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Study on Design, Synthesis and Anti-Cervical Cancer and Cisplatin
Resistance Activities of Novel Imidazole-Chalcone Derivatives

Liu Zhengye, Yang Zheng, Mourboul Ablise®, Yusupuwajimu Alimujiang,
Aalimila Abudoukadier, Wang Yu
(College of Pharmacy, Xinjiang Medical University, Urumqi, 830011)

Abstract  Four types of imidazole rings were introduced into the B-ring of chalcone backbone, while methoxy,
amino and hydroxyl groups, respectively, were introduced into the A-ring; a series of novel imidazole-chalcone
derivatives were synthesized by Claisen-Schmidt reaction, and their structures were characterized by 'H-NMR, "“C-
NMR and HRMS. The mechanism of action of the target compounds and their anti-cervical cancer activity were
explored by MTT assays, Transwell assays, flow cytometry and molecular docking techniques. Most of the compounds
had anti-cervical cancer activity, among which, 2i had more significant activity and less toxic to normal cells. In
addition, 2i significantly inhibited the migration and invasion of HeLa and HeLa/DDP cells, induced the apoptosis of
these cells, and blocked them in G,/M phase; molecular docking simulations showed that 2i had better binding
ability to the colchicine binding site on microtubule protein compared with chalcone parent nucleus and protoligand
colchicine, and could generate hydrogen bonding interaction. Compound 2i exhibited more significant anti-cervical
cancer activity and anti cisplatin resistant cervical cancer cell activity, which may be related to the inhibition of
microtubulin targets.
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Scheme 3 Synthesis route of chalcone derivative 2a~2p
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ZAE A R RO, 3 16 A~ B iRtk &
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(E)-3-(4-( ( 1H-BRmg-1-JE ) H 3L ) 2R IE ) -1-
(4-%FEIARFL ) N -2-HF5-1- (2a) . & (6 ok & 4,
FER6.6%, W S 207.5 ~207.8 C.'H NMR
(400MHz,CDC1,)8:7.95~7.83 (m,2H,Ph-H),
7.67(d,J=8.1Hz,1H,H,)7.72(s,1H,-CH=N) ,
7.59(d,J=8.1Hz,1H,H_),7.48 ~7.46(m,2H,
Ph-H) ,7.30~7.16(d,J=7.8Hz,2H ,Ph-H) ,7. 14
~7.02(m,2H,CH=CH-N),6.95~6.81(m,2H,
Ph-H), 5.03 (s, 2H,-CH, ), 4.12 (s, 2H,
-NH,);"”C NMR ( 101MHz, CDCl, ) &; 187.83,
151.40,144.56,138.02,137.32,135.41,135. 36,
130. 65,130.59(2C) ,128.79(2C) ,127.71(2C) ,
122.68, 119.41, 113.70 ( 2C ), 50.47; HRMS
(ESI) m/z; C,H,N,O" [ M + H]", H i {4

304. 1458, SZ A 304. 1450,

(E)-3-(4-( (1H-BEME-1-5E) FH L) R 3L 1) -1-
(4-( ZH &) 2R ) N-2-%5-1-10 (2b) . R 8 (4
MR, 75 % 61.4%, ¥ /5 182.3 ~ 183.7 C;'H
NMR ( 400MHz, CDCl, ) 8:7.84 (m, 2H, Ph-H) ,
7.63(d,J=12.6Hz, 1H,H,),7.58(m, 1H,-CH=
N),7.51(d,J=11.1Hz,1H,H_),7.30~7.20(m,
2H,Ph-H),7.14 ~7.02 (m,2H, Ph-H) , 7. 02 ~
6.90(m,2H,CH=CH-N) ,6.69~6.61(m,2H, Ph-
H),5.08(s,2H,-CH,),3.09 ~3.01 (m, 6H,-
OCH,);"”C NMR ( 101MHz, CDCl, ) &; 196.70,
153.42,144.75,137.33,136.52,135.28,133.99,
130.42(2C),129.40,128.76(2C) ,127.72(2C)
121.89,119.47,110.65(2C) ,50. 54,40.01(2C) ,
HRMS (ESI) m/z:C, H,,N,O" [ M+H]", B4
332. 1765, 5 {H 332. 1763,

