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Synthesis and cytotoxic activities of ardipusilloside I derivatives

DANG Huan, WU Feng, WANG Peng-yuan, WANG Xiao-juan
State Key Laboratory of Military Stomatology, Department of Pharmacy, Stomatology Hospital, the Fourth Military Medical
University, Xi’an 710032, China

Abstract: Objective To seek novel compounds with better antineoplastic activities by modifying the structure of ardipusilloside I
(ADS 1) isolated from Ardisia pusilla. Methods A series of ADS I derivatives were synthesized through oxidation, reduction, and
condensation on C-30 aldehyde group, and the antineoplastic activities of these compounds against nine kinds of human cancer cells
were evaluated by MTT assay. Results Four derivatives a, b, d, and ¢ were respectively named as hydrogenated ardipusilloside I,
ardipusilloside I oxide, ardipusilloside 4-benzyl-3-thiosemicarbazide, ardipusilloside methyl hydrazinecarbodithioate. Compound a
and ¢ had lower ICs, than the lead compound on nine kinds of human cancer cells (P < 0.05), which indicated that they could enhance
the antineoplastic activities when compared with ADS 1. Four derivatives of ADS I were synthesized, among which compounds a and ¢
had lower ICs, than the lead compound (P < 0.05). Conclusion Through structural modification of ADS I, the antineoplastic activities
are enhanced.
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Fig. 1 Structures of ADS I—III
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ADSI (200 mg, 0.19 mmol) JIA FEE (4 mL)
J ZH R (6 mL) AW . NaBHy (7 mg,
0.19 mmol) ¥ T HEE (4mL) o, WK FIDAILY

B THWT, 0 CTHHE 1 he FIERMS,
A 1 mol/L ERERIEVA R pH {HK 7, Bk K bk
A, M s (CERR-FRES DD, 4
FIMEAY a (120 mg), 772 57%. Gk WK 2.
ESI-MS m/z: 1 099.6 [M~+Na]". 'H-NMR (400 MHz,
DMSO-dg) d: 535 (1H, s, 30-OH), 5.13 (1H, s,
16-OH), 5.09 (1H, s, Rha-H-1), 498 (1H, d, J=8.7
Hz, Glc1-H-1), 491 (1H, d, J = 8.4 Hz, Glc2- H-1),
4.87 (1H, m, Rha-H-5), 4.75~4.71 (2H, m, Rha-H-
2~3), 4.73~4.66 (1H, m, Ara-H-1), 4.56~4.49 (4H,
m, Ara-H-2~3, Glc2-H-6a, Glcl-H-6a), 4.44~4.39
(4H, m, Ara-H-4, 5a, Glc1-H-3, 6b), 4.32~4.26 (4H,
m, Rha-H-4, Glc2-H-2, 6b, Glc1-H-4), 4.18 (1H, t, J =
8.5 Hz, Glc2-H-3), 4.00~3.98 (1H, m, Glc2-H-4),
3.98~3.93 (2H, m, Glc1-H-2, 5), 3.86~3.78 (2H, m,
Ara-H-5b), 3.75 (2H, s, H-28), 3.48 (2H, s, H-30),
3.15 (1H, m, H-16), 3.34 ~298 (2H, m, H-3,
Glc2-H-5), 1.79~1.72 (4H, t, J = 6.1 Hz, H-18,
Rha-H-6), 1.57~1.51 (6H, m, H-2, 12, 15), 1.46~1.41
(6H, m, H-6, 11), 1.36~1.30 (20H, m, H-1, 5, 9, 19),
1.16~1.06 (18H, m, H-23~27, 29); *C-NMR (100
MHz, DMSO-dg) d: 207.1 (Rha-C-4), 102.7 (Rha-C-
5), 97.1 (Ara-C-1), 94.6 (Rha-C-1), 94.6 (Glc2-C-1),
92.5 (Glel-C-1), 90.9 (Glcl-C-5), 89.1 (C-13), 77.8
(Rha-C-3), 77.1 (Rha-C-2), 77.1 (C-3), 74.0 (Glc1-C-
4), 72.8 (C-30), 72.1 (Glcl-C-2), 71.1 (Glc2-C-5),
70.0 (Glc2-C-2), 67.8 (Ara-C-2), 67.4 (Glc2-C-4),
67.2 (Ara-C-3), 67.1 (Ara-C-4), 67.1 (Glc2-C-3), 65.6
(Ara-C-5), 65.2 (Glel-C-6), 65.0 (Glcl-C-3), 62.5
(Gle2-C-6), 61.2 (C-16), 60.9 (C-28), 51.3 (C-17), 50.1
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Fig. 2 Synthetic route of compound a
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(C-5), 49.8 (C-9), 43.0 (C-14), 42.8 (C-18), 34.7 (C-8),
33.9 (C-4), 32.6 (C-10), 32.0 (C-7), 31.3 (C-21), 29.1
(C-20), 28.8 (C-1), 28.0 (C-12), 27.8 (C-15), 25.9
(C-19), 22.6 (C-2), 19.4 (C-25), 19.3 (C-29), 18.9
(C-23), 18.6 (C-24), 18.3 (C-26), 18.2 (C-22), 17.6
(C-6), 16.3 (C-11), 16.2 (C-27).
22 EWDbHEK

