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Research Progress in Design, Synthesis and Application of
Benzothiazole-Based Fluorescent Probes

Jiang, Kai“ Cao, Liang” Hao, Zhifeng** Chen, Meiyan“ Cheng, Jieluan“
Li, Xiao® Xiao, Ping” Chen, Liang” Wang, Zhaoyang™*
(“ School of Chemistry and Environment, Key Laboratory of Theoretical Chemistry of Environment, Ministry of Education,

South China Normal University, Guangzhou 510006)
(® School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006)

Abstract Benzothiazole group is of characteristic fluorescence, and each also contains two heteroatoms (N and S). Hence,
benzothiazole group is always viewed as fluorophore and recognition moiety in structure of fluorescent probes, playing an
essential role on provision of fluorescence signal and binding sites. Recently, utilizing these properties of benzothiazole moiety
to design and synthesize better fluorescent probes has gradually become one of focuses in fluorescent detection research. Clas-
sifying benzothiazole-based fluorescent probes into four main categories according to different analytes, such as metal cations,
anions, sulfur-containing compounds and other species, the design, synthesis, detecting mechanism and relevant application of
these probes are reviewed. And their development tendency in the future is prospected.
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Scheme 5 Synthesis of probe 13 and its interaction mechanism
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B 18 HREF 41 (0 RS LR

Scheme 18 Synthesis of probe 41 and its interaction mechanism

C=0 2% WHEAZIN SN H REM, trT #5tix
T SO, TAREE. B, ARAHRBAH BTG N
HBT AL &Y, &7 e 42, d TR 51
H, %542 B8 BA ICT AN, HEH g mEi b inA
SO; ™ J&, XTREREMI I BB 1 &4 43, ICT 245
e, AL ESIPT 18, MG AGIEER, 7Ot
P TE JLRD B N 3 (48 5 ff1(Scheme  19), R4 42
] SH L Z feAS  SO2
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Scheme 19  Interaction mechanism of probe 43 for SO~

32 mHE5®

AL R B, ELERIER 2 AR 2R B /R IR
TR BRI« R4 S5 ™ BB IR AR 5 AR A R
1B HoS R EE AU, Rk, FFAI HoS 2K
T WEWE L PRI T A AT SRR ) A s Y, o) D
PREMHOR LT HS 30 5 B 53 [ 0 S S LB it (72,

ORI e B T L HBT (AT & 4
44, RJFHZL Sandmeyer M5 ANBEILR], 531
S PEGIRIRER 45 (Scheme 20). 2441 45 11 PBS 17K
FH 0 NaHS CGE H FIAE H,S (144, 450 nm AbF=4E £k
KU, I B RS NaHS WS Nmin, H&
LB JFREEE R 1150 £, HOGEF 3% H 0.0064 $2F+
2041, X TR i S B BB HS i8R N
A, BT ICED) 44, BOE T ESIPT ML, (25634
5. AN E, RE 45 AU HoS AR RO SRINE S,
HAMIFRIES] T 7.8X 10 moleL ™!, i H,S #R%t 45 B
AR 1o P 328 28 1 R R AR

FEREHD, A REVIET HBT LAY 4 T
EL A H,S #8411 46 (Scheme 21). 46 (1) PBS R 1E
370 nm AL KPR ST, HS HoS fEH G, R4
46 TS RERWIEF NEE, BEERKESTH
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HS
: C%
NH, HzN 240°C, 6 h

COOH 1 68%
N3
HC|/H2$O4 NaN02

’ C}—</N =
—_
NaN3 S

89% 45
Non-fluorescence

@@

BR 20 HREF 45 15 RS 1E LR

Scheme 20 Synthesis of probe 45 and its interaction mechanism

Br
N
HO C
N >: K,CO3, acetone
N
@ES Reflux : 2

30

Strong fluorescence

N3

4 85%

o
C-O 4
S
B 21 R 46 105 A SR AL

Scheme 21 Synthesis of probe 46 and its interaction mechanism
L6-1kR, fiE A RARE 2%, MRl HBT 4, 3
FURK 370 nm KL R A S I S8 FEFRAIR, FFAEBEH 465 nm
AL R AT R A, PIAR WA LU E HoS ROV 2B R
PRI R R BRILZ A, #R%EE 46 IEREE N AL TE pH (A
YO ORI IR, B B4R M %, BE R S Bl
THANML A HoS (A, fil, 5 ZE 25 B L
PR AR TS H,S IRE.