(E)-3-(4-((1H-PEmge-1-58) HH 5L ) 2R 5L ) -1-
(4-F2FERIL ) 205 - 1-F (2¢) « B AR K, = R
14. 1% , %5 5. 230.9~231.6°C ;'H NMR (400MHz,
DMSO0-d,)8:10.58 (s, 1H,-OH) ,8.08 ~8.03(m,
2H,Ph-H),7.91(d, J=15.6Hz, IH,H,),7.87
(d,J=15.6Hz,1H,H,),7.85(s,1H,-CH=N),
7.81~7.67 (m,2H,Ph-H),7.43~7.37(m,2H,
Ph-H),7.32~7.22(d,J=7.9Hz,2H, CH = CH-
N),7.01 ~ 6.85 (m, 2H, Ph-H), 5.25 (s, 2H,
-CH,) ;""C NMR ( 101MHz, DMSO-d, ) 8 187. 54,
162. 85, 142. 58, 140.41, 137.98, 134.85 (2C),
131.67, 129.48, 129.24 (2C ), 128.39 (2C),
122.78(2C),120.10,115.90(2C) ,49. 67; HRMS
(ESI) m/z: C,H,N,0," [M + H]", it {4
305. 1284, SZI{E 305. 1286,

(E)-3-(4-( ( 1H-BRmg-1-38 ) H JE) R 3L ) -1-
(2,4- R JEAEHL) TN -2-0-1-00 (2d) - 8 (0B R
2R 20.3%, %% 05 230.1 ~232.6 C;'H NMR
(400MHz,DMSO0-d,)6:13.40(s,1H,-OH) , 10. 87
(s,1H,-OH),8.19(d,J=9.0Hz, 1H,H,),7.97
(d,J=15.5Hz,1H,Ph-H),7.89(m,2H, Ph-H) ,
7.83(d,J=2.4Hz, 1H,H_),7.74 (s, 1H,-CH =
N),7.33(m,2H,Ph-H) ,7.23(d,J=8.8Hz, IH,
-N-CH=),6.95(d, J=8.8Hz, 1H, =N-CH =),
6.44(d, J=2.4Hz, 1H, Ph-H) , 6.32 (s, 1H, Ph-
H), 5.26 (s, 2H,-CH,);"”C NMR ( 101MHz,
DMSO-d,) 6: 191.84, 166.34, 165.86, 143.52,
140. 78, 137.98, 134. 58, 133. 61, 129.79, 129. 21
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(2C), 128.41 (2C), 121.92, 120. 11, 113.49,  CDCL,) 6. 197.96, 155.07, 153.77, 145.73,
108.79, 103.10, 49.68; HRMS ( ESI) m/z:  143.02,138.02, 137.38, 133.75, 129. 60, 128. 25
Co H,N,0,  [M+H]", #iE {4 3211241, 92 (2C), 127.19 (2C), 123.78, 119.35, 118.99,
{H 321. 1239, 112.72,96.29,56.23,56.15,56.10,50. 10; HRMS

(E)-3-(4-( ( 1H-BRmg-1-FE ) 3L ) R FE ) -1-
(2,4- R IEIERL ) TN -2-05 - 1-T (2e) - B3 11 {0 Bk
R R, 2R 14.5%, 4 5 100°C ;'H NMR
(400MHz,CDCl,) 6:7.64(d,J=28.7Hz, 1H, Ph-
H),7.50(d,J=1.6Hz,1H,H,),7.37~7.21(m,
2H,Ph-H),7.06(d,J=1.5Hz,1H,H_),7.04(s,
1H,-CH=N),7.02 ~6.97 (m, 2H, Ph-H) , 6. 87
(d,J=1.5Hz,2H, CH = CH-N), 6.46 (d, J =
8.7Hz,1H,Ph-H),6.41 (s, 1H, Ph-H) ,5.03 (s,
2H,-CH,),3.94 ~3.83(s,6H,-OCH,) ;”C NMR
(101 MHz, CDCl,) &: 198.54, 164.34, 160. 56,
145. 46, 137.40, 133,72, 132. 71, 129. 61, 128. 24
(2C), 127.18 (2C), 121.17 (2C), 119.37,
105.12,98.27,55.52,55. 47 ,49. 87 ; HRMS ( ESI)
m/z:Cy Hy, N,O," [ M+H ", BEE {8 349. 1546, 52
M{E 349. 1542,

