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Design, Synthesis and Anti-cervical Cancer Activity of Novel Pyrrolidine-chalcone Derivatives

YANG Zheng, LIU Zhengye, MOURBOUL Ablise’, AIZITIAILI Aihaiti, YUSUPUWAJIMU Alimujiang,
LIAO Boer, SAILIKEALA Alihan(College of Pharmacy, Xinjiang Medical University, Urumqi 830011, China)

ABSTRACT: OBJECTIVE To design and synthesize of a series of novel azachalcone derivatives and study of their anti-cervical
cancer activity and mechanism of action. METHODS A series of novel chalcone derivatives were designed and synthesized by
using glycyrrhiza chalcone as the lead compound and VEGFR-2 and P-gp as the target sites using the active substructure splicing
principle, and the structures were characterized by 'H-NMR, “C-NMR and HR-MS. MTT, ELISA, co-dosing with cisplatin,
Western blotting and molecular docking assays were used to preliminarily evaluate the proliferation inhibitory activity and
mechanism of action of the target compounds on cervical cancer and cisplatin-resistant cervical cancer cells.
RESULTS Compound 7h showed some antitumor activity and reversal of cisplatin resistance, and had some inhibitory effects on
phosphorylation of VEGFR-2 and downstream PI3K/AKT signaling pathway proteins, with no significant differences on P-gp
protein expression compared with the blank group in the concentration range of 0.5, 1.0, 1.5 umol-L™". CONCLUSION  The anti-
cervical cancer activity and reversal of cisplatin resistance of compound 7h may be related to its inhibition of VEGFR-2 and P-gp
targets.

KEYWORDS: lead compound; chalcone derivatives; cervical cancer; cisplatin-resistant cervical cancer; novel molecular targeting
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Fig. 1 Chemical structures of nitrogen-containing chalcone
derivatives
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oal); X-4 AU GUE S (R R AR A
BT ZF-7 BUREFE = F AN A A (15 G
B AR/ F]); Bruker Avance 111 400 HD %A%
YR P AL (i Bruker 7y 7] ); Scientific Q
Exactive Y /& 73 B¥ it 3% 1% (3¢ [® Thermo 2\ ] );
SOPTOP Y {8 & i i B2 (77 P ok T AL &% 22 7 );
Victor nivo Z AR Y (FAE IR BRA IR A A];
200~300 HAF ISR (F SEHEAT).

JIGE 1 X6k B8 A (¥ MACKLIN A &), 485 .
D798888; 4l : 99.5%); KHiAEJE XS (L
aladdin, %5 S125098; ZfifiF =99%); U4
BT AR B Jt 245 35 P T 65 A B iR ot s iR 2k
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Jftl HeLa 11 Siha, A 5 #1 b 2 40 H8 . AJKt
Bk P9 Bz 410 i HUEVC A E 35058 I A i 24 20 i
HeLa/DDP ¥ Hy i 8 = B} K 27 v S5 % fe 4t
VEGFR-2, p-VEGFR-2, B-actin(¥ [E abcam 2
A, 5530k ab134191, ab194806, ab198991);
PI3K. P-PI3K., Akt, P-Akt, MDR1/ABCBI(ZE[H
Cell Signaling Technology 2 ] , 4% 5 43 5l N
4257, 17366, 4691, 4060, 13342); Goat Anti-
Rabbit IgG (H+L) HRP (3£ [# Affinity Bioscience 23
H, B85 S0001); 15 &L RIPA i ik b o2
Solarbio /A ], %5 : R0010); BCA & k5] &
(At5T Solarbio A H], H%5: PC0020).
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Schmidt I JE3E, A4 rhEIA 4 F0 5 4350 5 28 P
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200 1-(24- ORI W (1) 1A Y
11.10 g(100 mmol) [H] 7 — [ Al 7.8 g(57 mmol) J&
7K ZnCl, By AR IMEEAT 15 mL vKZ R 100 mL =
FOM A, AR, IREEESIZE 110~115 C, KX
N3 h, REEEIFEREA, HINCE R R
A 30 mL vKZEMK b, AHEL (A S A B b i
T, FHUKZEWIKIEY, 50 °C T4, ERGL @
£ 9.2 g (60.47 mmol), = 60.47%, mp: 143.5~
144.5 °C; 'H-NMR(400 MHz, DMSO-d6) 512.65(s,
1H, -OH), 10.57(s, 1H, -OH), 7.65(d, J=8.8Hz,
1H, Ar-H), 6.37(dd, J=8.8, 2.4Hz, 1H, Ar-H),
6.28(d, J=2.4Hz, 1H, Ar-H), 2.53(s, 3H, -CH,).
BC-NMR(101 MHz, DMSO-d6) 6202.93, 165.35,
164.81, 133.83, 113.23, 108.51, 102.85, 26.39,
HRMS(ESI) m/z caled for CgH,0," (M+H)" 153.054 62,
found 153.054 70.,

2.1.2  1-QQ-FH-4-HE IR 2 %E-1-F0 (2) A
B FE 500 mL B BE P oim A 50.00 g

(329 mmol) Hr[E 1A 1, I 150 mL P R fiff 22 ¥
fif, TMA 67.62 g (490 mmol) JTo/KBRERHR, Fo4Mi
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Fig. 2 Synthetic route of chalcone derivatives 6a—6h and 7a—7h
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6h~7h R=4-N(CH,CH,),
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T, TEZE I TER, USRI A RN T 4 °C Hrdh,
g, T, 15 35.60 g (214 mmol) F5 B {1 ok &
&, 73 65.05%, mp: 47.9~48.8 C; 'H-NMR
(400 MHz, Chloroform-d) 612.74(s, 1H, -OH),
7.61(d, J=8.8 Hz, 1H, Ar-H), 6.44(d, J=2.4
Hz, 1H, Ar-H), 6.41(dd, J=8.8, 2.4 Hz, IH,
Ar-H), 3.86(s, 3H, -OCH,), 2.54(s, 3H, -CH,).
BC-NMR(101 MHz, Chloroform-d) 6202.58,
166.10, 165.24, 13231, 113.89, 107.57,
101.14, 100.83, 55.53, 26.17. HRMS(ESI) m/z
caled for CyH,,0,"(M+H)'167.070 27,
167.070 37,

