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1,3 4-IE 18 = TR L A IR0 & A ME M 5T
T ARY B B MEA  AYE £ B

GBI R 501 TRk A 450001)

WE FAPHERIG AR =506 S 1,3,4- M MWAEPHE, ST 15 DRWARER 1,3,4-M M= 5UERATHEY),
IR RESER S (NMR) . 204G (IR) A 20 F R i (HRMS) &5 7 vEff s AL S 4 4. 385 DL Y = SUS 25 it R 12
BR(DTIC)MIZiY) S-FIREENE(S-FU/WES ], X A EE A MECI09). A B4 MGC803)F1 N\ 1 51 i 4H i (PC-3)
S AR I, 25 R BR300 4k A Rt N B R 40 i (MGC803) [ 3 il 4 T 5 1 ik & LR (DTIC), Firb 2-3- I E K i
F)-5-[4-(3,3- I FE=FU-1-F5) A HE-1,3,4-B8 I(8c¢), 2-(2- 4 IE TR NG FE)-5-[4-(3,3- - W 3 = BUA-1-38) K 3 )-1,3,4-
WE —(8F), 2-(3,4- B ANEHL)-5-[4-(3,3- I = RUM- 1) KA )-1,3,4-ME 8D ICs, AT S-FURMENE, 250
5.3, 6.5 F1 6.3 pumol/L; o4k A4t A w51 R 40 FR(PC-3) I i il 1 FH 38 T8 = R R (DTIC), b 81 [ 1Cso EAK T 5-
SURMERE, SN 13.5 pmol/L.

R AU 1,34 NS ERANN, A BN, ARSI R 40

Synthesis and Biological Activities of 1,3,4-Thiadiazole
Triazene Compound

Zhang, Mingqgian Liu, Binkai Lei, Qiang Yan, Jingdong

Zhao, Zhongyu  Long, Yue™
(College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001)

Abstract Using the splicing principle of combining the pharmacological group triazene with 1,3,4-thiadiazole, 15 unreported
1,3,4-thiadiazole triazene derivatives were synthesized. The structures of the compounds were determined by nucleated mag-
netic resonance spectroscopy (NMR), infrared spectroscopy (IR) and high-resolution mass spectrometry (HRMS). By using the
typical triazene drug dacarbazine (DTIC) and drug S-fluorouracil (5-FU) as a reference, the activity detections of human
esop-hageal cancer cells (EC109), human gastric cancer cells (MGC803), and human prostate cancer cells (PC-3) were carried
out. The results showed that some compounds inhibited human gastric cancer cells (MGC803) more strongly than dacarbazine
(DTIC), and the ICs, values of compounds 2-(3-methyanilino)-5-[4-(3,3-dimethyltriazol-1-yl) phenyl]-1,3,4-thiadiazole (8c),
2-(2-methoxyanilino)-5-[4-(3,3-dimethyltriazol-1-yl) phenyl]-1,3,4-thiadiazole (8f), and 2-(3,4-dichloroanilino)-5-[4-(3,3-di-
methyltriazol-1-yl) phenyl]-1,3,4-thiadiazole (81) were lower than those of 5-fluorouracil with 5.3, 6.5 and 6.3 umol/L, respec-
tively. Some compounds inhibited human prostate cancer cells (PC-3) more strongly than dacarbazine (DTIC), and the ICs
value of 81 is lower than that of 5-fluorouracil with 13.5 umol/L.

Keywords triazene; 1,3,4-thiadiazole; human esophageal cancer cells; human gastric cancer cells; human prostate cancer

cells

“RIERIEDRIE—REH N=N—N 441t H CH o 0
W, XHRERRENEY. ERNZ T, aTLUR «N/ Non-Nsen, ’ ;@YN“N
Lewis FR{F &2 Stille MBI M, BR & ks ik 24 3112, N{fNH2 N\vNT"“\cm
BEAR, =520 A i 4 A 2 B HE o () 4 A 0 o)
H, is-REE(DTIC) M & ZE ML (TMZ) 2 F- C R H T DTIC ™Z
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I A ) = S PR 290, FRATUR A ok = U 45 7
IYRIRT 1,3,4-0E e S WEEE 1) B R B SE F A B B K
R A =R A, FExE N B 4 i (MGC803)
N B A i 40 (PC-3) i PE O ik, R 30 22 A4l 7 FH
58T X R 249 0K R E R R AL = AU R AL B
RERFM, ZFHIEWIREANEZE S N—
CH; S5 R 1 = 28005 I U8 Dy v i P PR R R IR B 7, el
HHZ S FAEA T DNA B F B, Tt 2L,

