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# E. BW WASKEMEWL SR Rhodiola crenulata THERIILF B 5, R s RPN KD Prsh &G 7EH -
Bk reis M. ODS e HPLC S5t ikt AT R4 M7 @ 2itk, FIH UV. IR, NMR. MS 86 P2z F-Bow 7»
FHIA S R AT M %58 . R CCK-8 VEWML &% CoCl 15T PCI2 HMMRSER . R  MAF R 70% L1
R B I T 37 MEEY), BFERNERE 194, R AR LR (D, IR (2). 6,7- “HEEEFER (3).
2- AR L -4-2- T M 25 ) R B-D- ML IR 7 & B (4) . 1,2-di-O-p-D-glucopyranosyl-4-allylbenzene (5). 3,4,5-trihydroxy
allylbenzene-3-0-B-D-glucopyranosyl-4-O-B-D-glucopyranoside (6) BTN B (7). #AMIH (8). PRIFEIE-O-B-D-Nt i 8 %) b
1 (9). 1-feruloyloxy-2-methoxy cinnamic acid (10 & A RE 2 (11). (7R,8S)-dehydrodiconiferyl alcohol 9-B-glucopyranoside
(12). (7S.8R)-IL S XHAMARE-9-B-D-Hi & ¥EF (13D (7R,85)-dihydrodehydrodiconiferyl alcohol 9'-O-B-D-glucopyranoside (14).
(7R,8R)-7,8-dihydro-9'-hydroxyl-3'-methoxyl-8-hydroxymethyl-7-(4-hydroxy-3-methoxyphenyl)-1"-benzofuranpropanol ~ 9'-O-B-D-gluco-
pyranoside (15). (7S,8R)-dihydrodehydrodiconiferyl alcohol 4-O-B-D-glucopyranoside (16). hyuganoside ITla (17). 3-hydroxy-
1-(4-hydroxy-3-methoxyphenyl)-2-[4-(3-hydroxy-1-(E)-propenyl)-2,6-dimethoxyphenoxy]propyl-B-D-glucopyranoside (18). % f
T (19); KB 6D, HHINEEEE (20). HZEE-O-B-D-M IR A FETF (21). icariside D2 (22). p-hydroxyphenethyl-
O-B-D-glucopyranoside (23), XL 2 5-6-0- & T IE-B-H @ HEH (24). R OME-B-HSMEH (25); HEZK 44, 5351
IR ER (260 M (27D IIZEM-7-0-F EHE T (28) KL E-3-0-% & TIRAE (29); HAhE 8 4, 43 3-methyl-
but-2-en-1-yl-B-D-glucopyranoside (300 KALZL K ZK (31). taxilluside A (32). trans-linalool-3,6-oxide-B-D-glucopyranoside (33 ).
xylogranatinin(34). B (35). (6Z)-4-(3-hydroxybutylidene)-3,5,5-trimethyl-2-cyclohexene- 1-one-O-B-D-glucopyranoside (36 )«
blumenyl C-B-D-glucopyranoside (37). 7E 20 umol/L I, RPIERIE. IR LK R s TSAL -G VI 3R I W B M s 4 4
M. &8 AW 7. 100 1719, 35 AHRNAFARHEN T 0 E1528), LaP 4. 6. 26, 28, 3234, 36+ 37 AHIX
MR B B33, SN ESGTE IR, 16 20 pmol/L B 2K Z 4t &4 20, 23 % CoCL #1115 PC 12 4
MRS E BB, AR TS R
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Chemical consituents of Rhodiola crenulata
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Abstract: Objective To study the chemical constituents of the dried roots of Rhodiola crenulata, a plant of the Crassulaceae, and to
investigate the anti-hypoxic damage effects of the chemical constituents from R. crenulata. Methods The chemical components were
systematically isolated and purified using silica-gel, ODS, and HPLC chromatography methods. The structures of the isolated chemical
components were identified by UV, IR, NMR, and MS. The protective effect of the isolated compounds on CoClz induced PC 12 cells

was evaluated using the CCK-8 method. Results A total of 37 compounds were isolated and identified from the 70% ethanol extract
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of roots of R. crenulata, including 19 phenylpropanoids, named p-hydroxycinnamic acid (1), caffeic acid (2), 6,7-dimethoxycoumarin
(3), 2-methoxy-4-(2-propenyl)phenyl B-D-glucopyranoside (4), 1,2-di-O-B-D-glucopyranosyl-4-allylbenzene (5), 3.4,5-trihydroxy
allylbenzene-3-O-B-D-glucopyranosyl-4-O-p-D-glucopyranoside (6), syringin (7), abietin (8), cinnamy-O-B-D-glucopyranoside (9), 1-
feruloyloxy-2-methoxy cinnamic acid (10), isolariciresinol (11), (7R,8S)-dehydrodiconiferyl alcohol 9-B-glucopyranoside (12),
(7S,8R)-dehydrodiconiferyl alcohol 9'-B-D-glucoside (13), (7R,8S)-dihydro-dehydrodiconiferyl alcohol 9'-O-B-D-glucopyranoside
(14), (7R,8R)-7,8-dihydro-9'-hydroxyl-3'-methoxyl-8-hydroxymethyl-7-(4-hydroxy-3-methoxyphenyl)-1'-benzofuranpropanol 9'-O-
B-D-glucopyranoside (15), (7S,8R)-dihydrodehydrodiconiferyl alcohol 4-O-B-D-glucopyranosid (16), hyuganoside IIla (17), 3-
hydroxy-1-(4-hydroxy-3-methoxyphenyl)-2-[4-(3-hydroxy-1-(E)-propenyl)-2,6-dimethoxyphenoxy] propyl-p-D-glucopyranoside
(18), poliumoside (19); six phenylethanes, named tyrosol (20), phenethanol-O-B-D-glucopyranoside (21), icariside D2 (22), p-
hydroxyphenethyl-O-B-D-glucopyranoside (23), 4-hydroxy-phenylethyl-6'-O-galloyl-B-glucoside (24), phenethanol-B-cycloside (25);
four flavonoids, named phloretin (26), isoquercetin (27), kaempferol-7-O-B-D-glucoside (28), epicatechin-3-O-gallate (29); and eight
others, named 3-methyl-but-2-en-1-yl--D-glucopyranoside (30), crenulatin (31), taxilluside A (32), trans-linalool-3,6-oxide-f3-D-
glucopyranoside (33), xylogranatinin (34), loganin (35), (62)-4-(3-hydroxybutylidene)-3,5,5-trimethyl-2-cyclohexene-1-one-O-§-D-
glucopyranoside (36), blumenyl C-B-D-glucopyranoside (37). At 20 umol/L, phenylpropanoids, phenylethanes, and flavonoids all
showed significant anti-hypoxic damage effects. Conclusion Compounds 7, 10, 17—19 and 35 were isolated from the family Sedum
for the first time, and compounds 4, 6, 26, 28, 32—34, 36 and 37 were isolated from the genus Sedum for the first time. /n vitro anti-
hypoxia injury activity experiments showed that phenylethane compounds 20 and 23 had the best protective effect on PC 12 cells
damaged by CoClz at 20 pmol/L, and the cell survival rate was higher.

Key words: Crassulaceae; Rhodiola crenulate (Hook. f. et Thoms.) H. Ohba; 2-methoxy-4-(2-propenyl)phenyl -D-glucopyranoside;
syringin; kaempferol-7-O-B-D-glucoside; loganin

LR RAF RPN KIEL =R Rhodiola
crenulate (Hook. f. et Thoms.) H. Ohba F] T~/ AR AR
. Wi B EERLE, ARARK. 5,
DRI JEEH. ATk 2 800~5 600 m fyLl
Wk, WEMPL g, ARG, s
PR PGS i X Lo A — R g h 24, JRIE
Cf 2 000 ZAEM N LSRRI, B A,
TE (AR H) S FEPRAILE. LZRRPHL
FROAETE, FHEAFEEE. Kok, K
HERRL Bk, wi. o, HioROkIGea
SR B IEHER Y . DURZHRE TE R4 5R
HAPR . préa b, Jupksy . Fuskse. $iaEbl yuk.
TRIFA I Uk 2 P B 7R 24 i BROEREAR DA FE VR
ST AR . AR AE 25 B IR A
R LL5 R b 25 b i 1 B RS U 2050 R
. KETR. MK ETROE, HPasR
L MREEANSC R T ERAH AR B R Bt sk AL
RIS TR BT AT TEX 4155 R B R 73 BEAT B
T MNZLFER 70% LEF SR 73 B %5 1 37 4
WaEY, B 19 DRNERE: Wik RR
(phydroxycinnamic acid, 1) MIMEEZ (caffeic acid,
2). 6,7-_HEIEFETHE (6,7-dimethoxycoumarin,
30 2-WISEHE-4-Q2- I HE) R FE  B-D- MLk e 36 2 B 1F
( 2-methoxy-4-(2-propenyl)phenyl B-D-glucopyrano-

side, 4). 1,2-di-O-B-D-glucopyranosyl-4-allylbenzene
(5). 3,4,5-trihydroxy allylbenzene-3-O-B-D-glucopyra-
nosyl-4-O-B-D-glucopyranoside (6). #| . B
(syringin, 7)« FAMIEF (abietin, 8). KAEIE-O-B-D-
Ik R 7] 28] B 1 ( cinnamy-O-B-D-glucopyranoside, 9)-
1-feruloyloxy-2-methoxy cinnamic acid (10). &
m R = 11 ) . (7R85)-
dehydrodiconiferyl alcohol 9-B-glucopyranoside (12).
(75.8R)- [l L XUHA 41 B -9 "-B-D-H & HE HF [(7S.8R)-
dehydrodiconiferyl alcohol 9-B-D-glucoside, 13].

