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Abstract: Objective To investigate the terpenoid constituents of fruit shells of Euphorbia peplus and evaluate their anti-
inflammatory activities. Methods Various chromatographic techniques were applied to isolate terpenoids from the petroleum ether-
soluble fraction of the ethanol extract of E. peplus fruit shells. The chemical structures of all isolates were elucidated by comprehensive
spectroscopic analyses (1D/2D NMR, HRMS) combined with single-crystal X-ray diffraction. Anti-inflammatory activities were
assessed by measuring the inhibition of nitric oxide (NO) production in lipopolysaccharide (LPS)-induced RAW264.7 macrophages.
Results A total of 13 terpenoids were isolated from the petroleum ether fraction of E. peplus fruit shells, including four paraliane-
type diterpenoids (1-4), one pepluane-type diterpenoid (5), three jatrophane-type diterpenoids (6-8), two ingenane-type diterpenoids
(9 and 10), one abietane-type diterpenoid (11), one ursane-type triterpenoid (12), and one dinor-monocyclic diterpenoid (13). They
were respectively identified as (25,3S,4R,5R,6R,8S,125,13S,15R)-83-acetyl-paralianone D (1), (1R,2R,3S,4R,5R,6R,8S,12S,13S,14R,
15R)-1,5,8,14-tetraacetoxy-3-benzoyloxy-15-hydroxy-9-oxo-paraliane (2), (25,3S,4R,5R,6R,8S,125,13S,14R,15R)-5,8,14-triacetoxy-
3-benzoyloxy-15-hydroxy-9-oxo-parapliane (3), paralianone A (4), (2S,35,4R,5R,6R,8R,9R,10R,12S,13S,14R,15R)-5,8,9,10,14-
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pentaacetoxy-3-benzoyloxy-15-hydroxypepluane (5), euphpepluone A (6), euphpepluone D (7), (2S,3S,4R,5R,7S,8R,13S,15R)-

50,7B,80-triacetoxy-33-benzoyloxy-15p3-hydroxyjatropha-6(17),11 E-diene-9,14-dione (8), 20-deoxyingenol (9),

20-0-2'EA'Z-

decadienoyl)ingenol (10), helioscopinolide D (11), ursolic acid (12) and (3R,6R,7E,9F,11E)-3-hydroxy-13-apo-a-caroten-13-one (13).

The structure of compound 1 was confirmed by single-crystal X-ray diffraction. In the anti-inflammatory activity screening, only

compound 2 exhibited inhibitory activity against NO production, with an ICso value of (37.6 + 8.2) pumol/L. Conclusion Compounds

1, 2, 10, and 13 were isolated from E. peplus for the first time. Compound 2 demonstrated moderate anti-inflammatory activity. This

study enriches the terpenoid chemical diversity of terpenoids from E. peplus and provides an experimental basis for further research

on its anti-inflammatory substances.

Key words: Euphorbiaceae; Euphorbia peplus Linn.; diterpenoids; anti-inflammatory; 20-deoxyingenol; ursolic acid; 8B-acetyl-
paralianone D; (25,35,4R,5R,6R,8S,125,135,15R)-8p-acetyl-paralianone D

B KER Euphorbia peplus Linn. A KEFEK
R 1 AR, 2RI, JEo IR R (B
RRAEIEAE), B4 TP SEM AR IR 73R E
AR IR AR . 24T RS B
o AEAMRAVAE, WOPRER. HH TR S
Pl s CHIBE . PE MRS ) JORE . BERG . BE
PRI FVERE N2 KR i R B B b 22 20
LRI T 71, CRON R IR Z5 A 5 s ) it
FUR BT A O W R T RROK 8 ) A 257 1 A e
1T T HIE T, AR RSl e s 2R s
Rt —0 B 5% . ARG ROR SR S 1A
THERZERGH A 2 55 3] 13 s Ed, 50
Y52 N (25,3SAR,5R,6R,85,128,138,15R)-8B-acetyl-
paralianone D (1) (1R,2R,35,4R,5R,6R,85,125,135,14R,

B0 H 3

15R)-1,5,8,14-tetraacetoxy-3-benzoyloxy-15-hydroxy-
9-oxo-paraliane (2). (2S,3S,4R,5R,6R,8S,12S,13S,
14R,15R)-5,8,14-triacetoxy-3-benzoyloxy-15-hydroxy-

9-oxo-parapliane (3). paralianone A (4). (2S,3S,
4R,5R,6R,8R,9R,10R,12S,13S,14R,15R)-5,8,9,10,14-
pentaacetoxy-3-benzoyloxy-15-hydroxypepluane (5).

euphpepluone A (6 ). euphpepluone D (7).

(2S8,3S,4R,5R,7S,8R,13S,15R)-50,73,8a-triacetoxy-33-
benzoyloxy-15B-hydroxyjatropha-6(17),11E-diene-9,14-
dione (8). 20-2:% B KELEE (20-deoxymorphoterol,
9) . 20-O-(2'E.4'Z-decadienoyl) ingenol (10 ) .

helioscopinolide D (11). AEHER (ursolic acid, 12)
' (3R,6R,7E,9E,11E)-3-hydroxy-13-apo-a-caroten-13-
one (13). ZSHILE 1. fbEY 1. 20 10 /113 0

B0 H 3
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Fig.1 Structures of compounds 1—13
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177 LPS i 5 1) RAW264.7 41 il NO i 75 (1) s
%, RERNEY 2 BA —ERTRIEE.
1 UFES5HH

