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Synthesis and antitumor activity in vitro of indole-1,3,4-oxadiazole derivatives
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Abstract: Objective To synthesize indole-1,3,4-oxadiazole derivatives and investigate antitumor activities in vitro. Methods
Taking 1H-indole-3-carbohydrazide as the starting material, the target compounds were obtained through [4+1] cycloaddition reaction,
hydrolysis reaction and condensation reaction. Antitumor activity in vitro of target compounds against HeLa, SCG-7901, and MDA-
MB-231 cells were evaluated by MTT assay. The effect of compound 6f against the growth of SCG-7901 cells was assessed by colony
formation assay, the effect of it on apoptosis and necrosis in SCG-7901 cells was detected using Annexin V-APC/PI double staining
method, the effect of it on nuclear chromatin morphological changes of SCG-7901 cells were examined using DAPI staining method,
and the effect of it on contents of reactive oxygen species (ROS) in SCG-7901 cells was detected using DCFH-DA staining method.
Results Fifteen indole-1,3,4-oxadiazole derivatives were synthesized and their structures were characterized by 'H-NMR, 3C-NMR,
and HR-ESI-MS. Some compounds exhibited significant antitumor activity, among which compound 6f exhibited significant anti-
proliferative effects against all three tumor cell lines and had certain selectivity. Further research has shown that compound 6f promoted
cell production of ROS generation, inhibited cell proliferation, and induced cell apoptosis in a concentration dependent manner.
Conclusion Some indole-1,3,4-oxadiazole derivatives have shown good antitumor activity, providing ideas for further research on
the anti-tumor activity of these compounds.
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AR 2 R DL L AR i P o 1 1) R
SR A B 5-(3- M| Wk SR MEmE &5 K 1) KSR =4 3=
DL Z RS, PR, BB, PuEe,
PUEAALB), J 40 B TR0 RE PR T F R
B AT B ) R B 43 B SR labradorin 1 FE
Je— R A 5-(3-M| e I ) B e REAZ 25 19 1) R AR
Wy, X N4 R MCF-7. KM20L2 R I H B
SHPUGTEIETE, GlsofH77 74 3.91 3.5 pg/mLB,
1,34-ME M —Fh S 1 ANMEJRFF 2 DRI T
MR TCH FRMMOEY), B ZEYEE,
FEPUEEL Ui, JrEE, BrRIRHTY
T, [EEERNAE, BT HEMR LM, w5
VB N B B 25 3 B B U R 259 it . AHE
FT LA labradorin 1 WA G, KA B 4LERIE RN,
#4 labradorin 1 H[FJREMEIR & 4R 1,3,4-0E IR,
WA AT 15 A50E-1,3 40 — 254k &4, L
4ER) 44 'TH-NMR. *C-NMR 1 HR-ESI-MS #H/T
Wk, @i MTT EHA T H L& 4% HeLa.
SCG-7901 F1 MDA-MB-231 3 Fftfith 83 28 ffa (1) 44 4 bt
WEPATETE, FEOmIE B A, AT THE
FA ML 7% o
1 {XBE5RF

Bruker AV Il 600 #ZR3EHRIC (AL A& 7ok
HAAT); Waters SYNAPT G2 HDMS & 73 # )i
WA CEERFFH R R AR]D; Mettler-AB104-
S TR HERFFER] 2 M & 15 & A PRA A Ds
TKARCT basic il /1 #Ea% (il E L RSB & TR
AF]); EYELA-N1100 Jigh% 728 AL R
R &4E); DLSB-5/20 BUKIE A HE A CRMIH
WA THARAT); HI BZIREREFR (£
Biotek 2] ); FACS Calibur Ji AL (3 E BD
ANFD; ZINRERAG T RE (LI ER A
B2 &) s PSC603-07S Y % o B 85 (35 [H
OPLENIC A )); )20 1E GF254CH &L L) )5
P k% RS (200~300 H, H&iEEALT
e

W5l Wk-3- B (R RHAIRAFD, 3,3,3-=
WNIRCBE K. RN R MR, 4B
TRHE ARG X FER IR 0 FRE R X
TRRRE . XPRORNE . RTER . RO 3-E A
MERE . 2-WRHR FR i . R R8I 3 AL i LR
F A RA R s HATU GGRZERHE A R A R, DIEA (%
i #5405, BRBRAN . S A (bntid R T

