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Chemical constituents from Achillea alpina

ZHANG Rui-ze, XU Yan-jie, XIONG Juan, HU Jin-feng, YANG Guo-xun
Department of Natural Products Chemistry, School of Pharmacy, Fudan University, Shanghai 201203, China

Abstract: Objective To investigate the chemical constituents from the aerial parts of Achillea alpina. Methods The compounds
were isolated and purified by various chromatographic techniques and their structures were characterized on the basis of
physicochemical properties and their spectral analyses. Results Eleven compounds were isolated. Their structures were identified as
epifriedelanol (1), spinasterol (2), P-sitosterol (3), 5, 6-epoxy-24(R)-methylcholesta-7, 22-dien-3B-ol (4), B-daucosterol (5),
schensianol A (6), negunfurol (7), (35, 58, 8R)-3, 5-dihydroxymegastigma-6, 7-dien-9-one (8), saropeptate (9), (+)-syringaresinol (10),

and (+)-lariciresinol (11). Conclusion All the compounds are isolated from the aerial parts of A. alpina for the first time, and

compounds 1, 2, 4, 6—11 are reported to obtain from the plants in Achillea L. for the first time.
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Varian Mercury Plus 400 MHz Al Bruker Avance
11 400 MHz #3473 ; Waters UPLC H Class-
SQD. Agilent 1100 series mass spectrometer. Agilent
5975c¢ Mass Spectrometer Jii 51X ; Autopol VI Jie 61X
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a1 AR, ELMS m/z: 428 [M]" (5),
413 (8), 275 (29), 95 (100). 'H-NMR (400 MHz,
CDCl;) d: 0.86 (3H, s, H-25), 0.93 (3H, d, J= 7.2 Hz,
H-23), 0.94 (3H, s, H-29), 0.96 (3H, s, H-24), 0.99
(3H, s, H-27), 1.00 (3H, s, H-28), 1.01 (3H, s, H-26),
1.17 (3H, s, H-30), 1.74 (1H, m, H-6a), 1.89 (1H, dt,
J =10.0, 2.8 Hz, H-2a), 3.73 (1H, brd, J = 2.4 Hz,
H-3); >C-NMR (100 MHz, CDCl3) 8: 15.8 (C-1), 35.2
(C-2), 72.8 (C-3), 49.2 (C-4), 37.1 (C-5), 41.7 (C-6),
17.6 (C-7), 53.2 (C-8), 38.4 (C-9), 61.4 (C-10), 35.3
(C-11), 30.6 (C-12), 37.8 (C-13), 39.7 (C-14), 32.3
(C-15), 36.1 (C-16), 30.0 (C-17), 42.8 (C-18), 35.6
(C-19), 28.2 (C-20), 32.8 (C-21), 39.3 (C-22), 11.6
(C-23), 16.4 (C-24), 18.2 (C-25), 18.6 (C-26), 20.1
(C-27), 31.8 (C-28), 35.0 (C-29), 32.1 (C-30). LA -4
P 5 SRR E I A — 3, MR A 1 N RA
FERE

) 2: AR A, EI-MS m/z: 412 [M] (33),
369 (11), 300 (13), 271 (100). 'H-NMR (400 MHz,
CDCls) 0: 0.55 (3H, s, H-18), 0.80 (3H, s, H-19), 0.81
(3H, t, overlapped, H-29), 0.85 (3H, d, J = 6.4 Hz,
H-27), 1.03 (3H, d, J = 6.8 Hz, H-21), 3.60 (1H, m,
H-3), 5.02 (1H, dd, J = 15.2, 8.2 Hz, H-23), 5.16 (2H,
m, H-7, 22); C-NMR (100 MHz, CDCls) 6: 37.1
(C-1), 31.5 (C-2), 71.1 (C-3), 38.0 (C-4), 40.3 (C-5),
29.7 (C-6), 117.5 (C-7), 139.6 (C-8), 49.4 (C-9), 34.2
(C-10), 21.5 (C-11), 39.5 (C-12), 43.4 (C-13), 55.1
(C-14), 23.0 (C-15), 28.5 (C-16), 55.9 (C-17), 12.1
(C-18), 13.1 (C-19), 40.8 (C-20), 21.4 (C-21), 138.2
(C-22), 129.4 (C-23), 51.3 (C-24), 31.9 (C-25), 19.0
(C-26), 21.1 (C-27), 25.4 (C-28), 12.3 (C-29). L L%k
W S SCRRIRE AR — B, M A ) 2 K
i)