HS 38 A 5 PR A i U R A SR AZ N R L, 9 1k
JE BV T I 2 i e B R O R A RE Y. ol
Goswami 207 Tb 2 FMEME 5 6 [ 55 T M C =N Wl
MAEE L BIAHE, G IR H,S RGIRE 47
(Scheme 22). Z#H 45 H,S &M J&, #RHR AT W H
CH;CN-H,O ¥ B A2 B th. SbRIN, Hoe
JEHEAL T 585 nm ALK ST FFS 2 440 nm &b, H.
SREEIGINAJE R 104 15, JREJE HS™ 5 47 KAESRZIN
B, m EHEERTH R, HREHE SRR ICT RNk 2%
1k 4h, TREF 47 X HoS BRI AT B mik £ 0E, e
BB T ESERAI(F, HSO, , NH;, NH,OH %5)¥%f 47
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S
/
N
HO CHO
7,
;" I ethanol, piperidine

reflux, 21 h

Blue fluorescence

BR 22 e 47 (8 SR

Scheme 22 Synthesis of probe 47 and its interaction mechanism

AT DA FI 2RI B SR 5 e iR BT, ] A
HMHA HS™, RS & 54FE 70 1 R A SRAZ AR R I BT
HH 5 ot ) A Jo R g e S e e B i Y R, gl
KBRS 2 MR I T 48 N, 5 2,4- i3k
AR LA R IR T 5 N SR A OB A, il T OB ER
£l 49 (Scheme 23). ZARENNF HyS AMUEF H A iE £
P, T HE BESEIUAE T AR 40 5 2 2R N BB AS .

§ } O,N NO
CHO 2 2
HS SN F

+ E——
H,N H,0,, HCI TEA, DMF
80°C,6~8h
OH 1 85%
OH
48
d N SH
7 H,S SN NO,
—_— +
o NO;
OH
48
Fluorophores
NO,
49

B 23 R 49 (G RS E LR
Scheme 23  Synthesis of probe 49 and its interaction mechanism
KA, RS HISEAZIBARAE I HLELE B W T i By 4R
EFRE R i, (DR KA B ESE HBT 454
ESIN 2,4- TR B SR B B 5 (DNs), 1% T R4 50
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(Scheme 24). 7E 50 f) DMF-PBS & & F i N A i,
PIEIEIETE 450 nm Ab H BLECK R S0 F B WG58, 1X
B TERE 50 5REM KE TR U B, BT
HBT %t 318

NO,

7o
S ClO,S O:?:O
/ _—

@EN : TEA, DCM

HO 80%

PhSH

—_—
o
N ﬁ
4 <
Cre
50
om@ NO,
N
/ —> 4+ SO, + O,N

o0

B 24 TREF 50 105 S 1R RIHLEL
Scheme 24 Synthesis of probe 50 and its interaction mechanism
FEE A, Talukdar 52 DL 203 7 W 38 AN 2K R 1E
MREMETOCH] 51, fEIRIEAL B 5] AT DNs 1
AL, BT T FOHREE 52, 24 PhS SRIZ#E I 52
iF, H5 DNs & AE FH R R H 2 6 1 2544 51 (Scheme

S 72%

25), MFEENTE “off-on” ZIEMIN, HERES 52 AT SLH
Xt P PR e —Aar . 5 AN B 2 I g e R ) AL R AH
bl 2R FFMERE I A ) 5] NG T2 BB A B a7k
58 FE AT K K.
3.3 WNEYZmELEY

I I RIS A T AR PR LA T AR R DU
WARES ) Hop, fF AR (Cys). 2B H ik
(GSH) AP35 Bt & DA AL B 15 TR 9y iE LI A
o, WO HAR P RIIAR 22 9300, IF ol w2 T Lk
(1) RS SEAZ BUACAS I LI V1 1 2 e M S 4R 4871,

il o B R R A PSR T A B T R B O I S
PHRE 53~55 (Scheme 26). Hirf, HA A
O IRER 555 Cys A G 1E HII P2 A2 158 e s, {0
&, SRR “offon” FREFAFIFE, XA YIH IR
FIE L R FH 2 78 2 T AR SR A S k.

a1 2 HE T R B S A A S R R, SR R AR Oy
TFHREF I EE 72— i, /N g P
T HBT 51k &4 56 Wit& R 1 N IERR N RIRE 57,
B F Cys. A7 2 2R (Hey) 25 15 S0 2 1 & L TR I,
Je RAENMBR A LAY 58, #idE 58 IR FEHAT
BTN E RN AR T A 59, [FERBBH 56 1M
Ja 8 1 ESIPT ZLL, {4 58 7E 377 nm ALFFER LR &
487 nm 4b(Scheme 27). HiT Cys, Hey A2 BT A Bt iz 59
SOEEARSES DA ZSeN e NI e N ep) i S A u R e S
SRS ZE S, W 57 AT R bS] Cys A1 Hey.

