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ZHU Ling-juan"*, YAN Fei'®, CHEN Jin-peng"®, ZHANG Nan'*, ZHANG Xue"*?, YAO Xin-sheng" **

1. College of Traditional Chinese Materia Medica, Shenyang Pharmaceutical University, Shenyang 110016, China

2. State Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute of Materia Medica, Chinese Academy
of Medical Sciences and Peking Union Medical College, Beijing 100050, China

3. Key Laboratory of Structure-Based Drug Design & Discovery, Ministry of Education, Shenyang Pharmaceutical University,
Shenyang 110016, China

4. Institute of Traditional Chinese Medicine & Natural Products, College of Pharmacy, Jinan University, Guangzhou 510632, China

Abstract: Objective To study the chemical constituents in 60% ethanol extract from the aerial parts of Matteuccia struthiopteris.
Methods Diaion HP20 macroporous adsorption resin column chromatography (CC), silica gel CC, ODS CC, Sephadex LH-20 CC,
and PHPLC were used for the isolation and purification. Structures were identified on the basis of chemical evidences and
spectroscopic analyses. Results Twelve compounds were isolated and identified as 4,7-megastigmadiene-3,9-diol (1), blumenol A
(2), dehydrovomifoliol (3), bridelionol F (4), bridelionol B (5), 3,5,6-trihydroxy-7-megastigmen-9-one (6), 58,6a-dihydroxy-3p-(3-D-
glucoyranosyloxy)-7-megastigmen-9-one (7), byzantionoside A (8), dearabinosyl pneumonanthoside (9), 3-hydroxy-p-damascone
glucoside (10), amarantholidoside IV (11), and icariside C; (12). Conclusion Compounds 1—12 are reported from the plants of
Matteuccia Todaro for the first time.
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HOET 12 RAEY), A4S 10 4> megastigmane
RIBEAE 205 A4 (1~10) F1 2 ANME i b &
Y1 (11, 12), 7354 4,7-megastigmadiene-3,9-diol
(1), blumenol A (2). 2 & fi k& 5 A8
(dehydrovomifoliol, 3). bridelionol F (4). bridelionol
B (5). 3,5,6-trihydroxy-7-megastigmen-9-one (6)-.
5B,6a-dihydroxy-3p-(B-D-glucoyranosyloxy)-7-mega-
stigmen-9-one ( 7 ) . byzantionoside A (8 ) .
dearabinosyl pneumonanthoside (9). 3-hydroxy-f-
damascone glucoside (10). &% IV (amaran-
tholidoside IV, 11). icariside C3 (12). T H4LEW)
B0 TR BB R 4y B A 3
1 XFE5HH

Bruker esquire 2000 ZUIC # )51 ; Bruker
AVANCE-400 %! #1 Bruker AVANCE-600 %4 T 1%
AR (TMS AR D s 208 H e RO 19 154X
[G1311A HPLC pump %%, G1315D DAD failll#,
Cig %41 (250 mm X 4.6 mm, 5 um), Phenomenex
Gemini]; 7% H S 0B AH 154X [Shimadzu LC-6A
%%, SPD-20A Kl 4, Cg tAHEHE (250 mm X 10 mm,
5 um), Phenomenex Gemini]o TLC /K GFasgn
K G At G5 B THRARD.
KALB Mg Diaion HP20 3%} ( H A Mitsubishi
Chemical A #)), e A ODS HHE (HA YMC A+,
Sephadex LH-20 3k} (Hfi i Amersham Biosciences
AFD, AR LR S S RA R T A
Al R ERHE R AT R A W] BLA SE - Sigma-
Aldrich 278D, JrHraife sl ORI
FAA) D

ZiR4T 2011 4F 9 JIR HIL TR 1, 2002y
BEK 27 T 2 o7 B i < 4 AR 8 38 Rk
Matteuccia struthiopteris (L.) Todaro [} 35, #5
AARAE TV BH A RE R 257 B
2 RBSSE

