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Two new Diels-Alder type compounds from cell cultures of Morus alba
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Abstract: Objective To investigate the Diels-Alder adducts from cell suspension cultures of Morus alba. Methods A variety of

column chromatography (CC) including silica gel CC, Sephadex LH-20 CC, C,3 CC, and semi-preparative HPLC were used to separate

Diels-Alder adducts from cell cultures of M. alba. Their structures were identified by physicochemical properties and various

spectroscopic experiments, including MS, NMR, and ECD. Results Eight Dicls-Alder adducts were obtained from the ethyl acetate

extract of M. alba, and determined as mongolicin H (1), morbilisin J (2), mongolicin F (3), mulberrofuran G (4), artonin D (5), kuwanon

R (6), morbilisin C (7), and mulberrofuran E (8). Conclusion Compounds 1—8 are all Diels-Alder adducts and show medium

cytotoxic activity, and compounds 1 and 2 are new compounds.
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NHWEY), B NFEFREHAMNNZFRER T EINEE
PRI, AW 1~8 $5 8RS A i e vE 1
HAEBHIRE (1Cs) H A 2.09~63.2 pmol/L.
1 XEEHR

Cyberscan 510 A5 % MR 1t (Hr M3 Eutech
Instruments A &) ); PYB Ml FER (b [E 24 BE R
PRFEACES) ), AVFCB-2N LHE#EIES (b
FRREIE ARG R A D) YXQWF8612-1 B[ /)
ZVTH R (HBHERIT 380 s YMC IEAH il 4%
%R (250 mm X 10 mm, 5 pm; HA YMC A#]);
SO 4% 4 3% 4% Shiseido Crg (250 mm X 10 mm),
5um; HA Shiseido 24 #]); Shimadzu LC-20AD %
R AR A, RID-10A RURZERMZE (HA
Shimadzu A & ); HRESIMS Spectrometer 6520 (3£
Agilent Technologies A 7] ); Eyela-1000 7 jg#% 7%
KAL (¥ Eyela Instruments A 7] ); LCQ-Fleet Ion
Trap MS (ZE[E Thermo Fisher Scientific /A ] );
Bruker AVIITHD-400 MHz % B 3EHRI% 51X . Bruker
AVIITHD-600 MHz A% 4RI (32E Bruker
NT]); Perkin-Elmer Model-343 Fe el (£H
Perkin-Elmer A 5] ); Jasco P-815 B[R —fai%{% (H
A Jasco A F]); FEEIEREER (60~100. 200~300
H) 1 GFosy FERBCNTE B L) 477 Cis kit
EREREAR (S-50 um, HA YMC A7]); Sephadex
LH-20 #&% (it Amersham Bioscience A ] ); 5K
56 BT R R A A s T A PR R M Al )

AT 5T SR i B SR Ak A, T
(25+1) CEEEZM T 110 v/min FIFER LEFE 3 A
JEIERANIRE Y, T 50 C NS TEIEER &,

NAHEARE (HepG2) N6 RF4H I3 44 o bk
(Daoy) AJME4HMIFE (NCI-H460). A4 74
Pk (HCT116) FA B4tk (BGC823) ¥IRIET
Hh ] 22 25 R Bt 29 9 BT A A A4
2 HE
21 ERESEH

REVEMBEL T (ThiE 1.8 kg) H 78%4
BEIMAGEEAEE RN 3 K, BHRZ 4 h, A FHREGH
TR e i 28 R A ROk 4 45 B H2 B 1.5 kg
FF LU FH 7K o Bk TR B, SR 2B AT A5
B WEIRGS BIBE IR L BRIRE 869.7 go G AhE
RS, & R-HEE (500 1—1: 1) BE
Ve, 15E) 17 MR (Fr. 1~17). Fr. 7 SRR
ORE, FIMEE-ESER 06 (20 @ 1—1: 1) BEEEEE,