213  1-(5-(FAH 3E)-2- Rt -4-H F LRI &b -
-0 (3) AR 7F 100 mL RS MA 25.0 g
(150 mmol) FF [A] 4K 2, JiI A 50 mL vk 2 iR fiff =
%, SR E I T SR hn SRH ek 25.0 g
(311 mmol), Ei\EHFE 3 h, JFIHA A @B &
RN R 6h B, RNVIEEEEENRE, #E,
UE, VEUFRVKICK CEEPER, 50 C T, A
EHERIRIENAR 15.99 g(74.5mmol), 7% 49.67%, mp:
115.4~116.3 °C; 'H-NMR(400 MHz, Chloroform-d)
512.84(s, 1H, -OH), 7.68(d, J=1.4Hz, 1H, Ar-
H), 6.42(s, 1H, Ar-H), 4.59d, J=14 Hz,
2H, -CH,-), 3.91(s, 3H, -OCH,), 2.57(s, 3H, -CH,).

found

BC-NMR(101 MHz, Chloroform-d) 6202.54,
165.79, 163.77, 133.02, 117.73, 113.33,
99.72, 56.06, 4134, 2626, HRMS(ESI) m/z

caled for C,;H,,ClO," (M+H)" 215.046 95, found
215.046 81,

214 127 B -4 S SN opk O ) R
) Zdoe-1-F 1-(2-FF-4- H A FE-S- (M HH 3 )
) 2B (4) A8 AE 100 mL =FHRAPIA 1.6
g (7.45 mmol) FE]{K 3, N A 25 mL — 5 H ke
ZW ., A 1.3 g(14.9 mmol) M ok R, i 0 2
mL =&, 45 CmIAEIRHFE 6 h, VRS
G, Prib A EER, Sk . R HCL %
W pH (H % 2~3, 4B BUKZmekiRe, 4 pH (&
£ 9~10, HZROBEAI 3R, 8T LR OBE,
CE S B R 2.01 g(7.57 mmol), WE K
72.19%, mp: 92.4~93.6 °C ; 'H-NMR(400 MHz,
Chloroform-d) 612.73(s, 1H, -OH), 7.68(s, 1H,
Ar-H), 6.40(s, 1H, Ar-H), 3.85(s, 3H, -OCH,),
3.72(t, J=4.8 Hz, 4H, -C,HNO), 3.46(s, 2H,
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-CH,-), 2.57(s, 3H, -CH,), 2.49(t, J=4.8 Hz,
4H, -C,H,NO). C-NMR (101 MHz, Chloroform-d)
620272, 16445, 16441, 132.63, 117.51,
11325, 99.16, 67.03(2C), 55.78, 55.77, 53.52
(20), 26.28., HRMS(ESI) m/z calcd for C,,H,,NO,"
(M+H)" 266.138 68, found 266.138 64.

2.1.5  1-QQ-FFE-4-H S FE-5-(ME I g - 1-3E F L) O
) W (5) AR Ak S i EA 4 AT
B AR, RN 91.14%, mp: 71.3~72.4 C;
1H—NMR(400 MHz, Chloroform-d)  012.74(s,
1H, -OH), 7.66(s, 1H, Ar-H), 6.39(s, 1H, Ar-
H), 3.85(s, 3H, -OCH,), 3.57(s, 2H, -CH.-),
2.57(s, 3H, -CH,), 2.56~2.49(m, 4H, -C,H,N),

1.80(dt, J=4.8, 4.4 Hz, 4H, -CHN). "C-
NMR(101 MHz, Chloroform-d) 6202.77, 164.32,
164.13, 13241, 119.27, 113.19, 99.18, 55.75,

54.14(2C), 53.23, 26.32, 23.49(2C). HRMS(ESI)
m/z caled for C,,H,,NO," (M+H)" 250.143 77, found
250.144 03,

2.1.6 (E)-1-(2-F25E-4-H A8 Bk -5- (M b FF 56 ) 2R )-
3-(2-F8 ML R I ) A e -2-0 - 1-T (6a) 1A AL FE
100 mL = #UH A 0.531 g(2 mmol)4 F1 0.733 g
(6 mmol ) 2-FEEARHEE , Sl A 20 mL Jo/K LEHTiZ
VMR, A 10 mL 20% S A AL B R 2 N K
Z, ETRE TR 60 C n#dEFE. TLC Wi
W ERE, 8 h &Ik, T TKLE, H
e O FRE R RIARY , IR CBRIZ AR NaCl i
W 3RG, ZT LT, FIK RS,
i, TS RE LR Y 047 g, RN 54.60%;
'H-NMR (400MHz, DMSO-d,)d13.44(s, 1H, -OH),
10.28(s, 1H, -OH), 8.12(d, J=15.8 Hz, IH,
B-H), 8.02(s, 1H, Ar-H), 7.77~7.69(m, 2H,
o-H, Ar-H), 7.22(ddd, J=84, 7.4, 14 Hz,
1H, Ar-H), 7.00(dd, J=84, 14 Hz, IH,
Ar-H), 6.76(t, J=7.4 Hz, 1H, Ar-H), 6.55(s,
1H, Ar-H), 3.84(s, 3H, -OCH,), 3.62~3.51(m, 4H,
-C,H,NO), 3.42(d, J=7.4 Hz, 2H, -CH,-), 2.38
(ddd, J=11.4, 5.8, 2.8Hz, 4H, -C,H,NO). *C-NMR
(101 MHz, DMSO-d,) 6192.67, 165.61, 164.53,
160.87, 141.54, 132.63, 132.59, 130.31, 121.90,
119.55, 118.23, 117.68, 117.41, 113.71, 99.92,
66.69(2C), 56.41, 55.93, 53.56(2C). HRMS (ESI)
m/z caled for C, H, NO," (M+H)" 370.164 90, found
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370.164 98,

