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ethyl-4-hydroxy-5-methyl-pyran-2-one (13). {3 (14). JFEJLFEER (15). (+)-(3R)-3-hydroxyl-4,4-dimethyl-4-butyrolactone
(16). (4S,5R)-5-(4"-methyl-3'-pentenyl)-4-hydroxy-5-methyldihydrofuran-2-one (17). SEfE& (18). Mt R-3-FHEF (19).
FRZER (200, HEEE QD. &t AW 1. 4. 5. 16, 17, 21 AEKMNZEHEDH 855, EW 1~12. 16~
18, 21 N E RMIZIHEY I BARE]

KR EFEH A AW WER-7-O-B-D-AE M MR B

FES2S: R284.1 XEkFRERE: A XEHS: 0253 -2670(2019)07 - 1535 - 06

DOI: 10.7501/j.issn.0253-2670.2019.07.006
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Abstract: Objective To study the chemical constituents from Achyrocline satureioides. Methods Chemical constituents from A.
satureioides were separated and purified by a variety of chromatographic techniques, and their structures were identified by various
spectroscopic methods. Results Twenty-one compounds were isolated from ethyl acetate fraction of the plant, which were a-amyrin
(1), ergosta-4,6,8,22-tetracne-3-one (2), (R)-24-cthylcholest-4-en-3,6-dione (3), clovandiol (4), caryolane-1,9B-diol (5),
lepidissipyrone (6), 5,7-dihydroxy-3,6-dimethoxyflavone (7), quercetin-7-O-B-D-glucoside (8), pinocembrin (9), (2R,3R)-taxifolin
(10), quercetin-4'-O-B-D-glucoside (11), helichrysetin (12), 3-[5,7-dihydroxy-2,2-dimethyl-8-(2-(S)-methyl-butanoyl)-2 H-chromen-6-
yl-methyl]-6-ethyl-4-hydroxy-5-methyl-pyran-2-one (13), quercetin (14), protocatechuic acid (15), (+)-(3R)-3-hydroxyl-4,4-
dimethyl-4-butyrolactone (16), (4S,5R)-5-(4'-methyl-3'-pentenyl)-4-hydroxy-5-methyldihydrofuran-2-one (17), genkwanin (18),
quercetin-3-methyl ether (19), galangin (20), and neosakuranin (21). Conclusion Compounds 1, 4, 5, 16, 17, and 21 are obtained
from the genus for the first time, and compounds 1—12, 16—18, and 21 are obtained from the plant for the first time.
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PrALHIRTE 5T, WAL AN B B35 AR YE T R
R, BAAEER N N PSS %
AR, SIS B2 BRI R R
AR HBAT 7RG, HEIFEE T 21
MEEW, 5% e NEMIREE (a-amyrin, 1),
7 $§-4,6,8,22-V0 ¥4 -3 (ergosta-4,6,8,22-tetracne-
3-one, 2). 5 {-4-4%5-3,6- —Fi [(R)-24-ethylcholest-
4-en-3,6-dione; 3]. clovandiol(4) . caryolane-1,9B-diol
(5). lepidissipyrone (6). 5,7-_F3%-3,6- 4K
M (5,7-dihydroxy-3,6-dimethoxyflavone, 7). #l
J¢ % -7-0-B-D- i % ¥ H ( quercetin-7-O-B-D-
glucoside, 8). 5,7-—¥kk “ &5 (pinocembrin,
9). “AMEE [(2R,3R)-taxifolin, 10]. i Z-
4-O-B-D-FHE METRFEET (quercetin-4'-O-B-D-glucoside,
11)., helichrysetin (12). 3-[5,7-dihydroxy-2,2-dimethyl-
8-(2-(S)-methyl-butanoyl)-2 H-chromen-6-yl-methyl]-
6-ethyl-4-hydroxy-5-methyl-pyran-2-one (13). #ft
% (quercetin, 14). JiiJLZXER (protocatechuic acid,
15). (+)-(3R)-3-hydroxyl-4,4-dimethyl-4-butyrolactone
(16). (4S,5R)-5-(4'-methyl-3'-pentenyl)-4-hydroxy-5-
methyldihydrofuran-2-one (17)+ 5¢4£ % (genkwanin,
18). #il &7 % -3-H i (quercetin-3-methyl ether, 19).
F R ZE R (galangin, 20). FHEF 2 (neosakuranin,
20, H, EY 1. 4. 5. 164 17, 21 AHK
MiZJgtadhn B2, WaEm 1~12. 16~18,
21 NE RN ZAEY 77 B4R 2
1 UESHR