BUTHEE (62 mL) & 85%MiR (20 mL) JIA
250 mL %8R, 75 C R, W4E 38 CHEts,
5 2-F3L2- T4 . T 25 mL B H 4 in A ADSI
(100 mg, 0.09 mmoD). AT HE (2mL). PYZHRIH
(1 mL) A 2-F%E-2-T4 (2 mL), vk I
I3 1) NaH,PO,/NaClO,/H,0 (0.10 g/0.10 g/1
mL), IN5EIG AR 15 min, BT EE T RN
45 min. 51BN G, & HAEYUAE, HIETE (1
mL) FBOUKARG G AR, e 750k bR,
AR ERE 8 (/-1 D, B384k
S B9 mg), F7E 90% . o K2 LKl 3. ESI-MS
miz: 1 090.6 [M—H] . '"H-NMR (400 MHz, CDCl;) 6:
5.13 (1H, s, 30-OH), 5.09 (1H, s, Rha-H-1), 4.98 (1H,
d, J = 8.7 Hz, Glcl1-H-1), 4.89 (I1H, d, J = 8.4 Hz,
Glc2-H-1), 477 (1H, m, Rha-H-5), 4.72~4.67 (1H,
m, Ara-H-1), 4.61 ~4.56 (2H, m, Rha-H-2 ~ 3),
453 ~ 443 (2H, m, Ara-H-2 ~ 3, Glc2- H-6a,

