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Synthesis and Antitumor Activity of 3,4-Dichlorophenyl Amides
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Abstract In order to find efficient antitumor compounds, 19 novel 3,4-dichlorophenyl amides were designed and synthesized
by introducing amide bonds and 3,4-dichloro substitution into the curcumin skeleton according to the principles of medicinal
chemistry combination. The in vitro antitumor activity of the compounds against AGS and BGC-823 gastric cancer cells were
detected by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The results showed that some com-
pounds displayed potential inhibitory activity. Notably, (2E)-3-(3,4-dichlorophenyl)-1-(2-(3-(4-(trifluoromethyl)phenyl)propio-
nyl)ethylazo)propan-2-en-1-one (17) showed potent growth inhibition on AGS with a half maximal inhibitory concentration
(ICs0) value of (1.94+0.94) umol/L. Besides, the results of cell colony formation, wound healing, flow cytometry and western
blot showed that compound 17 significantly inhibited the growth and migration of AGS cells, arrested the cell cycle in G0/G1
phase, and induced a dose-dependent up-regulation of the pro-apoptotic proteins such as cleaved poly ADP-ribose polymerase
(Cleaved-PARP) and Bcl2-associated X protein (Bax), and a down-regulation of the anti-apoptotic protein Bcl-2, thus inducing
cell apoptosis. Preliminary mechanistic studies suggested that compound 17 may exert its anti-gastric cancer effects in vitro by
inhibiting dual-specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A)-protein kinase B (PKB, AKT) signaling
pathway. In conclusion, this study indicates that amide compounds containing 3,4-dichlorophenyl may be a class of small
molecule compounds with promising prospects for medicinal research, and compound 17 is expected to be an antitumor candi-
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Figure 1 (A) Compounds containing 3,4-dichlorobenzene base fragment with antitumor activity and (B) design of amide compounds
containing 3,4-dichloride
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F1 W 10 pmol/L B AL &4 1~19 X AGS 1 BGC-823 15 J 4H M (4 1 AE K 3 1) 2. (%)«
Table 1 [In vitro growth inhibitory activity (%) of compounds 1~19 on gastric cancer cells AGS and BGC-823 at concentration of 10
wmol/L
Growth inhibition/%
. X z Y R
Compd AGS BGC-823
1 CH=CH CH=CH — 2-OCH3 49.43+2.43 NA
2 CH=CH CH=CH — 2-Br 42.28+0.12 NA
3 CH=CH CH=CH — 2-Cl 32.524+1.39 NA
4 CH=CH CH=CH — 2-CF3 46.59+2.28 17.830.40
5 CH=CH CH=CH — 2-NO2 33.56+0.19 NA
6 CH=CH CH=CH — 2,3-(OCHs)2 38.96+1.58 8.981+0.52
7 CH=CH CH=CH — 2,4-(OCHs)2 29.87+1.86 6.90+0.77
8 CH=CH CH=CH — 2,4-Me> 34.41£0.69 NA
9 CH=CH CH=CH — 3,4-Me> 44414256 NA
10 CH=CH CH=CH — 4-N(Me)> 48.7742.12 NA
AS (0]
11 CH=CH CH=CH — \ﬂ:;}R::> | ) 48.78+236 NA
N
12 CH=CH CH=CH — | JR= | 4346+1.23 NA
N
H (\N/
13 CH: CH> Ny =™ ) 3,4-Cl> NA 6.14+1.77
H N
H (\N/
14 CH=CH CH=CH Ny — ) 3,4-Cl> 41.10%1.09 2.78+1.76
H ~N
15 — — (CH2)4 3,4-Cla 44.65+1.63 26.32+1.89
16 CH=CH (CH2)2 — 3,4-Cla 76.75+2.10 3.87+1.94
17 CH=CH (CH2)2 — 4-CF;3 83.95+0.35 45.6610.81
i H\/©:C|
18 cl NJL»/erN Cl 4.95+0.64 6.67+2.51
H (0]
cl
i H\/©:C|
19 cl N/u\;7\“/N Cl 37.45+1.48 20.05+1.91
H (0]
cl
CF,
1f 0 /[i:]\ 64.77+0.01 36.160.04
Cl N
N CF3
:@/\)\H
l
(0] (0]
. (0] (0]
Curcumin® - O X 7 O ~ 70.43+ 8.89 38.52+6.64
HO OH

