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N2 M B 55 -2-(3- ALt e 55 ) M Wik - 4- it B
(TEWR A I ANEE

# o4, FAE, NIRRT, HELS, xR,
@i, g &, e’

WA EAR 1320135 2.0 WAKEEZYERE IRIREESERE, HAK EAK 1320135

(1. HMRBE 22 25208,
7 B 110034)

3. WHEE B 25570k,

A DL N-[5-(WKIR-2-55)-1,3,4- —WB-2-5E]-2- -k -4- U B ( STX-0119) N RbaY, HTAh 755
HEBRFRBET . AT 25 A N0 E-2-(3-ME e s ik -4-BE AT £ (R 20.4%~42.6% ). i 'HNMR

PCNMR ., HRMS HfiE T 744k, RAVEMEE (MTT) fEBHEE A FUREANE (MCF-7 4108 ). AdE/ha
AN ( AS49 4008 ). A PEBER LR A (K562 4008 ). AZ ke (iR anie (RS4:11 4018 ) il
IRAEHITAN T BFMESYIRRIMIUI R, BAbBY N-Q-FEEE-5-AEE R 0)-2-(3-MLnE 5L mEmbk-4- e ( VIr )

R R AIPT AS49 MU SHIE I (F IR E (1Cso ) =(7.4£0.8) pmol/L J; N'-(2-F5HE-5-RN 3)-2-(3-MEIELE)
MER-4-TE R (Vg ) SRILH SR AVPT RS4:11 AMAEIFE TR (1C50=(2.4+0.2) pmol/L J; N'-(4-J5E X )-2-(3-MLhE3k)
mER-A-BEE (V) (B R AP MCF-7 4NAEFE 15 (1C50=(4.9£0.3) pumol/L ), iSFEILH IR HT K562
YR B 5 [ TC50=(1.240.2) pmol/L ). 43 F X5 WoR , 7=y VI & #EHT IR OFE T S5 STAT3 il A ¢,
EAHE— B IRABGT

KRR VBN BRWE; ARG PUMYR; AW AEHER R BRZG)EORE

hESHES: TQ463  XEAERAFE: A XEHS: 1003-5214 (2023) 11-2493-10

Synthesis and anti-tumor activity of N'-phenylmethylene-2-
(3-pyridyl)gquinoline-4-acylhydrazine derivatives

HAN Liu', YIN Shuzhu', LIU Jiahuan', GAO Liancongz, LIU Zihan',
GUAN Yuhan', CHANG Sheng'", YIN Shiliang®*

(1. College of Pharmacy, Jilin Medical University, Jilin 132013, Jilin, China; 2. College of Clinical Medicine, Jilin
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Liaoning, China )

Abstract: Twenty-five N-phenylmethylene-2-(3-pyridyl)quinoline-4-hydrazide derivatives (yield in 20.4%~
42.6%) were designed and synthesized based on bioelectronic isosteric principle with N-[5-(furan-2-yl)-
1,3,4-oxadiazol-2-yl]-2-phenylquinoline-4-carboxamide (STX-0119) as lead compound, and confirmed by
'HNMR, ""CNMR and MS. The in vitro antitumor activity of the target compounds was evaluated by
thiazolyl blue (MTT) assay and trypan blue assay using human breast cancer cell line (MCF-7 cells), human
lung cancer cell line (A549 cells), human chronic myelogenous leukemia cell line (K562 cells), and human
acute B-lymphoblastic leukemia cell line (RS4:11 cells) as test cell lines. Target compound N'-(2-hydroxy-
5-nitrobenzyl)-2-(3-pyridyl)quinoline-4-hydrazide (VlIr) exhibited the strongest cell proliferation inhibitory
activity against A549 cells with a half-inhibitory concentration (ICsy) of (7.4+0.8) umol/L; Target compound
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N'-(2-hydroxy-5-bromobenzyl)-2-(3-pyridyl)quinoline-4-hydrazide (VI q) showed the strongest activity
against RS4:11 cell proliferation with ICsy of (2.44+0.2) pmol/L; And target compound N'-(4-bromobenzyl)-
2-(3-pyridyl)quinoline-4-hydrazide (V1) displayed the strongest activity against MCF-7 cells [ICsy=(4.9+
0.3) umol/L] and K562 cells [ICso=(1.2+0.2) pmol/L]. Molecular docking result indicated that the
anti-tumor activity of compound VI1 might be related to the STAT3 pathway, which was worthy of further
in-depth research.

Key words: quinoline; acyl hydrazine; synthesis; anti-tumor; bioelectronic isosteric principle; drug materials
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1 SEIEES

M 5 EE
TR, AR, REETT G SR 2E R A
23-EMIWEHR (1) (BT sr%k 98% ). 3-£ Mk
menE (1) (FEE 98% ), & H ke (AR), I
KHEE (AR), LRRCTFE (AR), AL (AR),
KT (AR), FALFA (AR). IECHE (AR ).
Mrige el (4L 0.40% ). MTT ( ikt ﬁj\zé‘ﬂt>
97.0% ), i sE LRI MDA RA R, HEE,
3% . Thermo Fisher fbFilFI AT = L WrEnt
ﬂ/z 7J<AH# (5% 80% ). BURZERE, AR, L
Ve E RS AL AT BRI 5 GF254 12 (0 1% RE S HR
ML RN aER . % S\ TARA R ; DMEM
( Dulbecco's Modified Eagle Medium, iA/R{H 5 ( (G )
SRR (IQ) BEgRdt ) Ml sk . RPMI 1640
RigR3k, Gibeo A+l MEIMTE (FBS), Bl Uz
Iyl JEER IR, Bioder A w5 AFLIRIE 4L ( MCF-7

O)\\j

11

[E%E, 12 h

ﬁ%ﬁ%ﬁw%
KOH/KE W

80 C 24h
NHZNHZ H,0

Vla, Vla: R =2-H; VIb, VIb: R =2-F; Vlc.
VIg. Vlg: R =3-F; VIh, VIh: R =3-NO,; Vi,
VIm: R =4-NO,; VIn, VIn: R = 4-CN; Vlo.
R =2-OH-5-NO,; Vs,
3,5 HEHE; Viw, Viw: R= 2,4,5-=H4&%; Vix,

1.2.1 2-G-wre )-vmok-4-% 8k (1) 4946 %

£ 250 mL RS IMAAL G 11470 g (0.1
mol ) FfLAH 1118.20 g (0.15mol ), JIA 150 mL
JEHE RN 30%H9 KOH ZKIETR ?ﬁﬂ: pIE-ERi
12 h, #2050 /zE(TLc)EEETfir“ TR V(=
AW BE) - V(FEE)=15: 1, £ 254 nm %’f%ﬂﬁ%%@
BN fiﬂj%%)ﬁ, R 58 4 1 = A kv
ZE1BH M 20 mL UK LR IR AL 2 1 8 R SE b i
g, A EEAR T ZR K GRS T e, T
W, 35 2-(3-MEmEdE)-mmk- 4-9% /. (1) 21.08 g,
W% 84.7%, m.p. 316~318 °C. CHA[9]: W& 80%;

2y o

Wla~Vly
Vlic: R =2-NO,; VId. Vld: R =2-CN; Vle.
VIi: R = 3-OCH3; VIj.
Vlo: R = 4-N(CH;),; VIp. VIp: R =3-F-4-Br; VIq, Vlq: R =2-OH-5-Br; VIr, VIr
VIs: R =2,4-—HI&H; VIt, VIt R =34-"H&H; Viu,
VIx: R =3,4,5-=H & 3; Iy, Vy: R=2-383-3,5- T

