798 ¢ ¢ %% Chinese Traditional and Herbal Drugs 35 44 % 25 78] 201354 A

EEAR-F S 4205327/

At E B2 % & FER, sk, maag Y
1. INRZEZ A, 100 M 215123
2. HH KU, i 201203

W E. BRY WIS LA 5K Rhodiola sachalinensis T13#AR MARZEM . Foik R R RERA G Wb EAE
JVH AR B S5 R m At @ISR . TSSO B R e b G g, R R 18 MLEY, o
BT NEEFIR (D MRERFER (2. 45K E (3. KEE-O-B-D-MLMB A (4. 2K EE-8-0-B-D- ML i 4
PEFF (5). ZRNKEE-O-B-D-MLI 25 8ETT (6). (QF, 4R)-4, 7- —J3E-3, 7- WIIE-2-J75 FE-B-D-ML I #1 25 BHTF (il £ 5E R,
. MR E (8). Wit &E-3-0-p-D-MLHH AR (9. (hZREy (10D, (LZREY-7-0-a-L-MEW SR A0 (1)« 1LZRE-7-0-B-D-Hit
WA (12). IIB-3-0-0-L- AW (13). (LZSI-3-0-B-D-ILIR 3 Z0-7-0-a-L- AW (14). PEEZE (15). 3,5,
7, 5"-PUFEIE-4 - AL (BT, 16). BRI E-7-O-0-L-MER LR (17D BURE-3-0-B-D-M I I H-7-0-0-L- F 20
(18). Z5it WA 9. 12, 16 RN ZREMD T B, (EY 2. 7. 8. 14, 18 A EHIRMAFY) T 433135,
KR SRR MR W 3R-3-O-B-D-MEM A s LLARI-7-O-B-D- ML s 3,5, 7, 5'- DU dE-4'- F 4 FE e
PESES: R284.1 MHERFRRRS: A XEHRS: 0253-2670(2013)07- 0798 - 05

DOI: 10.7501/j.issn.0253-2670.2013.07.004

Chemical constituents from Rhodiola sachalinensis
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Abstract: Objective To investigate the chemical constituents from the roots and rhizomes of Rhodiola sachalinensis. Methods The
chemical constituents were isolated by repeated silica gel chromatography, medium pressure column chromatography, and
semi-preparative liquid chromatography, and their structures were elucidated by chemical properties and spectroscopic analyses.
Results Eighteen compounds were isolated and identified to be gallic acid (1), p-hydroxybenzoic acid (2), salidroside (3),
benzyl-O-B-D-glucopyranodide (4), phenylethyl-8-O-B-D-glucopyranodide (5), cinnamyl-p-D-glucopyranoside (6), sachalinol (7),
quercetin (8), quercetin-3-O-B-D-glucopyranoside (9), kaempferol (10), kaemferol-7-O-a-L-rhamnopyranoside (11), kaempferol-
7-0O-B-D-glucopyranoside (12), kaemnpferol-3-O-a-L-rhamnoside (13), kaempferol-3-O-p-D-glucopyranoside-7-O-a-L-rhamnoside
(14), tricin (15), tamarixetin (16), herbacetin-7-O-a-L-rhamnoside (17), and herbacetin-3-O-f-D-glucopyranoside-7-O-o-L-
rhamnoside (18). Conclusion Compounds 9, 12, and 16 are obtained from the plants in Rhodiola L. for the first time. Compounds 2,
7, 8, 14, and 18 are obtained from this plant for the first time.

Key words: Rhodiola sachalinensis A. Bor.; quercetin; quercetin-3-O-3-D-glucopyranoside; kaempferol-7-O-B-D-glucopyranoside;

tamarixetin
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5 RFL (Crassulaceae) ZL5tKJE Rhodiola L. 24 2K, HEEAE. MG, A2 el sk
ERCARKEY), WEWMAREY L —, £ (CRENEHY  THAR AR 15280 18 MEEW), 73l % e N
B R JE AL 50K R. rosea L.l “AREL 47, KT (gallic acid, 1). X FEIHLIKFR (p-
RAPUEA S PUES . PUE . P, T HIZE R hydroxybenzoic acid, 2). ZL5 K1 (salidroside,
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3). KHEE-O-B-D- Mt i %5 B% 1 (benzyl-O-B-D-
glucopyranodide, 4). 7 ZFE-8-O-B-D- I w7 28 Bl
(phenylethyl-8-O-B-D-glucopyranodide, 5). KN
fi -O-B-D- 1Ilt, T 78] %5 B% 17 ( cinnamyl-O-B-D-gluco-
pyranoside, 6). (2E, 4R)-4, 7- —Fi3E-3, 7- HiFE-2-
I BE-B-D- ML W 78] % # 1 (sachalinol, 7). #it iz &
(quercetin, 8). Hi f 25 -3-O-B-D- Ik Wi 78] 25 Wk 17
( quercetin-3-O-B-D-glucopyranoside , 9 )+ 111 4% [
(kaempferol, 10). 11145 8y-7-O-o-L- Mk M B 2= 4
(kaemferol-7-O-a-L-rhamnopyranoside, 11)- L11437)-7-
O-B-D-MLI %5 HE+H (kaempferol-7-O-B-D-glucopyra-
noside, 12). LIZW}-3-0-a-L- i Z=HiFH (kaempferol-
3-0-0-L-rhamnoside, 13). LI4H)-3-0O-B-D-MLAHi
% W -7-0-0-L- & 2 B & ( kaempferol-3-O-B-D-
glucopyranoside-7-O-a-L-thamnoside, 14). /NZ T3
(tricin, 15). 3, 5, 7, 5'- DY k-4 40 A 2 I
(tamarixetin, 16). )51 % -7-O-a-L- ML 5L 285 1T
(herbacetin-7-O-o-L-thamnoside, 17). & Jii % -3-0-
B-D- 1tk IR 7] 24 # -7-O-0-L- 2= B ¥ Cherbacetin-3-
O-B-D-glucopyranoside-7-O-a-L-rhamnoside, 18), H:
LG 9. 12, 16 N E RN SRIEMD 505
B3], AW 2. 7. 8. 14, 18 N EMAAEY)+
I ERE
1 UE5HH

