LM ERALIN/K R &L, Ak K I
BR CME 1B T REZEEL, b B 7, 19 EERR 2.0
#hAr (183 @) IETEEAAL (386 g). HHE LB
AL G T AT B3 43 B, K IR FH A i Tk - T TR 2 T
(100 : 0—0 : 1) FIEEER CFR-FHEE (301150 1)
BEEEBEML, FFAREREERR, A IFAHER M 53]
13 M4 (Fr.A~M). Fr.B (8.479) REZEER
A5 CRMEE-BER CBE 100 @ 051 1) 15
b4 23 (4.6 mg). Fr.H (25.6 ) 4 MCI F:th i
I, MR HEE-K (0—100%) FREESEN, 20k
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R RN, SRR, 193] 9 N (Fr
H-1~H-9). Fr. H-2 & ODS H:ff i/ B i
10%~100% H BRI R H FEPEIE, 19310 5 AN (Fr.
H-2-1~H-2-5) . Fr. H-2-3 Z: il % %4 HPLC il % (20%
ZHE) 194 E90 13 (126 mg, t=62 min). 14 (33.8
mg, tr=65 min). 15 (7.3 mg, tr=18 min). Fr. H-5
Y53 e A FE PR S R RSB 22 (66.3
mg). Fr. H-5 H4E & ) Pl R BER A ] 57 HPLC i
% (35% L) 13 2LA4) 17 (5.1 mg, tk=25 min).
18(20 mg, tr=26 min) 1 19(56.0 mg, tg=23 min).
Fr. H-6 £ Sephadex LH-20 %[ i (4 1 43 5515 5 AN
W5 (Fr. H-6-1~H-6-5). Fr. H-6-1 4% %! HPLC
il & (35%HEE) 1F2MLEY) 16 (7.2 mg, k=28
min). Fr.H-6-2 2l %% HPLC fill % (45% H i)
A 10 (13.2mg, tk=18 min). 11 (2.0 mg,
tr=32 min). 12 (4.9 mg, tr=39 min), Fr. H-6-5
22 1] £ HPLC 1] 4% (35% FH i ) 15 4k &4 20(6.5
mg, tr=66 min). Fr. H-7 ZRERH: (il /> 25153 8
MRSy (Fr. H-7-1~H-7-8), Fr. H-7-5 £ %Y
HPLC #il % (40%HEE) SEL&4) 21 (3.4 mg,
tr=24 min). Fr.J (14.0 g) £ ODS H: i/ &,
MR FEE-7K (10%—100%) B, 193] 5
ALY (Fr. J-1~3-5). Fr. J-3 & WGt —5
£ Sephadex LH-20 #é i bt (3% 5 85159 3 Moy (Fr.
J-3-1~3-3-3), Fr.J-3-3 &l 4% HPLC fi|% (35%
I B2 4EY 1(311.7 mg, k=32 min). 2(19.7
mg, tr=41min). 3 (4.4 mg, tg=30min), Fr.J-2
221 £ HPLC 145 (30% FH 2 ) 15 24k &4 6(72.6
mg, tr=41min). 7 (8.7 mg, tr=44 min), 8 (12.9
mg, tr=53 min). Fr. K (8.7 g) % ODS H: i 4
B, R HEE-K (10%—100%) FEEEWERL, 73
F| 5 M (Fr. K-1~K-5), Fr. K-3 £ 45 HPLC
il % (35%H ) 1F2LEY) 4 (575 mg, tr=33
min). 5 (13 mg, tr=40min). 9 (6.4 mg, tr=236
min).
3 HHEXE

WA 1: AR K, ESI-MS m/z: 357 [M+H];
IH-NMR (500 MHz, CD30D) §: 7.19 (1H, dd, J = 8.4,
1.6 Hz, H-6), 6.88 (1H, d, J = 8.4 Hz, H-5), 7.53 (1H,
d, J = 1.6 Hz, H-2), 7.61 (1H, d, J = 16.0 Hz, H-7),
6.38 (1H, d, J = 16.0 Hz, H-8), 3.77 (3H, s, 9-OCH3 ),
4.84 (1H, d, J = 7.2 Hz, H-1"), 3.96 (1H, dd, J = 12.0,
1.6 Hz, H-6a), 3.73 (1H, dd, J = 12.0, 6.0 Hz, H-6'b),