Bruker AV-500 #Z i 3L4R 1AL . Bruker esquire
2000 B FE IS (fi 1 Bruker A7) ); Agilent
1260 = RGHAH a4 R B2 A ] il H
i ZORBAX SB-C3(150 mm X 9.4 mm, 5 um);
Buchi C-601 " & (44X (Ffi - Buchi 2 7]);
Sephadex LH-20 (32[F Pharmacia Biotech A #]);
R O AR AR (FF B THRA
Al HARGR (i prai a4l

EPEH LT 2017 4 8 AT PG 2544 135,
P B 2 R P A I B S e N A RHE Y T
H2%1E Achyrocline satureioides (Lam.) DC. [J{£H1
B+
2 NSNS

TIROETEH AL (9kg), 5 HEM 95% L

a3 WK, BIK 2 h, 3 fEE 50% L EE A
TEREL 2 K, FHIK 1 h, A FEFREUR, J8E A,
BTIRE 1.6 kg, FEERATE (5 LX4) FEEEIEE
IR CBEEBAL 950 g FZKHAL 900 g. IR L ERERAL L
REfC AR CAMEE-PIER 100 © 04 50 0 1. 20 : 1.
5:1. 001000 BREESEME, ¥)E R A A IEAHE
WG 6 NERAL Fr. 1~6. M Fr.2 (110 g) &5
JRekE € R E-TA T 50 @ 1—1 1 50) BhEEHEI,
B3 10 NEBAL, Fr. 2-2. 2-3 F1 2-5 L EeR A (i
(CEH G-I 1 D, & =8OR A CF -
7K 40 16080 : 20) il & E i ChyhEE-A
fiid 20 1 151 1D EaAiRE0EY 1 (35 mg).
2 (10.2mg)~ 3 (17 mg)- 4 (14.5mg). 5 (11 mg).
Fr. 2-6 & R il & #)Z i CHMmEE-AER 10 © 1D
AR EEEY 13 (5 mg). Fr. 2-9 & AW
FRFEIMINFEE, FENT R, FHEHREREELS NS
FIEHIRGE b & 6 (15mg). Fr.4 (62 g) &)k
i (CFFEE-K 30 0 70—100 : 0) B EERE/,
B3] 10 DAL, Fr.4-1. 4-3 LA (FEE-
K9 D) F & E SGR AR i CFREE-/K 30 0 70—~
85 I 1) At B 2L A 7(24 mg).9(10 mg).
10 (5mg). 17 (49 mg). Fr.5 (373 g) LhEIRKE
ik (HEE-K 9 0 1) 703, 193] 8 M4, Fr. 5-1.
5-3.5-6 2 I i) £ itk R EE-7K 30 & 70—~100 © 0)
BEREVEME, FEBRHE G (FRE-K 90 1) Kl
A A CHREE-ZK 30 1 70—60 © 40) 47 &
BEUL A 11(17.2 mg) 12(18.2 mg) . 14(32 mg)-
15 (20 mg). 16 (36.5mg). 18 (8.2mg). 20 (17
mg). Fr. 5-2 A AR (& EE-FEE 150 1D
BEMEY 19 (10.1 mg). Fr. 5-4 ZRERAE GO,
A0i-HEE (50D dikf5EkEY 8 (773 mg)-.
Fr. 5-7 SBEAE (a1l (CFRBE-7K 9 1 1) Rl 2% i Aol
FHEGE (FEE-/K 60 © 40) HE1HLEY) 21 (12 mg).
3 HMmEE

