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Design, Synthesis, Anti-Cervical Cancer and Reversal of Cisplatin
Resistance Activity of Novel Piperidine-Chalcone Derivatives
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Abstract In this paper, 15 novel piperidine-containing chalcone derivatives were designed and synthesized
using the active substructure splicing principle, and their structures were characterized by 'H NMR, "C NMR and
HR-MS. Their active effects of anti-cervical cancer and anti-cisplatin-resistant cervical cancer were preliminarily
evaluated. The results showed that compound 6g has some antitumor activity and reversal effect on cisplatin
resistance. The preliminary studies of compound 6g with VEGFR-2 and P-gp targets were performed using Elisa
assay, co-dosing with cisplatin, Western Blot and molecular docking. This study provides an idea for the design of
novel molecularly targeted chalcone derivatives based on the dual targets of VEGFR-2 and P-gp.

Keywords Active substructure splicing, Chalcone derivatives, Cervical cancer, Cisplatin-resistant cervical
cancer, Novel molecular targeting
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Scheme 1 Chemical structures of chalcone
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S 24 W) 2 Y R B 2T ) — A PR AR SR
FHIE 4 235 4 9 2 D B, DA H A IR R R 4 1k
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1 SRIEES

1.1 UFEHLH

X-4 B GO A AN (b T ORG 4 B AR AT R
N s ZF-7 BUERE = R Ao B AN (it 5 S
A7 B2 H] ) 5 Bruker Avance 111 400 HD 4% % 3k
& W i A (55 B Bruker 2% # ) ; Scientific Q
Exactive % /5 43 3% it 3% L ( 3€ [ Thermo 2\ A ) ;
SOPTOP B {8 ¥ W S B2 (7 e ok FTALAR 22 7))
Victor nivo 2 ) B B b5 {4 (H1 & B I/R KA R A
) ;200~300 FAE @G GEK (77 BT,

TS B (T Macklin 24 A]) 5 R AR
Xf B (R Aladdin 23 R ) 5 5250 = A T K

) e SRk 24 34 1 T B 43 B Al R IR AR I E (36
[ Sigma /A F]); T B 2=/6 & R B WG,
DMEM £33k (R H HyClone 23 A ) . A ( Human)
B R b I B N R di i R KB F 2 iR 2 (p-
VEGFR,) ELISA Kzl & ( Bt ie A YR
A B/ Al ), MDRI1/ABCB1 ( EIY7B) Rabbit
mAb #13342( CST) , B-Actin( 13E5) Rabbit mAb #
4970( CST) , Goat Anti-Rabbit IgG (H+L) HRP-#
S0001 ( Affinity) , F 2% RIPA 24 W (JL 5T Solarbio
s ), BCA W 38 5% & (At 50 Solarbio A H] )
B %09 40 L HeLa 11 Siha A TE %25 28 1 Bz 240 M0
HS8 B bk N B2 40 HUEVC AT ey #5988 I 401
it 25 4l il HeLa/DDP 34 H 7 ik B2 b K 2% vl SE 5
EE7 0
1.2 KIgitfe

DA TR 28 1 Ry e 4 J5ORHE S B LK R I
NESEAEN G R A IR AR AR 15 7 ik 1R B0 R 9
T A Al S5 F T, 21 2 AR P A B TR 25 7E 7K
TR VA T B Wk 25 18 R, 28 Blane & H b I
N A B A 35 ) A 3 7E G e N = 2 Rk
R T 5 4-H S SE R BE A1 4-H LR BE 28 0t
Ak I AR R P E) A4 4 A5 B Jn a8 it Claisen-
Schmidt Jz b 7B K o B 44 4 1S 43 51 5 28 B
FATAE Y R, A5 B B 8 WR E A R B 2K AT AR )
6a~6g 7a~7h(K=X 2),

sk 1A R K 11, 10g( 100mmol ) ]
K WA 7. 8g(57mmol) JEK ZnCl, ¥y A& in A %
BEA 15mL 7K Z R Y 100mL = S8 A B 3 |
IESEHILE 110~ 115 °C, AL 3h, % HI 5 15 3 K
PBAA | T 08 A8 4 Al 8 8 A4 TR A 30mL vk ZE 1R 7K
Hh T A A L AR g KR R K Tk
U, 50°C T M, 15 R 4 L B A 9. 2, IR 61% , 5
% 143.5~144.5 °C;'H NMR (400MHz, DMSO-
d,)6:12.65(s,1H,2-0H) ,10.57 (s, 1H,4-0H) ,
7.65(d,J=8.8Hz, 1H, ArH) ,6.37 (dd, J=8.8,
2.4Hz,1H,ArH) ,6.28(d,J=2.4Hz, IH, ArH) ,
2.53(s,3H, -CH,);"”C NMR ( 101MHz, DMSO-
d,)8:202.9,165.3,164.8,133.8,113.2,108. 5,
102. 8,26.3; HRMS (ESI) m/z; BligfH C.H,0,,
[M+H]" 153. 0546, 5M{E 153. 0547,

HE AR 2 B9 A R FE S00mL (81 JES 4 in
A 50.00g ( 329mmol ) H1 A f& 1, 150mL A fli F1
67. 62g(490mmol) JC /K ik 2 £, 78 43 Bk +F J5 HH
WU - 66. 76g(530mmol ) #i R — H g, 50°C
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Q ? OH AL . CHiCH,OH N N N
4 + O | 1Rl ——— /_R
o > 20%KOH R C|> OH
/@ﬁ 6a~6g (R = -OCHj)
0 OH 7a~7h (R = -CH3)
5 6a R'=2-OH 7a R'=2-OH
6b R1=3_OH 7b R1=3-OH
6c R'=2-OCHj 7¢ R'=4-OH
6d R1=3-OCH3 7d R1=2-OCH3
6e R1=4-OCH3 Te R1=3-OCH3
6f R'=4-N(CHa), 7f R'=4-OCHs
6g R1=4-N(CHsCH,), 79 R'=4-N(CHa),

