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8-2' Linked neolignans isolated from Pteridium aquilinum

LI Yuanyuan, LU Weiren, HUANG Huilian, LIU Jianqun, PENG Caiying, SHU Jicheng
Jiangxi University of Chinese Medicine, Nanchang 330004, China

Abstract: Objective To investigate the chemical constituents of Pteridium aquilinum. Methods The compounds were isolated and
purified using various chromatographic techniques, including macroporous resin, normal-phase silica gel, Sephadex LH-20 gel and
semi-preparative HPLC. The structures of the isolated compounds were elucidated through comprehensive spectroscopic analysis (MS,
NMR) and comparison with literature data. Their anti-inflammatory activities were evaluated based on the inhibition of nitric oxide
(NO) production. Results A total of seven 8-2' linked neolignans were obtained from P. aquilinum: pteriaquic acid A (1), blechnic
acid (2), 7-epiblechnic acid (3), 7-epiblechnic acid 9-methyl ester (4), tournefolic acid B (5), tournefolic acid A (6), and salvianolic
acid F (7). Conclusion Compound 1 was neolignan, and compound 4 was identified as a new natural product. Compounds 2, 3 and
5-7 were isolated from P. aquilinum for the first time. Additionally, complete '*C NMR data for salvianolic acid F (7) were also
provided for the first time.All compounds (1-7) exhibited anti-inflammatory activity, with compound 7 showing the strongest effect
(ICso = 15.8 pmol/L).
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Fig. 1 Structures of compounds 1—7
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tournefolic acid B (5). tournefolic acid A (6). F}%
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LCQ DECAXP plus (% (3£[E Thermo 2
&); Bruker AM 600 MHz ZURZRHEILARIX (TMS 2y
PAR, ik Bruker 24F]); LC 3000 I i R0AH 1%
A BRI AR A D ; HE AR 5 i
L) ); Sephadex LH-20 (3£[E Pharmacia A #]);
FEEGERER 5 ST s KL AB-8 (7R
WAL TAHRAFD; ODS HEEREM L Cis il &8
WAL (HAS YMC 2w e 7R N-1100 4 (H
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Al (PRI A R AR .

FRAZIH 2021 4 10 R T E BT, 200
VG H R 24 R S A AN g AR 4 8 D R R A A BR
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39 N4> Fr. E1I~E39.Fr. E19(551 mg)%4: Sephadex
LH-20 #: il (& e-HEE 10 1D 405, TLC 18
SEIES 14 A4 Fr. E19.1~19.14. Fr. E19.9
(103 mg) £ % HPLC (FHEE-/K 40 © 60), 153
th&¥ 2 (6mg, rR=158min). 4 (8 mg, ®=18.3
min). BUEERR A BEERAL 150 g, SRERA (I, DL
A LE-HEE (250 1—1: 1) BREEWEM. 4 TCL A&
MW, HI1EE] 8 NERAL Fr. Y1~YS8. Fr.Y4 (9.6g)
MR G, D& RE-HEE (2001,

1001, 501, 20 1) BAEEBEML, 135] 6 Ml Fr.
Y4.1~4.6. Fr. Y43 (1.1 g) % Sephadex LH-20 ¥
tan: (FEE 28, TLC 855518 10 My
Fr. Y4.3.1~4.3.10. Fr. Y4.3.7 (201 mg) Z3f]4%
HPLC (HJE-/K 40 : 60), fHEMLAEDS (6mg, =
13.2min) 16 (9mg, tr=17.9min), Fr.Y4.4 (1.8
g) %4 Sephadex LH-20 ot (HEE) 438, TLC
TR SIEEIFE 12 MRS Fr.Y4.4.1~4.4.12. Fr.Y44.5
(327 mg) Z¥#45 HPLC (FIEE-/K 38 : 62), 53
&7 (11mg, ®R=12.1min). Fr.Y4.4.8 (266 mg)
28244 #% HPLC (FHEE-/K 35 1 65), f53b&91 (8
mg, ®R=10.5min) 3 (17mg, ®r=16.7 min).
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3 #ikE

