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Abstract: Objective To study the chemical constituents of Epimedium brevicornu. Methods Compounds were repeatedly separated
and purified with D101 macroporous resin column chromatography, silica gel column chromatography, Sephadex LH-20 column
chromatography and preparative liquid chromatography. Their structures were identified by physico-chemical methods and spectral
methods. Results Six xompunds were identified as 5-hydroxy-2-prenylphenol-1-O-B-D-glucopyranoside (1), kaempferol-3-O-
rhamnopranosyl-(1—2)-rhamnopyranoside (2), 3-O-0-L-rhamnosyl-7-O-B-D-glucosyl kaempferol (3), sagittasine C (4), kaempferol-3-
O-[a-L-rhamnopyra-nosyl-(1—6)-p-D-galactopyranoside]-7-O-a-L-rhamnopyranoside (5), 3,7-di-O-a-L-rhamnopyranosyl quercetin
(6), Kaempferol-3,7-O-a-L-dithamnoside (7), hamnocitrin-3-O-f-neohesperidoside (8), kaempferol-3-O-a-L-rhamnopyranoside-7-
O-[a-L-rhamnopyranosyl (1—2)-B-D-glucopyranoside] (9), hexandraside E (10), and rouhuoside (11). Conclusion Compounds 1
and 5 are isolated from this plant for the first time. Compounds 2—4 and 6 are isolated from plants of this genus for the first time.
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R EARE] 11 MEEY), el -
HE2- 5 U 3L 2K Wy -1-0-B-D- WL I A A R A
( 5-hydroxy-2-prenylphenol-1-O-B-D-glucopyranoside ,
1) . kaempferol-3-O-rhamnopranosyl-(1—2)-rhamno-
pyranoside (2)+ 3-O-a-L-rhamnosyl-7-O-B-D-glucosyl
kaempferol (3). sagittasine C (4). 11 45)-3-O-[a-L-
RS (1—56)-B-D-F- FLBE 1T ]-7-0-0-L- R A HE 1T
( kaempferol-3-O-[a-L-rhamnopyranosyl-(1 = 6)-B-D-
galactopyranoside]-7-O-a-L-rhamnopyranoside, 5).
Wi e 3% -3,7- A -o-L- B A W1 (3,7-di-O-0-L-
rhamnopyranosyl quercetin, 6). LIZ5/}-3,7-O-a-L-
T B AHET (7). rhamnocitrin-3-O-B-neohesperi-
doside (8)+ LIZEM)-3-0-0-L- B Z=HE-7-O-[0-L- il 2=
PEIL (1-2)-B-D-HiZi#E] 1 (kaempferol-3-O-a-L-
rhamnopyranoside-7-O-[a-L-rhamnopyranosyl (1—2)-
B-D-glucopyranoside], 9). hexandraside E (10)
F#EHF (rouhuoside, 11D, H, (&1, 5
MR FRET S, a2, 3. 40 6 F19 N F
MR FRE B i 015
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AR I 2ls D101 KALIRBRA i G M 52 B
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7 8.2 g FRA I BEIRAT (3% 7 B A5 3 13 M43 (F ~
Fi3)o Fio &0 BB AH O3S 2 23 2k &4 2 (8
mg). 3 (13 mg). 4 (11 mg). 5 (10 mg); F &
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WEY1: BHORAK, HR-ESI-MS m/z: 341.158 6
[M+H]", 339.145 5 [M—H] . 'H-NMR (400 MHz,
CD;0D) 8: 7.01 (1H, d, J = 4.8 Hz, H-6), 6.56 (2H, d,
J= 8.0 Hz, H-3, 5), 5.34 (1H, t, J = 6.8 Hz, H-8), 4.74
(1H, d, J = 4.8 Hz, H-1"), 1.74 (6H, d, J = 9.2 Hz,
H-10, 11); “C-NMR (100 MHz, CD;0OD) d: 150.3
(C-1), 133.4 (C-2), 118.6 (C-3), 117.0 (C-4), 153.8
(C-5), 114.0 (C-6), 29.4 (C-7), 124.2 (C-8), 134.2
(C-9), 18.0 (C-10), 26.1 (C-11), 1042 (C-1"), 71.6
(C-2"), 75.3 (C-3"), 78.2 (C-4"), 784 (C-5"), 62.8
(C-6")o LA_FHs 5 SoikiaE — 300, s ey
10 53805253 AR FE R - 1-O-B-D-NE G HT 25 7 o