7h R'=4-N(CH3CH,),

X2 #HREAESTEY 6a~6g F1 7a~7h A K

Scheme 2 Synthetic route of Chalcone derivatives 6a~6g and 7a~7h

TERLE T B W AT e B AR, TLC Wil fe R
T, 6h G451k RN, R BORR L1 A e % 1
PR, WA T 4 RO F 4°C b, dhug, T8 18
35. 60g B B 8 R [ AAK, OR 65% , 1 55 47.9 ~
48.8°C ;'H NMR (400MHz, CDCI, ) &: 12.74 (s,
1H,2-0H),7.61(d,J=28.8Hz, 1H, ArtH) , 6. 44
(d,J=2.1Hz,1H ArH) ,6.41(dd,J=8.2 2. 2Hz,
1H,ArH), 3.86 (s, 3H, -OCH, ), 2.54 (s, 3H,
-CH,);"”C NMR ( 101MHz, CDCI, ) §: 202.5,
166.1,165.2,132.3,113.8,107.5,101.1,100. 8,
55.5,26.1; HRMS (ESI) m/z; BiE{H C,H,,0,,
[M+H]" 167. 0702, 5Z{E 167. 0703,

e A 3 /A R #E 100mL 55 B o A
25. 0g( 150mmol ) H [A] & 2 #l S0mL VK 2, 1R , SR )5
TN 25. 0g(311mmol ) & F 3 /1 ik | == I 46 4 3h,
TR A A E R BT RN ZE 6h B, N 2 BE
AR # ik UE D VKIS K 2Bk %, 50°C
TR E AR FOIRER 15,99, 0% 50% , 1 5
115.4 ~ 116.3°C ;'H NMR ( 400MHz, CDCI,) &
12.84 (s, 1H,2-0H),7.68 (d, J = 1.2Hz, 1H,

ArH) ,6.42(s,1H,ArH) ,4.59(d,J=1.3Hz,2H,
-CH,-),3.91 (s,3H, -0CH,), 2.57 (s, 3H,
-CH;) ;"C NMR (101MHz, CDCI,)§:202.5,165.7,
163.7,133.0, 117.7, 113.3, 99.7, 56.0, 41.3, 26.2;
HRMS (ESI) m/z: ¥ i {H C,H,ClO,, [M+H]"
215. 0469, SZNH 215. 0468,

HRLA 4 B9 A R 7E 100mL = S in A
1.6g(7.45mmol ) H [A] f& 3 25mL — & H k¢ F1
1.9g( 14. 9mmol ) 4-F 5 KL R BE | W 0 2mL = 2
Jiie o 45°C i #A RT3 B FF 6h, B VB € AR IR AT
B EEER 4R O, R HCL A% ) pH 2
2~3, 0 EHUKE xR e, 48 pH 2 9~10, 1 &
M2 BRI 3 IR, 78T LR TR & AR IR ¥ (3
R 1.89¢, WK 69% ,'H NMR (400MHz,CDCI,)
5:12.69 (s, 1H,2-0H),7.67 (s, 1H, ArH) , 6. 34
(s,1H,ArH) ,3.82(s,3H,-0CH,) ,3.42(s,2H,
-CH,-),3.31(s,3H,-0CH,),3.19(1q,/=9.2,
5.0,4.4Hz, 1H, -C,H,NO),2.75(dt, J=10.6,
4.5Hz,2H, -C,H,NO),2.54 (s,3H, -CH,),
2.18 (ddd,J=12.3.9.8.2.9Hz,2H,-C,H,,NO) ,
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1.90 (dq,J=13.7.3.8Hz,2H,-C,H,NO), 1. 60
(ddd,J=12.8.8.5,3.5Hz,2H, -C,H,NO);"C
NMR ( 101MHz, CDCL, ) &:202. 4, 164. 1, 164.0,
132.1, 118.1, 113.0, 98.7, 76.2, 55.4, 55.2,
54.9,50.8(2C),30.8(2C),26.0; HRMS ( ESI)
m/z: BB C, H,,NO, [ M+H]" 294. 1699, 5|
{8 294. 1704,

HE AR 5 A R A BT S R A 4 25
B A-H SR SEORBE N 4-FF LR IE P2 IR E
A, R 60% , H5 A 64.9 ~ 65.7°C ;'H NMR
(400MHz,CDCI,)6:12.71(s,1H,2-0H) ,7. 68 (s,
1H, AtH), 6.39 (s, 1H, ArtH), 3.84 (s, 3H,
~OCH,) ,3.43(s,2H,-CH,-) ,2.88(dt,/=11.8
3.4Hz,2H,-C,H,NO) ,2.57(s,3H,-CH,) ,2. 00
(td,J=11.5,2.4Hz,2H, -C,H,,NO) ,1.90 (d,
J=11.6 2.5Hz,2H,-C,H,NO) ,1.38~1.32 (m,
IH, - C,H,NO ), 1.40 ~ 1.12 ( m, 2H,
-C,H,,NO),0.92(d, J=6.3Hz,3H, -CH,);"C
NMR ( 101MHz, CDCL,) &:202.8, 164.3, 164.2,
132.4, 118.5, 113.2, 98.9, 55.6, 55.6, 53.9
(2C),34.3(2C),30.7,26.3,22.0; HRMS (ESI)
m/z: BE{E C,,H,,NO,,[ M+H]" 278. 1750, S
i 278. 1745,

1AW 6a 194 W 7E 100mL = FUM H fin A
0. 586g(2mmol) H1 [A] 14 4 0. 733g ( 6mmol ) 2-5% 3
AR IPEEF 20mL JooK S BE FEMA 10mL 20% & 4
TR VAR 22, 60°C T FE 8h, TLC M
Wz oy kR 2 1k OIS, 78 T ek O, T
LR RTIARY) , TR TR JZ HIAR AN NaCl ¥ Wk
W3WE,ZZT LR OER, HICK O WEE S i, 145
A PO B K 0. 54g, I 68%; M AL 714 ~
72.2°C ;'H NMR ( 400MHz, DMSO-d, ) &: 13. 56
(s,1H,2-0H),10.39 (s,1H,2’-OH),8.45(s,
1H,ArH),8.19(d,J=15.6Hz, 1H,B-H),8.04 ~
7.94 (m,2H,a-H,ArH) ,7.29 (ddd,/=8.5.7.2,
1.7Hz,1H,ArH) ,6.99 (dd,J=8.4 1.3Hz, 1H,
ArH) ,6.88 (ddd,J=8.4.7.4 1.3Hz,1H,ArH) ,
6.62 (s,1H,ArH) ,3.89 (s,3H,-0CH,),3.47~
3.42 (m,1H,-C,H,NO),3.34 (s,2H,-CH,-),
3.23 (s,3H,-0CH,),2.97 (s,2H,-C,H,NO),
2.72 (s,2H,-C,H,NO),2.00 ~1.94 (m,2H,
-C,H,NO),1.70 (s,2H,-C,H,NO);"C NMR
(101MHz, DMSO-d, ) &: 192.6, 166.2, 164.7,
157.9,140.0,135.2,132.9,129.1,123.1,121.7,