Agilent Xcalibur Nova X S 2T CZAERT}
B CRPED HRAED; SWGX-4 BB A (-
AR B AAGRA IR A R]D: Autopol T gt
(3£ [E Rudolph Research Analytical); Chirascan Plus
7 — i (J5[E Applied Photophysics A ] ); 4
Hhu] W4 6 T (Shimadzu UV-2450); TENSOR
27 i B AR 2T A 14X (Bruker 24 5] ) s Avancelll-
400. Avancelll-500 # W 3E4RAX (Kt Bruker 2 7]);
W B AL (£[E Finnigan LCQ Deca), Waters-
Micromass Q-TOF electrospray Jfiii5{¢; LC-20AT &
R A (PDA SPD-M20A K658, H A&
T FEETERER N GFosq 2 SRR B
By e TAH MR AR A5 ER, Sephadex LH-
20 (£E GE A#]), CHP-20 MCI ( HA Mitsubishi
AFED FAHEER (Merck) S350 RL. TN
Phenomenex Lux cellulose-2, 250 mm X 10 mm, 5
um, PN YMC AF#) YMC-pack ODS-A
(250 mmX 10 mm, S-5um, 12nm). SB-5200DTD
AR BEA CT OB Z AR R A IR A F]D;
SHZ-DII RUAEI K2 FI AR (PULH THAGEA
IRSTEAT]D; ZF-20D REEF LM (T
THABA WL T D N-1100 A e H: 28 KX
EYELA (ARREALEMRASH): oz —air
K- it Mettler-Toledo A H] ). 95%EE HEE.
AR, BEER Ol & e CREETT B
FARAFD HEE R REFAERARD., IE
TEE CREEWRBAL A, BRI A7 i
4i; o (8152, BCR International Trading A R
AP

AR EIEYIM R 2023 4E 5 AREA=HEA
R, @l R 25 2B A R 4 T R R
K E. peplus Linn. )7, FEibrAs (20230503)
20 G RN DN AT Y AV NE =
2 Rk
21 RESSE

TE 25 CH&MT, HU8kg KRR T
Bt AR, 25 L95% LM TRIE, HEIRH 3 X
(BEKIRAR 40D, BRZRGIFFE] 12kgRE. 1L

K8, WA HIEE (3X41L) FIESER ZFE (3X
4L) FATEER . HAMENRE (0.18kg) HRFLK
FEFECHEE-K 4 0 6—10 © 053] 3 NI~
1D, Fr.1I (4.0 g) ZfEktt: Chmilik-— & ke 1
0—20 : 1) Al Sephadex LH-20 (Hi¥) 53L&
12 (4.5mg). Fr.1II (78.0g) HIREMRA: CHimik-—
AHFE 101D 728 4 M (a~1Id).
Fr.1lla (5.0 g) SERAE ChilmE-—&H 10—~
5:11) 1553 A4 (Ilal~111a3). Fr. Illa [
#% HPLC ¥ (ZHB5-K 713, 3 mL/min) 4ifk75%]
WEY13 (7 mg, k=8 min). Fr. IlIb JHid & 45 fF
H2EEY 6 (17 mg). Fr. lllc H Sephadex LH-20
() aifkB2EY 9 (120mg). Fr.1lIb (13.0
g) & RP-Cis i (HEE-7K 41610 0) %] 3 4
#54r (IIb1~11Ib3). Fr. bl @it B 45 5 311L &
Y1 (20mg). Fr. l1Ib2 F{X% Sephadex LH-20 (H
BE) 438 3 NSy (Ib2a~11Ib2¢), i Fr. IlIb2a
SRR A (S eI 10 0—>200 & 1) AT
#% HPLC ¥ (FIEE-K 7.5 : 2.5, 3mL/min) 475
FItb &Y 4 (6 mg). Fr. IIb2b £ 4 HPLC #F
(Zf-/K 6.5:3.5, 3 mL/min) 4ifb8314b&54 3
(28mg, ®r=20min). 7 (18 mg, ®%x=21min) F1 8
(19mg, ®=22min). Fr.IIb2c {1} #il# HPLC FE
(Zf-/K 6.5:3.5, 3 mL/min) 4itk5314L&54 5
(26 mg, (k=13min) 12 (8 mg, tr=18min). Fr.
IMlc (1.0 g) 4 Sephadex LH-20 ( ) FIfE At ( —
S E-HEE 12 0—200 1) 4046755 11 (42mg).
Fr. I1Id (2.0 g) HEERGH: (& ke-HEE 10—
200 : 1) FI#l4% HPLC #: (ZBE-K 8:2, 3
mL/min) 43 H4E4015 %] 10 (108 mg, &R=22min),
2.2 NO H]IE M

K H Griess 7% BURL W 4k & 90 5+ g 2 W
(lipopolysaccharide, LPS) #5'F/] RAW264.7 El&
4 — AL B ONOD 2E B - 4 RAW264.7
YL 4 X 10* AN/FLIE M T 96 FLIRH,
37 ‘C. 5% CO.3%9% 24 h. SEIREA HH. BRI
(LPS) K#hzidH. == AHMBAMAEEE; LPS 1Y
HANMIIA 1 pg/mL LPS H# 24 h. il &2
S AN AR P R TRALEE 30 min, FEHIA 1 pg/mL
LPS 4k2L8%57% 24 ho B 5 HL 50 uL A EiG R
100 uL ¥ Griess 1055 5 IR #6810 min, - 540
nm PEBRAE (4D 1H. BRI FHIARTH NO #1
Hl%, SCIREE 3K, MR RN R
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HIFIFE=1—(4 95— A4 2e)/(4 go—A 20)
3 %R
3.1 HHmEE

