*214 ¢ ¢ $ % Chinese Traditional and Herbal Drugs 35 47 % 2523 20161 A

KT B R EMEA LR AT

'fgﬁ/{d_% 1,2,3’ 1% %—?1,2,3’ X',] §1,2,3, ﬂﬁﬁ1,z,3, _/g\.x,}g 1,2,3’ i«i‘t&"‘}’ 1,2,3’ % 4% 1,2, 3*
L VLIRS ZN R A RAR, L Ea¥# 222000

2. WARIZE A EZE LGS, LI Eois 222000

3. PAERIORHIR R AR T S s, VLR ERWE 222000

i E. BB WAL UK Rhodiola crenulata TR MR ZEM . ik FIHRERERA GRS, F A A
J7iEoY Ltk R ESI-MS. 'H-NMR. “C-NMR Z5HURIAEH AR TG % . R M RTELL R REEIR OB A7 50 25
214 MEED), S EE N 3,5- SR HE-3047- = FAESE T (1D, 3,5,7,3-PUSREE I (2), 5,4- 85873 - A AN
fid (3D Wy (4). LA 1-3-0-B-D-ML I H AT HEH (5)+ 4 -3-0-0- LML A (6) NFEHF (7). /I E-7-0-B-D-
NEL I R TR (8D M 26 (9D #it iz E-3-0-B-D-MLIR R A5 B (10D #iH) 35-3-0-0-L-ME IR R AHE T (1), Hf %-3-0-B-D-
LRI (12D, HRER-7-0-B-D-ILm B AR (13D, HE-7-0-0-L-WLR AT (14D, 4518 tha) 1~3 b
W SR B 5y 851538, 5~6. 8. 10~13 Ny E XM ZAEY /3 25155,

KRR KACA K 3,5- F80k-3"4"7- = A L35/ 3,5,7,3-DUFRIL R ; 5,4'- ¥R %L-7,3"- AL IR ; #i % R -3-0-0-L-
nEE IR R 2=

HESES: R284.1 MHRFRESED: A XEMS: 0253 -2670(2016)02 - 0214 - 05

DOI: 10.7501/j.issn.0253-2670.2016.02.006

Flavonoids from roots and rhizomes of Rhodiola crenulata
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Abstract: Objective To study the chemical constituents from the roots and rhizomes of Rhodiola crenulata. Methods The chemical
constituents were isolated by repeated silica gel chromatography and medium pressure column chromatography. Their structures were
identified by various spectroscopic data including ESI-MS, 'H-NMR, and *C-NMR data. Results Fourteen compounds were isolated
from the ethyl acetate fractions of R. crenulata including 3,5-dihydroxy-3',4’,7-trimethoxyflavone (1), 3,5,7,3'-tetrahydroxyflavone (2),
5,4'-dihydroxy-7,3'-dimethoxyflavone (3), kaemnpferol (4), kaemnpferol-3-O-B-D-glucopyranoside (5), kaemnpferol-3-O-a-L-
rhamnopyranoside (6), tricin (7), tricin-7-O-B-D-glucopyranoside (8), quercetin (9), quercetin-3-O-B-D-glucopyranoside (10),
quercetin-3-0-a-L-rhamnopyranoside (11), herbacetin-3-O-B-D-glucopyranoside (12), herbacetin-7-O-p-D-glucopyranoside (13), and
herbacetin-7-O-a-L-rhamnoside (14). Conclusion Compounds 1—3 are isolated from the plants in Rhodiola L. for the first time,
compounds 5—6, 8, 10—13 are obtained from this plant for the first time.

