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Abstract; With the aim to investigate the active chemical constituents for the roots of Indigofera stachyodes, the
petroleum ether part of this plant was separated and purified using silica gel column chromatography, Sephadex LH-20
column chromatography, semi-preparative high performance liquid chromatography, and recrystallization methods. The
structures of obtained monomeric compounds were identified through modern spectral techniques by detail analysis of
their electrospray ionization mass spectrometry, hydrogen and carbon nuclear magnetic resonance spectra data, as well
as compared with the reported references. The results were as follows: twenty-two natural compounds were identified as
B-sitostenone (1), stigmasta-3,6-di-one (2), 6B-hydroxystigmast-4-en-3-one (3), (22F)-5«,8a-epidioxyergosta-
6,22-dien-3B-ol (4), medicarpin (5), sativan (6), 2',4'-dihydroxychaicone (7), 6,7-dimethoxy-4-hydroxy-1-
naphthoic acid (8), p-hydroxybenzoic acid ethyl ester (9), 2,4-dihydroxybenzoic acid ethyl ester (10), (9E,11E)-
13-0x0-9, 1 1-ocatadecadienoic acid (11), (9E,11E)-13-0x0-9, 11-octadecadienoic acid methyl ester (12), 9-oxo-
10E , 12E-octadecadienoic acid methyl ester (13), 9-hydroxy-10E, 12Z-octadecadienoic acid methyl ester (14),
pinellic acid (15) and 9-oxo0-10E, 12E-octadecadienoic acid-( 2S)-2, 3-dihydroxypropyl ester (16), B-sitosterol
(17), betulinic acid (18) , 38-hydroxyolean-12-en-11-one (19) , maackiain (20) , phellopterin (21) , palmitic acid
(22). Of these compounds, ten compounds ( compounds 1-3, 7, 11-16) were isolated from the Fabaceae for the
first time; sixteen compounds (compounds 1-16) were obtained from Indigofera plant for the first time; at the same
time, compounds 1-16, 18, 19, 21 were obtained from the roots of Indigofera stachyodes for the first time. Thus, the
results of this research enrich the chemical structure types of roots of I. stachyodes, and afford a scientific foundation
for its further rational use.
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and identification

1. N5 J& & B} (Fabaceae ) K % J& (Indigofera
L.)H ¥ & & K ¥ (Indigofera stachyodes) 1) T &
MR, AEFR E R T S r ) VeSS, 4
(AR ICH, MAS SN RO/ R M 2 —,
FOEIR R oy, B £ AORM I RD AR L
38 K A 2 2%, s v i 2 B JE T I 4 I O
1 F I (VRS ,2021) It A S Ak 2 i 4
MBI — B LR B QTR D i 4Rk | Rl 2 A B
FEH R HAG 2= B4 AT T AR SCHE (B A
TEH TR TR ER 43, B HC 3 0 1k 5 45 44 25 1Y
TR R 2 B e 28 R o R 2R (A
2013 ; K HF A, 2013 F 4, 2019 5Kk 2 B4, 2021)
S5 T 0 HG A il Bk A 67 2R 8 Ak 25 0 1 AU 9 i 0B
URELS

J A M S 1Y A7 10 S5 AR R R R
TR o B il | A B 8 HE oyl k3 A JF R T &R
oy AL TAE, N 315 T 22 Bk &9,
Hrh AbEW1-3.7 11-16 ¥ 5 5 RN S RHEY)
AR LAY 1-16 ¥ IR AEEJE R
R EEL LAY 1-16 18 19 21 ¥ H IR M
MAZ o Ei33,

AR

1.1 ## A EEF0iL F

111 A FERCR A RN A B Ml B &5
PR 245 FH A 9 el 43 /N BRI 5 i 2 o BB R
(L. stachyodes) W ARFK , 25 bR A - A7 T 52 M 44 h
F Rl 4 BE R IR F= W b B S S0 == (FEUEAR A S
XRS20200704) .

1.1.2 L%  Bruker AV NEO-600 MHz #% % 245
AL (A& TN F)) s HP-5973 i A% (25 B 2% 20
A]) s HEREE) ME104T HL - RF- (1 Rl R i 52 A PR
NTE]) ZF-1 =AM (I 1 R P AR
AR F) ;RE 201D AUHeRs 78 &AL (& 5 AR
PREHE A FRA A  YQ-020A 75 B i Ve ( LG5
HHR A AL AR A PR 7)) 3 DLSB-5L/20 IR IR ¥4 H1W
PEIREE (il BARAER 2 A R H]) s NP7005C 2
il 25 VR AH 8 35 A (VLR IR R B A R A A
ZORBAX ODS = ffil £ (o 35 A1 (L HER R A R A
Fl) ;Sephadex LH-20 #E ¢ (Fij# Amersham 2\ A ) ;
GF254 2 ZMreE e AL )JZ AT AL (75 S vEfL T
HBRZHE) s RP-18 JAEFEM B (FEE IR A H]) |
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Fig. 1 Chemical structures of compounds 1-16

