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Tt PR R BE A 1,3-TAFD 1,2 4-S I STE SR R E
STempE 4y ZLEHR 25 #iELESEE B (Cdc25B)HNEI & 4

WEREY  IRE TEMH HEE FER
BRK  ORAE PHAL

(LTIERAA A TR KE 116029)

WE A5 2R 25 BEREREY B (Cde25B) S 8UR A %, RIBTEMHURIT LM ZAYIAR. IHE Cde25B 7,
DL 1,3-AME A% oL e, R R b B 1,2,4- = T i B viE PR A b i B H AR B4 2-(1,2,4- = -3 2 B AX-N-(4-
IR L1, 3 k-2 L BRI (TATS). 1 Sa N BEKs 13- PR i O AL & B, IR 3% T R RPE I TATS1 5
Cde25B #HAT 70 T AR, 25 R0, 13- fe B3 i R\ Cde25B &5, 5 Cde25B HIE ZANAL i Argd92 K A4E
N—H---PT A GG EAEH, KRIE TR OIER. BHRREAE TS5 Argd92 Fl Argd88 JE A, RIBLImEE S &
HL RS X T SRR b, I 1,2,4- = R SO 1 4 R A A X N R R S, BT IR AR T 13 A
HArb &Y TATS1~TATS13, FECINR T HARL &R B jafAxt Cde25B MG M. 45 /%], H 12 A~H
A SRR TBHES IR Naz VO, 1,2,4- = W58 S5 5 A DX I AN R4S 1 xot 300637 1k A B S R, S T
BN, RIIZRLE N EYE E BB TER Cde25B Hiil 7.

RERIA  1,3-M0E; 1,2,4- = PSR SRAR; 41 R, Cde25B i

Synthesis of Amide Thioether Bridged 1,3-Selenazole and 1,2,4-
Triazole Derivatives and Their Inhibitory Activity against
Cell Division Cycle Phosphatase B (Cdc25B)

Zhang, Chenglu* Wang, Huayu Yu, Xiangkun Yang, Jingyi

Li, Chuanyin Gong, Rongqin Song, Fulu Sun, Yuedong
(School of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029)

Abstract The cell division cycle 25 phosphatase B (Cdc25B) is involved in carcinogenic transformation and is a potential
drug target for anticancer therapy. In order to screen Cdc25B inhibitors, 1,3-selenazole was selected as the core block, and
1,2,4-triazole Schiff base was bridged into 2-(1,2,4-triazol-3-yl)thio-N-(4-phenyl-1,3-selenazolyl-2-yl)acetamide (TATS) by
the amide thioether bond. The molecular docking simulation of TATS1 with Cdc25B was first performed to identify the ra-
tionality of the core function of 1,3-selenazole. The results show that 1,3-selenazole can be tightly embedded in the Cdc25B
structure and perform N—H-*PI non-bond weak interaction with the important catalytic site Argd92, which indicates that
1,3-selenazole plays a central role . The amide carbonyl oxygen atom forms a hydrogen bond with Arg492 and Arg488, indi-
cating that the introduction of the amide thioether bond is reasonable. Based on the theoretical docking study, thirteen new
target compounds TATS1~TATS13 were designed and synthesized through modification in two regions of 1,2,4-triazole
Schiff base. The inhibition against Cdc25B of target molecules and important intermediates was tested respectively. As a result,
the inhibitory activities of the intermediates are not good, 12 target compounds have better biological activity than the positive
reference substance Na;VO,, the modifications of two regions of 1,2,4-triazole also have a significant effect, which suggests
that these compounds are expected to be a potential inhibitor of Cdc25B.

Keywords 1,3-selenazole; 1,2,4-triazole Schiff base; molecular docking simulation; Cdc25B inhibitor
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Cdc25B 2 —Fl X0 4 S 1 2 1 TG 2 R Tl I s T,
FENZEFLE R M w2 e A bk B S5 i & ol
fEFIL, LT R EK Cde25B $HI 71 BN 7T #4
M. Cde25B BRI L g 3 21 A0, BN R 3
N2 A o BERTE. RS CXR AT, HRE
fEALAEFH ) Cysd73, KRR R, AFEZERRE 48 X LK
RS & MR, FEAEALIE 2.0~3.0 nm AbH =M
PERL S Tyrd97. Argd92 Al Argd88, =& 1E MR 1L &
IR 2 B IR R ) AR i R . BRI
0.7~1.6 nm & — & S HEF SR 771 “Uiepkit” &5
LUK E PR A RIS T Cde25B 1)
BARSEHY, HApyE AL AR Cde25B F 5 32 52
VEFHAT A, 4 H B0 550 & 26 VB IS, B = A= k4
I T TS Cde25B BT TR, W]
PATIA) 7 B PR .

PR SEVF 2 KRR R 2580 55 T BOAZ 0o B 221230
DILAR B A s, QSN2 o it i B 45
MEFSL 56 13- EGREES. 5
wUL B, Pumtl. b g Al prigmtR
I R R A S I A s L R A
FEIeER, BAMEFAREL, REAEY T EHEE R, Y
AT 1,3-MEMEER b OB R 71, W DAERFR 7 TR BRI
L 25 B AT B AN AR, AT A B O 4 5 W e i P 21 A
H A 0 0 2 Ry h ki 4 15 s g R B oy
F Selenazofurin Fl 2-7< F&-4-fiff I FHFREC AR (HL), ¥ HA
BAERIPUR S AU RN, HL 5 ESRIE S
PITRIRE S R4 BB i ) Tk B S Al
R R B R TR . 1,2,4- = MR R

