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S =AM H—1FEY Stemodane B! —fEE &4

XN#FE Y KTk FENY EEEY NBEY
M ¢ i o HE 40
(CHEFEIMTE RS AT MM E T E AL E B 571158)
CHEFITE RS 2RI A E AR U 7 A= 1 571158)
CHERERE RSB R ERER SIS 5 AR E SR E B 650223)

WE ZocHEREEE. RMERAAGIE. Sephadex LH-20 &t A (i DL K il 2% B 5 80 (il 45 il 4 B Bk
SRR = E KRB 7 = E AR Trigonostemon heterophyllus ¥ W L2243 34T T 24078, MWILEIH#T 85% 2
FEIREUYIH AR R T 8 NwERED. RAZ M S B EARME TR M E g, Hh—Meah
BRI stemodane B! TR EY), LMUEYINE RN =FARBHEY T 5 BERNE. a1 &
20t B ME VTN A5 SRR, AT R R A MR (HL-60 A549. SMMC-7721. MCF-7 Fl SW480)3) i/ Hi T ek
RSN AERKADHEE, BT A IR R - P8 B X R 24 R P v PR A .

KW ==ARB; BM=5K; stemodane B iiE; i # M

A New Stemodane Diterpenoid from the Stems and Leaves of
Trigonostemon heterophyllus

Liu, Yanping®’ Zhang, Xianglin®”’ Niu, Haiyuan®’ Guan, Chunyan®’

Sun, Fukang®” Yang, Liumeng® Fu, Yanhui**”
(“ Key Laboratory of Tropical Medicinal Plant Chemistry of Ministry of Education, Hainan Normal University,
Haikou 571158)

(® Key Laboratory of Southern Medicinal Plants Resources of Haikou City, Hainan Normal University, Haikou 571158)
(° Key Laboratory of Animal Models and Human Disease Mechanisms of Chinese Academy of Sciences,
Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming 650223)

Abstract A new stemodane diterpenoid, trigoheterone A (1), together with seven known diterpenoids, was isolated from the
stems and leaves of Trigonostemon heterophyllus. Their structures were established on the basis of extensive spectral analyses.
All known compounds were isolated from the genus Trigonostemon for the first time. The cytotoxicities of all isolated com-
pounds were evaluated against five cancer cell lines (HL-60, A549, SMMC-7721, MCF-7 and SW480). As a result, eight
compounds exhibited significant inhibitory effects with ICsy values comparable to those of cisplatin.

Keywords Trigonostemon; Trigonostemon heterophyllus; stemodane diterpenoid; cytotoxicities

K i Bl (Euphorbiaceae) = 5 A J& (Trigonostemon) FE 95 5 (HIV) i M 20 170 52 21 [ 9 /b 2235 1 32 R0,
AL 50 Fh, A0 T X0 E A FE s s X HEHWCANZEZMHED T EEE T KEREAR
RIEH 10 Fh, A TR =8 ) P95 m i X, ZH AR E YD, W wESE . AR DL SRR
—FEABEY B E & PR S YR F BTN S b s MIAEMIE MRS E) B=5% KT
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heterophyllus) NG FE R A EY), KT HALZE R LHE
HEVE B FARGE D W, AREH — BT B
25 IR ORI PR Y BT, JC R B i
e R £ 1) s 24 ALY vh R O B AT B UL 22 S5 R I e
RS EY BT A UR A AE AT IR AT R ORI, R R
TP 7 =R 85% £ W H GBS A It 42 4 Jfa ik
AS549 FIN L 4 i bk SW4A80 RINH T HBUA R IR
KNG . o 1Cso 155314 3.46 F18.03 pg/mL. N7
BE— R 7 = R BB R 24 250 o A, AL
SFEERHT B BRI TEYI BT, AN S = R
() 85% LEFHR I P AL 2 B BEAT T RS TE, B
IEHAIC& 0 8E3 7 8 MR aY, 4% eEn
trigoheterone A (1). 15(13—12)abeo-134-hydroxystema-
ran-2-one (2). 15(8—9)abeo-84(H)-125-hydroxystachan-2-
one (3). kravanhin D (4). kaempulchraol S (5). callilon-
gisin C (6) scopariusol K (7)1 euolutchuol E (8). H 1t
EW 1 N FE LY stemodane &Y w2 b &9,
WEW 2~8 NERN=FKBHEYT /B3NS
Y. BeAh, BATAEY) 1~8 PRI B iE AT T
P, SR EY 1~8 X HL-60. A549. SMMC-
7721, MCF-7 F1 SW480 45 5 F A\ Ji e 4 i ik 25 2 IR Hy
TR ARG, A B AERE X SR
oy Eg . gty 25 LA 4 i B s 1k