BIRAFD: KA A a e, 1T RiEIbEoR
A TR AT

NE S HeLay A B @400 SCG-7901 .
NFLRIE A MDA-MB-231 1\ JV fi 5 £ 24 4 i
CCC-HPF-1 0y 5 5 2= 2 2 B FE Al 2= 2 wF 5
Framp gy, —HE (DMSO, EfERTH T
RAVEIR AT ); BEMEE (MTT, EnRAEMHRAS
FBRARDS JA2FIE (185 10099-141). DMEM {5
PERE R (TS5 8122175). HHER-HER (K5
15140-122) W H Gibco A F]; 2.,7- & AW ER
. Z M BE ( DCFH-DA , HY-D0940-5 mg ,
MedChemExpress A 7] ); 7 DAPI H8 e K
W (PO131-5 mL) WHE S RAEVHEARA R AA];
Annexin V-APC/PI 4Hfa A T-i7 & (AP107-100T)
I B BCRHEM ARG IR A7
2 FAEEHR
21 HEYHERK

DARg|-3- FR L o ke o Sk, et [4+1 ] 3800
B KR S NAR E  NAS B BRI E Y, &
R 2 LI 1
2.1.1 HEW3IMER  Kb-3-FFEEHFC100 mg,
0.57 mmol). 3,3,3-=F NI LHE (82.5 uL, 0.63
mmol). Na,COs; (90.6 mg, 0.85 mmol) F1JG/K 2.
(3 mL) KNI — AT ) 2% 38 o IR AN
A 90 'C M 7Th, TLC MMM 584, B MR
W EER, LI, JEHEER CBREG, W
GRS, PRSIk, FELEY 3
(160 mg, =% 88%). 'H-NMR (600 MHz, DMSO-
ds) 6: 12.03 (s, 1H), 8.16 (d, J=2.9Hz, 1H),
8.08 (d, J=7.5Hz, 1H, 7.53 (d, J=7.8Hz, 1H),
726 (ddd, J=7.5. 6.7. 1.2Hz, 1H), 7.23 (ddd,
J=8.0. 7.0, 1.2Hz, 1H), 4.25 (s, 2H), 4.17 (q,
J=72Hz, 2H), 1.22 (t, J=7.1Hz, 3H).
212 WEMAKER BiEY 3 (0.59 mmol)
BT VUEM (2mL) 1, A 10% NaOH /KiE R
1 mL, FiEHEFE 0.5h, TLC WM 5E4. RNR
WYRE 1 mL, MAMERFR I pHEZ 2 /24, i
B, fhuE, WERIEDE SEY 4 (83 mg,
FEH 58%). 'H-NMR (600 MHz, DMSO-ds) §:
13.15 (s, 1H), 12.08 (s, 1H), 8.16 (d, J=2.9 Hz,
1H), 8.08 (d, J=7.6 Hz, 1H), 7.53 (d, J=17.9
Hz, 1H), 7.28~7.21 (m, 2H), 4.12 (s, 2H).
2.1.3 EY) 6a~60 G L&Y 4 (0.29
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Fig. 1 Synthetic route of compounds 6a — 60

mmol) A4 5 (0.37 mmol) ¥% T DMF (2
mL) H, AR HATU (0.37 mmol) Al DIEA (0.37
mmol), FIEHFE2h, TLC Wil N FE4 . BN
WEINKF, FBSER 2 (20mLX3) L, &7
AU, WAMEEhKEEE, A HUHH KRR T
e, DRI, JORIWRAE BATHORERE M, HhyE, JEU
WA, SR, WERIEDE, TR,
R EY) 6a~60.
2-[5-(1H-M5|We-3-38)-1,3 4-WE -2 FE]-N-ZK 2,
Ml (6a): HEEfA, K& 45.6%. mp 252.0~
253.2 ‘C; 'H-NMR (600 MHz, DMSO-ds) 612.01
(s, 1H), 10.47 (s, 1H), 8.16 (d, J=2.7Hz, 1H),
8.09 (d, J=7.8Hz, 1H), 7.60 (d, J=7.5Hz, 2H),
7.52 (d, J=8.0Hz, 1H), 7.34 (t, J=7.5Hz, 2H),
7.26 (ddd, J=7.5. 6.6, 1.3Hz, 1H), 7.23 (ddd,
J=8.6. 7.0, 1.3Hz, 1H), 7.09 (t, J= 7.4Hz, 1H),
4.18 (s, 2H); BC-NMR (150 MHz, DMSO-ds) &
164.5, 162.3, 159.6, 138.7, 136.4, 128.9 (2C),
128.1, 124.1, 123.7, 122.9, 121.2, 120.2, 119.2(2C),
112.5, 99.4, 33.6; HR-MSm/z: 319.1195 [M-+H]*.
2-[5-(1H-Mg| Wfe-3-FE)-1,3 4- Ik — 142 FL - N-(%}
IR OBEE (6b): FHEfE AR, % 54.6%. mp
249.1~251.6 C; 'H-NMR (600 MHz, DMSO-ds)
d: 12.00 (d, J=1.8Hz, 1H), 10.37 (s, 1H), 8.15
(d, J=2.8Hz, 1H), 8.09 (d, J=7.5Hz, 1H),
7.53 (d, J=8.0Hz, 1H), 7.49 (d, J=8.5Hz, 2H),
7.26 (ddd, J=7.4. 6.5. 1.3Hz, 1H), 7.23 (ddd,