3.55~3.39 (4H, m, H-2'~5'); 13C-NMR (125 MHz,
CDsOD) §: 169.8 (C-9), 151.3 (C-4), 147.2 (C-3),
146.5 (C-7), 128.0 (C-1), 126.2 (C-6), 118.2 (C-5),
117.6 (C-2), 115.9 (C-8), 104.3 (C-1'), 78.6 (C-5"),
77.7 (C-3"), 75.0 (C-2"), 71.6 (C-4"), 62.6 (C-6"), 52.2
(9-OCHa). LA F##s 5 30k iE 1 linocaffein 25
A, AHAERR [RNA 264 N P& R ER B AL 5
PFAEZE M ER (Adw 0.15~0.43; Adc 1.6~4.6),
I 2 H T e R R AN ) SR R 3 3. 2
—BEEEEY) 1 1 HMBC i (8 1), H-6 5 C-2.
C-4. C-7T fAE M BAH GG 5, (HE C-3 WA
FEAHSG, A A pm SRR L EE S H-1'5 C-3 47
FEWT A FEAR IS, A E S A B i S A R
(1) 3 frf I, %5 HAERIA 3-O-B-D- M i ) 4 B -
A-F2FEOMMERR H g . JEIT Scifinder £, L&YW 1
55 SRR TE B ) K S = ) B A AR R 2540, TR AH O
SCHRAR W e B R . STk, Meidw 1A
HRIRT=W) o
HO

o O
HO 1 0 4 2 4 7\
HO S ) _3~0CH,€

HO"4 6
5

1 L&a% 1 BEHaFXiE HMBC X
Fig. 1 Structure and key HMBC correlations of compound 1

WA 2: AR K, ESI-MS m/z: 341 [M+H];
'H-NMR (500 MHz, CDs0D) ¢: 7.67 (1H, d, J = 16.0
Hz, H-7), 7.58 (2H, d, J=8.7 Hz, H-2, 6), 7.14 (2H, d,
J = 8.7 Hz, H-3, 5), 6.43(1H, d, J = 16.0 Hz, H-8),
4.98 (1H, d, J = 7.3 Hz, H-1"), 3.79 (3H, s, 9-OCHpy),
3.92 (1H, dd, J = 12.1, 2.0 Hz, H-6"a), 3.72 (1H, dd,
J =121, 5.7 Hz, H-6'b), 3.50~3.41 (4H, m, H-2'~
5"); 3C-NMR (125 MHz, CD30OD) ¢: 169.4 (C-9),
160.9 (C-4), 145.8 (C-7), 130.8 (C-2, 6), 129.8 (C-1),
118.0 (C-3, 5), 116.7 (C-8), 101.8 (C-1"), 78.2 (C-5"),
77.9 (C-3"), 74.8 (C-2"), 71.3 (C-4'), 62.4 (C-6"), 52.1
(9-OCHg). DA E%¥s 5 3k B He A — 30, H
SE1ZAMEW) 2 7 linocinnamarin.

&Y 3: Ak AR, ESI-MS m/z: 379 [M+
Na]*; *H-NMR (500 MHz, CDs0D) é: 7.59 (1H, d, J =
16.0 Hz, H-7), 6.38 (1H, d, J = 16.0 Hz, H-8), 7.12
(1H, s, H-2), 7.06 (1H, d, J = 8.3 Hz, H-4), 7.22 (1H,
d, J = 8.3 Hz, H-6), 4.86 (1H, d, J = 7.0 Hz, H-1"),
3.92 (1H, d, J =12.0 Hz, H-6"a), 3.74 (H, dd, J = 12.0,
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5.2 Hz, H-6'b), 3.56~3.40 (4H, m, H-2'~5"), 3.79
(3H, s, 9-OCHz); 3C-NMR (125 MHz, CD;0OD) :
169.5 (C-9), 149.1 (C-3), 148.9 (C-5), 146.3 (C-7),
131.2 (C-1), 122.2 (C-2), 118.2 (C-4), 117.1 (C-8),
116.1 (C-6), 103.7 (C-1"), 78.5 (C-5"), 77.7 (C-3"),
74.9 (C-2"), 71.4 (C-4"), 62.5 (C-6"), 52.2 (9-OCHg).
PL b2 5 Ok B A — 30, e S 3
N 3-O-B-D- At e i 7] B A5 -5-F 5k AR R FH R

