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3-F5 B-7-FE EEM IR FAAEE lla 3FIFIA & BRI B R M 5

#WoE FEF’  THEEF KA
ANEF  LAE

(CINRKFA R R FHE R E SRR E Freg 250012)
C LR K BA SLERZFE B 250021)

WE ARSI ER(DNA)G M7 8§ o (topoisomerase ITa, Topo Ilo) & B 2 FIHUMIR 2588 2 —. NI E R
K# 1 Topo Ha FHIF, JEILX e P ED 6-(3,4- FFE A ZEM(CSDHIATE ZLBE, B/ T 21 A 3-054-7-%
FEERATAEY). K FH DNA AR5t I PN RS Topo o PTG, 45 R ER KE A &% Topo Ta y& 1A i FH;
FH N ZFAFLIE MDA-MB-231 401N £ 2 HeLa SHARAE KAMHI LI A AMEAN UM RIS o, S5 R % W 3-24-=H
IR IL)-7- S R IR (45) %) HeLa 4 M0 A5 B 2 #E(1C50=0.8 pmoleL ™), 3-(4-J2FE 4 HE)-7- 52 KL Wik (de) X MDA-MB-231
(ICsp=1.1 pmolsL ")l HeLa (ICsp=4.2 umolsL "N A W & & tE, BHEX IR CS1 %t MDA-MB-231 #il HeLa 412
ICso 1B 4351 3.8 A1 2.5 pumoleL ™. HF 7t 45 et BB i e kA s 2 0 S A Bl Tho 61 R B241E 1 3 S

KR IR e, WA SRR Pl

Antitumor and Topoisomerase lla Inhibitory Activities of
3-Aryl-7-hydroxyquinolines

Hu, Yuan“ Li, Zhenyu” Ding, Yanjiao® Li, Zhiying®
Liu, Zhiyong®  Shen, Yuemao™*
(“ Key Laboratory of Chemical Biology (Ministry of Education), School of Pharmaceutical Sciences, Shandong University,

Jinan 250012)
(® Department of Pharmacy, Shandong Provincial Hospital Affiliated to Shandong University, Jinan 250021)

Abstract Human deoxyribonucleic acid (DNA) topoisomerase Ila (Topo Ila) is one of the important therapeutic targets for
the treatment of cancers. To further discover Topo Ila inhibitors with high efficiency and low toxicity, twenty-one
3-aryl-7-hydroxyquinolines were designed and synthesized by scaffold hopping of the lead compound 4-(6-hydroxynaph-
thalen-2-yl)benzene-1,2-diol (CS1). These compounds were evaluated for their inhibitory activity against Topo Ila activity in
DNA relaxation assays, and evaluated for the antitumor activity in in vitro growth inhibition assays against human triple nega-
tive breast cancer MDA-MB-231 cells and human cervical cancer HeLa cells. DNA relaxation assays showed that most com-
pounds have inhibitory activity against Topo Ila. In vitro growth inhibition assays showed that 3-(2,4-dimethoxyphenyl)-7-
hydroxyquinoline (4j) has obvious cytotoxicity against HeLa cells (ICso=0.8 pmolsL™"), and 3-(4-hydroxyphenyl)-7-
hydroxyquinoline (4e) has evident cytotoxicity against both MDA-MB-231 (ICsp=1.1 pmoleL ") and HeLa cell lines (ICso=
4.2 pm01°L71). These results provide insight into the development of novel quinoline topoisomerase Ila inhibitors.

Keywords topoisomerase Ila; design and synthesis; structure optimization; antitumor activity
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2), XEIAIT L HER2 MIHUAIRTT RMAVE. H
BT = M FLIRS 6T F B R TR 9T, A
57, UMITAE, o B R MR, TEHRZE.

FH AN HIEE TT (topoisomerase I1, Topo IT)idid i1k
WEE DNA WM EE, 584, ., JO/AE
HA A B M RE, SN PTIRE Zi i &
bR 2 —P L R R EH LAY &R IKITA
H(VP16). X(2,6- —FEIRMR)ATA4) ICRF-193 AMEKFEE
FES5E(E 1). Topo 11 7E AN ZR4HAEH A Topo Ha F1 B FHFHE
RIS Topo TIP £ 1E s 40 M A1t Rs 40 A 30 ek, i G
I B B S PE. Topo 1Mo 75 G R 38 E A A0 il Hh = FE R
%, HEAKCE 2000 40 i A R T K
5 FHELA Topo o 3 IS HU I 25 7] R A AN vl 240
FIEIER, GFOAFEREME . 48 A& TR R i A J Al 2
R G PEN O R, R B 3 R R v AR A )
Topo o FII5738 75 5 .

