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Synthesis and Biological Activities of Novel 2,5-Disubstituted-
1,3,4-thiadiazole Derivatives

Li, Yingjun®* Yu, Yang® Jin, Kun® Gao, Lixin®
Luo, Tongchuan” Sheng, Li‘ Shao, Xin“ Li, Jia®™*
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( State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012)
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Chinese Academy of Sciences, Shanghai 201203)

Abstract Sixteen novel 2,5-disubstituted-1,3,4-thiadiazole derivatives containing benzisoselenazolone moiety 7a~7p were
synthesized by the reaction of 2-amino-5-substituted-1,3,4-thiadiazoles (2) with ortho-(chloroseleno)benzoyl chloride (6). The
structures were characterized by IR, "H NMR spectra and elemental analysis. Their biological activities were evaluated. The
experimental results indicate that some compounds exhibit inhibitory activity against cell division cycle 25B phosphatase
(Cdc25B) (ICso=1.67~6.66 pmolsL™"). All the target compounds showed good inhibitory activity against protein tyrosine
phosphatase 1B (PTP1B) (IC5,=0.73~4.50 pmoleL "), and some compounds exhibited higher inhibitory activity than posi-
tive control oleanolic acid (ICso=1.90 pmolsL™"). Compound 7k displayed antitumor activity in vitro for human colon cancer
(HCT-8) cell (IC5o=12.54 pmolsL™"). Some compounds showed the medium scavenging ability for hydroxyl radical (HO*)
and superoxide anion (O3 ), but no scavenging ability for DPPH-.

Keywords 2,5-disubstituted-1,3,4-thiadiazole; benzisoselenazolone; synthesis; bioactivity

1,3,4-M MR — SR BURIMME S, BT ZME (IR TR B, 2,5- ZHUAR-1,3,4-18 2K Ah &) B Bt
YiiEtE, PIanPUREE. JIAR . PIEE. JIR. Plsim L HUREPRC, HURM. SR /R R i B 5
Fe Bidig. iRl g d. suasRguEE . e WEVE. 1,3,4-M8 “IATAEYIN “N—C—S” 45 REMF 9l

* E-mail: chemlab.Innu@163.com
Received May 12, 2014; revised August 1, 2014; published online September 25, 2014.
Project supported by the Natural Science Foundation of Liaoning Province (No. 20102126).
T8 HARRHFIE 4 (No. 20102126) % BT H .

Chin. J. Org. Chem. 2015, 35, 129136 A\ ©2015 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 129



BIHE

PR OB G RN SR B T, B R
YN HEIEIEYE. BhAh, X FmE w&,%ﬁTﬂm*Hﬂ
RS FLAEDTE R, SR AT IR N2, X2k
T ZHeE,

i A2 2 N AR IE 8 AR BRI RE BT 0 75 1 — Pl i i T
. R R LB (BISA) BE A2 bt H o A Ak il
(GSH-Px), A7 A W4 A il [2- 4% J -1,2- 2K 5 S il e -
3-(2H)-FHI(E 1) A HT & 4 B H AR i S Ak A B A4
Y, E EAEPUHR. PrE®. FoREl. mali%e
P, SRR, 2N W ETENLE
Y. WRAGH 2R 0 VAR B 5 IR B e 45 0
5%, MR AEEER R OCEY. Xt Tl gt
P AR A, 4R B 4 1 e A Ak A I 25 oA B
6 SR BT RAT A e 2= A P R
BRI, BN T SR L MR R . AR P TR
FTFRL, UL AR 22 2K R A R AT A Pl AR 48 Bl
Sk, FEEMREM, eMEAETUET. AL P,
PO, Sl 2R Pk R PR O i

(0]

Cr<0

B RAR 25

Figure 1 Structure of ebselen

(1) CICH,CO,H/OH"

CACEE VS P 1 T ¥ B NBA R 2 S 1, B
e EY. BT B EL, N T LRI
W FC AR B s I 0 it L e o AR T (A /N 93
THIANEY), AREARYE LD EH R, &t UK
FRRAE R e A, K 2R H S ik na e A0 7 4 R O/ —
FHEBESE R SNE] 1,3,4-BE 0k b 7R T ing
PR, RPN EE, BB Ea
RLGF BV A R AE e A 2- G 2 2 A I A 2-
R IE-S-HUR-1,3,4-8 i, AR T — RS

BRI AR 25 A 1Y) 2,5- —HUAR-1,3,4-E AT AW,
FHXF HARMCE AT T AEYSE R, B AR S
R W, Scheme 1.

1 HREWR
1.1 BEHUEM7HERK

F = Z AR SiB277), BtOAc NIAH, Hhlafh 2-5( 3-
5-HUAR-1,3,4-ME 1 (2) 5 2- Gl K B (6) TE =R T
SN 8 h, K. LR BRIk YE, TG 4 & RN 34l
)< BT 3R HARPZ ) Ta~Tn (43.8%~76.2%). [HH
[ 20 A1 2p FEHEMR RECK, FEHIRIF B EA 3R HET
FHINO,, ALl 2- SR 2 H I S(6) HEA T S A% S BL

AR E, T FE A To A Tp M7= S
(27.7%~34.9%).