(7R,8S)-dihydrodehydrodiconiferyl alcohol9’-O-B-D-
(7R,8R)-7,8-dihydro-9'-
hydroxyl-3'-methoxyl-8-hydroxymethyl-7-(4-hydroxy-

3-methoxyphenyl)-1'-benzofuranpropanol  9'-O-3-D-
(7S,8R)-dihydrodehydro-
diconiferyl alcohol 4-O-B-D-glucopyranoside (16)-

hyuganoside Illa (17). 3-hydroxy-1-(4-hydroxy-3-
methoxyphenyl)-2-[4-(3-hydroxy-1-(E)-propenyl)-2,6-

( isolariciresinol ,

glucopyranoside ( 14 ) .

glucopyranoside ( 15 ) .

dimethoxyphenoxy]propyl-p-D-glucopyranoside (18).

A% (poliumoside, 19); KK 6 4, 737l
HIBEEE (tyrosol, 200 2K . FE-O-B-D-MHt Wei i 2] 4 1
(phenethanol-O-B-D-glucopyranoside, 21)- icariside
D> (22). p-hydroxyphenethyl-O-B-D-glucopyranoside
(23) X FRIE-IR 2 5E-6"-0- 1% B T E-B- 1 A i (4-
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hydroxy-phenylethyl-6'-O-galloyl-B-glucoside, 24).
R BE-B-SHHEF (phenethanol-B-cycloside, 25);
TR 4 A4, 3R E (phloretin, 260 Fifl
R H (isoquercetin, 27). Ll 2% Wy-7-0-7 % ¥ £
(kaempferol-7-O-B-D-glucoside, 28). & LA & -3-
O-% & T2l (epicatechin-3-O-gallate, 29); HiAth
¥ 8 A, 4 Jl A 3-methyl-but-2-en-1-yl-B-D-
glucopyranoside (30). KIEZLKZ (crenulatin, 31)-
taxilluside A (32 ) . trans-linalool-3,6-oxide-B-D-
glucopyranoside (33). xylogranatinin (34). %k
(loganin, 35). (62)-4-(3-hydroxybutylidene)-3,5,5-
trimethyl-2-cyclohexene-1-one-O-f-D-glucopyranoside
(36). blumenyl-C-B-D-glucopyranoside (37). L&
Y 1~19 HENERRNEY, Eat 20~25 K
LI EDD, B 26~29 NEFIZRED, 1k
=¥ 30~37 NHAMSAEY, Kb 7,100 1719,
35 NEXMFREHED T B A53], (a4, 6.
26. 28. 32~34. 36. 37 NEHINFRET 73 EE
F o KM CoCly %f PC 12 4 15 IS4 A Y,
WIS RN PC 12 AR ER . 45K,
ANERFE (0.625~20 pmol/L) P 3. K 2k
T AL SV REIRYT CoCL 1473 1) PC 12 4B,
H BN 20 pmol/L B, 2K 2B R G405 CoCl,
HIH PC 12 4L R4 E R 2 . ROk ib &
20, 23 RIS CoCl #5145 PC 12 AR PR3 1
5, HAEAE R 508 (69.6320.71) %A
(65.36£0.44) %. %W FON L0 R A AL ey i
177 RGHIMCE RO TT, N LD R I 245 240
IYBUE JSRIRIEA, AR T AR AL B
Ut T B AKE o
1 {XE5HH
11 148

Bruker-400 ‘72 ILIR GG (Bruker 2
] ), Waters2695-2996 73 #r HPLC (Waters A 7)),
LC-20AR #14%! HPLC (HAR# AR, Thermo
Orbitrap Fusion Lumos Tribrid JFiii%{% (Thermo 2
")), BT 25S B HLF 73t K1 (B [E Sartorius A F]),
ELx 800 figbri (3£[E BioTek AH]), GIS4DS
R K E s (RIS A IR AT, 1501
T S A 7248 (3218 Thermo A#]), TDL-4 %Y
IR DAL (RS RAE) D, Vert-Al 9¢
Jef B R (f8[E Carl Zeiss AF]), WT-IND A
e b Rl B R AFD.

1.2 ##

AT R AL (150 mm X 4.6 mm, 5 um, Waters
/A7) SunFire), il %% B A3 AE (250 mm X 10 mm,
4 um, YMC A7), #il&M A% (250 mmX20
mm, 5um, SEATE]D, KILWAE sp-825 (=34
a]), FER 80~100. 200~300 H (FSigreib T
I, ik ODS (ODS-A-HG, 50 um, YMC 2
q)), HEOERERR (Silicagel60 Fass, Merck 2
q)), HEEE MR (Rp-18, Merck AF]),
WA 2R (o drat, RESAF—) ), kg
fE (Merck A#]), TARHEE (EESIHF CIL AF]),
CCK-8C i fEAE R IR AT, BEHMECR
BERAZNIE AR AT, 1640 (3£E Corning 2
A]), DMSO (Vetec), 96 fLik (3 Corning A F]),
10 000 U/mL H %5 %=/ %% (3£ Coming A F]),
PC12 4iiffl G ESE A A]), fa4-MiF (Thermo
Fisher Scientific), T/KAEE CREE FFEHML TH
FRAFD, JEE B (LEAGENE).,

ZLHECRAE 2021 4F 8 HRICT BRI RN 22,
2 BT W R 25 K 5 25 5 B 24 P AR ) 28000t = B Bt
RIS NFREHEMIL 5K R. crenulate (Hook. f.
et Thoms.) H. Ohba [ Hs F 355 o J& ¥ b5 A
(20210827 PRATFTE B IR VL 1 2 24 K 2 v 2540 2 51
16 =
2 FHiE
21 REBS5SE

TR SR 258 (30 kg), H 8 f5 & 70%I¥)
CIEFTRARE 3 K, ARREF AN 2 he & HFHRBGH,
IR WRAR, [FISCEFERTFL S RIB IR B 6.5kg,
HE RN 21.7%, BE (2.0kg) & sp-825 KILWHE
R, 5RKEEBLL (600.5g). 40% LM
Hay (325.0 g) 1 95% LEEHEMA 7> (3102 2.

40% LB AH 2y (325.0 g) I RERVERE
i (200~300 H, =& HEE-HEE 100 © 00 : 1)
BEEEBEML, Vel A HERERR (TLC) A& I
BE R ARERR 7, AT 9 NS (Fr.A~D.

Fr. E 2 ODS #4373 55, 134057 Fr. EI~ES,
HH A Fr. B7 Ao 46l & 8 @ 3eim (R EE-/K
14 :86) & fb& 7 (3.0 mg, ,_=22.0 min).
9(6.0mg, rr=37.0min) 14 (5.4 mg, tr=>50.0 min).
15 (2.7 mg, ®r=26.0 min)- 26 (4.5 mg, r=31.0min),

Fr. C & ODS #tilksr &, 3445 Fr. Cl~
Cl16, FHH Fr.C7 &l 2 2 = A0hAH (R EE-/K 34 -



« 2878 ¢

* * ﬁ 20244E5 H 558 B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9

66) M EELEY19 (3.4 mg, R=24.0 min).

Fr. H & ODS H:tiks &, 15405 Fr. H1~
H35, 445 Fr. H5 £ £ 805 20 CFREE-K 30 -
70) 4 EELEY 27 (6.6 mg, =R=23.0 min). 33
(3.8 mg, ,r=41.0min). 29 (5.9 mg, tr=234.0 min).
Fr. H11 il AH CHREE-K 510 49) 7Bk
A1 (4.5mg, r=21.0min). 8 (2.9mg, r=35.0
min). 13 (3.6 mg, &=30.0 min).