23] 13 Masr (Fr. 7a~7m). Fr. 7h %4 Sephadex
LH-20 #: i, RSN, 1530 9 M (Fr. 7Thl~
7h9). Fr. 7Th8 2 [ AH il £ e R €3 43 5 alifh
(HEE-/K 32 0 68) 15 2IMLAY) 2 (37.1 mg, r=15.1
min). 3 (153 mg, r=24.1 min). Fr. 8 & C;zs# 4
B, HEE-/K (30 0 60—100 : 0) BEEF¥EML, 753
11 N4> (Fr. 8a~8k). Fr. 8e 4 Sephadex LH-20
R, RS BEVe L, /53] 5 /Mo (Fr.
8n1~8n5). Fr. 8nd £ AH il £ i A0 (i 23
Baith (Zf5-/K 10 1 90) BEMLAY 6 (4.7 mg,
rR=24.0 min). Fr. 9~12 &, Sk, —
S E-FEE (20 0 11 1) BREEVEML, /53] 11 4
sy (Fr. 9a~9k). Fr. 9g & CgktEtail, ZJM5-7/K
(40 1 60—100 : 0) BHEEHENHAFE] 9 N (Fr.
9g1~9g9). Fr. 9g4 £ Sephadex LH-20 #: & i, H
FEVE 4L S 2L &4 7 (10.1 mg), Fr. 92 4
Sephadex LH-20 a3, FIEESE B e i 41045 214k
48 (204 mg). Fr. 9] BRI, —&
FgE-FHEE (10 2 1—~1: 1) BEEESRmL, &5 H
Sephadex LH-20 ¥, FEESe it 4iib 45 2116 54
5 (13.8 mg). Fr. 14 SEeittait, Foki-m
(10 0 10 DBREEYEN, /53] 10 M5 (Fr. 14a~
14j), Fr. 14i % Sephadex LH-20 #:{filk, FHELs)s
Ve Atk 5 2L 5 4 (9.3 mg), Fr. 14g &R EHER
FEthil, 1ECKE-EE (20 0 10 © 1) BRI, &
J G TEAR P & s AR Bk Ay s Al (IR k-
FAEE 40 1 60) 132G 1(1.7 mg, £=20.9 min).
22 FEMME

WA K R AP IR 4R, FH 3 10 Y%/ N I3
(1) RPMI 1640 35 FERCH % 10 000 /mL 4L
T 96 FLEEFEMR AN EERE, BEL 100 uL (F 1 000 M
JEYNAD, B 37 C. 5% CO, AR 1537 24 h J5 N,
SEEGRE S FIONHE, 2R 3 N EIREE (0.1, 1.
10 ug/mL), BRI 3 AFATFL, B 37 C. 5%
CO, IRAA TR 4 do 3 LI BALIIAN MTT ¥
(0.4 mg/mL, RPMI 1640 fici]) 100 uL, 37 CHFH 4
ho 3 EIEW, BALIIA DMSO 150 uL, #%fi# Fomazan
Wiki, BEWRGE, F 550 BUEEARCAERIINE K 540
nm, ZHEPK 405 nm FIEBICE (4) 1H. 45
LA 24470 (0 AN [ o R P R Sk 40 L Pt 4 o 1) 3 1
A1SRIFE N 2R, AR 1Cs.
3 Hm%KE

B 1: B TEE T A AR HR-ESI-MS m/z:
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665.241 9 [M+H]" i1} 665.238 1, C3oH37010), 'H-NMR (600 MHz, Acetone-dg) Jit (£ 1) R 1
B0 FRN CoHyOror BA 22 MAMAIE,  MABRB AR ER T on 625 (1H, d, J = 9.0 Hz,
F1 WAY 12K NMR &iE
Table 1 NMR data of compounds 1 and 2