K A2 A itk &4 6b~6h 1 7a~7h, Ak
PRI REBAE L “2.1.7~2.1.217 TR,
2.1.7  (E)-1-Q2-F5E-4-H A Bk -5- (Mo FFY B ) 4 )-
3-3-FRFILIRKL) N bE-2--1-H (6b) FIA AL HELT
EARAR, R K 51.12%, mp: 210.3~211.6 C,
'H-NMR(400MHz, DMSO-d,)613.43(s, 1H, -OH),
9.70(s, 1H, -OH), 8.11(s, 1H, Ar-H), 7.87(d,
J=15.4 Hz, 1H, o-H), 7.74(d, J=15.4 Hz, 1H,
B-H), 7.33(d, J=7.4 Hz, 1H, Ar-H), 7.33~7.18
(m, 2H, Ar-H), 6.91(dt, J=7.8, 1.8 Hz, 1H,
Ar-H), 6.57(s, 1H, Ar-H), 3.87(s, 3H, -OCH,),
3.58(q, J=5.4, 4.8 Hz, 4H, -C,HNO), 3.39(s,
2H, -CH,), 2.41(t, J=4.8 Hz, 4H, -C,HNO),
BC-NMR(101  MHz, DMSO-d,)  6192.25,
165.65, 165.06, 158.24, 144.76, 136.29, 133.49,
13037, 121.53, 120.65, 118.50, 117.76,
11575, 113.45, 99.87, 66.692C), 56.50,
5598, 53.48(2C)c HRMS(ESI) m/z caled for
C,H,,NO," (M+H)" 370.164 90, found 370.165 25.
2.1.8  (E)-1-(2-F25E-4-H A Bk -5- (M b FFY B ) 4G )-
3-(4-FRFILTRIL) TN be-2-M5 - 1-B Y (6¢) B RE B D
AR, R K 48.79%, mp: 204.1~205.2 C,
'H-NMR(400MHz, DMSO-d,)613.68(s, 1H, -OH),
10.19(s, 1H, -OH), 8.10(s, 1H, Ar-H), 7.84~
7.71(m, 4H, op-H, Ar-H), 6.88(d, J=8.4 Hz,
2H, Ar-H), 6.55(s, 1H, Ar-H), 3.86(s, 3H, -OCH,),
3.57(t, J=4.8 Hz, 4H, -C,HNO), 3.46(s, 2H,
-CH,-), 241(t, J=9.8 Hz, 4H, -CHNO),
BC-NMR(101 MHz, DMSO-d,) §192.27, 165.71,
164.83, 160.90, 145.17, 13336, 131.792C),
126.13, 117.75, 117.55, 116.35(2C), 113.38,
99.86, 66.682C), 56.44, 56.07, 53.48(2C).
HRMS(ESI) m/z caled for C,H,NO," (M+H)"
370.164 90, found 370.165 07.
2.1.9 (E)-1-Q2-F55E-4-H A HE-5- (M FP 5 ) 2R G-
3-(2-FV R L HEIE) T be-2-05- 1-F (6d) FO A AR 2
EARER, BeRHN 85.07%, mp: 136.2~137.5 °C;
'"H-NMR(400 MHz, Chloroform-d) 613.57(s, 1H,
-OH), 8.19(d, J=15.8 Hz, 1H, B-H), 7.88(d, J=
24 Hz, 1H, Ar-H), 7.72(d, J=158 Hz,
1H, o-H), 7.64(dt, J=7.8, 2.4 Hz, 1H, Ar-H),
7.44~734(m, 1H, Ar-H), 7.03(td, J=7.8, 2.4 Hz,

P E AR 22 2024 4F 2 H A 41 355 4 14

1H, Ar-H), 6.95(dd, J=8.4, 1.4Hz, 1H, Ar-H),
6.45(s, 1H, Ar-H), 3.94(s, 3H, -OCH,),
3.86(s, 3H, -OCH,), 3.74(dt, J=5.4, 2.4 Hz,
4H, -C,HNO), 3.49(d, J=2.4 Hz, 2H, -CH,-),
2.51(dd, J=6.4, 3.4Hz, 4H, -C,HNO), *C-NMR

(101 MHz, Chloroform-d) 6192.50, 165.92,
164.38, 15890, 139.95, 13195, 131.61,
129.49, 123.85, 121.11, 120.82, 117.35,
113.60, 111.31, 99.44, 67.13(2C), 5597,

55.78, 55.59, 53.58(2C). HRMS(ESI) m/z calcd for
C,,H,.NO," (M+H)" 384.180 55, found 384.180 97,
2.1.10  (E)-1-(2-F2 3 -4-H 48 3 -5-(n) ok HH 3 ) 2
FE)-3-(3-F AR BE R ) TN BE-2-0-1-T (6e) FYA B

O E AR R, WERRH 76.11%, mp: 1212~
123.3 °C, 'H-NMR(400 MHz, Chloroform-d) §13.44
(s, 1H, -OH), 7.85~7.78(m, 2H, B-H, Ar-H),
7.58(d, J=15.8 Hz, 1H, a-H), 7.35(t, J=7.8 Hz,

IH, Ar-H), 7.31~7.22(m, 1H, Ar-H), 7.17(t,
J=2.4 Hz, 1H, Ar-H), 6.98(dd, J=8.4, 2.8 Hz,
1H, Ar-H), 645, 1H, Ar-H), 3.87~3.86(m,

6H, 2x-OCH,), 3.74(t, J=48 Hz, 4H,
-C,H,NO), 3.49(s, 2H, -CH,-), 2.51(t, J=4.8 Hz,
4H, -C,HNO). “C-NMR(101 MHz, Chloroform-

d) 0191.83, 166.02, 164.63, 159.97, 144.22,
136.21, 131.67, 130.03, 121.17, 120.75,
117.56, 116.25, 113.75, 11347, 9948,
67.10(2C), 55.89, 55.81, 5537, 53.552C).