A 1: TR, ESI-MS m/z: 427 M+
H]". 'H-NMR (500 MHz, CDCl3) 8: 5.11 (1H, t, J =
3.4 Hz, H-12), 3.20 (1H, dd, J = 5.6, 10.5 Hz, H-3),
1.05 (1H, s, H-27), 0.99 (1H, s, H-26), 0.97 (1H, s,
H-23), 0.95 (1H, s, H-25), 0.94 (3H, d, J = 5.1 Hz,
H-30), 0.79 (1H, s, H-28), 0.78 (1H, s, H-24), 0.78
(3H, d, J = 6.0 Hz, H-29); "C-NMR (125 MHz,
CDCl;) &: 38.7 (C-1), 27.2 (C-2), 78.9 (C-3), 38.8
(C-4), 55.2 (C-5), 18.4 (C-6), 32.9 (C-7), 40.0 (C-8),
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47.7 (C-9), 36.9 (C-10), 23.3 (C-11), 124.4 (C-12),
139.5 (C-13), 42.0 (C-14), 28.7 (C-15), 26.6 (C-16),
33.7 (C-17), 59.0 (C-18), 39.6 (C-19), 39.6 (C-20),
31.3 (C-21), 41.5 (C-22), 28.1 (C-23), 15.6 (C-24),
15.7 (C-25), 16.8 (C-26), 23.4 (C-27), 28.1 (C-28),
17.5 (C-29), 21.4 (C-30). LA F%¥s 5 oikei B Fe A
— 50, WA 1 A E IR

&Y 2: AERA, ESI-MS m/z 392 [M]'.
'H-NMR (500 MHz, CDCl3) é: 6.60 (1H, d, J = 9.5
Hz, H-7), 6.02 (1H, d, J = 9.5 Hz, H-6), 5.25 (1H, dd,
J=1.0, 15.5 Hz, H-23), 5.21 (2H, dd, J = 7.5, 15.5
Hz, H-22), 1.06 (3H, d, J = 7.0 Hz, Me-21), 1.00 (3H,
s, Me-19), 0.96 (3H, s, Me-18), 0.94 3H, d, J = 6.5
Hz, Me-28), 0.87 (3H, d, J = 7.0 Hz, Me-27), 0.84
(3H, d, J = 7.0 Hz, Me-26); “C-NMR (125 MHz,
CDCl;) d: 35.6 (C-1), 34.1 (C-2, 12), 199.7 (C-3),
122.9 (C-4), 134.1 (C-5, 7), 124.4 (C-6), 156.2 (C-8),
443 (C-9), 36.8 (C-10), 18.9 (C-11), 44.0 (C-13),
164.6 (C-14), 25.4 (C-15), 27.7 (C-16), 55.7 (C-17),
19.0 (C-18), 16.6 (C-19), 39.3 (C-20), 21.2 (C-21),
132.5 (C-22), 135.0 (C-23), 42.9 (C-24), 33.1 (C-25),
20.0 (C-26), 19.6 (C-27), 17.6 (C-28). LA %i¥i 5
Rk TRE AR — 5, M e A 2 N (5-4,6,8,22-
VY -3 o

EY 3: AR (FEE), ESI-MS m/z: 427
[M+H]". 'H-NMR (500 MHz, CDCl;) 6: 6.16 (1H, s,
H-4), 1.16 (1H, s, H-19), 0.93 (3H, d, J = 6.5 Hz,
Me-21), 0.84 (3H, d, J = 7.1 Hz, Me-26), 0.83 (3H, t,
J=17.1 Hz, Me-29), 0.81 (3H, d, J = 7.0 Hz, Me-27),
0.72 (3H, s, Me-18); "*C-NMR (125 MHz, CDCL) §:
35.5 (C-1), 33.9 (C-2), 199.4 (C-3), 125.4 (C-4), 161.0
(C-5), 202.3 (C-6), 46.8 (C-7), 39.1 (C-8), 51.0 (C-9),
342 (C-10), 20.9 (C-11), 39.8 (C-12), 42.5 (C-13),
55.8 (C-14), 23.9 (C-15), 28.0 (C-16), 56.5 (C-17),
11.9 (C-18), 17.5 (C-19), 36.0 (C-20), 18.7 (C-21),
33.8 (C-22), 26.0 (C-23), 45.8 (C-24), 29.1 (C-25),
19.8 (C-26), 19.0 (C-27), 23.0 (C-28), 11.9 (C-29). LA
RS SRR E A -, WSt A 3 A
8- 4-85-3,6- .

