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MAMRFF[6,1-b]EE M TR ER 281 &RV & B R B HiE s
EREC  EHHEE O KANBEC KRS ERES

(CEEMESFRZ 0 PEEERR 541004)
CTvaImE K 5255 e R S 20 T TR E R E AL s [P 541004)

WE ARG R IC A R T — NS E R B G AR 6, 1-b]E LI R, FRE T —4 L 2-E K
HERIE SN ERL, DAorF NI ERIEEE 1) 0 F AR & A CEEE IR, & 4 25 IR A BRNA 9 16, 1-b] W R IR B 77 2
VIR, 14 D BRI &Y da~4dn B & A, HEEMZ TH NMR, °C NMR Hi1 HRMS FAERHfA. S H BERE TS (MTT)
R T HErb &Y AR 4l SK-OV-3, CNE-2, MGC-803, NCI-H460 F1 A IE 3 P40 LO2 HIESM i iE 1k, K I 2
AMEE Y BA IR SR TR S, Hid 2-(4-TR A IE)-4-F2 FE-10H- A5 716, 1-b] W MR- 10-1H (4b) %+ A £ MR8 411 il CNE-2
1 2-(3-F IR 3 )-4-F2 H- 1 OH-BE R FF6,1-b] W IR IR~ 10-FR (4d) % A iliE 41 i NCI-H460 Ff) ICso {843 14 2.31 £10.85 pmol/L,
TR T PR IR ZG W, SPUMR AR SR 2. RS R e A — A T I &5 DNA [
HAER, IERAEAET R DNA (17705 DNA A EAE R, et B2 MR A Y 4d 38 7] LA E AR ¢ &R
W NI4T NCI-H460 (F4080 A BAR A E G1 i, HEZEFSARAAERET, Mt mrese 4b MAFE S 41
Xk DNA KA W,

RERIE)  WEMEIKER; BAMEATAEY); PUMUEETE; 5 DNA FHEAEH

Synthesis and Bioactive Evaluation of Pyridazino-
[6,1-b]quinazolinones Derivatives

Wang, Shuqin“ Huang, Wanyun™* Zhang, Xiaorong"

Zhang, Xiaoting" Pan, Chengxue”
(“ College of Pharmacy, Guilin Medical University, Guilin 541004)
(® State Key Laboratory for Chemistry and Molecular Engineering of Medicinal Resources,
Guangxi Normal University, Guilin, Guangxi 541004)

Abstract Novel nitrogen-containing heterocyclic scaffold pyridazino[6,1-b]quinazolinones were designed by the combina-
tion of two privileged structure units. Then a scheme for the synthesis of pyridazino[6,1-b]quinazolinone derivatives in 4 steps
starting from methyl 2-aminobenzoate was developed in which the intramolecular condensation of acylhydrazone with ester
was a key step transformation. 14 pyridazino[6,1-b]quinazolinone derivatives were synthesized and their structures were
characterized and comfirmed by 'H NMR, *C NMR and HRMS. Their in vitro cytotoxic activities against a panel of human
tumor cell lines (SK-OV-3, CNE-2, MGC-803, NCI-H460) and nomal liver cell LO2 were evaluated via methyl thiazolyl
tetrazolium (MTT) assay. The result indicated that 2-(4-bromophenyl)-4-hydroxy-10H-pyridazino[6,1-b]quinazolin-10-one
(4b) and 2-(3-chlorophenyl)-4-hydroxy-10H-pyridazino[6,1-b]quinazolin-10-one (4d) exhibted very potent cytotoxic activity.
The ICs, value of 4b against CNE-2 and 4d against NCI-H460 cell line lowed to 0.85 and 2.31 umol/L, respectively, far potent
than the positive control cisplatin and almost equivalent to the natrual anticancer medicine camptothecin. Ultraviolet
spectrometry and fluorescence titration assay were carried out to evaluate the ability of the compound to interact with DNA.
The result indicated that they were able to intercalate in to DNA. Compound 4d, which demonstrated potent antitumor activity
while less cytotoxicity against the normal liver cell LO2, could arrest cell cycle at G1 phase and significantly induce apoptosis
on NCI-H460 cell in a dose-dependent manner, while 4b which exhibit potent cytotoxicity against LO2, could result in signif-
icant DNA double strand break when treated with the cell.
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— B R R I, AUE BT R H S S
BA B FRRBUH 2, AT B KT 2i91E
BLa, AT B0 58 4 1R VR T 245, A 33 45 ¥4 (Privileged
structures)» i A8 L 22 P 25 W RE A HL A SR A 1)
SRS, B B ARG R 255 1 2 (R T3
A5 T 450 B8, R34 A R R e e e B oK
AN 291 KT Evans $2HP. HATE &
N2 B E RS S TR s
KL, Ho T 54N 2 Mz meisE a5 =4
ESRFER, B Em serh, RS pIT

e R R R B R A AR, T2 ARAE
TR LY ENE b, Kb BE T2 RA N
TC A P4 I A WAL AR I 5k A% 45 e e v PR R R AT AR (T D).
L& A BHZ S5 1 R 72) mackinazolinone, leu-
comidines C 5, & A BHZZi# 1 R84 fumiquina-
zoline A, fumiquinazoline C, fumiquinazoline F, fumi-
quinazoline Q, cottoquinazoline A, prelapatin B, pro-
tuboxepin E Al glyantrypine 5171 Ak, &4 /570430
FHEERRR ) B A AR AIE R VAL S e G 1
FILEY A~CUSL 54b, mER R 251 T kiR
— AR EEARH G ITE 1), T AHES AT
MR BULR . BUWRE. LB APULILEELY T
U920 LT A 1 G BB PR 9t — LR 53 Ak
Z AL E MY T AR
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Figure 1 Representatives of bioactive compound with six-
membered-fused quinazolinone nucleus or pyridazine drugs
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U T I AN B G5 B o E AR E Y o T s b
) B N R AT AE R 2 AR I, FRATTHURE X
MRA G B ICHATH S, RE—NEG S IORM
e R R (14) 25 S A PR BT 1 SRk R (6, 1-] W PEIR I, 4% S5
T — DB A XA B A B 2L AT AR AR
g, N ORI YE sk, A ERATR R T
DA S 2 FF R F I % R 2R A B 5 R Bk, AT
B o BLIRR 508 T S EREE 0 70 F N4 & N D
IR, & 4 BRNARMAR T 14 NEHABEEIE6,1-b)
s A R 1 28 ()AL &) 4a~4im (Scheme 1), FEXHX 261k
EVIHIHURNEYE . 5 DNA AR AR 34T T 9T,

