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Synthesis and in Vitro Antitumor Activity of Matrine Semicarbazide
Derivatives
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Jiang, Caina“ Li, Fangyao™* Zhou, Xiaoqun™?®
(¢ School of Pharmacy, Guilin Medical University, Guilin, Guangxi 541004)
(b College of Humanities and Management, Guilin Medical University, Guilin, Guangxi 541004)

Abstract In order to search for novel antitumor drugs with high efficiency and low toxicity, matrine semicarbazide
derivatives were designed and synthesized. The antiproliferative activities of target compounds in four human cancer cell lines
of A549 (lung), HepG2 (liver), Hela (epithelial cervical), MGC-803 (gastric) and a human normal cell of L-O2 (liver) were
evaluated by methyl thiazolyl tetrazolium (MTT) assay. Biological screening results demonstrated that most of the derivatives
exhibited more potent cytotoxicity against tumor cell lines superior to parent compound matrine. Among them, compounds of
14-formyl-15-chloro-matrine N-(3-chlorophenyl) semicarbazide (6¢) and 14-formyl-15-chloro-matrine N-(3-nitrophenyl)
semicarbazide (6f) displayed better antiproliferative activity with ICso values of (11.70+0.25) and (15.614+0.07) pmol/L to-
ward A549 cells compared with camptothecin, and with ICso values of (11.32£1.07) and (9.27%2.03) umol/L against
MGC-803 cells. Moreover, they exhibited lower cytotoxicity against human normal liver cell line L-O2. Flow cytometry and
JC-1 mitochondrial membrane potential detection showed that compound 6f could induce apoptosis of MGC803 cells and
reduce the mitochondrial membrane potential. It would provide a new idea for the structural modification of matrine.
Keywords matrine; semicarbazide; synthesis; in vitro antitumor activity
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Figure 1 Semicarbazone derivatives with antitumor activity

KRR EA 2 AR 2R 2 R0,
{66 186 25 ) A1 e 3 73 1 B 3 RUEUSL R E, K2
60% )l AR ASE T A BT IR 250 SRR T RIR P08, 7%
Bsi(Matrine, & 2)/2 N RHEY) 2 8w &1 S5 ST
o 2R SR B AR B B R 2 1), 2 —
At VYRR T L PG E SR A, B RAFHIUE S U R

Chin. J. Org. Chem. 2023, 43,2126~2135

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

PoA A e AT S G B 2024, IR R R
TETE, TN SIS R R s 2 —. L+
TR SWAE NS BARS TIED, FA RS
MM 2 PR, WEE B, ST 2 i
PE, SRS RO  OP SR, S H0T b iR ON S
SRAFHEACTT T 2451, S LRI AH S A AL T, A RN
G S 4 B R [ 254200, X B R, T SN B R
Y IE AT R, JF R EMH] miR-93-5p MRIA, &
Tk A F A A T T e R R T B e 9k R 2T B A X
TSR TT, S 2 B iR L] R B e
SE O KERIWFFCUESE, 85 S0 0T LA 22 Fh 8 4 i )
TE < SEHE S A T R% S AR S i 25 55 AR ) 2 R Rz 2831,
(SRR B AR AR B, BRI T I
PRI, FRBE AT ST T ouE fis i

Li S5BWIHE T — RIHH 14-(NV-HUR-2-IE g
IR E AT, KA d(E 2)% SMMC-
7721 A549 Fl CNE2 = \ b gn stk R L B AR T B
A 2 B R P PR G RO ) B 3E P S I, IR AR
SMMC-7721 F1 CNE2 4 Jfu 1) & $IBH A 7 G2/M H#; Wei
G| N IEWy A ) 14-30 AT S AT A
e(l 2), 7E4R YRR S5 0ED 2 A B R $0 1 CNE2/
CDDP #3858 i/ ;. Sun 28B4 5 22 h6 3 4T 1515,
BRI A 1(E 2)i0d 75 5 A i T BH MW
JEHHIAE GO/G1 A K2 4 PIBK/AKT 15 Sl B 25 142 10 i)
FFREAN PRI A, = E AT e vl UR B, 76352
B C-13 f78% C-14 47 51 N3E 24 B EE, v DA it
FEVETER. T, T SR T — D S B R
RACH ERAR S S &9

B2 205 HA UM RS SR AT
Figure 2 Matrine and matrine derivatives with antitumor activ-
ity
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Table 1 Crystal data and structure refinement for 6a

