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Abstract In this paper, a series of piperine-dicycloamide derivatives was synthesized using piperine as parent

ek H B3 2023-12-25. W25 15 & H I 2024-01-31.
PR NEA: B, B3, WL, P10, 2N 25 Q0 & Jr 5T . E-mail: msjgdpu@126.com

TR, 2o, i, IR, 2 E N 200 & 7 I ESE . E-mail: mingliyang@njmu.edu.cn

O 2, W, BIEAR, EEEAFEYNE M T VE FALE D RS . E-mail: jijing@jou.edu.cn
LG I H < VLIRS VL IR AR T 25 W0 P 0 7 08 o i S0 8 AR (HEHE 5 HY 202302, HY202305) , 3% = W TV b A I F R
WP S 5 s AT TR 52 5507018036) IV R4S WFFE A SEEQIHT T REHEIHE S SY202352X1)¥E ).
Supported by the Open Project of the Key Laboratory of Active Molecular Screening for Marine Drugs in Jiangsu Province, Jiangsu Ocean
University, China(Nos.HY202302, HY202305), the Operating Fee of the Key Laboratory of Marine Product Inspection Technology in Lianyungang
City, China(No.5507018036), and the Jiangsu Graduate Practice Innovation Program Project, China(No.SY202352X1).

Chem. J. Chinese Universities, 2024, 45(4), 20230520 20230520(1/11)



T
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

nucleus, and their structures were confirmed by means of nuclear magnetic resonance hydrogen spectroscopy

('"H NMR) , nuclear magnetic resonance carbon spectroscopy (*C NMR) and high-resolution mass spectrometry
(HRMS). Methyl thiazolyl tetrazolium (MTT) assay showed that these compounds had good inhibitory effects on
kidney cells (293T) , cervical cancer(Hela) and breast cancer(MD-MB-321). Most derivatives had better inhibitory
activity on HelLa cells than positive controls fluorouracil (5-FU) and piperine, and compound 6b had the highest
anti-proliferative activity on HeLa cells. The half maximal inhibitory concentration (IC,,) of MDA-MB-321 cells was
3.49 pmol/L, and the ICy, of MDA-MB-321 cells was 20.89 pmol/L. The mechanism study showed that compound 6b
not only effectively inhibited the migration, invasion, adhesion and cloning ability of Hela cells, but also showed a
strong inhibitory effect on the growth of xenografts of HeLa cells. Therefore, compound 6b has the potential to be a
lead compound in tumor therapy.

Keywords Piperine; Anti-tumor; Piperine-bicycloamide derivative
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Scheme 1 Domain division of piperine(1) structure
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Scheme 2 Synthetic routes of target compounds 2a—6b

12.1 fea42am2b iy 4k #40.916 mmol {6542, 1. 1 mmol HOBT, 1. 1 mmol EDCI % 2. 7 mmol
LM 4 ml G P BEH, =W IR h BJE, A L 1 mmol Z¥¥ iz a fl b, I T 4RE2 R N
2 h IR L A W, RN (Ve Vosew=1: DB 4, 538 Hirtk &9
(2E,4E)-5-(RIF[d][1, 3] A2 IR 0 -5- 28 ) -1- [4- (2, 4- 3R ) DR IR - 1- 356 ] 130-2, 4- - 1- 1
{ (2E,4E)-5-(Benzo[d][1, 3 ]dioxol-5-yl)-1-[4-(2, 4-difluorophenyl ) piperazin-1-yl ] penta-2, 4-dien-1-one,
2af FI(2E, 4E)-5-(CRIF[d][ 1,3 ] I IIR-5-38) -1-[4-(2, 3- GURIL )RR -1-2E 112, 4- —-1-
i { (2E, 4E)-5-(Benzo[d][1, 3]di0xol—5—yl) -1-14-(2, 3—dich10rophenyl)piperazin—l—yl]penta—2, 4-dien-1-
one, 2b}.

A Y 2a, AR, 240 mg, WK 67%, m. p. 160~162 °C. "H NMR (500 MHz, CDCl,), 8: 7. 48
(dd, J=14.6, 10.0 Hz, 1H), 7.01(d, J=1.7 Hz, 1H), 6.95~6.89(m, 2H), 6. 88~6.78(m, 4H), 6.75
(d, J=5.0Hz, 1H), 6.46(d, J=14.6 Hz, 1H), 6.00(s, 2H), 3.84(d, J=57.7 Hz, 4H), 3.05(t, J=5.0
Hz, 4H); “C NMR (126 MHz, CDCL,), &: 165. 64, 159.33, 159. 23, 157.39, 157.29, 156. 83, 156. 74,
154.85, 154.76, 148.32, 148.26, 143.42, 139.03, 136.19, 136.16, 136.12, 136.09, 130.87,
125.07, 122.71, 120.03, 120.00, 119.95, 119.92, 119.05, 110.98, 110.95, 110.81, 110.78,
108. 54, 105.72, 105.08, 104.89, 104.87, 104.68, 101.34, 51.51, 50.79, 45.90, 42.16; HRMS
(C,H, F,N,ONa T80, m/A: 421. 1337(421. 1340) [ M+Na]".