113 KA R B8 o 2 v A 38 2 |
L= ) I L ) S ISR S o B T T
il 25 = 2O R €83 ST B ST S g 4, 1
W H B AR ((Fifg) ABRA A, AR E
H R 20 [ 5 B2 R (i) ABR A H]
1.2 Ak

1.2.1 #BE FR TS (30 kg) ¥
TR AR, ] 95% Bt AT A i $2 B 3 (3,
3.2 h) DR AR B (4.7 kg) , B K
BRI A | O R BT 2 8L, 20 il 15 B A
B AL (508 g) LR LBEFRAL(2 413 g) FIAKH
fi7(2 026.8 g)

1.2.2 BBk 3R1L o & s B R0 (458 ¢)
ZRERCHERE IS, AT A G AR B VR (AT ik - &
FRZME =100 : 0~0 : 100), 7r B 45 5] 5 4 4
(Fr.A~Fr.E), Fr.B(68.5 g) &3 A (i (A
Bt : I =100 : 1~0 : 100) 7055455 8 A~ 47
Fr.B1~Fr.B8, Fr.B4 i1 8 e A1 il 25 = SOBOAH £
T AL G S 2EA Y 1(12.1 mg) 2(7.4 mg) .3
(15.2 mg) \19(8.3 mg) , Fr.B5 i i e A4 2 HT L 5E
JEREJZ T L B~ i) & v 80V AR €835 A 24 5 43 50
22015 4(6.3 mg) 5(19.4 mg) .20(8.5 mg) .21
(5.2 mg), Fr.C(47.8 g) ZRERH:Z A PEME (A

fif : =50 : 1~0: 50) J5 ,#58] 6 453 Fr.C1 ~
Fr.C6, Fr.C3 45 515 2469 17 (200 mg) ,
Fr.C4 22 MCI BB 0 3, it — 20 & ) G RE A 2 BT
FINGE e+ J2 B 4l A )5 75 24k 5 4 18 (5.8 mg) (22
(200 mg) , Fr.D(72.9 g) & AHRE AL )2 M VeI 5
83 7 A~4H4) Fr.D1 ~Fr.D7,Fr.D2 (3.8 g) & Bt
FEJZ AR i & RO AR 8 35 A 2k 5 15 B4k &
P 6(8.1 mg) . 7(6.9 mg), Fr.D3(11.7 g) & A
JEHT R 25 = 0RO B A Al Ak 5 1R 2 5 8
(11.3 mg) .9(9.5 mg) .10(9.8 mg) , Fr.D4(14.2 g)
CERERCATJE T BRI AT 2 AT LA B i £ v S50 A £
HEAY AL 519 3EA 9 11(18.3 mg) 12(19.8 mg) .
14(24.2 mg) . Fr.D5(15.6 g) ZBEHEJZHT LA S 2f
il 5 OB A B i A 2R JE AR BIE A9 13(21.2
mg) 15(14.8 mg) \16(17.1 mg) . L &% 1-16 )
ghiky a1 R,

2 feammst kR

Ew1 HeEmAR, 71X CyH,0,ESI-MS
m/s: 435.1 [ M+ Nal','H-NMR (600 MHz,
CDCL,) 8,(ppm) :5.74 (1H, s, H-4), 1.20 (3H,
s, 19-Me), 0.93 (3H, d, J = 6.6 Hz, 21-Me),
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0.87 (3H, d, J = 7.2 Hz, 29-Me) , 0.82 (3H, d,
J = 7.2 Hz, 26-Me), 0.83 (3H, d, J = 7.2 Hz,
27-Me), 0.73 (3H, s, Me-18), “C-NMR (150
MHz, CDCl,) 8.(ppm): 35.7 (C-1), 33.8 (C-2),
199.7 (C-3), 123.7 (C-4), 171.7 (C-5), 32.9
(C-6), 32.1 (C-7), 35.6 (C-8), 53.8 (C-9),
38.6 (C-10), 21.0 (C-11), 39.6 (C-12), 42.4
(C-13), 56.0 (C-14), 24.2 (C-15), 29.1 (C-
16), 55.9 (C-17), 11.9 (C-18), 17.4 (C-19),
36.1 (C-20), 18.7 (C-21), 33.9 (C-22), 28.2
(C-23), 36.1 (C-24), 29.7 (C-25), 19.8 (C-
26), 19.0 (C-27), 23.1 (C-28), 11.9 (C-29),
PA b 208 55 3CHR (Li et al., 2008 ) 42 18 JE A — 5,
WO EEY 1 R B-43 (5

k&2 HEBAEK, /TR CyH0,,ESI-
MS m/z: 451.6 [ M+Na]*.'"H-NMR (600 MHz,
CDCl,) &, (ppm): 0.98 (3H, s, Me-18), 0.97
(3H, s, Me-19), 0.95 (3H, d, J = 6.6 Hz, Me-
27), 0.94 (3H, s, Me-21), 0.82 (3H, t, J = 3.6
Hz, Me-29), 0.72 (3H, d, J = 10.8 Hz, Me-
26) ,”C-NMR (150 MHz, CDCl;) 8.(ppm): 38.1
(C-1), 39.4 (C-2), 209.2 (C-3), 37.0 (C-4),
57.5 (C-5), 211.4 (C-6), 46.6 (C-7), 37.4 (C-
8), 53.5 (C-9), 41.3 (C-10), 21.7 (C-11),
38.1 (C-12), 43.0 (C-13), 56.0 (C-14), 24.0
(C-15), 28.1(C-16), 56.6 (C-17), 12.6 (C-
18), 11.9 (C-19), 36.1 (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), 12.0 (C-29), VA I ¥ 5 SClk (45 ¥ 4%
2009) B FEA 2, B e AW 2 b 3,
6- 1,