Key words: Rhodiola crenulata (HK. f. et Thoms.) H. Ohba; 3,5-dihydroxy-3',4',7-trimethoxyflavone; 3,5,7,3'-tetrahydroxyflavone;
5,4'-dihydroxy-7,3'-dimethoxyflavone; quercetin-3-O-0-L-rhamnopyranoside
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WAl RARE B2 Ay, BAPUMRR, #i
L0 I P TaN W | =22 N1 i 5 AL 2 AN
SRIFT BRIl B8 g Sy S 2B B34k,
B SCHR AR ™2 B R R LR Y AT
ZAERAN, KRACLL R R Z R AT B P eAE
FHUOL, o1 5 R A 2 o) A AR R P,
U B %, e SR SRR AT
SR BRI i MR, 1T
BRI ZE B AN . PRI, DRI SR
IR, DWORAELL SRR L8 e 1T B
Froy st 2] 14 MEEREY, Hal%eEh 3,5
TR 4 7- = AL (3,5-dihydroxy-3',4",7-
trimethoxyflavone, 1)+ 3,5,7,3"-PU 2L 3l (3,5,7,3'-
tetrahydroxyflavone, 2). 54'-—Ft5t-7,3'- " HI5 I
i (5,4'-dihydroxy-7,3'-dimethoxyflavone, 3). 1lI
A (kaemnpferol, 4). tLZ519)-3-O-B-D- kMR i %
B (kaemnpferol-3-O-B-D-glucopyranoside, 5).
LI A5y -3-0-0-L-ML i B 2505 (kaemnpferol-3-0-a-
L-rhamnopyranoside, 6). /N IHZE (tricin, 7). /)
% W # -7-0-B-D- Wt I % % B% 1 Ctricin-7-O-B-D-
glucopyranoside, 8). #ifzF (quercetin, 9). #i}z
3 -3-0-B-D- It W % % B 1 ( quercetin-3-O-B-D-
glucopyranoside, 10). #it5 55-3-0-a-L-ML I R 2= b
1 (quercetin-3-O-a-L-rhamnopyranoside, 11). ¥
Jit %5 -3-0-B-D- L e i 2 B 15 Cherbacetin-3-O-B-D-
glucopyranoside, 12). HLJ5i % -7-O-B-D-ML i i % K
1F (herbacetin-7-O-B-D-glucopyranoside, 13). )i
% -7-0-0-L- ML T F 25 ¥ HF  Cherbacetin-7-O-a-L-
rhamnoside, 14). L&Y 1~3 HE RN S K)E
Ao 31338, A 5~6. 8. 10~13 K
MAZFEY I3 B AT 3
1 #RFNLEE

Reveleris R Hil 5 ik (32 HE GRACE A
"), FCPUseHE. UV, ELSD il 3, Hil&k: (250
mmX21.2mm, H#]); Bruker-AV-400 BYAZ IR
JeHAX (Bt -t Bruker A7]); AE 240 HL 720 H7 KT
(Fit--: Mettler 24 %)); Agilent 1290-6538 ¥ 51 1X
([ Agilent AF]); XT 5 BAE Sl (b
BHMYCHIEAES) D ZF-7 BRI (Rl
FRERER AT YMC-Cig, Kif% 50 um (HA
YMC A #]); Sephadex LH-20 (Pharmacia 2] );
FEEIERERL (200~300 H, # BifEEL T D)5 95%
Ol (G, ERIKATNEARAED; K (=

ZK, AHD; HEE (fakali, Oceanpak, Fijl),
Al SRR BER OFE. RS AT ek
A Co A 2R PR A 7D

KACL 50K Rhodiolae Crenulatae Radix P58 T
2013 4F 6 AW A 2 M2ttty G=H: 141D,
27 5P R 25 K5 R B AR S e O KR R
Rhodiola crenulata (HK. f. et Thoms.) H. Ohba T4
IR B ARZE, drA (20130601) A7 TV H4 24
M7 PR 2 Fl bR AR
2 REBS5SE

