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Synthesis of nitric oxide-donating derivatives of a-hederin and their antitumor
activities
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Abstract: Objective To synthesize and characterize nitric oxide-donating derivatives of a-hederin, and evaluate their anti-cancer
effect in vivo. Methods Thiophenol was used as the starting materials. Glycol with different chain lengths was the linker, and the
28-carboxyl group was connected with furoxans to synthesize nitric oxide-donating derivatives of a-hederin. The anti-breast cancer
activities were determined by MTT assays. Results The four nitric oxide-donating derivatives of a-hederin were synthesized and the
structures had been confirmed by *H-NMR and MS spectra. The biological results showed that they displayed the better biological
effect than a-hederin. Conclusion The nitric oxide-donating derivatives of a-hederin have good antitumor activities, which has the
further development value.
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Fig. 1 Chemical structure of a-hederin
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sy CEEBARA R A MR AR ; SRR IR
Wk AipipEds RN T HRAEEHIEA R A D Micro
Pure i#4li7K4¢ (Thermo Fisher Scientific). Thermo
fisher LCQ fleet iiii#4% (Thermo fisher A &) ).
1.2 FIFnLAaE

Oy (I /Rt TR GARAFD, &l
g (SRt THRARD, Rk (Eigs
AT A RARD, =B CFINTERL T
BT, Hoa B -G A S o bl b 22 4 77
o-HEEEE QLIAARR TREAERTEAA,
JiR B HUR T 96.5%) 6

AN M MCF7. T47D. ZR75-1. MB231
H1 MB453 4 fita 35 ey B v R B b i 20 L
2 FEFER
21 TEYIRER
211 REFEEOER (LD W& 1E S AN
W (0.8 moD) AN A E® (20.4 mL, 0.2 mmol),
PEE T IMNR 2 (20.8 g, 0.22 moD), KiEEY)
f£.90 ChI#A 2 h, RBZEH G HERRR AT pH {2
2.0, VOKFMTRE, AREEAENH, i, H
AKGEERIEYE, 1SRIE G~ 259, F 69.6%.
212 WwEM2mEKR #HiE% 11259, 0.075

mol) VARRAEVKESER IS (100 mL) 1, FEVK/KIB
KM FIEIA 30%X 5 /K (18 mL, 0.15 mol),

HIRN 25h, BELLEY 2.

213 tEMIMERNR  TEUKKI R T4k sz
R A8 NN 659%1H IR (46 mL, 0.67 mol),
90 ‘CJ 0.5 h, RMNZEREHRHE=ER, 0 CHA
W, BRESENTE, JEd, FHAKRGIE
P, RIETHREEE] 45 g AEALEY, IR 31.2%.
214 EY) da~4d IEK BibEM 3 (209,
5.5 mmol) YA RIEVUA LI (20 mL) , iP5
TN —ERA A (21.0 mmol), 4R 5
hn 25% S E AL AR (1.1 mL, 6.6 mmol), ¥Ehnse
Y S iR R ON. 2 h, TLC Waill stk fg, skl
FEA PG IR, RS N AEK, R
PR LR AE R, A HUAH A 7K A AN S AL BN K VA e 35 »
THE, WG AR, RSB EER A
@A, R 81%~91.7%.

215 LAY 5a~5d &R KKB T, HKE
) da~4d (5 mmol) ) — & H e Ui A\ MU IR AL B
(189, 55 mmob, fEfiHE. AR FKI T18E
WIN =238 (1.44 g, 5.5 mmol) [ 5 ke ia R,
FIRPL 12 h, B2 R R S B KRR R S
N, B HLUZE R & A KIS, ToKIRER
BT, JER, Wk4E, RE1MLEY) 5a~5d KI5,
FTE - BERR e (31 2) WL, FERKE
334t 5 5a~5d, ULF 78.3%~87.6%.

2.1.6 HFIrb &Y 6a~6d KA 1E o-HHHER
# (7.50 g, 10 mmol) [¥] DMF ¥ "F I JE 7K Btk
P4 (4.14 g, 30 mmoD 14L& 4 5a~5d(15 mmol),
Fim M 12 h, JEZEE DMF, & H b - BER
Ll (1:2) Yelt, RERAE It SR HRLE
¥) 6a~6d, WZ 57.1%~65.1%.

&) 6a: % 57.1%. 'H-NMR (600 MHz,
CD50D) d: 8.06 (d, J=7.7 Hz, 2H, SO,Ph), 7.86
(t, J=74Hz, 1H, SO,Ph), 7.73 (t, J=7.9 Hz,
2H, SO,Ph), 5.23 (t, J=3.2Hz, 1H, H-12), 5.21
(d, J=1.2Hz, 1H, H-111), 457~454 (m, 1H,
CH,CH,CH,), 4.51~4.47 (m, 1H, CH,CH,CH,),
4.44 (d, J=7.7Hz, 1H, H-1D, 4.26~4.19 (m,
2H, CH,CH,CH,), 226 ~223 (m, 2H,
CH,CH,CH,), 1.23 (d, J=6.2 Hz, 3H, H-6I1),
1.12 (s, 3H, CH3), 1.01 (s, 3H, CH3), 0.94 (s,
3H, CH3), 0.91 (s, 3H, CH3), 0.81 (s, 3H, CH3),
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0.63 (s, 3H, CH3). HR-ESI-MS m/z:
[M+H] .