&YW 3 AEk K, /5T CWyH,0,, ESI-
MS m/z: 449.2 [ M+Na]*,'H-NMR (600 MHz,
CDCl,) 6,(ppm) :5.83 (1H, s, H-4), 4.36 (1H,
brs, H-6), 2.53 (1H, m, H-2a), 2.39 (1H, m,
H-2b), 2.06 (1H, m, H-la), 2.04(1H, m, H-
12a), 1.98 (1H, m, H-8), 1.87(1H, m, H-1b),
1.70 (2H, m, H-28), 1.53 (2H, m, H-11), 1.39
(3H, s, 19-Me), 1.30 (1H, m, H-25), 1.25
(1H, m, H-7), 1.16 (1H, m, H-12b), 1.15
(1H, m, H-23), 1.13 (1H, m, H-17), 1.04
(1H, m, H-14), 0.94 (2H, d, J = 6.6 Hz, H-

21), 0.91 (1H, m, H-9), 0.86 (3H, d, J = 6.6
Hz, 26-Me), 0.83 (3H, d, J = 6.6 Hz, 27-Me) ,
0.82 (3H, t, J = 6.6 Hz, 29-Me), 0.76 (3H, s,
18-me) , "C-NMR (150 MHz, CDCl,) &.( ppm) :
37.1 (C-1), 34.3 (C-2), 200.5 (C-3), 126.3 (C-
4), 168.6 (C-5), 73.2 (C-6), 38.5 (C-7), 29.7
(C-8), 53.6 (C-9), 38.0 (C-10), 20.9 (C-11),
39.6 (C-12), 42.5 (C-13), 55.8 (C-14), 24.1
(C-15), 28.2 (C-16), 56.1 (C-17), 12.0 (C-
18), 19.5 (C-19), 36.1 (C-20), 18.7 (C-21),
33.9 (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 I %ds 5 SCik (fr B 4e 4%
2006) iR iE — B, MU EEY 3 0 6B AL T -
4-Jg5 -3

kEW 4 ToEE S (HEE) B 177 ~179
C,5 7R CyH,O0,, ESI-MS m/z; 451.3 [ M+
Na]*, '"H-NMR (600 MHz, CDCl,) &, ( ppm) :
6.53 (1H, d, J = 8.4 Hz, H-7), 6.27 (1H, d,
J = 8.4 Hz, H-6), 5.25 (1H, dd, J = 7.8, 15.0
Hz, H-23), 5.17 (1H, dd, J = 8.4, 15.0 Hz, H-
22), 3.95~4.05 (1H, m, H-3), 1.02 (3H, d,
J = 6.6 Hz, Me-21), 0.93 (3H, d, J = 6.6 Hz,
Me-28), 0.86 (3H, s, Me-19), 0.85 (3H, d, J =
3.0 Hz, Me-27), 0.84 (3H, s, Me-18), 0.83
(3H, d, J = 2.4 Hz, Me-26), "“C-NMR (150
MHz, CDCl,) é6.(ppm) ; 34.6 (C-1), 30.1 (C-2),
66.4 (C-3), 36.9 (C-4), 82.1 (C-5), 135.4 (C-
6), 130.7 (C-7), 79.4 (C-8), 51.1 (C-9), 36.9
(C-10), 23.4 (C-11), 39.3 (C-12), 44.5 (C-
13), 51.6 (C-14), 20.6 (C-15), 28.6 (C-16),
56.2 (C-17), 12.9 (C-18), 18.1 (C-19), 39.7
(C-20), 20.8 (C-21), 135.2 (C-22), 132.3 (C-
23), 42.8 (C-24), 33.1 (C-25), 19.6 (C-26),
19.9 (C-27), 17.5 (C-28), DL I %4 5 3Cilik
( Hybelbauerova et al., 2008 ) i i — 2, # % & 1k
&% 4 N (22E) -5a, 8a-epidioxyergosta-6, 22-dien-
3B-ol,

