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Chemical constituents from Pteris insignis

Z0OU Juan, MAO Xiaoxian, HE Kang®, YE Jianghai, TANG Rentao,
WANG Yuxue, ZHANG Jingjie

( Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China )

Abstract: Pteris insignis, which has the medical function of clearing heat and draining dampness as well as activating
blood to subside swelling, is widely distributed and rich in resources in Guizhou. As far as we know, there is no
literature report on the study of its chemical constituents and biological activity. The purpose of this paper was to explore
the material basis of this species, to reveal the related bioactive constituents and lead compounds. The aerial part of
P. insignis was extracted with 95% methanol to give crude extract, which was then isolated and purified by silica gel,
MCI gel CHP 20P, YMC gel ODS-A-HG and Sephadex LH-20 column chromatography. The structures of obtained
compounds were deduced by the analysis of comprehensive spectral data. Eighteen compounds were isolated and

identified as (-)-a-tocospirone (1), cyclolaudenol (2), (2S,3S)-pterosin C (3), (2R,3S)-pterosin C (4), pterosin
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B (5), pterosin F (6), a-ionone A(7), sauropunol C/D (8/8 ), ficusol (9), palmitic acid (10) , 2-dodec-2-enyl-
succinic acid dimethyl ester (11) , methyl-9-phenyl-10-hydroxyoctadecanoate (12), hexadecanoic acid-2,3-dihydroxy-
propyl ester (13), methyl elaidate (14), (Z,Z)-9,12-octadecadienoic acid methyl ester (15), (Z,Z,72)-9,12,15-

octadecatrienoic acid ester (16) , carotenoid (17), B-sitosterol (18). All the compounds were isolated from P. insignis

for the first time. The results of this study will lay a scientific foundation for the rational use of its resources.

Key words: Pieris L., Pteris insignis, chemical constituents, isolation and purification, structure identification

4 2k K Bk ( Preris insignis ) N X Bk F)
( Pteridaceae) RUE BR /& ( Preris L) H8 %), ( ¥ E &
KW EE ) (B MR R Y &) (BN A AT
BRI ) 55 L E WAL (F1 B, 1930; 5
FA AL, 2001 ; TR AR Y1 6 ,2018) o i%4H
Yy BAT UG PRI 3 I B ) 2 R, N IR A 9T R
P2 CHOIE PE | TR B R R A AN TR T KGR
W BT 5 (Y 6 ,2012) o SEMI BRI
b DX FHIZAE ) 4 R0 S W e Jie i B 25T 100 T
SETR AL Y 2% A B, T AR Ok A RS 2H A R R R
2y P T HEAL b 56 5 X H () Ja AR Bk i JRURS BR ( Li
etal., 2015) JARUBHK (F9E5E3F,2016) FRIH R
FEBk (ARIRAE,2019) S84k i o3 HEAT T WS, A
R T FSNEAHT HIV FUIIE SO0 7 A0 1%
BT o Y AR TR E A ) o R R A R
oG, F AT 4 2 KU Bk 19 Ak 22 i 73 #3547 1 AF
58, A Py st b 3R o3 33 B A5 2 18 ML & W)
(FE 1), 3 %52 K (-) -a-tocospirone (1) (IR F
B IR mE (2) . (28, 38)-pterosin C(3) ., (2R,3S)-
pterosin C(4) | pterosin B (5) ,pterosin F(6) ,a-%
% i A(7) .sauropunol C/D(8/8”) ficusol(9) .
FRAH B2 (10) | 2-dodec-2-enyl-succinic acid dimethyl
ester (11 ) | methyl-9-phenyl-10-hydroxyoctadecanoate
(12) . TS kel H il (13) . methyl elaidate (14) |
(Z,72)-9,12-F )\t ZIGRR W R (15) (Z,Z,7)-
9,12,15-F /\ke =JamR P lE (16) W% M H (17) |
B-# i EE(18) . Atk & ¥ | Wzt
= CEN

