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Chemical constituents from flowers of Rhaponticum uniflorum

DU Yue, WANG Xiao-qin, BAO Bao-quan, HANG Hui
School of Pharmacy, Inner Mongolia Medical University, Hohhot 010110, China

Abstract: Objective To investigate the chemical constituents from the flowers of Rhaponticum uniflorum. Methods The chemical
constituents were separated and purified by macroporous resin, silica gel, Sephadex LH-20, and MCI column chromatographies. Their
structures were determined by physicochemical properties and spectral data. Results Seventeen compounds were isolated from the
ethanol extract in the flowers of R. uniflorum. Among them, eleven flavones were identified as 5,7,4'-trihydroxy-3’-methoxyflavone
(1), quercetin-3'-O-methyl ether (2), apigenin (3), kaempferol (4), luteolin (5), quercetin (6), apigenin-7-O-B-D-glycuronate ethyl ester
(7), kaempferol-3-O-a-L-rhamnoside (8), quercetin-3-O-a-L-rhamnoside (9), apigenin-7-O-f-D-glucopyranoside (10), and
apigenin-6,8-di-C-p-D-glucoside (11); Two liganans were hemislin B glucoside (12) and hemislin B (13); Two phytoecdysones were
ecdysterone (14) and turkesterone (15); Others were ursolic acid (16) and 3,5-O-dicaffeoyl quinic acid (17). Conclusion Compounds
1,2, 7—10, 12 and 13 are isolated from the plants of Rhaponticum Cass. for the first time, and the compounds 1, 2, and 7—17 are found
from the flowers of R. uniflorum for the first time.

Key words: flowers of Rhaponticum uniflorum; 5,7,4"-trihydroxy-3'-methoxyflavone; quercetin-3'-O-methyl ether; hemislin B glucoside;

ecdysterone; flavonoids; liganans
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By, ASEBRTHEAT T RGN, SEIFEE T
17 MeEW, Hb 11 AR 5,74-=F%-3-
AL (5,7,4'-trihydroxy-3'-methoxyflavone,
1. HitB 2=-3"-0-HliF (quercetin-3'-O-methyl ether,
2). F3 % (apigenin, 3). 112/ (kaempferol, 4)
ARBHZE (luteolin, 5). K ZFE (quercetin, 6)+
TR EK-T-0-B-D-Fi & FEIETR .1 (apigenin-7-0-B-
D-glycuronate ethyl ester, 7). LI ZM)-3-0-0-L- 2%
P (kaempferol-3-O-o-L-rhamnoside, 8). 7 2-
3-0-a-L-FZHEH (quercetin-3-O-o-L-rhamnoside,
9). JrR-7-0-p-D-Hi & Wi FE IR (apigenin-7-O-B-
D-glucopyranoside, 10). /3¢ #-6,8- —.-C-B-D-Fi %]
FELF (apigenin-6,8-di-C-B-D-glucoside, 11); 2 MK
E: EMANE BH (hemislin B glucoside,

12). JHARNEZE B (hemislin B, 13); 2 Mt
RIS Wi H Cecdysterone, 14) A4 7y
Bl Cturkesterone, 15); H.4 2 MNARERER (ursolic
acid, 16) M 3,5-0- ~Mnufk; k-4 7 i (3,5-0-
dicaffeoyl quinic acid, 17). HH1, (L&) 1. 2. 7~
10, 12, 13 NHERMNEH BHEYIH I E53, hE
Y. 2. 7~17 NE XML o B 2.

W FCE—AR7R T AR IR e B E E A
FEREIRAARIERRMAEY), HIRMETH SR T
58 7 S8 AR o S R,  JCHR AR 32 2E245 R
1 UESHR

Bruker AVANCEIII 500 MHz B3RS
(f# % Bruker); LCQ Advantage MAX )i Bk F1X
(%[ Thermo); GoodSee-I1 Tl i 2 A2 2240 (|-
R AR PR AT KAWL T (R
FAT) s MCIL(HA=Z2/47]); Sephadex LH-20
(Pharmacia A 7)) ; FE (LR 38 )2 (G EIR GFass
CF BT s BB I N al.

