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Study of phenylpropanoids from Tripterygium hypoglaucum
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Chinese Medicine, Kunming 650500, China)

Abstract: This paper aimed to study phenylpropanoids of Tripterygium hypoglaucum. Twenty-four compounds
were isolated from the 70% EtOH extracts of T. hypoglaucum by silica gel column chromatography, reversed phase
column chromatography, gel column chromatography, preparative thin layer chromatography, and semi-preparative
high performance liquid chromatography. Compounds 1-3 were three new phenylpropionds. Their structures were
identified by ultraviolet spectrum, infrared spectroscopy, high resolution electrospray ionization mass spectrometry,
and nuclear magnetic resonance data as: threo-2-(4-hydroxy-3-methoxyphenoxy)-3-(4-hydroxy-3-methoxyphenyl)-
1, 3-propanedol (1), erythro-2-(4-hydroxy-3-methoxyphenoxy) -3- (4-hydroxy-3-methoxyphenyl) -1, 3-propanediol
(2), erythro-3-(4-hydroxy-3,5-dimethoxyphenyl)-3-ethoxypropane-1,2-propanediol (3). Compounds 4-6, 9, 14, 15,
18, 19, and 21-24 were obtained from Tripterygium genus for the first time. The cytotoxicity assay of cancer cells
suggested that compound 20 displayed cytotoxicity on the breast cancer 4T1 cells whose 50% inhibitory concentra-
tion was 125.60 pmol-L™.

Key words: Tripterygium hypoglaucum; chemical constituent; phenylpropanoid; lignan; cytotoxicity

RN FR SRR W — R AR, BLC-C,

Wk FW: 2023-11-09; 42 [ F I 2024-01-12. B AR A% 0 A, DI R RS A R () A

BETH 2w SR L - R U H (202201AU(;10166); M MR E., RNERLEYOIEFBARTEL R
HE TR RS ITE (2023Y0455); “ =04 2 #5735 Fr it “ [ 40 S 3] 7 4 s

Uls oA UL R 0230100025y oy THENE RSB MR, HAHR R, L

24 1 2 T 5 R R 0 S B % R G B (202105AG070012  PETTYE, R B UMD M 4 R LA s £ oy

X$2203). ST H b ) IR Al LS e L o

#E HAEF Tel: 86-871-65922812, E-mail: chxIkib@163.com LA P, o LABUR BT OR B 0, AR 3K

DO 10.16438/j.0513-4870.2023-1268 ooy S E B R PUMR R B, DL G, 45




PRIEBEAE T L3 3 B R DT 3R S i 7t - 1731 -

F A SO 153 B R 25 IR FE R

B W 1l # 3¢ [Tripterygium hypoglaucum (Levl.)
Hutch] /& ToF BHE A BB, N 25581 1 b
NESY, Tz AT s B B DU AR P R X,
F 167 KGR G5 JORE L 288 XGIE 5C 71T 2 M1 BE AR I8
B H B RS, &8 2 M. AR
KB T 058 B WA WL 5 1 A o B S AR i
R I Y L A S AT T R = 2 Ry, X e R
gy B RAF I BT A R0 A S w2 gy 32
BT B W L S5 B B ) /N AR PR 4, BB R EE B L
W3 ST TERITRN, R DL KA 8 20 5 2K T 3R
I3, R AE BT S TRk E D

N T HE— DR 7R BB L S 2 R B i, AR
WE S BAR E 1% 73 B BOR RO 6 4 52 T BOsk R
g5 SIS U 73 BGRB8 8 35 AT R AT 7T,
M > BB 24N KRB EY), B3 M E

Figure 1 The chemical structures of compounds 1-24

YICL R 124 B IRNER A R @ Y 7 B A3 B AL &4
(B ). HH 4T F0 MR8 40 6 SW 1990 Jige i Jae 24 it Al
SH-SYS5Y #i# £ RF 44t ff 89 20 o 55 48 AR F 95 11X 264k,
EYII A, R DL A 20 % 4T1 LRSS 40 i 2
A MHVEIE, 0 E L IC,. AR T ixLy
TP 43 B Ak | 2548 45 e i R DA R S e 4 i 2 1
i g 45 R

FER5118
1 #HEE

A1 R TG E IR, (o] = + 2.43 (c 0.080,
CH,OH); 5KAMERELE 203 #1221 nm &R ZE I I RFE
W M5 5 LA T SR A R AR (3 426 em™) ATH
55 (2936 em™) FIRFAEN LI, B HR-ESI-MS Wi 75 m/z
359.111 7 [M+Na]” (i 518 N 359.110 1) & 4+ X
N C,H,,0,, AMAFIE R 8. 'HNMRERY, K5 X H

l L

o) o)

X naoN
0 n R

o
o i
8 2
. ___OH
5 1 3
Ry R, o
22 OH OCHj OH
23 OCH; H 24



- 1732 - 242224 Acta Pharmaceutica Sinica 2024, 59(6): 1730-1740

2H1,2,4-=RFAERX R TAE5 5, 20 N6, 6.98 (1H,
d, J = 1.6, H-2), 5, 6.93 (1H, dd, J = 8.8, 1.6, H-6), J,,
6.90 (1H, d, J = 8.8, H-5) 1§, 6.97 (1H, d, J = 8.8, H-
5", d, 6.49 (1H, d, J = 2.4, H-2"), 6.36 (1H, dd, J = 8.8,
3.2, H-6"), Em X o 1 AES T H 2155 3.60 (1H,
d, m, H-9b), 6, 3.44 (1H, m, H-9a), 2 > % Sk FF 315
56, 4.95 (1H, d, J= 8.0, H-7), 3.86 (1H, m, H-8), 2 ™
AHAE 5 0, 3.90 (3H, ), 3.89 (3H, s) (£ 1). "C NMR
BIRA 1T AR, 53 0 LT 5. 55.9 F156.0 4L i) 2 4~
B, AT 6. 61.0 AL 1A BB, £ T 6, 74.0, 90.1,
100.5, 107.3, 109.4, 114.3, 120.3 F1122.2 &b ) 8 /N K F
5, AT 5. 131.5, 141.2, 145.5, 146.6, 152.2 Al 152.5 [
6N, HMBC i H/R H-6 5 C-2.C-4 G 5, H-2
5 C-4 MK, HAEAET (6,3.90) 5 C3HMRK
P, IF H.H-5 5 H-6 /£ 'H-"H COSY ¥ & n A etk &
B S 45806 3- U AUOR L (K12). R 2E, ARFE H-5
5 C-1'/C-3/C-4, H-2'5 C-4', FEEAET (6, 3.89)
5 C-3'#5 HMBC #5614, H-5'5 H-6'4 COSY # 51%,
AIHEWTAAAE ) — A - 38 3- AL R 0L . RIEH-7 5
C-1/C-2/C-6/C-9 ¥ HMBC # X4, DL K 7E COSY i
H-7/H-8/H-9 #H%, Al 1950 v Br 4-Fa 5L -3- A L R Bk 5
C-7 RLIERETY i 4-$2 2E-3- AR B R ZE 3 4y . H-8 Al
C-1'ff /=758 % HMBC A G R IR 55 — Fr B 4-F2 4L -3-H
AL ILE T C-14 5 C-8 il i B AR % . 48 LT
iR, B E T AEY 1 BT T S5 R D 2-(4-F R -3- T AR 2
AR HE)-3-(4-F Kk -3- AR R R AR )-1,3- T T

]
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Figure 2 The 'H-'H COSY and HMBC correlations of com-
pounds 1-3
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Table 1 The 'HNMR and “C NMR data of compounds 1-3. *3,, (800 MHz) and ., (200 MHz) measured in CDCL; °5, (600 MHz) and J..