IR L KRR 2a b i el S H %4
PG RGP PR PUE. EEPR AT
PARLS 2

RTfE Cde25B #IIFR, BT 13- 1,2,4-=
WA P R 2L B PR R, 4 7 o o T e s Pk e A
X, Wt T M B A E D, B A
A 19 it LA R0 I T T 5 A P A R T P X (A
C), 1) FrY P frig itk Pk B (B) AT R W0, A A5 M RRAE 1)
O3 A AN B Cdc25B 1175 8] 45 44 b 535 PEAL
FRAMER, EEEES IR, A B sy
ReE PR FEEE = AMEEX AL B A1 05
Cdc25B WG HELL SR AAE A, AR 70 i & 3
P, TR A X IR E 77 TATS1 5 Cde25B i
T TP, W A X 13- iR 7. B X
FIBEREEE AT C X 1,2,4- =M B A 4% B 1 RE [l i 5
Cdc25B KA. fEbnt b, NER D FIARRTH
T4 FE AR AR S R o, R DX 1 R IX 3k 2
AR ARG, BIRE IR L R 1Y) Cdc25B il 5]
H AR AP A B 2k 4 Scheme 1 FT7R.

c B A
L1 ol - KRB
N’N1E JEN /!
ol Ds HNT )
Kkttt << Arn N 1 Se
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Figure 1 Target molecular structure partition map
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Xzc ;H TATS1 ~ TATS13

TATS1: Ar=phenyl, Ar'=phenyl; TATS2: Ar=4-methoxyphenyl, Ar'=phenyl; TATS3: Ar=4-methoxyphenyl, Ar' =4-methylphenyl; TATS4:
Ar=4-methoxyphenyl, Ar'=4-chlorophenyl; TATS5: Ar=4-methoxyphenyl, Ar' =4-hydroxyphenyl; TATS6: Ar=4-methoxyphenyl, Ar'=
4-nitrophenyl; TATS7: Ar'=4-methoxyphenyl, Ar'=4-pyridyl; TATS8: Ar=4-chlorophenyl, Ar'=phenyl; TATS9: Ar=4-chlorophenyl, Ar'=
4-methylphenyl; TATS10: Ar=4-chlorophenyl, Ar1:4-chlorophenyl; TATS11: Ar=4-chlorophenyl, Ar’ =4-hydroxyphenyl; TATS12: Ar=
4-chlorophenyl, Ar'=4-nitrophenyl; TATS13: Ar=4-chlorophenyl, Ar'=4-pyridyl

AR 1 Hirb e e

Scheme 1 Synthesis of target molecules
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1 BRER
1.1 BirtEURNRERE

M 204 6 3 (IR) MR 45 R 8L, Histh &W1E
3451~3414 cm ' I N—H WU, 7€ 2969~2843
em ' IR P 4ER SR %, 7E 1684~1603 cm !
HIL C=0 Wi, 1610~1521 em ' F2AEBRZI C=N
Wi, 7E 1500, 1480, 1440 cm™ ' HI IR 1 (1B 22 4%
g, 7E 676 cm ' B C—S IR LEIR S g,
%A C=S W ilg, iF AZS1~AZS13 5 XZC [T
HHE. 7F TH NMR 5% &, §12.93~12.39 Ayt 5
A BIEFR 755, 0 8.26~8.07 4 CH=N LHIE 715
5, 0 8.82~6.72 NZIL FAIFME FRR TS S, SR
TAHE R B %A I B, T Ak Ty, TIRe
BT 0 R 3 300 AR 2 3R B, H B R 2 0 223,
PC NMR B E s, #3t ERRRASE 576 0 170 K47, =M
b S BIRRAE S AE 6 165 A, 13-l R4S S A
5162, 151 A1 110 /2455 1,2,4- =M ERIBRAS S 7E 0 141 /&
iy I RS SAE 0 136~125 SEHE P, W LR
SELE 6 43 i HEsMEEY) HRMS kst ey
HIL T M+H] U, R E RS PRRIN A L.
1.2 Cdc25B 43 FXFEtE

Cdc25B i 4 &5 #4 BFQT) M & 1 £ ¥ & (http:/
www.resb.org) W 3l b #, 4y 7 X SLIE MOE
2015.10 F£5 _E3#E4T, MOE 2015.10 Ayt F£ i BG BoR
P, 0T L HE NS R H A TR R A AT
Iy T X R R R 4 B LLEE AR PR AL B, BE Ak
Al E H ). fEX T, TSR RE. 57X
g R 2 Fow.

B2 TATS1 5 Cdc25B 1 I 1 i B AN 4K &
Figure 2 Planar graph and action stereogram of the interaction
between TATS1 and Cdc25B

1.3 EEdEAMBIRE AT Cdc25B HNF)EMEXT
EE 3

T SEERE IR N 20 ug/mL %4 T, #E47 Cde-
25B HIHHITE HERITHE IR, SR E R BNHIR KT 50%H)

R 1 PEE K H bR T Cde25B A 1

Table 1 Inhibitory activities of intermediates and target compounds against Cdc25B

Cdc25B Cdc25B

Compd. Inhibition rate’/% 1Cso”/(ugemL ") Compd. Inhibition rate“/% 1Cso”/(ngemL ")
AZS1 23.25+0.04 — TATS1 99.51+0.03 1.80+0.29
AZS2 72.82+0.81 11.0910.06 TATS2 99.52+0.08 0.51%0.10
AZS3 80.84+591 10.03+1.14 TATS3 99.00+0.26 0.2240.03
AZS4 70.59+6.39 14.46+2.88 TATS4 97.54+0.45 1.061+0.09
AZSS5 80.25+1.87 10.41+0.41 TATSS 99.39+0.03 0.29+0.01
AZS6 81.011+3.08 11.79+0.53 TATS6 95.96+0.02 0.7010.08
AZS7 42.73+10.60 — TATS7 99.73+0.09 0.71%0.00
AZSS8 24.18+5.41 — TATSS 99.7340.01 0.89+0.02
AZS9 26.72+4.23 13.411+0.39 TATS9 99.64+0.06 0.37%0.03
AZS10 49.03+1.00 — TATS10 98.56+0.77 2.16%+0.29
AZS11 62.17+2.07 15.631+0.74 TATS11 99.514+0.02 0.26+0.07
AZS12 0.77+0.81 — TATS12 96.911+0.20 0.88+0.04
AZS13 19.32+4.79 — TATS13 99.49+0.10 1.194+0.18
XZ7C 85.43+0.12 3.08+0.02 Na;VO,* — 1.861+0.24

