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Chemical constituents in the fruits of Celastrus aculeatus

ZHANG Xian', QU Wanting', YANG Xixiong’, PENG Pei’, Pl Huifang'*
1. School of Pharmacy, Tongjii Medical College, Huazhong University of Science and Technology, Hubei Key Laboratory of
Natural Medicinal Chemistry and Resource Evaluation, Wuhan, Hubei 430030, China; 2. School of Chemical Engineering and

Pharmacy, Jingchu University of Technology, Jingmen, Hubei 448000, China

[Abstract] Objective To investigate the chemical constituents in the fruits of Celastrus aculeatus and evaluate their cytotoxic
activities. Methods Various chromatographic separation techniques were employed to isolate and purify the ethanol extract of
Celastrus aculeatus fruits. The structures of obtained compounds were identified through nuclear magnetic resonance spectroscopy
and mass spectrometry. The MTT assay was used to test the cytotoxic activities of isolated sesquiterpenoids against acute myeloid
leukemia HL-60 cells, human cervical cancer Hela cells, and human hepatocellular carcinoma BEL-7402 cells. Results A total of
17 compounds were isolated from the fruits of Celastrus aculeatus, including 12 dihydro-B-agarofuran—type sesquiterpenoids: (1) 153,

60, 86, 13-tetraacetoxy-9B-benzoyloxy-B—dihydroagarofuran, ) Ejap—4, 3) Chiapen C, @ Ejap-3, &) Ejap-2, 6) 18, 6c, 13-triacetoxy—
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9a-benzoyloxy-B—dihydroagarofuran, (7) Ejap-10, (8) Celaspene A, (9) 6a—acetoxy-18, 98-dibenzoyloxy-8B-hydroxy-B-dihydroagarofuran,

10) 18, 8¢, 13-riacetoxy-9B-benzoyloxy-B-dihydroagarofuran, (11) Angulatueoid B, (12) 18 8a-diacetoxy-9a-henzoyloxy-12B3-O-nicotinoyl—

B-dihydroagarofuran; three triterpenoids (13) B~amyrin, (14) 11-methoxy-3-acetoxyoleanane, (15) 11a—methoxy-B-amyrin; and two steroidal

compounds: (16) B-sitosterol, (17) daucosterol. Except for compounds 13, 16, and 17, all other compounds were isolated from this plant

for the first time. Compared with the positive control drug etoposide, the tested compounds exhibited very weak cytotoxic activities

against the above tumor cells. Conclusion The fruits of Celastrus aculeatus contain abundant dihydro-B-agarofuran—type sesquiterpenoids

and triterpenoids. Although the isolated sesquiterpenoids did not exhibit significant cytotoxic activity against the tumor cells, this

study enriches the chemical constituents of this fruit and provides scientific evidence for further development of its medicinal parts.

(Keywords) Celastrus aculeatus; fruits; chemical constituents; dihydro—B-agarofuran—type sesquiterpenoids; cytotoxic activity

IR Celastrus  aculeatus ) N P FF R M e &
R AET 2R TV 25 P S5 R O L DTz oA,
DR o PR, B T P EE A BRIR R IR, G
Tk L AR A 2 A, A 2Dt SCHR G MHAR |
25T o BAR B =GR OR N R A S W R S
A7 J 3 G oA I SCHIRARE AR SO 3o LR 52
A5 B3 RN A0 M B TS SR TBIEY , S R AR Y
THRF RS

1 &

1.1 EYIRIE

AR (Celastrus  aculeatus ) F 5% H LT AR AR
AR ROR TS, Bl A TR R L
KA [FF B2 Be 2427 B — 1K 408 %,
1.2 RFE5MEE

A7 3 Bk (5020241014 A B (LS
20241017) . LR 216 (L5 :20241027)  HEE (L5
20241025) 34 K ki, W H E 25 8 1A BE (AL .
WXBC9449V) LI (HES : WXBC2672V) YA Ak al |
W4 11 22 Sigma 23] /N IS (it 20241013, |
A YR A PR ED) s RPMI 1640 H5373E (4t
524286656, At 5t 2 ARBHE A PR A H] ) s B 8 R -5
& (5 68060510, 100x , I 50 = AR} £ A BR 2
] ) ; Hoechst33258 44 {5 51| (fit 5 . 24181354, Jb 512
IPHARRAE]) s MTT #9 (H5: 12171500,5.0 mg/
mL) NADPH it J A 1T (4165 . 41106305) 55
R (A5 :41126206) | JFEE H R (L5 :41116107) 3
W A E Merck 23 w5 RFEIA H S (S .
2309121, JRIRZ5E AR A IR A ] ) o