J=85. 74. 1.3 Hz, 1H), 7.14 (d, J=8.3 Hz,
2H), 4.16 (s, 2H), 2.26 (s, 3H); BC-NMR (150
MHz, DMSO-ds) J 164.2, 162.3, 159.7, 136.4,
136.2, 132.7, 129.3 (2C), 128.1, 124.1, 122.8,
121.2, 120.2, 119.2 (2C), 112.4, 99.4, 33.5, 20.5;
HR-MS m/z: 333.135 2 [M+H]*.

2-[5-(1H-W5| Wk -3-3E)-1,3 4- I — 142 FEL ]-N-(4-
BRI OWiE (60): A, F 63.5%. mp
262.7~264.8 C; 'H-NMR (600 MHz, DMSO-ds)
012.01 (d, J=1.7Hz, 1H), 10.53 (s, 1H), 8.16
(d, J=29Hz, 1H), 8.09 (d, J=7.8Hz, 1H),
7.64~7.61 (m, 2H), 7.53 (d, J=8.0Hz, 1H),
727 (ddd, J=7.5. 6.6. 1.3Hz, 1H), 7.22 (ddd,
J=83. 7.0, 1.2Hz, 1H), 7.20~7.16 (m, 2H),
4.17 (s, 2H); BC-NMR (150 MHz, DMSO-ds) o:
164.4, 162.4, 159.6, 158.2 (d, J=240.5Hz), 136.4,
135.1 (d, J=2.0.Hz), 128.1, 124.1, 122.9, 1212,
121.0 (d, J=7.8Hz), 120.2, 115.5(d, J=21.6Hz),
112.5, 99.4, 33.5; HR-MSm/z: 337.110 1 [M+H]*.

2-[5-(1H-M5| Wi -3- 3 )-1,3 4- I — g2 FE]-N-(4-
AR OEE (6d): HEAE R, YE 49.0%. mp
254.5~256.0 C; '"H-NMR (600 MHz, DMSO-ds)
5: 12.02 (d, J=2.1Hz, 1H), 10.61 (s, 1H), 8.16
(d, J=29Hz, 1H), 8.10 (d, J=7.5Hz, 1H),
7.65~7.63 (m, 2H), 7.53 (d, J=7.9Hz, 1H),
7.40~7.38 (m, 2H), 7.27 (ddd, J=7.7. 6.6, 1.2
Hz, 1H), 7.23 (ddd, J=82. 7.8, 1.2Hz, 1H),
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420 (s, 2H); BC-NMR (150 MHz, DMSO-ds) §
164.8, 162.5, 159.6, 137.8, 136.6, 128.9 (2C),
128.2, 127.4, 1242, 123.0, 121.3, 120.9 (2C),
120.3, 112.6, 99.5, 33.8; HR-MS m/z: 353.080 5
[M+H]*.

2-[5-(1H-M5| W -3- 3 )-1,3,4- B8 — w2 FE )-N-(4-
ORI CBEfE (6e): HTAfEAR, UK 34.8%. mp
256.3~258.0 C; 'H-NMR (600 MHz, DMSO-ds)
d: 12.02 (d, J=1.8Hz, 1H), 10.61 (s, 1H), 8.12
(d, J=23Hz, 1H), 8.08 (d, J=7.5Hz, 1H),
7.59 (d, J=7.5Hz, 2H), 7.54~7.52 (m, 3H),
727 (ddd, J=7.6. 6.5. 1.2Hz, 1H), 7.23 (ddd,
J=82.7.0. 1.2Hz, 1H), 4.20 (s, 2H); '3C-NMR
(150 MHz, DMSO-ds) § 164.9, 162.4, 159.5, 138.1,
136.4, 131.7(2C), 128.1, 124.1, 122.9, 121.2(2C),
121.1, 120.2, 115.3, 112.5, 99.4, 33.7; HR-MS m/z:
397.030 0 [M—+H]*.

