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Scheme 1 Synthetic route of target product MNQ
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FWEEIR (Cys) A3 DEH K (GSH) | & 2F Bt & AR (Hey ) | 22 Z R (Ser) | Jifi Z R ( Proline ) | 45 % R
(Valine) & Jig ( Glutamic acid) \ZKPNZ % ( Phenylalanine ) \ & & ( Alanine ) 25 24 Ji8 ( Methionine ) | f%,
Z iR ( Tryptophan) 5522 ( Leucine ) \J#i 22 ( Lysine ) | fig 22 ( Tyrosine ) . H 2 & ( Glycine) . [B] 28 — & Fl
LTt TR SR T BuHn T A G0 24 7 5 B R O H R R LV, N-— H 5L F it Jie ( DMIF) (9K £ R
Fist | S B VRERR RBRIR KA Ak R AR SR AL R4 W T O e T R R A 2 R A BR
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) ) 5 Agilent 6224 R 73 Hi Ji 3 AL (HRMS, 3¢ [ Agilent 24 F]) ; TENSOR27 B8 HL i 25 6 21 SRS 35X
(FT-IR, f&[E Bruker AXS /\j) ; WFH-203B #1 = 1550 AT ( EHpE R A R AR 5 X-5 BUBCFE
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F165.4% ,mp 535k 279. 4 ~280.2 °Cf1232.7 ~233.5 °C,

MQ1 'H NMR (500 MHz,DMSO-d, ) ,6:11.07(s,1H,Ar—NH) ,7.30(d,J =8. 65 Hz,1H,PhH) ,6. 42
(d,J=8.65 Hz, 1H, PhH) ,6.34 (s, 1H,PhH),5.91 (s, 1H, ArH) ,5.68 (s,2H,—NH, ) ,2.25 (s, 3H,
CH;) .

MQ2 'H NMR (500 MHz, DMSO-d, ) ,5:12.85(s,1H,COOH) ,11.54 (s, 1H, Ar—NH) , 10. 57 (s,
1H,NH) ,7.84(d,J=1.90 Hz,1H,CH) ,7.65(d,J =8.70 Hz,1H,PhH) ,7.33(m,1H,CH) ,6.49(d,J =
7.55 Hz,1H,PhH) ,6.34(d,J=7.00 Hz,1H,PhH) ,6.27(s,1H,ArH) ,2.37(s,3H,CH,) , irf545 5 53¢
HREAHAT
1.2.2 falfk MQ3 #)H Al

Bt 2.6 mmol MQ2 T~ 100 mL K&, A 20 mL HIEEA-IE 2 68 °C, 242N 2 mL RERER , 4k 22 1n]
Uit 8 h, TLC Wi s bR o N5 IR & R J R i, 25 BRI R, A NaHCO, %5 yi0H PH 2= vk i i,
FH 15 MOQ3 bt fo [F4A, % 53. 2% ;mp 175.8 ~176.6 °C; "H NMR (500 MHz, DMSO-d, ) ,5:11. 49
(s,1H,Ar—NH) ,10.50(s,1H,NH),7.80(d,J=8.10 Hz,1H,PhH),7.63(d,J=8.75 Hz,1H,PhH) ,
7.30(d,J=7.95 Hz,1H,PhH) ,6.53(d,J =7.65 Hz,1H,CH) ,6,43(d,J=7.05 Hz,1H,CH) ,6.25(s,
1H,ArH) ,3.66(s,3H,CH,) , 2.36(s,3H,CH,) ;IR(KBr) ,o/cm ™" ;3414 ,3060,2933,1665,1611,1562,
1254 ,1105,783,