(0] (6]
,N\ ,N\

quinazolinone pyridazine pyridazinoquinazolinones
o (iii) R'COCH,R?
(i) HoN4-H,0, reflux o toluene, TsOH
OCHaiiy (EtOCO),, heat N~ NH2_reflux
NH,  26% P 36% ~ 84%
1 2 steps N~ “CO,Et
0 R’ 0
/N=< (iv) THF, NaH, reflux _N R
)N\ CHRZ — > N°S
42% ~ 909 NG
N" >CO,Et o~ 90% N R2
3a~3n 4a~4n OH

a~k: R'=Ph, 4-BrCgHy, 2-CICgH,4, 3-CICgH,, 4-CICgH,, 2-FCgHa,
4-FCgHy, 3-MeOCgHy, 4-MeOCgHy, 2-furyl, 2-thienyl, R2=H ;
I: R"= Et, R?= Me; m: R" + R?= (CH,)3; n: R+ R?= (CH,),

B 1 HARLEmnf

Scheme 1 Synthesis of the target compounds

1 ZR5HIE
1.1 BHRUEYINER

BRI 2 (16 1S 25 SCR[22 1R IE (1 7 V533047 T 23,
PR = R R R E 1 equiv. G ME] 1.2 equiv.
15 2 SERE YR 486 RN, FATUUR 2R 2 1)
PG N, 2R T Ol CFR. EINBE
FH 2RSS 4 FAS[R] IR FAE LR BN H R B PR MR AL R kAT
i N T2 R (TLC) XS S B A I &5 L 0. 78
O Je TR B FEARANREREAT, TIAE /N b S
BEATARNE, f e g LA R 2R D9 ¥ 700 B R AR 9 A7)
FEIRIAL 73 K AT T R T hF, BL 36%~84% I
RENTAAT . AR G R A H . QS E] A
B CPI, NMR 3 BB S 4 5 7 40 R S 4
RIS .

P i 3 FERRNME S5 A N R AE S S IME AL B 4 72X
—E ST RGP IR. T AR, BUT R
B AN =M [R] BB 3 AIAE T K 2B FR2EL N,N-
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T L H R Ji (DMIF) A DY SR W (THIF ) FR AT 40 B s .
2 R (TLC) X SR S I 25 BB oR, DL AT
7E DMF 5 THF HFiE T30k, 4a 72K 5553 T 88%
F190%. L DMF NI, KB 5 AR EE EL I R0, B
J& FHEAL BN AR, THF RISk S & B s &4 4.

1.2 EYMHAmREEY

PATHMERLIE MTTEMNER T4 &4 4 X5 PUFR IR
it R 2 PR PR (O SRR 4H . SKOV-3, EIAJEEZH . CNE-2,
41 i MGC-803, [l 4l il NCI-H460)F1 A 1E 5 4
Ml LO2 M &k 4t f 35 3% P, = A 5% (CPT) A1 £
(Cisplatin) N BHPEXT I, IR 25 R LR 1.

M 1 AT, Aba) 4b F1 4d FHH AR TR 40
MR, eI N2 CNE-2 & A i 4 i
NCI-H460 ] 1Cso {873 735 %) 0.85 #12.31 pmol/L, 54
JIIRE R AR W B BB (CPT) IS PE AR 2, v T s
LIV, EAREE R, 4b AT TS AR A b
W& 5T 4d, (HFE0 IEH 40 LO2 (E IR K, X3
T 1.49 pmol/L, 1M 4d NLE A& R0 H X s 40 g 2 A
RAOFEE SN, HXFIER T4 Lo2 Mg s
30.9 umol/L, B A K J& AR g i Ak & 4 (1 i s Sk
— RN R BINE. R 12 DSEREYH, 4c,
4h, 4i, 41, 4m 1 4n AR EEVERAR, HEM 6 MEED
T 7 v 25 FEE ) 2 R B T

ML Z A, MR ONE, R A HE, Hisbs
YIHI4E i F S R R, R? Y e (41, 4m, 4n) E R
B, ¥R RITE, J7HE R RIFSE S E B
YR REEEE B E . BN ET E, 2

& & Br>CI>F>H, HHULEEAE N OCH; B, A&
(AR (4h)Id & XA (41), AP TLTA BoR gl i 7
TR BT M EUREN B S, (R EUR (4d) 5 0
PLEUAR (4e) 22 AN K, (B n SR EUAR 3 2 A 5 3k 1 4 A7
(4¢), T4 W B0 4 M 25 175 10 2 KR BRI, G SR
B PR IR AR N WE Dy (4K) B K IR BR (45), W) H bRk & Pk
SRYERE S (AN IR EE TSP, L DAEWY IR T IR IR IR,
1.3 JEERFDE 4b, 4d 5 DNA B E(ER

DNA ZIEHEEREY RS T, HERZ 4V
THEFREAR, FEAE SR TR 259, AR 1E
I BORIRE SRR 70N FAL A DNA A
HAER WA R . RSN AW E
P, — BTN DNA AL 8 X 455 7RG
= REPL ARG Z BN BT S
DNA KAMNER, WE BTNy FREA TR
DNA flFEX R A nn HERL . n-1E AT A BAE, 25
AL DNA TR 5 1 f R IR 38t K R0 () IR i
5 JE R AR AT RS B B S 4 o Bl (B SR AL, I DR W)
HHWNT5 DNA A EAEF B & sm g5, e
FEIREHEN 2 F Skt — B N T 5915 DNA fE
PR (58 7 92:, oA e F R EE iR Ak 2 %
(EB). EB A {fx X DNA F-fef%ff EB-DNA 14 R [1)75¢
FHE . 24/Nr T AINNE] EB-DNA K &5, WMy
WA G DNA KAEMRNER, BieY EB w4463
DNA, {i EB-DNA & R 5600 BE R APE K, M A 15 8
&S DNA KRAERNIER, 109863 KRR W]
B /Ny 75 DNA R EAE F i g5

