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Chemical constituents from Rhodiola wallichiana var. cholaensis (1)
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Abstract: Objective To investigate the chemical constituents from the water extract of Rhodiola wallichiana. Methods The
chemical constituents were isolated by repeated dynamic axial compression chromatography, Sephadex LH-20 column
chromatography, and prep-HPLC, and their structures were identified by the basis of spectral data analysis. Results Eleven
compounds were isolated from the water extract and identified to be gallic acid (1), syringic acid (2), tyrosol (3), salidroside (4), 3,4-
dihydroxybenzoic acid (5), 4-hydroxybenzoic acid (6), 4-hydroxyphenylacetic acid (7), p-coumaric acid (8), p-coumaric acid-4-O-p-D-
glucopyranoside (9), benzyl-O-f3-D-glucopyranodide (10), piceoside (11), dihydroconiferin (12), bergeninum (13), rhodiocyanoside A
(14), and 5-hydroxymethylfurfural (15). Conclusion Compounds 7 and 15 are isolated from the plants of Rhodiola L. for the first
time, and compounds 5—6, 8 —12, and 14 are obtained from R. wallichiana for the first time.

Key words: Rhodiola wallichiana (Hook.) S. H. Fu var. cholaensis (Praeger) S. H. Fu; 4-hydroxyphenylacetic acid; piceoside;
bergeninum; rhodiocyanoside A; 5-hydroxymethylfurfural
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Y, JERBUBOE = T B E T E IS,
DA E TR (gallic acid, 1). T &M (syringic
acid, 2). F&EE (tyrosol, 3). ZL5e K1Y (salidroside,
4).3,4- " F I HR (3,4-dihydroxybenzoic acid, 5)+
XFRFEARFFR (4- hydroxybenzoic acid, 6). XfFiik
K48 (4-hydroxyphenylacetic acid, 7). XFEHEIR
W (p-coumaric acid, 8). Xf ¥ K NG IR
4-O-B-D-F %M (p-coumaric acid-4-O-B-D-gluco-
pyranosid, 9) K HE-O-B-D-NLEE H 25 1T (benzyl-
O-B-D-glucopyranodide, 10) =A% (piceoside, 11)-
A MM (dihydroconiferin, 12). & H 3¢ %
(bergeninum, 13). rhodiocyanoside A (14), 5-F}£H
FLREE (5-hydroxymethylfurfural, 15). LA AEY)
715 A MR E R o B A3 2, A 54 5~
6. 8~12. 14 4 HIKM AR FR o #4351,

1 XFES5HH

Bruker-AV-400 % i 61X DAC KAl
FEE S QLINDORRHAA R ARD; Agilent 1260 il
% SRR AH A% (% Sephadex LH-20 (Pharmacia
A7)); Fuji Cig (250 mm X 50 mm, 5 pm) (A4,
Welch Ultimate Polar-RP (250 mmX21.2 mm, 5 pm)
(RS R (A3 £ (OCEANPAKD: 2 Hraliik7) (75
s IR A D .

RAREL SR R st B2 2 K7 58 R BUR A e
K5t REHE W) K AR 40 5% R Rhodiola wallichiana
(HK.) S. H. Fu var. cholaensis (Praeger) S. H. Fu [+
PR B
2 RIS NE

KIRLL SR TR 2K 15 kg, /K FIAHEEL 2 ¥,
BRI 2.5 h, PRHCGHIR SRR 2 R 253001 1/2,
G 95% GREREDT, #HE, B, W BIEWIEIR Ik
Ao VAT A Cis BA 1 1 1.5 LUBIRERE, 4 DAC
SAH S L LG -/K TR BN AHREAT B VeI, 4331 8
MDY Fr. 1~8. Fr. 2 241% 8 HPLC, Wtah#ih &

5 (A) /K (B), 0~60min, 5%~50% A BiEELE
fli. B 5%~50%ZMiE-7K (0~60 min) BEEEVENL,
37 MG Fr. Al~A7. o Fr. Al FR&Hl4 R
HPLC & Sephadex LH-20 [ &4y & 4lifh, 355
Y1 (58 mg). 2 (14mg). Fr. A3 &4 % HPLC,
PLaliZK e 216 &4 14 (37 mg). 15 (12 mg).
Fr. A4 224 £ % HPLC 454 Sephadex LH-20 #: {41
RSy AL, 3315 8 (34 mg). 9 (90 mg).
11 (5mg). 12 (8 mg). Fr. A6 &5 HERIMLAY