WA 4: R AR, ESI-MS m/z: 371 [M+H];
H-NMR (500 MHz, CD30D) ¢: 7.19 (2H, brs, H-5,
6), 7.28 (1H, s, H-2), 7.66 (1H, d, J = 16.0 Hz, H-7),
6.47 (1H, d, J = 16.0 Hz, H-8), 3.92 (3H, s, 3-OCHy),
3.79 (3H, s, 9-OCHs), 4.99 (1H, d, J = 7.4 Hz, H-1"),
3.89 (1H, dd, J = 12.0, 1.8 Hz, H-6'a), 3.79 (1H, dd,
J =120, 5.2 H-6'b), 3.53~3.41 (4H, m, H-2'~5");
3C-NMR (125 MHz, CDs0D) 6: 169.5 (C-9), 151.2
(C-3), 150.3 (C-4), 146.2 (C-7), 130.6 (C-1), 123.7
(C-6), 117.5 (C-5), 117.2 (C-8), 112.6 (C-2), 102.3
(C-1"), 78.4 (C-5'), 78.0 (C-3"), 75.0 (C-2), 71.4
(C-4"), 62.2 (C-6"), 56.9 (3-OCHs), 52.2 (9-OCH3). LA
RS ORI E R A — Y, WS A 4
4-O-B-D bk e 7] 27 5 Jik-5- FF A2 B o BRI FH IR

&9 5: AR K, ESI-MS m/z: 371 [M+H]*:
'H-NMR (500 MHz, CD;0D) ¢: 7.19 (1H, dd, J = 8.4,
1.5 Hz, H-6), 7.15 (1H, d, J = 8.4 Hz, H-5), 7.75 (1H,
d, J = 1.5 Hz, H-2), 6.92 (1H, d, J = 12.9 Hz, H-7),
5.90 (1H, d, J = 12.9 Hz, H-7), 3.89 (3H, s, 3-OCHy),
3.74 (3H, s, 9-OCHs), 4.98 (1H, d, J = 7.4 Hz, H-1"),
3.91 (1H, overlapped, H-6"a), 3.71 (1H, dd, J = 12.2,
5.4 Hz, H-6'b), 3.53~3.36 (4H, m, H-2'~5');
3C-NMR (125 MHz, CDs0D) 4: 168.6 (C-9), 150.1
(C-3), 149.2 (C-4), 144.6 (C-7), 131.0 (C-1), 126.0
(C-6), 118.4 (C-8), 116.8 (C-5), 115.6 (C-2), 102.4
(C-1"), 78.4 (C-5"), 78.0 (C-3"), 75.0 (C-2'), 71.5
(C-4"), 62.6 (C-6"), 56.8 (3-OCHj3), 52.0 (9-OCH3). LA
RS O ikE R A — 0, WS ENEYI S A
cassoside I,

e &9 6: Wil 4, ESI-MS m/z: 359 [M+
H]*; 'H-NMR (500 MHz, CD3;0D) ¢: 6.64 (1H, dd,
J =8.2, 1.7 Hz, H-6), 7.11 (1H, d, J = 8.2 Hz, H-5),
6.73 (1H, d, J = 1.7 Hz, H-2), 2.83 (2H, t, J = 7.6 Hz,
H-7), 260 (2H, t, J = 7.6 Hz, H-8), 3.66 (3H, s,
9-OCHa), 4.72 (1H, d, J = 7.3 Hz, H-1"), 3.91 (1H, dd,

J =120, 1.5 Hz, H-6'a), 3.73 (1H, dd, J = 12.0, 5.2
Hz, H-6'b), 3.51~3.41 (4H, m, H-2'~5"); B3C-NMR
(125 MHz, CD30D) 6: 175.3 (C-9), 148.5 (C-3), 145.4
(C-4), 137.9 (C-1), 120.8 (C-6), 119.3 (C-2), 117.2
(C-5), 104.8 (C-1'), 78.4 (C-5'), 77.8 (C-3'), 75.0
(C-2"), 71.4 (C-4"), 62.6 (C-6"), 52.2 (9-OCH3), 36.9
(C-8), 31.5 (C-7). LA - Hdfs 5 STt K A — ],
S e A9 6 O nicphenside A