1 #HEF®

1.1 {28 X 7 F0 4L 47 43

1L 2% . B3 1Y (JEOL 5973 MSD % | 26 [ 4 £
&2 #]) 3 600 MHz #% #4 3 3§ {X ( Bruker Avance
NEO %I, #i & 7 /> #] ) ; 500 MHz #% # 3 ¥k 1%
(WNMR-T s h B HE ik B R AR A A ) 5

JiE 5% 7€ K AL (Buchi R210 8 B+ By AR A 7)) 5
R R WEBIL (J209A-4 HY ol g 05 UE 57 K 55 Bl 244X
) s B F K (Metter-Toledo %Y | Fij 1 4 4 ) —
SR 220w ) 5 B FEBE RS ( Sephadex LH-20 1, 3
TR I VG R A ] ) s SRR — AN T A (ZF-
7R AR R A BR A FD) 5 b et o B
(MCI GELCHP 20P 75-150 wm %, H A =35 {k 2%
NH]) 5 Co AHB B YMC gel ODS-A-HG100-20/
45 B HARYE LA bR St 5 i W2 AR B AR 2
B RE RS ( GF,, 28 K2 200 ~300 H , F & i Ve 4L T
ARAHE)

R NMR I3 551 SR i) iR 1
i Tl gtz FE 28 A # 5 A

B 2541 T 2016 4E 10 AR A M A 7
28 BM B8 24 R R A A s S RV R R R
FE WK JE A W) 4 2 XU Bk ( Pteris insignis) . FL Y b5
AAFTCT BN A B 25 R 2 1 R 24 USRI & (A
AGEUE 20161003) ,
1.2 LW A *
1.2.1 #BRES FR 5%, TR REKN
MK 24.7 kg, F 95% 1) H Pt o 47 3 95 B8 B (%
) HRE 2.8 kg, BH K EUE, 2R A
TN TR TR A, 19 8 O TR TR A7 335.61
go RJE, 4 MCLAEZHT, HHF BERUKIERZR (1 : 9—
9: )M VML, 135 A(25.42 g) \B(27 g).C
(80 g) .D(78.6 g)4 M PER,
1.2.2 & 54 AL C AL ZEHT, HH BER
KIRZR (L : 99 « 1) BEEE VR, 15 5] 4 43451
(A A, Ay AY) A BBt RERCAE 2 AT, FHH 5
HBE MR R (190 1.9 1.4« 1) BEML, 15 34k
S 8/8° (136 mg) L& W 3 FikaW 4
(22 mg) ; A, TP L RERCAEJZ BT, AN EE, 1R &
BIRZR (L 1) VEME, B EEED 9(7 mg) ; A#B45
Rk AT Z T, A ThME O R O BRIR R (19 & 1,
9:1.5: 1)WEM, MBEMEY 17(13 mg) ; A, FBH
B 2R RERCAE 2 M 0, Ak, R SR iA
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Fig. 1  Structures of compounds 1-18

(49 :1.19:1.9: 1), B34kaSw 11(23 OB Gt AL ZE M, F A 2R £ T 1R
mg) ., B #AEES 2 C HEE T, F B ALK AR & (7 3) W, S ELA Y 7(13 mg) ; B,# 4
(1:9—-9: 1)BEBEN, 5% B, B, By =8 EERAZEN, K B A ik 2 2 g 1R 2 (50 -



7 ARIRAE . Z KB BRAL 7 r A ST 1049

1.9 1.1 1) VEME, A 84A 9 5(55 mg) fbA&
¥ 6(300 mg) fEY 13(9 mg) ; B, B0 & RER A
AT, A/ 2R SRR & (100 0 1,50 ¢ 1,
9 1)V, R G 16 (44 mg) . C &4
FEAT AR R, 2 B R B, SRS
P 18(3.2 g) ; C #/r BE W &bk S AR 2 AT, H A il
it/ ZFROBEIRZR (7 2 3.3 = 2) RSt /s /5 24k
H W0 14 (583 mg) . D #4028k A )2 AT 41
BCUHAMEE R OBRIRFR (200 1.9 1.7 = 3,
1 1), /58] D, D, BE84, o 9 1 F4Hr
AR, 2 EL ARG 10(1.1 g) . D, &>
ZREAEENT, A E QR OTRIKR (4 1)1k
i, 5245 15(205 mg) M1 D, #53,D, " &t
AL JEBT A B4 & 1(32 mg) ML &Y 3
(12 mg) ; D, &B 4 FF -t 7 AE 28 fk IS AE 2 B, A
it/ R CWEIR R (4 1) BRI, B3k &9 12
(20 mg) .