(150 MHz) measured in CD,0D

N 1 2° 3°
o J,(J in Hz) Je J,(J in Hz) Je 3, (J in Hz) Je
1 - 131.5 (s) - 131.7 (s) - 131.5 (s)
2 6.98,d (1.6) 109.4 (d) 6.96,d (1.6) 108.9 (d) 6.63, s 105.6 (d)
3 - 146.6 (s) - 146.6 (s) -
4 - 145.5 (s) - 145.0 (s) - 136.3 (s)
5 6.90, d (8.8) 114.3 (d) 6.88,d (8.8) 114.2 (d) - 149.3 (s)
6 6.93,dd (8.8, 1.6) 120.3 (d) 6.81,dd (8.8, 1.6) 118.9 (d) 6.63, s 105.6 (d)
7 4.95,d (8.0) 74.0 (d) 4.96, d (4.0) 72.6 (d) 4.17,d (6.6) 83.8 (d)
8 3.86, m 90.1 (d) 4.01, m 88.2 (d) 3.70, m 77.1 (d)
9 3.44, m 61.0 (t) 345, m 60.6 (t) 3.57,dd (11.4, 6.6) 63.9 (1)
3.60, m 3.64, m 3.68,dd (11.4,3.6)
Iy - 141.2 (s) - 140.5 (s) 3.35,d (6.6) 65.3 (1)
2 6.49,d (2.4) 100.5 (d) 6.49,d (2.4) 100.5 (d) 1.15,t(7.2) 15.6 (q)
3 - 1522 (s) - 152.5 (s)
4 - 152.5 (s) - 152.5 (s)
5 6.97,d (8.8) 122.2 (d) 6.83,d (8.8) 1222 (d)
6' 6.36,dd (8.8,3.2) 107.3 (d) 6.36, dd (8.8, 3.2) 107.3 (d)
3-OCH, 3.90, s 55.9 (q) 3.87,s 55.9 (q) 3.84,s 56.7 (q)
5-OCH, 3.84,s 56.7 (q)
3'-OCH, 3.89, s 56.0 (q) 3.87,s 56.0 (q)
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IR HE)-3-(4-F L -3- AR R ORI )-1,3- T I, (L&)
2 4 R -2-(4-F 5 -3- AR R A ) -3-(4- R 4 -3
F AR oK 3E)-1,3-TH 1.

&3 7T HIRY, [a]y = -5.00 (c 0.10,
CH,OH); & 4MEIEAE 206 nm Ab R KIS, Rtk
GWIN Re A R A AME R R oR A R (3431 em™)
FIZEFR (1 66341 6131 517 cm™) [IW Ui 1§ . HR-ESI-
MS il 3 m/z 295.113 9 [M+Na]" (it 5 {H 4 295.115 2)
i € 7 1 XN €, 1,0, A 4 MAMLFIE . 'H NMR
TR X 45 H 24N 05 & 115 5 0, 6.63 (2H, s, H-2,6),
2 HEH W (S5 6, 3.68 (1H, dd, J = 11.4, 3.6, H-
9b), 6, 3.57 (1H, dd, J = 11.4, 6.6, H-9a), §,, 3.35 (2H, d,
J=06.6, H-1"), 2 M EH X IS 5 6, 4.17 (1H, d, J =
6.6, H-7), 6, 3.70 (1H, m, H-8), 2 M F & H (55 6, 3.84
(6H, s, H-OCH,) (¥ 1). 37X &Rfi T 6, 1.15 (3H,
t,J=72,H2") — MHEES. "CNMRELRA
I3ANBRAE 5, 0 WAL T 6, 56.7x2 A1 15.6 Ak 3 4N
5, BT 0, 65.3 Fl64.4 KR 24N, f2T 6, 106.1,
84.1 M176.3 AL H) 3 IR FE BL KA T 6. 149.1%2, 131.3
1362401 4N Wk . LEE T LAY 3 ML HEEE
F i £ s, R & B A X FRE 1,3,4,5- DY HUAR
KL . HMBC i FARAFE S M C-3/C-5 Bf
AHRME, $7m AN WA R 73 il A - C-3 FL C-5 47 (11 2)
EIX BERELES 0, 1.15 (H-2") 5137 X & & 0 F 5
A5 5 6, 3.35 (H-1") A COSY K, H7.H-8 I
H9 B A5 COSY #i Mk, H-1'5 C-7 B/ HMBC #f <1,
H-9 f1 C-2/C-6 A MM, A IR C-1 47 iR —
AN C-7.C-8 A1 C-9 ZH B (1) H i ZE M BE, H C-7H 4%
AR a0 HE R, B &9 3 - F 45N
3-(4-F2HE-3,5- AR R AR )-3- LS -1 2- I i, 5
&Y 4 MR, = A% EEO AR C-7 F1 C-8 1 B AF1E
5 B3R 475 E 0 b O [F A B R ORBE AT,
TE o 80 AH Btk 2y At rP LR B B R AR TR 22 57, HH A 8
ZEAREEY . RO R A SR B AR
P AR P B C-7 F1 C-8 Ak A 07 B 22 4 R 1 b Ho by
BN R . 7R A& C-7 F C-8 AL 247
B2 E AR T ARG 0 Y, (&9 3
C-7 1 C-8 2= F Z21H N 6.7 ppm, 5404 C-7 Al
C-8 AL 2 A F8 2218 9 7.8 ppm, H1 LT 4L &9 3 1
C-7 f1 C-8 it By 7 X, 4t &4 4 1) C-7 F1 C-8 £ 1)
MR T 2B ERR, EEhEM3INTHE
W, % o 4 R -3-(4- 58 3 -3, 5- AR IR 3E)-
3-8 FE-1,2-TH
2 EEpmEIER

K CCK-8VE MR AL A 4 1~24 X SW1990 Jifi fik

S 20 AT 1 FLIR S 40 i DL K2 SH-SY SY A 28 REH g
Jo M 1 25 1, R I AL A4 20 7F 50 pmol L7 ¥R & R 6t
AT AU AN A — e R MR E A . 2E—2D IRk
B 20 75 22 SR TR 0 AT 0 R 4 i B 2, R B
LR B AR, FE m R BT IR I ] 4T1 7L
it g A G R D45 1C, 79 125.60 pmol L
(E 3), BHMEXT O SEAZ I, FL1C,, 2 44.45 pmol L.

M 40 pmol-L!
M 50 pmol-L™!
A 60 pmol-L! B o 120
M 80 pmol-L! X = ICs0 = 125.60 pmol-L*
L Q
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Figure 3 The cell viability rates of compound 20 on 4T1 cell
(A); IC,, calculation of compound 20 on 4T1 cell (B). n =3, x .
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HEE T 24 M6EW, B 17T A AKNEZBME DA
TANRER R R B E ), HF &7 1.2 59 8-0-4'1Y
AR R ISH LAY, (LGP 3 N KR R
E, A 4~6.9.14.15.18.19 F121~24 15K
WA REBEY RS, FF TR ARBHEY
5. LA 20 75 50 pmol- L7 & B R X 4T1 AN FL IR
i 20 A — E B AR AL SR B AR, I 1C,
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EWHILEHET 20191 AWXHEE BT
WRWTVS M T Y, & = R 2K 4 A B kR
AR S e N Por BHE A B L 3 [ Tripterygium
hypoglaucum (Levl.) Hutch] 1) T MR 25, ¥ Mg 5
(N0.2019-0115), fR47 T = HEE 2 R 2B h 2524 B B
24 B 24 T RR SRR R AT 7L E A S

T3 RS ) LC-MS-Q-TOF (‘e RIE A IR
AaE]) AL GE ; KA TE F UV-2401 8L 5841 6 34X
(H 4 Shimadzu 2 &) Ml & ; £L4h 63 NICOLET iS10
BT A A [FRER R HRBH (R ) IR A ] e,
Ji€ Y6 F Jascomodel 1020 Ji€ Y6 4X (H 4% Horiba 2> )
53 KL AR ] Bruker AV 600/800 7 k% i 3 41 i i A%
[ & 5 (A6 50) BHEA BR 2 =17 9 5E ; NU3000 serials
1) % AL T TR VROM S A (VIR DU RS A IR A ) H
THAED S EAif . AkIEE & AR A MCI CHP-
20P GEL (H A& =35 4t.%% 2 7). Sephadex LH-20 (¥ i
Pharmacia /A #); Basic C18 {43 #£ (250 mm x 10 mm,
5 um, H A& YMC /A 7). EnSpire %Y B ¥x 43 (BT I 3
PerkinElmer 2 &]); Thermo Forma 3310 4 — 4 1k % 1%
7748 (32 [H Thermo Forma /A #]); DMEM #5752 W H b
HAE YA PR A A FBS I 4 M35 16 B 1 i 8 G AE 4
BHEA R AW, H5% R V5% =W H 3% [H Sigma Aldrich
A BAZEE Y B RRCER R DR A W] CCK-8 A8l X 771
& E R R R B A R A R 4T1 FLE 400
SW 1990 i3 [l I 41 i Il SH-S Y SY #1228 £ 411 i 987 411 Jfa 5K
H PO 2R A ] ARG B A6 st s LA R
Ad]; Bk A O B 2 E R A R R A R
RN A o e o W ) O o 2 g 5 2 R B R A
Al AN E P2 AR 205006 B 2w R TR
B RN T &7 08 10% BB - 2 B vE RO 5
Wt
1 EERSSE

20.0 kg & 1 F BH (L g 5 AR 25k 1 5 A 100 L
90% £ BE = IR 24 h, IR 2 h, 3L 3K, A=
VARBUGB IR 48, CAEAARRUK 8, FHE S 2 O R LB
FHL L=, B H A IS R AFRERAL . LR L ERH
£7.200.0 g, £ fk I A 4 1% (2.0 kg, 10 cm x 35 cm, 54
i -HEZ 90:10—60:40) Pt 35453 7 Nf 5 Fr.l ~Fr.7.