Fr. G & ODS M58, 1945 Fr. Gl~
G25, W77 Fr. G9 &l (HEE-/K 41 1 59) 157
FMb &9 32 (5.2mg, ®=39.0min), 44 Fr.G14
22 1 SO CHIE-/K 32 & 68) 194654 21 (3.3 mg,
tr=21.0min). 23 (2.1 mg, %x=24.0min). 24 (9.7
mg, ®R=35.0min). 28 (2.6 mg, r=235.0min), 2
55 Fr. G4 &l &0 (FHEE-K 42 0 58) 194651
16 (3.3 mg, ®/=50.0 min). 17 (5.3 mg, ®=41.0
min), 75 Fr. G8 £l & WiAH (HIBE-/K 43 1 57) 13
&Y 5 (4.4mg, rR=27.0min), 4% Fr. G6 4
T B RO CFREE-K 46 © 54) 7 B8 &) 4(5.4
mg, rR=25.0min) 10 (4.6 mg, ®R=239.0min), #
5y Fr. G21 &Ml & RAH (HFEE-/K 49 0 51) 7 is1g
A 20 (3.5mg, ®R=29.0min). 37 (44mg, =
26.0 min).

Fr.14 ODS M il 7355, 15414 Fr. 11~ 132,
Hy Fr. 14 &80 (CHREE-/K 41 2 69) 73515
&% 30 (3.7mg, ®R=23.0min), #14) Fr.I8 &
A CHREE-K 40 & 60) 154LE4 18 (3.3 mg,
®rR=22.0min). 35 (3.7mg, tr=233.0min), 41/ Fr.
17 &SR AS EL S 11 (2.5 mg, ®:=233.0
min)s 31 (43mg, /rR=36.0min). 36 (3.4mg, RrR=
36.0min), 44} Fr. 112 £ & B0 AH (HEE-/K 44
56) HEELEY 6 (4.5mg, »rR=31.0min).

Fr. B1 &Ml & B0AH (HREE-/K 23 1 77) 43 E15
&2 (3.6mg, =23.0min), #14) Fr. B3 4
BB (FREK 59 @ 41) 2 EEEY 12 (6.9
mg, ®R=45.0min). 34 (23 mg, xr=235.0min), 4
5y Fr. B11 i & B m 0 (FEE-IK 44 1 56) 4y
BEAEAAY 3 (3.3 mg, ®rR=30.0 min).

2.2 IEREIRAIE ML

MR CoCl X PC12 40 i FAR S5 A
R, BFFELT 5 R PC12 4 (A3 1 A . R 1
mL 7 1% DMSO #i Sl —EmERh &Y 1~
37 Bk AR, #lAL 2.0 mmol/mL FIRER, BT

0.22 pmol/L JEMEIEIL PR, RAEZE-20CH, fHH
] R LR R A, RO — g B AR AR I BRI
RPMI 1640 58 3572 573 i Mk 42 0.625.1.25.2.5,
5. 10+ 20 pmol/L 153 TAEW L o K540 73> RPMI
1640 5485775 (W41, CoCl> 200 umol/L - (F
FIZH). CoCly 200 pmol/L+NAC (FHPEXF IR,
7E CoClp b 2 BT NAC 43 60 minl6). CoCl,
200 umol/L+ #IRFEEAL G (452454H). RPMI 1640
A rRE (a4, REadst, HRsH b
R 100 uL 4T ECAE K HIHA G BN 1X10%mL),
FHAE 37 T 5% CO2 564 T R I B YU EE . 4524
A FIWRE (0.625.1.25.2.5. 5. 10 20 pmol/L)
Mk ABEREEFRE 1 h 5, A 200
umol/LCoCly F 37 “C. 5% CO, %/ F 1555 22 ho
RFREE RS, N 10 uL CCK-8 4k4:559% 2 h. I
FRAXAE 450 nm N A S FLBOEEE (4O fH, FFEiHE
SR PG A S T AR A AR B A (A B
H) BEHE 3RS . RIEA LTRSS
i th B BRSNS S s A S

AU MLAE 1% H = (dp— Ao)/(Ac— Ao)
Ap FSB B, Ac FAIRABC R, Ao F2 (A4
W A
3 H#R
31 ST

WEW 1. BETERK K, HR-ESI-MS m/z:
163.053 1 [M+H]", 73730y CoHsOs3; 'H-NMR (600
MHz, CD;0D) §: 7.62 (1H, d, J=15.9 Hz, H-7),7.45
(2H, m, H-2, 6), 6.82 (2H, m, H-3, 5), 6.29 (1H, d, J =
15.9 Hz, H-8); '3C-NMR (150 MHz, CD;0D) ¢: 171.1
(C-9), 161.0 (C-4), 146.7 (C-7), 131.1 (C-2), 131.1 (C-
6), 127.2 (C-1), 116.8 (C-3), 116.8 (C-5), 115.6 (C-8).
DL s 5 SO E A — ), S EAE Y 1
TR R R o

&Y 2. BEIEMMAR, HR-ESI-MS m/z:
179.0352[M—H]", 73 ¥ 3y CoHgO4; 'H-NMR (600
MHz, CD;OD) ¢: 7.55 (1H, d, J = 2.0 Hz, H-7), 7.05
(1H, d, J=2.0 Hz, H-2), 6.95 (1H, dd, J= 8.2, 2.0 Hz,
H-6), 6.80 (1H, d, J = 8.2 Hz, H-5), 6.24 (1H, d, J =
15.9 Hz, H-8); '3C-NMR (150 MHz, CD;0D) ¢: 171.1
(C-9), 149.4 (C-4), 147.0 (C-7), 146.8 (C-3), 127.8 (C-
1), 122.8 (C-6), 116.5 (C-5), 115.6 (C-8), 115.1 (C-2).
DL 3O 5 o0k ikiE B A — 2, W e A 2
JIHERR -
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tEY 3: BELERHA, HR-ESI-MS m/z:
207.065 7 [M+H]", 2 F3AN CiHio0s: 'H-NMR
(600 MHz, CD;OD) d: 7.62 (1H, d, J = 9.5 Hz, H-4),
6.85 (1H, d, J= 5.2 Hz, H-5), 6.28 (1H, d, J= 9.4 Hz,
H-3),3.95 (3H, s, 6-OCH3), 3.92 (3H, s, 7-OCH3); 3C-
NMR (150 MHz, CD;0D) 6: 161.6 (C-2), 153.0 (C-7),
150.2 (C-9), 146.5 (C-6), 143.4 (C-4), 113.7 (C-3),
111.6 (C-10), 108.1 (C-5), 100.2 (C-8), 56.5 (6-OCH3),
56.5 (7-OCHs)o LA E# 5 CRRHRIE He A — 20, i
WENEY 3 N6, 1-HEREETEK.

WEY 4: AETEERK K, HR-ESI-MS m/z:
327.143 3 [M+H]", 2 TR A CieHn07; 'H-NMR
(600 MHz, CDs;OD) 6: 7.07 (1H, d, J = 8.2 Hz, H-5),
6.81 (1H, s, H-2), 6.71 (1H, d, J = 8.2 Hz, H-6), 5.94
(m, H-8), 5.04 (1H, dd, J=17.0, 2.2 Hz, H-9), 4.84 (3H,
s, H-17, 3.83 (3H, s, -OCH3), 3.32 (2H, d, J = 6.7 Hz,
H-7); 3C-NMR (150 MHz, CD;OD) §: 150.8 (C-2),
146.3 (C-1), 139.0 (C-8), 136.4 (C-4), 122.1 (C-5),
118.2 (C-6), 115.8 (C-9), 114.1 (C-3), 103.0 (C-1,
78.2 (C-3"), 77.8 (C-5"), 74.9 (C-2), 71.3 (C-4'), 62.5
(C-6"), 56.7 (-OCH3), 40.7 (C-7). A% 5 ke
TERA I, M ENEDY) 4 N 2-HHHEE-4-2-
PR M B ) 2 . B-D-PLk e ] 267 W Y

e 5. HETERKM A, HR-ESI-MS m/z:
475.180 1 [M+H]", 413N C2iH30012: 'H-NMR
(600 MHz, CD;OD) d: 7.15 (1H, d, J = 8.2 Hz, H-5),
7.08 (1H, d, J=1.3 Hz, H-2), 6.83 (1H, dd, /=82, 1.2
Hz, H-6), 5.93 (1H, m, H-8), 5.03 (1H, m, H-9), 4.82
(1H, d, J = 7.5 Hz, H-1"), 4.80 (1H, d, J= 7.5 Hz, H-
1”),3.33 (2H, m, H-7); 3C-NMR (150 MHz, CD;0D)
d: 149.2 (C-3), 147.5 (C-4), 138.8 (C-8), 137.4 (C-1),
124.8 (C-6), 120.9 (C-5), 120.9 (C-2), 116.0 (C-9),
104.3 (C-1"), 104.2 (C-17), 78.2 (C-5"), 78.2 (C-5"),
77.8 (C-3"), 77.8 (C-3"), 75.1 (C-2"), 75.1 (C-2"), 71.3
(C-4"), 71.3 (C-4"), 62.4 (C-6"), 62.4 (C-6"), 40.6 (C-
7)o LA REHE S Sk foE AR — 20, s e S
W1 5 9 1,2-di-O-B-D-glucopyranosyl-4-allylbenzene .