2 HEXRERM

k& 1 ik, '"H-NMR (600 MHz,
CDCl,) 8: 0.83 (3H, d, J=2.3 Hz, H-18), 0.84
(3H, d, J=2.1 Hz, H-13a), 0.86 (3H, d, J=3.3
Hz, H-2la), 0.87 (3H, brs, H-22), 1.34 (3H, s,
H-9a), 1.37 (3H, s, H-3a), 2.06 (3H, s, H-5a),
2.07 (3H, s, H-6a), 3.82 (1H, s, -OH) ; "C-NMR
(150 MHz, CDCl,) &: 198.8 (C-1), 93.3 (C-2),
81.2 (C-3), 24.2 (C-3a), 201.7 (C-4), 142.0
(C-5), 13.1 (C-5a), 146.9 (C-6), 13.4 (C-6a),
32.0 (C-7), 36.4 (C-8), 87.1 (C-9), 25.7
(C-9a), 41.4 (C-10), 22.3 (C-11), 37.5 (C-12),
32.8 (C-13), 19.8 (C-13a), 37.5 (C-14), 24.8
(C-15), 37.4 (C-16) , 32.7 (C-17), 19.7 (C-17a) ,
37.3 (C-18), 24.5 (C-19), 39.4 (C-20), 28.0
(C-21), 22.6 (C-21a), 22.7 (C-22), L\ E%iES
SCHR Lin et al. (2003) (Y4R 18 FEA — 3, B8 e A
¥ 1 K (-) -a-tocospirone ,

k&Y 2 EEF AR, ' H.NMR (600 MHz,
CDCl,) 8: 0.33 (1H, d, J = 4.0 Hz, H-19), 0.55
(1H, d, J = 3.8 Hz), 0.81 (3H, s, H-29), 0.87
(3H, d, J=3.5 Hz, H-21), 0.88 (3H, s, H-30),
0.96 (3H, s, H-18), 0.97 (3H, s, H-28), 1.00
(3H, d, J=6.9 Hz, H-31), 1.64 (3H, s, H-27),

3.28 (1H, m, H-3), 4.67 (2H, br s, H-26);
“C-NMR (150 MHz, CDCL;) &: 32.0 (C-1), 30.4
(C-2), 78.9 (C-3), 40.5 (C-4), 47.1 (C-5), 21.1
(C-6), 28.1 (C-7), 48.0 (C-8), 20.0 (C-9), 26.1
(C-10), 26.5 (C-11), 32.9 (C-12), 48.8 (C-13),
45.3 (C-14), 35.6 (C-15), 26.0 (C-16), 52.3
(C-17), 18.3 (C-18), 29.7 (C-19), 36.0 (C-20),
18.7 (C-21), 33.9 (C-22), 31.5 (C-23), 41.6
(C-24), 150.3 (C-25), 109.4 (C-26), 18.0
(C-27), 25.5 (C-28), 14.1 (C-29), 19.3 (C-30),
20.2 (C-31), Vb E% ¥ 5 ik Cantillo Ciau et
al. (2001) P FRIE FA—F, HEE B 2 AT
F R

L&Y 3 HAMRBEMA, ' H-NMR (500 MHz,
CD,0D) §: 1.29 (3H, d, J=7.0 Hz, H-11), 2.46
(1H, m, H-2), 2.48 (3H, s, H-12), 2.64 (3H, s,
H-15), 3.01 (2H, m, H-13), 3.61 (2H, t, J=7.0
Hz, H-14), 4.68 (1H, d, J=5.9 Hz, H-3), 7.35
(1H, s, H-4); “C-NMR (125 MHz, CD,0D) &:
207.6 (C-1), 54.6 (C-2), 75.9 (C-3), 126.7
(C-4), 146.3 (C-5), 138.2 (C-6), 137.9 (C-7),
132.4 (C-8), 154.5 (C-9), 13.3 (C-10), 21.4
(C-12), 33.1 (C-13), 61.6 (C-14), 14.0 (C-15),
DA% 5 SCHk Tian et al.(2011) il Ng & Mcemorris
(1984) il A — 5, BB EL B 3 M (28,
3S) -pterosin C,