EW) 2. TR, ShIR-E8 Al Molish & Y.
B2 BHPE . HR-ESI-MS m/z: 579.172 5 [M+H],
433.114 2 [M—146+H]", 287.055 3 [M—146—146+
H]*. 'H-NMR (400 MHz, CD;0OD) 6: 7.78 (2H, d, J =
8.8 Hz, H-2', 6), 6.93 (2H, d, J = 8.4 Hz, H-3', 5"),
6.70 (1H, d, J = 2.0 Hz, H-8), 6.44 (1H, d, J = 2.0 Hz,
H-6), 5.56 (1H, s, 3-Rha-H-1), 5.44 (1H, d, J= 0.8 Hz,
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Rha-H-1), 1.27 (3H, d, J = 6.0 Hz, Rha-H-6), 0.92
(3H, d, J = 6.0 Hz, 3-Rha-H-6). “C-NMR %4 I,
1o DR ScmkitoE 5, s et 2
A kaempferol-3-O-rhamnopranosyl-(1—2)-rhamno-
pyranoside.

G 3. TR, ShIR-Pk Al Molish W
B PHYE. HR-ESI-MS m/z: 595.166 9 [M+H],
449.107 5 [M—146+H]", 287.053 9 [M—146—162+
H]". 'H-NMR (400 MHz, CD;0OD) 6: 7.78 (2H, d, J =

#1 &2, 3. 7. 989 C-NMR (100 MHz, CD;0D)
Table 1 *C-NMR data of compounds 2, 3, 7, and 9 (100
MHz, CD;0D)

DA 2 3 7 9
2 158.4 158.5 156.6 156.7
3 135.6 135.0 134.4 135.3
4 178.4 178.3 178.1 178.2
5 161.6 163.2 161.9 156.7
6 98.4 99.5 99.1 99.3
7 162.1 163.2 166.2 162.1
8 94.2 94.3 94.0 94.2
9 156.6 156.7 159.3 160.8
10 106.4 106.3 106.3 105.7
i 120.6 120.6 120.3 120.7
2/ 130.6 130.6 130.6 130.7
3/ 115.4 115.4 117.0 115.3
4 160.8 161.1 161.9 158.5
5 115.4 115.4 117.0 115.3
6’ 130.6 130.6 130.6 130.7
Rha-1" 101.7 102.0 102.0 101.2
2" 69.9 70.5 70.6 70.4
3" 70.5 71.7 70.8 70.6
4" 722 71.8 71.9 73.9
5" 69.6 70.7 70.6 70.3
6" 16.3 16.3 16.3 16.7
Rha-1"" 99.2 98.4 98.4
2m 76.4 70.3 70.3
3 70.5 70.7 70.6
4 73.8 722 72.8
5 722 69.4 69.9
6" 16.7 16.7 16.5
Gle-1"" 100.1 105.7
2 733 81.3
3 76.4 76.4
4 69.8 72.4
5 76.9 76.5
6"" 61.0 60.9

8.4 Hz, H-2', 6), 6.91 (2H, d, J = 8.0 Hz, H-3', 5'),
6.71 (1H, s, H-8), 6.46 (1H, s, H-6), 5.39 (1H, s,
3-Rha-H-1), 5.05 (1H, d, J = 6.0 Hz, 7-Glc-H-1), 0.93
(3H, d, J = 5.2 Hz, 3-Rha-H-6). “C-NMR i4tdii W%
1o VL B35 S s — 80, et s 3
4 3-O-a-L-rhamnosyl-7-O-B-D-glucosyl kaempferol .

