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Chemical constituents from Tibetan herbal medicines Biebersteinia heterostemon
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Abstract: Objective To study the chemical components from aerial part of Tibetan herbal medicines Biebersteinia heterostemon.
Methods The chemical constituents were isolated and purified by silica gel, Sephadex LH-20 chromatography and preparative liquid
chromatography. Their structures were identified by physicochemical properties and spectral analysis. Results Thirteen compounds
were isolated from B. heterostemon and their structures were identified as umbelliferone (1), 5,7,3'-trihydroxy-8,4",5'"-
trimethoxyflavone (2), luteolin (3), quercetin (4), protocatechuic acid methyl ester (5), apigenin (6), alternariol (7), luteolin-7-O-B-D-
glucoside (8), quercetin-3-O-B-D-glucoside (9), (+)-dehydrovomifoliol (10), B-sitosterol (11), 4’-methoxytricetin (12), and 3',4',5,8-
tetrahydroxyflavanone-7-O-B-glucopyranoside (13). Conclusion Compounds 3, 5—7, 10, 11—13 are isolated from B. heterostemon
for the first time. Compounds 5, 7, 10, 12, 13 are isolated from the genus Biebersteinia for the first time.

Key words: Tibetan herbal medicine; Biebersteinia heterostemon Maxim.; protocatechuic acid methyl ester; alternariol; (+)-dehydro-

vomifoliol; 4’-methoxytricetin
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(umbelliferone, 1). 5,7,3'-=F%3£-8,4' 5"- = H & Ht
Tl (5,7,3'-trihydroxy-8,4",5'-trimethoxyflavone, 2).
ARBEEZE (luteolin, 3). Hit 2 (quercetin, 4).
J7 JLZE R S (protocatechuic acid methyl ester, 5)-
Jr¢ % (apigenin, 6). t#&%EHIM) (alternariol, 7).
KR B % -7-0-B-D- % % ¥ (luteolin-7-O-B-D-
glucoside, 8. #i B & -3-O-B-D-#i % Wi (quercetin-
3-O-B-D-glucoside , 9) . (+)- 2 & f# k85 3¢ K i
[(+)-dehydrovomifoliol, 10]. B-% &% (B-sitosterol,
11). 4'-methoxytricetin (12). 3',4",5 8- % FE 3¢ -
7-O-B-ML W6 & FETF (3',4',5,8-tetrahydroxyflavanone-
7-O-B-glucopyranoside, 13). HH, L& 3. 5~
7. 100 11~13 NE RN EFEY 7 8153, S,
7. 100 12, 13 NE XN ZBEY 5 EE .
1 NEFES5HH
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60 um) A General Electric /A & 7= i o
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B, ol EE. BEER OBE. KA IE T EEREAT
Bl O ol A B | K | R S 1 VA
143 g, SRR ZBEERAL 136 g+ 1E T BESBAL 187 go

BEBEIR LR HBAL (100 @) AT RER AT (il 70 55,
A -HEE (1000 1 1) BRAESEREL, TLC A&
£ 94 14 NSy Fr. 1~14, Fr. 4~6 G RERAE

R R G e, DLIECKE-EEIR OFE A Bk - R
LG AT k- DA TR P e N, SR e o SR M S A
Sephadex LH-20. per-HPLC ffil] & 1 55 45 it 55 73 25 2
e FBASFEME G 1 (387 mg). 2 (103 mg). 3 (25
mg). 4 (5mg). 568 mg). 10 (9 mg). 11 (18 mg).
Fr. 8~10 & Z IEMFE GRS, DUA HEE- I B
LBE-FRBERA LRI, o A Crsv T SREBESEL
Sephadex LH-20 F per-HPLC fill %45 F Bt /> B 4lifk
BEMLAEY 6 (46 mg). 7 (30mg). 8 (125 mg).
9 (24mg). 12 (72mg). 13 (5mg).

3 HM%EE

a1 AfEsiRg & (FEE), HR-ESI-MS
m/z: 163.040 3 [M+H]", 20 T3 A CoHgO3. 'H-NMR
(500 MHz, DMSO-d¢) d: 6.21 (1H, d, J = 9.4 Hz,
H-3), 7.94 (1H, d, J = 9.4 Hz, H-4), 7.53 (1H, d, J =
8.5 Hz, H-5), 6.79 (1H, dd, J = 8.5, 2.3 Hz, H-6), 6.72
(1H, d, J = 2.2 Hz, H-8), 10.57 (1H, s, 7-OH);
BC-NMR (125 MHz, DMSO-dg) 6: 161.8 (C-2), 113.6
(C-3), 145.0 (C-4), 130.2 (C-5), 111.7 (C-6), 160.9 (C-7),
102.6 (C-8), 156.0 (C-9), 111.9 (C-10). LA _FH¥E 5 ik
IBHA T, WA 1 T R,