120.1,119.8, 116.8, 113.8, 100.0, 73.5, 56. 7,
55.5,53.7,49.3(2C),28.6(2C); HRMS (ESI)
m/z: B C,,H,NO,, [ M+H]"398. 1962, 5]
{4 398. 1959,

K EE S AL &%) 6b~6g F1 7a~7h, Hifk
PETADG R

6b. 1% & @ AR Py, IR 54%;'H NMR
(400MHz, CDCl, ) 6:13.54 (s,1H,2-OH),8.30
(s,1H,3’-0H),7.72(d,J=15.3Hz, 1H,B-H),
7.55(d,J=15.4Hz,1H,a-H) ,7.39(d,J=2. 0Hz,
IH,ArH) ,7.16(t,J=7.8Hz, IH,ArH) ,6.99 (s,
1H,ArH),7.00~6.90 (m, IH,ArH) ,6.74 (ddd,
J=7.92.2.1.2Hz,1H ArH) ,6.43(s,1H,ArH) ,
3.85(s, 3H, - OCH, ), 3.77 ~ 3.70 (m, 1H,
-C,H,NO),3.47~3.39(m,2H, -CH,-),3.32
(s,3H,-0CH,),2.97(td, J=11.4 3.5Hz, 2H,
-C,H,NO),2.75~2.71 (m, 2H, - C,H,NO),
2.00(dd,J=15.5.8.5Hz,2H,-C,H ,NO) ,1.87 ~
1.83 (m,2H, -C,H,NO);"”C NMR ( 101MHz,
CDCL,) 8: 191.9, 166.9, 164.1, 157.8, 144. 8,
135.7,135.3,129.9,123.3,122.4,119.3,118. 8,
114.1,112.8,99.4,72.4,58.0,55.9,55.8,48.0
(2C),27.7 (2C); HRMS (ESI) m/z: ¥ it {8
C H, NO,, [ M+H]"398. 1962, S {E 398. 1958,

6¢: 21 B 0 [ A R oK, IS0 849% ;I 1 78. 1 ~
79.5 °C;'H NMR (400MHz, CDCl,) §: 13.58 (s,
1H,2-0H) ,8.19(d,J=15.7,1H,B-H) ,7.91 (s,
1H,ArH) ,7.75(d,J=15.6,1H,a-H) ,7.66 (dt,
J=7.7.2.4.1.9Hz,1H ArH) ,7.38 (ddt,J=9.1,
7.5.1.8Hz,1H,ArH) ,7.02 (td,J=7.7.1.3Hz,
1H,ArH),6.96 (dd,J=8.0,1.2Hz, 1H, ArH),
6.44 (s, 1H,ArH) ,3.94 (s,3H,-0CH,),3.86
(s, 3H, - OCH, ), 3.50 (d, J = 1.6Hz, 2H,
-CH,-),3.34(d,J=1.7Hz,3H,-0CH,) ,3.29 ~
3.19(m, IH, -C,H,NO),2.81 (dd, J=11.2,
5.3Hz,2H,-C,H,,NO),2.24(t,J=10.5Hz,2H,
-C,H,NO), 1.93 (dd, J = 11.1, 5.9Hz, 2H,
-C,H,NO), 1.65 (dd, J = 13.2, 9.4Hz, 2H,
-C,H,NO);"”C NMR (101MHz,CDCIl,)§:192. 5,
165.8,164.3,158.9,139.9,131.8,131.5,129. 5,
123.8,121.1,120.8,117.9,113.6,111.2,99. 3,
76.4,55.7,55.6, 55.5,55.3,50.9 (2C), 30.9
(2C) ;HRMS (ESI) m/z. ®igfd C,,H, NO,,[ M+
H]"412. 2118, 921K 412. 2117,
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6d ;21 18 {5, [ (A8 A, 0% 78% ; #5 A1 102. 1
~102.9 °C ;'H NMR (400MHz,CDCL,)8;13. 44(s,
1H,2-OH), 7.88 (s, 1H, ArH ), 7.84 (d, J =
15.5Hz, 1H, B-H),7.60 (d, J = 15.4Hz, 1H, a-
H),7.35(t,J=7.9Hz, 1H, ArH) ,7.26 (d, J =
1.7Hz,1H,ArH) ,7.17 (t,J=2. 1Hz, 1H, ArH ) ,
6.98(dd,J=8.1.2.6Hz,1H,ArH) ,6.45 (s,1H,
ArH),3.86 (d,J=4.4Hz, 6H,2x-0CH, ), 3.49
(s,2H,-CH,-),3.34 (s,3H,-0CH,),3.23 (1,
J=8.6.4.0Hz, 1H, -C,H,NO),2.80 (dt,J=
10.8 4.5Hz,2H, -C,H,NO),2.28 ~2.18 (m,
2H,-C,H,NO),1.93 (dq,J=12.9 4.0Hz, 2H,
-C,H,NO),1.74~1.56(m,2H,-C,H,NO);"C
NMR ( 101MHz, CDCl, ) 6:191.8,165. 8, 164. 56,
159.9,144.1,136.2,131.4,130.0,121.2,120. 8,
118.3, 116.5, 113.4, 113.3, 99.3, 76.5, 55.7,
55.5,55.4,55.2,51.0(2C),31.0(2C); HRMS
(ESI) m/z: ¥ i f C,L,H,NO,, [M + H]"
412.2118, 52 MMH 412. 2115,