MK T NE A An], HANZHER
K70 o 82 € N AR MR P Rhaponticum
uniflorum (L.) DC [} AMRTE 7 - b 4% (20120324)
TRAET N 2 R RER 5 25 2 B A 2 O =
2 RERESE

T2 4.20 kg, 95% LEERT 50% LI 5353
INFAENRSREL 2 IR, FIX 2 h, EIFRIGHE, IR
5L CRERTCREMR, HKIRE, AR A e
BERR .06 YR IE T BEAE

TSR C 2 DGR 74, 1HRE 1251 g &
EERAE i, =&UPBe-HEE (10 10—2 1 8) BHEEYEL

i, Wk 180 M4y, 4 TLC AT, A IFHIRNR -
IR LLT 11 AMH 4 Sephadex LH-20 #ERH: (i
KEZk: Fr. 29~30. Fr. 31~32 55210 &1
(16 mg)+ 13 (30 mg); Fr.33~35 15FILEY 16 (33
mg). 2 (21 mg); Fr.39~50 5EI{LEY 3 (49 mg).
4 (35mg); Fr. 55~80. Fr. 81~83. Fr. 84~85. Fr. 89,
Fr. 92~107. Fr. 126~133 I Fr. 151~159 #KxA5 £k
A5 (43 mg). 6 (40 mg)- 12 (120 mg). 7 (14 mg).
8 (22mg). 9 (66 mg) Al14 (105mg).

IE T R 2GS 3 R R 4, 43R 1954 g. LA
IKERRR G, b D101 BORFLR PR g, 2.8
(10%~95%) -KABEBEME, Yol k415 25 FBAL o
¥ 30%ZBEVE AL 2 MCT AL, DU EE- /KR
FEBEML, & 250 mL 4 1 M4, LI 70 M5y,
2 TLC &, &IFHHENR . Fr. 29~30. Fr. 31~
35, Fr. 38~40 I Fr. 68~69 4 Sephadex LH-20 #t
v JeAH ODS ik Z4ift, F2MLEY 10 (90
mg). 11 (75mg). 15 (22mg) 117 (30 mg).

3 FEHEE

A 1: TR . 10%5REE- L1 B0 1,
ESI-MS m/z: 301 [M+H]", 323 [M+Na]*, HiErHxt
s FJREN 300, '"H-NMR (500 MHz, DMSO-ds) o
12.98 (1H, s, 5-OH), 10.83 (1H, s, 7-OH), 9.98 (1H, s,
4'-OH), 7.57 (2H, dd, J=2.0, 8.5 Hz, H-2', 6'), 6.94 (1H,
d, J=9.0 Hz, H-5"), 6. 80 (1H, s, H-3), 6.51 (1H, d, J =
2.0 Hz, H-8), 6.20 (1H, d, J = 2.5 Hz, H-6), 3.89 (3H, s,
3'-CH;0); "*C-NMR (125 MHz, DMSO-ds) ¥t W3
1o DA R 5 scufioE — 50, #se iz sy
5,74 - =R RE 3 AR SR T

WEY 2: EOMAK. 10%0MER- 285 05
6. ESI-MS m/z: 339 [M+Na]", i@ x5 7 &
4 316. 'H-NMR (500 MHz, DMSO-ds) d: 12.47 (1H,
s, 5-OH), 10.78 (1H, s, 7-OH), 9.75 (1H, s, 3-OH),
9.45 (1H, s, 4-OH), 7.75 (1H, d, J = 1.5 Hz, H-2"),
7.69 (1H, dd, J = 2.0, 8.5 Hz, H-6'), 6. 94 (1H, d, J=8.5
Hz, H-5'), 6.48 (1H, d, J = 1.5 Hz, H-8), 6.19 (1H, d,
J = 2.0 Hz, H-6), 3.84 (3H, s, 3'-CH;0); *C-NMR
(125 MHz, DMSO-ds) #fs W3 1. LA b4 550
BRAROE — ), WS AN 2R-3-O-H ik