HPLC RG-S 38 (IR FER2A A R
A, 45 LC100) 5 LA 2% (LI R AU
F R B . BID-RAD 1706); 1IFAH HPLC (it

(A5 ;. YMC~Pack SIL 250 mmx10 mm) 7] HPLC
IR (5045, YMC—Pack ODS-A 250 mmx10 mm)}3
I H HA YMC A GRS (2 Bruker 23 F]
TS AM-400, 55 %l 400 MHz) ; 5t 3% 1% ( £ [
Bruker 24 ], %15 ; micrOTOF I | EST B I, IEE T
BT ) 5 WA (i NS A MR A PR A =] 7
5 :3000FA ),

1.3 EWH*

1.3.1 $RESMES oI TRR SE 300 ¢, KBS
FH95% £ 500 mL ¥ I2EEHL 3 UK, A ORI T
WS ENRTE 56 g KRB THUT 40 CiliKH,
1 FH A7 I (b R 60~90 °C)AEH 5 ¥k, 1531 7 i Bk
AL 31.7 g ATMEETAFHEER (3 535, UL PE/
EtOAc(1:0~0:1) BB REBENL , 753 11 N0, ol
F1~F11,F9(2.7 ¢)fH MCI F: {53  MeOH/H,0 (40%~
100% ) BB EE BRI , 155 F9-1~F9-8, Hrh Fo-2 421
SRMT LGS i, B AR EE A 7(9.8 mg) ;F9-6 £ H
SRATIR G 1SR B 15(7.5 mg) . F9-4 HIEH
# HPLC 43 B 4lifk, UL 70% 5 ik shAl , 15 54k
EW) 4(3.5 mg), FO-5 FIFEFESA:2E 4 HPLC 4>
B EMEEY) 5(2.3 mg) 6(1.7 mg)Fl 13(4.2 mg),
F10(3.4 g) EMCI H:, MeOH/H,0 (40%~100% ) 6 &
VR, 153 F10-1~F10-8, Hr F10-2 £ H AT
SEE BRI A 16(16.3 mg); 1 F10-3
28 24 % HPLC (72% MeOH A shil) 4iifk 152
51 8(2.6 mg) 9(4.5 mg), F10-4 FI{: il & HPLC
43 B a4k (90% MeOH R shAll) , #5814k 59 1
(3.3 mg).2(1.8 mg), F10-5 2% HPLC 4lifk
(ENAHR 65% 20 ) , 13814 &1 3(7.2 mg), F6
(5.9 g) FRERCH: , PE/EIOAc BAEE VR (1:0~0:1), 55
F6-1~F6-5, HH1 F6-3 ["SephadexLH-20 &EEHE, LA
CH.Cl/MeOH (1:1) APEMiH , 1558 F6-3-1~F6-3-4,
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F6-3-2 {fi FH 2 il & HPLC, 1EAH VR (1F B % 5+
WE=95:5), f4 2L &9 14(53 mg), F11(5.1 g) b
MCI 4%, MeOH/H,0 (40% ~100% ) B & 3& B , 15 %)
F11-1~F11-5, Hth F11-1 BriB45 &, B3k a
10(3.3 mg);F11-3 il % HPLC (78% MeOH
W) 2 b3 2L A9 11 (4.4 mg);Fl11-4 £
Sephadex LH-20 &% 732, LA CH,.Cl/MeOH(1:1) K
Ve, A EME AW 12(3.7 mg) s F11-5 Hr il 5 @k
K AFEMEAEW 17(5.7 mg),
1.3.2 3P

(D ZMIIGFR SRR A 3 B 4t ikk , 5351
Ry 2V R 20 B 1 IS 40 L HL—60 | B 509 4 it
HeLa FUNTHE4AM BEL-7402, 3765 100 U/mL7F
% 100 pg/mL 55 F LUK 10%/NF LT 1) RP-
MI 1640 Hi3eigs 532540 37 C.5%C0, il
95 % AH I JEE 1 G TR A0 ML 1 248

(2)MTT 25 2824 h }53%)5 KA fE r4n
MILL 5x10° ASALIY R EERAE T 96 fLik . 43 254im
A 50 L AHR VR BE BOAE S AT, X IREE N 50 L
25 IR, BRPEXT IRAL A 50 WL AH R & B 4K
FEIAAT , 4RELHG 5% 24 h, BALIMA 10 pL MTT W
(5 mg/mL), 4KEE53% 4 h 5,3 000 vmin 250> 10 min,
W FE I, EFLINA 100 L. DMSO I , PR %
10 min, T 490 nm AN OD fE (2L DMSO fLi
%) WIS 2R EE R 50 wmol/L, X 3 =i
F50% i BE S E 3.125.6.25,12.5.25.50 wmol/L
WRBERB BRI A2 1Cs {8, £ S ME AL,