“Values tested at 20 ug/mL; ” values calculated by nonlinear fitting through the inhibition rate at 5 pg/mL; ¢ NazVO, [ICsp=(1.86 % 0.24) pg/mL] as a positive con-

trol.
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Y, BATER, AR S A IR B AT R
LA 13 MRS MR RO R, BIICsE. LA Na;VO,
BT Z R RS Rk 1 FoR
1.4 KO

Iy TR 45 R TATS1 20 1R il e 3r 5
Cdc25B 7> T H AL AL 55 Argd92 &£ N—H:---PI AF8E 55
FHEAEF, (AR I A ks Y B e 5 Arg492 Fl1 Arg488
TR S, 45 R B TATS1 70 15 Cde25B 7 145
HRCRRAF. TS RS E, M P 25 5 A TE s
PEAT AP (R DX 358, 30K S5 ) T 440 A el 2 ) 1 N B8] e A 3
) “ 0487 i, f#i4rF 5 Cde25B JHid A S K 4 4
LT DAIE R 13- ey 1k 20 B HA O i, R B
IR s NS i

of LY 2 L e ) 4 H AR AL S X Cde25B S
PSSR R B BT A AR XS Cde25B MG S ANEE,
M 13 A Hbrb &5 A A48 b i v v 5 25 1 5,
H 12 MEBRLEYR 1Cs EXR TS EY
Na;VO, [ICso=(1.86+0.24) pg/mL], EAM R KA
PE, VEEAHE 13-AMEAN 1,2,4- = MEEAT S BERHESC I T
TEES AR, SEI ML R S e g R &,
BB B T A B

HARC T R I, B AR A P30S ME 58 1
X 17 Ar FIBIX 2 o Ar' ARG % 24 Ar b
(BRI A wt AR R R, At EoN R PR S
Y5 Cdc25B HIEPERL s AT BRI A SRR R BE AT, 461 v
PERUF, 2 Ar RN E RN FIREENG LR, 58F
— N R EUAC ) TATS2, TATS4~TATS7 A ELEL,
TATS3 X Cde25B MG fe A, 204 5 R ml g2
Ko Ar A1 Ar' AN 56 B4 35 [ R B T8 2300,
e T Hbsb & BT A, RIS
Cdc25B FFFTE A A & 2E N—H---PI JR4 55 A HL/EF.
2 Ar' SR IE R VR AT, T RE A AL 5Nk
T F R, HR3EE Cde2SB AR IR TS It
PR REBE. 24 Ar' ARG It 2 AT S A P i 4,
AT e I RUR T 5iG MO S . ik g %
B, SN 1,2,4- =P S SR AN X IR F A [ 22 (4115
T, X P e A B R R, X R AR AL A A 1
B T R SR,

2 g

G55 0> TR RN, W 4 e N T IR A R T
13 8 1,3-AlME LB (1) R A5 # (1 B ARt &4, 70 15t
BRI RER: Hinn 75 Cde25B 707 EE 1 E
MEACAL A R AL O R 2 R R S, 13-l IRy
PR B REMN RS PEAL S BT T XIS, AE SIS PR &
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5 TRCAER, &3] T U LR E .

HARL AR Cde25B Ml M I 2 S B :
i Btk & 12 NMAEwE R T RS R
Na;VOy [IC5o=(1.86+0.24) pg/mL], #k—FHIAE T 1
XA A IR, RUNZEE 5 T3, B 5
P T IETE RN, SREE I B ARSI B U
f) Cdc25B #ifI7). SutER, Atk &Y Ar f1 Ar' -
MIEURE N 7 B T B S Cde25B G AT A5 R A1
FHIIE 2% )57 BRI, AT 35 H AR LA P A
T, SRR 1,2,4- = e RO3E M 4L e i 7 A0 1
X I AE 1 E A ) X

3 XIEs
3.1 X5

Avance T1I-500MHz U HEAR G IEAU(TMS A A
¥r), % E Bruker 22 %]); TENSOR 27 ZLAMGREAY(KBr &
Fr), Fit: Bruker AXS /A F]; Agilent 6224 1543 HE TG,
[ Agilent 23 7; DZF-6050 %Y B 25 14546, RE-52C 7Y
Jie s 7% ) #%; BL310 2 Sartorius FEL K °F(0.0001 g); X-5
A SR, FR AR R A A

FrA 23 308 B TRl 4 T Ak 2185 A A
32 ZIWHE
3.2.1 %5k 1,2,4- =7 ATZ1~ATZ3 %4 %

P 1,2,4- = ATZ1~ATZ3 7% CHR[24] 5 k.

fE68 CF, M5 &GS g)5 HEE(40 mL)R AT
SN0 6 mL MIIRERER 5, KS2R1 8 h 5, ZRFRFEIR
FE, VAT NaHCO, V80 pH=7~8, LI T )5
3[4 AE2 F1 AE3, 722355124 80.5%F1 80.8%.

AR AE1 H L8 L 82U W 2508 5 38 A5,
PR 90%. ¥ 75 IR G AE1~AE3 (4.5 g, 0.0330 mol)
530 mL ARG MBGEE, T 90 CTF, MAKE
(6.42 mL, 0.1320 mol), [ 5 h faitiyg, BT, 5
375 FBEE AEH1~AEH3, 72% 70.5~80.3%.