DNs Et,N O.__NH

Et,N O._NH
DNs-Cl, pyridine EtoN O#N Ars” — N
/ N —_—_— —_— ~
= rt,1h NN s@
28 :

51

52 On-fluorescence

Off-fluorescence

BR 25 e 52 A S ERINLEE

Scheme 25 Synthesis of probe 52 and its interaction mechanism

| NaOCl
SH——>
>_ HCl

Fluorescein ‘

N 0
»—s-Cli
S 0

37%

o o//

@ﬁ/\\\\o // 3° @

7-OH coumarin
30%

B 26 5 53~55 & RS ERPLEE

Scheme 26 Synthesis of probes 53~585 and their interaction mechanism
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_Ha0yHCl
H2N EtOH, r.t.
79%
(s
HOOC
HOOC SH NH, 5
n =2 slow
_ NH, O OMe
Cys:n=1 N
Hey: n=2 N\
S
58

HO OMe
@E”@
A\
S
56

0]

\)I\cn 0 OMe

Et;N, CH,Cl,
0 °C, overnight
71%

\ QCOOH
S

B 27 BRE 57 G RS 1R RIALEE

Scheme 27 Synthesis of probe 57 and its interaction mechanism

Churchill Z&P25] F SRR IIALER, DAAS [ & B
2, W T Cys %IGHREF 60 (Scheme 28).

FIF Cys (Hoy)ix P& 57 5 (1 S R R IR I AR
A, ATk E R TIE BN X 5 GSH 5 Cys (Hey) 2K
FMEMEIL S RET . BN, /NG DS T BT R 2R A
R4 i T % HR4%T 62 (Scheme 29), H: 5 GSH, Cys, Hey

BIRe R AL M IR L, P AH LR 61 5 %5, PET i3k
A AR ER. X GSH A, £E 587 nm ARt AN K
S, {H&, X} Cys, Hey RIS BT 201 N ek AL
S RATT RSN T ESIPT RN, fe kR SHEa R &
454 nm Ab. IXFFREH AR E I R A 62 BE A AL
%5 GSH 5 Cys(f2#E Hey).

o
S

/\ HOOC{ KK NH
NH )\COOH
(0]

@[ >_© Intramolecular

Pshap s
AnhydrOUS Nucleophlllc
CH,Cl, S 60 substitution cyclization

4 r.t. 4

B 28 REF 60 1A SR AIHLEE

Scheme 28 Synthesis of probe 60 and its interaction mechanism

NO,
ESIPT off ( ESIPT off (
f o 0 Ne_~
HS
61 N PET on
EDC, DMAP s
DCM, r.t. 61
HN
/(ys/HcY HOOG M o

ESIPT off 61

ESIPT off

n=1:Cys; n=2: Hcy

B 29 FREF 62 A S ERNLEE

Scheme 29 Synthesis of probe 62 and its interaction mechanism
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4 NATHEYMHEN

B IR &k N A1, 23 IR R L S S PR ik ] A
Rl e AR i, Goswami P& T H T
R ik 20 B 0 TR I M M I 0 R R AT 63, JLAG AL
HAE B TR BB I T WIS £ R, &
LT EUHBT 26 RO 72 AR L% Y 7% Y AR 4k (Scheme

30).
B
{J ‘\
S__N 4-bromobutyric acid NH,NH,

DCC, DMAP Nucleophilic

DCM, r.t. 12 h @[ >: substitution
H2NHN Q
HN NH
S__N

Hydrazmoly5|s OH

cyclization

@E@ ;

B30 HREF 63 07 A S FIHLE

Scheme 30 Synthesis of probe 63 and its interaction mechanism

I FHZR I ME MR S Y R IN pH AR H5E AR X
203 o, XS PREREE B AR R K S
ZERCO I 2-FRESR IR 5 05 F W (A8 S RN, 2
IEK m LB SR R LB fR R 2 —17,
ELR T pH 2 EHRET 64 4 i(Scheme 31, [E# Z i/
KV D V=11 DIKR pH EM 7 2 1 ZHED, 64 1
RGN 496 nm ALLFE 2 583 nm, G H
WM. Rz i, RPN B N T
RAT BT, SFEUNRIESE B 228 B F ) ICT
RONIG SR, MBSO K AR, BRIt LAk,
64 IERIISEEL T KA pH R, TESE T HAERRIR
MR A A5 PR 85 o T ORI pH®),

