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Synthesis and Anti-tumor Effect of Artemisone Derivatives
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Abstract The artemisone was rationally designed to be attached with an ester unit, and a series of such artemisone deriva-
tives were practically prepared from dihydroartemisinin. The synthetic route was combined with amination, oxidation, alkyla-
tion and esterification. All the new artemisone derivatives were identified by NMR, IR and HRMS technology. The anti-tumor
activities of artemisone derivatives against human hepatoma SMMC-7721 cell lines were evaluated by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric method. It revealed that they could obvi-
ously exert their inhibition of proliferation of the liver cancer cells by inducing apoptosis. Compound 7b exhibited the most
potent antiproliferative activity with ICsy value of 0.06 pmol/L treatment for 72 h. Compared with artemisinin, dihydroarte-
misinin and artemisone, the new artemisone derivatives are superior to each of them in antitumor activity. These results are
significant to the potential application of artemisone derivatives in the further development of new anticancer drugs.
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Scheme 1 Synthesis of artemisone-esters derivatives
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Table 1 In vitro anticancer activities against SMMC-7721 cell

lines with artemisinin, DHA and compounds 4 and 7a~7g

ICso/(umoleL ")

Compound 24h 48h 72h
HER 0.72 0.57 0.44
DHA 0.65 0.45 0.40
4 0.52 0.31 0.30
7a 0.15 0.12 0.08
b 0.08 0.07 0.06
7e 0.14 0.12 0.10
7d 0.20 0.14 0.09
7e 0.09 0.08 0.07
7t 0.14 0.1 0.09
7g 0.12 0.10 0.07

“The ICso values represent the compound concentration (umoleL ') required to
inhibit tumor cell proliferation by 50%.

E/MRZ, MIHIECRE B RETE; 4525 72 h, 7b 145
O P T LB AN N 0.06 pmol/L. [6—¥KJE T, BEE/E
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A FH 128 T 3 55
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Table 2 In vitro anticancer activities against Normal cell lines
with compound 7b, artemisinin and DHA

ICso/(umoleL ")

Compound

24h 48 h 72 h
7b 597.1 465.6 362.2
HER 3373 314.1 216.2
WAHEH = 533.3 388.2 310.4

1.4 SRANMBSHERN AR EMEE SMMC-7721 JF
T

KH Annexin/PI it 240 7 MBI B4 Tb %
AHFFEGRAL SMMC-7721 PR TSI, S29640 A sEis i
FIIEH XA, SEIGZH 2 MAL &Y Tb ZL2IREN 20
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Figure 1 Morphological changes of SMMC-7721 cells induced
by 7b in different intervals of time

(A) Normal SMMC-7721 cells; (B) Induced by 7b, 24 h; (C) Induced by
7b, 48 h; (D) Induced by 7b, 72 h
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Figure 2 Hepatocyte apoptosis detected by Annexin/PI with
flow cytometry
(a) Normal SMMC-7721 cells; (b) Induced by 7b, 24 h; (c) Induced by
7b, 48 h; (d) Induced by 7b, 72 h.
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Table 3 The results of hepatocyte apoptosis with compound 7b
by annexin/PI with flow cytometry

fERRTE/M  BFETR%  BRET R %
IEH TR 24 0.02 0.02
SEIG A 24 40.61 8.86
SEIG A 48 44.77 9.95
S 72 58.69 14.63
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FHL A ZUMEIE(MTT) W T35 [E Sigma 2~ 7; R 1640
Ri#= 2  H 2 [H Gibeo A r]; RPMI-1640 57735 45 [
Sigma 2~ 5] 77 i FRAERG 2 175 H 22 E Hyclone A A].
3.2 EMMERRIRIE
32,1 MAFEHFE-HAARDHK3) S &

