- & -

Il

A -—mHSERMETEYHIRITEREAEMNMLE ETETRR
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WE: BN ARKRHFEERAFZALFLGHE R, 0T SREATRASE RIALLT A, F 3T L BEATR ST B F AT
K. Fik  i@id Claisen-Schmidt ZE %G &R, &R A Z R P AKLE RIALST A, % H%Z H-NMR " C-NMR & HR-ESI-MS
BEATHIE, vaek 3h (MTT) sk 2 B ARfa-4 *F Hela SiHa C-33A =45 8 40 J % B 5 21 b ik £ 4¢ HS 20 L eh Ak | SH4C
Mk BT AR A4 . Transwell % Foif X 2 AL AN Z A L4549 30 3f Hela 4 L6942 22 32 45 AL 8 = B x4 e
I3 00 s o F otk ik Au o 5 RO 2(MDM2 ) & & Yo S 3474 T 3t 4 M 2 ko4 30 ¥R a9 F e o)
B 454 % ; Western blot skl 2 4% 4044 30 5 MDM2 #= p53 B G 49 AEAER, R SR 20 MAEHZAFTEALSE REALR
AR AR RS 30 3T FIF LG R R (1C,, =4. 60 £0.40 wmol - L™") B S48 F a4 250744 (1Cy, =17.16 £0.93 pumol -
LYY 434064 30 T A 2cdp%) Hela 4 fftd13 % it 4% % Hela 2ZnfL A 2269428 T4 A S+ ik aa B B 4042 B J G/ G, HA ;12 ik 44
# 30 5 MDM2 & & p53 254~ 4504 R4 R L B A sk 25 A~ (456788 —37. 62 keal + mol ™' ) ;4% 144 30 #F MDM2 & & 4 9 2 T A4E
J,5EpS3 BaA R EEER, B AR RA R AA UK FH R em F REALRIPEIE LM —F Sk A,
KA - & /R EAT A s MDM2-p53 5 58 2% ; 4l 5 71
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Design Synthesis and in Vitro Anti-cervical Cancer Activity of New Trifluoromethoxy Chalcone Derivatives

ALIMILA Abudukadier, YUSUPUWAJIMU Alimujiang, AHEMAITIJTANG Tuerxsun®, MOURBOUL Ablise”
(School of Pharmacy, Xinjiang Medical University, Urumqi 830011, China)

ABSTRACT: OBJECTIVE To design and synthesize trifluoromethoxy chalcone derivatives based on the natural licorice chal-
cone parent as the lead compound backbone, and to study their anti-cervical cancer activity in vitro. METHODS  New trifluoro-
methoxy chalcone derivatives were synthesized by Claisen-Schmidt aldol condensation. The structures were confirmed by
"H-NMR, ""C-NMR and HR-ESI-MS. The cytotoxic activity of the target compounds on cervical cancer cell lines HeLa, SiHa,
C-33 A and normal cervical epithelial immortalized H8 cells were determined by MTT assay, and the structure activity relationship
(SAR) was analyzed and the candidate compounds were selected. The effects of candidate compound 30 on invasion, migration,
apoptosis and cell cycle of HeLa cells were determined by Transwell and flow cytometry. The candidate compound 30 was docked
to the MDM2 and protein target by molecular docking method, and the binding ability and binding characteristics of the compound
to the target protein molecules were determined. The regulatory effects of the candidate compounds on MDM2 and p53 proteins
were assessed using Western Blot analysis. RESULTS Twenty new trifluoromethoxy chalcones were synthesized. Candidate
compound 30 showed the strongest inhibitory activity against cervical cancer cells (IC;y =4. 60 £0. 40 wmol + L™") , which was
significantly better than that of positive drug cisplatin (IC5, =17.16 +0.93 pwmol - L™"). The candidate compound 30 could
effectively inhibit the invasion and migration of HelLa cells, induce apoptosis and arrest the cell cycle at G,/G, phase. Candidate
compound 30 binds to key amino acids in p53 binding pocket of MDM2 protein ( binding energy —37. 62 kecal + mol ™' ). The
compounds significantly downregulated MDM2 protein expression while upregulating p53 protein levels. CONCLUSION The
research results provide experimental evidence for screening new chalcone derivatives as targeted, effective, and low-toxicity anti-
tumor candidates against cervical cancer.

KEY WORDS: chalcone derivatives; MDM2-p53; cervical cancer; antitumor activity
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B SR A RHOR, R RN A T R Y A
m e HETLIT R IRYT E SR — S EE T
Beo SRS T 25 ) B4k B TR 1Y S A ANk 24 i
A A I B e o 2 FF 2 UL Pk 254
LB S R A B R

pS3 SRR P 5, 2558 1 0 S ST R 240
P, T A A R A e I, pS3 B g K
AR TEBRIAL AN, BRAP LR, i B AR Y
FEPFEEAZ - BRI 2(murine double
minute 2, MDM2) & [ /& pS3 % [H 19 1 R 42 [H 1,
MDM2 i AWt 17 22 4k pS3 & 1 HIE sl MDM2-
pS3 G, NI fE ps3 e A8 U8 T 1k, T2 Al 1
FEURII S RS 0, 4 B BT MDM2-pS3
HAZBAEAR, T8 MDM2 JE [ i) &3k, oD
AW WAL LA pS3 A MDM2 | 3 5 1 ok, 1K
SR p53 A DHRE , X T3 1o (2 9w 40 A 1
HIGESURE I —Fh R

KERFY) 1) A2 /KR ( chaleone, [ 1) {02244
1,3- ORI 2- PN -1-F, e — RHURIE B 1 AR
PR, o5 HAT BRI B AN [ HE A
AL B BoR, e A R KA G RE S
MDM2 545, 5 S PE A il MDM2 5 pS3 9454, A
TS pS3 WA T RE " SR MTAR 4 b ) 45 R
W 5 AR A, e o A i 9 PR AR R T
WFTEMIT A o A5 5 Claisen-Schmidt
Gty SN AT I T B R EEAT AR IAE s
ST B REA, A LREREAR ] & BA , 15 BEPE =
BN G