K1 ALEY 4 BRSO

Table 1 Anticancer activity in vitro of 4

ICso/(umoleL ™ ")*

Compd.
SK-OV-3 CNE-2 MGC-803 NCI-H460 LO2
4a 21.24+1.72 13.71£1.07 13.56£3.39 19.90+1.29 60.68 =4.86
4b 5.3410.93 0.85+0.11 3.37+1.28 6.13+2.41 1.49+0.40
4c 35.85+£2.03 36.32+2.81 >100 25.611+4.10 >100
4d 16.08+2.06 5.491+1.96 7.53+1.32 2.31%0.16 30.90+1.36
4e 9.52+1.04 4.10%£0.73 9.63£1.02 18.56 +2.36 18.78 £1.07
4f 21.47+3.37 >100 21.58+2.49 21.96+1.96 >100
4g 20.184+2.33 16.94+0.89 15.72£2.11 16.58 +1.78 >100
4h >100 85.97+8.94 44.54+3.24 56.24+4.72 45.18+5.56
4i 50.11%£4.17 >100 22.77%6.05 54.47+4.01 >100
4j 14.91£1.09 33.54+4.60 27.25+4.47 25.52%2.18 >100
4k 16.34£1.73 13.07+4.35 11.05£3.68 28.36+2.13 >100
41 >100 >100 65.89+2.09 >100 >100
4m 25.47+1.80 >100 24.61+1.71 >100 >100
4n 27.96+2.57 >100 25.401+0.94 >100 >100
CPT 1.16£0.11 1.94£0.21 4.524+0.74 2.3240.18 537+1.02
Cisplatin 12.86+1.85 16.09£2.08 1242+1.23 16.91+2.86 32.81£3.01
“Results were expressed as means == SD (standard deviation) from triplicate assay in a single experiment, P<<0.05.
Chin. J. Org. Chem. 2020, 40, 959~968 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 961
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T 260 A RSN S e VAR 7L T LAY 4b.
4d 5/ DNA A EAER, HER K 2 fix.
HE 2A 1 2B 40, ALK IR ct-DNA R MR+
(R AR SO, FEAEZ) 215 nm BT A B sm R i, 78
280 nm [t A G5 i, B 4b 5% 4d A, DNA 7E
280 nm PRUT AW SO UG 2 Bt S Ak A AR R TR o o 3
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R, B RL R IRECE NN 4b B 4d ff) EB-DNA 1k & (1)
WIRFNRE, 2R RIEKRY) 660 nm KA SRR IR
. BEZE 4b B¢ 4d 0N, DNA-EB 1A £ [1)5% Y650 fE iR
WREs, RAEEIRCA KIS, R 4b F1 4d Fy0]
ik N7 05 DNAFE, b &4 4d S350
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Abs.
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EA. BT Sk 4b AN R EEMOE T 4d, BRIIX
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4d % LO2 41 i ¥ DNA $i /5 I /E 1 L. yH2AX /& DNA
W IbRED, EHITE RS DNA SURE W2 & E.
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Figure 2 Spectroscopy to investigate the interaction of 4b and 4d with DNA
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Figure 3 Level of YH2AX in LO2 cell treated with 4b or 4d
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4b ] 5| FEAH M LO2 FHXUEE DNA W2, XA fE 2 =t
1EH 40 LO2 AT 5 4 it 25 1 F 1) = R R 22—
1.5 4d Xt NCI-H460 FhJE 40 i i 2 B /2 BARE 7 4E A
HFAL B 4d AN iR 20 i 2L A 1R 5 1 40 e 75
YEF, He 5l 2 xt Al 4H i NCI-H460 ) 1Cs {H 5 ik
F] 231 umol/L, 5 CPT AHY, iz T Hulited 24 i,
T T IE S i SRR, B RIGHR BN
PUR e SFAA IR RT S, DRI ERA 13— 25 A i N i
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76.69%, T G2 ®17r B 5.5.%8 /N F] 4.99%F1 1.30%, S
FARIZH R M 32.54 /N F) 28.10% 41 22.01%, FHILE

AREFFTT 4d X isRa 4 i (v i 4 B BELIREE L, AR 4
ATDAEH, M SRS H 0 353 1 A1 10 pmol/L i,

Gl HAZH M i & 2 B 61.94% 38 0 B M 66.91% K

¥y 4d T NCI-H460 41 fE A 7E G1 3.

mnNDin G1 Tt wer]
= 2ip C7 - Uip G
W Dip G2 W Dip G2
600 JmDips 800 | S0PS
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Figure 4 Inhibitory effects of 4d on cell cycle of NCI-H460 cell
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10* ] 5 YLD 10* i a5
3 QL | B E Q1 | Q2 RN
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Figure 5 Apoptosis induction of 4d on NCI-H460 cells
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1.6 4d iES NCI-H460 FhEZmBa & 4 /AT

UESET 4d AT LA e 40 A ) 20 A B BARE R, B2
TRIRATARTE T 4d 5T IR A AR T A L. BT S
ATEL, 24 4d FOIRFZH 0 B5m 2] 1 F1 10 umol/L K}, NCI-
H460 AR ATH T LB 4.3%K IS8 INE] 7.6%F1
52.1%, FEAGEAFEH 1303 10 pmol/L, & T 4L
Pk AE T RE RN, BiE T 4d BiSEE A IRGES
3 e A L ) .

2 Zhig

WYL 7 F T AR A G S8, Wit 6
BET 14 SEAmEEEIE]6,1-b]HE M TRER-E 42 R 5L
&%), F "H NMR, C NMR F1 HRMS 5417 45 #y 1k
1T T RAEAE A, X 14 MEEPXT AR 41 SK-OV-
3, CNE-2, MGC-803, NCI-H460 1 A\ 1E# T4 i LO2 11
RN PR IE MR SE SRR I (&9 4b XN S e 41 i
CNE-2 Fl 4d X} A4 s NCI-H460 1] 1Cso {E 53 AliA
F17 0.85 f12.31 umol/L. L5415 DNA [AH HAEH &
FULE K, 4b A1 4d P ATIEIL N DNA 1777 305 DNA
FHEAEH. 4d & 0] DR s 41 NCI-H460 ()4 4
WIBHE/E G1 1, JEEEF SRR AR T, 7
RIS 4b v H 5|2 LO2 4HHffY) DNA XU K
AW, XA AR H T I AT4N M LO2 o HsREE
MFERE. TEY) 4d NIRRT GRG0
L, B RIG st — BRI NE.