2-[5-(1LH-V5|W-3-3)-1,3 4-IE — -2 ]- V-5 5k
CWlE (6f): FER, # 64.5%. mp237.2~
239.2 C; 'H-NMR (600 MHz, DMSO-ds) 5: 12.00
(s, 1H), 887 (t, J=59Hz, 1H), 8.12 (d, J=
2.9Hz, 1H), 8.08 (d, J=79Hz, 1H), 7.53 (d,
J=7.7Hz, 1H), 7.35~7.30 (m, 4H), 7.28~7.23
(m, 3H), 4.34 (d, J=59Hz, 2H), 4.00 (s, 2H);
BC-NMR (150 MHz, DMSO-ds) 6 165.6, 162.2,
159.9, 139.0, 136.4, 128.4(2C), 128.0, 127.3(2C),
127.0, 124.1, 1229, 1212, 1202, 112.5, 99.5,
42.5, 32.6; HR-MS m/z: 333.1352 [M+H]*.

2-[5-(1H-W5| W-3-3£)-1,3 4- 1 — 142 FE)-N-(4-
HILRIE) Wi (6g): A EEA, IR 55.2%. mp
243.0~245.6 C; 'H-NMR (600 MHz, DMSO-ds)
d: 12.00 (d, J=1.5Hz, 1H), 881 (t, J=59Hz,
1H), 8.12 (d, J=2.9 Hz, 1H), 8.07 (d, J=78
Hz, 1H), 7.53 (d, J=83Hz, 1H), 7.27 (ddd,
J=17.6. 6.6, 1.3Hz, 1H), 7.22 (ddd, J=8.2. 7.0,
1.1Hz, 1H), 7.19 (d, J=7.9Hz, 2H), 7.14 (d,
J=17.9Hz, 2H), 4.29 (d, J=59Hz, 2H), 3.97 (s,
2H), 2.28 (s, 3H); 3C-NMR (150 MHz, DMSO-
ds) 61655, 1622, 159.9, 136.4, 136.0, 135.9,
128.9(2C), 128.0, 127.4(2C), 124.1, 122.9, 121.2,
120.2, 112.5, 99.5, 42.2, 32.6, 20.7; HR-MSm/z:
347.150 8 [M+H]*.

2-[5-(1H-M5| W -3- 3 )-1,3,4- 0 — w2 FL )-N-(4-

THZENEIE) AWERE (6h): FalElfk, YR 40.4%.
mp 195.2~197.9 ‘C; 'H-NMR (600 MHz, DMSO-
ds) d: 12.00 (d, J=1.5Hz, 1H), 9.03 (t, J=6.3
Hz, 1H), 821 (d, J=8.8Hz, 2H), 8.14 (d, J=
2.7Hz, 1H), 8.07 (d, J=79Hz, 1H), 7.58 (d,
J=9.0Hz, 2H), 7.53 (d, J=7.9Hz, 1H),7.27 (ddd,
J=8.3. 7.5. 1.1Hz, 1H), 7.22 (ddd, J=8.0. 6.9.
1.0Hz, 1H), 4.48 (d, J=6.1Hz, 2H), 4.04 (s,
2H); 3C-NMR (150 MHz, DMSO-ds)d 166.0, 162.3,
159.8, 1472, 146.5, 136.4, 1283 (2C), 128.0,
124.1, 123.6 (2C), 122.9, 1212, 120.2, 112.5,
99.6, 42.0, 32.5; HR-MSm/z: 378.120 2 [M+H]*.

2-[5-(1H-M5] W -3-F5)-1,3,4- W — 142 FE]-N-(2-
FORE)AHE (61): AAEA, fE 48.2%. mp
237.2~239.5 C; 'H-NMR (600 MHz, DMSO-ds)
d: 12.00 (d, J=1.3Hz, 1H), 8.88 (t, J=59Hz,
1H), 8.12 (d, J=29 Hz, 1H), 8.07 (d, J=17.7
Hz, 1H), 7.53 (d, J=8.0Hz, 1H), 7.42~7.39 (m,
1H), 7.35~7.32 (m, 1H), 7.26 (ddd, J=17.5. 6.7+
1.3Hz, 1H), 7.24~7.17 (m, 3H), 4.37 (d, J=
5.8Hz, 2H), 4.00 (s, 2H); 3C-NMR (150 MHz,
DMSO-ds) §165.7, 162.2, 160.13 (d, J=244.4Hz),
159.8, 136.4, 129.7 (d, J=4.4Hz), 129.1 (d, J=
8.4Hz), 128.0, 1255 (d, J=15.0Hz), 124.4 (d,
J=3.5Hz), 124.1, 122.9, 121.2, 120.2, 1152 (d,
J=21.1Hz), 112.5, 99.5, 36.4 (d, J=4.4Hz),
32.5; HR-MS m/z: 351.125 7 [M+H]".

