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[M＋H]+；1H-NMR (400 MHz, C5D5N) δ: 5.59 (1H, s, 
H-12), 3.11 (1H, s, H-18), 1.72 (3H, s, 27-CH3), 1.38 
(3H, s, 29-CH3), 1.09 (3H, s, 23-CH3), 1.07 (3H, d, J = 
6.0 Hz, 30-CH3), 1.05 (3H, s, 26-CH3), 1.00 (3H, s, 
24-CH3), 0.91 (3H, s, 25-CH3)；13C-NMR (100 MHz, 
C5D5N) δ: 216.0 (C-3), 180.7 (C-28), 139.9 (C-13), 
127.3 (C-12), 72.7 (C-19), 55.3 (C-5), 54.6 (C-18), 
48.2 (C-17), 48.0 (C-4), 46.8 (C-9), 41.9 (C-20), 41.7 
(C-14), 39.9 (C-8), 38.7 (C-1), 37.9 (C-22), 36.7 
(C-10), 33.8 (C-2), 33.6 (C-7), 29.0 (C-15), 27.2 
(C-29), 27.9 (C-23), 26.7 (C-21), 26.4 (C-16), 24.3 
(C-27), 24.0 (C-11), 21.8 (C-24), 20.0 (C-6), 16.9 
(C-26), 16.7 (C-30), 15.1 (C-25)。以上数据与文献报

道的数据基本一致[11]，故鉴定化合物 1 为坡模酮酸。 
化合物 2：白色无定形粉末，Liebermann- 

Burchard 显色反应阳性；C30H48O5，ESI-MS m/z: 489 
[M＋H]+；1H-NMR (400 MHz, C5D5N) δ: 5.18 (1H, t, 
J = 3.2 Hz, H-12), 3.79 (1H, dt, J = 10.9, 4.3 Hz, 
H-2β), 3.21 (1H, d, J = 2.2 Hz, H-3β), 1.19 (3H, s, 
27-CH3), 1.06 (3H, s, 29-CH3), 0.90 (3H, s, 23-CH3), 
0.85 (3H, s, 26-CH3), 0.81 (3H, d, J = 7.0 Hz, 
30-CH3), 0.71 (3H, s, 25-CH3), 0.60 (3H, s, 24-CH3)；
13C-NMR (100 MHz, C5D5N) δ: 182.7 (C-28), 140.4 
(C-13), 129.8 (C-12), 79.9 (C-3), 74.0 (C-19), 67.2 
(C-2), 55.3 (C-18), 49.8 (C-5), 48.9 (C-17), 48.2 
(C-9), 43.1 (C-20), 42.9 (C-1), 42.7 (C-14), 41.5 
(C-8), 39.6 (C-22), 39.4 (C-10), 39.1 (C-4), 34.4 
(C-7), 29.8 (C-15), 29.4 (C-23), 27.7 (C-21), 27.3 
(C-29), 27.0 (C-16), 25.3 (C-27), 24.9 (C-11), 23.1 
(C-24), 19.8 (C-6), 18.0 (C-26), 17.3 (C-30), 17.0 
(C-25)。以上数据与文献报道的数据基本一致[12]，

故鉴定化合物 2 为蔷薇酸。 
化合物 3：白色无定形粉末，Liebermann- 

Burchard 反应呈阳性；C32H52O2，ESI-MS m/z: 469 
[M＋H]+；1H-NMR (400 MHz, CDCl3) δ: 5.21 (1H, t, 
J = 9.0 Hz, H-24), 4.70 (1H, d, J = 9.0 Hz, H-21), 4.48 
(1H, m, H-3), 2.08, 1.76, 1.65, 1.00, 0.89, 0.87, 0.85, 
0.82 (3H×8, s, CH3×8)； 13C-NMR (100 MHz, 
CDCl3) δ: 171.0 (CH3CO), 152.7 (C-20), 131.3 
(C-25), 124.6 (C-24), 107.4 (C-21), 81.3 (C-3), 55.9 
(C-5), 51.2 (C-9), 49.4 (C-14), 48.0 (C-13), 45.5 
(C-17), 40.6 (C-8), 38.7 (C-10), 37.9 (C-1), 37.0 
(C-4), 35.3 (C-7), 34.1 (C-22), 31.3 (C-15), 28.9 

(C-16), 27.9 (C-28), 27.0 (C-12), 26.0 (C-26), 24.9 
(C-23), 23.8 (C-2), 21.6 (C-11), 21.3 (CH3CO), 18.1 
(C-6), 17.6 (C-27), 16.7 (C-19), 16.4 (C-18), 15.9 
(C-30), 15.7 (C-29)。以上数据与文献报道的数据基