H

9900

OH—OH
O OH OH

Fi %5 % (adriamycin, ADR) KFL AT (etoposide, VP16)

B 1 {UaP Topo Il HRLAIZ:H
Figure 1 Structures of representative Topo II inhibitors
AR ARG DA R AR =2 RS S &1, AT
RV = ZREOR . KPR . A TR AR IR R 5%
HAMRIR), Horh B ZEIORE 4 6-(3,4- —F2
) ZEMY(CS 1) Topo Mo #H)E PR AT, CS1 35T
5 Topo II-DNA R A% = 755 &40 Topo Ila,
Fe—NHT L) Topo 11 7§71 & RESNH] p-Hl & i Rk
(¥ % 251 5 A0, A TEELE AT 2 2T 20 1,
VAR, THARFATE R T @2 R & BRI E
WIVEA Topo I1 HIIF5 LAXHUB L. Tseng 81T
B R W U SR AL & W, X 2 iR 4E i (MDA-
MB231, PC-3 1 Huh-7)f5 B & B0/ FH(0.45~0.82
umoleL ") BRiLZ #b, Khadka %5USVRF 5T () 57 0 bk 25
Topo 1T | 7%k N LR 488 T47D 401 2 401
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F1(0.05 pmoleL™"). WEME —RKEHEHIZIR, 4 iz H
TR B, RARRME B A SR R L
(1) 2 M2 1 o o B AT 2 T3 b R AL S =
[(+)-camptothecin].

AT ST S T CST AT B HRRIE®, DA IR 5
ILZEIR, LRI B 2R, W& 17 21 /) 3-
95 - T- R RAT AEPN(Bq. 1), FEIRIE T AR
Topo ITa ] MDA-MB-231 1 HeLa 21 ff 34 58 1) 75 1.

OH
OH Ar
O scaffold hopping m
e —— _ (1)
O RN
HO claimed compounds

Cs1

1 HREWR
1.1 EVHERK

3- AR () SR DR B G153 2 A 3-11-
7-FR A SRR (2), H R4 2 JE e i R R S B A 3 ) A
3-JR-T-FRHEEIR(3), K E R 3 5 SRR 0 S
Big v, £33 H bRk &4 4a~4u (Scheme 1). J5%E T H
BRGNS R, I T A B iR A v 23 R T S
MTHfIE 7 544
1.2 {R4MINE] Topo lla 5EMENE

K F pBR322 DNA fAiths256, BL CS1 N BH XS
(200 pmoleL "), P LA HIFE 200 pumoleL " & T Xt
Topo Ia I /E . 0.25 pg i1 E DNA 7E 1 U Topo
Ho FI/EAT, BB E R 43 AR kA ah B, 259 iR i
JR 5 HUA 1% — 36 IEB(DMSO) Xt Topo TTa /13 (1)
DNA Fa 5t A 520, CS1 32 3 011 Topo o /v
SH) DNA #4546 U7, pBR322 DNA 1148 58 4 R 458
W2 LK, LG 4r, 4s, 4t Al 4u 7E 200 pmoleL ™" I} g
53R 7341 Topo Ila /111 DAN faith, {h&4 4q, de,
4j, 4n 1 4p AIELERHNHIEH (& 2).
1.3 YHREESMSNINER

LA CS1 A VP16 NFHPERTIE, R AIMEMEE (MTT)i%
K A A 256 b 40041 Topo a (9 9 M6 N =3
g MDA-MB-231 A1\ & 20 HeLa 20 2 1 2E KA i/
. S REBW, K EWRIE H 525075 (R
1). i, 4j X+ HeLa 41l # P4 5 5%, 1C5p=0.8 pmolsL " ';
4e % MDA-MB-231 1 HeLa 4 i34 B 53851, 1Cs 18
3914 1.1 AT 4.2 pmoleL ™",
1.4 g

AU BT AR T — RS 6-75 3-2-H A
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4a~4l,4p ~4s
4a R=H 4i R=4-OMe

4b R =2'-NH, 4j R=2',4'-(OMe),

4c R=3"-NH, 4k R =2'6'-(OMe),

4d R =4'-NH, 41 R =3'4'-(OMe),

4e R=4"-OH 4p R=3-NO,

4f R=4'-CH,OH 4q R=3-N0O,,4'-COOMe
4g R =2'-OMe 4r R =3,5-(CF3),

4h R =3-OMe 4s R=2'4-Cl,

Reagents and conditions: (i) 2-bromomalonaldehyde, ethanol, r.t., overnight; ethanoic acid, 100 C, reflux, 10 d; (ii) methanesulfonic acid,
methionine, 130 C, 23 h; (iii) substituted-aryl boronic acid/borate, potassium acetate, PdCl,(dppf), dioxane, 90 C, overnight

B 1 &Y da~4du (5 UKL

Scheme 1 Synthesis of compounds 4a~4u

N

2 &S 200 pmol/L
g 99
§ 2 9 cs14am dc 4d de 4 4g an 4i 4 4k
Topolla(1U) - + + + + +
v W - - LA I Relaxed DNA
Supercoiled DNA
<
2 o5
2 &S 200 pmol/L
FF
S £ 4 c14| 4m4n 4o 4p 4q 4r 45 4t 4“
Topo lla (1U) - + 4+

Relaxed DNA
Supercoiled DNA
B2 3-05%-7-H R Mk i 40 Topo o FNE
Figure 2 Inhibitory activity of 3-aryl-7-hydroxyquinolines against DNA topoisomerase Ila in vitro
&1 0 Topo Io ML & NFLIRAE MDA-MB-231 FILA WAV R T AM A RATSL T EEE A
BT 3E HeLa 418 A K3 &I/ FI[ICse/(umoleL™")] A R T — B4 3-75 B 7 R JE s kAT AR 1. 21 A