1,3,4- M8 2 25 4 R B A AN U TR — AN
T “BR-BR-2" RYVTRIA. TER, MEXTIZEMN
G FAIABIRN, KIS 1,3,4-H L8R ik &
%ot P 200 A 7% T L B 5 P ) 4 P U T, el A g
1,3,4-18 — AN IR BEPHEG e — R A1) 1,3,4-1E 0 T
BATAY), s PUBIE L, RIS
AT o 20 P I 4 L R I s 200 S P60 470 1 20k SR B4 1
B ZY 5-9ERIENE. Juszezak ZENEE AT 2-(4- M
H)-5-(2,4- FRFEAHE)-1,3,4-1E I (FABT)X] A549 Jii
o AT ) 2R KA, R 12 2 ek 0 1) 4 A1 R
1 EE IR (ERK 1 /2) 1M 3 B4 38 TE 45 BH 72 GO/G1 #,
ESE 2-%36-1,3,4-ME — WAk &4 HAT — e IR LR 2E 47
TETE. ME R ERBARR I P SE MAE R R TR S5 E
YRGB AV Z AR IR A S a5 A, T B AR
NG M & 8 B FHA, BRGS0 20 f il i 1k,
UERT AR V2 AP is E

MR AL PiE e 2 N R, 4 1,3,4-1E IR AT =50
WP, G RT 15 ASEI 1,3,4-ME e = RUA ik
E1, IR TiZR AP N & E A (EC109). A
e 20 L (MGC803) AT T 41 i Jes: 240 Jif (PC-3) 1) 01 il
H.

1 ZR5TR
11 &l

E22% SCHR1410 56 AL b, 2260 1,3- 205 5Lk
FVEAR 5 25 F G kA = 2 AR AR AR R, KA T 770 45 1
T, INERIA SN 3 h 5 B 3 1,3,4-E e = U R
&y, MR, JlaE 1,3- 55 BRI A R b ST
B AR AR S, e A EE R (R E. 5 Cmk gl AR
L, % SRR R TR 1,3,4-B8 e S E R,
1,3- 7 55 B MR AR A 22 2% PR T IO S R B B 2- 05 i
Fe-1,3,4-W M — R k. TERE— B % RON
HLEE A, FRATE B T A a4k 7p, FEAT 4-(3,3- - H2E =%
A5-1-28) 28 F IR I (Sa) FEAH [B] S8 A0 R 3BT OB, 3 h J5 57
BAFE] 2- IRk -5-[4-(3,3- B RS- 1-5) K
5£1-1,3,4- M (8a)F1 N-H S 2K % (Scheme 2), 24H[H]
TG N—H B, RMNAREEAT. FoA 8 560 R 2R B
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NH, NH, N,Cl
CH50H NaNO, HN(CHa),
—_— —_— —_—
SOCl, HCl K,CO;
COOH COOCH; COOCH;
1a 2a 3a
NﬁN\T/CH3 NcN\T/CHa
Ch,  NHaNHpHZO CH,
COOCH; CONHNH,
4a 5a N(CzHs)3
—_—
NH H H
Y CS, A N\H/N A
| ~ae | |
/.~ NH3'H0 [~ S X
R R R
6a ~ 60 Ta~To
THo s X
N N CT T
HsC”™ ~N” N-N X
8a~8o R
8a:R=H; 8b: R = 2-CHg; 8c: R=3-CHj3

8d: R=4-CHj;; 8e:R=2,6-(CHz),; 8f: R=2-OCHjz

8g: R = 3-OCH3; 8h: R =4-OCHj; 8i: R =2-Cl
8j: R=3-Cl; 8k: R =4-Cl; 8l: R=3,4-Cl,
8m: R = 2-Br; 8n: R =4-Br; 80: R=4-F

B 1 1,3,4-8 =5GP A R

Scheme 1 Synthesis of 1,3,4-thiadiazole triazene compounds

Orwes - Qo — 1 LD
; )
a
7p CHs
HaC N
5a 3 S
2 T N4©_<\ N
NEts  pycm N7 N-N
8a

B2 & 7p F 5a il

Scheme 2 Reaction of compounds 7p and 5a

0O

HaN< NEt,
N=C=S + H — .
N//N\N/

9a 5a \

HaC s_N

3

N N o (1)
H, ™ N7 N-N
8a

(9a) 1L &4 Sa fEAR R 264 N AT )R, 3 h J5 70 43 3
THEY) 8a (Eq. 1), HULHEH A MALEEN Scheme 3
F7R.