Fr.4 (50.0 g) £ #E i #F €23 73 25 (500 g, 4 cm x
60 cm, A —-TA R 100: 10—60:40), ¥ i 153 9 N
Fr.4-1~Fr.4-9; H:t1 Fr.4-9 (2.0 g) F VB Jie b £0 3% 73
B (18 g, 1.5 cm x 30 cm, £ i k- A i 80:20—60:40),
Vel 15 3 54N 4 Fr.4-9-1~Fr.4-9-5. Fr.4-9-1 (0.1 g)
o %R — P E Atk (R -4 LT,

50:50) 3246 E9710 (16.7 mg) AALA Y11 (23.2 mg);
Fr.4-9-2 (0.3 g) % Sephadex LH-20 %t i k¥ 43 43 B 15
B AV 8 (68.5 mg); Fr.4-9-3 (52.4 mg) i i i 4% # )2
B0 B Al (Rl - 28 2.1, 60:40), 3 EI1k &
)6 (6.1 mg); Fr.4-9-4 (95.2 mg) £ - i £ 74 v 20 AR
S EEEIL AT (6.0 mg, £, = 29.1 min) FI1L & 4119
(4.5 mg, t, = 31.3 min); Fr.4-9-5 (48.3 mg) £ 2} i #% %4
ORI B4k A 0 18 (14.0 mg, £, = 25.0 min).

Fr.5 (30.2 g) #k 4T & MCI gel CHP 20P #: 3%
438 (200 g, 5 cm x 50 cm), K 7K — BB o R 35
(90:10—10:90), 3£43 3| 7 4~ 43 Fr.5-1~Fr.5-7; H
Fr.5-4 (1.9 g) £ Sephadex LH-20 5 Jl A (0 33 A1 41 5%
AL i RO AR 815 A 2 B 13 B AL A P 17 (325 mg).
Fr.5-5 (2.5 g) & REAE (3% (25 g, 2 em x 30 cm, 5
17— E 901 10—60: 40), ¥ i 73 2 3 AN /3 Fr.5-5-1~
Fr.5-5-3; Fr.5-5-1 (0.9 g) H &R A3 (9 g, 2 om x
15 cm, Al - 2.1 2.1 70:30—50: 50), ¥E 45 3 2 A4
W 43 Fr. 5-5-1-1~Fr. 5-5-1-2; Fr. 5-5-1-1 (0.1 g) &
Sephadex LH-20 #E i % 0 i 4 25 15 2 1L & ¥ 22
(12.3 mg); Fr. 5-5-1-2 (0.2 g) £ il % 74 v BOR AN 15 5]
&Y (16.0 mg, £, = 25.2 min) F1L &4 2 (14.0 mg,
t, = 26.3 min). Fr.5-5-2 (0.5 g) F&RERFE G (5 g,
2 cm x 15 em, &1 - 482 .16 70:30— 50:50), 3 i 5
B 2 AN 4) Fr.5-5-2-1~Fr.5-5-2-2, Fr.5-5-2-2-1 (0.3 g)
JE ) 2% R — 2P o e Ak (FA - R, 60:40) 73
FMLA Y12 (7.0 mg)<13 (6.0 mg).14 (8.0 mg). Fr.5-5-
2-2-2 28 Y- 1l 2% B = AUV AR 13 2L A P 15 (6.0 mg, £, =
25.0 min) Fr.5-5-3 (56.0 mg) %4 Sephadex LH-20 #E fi%
HE € 3 AN i) £ B i R B A o AR B A 3
(5.0 mg) Atk &474 (9.0 mg). Fr.5-7 (1.3 g) £ Sephadex
LH-20 B AE 1% 7> 213 254 5 (50.0 mg) .

Fr.7 (18.1 g) £ fk Jisd k€63 (180 g, 2 cm x 45 cm,
218 25~ i 90 10—70: 30) 36 i 3L 75 3 5 AN 4>
Fr.7-1~Fr.7-5; H /1 Fr.7-3 (3.0 g) {B 1T Sephadex LH-20
BERFE A (220 g, 2.5 cm x 190 em, FEE) 73> 55; FiEid
il £ 2 3k — 20 o B Ak Ch B - TR L, 50:50)
BEMLEY 9 (6.0 mg). Fr.7-4 (45.2 g) #E47 4 & MCI
gel CHP 20P FF 2 i}f 43 55 (200 g, 5 cm x 50 cm), K F
7K —FP A B e B (902 10— 10:90), 433 4 M 43 Fr.7-
4-1~Fr.7-4-4. Fr.7-4-1 (0.2 g) % Sephadex LH-20 %t/
AR 8 T R o) % B R O R A 2 B 15 B4 A 20
(10.0 mg) FI{L& 4121 (9.0 mg). Fr.7-4-2 (2.0 g) &k
JReAE (i (20 g, 2 em x 30 cm, S M- 2 2.1 80:20—
60: 40), ¥t it 73 2] 3 A~ 4 Fr. 7-4-2-1~Fr. 7-4-2-3.
Fr.7-4-2-1 (92.0 mg) £ Sephadex LH-20 #¢ i £ 1% o
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S EA LAY 16 (5.1 mg). Fr.7-4-2-3 (83.0 mg) &
Sephadex LH-20 #E i A €8 135 0 ] £ B 1wy B0HAH €35 AH
BRI A 23 (7.9 mg) AL A 24 (12.0 mg).

2 HEHEE

a1 LEMRY, [a]y® = +2.43 (c 0.080,
CH,OH); UV (CH,OH) 4 (log &) 203 (4.50), 221
(4.53) nm; IR (KBr) v, 3 426, 2 936, 1 732, 1 606,
1512,1456,1435,1277,1213,1158,1126,1029 cm™;
HR-ESI-MS m/z 359.111 7 [M+Na] * (it 5 15 N
359.110 1); '"H NMR (800 MHz) £l *C NMR (200 MHz)
B W& 1.

&2 LEMRY, [a]5° = +1.00 (c 0.100,
CH,OH); UV (CH,OH) 2 (log &) 203 (4.10), 223
(4.14) nm; IR (KBr) v, 3 434, 2 927, 1 637, 1 616,
1512,1435,1278,1212, 1160, 1124, 1 030 cm™; HR-
ESI-MS m/z 359.111 6 [M+Na]™ (it %1t 7 359.110 1);
'H NMR (800 MHz)."*C NMR (200 MHz) ¥4 L3 1.

thEm3 EEMRY, [a]p° = -5.00 (¢ 0.10,
CH,OH); UV (CH,OH) A (log &) 206 (4.00), 232
(4.05) nm; IR (KBr) v, 3 431, 2 969, 2 935, 1 663,
1613, 1517, 1462, 1329, 1043 cm™; HR-ESI-MS m/z
295.113 9 [M+Na]~ (i1 % {f 4 295.115 2); 'H NMR
(600 MHz) 11°C NMR (150 MHz) ¥4l W% 1.