3 EES
3.1 NBESHF

S AZ IR Bruker AV 400 MHz, Bruker AV
500 MHz(#%: TMS); =4 HE % {: ESQUIRE HCT
BUGEHE, A&y eT8/RIWUA F]); 1 A XTAA 15 0l g
AL RMX E A ) ), M1000 £ B fig B kR (Tecan
AT FAMMBD A7) BER IR E 75
Sy Ae TAE A =)L SR8 i FH 00 & Ak 253870 14 i
B P A B A 7R AR AT & R AR
WA SR & EE I H Solarbio /A 7], Sigma A F K&
TaKaRa A #].
3.2 LWHE
32.1 fLbhidh 2 bk

H 4R 2K F R F S (10 @)A1 50 mL frI7K & HE(80%)
I EIF BB, ZARY FHFEERZ) 4 h (TLC
W, I V smond V muwe=2/1). FfRPERSE, =il
A G0 FUKOKA R, (E 13 B A= R AT H, 4
IE, VOKVRK T, 8 A 7.2 g, IR 72%.
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B A BRI 1.51 g (1 mmol) HiE —Z.fi51.22 g
(1.2 mmol)F 10 mL ZFRMA R FE M, fERSR
PR BN 1 h (TLC W, IRV cnew!V i =
1/4). F5 RN SERG, WHIE SRR, WIER KT 2
B2, SR 30 mL NaHCO, &, DCM Z L (30
mL X5). & AHUE, 30 mL NaHCO; EWRBEE, K
Na,SO,4 :FJ:FT“:, {i’(’é’fﬁ, *EE*FFT%@E(/;’EE%%U V cwmem/
V osue=UHRLEY 2, AAEREE, IKE 36%. mp.
133~134 ‘CCCHREP 133~135 C).

322 b 3 a9h R

PG 3a B, KUCKAGED) 2 (1 mmol, 0.335
), HZE(5 mL), K Z M2 mmol, 0.180 g)FlIxt I fig
(0.06 mmol, 10 mg) A F] 50 mL (B JEFE +, BT
WA, 2K INFER /K, RBZ) 5 h(H TLC
WM, BRI Voomew - Vaww=1 1 6). RN TEK
Je, R L HR, HENRAGERA: V e
Vism=1 ' 6), fHLEY 3a ALK 0.332 g, I 69%.
FIH [FIRE R 7380 A AL A1) 3b~3n.

3-(2- 2K 3 ) £, g F 1 WA ik -4- i -2- IR 2. 16 (3a):
& [E 4K, mp. 102~104 ‘C; 'H NMR (400 MHz,
CDCly) 6: 8.35 (d, J=7.9 Hz, 1H), 7.95 (d, J=7.9 Hz,
2H), 7.87~7.83 (m, 2H), 7.82~7.57 (m, 2H), 7. 54~7.45
(m, 2H), 4.38 (q, J=7.1 Hz, 2H), 2.37(s, 3H), 1.30 (t, J=
7.1 Hz, 3H); "C NMR (101 MHz, CDCl;) §: 178.06,
160.35, 155.70, 145.74, 144.95, 135.42, 134.10, 131.58,
128.27, 127.94, 127.88, 127.34, 126.86, 122.19, 62.61,
17.51, 13.67.

3-[2-(4-TR IR FE ) £ 0. fig 52 v s I -4l -2- FF % 2, g
(3b): A, I 71%. mp. 133~135 C; '"H NMR
(400 MHz, CDCl;) &: 8.35 (dd, J=7.6, 0.5 Hz, 1H),
7.87~7.80 (m, 4H), 7.62~7.57 (m, 3H), 4.38 (q, J=7.1
Hz, 2H), 2.34 (s, 3H), 1.30 (t, J=7.1 Hz, 3H); “C NMR
(101 MHz, CDCl;) d: 176.50, 159.92, 155.23, 145.30,
14438, 133.88, 133.85, 131.21, 128.48, 127.64, 126.52,
126.15, 121.77, 62.30, 17.02, 13.36.

3-[2-(2-F AR FE )] 20 0. Jrig = e s i -4- T -2- P R 2 s
(3e): A, WE 69%. NMR i EIHE &7~ 1776 I
ORI, EBIZh 105, SRR L KR AR
PR¥HE: "TH NMR (400 MHz, CDCl5) d: 8.35 (dd, J=17.8,
1.2 Hz, 1H), 7.89 (d, J=8.4 Hz, 2H), 7.85~7.82 (m, 2H),
7.61~7.57 (m, 1H), 7.43 (d, J=8.4 Hz, 2H), 439 (q, J=
7.2 Hz, 2H), 2.35 (s, 3H), 1.30 (t, J=7.2 Hz, 3H); "°C
NMR (101 MHz, CDCly) &: 177.05, 160.60, 155.89,
145.97, 145.12, 138.26, 134.52, 134.10, 129.70, 129.01,
128.90, 128.84, 128.28, 127.18, 126.61, 122.45, 62.96,
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17.72, 14.05.

3-[2-(3- S AR )] £ 3. e 35 1 e -4 ] -2 - FY R 2, il
(3d): AMEE, IER 54%. mp. 123~124 C; '"H NMR
(400 MHz, CDCl;) d: 8.35 (dd, J=7.8, 1.2 Hz, 1H), 7.95
(s, 1H), 7.95~7.80 (m, 3H), 7.61~7.57 (m, 2H), 7.43~
7.39 (m, 1H), 4.40 (q, J=7.4 Hz, 2H), 2.35 (s, 3H), 1.32 (t,
J=17.4 Hz, 3H); >C NMR (101 MHz, CDCl3) J: 176.96,
160.58, 155.82, 145.95, 145.01, 137.44, 134.79, 134.53,
131.82, 129.87, 128.33, 128.32, 127.74, 127.21, 125.82,
122.43, 63.03, 17.92, 14.03.