Complex 6a
Empirical formula C23H23CINsO
Formula weight (M) 425.95
Crystal system Orthorhombic
Space group P2:12:124
a/nm 0.52876(1)
b/nm 1.53224(3)
c¢/nm 2.68038(5)
Vinm? 2.17161(7)
VA 4
F(000) 904
Dyx/(Mg*m 3) 1.303
Cu Ko radiation (4)/nm 0.154184
w/mm’! 1.75
T/K 293
Measured reflections 16468
Independent reflections 4367
Reflections with />2(1) 3707
Rint 0.052

bos

E3 &Y 6a MRk HE
Figure 3 Crystal structure of 6a

S RMAT ARG, 450K 2 50 H ARk S0 il 4
PRIR 40 i R TG PEESE BT T, A4e 2 MR 2R I L%
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H

H H
NH, N__O c N_ N
X X ~
R —b> R \ﬂ/ — gl N \ﬂ/ NH,
= % 0o N o

5a ~ 50 6a ~ 60

Reagents and conditions: (a) (1) CH,Cl,, DMF, POCI3, 0 °C, 1 h; (2) mix, r.t., 8 h; (3) hydrolysis, 60 °C, 2 h, pH 8~9. (b) Phenyl chloroformate,
anhydrous acetone, dehydrated molecular sieve, 0~5 °C, 5.5 h. (c) Dioxane, NH,NH2*H,O (0=80%), 102 °C, 6 h; (d) ethanol, reflux12 h, 80 °C.

B 1

&Y 6a~60 &K

Scheme 1 Synthesis of compounds 6a~60
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Table 2  Antiproliferative activity in four tumor and one normal cell lines of target compounds

1Cs0%/(umoleL 1)

Compd. R
L-02 MGC803 HeLa A549 Hepg?2
6a H 30.461+0.12 1741+£1.52  24.86+0.70 46.53+0.40 83.934+1.30
6b 2-Cl 76.501+2.82 11.66+1.31 17.30+2.04 25.48+2.72 >100
6¢c 3-Cl 27.45+2.47 11.324+1.07 16.94+1.97 11.7040.25 35.824+1.93
6d 4-Cl 12.77+1.87 14.36+2.99 15.47+1.24 45.48+1.11 46.75+1.59
6e 2-NO: 31.461+0.98 17.47+2.58 32.514+0.14 33.3140.03 >100
of 3-NO; 63.994+2.71 9.27+2.03 50.841+0.91 15.61£0.07 27.594+2.02
6g 4-NO; 33244074  21.70+£1.89  30.21%+1.71 63.741+1.21 >100
6h 2-Br 4585+1.47  23.63+£022  38.3440.65 71.394+4.84 59.8242.85
6i 4-Br 12.36+2.64 13.73+1.57 16.34+1.87 20.72+0.49 >100
6j 2-F 32.904+0.36 14.16+2.35 30.0942.69 49.90+1.70 >100
6k 3-F 26.70+1.64 16.46+1.99  23.50+2.87 62.731+2.42 38.641+4.47
6l 4-F 11.94+1.85 17.28+1.27 15.94+1.41 41.49+1.46 31.40+2.31
6m 2-CH3 27.494+2.22 20.841+0.11 21.344+2.36 56.861+1.57 56.90+2.43
6n 3-CH3 33.484+2.23 19.73+£1.04  2535+0.19 45.11+1.32 53.9442.67
60 4-CH; 18.02+2.13 13.81+0.23 21.2140.60 53.4442.18 92.76+3.05
S >100 >100 >100 >100 >100
TR 4.44+2.54 8.13+2.13 2.00+0.8 20.34+1.53 2.30+1.19

“Data represent the means % S.D. from three independent experiments. ® Used as a positive control.
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Figure 4 Effects of 6f on apoptosis of gastric cancer MGC-803 cells
(A) Apoptosis rate of MGC-803 cells was determined by flow cytometry with Annexin V/PI staining. MGC-803 cells were incubated with 10, 15, and 20
pmol/L 6f for 48 h. (B) Quantitative analysis of apoptotic cells in A. *p<<0.05, **p<<0.01, ***p<<0.001 compared with the control group.
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Figure 6 Effects of 6f on mitochondrial membrane potential
(MMP) of gastric cancer MGC-803 cells
(A) Representative pictures of mitochondrial membrane potential of
MGC-803 cells treated with 6f for 48 h. (B) Quantitative analysis of A.
*p<<0.05, **p<<0.01, ***p<<0.001 compared with the control group.
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1.92 (d, J=13.9 Hz, 3H), 1.84 (d, J=13.8 Hz, 1H), 1.75
(dd, J=13.7, 5.7 Hz, 2H), 1.68 (s, 3H), 1.56 (d, J=11.3
Hz, 2H), 1.49 (d, J=13.5 Hz, 1H), 1.40 (d, J=12.6 Hz,
2H); '3C NMR (101 MHz, CDCls) 6: 153.7, 143.7, 140.6,
138.6, 129.0, 123.0, 119.4, 103.0, 64.0, 57.4, 57.3, 55.6,
50.0, 38.1, 36.0, 27.9, 26.4, 23.0, 21.5, 21.0, 20.0; HRMS
caled for CyH3CINsO [M + H] © 428.2217, found
428.2218.