&Y 6. HtER KK, HR-ESI-MS m/z:
491.175 5 [M+H]", 213N CaiH30013: 'H-NMR
(600 MHz, CD;0D) ¢: 6.66 (1H, d, J = 1.8 Hz, H-2),
6.44 (1H, d, J = 1.8 Hz, H-6), 5.91 (1H, m, H-8), 5.06
(1H, dd, J=10.2, 1.8 Hz, H-9), 5.03 (1H, brd, J=10.2
Hz, H-9), 4.81 (1H, d, J= 7.2 Hz, Glc1-H-1), 4.76 (1H,

d, J = 72 Hz, Glc2-H-1); BC-NMR (150 MHz,
CD;0D) 6: 151.9 (C-3), 151.7 (C-5), 138.5 (C-8), 38.1
(C-1), 134.4 (C-4), 116.2 (C-9), 112.2 (C-6), 110.2 (C-
2), 106.6 (C-1"), 103.5 (C-17), 78.2 (C-3"), 78.2 (C-5),
78.2 (C-5"), 75.3 (C-2"), 75.3 (C-2"), 71.3 (C-4"), 71.3
(C-4"), 62.4 (C-6"), 62.4 (C-6"), 41.0 (C-7). LA E%i#E
iR R A, M e A 6 N 3.,4,5-
trihydroxy allylbenzene-3-O-B-D-glucopyranosyl-4-O-
B-D-glucopyranoside.

twEw 1. AEITEERK K, HR-ESI-MS m/z:
373.194 0 [M+H]", 413N Ci7H209; 'H-NMR
(600 MHz, CD;0D) ¢: 6.55 (1H, d, J = 15.8 Hz, H-7),
6.33 (1H, dt, J=15.8, 5.6 Hz, H-8), 4.88 (1H, o, H-1"),
421 (2H, dd, J = 5.6, 1.3 Hz, H-9), 3.86 X2 (6H, s, 3,
5-OCH3); 3BC-NMR (150 MHz, CD;0D) : 154.4 (C-
6), 154.4 (C-2), 135.9 (C-7), 135.3 (C-1), 131.3 (C-4),
130.0 (C-8), 105.5 (C-3), 105.4 (C-5), 105.4 (C-1"),
78.4 (C-5"), 77.8 (C-3"), 75.8 (C-2"), 71.4 (C-4'), 63.6
(C-9), 62.6 (C-6"), 57.0 (C-OCH3). LA L-Z#E 5 Ciik
RIEFEA I3, MR EY 7 NN B.

e 8: HEBETER KA, HR-ESI-MS m/z:
343.139 1 [M+H]*, 4373 CiHO0s; 'H-NMR
(600 MHz, CD;OD) 8: 7.10 (1H, d, J = 8.3 Hz, H-5),
7.06 (1H, d, J=1.9 Hz, H-2), 6.94 (1H, dd, J=8.3, 1.9
Hz, H-6), 6.54 (1H, d, J= 15.8 Hz, H-7), 6.27 (1H, dt,
J=15.8, 5.7 Hz, H-8), 4.88 (1H, d, J = 7.5 Hz, H-1"),
420 (2H, dd, J = 5.8, 1.4 Hz, H-9), 3.87 (3H, s, H-
OCH3); 3C-NMR (150 MHz, CDsOD) ¢: 151.0 (C-3),
147.8 (C-4), 133.8 (C-1), 131.4 (C-7), 129.0 (C-8),
120.8 (C-6), 118.1 (C-5), 111.5 (C-2), 102.9 (C-17,
78.3 (C-3"), 78.0 (C-5", 75.0 (C-27), 71.5 (C-4'), 63.8
(C-9), 62.6 (C-6"), 56.8 (-OCH3). LA L% 5 kiR
TEREAR—FY, B EAY) 8 NIMIE

e 9: BEIEM AR, HR-ESI-MS m/z:
297.133 5 [M+H]", 73 F 3 A CisH206; 'H-NMR
(600 MHz, CD;0D) d: 7.41 (1H, d, J= 7.4 Hz, H-2,6),
7.29 (1H, d, J=7.4 Hz, H-3,5), 7.21 (2H, m, H-9), 6.68
(1H, d, J = 16.0 Hz, H-4), 6.36 (1H, dt, J = 16.0, 5.9
Hz, H-8), 4.52 (1H, ddd, J = 12.8, 5.6, 1.2 Hz, H-7),
436 (1H, d, J= 7.8 Hz, H-1"), 4.32 (1H, ddd, J=13.2,
6.4, 1.1 Hz, H-2'), 3.88 (1H, dd, J=11.9, 2.3 Hz, H-5),
3.67 (1H, dd, J = 11.9, 5.5 Hz, H-4'), 3.28 (2H, m, H-
6",3.22 (1H, m, H-3"); '3C-NMR (150 MHz, CD;0D)



© 2880 °

* —*- ﬁ 20244E5 H 558 B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9

d:138.2 (C-1), 133.8 (C-7), 129.6 X 2 (C-3, 5), 128.7 X
2(C-2, 6), 127.5 (C-4), 126.6 (C-8), 103.3 (C-17), 78.1 X
2 (C-3", 5", 75.1 (C-2"), 71.6 (C-4"), 70.8 (C-9), 62.8
(C-6")o LA FHd 5 STl B A — S5, e it
E W 9 NIAEESE-O-B-D- N i 48 & A

&P 10: AETEERN K, HR-ESI-MS m/z:
369.098 1 [M—H], 733 A CaHisO7; 'H-NMR
(600 MHz, CD;OD) d: 7.57 (2H, d, J = 15.7 Hz, H-7,
7, 720X2 (2H, s, H-3, 3"), 7.10X2 2H, d, J = 7.9
Hz, H-5, 5'), 6.82 X2 (2H, d, J = 7.9 Hz, H-6, 6'), 6.62
(1H, d, J = 15.7 Hz, H-8,8"), 3.90 (6H, s, H-OCH3);
13C-NMR (150 MHz, CD;0D) ¢: 184.8X2 (C-9, 9,
150.5X2 (C-1, 17, 149.4 X2 (C-2, 2, 142.2X2 (C-7,
7", 128.6 X2 (C-4,4"), 124.1 X2 (C-5,5", 122.2X 2 (C-
8, 8'), 116.6X2 (C-6, 6", 111.7X2 (C-3,3"), 56.5X2
(2,2-OCHs)o LA EHE 5 TR IE HE A —F10), i
BENAEY 10 4 1-feruloyloxy-2-methoxy cinnamic
acid.

&P 11 BETERM AR, HR-ESI-MS m/z:
361.165 1 [M+H]", 43T 3N CaoH2uOs: 'H-NMR
(600 MHz, CD;OD) d: 6.74 (1H, d, J = 7.9 Hz, H-5),
6.67 (1H, s, H-2), 6.67 (1H, s, H-2"), 6.60 (1H, d, J =
8.0 Hz, H-6), 6.19 (1H, s, H-6"), 3.78 (3H, s, -OCH3),
3.76 (3H, s, -OCH3), 3.70 (1H, m, H-9), 3.67 (2H, m,
H-9, 3.39 (1H, m, H-9); "*C-NMR (150 MHz,
CD;0D) §: 149.0 (C-3), 147.2 (C-3"), 145.9 (C-4"),
145.2 (C-4), 138.6 (C-6"), 134.1 (C-1), 129.0 (C-17),
123.2 (C-6), 117.3 (C-5"), 116.0 (C-5), 113.7 (C-2),
112.3 (C-2"), 65.9 (C-9'), 62.2 (C-9), 56.4 (-OCHs,),
48.0 (C-7), 48.0 (C-8), 40.0 (C-8"), 33.6 (C-7). LI E
Bl 5 kIR E R A ST, S ERAY 11 A
IR .