Ew) 3: EEMAK. 10%MEE- 05 G N
ft. ESI-MS m/z: 271 [M+H]", 293 [M+Na]", #f
EAX 3 FFEN 270, '"H-NMR (500 MHz,
DMSO-de) d: 12.98 (1H, s, 5-OH), 10.61 (2H, brs, 7,
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#1 LAY 1~10 B9 BC-NMR ##E
Table 1 3C-NMR data for compounds 1—10
A 1 2 3 4 5 6 7 8 9 10

2 164.6 147.8 164.6 146.7 164.6 148.2 164.2 158.6 156.9 164.8
3 103.7 136.3 103.3 135.6 103.3 136.2 103.1 136.3 134.7 103.6
4 182.2 176.4 182.2 175.8 182.1 176.3 181.9 179.7 178.2 182.5
5 161.9 161.2 161.9 160.6 161.9 161.2 161.3 163.3 161.8 161.8
6 99.3 98.7 99.3 98.1 99.3 98.6 99.2 99.9 99.1 99.6
7 164.1 164.4 164.2 163.8 164.3 164.3 162.4 165.9 164.6 162.9
8 94.5 94.1 94.4 934 94.4 93.8 94.6 94.8 94.1 95.1
9 157.8 156.6 157.8 156.1 157.7 156.6 157.0 159.3 157.8 157.4
10 104.2 103.5 104.2 103.0 104.2 103.5 105.4 106.0 104.5 105.9
1’ 122.0 122.4 121.6 121.6 122.0 122.4 120.9 122.7 121.6 121.4
2! 110.7 115.9 128.9 129.4 113.8 115.5 128.5 132.0 115.9 129.1
3! 148.5 147.1 116.4 115.3 146.2 145.5 115.9 116.6 145.7 116.5
4' 151.2 149.3 161.6 159.1 150.1 147.2 161.1 161.6 148.9 161.6
5 116.2 116.0 116.4 115.3 116.4 116.1 115.9 116.6 116.1 116.5
6’ 120.8 122.2 128.9 129.4 119.4 120.4 128.5 132.0 121.2 129.1
3'-CHs0 56.4 56.2

1” 99.4 103.5 102.3 99.8
2" 72.7 72.1 70.8 73.2
3" 75.4 72.2 71.1 76.1
4" 71.2 73.2 71.6 71.7
5" 75.2 72.0 70.5 75.8
6" 168.6 17.7 18.0 170.6
1" 60.6

2" 13.8

4'-OH), 7.93 (2H, d, J = 8.5 Hz, H-2', 6"), 6.94 (2H, d,
J = 8.5 Hz, H-3', 5"), 6.78 (1H, s, H-3), 6.49 (1H, d,
J = 2.0 Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6);
BC-NMR (125MHz, DMSO-ds) i#i W3 1. LA
Bl 5 ocmkikaE — 8, BES e AR R

& 4: FHEMEK. 10%MER- L8 AN
. 'H-NMR (500 MHz, DMSO-ds) &: 12.48 (1H, s,
5-OH), 10.78 (1H, s, 7-OH), 10.10 (1H, s, 3-OH), 9.40
(1H, s, 4'-OH), 8.04 (2H, d, J = 9.0 Hz, H-2, 6), 6.92
(2H, d, J = 9.0 Hz, H-3", 5"), 6.43 (1H, d, J = 1.5 Hz,
H-8), 6.19 (1H, d, J = 2.0 Hz, H-6); '3C-NMR (125
MHz, DMSO-de) $#i WK 1. UL s 5 ok
E—0), WA L& .