H,NHNCNH, R
ArOH N ArOCH,COOH ——— ArOCHz/k )\NHz
(2)H POCI,
1a~1n 2a~2n
KBH, + Se NaOH, PEG-600_ . Se

05h
©:NH2 NaNO,-HCI
COH 0~5°

(o)

N, CI
@[ 27 KaSep socl, COC'
CO,H Se reflux

COOH Sec'

4.3
(CoHs)sN 5 2 s
+ Er— N—( e
2 6 EtOAG R S/e \ CHQOAI’
7 y N—N

7a~T7n

N—N (C2H5)3N
6 + Ar'O—@—( \
s)\ NH: “Eroac

20~2p

sﬁm@

7o0~T7p

Ar = CgHs (a), 2-CH3CgHy (b), 3-CH3CgHy (c), 4-CH3CgHy (d), 2,4-(CH3),CeHs (€)
2-CH30CgH, (f), 4-CH30CgH, (@), 2-CICgH, (h), 3-CICgH, (i), 4-CICqH, (i)
4-CI-3-CH3CgH3 (K), 2,4-Cl,CeHs (1), 2-O,NCgHy4 (m), 2-C1oH7 (n)

Ar' = 4-0,NCgHjy (0), 2,4-(O2N)2CgH3 (p)

B 1 HErea? 7 16 m

Scheme 1 Synthetic route of the target compounds 7
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1.2 BHrLE 7 WERTHRE

A IR 8 H7E 3252~3339 em™' ZJ8] vy WG 2%
PLK 1615~1684 cm ' Z [0 ve—o VERT B, W25 5E
HARL AW 7 451

EEAREEY 7 ) 'H NMR i, 76 6 8.11~8.29
b I — X, BA L J=7.6~8.4 Hz, WiHH —
N A S 28 A, R\ AR EIE, vIHE Nk

BRI T7 Z(BISA-Hy) WS I; [RIFE, 72 6 7.98~8.02

Ab B — AN U, A E AL J=6.8~8.0 Hz, IHE NS
Tl AH AT 1 0% S (BISA-H )W ;. 7E 6 7.74~7.79 Ab H I
—AN=EIE BEEH J=7.0~8.0 Hz, Ui A M
MNHEASZMA, HE N ST 471 75 & (BISA-
He) W iclle; [EIHRE, 78 6 7.51~7.54 Kb EL—A =g,
WAEHE J=7.0~78 Hz, WAL A NN HE S 218
G, VB R Bk Hk ) AL 1 5 & (BISA-Hs) IS U 76 6
6.82~7.64 Ab I N 75 BRI SR 7R S
5.49~5.68 Ab i B 1) FL UG A 5 e MR ER AR 1) CH, Jii
Wi l; 75 9 3.70~3.80 Ab BRI HIE Y OCH, i T
Wlg; 78 6 2.18~2.34 AbH B HLIE N 5 55 TR AHIE
CH; 5 MR A i

T IR A AW % B R SERFAE R S0, R ) 1k 2
FIEIE D SR 6 SERR T IR IEAL 4544, SEal
T 1,3,4-1 S 5 2 I S Al L 45 R O . TH
NMR BB AT T 5 1,3,4-M8 R ERAH I A 258 S 1
W LA K 55 I T IR FRIAFIE. FR TR AT TH NMIR 1544
PErT A, HAMEEWIRIS S50 A 450 — 2
1.3 BirLEad 7 WEYEMRR

MR SCBRARTE T 40, 2,5- - HUAR-1,3,4-18 — ik &
VIRZE I Al ER S A BB buUE . PUREIR . DR
oy P PO PUREEME. BATR BT & B H bs
FEY) Ta~Tp #AT T A 532 H 1 25 B (Cde25B) L I
R AN R (A BS S BR BEFR T 1B (PTP1B)IMHIE M4 T
VE e b [ 5T 24 e b B B 52 )« AR AN RS
PE LR SIS Y TS BR 4 B H 3R (HO.) . B 3 T
(05 ) HARTFWRFIE [ H1 3L (DPPHe)] 0§ 12 5256 (1t
B TAE B AL 5 B R 2907 1 H O U Bh 5E ).
1.3.1 Cdc25B #= PTP1B 4| & M i £ 52 18

PTPI1B /& 2 BV JRIG VAT HIAS 258 8200 4F PTPs
IR, Cde25s AU 248 M < sm T 7t 78
WA K, CLEl =1 Cde2s WAL, 25K
Cdc25A, Cde25B 1 Cde25C!. Cde25A Al Cde25B 7
2 NBIE(IFALIME . dlE. T E80E. et
HRRELFERIAN), B, Cde25A/Cde25B CRCAIRTT i
iE () B B2 AR, BT L, SR E A B EIG R
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Cdc25B F1 PTP1B #5712 + A = X H). AT &
BRI E R4 Ta~Tp BT T 48 1% S 5——REK
5L 2 (log PYRUKIE RIS, LA Cde25B/PTP1B
8 35 1R 0 8, log P MK VA Ik A T B 465 BR LA Rkt
Cdc25B/PTP1B i)y 1t i) S 25 R L3 1.

BT LEY I RE R E R, BERZW) o T8 — & 1)
SEMREYE, DLORRE 77 8RR M, (H N EA 2% HIoR KA,
DA AR 2390 5 FAE KA R B A . T DA, BRAE B 259 B
A KR SE g P 1 R A DT Y. 259 ik 0 P &
H(log P)2&TRIMAH PRI LY o FRE I EESHL, 2
VIR IR . iy a5 5 itk I &
¥ H . AIF A Molinspiration Property Calculator
(MIPOFEF AR H T HEs L&) log P AE, FIH
EPI Suite A5 H T BARMEAWITE 25 CH K #
PE. R 1 ATEL, BRTARE To A1 Tp AE, BARLED
7a~Tn [ log P<<5 ({£ 3.052~4.723 Z [a])) K T4k Aifi
log P (2.916), B BFrb&WH RIGHSEREM. REH
FRALA VI 2 IR 50 H DL R AT e S A B 2 TR AR i,
B H K P [(0.06 ~37.72) mg/L]#HME T 4 A7 il (429.4
mg/L). AR AT F KB YE <<0.0001 mg/L, 241
W 2> A, Rk, R H ARSI K AN K
WA, AT ] B A A= PiE .