¥(2.00 g, 7 mmol ) XWEA T i FK (DT 50 mL T4
(R 2, 60 DMSO (50 L, 55 mg), =T HE 2 R
AR, Ny (-9 R N EBEE(0.65 mL, 7 mmol), #it$k 30
min J5, FRIMAZAARASR2.83 g, 28 mmol)[fI LK
ARG, EIRBRE, TLC BRERRPY, 4
J&, FEPIBN 20 mL M A1 Na,COs IR, £FR Z.75(20 mL
X2)AHL, MO Eh/KPeEs, A VALK MgSO, T,
BEUE, WRAETSRL . R AT AR B VA T EE)
R 2T =6: 1], 153 2.03 g WiE (B HE AL &9
3061 2% 78.5%. '"H NMR (CDCls, 400 MHz) 6: 0.78 (d,
J=17.20 Hz, 3H), 0.94 (d, J=6.00 Hz, 3H), 0.97~1.02 (m,
1H), 1.19~1.35 (m, 3H), 1.37~1.39 (m, 3H), 1.42~1.44
(m, 1H), 1.47~1.53 (m, 1H), 1.58~1.60 (m, 2H), 1.66~
1.71 (m, 1H), 1.82~1.90 (m, 1H), 2.33~2.41 (m, 1H),
2.57~2.70 (m, 5H), 2.89~2.95 (m, 2H), 3.24~3.29 (m,
2H), 3.95 (d, J=10.00 Hz, 1H), 5.26 (s, 1H); °C NMR
(CDCLs, 100 MHz) &: 13.86, 20.25, 21.80, 24.30, 25.25,
29.60, 34.25, 35.95, 37.21, 44.59, 47.20, 51.81, 52.85,
80.46, 91.26, 93.69, 105.35.
322 H &N E K

B A1 3 (1.00 g, 2.71 mmol)iE T 30 mL A, 0
A 100 mg /KA EBEREN, 1280 mAE K (1.39 mL,
13.55 mmol), 55 C R[EIH 5 h, TLC EREERN, W4
WG, WERRENERER, FINA 30 mL A NayS,0;
W, MR ZEEZEEN(2S5 mL X 2), R EhK BE s,
AHUAHFH K MgSO, T, UE, WRAE1SHL . H sk
ITHERE B VCREMES) - (AR LEE)=10 : 1], 13
0.85 g AMEKRILED 4, F“F 77.9%. mp. 123.1~
123.4°C; [a]®¥ —3 (¢ 0.50, CH,Cl,); '"H NMR (CDCl;,
400 MHz) 6: 0.77 (d, J=7.20 Hz, 3H), 0.93 (d, J=6.00
Hz, 3H), 0.98~1.01 (m, 1H), 1.21~1.32 (m, 3H), 1.34 (s,
3H), 1.38~1.48 (m, 1H), 1.53~1.56 (m, 1H), 1.67~1.72
(m, 2H), 1.72~1.84 (m, 1H), 1.962~1.998 (m, 1H),
2.28~2.35 (m, 1H), 2.53~2.58 (m, 1H), 3.18 (s, 4H),
3.32~3.38 (m, 2H), 3.43~3.48 (m, 2H), 4.19 (d, J =10.40
Hz, 1H), 5.25 (s, 1H); “C NMR (CDCl;, 100 MHz) ¢:
13.46, 20.23, 21.60, 24.80, 25.91, 29.05, 34.18, 36.15,
37.45, 45.59, 46.96, 51.41, 51.87, 80.18, 91.00, 92.09,
104.27; IR (KBr) v: 2928, 2881, 1647, 1467, 1383, 1307,
1258, 1126, 1025, 931, 850, 750 cm'. HRMS calcd for
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C1oH3NOgSNa [M+Na]" 424.1770, found 424.1764.
323  F &AL A AERR(5P) 09 Bk