EY) 5. HEMK. 10%MIR- L85 G
. ESI-MS m/z: 287 [M+H]", 309 [M+Na]*,
E AR > 7 R E N 286. 'H-NMR (500 MHz,
DMSO-ds) d: 12.99 (1H, s, 5-OH), 10.83 (1H, s,
7-OH), 9.94 (1H, s, 3'-OH), 9.44 (1H, s, 4'-OH), 7.43
(2H, m, H-2', 6'), 6.91 (1H, d, J = 8.5 Hz, H-5'), 6.69
(1H, s, H-3), 6.45 (1H, d, J = 2.0 Hz, H-8), 6.20 (1H,

d, J=1.5 Hz, H-6); '3C-NMR (125 MHz, DMSO-ds)
R 1. DL 5 soikikoE — 20, i)
BEENEVARBEER.

&Y 6: MK, 10%MEE- L85 AN
. ESI-MS m/z: 325 [M+Na]", i@ x5 7 &
4 302, 'H-NMR (500 MHz, DMSO-ds) d: 12.49 (1H,
s, 5-OH), 10.79 (1H, brs, 7-OH), 9.59 (1H, brs,
3-OH), 9.34 (1H, s, 3’-OH), 9.28 (1H, s, 4'-OH), 7.67
(1H, d, J = 2.0 Hz, H-2'), 7.54 (1H, dd, J = 2.0, 8.5
Hz, H-6"), 6.88 (1H, d, J = 8.5 Hz, H-5'), 6.40 (1H, d,
J = 2.0 Hz, H-8), 6.18 (1H, d, J = 2.0 Hz, H-6);
BC-NMR (125 MHz, DMSO-ds) $dE W% 1. LA
TEEE S SRR oE — B, MO A A R

WEW 7. WEAGEEK. 10%MK- CFEE 6O
N, ESI-MS m/z: 473 [M—H], #iEHX 91
JFi &N 474. "TH-NMR (500 MHz, DMSO-ds) : 12.99
(1H, s, 5-OH), 10.42 (1H, s, 4'-OH), 7.96 (2H, d, J =
9.0 Hz, H-2', 6"), 6.94 (2H, d, J = 8.5 Hz, H-3', 5'),
6.88 (1H, s, H-3), 6.86 (1H, d, J = 2.0 Hz, H-8), 6.47
(1H, d, J = 2.0 Hz, H-6), 5.58 (1H, d, J = 4.5 Hz,
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Gle-H-1); i % PERE R L6 7 4.14 (2H, m, H-1"""),
1.20 3H, t, J = 7.5 Hz, H-2""); *C-NMR (125 MHz,
DMSO-ds) Hi#E W3R 1. ULy 5 ki g
— 5B, WS R E YN R -T-0-B-D- I i B
BETR 2.1 -

th &Y 8: EOHAK. 10%MmAR- LB 50y is
ff. '"H-NMR (500 MHz, MeOD) ¢: 7.76 (2H, d, J =
9.0 Hz, H-2', 6"), 6.93 (2H, d, J = 8.5 Hz, H-3, 5'),
6.37 (1H, d, J= 2.0 Hz, H-8), 6.19 (1H, d, J = 2.0 Hz,
H-6), 5.37 (1H, s, Rha-H-1"), 0.92 (3H, d, J = 5.5 Hz,
Rha-H-6""); '3C-NMR (125 MHz, MeOD) %4} Il %
Lo DA byt 5 scmfhos — 500, #os e iz s
Yol 25 3-3-0-a-L- R 25 B

EY 9: EOMAK. 10%MEE- L0 5O NE
. 'H-NMR (500 MHz, DMSO-ds) 6: 12.67 (1H, s,
5-OH), 10.89 (1H, s, 7-OH), 9.73 (1H, s, 3'-OH), 9.36
(1H, s, 4-0OH), 7.31 (1H, d, J = 2.0 Hz, H-2'), 7.26
(1H, dd, J = 2.0, 8.5 Hz, H-6'), 6.88 (1H, d, J = 8.5
Hz, H-5'), 6.40 (1H, d, J = 2.0 Hz, H-8), 6.22 (1H, d,
J=2.0 Hz, H-6), 5.26 (1H, s, Rha-H-1"), 0.83 (3H, d,
J=5.5Hz, Rha-H-6"); 3*C-NMR (125 MHz, DMSO-ds)
HE AR 1. DL EPEOEEE S sk iaE — s, i
B RNA YN R -3-0-0-L-FR A BEE