Bruker 400 A% ARA (EEAREEAR]D; Pl
e EAR A% 1 (LC—20AT, SPD—20A, HAH
HAF]D; TOF-MS (J:[EH Micromass A#]); XTS5
A REAC CAERTRMC AR T )5 Autopol
IV e (GEEEE R A w)D s ODS Chif% 50 um,
fL4% 12 nm, JbnigrE RO AR AR KAL
WA CAB-8, ZRULIEFHM B R A D Cig
2% (4 3% A (250 mm X 10 mm, 5 um, 3 [ kromsil
AT)); Sephadex LH-20 Bt (£H GE A+)); ft
ARA) (rbral, B2 EARIE IR AFD;
JRETERER (HSGF254, & i 2 35 S5 ik T
KRG H D5 5 PP (s R O iR
T

mr LR T 2011 4F 9 AT 35 pR48 rliii,
A2 LK 2% 24 2% Bt R 8 W 3092 %8 52 A Rhodiola
sachalinensis A. Bor. [T M HE=E
2 RBSSE

B I ZL R TR R ZE 10 ke, TN 95% 4
BESEM 2 %, % 13 h, 22 h, GIFINE,

JEIL, W4E, 1FTENRE 1.6 kg RED B A
ik BEMR CME IE T REZ IRAEIL, &3R5 A RS
WL WA, 1347 MR AT 62 g, TSR ZBEHBAT 65 g,
IFE T REBAT 276 go B ZWERBAT 201 2 53 H e A £
W, A I R £ TR S - R R e - 4
4 Sephadex LH-20 #ERCAEIEARLAGY 1 (3.2
g)v 2 (345 mg). 4 (34.6 mg). 5 (284 mg). 6
(31.5mg). 7(28.4mg). 8(23.2mg). 9 (342 mg)-
10 (1.2 g). 11 (432 mg). 12 (242 mg). 13 (386
mg). 15 (482 mg). 16 (36.5mg). 17 (34 mg);
IE TR A &0k AB-8 KALI i, & ODS 4
IR A A B A B AR B A 3 (1.2 24 14
(1.6 g). 18 (56.3 mg).
3 GiEE

WEY 1: LEEYER S (PR, mp 235~237
‘C, ESI-MS m/z: 169.0 [M—H] . 'H-NMR (400 MHz,
CD;0D) 6: 7.07 (2H, s, H-2, 6); “C-NMR (100 MHz,
CD;0OD) d: 170.4 (-COOH), 146.4 (C-3, 5), 139.6
(C-4), 122.2 (C-1), 110.5 (C-2, 6). LA b3 ¥s 5 SClikR
EHA—HP, WA BT TR,

EW 2. AEE (BT GBRD, mp 213~215
‘C. 'H-NMR (400 MHz, CD;0OD) 6: 7.89 (2H, d, J =
8.0 Hz, H-2, 6), 6.82 (2H, d, J = 8.0 Hz, H-3, 5);
BC-NMR (100 MHz, CD;OD) &: 170.2 (-COOH),
122.8 (C-1), 133.1 (C-2, 6), 116.1 (C-3, 5), 163.4
(C-4)o UL ¥l 5 scmris 2EA — 8, et
G2 AR

& 3: ki (%), mp 158~159 C.
'H-NMR (400 MHz, DMSO-dq) d: 7.04 (2H, d, J = 8.0
Hz, H-2, 6), 6.66 (2H, d, J = 8.0 Hz, H-3, 5), 4.16 (1H,
d, J=7.6 Hz, H-1'), 2.90~3.93 (8H, m, H-8, 2'~6"),
2.73 (2H, d, J = 7.6 Hz, H-7); “C-NMR (100 MHz,
DMSO-dg) d: 129.1 (C-1), 130.5 (C-2, 6), 115.6 (C-3,
5), 155.9 (C-4), 35.1 (C-7), 70.4 (C-8), Glc: 103.2
(C-1), 73.9 (C-2)), 77.1 (C-3"), 70.5 (C-4), 77.2
(C-5"), 61.5 (C-6")» LA - %c¥f 5 scikahis— 5, #%
WEAL G 3 L SR T .