(E)-3-(4-( (1H-BRme-1-36) H 3L ) KK ) -1-
(2,5- " WA R IR I ) IN-2-0-1-1 (2F) . ¥ (A 8
K, EHR 5.8%, M 94.6 ~96.2 °C;'H NMR
(400MHz,CDCI,)8:7.51(d,J=8.8Hz,1H,H,) ,
7.51(s, 1H,-CH=N),7.47 (d, J = 8.8Hz, 1H,
H,),7.30~7.22(m,2H,Ph-H) ,7.16(s, 1H, Ph-
H),7.18-7.09(d,J=7.8Hz,4H,Ph-H, CH = CH-
N),6.92~6.86(d,J=8.8Hz,2H,Ph-H) ,5. 04 (s,
2H,-CH,),3.77 ~3.44 (s,6H,-0OCH,) ;°C NMR
(101MHz, CDCl, ) &: 200.29, 153.41 (2C),
152.90,144.97,137.39,133.94,129. 63, 129. 28,
128.47, 128.29 (2C ), 127.23 (2C), 119.95,
119.33, 113.96, 113.02, 56.05, 55.79, 49.94;
HRMS (ESI) m/z:C, H, N,0," [M+H]" S {E
349. 1559, SN {H 349. 1552,

(E)-3-(4-( (1H-BEmME-1-3% ) B 3L ) 2R 3L ) -1-
(2,4,5-= WA FLIR L) N 200 -1-F7 (2g) M HE
Bk A, 725 79, 7% M5 05 150.8~151.3 °C;'H
NMR (400 MHz, CDC1,)8:7.51 (s, 1H,CH=N),
7.28(d, J=10.5Hz, 1H,H,),7.27 (m, 2H, Ph-
H),7.26(s,1H,H,),7.16(s,1H,Ph-H),7.08 ~
7.00(m,2H,Ph-H) ,6.88(d,J=1.4Hz,2H,CH =
CH-N) ,6.47 (s, 1H,Ph-H) ,5.04(s,2H,-CH, ),
3.93~3.8(s,9H,-0CH,);"”C NMR (101 MHz,