s L z
i 5 3 5
2 155.3 154.7
6.93 (1H, brs) 101.8  7.01 (1H, brs) 102.4
3a 122.6 122.5
4 7.35(1H, d, J= 8.4 Hz) 121.8 7.38 (1H, d, J=10.0 Hz) 122.0
6.77 (1H, brs) 113.0  6.79 (1H, dd, J = 10.0, 2.5 Hz) 113.2
156.6 156.8
6.93 (1H, brs) 983  6.97(IH,d,J=2.5 Hz) 98.3
Ta 156.5 156.7
1’ 130.9 131.1
bl 6.77 (1H, brs) 1048  7.00 (1H, d, J=2.0 Hz) 104.9
3’ 157.7 153.4
4' 116.5 113.0
5’ 157.7 157.8
6 6.96 (1H, d, J = 2.0 Hz) 1048 6.96 (1H, d, J=2.0 Hz) 105.9
1” 133.9 133.8
2" 5.78 (1H, brs) 1243 647 (1H, d,J=6.0 Hz) 122.5
3" 4.11 (1H, brs) 331 3.67 (1H, brs) 35.4
4 4.65 (1H, t,J = 4.0, 14.0 Hz) 477 3.3 (IH,dd,J=14.5,7.5 Hz) 37.2
5" 3.75 (1H, brs) 363 3.01 (1H, m) 285
6" 2.50 (1H, m), 2.20 (1H, m) 32.1 2.73 (1H, dd, J=21.5, 6.5 Hz), 2.05 (1H, m) 36.0
7" 1.94 (3H, s) 238 178 3H,s) 23.8
8" 209.8 103.9
9" 113.0 117.6
10" 164.6 155.0
11” 108.7 111.4
12" 161.2 156.6
13" 6.25 (1H, d, J=9.0 Hz) 109.4 6.21 (1H, d,J=11.0 Hz) 108.1
14" 8.44 (1H, d, J=9.0 Hz) 131.8 7.24 (1H, d,J=11.0 Hz) 128.5
15" 121.7 117.3
16" 156.4 1529
17" 6.52 (1H, d,J=3.0 Hz) 103.4 6.39 (1H, d, J=3.5 Hz) 103.9
18" 157.9 158.0
19" 6.52 (1H, dd, J=10.0, 3.0 Hz) 110.3 6.52 (1H, dd, J=10.0, 3.0 Hz) 110.3
20" 6.99 (1H, d, 7= 10.0 Hz) 1287  7.15 (1H, d, J=10.0 Hz) 127.9
21" 2.50 (1H, m), 2.80 (1H, m) 261 6.69 (1H, d,J=13.0 Hz) 117.0
22" 3.75 (1H, m) 68.8 5.59 (1H, d,J=13.0 Hz) 129.4
23" 79.3 76.5
24" 1.22 3H, s) 213 135(H,s) 28.1
25" 131 (3H, s) 257  133(3H,s) 283
10"-OH 8.48 (1H, 5)

SRR PR B A 8 B TR P e A B B

# data (J) were measured in acetone-d; ® data (9) were measured in methanol-dy
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H-13") #18.44 (1H, d, J=9.0 Hz, H-14"); 1 HAE%
BRI 2-(3), 5'- 3R AE) RAE-6-FR k- DR I R IR o 1
Su 6.93 (1H, brs, H-3), 7.35 (1H, d, J = 8.4 Hz, H-4),
6.77 (1H, brs, H-5), 6.93 (1H, brs, H-7), 6.77 (1H, brs,
H-2") 1 6.96 (1H, d, J=2.0 Hz, H-6"); 3 N &5 T
Su 1.94 (3H, s, 7"-CHs), 1.22 (3H, s, 24"-CHs) FlI
1.31 (3H, s, 25"-CH3); ">C-NMR ! DEPT i b &R
A 39 MAES, B 28 N EM. 3 AR, 2
ANIE I ER . 4 AN KR SERRAN 2 AR 454 'H-'H
COSY. HSQC 1 HMBC %53 i 5is, #ie T A
Y1 A RBGSESEE (R D, oA
Diels-Alder B n&4, 5444 chalcomoracin!'”
M, B —PEERBELLERIAED 1 &
chalcomoracin /b T 2 /N5 sp” Z4AL B AHIE T FR 2L (O
1.66 Fl oy 1.54) Fl 1 MEET T (0u 5.10), £ 7T 2

AN sp? ZAUTRABE M H I (0n 1.22, 1.31) F1 1A
SRR 0y 3.75), H BC-NMR i -
BIRD T 2 MRS S (0c 123.6,131.8), £ T
2 SEMERTES (O 68.8,79.3), 4itrtbaw
1 AN AN RS, HEM 2544 A77E chalcomoracin 5 /K,
JEHEMEE S 127-OH &K Mt R 250 5ot 78
HMBC i1, 10"-OH (5 8.48) 5 C-9" (dc 113.0) FlI
C-10" (6c 164.6) #HG, Ht—IPUFst 7 FakHEN . Bt
AhGESHAY TR % H-22" (0w 3.75) F1 C-22" (dc
68.8) MIML2ENLRE, on C22"iEHRILEEM. 7
HMBC i, i H-21" (6g 2.50) 5 C-10" (6c
164.6) AH%; Jii 7 H-22" (0 3.75) 5 C-24" (6¢ 21.3)
1 C-25" (6¢ 25.7) HIAHI; ¥ H-24" (6n 1.22)
H-25" (6c 1.31) #J5 C-22" (6¢c 68.8) #HF%. EiLPLE
BARLEERENT, BE THWEY 1 IFIg (B 1D.