tEW7: AT EEMA, ESI-MS m/z: 343
[M+H]*: H-NMR (500 MHz, CDs0D) 6: 7.15 (2H,
d, J = 8.6 Hz, H-2, 6), 7.03 (2H, d, J = 8.6 Hz, H-3, 5),
2.88 (2H, t, J = 7.6 Hz, H-7), 2.62 (2H, t, J = 7.6 Hz,
H-8), 3.65 (3H, s, 9-OCH3), 4.89 (1H, d, J = 6.4 Hz,
H-1"), 3.90 (1H, dd, J = 12.0, 1.9 Hz, H-6"a), 3.71 (1H,
dd, J = 12.0, 5.3 Hz, H-6'b), 3.47~3.41 (4H, m,
H-2'~5"; BC-NMR (125 MHz, CD3;OD) §: 175.3
(C-9), 157.8 (C-4), 136.0 (C-1), 130.4 (C-2,6), 118.0
(C-3, 5), 102.6 (C-1'), 78.3 (C-5"), 78.1 (C-3"), 75.1
(C-2", 71.5 (C-4"), 62.7 (C-6"), 52.5 (9-OCHs), 37.0
(C-8), 31.3 (C-7). LA b Hi¥im 15 STk 38 Bk A — g 1241,
S ENAY) T A 3-(4-O-B-D- Rk 5 22 4l 5L 2 2K
PR F T

&Y 8: HtLEM AR, ESI-MS m/z: 285
[M+H]*: H-NMR (500 MHz, CDs0D) &: 7.28 (4H,
d, J = 4.4 Hz, H-2, 3, 5, 6), 7.19 (1H, m, H-4), 4.11
(1H, m, H-7a), 3.78 (1H, m, H-7h), 2.96 (2H, td, J =
7.8, 2.1 Hz, H-8), 4.32 (1H, d, J = 7.8 Hz, H-1"), 3.89
(1H, dd, J = 12.4, 1.7 Hz, H-6"a), 3.68 (1H, dd, J =
12.0, 5.2 Hz, H-6'b), 3.37~3.21 (4H, m, H-2'~5");
13C-NMR (125 MHz, CD30D) ¢: 140.2 (C-1), 130.2
(C-3, 5), 129.5 (C-2, 6), 127.3 (C-4), 104.5 (C-1'),
78.2 (C-5"), 78.1 (C-3"), 75.2 (C-2'), 71.9 (C-8), 71.8
(C-4"), 62.9 (C-6'), 37.4 (C-7). VL EX¥E 5 CikfiiE
FER—0S, W% w5 8 K £ K -B-D-H i
G RE

& 9: WRIEEOM A, ESI-MS m/z: 465 [M+
H]*: H-NMR (500 MHz, CD30OD) ¢: 6.47 (1H, brs,
H-6), 6.75 (1H, brs, H-8), 7.77 (1H, brs, H-2"), 6.90
(1H, d, J = 8.1 Hz, H-5"), 7.67 (1H, d, J = 8.1 Hz,
H-6), 5.07 (1H, d, J = 6.4 Hz, H-1"), 3.96 (1H, d, J =
12.0 Hz, H-6"a), 3.75 (1H, d, J = 12.0, 5.5 Hz, H-6'b),
3.55~3.36 (4H, m, H-2'~5"); 3C-NMR (125 MHz,
CDsOD) §: 177.6 (C-4), 164.6 (C-7), 162.3 (C-5),
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157.8 (C-9), 149.1 (C-2), 148.9 (C-4"), 146.4 (C-3"),
137.8 (C-3), 124.1 (C-1"), 122.0 (C-6"), 116.4 (C-5"),
116.3 (C-2"), 106.4 (C-10), 101.8 (C-1"), 100.3 (C-6),
95.7 (C-8), 78.5 (C-5), 78.0 (C-3"), 74.9 (C-2'), 71.4
(C-4"), 62.6 (C-6"). LA FE¥s- 5 3CikHaE A — 208,
WS B A 9 AMRAETT

&Y 10: TLEMRY), ESI-MS miz: 211 [M+
H]*: H-NMR (500 MHz, CD3;0D) §: 6.61 (1H, dd,
J = 8.0, 2.0 Hz, H-6), 6.68 (1H, d, J = 8.0 Hz, H-5),
6.76 (1H, d, J = 2.0 Hz, H-2), 2.81 (2H, t, J = 7.6 Hz,
H-7), 257 (2H, t, J = 7.6 Hz, H-8), 3.81 (3H, s,
3-OCHjg), 3.62 (3H, s, 9-OCH3); 3C-NMR (125 MHz,
CD30D) ¢: 175.3 (C-9), 148.9 (C-3), 145.9 (C-4),
133.5 (C-1), 121.7 (C-6), 116.2 (C-5), 113.0 (C-2),
56.3 (3-OCHs), 52.0 (9-OCHj3), 37.0 (C-8), 31.6
(C-7). VL EHE S SClRHRoE B A — 307, el
H 1 10 AP B H