(ESL) m/z: C,H,,N,0," [M + H]", ZolK )
379. 1653, SE{A 379. 1658,
(E)-3-(4-( ( TH-BRME-1-36 ) B 3L ) 2R 36 ) -1-
(5-9-2-FR LIRS ) 9 -2-H5 - 1-F (2h) - B (08} K
FER 17.4%, ¥ & 136°C ;'H NMR ( 400MHz,
CDCl,) §&:12.48 (s, 1H,-OH), 7.90 (d, J =
15.4Hz,1H,H,) ,7.65(m,2H,Ph-H,H_)),7.58
(s,1H,-CH=N),7.59~7.48(m,2H,Ph-H) ,7. 30
~7.22(m,2H,Ph-H),7.20~7.13(m,2H,CH =
CH-N),6.99 ~6.93 (d, J=9.1Hz, 2H, Ph-H),
5.18(s,2H,-CH,) ;”C NMR( 101MHz, CDCI,) §:
192.69,192.67,159.75,156.05,153. 67, 145. 21,
139.34,137.53,134.36,130. 15, 129. 33, 127. 83,
124.18,123.95,120.20,119.95,119. 88,119. 47,
119.41, 119.31, 114.66, 114.43, 50.40; HRMS
(ESI) m/z; CyH,,FN,0," [M +H]", & A
323. 1190, N4 323. 1198,
(E)-1-(4-F2 B AL ) -3-(4-( (2-H JE-1H-PK
M- - ) O ) SR ) P -2-0 - 1-T ( 2i) L IR A
K, PR T.6%, 1% /5 152.8 ~153.2 °C;'H NMR
(400MHz,DMSO-d,)6:10.55(s,1H,-OH) ,8. 10~
8.03(m,2H, Ph-H),7.96 (d, J = 15.5Hz, 1H
Hy),7.94 ~7.83 (m, 2H, Ph-H),7.84 (d, J =
2.3Hz,1H,H,),7.66~7.23(m,2H,Ph-H) ,7. 11
~6.98(m,2H,CH=CH-N) ,6.87 ~6.81(m,2H,
Ph-H), 5.24 (s, 2H,-CH, ), 2.24 (s, 3H
-CH,) ;"”C NMR (101MHz, DMSO-d,) 6. 187.58,
162.76,144. 48 ,142.62,140. 17,134. 66, 131. 66,
131.29(2C) ,129.53(2C),127.89(2C) ,126. 94,
122.72, 120.88, 115.89 (2C ), 48.88, 13.15;
HRMS (ESI) m/z:C, H,N,0," [ M+H]", F il
319. 1454, SZNMH 319. 1447,
(E)-1-(2,4-Z AR AL ) -3-(4-((2-H1 2k
LH-BR -1 ) T3 ) R0 ) N -2-45-1-8 (2§) : H
ok K, 75 % 8.5%, M & 106C;'H NMR
(400MHz,CDCl,)6:7.63(d,J=8.7,1.2Hz,2H,
Ph-H,H,),7.19 (m,2H,Ph-H) ,6.95~6.88(m,
3H,Ph-H,H,),6.80(d,J=1.4Hz,2H,CH = CH-
N),6.46~6.43(d,J=8.7Hz,1H Ph-H) ,6.39(s,
IH,Ph-H),4.95(s,2H,-CH, ), 3.93 ~ 3.83 (s,
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6H,-OCH, ), 2.30 (s, 3H,-CH, );"C NMR
(101MHz, CDCl, ) &: 198.62, 164.33, 160. 55,
145. 08, 144. 89, 133.88, 132.70, 128.20 (2C),
127.13 (2C ), 126.59, 121.19 (2C ), 119.93,
105. 11,98.26,55.51,55.47,49.87,13. 12; HRMS
(ESI) m/z: C,H,,N,0," [M + H]", Bl i {4
363. 1703, S U{H 363. 1704,
(E)-1-(2,5- " HI AR I ) -3-(4-((2-H 3
LH-WR -1 -0 ) B ) 28 3 ) T -2 -1 ( 2k ) . 2
R AR, 7 H 5.5%, 45 5 140.1 ~ 141.8 C;'H
NMR (400MHz,CDCL,) 8:7.35(d,J=7.8Hz, 1H,
H,),7.24 ~7.20 (m, 2H, Ph-H), 7.06 (d, J =
7.8Hz,1H,H_),6.98(s,1H,Ph-H) ,6.93 ~6.89
(m,2H,Ph-H) ,6.87~6.86(d,J=8.9Hz,2H,CH
=CH-N),6.81 ~6.61(d,J=1.2Hz,2H, Ph-H) ,
4.96(s,2H,-CH,),3.88~3.74(s,6H,-OCH,) ,
2.31(s,3H,-CH,) ;"”C NMR (101MHz,CDCL,)35:
200.36,153. 40, 144. 86, 144. 62,136. 16, 134. 07,
128.48, 128.25 (2C ), 127.09 (2C ), 126.64,
119.91 (2C), 113.97, 113.69, 111.29, 56. 40,
55.78, 49.95, 13.06; HRMS ( ESI) m/z:
C,H,N,0," [M+H]", B g ff 363.1703, 5% Il
{4 363. 1701,
(E)-1-(2,4,5- = H & FE R I ) -3-(4-((2-H
FE-TH-BRmME-1-38 ) BT 3L ) 3L ) TN -2-45- 1 (21) .
Wy O HOR AR 72517, 6% 45 15 147.9~149. 8
°C;'H NMR (400 MHz, CDCl,) 8:7.71 (d, J=
15.4Hz, 1H, H, ), 7.50 ~ 7.42 (m, 2H, Ph-H),
7.41(d,J=15.4Hz,1H ,H_),7.37(s,1H,Ph-H)
7.25(m,2H,Ph-H) ,6.98 ~6.89 (d,J=3.8Hz,
2H,CH = CH-N), 6.47 (s, 1H, Ph-H) , 5.01 (s,
2H,-CH,),3.93~3.77(s,9H,-0CH,) ,2.32 (s,
3H,-CH,);"”C NMR(101MHz,CDCl,) §:198.02,
155.06,153.77,145. 36, 144. 86, 143.01,137. 47,
133.91, 128.21 (2C), 127.17 (2C), 126.62,
119.90, 119.02, 112.94, 112.72, 96.29, 56. 23,
56.15,56.09,49.49,13.12; HRMS (ESI) m/z:
C,,H,;N,0," [M+H]", # i {8 393.1813, 5 i
A 393. 1814,
(E)-1-(2,4- 2 R B ) -3-(4-((2-4 FE-
LH-WRME -1 ) BB ) R ) TN -2-4%5-1-1 (2m) .« 3%
o B R B MR, 7B R 13.2%, B A 219.8 ~
210.4 °C ;'H NMR (400MHz, DMSO-d, ) 8: 13. 40
(s,1H,-OH), 11.19 (s, IH,-OH), 8. 18 (d, J =