WA 4 TEJHIRAAA, ESI-MS m/z: 239 [M+
H]". 'H-NMR (500 MHz, CDCl;) J: 3.79 (1H, dd, J =
5.7, 10.2 Hz, H-2), 3.31 (1H, brs, H-9), 2.27 (1H, m,
H-11a), 2.00 (1H, m, H-10a), 1.70 (1H, m, H-10b),

1.64 (2H, m, H-3a), 1.62 (2H, m, H-12), 1.25 (1H, m,
H-11b), 1.04 (3H, s, Me-15), 1.03 (3H, s, Me-13), 0.95
(3H, s, Me-14); ">C-NMR (125 MHz, CDCl) J: 44.1
(C-1), 80.8 (C-2), 47.4 (C-3), 34.7 (C-4), 50.5 (C-5),
25.9 (C-6), 33.1 (C-7), 37.1 (C-8), 75.2 (C-9), 26.3
(C-10), 20.6 (C-11), 35.5 (C-12), 28.3 (C-13), 31.4
(C-14), 25.4 (C-15). LA L% 5 SChk4iE 2 A —
#HB WM EA Y 4 9 clovandiol.

WA S: ToEmRAAE, ESI-MS m/z: 253 M+
H]*. 'H-NMR (500 MHz, CDCl3) J: 3.41 (1H, brs,
H-9), 2.20 (1H, dd, J= 5.2, 9.8 Hz, H-2), 2.01 (1H, m,
H-10a), 1.86 (1H, m, H-5), 1.75 (1H, m, H-10b), 1.63
(1H, m, H-11a), 1.60 (1H, m, H-11b), 1.51 (1H, m,
H-6a), 1.48 (1H, m, H-3b), 1.47 (1H, m, H-3a), 1.44
(1H, m, H-12a), 1.40 (1H, m, H-12b), 1.38 (1H, m,
H-7a), 1.36 (1H, m, H-6b), 1.13 (1H, m, H-7b), 0.99
(3H, s, Me-14), 0.97 (3H, s, Me-13), 0.89 (3H, s,
Me-15); C-NMR (125 MHz, CDCLy) 8: 70.8 (C-1),
38.1 (C-2), 34.0 (C-3), 35.0 (C-4), 43.9 (C-5), 20.4
(C-6), 35.4 (C-7), 39.3 (C-8), 72.2 (C-9), 28.1 (C-10),
334 (C-11), 42.4 (C-12), 20.8 (C-13), 30.5 (C-14),
26.7 (C-15). LA_EXd 5 SemrpiE s A — 5P,
EEY) 5 N caryolane-1,9B-diol

& e6: Atstd (FHED, ESI-MS m/z: 423
[M-+H]". "H-NMR (500 MHz, CDCls) 6: 13.58 (1H,
s, 5-OH), 10.62 (1H, s, 13-OH), 9.29 (1H, s, 7-OH),
7.43 (5H, m, H-2'~6'), 6.19 (1H, s, H-8), 5.41 (1H,
dd, J = 3.2, 12.7 Hz, H-2), 3.65 (2H, s, H-11), 3.08
(1H, dd, J = 12.7, 17.3 Hz, H-3b), 2.86 (1H, dd, J =
3.2, 17.3 Hz, H-3a), 2.57 (2H, q, J = 7.6 Hz, H-16),
1.97 (3H, s, Me-18), 1.20 (3H, t, J = 7.6 Hz, Me-17);
BC-NMR (125 MHz, CDCLy) d: 79.1 (C-2), 42.9
(C-3), 196.2 (C-4), 158.9 (C-5), 98.3 (C-6), 161.6
(C-7), 106.6 (C-8), 166.0 (C-9), 102.1 (C-10), 16.8
(C-11), 101.6 (C-12), 169.0 (C-13), 108.0 (C-14),
161.5 (C-15), 24.3 (C-16), 11.6 (C-17), 9.4 (C-18),
169.1 (C-19), 138.2 (C-1'), 126.1 (C-2', 6"), 128.9
(C-3',5"), 1289 (C-4"). LA EHHE 5 R IRESE A —
L % E= LS 6 N lepidissipyrone.