a4 TGOS (HEE, mp 123~124 C.
'H-NMR (400 MHz, CD;OD) §: 7.40 2H, d, J = 7.3
Hz, H-2, 6), 7.30 (2H, d, J = 7.3 Hz, H-3, 5), 7.27 (H,
t, J = 7.1 Hz, H-4), 4.65~4.65 (2H, m, H-7), 4.35
(1H, d, J = 8.0 Hz, H-1"), 3.23~3.89 (6H, m, H-2'~
6): "C-NMR (100 MHz, CD;OD) §: 139.1 (C-1),
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129.2 (C-2, 6), 129.3 (C-3, 5), 128.7 (C-4), 71.7 (C-7),
Gle: 103.3 (C-17), 75.2 (C-2"), 78.1 (C-3"), 71.8 (C-4"),
78.1 (C-5'), 62.8 (C-6'). LA l-%jdf 55 Srififi i — 50,
WMOSE ) 4 28 EE-O-B-D-IL R I AR

a5 AERAR (FEE, ESI-MS m/z: 307.2
[M-+Na]". 'H-NMR (400 MHz, DMSO-dj) J: 7.24~
7.29 (4H, m, H-2, 3, 5, 6), 7.18 (1H, m, H-4), 4.18
(1H, d, J = 8.0 Hz, H-1"), 3.63 (2H, m, H-8), 2.85 (2H,
m, H-7), 3.22~3.98 (6H, m, H-2'~6'); "*C-NMR
(100 MHz, DMSO-dg) d: 139.2 (C-1), 128.7 (C-2, 6),
129.4 (C-3, 5), 126.5 (C-4), 36.1 (C-7), 70.0 (C-8),
Gle: 1033 (C-1)), 77.4 (C-3"), 77.2 (C-5'), 73.9 (C-2'),
70.6 (C-4'), 61.6 (C-6')o LA %5 5 ek —a1",
S B 5 IR LEE-8-O-P-D-MH I e 25 B 7

&Y 6: MR (FFEE), mp 114~116
‘C, FAB-MS m/z: 297.0 [M+H] . 'H-NMR (400
MHz, DMSO-d) &: 7.42~7.45 (2H, m, H-2, 6),
7.32~7.36 (2H, m, H-3, 5), 7.23~7.27 (1H, m, H-4),
6.67 (1H, d, J = 16 Hz, H-7), 6.34~6.40 (1H, m,
H-8), 4.19~4.24 (2H, m, H-9), 4.36 (1H, d, J = 7.6
Hz, H-1'), 3.00~3.70 (6H, m, H-2'~6"); "“C-NMR
(100 MHz, DMSO-dg) &: 137.0 (C-1), 126.8 (C-2, 6),
129.1 (C-3, 5), 128.1 (C-4), 131.7 (C-7), 126.8 (C-8),
69.0 (C-9), Gle: 102.6 (C-1), 77.4 (C-5"), 77.4 (C-3"),
73.6 (C-2), 706(C—4’) 61.6 (C-6"). LA Hds 15 ik
B RA ), M e S 6 KNI EE-0-B-
D-nttﬂrﬁ?ﬁ%*ﬁﬁo

WEY 7: T RY L), FAB-MS m/z: 373
[M+Na]". '"H-NMR (400 MHz, DMSO-dg) J: 5.54
(1H, m, H-2), 4.26~4.32 (2H, m, H-1), 4.30 (1H, d,
J=28.0 Hz, H-1'), 3.94 (1H, t, J = 6.6 Hz, H-4), 3.86~
3.18 (6H, m, H-2'~6'), 3.90 (1H, t, J = 6.7 Hz, H-4),
1.63 (2H, m, H-5), 1.67 (3H, s, H-10), 1.51 (2H, m,
H-6), 1.17 (3H, s, H-8), 1.16 (3H, s, H-9); "C-NMR
(100 MHz, DMSO-dg) 6: 140.1 (C-3), 121.0 (C-2),
102.1 (C-1"), 82.5 (C-4), 78.9 (C-3'), 77.4 (C-5"), 77.2
(C-2"), 73.8 (C-4"), 70.6 (C-7), 64.6 (C-1), 61.6 (C-6"),
38.6 (C-6), 31.3 (C-5), 29.1 (C-8), 28.4 (c 9), 12.5
(C-10). DA -%ds 5 ek sA — 5P, #% et
&M T N (QE, 4R)-4, T- 3 K3, 7;@%—2&%2‘%—
B-D-NL el 7] 4 B 17 o

ey 8: wEm AR (HED, mp 310~312
‘C . 'H-NMR (400 MHz, DMSO-d) 6: 7.68 (1H, d, J =

2.5 Hz, H-2'), 7.55 (1H, dd, J = 8.5, 2.6 Hz, H-6'),
6.89 (1H, d, J = 8.5 Hz, H-5"), 6.41 (1H, d, J= 8.0 Hz,
H-5'), 6.19 (1H, d, J = 2.5 Hz, H-6); "*C-NMR (100
MHz, DMSO-ds) 6: 175.8 (C-4), 163.8 (C-7), 160.7
(C-9), 156.1 (C-5), 147.7 (C-4'), 146.8 (C-2), 145.0
(C-3"), 135.7 (C-3), 121.9 (C-1'), 119.9 (C-6'), 115.6
(C-5"), 115.0 (C-2'), 103.0 (C-10), 98.1 (C-8), 93.3
(C-6")o LA_EKcH 5 Sk A — 5, ks fh
5 8 i % .