1.2.3  Hrfajfk MQ4 (15 A

BT, 5 mmol MQ3 F =HUfiHr, A 15 mL FHZRSHE % , Bl FHR 2 110 °C, A 4 mL /K5, 4%
SEIAIE, TLC Wil sz i E A%, #h 2 mL oK & JF. RN 25 85, % 5 2 %00, ot A, g, T4, 15
MQ4 , k5 8 [E A, R 56. 3% ;mp 229.5 ~230.3 °C;'H NMR (500 MHz, DMSO-d, ) ,8:11.17 (s, 1H,
Ar—NH) ,10.76(s,1H,NH) ,10. 12(s,1H,NH) ,7.82(d,J =8.25 Hz,1H,PhH) ,7.45(d,J =8. 10 Hz,
1H,PhH),7.34(d,J=8.30 Hz,1H,PhH) ,6.35(d,/=7.05 Hz,1H,CH) ,6.29(d,J=7.10 Hz, 1H,
CH),6.25(s,1H,ArH) ,4.48 (s,2H,NH,), 2.34(s,3H,CH;) ; IR(KBr) ,o/cm ™" :3412,3025,2929,
1680,1618,1560,1250,1124 ,857 ,

1.2.4  hal{& MOQ5 B4 A

TEZE AT B0, 75 mmol KOH F10. 5 mmol MQ4 T =i, il A 30 mL 28, ZE183 hi 60 wlL
CS,, ERMFE 6 ho P AR R 2 ia, B 8 h, TLC WS s iy F fE . R i 1k s , B ATk
FARGERER VAT pH =4, g, T4, 15 MQS, £ # ( [F 14, L% 61.3% ;mp 276.8 ~277.5 C;'H NMR
(500 MHz,DMSO-d, ) ,6:14.27 (s, 1H,SH),10.43 (s, IH, Ar—NH) ,9.86 (s, 1H,NH),7.83(d, J =
8.6 Hz,2H,PhH) ,7.78(d,J =8.7 Hz,1H,PhH) ,6.45(d,J=7.10 Hz,1H,CH) ,6.38(d,J=7.15 Hz,
1H,CH) ,6.29(s,1H,ArH) ,2.43(s,3H,CH,) ; IR(KBr) ,o/cm ' ;3418 ,3030,2982,2530, 1675, 1660,
1632,1250,1110,764
1.2.5  fal{k SQ2 &

)4 SQT ARHE SCHR[ 24-25 [ e & 18, 77 ) h e B 4o A W38 70. 2% ,mp 63.7 ~64.3 C,th
E {4 SQ2 AR SCHR[ 26 1 19 75 A B, 74 o 1 LA YR % 76. 3% ,mp 194.2 ~195. 1 °C, i i345 513
5 SCEMEARAT
1.2.6  #%F MNQ 4%

FREL 0. 41 mmol (1 K,CO,F10. 3 mmol MQS & T 100 mL =3, in A 20 mL DMF %%, F-hn A
0.3 mmol SQ2, Z {4+, TLC Wil S i 58 BUS , Tk, UEWR A VKK, b T4, Sl E 45 i i5 MNQ,
e o, [E A 5K 53.2% ;mp >300 °C;'H NMR (500 MHz, DMSO-d, ) ,5:11. 10 (s, 1H, A—NH) , 10. 52
(s,1H,NH),8.17(d,J =8.55 Hz,2H,PhH) ,7.99(d,J =8.65 Hz,2H,PhH) ,7.75(d,J =8.45 Hz,1H,
PhH),7.51(d,J=8.75 Hz,1H,PhH),7.25(d,J =8.40Hz,2H,PhH) ,7.05(d,J =8.70 Hz,2H,PhH) ,
6.84(s,1H,PhH) ,6.51(d, J=6.95 Hz,1H,CH),6.37(d,J=6.90 Hz,1H,CH) ,6.24 (s,1H, ArH) ,
2.37(s,3H,CH,) ; "C NMR (125 MHz, DMSO-d, ) ,5:170.26,169. 46, 164. 76 ,164. 23 ,163. 89, 162. 81,
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158.23,144.02,132. 84,129. 09,127. 56 ,126. 83 ,119. 07, 115. 34,20. 32; IR (KBr) , o/cm ™' :3421,3030,
2937,1670, 1635, 1442, 1249, 1200, 1101, 831 ; HRMS ( positive-SIMS ) m/z (caled. ), [M + H] "
602. 0307, found 602. 0314,
1.2.7 R