9.0Hz,1H,H,),7.97(d,J=15.5Hz,1H,Ph-H) ,
7.88(m, 2H, Ph-H),7.78 (d, J = 15.5Hz, 1H,
H,),7.27~7.08(m,2H,Ph-H) ,6.90 ~6.81(d,
J=2.3Hz,2H,CH=CH-N) ,6.44(d,J=8.5,1H,
Ph-H),6.31(s,1H,Ph-H) ,5.22(s,2H,N-CH, ),
2.58(q,J=7.5Hz,2H,-CH,) ,1.13(t,J=7.5Hz,
3H,-CH, );”C NMR ( 101MHz, DMSO-d, ) §:
191.78,166.36,166. 10, 149. 05, 143. 47, 140. 77,
134.38, 133.59, 129.80, 127.79 (2C), 126.96
(2C), 121.89, 120. 83, 113.40, 108. 88, 103. 10,
48.56, 21.67, 12.53; HRMS ( ESI ) m/z:
C,H, N,0," [M+H]", B ig{H 349. 1546, 5 I
{H 349. 1540,

(E)-1-(4-3 R IR FE ) -3-(4-( (4-H He-1H-BK
M- 1R ) B3 ) DR ) T 20 - 1-F (2m) - B (R R
K, PH6.3% 55 213.6°C ;'H NMR (400MHz,
DMSO-d,) 6: 10.55 (s, 1H,-OH), 8.08 (d, J =
8.5Hz,1H,H;),7.97~7.82(m,2H,Ph-H),7.93
(d,J=8.5Hz,1H,H_),7.68 ~7.66(m,2H, Ph-
H),7.65(s,1H,CH=N),7.31~7.29(m,2H, Ph-
H),7.16(s,1H,N-CH=C),6.95~6.87(m,2H,
Ph-H), 5.16 (s, 2H,-CH, ), 2.06 (s, 3H,
-CH,) ;"”C NMR ( 101MHz, DMSO-d, ) 8 187. 55,
162.76,142.63,137.62,137.16,134.79,134. 66,
131.66,129.46(2C),128.39(2C),127.74(2C),
122.72, 116.30 (2C ), 115.88, 49.63, 14.09;
HRMS (ESI) m/z:C,,H,N,0," [M+H]" FiEH
319. 1441, 5ZM{H 319. 1440,

(E)-1-(2,4-Z R B R ) -3-(4-( (4-W 5&-1H-
DR - 1- 3 ) FE 3 ) 2R ) TN -2-05-1-M8 (20) - B AL 3R
AR, PR R 6.0%, MF . 160.8 ~ 162.1 C
'"H NMR ( 400MHz, DMSO-d, ) 8: 13.40 (s, 1H,
-OH) ,10.92(s,1H,-OH) ,8.19(d,J=8.9Hz,1H,
H,),7.97(d,J=15.5Hz,1H,Ph-H) ,7.91(s,1H,
CH=N),7.88(m,2H,Ph-H),7.66(d,J=1.3Hz,
IH,H,),7.31~7.23(m,2H,Ph-H) ,7.19(s, 1H,
N-CH=C),6.88(d,J=8.9Hz, IH, Ph-H) , 6. 44
(s,1H,Ph-H),5.17(s,2H,-CH,),2.06 (s, 3H,
-CH,) ;”C NMR ( 101MHz, DMSO-d, ) 8 191. 84,
166.33,165.91,143.55,138.03,137.61,137. 17,
134.52, 133.61, 128.42 (2C), 127.77 (2C),
121.89,116.31, 113.47, 108. 82, 103. 09, 49. 62,
14. 07 ;HRMS (ESI) m/z: C,,H ,N,O," [ M+H " ¥
B1H 335. 1390, SZM{H 335. 1390,
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(E)-1-(2,4,5- = H & F R I ) -3-(4-( (4-H
FE-TH-PRmE-1-J8 ) F ) DR 38 ) T -2-M5-1-18d (2p ) -
FHER A, 72K 5. 1%, 4 55 136.4~136.8 C;'H
NMR (400MHz,CDCL,)8:7.71(d,J=13.9Hz, 1H,
H,),7.50~7.42(m,2H,Ph-H),7.43 (s, 1H,CH
=N),7.41(d,J=13.9Hz,1H,H_),7.40(s, 1H,
Ph-H) ,7.28~7.24(m,2H,Ph-H) ,7.03(s,1H,N-
CH=C),6.47(s,1H,Ph-H) ,4.96(s,2H,-CH,) ,
3.93 ~ 3.81 (s, 9H,-OCH, ), 2.20 (s, 3H,
-CH,);"”C NMR ( 101MHz, CDCl, ) &: 198.00,
155.07,153.77,145.59,143.02,138. 59, 137. 80,
136.48, 134.01, 128.18 (2C), 127.15 (2C),