@ MTT methods: cells were incubated with indicated compounds for 72 h. ® Used as a positive control.
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Figure 2  Effects of compound 17 on the growth and migration of AGS cells
(A) Representative images of AGS cell colonies treated with various concentrations of compound 17; (B) effect of compound 17 on migration of AGS

gastric cancer cells. **p<<0.01, ****p<<0.0001 vs DMSO.

17 Curcumin
DMSO 1 2 4 4 pmol/L
{ 600
500 B = 53, -
500 GO/G1 = 42.43 SUGHI 512 GO/G1 = 53.98 6001 GO/G1 =61.74 400 GO/GT = 39.58
S=251 00 S=1965 S=1671 $=1285 S=2585
. = 35. G2/M =29.31 = :
400 G2/M = 32.47 - G2/M = 3523 4004 G2l =i2541 300 G2/M = 33.59
z g 300 € 2 4001 g
€ 300 5 s g 5
3 o
8 8 8 3 200
200 <0 200+ 2001
100 100 100
0 0 = Sy 0 S aSThanenan 0 TS 0 "
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
FL2-A FL2-A FL2-A FL2-A FL2-A
150
c
S
é 100 O Go/G1
7}
3 o s
2 50 m G2M
>
3

0

DMSO 1 2 4

B3

17

4 umol/L

curcumin

B0 17 X AGS 20 8 B 00 2 i

Figure 3 Effects of compound 17 on the cell cycle of AGS cells
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Figure 4 Effects of compound 17 on apoptosis of AGS gastric cancer cells
(A) Apoptosis rate was detected by flow cytometry; (B) the expressions of apoptosis-related proteins cleaved-PARP, Bcl-2 and Bax were detected by West-
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(2E)-3-(3,4- — 50K 3 )-1-{2-[(2E)-3-(2- B 4 £ 2
H)-1-580 0 HE P -2 M 2 | L U TR -2- - 1P (1): Vi
MR, P 69.5%. m.p. 262.0~263.4 ‘C; 'H NMR (400
MHz, DMSO-ds) d: 10.50 (s, 2H), 7.89 (d, J=1.9 Hz, 1H),
7.75 (d, J=16.0 Hz, 1H), 7.69 (d, J=8.4 Hz, 1H), 7.60
(dd, J=8.4, 1.9 Hz, 1H), 7.53 (d, J=16.0 Hz, 1H), 7.56~
7.53 (m, 1H), 7.41~7.36 (m, 1H), 7.08 (d, J=8.4 Hz,
1H), 7.00 (t, J=7.5 Hz, 1H), 6.84 (d, J=16.0 Hz, 1H),
6.82 (d, J=16.0 Hz, 1H), 3.87 (s, 3H); 3C NMR (101
MHz, DMSO-ds) d: 163.7, 162.7, 157.8, 137.7, 135.6,
135.4, 132.1, 131.8, 131.4, 131.2, 129.8, 128.3, 127.5,
123.0, 121.8, 120.9, 119.7, 111.9, 55.7; HRMS calcd for
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CioH17CLN,03 [M+H]" 391.0616, found 391.0587.

(2E)-3-(3,4- U IEI)-1-{2-[QE)-3-(2-T1R % 3)-1-5
I P 2-0 3 | R FE Y -2-1-1-F (2): AR, 7~
K 43.2%. m.p. 274.0~274.5 C; '"H NMR (400 MHz,
DMSO-ds) 6: 10.64 (d, J=3.5 Hz, 1H), 10.56 (d, J=3.5
Hz, 1H), 7.88 (d, J=1.8 Hz, 1H), 7.77 (d, J=15.7 Hz,
1H), 7.72~7.66 (m, 3H), 7.59 (dd, J=8.4, 1.8 Hz, 1H),
7.52 (d, J=16.0 Hz, 1H), 7.45 (t, J=7.5 Hz, 1H), 7.32 (td,
J=17.8, 1.5 Hz, 1H), 6.82 (d, J=16.0 Hz, 1H), 6.76 (d, J=
15.6 Hz, 1H); 3C NMR (101 MHz, DMSO-ds) o: 162.8,
162.7, 138.3, 137.9, 135.6, 1342, 133.4, 132.2, 131.9,
131.7, 131.3, 129.8, 128.6, 127.9, 127.6, 124.5, 122.6,
121.6; HRMS caled for CisH;4BrCLN,O, [M + H] '
438.9616, found 438.9600.