1 &R511R

WEW 1 NABEE R, WG [l N+
42.8 (¢ 0.12, CH;OH); L& 1 /) HRESIMS 45 Hi 4L,
E W58 T 3A CagHi00, (m/z: 303.2320 [M+H], caled
303.2319), ANHIFIEE N 6, FEAL G 1 UV OLiIET, &
KIS A [log &/(Lemol 'scm™)]7E 228 (3.56) nm 4t,
WAL A 1 S5 & QLS G, fEE 1
) IR Jeifrh BoR T %3368 em ). BrIE(1746
em )FIXUEE(1646, 1619 F1 1458 cm™ ) KIRFF IR U U
EALEYI 1 /1) '"H NMR (400 MHz, CDCLy)idr, 7E1K%
XIEAE | MERIRTA55, oy 5.27 (br s, 1H); fERLY
XTEAE 1| MEFEEES, oy 3.99 (s, 2H); EREHXTF
HE=ANRIEFR 755, oy 1.03 (s, 3H), oy 0.97 (s, 3H)F
01 0.87 (s, 3H). L&A1 1) °C NMR 1 DEPT #2751k
E ST EAT 20 NIRRT, B 3 A sp” A4 I0HR
JEF, 34 sp” JRAZEBRAR G T, 3 A sp” A0 FH kb S
T, 84 sp” AL B A SR 7 R 3 A FEJE BRI F. 34 sp”
B SRRl DU IR T 1 A4 = EUR A B 45 44 (5 118.5 Al
150.6)F1 1 MHABREL S (5 212.7). EREHERINAE
Y1 ERS ORI iS5 ED) stemod-12-en-2-one
& R R LA ALRU ., At & 1 S5Ew
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B1 fa1~8 gt

Figure 1 Chemical structures of compounds 1~8

stemod-12-en-2-one ] '"H NMR 1 °C NMR 3£ 7] LA
R, AR EBZXRET, EHEY
stemod-12-en-2-one [ C-13 _FHEUAC LS FF LB QR
MAELE 1 1) C-13 LRBURE: 2 52 H LB QL)
PAL_EHERTRIE TR A9 1 (1 'TH NMR AT °C NMR i
W RS SV R DL R R RS S R LM AS . ik
AR, Hy-17 5 C-12 (0 118.5)s C-13 (dc 150.6)F1 C-14 (5¢
34.7)/f) HMBC #H2%LA K H-12 1 H-14 5 C-17 (Oc 64.8)
(1) HMBC #H5¢H] DLk —5AEsE BL B W, VEANTY 2D
NMR #2320 #r (45 HSQC. HMBC #1 'H-'H COSY i)
WHUE 74L& 1 PSS t, Wi 2 Bos. (a1
FHX R TR e 9 ROESY MHEHAE R, fEALE 1 1)
ROESY i+, H-64 Al H;-20 5 H-8 F1 H3-19 ff] NOESY
FIZ%, LM H-118 5 H-8 Al H3-20 () ROESY #H3%, i
A H-8 1 10-CH; A4 g-HX [, 1fi H-5 #1 H-14 5 H-16a 1
H-16p () ROESY #H2%, PLJ Hs-18 55 H-5 #ll H-6a i)
ROESY #2%, ¥l H-5.H-14 il H,-16 A a-HUH]. F 1k,
W€ TS LI 22, 1 R, TR Em1
fir 4N trigoheterone A.