Table 1 Inhibitory activity of the anti-Topo Ilo compounds A N
against the human triple negative breast cancer MDA-MB-231 &M 9 A% Topo Mo A7 MAHIAEH, Horih dr, 4s, 4t A1

cells and human cervical cancer HeLa cells du FIHNHNE 58 T RHAEXT B CS1(1E 2). 4r £ 4s AHLE T
Compd. MDA-MB-231 HeLa da~ds, TILEAIF I RIURE £ 2 B, 51N
4e 1.1 4.2 FZE A% Topo W FIFMHIE R IR, X1 4u £ 4t, 70

4j 7.3 0.8 Wi 3 57 51 NZEFRX} Topo Mo A IS EHIHIVER, TEZEFF
;‘; 190-06 f;-g 6-BLBI N FAEE, SEPER B NGR. 9 AMRFEMEL AT,
4q 114 171 de, 4j F1 4t X N\ U HeLa 41 A U O 4u R dbE, 1b
4r 20.5 15.9 W e, 4j 1 4p XN =B FLIRSE MDA-MB-231 4iiffilfy
4s 16.7 =50 B, b 4e X MDA-MB-231 4Hff #5145 58, 4j
. o > st HeLa 4082 1 52 (3% 1). Topo o # SC3 A 51
. 1a ) FORMRTANLA G P 5 5L 7T LU th, 4 Topo Tla 3013
VP16 2.7 2.1 PR AT L &9 4t, [FIRE X HeLa 4HiA 538 40w

TEYE, X Topo Mo NG MEELSS LS e 1 4j 21

WEIRAT AL, AR PURMRIETERCR — A%, Hrbis bk sy AR I U B A 7 A0 T
> N 5 g

4L A% MDA-MB-231 [ IC50 XN 9.9 pmoleL ™ 'H¥],
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HHEEMIEA, 5 Topo o thFEEH, BEAH LK
FEHIME.

2 ZEig

DL 7-F SOy BERZ, 75 3L 347 5] NAS R 1) 5%
B, GREIURIREE ERRIARIZE NS, AT 21 4 3-
75 TR ERISATAEY), o 18 MUEAYIAR WL SCHER
RiE. BSRLEW) 4a, 4d F de (& AL C A SCRkIRE, H
Foh & 7L S AR SR, HU R s M AN R L SCRR iR
g A4 pBR322 DNA FARMSZIG4E R EIR, tbaY)
4r, 4s, 4t Al 4u £ 200 umol/L I} A% F 73] Topo Ila
T DAN FASth, L&) 4q, de, 4j, 4n A1 4p H AL
HIVER; RN ANFLARE MDA-MB-231 AN = 2
HeLa 402 KA SL3G R0, 3-(2,4- = LR SE)-7-
FRIEMEMR(4j)%) HeLa A B R 40 #E 1 (1Cs=0.8 pmole
LY, 3-(4-F8 LI IL)-7- 52 HE W TH (4e) % MDA-MB-231
(ICsp=1.1 pmolsL™")AI HeLa ¥J45 B 40 5 PE(1Cso=
4.2 pmoleL™"), NHFR A Topo o FHIFIFRAL T H )5
[f], %o FIRa (10 F S RN 96T A HE A % 3L

3 IS
3.1 X5

FEERE(E ] 200~300 HEERR W E 7 Silgreib T
M FEHRACA Brucker Avance-400 U, TMS NN Z:; &
AN LTQ-Orbitrap XL %Y(Thermo Fisher), 215K
HLBE 2 5 FAL(EST); K5 X4 BLEAUE S 4G e (iR
JE AAHZ1E); ChemDoc XRS Bt A% 4% (3 [ Bio-Rad 24
a]); WEOEEE Silica Gel GF254 (WA HiErEtl
). B R o 7 EGEE O Al e oK R
BT R B
32 EEK
3.2.1 PR 2 B9 %] &

FREUIR T K% (8.40 g, 55.6 mmol)J# AR 2= 250 mL
JEE S ) (90 mL)FR, TN 3-FAR R A% (7.8
mL, 46.0 mmol). &Y T HZ\RBMA LG, AL
(60 mL), ZR)5T 100 C[HIJ 10 d, )2 GIH(TLC) M %
SN HERE . NS R, AR IR, DR AR BRI,
&K, AR 2R ZBRREEL 3 &k, & IFHENLH,
WA EhKPE 3 i, ToKBREREN T M= E et
EATE, - LR OBR(V L V=120 © D) E]
3-1R-7-HAE MR Q2), H AR, R 19.8%. mp.
164~165 ‘C; '"H NMR (400 MHz, DMSO-dy) &: 8.85 (d,
J=2.4 Hz, 1H, H-2), 8.60 (d, J=2.3 Hz, 1H, H-4), 7.86
(d, J=9.0 Hz, 1H, H-5), 7.39 (d, J=2.5 Hz, 1H, H-8),
731 (dd, J=9.0, 2.5 Hz, 1H, H-6), 3.92 (s, 3H, MeO-7);
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C NMR (100 MHz, DMSO-dg) d: 160.6 (C-2), 150.9
(C-9), 147.6 (C-7), 137.0 (C-4), 128.6 (C-5), 124.1 (C-10),
120.5 (C-6), 114.0 (C-3), 107.2 (C-8), 55.6 (MeO-7);
HR-ESI-MS caled for C;oH;(BrNO [M+H]" 237.9868,
found 237.9864.