1.2 AR BhE AN
AR A =R G 4Pk R EBEDTIC)M 5-%UR B
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BHE
WE (S-FU)E TR, i 28 46 & 0k N & 8 0 20 PR, =P 4 v 1 S o 52 A A U R 1 5
(EC109). A 5 # 41 g (MGC803) £ A Hif 41 fig & 41 ity W5 K. 76N BB A0 ML (BECT09) A I rfr, = b 1] o7 B

(PC-3) = Fh 4t BRI E . FL 1Cso (A L3R 1.

NEt; + H,0 =—= HNEt; + OH

o}
Q—NARZ

S
A -PhNHCH,4

~ —> R'-N=C=$§
I | ~/

H CHs

L oH™

s_ R !

HN_( XOH —2> HN—« b/Rz

@ @NaN

B3 1,3,4-M W1 S S LEE
Scheme 3 Reaction mechanism of 1,3,4-thiadiazole
o1 1,3,4-1 = GUR A W HUETE PE[ICs/(umole
LN
Table 1 Anticancer activity of 1,3,4-thiadiazole triazene com-
pounds [ICs/(umolsL )]

RL )(\

CHj3

Compd. EC109 MGC803 PC-3
8a 161.1£3.7  37.0%6.2 94.5+0.6
8b >300.0 59.61+9.6 232.4+7.0
8c >300.0 531403 >300.0
8d 128.2+7.9 113.3£5.5 95.8+0.1
8e 191.2+£1.9  993%1.1 119.9+3.4
8f 208.8+4.0 6.5%0.7 65.314.6
8g >300.0 423+2.1 109.8+4.6
8h 161.1£2.3 94.7+0.3 73.8+1.4
8i 73.716.0 482184 47.6%23
8j >300.0 454+0.5 30.6£0.5
8k 2184143 122£2.0 113.3£0.6
81 113819 63+04 13.5+2.1
8m 166.5+0.8  49.1+2.7 127.3£6.2
8n 187.5+£1.3 9.6+0.3 59.0+3.3
80 >300.0 109.7£9.1 723+53

DTIC 108.1£1.2  99.6t4.1 146.4t5.1
5-FU 10.310.8 7.2+1.2 253+1.8

M 1 FTRUEH, Kb &Pt N 8 41 i
(EC109). A B # 41 ig (MGC803) F1 A i 41 Jif & 41 iy
(PC-3) H A5 B s Ml 4 L, i H 55 2593k - EL g
(DTIC)AHEL, A4 8a~8c. 8e~8n X A H ¥ 4 iy
(MGC03)#ii/E FH Atk &4 8a. 8d~8o X AT 51 s
41 i (PC-3) 4kl /B F #0518 R L (DTIC), Hfb &
V) 8i X =i 4 B I 1Cso (E#K T ik R E2(DTIC), F
S MY S-FIRBELE(S-FUXT L, LAY 8c. 8f.
81 %7 A\ B 4H (MG C803) I #n il 7 F Afk &4 81 % A
AU B B8 4 (PC-3) e 4 bl VB FH B8 47— . MG &5 2R
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AT 35 R I H BN I A AR . e o BAR 5 A 35 12 B
B, A FIEFE: CHy>OCH;~H>Br>CI>F, &4 il
At TR SR A R N B A L (EC 109) 40 i) 4
P RN B R A (MGC803) Rl b, 4 Br
Cl B AL SR I H AR SR A0 & 1, K248 47
BUARL &9 B bk - B (DTIC) 58 VF £ 1 25915
P #E R A e 4 B (PC-3) R vh, Az BRAC S AL &
V)4 R B ik R S (DTIC) S SR (25 M0iE 1, B
FEAb, FOAMEUAREEAE AR (A1 [RIRE I HH 45 5 1A 0 1 ity
P, Hod 3,4- SR (8 13 P T LLIA Bk R e
(DTIC)f 10 15 /45