2 HR
2.1 HEMEHEE
EW1 HE LR KK ;HRMS: /4

597.232 3[M+Nal", 4 F =K CyoHx0,;'H NMR (400
MHz,CDCL,) §:8.03(2H,d,J=8.1 Hz,H-2' , H-6'),
7.57(1H,d,J=8.2 Hz,H-4'),7.45(2H,t,]=8.1Hz,
H-3",H-5"),6.66 (1H,s,H-6),5.65(1H,d,J=5.9
Hz,H-9),5.59(1H,dd, J=5.9,4.0 Hz,H-8),5.40(1H,
dd,J=11.7,4.8 Hz,H-1),5.01(1H,d,J=13.2 Hz,
Ha-13),4.50(1H,d, J=13.2 Hz,Hb-13),2.72-1.30(7H,
m,H-2-7),2.29.2.11 2.04 .1.97 (% 3H,s,COCH,),
1.57 (3H,s,H-14) ,1.41 (3H,s,H-15),1.01 (3H,d,
J=73 Hz,H-12), ®C NMR(100 MHz,CDCL) 8.77.1

(C-1),21.5(C-2),25.7(C-3),33.7(C-4),90.2(C-
5),75.6(C—6),53.0(C-7),69.8(C-8),71.2(C-9),
49.5(C-10),82.2(C-11),15.5(C-12),60.3(C-13),
25.6(C-14),30.9(C-15),128.8(C-1"),130.2(C-2",
C-6'),128.4(C-3",C-5"),133.7(C-4"),170.1 .170.0.,
169.7.169.5 .165.0(5xC=0),21.4 .21.2.,20.5,20.2
(4xCOCHS,) , W L B 43l SCRR[4100 8 S E b5
109 18,6a,88, 13- VU £ Tt 8 K98 78 H it H Kk —B—
AU R

a®w2 B EE KK ;HRMS: m4
655.249 2[M+Na]*, 73T~ CHwO153'H NMR (400
MHz,CDCl;) 6:8.00(2H,d,J=7.4 Hz,H-2' H-6'),
7.58(1H,d,J=7.5 Hz,H-4"),7.44(2H,t,J=7.6 Hz,
H-3',H-5"),6.38(1H,s,H-6),5.75(1H,d, J=3.9 Hz,
H-1),5.59(1H,m,H-2),5.52(1H,s,H-9),5.28 (1H,
d,J=2.5 Hz,H-8),510(1H,d, J=12.9 Hz,H,~13),4.55
(1H,d,J=12.9 Hz,H,-13),2.50-1.30(5H, m,H-3-
7),2.26.2.19.2.10.2.07 2.05 (4 3H,s,COCH;),1.56
(3H,s,H-14),1.46(3H,s,H-15),1.17(3H,d, J=7.6
Hz,H-12), “C NMR (100 MHz,CDCl;)8:78.2(C-
1),22.5(C-2),26.4(C-3),33.5(C-4),89.6(C-5),
73.1(C-6),53.0(C-7),69.8(C-8),73.1(C-9),50.9
(C-10),82.5(C-11),15.5(C-12),60.3(C-13),25.9
(C-14),30.4(C-15),129.0(C-1"),130.5(C-2" ,C—
6'),128.4(C-3",C-5"),134.4(C-4"),172.1,170.8
170.2.,170.1,170.0,.165.9(6xC=0),21.7 . 21.3 21.2,
21.1(4xCOCH;) , ¥ L 2 43l SCHR[S 100 B, 485 1k
AW 2 4 Ejap-4,

aw3 HELER KK ;HRMS: /4
617.237 6[M+Nal*, 53 F 2K CyHyO10;'H NMR (400
MHz,CDCl;)8:8.05(2H,d,J=7.2 Hz,H-2' ,H-6'),7.85
(2H,d,J=73 Hz,H-2"" H-6"),757(2H,t, J=74 Hz,
H-3',H-5"),7.47(2H,d, J=7.4 Hz,H-4' H-4""),
7.31(2H,t,J=7.8 Hz,H-3"" ,H-5"") 6.33(1H,s,H-
6),5.93(1H,d,J=5.6 Hz,H-9),5.81 (1H,m,H-8),
4.93(1H,d,J=12.8 Hz,H,-13),4.83(1H,d,J=12.8
Hz,H,-13),4.28 (1H,m,H-1),2.75-1.30 (7H,m ,H -
2-7),2.10,193 (4% 3H,s,COCH,),1.63 (3H,s,H-15),
1.45(3H,s,H-14),1.04 (3H,d,J=7.5 Hz,H-12),
BC NMR (100 MHz,CDCly) 8:77.3(C-1),26.3(C-
2),27.2(C-3),33.3(C-4),90.7(C-5),74.8(C-6),
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53.2(C-7),71.3(C-8),72.9(C-9),50.8(C-10),81.1
(C-11),30.4(C-12),62.8(C-13),24.6(C-14),30.3
(C-15),132.7(C-1"),130.2(C-1""),129.9(C-2"),
129.7(C-6"),129.6(C-2""),129.4(C-6""),128.4(C—
3',C-5"),128.3(C-3"",C-5""),133.9(C-4"),133.1
(C-4""),171.0.169.8 .165.8 . 164.7 (4xC=0),21.4
21.3(2xCOCH;) , XF L 2 il SCRR[6] & , 480 1k
AW 3 M Chiapen C,