chalcomoracin

1 Chalcomoracin. £&4%) 1 BULEHIK X HMBC 6%

Fig. 1 Structures and key HMBC correlations of chalcomoracin and compound 1

R4E "H-NMR Ji H-3". H-4"F1 H-5"[{ 18
BHEH (Jyar = 4.0 Hz, Jyp s = 14.0 Hz), B F M
KRy 3" A"-cis. 4" 5"-trans. ARHECRkdRaE!Y,
Diels-Alder i1 &9 CD Y% 7E 300 nm Ff i &R 1E
Cotton BN B G A IE, BRI AT A E H F L3R O
ARG RO B, et Ry C-37 (S). C-4”
(R)~ C-5"(S). 1AW 1 1) CD HiEAE 313 nm HI
TIE Cotton (R, HILHEEMEMNIE, [a]f +54.7°
(c 0.33, MeOH), Kb H4axnfg 8Ly C-3" (S).
C-4" (R)~C-5" (S), M C-22" (IR RYEA 15 T HIF
ZUEV TG, A NERER He

WA 2: KR O B R P - AR 4E HR-ESI-MS
miz: 629.219 4 IM+H—H,0]" Git+514 629.219 9,
C3oH330g), i HAF N CyoH3400, EAH 23
AHAPE . "H-NMR (600 MHz, CD;0D) Wi &
NHEEA 1 XA FR T o 6.21 (1H, d,

J = 11.0 Hz, H-13") #17.24 (1H, d, J = 11.0 Hz,
H-14"); 1 A MAN 2-(3', 5-Fkk) KE-6-
PR IFMRNE R T oy 7.01 (1H, brs, H-3), 7.38 (1H,
d, J = 10.0 Hz, H-4), 6.79 (1H, dd, J = 10.0, 2.5 Hz,
H-5), 6.97 (1H, d, J = 2.5 Hz, H-7), 7.00 (1H, d, J =
2.0 Hz, H-2") #16.96 (1H, d, J = 2.0 Hz, H-6); 2/}
A HAB G IR T on 6.69 (1H, d, J = 13.0 Hz,
H-21") £15.59 (1H, d, J=13.0 Hz, H-22"); 3 MHI %
JR¥ on 1.78 (3H, s, CH3-7"), 1.35 (3H, s, CH;-24")
H11.33 (3H, s, CH3-25"); PC-NMR Fl DEPT Ji¥
BoRE 39 MRIES, AFE 30 M A 3 AHE
By 1AL AR 3 MR ERDR . 2 DN k. 455
'H-'H COSY. HSQC 1 HMBC £ i ¥dis, #isE
THED 2 MEES AR (R 1, HOyHmAm
Diels-Alder B h&4), S5HbA4) morbilisin CH21AH
Lo FH NMR ##s (2 1) 5 morbilisin C X} L,
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RILFEFAE C-11"NEE FAFAEARE , 3k — 0 o b H
NMR %0d5, KIL C-21"H1 C-22" ) F I ol 1 4t
A E B (J210000 = 13.0 Hz), £ HMBC ¥
W b, i F H-21" (0y 6.69) 5 C-10" (6c 155.0) #H
X i H-22" 0y 5.59) 5 C-24" (5c 28.1)
C-25" (6c 28.3) MHK: iy H-24" (6y 1.35) M
H-25" (6c 1.33) ¥J5 C-22" (5¢ 129.4) %, XL
B gt — DU AR C-11"M 8% _EAFAE Cyy-Co I E
A . @I L B ARSEA NT, BE T AW

