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Rational Design of ortho-Vinylhydropyridine-Assisted Amino-
fluorophore as Hypochlorite Fluorescent Probe
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Abstract In this paper, a novel fluorescent probe A4 for the detection of hypochlorite ions was designed and synthesized
using quinoline as a fluorophore and ortho-vinylhydropyridine auxiliary amino group as a recognition site. Experimental stud-
ies show that the fluorescent probe has high selectivity for hypochlorite and extreme sensitivity (response time 1.6 s, limit of
detection 77.8 nmol/L). After reacting with hypochlorite, the absorption peak of the UV-vis absorption spectrum at 421 nm was
blue-shifted, and the color of the solution changed from yellow to colorless. In the fluorescence emission spectrum, the maxi-
mum emission peak at 642 nm was quenched, and the fluorescent color changed from orange red to non-fluorescent. The sens-
ing mechanism was confirmed by liquid chromatograph mass spectrometer (LC-MS) analysis and comparison of UV-vis spec-
tra, which involving the ortho-vinylhydropyridine-assisted amido-to-nitroso oxidation reaction. In addition, the A4-loaded test
strip was prepared and applied on the detection of hypochlorite. Moreover, the probe showed moderate aggregation-caused
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quenching (ACQ) with increasing of water content.
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Figure 1 Synthetic route of probe A4
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AN 30 mL Zf, SRS INBERR £h 28 (PBS)
PR ZI B, IRAHE). 129 3 10 mL 3R b &
I 5 mL §) B3R 2855 PBS MR AT, BEJG s
R P INERET A4 FTTC B 20 pmol/L ARV 7K,
1 SiE AT A AR IRA, R 2~29 5
BRI 1.5 equiv. [ 5-R0 & 7 A1 SE LA R(Cl0 7,
H,0,, HSO; , SH, S*,CN,SCN, F,Cl,Br, I,
HSO, , ClO;, H,PO;, BE; , AcO", NO,, ONOO,
10,, 'OH, Na', K", Mg?', Ca®', Zn*", A*", Fe’', Ba?"),
R 50 i F R AR aT DL v ASORS: I - 1 S) g S A IR R b
OIS, g5 Rl 2a Fios. RAA ClIO 1) 2 5
WETE 421 nm ALRPEAMRIGEE R TR, RS
BRI R R T e, TS TR
PR R MRS R B R R AR B AR, B A
BRARA, BEUIAREE A4 X ClO™ I £ A 2, HLAE
B I LB T R SR () B AL T R AR AR Ak R BHERET
A4 7] LLRIIR BT W, H v BE A — PR 1 K SRR AR

N T IRFT 421 nm AHRER Ad TR EERAR B 1 1) i
N, A FREE ) ClO #7058, i 2b . Mg
ClIO KRN, #REF A4 7E 421 nm AL AR R
BB T BE, 24N CIO™ 1.4 equiv.if, WRScss ik 5
A, R B AN TR 6. 5 5 R R R
A4 421 nm RSN CREEAT ClIO™ MR BEAAAE R I
RETET TS
1.3 RE A4 EFIFNRN CIO BITRA AL
1.3.1 R4 A4 69 5R BB F MR I AR R KX KA4THE B

iz FH b 5 A e B A ) A SRR REAT T ROk
FEVE DL R O B SIS L. [FIAETE 29 MREHH
CH;CN/PBS (V@ V=3 T\ TCKRE A4 FiRERL 20
umol/L WIFFIA, 1 5 ilE FFEAE XTI, A
TR, B 2~29 S3VE AN 1.5 equiv. K %&-Fh
BT AEAA B (CIO T, Hy0,, HSO; , SH, S,
CN,SCN, F,Cl,Br,I, HSO,, ClO;, H,POy,
BE, , AcO", NO,,ONOO ,'0,,'OH,Na", K', Mg?",
Ca?', Zn*", AP', F*', Ba®"), #RJF FH 26 952
AT NRAIC R EARE, F3WE 3a Ptk
SHerE . ME ] DS R A BREN A4 5 1.5 equiv.
ClO M5, 7E 642 nm Kb K%L RGTEXR, LT
BT REA I R REREL Ad B KDL R BRI =4
R, B 3a EAEEIRR: BREE A4 58 FE R
FALD R BB AR L. [FIRERA ClO REf PR
A4 OB LA RO, BEHIREE Ad XRHRE
FR AR & A R = i 9 e B 1k

T HRTE 642 nm ALIRAT Ad T VR G AR B 1
N, EBEAEIREE I ClO #4756, i 3b . FEE
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Figure 2 (a) UV-selectivity test profiles of probe A4 (20 umol/
L) with various ions and oxides in CH3CN/PBS (V' : V=3 . 7)
solutions, and (b) probe A4 (20 umol/L) UV absorption spectra
measured in CH3CN/PBS (V' : V=3 [ 7) solution with different
concentrations of NaClO (0 to 1.5 equiv.)