2-[5-(1H-M5| Wk -3- 3 )-1,3,4- I — g2 FE]-N-(3-
FORE)AEE (6)): A, R 48.3%. mp
239.2~241.5 C; 'H-NMR (600 MHz, DMSO-ds)
d: 12.00 (s, 1H), 891 (t, J=6.0Hz, 1H), 8.12
(d, J=2.8Hz, 1H), 8.07 (d, J=7.7Hz, 1H),
7.53 (d, J=79Hz, 1H), 7.40~7.36 (m, 1H),
7.26 (ddd, J=7.5. 6.6 12Hz, 1H), 7.23 (ddd,
J=84. 7.1, 1.1Hz, 1H), 7.17~7.13 (m, 2H),
7.11~7.07 (m, 1H), 4.36 (d, J=6.0Hz, 2H),
4.02 (s, 2H); 'BC-NMR (150 MHz, DMSO-ds) d:
165.7, 162.2, 160.1 (d, J=244.4Hz), 159.8, 136.4,
129.7 (d, J=4.4Hz), 129.1 (d, J=8.4Hz), 128.0,
125.5(d, J=15.0Hz), 124.4 (d, J=3.5Hz), 124.1,
122.9, 121.2, 120.2, 115.2 (d, J=21.1Hz), 112.5,
99.5, 36.4 (d, J=4.4Hz), 32.5; HR-MS m/z:
351.125 7 [M+H]".
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2-[5-(1H-"5] W -3-3£)-1,3,4- % — e -2- 3L ]-N-(4-
BRI OEE G (6k): HEA, UK 51.5%. mp
229.6~231.0 C; 'H-NMR (600 MHz, DMSO-ds)
d: 12.00 (d, J=1.8Hz, 1H), 8.88 (t, J=59Hz,
1H), 8.12 (d, J=2.7 Hz, 1H), 8.07 (d, J=17.7
Hz, 1H), 7.53 (d, J=8.2Hz, 1H), 7.37~7.33 (m,
2H), 7.27 (ddd, J=74. 6.8. 1.3Hz, 1H), 7.22
(ddd, J=84. 7.3. 12Hz, 1H), 7.19~7.15 (m,
2H), 4.32 (d, J=5.8Hz, 2H), 3.32 (s, 2H); 13C-
NMR (150 MHz, DMSO-ds) 6: 165.6, 162.2, 161.3
(d, J=242.0Hz), 159.9, 136.4, 1352 (d, J=3.2
Hz), 129.3 (d, J=8.0Hz), 128.0, 124.1, 122.9,
121.2, 1202, 115.1 (d, J=21.0Hz), 112.5, 99.5,
41.8, 32.5; HR-MS m/z: 351.1257 [M+H]*.

2-[5-(1H-M5| W -3-£)-1,3,4- 0 — 14 2 FE ]-N-(4-
R AL (6D: A, U 33.6%. mp
210.2~212.2 C; 'H-NMR (600 MHz, DMSO-ds)
§: 12.00 (s, 1H), 8.90 (t, J=6.2Hz, 1H), 8.13
(s, 1H), 8.07 (d, J=7.3Hz, 1H), 7.52~7.54 (m,
3H), 7.28~7.21 (m, 4H), 431 (d, J=62Hz,
2H), 4.00 (s, 2H); 3C-NMR (150 MHz, DMSO-
ds) 0: 165.7, 162.3, 159.8, 138.5, 136.4, 131.2
(20), 129.6 (2C), 128.0, 124.1, 1229, 121.2,
120.2, 1200, 112.5, 994, 41.8, 32.5; HR-MSm/z:
411.0457 [M+H]*.