WG 3: 5 B3 (5§ EE0T F S £ g - A
(122 1D ATHEE-BER OWE (40 D % Fe-HE
% CME (50 1) 3 AMARXTE Rf HME AL )G,
YA 3 4 B K I

&Y 4: AR AR, EI-MS m/z: 412 [M]" (10),
394 (11), 251 (42), 170 (100). 'H-NMR (400 MHz,
CDClL3) 6: 0.60 (3H, s, H-18), 1.10 (3H, s, H-19), 3.64
(1H, brs, H-6), 4.09 (1H, m, H-3), 5.17 (1H, dd, J =
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15.2, 7.6 Hz, H-23), 5.23 (1H, dd, J = 15.2, 7.2 Hz,
H-22), 5.37 (1H, brd, J = 5.2 Hz, H-7); "*C-NMR (100
MHz, CDCls) d: 32.9 (C-1), 30.8 (C-2), 67.7 (C-3),
39.2 (C-4), 75.9 (C-5), 73.6 (C-6), 117.5 (C-7), 144.0
(C-8), 43.4 (C-9), 37.1 (C-10), 22.0 (C-11), 39.4
(C-12), 43.7 (C-13), 54.7 (C-14), 22.9 (C-15), 27.9
(C-16), 55.9 (C-17), 12.3 (C-18), 18.9 (C-19), 40.4
(C-20), 21.1 (C-21), 135.4 (C-22), 132.1 (C-23), 42.8
(C-24), 33.0 (C-25), 19.6 (C-26), 20.0 (C-27), 17.6
(C-28)0 LA -3t 55 ek FA — 500, W% el
&M 4 N 5, 6-epoxy-24(R)-methylcholesta-7, 22-
dien-3p-ol.

EY 5. 5 B-THE bR A il =
WLLEE, fEZRRIFFISME N EA IR RE (. H4
SEAEY S N B-THE T,

Wi 6: LR, [al) +4.0° (¢ 0.1,
MeOH); ESI-MS m/z: 272 [M+NH4], 277 [M+
Na]. 'H-NMR (400 MHz, CDCl;) 6: 1.12 (3H, s,
H-13), 1.24 (3H, s, H-15), 1.27 (3H, s, H-12), 1.32
(3H, d, J = 1.6 Hz, H-14), 2.24 (2H, m, H-4), 3.85
(1H, t, J = 7.2 Hz, H-10), 5.05 (1H, dd, J = 10.8, 1.2
Hz, H-1b), 5.20 (1H, brd, J = 17.2 Hz, H-1a), 5.60
(1H, m, H-6), 5.67 (1H, dd, J = 15.6, 6.4 Hz, H-5),
5.91 (1H, dd, J=17.2, 10.8 Hz, H-2); "*C-NMR (100
MHz, CDCls) d: 112.0 (C-1), 144.8 (C-2), 72.6 (C-3),
45.1 (C-4), 122.4 (C-5), 140.9 (C-6), 82.5 (C-7), 38.1
(C-8), 26.5 (C-9), 85.6 (C-10), 71.2 (C-11), 27.3
(C-12), 24.4 (C-13), 26.6 (C-14), 27.6 (C-15). A %k
W5 s A -8, WA 6 A
schensianol A .

iy 7. BOWCRY, [al) +9.0° (¢ 0.1,
MeOH); ESI-MS m/z: 272 [M+NH,]", 277 [M+
Na]". 'H-NMR (400 MHz, CDCl;) ¢: 1.15 (3H, s,
H-13), 1.24 (3H, d, J = 1.6 Hz, H-15), 1.29 (3H, s,
H-12), 1.34 (3H, s, H-14), 2.28 (2H, m, H-4), 3.78
(1H, td, J = 7.2, 3.2 Hz, H-10), 5.08 (1H, dd, J = 10.8,
1.2 Hz, H-1b), 5.22 (1H, ddd, J = 17.2, 5.0, 1.2 Hz,
H-1a), 5.60 (1H, d, J = 15.2 Hz, H-6), 5.61 (1H, d, J =
15.2 Hz, H-5), 5.94 (1H, dd, J = 17.2, 10.8 Hz, H-2);
BC-NMR (100 MHz, CDCl3) d: 112.0 (C-1), 144.8
(C-2), 72.7 (C-3), 45.2 (C-4), 122.1 (C-5), 140.4
(C-6), 82.7 (C-7), 37.8 (C-8), 26.4 (C-9), 85.5 (C-10),
712 (C-11), 27.3 (C-12), 24.2 (C-13), 27.1 (C-14),

27.4 (C-15). LA 5 5 Sk 2 A — 807, ik
SEWAW) T M negunfurol.

WE8: AR A, [a]) —31° (¢ 0.01, CHCly);
ESI-MS m/z: 225 [M+H]", 247 [M+Na]". 'H-NMR
(400 MHz, CDCls) 8: 1.18 (3H, s, H-11), 1.40 (3H, s,
H-12), 1.44 (1H, m, H-4a), 1.45 (3H, s, H-13), 1.50
(1H, m, H-2a), 2.02 (1H, ddd, J = 12.8, 4.0, 2.0 Hz,
H-4b), 2.20 (3H, s, H-10), 2.32 (1H, ddd, J = 12.8,
4.0, 2.0 Hz, H-2b), 4.36 (1H, m, H-3), 5.87 (1H, s,
H-8); >C-NMR (100 MHz, CDCl3) 8: 36.1 (C-1), 49.0
(C-2), 63.9 (C-3), 48.7 (C-4), 72.3 (C-5), 118.8 (C-6),
198.3 (C-7), 100.8 (C-8), 209.7 (C-9), 26.3 (C-10),
29.1 (C-11), 31.7 (C-12), 30.9 (C-13). LA L% 5
BRI R A B0, e 8 A (3S, 58, 8R)-
3, 5-dihydroxymegastigma-6, 7-dien-9-one.