&4 Ao ER, [« = +40.40 (c 0.10,
CH,OH); HR-ESI-MS m/z 295.113 9 [M+Na] " (it 5
fH: 295.115 2), 7+ C;H,,0,. 'H NMR (600 MHz,
CD,0D) d,; 6.53 (2H, s, H-2, 6), 4.11 (1H, d, J = 6.4 Hz,
H-7), 3.75 (6H, s, H-OCH,), 3.57 (1H, m, H-8), 3.37 (1H,
m, H-9a), 3.33 (1H, m, H-9b), 3.25 (1H, m, H-1"), 1.08
(1H, t, J = 7.0 Hz, H-2"); "C NMR (150 MHz, CD,0D)
de: 131.3 (s, C-1), 106.1 (d, C-2, 6), 149.1 (s, C-3, 5),
136.2 (s, C-4), 84.1 (d, C-7), 76.3 (d, C-8), 64.4 (d, C-9),
65.3 (t, C-1"), 15.6 (q, C-2"), 56.6 (q, 3, 5-OCH,). LA L
e vl B 5 SCHERY B AR — B, O A S YR T
K -3-(4- 2 -3,5- = F A R DR O 3- £ JE-1,2- T
.

&S AELERR R, [« =+27.40 (c
0.10, CH,OH); HR-ESI-MS m/z 265.102 9 [M+Na]" (i}
A 265.104 6), 77 F3: C,,H, O, "HNMR (600 MHz,
CD,0D) d,;: 6.90 (1H, s, H-2), 6.77 (2H, m, H-5,6), 4.19
(1H, d, J = 6.4 Hz, H-7), 3.87 (3H, s, H-OCH,), 3.72
(1H, m, H-8), 3.65 (1H, dd, J = 11.0, 4.0 Hz, H-9a), 3.50
(1H, dd, J = 11.0, 6.0 Hz, H-9b), 3.35 (1H, m, H-1'), 1.16
(1H, m, H-2"); "C NMR (150 MHz, CD,0D) é.: 132.1
(s, C-1), 111.8 (d, C-2), 149.1 (s, C-3), 147.5 (s, C-4),

116.0 (d, C-5), 121.4 (d, C-6), 83.6 (d, C-7), 77.1 (d,
C-8), 63.9 (d, C-9), 65.2 (t, C-1"), 15.6 (q, C-2"), 54.9 (q,
3-OCH,). L 3l 3 5 SR AR — B, W05 8 1%
&N (28,3R)-3-(4-F4 1 -3- FH A B K ) -3-
He-1,2-TH

thame HETLEE/HAK, oy’ =-20.10 (c
0.20, CH,OH); HR-ESI-MS m/z 265.102 6 [M+Na]" (i}
{H: 265.104 6), 43 73 C,H, 0, "HNMR (600 MHz,
CD,0D) ¢,;: 6.82 (1H, s, H-2), 6.77 (2H, m, H-5, 6), 4.10
(1H, d,J = 7.2 Hz, H-7), 3.85 (3H, s, H-OCH,), 3.77 (1H,
m, H-8), 3.65 (1H, dd, J = 11.0, 4.0 Hz, H-9a), 3.53 (1H,
dd, J = 11.0, 6.0 Hz, H-9b), 3.35 (1H, m, H-1"), 1.16
(1H, m, H-2"); ®C NMR (150 MHz, CD,0D) d.: 130.6
(s, C-1), 110.8 (d, C-2), 147.6 (s, C-3), 145.9 (s, C-4),
114.4 (d, C-5), 120.4 (d, C-6), 82.4 (d, C-7), 74.9 (d,
C-8), 62.5 (d, C-9), 63.0 (t, C-1"), 14.2 (q, C-2"), 54.9 (q,
3-OCH,). DL Eji %t 5 SO AR — 8, W e 1%
th &Y N (2R,3S)-3-(4-F8 3 -3- H 4 L IR 3 -3- 24
FE-1,2-74 I

t&EWT AT E R K, HR-ESI-MS m/z
211.062 1 [M-H]~ (it & A& : 211.061 2), 7 ¥ -
C,,H,0,. 'H NMR (600 MHz, CD,0OD) 6,: 7.54 (1H,
d, J = 1.8 Hz, H-2), 7.50 (1H, dd, J = 8.4, 1.8 Hz, H-6),
6.99 (1H, d, J = 8.4 Hz, H-5), 5.10 (1H, dd, J = 5.6,
3.4 Hz, H-8), 4.03 (1H, dd, J = 11.8, 3.4 Hz, H-9a), 3.94
(3H, s, 3-OCH,), 3.72 (1H, dd, J = 11.8, 5.6 Hz, H-9b);
“C NMR (150 MHz, CD,0OD) 6.: 126.2 (s, C-1), 110.5
(d, C-2), 147.2 (s, C-3), 151.7 (s, C-4), 114.4 (d, C-5),
124.2 (d, C-6), 197.6 (s, C-7), 74.1 (d, C-8), 66.1 (d, C-
9), 56.3 (q, 3-OCH,). LA_E il il B4 15 SR A —
2, W B A A YN C-veratroylglycol..

&8 TR, HR-ESI-MS m/z 227.093 4
[M+H]" (iF5AE: 227.091 4), 43 F3: C,H,,0,c 'HNMR
(600 MHz, CD,0OD) ¢,;: 7.25 (2H, s, H-2, 6), 3.88 (1H, t,
J = 6.2 Hz, H-8), 3.84 (6H, s, 3, 5-OCH,), 3.17 (2H, t,
J = 6.2 Hz, H-9); "C NMR (150 MHz, CD,0D) 6.
128.8 (s, C-1), 107.3 (d, C-2, 6), 149.2 (s, C-3, 5), 143.3
(s, C-4), 199.6 (s, C-7), 41.1 (d, C-8), 59.0 (d, C-9), 56.8
(q, 3, 5-OCH,).  bA_F il il Hdls 55 SC k238 A — 5,
YE G AN 3-FaFE-1-(4-F2 33, 5- FH AR L 2R 3 ) -1 -
PR .

&9 A LER K, HR-ESI-MS m/z
199.096 9 [M+H] " (it & fH : 199.096 5), 7 ¥ =\ :
C,H,,0,- 'HNMR (600 MHz, CD,0D) §,;: 6.51(2H, s,
H-2, 6), 3.83 (6H, s, H-OCH,), 3.74 (2H, t, J = 6.4 Hz,
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H-8), 3.35 (2H, t, J =6.0 Hz, H-7); "C NMR (150 MHz,
CD,0D) é.: 131.1 (s, C-1), 107.2 (d, C-2, 6), 149.2 (s, C-
3, 5), 134.9 (s, C-4), 40.3 (t, C-7), 64.5 (t, C-8), 56.4 (q,
3-OCH,). LA F 3 i i 5 SOk A — 8, #U%E e 1%
X&) 5-dimethoxy-4-hydroxyphenethyl alcohol.

tEP10 HETLERBR K, [aly° = +26.62 (¢
0.26, CH,OH); HR-ESI-MS m/z 383.147 6 [M+Na]" (i}
SHAH: 383.146 5), 43T\ C,)H,,0,. '"HNMR (600 MHz,
CD,0D) §,: 6.73 (1H, d, J = 8.2 Hz, H-5), 6.68 (1H, d,
J = 1.8 Hz, H-2), 6.67 (1H, s, H-5'), 6.62 (1H, dd, J =
8.0, 1.9 Hz, H-6), 6.19 (1H, s, H-2"), 3.80 (2H, m, H-9"),
3.77 (3H, s, 3-OCH,), 3.66 (1H, m, H-9a), 3.41 (1H, dd,
J =11.0, 4.1 Hz, H-7"), 3.39 (3H, s, 3-OCH,), 3.30 (1H,
m, H-9'b), 2.78 (2H, d, J = 7.4 Hz, H-7), 1.99 (1H, m, H-
8), 1.76 (1H, m, H-8'); "C NMR (150 MHz, CD,0D) 6.
134.0 (s, C-1), 113.6 (d, C-2), 147.0 (s, C-3), 145.7 (s, C-
4), 115.8 (d, C-5), 123.1 (d, C-6), 39.8 (d, C-7), 47.9 (d,
C-8), 62.1 (t, C-9), 128.8 (s, C-1"), 112.2 (d, C-2"), 148.8
(s, C-3"), 145.0 (s, C-4"), 117.2 (d, C-5"), 138.4 (s, C-6"),
33.4 (t, C-7"), 39.8 (d, C-8'), 65.8 (t, C-9'), 56.2 (q, 3,
3'-OCH,). LA bk il ¥ 5 SCmRPY R A — 3, W e
AP (+)-F T Fa B R o