3.22 WK 3 a9 4] &

B AW 2 (119 mg, 0.5 mmol, 1.0 equiv.)Fl AT
F2(596 mg, 4.0 mmol, 4.0 equiv.)ET 1 FHEEER(10 mL)
o G, RBSRT 130 CHERE 23 h, TLC A&l
RIERE. RFSERE, WHIRER, MAKERK, &
R CEEAEHL(25 mL X 3). B IANLE, ToKmEREN T8
IR AT, AR RN 28, A k- 2R
SERV 1 V=2 DHIERARE] 3-5-7-F 5Lk (3), EH
WA, WE 47.7%. mp. 198~200 ‘C; 'H NMR (400
MHz, DMSO-d;) d: 10.36 (s, 1H, HO-7), 8.77 (d, J=2.4
Hz, 1H, H-4), 8.54 (d, J=2.3 Hz, 1H, H-2), 7.81 (d, J=
8.7 Hz, 1H, H-5), 7.24 (d, J=2.3 Hz, 1H, H-5), 7.22 (dd,
J=8.7, 2.4 Hz, 1H, H-6); *C NMR (100 MHz, DMSO-d)
d: 159.0 (C-7), 150.8 (C-2), 147.6 (C-9), 137.0 (C-4),
128.8 (C-5), 123.2 (C-10), 120.5 (C-6), 113.0 (C-3), 109.9
(C-8); HR-ESI-MS caled for CoHgBrNO [M + H] ©
223.9711, found 223.9707.

323 bk da~du B9H &

L da [1& BORB, BG4 3 (112 mg, 0.5 mmol,
1.0 equiv.)~ ZKHER(91 mg, 0.75 mmol, 1.5 equiv.). BKIR
#1(489 mg, 1.5 mmol, 3 equiv.)f! PdCl,(dppf) (41 mg,
0.05 mmol, 0.1 equiv.)VEET 4/ NI(10 mL)H, &S
PRY. RIET 90 CHibE R FSLER, TLC il e gk
. RPSEASE, AEEER, WAKERK, LKL
PEACH 3 #R(25 mL X 3). GIFANE, TR TH5 .
IR AT, AR EN 38, A k- 2R
LBE(V 2 V=4 T DIEBAGE] 3-2K5-7- 7 HE N (4a), 3
R, WK 61.8%. m.p. 248~250 ‘C; 'H NMR (400
MHz, DMSO-d;) d: 10.22 (s, 1H, HO-7), 9.09 (d, J=2.3
Hz, 1H, H-2), 8.49 (d, J=2.1 Hz, 1H, H-4), 7.90 (d, J=
8.8 Hz, 1H, H-5), 7.82 (d, J=7.5 Hz, 2H, H-2', H-6"), 7.53
(t, J=7.6 Hz, 2H, H-3', H-5"), 7.42 (t, J=7.4 Hz, 1H,
H-4'), 7.27 (d, J=2.1 Hz, 1H, H-8), 7.20 (dd, J=8.8, 2.3
Hz, 1H, H-6); >C NMR (100 MHz, DMSO-d;) J: 158.6
(C-7), 149.3 (C-2), 148.6 (C-9), 137.5 (C-1'), 132.6 (C-4),
130.0 (C-5), 129.7 (C-3), 129.1 (C-10), 127.6 (C-3"), 126.8
(C-2", 119.7 (C-6), 109.7 (C-8); HR-ESI-MS calcd for
CsH;3NO [M+H]" 222.0919, found 222.0912.

3-(2-FFE I L )-7- B FE IR (4b): B AR AR, WK
49.5%. m.p. 242~244 °C; '"H NMR (400 MHz, DMSO-

http://sioc-journal.cn/ 3233
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de) 0: 10.14 (s, 1H), 8.77 (d, J=2.2 Hz, 1H), 8.22 (d, J=
2.2 Hz, 1H), 7.84 (d, J=8.8 Hz, 1H), 7.27 (d, J=2.3 Hz,
1H), 7.18 (dd, J=8.8, 2.4 Hz, 1H), 7.09 (t, J=7.4 Hz,
2H), 6.80 (d, J=8.0 Hz, 1H), 6.67 (t, J=7.4 Hz, 1H), 4.97
(s, 2H); *C NMR (100 MHz, DMSO-d;) J: 158.4, 151.1,
1482, 145.8, 134.6, 130.5, 129.8, 129.4, 128.6, 122.6,
122.0, 119.3, 116.8, 115.4, 109.7; HR-ESI-MS calcd for
CysH;3N,0 [M+H]" 237.1028, found 237.1025.

3-(3-F I HL)-T- I (4e): BB R, R
62.2%. m.p. 243~245 ‘C; '"H NMR (400 MHz, DMSO-
dg) 9:10.19 (s, 1H), 8.98 (d, J=2.3 Hz, 1H), 8.35 (d, J=
2.2 Hz, 1H), 7.88 (d, J=8.9 Hz, 1H), 7.26 (d, J=2.3 Hz,
1H), 7.22~7.11 (m, 2H), 6.96 (t, J=2.0 Hz, 1H), 6.91 (d,
J=7.5 Hz, 1H), 6.61 (dd, J=8.0, 2.1 Hz, 1H), 5.28 (s,
2H); “C NMR (100 MHz, DMSO-dy) J: 158.5, 149.3,
149.2, 148.5, 138.0, 1322, 130.8, 129.6, 129.6, 122.0,
119.6, 114.4, 113.4, 112.0, 109.7; HR-ESI-MS calcd for
CysH;3N,0 [M+H]" 237.1028, found 237.1025.