(0]
‘ g ‘
(E)-Chalcone
1 &/REEEEN

Fig. 1 Chalcone structure

AR ZH AEHT AT, %0 A 25 i B S 3 5 A
RSB - B S I A SRR S IR ARG B 40
ST VR PR AL A 0 L A R R 45
ESIAEA NLOF SFEuR A E RE A T 42 1 54
RUE AR RE T SRR T R S

AR FEAE TGS B 22 50 5Ll 1, L MDM2-
pS3 RO AR AR 1, 8 O TR ORI
F Claisen-Schmidt JZ W & % T 20 /438 = % &
AT IRERZE A G0 5 LA =Tl 5 25098 40 M ik 1 1 245 31

T E 2528 2024 4E 6 H 5 59 5 11 )

S AR Ui H B SR B B AR e
PR A b e 1T AR AR 2 R R A 1 25, O ] HB
TE AN IR A0 DA A0 M BRI s X IR LB Y S
MDM2 47757 42, € S5 38 R 45 & RE ) &
2545 5, 1l 4 Western blot 331l %2 T X} MDM2 F
p33 PHFEEAE A, it — 20 Ik g e A & Wy vl dE 455
MDM2, #i] MDM2-pS3 52 & Y8 U SE 5T AE T o

1 LWH*E
L1 Eisr 5
L1125 50 s B (361 AbMole 23
) s A MG (3215 Sigma 24 ®]) (B .DMEM 137
£ (ZEH HyClone 3 7)) (PUiA (Affinity Biosciences /%
A)) o NE SV M HeLa SiHa C-33A  F 3 b {7
FRAALANNEL T8 , ¥ fh B et BE R O Sy 2 2
L1.2  U#F  WRX4 ARG A C7 R
A MR F]) sLTQ-Orbitrap XL RIZEER WA A3
BRI AL 37°C 5% CO, 553746 . Herasafe KS181[4% 4=
Wy A6 (S E Thermo Fisher /N H]) ;ZF-7 RIREHE =
RZESN A A (Rl ISR BR 2 7] ) 5 SOPTOP 7Y
188 A (T I TR A ] ) 5 Victor nivo Z2IRE
PR (B BB A PR 23 ) ) 5 BD Y =il ) (36
BD 2A#]) .
L2 &M ER

TERVIH A S mmoL f6-54) 1,5 mmol. fk
HY 2, A 20 mL Jo7K (5% 20 mL ) @
S R, A 1. 25 ¢ FAAALHRIENIR (21 ¢ |
SAALBAIEMA) b, B R BN o i e ARG T ok
FERNZES, RV SE U , A R 2k 0, W s ug ot
UEVR G ERFR VY pH AEZE 1.0 ~2. 0, yKFH 1 1%, A7
HTIE R , 2 A R Tl IR W A W )2 20
TE MR E T 5 R i oK CEE AR 25 & TN
VKAEHT NG, ThE, WA AR BIL B ) 3a, fEY
3b ~3t B AT 3a 250, WL 2,

o 0
EtOH/KOH or —

RS + 07 | N g, MeOHNaOH o g | N R,
i AR, » Al
' = v r.t L~ Pz

1 2 3a-3t
3a R;:3-OCH; R,:4-OCF; 3k R;:2,4-OCH3 R,:2-OCF;
3b R;:4-OCH; R,:4-OCF; 31 Ri2,5-0CH;  Ry:2-OCF3
3¢ Ry:2,4-OCH;3 R,:4-OCF; 3m R;:3,4 OCH; R;:2-OCF,
3d R|:2,5-OCHj3 R,:4-OCF; 3n R;:2,4,5-OCHj; R,:2-OCF;
3e Ry:3,4-OCH; R,:4-OCF; 30 R:3,4,5-0CH;  R,:2-OCF;
3f R;:234-0CH;  R;:4-OCF; 3p Ry:3:0H.4-OCH; R;2-OCF;
32 R;:2,5,6-0CH;  R;:4-OCF; 3q R;:4-OCH, R,:3-OCF,
3h R:3.4,5-OCH3 R,:4-OCF; 3r Ry:2,4-OCH; R,:3-OCF;
3i Ry:3-OHA4-OCH; R;4-OCF; 3s Ry:245-0CH;  Ry:3-OCF3