eI ABEEERK, oy’ =-22.50 (c
0.08, CH,OH); HR-ESI-MS m/z 383.148 5 [M+Na]" (il
H1H: 383.146 5), 7 T C,,H,,0,. 'HNMR (600 MHz,
CD,0D) §,;: 6.73 (1H, d, J = 8.0 Hz, H-6), 6.68 (1H, s,
H-2), 6.67 (1H, s, H-5"), 6.62 (1H, d, J = 8.0 Hz, H-5),
6.19 (1H, s, H-2"), 3.80 (4H, m, H-9, 9"), 3.77 (3H, s,
3'-OCH,), 3.41 (1H, d, J = 7.4 Hz, H-7), 3.39 (3H, s, 3-
OCH,), 2.78 (2H, d, J = 7.4 Hz, H-7'), 1.99 (1H, m, H-
8), 1.76 (1H, m, H-8'); "C NMR (150 MHz, CD,0D) 6.
134.1 (s, C-1), 113.7 (d, C-2), 147.2 (s, C-3), 145.9 (s, C-
4), 115.9 (d, C-5), 123.2 (d, C-6), 48.0 (d, C-7), 48.8 (d,
C-8), 62.2 (t, C-9), 129.0 (s, C-1"), 112.3 (d, C-2"), 149.0
(s, C-3"), 145.2 (s, C-4"), 117.3 (d, C-5"), 138.6 (s, C-6"),
33.5 (t, C-7"), 39.9 (d, C-8'), 65.9 (t, C-9'), 56.3 (q, 3,
3'-OCH,). LA by Hd 5 SCBRP 3 A — 2, H % e
A (-)-F v AR AR -

tEM12 BEEERRAK, [0y =+13.20 (c
0.10, CH,OH); HR-ESI-MS m/z 389.160 6 [M—-H]™ (it
{ti: 389.160 6), 4> 7 3\: C,H,0,. 'HNMR (600 MHz,
CD,0D) 6,: 6.67 (1H, s, H-2"), 6.45 (2H, s, H-2, 6), 6.22
(1H, s, H-5"), 3.82 (3H, s, 3'-OCH,), 3.80 (6H, s, 3, 5-
OCH,), 3.74 (1H, d, J = 9.0 Hz, H-7), 3.69 (2H, m, H-
9"), 3.60 (1H, m, H-9a), 3.40 (1H, dd, J = 11.4, 4.0 Hz,

H-9b), 2.71 (2H, d, J = 7.0 Hz, H-7"), 2.02 (1 H, m, H-
8"), 1.80 (1 H, m, H-8); "C NMR (150 MHz, CD,0D)
de: 129.0 (s, C-1), 112.1 (d, C-2), 147.0 (s, C-3), 145.3
(s, C-4), 117.2 (d, C-5), 133.0 (s, C-6), 33.5 (t, C-7),
39.9 (d, C-8), 62.8 (t, C-9), 137.8 (s, C-1"), 107.6 (d, C-
2',6'), 149.2 (s, C-3', 5'), 134.9 (s, C-4"), 39.5 (t, C-7"),
47.7 (d, C-8"), 66.1 (t, C-9"), 56.7 (q, 3', 5'-OCH,), 56.3
(q, 3-OCH,). LA b ik il H 4 55 SCHRPORE A — 3, # %
SELNEY N (-)-5-H 480k S T I A AR JIE T

EM13 AETEEHK, o]y’ =-16.20 (c
0.10, CH,OH); HR-ESI-MS m/z 455.145 8 [M+CI]” (it 5
fE: 455.147 8), 4 ¥ 3: C,,H,,0,. 'H NMR (600 MHz,
CD,0OD) d,: 6.58 (2H, s, H-2', 6"), 6.38 (2H, s, H-2, 6),
432 (1H, d, J = 5.6 Hz, H-7), 3.85 (3H, s, 5-OCH,),
3.74 (6H, s, 3', 5'-OCH,), 3.61 (1H, m, H-9a), 3.50 (1H,
m, H-9b), 3.49 (1H, m, H-9'a), 3.48 (1H, m, H-9'b), 3.38
(3H, s, 3-OCH,), 2.69 (1H, m, H-7a), 2.57 (1H, m, H-
7b), 1.98 (1H, m, H-8"), 1.62 (1H, m, H-8); "C NMR
(150 MHz, CD,0OD) J.: 138.8 (s, C-1), 106.8 (d, C-2, 6),
148.9 (s, C-3, 5), 134.4 (s, C-4), 42.2 (t, C-7), 49.8 (d, C-
8), 64.1 (t, C-9), 130.1 (s, C-1"), 107.7 (d, C-2"), 148.6
(s, C-3"), 139.0 (s, C-4"), 148.7 (s, C-5"), 126.2 (d, C-6"),
33.8 (t, C-7'), 40.8 (d, C-8'), 66.7 (t, C-9"), 60.1 (q,
5'-OCH,), 56.7 (q, 3, 5-OCH,), 56.5 (q, 3'-OCH,). L\ I
PG 5 SCERPTEE AR — B, MU N E WA (-)-
T S JE 13 o

EW14 % E MR Y, (o] = -20.00 (c
0.05, CH,OH); HR-ESI-MS m/z 357.132 4 [M-H] (it %
fH:357.134 4), 7 T C,)H,,0,- 'H NMR (600 MHz,
CD,0OD) d,;: 6.85 (2H, d, J = 1.8 Hz, H-2, 2), 6.72 (2H,
dd,J=8.1, 1.8 Hz, H-3, 3"), 6.67 (2H, dd, J = 8.0, 2.0 Hz,
H-6, 6'), 4.61 (2H, d, J = 4.2 Hz, H-7, 7'), 4.15 (2H, m,
H-9a, 9'a), 3.76 (6H, s, 3, 3'-OCH,), 3.25 (2H, s, H-8, 8"),
3.04 (2H, m, H-9b, 9'b); "C NMR (150 MHz, CD,0OD)
de: 133.8 (s, C-1, 1), 111.0 (d, C-2, 2"), 149.1 (s, C-3, 3"),
147.3 (s, C-4, 4'), 116.1 (t, C-5, 5'), 120.1 (t, C-6, 6'),
87.5 (t, C-7,7"), 55.4 (d, C-8, 8'), 72.6 (t, C-9, 9"), 56.4
(q, 3, 3'-OCH,). LA b3 i £ 45 5 SO A — 2, i)
LR ZWEY R (H)-FA T

tEW15 FHEB K, [a]) = +12.88 (c 0.050,
CH,OH); HR-ESI-MS m/z 387.142 9 [M-H]™ (it 5 {H:
387.144 9), &+ ¥ :: C,H,,0,. 'H NMR (600 MHz,
CD,0D) d,;: 6.85 (1H, d, J = 1.8, H-2"), 6.71 (1H, dd,
J = 8.0, 1.8 Hz, H-5"), 6.67 (1H, d, J = 8.0 Hz, H-6"),
6.55 (2H, s, H-2, 6), 4.61 (2H, d, J = 4.2 Hz, H-7, 7"),
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4.14 (2H, m, H-9, 9'a), 3.74 (6H, s, 3, 5-OCH,), 3.73 (3H,
s, 3'-OCH,), 3.21 (2H, m, H-9, 9'b), 3.04 (1H, m, H-8, 8");
“C NMR (150 MHz, CD,0D) 6.: 133.8 (s, C-1), 104.5
(d, C-2, 6), 149.3 (s, C-3, 5), 136.2 (s, C-4), 87.7 (t, C-
7), 55.6 (d, C-8), 72.7 (t, C-9), 133.1 (s, C-1"), 111.0 (d,
C-2'), 149.1 (s, C-3'), 147.3 (s, C-4"), 116.1 (d, C-5"),
120.1 (s, C-6"), 87.5 (t, C-7"), 55.3 (d, C-8"), 72.6 (t, C-
9", 56.8 (q, 3, 5-OCH,), 56.3 (q, 3-OCH,). LA )it %
5 SCHRP AR — B, W% @ 1A YN () - b
JE ) o