(2E)-3-(3,4- UK E)-1-{2-[2E)-3-(2-F K H)-1-54
W JE R 2- 45 2 ) LRI T -2- 0 - 1-B (3): IR BTl R,
FEER 60.1%. m.p. 276.4~277.4 C; 'H NMR (400 MHz,
DMSO-ds) 0: 10.65~10.53 (m, 2H), 7.87 (d, J=1.8 Hz,
1H), 7.80 (d, J=15.6 Hz, 1H), 7.73~7.71 (m, 1H), 7.66
(d, J=8.4 Hz, 1H), 7.58 (dd, J/=8.4, 1.8 Hz, 1H), 7.55 —
7.48 (m, 2H), 7.43~7.37 (m, 2H), 6.82 (d, J=16.0 Hz,
1H), 6.80 (d, J=16.0 Hz, 1H); *C NMR (101 MHz,
DMSO-ds) 0: 162.8, 162.7, 137.9, 135.6, 133.6, 132.5,
1322, 131.9, 131.5, 131.3, 130.2, 129.8, 128.0, 127.9,
127.6, 122.5, 121.6; HRMS calcd for C 5H;3C1N,0, [M+
H]" 395.0121, found 395.0095.

(2E)-3-(3,4- 5K IE)-1-{2-[QE)-1-A W H-3-[2-(=
SR 2R R IR N -2- M R ) SR T -2- 0 - 1- (4): KA
ORR, 77°F 19.2%. mp. 247.6~248.9 C; 'H NMR
(400 MHz, DMSO-de) d: 10.70 (s, 1H), 10.58 (s, 1H), 7.89
(d, J=1.8 Hz, 1H), 7.85 (d, J=7.8 Hz, 1H), 7.82~7.72
(m, 3H), 7.68 (d, J=8.4 Hz, 1H), 7.63~7.58 (m, 2H),
7.53 (d, J=15.9 Hz, 1H), 6.83 (d, J=15.7 Hz, 1H), 6.83
(d, J=15.7 Hz, 1H); *C NMR (101 MHz, DMSO-ds) o:
162.7, 162.3, 137.8, 135.6, 135.0, 133.3, 133.2, 132.1,
131.8, 131.2, 130.0, 129.8, 128.0, 127.5, 127.0, 126.2,
125.6, 124.01, 121.6; HRMS caled for CioHsCLF3N,O,
[M+H]" 429.0384, found 429.0355.

(2E)-3-(3,4- 5K IE)-1-{2-[QE)-3-(2- T K L )-1-
AL TN -2- 1 R ] 8 L T -2- 0 -1-B (5): BBk R,
% 31.2%. m.p. 282.4~283.8 ‘C; '"H NMR (400 MHz,
DMSO-ds) 0: 10.75~10.50 (m, 2H), 8.04 (d, J=7.6 Hz,
1H), 7.87 (d, J=1.8 Hz, 1H), 7.83~7.75 (m, 3H), 7.67 (d,
J=8.4 Hz, 1H), 7.65~7.61 (m, 1H), 7.59 (dd, J=8.4, 1.8
Hz, 1H), 7.52 (d, J=16.0 Hz, 1H), 6.82 (d, J=16.0 Hz,
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1H), 6.73 (d, J=15.6 Hz, 1H); 3C NMR (101 MHz,
DMSO-ds) d: 162.7, 162.3, 148.4, 137.8, 135.6, 135.6,
134.1, 132.1, 131.9, 131.2, 130.6, 129.9, 129.8, 128.9,
127.6, 124.8, 124.0, 121.6; HRMS calcd for CigH4Clo-
N304 [M+H]" 406.0361, found 406.0332.