WEY 4: BERERK, HR-BEM A Molish
SN 4 5B . HR-ESI-MS m/z: 693.240 5 [M—+H]',
547.184 2 [M— 146 +H] . 'H-NMR (400 MHz,
CD;0D) 6: 7.36 (1H, s, H-6), 7.30 (1H, d, J = 12.4
Hz, H-2'), 6.87 (1H, d, J = 8.0 Hz, H-5"), 6.61 (1H, s,
H-6), 5.26 (1H, s, 3-Rha-H-1), 5.16 (1H, t, J= 6.4, 6.8
Hz, H-12), 4.99 (1H, d, J = 4.4 Hz, 7-Glc-H-1), 1.70
(3H, s, H-14), 1.60 (3H, s, H-15), 0.81 (3H, d, J = 6.0
Hz, 3-Rha-H-6); C-NMR (100 MHz, CD;OD) &:
158.3 (C-2), 134.6 (C-3), 178.7 (C-4), 159.5 (C-5),
99.4 (C-6), 160.8 (C-7), 108.6 (C-8), 153.3 (C-9),
105.9 (C-10), 21.9 (C-11), 121.7 (C-12), 131.6 (C-13),
18.3 (C-14), 25.9 (C-15), 122.6 (C-1"), 116.1 (C-2"),
145.8 (C-3"), 149.3 (C-4"), 115.9 (C-5"), 121.1 (C-6),
55.9 (4-OCHjs), 102.3 (3-Rha-C-1), 70.5 (3-Rha-C-2),
70.8 (3-Rha-C-3), 71.6 (3-Rha-C-4), 71.1 (3-Rha-
C-5), 17.9 (3-Rha-C-6), 100.9 (7-Gle-C-1), 73.8
(7-Gle-C-2), 77.0 (7-Gle-C-3), 70.1 (7-Gle-C-4), 77.6
(7-Gle-C-5), 61.1 (7-Gle-C-6). LA _E¥¥E 15 ik iE
— ), WS E AW 4 N sagittasine Co

WEW 5. TERR, SRIR-P8 A Molish XY
YIS . HR-ESI-MS m/z: 741226 1 [M+H]",
595.166 3 [M—146+H]", 443.113 6 [M—146—162+
H]". '"H-NMR (400 MHz, CD;0D) : 8.06 (2H, d, J =
8.4 Hz, H-2', 6), 6.83 (2H, d, J = 8.4 Hz, H-3', 5'),
6.78 (1H, s, H-8), 6.42 (1H, s, H-6), 5.52 (1H, s,
7-Rha-H-1), 4.37 (I1H, s, 3-Gal-H-1), 531 (1H, s,
Rha-H-1), 1.09 (3H, d, J = 6.0 Hz, 7-Rha-H-6), 1.03
(3H, d, J = 6.0 Hz, Rha-H-6); "*C-NMR (100 MHz,
CD;0D) §: 157.3 (C-2), 134.8 (C-3), 178.8 (C-4),
162.1 (C-5), 100.6 (C-6), 162.9 (C-7), 95.9 (C-8),
158.4 (C-9), 106.8 (C-10), 121.7 (C-1"), 132.4 (C-2,
6'), 116.5 (C-3', 5"), 161.8 (C-4"), 99.6 (7-Rha-C-1),
71.1 (7-Rha-C-2), 71.5 (7-Rha-C-3), 72.9 (7-Rha-C-4),
69.5 (7-Rha-C-5), 19.2 (7-Rha-C-6), 103.2 (Rha-C-1),
71.3 (Rha-C-2), 71.6 (Rha-C-3), 72.3 (Rha-C-4), 69.2
(Rha-C-5), 19.2 (Rha-C-6), 101.3 (3-Gal-C-1), 74.2
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(3-Gal-C-2), 73.2 (3-Gal-C-3), 71.3 (3-Gal-C-4), 74.8
(3-Gal-C-5), 66.5 (3-Gal-C-6). _FiR¥idf 5 ik ia
— gL AL A 5 2SI 3-O-[o-L- R 2ERE
5 (1-6)-B-D-F-FL B 1]-7-0-0-L- A B 1