HRMS(ESI) m/z caled for C,H,NO," (M+H)"
384.180 55, found 384.180 76,

2.1.11  (E)-1-(2-%2 & -4-H 48 3 -5-(n ok HH 3 ) 2
H5)-3-(4-H A FE IR L) N BE-2-05- 1-T (66) 15 B

W oar o B R R, IR SN 77.23%, mp:
172.2~173.4 °C, 'H-NMR(400 MHz, Chloroform-
d) 513.57(s, 1H, -OH), 7.91~7.82(m, 2H, PB-H,
Ar-H), 7.64~7.61(m, 2H, Ar-H), 7.48(d, J=15.4Hz,
1H, o-H), 6.98~6.95(m, 2H, Ar-H), 6.45(s,
1H, Ar-H), 3.87(d, J=2.4 Hz, 6H, 2x-OCH,),
3.75(dd, J=6.4, 3.4 Hz, 4H, -C,HNO), 3.50
(d, J=2.4 Hz, 2H, -CH,), 2.56~2.48(m, 4H,
-C,HNO)., "“C-NMR(101 MHz, Chloroform-d)
5191.93, 165.93, 164.43, 161.83, 144.22, 131.60,
130.40(2C), 127.57, 117.93, 117.36, 114.51
(2C), 113.52, 99.49, 67.10(2C), 55.95, 55.79,
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55.45, 53.55(2C). HRMS(ESI) m/z caled for
C,,H,(NO, (M+H)" 384.180 55, found 384.180 91,
2112 (E)-3-(4-(ZHVIREEL) A8D)-1-2- 8 0-4- 11
AR B -5- (N b FY R ) 2 ) T 240 - 1T Y (6g) &
B2 [ A R R, MR h 80.10%, mp:
174.8~175.8 C , lH—NMR(400 MHz, Chloroform-
d) 513.80(s, 1H, -OH), 7.91~7.83(m, 2H, Ar-H,
B-H), 7.61~7.53(m, 2H, Ar-H), 7.40(d, J=15.4Hz,
1H, o-H), 6.73~6.66(m, 2H, Ar-H), 6.44(s,
1H, Ar-H), 3.85(s, 3H, -OCH,), 3.75(q, J=4.4Hz,
4H, -C,HNO), 3.49(d, J=8.4 Hz, 2H, -CH,-),
3.05[s, 6H, -N-(CH,),], 2.51(q, J=7.4, 5.8 Hz,
4H, -C,HNO), "“C-NMR(101 MHz, Chloroform-
d) 6191.94, 16577, 164.05, 152.17, 145.36,
131.49, 130.65(2C), 122.55, 117.00, 114.70,
113.70, 111.85(2C), 99.45, 67.12(2C), 56.01,
55.75, 53.55(2C), 40.12(2C). HRMS(ESI) m/z
caled for C,;H,\N,0,(M+H)" 397.21218,
397.21210.
2.1.13  (E)-3-(4-(Z A L) R H)-1-2- 7 H-4-H
SR -5- (M b FE 5 ) 2R L) TR -2-05 - 1T 1) (6h) A B
W& A EARB AR, WEHR 70.77%, mp:
170.7~171.9 °C, 'H-NMR(400 MHz, Chloroform-
d) 613.85(s, 1H, -OH), 7.88~7.85(m, 2H, Ar-
H, B-H), 7.56~7.52(m, 2H, Ar-H), 7.38(d,
J=154 Hz, 1H, o-H), 6.70~6.66(m, 2H, Ar-H),
6.44(s, 1H, Ar-H), 3.85s, 3H, -OCH,),
3.75(q, J=4.8 Hz, 4H, -C,HNO), 3.49(d, J=7.8
Hz, 2H, -CH,), 3.42[q, J=74 Hz, 4H,
-N-(CH,),],  2.56~2.47(m, 4H, -C,HNO),
121(t, J=74 Hz, 6H, 2x-CH,). “C-NMR(101
MHz, Chloroform-d) 6191.92, 165.80, 165.74,
149.88, 145.44, 131.42, 131.01(2C), 121.77,
116.95, 114.03, 113.73, 111.34(2C), 99.45,
67.13(2C), 56.01, 55.73, 53.56(2C), 44.57(2C),
12.63(2C).  HRMS(ESI) m/z caled for C,sH,N,O,"
(M+H)" 425.243 48, found 425.243 23,
2.1.14  (E)-1-(2-F8 3k -4-H S 3k -5-(Nk 1% ot -1 -6 H
By HI)-3-Q-FRFEAIL) N be-2-M5-1-F Y (Ta) &
B AR, Sl 75.11%, 'H-NMR
(400 MHz, DMSO-d,) 613.56(s, 1H, -OH),
1026(s, 1H, -OH), 8.13(d, J=15.4 Hz, IH,
B-H), 8.06(s, 1H, Ar-H), 7.94(d, J=154 Hz,
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found

1H, a-H), 7.85(dd, J=7.8, 1.8 Hz, 1H, Ar-H),
7.29(ddd, J=8.4, 7.4, 14 Hz, 1H, Ar-H),
6.97(d, J=8.4 Hz, 1H, Ar-H), 6.88(ddd, J=8.4,
74, 14 Hz, 1H, Ar-H), 6.56(s, 1H, Ar-H),
3.86(s, 3H, -OCH,), 3.59(d, J=0.8Hz, 2H, -CH,-),
2.57~2.41(m, 4H, -C,H,N), 1.69(dt, J=4.4, 2.4Hz,
4H, -CHN), "C-NMR(101 MHz, DMSO-d,)
5192.58, 165.59, 16449, 158.06, 140.32,
132.68, 132.52, 129.85, 121.76, 12038,
119.79, 116.80, 113.50, 112.62, 99.78, 56.51,
56.42, 53.75(2C), 23.52(2C). HRMS(ESI) m/z
caled for C,H,NO,” (M+H)" 354.169 98,
354.169 95,

2.1.15  (E)-1-(2-F8 3k -4-H S JL -5-(Mk 1% o - 1- 35 1
B ARHL)-3-(3-FR AL ) TN bE-2-0-1-B 1Y (7b) &
B LA IR Y, IR 64.82%, 'H-NMR
(400 MHz, DMSO-d,) 613.36(s, 1H, -OH),
931(s, 1H, -OH), 7.83(s, 1H, Ar-H), 7.59(d,
J=158 Hz, 1H, o-H), 7.49(d, J=15.8 Hz, 1H,
B-H), 7.04~7.00(m, 1H, Ar-H), 695t, J=
7.8 Hz, 1H, Ar-H), 6.69(t, J=2.4 Hz, IH,
Ar-H), 6.55dd, J=8.4, 24 Hz, 1H, Ar-H),
6.35(s, 1H, Ar-H), 3.57(d, J=8.4 Hz, 3H,
-OCH,), 3.24(d, J=1.8 Hz, 2H, -CH,),
2.25~2.18(m, 4H, -C,HN), 1.42(t, J=4.4 Hz,
4H, -CHN), "C-NMR(101 MHz, DMSO-d,)
5192.14, 165.69, 162.61, 158.00, 140.89,
136.27, 13026, 129.93, 121.93, 121.34,
12049, 117.33, 11579, 114.02,  99.66,
56.57(2C), 53.95, 53.68, 23.50(2C). HRMS(ESI)
m/z caled for C, H,,NO,"(M+H)" 354.169 98, found
354.170 04,