&YW 4 HEILEEBH K ;HRMS /4
597.304 8[M+Nal", 7> T3 N CxHy0,;'H NMR (400
MHz,CDCl;)8:8.02(2H,d, J=7.8 Hz,H-2' ,H-6"),
7.58(1H,d,J=7.8 Hz,H-4"),7.44(2H,t,J=7.8 Hz,
H-3' ,H-5"),6.34(1H,s,H-6),5.57 (1H,dd, J=
11.9,4.4 Hz,H-1),5.50(1H,s,H-9),5.26(1H,d, J=
2.5 Hz,H-8),4.63(1H,d, J=12.6 Hz,Ha-13),4.55
(1H,d,J=12.6 Hz,Hb-13),2.40-1.50(7H,m,H-2—
7),2.26.2.19.2.09 1.55 (4% 3H,s,COCH;),1.47 (3H,
s,H-15),1.42(3H,s,H-14),0.97(3H,d, J=7.4 Hz,
H-12), “C NMR (100 MHz,CDCl;)8:79.3 (C-1),
22.9(C-2),26.2(C-3),33.1(C-4),90.5(C-5),74.6
(C-6),53.0(C-7),70.3(C-8),72.7(C-9),50.9(C—
10),81.1(C-11),15.1(C-12),60.9(C-13),24.4(C-
14),30.3(C-15),129.6(C-1"),128.2(C-2",C-6"),
128.1(C-3",C-5"),132.9(C-4"),170.8 .169.6 .
166.0.165.6.164.5(5xC=0),21.2.21.2 21.1 21.1 (4x
COCH,) . i oL 8 SCHk[S 109 8 , e b &4 4
A Ejap-3.

EWS HELEEK K ;HRMS:m/z
539.339 5[M+Na]", 2> T3 N CxH00;'H NMR (400
MHz,CDC13)6:805 (2H,d,=7.7 Hz,H-2' ,H-6'),7.57
(1H,t,J=7.5 Hz,H-4"),7.44(2H,1,J=7.7 Hz,H-3',
H-5"),5.95(1H,s,H-6),5.56 (1H,dd, J=12.4,4.4
Hz,H-1),5.39(1H,d,J=7.3 Hz,H-9),4.67(1H,d,
J=12.2 Hz H,-13),4.44(1H,d, /=123 Hz,H,~13),
2.50-1.40(9H,m,H-2-8),2.24 2.10.1.55(4% 3H,s,
COCH;),1.44 (3H,s,H-15),1.41(3H,s,H-14),0.98
(3H,d,J=7.3 Hz,H-12), *C NMR(100 MHz,CD-
C1)8:77.8 (C-1),21.7(C-2),25.8 (C-3),34.6 (C -
4),89.3(C-5),77.8(C-6),52.8(C-7),34.6(C-8),
69.5(C-9),49.1(C-10),82.1(C-11),16.1 (C-12),
65.2(C-13),29.5(C-14),29.5(C-15),129.3(C-1"),

130.1(C-2',C-6"),128.5(C-3",C-5"),133.6(C—4"),
170.7,1704 .169.6 .165.4(4xC=0),23.9 21.3 20.8 (3x
COCH,), X i SCBR[S |88, e b5 5
K Ejap-2,

a®we H{OILEIEK K ;HRMS:mk
481.318 2[M+Nal*, 53~ CyHaO7;'H NMR (400
MHz,CDCl;) 6:8.06(2H,d,J=7.7 Hz,H-2' ;H-6'),
7.53(1H,t,J=7.4 Hz,H-4"),7.42(2H,1,J=7.7 Hz,
H-3',H-5"),5.45(1H,dd, J=12.0,4.2 Hz,H-1),
5.32(1H,s,H-6),5.00(1H,d, J=7.0 Hz,H-9),2.50-
1.50 (9H, m,H-2-8),2.11 1.61 (4% 3H,s,COCH,),
1.60 (3H,s,H-15),1.40 (3H,s,H-14),1.33 (3H,s,
H-13),1.00(3H,d, J=7.3 Hz,H-12),°C NMR(100
MHz,CDCl;) 6:73.1(C-1),21.7(C-2),25.9(C-3),
32.0(C-4),91.7(C-5),79.9(C-6),49.2(C-7),32.0
(C-8),72.8 (C-9),51.6 (C-10),84.5 (C-11),17.1
(C-12),18.7(C-13),24.2(C-14),29.8(C-15),129.6
(C-1"),130.1(C-2",C-6"),128.5(C-3",C-5"),
133.5(C-4"),170.6.170.0,165.6(3xC=0),20.9..19.8
(2xCOCH;) , W bb 2 418 SCHR 71098 , Stk &4
6 M 18, 60— "L -9a— 7K I Bt E k8- A ULE
RS