EW 9: Tk R (FEL, mp 159~160 C,
EI-MS m/z: 463.0 [M—H] . 'H-NMR (400 MHz,
DMSO-dg) 6: 12.62 (1H, s, 5-OH), 7.57 (1H, dd, J =
8.2 Hz, 2.4 Hz, H-6'), 7.54 (1H, d, J = 2.4 Hz, H-2"),
6.85 (1H, d, J = 8.4 Hz, H-5'), 6.32 (1H, d, J = 1.6 Hz,
H-8), 6.12 (1H, d, J = 1.6 Hz, H-6), 5.43 (1H, d, J =
7.6 Hz, Glc-H-1"), 3.08~3.09 (5H, m, Rha-H-2"~
6"); "*C-NMR (100 MHz, DMSO-dj) J: 177.4 (C-4),
166.1 (C-7), 161.4 (C-5), 156.7 (C-9), 156.3 (C-2),
149.1 (C-4"), 145.1 (C-3'), 133.4 (C-3), 121.8 (C-1"),
121.2 (C-6'), 116.0 (C-5"), 115.2 (C-2’), 103.8 (C-10),
99.4 (C-6), 94.0 (C-8); Glc: 101.3 (C-1"), 77.6 (C-3"),
76.9 (C-5"), 74.6 (C-2"), 70.0 (C-4"), 61.1 (C-6"). LA
i S Sk A 8, s etk A 9k
Wi ) 25-3-O-B-D- ML IR 71 2 B 1

A 10: A CHREED, mp 276~278 C,
EI-MS m/z: 286.0 [M]". "H-NMR (400 MHz, DMSO-d;)
5: 12.49 (1H, s, 5-OH), 10.78 (1H, s, 7-OH), 10.10
(1H, s, 3-OH), 9.39 (1H, s, 4'-OH), 8.05 (2H, d, J =
8.8 Hz, H-2', 6), 6.93 (2H, d, J = 8.8 Hz, H-3', 5"),
6.44 (1H, d, J = 2.0 Hz, H-8), 6.19 (1H, d, J= 2.0 Hz,
H-6); *C-NMR (100 MHz, DMSO-d;) J: 146.8 (C-2),
135.6 (C-3), 175.9 (C-4), 156.2 (C-5), 98.2 (C-6),
163.9 (C-7), 93.5 (C-8), 160.7 (C-9), 103.0 (C-10),
121.6 (C-17), 129.5 (C-2), 115.4 (C-3'), 159.2 (C-4),
115.4 (C-5"), 129.5 (C-6")o LA 3 5 STk FE AT
— g, s A 10 L2

& 11: st CFREED, mp 237~239 C,
ESI-MS m/z: 433.0 [M+H]". 'H-NMR (400 MHz,
CD;OD) : 8.13 (2H, d, J = 8.7 Hz, H-2, 6'), 6.92
(2H, d, J = 8.7 Hz, H-3', 5), 6.76 (1H, s, H-8), 6.44
(1H, s, H-6), 5.56 (1H, s, Rha-H-1"), 3.42~4.02 (4H,
m, Rha-H-2"~5"), 1.26 (3H, d, J = 7.6 Hz, Rha-H-
6"); "*C-NMR (100 MHz, CD;OD) ¢: 177.5 (C-4),
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163.3 (C-5), 162.3 (C-7), 160.8 (C-4"), 157.8 (C-9),
148.8 (C-2), 137.6 (C-3), 130.9 (C-2', 6, 123.9
(C-1"), 116.4 (C-3, 5'), 106.2 (C-10), 99.8 (C-6), 95.3
(C-8); Rha: 100.0 (C-1"), 73.7 (C-4"), 72.1 (C-3"),
71.8 (C-2"), 71.3 (C-5"), 18.1 (C-6"). LA _EXid 53¢
BRIRE A 80D, et A 11 A E-7-
O-a-L-MEIR L2051

G 12: S CFEE), mp 267~268 C,
R EERY SN S BH A, Molish Sz Ky BHAE,
WA Y. '"H-NMR (400 MHz, DMSO-d) o:
12.49 (1H, s, 5-OH), 10.20 (1H, s, 4-OH), 9.56 (1H,
s, 3-OH), 8.09 (2H, d, J = 9.0 Hz, H-2', 6'), 6.95 (2H,
d, J=9.0 Hz, H-3', 5'), 6.81 (1H, d, J = 2.0 Hz, H-8),
6.43 (1H, d, J = 2.0 Hz, H-6); Glc: 5.43 (1H, d, J=7.2
Hz, H-1"), 5.15~3.12 (6H, m, H-2'~6'); *C-NMR
(100 MHz, DMSO-ds) 6: 176.6 (C-4), 163.2 (C-7),
160.8 (C-5), 159.9 (C-4"), 156.2 (C-9), 148.0 (C-2),
136.5 (C-3), 130.1 (C-2', 6"), 122.0 (C-1), 115.9 (C-3’,
5%, 105.2 (C-10), 99.2 (C-6), 94.8 (C-8); Glc: 100.3
(C-1"), 77.6 (C-3"), 76.9 (C-5"), 73.6 (C-2"), 70.0
(C-4"), 61.1 (C-6")o LA F%5cdh 5 Srihdpas — 5,
s e AW 12 0 1l 2218 -7-O-B-D- MW 7 25 B 7

AW 13: AR R CFED, mp 210~212 C,
SRR I N S B, — SR SN S TR (9,
I S EAE A S "H-NMR (400 MHz, CD;0D)
d: 12.60 (1H, s, 5-OH), 7.78 (2H, d, J = 8.0 Hz, H-2',
6), 6.94 (2H, d, J = 8.0 Hz, H-3', 5'), 6.38 (1H, d, J =
2.0 Hz), 6.20 (1H, d, J = 1.8 Hz, H-8); Rha: 5.38 (1H,
d, J =12 Hz, H-1"), 3.42~4.02 (4H, m, H-2"~5"),
1.20 (3H, d, J = 8.0 Hz, H-6"); “C-NMR (100 MHz,
CD;0D) d: 179.6 (C-4), 166.1 (C-7), 1632 (C-5),
161.6 (C-4), 159.3 (C-2), 158.6 (C-9), 136.2 (C-3),
131.9 (C-2', 6'), 122.7 (C-1"), 116.6 (C-3, 5'), 105.9
(C-10), 99.9 (C-6), 94.8 (C-8); Rha: 103.5 (C-1"), 73.8
(C-4"), 73.2 (C-2"), 72.1 (C-3"), 71.9 (C-5"), 17.7
(C-6")o VL -¥ds 5 Sk s A — 5, Mke
AW 13 J 1l 451-3-0-0-L- SR 2 Hi AT