2 WPty (B 2).

AR "H-NMR 3% i H-3" H-4"F1 H-5" (111
EWB (Jynar=17.5 Hz, Jyr 5o = 14.5 Hz), B HAH
ST N 37 A" -cis, 4".5"-trans. W) 2 ) CD
FRELE 313 nm H BT IE Cotton %, HIH ekt
HNIE ([a]y +72.0° (¢ 0.09, MeOH)), Kl &
H AR IR N C-3" (S). C-4" (R). C-5"(S), TfjkH:
C-8" I BLIE A F5 T WAL . 2L &V NI &Y,
EZVSIIE-F P

morbilisin C

2 Morbilisin C. £&4 2 B4 & <% HMBC #Hx

Fig. 2 Structures and key HMBC correlations of morbilisin C and compound 2

E? 3: mEmAR, 771N CioHie000
ESI-MS m/z: 649.24 [M+H]". 'H-NMR (400 MHz,
acetone-dg) o: 7.59 (1H, d, J = 9.0 Hz, H-14"), 7.34
(1H, d, J = 8.4 Hz, H-4), 6.90 (2H, overlapped, H-7,
20", 6.83 (1H, d, J = 0.9 Hz, H-3), 6.81 (1H, brs,
H-6"), 6.76 (1H, dd, J = 2.0, 8.4 Hz, H-5), 6.63 (1H,
brs, H-2"), 6.21 (1H, brs, H-17"), 6.08 (2H,
overlapped, H-13", 19"), 5.37 (1H, brs, H-2"), 5.03
(1H, m, H-22"), 4.92 (1H, brs, H-4"), 4.53 (1H, d, J =
9.6 Hz, H-3"), 3.71 (1H, brs, H-5"), 3.09 (2H, d, J =
7.2 Hz, H-21"), 2.86 (1H, brs, H-6"a), 2.17 (1H, brs,
H-6"B), 1.75 (3H, s, 7"-CHj3), 1.62 (3H, s, 24"-CHj;),
1.51 (3H, s, 25"-CH3); “C-NMR (100 MHz,
Acetone-dg) 9: 155.4 (C-2), 101.7 (C-3), 121.8 (C-4),
113.1 (C-5), 154.8 (C-6), 98.3 (C-7), 122.5 (C-3a),
156.6 (C-7a), 130.5 (C-1"), 103.7 (C-2"), 155.4 (C-3"),
115.8 (C-4"), 156.5 (C-5"), 103.7 (C-6"), 134.2 (C-1"),
125.1 (C-2"), 38.9 (C-3"), 46.6 (C-4"), 38.9 (C-5"),
38.9 (C-6"), 23.4 (C-7"), 209.9 (C-8"), 117.3 (C-9"),
163.4 (C-10"), 114.6 (C-11"), 162.0 (C-12"), 107.4
(C-13"), 130.5 (C-14"), 122.5 (C-15"), 156.7 (C-16"),
104.6 (C-17"), 157.2 (C-18"), 107.0 (C-19"), 131.0

(C-20"), 22.1 (C-21"), 123.3 (C-22"), 131.1 (C-23"),
25.7 (C-24"), 17.7 (C-25"). LA ¥ 5 CkikiE i
AP, M e A 3 NFERKF.

e 4. WEMAK, 5 F AN CiuHyOso
ESI-MS m/z: 563.16 [M+H] . 'H-NMR (400 MHz,
acetone-dg) 0: 7.39 (1H, d, J = 8.4 Hz, H-4), 7.23 (1H,
d, J= 8.2 Hz, H-14"), 7.13 (1H, d, J = 8.2 Hz, H-20"),
7.03 (1H, s, H-3), 6.96 (3H, overlapped, H-2', 6, 7),
6.80 (1H, d, J = 8.4 Hz, H-5), 6.49 (1H, dd, J = 2.4,
8.2 Hz, H-19"), 6.43 (2H, overlapped, H-2", 11"), 6.37
(1H, s, H-17"), 6.22 (1H, d, J = 8.2 Hz, H-13"), 3.49
(1H, s, H-3"), 3.33 (1H, m, H-4"), 2.97 (1H, m, H-5"),
2.68 (1H, dd, J = 5.0, 16.8 Hz, H-6"a), 2.06 (1H, dd,
J = 11.0, 16.8 Hz, H-6"B), 1.77 (3H, s, 7"-CHs);
BC-NMR (100 MHz, CD;0D) J: 160.0 (C-10"), 158.4
(C-18"), 157.9 (C-12"), 157.7 (C-6), 157.2 (C-2),
156.8 (C-5'), 155.7 (C-3"), 154.9 (C-16"), 153.6
(C-7a), 133.9 (C-1"), 131.5 (C-1"), 130.6 (C-14"),
128.0 (C-20"), 123.3 (C-2"), 123.1 (C-3a), 122.0
(C-4), 118.2 (C-4), 117.3 (C-15"), 113.9 (C-9"), 133.2
(C-5), 110.0 (C-19"), 107.0 (C-13"), 105.4 (C-6'),
105.0 (C-2"), 104.5 (C-11"), 104.1 (C-17"), 103.1
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(C-8"), 102.1 (C-3), 98.5 (C-7), 37.6 (C-3"), 36.7
(C-6"), 35.4 (C-5"), 28.8 (C-4"), 23.9 (C-7"). LA L%

