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Flavonoids from the Roots of Rhodiola sachalinensis

Yeon Ah Lee, Soo Min Cho and Min Won Lee*
College of Pharmacy, Chung-Ang Univ., Seoul 156-756, Korea

Abstract — Chemical investigation of the roots of Rhodiola sachalinensis A. Bor. (Crassulaceae) has led to the isolation of four
flavonoids. Structures of these compounds were identified as kaempferol-3-O-3-D-glucopyranoside (1), kaempferol-3-O-B-D-
sophoroside (2), ‘herbacetin-3-O-B-D-glucopyranoside (3) and herbacetin-7-O-f-D-glucopyranosyl(1 —3)-o-L-thamnopy-
ranoside (4) by the analysis of spectroscopic evidences and comparision with the data of authentic samples.
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monoterpene glycoside, cyanoglycoside, phenethyl glyco-
side, aliphatic glycoside, phenylpropanoid, proanthocy-
anidin 5-& Rt 53] R roseaZF-EE tricin, tricin-
7-0-B-D-glucopyranoside, tricin 5-O-B-D-glucopyranoside,
herbacetin-7-O-o-L-rthamnopyranoside (thodionin), herba-
cetin-7-0-(3"-O-B-D-glucopyranosyl-o-L-rhamnopyranoside
(thodiosin), herbacetin-7-O-0-L-thamnopyranosyl 8-O-B-D-
glucopyranoside (thodionidin), herbacetin-3-O-3-D-glucopy-
ranosyl 8-O-B-D-xylopyranoside (rhodalidin), herbacetin-8-
O-B-D-xylopyranoside (thodaliny5-¢] B 5o} tt>” &
H B AFREL R sachalinensis2F-E] kaempferol, kae-
mpferol-7-O-o-L-rhamnopyranoside, herbacetin-7-O-o.-L-
rthamnopyranoside 2 flavolignan 1 rhodiolinin 5] flavo-
noidE EFT w4 S3HEe] it @Al thele] By
3 v} glo)?

B ArMEs THRAR. sachalinensis)®) flavonoid 3t
e it A&AA AFE N=dke 4F9) flavonoid
g 27}z BaRon, ol A% olshers 44
IR, UV, MS, NMR5<] 7|7]%4 A5E 3|43} kaemp-
ferol-3-O-B-D-glucopyranoside (1), kaempferol-3-O-B-
D-sophoroside (2), herbacetin-3-O-f-D-glucopyranoside
(3) ¥ herbacetin-7-0-B-D-glucopyranosyl (1—3)-a-L-
rhamnopyranoside ()2 TZ& 3 th 0]4d9 4% 9
flavonoid= 73 (R. sachalinensis)®) BelNA= A2
oz dAHAT
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el #21e UVilampe} FeCl, 2 10% H,S0,EF 5 7}
d) NS ARSIt A A= nlET d= Amberlite
XAD-2(20-50 mesh, Fluka), Sephadex LH-20(75-230 um
mesh, Pharmacia), MCI CHP-20P(75-150 um, Mistubishi),
YMC ODS-A(230/70, 400/230, 500/400 mesh, YMC Co.)
£ A8, IR spectrophotometers= Shimadzu IR-435
(Japan), NMR spectrometers= Varian GEMINI 2000(USA),
300 MHz % Brucker AMX-500(Germany), 600 MHZ(IH-
NMR)E AH&-3191 2, negative FAB MS spectrometers= VG
70-VSEQ(England)ys AM8-3}$13L, polarimeter= Jasco DIP-
370(Japan)yS ARE-E}3ITH

=& 9 &2

S43 AE 50kgS T T 100% EtOHZ ‘2004
F&3t] AF3IATE L FE2AE 50°CAA A B5T
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3o} £8)3-13} compound 3(70 mg)yS B, £F3-19
3] Sephadex LH-20 BHAZrE 289 (&) : H,O—
MeOH)E 2 A3l compound 2(55 mg)2 compound 4
47T mg)E LAY A £F2-394E YMC ODS gel &
HAZolE 28] 340% MeOH)E 24138+ compound 1
(67 mgyg LA},
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Compound 1