WEY 1: Todik (REE, mp304~305 C;
[a]=2 (¢ 0.3, MeCN); UV (MeCN) Amax (log &) 195
(4.61), 229 (4.07), 273 (2.97), 280 (2.89) nm; ECD (c
1.1 X 10* M, MeCN) Amax (4€) 199 (+3.20), 219
(=0.24), 275(+2.79), 296 (+2.22), 314 (+2.50), 362
(+1.25),395 (+037)nm; IR vier (cm!): 3462, 1747,
1715,1453 WMWK S IIEE AL, R JOoR
INGEREM, SSRGS H s WAk 1; ESIMS m/z 577
[M-+Na]*, HRESIMS m/z 577.240 2 [M+Na]* (calcd
for C31H3sOoNa, 577.240 8). 45 & i 43 o 1 AR ik
HEM H 2> TN C31H3s00, MR 13 AN
WA 1 RS E R 2 AN CBAESE. 1A

RIS, 5 MHIEE. 3 NS, 5 MRHEE (2
ANEE ou 6.33, 5.83) S AR (2 MEF 6 86.1,
92.0) M1 2 NFRFE (5c216.9,207.5), iR fjixsbrt
AR A O NARIEE, FIA 4 DA
R ED 1 8 1 AU ER. ST RIMLED) 1
IR AR S 8B-acetyl-paralianone DI~ i 25 14
—2, /& 1 4> paraliane i . X472 HH NOESY
W B %€, H-AA' (of 3-OBz)/H-5, H-5/0Ac-8, H-
5/HO-15, H-AA' (of 3-OBz)/HO-15, HO-15/H-12, H-
12/Hs-16, H-12/H3-18 f#] NOE {5 %] OBz, H-5, H-
8,H-12,OH-15, H3-16 Al H3-18 i, FH#{T e Np-
B, AHSIHE, H-4/Hs-17, Hz-17/H3-20 () NOE {55
MR SN a-T1 . UA_EAE B iz &Y ss
}J 55 8B-acetyl-paralianone D —%, F- 15 ¥ HH H &
HAixt#y%N 28,3S4R,5R,6R, 8S,12S,13S,15R

=1 HEYW 1 MRIEMEIEZHEIE (400/100 MHz, CDCls)

Table 1 'H- and *C-NMR data of compound 1 (400/100 MHz, CDCls)
AL O &, type Az O &, type
1 2.60(m, H-o) 42.6, CH2 15 86.1,C
1.67 (dd, J = 14.1, 4.0 Hz, H-B) 16 1.07 (s) 16.2, CHs
2 253(m) 36.3,CH 17 1.08 (s) 17.9, CHs
3 5.83( J=4.6Hz) 76.9, CH 18 1.26 (s) 28.4, CHs
4  2.30(m) 52.4,CH 19 1.14 (s) 26.8, CHs
5 6.33(d,J=12.0Hz) 68.8, CH 20 1.08 (s) 17.9, CHs
6 55.4,C 3-0Bz 165.8,C
7 1.74 (m, H-a), 2.27 (m, H-B) 44.1, CH2 7.58 (t,J = 7.3 Hz, H-C) 133.4,CH
8 92.0,C 130.0,C
9 216.9,C 7.95(d, J =7.9 Hz, H-AA") 129.6 X2, CH
10 451,C 7.44 (t,J = 7.5 Hz, H-BB') 128.6 X2, CH
11 174 (dd,J=14.4,43 Hz) 125.8, CH2 5-OAc 1.98,s 169.6,C
2.08 (dd, J=14.4,11.1 Hz) 21.0, CHs
12 4.25(dd,J=11.1,4.3 Hz) 51.7,CH 8-OAc 191, s 170.0,C
13 62.0,C 20.5, CHs
14 207.5,C 15-OH 3.25,s

FLEEIEL R : M=554.61, a=10.25814(5)A
(1A=0.1nm), b=14.29951(8) A, ¢=19.08281(10)
A, a=90°, B=90° y=90° V=2799.13(7) A3,
T=100.01(10)K, ZS[A#E P212:21, Z=4, u(CuKa)=
0.793 mm™'. FLUrEE 28 483 MATHE A, P ST AT
555 815 (Rint=0.034 1, Ro=0.020 9). %
Ri{E}40.028 0 [1>20 (I)], wR2{H N 0.073 8 [I>20
(D] FETAHEARM Ri=0.028 5, wR,=0.074 3.

X F2 AL 1.038. Flack Z2%1=-0.03 (4).
B 1 1 X2 b ATt o M i WEL 2, &5
¥y i € N (25,3S,4R,5R,6R,8S,125,13S,15R)-8p-
acetyl-paralianone D,

&Y 2: AEMAK, miz657.3 [M+H], 2T
. C3sHa4012, 'H-NMR (400 MHz, CDCl3) 6: 0.69
(3H, s, H-20), 0.84 (3H, d, J= 7.6 Hz, H-16), 1.06 (3H,
s, H-17), 1.11 (3H, s, H-18), 1.26 (3H, s, H-19), 1.78
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2 kEMIRNRERE
Fig.2 X-ray single crystal diffraction patterns of