FERH M LS 8.8 kg, I 60% 4 (70 L)
B 12 hy ARSI 2 R, IR 2h, BT R

8 R s [ A5 SR B 800 g H JLR R TG K,
K] Diaion HP20 KL BB AT (i 20 25, £ -
IKBREEVEE . T 30% L BEUEERAT (45.0 g) £
I ODS H:a il or 3, 30% H FE- /KU 0 23 28 3o fek
R AT i o s, Horh S FE- I EE (95 1 5) BEi
et 2% HPLC (ZJE-/K 13 1 87), #3301k
G5 (34 mgd. 50%LIEEVERAL (18.3 g) KH
Tk AT (il oy 2, U FR - PR RR FEE i e, 493381
10 AN#84) Fr. 1~10, Fr. 1 £ ODS A% LA S il 4%
HPLC (HEE-7K 30 1 70), 19214LA3 (72 mg)
1618 mg); Fr.2 it ODS H:tail LA K il #% TLC
(E-HEE9 T 1, 192HLEM 1 (9mg); Fr.3 &
it ODS A% P A il % HPLC (FFEE-7K 20 80D,
HBEUEY 2 (24 mg); Fr. 5 245 ODS H{hil LL
#1457 HPLC (FIE-7K 20 © 80D, H3MLEW 4 (5
mg); Fr. 6 o0 ODS #E A% Ll & il 45 84 HPLC (H
fig-7K 30 1 70), HEIMEAY 7 (12mg). 8 (9 mg).
9 (3mg). 10 (3mg). 11 (12mg) F 12 (6 mg).
3 HZHEE

& 1. BE M A, ESI-MS m/z: 233
[M-+Na]". "H-NMR (400 MHz, CDCl;) 6: 1.34 (1H,
dd, J=12.8, 9.6 Hz, H-2a), 1.27 (1H, overlap, H-2b),
420 (1H, m, H-3), 5.46 (1H, brs, H-4), 2.06 (1H, d,
J= 8.8 Hz, H-6), 5.47 (1H, dd, J = 15.2, 8.8 Hz, H-7),
5.55 (1H, dd, J = 15.2, 6.0 Hz, H-8), 4.30 (1H, m,
H-9), 1.26 (3H, d, J = 6.4 Hz, H-10), 0.92 (3H, s,
H-11), 0.85 (3H, s, H-12), 1.62 (3H, brs, H-13);
BC.NMR (100 MHz, CDCl;) d: 34.3 (C-1), 40.8
(C-2), 66.7 (C-3), 124.8 (C-4), 137.5 (C-5), 54.0
(C-6), 130.2 (C-7), 136.4 (C-8), 68.7 (C-9), 23.6
(C-10), 29.1 (C-11), 27.0 (C-12), 22.4 (C-13). LA L%k
P 5 ek A — S, WA 1 4,7-
megastigmadiene-3,9-diol.

EY 2: REEWMARY) . ESI-MS m/z: 471
[2M+Na]". "H-NMR (400 MHz, DMSO-dg) d: 2.35
(1H, d, J = 16.8 Hz, H-2a), 2.06 (1H, d, J = 16.8 Hz,
H-2b), 5.78 (1H, brs, H-4), 5.64 (1H, d, J = 15.6 Hz,
H-7), 5.70 (1H, dd, J = 15.6, 4.4 Hz, H-8), 4.18 (1H,
m, H-9), 1.11 (3H, d, J = 6.4 Hz, H-10), 0.91 (3H, s,
H-11), 0.93 (3H, s, H-12), 1.81 (3H, brs, H-13);
BC-NMR (100 MHz, DMSO-dq) 6: 40.9 (C-1), 49.4
(C-2), 197.3 (C-3), 125.4 (C-4), 1643 (C-5), 77.8
(C-6), 135.9 (C-7), 127.9 (C-8), 66.1 (C-9), 24.0
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(C-10), 23.0 (C-11), 23.9 (C-12), 18.9 (C-13). LA %k
W5 Sk A S, WA 2 N
blumenol A.

WA 3: RECHIRY). ESI-MS m/z: 245 [M+
Na]". 'H-NMR (400 MHz, CD;0D) 6: 2.60 (1H, d, J =
17.2 Hz, H-2a), 2.27 (1H, d, J = 17.2 Hz, H-2b), 5.93
(1H, brs, H-4), 7.00 (1H, d, J = 16.0 Hz, H-7), 6.43
(1H, d, J = 16.0 Hz, H-8), 2.31 (3H, s, H-10), 1.06
(3H, s, H-11), 1.02 (3H, s, H-12), 1.90 (3H, s, H-13);
BC-NMR (100 MHz, CD;OD) §: 42.6 (C-1), 50.5
(C-2), 200.2 (C-3), 128.0 (C-4), 164.5 (C-5), 79.9
(C-6), 148.3 (C-7), 131.7 (C-8), 200.6 (C-9), 27.7
(C-10), 23.5 (C-11), 24.7 (C-12), 19.2 (C-13). LA L%
5 ek A B, s e A 3 A EE
(IR NI