3-[2-(4- SR )] £ 0. g 5k v e bR -4 PR -2 - FH T2 2 g
(3e): AEK, UE 60%. m.p. 135~136 C; '"H NMR
(400 MHz, CDCl3) d: 835 (dd, J=17.6, 1.0 Hz, 1H),
7.96~7.95 (m, 1H), 7.86~7.81 (m, 3H), 7.62~7.58 (m,
2H), 7.44~7.40 (m, 1H), 4.42 (q, J=7.4 Hz, 2H), 2.36 (s,
3H), 1.33 (t, J=7.4 Hz, 3H); *C NMR (101 MHz, CDCl5)
J9: 177.02, 160.65, 155.88, 146.01, 145.07, 137.50, 134.85,
134.59, 131.88, 129.93, 128.39, 128.38, 127.80, 127.27,
125.88, 122.48, 63.09, 17.98, 14.08.

3-[2-(2- B )] £ W fie 5 1 A -4 B -2- R IR 2.
(3f): A, R 48%. NMR 1% EEE B 7778 I
SRR, LEBIZh 1 T4 FERZ IR AR R
PEHE: "H NMR (400 MHz, CDCLy) d: 8.34 (dd, J=17.6,
1.0 Hz, 1H), 7.85~7.82 (m, 2H), 7.72~7.68 (m, 2H),
7.61~7.57 (m, 1H), 7.45~7.43 (m, 1H), 7.24 (d, J=2.4
Hz, 1H), 4.39 (q, J=7.2 Hz, 2H), 2.36 (s, 3H), 1.31 (t, J=
7.2 Hz, 3H); “C NMR (101 MHz, CDCls) d: 177.30,
177.27, 162.50 (d, J=247.3 Hz, C—F), 160.88, 156.15,
146.26, 145.98, 145.34, 138.18, 138.11, 134.83, 134.56,
130.54, 130.47, 128.62, 128.61, 128.40, 128.34, 127.50,
127.38, 123.81, 123.78, 122.74, 122.69, 121.86, 121.83,
119.27, 119.06, 117.21, 114.94, 114.71, 113.66, 113.43,
63.47, 63.31, 26.06, 14.35, 14.31.

3-[2-(4- 3R 5L )] £ W Jie 5 1 A -4 B -2- R 2.
(3g): AME, IR 52%. mp. 98~99 C; 'H NMR
(400 MHz, CDCl;) 6: 8.34 (dd, J=8.0, 1.0 Hz, 1H),
8.00~7.96 (m, 2H), 7.85~7.82 (m, 2H), 7.61~7.51 (m,
1H), 7.17~7.13 (m, 2H), 4.40 (q, J=7.2 Hz, 2H), 2.36 (s,
3H), 1.31 (t, J=7.2 Hz, 3H); "C NMR (101 MHz, CDCl5)
d: 177.30, 165.45 (d, J=254.3 Hz, C—F), 160.97, 156.34,
146.35, 145.48, 134.81, 130.33, 130.24, 128.62, 128.60,
127.51, 122.80, 116.18, 115.96, 63.27, 18.04, 14.34.

3-[2-(3- FH AR R 3 )] 20 I fie 7k g e b -4- i -2- H TG 2
fis3h): AGEAE, R 46%. NMR 3% K53 SR EE
Bz S, eI 10 1. '"H NMR (400 MHz,
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CDCly) d: 8.35~7.00 (m, 16H, ArH), 4.51 (q, J=7.2 Hz,
2H), 4.37 (q, J=7.2 Hz, 2H), 2.58 (s, 3H), 2.34 (s, 3H),
1.50 (t, J=7.2 Hz, 3H), 1.28 (t, J=7.2 Hz, 3H); °*C NMR
(101 MHz, CDCl;) &: 180.84, 178.54, 161.22, 160.89,
159.89, 159.39, 156.22, 155.41, 146.28, 146.02, 145.47,
145.40, 137.48, 137.29, 134.69, 134.38, 129.88, 129.83,
128.50, 128.47, 128.22, 128.13, 127.41, 127.31, 122.74,
120.55, 118.41, 118.29, 116.13, 112.70, 111.10, 63.34,
63.17, 55.62, 55.44, 26.06, 18.18, 14.30, 14.27.

3-[2-(4- AR 2R Tk )] £ . e ke e e b -4- il -2- FF PR 24
fig(3i): A GEMA, IE 50%. mp. 133~135 C; 'H
NMR (400 MHz, CDCl;) 6: 8.35 (dd, J=7.6, 1.0 Hz, 1H),
7.95 (d, J=8.4 Hz, 2H), 7.85~7.78 (m, 2H), 7.59~7.55
(m, 1H), 6.95 (d, J=8.4 Hz, 2H), 4.36 (q, J=7.2 Hz, 2H),
3.87 (s, 3H), 2.32 (s, 3H), 1.27 (t, J=7.2 Hz, 3H); "°C
NMR (101 MHz, CDCly) &: 177.70, 163.02, 161.06,
156.59, 146.44, 145.82, 134.64, 129.86, 128.51, 128.39,
127.44, 122.84, 114.20, 63.15, 55.73, 17.61, 14.33.

3-(2-WR MR 25 ) £, V. g 2k e WA -4l -2 - R R 2L BB (3j):
HEFREFR, I 39%. 'H NMR (400 MHz, CDCl;) J:
8.34 (dd, J=8.0, 1.0 Hz, 1H), 7.80~7.85 (m, 2H), 7.64~
7.56 (m, 2H), 7.16 (d, J=4.0 Hz, 1H), 6.58~6.57 (m,
1H), 4.39 (q, J=7.2 Hz, 2H), 2.30 (s, 3H), 1.31 (t, J=7.2
Hz, 3H); *C NMR (101 MHz, CDCl;) d: 168.82, 160.91,
156.45, 150.37, 146.63, 146.29, 145.60, 134.75, 128.59,
128.52, 127.53, 122.73, 116.30, 112.72, 63.23, 16.82,
14.21.

3-(2-ME My FL) 2, 0. e Fo s e ik -4 - i -2- FF R 2L TR (3K ):
@ EAR, BE 60%. mp. 99~101 ‘C; 'H NMR (400
MHz, CDCLy) d: 8.35(d, J=7.6, 1H), 7.83~7.85(m, 2H),
7.82~7.79 (m, 3H), 7.13 ~7.15(m, 1H), 4.38 (q, J=7.2
Hz, 2H), 2.37 (s, 3H), 1.29 (t, J=7.2 Hz, 3H); *C NMR
(101 MHz, CDCly) o: 172.91, 160.98, 156.55, 146.32,
145.79, 140.51, 134.75, 132.40, 131.88, 128.55, 128.48,
128.00, 127.49, 122.75, 63.28, 17.94, 14.34.

