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Progress in Fluorescence Sensors for Detection of Thiols

Yan, Peipei** Wang, Ting” Zhang, Dan” Ma, Xiaoxue’
(“ Shandong Medical Technician College, Taian 271000)
(4 School of Chemistry and Chemical Engineering, Guizhou University, Guiyang 550000)

Abstract Sulthydryl compounds, such as cysteine (Cys), homocysteine (Hcy), glutathione (GSH) and so on, play an
important role in the normal human physiological processes. Molecular fluorescent probes have attracted much attention of
scholar in the detection of sulfthydryl compounds, since it has the advantage of good selectivity, high sensitivity, good
biocompatibility and real-time in sifu monitoring. At present, the design of thiol-based fluorescent probes is mainly based on
the strong nucleophilicity of sulthydryl groups. In this paper, the synthesis of fluorescent probes for detecting sulfhydryl
compounds, which was reported from 2013 to 2018, is reviewed based on the different mechanism of the reaction between
fluorescence probe and sulfhydryl, including Michael addition, cyclization of aldehyde groups, sulfonamides or sulfonates of
the lysis, natural chemical linkage and so on. The detection limit of the probe, response time, equivalence ratio were
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elaborated.
Keywords

thiols; fluorescent probe; biological thiols; research progress
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1 ETERRMARRN

1978 4E, Sippel™ 5 KHlIE 1, I TR N X
SEHLER BTG s 1A T e 0 K B A A A A et I 1) 2 Ok
REF. BOJEIZTTERCN T W& R B 2 5 IR S I A
120 SRR LRI AR PR . RRE k. R
PESE TS T SRR . B AR IRAE A B B e 5 1)
RIS T R f, F R A R — B ) A B 1
T BRET 1R 2 B0 2 5 T T AR 2 AR IRk >,

2017 4F, Fan 25POR I8 (615 5 T
(Photo induced Electron Transfer, PET)/& & ¥ 5 Y684 1
(Scheme 1). 4#REF 1 FESHERY BTN AT, HT
PET 2N AREF RGO Kid k55, SR 55k
W o A v R ISR RN S, RIEHRET ) PET
I FE A PHLBT, 2 AR AR A ROG R R RO IR E.
CH;CN/H,O (V' : V=1 : 1, 20 mmol/L PBS, pH 7.4)[¥J¥
WA, REF 1 AEAEP KN 525 nm bk H B0 1 ¢ 6 (I
KPEEK A 360 nm). I Cys J5 525 nm Ab 156 KB 2
gkl 2N Cys iA2I4REE 1 89 50 equiv.bf, %56
JLE e 2R K, 54R4F 1 BAEAE N A HL 28 Y0l T %
T 20 equiv. #REF 15 Cys W5 2 h W HEBL S 5E
RFOK, MHREF 15 Hey #mR 2 (8K 2175 3 h, 5 GSH
Ry S5 s ) DO B G R TT AR R R = R S A &
Wy SIS ] FR)AN [R) R X 43 M0 =P g B R bAMREE 1
TR I T A375 4 Cys Bt

HN/W
HO\H/LM
S
O n
Cys/Hey / Cys:in=1

Hey: n=2

ER 1 REF 1 5N AR
Scheme 1 Schematic illustration of reaction of 1 with thiols
2014 4F, Dai ZPHRIE T —FEI Cys BT F
FOAIE eIk L) PR EE 2 (B 2). AR T HoAh )
B2, CREAMCH AR R, AR5 2 X E R
AR HE . EREN 2 (10 pmoleL ") B ERZZ ¥R
(CH;CN : PBS=1: 1, pH 7.4, MAMREHKEK] Cys
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(0~13 equiv.), BE3E Cys IFEMIGIN, ROGIRFEAE 560
nm KLIEHTIE G, HEVOLEIEI 9 equiv., HATMIER N
5.08 umolsL ™', %l 2 X} Cys FIMI NI )24 40 min. 7
Ab, TREF 2 ORI T AS49 A+ Cys HIAGI.

s 0
Yok

N
%
HO O (@]

B2 B2 5FMERINIREE
Figure 2 Schematic illustration of reaction of 2 with Cys

2013 4E, Lim 25P8HRE TR Cys (9% FFRA2E 58k
PREE 3 (I 3). % 3 RILHXT Cys MImigHEM:, Telf
NS AR IERR (L GSH Al Hey)H %) H Cys. &
3 5 Cys i N g B R (P =0.0176 molsL ™ 'es™"), 1]
TRER 3 MR R . EARER 3 (20 pmol-L™")[¥] HEPES
ZZIPVA(0.10 molsL ™", pH 7.4), IIAARFEIKEE K Cys
(0~20 mmol-L "), fEH KA 525 nm Kbl
Cys B3 i 386 hn, d 2008 B0, A8 PR E
7.62 pmoleL ' FAMHMISAZ LR, REF 3 BRAEXT
TEYII ) Cys BEAT BAGAGI.