3j R;:4-OCH, R,:2-OCF; 3t Ry;3-OH4-OCH; R,:3-OCF;
B2 =ZHWAEERENTEY 3a~3t oK 4

Fig.2 The synthetic route to target compounds 3a —3t
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L3 (e yeE E s
1.3.1  MTT kil AR VE R P x5 B, R A
MTT 30 % H 45k & ¥ 3a ~ 3t X Hela, SiHa,
C-33ALL K H8 i sk . 43 il b % Bk
W10 4 B LA AL 7 000 A~ 4 i 4 F e 96 FLAR I,
1E 37 CHRFHREE 5% CO, A IR =4 1557 12 h
J& , FE AR B AR TRV B (0.6, 25 112,525 .50,
100 wmol + L™) LA HIIIA 96 FLARH , 1~ i
We NMEAfl. YT 48 h J5, BN S mg -
mL ™) MTT %% 20 wL, 7€ 37 °C  IRBUHKE 5% 11y
COIGFA T T 4 h, BERIEEFELF MTT, L0
A 150 pL 11 DMSO ¥ DAy i H e i 38950, f
FZ DI REREAR L AE 490 nm AT I 5 W SCRE . i
AR T A M R M. S WS A LA 50%
NRLA BEPERT T RO 1C, Rk, SRS R 3 K
S H
1.3.2  Transwell IR 5000 O B4 KK
HeLa ZHf, il B AE2Z T 2 x 10° 4~ A 40 B, 43 1
45T PRPEZG 41 (20 pmol - L70) 45 (9 AR L
HWeHE(0.1.2.4 pmol - L) AL G 30 T T4
MG gl , B B 3 AT, IR iR g
2 )5 F 20 L8 200 L filf A B Transwell /2 |
2, PR IIAE 20% JIG 4 15 K 97 58 600 L,
B/ NEE TR TP 5% 24h, B3] PBS 6 3 1K,
4% 22 5 I [ 22 20 min, 1% 25 528 Y4 48, 30 min, [
T, TR E A T WL S S 20 A
MFEATHEL 3 PR, O SAEAE R 45 2R . 52
WHEE 3 WK, RFBIK : Transwell FZESEH 50 pl
BT (ARG 10 8) FlIE , He /N3 1 T RE A
WL, J5 2S5 0 TR W A MU AL 52 0
1.3.3 Mg A 6 FLAREEAT AR, K
20 M 5 T A O AR T 1 x 10° 40 M B, A AL
2 mL, B A 37 CHy CO, 15554 ,24 h J5, 5 LIB WK,
BALINA 2 mL 1654 30 BYEE IR, Wk BEHCIK
$2.5.5.10 pmol + L™ AR 3 AR L.
& M o8 & 55 9% B 4E b =5 B ], D
20 wmol « L™ AYNIFTEA Ay BH X B, 5 5% 24 h J5 ik
AR EL BEIR 22 v (PBS) V¥, FF ISR 40 i
FHBUE N E (PT) 4 A 2GR EHAnid i I R B
(Annexin V -FITC) £&- 5 pL HEYEYL (G 20 min, JE AR
b uE, B A G TR, SE S EE A IR
1.3.4 U EIIBHAE S8 AT 1 x 100440
B, LAREAL 2 mL 82F0 3] 6 fFLAk, BT 37CH
CO, 55744 ,24 h J5 3¢ L3S, BALINA 2 mL [
- 976 -

Chin Pharm J, 2024 June, Vol. 59 No. 11

W A L5 W) 30 W, W AR N 2.5.5,
7.5 pmol - L™" AR 3 AN AL, LA &40
Tt R R A N2 (AN IR, DL 20 pmol - L' ()15
B BT B, 559724 WIS UER B0, PBS Tk, HRIK
WAL A 75% 2B, 78 - 20 C R [E & 24 h,
PRGBS, PBS Yk, WA 41 il J , 448 4% AL 400
wL AL AL 7 £/ RNA i 44 {6, ( PI/RNase Staining
Buffer) , 2GS 4 20 min, JE R AT I8, Fiiat
A TR, SEBR R 3 K

L4 7FxE %

P e b & 45 ChemBio-Draw Ultra 14. 0 %%
P = 4k 2584, v ] Auatodock Tools 1. 5. 6 % {3
I, TR IR I L A, DU AL A W oA A, 5
MDM2 # [ ( PDB %i*5: STRF) 47X 4%, F] pymol
2.3.0 A0 discovery studios #E474FE F 1170, W1 4
MM fL A5 Fn MDM2 25 58X,

1.5 Western blot 52 %
L5.1 HEAMMMES 6 onkfJr ILE:F7 40
JH, AR R SR 80% FF 11, =5 1 ik o
WeEE(0.1.2 .4 wmol « L™1) i e {6 & ) F BH 4 2
(4 pmol - L") % 4 mL,24 h J5, H LA A
350 WLl A (RIPA) [ 24# M 1 mL RIPA +
10 WL P ERE S0 (PMSF) |, 7K 122 30 min 2
EWRAT, ARG %2 1.5 mL EP 45w, (R IR 8.0 20min
(12000 r - min~") B 7L R A BCA B &
LS W AT I E . K B RE AL FD loading
buffer #i¢ 5t B A34EFE Lo BIBC 82 pg - wl ™' TR A
W, 100 CEAFT A 10 min, B 25, & T -20 C
UKFR IR
1.5.2 AWM EFE TEREKAE NI —E R
A HLIK S o, IR I RE &4 2 Wl 2 1 Marker
FAXT BEALIN SR G RIS R A i 2 i, A
20 e BfL, HLEVZE 80 V, Hi ik 30 min, FEHH
120 'V HLJK 90 min, 2 Y5 [ 14 51 75 458 B2 IS ¥ B AT 2
IEFTK . b P e 3 A 8 DR N5 B RH 735 1) 2R D
A% (PVDF) B8 = W16, Hi H R 22 % K 300
Vg f5if 300 m [ 55 15 T FE B 120 min, 25 W5
PVDF B T 5% 40502 ¢ Wiky +40 mL =2
Wit 2 i R 7K 7 W (TBST) ] FE IR B2 ho 37 %4
Wy, A TBST bk PVDF i3 Y, B4 10 min,,
¥ PVDF B & 2 8 7 &, A — UM B W
(1:2000) ,75 4 CHK EWF LK. WX, bk
PVDF i = ¥k, 4 ¥k 10 min, il A Z 47 # B W
(1:1000) ,$EIRMFE 1 h, sy PVDF JIE 3 ¥k, £k
o [ 22 2k 2024 4F 6 F5R 59 4558 11 )




10 min, 7E%& K PVDF fii ¥ 5703k A B % LA
1 1 ELBITR ST s Ak 2 2 65 (ECL) BR2H,
SR VR UG AN R e AR I S A =K

1.6 Zit=7 %

FR 23 B Tmage 1. 53 B4, it 0 A 7
Graphpad prism 8. 0. 1 %, 20 [] be s FH B R R 22
ot e M Z B g, s 45 R L x =5 B3k
7,4 P <0.05 /52 0 354 22 R AR

2 LR

2.1 HirtembemER

2.1.1 B wmEs MEBCR ZBR A [ =
U E IR H AT Claisen-Schmidt B2 45 A 15 5
20 R AREAE R, L&YW EH
"H-NMR ,"”C-NMR }; HR-ESI-MS i 3iF , F1iF 44
/1