WED 1. BEERHER (FED, ST HE.
By (HR-ESI-MS) SRz & s 1
UK m/z 337.068 6 [M~+Na]* (i34 N 337.068 8),
454 TH,BC-NMR 2l (R 1, #iens 108
C17H1406. 'H-NMR (600 MHz, CD;0D) &7 8 4™
sp? LT, B 1 41 ABX & RGKERR T
[0n 6.98 (1H, brs, H-2), 6.85 (1H, d, J = 8.0 Hz, H-6),
6.74 (1H, d, J= 8.0 Hz, H-5)]. 1 4LABNA74H & ZE PR i

F [0u 6.71 (1H, d, J= 8.0 Hz, H-5"), 6.94 (1H, d, J =
8.0 Hz, H-6")] LK 1 AR S X HR 7 [on 5.10 (1H,
d,J=11.2 Hz, H-8'a), 5.57 (1H, d, J= 17.6 Hz, H-8'b),
6.60 (1H, dd,J=11.2,17.6 Hz, H-7")]. 3C-NMR (150
MHz, CD;OD) Wox 17 MgfE5, W3 1 MRE
[6c 174.2(C-9)]s 14 /> sp? ZAbfie CHJET 2 MR
1R PAK 2 M B etk [oc 88.5 (C-7) Al 56.0
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m LA, AP T, HENEY 1A
HE o etk . g — Pl —4E i (HSQC.
HMBC, & 2) #iiAH-F1i45#)5 penangianol A —
o XTEEMFE NMR s &30, H-7 1 H-8 Z[a]H)
BEFBAAERELES: AW 1H %)e=9.2Hz,
I penangianol A FF 5.9Hz, #ERb&9 1+ H-7
Al H-8 2 FH T cis HAINS18], Ak, LAY 1 1
ECD 7 234, 258 nm 43 A 441, 1E Cotton 23,
R H LT Ny 78, 8RITA, [, 7S,8R-1 HITHE
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SciFinder #E FEAG 2, BEML G 18 1 ASHTII %
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#z1 &4 14 'H-NMR F1 3C-NMR (600/150 MHz, CD;0D) #iZ
Table 1 'H-NMR and '*C-NMR data of compound 1 (600/150 MHz, CD3;OD)

A OH oc A OH Jc
1 130.8 1 127.9
2 6.98 (s) 115.2 2' 129.9
3 146.3 3’ 149.1
4 145.9 4’ 142.5
5 6.74 (d, J = 8.0 Hz) 115.8 5  6.71(d,J=8.0H2) 117.6
6 6.85 (d, J =8.0 Hz) 119.6 6 6.94 (d, J=8.0 Hz) 119.7
7 5.85(d, J =9.2 Hz) 88.5 7 6.60 (dd, J =11.2,17.6 Hz) 135.0
8 4.43(d, J=9.2 Hz) 56.0 8  557(d,J=17.6 Hz), 5.10 (d, J = 11.2 H2) 1132
9 174.8

2 EY1 X5 HMBC

Fig.2 Key HMBC of compound 1
WEW 2. WHEHMK (HEED, ESI-MS m/z:
359.08 [M+H]*, 7+ 73 CisHi40s. ([a]y —30°, ¢

0.01, MeOH). 'H-NMR (600 MHz, CD;OD) J: 7.64
(1H, d, J = 15.8 Hz, H-7), 7.14 (1H, d, J = 8.4 Hz, H-
6'), 6.81 (1H, d, J = 8.4 Hz, H-5"), 6.99 (1H, d, J= 1.4
Hz, H-2), 6.76 (1H, d, J = 8.1 Hz, H-5), 6.87 (1H, dd,
J =14, 8.1 Hz, H-6), 6.29 (1H, d, J = 16.0 Hz, H-8"),
5.93 (1H, d, J=9.2 Hz, H-7), 4.58 (1H, d, /= 9.2 Hz,
H-8); '*C-NMR (150 MHz, CD;0OD) §: 133.8 (C-1),
115.1 (C-2), 146.4 (C-3), 145.9 (C-4), 115.8 (C-5),
119.7 (C-6), 88.5 (C-7), 55.9 (C-8), 173.6 (C-9), 124.6
(C-1'), 129.5 (C-2), 149.5 (C-3'), 145.0 (C-4), 118.2
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(C-5"), 122.4 (C-6'), 143.0 (C-7"), 117.8 (C-8'), 171.0
(C-9". DL B 55 Sk R B A — 518, etk
HY 2 R ERIR