2 i

¥ 1,3,4-B8 I = EUR PR, AT 154
FM = BUREY, ZIA G 25 #E A g3
PRIFE(NMR) £ 4% (IR) Al 20 % 7 1% (HRMS ) 5 7
EARR) T I0AE, JEx HPue v M VR TR, 45 SRAIE
HALAY) 8a~8e, 8e~8n Xt A B4 AL(MGC803)Hii
YEFFIL A 8a, 8d~8o Xt A Hif 41 e 41 g (PC-3) 1 il
1 #R 58 T % B 254015 K R (DTIC), HA k&4 8i Xt
AL 1Cs E AR T AR EEE(DTIC), &Y
8c. 8f. 81 %+ A B J& 41 (MGC803) (1K 4MshiIF F Atk &4
8l Xﬁ)\ﬁﬁﬁu%%éﬂiﬂ@@c-a)B’J%ﬂ]ﬁ%ﬂﬁﬁﬁ L2540 5- 9 i s
g (5-FU)Ib E 5% —

3 LIRS
31 B 5IE

ZFT =AM A IS TSR A IR TR A
BRAT]); 84-1 WA Bt #EIR VB (L R B R A A
AT BR A ]); SHB-II JEFR 7K 3 2 I 2028 2 (K31
B THAWAT); CP214 HL TR (RS A PR A
#]); Q-TOF Micro & 73 H# )5 il 721X (35 [E Waters A 7]);
RE5299 Jig# 28 KA g s AL ES) ); DPX-400FT
B FAZ SR (35 E Bruker A 7); Vector 22 {# HLifAR
BsL AMEREA (3 E Bruker 2 #]). BT 9 i &5 7
Mrali, {5 F AT 4% 5 0 v AL . S Bt 64 PR A A
NEERANL(ECI09). A\ HIE4IHMGC803)F1 A HiF1
e 4 M (PC-3) E AP M K 2 Al 2 272 o 24 B SR 2 L
32 KEYMER
3.2.1  4-F K T ER T B5(2a) 89 &A%

&) 2a A TR S 25 SCRR[15]. 76 100 mL 3
BTN 1.00 g (7.29 mmol)X & IEFK R, 1.00 g
(8.41 mmol) &AL IEHAFN 30 mL FEE, FHEEIR 2 h, IR/E

Chin. J. Org. Chem. 2019, 39, 1064~1069
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BEFER, A EREK, H R OB, RTH
BULAH, 19 %5 20 2k 2% B R F IR (22), 7= 2% 93.8%, mup.
112~113 !,

322 4-33-—F A = fHM-1-K)K F B T B5(4a) 49
AR

WEY) 4a G HTIESHSCER[15]. 7E 100 mL [F]JE
B FH 1.10 g (7.28 mmol)fb &4 2a ¥ T 15 mL 10%
AR, UKOKWE . H A EKKE 1.00 g (14.49
mmol) VS BN A, TN E R NI, dkeEmidt 1 h, 19
FIEREE. £ 250 mL R IMA 2.90 g (21.22
mmol) 33% &A1 3.00 g (21.71 mmol)BRFEREN, Fn
ANEZE, HHE 30 min FHESLEY) 4a, 772 96.6%,
99~100 ‘CH7
323 4-(3,3-= W A = A M-1-2) K T BB (5a) 89 &
R

BV 5a & TS5 CHER[15]. 78 100 mL [
B 0.61 g (2.97 mmol)fb &4 4a A1 1.10 g (17.60
mmol) 80%7K & A T i & EEH, In#ElR 4 h, Rz
KRBT E K shaE, 194654 5a. =2 83.8%, m.p.
155~156 C!",

3.2.4  1,3-=35 A Hk(Ta~T0) 89 & A&

7E 50 mL [EJERFEH A A 20.00 mmol L&) 6a~
60, 0.77 g (10.11 mmol) —#ii LBk, 5 mL W2 /KA 10 mL
K, WIBEE 8 h, AONEEETH, g, KB, TR,
B LAY Ta~To.

1,3- Q- AR(Tm): AGREK, 2% 87.9%.
m.p. 157~158 C; 'H NMR (DMSO-ds;, 600 MHz) §:
9.59 (s, 2H), 7.65~7.69 (m, 4H), 7.40 (t, J=7.8 Hz, 2H),
7.20 (t, J=7.9 Hz, 2H); >C NMR (DMSO-d,, 151 MHz)
J: 181.25, 137.56, 132.53, 130.08, 127.96, 127.73, 120.85.
HARMWEMZ % 3CHR[19~22].