3-(2- £ FE ) TR P fr 25 s e R -4- i -2- FRY PR 2 T (31):
KR, R 34%. 'H NMR (400 MHz, CDCl;) o
8.27~8.29 (m, 1H), 7.76~7.78 (m, 2H), 7.51~7.54 (m,
1H), 4.40 (q, J=7.2 Hz, 2H), 2.59 (q, J=7.2 Hz, 2H), 4.28
(q, J=7.6 Hz, 2H), 1.38 (t, J=7.2 Hz, 3H), 1.23 (t, J=7.6
Hz, 3H) , 1.12 (t, J=7.2 Hz, 3H); °C NMR (101 MHz,
CDCly) d: 190.00, 160.91, 156.49, 146.35, 145.52, 134.51,
128.33, 128.25, 127.25, 122.70, 63.06, 29.01, 26.37, 14.26,
10.59, 10.06.

334 3T g 35 1 WA -4 - -2- HH R . T8 (3m): [ 7
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KRR, W 80%. 'H NMR (400 MHz, CDCl;) d: 8.27~
8.29 (m, 1H), 7.75~7.77 (m, 2H), 7.50~7.54 (m, 1H),
4.40 (q, J=7.2 Hz, 2H), 2.68 (t, J=7.4 Hz, 2H), 2.40 (t,
J=7.4 Hz, 2H), 1.83~1.91 (m, 4H), 1.38 (t, J=7.2 Hz,
3H); *C NMR (101 MHz, CDCl;) d: 195.40, 160.34,
155.46, 145.70, 144.58, 133.98, 127.78, 127.70, 126.70,
122.37, 62.58, 33.83, 32.39, 24.32, 24.20, 13.70.

3-8 O i v Ak -4 - -2- FR R LB (3m): 1 kG
AR, W& 62%. '"H NMR (400 MHz, CDCl5) d: 8.30~
8.32 (m, 1H), 7.78~7.82 (m, 2H), 7.53~7.58 (m, 1H),
4.45(q, J=7.0 Hz, 2H), 2.60 (t, J=6.4 Hz, 2H), 2.28 (t,
J=6.0 Hz, 2H), 1.90 (br, 2H), 1.78 (br, 2H), 1.70 (br, 2H),
1.42 (t, J=7.0 Hz, 3H). *C NMR (101 MHz, CDCl;) ¢:
178.42, 160.97, 156.40, 134.73, 134.32, 128.29, 128.24,
128.19, 127.10, 124.72, 63.10, 42.00, 35.61, 31.29, 27.03,
26.14, 13.90.

323 A 4 698 R(OA A 4a A )

UKL EH) 3a (0.5 mmol, 0.167 g), 60% NaH (2
mmol, 0.077 g), J57K THF (5 mL)JIAZE] 50 mL X
R, BT, mAEER, RMNZ 1
h(H TLC MM, REIFA: V caew - Vum=1 1 6). £f
RN SERE, TIAFEEIR A pH 2 4 /245, g, H/b&E
IKBEGRIEDE RIS, A1) 4a 5 (L5 14 0.130 g, 3a FR4L
AR da ISR 90%. A RIFE 77 750T & b &40
4b~dn, F 42%~90%.

4-F25L-2- TR FE-10H-WE R F[6,1-b]HE ML -10-f (4a):
B E K, BE 90%. mp. 221~224 C; 'H NMR (400
MHz, DMSO-d) J: 8.35 (d, J=8.0 Hz, 1H), 8.09~8.07
(m, 2H), 7.97~7.96 (m, 2H), 7.63~7.55 (m, 4H), 7.25 (s,
1H); *C NMR (100 MHz, DMSO-d,) J: 158.65, 158.40,
152.82, 144.36, 144.00, 135.92, 135.48, 130.74, 129.36,
127.70, 127.36, 126.59, 125.72, 118.81, 102.93. HRMS
(ESI") caled for C;H;,0,N; [M+H]" 290.0931, found
290.0923.

(4-TR IR I )-4- 32 BE -1 0H-Wk B2 - [6,1-B] s W bR - 1 0- ]
(4b): FEOEE, IR 43%. m.p.>300 ‘C; 'H NMR (400
MHz, DMSO-d,) : 8.34 (d, J=8.0 Hz, 1H), 8.04 (d, J=
8.6 Hz, 2H), 7.97 (d, J=2.7 Hz, 2H), 7.77 (d, J=8.6 Hz,
2H), 7.63~7.59 (m, 1H), 7.22 (s, 1H); C NMR (125
MHz, DMSO-ds) &: 158.33, 151.90, 144.19, 135.61,
135.05, 132.37, 129.40, 127.87, 126.64, 125.22, 124.37,
118.48, 102.76. HRMS (ESI+) calcd for C;H;;O,N3;Br [M
+H]" 368.0036, found 368.0031.

2-(2- A I )-4-$5 FE - 10H-Wh B2 FE[6,1-5] W M HR-10-
Wi (4c): H A, IE 90%. mp.>300 C; 'H NMR
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(400 MHz, DMSO-d) J: 8.25~8.23 (m, 1H), 8.05 (d, J=
8.3 Hz, 1H), 7.86~7.76 (m, 1H), 7.59~7.53 (m, 2H),
7.50~7.43 (m, 3H), 5.99 (s, 1H); *C NMR (100 MHz,
DMSO-d) d: 166.89, 159.90, 155.18, 150.20, 146.94,
138.52, 133.87, 131.97, 131.52, 130.44, 130.04, 128.22,
127.67, 127.53, 126.94, 125.11, 118.63, 103.43. HRMS
(ESI™) caled for C7H;;0,N5Cl [M+H]" 324.0542, found
324.0931.