&Y 11: TLEMIRY), [o]p-34.6° (c0.02,
MeOH), ESI-MS m/z: 241 [M—+H]*; H-NMR (500
MHz, CD;OD) §: 6.88 (1H, d, J = 1.2 Hz, H-2), 6.76
(2H, brs, H-5, 6), 4.52 (1H, dd, J = 9.1, 4.8 Hz, H-7),
2.76 (1H, dd, J = 15.3, 9.1 Hz, H-8a), 2.57 (1H, dd,
J = 15.3, 4.8 Hz, H-8h), 3.85 (3H, s, 3-OCHs), 3.16
(3H, s, 7-OCHj3), 3.64 (3H, s, 9-OCHa); 3C-NMR
(125 MHz, CD30D) d: 173.2 (C-9), 149.2 (C-3), 147.6
(C-4), 133.1 (C-1), 120.7 (C-6), 116.1 (C-5), 110.9
(C-2), 81.3 (C-7), 56.7 (7-OCHg), 56.4 (3-OCHj3), 52.1
(9-OCHs), 44.1 (C-8). LA L% 5 STk S A —
e, M e & 11 8 7, 8- A& ~(S)-7- H A ki
BRIE F I

&Y 12: TLEMRY), ESI-MS m/z: 181 [M+
H]*; 'H-NMR (500 MHz, CDs0D) ¢: 7.00 (1H, d, J =
8.5 Hz, H-2, 6), 6.67 (1H, d, J = 8.5 Hz, H-3, 5), 2.80
(2H, t,J = 7.5 Hz, H-7), 2.56 (2H, t, J = 7.5 Hz, H-8),
3.61 (3H, s, 9-OCH3); 3C-NMR (125 MHz, CD3;0D)
J: 175.3 (C-9), 156.8 (C-4), 132.7 (C-1), 130.2 (C-2,
6), 116.2 (C-3, 5), 52.0 (9-OCHs), 37.1 (C-8), 31.2
(C-7). VL EHHE S SClRFhoE B A — 3509, el
B 12 4 3-(4-FR LRI R H G

&9 13: Lk (&), ESI-MS m/iz: 167
[M+H]*: H-NMR (500 MHz, CDCls) §: 7.26 (1H, t,
J = 7.5 Hz, H-6), 7.18 (1H, overlapped, H-5), 7.15
(1H, overlapped, H-4), 7.15 (1H, overlapped, H-3),

478 (1H, dd, J = 8.6, 2.9 Hz, H-7), 3.70 (1H, dd, J =
11.6, 3.1 Hz, H-8a), 3.63 (1H, dd, J = 11.6, 8.9 Hz,
H-8b), 2.65 (2H, q, J = 7.6 Hz, H-9), 1.25 (3H, t, J =
7.6 Hz, H-10); 13C-NMR (125 MHz, CDCls) 6: 144.3
(C-1), 140.4 (C-2), 128.3 (C-3), 127.2 (C-4), 125.5
(C-5), 123.3 (C-6), 74.7 (C-7), 67.9 (C-8), 28.7 (C-9),
15.4 (C-10). LA bR3ids 5 3ClRARoE A — 220, i
YEA AW 13 4 1-(2- 23K FE) 2 88-1,2- %

&) 14: TokEr & (E45), ESI-MS m/iz: 167
[M+H]*; *H-NMR (500 MHz, CDCls) §: 7.28 (1H, d,
J=75Hz H-2,6),7.21 (1H, d, J = 7.5 Hz, H-3, 5),
4.80 (1H, dd, J = 8.1, 3.2 Hz, H-7), 3.74 (1H, dd, J =
11.3, 3.1 Hz, H-8a), 3.67 (1H, dd, J = 11.3, 3.1 Hz,
H-8b), 2.66 (2H, q, J = 7.6 Hz, H-9), 1.25 (3H, t, J =
7.6 Hz, H-10); 3C-NMR (125 MHz, CDCls) 6: 143.9
(C-4), 137.8 (C-1), 128.0 (C-3, 5), 126.2 (C-2, 6), 74.6
(C-7), 68.0 (C-8), 28.6 (C-9), 15.6 (C-10). LA %z
5 SCRRE R A — 3R, s E A 14 R 1-(4-
LIERIR) O )5-1,2- 1