&) 2. BEEHIRG W (HFEE), HR-ESI-MS
m/z: 361.094 7 [M+H]", 4> F XA CiH 605
'H-NMR (500 MHz, DMSO-ds) &: 12.55 (1H, s,
5-OH), 9.93 (2H, s, 7, 3'-OH), 3.89 (6H, s, 8,
4-OCHs), 3.45 (3H, m, 5-OCH;), 6.31 (1H, s, H-6),
6.95 (1H, s, H-3), 7.18 (1H, d, J = 2.2 Hz, H-2'), 7.24
(I1H, d, J = 2.1 Hz, H-6'); “"C-NMR (125 MHz,
DMSO-ds) 0: 163.4 (C-2), 104.9 (C-3), 182.4 (C-4),
102.4 (C-5), 156.6 (C-6), 99.5 (C-7), 157.7 (C-8),
128.2 (C-9), 150.0 (C-10), 126.3 (C-1"), 108.1 (C-2'),
151.4 (C-3"), 140.2 (C-4"), 154.0 (C-5), 104.1 (C-6"),
61.5 (8-OCHj), 60.5 (4-OCHj3), 56.5 (5'-OCH;). L E
Ml 5 kIR R A — 5, MR aEm 2 A
5,7,3-=F0Fk-8,4' 5 = WA FE T .

& 3. mesgdh (FEE), HR-ESI-MS m/z:
287.056 7 [M+H]", 7> 13N C1sH 0. 'H-NMR
(500 MHz, DMSO-dg) d: 7.39 (1H, d, J = 2.1 Hz,
H-6), 7.37 (1H, s, H-2), 6.90 (1H, d, J = 8.2 Hz,
H-5"), 6.53 (1H, s, H-3), 6.45 (1H, d, J = 2.0 Hz, H-8),
6.20 (1H, d, J = 1.9 Hz, H-6); “C-NMR (125 MHz,
DMSO-dg) 6: 166.1 (C-2), 103.9 (C-3), 183.9 (C-4),
163.2 (C-5), 100.2 (C-6), 166.4 (C-7), 95.0 (C-8),
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159.5 (C-9), 105.3 (C-10), 123.7 (C-1"), 114.2 (C-2"),
147.1 (C-3'), 151.0 (C-4"), 116.8 (C-5"), 120.3 (C-6").
LE SR 5 eI A -5, et A 3
NAREZ .

a4 seasd (FED, HR-ESI-MS m/z:
303.051 1 [M+H]", % T&A CsH007. 'H-NMR
(500 MHz, Methanol-d,) o: 7.73 (1H, d, J = 2.1 Hz,
H-2'), 7.64 (1H, dd, J= 8.5, 2.2 Hz, H-6"), 6.88 (1H, d,
J = 8.4 Hz, H-5), 6.39 (1H, d, J = 2.1 Hz, H-8), 6.18
(1H, d, J = 2.0 Hz, H-6); “C-NMR (125 MHz,
Methanol-dy) 5: 148.8 (C-2), 137.4 (C-3), 177.4 (C-4),
162.6 (C-5), 99.3 (C-6), 165.6 (C-7), 94.4 (C-8), 158.3
(C-9), 104.6 (C-10), 1242 (C-1'), 116.0 (C-2"), 146.3
(C-3"), 148.0 (C-4), 116.3 (C-5"), 121.7 (C-6") Lk _EH¥E
5CiiE A", Mt A 4 AR,

&) 5. HEEIRG W (FEE), HR-ESI-MS
miz: 169.050 0 [M~+H]", 7 73N CsHsO40 'H-NMR
(500 MHz, DMSO-d) 6: 7.51 (1H, d, J = 8.4 Hz,
H-6), 7.18 (1H, s, H-2), 6.89 (1H, d, J = 8.3 Hz, H-5),
3.86 (3H, s, 7-OCH3) ; “C-NMR (125 MHz,
DMSO-de) d: 122.2 (C-1), 116.7 (C-2), 145.5 (C-3),
150.9 (C-4), 115.9 (C-5), 120.9 (C-6), 166.6 (C-7),
52.0 (7-OCHs)o LA F¥id5 5 g st A —s',
W e A 5 N IR LR TS .