—78 CZMF, [ 100 mL [EJEESHF A THF
50 mL. —FPAM%(0.4 mL, 3 mmol)A1E T 3£4H(2.0 mL,
2.6 mmol). FiEFERM 1 h &, ZIEMALEY) 4 (802 mg,
2 mmol). k&1 h J5, MO TBS fR4° 11 1-F2%E-6-
WUHI(821 mg, 2.4 mmol)F1 1 mL HMPA. Nk & AE
—78 CTR4kZES N 3 h J&, KHHIA, WEZETE=
I, R8I 10 h, TLC BREF R B, RZEHE, A 30
mL A NH,CUA W, H CBEAEEL(25 mL X 2), A
IKBESS, BHUAHFHTK MgSO, T4, i, WR4E A 5.
FHL S HE AT A B 2 B [ VCA ) @ (LR 2R =15 :
1], 15 0363 g tEE A FPBE AN EY 58, ™2 31.6%.
'H NMR (CDCls, 400 MHz) : 0.04 (s, 6H), 0.82 (d, J=
3.40 Hz, 3H), 0.886 (s, 9H), 0.95 (d, J=3.00 Hz, 3H),
0.97~1.05 (m, 1H), 1.27~1.41 (m, 11H), 1.46~1.60 (m,
6H), 1.69~1.75 (m, 2H), 1.84~1.90 (m, 1H), 1.97~2.06
(m, 2H), 2.30~2.38 (m, 1H), 2.52~2.60 (m, 1H), 2.91~
2.94 (m, 1H), 3.08~3.11 (m, 1H), 3.30~3.48 (m, 5H),
3.58 (t, J=6.64 Hz, 2H), 4.20 (d, J=10.40 Hz, 1H), 5.29
(s, 1H); “C NMR (CDCl;, 100 MHz) : —5.20, 13.53,
18.46, 20.21, 21.65, 23.32, 24.83, 25.58, 25.90, 26.04,
26.75, 29.02, 29.30, 32.70, 34.22, 36.16, 37.44, 45.65,
51.46, 51.77, 60.66, 63.13, 76.64, 80.02, 90.95, 91.87,
104.08.
3.2.4 FHERAIZELEZ(6)0 5 Rk

L&Y 56 (885 mg, 1.44 mmol)i& T 20 mL THF
o, IO BuyNF (1.87 g, 7.19 mmol), 6 TN 10 h,
TLC EREFR M, RMEEWRE, A 20 mL &K, HZ
R R AEEN (25 mL X 2), MR shKEesE, BHMHATL
K MgSO, T4, I, WA S, AT A i 4y
HVCAME) @ MR OB =3 © 1], 15 0.57 g iR (A kk
P AR AP 68, 75F 86.2%. [a]¥ +11.2 (¢ 0.50,
CH,Cl,); "H NMR (CDCls, 400 MHz) 6: 0.77 (d, J=7.20
Hz, 3H), 0.92 (d, J=6.00 Hz, 3H), 0.97~0.99 (m, 1H),
1.20~1.34 (m, 11H), 1.39~1.56 (m, 6H), 1.67~1.71 (m,
2H), 1.82~1.86 (m, 1H), 1.95~1.99 (m, 2H), 2.27~2.31
(m, 1H), 2.51~2.53 (m, 1H), 2.88 (d, J=11.60 Hz, 1H),
2.98 (t,J=12.24 Hz, 1H), 3.32~3.42 (m, 5H), 3.59 (t, J=
6.40 Hz, 2H), 4.17 (d, J=10.00 Hz, 1H), 5.26 (s, 1H), 5.26
(s, 1H); “C NMR (CDCl;, 100 MHz) J: 13.58, 20.33,
21.68, 23.26, 24.86, 25.44, 26.00, 26.71, 29.12, 29.17,
32.63, 34.24, 36.23, 37.52, 45.69, 51.50, 51.77, 60.51,
62.88, 80.24, 91.14, 91.95, 104.31; IR (KBr) v: 2929,
2873, 1651, 1447, 1383, 1261, 1120, 1113, 1039, 987, 865,
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750 cm™~'. HRMS caled for CysH43NO;SNa [M+Na]™
524.2658, found 524.2650.
325 HEHN-BEITAEM Ta~Tg 695 5k
=R, Kb &9 6 (100 mg, 0.199 mmol)
T 10 mL X% oK 25, =248 0.15 mL, #i
BT MIIMARN RSB BREF 0.259 mmol, ZK4E .
FL% TLC BREF RS, A 20 mL 181 NH,C1
WK, 8 CBEREEL(10 mL X 2), YA1E kK
o, BHUAHATEK MgSO, T, iUk, KAk, H
A AT AR R S B VR ) © (LR OB =(5 1~
3:1), 5EY) 7a~7g.