A 10: R A GRER . 10%0 K- OB
HNF, ESI-MS m/z: 473 [M—H], HiE x5 1
JFi &N 474. 'TH-NMR (500 MHz, DMSO-ds) §: 12.99
(1H, s, 5-OH), 10.43 (1H, s, 4-OH), 7.96 (2H, d, J =
9.0 Hz, H-2', 6"), 6.94 (2H, d, J = 8.5 Hz, H-3, 5'),
6.88 (1H, s, H-3), 6.86 (1H, d, J = 2.0 Hz, H-8), 6.47
(1H, d, J = 2.0 Hz, H-6), 5.33 (1H, d, J = 7.5 Hz,
Glc-1); *C-NMR (125 MHz, DMSO-ds) %35 W% 1.
DA b e i i 5 SC ko — 2, W e Ak A
NITHER-T-0-B-D- G WE TR H

AW 11: EER K. 10%MIR- L85 G
., 'H-NMR (500 MHz, DMSO-ds) 6: 13.71 (1H, s,
5-OH), 10.37 (1H, s, 7-OH), 9.37 (1H, s, 4'-OH), 8.03
(2H, d, J = 8.5 Hz, H-2', 6'), 6.89 (2H, d, J = 8.5 Hz,
H-3', 5", 6.81 (1H, s, H-3), 6-C-p-Glu: 4.76 (1H, d,
J=10.0 Hz, H-1"), 8-C-B-Glu: 4.80 (1H, d, J=9.5 Hz,
H-1'), 3.22~3.88 (10H, m, sugar proton); '*C-NMR
(125 MHz, DMSO-ds) J: 164.6 (C-2), 103.1 (C-3),
182.8 (C-4), 159.1 (C-5), 108.0 (C-6), 161.7 (C-7),
105.8 (C-8), 155.6 (C-9), 104.4 (C-10), 122.0 (C-1"),

129.5 (C-2', 6'), 116.3 (C-3', 5'), 161.3 (C-4"), 6-C-B-
Glu: 73.8 (C-1"), 71.4 (C-2'), 78.3 (C-3"), 69.5 (C-4"),
81.4 (C-5'), 60.3 (C-6"), 8-C-p-Glu: 74.5 (C-1), 72.4
(C-2'), 79.3 (C-3"), 71.1 (C-4"), 82.4 (C-5), 61.8
(C-6")o LA il it 5 ik — 8, e i
YN T3 2-6,8-.-C-B-D-7H % BE T .

tEw 12: AfEE (FED. 10%ER- 2.5
o EONRER . ESI-MS m/z: 531 [M—H] ™, HhE
X iR A 532, 43 F 3 C27H32011- "H-NMR (500
MHz, DMSO-ds) 6: 7.37 (1H, brs, H-2), 7.21 (1H, d,
J = 8.5 Hz, H-5), 7.31 (1H, dd, J = 8.5, 1.5 Hz, H-6),
7.44 (1H, d, J = 1.5 Hz, H-7), 3.69 (3H, s, 3-OMe),
6.80 (1H, d, J = 2.0 Hz, H-2"), 6.85 (1H, d, J = 8.5 Hz,
H-5"), 6.76 (1H, dd, J = 8.0, 1.5 Hz, H-6'), 2.93 (1H,
dd, J= 3.5, 14.0 Hz, H-7'a), 2.63 (1H, m, H-7'b), 4.11
(1H, brs, H-8"), 4.29 (1H, t-like, J = 9.0, 7.5 Hz, H-9'a),
4.18 (1H, d, J = 9.0 Hz, H-9'b), 3.72 (3H, s, 3'-OMe),
3.84 (3H, s, 4-OMe), 5.03 (1H, d, J = 7.5 Hz, Glc-1),
3.26 (1H, m, Glc-2), 3.38 (1H, m, Glc-3), 3.17 (1H, m,
Glc-4), 3.31 (1H, m, Glc-5), 3.47, 3.71 (% 1H, m,
Glc-6); '*C-NMR (125 MHz, DMSO-ds) 6: 127.9 (C-1),
114.2 (C-2), 149.4 (C-3), 148.6 (C-4), 115.6 (C-5), 124.4
(C-6), 136.5 (C-7), 1272 (C-8), 172.4 (C-9), 130.7
(C-1"), 113.2 (C-2"), 149.1 (C-3"), 148.0 (C-4"), 1123
(C-5"), 121.3 (C-6"), 36.4 (C-7"), 38.6 (C-8), 69.7 (C-9"),
55.9 (3-OMe), 55.8 (3'-OMe), 56.2 (4'-OMe), 100.2
(Gle-1), 73.6 (Glc-2), 77.6 (Glc-3), 70.0 (Glc-4),
77.3 (Gle-5), 61.1 (Gle-6). PA_E i H i 5 SClk ik
B, Btk e 12 NRHANEE B 1, %1k
EY AR R YRS o SR 2 .