&Y 14: EOK K (LB, mp 250~253 C,
EMS-MS m/z: 617.1 [M+Na]". 'H-NMR (400 MHz,
DMSO-dg) d: 12.61 (1H, s, 5-OH), 10.24 (1H, s,
4'-OH), 8.08 (2H, d, J = 8.9 Hz, H-2', 6"), 6.91 (2H, d,
J = 8.9 Hz, H-3', 5"), 6.83 (1H, d, J = 2.0 Hz, H-8),
6.45 (1H, d, J= 2.1 Hz, H-6), 5.56 (1H, d, J= 1.2 Hz,

Rha-H-1'"), 1.22 (3H, d, J = 8.0 Hz, Rha-H-6""), 5.47
(1H, d, J = 6.0 Hz, Gle-H-1"); “C-NMR (100 MHz,
DMSO-ds) 6: 177.6 (C-4), 161.6 (C-7), 160.9 (C-9),
160.3 (C-4"), 156.8 (C-5), 155.9 (C-2), 133.5 (C-3),
131.0 (C-2', 6'), 120.6 (C-1"), 115.2 (C-3', 5'), 94.5
(C-8); Gle: 100.8 (C-17), 77.6 (C-5"), 76.4 (C-3"),
742 (C-2"), 69.9 (C-4"), 60.8 (C-6"); Rha: 99.4
(C-1"), 71.6 (C-4""), 70.3 (C-3""), 70.0 (C-2""), 69.8
(C-5""), 17.9 (C-6""). VA b %#hs 5 scpkan —axe),
LAY 14 9 1L 25T -3-O-B-D- MR 7 25 -7 -
O-o-L- R R

WGP 15: Ry s (I, mp 289~291
‘C, ESI-MS m/z: 353.0 [M+Na]". 'H-NMR (400
MHz, DMSO-dg) 6: 12.9 (1H, s, 5-OH), 7.33 (2H, s,
H-2', 6'), 6.98 (1H, s, H-3), 6.56 (1H, d, J = 2.0 Hz,
H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 3.89 (6H, s, 3,
5-OCH;); "“C-NMR (100 MHz, DMSO-dg) J: 181.9
(C-4), 164.1 (C-7), 163.6 (C-2), 161.4 (C-9), 157.3
(C-5), 1482 (C-3', 5'), 139.8 (C-4'), 120.4 (C-1),
104.3 (C-2', 6"), 103.7 (C-10), 103.6 (C-3), 98.8 (C-6),
94.2 (C-8), 56.3 (2-OCHs). LA Hdh 5 sCik e it
A, MU E A 15 N,

&) 16: B AR R CHEE), ESI-MS m/z: 317.0
[M+H]". 'H-NMR (400 MHz, DMSO-d) o: 12.45
(1H, s, 5'-OH), 7.81 (1H, d, J = 2.0 Hz, H-2'), 7.75
(1H, dd, J = 8.0, 2.0 Hz, H-6'), 7.12 (1H, d, J = 8.6
Hz, H-5'), 6.50 (1H, d, J = 1.8 Hz, H-8), 6.25 (1H, d,
J = 1.8 Hz, H-6), 3.92 (3H, s, 4-OCH;); “C-NMR
(100 MHz, DMSO-ds) &: 175.2 (C-4), 164.2 (C-7),
156.2 (C-9), 160.7 (C-5), 149.2 (C-4"), 145.9 (C-2),
146.2 (C-3"), 136.2 (C-3), 123.5 (C-10), 119.5 (C-6"),
114.4 (C-5), 111.3 (C-2"), 102.8 (C-1'), 98.0 (C-6),
93.1 (C-8), 55.6 (4-OCH3). LA L#dn 5 k4R 18 3
AU, s E A 16 0 3, 5,7, 5'-DUFR k-4
FH 4 B T

&Y 17: SR (HEED, FAB-MS m/z:
449.0 [M—H] . 'H-NMR (400 MHz, DMSO-d;)
11.90 (1H, s, 5-OH), 8.16 (2H, d, J = 8.0 Hz, H-2, 6'),
6.97 (2H, d, J = 8.0 Hz, H-3', 5'), 6.61 (1H, s, H-6),
5.50 (1H, d, J = 1.5 Hz, Rha-H-1"), 3.50~3.96 (4H,
m, Rha-H-2"~5"), 1.13 3H, d, J = 6.3 Hz, -CH;):
BC-NMR (100 MHz, DMSO-dq) &: 176.4 (C-4), 159.3
(C-4"), 151.6 (C-5), 150.1 (C-7), 147.4 (C-2), 144.5
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(C-9), 135.8 (C-3), 129.8 (C-2, 6'), 127.1 (C-8), 121.8
(C-17), 115.4 (C-3', 5"), 104.5 (C-10), 98.3 (C-6); Rha:
99.4 (C-1"), 71.7 (C-4"), 70.0 (C-3"), 69.9 (C-2", 5"),
17.9 (C-6"). LA -¥od b5 scmvdis — 8", ke
AW 1T KT E-T7-0-0-L-MEI 2B

