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Limonoids from Indian mangrove, seeds of Xylocarpus moluccensis

SHAO Kai, SHEN Li, WU Jun
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Abstract: Objective To investigate limonoids in the seeds of an Indian mangrove, Xylocarpus moluccensis. Methods Compounds
were isolated and purified by silica gel, ODS gel column chromatographies, and HPLC. The structures of the obtained limonoids were
identified by NMR spectra and ESI-MS. Results Eighteen limonoids, such as fissinolide (1), 3-propanoylproceranolide (2), 3p-
hydroxyangustidienolide (3), 3f-acetoxy-6-deoxy-swietenine (4), febrifugin (5), granatumin I (6), 3-de(2-methylbutanoyl)-3-
propanoylcipadesin (7), granatumin H (8), tigloylseneganolide A (9), ruageanin A (10), swietemahonolide (11), khayasin T (12),
andhraxylocarpin D (13), granatumin D (14), 7-oxo-7-deacetoxygenunin (15), gedunin (16), methyl angolensate (17), and 20,21,22,23-
tetrahydro-23-oxoazadirone (18), were isolated and identified. Conclusion 3-propanoylproceranolide (2) is a new compound, and
compound 3 is a new natural product.
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Roem. Ff-7 /1 RT3 B 4T TS, JE00 3
BET B8 M EREEHLGTY, B 14 4
mexicanolides. 2 /> gedunins. 1 /™ andirobine I 1
MNEFTPEE T, 7030 fissinolide (1) 3-propanoyl-
proceranolide (2). 3B-hydroxyl- angustidienolide (3).
3B-acetoxy-6-deoxy-swietenine (4). febrifugin (5).
3-de (2-methylbutanoyl)-3-
propanoylcipadesin ( 7 ) . granatumin H (8 ) .

granatumin 1 (6 ) .

tigloylseneganolide A (9). ruageanin A (10).
swietemahonolide ( 11 ) . khayasin T (12 ) .
andhraxylocarpin D (13). granatumin D (14).
7-0x0-7-deacetoxygenunin(15). gedunin(16 ). methyl
angolensate ( 17 ) . 20,21,22,23-tetrahydro-23-
oxoazadirone (18). H.H{LEY) 2 Atk &Y, b
G 3 B RIR )

1 XFES5HH

Waters 2535Q =F il 46 i OBAH ta i 4 (SE[H
Waters A7), Waters 2489 XUl i 454k v WyG ALl
%% (3£[H Waters 247D, Bruker AVANCE 111 400 7!
MRS EYR P TEAY (Bt Bruker A7), AmaZon SL
B TR 25 iS4 (4 [E Bruker Daltonics 22 1))
IEARRERE (100~200 HD 4T Bivefb ) 7,
JARRERR (Cig) K HA YMC A=, L. H
Bkt il (FEE Merck A w]), HAthilF132 0 2
Mradi.

Xylocarpus moluccensis (Lamk) M. Roem. Ff¥
12007 479 HRAE T B 2 A A RFE B LI 2R
MYEHL . Tirumani Satyanandamurty (Government
Degree College at Amadala valasa, Srikakulam
District, Andhra Pradesh, India) %52 . #£1 A5 4 (No.
Indian XM-03) {RA7 T BE R K27 257 Bt ket 2 1t
FHL.

2 REBSSE

THRM X. moluccensis Fi—¥ 8.7 kg, ¥r#)aH
95%I1 LI S NIRAR 5 UK RRIGRIE 48 he $2HX
WA IR i A3 BRI E 750 go RLRE I/KIE
&, Ak SR QBRI 5 R, R IRAES ISR &
BEZEIER 7 198 go BEIR ORI (198 g) &1E
FRER (100~200 H) Ak, S05-HEE (100 :
0—5 1 1) BREEVEM, L4320 127 Moy )=
A e BOBAH (il S T B Ja & )F 47~62 Wi
75 (662 g), L ANRERKE A, ZMiE-/K (50 1 50—~
100 : 0) BEEEVEG, 33 132 Mgy . HAisr 21

2 HPLC 2 &5 1413 2659 1 (255.5 mg). 3 (1.5
mg). 4 (73.5mg). 5 (20.1 mg). 15 (13.7 mg).
17 (38.0 mg). ¥4} 28 & HPLC 43 & & 153 2L &
%2 (0.6 mg). 6 (1.5mg). 7(2.2mg). 8 (7.4 mg).
9 (1.8 mg). 10 (3.4 mg). 11 (4.1 mg). 12 (1.8 mg).
13 (3.8 mg). 14 (1.1 mg). 16 (12.8 mg). 18 (3.0 mg)-
3 Hm%EE