Brown powder, [a]*, : -130.4%(c=1.0, acetone), IR vKEr
cm’ : 3264 (OH), 1655 (OH), 1607, 1507 (aromatic C=C),
1063 (glycosidic CO), Negative FAB MS : m/z 447 [M-
HT, 'H-NMR (DMSO-d;, 300 MHz) 6 12.60 (OH-5), 8.02
(2H in total, d, J/=9.0 HZ, H-2', 6", 6.86 (2H in total, d,
J=90Hz, H-3, 5", 641 (1H, d, J=1.8 Hz, H-8), 6.19 (1H,
d, J=1.8 Hz, H-6), 5.44 (1H, d, J=7.2 Hz, gle-1), "C-
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NMR (DMSO-d,, 75 MHz) : § 177.8 (C-4), 1644 (C-7),
161.5 (C-5), 160.2 (C-4"), 156.7 (C-9), 156.6 (C-2), 1334
(C-3), 131.1 (C-2, 6", 121.1 (C-1"), 1153 (C-3', 59, 104.2
(C-10), 101.0 (glc-1), 98.9 (C-6), 93.8 (C-8), 77.6 (glc-3),
76.5 (gle-5), 74.3 (gle-2), 70.0 (glc-4), 60.9 (glc-6)

Compound 2

Brown powder, [(x]ZOD : -107.5°(c=0.4, acetone), IR vKE!
cm™' : 3347 (OH), 1658 (OH), 1608, 1505 (aromatic C=C),
1070 (glycosidie CO), Negative FAB MS : m/z 609 [M-
H], 'H-NMR (DMSO-d,, 300 MHz) : § 12.68 (OH-5),
8.11 (2H in total, d, J=8.8 Hz, H-2', 6, 6.91 (2H in total,
d, J/=8.8 Hz, H-3', 3", 6.44 (1H, d, J=1.5 Hz, H-8), 6.20
(1H, d, J=1.5Hz, H-6), 5.73 (1H, d, J=6.9 Hz, glc-1), 4.61
(1H, d, J/=7.2 Hz, glc-1"), PC-NMR (DMSO-d,, 75 MHz) :
8 177.7 (C-4), 164.7 (C-7), 161.5 (C-5), 160.2 (C-4"),
156.5 (C-2), 155.4 (C-9), 133.0 (C-3), 131.1 (C-2', 6",
121.1 (C-1), 1153 (C-3, 5", 104.7 (C-10), 103.9 (glc-1",
98.8 (C-6), 98.0 (glc-1), 93.7 (C-8), 81.9 (glc-2), 77.7
(glc-3), 76.9 (glc-3), 76.3 (glc-5, 5), 74.0 (glc-2"), 69.6
(glc-4), 69.5 (glc-4), 65.8 (gle-6), 60.5 (glc-6)

Compound 3

Brown powder, [0]*p : -89.2°(c=1.0, MeOH), IR vEE:
cm™ : 3347 (OH), 1658 (OH), 1608, 1505 (aromatic C=C),
1074 (glycosidic CO), Negative FAB MS : m/z 463 [M-
H]", 'H-NMR (DMSO-d,, 300 MHz) : § 12.06 (5-OH),
8.12 (2H in total, d, J/=8.7 Hz, H-2, 6), 6.86 (2H in total,
d, J=8.7 Hz, H-3', 5, 6.28 (1H, s, H-6), 5.45 (1H, d,
J=6.9 Hz, g-1) *C-NMR (75 MHz, DMSO-dy) : 3 61.0
(glc-6), 70.0 (glc-4), 744 (glc-2), 76.6 (glc-5), 77.6 (glc-
3), 98.7 (C-6), 101.1 (gle-1), 103.9 (C-10), 115.3 (C-5"),
115.4 (C-3), 1214 (C-1), 125.0 (C-8), 131.3 (C-6), 131.8
(C-2)), 1332 (C-3), 145.1 (C-9), 153.0 (C-2), 153.5 (C-7),
156.4 (C-5), 160.2 (C-4), 178.1 (C-4).

Compound 4

Yellow powder, [a]’, : -53.3%(c=1.0, MeOH), IR vEE:
cm’ ;3287 (OH), 1657 (C=0), 1571, 1512 (aromatic C=C),
1074 (glycosidic CO), Negative FAB MS : m/z 609 [M-
HT, '"H-NMR (DMSO-d,, 600 MHz) : 8 11.87 (1H, s, 5-
OH), 8.14 (2H in total, d, J=8.9 Hz, H-2, 6, 6.93 (2H in
total, d, J=89 Hz, H-3", 5, 6.59 (1H, s, H-6), 5.53 (1H, s,
rha-1), 449 (H, d, J=7.7 Hz, gle-1), "C-NMR (DMSO-d,,
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75MHz) : & 17.9 (tha-6), 61.0 (glc-3), 69.1 (rha-5), 69.5
(tha-2), 70.0 (glc-4), 70.6 (rha-4), 74.1 (glc-2), 76.4 (glc-
3), 76.9 (glc-5), 81.0 (rha-3), 98.6 (rha-1), 99.3 (C-6),
104.6 (C-10), 104.9 (glc-1), 115.7 (C-3', 5", 122.0 (C-1"),
127.5 (C-8), 130.0 (C-2', 6), 136.1 (C-3), 144.7 (C-9),
147.7 (C-2), 149.7 (C-7), 151.8 (C-5), 159.6 (C-4"), 176.7
(€4