UKL 52K 10.0 kg, UL 8 58 75% LRI
PRI 3 K, BFK 2h, PREUEIRYE, fHRRE 7L,
WA T K, KA. BSR MR 15T
BEARI, 4> BIA B4 MR, (156 ) BEIR L1
A7 (286 g+ IE T BEHAT (273 g)o BHIR LPEAHL
WAAE AT A%, — U bE-FEE (100 1 0—~0 : 100)
FREEVEN, TLC A& I3 6 M (Fr. 1~6),
Fr. 2 Ak AT A%, — & e-FEE (100 0 110 :
1) BEEEVEML, T2 Sephadex LH-20 AL{aif, LL—
FHP-HEE (10D Peligith, #Etkaw1 (1
mg). 4 (20 mg). 6 (18 mg). 7 (15mg). 8 (13 mg);
Fr. 3 ZmEfAE, & He-HmE (100 1—1: 1) £
JEVEE, T2 Sephadex LH-20 AE (AR, L& -
HEE (101D Peligith, 92845699 (16 mg).
12(17 mg); Fr. 4 A RCAE (B, — S0 H be- HEEC6 -
1—1: 1) BEEYLME, FF4E Sephadex LH-20 FE ¢4,
DL S Re-FmE (10 1D Peligife, B2 5 3
(9mg). 5 (15mg). 10 (12 mg); Fr. 5 LrERAE
i, “RTFR-FHEE (100110 1) BRIV,
AR ODS Mt LI FEEK (81 1—0: 1) £
FEVEME, B MR 13 (25 mg); Fr. 6 L4k
JAE s, AR (10 D 110 1) BREEUE
Jii, P4 AR ODS Mk, DLFIEE-/K (5110
1) BAEEYEN, fi)5 4 Sephadex LH-20 AL, DA
AT (10 D sl aife, 152 E Y 2 (10
mg). 11 (16 mg). 14 (21 mg).
3 GHHEE

&1 AR K, ESI-MS m/z: 345 [M+H]'.
'H-NMR (400 MHz, DMSO-ds) J: 3.82, 3.87, 3.87
(9H, s, 3X-OCHj), 6.37 (1H, d, J = 2.2 Hz, H-6), 6.78
(1H, d, J = 2.2 Hz, H-8), 6.98 (1H, d, J = 8.4 Hz,
H-5'), 7.63 (1H, dd, J = 8.4, 2.0 Hz, H-6'), 7.67 (1H, d,
J =2.0 Hz, H-2"), 9.91 (1H, s, 3-OH), 12.60 (1H, s,
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5-OH): *C-NMR (100 MHz, DMSO-dq) d: 55.8, 56.1,
59.8 (3X-OCHj;), 92.4 (C-8), 97.8 (C-6), 105.1
(C-10), 112.0 (C-5"), 115.6 (C-2), 120.8 (C-6"), 122.3
(C-17), 137.9 (C-3), 147.3 (C-2), 147.5 (C-3"), 149.9
(C-4"), 156.2 (C-5), 160.7 (C-9), 165.1 (C-7), 178.0
(C-4)o VL -Hdfs 5 ik s A — 5, ik fh
G N 3,5- R A3 4 T- = RSN

& 2. $E 0K K, ESI-MS m/z: 287 [M+H]'.
'H-NMR (400 MHz, DMSO-d;) d: 6.16 (1H, d, J=2.0
Hz, H-6), 6.45 (1H, d, J = 2.0 Hz, H-8), 6.66 (1H, s,
H-2'), 6.87 (1H, d, J = 7.0 Hz, H-4"), 7.38 (1H, t, J =
7.0 Hz, H-5"), 7.42 (1H, d, J = 7.0 Hz, H-6));
BC-NMR (100 MHz, DMSO-d) d: 94.3 (C-6), 98.9
(C-8), 103.3 (C-10), 114.3 (C-2'), 115.9 (C-4"), 117.1
(C-5"), 122.9 (C-3), 130.6 (C-6"), 131.0 (C-1'), 147.3
(C-3"), 147.8 (C-2), 156.1 (C-5), 160.9 (C-9), 164.5
(C-7), 176.0 (C-4)o VA_E-Hidi 5 Scikapos SeA—5,
ML A Y 2 o 3,5,7,3 - DU R LT