2.1.16  (E)-1-(2-¥% 3k -4-H S JL -5-(Mk 1% o - 1- 35
Hh) HI)-3-(4-FRFE L) TN Be-2-05 -1 (Te) &
B WG E AR Y, R 14.40%, 'H-NMR
(400 MHz, DMSO-d,) d13.61(s, 1H, -OH),
9.56(s, 1H, -OH), 8.11(s, 1H, Ar-H), 7.83~
7.75(m, 2H, op-H), 7.38~7.30(m, 2H, Ar-H),
6.88~6.80(m, 2H, Ar-H), 6.53(s, 1H, Ar-H),
3.85(s, 3H, -OCH,), 3.59(s, 2H, -CH,-), 3.50~
3.43(m, 4H, -C,HN), 1.69(dp, J=6.8, 3.4 Hz,
4H, -C,HN). P"C-NMR(101 MHz, DMSO-d,)
019226, 165.66, 162.84, 158.16, 145.17,

found
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13296, 131.78(2C), 129.73, 117.72, 116.35
(2C), 11560, 113.97, 99.69, 56.52, 56.40,
53.96(2C), 23.57(2C). HRMS(ESI) m/z caled for
C,,H,,NO," (M+H)" 354.169 98, found 354.169 95,
2.1.17  (E)-1-(2-¥5 3 -4-H S Fk -5-(ME % o - 1- 35
HE) RHE)-3-(2- AR R L) N e -2-Jd-1-B (7d) 1Y
AR mMEEAREEBR AR, WRRK 77.19%, mp:
110.6~111.9 °C, 'H-NMR(400 MHz, Chloroform-
d) 613.61(s, 1H, -OH), 8.20(d, J=15.8 Hz, 1H,
B-H), 7.89(s, 1H, Ar-H), 7.75(d, J=15.8 Hz,
IH, o-H), 7.66(dt, J=7.8, 1.4 Hz, 1H, Ar-H),
7.41~7.30(m, 1H, Ar-H), 7.00(t, J=7.4 Hz,
1H, Ar-H), 693(d, J=84 Hz, 1H, Ar-H),
6.44(s, 1H, Ar-H), 391(m, 3H, -OCH,), 3.85
(m, 3H, -OCH,), 3.63(d, J=1.4Hz, 2H, -CH,-),
2.62~2.49(m, 4H, -C,HN), 181(dt, J=4.4,
34 Hz, 4H, -CHN), "“C-NMR(101 MHz,
Chloroform-d) 6192.55, 165.86, 164.13, 158.84,
139.73, 131.89, 131.72, 12937, 123.86,
121.15, 120.77, 118.77, 113.60, 111.23,
99.33,  55.77, 55.52, 54.052C), 53.21,
23.51(2C)s HRMS(ESI) m/z caled for C,,H,NO,"
(M+H)" 368.185 63, found 368.185 94,

2.1.18  (E)-1-(2-F% 5k -4-H & 3L -5- (L % Joe -1- 3 HH
HE) HHE)-3-(3-H A FL R BL) N e -2-05-1-T (7e) 1Y
AR EEBEBK, WHEH 77.19%, mp:
122.8~123.9 °C, 'H-NMR(400 MHz, Chloroform-
d) 613.46(s, 1H, -OH), 7.88~7.80(m, 2H, PB-H,
Ar-H), 7.60(d, J=15.8 Hz, 1H, a-H), 7.35(t,
J=7.8 Hz, 1H, Ar-H), 7.26(d, J=8.8 Hz, 1H,
Ar-H), 7.17(t, J=2.4 Hz, 1H, Ar-H), 6.97(dd,
J=8.4, 24 Hz, 1H, Ar-H), 6.45(s, 1H, Ar-H),
3.87(d, J=1.4 Hz, 6H, 2x-OCH,), 3.6I(s, 2H,

-CH,"), 2.61~2.57(m, 4H, -C,H\N), 1.81(dt,
J=44, 34Hz, 4H, -C,H,N), “C-NMR(101 MHz,
Chloroform-d) 6191.91, 165.93, 164.42, 159.95,
144.13, 136.28, 13155, 129.96, 121.27,
12093, 11937, 11629, 113.66, 113.46,
99.41, 5582, 5539, 54.152C), 53.28,

23.53(2C), HRMS(ESI) m/z caled for C,,H,NO,"
(M+H)" 368.185 63, found 368.185 91,

2.1.19  (E)-1-(2-5% 5 -4-H & 3L -5-(E i e -1-E H
HE) AR HL)-3-(4-H AR R L) TN e -2-05 - 1-T (7€) 11

P E AR 22 2024 4F 2 H A 41 355 4 14

B ARREEAER R, RN 72.24%, mp:
74.5~75.6 °C, 'H-NMR(400 MHz, Chloroform-d)
513.61(s, 1H, -OH), 7.89s, 1H, Ar-H),
7.85(d, J=15.4 Hz, 1H, B-H), 7.71~7.60(m,
2H, Ar-H), 7.53(d, J=154 Hz, I1H, a-H),
6.98~6.91(m, 2H, Ar-H), 6.44(s, 1H, Ar-H),
3.86~3.85(m, 6H, 2x-OCH,), 3.64(d, J=1.4 Hz,
2H, -CH,-), 2.60(d, J=6.4 Hz, 4H, -CHN),
1.82(dt, J=4.4, 3.4 Hz, 4H, -C,HN). “C-NMR

(101 MHz, Chloroform-d) 6192.02, 165.85,
164.14, 161.76, 144.14, 131.67, 130.48(2C),
127.62, 11876, 118.13, 114.442C), 113.55,
99.38, 5578, 5541, 54.052C), 53.17,

23.49(2C). HRMS(ESI) m/z caled for C,,H,NO,"
(M+H)" 368.185 63, found 368.186 04,