2-[5-(1H-M5| Wk -3-3L)-1,3,4-IE 142 -FE ]-N-(4-
R AW (em): HEARE, 1F 72.9%. mp
193.4~194.8 "C; 'H-NMR (600 MHz, DMSO-ds)
d: 12.01 (d, J=19Hz, 1H), 893 (t, J=5.8Hz,
1H), 8.54 (d, J=1.5Hz, 1H), 8.48 (d, J=8.5Hz,
1H), 8.12 (d, J=9.0Hz, 1H), 8.07 (d, J=7.8Hz,
1H), 7.72 (d, J=7.8Hz, 1H), 7.53 (d, J=7.8 Hz,
1H), 7.37 (dd, J=4.7. 3.0Hz, 1H), 7.27 (ddd,
J=17.5. 6.8. 1.3Hz, 1H), 7.23 (ddd, J=8.3. 7.5.
12Hz, 1H), 437 (d, J=5.8Hz, 2H), 4.00 (s,
2H); BC-NMR (150 MHz, DMSO-ds) J: 165.8,
1623, 159.8, 148.8, 1483, 136.4, 1352, 1345,
128.0, 124.1, 123.5, 1229, 121.2, 1202, 112.5,
99.4, 40.2, 32.5; HR-MSm/z: 334.1304 [M+H]*.

2-[5-(1H-"5] W -3- 3£ )-1,3,4-I — -2 FE - N-(1Hk
W-2- 5 ) 2 BE i Com): A REA, 0 39.6%.
mp 208.5~210.5 ‘C; 'H-NMR (600 MHz, DMSO-
ds) 0: 12.02 (d, J=19Hz, 1H), 8.84 (t, J=5.5

Hz, 1H), 8.13 (d, J=2.8Hz, 1H), 8.08 (d, J=
7.7Hz, 1H), 7.61 (dd, J=1.9Hz, J=0.8Hz, 1H),
7.53 (d, J=8.0, 1H), 7.27 (ddd, J=7.7. 6.7-
1.3Hz, 1H), 7.23 (ddd, J=8.5. 7.3. 1.2Hz, 1H),
6.42 (dd, J=3.8. 1.8Hz, 1H), 6.31 (dd, J=3.2.
0.6Hz, 1H), 433 (d, J=5.6Hz, 2H), 3.96 (s,
2H); BC-NMR (150 MHz, DMSO-ds) d: 165.6,
162.4, 159.5, 151.8, 142.5, 136.5, 128.1, 124.2,
123.0, 121.3, 120.3, 112.6, 110.6, 107.3, 99.6,
359, 32.5; HR-MS m/z: 323.114 4 [M+H]*.

2-[5-(1H-M5|W-3-3)-1,3,4-WE — -2 -FE]-N-S7 4
O (60): HEREAE, 1 67%. mp242.0~
243.6 ‘C; 'H-NMR (600 MHz, DMSO-ds) d: 12.00
(s, 1H), 826 (d, J=7.7Hz, 1H), 8.12 (d, J= 2.3
Hz, 1H), 8.08 (d, J=7.5Hz, 1H), 7.53 (d, J=
7.5Hz, 1H), 7.26 (ddd, J=7.5. 6.6. 1.3Hz, 1H),
7.23 (ddd, J=84. 7.3. 1.2Hz, 1H), 3.88~3.83
(m, 3H), 1.10 (d, J=6.6 Hz, 6H); '*C-NMR (150
MHz, DMSO-ds) 6: 164.4, 163.2, 160.0, 136.4,
127.9, 124.1, 122.8, 121.1, 1202, 112.5, 99.5,
55.0, 409, 32.6, 223 (2C); HR-MSm/z: 285.1352
[M—+H]*.

2.2 EYEIMEIEMR

22,1 HEREEYX R E I KA
MTT iEMHR B Anik &4 6a~60 % HeLa.SCG-7901
A MDA-MB-231 41 g IR &MUl RE 5 75 - 45 HeLa
SCG-7901. MDA-MB-231 4H1 L 5X 10* N/mL %
FEBAPE] 96 FLAR T, BEFL 100 pL. 7E CO, H577 56
IR 24 h, WEXTIRAIRA UL, A 50N
NFRFERREIIALEY) 6a~60 253 (LIRS 51
2.5. 5. 10, 20. 40 umol/L) 200 uL, XtHEALIMA
ORI DMSO [W37REE. Bi9R 48 h J5, A
5 mg/mL MTT ¥ 5 L, k8853 4h, 351
TEW, LI DMSO 100 uL, 727 10 min, fghR
CNE 490 nm KA FIBOEE (4D {H. TLREE
3APATHL, EE 2R, BCPISME. KA GraphPad
Prism 9 157 HArb &4 6a~60 X I8 4 g ity 244
FIFIAEE (ICs0), SR WK 1.