325 2-F A5 [4-G3-—F A= RMHE-1-£)RK
#1-1,3,4-8 —v#(8a~80) 49 & Ak,

7F 100 mL BRI F A 0.50 g (2.42 mmol)ft. &
¥y 5a, 2.20 mmol {L&4) 7a~7o 1 0.50 g (4.95 mmol) =
2, /K 40 mL, AR 3 h S, AE, Bl 2R OBE#E
B, FEE M0 B [ A LR LB BV V=1 :
6)], 13 x4 8a~8o.

2- IR Bk-5-[4-(3,3- - F 0k = 28U- 1 -3 ) R 3 -1,3,4-
WE W (8a): IRILAE M, FFE 87.4%. m.p. 243~
245 °C; '"H NMR (DMSO-d,, 600 MHz) &: 14.08 (s, 1H),
7.50 (d, J=5.6 Hz, 3H), 7.36 (d, J=3.7 Hz, 2H), 7.24 (d,
J=2.6 Hz, 4H), 3.47 (s, 3H), 3.12 (s, 3H); “C NMR
(DMSO-d,, 151 MHz) 0: 168.94, 152.24, 150.95, 135.16,
129.82, 129.78, 129.43, 129.19, 122.33, 120.39, 43.42,
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36.39; IR v: 2919, 2851, 2737, 1599, 1495, 1323, 1080,
846, 702, 612 cm '; HRMS calcd for C;¢H,;sNsSNa
[M+Na]™ 347.1055, found 347.1054.

2-(2- PR R g 8 )-5-[4-(3,3- — F 3L = UM - 1- ) 2%
F£1-1,3,4-58 — W (8b): VR B (LA 44, P2 77.7%. mup.
242~244 °C; 'H NMR (DMSO-d;, 600 MHz) 0: 14.10 (s,
1H), 7.43 (t, J=17.5 Hz, 1H), 7.40 (d, J=7.6 Hz, 1H), 7.35
(t, J=7.5 Hz, 1H), 7.31 (d, J=7.8 Hz, 1H), 7.23 (d, J=2.5
Hz, 4H), 3.46 (s, 3H), 3.12 (s, 3H), 2.02 (s, 3H); °C NMR
(DMSO-d,, 151 MHz) 6: 168.57, 152.38, 150.71, 136.38,
134.29, 131.57, 130.44, 129.77, 128.69, 127.70, 122.26,
120.54, 43.40, 36.38, 17.77; IR v: 3083, 2919, 2744, 1603,
1510, 1315, 1086, 996, 842, 727 cm”'; HRMS calcd for
C7H1oNgS [M+H]" 339.1392, found 339.1390.

2-(3- F L F i 38 )-5-[4-(3,3- — FH Ik = M- 1-36) 2
$£1-1,3,4-WE M (8c): MR B LA 44, A 89.0%. mup.
255~257 ‘C; "H NMR (DMSO-dq, 600 MHz) 6: 14.06 (s,
1H), 7.38 (dd, J=7.8, 2.3 Hz, 1H), 7.31 (d, J=7.7 Hz,
1H), 7.25 (d, J=2.3 Hz, 4H), 7.19 (s, 1H), 7.13 (d, J=7.9
Hz, 1H), 3.48 (s, 3H), 3.13 (s, 3H), 2.32 (s, 3H); °C NMR
(DMSO-ds, 151 MHz) §: 168.97, 152.23, 150.88, 139.39,
135.10, 130.52, 129.58, 129.46, 129.34, 126.25, 122.36,
120.39, 43.41, 36.40, 21.22; IR v: 2957, 2918, 2851, 2735,
1729, 1603, 1488, 1355, 1102, 709 cm ™ '; HRMS calcd for
C,7H,sNgSNa [M+Na]" 361.1212, found 361.1209.

2-(4- P R R g 8 )-5-[4-(3,3- — F 3L = M- 1- ) 3¢
F£1-1,3,4-8 — W (8d): VR B AL 44, 7 80.2%. m.p.
237~239 °C; 'H NMR (DMSO-d;, 600 MHz) 0: 14.04 (s,
1H), 7.29 (d, J=8.0 Hz, 2H), 7.24~7.26 (m, 4H), 7.21 (d,
J=8.0 Hz, 2H), 3.48 (s, 3H), 3.13 (s, 3H), 2.36 (s, 3H);
BC NMR (DMSO-d;, 151 MHz) 6: 169.02, 152.20,
151.01, 139.38, 132.57, 130.27, 129.44, 128.87, 122.41,
120.40, 43.40, 36.38, 21.25; IR v: 3088, 2919, 2851, 1604,
1507, 1376, 1323, 1167, 1073, 840 cm™'; HRMS calcd for
C,7H,sNgSNa [M+Na]" 361.1212, found 361.1210.