compound 1

(1H,dd,J=14.3,3.1 Hz, H-11a), 1.88 (3H, s, 14-OAc),
1.90 (3H, s, 8-OAc), 1.91 (1H, m, H-7a), 2.10 (3H, s,
1-OAc), 2.12 (3H, s, 5-OAc), 2.16 (1H, dd, J = 14.3,
11.4 Hz, H-11B), 2.15 (1H, m, H-7P), 2.37 (1H, dd, J =
11.9, 5.1 Hz, H-4), 2.86 (1H, s, 15-OH), 2.87 (1H, m,
H-2), 4.39 (1H, dd, J = 11.3, 3.1 Hz, H-12), 4.82 (1H,
s, H-14), 5.05 (1H, d,J=10.0 Hz, H-1a), 5.76 (1H, dd,
J=16.9,5.1 Hz, H-3), 5.98 (1H, d, J = 11.9 Hz, H-5),
7.42 (2H,t,J=17.5Hz,3-OBzBB’), 7.55 (1H, t,J="7.5
Hz, 3-OBz C), 8.03 (2H, d, /= 7.5 Hz, 3-OBz AA');
3C-NMR (100 MHz, CDCls) 6:215.7 (C-9), 170.1 (1-
OAc C=0), 169.9 (5-OAc C=0), 169.8 (14-OAc C=0),
169.7 (8-OAc C=0), 166.1 (3-OBz C=0), 133.2 (3-
OBz C-1), 130.0 (3-OBz C-2), 129.9 (3-OBz C-4),
129.9 (3-OBz C-3), 128.4 (3-OBz C-5), 128.4 (3-OBz
C-6), 90.8 (C-8), 82.7 (C-15), 74.6 (C-1), 73.2 (C-3),
72.2 (C-14), 69.0 (C-5), 52.3 (C-6), 52.0 (C-13), 49.5
(C-12),46.3 (C-10), 43.5 (C-4), 40.7 (C-7), 38.0 (C-2),
33.5 (C-11), 28.9 (C-18), 25.2 (C-19), 21.0 (1-OAc
CH3), 20.9 (5-OAc CH3), 20.9 (8-OAc CH3), 20.7 (14-
OAc CH3), 16.6 (C-20), 16.5, (C-17), 10.2 (C-16). LA
R S SCER R GE B0, EENEY 2 N
(1R,2R,3SAR,5R,6R 8S,125,135,14R,15R)-1,5,8,14-tetra-
acetoxy-3-benzoyloxy-15-hydroxy-9-oxo-paraliane .
&M 3: AR, m/z599.3 [ M+H], 71
7 C33H42010, '"HNMR (400 MHz, CDCls) 6: 0.73 (3H,
s, H-20), 1.04 (3H, d, /= 7.2 Hz, H-16), 1.08 (3H, s, H-
17), 1.11 (3H, s, H-18), 1.24 (3H, s, H-19), 1.47 (1H,
dd, J=14.3,5.6 Hz, H-1b), 1.78 (1H, dd, /= 14.4, 3.1
Hz, H-11a), 1.82 (3H, s, 8-OAc), 1.85 (1H, d, J=16.2
Hz, H-7a), 1.96 (3H, s, 5-OAc), 2.08 (1H, d, /= 16.2
Hz, H-7b),2.11 (3H, s, 14-OAc), 2.14 (1H, dd, J=14.4,

11.3 Hz, H-11b), 2.15 (1H, dd, J=14.3, 7.1 Hz, H-1a),
2.36 (1H, dd, J = 12.0, 4.2 Hz, H-4), 2.48 (1H, m, H-
2),3.24 (1H, s, OH), 4.42 (1H, dd, J=11.3, 3.1 Hz, H-
12), 4.94 (1H, s, H-14), 5.77 (1H, dd, J = 5.6, 4.2 Hz,
H-3), 5.95 (1H, d, J = 12.0 Hz, H-5), 7.44 2H, t, J =
7.5 Hz, 3-OBz BB'), 7.56 (1H, t,J= 7.5 Hz, 3-OBz C),
7.92 2H, d, J = 7.5 Hz, 3-OBz AA"); '3C-NMR (100
MHz, CDCL) o: 216.4 (C-9), 170.0 (5-OAc C=0),
169.9 (14-OAc C=0), 169.9 (8-OAc C=0), 165.8 (3-
OBz C=0), 133.3 (3-OBz C-4), 130.1 (3-OBz C-1),
129.5 (3-OBz C-3), 129.5 (3-OBz C-5), 128.6 (3-OBz
C-2), 128.6 (3-OBz C-6), 91.1 (C-8), 84.5 (C-15), 76.7
(C-3), 73.6 (C-14), 69.3 (C-5), 52.7 (C-13), 52.1 (C-6),
49.6 (C-12), 48.2 (C-4), 46.2 (C-10), 44.7 (C-1),41.4
(C-7), 36.3 (C-2), 33.6 (C-11), 28.8 (C-19), 25.6 (C-
18), 21.0 (5-OAc CHz3), 21.0 (14-OAc CHs), 20.8 (8-
OAc CH3), 17.2 (C-20), 16.7 (C-17), 16.3 (C-16). UL L
Rt 5ok aE — B, LAY 3 N (28,
3S,4R,5R,6R,8S,12S5,135,14R,15R)-5,8,14-triacetoxy-3-
benzoyloxy-15-hydroxy-9-oxo-parapliane.