EW9: TEEHIREE, [a]f —52° (c 0.056,
CHCl;); ESI-MS m/z: 445 [M+H]', 467 [M+Na]",
483 [M+K]J". "H-NMR (400 MHz, CDCl;) 8: 2.05
(3H, s, H-4), 2.77 (2H, dd, J = 14.0, 7.2 Hz, H-2""),
3.08 (1H, dd, J = 14.0, 8.4 Hz, H-2"a), 3.24 (1H, dd,
J =14.0, 6.0 Hz, H-2"b), 3.84 (1H, dd, J = 11.2, 4.4
Hz, H-2a), 3.95 (1H, dd, J = 11.2, 4.8 Hz, H-2b), 4.36
(1H, m, H-1""), 4.80 (1H, m, H-1"), 6.02 (1H, d, J =
8.4 Hz, -NH), 6.78 (1H, d, J = 7.6 Hz, -NH), 7.42 (2H,
dd, J=7.2,7.6 Hz, H-4', 6"), 7.55 (1H, dd, J = 7.2, 7.6
Hz, H-5), 7.73 (2H, dd, J= 7.2, 1.2 Hz, H-3', 7'); “C-
NMR (100 MHz, CDCLy) &: 170.2 (C-1), 64.6 (C-2),
170.7 (C-3), 20.8 (C-4), 167.1 (C-1'), 133.7 (C-2'),
127.1 (C-3, 7'), 128.6 (C-4', 6"), 131.9 (C-5'), 55.03
(C-17), 38.4 (C-2"), 136.7 (C-3"), 129.3 (C-4", 8"),
128.7 (C-5", 7"), 127.2 (C-6"), 49.5 (C-1""), 37.5
(C-2""), 136.7 (C-3""), 129.2 (C-4"", 8'""), 128.6 (C-5"",
7"), 126.8 (C-6"). LA_F4cdfs 5 ScifafaE s A5,
WS B A 9 A saropeptate.

e 10: Ak, [a]l) +3.8° (¢ 027,
CHCls); ESI-MS m/z: 417 [M—H] . 'H-NMR (400
MHz, CDCL) §: 3.10 (2H, m, H-1, 5), 3.90 (12H, s,
OMe), 3.91 (2H, m, H-4a, 8a), 4.29 (2H, dd, J = 8.8,
6.8 Hz, H-4b, 8b), 4.74 (2H, brd, J = 4.0 Hz, H-2, 6),
5.53 (2H, s, OH), 6.59 (4H, s, H-2, 2", 6/, 6"); "C-
NMR (100 MHz, CDCl3) d: 54.4 (C-1, 5), 86.1 (C-2,
6), 71.8 (C-4, 8), 132.1 (C-1’, 1"), 102.6 (C-2', 2", 6/,
6"), 147.1 (C-3, 3", 5', 5"), 134.2 (C-4', 4"), 56.8
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A 1. AEBE, [a) +1.6° (¢ 0.50,
CH;COCHj;); ESI-MS m/z: 383 [M+Na]", 721 [2M+
H]'. 'H-NMR (400 MHz, CDCl;) 6: 2.40 (1H, m,
H-8"), 2.55 (1H, dd, J = 13.4, 10.8 Hz, H-7a), 2.72
(1H, m, H-8), 2.92 (1H, dd, J = 13.5, 5.1 Hz, H-7p),
3.77 (2H, m, H-9a, 9"), 3.87 (3H, 5,-OCH3), 3.88 (3H,
s, -OCH3), 3.92 (1H, m, H-9'), 4.05 (1H, dd, J = 8.4,
6.8 Hz, H-9p), 4.78 (1H, d, J = 6.6 Hz, H-7'), 5.55
(1H, brs, -OH), 5.63 (1H, brs, -OH), 6.69~6.88 (6H,
overlapped, H-2, 2', 5, 5", 6, 6"); BC.NMR (100 MHz,
CDCl3) 6: 132.3 (C-1), 111.2 (C-2), 146.5 (C-3), 143.9
(C-4), 114.4 (C-5), 1212 (C-6), 33.3 (C-7), 42.3
(C-8), 72.9 (C-9) 134.8 (C-1'), 108.3 (C-2'), 146.6
(C-3"), 145.0 (C-4'), 114.2 (C-5"), 118.8 (C-6'), 82.8
(C-7"), 52.6 (C-8'), 60.9 (C-9"), 55.9 (2X-OCH3). LA
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