2.1.2 ZEWRAE LAY 3a R AR, A,
32.7% ,J415,:64.7 ~65.6 °C, HRMS (ESI) m/z:C,,
H,F,0, + (M +H) + 323.089 0, found 323.089 0,
'"H-NMR (600 MHz,CDCl,) &: 7.77 (d,J =15.7 Hz,
1H,8-H),7.69 ~7.63 (m,2H, C,-H, C,-H) ,7.59
(dt,J]=7.5,1.28 Hz,1H,C,-H) ,7.54 (dd,J=2.7,
1.60 Hz,1H,o-H) ,7.48 (d,J=15.7 Hz,1H,C,-H) ,
7.41 (t,]=7.9 Hz,1H,C,-H),7.28 ~7.23 (m,2H,
C,-H,C,-H),7.14 (ddd,J =8.2,2.7,0.9 Hz,1H,C,-
H),3.88 (s,3H,C;-OCH,), “"C-NMR (151 MHz,
CDCL,) &: 189.85,159.98, 150.56, 142. 94, 139. 36,
133.50(2C) ,129. 88,129. 65,122. 86,121.25,121. 19,
121.05,119. 54,119. 47 ,112.91,55. 48,

E5 9 3b: IR B A AR, 77 3. 80. 6% , 45 A
89.1~89.7 °C:HRMS (ESI) m/z: C,,H,F,0, +
(M +H) + 323.089 0, found 323.088 6,' H-NMR
(600 MHz,CDCL,) §: 8.07 ~8.01 (m,2H,C,-H,C,-
H),7.76 (d,J =15.6 Hz, 1H,3-H),7.69 ~7.63
(m,2H,C,-H C,-H),7.52 (d,J=15.7 Hz,1H, a-
H),7.28 ~7.23 (m,2H, C,-H, C;-H) , 7. 01-6. 96
(m,2H, C,-H, C,-H),3.89 (s,3H, C,-OCH; ),
"C-NMR (151 MHz, CDCl,) &: 188.30, 163.60,
150. 40,142. 08 ,133. 73(2C) ,130.85,129.76 (2C) ,
122.67,121.26,121. 17,119. 54(2C) ,113.93(2C) ,
55.50,

A Y 3c: TR 4 K, 7= 38:4.3% , 15 5
98.6 ~99.1 °C: HRMS (ESI) m/z:C,H, F,0, +
(M+H) + 353.099 5, found 353.099 3.' H-NMR

T E 2528 2024 4E 6 H 5 59 5 11 )

(600 MHz, CDCL,) 8: 7.78 (dd,J =8.8,3.8 Hz,
1H,C,-H) ,7.64 (d,] =15.8 Hz,1H,B-H) ,7. 64 ~
7.59 (m,2H,C,-H,C,-H),7.51 (d,J =15.7 Hz,
IH,a-H),7.25 ~7.21 (m,2H, C,-H, C,-H),
7.02~6.95 (m,1H,C,-H),6.57 (dd,J =8.6,2.2
Hz,1H,C,-H),3.91 (s,3H, C,-OCH,),3.87 (s,
3H, C,-OCH, ) ."” C-NMR (151 MHz, CDCl,) §:
190.01, 164.46, 160.56, 150. 14, 147.32, 134.22
(2C), 129.65, 129.17, 128.04, 121.98, 119.57,
117.87(2C) ,105. 40,55.79,55. 78,

&Y 3d: 55 8 0 K, 77 % 24% , 5 R
55.6 ~56.3 °C ;HRMS (ESI) m/z: C4H, F, 0, +
(M +H) +353.099 5, found 353.099 2.' H-NMR
(600 MHz,CDCl,) &: 7.63 (d,J=6.69 Hz,1H,B-
H),7.61 (d,J=2.30 Hz,2H,C,-H, C,-H),7.41
(d,J =15.92 Hz,1H,a-H) ,7.28 ~7.22 (m,2H,
C;-H,C,-H),7.21 (d,J =3.21 Hz, 1H, C;-H),
6.08 ~6.92 (m,2H,C,-H,C,-H) ,3.87(s,3H, C,-
OCH,), 3.81 (s, 3H, C;-OCH,)."” C-NMR (151
MHz, CDCL, ) §: 191.92,153.69, 152.73, 150. 34,
141.10, 133.84 (2C), 129.79, 129.37, 127.68,
121.25, 121. 14, 119.54 (2C), 114.46, 113.41,
56.48,55. 86,

LAY 3e: IRBTMA A, 72 15.2% , 5 £
73.4 ~74.1 °C;HRMS (ESI) m/z:C,H, F,0, +
(M+H) + 353.099 5, found 353.099 5.' H-NMR
(600 MHz,CDCL,) &: 7.77 (d,J =15.6 Hz,1H,B-
H),7.70 ~7.68 (m,1H,C,-H),7.68 ~7.64 (m,
2H,C,-H,C.-H),7.62 (d,J=1.9 Hz,1H,a-H),
7.53 (d,J=15.6 Hz,1H,C,-H) ,7.26 (dt,]J=7.7,
1.08 Hz,2H, C,-H,C,-H),6.93 (d,J =8.4 Hz,
1H,C,-H),3.97 (d,J =1.6 Hz,6H, C,-OCH,, C,-
OCH,)."” C-NMR (151 MHz, CDCl,) & 188.18,
153.46, 150.40, 149.34, 142.08, 133.71 (2C),
131.09, 129. 76, 123. 10, 122.45, 121.24, 121. 17,
119.53(2C),110. 75,110. 00,56. 10,56. 04 ,