(QE)-3-(3,4- — A K H)-1-{2-[(2E)-3-(2,3- — I A
HRHL)- 1S P -2-J 2 ) U L TR -2- M- - (6): I £
WA, 7H 63.3%. m.p. 235.7~237.1 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 10.55 (d, J=3.4 Hz, 1H), 10.50 (d,
J=3.4 Hz, 1H), 7.88 (d, J=1.8 Hz, 1H), 7.71 (d, J=16.0
Hz, 1H), 7.68 (d, J=8.4 Hz, 1H), 7.60 (dd, /=8.4, 1.8 Hz,
1H), 7.53 (d, J=16.0 Hz, 1H), 7.16 (dd, J=7.3, 2.1 Hz,
1H), 7.13~7.06 (m, 2H), 6.83 (d, J=16.0 Hz, 1H), 6.79
(d, J=16.0 Hz, 1H), 3.81 (s, 3H), 3.75 (s, 3H); *C NMR
(101 MHz, DMSO-ds) J: 163.4, 162.7, 152.9, 147.7, 137.7,
135.6, 134.8, 132.1, 131.9, 131.2, 129.8, 128.2, 127.5,
124.6, 121.7, 120.6, 118.9, 114.3, 60.8, 55.9; HRMS calcd
for C20H19CLN,04 [M+H]™ 421.0722, found 421.0704.

(2E)-3-(3,4- — S 3 )-1-{2-[(2E)-3-(2,4- — 4 Jik
FRIE)-1-58 I TN -2- 0 58 ] 2 38 TR -2-0-1 - (7): 35
AR, % 20.9%. m.p. 223.7~225.7 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 10.40 (s, 2H), 7.89 (d, J=1.8 Hz, 1H),
7.71~7.65 (m, 2H), 7.61 (dd, J=8.4, 1.8 Hz, 1H), 7.53 (d,
J=16.0 Hz, 1H), 7.48 (d, J=8.4 Hz, 1H), 6.83 (d, J=15.6
Hz, 1H), 6.69 (d, J=16.0 Hz, 1H), 6.63~6.56 (m, 2H),
3.87 (s, 3H), 3.81 (s, 3H); 3C NMR (101 MHz, DMSO-ds)
5: 164.0, 162.6, 162.1, 159.3, 137.5, 135.6, 135.3, 132.0,
131.8, 1312, 129.7, 129.7, 127.4, 121.8, 117.0, 115.9,
106.1, 98.5, 55.7, 55.5; HRMS calcd for CaoH;9CLN,O4
[M-+H]" 421.0722, found 421.0691.

(2E)-3-(3,4- S K FE)-1-{2-[(2E)-3-(2,4- - FH K
B)-1-50 B P -2-J ) 8 T -2-0- 1-B (8): Ky
K, P 67.2%. mp. 271.5~272.8 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 10.52~10.44 (m, 2H), 7.89 (d, J=1.8
Hz, 1H), 7.74~7.66 (m, 2H), 7.60 (dd, J=8.4, 1.8 Hz,
1H), 7.52 (d, J=16.0 Hz, 1H), 7.45 (d, J=8.4 Hz, 1H),
7.07~7.04 (m, 2H), 6.83 (d, J=15.6 Hz, 1H), 6.61 (d, J=
15.6 Hz, 1H), 2.34 (s, 3H), 2.27 (s, 3H); 3C NMR (101
MHz, DMSO-ds) d: 163.2, 162.5, 139.2, 137.5, 137.4,
136.8, 135.6, 131.9, 131.7, 131.4, 131.1, 130.6, 129.6,
127.4,127.1, 126.1, 121.7, 119.4, 20.8, 19.3; HRMS calcd
for C20H19CLN,0, [M+H]™ 389.0824, found 389.0795.