2-(3-F R HL)-4-F2 - 10H-WE B F6,1-b] M IAEIRR-10-
fi(4d): A, IR 85%. mp. 295~296 C; 'H
NMR (400 MHz, DMSO-d;) J: 8.34 (d, J=8.0 Hz, 1H),
8.13~8.12 (m, 1H), 8.06 ~8.01 (m, 1H), 7.99~7.92 (m,
2H), 7.63~7.56 (m, 3H), 7.16 (s, 1H); *C NMR (100
MHz, DMSO-de) d: 160.02, 158.50, 151.78, 144.92,
143.93, 138.37, 135.52, 134.17, 131.26, 130.40, 127.73,
127.42, 126.95, 126.55, 126.05, 125.37, 118.59, 102.67,
99.99. HRMS (ESI") caled for C,;H;;0,N;5Cl [M+
H]" 324.0542, found 324.0527.

2-(4- S A FL)-4-$2 T -10H-155 182 H:[6,1-b] W L Ik - 10-
fifl(4e): FEOEEK, R 72%. mp.>300 ‘C; 'H NMR
(400 MHz, DMSO-d;) 6: 8.34 (d, J=6.9 Hz, 1H), 8.11 (d,
J=8.6 Hz, 2H), 7.97 (s, 2H), 7.64~7.58 (m, 3H), 7.18 (s,
1H); *C NMR (126 MHz, CDCl;) d: 160.21, 154.59,
146.97, 137.67, 135.94, 134.76, 134.17, 133.03, 131.91,
123.47, 123.01, 120.81, 120.57, 115.87, 109.75. HRMS
(ESI") caled for C;H;;O,N;Cl [M+H]" 324.05415,
found 324.0525.

2-(2-F K FE )-4-F2 FE - 1 O H-IE B2 3F: [ 6, 1-b] W L K- 10-
il (4f): 5 G K, IR 46%. mp. 294~296 C; 'H
NMR (400 MHz, DMSO-d;) J: 8.34 (d, J=8.0 Hz, 1H),
8.01~7.94 (m, 2H), 7.86 (dd, J=7.7, 1.6 Hz, 1H), 7.65~
7.57 (m, 2H), 7.45~7.38 (m, 2H), 6.94 (d, J=2.1 Hz,
1H); *C NMR (100 MHz, DMSO-dy) J: 160.34 (d, J=
250.3 Hz, C—F), 158.44, 158.32, 150.73, 144.29, 143.67,
135.73, 132.65, 132.57, 131.23, 131.20, 127.81, 126.74,
125.44, 125.41, 125.11, 124.72, 124.60, 118.58, 117.06,
116.84, 106.18. HRMS (ESI") caled for C;;H;;O.NsF
[M+H]" 308.0837, found 308.0822.

2-(4- G A FL )-4-$2 FE - 10H-155 182 H:[6,1-b] W e Ik - 10-
Ml (4g): A, IE 42%. mp. 303~305 C; 'H
NMR (400 MHz, DMSO-d;) J: 8.35 (d, J=6.7 Hz, 1H),
8.17~8.12 (m, 2H), 7.97 (s, 2H), 7.60 (s, 1H), 7.40 (t, J=
8.8 Hz, 2H), 7.21 (s, 1H). [X 4g ¥ mitERc 2, ToikxH
BC NMR #47#4E. HRMS (ESI') caled for C/Hj-
O,N;F [M+H]" 308.0836, found 308.0820.
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4-F2F-2-(3-H K FE)- 10 H-BE B FE[6,1-b] W
WK-10-F(4h): B ELEAE, 1 43%. mp. 256~258 C;
'H NMR (500 MHz, DMSO-ds) J: 8.35 (d, J=8.0 Hz,
1H), 7.97 (s, 2H), 7.75~7.54 (m, 3H), 7.48 (t, J=8.0 Hz,
1H), 7.24 (s, 1H), 7.14~7.12 (m, 1H), 3.86 (s, 3H); "°C
NMR (125 MHz, DMSO-dg) d: 160.11, 158.66, 158.38,
152.75, 144.14, 137.41, 135.55, 130.52, 127.76, 126.62,
125.51, 119.76, 118.77, 116.33, 112.79, 103.20, 55.79.
HRMS (ESI") caled for CisH,405N; [M+H]" 320.1037,
found 320.1029.

4- 35 FE-2-(4- F SR R FE )-10H- 4 165 FF:[6,1-b] W I Tk -
10-HH(4i): FEHEOEA, WK 42%. mp. 263~265 C; 'H
NMR (500 MHz, DMSO-d;) J: 8.33 (d, J=8.05 Hz, 1H),
8.05 (d, J=8.8 Hz, 2H), 7.94 (d, J=2.95 Hz, 2H), 7.60~
7.57 (m, 1H), 7.24 (s, 1H), 7.10 (d, J=8.8Hz, 2H), 3.84 (s,
3H); “C NMR (125 MHz, DMSO-d;) J: 161.54, 158.34,
158.04, 152.33, 144.45, 143.70, 135.42, 128.89, 128.03,
127.71, 126.56, 125.77, 118.89, 114.76, 102.69, 55.83.
HRMS (ESI") caled for CisH,405N; [M+H]" 320.1037,
found 320.1028.

2-(WR N -2-3)-4-F2 - 1 OH-WK 18R 3F:[6, 1 -] W PR IR - 10-
Ml (4j): B fEAA, UR 45%. mp. 285~287 C; 'H
NMR (500 MHz, DMSO-d;) d: 8.32 (d, J=8.0 Hz, 1H),
7.99~7.97 (m, 3H), 7.64~7.60 (m, 1H), 7.31 (d, J=3.3
Hz, 1H), 7.05 (s, 1H), 6.77~6.75 (m, 1H); *C NMR (125
MHz, DMSO-ds) o: 158.18, 149.66, 145.99, 145.46,
144.03, 135.50, 127.71, 126.70, 125.55, 118.81, 112.95,
112.36, 101.35. HRMS (ESI") calcd for CsH;03N; [M—+
H]" 280.0724, found 280.0717.

4-F2FE-2-(WEWY-2-F)- 10 H-WE R FF[6,1-b] e L IHR-10-
fifl(4k): #EEAEA, BE 48%. mp. 297~300 C; 'H
NMR (500 MHz, DMSO-dy) J: 8.32 (d, J=8.1 Hz, 1H),
7.95 (d, J=3.3 Hz, 2H), 7.90 (d, J=2.7 Hz, 1H), 7.78 (d,
J=4.1 Hz, 1H), 7.63~7.57 (m, 1H), 7.23~7.21 (m, 2H);
BC NMR (125 MHz, DMSO-d;) o6: 158.26, 158.03,
149.14, 144.07, 143.99, 140.11, 135.46, 130.60, 128.97,
128.62, 127.68, 126.69, 125.54, 118.83, 101.95. HRMS
(ESI") caled for CsH;00,N3S [M+H]" 296.0496, found
296.0484.