a®m 7 HMOIEE KK ;HRMS: m/4k
555.219 5[M+Na]*, 73T 2N CysHz0105'H NMR (400
MHz,CDCl;) 6:8.03(2H,d,J=7.3 Hz,H-2' H-6"),
7.56 (1H,t,J=7.4 Hz,H-4'),7.43(2H,t,/=7.7 Hz,
H-3' ,H-5"),640(1H,s,H-6),5.59(1H,dd, J=12.0,4.7
Hz,H-1),5.30(1H,s,H-9),4.71(1H,d, J=12.4 Hz,
Ha-13),4.54(1H,d, J=12.4 Hz,H,~13),4.25(1H,
m,H-8),2.80-1.50(7H,m,H-2-7),2.25 2.11 .1.65
(% 3H,s,COCH;),2.30-1.40(5H,m ,H-2 ,H-3 ,H-
4),1.43(3H,s,H-15),1.41(3H,s,H-14),0.99 (3H,
d,J=7.4 Hz,H-12), C NMR(100 MHz,CDCl):
79.2(C-1),22.2(C-2),26.2(C-3),33.1(C-4),90.1
(C-5),75.1(C-6),53.4(C-7),73.9(C-8),73.8(C—
9),50.6(C-10),81.3(C-11),154(C-12),60.5(C-
13),25.9 (C-14),30.4 (C-15),130.1 (C-1"),129.9
(C-2",C-6"),128.9(C-3",C-5"),133.3(C-4"),
170.7.,169.7 ,165.4 164.4 (4xC=0),21.3 21.2 20.8 (3 x
COCH;), % b & i SCHR[S |8 , S e k&4 7
N Ejap-10,
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&YW 8 HEXLEEKK ;HRMS m/k
659.248 3[M+Nal", 7T 3N CisHyOy;'H NMR (400
MHz,CDCl;)8:8.17(2H,d, J=7.4 Hz,H-2' ,H-6'),
8.06(2H,d,J=7.4 Hz,H-2"" 'H-6""),7.59(2H,m,H-
4’ H-4""),7.47(4H,m H-3" H-5' H-3"" H-5""),
6.51 (1H,s,H-6),5.77 (1H,brs,H-1),5.58 (1H,dd,
J=5.7,3.7 Hz,H-8),5.54(1H,d, J=5.8 Hz,H-9),
4.66(2H,m,H-13),2.51-1.64(6H,m,H-2~H-7),2.11 ,
2.07.1.65(4% 3H,s,COCH;),1.49 (3H,s,H-14),1.47
(3H,s,H-15),0.97(3H,d, J=7.4 Hz,H-12),"C
NMR (100 MHz,CDCl;)8:79.5 (C-1),23.1(C-2),
26.3(C-3),33.3(C-4),90.7(C-5),74.8(C-6),53.2
(C-7),71.3(C-8),72.8(C-9),50.8(C-10),81.1(C—
11),15.1(C-12),61.0(C-13),24.6(C-14),30.4(C-
15),132.7(C-1"),130.2(C-2",C-6"),129.9(C-3",
C-5"),133.1(C-4"),129.7(C-1""),129.6(C-2"",C-
6'"),128.3(C-3"",C-5""),133.9(C-4""),171.0,
169.8.165.9.165.8,164.7 (5xC=0),21.4 21.3 213 (3x
COCH;), XL i iE SCHR[81M 5 , S e b &4 8
} Celaspene A,