& 2b, B EIA, 292 mg, W% 74. 1%, m. p. 130~132 °C. 'H NMR(500 MHz, CDCl,), &: 7. 49
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(dd, J=15.0, 10.0 Hz, 1H), 7.25~7. 14(m, 2H), 7.01(s, 1H), 6.98~6.88(m, 2H) , 6. 86~6. 72 (m,
3H), 6.47(d, J=15.0 Hz, 1H), 6.00(s, 2H), 3.86(d, J=55.0 Hz, 4H), 3.07(t, J=5.0 Hz, 4H);
BC NMR (126 MHz, CDCL,), &: 165.73, 150. 63, 148.30, 148.25, 143.37, 138.99, 134.20, 130. 87,
127.77, 127. 57, 125.20, 125.08, 122.68, 119. 15, 118. 81, 108. 53, 105. 73, 101. 33, 51. 84, 50. 15,
46. 00, 42.29; HRMS(C,,H,,C,N,0,Na 15318 ), m/z: 453.0745(453.0749)[M+Na]".
122 fhé43a~3e 94 K K 1. 04 mmol fb5H 3. 1. 24 mmol HOBT, 1. 24 mmol EDCI & 3. 12 mmol
SO 4 mL & W B, ST ROV 1 b S, INAZEIAMi i a~e (1. 24 mmol), i FAREE N
2 h. B IR ZEIEbR L A e, AE)ENT (Ve V omew=1: DB 4L, 153 BAsb A9 (E)-3-(F
FELAI[, 3] IR -5-3 ) -1-[ 4- (2, 4- - FoAR ) WR R - 1- 3 [N -2-45-1-1 { (E)-3-(Benzo[d][ 1,3]
dioxol—S—yl)—]—[4—(2,4—diﬂu0r0pheny1)piperazin—l—yl]prop—Z—en—l—one, 3al . (E)-3-(ZKF[d][1,3] 4 2~
PRI -5-L ) -1-[4-(2, 3- AL ) DR R -1- 55 | N -2-4-1-M { (E)-3-(Benzo[d][1, 3]dioxol-5-yl)-1-[4-
(2, 3-dichlorophenyl ) piperazin-1-yl |prop-2-en-1-one, 3b{ . (E)-3-(CKIf-[d][ 1,3 ] AL -5-38 ) -1-
(4- My R L WR g -1- 355 ) PN -2-J-1-1 [ (E)-3-(Benzo[d ][ 1, 3 ]dioxol-5-yl)-1- (4-morpholinopiperidin-1-yl )
prop-2-en-1-one, 3c] . (E)-3-(ZFH[d][1,3] 520 -5- 28 ) -1- [ 4- (4- T BEDR IR - 1- 26 ) WR W - 1- 3 |
N -2-Ji- 1 { (E)-3-(Benzo[ d ][ 1,3 ]dioxol-5-yl)-1-[ 4-(4-methylpiperazin-1-yl |piperidin-1-yl ) prop-2-en-1-
one, 3d{ F(E)-1-([1,4"-BRURIE |-1"-56)-3- CRIF[d] [ 1, 3] AR M -5-58 ) N -2-J-1-H [ (E) -1-
([1,4'-Bipiperidin ]-1'-yl)-3-(benzo[ d ][ 1,3 ]dioxol-5-yl ) prop-2-en-1-one, 3e].

tbE W) 3a, RIE A, 257 mg, WH 66.4%, m. p. 138~140 ‘C. 'H NMR (500 MHz, CDCL,) ,
8: 7.65(d, J=15.3 Hz, 1H), 7.07(d, J=1.8 Hz, 1H), 7.03(dd, J=5.0, 1.7 Hz, 1H), 6.96~6. 89
(m, 1H), 6.89~6.85(m, 1H), 6.83(d, J=7.9 Hz, 2H), 6.76(d, J=15.3 Hz, 1H), 6.02(s, 2H), 3. 88
(d, J=45.0 Hz, 4H), 3.08(t, J=5.0 Hz 4H) ; *C NMR(126 MHz, CDCL,), §: 165. 65, 159. 36, 159.27,
157.42, 157.32, 156.84, 156.75, 154.86, 154.77, 149.13, 148.28, 142.96, 136.12, 136.07,
129. 62, 123.90, 120.06, 120.03, 119.99, 119.96, 114.73, 111.00, 110.97, 110.83, 110.80,
108. 56, 106.36, 105.10, 104.91, 104.89, 104.70, 101.49, 51.53, 50.81, 45.96, 42.26; HRMS
(CooH, F,N, O3B ), m/z: 373.1368(373. 1364) [M+H]".

&4 3b, IR A, 268 mg, WE63. 7%, m. p. 96~98 °‘C. 'H NMR(500 MHz, CDCL,), &: 7. 65
(d, J=15.3 Hz, 1H), 7.23~7.16(m, 2H), 7.07(d, J=1.7 Hz, 1H), 7.03(dd, J=7.9, 1.7 Hz, 1H),
6.95(dd, J=7.8, 1.7 Hz, 1H), 6.83(d, J=8.0 Hz, 1H), 6.77(d, J=15.3 Hz, 1H), 6.02(s, 2H), 3. 89
(d, J=42.1 Hz, 4H), 3.08 (1, J=5.0 Hz, 4H) ; “C NMR (126 MHz, CDCl,) , 8: 165.75, 150.62,
149. 12, 148.28, 142.92, 134.22, 129.63, 127.78, 127.59, 125.23, 123.88, 118.82, 114.83,
108. 56, 106.37, 101.48, 51.84, 51.18, 46.08, 42.40; HRMS (C,H,C,N,0,Na i1 & 18 ) , m/z:
427.0593(427.0593) [ M+Na]".