&M 15: L PUR & (FREE, ESI-MS m/z:
197 [M—+H]*; H-NMR (500 MHz, CD;0D) 6: 5.77
(1H, s, H-7), 4.23 (1H, m, H-3), 2.44 (1H, dt, J = 13.5,
2.5 Hz, H-4a), 2.01 (1H, dt, J = 14.5, 2.5 Hz, H-2a),
1.78 (3H, s, H-11), 1.75 (1H, dd, J = 13.5, 3.5 Hz,
H-4b), 1.55 (1H, dd, J = 14.5, 3.5 Hz, H-2h), 1.48
(3H, s, H-9), 1.29 (3H, s, H-10); 3C-NMR (125 MHz,
CD30D) §: 185.7 (C-8), 174.4 (C-6), 113.3 (C-7), 89.0
(C-5), 67.2 (C-3), 48.0 (C-2), 46.4 (C-4), 37.2 (C-1),
31.0 (C-10), 27.4 (C-11), 27.0 (C-9). LA _E%i# 5 ik
RIEFEA— 322, e G 15 N BE AR,

&Y 16: ToEIHCRYY, AR - 15 7 B i 0
R, [a]5—25.3° (¢ 0.22, MeOH), ESI-MS m/z:
209 [M+H]*; H-NMR (500 MHz, CD30D) ¢: 1.74
(1H, m, H-2a), 1.42 (1H, t, J = 12.1 Hz, H-2b), 3.92
(1H, m, H-3), 2.38 (1H, m, H-4a), 2.06 (1H, m, H-4b),
7.31 (1H, d, J = 16.4 Hz, H-7), 6.13 (1H, d, J = 16.4
Hz, H-8), 2.29 (3H, s, H-10), 1.13 (3H, s, H-11), 1.10
(3H, s, H-12), 1.78 (3H, s, H-13); ¥C-NMR (125
MHz, CDsOD) §: 201.2 (C-9), 1445 (C-7), 136.9
(C-6), 134.3 (C-8), 133.2 (C-5), 64.9 (C-3), 49.3
(C-2), 435 (C-4), 37.8 (C-1), 30.6 (C-11), 28.8
(C-12), 27.2 (C-10), 21.8 (C-13). LA ¥l 5 cilikdk
EHA 2, W) 16 4 (3S)-3-F83E-p-
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&M 17: B, ESI-MS m/z: 225
[M+H]*: H-NMR (500 MHz, CD30D) 6: 6.89 (2H,
s, H-2, 6), 7.58 (1H, d, J = 15.9 Hz, H-7), 6.33 (1H, d,
J=15.9 Hz, H-8), 3.87 (6H, s, 3, 5-OCH3); 3C-NMR
(125 MHz, CDs;0D) 6: 171.1 (C-9), 149.6 (C-3, 5),
147.2 (C-7), 139.7 (C-4), 126.9 (C-1), 116.6 (C-8),
107.0 (C-2, 6), 57.0 (3, 5-OCHa). LA L %ds 5 Cikik
EHEAR—ERY, MUEEED) 17 NI TR

AW 18: Ttk i (HEE), ESI-MS m/z: 195
[M+H]*: H-NMR (500 MHz, CD30D) 6: 7.03 (1H,
dd, J = 8.2, 1.8 Hz, H-6), 6.79 (1H, d, J = 8.2 Hz,
H-5), 7.15 (1H, d, J = 1.8 Hz, H-2), 7.58 (1H, d, J =
15.9 Hz, H-7), 6.29 (1H, d, J = 15.9 Hz, H-8), 3.87
(3H, s, 3-OCHs); 3C-NMR (125 MHz, CD30OD) §:
170.9 (C-9), 150.5 (C-3), 149.3 (C-4), 146.9 (C-7),
127.8 (C-1), 124.0 (C-6), 116.4 (C-5), 115.9 (C-8),
111.7 (C-2), 56.4 (3-OCHa). LA L% 5 ik 4R J
A2, WG 18 FFELER .