Cys

CH,

o

(6}
(0]
OH
««\(NH + + CO,
O
B3 i3 5MERBR s e E
Figure 3 Schematic illustration of reaction of 3 with Cys
2014 4F, Huo %I i 4RiE T —FROG IR AL &
WIS IREr 4 (18] 4). 8% 4 5 GSH Al Cys YUl &
HEGRI SR8, TS Hey WG 90 REELSY,
5 H ARG IERR LT AR, EERET 4 (10 pmolL ™))
DMSO/H,O (V' : V=1 : 3, 10 mmolsL™~" HEPES, pH 7.4)
R, IMAAFEIREZ ) GSH (0~60 pmolsL ™). 146

CH,

oat

o
XL R
o) N
H

3
+
o NH,

HoN
Co;
HoN
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Bl SRS R
R, K5 4 5 GSHRBIE 76T E 5 GSH i HaN
WRE RIS R, KPR M 0.026 umolsL ™", 1Ak, #RE! ”Q 0
& LA i P HE i, 0 O@Niﬂ o

HO 0 OH HO o) OH 4

6
socaliinver
HoN
N\ o RS o)

4

B4 4R 4 SHE R
Figure 4 Schematic illustration of reaction of 4 with thiols

2014 4F, Qu ZPOHRIE 7RI AR BRI 1) 1 R I I
Fe e REE 5 (B 5). BREF 5 5 AR I R4 S 3R 3
NESERIREEE. BREE 5 (0.6 pmoleL ™) 5 AEMIRREE(10
pmoleL ™) Fy M Bz Ff ) W I SE B0 R IH, #R%T 5 5 Cys.
Hey. GSH FIMNIITE 20 s W 5ERL, UiAERER 5 X544
i B PRSI EL A AR s ) R R . 7EAR%E 5 (0.6 pmoleL ™)
(¥ HEPES (10 mmol/L, pH 7.4)Z& M I NAS [R)R E
] Hey (0~0.6 pmolsL™"), B# Hey #<JE 13 N5 5
FEAS T8 o L 20k B0, ASIPRTE 10 *~10"7 mole
L' Z[a). pbabh, ¥REF S BT RGPt o B, o H
FhRiciE 4 A ) Cys. Hey F1 GSH.

o,

oo gt
(0] (0]

Oo. N_ _O RSH l}l
Oi |N| iO

5
B5 e S 5AMBmEEYBUR AR E R

Figure 5 Schematic illustration of reaction of 5 with bio-thiols

2015 4F, Shen ZPURIE T —Fh g 7-A%E-2-E AR
-1,3- MR 4- T SR IV Ji 2y v B i FH 1A DA
B (1) 258 JEERET 6 (B 6). TRER 6 X AR MBI RE R i B A 4L
IFI e RE. R4 6 (5 pmoleL ™)) CH;CN/H,0O (V:
V=1:9, 50 mmol-L"' PBS, pH 7.0/ JL L5k
B, I Cys (70 pumolsL ™ ") Bt 5 i 1a] I HE RS 2176 ot
SRFEAWIE N, 15 min JFIAREAE. PREF 6 5AFIKEE
(1) Cys WA R SEIGR A, $REF 6 nTLUE AL Cys, Kl
FRA12X10 " moleL ™", Ak, 46 CL& sy fl %t
HeLa 4 i i i 1) 4.

2016 4E, Liu ZP2HR5E 1 — ] 4 6 (8 ORI A4
ML ETREE T (B 7). 3REH T AR5 BB IR I
G, 20N GSH JG1E 480 nm Kb H B — /MR 38 )28
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e REl6 5FItamRIM B NN K

Figure 6 Schematic illustration of reaction of 6 with Cys
KT, FOCMEABTRAMN GSH BTN 1 ix 24
equiv. ¥4t 7 5 GSH 1 Hey 0 B [E]37E 75 s Z A,
5 Cys [ R 150 s. ZE3REF 7 (0.5 pmoleL ™))
CH;0H/H,O (V : V=1 : 1, 10 mmol/L HEPES, pH 7.4)f
I GSH (0~3.5 pmoleL "), H36{H 5 GSH ik &
FEBUF MR AR, KPRy 0.085 mmol/L. b4k, 8
BF7 BA I AT HepG2 41 A AE P B (145 0.

0
o \NOﬂ,
&z @
RS&O

7 e T 54 EE R BRI R
Figure 7 Schematic illustration of reaction of 7 with thiols

2016 4F, Zhao %P R T H TR A M i 2547
TR 8(1& 8). %t 8 i) ESIPT 52 1A%z )
LRIV fid A PET 288, A5 4RET A B oot R ST B
G, TR A RV i R AR I8 S R I R B
PET 24574 BELIT 2 171 455453 ESIPT 26Ok &, If
PEA BT Stokes A%, FREF 8 A Cys, 30 s
W IGEFREIL B Cys ZATHIZOIGIERT 23 equiv. I
. #REF 8 (2 pmolsL™ ")) PBS ZE iAW (10 mmole
L', pH 7.4, 0.1% DMSO)*F il A\ Cys (0~3.2 pmol-L "),
BEAH Cys W8I0 22 0 5 BB W 1, A5 I BR
3.78X10 ° mol-L™". BLAk, PREF 8 RRTNIIRLA TiE 4
Hh A= P BRI A

Chin. J. Org. Chem. 2019, 39, 916~928
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HQ
S
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O
N (0]
O

s OH

NH,

B8 HRE 8 St E iR A
Figure 8 Schematic illustration of reaction of 8 with Cys.