0T WFFE MNQ X i /Ny 1 B TFGIERE , B 56 R R e MNQ I f# £ 2 mL ) DMSO A, SR J5 K H:
R %2 100 mL 25 R P, A R ZEIBK L] 100 mL YREES 2.0 x 10 7> mol/L [ 444 MNQ il iz %
W (DMSO/H, 0 {&FREL Ay 1:49) 5 Hk , FREX 0. 27 ¢ KH,PO, 1. 42 ¢ Na,HPO, .8 ¢ NaCl £10. 2 ¢ KCI fii A
UK R o, A ER IR pH = 7.4, B PBS 22 vhis W, HI PBS Z2 wh % ¥ 70 ! BC ) 15 Fb
[2.0x10 " mol/L,DMSO/PBS(pH =7.4) (R AL 1:49 ] ) S S BR VA T, B8 B 45 FH o T ask JFH S R Ay
Cys .GSH .Hcy .Ser , Proline | Valine , Glutamic acid , Phenylalanine | Alanine , Methionine , Tryptophan  Leucine .
Lysine ,Tyrosine 1 Glycine,

2 HZRSHHE

2.1 %t MNQ %t GSH iR 3|

FIRIZECIEREEWIIE TS HRET MNQ XA 2L R (1 RE#E LR . 4% 2.0 x 107 mol/L 5%
MNQ TR B o 515 EARFL K89 15 Ff 2.0 x 10 7 mol/L MRS BRVE R SE R SR A, ik F i E
2 h FEFCR IR A =330 nm , UL TN HRAE SIS0 5 nm BZEPET DN RE BREF AP R SO TE , il
ORI T PR B LA D98R8 MNQ ¥ A7 A6 A [R) <6 J B 1 A2 R S OEIE I, 2SO HEE MNQ
I GSH 5 K A 2 35 B SEOEHE K, T AE AR [F] 26 15 T & & B BRI KPR AW, 2R W
MNQ Xt GSH HA @k B A EE 1o B 1B J94REH MNQ 0 0H HAS In SERBL GSH I i 52 41- ]
DU ETE 1] o AT UL, 2R GSH Y RIS D 330 nm, [i #REH MNQ ¥ LA GSH 1,330 nm 4k
P IR MAC e AT o

800 MNQ-+other amino acid —— MNQ+ Ser 0.5
A ) ~— MNQ + Glutamic acid
—— MNQ+ Glycine o4 F
T MNQ+
600 VNG Tortsae :
= :m’iff}fy lalanin Q
s O A g 03
2 400} —MNo+ Lo £
S VNG + Dyephan 2 02
§ Q pl <
200 0.1
0 1 1 oL " " ——
350 400 450 500 550 250 300 350 400 450 500
A/nm A/nm

BT 3RE MNQ BRI RI Z SR EEHE (A) s ¥REE MNQ #5015 fb~~i14 GSH % UV-Vis 3 & (B)
Fig. 1  Fluorescence spectra for probe MNQ with addition of different amino acids ( A); UV-Vis spectra of probe
MNQ with 1 stoichiometry of GSH(B)