&Y 4: AR, m/z557.3 [M+H], 251
. C31H009, '"H-NMR (400 MHz, CDCl3) 8: 0.64 (3H,
s, H-20), 1.07 (3H, s, H-17), 1.07 (3H, d, /= 7.3 Hz, H-
16), 1.09 (3H, s, H-18), 1.29 (3H, s,H-19), 1.51 (1H,
dd, J=14.1, 4.9 Hz, H-1b), 1.69 (1H, d, J = 15.7 Hz,
H-7a),1.72 (1H, dd, J=14.3,3.9 Hz, H-11a), 1.83 (1H,
d, J=15.7 Hz, H-7b), 2.01 (3H, s, 5-OAc), 2.06 (1H,
dd, J =143, 11.0 Hz, H-11b), 2.11 (3H, s, 14-OAc),
2.14 (1H, m, H-1a), 2.45 (1H, dd, J = 11.9, 4.6 Hz, H-
4), 2.56 (1H, m, H-2), 3.12 (1H, s, 15-OH), 3.40 (1H,
s, 8-OH), 4.22 (1H, dd, J = 11.0, 3.9 Hz, H-12), 4.93
(1H, s, H-14), 5.83 (1H, dd, /= 6.0, 4.6 Hz, H-3), 5.92
(1H, d, J = 11.9 Hz, H-5), 7.47 (2H, t, J = 7.4 Hz, 3-
OBz BB’), 7.58 (1H, t,J= 7.4 Hz, 3-OBz C), 7.92 (2H,
t, J = 7.4 Hz, 3-OBz AA'); *C-NMR (100 MHz,
CDCl) 6: 222.1 (C-9), 172.2 (5-OAc C=0), 169.9 (14-
OAc C=0), 165.9 (3-OBz C=0), 133.6 (3-OBz C-4),
129.6 (3-OBz C-1), 129.5 (3-OBz C-3), 129.5 (3-OBz
C-5), 128.9 (3-OBz C-2), 128.9 (3-OBz C-6), 85.5 (C-
8), 84.6 (C-15), 76.5 (C-3), 73.7 (C-14), 70.4 (C-5),
53.3 (C-13), 52.0 (C-6), 51.4 (C-12), 47.9 (C-4), 46.4
(C-10), 44.5 (C-7),44.3 (C-1),36.2 (C-2), 33.9 (C-11),
29.5 (C-19), 24.1 (C-18), 21.2 (5-OAc CH3), 21.0 (14-
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OAc CH3), 16.7 (C-16), 16.5 (C-17), 16.5 (C-20), Lk
AR S SRR IE — B0, B EY 4 A
paralianone A

&Y 5. AR AE, MS (m/z701.3 [M+H]Y),
4> ¥ 3 C37HasO13, 'H-NMR (400 MHz, CDCl3) 6
0.88 (3H, s, H-20), 1.05 (3H, d, J=7.1 Hz, H-16), 1.06
(3H, s, H-17), 1.50 (1H, dd, J = 14.1, 4.9 Hz, H-1b),
1.56 (3H, s, H-19), 1.56 (1H, d, J=15.7 Hz, H-7a), 1.61
(1H, m, H-11a), 1.65 (3H, s, 9-OAc), 1.79 (1H, m, H-
18a), 1.94 (3H, s, 5-OAc), 2.02 (3H, s, 14-OAc), 2.05
(3H, s, 10-OAc), 2.11 (3H, s, 8-OAc), 2.37 (1H, m, H-
11b), 2.41 (1H, m, H-18b), 2.44 (1H, d, J=15.7 Hz, H-
7b), 2.12 (1H, dd, J = 14.1, 11.3 Hz, H-1a), 2.36 (1H,
dd, J=12.0, 4.3 Hz, H-4), 2.51 (1H, m, H-2), 3.09 (1H,
s, 15-OH), 4.13 (1H, dd, J = 13.2, 5.9 Hz, H-12), 5.02
(1H, s, H-14), 5.75 (1H, dd, J = 5.9, 4.3 Hz, H-3), 5.80
(1H, d, J= 5.8 Hz, H-9), 5.82 (1H, d, J = 12.0 Hz, H-
5), 7.34 (2H, t, J = 7.5 Hz, 3-OBz BB'), 7.51 (1H, t,
J=1.5Hz, 3-OBz C), 7.94 (2H, t, J = 7.5 Hz, 3-OBz
AA"); BC-NMR (100 MHz, CDCl3) 8: 171.1 (10-OAc),
170.4 (9-OAc), 169.9 (5-OAc), 169.8 (8-OAc), 169.0
(14-OAc), 165.6 (3-OBz C=0), 133.1 (3-OBz C-4),
130.4 (3-OBz C-1), 129.4 (3-OBz C-3), 129.4 (3-OBz
C-5), 128.3 (3-OBz C-2), 128.3 (3-OBz C-6), 87.2 (C-
8), 84.1 (C-15), 80.0 (C-10), 76.3 (C-3), 73.8 (C-14),
69.8 (C-5), 67.4 (C-9), 51.2 (C-13), 49.0 (C-6), 48.5 (C-
4), 46.6 (C-12), 44.7 (C-1), 40.1 (C-7), 38.4 (C-18),
36.0 (C-2), 31.2 (C-11), 28.6 (C-19), 22.3 (10-OAc
CH3), 22.3 (9-OAc CH3), 21.5 (8-OAc CH3), 21.0 (5-
OAc CH3), 21.0 (14-OAc CH3), 16.5 (C-17), 16.4 (C-
16),16.2 (C-20). LA FixmEKAR 5 SCikHiE — 203,
KA 5N (25,3S,4R,5R,6R,8R,9R,10R,125,13S,
14R,15R)-5,8,9,10,14-pentaacetoxy-3-benzoyloxy-15-
hydroxypepluane

th&¥ 6: Tk, ESI-MS m/z 629.3 [M+
H]*, 273 C33Ha012, 'H-NMR (400 MHz, CDCl3)
d: 6.33 (1H, dd,J = 7.7, 3.8 Hz, H-5), 5.97 (1H, d, J =
15.9 Hz, H-11), 5.96 (1H, d, J= 1.9 Hz, H-7), 5.81 (1H,
dd, J=15.9, 9.8 Hz, H-12), 5.54 (1H, d, J= 3.5 Hz, H-
3), 5.38 (1H, s, H-8), 5.32 (1H, brs, H-17), 5.60 (1H,
brs, H-17), 4.38 (1H, dq, J = 9.8, 6.5 Hz, H-13), 4.30
(1H, brs, 15-OH), 3.54 (1H, m, H-4), 2.47 (1H, d, J =
15.6 Hz, H-1),2.23 (1H, d,J= 15.6 Hz, H-1), 2.08 (3H,