tEY 3: wEekh R (FEE), ESI-MS m/z
359.08 [M+H]", 7T CisHiaOs0 ([a]? —145°, ¢
0.01, MeOH). 'H-NMR (600 MHz, CD;OD) §: 7.78
(1H, d, J= 15.8 Hz, H-7"), 7.20 (1H, d, J = 8.5 Hz, H-
6"), 6.83 (1H, d, J= 8.5 Hz, H-5"), 6.81 (1H, d, J=2.1
Hz, H-2), 6.77 (1H, d, J = 8.2 Hz, H-5), 6.73 (1H, dd,
J=2.1, 8.2 Hz, H-6), 6.29 (1H, d, J = 15.9 Hz, H-8"),
5.90 (1H, d, J= 4.9 Hz, H-7), 4.34 (1H, d, J= 4.9 Hz,
H-8); 3C-NMR (150 MHz, CDsOD) J: 133.8 (C-1),
113.4 (C-2), 146.7 (C-3), 146.6 (C-4), 116.4 (C-5),
118.1 (C-6), 88.9 (C-7), 57.7 (C-8), 175.2 (C-9), 124.8
(C-1'), 127.4 (C-2'), 148.8 (C-3"), 144.9 (C-4"), 118.2
(C-5"), 121.5 (C-6'), 143.4 (C-7"), 117.6 (C-8"), 170.7
(C-9". DL B 5 ko B A — 3508, s etk
&%) 3 2N 7-epiblechnic acid.

WEY 4: HHEEMAK (FED, ESI-MS m/z:
373.09 [M-+H]", 43 F 3 CioH160s0 ([a]s —20°, ¢ 0.01,
MeOH). 'H-NMR (600 MHz, CD;OD) 6: 7.64 (1H, d,
J=15.8Hz, H-7"), 7.17 (1H, d, J = 8.5 Hz, H-6"), 6.81
(1H, d, J=8.5Hz, H-5'), 6.78 (1H, d, J= 1.9 Hz, H-2),
6.75 (1H, d, J=8.1 Hz, H-5), 6.70 (1H, dd, J= 1.9, 8.1
Hz, H-6), 6.26 (1H, d, J = 15.8 Hz, H-8"), 5.85 (1H, d,
J =52 Hz, H-7), 441 (1H, d, J = 5.2 Hz, H-8), 3.77
(3H, s, OCH3); 3C-NMR (150 MHz, CD;0D) d: 133.4
(C-1), 113.5 (C-2), 146.9 (C-3), 146.7 (C-4), 116.4 (C-
5), 118.4 (C-6), 88.7 (C-7), 57.4 (C-8), 173.8 (C-9),
130.8 (C-1'), 126.8 (C-2"), 148.8 (C-3'), 144.9 (C-4"),
118.6 (C-5"), 121.5 (C-6"), 142.5 (C-7'), 118.3 (C-8"),
171.2 (C-9), 53.2 (-OCH3). A4 5 Sk i i ik
A—F06, AW 4 O T-epiblechnic acid 9-
methy ester. SCHRKRIEAG S, #iba44 8 1
ASE RIS o

EY) 5: WA AR CHED, ESI-MS m/z: 313.07
[M+H]", 7T Ci7H1206. 'H-NMR (600 MHz,
CD;0D) d: 7.90 (1H, d, J= 15.7 Hz, H-p), 7.31 (1H, d,
J=8.5Hz, H-11), 6.89 (1H, d, J = 11.5 Hz, H-8), 6.88
(1H, d, J= 8.5 Hz, H-12), 6.87 (1H, s, H-5), 6.78 (1H,
d, J=11.5Hz, H-7), 6.63 (1H, s, H-2), 6.26 (1H, d, J =
15.7Hz, H-a); '3C-NMR (150 MHz, CD;0D) §: 151.7
(C-1), 115.4 (C-2), 143.6 (C-3), 147.4 (C-4), 109.7 (C-