4iif ). ANJE/NARMEAt AN ( AS49 4if ). Af8PE
AL L 20 (K562 AL ). A2k I 1 s 20
il (RS4:11 Z0f ), rhER2ABE FEAE, A
BAAORAE ;. HAR P R i o dir i, B 4
PRI R AT AR B

ZF-7 BN AL, P SRR A A B 25 A PR
/A Infinite E Plex Y Z I g 4 BL ik 2261 B
X, it TECAN SLu AR H] 3 JC-B30 AUk
BALES LT 2%, ST THAES A R DT ]
M-565 #1355 4%, #ii+ Buchi 23 7] ; Forma Steri-Cycle
A CO, #Muss TR, FEB KRB (T EDARA
Al IX73 B GG, AR HTA FR/AF; AVANCE
Il HD 400 MHz @RS, 78E Bruker
/3 #); UPLC-Triple-TOF/MS £ %i: Acquity TMultra
R SO 6354, 55 E Waters A Al ; Triple TOF
5600+ RATIF[A] BTG (FeA HLmEss 1R ), &
& AB SCIEX /Al
12 EHEHMFRIE

HARf &Y r G g 2 s

Vle: R =2-OCH,; VIf, VIf:R=3-CHj;
VIj: R = 4-F; VIk, VIk: R =4-Cl; VI1, VIl: R =4-Br; Vim,

Wlu: R =3,5- 4 3:; VIv, VIv: R =4-OH-

m.p. 315~317 °C,
122 2-(3-wkrg fh)-d-bokF e (V) a4 5
£ 250 mL KA AT 12.45 ¢ (0.05 mol )
1150 mL SOCl,, 80 °CHi#im#AlE 9 h, TLC R
BN, RIFRIE AR D) « V(R ED)=15: 1
FE 254 nm LHMT N MBS RN B, RER IV 5E 4, &
%3t # SOCL,, FIA 150 mL CH;OH, 70 °CHitdf
TR A 4 h, TLC EEE%‘DU” JETFFRIA V(&

HEe) « VI ED)=15 = 1, 7F 254 nm RHMT T WL
B %finj%é, ﬂﬁ?@fﬁ%k.i CH;0H, 757

R E AR, B 2-(3-M e )-msmbk-4- R S (V).
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] A3 A9 IV AR A 2.503 g( 0.05 mol ) 5 /35 80%
BKEWE, I ELL 150 mL Jo/K Z R, 80 °C
PEFEINIS I 24 h, TLC BREE, JEIFFI A V(-
AHBE) © V(HED)=15 : 1, 7F 254 nm ZE5MT W%
GBENLE, RN SEA, MREER, Mg, T,
3B E] =4 2-(3- M E 5L )-4-mE kR ELF (V)
10.89 g, W% 82.4%, m.p. 213~214 °C, 'HNMR
(400 MHz, Jift — W 3 F A ( DMSO-dg) J, 8: 10.15
(s, 1H), 9.47 (d, J=2.3 Hz, 1H), 8.73 (dd, J=4.9,
1.6 Hz, 1H), 8.66 (td, J=8.0. 2.1 Hz, 1H), 8.27
(dd, J=8.4. 1.4Hz, 1H), 8.22(s, 1H), 8.17(d,
J=8.4Hz, 1H), 7.87 (ddd, J=8.4. 6.8, 1.5 Hz,
1H), 7.74~7.66 (m, 1H), 7.62 (dd, J=8.0. 4.8 Hz,
1H).
1.2.3 B ARtea-4h VI 64 & il ik

TE 100 mL i, fimA V0.264 g (0.001 mol )
5N R AR IR A A 28 F EATT £ 90 0.001 mol, JE7K
CBE 10 mL A , S22 0 3~5 vk 1R, 80 °C
PiHE RN 24 h, TLC BREERN, RIFFIN AR
$52) © VI EE)=15 : 1, £ 254 nm 58T F WLEEHS B
P, R4, MESE, frhEEs-y, 5
Hinfb AP la~Vy.
1.2.4 B ARCA M8 45 M R AE

ESI-MS W& . B &6 5 His b G 9 a~
Iy # K& 2 635 2 H i Hf, RH
UPLC-Triple-TOF/MS Z4tillsE Hbrfb& ¥ la~Vy
FIFAXS 20T T b o A LR I o . Bt
1 B sk A 9 la~Vly ¥3 K H] DMSO-de %%, PO H
Befkke (TMS) SHINAR, 23 5I7E 400 #1100 MHz (1)
Wit SR AL EFT "THNMR 5 PCNMR 1 7%E .

N2 H 35E-2-(3- M i 356 ) s k-4 -t JF (VT ):
0 [ AR, IR 36.3% , m.p. 218.7~219.6 °C,'"HNMR
(400 MHz, DMSO-d;), d: 12.25(s, 1H), 9.54 (d,
J=2.3Hz, 1H), 8.74~8.70 (m, 2H), 8.48 (s, 1H),
8.38 (s, 1H), 8.27~8.20 (m, 2H), 7.90 (ddd, J=8.6.
6.9. 1.5Hz, 1H), 8.20~7.78 (m, 2H), 7.73 (ddd,
J=82.6.8.12Hz, 1H), 7.64 (td, J=8.1. 3.6 Hz,
1H), 7.51 (d, J=5.3 Hz, 2H), 7.23~7.17 (m, 1H);
CNMR (100 MHz, DMSO-dy), J: 162.62, 153.75,
150.72, 148.86, 148.50, 147.92, 141.58, 134.69,
133.95, 133.51, 130.63, 130.47, 129.72, 128.95(2C),
127.92, 127.31(2C), 125.17, 123.97, 123.63, 117.32;
HRMS, m/Z: CypH;N,O [M+H] HiE{H 353.1402,
MR {E 353.1402,

N'-(2-58F X)-2-(3- M i J s k-4t ik ( VITb )
REAO AR, IR 22.9%, mp. 264.4~266.1 °C,
'"HNMR (400 MHz, DMSO-dy), d: 12.36 (s, 1H),

9.54 (s, 1H), 8.76~8.69 (m, 1H), 8.61 (s, 1H), 8.50
(s, 1H), 8.27(d, J=8.5Hz, 1H), 821 (s, 1H),
7.90 (td, J=7.7. 1.6 Hz, 1H), 7.76~7.74 (m, 2H),
7.73 (s, 1H), 7.69 (s, 1H), 7.68 (d, J = 2.3 Hz,
1H), 7.55(q, J=7.4Hz, 1H), 7.35(d, J=8.0 Hz,
1H); HRMS, m/Z: Cy,H;sFN,O [M+H] H it {4
371.1308, A 371.1312,

N-(2-F5FER SL)-2-(3-ME g s mpk-4-meJF ( Viic ):
6 [ 44, i % 20.4% , m.p. 178.2~180.4 °C,'"HNMR
(400 MHz, DMSO-d¢), 6: 12.58 (s, 1H), 9.54(s,
1H), 8.79(s, 1H), 8.76~8.66 (m, 2H), 8.50 (s, 1H),
8.22(d, J=8.7Hz, 2H), 8.13(dd, J=82. 1.2 Hz, 1H),
7.91~7.86 (m, 3H), 7.74 (td, J=7.6. 1.4Hz, 2H),
7.69~7.59 (m, 1H); HRMS, m/Z: Cy,H;sNsO;[M+H]"
RIS 398.1253, iA(H 398.1251,