theEY 4: AL EEMAK. ESI-MS m/z: 249
[M-+Na]". 'H-NMR (400 MHz, CD;0D) ¢: 1.78 (1H,
t,J=12.4 Hz, H-2a), 1.44 (1H, ddd, J = 12.4, 3.6, 1.2
Hz, H-2b), 3.76 (1H, dt, J = 12.4, 3.6 Hz, H-3), 3.84
(1H, d, J = 3.6 Hz, H-4), 6.03 (1H, dd, J = 16.0, 1.0
Hz, H-7), 5.52 (1H, dd, J = 16.0, 6.4 Hz, H-8), 4.30
(1H, qd, J = 6.4, 1.0 Hz, H-9), 1.27 (3H, d, J = 6.4 Hz,
H-10), 1.07 (3H, s, H-11), 1.04 3H, s, H-12), 1.83
(3H, brs, H-13); >C-NMR (100 MHz, CD;0D) &: 37.7
(C-1), 41.7 (C-2), 67.9 (C-3), 72.6 (C-4), 128.9 (C-5),
142.4 (C-6), 126.8 (C-7), 140.5 (C-8), 69.5 (C-9), 23.8
(C-10), 27.7 (C-11), 30.3 (C-12), 19.8 (C-13). LA %k
W5 Sk A S, MO A 4 N
bridelionol F-

EY S: LEMIRY . ESI-MS m/z: 267 [M+
Na]". 'H-NMR (400 MHz, CD;0D) 6: 1.63 (1H, t, J =
12.0 Hz, H-2a), 1.45 (1H, ddd, J = 12.0, 4.4, 2.4 Hz,
H-2b), 4.05 (1H, m, H-3), 1.78 (1H, m, H-4a), 1.74
(1H, t, J = 12.4 Hz, H-4b), 6.06 (1H, d, J = 16.0 Hz,
H-7), 5.78 (1H, dd, J = 16.0, 6.4 Hz, H-8), 4.34 (1H,
q, J = 6.4 Hz, H-9), 127 (3H, d, J = 6.4 Hz, H-10),
1.14 (3H, s, H-11), 0.84 (3H, s, H-12), 1.20 (3H, s,
H-13); "C-NMR (100 MHz, CD;0D) §: 40.6 (C-1),
46.4 (C-2), 65.2 (C-3), 45.7 (C-4), 77.8 (C-5), 78.9
(C-6), 131.1 (C-7), 136.1 (C-8), 69.5 (C-9), 24.2
(C-10), 26.2 (C-11), 27.1 (C-12), 27.5 (C-13). LA 3k
W 5 SCERIRE A Y, M etk A 5 N
bridelionol B.

A 6: BFHOMPIRY) . ESI-MS m/z: 471 [2M+
Na]*. 'H-NMR (400 MHz, CD;OD) ¢: 1.58 (1H, m,
H-2a), 1.27 (1H, dd, J = 12.4, 10.8 Hz, H-2b), 3.77
(1H, m, H-3), 2.31 (1H, m, H-4a), 1.66 (1H, dd, J =
14.4, 9.2 Hz, H-4b), 7.17 (1H, d, J = 15.6 Hz, H-7),
6.18 (1H, d, J = 15.6 Hz, H-8), 2.29 (3H, s, H-10),
1.18 (3H, s, H-11), 0.96 (3H, s, H-12), 1.19 (3H, s,
H-13); "*C-NMR (100 MHz, CD;0D) §: 34.2 (C-1),
45.7 (C-2), 62.5 (C-3), 39.4 (C-4), 66.8 (C-5), 68.9
(C-6), 143.4 (C-7), 131.9 (C-8), 198.3 (C-9), 23.3
(C-10), 27.8 (C-11), 25.5 (C-12), 18.1 (C-13). LI_I-%¢
i 5 SRR A — 3, W e A A 6 4 3,5,6-
trihydroxy-7-megastigmen-9-one.