(2E)-3-(3,4- — S A H)-1-{2-[(2E)-3-(3,4- — F HL
H)- 1S A T -2 M R | L U 20 1R 9): Ak
K, P2HE 73.1%. mp. 263.2~263.3 ‘C; 'H NMR (400
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MHz, DMSO-ds) 0: 10.48 (s, 1H), 10.44 (s, 1H), 7.90 (d,
J=1.8 Hz, 1H), 7.70 (d, J=8.4 Hz, 1H), 7.61 (dd, J=8.4,
1.8 Hz, 1H), 7.53 (d, J=16.0 Hz, 1H), 7.47 (d, J=16.0
Hz, 1H), 7.37 (s, 1H), 7.32 (d, J=8.0 Hz, 1H), 7.19 (d, J=
7.9 Hz, 1H), 6.83 (d, J=16.0 Hz, 1H), 6.70 (d, J=16.0
Hz, 1H), 2.25 (s, 6H); 3C NMR (101 MHz, DMSO-ds) 9:
163.3, 162.6, 140.4, 138.6, 137.6, 136.9, 135.6, 132.2,
132.0, 131.8, 131.2, 130.1, 129.7, 128.8, 127.4, 125.3,
121.7, 118.1, 19.4; HRMS calcd for C,0HoCIbN,O, [M+
H]" 389.0824, found 389.0798.

(2E)-3-(3,4- —EHHE)-1-{2-[QE)-3-[4-(— W HEIE)
RHE- - FE N -2 ) L T -2-0- 1-B (10): B
ORR, 77F 45.0%. m.p. 284.8~286.2 C; 'H NMR
(400 MHz, DMSO-ds) 0: 10.41 (d, J=3.4 Hz, 1H), 10.27
(d, J=3.4 Hz, 1H), 7.90 (d, J=1.9 Hz, 1H), 7.70 (d, J=
8.4 Hz, 1H), 7.61 (dd, J=8.4, 1.9 Hz, 1H), 7.52 (d, J=
16.0 Hz, 1H), 7.46~7.39 (m, 3H), 6.83 (d, J=16.0 Hz,
1H), 6.73 (d, J=8.0 Hz, 2H), 6.48 (d, J=16.0 Hz, 1H),
2.97 (s, 6H); HRMS calcd for CaHaCLN3;0, [M+H]"
404.0933, found 404.0903.

(2E)-3-(3,4- A A H)-1-{2-[(QE)-3-(W: Wi -2-%8)-1-
A EE TN 2- 1 ) /U T -2-0-1-B (11): koK,
FEER 12.7%. m.p. 231.1~232.1 C; 'H NMR (400 MHz,
DMSO-ds) d: 10.50 (s, 2H), 7.88 (d, J=1.8 Hz, 1H), 7.80
(d, J=1.4 Hz, 1H), 7.68 (d, J=8.4 Hz, 1H), 7.62 — 7.58
(m, 1H), 7.52 (d, J=16.0 Hz, 1H), 7.35 (d, J=15.6 Hz,
1H), 6.83 (d, J=3.6 Hz, 1H), 6.82 (d, J=16.0 Hz, 1H),
6.60 (dd, J=3.3, 1.8 Hz, 1H), 6.52 (d, J=16.0 Hz, 1H);
13C NMR (101 MHz, DMSO-ds) d: 163.2, 162.8, 150.8,
145.3, 137.7, 135.6, 132.1, 131.9, 131.2, 129.8, 127.6,
127.5, 121.7, 116.4, 114.8, 112.7; HRMS caled for
CisH13CLN,03 [M+H]" 351.0303, found 351.0274.