3-(4-F IR HL)-7- R Ik (4d): B AR R, IR
54.8%. m.p. 232~234 ‘C; '"H NMR (400 MHz, DMSO-
dg) 0: 10.08 (s, 1H), 9.01 (d, J=2.3 Hz, 1H), 8.30 (d, J=
2.3 Hz, 1H), 7.83 (d, J=8.8 Hz, 1H), 7.52 (d, J=8.2 Hz,
2H), 7.24 (d, J=2.3 Hz, 1H), 7.16 (dd, J=8.8, 2.4 Hz,
1H), 6.72 (s, 1H), 6.70 (s, 1H), 5.33 (s, 2H); *C NMR
(100 MHz, DMSO-dq) J: 157.8, 149.0, 148.6, 147.7, 130.6,
130.2, 129.2, 127.3, 124.4, 122.2, 119.4, 114.4, 109.8; HR-
ESI-MS caled for C;sH;sN,O [M+H]" 237.1028, found
237.1025.

3-(4-FR B R HL)-7- S B T (de): B ORY R, YiOK
34.8%. m.p. 214~216 ‘C; '"H NMR (400 MHz, DMSO-
dg) 0: 10.12 (s, 1H), 9.62 (s, 1H), 9.02 (d, J=2.3 Hz, 1H),
8.35 (d, J=2.3 Hz, 1H), 7.84 (d, J=8.9 Hz, 1H), 7.63 (d,
J=8.2 Hz, 2H), 7.25 (d, J=2.3 Hz, 1H), 7.17 (dd, J=8.8,
2.3 Hz, 1H), 6.91 (d, J=8.3 Hz, 2H); *C NMR (100 MHz,
DMSO-dg) o: 158.1, 157.3, 149.1, 148.1, 131.2, 130.1,
129.3, 128.5, 128.1, 127.9, 122.05, 119.5, 115.9, 109.7;
HR-ESI-MS caled for C;sH,NO, [M+H]" 238.0868,
found 238.0865.

3-(4-F2 H ORI )-7- SR BRIk (4): R R, ICR
45.5%. m.p. 256~258 ‘C; '"H NMR (400 MHz, DMSO-
dg) 0: 10.20 (s, 1H), 9.08 (d, J=2.3 Hz, 1H), 8.48 (d, J=
2.3 Hz, 1H), 7.89 (d, J=8.8 Hz, 1H), 7.78 (d, J=7.9 Hz,
2H), 7.46 (d, J=7.9 Hz, 2H), 7.27 (d, J=2.3 Hz, 1H), 7.20
(dd, J=8.8, 2.4 Hz, 1H), 5.25 (t, J=5.7 Hz, 1H), 4.57 (d, J
=5.7 Hz, 2H); *C NMR (100 MHz, DMSO-d;) 0: 152.2,

3234
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149.3, 148.6, 1459, 142.1, 135.8, 132.3, 129.6, 127.2,
126.4, 122.0, 119.7, 109.7, 62.6; HR-ESI-MS calcd for
Ci6H14NO, [M+H]" 252.1025, found 252.1019.

3-(2- AL FHIL)-7- 3 IE I (4g): & ik, IR
40.8%. m.p. 213~215 °C; '"H NMR (400 MHz, DMSO-
dg) 6: 10.18 (s, 1H), 8.88 (d, J=2.2 Hz, 1H), 8.27 (d, J=
2.1 Hz, 1H), 7.87 (d, J=8.8 Hz, 1H), 7.44 (ddd, J=15.2,
7.5, 1.7 Hz, 2H), 7.28 (d, J=2.3 Hz, 1H), 7.19 (dd, J=8.7,
2.5 Hz, 2H), 7.11 (t, J=7.4 Hz, 1H), 3.82 (s, 3H); "°C
NMR (100 MHz, DMSO-d;) J: 158.5, 156.4, 151.4, 148.1,
134.9, 130.6, 129.5, 129.4, 128.3, 126.8, 121.8, 121.0,
119.3, 111.8, 109.7, 55.6; HR-ESI-MS
Ci6H14NO, [M+H]" 252.1025, found 252.1019.

3-(3- AR IE)-7-FR FE MR (4h): SR, IR
91.0%. m.p. 201~203 ‘C; 'H NMR (400 MHz, DMSO-
dg) 6: 10.24 (s, 1H), 9.09 (d, J=2.3 Hz, 1H), 8.50 (d, J=
2.3 Hz, 1H), 7.89 (d, J=8.8 Hz, 1H), 7.44 (t, J=7.8 Hz,
1H), 7.40~7.31 (m, 2H), 7.27 (d, J=2.3 Hz, 1H), 7.20
(dd, J=8.8, 2.4 Hz, 1H), 6.98 (dd, J=8.3, 2.4 Hz, 1H),
3.86 (s, 3H); *C NMR (100 MHz, DMSO-d;) J: 159.9,
158.7, 149.4, 148.7, 138.9, 132.8, 130.2, 129.8, 129.7,
121.9, 119.7, 119.1, 113.3, 112.2, 109.8, 55.2; HR-ESI-MS
caled for CigH4NO, [M+H]252.1025, found 252.1022.