2017 4, Yue SFUYHRIE T —Fh AT LU AL Cys J
SURIP SO, INFGHRE 9 (K 9). HiEF 9 4 Cys 3L
BRI B, L2 T LA MO A Hey A
GSH H [X 04l H Cys. #%F 9 (10 umolsL™ ')A Cys (20
umoleL )TE 100 s 2 GIEIA TG, 1ERHIER 514
nm Ab % VG R IE BN 130 equiv. BEAh, #R%F 9 5 Cys
Wi 7 ()5 SGAEL AT Cys FOVAR B SRALTF O S OC &R, Ar il PR
4 0.46 pmoleL ™. FEEEE, HEF 9 AT LU T WA
A549 4l Cys 7] SO, HIF: Ak, F H E sy B T B
Lt I ANIEE DR 2R AT SO, B .

O
Cys
O
o o Z

/\N
A 9 o)
o)
so5
—_—
o
o o &
9 o
CCCTC
/)\l o o OH

SO3H

J

B9 HREF9 5FMEIRM SO, IRHIRE K
Figure 9 Schematic illustration of reaction of 9 with Cys and
SO,

2017 4E, Sok P HRIE T WA GSH 1 EAT a.p-
AR L B = RO R 10 A1 11 (B 10). R4 10 A
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11 X} GSH #A 5 ik k. Hh#REr 11 (5 pmols
L YRS GSH REE(0~5 pumoleL )2 JELk M
W, X EWERE T REA B TR BRI & . K GSH
(1 umoleL )7 BN ZHRES 10 (5 pmolsL ™ YAIHRA! 11
(5 pmolsL™ ")) PBS Z&M¥3(0.1 mmolsL ', pH 7.4),
W 320 nm AR, BREE 11 I GSH 1E 20
min #HFETE 4, MIRER 10 F11Y GSH 7E 130 min J&#
HFET 20%. BEASRE, HEF 10 F1 11 #RT LARL U HukS:
M GSH, FHAPHRER 11 (R vE e S 4.

HoN OH
¢}
O HN
H o
NH S
AN HO~<_ 0 <
o) R 0 o)
0~ 'NH 07 NH
Oi N o) ﬂ, 0 N o
R =H, probe 10 HoN OH
R = Me, probe 11
0
O, HN
H 0
NH S
HO‘( X O\R
keto-enol equilibrium 0] N OH
N |
O, N (0]

B 10 REF 10 FIERER 11 573 H KRR &
Figure 10 Schematic illustration of reaction of 10 and 11 with
GSH.

B 3RE 12 SRR R B R S
Figure 11  Schematic illustration of reaction of 12 with thiols

2013 4E, Long ZECOURIE T R AP hR B 1) 3 T8
TR E R R DOERE 12 11). 7E4REF 12 (5
umoleL ™ I RERRAN 27 7 (10 mmoleL ™', pH 7.4, 2%
DMSO) FIMAAFHKE ) Cys (0~350 pmoleL "), H7E
RETEAN 455 nm AT SEAERE Cys PRI 38 in i 38
hn, IR A 0.22 pmolsL™". 5 pmolsL ™" f#RET 12 5

http://sioc-journal.cn/ 919



BIKE

350 umoleL ™" f] Cys. Hey GSH F i N2 1] 7351 9 1.5
5 F1 10 min. B4k, #REF 12 O &M RTh R T A IS
AR RS

2015 4E, Dai ZPHRIE T — KA T HIE S A BN
] ()30 5 ZR 0 B B B R IR 13~22. 8% 13~17
F& 7 SALHREUR ) 2-(Enk-2- 3 FF ) I RREMIR, T
PREF 18~22 /2 7 SR 2-(HEmpk-2- 30 FE ) 7 —
1% RPN (B 12). P 2EEREN I pH & BLPEAN A, $R%
13~17 AIRATE pH<7 M2 FRCMBRRER YR, RET
18~22 A LATE pH>7 HISAF AR . Horh,
TEPRER 13 (20 pumoleL ")) DMSO/0.1 moleL ™" f B AT
BEERZE VAWV - V=298, pH 5)IIA Cys (80 pmole
L"), 20 min WZEIEIAZIFE KA 96 equiv. f(UUE(E. 1L
Ab, T ERER 13 F 14 155 B BUBORIIE R4 TT LU v
YA BB, JF HIX AN RE 4 BRI AR G 4
i T B AR

R N 7 > CooH R N7 > >COoOEt
R = NEt,, probe 13
R = OH, probe 14
R =H, probe 15

R = ClI, probe 16
R = NO,, probe 17

R = NEt,, probe 18
R = OH, probe 19
R =H, probe 20

R = ClI, probe 21

R = NO,, probe 22

B 12 EF 13~22 SR E R
Figure 12 Chemical Structures of Two Kinds of Probes, 13~22

2 ETRHIML

2016 4F, Yang 5P HRIE T — R GSH 1 = /K&
PEMZIETRET 23( 13). ZEREHE T 5] N R EERIE MR
BRI, DD T R B TS A0 AR I I ML 7R e
YR B. BRER 23 4 GSH BB E R FENE, 1%
HE R YIS (Cys. Hey)FH Al 19 Fha Lm0 T
. #REF 23 (10 pmolsL™")5 GSH (25 pmoleL ") %; 90
s WHOGAEIINIE 70 equiv., PEHIHREFS GSH i [ i
R HEABKR SR, 54 23 (10 pmoleL i)
PBS ZZMiAM P IMAAFIRE K] GSH (0~25 pmole
L"), HPIel 5 GSH MR B REL M oC R, #1423 it
o B PE I R AR ET KA MR AL T OB 7. Ak,
PREE 23 T DR TiE 4 GSH .