& 12: AETERN K, HR-ESI-MS m/z:
523.217 9 [M+H]", 473 AN CasH34011; 'H-NMR
(600 MHz, CD;0D) d: 7.01 (1H, d, J = 1.9 Hz, H-2),
6.89 (1H, dd, J = 8.1, 1.9 Hz, H-6), 6.79 (1H, s, H-6"),
6.78 (1H, d, J = 8.1 Hz, H-5), 6.74 (1H, s, H-2"), 5.61
(1H,d,J= 6.4 Hz, H-7), 437 (1H,d, J="7.8 Hz, H-1"),
3.87 (3H, s, 3-OCH3), 3.84 (3H, s, 3-OCH3), 3.58 (2H,
t,J= 6.5 Hz, H-9"); '3C-NMR (150 MHz, CD;0D) §:
147.6 (C-3), 146.1 (C-4), 146.0 (C-4"), 143.8 (C-3"),
135.5 (C-1"), 133.4 (C-1), 128.3 (C-5", 118.3 (C-6),
116.8 (C-6", 114.7 (C-5), 112.8 (C-2"), 109.3 (C-2),

103.2 (C-1"), 87.6 (C-7), 76.9 (C-5"), 76.7 (C-3"), 73.8
(C-2"), 71.0 (C-9), 70.3 (C-4"), 61.4 (C-6"), 60.8 (C-9",
55.4 (3-OCH3), 55.0 (3-OCH3), 51.9 (C-8), 34.4 (C-8"),
31.5(C-7")o LA LBl 5 SCHRRIEHE A — 2508, 5% 5
WEM 124 (7R,8S)-dehydrodiconiferyl alcohol-9-B-
glucopyranoside.

a3 AEE AR, HR-ESI-MS m/z:
521.202 2 [M+H]", 43 F 3N C6H32011; 'H-NMR
(600 MHz, CD30D) d: 6.99 (1H, s, H-6"), 6.96 (1H, brs,
H-2), 6.96 (1H, brs, H-2"), 6.81 (1H, d, J = 8.1 Hz, H-
6), 6.79 (1H, d, J= 8.1 Hz, H-5), 6.62 (1H, d, J=15.8
Hz,H-7'),6.24 (1H, d,J=15.8, 6.1 Hz, H-8), 5.54 (1H,
d, J=6.3 Hz, H-7), 4.51 (2H, dd, J = 12.5, 5.8 Hz, H-
9'a), 4.31 (2H, dd, J = 12.4, 6.8 Hz, H-9'b), 4.39 (1H,
d,J=7.8Hz,H-1"), 3.87 (3H, s, 3-OCH3), 3.82 (3H, s,
3-OCHs); '*C-NMR (150 MHz, CD3;0D) d: 149.3 (C-
4", 149.0 (C-3), 147.5 (C-4), 145.4 (C-3"), 134.4 (C-1),
134.2 (C-7"), 132.2 (C-1"), 130.3 (C-5"), 124.2 (C-8"),
119.7 (C-6), 116.6 (C-6", 116.2 (C-5), 112.1 (C-2,
110.5 (C-2),103.1 (C-1"), 89.3 (C-7), 78.0 (C-3"), 77.9
(C-5"), 75.1 (C-2"), 71.6 (C-4"), 71.0 (C-9"), 64.8 (C-
9), 62.8 (C-6"), 56.7 (3"-OCH3), 56.4 (3-OCH3), 55.0
(C-8)o PAEHU 5 R EFA—F0Y, Mo &
Y13 9 (78,8R)-I ERHAMARE-9"-B-D-Fi & B

WEY 14: AETERK AR, HR-ESI-MS m/z:
523.217 3 [M+H]", 43T N C6H34011; 'H-NMR
(600 MHz, CD30OD) ¢: 6.95 (1H, s, H-2), 6.83 (1H, d,
J=17.7 Hz, H-6), 6.78 (1H, d, J = 10.0 Hz, H-5), 6.77
(1H,s,H-2", 6.75 (1H, s, H-6"), 5.54 (1H, d, /= 6.2 Hz,
H-7),4.25 (1H, d, J= 7.8 Hz, H-1"), 3.93 (1H, dt, J =
9.7, 6.3 Hz, H-9"), 3.86 (3H, s, 3'-OCH3), 3.84 (1H, m,
H-9), 3.82 (3H, s, 3-OCH3), 3.76 (1H, dt, /= 10.7, 7.1
Hz, H-9), 3.55 (1H, m, H-9"); BC-NMR (150 MHz,
CD;0D) o: 149.0 (C-3), 147.5 (C-4), 147.5 (C-4"),
145.2 (C-3%, 136.9 (C-1"), 134.9 (C-1), 130.0 (C-5"),
119.7 (C-6), 118.1 (C-6"), 116.1 (C-5), 114.3 (C-2"),
110.6 (C-2), 104.5 (C-1"), 89.0 (C-7), 78.2 (C-3"),
77.9 (C-5"),75.2(C-2"),71.7 (C-4"),69.9 (C-9"), 65.0
(C-9), 62.8 (C-6"), 56.8 (3"-OCH3), 56.4 (3-OCH3),
55.5(C-8),33.0(C-7"),32.9(C-8"). LA ¥di 5 ik
R FE A —H 20, W E &Y 14 9 (TR8S)-
dihydrodehydrodiconiferyl  alcohol-9'-O-B-D-gluco-
pyranoside.
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WEW 15 AELER AR, HR-ESI-MS m/z:
509.202 1 [M+H]", 4 F AN Cy6H34011; 'H-NMR
(600 MHz, CDs;0D) ¢: 6.95 (1H, d, J = 1.9 Hz, H-2),
6.83 (1H, dd, J= 8.2, 1.7 Hz, H-6), 6.77 (1H, s, H-6"),
6.76 (1H, d, J = 8.2 Hz, H-5), 6.75 (1H, s, H-2"), 5.49
(1H,d,J=6.3 Hz,H-7),4.25 (1H, d, J= 7.8 Hz, H-1"),
3.93 (1H, m, H-9'b), 3.86 (3H, s, 3'-OCH3), 3.84 (1H,
m, H-9a), 3.82 (3H, s, 3-OCH3), 3.76 (1H, m, H-9b),
3.53 (1H, m, H-9'a); '*C-NMR (150 MHz, CDs0D) ¢:
149.1 (C-3), 147.5 (C-4), 147.5 (C-4"), 145.2 (C-3"),
136.8 (C-1'), 134.8 (C-1), 129.9 (C-5), 119.7 (C-6),
118.1 (C-6", 116.1 (C-5), 114.2 (C-2"), 110.6 (C-2),
104.5 (C-1"), 89.0 (C-7), 78.2 (C-3"), 78.0 (C-5"), 75.2
(C-2", 71.7 (C-4"), 69.9 (C-9", 65.0 (C-9), 62.8 (C-
6", 56.8 (3'-OCH3), 56.4 (3-OCH3), 55.4 (C-8). LA L
Kol 5 CHRIPOE S AR — 22N, WU E Y 15 N
(7R.,8R)-7,8-dihydro-9'-hydroxyl-3'-methoxyl-8-hydroxy-
methyl-7-(4-hydroxy-3-methoxyphenyl)-1'-benzofuran-
propanol 9'-O-B-D-glucopyranoside.

EY 16: AETLER A, HR-ESI-MS m/z:
523.217 4 [M+H]", 73 AN Co6H34011; 'H-NMR
(600 MHz, CD;0D) o: 7.14 (1H, d, J = 8.4 Hz, H-5),
7.03 (1H, d, J=1.3 Hz, H-2), 6.93 (1H,dd,/=8.4, 1.4
Hz, H-6), 6.72X2 (2H, d, J = 10.5 Hz, H-2', 6"), 5.55
(1H,d,J=5.8 Hz, H-7),4.88 (1H, d, /= 7.3 Hz, H-1"),
3.88 (3H, s, 3-OCH3), 3.83 (3H, s, 3-OCH3), 3.57 (2H,
t,J=6.5 Hz, H-9); *C-NMR (150 MHz, CDsOD) :
151.0 (C-3), 147.6 (C-4), 147.5 (C-4"), 145.3 (C-3"),
138.4 (C-1), 137.1 (C-1"), 129.6 (C-5"), 119.4 (C-6),
118.1 (C-5), 118.0 (C-2"), 114.2 (C-6), 111.2 (C-2),
102.8 (C-1"), 88.5 (C-7), 78.2 (C-3"), 77.9 (C-5"), 74.9
(C-2"), 71.4 (C-4"), 65.1 (C-9), 62.5 (C-6"), 62.3 (C-
91, 56.7 (3, 3-OCH3), 55.7 (C-8), 35.8 (C-8"), 32.9 (C-
7. LA EEHE 5 CERIRE S AR — 22, SRS
¥ 16 N (7S,8R)-dihydrodehydrodi coniferyl alcohol
4-O-B-D-glucopyranoside .

WEW 17 BELERH A, HR-ESI-MS m/z:
539.211 7 [M+H]", 73N CagH34012; 'TH-NMR
(600 MHz, CDs0OD) ¢: 7.08 (1H, s, H-2"), 7.03 (1H, s,
H-2), 6.92 (1H, brd, J = 8.0 Hz, H-6"), 6.86 (1H, dd,
J=8.4,1.0Hz, H-6),6.76 (1H, d, J= 8.4 Hz, H-5), 6.70
(1H, d, J = 8.3 Hz, H-5"), 6.61 (1H, d, /= 15.8 Hz, H-
7", 6.27 (1H, dt, J = 15.8, 6.1 Hz, H-8"), 4.36 (1H, d,

J=17.8 Hz, H-1"), 3.89 (3H, s, 3-OCH3), 3.80 (3H, s,
3-OCH3); '3C-NMR (150 MHz, CDsOD) ¢: 151.7 (C-
3", 149.4 (C-4"), 148.8 (C-3), 147.2 (C-4), 133.8 (C-7"),
133.6 (C-1), 132.9 (C-1"), 125.3 (C-8"), 121.0 (C-6"),
120.7 (C-6), 118.7 (C-5"), 115.8 (C-5), 111.7 (C-2),
111.3(C-2",103.3 (C-1"), 87.0 (C-8), 78.1 (C-5"), 78.0
(C-3", 75.1 (C-2"), 74.0 (C-7), 71.7 (C-4"), 70.9 (C-
9, 62.8 (C-6"), 61.9 (C-9), 56.6 (3"-OCH3), 56.3 (3-
OCHs). DA EHE 5 SCiAGE A — 5, s e
&%) 17 N hyuganoside 1lla.