14-H P 5 -15- 75 S 048 N-(2- SR 28 ) &0 2k ik
(6b): FIEEMIR KR, FF 41%. [a]® — 146 (¢ 0.2,
DMSO); m.p. 236.5~236.9 C; 'H NMR (400 MHz,
CDCls) 6: 8.87 (s, 1H), 8.41 (dd, J=8.3, 1.5 Hz, 1H), 8.23
(s, 1H), 7.89 (s, 1H), 7.34 (dd, J=8.0, 1.5 Hz, 1H), 7.26~
7.21 (m, 1H), 6.94 (td, J=7.7, 1.6 Hz, 1H), 3.92 (dt, J=
10.2, 4.9 Hz, 1H), 3.83 (dd, J=13.2, 4.1 Hz, 1H), 3.45 (t,
J=12.8 Hz, 1H), 2.84 (d, J=11.3 Hz, 1H), 2.79 (d, J=
11.5 Hz, 1H), 2.50~2.41 (m, 2H), 2.15 (s, 1H), 2.00 (d,
J=11.8 Hz, 2H), 1.97~1.88 (m, 2H), 1.87~1.78 (m, 1H),
1.72 (d, J=8.1 Hz, 2H), 1.68~1.50 (m, 4H), 1.44 (d, J=
13.1 Hz, 2H), 1.36 (dd, J=14.0, 4.2 Hz, 1H); '3C NMR
(101 MHz, CDCLy) 6: 153.3, 143.7, 140.8, 135.7, 129.0,
127.8, 122.9, 122.2, 120.0, 103.0, 64.0, 57.5, 57.3, 55.7,
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49.7,38.2, 36.1, 27.9, 26.4, 23.0, 21.5, 20.9, 20.0; HRMS
caled for CpHpCLNsO [M + H] ' 462.1827, found
462.1824.

14- F R 3L -15- 8 -5 S 0045 N-(3- & 38 & FE IR
(6c): HEEREA, F 38%. [a]® —147 (c 0.2,
DMSO); m.p. 232.5~232.8 C; 'H NMR (400 MHz,
CDCls) 6: 8.72 (s, 1H), 8.08 (s, 1H), 7.93 (s, 1H), 7.66 (t,
J=2.1 Hz, 1H), 7.36 (dt, J=8.2, 1.1 Hz, 1H), 7.20 (t, J=
8.1 Hz, 1H), 6.99 (ddd, J=8.0, 2.1, 1.0 Hz, 1H), 3.93 (dt,
J=10.3, 4.8 Hz, 1H), 3.84 (dd, J=13.2, 4.1 Hz, 1H), 3.46
(t, J=12.8 Hz, 1H), 2.85 (d, J=11.2 Hz, 1H), 2.79 (d, J=
11.3 Hz, 1H), 2.42 (q, J=4.6 Hz, 2H), 2.15 (s, 1H), 2.02
(s, 1H), 1.99~1.94 (m, 2H), 1.89 (d, J=13.6 Hz, 1H),
1.85~1.79 (m, 1H), 1.75~1.67 (m, 3H), 1.65 (s, 1H),
1.60 (s, 1H), 1.54 (dt, J=13.4, 4.7 Hz, 1H), 1.45 (d, J=
13.5 Hz, 2H), 1.41~1.34 (m, 1H); '3C NMR (101 MHz,
CDCls) 6: 153.5, 144.3, 140.9, 139.9, 134.6, 129.9, 122.9,
119.1, 117.1, 102.8, 64.0, 57.4, 57.3, 55.6, 49.7, 38.2, 36.1,
279, 26.4, 22.8, 21.5, 20.9, 20.2; HRMS calcd for
Ca3Ha9CLNsO [M+H]" 462.1827, found 462.1816.

14- F L JE-15- -8 20048 N-(4- ORI 2 2R IR
(6d): A BEREAR, 72E 41%. [« — 147 (¢ 0.2,
DMSO); m.p. 2242~2245 ‘C; 'H NMR (400 MHz,
CDCls) d: 8.70 (s, 1H), 8.04 (s, 1H), 7.91 (s, 1H), 7.47 (d,
J=2.1 Hz, 1H), 7.46 (d, J=2.2 Hz, 1H), 7.24 (s, 1H), 7.22
(d, J=2.2 Hz, 1H), 3.93 (s, 1H), 3.84 (d, J=12.9 Hz, 1H),
3.46 (s, 1H), 2.82 (s, 2H), 2.49~2.35 (m, 2H), 2.15 (s,
1H), 1.97 (d, J=8.4 Hz, 2H), 1.88 (d, J=12.0 Hz, 1H),
1.84~1.79 (m, 1H), 1.77 (t, J=5.7 Hz, 1H), 1.72 (s, 2H),
1.62 (d, J=13.4 Hz, 2H), 1.55 (d, J=13.9 Hz, 2H), 1.47
(s, 2H), 1.37 (s, 1H); '*C NMR (101 MHz, CDCls) &:
153.6, 144.2, 140.8, 137.3, 128.9, 127.8, 120.5, 102.8,
64.0, 57.4, 57.3, 55.6, 49.7, 38.2, 36.1, 27.8, 26.4, 22.9,
21.5, 20.9, 20.2; HRMS calcd for Co3HyoCLNsO [M+H]"
462.1827, found 462.1831.