13 (218 mg), BRZ4sin/am& i+ HPLC
#38AY 4 (62 mg). 10 (17 mg). Fr. 3 &
Sephadex LH-20 4lift, LA 50% FFEE-/KVENG, 1531
Fr. BI~B7, i Fr. B4 &4 %% HPLC, L 15%~
18% L MiF-7K, 0~50 min BHFEVEML, 152G Fr.
B4-3 ZEtI A E gAY 3 (172 mg); Fr.
B4-5 4% HPLC 4 &, 3214654 7 (22 mg).
Fr. B7 S8EIFE (il & il 457 HPLC 43 &, 3514k
EH15 (20mg). 6 (29 mg).
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EW 1. ToEEHR S (TR, ESI-MS m/z:
169 [M—H] . 'H-NMR (400 MHz, CD;0D) ¢: 7.06
(2H, s, H-2, 6); “C-NMR (100 MHz, CD;OD) &:
1223 (C-1), 146.5 (C-2, 6), 110.6 (C-3, 5), 139.8
(C-4), 170.6 (-COOH). L _I-¥¥s 5 Sriikfiin —5,
W B E 1 AKE TIR.

&9 2: A A, ESI-MS m/z: 197 [M—H] .
'H-NMR (400 MHz, CD;0D) 6: 7.26 (2H, s, H-2, 6),
3.81 (6H, s, 2X-OCH;). "“C-NMR (100 MHz,
CD;0D) d: 122.0 (C-1), 108.5 (C-2, 6), 148.2 (C-3, 5),
141.8 (C-4), 56.1 (-OCH3), 170.2 (-COOH). LA _F%i#
HcwkiiE -8, e a2 b T ER.

&Y 3. Adg s (FEE, ESI-MS m/z: 137
[M—H] . 'H-NMR (400 MHz, CD;0D) 6: 7.06 (2H,
d, J = 8.6 Hz, H-4, 8), 6.74 (2H, d, J = 8.6 Hz, H-5, 7),
3.67 (2H, t, J= 7.0 Hz, H-1), 2.74 (2H, t, J = 7.0 Hz,
H-2); “C-NMR (100 MHz, CD;OD) 6: 63.3 (C-1),
38.2 (C-2), 130.4 (C-3), 129.8 (C-4, 8), 114.5 (C-5, 7),
155.6 (C-6). LA_E% 5 Scikapis — 87, stk
G 3 hEERE .

AW 4: AR R, ESI-MS m/z: 301 [M+H]
'H-NMR (400 MHz, CD;OD) &: 7.06 (2H, d, J = 8.5
Hz, H-2, 6), 6.69 (2H, d, J = 8.5 Hz, H-3, 5), 4.29 (1H,
d, J=7.8 Hz, H-1"), 2.82 (2H, t, J = 7.6 Hz, H-7), 3.18
(2H, m, H-8); "*C-NMR (100 MHz, CD;0D) §: 155.4
(C-1), 129.6 (C-4), 129.3 (C-3, 5), 114.7 (C-2, 6),
103.0 (C-1"), 73.7 (C-2'), 76.5 (C-3"), 70.7 (C-8), 70.2
(C-4"), 76.7 (C-5"), 61.3 (C-6"), 35.0 (C-7). LA L-%i#s
53k iE— 5, s e e 4 RO SRT

a5 AEE (BR CER), mp 213~215
‘C, ESI-MS m/z: 155 [M+H] . 'H-NMR (400 MHz,
CD;0D) 6: 7.43 (1H, s, H-2), 7.42 (1H, d, J = 7.8 Hz,
H-5), 6.79 (1H, d, J = 8.2 Hz, H-6); "*C-NMR (100
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MHz, CD;OD) &: 123.4 (C-1), 117.7 (C-2), 146.1
(C-3), 151.5 (C-4), 115.8 (C-5), 123.9 (C-6), 170.5
(-COOH). LA_F¥#s b5 3c kit — 5™, Wb
B S K 34T RIS,