&7 Ak A, ESI-MS m/z: 315 [M+H] .
'H-NMR (500 MHz, CDCl;) 6: 12.16 (1H, s, 5-OH),
8.14 (2H, m, H-2', 6'), 7.52 3H, m, H-3'~5"), 6.45
(1H, s, H-8), 3.98 (3H, s, 3-OMe), 3.87 (3H, s,
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6-OMe); *C-NMR (125 MHz, CDCl3) d: 154.2 (C-2),
139.3 (C-3), 179.3 (C-4), 151.8 (C-5), 131.0 (C-6),
156.0 (C-7), 94.7 (C-8), 151.5 (C-9), 105.5 (C-10),
130.0 (C-1"), 128.5 (C-2', 6'), 128.7 (C-3', 5'), 130.6
(C-4"), 60.4 (6-OMe), 56.6 (3-OMe). LA_FHdfE 5 Sk
g FA Y, M e AT N 5, 7- R HE-3,6-
R R B

&Y 8: WETEM A, ESI-MS m/z: 465
[M+H]". '"H-NMR (500 MHz, MeOD) 6: 7.75 (1H, d,
J=2.1Hz, H-2'), 7.66 (1H, dd, J = 2.1, 8.4 Hz, H-6"),
6.88 (1H, d, J = 8.5 Hz, H-5"), 6.74 (1H, d, J= 2.1 Hz,
H-8), 6.46 (1H, d, J = 2.1 Hz, H-6), 5.05 (1H, d, J =
7.8 Hz, H-1"); "“C-NMR (125 MHz, MeOD) 6: 147.3
(C-2), 135.6 (C-3), 176.1 (C-4), 160.8 (C-5), 98.8
(C-6), 163.0 (C-7), 94.1 (C-8), 156.3 (C-9), 104.9
(C-10), 122.6 (C-1'), 114.8 (C-2"), 144.8 (C-3"), 147.5
(C-4"), 114.7 (C-5"), 120.5 (C-6'), 100.2 (C-1"), 73.3
(C-2"), 76.4 (C-3"), 69.9 (C-4"), 76.9 (C-5"), 61.0
(C-6")o VL -3d 5kt A —5", Mk
&Y 8 FMi I & -7-0-B-D-H I HETF -

&M 9: W BT E TR K, ESI-MS m/z: 257
[M+H]". 'H-NMR (500 MHz, DMSO-d;) 6: 7.47~
7.53 (2H, m, H-2', 6'), 7.37~7.45 (3H, m, H-3'~5"),
591 (1H, d, J= 2.1 Hz, H-8), 5.88 (1H, d, J= 2.1 Hz,
H-6), 5.57 (1H, dd, J = 3.2, 12.5 Hz, H-2), 3.23 (1H,
dd, J = 12.5, 17.1 Hz, H-3a), 2.76 (1H, dd, J = 3.2,
17.1 Hz, H-3b); “C-NMR (125 MHz, DMSO-dj)
78.8 (C-2), 42.5 (C-3), 196.4 (C-4), 163.9 (C-5), 96.4
(C-6), 167.2 (C-7), 95.5 (C-8), 163.2 (C-9), 102.2
(C-10), 139.1 (C-1"), 127.1 (C-2', 6"), 129.0 (C-3'~
5. VLBl S5 SCikIRiE s A — 5, s et A
Y19 5, 7- 5 HE AR

&P 10: AR A, ESI-MS m/z: 327 [M+
Na]". 'H-NMR (500 MHz, DMSO-d;) : 6.86 (1H, d,
J=1.6 Hz, H-2'), 6.73 (2H, m, H-5', 6'), 5.89 (1H, d,
J =23 Hz, H-8), 5.84 (1H, d, J = 2.3 Hz, H-6), 4.95
(1H, d, J = 11.7 Hz, H-2), 447 (1H, d, J = 11.4 Hz,
H-3); "“C-NMR (125 MHz, DMSO-d;) &: 83.5 (C-2),
72.0 (C-3), 198.2 (C-4), 167.3 (C-5), 96.4 (C-6), 163.7
(C-7), 95.4 (C-8), 163.0 (C-9), 100.9 (C-10), 128.5
(C-1), 115.6 (C-2'), 145.4 (C-3"), 146.2 (C-4), 115.8
(C-5"), 119.8 (C-6"). LA FHHE 5 STk iE £ A —
H, WA 10 o AL &,