6e . 21 B (A [E AR K 0% 39% ;48 A5 113. 5~
114.7 °C ;'H NMR (400MHz,CDCl,)8:13.57 (s,
1H,2-0OH),7.88 (s, 1H,ArH),7.86 ~7.84 (m,
1H,B-H),7.72~7.58(m,2H, ArH) ,7.53 ~ 7. 44
(m,1H,a-H),7.00~6.90(m,2H,ArH) ,6. 44 (s,
1H,ArH ), 3.86 (d, J = 3. 1Hz, 6H, 2 x-OCH, ) ,
3.49(d,J=2.5Hz,2H,-CH,-),3.42~3.32(m,
3H, - OCH, ), 3.23 (dq, J = 8.7, 4.4Hz, 1H,
-C,H,NO), 2.79 (dd, J = 11.5 5.6Hz, 2H,
-C,H,NO),2.22(t,J=10.7Hz,2H,-C,H,NO) ,
1.98~1.88(m,2H,-C,H,,NO),1.70~1.56(m,
2H,-C,H,NO);”C NMR (101MHz, CDCl,) &:
191.9,165.7,164.3,161.7,144.1,131.3,130. 4
(2C),127.6,118.1,118.0,114.5(2C), 113.5,
99.3,76.5,55.7,55.5,55.4,55.3,51.0(2C),
31.0(2C) ;HRMS (ESI) m/z: Fig{H C,,H,, NO,,
[M+H]"412.2118 ,5Z{4 412. 2119,

6f - 15 2T 400 [ (408 A, % 80% 5 £ 127. 1 ~
128.3 «C;'H NMR (400 MHz, CDCl,) & 13.83
(s,1H,2-0H),7.88 (s, IH, ArtH) ,7.91 ~7.76
(m,1H,B-H),7.63~7.53(m,2H,ArH) ,7.42(d,
J=15.3,1H,a-H),6.73 ~6.69 (m,2H, ArH) ,
6.43(s,1H,ArH) ,3.84(s,3H,-0CH,),3.51(d,
J=2.2Hz,2H,-CH,-),3.35(d, J=2.2Hz, 3H,
-0CH,),3.29~3.19(m, IH, -C,H,,NO), 3.05

(s,3H,-CH,),3.04(s,3H,-CH,),2.82(dt, /=
11.1, 4.3Hz, 2H, - C,H,NO ), 2.24 (¢, J =
10. 8Hz, 2H, - C,H,,NO ), 1.98 ~ 1.90 ( m, 2H,
-C,H,NO),1.71~1.61 (m,2H,-C,H,,NO);"C
NMR ( 101MHz, CDCL, ) 6: 192.0, 165.6, 163.9,
152.1,145.3,131.3,130.6 (2C), 122.6, 117.5,
114.7, 113.7, 111.8 (2C ), 99.3, 76.5, 55.7,
55.5,55.3,50.9(2C),40.1(2C),30.9(2C);
HRMS (ESI) m/z: i C,;H,,N,0,,[M+H]"
425.2434 S {H 425. 2430,

6g: 41 M & IR 4, W % 95%;'H NMR
(400MHz, CDCl, ) 6:13.89 (s, 1H,2-0H),7.92
(s,1H,ArH) ,7.87(d,J=16.0Hz,1H,B-H),7.57
~7.55(m,2H,ArH) ,7.42(d,J=16.0Hz, 1H, a-
H),6.74~6.61(m,2H,ArH) ,6.43(s,1H,ArH) ,
3.85(s,3H,-0CH,),3.54(s,2H,-CH,-) ,3.45
~3.39 (m, 4H, - N (CH,),), 3.35 (s, 3H,
-OCH, ), 3.26 (td, J = 8.2, 3.9Hz, 1H,
-C,H,,NO), 2.83 (dt, J = 10.8, 4.5Hz, 2H,
-C,H,,NO),2.30 ~2.21 (m, 2H, - C,H,NO),
1.96(dq,J=13.4 3.8Hz,2H,-C,H,,NO), 1. 66
(did,J=12.8.8.8 3. 7Hz,2H,-C,H,NO) , 1.21
(p,J=7.2Hz,6H,2x-CH,) ;”C NMR (101MHz,
CDCl,) 8: 192.0, 165.6, 163.8, 149.8, 145. 4,
131.5,131.0(2C),129.4,121.8,117.1, 114. 1,
111.3(2C),99.3,76.3,55.6,55.5,55.2,50.8
(2C),44.5(2C),30.7(2C),12.6(2C) ; HRMS
(ESI) m/z; B {6 C,,H,N,0,, [M +H]"
453.2747, 5 MH 453. 2743,

Ta. 5t B @O CR W, IR 42%;'H NMR
(400MHz, DMSO-d, ) &; 13.55 (s, 1H, 2-OH) ,
12.64(s,1H,2’-OH) ,8.14(d,J=15.5Hz,1H,B-
H),8.09(s,1H,ArH),7.92(d,J=15.6Hz,1H, a-
H),7.88~7.81(m,1H,ArH) ,7.28(ddd,J=8.5,
7.3.1.3Hz, 1H, ArH) , 6.98 (d, J = 8. 1Hz, 1H,
ArH) ,6.89(ddd,J=7.6.6.7 .1.3Hz, IH,ArH) ,
6.55(s,1H,ArH) ,3.87(s,3H,-0CH,) ,3. 84(d,
J=0.9Hz,2H,-CH,-),2.87(t,J=14.7Hz,2H,
-C,H,N),2.07(s,2H,-C,H,N),1.60(d, J=
12.9Hz, 2H, - C;H,N), 1.40 ~ 1.30 (m, 1H,
-C,H,N),1.28 ~1.11(m,2H, -C,H,,N),0.90
(d,J=6.4Hz,3H, -CH,);"”C NMR ( 101MHz,
DMSO-d,) 8:192.5,166.6,164.7,157.9,140.2,
132.6,129.5,127.3,121.7,120.3,119.7,119. 4,
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116.7,113.5,99.7,56.4,55.4,53.4(2C) , 34.1
(2C),30.5,22.1; HRMS (ESI) m/z: ¥ it {8
C,,H,,NO,,[ M+H]"382.2012, 5L {H 382.2012,