E 6: FHEET (@%@z‘éaﬁa), mp 213~215
‘C, ESI-MS m/z: 139 [M+H] . 'H-NMR (400 MHz,
CD;0D) &: 7.88 (2H, d, J = 8.8 Hz, H-2, 6), 6.81 (2H,
d, J = 8.8 Hz, H-3, 5), 5.03 (1H, d, J = 7.6 Hz, H-1),
2.56 (3H, s, -CH3); "“C-NMR (100 MHz, CD;0D) 6:
122.6 (C-1), 132.9 (C-2, 6), 115.9 (C-3, 5), 163.3
(C-4), 170.0 (-COOH). LA_F-%it 15 ko —2',
WA 6 AR R .

a7 AEEE (FED, ESI-MS m/z: 153
[M+H]". 'H-NMR (400 MHz, CD;0D) §: 7.08 (2H,
d, J=8.8 Hz, H-2, 6), 6.73 (2H, d, J = 8.8 Hz, H-3, 5),
3.48 (2H, s, H-7); “C-NMR (100 MHz, CD;0D) 6:
125.4 (C-1), 129.9 (C-2, 6), 114.9 (C-3, 5), 155.9
(C-4), 39.7 (C-7), 175.0 (-COOH). LA_L#i 5 3k
B8, WA T AR LR

&1 8: R AR, ESI-MS m/z: 165 [M+H] s
'H-NMR (400 MHz, CD;0D) 8: 7.52 (2H, d, J = 7.8
Hz, H-2, 6), 6.85 (2H, d, J= 7.8 Hz, H-3, 5), 7.48 (1H,
d, J=15.8 Hz, H-7), 6.24 (1H, d, J = 15.8 Hz, H-8);
BC-NMR (100 MHz, CD;0D) &: 127.4 (C-1), 130.9
(C-2, 6), 117.9 (C-3, 5), 158.8 (C-4), 147.7 (C-7),
115.4 (C-8), 171.4 (C-9). LA -3t 15 ki —d™,
WS BT 8 TR HEIR NI IR o

%%@9 B (FFEE), ESI-MS m/z: 325
[M—H] . 'H-NMR (400 MHz, CD;0D) 6: 7.12 (2H,
d, J=8.6 Hz, H-2, 6), 7.55 (2H, d, J = 8.6 Hz, H-3, 5),
7.63 (1H, d, J = 16 Hz, H-7), 6.36 (1H, d, J = 16.0 Hz,
H-8), 4.95 (1H, d, J = 7.6 Hz, H-1"), 3.90 (1H, dd, J =
12.1, 2.0 Hz, H-6a), 3.70 (1H, dd, J = 12.1, 5.6 Hz,
H-6'b); "*C-NMR (100 MHz, CD;0D) &: 160.9 (C-1),
118.0 (C-2, 6), 130.8 (C-3, 5), 130.0 (C-4), 146.0
(C-7), 117.5 (C-8), 170.7 (C-9), 101.8 (C-1'), 74.9
(C-2"), 78.0 (C-3"), 71.3 (C-4"), 78.3 (C-5'), 62.5
(C-6"0 LA %t 5 ek — 3, e th o
9 XS FRIE KNG R 4-0-B-D-H % HE 1T

EY10: FK K, ESI-MS m/z: 285 [M—
H] . 'H-NMR (400 MHz, CD;0OD) 6: 7.32 (2H, d, J =
7.6 Hz, H-2, 6), 7.25 (2H, d, J = 7.6 Hz, H-3, 5), 7.23
(1H, t, J = 6.8 Hz, H-4), 432 (1H, d, J = 8.0 Hz,