& s wAWIR, 5+ C H,0,,ESI-
MS m/z: 307.1 [ M+Na]*.'"H-NMR (600 MHz,
CDCL,) 8,(ppm): 7.40 (1H, d, J = 8.4 Hz, H-
1), 7.16 (1H, d, J = 9.0 Hz, H-7), 6.58 (1H,
dd, J = 2.4, 14.4 Hz, H-8), 6.48 (1H, dd, J =
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2.4, 8.4 Hz, H-2), 6.47 (1H, d, J = 2.8 Hz, H-
4), 6.44 (1H, d, J = 2.4 Hz, H-10), 5.51 (1H,
d, J = 7.2 Hz, H-11a), 4.26 (1H, dd, J = 4.8,
10.8 Hz, H-6a), 3.63 (1H, dd, J = 10.8, 22.2
Hz, H-68), 3.56 (1H, m, H-6a) ,”C-NMR (150
MHz, CDCl,) 6.(ppm): 132.2 (C-1), 109.8 (C-
2), 157.2 (C-3), 103.7 (C-4), 156.7 (C-4a),
66.6 (C-6), 39.5 (C-6a), 119.1 (C-6b), 124.8
(C-7),96.9 (C-8), 161.1 (C-9), 196.4 (C-10),
160.7 (C-10a), 78.6 (C-11a), 112.5 (C-11b),
55.5 (9-OMe) , VA I %045 SCHK ( Kitagawa et al.,
1994 ) il — 3, R E G Y 5 AR R,

Ew e Tk, ¥ C,H,0,,ESI-
MS m/z: 309.4 [ M+Na]*,'"H-NMR (600 MHz,
CDCL,) 6,(ppm): 7.04 (1H, d, J = 8.4 Hz, H-
6'), 6.95 (1H, d, J = 8.4 Hz, H-5), 6.51 (1H,
d, J =2.4Hz, H3'), 6.47 (1H, dd, J = 2.4,
8.4 Hz, H-5"), 6.40 (1H, dd, J = 2.4, 8.4 Hz,
H-6), 6.38 (1H, d, J = 2.4 Hz, H-8), 4.31
(1H, d, J = 10.2 Hz, H-2a), 4.02 (1H, t, J =
10.2 Hz, H-2b), 3.83 (3H, s, -OMe), 3.82
(3H, s, -OMe) , 3.58 (1H, m, H-3), 2.99 (1H,
dd, J = 10.8, 15.6 Hz, H-4a), 2.87 (1H, dd,
J = 3.6, 15.6 Hz, H-4b) ,"C-NMR (150 MHz,
CDCL,) 6.(ppm): 31.0 (C-2), 31.6 (C-3), 70.1
(C-4), 130.4 (C-5), 107.8 (C-6), 155.2(C-7),
103.2 (C-8), 154.9 (C-9), 114.9 (C-10), 121.9
(C-1"), 158.3(C-2"), 98.7 (C-3"), 159.7 (C-
4"y, 104.1 (C-5"), 127.5 (C-6"), 55.4 (-OMe) ,
55.4 (-OMe) . DL %498 5 SCHR ( Yoon et al.,
2004) #iE—2, LAY 6 A sativan,

&7 Tk, 27 C4H,,0,,ESI-
MS m/z: 263.7 [ M+Na]*,'H-NMR (600 MHz,
CDCL,) 8,(ppm): 7.89 (3H, m, H-3, H-4, H-
5),7.67 (2H, d, J = 8.4 Hz, H-2, H-6), 7.45
(2H, br s, H-7, H-8), "C-NMR (150 MHz,
CDCL,) 8.(ppm): 134.8 (C-1), 128.6 (C-2, C-
6), 129.1 (C-3, C-5), 132.0 (C-4), 191.6 (-C=
0), 120.4 (C-7), 144.7 (C-8), 107.9 (C-1"),
162.8 (C-2"), 114.1 (C-3"), 166.1 (C-4"),
130.7 (C-5"), 103.8 (C-6"). VI %4 5 Sk
(Mezrag et al., 2013) R il — 2, B EL G Y 7
20,4 - TR R

LG8  Tokh b (PEE) AT 141 ~ 143
C,45 72 C,H,04, ESI-MS m/z: 249.3 [ M+
H]*, 'H-NMR (600 MHz, CDCl,) 8,(ppm) :7.44
(1H, d, J = 8.4 Hz, H-2), 7.43 (1H, s, H-5),
7.20 (1H, s, H-8), 6.85 (1H, d, J = 8.4 Hz, H-
3), 3.80 (3H, s, -OMe), 3.79 (3H, s, -OMe) ,
PC-NMR (150 MHz, CDCl;) 8.(ppm): 140.6 (C-
1), 123.9 (C-2), 115.5 (C-3), 151.5 (C-4),
121.1 (C-4a), 107.3 (C-5), 147.8 (C-6), 147.3
(C-7), 113.1 (C-8), 120.9 (C-8a), 56.4 (-
OMe), 55.9 (-OMe) 167.7 (-COOH) . VL I-%#
5 3CHR ( Zhang et al., 2009) — 2, i % EL G 8
M 6, 7-dimethoxy-4-hydroxy-1-naphthoic acid,

a9 s AR, 4+ CH,,0,,ESI-
MS m/z: 189.1 [M+Na]*,'H-NMR (600 MHz,
DMSO) 8, (ppm):10.34 (1H, s, 4-OH), 7.81
(2H, d, J = 8.4 Hz, H-2, H-6), 6.84 (2H, d,
J = 8.4 Hz, H-3, H-5), 4.25 (2H, ¢, J = 7.2
Hz, H-7), 1.28 (3H, t, J = 7.2 Hz, 8-Me),
BC-NMR (150 MHz, DMSO) 8,(ppm) : 121.0 ( C-
1), 131.8 (C-2, C-6), 115.8 (C-3, C-5), 162.4
(C-4), 60.5 (C-7), 14.7 (C-8), 166.0 (-
CO0-) . DA% 5 SCmk (R 0505055, 2015 ) — 3L,
WL B 9 N X R IERK TR L1