2-(2,6- . F 3L 2 i B )-5-[4-(3,3- - R 3k = U M -1-
)R HE]-1,3,4-HE W (8e): FIERIEA, 773 50.9%. m.p.
231~233 °C; 'H NMR (DMSO-d;, 400 MHz) 0: 14.21 (s,
1H), 7.35 (t, J=7.5 Hz, 1H), 7.24 (dd, J=8.2, 5.3 Hz,
6H), 3.47 (s, 3H), 3.12 (s, 3H), 1.97 (s, 6H); *C NMR
(CDCLs, 151 MHz) o: 167.91, 152.67, 150.87, 136.48,
132.86, 130.24, 129.03, 127.63, 121.91, 120.78, 43.21,
36.01, 18.12; IR v: 3087, 2917, 2741, 1605, 1509, 1321,
1159, 1094, 965, 783 cm '; HRMS caled for C;sH,0NsSNa
[M+Na]" 375.1368, found 375.1366.
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2-(2- FH AR 3 TR il i )-5-[4-(3,3- — H 3k = U -1-3%)
IRHE]-1,3,4-1E R (8): Wk AR, PR 77.9%. mop.
233~235 ‘C; '"H NMR (DMSO-d;, 600 MHz) 6: 14.02 (s,
1H), 7.49 (t, J=8.1 Hz, 1H), 7.42 (d, J=7.7 Hz, 1H),
7.24~7.27 (m, 4H), 7.15 (dd, J=8.5, 2.7 Hz, 1H), 7.11
(dd, J=7.7, 2.6 Hz, 1H), 3.56 (s, 3H), 3.47 (s, 3H), 3.12 (s,
3H); "C NMR (DMSO-d,, 151 MHz) §: 169.26, 154.97,
151.43, 131.78, 130.92, 128.50, 123.67, 122.73, 121.35,
120.39, 113.46, 56.27, 43.38, 36.36; IR v: 3060, 2901,
2754, 1603, 1506, 1399, 1288, 1161, 1044, 852 cm ';
HRMS caled for C;7H;sNsOSNa [M—i—Na]+ 377.1161,
found 377.1158.

2-(3- FH AR 3 2R il i )-5-[4-(3,3- — 3k = U -1-3%)
ZHE]-1,3,4-WE —1(8g): M EELA, FEF 79.4%. mup.
235~237 ‘C; '"H NMR (DMSO-d;, 600 MHz) 6: 14.07 (s,
1H), 7.40 (td, J=8.1, 2.7 Hz, 1H), 7.23~7.31 (m, 4H),
7.07 (d, J=8.1 Hz, 1H), 7.00 (s, 1H), 6.89 (d, J=7.8 Hz,
1H), 3.74 (s, 3H), 3.48 (s, 3H), 3.13 (s, 3H); *C NMR
(DMSO-ds, 151 MHz) §: 168.90, 160.13, 152.25, 150.93,
136.16, 130.54, 129.37, 122.39, 121.23, 120.39, 115.32,
115.28, 55.93, 43.40, 36.37; IR v: 3067, 2921, 2751, 1604,
1490, 1332, 1215, 1158, 1046, 855 cm'; HRMS calcd for
Cy7HsNgOSNa [M+Na]" 377.1161, found 377.1159.

2-(4- F 48 FE FR il JL )-5-[4-(3,3- - FF = M -1- %)
R HE]-1,3,4-8 M (8h): VR IE (LA, F7F 87.0%. m.p.
230~231 °C; 'H NMR (DMSO-d;, 600 MHz) 0: 14.03 (s,
1H), 7.26~7.27 (m, 6H), 7.02~7.06 (m, 2H), 3.81 (s,
3H), 3.48 (s, 3H), 3.13 (s, 3H); *C NMR (DMSO-d;, 151
MHz) d: 169.22, 159.99, 152.20, 151.11, 130.34, 129.40,
127.70, 122.48, 120.41, 114.93, 55.88, 43.38, 36.36; IR v:
3108, 2926, 2748, 1732, 1603, 1508, 1254, 1097, 1034,
852 c¢m '; HRMS caled for Ci;H;sN¢OSNa [M+Na]*
377.1161, found 377.1159.