3-(4- A FE IR IE)-7- 2 SE bR (4i): TR R, IR
56.8%. m.p. 239~241 “C; '"H NMR (400 MHz, DMSO-
dg) 6: 10.16 (s, 1H), 9.05 (d, J=2.4 Hz, 1H), 8.41 (d, J=
2.3 Hz, 1H), 7.86 (d, J=8.8 Hz, 1H), 7.81~7.70 (m, 2H),
7.26 (d, J=2.4 Hz, 1H), 7.18 (dd, J=8.8, 2.4 Hz, 1H),
7.13~7.01 (m, 2H), 3.82 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 159.1, 158.3, 149.2, 148.3, 131.7, 129.8,
129.7, 129.5, 127.9, 122.0, 119.6, 114.6, 109.7, 55.2; HR-
ESI-MS calcd for C;cH;sNO, [M—}—H]+ 252.1025, found
252.1021.

3-(2,4-  FUA FE R IE)-7- 52 I WE IR (4)): K B R,
& 96.5%. mp. 211~213 C; 'H NMR (400 MHz,
DMSO-dq) d: 10.11 (s, 1H), 8.82 (d, J=2.2 Hz, 1H), 8.19
(d, J=2.2 Hz, 1H), 7.82 (d, J=8.8 Hz, 1H), 7.36 (d, J=
8.3 Hz, 1H), 7.24 (d, J=2.3 Hz, 1H), 7.16 (dd, J=8.7, 2.4
Hz, 1H), 6.72 (d, J=2.4 Hz, 1H), 6.67 (dd, J=8.3, 2.4 Hz,
1H), 3.83 (s, 3H), 3.80 (s, 3H); “C NMR (100 MHz,
DMSO-dg) d: 160.5, 158.2, 157.4, 151.5, 147.8, 134.4,
131.1, 129.3, 128.2, 121.9, 119.4, 119.2, 109.7, 105.6,
99.0, 55.7, 55.4; HR-ESI-MS calcd for C;;H;sNO; [M—+
H]" 282.1130, found 282.1130.

3-(2,6- - HAR R R R )-7-FR g bk (4k): B RO,

caled for

Chin. J. Org. Chem. 2019, 39, 3230~3236



Chinese Journal of Organic Chemistry

ARTICLE

& 66.7%. m.p. 249~250 ‘C; 'H NMR (400 MHz,
DMSO-dg) d: 10.12 (s, 1H), 8.55 (d, J=1.9 Hz, 1H),
8.08~8.02 (m, 1H), 7.80 (d, J=8.8 Hz, 1H), 7.38 (d, J=
8.4 Hz, 1H), 7.27~7.23 (m, 1H), 7.15 (dd, J=8.7, 2.2 Hz,
1H), 6.80 (d, J=8.4 Hz, 2H), 3.70 (s, 6H); *C NMR (100
MHz, DMSO-dy) d: 158.3, 157.4, 152.6, 147.9, 136.6,
129.9, 129.6, 129.2, 124.3, 121.8, 119.0, 115.3, 109.8,
106.1, 104.4, 55.8, 55.1; HR-ESI-MS calcd for C;7H;4NO;
[M-++H]" 282.1130, found 282.1125.

3-(3,4- AL IR AL )-7-FR B E R (41): 1 Bk R,
W& 35.5%. mp. 240~241 ‘C; 'H NMR (400 MHz,
DMSO-d) d: 10.16 (s, 1H), 9.09 (d, J=2.4 Hz, 1H), 8.45
(d, J=2.3 Hz, 1H), 7.86 (d, J=8.8 Hz, 1H), 7.38 (d, J=
2.1 Hz, 1H), 7.35 (dd, J=8.3, 2.1 Hz, 1H), 7.26 (d, J=2.4
Hz, 1H), 7.18 (dd, J=8.8, 2.4 Hz, 1H), 7.09 (d, /=8.3 Hz,
1H), 3.88 (s, 3H), 3.81 (s, 3H); *C NMR (100 MHz,
DMSO-dy) d: 159.3, 150.4, 150.3, 149.7, 149.3, 132.8,
131.1, 131.0, 130.5, 123.0, 120.6, 120.0, 113.4, 111.5,
110.8, 56.7, 56.6; HR-ESI-MS calcd for C,7H;(NO; [M+
H]" 282.1130, found 282.1126.

3-(EWY -2-3)-7- 5 FE g bk (4m): B (UEE S, IR
59.0%. m.p. 208~210 ‘C; '"H NMR (400 MHz, DMSO-
de) 0: 10.25 (s, 1H), 9.10 (d, J=2.3 Hz, 1H), 8.43 (d, J=
2.2 Hz, 1H), 7.88 (d, J=8.8 Hz, 1H), 7.68 (d, J=3.5 Hz,
1H), 7.62 (d, J=5.1 Hz, 1H), 7.25 (d, J=2.4 Hz, 1H), 7.21
(d, J=4.3 Hz, 1H), 7.19 (dd, J=6.6, 2.3 Hz, 1H); C
NMR (100 MHz, DMSO-d;) J: 158.7, 148.5, 148.1, 140.5,
130.8, 129.5, 128.6, 126.1, 124.3, 124.2, 121.8, 120.0,
110.0; HR-ESI-MS caled for Cj;3H;(NOS [M + H]*
228.0483, found 228.0477.