WEM18: AL ERH K, HR-ESI-MS m/z:
569.223 5 [M+H]*, 773N C7Hz6013; 'H-NMR
(600 MHz, CD3OD) ¢: 7.11 (1H, d, J = 1.8 Hz, H-2),
6.95 (1H, dd, J= 8.1, 1.8 Hz, H-6), 6.79 X2 (2H, s, H-
3,5",6.78 (1H, d, J = 8.1 Hz, H-5), 6.58 (1H, m, H-
7", 6.36 (1H, dt, J = 15.8, 5.6 Hz, H-8"), 4.61 (1H, d,
J=7.7Hz H-1"),3.90 (6H, s, 2', 6-OCH3), 3.88 (3H,
s,-OCH3); *C-NMR (150 MHz, CD30D) d: 154.5 (C-
2',6", 148.5 (C-3), 147.2 (C-4) 136.1 (C-1", 135.0 (C-
4", 131.8 (C-1), 131.8 (C-7", 130.0 (C-8"), 121.3 (C-
6), 115.6 (C-5), 112.6 (C-2), 105.2 (C-1"), 104.9 (C-3',
5", 87.0 (C-8), 82.2 (C-7), 78.0 (C-3"), 77.8 (C-5"),
75.6 (C-2"), 71.4 (C-4"), 63.5 (C-9), 62.5 (C-9),
61.2 (C-6"), 56.7 (-OCH;3X2), 56.4 (C-OCH3). LA
EHE 5 SRR A B, HUE RS 18
A 3-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-2-[4-
(3-hydroxy-1-(E)-propenyl)-2,6-dimethoxyphenoxy]
propyl-B-D-glucopyranoside .

WEM19: AETLERMH A, HR-ESI-MS m/z:
521.201 6 [M+H]", 43T H C6H32011; 'H-NMR
(600 MHz, CD3;0D) ¢: 7.60 (1H, d, J = 15.8Hz, H-7),
7.06 (1H, d, J=2.0 Hz, H-2), 6.96 (1H, dd, /= 8.2, 2.0
Hz, H-6), 6.78 (1H, d, J = 8.2 Hz, H-5), 6.69 (1H, d,
J=3.0 Hz, H-2"), 6.68 (1H, d, J = 8.0 Hz, H-5"), 6.57
(1H, dd,J=8.0,2.0 Hz, H-6"), 6.28 (1H, d, /= 15.8 Hz,
H-8), 5.19 (1H, d, /= 1.4 Hz, H-1"""), 4.63 (1H, d, J =
1.3 Hz, H-1""),4.37 (1H,d,J=7.9 Hz, H-1"), 3.98 (1H,
m, H-8%), 3.74 (1H, m, H-8b), 2.79 (2H, m, H-7");
BC-NMR (150 MHz, CD;0D) §: 168.0 (C-9), 149.8
(C-4), 148.0 (C-7), 146.8 (C-3), 146.1 (C-4"), 144.7 (C-
3", 131.4(C-1", 127.6 (C-1), 123.2 (C-6), 121.3 (C-6"),
117.1 (C-2"), 116.5 (C-5), 116.3 (C-5"), 115.2 (C-2),
114.7 (C-8), 104.3 (C-1"),103.0 (C-1""), 102.3 (C-1""),
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81.6 (C-3"), 76.2 (C-2"), 74.7 (C-5"), 73.9(C-4""), 73.8
(C-4""), 72.4 (C-2"), 72.3 (C-8'), 72.3 (C-2""), 72.0
(C-3""), 72.0 (C-3"""), 70.4 (C-4"), 70.4 (C-5""), 69.9
(C-5"), 67.5 (C-6"), 36.7 (C-7"), 18.4 (C-6"""), 18.0 (C-
6o LA EA 5 SOk E B A — B, WS e A
W19 NEATT .

&) 20: AETEERN K, HR-ESI-MS m/z:
137.075 1 [M+H], 713 A CsHioO2: 'H-NMR
(600 MHz, CD;0D) d: 7.02 (2H, d, J= 8.2 Hz, H-4, 8),
6.70 (2H, d, J= 8.2 Hz, H-5, 7), 3.68 (2H, t, J= 7.3 Hz,
H-1), 2.71 2H, t, J = 7.3 Hz, H-2); '3C-NMR (150
MHz, CD;0D) §: 156.7 (C-6), 130.9 (C-3), 130.9 (C-
4), 130.9 (C-8), 116.1 (C-5), 116.1 (C-7), 64.6 (C-1),
39.4(C-2). LA EE¥E 5 SR IE JE A —F 20, i s
SEALEY) 20 N .

&Y 21: AETEERN K, HR-ESI-MS m/z:
285.133 9 [M+H]", 4T3 AN CisH2006: 'H-NMR
(600 MHz, CD;0D) 6: 7.25 (4H, m, H-2, 3, 5, 6), 7.17
(1H, m, H-4), 4.36 (1H, d, J= 7.9 Hz, H-1"), 4.11 (1H,
m, H-8), 3.76 (1H, m, H-2"), 2.95 (2H, m, H-7); 3C-
NMR (150 MHz, CD;0D) 6: 139.6 (C-1), 129.8 (C-3, 5),
129.1 (C-2, 6), 127.0 (C-4), 103.9 (C-1'), 77.6 (C-3"), 77.4
(C-5"), 74.6 (C-2"), 71.5 (C-4"), 712 (C-8), 62.4 (C-6"),
36.9(C-7). VA EHdE 5 SClRE I A —3CT, e
W) 21 A L WE-O-B-D-M i A A

thEY) 22: AETCEMMAK, HR-ESI-MS m/z:
301.127 7 [M+H], 273N CisH007: 'H-NMR
(600 MHz, CD;0D) 6: 7.02 (2H, d, J= 8.4 Hz, H-2, 6),
6.70 (2H, d, J= 8.4 Hz, H-3, 5), 3.61 (2H, t, J=7.1 Hz,
H-8), 2.67 (2H, t, J = 7.1 Hz, H-7); '3C-NMR (150
MHz, CD;0D) §: 157.6 (C-4), 134.2 (C-1), 130.8 (C-
2), 130.8 (C-6), 117.8 (C-3), 117.8 (C-5), 102.5 (C-1"),
78.0 (C-3"), 78.0 (C-5"), 74.9 (C-2"), 71.4 (C-4"), 64.3
(C-8), 62.5 (C-6", 39.4 (C-7). VL_E¥¥is 5 CrikiikiE
FAR—F), ML B G W) 22 N Tcariside Dz

&) 23: AETERN K, HR-ESI-MS m/z:
301.128 2 [M+H]", 73134 CisH2007; 'H-NMR
(600 MHz, CD;0D) §: 7.08 X2 (2H, d, J = 8.3 Hz, H-
2,6),6.71 (2H, d, J= 8.3 Hz, H-3, 5), 4.31 (1H, d, J=
7.8 Hz, H-1"); 13C-NMR (150 MHz, CD;0D) §: 156.8
(C-4), 130.9 (C-2), 130.9 (C-6), 130.7 (C-1), 116.1 (C-
3), 116.1 (C-5), 104.4 (C-1"), 78.1 (C-5"), 77.9 (C-3"),
75.1 (C-2"), 72.1 (C-8), 71.6 (C-4"), 62.7 (C-6"), 36.4

(C-7)o LA RHOE 5 SCRRAROE B A — 302, #s e b
&%) 23 N p-hydroxyphenethyl-O-B-D-glucopyra-
noside.