IR T, K KOH (2.74 g, 0.0490 mol) A% 50 mL
K CEER PR, 285K AEH1~AEH3 (4.5 g,
0.0330 mo) AL, [FIFEHE A H 12w N CS, (2.96
mL, 0.0490 mol), <)% 14 h J& F AR & H N 10 mL 1)
ToK 2Bk, GRS 0.5 h L JE, R 28 b s 2K
e, BETRAR07 &R AHS1~AHS3, 773
80.4~85.6%. ¥ 4.5 ¢ AHS1~AHS3 5 30 mL /K& JHE
4, 90 CRHEFEER 4 h, FREWEINIKAKF, Fth
kAT AR pH=3. I8, B2 T A K=Y
ATZ1~ATZ3, 7% 60.6%~70.5%, ATZ1: m.p. 202.2~
2044 ‘C, ATZ2: m.p. 210.8~211.4 C, ATZ3: m.p.
205.1~205.5 C, ¥J5CEvEPTRHE.
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322 1,2,4- =k kAR SRR

I] 5 7 (0. 0200 mol) 5 25 mL YKESER IR &4+
TON=M40 &%) ATZ1~ATZ3 (0. 0200 mol), [H]3i$i+
6 hJ5, WEIZEER, Pk, S8 HeHTK
it B 25 S5 3 5 Sl AZS1~AZS3. 72K 61.6~65.5%.

AZS1: m.p. 271.9~273.6 C, 53 #k{E P M55
AZS8: m.p. 132.1~133.3 C, 5 3CHrEPH%%.

(E)-5-(4- F 58 2k 78 0k )-4-(4- 28 W0 1 2k 2k )-4H-
1,2,4- = M350 EE(AZS2): A EEPIR A, E 66.9%.
m.p. 219.0~219.2 °C; 'H NMR (500 MHz, DMSO-d;) :
14.00 (s, 1H), 9.65 (s, 1H), 7.89 (d, J=7.8 Hz, 2H), 7.59
(d, J=8.0 Hz, 2H), 7.20 (g, J=8.0 Hz, 2H), 7.11 (d, J=
7.7 Hz, 4H), 3.83 (s, 3H); IR (KBr) v: 3113, 2945, 2838,
1610, 1509, 1459, 1427, 1359 cm ™ ..

(E)-5-(4- 58 3 0K BE )-4-(4- B L R WP O
$5)-4H-1,2,4- =W 3-FiF(AZS3): HAEIR A, LI&@
62.7%. m.p. 208.4~210.5 C; 'H NMR (500 MHz,
DMSO-ds) 8: 14.07 (s, 1H), 9.60 (s, 1H), 7.83 (q, J=8.3
Hz, 4H), 7.39 (d, J=7.8 Hz, 2H), 7.09 (d, J=8.3 Hz, 2H),
3.81 (s, 3H), 2.41 (s, 3H); IR (KBr) v: 3119, 2931, 2838,
1610, 1509, 1427, 1403, 1359 cm ™.

(E)-5-(4- W 80 2k O Bk )-4-(4- S0 2k % 0 1 2
F)-4H-1,2,4- = W3- 57 iE (AZS4): A [ 14, LI&K
72.7%. m.p. 220.5~2228 C; 'H NMR (500 MHz,
DMSO-dg) J: 14.05 (s, 1H), 9.69 (s, 1H), 7.90 (d, J=7.9
Hz, 2H), 7.51 (d, J=8.2 Hz, 2H), 7.40 (d, J=8.2 Hz, 2H),
7.08 (d, J=7.9 Hz, 2H), 3.84 (s, 3H); IR (KBr) v: 3119,
2919, 2850, 1615, 1572, 1497, 1441, 1334 cm ™.

(E)-5-(4- B 40 ik 48 L )-4-(4- F L 28 W0 P 36 4 0 )-
4H-12,4- =M:-3-F BE(AZSS): A OEE, IF 71.6%.
m.p. 240.3~242.5 °C; "H NMR (500 MHz, DMSO-d;)
14.05 (s, 1H), 10.30 (s, 1H), 9.41 (s, 1H), 7.88 (d, J=7.7
Hz, 2H), 7.75 (d, J=7.8 Hz, 2H), 7.07 (d, J=7.7 Hz, 2H),
6.90 (d, J=7.8 Hz, 2H), 3.82 (s, 3H); IR (KBr) v: 3107,
2931, 2838, 1603, 1572, 1509, 1441, 1353 cm .

(E)-5-(4-FH A JE R 3 ) -4-(4- i JE 0800 FE R R 2 ) -4 H-
1,2,4-—=W-3-5RE(AZS6): B A4k, % 56.8%. m.p.
239.3~241.7 ‘C; '"H NMR (500 MHz, DMSO-dy) o:
14.20 (s, 1H), 10.28 (s, 1H), 8.33 (d, J=7.9 Hz, 2H), 8.07
(d, J=7.9 Hz, 2H), 7.78 (d, J=7.5 Hz, 2H), 7.05 (d, J=
7.5 Hz, 2H), 3.82 (s, 3H); IR (KBr) v: 3107, 2925, 2843,
1666, 1610, 1541, 1497, 1359 cm ™.

(E)-5-(4- TP AR L R B )-4-(4- T J 2 W0 PP R S 3 )-4 H-
1,2,4- =M 335 (AZST): FEERR A, IR 60.5%.
m.p. 253.3~254.6 “C; 'H NMR (500 MHz, DMSO-dj) §:
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14.15 (s, 1H), 9.70 (s, 1H), 8.95 (d, J=8.5 Hz, 2H), 8.18
(d, J=8.5 Hz, 2H), 7.81 (d, J=7.8 Hz, 2H), 7.10 (d, J=
7.8 Hz, 2H), 3.82 (s, 3H); IR (KBr) v: 3113, 2931, 2838,
1615, 1509, 1422, 1403, 1346 cm ™.