14-FPE - 15- 58 S 040 N-(2-fiF 2L 2R 08 2 kiR
(6e): ZLEEIREAA, PPF 41%. [a]® —217 (c 0.2,
DMSO); m.p. 253.7~260 ‘C; 'H NMR (400 MHz,
CDCls) &: 11.29 (s, 1H), 8.85 (dd, J=8.7, 1.3 Hz, 1H),
8.22 (dd, J=8.5, 1.6 Hz, 1H), 8.17 (d, J=6.5 Hz, 1H),
7.92 (s, 1H), 7.60 (ddd, J=8.7, 7.1, 1.7 Hz, 1H), 7.07
(ddd, J=8.5, 7.1, 1.3 Hz, 1H), 3.96~3.89 (m, 1H), 3.84
(dd, J=13.1, 4.1 Hz, 1H), 3.47 (t, J=12.8 Hz, 1H), 2.84
(d, J=11.4 Hz, 1H), 2.79 (d, J=10.9 Hz, 1H), 2.58 (t, J=
6.5 Hz, 2H), 2.15 (s, 1H), 2.03 (dd, J=9.3, 2.8 Hz, 1H),
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1.97 (dd, J=12.0, 2.8 Hz, 2H), 1.94~1.89 (m, 1H), 1.83
(dd, J=13.8, 5.9 Hz, 1H), 1.72 (d, J=3.6 Hz, 2H), 1.69
(d, J=3.9 Hz, 1H), 1.64 (s, 3H), 1.54 (dt, J=13.4, 4.7 Hz,
1H), 1.44 (d, J=14.0 Hz, 2H); '*C NMR (101 MHz,
CDCls) 6: 153.2, 144.5, 141.1, 136.4, 136.0, 135.9, 125.9,
121.6, 121.2, 103.3, 64.0, 57.5, 57.3, 55.9, 49.7, 38.5, 36.2,
27.9, 26.5, 23.2, 21.5, 20.9, 20.1; HRMS calcd for C3Hao-
CINgO; [M+H]" 473.2068, found 473.2065.

14- B FE-15- -5 20040 N-(3-hiH 25 2R 08 ) = L ik
(60): ZLEEHAR f R, P& 41%. [o —225 (¢ 0.2,
DMSO); m.p. 239.1~239.4 C; 'H NMR (400 MHz,
CDCl3) 8: 9.15 (s, 1H), 8.42 (s, 1H), 8.32 (s, 1H), 7.99 (s,
1H), 7.93 (dd, J=8.2, 2.2 Hz, 1H), 7.87 (dd, J=8.2, 2.2
Hz, 1H), 7.44 (t, J=8.2 Hz, 1H), 3.98~3.91 (m, 1H), 3.86
(dd, J=13.2, 4.1 Hz, 1H), 3.47 (t, J=12.7 Hz, 1H), 2.85
(d, J=10.3 Hz, 1H), 2.79 (d, J=10.9 Hz, 1H), 2.44 (s,
2H), 2.15 (s, 1H), 1.98 (d, J=8.6 Hz, 2H), 1.92 (s, 1H),
1.90~1.80 (m, 2H), 1.73 (s, 4H), 1.62 (d, J=13.9 Hz,
2H), 1.54 (d, J=13.5 Hz, 1H), 1.45 (d, J=13.5 Hz, 2H);
13C NMR (101 MHz, CDCly) d: 153.5, 148.6, 144.8, 141.1,
139.9, 129.6, 124.6, 117.3, 113.6, 102.4, 63.8, 57.3, 57.2,
55.5, 49.6, 38.1, 36.0, 27.7, 26.3, 22.7, 21.4, 20.8, 20.1;
HRMS calcd for Co3HoCINgO; [M+H]" 473.2068, found
473.2065.