HEE 1 WA, $aEYN Cde25B A il it
Hetb &Y T WG E(IC5=1.67 umol-L "),
SBAERT Y NasVO, (ICso=1.49 pmolsL ™ ") iE %
A Y. b, X s H bR A YT T
Cdc25B Il 71, 7538 fE 7697 1 HAG W 75 19 R H A E.
i BFrtb & 7 %F PTPIB 34 5 A7 % 3 40 1) % 1tk
(IC5y=0.73~4.50 umol-L "), 1L&% 7d, 7i~7o I
T (ICso=0.73~1.75 pmolsL ") T X} 8 245 ) 57 334
RIR(ICso=1.90 pmoleL™"). Hrhb&Yn Tk HFMIIE 1
B (ICs5o=0.73 pmolsL™"). 4k, tb&Y) Te HIFNH]E
PES R AR Y, XYL R M 45 S 1,3.,4-
WE M2 R R PR IS, T IR 2R I e i P e — —
1,3,4-WE M BRGSO 2 A, B & 7 2
FEM) PTPIB #IHI7, 7ERE R AL REIGRTT 1 BAA WLE
IR AN E.

IR RO AT A RN, 2408 R 54 5] N 55 ER
i (7n), X Cde25B Ml vEPE A ey, 10 H e BRI XS
Cdc25B HMilyd e sz, B RO B8 1
SR, BARERXS PTPIB (M VA B 5. 7R e —
MR S- A7 B [R5\ At FEL T SO LT R T (7,
Tg M1 7j), 5 7a AHLLEL, FEMEA PTG, JFH 7d R 7)
TR TR 250, (e IR SRR ESIN Cl R
FHF(Th~T)IE S & T 7a, Hd 7i~71 35 & T X g
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F1 BEFLEY 75 Cde25B #1 PTP1B H0E

Table 1 Inhibitory activity of target compounds 7 against Cdc25B and PTP1B
, . 1 Cdc25B PTPIB
Compd. Ar/Ar Log P Water solubility/(me-L ) = = o 1C,/(umol-L ") Inhibition/% ICsy/(umol-L 1)
Ta C¢Hs 3.439 24.58 36.52 — 92.17 2.70
7b 2-CH;C¢H,4 3.839 6.86 24.30 — 92.78 4.50
Tc 3-CH;C¢H,4 3.863 6.86 41.75 — 93.68 1.94
7d 4-CH;C¢H,4 3.887 6.86 73.15 5.97 93.99 1.27
Te 2,4-(CH;),C¢H;  4.264 1.91 91.89 5.31 93.79 2.11
7f 2-CH;0C¢H,4 3.052 37.72 17.49 — 93.25 2.77
7g 4-CH;0C¢H,4 3.495 13.65 13.87 — 94.78 2.34
7h 2-CIC¢Hy 4.069 423 47.70 — 93.30 2.51
7i 3-CICeH,4 4.093 423 44.95 — 93.58 1.35
7j 4-CIC¢Hy 4.117 423 28.37 — 93.14 1.49
7k 4-C1-3-CH;C¢H;  4.493 1.18 83.43 6.66 91.90 0.73
7 2,4-Cl,C¢H; 4.723 0.72 98.36 2.36 93.20 1.75
7m 2-0O,NC¢H,4 3.349 7.52 3.13 — 94.22 1.71
n 2-CyoH; 4.622 1.19 99.91 1.67 93.89 091
70 4-O,NC¢H,4 5.687 0.06 14.62 — 93.38 1.03
p 2,4-(O,N),C¢H;  5.574 0.21 74.95 2.59 94.17 3.79
Ref. 1.49 1.90¢

a «

250, {EME MEER S-AL IR IR AL 5] N R (T
A7EE PR T 7a FIXFIE 2, (BAEARAL 5 NI H T [4]
IF(7h A1 7m), 3EVERE 7a 3958, HEEE R T-68 0 13
SV PR ORI B2 48 v (Tm). 22 BUAR JE 1 5] N A3 P 3 o
(Te, Tk F1 70), BT 7a, Ko &A CLEFH 7k F1 71
T TR, AEE TR S0 5] NFHIS IR (Tn),
TR R TR 250, (EmE IR SRR AL BTN T
AIEAIT (7o F1 Tp), FEFE NO, L H 3G N, &1t FEAK.
1.3.2  ARIDFUAT B & 1 IR 2 5k B

HErLED) Ta~Tp (PRSI TGP S 56 45 5 WL
F 2. HINKZ R TLLE W, HIs &4 7k X HCT-8 44
L (ON &5 i g 20 B ) B A B v I ARV 12, 1Cs0=12.54
pmoleL ', {H I P A T R X JR 254 5- 960 v e
(5-Fluorouracil, fij’5 R 5-FU). HEsLAEY 7i X A-549
2 JfL NI i 240 ) UL A e 5 R o 3 1, 4 220
41.37%. HFRAEY) 76 Tk 5 Bel-7402 2 fd O\ 24
JL) A 55 A, 25 5 19.90%F1 14.40%.
1.3.3 4RfALEM F ik e

H HH ARG PEE R (S )R IR 8. 1E
G SRR EERNAE, HEAEAEYE LR 2
B G e RS EEAE . SR, TR
R EURIER, WEERE S, EAISGEE R B
i A DNA, 755 DNA 41k, WS FIBEw 220 3%
PEDF(ROS), BlaE E HEMHO). HAHEF
(05 YA E EH 3k (ROO.), 7EH A 3L i 5%
AL 0 A543 HR A DR ) H R AR B Re R 22 TR E
FW, VFZ I I R ML, B e A O LA
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—” : Not calculated because the inhibition is lower than 50%. ° Positive control: sodium orthovanadate (Na;VOy). ¢ Positive control: oleanolic acid.