H-1); C-NMR (100 MHz, CD;0D) §: 139.2 (C-1),
128.6 (C-2, 6), 130.1 (C-3, 5), 128.6 (C-4), 71.0 (C-7),
102.8 (C-1'), 74.9 (C-2'), 78.0 (C-3"), 71.4 (C-4"), 78.2
(C-5"), 62.7 (C-6")0 LA _b-%cd 5 Scikaiis s, W%
BB 10 Sy 2 F - O-B-D-PLL I 6 26 B 1
EW 11 (R AR, ESI-MS m/z: 321 [M+
Na]*. 'H-NMR (400 MHz, CD;0D) 6: 7.16 (2H, d, J =
8.9 Hz, H-2, 6), 7.98 (2H, d, J = 8.9 Hz, H-3, 5), 5.03
(1H, d, J = 7.6 Hz, H-1'), 2.56 (3H, s, -CH3);
BC-NMR (100 MHz, CD;0D) d: 163.1 (C-1), 117.3
(C-2, 6), 131.7 (C-3, 5), 130.9 (C-4), 199.4 (C=0),
26.5 (-CH;), 101.8 (C-1'), 74.8 (C-2'), 77.9 (C-3"),
71.3 (C-4"), 78.3 (C-5"), 62.5 (C-6")o LA H i 5 ik
B8, WA 1 o s
E®12: Ak AR, ESI-MS m/z: 343 [M—
H] . 'H-NMR (400 MHz, CD;0OD) 6: 6.86 (2H, d, J =
8.9 Hz, H-2, 6), 7.08 (2H, d, J = 8.9 Hz, H-3, 5), 2.51
(2H, t, J = 7.6 Hz, H-7), 3.45 (2H, t, J = 7.6 Hz, H-9),
4.85 (1H, d, J = 7.6 Hz, H-1"), 3.56 (3H, s,-CH3);
BC-NMR (100 MHz, CD;0D) ¢: 160.1 (C-1), 117.8
(C-2, 6), 130.7 (C-3, 5), 131.9 (C-4), 30.9 (C-7), 42.9
(C-8), 198.9 (C=0), 23.5 (-CH3), 101.7 (C-1'), 74.9
(C-2), 77.8 (C-3"), 71.2 (C-4"), 782 (C-5'), 62.8
(C-6")o LA FHctis 55 Sk — 500, s e th &
12 ) SRkt
&M 13: ALK AR, ESI-MS m/z: 351 [M+
Na]". '"H-NMR (400 MHz, CD;OD) d: 9.80 (1H, s,
6-OH), 8.45 (1H, s, 8-OH), 6.99 (1H, s, H-9), 4.00
(1H, t, J = 10.0 Hz, H-3), 4.96 (1H, t, J = 10.5 Hz,
H-4), 3.55 (1H, t, J = 8.6 Hz, H-13), 3.85 (1H, brd, J =
12.0 Hz, H-14a), 3.76 (3H, s, -OCHy); "*C-NMR (100
MHz, CD;0D) 6: 163.8 (C-1), 80.1 (C-3), 72.5 (C-4),
118.5 (C-5), 151.4 (C-6), 148.5 (C-7), 140.9 (C-8),
109.9 (C-9), 116.4 (C-10), 74.1 (C-11), 71.0 (C-12),
82.1 (C-13), 61.5 (C-14), 60.2 (-OCH3). LI ¥l
ScikapE S, WA 13 AR,
A 14: ﬁi‘@/ﬂﬂ/ﬂ(%, ESI-MS m/z: 260 [M+
H]". 'H-NMR (400 MHz, CD;0D) ¢: 6.46 (1H, dd,
J =123, 6.9 Hz, H-3), 443 (1H, dd, J = 1.3, 6.9 Hz,
H-4a), 4.54 (1H, dd, J = 1.3, 6.9 Hz, H-4b), 4.32 (1H,
d, J = 7.7 Hz, H-1"), 1.98 (3H, s, -CH3); *C-NMR
(100 MHz, CD;0D) §: 117.8 (C-1), 111.8 (C-2), 144.6
(C-3), 67.7 (C-4), 19.9 (C-5), 103.4 (C-1"), 73.8
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(C-2", 77.6 (C-3"), 70.6 (C-4", 77.6 (C-5), 62.6
(C-6")o LA Xt 55 Sk 2 A — 5", ki fh
%) 14 3 rhodiocyanoside A,

&Y 15: PR EAMRY), ESI-MS m/z: 127
[M—f—H]*o "H-NMR (400 MHz, CD;0D) ¢: 9.53 (1H,
s,-CHO), 7.38 (1H, d, J = 3.6 Hz, H-3), 6.58 (1H, d,
J = 3.6 Hz, H-4); “C-NMR (100 MHz, CD;OD) §:
178.0 (-CHO), 152.5 (C-2), 123.4 (C-3), 109.5 (C-4),
161.8 (C-5), 56.2 (-CH,OH). LA %04 5 SR 4RE —
H, WAL 15 O SRR R
S 30k
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