2014 4E, Meng ZPHRIE T — R Cys A1 Hey 1)
BOG TR OCIFRET 24 (B 14). R4 24 B9 RETK
7 505 nm, 240N Cys Ji T ICT 208 9% 6 Kk S K 15
&2 410 nm. $REFXT Cys Fl Hey A B AFEREME, H5H
3R YR TR, ERE 24 (25 pmolsL™
PBS/DMSO (V' : V=1 :9, pH 7.4 I ANAS[F iR B2
[ Cys (0~80 pumol-L "), 7EJKH 410 nm Ab7 A bt

920 http://sioc-journal.cn/
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Strong fluoresecence

\N:/:

0
0 Cys/Hey o ,L
=N O

B 13 i 23 5 HRIRE

Figure 13 Schematic illustration of reaction of 23 with thiols

Cys/Hcy
—_—

K14 424 5 Cys/Hey Wil EHE

Figure 14 Schematic illustration of reaction of 24 with Cys/
Hcy

# Cys WEERB NG N, MAERKK N 505 nm A7t
ERE Cys R FIXG T FRAE. F-%F 24 (10 pmolsL ™ ")F
Cys (100 pmoleL ") 2% %) 6 min 55, Ak, #REF 24 41
HET i H AT DL I Cys 7715, JERE SIS Mk
WROETHK.

2016 4E, Chen ZElOURIE 1 — bl A Wi B 1) 2
GRRTOCIRE 25 (B 15). #%EF 25 1A% Cys fil Hey A
POEMARN, XELHE GSH 78 I HARE IR L7 L%k
Wi, 23R R R 25 (10 pmolsL™") 5 Cys (20 equiv.)iE
4 10 min J&5, PIGEA RGN, 30 min J52OG{EE
AIEFWEAE . (E3R4%E 25 (10 pmolsL ™)) PBS ZEmA W
(20 mmolsL "', pH 7.4)"FIMARFKER Cys (0~70
equiv.), KIGMEREE Cys W IIIGINTIIER, AR A

Chin. J. Org. Chem. 2019, 39, 916~928
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0.874 umoleL ™', BbAh, #R%EF 25 O T T HeLa 4
R A PR I ) 2 AR

\ N o0._0O
~ N O\ 0 Cys/Hcy o~ A
A0 Z S( )
OH OH HN n
o}
25 HO

n=1Cys
n=2Hcy

B 15 R 25 5 Cys/Hey AR =E K

Figure 15 Schematic illustration of reaction of 25 with Cys/
Hcy

2016 4F, Zhang 2 RIE T 3T PET RN (7% Y645
£ 26 (K 16). #R4EF 26 5T Cys Ml Hey FORS I I $6 14 1R .
TEHREE 26 1 DMSO/PBS ZZmisi(V . V=7:3, 10
mmolsL ™", pH 7.4)" N FIREER), $REFIFOBIEYY
B Cys =& Hey WSROI AN, AR 235107 0.82
Al 1.45 pmolsL™". 454t 26 (10 umoleL™ ") 5IF Cys (3
mmolsL ")l Hey (5 mmoleL "M, GAE 5 BIFE 30
A 40 min JRIAFEAE. BEAh, WP RIZEVITO GG 45 R
T, TREF 26 BAT RIFHIAMIARBNE.

OH n=1,Cys
n=2, Hey

B 16 Rl 26 5 Cys/Hey AR E K

Figure 16 Schematic illustration of reaction of 26 with Cys/
Hcy

2013 4F, Kong 252136 7 —FA il Cys/Hey ik
PEVERIEZLANROCIRET 27(18 17). I LA PO RS R K
SHEKAE 600~1000 nm 2 [F], XIEFOCIREHAT Rt
F AR B SO EREE 27 (2 pmole
L ") PBS ZZ #4740 mmoleL ™', PH 7.4)FF I AANH
WRIZ I Cys (0~2 pmol-L™"), HAIAHIE KN 778 nm
KoBEFE Cys ¥REEMIBEINMTHEIN, KOBRALE 7.9X107°
moleL . Ub4h, #REF 27 ©& Bl R Hh T 7R TS
HepG2 4tiffa 4 sfg M1 Cys/Hey.

Chin. J. Org. Chem. 2019, 39, 916~928
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B 17 e 27 HREaEmii s sl
Figure 17 Schematic illustration of reaction of 27 with Cys

2016 4F, Gong Z5EWHRIE T — R T ICT ML 7%
JEIREF 28(1 18). K% 28 T Cys A BUIF L £, £
ffi Hey Al GSH 1E N [ Ho A 2 BL TR 5 4R 28 JL-F AN B
EHR4EE 28 (20 umoleL™ M) CH;CN/PBS Z2Mia (Y
V=218, 10 mmolsL ', pH7.4) FIMAMNFIRER Cys
(0~700 pmoleL "), F4l 28 (1175 a5 23 B % Cys [F1H8
BT, KR A 54.6 nmoleL ™. 84t 28 5 50 equiv.
Cys M. 5 min BPA]R B EAL, iR AR SR
BRE. UBAh, TREF 28 T4 RN FH TIE A A 1K Cys
(AP AR