g o nF

Compound 12> ZH EUZ FeCl, Al Mg+HCI ¥H$-
o 944 JERNIL, IR spectrumolA] 3264 cm 'olA OH
7], 1655 cm ™ "ollA} OH, 1607, 1507 cm "ol}A] aromatic ©|%-
A, 1063 cm oA glycosidic CO} 73+ &7} Yeht
flavonoid ¥IGA Y-S & & AL

'H-NMR spectrum®| 4l §5.449 4 glucose$] anomeric
proton®] doublet(J=7.2 Hz)° 2 UERIY., A ring®] H-6, H-
8°] meta coupling@l<] I signal®] § 6.19, 6.41914 z+z}
1H®] doublet(J=1.8 Hz) 2.2 5,7-dihydroxylation pattern-s-
LERIO™| B ring® A,B, type® 2 H-3, H5' 2 H2, H-
6l aidshe Aol 74zt 2HS] doublet(/=9.0 H) 2. =
AZEY T §12.600014 1HY singleto] Vel e AL
2 Hol {2 OWI7F EAIES & = AU

PC-NMR spectrumelAE kaempferolt BIw58193E W C-
2, C-47} ZH2} 494, 1.4 ppmr® AR shift =32, C-39] §
13342 -2.6 ppm LA shift H&= RS E Hol C39
o] X &= o] glycosylation shift’} ol A& & F U
o} & § 1010, 776, 76.5, 74.3, 70.0, 60.9914 Bl i
3l glucose signale] YERY} B )
ATt

olde] 71714 At Bl vluE

O

T2 glucose 9 ¢

¥

53l 12 kaemp-
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ferol®) C-39] OHOl glucose”} A=) = kaempferol-
3-0-B-D-glucopyranoside(astragalin)® 24157 siir}.”

Compound 2= ZH4 B2 FeCl, A7 Mg+HCl S
o] %S UENZ, IR spectrumolA] 3347 cm 'ollA] OH
7], 1658 cm™'¢i*] OH, 1608, 1505 cm " aromatic ©]%
A%, 1070 cm oA glycosidic COY) 73 F47F YER}
flavonoid BIEA & & 5 A3}

'H-NMR spectrumol] & 5.73¢l14] <] anomeric proton
o] doublet(J=6.9 Hz)S>.Z Ye}stZ, B dhute] o ot
anomeric proton®] & 4.61° doublet(/=7.2 Hz)°Z YERT}.

=3+ A-ring®] H-6, H-80] meta couplingdted 2 Al1d
o] § 6.20, 644914 Z}Z+ 1HS] doublet(J=1.5 Hz) 2= 5,7-
dihydroxylation patterns WEFHSL, B-ring2 A,B, type®=
H-3', H-5' 2 H-2, H-69) 3]33}E signale] zHzk 2HS]
doublet(J=8.8 Hz)o.& #a o] Lyept}.

gk § 12.68914 1HY singlet] UElbs A 0= Hot
#2 owI7h EAgkE: & & AT

g PC-NMR spectrumeM= kaempferol} H|23HAS
) C-2, C-47+ 22+ 49.3, 1.3 ppm AR shift 152, C-39]
§133.0¢.2 -3.0 ppm ZAPY shift == A0E Hol C-39
Zo] x]g5lo] glycosylation shift7} dojd RS & & AU
Sict. gol| sl signate § 98.0, 81.9, 77.7, 763, 69.6,
65.8 2 103.9, 76.9, 76.3, 74.0, 69.5, 60.5%14 e} 27]
9] glucose”t EAITE & 5 I

ol el 771 Aol E37e] HlwE F3f 28 kaemp-
ferol®] C-39) OHOl| B-D-glucose”}t 271 A U=
kaempferol-3-O-B-D-sophoroside® <1574 3tgitt."”