WEY 1: FOTGE Bk A - ESI-MS m/z: 535.04
[M+Na]", 4> 734 CyoH3605. 'H-NMR (400 MHz,
CDCls) 6: 3.17 (1H, m, H-2), 5.01 (1H, d, J=10.0 Hz,
H-3), 3.23 (1H, dd, J = 8.4, 4.0 Hz, H-5), 2.39 (1H,
overlap, H-6a), 2.38 (1H, overlap, H-6b), 2.07 (1H, m,
H-9), 1.79 (1H, overlap, H-11a), 1.80 (1H, overlap,
H-11B), 1.13 (1H, m, H-120), 1.81 (1H, overlap,
H-12p), 3.47 (1H, dt, J = 20.8, 2.8 Hz, H-150), 3.79
(1H, d, J = 20.8 Hz, H-15p), 5.71 (1H, s, H-17), 1.09
(3H, s, H-18), 1.17 (3H, s, H-19), 7.58 (1H, brs,
H-21), 6.50 (1H, brs, H-22), 7.43 (1H, brs, H-23), 0.82
(3H, s, H-28), 0.74 (3H, s, H-29), 2.15 (1H, dd, J =
15.2, 5.6 Hz, H-300), 2.84 (1H, dd, J = 15.2, 2.5 Hz,
H-30p), 3.73 (3H, s, 7-OCH3), 2.20 (3H, s, H-2');
BC-NMR (100 MHz, CDCl3) 6: 218.0 (C-1), 52.3
(C-2), 78.4 (C-3), 38.3 (C-4), 48.0 (C-5), 33.4 (C-6),
174.3 (C-7), 131.8 (C-8), 40.9 (C-9), 53.0 (C-10), 18.8
(C-11), 29.2 (C-12), 38.1 (C-13), 127.8 (C-14), 33.5
(C-15), 170.4 (C-16), 80.7 (C-17), 21.3 (C-18), 16.8
(C-19), 120.6 (C-20), 141.8 (C-21), 110.0 (C-22),
142.9 (C-23), 23.2 (C-28), 18.0 (C-29), 33.4 (C-30),
52.1 (7-OCH3), 169.9 (C-1'), 20.5 (C-2"). LL_ - %din L
SCHRARE 800, WM e A 1 fissinolide.

WY 2: FHETEEER A . [o]h —90° (c 0.043,
MeOH). UV A (nm): 212, ESI-MS m/z: 549.08
[M+Na]"; HR-ESI-MS m/z: 549.246 7 [M~+Na]"
(C30H3NaOg", THHAE N 549.246 4), i+
A CyHssOg,  HHUL AT WA W) AR Ky
12, NMR ¥ (& 1) R 7 SRR K5
T4 IE CEAE 1 ANERERIER 3 AMEEERILD F1 3
AN, PRI, A SR SR TR N AT S
AN R B DEPT il 51t 59541 6 AN (1
ANFEEE 4 M SR BHZ B FERRT 1 AR
B ERHE, 6 MEHRE, 8 MRHE i, 3
AN AIEERX T, H 2 A5 O AHIE) #1010 Tk
CRLHG T ANERAE . 3 ANEREEE . 3 MR .
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402 I NMR ¥l (% 1) 5 fissinolide (1) 244L,
P () DX A AE T C-3 AL AR IEEA ] « Fissinolide
(1) C-3 7k SBEAERAR, AL G 2 Wl Y R4
% [0y 247 (2H, q,J = 7.6 Hz, H-2"), 1.22 (3H, t, J =
8.4 Hz, H-3"); dc 173.9 (C-1"), 28.0 (C-2), 9.4 (C-3")]
A, '"H-'H COSY i |- H-2'Y5 H-3'fAH LM,
HMBC i [ H-2'Y C-1'. H-3'Y C-1"A15CUEM] T LA
e . H-3 5 C-1'f) HMBC 3L B Gtk —25AIF
SENBEAIEEAE C-3 B (R 1. K 1), H-3 5 H-29
Z B2 1) NOE A5 53K H-3 5 o M 2L, 1f

5 C-3 MR NEEEEEN . B 8. H-3/H-2.
H-9/H-18. H-9/H-19 [f] NOE HIJf5 5 £ W] H-2.
H-9.H-18 . H-19 & o #4754, 1f] H-17 5 H-11B.H-12p
Z [ [) NOE AHIASE "5 ESE H-17 K gAY, il b
B v WAL B4 2 54 S 1 AT ST AR R TR A
ot 2 MIHIOEE SAm 1 (o]p —57°) ©
W e, MR T FIRHEWT. Rk, 64 2 3
Bk 1 Mt S W, 4N 3-propanoyl-
proceranolide.

WEW 3. AtEBhAR, TR W

£1 &4 28 "H/C-NMR (400/100 MHz, CDCly) ##E. "H-"H COSY #83F1 HMBC %
Table 1 'H/C-NMR (400/100 MHz, CDCl;) data, '"H-"H COSY and HMBC correlations for compound 2