twEY 6. AR EAK K, HR-ESI-MS m/z
593.153 1 [M—H], 447.094 9 [M— 146 —HJ,
301.034 1 [M—146—146—H] . 'H-NMR (400 MHz,
CD;0D) 6: 7.34 (1H, s, H-2'), 7.29 (1H, d, J = 6.8 Hz,
H-6"), 6.90 (1H, s, H-5), 6.65 (1H, s, H-8), 6.41 (1H,
s, H-6), 5.56 (1H, brs, 7-Rha-H-1), 5.36 (1H, s,
3-Rha-H-1), 1.27 (3H, d, J = 5.2 Hz, 7-Rha-H-6), 0.96
(3H, d, J = 5.6 Hz, 3-Rha-H-6), 4.25 (1H, brs,
7-Rha-H-5), 4.05 (1H, brs, 3-Rha-H-5), 3.85 (1H, m,
7-Rha-H-3), 3.78 (1H, m, 3-Rha-H-3), 3.62 (1H, m,
7-Rha-H-2), 3.50 (1H, m, 3-Rha-H-2), 3.45 (1H, m,
7-Rha-H-4), 3.37 (1H, m, 3-Rha-H-4); ">C-NMR (100
MHz, CD;OD) ¢: 156.5 (C-2), 135.0 (C-3), 178.3
(C-4), 161.5 (C-5), 98.4 (C-6), 162.0 (C-7), 94.1
(C-8), 158.3 (C-9), 106.1 (C-10), 121.2 (C-1'), 115.0
(C-2"), 145.0 (C-3"), 148.7 (C-4"), 115.6 (C-5"), 121.6
(C-6"), 102.1 (3-Rha-C-1), 70.7 (3-Rha-C-2), 70.7
(3-Rha-C-3), 72.2 (3-Rha-C-4), 70.3 (3-Rha-C-5),
16.7 (3-Rha-C-6), 99.1 (7-Rha-C-1), 70.5 (7-Rha-C-
2), 70.7 (7-Rha-C-3), 71.9 (7-Rha-C-4), 69.8
(7-Rha-C-5), 16.3 (7-Rha-C-6). LA b3 55 SR8
— M, A 6 At 25-3,7- S a-L-AL
Ry N

&Y 7. kA, HR-ESI-MS m/z: 579.171 4
[M+H]", 433.114 8 [M—146-+H]", 287.055 8 [M—
146—146+H]". 'H-NMR (400 MHz, CD;0D) 6: 7.75
(2H, d, J = 8.8 Hz, H-2, 6'), 6.81 (2H, d, J = 8.8 Hz,
H-3', 5"), 6.69 (1H, s, H-8), 6.44 (1H, s, H-6), 5.35
(1H, s, H-1"), 5.55 (1H, s, H-1""), 1.27 (3H, d, J = 6.0
Hz, H-6""), 0.97 (3H, d, J = 6.4 Hz, H-6"); “C-NMR
(100 MHz, CD;0OD) ##fs W3 1. LA 3l 5 S0k
S, M E S T L2 -3,7-0-a-L-—
B2 1T

&Y 8: HOkAR, HR-ESI-MS m/z: 609.184 7
[M-+H]", 463.125 2 [M—146+H]", 301.135 0 [M—
146—162+H] . 'H-NMR (400 MHz, CD;0D) 6: 7.89
(2H, d, J = 8.8 Hz, H-2', 6), 7.09 (2H, d, J = 8.8 Hz,
H-3', 5"), 6.75 (1H, s, H-8), 6.50 (1H, s, H-6), 5.43
(1H, s, H-1""), 5.06 (1H, d, J = 6.8 Hz, H-1"), 3.89

(3H, s, 7-OCHj3), 0.90 (3H, d, J= 6.0 Hz, H-6""); "*C-
NMR (100 MHz, CD;0D) 8: 158.0 (C-2), 135.3 (C-3),
178.4 (C-4), 162.1 (C-5), 99.5 (C-6), 163.4 (C-7), 94.4
(C-8), 156.8 (C-9), 106.4 (C-10), 54.6 (7-OCH;),
122.3 (C-1"), 130.5 (C-2), 113.8 (C-3"), 161.5 (C-4"),
113.8 (C-5"), 130.5 (C-6'), 102.0 (3-Rha-C-1), 71.7
(3-Rha-C-2), 70.7 (3-Rha-C-3), 73.3 (3-Rha-C-4),
69.8 (3-Rha-C-5), 16.3 (3-Rha-C-6), 100.2 (3-Glc-
C-1), 77.0 (3-Gle-C-2), 76.6 (3-Gle-C-3), 70.5 (3-Gle-
C-4), 76.4 (3-Glc-C-5), 61.0 (3-Glc-C-6). LL - %iis 5
SCRRRIE 5, A 8 ) rhamnocitrin-
3-O-B-neohesperidoside.