E2 HEEY 7 X A-549. Bel-7402 Fl HCT-8 A SMifi
e

Table 2 Antitumor activity in vitro of target compounds 7
against A-549, Bel-7402 and HCT-8

Inhibition/% at 5 pgemL ™"

Compd. Ar/Ar'

A-549  Bel-7402  HCT-8
7a  C¢Hs 4.72 11.22 12.52
7b  2-CH,;CeH, 19.18 4.47 14.84
7¢  3-CH;CeH, 12.15 1.30 16.58
7d  4-CH,CeH, 5.74 0.15 —2.34
7e  24-(CH;),CeHy  12.04 2.99 15.24
7t 2-CH;OC¢H, 36.11 19.90 5.74
78 4-CH;O0CH,  —3.00 7.32 4.98
7h  2-CIC¢H, 8.06 3.44 30.74
7i  3-CIC¢H, 4137 9.32 30.31
7j  4-CIC¢H, 34.27 533 13.65
7k 4-Cl-3-CH;C¢H;  24.04 14.40 (i%éi)”
71 2,4-ClL,CeH, 23.24 3.34 11.41
7m  2-O,NC¢H, 9.36 8.96 11.58
n  2-CyoH; 6.19 1.04 2.06
70 4-O,NC¢H, 12.40 2.28 0.59
7p  24-(ON),CgHy  24.82 1.53 6.15

y 56.51 75.08 78.56

>FU (14.15)  (10.07) (6.30)

© 2015 Chinese Chemical Society & SIOC, CAS

“The value in brackets is the IC50 value. ° Positive control is 5-fluorouracil.

F D ER S VAR T A NP0, IR R RS i 2
(DPPHe) S 56 8 FH TP 4k 2> 715 b B o 5298 1 o
i, FTFAb &R saE RN T, JRATVRN T
B B H AR &4 Ta~Tp X #2 E B3 (HO») Al A
B (05 ) mENE M LA Kt DPPHe K& R &, DA
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P EANIMPUEILRE . SRR 3 MK 4.

K3 HbALEY 7 08t HR R 5T )
Table 3 Inhibitory activity of target compounds 7 for hydroxyl
radical and superoxide anion radical

. Inhibition’/%

Compd. Ar/Ar HO o5 ¢
7a  CgHs 38.82 21.51
7b  2-CH;CeH, 42.75 26.50
7¢  3-CH3;C¢H, 45.88 22.87
7d  4-CH;CgH, 47.45 29.45
7e 2,4-(CH;),C¢H; 37.25 39.09
7f  2-CH;0C¢H,4 46.67 35.72
7g 4-CH;0C¢H, 45.88 35.47
7h  2-CIC¢H, 38.04 42.51
7i  3-CIC¢H, 36.47 26.83
7j 4-CIC¢Hy 43.53 29.50
7k 4-ClI-3-CH;C4¢Hj; 25.49 27.43
71  2,4-Cl,C4H; 43.53 18.62
7m 2-O,NC¢H, 34.12 18.80
n  2-CyoH; 41.96 20.65
70 4-O,NC¢H, 48.24 20.92
7p  2,4-(O,N),C¢H; 41.18 28.80

“ Tested concentration is 5 pgemL . * Positive control is salvianolic acid A,

and its inhibition for hydroxyl radicals is 77.00% (ECso=6.82 mgemL ).
Positive control is vitamin C, and its inhibition for superoxide anion is 87.69%
(ECsp=2.68 mgemL ).

F4 HIMLEY 7 X DPPHe I KRS 1
Table 4 Scavenging activity of target compounds 7 for DPPHe

radical
Compd. Ar/Ar' Scavenging“/%
7a C¢H; —4.74
7b 2-CH;C¢H,4 —5.03
Tc 3-CH;3C¢H, —6.14
7d 4-CH;CgHy —3.45
Te 2,4-(CH3),C6H; —6.40
7t 2-CH;3;0CgH, —5.00
7g 4-CH;0C¢H, —5.48
7h 2-CIC¢H, —5.18
7i 3-CIC¢H, —2.57
7i 4-CICH, —5233
7k 4-C1-3-CH;CgH, —4.19
7 2,4-C1,C4H, —437
7m 2-0,NC¢H,4 —5.37
7n 2-CoH; —6.51
70 4-O,NC¢H, —6.03
7p 2,4-(O,N),C¢H; —10.09

“Tested concentration is 5 pgemL .

H# 3 SLIG 4 T k1, Bisfh &Y 7a~Tp 2 HH
B B R EE R I E I, AP AY To HIHIEE
P, THIEA 48.24%. AFsLEY) Th XA E
TH RS RANHIEE, HR N 42.51%.