3-(MEWy -3-55)-7- 5 L W Ik (4m): B BB R, R
89.1%. m.p. 210~212 °C; '"H NMR (400 MHz, DMSO-
de) 9: 9.16~9.07 (m, 1H), 8.49~8.40 (m, 1H), 8.07~8.00
(m, 1H), 7.79 (t, J=8.1 Hz, 1H), 7.71 (s, 1H), 7.71 (s, 1H),
7.64~7.41 (m, 1H), 7.20 (d, J=10.4 Hz, 1H), 7.17 (s,
1H); *C NMR (100 MHz, DMSO-d¢) J: 149.5, 149.4,
139.4, 139.3, 131.8, 129.7, 128.9, 127.9, 126.5, 125.5,
121.4, 120.9, 110.4; HR-ESI-MS calcd for C;3H;NOS
[M-+H]" 228.0483, found 228.0480.

3-(ME WE -5-JE)-7-F2 L v Wk (4o): B BB R, IR E
64.5%. m.p. 237~239 ‘C; 'H NMR (400 MHz, DMSO-
de) 5: 10.38 (s, 1H), 9.30 (s, 2H), 9.23 (s, 1H), 9.19 (d, J=
2.3 Hz, 1H), 8.70 (d, J=2.3 Hz, 1H), 7.90 (d, J=8.8 Hz,
1H), 7.30 (d, J=2.3 Hz, 1H), 7.25 (dd, J=8.8, 2.4 Hz,
1H); *C NMR (100 MHz, DMSO-dy) J: 159.3, 157.3,
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154.8, 149.5, 149.2, 148.8, 133.6, 131.1, 129.9, 123.9,
121.7, 120.1, 109.8; HR-ESI-MS caled for Cj3H;oN,O
[M-+H]" 224.0824, found 228.0817.

3-(3-FY AL IR I )-7-FR R IR (4p): EE B AR, IR
84.5%. m.p. 261~263 ‘C; '"H NMR (400 MHz, DMSO-
dg) 0: 10.34 (s, 1H), 9.18 (d, J=2.4 Hz, 1H), 8.69 (d, J=
2.4 Hz, 1H), 8.63 (d, J=2.1 Hz, 1H), 8.32 (d, J=7.8 Hz,
1H), 8.26 (dd, J=8.2, 2.2 Hz, 1H), 7.94 (d, J=8.8 Hz,
1H), 7.82 (t, J=8.0 Hz, 1H), 7.30 (d, J=2.3 Hz, 1H), 7.24
(dd, J=8.8, 2.4 Hz, 1H); *C NMR (100 MHz, DMSO-d;)
0: 159.2, 149.1, 149.1, 148.6, 139.2, 133.6, 133.3, 130.6,
130.0, 127.7, 122.3, 121.7, 121.2, 120.0, 109.8; HR-ESI-
MS caled for C;sH;N,O; [M+H]" 267.0770, found
267.0764.

4-(7-F2 HLEMR-3-25)-2- K IR H ik (4q): 22 Uk oK,
WZE 51.7%. mp. 213~215 C; 'H NMR (400 MHz,
DMSO-d) d: 10.43 (s, 1H), 9.21 (d, J=2.4 Hz, 1H), 8.75
(d, J=2.4 Hz, 1H), 8.52 (d, J=1.8 Hz, 1H), 8.32 (dd, J=
8.2, 1.8 Hz, 1H), 8.03 (d, J=8.1 Hz, 1H), 7.93 (d, J=8.8
Hz, 1H), 7.30 (d, J=2.3 Hz, 1H), 7.25 (dd, J=8.8, 2.4 Hz,
1H), 3.89 (s, 3H); “C NMR (100 MHz, DMSO-dy) J:
164.6, 159.6, 149.4, 1489, 142.2, 134.1, 130.9, 130.6,
130.2, 126.6, 123.8, 121.7, 121.6, 120.2, 109.8, 53.2;
HR-ESI-MS caled for C;H;3N,Os [M+H]" 325.0824,
found 325.0818.

3-(3,5- =g AR IR O )-7- SR B T (4r): (1 (R
K, WFE 44.8%. m.p. 200~202 C; 'H NMR (400 MHz,
DMSO-dg) d: 10.38 (s, 1H), 9.25 (d, J=2.4 Hz, 1H), 8.78
(d, J=2.4 Hz, 1H), 8.54 (s, 2H), 8.13 (s, 1H), 7.94 (d, J=
8.9 Hz, 1H), 7.31 (d, J=2.3 Hz, 1H), 7.25 (dd, J=8.8, 2.4
Hz, 1H); C NMR (100 MHz, DMSO-dy) J: 159.4, 149.3,
149.2, 140.3, 1342, 131.1 (J=32.7 Hz), 130.6, 130.1,
127.5, 127.5, 126.9, 123.4 (J=271.4 Hz), 120.9~122.4
(m), 120.0, 109.8; HR-ESI-MS calcd for C;;H;oFsNO
[M+H]" 358.0667, found 358.0662.