&% 10 R AR, 1 CH,0,,
ESI-MS m/z; 181.2 [ M-H] ,'H-NMR (600 MHz,
DMSO) 8,(ppm): 10.79 (1H, s, 4-OH), 10.51
(1H, s, 2-OH), 7.65 (1H, d, J = 8.4 Hz, H-
6), 6.38 (1H, dd, J = 2.4, 8.4 Hz, H-5), 6.30
(1H, d, J = 2.4 Hz, H-3), 4.30 (2H, q, J =
7.2 Hz, H-7), 1.31 (3H, t, J = 7.2 Hz, 8-Me)
BC-NMR (150 MHz, DMSO) 8,(ppm) : 104.5 (C-
1), 164.7 (C-2), 102.9 (C-3), 163.3 (C-4),
108.8 (C-5), 132.0 (C-6), 61.3 (C-7), 14.6 (C-
8), 169.7 (-CO0-) , LI %H5 SCHk (Fan et al. |
2020) — B, BB E LAY 10 Ry 2,4- T HOR I
[

&Ew 11 Tk, 5+ C 4 H,, 0,4, ESI-
MS m/z: 293.3 [ M-H] .'H-NMR ( 600 MHz,
CDCL,) 8,(ppm): 7.51 (dd, J = 11.4, 15.0 Hz,
H-11), 6.19 (d, J = 15.0 Hz, H-12), 6.14 (t,
J = 10.8 Hz, H-10), 5.93 (q, J = 7.8 Hz, H-9) ,
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2.57 (t, ] = 7.2 Hz, H-14), 2.37 (v, J = 7.2
Hz, H-2), 2.32 (q, J = 7.8 Hz, H-8), 1.65 (m,
H-17), 1.31~1.36 (m, H-3-H-7, H-15, H-16),
0.92 (t, J = 7.2 Hz, H-18) ,"C-NMR (150 MHz,
CDCl,) 8.(ppm): 178.5 (C-1, C), 33.8 (C-2,
CH,), 24.6 (C-3, CH,), 28.4 (C-4, CH,), 29.1
(C-5, CH,), 28.9 (C-6, CH,), 29.2 (C-7,
CH,), 29.1 (C-8, CH,), 142.7 (C-9, CH),
126.9 (C-10, CH), 137.1 (C-11, CH), 129.3
(C-12, CH), 201.1 (C-13, C), 41.0 (C-14,
CH,), 24.3 (C-15, CH,), 31.4 (C-16, CH,),
22.5 (C-17, CH,), 14.0 (C-18, CH,) . VA %R
530K (BRI PSS ,2014) 4708 — 30, U S &9
11 & (9E, 11E)-13-0x0-9, 11-ocatadecadienoic
acid,,

k& 12 ik, s+ C H,, 04, ESI-
MS m/z: 307.3 [ M-H] .'H-NMR ( 600 MHz,
CDCL,) 8,(ppm) :7.50 (1H, dd, J = 12.0, 15.0
Hz, H-11), 6.18 (1H, d, J = 15.0 Hz, H-12),
6.11 (1H, t, J = 10.8 Hz, H-10), 5.91 (1H, q,
J = 7.8 Hz, H9), 3.68 (3H, s, -OMe), 2.55
(2H, t, J = 7.2 Hz, H-14), 2.31~2.33 (4H, m,
H-2, H-8), 1.63 (2H, m, H-17), 1.30 ~ 1.45
(14H, m, H-3-H-7, H-15, H-16), 0.91 (3H, t,
J = 7.2 Hz, H-18),"C-NMR (150 MHz, CDCl,)
S.(ppm): 174.3 (C-1), 34.1 (C-2), 24.9 (C-
3),28.3 (C-4),29.1 (C-5), 29.0 (C-6), 29.1
(C-7),29.0 (C-8), 142.7 (C-9), 126.9 (C-10),
137.1 (C-11), 129.4 (C-12), 201.0 (C-13),
41.0 (C-14), 24.3 (C-15), 31.4 (C-16), 22.5
(C-17), 14.0 (C-18), 51.5 (-OMe) ., DA | %44
5 3CHR (Jiang & Gerwick, 1991) R 18—k, il % &
& W 12 K (9E, 11E )-13-0x0-9, 11-
octadecadienoic acid methyl ester,,

k& 13 ik, 4+ €, Hy, 0,4, ESI-
MS m/z: 307.1 [ M-H] .'H-NMR ( 600 MHz,
cbCly) 6, (ppm):7.15 (1H, m, H-11), 6.19
(2H, m, H-12, H-13), 6.08 (1H, d, J = 15.6
Hz, H-10), 3.68 (3H, s, -OMe), 2.55 (2H, t,
J =7.2Hz, H-8),2.31 (2H, t, J = 7.2 Hz, H-
2),2.19 (2H, m, H-14), 1.63 (4H, m, H-3, H-
7), 1.45 (2H, m, H-15), 1.30~1.38 (10H, m,
H-4, H-5, H-6, H-15, H-16), 0.91 (3H, t, J =