N'-(2-F IR )-2-(3-MHE g 5L ) s bk-4- P ( VIId )
16 R 0% 41.7%, m.p. 198.2~199.7 °C,'HNMR
(400 MHz, DMSO-d¢), 0: 12.61 (s, 1H), 9.55(s,
1H), 8.73 (d, J=11.3 Hz, 3H), 8.53 (s, 1H), 8.27
(d, J=8.4Hz, 1H), 8.25~8.20 (m, 2H), 7.97 (d,
J=7.7Hz, 1H), 7.91(ddd, J=8.5. 6.8. 1.3 Hz,
1H), 7.86 (t, J=8.0 Hz, 1H), 7.79~7.73 (m, 1H),
7.70~7.63 (m, 2H); CNMR (100 MHz, DMSO-dy),
5:162.81, 153.72, 150.75, 148.50, 147.94, 144.21,
140.98, 136.49, 134.68, 133.68, 133.47, 130.81,
130.65, 129.75, 127.99, 125.84, 125.09, 123.97,
123.50, 117.47, 116.91, 111.14; HRMS, m/Z:
CyHisNsO [M+H]" # i {6 378.1355 , I ik {H
378.1347,

N'-2-F AT N )-2-(3-MHHE F ) s mpf-4-E i ( Vile ):
0 [ A, % 35.5%, m.p. 207.9~210.3 °C,'HNMR
(400 MHz, DMSO-dy), d: 12.20 (s, 1H), 9.56~9.52
(m, 1H), 8.75~8.70 (m, 3H), 8.48 (s, 1H), 8.27 (dd,
J=8.1. 1.3 Hz, 1H), 8.20 (t, J=7.7 Hz, 1H), 7.95
(dd, J=7.8.1.7Hz, 1H), 7.88 (td, J=9.9.2.3 Hz,
1H), 7.75~7.71 (m, 1H), 7.63 (dd, J=8.0. 5.0 Hz,
1H), 7.47 (ddd, J=8.5. 7.3, 1.8 Hz, 1H), 7.14(d,
J=8.4Hz, 1H), 7.08 (t, J=7.5Hz, 1H), 3.86 (s,
3H); ""CNMR (100 MHz, DMSO-dy), J: 162.43,
157.94, 153.75, 150.70, 148.52, 147.94, 144.36,
141.42, 134.71, 132.01, 131.66, 130.58, 129.71,
127.88, 125.66, 12522, 123.96, 123.67, 121.89,
120.86, 117.38, 111.94, 55.73; HRMS, m/Z:
CysHgN,O, [M+H]" B & {6 383.1508 , il ik (K
383.1509,

N'-(3-F 8 S0)-2-(3- ML g I s k-4 P JJF- ( VIIE )
P A U 32.2% , m.p. 284.6~286.9 °C,'HNMR
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(400 MHz, DMSO-d;), d: 12.26 (s, 1H), 9.54 (d,
J=2.2Hz, 1H), 8.76~8.70 (m, 2H), 8.47 (s, 1H),
8.33 (s, 1H), 8.25~8.19 (m, 2H), 7.93~7.89 (m,
1H), 7.73 (ddd, J=8.3. 6.9, 1.3 Hz, 1H), 7.63 (d,
J=2.7Hz, 2H), 7.58 (d, J=17.5Hz, 1H), 7.39 (t,
J=7.6Hz, 1H), 7.30(d, J=7.5Hz, 1H), 2.39 (s,
3H); ""CNMR (100 MHz, DMSO-dy), J: 162.60,
153.75, 150.72, 148.90, 148.51, 147.92, 141.61,
138.21, 134.70, 133.91, 133.51, 131.19, 130.63,
129.72, 128.84, 12791, 127.56, 125.16, 124.73,
123.97, 123.64, 117.30, 20.89; HRMS, m/Z:
CyHigN,O [M+H]™ B i {H 367.1559 , W X {H
367.1556,

N'-(3-F R X)-2-(3-MH e FE ) s k-4 T JifE ( Vil ):
(2 [ A 0% 36.5% , m.p. 281.1~281.9 °C,'HNMR
(400 MHz, DMSO-dy), d: 12.37 (s, 1H), 9.54 (d,
J=2.3Hz, 1H), 8.78~8.70 (m, 2H), 8.49 (s, 1H),
8.38 (s, 1H), 8.27~8.19 (m, 2H), 7.89 (td, J=9.9.
2.4 Hz, 1H), 7.77~7.71 (m, 1H), 7.63 (td, J=10.8.
9.5. 49 Hz, 3H), 7.56 (td, J=8.0. 5.9 Hz, 1H),
7.33 (td, J=8.7, 2.7 Hz, 1H); “CNMR (100 MHz,
DMSO-dy), 0: 162.77, 153.75, 150.74, 148.50,
147.93, 136.49, 134.70, 133.50, 131.66, 131.01,
130.66, 129.74, 128.70, 127.96, 125.13, 123.98,
123.69, 123.67, 123.59, 117.37, 113.41, 113.18;
HRMS, m/Z: Cy,H,;sFN,O [M+H] #iE{H 371.1308,
M {E 371.1296.,

N'-(3-AE LR )-2-(3-MLmE 3k s mpk-4-wE i ( Vb ):
6 A, %R 40.4% , m.p. 233.2~234.4 °C,'"HNMR
(400 MHz, DMSO-dy), J: 12.52 (s, 1H), 9.54 (s,
1H), 8.77~8.69 (m, 2H), 8.63 (t, J=2.0 Hz, 1H),
8.49 (s, 2H), 8.32(ddd, J=8.2. 2.4, 1.0 Hz, 1H),
8.23 (t, J=8.2 Hz, 3H), 7.92~7.88 (m, 1H), 7.80 (t,
J=8.0Hz, 1H), 7.74 (ddd, J=8.2. 6.8, 1.3 Hz,
1H), 7.63 (td, J=8.0. 4.0 Hz, 1H); “CNMR (100
MHz, DMSO-dy), d: 162.94, 153.75, 150.76, 148.50,
148.30, 147.92, 146.48, 141.32, 135.84, 134.70,
133.53, 132.56, 130.70, 130.60, 129.76, 128.01,
125.10, 124.66, 124.00, 123.55, 121.28, 117.40;
HRMS, m/Z: Cp»H,sNsO; [M+H] PR {H 398.1253,
M {E 398.1254,

N'-(3-HH AR R X )-2-(3-MHME 3 s hf-4- TR VI )
0 A R 37.4%, m.p. 175.3~177.1 °C,"HNMR
(400 MHz, DMSO-dy), d: 12.26 (s, 1H), 9.54 (d,
J=2.3Hz, 1H), 8.77~8.69 (m, 2H), 8.66 (s, 1H),
8.48 (s, 1H), 8.27(dd, J=8.4. 1.3 Hz, 1H), 8.21

(d, J=8.2Hz, 1H), 7.92~7.87 (m, 1H), 7.74 (dd,
J=5.4.2.1Hz, 1H), 7.72~7.67 (m, 1H), 7.64 (dd,
J=28.0. 5.0Hz, 1H), 7.57 (dd, J=7.2. 2.2 Hz,
1H), 7.19 (m, 2H), 3.85 (s, 3H); >CNMR (100 MHz,
DMSO-dg), 0: 162.59, 153.80, 152.74, 150.76,
148.54, 148.25, 144.54, 141.45, 134.79, 131.72,
130.68, 129.76, 128.74, 127.98, 127.37, 125.24,
124.57, 124.04, 123.67, 117.40, 117.13, 114.69,
61.32, 55.83; HRMS, m/Z: CyH;sN4O, [M+H]"
RIS 383.1508, MiA(H 383.1509,