B 18 4 28 SEMARIIIREE

Figure 18 Schematic illustration of reaction of 28 with Cys

2017 4, Gao S HRIE T SEA M & IR E A
FeEREN 29( 19). #R%F 29 X Hey A BT & SBEE, 7T
DL RGIX 7 Hey 5 HADPI A AEYBREE(Cys F1 GSH).
PREF 29 (10 umolsL HIZIE{E S Hey HIHE(0~700
umoleL ™ YK IE L, HIFE A 4.6 umolsL™'. 1b4h, #REF
29 B A U 0040 s e AR Al i B, JF HE 2k
TS A TR 40 Hey HIA%. #R%EF 29 FIME R PERE,
AT AN Hey (1 BRERRI 7075 TH BA BRI .

http://sioc-journal.cn/ 921



AL A SR
I
n
I mo © °
n
mo o FO N NH O\L
/N\ NH O\L O N/
0
Cys ©
(e}
Hez ‘ S\
SRS
S” NH
H © \_»OH
(e}

19 i 29 HEER IR E R
Figure 19 Schematic illustration of reaction of 29 with Hey

2017 4F, Kim 2 HRAE T — Bl Cys (977 [ i
PIREE 30 (B 20). #4530 5 Cys fEKIEW R A3
RS, (RIS PE S B E R (03 B (. SR 24 4R 5
30 5 Cys RNJERPSKE T IRM, L Emet
30, FIBLERER 30 W LLE SR, R4 30 X Cys HIUEHE
PAEE T, B2 AEWBONHEIR Hey f1 GSH £
(1) H AR 2 IEFR A IRET U] Cys BT T, #REF 30 % Cys
FRer I R PR RE, U RIERET 30 B R T4 A Cys
I 7 7).

3 ETRMRMN

2016 4F, Wang ZEUO9RIE T — Rk i A= 10 6 R A
PET % 1) 6 e~ R%T 31 (B 21). 54 31 XA
Fi H A B IR B, FEARANZ HAR UM R R 1 T
M. %4 pH=3.5 i, #EF 30 HX} Cys G, M4
pH=5.5 i}, #R%l 31 %} Cys. Hcy. GSH ¥IFHWN. {F
R%T 31 (10 pmoleL ")) DMSO/H,0 ¥&W(V - V=9 : 1,
10 mmol+L ™' PBS, pH=3.5)" II AR FWEZ I Cys (0~
15 equiv.), % 31 BIPGIEE Cys FIWKE R LR R,
KR~ 0.117 pmoleL™". #£ pH=3.5 MI%AF T, %
31 (10 pmolsL ") 5 Cys (15 equiv.)[z % 80 min J&ik 1
L HRAL, PREF 31 ORI 2 HeLa 4H 0 Hh B L.

2017 4F, Chen ZW4RIE T —Fh A %K Stokes fif
F£(202 nm) 28 SEIRER 32 (K 22). K% 32 1T PET #
ESIPT A IEATEHR GRS, AN Cys Ja, HREFH)
PET B4 FELITE 482 nm AbFITE G B 1N, A%
%t 32 (10 pmolsL™ ")) HEPES/DMSO V&W(V : V=4 ' 1,
50.0 mmoleL~", pH 7.4)FIMARFKER Cys (0~80

922 http://sioc-journal.cn/
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B 20 30 5 AR REE

Figure 20 Schematic illustration of reaction of 30 with Cys

B 21 HREF 31 H5AEYERE Y BN R K
Figure 21 Schematic illustration of reaction of 31 with bio-
thiols

umoleL "), #REMIFNAE 2Bl Cys WG i in,
KPRy 2X 1078 molsL ™", 444t 32 (10 umolsL™ ") 5 Cys
(80 pmoleL™ ") M 30 min P OGAEIEINGE 20 equiv.lif
5. BeAh, PREF 32 L& H TN A T NCI-H226 i
A PR R A

2013 4F, Wei 218 7 — Rl Cys Al GSH =
BRI IR E 33 (B 23). #4541 33 X AE MR EE S
T2 A G 1 3 B i R R M, L AR KN A
GSH > Cys>Hcy. fER4EF 33 HIBERR £5 2% pP A (10
umoleL Y 73 IR E I Cys (0~60 pmolsL ")
F GSH (0~60 pumoleL "), %l 33 FIZE5RE 5 Cys Fl
GSH HIREREL MR, LM RE D BN 0.9956
F10.9966. HLAh, FRIGIHREN 33 7540 AR AR I AE P A% I 1)
SE RN, ARSI 2 Wb BAT VT (1 B FH A 5

2016 £, Liu ZEHRIE TR0 AE Y0BR BE 00 fm ide B 1
DEIRED 34 (K 24). REF 34 P I AW R 5

Chin. J. Org. Chem. 2019, 39, 916~928
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O,N

NO,
//O
O:S\
SeseTE"
PET
N=
>

32 PET inhibitey
ESIPT OFF
oL on
+ + SO
N= NO, 2

S Je

0=s

\
R

ESIPT ON

B 22 $REF 32 AR BB R =

Figure 22 Schematic illustration of reaction of 32 with bio-

thiols
(6]
A ,@NOQ RSH,

N_
\
NS
33
NO,
=
+ + S0,
0”0 NH, NO,
Sy,
(@) |l| (6]