&M 16e Bk R, [o]y’ = -4.88 (c 0.25,
CH,OH); HR-ESI-MS m/z 441.151 0 [M+Na]" (i % {H:
441.152 0), 4 T 3%: C,,H,,0,- 'H NMR (600 MHz,
CD,0OD) 6,: 6.66 (4H, s, H-2, 6,2, 6'), 4.71 (2H, d, J =
4.4 Hz, H-7, 7"), 4.28 (2H, m, H-9a, 9a), 3.90 (2H, m, H-
8, 8), 3.88 (2H, m, H-9b, 9'b), 3.85 (12H, s, 3, 5, 3',
5'-OCH,); "C NMR (150 MHz, CD,0D) d,: 133.1 (s, C-
1, 1), 104.5 (d, C-2, 6, 2, 6"), 149.4 (s, C-3, 5, 3', 5'),
136.2 (s, C-4, 4"), 87.6 (t, C-7,7"), 55.5 (d, C-8, 8'), 72.8
(t, C-9,9,56.3(q,3, 5,3, 5-OCH,). LA EJiEAHES
SCHRPOEE AR — B, WS R AN (-)- T FIER.

tEw1T AR R, [a])° = +2.25 (c 0.08,
CH,OH); HR-ESI-MS m/z 441.151 0 [M+Na]" (i} 5H{f:
441.152 0), o+ ¥ X C,,H,;O4c 'H NMR (600 MHz,
CD,0D) d,;: 6.56 (4H, s, H-2, 2', 6, 6'), 4.62 (2H, d, J =
4.4 Hz, H-7, 7'), 433 (2H, dd, J = 8.0, 6.4 Hz, H-9a,
9'a), 4.03 (2H, dd, J = 8.0, 3.6 Hz, H-9b, 9'b), 3.75 (12H,
s, 3, 3", 5, 5-OCH,), 3.30 (2H, m, H-8, 8"); "C NMR
(150 MHz, CD,0OD) d.: 133.2 (s, C-1), 104.6 (d, C-2, 6),
149.2 (s, C-3, 5), 136.3 (s, C-4), 89.6 (d, C-7), 55.5 (d,
C-8), 72.8 (t, C-9), 130.6 (s, C-1"), 104.1 (d, C-2', 6"),
149.2 (s, C-3', 5"), 135.6 (s, C-4"), 83.6 (t, C-7"), 51.2 (d,
C-8"), 70.7 (t, C-9"), 56.6 (q, 3, 5, 3', 5-OCH,). LA ik
TR 5 OCERCEE AR — B, MU R AN (D-T
HIRE .

thEM18 At EEM K, [0y = +76.87 (c
0.30, CH,OH); HR-ESI-MS m/z 395.155 0 [M-H]™ (i%
1H:395.156 7), 7+ ¥ 3: C,,H,,0,. 'HNMR (600 MHz,
CD,0OD) 4,: 6.86 (1H, s, H-4), 6.74 (1H, d, J = 1.8 Hz,
H-3"), 6.72 (2H, d, J = 1.6 Hz, H-2, 6), 6.68 (1H, d, J =
8.0 Hz, H-6"), 6.58 (1H, dd, J = 8.0, 1.7 Hz, H-5"), 4.69
(1H, d, J = 6.4 Hz, H-7), 3.92 (1H, dd, J = 16.2, 8.0 Hz,
H-9'a), 3.75 (3H, s, 3-OCH,), 3.74 (3H, s, 5-OCH,), 3.68
(1H, J = 8.0, 6.2 Hz, H-9b), 3.59 (1H, J = 8.0, 6.4 Hz,
H-9'b), 3.50 (1H, J = 11.2, 6.4 Hz, H-9a), 2.85 (1H, J =

13.2, 4.4 Hz, H-7'a), 2.65 (1H, m, H-8"), 2.42 (1H, m,
H-8), 2.33 (1H, J = 13.2, 11.2 Hz, H-7'b); “C NMR
(150 MHz, CD,0D) J.: 135.8 (s, C-1), 116.2 (d, C-2),
149.0 (s, C-3), 110.6 (d, C-4), 149.0 (s, C-5), 116.0 (d, C-
6), 84.0 (t, C-7), 54.0 (d, C-8), 60.4 (t, C-9), 133.5 (s, C-
1), 146.9 (s, C-2'), 113.3 (d, C-3"), 145.7 (s, C-4"), 33.6
(t, C-7"), 43.8 (d, C-8"), 73.5 (t, C-9"), 56.3 (t, 3-OCH,),
56.3 (q, 5-OCH,). LA I U i $ 48 5 SCiRP? 3 A& — 5,
W Bz EWIN (7,8-cis-8,8'-trans)-2' 4'- - §23E-3,5-
THEEE IR R

a9 HETLEEN K, [a]) = +24.48 (c
0.29, CH,OH); HR-ESI-MS m/z 389.159 0 [M-H] (it %
1&: 389.160 6), 4 T2 C,;H,;0,- 'HNMR (600 MHz,
CD,0D) d,;: 6.69 (1H, d, J = 1.8, H-2), 6.62 (1H, d, J =
8.0 Hz, H-5), 6.54 (1H, dd, J = 8.0, 1.8 Hz, H-6), 6.52
(2H, s, H-2', 6"), 4.67 (1H, d, J = 6.6 Hz, H-7), 3.90 (1H,
m, H-9'a), 3.72 (9H, s, 3, 3', 5'-OCH,), 3.63 (1H, J = 8.4,
6.0 Hz, H-9'b), 3.53 (1H, m, H-9a), 3.20 (1H, J = 11.4,
6.3 Hz, H-9b), 2.82 (1H, dd, J = 13.2, 5.0 Hz, H-7'a),
2.39 (1H, m, H-8), 2.28 (1H, d, J = 13.4, 11.0 Hz, H-7'b);
C NMR (150 MHz, CD,0OD) 6. 135.1 (s, C-1), 113.3
(d, C-2), 148.9 (s, C-3), 145.7 (s, C-4), 116.1 (d, C-5),
122.1 (d, C-6), 84.2 (t, C-7), 54.1 (d, C-8), 60.5 (t, C-9),
133.5 (s, C-1'), 104.2 (d, C-2', 6"), 149.2 (s, C-3', 5"),
135.8 (s, C-4'), 33.6 (t, C-7"), 43.8 (d, C-8"), 73.5 (t, C-9"),
56.7 (q, 3', 5'-OCH,), 56.3 (q, 3-OCH,). LA Iy il £ 5
5 SRR AR — 3, W% 8 %Ak B )N justiciresinol .

&M 20 HEMHRY, [o]y)® = +22.50 (c 0.04,
CH,OH); HR-ESI-MS m/z 395.125 0 [M+CI]~ (it %
ff: 395.126 7), 4> ¥ 3: C,H,,0,- 'H NMR (600 MHz,
CD,0OD) 4,;: 6.81 (1H, d, J = 1.6 Hz, H-2), 6.74 (1H, d,
J =2.0 Hz, H-2"), 6.71 (1H, d, J = 8.0 Hz, H-5), 6.67
(1H, dd, J = 8.0, 2.0 Hz, H-6), 6.67 (1H, d, J = 8.0 Hz,
H-5"), 6.57 (1H, dd, J = 8.0, 2.0 Hz, H-6"), 4.67 (1H, d,
J = 6.4 Hz, H-7), 3.91 (1H, m, H-9a), 3.76 (6H, s, 3,
3'-OCH,), 3.73 (1H, m, H-9b), 3.64 (1H, m, H-9'a), 3.55
(1H, m, H-9'b), 2.66 (1H, m, H-8), 2.41 (1H, m, H-7'a),
2.28 (1H, m, H-7'b); "C NMR (150 MHz, CD,OD) 4§
135.7 (s, C-1), 113.4 (d, C-2), 149.0 (s, C-3), 145.8 (s, C-
4), 116.2 (d, C-5), 122.2 (d, C-6), 84.0 (t, C-7), 54.0 (d,
C-8), 60.4 (t, C-9), 133.5 (s, C-1"), 113.4 (d, C-2"), 149.0
(s, C-3"), 147.0 (s, C-4"), 116.0 (d, C-5"), 119.8 (d, C-6"),
33.7 (t, C-7"), 43.9 (d, C-8'), 73.5 (t, C-9'), 56.4 (q, 3,
3'-OCH,). LA b 1 B a5 SCmRbY B A& — 2, i e
A VN T I BE .