&) 3. s EHIRE i (HEE), mp 222~224
‘C, ESI-MS m/z: 315 [M+H]". 'H-NMR (400 MHz,
DMSO-d) 6: 3.86, 3.89 (6H, s, 2 X -OCHj3), 6.38 (1H,
d, J=2.0 Hz, H-6), 6.78 (1H, d, J = 2.0 Hz, H-8), 6.92
(1H, d, J = 8.5 Hz, H-5"), 6.94 (1H, s, H-3), 7.58 (1H,
d, J = 2.0 Hz, H-2'), 7.60 (1H, dd, J = 2.0, 8.5 Hz,
H-6'), 12.98 (1H, s, 5-OH); "C-NMR (100 MHz,
DMSO-dg) J: 56.0 (2X-OCHj3), 92.3 (C-8), 98.1
(C-6), 103.4 (C-3), 104.8 (C-10), 110.3 (C-2'), 115.9
(C-5"), 120.5 (C-6"), 121.4 (C-1"), 148.1 (C-4"), 150.8
(C-3"), 1574 (C-9), 161.3 (C-5), 164.0 (C-2), 165.3
(C-7), 182.0 (C-4). LA %t 5 Scpikdiisg s A 55",
MO EE Y 3 o 5,4 LT 3 AR

E) 4. mEAEARE 5 (TR, mp 276~278
‘C, EI-MS m/z: 286.0 [M]". 'H-NMR (400 MHz,
DMSO-dg) 6: 12.49 (1H, s, 5-OH), 10.77 (1H, s,
7-OH), 10.12 (1H, s, 3-OH), 9.36 (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"), 6.45 (1H, d, J = 2.0 Hz, H-8), 6.18 (1H, d,
J=2.0 Hz, H-6); "“C-NMR (100 MHz, DMSO-dy) 6:
93.5 (C-8), 98.3 (C-6), 103.2 (C-10), 115.4 (C-3', 5"),
121.6 (C-1'), 129.6 (C-2', 6"), 135.6 (C-3), 146.8
(C-2), 156.3 (C-5), 159.1 (C-4'), 160.7 (C-9), 163.9
(C-7), 175.8 (C-4)o VA_FHidi b5 ek SeA—,
M se o) 4 Ay

EY S: RIEER A, ESI-MS m/z: 449 [M+
H]". 'H-NMR (400 MHz, DMSO-d;) 6: 5.46 (1H, d,
J=17.5Hz, H-1"), 6.22 (1H, d, J = 2.0 Hz, H-6), 6.43
(1H, d, J=2.0 Hz, H-8), 6.88 (2H, d, J = 9.0 Hz, H-3,
5%, 8.04 (2H, d, J = 9.0 Hz, H-2', 6), 10.18 (1H, s,
4-OH), 10.86 (1H, s, 7-OH), 12.60 (1H, s, 5-OH),
3.08~3.58 (6H, m, Glc-H-2"~6"); “C-NMR (100
MHz, DMSO-dg) d: 93.6 (C-8), 98.6 (C-6), 104.0
(C-10), 115.0 (C-3', C-5'), 120.7 (C-1"), 130.8 (C-2,
C-6'), 133.2 (C-3), 156.2 (C-2), 156.5 (C-9), 159.9
(C-4), 161.2 (C-5), 164.0 (C-7), 177.4 (C-4), 60.8
(Gle-C-6"), 69.9 (Gle-C-4"), 74.2 (Gle-C-2"), 76.4
(Gle-C-3"), 77.4 (Gle-C-5"), 100.8 (Gle-C-1"). DAL
Kot ks REA S, W et A s il
A5 13-3-0-B-D-NH It i 25 B 7

WEW 6: i (HEE), mp210~212 C,
ESI-MS m/z: 433 [M+H]". 'H-NMR (400 MHz,
CD;0D) 6: 6.22 (1H, d, J = 1.8 Hz, H-8), 6.36 (1H, d,
J = 2.0 Hz, H-6), 6.93 (2H, d, J = 8.0 Hz, H-3', 5'),
7.78 (2H, d, J = 8.0 Hz, H-2', 6'), 12.62 (1H, s, 5-OH),
Rha: 1.23 (3H, d, J = 8.0 Hz, H-6"), 3.42~4.04 (4H,
m, H-2"~5"), 538 (IH, d, J = 12 Hz, H-1");
BC-NMR (100 MHz, CD;0OD) J: 94.8 (C-8), 99.9
(C-6), 105.9 (C-10), 116.5 (C-3', 5"), 122.9 (C-1"),
131.9 (C-2/, 6'), 136.3 (C-3), 158.9 (C-9), 159.3 (C-2),
161.8 (C-4"), 163.0 (C-5), 166.3 (C-7), 179.5 (C-4),
Rha: 17.7 (C-6"), 71.9 (C-5"), 72.4 (C-3"), 73.0
(C-2"),73.9 (C-4"), 103.4 (C-1"). LA % 5 Sk
AR, W E A 6 1L ZS-3-0-0-L-
MRS ES 2B T