&YW 4 A E K, '"H-NMR (500 MHz,
CD,0D) §: 1.17 (3H, d, J=7.3 Hz, H-11), 2.46
(1H, m, H-2), 2.48 (3H, s, H-12), 2.64 (3H, s,
H-15), 3.01 (2H, m, H-13), 3.61 (2H, t, J=7.0
Hz, H-14), 5.14 (1H, d, J=5.9 Hz, H-3), 7.35
(1H, s, H-4); “C-NMR (125 MHz, CD,0D) §&:
210.3 (C-1), 49.7 (C-2), 70.2 (C-3), 126.7
(C-4), 138.2 (C-6), 138.1 (C-7), 132.2 (C-8),
155.1 (C-9), 10.7 (C-11), 21.4 (C-12), 33.1
(C-13), 61.6 (C-14), 14.1 (C-15), L) FHIES
SCHEK Ng & Memorris (1984) AR IE FeAR —3, il % &
&% 4 (2R, 3S)-pterosin C,

k&Y s TaBEBHICKR MK (LR OER),
"H-NMR (600 MHz, CDCl,) &: 1.27 (3H, dd, J=
10.7, 4.3 Hz, H-10), 2.44 (3H, s, H-12), 2.56 -
2.83 (2H, m, H-3), 2.68 (3H, s, H-15), 3.02
(2H, t, J=7.5 Hz, H-13), 3.23 (1H, dd, J=16.7,
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7.8 Hz, H-2), 3.75 (2H, t, J=7.4 Hz, H-14),
7.10 (1H, s, H-4); “C-NMR (150 MHz, CDCI,)
5:210.3 (C-1), 42.5 (C-2), 33.8 (C-3), 125.7
(C-4), 144.4 (C-5), 134.8 (C-6), 138.0 (C-7),
132.2 (C-8), 152.6 (C-9), 16.6 (C-10), 21.4
(C-12), 61.6 (C-13), 31.8 (C-14), 13.7 (C-15),
DL E%0HE 5 S0k Chen et al. (2008 ) fi4 4% 38 3L —
B LAY 5 O pterosin B,

&Y 6 H@k A, ' HINMR (600 MHz,
CDCl,) &: 1.27 (3H, d, J=7.3 Hz, H-10), 2.43
(3H, s, H-12), 2.56-2.84 (2H, m, H-3), 2.67
(3H, s, H-15), 3.17 (2H, t, J=8.5 Hz, H-13),
3.23 (1H, dd, J = 16.7, 7.8 H,, H-2), 3.53
(2H, t, J=8.8 Hz, H-14), 7.11 (1H, s, H-4);
“C-NMR (150 MHz, CDCI,) &: 210.0 (C-1), 42.5
(C-2), 33.8 (C-3), 125.9 (C-4), 143.8 (C-5),
134.5 (C-6), 137.7 (C-7), 132.2 (C-8), 153.0
(C-9), 16.5 (C-10), 21.1 (C-12), 32.2 (C-13),
42.0 (C-14), 13.6 (C-15). Db b %4 5 3ok
Fukuoka et al.(1983) i1 FEA — 2, UL E b &
Y6 H pterosin F,

a7 AR AR, 'TH-NMR (600
MHz, CDCl,) &: 0.89 (3H, s, H-12), 0.97 (3H,
s, H-13), 1.39 (1H, m, H-2b), 1.63 (3H, s,
H-11), 1.70 (1H, dd, J=12.9, 6.5 H,, H-2a),
4.25 (1H, m, H-3), 2.26 (3H, s, H-10), 2.28
(1H, overlap, H-6), 5.59 (1H, br s, H-4), 6.07
(1H, d, J=15.8 H,, H-8), 6.63 (1H, dd, J=
15.8, 9.6 H,, H-7); "C-NMR (150 MHz, CDCI,)
8:35.0 (C-1), 40.7 (C-2), 66.5 (C-3), 126.4
(C-4), 132.8 (C-5), 54.3 (C-6), 147.7 (C-7),
135.4 (C-8), 198.2 (C-9), 27.0 (C-10), 22.4
(C-11), 29.7 (C-12), 27.0 (C-13), LI ¥R
SCHR Li & Jia (2003) A48 SEA — 2, i e fe i
WTh a2 A,