o 5 SRR E A B, s A 4 A
BRI Go
twEY 5. WEmK, ﬁ?fﬁﬂj CaoH3609 .

ESI-MS m/z: 661.24 [M+H] . 'H-NMR (400 MHz,
acetone-dg) 0: 8.36 (1H, d, J = 9.0 Hz, H-14"), 8.14
(1H, d, J = 15.4 Hz, H-B), 7.84 (1H, d, J = 9.0 Hz,
H-6"), 7.71 (1H, d, J = 15.4 Hz, H-a), 7.64 (1H, d, J =
8.6 Hz, H-6), 6.95 (1H, J = 8.4 Hz, H-20"), 6.55 (1H,
d, J = 9.8 Hz, H-21"), 6.49 (2H, overlapped, H-3,
17"), 6.42 (1H, d, J = 8.6 Hz, H-5), 6.34 (1H, dd, J =
2.0, 9.0 Hz, H-5"), 6.29 (1H, dd, J = 2.2, 8.4 Hz,
H-19"), 6.24 (1H, d, J = 9.0 Hz, H-13"), 5.66 (1H, s,
H-2"), 5.63 (1H, d, J = 10.0 Hz, H-22"), 4.65 (1H, t,
J = 5.0 Hz, H-4"), 4.18 (1H, s, H-3"), 3.78 (1H, m,
H-5"), 2.51 (1H, m, H-6"a)), 2.25 (1H, d, J = 16.0 Hz,
H-6"B), 1.92 (3H, s, 7"-CHj3), 1.39 (3H, s, 24"-CHj;),
136 (3H, s, 25"-CH;); "“C-NMR (100 MHz,
acetone-dg) o: 209.7 (C-8"), 193.3 (C = 0O), 165.7
(C-4"), 163.5 (C-2"), 162.3 (C-4), 160.9 (C-10"), 160.8
(C-12"), 159.9 (C-2), 157.9 (C-18"), 156.4 (C-16"),
140.9 (C-B), 135.0 (C-1"), 133.8 (C-14"), 131.7 (C-6),
130.7 (C-6"), 129.1 (C-22"), 128.9 (C-20"), 123.2
(C-2"), 121.7 (C-15"), 117.4 (C-a), 116.1 (C-3"), 115.9
(C-21"), 115.2 (C-1), 114.1 (C-1"), 114.0 (C-9"), 109.8
(C-5"), 109.6 (C-11"), 109.1 (C-5), 108.9 (C-13"),
107.5 (C-19"), 103.5 (C-3), 103.5 (C-17"), 78.5
(C-23"), 47.6 (C-4"), 36.1 (C-5"), 32.8 (C-6"), 32.8
(C-3"), 28.5 (C-24"), 28.4 (C-25"), 23.8 (C-7"). LA L
i 5 Scik Ao R A 20, M A 5 A
artonin D,
waEY 6: mEHK, ﬁj‘?iﬁ?’? CaoH33090

ESI-MS m/z: 663.25 [M+H] . 'H-NMR (400 MHz,
Acetone-dg) o: 8.37 (1H, d, J = 8.4 Hz, H-14"), 7.92
(1H, d, J = 9.0 Hz, H-6"), 7.76 (1H, d, J = 15.0 Hz,
H-B), 7.68 (2H, d, /= 7.2 Hz, H-2, 6), 7.67 (1H, d, J =
15.0 Hz, H-a)), 6.96 (1H, d, J = 8.4 Hz, H-20"), 6.89
(2H, d, J = 8.6 Hz, H-3, 5), 6.53 (1H, d, J = 2.0 Hz,
H-17"), 6.43 (1H, d, J = 8.4 Hz, H-13"), 6.35 (1H, dd,
J=12.0,9.0 Hz, H-5"), 6.30 (1H, dd, J = 2.0, 8.4 Hz,
H-19"), 5.67 (1H, s, H-2"), 5.15 (1H, t, J = 7.0 Hz,
H-22"), 4.66 (1H, t, J = 4.8 Hz, H-4"), 4.13 (1H, s,