14- B FE-15- -5 20040 N-(4-HF 25 2K 08 ) = L ik
(6g): A AR, 2F 41%. (o] —224 (¢ 0.2,
DMSO); m.p. 238.1~238.5 C; 'H NMR (400 MHz,
CDCls) d: 8.95 (s, 1H), 8.45 (s, 1H), 8.18 (s, 1H), 8.16 (s,
1H), 7.96 (s, 1H), 7.69 (d, J=9.2 Hz, 2H), 3.96 (dt, J=
10.4, 4.9 Hz, 1H), 3.86 (dd, J=13.2, 4.1 Hz, 1H), 3.48 (t,
J=12.8 Hz, 1H), 2.85 (d, J=11.3 Hz, 1H), 2.79 (d, J=
11.0 Hz, 1H), 2.42 (q, J=4.9 Hz, 2H), 2.16 (s, 1H), 2.02
(s, 1H), 1.98 (d, J=8.8 Hz, 2H), 1.88 (d, J=13.8 Hz, 1H),
1.82 (dd, J=13.7, 5.7 Hz, 1H), 1.71 (d, J=9.9 Hz, 3H),
1.63 (d, J=13.0 Hz, 2H), 1.58~1.53 (m, 1H), 1.45 (d, J=
13.8 Hz, 2H), 1.42~1.34 (m, 1H); 3C NMR (101 MHz,
CDCls) 6: 153.1, 145.1, 144.8, 142.6, 141.4, 125.3, 118.2,
102.3, 63.9, 57.4, 57.3, 55.7, 49.8, 38.3, 36.2, 27.8, 26.4,
22.8, 21.5, 20.9, 20.1; HRMS caled for Ca3HyCINGOs
[M+H]" 473.2068, found 473.2066.

14- L -15- S8 20048 N-(2- 1R A 0% ) s BRIk
(6h) I (LB S A, 72 32%. [o* — 121 (¢ 0.2,
DMSO); m.p. 201.3~201.6 C; 'H NMR (400 MHz,
CDCl;) o: 8.88 (s, 1H), 8.40 (dd, J=8.3, 1.6 Hz, 1H),
8.36~8.22 (m, 1H), 7.91 (s, 1H), 7.51 (dd, J=8.0, 1.5 Hz,
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1H), 7.33~7.26 (m, 1H), 6.88 (td, J=7.7, 1.6 Hz, 1H),
3.91 (ddd, J=10.4, 6.1, 4.0 Hz, 1H), 3.83 (dd, J=13.2, 4.1
Hz, 1H), 3.45 (t, J=12.8 Hz, 1H), 2.84 (d, J/=11.3 Hz,
1H), 2.79 (d, J=11.3 Hz, 1H), 2.55~2.36 (m, 2H), 2.14 (t,
J=3.0 Hz, 1H), 2.04~1.97 (m, 2H), 1.96~1.93 (m, 1H),
1.90 (d, J=16.6 Hz, 1H), 1.80 (dd, J=13.8, 5.9 Hz, 1H),
1.77~1.68 (m, 4H), 1.68~1.58 (m, 2H), 1.54 (dt, J=
13.5, 4.7 Hz, 1H), 1.48~1.41 (m, 2H); '3C NMR (101
MHz, CDCl:) 0: 153.3, 143.7, 140.7, 136.8, 132.1, 128.3,
123.3, 120.2, 112.7, 103.0, 63.9, 57.3, 57.2, 55.6, 49.5,
38.2, 36.0, 27.8, 26.3, 23.0, 21.4, 20.8, 20.0; HRMS calcd
for Cy3HaoCIBINsO [M+H]" 506.1322, found 506.1321,
508.1302.

14-F R 3L -15- 575 S 0045 N-(4- 1R 75 3 & 5 iR
(60): 1B IR b A, 72 % 35%. [a] — 125 (¢ 0.2,
DMSO); m.p. 236.1~236.4 ‘C; '"H NMR (400 MHz,
CDCl;) J: 8.69 (s, 1H), 8.05 (s, 1H), 7.92 (s, 1H), 7.46~
7.41 (m, 2H), 7.41~7.35 (m, 2H), 3.97~3.90 (m, 1H),
3.84 (dd, J=13.2, 4.1 Hz, 1H), 3.47 (t, J=12.7 Hz, 1H),
2.85 (d, J=10.7 Hz, 1H), 2.79 (d, J=10.7 Hz, 1H),
2.46~2.38 (m, 2H), 2.15 (s, 1H), 2.04~1.99 (m, 1H),
1.96 (s, 1H), 1.92 (d, J=14.6 Hz, 1H), 1.87~1.81 (m,
1H), 1.78 (d, J=5.8 Hz, 1H), 1.74 (d, J=11.5 Hz, 2H),
1.70~1.66 (m, 1H), 1.65 (s, 1H), 1.61~1.51 (m, 2H),
1.45 (d, J=13.3 Hz, 2H), 1.41~1.33 (m, 1H); 3C NMR
(101 MHz, CDCLy) d: 153.6, 144.2, 140.8, 137.8, 131.9,
120.8, 115.3, 102.8, 64.0, 57.4, 57.3, 55.6, 49.7, 38.2,
36.1, 27.9, 26.4, 22.9, 21.5, 20.9, 20.2; HRMS calcd for
C3HoCIBINsO [M+ H]* 506.1322, found 506.1325,
508.1302.