OHC J\

O DMSO

Q § "N 50% NaOH N
+ = e .
N\\ @ Microvs_/ave S
5 min (
O 64.7%
64

Enhanced ICT

H+ /_\H
N
+ 0

B 31 SREF 64 AR I FTHLE
Scheme 31 Synthesis of probe 64 and its interaction mechanism
TS b, ARIFMEMEEA BB N R AL
ML, RRZHORIFEMIL pH FORIRET I 1E F LR,
E%’?ﬂ‘ét% TG HBT 4559 65 5 74 R ¥ 4
RN HRER 66 (Scheme 32), HAERRIEM ST F Hy
THRIFMEME BN BB AR, ICT RO 5E, 236
W R ATE R MRS N AT 515 nm (iR KR ST AT
B & 565 nm &b, HPOLE T/ H MM 0.063 52 % 0.25.

CHO
S,
V,
N

Acetone
NaOH, 50 °C
HO 94.5% @E
65

H ng

{ )

-\

B 32 REF 66 M E S AE AL
Scheme 32 Synthesis of probe 66 and its interaction mechanism
Saha 25! 4 A R NAS B 1 [ -2-(4- ISR £
Ji ) AR I BEMEREL 7 T 67 (Scheme 33)A 1% HIHIT,

B33 RE 67 MfERINLEE

Scheme 33 Interaction mechanism of probe 67
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TS T2 5 PRI, BT g5 s AA e AT [ e
L, PREF 67 B B I GHES. (E TR F AW
A 2.5 mmoleL ™' [ f-SABIKE(B-CD)J, %5 IF
IKF B KA. X AEFN A-CD 5 67 i HBEME R T
IR BT 90K % (Scheme 33), MIBHIE T —H IR H
P e 10 ) Rl TR B, $REE 67 8 AT SE Kt
DNAVCVR Brij 2 i i 1 770 V45 (1 5 e AG .

R RE 25T PR ) ) PR e 3% (R e 3t L, A LR
RN ST 1 S K MR O BH 25 T B4 PR% 68 (Scheme 34).
W%*W&EF}BTMMA%(mLﬂm%¥%EE
PEF T e EE SRR PR AN S, 8 B R i L S KR
TEK AT B BH 2 1 SR A6, SREDN 4 T A1 HERUA 2L
RS T 68 4> Wizah, fEwAHIF ESIPT #HLiI45 LA
WA, F2AE ATE BB, WO S GIELE 510 nm A4br= A 5K
R, FIEET =M 0.002 #2EE 0.5.

OH
OH
~ OHC
OHC Yxﬂ
_—
THF, reflux |
90%
N
Cl ol "/\M;

jijrmmpz <:%
HoN

MeOH, r.t., 21%

B 34 TREF 68 1118k
Scheme 34 Synthesis of probe 68

Xf HBT BUACEWEAT S5, HR] & ok L
BRI DOCIREE. B, T HBT 24L& 4, it
SIS BEEL A, 32 m] AR g FH 46 ke Sk U 0 e
B4k A TV R SR L TR IREL, Wik AW 69 AN
70 (Scheme 35), ‘EAITHIZGHE ML il # i 200 S b fie
LRI HBT 261,

5 GHWRIE

BT IO A SRR, E1 0 A RTINS R RS
AR KRR, IR SR BB R T &
BT T SRS, W0 5588 I
IR, XIS TR S LU LR R (DK
i BB 5155 Q) BAT ISR R, JOLtEReR M, #
YA NI G NRET S5, G)Ef R 2 i T, fiEdE
LSS & E R A (A EETEDS, Beg) 2
R TIE A AN, 2z, IR IR EIR B I
T HSTOCRE GG . YRR R EHNER )k
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d
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Scheme 35 Synthesis of probes 69 and 70

JE#a, AR R,

JEEARK, S8 H RIE AP B 22 A0 AR dy B 22 5w
SRR T U C A — L BA B AR I RCR B 2R T e
WERESPRE IR T A RN, R A S 4
EIRE R AR, BEX AR (PA) . A EE IO
(TNT)SE 505 B ED ISR T, Al %
FEEME LSO RET IO ARE D). A, X2 k4R B T I
o G 00 R R AN 22 12030400 B g, L 4 2 e e
ke R SIS, d -SSR, SRNATEZA
RIS X R IREL, el A& REMEREAT RIS AR, 52
1% PR AE A = TR R T AR
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