L& 8/8 Lk, '"H-NMR (500 MHz,
CDCLy) 6: 2.05 - 2.25 (2H, m, H-2), 4.53 - 4.72
(1H, m, H-5), 5.72 - 5.54 (1H, m, H-1), 4.25 -
3.37 (3H, m, H-3, 4, 6); "C-NMR (125 MHz,
CDCL,) &: 100.6 (C-1), 100.2 (C-1"), 41.5
(C-2),40.2 (C-2"), 84.4 (C-4), 82.8 (C-4"),
74.9 (C-3), 71.8 (C-3), 81.9 (C-5), 80.8
(C-5") 70.9 (C-6), 70.9 (C-6" ). DI E¥IEH X

R Zhang et al.(2016) Ay IE B A — 3, B 8 LA
¥y 8/8 A sauropunol C/D,

&Y 9 HEMIREMA, ' H-NMR (600 MHz,
CDClL,) &: 3.71 (3H, s, H-OCH,), 3.82-3.76
(2H, m, H-3b, H-2), 3.89 (3H, s, H-OCH,),
4.11 (1H, dd, J=10.7, 8.5 Hz, H-3a), 6.76 (1H,
dd, J=8.1, 1.9 Hz, H-6"), 6.78 (1H, d, J=1.7
Hz, H-2"), 6.8 (1H, d, J=8.0 Hz, H-5");
“C-NMR (150 MHz, CDCIl,) &: 173.8 (C-1), 53.5
(C-2), 64.7 (C-3), 127.3 (C-1"), 114.7(C-2"),
145.3 (C-3"), 146.7 (C-4), 110.5 (C-5"), 121.2
(C-6"), 52.2 (C-OCH,) , 56.0 (C-OCH,) ., Vi %k
P55 3CHE Yi et al. (2011) BYFRIE FeA — 5, Tl
AW 9 M ficusol ,

RGP 10 FHEEE 58 Ik 5 AR R T IR
TLC, % 3 MORRIFI R S0 Tt H R (HY—3%, B
REIEEAN TR, EI-MS m/z:256 [M]*, 239 [ M-
OH]*, 199, 185, 115, 73,' H-NMR ( CDCl,, 500
MHz) 8: 0.89 (3H, t, J=6.9 Hz, H-16), 1.30 -
1.25 (24H, m, H-4 - H-15), 1.63 - 1.59 (2H, m,
H-3), 2.31 (2H, t, J = 7.5 Hz, H-2); “C-NMR
(CDCl,, 125 MHz) &: 14.1 (C-1), 34.0 (C-2),
31.9 (C-3), 29.7 (C-4 - C-8), 29.6 (C-9), 29.5
(C-10), 29.4 (C-11), 29.3 (C-12), 29.1 (C-13),
24.7 (C-14), 22.7 (C-15), 179.7 (C-16) ., UL b3k
P55 3CHRE 2 7555 (2009) AR IE FaAR — 5, T 2
AW 10 AEAEIR