B A S e 'H-'H COSY HMBC
1 218.1
2 3.15 (1H, m) 48.1 3,30
3 5.01 (1H, d, J=10.0 Hz) 78.2 2 C-4,5,1
4 384
5 3.24 (1H, dd, J= 8.8, 3.6 Hz) 40.4 6
6 2.39 (1H, s) 333 5, 6b
2.38 (1H, d, J=6.0 Hz) 5, 6a
7 174.3
8 131.8
9 2.07 1H, (m) 52.1 11
10 53.0
11 1.79 (2H, m) 18.8 9,12
12 1.13 (1H, m) 29.1 11, 12
1.78 (1H, m) 11, 12a
13 38.1
14 127.8
15 3.46 (1H, dt, J=20.8, 2.8 Hz), 3.78 (1H, overlapped) 335 158, 15a
16 170.3
17 5.70 (1H, s) 80.7 C-18, 20, 21, 22
18 1.09 (3H, s) 17.4 C-12, 14,17
19 1.18 (3H, s) 16.7 C-1,5,9,10
20 120.6
21 7.58 (1H, brs) 141.8 22,23 C-17,21,23
22 6.50 (1H, brs) 110.0 21,23 C-21,23
23 7.43 (1H, brs) 142.9 21,22
28 0.83 (3H, s) 232 C-3,4,5,29
29 0.74 (3H, s) 20.5 C-3,4,5,28
30 2.15 (1H, overlapped) 334 2,308 C-1,8
2.84 (1H, dd, J=15.2, 2.0 Hz) 2, 300
7-OCH; 3.73 (3H, s) 52.1
Iy 173.9
2' 2.47 (2H, q,J=17.6 Hz) 28.0 3’ C-17, 3
3’ 1.22 3H, t,J=7.6 Hz) 9.4 2! C-1,2'
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1 k&% 2 MEE "H-'"H COSY #1 HMBC 8%
Fig. 1 Key 'H-'H COSY and HMBC correlations of
compound 2
fili . ESI-MS m/z: 491.10 [M+Na]", 4> TR N
C»H3,07. 'H-NMR (400 MHz, CDCl5) ¥4 54k &
Y) angustidienolide &1L, W X B AET C-3 £
(FIEIREEANH], angustidienolide ) C-3 47k ZBEAR
FEHUR, Mtk ad 3 b C-3 A R %tk
P&k B SCHRRIEYY, JE i angustidienolide C-3
A7 EESE K ARAF 2N N T4, KAk Ja C-3 AL o1
S5 6 491 (1H, d, J = 9.0 Hz) iT# 3| T 6 4.12
(1H, d, J = 7.5 Hz), A3+ C-3 MR T15 5
T 6391 (1H, d, J = 6.8 Hz). 'H-NMR (400 MHz,
CDCl;) 6: 3.04 (1H, t, J = 6.4 Hz, H-2), 3.91 (1H, d,
J = 6.8 Hz, H-3), 2.84 (1H, t, J = 5.6 Hz, H-5), 2.27
(1H, overlap, H-6a), 2.27 (1H, overlap, H-6b), 2.26
(1H, m, H-11a), 2.56 (1H, m, H-11p), 1.49 (1H, m,
H-120), 1.63 (1H, m, H-12p), 5.90 (1H, s, H-15), 5.13
(1H, s, H-17), 1.11 (3H, s, H-18), 1.18 (3H, s, H-19),
7.52 (1H, brs, H-21), 6.47 (1H, brs, H-22), 7.46 (1H,
brs, H-23), 1.00 (3H, s, H-28), 1.02 (3H, s, H-29),
2.51 (1H, m, H-30a), 3.25 (1H, d, J = 16.8 Hz,
H-30pB), 3.71 (3H, s, 7-OCH;). M4 LA 505 % e b
%) 3 24 3B-hydroxyangustidienolide.

&) 4: FHETEE BRI K . ESI-MS m/z: 535.09
[M+Na]", 4> T3 H CroHis0s. 'H-NMR (400 MHz,
CDCly) 6: 3.52 (1H, dd, J = 8.2, 8.0 Hz, H-2), 4.76
(1H, d, J=9.2 Hz, H-3), 3.38 (1H, dd, J = 7.6, 4.4 Hz,
H-5), 2.38 (1H, s, H-6a), 2.39 (1H, d, J = 3.4 Hz,
H-6b), 2.25 (1H, m, H-9), 1.67 (1H, m, H-11a), 2.14
(1H, m, H-11p), 1.43 (1H, m, H-12a), 1.67 (1H, m,
H-12p), 2.25 (1H, m, H-14), 2.95 (1H, dd, J = 18.4,
5.6 Hz, H-150), 2.86 (1H, d, J = 18.4 Hz, H-15p), 5.73
(1H, s, H-17), 1.10 (3H, s, H-18), 1.16 (3H, s, H-19),

7.82 (1H, brs, H-21), 6.48 (1H, brs, H-22), 7.44 (1H,
brs, H-23), 0.84 (3H, s, H-28), 0.81 (3H, s, H-29),
537 (1H, d, J = 7.2 Hz, H-30), 3.74 (3H, s, 7-OCH3),
2.11 (3H, s, H-2'); “C-NMR (100 MHz, CDCL) 6
217.0 (C-1), 48.4 (C-2), 77.5 (C-3), 38.1 (C-4), 41.6
(C-5), 33.6 (C-6), 174.1 (C-7), 138.4 (C-8), 56.4
(C-9), 49.9 (C-10), 20.5 (C-11), 34.4 (C-12), 36.8
(C-13), 45.2 (C-14), 452 (C-15), 169.6 (C-16), 77.4
(C-17), 22.1 (C-18), 15.9 (C-19), 120.7 (C-20), 141.9
(C-21), 109.8 (C-22), 142.9 (C-23), 22.5 (C-28), 20. 4
(C-29), 120.7 (C-30), 52.2 (7-OCH3), 170.9 (C-1"),
20.4 (C-2)o LL ¥ 5 Scikaion —80, ket
&) 4 4y 3B-acetoxy-6-deoxy-swietenine .