N'-(4-FU SL)-2-(3- Mk e 5 s bk -4- T JF - ( VITj )
[ A, 1% 34.8% , m.p. 268.7~274.2 °C,'"HNMR
(400 MHz, DMSO-dy), d: 12.27 (s, 1H), 9.59~9.52
(m, 1H), 8.76~8.70 (m, 2H), 8.48 (s, 1H), 8.38 (s,
1H), 8.28~8.17 (m, 2H), 7.88 (ddd, J=8.5. 6.4,
3.6 Hz, 3H), 7.73 (t, J=7.6 Hz, 1H), 7.64 (td, J=8.1.
4.0 Hz, 1H), 7.35 (t, J=8.7 Hz, 2H); CNMR (100
MHz, DMSO-d;), d: 168.69, 162.67, 153.77, 150.73,
148.51, 147.94, 147.76, 141.56, 134.72, 133.53,
130.65, 129.74, 129.61, 129.52, 128.78, 127.94,
125.17, 124.00, 123.64, 117.34, 116.17, 115.95;
HRMS, m/Z: Cy»HsFN,O [M+H] Bi{H 371.1308,
MR 371.1306,

N'-(4-5 R )-2-(3-MH W 5 ) ok -4- T JFE ( VT )
(A IR 37.8% , m.p. 268.1~270.4 °C,'HNMR
(400 MHz, DMSO-d;), 6: 12.32 (s, 1H), 9.53 (d,
J=2.0Hz, 1H), 8.77~8.70 (m, 2H), 8.47 (s, 1H),
8.37 (s, 1H), 8.27~8.16 (m, 2H), 7.90 (ddd, J=8.5,
6.9. 1.5Hz, 1H), 7.85~7.81 (m, 2H), 7.73 (ddd,
J=83.6.8, 1.3 Hz, 1H), 7.64 (td, J=7.9. 3.5 Hz,
1H), 7.60~7.55 (m, 2H); "*CNMR (100 MHz,
DMSO-dy), 6: 162.68, 153.75, 150.73, 148.49,
147.92, 147.53, 141.48, 134.92, 134.69, 133.50,
132.91, 130.65, 129.73, 129.06(2C), 128.96(2C),
127.94, 125.14, 123.98, 123.60, 117.34; HRMS,
m/Z: CyHisCIN,O [M+H] HliS(E 387.1013, Mkl
387.1007,

N'-(4-TR X)-2-(3-MHe I ik ) s ok -4- 156 F- (VLD )::
A IR 36.6% , m.p. 255.4~259.6 °C,'"HNMR
(400 MHz, DMSO-d), d: 12.32 (s, 1H), 9.53 (d,
J=22Hz, 1H), 8.77~8.67 (m, 2H), 8.47 (s, 1H),
8.35 (s, 1H), 8.27~8.18 (m, 2H), 7.90 (ddd, J=8.4.
6.8. 1.4 Hz, 1H), 7.78~7.69 (m, 5H), 7.63 (dd, J =
8.0, 5.0 Hz, 1H); ""CNMR (100 MHz, DMSO-dy),
5: 168.71, 162.69, 153.75, 150.74, 148.50, 147.92,
147.63, 141.48, 134.70, 133.25, 131.98(2C), 130.66,
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129.18(2C), 128.40, 127.95, 125.14, 123.99, 123.76,
123.60, 117.35; HRMS, m/Z: Cy,H;sBrN,O [M+H]"
FHIEME 431.0507, IHX{E 431.0493,

N'-(4-FH R S)-2-(3-MHEE ) msibh-4- e A ( Vim ):
F A, SR 28.0%, m.p. 247.7~279.2 °C,'"HNMR
(400 MHz, DMSO-d;), d: 12.55(s, 1H), 9.54 (d,
J=2.3Hz, 1H), 8.78~8.70 (m, 2H), 8.49 (d, J=11.2
Hz, 2H), 8.38~8.32 (m, 2H), 8.28~8.18 (m, 2H),
8.09~8.06 (m, 2H), 7.91 (ddd, J=8.4. 6.9, 1.5 Hz,
1H), 7.74 (td, J=7.3. 1.3 Hz, 1H), 7.64 (dd, J=
8.1. 5.1 Hz, 1H); HRMS, m/Z: CyH;sNsO; [M+H]"
FRIEMH 398.1253, MK {E 398.1238,

N'-(4-T5U R S)-2-(3-MHk i J5 ) e b4 -t - ( Vil )
0 A 3 41.7% , m.p. 263.5~268.2 °C,'"HNMR
(400 MHz, DMSO-dy), J: 12.53 (s, 1H), 9.54 (d,
J=2.2Hz, 1H), 8.73(ddd, J=13.5. 5.6, 1.9 Hz,
2H), 8.50 (s, 1H), 8.43 (s, 1H), 8.25~8.18 (m, 2H),
8.01~7.95 (m, 4H), 7.92~7.87 (m, 1H), 7.73 (ddd,
J=83.6.9. 1.3 Hz., 1H), 7.64 (dd, J=8.2. 5.0 Hz,
1H); “CNMR (100 MHz, DMSO-ds), 6: 169.00,
162.91, 153.75, 150.75, 148.50, 147.93, 146.92,
141.25, 138.42, 134.69, 132.86(2C), 130.69, 129.76,
127.88(2C), 125.10, 123.99, 123.54, 118.61, 117.42,
112.29; HRMS, m/Z: CypHsNsO [M+H] B (H
378.1355, MIAMH 378.1344,

N'-(4- B FE 7R 30)-2-(3- ik e 32 ) e o -4- Pt
( Vo ): B A 1A, 5K 30.4% , m.p. 224.3~225.2 °C,
"HNMR (400 MHz, DMSO-ds), J: 11.93 (s, 1H),
9.53 (s, 1H), 8.72(d, J=2.1 Hz, 1H), 8.70 (d, J=
2.1 Hz, 1H), 8.43 (s, 1H, N=CH), 8.26~8.18 (m,
3H), 7.89~7.86 (m, 1H), 7.72(ddd, J=8.3. 6.8,
1.3 Hz, 1H), 7.66~7.62 (m, 1H), 7.61~7.57 (m, 2H),
6.82~6.75 (m, 2H), 3.00 (s, 6H); *CNMR (100 MHz,
DMSO-dy), 0: 162.07, 153.75, 151.73, 150.68,
149.58, 148.50, 147.92, 141.99, 134.69, 133.56,
130.56, 129.68, 128.69(2C), 127.79, 125.28, 123.96,
123.77, 121.08, 117.21, 111.81(2C), 38.87(2C);
HRMS, m/Z: C,sH,NsO [M+H] Hlit{H 396.1824,
M {E 396.1828,

N'-(3- J-4-T5 W 3L)-2-(3- N IWE ik ) s b -4- P
(Vlip ): A A, W% 37.3%, m.p. 297.1~299.3 °C,
'"HNMR (400 MHz, DMSO-dy), d: 12.39 (s, 1H);
9.53 (s, 1H), 8.77~8.65 (m, 2H), 8.47 (s, 1H), 8.34
(s, 1H), 8.22(dq, J=8.6. 4.2, 3.8 Hz, 2H), 8.14
(dd, J=6.8, 2.1 Hz, 1H), 7.89 (ddd, J=8.0. 4.7,
2.0 Hz, 2H), 7.73 (ddd, J=8.2. 6.9, 1.3 Hz, 1H),