Tb AFLL R Y, WE 54% ;'H NMR (400
MHz,DMSO-d, ) 6:13.50 (s, 1H,2-OH) ,9.48 (s,
1H,3°-OH),8.27 (s, IH, ArH), 7.89 (d, J =
15.4Hz, 1H, a-H), 7.73 (d, J = 15. 4Hz, 1H, B-
H),7.49~7.31(m,1H, ArH) ,7.26(t,J=7.9Hz,
1H,ArH), 6.94 (t, J = 2.2Hz, 1H, ArH ), 6. 79
(ddd,J=8.1.2.3 1.3Hz,1H,ArH) ,6.59 (s,1H,
ArH) ,3.87 (s,3H,-0CH,) ,3.46 (d,J=0.9Hz,
2H,-CH,-),2.97(d,J=12.1Hz,2H,-C,H,,N) ,
2.28(t,J=11.9Hz,2H, -C,H,N), 1.59 (t,J =
14.6Hz, 2H, - C,H,N), 1.43 ~ 1.34 (m, 1H,
-C,H,N),1.22 (duw, J=35.3,15.3,7.7Hz, 2H,
-C,H,N),1.06 (d,J=7.0Hz,3H, -CH,);"C
NMR (101MHz,DMSO-d,)8:192.2,164.3,162. 8,
157.9,144.8,136.2,130.3,129.9,121.5,120. 4,
118.5, 117.4, 115.9, 114. 1, 99.9, 56.6, 56. 5,
52.8(2C),33.1(2C),29.9,21.9; HRMS (ESI)
m/z: BB C,H,NO,, [ M+H]" 382.2012, 52
{H 382.2009,

Te A B AR Y, IR 90% ;' H NMR (400
MHz,DMSO-d,)8:13.65(s,1H),10.34(s,1H,2-
OH),8.71(s,1H,4’-0H),7.97(d,J=15.3Hz,
1H,a-H),7.84(d,J=8.3Hz,2H),7.79(d, J =
15.3Hz,1H,B-H) ,6.88(d,J=8.4Hz,2H,ArH) ,
6.62(s,1H,ArH) ,4.06(s,2H,-CH,-) ,3.90(s,
3H, - OCH, ), 2.76 (dd, J = 8.0, 5.2Hz, 2H,
-C,H,N), 1.92 (dd, J = 8.1, 5.3Hz, 2H,
-C,H,N),1.72(d, J = 12.5Hz, 2H, -C,H,,N),
1.62 ~1.52 (m, 1H, - C,H,N), 1.50 (d, J =
11.8Hz,2H,-C,H,N),0.91(d, J=5.5Hz,3H,
-CH,);”C NMR (101MHz, DMSO-d,) §:192. 4,
166.4,164.6,161.0, 145.4,136.2,131.9(2C),
126.1,118.1,116.3(2C), 113.8,108.4,100. 1,
56.8,52.9,51.9(2C),31.3(2C),28.5,21.5;
HRMS (ESI) m/z; Big{H C,,H,NO,,[M+H]"
382.2012, 5 4H 382.2012,

7 £1 0 [ AR R W0 T0% 5 16 i 85.5 ~
86.1 °C;'H NMR (400MHz, CDCIl,) &:13.60 (s,
1H,2-OH),8.18(d,J=15.6Hz, IH,B-H),7.98
(s,1H,ArH),7.79(d,J=15.6Hz,1H,a-H) ,7. 69
(dd,J=7.7.1.7Hz, 1H, ArH) , 7.36 (ddd, J =

8.7.5.2.1.6Hz, 1H, ArH) ,7.00 (t, J = 7. 5Hz,
1H,ArH) ,6.93(d,J=8.4Hz, 1H, ArH) ,6.42 (s,
1H,ArH),3.91 (s, 3H, -OCH, ), 3.83 (s, 3H,
-0CH,),3.52(d,J=1.1Hz,2H,-CH, -),2.94
(d,J=10.9Hz,2H, -C,H,,N),2.14 ~2.01 ( m,
2H, - C,H,N), 1.64 (d, J = 11.3Hz, 2H,
-C,H,N), 1.35 (dt, J = 11.8, 4.5Hz, 2H,
-C,H,N),1.33~1.14(m,1H, -C,H,,N),0.93
(d,J=5.6Hz,3H, -CH,);"”C NMR ( 101MHz,
CDCL,) &: 192.6, 165.8, 164.3, 158.8, 139.7,
132.0,131.8,129.5,123.8,121.2,120.8,117. 3,
113.6,111.2,99.2,55.7,55.5,55.5,53.6(2C),
34.1(2C),30.6,21.8; HRMS (ESI) m/z: Bt {H
C,,H,,NO,,[M+H]" 396.2169, 5 {E 396.2172,

Te 2138 A HOIR B 3 67% 5 45 48 80. 1 ~
80.7 °C;'H NMR (400MHz, CDCI, ) 8; 13.47 (s,
1H,2-0OH), 7.96 (s, 1H, ArH), 7.80 (d, J =
15.4Hz, 1H, B-H) ,7.64 (d, J = 15.5Hz, 1H, a-
H),7.30(td,J=7.8,1.7Hz, 1H, ArH) ,7. 23 (dt,
J=7.8 1.5Hz,1H,ArH) ,7.18 (t,J=2. 1Hz, 1H,
ArH) ,6.93 (ddd, J=8.4.2.8 1.4Hz, IH, ArH) ,
6.40 (s, 1H, ArH) ,3.83(d, J = 10. 0Hz, 6H, 2 x-
OCH,),3.48 (d,J=1.1Hz,2H, -CH, -), 2.93
(dd,J=8.1,5.3Hz,2H,-C,H,N),2.07 (t,]=
11.7Hz,2H,-C,H,N) ,1.64 (dt,J=7.9.5. 2Hz,
2H,-C,H,N),1.42~1.35(m,1H, -C,H,N),
1.33(dt, J=11.5,5.7Hz, 2H, - C,H,,N ), 0.91
(d, J = 6.3Hz, 3H, - CH, ) ; "CNMR ( 101MHz,
CDCL,) &: 191.8, 165.8, 164.4, 159.9, 143.9,
136.2,131.9,129.8,121.5,120.8,117.6,116. 5,
113.5,113.0,99.2,55.6,55.4,55.2,53.6(2C) ,
34.1(2C),30.6,21. 8 ; HRMS (ESI) m/z. FRit{H
C,,H,,NO, , [ M+H]"396. 2169, 5 M{E 396.2170,