T P48 2K R BT (Ta): B AR, dROR
78.8%. [a]¥ +5.2 (c 0.50, CH,Cl,); m.p. 94.4~94.6 C;
'H NMR (CDCl;, 400 MHz) &: 0.77 (d, J=8.00 Hz, 3H),
0.92 (d, J=6.00 Hz, 3H), 0.95~1.04 (m, 1H), 1.23~1.41
(m, 11H), 1.42~1.54 (m, 4H), 1.66~1.73 (m, 4H), 1.81~
1.88 (m, 1H), 1.99~2.02 (m, 2H), 2.27~2.35 (m, 1H),
2.50~2.56 (m, 1H), 2.90 (d, J=12.40 Hz, 1H), 2.99 (t,
J=12.62 Hz, 1H), 3.29~3.46 (m, 5H), 4.19 (d, J=10.00
Hz, 1H), 430 (t, J=6.2.00 Hz, 2H), 5.27 (s, 1H), 7.53~
7.56 (m, 2H), 7.66~7.68 (m, 1H), 7.86~7.88 (m, 1H); *C
NMR (CDCL;, 100 MHz) d: 13.52, 20.29, 21.68, 23.10,
24.87, 25.56, 25.95, 26.38, 28.27, 28.77, 29.15, 34.27,
36.26, 37.52, 45.73, 51.54, 51.83, 60.55, 65.98, 80.32,
91.15, 91.98, 104.37, 128.87, 129.86, 130.46, 130.83,
131.96, 133.51, 168.42, 170.36; IR (KBr) v: 2929, 2873,
1724, 1612, 1555, 1448, 1374, 1261, 1126, 1039, 932, 875,
746 ¢cm~'. HRMS caled for Ci3HyNO;SNa [M+Na]®
672.2818, found 672.2817.

T v B -4~ 5 S 2K — R FALTR (Tb): % v 0 [ 44,
Y 75.4%. [a]? +4.6 (c 0.50, CH,Cl,); m.p. 100.0~
100.3 °C; 'H NMR (CDCls, 400 MHz) 8: 0.82 (d, J=7.20
Hz, 3H), 0.95 (d, J=5.62 Hz, 3H), 0.99~1.07 (m, 1H),
1.32~1.47 (m, 11H), 1.51~1.60 (m, 4H), 1.61~1.76 (m,
4H), 1.87~1.91 (m, 1H), 2.00~2.05 (m, 2H), 2.36~2.37
(m, 1H), 2.55~2.61 (m, 1H), 2.93 (d, J=13.20 Hz, 1H),
3.04 (t, J=11.80 Hz, 1H), 3.41~3.58 (m, 5H), 4.26 (d,
J=10.00 Hz, 1H), 4.36 (t, J=6.42 Hz, 2H), 5.32 (s, 1H),
7.67 (t, J=8.00 Hz, 1H), 8.31 (dd, J=1.00, 8.20 Hz, 2H);
*C NMR (CDCl;, 100 MHz) §: 13.48, 20.34, 21.78, 23.00,
24.88, 25.57, 26.01, 26.10, 28.09, 28.45, 29.28, 34.25,
36.30, 37.62, 45.75, 51,54, 51.75, 60.04, 66.96, 80.93,
91.19, 92.06, 104.63, 128.11, 130.14, 130.67, 135.91,
146.60, 164.37, 167.21; IR (KBr) v: 2929, 2865, 1732,
1538, 1448, 1350, 1274, 1124, 1039, 924, 867, 750 cm .
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R

HRMS caled for C33HyN,O(,S [M+H]™ 695.2850, found
695.2853.

T i B -4- 3R B A0 DK P R TR (T¢): IR B L A,
R 76.9%. [a]? +7 (¢ 0.50, CH,CL); mp. 117.1~
118.2 °C; 'H NMR (CDCl;, 400 MHz) d: 0.77 (d, J=7.20
Hz, 3H), 0.92 (d, J=5.62 Hz, 3H), 0.96~1.00 (m, 1H),
1.22~1.41 (m, 11H), 1.48~1.56 (m, 4H), 1.70~1.72 (m,
4H), 1.84 (s, 1H), 1.96~2.04 (m, 2H), 2.32 (d, J=13.84
Hz, 1H), 2.53 (s, 1H), 2.92 (d, J=12.40 Hz, 1H), 2.99 (t,
J=18.42 Hz, 1H), 3.36~3.48 (m, 5H), 4.196 (d, J=10.00
Hz, 1H), 4.29~4.35 (m, 2H), 5.28 (s, 1H), 7.81 (dd, J=
8.02, 70.82 Hz, 1H), 8.23~8.29 (m, 1H), 8.50 (d, J=
70.40 Hz, 1H), 9.03 (s, 2H); >°C NMR (CDCl;, 100 MHz)
5t 13.54, 20.31, 21.69, 23.12, 24.86, 25.53, 25.95, 26.72,
28.25, 28.80, 29.16, 34.25, 36.25, 37.52, 45.72, 51.52,
51.83, 60.61, 66.35, 80.37, 91.16, 91.99, 104.46, 129.71,
132.32, 132.56, 133.54, 135.89, 138.31, 167.11, 169.28,
169.38; IR (KBr) v: 2929, 2866, 1718, 1622, 1447, 1382,
1261, 1120, 1033, 931, 858, 748 cm™'. HRMS calcd for
C34H4NO,SNa [M+Na]" 716.2717, found 716.2714.