2.1.20 (E)-3-(4-(ZH AR AL A 5L)-1-(2- 5 2-4-H
S -5 (M g o - 1k TP B ) ) D o -2 - 1-
(Te) WM& ARy, WERH 53.52%;
'"H-NMR(400 MHz, Chloroform-d) 613.89(s,
1H, -OH), 799, IH, ArH), 7.86(d, J=
154 Hz, 1H, B-H), 7.61~7.59(m, 2H, Ar-H),
7.48(d, J=15.4 Hz, 1H, o-H), 6.71~6.67(m,
2H, Ar-H), 6.43(s, 1H, Ar-H), 3.85(s, 3H,
-OCH,), 3.72(s, 2H, -CH,), 3.02[s, 6H,
-N-(CH,),], 2.69(ddd, J=12.4, 68, 3.4 Hz,
4H, -C,HN), 1.85(dt, J=4.4, 3.4 Hz, 4H,
-C,HN), BC-NMR(101 MHz, Chloroform-d)
0192.05, 165.87, 163.66, 152.14, 14548,
132.02, 130.84(2C), 129.07, 122.60, 114.85,
113.84, 111.81(2C), 99.39, 55.78, 53.86(2C),
52,92, 40.08(2C), 23.44(2C). HRMS(ESI) m/z
caled for C,H,N,O,"(M+H)" 381.217 27,
381.217 07.

2.1.21 (E)-3-(4-(Z LI IE) RHL)-1-(2-F8 5L -4-H
Sk -5-(ME g o - 1k FRY B ) ) D o -2 - 1-E
(7Th) 19 & 1 B 20 AR P, RN 53.40%,
'H-NMR(400 MHz, Chloroform-d) 613.93(s, 1H,
-OH), 7.99(d, J=2.4 Hz, 1H, Ar-H), 7.86(d,
J=15.4 Hz, 1H, B-H), 7.67~7.55(m, 2H, Ar-H),
7.47(d, J=154 Hz, 1H, o-H), 6.68~6.60(m,
2H, Ar-H), 6.44(s, 1H, Ar-H), 3.85(s, 3H,
-OCH,), 3.71(s, 2H, -CH,-), 3.40[q, J=6.8 Hz,
4H, -N-(CH,),], 2.70~2.64(m, 4H, -C,HN), 1.85

found
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(p, J=3.8 Hz, 4H, -C,HN), 120(t, J=7.4 Hz,
6H, 2x-CH,;), “C-NMR(101 MHz, Chloroform-d)

0192.06, 165.84, 163.60, 149.86, 145.57,
131.99, 131.202C), 129.41, 121.87, 117.32,
114.24, 111.302C), 99.40, 55.77, 53.84(20),

52.93,44.54(2C), 23.45(2C), 12.62(2C) . HRMS(ESI)
m/z caled for C,;H;;N,0," (M+H)" 409.248 57,
found 409.248 66.,

2.2 AEYTETER

22,1 PUEIEEHEN SRAH MTT 20050 Hbr
b4 Y% HeLa, SiHa F1 H8 4 jd gyl iE vk, 42
I 20 M AR K R B e B R, I 3 R A i 43
DA 1.5%x10%, 2.5x10%, 4x10*mL™" ) % B $2 fp T
96 fLAR T, LA4EFL 200 pL(EEfL 3 000~8 000 1),
18 37 °C % 5%CO, IR A6 5% 24 h, i 3 Fhém
L1 8 BE S5 70% 224 o N TH RS 5 V0 48 Bk
BSEER 1, 6.25, 12.5, 25, 50, 100 pmol-L™' /Y
A PIRBAME 2 5L, AL 200 uL, 1535 48 he
A 5 mgmL"' MTT # W, %fL 20 uL, H53
4h, FEIHW, A DMSO %W, %fL 150 uL,
EFE 10 min, 7F 490 nm Z{F FllE OD fH, 15
A1 A H1R=[(OD3~OD54)(ODy5~OD.s )] %
100%. FEitdidlR, JFitE 1C, (A, SCmas R
X5 Fono VUM RPAEE N BHYEXT IR, Bz
kB4 R PR 24 % [] — o 40 6 0[] — 40 L
KO BT

2.2.2 Pt HUEVC iGN SR A MTT 3:4)
AR LAY Th AR Z R AR e S TR M
VEGF HillJ# i A5 ik 14 52 2 ffl 2 HUVEC BiF5R
L 50 ng-mL™" f VEGF 1F 2y HUVEC £H Jid fi % i
VEGFR-2 Z &M )G g5+, ME 1% VEGFR-2
PIIRIVER, SR ikml “2.2.17 TR,

2.2.3 &4 VEGFR-2 #lEhRE: R p-VEGFR-2
fifg BE f F W FfF IR % (ELISA) iR 7 & (Human
p-VEGFR2 ELISA Kit instruction) ) HeLa 4l i &
PRAMSZE IR, X2 /R . LAY ThRIBHPEZ R
Fr3E R HEAT AN VEGFR-2 WY, H T4
I p-VEGFR-2 21k o Fi¢ BRI & vl B 5454
& 5 FH B bR A AE 450 nm 3% KR I E WO
(ODfH ). 41 il 2 =[(ODy s ~ODy; 4, )(ODyy gy —
OD..)]x100%. ZEitHflR, 5 IC,, fH, 5K
5 R x + 5 £x. RH Western blotting >E 55 iE
7h %} VEGFR-2 J& T il PI3K/AKT {5 53 % 55 11
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PR ALk B s, I LR PR R O B X IE
BeAE L B OFE B, IO 8k KB
HeLa/DDP 411 fif1 LA 3x10° A4~ -mL™" [ % & 34 &) 3 Fh
T 6 fLtk, B THMEEESA 24 h f5, H] 7h K34
Jitl 24 h $EHUE . @Q&EFE R, K BCA IKHI&
VLR EETE A E R, ShlbrmEig, R4
FESPIMEAE, THARE R SRR R . B A
FEEM . Hl . Ik (80 V, 30 min; 120 V,
60 min), &% (300 mmA, 3.5 h). &[4 (BSA,
2h). PEAE (BFYX 10 min, 3 1K), PiEE (—i
R, =Pt 1 h) Fig (30 s) BT ST R SE S
2.2.4 {KR5MPT HeLa/DDP 4 i iGE P BfL &9
7h X} HeLa/DDP 4 i i 9 il 7% P <10% 1 3 >
FEVOFE 0.5, 1.0, 1.5 umol-L™", 4355 W408&
Y52, TP HeLa/DDP 40 3 PE I 52 . 5 4,
e Th ZEVL L 3 ik BE 3 [l P 4T HeLa/DDP 4ijifd
1 P-gp B R IB R, IELL P-gp M 4Ehr
WA (6 umol-L™") M BHYEXT R, 25 4l W ARSI G
VIR B R e g . MTT Mg ikl “2.2.17
Iji ', Western blotting J7¥:[F] “2.2.3” Ti' R,
22,5 S FXTHEERL A A/RENFGE Y Th 45
5 VEGFR-2 fl P-gp & 1§ &5 i 47 70+ XF H2 4f
5%, E H A 45y 3 % A RCSB Protein Data
Bank B3R T L, /N3 H ChemOffice 18.0 %4
il A% 3D A% L, 4 MM-2 i Lk 5 R AF R
“pdb” 1530 H . i Autodock Tools 1.5.6 {4
PEAT S LA NI P 1148, AT JREA AN 7h
BifA, 5 VEGFR-2 Fl P-gp f G544 7R 4740 1 X%
B, HEA MR PyMoL 1.7.6 AR5 SCF R Y
/7% i | TSR NI 1 8 = e | LS o O 9 =B
I R R S
22.6 Hit#4r-#r >k H Graphpad Prism 7.0 Fl
SPSS 23 BAFHATEAE 4T, £ B A 1A
PLx+sFn, 2410 HECRHSEE 7 22041,
P<0.05 AZERARITERE L,
3 F#R
3.1 B WG e