17 4 % DPPHe[{i5 B AE /7 s0ie 45 ST 0, HArk
AW 7 YT5iE K DPPHefEPE.
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2 i

ARG T 16 ASEEUR S ORI M S5 R Y 2,5-
THUAR-1,3,4-E AT AEY) Ta~Tp, FEXFT AT T
RAE. VPN T BAR SR A ST, Sk AR,
EALE Y B A INH] Cde25B HiETE(ICsy=1.67~6.66
pmolsL ™), HA 7n HMHITE M = (IC5=1.67 pmols
LY. e iS4t PTPIB B4 HIH3E M (1Cs0=0.73~
4.50 pmoleL "), F H b &4 B4m i i 1k s - BH o
Xof R 24 3 R BR (IC50=1.90 pmoleL "), Hrt 7k fr340
HIE ML =1 (IC59=0.73 umoleL™"). L&%) 7k Xf HCT-8
A1 (N &5 i 8 4 ) 2L A 4k 0 70 P 98 7 1 (IC 50 = 12.54
umoleL ™). &4k A3t [ 1 5 (HO) Al A I 55 1
(O YR A HEMIERRRE S, EXT DPPHI LSRR

3 SRS
31 B 5EHHA

AR X-5 AU s e G TR AR E); 7 ]
TENSOR 27 # FT-IR ZL4MGI%{X, KBr JEJr; £E
Varian INOVA 400 MHz #i3t9R1%, #EE BRUKER
500 MHz #Hi3LIRIL, DMSO-dg NVEH], TMS NN Fx;
%[ Elementar A &) Vario EL T I6 & 0 H14X.

i BRI A T R A ali 24 .
32 LEMMER
3.2.1 P REARAL S A 69 A Ak

HE RIS 22850 67155 Lk & K.
322 HARLA4 7 894 Gl ik

1] 100 mL T4 [F U FER A A 1 mmol 2-5UA %
AR FBES(6). 1 mmol 2-ZFE-5-HUfR-1,3,4-WE W (2).
30mL ZFRAFE N 0.3 mL =%, =i FHFER N 8 h.
€, 73 K /R 2 Bs e g ik, BP1S 24l Sk &
) 7a~Tp.

2-[5-(HE 4 Jk 3 )-1,3,4- 188 — 2 2K I [d][1,2]
WmE-32H)-Hf(7a): 75 0.240 g, HEHE, 77FK 61.9%.
m.p. 237.4~238.3 °C; '"H NMR (400 MHz, DMSO-d) §:
8.24 (d, J=8.0 Hz, 1H, BISA-H,), 7.99 (d, J=7.2 Hz, 1H,
BISA-H,), 7.75 (t, J=7.6 Hz, 1H, BISA-Hy), 7.51 (t, J=
7.0 Hz, 1H, BISA-Hs), 7.34 (t, J=8.0 Hz, 2H, ArH), 7.10
(d, J=8.0 Hz, 2H, ArH), 7.01 (t, J=7.4 Hz, 1H, ArH),
5.55 (s, 2H, CH,); IR (KBr) v: 3065, 2917, 2872, 1667,
1598, 1588, 1487, 1463, 1335, 1249 cm . Anal. calcd for
CigH11N;0,SSe: C 49.49, H 2.86, N 10.82; found C 49.34,
H2.99, N 11.02.

2-[5-(2- FH 25 4 3 ) Y 0 -1,3,4- 18 — M 0 ) 2 9
[d][1,2)iME-3(2H)-B(Tb): 15 0.240 g, FITAK, =%
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59.7%. m.p. 229.7~230.8 ‘C; 'H NMR (400 MHz,
DMSO-dg) 6: 8.14 (d, J=8.0 Hz, 1H, BISA-H,), 8.01 (d,
J=17.6 Hz, 1H, BISA-H,), 7.78 (t, J=7.6 Hz, 1H,
BISA-Hy), 7.54 (t, J=7.4 Hz, 1H, BISA-H;), 7.15~7.24
(m, 2H, ArH), 7.13 (d, J=8.0 Hz, 1H, ArH), 691 (t, J=
7.2 Hz, 1H, ArH), 5.56 (s, 2H, CH,), 2.22 (s, 3H, CH3); IR
(KBr) v: 3061, 2920, 2872, 1671, 1591, 1494, 1460, 1317,
1252 em . Anal. caled for C;H;35N;0,SSe: C 50.75, H
3.26, N 10.44; found C 50.93, H 3.09, N 10.21.

2-[5-(3- H R 4R 3k ) 36 -1,3,4- 1 — g2 FE K JF
[d][1,2]ffie-32H)-Bl(Te): 158 0.251 g, EHE, 7%
62.5%. m.p. 239.6~2403 °‘C; 'H NMR (400 MHz,
DMSO-dy) 6: 8.11 (d, J=8.0 Hz, 1H, BISA-H,), 8.01 (d,
J=6.8 Hz, 1H, BISA-H,), 7.79 (t, J=7.4 Hz, 1H, BISA-
He), 7.54 (t, J=7.8 Hz, 1H, BISA-Hs), 7.21 (t, J=7.8 Hz,
1H, ArH), 6.93 (s, 1H, ArH), 6.89 (d, J=8.4 Hz, 1H,
ArH), 6.82 (d, J=7.2 Hz, 1H, ArH), 5.54 (s, 2H, CH,),
2.29 (s, 3H, CHj); IR (KBr) v: 3089, 2920, 2868, 1615,
1595, 1483, 1463, 1335, 1262 cm . Anal. caled for
C,7H3N;0,8Se: C 50.75, H 3.26, N 10.44; found C 50.51,
H3.11,N 10.33.

2-[5-(4- H R 4 3k ) B 36 -1,3,4- 1 — g2 BE K JF
[d][1,2) -3 H)-FiF(7d): 74 0.280 g, MR, F=K
69.7%. m.p. 241.5~2423 ‘C; 'H NMR (400 MHz,
DMSO-dy) 6: 8.11 (d, J=7.6 Hz, 1H, BISA-H,), 8.01 (d,
J=17.6 Hz, 1H, BISA-H,), 7.78 (t, J=7.8 Hz, 1H, BISA-
He), 7.53 (t, J=7.6 Hz, 1H, BISA-Hs), 7.13 (d, J=8.0 Hz,
2H, ArH), 6.98 (d, J=8.4 Hz, 2H, ArH), 5.52 (s, 2H,
CH,), 2.24 (s, 3H, CH;); IR (KBr) v: 3088, 2920, 2861,
1615, 1591, 1483, 1463, 1336, 1239 cm ™ '. Anal. caled for
C,7H3N;0,8Se: 50.75, H 3.26, N 10.44; found C 50.95, H
3.51,N 10.61.