L& Wy 3F: IR 1 €8 [ A, 77 2. 46.4% 05 5
77.9 ~78.4 °C; HRMS (ESI) m/z: C,,H, F,0, +
(M+H) +383.110 1, found 383.110 1,' H-NMR
(600 MHz,CDCl,) 8: 7.66 (d,J=13.5 Hz,1H, -
H),7.64 (d,J=4.4 Hz,1H,C,-H) ,7.64 (s,l1H,a-
H),7.54 ~7.47 (m,2H,C,-H,C,-H) ,7.27 ~7.22
(m,2H,C,-H,C,-H) ,6.77 (d,J =8.8 Hz,1H, C,-
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H),3.93 (d,/=6.4 Hz,9H,C,-OCH, , C,-OCH, , C,-
OCH,).” C-NMR (151 MHz, CDCL,) §&: 190.35,
157.31, 153.89, 150.29, 142.17, 140.89, 133.89
(2C), 129.73, 127.40, 126.51, 125.95, 121.24,
119.54(2C),107.45,62.11,61.06,56. 13,

Y 3g: 55 v A [ 4, 77 %2 48. 6% , 5 5
88.1~89.2 C:HRMS (ESI) m/z: C,,H,F,0, +
(M+H) + 383.110 1, found 383.110 1.' H-NMR
(600 MHz,CDCL, ) 6:7.68 (d,J =15.8 Hz,1H,B-
H),7.64 (d,J=1.7 Hz,2H,C,-H, C,-H) ,7.62
(d,J =8.6 Hz, 1H, a-H),7.40 (s,1H, C,-H),
7.26 ~7.21 (m,2H,C,-H,C,-H) ,6.55 (s,1H,C;-
H),3.97 (s,3H, C,-OCH, ), 3.94 (s, 3H, C,-
OCH;),3.90 (s, 3H, C,-OCH,)."” C-NMR (151
MHz, CDCl,) §: 189.36,155.03, 153.89, 150. 09,
143.48, 139. 84, 134.26 (2C), 129.62, 128.04,
121.12,120. 14,119.55(2C) ,113. 16,96. 95,56. 75,
56.32,56. 15,

AW 3h: iR B R AR, 773232, 2% 05 A
99.9 ~101.3 °C : HRMS (ESI) m/z: C,,HF,0, +
(M +H) + 383.110 1, found 383.110 2,' H-NMR
(600 MHz,CDCL,) 8: 7.79 (d,J =15.6 Hz,1H,B-
H),7.68 (d,J =8.3 Hz,2H, C,-H, C,-H) ,7.46
(d,J =15.6 Hz,1H,a-H) ,7.26 ( d,J =7.9 Hz,
4H,C,-H, C,-H, C,-H, C,-H),3.95 (s, 9H, C,-
OCH,, C,-OCH ,, C,-OCH,),"” C-NMR (151 MHz,
CDCL,) 8. 188.84,153.21(2C), 150.55,142.85,
142.72, 133.53, (2C) 133.24, 129.87, 122.54,
121.21,119.53 (2C), 106.15 (2C), 61.00, 56. 41
(2€),

&Y 3i: 5 i A, 77 4862 1% , 5 A
127.4 ~128.2 °C ; HRMS (ESI) m/z:C,,H,F,0, +
(M +H) + 339.083 9, found 339.083 9.' H-NMR
(600 MHz, d,-DMSO) §: 9.46 (s, 1H, C,-OH),
8.06 ~8.00 (m,2H,B-H,C,-H),7.96 ~7.76 (m,
2H,C,-HC,-H),7.71 (d,]J =15.6 Hz,1H,a-H),
7.57 (d,J =2.17 Hz,1H,C,-H) ,7.47 ~7.42 (m,
2H,C,-H,C,-H),7.08 (d,J =8.5 Hz, 1HC;-H)
3.90 (s,3H,C,-OCH,) ,”C-NMR (151 MHz,d,-DM-
SO) §: 187.84,152.89,149.85, 147.15, 141. 49,
134.70 (2C), 131.11, 131.05, 123.75, 122.40,
121.71,121.34,119. 64(2C) ,115. 33,56. 21,

fE& W 3j: iR v €8 B A, 77 2%:60. 9% , 45 5
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88.3~89.7 °C:HRMS (ESI) m/z:C,H,F,0, +
(M+H) + 323.0890, found 323.088 6,' H-NMR
(600 MHz,CDCl,) §: 8.06-8.01 (m,2H,C,-H, C,-
H),8.03 ~7.95 (m,1H,B-H),7.77 (dd,J=7.8,
1.67 Hz,1H,C,-H) ,7.58 (d,J =15.8 Hz,1H, a-
H),7.43 (ddd,J=8.2,7.39,1.67 Hz,1H,C,-H),
7.37~7.29 (m,2H,C,-H,C,-H) ,7.01 ~6.96 (m,
2H,C,-H,C,-H) ,3.88 (s,3H,C,-OCH,) " C-NMR
(151 MHz, CDCl,) §: 188.47, 163.62, 147.90,
136. 66, 131.20, 130.93 (2C), 130.79, 128.54,
128.51, 127.13, 124.98, 121.43, 121.40, 119.69,
113.93,55. 50,