TEW) 3, IRTE O HIA, 240 mg, UK 67%, m. p. 144~150 °C. 'H NMR(500 MHz, CDCl,), &: 7. 58
(d, J=15.4 Hz, 1H), 7.06~6.96(m, 2H), 6. 85~6.66(m, 2H), 6.00(s, 2H), 4.73(s, 1H), 4. 13(s,
1H), 3.79~3.67(m, 4H), 3.12(s, 1H), 2.71(s, 1H), 2.62~2.56(m, 4H), 2.49(td, J=9.3, 5.4 Hz,
1H), 1.94(d, J=11.1 Hz, 2H), 1.55~1.41(m, 2H); “C NMR (126 MHz, CDCl,), §: 164.99, 148.51,
148.21, 142.03, 129.85, 123.72, 115.22, 108.50, 106.33, 101.00, 67.15, 61.99, 49.69; HRMS
(CoHuNO, 154508 ) , m/z: 345. 1814(345. 1814)[M+H ]".

B 3d, R A, 220 mg, B 59%, m. p. 117~121 °C. 'H NMR(500 MHz, CDCl,), 8: 7. 56
(d, J=15.2 Hz, 1H), 7.03(s, 1H), 6.99(d, J=8.0 Hz, 1H), 6.79(d, J=8.0 Hz, 1H), 6.72(d,
J=15.2 Hz, 1H), 5.98(s, 2H), 4.72(s, 1H), 4.14(s, 1H), 3.45(s, 1H), 3.10(s, 1H), 2.61(s,
5H), 2.50(s, SH), 2.29(s, 3H), 1.92(d, J=12.6 Hz, 2H), 1.48(qd, J=11.8, 3.8 Hz, 2H), 1.23
(m, 1H); “C NMR(126 MHz, CDCl,), 8: 165.41, 148.93, 148.20, 142.36, 129.77, 123.69, 115.29,
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108. 49, 106. 34, 101.41, 61.74, 58.13, 55.39, 50.50, 45.94, 45.24, 41.76, 29.03, 28. 10, 18.45;
HRMS(C,Hy N0, 3150 , m/: 358. 2135(358. 2131) [ M+H .

G 3e, 0 EA 200 mg, W0 61%, m. p. 146~150 °C. 'H NMR (500 MHz, CDCl,), &: 7.59
(s, J=15.3, 1H), 7.04(s, 1H), 6.99(d, J=1.7 Hz, 1H), 6.80(d, J=8.0 Hz, 1H), 6.74(d, J=15.3
Hz, 1H), 5.99(s, 2H), 4. 76(s, 1H), 4. 16(s, 1H), 3.09(s, 1H), 2.65(s, 1H), 2.56~2.47(m, 5H),
1.90(d, J=11.7 Hz, 2H), 1.66~1.55(m, 4H), 1.55~1.42(m, 4H) ; “C NMR (126 MHz, CDCI,) ,
8: 165.37, 148.89, 148.19, 142.02, 129.82, 123.65, 115.41, 108.48, 106.34, 101.40, 62.45,
50.30, 45.57, 42.07, 29.00, 27.58, 26.39, 24.74; HRMS (C,,H,,N,0, it & {8 ) , mk: 343.2025
(343.2022)[M+H .
123 fhedaFdbth 4Kk 1. 11 mmol tb-54 4, 1.33 mmol HOBT, 1.33 mmol EDCI }% 3. 33
mmol = ZJEMA 4 mL — & Fherb, I F SOV 1 h, BEJSEIIA 1. 33 mmol Z2¥R (i a Flb, a5 i F4k4L
FIE 2 he 38 9 ZE R bR R A, SRR (Vi Voew=1: D & 4tk , 158 Birfb &9
2-(ZEIF[dI[1, 3] AR IR R -5-3E ) -1-[4- (2, 4- " AL ) R BR-1-KE ] £ -1 {2- (Benzo[d ][ 1, 3]
dioxol-5-yl)-1-[4-(2, 4-difluorophenyl ) piperazin-1-yl Jethan-1-one, da | F12-(ZEFF[d ][ 1,3 ] A I M-
5-35)-1-[4-(2,3- 5K KL ) WRE-1-3E | Z.-1-f { 2-(Benzo[ d ][ 1, 3 ]dioxol-5-y1)-1-[ 4-(2, 3-dichlorophenyl )
piperazin-1-yl Jethan-1-one, 4b}.