&9 6f. 6g. 6k. 61 FKILHI PR, H
LAY 6f. 6g X 3 Fi iR 4n it R I R 4P bt
WFEAEH o 3 M U 1AL B 6f % HeLa.SCG-7901
A MDA-MB-231 4] ICso 5351 7y (4.354£0.32).
(3.9440.03). (4.04%1.06) pmol/L. ¥ Ik %%
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&1 LEY 6a~60 FVFIMTIEIEM

Table 1 In vitro antitumor effect of compounds 6a — 60

ICso/(umol-L1)

& SI
HeLa 40 SCG-7901 #HJif MDA-MB-231 ZH/ig CCC-HPF-1 41

6a >40 >40 >40 — _
6b >40 >40 >40 — —
6c >40 >40 >40 — —
6d >40 >40 >40 — —
6e >40 >40 >40 — —
6f 4.35%+0.32 3.94+0.03 4.04+1.06 13.97+0.90 3.54
69 12.8142.40 5.02+2.18 6.68+0.2 55.70+£4.52 11.09
6h >40 >40 >40 — —
6i >40 >40 >40 — —
6j >40 >40 >40 — —
6k >40 14.78+0.09 >40 _ _
6l >40 29.20+0.21 >40 _ _
6m >40 >40 >40 — —
6n >40 >40 >40 — —
60 >40 >40 >40 — _

RWFFRY, FREATEYEA RUFMHUMR S .
Horb R 2R B0 BB By F R IAREE I, fiT
AEDERI B B I PUMR R M . R b AR
B4 o i 2 B S AR S 5 1 R, TR,
Ui R B 2RI B o A A B T H R
TEPE. ABERRI RS 7 R I B 3o R i ek
iy, TIPS R . Ak, R
I Y e e BRI S T, AT AR R G I
PUBREVE R o VLA R S AT A R DU R S
PR CH L,

N TSR E AP R 2 S
BAEENE, SN T EY) 6f. 6g X A itk
YA CCC-HPF-1 fA3E 2 g2, 5 R WK 1.
SEREOR, thEY 6f. 6g MIILIFIMEIEFR[SI, SI=
ICso(CCC-HPF-1)/ICs0(SGC-7901)] 43 5 A 3.54 .
11.09, B RIFHIAHHERE . ZRBLED) 6f [1)
TEIEEAL, BUEEAY) 6f 34T 5 4.

222 L&Y 6f 1] SCG-7901 LM K7
W T B SI2 562 5240 5 6F %F SCG-7901 24 34 5 (1)
SUM . SEIGVCE A S 25 . BUN BUE KK
SCG-7901 4, %N % B % 800 /N/mL, Heff
T 6 FLIR A, FranfunbBEis, 2a 25200 B
WE I A 6f, 29K 5 7129 10. 20+ 40 pmol/L,

AN AT DMSO (B3, B8 14 d
&, 32 FIEWRL IN 4% %2 58 W [ 52 40 10 min,
bR 4% 2 B, il S8 B4 2 10 min,
IKBERR 2 2 RINGE R W, T Tl
3o I Image J BAES Hran i SE V5 BoE: KT 50 A4
R AR 1 MR, ARIE 3. 7 40
umol/L IIREER, WEW) 6f nl &40 ML 7%
LR, SCG-7901 434 EEH 711 4>
(A WP E 24

223 &Y 6f %S SCG-7901 I T-FIRIE R
H Annexin V-APC/PI U424 AL &4 6f %F SCG-
7901 20 B TSR L R s 04 S0 B A 4N
YA BUOEUE KR SCG-7901 4L, 1A%40
MIZFE 2 3X 105 AN/mL, #FRT 6 fLik+, f4L 1
mL. FrgiHNGEE 5, 252520 0 BN R FE 4k
AW 6f, ZIRIESr 0N 104 204 40 umol/L, 254
TN ESAF DMSO i 9R%E, #5398 24 h )5, UK
L4, PBS Yeikdif, Kanpuit s 2 imaE S,
A 2E A2 BN Annexin V-APC (10 uL) 1 PI
(5uL) 9, IR E 10 min, 88 7 40 AR
TE T AR FEA M L. I Flow Jo A3t
TR, BRSO EE, SRIE 4. 40
umol/L tb &) 6f K3 24 h J5, SCG-7901 40 i) 5
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PR T4 H & HeE 4.76% = 2] 17.6%, BRI T
YHHE AL 1.92% T3] 13.2%. 4HEIET R (R
TSR MIKRENF ST, 2%
(RIAR FEAH O o 37 A1) 6f et {2 it ik J8g 48 P 1)
P T RSO E

=H 40 20 10
&9 6f/(umol- L)

8007

600 wok

TR/

4004

2004

2H 0 40 20 10
&4 6f/(umol- L)

Hag#: "P<0.05 "P<0.001,
*P<0.05 ""P<0.001 vs blank group.