fb&W 11 AR W A, TH-NMR (500
MHz, CDCl,) &: 0.88 (3H, t, J = 6.7 Hz, H-15),
1.26-1.35 (14H, m, H-8-H-14), 2.03 (4H, m,
H-4,7), 2.30 (1H, t, J = 7.3 Hz, H-2b), 3.03
(1H, m, H-2a, 3), 3.66 (3H, s, H-OCH,), 3.68
(3H, s, H-OCH,), 4.13 (6H, dd, J = 5, 15 Hz),
5.54 (2H, m, H-5, 6); “C-NMR (125 MHz,
CDCl,) &: 31.9 (C-1), 121.3 (C-2), 135.0 (C-3),
32.5 (C-4), 29.2 (C-5), 29.4 (C-6), 29.5 (C-7),
29.1 (C-8), 27.2 (C9), 29.7 (C-10), 22.8
(C-11), 14.1 (C-12), 34.1 (C-13), 38.0 (C-14),
51.4 (C-15), 51.7 (C-16), 172.6 (C-17), 174.3
(C-18) . LA %0455 3k Olejniczak (2010) f 4R E
BA —F, i EEY 11 R 2-dodec-2-enyl-
succinic acid dimethyl ester,

k&Y 12 {6 E K, "H-NMR (600 MHz,
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CDCl,) 8:0.88 (3H, td, J = 6.9, 2.4 H,, H,-18),
1.24-1.47 (26H, m, H-4-H-7, H-12-H-17) , 1.63~
1.56 (2H, m, H-3), 2.05-2.09 (1H, m, H-9),
2.30 (2H, t, J=7.5 Hz, H-2), 3.57-3.49 (1H, m,
H-10), 3.67 (3H, s, H-OCH,), 7.27-7.10 (3H,
m, P and O aromatic H) , 7.28 (2H, m, M aromatic
H); "C-NMR (150 MHz, CDCl,) &: 174.3 (C-1),
34.1 (C-2), 24.9 (C-3), 22.6 (C-4), 25.1 (C-5),
27.7 (C-6), 29.0 (C-7), 29.1 (C-8), 56.0 (C-9),
82.4 (C-10), 35.7 (C-11), 29.3 (C-12), 29.5
(C-13), 29.6 (C-14), 29.7 (C-15), 31.9 (C-16),
32.6 (C-17), 14.1 (C-18), 51.4 (C-OCH,), 127.7
( C-P aromatic ), 129. 5 ( C-O aromatic ), 130. 9
(C-M aromatic ), 139.1 ( C-quaternary phenyl), LA
HES SCHR Dailey et al. (2009) (1B AR —2
% 2 b & W 12 4 methyl-9-phenyl-10-
hydroxyoctadecanoate ,

a 13 HEBAR, EI-MS m/z:330 [M]",
P R 1 0 239 Al — A HONIRIE TR [ M-OH ] 1Y
e R SR AT, 330 5 239 A2 (AT H I [M-H] Y
WA A" H-NMR (600 MHz, CDCI,) & 0.88
(3H, t, J=7.5 Hz, H-16), 1.31-1.25 (24H, m,
H-4-H-15), 1.65 (2H, m, H-3), 2.35 (2H, t, J=
7.5 Hz, H-2), 3.60 (1H, dd, J=11.4, 5.8 Hz),
3.70 (1H, dd, J=11.4, 3.7 H,, H-3"a), 3.93
(1H, m, H-2’), 4.21 (1H, dd, J=11.7, 4.5 H,,
H-1’a), 4.15 (1H, dd, J=11.7, 6.2 H,, H-1"b);
“C-NMR (150 MHz, CDCl,) &: 174.4 (C-1), 34.2
(C-2),24.9 (C-3), 29.4 (C-4), 29.1 (C-5), 29.5
(C-6), 29.7 (C-7-C-12), 29.3 (C-13), 31.9
(C-14), 22.7 (C-15), 14.1 (C-16), 65.2 (C-1"),
70.3 (C-27), 63.3 (C-3"), LA %5 sCmkin 4
SCAF(2006) (1 i B A — B, B e G 13 R
TS LR HhEg

&Y 14 JC @k, "H-NMR (600 MHz,
CDCl,) & 0.88 (3H, t, J=7.5 H,, H,-19), 1.30-
1.25 (22H, m, H-4-H-7, H-12-H-18), 1.63-1.59
(2H, m, H-3), 2.03-1.99 (4H, m, H-8, 11),
232 (2H, t, J =7.5 H,, H-2), 3.67 (3H, s,
H-OCH,), 5.35-5.34 (2H, m, H-9, 10); "C-NMR
(150 MHz, CDCl,) 6: 174.3 (C-1), 34.1 (C-2),
25.0 (C-3), 27.2 (C-4), 27.2 (C-5), 29.1 (C-6),
29.2 (C-7), 29.3 (C-8), 130.0 (C-9), 129.8