14- L JE-15- S8 20048 N-(2- 9 48 2 ) 2 R IR
(6)): A EEIR A, 7= % 49.8%. [0 — 156 (c 0.2,
DMSO); m.p. 228.9~229.2 ‘C; 'H NMR (400 MHz,
CDCls) 0: 8.39 (s, 1H), 8.30 (td, J=8.2, 1.7 Hz, 1H), 8.11
(s, 1H), 7.87 (s, 1H), 7.13~7.04 (m, 2H), 6.99~6.93 (m,
1H), 3.92 (dt, J=10.3, 4.9 Hz, 1H), 3.83 (dd, J=13.2,
4.1 Hz, 1H), 3.46 (t, J=12.8 Hz, 1H), 2.85 (d, J=10.9
Hz, 1H), 2.79 (d, J=11.7 Hz, 1H), 2.43 (q, J=4.6 Hz,
2H), 2.15 (s, 1H), 1.98 (d, J=11.8 Hz, 3H), 1.81 (dd, J=
13.6, 5.9 Hz, 1H), 1.72 (d, J=8.1 Hz, 3H), 1.65 (s, 2H),
1.60 (s, 1H), 1.54 (d, J=13.5 Hz, 1H), 1.45 (d, J=12.9
Hz, 2H), 1.41~1.34 (m, 1H); *C NMR (101 MHz,
CDCLy) d: 153.3, 152.4(d, J=242.4 Hz), 143.8, 140.6,
127.2 (d, J=10.1 Hz), 124.5 (d, J=3.03 Hz), 122.5 (d,
J=8.08 Hz), 120.5, 114.6 (J=19.19 Hz), 102.9, 63.9,
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57.3, 57.2, 55.5, 49.6, 38.1, 36.0, 27.8, 26.3, 22.8, 21.4,
20.8, 19.9; HRMS caled for Cp3HaCIFNsO [M+ H]'
446.2123, found 446.2121.

14- FAIE 3 -15- 50— ¥ S 0848 N-(3- 9 2k ) 2 B iR
(6k): HEEPIREA, P 46.8%. [« —158 (c 0.2,
DMSO); m.p. 220.1~220.4 C; 'H NMR (400 MHz,
CDCls) 8: 9.15 (s, 1H), 8.42 (s, 1H), 8.32 (s, 1H), 7.99 (s,
1H), 7.93 (dd, J=8.2, 2.2 Hz, 1H), 7.86 (d, J=2.2 Hz,
1H), 7.44 (t, J=8.2 Hz, 1H), 4.03~3.91 (m, 1H), 3.86
(dd, J=13.3, 4.1 Hz, 1H), 3.47 (t, J=12.7 Hz, 1H), 2.85
(d, J=10.8 Hz, 1H), 2.79 (d, J=12.4 Hz, 1H), 2.44 (q, J=
4.6 Hz, 2H), 2.15 (s, 1H), 2.02 (s, 1H), 1.98 (d, J=8.4 Hz,
1H), 1.90 (d, J=13.9 Hz, 1H), 1.83 (dd, J=13.6, 5.8 Hz,
1H), 1.73 (s, 2H), 1.68 (s, 1H), 1.65 (s, 1H), 1.61 (s, 1H),
1.54 (d, J=13.5 Hz, 1H), 1.47 (s, 1H), 1.43 (s, 1H), 1.42~
1.32 (m, 1H); 3C NMR (101 MHz, CDCly) §: 164.5,
162.1, 153.3, 144.0, 140.9, 130.0 (d, J=9.09 Hz), 114.5,
109.6 (d, J=22.22 Hz), 106.6 (d, J=26.26 Hz), 102.7,
64.0, 57.5, 57.3, 55.6, 49.7, 38.2, 36.1, 27.9, 26.4, 22.8,
21.5,20.9, 20.2; HRMS caled for C23Ha9CIFNsO [M+H]"
446.2123, found 446.2111.