&9 19: Totkrd (R, ESI-MS m/z: 165
[M+H]*: H-NMR (500 MHz, CD30D) 6: 7.62 (1H,
d, J = 15.9 Hz, H-7), 6.29 (1H, d, J = 15.9 Hz, H-8),
7.45 (2H, d, J = 8.4 Hz, H-2, 6), 6.82 (2H, d, J = 8.4
Hz, H-3, 5); 13C-NMR (125 MHz, CD;0OD) ¢: 171.3
(C-9), 161.8 (C-4), 146.8 (C-7), 131.2 (C-2, 6), 127.3
(C-1), 116.9 (C-3, 5), 115.7 (C-8). LA I ¥¥E 5 kK
TEFHEAR—F126), MU A AW 19 SRR FE AR

AW 20: IRFEER AR, ESI-MS m/iz: 303 [M+
H]*: 'H-NMR (500 MHz, DMSO-ds) d: 12.50 (1H, s,
5-OH), 10.83 (1H, s, 3-OH), 9.59 (1H, s, 7-OH), 9.32
(2H, s, 3', 4'-OH), 7.68 (1H, d, J = 2.1 Hz, H-2'), 7.54
(1H, d, J = 8.5, 2.1 Hz, H-6"), 6.89 (1H, d, J = 8.5 Hz,
H-5"), 6.42 (1H, d, J = 1.9 Hz, H-8), 6.20 (1H, d, J =
1.9 Hz, H-6); 3C-NMR (125 MHz, DMSO-ds) §:
176.3 (C-4), 164.4 (C-7), 161.2 (C-5), 156.6 (C-9),
148.2 (C-2), 147.3 (C-4"), 145.5 (C-3'), 136.2 (C-3),
122.4 (C-1"), 120.4 (C-6'), 116.1 (C-5), 115.5 (C-2"),
103.5 (C-10), 98.6 (C-6), 93.8 (C-8). Ll ¥k 5
BRARIE AR — 2T, MU AW 20 Juif R

&Y 21: TLEMHRY), ESI-MS m/z: 419 M+
H]*: H-NMR (500 MHz, CDCls) 6: 3.07 (2H, s, H-1,
5), 4.71 (2H, d, J = 3.5 Hz, H-4, 8), 4.26 (4H, m, H-3,
7), 3.88 (12H, s, 3', 5', 3", 5”-OCHs), 6.56 (4H, s,

H-2', 6', 2", 6"), 5.47 (2H, s, -OH); 3C-NMR (125

MHz, CDCls) ¢: 147.2 (C-3', 5, 3", 5"), 134.3 (C-4,

4", 132.1 (C-1’, 1), 102.7 (C-2', 6', 2", 6"), 86.1

(C-4,8),71.8(C-3,7),56.4 (3,5, 3",5"-OCHa), 54.4

(C-1,5). LA EHE 5 CHRIRIE A — 28, #E e

W 21 T EW RS .

&Y 22: Jotkt il (REE), ESI-MS m/z: 193
[M—+H]*; H-NMR (500 MHz, CD30D) 6: 6.22 (1H,
d,J=9.4Hz, H-3), 7.87 (1H, d, J = 9.4 Hz, H-4), 7.09
(1H, s, H-5), 6.75 (1H, s, H-8), 3.92 (3H, s, 6-OCH3);
13C-NMR (125 MHz, CDs;0D) 4: 164.3 (C-2), 153.0
(C-7), 151.5 (C-9), 147.2 (C-6), 146.3 (C-4), 112.7
(C-3), 112.7 (C-10), 110.0 (C-5), 104.1 (C-8), 57.0
(6-OCHs). LA E¥¥s 5 SClRIRE I A — 55129, e
EWEY 22 0y 6-PEIE-T- R EEH TR,

&) 23: TLEMRY), ESI-MS miz: 279 [M+
H]*; 'H-NMR (500 MHz, CDCl3) d: 7.69 (2H, m, H-3,
6), 7.50 (2H, m, H-4, 5), 4.28 (4H, t, J = 6.7 Hz, H-2’,
2", 1.69 (4H, m, H-3', 3"), 1.42 (4H, m, H-4', 4"),
0.93 (6H, t, J = 7.4 Hz, H-5', 5"); 8C-NMR (125
MHz, CDCls) ¢: 167.7 (C-1', 1), 132.3 (C-1, 2),
130.9 (C-4, 5), 128.8 (C-3, 6), 65.5 (C-2', 2"), 30.5
(C-3',3"), 19.1 (C-4', 4"), 13.7 (C-5', 5"). LA - ¥ 55
SCERARE FE AR — 3B, WU E S 23 AR
HIR — T Hie.
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