(2E)-3-(3,4- 5K IE)-1-{2-[ QE)-1-5 WV FE-3-(AlL -
2-FE) - 2-0G ) LI TR -2- M- 1-F (12): K BBk oK,
P2 39.5%. m.p. 240.1~242.0 ‘C; 'H NMR (400 MHz,
DMSO-ds) 6: 10.65 (d, J=3.2 Hz, 1H), 10.48 (d, J=3.2
Hz, 1H), 8.63 (d, J=3.9 Hz, 1H), 7.90 (d, J=1.8 Hz, 1H),
7.85 (td, J=7.7, 1.8 Hz, 1H), 7.69 (d, J=8.4 Hz, 1H),
7.64~7.60 (m, 2H), 7.57 (d, J=15.2 Hz, 1H), 7.55 (d, J=
15.6 Hz, 1H), 7.39~7.36 (m, 1H), 7.19 (d, J=15.2 Hz,
1H), 6.82 (d, J=15.6 Hz, 1H); 3C NMR (101 MHz,
DMSO-ds) d: 163.0, 162.7, 152.7, 149.9, 139.6, 137.6,
137.3, 135.6, 132.0, 131.8, 131.13, 129.7, 127.4, 124.5,
124.3, 122.9, 121.7; HRMS calcd for C17H14CLLN;0, [M+
H]" 362.0463, found 362.0434.
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2-(3,4- EIEFL)-1-{4-[2-(3,4- EIKEIL) LR IR
Be-1-%5 ) Z-1-Bd (13): A Bk R, 7% 42.3%. mp.
262.6~264.5 ‘C; 1H NMR (400 MHz, DMSO-ds) 6: 7.56
(d, J=8.2 Hz, 2H), 7.50 (d, J=1.8 Hz, 2H), 7.22 (d, J=
8.2 Hz, 2H), 3.79 (s, 4H), 3.55~3.55 (m, 8H); HRMS
caled for CyH;oCLN,O, [M+H] " 459.0201, found
459.0175.

(2E)-3-(3,4- — & 7K 3£ )-1-{4-[QE)-3-(3.4- —~ A &
5)-1- 500 FE P -2 0 B IR W - 1- 8 ) T -2-Ji- 1- il (14): 3%
BHR, PF 10.1%. mp. 271.1~272.8 C; 'H NMR
(400 MHz, DMSO-ds) 0: 8.13 (s, 2H), 7.74 (dd, J=8.4,
1.8 Hz, 2H), 7.68 (d, J=8.4 Hz, 2H), 7.47 (q, J=15.4 Hz,
4H), 3.79 (s, 4H), 3.63 (s, 4H); *C NMR (101 MHz,
DMSO-ds) d: 164.4, 139.3, 136.1, 131.8, 131.8, 130.9,
129.5, 128.5, 128.5, 45.4; HRMS calcd for CoH;9C14N,0,
[M+H]" 483.0201, found 483.0172.

3,4- R -N-(4-{[(3,4- SR H ) IREE )AL T K
L 2 (15): A&k oK, 7% 79.3%. mp. 219.7 ~
220.8 ‘C; '"H NMR (400 MHz, DMSO-ds) 6: 8.68 (t, J=
5.4 Hz, 2H), 8.08 (d, J=2.0 Hz, 2H), 7.83 (dd, J=8.4, 2.0
Hz, 2H), 7.76 (d, J=8.4 Hz, 2H), 3.30 (d, J=5.5 Hz, 4H),
1.58 (s, 4H); *C NMR (101 MHz, DMSO-de) d: 164.1,
135.0, 134.0, 131.3, 130.8, 129.2, 127.6, 39.2, 26.5;
HRMS caled for CisHi7CLN,O, [M+H] " 433.0044,
found 433.0015.

(2E)-3-(3,4- E I IE)-1-{2-[3-(3,4- ~ G I ik
FVOEE A -2-M-1-F(16): AR, =R 222%.
m.p. 208.5~209.7 °C; 'H NMR (400 MHz, DMSO-ds) :
10.18 (d, J=2.6 Hz, 1H), 10.13 (d, J=2.6 Hz, 1H), 7.88
(d, J=1.9 Hz, 1H), 7.69 (d, J=8.4 Hz, 1H), 7.59 (dd, J=
8.5, 1.9 Hz, 1H), 7.56~7.46 (m, 3H), 7.25 (dd, J=8.4, 1.9
Hz, 1H), 6.75 (d, J=15.9 Hz, 1H), 2.87 (t, J=7.5 Hz, 2H),
2.51~2.49 (m, 2H); *C NMR (101 MHz, DMSO-ds) ¢
169.7, 163.2, 142.3, 137.7, 135.6, 132.1, 131.9, 131.2,
130.9, 130.5, 130.4, 129.7, 129.0, 128.7, 127.5, 121.8,
342, 29.7; HRMS caled for C;sH;sCLLN,O, [M+H]"
430.9888, found 430.9858.