AW LA 28 ) AR b Bk}, 2SR L
o, MR I iy Sk . EbeSLE A Claisen-
Schmidt fz i Ji B, @ id 545 I 5 El b &9
6a~6h fll 7a~7h, 7 & N 14.40%~85.07%, %
'H-NMR, C-NMR #l HR-MS #iE K Hirtb &4
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3.2 RSMUE FETE R

1A% Ta~Th XF HeLa 1 SiHa 4 Jfd () 34 5 410
0% B R 3 T 6a~6h, P Ak AW Th X
HeLa F1 SiHa 4 Jitd fr) 4 78 0 05 PE 5, HOXIE
WA H8 MBEERS/N, PUMR T B E LTS
b & W A R W L BE R 24 A A &R B AR e (P<
0.05), Z5HULER 1o FEATIRENRERZ 5] ANk be s
S G, WERR T YU SRS, X T RE
5 VEGFR-2 Wil A ¢, dfsift—5ir.

#1 1A% 6a~6h Fr Ta~Th B HLHFE E % (R+s, n=3)

Tab. 1 Anticancer activity of compounds 6a—6h and 7a—7h
(X+s,n=3)
IC,,/pmol-L™!
et/

" Hela SiHa HS
6a 60.60+3.46 54.26+1.46 >100
6b >100 53.13+5.13 >100
6¢ 69.06+7.74 78.58+5.56 68.99+6.62
6d >100 77.96+9.34 >100
6e 96.92+4.47 >100 46.89+2.03
6f 80.03+6.85 82.80+7.04 >100
6g 57.11+4.99 >100 >100
6h >100 >100 >100
7a 20.6243.53 26.59+0.65 30.55+0.26
7b 21.15+0.53 14.56+0.27 20.97+0.16
7e 25.16+0.54 26.34+0.44 33.23+0.81
7d 20.86+0.40 12.50+1.69 17.94+1.14
7e 63.06+0.77 73.85+7.47 82.03+5.07
7t 36.36+0.89 21.26+0.38 41.85+2.42
Tg 20.78+0.31 19.50+0.41 29.77+1.94
7h 8.10:£0.45"2% 8.87+0.46"Y  26.71£2.01%”
AR 74.01+4.48 66.45+2.88 77.7146.85
JgzE] 13.60+1.63 20.70+1.85 24.75+1.37
KPR 10.78+0.15 14.99+1.20 18.41+1.04

T SAUREILLEE, DP<0.05; SI4IHAE:, 2P<0.05; SRFEAEE K
%, YP<0.05.
Note: Compared with chalcone, "P<0.05; compared with cisplatin,

2P<0.05; compared with sorafenib, *P<0.05.

33 MECEFRSHT

AR A PR ok 3R UM, B R -OH.
-OCH,. 4-N(CH,), fll 4-N(CH,CH,), BUft)5, Fris
fbE 9 6a~6h % HeLa 1 SiHa 20 Jfd f¢490 ] 335 14 44)
AN, UAH S KM I PR P R A ] BN A
SR ERATT A ) R By SR T MR A

AR A RIS BEEUL, B IR
RURFEAAS . BT3B Y Ta~Th BB ES 508 5 1

P E AR 22 2024 4F 2 H A 41 355 4 14

i 2R T kA B Y 6a~6h R I . L,
7a~Tc 41t HeLa 1 SiHa 4 ffd 15 4 58 55 i 7 43 51 A
2-OH> 3-OH>4-OH Hl 3-OH>4-OH>2-OH, H[} B ¥/
51 A 3-OH X} SiHa 21 i % 410 il 376 14 S 35 4 15
7d~7f i HeLa M1 SiHa 40 i 7if 14 5 55 0 5 43 5
“} 2-OCH,>3-OCH,>4-OCH, #l 2-OCH,>4-OCH,>
3-OCH,, B B ¥f [-5| A 2-OCH, T4 %) B 4%
BT PR IS e 7g A1 7h $iT HeLa 1 SiHa 21 g
TEPENN, 4-N(CH,CH,),>4-N(CH,),. #itH5
RO R, AIRER A R S LE s, B 3R
#% 4-N(CH,CH,), X5, FriSfii A4 Th X &
i 20 P 348 AT ) 5 e E b Ak A 0 R B 2
e, HEMERYDN. it LR 4-N(CH,CH,),
A RE A R ERAT AL 15 P AT A
3.4 R4NT HUEVC 400G

164 7Th BT HUEVC 40 8 (1) 1C,, N (12.25+
0.88) umol- L' S RFAF L, HEBFRTLES
Yy A% IR B (P<0.05). X 16 B 7h AT g H- A5 #0 fil
HUEVC 2 ffl |- VEGFR-2 32 & 09 77 . 45 8 0
*2,

#F2 R4 HUEVC 40 8 7E H 1F
Tab. 2 Invitro HUEVC cell inhibitory assay

&Y IC,,/umol-L!
EZN 77.51+4.20
7h 12.25+0.88"%
RKhidER 9.20+1.22

e 5ARELLE, "P<0.05; SHRAARE HE, 2P<0.05,
Note: Compared with chalcone, YP<0.05; compared with sorafenib,
2P<0.05.