7 L1 A PR A IR 77 % 5 16 28 126. 0~
127.1 °C ;'H NMR (400MHz, CDCl,)8:13.55(s,
1H,2-0OH) ,7.87~7.77(m,2H, B-H, ArH) , 7. 62
(d,J=8.6Hz,2H,ArH) ,7.51(d,J=15.4Hz,1H,
a-H),6.98 ~6.86 (m,2H, ArH) , 6.44 (s, 1H,
ArH) ,3.85(d,J=1.5Hz,6H,2x-0CH,) ,3.48(d,
J=1.1Hz 2H,-CH,-),2.90(dt,/=12.1.3. 3Hz,
2H,-C,H,N),2.03(td, J=11.5,2. 4Hz, 2H,
-C,H,N),1.67~1.59(m,2H,-C,H,N) ,1.41 ~
1.37(m,1H,-C,H,,N),1.29(pd,J=11.5.10.7,
3.1Hz,2H, -C,H,N),0.93 (d, J = 6. 2Hz, 3H,
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-CH,;);"”C NMR (101 MHz, CDCL,) §:192.0,
165.7,164.4,161.7,143.9,131.6,130.3 (2C),
127.6,118.2,118.2, 114.4 (2C), 113.5,99.2,
55.8,55.7,55.4,53.8(2C),34.4(2C),30.7,
21.9. HRMS (ESI) m/z: #igfH C,,H,,NO,,[M+
H]"396.2169,5ZM{H 396.2171,

Tg. 204 R W, IR R 80%;'H NMR
(400MHz,CDC1,)8:13.84(s,1H,2-0H) ,8.05(s,
1H,ArH),7.87(d, J=15.1Hz, 1H, B-H) , 7. 62
(d,J=8.6Hz,2H,ArH) ,7.51(d,J=15.2Hz,1H,
a-H),6.71(d,J=2.1Hz,2H ,ArH) ,6.43 (s, 1H,
ArH) ,3.84(s,3H,-0OCH,),3.59(d, /= 1. 1Hgz,
2H,-CH,-),3.04(s,6H,-N(CH,),),2.97(dd,
J=12.4 4.2Hz,2H, -CH,N),2.14 (dd, J =
12.4 4.2Hz,2H, -C,H,N),1.65 (dt,J=7.9,
5.2Hz, 2H, - CCH,N), 1.42 ~ 1.37 (m, 1H,
-C,H,N), 1.32 (dd, J = 12.4, 4.2Hz, 2H,
-C,H,N), 0.94 ~ 0.88 (d, J = 6.3Hz, 3H,
-CH,);"C NMR ( 101MHz, CDCl;) & 192.1,
165.8,163.9,152.1,145.3,132.4,130.8(2C),
129.0,124.1,122.7,115.0, 113.8 (2C), 99. 3,
55.7,55.4,53.4(2C),40.1(2C),33.8(2C),
30.5, 21.7; HRMS ( ESI) m/z: i {4
C,,H N,O,, [ M + H ] 409.2485, =5Z i
i 409. 2481,

Th £145 €0 [ KR 2K, W03 84% 5 4% 1 108. 2
~109.3 °C ;'H NMR (400 MHz, CDCI, ) 8. 13.87
(s,1H,2-0H),7.97(s,1H, ArH) ,7.86(d, J =
15.1Hz, 1H, B-H), 7.65 ~7.55 (m, 2H, AtH ) ,
7.45(d,J=15.1Hz, 1H, a-H) , 6. 69 ~ 6. 66 ( m,
2H, ArtH ), 6.43 (s, IH, ArH), 3.85 (s, 3H,
-0CH,),3.56(d,J=1.1Hz,2H,-CH,-),3.42
(qd,J=7.1.2.1Hz,4H,-N(CH,),),2.96(d,J=
11.7Hz,2H,-C,H,N),2.10(t,J=11.2Hz, 2H,
-C,H,N),1.65(d,J=11.3Hz,2H, -C,H,N),
1.40(d,J=9.0Hz, 1H,-C,H,N),1.38(d, J=
7.7Hz,2H, -C,H,N),1.21 (td, J=7.1,2. 1Hz,
6H,2xCH,),0.94(d,J=6.3Hz,3H,-CH,);"C
NMR ( 101MHz, CDCl, ) §: 192.0, 165.7, 163.9,
149.8,145.3,132.0,131.1(2C), 129.4,121.9,
114.3,113.8,111.3(2C),99.3,55.7,55.6,53.6
(2C),44.5(2C),34.0(2C),30.6,21.8,12.6
(2C) ;HRMS (ESI) m/z: i {4 C,,H,,N,0,,[M
+H 1" 437.2798, SZM{E 437. 2799,

1.3 &M AT E
1301 BUE 2000 0 2R 3K

K MTT 2 i B #51L& ¥ %} HeLa, SiHa
1 HS 20 A 0 T AR e A A A A e
FEBE KX = Ah A 43 LA 1. 5%10% 2. 5x10* 4~/
mL Fl 4x10% 4~/mL [ % B 270 T 96 fLAR 1, LA
£:fL. 200L (3000 ~ 8000 4~/FL) , 7E 37°C & 5%
CO, IR 15 3% 24h, I = Fb 40 B 19 %5 B ¥ 7
T0% 7 A7 . H 55 % W E e Bk BB R 1,
6.25.12.5.25.50,100 wmol/L B4k & ¥y 0 BH 1
2500 B 3% KL, A L 200uL, K 3E 48h, A
Smg/mL MTT /ﬁ{@‘l, 43 FL 20pL, B 5 4h, S ||
W, MA DMSO %, B AL 150pL, ¥ 48 10min, 7E
490nm £k il OD {H, P18 30l Z, il R
=[ (0D —OD,p ) /(0D —OD.... ) ] X 100%,
GEAHME R I 10, {6, LR 45 R x+SD £
R LUBEFNR B AE 2 b B XTI HAR L& 9
R BE P 2555 [] — ol 248 0 2% A (] — 240 P B3 dt 7K1
EATIA
1.3.2 3t HUEVC 40 g 3 £ 5%