&Y 3k IR BT AR, =32 17.9% , 5 5
62.9 ~63.1 °C:HRMS (ESI) m/z: C, H, F,0, +
(M +H) + 353.099 5, found 353.099 1,' H-NMR
(600 MHz,CDCl,) &: 7.87 (d,J =16.0 Hz,1H, -
H),7.78 (d,J=8.6 Hz,1H,C,-H),7.72 (dd,J =
7.8,1.73 Hz,1H,C,-H) ,7.58 (d,J =15.9 Hz,1H,
a-H),7.39 (1d,/=7.8,1.7 Hz,1H,C,-H) ,7.35 ~
7.27 (m,2H,C,-H,C,-H) ,6.57 (dd,J =8.6,2.27
Hz,1H,Cs-H),6.49 (d,J =2.3 Hz,1H, C,-H),
3.88 (d,J=16.5 Hz,6H,C,-OCH,,C,-OCH,) ,” C-
NMR ( 151 MHz, CDCl, ) §&: 190.07, 164.45,
160. 57, 147. 86, 134.60, 133. 10, 130. 78, 130.02,
128.91, 127.03, 123. 13, 121.41, 121.32, 119.70,
117.99,105. 34 ,55. 68 ,55. 56,

bGP 31 5 B [ A, 7 3:9.0% , I A
50.2 ~51.2 °C; HRMS ( ESI) m/z: C,; H,, F, O, +
(M+H) +353.099 5, found 353.099 5.' H-NMR
(600 MHz,CDCl, ) 6:7.86 (d,J =16.0 Hz,1H,B-
H),7.73 (dd,J =7.8,1.72 Hz,1H,C,-H) ,7.48
(d,J =16.0 Hz,1H,a-H) ,7.41 (td,J =7.8,1.7
Hz,1H,C,-H),7.36 ~7.27 (m,2H,C,-H, C,-H) ,
7.21 (d,J=3.2 Hz,1H,C,-H) ,7.04 (dd,J=9.0,
3.22 Hz, 1HC,-H) ,6.94 (d,J =9.0 Hz, 1H, C,.-
H),3.85 (s,3H, C,-OCH3),3.81 (s,3H, Cs-
OCH,).” C-NMR (151 MHz, CDCL,) §&: 192.05,
153. 66, 152.75, 147.90, 135.74, 131. 11, 129. 58,
129. 19, 128.61, 128.49, 127. 11, 121.37, 119.65
(2C),114.46,113.30,56. 33,55. 84,

4%%%3111:%(1%@ﬁg,fm$:66'9%,“ﬁ§)§:
89.2 ~90.1°C : HRMS (ESI) m/z: C,H,F,0, +
(M+H) + 353.099 5, found 353.099 6,' H-NMR

Hh [ 2720 5 2024 4F 6 H 5 59 5 11 )



(600 MHz,CDCl,) &: 7.98 (d,J=15.8 Hz,1H,B-
H),7.77 (dd,J =7.8,1.72 Hz,1H, C,-H) , 7. 68
(dd,J=8.4,2.01 Hz,1H,C,-H),7.63 (d,J=2.0
Hz,1Ha-H) ,7.60 (d,J=15.8 Hz,1H,C,-H) ,7. 43
(td,J=7.8,1.65 Hz,1H,C,-H) ,7.38 ~7.30 (m,
2H,C,-HC,-H) ,6.94 (d,J =8.4 Hz,1H,C,-H) ,
3.97 (s,6H, C,-OCH,, C,_ OCH,)."” C-NMR (151
MHz, CDCL, ) §: 188.42,153.47,149.30, 147.90,
136.74,131.20, 130.98, 128.69, 128.51, 123.21,
123.11, 121. 42, 119. 68, 117.97, 110. 82, 110. 05,
56.10,56. 00,

AW 3n: LB ER, 77 32:49.4% 05 5
77.8 ~78.3 °C:HRMS (ESI) m/z: C,,H, F,0, +
(M+H) + 383.110 08, found 383.110 1,' H-NMR
(600 MHz,CDCl,)8: 7.90 (d,J =16.0 Hz,1H,B-
H),7.74 (dd,J=7.8,1.77 Hz,1H,C,-H),7.70
(d,J =15.9 Hz,1H, a-H),7.41 (s,1H,C,-H),
7.40 (td,J=7.7,1.70 Hz,1H,C,-H) ,7.36 ~7.28
(m,2H, C,-H, C,-H),6.54 (s, 1H, C,-H) , 3.97
(s,3H,C,-OCH;),3.91 (d,J =14.1 Hz,6H, C,-
OCH,, C,-OCH, ) ., C-NMR (151 MHz, CDCl;) §:
189. 44, 155.07, 153.90, 147. 88, 143.43, 134. 51,
130.77, 130.01, 128.95, 127.03, 121. 33, 120. 03,
119.70, 117.99, 113.20, 96.88, 56.63, 56.30,
56. 14,

G 30 IR E R, 773 14.9% , J5 i
72.6 ~74.1 °C.HRMS (ESI) m/z: C,,H, F,0, +
(M+H) + 383.110 1, found 383.110 1,' H-NMR
(600 MHz,CDCI,) &: 7.96 (d,J=15.9 Hz,1H,B-
H),7.76 (dd,J=7.8,1.68 Hz, 1H,C.-H),7.56
(d,J=15.9 Hz,1H, a-H) ,7.48 ~7.42 (m,1H,C, -
H),7.40 ~7.31 (m,2H,C,-H,C,-H) ,7.29 (s,2H,
C,-H,C,-H),3.95 (s,9H, C,-OCH,, C,-OCH,, C,-
OCH,),"” C-NMR (151 MHz, CDCl;) &: 189.13,
153.20, 147.93 (2C), 142.67, 137.55, 133.08,
131.37,129. 14, 128.28, 127.19, 125.09, 121.41,
119. 68,106. 15(2C) ,60. 98,56.29(2C) ,

G 3p: S B A A, =32 9.42% |, I R
95.1~96.3 °C; HRMS (ESI) m/z: C,H,F,0, +
(M+H) +339.083 9, found 339.083 9.,' H-NMR
(600 MHz,d,-DMS0)8: 9.53 (s,1H,C,-OH) ,8.30
(dd,J =7.9,1.7 Hz,1H,B-H) ,8.02 (d,J=15.7
Hz,1H,C,-H),7.84 (d,J =15.7 Hz,1H,C.-H),

T E 2528 2024 4E 6 H 5 59 5 11 )