&Y 18: Skl CHED, EREREEN KN
SEBATE, Molish S8 52 B, HEM A SRR 54 o
ESI-MS m/z: 609.0 [M—H] . 'H-NMR (400 MHz,
DMSO-dg) 6: 12.03 (1H, s, 5-OH), 8.14 (2H, d, J=9.0
Hz, H-2, 6), 6.90 (2H, d, J = 8.2 Hz, H-3', 5'), 6.61
(1H, s, H-6), 5.50 (1H, d, J = 1.5 Hz, Rha-H-1""), 5.46
(1H, d, J = 6.6 Hz, Glc-H-1"); "*C-NMR (100 MHz,
DMSO-dq) d: 178.4 (C-4), 160.6 (C-4"), 157.2 (C-2),
152.5 (C-5), 150.3 (C-7), 144.9 (C-9), 133.7 (C-3),
131.6 (C-2, 6'), 127.7 (C-8), 121.5 (C-1"), 115.6 (C-3’,
5), 106.1 (C-10), 99.4 (C-6), Glc: 101.3 (C-1"), 77.2
(C-5"), 76.7 (C-3"), 74.5 (C-2"), 61.3 (C-6"); Rha:
99.3 (C-1"), 72.2 (C-4""), 70.5 (C-2""), 70.4 (C-5"),
18.3 (C-6") LA ¥ 55 SCikiiE S A — 5, i
Se B 18 S H T 3 -3-0-B-D- ML I 1 2 4 -7-O-
o-L- AR

Sk

[1] AR, %2z, BKE. 25KBERYILZERD K2k
HERT R (7], dbRUme K2z 244), 2008, 44(3):
328-331.

21 3kBEFt, RE=, Ik A LRORBEYNLS s i
SLtiE [3]. Wi iREE 2, 2006, 17(1): 61-62.

3] # AL, & Z, BEEE, % SEHAOSEREESS T
WFFT [J]. PHALHREHIZAAR, 2007, 27(12): 2564-2567.

[4]  BRiKME, PROANEE, Phbkih, & =t &3040 oo i
% [J]. RARF=MIF9E S FF R, 2011, 23(6): 1011-1013.

[5] fEwsdr, WhEEME, 1% M, %5 mILa SR E RS
&Y (3] TEIARTZY, 2009, 11(4): 18-19.

[6] e, 4= Bk, TNEEM, 5. H0afadk s oo it ot

[7]

(8]

(91

[15]

[16]

[17]

[18]

[19]

(20]

[J]. FE 2224, 2005, 40(9): 653-655.

BRI, £ AR B W, A 2O R
IYIIEST [T, TP EH 22, 2006, 31(24): 2052-2054.
Akita H, Kawahara E, Kishida M, et al. Synthesis of
naturally occurring B-D-glucopyranoside based on
enzymatic B-glycosidation [J]. J Mol Catal B-Enzym,
2006, 40(1/2): 8-15.

Ma G, Li W, Dou D Q, et al. Rhodiolosides A—E,
monoterpene glycosides from Rhodiola rosea [J]. Chem
Pharm Bull, 2006, 54(8): 1229-1232.

I, AR, R, S AL BT
[J]. FHZY, 2012, 43(8): 1489-1491.

RER, e, & R, & FaH b iU E
BAS ST [7]. %2y, 2010, 41(10): 1593-1597.
PE, BT, FEE. DM RRLF RS
[J]. H25%4, 2005, 28(2): 98-99.

Ol & &, B, SRR R BT
9% [1]. VHAbAEMAAR, 2007, 27(12): 2564-2567.
T, & AR, 2 LR SR A
SPTSE (], PEBHZIRERA2244R, 2004, 21(2): 105-107.
e A, TOHUK, WER, 45 WL ILARIE sy
W9 [J]. N2 EEEZ, 2011, 22(7): 1071-1072.
tRazes, R, EI5R), kA B TS
[7]. W2y, 1983, 14(7): 1-3.

Kuwabara H, Mouri K, Otsuka H, et al. Tricin from a
Malagasy Connaraceous plant with potent antihistaminic
activity [J]. J Nat Prod, 2003, 66(9): 1272-1275.

Saewan N, Koysomboon S, Chantrapromma K, et al.
Anti-tyrosinase and anti-cancer activities of flavonoids
from Blumea balsamifera DC. [J]. J Med Plant Res, 2011,
5(6): 1018-1025.

Lee M W, Lee Y A, Park H M, et al. Antioxidative
phenolic compounds from the roots of Rhodiola
sachalinensis A. Bor. [J]. Arch Pharm Res, 2000, 23(5):
455-458.

ik B, FEE, BT, F PRSI SO
2T SE [J]. IR, 2010, 12(11): 20-22.



¢ %% Chinese Traditional and Herbal Drugs 35 44 % 25 78] 201354 A - 803 -

R B AL B4 RO 5

A iR IR S S P
1 ERKAEZE R P MR, 14 T 510632
2. PZTIEER S R 2R TSR, TR SN 510632

% ZE:. B® W Prerocarya stenoptera WAL ESY . FvE  RAMERAF 35, ODS. Sephadex LH-20. HPLC
Je TS5 B AL T B I K 90% S IFER U A S AT FIBS IR L BRAE DGR AT HEAT 43 25 aliqh,  FEAR IR BRA0E JBURD i3 3 4
WS YN . R MR S5 3) 14 MUE, 2% BT (D, PRGE-1p, 3-8 (2. 5
B (3). EMEERE (4). 20, 3B, 19a-trihydroxyurs-12-en-28-0-B-D-glucopyranoside (5). (45)-4, 8- " F2FE-1-PUSZENT (6).
4-HEIE-5- I 1- DU R 5 (7). (48)-4-F03E-1-DUE 2 (8). MY (9). 30-norlupan-28-oic acid (10). ##fFE (11).
iz 35-3-0-Q2"- B & FIEL)- AP (12). SRR (13) 1 3, 3-T AL IR-4-O-B-D-I AR (14), &5t 1b
HEW1~14 FE RN EE ], P EY 5. 7~14 KA B 5 515 2.