H-3"), 3.78 (1H, m, H-5"), 3.25 (2H, d, J = 7.2 Hz,
H-21"), 2.49 (1H, d, J = 18.6 Hz, H-6"a), 2.21 (1H, d,
J=18.6 Hz, H-6"), 1.93 (3H, s, 7"-CH3), 1.70 (3H, s,
25"-CH3), 1.36 (3H, s, 24"-CH3): "C-NMR (100
MHz, acetone-dg) o: 209.4 (C-8"), 192.9 (C = O),
165.8 (C-4), 164.6 (C-10"), 163.7 (C-12"), 163.7
(C-4'), 163.7 (C-2), 160.9 (C-4), 157.9 (C-18"), 156.4
(C-16"), 145.0 (C-B), 134.8 (C-1"), 132.1 (C-14"),
131.7 (C-2), 131.7 (C-6), 131.5 (C-23"), 131.0 (C-6"),
128.7 (C-20"), 127.5 (C-1), 123.3 (C-22"), 123.1
(C-2"), 121.6 (C-15"), 118.4 (C-0), 116.6 (C-3), 116.6
(C-5), 116.1 (C-11"), 115.8 (C-3"), 113.9 (C-1"), 113.3
(C-9"), 110.0 (C-5), 108.1 (C-13"), 107.5 (C-19"),
103.4 (C-17"), 47.4 (C-4"), 36.4 (C-5"), 32.6 (C-3"),
32.4 (C-6"), 25.8 (C-25"), 23.8 (C-7"), 22.1 (C-21"),
17.8 (C-24"), bL F¥d 5 scmriroa A —5, i
LAY 6 NFEEA R.
wEW 7: EEMK, TN CoHsze090

ESI-MS m/z: 649.24 [M+H]". "H-NMR (400 MHz,
Methanol-d,) &: 7.30 (1H, d, J = 8.4 Hz, H-4), 7.08
(1H, d, J = 8.4 Hz, H-20"), 6.98 (1H, d, J = 8.6 Hz,
H-14"), 6.89 (1H, s, H-3), 6.86 (2H, overlapped, H-7,
2), 6.80 (1H, brs, H-6"), 6.69 (1H, dd, J = 2.0, 8.4 Hz,
H-5), 6.43 (1H, dd, J = 2.0, 8.4 Hz, H-2"), 6.38 (1H,
brd, J = 5.0 Hz, H-2"), 6.32 (1H, d, J = 2.0 Hz,
H-17"), 6.21 (1H, d, J = 8.6 Hz, H-13"), 3.49 (1H, s,
H-3"), 3.00 (2H, m, H-4", 5"), 2.65 (3H, m, H-21",
6"), 2.01 (1H, m, H-a), 1.77 (3H, s, 7"- CH3) 1.18
(3H, s, 24"-CH3), 1.15 (3H, s, 25"-CH;); "“C-NMR
(100 MHz, CD;0D) &: 158.4 (C-18"), 158.0 (C-5'),
157.9 (C-12"), 157.3 (C-6), 156.9 (C-7a), 155.6
(C-10"), 155.4 (C-2), 153.1 (C-16"), 154.2 (C-3'),
134.0 (C-17), 131.5 (C-1), 128.0 (C-20"), 126.4
(C-14"), 123.1 (C-2"), 123.1 (C-3a), 122.0 (C-4),
118.8 (C-11"), 117.9 (C-15"), 117.9 (C-9"), 113.3
(C-4'), 111.4 (C-5), 110.4 (C-19"), 107.3 (C-13"),
105.9 (C-6"), 105.1 (C-2), 104.2 (C-17"), 104.1
(C-8"), 102.2 (C-3), 98.5 (C-7), 71.9 (C-23"), 43.1
(C-22"), 37.9 (C-4"), 36.5 (C-6"), 35.8 (C-3"), 29.2
(C-24"), 29.2 (C-25"), 29.0 (C-5"), 23.9 (C-7"), 19.2
(C-21")o LA R 5 ks A — 5, #d
EAET T R)NFRE C,