s, 8-OAc), 2.05 (3H, s, 7-OAc), 1.81 (3H, s, 2-OH),
1.68 (3H, s, 5-OAc), 1.38 (3H, s, H-16), 1.36 (3H, s, H-
20), 1.34 (3H, s, H-18), 1.22 (3H, s, H-19), 8.12 (2H,
d, J=7.4Hz, 3-OBz AA"), 7.57 (1H, t, J= 7.4 Hz, 3-
OBz C),7.46 (2H, t,J=7.7 Hz, 3-OBz BB'); 3C-NMR
(100 MHz, CDCl3) 6: 213.4 (C-14), 205.0 (C-9), 170.6
(8-OAc C=0), 170.1 (7-OAc C=0), 169.0 (5-OAc
C=0), 165.7 (3-OBz C=0), 138.5 (C-6), 138.5 (3-OBz
C-1), 136.2 (C-11), 133.5 (3-OBz C-4), 133.2 (C-12),
130.1 (3-OBz C-3, 5), 128.7 (3-OBz C-2, 6), 85.2 (C-
15), 81.1 (C-3), 79.3 (C-5), 79.3 (C-2), 72.8 (C-8), 65.2
(C-7), 52.4 (C-1), 49.7 (C-10), 47.8 (C-4), 42.9 (C-13),
25.4 (C-18), 24.1 (C-19), 23.3 (C-16), 20.9 (5-OAc
CH3), 20.8 (7-OAc CH3), 20.8 (8-OAc CH3), 20.6 (C-
20). DA R S SCEkRoE — 80, e A
6~ euphpepluone A,

e 7. LA (RED, ESI-MSm/z671.3
[M+H]", 4T3 CssHapO13, 'H-NMR (400 MHz,
CDCls) 6: 8.14 (2H, d, J = 7.4 Hz, 3-OBz AA’), 7.58
(1H, t,J="7.4Hz, 3-0Bz C), 7.46 (2H, t, J= 7.7 Hz, 3-
OBz BB'), 5.96 (1H, m, H-5), 5.95 (1H, d, J=16.0 Hz,
H-11), 5.93 (1H, m, H-3), 5.82 (1H, dd, J = 16.0, 9.5
Hz, H-12), 5.43 (1H, s, H-17), 5.37 (1H, s, H-7), 5.37
(1H, s, H-8), 5.33 (1H, s, H-17), 431 (1H, s, 15-OH),
3.77 (1H, dg, J = 13.3, 6.5 Hz, H-13), 3.28 (1H, m, H-
4),3.17 (1H, d, J=16.4 Hz, H-1), 2.29 (1H, d, J= 16.4
Hz, H-1), 2.19 (3H, s, 7-OAc), 2.07 (3H, s, 8-OAc),
2.05 (3H, s, 5-OAc), 1.66 (3H, d, J = 8.4 Hz, 2-OAc),
1.61 (3H, s, H-16), 1.36 (3H, s, H-20), 1.34 (3H, s, H-
18), 1.22 (3H, s, H-19); '3C-NMR (100 MHz, CDCl5)
5 2122 (C-14), 204.6(C-9), 170.4 (5-OAc C=0),
170.1 (8-OAc C=0), 169.9 (7-OAc C=0), 169.0 (2-
OAc C=0), 165.3 (3-OBz C=0), 138.5 (3-OBz C-1),
138.0 (C-6), 136.6 (C-11), 133.6 (3-OBz C-4), 132.3
(C-12), 130.2 (3-OBz C-3, 5), 128.7 (3-OBz C-2, 6),
88.5 (C-2), 85.4 (C-15), 78.1 (C-3), 78.1 (C-5), 72.7 (C-
8), 65.6 (C-7), 49.8 (C-1), 49.8 (C-10), 48.0 (C-4), 43.9
(C-13), 25.1 (C-18), 24.0 (C-19), 20.9 (5-OAc CH3),
20.8 (7-OAc CH3), 20.8 (8-OAc CH3), 20.6 (C-20),
19.1 (C-16). VA FAZHEEAE 5 SCfoE — 801, %
EWAEY) T N euphpepluone Do