tEW 6: mtshi (HEE), HR-ESI-MS m/z:
271.061 1 [M+H]", 2T RN CisHO0so 'H-NMR
(500 MHz, DMSO-dg) d: 12.97 (1H, s, 5-OH), 8.10
(2H, s, 7, 4-OH), 7.93 (2H, m, H-2', 6), 6.94 (2H, m,
H-3', 5'), 6.78 (1H, s, H-3), 6.50 (1H, d, J = 2.1 Hz,
H-8), 6.21 (1H, d, J = 2.1 Hz, H-6); “C-NMR (125
MHz, DMSO-ds) &: 164.6 (C-2), 103.2 (C-3), 182.2
(C-4), 157.8 (C-5), 99.3 (C-6), 1642 (C-7), 94.4
(C-8), 161.9 (C-9), 104.1 (C-10), 121.7 (C-1'), 128.9
(C-2', 6), 116.4 (C-3', 5"), 161.7 (C-4"). LI L%k 5
SCHRAREREA M, M LA 6 TR,

&Y 7. EELdE (FEE), HR-ESI-MS m/z:
259.060 9 [M—+H]", 4+ T3A C4H00s. 'H-NMR
(500 MHz, DMSO-d) 6: 2.56 (3H, s, 7'-CHj), 6.38
(1H, d, J = 2.1 Hz, H-4), 6.65 (1H, d, J = 2.4 Hz,
H-3"), 6.73 (1H, d, J = 2.4 Hz, H-5"), 7.25 (1H, d, J =
2.1 Hz, H-2); “C-NMR (125 MHz, DMSO-ds) o:
138.6 (C-1), 97.8 (C-2), 164.5 (C-3), 101.3 (C-4),
166.0 (C-5), 104.8 (C-6), 165.2 (C-7), 109.3 (C-1'),

153.0 (C-2"), 102.0 (C-3"), 158.9 (C-4"), 118.0 (C-5),
138.8 (C-6"), 25.7 (C-7"). LA -Hds 5 SChkARIE I A —
H, WA T R .

&) 8: wELd (FEE), HR-ESI-MS m/z:
449.108 3 [M+H]", 4+ T3 A CyHpO11o 'H-NMR
(500 MHz, DMSO-dq) 6: 6.45 (1H, d, J = 2.2 Hz,
H-8), 6.92 (1H, d, J = 8.3 Hz, H-5'), 7.45 (2H, m,
H-6', 3), 5.09 (1H, d, J = 7.4 Hz, H-1"), 12.99 (1H, s,
5-OH); ""C-NMR (125 MHz, DMSO-d¢) &: 164.9
(C-2), 103.6 (C-3), 182.3 (C-4), 161.6 (C-5), 100.3
(C-6), 163.4 (C-7), 95.17 (C-8), 157.4 (C-9), 105.8
(C-10), 121.8 (C-1"), 114.0 (C-2), 146.2 (C-3"), 150.4
(C-4"), 116.4 (C-5"), 119.6 (C-6'), 100.0 (C-1"), 73.6
(C-2"), 77.6 (C-3"), 70.0 (C-4"), 76.8 (C-5"), 61.1
(C-6")o LA EXHE 5 ek A —5, ke
WEY) 8 AARBHEZK-T-0O-B-D-HIEHEH -

& 9: s (HEE), HR-ESI-MS m/z:
465.103 1 [M+H]", 473N CoiHy012o 'H-NMR
(500 MHz, Methanol-dy) J: 8.45 (1H, s, 4-OH), 7.71
(1H, s, H-6"), 7.58 (1H, d, J = 8.4 Hz, H-2'), 6.87 (2H,
d, J = 8.5 Hz, H-5), 6.38 (1H, s, H-6), 6.20 (1H, s,
H-8), 5.24 (1H, d, J = 7.5 Hz, H-1"); "“C-NMR (125
MHz, Methanol-dy) 6: 157.6 (C-2), 134.2 (C-3), 178.0
(C-4), 161.6 (C-5), 98.5 (C-6), 164.6 (C-7), 93.3
(C-8), 157.0 (C-9), 104.3 (C-10), 121.6 (C-1), 114.6
(C-2'), 144.5 (C-3'), 148.5 (C-4"), 116.2 (C-5"), 121.8
(C-6'), 102.9 (C-1"), 74.3 (C-2"), 76.7 (C-3"), 69.8
(C-4"), 77.0 (C-5"), 61.1 (C-6")o VL 5 kIR
ERA T, WA 9 i & -3-0-p-D-
IR o