14- FATE L -15- 50— ¥ 0845 N-(4- 9 2k ) 2 B iR
6): HEHAE, 7% 33.4%.[a* —161 (c 0.2, DMSO);
m.p. 220.6~220.9 °‘C; 'H NMR (400 MHz, CDCl;)
9.15 (s, 1H), 8.42 (t, J=2.2 Hz, 1H), 8.32 (s, 1H), 7.99 (s,
1H), 7.93 (dd, J=8.2, 2.2 Hz, 1H), 7.87 (dd, J=8.2, 2.2
Hz, 1H), 7.44 (t, J=8.2 Hz, 1H), 4.04~3.91 (m, 1H),
3.86 (dd, J=13.2, 4.0 Hz, 1H), 3.47 (t, J=12.7 Hz, 1H),
2.85 (d, J=11.1 Hz, 1H), 2.79 (d, J=10.3 Hz, 1H), 2.44
(t, J=4.4 Hz, 2H), 2.15 (s, 1H), 1.98 (d, J=8.4 Hz, 2H),
1.92~1.86 (m, 1H), 1.83 (dd, J=13.7, 5.8 Hz, 1H), 1.73
(s, 3H), 1.62 (d, J=13.9 Hz, 2H), 1.57~1.50 (m, 1H),
1.47 (s, 1H), 1.46~1.42 (m, 1H), 1.36 (d, J=13.9 Hz,
1H); '3C NMR (101 MHz, CDCl;) 8: 160.0, 157.6, 153.7,
143.8, 140.6, 134. 4(d, J=2.02 Hz), 121.0 (d, J=8.08
Hz), 115.4 (d, J=22.22 Hz), 102.7, 63.9, 57.2 (d, J=
17.17 Hz), 55.5, 49.6, 38.1, 36.0, 27.7, 26.3, 22.8, 21.4,
20.8, 20.1; HRMS caled for Cp3HaCIFNsO [M+ H]'
446.2123, found 446.2119.

14- I BE3E-15-F-T7 30045 N-(2-F 328 3 s B IR
(6m): FHEEPIRGFMA, 2% 39.1%. [« —142 (¢ 0.2,
DMSO); m.p. 238.1~238.4 C; 'H NMR (400 MHz,
CDCls) 6: 8.37 (s, 1H), 8.10 (s, 1H), 8.07 (d, J=8.7 Hz,
1H), 7.90 (s, 1H), 7.20 (t, J=7.7 Hz, 1H), 7.15 (d, J=6.1
Hz, 1H), 6.97 (t, J=6.8 Hz, 1H), 3.92 (s, 1H), 3.83 (dd,
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J=13.2,4.1 Hz, 1H), 3.45 (t, J=12.2 Hz, 1H), 2.90~2.73
(m, 2H), 2.45~2.38 (m, 2H), 2.29 (s, 3H), 2.15 (s, 1H),
2.04~1.94 (m, 3H), 1.89 (d, J=13.9 Hz, 1H), 1.81 (t, J=
5.7 Hz, 2H), 1.75 (d, J=12.3 Hz, 2H), 1.61 (d, J=11.5
Hz, 2H), 1.54 (dd, J=13.5, 4.7 Hz, 1H), 1.45 (d, J=11.8
Hz, 2H), 1.41~134 (m, 1H); 3C NMR (101 MHz,
CDCly) d: 153.7, 143.4, 140.6, 136.8, 130.3, 127.0, 126.8,
123.1, 120.5, 103.0, 64.0, 57.4, 57.3, 55.6, 49.6, 38.2, 36.0,
27.8, 26.4, 23.0, 21.5, 20.9, 20.1, 17.8; HRMS calcd for
C4H3CINsO [M+H]" 442.2374, found 442.2367.

14- B FE-15- -5 S 0840 N-(3-H 2R 08 = AL ik
(6n): HAEFR K, 25 28.5%. [« —142 (¢ 0.2,
DMSO); m.p. 223.8~2242 ‘C; 'H NMR (400 MHz,
CDCl3) d: 8.75 (s, 1H), 7.96 (s, 1H), 7.89 (s, 1H), 7.35 (s,
1H), 7.23 (d, J=17.6 Hz, 1H), 7.13 (t, J=7.8 Hz, 1H), 6.80
(d, J=8.0 Hz, 1H), 3.93~3.83 (m, 1H), 3.78 (dd, J=13.2,
4.1 Hz, 1H), 3.40 (t, J=12.7 Hz, 1H), 2.80 (d, J=11.7 Hz,
1H), 2.74 (d, J=11.4 Hz, 1H), 2.40 (d, J=5.7 Hz, 2H),
2.29 (s, 3H), 2.10 (s, 1H), 1.97 (s, 1H), 1.93 (d, J=10.6
Hz, 2H), 1.84 (d, J=13.9 Hz, 1H), 1.77 (g, J=7.9, 6.8 Hz,
1H), 1.73 (s, 1H), 1.68 (s, 2H), 1.62 (d, J=14.1 Hz, 1H),
1.53 (d, J=15.0 Hz, 2H), 1.40 (d, J=13.8 Hz, 2H), 1.36~
127 (m, 1H); C NMR (101 MHz, CDCls) &: 153.8,
143.6, 140.5, 138.8, 138.5, 128.8, 123.8, 119.9, 116.4,
103.1, 64.0, 57.4, 57.2, 55.6, 49.6, 38.1, 36.0, 29.8, 27.8,
26.4, 229, 21.7, 21.5, 20.9, 20.2; HRMS calcd for
C24H3,CINsO [M+H]" 442.2374, found 442.2378.