WEY 7. HIEATE K. ESI-MS m/z: 409 [M—+
Na—H,0]". 'H-NMR (400 MHz, CD;0OD) &: 1.79
(1H, ddd, J = 13.2, 3.2, 1.2 Hz, H-2a), 1.46 (1H, dd,
J=13.2,10.0 Hz, H-2b), 3.96 (1H, m, H-3), 2.46 (1H,
ddd, J = 14.8, 4.8, 1.2 Hz, H-4a), 1.86 (1H, dd, J =
14.8, 8.4 Hz, H-4b), 7.22 (1H, d, J = 15.6 Hz, H-7),
6.23 (1H, d, J = 15.6 Hz, H-8), 2.34 (3H, s, H-10),
1.01 (3H, s, H-11), 1.26 (3H, s, H-12), 1.24 (3H, s,
H-13), 4.39 (1H, d, J = 8.0 Hz, H-1'), 3.18 (1H, m,
H-2'), 3.41 (1H, m, H-3"), 3.35 (1H, m, H-4'), 3.33
(1H, m, H-5"), 3.90 (1H, dd, J = 12.0, 1.6 Hz, H-6"a),
3.72 (1H, dd, J = 12.0, 5.2 Hz, H-6'b); *C-NMR (100
MHz, CD;0D) 6: 36.0 (C-1), 45.2 (C-2), 72.8 (C-3),
38.2 (C-4), 68.3 (C-5), 71.2 (C-6), 145.2 (C-7), 133.8
(C-8), 2002 (C-9), 27.5 (C-10), 25.5 (C-11), 29.4
(C-12), 20.2 (C-13), 103.0 (C-1"), 75.1 (C-2), 77.8
(C-3"), 71.7 (C-4"), 78.1 (C-5"), 62.7 (C-6")o LA L%l
5 cmriE A S, MOt A T 5B,6a-
dihydroxy-3p-(B-D-glucoyranosyloxy)-7-megastigmen-
9-one.

&) 8: Wi A 1. ESI-MS m/z: 393 [M+
Na]". '"H-NMR (400 MHz, CD;0D) ¢: 1.87 (1H, dd,
J=13.6, 5.6 Hz, H-2a), 1.62 (1H, dd, J = 13.6, 6.0 Hz,
H-2b), 4.39 (1H, m, H-3), 5.78 (1H, d, J = 1.6 Hz,
H-4), 2.61 (1H, d, J = 10.0 Hz, H-6), 6.71 (1H, dd, J =
16.0, 10.0 Hz, H-7), 6.16 (1H, d, J = 16.0 Hz, H-8),
2.30 (3H, s, H-10), 0.95 (3H, s, H-11), 1.08 (3H, s,
H-12), 1.67 3H, s, H-13), 444 (1H, d, J = 7.6 Hz,
H-1'), 3.20 (1H, m, H-2'), 3.40 (1H, m, H-3'), 3.34
(1H, m, H-4"), 332 (1H, m, H-5'), 3.92 (1H, m,
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H-6'a), 3.71 (1H, dd, J = 12.0, 5.2 Hz, H-6'b);
BC-NMR (100 MHz, CD;OD) &: 34.6 (C-1), 40.8
(C-2), 74.1 (C-3), 126.0 (C-4), 136.8 (C-5), 55.9
(C-6), 149.8 (C-7), 134.5 (C-8), 200.9 (C-9), 27.2
(C-10), 29.7 (C-11), 25.4 (C-12), 22.9 (C-13), 103.2
(C-1'), 75.2 (C-2"), 78.0 (C-3"), 71.8 (C-4"), 78.3 (C-5"),
62.9 (C-6"). LA EHuH 5 3cmrdis iA 8, %
T AW 8 4 byzantionoside A

WEW 9: Il k. ESI-MS m/z: 393 [M+
Na]".'"H-NMR (600 MHz, CD;0D) d: 2.44 (1H, d, J =
16.8 Hz, H-2a), 2.05 (1H, d, J = 16.8 Hz, H-2b), 5.88
(1H, brs, H-4), 2.68 (1H, d, J = 9.0 Hz, H-6), 5.64
(1H, dd, J=15.6, 9.0 Hz, H-7), 5.77 (1H, dd, J = 15.6,
6.6 Hz, H-8), 4.40 (1H, m, H-9), 1.29 (3H, d, J = 6.6
Hz, H-10), 1.03 (3H, s, H-11), 1.01 (3H, s, H-12), 1.94
(3H, brs, H-13), 4.35 (1H, d, J = 7.8 Hz, H-1), 3.17
(1H, m, H-2'), 3.33 (1H, m, H-3'), 3.28 (1H, m, H-4"),
3.21 (1H, m, H-5"), 3.82 (1H, dd, J = 12.0, 2.4 Hz,
H-6'a), 3.66 (1H, dd, J = 12.0, 5.4 Hz, H-6'b);
BC-NMR (150 MHz, CD;OD) ¢: 37.1 (C-1), 48.3
(C-2), 202.0 (C-3), 126.1 (C-4), 165.9 (C-5), 56.8
(C-6), 128.8 (C-7), 1382 (C-8), 77.0 (C-9), 21.0
(C-10), 27.6 (C-11), 28.1 (C-12), 23.8 (C-13), 102.5
(C-1"), 75.3 (C-2'), 78.1 (C-3'), 71.5 (C-4"), 78.0 (C-
5'), 62.7 (C-6" LA % b5 Sciki it s A — 5",
W 25 9 N dearabinosyl pneumonanthoside .