126.58, 119.01, 115. 81, 112.73, 96. 30, 56. 23,
56. 16, 56. 10, 50. 11, 13.72; HRMS ( ESI) m/z:
C,,HyN,O," [M+H]", # i {H 393. 1815, 5Z il
A 393. 1814,
2.2 AN EE LR

MTT 5% BR (£ 1) ,fb&% 2i X} SiHa , C-
33A HeLa 2 Jfl ¥ 32 B0 i3 ¢ b 38 1) 189 5 400 1 %
PE,JEXE H8 40 i Y @R B/ 5 55 B 1 245 U5 A
ke, %} HeLa/DDP 2 il HA B & i) 30 % AF T, i ]
AE 2L &Y 20 530S B BRI, SRS &
M T P-gp BB MDR HLH b 7 i —
SRS

x1 &YW 2a-~2p WHIEFEM (x5, n=3)

Tab.1 Anticancer activity of compound 2a~2p (x+s, n=3)

IC5,/ ( pmol/L)

Compd.

SiHa C-33A HeLa HeLa/DDP H8

2a 30.75+0. 17 14.93+0.90 25.11+1.38 54.47+0.04 46.65+1. 30

2b >100 >100 99.63+1.42 >100 >100

2¢ 61.93+3.77 40.22+0. 84 64.66+1. 32 >100 >100

2d 17.17+£0. 50 24.94+2. 88 33.54+1.06 >100 >100

2e >100 >100 >100 >100 >100

2f >100 98.39+3.07 >100 >100 >100

2g >100 >100 >100 >100 >100

2h 32.63£2.19 35.40+1.58 31.90+0. 40 71.62+2.78 56.09+2.05

2i 12. 05+0. 62 7.96x0. 93 8.61+0.11 18.16x0. 40 74.38+0. 11

2j 18.40+0. 27 14.24+0. 04 43.71x1.41 83.49+3.39 >100

2k 40.09+0.73 11.77+0. 54 27.77£0.48 32.53+0. 13 32.14+1. 64

21 >100 >100 >100 >100 >100

2m 54.05+3.53 53.52+0. 85 30.59+0.93 >100 >100

2n 29.53+0. 35 15.97+1.23 15.46+1.33 52.62+0. 10 49.31+0.35

20 37.85+1.09 25.66x1.26 15.89+1.21 67.75+0.70 >100

2p >100 >100 >100 >100 >100
Chalcone 65.65+0. 31 61.56+0. 50 74.66+0. 38 93.42+0. 15 68.57+3.89
Cisplatin 15.95+2.23 11.69+2. 46 15.25+1.23 >100 18.59+0. 31

2.3 MK RETW

H bRk & ¥ 2 8 of 76 & R B B 28 09 A 36 1
FUABKWE 2-FFE R mE 2- 2, BEmR e 4-FH L DR g
5o HUEEE R BRI HUMR IS PR A IR &
B 5 07 A5 20 B MR MTT 3258 25 S AT A 3006 R
ST (1) 24 R, =H I, H ARG Y0 & 8500 40 i
B (B A0 3% M 4-NH, > 2,4-0OH >5-F-2-OH >4-
OH > 2,5-0CH,> 4-N(CH,),> 2,4-OCH, 12,4,
5-0CH,;§ R, =2-CH, H},4-OH> 2,5-0CH,> 2,
4-OCH,> 2,4,5-0CH,; 4 R, =4-CH, i},4-OH >
2,4-0H> 2,4,5-0CH,; (2) £ A PR AZE Y15 0L
T, HFRAL S X8 e S5 A0 3 5 0 ) . 2-H
FEDRIE > 4-FTEEDRME > BRI > 2- 2 FRpkmk

2.4 HRTFHIR

Transwell Z5 R R, 525 HAME L& 2i
B G e B2 1 3650, 240 P %) ST % BE ) 38 M A 5 5 T
e SR B BH P 24 W40 2H A LG, 20 B G B KR B 0
A1) R A 20 X AT RS HOA B Y
AR
2.5 HERELR