7.2 Hz, H-18) ,”C-NMR (150 MHz, CDCl,) §,
(ppm): 174.3 (C-1), 34.1 (C-2), 24.9 (C-3),
29.0 (C-4), 29.1 (C-5), 29.1 (C-6), 24.4 (C-
7), 40.4 (C-8), 201.1 (C-9), 127.9 (C-10),
143.0 (C-11), 128.9 (C-12), 145.8 (C-13),
33.1(C-14), 28.4 (C-15), 31.4 (C-16), 22.5
(C-17), 14.0 (C-18), 51.1 (-OMe) ., VA I %k ¥
53R (Wu et al., 2011) 48— 2, BMUEERE Y
13 & 9-ox0-10E, 12E-octadecadienoic acid methyl
estero

E& W 14 [ akER B K, 5 F K
C,,H,,0,, ESI-MS m/z: 309.2 [ M-H ] ,'H-NMR
(600 MHz, CDCl,) 8,(ppm) :6.49 (1H, dd, J =
14.4, 11.4 Hz, H-11), 5.98 (1H, t, J = 10.8
Hz, H-12), 5.68 (1H, dd, J = 12.6, 6.0 Hz, H-
10), 5.45 (1H, m, H-13), 4.16 (1H, dd, J =
11.4, 6.0 Hz, H-9), 3.67 (3H, s, -OMe), 2.31
(2H, t, J = 7.8 Hz, H-2), 2.18 (2H, dd, J =
7.8, 15.0 Hz, H-14), 1.29~1.64 (18H, m, 9x-
CH,), 0.90 (3H, t, J = 7.2 Hz, H-18) ,”C-NMR
(150 MHz, CDCL,) 6.(ppm): 174.3 (C-1), 34.1
(C-2),25.3 (C-3), 29.1 (C-4), 29.1 (C-5),
29.3 (C-6), 24.9 (C-7), 37.3 (C-8), 72.9 (C-
9), 135.8 (C-10), 125.9 (C-11), 127.7 (C-12),
133.0 (C-13), 27.7 (C-14), 29.3 (C-15), 31.5
(C-16), 22.5 (C-17), 14.1 (C-18), 51.5 (-
OMe) , L F%cd 5 3CHR (22713845 ,2014) il —
B}, 8% E AW 14 N 9-hydroxy-10E, 12Z-
octadecadienoic acid methyl ester,

k& 1s ik, 4+ X ¢ H,, 04, ESI-
MS m/z: 329.5 [ M-H] .'H-NMR ( 600 MHz,
CDCL,) 8,(ppm):5.71 (1H, dd, J = 15.6, 5.4
Hz, H-10),5.69 (2H, dd, J = 15.6, 6.6 Hz, H-
11), 4.07 (1H, m, H-9), 3.98 (1H, m, H-12),
3.37 (1H, m, H-13), 2.29 (2H, t, J = 7.2 Hz,
H-2), 1.60 (2H, t, J = 7.2 Hz, H-3), 1.31~
1.52 (18H, m, 9x-CH,), 0.88 (3H, t, J = 7.2
Hz, H-18), “C-NMR ( 150 MHz, CDCl,) &,
(ppm): 176.7 (C-1), 34.0 (C-2), 24.8 (C-3),
28.9 (C-4), 29.0 (C-5), 29.3 (C-6), 25.1 (C-
7), 36.9 (C-8), 71.7 (C-9), 128.4 (C-10),
136.1 (C-11), 75.2 (C-12), 74.3 (C-13), 32.1
(C-14), 25.6 (C-15), 31.8 (C-16), 22.5 (C-
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17), 13.9 (C-18) , LA %#E 5 3¢k ( Choi et al.,
2013) i —2, WL ELEY 15 4 pinellic acid,