2-(2-FFE M )-5-[4-(3,3- L = HUA-1-3) 2
HE]-1,3,4-M —M(8i): I EE, 773 79.0%. m.p. 227~
228 °C; "H NMR (DMSO-d,, 600 MHz) d: 14.13 (s, 1H),
7.65~7.70 (m, 2H), 7.54~7.59 (m, 2H), 7.24~7.29 (m,
4H), 3.47 (s, 3H), 3.12 (s, 3H); *C NMR (DMSO-dj, 151
MHz) d: 169.08, 152.51, 150.77, 132.77, 132.33, 132.31,
132.23, 130.75, 128.97, 128.71, 122.11, 120.59, 43.42,
36.40; IR v: 3063, 2901, 2748, 1736, 1602, 1477, 1329,
1075, 968, 843 cm '; HRMS caled for C;sH;sCINsSNa
[M+Na]™ 381.0665, found 381.0662.

2-(3- A T M HL)-5-[4-(3,3- — Ik = UM -1-3E) 3
HE1-1,3,4-8 —M(8j): A, 23 77.4%. m.p. 232~
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233 °C; '"H NMR (DMSO-d,, 600 MHz) 6: 14.12 (s, 1H),
7.60 (t, J=1.8 Hz, 1H), 7.57~7.58 (m, 1H), 7.51 (d, J=
8.0 Hz, 1H), 7.33~7.34 (m, 1H), 7.25~7.28 (m, 4H), 3.48
(s, 3H), 3.13 (s, 3H); *C NMR (DMSO-d;, 151 MHz) ¢:
168.89, 152.34, 150.84, 136.46, 133.73, 131.29, 129.96,
129.57, 129.41, 128.20, 122.14, 120.46, 43.41, 36.39; IR v:
3079, 2902, 2748, 1604, 1508, 1481, 1314, 1093, 849, 711
ecm '; HRMS caled for Ci6H;sCINgSNa [M + Na] *
381.0665, found 381.0664.

2-(4-F AW HE)-5-[4-(3,3- W R =FUE-1-F) %
H£1-1,3,4-HE W (8k): AR, F5% 87.7%. m.p.
234~235 °C; '"H NMR (DMSO-d;, 600 MHz) 0: 14.13 (s,
1H), 7.58 (d, J=8.2 Hz, 2H), 7.42 (d, J=8.3 Hz, 2H),
7.26~7.29 (m, 4H), 3.48 (s, 3H), 3.13 (s, 3H); °*C NMR
(DMSO-ds, 151 MHz) §: 168.89, 152.33, 150.91, 134.44,
134.05, 131.14, 129.83, 129.59, 122.17, 120.48, 43.41,
36.40; IR v: 3084, 2921, 2794, 1740, 1603, 1494, 1323,
1238, 1090, 852 ¢cm '; HRMS caled for C;sH;sCINsSNa
[M+Na]" 381.0665, found 381.0661.

2-(3,4- " EUK FEHE)-5-[4-(3,3- — 1 3 = E Mii-1-3)
AR HE]-1,3,4-1E 8 H O E AR, PE 79.7%. mop.
228~231 °C; 'H NMR (DMSO-d;, 600 MHz) : 14.16 (s,
1H), 7.85 (s, 1H), 7.79 (dd, J=8.6 Hz, 2.8 Hz, 1H), 7.41
(dd, J=8.6, 3.0 Hz, 1H), 7.30 (d, J=2.7 Hz, 4H), 3.49 (s,
3H), 3.14 (s, 3H); "C NMR (DMSO-d;, 151 MHz) o:
168.81, 152.39, 150.80, 134.99, 132.77, 131.95, 131.62,
131.57, 129.82, 129.68, 121.99, 120.53, 43.42, 36.40; IR v:
3087, 2922, 2751, 1757, 1508, 1476, 1328, 1092, 1005,
843 cm~'; HRMS caled for CigH;sCLNgS [M+H] "
393.0456, found 393.0454.