&Y 13: HEAERE (FED. UV &N
365nm R4 HOE, 254nm N EREHE. 10%57 FR-
LEEJLEE . 'TH-NMR (500 MHz, DMSO-de) 6:
7.38 (1H, brs, H-2), 6.90 (1H, d, J = 8.5 Hz, H-5),
7.33 (1H, brs, H-6), 7.44 (1H, brs, H-7), 3.67 3H, s,
3-OMe), 6.74 (1H, brs, H-2"), 6.71 (1H, d, J = 8.5 Hz,
H-5"), 6.67 (1H, d, J = 8.5 Hz, H-6'), 2.97 (1H, m,
H-7'a), 2.54 (1H, m, H-7'b), 3.92 (1H, brs, H-8"), 4.21
(1H, t-like, H-9'a), 4.15 (1H, d, J = 8.5 Hz, H-9'b),
3.57 (3H, s, 3'-OMe), 3.92 (3H, s, 4'-OMe); '*C-NMR
(125 MHz, DMSO-ds) d: 126.9 (C-1), 112.1 (C-2),
149.1 (C-3), 146.9 (C-4), 112.1 (C-5), 124.7 (C-6),
136.9 (C-7), 126.1 (C-8), 172.5 (C-9), 130.9 (C-1"),
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113.6 (C-2"), 148.3 (C-3"), 147.9 (C-4"), 112.9 (C-5"),
121.4 (C-6"), 36.4 (C-7"), 39.3 (C-8"), 69.4 (C-9"), 55.8
(3-OMe), 55.6 (3'-OMe), 56.5 (4'-OMe). 1L &4 13
MRS 12 AL 1 ANEaREE, AR —
. WMUEES 13 NRHIANEE BI3L,

EY) 14: AEERRG S (FED. 10%6 K-
B A N, "TH-NMR (500 MHz, DMSO-ds) 6:
5.83 (1H, brs, H-7), 1.22 (3H, s, H-21), 1.21 (6H, s,
H-26, 27), 0.98 (3H, s, H-18), 0.91 (3H, s, H-19);
BC-NMR (125 MHz, DMSO-ds) &: 37.4 (C-1), 68.7
(C-2), 68.5 (C-3), 51.8 (C-5), 206.5 (C-6), 122.2
(C-7), 168.0 (C-8), 35.1 (C-9), 39.3 (C-10), 21.1
(C-11), 31.8 (C-12), 48.5 (C-13), 85.3 (C-14), 32.5
(C-15), 21.6 (C-16), 50.6 (C-17), 18.1 (C-18), 24.5
(C-19), 77.9 (C-20), 21.5 (C-21), 78.5 (C-22), 27.4
(C-23), 42.4 (C-24), 71.3 (C-25), 29.8 (C-26), 29.0
(C-27)o LA Bl 5 sokdiE — s, i e
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