K F MTT 35 X% 2 7K Bl A5 %) 6g FiFH 2% 25
FAAEJE AT R ANIT VEGF J138K 0 5 3 Ik 9 Bz
4l 2 HUVEC %%, A 50ng/mL B VEGF £
HUVEC #H 0 35 1/ VEGFR-2 32K i J3 sh 51 1,
W B ATX VEGFR-2 B 0 i £F 1T, 55 3% 0 %
M 1.3.1,

1.3.3 &5 VEGFR-2 # il it 5 2"

KN p-VEGFR-2 ELISA ( il 1% % 7% W Bt 3
¥ ) X # & ( Human p-VEGFR2 ELISA Kit
instruction) LA HeLa 20 i}y (RSP SZ B0 B RS  XF AL &
Y1 6g &P AE R HEAT RSN G VEGFR-2 i P T
W, I TAM p-VEGFR-2 By # ik, % B 7] & i
BB AR, B S5 AR A TE 450nm K 0 5 %
%E (OD {E)o j’m%’]% = [(ODx,ﬁga _ODgw/J )/
(0D —O0D..., ) 1 x100% , 4o it 3l %, I i+ 5
IC,, fH, R4 R x+SD £x, YRR N
BH %) HE
1.3.4 K4t HeLa/DDP 40 f1 35 12k

Bk &9 6g X HeLa/DDP 4 g i 410 1 3% 1k
INTF 10% F v TG L 0. 75 1.5 1 2 wmol/L 4351
SIS T4 #E4T 5T HeLa/DDP 40 i 3% P 52 | 52
Bk 1.3.1, Western Blot SZ38 5 M. (1)
H 4R B O B4R KO 1Y HeLa/DDP 41 fiEg LA
3x10° A~/mL (7% B 34 5 2 Fh 7 o5 fL bk, & T 4l



http://www. hxtb. org

fef il 2023 4F 55 86 & 45 9

- 1133 -

MI$5 FR 46 240 J5 , G UL G 9 6g A0 31 241 il
48h, HR-IUE M . (2) HHE & 1% BCA i1XH &
Ul B A5 HE AT 2 O o, 2 i A o it 2, AR AR T T A
it BTWOGAE, TH AR S BR B MR, (3) B
EHH & A AL 3K (80V,30min; 120V, 60min ) |
1% (300mmA, 3.5h) , & M (BSA, 2h) | ¥ %
(10min/¥,3 W) Pk E (—Pid %, —+i 1h)
FLG 7 (308 ) Y P2 58 LS5
1.3.5 SrFXi4sem

¥ A¥ /R B 6g 5 VEGFR-2 I P-gp 25 (140
ST INHEAT 4 F X AR AR O, 3 AR S R 3N
RCSBProtein Data Bank % 4% & 48 B, /N2> 1
ChemOffice 18. 0 £l 5% 3D #% X, 4 MM-2 RE &
AR Y A pdb” # X & M. W Autodock
Tools 1. 5. 6 3 #EAT #s =X &% Ak Ik £535 % 11 4,
DL IR B FIAL & ) 6g A BCAR, 5 VEGFR-2 Al P-
gp mn ARG K HEAT 2 7 6 4, R A R R PyMolL
1. 7.6 B 2 B RS w4 K 4 7 R A4 i
e S R AT B i 3 e R R 2 R R

2 HR5UE

2.1 BHRUEYHERK

AR5 LA ) 2R 1 O B TR, 28 SR A AR
M % SE O b SUH 2R fb A bE 3k K Il Claisen-
Schmidt JZ W15 B 4b 5 ¥ 6a~6g fl 7a~7h, #ifk
Gy B R R 1B R ) RNV RO 2 ~ 3 A
ZRIBK , K225 5 7= ) 19 At 36 R B 2 ™ 3%
FEEAR 3 19 G st B e, i A VK 2R 1Y 1 R A 1
rhE AR 2 9 i B AT Ak 2208 0 7 ) T8 Tk OE E BT
R AR, S e S 22 G SR, 7E Claisen-
Schmidt 5z 1 HBITA R YRS 775 A= ) 1) dat 2 v ] 4
4 F15 (10 3 5 A TE , ol LA [ AR 7243 O, Jin
P 2 HAE T 5 22 alifb sy 85 .
2.2 HEREUEYHREIEEHE

G MTT 4558 (% 1) B8, L5 6a~6g Fl
7a~7h X} Hela 1 SiHa YJ75 — 5 A4 3% 5 $10 15
PE, HXF HS AUl B k4N, LG %) 6g %I HeLa
H1 SiHa 20 6 1) 38 78 90 1 16 M A R 25 0 T e Sk
AW A IR i A BH A 25 0041 (P <0.05) , X IE %
HS 4 i iy P/, FHPEZS R P dE e (2L 3)
S AR FH B9 VEGFR-2 #0455, B 8 35 i by
FUEVELE R, T 6g MY BT E BN M IE M S R AR
FHY AR /N AR YR S5 50 25 S U W) A R I B
¥ b5l 4 S CBEUR BE L 4-FF 3k IR BE I 4-N

(CH,CH,), SR W 5, B3 8 5% T bu e S0 15 7%
YEF, X Al fiE 5 VEGFR-2 il A 56, b 55 2
— SR

x£1 &YW 6a~6gF 7a~Th PHIEEM (x5, n=3)
Tab.1 Anticancer activity of compounds 6a~6g and
7a~T7h (x+s, n=3)
IC5,/ ( wmol/L)

k& -
HelLa SiHa H8
6a 60.43+4. 34 56.84+2. 89 75.24+2. 85
6b >100 >100 >100
6¢ 45.15+0. 88 27.83+0. 82 63.45+3.34
6d >100 >100 88.63+9. 39
6e >100 >100 >100
6f 32.67+1.98 27.02+3.90 >100
6g 9.69+0.24 + *  13.05+2.02+* 27.19+3.80 *
7a 29.56+0. 26 31.20+0. 28 46. 69+0. 44
7b 24.58+1.52 27.65+3. 11 67.43+2.36
7c >100 >100 >100
7d 26.99+1. 14 30. 69£0. 42 34.89+1.59
7e 38.75+1.06 42.22+1.84 36.27+2. 12
7t 41.70+0. 21 43.00+4. 66 43.68+5.13
7g 28.72£2.13 31.57+3.09 41.96+1. 66
7h 18. 46+0. 66 20. 60+0. 97 23.57+1.53
A IR B 74.01+4. 48 66.45+2. 88 77.716. 85
N5t 41 13.60+1. 63 20.70+1. 85 24.75+1.37
FHIER  10.7820.15 14.99+1. 20 18.41+1. 04

Note: “ P<0. 05, compared with Chalcone. *P<0.05, compared

with Cisplatin. ,"P < 0.05, compared with Sorafenib group.