¥ FH Transwell SR 9516 & 4 2i X7 Hela
HI HeLa/DDP 411G 1R 221G O (15 2) . S HAH
HHLE , BEE LG W 20 W2 RO R8I0, 2 b 20 110 1) 4= 28
FE 77 328 VT WA 5 5 [ ok 32 11 I 44 245 01 26 A L, 4
0 f2 2% B ] a2 R B B 1 21 X 4 e 4= 2%
HA B2 v
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A Hela B HeLa

¥ =
b 3
85 £
8 5
b i g
C s
E
b z
2i(1.25umol/L) 2i(5pmol/L)
C HeLa/DDP D HeLa/DDP
., 1000
El
_ 3 800
% 3 g 600 =~ B
'.%x E oo
Cisplatin(2.5umol/L) S 400
£ .
: SN 'Z=E‘ 200 ’—'—‘
N o) o o o)
€ M M W
o o' O O O
¢ & S
NN S
VR & A >
Q\“b
2i(2.5umol/L) &

Note:; Statistical analysis, ™ P < 0.001, compared with Control
B 1 {£A&% 2% HeLa(AB) .HeLa/DDP(CD) 1T % ( x100) BE S BI 2200

Fig.1 Effect of compound 2i on migration ( x100) ability of HeLa(AB) and HeLa/DDP(CD) cells

B HeLa
700
gy g oo
AR = 500
felan 5y g 3 -
i T ety e
R by 2 300
k=
Control 5
H 200
Z 100

L3 < Sy
%5 WA e P e

2i(1.25umol/L) 2i(2.5pmol/L) 2i(5pmol/L)

08 MR T

C HeLa/DDP D HeLa/DDP

900

800

700

600 -

500

400 -
300

200

100 5
o

Number of invasion cells

¥ < . o 'l
2i(1.25umol/L) 2i(5umol/L)

Note; Statistical analysis, ** P < 0.001, compared with Control
2 {£ &4 2i 3 HeLa(AB) (HeLa/DDP(CD) 4112 2 ( x100) & 1 H %
Fig.2 Effect of compound 2i on invasion ( x100) ability of HeLa(AB) and HeLa/DDP(CD) cells
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2.6 HABATEE

K H I =X i B A Kk & 4 21 X Hela Al
Hela/DDP JT-p & m (& 3), S HAAMLL,

BEE LS Y 20 W3 B9 30, A T A4 PO i i
22 B o B2 A 5 5[] v BE Bk 25 IBUA LA L
&Y 2i BATHGRA IR TR,

A HeLa B HeLa
. . 90
1 e : "y 80
». Z ¥ > P 70
; ‘ f N 60
. — s 250
Control Cisplatin(20pmol/L) g ‘3‘2
R < :
. w0 ﬂ . H
i 10
—— A' §<\°\ §§\) &0\@ §§0 é\o\\\)
S I g T .&Q’Q '\}‘@2 q}\\g @\Q’QQ
AR O _ \Q\é
2i(5pmol/L) 2i(10pmol/L) 2i(20umol/L) &
C HeLa/DDP D HeLaDDP
70
60
: ’“ o 50
S o £ 30
Control Cisplatin(20umol/L) 2 " -
T[] e [
ol
. D > o D D D
o &S M SHS
J ﬂ» Q/@? \@\?\ -QBQ Q/Q‘?
S S LI R L E— & v P
2i(5umol/L) 2i(10pmol/L) 2i(20pmol/L) ©

Note: Statistical analysis, ™ P < 0.001, compared with Control
3 L& 2i X HeLa(AB) .HeLa/DD(CD) P 40 B T- B 54 1
Fig.3 Effect of compound 2i on apoptosis of HeLa(AB) and HeLa/DDP(CD) cells

2.7 HBEE HA PR i SR I8

o =K i A R A & P 28 X HeLa il
HeLa/DDP Ji AR50 (& 4) . 5= HAMIL,
BEE LG 20 0k 23S I, G,/ M 151 48 i 3% i 4
I, I 5k BE SR R TE R DG 5 5 IR B BH 1 25 0
FHLH A HE A& 20 X G, /M 31 B W 1
iR
2.8 SFNEHAR