(2E)-3-(3,4- "G IR )-1-(2- {3-[4-( = F T 3 ) 3 ]
AL ) BN -2-05-1-F(17): AR, F7E4.1%.
m.p. 199.8~201.8 °C; 'H NMR (400 MHz, DMSO-ds) :
10.18 (d, J=2.6 Hz, 1H), 10.15 (d, J=2.6 Hz, 1H), 7.89
(d, J=1.9 Hz, 1H), 7.69 (d, J=8.4 Hz, 1H), 7.65 (d, J=
8.1 Hz, 2H), 7.60 (dd, J=8.4, 1.9 Hz, 1H), 7.53~7.48 (m,
3H), 6.75 (d, J=15.9 Hz, 1H), 2.97 (t, J=7.5 Hz, 2H),
2.55 (t, J=7.5 Hz, 2H); '3C NMR (101 MHz, DMSO-ds)
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5: 169.9, 163.2, 146.0, 137.7, 135.6, 132.1, 131.9, 131.2,
129.8, 129.3, 127.5, 1253, 125.2, 121.8, 34.2, 30.5;
HRMS caled for CioHi6CLFsN,0, [M+H]" 431.0541,
found 431.0512.

324 A4 E 94K

1 mmol (b & D BT I, —umifi 0
JReFE R B, I Ol =8 R R R R, Beih s
SEWAEA)G, FHEFSE S mL 0K &R
AR, TERHE T 2822108 ik &
I 4 mL BEEES, 0 3 JC/K DMF Ak B, =i T
SN2 2 h, TLC Wl 5ok D S 5e 4RI AT, 980 R 25 %
JRLAA 2 R P R T 2 R R SR, R R R R AR Ry
EWE, EHE FRSRPEERT N PR
3.2.5 HARMLAH 18 F= 19 95 5%

BERAG TRtk E FHIEKIUERERE(S mL)
AR, AR RN 3,4 ZEFHEQ2.5 equiv.) LI 5 3 —
W, B FRMNZA 1 h, RN SERSE, 7R R
AZ140 mL 2ifboK, BB MR R, BB
JE A, HETEP AT AR B0 . B PR BE R
Prif, B SRR, WEANLE, BE &8 2%
FIRIASHE = . =938 DMSO AT /K 2 XA
ik

N-[(3,4- SR 5L R ]-4- {[(3,4- SR 3k ) FF AL )
FEy-4- W T WERZ(18): AR R, PEE 6.2%. m.p.
182.3~184.5 ‘C; 'H NMR (400 MHz, DMSO-ds) J: 8.41
(t, J=5.9 Hz, 2H), 7.51 (d, J=8.4 Hz, 2H), 7.47 (d, J=1.8
Hz, 2H), 7.21 (dd, J=8.4, 1.8 Hz, 2H), 4.24 (d, J=6.0 Hz,
4H), 2.42 (s, 4H); B3C NMR (101 MHz, DMSO-ds) o
171.8, 141.1, 131.0, 130.4, 129.2, 129.1, 127.5, 41.1, 30.6;
HRMS caled for CisH7CLiN,O, [M+H] " 433.0044,
found 433.0016.

(2E)-N-[(3.4- — S K HE) 2 -4 {[(3.4- — A
VR -4-FH T 2- B (19): Atk R, /=%
3.8%. m.p. 276.3~2769 ‘C; 'H NMR (400 MHz,
DMSO-ds) J: 8.99 (t, J=6.0 Hz, 2H), 7.60 (d, J=8.4 Hz,
2H), 7.53 (d, J=1.8 Hz, 2H), 7.27 (dd, J=8.4, 1.8 Hz,
2H), 6.92 (s, 2H), 4.38 (d, J=6.0 Hz, 4H); 3C NMR (101
MHz, DMSO-ds) o: 164.1, 140.4, 132.9, 131.1, 130.7,
129.6, 129.4, 127.8, 41.5; HRMS calcd for CisH;sCLiN,O,
[M+H]" 430.9888, found 430.9850.