th&4 8: EEKA, ESI-MS m/z 613.3 [M+
HJ*, 4373 C33H011, 'H-NMR (400 MHz, CDCl3)
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5: 1.06 (3H, d, J = 6.5 Hz, H-16), 1.24 (3H, s, H-19),
1.33 (3H, s, H-18), 1.42 (3H, d, J = 6.6 Hz, H-20),
1.72 (3H, s, 5-OAc), 1.97 (1H, dd, J = 14.1, 11.8 Hz,
H-1b), 2.04 (3H, s, 7-OAc), 2.10 (3H, s, 8-OAc), 2.37
(1H, m, H-2), 2.48 (1H, dd, J = 14.1, 8.5 Hz, H-1a),
2.87 (1H, dd, J= 8.7, 3.6 Hz, H-4), 3.62 (1H, dd, J =
9.6, 6.6 Hz, H-13), 5.34 (1H, s, H-8), 5.35 (1H, s, H-
5),5.52 (1H, s, H-17b), 5.63 (1H, s, H-17a), 5.80 (1H,
dd, J=16.1, 9.6 Hz, H-12), 5.81 (1H, d, J = 3.6 Hz,
H-3), 5.92 (1H, s, H-7), 6.01 (1H, d, J = 16.1 Hz, H-
11), 7.45 (2H, t, J = 7.5 Hz, 3-OBz BB’), 7.55 (1H, t,
J=17.5Hz, 3-OBz C), 8.12 (2H, t, J = 7.5 Hz, 3-OBz
AA’); BC-NMR (100 MHz, CDCl3) 6:212.4(C-14),
204.7 (C-9), 170.5 7-OAc C=0), 170.1 (5-OAc C=0),
169.0 (8-OAc C=0), 166.0 (3-OBz C=0), 138.2 (C-6),
136.4 (C-11), 133.3 (3-OBz C-4'), 132.4 (C-12), 130.0
(3-OBz C-1"), 130.0 (3-OBz C-2', 6'), 128.6 (3-OBz C-
3', 5", 85.0 (C-15), 77.4 (C-3), 73.1 (C-5), 73.1 (C-8),
63.6 (C-7), 50.8 (C-4), 49.6 (C-10), 46.6 (C-1), 44.1 (C-
13), 38.9 (C-2), 25.6 (C-18), 24.0 (C-19), 21.1 (C-20),
20.9 (5,7-OAc CH3), 20.6 (8-OAc CHs), 14.1 (C-16).
DL AR REE R 5 S0k aE — 20, B G 8
(25,3S,4R,5R,75,8R,13S,15R)-50,7,80-triacetoxy-33-
benzoyloxy-153-hydroxyjatropha-6(17),11E-diene-9,14-
dione.

&Y 9: TLdmikY), ESI-MS m/z 3332 [M+
H]", 2 T3 CaHas04, 'H-NMR (400 MHz, CD;0D)
§:0.68 (1H, dd, J = 11.9, 8.4 Hz, H-1), 0.79 (3H, d, J =
7.0 Hz, H-16), 0.95 (1H, m, H-11a), 0.97 (3H, s, H-18),
1.02 (3H, s, H-19), 1.56 (1H, m, H-11b), 1.61 (3H, s,
H-20), 1.69 (3H, s, H-17), 2.23 (1H, m, H-12a), 2.32
(1H, m, H-4), 4.02 (1H, d, J = 14.6 Hz, H-13), 4.11 (1H,
d, J = 5.4 Hz, H-5), 4.49 (1H, s, H-14), 5.62 (1H, d, J =
1.5 Hz, H-2), 5.66 (1H, d, J = 5.4 Hz, H-6); '3C-NMR
(100 MHz, CDsOD) 6: 206.9 (C-3), 139.5 (C-1), 139.2
(C-7), 127.8 (C-2), 122.2 (C-6), 84.6 (C-15), 79.0 (C-
14), 75.4 (C-5), 71.9 (C-13), 43.1 (C-8), 38.2 (C-10),
30.5 (C-4), 28.4 (C-9), 23.3 (C-16), 23.1 (C-17), 22.6
(C-11), 22.3 (C-12), 17.1 (C-18), 15.5 (C-19), 15.4 (C-
20). DL EAXREEE 5 0k aE —E 09, KEEY)
9 N 20-FH K

&Y 10: TEOJIRY), ESI-MS m/z499.3 [M+
HIY), 7373 C30Ha206, 'H-NMR (400 MHz, CDCl5)

5:0.69 (1H, dd, J = 14.8, 8.6 Hz, H-13), 0.89 (1H, t,
J =17.0 Hz, H-10"), 0.95 (1H, m, H-14), 0.97 (1H, d,
J=6.9 Hz, H-18), 1.05 (3H, s, H-16), 1.11 (3H, s, H-
17), 1.29 (2H, m, H-8', 9), 1.40 (1H, m, H-7"), 1.76
(1H, m, H-12b), 1.85 (3H, d, J = 1.3 Hz, H-19), 2.28
(1H, m, H-12a), 2.29 (1H, m, H-6"), 2.34 (1H, m, H-
11), 3.69 (1H, d, J = 10.4 Hz, H-5), 4.12 (1H, dd, J =
12.6, 7.3 H, H-8), 4.43 (1H, d, J = 6.3 Hz, H-3), 4.61
(1H, d, J = 12.9 Hz, H-20b), 4.80 (1H, d, J = 12.9 Hz,
H-20a), 5.87 (1H, d, J = 15.2 Hz, H-2'), 5.89 (1H, m,
H-5%, 5.93 (1H, d, J= 1.5 Hz, H-1), 6.11 (1H, m, H-7),
6.12 (1H, m, H-4), 7.61 (1H, dd, J=15.2, 11.7 Hz, H-
3"); BC-NMR (100 MHz, CDCl3) : 206.9 (C-9), 167.6
(C-1"), 142.4 (C-5), 140.4 (C-3"), 139.0 (C-2), 136.9
(C-6), 130.1 (C-1), 128.5 (C-7), 126.5 (C-4"), 120.8 (C-
2"), 84.5 (C-4), 80.8 (C-3), 73.9 (C-5), 72.7 (C-10), 66.5
(C-20), 44.2 (C-8), 39.9 (C-11), 31.5 (C-8'), 31.1 (C-
12), 29.2 (C-7'), 28.6 (C-16), 28.4 (C-6'), 24.1 (C-15),
23.3 (C-14), 23.1 (C-13), 22.6 (C-9'), 17.5 (C-18),
15.6 (C-19), 15.5 (C-17), 14.2 (C-10"). LA % Hi%k
5 SCERROE — 07, BEEY 10 S 20-0-
(2'E,4'Z)-decadienoyl)ingenol.