O3 T HE 5 S R A SRR R A RKOK AL A
G 21 5 402B H H 454G 1Y i IKRE & 53 B N
-32.186.-31.35 F1-35.948 kJ/mol (% 2), 1k
AW 21 5 4028 A AE BAE FH AR 21 4549 P
R 2 AR SR K i R 43 i 5 402B R
f 2 R % B ALA-12(C) ,GLN-11(C) 1 VAL-
181( C) T AR 3 A~ S AR B AE F 1 (ke 25 4 > %2
FoSPRIL) S BLAh i MR B AW 20 5 A a3
FRAEFL AN LYS-352(D) . LYS-254 (D) Al ASN-101

(C) A i ZU R g K PEAR EAE I 0, o3 5 %) 4
WEFE R (F5) {2 5 402B HEH B A
GFRY S5 RE ), HG SR R K PR AR LA B
TR, AT RE 5 H X RO R B A S R B
SR VEE A OC

x2 HFHNERINHELAZAREESMENEGEE
Tab.2 Basic protein information and minimum binding

energy for molecular docking prediction

. Name of Lowest binding Hydrogen
Ligand . PDB ID
protein energy/ (kJ/mol)  bonds
Chalcone -32.186 1
Colchicine Tubulin 402B -31.35 1
2i -35.948 3
AN
3 HFig

ARWFFE L H R R O e Al S W A
T bR iR 24 40 S SO R RO RKOK Al B AS  L A
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A HeLa B HeLa
! LER
i [ Control
§§ [T Cisplatin(20umol/L)
s [_]2i(5umoliL)
s \‘ | [_J2i(10umolL)
o \g\ [ 2i20pmol/L)
IR TRTTTTTL <
Control Cisplatin(20pmol/L) 2
i B 5 B E
[E| £ < .
) 8 o T .
] i i
1 ik
A.. |
Tl TR i 0
2i(5umol/L) 2i(10umol/L) 2i(20imol/L) G1/Go G2M s
C HeLa/DDP D HeLaDDP
¥ - e
: LES & b [ Control
: | " 80 % Cisplatin(20umol/L)
I 2i(Sumol/L)
!: ‘ | e 1 Elz:(lz::ouu
\ 2i(20umol/L)
o K A 60
. “3""'7""1""1 eI S | .
Control Cisplatin(20pumol/L) 2 w —
Y
B [ Bz = f
i ~ s = =
! : < .
k i '
: : L.J "
B ,‘AW,, -3 0
Tt T S Cen GI/GO  G2M s
2i(5pmol/L) 2i(10pmol/L) 2i(20pmol/L)

Note:; Statistical analysis, “* P < 0.001, compared with Control
4 {LA% 2i Xt HeLa(AB) .HeLa/DDP ( CD) 4 Bl JE) # & % 1)
Fig.4 Effect of compound 2i on cell cycle of HeLa(AB) and HeLa/DDP(CD)

. XTYR'ZM TRP-407 ZSER'NO
126 230 HIS-206

ALA180 '
LYS-IIOES N& M AsN-101 ). L AALZ
VAL-11 S
ILE-171 Gu-a 2.5 33
GLN-11
26
d-lp LY5-352,
LYS-163
¢ LYs-254

ALA-12

m
g °
3
B, i
’ i .
¥
o )

. -

I comn. amal Byérogen B ot R Sacked =F [ At

[ = Sr
A B C

B 5 Z=/REA(A) BKWE(B)FLED2(C) EREZAXNETREE
Fig. 5 Diagram of docking chalcone( A), colchicine(B) and compound 2i( C) with tubulin

XL, S5 A BB A, SO AT 16 > A JE A AR BT, g5 R LAY

BRI e Ay IR R AT A, MR AN R S SR Ak
AW 21 X 3 FhE 5098 4 M (SiHa, C-33A  Hela)
TR A Tt 24 75 #5098 40 B ( HeLa/DDP ) H A 45 Y
5 AT P EUS N E R R S R 4 M (HR) #
PR, PE— W58 R, 21 v DL 0] Hela
1 HeLa/DDP 41 il i 1F 7% F1 1R 28 68 1 , BE 16 15 =
HIAT: JFBHM AT G, /M W, 184 7 X A
Lhrp 2i GRS U & B BOK AL B 45 6 AL R 8

20 X B A0 U 0 25 E S50 40 i 114 5 5E 1 )

W, AT RE S RS S A A A P RRL Bk P-gp 4

FEPUIPJE MDR ML A 5%, e it — 2 Bk, A

I 5 T O B 1 R OK N84S & 07 15 48 24 Ik

W -5 IR R ST R 25 1 B R A T SR A
2 % x Wk
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