2-[5-(2,4-— HI AR S 3 ) FP - 1,3,4- 10 — I 0 3K 2 -
[d][1,2]f#iM-3(2H)-F(Te): 13 0.307 g, AEMK, 7%
73.8%. m.p. 2363 ~236.8 ‘C; 'H NMR (400 MHz,
DMSO-d) d: 8.12 (d, J=8.0 Hz, 1H, BISA-H,), 8.00 (d,
J=17.6 Hz, 1H, BISA-H;), 7.78 (t, J=7.6 Hz, 1H,
BISA-Hy), 7.54 (t, J=7.6 Hz, 1H, BISA-Hs), 6.91~7.05
(m, 3H, ArH), 5.52 (s, 2H, CH,), 2.21 (s, 3H, CH3), 2.18 (s,
3H, CHs); IR (KBr) v: 3065, 2920, 2864, 1671, 1591, 1501,
1466, 1325, 1259 cm™'. Anal. caled for CigH,sN;0,SSe: C
51.92, H 3.63, N 10.09; found C 52.05, H 3.49, N 10.30.

2-[5-(2- H A IR SR AE ) Y AL -1,3,4- 1 k2 B R OF
[d][ 1,216 -3 H)-FR(76): 43 0.319 g, AURR, =%
76.2%. m.p. 223.1~2247 ‘C; 'H NMR (400 MHz,
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DMSO-dy) 6: 8.14 (d, J=8.0 Hz, 1H, BISA-H,), 8.01 (d,
J=17.6 Hz, 1H, BISA-H,), 7.78 (t, J=7.8 Hz, 1H, BISA-
Hy), 7.54 (t, J=7.4 Hz, 1H, BISA-Hs), 7.13 (d, J=7.6 Hz,
1H, ArH), 7.03 (d, J=7.6 Hz, 1H, ArH), 6.99 (t, J=7.2
Hz, 1H, ArH), 6.89 (t, J=7.6 Hz, 1H, ArH), 5.51 (s, 2H,
CH,), 3.80 (s, 3H, CH;0); IR (KBr) v: 3100, 2929, 2837,
1639, 1595, 1508, 1452, 1328, 1255 cm ™ '. Anal. calcd for
C17H13N;05SSe: C 48.81, H 3.13, N 10.04; found C 48.56,
H 3.24,N 10.13.

2-[5-(4- H AR 2R A 3k ) Y 3 -1,3,4- 1 — ik 2 ] 5 5
[d][1,2)iMe-3(2H)-if(7g): 73 0.310 g, FTMR, =K
74.0%. m.p. 231.1~2323 ‘C; 'H NMR (400 MHz,
DMSO-dy) 6: 8.11 (d, J=8.0 Hz, 1H, BISA-H,), 8.01 (d,
J=7.2 Hz, 1H, BISA-H,), 7.78 (t, J=7.8 Hz, 1H, BISA-
Hy), 7.54 (t, J=7.4 Hz, 1H, BISA-Hs), 7.03 (d, J=9.2 Hz,
2H, ArH), 6.89 (d, J=9.2 Hz, 2H, ArH), 5.49 (s, 2H,
CH,), 3.70 (s, 3H, CH;0); IR (KBr) v: 3065, 2927, 2837,
1663, 1591, 1508, 1466, 1325, 1228 cm ™ '. Anal. caled for
C,7H,3N;05SSe: C 48.81, H 3.13, N 10.04; found C 48.65,
H3.31,N9.78.

2-[5-(2- & K A ) H AL -1,3,4- 1 2o BE R 5T
[d][1,2]0 -3 H)-F(7h): 13 0.270 g, HERAR, F=&F
63.8%. m.p. 222.7~2234°C; 'H NMR (400 MHz,
DMSO-ds) J: 8.15 (d, J=8.0 Hz, 1H, BISA-H,), 8.01 (d,
J=7.6 Hz, 1H, BISA-H;), 7.78 (t, J=8.0 Hz, 1H,
BISA-Hg), 7.54 (t, J=7.4 Hz, 1H, BISA-Hs), 7.49 (d, J=
8.0 Hz, 1H, ArH), 7.30~7.40 (m, 2H, ArH), 7.04 (td, J=
7.0, 2.6 Hz, 1H, ArH), 5.67 (s, 2H, CH,); IR (KBr) v:
3065, 2937, 2882, 1667, 1587, 1480, 1463, 1325, 1249
cm . Anal. caled for C4H,(CIN;0,SSe: C 45.46, H 2.38,
N 9.94; found C 45.67, H 2.53, N 10.07.

2-[5-(3- G KA 3 ) FH B -1,3,4- 1 2B K I
[d][1,2]ffiMe-32H)-BH(7i): 15 0.259 g, AR, 723
61.2%. m.p. 213.5~2140 ‘C; 'H NMR (400 MHz,
DMSO-dy) 6: 8.18 (d, J=7.6 Hz, 1H, BISA-H,), 8.01 (d,
J=7.6 Hz, 1H, BISA-H;), 7.77 (t, J=74 Hz, 1H,
BISA-Hy), 7.53 (t, J=7.4 Hz, 1H, BISA-Hs), 7.36 (t, J=
8.2 Hz, 1H, ArH), 7.23 (s, 1H, ArH), 7.04~7.12 (m, 2H,
ArH), 5.60 (s, 2H, CH,); IR (KBr) v: 3100, 2940, 2878,
1657, 1598, 1473, 1460, 1328, 1241 cm ™ '. Anal. caled for
C1H oCIN;0,SSe: C 45.46, H 2.38, N 9.94; found C
45.18,H2.19, N 10.19.