Y da, A 250 mg, B0E63%, m. p. 74~75 “C. '"H NMR(500 MHz, CDCl,), 8: 6. 90~6. 84
(m, 1H), 6.83(s, 1H), 6.81(s, 1H), 6.79(d, J=3.9 Hz, 1H), 6.77(s, 1H), 6.71(d, J=7.9 Hz,
1H), 5.96(s, 2H), 3. 82(t, J=5.1Hz, 2H), 3. 70(s, 2H), 3.63(t, J=5. 1 Hz, 2H), 2.99(t, J=5. 1 Hz,
2H), 2.88(t, J=5.0 Hz, 2H) ; “C NMR (126 MHz, CDCl,) , &: 169.58, 159.29, 159.20, 157. 35,
157.25, 156.76, 156.67, 154.78, 154.68, 147.98, 146.51, 136.10, 136.07, 136.03, 136.00,
128.52, 121.62, 119.94, 119.91, 119.87, 119.84, 110.93, 110.90, 110.76, 110.73, 109.09,
108. 44, 105.05, 104.86, 104.85, 104.65, 101.05, 51.23, 51.21, 50.61, 50.59, 46.20, 41.85,
40. 56; HRMS(C (H (F,N,O,Na 71 81H), m/z: 383. 1180(383. 1183)[M+Na]".

b4 Y 4b, ¥R 6 [E4A 300 mg, WE 69%, m. p. 95~103 ‘C. 'H NMR (500 MHz, CDCl,), 8: 7.20
(dd, J=8.1, 1.7 Hz, 1H), 7.16(t, J=8.0 Hz, 1H), 6.90(dd, J=7.9, 1.7 Hz, 1H), 6.81~6. 78 (m,
1H), 6.77(s, 1H), 6.71(dd, J=7.9, 1.8 Hz, 1H), 5.96(s, 2H), 3. 88~3.80(m, 2H), 3.70(s, 2H),
3.67~3.60(m, 2H), 3.01(t, J=5.1 Hz, 2H), 2.90(t, J=4.9 Hz, 2H); “C NMR (126 MHz, CDCl,),
8: 169.69, 150.54, 147.98, 146.51, 134.19, 128.54, 127.72, 127.53, 125.19, 121.62, 118.75,
109. 09, 108. 44, 101.05, 51.56, 51.01, 46.32, 41.98, 40.61; HRMS (C,,H,,CLN,O, &8 ) , m/z:
393.0771(393.0773)[M+H ]".
124 &4 SafShay4 K ¥ 1.2 mmol fb 55, 1. 44 mmol HOBT, 1. 44 mmol EDCI & 3. 60 mmol
SO A mL B B, EIEF ROV 1 b B, A L. 44 mmol 243Nl a Fl b, IR 4RSI N;
2 h. AR R L AR, SR (Ve Voses=1: DB 4k, 153 B brfb & 926 3F
[d][1,3] =AM -5- 2 [4- (2, 4- ZHUAR L ) R 28 -1- 55 ] FH ] { Benzo[d ][ 1, 3 ] dioxol-5-yl1[4-(2, 4-
diﬂuorophenyl)piperazin—l—yl}methanone, Sal MIZEIF[d][1,3 ] A4 d-5-3 [ 4-(2,3- & FE L) IR
WE-1-JE JH i { Benzo[ d ][ 1, 3 Jdioxol—S—yl[4—(2 " 3—dich10rophenyl)piperazin—l—y]]methanone , Sbi.

A Y 5a, K 270 mg, WL 63%, m. p. 74~75 ‘C. "H NMR (500 MHz, CDCL,), &: 6.98(dd,
J=7.9, 1.7 Hz, 1H), 6.95(d, J=1.6 Hz, 1H), 6.92 (dt, J=9.9, 4.6 Hz, 1H), 6.86(s, 1H), 6. 84(s,
1H), 6.82(d, J=2.7 Hz, 1H), 6.02(s, 2H), 3.80(s, 3H), 3. 04(s, 4H); “C NMR(126 MHz, CDCL,),
8: 169.94, 159.34, 159.25, 157.40, 157.31, 156.83, 156.74, 154.85, 154.76, 148.96, 147.69,
136. 17, 136.14, 136.10, 136.07, 129.15, 121.70, 120.05, 120.02, 119.98, 119.95, 110.98,
110. 95, 110. 81, 110. 78, 108.26, 108. 12, 105. 09, 104. 89, 104. 88, 104. 68, 101. 48, 50. 60; HRMS
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(C H ,FN, O3B ), m/z: 347, 1214(347. 1215) [M+H ",