B 23 R4 33 54D E Y BURAR R

Figure 23 Schematic illustration of reaction of 33 with thiols

)
CLe 1 x
&
§ o o o™
34

O 0
HOOC . R
O \ ;
O,N” : :NOQ
-0 0 0

B 24 REF 34 5 A DR R R
Figure 24 Schematic illustration of reaction of 34 with bio-
thiols

PRIHR AT DL LB € R G € s, L M TE R B N
SRE SO, (EARET 34 (10 pmoleL ™ ")[¥] PBS ZZ Al
(10 mmol-L ™", pH=7.4)F I\ Cys (0~3 pmol-L "), H
PG 2B Cys WRFEREhmEm, #MERA 0.16 pmole

Chin. J. Org. Chem. 2019, 39, 916~928

© 2019 Chinese Chemical Society & SIOC, CAS

L' R4t 34 (10 pmolsL™ YFIZEMIBREL(S equiv.) M 1
min J5POG5RE SR, KPS min J5 25 OG(EIE R
L FTE B R IREE 34 ARG P RN IR
= VAR

2016 4F, Fan SEPOHRIE 7 — Rk I A4 M BRI K X0
TOGIREE 35(F 25). BOLT 9 GEREH R R HO LB
NI TT5ER PTARESR AR A — LR AR SO R A
BB FCE AL RET 35 5 Cys AR ] 2924 20 min,
i1 GSH 1 Hey (10 B[R] AR ZE— i, HLARET 35
5 Cys AP RS GAEIGIN T I8 74 equiv. TEEREN 35
(10 pumolsL ~ ")) DMSO/HEPES (V' : V=3 7, 10
mmolsL ™", pH 7.4)%& W IMARFIHKE K] Cys (0~500
umoleL "), X% 35 MIZNIRE S Cys HIIREEFRL MR
Z, KBRS 0.26 pmoleL ™', Ak, 54 35 4 T
87 FH T 240 AR A e P A .

NO,
/\ O /\
OZN’i O N
0=S—N N T o RS,
I\ 9 /
35
0

0]

/\ N /\
HN N O _\—N 0
N 5 _/

Bl 25 #REF 35 SRR EL MO R
Figure 25 Schematic illustration of reaction of 35 with bio-
thiols

2014 4F, Yoshida ZEPHRIE T — kG AL VBT EE )
T R IO OCIRET 36(181 26), ZARET 7T LAAE SE IS A Y
S D40 i P A R B (KT 4R%E 36 (1 pmoleL )5
GSH (10 pmolsL Y 1 h J&, RICHSIERNIEM, t
AN GSH Z Hi 2 AN T3 6000 equiv.Z 2.
TE R, 1ZIRET T RIS I /)N B P S 41
L AR A R .

RSH SO,

Coy
Q N
I &° O O NO
~ 2
IS8 RAaa I
O,N

o)
H,N ‘ o ‘ NH,

Bl 26 R4 36 5 AR BRI R 5
Figure 26 Schematic illustration of reaction of 36 with bio-
thiols
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2017 4F, Wang Z5P2HR0E T —Fh WA M0 BRI 03
LLA AR 37 (B 27). ¢ GSH (0~25 pmoleL ™ )i &
FIFR%EE 37 (10 pmoleL™ M) PBS (10 mmolsL ™", pH 7.4,
50% DMSO)ZE VAR, 1E 676 nm AbA] M %255 ik
FE IR WTIG DR, K PRAGZE 1.19 nmolsL ™", HAMEEH 37 5
GSH fiyma v AE 5 3R3#, ¥ GSH (2 umoleL™ ") In A\ BI#R 4
37 (10 umoleL ™ YA, 6 min %¢ 6 (E B AT ik B,
A, TRE 37 SN A TR+ GSH 1

sl
O,N NO,
o T
B

o RSH
R ® T
37
H
DMSO
Y N

PBS 7.4

Weak fluorescence
o
2 C
o

Strong fluorescence

B 27 R 37 SAEMGRE Y BURAR R
Figure 27 Schematic illustration of reaction of 37 with bio-
thiols

2013 4E, Xu Z5EPNRIE 7 —Fha] 53R A A
GSH L 445 e iR%E 38 (K 28). 7EHR%El 38 (10 umole
L™ Yf%) HEPES (10 mmolsL ™", pH 7.4)% 7+ In AR [F] ¥
FE/) GSH (0~20 umoleL "), ¥4l 38 HIWIGIEHAE 794
nm 4bFE GSH ¥ 38 Iy 55, 1M 47E4-4% 38 5 GSH
(20 pmoleL ™ Y S N= 4 IN ANASFIVR B ¥ H,0, (0~
200 pmoleL ")}, HAIEAEAE 794 nm 4k L £:BE H,0, 3
FERII AN AN, 24 GSH (20 pumolsL ™ )N A FHR4T 38

S,

B 28 #REF 38 HARIHEH kIR m
Figure 28 Schematic illustration of reaction of 38 with GSH
(10 pmoleL YAV H, 5 min J& UG ME A& AE I B A
AN AL, TRER 38 SEEL T AN T AR GSH R AL
I o R ) S B .