本一致[13]，故鉴定化合物 3 为达玛二烯醇乙酸酯。 
化合物 4：白色无定形粉末，Liebermann- 

Burchard 显色反应呈阳性；C30H50O2，ESI-MS m/z: 
443 [M＋H]+；1H-NMR (400 MHz, CDCl3) δ: 5.21 
(1H, t, J = 4.2 Hz, H-12), 3.49 (1H, d, J = 11.0 Hz, 
H-18α), 3.22 (1H, m, H-3), 3.17 (1H, d, J = 11.0 Hz, 
H-18β), 1.21, 1.01, 0.97, 0.94, 0.90, 0.87, 0.80 
(3H×7, s, CH3×7)；13C-NMR (100 MHz, CDCl3) δ: 
144.1 (C-13), 121.9 (C-12), 79.0 (C-3), 69.9 (C-28), 
55.0 (C-5), 47.5 (C-17), 47.2 (C-9), 46.4 (C-19), 42.5 
(C-18), 41.7 (C-14), 40.3 (C-8), 39.1 (C-4), 38.6 
(C-1), 36.9 (C-10), 34.0 (C-21), 33.1 (C-29), 32.6 
(C-7), 30.8 (C-22), 30.9 (C-20), 28.0 (C-23), 27.1 
(C-2), 25.9 (C-27), 25.4 (C-15), 23.8 (C-11), 23.6 
(C-30), 22.0 (C-16), 18.3 (C-6), 16.9 (C-26), 16.0 
(C-24), 15.7 (C-25)。以上数据与文献报道的数据基

本一致[14]，故鉴定化合物 4 为古柯二醇。 
化合物 5：白色无定形粉末，Liebermann- 

Burchard 显色反应阳性。C32H52O2，ESI-MS m/z: 469 
[M＋H]+；1H-NMR (400 MHz, CDCl3) δ: 4.69 (1H, 
brs, H-29α), 4.58 (1H, brs, H-29β), 4.51 (1H, dd, J = 
11.8, 7.2 Hz, H-3), 2.09 (3H, s, CH3CO), 1.69, 1.11, 
1.04, 0.95, 0.89, 0.85, 0.80 (3H×7, s, CH3×7)；
13C-NMR (100 MHz, CDCl3) δ: 171.3 (CH3CO), 
151.0 (C-20), 109.7 (C-29), 81.1 (C-3), 55.9 (C-5), 
51.0 (C-9), 48.9 (C-18), 48.7 (C-19), 42.9 (C-17), 42.6 
(C-14), 39.9 (C-22), 39.6 (C-8), 38.4 (C-1), 38.1 
(C-13), 37.5 (C-4), 37.0 (C-10), 35.6 (C-16), 35.0 
(C-7), 29.6 (C-21), 28.0 (C-23), 27.5 (C-15), 25.6 
(C-12), 23.5 (C-2), 21.9 (CH3CO), 21.7 (C-11), 20.0 
(C-30), 18.6 (C-6), 17.9 (C-28), 17.0 (C-25), 16.3 
(C-26), 15.6 (C-24), 15.0 (C-27)。以上数据与文献报

道的数据基本一致[15]，故鉴定化合物 5 为羽扇豆醇

乙酸酯。 
化合物 6：白色无定形粉末，Liebermann- 

Burchard 反应阳性；C30H48O2，ESI-MS m/z: 441 [M＋

H]+；1H-NMR (400 MHz, CDCl3) δ: 9.52 (1H, brs, 
H-30), 6.23 (1H, brs, H-29α), 5.91 (1H, brs, H-29β), 
3.18 (1H, dd, J = 10.8, 5.0 Hz, H-3), 0.99, 0.93, 0.88, 
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0.79, 0.76, 0.70 (3H×6, s, CH3×6)；13C-NMR (100 
MHz, CDCl3) δ: 194.9 (C-30), 157.0 (C-20), 132.9 
(C-29), 79.1 (C-3), 55.0 (C-5), 51.3 (C-18), 49.9 
(C-9), 43.0 (C-17), 42.8 (C-14), 41.0 (C-8), 39.9 
(C-22), 39.3 (C-4), 39.0 (C-1), 38.1 (C-13), 36.9 
(C-10), 36.8 (C-19), 35.5 (C-16), 34.4 (C-7), 33.1 
(C-21), 27.9 (C-23), 27.7 (C-12), 27.5 (C-15), 27.2 
(C-2), 20.9 (C-11), 18.7 (C-6), 18.0 (C-28), 15.9 
(C-25), 15.7 (C-26), 15.2 (C-24), 14.1 (C-27)。以上数