&Y 2~8 NEHIM —iEZ L&Y, GPEESHr
I 55 SCHR A AR R A P IR 38 B B AT R, KA1
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— "H-'Hcosy

77X\ HMBC y v ROESY

B2 &) trigoheterone A (1)FFIEHEEMER 2D NMR A%
Figure 2 Selected 2D NMR correlations for trigoheterone A (1)
#£1 &Y trigoheterone A (1) "H NMR FI °C NMR 45

(CDCl3)
Table 1 'HNMR and ">C NMR spectral data of trigoheterone A
(1) (CDCLy)

Position Oy (J/ in Hz)* 5t
lo 2.63 (d, J/=12.8 Hz, 1H) 503t
18 1.94 (d, J=12.8 Hz, 1H)

2 212.7 s
3a 2.24 (d, J=13.0 Hz, 1H) 56.6t
3p 2.08 (overlapped, 1H)

39.3s
5 1.84 (dd, J=12.4, 3.6 Hz, 1H) 449d
60 1.73 (overlapped, 1H) 23.2t
6p 1.37 (dd, J=12.8, 4.6 Hz, 1H)
T 1.70 (overlapped, 1H) 251t
76 1.50 (dd, J=12.8, 5.2 Hz, 1H)
8 2.09 (overlapped, 1H) 41.6d
9 48.7 s
10 45.7 s
1a 2.44 (brd, J=15.8 Hz, 1H) 283t
118 2.32 (overlapped, 1H)
12 5.27 (brs, 1H) 118.5d
13 150.6 s
14 2.30 (overlapped, 1H) 34.7d
150 2.00 (dd, J=11.6, 3.8 Hz, 1H) 38.6t
154 1.07 (dd, J=11.6, 8.6 Hz, 1H)
160 1.58 (dd, /=10.8, 5.6 Hz, 1H) 354t
168 1.22 (d,J=10.8 Hz, 1H)
17 3.99 (s, 2H) 64.8 t
18 1.03 (s, 3H) 339q
19 0.87 (s, 3H) 23.0q
20 0.97 (s, 3H) 16.7 q

“Measured at 400 MHz. * Measured at 100 MHz.

A % 5E N 15(13—12)abeo-13B-hydroxystemaran-2-one
@M [ 15(8—9)abeo-88(H)-12p-hydroxystachan-2-one
3", kravanhin D (4)"'*. kaempulchraol S (5)!".
callilongisin C (6)!'*). scopariusol K (7)""*'f euolutchuol E
@®"L B G W N E KN =E AR B 5 A
).

K HWE LS (MTT)YZ%, LA HL-60. A549. SMMC-
7721, MCF-7 F1 SW480 & vk WL\ i I8 48 B ik it
PEPEAN ARk, DUBEA 9B 259, X&) 1~8
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FIA AT IR B 35 M AT T 1A, SRIR S MRS
1~8 SF 3 T g 4 M ik 35 S HE 77 S 355 A R A )
TEPE, BATTRT I3K  frTe £ LR 11 40 B P BE T R
2R PTG PR AR 2, T L, K 2 S ik 1) 4 P 7
o5 P B S R 2 T v e, AR B G 3R
2 Fw.

PEBRATTA RN, KERR = A B T & & 4R
IR iR E, AT R 8 AN B AN
BRI R BI —nE R UG R I T = EAKJEEY)
BT e B RA A G 2 R, X R I A LA
BT AE 35 3 41 B8 2 030 AUOVRE 1) 45 M AR AR . Xk &)
1~8 MRS &5 R W, Xy o 215 2
TR S B B A R, XS R T
T AT BT 25 T e A B X

2 NS
21 X5

JASCO DIP-370 Z4¥7JiE 4% ; Beckman DU640 43
%6 B 4% ; Bio-Rad FTS-135 B! 40 4% {X; Bruker
AV-400 B A% i 35 4R P 1S A (TMS 8 AR ); Agilent
G3250AA LC/MSD TOF Jii i 1% ; Waters Micromass
Q-TOF Micro System Jii 4% ; Waters 600 =il 2 284 1= %
TAH (3% 4%, Waters Spherisorb®0DS2 437 74 (i 44 (5
um, 4.6 mm X 250 mm), Waters Spherisorb®0DS2 ] £ 74
BREFE(S pm, 20 mm X250 mm); & KR Sephadex
LH-20( %5 PG WA A (Bl A IR A R, AH R AR
RP-18(Merck A #l); F 2 H7HE [ A8 2 2 AT FE I AR (7
SRR T ).
2.2 HEYIFRA

S = AR T 2015 4 11 ARET MY =1
T, 2o R MY K22 A R 2 B Bl B 2R 4 8 K
A =R ARBHEYD R ZF AR heterophyllus) I EE 1,
SEAERRA(No. TH20151102) {77 T 7 Jifi i K 2 i 24
PRI 2 G 0 SR AR A =
23 REHS57E