7.63 (dd, J=8.0. 4.7 Hz, 1H), 7.51 (d, J=8.6 Hz,
1H); CNMR (100 MHz, DMSO-dy), : 162.77,
157.62, 153.73, 150.73, 148.49, 147.91, 146.19,
141.40, 134.69, 132.36, 131.96, 130.65, 129.73,
128.68, 128.60, 127.96, 125.10, 123.98, 123.57,
117.54, 117.35, 109.97; HRMS, m/Z: C»,H,,BrFN,O
[M+H] IS H 449.0413, 1A {H 449.0412,

N'-(2-F8 - 5- 1R 3)-2-(3-MHE W 32 ) e k- 4- i J )
(Viq): W AEA&, WFE 39.3%, mp. 277.4~
282.2 °C, 'HNMR (400 MHz, DMSO-d;), 6: 12.48
(s, 1H), 0 11.07 (s, 1H), 9.54 (s, 1H), 8.73 (d, J=
2.0 Hz, 1H), 8.71 (d, J=2.0 Hz, 1H), 8.57 (s, 1H),
8.50 (s, 1H), 8.29~8.24 (m, 1H), 8.21 (dd, J=8.5,
3.8 Hz, 1H), 7.90~7.88 (m, 2H), 7.73 (ddd, J=8.3.
6.9. 1.2 Hz, 1H), 7.64 (dd, J=8.1, 49 Hz, 1H),
7.47(dd, J=8.7. 2.6 Hz, 1H), 6.94 (d, J=8.8 Hz,
1H); CNMR (100 MHz, DMSO-dy), : 162.54,
156.42, 153.74, 150.75, 148.50, 147.94, 145.95,
141.01, 134.71, 134.01, 133.53, 131.06, 130.67,
129.90, 129.74, 127.99, 125.15, 123.56, 121.38,
118.73, 117.47, 110.63; HRMS, m/Z: C,H;sBrN,O,
[M+H] FRiEAH 447.0457, M{H 447.0446,

N'-(2-F% 3 -5-fil L8 )-2-(3- M W 366 ) M ik -4 g
BECVIe): BB A, B 21.1%, mp. 281.2~
288.9 °C, 'HNMR (500 MHz, DMSO-dy), 6: 10.06
(m, 2H), 9.35~9.29 (m, 1H), 8.62~8.51 (m, 2H),
7.90~7.85 (m, 2H), 7.82~7.77 (m, 1H), 7.73~7.69 (m,
2H),7.62~7.57 (m,3H),7.53~7.41 (m, 1H), 7.40~7.35
(m, 1H); HRMS, m/Z: CyHsNsO, [M+H] FHiE{H
414.1202, MA{E 414.1187,

N'-(2,4-  H 5 BE 7K S0)-2-(3- M e 35 ) s b -4- i
BE (Vs ): AEBEER, BWFE 37.8%, mp. 214.9~
217.5 °C, '"HNMR (400 MHz, DMSO-d;), d: 12.27
(s, 1H), 9.53 (s, 1H), 8.78~8.70 (m, 2H), 8.47 (s,
1H), 8.29 (s, 1H), 8.25~8.15 (m, 2H), 7.94~7.88 (m,
1H), 7.73 (ddd, J=8.2. 6.9, 1.3 Hz, 1H), 7.63 (dd,
J=8.0. 4.9 Hz, 1H), 6.95(d, J=2.3 Hz, 2H), 6.62
(t,J=2.3 Hz, 1H), 3.82 (s, 6H); *CNMR (100 MHz,
DMSO-dg), 6: 162.67, 160.75, 160.36, 153.75,
150.73, 148.75, 148.50, 147.92, 141.56, 135.97,
134.69, 133.51, 130.64, 129.73, 127.94, 125.15,
123.98, 123.94, 123.62, 117.32, 105.03, 102.67,
55.40, 54.87; HRMS, m/Z: CyHyoN,O5 [M+H] B
WAE 413.1614, MR{H 413.1607,

N'-(3,4- — H GR35 X)-2-(3- Mt e 356 ) s b -4-
BECVIe): A@EAE, IR 42.6%, mp. 190.1~
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198.4 °C, '"HNMR (400 MHz, DMSO-d;), 6: 12.12
(s, 1H), 9.54 (s, 1H), 8.77~8.70 (m, 2H), 8.45 (s,
1H), 8.29 (s, 1H), 8.26~8.19 (m, 2H), 7.93~7.87 (m,
1H), 7.72 (ddd, J=8.3. 6.9. 1.3 Hz, 1H), 7.64 (td,
J=8.1. 43 Hz, 1H), 7.41 (d,J=1.9Hz, 1H), 7.26
(dd, J=8.3. 1.9 Hz, 1H), 7.06 (d, J= 8.3 Hz, 1H),
3.86 (s, 3H), 3.83 (s, 3H); CNMR (100 MHz,
DMSO-ds), 6: 162.44, 153.75, 151.06, 150.70,
149.13, 149.03, 148.48, 147.93, 141.80, 134.75,
130.64, 129.73, 128.68, 127.90, 126.61, 12521,
124.01, 123.70, 122.27, 117.27, 111.52, 108.31,
65.04, 55.51; HRMS, m/Z: Cp3H,oN,O5 [M+H] B
WAE 413.1614, MA{E 413.1606.

N'-(3,5- - H 48 B X)-2-(3- M e 35 ) s bk -4- i
BE(Vw): AR, WFE 30.9%, mp. 236.4~
237.9 °C, 'HNMR (400 MHz, DMSO-dy), d: 12.06
(s, 1H), 9.62~9.54 (m, 1H), 8.74 (td, J=4.7. 4.2,
1.7 Hz, 2H), 8.64 (s, 1H), 8.46 (s, 1H), 8.29~8.26
(m, 1H), 8.20(d, J=8.3 Hz, 1H), 7.93~7.88 (m,
2H), 7.75~7.71 (m, 1H), 7.71~7.67 (m, 1H), 7.63
(dd, J=8.1. 4.9 Hz, 1H), 6.67 (d, J=2.3 Hz, 1H),
3.86 (s, 3H), 3.85 (s, 3H); CNMR (100 MHz,
DMSO-ds), 6: 162.77, 162.20, 159.38, 153.74,
150.69, 148.52, 147.94, 144.42, 134.71, 131.67,
130.55, 129.69, 128.70(2C), 126.89, 125.27, 123.96,
123.73, 117.33, 106.57(2C), 98.32, 55.50(2C);
HRMS, m/Z: CyHyN,O; [M+H] HHiE{H 413.1614,
MR 413.1612,

N'-(4-F2 5 -3,5- Z H A BN X)-2-(3- ML BE 58 ) g
mR-4-WEE (Vv ): B AR, 1% 32.6%, m.p.
238.4~240.3 °C, '"HNMR (400 MHz, DMSO-dy), 6:
12.11 (s, 1H), 9.53 (s, 1H), 9.02 (s, 1H), 8.78~8.71
(m, 3H), 8.44 (s, 1H), 8.25(s, 1H), 8.23 (s, 1H),
7.93~7.88 (m, 1H), 7.74 (dd, J=6.2. 2.7 Hz, 1H),
7.64 (dd, J=8.0. 4.8 Hz, 1H), 7.06 (s, 2H), 3.85
(s, 6H); HRMS, m/Z: CoHyN,04 [M+H] HIB(E
429.1563, MHA{H 429.1570,

