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WE AT FET I EMEAT A 9O IRE(2)-0-(2-CR I [d] M -2- 3 )-4-(2- T -2-(4-FIE F I ) 207 3E)-6- F 2k
ZEHE) T IR I IR (HBTY-N), $REHE Tris B (pH="7) " fEi8iEIL 7 6 “ Off-On " 284k, ik MRS) Clo™. 1A
ZAREF I CIO™ JE IR R 67 AR AL 580, WiFEm A% 235 nm, HRm R HRGE. P84 HBTY-N X Cl10~
FIAT IR 2.127 X 1077 mol/L, pH & HEEI A 1~10, F HABGRMBLTIEE )1, MUIEE AR, £ ClIO MIEAT, &
BRE A R AL RO BT REF TR HBR A7 W TH (AIE+ESIPT) "1 7 11 5% % [F1(2)-4-(2-(3-
CRIF[d]WEE-2-8)-4-F2 FE-5- I HE IR L) 1 -5 )R 55 R IE(HBTY), &7 /7% 0 &N 42.88%. It4h, %% HBTY-N
AIAHELIAL A CIO 3 TR g, BEXTAI R PR, & 0T T S2brkK e 0 Clo™faill, BAA VLRI R HANE.
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An “Aggregation-Induced Emission+ Excited-State Intramolecular
Proton Transfer” Mechanisms-Based Benzothiazole Derived
Fluorescent Probe and Its CIO  Recognition

Liu, Meng” Huang, Yanru“ Sun, Xiaofei** Tang, Lijun™*
(“ College of Chemistry and Materials Engineering, Bohai University, Jinzhou, Liaoning 121013)
(¢ College of Food Science and Technology, Bohai University, Jinzhou, Liaoning 121013)

Abstract A fluorescent probe (2)-O-(2-(benzo[d]thiazol-2-yl)-4-(2-cyano-2-(4-cyanophenyl)vinyl)-6-methylphenyl) dimeth-
yl cabarmothioate (HBTY-N) based on benzothiazole derivatives was synthesized. The probe can recognize C1O with high
selectivity through fluorescence Off-On change in Tris solution (pH=7). After adding C1O to the probe, the probe solution
changed from no fluorescence to orange-red fluorescence, the Stokes shift is 235 nm, and the recognition response is fast. The
detection limit of the probe HBTY-N for CIO™ is 2.127 X 10 7 mol/L, the applicable pH range is 1~10, and it has strong anti-
interference ability. Mechanistic studies show that under the action of ClO , the probe releases the fluorophore (Z)-4-(2-
(3-(benzo[d]thiazol-2-yl)-4-hydroxy-5-methylphenyl)-1-cyanovinyl)benzonitrile (HBTY) with “aggregation-induced emission
(AIE)—+excited-state intramolecular proton yransfer (ESIPT)” properties through the “oxidative deprotection” mechanism, and
the quantum yield changes from 0 to 42.88%. In addition, the probe HBTY-N can perform fluorescence imaging of CIO  in
living cells with low cytotoxicity, and can also be used for the detection of CIO  in actual water samples, which has potential
application value.

Keywords aggregation-induced emission (AIE)-+excited-state intramolecular proton yransfer (ESIPT); ClO; cell imaging;
benzothiazole; fluorescent probe
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NI 2 45 F e s 38 35 70 1 N FL AR B4 A2 (ICT) 3L
N125-261 - HRER M IR I K R S 28 6 ] HBTY. 1Rk
Fefih b5l N = H R R AR H BR B (DMTC) &5 M 1E N
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REBETE /K B B AR s S B R ClO™ R0 A
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N e RS, EBEK S BN, ICT Bz
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LB KAE, MARSINK £ 5, PG5 RS AT v (B
2). {E 450 F1601 nm A& VLS S 2 ' K SR8 43 301l V1 &g 1
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Figure 1 Fluorescence spectra of HBTY in EtOH solutions

with different Tris contents (Inset: fluorescent photograph of
HBTY solids, lex=366 nm)
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Figure 2 Fluorescence intensity changes at 601 nm and emis-
sion wavelength of HBTY in EtOH solutions with different Tris
contents (Inset: photograph of the Tyndall phenomenon of HBTY
in different solvents, Aex =366 nm)

g6, BMFE TIA/RILG, sl A7tk HBTY
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HA A AIE PR, HAEW DA B RERE T 20k
PERE R 4T

1.2 R4t HBTY-N 3J CIO™ BTSN B2

B, WA T IRE HBTY-N X 25 Fh i 76 5200 K11
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Cr’, Cu®', F&?', Fe*', Hg?', K', Mg?", Na', Pb?",
Zn*' Hey, Cys 1 GSH. 5341 3 AR, LA 366 nm 1
RBORPE, FEIIN AR S AR R, ERERR I
PL 460 nm G S5 KT, 78 601 nm b5 K 5 TC B
B, UINNEYR R ClO K, #R4HE 601 nm
WA B E RO 5E, Stokes AN 235 nm. IbAb, 8%
22 7 PREF HBTY-N X CIO™ [ [alma B2, anfd 4, 7E 601
nm 4k, #EF HBTY-N Xf ClO™ M 5% Y 5 i [t Fsf ] 4
KR A, K2 10 min 2650 EIA B i RME, (HIER
5 Pk B e e S, HOBUE AE — s B[R] N BE T %,
{ECRE IR S 23 AUCE 0.5 1 A1 S h JE 48 SR ik, H
PR FE VA B R PR, WO WX R TR E o T AE
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Figure 3 Fluorescence spectra of probe HBTY-N in Tris solu-

tion upon addition of 1.5X 10 % mol/L different analytes (Aex=
366 nm)
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Figure 5 Fluorescence emission spectra of probe HBTY-N in
Tris solution when interfering ions and ClO  coexist (lex=366
nm, Aem=601 nm)
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Figure 7 Fluorescence spectra of probe HBTY-N in Tris solu-
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(Aex=366 nm)