&Y 11: AEMA, ESI-MS m/z315.2 [M+
H]*, 7730 CaoH2603, 'H-NMR (400 MHz, CDCl3)
5:1.06 3H, s, H-18), 1.08 (3H, s, H-19), 1.14 (3H, s,
H-17), 1.65 (3H, s, H-16), 1.85 (3H, d, J= 1.3 Hz, H-
20), 1.56 (1H, m, H-1ax), 1.65 (2H, m, H-5ax, 6ax),
1.77 (1H, m, H-11ax), 1.77 (1H, m, H-6eq), 1.84 (1H,
m, H-5eq), 2.19 (1H, m, H-1eq), 2.58 (2H, m, H-7eq,
9ax), 2.65 (1H, m, H-2ax), 4.89 (1H, dd, J=13.3, 4.9
Hz, H-12),2.47 (1H, dd, J=15.7, 3.6 Hz, H-2eq), 6.34
(1H, brs, H-14); '3C-NMR (100 MHz, CDCl3) d: 215.7
(C-3), 175.2 (C-16), 155.7 (C-13), 150.3 (C-8), 117.3
(C-15), 114.9 (C-14), 75.8 (C-12), 54.9 (C-5), 50.8 (C-
9), 47.7 (C-4), 41.1 (C-10), 37.5 (C-1), 36.7 (C-7), 34.6
(C-2), 27.9 (C-11), 26.7 (C-17), 24.7 (C-6), 22.0 (C-
18), 16.2 (C-19), 8.5 (C-20), LA EAZHEEHE 5 SClkHk
E—H0), %%EMWEY 11 4 helioscopinolide Do

&M 12: AN AR, ESI-MS m/z 447.4 M+
H]*, 7073 C30Has03, 'H-NMR (400 MHz, CD;0D)
5: 0.99 (3H, s, H-27), 1.06 (3H, s, H-26), 1.12 (3H, d,
J = 6.3 Hz, H-30), 1.19 (1H, d, J = 11.6 Hz, H-150),
1.21 (3H, s, H-24), 1.23 (3H, s, H-25), 1.35 (3H, s, H-
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23), 1.70~1.90, 2.10~2.30 (16H, m, H-1, 2, 6, 7, 15,
16,21,22),2.42 (1H,d, J=11.2 Hz, H-16a), 2.81 (1H,
brs, H-18), 4.60 (1H, d, J = 4.4 Hz, H-3), 5.45 (1H, d,
J=11.7 Hz, H-12), 12.3 (1H, s, -COOH); *C-NMR
(100 MHz, CD;0D) J: 178.3 (C-28), 138.2 (C-13),
124.6 (C-12), 76.8 (C-3), 54.8 (C-5), 52.4 (C-18), 47.0
(C-17), 46.8 (C-9), 41.6 (C-14), 38.5 (C-19), 38.4 (C-
8, 20), 38.2 (C-1), 36.5 (C-4), 36.3 (C-22), 32.7 (C-7),
30.2 (C-21), 28.3 (C-23), 27.5 (C-15), 27.0 (C-2), 23.8
(C-16), 23.3 (C-27), 22.9 (C-11), 21.1 (C-30), 18.0
(C-6), 17.0 (C-26), 16.9 (C-29), 16.1 (C-25), 15.2
(C-24). DL bRz mE S0 5 0wk ol — FUs), ek
H 012 HRERR

AW 13: IRFERAR, ESI-MSm/z275.2[M+
HJ*, 473 CisHa02, 'H-NMR (400 MHz, CDCl3)
5: 0.85 (3H, s, H-15), 1.00 (3H, s, H-15), 1.38 (1H, dd,
J=13.3, 6.7 Hz, H-2ax), 1.61 (3H, s, H-17), 1.83 (1H,
dd, J=13.3, 5.9 Hz, H-2eq), 2.00 (3H, s, H-18), 2.29
(3H, s, H-14), 2.44 (1H, d, J= 9.7 Hz, H-16), 4.25 (1H,
brs, H-3), 5.57 (1H, brs, H-4), 5.69 (1H, dd, J = 15.5,
9.9 Hz, H-7), 6.15 (1H, d, J=10.9 Hz, H-10), 6.18 (2H,
d, J=14.0 Hz, H-8, 12), 7.53 (1H, dd, J = 14.0, 10.9
Hz, H-11); '3C-NMR (100 MHz, CDCl5) §: 198.6 (C-
13), 144.5 (C-9), 139.0 (C-11), 137.2 (C-5), 136.9 (C-
8), 133.7 (C-7), 129.8 (C-12), 127.8 (C-10), 125.0 (C-
4), 65.8 (C-3), 54.9 (C-6), 44.5 (C-2), 34.0 (C-1), 29.5
(C-15),27.8 (C-14),24.9 (C-16),22.8 (C-17). VL F#%
AR S5 SR AOE — B0, e A 13 9 (BR6R,
7E,9E,11E)-3-hydroxy-13-apo-a-caroten-13-one.
3.2 LEYIR NO IR

Xof B R OR B 23 B 4 38 138 7 — i (1~10) JEAT
TEFXE LPS 5 510 RAW264.7 41 i NO 554
ik, MG R 3 s iR ExR, (&2
BAH—Em i, 1Cso N (37.6+8.2) pmol/L,
59T BH 5 HE 24 [ iz 2 ICs0 N (8.8 1.4) pmol/L],
HARNAEYBIARRREE GRERN 50 pmol/L K,
NO il % <50%)
4 g
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