2-(2- R T i HE)-5-[4-(3,3- — W 3k = HUI-1-3E) I
F1-1,3,4-0 — M (8m): [ EE K, P 69.7%. m.p.
219~221 °C; "H NMR (DMSO-dq, 600 MHz) 0: 14.14 (s,
1H), 7.80 (d, J=8.1, 1H), 7.68 (d, J=7.8 Hz, 1H), 7.59 (t,
J=17.7 Hz, 1H), 7.48 (t, J=7.7 Hz, 1H), 7.27 (q, J=8.5
Hz, 4H), 3.47 (s, 3H), 3.12 (s, 3H); *C NMR (DMSO-d,
151 MHz) &: 168.94, 152.47, 150.60, 134.37, 133.90,
132.37, 132.33, 129.53, 128.77, 123.06, 122.18, 120.56,
43.43, 36.41; IR v: 3084, 2901, 1737, 1508, 1476, 1316,
1162, 1065, 843, 727 cm”'; HRMS caled for C,¢H;sBrN¢S-
Na [M+Na]" 425.0160, found 425.0159.

2-(4- R IR NG )-5-[4-(3,3- 2 = UM -1- ) K
F£]-1,3,4-8 — W (8n): VR B AL 44, P2 79.5%. m.p.
225~226 °C; 'H NMR (DMSO-d;, 600 MHz) 0: 14.12 (s,
1H), 7.71 (dd, J=8.6, 2.5 Hz, 2H), 7.35 (d, J=8.7 Hz,
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2H), 7.28 (t, J=6.6 Hz, 4H), 3.49 (s, 3H), 3.14 (s, 3H); 1°C
NMR (DMSO-ds, 151 MHz) &: 168.82, 152.33, 150.86,
134.47, 132.79, 131.41, 129.60, 123.06, 122.14, 120.49,
43.41, 36.40; IR v: 3675, 2920, 744, 1741, 1603, 1488,
1315, 1062, 846, 719 cm ~'; HRMS caled for
C16H1sBrNgSNa [M+Na]"™ 425.0160, found 425.0158.

2-(4- 5 K i HE)-5-[4-(3,3- — W 3k = HUM-1-3E) 3R
5£1-1,3,4-€ —:(80): TR BT E AR, 5 83.8%. m.p.
223~225 ‘C; '"H NMR (DMSO-d;, 600 MHz) 6: 14.09 (s,
1H), 7.44 (dd, J=8.7, 4.9 Hz, 2H), 7.35 (t, J=8.8 Hz,
2H), 7.24~7.28 (m, 4H), 3.48 (s, 3H), 3.13 (s, 3H); "°C
NMR (DMSO-ds, 151 MHz) J: 169.03, 163.31, 161.68,
152.29, 151.01, 131.56, 129.53, 122.25, 120.45, 116.73,
43.40, 36.38; IR v: 3671, 2921, 2730, 1602, 1512, 1309,
1224, 1005, 839, 605 cm™'; HRMS calcd for CgH;sFN¢S-
Na [M+Na]* 365.0961, found 365.0960.
3.3 ImAPEIE MR

TR AT F R 4. AN B4 (EC109). A B
I 2 L (MG CR03) A1 Tij 41) i g 41 i (PC-3) FH B K 2%
BRI B 25 B R PR, BT A A DL R
(DMSO) AL T W E N 20 mmol/L IR, T
4 CUKFEHARAT. i F A0 P B R AR T TR IR B, i
DMSO A& EAHIT 0.1%. B a s 7% T )
) RPMI-1640 §57%3E, ET 37 C B F 50N 5% CO,
B AR R R, THEUE, TCRCAN MBI K al i R %
4L 100 uL T 96 FLIR 3597 24 h )5, WA R EE 24
Vi) 200 pL £57Edkrh, 5555 48 h. B AE T &
HAE, BEFLIIN 20 pL 5 g/L HIMEMETE (MTT)IA TR, gk4t
BTRFM T 4 b WHESLRE, BB 96 LR
Bryedt HFLINA 150 pL — FIETE B (DMSO) A i it 4%
1) B R RL. FEIRTR AT 10 min J5 FEEFRACAE 490 nm
WEITR A A, SFRTAREUE AR, 4y A F AR E
R ASAL SV T IME . bRl R, B AR
FER LA RV B 259016 FA OB6 BE15 Od, F SPSS Kt
PR MEA DI 1Cs,.

HBh# &L (Supporting Information) {L&4%) 7m, 8a~

80 ] '"H NMR. °C NMR F1 HRMS i [, i £644 mf L
Y B WA T 9335 (http://sioc-journal.cn/)_E N #.
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