Glcl-H-6a), 4.41 ~ 436 (4H, m, Ara-H-4, S5a,
Glc1-H-3, 6b), 4.35 (1H, s, 16-OH), 4.32~4.21 (4H,
m, Rha-H-4, Glc2-H-2, 6b, Glc1-H-4), 4.18 (1H, t, J =
8.5 Hz, Glc2-H-3), 4.10~3.98 (1H, m, Glc2-H-4),
3.96~3.86 (2H, m, Glc1-H-2, 5), 3.82~3.72 (3H, m,
Ara-H-5b), 3.69 (2H, s, H-28), 3.67 (1H, s, H-16),
3.11(1H, s, H-3), 2.89 (1H, s, H-18), 2.02 (1H, s, H-2),
1.53~1.39 (8H, m, H-5, 6, 9, 11, 12, 15), 1.36~1.32
(10H, m, H-1, 7, 19, 21~22), 1.16~0.67 (18H, m,
H-23~27, 29); “C-NMR (100 MHz, DMSO-dq)
208.3 (Rha-C-4), 174.5 (C-30), 102.7 (Rha-C-5), 97.7
(Ara-C-1), 95.7 (Rha-C-1), 94.3 (Glc2-C-1), 92.5 (Glcl-
C-1), 91.0 (Glcl1-C-5), 89.0 (C-13), 78.1 (Rha-C-3),
773 (C-3), 77.1 (Rha-C-2), 73.8 (Glcl-C-4), 72.0
(Gle1-C-2), 70.1 (Glc2-C-5), 70.0 (Glc2-C-2), 69.9
(C-16), 68.8 (C-28), 67.7 (Ara-C-2), 67.3 (Glc2-C-4),
67.2 (Ara-C-3), 67.0 (Ara-C-4), 67.0 (Glc2-C-3), 65.6
(Ara-C-5), 652 (Glc1-C-6), 65.0 (Glc1-C-3), 62.4
(Gle2-C-6), 51.3 (C-17), 50.1 (C-5), 49.8 (C-9), 42.8
(C-14), 36.4 (C-18), 36.0 (C-20), 35.6 (C-8), 34.7 (C-4),
34.0 (C-10), 32.6 (C-7), 32.0 (C-21), 31.0 (C-1), 29.1
(C-12), 28.8 (C-15), 25.9 (C-19), 25.8 (C-2), 19.4 (C-
25), 19.3 (C-29), 18.9 (C-23), 18.6 (C-24), 18.3 (C-26),
17.9 (C-6), 17.6 (C-22), 16.2 (C-11), 16.2 (C-27).
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HEFEA ¢ (227 mg), F5H 96%.
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1236.6 [M+Na] . '"H-NMR (400 MHz, DMSO-d) 6:
8.32 (1H, s, H-30), 7.36~7.31 (2H, m, H-3', 5'),
7.30~7.25 (2H, m, H-2', 6'), 7.24 (1H, s, H-4"), 5.47
(2H, s, H-35), 5.13 (1H, s, Rha-H-1), 5.09 (1H, d, J =
8.7 Hz, Glcl-H-1), 498 (1H, d, J = 8.4 Hz, Glc2-
H-1), 491 (1H, d, J = 6.1 Hz, Rha-H-5), 4.90 (2H,
s,H-28), 4.87 (I1H, s, H-16), 4.87~4.73 (1H, m,
Ara-H-1), 4.72~4.57 (2H, m, Rha-H-2~3), 4.61~
4.56 (2H, m, Ara-H-2~3, Glc2-H-6a, Glcl-H-6a),
4.53~4.43 (4H, m, Ara-H-4, 5a, Glc1-H-3, 6b), 4.41~
421 (4H, m, Rha-H-4, Glc2-H-2, 6b, Glc1-H-4), 4.19
(1H, t, J = 8.5 Hz, Glc2-H-3), 3.96 (1H, s, H-3),
3.96~3.86 (1H, m, Glc2-H-4), 3.82~3.62 (2H, m,
Glc1-H-2, 5), 3.66~3.41 (3H, m, Ara-H-5b), 2.81
(1H, s, H-18), 1.57~1.50 (6H, m, H-2, 12, 15),
1.40~1.38 (9H, m, H-5, 9, 11, 16, 19, 21), 1.36~1.30
(6H, m, H-1, 7, 22), 1.16~1.06 (18H, m, H-23~27,
29); "C-NMR (100 MHz, DMSO-dg) : 207.8 (Rha-
C-4), 170.5 (C-33), 146.5 (C-30), 129.7 (C-1"), 118.5
(C-3"), 118.5 (C-5"), 103.8 (C-2"), 103.8 (C-6"), 102.8
(C-4), 102.1 (Rha-C-5), 982 (Ara-C-1), 94.3
(Rha-C-1), 93.6 (Glc2-C-1), 92.8 (Glcl-C-1), 90.3
(Glc1-C-5), 89.0 (C-13), 77.8 (Rha-C-3), 77.5 (C-3),
76.9 (Rha-C-2), 74.3 (Glcl-C-4), 72.5 (Glcl-C-2),
71.1 (Gle2-C-5), 70.2 (Glc2-C-2), 69.9 (C-16), 69.8
(C-28), 67.9 (Ara-C-2), 67.4 (Glc2-C-4), 67.2 (Ara-
C-3), 67.0 (Ara-C-4), 66.7 (Glc2-C-3), 65.6 (Ara-C-
5), 65.1 (Glc1-C-6), 65.0 (Glc1-C-3), 62.4 (Glc2-C-6),
56.3 (C-35), 51.9 (C-17), 50.1 (C-5), 49.8 (C-9), 42.8
(C-14), 42.3 (C-18), 36.4 (C-8), 36.0 (C-4), 35.9