- 1738 - 242224 Acta Pharmaceutica Sinica 2024, 59(6): 1730-1740

&1 BEEMHIRY, o]y’ = +10.00 (¢ 0.05,
CH,OH); HR-ESI-MS m/z 251.093 1 [M-H] (il %
fH:251.092 5), or ¥\ C,;H,,O,- 'H NMR (600 MHz,
CD,0D) §,;: 6.66 (1H, d, J = 2.0 Hz, H-2), 6.58 (1H, dd,
J =8.0,2.0 Hz, H-5), 6.61 (1H, d, J = 8.0 Hz, H-6), 4.00
(1H, dd, J = 8.0, 5.6 Hz, H-7a), 3.92 (1H, dd, J = 8.8,
7.0 Hz, H-7b), 3.80 (1H, dd, J = 13.2, 7.0 Hz, H-9'a),
3.70 (1H, dd, J = 13.2, 4.6 Hz, H-9'b), 3.68 (3H, s, 3-
OCH,), 3.19 (3H, m, H-8), 2.84 (IH, m, H-8'), 2.63
(1H, m, H-7a), 2.40 (1H, m, H-7b); "C NMR (150 MHz,
CD,0D) 6.: 131.9 (s, C-1), 113.3 (d, C-2), 149.1 (s, C-3),
146.1 (s, C-4), 116.3 (d, C-5), 122.2 (d, C-6), 33.5 (t, C-
7), 40.6 (d, C-8), 73.7 (t, C-9), 180.7 (s, C-7"), 46.9 (d,
C-8'), 59.6 (t, C-9"), 56.3 (q, 3-OCH,). LA_I- J% i¥% ¥ ¥
5 SCHRPIB AR — B, WU € %405 )4 maninsign B.

& 22 AR, (o)’ = -4.33 (c 0.18,
CH,OH ); HR-ESI-MS m/z 305.099 4 [M+Na]" (it %
fE: 305.099 6), 7r ¥ : C,,H,,O,- 'HNMR (600 MHz,
CD,0D) 6,: 6.65 (2H, s, H-2, 6), 5.28 (1H, s, H-7"), 4.37
(1H, m, H-7, 9'a), 3.95 (1H, dd, J = 9.0, 6.0 Hz, H-9a),
3.91 (1H, dd, J = 9.0, 7.4, m, H-9'b), 3.85 (6H, s, 3, 5-
OCH,), 3.35 (1H, dd, J = 9.0, 7.8 Hz, H-9b), 3.31 (1H,
d, J = 8.0, H-8'), 3.18 (1H, d, J = 8.0, H-8); "C NMR
(150 MHz, CD,0D) §.: 132.9 (s, C-1), 104.5 (d, C-2),
149.1 (s, C-3), 132.9 (s, C-4), 149.3 (s, C-5), 130.0 (d,
C-6), 88.9 (d, C-7), 55.1 (d, C-8), 70.1 (t, C-9), 103.0 (d,
C-7"), 54.0 (d, C-8"), 72.5 (t, C-9"), 56.3 (q, 3, 5-OCH,).
DA B0 1 4 5 SCRE B AR — B, M Rz S
A (1R,2R,5R, 6S) -6-hydroxy-2- (4"-hydroxy-3',5'-dime-
thoxyphenyl)-3,7-dioxa-bicyclo-[3.3.0]-octane

& 23 TLEMRY, [a]) = +12.10 (c 0.20,
CH,OH); HR-ESI-MS m/z 265.106 6 [M-H] (il &
{H:265.108 1), 7> T3\ C ,H, O, 'HNMR (600 MHz,
CD,0D) 6,: 6.87 (1H, d, J = 1.8 Hz, H-2), 6.72 (1H, dd,
J = 8.0, 1.8 Hz, H-3), 6.70 (1H, d, J = 8.0 Hz, H-6),
5.36 (1H, d, J = 4.2 Hz, H-7"), 4.35 (1H, m, H-7, 9a),
4.15 (1H, dd, J = 9.0, 6.0 Hz, H-9a), 3.89 (1H, dd, J =
9.0, 7.6, m, H-9'b), 3.85 (6H, s, 3, 4-OCH,), 3.55 (1H, dd,
J =9.0, 7.6 Hz, H-9b), 2.94 (1H, d, J = 8.0, H-8'), 2.83
(1H, d, J = 8.0, H-8); "C NMR (150 MHz, CD,0D) J.:
133.6 (s, C-1), 110.9 (d, C-2), 149.2 (s, C-3), 120.2 (s, C-
4), 147.5 (s, C-5), 116.1 (d, C-6), 72.4 (d, C-7), 55.1 (d,
C-8), 72.4 (t, C-9), 103.1 (d, C-7"), 53.0 (d, C-8"), 70.0
(t, C-9"), 56.4 (q, 4, 5-OCH,). Lk I 9% ik F i 5 SC ke
BA -8, WS EZ AN (1R,2R,5R,65)-2-(3,4-

dimethoxyphenyl) -6- (3, 4-dihydroxyphenyl) -3, 7-dioxa-
bicyclo[3.3.0]octane

&M 24 WO E K K, HR-ESI-MS m/z
269.058 5 [M+CI1]~ (il % 18 : 269.058 6), 7 1 = :
C,H,,0,- 'HNMR (600 MHz, CD,0D) d,;: 7.60 (1H, s,
H-2'), 7.22 (1H, s, H-4), 6.93 (1H, s, H-6), 6.63 (1H, d,
J =15.6 Hz, H-7), 6.30 (1H, dt, J = 15.4, 5.8 Hz, H-8),
4.65 (2H, s, H-3'), 4.18 (2H, dd, J = 5.4, 1.6 Hz, H-9),
3.92 (3H, s, 1-OCH,); *C NMR (150 MHz, CD,OD) §.:
146.8 (s, C-1), 146.1 (s, C-2), 122.5 (s, C-3), 111.8 (d, C-
4), 134.6 (s, C-5), 106.2 (d, C-6), 132.2 (d, C-7), 129.0
(d, C-8), 63.8 (t, C-9), 130.2 (s, C-1"), 144.2 (d, C-2"),
55.6 (t, C-3"), 56.7 (q, 1-OCH,). LA I %4 5 SCHRPY
TE I o AR — 3, W858 (A 00N fructusol A
3 PRIEYHRE S M TFIE

f# ] CCK-8 (cell counting kit-8) ¥ I i 4, & ¥
1~24 5 4T1 L IR 6 20 M - SW1990 Jik Jit 9 210 g A
SH-SYSY # £ RE4H a8 20 Jfd 1 200 i 25 1%, S8 AZ B2 MR
PEXTRRZ . 4H BRI TE 5 10% (138 KI5 BB 2 13
100 u'mL" ¥ % % M 100 pg-mL"' 5% % % ) DMEM
(DMEM: Dulbecco's modified eagle medium) £ 754,
T37 °CI) 5% CO, fEiR I F=M TR IR, ibHAK 24,
15 B 80%~90% 1) i 24 % & . R A CCK-8 A il ik 771)
&I E AR AT o BEFL 5S)10° AN 4T 40 B4 Fh 7
96 FLAR I, 1 & 24 h. SAJF, 40 AR & 0 2% A%
AL TR, AT AL S PR BE D 210 FT50 pmol L. 4%
# W H 24 h, I CCK-8 557, % & 2 h, H B br (L A£E
450 nm P KW E G RE (4), AR A R TR O FE
SR B A7 5 R o 6 2R A R Ak B 20 JEAT LT,
{8 F GraphPad prism 9.0 #1155 IC M, 52 0 Wk FE &
B N 40.50.60.80 F1100 pmol-L™"'. ZHMIFEITF (%) =
(A comem = A ) T g ~Aesosmn]* 100%. B
KR BEE T, P<0.05 0N AH G55 X

YEE TTak: PRI ST S o 3 VA M 8 O E
M5 2R L0 7 53 A& W 1 AR D3 1 i 0 5 ) i 47 B 246
PRI, 175 05750 2 B0 43 W5 7k RSP RN R % 0 B T TS
55 FEAL SIS TR 5 L R S0 R, Hm AR

FIEEMSE: 158 B AR G50 R

References

[1]  Neelam, Khatkar A, Sharma KK. Phenylpropanoids and its deriva-
tives: biological activities and its role in food, pharmaceutical
and cosmetic industries [J]. Crit Rev Food Sci, 2019, 60: 2655-
2675.

[2] Xu D, Lu Q, Hu X. Down-regulation of P-glycoprotein expres-



PRIEBEAE T L3 3 B R DT 3R S i 7t

1739

(3]

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

sion in MDR breast cancer cell MCF-7/ADR by honokiol [J].
Cancer Lett, 2006, 243: 274-280.