&) 6b: # 65.1%. 'H-NMR (600 MHz,
CD;OD) §: 8.04~8.03 (m, 2H, SO,Ph), 7.84~
7.82 (m, 1H, SO,Ph), 7.70~7.68 (m, 2H, SO,Ph),
5.24 (t, J=3.4 Hz, 1H, H-12), 5.16 (d, J=1.3 Hz,
1H, H-111), 447 (t, J=64 Hz, 2H,
CH,CH,CH,CH,), 4.41 (d, J=7.7 Hz, 1H, H-1D),
4.14~4.05 (m, 2H, CH,CH,CH,CH,), 1.97~1.93
(m, 2H, CH,CH,CH,CH,), 1.86~1.77 (m, 2H,
CH,CH,CH,CH,), 1.20 (d, J=6.2 Hz, 3H, H-6I1),
1.13 (s, 3H, CH3), 0.99 (s, 3H, CH3), 0.91 (s,
3H, CH3), 0.89 (s, 3H, CHs), 0.87 (s, 3H, CHy),
0.81 (s, 3H, CH3). HR-ESI-MS m/z: 1047.2613
[M—+H] .

&) 6c: E 62.3%. 'H-NMR (600 MHz,
CD;OD) §: 8.09~8.04 (m, 2H, SO,Ph), 7.87~
7.85(m, 1H, SO,Ph), 7.76~7.71 (m, 2H, SO,Ph),
5.24 (s, 1H, H-12), 5.19 (s, 1H, H-111), 5.16~
5.14 (m, 1H, CH(CH3)CH,CH,), 4.49 (m, 1H,
CH(CH3)CH,CH,), 4.45 (d, J=7.7 Hz, 1H, H-1D),
4.40 (m, 1H, CH(CH3)CH,CH,), 2.26~2.19 (m,

1033.240 3

CICH,COOH, NaOH,

H20,, CH3COOH,

1H, CH(CH3)CH,CH,), 2.13~2.09 (m, 1H,
CH(CH3)CH,CH,), 1.33 (d, J=25 Hz, 3H,
CH(CH3)CH,CH,), 1.25 (d, J=6.2 Hz, 3H, H-611),
1.14 (s, 3H, CHg), 1.03 (s, 3H, CH3), 0.94 (s,
3H, CHy), 0.93 (s, 3H, CHy), 0.92 (s, 3H, CHy),
0.83 (s, 3H, CH3). HR-ESI-MS m/z: 1047.261 6
[M—+H] .

&9 6d: W 59.4%. 'H-NMR (600 MHz,
CD;0D) ¢: 8.08 (d, J=7.4 Hz, 2H, SO,Ph), 7.86
(t, J=7.6Hz, 1H, SO,Ph), 7.72 (t, J=8.1Hz,
2H, SO,Ph), 5.97~5.90 (m, 2H, CH,CH=CHCH,),
5.27 (t, J=3.2 Hz, 1H, H-12), 5.19 (s, 1H, H-1ID),
5.11 (d, J=5.8 Hz, 2H, CH,CH=CHCH,), 4.76
(dd, J=6.6. 13.7 Hz, 1H, CH,CH=CHCH,), 4.68
(dd, J=6.1. 13.4 Hz, 1H, CH,CH=CHCH,), 4.45
(d, J=7.7Hz, 1H, H-1D, 1.24 (d, J=6.2 Hz,
3H, H-611), 1.17 (s, 3H, CHz), 1.04 (s, 3H,
CHs3), 0.95 (s, 3H, CH3), 0.93 (s, 3H, CHj),
0.92 (s, 3H, CH3), 0.86 (s, 3H, CH3). HR-ESI-MS
m/z: 1045252 8 [M+H]".
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Fig. 2 Synthetic route of nitric oxide-donating derivatives of a-hederin
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Table 1 In vitro activity test results of a-hederin and its derivative

[Cso/(umol- LY

feam MCF7 4/ T47D 4 ZR75-1 4 MB231 4fi i MB453 4l
6a 32104 29+04 1.8+0.1 1.3+0.2 23+03

6b 3.8+05 3.1+03 2.3+05 21+03 3.1+05

6¢c 45+0.7 2602 1.6+0.2 3.8+05 29+0.2

6d 42403 4.34+0.2 3.6+0.3 32+03 4.1+04

o~ G iR 54+04 6.1+0.4 5.2+0.2 4.6+£0.4 4.2+0.1
3 Hg and ligands from the roots of Pulsatilla chinensis and
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