2-[5-(4- S AR A FE ) B 3 -1,3,4- 1 0o B K F
[d][1,2]fifi Me-3(2H)-B(7): 19 0.230 g, FIRR, =%
54.4%. mp. 262.0~263.0 ‘C; 'H NMR (400 MHz,
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DMSO-dq) d: 8.13 (d, J=8.0 Hz, 1H, BISA-H,), 8.01 (d,
J=176 Hz, 1H, BISA-H;), 7.79 (t, J=72 Hz, IH,
BISA-Hy), 7.54 (t, J=7.4 Hz, 1H, BISA-Hs), 7.39 (d, J=
8.8 Hz, 2H, ArH), 7.13 (d, J=9.2 Hz, 2H, ArH), 5.58 (s,
2H, CH,); IR (KBr) v: 3065, 2983, 2868, 1667, 1591, 1488,
1466, 1320, 1238 cm . Anal. caled for CisH;oCIN;0,SSe:
C 45.46, H 2.38, N 9.94; found C 45.57, H 2.22, N 9.72.

2-[5-(4-50-3- F 2R GA 2 ) R k- 1,3 ,4- M k- BT OR
HdN[1,2]0ME-3(2H)-FR(7K): 15 0.260 g, AEHAE, ™
# 54.5%. m.p. 199.9~200.8 C; 'H NMR (400 MHz,
DMSO-dy) 6: 8.11 (d, J=8.4 Hz, 1H, BISA-H,), 8.02 (d,
J=7.6 Hz, 1H, BISA-H;), 7.79 (t, J=7.8 Hz, 1H,
BISA-Hy), 7.65 (d, J=2.4 Hz, 1H, ArH), 7.54 (t, J=7.6
Hz, 1H, BISA-Hs), 7.44 (dd, J=8.6, 2.2 Hz, 1H, ArH),
7.40 (d, J=8.8 Hz, 1H, ArH), 5.68 (s, 2H, CH,), 2.34 (s,
3H, CH;); IR (KBr) v: 3069, 2927, 2868, 1657, 1591,
1480, 1463, 1325, 1245 cm . Anal. caled for Ci7H»-
CIN;0,SSe: C 46.75, H 2.77, N 9.62; found C 46.92, H
3.04,N 9.77.

2-[5-(2,4- A IE) I E-1,3,4- 18 2 JE ORI
[d][1,2]ffiME-32H)-BR(T: 15 0.200 g, MK, F7%K
43.8%. m.p. 255.7~257.0 C; 'H NMR (400 MHz,
DMSO-ds) 6: 8.12 (d, J=8.4 Hz, 1H, BISA-H,), 8.02 (d,
J=7.6 Hz, 1H, BISA-H,), 7.78 (t, J=7.6 Hz, 1H,
BISA-Hy), 7.64 (s, 1H, ArH), 7.54 (t, J=7.4 Hz, 1H,
BISA-Hs), 7.44 (d, J=8.8 Hz, 1H, ArH), 7.40 (d, J=9.2
Hz, 1H, ArH), 5.68 (s, 2H, CH,); IR (KBr) v: 3072, 2934,
2854, 1684, 1591, 1480, 1463, 1321, 1249 cm . Anal.
caled for C;cHyCI,N;0,SSe: C 42.03, H 198, N 9.19;
found C 41.80, H2.12, N 8.99.

2-[5-(2-Hi I ZR AR Ak ) Y AL -1,3,4- 18 k2 SR O
[d][1,2]0 -3 H)-B(Tm): 3 0.227 g, AEMEK, F=%
52.3%. m.p. 234.9~2362 ‘C; 'H NMR (400 MHz,
DMSO-d) J: 8.12 (d, J=8.4 Hz, 1H, BISA-H,), 8.02 (d,
J=7.6 Hz, 1H, BISA-H,), 7.94 (d, J=8.0 Hz, 1H, ArH),
7.79 (t, J=7.8 Hz, 1H, BISA-Hy), 7.72 (t, J=7.2 Hz, 1H,
ArH), 7.50~7.62 (m, 2H, BISA-Hs, ArH), 7.21 (t, J=7.6
Hz, 1H, ArH), 5.77 (s, 2H, CH,); IR (KBr) v: 3083, 2927,
2854, 1681, 1591, 1525, 1487, 1463, 1346, 1335, 1255
ecm . Anal. caled. for C;¢H (N;4O,SSe: C 44.35, H2.33, N
12.93; found C 44.17, H2.54, N 12.74.

2-[5-(2-Z5 4 ) P 8- 1,3 4- 1 — 2L 2K I [p] 1
Wr-3Q2H)-Bi(7n): 158 0229 g, EEHEK, 77F 52.3%.
m.p. 263.0~264.7 °‘C; '"H NMR (400 MHz, DMSO-d;) :
8.29 (d, J=8.4 Hz, 1H, BISA-H,), 7.98 (d, J/=8.0 Hz, 1H,
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BISA-H;), 7.77~7.94 (m, 3H, naphthyl-H), 7.74 (t, J=7.0
Hz, 1H, BISA-Hg), 7.55 (s, 1H, naphthyl-H), 7.42~7.54
(m, 2H, BISA-Hs, naphthyl-H), 7.39 (t, J=7.6 Hz, 1H,
naphthyl-H), 7.30 (d, /=6.8 Hz, 1H, naphthyl-H), 5.68 (s,
2H, CH,); IR (KBr) v: 3058, 2937, 2872, 1653, 1601,
1466, 1331, 1259 cm ™ '. Anal. caled. for C,oH,5N;0,SSe: C
54.80, H 2.99, N 9.59; found C 55.04, H2.74, N 9.43.