fbA W 5b, 1A A 252 mg, W0E56%, m. p. 153~159 °C. 'H NMR (500 MHz, CDCL,), &: 7.22
(dd, J=8.0, 1.7 Hz, 1H), 7.18(t, J=7.9 Hz, 1H), 6.98(dd, J=7.9, 1.6 Hz, 1H), 6.97~6.94 (m,
2H), 6.86(d, J=7.9 Hz, 1H), 6.03(s, 2H), 3.81(s, 4H), 3.06(s, 4H); “C NMR(126 MHz, CDCL,),
8: 170.02, 150.58, 148.95, 147.69, 134.23, 129.24, 127.78, 127.59, 125.27, 121.70, 118. 84,
108. 28, 108. 13, 101. 48, 50. 38; HRMS(C,H,,CLN,0,Na 181 , m/z: 401. 0434(401. 0436)[ M+Na J*.
125 {44 6afm6b Ak 1.0 mmol L5476, 1. 20 mmol HOBT. 1. 20 mmol EDCI }% 3. 0 mmol
SO 4 mL P B, EE T ROV 1 h. B, A L. 20 mmol 243 il a Fl b, i T 4RSI N
2 h. I EEZERR A AR, SRR (Ve Vomes=1 DB 4L, 58] BAsMEEW(2,2- 51
I, 3] A 2% 3R 0 -5-8 ) [4- (2, 4- UL ) R -1-2 | FF R { (2, 2-Difluorobenzo[d ][ 1, 3]
dioxol-5-y1) [ 4-(2, 4-difluorophenyl ) piperazin-1-yl Jmethanone, 6af F1(2,2- "3 &I [d][ 1,3 ] AL
Ji-5-55) [4-(2,3- " E R IL )RS -1-3& | Bl { [ 4-(2, 3-Dichlorophenyl ) piperazin-1-yl | (2, 2-difluorobenzo
[d][1,3]dioxol-5-yl )methanone, 6b.

bW 6a, A 262 mg, WLF 68. 5%, m. p. 87~89 “C. 'H NMR (500 MHz, CDCl,), &: 7.22
(d, J=7.1Hz, 2H), 7.13(d, J=8.4 Hz, 1H), 6.95~6.89(m, 1H), 6.84(q, J=8.4 Hz, 2H), 3.77(d,
J=103.3 Hz, 4H), 3.05(s, 4H); “C NMR (126 MHz, CDCL,), 8: 168. 68, 159.43, 159.34, 157.49,
157.40, 156.89, 156.79, 154.90, 154.81, 144.70, 143.76, 136.03, 136.01, 135.96, 135.93,
133.67, 131.63, 131.50, 129.59, 123.21, 120.12, 120.08, 120.04, 120.01, 111.02, 110.99,
110. 85, 110. 82, 109. 48, 109. 15, 105. 13, 104. 94, 104.93, 104.73, 51. 12; HRMS(C (H,.F,N,0, 3%
{E), m/z: 383. 1017(383. 1019)[M+H J*.

&9 6b, JC 075 IR A 250 mg, WK 60%. 'H NMR (500 MHz, CDCL,), 8: 7.23(s, 1H),
7.23~7.20(m, 2H), 7.18(t, J=7.9 Hz, 1H), 7.13(d, J=8.5 Hz, 1H), 6.95(dd, J=7.8, 1.8 Hz, 1H),
3.82(d, J=123.3 Hz, 4H), 3.07(s, 4H); “C NMR (126 MHz, CDCl,), &: 168.75, 150.39, 144.65,
143.72, 134.21, 133.65, 131.61, 131.54, 129.57, 127.75, 127.62, 125.35, 123.22, 118.83,
109.50, 109.14, 51.36, 48.19, 42.71, 26.91; HRMS (CH,,C,F,N,0, 31 25 i ) , m/: 415.0438
(415.0436)[M+H |".

12,6 @pFExr RN AIN A E KA A (), A 408 2 00 2 AR 4 FH
PE .47 S A R R BN 10% 19 i 4 L3 (FBS) FIHAFR 2> 3% 9 1% 175 55 & -4 55 2 1Y DMEM
(KGM12800-500) 35 F5 5 45 5%, £ 37 "CRIUATH S5 5% 119 CO, 18 i 15 57 46 (Thermo Fisher Scientific,
BB150) FRIFE . Y40 i il R T0%~80% I}, FITA 0. 25% () g 25 A [ 11 0. 25 g 85 A 100
mL 0. 1 mol/LBFRELZZ i (PBS ) B il i i JEA T4k . AR FnES %

1.2.7 vl R E 25 4 1C,,  WEMEHE (MTT) BT FH T 240 Hf 385 8 K 376 00 2 B A4 & &4t e vy i 24
FE B HeLa i . 293T 4 /i 1 MDA-MB-231 4 I /0 7E 96 LA H1 (1x10°4~/4L) , ¥ HeLa 4fifif1 . 293T
L FI MDA-MB-231 FIARFR I3 B00 109 WG/ INA- I 37 35 55 W e ] s S 2 A v, DAL 1x10° 44
MadzeFh 3] 96 fFLAR H, AL 100 wL, BEF R . 58 EEIE, DAEHHURRN 5- 30K B BE (5-FU ) S X B
A, KA TR T AR 25 8535, AL 200 pL RRill 254, B 3N FL. 7E Y
il 200 wL PBS 22 #hif , M7 BN GBARZR K . TELVERT 48 WG BR 25 BIRIH W, TERDGAIE T %
AFLHAIIA 10 WL MTT(5 mg/mL) , ZEEF SRR P E 4 h. )5 3525 MTT, AFLINTA 100 pl = AR
(DMSO) %W, B THEIR EHRY 10 min (4554 785 Rl . 1 FHBEPR AN L 490 nm AR WO, 11
BRI B (1G5, ) L.