k&Y 16  JTLaahik, 71X €, Hy 04, ESI-
MS m/z: 367.4 [ M-H] . '"H-NMR ( 600 MHz,
CDCl,) 6, (ppm):7.16 (1H, m, H-11), 6.20
(2H, m, H-12, H-13), 6.08 (1H, d, J = 15.6
Hz, H-10), 4.23 (1H, dd, J = 11.4, 4.2 Hz, H-
1'a), 4.16 (1H, dd, J = 11.4, 6.0 Hz, H-1'b),
395 (1H, m, H-2"), 3.72 (1H, dd, J = 11.4,
3.6 Hz, H-3'a), 3.62 (1H, dd, J = 10.8, 6.0
Hz, H-3'b), 2.55 (2H, t, J = 7.2 Hz, H-8),
2.38 (2H, t, J = 7.2 Hz, H-2), 2.20 (2H, m, H-
14), 1.64 (4H, m, H-3, H-7), 1.45 (2H, m, H-
15), 1.27~1.34 (10H, m, H-4, H-5, H-6, H-15,
H-16), 0.91 (3H, t, J = 7.2 Hz, 18-Me),
“C-NMR (150 MHz, CDCL,) 8.(ppm): 174.2 (C-
1), 34.1 (C-2), 24.8 (C-3), 28.8 (C-4), 28.9
(C-5), 29.0 (C-6), 24.2 (C-7), 40.4 (C-8),
201.3 (C-9), 127.8 (C-10), 143.2 (C-11),
128.8 (C-12), 146.0 (C-13), 33.1(C-14), 28.4
(C-15), 31.4 (C-16), 22.5 (C-17), 14.0 (C-
18), 65.2 (C-1"), 70.3 (C-2"), 63.4 (C-3"), LI
A 5 SCHK ( Kawagishi et al., 2002) 4 18 — 2,
W B A 16 4 9-0x0-10E , 12 E-octadecadienoic
acid-(2S) -2, 3-dihydroxypropyl ester,

G 17 ARG, B 140 ~ 142
C, 45 F X CyHy, O, ESI-MS m/z; 437.3 [M+
Na]*, '"H-NMR (600 MHz, CDCl,) &, ( ppm):
5.35 (1H, m, H-6), 3.53 (1H, m, H-3), 2.31
(1H, dd, J = 12.0, 3.0 Hz, H-7a), 2.27 (1H,
dd, J = 12.0, 3.0 Hz, H-7b), 1.01 (3H, s, Me-
18), 1.02 (3H, s, Me-19), 0.91 (3H, s, Me-
21), 0.88 (3H, d, J = 7.2 Hz, Me-27), 0.82
(3H, t, J = 3.6 Hz, Me-29), 0.70 (3H, d, J =
7.2 Hz, Me-26) ,”C-NMR (150 MHz, CDCl,) &,
(ppm): 36.1 (C-1), 29.0 (C-2), 71.9 (C-3),
45.7 (C-4), 140.8 (C-5), 121.5 (C-6), 31.4 (C-
7), 31.6 (C-8), 50.2 (C-9), 36.2 (C-10), 26.3
(C-11), 39.7 (C-12), 42.2 (C-13), 56.7 (C-
14), 24.2 (C-15), 28.2 (C-16), 56.2 (C-17),
11.8 (C-18), 19.3 (C-19), 19.1 (C-20), 31.8
(C-21), 34.0 (C-22), 23.0 (C-23), 37.2 (C-
24), 18.7 (C-25), 12.0 (C-26), 21.2 (C-27),

19.7 (C-28), 12.2 (C-29) . LA b %cd8 5 SCHik (X1
{45 ,2018) fRIA A —F, LB 17 H B-

EW18 [k K, 55+ C, H, 04, ESI-
MS m/z: 479.1 [ M+Na]*,'"H-NMR (600 MHz,
CDCL;) 6,(ppm) : 4.76 (1H, br s, H-29b), 4.63
(1H, brs, H-29a), 3.21 (1H, dd, J = 4.8, 11.4
Hz, H-3), 0.99 (3H, s, Me-27), 0.98 (3H, s,
Me-23), 0.96 (3H, s, Me-26), 0.85 (3H, s, Me-
25), 0.78 (3H, s, Me-24) ,"C-NMR (150 MHz,
CDCL,) 6.(ppm): 38.7 (C-1), 27.4 (C-2), 79.0
(C-3), 38.9 (C-4), 55.4 (C-5), 18.3 (C-6),
34.3 (C-7), 40.7 (C-8), 50.5 (C-9), 37.2 (C-
10), 20.9 (C-11), 25.5 (C-12), 38.4 (C-13),
42.5 (C-14), 30.6 (C-15), 32.2(C-16), 56.3
(C-17), 49.3 (C-18), 46.9 (C-19), 150.0 (C-
20), 29.7 (C-21), 37.0 (C-22), 28.0 (C-23),
15.4 (C-24), 16.1 (C-25), 16.0 (C-26), 14.7
(C-27), 179.3 (C-28), 109.7 (C-29), 19.4 (C-
30) . LA & 5 3CHk (Yili et al., 2009) 4t 1E —
5, A 18 A FIHERRTR .