AW 10: KRG, ESIMS m/z: 393 [M+
Na]”. 'H-NMR (600 MHz, CD;OD) 6: 1.88 (1H, ddd,
J=12.0, 3.6, 1.2 Hz, H-2a), 1.60 (1H, m, H-2b), 4.20
(1H, m, H-3), 2.48 (1H, dd, J = 16.8, 6.0 Hz, H-4a),
2.11 (1H, dd, J = 16.8, 8.4 Hz, H-4b), 6.14 (1H, dd,
J=15.6, 1.8 Hz, H-8), 6.84 (1H, dg, J = 15.6, 6.6 Hz,
H-9), 1.94 (1H, dd, J = 6.6, 1.8 Hz, H-10), 1.13 (3H, s,
H-11), 0.97 (3H, s, H-12), 1.54 (3H, s, H-13), 4.45
(1H, d, J = 7.8 Hz, H-1'), 3.17 (1H, m, H-2'), 3.35
(1H, m, H-3"), 3.31 (1H, m, H-4"), 3.28 (1H, m, H-5"),
3.87 (1H, dd, J = 12.0, 1.8 Hz, H-6'a), 3.68 (1H, dd,
J = 12.0, 48 Hz, H-6'b); "C-NMR (150 MHz,
CD;0D) §: 37.0 (C-1), 38.5 (C-2), 72.8 (C-3), 46.6
(C-4), 140.9 (C-5), 129.8 (C-6), 204.2 (C-7), 135.3
(C-8), 149.7 (C-9), 21.3 (C-10), 29.5 (C-11), 30.2
(C-12), 18.5 (C-13), 102.5 (C-1'), 75.2 (C-2"), 78.1
(C-3"), 71.7 (C-4"), 77.9 (C-5"), 62.8 (C-6"). LL [ %iHf

5k A S, etk A 10 ok
3-hydroxy-p- damascone glucoside.

WEW 1: HH k. ESI-MS m/z: 441 [M+
Na]*. 'H-NMR (400 MHz, CD;0D) &: 5.14 (1H, dd,
J=17.2,1.2 Hz, H-1a), 4.98 (1H, dd, J = 10.8, 1.2 Hz,
H-1b), 5.87 (1H, dd, J = 17.2, 10.8 Hz, H-2), 1.49
(2H, m, H-4), 2.00 (2H, m, H-5), 5.19 (1H, overlap,
H-6), 2.26 (1H, m, H-8a), 2.14 (1H, m, H-8b), 1.41
(2H, m, H-9), 3.37 (1H, m, H-10), 1.09 (3H, s, H-12),
1.13 (3H, s, H-13), 1.56 (3H, s, H-14), 1.21 (3H, s,
H-15), 440 (1H, d, J = 8.0 Hz, H-1"), 3.23 (2H, m,
H-2', 3'), 3.33 (2H, m, H-4', 5'), 3.82 (1H, dd, J =
11.6, 2.4 Hz, H-6'a), 3.69 (1H, dd, J = 11.6, 4.8 Hz,
H-6'b); C-NMR (100 MHz, CD;0D) ¢: 112.0 (C-1),
146.3 (C-2), 74.8 (C-3), 43.5 (C-4), 23.7 (C-5), 126.2
(C-6), 136.1 (C-7), 37.0 (C-8), 30.8 (C-9), 90.4
(C-10), 73.9 (C-11), 26.4 (C-12), 23.9 (C-13), 16.1
(C-14), 27.6 (C-15), 106.4 (C-1'), 76.0 (C-2), 77.9
(C-3"), 71.5 (C-4"), 78.5 (C-5"), 62.7 (C-6). VL F¥¥is
LckAiE A S, MOE A 11 Rk
AT IV,

AW 12: WK, ESI-MS m/z: 441 M+
Na]”. 'H-NMR (400 MHz, CsDsN) d: 5.36 (1H, dd,
J=17.6, 0.8 Hz, H-1a), 5.21 (1H, dd, J = 10.8, 0.8 Hz,
H-1b), 6.28 (1H, dd, J = 17.6, 10.8 Hz, H-2), 2.27
(1H, m, H-4a), 1.78 (1H, m, H-4b), 2.29 (2H, m, H-5),
5.33 (1H, overlap, H-6), 2.62 (1H, m, H-8a), 2.04 (1H,
m, H-8b), 1.76 (2H, m, H-9), 3.74 (1H, m, H-10), 1.48
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