KHEIR: MM HAR TN (45)-4, 8-TFRHE-1-VUAZEN: Mitga: 3, 3-SR -4-O-B-D-ME i A WE

RESES: R284.1 MHEFRERD: A XE/HRS: 0253-2670(2013)07- 0803 - 05

DOI: 10.7501/j.issn.0253-2670.2013.07.005

Chemical constituents from barks of Pterocarya stenoptera

GAO Shuang"?, YE Kai-he"?, ZHANG Ying"?, ZHOU Guang-xiong'*

1. Institute of Traditional Chinese Medicine & Natural Products, Pharmacy College, Jinan University, Guangzhou 510632, China

2. Guangdong Province Key Laboratory of Pharmacodynamic Constituents of Chinese Materia Medica and New Drugs Research,
Guangzhou 510632, China

Abstract: Objective To study the chemical constituents in the barks of Pterocarya stenoptera. Methods The chemical constituents
in chloroform and ethyl acetate fractions of 90% ethanol extract from the barks of P. stenoptera were isolated and purified by column
chromatography over silica gel, ODS, Sephadex LH-20 columns, preparative HPLC, and recrystallization. The structures of the
Fourteen
compounds were obtained and identified as glochidone (1), lup-20(29)-en-1f, 3B-diol (2), ursolic acid (3), betulinic acid (4), 2a, 38,
190-trihydroxyurs-12-en-28-O-3-D-glucopyranoside (5), (45)-4, 8-dihydroxy-1-tetralone (6), 5-hydroxy-4-methoxy-a-tetralone (7),

isolated compounds were identified on the basis of physicochemical properties and spectral data analyses. Results

(45)-4-hydroxy-1-tetralone (8), myricitrin (9), 30-norlupan-28-oic acid (10), myrictin (11), quercetin-3-O-2"-galloyl-rhamnoside (12),
oleanolic acid (13), and 3, 3'-di-O-methyl ellagic acid-4'-O-B-D-xylopyranoside (14). Conclusion Compounds 1—14 are isolated
from the plant for the first time, and compounds 5 and 7—14 are obtained from the plants in Pterocarya Kunth. for the first time.
Key words: Pterocarya stenoptera C. DC.; glochidone; (45)-4, 8-dihydroxy-1-tetralone; myricetin; 3, 3'-di-O-methyl ellagic acid-4'-
O-B-D-xylopyranoside

WA Pterocarya stenoptera C. DC. JyHIREEMK
WEtY, EIREZ ATl e, e A
VURG &, AR TR R L 3, S b2 AN
ITIER . ke, W, AR, HAERERE. W
B AR TR, EREE . Bk B K
T LA S SR LR B DR Rt b v et . AR

Ui HEA: 2013-01-30

AW TR I AT BUMIR . BURTE S A RATIR.
ARIT A B 2 B AT HR, TR
I IIRAE AR D, ARSI K 90% L IEHEEL
VI & AT IR LR A B AT TR AL A2 1k
IWTTE, IWNEDTAI AT B E] 8 Mes,
% N H LTI (glochidone, 1)+ 2PIks%2-1B, 3B-

HEEWMB: | A4 ARRFESHIH (8351063201000003); #RA%: 211 TR H
RN & W (1987—), &, Wi, LTI, BiLA, RTINS 2555 TSR .

Tel: 15915846741 E-mail: gaoshuang870119@yahoo.cn

*BEMEE MO, 2097, LS. Tel: (020)85221469 E-mail: guangxzh@sina.com
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¥ [lup-20(29)-en-1p, 3p-diol, 2]+ IR Cursolic
acid, 3). HHMENEMR (betulinic acid, 4) 20, 3B, 190-
trihydroxyurs-12-en-28-O-B-D-glucopyranoside (5).
(45)-4, 8- F2HE-1-DUSZEMA [(4S)-4, 8-dihydroxy-
I-tetralone, 6], 4-F4HE-5-F20E-1-DUA( 25/ (5-
hydroxy-4-methoxy-a-tetralone, 7). (45)-4-¥23&-1-
VUS(ZE0 [(4S)-4-hydroxy-1-tetralone, 8]; MESE 2.
BEEBAL > A2 6 AMEEW, 73l %58 At
(myricitrin, 9)+ 30-norlupan-28-oic acid (10). #;
H§ 2 (myricetin, 11). #i{5 5%-3-0-Q"- K B T B H)-
L Z2BE A (quercetin-3-0-2"-galloyl-rhamnoside, 12) .
FFHURM: (oleanolic acid, 13). 3, 3"-— FIAILEAL
R -4'-O-B-D-MLARETF (3, 3'-di-O-methyl ellagic
acid-4"-O-B-D-xylopyranoside, 14). &4 1~14
HE RN o3 4535, (a5, 7~14
RN JE A B 4S5
1 NE5HH