PR SH =AM 262 kg, BHE)EH 85%Z
BV R I IR, BRI — 8], R EUR R I 4 15 5
RBE. BREIKRES, WK AA B L8 BT
R, AR G 19 R R BGAL(532.3 g TR &
BEAEHGHAL(327.9 g). LBR LBRAEERAL(326.0 g)Z4ihE
Z(100~200 H)HERESE, ABE-NE V=
100 : 0~0 : 100) Ay i 7 HEA 740 FE BE AT 21 10 Mo
(Fr.1~Fr.10). Fr.2 (18.7 g)Z&hEK:(200~300 H) H: ik
S, MR- 2R ZEE(V L V=100 > 0~0 : 100) 4%

B}

e
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Table 2 Cytotoxic activities of compounds 1~8*
e 1C5/(umolL ")
HL-60 SMMC-7721 A-549 MCE-7 SW480
1 0.98+£0.07 1.87£0.10 2.05£0.09 0.86£0.06 1.69+0.08
2 2.34£0.10 5.47%+0.15 1.32£0.08 3.39%+0.11 6.36£0.16
3 1.78+0.08 2.56£0.13 5.334+0.11 4.65%0.10 5.28£0.07
4 3.29+£0.12 1.88£0.11 7.35+0.17 2.56£0.08 8.371+0.14
5 2.84+0.09 3.56+0.12 5.38+0.15 3.27%+0.11 5.33£0.10
6 5.384+0.13 6.27+0.18 18.25+0.22 3.32+0.09 1.46+0.08
7 1.65+0.07 2.58£0.10 9.32+0.11 2.95+0.12 6.37£0.13
8 1.41+0.05 13.45+0.22 4.2940.10 8.361+0.08 2.88+0.16
Cisplatin® 1.56+0.06 12.57%0.10 16.65+0.11 21.58+0.12 27.261+0.21

T R T ME bR KRR, BALSR TATIE =K. " 1Cso A S0%AKAMBIAIE. © NGy B .

JI 75 4 76 P e 15 21 8 AN VB 43 (Fr.2A~TFr.2H). Fr.2B
2% Sephadex LH-20 #EE A (il 2litb ), 28128 24 m 20l
FHHEAT )%, DAHIEE-7K(80 : 20) AWEhAH, BEMLEY)
1 (108.9 mg). 4 (64.2 mg). 6 (29.2 mg)F 7 (68.3 mg).
Fr.2C 4 Sephadex LH-20 BERAFEiGaifhf5, 2448
AR AT H &, LLOIE-K(V © V=70 : 30) M)
M, BEMAY 2 (52.7 mg). 3 (32.9 mg). 5 (47.2 mg)
A1 8 (21.8 mg).
2.4 RiEHE

trigoheterone A (1): FAATEEKE, [ald +42.8
(¢ 0.12, CH;0H); UV (CH3;0H) Amay [log &/(L*mol e
cm )]: 228 (3.56) nm; '"H NMR (400 MHz, CDCl;)#1 *C
NMR (100 MHz, CDC1L)##E IL3& 1; IR (KBr) viex: 3368,
2926, 1746, 1646, 1619, 1458, 1382, 1219, 1058, 1021,
926 cm '; HR-ESI-MS caled for C,H;0, (M+H™)
303.2319, found 303.2320.
2.5 JEMIEMN

MTT M S RIPUR ST B 10%0R
A= M3 BI85 7R (DMEM B8 RMPI1640)MC B 51> 2H
=, LAREFL 5000~ 10000 /N4 iR 2] 96 FLIR, RFFL
PEFR 100 uL, IOAAFIIAL S P03 (8] 5 R BE 40 pmol/L
BT, 1% 0T b8 240 i A= A 1) 2 7E 50% A 14k
GBS ANIRBERE B E S0, FEFLZAATR 200 pL, &F
FhAL PRI BE 3 N AL 37 CRiFE 48 h )5, WFFLA K%
IEW, FEALI0MTT W 20 pul LA R5 55 100 pL. 4k
LEWEE 1~4h, N ARHAT. EH 490 nm B, B
R A A A (Bio-Rad  680) i BN &% FLYGW A, icsk 45
S, CLRBENMEALER, A0 BAF IS 2 AL BR 2 i) 4t i AE
Kok, NP S E AL B 1Cs, fH.

45 Bh#1 Bl (Supporting Information) ¥iL&¥ 1 K 'H
NMR. "*C NMR.HSQC.HMBC.'H-'H COSY #il ROESY
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