&) 24: AETERK R, HR-ESI-MS m/z:
453.138 4 [M+H], 273N CoHuO1n; 'H-NMR
(600 MHz, CD;OD) d: 7.09 (2H, s, Glc-H-2"), 6.96
(2H, d, J = 8.4 Hz, H-2, 6), 6.64 (2H, d, J = 8.4 Hz, H-
3,5),3.91,3.69 (2H, m, H-8), 2.78 (2H, m, H-7); '3C-
NMR (150 MHz, CD;0D) d: 168.4 (C-7"), 156.6 (C-
1), 146.5 (C-2"), 146.5 (C-6"), 139.8 (C-1"), 130.9 (C-
4), 130.6 (C-3), 130.6 (C-5), 121.4 (C-4"), 116.1 (C-2),
116.1 (C-6), 110.2 (C-3"), 110.2 (C-5"), 104.4 (C-1"),
77.9 (C-3%), 75.4 (C-5"), 75.0 (C-2"), 72.2 (C-8), 71.7
(C-4"), 64.7 (C-6"), 36.4 (C-7). VA %5 CikkiE
FeAR— 00, WA AW 24 RRRIE-IR 206
O- 1% BT t-p-Hi G HE 1

Y 25: AEIEM K, HR-ESI-MS m/z:
417.175 5 [M+H]", 413N CioHO010: 'H-NMR
(600 MHz, CD;0D) §: 7.26 (4H, d, J = 3.2 Hz, H-2, 3,
5,6),7.17 (1H, d, J= 3.5 Hz, H-4), 430 (1H, d, J=7.2
Hz, H-1',1"), 3.85 (2H, d, J= 12.3 Hz, H-8), 2.93 (2H,
t,J=7.2 Hz, H-7); '3C-NMR (150 MHz, CD;0D) ¢:
140.1 (C-1), 130.0 (C-3), 130.0 (C-5), 129.4 (C-2),
129.4 (C-6), 127.2 (C-4), 105.1 (C-1"), 104.4 (C-1",
77.9 (C-3%, 76.9 (C-5"), 75.0 (C-2'), 74.2 (C-3"), 72.4
(C-2"), 71.8 (C-8), 71.6 (C-4"), 69.5 (C-6"), 69.4 (C-4"),
66.7 (C-5"),37.2(C-7)o LA FAHRE 5 SCHRRIE Fa A —
B, eI 25 NI LTE-B- HIEHET

& 26: HETER KK, HR-ESI-MS m/z:
275.090 9 [M+H]", 73~ CisH140s; 'H-NMR
(600 MHz, CD;0D) 6: 7.04 (2H, d, J= 8.5 Hz, H-2, 6),
6.73 (2H, d, J = 8.5 Hz, H-3, 5), 5.85 (2H, s, H-3', 5,
3.26 (2H, t, J = 1.3 Hz, H-0), 2.84 (2H, t, J = 8.1 Hz,
H-B); '*C-NMR (150 MHz, CD;OD) : 206.4 (C=0),
166.1 (C-4"), 165.8 X3 (C-2',6"), 156.5 (C-4), 134.0 (C-
1), 130.3X2 (C-2, 6), 116.1X2 (C-3, 5), 105.3 (C-1"),
95.8X2(C-3",5",47.3 (C-0), 31.5 (C-p). VAL HEY
SCHRIRIE HE AR —FP, MUSE A 26 AREE .

E& 27 Bt TER KR, HR-ESI-MS m/z:
465.103 8 [M+H]", 413N C21H20012; 'H-NMR
(600 MHz, CD;0D) ¢: 7.71 (1H, s, H-2'), 7.59 (1H, dd,
J =283, 1.1 Hz, H-6"), 6.87 (1H, d, J = 8.4 Hz, H-5"),
6.40 (1H, s, H-8), 6.21 (1H, s, H-6); '3C-NMR (150
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MHz, CD;0D) ¢: 179.5 (C-4), 166.2 (C-7), 163.1 (C-
5), 159.0 (C-9), 158.5 (C-2), 149.9 (C-4"), 145.9 (C-3"),
135.6 (C-3), 123.2 (C-6'), 123.1 (C-1%, 117.6 (C-5"),
116.0 (C-2", 105.7 (C-10), 104.3 (C-1"), 99.9 (C-6),
94.7 (C-8), 78.4 (C-5"), 78.1 (C-3"), 75.7 (C-2"), 71.2
(C-4"), 62.6 (C-6"). VL LH¥E 5 CHRiE FEA —
3, MR EY) 27 NN

&) 28: ABTLERN K, HR-ESI-MS m/z:
449.108 3 [M+H]", 273N CoH001; 'H-NMR
(600 MHz, CD;0D) §: 8.14 (2H, d, J = 8.6 Hz, H-2,
6'), 6.93 (2H, d, J=8.6 Hz, H-3', 5"), 6.78 (1H, s, H-8),
6.48 (1H, d, J= 1.7 Hz, H-6), 5.08 (1H, d, J= 7.2 Hz,
H-1"); 3C-NMR (150 MHz, CDs;OD) 6: 177.5 (C-4),
164.5 (C-7), 162.2 (C-5), 160.8 (C-4"), 157.7 (C-9),
148.8 (C-2), 137.5 (C-3), 130.9 (C-2"), 130.9 (C-6"),
123.5 (C-1'), 116.3 (C-3"), 116.3 (C-5"), 106.3 (C-10),
101.6 (C-1"), 100.2 (C-6), 95.6 (C-8), 78.4 (C-5"), 77.8
(C-3"), 74.8 (C-2"), 71.3 (C-4"), 62.5 (C-6"). LL_L-%
I 5 SCHRIRIE AR —F0Y, Mt A 28 il
ZEW3-7-O-F % HEEF o

tEY) 29: HETCEMM AR, HR-ESI-MS m/z:
443.097 0 [M+H]", 4> T34 CuH15010: 'H-NMR
(600 MHz, CD;0D) 6: 6.96 (1H, d, J = 11.3 Hz, H-2"),
6.95 (2H, s, H-2", 6"), 6.80 (1H, d, J = 8.1 Hz, H-6"),
6.70 (1H, d, J=8.1 Hz, H-5), 5.96 (2H, s, H-6, 8), 5.51
(1H, s, H-3); 3C-NMR (150 MHz, CDsOD) ¢: 167.6
(C-7"), 157.8 (C-7), 157.2 (C-5, 9), 146.3 (C-3"), 146.3
(C-5"), 146.0 (C-4"), 145.9 (C-3"), 139.8 (C-4"), 131.4
(C-1", 121.4 (C-1"), 119.4 (C-6"), 116.0 (C-5"), 115.1
(C-2", 110.2 (C-2", 6"), 99.4 (C-10), 96.6 (C-8), 95.9
(C-6), 78.6 (C-2), 70.0 (C-3), 26.8 (C-4). LA ¥k 5
SCHRIRTE FE A —F), MU ENEY) 29 R ILH
R-3-0- % BRI

&Y 30: A e AR, HR-ESI-MS m/z:
249.133 0 [M+H]", 7134 CiH206; 'H-NMR
(600 MHz, CD;0D) d: 5.37 (1H, m, H-2), 4.32 (1H, dd,
J=6.4,11.8 Hz, H-1a), 427 (1H, d, J = 7.8 Hz, H-1"),
422 (1H, dd, J = 6.4, 11.8 Hz, H-1b), 1.75 (3H, s, H-
4),1.69 3H, s, H-5); 3BC-NMR (150 MHz, CD;0D) §:
138.5 (C-3), 121.7 (C-2), 102.7 (C-17), 78.1 (C-3"), 78.0
(C-5"), 75.0 (C-27), 71.6 (C-4"), 66.3 (C-1), 62.7 (C-6"),
25.9 (C-4), 18.0 (C-5) LA F¥# 5 SCikeR & Ha A —
O, W E S 30 9 3-methyl-but-2-en-1-yl B-

D-glucopyranoside

&Y 31: AETEERKH R, HR-ESI-MS m/z:
249.133 5 [M+H]", 23RN CiH0: 'H-NMR
(600 MHz, CD;0D) ¢: 6.04 (1H, dd, J=14.3, 10.9 Hz,
H-2), 5.21 (1H, d, J = 17.7 Hz, H-1a), 5.10 (1H, d, J =
10.9 Hz, H-1b), 4.32 (1H, d,J=7.8 Hz, H-1"), 1.37 (3H,
s, H-4), 1.33 (3H, s, H-5); 3C-NMR (150 MHz,
CD;0D) 6: 145.4 (C-2), 114.3 (C-1), 99.6 (C-1"), 79.1
(C-3), 78.2 (C-5"), 77.6 (C-3"), 75.1 (C-2"), 71.7 (C-4"),
62.8 (C-6"), 27.8 (C-4), 26.6 (C-5). VL ¥R 5 ik
RIEFEA BT, WM ENEY) 31 R KRE.