据与文献报道的数据基本一致[16]，故鉴定化合物 6
为 30-醛基羽扇豆醇。 

化合物 7：白色无定形粉末，Liebermann- 
Burchurd 显色反应阳性；C30H48O4，ESI-MS m/z: 473 
[M＋H]+；1H-NMR (400 MHz, C5D5N) δ: 5.49 (1H, t, 
J = 3.8, H-12), 1.38, 1.27, 1.08, 1.02, 0.98, 0.95, 0.89 
(3H×7, s, CH3×7)；13C-NMR (100 MHz, C5D5N) δ: 
179.9 (C-28), 145.0 (C-13), 123.0 (C-12), 84.1 (C-3), 
69.0 (C-2), 56.4 (C-5), 48.5 (C-9), 47.9 (C-19), 47.1 
(C-17), 46.6 (C-1), 42.7 (C-14), 41.9 (C-18), 40.1 
(C-8), 39.7 (C-4), 38.6 (C-10), 34.3 (C-21), 33.7 
(C-29), 33.6 (C-22), 33.3 (C-7), 30.9 (C-20), 29.8 
(C-23), 28.6 (C-15), 27.0 (C-27), 24.1 (C-16), 23.8 
(C-30), 23.5 (C-11), 19.1 (C-6), 17.9 (C-26), 17.6 
(C-24), 17.0 (C-25)。以上数据与文献报道的数据基

本一致[17]，故鉴定化合物 7 为山楂酸。 
化合物 8：白色无定形粉末，Liebermann- 

Burchard 显色反应阳性；C30H48O4，ESI-MS m/z: 473 
[M＋H]+；1H-NMR (400 MHz, CDCl3) δ: 5.52 (1H, t, 
J = 4.2 Hz, H-12), 4.21 (1H, t, J = 7.0 Hz, H-3), 4.18 
(1H, d, J = 10.0 Hz, H-23α), 3.69 (1H, d, J = 10.0 Hz, 
H-23β), 2.61 (1H, d, J = 11.2 Hz, H-18), 1.98 (3H, s, 
H-27), 1.82 (3H, s, H-24), 1.10 (3H, s, H-25), 1.05 
(3H, d, J = 7.0 Hz, H-29), 1.01 (3H, s, H-26), 0.95 
(3H, d, J = 5.8 Hz, H-30)；13C-NMR (100 MHz, 
CDCl3) δ: 180.1 (C-28), 139.3 (C-13), 125.6 (C-12), 
79.3 (C-3), 65.9 (C-23), 53.6 (C-18), 48.8 (C-9), 48.6 
(C-17), 48.1 (C-5), 43.0 (C-4), 42.6 (C-14), 40.0 
(C-8), 39.7 (C-19), 39.2 (C-20), 38.9 (C-1), 38.7 
(C-10), 37.5 (C-22), 33.5 (C-7), 30.8 (C-21), 28.6 
(C-15), 25.9 (C-2), 25.0 (C-16), 23.8 (C-11), 23.5 
(C-27), 21.1 (C-30), 18.2 (C-6), 17.8 (C-26), 17.6 
(C-29), 16.9 (C-25), 16.1 (C-24)。以上数据与文献报

道的数据基本一致[18]，故鉴定化合物 8 为 23-羟基

熊果酸。 
化合物 9：白色无定形粉末，Liebermann- 

Burchurd 显色反应阳性；C30H48O，ESI-MS m/z: 425 
[M＋H]+；1H-NMR (400 MHz, CDCl3) δ: 5.41 (1H, t, 
J = 4.0 Hz, H-12), 1.21, 1.13, 1.10, 1.05, 1.00, 0.97, 
0.88, 0.86 (3H×8, s, CH3×8)；13C-NMR (100 MHz, 
CDCl3) δ: 218.0 (C-3), 145.7 (C-13), 121.9 (C-12), 
56.1 (C-5), 47.8 (C-4), 47.4 (C-18), 47.0 (C-9), 46.9 
(C-19), 41.9 (C-14), 40.0 (C-8), 39.2 (C-1), 37.3 
(C-22), 36.9 (C-10), 34.7 (C-21), 34.2 (C-2), 33.7 
(C-29), 32.6 (C-17), 32.2 (C-7), 30.9 (C-20), 29.1 
(C-28), 27.1 (C-16), 26.8 (C-23), 26.5 (C-15), 25.9 
(C-27), 24.2 (C-11), 24.0 (C-30), 21.7 (C-24), 20.4 
(C-6), 17.6 (C-26), 16.1 (C-25)。以上数据与文献报道