3.3 H4EMSE
3.3.1 MTT &

BRIk AGS LAEEFL 3000 A4 125 5 e T

96 FLEEFEILA. PLKEE 10 pmol/L FIZG4ALFELHI 72 h
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J&, BEFLIIN 20 pL 3KJE N 5 mg/mL (1) MTT(IL 5 &3
VB RATNEW, EREFAPHERE 4 h
FELHFWAE, SFLIN 150 uL DMSO, Tk -
BV 1~2 min 45552, FEEFR(Molecular
Devices, 3% [E)7E 490 nm A NI =R GE.
332 @R AR FERE

B4R AGS PAAEFL 3000 AN ) 2 B 2 T
6 FL, f7 24 h ANGEE S I G 1T W E, HRE
LW FONPHEXTE, DMSO N HEXTE. 24 DMSO 4141
MIEEKE T0%0), FFRREFRE, MRS M (PBS)
TEUEE, A2 R HEL0.04 g/mL)ff) PBS M E & 15
min J&, SR RE, RdR.
333 XDREER

BAE TR E K AR AGS 20 LLAEFL 3X 105440
M2 FERER T 6 FLAR, Fraik 22 80%, M e
SHATRYR, PBS JEUEE IR IS H 725, fd (5 &
TR, RGN, TmZh 0. 12, 24, 36h
HATHIRE.
334 miaE RS

¥ AGS 4L 2 X 105 A0 /LAY % B 420 T 6 5L
BRI 2 uL AFREEZj A4 22 h s, H& 4
VY ZBR(EDTA, 2.5 g/L) I EEREH AL 5 U E 4mL 25
O, EERFYBON T5%M0K ZBEF[E 2 24 h. F 500
uL & RNase (IBLL P BE(PT) (BD, USA)YEEIHH 200
HZ At g, )57 FACS Calibur i 2 48 2 {X (BD,
USA)H HEAT 41 i & #5317
335 @A T SRR

¥ AGS 4R LAEEFL 2 X 105 ANHAR A S5 3R T 6
FLBRH, 24 h 4HARIGEESS, DX RNIRERIZ, 250
5% & 26 h Ji5 G EDTA JRREBGH 4k, A58 A8 T il il 77 &
(BD, USA), Ll FITC-annexinV(-3HE T PI(HG A
T WG R R M A B 8 T, 9l ik 9t =X 41 Bl AR (FACS
Calibur, BD, USA) HTFEA. K H FlowJo #3741 i
JHT R E AT, AHHE T2 = I T+ R T
3.3.6 Western blot 52 3 75 ik

¥ N B Rk AGS 4251 LA 2 X 105 AN/FLIK %
EEMT 6 SRR, 2P E —enl i fE, 2RI
LM, B EERSEONES. ERAESHE
P (0.1 g/mL) (14 58 PR 045 Tt S 1) 1 ot AR R i 5%
R 5 Tk e g Jisz HL 9k (SDS-PAGE) 43 15 Jim % 76 1) T Ml — 3L
ZIHPVDRE (FL) b ARIETE=E TS BURE D)
(0.05 g/mL)) TBST (Tris £k 2% i + k) v 41 1.5
h. fEF TBST ¥e¥ /5, FIH—Pi(Ceaved-PARP. Bax.
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Bcl-2. p-DYRKIA.DYRKIA. p-AKT. AKT # GAPDH)
T4 CiH%WE PVDF . BhJ5, W45 HH R 1) — P
B 1 h, GRS RIGIAGGE(ECL; Bio-Rad)W & HEH
Zkatr. (4 Image J 3K A A 3 HHE.

BBl (Supporting Information) L&4) 1~19 [
'HNMR. 3C NMR Fl HRMS [#3 &]. x24T DL 4
i WAFI 35 (http://sioc-journal.cn/) | N %K.
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