1200+ Y = -160.201+2.66559x10"X

R?=0.998
5 1000 4 Detection limit =2.138x107 mol/L

u

800

600

4001

Fluorescence intensity/a

200 1

0

1x1IO‘5 2><1IO'5 3x1IO‘5 4><1IO'5 5><1IO‘5
[Cl07)/(mol L)

B8 TOLIAEG0l nm)5 ClO M Z ML R R (=

366 nm, Aem=601 nm)
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Figure 9 Confocal fluorescence images of MCF-7 cells con-
taining probe HBTY-N treated with different concentrations of
CIO  solution
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Figure 10 Color changes of the probe HBTY-N test stripes
after exposure to different concentrations of CIO under UV
light (a) or natural light (b)
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3.2.1 &4 HBTY 8946 5%

AR FEIER 25220 mg, 1.1 mmol). thEW 1
(300 mg, 0.92 mmol)FNKHE(0.5 mL)/E T ZEE(10 mL)H
FRBHEFRE 12 h (80 °C). FERBIFERSEA A I8, HK
LIE(10 mL)EGE 2 k. AWK R AE ZE 0 7 25 (-
SR AMEE, Vo V=1:20). FYWRNEOREK, 264
mg, 77N 88%. m.p. 233.3~234.8 ‘C; '"H NMR (400
MHz, CDCL3) 8: 13.40 (s, 1H), 8.33 (s, 1H), 7.99 (d, J=
8.0 Hz, 1H), 7.93 (d, J=8.0 Hz, 1H), 7.79 (d, J=8.0 Hz,
3H), 7.74 (d, J=8.0 Hz, 2H), 7.57~7.51 (m, 2H), 7.45 (s,
1H), 2.41 (s, 3H); 3C NMR (100 MHz, CDCl;) J: 168.75,
159.23, 151.51, 145.25, 143.62, 139.08, 137.92, 135.12,
133.05, 132.77, 129.76, 128.24, 127.78, 127.00, 126.23,
126.04, 124.12, 122.23, 121.71, 116.49, 112.18, 106.82,
16.06; HRMS (ESI™) caled for CaqHisN3OS 392.0863,
found 392.0873.

3.2.2 4 HBTY-N 894 5%

¥ HBTY (200 mg, 0.5 mmol). N,N- - FI & JEH AL FH
1% 5.(124 mg, 1 mmol). NaOH (20 mg, 0.5 mmol)fl1 =2,
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TAEFE 12 h. N EE RS ZBRIE R, TR ARt o
BEAAL( S TP e, VD v=1:3), 3%/ 120 mg A
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NMR (400 MHz, DMSO-de) 6: 8.77 (s, 1H), 8.33 (s, 1H),
8.11 (d, J=6.4 Hz, 1H), 8.01 (d, J=13.0 Hz, 2H), 7.94 (s,
3H), 7.52 (t, J=7.2 Hz, 1H), 7.44 (t, J=7.2 Hz, 1H), 3.51
(s, 3H), 3.44 (s, 3H), 2.26 (s, 3H); 3C NMR (100 MHz,
DMSO-ds) o: 183.61, 161.59, 152.11, 151.37, 144.30,
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found 481.1160.
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mmol/L) 5 10 mmol/L H,O, ¥ EARFIR A, 153
5X 102 mol/L 'O, & W.
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mol/L Hfifi % V5.
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A5 FH AR R ) 4 26 Bl A 2 ) £ S P, BL CL o
;¥ NaCl (29.22 mg) H /b & Tris ¥ 5 € 4 % 10 mL,
23] CIEW(5X 1072 mol/L). Hoft B iy K M
Tris ZZ AL H], SR ZII N 5X 102 mol/L.

3.3.4  fFlik ey B

Fl DMSO il HBTY-N [{)fif % ¥7%(1.0 mmol/L),
SRJE A Tris ke, 155 1X 1075 mol/L ) HBTY-N i
Wi(pH=17,1X1075 mol/L).

3.4 ZRpENIR 75k

TEEJE N 1.0 X 103 4 /FLIFLAR H #eFh MCF-7 41
Mo, WE 12 h. RAAFKEERAX107°, 5X10°,
10X 107°, 30X10 °. 50X 10 ° mol/L) HBTY-N llix#k
5% B AP 24 h, SRJ5 FH Tris P40 A 95 VR 40 B 2 .
DRI S 40 i 2 TR SE AN 77, AH RS R R s
TIRER 10 g/L BIRENEVER 7S e ks = R i
(CTAB) 7K.

FiR R, K#H HBTY-N [ MCF-7 4188 5 ARk
FEH) CIO™ (0. 10X 1076, 50X 1076, 100X 1076, 200X
107% mol/L)VAVRIF B 30 min, #RJ5F Tris SRR
3 IR EE.

Chin. J. Org. Chem. 2023, 43, 345~351



Chinese Journal of Organic Chemistry

45 Bh#1 Bk (Supporting Information) #4175 AN [F] i [H]
15 e nEE B, HBTY-N 454 Cl10™ 1 MATLEE J2 H
NS5 43 B IO . "H NMR . HRMS 3% F, #£
F HBTY-N 4 a2 el &+, HBTY 5 HBTY-N [
'H NMR. *C NMR 1 HRMS i%&, HBTY-N 5HAh
ClO ™ #REF P R XT L. 31X b4 k) AT DL G 2 A A T1) ) 3
(http://sioc-journal.cn/) . N K.
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