7.80 (dd,J=8.5,2.2 Hz,1H,a-H) ,7.61 (ddd,J =
8.5,7.3,1.7 Hz,1H,C,-H) ,7.59 (d,J =2.2 Hz,
1H,C,-H),7.56 ~7.50 (m,1H,C,-H),7.49 (dt,
J=8.2,1.5 Hz,1H,C,-H),7.09 (d,J =8.5 Hz,
1H,C,-H),3.91 (s,3H,C,-OCH,) ,"” C-NMR (151
MHz, d,-DMSO ) §. 187.57, 153.08, 147.37,
147.23, 134.50, 132.48, 130. 81, 128. 48, 125.47,
123.16, 122.53, 121.46, 119.75, 118.05, 115.32,
111.67,56.23,

AW 3q: IR B AR, 73 12.7% 05 5
69.8 ~ 70.4°C ; HRMS ( ESI) m/z: C,, H, F, O, +
(M +H) 323.089 0, found 323. 088 8.' H-NMR (600
MHz,CDCI, ) §:8.07 ~8.01 (m,2H, C,-H, C,-H) ,
7.75(d,J =15.7 Hz,1H,B-H) ,7.56 (d,J =4.0Hz,
1H,q-H,),7.54 ~7.52(m,1H, C;-H) ,7.47 (dd,
J=2.3,1.2 Hz,1H,C,-H) ,7.44 (t,] =7.95 Hz,
1H,C,-H),7.28 ~7.22 (m,1H, C,-H),7.02 ~
6.96 (m, 2H, C,-H, C;-H), 3.89 (s, 3H, C,-
OCH,)."” C-NMR (151 MHz, CDClL,) & 188.20,
163.67, 149.71, 142.01, 137.25, 130.91 (2C),
130.77, 126.84, 123.41, 122.38, 121.32, 120.22
(2C),119.61,113.95,55.51,

AW 3 IRBCA A, 3. 61.7% , 45 £
81.3~82.3 °C:HRMS (ESI) m/z; CxH, F,0, +
(M+H) +353.099 5, found 353.099 3.' H-NMR
(600 MHz, CDCl,) &8: 7.79 (d,J =8.5 Hz,1H, C,-
H),7.63 (d,J =15.7 Hz,1H,B-H) ,7.55 (d,J] =
15.8 Hz,1H,a-H) ,7.50 (dt,J=7.8,1.36 Hz,1H,
C-H),7.45 ~7.41 (m,1H,C,-H),7.41 (t,] =
8.0 Hz,1H,C,-H) ,7.21 (ddt,J =8.1,2.3,1. 1 Hz,
1H,C,-H) ,6.57 (dd,J=8.7,2.3 Hz,1H,C,-H) ,
6.50 (d,J=2.3 Hz,1H,C,-H),3.91 (s,3H,C,-
OCH,), 3.87 (s, 3H, C,-OCH,)."” C-NMR (151
MHz, CDCL, ) §: 189.79, 164.55, 160. 63, 149. 66,
139.77,137.73, 133.09, 130.22, 128.77, 126. 74,
121.94, 121.33, 120.01, 119.62, 105.42, 98.61,
55.73,55.57,

AW 3s: 5 i A IE A, 7 8. 5.6% , I 5
77.4 ~78.1 °C; HRMS (ESI) m/z: C,H,F,0, +
(M+H) +383.110 1, found 383.110 0.' H-NMR
(600 MHz,CDCI,)8:7.66(s,2H,B-H,C,-H) ,7.51
(dt,J=7.7,1.27 Hz,1H,a-H) ,7.45 (dt,] =2.4,
1.2 Hz,1H,C,-H) ,7.43 (d,J =8.0 Hz,1H,C,-H) ,
- 979 -
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7.41(s,1H,C,-H),7.22 (ddt,J=8.2,2.2,1. 1 Hz,
1H,C,-H) ,6.56 (d,J=12.7 Hz,1H,C,-H) ,3.96
(d,J=17.7 Hz,6H,C,-OCH, , C;-OCH, ) ,3.90 (s,
3H, C,-OCH, )."” C-NMR (151 MHz, CDCL,) §:
189.20, 155. 14, 154.02, 153. 51, 143.49, 142.62,
137.79, 130.22, 128. 81, 121.93, 120.41, 119.62,
118.52, 117.91, 113.13, 96.88, 56.33, 56.15,
55.81,

b6 Wy 3t 58 v 8 [ A, 77 % 18.9% , I8 A
95.5 ~96.4 °C; HRMS (ESI) m/z: C,, H,, F, 0, +
(M +H) +339.083 9, found 339.083 9,' H-NMR
(600 MHz, d,-DMS0) 8:9.50 (s, 1H, C,-OH) , 8. 04
(d,J=15.6 Hz,1H,B-H),8.00(t,J =2.1 Hz,1H,
C,-H),7.92(dt,J =7.9,1.19 Hz,1H,a-H) ,7. 84
(dd,J =8.4,2.2 Hz, 1H, C,-H) ,7.74 (d, ] =
15.6Hz,1H,C,-H) ,7.63(d,J =2.2 Hz,1H,C, H) ,
7.60(t,] =8.0 Hz,1H,C,-H),7.44(ddt,J =8.2,
2.3,1.2 Hz,1H,C,-H) ,7.09(d,J =8.5Hz,1H, C, -
H),3.92(s,3H,C,-OCH,) ,” C-NMR (151 MHz, d,-
DMSO) §:187.82,152.95,149. 34 147. 16, 141. 85,
137. 89, 130.99, 130.73, 123. 12, 122. 82, 122.52,
121.41,119.72,118.02,111. 60,56. 19,
2.2 (LA e FUE E
2.2.1 = H AR R IRAT AR o0t B S50 40 AR
EHAIMTEYE L) Hela, SiHa, C-33A =FhEr#i
a7 4 RN T RSB S50 HS 40 B A 52 N 40 L, X 20 Sk
GBS VS YRR T ) A T, R AR BH 1 X
WOEERIER 1, SLgn s Rk, S H L, H
Fr ik & ¥ 30 X} Hela 41 Mg 19 7 P£ % o,
(ICy, =4.60 +0.40 pwmol + L"), Xf iF % 4 jy 7
PEIR
2.2.2  HRHOCHER AT A R ERAT AR P
HUR ARG FEAE IR 3 B b A B, A5 2K B e
A B BRI A7 B A EGE R XL S R A )
TR . AR A RSN A S A
FHAEHE B I =3l A R AT AR ), AR R A0 o e A
ikt HeLa 4 O3 58 A 30 T5 PEAA B2 2251