128 Zifiz 25200 5 FE M 520 2800 MTT S0k fe 15 20 £ X HeLa A LAY 1C,, fB 5/ N AL 54 6b.
ZHESCHR 24 1 7k, TEARZBSEER T, 50 mg/mL FEFREERE (V et Viarn=1: 8) A BMUBR B/ NE 1Y I
FZH, 7E4 CTF T . K Hela 4HHE LA 1}10° S /HALEERITE 120K, ZHAERALG 2L 80%, M 12 h. 437

Chem. J. Chinese Universities, 2024, 45(4), 20230520 20230520(6/11)
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JIA 5-FU (10 pmol/L) 1 Ky BHAE X BEZH , A DMSO R BT BREH , B AN R B ik &4 6b(2. 5, 5
F10 wmol/L)VE N SEIR LRI 254, 8 24 h. Bl FHIREG IS AL 25 FLANIL, AT 408 0. 2% 1) BSA
TCI T B IR FE E BN . K 100 pL BRI ROMA B . N EPIA 650 pLAARF 00 10% 1 FBS
) DMEM 353505 . 7837 ‘CHI15%CO, 5 746 M 7 24~36 h, BEJE IR 248 L R B2 i 4, F R4y
K 4% 1) 22 5% T I PBS IR ] 72 408 20 min, FH PBS 28 MWRIHUE 3 U, Bl 4 FH B &40 850K 0. 05% 11
S5 6 20 min. FITEKIEUREAHR /NIRRT, AR5 A E B agi= 22/ = 4
15, F Image] BAFIHEAR AR .

TEFEMS 256, B Hela 400 DL 1X10°S/ALEERNE 12 FLAR , 4R 45 B2 24 80% , & T 15 3544 vh s
B 12 h W FEWEW, BALIMA L mLEFZ58, RS ABAPEXT B DMSO F1BH % /8 5-FU. 7EAH [F]
KR40 T RESR 24 h. KA BRA MR 4 A 11O AN/ LEER e e () 96 LAk b, 3 3ANEE & AL, ALY
JilE# 200 L PBSZZ 0P, B Ik ZIRARZE K& . A 37 C, IRF B 5%CO, G324 R 15 55 24 h. T
I FZWEW, FFLIMA 10 WL MTT, 48228537 4 h. WG 5725 B2, BFLINA 100 pL DMSO, B 9
Vit LR 5~10 min, 7ERHEGE T WETCAA, Bl FHBEHR G 490 nm PR O .
1.2.9 45w BTk L SIESCHR[24 105k, e XT B0 A K (1) HeLa 4 LRI 7E 12 FLAR Y, R4
MBS, B A AR AL S 6b(2. 5, 5110 wmol/L) FBH X 2597 5-FU (10 mol/L) it 15 75 ik
TINAFREAFLA, [N, DMSO BAYEXT BEAL . 4525 6 him, B4 A IAFI 050 10% /Y FBS [ DMEM K557
BL, e 14 d, KRR T A LR SRR UG, DRI IR, B ER EOk 4% 1 2 R
[ 7 20~30 min, SRJ5 FH B 73 500K 0. 05% 145 it 58 42 0 R G €230 min, WSS ILAE VR TR L. fi
J&i , {3 FH Image) BT FLAIES T8 B | FARCRITTE, DAAR M 50 BEIE S0  2% (Inhintion rate, %) PFAfi{L
A1 6b X} HeLa 201 At v B2 (A 41 il V6 FH -

1-0D,,
oD,

L OD,, WFEMEINEDLEE 5 0D, %5 FIRERL SEINBOLEE .

1210 AR E R E LT SR RS (CAM 5256 ) LIS IR R 2 A4, =5 F T 0F S8R N Ireg 114
TE R, M8 A BURNEE RS . R CAM S0 W] A5 004 24 9 % e 4t e Ak Py 8 2 e BT e 0, 2 BE Ok
(25,26 1751, Iy sh) S ga Bsa sh W e B 2E 51 st . AR 1 rh 2o s HGESR8 Y . 160y
JRRGAE 37 CREFRA TR 7 . P2 B0 I DMEM B VR (FRFREE 1: 1) IR S F 92 7% HeLa 401,
FEH BE 2 2X10° cell/mL. K F1 BT 2 V% 1) HeLa 4 LA A NS R (4 6 40 0457 HP . S50 21 phr [ 14 X B 4
(DMSO) . BHPEXT BEZH 5-FU(10 we/pl) FIALAH 6b (1) 3 AR EE (2. 5, SF110 we/pl) (ISZI A 41T,
TRAL 6 MIGHE . TEMRANIAE A 4 dJ5 , KA MR BE 1Ak &4 6b FHBH 2547 5-FU 43 3 i A S XS IR R 5%
. FE29iAYT 3 dJE, VIBRIWER, FA88, FREEJFICSE, DA% i DL KOS I v o 8 A 1 DA R
TEN G 6b TR INBL PRI BE 1 A FE R .