T BN -2,3-AHE IE & — F R BB (7d): 3 (Bl A, Wi
R 78.5%. [a] +15 (¢ 0.50, CH,CL); m.p. 77.8~
81.7 “C; 'H NMR (CDCls, 400 MHz) §: 0.78 (d, J=6.84
Hz, 3H), 0.93 (d, J=6.40 Hz, 3H), 0.96~1.01 (m, 1H),
1.23~1.41 (m, 11H), 1.44~1.57 (m, 4H), 1.68~1.76 (m,
4H), 1.83~1.88 (m, 1H), 1.96~2.03 (m, 2H), 2.32~2.33
(m, 1H), 2.51~2.56 (m, 1H), 2.92 (d, J=12.40 Hz, 1H),
3.00 (t, J=12.84 Hz, 1H), 3.31~3.48 (m, 5H), 4.19 (d, J
=10.40 Hz, 1H), 4.40 (t, J=6.24 Hz, 2H), 5.28 (s, 1H),
7.49~7.52 (m, 1H), 8.30 (dd, J=1.20, 8.02 Hz, 1H), 8.7
(dd, J=1.20, 8.04 Hz, 1H); °C NMR (CDCl;, 100 MHz)
9t 13.56, 20.32, 21.69, 22.91, 24.87, 25.33, 25.96, 26.21,
28.20, 28.62, 29.15, 34.26, 36.26, 37.53, 45.72, 51.52,
51.83, 60.61, 66.34, 80.36, 91.16, 91.99, 104.42, 124.81,
125.47, 138.65, 152.04, 152.17, 166.65, 166.70; IR (KBr)
v: 2929, 2859, 1735, 1629, 1578, 1462, 1389, 1261, 1128,
1033, 916, 812, 748 cm '. HRMS caled for CsHye-
N,0,0SNa [M+Na]* 673.2771, found 673.2779.