MR R A B, Bifi o PR b H AR Y B 3
Z GRS B = A > ZH K
B> UL, B IR R ER A7 A A = g A
S0 Y 5 R b R B, O SR 20 A 1 AR Y 0
6 PE O 5 B 55 4K Ikl 27-0CF, > 3'-0CF, >
4'-0CF,, fnfitfb 59 3o By iG M aesm, HIC, =
(4.60 £0.40) wmol - L',
+ 980 -
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Rl ZAPAEERBAMENTETI R ALY 81
WEEME. n=3,x%s
Tab.1 Toxicity of trifluoromethoxy derivatives on cervical can-

cel cells and normal cells. n=3,x =5

ICsp/ pmol = L1
Compounds
HelLa SiHa C-33A H8

3a 21.8 £0.94 40.79 +0. 66 16.37 £1.10 38.67 £0.65
3b 47.13 +8.34 91.48 +8.89 50.26 £0.59 40.7 5 6.17
3c 49.4+12.54  97.37 £6.37 42.26 +2.05 36.81 £3.80
3d 5.44£1.68 18.10 +0.99 10.19 £0.45 6.84 £2.01
3e 12.51 +1.09 23.31 £1.42 22+1.01 3.34£1.53
3f 23.69 +1.94 32.82+5.04 17.48 £1.07 25+3.03
3g 22.25 +1.63 34.31 £0.49 31.51 £1.67 48.58 +8.79
3h 4.97 +0.67 7.435 £0.58 23.45+1.85 16.65 £1.62
3i 17.9 £0.60 35.30 £3.03 13.71 £1.53 31.18 £2.06
3j >100 >100 >100 >100
3k 52.28 +6.04 50 +0. 87 37.41 £0.87 31.36 £1.59
31 26.33 +0.34 30.61 +1.28 4.02+0.32 18.5+2.20
3m 86.24 £7.81 71.67 +7.09 2.3+0.6 74.11 +£9.28
3n 9.005 £1.37 19. 58 +0. 67 10.48 2. 04 43.67 £1.00
30 4.60 +0.40 13.89 +0.74 0.89 +0. 14 19.6 £1.47
3p 24.59 +5.71 18.55 +1.89 5.88 £0.65 5.72 £0.63
3q 28.43 £5.71 39.31+1.89 13.37 +0.21 22.68 +3.90
3r 20.43 +0.97 23.42 +1. 66 5.79 £0.16 56.72 £2.04
3s 12.02 +1.00 9.5+0.26 5.46 £0.25 13.46 +2.36
3t 16.76 £0.78 27.68 £0.55 3.81+0.19 34.51 £7.05

Cisplatin ~ 17.16 £0.93 24.07 £1.77 11.61 0. 18 18.88 +1.34

2.2.3  fikfb 5 30 Xt Hela 4T R85 125808 11

HIREIA 20 R 8 1R 28 2 b i A M Ltk D e 2 —,
WIS & AR R RS IR 2 — o AL B4R 285K
6 2 VA P 40 M A TE 5 L P B RS B BE T Y8
Jridke ARSLEGIE T Transwell WS EE L 51 30
X} HeLa 411578 FI{Z 28R T s ma (&1 3 ~4)
GEREW] kA5 W) 3o FifiE R B2 45 4 Hela 2
JLE RS A0 28 1 4 1 A S 3, A G L
(P<0.001), BLBAAL A9 30 A LI o 41 il 246 i A
FE R ZE A il s A e 7 o
2.2.4  fEBRALA Y 30 XF HeLa 40 I/ T A9 52 1
K H AnnexinnV-FITC/PT WU 3 25 45 7 X 240 434G
Mg e &4 30 %) HeLa 20 Y8 T 52 m (&1 5) .
SR, H 30 T 24 h J5 K b R EE TR
Ay 5 (10.57 + 0.85)% . (15.57 + 1.58)% .
(32.97 £2.48)% , 525 H4H (5.8 +0.95) % FH Lt , &
HERE (3, A2 08 T R i i, DI e b 5
3o AT LA 3o 4 M 0 AR B e 4
2.2.5  fEEALS Y 30 X HeLa 40l J& 9 1 5% i
K FH PL AL TLZE 5 i =X SO 5 36 5 ) 3o %
HeLa EARZM (1 6) . 525 AL, BE LG
Y1 30 BIMEEERE N, Go/ G WA L B T 3G i, G,/ M
HH S 8 0 I A W AR M (P < 0.05) 5 5[] ok B
HhE 2 2E 2k 2024 47 6 H 55 59 55 11 1
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A - results of cell migration staining in different concentration groups ( x 100) ; B — The number of cell migration in different groups was compared with that in blank control

group, VP <0.000 1, 2P <0.000 1, 3P <0.000 1.
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Fig.3 Effect of compound 30 on cell migration. n=3,x +s
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Fig. 4 Effect of compound 30 on cell invasion
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Fig.5 Effect of compound 30 on Hel.a cell apotosis rate. n=3,x +s
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A —results of cell cycle arrest results; B — comparison between different concentration groups and blank control group, V)P <0.01, 2P <0.000 1, P <0.000 1.

B 6 1t&4 303t Hela 20 1 B A By e, n=3,x £5

Fig. 6 Effect of compound 30 on Hela cell cycle arresting rate. n=3,x x5
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Fig.7 Molecular docking results of compound 30, chalcone parent nucleus and positive drug
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