14-FBERL-15-F - 0040 N-(4- 7 B 2R ) s BE IR
(60): FHATL AR AR, 7% 34.2%. [o —140 (¢
0.2, DMSO); m.p. 216.1~216.4 ‘C; 'H NMR (400 MHz,
CDCl3) 0: 9.03 (s, 1H), 7.97 (s, 1H), 7.94 (s, 1H), 7.41 (d,
J=8.3 Hz, 2H), 7.09 (d, J=8.2 Hz, 2H), 3.98~3.86 (m,
1H), 3.82 (dd, J=13.2, 4.1 Hz, 1H), 3.44 (t, J=12.7 Hz,
1H), 2.84 (d, J=11.1 Hz, 1H), 2.78 (d, J=11.2 Hz, 1H),
2.42 (g, J=5.5 Hz, 2H), 2.29 (s, 3H), 2.14 (s, 1H), 2.01 (s,
1H), 1.94 (d, J=11.2 Hz, 2H), 1.88 (d, J=13.8 Hz, 1H),
1.81 (q, J=7.8, 6.7 Hz, 1H), 1.76 (d, J=5.6 Hz, 1H), 1.70
(d, J=9.4 Hz, 2H), 1.63 (d, J=9.3 Hz, 1H), 1.59 (s, 1H),
1.53 (dd, J=13.5, 4.7 Hz, 1H), 1.45 (s, 1H), 1.41 (d, J=
12.8 Hz, 1H), 1.38~1.19 (m, 1H); *C NMR (101MHz,
CDCLy) d: 154.1, 143.7, 140.4, 136.0, 132.3, 129.4, 119.4,
103.2, 63.9, 57.4, 57.2, 55.5, 49.6, 38.1, 36.0, 27.8, 26.3,
22.9, 21.5,20.9, 20.9, 20.2; HRMS calcd for Ca4H3,CINsO
[M+H]" 442.2374, found 442.2372.
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325  BARMLA A 9 I PG & P K,

KH MTT 30058 H #5704 A549. HepG2. Hela.
MGC803 & L-O2 4 kbbb ha s 1. BOe £k K
WIgnM b THE BER R 96 FLIR, 37 C, CO, (¢=
5%)FGFRAE Th AL, Fraf OB SR 12 he AR RE
FRIEERRRUT (2590, RRBARIEE S LA 100, 50 25, 12.5,
6.25+ 3.125 pmol/L IREEMA 96 FLARH, B MKERE 3
ANEFL, B R FI P2 0 R 4. Z591E ] 48
h, LA 20 uL MTT (5 mg/mL), 4KEE0FE 4 h, W EH
&, BFLIN 150 pL —FIETH(DMSO), #8251, BEFRX
490 nm ACATIR A, 645 KA SPSS18.0 #ff
T 1Cs H.

32,6 AT R
KF AnnexinV-FITC/PT 40 T35 &k AT 46 001
Bt A K 64 B MGC-803 4 By AL 4240 T 6 LR
AN NG BE S AL 12 h, RIS E I 6f
(10. 15 A1 20 pmol/L)F5FREE, [RII B AL B X B 4.
Z5IER 48 h JEHUH 6 LR, WScBE4M, HIA 100 uL
1 X G565 22 PP B B A1 /5 NN AnnexinV-FITC(#i 3
TEIEHREL FITC Fn i R LI £ 1) LAY, PR E (PT) e £ 7
H, HRgpc e 4.
327 BmIaATH A AN

B B A RS R AP MGC-803 B Jee 4 i 1%
Fi T 6 FLAR T, R Bl EE 5 9E4k 12 h, AR¥EH I E
BN 6f (10. 15 F120 pumol/L)&% 753k, [R5 7 [ P xF
HRAH. 29901FFH 48 h JaHUH 6 LR, WesEgii, 6l
BRSNS IRl k.

3.2.8 JC-1 J & k4] & F AR 45

RO A A= K 1 B 9 MGC-803 Al i (LB T 6
UM, FRgmMNGEE S EAL 12 h, RIEA B E A of
(10~ 15 F1 20 pmol/LYRE 7555, [FIB B L B % HE4H. 24
YIMEF 48 h JEHUH 6 FLAR, W BE4i, HiA 500 pL JC-1
TAEW, 1E 37 ‘C.CO, (¢=5%) M5 F=F 4k 15 min,
TETE G T OB E B NG,

HBA Rl (Supporting Information) 1L &4 2. 4a. 5a
) HRMS 1% & 6a~60 [f] 'TH NMR, 3C NMR #
HRMS % . X Ltk n] DL A 2 AR 1] 199 35 (http://
sioc-journal.cn/) I N #.
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