T N-3,4,5,6- VU R0 — F R PR (Te): ¥ 0 (L]
e, W 72.5%. [a]® +9.2 (¢ 0.50, CH,Cl); m.p.
94.1~94.7°C; '"H NMR (CDCl;, 400 MHz) ¢: 0.78 (d, J=
6.84 Hz, 3H), 0.93 (d, J=6.00 Hz, 3H), 0.97~1.01 (m,
1H), 1.21~1.42 (m, 11H), 1.46~1.58 (m, 4H), 1.66~
1.72 (m, 6H), 1.78~1.80 (m, 2H), 1.83~1.88 (m, 1H),
1.97~2.02 (m, 2H), 2.28~2.41 (m, 5H), 2.50~2.56 (m,
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1H), 2.89 (d, J=11.60 Hz, 1H), 2.99 (t, J=12.42 Hz, 1H),
3.33~3.42 (m, 5H), 4.13 (t, J=6.00 Hz, 2H), 4.18 (d, J=
10.00 Hz, 1H), 5.27 (s, 1H); >C NMR (CDCls;, 100 MHz)
J9: 13.56, 21.20, 21.69, 23.10, 24.88, 25.43, 25.55, 25.79,
25.97, 26.38, 27.01, 28.21, 28.81, 29.14, 32.54, 34.27,
36.26, 37.53, 45.73, 51.54, 51.83, 60.56, 65.33, 80.32,
91.14, 91.98, 104.36, 132.41, 138.75, 169.35, 171.47; IR
(KBr) v: 2929, 2867, 1754, 1667, 1446, 1352, 1268, 1129,
1040, 914, 875, 768 cm '. HRMS caled for Cs;HsN-
0,0SNa [M+Na]™ 676.3131, found 676.3132.
HOE-TT R RS (76): AR GRS AR [ A, iR
71.9%. [a]®? +6 (c 0.50, CH,Cl,); '"H NMR (CDCls, 400
MHz) d: 0.79 (d, J=7.20 Hz, 3H), 0.94 (d, /=6.00 Hz,
3H), 0.99~1.05 (m, 1H), 1.22~1.39 (m, 11H), 1.43~
1.62 (m, 6H), 1.69~1.72 (m, 2H), 1.84~1.89 (m, 1H),
1.98~2.02 (m, 2H), 2.29~2.37 (m, 1H), 2.52~2.57 (m,
1H), 2.59~2.62 (m, 2H), 2.65~2.67 (m, 2H), 2.90 (d, J=
11.20 Hz, 1H), 3.02 (t, J=12.42 Hz, 1H), 3.37~3.44 (m,
5H), 4.09 (t, J=6.40 Hz, 2H), 4.20 (d, J/=10.42 Hz, 1H),
5.28(s, 1H); *C NMR (CDCls, 100 MHz) J: 13.52, 20.28,
21.66, 23.28, 24.85, 25.40, 25.95, 26.70, 28.48, 28.96,
29.12, 29.17, 32.52, 34.25, 36.24, 37.50, 45.70, 51.52,
51.83, 60.57, 62.82, 80.23, 91.11, 91.99, 104.3, 172.33,
176.08; IR (KBr) v: 2926, 2859, 1732, 1651, 1594, 1454,
1375, 1261, 1127, 1033, 924, 865, 750 cm™'. HRMS calcd
for C2oH,7NO(SNa [M+Na]™ 624.2818, found 624.2815.
T 1o BT — YRR BRI (Tg): s RN AR 4, Ui
R 732%. [a] +102 (¢ 0.50, CH,Cl); 'H NMR
(CDCl;, 400 MHz) 6: 0.76 (d, J=6.84 Hz, 3H), 0.91 (d,
J=6.00 Hz, 3H), 0.96~1.02 (m, 1H), 1.22~1.41 (m,
11H), 1.43~1.55 (m, 4H), 1.65~1.71 (m, 4H), 1.81~
1.87 (m, 1H), 1.95~2.00 (m, 2H), 2.29~2.30 (m, 1H),
2.48~2.54 (m, 1H), 2.86 (d, J=12.84 Hz, 1H), 2.96 (t,
J=12.60 Hz, 1H), 3.32~3.46 (m, 5H), 4.17 (d, J=10.40
Hz, 1H), 4.22 (t, J=6.42 Hz, 2H), 5.25 (s, 1H), 6.30~6.39
(m, 2H); °C NMR (CDCl;, 100 MHz) ¢: 13.49, 20.25,
21.63, 23.17, 24.82, 25.38, 25.92, 26.40, 28.05, 28.75,
29.10, 34.21, 36.21, 37.47, 45.68, 51.49, 51.81, 60.39,
66.76, 80.25, 91.06, 91.96, 104.26, 129.70, 134.82, 164.89,
167.42; IR (KBr) v: 2929, 2866, 1717, 1647, 1462, 1367,
1261, 1126, 1018, 916, 807, 750 cm '. HRMS caled for
Ca9Hy4sNOoSNa [M+Na]” 622.2662, found 622.2668.

3.3 RSMATREE MR
AT SMMC-7721 M & 10% A6 4 M iE /Y
RPMI-1640 5 3574F 37 ‘C. 5% CO, 546 355, BL

Chin. J. Org. Chem. 2015, 35, 1097~1103
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X B AR 20 TSR 4G

T E % . DHA. TS

PR HRAL AW Ta~Tg K P MTT 3EUBS3E47 4 40 A BT 928
41 SMMC-7721 FO4H G PEDR. DA 0 IR 2=,
SEICSPATE S 3 Ik, BCEIME.

45 Bh#1 Bl (Supporting Information) T 15 L &1
"HNMR 1 °C NMR . X240 n] LG 5 AT 9
¥ (http://sioc-journal.cn/) .~ %K.
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