3-(2,4- “EIKIL)-T- B FEWE IR (4s): TR R, UK
42.7%. m.p. 231 ~233 C; 'H NMR (400 MHz,
DMSO-dg) d: 10.37 (d, J=5.0 Hz, 1H), 8.80 (s, 1H), 8.32
(s, 1H), 7.91 (d, J=8.8 Hz, 1H), 7.86~7.79 (m, 1H), 7.62
(d, J=8.3 Hz, 1H), 7.60 (d, J=1.6 Hz, 1H), 7.30 (s, 1H),
7.23 (dd, J=8.8, 1.9 Hz, 1H); “C NMR (100 MHz,
DMSO-dg) d: 159.3, 150.4, 148.5, 135.9, 133.4, 133.1,
132.9, 129.8, 129.4, 127.9, 127.8, 121.4, 119.9, 109.7;
HR-ESI-MS calcd for CisH;(CLNO [M+H]" 290.0139,
found 290.0139.
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3-(1-2538)-7- 2 Sk (4t): TR R, WK 45.0%.
m.p. 244~245 “C; 'H NMR (400 MHz, DMSO-d;) §:
10.26 (s, 1H), 8.85 (d, J=2.2 Hz, 1H), 8.35 (d, J=2.2 Hz,
1H), 8.04 (t, J=9.3 Hz, 2H), 7.92 (d, J=8.8 Hz, 1H), 7.82
(d, J=8.3 Hz, 1H), 7.64 (t, J=7.6 Hz, 1H), 7.58 (td, J=
7.4, 6.9, 1.3 Hz, 2H), 7.53 (ddd, J=8.2, 6.8, 1.4 Hz, 1H),
7.35(d, J=2.3 Hz, 1H), 7.24 (dd, J=8.8, 2.4 Hz, 1H); "°C
NMR (100 MHz, DMSO-d;) J: 158.8, 151.4, 148.6, 136.3,
135.9, 133.5, 131.1, 129.9, 129.6, 128.5, 128.1, 127.7,
126.8, 126.1, 125.7, 125.0, 121.7, 119.8, 109.8; HR-ESI-
MS caled for CoH,NO [M-+H]" 272.1075, found
272.1069.

3-(6- FH A L 28 2- 58 )-7- SR L v IR (d4u): B (R K,
WE 31.3%. mp. 215~217 C; 'H NMR (400 MHz,
DMSO-d) 6: 10.22 (s, 1H), 9.23 (s, 1H), 8.60 (s, 1H), 8.33
(s, 1H), 8.04~7.84 (m, 4H), 7.38 (s, 1H), 7.29 (s, 1H),
7.25~7.18 (m, 2H), 3.91 (s, 3H); *C NMR (100 MHz,
DMSO-dy) J: 158.6, 157.5, 149.4, 148.5, 137.8, 133.6,
132.4, 129.9, 129.7, 129.6, 128.8, 127.6, 125.3, 1252,
122.1, 119.7, 119.1, 109.8, 105.8, 55.2; HR-ESI-MS calcd
for CoH;NO, [M+H]" 302.1181, found 302.1177.

3.3 LEYEIMIDF Topo lla iR LE

K2 iE DNA (pBR322)FA 5t SEE&AS M4k &40 %
DNA b 5 #4185 Topo e dif PERI 2. SEI6 7 VE VRS
T WB 2 CHR[12,17,21]. 76 20 pL B R BAE RN 2
uL 10X N 22 #¥5(500 mmolsL ' NaCl, 500 mmolsL ™'
KCI, 50 mmolsL™" MgCl,, 150 pgemL " I3 2 H
(BSA), | mmol-L™" Z —f%J4 Z BR(EDTA), 10 mmolsL
=12 IR (ATP) 100 mmoleL ™", Tris-HCI pH 7.9). 0.25
ng HHZJiE DNA (pBR322 DNA). 1 pL AN H B (145
&Yk E FITEXT IR CS1, IZMKE 19 uL, &Jan
A 1 L Topo Hoa(FiFEZ 1 unitepl "), 37 ‘C M 30 min.
SRIGIN 1 pL AR 10% SDS &b v, AR5
0.8%IR IEERERL . 1 X TAE 22 4 Viem SR &M
Fyk 1 h. HLVKSEEE, 0.5 pgemL ™' AL Z4E(EB)BEG Y
20 min, 23 F/KEYE 20 min, #RJ5 ] Bio-Rad %t
FAG Z G SR,

3.4 {RIMuAEE MRS

PRANTUIR IR MR 2 R MTT 3%, BARSZEs ik
S0 B Ab FR 7 WAH B2 2% SRk [22,23]. MRS
JEVETEI 5 L CS1 A1 VP16 APHMEXTIE. MDA-MB-231
2} A1 HeLa 480 M0 73 ) 42 hp T 58 55 7 5511 96 FL4H MY
Bt h, AL A B 3X10° ANVFL. 37 CIEIESE;
& 12 h Ja, o mAAFERWRER Bistb&9.
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37 C, A 5% CO, BEFRFEMR IR RS IR 72 h
J&, BEFLIIN 5 mgemL ™" 3-(4,5- - FI3E-2-WEME)-2,5-
RIEPUZ MBI (MTT)IR R, ka5 4 h, FERRE T+
FR MTT. oA 200 pL — 3L A(DMSO) R iR &5 &,
FH B 743 (Bio-Rad680, USA) ODs7g A0 & 25 FL IR
B 3B 2. MDA-MB- 231 21 A1 HeLa 24 ff 471 #1]
H ICso .

#H BI#1 kL (Supporting Information) FF[AIfA 2. 3 Alfk
44 4a~4u [f] '"H NMR Al °C NMR 3. 3 spp el vy
PLGe 3% AT M3l (http://sioc-journal.cn/)_E T %K.
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