EW11: EETERAR, ESI-MS m/z: 465
[M-+H]". "H-NMR (500 MHz, DMSO-dg) J: 12.40
(1H, s, 5-OH), 10.83 (1H, s, 3-OH), 9.50 (1H, s,
7-OH), 8.95 (1H, s, 3'-OH), 7.69 (1H, d, J = 2.2 Hz,
H-2'), 7.60 (1H, dd, J=2.2, 8.8 Hz, H-6'), 7.23 (1H, d,
J=28.8 Hz, H-5"), 6.43 (1H, s, H-8), 6.18 (1H, s, H-6),
4.83 (1H, d, J = 7.0 Hz, H-1"), 3.71 (1H, m, H-6"a),
3.48 (1H, m, H-6"b), 3.40 (1H, m, H-5"), 3.35 (1H, m,
H-3"), 3.31 (1H, m, H-2"), 3.18 (1H, m, H-4");
BC-NMR (125 MHz, DMSO-dq) J: 147.2 (C-2), 136.8
(C-3), 176.5 (C-4), 1612 (C-5), 98.7 (C-6), 164.5
(C-7), 94.0 (C-8), 156.7 (C-9), 103.5 (C-10), 125.6
(C-1), 115.6 (C-2'), 146.8 (C-3"), 146.4 (C-4"), 116.3
(C-5"), 120.0 (C-6"), 101.8 (C-1"), 73.7 (C-2"), 76.4
(C-3"),70.2 (C-4"), 77.7 (C-5"), 61.1 (C-6"). LA %k
a5 kiR A -5, WA 11 i
i F-4"-O-B-D- 1 WL MR b o

&M 12: EETEEH AR, ESI-MS m/z: 309
[M+Na]". "H-NMR (500 MHz, MeOD) ¢: 14.26 (1H,
s, 2'-OH), 7.77 (1H, d, J = 15.5 Hz, H-8), 7.67 (1H, d,
J = 15.5 Hz, H-7), 7.50 (2H, m, H-2, 6), 6.00 (1H, d,
J =22 Hz, H-3"), 5.92 (1H, d, J = 2.2 Hz, H-5"), 3.92
(3H, s, 6-OMe); “C-NMR (125 MHz, MeOD) §:
126.9 (C-1), 129.9 (C-2, 6), 115.5 (C-3, 5), 159.7
(C-4), 142.4 (C-7), 124.1 (C-8), 192.6 (C-9), 105.2
(C-1"), 167.2 (C-2"), 95.7 (C-3'), 165.0 (C-4"), 91.0
(C-5"), 163.2 (C-6'), 54.9 (6'-OMe). LA_E¥df 5 ik
i A — O, M A 12 04 helichrysetin.

& 13: EER A, ESI-MS miz: 441 [M—
H] . 'H-NMR (500 MHz, CDCLy) 6: 0.92 3H, t, J =
7.2 Hz, H-4"""), 1.19 (3H, t, J = 7.5 Hz, H-2""), 1.95
(3H, s, H-1"), 2.55 (2H, q, J = 7.5 Hz, H-1""), 3.60
(1H, brs, H-7b), 3.68 (1H, brs, H-7a), 3.78 (1H, sext,
J = 6.7 Hz, H-2"""), 5.44 (1H, d, J = 10.0 Hz, H-3"),
6.70 (1H, d, J = 9.9 Hz, H-4') 9.95 (1H, s, 4-OH),
10.61 (1H, s, 5'-OH), 16.25 (1H, s, 7'-OH); "C-NMR
(125 MHz, CDCl;) &: 169.4 (C-2), 102.0 (C-3), 167.6
(C-4), 108.2 (C-5), 161.4 (C-6), 17.4 (C-7), 78.2
(C-2), 124.8 (C-3"), 117.4 (C-4"), 103.8 (C-4'a), 159.0
(C-5"), 105.9 (C-6"), 162.1 (C-7"), 104.4 (C-8"), 155.5
(C-8'2), 9.4 (C-1"), 24.3 (C-1""), 11.6 (C-2""), 29.7
(C-1"", 2", 210.0 (C-1"""), 45.7 (C-2""), 26.7
(C-3"""), 11.9 (C-4"""), 16.7 (C-5""). VL EH¥E 5T
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dihydroxy-2,2-dimethyl-8-(2-(S)-methyl-butanoyl)-2 H-
chromen-6-yl-methyl]-6-ethyl-4-hydroxy-5-methyl-pyran-
2-one.