(C-10), 29.3 (C-11), 29.5 (C-12), 29.5 (C-13),
29.7 (C-14), 29.8 (C-15), 31.9 (C-16), 22.7
(C-17), 14.1 (C-18), 51.4 (C-OCH,) ., UL F-%#s
53CH#k Thao et al. (2009) A9 it 18 FEAS — 3, BU%EE
L&) 14 4 methyl elaidate

& 15 JE AWK A, "H-NMR (600
MHz, CDCL,) 8; 0.90 (3H, t, J = 7.0 Hz, H-18),
1.38-1.27 (14H, m, H-4-H-7, H-15 - H-17),
1.67-1.62 (2H, m, H-3), 2.09-2.04 (4H, m, H-
8, 14),2.32 (2H, t, J = 7.6 Hz, H-2), 2.78 (2H,
t,J = 6.5 Hz, H-11), 3.68 (3H, s, H-OCH,),
5.42-5.31 (4H, m, H-9, 10, 12, 13). "C-NMR
(150 MHz, CDCl,) 6: 174.3 (C-1), 34.2 (C-2),
25.0 (C-3), 29.0 (C-4), 29.4 (C-5), 29.4 (C-6),
29.5 (C-7), 27.1 (C-8), 129.9 (C-9), 128.0
(C-10), 25.7 (C-11), 128.4 (C-12), 130.4
(C-13), 27.3 (C-14), 29.4 (C-15), 31.6 (C-16),
22.7 (C-17), 14.2 (C-18), 51.5 (C-OCH,) ., Ul |
B045 5 SCRR Huh et al. (2010) BYFRIE FeA— 2, B
SEAEW 15 N (Z,2)-9,12-F )\ W Te H g

&Y 16 B AWK IK, "H-NMR (600
MHz, CDClL,) &; 1.00 (3H, t, J=9.0 Hz, CH,, H-
18), 1.41-1.26 (8H, m, H-4-H-7), 1.68-1.63
(2H, m, H-3), 2.11-2.07 (4H, m, H-8, 17),
2.33 (2H, J=17.6 Hz, H-2), 2.82 (4H, t, J=9.0
Hz, H-11, 14), 3.69 (3H, s, H-OCH,) , 5.41-5.34
(6H, m, H-9, 10, 12, 13, 15, 16) ; "C-NMR (150
MHz, CDCl,) &; 174.2 (C-1), 34.1 (C-2),24.9
(C-3), 28.8 (C-4), 29.2 (C-5), 29.4 (C-6), 29.7
(C-7), 27.0 (C-8), 130.0 (C-9), 127.9 (C-10),
25.6 (C-11), 128.2 (C-12), 128.3 (C-13), 25.5
(C-14), 127.1 (C-15), 131.9 (C-16), 20.6
(C-17), 14.3 (C-18), 51.5 (C-OCH,) . VA F%¥s
5 3CHRIK e AF (2012) BB A — B, SO E A
W16 M (Z,7,72)-9,12,15-+ /\Joe =2 T ik

k&Y 17 A K, H-NMR (500 MHz,
C;D,N) &: 0.75 (3H, s, H-18), 0.94-1.08 (15H,
m, 5 x H-CH;) , 4.04-4.66 (5H, m, H-2"-6"),
5.14 (1H, d, J = 7.5 Hz, H-1"), 5.38-5.43 (1H,
m, H-6); "C-NMR (125 MHz, C;D,N) §; 37.3
(C-1), 30.1 (C-2), 71.5 (C-3), 42.3 (C-4),
140.9 (C-5), 121.7 (C-6), 31.9 (C-7), 32.0
(C-8), 50.2 (C-9), 36.7 (C-10), 21.1 (C-11),
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39.2 (C-12), 39.8 (C-13), 56.6 (C-14), 24.3
(C-15), 28.4 (C-16), 56.1 (C-17), 12.0 (C-18),
19.2 (C-19), 36.2 (C-20), 19.0 (C-21), 34.0
(C-22), 26.2 (C-23), 45.8 (C-24), 29.5 (C-25),
20.0 (C-26), 18.9 (C-27), 23.2 (C-28), 11.8
(C-29), Gle; 102.4 (C-1"), 78.4 (C-2"), 78.3
(C-3"),75.1 (C-4>),77.9 (C-5), 62.6 (C-6"),
DL ds 5 SRS FARAE (2004 ) BB AR — 32,
TS LG W 17 S N,