’f’t/ﬁ\% 8: ﬁé*ﬁj{’ ﬁ\%ﬁy‘j C39H36080
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ESI-MS m/z: 633.24 [M+H]". 'H-NMR (400 MHz,
acetone-dg) 0: 7.88 (1H, d, J = 9.0 Hz, H-14"), 7.35
(1H, d, J = 8.4 Hz, H-4), 7.19 (2H, d, J = 8.6 Hz,
H-16",20"), 6.92 (2H, s, H-2', 6'), 6.78 (1H, d, J = 2.0
Hz, H-5), 6.76 (2H, brs, H-3, 7), 6.73 (2H, d, J = 8.6
Hz, H-19", 17"), 6.50 (1H, brd, J = 9.0 Hz, H-13"),
5.74 (1H, brd, J = 2.4 Hz, H-2"), 5.13 (1H, m, H-22"),
4.44 (1H, t, J = 6.0 Hz, H-4"), 4.33 (1H, brd, J = 6.0
Hz, H-3"), 3.63 (1H, d, J = 6.0 Hz, H-5"), 3.22 (2H, d,
J=7.2Hz, H-21"),2.50 (1H, m, H-6"a), 2.26 (1H, m,
H-6"), 1.90 (3H, s, 7"-CHs), 1.68 (3H, s, 25"-CHs),
156 (3H, s, 24"-CH;): "“C-NMR (100 MHz,
acetone-ds) &: 207.9 (C-8"), 164.3 (C-10"), 162.7
(C-12"), 157.9 (C-3"), 157.8 (C-5"), 156.6 (C-18"),
156.5 (C-6), 155.3 (C-2), 155.3 (C-7a), 136.5 (C-15"),
135.0 (C-1"), 131.4 (C-23"), 131.0 (C-1"), 130.7

(C-14"), 129.1 (C-16"), 129.1 (C-20"), 123.9 (C-22"),
123.1 (C-2"), 122.6 (C-3a), 121.9 (C-4), 115.9 (C-4"),
115.9 (C-17"), 115.9 (C-19"), 115.6 (C-11"), 114.0
(C-9"), 113.1 (C-5), 108.2 (C-13"), 104.6 (C-2'), 104.6
(C-6"), 101.9 (C-3), 98.3 (C-7), 50.2 (C-4"), 40.7
(C-5"), 352 (C-6"), 33.6 (C-3"), 25.8 (C-25"), 23.8
(C-7"), 222 (C-21"), 17.8 (C-24"). VL %¥i 5 Cilikik
EREA—FH, HEEEY 8 NEKI E.
4 HIEEM

K MTT ) 0 A4 1~8 X HepG2-
Daoy. NCI-H460. HCT116 F1 BGC823 4l {1 4 fg
BRIETE, BHPEXTREZ NS mE, SR NE 2. A
) 3 % HCT116 Al BGC823 £ i ¢ FIL 1 o 25 (1 2 i
FEE, 1Cs H 514 9.64 A1 8.07 pmol/L; 1b&4
7 X NCI-H460 4o 2230 tH v &5 i A 205 1, 1Cso
fH4 7.27 pmol/L; tb&4) 8 X HCT116 NCI-H460.

F2 AW 1~8 WS IEN
Table 2 Cytotoxicities of compounds 1—8

ICso/(umol-L ™)

Rl
HCT116 NCI-H460 BGC823 Daoy HepG2
1 43.50 63.20 40.90 48.30 22.30
2 44.10 23.20 22.30 29.20 14.20
3 9.64 10.50 8.07 23.30 12.70
4 22.40 29.90 22.40 40.40 41.60
5 23.70 22.90 32.30 37.60 28.50
6 39.70 23.30 28.10 38.70 33.50
7 14.00 7.27 16.40 24.00 14.50
8 7.06 2.09 5.19 22.70 493
EANE 5.63x107* 1.00 2.50x 107 1.71X1073 0.0244

BGC823 A HepG2 4 g d5)3% I H 4ok (1) 41 g 35 3%
P, 1Cso fH 58 7.06+ 2.09. 5.19 A1 4.93 umol/L.
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