AW 14: FEEFK, ESI-MS m/z: 303 [M+
H]". 'H-NMR (500 MHz, DMSO-d;) 6: 6.17 (1H, d,
J =2.0 Hz, H-6), 6.39 (1H, d, J = 2.1 Hz, H-8), 6.87
(1H, d, J = 8.4 Hz, H-5"), 7.52 (1H, q, J= 2.2, 8.5 Hz,
H-6'), 7.66 (1H, d, J = 2.2 Hz, H-2), 9.31 (1H, s,
4'-OH), 9.56 (1H, s, 3’-OH), 10.77 (1H, s, 7-OH),
12.47 (1H, s, 5-OH); "*C-NMR (125 MHz, DMSO-dj)
d: 1472 (C-2), 136.2 (C-3), 176.3 (C-4), 161.1 (C-5),
98.6 (C-6), 164.3 (C-7), 93.8 (C-8), 156.6 (C-9), 103.4
(C-10), 122.4 (C-1"), 115.5 (C-2"), 145.5 (C-3"), 148.1
(C-4"), 116.0 (C-5"), 120.4 (C-6"). LA_E¥df 5 kK
EHEA-FHY, WS a Y 14 AL E.

WEY15: BHOTERMA, ESI-MS miz: 155
[M+H]". 'H-NMR (500 MHz, DMSO-ds) J: 6.79
(1H, d, J= 8.2 Hz, H-5), 7.30 (1H, dd, J= 2.1, 8.2 Hz,
H-6), 7.35 (1H, d, J = 2.1 Hz, H-2); “C-NMR (125
MHz, DMSO-dg) 6: 122.2 (C-1), 117.0 (C-2), 145.3
(C-3), 150.4 (C-4), 115.6 (C-5), 122.4 (C-6), 167.9
(C-7)o VA EHH 5 ik 3 A — 5, e th
EW15 RIFEILRIR

&Y 16: JTLOMPIRIEAR, ESI-MS m/z: 153
[M+Na]*. 'H-NMR (500 MHz, CDCl;) 8: 1.35 (3H,
s, H-6), 1.41 (3H, s, H-7), 2.51 (1H, dd, J = 3.1, 18.1
Hz, H-3b), 2.91 (1H, dd, J = 6.4, 18.0 Hz, H-3a), 4.17
(1H, dd, J = 3.2, 6.4 Hz, H-4); “C-NMR (125 MHz,
CDCl3) 6: 175.7 (C-2), 38.3 (C-3), 73.5 (C-4), 88.3
(C-5), 21.1 (C-6), 26.0 (C-7). LA LKl 5 SCHiR R
AR —F 0, s A 16 9 (+)-(3R)-3-hydroxyl-
4,4-dimethyl-4-butyrolactone

WA 17: TCEMPR, ESI-MS m/z: 199 M+
H]". 'H-NMR (500 MHz, CDCl;) 6: 5.07 (1H, tq, J =
1.5, 7.4 Hz, H-3"), 4.27 (1H, dd, J = 4.4, 6.9 Hz, H-4),
291 (1H, dd, J = 6.9, 18.0 Hz, H-3b), 2.54 (1H, dd,
J=4.4,18.0 Hz, H-3a), 2.10 (2H, dd, J= 7.2, 15.6 Hz,
H-2), 1.69 (3H, d, J = 1.3 Hz, H-6"), 1.65 (2H, m,
H-1"), 1.61 (3H, d, J = 1.3 Hz, H-5), 1.41 (3H, s,
H-1"); “C-NMR (125 MHz, CDCl;) 6: 174.4 (C-2),
38.0 (C-3), 72.6 (C-4), 89.5 (C-5), 39.3 (C-1'), 22.4
(C-2"), 123.0 (C-3"), 132.8 (C-4"), 17.7 (C-5'), 25.6

(C-6'), 18.4 (C-1") LA %5t 5 gt s A —55Y,
MBI EY) 17 4 (4S,5R)-5-(4"-methyl-3'-pentenyl)-
4-hydroxy-5-methyldihydrofuran-2-one.