& 9: HOKA, HR-ESI-MS m/z: 739.211 0
[M—H], 1 479.428 7 [2M—H] . 'H-NMR (400
MHz, DMSO-dq) : 7.78 (2H, d, J = 8.8 Hz, H-2', 6'),
6.93 (2H, d, J = 8.4 Hz, H-3', 5'), 6.70 (1H, s, H-8),
6.44 (1H, s, H-6), 5.72 (1H, s, H-1"), 5.56 (1H, s,
H-1""), 443 (1H, d, J = 8.0 Hz, H-1""), 1.26 (3H, s,
H-6""), 0.95 (3H, s, H-6"); “C-NMR (100 MHz,
CD;0D) ¥l W% 1. LA F%dE 5 Scmkdpas— s,
WS ERAEY 9 il A8 -3-0-0-L- R 2= ¥ -7-0-
[a-L- L ZEHEIE (1—2)-B-D-71 % 41T -

A 10: FE KA, HR-ESI-MS m/z: 677.191 8
[M—H], 515.141 5 [M—162—H] ", 353.099 2 [M—
162—162—H] . 'H-NMR (400 MHz, CD;0D) &: 8.03
(2H, d, J=9.2 Hz, H-2', 6'), 6.73 (2H, d, J = 8.8 Hz,
H-3', 5", 6.58 (1H, s, H-6), 5.47 (1H, d, J = 7.6 Hz,
H-1"), 5.20 (1H, t, J= 7.2, 6.8 Hz, H-12), 4.99 (1H, d,
J =72 Hz, H-1"), 1.74 (3H, s, H-14), 1.63 (3H, s,
H-15); "*C-NMR (100 MHz, CD;0D) §: 158.6 (C-2),
133.7 (C-3), 178.6 (C-4), 161.4 (C-5), 99.2 (C-6),
161.4 (C-7), 109.1 (C-8), 154.0 (C-9), 106.6 (C-10),
22.3 (C-11), 123.7 (C-12), 132.3 (C-13), 26.7 (C-14),
19.2 (C-15), 123.7 (C-1"), 132.3 (C-2'), 117.7 (C-3"),
160.5 (C-4"), 117.7 (C-5"), 1323 (C-6"), 102.3
(3-Gle-C-1), 75.5 (3-Gle-C-2), 77.9 (3-Gle-C-3), 71.2
(3-Gle-C-4), 78.8 (3-Gle-C-5), 61.9 (3-Glc-C-6),
101.7 (7-Gle-C-1), 74.6 (7-Gle-C-2), 77.8 (7-Gle-
C-3), 70.9 (7-Glc-C-4), 78.4 (7-Gle-C-5), 62.1 (7-Glc-
C-6). DA LHd 5 sckapiE —80, etk s
10 >} hexandraside E.

&4 11: SRR, HR-ESI-MS m/z: 825.284 9
[M+H]", 663.229 3 [M—162-+H]", 517.171 4 [M—
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146—162+H]", 355.117 4 [M—162—146—162+
H]". 'H-NMR (400 MHz, CD;0D) 6: 7.72 (2H, d, J =
8.0 Hz, H-2, 6), 6.88 (2H, d, J = 6.8 Hz, H-3', 5'),
6.59 (1H, s, H-6), 5.41 (1H, s, H-1"), 5.17 (1H, t,
H-12), 432 (1H, d, J = 6.4 Hz, H-1""), 1.74 3H, s,
H-15), 1.65 (3H, s, H-14), 1.05 (3H, d, J = 6.4 Hz,
H-6"); "“C-NMR (100 MHz, CD;OD) : 158.6 (C-2),
133.9 (C-3), 178.4 (C-4), 163.9 (C-5), 98.0 (C-6),
159.4 (C-7), 109.0 (C-8), 153.4 (C-9), 106.3 (C-10),
21.4 (C-11), 122.5 (C-12), 131.2 (C-13), 24.6 (C-14),
17.1 (C-15), 119.0 (C-1"), 130.6 (C-2"), 116.6 (C-3"),
159.4 (C-4"), 116.6 (C-5'), 130.6 (C-6'), 106.2
(3-Gle-C-1), 73.8 (3-Gle-C-2), 76.3 (3-Gle-C-3), 70.5
(3-Gle-C-4), 76.8 (3-Gle-C-5), 61.0 (3-Gle-C-6),
101.6 (3-Rha-C-1), 72.3 (3-Rha-C-2), 69.8 (3-Rha-
C-3), 814 (3-Rha-C-4), 69.6 (3-Rha-C-5), 16.4
(3-Rha-C-6), 100.5 (7-Gle-C-1), 73.6 (7-Gle-C-2),
76.8 (7-Gle-C-3), 69.8 (7-Gle-C-4), 76.8 (7-Gle-C-5),
60.1 (7-Gle-C-6). L I %odhs 15 ek —s' ',
St/ RIS 5
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