&Y 32: ABTERK R, HR-ESI-MS m/z:
401.143 9 [M+H]", 213N CisH24010; 'H-NMR
(600 MHz, CD;0D) d: 7.10 (1H, s, H-3", 7", 5.99 (1H,
dd, J=17.6, 10.9 Hz, H-2), 5.18 (1H, d, J= 17.6 Hz,
H-1a), 5.02 (1H, d, J=10.9 Hz, H-1b), 4.35 (1H, d, J =
7.8 Hz, H-1"); 3C-NMR (150 MHz, CD;OD) J: 168.3
(C-1"), 146.5 (C-4"), 146.5 (C-6"), 145.1 (C-2), 139.9
(C-5"), 121.4 (C-2"), 114.5 (C-1), 110.2 (C-3"), 110.2
(C-7"),99.6 (C-17), 79.2 (C-3), 78.1 (C-3"), 75.2 (C-2"),
75.1 (C-5"), 72.1 (C-4"), 65.1 (C-6"), 27.6 (C-4), 26.8
(C-5). LA FHRE 5 SRRl B A — 308, #es el
A4 32 N taxilluside Ao

&) 33: AT ERH KR, HR-ESI-MS m/z:
333.190 0 [M+H], 73 F:A CieHas07; 'H-NMR
(600 MHz, CD;0D) 6: 5.19 (1H, d, J=17.5 Hz, H-1a),
4.96 (1H, d,J=10.9 Hz, H-1b), 1.91 (2H, m, H-4a, 5a),
1.77 (2H, m, H-4b, 5b), 1.29 (3H, s, H-10), 1.21 (3H, s,
H-9), 1.18 (3H, s, H-8); '*C-NMR (150 MHz, CD;0D)
5t 145.2 (C-2), 112.2 (C-1), 98.7 (C-1"), 86.9 (C-6),
84.7 (C-3), 80.7 (C-7), 77.8 (C-3"), 77.6 (C-5"), 75.1 (C-
2'),71.7 (C-4"), 62.7 (C-6"), 38.5 (C-4), 28.4 (C-5), 26.2
(C-10), 24.1 (C-8), 20.8 (C-9). LA %5 CikkiE
FEAR—F, WM A 33 4 trans-linalool-3,6-
oxide-p-D-glucopyranoside .

WY 34: AETERK K, HR-ESI-MS m/z:
193.060 3 [M+H]", 73734 CoHsN203: 'H-NMR
(600 MHz, CD;0D) ¢: 7.85 (1H, d, J = 9.4 Hz, H-8),
7.11 (1H, s, H-5), 6.77 (1H, s, H-2), 6.20 (1H, d, J=9.4
Hz, H-7), 3.91 (3H, s, -OCH3); '3C-NMR (150 MHz,
CD;0D) §: 164.1 (C-6), 152.9 (C-10), 151.4 (C-9),
147.1 (C-3), 146.1 (C-8), 112.6 (C-7), 109.9 (C-5),
104.0 (C-2), 56.8 (-OCH3). LA % 5 SCilik 4o 5
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A—FH0L, % E AL A1) 34 24 xylogranatinin.

WEY 35 AEER AR, HR-ESI-MS m/z:
391.196 2 [M+H]", 43 F 3N Ci7Hx010; 'H-NMR
(600 MHz, CDs;0D) ¢: 7.38 (1H, s, H-3), 5.26 (1H, d,
J =45 Hz, H-1), 4.62 (1H, d, J = 7.8 Hz, H-1"), 4.03
(1H,t,J=4.4 Hz, H-7), 3.68 (3H, s, -OCH3), 2.77 (1H,
t,J = 7.0 Hz, H-6); '*C-NMR (150 MHz, CD30D) 4:
169.6 (C-11), 152.1 (C-3), 114.0 (C-4), 100.0 (C-1"),
97.7(C-1), 78.3 (C-3"),78.0 (C-5"), 75.0 (C-7), 74.7 (C-
2"), 71.6 (C-4"), 62.7 (C-6"), 51.7 (-OCH3), 46.5 (C-9),
42.7 (C-6), 42.1 (C-8), 32.1 (C-5), 13.4 (C-10), LA L
Bl 5 CRIRGE R A — B, B et & 35 8
T .

WEY 36: HETER A, HR-ESI-MS m/z:
357.190 1 [M+H]" 53N CisHas07; '"H-NMR
(600 MHz, CD30D) ¢: 6.35 (1H, t, J = 6.4 Hz, H-7),
5.87 (1H, s, H-4), 4.37 (1H, d, J = 7.7 Hz, H-1"), 4.05
(1H, m, H-9), 2.33 (2H, s, H-2), 2.13 (2H, s, H-13), 1.29
(6H, s, H-11, 12), 1.26 (3H, d, J= 6.1 Hz, H-10); 13C-
NMR (150 MHz, CD3;0D) o: 202.2 (C-3), 159.4 (C-5),
143.1 (C-6), 135.5 (C-7), 125.4 (C-4), 102.4 (C-1"),
78.1 (C-5"), 78.0 (C-3"), 75.7 (C-9), 75.1 (C-2"), 71.9
(C-4", 63.1 (C-6"), 54.6 (C-2), 39.2 (C-1), 38.6 (C-98),
29.1 (C-11),29.1 (C-12), 22.7 (C-13), 20.1 (C-10). LA
BRSSO R E F A ), HUETE S 36
A (6Z)-4-(3-hydroxybutylidene)-3,5,5-trimethyl-2-
cyclohexene-1-one-O-f-D-glucopyranoside.

& 37: AETERM K, HR-ESI-MS m/z:
373.221 8 [M+H]", 1A CioH307; 'H-NMR
(600 MHz, CD3;0D) ¢: 5.84 (1H, s, H-4), 437 (d, J =
7.7 Hz, H-1), 3.90 (1H, m, H-9a), 3.29~3.42 (1H, m,
H-9b), 2.49 (1H, d, J= 17.4 Hz, H-2), 2.08 (3H, d, J =
5.0Hz, H-13), 1.22 (3H, d, J=6.1 Hz, H-10), 1.11 (3H,
s, H-11), 1.04 (3H, s, H-12); '3C-NMR (150 MHz,
CD;0D) 9:202.4 (C-3), 170.1 (C-5), 125.2 (C-4), 101.9
(C-19,77.8 (C-3", 77.5 (C-5"), 75.5 (C-9), 74.8 (C-2"),
71.5(C-4",62.7 (C-6",52.1 (C-6),47.9 (C-2),37.5(C-
8), 37.1 (C-1), 29.0 (C-12), 27.5 (C-11), 26.6 (C-7),
25.0 (C-13), 19.9 (C-10). LA %l 5 kg LA
—EM), W ENEY 37 9 blumenyl C B-D-
glucopyranoside.

3.2 MREMBIEMETFIRLE R
MR S B0 2 R AT fn, ARNKREE (0.625~20

umol/L) KKK, KLk EE R S he
TR CoCL #5447 11 PC12 4L, H 243 % > 20 pmol/L
I, ROFEREDINT CoCL #1151 PC 12 HHARLR
PPERBCRE, B, EFIKIE 20 pmol/L 452
WREE. ALEY 20 A1 23 IORAE IR, SEER4S
W& 1.

£1 1LEW 1~37 7 20 pmol-L™! TXF CoCl2 3515 PC 12

MAERIPIER (Xts,n=3)
Table 1 Protective effect of compounds 1—37 on CoClz-
damaged PC 12 cells at 20 pmol-L™! (X £ 5,1 =3)

By AIRFERY% | e RS E%
1 54734048 21 56.51+£8.33"
2 57.69+0.72% 22 59.86+0.42"
3 44.85+0.75" 23 65.3610.44"
4  5135+2.04" 24 54571427
5  47.75+137 25 46.30%1.28"
6 50.63+1.24" 26 49.3940.34"
7 5237+£3.62% 27 54.02+£0.56"
8  4925+1.17" 28 49.8642.09"
9  45.68+3.56° 29 46.30%0.29"

10 34.33+0.49 30 36.20+2.85
11 4525+1.56" 31 34.65+0.25
12 45.85+0.88" 32 50.07+0.69"
13 43741042 33 45.11£0.76"
14 4226+1.29 34 46.9740.25"
15 40.50+0.42 35 43.6840.31
16 4161148 36 43.66%1.05
17 44.70+0.28 37 43.45+1.21
18 38.66+0.25 FHPEXTIE 82.5140.58™
19  36.58+0.33 it 44.74+0.12
20 69.63+£0.71™ ot e 100.00+1.38

ERINA LS *P<0.05 "P<00l.
*P<0.05 "P<0.01 vs model group.

4 it
AHF T A RIFAT T RAE MBI 57

¥ 1ID-NMR }%2 2D-NMR 3 i T B 345 & HR-ESI-
MS JRigEdE, L EsE 37 MUAEY, tEY
1~19 RN RBIED, LAY 20~25 K )5
FAb &, EY) 2629 NEFRLEY), tbEaW
30~37 HHAMEMAEY), HAF 7. 100 17~19. 35
NE RN SREHE 73 25152, (&Y 4. 6. 26,
28. 32~34. 36. 37 NEIKMNERET 7712
K IR IR 5 R e 2 B B 55



* —?- ﬁ 20244E5 H 558 B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9 * 2885

Z—, TEEK, HEECEOE R SE B
YA 7 TH B A B s M . WO SEIER A CoCly X PC
12 JHAR S FAREAN U AR, BT 4050 K% PC 12
MR R . SRR, RKINERI, KOk,
WAL AV REARY CoCL #1453 1) PC 12 M,
H 4R BN 20 pmol/L B, 2K Z e R -&4) 20 F1 23
X} CoCL #5511 PC 12 i A B Ry 1EH . &
SR FE T A SR R FIPTER A TS T 5,
N TR FR IR G R AL T Seia Bl .
FBAFR AR EARGEEA TR

SHEHR
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