4 BETHREMN

2014 4, Zheng ZEPURIE TR AE VIR EE ) FRET
LI ERE 39 (8 29). FaIREN 39 HIFEGH T
FRET A K ORkSS, 4¥R%H 39 5 Cys MR 5 FRET
RS BEIBT E R . E3REE 39 (10 umoleL ™ ") IR
AN FIVR I Cys (0~40 pmoleL ™), % 5(E P Cys
WP RSB 3G 0, K5 UBR 4 0.8 umoleL ™", #R%T 39 (10
umoleL "5 Cys (10 umolsL™ )R 16 min J& 7 eHIA
AL, AN, 54539 O & RN H T2 T R IR
SR F Cys 3¢ FE R 5E.

2013 4, Lim S HRIE 1 — Rk i A= s i 12 '
TRER 40 (K 30). $REF 40 X AEYIBREE R I B £
PER R, I HAREN 40 BA BT IAKETE. EiRE

R

o )\
H Ho ‘ o N/\/S
0 N\H/\N/\/S\s/\/NQJ\N j(\
O H H OH
° O O
HO o
39

B 29 R4 39 5AEMIRESEY IR R R

Figure 29 Schematic illustration of reaction of 39 with bio-thiols
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= o) GSH
JC s OH
0”0 N0 e TN

H
40

(0]
JosUREs'
0”0 NH, -/
B30 R4 40 SEBH KRR EE
Figure 30 Schematic illustration of reaction of 40 with GSH
40 (20 pmol<L™ ")) HEPES (0.10 moleL ™", pH 7.4)Z% ¥4
WIS VR E ) GSH (0~20 mmoleL ™), Wa{E 2>
BEE GSH ¥REE R85 N2 Ee g3, AR 6 pmole
L' 4 40 B e BRI GSH & 2410
77.

2017 4E, Shen Z5CHRIE T — Rl GSH Eﬁ%‘c%
WOCTRER 41 (K 31). 7EIREF 41 ¥ A N GSH 4331
£ 350 #1450 nm ALK 2343 HIAE 460 F1 530 nm Ak H I
P96 R S, FE3R%T 41 (5 pmolsL ™) PBS/MeCN
Vi Vv=1:1, pH 7.HEBFIMAANFEKRER GSH (0~
1000 pmoleL "), 460 F1 530 nm Kb {56 K 5 163445 B
# GSH Mg hnmsiin, KA 2.9 umolsL ™. thAh,
REF 41 %5 GSH B B A = FE e #E, JF HARE 41
(W T SR AR R DL RO 128 9 IRET B 1 I g 4
CIEES

Vs

H o)

(0]
H
O
GSH
e
It
J
@PN

H
N~

)
=0

(e}

. 1)

812
%OO

/

B 31 FEF 41 SRR R E R
Figure 31 Schematic diagram of the response mechanism of 41
and GSH

2016 #E, Song ZECMRIE T 3T pq HEUC R ML

Chin. J. Org. Chem. 2019, 39, 916~928

© 2019 Chinese Chemical Society & SIOC, CAS

WA PIBREE 05 R ET 42 (B 32). Z4RET R R A5
5T, FEANEIA TR DX 40 G5 R A AR AR ) = Fofr A= )t I
(Cys+ Hey. GSH), Jf HIREF /KB HRLF. TREF 42 78
Tris-HCI (20 mmolsL ™', pH 7.4)Z% /¥ In N2 5 1)
Cys. Hey GSH S HAth 19 M BiR, 25 RRYIEAR Cys
TEERIE DL N ARED 42 MU ER NG R, HiXE Hey
A GSH, HAth 19 PR IERR 5 HIAR TN, R4 42 18

T R FEAT 5 AT DA A D 5 [X o3 AR i I, A
FAT . FH I 5.
NO,
N\
O: _ NO,

B 32 WA 42 S54RI R

Figure 32 Schematic illustration of reaction of 42 with bio-
thiols

2015 4E, Dai ZPHR0E 7 —FhEEX /K00 GSH F1
Cys. Hey FISEARE G RMXOGIRE 43 (K 33). g5
TREF 43 PIANARIIAL s B, BB RUHLIX 4> GSH
Cys-Hcy. 7E¥REF 43 1) PBS L2 70 5 in N GSH.
Cys F1 Hcy, #iRRIEE 2 kAR ARk,
BN GSH HIVEIAS N TN Cys A1 Hey FVE R
AR ., T E BN, R 43 TR A
Fi H AR BRI AN, LW S22 TR A W B T 5
HIERE 43 B AR 1.

2018 4F, Hou Z5°H158 T —Fh 6l GSH/Cys 137 7
MR FCERE 44 (K 34). TREF 44 X GSH/Cys HIA I 1 R
W = TE3E Hey 768N I HAW R IR, tLAMRE 44 5
GSH/Cys H)m RZf (BT 1 h, BIEREN X GSH/Cys
ARG W) LA 1 3 B I R R . AEERET 44 (10
umolsL )] CH;CN/H,O (V' : V=3 : 7, PBS LIV,
10 mmol-L ™', pH 7.4 IIAAFHEE R GSH/Cys
(0~3 equiv.), TREF 44 12O GAERE GSH 8L Cys WK FE )AL
feTmiAs Ak, KPR 2504 0.12 A1 0.13 pmoleL ™", B4k,
TREE 44 LR RS R B, PR4H 44 B BG40
g M, e N TG4 GSH/Cys HIAGI.
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HS )
) o s
X N
H O O’ .y 0 o
N OgNe) )