3-FFE-2- 2 F-4-F2 FE 1 O H-IE R 5F:[6,1-b] 1 WA Ik -
10-f(41): FEEAE, R 43%. mp. 234~236 C; 'H
NMR (500 MHz, DMSO-d;) d: 8.29 (d, J=7.9 Hz, 1H),
7.90 (d, J=6.3 Hz, 2H), 7.58~7.49 (m, 1H), 2.83 (q, J=
7.4 Hz, 2H), 2.20 (s, 3H), 1.26 (t, J=7.4 Hz, 3H); “C
NMR (125 MHz, DMSO-d,) d: 158.41, 158.21, 153.06,
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145.34, 142.48, 135.30, 127.62, 125.97, 125.88, 118.50,
114.61, 27.24, 12.12, 10.97. HRMS (ESI") caled for
Ci,H14,0,N; [M+H]" 256.1088, found 256.1082.
12-$838-2,3- IR R [3,4]WE R FF[6,1-b] W ML k-
6-Hi(4m): FE A, WF 42%. mp.>300 ‘C; 'HNMR
(400 MHz, DMSO-dj) d: 8.31 (d, J=7.92 Hz, 1H), 7.94~
7.92 (m, 2H), 7.59~7.54 (m, 1H), 2.98 (t, J=7.6 Hz, 2H),
2.89 (t, J=7.28 Hz, 2H), 2.10~2.06 (m, 2H); *C NMR
(100 MHz, DMSO-dy) 6: 164.02, 158.45, 151.80, 144.16,
143.69, 135.46, 127.71, 126.20, 125.07, 119.68, 118.05,
32.66, 27.66, 23.04. HRMS (ESI") caled for C,4;H;,0,N;
[M+H]" 254.0931, found 254.0925.
13-$235-1,2,3,4- VU &7 H-W R IBK 5[ 3,2 ] 184 Ik - 7- ]
(4n): HEOFEAE, IE 47%. m.p. 286~288 C; 'H NMR
(500 MHz, CDCl;+CD;0D) 6: 8.50 (d, J=8.15 Hz, 1H),
7.89 (t, J=8.2 Hz, 1H), 7.85 (d, J=8.05 Hz, 1H), 7.55 (t,
J=17.9 Hz, 1H), 3.01 (t, J=5.95 Hz, 2H), 2.86 (t, J=6.45
Hz, 2H), 1.93~1.88 (m, 4H); '*C NMR (125 MHz, CDCl;
+CD,0D) d: 158.15, 156.40, 141.97, 135.57, 128.27,
126.06, 123.41, 117.70, 117.22, 30.49, 22.43, 22.01, 21.38.
HRMS (ESI") caled for CsH;0,N; [M+H]" 268.1088,
found 268.1085.
3.2.4  ALbdh oy mmia A E b K 5 5
K MTT 3%, LA CPT FUBAA N BAPEXT IE 24, i
TAHEY da~6d XTPUFR N Y5 40 Kk (90 S5 40
KOV3, S0 CNE-2, B4l MGC-803, Jilije
4 e NCI-H460)F0 N I FF4H L LO2 MRS M BE TS
P, ELARSI6 o R 2 I8 SCk g )
325 B E5 AL LS T 4b 5 4d 5 DNA 948
IHERRR
AN SIS R, DA I RAE s A R, 1
mL B8 LA 22 AT ct-DNA, DNA ¥R [E 5 4 1.0
ug/mL, A5 FERE S AR I 4b B 4d R, 8
5 4b B 4d FIVEE 73515 0, 10, 20, 30, 40, 50, 60, 70, 80
umol/L, TEEIE FIM 5 min JG#HT44MAM. 5 EB
354k 5, Ehm I EB Il DNA [V EE 43 5 [ &
910 1 1.0 pg/mL, 43 AIIEXKAIAN 4b 5L 4d, {£75 4b
o 4d IS B8 0, 10, 20, 30, 40, 50, 60, 70, 80
umol/L. KM S min J&, IGAEREMRDEoR L.
WM FA T MR 527 nm, K-S K
sk FEYI N 5 nm, FAHEHEF N 600 nmemin .
3.2.6 RIZEPIE KA A4 4b 5 4d 2T LO2 @i
# 34% DNA &9 W7 248 52 36
BT A B o N IE & BP0 LO2 4if, th& IR
FE# 0, 0.5, 1.0 ] 2.5 pmol/L =ANKREEFLEE, LA f-actin
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BIKE

MR

RN HARSIG R FE S ISR [26] 5 1.
3.2.7 bdh 4d 3T oa Ao 64 ca B JE) A LI AR R 52
I

SEEG S ROSCHR27) 5 6T T NS, o NCI-
H460 A fpp 2 6 FLARH, HEAL 24 h. FARHEALE
TN BE 85 77 2. VR 48 h i USCHI 4t i 5 25 0 49
B, 70%UK Z W 5. 0 RNase A B4k 30 min, T 0 PI
et F g0 M ORI 488 nm Ab 5% 1.
32.8 iodhdd iFFAPBmILR AR TR

SCO T S TR [28] k. LR EEE S T
ArmexinV FITC/P 40 JH T A M7 & it 145, B
A NCI-H460 Jif 83 4t it v A il B 4H B2, IO\ 1 mL
WL 4X10° AS/mL 418 TS FLAN BB R Y B R
W, SRIGIMAAL &4 4d (0, 1, 10 pmol/L)JF & 24 h. W
LR FIWR L AL S 40P, PBS ¥k, B 0 C/AKIBH,
B Annexin Binding Buffer # % B 240, FHInA
Armexin V 1 PI, BEIRSIIHE, UK EGE 10
min J5, FI A0 G AT A,

HENA Rl (Supporting Information) {454 3a~3n Al
4a~4n [f] 'THNMR, "C NMR & HRMS i [, X2k}
AJ PA A B AT WX 3k (http://sioc-journal.cn/) b R %K.
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