& 5: S BRI K - ESI-MS m/z: 575.10
[M+Na]*, 43 T34 CyHyOg. 'H-NMR (400 MHz,
CDCls) d: 3.55 (1H, dd, J = 8.8, 7.6 Hz, H-2), 4.85
(1H, d, J=9.2 Hz, H-3), 3.48 (1H, dd, J= 8.8, 3.2 Hz,
H-5), 2.39 (2H, m, H-6), 2.21 (1H, m, H-9), 1.65 (1H,
m, H-11a), 1.65 (1H, m, H-11p), 2.10 (1H, m, H-120),
1.42 (1H, m, H-12p), 2.25 (1H, overlap, H-14), 2.87
(1H, dd, J = 18.8, 6.4 Hz, H-150), 2.83 (1H, d, J =
18.8 Hz, H-15p), 5.65 (1H, s, H-17), 1.10 (3H, s,
H-18), 1.17 (3H, s, H-19), 7.85 (1H, brs, H-21), 6.49
(1H, brs, H-22), 7.44 (1H, brs, H-23), 0.83 (3H, s,
H-28), 0.86 (3H, s, H-29), 5.34 (1H, d, J = 7.2 Hz,
H-30), 3.74 (3H, s, 7-OCHs3), 6.94 (1H, q, J = 7.2 Hz,
H-3), 1.75 (3H, d, J = 7.2 Hz, H-4'), 1.84 (3H, s,
H-5); “C-NMR (100 MHz, CDCl;) 8: 217.3 (C-1),
48.8 (C-2), 77.1 (C-3), 38.6 (C-4), 41.3 (C-5), 32.9
(C-6), 174.1 (C-7), 138.5 (C-8), 56.8 (C-9), 49.8
(C-10), 20.7 (C-11), 34.5 (C-12), 37.0 (C-13), 45.2
(C-14), 30.0 (C-15), 168.9 (C-16), 76.6 (C-17), 21.7
(C-18), 15.8 (C-19), 120.8 (C-20), 141.9 (C-21), 109.7
(C-22), 143.0 (C-23), 22.7 (C-28), 20.2 (C-29), 123.1
(C-30), 52.2 (7-OCH3), 167.1 (C-1), 127.5 (C-2"),
139.6 (C-3'), 14.1 (C-4"), 11.8 (C-5"). L% F1 ¢
EkIRE 8, WA 5 O febrifugin.

&Y 6: I JEE BRI K - ESI-MS m/z: 561.09
[M+Na]", 4> 73} C3/H3305. 'H-NMR (400 MHz,
CDCls) d: 3.56 (1H, dd, J = 8.8, 7.2 Hz, H-2), 4.85
(1H, d, J=9.2 Hz, H-3), 3.50 (1H, dd, J= 8.8, 3.2 Hz,
H-5), 2.40 (1H, brs, H-6a), 2.42 (1H, d, J = 9.6 Hz,
H-6b), 2.24 (1H, m, H-9), 1.66 (1H, m, H-11a), 2.10
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(1H, m, H-11p), 1.42 (1H, m, H-12a), 1.66 (1H, m,
H-12PB), 2.24 (1H, m, H-14), 2.90 (1H, dd, J = 19.2,
6.4 Hz, H-150), 2.78 (1H, d, J = 17.6 Hz, H-15B), 5.66
(1H, s, H-17), 1.11 (3H, s, H-18), 1.18 (3H, s, H-19),
7.82 (1H, brs, H-21), 6.48 (1H, brs, H-22), 7.44 (1H,
brs, H-23), 0.84 (3H, s, H-28), 0.87 (3H, s, H-29),
5.37 (1H, d, J = 6.8 Hz, H-30), 3.74 (3H, s, 7-OCHa),
5.62 (1H, brs, H-3"), 6.20 (1H, s, H-3"), 1.97 (3H, s,
H-4'). DA_EXols 5 Scikapas — 28, s e s
6 4 granatumin I.

&Y 7: FHEOTEE R K - ESI-MS m/z: 549.09
[M+Na]", 7> 734 C30H330s. 'H-NMR (400 MHz,
CDCls) 6: 3.53 (1H, dd, J = 8.4, 7.2 Hz, H-2), 4.78
(1H, d, J=9.2 Hz, H-3), 3.41 (1H, dd, J = 7.6, 4.0 Hz,
H-5), 2.43 (1H, d, J = 7.6 Hz, H-6a), 2.39 (1H, d, J =
52 Hz, H-6b), 2.25 (1H, m, H-9), 1.67 (1H, m,
H-1la), 2.16 (1H, m, H-11B), 1.43 (1H, m, H-12a),
1.67 (1H, m, H-12p), 2.25 (1H, m, H-14), 2.92 (1H,
dd, J=18.4, 6.0 Hz, H-150), 2.81 (1H, d, J = 17.6 Hz,
H-15B), 5.72 (1H, s, H-17), 1.11 (3H, s, H-18), 1.17
(3H, s, H-19), 7.82 (1H, brs, H-21), 6.49 (1H, brs,
H-22), 7.44 (1H, brs, H-23), 0.84 (3H, s, H-28), 0.81
(3H, s, H-29), 5.38 (1H, d, J = 6.8 Hz, H-30), 3.74
(3H, s, 7-OCH3), 2.39 (2H, q, J = 15.2, 7.6 Hz, H-2'),
1.45 (3H, t, J = 7.5 Hz, H-3); “C-NMR (100 MHz,
CDCly) &: 217.2 (C-1), 48.6 (C-2), 77.3 (C-3), 38.3
(C-4), 41.5 (C-5), 32.9 (C-6), 174.2 (C-7), 138.4 (C-8),
56.4 (C-9), 49.9 (C-10), 20.5 (C-11), 34.4 (C-12), 36.7
(C-13), 452 (C-14), 30.0 (C-15), 169.7 (C-16), 77.3
(C-17), 204 (C-18), 15.8 (C-19), 120.7 (C-20), 141.9
(C-21), 109.8 (C-22), 142.9 (C-23), 22.5 (C-28), 22.0
(C-29), 122.9 (C-30), 52.2 (7-OCH3), 174.1 (C-1"),
27.1 (C-2), 8.9 (C-3"). LA ¥ 5 sckaas —5Y,
M B A 7 4 3-de (2-methylbutanoyl)-3-
propanoylcipadesin.