&) 18: kA, ESI-MS m/z: 285 [M+
H]". '"H-NMR (500 MHz, DMSO-dq) d: 13.58 (1H, s,
5-OH), 8.61 (2H, d, J = 8.8 Hz, H-2', 6'), 7.68 (2H, d,
J = 8.8 Hz, H-3', 5'), 7.42 (1H, s, H-3), 7.05 (1H, s,
H-8), 7.02 (1H, s, H-6), 3.97 (3H, s, 7-OMe);
BC-NMR (125 MHz, DMSO-d;) J: 165.4 (C-2), 104.1
(C-3), 183.1 (C-4), 162.4 (C-5), 99.1 (C-6), 166.3
(C-7), 93.6 (C-8), 158.5 (C-9), 105.9 (C-10), 122.3
(C-1"), 129.5 (C-2', 6"), 117.2 (C-3', 5"), 162.4 (C-4"),
57.0 (7-OMe). VL F-¥¥fs 5 SCmk s 54 501,
M BB 18 NTEE R

&Y 19: kA, ESI-MS m/z: 317 [M+
H]*. 'H-NMR (500 MHz, DMSO-d,) 6: 3.77 (3H, s,
3-OMe), 6.17 (1H, s, H-6), 6.40 (1H, s, H-8), 6.89
(1H, d, J = 8.5 Hz, H-5"), 7.42 (1H, d, J = 8.5 Hz,
H-6"), 7.58 (I1H, s, H-2"); "C-NMR (125 MHz,
DMSO-dg) d: 156.1 (C-2), 138.1 (C-3), 178.3 (C-4),
161.7 (C-5), 99.0 (C-6), 164.6 (C-7), 94.1 (C-8), 156.8
(C-9), 104.6 (C-10), 121.2 (C-1'), 115.8 (C-2"), 145.7
(C-3"), 149.2 (C-4), 116.2 (C-5"), 121.0 (C-6'), 60.1
(3-OMe). UL F¥idis 5 scmpios A — 5™, sk
SEED) 19 i 2 -3-H k.

&4 20: KR, ESI-MS m/z: 293 [M+
Na]*. 'H-NMR (500 MHz, MeOD) d: 6.20 (1H, s,
H-6), 6.42 (1H, s, H-8), 7.47 (3H, m, H-3'~5"), 8.21
(2H, d, J = 7.6 Hz, H-2", 6"); “C-NMR (125 MHz,
MeOD) d: 144.7 (C-2), 136.2 (C-3), 175.5 (C-4),
160.4 (C-5), 97.2 (C-6), 163.7 (C-7), 92.3 (C-8), 156.3
(C-9), 102.4 (C-10), 130.4 (C-1"), 127.5 (C-2', 6"),
126.5 (C-3', 5"), 128.7 (C-4"). LA b HdiE 5 SC k4R 18 3
A, W EAEY 20 AR ER,

&) 21: AR A, ESI-MS miz: 471 [M+
Na]". "H-NMR (500 MHz, MeOD) &: 3.38 (1H, m,
H-4"), 3.48 (1H, m, H-2"), 3.50 (1H, m, H-3"), 3.52
(1H, m, H-5"), 3.70 (1H, dd, J = 6.0, 12.1 Hz, H-6"),
3.93 3H, s, 4-OMe), 6.31 (1H, d, J = 2.3 Hz, H-3"),
6.83 (2H, d, J = 8.6 Hz, H-3, 5), 7.71 (2H, d, J = 7.8
Hz, H-2, 6); “C-NMR (125 MHz, MeOD) ¢: 126.8
(C-1), 130.1 (C-2, 6), 115.5 (C-3, 5), 159.9 (C-4),
193.2 (C = 0), 123.9 (C-a), 143.2 (C-p), 107.1 (C-1"),
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162.5 (C-2'), 91.8 (C-3'), 163.6 (C-4"), 96.6 (C-5"),
166.1 (C-6"), 100.0 (C-1"), 73.3 (C-2"), 76.5 (C-3"),
69.9 (C-4"), 77.0 (C-5"), 61.1 (C-6"), 5.2 (4-OMe).
DL HlE 5 ek s A — 5, s e e A 21
TP
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