Zhou L, Yao GD, Lu LW, et al. Neolignans from red raspberry
(Rubus idaeus 1L.) exhibit enantioselective neuroprotective
effects against H,0,-induced oxidative injury in SH-SYSY cells
[J]. J Agric Food Chem, 2018, 66: 11390-11397.

Wu Z, Lai Y, Zhou L, et al. Enantiomeric lignans and neolignans
from Phyllanthus glaucus: enantioseparation and their absolute
configurations [J]. Sci Rep, 2016, 6: 24809.

Kamal A, Suresh P, Ramaiah MJ, et al. 45-[4'-(1-(Aryl)ureido)
benzamide]podophyllotoxins as DNA topoisomerase I and Ila
inhibitors and apoptosis inducing agents [J]. Bioorgan Med
Chem, 2013, 21: 5198-5208.

Lv H, Jiang L, Zhu M, et al. The genus Tripterygium: a phyto-
chemistry and pharmacological review [J]. Fitoterapia, 2019,
137: 104190.

Guo L, Duan L, Liu K, et al. Chemical comparison of Tripterygium
wilfordii and Tripterygium hypoglaucum based on quantitative
analysis and chemometrics methods [J]. J Pharmaceut Biomed,
2014, 95: 220-228.

Chen XL, Geng YJ, Li F, et al. Cytotoxic terpenoids from Tripte-
rygium hypoglaucum against human pancreatic cancer cells
SW1990 by increasing the expression of Bax protein [J]. J Ethno-
pharmacol, 2022, 289: 115010.

Chen XL, Liu F, Xiao XR, et al. Anti-inflammatory abietanes
diterpenoids isolated from Tripterygium hypoglaucum [J]. Phyto-
chemistry, 2018, 156: 167-175.

Peng F, Xiong L, He YL, et al. 8-O-4' Neolignans from the fruits
of Leonurus japonicus [J]. Nat Prod Res Dev (KRR =¥t 7t 5
JF &), 2021, 33: 1320-1325.

Huang XX, Liu S, Lou LL, et al. Phenylpropanoids from
Crataegus pinnatifida and their chemotaxonomic importance [J].
Biochem Syst Ecol, 2014, 54: 208-212.

Zhao P, Lou LL, Xin BS, et al. Rapid determination of the
relative configuration of diverse 8, 4’-oxyneolignans by NMR
analysis: retrospective studies,
revision [J]. Phytochemistry, 2023, 214: 113801.

Onnerud H, Palmblad M, Gellerstedt G. Investigation of lignin

improvement and structural

oligomers using electrospray ionisation mass spectrometry [J]
Holzforschung, 2003, 57: 37-43

Kawamoto H, Horigoshi S, Saka S. Pyrolysis reactions of
various lignin model dimers [J]. J Wood Sci, 2007, 53: 168-
174.

Yoshikawa M, Morikawa T, Xu F, et al. (7R,8S) and (7S,8R) 8-5'
linked neolignans from egyptian herbal medicine Anastatica
hierochuntica and inhibitory activities of lignans on nitric oxide
production [J]. Heterocycles, 2003, 60: 1787-1792.

Yoshikawa K, Tani S, Baba C, et al. Phenylpropanoid, sapnol A,
lignan and neolignan sophorosides, saposides A and B, isolated

from Canadian sugar maple sap [J]. Molecules, 2013, 18: 9641-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

(29]

[30]

[31]

[32]

[33]

9649.

Lin S, Wang S, Liu M, et al. Glycosides from the stem bark of
Fraxinus sieboldiana [J]. J Nat Prod, 2007, 70: 817-823.
Veronesi U, Boyle P, Goldhirsch A, et al. Breast cancer [J].
Lancet, 2005, 365: 1727-1741.

Lee TH, Kuo YC, Wang GJ, et al. Five new phenolics from the
roots of Ficus beecheyana [J]. J Nat Prod, 2002, 65: 1497-1500.
Chen J, Xu XQ, Kang XD, et al. Three new phenolic compounds
from Eucommia ulmoides [J]. Chem Nat Compd, 2017, 53: 254-
256.

Yuan T, Li L, Zhang Y, et al. Pasteurized and sterilized maple sap
as functional beverages: chemical composition and antioxidant
activities [J]. J Funct Foods, 2013, 5: 1582-1590.

Jones L, Bartholomew B, Latif Z, et al. Constituents of Cassia
laevigata [J]. Fitoterapia, 2000, 71: 580-583.

Zhang SJ, Chang HB, Lv WQ, et al. Chemical components of
fallen leaves of Salix matsudana Koidz [J]. Chem Ind Forest
Prod (4R 4k 2% 5 Tolk), 2013, 33: 97-101.

Kwon JH, Kim JH, Choi SE. Inhibitory effects of phenolic com-
pounds from needles of Pinus densiflora on nitric oxide and
PGE2 production [J]. Arch Pharm Res, 2010, 33: 2011-2016.
Eklund P, Sillanpdd R, Sjoholm R. Synthetic transformation of
hydroxymatairesinol from Norway spruce (Picea abies) to 7-
hydroxysecoisolariciresinol, (+)-lariciresinol and (+)-cyclolarici-
resinol [J]. ChemInform, 2002, 16: 1906-1910.

Shankaraiah G, Tiwari AK, Vijaya Kumar T, et al. New protein
glycation inhibitory free radical scavenging compound from
Duranta repens L [J]. J Pharm Res, 2013, 7: 162-166.

Shi C, Xu MJ, Bayer M, et al. Phenolic compounds and their
anti-oxidative properties and protein kinase inhibition from the
Chinese mangrove plant Laguncularia racemose [J]. Phyto-
chemistry, 2010, 71: 435-442.

Mitsuhashi S, Kishimoto T, Uraki Y. Low molecular weight
lignin suppresses activation of NF-«xB and HIV-1 promoter [J].
Bioorgan Med Chem, 2008, 16: 2645-2650.

Smeds Al, Eklund PC, Sjéholm RE, et al. Quantification of a
broad spectrum of lignans in cereals, oilseed, and nuts [J]. J
Agric Food Chem, 2007, 55: 1337-1346.

Cai XF, Lee IS, Dat NT, et al. Inhibitory lignans against NFAT
transcription factor from Acanthopanax koreanum [J]. Arch
Pharm Res, 2004, 27: 738-741.

Ma C, Li J, Han HQ, et al. Lignans and phenolic compounds
from Asparagus gobicus [J]. J Nanjing Univ Chin Med (7§ & -
IR 25 K2 440), 2016, 32: 291-294.

Zhu JX, Ren J, Qin JJ, et al. Phenylpropanoids and lignanoids
from Euonymus acanthocarpus [J]. Arch Pharm Res, 2012, 35:
1739-1747.

Fiorentino A, DellaGreca M, D'Abrosca B, et al. Lignans, neolig-
nans and sesquilignans from Cestrum parqui 1'Her [J]. Biochem

Syst Ecol, 2007, 35: 392-396.



1740

252 % 4}  Acta Pharmaceutica Sinica 2024, 59(6): 1730-1740

[34]

[35]

[36]

Masuda T, Akiyama J, Fujimoto A, et al. Antioxidation reaction
mechanism studies of phenolic lignans, identification of antioxi-
dation products of secoisolariciresinol from lipid oxidation [J].
Food Chem, 2010, 123: 442-450.

Li BB, Li JL, Li N, et al. Diacylglycerol acyltransferase 1
(DGAT?1) inhibition by furofuran lignans from stems of Acantho-
panax senticosus [J]. Arch Pharm Res, 2017, 40: 1271-1277.

Yao JL, Fu HZ, Zhou ZQ, et al. Chemical constituents of ethyl

[37]

[38]

acetate-soluble from Xianzhuli [J]. J Chin Med Mater (' Z5#1),
2018, 41: 2354-2358.

Lu YQ, Yang SH, Liu Q, et al. Study on chemical constituents of
Zanthoxyli Cortex's ethyl acetate extract [J]. Arch Pharm Res ('
2581), 2013, 36: 1792-1795.

Tian J, Wang YG, Ma J, et al. Hepatoprotective benzofurans and
furanolignans from Gymnema tingens [J]. J Asian Nat Prod Res,

2015, 17: 268-273.