N N _cF
\[Or 3
HsN cl 0 c
\W< “N H
G SN NS
o)
JIAH VEGFR-2{lII71Z& f 3k 8

EX3 PAEBmMMFRRNIERHHLFEHK
Scheme 3 Chemical structure formula of the positive

drugs cisplatin and sorafenib

2.3 HMYXESH

ABFEAEARE A 3 51 A 4-H1 S LR IE A1
4-H LR ME AR I, AE B $£2,3,4 55| A-OH
-OCH, 4-N(CH,), 1 4-N(CH,CH,), TG PE3LHA 3
e ARG Y PTE SURROCR BT,

L&) 6a~6g i A Bk 4-F S0 L OR e AL
B IR AN 7] 2 A AR )5, X HeLa 1 SiHa 4 i (1)
16 PE 58 55 4. 4-N (CH,CH, ), >4-N (CH,), > 2-
OCH,>2-OH, k&%) 7Ta~7h ) A K8 4-H FLIR
WE PRICIR , PO S8 0 P2 % = T 6a~ 6g.
7a~7h X HeLa 20 H (9 #1001 36 P42 SiHa 48 1 i
L b T HeLa 40 M A9 0% P 38 59 4. 4-N
(CH,CH,),>3-0H>2-0CH,>4-N(CH,),., M L
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SRV, R 2 A BRARAERS, B 3 B 51 A 4-N
(CH,CH,), FhiEsmE R ray &
Haag b A PR 4-F SRR nE O Y 6g T PE
B R WA b TR 6g 1E b e S 1k
E, R AL Y R BT R R
2.4 {&5MHT HUEVC 40 f i 14
RN (£ 2), 4G 6g X HUEVC 41 Jfd
(4 1C,, A 13. 87x0. T4pmol /L 33T T BH 1 25 &K Hr
e H R E T Y A& K (P<0.05) , 3% 7]
it 5 6g M T HUEVC 4001 |9 VEGFR-2 3Z 1k
AKX T B — L IR RIE

%2 {k4MHUEVC EiER
Tab.2 In vitro HUEVC inhibitory assay

[lazg] 1C5,/ ( wmol/L)

A R B 77.51+4.20
L&Y 6g 13.87+0.74°
KRR 9.20+1.22

Note: * P< 0.05, compared with Chalcone.

2.5 {&5M VEGFR-2 &4

VEGFR-2 i 8% 1A 2 42 JF & W5 75 14 Bt 9 1
WY — A B H, LA VEGFR-2
ELISA ( g HE 5005 W Bl ge ) AR Pk e h =% 24
Yyt i — 20 W58 T A KB AT 6g X Hela
4L rh VEGFR-2 iyl e 71, 454 (% 3) BoR,
6g i VEGFR-2 ¥ M Y 1C,, 4 1.39 =
0.21pmol/L, 55 TR P AL, H i i T % F 1k
G WA IR (P<0.05) , X445 AR IR A /R i 28
SER B T PR A1 A2 9 6g Xt VEGFR-2 (9301 i 1%
PE 5 3k R T VEGFR-2 5 A8 R Ak &
Yoot AL T R

£ 3 {kF VEGFR-2 MBI I L 18
Tab.3 In vitro VEGFR-2 inhibitory assay

(%) 1C4y/ (pmol/L)

25 R >20
&Y 6g 1.39+0.21°
iR 0.56+0. 04

Note: * P<0. 05, compared with Chalcone.
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Tab.4 In vitro antitumor activities of the compounds against HeLa/DDP Cells

aEw

IC5,/ ( pmol/L)

HeLa HeLa/DDP RI
Jlize] 13.60+1. 63 100. 03+7. 94 7.36

EgA 20. 10+1. 05 124.87+5.30 6.21

] 5 % 10. 60+0. 50 41.63+2.05 3.93
KPR 10. 78+0. 15 12. 40+0. 54 1.15

5 /R 74.01%4. 48 91.00+6. 22 1.23

L&Y 6g 9. 69+0. 24 11.33+0.34"* 1.17

JBLT + 24 37 WF K (6 wmol /1) 13.97+0.73 35.12+4.14** 2.51
4 +6g (0. 75wpmol/L) 14.72+1.20 89.07+5.29* 6.05
4 +6g (1.5umol/L) 13.76+0. 38 35.54£2.45"" 2.58
%A +6g (2pwpmol /L) 13.71£0. 66 22.17+1.56 " 1.62

Note: * P<0.05, compared with Chalcone, # P<0.05, compared with cisplatin group
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Fig.1 Effect of compound 6g on the expression of P-gp in HeLa/DDP cells
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Scheme 4 Chemical structure formulae of the positive drugs paclitaxel, adriamycin and verapamil
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Tab.5 Basic protein information and minimum binding energy for docking prediction
Pic fA¢ & PDB ID He/NEE A R/ (keal/mol) B
VEGFR-2 4ASD -9.179 -
/R
P-gp 709W -8.507 1
VEGFR-2 4ASD -8. 856 1
&Y 6g

P-gp T09W -8.704 2
) k o 5 © ) 1

§ & o J
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D:290
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Fig.2 Schematic molecular docking of chalcone with VEGFR-2 (A) and P-gp(B) proteins;schematic molecular
docking of compound 6g with VEGFR-2 (C) and P-gp (D) proteins
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