wEY 8: ABTIERMA, HETEU W
fili . ESI-MS m/z: 563.06 [M+Na]", 7> 73N
C31H4Os. 'H-NMR (400 MHz, CDCL3) 6: 3.52 (1H,
dd, J = 8.8, 7.6 Hz, H-2), 478 (1H, d, J = 9.2 Hz,
H-3), 3.44 (1H, dd, J = 8.0, 4.0 Hz, H-5), 2.38 (1H, s,
H-6a), 2.39 (1H, d, J = 4.4 Hz, H-6b), 2.25 (1H, m,
H-9), 1.68 (1H, m, H-110), 2.11 (1H, m, H-11pB), 1.42
(1H, m, H-12a), 1.68 (1H, m, H-12p), 2.91 (1H, dd,

J = 18.4, 6.0 Hz, H-150), 2.81 (1H, d, J = 18.4 Hz,
H-15p), 5.71 (1H, s, H-17), 1.11 (3H, s, H-18), 1.17
(3H, s, H-19), 7.82 (1H, brs, H-21), 6.48 (1H, brs,
H-22), 7.43 (1H, brs, H-23), 0.81 (3H, s, H-28), 0.84
(3H, s, H-29), 5.34 (1H, d, J = 7.2 Hz, H-30), 3.74
(3H, s, 7-OCHs), 2.65 (1H, m, H-2), 1.18 3H, d, J =
7.2 Hz, H-3"); “C-NMR (100 MHz, CDCls) 6: 217.1
(C-1), 48.7 (C-2), 77.1 (C-3), 38.6 (C-4), 41.4 (C-5),
33.0 (C-6), 174.0 (C-7), 138.5 (C-8), 56.7 (C-9), 49.9
(C-10), 20.6 (C-11), 34.5 (C-12), 36.9 (C-13), 45.2
(C-14), 29.9 (C-15), 169.5 (C-16), 77.1 (C-17), 21.9
(C-18), 15.8 (C-19), 120.7 (C-20), 142.0 (C-21), 109.8
(C-22), 143.0 (C-23), 22.4 (C-28), 20.5 (C-29), 122.8
(C-30), 52.2 (7-OCHj3), 176.6 (C-1"), 33.8 (C-2'), 18.6
(C-3"), 19.1 (C-4"), VL %d 5 ScikapiE —s",
KB G 8 N granatumin Ho

wEW 9: AEEMAK, S TEN. W
fil o ESI-MS m/z: 573.07 [M+Na]", 2> 74
C3Hj305. 'H-NMR (400 MHz, CDCls) d: 3.77 (1H,
m, H-2), 4.95 (1H, d, J = 9.2 Hz, H-3), 3.37 (1H, dd,
J=9.6,2.0 Hz, H-5), 2.42 (1H, dd, J = 16.8, 10.0 Hz,
H-6a), 2.35 (1H, dd, J = 16.8, 2.0 Hz, H-6b), 2.29
(1H, d, J = 12.4 Hz, H-9), 1.78 (1H, m, H-11a), 1.51
(1H, m, H-11p), 1.31 (1H, m, H-12a), 1.78 (1H, m,
H-12p), 6.18 (1H, s, H-15), 5.18 (1H, s, H-17), 1.06
(3H, s, H-18), 1.22 (3H, s, H-19), 7.53 (1H, brs,
H-21), 6.50 (1H, brs, H-22), 7.46 (1H, brs, H-23), 0.85
(3H, s, H-28), 0.82 (3H, s, H-29), 6.28 (1H, dd, J =
6.0, 2.8 Hz, H-30), 3.72 (3H, s, 7-OCHj), 7.04 (1H, m,
H-3'), 1.93 3H, d, J = 7.2 Hz, H-4'), 1.95 (3H, brs,
H-5"). VL EXHR 5 5ok — 8, st s
9 24 tigloylseneganolide A