2-[5-(4-(A- i B A AU AR ) AR Bk - 1,3,4- a8 — -2 ) O
[PV -32H)-Bi(70): 15 0.173 g, RFEMAK, 2K
34.9%. m.p.>285 ‘C; '"H NMR (400 MHz, DMSO-d;) o:
830 (d, J=9.2 Hz, 2H, ArH), 8.06~820 (m, 3H,
BISA-H,, ArHX?2), 8.05 (d, J=7.6 Hz, 1H, BISA-H;),
7.78 (t, J=7.2 Hz, 1H, BISA-H), 7.55 (t, J=7.4 Hz, 1H,
BIAS-Hs), 7.35 (d, J=8.8 Hz, 2H, ArH), 7.27 (d, J=9.2
Hz, 2H, ArH); IR (KBr) v: 3065, 1667, 1587, 1511, 1487,
1460, 1339, 1325, 1249 cm ', Anal. caled for Cp H pNy-
0,SSe: C 50.92, H 2.44, N 11.31; found C 50.77, H 2.67,
N 11.49.

2-[5-(4-(2,4- A FE R A I ) R FE-1,3,4-E -2
RIF[bIW-32H)-HH(Tp): 19 0.150 g, FRigfdiik, /=
£ 27.7%. mp. >285 C; '"H NMR (400 MHz, DMSO-
dg) 6: 8.94 (d, J=2.8 Hz, 1H, ArH), 8.49 (dd, J=9.2, 2.4
Hz, 1H, ArH), 8.14 (d, J=8.8 Hz, 2H, ArH), 8.13 (d, J=
8.0 Hz, 1H, BISA-H,), 8.04 (d, J=7.6 Hz, 1H, BIAS-H,),
7.80 (t, J=7.6 Hz, 1H, BISA-H), 7.56 (t, J=7.6 Hz, 1H,
BISA-H;), 7.45 (d, J=8.4 Hz, 2H, ArH), 7.38 (d, J=9.6
Hz, 1H, ArH); IR (KBr) v: 3065, 1646, 1595, 1539, 1470,
1349, 1325, 1280 cm ™ '. Anal. calcd for C,;H;;N5O¢SSe: C
46.68, H 2.05, N 12.96; found C 46.46, H 1.92, N 13.10.
323 BARLA A T 89 £ 4 E R
3.2.3.1 Cdc25B #= PTP1B 4| i& 1k 55 1 55 1

H x4k &405%F Cde25B A1 PTP1B 15 3 P4 7 0 S 96
T8 S 25 SCRR[19, 29110 771833047
3.2.3.2  ARINFUAT B P 0 L SR I

H ¥R G 1 B AR SN0 R i PR R R SE IS ik I S
SCER[2918 77 V5 1E4T
3233 #AdAFRRGEER

HRYE Fenton S M 53, 7548 B T ML T, Hy0,
KB, FeAFR H B,

Fenton jx v/: H,0,—~OH ++0H

TEWRMEA B, A2 R E 2 S AT SE S MRAE AT
PAF= A2 RO, Ho KORSAE 445~450 nm AL, A,
For TN i J5 A 5 RO 9 B (CPS) T 204, T[] 2
B R X R EH SR TS R
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FE i 52 H H3ETEBR 28 =[(CPS wu—CPS i#a)/
(CPS s —CPS 4i)] X 100%.

CPS e A HEZH 1k 22 % )% 98 i {f (Cu® " -phen + Ve +
buffer+H,0, solvent), CPS wu: JIFE S A K TG00 &
{E(Cu* -phen+ Vc+buffer+H,0, sample).
3234 AR HTHRR IFEE R

K FH B B0 I0 A  BSvE R R e WST-1
[2-(4-T 2RI )-3-(4-FiE R HE)-5-(2,4- i R 5L )-2 H-Y
g FRLEN AR L. WST-1 ] LAFI N e S A B 10 7 A 1)
B B B T S BE 77 AR K P 1) FR I L B} (formazan
dye), ZMA] LA SOD Fr i sl FoAth B 25 13 B 7
TR, @ XS WST-1 =) L 53 #r BRI AT 1HE SOD 7%
JTE o i AR B T TR B .

FE O R T B TR R = {[(A e —A 20)—

A pegm)/(A e — A 21)} X 100%.
3.2.3.5 DPPHe4u A 75 it R 5o

DPPHe & —Fitb A e e B i dt, N B —
MFE -, HORFEREE D, 1£515 nm A K1
Wi, N PLAEALTTI LS, DPPH-Hi#E— A1 517
BN, R EARE, AL OYI, £ 515 nm &1
WS ok, HARGRRE S5 HEZ N T E B LR,
WU R BE 736 6 BETH A I DPPHe B H 5 5 3 FE
N7 SEE AR, AR e IR SR T SRR A B
FprEerRe

FE AT H B3t DPPHJE R % =[(% 1 OD—

FE i OD)/%5 14 OD] X 100%.

45 Bh#4 L (Supporting Information) Fifi Hrfb &4
ff) IR Al 'TH NMR 5. xSt ar LG 2 AT 199 3
(http://sioc-journal.cn/) . N %K.
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