(E)-5-(4- 5 7K 55 )-4-(4- F JE 2 W0 H 56 4 3 )-4H-
1,2,4- = M-3-FiBE(AZSY): TLEEPIREE, 1% 50.7%.
m.p. 315.3~319.5 °‘C; 'H NMR (500 MHz, DMSO-d;) ,
8: 14.25 (s, 1H), 9.70 (s, 1H), 7.97 (d, J=7.7 Hz, 2H), 7.91
(d, J=7.6 Hz, 2H), 7.40 (d, J=7.6 Hz, 2H), 7.25 (d, J=
7.7Hz), 2.35 (s, 1H); IR (KBr) v: 3126, 3026, 2938, 1603,
1559, 1490, 1422, 1353 cm™ .

(E)-5-(4- 5 7K 55 )-4-(4- & 2 2K 0 F L 4 2L )-4H-
1,2,4-=M-3 35 BE(AZS10): 3% (IR SRk, Llﬁc?: 48.7%.
m.p. 226.1~229.2 “C; "H NMR (500 MHz, DMSO-dj) d:
14.24 (s, 1H), 9.72 (s, 1H), 8.00 (d, J=7.8 Hz, 2H), 7.85
(d, J=8.1 Hz, 2H), 7.41 (d, J=8.0 Hz, 2H), 7.30 (d, J=
7.8 Hz); IR (KBr) v: 3107, 2919, 2850, 1610, 1503, 1471,
1422, 1353 cm ™ .

(E)-5-(4- 50 7K F5 )-4-(4- ¥2 F 2% 0 W 6k & 5% )-4H-
1,2,4-= M35 BE(AZSIL): B E A, IR 53.6%. m.p.
242.3~243.6 C; 'H NMR (500 MHz, DMSO-d;) o:
14.26 (s, 1H), 10.45 (s, 1H), 9.36 (s, 1H), 7.86 (d, J=8.1
Hz, 2H), 7.78 (d, J=17.9 Hz, 2H), 7.42 (d, J=8.1 Hz, 2H),
6.90 (d, J=7.9 Hz, 2H); IR (KBr) v: 3101, 2919, 3025,
1603, 1566, 1509, 1422, 1359 cm ™.

(E)-5-(4- 57K 55 )-4-(4- T J5 28 W A 1 2 -4 H-
1,2,4- =ME-3-55 i (AZS12: BB AR Sk, M 59.9%.
m.p. 243.3~244.1 “C; "H NMR (500 MHz, DMSO-dj) d:
14.33 (s, 1H), 10.07 (s, 1H), 8.31 (d, J=7.9 Hz, 2H), 8.06
(d, J=7.9 Hz, 2H), 7.88 (d, J=7.7 Hz, 2H), 7.44 (d, J=
7.7 Hz, 1H); IR (KBr) v: 3188, 2925, 2850, 1666, 1603,
1566, 1441, 1321 cm .

(E)-5-(4- SR HL)-4-(4-WRIE 2. H R 2 B4 H-1,2,4-
=M 3-S5 B (AZS13): B A A AR, R 63.8%. mup.
2543~255.5 C; '"H NMR (500 MHz, DMSO-d;) o:
14.10 (s, 1H), 9.75 (s, 1H), 8.96 (d, J=8.2 Hz, 2H), 8.16
(d, J=8.2 Hz, 2H), 7.89 (d, J=7.8 Hz, 2H), 7.45 (d, J=
7.7 Hz, 1H); IR (KBr) v: 3107, 2925, 2850, 1622, 1597,
1497, 1422, 1340 cm ™.

3.2.3 AR EY ZAAR Y XZC 496 %

TR (XN) R 4-2RFE-2- 5 FE -1, 3- (X Z) 70 0l 2%
SCHER[27]F0[28]4 FR.

B 4-ZKF-1 3-H(XZ) (2 g, 0.0090 mol)iEf#ELE 50
mL DMF "5, Z1% 3 & £ % 5(2.85 mL, 0.0360
mol), i NHEPER N 24 h. KRS YIE VKK e,
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AR E AT, S E T AR S 1 e (X Z.0)™).

iy s 5k iz (XZC): R 8 (e i 4k, % 44.5%. mup.
143.1~1452 “C; 'H NMR (500 MHz, DMSO-d;) o:
12.79 (s, 1H), 8.16 (s, 1H), 7.91 (d, J=7.8 Hz, 2H), 7.44
(t, J=7.7, 7.4 Hz, 2H), 7.33 (t, J=7.4 Hz, 1H), 4.44 (s,
1H); IR (KBr) v: 3426, 3075, 2922, 1654, 1564, 1504,
1447, 1259, 721 cm™'; HRMS caled for C,;H;(CIN,OSe
[M+H]" 300.9647, found 300.9648.
3.2.4  BARA 4 TATS1~TATS13 494 5%,

B =M% R AZS1~AZS13 (0.0010 mol)i&ET 20
mL PR, SRJ5 0N 0.0012 mol BE#EEEH 5 1 mL /KBS
W, BEFE 10 min, FAIA 0.0010 mol LEH) XZC,
KR R 2 56 CHEFERIMR L 6 h, KR &R AIK
AKebtE, FIREERIES pH £ 7, A KEEANE, Hh
U8, T, AR, 15 A& TATS1~TATS13.

2-(4-ZK 0 FHR FE-5- 2K FE -4 H-1,2,4- = W3- AR AR-
N-(4-ZK 3~ 1,3-HiMe-2-38) 2, i (TATS1): A @A, i
K 83.3%. m.p. 200.2~201.5 C; 'H NMR (500 MHz,
DMSO-dg) d: 12.77 (s, 1H), 8.19 (d, J=7.8 Hz, 2H), 8.14
(s, 1H), 7.85 (d, J=7.9 Hz, 2H), 7.52 (t, J=6.4 Hz, 3H),
7.48 (t, J=6.4 Hz, 3H), 7.42 (t, J=7.5 Hz 2H), 7.38 (t,
J=17.8 Hz 2H), 7.32 (q, J=8.6 Hz 2H), 5.08 (d, J=9.1
Hz, 1H), 4.73 (d, J=1.9 Hz, 1H); °C NMR (125 MHz,
DMSO-dg) 0: 168.1, 159.5, 152.2, 150.1, 142.5, 137.0,
135.7, 130.3, 129.2, 129.2, 129.1, 128.9, 128.1, 127.9,
127.6, 126.4, 126.4, 115.0, 44.4. IR (KBr) v: 3438, 2922,
1662, 1562, 1505, 1475, 1432, 766, 695 cm '; HRMS
caled for C,sH, NgOSe [M—f—H]+ 545.0662, found
545.0663.