tEY 10 AETLE R K. ESI-MS m/z:
579.11 [M+Na]", 4> 73X 4 C31HyO09- 'H-NMR (400
MHz, CDCLy) 6: 3.59 (1H, dd, J = 9.6, 2.4 Hz, H-2),
5.11 (1H, d, J = 9.6 Hz, H-3), 3.80 (1H, dd, J = 7.8,
3.6 Hz, H-5), 2.37 (2H, m, H-6), 1.96 (1H, m, H-9),
1.97 (1H, m, H-110), 1.95 (1H, m, H-11p), 1.21 (1H,
m, H-12a), 1.98 (1H, m, H-12p), 1.62 (1H, m, H-14),
2.81 (1H, dd, J = 16.0, 4.8 Hz, H-15a), 3.72 (1H, dd,
J =152, 14.8 Hz, H-15B), 5.20 (1H, s, H-17), 1.04
(3H, s, H-18), 1.10 (3H, s, H-19), 7.50 (1H, brs,
H-21), 6.48 (1H, brs, H-22), 7.45 (1H, brs, H-23), 0.84
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(3H, s, H-28), 0.82 (3H, s, H-29), 3.34 (1H, d, J= 2.4
Hz, H-30), 2.76 (1H, m, H-2), 1.28 (3H, d, J = 6.0 Hz,
H-3"), 1.30 (3H, d, J = 6.0 Hz, H-4"); "*C-NMR (100
MHz, CDCl;) d: 214.3 (C-1), 48.9 (C-2), 77.2 (C-3),
39.4 (C-4), 42.6 (C-5), 33.2 (C-6), 174.2 (C-7), 60.7
(C-8), 55.9 (C-9), 48.3 (C-10), 19.4 (C-11), 33.4
(C-12), 36.4 (C-13), 45.9 (C-14), 34.0 (C-15), 172.0
(C-16), 78.8 (C-17), 26.4 (C-18), 15.9 (C-19), 120.1
(C-20), 141.0 (C-21), 110.3 (C-22), 143.1 (C-23), 21.0
(C-28), 22.5 (C-29), 63.4 (C-30), 52.4 (7-OCH3),
176.1 (C-1"), 34.2 (C-2'), 19.5 (C-3'), 19.0 (C-4"). LA
b H R Sk ), MR E A 10 N
ruageanin Ao

a1 A EEHRAR, S TE0. N
fil . ESI-MS m/z: 591.07 [M+Na]", 4> 1N
C3,H409. 'H-NMR (400 MHz, CDCls) : 3.66 (1H,
dd, J =92, 2.4 Hz, H-2), 5.06 (1H, d, J = 9.2 Hz,
H-3), 3.34 (1H, dd, J = 8.4, 3.2 Hz, H-5), 2.38 (1H,
overlap, H-6a), 2.38 (1H, overlap, H-6b), 1.82 (1H, m,
H-9), 1.82 (1H, m, H-11a), 1.82 (1H, m, H-11p), 1.22
(1H, m, H-120), 1.82 (1H, m, H-12p), 1.58 (1H, dd,
J = 14.0, 4.8 Hz, H-14), 2.78 (1H, dd, J = 16.0, 4.8
Hz, H-150), 3.59 (1H, dd, J = 16.0, 14.4 Hz, H-15p),
5.18 (1H, s, H-17), 1.02 (3H, s, H-18), 1.10 (3H, s,
H-19), 7.50 (1H, brs, H-21), 6.46 (1H, brs, H-22), 7.45
(1H, brs, H-23), 0.85 (3H, s, H-28), 0.86 (3H, s,
H-29), 3.25 (1H, d, J = 2.4 Hz, H-30), 3.77 (3H, s,
7-OCH3), 7.05 (1H, m, H-3"), 1.96 (3H, overlap, H-4'),
1.96 (3H, overlap, H-5"). L %45 SCmkieiE —
U, s AL A ) 11 2 swietemahonolide

EW 12: AGIEEEM K. ESI-MS m/z:
575.08 [M+Na]", 5 73 h C3,HygOgo 'H-NMR (400
MHz, CDCl3) 6: 3.24 (1H, m, H-2), 4.86 (1H, d, J =
9.6 Hz, H-3), 3.38 (1H, dd, J = 10.0, 3.2 Hz, H-5),
2.41 (1H, brs, H-6a), 2.44 (1H, d, J = 12.4 Hz, H-6b),
2.08 (1H, m, H-9), 1.72 (1H, m, H-11a), 1.72 (1H, m,
H-11p), 1.12 (1H, m, H-12a), 1.72 (1H, m, H-12p),
3.30 (1H, dt, J=21.2, 3.2 Hz, H-150), 3.67 (1H, d, J =
21.2 Hz, H-15p), 5.57 (1H, s, H-17), 1.05 (3H, s,
H-18), 1.19 (3H, s, H-19), 7.59 (1H, brs, H-21), 6.50
(1H, brs, H-22), 7.44 (1H, brs, H-23), 0.84 (3H, s,
H-28), 0.80 (3H, s, H-29), 2.09 (1H, m, H-30a), 2.70
(1H, dd, J = 15.2, 2.0 Hz, H-30p), 3.75 (3H, s, 7-