a7 HEEE (HFEE, mp 289~291
‘C, ESI-MS m/z: 353.0 [M+Na]". 'H-NMR (400
MHz, DMSO-dq) 6: 12.90 (1H, s, 5-OH), 7.32 (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-OCH3); “C-NMR (100 MHz, DMSO-ds) &: 56.3
(2-OCHj3), 94.2 (C-8), 98.6 (C-6), 103.6 (C-3), 103.7
(C-10), 104.3 (2', 6'), 120.4 (C-1), 139.8 (C-4"), 148.2
(C-3',5"), 157.1 (C-5), 161.4 (C-9), 163.7 (C-2), 164.2
(C-7), 181.6 (C-4). VA4t 5 ki LA s,
WS e B T I NETE R

AW 8: EOR AR, ESI-MS m/z: 493 [M+H]"
'H-NMR (400 MHz, DMSO-ds) &: 3.89 (6H, s,
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2X-OCHj3), 5.05 (1H, d, J = 7.2 Hz, H-1"), 6.46 (1H,
d, J = 2.0 Hz, H-8a), 6.93 (1H, d, J = 2.0 Hz, H-8b),
7.05 (1H, s, H-3), 7.36 (2H, s, H-2', 6"); "*C-NMR
(100 MHz, DMSO-ds) d: 56.3 (2X-OCHj), 95.4
(C-8), 99.5 (C-6), 103.7 (C-3), 104.5 (C-2', 6), 105.5
(C-10), 120.2 (C-1"), 140.2 (C-5), 148.2 (C-3', 5"),
156.8 (C-9), 161.1 (C-7), 162.9 (C-4"), 164.1 (C-2),
181.9 (C-4), Glc: 60.6 (C-6"), 69.6 (C-4"), 73.2
(C-2"), 76.6 (C-5"), 77.2 (C-3"), 100.1 (C-1"). LA %k
5 Semk I A — Y, RS 8 N
T F-7-0- B-D-MEIs 2 HE

e 9. Ak A. 'TH.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-d) 6: 93.3
(C-6"), 98.2 (C-8), 115.0 (C-2"), 115.6 (C-5'), 103.0
(C-10), 119.9 (C-6'), 121.9 (C-1"), 135.7 (C-3), 145.0
(C-3"), 146.8 (C-2), 147.7 (C-4'), 156.1 (C-5), 160.7
(C-9), 163.8 (C-7), 175.8 (C-4). LA_b- i 15 SC ik
AR, WA 9 ik &,

&Y 10: SEOKAR, ESI-MS m/z: 465 [M+
H]". 'H-NMR (400 MHz, CD;0OD) d: 6.19 (1H, s,
H-6), 6.37 (1H, s, H-8), 6.86 (1H, d, J = 8.1 Hz, H-5),
7.56 (1H, d, J = 8.1 Hz, H-6'), 7.72 (1H, s, H-2"), Glc:
3.24~3.75 (6H, m, H-2"~6"), 525 (1H, d, J = 7.2
Hz, H-1"); “C-NMR (100 MHz, CD;OD) §: 94.9
(C-8), 99.9 (C-6), 105.6 (C-10), 115.9 (C-2"), 117.5
(C-5"), 122.0 (C-1"), 123.3 (C-6'), 135.8 (C-3), 145.7
(C-3"), 149.7 (C-4'), 158.5 (C-9), 159.0 (C-2), 163.0
(C-5), 166.1 (C-7), 179.4 (C-4), Glc: 62.6 (C-6"), 71.3
(C-4"), 75.7 (C-2"), 78.1 (C-5"), 78.4 (C-3"), 104.4
(C-1"). LA 30 5 scikoE S A — 80, s e
A 10 Jyifi i 25-3-0-B-D-NE W H 2 HE o