2 #FR5iTE

21 MTTERIGER

R 5 5% 8 AR I A BURRATT A 0 M AR S A, SR B MITT 35 DA 1 5 AR - R 5 e 13 26 o b
HeLa, MDA-MB-231 F1293T 4tiJffd & A SMTG FEIGVE , 25 R4 TR 1. /0L, REHE PN Hela 4
JfF MDA-MB-321 4 i3 48 0 4 il 4 B &t 5 S laAsmeire b, HARAE A P00t IE 5 B 240 293T sk
1%, PEIHIZZRAL A WX s A0 M A S e 8k . P SUER S M UG R I 3R 5 0% Ak A W e T e
G BLA, e e R R B s U IO I U 3 i S e R e T
FETETE . A5 % 6b X HeLa 41 i [ 1C,,= (3. 49+0. 42) wmol/L ] Fl MDA-MB-321 4 Jffi [ IC,,= (20. 89+0. 44)
wmol/L ] 34178 W1 55 A4 kI VE T, A T FEPE XS BB ZH 5-FU [ 1C,,=(42. 07+0. 74)/(33. 79+0. 85) wmol/L], X}
HeLa 2t A A0 iV FH R S B

x 100%

Inhinition rate =

Chem. J. Chinese Universities, 2024, 45(4), 20230520 20230520(7/11)
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Table 1 Antiproliferative activities of target compounds against two cancer cells and one normal cell”

IC,y/ (umol - L")

Compd. Structure
2937 Hela MDA-MB-321
4 N/\
2 N 1 >100 26.85+1.65 53.349.40
2h D/M” QP 59.44+9.11 21.6242.18 83.29+26.95
O N OF
3a " K,N 1 82.28+11.87 51.33+3.44 >100
F
o
O N a
3b ¢ L 55.24x2.41 54.34+6.39 44.64+1.85
o
o NN
3c < CL >100 34.00£1.17 >100
N
Lo
o
o Ay
3d " CL >100 53.2323.10 >100
N
LN
o
o) XN
3e $ O\ >100 79.97+3.58 >100
@
F F
4a . S >100 12.93+0.64 >100
Cl
Cl
4 i 4522+3.66 24704257 28.43+3.98
o N
$ 3
o
O N F
5a <o]©)L ON 87.358.00 4.30+0.12 >100
F
o
0.
sh <O]©)LNﬁN 7 o 27.07+1.23 8.59+0.65 >100
o]
O
6a X @ Ff 41.99:5.80 22.82+0.51 >100
F
(o}
O.
6b e U T 4 45.34+2.75 3.49+0.42 20.89+0.44
Piperine 42.77+7.61 44.03+3.23 239.03+37.49
5-Fu 107.72+8.92 42.07+0.74 33.7940.85

* Data was expressed as the mean=SE from the dose-response curves of at least three independent experiments with three determinations in

each.
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2.2 L&Y 6b 3t HeLa AT R FEM LTG5 R

FET MTTEER, ] HeLa 40 M R I S ARSI TS PE A 1L 59 6b , 83 R AT A% SE g ik — 2
W AEARSMI I I A T R AR 2R VR T . G5 SR 3R0T, BB LG 6b S EL A I, iE RS At i i 5k
SR, AR K 1A FN(B) iR . A6A 9 6b 76 A [R] Mk & X HeLa 20 A0 il 240 F « 2.5
wmol/L[ (22. 73+4.85)% | ; 5 wmol/L[ (42. 61+3.98)% |; 10 wmol/L[ (86. 55+5.91)% |, AH b FHH [F] v Ji
I BAPEXT B8 2 5-FU[ 10 wmol/L, (50.95+2.86)% ], tbA4 6b il 40 i A2 e 1L T 5-FU.

(&) 6b 2 15F®)
E ~ .-

Control 25 umol/L 5 pmol/L 10 pmol/L  5-FU 10 pumol/L 2810
R i 2 R s S g
& ' s 83

2405
g ~—

© 0

©

6b

Relative cell numbers
(of Control)

a b c d e
Fig.1 Schematic diagrams(A, C) and statistics(B, D) of the effects of compounds 6b and 5-FU on the
migration(A, B) and adhesion ability(C, D) of HeLa cells in 24 h
#P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. a. Control; b. 6b, 2.5 wmol/L; c. 6b, 5 pwmol/L;
d. 6b, 10 pmol/L; e. 5-FU, 10 pwmol/L.

FAAS IR HE 2 (1) A5 ) 6b Ab B HeLa 21 AL J5 Fir A5 A AL R BT 45 SR AN 1(CO (D) PR, A B RR 53
B4 2.5 pmol/L(82.93%) , 5 pmol/L(60. 36%) F1 10 wmol/L(35. 51%). 5 AH[HE¥# ) 5-FU(10 wmol/L,
82. 83% ) Kb FRLE BAH L , b 6b e JE 4 10 umol/L S 5o 9 i 41 MO 5 B AT S8 - iy skl VR D, BLARS
YIeb kM 2. 5 pmol/LE, BIATIAF] 5 10 wmol/L 5-FU 3T AR .