OCHj), 6.99 (1H, m, H-3"), 1.86 (3H, d, J = 6.8 Hz,
H-4'), 1.92 3H, 5, H-5). LA 35 Sciikdos—s ™
BN EY) 12 24 khayasin T

wEm13:. At AR, S TEN. W
il . ESI-MS m/z: 573.10 [M+Na]", 41N
C3,H3305. "H-NMR (400 MHz, CDCl;) 6: 5.87 (1H, d,
J=6.3 Hz, H-2), 4.84 (1H, dd, J = 6.4, 2.0 Hz, H-3),
3.84 (1H, dd, J = 12.0, 5.0 Hz, H-5), 3.90 (1H, dd, J =
16.0, 2.2 Hz, H-6a), 2.55 (1H, dd, J = 16.0, 12.8 Hz,
H-6b), 2.70 (1H, brd, J = 6.0 Hz, H-9), 1.66 (1H, m,
H-11a), 1.92 (1H, m, H-11B), 1.06 (1H, dt, J = 13.6,
3.6 Hz, H-12a), 1.35 (1H, brt, J = 14.0 Hz, H-12B),
3.11 (1H, brs, H-150), 3.11 (1H, brs, H-15p), 5.47
(1H, s, H-17), 1.13 (3H, s, H-18), 1.01 (3H, s, H-19),
7.58 (1H, brs, H-21), 6.50 (1H, brs, H-22), 7.43 (1H,
brs, H-23), 1.17 (3H, s, H-28), 2.06 (1H, d, J = 17.6
Hz, H-29a), 2.45 (1H, d, J = 17.4 Hz, H-29p), 5.89
(1H, brs, H-30), 3.76 3H, s, 7-OCH3), 7.33 (1H, q,
J=6.8 Hz, H-3"), 1.75 (3H, q, J = 7.2 Hz, H-4"), 1.80
(3H, s, H-5"). LA 8l 5 s — 80, e
44 13 9 andhraxylocarpin Do

Ew14: AL ERMAK, S TE0 W
fil . ESI-MS m/z: 577.10 [M+Na]", 4 T4
C3H4p05. 'H-NMR (400 MHz, CDCls) o: 3.16 (1H,
m, H-2), 4.92 (1H, d, J = 8.8 Hz, H-3), 3.80 (1H,
overlap, H-5), 2.36 (2H, overlap, H-6), 1.95 (1H, m,
H-8), 1.74 (1H, m, H-9), 2.36 (1H, m, H-11a), 1.62
(1H, m, H-11B), 1.22 (1H, m, H-120), 1.62 (1H, m,
H-12B), 1.90 (1H, m, H-14), 2.95 (1H, dd, J = 18.8,
7.2 Hz, H-15a), 2.35 (1H, overlap, H-15pB), 5.84 (1H,
s, H-17), 1.00 (3H, s, H-18), 1.11 (3H, s, H-19), 7.75
(1H, brs, H-21), 6.49 (1H, brs, H-22), 7.46 (1H, brs,
H-23), 0.87 (3H, s, H-28), 0.82 (3H, s, H-29), 1.73
(1H, m, H-300), 2.88 (1H, dd, J = 14.0, 7.2 Hz,
H-30B), 3.77 (3H, s, 7-OCHs), 6.89 (1H, m, H-3"),
1.78 (3H, d, J= 7.2 Hz, H-4"), 1.85 (3H, s, H-5"). LA |-
ot 5 oscmkaioE — =5, M e A 14 0k
granatumin D.

waEY 15: AGLERBA. ESIMS m/z:
461.05 [M+Na]", 73 734 CaH3006. 'H-NMR (400
MHz, CDCls) 6: 7.10 (1H, d, J = 10.0 Hz, H-1), 5.93
(1H, d, J = 10.0 Hz, H-2), 2.94 (1H, t, J = 14.4 Hz,
H-5), 2.24 (1H, brd, J = 12.2 Hz, H-6a), 2.18 (1H, dd,
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J = 14.7, 3.0 Hz, H-6b), 2.41 (1H, brd, J = 13.6 Hz,
H-9), 2.02 (1H, m, H-11a), 1.89 (1H, m, H-11p), 1.50
(1H, m, H-12a), 1.80 (1H, m, H-12p), 3.89 (1H, s,
H-15), 5.49 (1H, s, H-17), 1.37 (3H, s, H-18), 1.24
(3H, s, H-19), 7.43 (1H, brs, H-21), 6.38 (1H, brs,
H-22), 7.41 (1H, brs, H-23), 1.16 (3H, s, H-28), 1.15
(3H, s, H-29), 1.17 (3H, s, H-30); “C-NMR (100
MHz, CDCly) 6: 156.0 (C-1), 126.4 (C-2), 203.3
(C-3), 45.2 (C-4), 54.6 (C-5), 36.7 (C-6), 208.2 (C-7),
53.6 (C-8), 47.6 (C-9), 39.6 (C-10), 17.2 (C-11), 32.2
(C-12), 37.7 (C-13), 65.6 (C-14), 53.4 (C-15), 166.9
(C-16), 78.0 (C-17), 20.9 (C-18), 19.8 (C-19), 120.2
(C-20), 141.0 (C-21), 109.8 (C-22), 143.1 (C-23), 20.9
(C-28), 20.7 (C-29), 17.4 (C-30). LL_E%¥s 5 SCikIR
B, W% etk & 15 A 7-oxo-7-
deacetoxygenunin.