&YW HEILEEK K ;HRMS m/k
559.286 7[M+Na]*, 7> T2 C3Hs05;'H NMR (400
MHz,CD;0D)8:7.66(2H,d, J=8.2 Hz,H-2' ;H-6'),
7.60(2H,d,J=8.2 Hz,H-2"" 'H-6""),7.35(1H,t,J=
7.2 Hz,H-4""),7.16(3H,m,H-3' ,H-4' ;H-5"),6.91
(2H,t,J=7.7 Hz,H-3"" ;H-5""),6.11(1H,s,H-6),
5.55(1H,d, J=4.4 Hz,H-9) 5.51 (1H,m,H-1),4.38
(1H,t,J=4.4 Hz,H-8),2.55-1.50(5H,m,H-2-4),
2.13(3H,s,COCH;),1.62(3H,s,H-13),1.49 (3H,s,
H-15),1.43(3H,s,H-14),1.07 (3H,d,J=7.4Hz,H-
12), “C NMR(100 MHz,CDCl;)8:78.7(C-1),22.3
(€-2),25.9(C-3),33.2(C-4),91.1(C-5),74.5(C-
6),53.4(C-7),69.7(C-8),76.3(C-9),48.6(C-10),
82.7(C-11),16.5(C-12),12.5(C-13),25.1(C-14),
30.8(C-15),128.9 (C-1"),130.5(C-2",C-6"),128.3
(C-3",C-5"),134.2(C-4"),129.7(C-1""),129.6(C-
2" ,C-6""),128.7(C-3"",C-5""),133.3(C—4""),169.9
166.7 ,165.6(3xC=0),21.3(COCH,) , *fH. B 4RiE X
BRI 8, 2B 9 6a-Z A IE-18,98-
TORHI AR -8B PR L -B- A T A KN

& 10 [ AT E B B K HRMS  m/4z

539.3148[M+Na]*, 73T 3N CysHy 003 'H NMR (400
MHz,CDCL;)8:7.91(2H,d,J=7.3 Hz,H-2' ,H-6'),
7.53(1H,t,J=7.4 Hz,H-4'),7.42(2H,m,H-3" H-
5'),600(1H,d,J=9.6 Hz,H-9),550(1H,d,/=38 Hz,
H-6),549 (1H,dd,J=9.8,3.3 Hz,H-8),5.33(1H,
dd,J=12.3,4.3 Hz,H-1),4.89(1H,d,J=12.5 Hz,
Ha-13),441(1H,d, J=12.5 Hz,Hb-13),2.75-130(8H,
m,H -2 ~H -7),2 29.1.87.1.20 (3H,s,COCH;),1.56
(3H,s,H-14),1.52(3H,s,H-15),1.12(3H,d, J=7.7
Hz,H-12), “C NMR (100 MHz,CDCl;)8:75.6 (C—-
1),22.7(C-2),26.4(C-3),39.8(C-4),88.2(C-5),
36.2(C-6),47.1(C=7),76.0(C-8),78.2(C-9),50.1
(C-10),81.5(C-11),16.9(C-12),61.5(C-13),24.4
(C-14),30.7(C=15),129.9(C-1"),129.4 (C-2" ,C-
6'),1285 (C-3',C-5"),133.1 (C-4"),170.6.170.5
170.0,165.6 (4 xC =0),21.4.21.0,20.9 (3 xCOCH;) .
X Eb ELARE SCHROR S , 252 L& 10 2 18, 8a,
13- = Pk AR - 98- H i e B — S DU AR

&EW 11 LK HRMS mz 597.224 4
[M+Na]*, 43 3 N CyxHx0,;'H NMR (400 MHz,
CDCl;)8:7.89(2H,d, J=7.3 Hz,H-2' ,H-6"),7.54
(1H,t,J=7.4 Hz,H-4"),7.43(2H,m,H-3" ,H-5"),
5.98(1H,d,J=9.6 Hz,H-9),5.61(1H,dd,/=9.6,3.3
Hz,H-8),5.50 (1H,d,J=3.3 Hz,H-1),541(1H,d,
J=3.3 Hz,H-2),4.77(2H,m,H-13),2.80-1.60(6H,
m,H-3~H-7),2.30.2.05.1.86.121 (% 3H,s,COCH;),
1.56 (3H,s,H-14),1.52 (3H,s,H-15),130 (3H,d, J=
7.6 Hz,H-12), “C NMR(100 MHz,CDCI;)8:75.6(C—-
1),69.2(C-2),30.8(C-3),39.3(C-4),87.9(C-5),
36.2(C-6),47.3(C=7),76.4(C-8),76.3(C-9),50.7
(C-10),82.0(C-11),18.6(C-12),61.9(C-13),24.5
(C-14),30.8(C-15),129.8(C-1"),129.6 (C-2",C-
6'),128.7(C=3",C-5"),133.3(C-4"),170.7 .170.5,
169.9.169.8.165.8 (5 xC =0),21.4.21.2 21.1 20.7
(4xCOCH,) , X L E 4B SCBR10]m i , S b &
Y11 K Angulatueoid B,