2.2 WREE

N T HE— B FSESOERE MNQ X GSH AYIRBIRE 1, ZE4RET (2. 0 x 10 ™ mol/L) ¥ Wi Hh in A [+
Ji GSH DG E 528, WP 2A Fr/R . S5 50 & B, K2 GSH B 3 36 W 34 0058 D 0 14 728 W o 59 , 24
GSH (¥ B R e HE 1Y) 2. 2 A AL R N e M AR B AN TS AL, B R 2R T A B AR 25 AR 3
Fr PR3 detection limit =30/k' (R, o Ry28 FURERIFRE DR 22 RO ST 260 A KI5 7 R 2€ S0k
(ARIEDR 22 , b R G A8 1 78 R G W 0 H 07 4 J8 B Tk VR R IR IR R ) L 2841 10 IRZS AR, 18
oo 2, MNQ XF GSH HKG I By 2. 99 x 10 ~° mol/L, # 45 [&] 2B Al 15, A R ¥ R M 0. 99, B
MNQ A VE RS GSH B H4ET
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Fig.2 Fluorescence titration curves of probe MNQwith addition of GSH from 0 to 2.2 stoichiometry( A) and the linear
relation of adding GSH into probe MNQ(B)

2.3 FHZBHR
HARTE N LR LE RS XS GSH BRI B AT T THE 5250, 45 S A 3 s 45
SR BIE 2.0 x 10 mol/L 345kF MNQ W7 W I AR e BUMERRIN , 30 46 I A TE 1 825 Al , 14k
S CF LA GSH [V WUR , 19 % 2 I B K , 26108 TAR SRR AF A6 , J6H S GSH LI Ka
SO ARER R GSH (K S5 R S ELAT H98 i THRAE )

B MNQ + Amino acid
B MNQ + Amino acid + GSH
800

7001
6001
5001
400+
3001
2001
1004

B3 R MNQ SN [R P SRR R N A AE N 15 GSH 455 iy ai AR AR AT
Fig.3 Histogram of the fluorescence intensity of the probe MNQ combined with GSH in the presence of different amino acids
2.4 REfEMERLAR R
N TRIEREE MNQ REF PRI VUL I GSH , 3 i S DT 12 EHREH MNQ X GSH fryu )iz fif
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400 L L] [ ] L] ® ] L] L ] *

0 10 20 30 40 50 60 70
Time/s

K4 MNQ %Xt GSH A [t i 1]
Fig.4 Effect of time on the fluorescence response of probe MNQ to GSH
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Fig.5 Binding mechanism of probe MNQ and GSH
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A Quinolinone-Based Fluorescent Probe for Rapid and
Highly Selective Detection of Glutathione

ZHANG Chenglu” , SUN Yuedong, DING Yanwei, WANG Jing, LIU Xingbing, WANG Nan, SONG Fulu
(College of Chemisiry and Chemical Engineering ,Liaoning Normal University ,Dalian ,Liaoning 116029, China)

Abstract In order to recognize small-molecule biothiols selectively, quinolinone was used as a fluorophore.
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Since thiol molecules can easily break the Se—N bond, a new fluorescent probe ( E)-N-(4-methyl-2-oxo-1,2-
dihydroquinolin-7-yl) -3-(5-( (4-(3-oxobenzo[ d ][ 1,2 ] selenazol-2 (3H ) -yl) phenyl ) thio ) -1, 3, 4-oxadiazol-
2-yl) acrylamide ( MNQ) was designed and synthesized by splicing quinolinone ( £)-3-(5-mercapto-1,3,4-
oxadiazol- 2-yl ) -N-( 4-methyl-2-oxo-1, 2-dihydroquinolin-7-yl ) acrylamide ( MQS5 ) with ebselen 2-( 4-
bromophenyl ) benzo[ d ] [ 1,2 ] selenazol-3 (2H ) -one (SQ6). The structure was characterized by infrared
spectroscopy (IR), nuclear magnetic resonance spectroscopy (NMR) and high-resolution mass spectrometry
(HRMS), and its fluorescence properties were explored by fluorescence spectroscopy. The result shows that
MNQ has obvious fluorescence quenching ability for glutathione (GSH). When other amino acids exist, the
probe has good anti-interference ability, and can be used as a fluorescence quenching probe for identifying and
detecting GSH. The detection limit is 2. 99 x 10 " mol/L, and the response time can be as low as 35 s. It has
potential application as a fluorescent probe for detecting GSH.

Keywords quinolinone ; fluorescence recognition ; glutathione ; ebselen
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