EW 11 FER A, ESI-MS miz: 449 [M+
H]". 'H-NMR (400 MHz, DMSO-d;) J: 6.20 (1H, d,
J = 1.0 Hz, H-6), 6.38 (1H, d, J = 1.0 Hz, H-8), 6.86
(1H, d, J = 8.3 Hz, H-5), 7.25 (1H, d, J = 1.5 Hz,
H-2'), 7.26 (1H, dd, J = 8.3, 1.5 Hz, H-6"), 12.64 (1H,
s, 5-OH), Rha: 0.8 (3H, d, J= 5.0 Hz, H-6"), 5.23 (1H,
d, J=5.0 Hz, H-1"); “C-NMR (100 MHz, DMSO-d;)
J5: 93.8 (C-8), 98.9 (C-6), 104.3 (C-10), 115.5 (C-5),
115.7 (C-2"), 120.8 (C-6"), 121.2 (C-1"), 134.3 (C-3),

145.3 (C-3), 148.5 (C-4), 156.3 (C-2), 156.6 (C-9),
161.4 (C-5), 164.3 (C-7), 177.8 (C-4), Rha: 17.6 (C-6"),
70.1 (C-5"), 70.4 (C-2"), 70.7 (C-3"), 71.2 (C-4"), 101.9
(C-1")o LAEXds 5 SCmrIiE A 50, etk
HW 11 JgMih i 22-3-0-0- LN SRR

EY 12: O AK. 'H-NMR (400 MHz,
DMSO-ds) J: 6.29 (1H, s, H-6), 6.89 (2H, d, J = 9.0
Hz, H-3', 5'), 8.12 (2H, d, J = 9.0 Hz, H-2', 6'), 8.70
(1H, s, 8-OH), 10.24 (1H, s, 4-OH), 10.58 (1H, s,
7-OH), 12.06 (1H, s, 5-OH), Glc: 5.46 (1H, d, J=7.4
Hz, H-1"); “C-NMR (100 MHz, DMSO-d) 6: 99.0
(C-6), 104.2 (C-10), 121.6 (C-1"), 115.6 (C-3', 5"),
125.3 (C-8), 131.5 (C-2', 6'), 133.4 (C-3), 145.3 (C-2),
153.2 (C-9), 153.6 (C-5), 156.7 (C-7), 160.4 (C-4"),
1782 (C-4), Glc: 61.3 (C-6"), 70.4 (C-4"), 74.7
(C-2"),76.9 (C-3"),77.9 (C-5"), 101.4 (C-1"). LA %k
Wi 5 SRR IE LA — 5, MR A 12
J5i #2-3-O-B-D-MHL e i T

&9 13: KK, ESI-MS m/z: 477.0 [M—
H]". 'H-NMR (400 MHz, DMSO-dq) d: 6.63 (1H, s,
H-6), 6.95 (2H, d, J = 9.2 Hz, H-3', 5), 8.12 (2H, d,
J =92 Hz, H-2, 6), Glc: 5.16 (1H, d, J = 7.4 Hz,
H-1"); “C-NMR (100 MHz, DMSO-ds) J: 176.4
(C-4), 151.5 (C-5), 150.4 (C-7), 159.4 (C-4"), 143.5
(C-9), 147.3 (C-2), 135.8 (C-3), 129.6 (C-2', 6'), 121.8
(C-1"), 115.5 (C-3, 5), 104.6 (C-10), 99.8 (C-6), 97.9
(C-8), Glc: 101.4 (C-1"), 73.2 (C-2"), 75.7 (C-3"),
69.7 (C-4"), 77.2 (C-5"), 60.8 (C-6"). LL_L¥dit5
BRIRGESE A — S0, M A 13 W HRE-7-
O-B-D- ML 8] 2 Bl £ -

A5 14: LREF K, ESI-MS m/z: 449.0 [M—
H] . 'H-NMR (400 MHz, DMSO-d) d: 11.90 (1H, s,
5-OH), 8.16 (2H, d, J = 8.0 Hz, H-2', 6'), 6.97 (2H, d,
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