EW 12 A6 E R KK HRMS :m/z
602.263 5[M+Nal", 73 T3 N Cy,HyNOs; 'H NMR (400
MHz,CDCl;)8:9.44(1H,d, J=1.6 Hz,H-2'),885(1H,
dd,J=79,1.6 Hz,H-6'),8.50 (1H,dt,/=8.0,1.9 Hz,
H-4'),7.85(2H,d,/=7.8 Hz,H-2"' H-6'"),7.49(2H,
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m,H-5' H-4""),7.33(2H,t,J=7.7 Hz,H-3"" H-5""),
6.07 (1H,d,J=9.7 Hz,H-9),5.68 (1H,dd,J=9.7,3.3
Hz,H-8),5.42(1H,dd, J=119,42 Hz,H-1),496(2H,
ABq,J=12.5 Hz,H-13),2.70-1.30(8H,m,H-2~H-
7),1.86.1.57 (4 3H,s,COCH;),1.59 (3H,s,H-15),
1.21(3H,s,H-14),1.17(3H,d, J=7.8 Hz,H-12), ®
NMR (100 MHz,CDC1;)8:75.6 (C-1),22.9 (C-2),
26.6(C-3),39.9(C-4),88.1(C-5),36.6(C-6),47.2
(C-7),76.2(C-8),78.4(C-9),50.2(C-10),81.9(C-
11),17.2(C-12),63.1(C-13),24.5(C-14),30.8(C—
15),154.0(C-2"),125.8(C-3"),137.1(C-4"),123.7
(C-5"),151.2(C-6"),129.8(C-1""),129.5(C-2"",C
6''),128.6 (C-3"",C-5""),133.2 (C-4""),170.6,
170.0,165.6.,165.5 (4xC=0),21.0,20.9 (2xCOCH;) ,
XoF H B 4G SCHR 11 B8 S e a9 12 18,
o— . LR -9 A T T A R — 1 28— MR ot AR BB
DRI

L&MW 13 Jo s i HRMS mkz 449.545 8
[M+Na]*, 73 72K CyHy0;'H NMR (400 MHz,CD-
Cl13)8:5.19 (1H,brs,H-12),3.53 (1H,d,J=10.9 Hz,
H-3),3.22 (2H,m,H-18),1.25 (3H,s,H-27),1.16
(3H,s,H-25),0.99(3H,s,H-23),0.94(3H,s, H-26),
0.93 (3H,s,H-29),0.89 (3H,s,H-30),0.87 (3H, s,
H-28),0.79(3H,s,H-24), “C NMR(100 MHz,CD-
Cl1;)6:38.9 (C-1),27.3(C-2),79.1 (C-3),38.7 (C -
4),55.3(C-5),18.5(€C-6),32.7(C-7),38.9(C-8),
47.7(C-9),37.0(C-10),23.6(C-11),122.5(C-12),
1443 (C-13),42.4 (C-14),26.2 (C -15),26.7 (C -
16),33.8(C-17),47.7(C-18),46.6(C-19),31.1(C-
20),34.2(C-21),37.0(C-22),28.2(C-23),15.5(C~
24),15.6(C-25),16.8(C-26),23.7(C-27),28.5(C—
28),33.3(C-29),23.7(C-30), X b & i SCRR[12]
HEHE , SE G 13y B-F M EEE,

Ea®w 14 HEAK K HRMS:mz 521333 8
[M+Na]", 73 F A C3Hs05;'"H NMR (400 MHz,CD-
Cl3)8:5.30(1H,d,J=3.4 Hz,H-12),4.48 (1H,dd,J=
9.3,7.1 Hz,H-11),3.86(1H,dd, =9.0,3.4 Hz,H-3),
3.18 (3H,s,0CH;),2.01 (3H,s,COCH;),1.27 (3H,s,
H-27),1.04 (3H,s,H-25),1.18 (3H,s,H-23),0.97
(3H,s,H-26),0.86 (9H,s, H-28~H-30),0.80(3H,s,
H-24), C NMR (100 MHz,CDCL)8:39.0(C-1),
23.7(C-2),80.8(C-3),38.0(C-4),55.4(C-5),18.3

(C-6),33.3(C-7),43.1(C-8),51.1(C-9),38.1(C-
10),75.8 (C-11),121.8 (C-12),149.7 (C-13) ,41.7
(C-14),25.2(C-15),26.8(C-16),32.3(C-17),46.6
(C-18),47.0(C-19),31.1(C-20),34.6(C-21),37.0
(C-22),28.2(C-23),16.8(C-24),18.2(C-25),16.9
(C-26),25.2(C-27),28.5(C-28),33.3(C-29),23.7
(C-30),170.9(C=0),21.4(COCH;) ,53.4(0OCH,) , Xt
P 2 i IE SCRR[13 1R £, Stk & 14 11-1H
SABE-3- AR TR S