Avance—300 - FAZ ML (Bt Bruker 2
7)), LCQ Advantage MAX Jitii#{X (3£[E Finnigan
AT, ZHES 1200 SRGEAH IS (G E Agilent
~#]), Sephadex LH-20 (%fif Pharmacia A A]),
WA I G B T ), ODS (HA
YMO), thifkaiiiig QLAREEARAFD, Zriral
e2adan) (R s TR AR 2w,

W R 468k B e Bia /N el g€ s,
P K 257 24 27 [t A 24 2 20 2 ] DI A 26 vl Rk
B e MM Pterocarya stenoptera C. DC. )
TR K o
2 RESSHE

WA B AR 2 7.2 kg, I 90% L REBIELAR
W3k, A IFRIORIRE 4 2 ok . B8 Nz
TRZKIRR, MR Al F07 BER SPEEAHL 3
o WRIRAR, 43 AR B ERA 62 g WEIR LR
TR 200 go ST EBAL A RERAE AL /0 25, 1 T Tk
ST £ TR R FE Ve AT 21 13 ANy, £ 2R &
A RERAE S . Sephadex LH-20 % 5 45 i 25 FBL
A B A Y 18, BEIR LHEH o SRR A
(3% 3 By, BEIR S MR- H R BR BEVE IR AR 21 15 MRy
13BN 20 S SRR IR AT: (A% « ROAH IR IR AT (35
Sephadex LH-20 J HPLC % T Bt 7y @2l fq 24k &
% 9~14.
3 HHMETE

tEW 1. wEtdn (&), BRI

IR IR SR G, ESI-MS m/z: 423.5 [M+H] .

'H-NMR (300 MHz, CDCL3) 6: 7.10 (1H, d, J = 10.4
Hz, H-1), 5.78 (1H, d, J = 10.4 Hz, H-2), 2.40 (1H, m,
H-19), 1.92 (1H, m, H-21), 1.12 (3H, s, H-23), 1.10
(3H, s, H-24), 1.07 (3H, s, H-25), 1.06 (3H, s, H-26),
0.95 (3H, s, H-27), 0.80 (3H, s, H-28), 4.58 (1H, s,
H-29), 4.70 (1H, d, J = 2.0 Hz, H-29), 1.68 (3H, s,
H-30); "*C-NMR (75 MHz, CDCl;) 8: 159.9 (C-1),
125.1 (C-2), 205.5 (C-3), 44.6 (C-4), 53.4 (C-5), 19.2
(C-6), 33.7 (C-7), 39.5 (C-8), 44.3 (C-9), 41.7 (C-10),
21.4 (C-11), 25.0 (C-12), 38.2 (C-13), 43.1 (C-14),
27.3 (C-15), 35.4 (C-16), 43.0 (C-17), 48.1 (C-18),
47.9 (C-19), 150.7 (C-20), 29.7 (C-21), 39.9 (C-22),
27.8 (C-23), 21.2 (C-24), 18.0 (C-25), 16.4 (C-26),
14.4 (C-27), 19.0 (C-28), 109.5 (C-29), 19.2 (C-30).

LEHed 5 scikdE — 230, M et a1 v
G 8

) 2. FEMAREEE (G, 2T
J5 B IR IR R0, ESI-MS m/z: 465.7 [M+
Na]". 'H-NMR (300 MHz, CDCLy) 8: 3.42 (1H, q, J =
7.2, 3.0 Hz, H-1), 3.24 (1H, q, J = 10.8, 6.0 Hz, H-3),
2.39 (1H, m, H-19), 1.93 (1H, m, H-21), 0.94 (3H, s,
H-23), 1.04 (3H, s, H-24), 0.90 (3H, s, H-25), 0.75
(3H, s, H-26), 0.95 (3H, s, H-27), 0.79 (3H, s, H-28),
4.55 (1H, s, H-29), 4.67 (1H, d, J = 2.0 Hz, H-29),
1.67 (3H, s, H-30); "*C-NMR (75 MHz, CDCl;)
80.0 (C-1), 38.6 (C-2), 76.7 (C-3), 39.1 (C-4), 52.5
(C-5), 19.0 (C-6), 35.1 (C-7), 42.4 (C-8), 49.3 (C-9),
44.6 (C-10), 24.8 (C-11), 26.1 (C-12), 39.1 (C-13),
39.9 (C-14), 28.5 (C-15), 36.6 (C-16), 43.9 (C-17),
49.0 (C-18), 54.1 (C-19), 151.8 (C-20), 30.8 (C-21),
41.0 (C-22), 28.8 (C-23), 17.2 (C-24), 12.9 (C-25),
15.9 (C-26), 15.4 (C-27), 19.0 (C-28), 110.4 (C-29),
20.2 (C-30). PA_E%es 5 Scikapis — 830, Mtk
B2 AP R -1, 3p- .

WA 3. AEMARE A G-HED, w2
JETT 5 A B - R R R (W 25 2, ESI-MS m/z: 455 [M—
H] . 'H-NMR (300 MHz, CsDsN) 6: 3.00 (1H, d, J =
11.0, 5.1 Hz, H-3), 5.13 (1H, t, J = 3.3 Hz, H-12), 1.14
(3H, s, H-23), 0.95 (3H, s, H-25), 0.92 (3H, s, H-26),
1.12 (3H, s, H-27), 0.78 (3H, s, H-28), 0.91 3H, d, J =
6.2 Hz, H-29), 0.81 (3H, d, J = 6.4 Hz, H-30);
BC-NMR (75 MHz, CsDsN) &: 39.8 (C-1), 28.6 (C-2),