& 18 FHEE & (S 7), 'H-NMR (600
MHz, CDCL,) §: 0.68 (3H, s, H-18), 0.81 (3H,
brd, J=6.8 Hz, H-29), 0.83 (3H, t, J=2.1 Hz,
H-26), 0.84 (3H, d, J = 2.2 Hz, H-27), 0.92
(3H, t, J=6.5 Hz, H-21), 1.01 (3H, s, H-19),
3.52 (1H, m, H-3), 5.35 (1H, d, J = 5.2 Hz, H-
6); "C-NMR (150 MHz, CDCl,) &: 37.3 (C-1),
31.9 (C-2), 71.8 (C-3), 40.0 (C-4), 140.8
(C-5), 121.7 (C-6), 31.9 (C-7), 31.7 (C-8),
50.1 (C-9), 36.5 (C-10), 21.1 (C-11), 39.8
(C-12), 42.3 (C-13), 56.8 (C-14), 24.3 (C-15),
28.3 (C-16), 56.1 (C-17), 11.9 (C-18), 19.8
(C-19), 36.2 (C-20), 18.8 (C-21), 33.9 (C-22),
26.1 (C-23), 45.8 (C-24), 29.2 (C-25), 19.4
(C-26), 19.1 (C-27), 23.1 (C-28), 12.0 (C-29),
DL 8dE 5 SCRRR T 45 (2007 ) 1 il AR — 3,
e A 18 2 B-4 (S B

3 W54 n

AR b SRR 1 S A5 BN R 3
= BRISHI Y X 2 — AR BR R XU 5k I8 A
VI o A A 34 B ( EXGERED 5 ,2018) , A2y
18 Fr (W5 ,2012) 2 FHBRE R IR F . Bk, A
TRAGIZH T B 7= XU Bk i A 0 1) Ak 2 iy B i P
WF9E, AR G50 3 0 LIS M ik &, iz)E
FE A GEIR G BRI P 29 T Rk Sl

SCHRTATE R, 72 4R L 4 2 XU Bk 1k 27 B 43
(R SCHR A , 32 3C R LAk 27 o3 BF 55 1 B IR
HLA — 8 BB B AR R AR DOZ AT ) v St
SIEEET 18 MEA W, SIS RIALEE 2 A =0k
B A MERREIE 1 AR LS T ARG
2 AR 2 A LSS, IR YRR e
ZRE B I TS T XU BRI AL RN K 8K 7 ) 1

FENEE St TR CAL B YR IR s iR A

SCHRARIE | AR Bk Jm A ) 32 25 i 2R &)
FOHAY AT 2R 2405 W) SO A B R 2615 W)
8o HR ARWBEFE AR 2 B B ik &, 205 8
) 4 A FE AR 1B -1 (5 14 R
15 MERIET) , #E— 2D EDIE T A i 24k 5 02 K
FEBR & A ) 1Y REAE PR oy Horh, B AR B
pterosin B & —/>HA BT IR 5 PE 19 A5 21 0% % HL-
60 2l ffl . 7~ th— 22 19 40 B B A ( Chen et al.,
2008) , BRAGIZ 5 IR — 20 XF B A 2 s Ak 5
PEATIR PR EAT T . 53 A, ST 275 JRUR R i 4 )
TR HABAL S ) B A BT R ) it/ Ak
AL LR PURSFE (R A 5E5F, 20015 3B5E %
85,2007) o A a, JATRA H 89 A 0 S FE AT
TRAME Y, 11 2 GE 2 90 405 40 i | 3% M I 2 i 4k
a.
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