wami1s %@%E’a HRMS:m/z 479.757 1
[M+Na]*, 73> T2~ CyHs50,;'"H NMR(400 MHz,CD-
Cl;)8:5.35(1H,d,J=5.4 Hz,H-12),3.83(1H,dd,J=
8.9,54 Hz,H-11),3.23 (1H,m,H-3),3.22(3H,s,
OCH;),1.21 (3H,s,H-27),1.04 (3H,s,H-25),1.00
(6H,s,H-23 H-26),0.88 (6H,s, H-29, H-30),0.84
(3H,s,H-28),0.80(3H,s,H-24), *C NMR(100 MHz,
CDCl3)8:39.4(C-1),27.5(C-2),78.7(C-3),39.0(C-
4),55.2(C-5),18.2(C-6),33.2(C-7),43.0(C-8),
51.7(C-9),38.1(C-10),76.0(C-11),121.5(C-12),
149.6(C-13),41.7(C-14) ,26.3(C-15),26.7(C-16),
32.3(C-17),46.9(C-18),46.5(C-19),31.0(C-20),
34.6(C-21),37.0(C-22),28.1(C-23),15.5(C-24),
18.2(€C-25),16.8(C-26),25.2(C-27),28.4(C-28),
33.2(€-29),23.6(C-30),53.8(0CH;), Xt LEARIE
SCHER[14]A0 8 S E & 15 1 11a-H E BL-B-
ERIERE

wEWw 16 TLOERES M mp.138~139 C, LU
3 RPN R I AT i 2 35 oA, 55500 % A i Y
B4 S bR St ot BRI 00 RSS2 — 3 W
FIRE TR AIE SURKRAR, WO HE Sy -5 S

wEW 17 HEKA;mp.299~302 C, K 3
FRAS R R T30, M 12 it 5 S 9 25 Ri I 1A ] %) 2
N IR TR g e, B R e —
B, MR GIRIRA I SRR, BoAE A S M,

Mk AR S 3 2945 31 17 MEE 9, 2
124 - AVTE B RS Y 3 A
=AY 2 S SR E Y LAY 1-1755
FITEILIE 1,
22 YpEEE

K MTT vE A A2 5 25 A & Py oot 2t 4
JH9 1 15 2 i HL-60 5 35096 40 il HeLa A1 AT
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1 & 1-17 sl

Fig.1 The chemical structures of compounds 1-17

FEAAf BEL-7402 (Y Z0M0EE TG . 450 R FEW
950 pmol/L B, 5 BAME 254K FE90 H (VP16) AH I
JIr IR A G Rt 3 e 240 A ) 48 B R E TS P AR
5, HWE L,
£ 1 k&%t HL-60,HeLa 1 BEL-7402 £ A i 40 B
HFiEME (v2s,n=3)

Table 1 Cytotoxic activities of compounds against

HL-60, Hela, and BEL-7402 cells (x%s, n=3)

o AHLAFIE /%
HL-60 Hel.a BEL-7402
1 60.45+1.65 50.73£2.05 93.59+2.80
2 76.39+0.47 132.13£3.24 102.02+0.95
3 54.27+3.71 63.23£2.75 104.00£0.62
4 67.77+0.57 53.75+3.26 105.71+1.35
5 63.06+1.42 80.76+1.44 95.61+0.68
6 51.58+0.31 52.97+3.70 116.0822.32
7 51.68+2.16 68.04x1.21 97.09+2.22
3 50.72+1.91 53.49+1.14 98.10£1.16
9 71.80£7.32 88.66+2.50 92.32+1.03
10 80.73+2.58 117.26x2.40 83.30+0.59
11 51.55+1.21 63.57£1.25 95.75+1.14
12 54.72+1.60 61.65+0.56 109.6520.72
VP16 25.27+0.85 16.45:0.32 29.24+0.15
(1 pmol/L) (1 wmol/L) (50 pwmol/L)

3 g

i U SR AL ) AR AR Rl B- A DA I
MR AL G I A W R, IR A HA T
ZWAEIE T, AN oo 2 W 1 G 1 TS 1 | 22 24T
TG VE MR M R A B
HIV AR U G A0 22 A SO LLRUR 52
HAr B R 12 4 B- A DT R AL s b
PR 3 A =i A, R SL R & ik
G 2L ARG TR AL F2 BN 2R AR ST 4R R R
Al B A A T M E, MTT 4558 8w, i
M 2B E AL A WAE 50 wmol/L K XF HL-60 HeLa
FIBEL-7402 21 A A 4 it 75 % 14 34 55 T BH PR 254K 4
THH . AP RIRVEAE T A R A2 R R
AARDHE 55 A BILTR] 5 SR SR TR B2 R
AR AT A AL R RS IR R WL 2 P
A= T I TF AR N 2530 5E

25 LTI 2 LA S5 5 B APl A =k 25 4k
B, ARG PR (B HAG i — 154
HAIEPER O, ABH 5T 25 AL 4 4t 1
f2FAR A
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