EW19 [k, 512 C,H,0,, ESI-
MS m/z: 463.0 [ M+Na]*.'"H-NMR (600 MHz,
CDCL) 8, (ppm): 5.60 (1H, s, H-12), 3.25
(1H, dd, J = 10.8, 4.8 Hz, H-3), 2.81(1H, m,
H-2a), 2.36 (1H, s, H9), 2.35 (1H, m, H-
2b), 2.16 (1H, m, H-18), 1.38 (3H, s), 1.16
(3H, s), 1.15 (3H, s), 1.03 (3H, s), 0.92
(3H, s), 0.91 (3H, s), 0.88 (3H, s), 0.83
(3H, s),"”C-NMR (150 MHz, CDCl,) 8,( ppm) :
39.1 (C-1), 23.5 (C-2), 78.8 (C-3), 37.9 (C-
4),54.9 (C-5), 17.5 (C-6), 32.8 (C-7), 45.4
(C-8),61.8 (C-9), 37.1 (C-10), 200.1 (C-11),
128.1 (C-12), 179.5 (C-13), 43.4 (C-14), 26.4
(C-15), 26.5 (C-16), 32.3 (C-17), 47.6 (C-
18), 45.2 (C-19), 31.0 (C-20), 34.4 (C-21),
36.5 (C-22), 28.1 (C-23), 16.3 (C-24), 15.5
(C-25), 18.7 (C-26), 23.4 (C-27), 28.8 (C-
28), 33.0 (C-29), 23.4 (C-30)., VL L%#E 5
ik (Herath et al., 2001) iz i — 2, L EL &Y
19 & 3B-hydroxyolean-12-en-11-one,,

E 20 AR, 5510 CH), 05, ESI-
MS m/z: 293.1 [ M+Na]*,'H-NMR (600 MHz,
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CDCLy) 6,(ppm): 7.38 (1H, d, J = 8.4 Hz, H-1),
6.74 (1H, s, H-7), 6.58 (1H, dd, J = 2.4, 8.4
Hz, H-2), 6.45 (1H, s, H-10), 6.44 (1H, d, J =
2.8 Hz, H-4), 5.94 (1H, d, J = 1.2 Hz, H-12a),
591 (1H, d, J = 1.2 Hz, H-12b), 5.49 (1H, d,
J = 6.6 Hz, H-11a), 424 (1H, dd, J = 5.4, 11.4
Hz, H-6a), 3.66 (1H, dd, J = 10.8, 22.2 Hz, H-
68), 3.50 (1H, m, H-6a),"”C-NMR (150 MHz,
CDCly) 6. (ppm): 132.1 (C-1), 109.8 (C-2),
157.2 (C-3), 104.8 (C-4), 156.6 (C-4a), 66.5 (C-
6), 40.1 (C-6a), 117.9 (C-6b),103.7 (C-7),
154.2 (C-8), 148.1 (C-9), 141.7 (C-10), 160.7
(C-10a), 78.5 (C-11a), 112.5 (C-11b), 103.7 (C-
12) . VA F % 5 S0k (Lin & Kuo, 1993) 18 —
ISR A Y 20 S EIIE R

aEw 21 EAKK, 5+ C,H 0, ESI-
MS m/z: 299.2 [ M-H] ,'H-NMR ( 600 MHz,
CDCL,) 8,(ppm):8. 14 (1H, d, J = 9.6 Hz, H-
4),7.63 (1H, d, J = 2.4 Hz, H-2"), 7.01 (1H,
J =24Hz, H3"),6.29 (1H, d, J = 9.6 Hz, H-
3),5.60 (1H, t, J = 7.8 Hz, H-2"), 4. 85(2H,
d, J = 7.2 Hz, H-1"), 4. 19 (3H, s, 5-OMe),
1.78 (3H, s, 3"a-Me), 1.72 (3H, s, 3"b-Me),
“C-NMR (150 MHz, CDCl,) 8.(ppm): 160.6 (C-
2), 112.7 (C-3), 139.6 (C-4), 144.3 (C-5, C-
9), 60.8 (5-OMe),114.5 (C-6), 150.8 (C-7),
126.7 (C-8), 107.5 (C-10), 145.1 (C-2"), 105.1
(C-3"), 70.4 (C-1"), 119.8 (C-2"), 139.7 (C-
3"), 25.8 (3"a-Me) , 18.0 (3"b-CH,) . L) I %4
5ICHR (AP Bk 5, 2015) — 2, i B2 &9 21
ISR

k& 22 Tk, /51 CH,,0,,ESI-
MS m/z: 255.5 [ M-H] .'H-NMR ( 600 MHz,
CDCl,) 8,(ppm): 2.30 (2H, t, J = 7.2 Hz, H-
2), 1.63 (2H, m, H-3), 1.26-1.30 (24H, m, H-
4-15), 0.86 (t, J = 6.6 Hz, Me-16), "C-NMR
(150 MHz, DMSO) 8.(ppm): 178.3 (C-1), 34.0
(C-2), 31.8 (C-3), 29.8 (C-4), 29.7 (C-5),
29.7 (C-6), 29.5 (C-7), 29.5 (C-8), 29.5 (C-
9),29.4 (C-10), 29.4 (C-11), 29.3 (C-12),
29.2 (C-13), 25.0 (C-14), 22.4 (C-15), 14.0
(C-16) . VL 8l 5 30k (VR #1155 ,2018) 4l —
B, B ERS ) 22 AERTEIR

3 W54 #

K R JE AT 1% R E P 43 32 2 Ay T 2 i
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