2-[4-ZR 0 Vg J-5-(4- FH AR L DR O ) -4 H-1,2,4- = k-
3-FE)BAR-N-(4- 2R 5 -1, 3l k-2 56 ) I [l (TATS2): ¥
O E A, BE 70.7%. mp. 179.4~180.6 ‘C; '"H NMR
(500 MHz, DMSO-dg) : 12.77 (s, 1H), 8.13 (d, J=8.7 Hz,
3H), 7.85 (d, J=7.8 Hz, 2H), 7.47 (d, J=17.8 Hz, 2H), 7.42
(t, J=17.6 Hz, 3H), 7.38 (t, J=7.5 Hz, 2H), 7.31 (q, J=8.2
Hz, 2H), 7.07 (d, J=8.6 Hz, 2H), 5.05 (d, J=11.1 Hz,
1H), 4.72 (d, J=2.7 Hz, 1H), 3.81 (s, 3H); *C NMR(125
MHz, DMSO-dg) 6: 169.9, 160.0, 151.2, 141.0, 136.2,
128.6, 128.4, 128.3, 128.0, 127.2, 126.7, 125.5, 118.4,
113.7, 54.9, 43.6; IR (KBr) v: 3445, 2918, 2850, 1665,
1559, 1477, 1441, 1252, 795, 695 cm '; HRMS calced for
C,7H3N¢0,SSe [M+H]" 575.0768, found 575.0766.

2-[4-(4- 1 2K V. 4 3k )-5-(4- F AR e A8 3L ) -4 H-1,2,4-
=3 T T AR -NV-(4- R R -1,3- A e -2- k) 2 T R
(TATS3): AEFEE, 1F 85.6%. m.p. 165.5~166.6 C;
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'H NMR (500 MHz, DMSO-dg) d: 12.90(s, 1H), 8.15 (s,
1H), 8.12 (d, J=7.4 Hz, 2H), 7.88 (d, J=7.7 Hz, 2H), 7.43
(t, J=6.4 Hz, 3H), 7.34 (t, J=7.2 Hz, 2H), 7.17 (d, J=1.7
Hz, 1H), 7.07 (d, J=8.6 Hz, 2H), 4.95 (d, J=7.3 Hz, 1H),
4.87 (t, J=8.0 Hz, 1H), 3.80 (s, 3H), 2.25 (s, 3H); "°C
NMR (125 MHz, DMSO-dy) d: 167.6, 160.3, 151.6, 141.5,
137.7, 133.5, 129.3, 129.1, 128.9, 128.7, 127.6, 127.0,
126.6, 125.9, 114.0, 113.8, 55.2, 43.9, 20.6. IR (KBr) v:
3438, 2925, 2850, 1609, 1540, 1509, 1478, 1440, 1302,
1252, 726, 688 cm™'; HRMS calcd for C,gHysN4O,SSe
[M+H]" 589.0925, found 589.0924.

2-[4-(4-F K & Fk)-5-(4- | e A8 3L ) -4 H-1,2,4-
= M-3R B AR -N-(4- R R 13- il e -2- R ) & T iR
(TATS4): AEE A, BF 75.2%. mp. 171.7~172.3 C;
'H NMR (500 MHz, DMSO-ds) 6: 12.92(s, 1H), 8.12 (t,
J=8.7 Hz, 1H), 8.01 (d, J=8.7 Hz, 2H), 7.89 (q, J=7.6
Hz, 2H), 7.45~7.37 (m, 7TH), 7.32~7.26 (m, 1H), 7.08 (q,
J=8.5 Hz, 2H), 5.11~4.92 (m, 2H), 3.82 (d, J=6.9 Hz,
3H); *C NMR(125 MHz, DMSO-ds) o: 168.4, 160.9,
152.0, 141.9, 136.2, 135.8, 133.5, 129.7, 129.5, 129.4,
129.2, 129.0, 128.8, 128.0, 126.4, 119.3, 114.5, 55.8, 44.4;
IR (KBr) v: 3445, 2925, 2856, 1634, 1548, 1490, 1440,
1258, 726, 651 cm '; HRMS caled for Cp7Hy,CINGO,SSe
[M+H]" 609.0378, found 609.0376.

2-[4-(4- F2 FL K W H A FE )-5-(4- F AR R L )-4H-
1,2,4- = Mg 3 FE R AR -N-(4- 2K JE -1, 3- i e -2- L ) 2 T i
(TATSS): AR, 1R 90.1%. mp. 202~205 C; 'H
NMR (500 MHz, DMSO-dj) 6: 12.89 (s, 1H), 9.52 (s, 1H),
8.14 (s, 1H), 8.11, 7.98 (dd, J=8.6, 8.5 Hz, 2H), 7.88(t,
J=8.4 Hz, 2H), 7.43 (t, J=7.5 Hz, 2H), 7.35 (q, J=7.2
Hz, 2H), 7.25 (q, J=8.5 Hz, 2H), 7.06 (d, J=8.5 Hz, 2H),
6.72 (t, J=8.1 Hz, 2H), 4.91~4.62 (m, 2H), 3.81 (s, 3H);
C NMR (125 MHz, DMSO-ds) d: 160.3, 157.4, 151.6,
141.6, 140.1, 135.1, 129.3, 128.9, 128.7, 128.5, 127.9,
127.6, 125.9, 115.4, 115.2, 114.0, 113.8, 55.2, 44.2; IR
(KBr) v: 3439, 2962, 2931, 1653, 1553, 1610, 1509, 1478,
1441, 1253, 726, 688 cm '; HRMS caled for CpHy3Ne-
05SSe [M+H]" 591.0717, found 591.0714.