twEW 16: ABITLEIEK K. ESI-MS m/z:
505.09 [M+Na]", 4> -3 A CagH3407. 'H-NMR (400
MHz, CDCl;) d: 7.11 (1H, d, J = 10.0 Hz, H-1), 5.87
(1H, d, J = 10.0 Hz, H-2), 2.20 (1H, dd, J = 13.2, 2.4
Hz, H-5), 1.81 (2H, m, H-6), 4.57 (1H, s, H-7), 2.51
(1H, dd, J = 12.4, 6.0 Hz, H-9), 1.96 (1H, m, H-11a),
1.70 (1H, m, H-11p), 2.02 (2H, m, H-12), 3.55 (1H, s,
H-15), 1.88 (2H, m, H-16), 5.64 (1H, s, H-17), 1.27
(3H, s, H-18), 1.17 (3H, s, H-19), 7.43 (1H, brs,
H-21), 6.36 (1H, brs, H-22), 7.42 (1H, brs, H-23), 1.09
(3H, s, H-28), 1.08 (3H, s, H-29), 1.24 (3H, s, H-30),
2.13 (3H, s, H-2); “C-NMR (100 MHz, CDCL;) §:
157.0 (C-1), 126.0 (C-2), 204.0 (C-3), 44.1 (C-4), 46.0
(C-5), 23.3 (C-6), 73.2 (C-7), 42.6 (C-8), 39.5 (C-9),
40.0 (C-10), 15.0 (C-11), 26.0 (C-12), 38.7 (C-13),
69.8 (C-14), 56.9 (C-15), 167.5 (C-16), 78.3 (C-17),
17.7 (C-18), 19.8 (C-19), 120.4 (C-20), 143.1 (C-21),
109.9 (C-22), 141.2 (C-23), 27.2 (C-28), 21.2 (C-29),
18.3 (C-30), 169.9 (C-1"), 21.1 (C-2"). LA ¥ 53¢
pkdRE 8", M e 16 24 gedunin,

WEW 1T BBELEIEMAK, SETE0 W
filil . ESI-MS m/z: 493.08 [M+Na]", 7> 7R N
C»7H3407. 'H-NMR (400 MHz, CDCLy) d: 3.54 (1H,
dd, J = 6.4, 4.0 Hz, H-1), 2.51 (1H, dd, J = 14.4, 4.0
Hz, H-2a), 2.94 (1H, dd, J = 14.4, 6.0 Hz, H-2), 2.90
(1H, overlap, H-5), 2.29 (1H, d, J = 16.4 Hz, H-6a),
2.64 (1H, dd, J = 16.4, 10.4 Hz, H-6b), 2.19 (1H, m,

H-9), 1.59 (1H, m, H-110), 2.20 (1H, m, H-11p), 1.18
(1H, m, H-120), 1.92 (1H, m, H-12p), 2.57 (1H, d, J =
18.0 Hz, H-15a), 2.96 (1H, d, J = 18.0 Hz, H-15p),
5.68 (1H, s, H-17), 0.88 (3H, s, H-18), 0.96 (3H, s,
H-19), 7.45 (1H, brs, H-21), 6.40 (1H, brs, H-22), 7.40
(1H, brs, H-23), 1.06 (3H, s, H-28), 1.21 (3H, s,
H-29), 491 (1H, s, H-30a), 5.17 (1H, s, H-30p), 3.73
(3H, s, 7-OCHj); *C-NMR (100 MHz, CDCls) &: 77.2
(C-1), 39.4 (C-2), 212.8 (C-3), 48.0 (C-4), 42.9 (C-5),
32.7 (C-6), 173.9 (C-7), 145.8 (C-8), 49.9 (C-9), 33.8
(C-10), 23.7 (C-11), 29.3 (C-12), 41.4 (C-13), 80.2
(C-14), 33.8 (C-15), 170.1 (C-16), 79.6 (C-17), 13.8
(C-18), 21.6 (C-19), 120.8 (C-20), 140.8 (C-21), 109.9
(C-22), 142.8 (C-23), 25.8 (C-28), 21.5 (C-29), 111.6
(C-30) 52.1 (7-OCH3). LL_b%5# 5 ek — 25020,
WS B A ) 17 24 methyl angolensa.

thEW 18: AT E B K. ESI-MS m/z:
477.08 [M+Na]", 73 73 A CosHis0s. 'H-NMR (400
MHz, CDCl;) d: 7.15 (1H, d, J = 10.4 Hz, H-1), 5.87
(1H, d, J = 10.4 Hz, H-2), 2.23 (1H, m, H-5), 1.93
(1H, m, H-6a), 1.75 (1H, m, H-6b), 5.26 (1H, m,
H-7), 2.23 (1H, m, H-9), 1.75 (1H, m, H-11a), 1.92
(1H, m, H-11pB), 1.58 (1H, m, H-12a), 1.75 (1H, m,
H-12B), 5.32 (1H, m, H-15), 2.23 (1H, m, H-160),
2.06 (1H, m, H-16p), 1.75 (1H, m, H-17), 1.04 (3H,
s, H-18), 1.20 (3H, s, H-19), 2.72 (1H, m, H-20),
4.49 (1H, t, J = 8.4 Hz, H-21a), 3.94 (1H, t, J = 8.8
Hz, H-21p), 2.53 (1H, dd, J = 17.2, 8.0 Hz, H-22a),
2.23 (1H, m, H-22p), 1.20 (3H, s, H-28), 1.10 (3H, s,
H-29), 1.10 (3H, s, H-30). LL_E$0ds 5 Sk iE —
P, s T A B 18 4 20,21,22,23-tetrahydro-23-

oxoazadirone.
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