& 10: #EOMIRY), HR-ESI-MS m/z:
223.133 9 [M+H]", 213N C3H;305. 'H-NMR
(500 MHz, Methanol-d,) o: 6.99 (1H, d, J = 15.8 Hz,
H-7), 6.45 (1H, d, J = 15.8 Hz, H-8), 5.93 (1H, m,
H-4), 2.60 (1H, d, J = 17.1 Hz, H-2), 2.30 (3H, s,
H-10), 2.27 (1H, d, J=17.0 Hz, H-2), 1.89 (3H, d, J =
1.4 Hz, H-13), 1.04 (6H, d, J = 22.9 Hz, H-12);
BC-NMR (125 MHz, Methanol-dy) d: 41.2 (C-1), 49.1
(C-2), 199.2 (C-3), 126.6 (C-4), 162.9 (C-5), 78.8
(C-6), 146.9 (C-7), 130.3 (C-8), 198.9 (C-9), 26.2
(C-10), 22.1 (C-11), 23.4 (C-12), 17.8 (C-13). A%k
o 5 kB R A M, WA 10 8 (-
PN E S N
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&Y 11: Afg & (HEE, HR-ESI-MS m/z:
415211 3 [M+H]", 437.1940 [M+Na]", 4 7FxXA
CaoHs0O. 'H-NMR (500 MHz, DMSO-d;) 6: 5.28 (1H,
d, J=4.7,2.0 Hz, H-6), 3.45 (1H, m, H-3), 1.03 (3H,
m, 19-CHs), 0.94 (3H, s, 21-CH3), 0.85 (3H, d, J = 4.5
Hz, 29-CHs), 0.79 (3H, d, J = 1.7 Hz, 26-CH3), 0.78
(3H, m, 27-CH3), 0.61 (3H, s, 18-CHs); "C-NMR
(125 MHz, DMSO-dg) 6: 37.3 (C-1), 31.9 (C-2, 8),
71.8 (C-3), 42.3 (C-4), 140.8 (C-5), 121.7 (C-6), 31.65
(C-7), 50.1 (C-9), 36.5 (C-10), 21.1 (C-11), 39.8
(C-12), 42.3 (C-13), 56.8 (C-14), 24.3 (C-15), 28.2
(C-16), 56.1 (C-17), 12.0 (C-18), 18.8 (C-19), 36.2
(C-20), 19.0 (C-21), 34.0 (C-22), 26.1 (C-23), 45.8
(C-24), 292 (C-25), 19.8 (C-26), 19.4 (C-27),
23.1(C-28), 11.9 (C-29). LA % 5 SClR s A —
H, WA A 11 M B8 KB

&) 12: wELE (PR, HR-ESI-MS m/z:
317.067 4 [M+H]", 413N CgH;,0,. 'H-NMR
(500 MHz, DMSO-dy) d: 12.87 (1H, s, 5-OH), 3.77
(3H, s, 4-OCHj), 6.22 (1H, d, J = 2.1 Hz, H-6), 6.98
(2H, s, H-2', 6'), 6.62 (1H, s, H-3), 6.44 (1H, d, J=2.1
Hz, H-8); “C-NMR (125 MHz, DMSO-dq) J: 163.9
(C-2), 104.7 (C-3), 182.1 (C-4), 1042 (C-5), 161.9
(C-6), 99.4 (C-7), 164.8 (C-8), 94.3 (C-9), 157.8
(C-10), 126.1 (C-1"), 106.2 (C-2', 6'), 151.8 (C-3"),
139.4 (C-4"), 151.7 (C-5"), 60.3 (4-OCH;). LA F%dE
HRiRE R A -, WS A 12 A
4'-methoxytricetin.

&Y 13: wEndish (HEE, HR-ESI-MS
miz: 465.102 6 [M+H]", 7 TN CyHy02.
'H-NMR (500 MHz, DMSO-dg) &: 12.39 (1H, s,
5-OH), 9.94 (1H, s, 4-OH), 9.47 (1H, s, 5'-OH), 8.64
(1H, s, 8-OH), 7.49 (1H, s, H-2'), 7.48 (1H, m, H-6"),
6.91 (1H, d, J = 8.0 Hz, H-5'), 6.72 (1H, s, H-3), 6.63
(1H, s, H-6), 4.93 (1H, d, J= 7.5 Hz, H-1"); “C-NMR
(125 MHz, DMSO-dg) 6: 164.7 (C-2), 105.6 (C-3),
182.7 (C-4), 103.1 (C-5), 152.8 (C-6), 99.1 (C-7),
151.6 (C-8), 127.4 (C-9), 144.8 (C-10), 122.2 (C-1'),
119.7 (C-2"), 116.5 (C-3), 150.3 (C-4"), 146.3 (C-5"),
114.0 (C-6"), 101.8 (C-1"), 73.7 (C-2"), 76.2 (C-3"),
70.2 (C-4"), 77.8 (C-5"), 61.1 (C-6"). VL E¥HE 5
BRIRE R A —FT, M A 13 N 3,4'.5.8-
U 2 F 5 - 7-O-B- N it 78 26 B L
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