N'~(2,4,5- = F 48 36K 0)-2-(3-MHk W i ) s ik -4
P ( VIiw ). @A, R 32.7%, mp. 228.5~
230.7 °C, "HNMR (400 MHz, DMSO-d;), 6: 12.05
(s, 1H), 9.53 (d, J=2.2 Hz, 1H), 8.73 (ddd, J=5.8.
4.4. 1.8 Hz, 2H), 8.65(s, 1H), 8.45(s, 1H), 8.27
(dd, J=8.5. 1.4 Hz, 1H), 8.20 (d, J=8.7 Hz, 1H),
7.90~7.86 (m, 1H), 7.72 (ddd, J=8.3. 6.8, 1.3 Hz,
1H), 7.66~7.59 (m, 1H), 7.43 (s, 1H), 6.78 (s, 1H),
3.88 (s, 3H), 3.86 (s, 3H), 3.81 (s, 3H); HRMS,
m/Z: CysHpN,O4 [M+H] BEIS(H 443.1719, Pik(E

443.1718.,

N'-(3,4,5- = H 50 FE K 0)-2-(3- M B i ) g b -4-
BeME (Vix): HEEAR, B 24.6%, mp. 264.6~
265.9 °C, '"HNMR (400 MHz, DMSO-d;), 6: 12.24
(s, 1H), 9.54 (s, 1H), 8.73(q, J=3.0Hz, 1H),
8.71 (t, J=2.1 Hz, 1H), 8.46 (s, 1H), 8.30 (s, 1H),
8.27~8.18 (m, 2H), 7.90 (ddd, J=8.3. 6.9, 1.4 Hz,
1H), 7.73 (ddd, J=8.3. 6.8, 1.3 Hz, 1H), 7.63 (dd,
J=82. 5.0Hz, 1H), 7.10 (s, 2H), 3.87 (s, 6H),
3.74 (s, 3H); “CNMR (100 MHz, DMSO-dy), J:
162.61, 153.77, 153.25(2C), 150.73, 148.83, 148.51,
147.92, 141.72, 139.49, 134.71, 130.66, 129.74,
129.45, 128.67, 127.94, 125.16, 123.99, 123.66,
117.29, 104.52(2C), 60.15, 56.01(2C); HRMS,
m/Z: CrsHpN4O4 [M+H] FRIS(EH 443.1719, Mi(
443.1716.,

N'-(2-F23-3,5- ZRUT B 7% X0)-2-(3- M g KL ) s
mk-4-mEE ( VIy ): HEREE, KR 34.9%, mp.
253.8~255.3 °C, '"HNMR (400 MHz, DMSO-d;), §:
12.65 (d, J = 15.0 Hz, 1H), 12.38~12.10 (m, 1H), 9.56
(s, 1H), 8.78~8.67 (m, 2H), 8.58~8.51 (m, 2H),
8.29 (dd, J=20.5. 11.3 Hz, 2H), 7.94 (dd, J=16.4.
8.5 Hz, 1H), 7.77~7.61 (m, 2H), 7.34 (dd, J=32.3.
14.9 Hz, 2H), 1.51~1.43 (m, 9H), 1.35~1.26 (m,
9H); "'CNMR (101 MHz, DMSO-dy), J: 162.33,
154.88, 153.80, 153.74, 152.41, 150.75, 148.49,
147.95, 140.84, 140.60, 135.77, 134.66, 130.70,
129.76, 128.01, 127.86, 126.08, 126.03, 125.15,
123.56, 117.51, 116.78, 34.70, 33.91, 31.28(3C),
29.30(3C); HRMS, m/Z: C3oH3,N,0, [M+H] Fip (4
481.2604, L {H 481.2604,

1.3 HBhEEiE MR

g3 T NFLIRE 40 ( MCF-7 4if ). AdE
/NIRRT RE AR A ( AS49 4 ). S MBS 1 ILs
A (K562 4 ). A 2Pk T s 40 i ( RS4:11
YR ) A MR R T 5 B G W R R S A R
PEVEHY . A549. K562, RS4:11 2] & AR 434k
10% Jify 4 ML TE AR TR 50 0.1% 7 85 28 -5 85 2 Wt
(P/S) [ RPMI-1640 35374555 . MCF-7 HI& &
FUTEL 10%16 4 L8 FR TR 8 0.1% 7 55 K -HE 5
ZWHT (P/S) 1) DMEM RiF LR % ., ¥ A549,
MCF-7 40 & 76 & A R 8L 5% CO, 4i A3
FRAAH 37 CHEFR, IGFRELN AR A0 AR R 155 5
B2, rAFNALE YA —H T (DMSO ) %
i, TCH R FE S 100 mmol/L B9 .

NAE/NGN Mt A ( AS49 0 ). N FLIRIE
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4 (MCF-7 40 ) A MTT %21k & Wik st
JebdRE G P o ORI I A, SR R A
0.25% R [ Bf- 2 el . ( EDTA ) WAL IRTH
LA, 2B MRt T 96 fLbrb, 2.5x10% N4 fE/
fL, wES A IR A 4L, AEFL 100 uL, X
A 37 °CAEBI R 5% CO, K5 F- 4 PR 24 h.
SR A i A LM AT B 1) 5 1 o A 5 e B
M3EFRIE 10 Lo LG PRl & il 2 A ik B
FEEEVAW (100, 50, 20, 10 pmol/L ), & E 5
BIBEE 3 AFATEL, 25 F T BR AL A AL AHr &5 11
RPMI-1640 5553 100 pL., 4kZ20 A 37 °C, &K
SECR 5% COL BSR4 i E 72 h, SRJEEALIN
A 10 uL MTT (iR R 5 ¢/L) JH7E 37 °C, 1k
FUTECH 5%H) CO, BEFRAATHAREENEE 4 ho /O
W2, BFLIMA 100 uL DMSO, 80k % )5 .
fii 1 2 D 2 0 BOE SIS B AR {XAE 490 nm Abi
R . Heal (1) 540 g 4 A o

0D, —OD,

IR/%= %100 (1)

C

Hor: IR ARG EE I HI%, %; OD; M4
W SERESF-YMH s OD, k%ot BEZH O B - 2418

SRIG, MRS 24 vk B R 4 358 sk 2,
JH SPSS 25 BKAFMELPERIE, Mmifs Ak b &
WXk S5 v BT A TR A 6 > SV BE (1Cso ), 1Cso
T 41 M2 K 50% 910 BTk

K562, RS4:11 41 £ Wy i v e 1k A ik oh
PR 0 1 o OB KB A, B2 R T 24 FLAR
o, Ax10t A4 /AL, BB ZS U IR LR A
L 1000 pL, SR At ih 4 AL ACH & i 45 19
EHBMEE YRR SR 100 pL, B MMLE Wbk
il #5 B 4 NHRBERB B (10, 5. 2. 1 pmol/L ),
25 [ 6T R A A FL I A BT BE /) RPMI-1640 17 37 5
100 pL. A 37 °C, EBECH 5% CO, Ki 34
HIEE 72 ho M E R NRES], BU1S il
IRAEMAMLS 15 pL BT HE 7048 0.4% 10 & W i 4
GWIRA, BU1S pL IR A BCE T il 40 i+ i i
B, TR EE T IO S I A0 RSO P % 20 i
(N FIBEAIMIEC (Ng), #RC (2) 4 f7
R (CV, %):

cv /o =Ni=Na

t

x100 (2)