2-[4-(4- i F 2K W0 4 9L )-5-(4- 4R 0k 4 0L )-4H-
1,2,4- = Mg 3 FE R AR -N-(4- 2K JE -1, 3- i e -2- % ) 2 T i
(TATS6): ¥ EL[E A, UF 68.8%. m.p. 183.8~185.5 C;
'H NMR (500 MHz, DMSO-dq) d: 12.70 (s, 1H), 8.42 (d,
J=8.6 Hz, 2H), 8.27 (d, J=8.7 Hz, 3H), 8.19 (s, 1H,
CH=N), 8.03 (d, J=8.6 Hz, 2H), 7.88 (d, J=7.7 Hz, 2H),
7.42 (t, J=7.8 Hz, 2H), 7.32 (t, J=7.4 Hz, 1H), 7.19 (d,
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J=8.6 Hz, 2H), 4.90 (d, J=7.0 Hz, 1H), 4.74 (t, J=8.5
Hz, 1H), 3.86 (s, 3H); *C NMR(125 MHz, DMSO-d;) o:
172.9, 161.0, 152.2, 146.1, 1342, 129.0, 128.8, 128.7,
128.37, 127.6, 127.1, 125.9, 114.6, 105.6, 54.7, 43.7; IR
(KBr) v: 3451, 2925, 2850, 1610, 1522, 1459, 1259, 776,
701 cm'; HRMS caled for C,sH»N;0,S8Se [M+H]"
620.0619, found 620.0615.

2-[(4- ML W -4- 6 0 R Bk )-5-(4- FR AU R DR 2L -4 H-
1,2,4- = W3 FE TR AR -N-(4- 2K 3 -1, 3- Al e -2- 35 ) 2, Tk fi
(TATS7): B, B 92.5%. mp. 175.5~176.6 C,
'H NMR (500 MHz, DMSO-d;) d: 12.90 (s, 1H), 8.82 (d,
J=17.0 Hz, 2H), 8.65 (s, 1H), 8.07 (d, J=7.1 Hz, 2H), 7.81
(d, J=1.8 Hz, 1H), 7.58 (t, J=7.4 Hz, 2H), 7.30 (q, J=7.3
Hz, 5H), 7.06 (d, J=7.4 Hz, 2H), 4.70 (d, J=7.7 Hz, 1H),
4.55 (t, J=17.4 Hz, 1H). 3.83 (s, 3H); °C NMR (125 MHz,
DMSO-dg) d: 175.9, 165.0, 150.1, 147.0, 138.2, 128.8,
128.5, 128.2, 127.4, 126.9, 125.7, 114.7, 103.0, 54.6, 43.6.
HRMS caled for C,sH,,N;0,SSe [M~|—H]+ 576.0721,
found 576.0720.

2-[4-(CA . & 3 )-5-(4- K 3L )-4H-1,2,4- = W3-
FERAR-N-(4-TK FE-1,3-Af k-2 3L ) 7, ¥ fié (TATSS): #5 (4
A, R 80.8%. m.p. 204.5~206.6 C; '"H NMR (500
MHz, DMSO-dg) 0: 12.94 (s, 1H), 8.15 (s, 1H), 8.12 (d,
J=8.4 Hz, 2H), 7.89 (d, J=7.7 Hz, 2H), 7.60 (d, J=8.4
Hz, 2H), 7.57 (d, J=7.2 Hz, 1H), 7.43 (q, J=17.7 Hz, 4H),
7.37 (q, J=7.3 Hz, 2H), 7.31 (t, J=8.6 Hz, 2H), 5.03 (q,
J=6.7 Hz, 2H); *C NMR (125 MHz, DMSO-dj) J: 170.8,
168.1, 159.5, 151.2, 150.1, 142.8, 136.9, 135.1, 129.5,
129.2, 128.8, 128.1, 127.5, 126.4, 125.7, 115.0, 44.1; IR
(KBr) v: 3438, 2925, 2850, 1628, 1546, 1497, 1466, 1265,
719, 688 cm'; HRMS calcd for CoqH,0CINgOSSe [M+
H]" 579.0273, found 579.0276.

2-[4-(4-H 2K W A Fk )-5-(4- G R 58 ) -4 H-1,2,4- = -
3-FE IR AR-N-(4- 7 51,3l ik -2-J5) 2, i i (TATS9): [
O E A, IR 92.8%. m.p. 186.5~187.8 C; 'H NMR
(500 MHz, DMSO-dq) 6: 12.93 (s, 1H), 8.15 (s, 1H), 8.11
(d, J=8.5 Hz, 2H), 7.89 (d, J=7.6 Hz, 2H), 7.60 (q, J=
8.6 Hz, 2H), 7.50 (d, J=8.0 Hz, 1H, 7.43 (t, J=7.6 Hz,
2H), 7.33 (t, J=7.4 Hz, 1H), 7.28 (d, J=7.9 Hz, 2H), 7.17
(d, J=17.9 Hz, 2H); 4.98~4.92 (m, 2H), 2.24 (s, 3H); "°C
NMR (125 MHz, DMSO-d;) d: 168.1, 159.5, 151.2, 142.8,
138.2, 135.1, 133.9, 129.8, 129.5, 129.2, 128.1, 127.5,
126.4, 125.7, 115.0, 44.1, 21.1; IR (KBr) v: 3438, 2925,
2856, 1634, 1553, 1515, 1465, 1252, 726, 689 cm ';
HRMS caled for C,sH»CINgOSSe [M+H]" 593.0429,
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found 593.0433.