3 LAY 6f 33 SCG-7901 LRAEIEFERISZNN ( X 5, n=3)
Fig. 3 Effect of compound 6f on colony formation of SCG-
7901 cells (x +s, n=3)

TH 40 20 10
AW 6f/(umol- L)
40
skoksk
30 an *kkok
20

kokk

NPT /%

10

0
ZAH 4020 10

& 6f/(umol- L)

HEAMHLE: " P<0.001.
***P <0.001 vs blank group.
4 LAY 6f 3 SCG-7901 HRPEAT-MIFANE ( X %5, n=3)
Fig.4 Effect of compound 6f on apoptosis rate of SCG-
7901 cells (X +s, n=3)

224 AW 6f 5 SCG-7901 UL ASA IR K
Fl DAPI et ykAs itk &4 6f %F SCG-7901 4 o I

TR RIS E R . SEIG BB S A A 2
2 o BUS B K SCG-7901 40, L 4X 104 >/mL
L% B e Fh T B A BN 8 mm JEF 1) 48 fL
BRPY, FRduMasEE f5, 25 2540 70 NN RIVR BE 1)
& of, ZREEHIN 5. 104 20 pmol/L, =[]
HINE TR DMSO 35773, 1555 24h, 515
7%, PBS PRSI, 4% 5 HEE [ 2 40 A2 10 min,
PBS Ve giff 3 Ik, BHIE, ET5H DAPLHL
PNCVE KB R EI -, 4 CHEF 15 min, f#
FH 96 BB M R A G DL s, 2558 LK
5. AH MM, B2 IRE0Y 5 1R E
Rt BT ARKERILEY) 6f J5, SCG-7901
YU A MR [ 45, e ta i s R, BLIALAY)
6f BENS S SCG-7901 HHf AT .

10 5
A 6f/(umol- L")

5 L&Y of Xt SCG-7901 LBRAZ T ST IR
Fig. 5 Effect of compound 6f on the nuclear
morphological changes of SCG-7901 cells
225 thE 6f i S SCG-7901 4G 1A (ROS)
KFTHE R FH DCFH-DA S tyg it &4 6f %
SCG-7901 #fiffiH ROS & & MM . SL56 15 B 25
HMLGZIH . DO EAEKIAR SCG-7901 4Hf, LA
3X10° AM/mL H40i % FEEFh T 24 FLBRN . Frdll

JOMGEEFS, 25 254 70 I IIAAS FR FE A6 &4 6f,
AU 5. 104 20 pmol/L, 25 LI & %%
AR DMSO ByiiFa k. #9824 h, 32 BIGW,
N DCFH-DA B¢ HR%E (10 pmol/L), Z iR 8
H 30min, JCIMIERGFRIEGGRAM 3 K, EHZOE
BRE S gL il SR NE 6. 5
THAME, A of LFH 5 41 E N DCFH-DA
HSFI DR EE R B3R, BRI Y ROS 7K
FREFE G, HEAREMM. 8588, G
W) 6f WA AL E SCG-7901 2 Jfa 375 1 A2 A 1o
3 g

labradorin 1 & —FhE A TR & M R AR 77
W), SEEGAE labradorin 1 (P45 K 284t F R BB 4L ERIE
RWE A T — R YW e-1,3,4-0E —E2RATAW), H6
SR Rt e, b a4 6f
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&1 61/(umol-L™)

Bl6 L&Y 6f 3T SCG-7901 LA ROS 7K FHIF M
Fig. 6 Effect of compound 6f on ROS level of SCG-7901 cell

RO A DU T, A e ALk £
P, U A% PR U 8 03 R 2k PO R 2 £
Yoo BEAME G 6f X6 Frillliair) 3 i i 4 B RS
DL G, BERL ) of ib B iR
IR VERINLEIBE AR DL, 2T A n] LA &
iR AR R RO TR A . LR R AR i R 4
FTAEHI AT R S et o4l ROS ™42, ik
11173 PR AR5 1547 R US-161,

FBRR HAGEAFAREEF G, R
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