14 HFHERAR

H4E Schrodinger F2 /7 H Glide 43+ %42 H A B
FALE VIR o> F X G B . ZEABFSET, 5 DNA
45451 STAT3S [ — 3R 1A ( PDB code 1BG1) ¥ ¢#
PRES PP T T X 505

2 H#HR5WR

KH 2,3-m[ W 5 3- 20 SR L E S W) 4R TR
BE, TERRCE A T 38 ORI R AR B T 2-(3-nk ke
Bo)-ME-4- R R . RS A IEE AL . HEERR 1L
G 5KE MR AR E] T 2-(3- M e 3 )-4- s b £
WEo PUABESGT TGk, B35 KA PO A RE
A AT R, I BEAR BOSCEEME, T DS R B TR Ak
PR G B2 D s R AS 2] Ak (V), diafik v
PSR BR8] Bk &9 N-R T
FE-2-(3-MHL W 5L ) sk -4-BEIE AT 2 90 o 7E S BEEE
JF B0 1 B BOAR 1 R 2800 X e I A B I Y R
M, JCie 4 FL T A W T L AR R AR 47 M tE A 7
I o

HArfb & RSN s R 1 fiR. h#E
1o, Hisb AR —ERMREER, MK
BRI (VITa), XA 4 Fhos i
% (A549, MCF-7, K562 Hl RS4:11), 1Cso 235K
(41.5+3.3), (74.4+8.1), (1.6+0.1)F/1(7.8+0.6) pmol/L.

Xt AS49 T, YA 2 SAiek F BUCH (Vb ),
PR i WS AT B4R, 1C50 H(24.6£1.5) umol/L.
242 5o Bl At A i Y I R - S5 W—CN FI—NO, )
BT, AT g G MR AR . KR 3 5 i —CH,
BRI, PUMRE TG PR AA B, (4 F. —NO, fl
—OCH; BRI, B Ia i PERFAC, B g i P
Fr 55 8158 8 3-OCH; (Vi) <3-F ( Vg) <3-NO,
(VIh), FHUEHED, M2RIR 3 S g BAT W H 76k
J1 0L BRI, AT g T 1 2 R A EL I T
e T, PR G RS 5 T R e R
BF, PR E SRR, ORI 4 SR B
BF, BTGP R e AR . SR 2 S
fipE—OH R, 5 S g—NO, BU R, Hpihpiw
T R | 1Cso SN (7.4+0.8) pmol/L, 11724 5 514
B Br B, AR 6 R B A, MRS T
NO, WL FRE 1480 T30 . MR 4 Srg—
OH BRI, PR i PEREAR . 42K A8 1~ OCH,
BURET, B ik &P Po i is SRR AIR . oK 3
A BBRE, R Ay (R=2-F5E-3,5-
TORUT I ) (AT IR I T AR [ 1Cso SM(9.5+0.9)
umol/L ), HALA Wb Mg i 1 25 BH (2 FRAIC, 4E 0
EWA—C(CHs); BRI 28 [al i FHAT G .

X MCF-7 5, SR 2 Sig iRy, H
Z5RY5 A549 FLAMIE, HA 2 S0tk F B,
U s G R, HORIIRRAR. ORI 3 SR
BUREY, B b &P 16 IR AR . R 4
ST, B R I KBS U S
TRESTH RN HE, BB 3 0 H 7~ A o
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U G PR . PRI 2 S g—OH BURRT, 5
S T A, AT e T R,
K 4 SAE—OH HBURHE, BTG PEREAG. 24
I AS—OCH; BUR I, BIrA 1k & bt b g 76 2
BIREAR . SR 3 AN SRS, R &9y
(R=2-¥2HE-3,5-RUT 3 ) MU IR 16 P 2 1 o
([ ICso #(7.7%0.6) pmol/L ), HA A& Wy e i 1
HIHH R A1

XFKS62 Mis , M4 2 g pE e, H
UM TG AR . M ARIR 3 SR e,
FALE DB GG, SRR 4 S aE LR
AR, HHT g 6 1 KBS ORI f R T i K
INERH, BV S T BE T R, B R I
A, PR PRI 55 E 5 A 4-N(CHs), (Vo)
~4-F (VIj) <4-Cl ( Vk) <4-Br ( V1), H4ZEFF 2
S —OH BURET, 5 5 W e HACES, X
K562 fWon it RIFHPLHEFERE T, H5 MCF-7 —#f,
5 S TR RE SN BUR T PR, 2
AP AS—OCH; BUR I, fIrA 1k & bt b g 76 7
BIREAR . URE 3 AU, A e &b
iR i M R BRI

XFRS4: 11 M H, HARR 2 S BUes, H
ZER Y AS49 Fl MCF-7 AMIE, HAE 2 S F
BCHT, DU G, HAaRRRIt, 2R% 3
SRR, A A P i A R AR
MORIR 4 SRR, A R T R B
RILW L FRES RN R R, BIHRIE I L 7 B
JrfnE, PR IR VRS , PR I PRI R R
3N 4-NO, ( im ) <4-CN ( Vn ) <4-F ( VIj ) <4-Cl
(Vlk ) <4-Br ( VIl ), 42838 2 v —OH BT,
5 BB R T B E, HhT R T O R A
H 5 S0 B T FERE Tk /N, P v A
ORI S —OCH; BURES , i A (L& b i 1
PRSI REAR . 2R 3 NS By, RAakEY
Wy (R=2-¥83£-3,5- 0T 5 ) AL R 76 % . 35 3
38 [ ICso H(6.8+0.5) umol/L ), HAx k& Wdi g i
P 357 g FRAI

Zr BRTIR, MORIE 2 SRS, 4 Fh
AN R PTG AE AR I REAR, A F SR
2 SR, HATMIERE A AR . MARIE 3 A
B AR RS, BT AP S aE I IR, 4
IR 4 ST R, bR TE R RS E
RILW L FRES R NE R, BPHRIE I L 7B
FIE, PR TEPERR S . MR 2 S H—OH
BURES, 5 S0 g f T U, AT g v 4 B
WIsR, H 5 SR FEEEE N, PR S
PEBEGT o YIRS —OCH; BUCHT , i tb &9

UM TG PR FRAR . 2MPRIR 3 A g B, B
BAEY My (R=2-F2%E-3,5- T 3L ) XF 4 Rz
Jif Z R R A IR T T, AR A P
T 350 T AL

H b A9 Vile 26 30 fe it BT AS49 20 g 3 5
M (1C50=(7.4+0.8) umol/L) ), HFrfk&WVlq 3
U f s 0BT RS4:11 A0 3EFE 16 M [ 1Cs=(2.4%
0.2) pmol/L ), HARLEG W VIT ANALF I Feik i 4t
MCEF-7 4345 15 1% [ 1C50=(4.9£0.3) pmol/L J, T
H B fo 9P K562 40 i 39 78 3% P [ 1Cse=
(1.2£0.2) pmol/L ),

#1 B G a~Vly Xt 4 ARl d st E
Table 1  Antiproliferative effect of Wla~Vly in four human

cancer cells lines

e ICso/(pmol/L)