3.5 {4k VEGFR-2 ik L6

VEGFR-2 S B\ hy & — A HA T R et
i Jge 245 4y (1 S B 5 S BRIk, DA p-VEGFR-2
ELISA M&REN AL IS H ARk, dE—2
9% T #E HeLa 2 Jfd 1 £ /K B F1 7h % VEGFR-
2 I RE S . S5 EoR, Th XF VEGFR-2 i
[ 1Cs, 18 24 (1.19£0.13) pmol-L™', 5 T Rk
Je, A ERTESAEGWAE/RE (P<0.05). %
4b, Western blotting 255 i#7~, 7h 7E 8 umol-L™"
AEAZHA W I VEGFR-2, PI3K il AKT AUBERR L,
HBZEE TRAIER (P<0.05), [RIBLE 4 pmol-L™
B X PIBK HT AKT (4 il /6 5 R B 4EJe 4 24 .
IR 3 FE 3,
3.6 1K&M7T HeLa/DDP 4 fif i 14

MDR J&F87EALYT i A KA 1 AR

Chin J Mod Appl Pharm, 2024 February, Vol.41, No.4 - 447 -




=3

R4 VEGFR-2 #8847 1%
Tab. 3 In vitro VEGFR-2 inhibitory assay

&Y IC;y/umol-L!
IR >20
7h 1.19£0.13"
RKhidER 0.56+0.04

TE: SAUREAES, DP<0.05; SRPCEAERLLE, 2P<0.05,
Note: Compared with chalcone, "P<0.05; compared with sorafenib,
2P<0.05.

RHiAEE  Th
0 4 2 4

VEGFR-2 ‘. L 1 1 X ‘ 230 kDa
CLLLLE
b
p-PI3K (D S0 SN &8 & *
badad A d

I--q

8 upmol-L!

p-VEGFR-2 230 kDa

PI3K 85 kDa

85 kDa

AKT 60 kDa

p-AKT 60 kDa

42 kDa

B-actin

2.0 1 L ESVN
ERHAEE 4 pmol-L™!
== 7h (2 pmol-L")

1 ! 1)| 7h (4 pmol-L™)
W07 BIET | =7h (8 pmol-L

U=

L]

3 &% 7h % HeLa %4 ffi VEGFR-2 % PI3K/AKT &
S B E G

HE/RMILE, "P<0.05; SENCEEHILE, P<0.05.

Fig. 3  Effect of compound 7h on VEGFR-2 and PI3K/AKT

signaling pathway proteins in HeLa cells
Compared with chalcone, "P<0.05; compared with sorafenib group,
2P<0.05.
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P, B RPIIE S Xt HeLa/DDP 40 Jifd 3 A 77 AE 1
BRI 250, RIS 1.15, 3XULEA /758 6 4 b
JEZY R ReXT P-gp B FIA — & RAHIVER, A
YA SN TR A N & L

164 % 7h XF HeLa/DDP 40 Jifd ¥k (1) 1C,, 18 Hy
(9.33+0.70) umol'L™", 5 2 7/ 40 i HeLa #H [t 4%
RIS 1.15, JUFIEM 2504, Holivsam 258
Fom AL S A2 B2 . S T b
T 245 4 3 5 ) PR S ), A 8 O e 24 0
e FH 0 36 R e B S R T 400 1 ek Jg 2 L 3 pE
RS10% W ER, (LAY Th #IE R 0.5, 1.0,
1.5 pmol-L™" %I HeLa/DDP 41l }t &% 14 3 ] 2% 1
<10%, 435N G S, R RI 435
BAR M 5.84, 3.68 Al 1.95, X 5 5 FIF4A Y RI
736 ML, ARWI MR, IF 5 R4k
PLMAK B RORAR Y, S5 R ILEE 4,

4 (K47 HeLa/DDP 4 B M 15
Tab. 4 In vitro anti-HeLa/DDP cell activity
IC,y/pmol-L™
&Y

HeLa HeLa/DDP RI
AT 13.60+1.63  100.03+7.94 7.36
EyA 20.10+1.05  124.87+5.30 6.21
P52 10.60£0.50  41.63+2.05 3.93
EX0E e 10.78+0.15 12.40+0.54 1.15
A IR 74.01+4.48 91.00+6.22 1.23
7h 8.10+0.45"?  9.33+0.70"? 1.15
IEH+ZERIBAK (6 pmol L) 13.97£0.73  35.12+4.14 251
J4F+7h(0.5 pmol- L™ 14.11£1.42  82.43+6.217 5.84
JFE+Th(1.0 pmol-L™") 15.05£1.93  55.39+4.39% 3.68
JGAA+7h(1.5 pmol-L™") 14.55£1.56  28.3243.07% 1.95

W SEREILLES, "P<0.05; SERPEHER I, 2P<0.05.
Note: Compared with chalcone, "P<0.05; compared with sorafenib,
2P<0.05.
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Fig. 4 Effect of compound 7h on the expression of P-gp in
HeLa/DDP cells
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Tab. 5 Basic protein information and minimum binding
energy for docking prediction

IR/ /KD -mol

ik BEE PDB ID

Ew Ak
xR VEGFR-2 4ASD —38.40 -
P-gp 7T09W —35.59 1
7h VEGFR-2 4ASD —35.47 -
P-gp 709W -35.05 2

4 e

H i - A0 G b B 25, R E N
HPBIIE IR ) E A TAERY . FE PR ZH iy D i o i
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BT EAE

Fig. 5 Schematic molecular docking of chalcone with
VEGFR-2(A), P-gp(B) proteins and schematic molecular
docking of compound 7h with VEGFR-2(C) and P-gp(D)
proteins
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