的数据基本一致[19]，故鉴定化合物 9为 β-香树脂酮。 
化合物 10：淡黄色无定形粉末，FeCl3 试液显

色反应阳性；C16H12O5，ESI-MS m/z: 285 [M＋H]+；
1H-NMR (400 MHz, DMSO-d6) δ: 12.92 (1H, s, 
5-OH), 8.10 (2H, dd, J = 7.2, 1.8 Hz, H-2′, 6′), 7.11 
(2H, dd, J = 7.2, 1.8 Hz, H-3′, 5′), 6.88 (1H, s, H-3), 
6.51 (1H, d, J = 1.8 Hz, H-8), 6.22 (1H, d, J = 1.8 Hz, 
H-6), 3.89 (3H, s, 4′-OCH3)；13C-NMR (100 MHz, 
DMSO-d6) δ: 182.0 (C-4), 164.4 (C-7), 163.3 (C-2), 
162.4 (C-9), 161.6 (C-4′), 157.6 (C-5), 128.4 (C-2′, 
6′), 122.9 (C-1), 114.7 (C-3′, 5′), 104.0 (C-10), 103.7 
(C-3), 98.9 (C-8), 94.1 (C-6)。以上数据与文献报道的

数据基本一致[20]，故鉴定化合物 10 为刺槐素。 
化合物 11：淡黄色无定形粉末，FeCl3 试液显

色反应阳性；C16H12O6，ESI-MS m/z: 301 [M＋H]+；
1H-NMR (400 MHz, DMSO-d6) δ: 12.91 (1H, s, 
5-OH), 7.58 (1H, dd, J = 8.0, 2.0 Hz, H-6′), 7.48 (1H, 
d, J = 2.0 Hz, H-2′), 6.89 (1H, d, J = 8.0 Hz, H-5′), 
6.86 (1H, s, H-3), 6.51 (1H, d, J = 1.8 Hz, H-8), 6.22 
(1H, d, J = 1.8 Hz, H-6), 3.87 (3H, s, 3′-OCH3)；
13C-NMR (100 MHz, DMSO-d6) δ: 182.1 (C-4), 164.3 
(C-7), 164.0 (C-2), 161.2 (C-5), 157.6 (C-9), 151.1 
(C-4′), 148.0 (C-3′), 121.7 (C-1′), 120.6 (C-6′), 115.8 
(C-5′), 110.2 (C-2′), 104.1 (C-10), 103.5 (C-3), 99.7 
(C-6), 94.0 (C-8), 56.0 (3′-OCH3)。以上数据与文献报

道的数据基本一致[21]，故鉴定化合物 11 为金圣草

黄素。 
化合物 12：淡黄色无定形粉末，FeCl3 试液显

色反应阳性；C17H14O7，ESI-MS m/z: 331 [M＋H]+；
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化合物 18：白色无定形粉末，FeCl3 试液显色

反应阳性；C20H20O6，ESI-MS m/z: 357 [M＋H]+；
1H-NMR (400 MHz, CDCl3) δ: 9.70 (1H, d, J = 7.8 
Hz, H-9′), 7.47 (1H, d, J = 15.8 Hz, H-7′), 7.21 (1H, s, 
H-6′), 7.11 (1H, s, H-2), 6.88 (3H, m, H-2′, 5, 6), 6.59 
(1H, dd, J = 15.8, 7.8 Hz, H-8′), 5.70 (1H, d, J = 6.8 
Hz, H-7), 3.97 (3H, s, 5′-OCH3), 3.88 (2H, m, H-9), 
3.85 (3H, s, 3-OCH3), 3.67 (1H, m, H-8)；13C-NMR 
(100 MHz, CDCl3) δ: 194.2 (C-9′), 153.4 (C-7′), 151.7 
(C-4′), 145.0 (C-5′), 146.9 (C-5), 145.8 (C-4), 132.2 
(C-1), 129.2 (C-3′), 128.3 (C-1′), 126.5 (C-8′), 122.4 
(C-6′), 119.6 (C-6), 118.2 (C-2′), 114.7 (C-3), 109.0 
(C-2), 88.9 (C-7), 64.0 (C-9), 56.3 (3-OCH3), 55.9 
(5′-OCH3), 52.8 (C-8)。以上数据与文献中报道的数

据基本一致[28]，故鉴定化合物 18 为蛇菰脂醛素。 
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