2-[4-(4- 5 FE W I JE)-5-(4- S L) -4H-1,2,4- = -
3- LB AR -NV-(4- 2K FE -1 37l e -2- 52 ) 2, Tk % (TATS10):
@ E A, WE 85.6%. m.p. 187.7~189.6 ‘C; 'H NMR
(500 MHz, DMSO-dq) 6: 12.93 (s, 1H), 8.14 (s, 1H), 8.11
(d, J=8.0 Hz, 2H), 7.89 (d, J=7.9 Hz, 2H), 7.86 (d, J=
7.6 Hz, 1H), 7.60 (d, J=8.2 Hz, 4H), 7.42 (q, J=5.8 Hz,
4H), 7.33 (t, J=7.2 Hz, 1H), 5.08 (t, J=6.4 Hz, 1H), 4.96
(d, J=6.8 Hz, 1H); *C NMR(125 MHz, DMSO-d;) o:
168.4, 160.3, 151.2, 142.7, 136.1, 135.8, 133.5, 129.8,
129.5, 129.3, 129.2, 129.1, 128.9, 128.0, 126.4, 125.7,
114.7, 44.0; IR (KBr) v: 3433, 2969, 2918, 1628, 1559,
1490, 1440, 1265, 719, 689 cm™'; HRMS calcd for CagHo-
CLIN,OSSe [M+H]" 612.9883, found 612.9882.

2-[(4-FR IR W 3L )-5-(4- G A )-4H-1,2,4-=
M- 3-FE AR AC-N-(4- 25 351, 3-Aifi e-2-38) 2. Bk % (TATS11):
AR, R 84.8%. m.p. 186.6~190.1 ‘C; '"H NMR
(500 MHz, DMSO-d) d: 12.74 (s, 1H), 9.50 (s, 1H), 8.21
(d, J=8.3 Hz, 2H), 8.14 (s, 1H), 7.86 (d, J=7.8 Hz, 2H),
7.58 (d, J=8.3 Hz, 2H), 7.42 (q, J=7.4 Hz, 3H), 7.33 (t,
J=7.2 Hz, 1H), 7.24 (d, J=8.5 Hz, 2H), 6.71 (J=8.3 Hz,
2H), 4.93 (t, J=2.3 Hz, 1H), 4.63 (d, J=2.4 Hz, 1H); °C
NMR (125 MHz, DMSO-d;) d: 172.2, 167.2, 161.9, 157.0,
150.4, 142.1, 134.8, 134.2, 128.6, 128.4, 128.3, 128.1,
127.2, 126.0, 125.6, 124.8, 115.1, 114.1, 43.6; IR (KBr) v:
3445,2931, 2856, 1628, 1553, 1515,1471,1446, 1246, 719,
688 cm'; HRMS calcd for CoqH,0CINgO,SSe [M+H]"
595.0222, found 595.0220.

2-[(4- i JE 25 W R A 3L )-5-(4- Sl A B )-4H-1,2,4- =
M 3o F ] AR AR -N-(4- 2% 3k 1,34 Al e 2- 3L ) 2 Tk ik
(TATS12): 3% & [ f&, 1% 84.9%. m.p. 204.4 ~
206.5 C; 'H NMR (500 MHz, DMSO-dy) d: 12.39 (s,
1H), 8.37 (d, J=7.9 Hz, 2H), 8.26 (s, 1H), 8.21 (d, J=8.5
Hz, 2H), 7.95 (t, J=9.2 Hz, 2H), 7.68 (s, 1H), 7.47 (q, J=
7.8 Hz, 6H), 7.36 (t, J=7.9 Hz, 1H), 4.60 (d, J=7.0 Hz,
1H), 444 (t, J=8.5 Hz, 1H); “C NMR (125 MHz,
DMSO-dg) d: 173.7, 165.7, 163.2, 152.0, 150.6, 147.6,
137.4, 135.5, 134.6, 131.8, 130.0, 129.4, 128.4, 127.7,
126.2, 123.7, 103.8, 43.6; IR (KBr) v: 3438, 2925, 2850,
1672, 1597, 1459, 1346, 782, 682 cm™'; HRMS calcd for
Ca6H19CIN,0,SSe [M+H]" 624.0124, found 624.0121.

2-[(4-Mtk e -4- 3 37 F 4 36)-5-(4- R K 3 )-4 H-1,2,4-—
M 3o L B AR -N-(4- R R 21,34 il M 2- 3 ) 2 T g
(TATS13): 2% 8 [& /&, I % 90.2%. mp. 1744 ~
175.5 “C; '"H NMR (500 MHz, DMSO-dy) 6: 12.77 (s,
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1H), 8.84 (d, J=4.9 Hz, 2H), 8.64 (s, 1H), 8.14 (s, 1H),
8.10 (t, J=17.7 Hz, 2H), 7.95 (d, J=4.8 Hz, 2H), 7.74 (d,
J=17.9 Hz, 2H), 745 (q, J=7.8 Hz, 5H), 4.57 (d, J=7.8
Hz, 1H), 438 (t, J=7.5 Hz, 1H); *C NMR (125 MHz,
DMSO-dg) o: 175.8, 165.7, 163.0, 153.0, 150.0, 147.2,
140.0, 135.6, 134.6, 132.2, 129.1, 128.4, 127.7, 126.2,
124.0, 103.3, 43.7; IR (KBr) v: 3445, 2925, 2850, 1628,
1559, 1509, 1477, 782, 689 c¢cm !; HRMS caled for
C,sHsCIN;0SSe [M+H]" 580.0225, found 580.0224.

Bos 0 e X0 e R SORT 25 Rk O B B E, AE
ST AT 0 355 B 2 TR ) 4 2

4 Bh#1 8 (Supporting Information) 1L &%) TATS1~
TATS13 ff] '"H MNR 1 °C NMR # 8. X6 pba] L4
i A F] 33 (http://sioc-journal.cn/)_E T %K.
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