HOm/\N GSH
/\N
B 33 A 43 S54RI R K

Figure 33 Schematic illustration of reaction of 43 with bio-
thiols

S

B 34 454 44 5 GSH/Cys IR AR K

Figure 34  Schematic illustration of reaction of 44 with

GSH/Cys

5 HiRAHIE

1953 4F, Du Vigneaud 1% VR 7 iz B 4/ 1k
EB(NCLEA R T EYEEZ KR, k5
S N AN 22 BRBEAE KV s ST i im e, 70 3 R
HEHER, TN L A R LB, NCL M. ) 2 M
T2, Egifess. EWE. EH%% 2014
E, L 25508 7 — R Hey A Cys fI25 T NCL Jx
R FEERE 45 35). TEIRER 45 MERH I Cys
Ja, WM ASHIESH 694 nm W E 474 nm 4k, FFFE
Bl & W AL A N 8. BREN 45 B
U BEME RN R, H4 Hey A1 Cys Fomi B B (8] $4) 75
30 min Z . £RE} 45 X} Cys Al Hey FIRSIIER 25104 1.6
A1 1.8 nmoleL ™", Ak, ¥REF 45 &I T4
HepG2 ZHfifiH Cys fa.

H 1890 4 Mond H B &R ALK, &8N
EWIREZ MR T &AL 2016 4E, He Z12HR0E T
— P T A S E Tk TR R OUR i TC A5 2 ) o B 2 G R
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E 35 #HE45 5 Cys RAln=E
Figure 35 Schematic illustration of reaction of 45 with Cys

46 (18 36). R T RIMAERL ST 508 7 RE &
Y, AR IRET 46 U HIAK. fEIRET 46 (10
umolsL™ ") CH;CN/H,O (V @ V=3 : 2) PBS ZZ % i o
TN EE ) GSH (0~2 equiv.), #R%! 46 [5G 2
BEE GSH RFERIE NN, TREF 46 X AR K4
JRUEAT LT R FEE, WA RN (2909 60 min. BEAMAE!
46 Sl A T E R SiHa 40 GSH 214,

:

N
[ M
B 36 #R%F 46 5 GSH HR &

Figure 36  Schematic illustration of reaction of 46 with GSH

Chin. J. Org. Chem. 2019, 39, 916~928



Chinese Journal of Organic Chemistry

REVIEW

YR EME N —FP g B RL, 14K O O 7T
PO, O T2 Bal, o8RBT %
T 32 T 9 KR T 10 98 Y IR AR, W T A & gk %
(AuCuS)(& 37)11. 2015 4, Xu ZEH7E T —Ft T4
YK A1 1% (AUNCS) FL R & W) R 47 4 99 KR+ (AUNPS)
(9 EREE 47, FTXF Cys #EATHII(E 37). AuNCS E
BRI, REE AR BT L IR e B RS
(FRET)#I] AUNC F)75 . Cys 7% 55 N N- —HE7H
W I 4 20 K BRL(PDMAM . AuNPS)8R4E, JKk 5 28 1
5 R 9K FE(BSA AuNCS) 3 GomEE, 1M
IR P A ) B B R M DA = LR IREE 47 X
Cys HIKE IR Jy 3.6 pmoleL ™", ILAMFEF 47 E& W Th
Hu S F AR R Cys FIRSI.

2018 4, Zhang ZURIE T — R AL AR A4 2
ERIRNEACE FPICARET 48(-1 38). KA KT
JiE RO 2(SB) LR, 1 T T X (PSB) B LA 5%
SRR IEAE 5, MR X — ) A R T K v T
PSB/SB P47, HEIMSEILNYaA5 5 . REF 48 Xt
T2 e g PG I LA 20 v R R PR R R . R
48 2P R ZUER RS I LA A R B R R B,
UCHRAEL 48 S 20 B rp pA 9051 R 0 A T R P A ) 0 R B
HAC T I R R

FRET
hv o r*\ y
L § 3 nes
YA/ Yy :“,‘, + § _},Aq:_ ".’:
-}“y{ o ‘ —_— }fﬁ » T "y )
FRET hv
With PDMAM-AuNPs With Cys
Low FL High FL
o ST
":@} Sh-fusics S -7 PDMAM-AUNPs @ Cys

B 37 #E 475 Cys RAlnR=R
Figure 37 Schematic illustration of reaction of 47 with Cys

R
/

g% |
o:s’o
NH,

__ —N SB: R=

— NH,
N PSB: R=H

) 48

Bl38 REN 48 SR EE
Figure 37 Chemical structures of probe 48
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6 %HiE

IEAESR, SRAE T CTRET R 7830t Jg JE R, — o
BOH BRI T EA W B iR IE . SR, I LR
I ST AR TR VF 22 B PR AR, WHRET KA M I . 4R
ERAE R EEME . AN B SO T A, LR
SRR AR A B RR CE LR R VHCY A1 GSH) X 744
TP i A DR, TR SR I AL E SR ()i
PREFIG/K I E; (0)TH bR B B2 O6TEAEY R G I [ A=
Yo FrH BT (oA BIX 4 = FRIIEIER; (d)RE
R A R BV AR N O 2 U 7 1

ARG T IR RO IR E B ik g, =
BITIE T S MR Cys. Hey F1 GSH [RIBFATEE. M
BRI S RN BRI, MR B, BRI
R YURMRIEETTH, SRR T e B RR MR IR
B AL . SedftE. REUE. WS A%,
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