5), 123.3 (C-6), 130.8 (C-7), 125.0 (C-8), 132.2 (C-9),
125.5 (C-10), 117.5 (C-11), 125.1 (C-12), 148.3 (C-13),
153.4 (C-14), 119.9 (C-u), 142.5 (C-B), 168.5 (COOH).
DA b H0Hs 5 SRR AR — 50, S e S S
N tournefolic acid B.

&) 6: Bk R (FHEL), ESI-MS m/z: 313.08
[M+H]", 713 Ci7H1206. 'H-NMR (600 MHz,
CDsOD) 6: 7.88 (1H, d, J=15.9 Hz, H-B), 7.38 (1H, d,
J=2.0 Hz, H-2'), 7.35 (1H, dd, J = 2.0, 8.2 Hz, H-6"),
7.33 (1H, d, J = 8.2 Hz, H-5), 7.20 (1H, s, H-3), 6.87
(1H, d, J= 8.2 Hz, H-5), 6.73 (1H, d, J= 8.2 Hz, H-6),
6.44 (1H, d, J=15.9 Hz, H-a); '*C-NMR (150 MHz,
CD;0D) §: 159.2 (C-2), 99.2 (C-3), 125.9 (C-3a), 119.9
(C-4), 132.4 (C-5), 111.7 (C-6), 148.0 (C-7), 144.1 (C-
7a), 123.4 (C-1"), 113.3 (C-2'), 145.6 (C-3"), 146.8 (C-
4", 116.7(C-5"), 118.6 (C-6"), 116.8 (C-a), 144.4 (C-B),
171.9 (COOH). LA I ##m 15 SC ik i 5 A — 55200,
M B EW) 6 24 tournefolic acid A.

& 7: KK (FEL, ESI-MS m/z: 337.07
[M+Na]*, 733\ Ci7H1406. 'H-NMR (600 MHz,
CD;0D) d: 8.05 (1H, d, J= 15.8 Hz, CH=CH-COOH),
7.15 (1H, d,J=16.4 Hz, CH=), 7.11 (1H, d, J= 8.4 Hz,
H-6), 7.06 (1H, d, J = 2.0 Hz, H-2'), 6.88 (1H, dd, J =
2.0, 8.2 Hz, H-6'), 6.78 (1H, d, J = 8.4 Hz, H-5), 6.76
(1H, d, J = 8.2 Hz, H-5"), 6.68 (1H, d, J = 16.4 Hz,
CH=), 6.26 (1H, d,J=15.8 Hz, CH=CH-COOH); '3C-
NMR (150 MHz, CD;0D) 8: 126.2 (C-1), 128.0 (C-2),
131.4 (C-3), 148.0(C-4), 114.7 (C-5), 120.5 (C-6),
146.6 (CH=CH-COOH), 116.4 (CH=CH-COOH),
171.2 (COOH), 144.3 (C-1"), 113.8 (C-2"), 146.4 (C-3"),
146.7 (C-4"), 116.8 (C-5"), 120.2 (C-6'), 137.6 (-CH=),
120.1 (=CH-). LA F##5 5 30k i il Je Ax — 3121221,
WS ENE Y T NS TR Fo
4 EMER

AW 1~7 B s — A B A IR VA
HPTREME . AHEBRAN MR X S0 45 T4,
T4 56 MTT VA 4E 100 pmol/L iR B N K64 o 47375 .,
SRR, IEZAMAEY A~7) TEHRE T
KRB RS LAY 1~7 $i NO 4
R S2ae 25 B oR, H 1Cs fH 5 5N 56.3+ 39.8.
66.7. 442, 91.6. 62.7. 15.8 umol/L, FHPEZG N N-
monomethyl-larginine, ICso{H4 13.6 pmol/L, #/R
W& 1~7 BB — MG, HFUEY 7
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