FIRZERRI, AbA W) 6b X HeLa 41 RS NERS K ZEB A0 VE F LE 5-FU B3
2.3 {L&46bXf HeLa 4RI 5= fE SIS 45 52

itk — 2 Z2A A ) 6b X HeLa 21 L (A AR M FEAM R SCR , SRR BRI AL-5 9 6b (2.5, 5 il
10 pwmol/L) FIBHYEZS#) 5-FU (10 wmol/L) 435I AL P HeLa ZH1 ifd, Bl 5 07 & 4000, T2 R vals . AT 4h s
B, B A6 A 6b SR I BN, ANt e P At B s /b . I 2(A) R (B) AT, Bl g 159 6b Wk FE 1Y
B, 203G FERE R RE, A 6b R EE S AN MR A R OE R AT ¢ 2.5 pmol/L, (77.27+4.85)%;
5 wmol/L, (57.39+3.98)%; 10 wmol/L, (13.45+5.91)%. {HA31F B RS, W R 10 wmol/L i FHIEZS )
5-FU Ab 3 9 4 M35 58 2% 4 (49. 05+2. 86) %, AR T ARTRI M B2 1 46549 6b AL 32, AT WAL 54 6b X
HeLa 4045 ME(EA S 4T A i 1E A

A z L (B)
(A) 6b 5 13
E3
Control 2.5 umol/L 5 umol/L. 10 pmol/L 5-FU 1 = ié‘ 1.0
) s £%05
Q
A ~

0
a b c d S

Fig. 2 Schematic diagrams(A) and statistics(B) of the effects compounds 6b and 5-Fu inhibited the
clone ability of HeLa cells in 24 h
*P<0. 05, **P<0.01, ***P<0.001, **#*+P<0.0001. a. Control; b. 6b, 2.5 wmol/L; c. 6b, 5 pmol/L;
d. 6b, 10 pmol/L; e. 5-FU, 10 pmol/L. .

Chem. J. Chinese Universities, 2024, 45(4), 20230520 20230520(9/11)
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24 AEYWEbARCAMERLER

RIS ZE R, fb 5 W) 6b X HeLa ZH i i385 . ZHBHFIER HAT RAFMIIHIMER . ilk—2
TEMR P 54 651 6b X HeLa 21 LA I 28R , SR FHEE R HeLa 40 I A9 XS IRAE S 52 306 G2 64 70
B AR HeLa 0, H55R 11 dJ5 . RO ARBERLIY A S AL, Horh 3505257 3 Rk FEAL &9
6b(2.5, SHI10 pg/ul), 14T 5-FU10 ng/pl) , A25)5 55573 d e, WEERS AR I 45 A i 50 55 e
Frin Ak . G5 HERT, 2500t UGS Az BCAT R AR S RO, A5 R nE 3(A) FN(B) B . (L
6b 114 e JE X6 7 X I B4 1M A5 A 40 o 2.5 we/pl, (91.97+4.27)% 5 5 pg/ul, (74.69+5.93)% ;
10 wg/pl, (53.41+3.66)%; 1M 10 /L BHE 254 5-FU (I 55 A2 R (78, 5244, 02)%.  Fikzh 3k
W, AH IR B A6 A5 0 6b XoF Jieg I A8 2B ey A /R P EE 5-FU BE B I

Ty — 7L, R S TR R AE R RO . A BT F R B, R Ak A 6b X B 41 il
MR R ELEICOMD) ] fLEY6b B E S MIERE LR T : 2.5 pe/pl, (28.17+1.17) mg;
5 pg/pl, (15+1.41) mg; 10 pg/pL, (8.17+0.75) mg. f#i i 10 we/wL 5-FU 40 F 5 Ay i iy (14. 5=+
1.05) mg. 25 BAR R T B4k -&4 6b X igd A= KAl A F755 T BHPE XS B 24 5-FU.

A)

| (B)

6b

—_
[ ]
o O

[ e .
o o O O

Blood vessel proportion
(% of Control)

(=}

Number NO.1 NO.2 NO3 NO4 NOS5 NO.6

control

6b 2.5 pg/pL
on
6b 5 pg/pL § 200
[=]
g 150
6b 10 pg/pL ﬁ
o 100
5-Fu :
10 pg/pL ] 50
=

(=1

1

1234567809101234
Fig.3 Schematic diagrams(A, C) and statistics(B, D) of the effects of compounds 6b and 5-FU on chick
embryo blood vessel(A, B) and chicken embryo xenograft tumors(C, D) of HeLa cells in vivo
*P<0. 05, **#P<0. 01, **#P<0. 001, ****pP<(). 0001. a. Control; b. 6b, 2.5 pmol/L; c. 6b, 5 pmol/L; d. 6b,
10 wmol/L; e. 5-FU, 10 pwmol/L. .

3 &

BT 13 AR - SO BT A9, MTT SE56045 R0, 384 BARE A4 (BT v 4 0 & 4
T BH M X BE 24 5-FU RO . b, 4k & % 6b X HeLa 4 i HT 34 58 19 1C,, {8 9 3. 49 pumol/L, Xf
MDA-MB-321 4 il f) 1C., M 20. 89 wmol/L. LA 4 6b AN} HeLa 4N AYIERS | BB K va e RE S A 1R
SR AGPIHIVE R ; CAM SEEG 25 Rt B, IR NPT IR & BB & 1 5-FU. L, 1A 6b A R AT
WAMILIMRE TG M, ATV BT 25 0 e A S T TR AR

X #1428 W http: //'www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20230520.
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