Compound 32 ZH B22 FeCl, A3} Mg+HCH ¥H8-
o 9L UJERI, IR spectrumlA] 3347 cm 94 OH

71, 1658 cm 'ol|A] OH, 1608, 1505 cm X aromatic ©15-
A%}, 1074 cm oA glycosidic COL) 743 F7F Ueht
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flavonoid MEA S & = ST

'H-NMR spectrum®l 4] §5.4591 4] glucose2] anomeric
proton®] doublet(J=6.9 Hz) 2.2 E}SEAL, flavonoid®] A
ringol] &3+ =4 signalo] § 6.28914 1HS] singleto = L}
Elgoll w2t A ringoll= 32H|o] X|Bo] dojdt Ao s F
Aol ¥, Bring A,B, type2E H-3, H-5' & H-2,
H-691 3193l signalel Z+2F 2HS| doublet(J=8.7 Hz)2. 2
AAE o B3t § 1206014 1HY singlet©] YeR-k= A
o= wol 52 oWVt EAEE ¢ F U ol ol
A g F2 A== 3, 5, 7, 8, 4-pentahydroxyflavonol
9l herbacetin moiety}! A= meto] HUct,

A PC-NMR spectrum®l £ herbacetind} B35} &
u C-2, C-47F 247} 493, 1.0 ppm ARA shift Haz, C-3¢]
§ 13322 2.9 ppm AP shife T A0= Ho} €39 7
o] x|8k%]o] glycosylation shift7t Lot AS & + U
v} = Fo] 32l signal § 101.1, 77.6, 76.6, 74.4,
70.0, 61.0004 VR, o)A 02 e glucose Y &
UARTH

opde] 717184 Az} B8] data®}” HIZE 32 herba-
cetin®] C-32] OHoll glucose’t A= S+ herbacetin-3-
O-B-D-glucopyranoside= 15}51ch.

Compound 4= 5=h BL= FeCl, A3 Me+HCI vt
8ol 9PdS JERNT, IR spectrumellA] 3287 cm oM OH
71, 1657914 C=0, 1571, 1512cm oA} aromatic ©1%52
sto] Szt Ve, 1074 e oA glycosidic CO7F
Zhas]o] flavonoid MBH A& & AU

3 Negative FAB MS Z=F EZ ol = m/z 60991 A
molecular ion peakE & 4= ATt

'H-NMR spectrum®llAl § 5.53914] thamnosedl] ]38+ 210
2 2R %)= anomeric proton®) singlet® E JEVRIL, §
449014 glucosedl] 23+ F S 2 FH = anomeric proton
o] doublet(J=7.7 Hz)S-Z YERHTE. A ring®] H-6 A 1E0]
5 6.59914 Z¥z} 1HS) singlet® 2 VEFHSL, B ring H-3,
H-5' 2 H-2, H-6% 3133l signal®] A,B, typel= ¥
H000 §11.87914 1HE] singleto] YER}E Z10E Hot
Fd) OHZI7F EAEE & 4 AUk o4 signal pattern
o2 Hol 49| aglycone 37 72 herbacetin moietyE 7}
27 910 BC.NMR spectrumoll A AR Bajw
8l B} Sl herbacetin-7-O-0-L-rhamnopyranosidest 2] &
2|8} aglycone?| siganl patterns U ERM|= HOE Hot
Fo] AR TR §AZ Heto] HIUTH

<
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w3 BC-NMR spectrum®ll A& § 98.6, 81.0, 70.6, 69.5,
69.1, 17.991 4] rhamnose2] signal¥} & 104.9, 76.9, 76.4,
74.1, 70.0, 61.0914 glucosel] 213t signalo] VR =, 4
= herbacetin®] 74 ¥42] OH groupell thamnose?t glucose
7} AgERoH A4S 'H-"H COSY spectrume] 4]
rhamnose®) 3 442 8181913, 'H-"C COSY spectrum
oM cross correlations LERE AAPEC R shiftdl tham-
nose2] 3 EEAE § 823004 #l&ith &, rhamnose®]
3 BT} )9} o] AR shifidh AOEFE glucose
7} thamnose®] 391 BAe] OHoll 2%E 7oz FHE &<
By

olA}e] 717184 A2 4= herbacetin-7-O-B-D-glucopy-
ranosyl(1—3)-o-L-thamnopyranoside= &2 - 54 3133t 9

At At

o] =8-& 20013 E Fothsla shdH] Xl 9
(o]
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