W R A549  MCF-7 K562 RS4:11
Via H 41.5+3.3 74.4+8.1 1.6+£0.1 7.8+0.6
VIb 2-F 24.6£1.5 52.443.7 2.4+0.2 7.2+0.4
Vic 2-NO, 67.245.1 >100  >100  >100
VId 2-CN 84.7+6.7 >100  65.5£3.9 26.0+2.2
Vle 2-OCH; 68.3+5.1 86.2£7.4 92.7+6.3 75.2+4.9
VIf 3-CH; 32.7£2.5  >100  37.2+3.1 19.2£1.3
Vg 3-F 74.5£5.4 85.5£6.8 20.3£2.3 13.6£0.7
VIh 3-NO, 722464 >100  >100  >100
VIi 3-OCH; 89.6+7.8 92.3+8.2 40.0+3.1 18.2+1.5
VIj 4-F 75.3£7.6 56.9+42 5.2+0.5 12.4+0.8
Wik 4-Cl 81.4+7.3 77.0£5.2 4.9+03 9.8+1.2
VIl 4-Br 61.2+5.7 4.9+0.3 1.2+0.2 4.5+0.5
VIm 4-NO, >100 >100  >100  >100
VIn 4-CN 88.9+9.6 >100  >100 28.3+1.8
Vlo 4-N(CHs), 71.3+5.6 78.3+7.3 5.2+4.6 7.5%0.5
VIp 3-F-4-Br 81.6£9.6 >100 84.3+7.2 >100
Vlq 2-OH-5-Br 91.7+8.2 22.5£2.4  42+0.4 2.4+0.2
VIr 2-OH-5-NO, 7.4+0.8 29.1£2.5 12.4+0.7 5.0£0.4
VIs 2,4-—FEHE >100 >100  >100  >100
Wit 3,4-—HEE >100 >100 >100  >100
Viu 3,5-— 4% >100 >100 >100 86.9£7.1
Vv 4-OH-3,5-—HI%HE 85.747.2  >100 >100  >100
iw 2,4,5-=F %3 >100 >100  >100  >100
VIx 3,4,5-=F %3 >100 >100  >100  >100
Wy 2-%3E35- RT3 95409 7.7£0.6 12.8+0.8 6.8+0.5

K1 k&I 5 STAT3

ZE AR =Yk 5 K

==

HARE AR = 4R B K . #4% Schrodinger 27 H
Glide 73 FXHEZH AR5, 7E STAT3-SH2 %514
B, RHEXCHTRERR 703-I %R 704-BER 1L 1K 4
iR 705-5E &R 706-H &R 707- 7 &R 708( Ala 703-
Pro 704-pTyr 705-Leu 706-Lys 707-Thr 708 ) AFR A
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WK 1a. b s, HAsLEP VI 2546 iy 2-nikng 2R
ead A B giK 24E T, S5HRILEEZERR 705 (pTyr
705) WHIGLE (pY HASL5AIX) 454, mTLIMEE
2|, Wi H—NH 5 RAWH 647 (Asn 647 ) &
BEMEREZ ) C=0 A S M BRI . Beoh, EmE
2, R LG KM EIER, KRR 710 ( Phe
710) ¥ FAFTE m-n AHEAE . XL RN, fbE
YIVIL W] figsd 3 5 STAT3-SH2 (454, Mk F|4]
il vk TR 200 e A AR

&

8

K1 s VIS STAT3 45540 =4[5 ( PDB U5 :
1BG1) (a) MHAHEAEM M 4R E (b)

Fig. 1 Three-dimensional diagram of binding mode between
compound VIl and STAT3 (PDB code: 1BG1) (a)
and 2D schematic diagram of interactions between
compound V1 and STAT3 (b)

3 4ig

(1) DL 2,3-mIBE M (1) F13-ZBEIEmtnely
JRORE, FEBME S T 258 R EE R N AR E] T 2-(3-it
WE L )-ME -4 R TR s Ho S A WA fL . P
i fb J5 5K A WFZ ki A5 2] T 2-(3-MERE 3k )-4-
MEK R (V) fJE, IRV SRR U SRR

REY AP RERN AEE S, DAVKES IR R Ak 7 42
BERNA BT 25 4 N-2R F 3E-2-(3-MmE 3k i
Wk -4-FOEJF AT A2 400 5

(2) %JH '"HNMR. “CNMR F1 HRMS %I H¥x
WA EAT T FRAE, i E AT UE T B ARk
YL ;

(3) 25 A~ N'-ZRH HE-2-(3- ML e F ) v whfe -4 - i
BT AR 4 FhPEA0ML ( A549. MCF-7. K562
I RS4:11) ¥ — & B RIMEFEIHIEA . Hirfk
AW Ve T SR PT AS49 4l M G 5 05 P
(ICs50=(7.4£0.8) umol/L) ), Hirtb&¥Vlq F#IH
e 5% B9 PT RS4:11 4 i 38 5 3% M [ 1Cs=(2.4+
0.2) umol/L J, HErfb &WVIT AL I H 5 1 hL
MCF-7 Zia 3455 M (1C50=(4.9+0.3) pmol/L J, i
HEH B BBAHT K562 40 M 1 55 1% P [ 1Cs=
(1.2+0.2) pmol/L ), ZrFXHEL R IR, Bistb &Y
VIl Z G eI e S STAT3 A X, A
it — B RAS . T AW HE T EHR RS
B N2 3 -2-(3- M e 3 ) A k-4 T JOF 37 A= 9
TR BT MR e e A AL T IS S

Sk

[1] HILLMER E J, ZHANG H, LI H S, er al. STAT3 signaling in
immunity[J]. Cytokine & Growth Factor Reviews, 2016, 31: 1-15.

[2] WALDMANN T A. JAK/STAT pathway directed therapy of T-cell
leukemia/lymphoma: Inspired by functional and structural genomics[J].
Molecular and Cellular Endocrinology, 2017, 451: 66-70.

[3] JOHNSON D E, OKEEFE R A, GRANDIS J R. Targeting the
IL-6/JAK/STAT3 signalling axis in cancer[J]. Nature Reviews Clinical
Oncology, 2018, 15(4): 234-248.

[4] YU H, JOVE R. The STATs of cancer-New molecular targets come
of age[J]. Nature Reviews Cancer, 2004, 4(2): 97-105.

[S]  VILLARINO AV, KANNO Y, FERDINANDI R, et al. Mechanisms
of JAK/STAT signaling in immunity and disease[J]. Journal of
Immunology, 2015, 194(1): 21-27.

[6] PILATI C, ZUCMAN-ROSSI J. Mutations leading to constitutive
active gpl130/JAK1/STAT3 pathway[J]. Cytokine & Growth Factor
Reviews, 2015, 26(5): 499-506.

[71  MATSUNO K, MASUDA Y, UEHARA Y, et al. Identification of a
new series of STAT3 inhibitors by virtual screening[J]. ACS Medicinal
Chemistry Letters, 2010, 1(8): 371-375.

[8] MELGE A R, PARATE S, PAVITHRAN K, et al. Discovery of
anticancer hybrid molecules by supervised machine learning models
and in vitro validation in drug resistant chronic myeloid leukemia
cells[J]. Journal of Chemical Information and Modeling, 2022, 62(4):
1126-1146.

[9] MASHRAQUI S H, BETKAR R, CHANDIRAMANI M, et al.
Design of a dual sensing highly selective cyanide chemodosimeter
based on pyridinium ring chemistry[J]. New Journal of Chemistry,
2011, 35: 57-60.

[10] LIU JJ (XI#H4R), ZHAO Z D (BHRZ), LU Y J (7 5 34), et al.
Synthesis and anticancer activity of acylhydrazone compounds
from isopimaric acid[J]. Fine Chemicals ({§411L T.), 2016, 33(10):
1195-1200.