(C-10), 342 (C-7), 34.0 (C-21), 32.6 (C-1), 32.0
(C-12), 31.0 (C-15), 29.1 (C-19), 28.8 (C-2), 26.0
(C-20), 25.9 (C-25), 19.4 (C-29), 19.3 (C-23), 18.9
(C-24), 18.6 (C-26), 18.3 (C-6), 17.7 (C-22), 16.3
(C-11), 16.2 (C-27).
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SR MTT 2505 i Jlg Jo e 4 il U251 i e 4
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B IR DL E R gl i 3 AR Ko B S, 0.25%11
JEEER IS 4L 2 min /247, | DMEM @b 7206
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FL 100 pL T 96 FLE TR, 37 C. 5% CO, F
Rig%. 24 h JoeHRZLINN 100 pl J5 953, 252540
A 100 uL IR FEZY), AN HYIRE R 6 NEAL,
37 C. 5% CO, Fak&:RE. 2 d JaffLmA 5
mg/mL MTT %% 20 uL, Zk2EE55% 4 h, 5 13,
I DMSO 150 pL, Z=#dE# 10 min, fff MTT 45
SEAVE, RIS R I A A A E 490 nm (1)K
HBE (Aaop) 1Ho BEAMIRAMRLIES 3 K.
Er NI/ = 1 o

WHIR=1—A vow / A smen

L& 2541 25D BE IR0 BN AR R - 40 J A i
A WPAbRE TR RN 2, KIS S 2L
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R 1 ADSI RELEHFEIAXT 9 FBPELRM R ICso (n = 3)
Table 1 1Cs,of ADSI and its analogues on nine kinds of tumor cell lines (z = 3)
LA (ol (mel. )
U251 A549 5-8F Bel7402 K562 MCF-7 SGC7901 HeLa SW480

a 5.41 7.18 8.24 6.54 4.13 7.11 6.89 7.42 7.81
b 54.30 80.85 38.80 40.53 24.60 43.60 21.25 43.75 21.08
c 3.45 5.78 6.79 4.18 4.98 3.67 6.86 7.14 7.47
d 100.46 163.87 164.45 66.24 90.70 79.00 71.05 69.86 35.64
ADSI 8.80 19.72 26.55 13.41 10.78 25.77 26.20 43.11 35.92

JE R B B2 (P<<0.05). 2z,
Y b HULEH) d (1) 1Cso 5 S FEHAH EL T SR 18, 5t
HHAL A4 b FL A4 d (TR S TR o
4 g

TR UK EE I R SR B 53 LR 25 )it
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JH34) I AR L (4IRS 2, % MCF-7 40 i s A
J#, LA b X SGCT7901 Al SW480 4 fitu A5 s F
s ALEW d XF U251 gie R g e 22, T
BRI MCF-7 41 B M 5 1 I 50 e 181 i A2
J5 ADSL WG YE 7 15 54 . [, ASzigE s T
—SEMIMIREE R C-30 M5 I NBORSER N, T3
2% TS BEL A5 P k25 B AT S e iR v e, 9
A d XF U251 414 blvg v PR 22 5t ADSI
(19 1/11 22475 C-30 A7 5 1 NS 1~ L DO g v
PEAH], it H 7 A T LB S MR AR .
HOR G NBESREA E ER R E5 A I, 1S P3G n e g
B PRI, X rTRE BRAR IR SE W 5 S i
B T0 [ 485 547 X0, AR R N EAEHE— 25
W . IS ARETT, UEB T I R R AT A
WA BRI R ). BIFEEARSK o) DL & oy
AT TR L R R A, L
VBT DA G SR IROR R, U
Ja VeV AF i T AL S R
Sk
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