(a) The upper illustration shows the color change of pure probe A4 react-
ing with various ions and oxides (CIO~, H,0, HSO;, SH, S, CN',
SCN ,F,Cl,Br,I, HSO;, ClO;, H,PO;, BF, , AcO, NO;,
ONOO7, '0,, ‘OH, Na™, K¥, Mg®", Ca?", Zn>", AP, Fe*", Ba’") in a
solution of CH;CN/PBS (V' : V=3 [ 7); (b) the upper right illustration
shows the scatter diagram of UV absorption of probe A4 at 421 nm as a
function of NaClO concentration

AR & FIRFE I3 N, #REF A4 7E 642 nm ALK
WK ITIZHT NI, 16 1.4 equiviBEEA, 726500 M
BB, X ZAHT ClO B3R R PR
Ad G IE L AR IS, S8 TN AR
(ICT)xH, FrblRE A4 5 ClIO M a7 6 K. B 3b
F B ERERIR: 1E 642 nm ALIREN A4 TR 5 IRE
FRAR &7 IR E R R, A LOD=30/k 15Kl
FRA 77.8 nmol/L, FoMlIPREA, WiBHIRE A4 7] DURGTF
1) R T 0 R A 25 1 P A
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B 3 (a)iF%E A4 (20 pmol/L) 5 & Fh B T M & L W 7E
CH3CN/PBS (V@ V=3 @ TR T 6 RSHGIEEL (bR
£ A4 (20 pmol/L)fE CH3CN/PBS (V@ V=3 IER+, 5
RIFIKE NaClO (0 F 1.4 equiv.)Z&1F T 75 9% 6 K 5t i
Figure 3 (a) Fluorescence emission spectra of probe A4 (20
pumol/L) with various ions and oxides in CH3CN/PBS (V' © V=
3:7), and (b) fluorescence emission spectra of probe A4 (20
umol/L) were measured at different concentrations of NaClO (0
to 1.4 equiv.) in CH3CN/PBS (V' : V=3 1 7)

(a) The upper illustration shows the fluorescence color change of probe
Ad reacting with various ions and oxides (CIO~, H,0,, HSO; , SH, S*,
CN™, SCN™, F, CI', Br, I', HSO;, ClO;, H,PO;, BE , AcO",
NO; , ONOO™, '0,, ‘OH, Na™, K*, Mg?", Ca>", Zn®", AP’", Fe**, Ba®")
in CH;CN/PBS (V. V=3 1 7). (b) The upper right inset indicates the
relationship chart between fluorescence emission of probe A4 at 642 nm
and NaClO concentration (A;=410 nm)
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Figure 4 Relationship chart between maximum fluorescence
emission of probe A4 (20 pumol/L) at 642 nm in CH3CN/PBS
(V. V=3 1:7), and (b) relationship between fluorescence inten-
sity of probe A4 (20 pmol/L) and NaClO (1.5 equiv.) at 642 nm
and under different pH conditions (dex=410 nm)

N T RIS BRI T T PRET Ad A I SRR 25
TS, ESEHES 1R 10 mL R, A S0 dom
ARJA pH HIZK W 3.5 mL, 285 M B3R E i 1.5
mL 2N, BJE R SCRE R I 20 pl 5000 pmol/L
WEF A4 RGN, Al soalE 19,
SR G A ST TPINN 1.5 equiv. (IR EIRIR 55 1, FRIK
RS 2O, BHRE 642 nm R HFOL5R
FEAERHPALR, pH ABALRIER. il 4b, 75 pH 2~9
TR, PREN A4 TEK 642 nm T 58 G5 AR
SoMA, TAE pH 10~12 SRFRME AR, WIS T2 50
JRF IR AR T R IR FE PR R, RIS e
SR, 7E pH 6~8 264 FIIAMRE Ad 5K
FRAR B T RIS, RAREL Ad WA TR B i 52 1
e, ACAYEAEFR AR NS,

Chin. J. Org. Chem. 2023, 43, 718~724

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1.5 IRET A4 3K & E RN

EMRIE R, RIKEEX TIRE A4 (5658
FEsZmaEOR. w5 Fos, & SOKERSE G, RE A4
B R G R B R IR RIS, X 0T Re 2 R IREE A4
S FEERI TP E R NH Z£0TPLS H.O 1 1A AU,
MR A TR AR, T ARG KB A AT, R
J& BIEEAHAR IR FUE A EAEFH, SEERE A4 5%
HK(ACQ).

2.5M 1

2.0M+

1.5M 4

Fl cps

1.0M

500.0k 1

0.0

500 600 700 800
Wavelength/nm

B 5 EARFKSEERTEH 0~90%)KER H R A4
(20 pmol/L) At 1 Bl (dex=410 nm)
Figure 5 Fluorescence spectra of probe A4 (20 pmol/L) in so-
lutions with different water contents (volume fraction 0~90%)
(Aex=410 nm)
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CIO™ Wy Al R g e AL BRI AR 2, 23 7 N HL A
B ACT) KW, RO IOGR AR, T RAEX M
PUEA 78NSO T A BT 1%, 2l R EE A4 5
CIO™ [ I Ji5 ) 58 AN SOOI 5 A v ] 7= 470 A3 1R 48 AP i
JeREXFLL, LARARER A4 I CIOT RIS, pThih
UEI] 2R BT R L EE A I S R AR S 3 2 ik AU T A
B, I F Bl AR e A AR
1.6.1 A4 Fo b5k FEARS T R G A BMLE 5 F
4K A3 2tk
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EG. IR A4 5 CIO fEFHEAER T H A3
AL T 5 =47
1.6.2 R4t A4 Bk RERAR & T1F R A2 08 d 4=

NT S RE A4 5 CIOEFH IHLEE, @it
WU FE A (LC-MS)Y N % S REFEAT 1. 4l 8 i
N, (RS E R3] TR A I[AS+H] T 377.1
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Figure 6 Mechanism of the probe A4 with hypochlorite ion
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Figure 7 Comparison of absorption spectra of probe A4 after
reaction with hypochlorite ion and intermediate A3
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B 9 (a)HJGITHRSS & A IREF A4 IIRAR S AN AR B2 1Y
CIO™# B R J5 IR AR A IR, DL K (b) 58 AMAT R N 5 AT 8¢
B A4 IRAR S AN FIREER ClOT IR RS 52 6 B e AR 1k
K.

Figure 9 (a) Color change of the test paper containing probe A4
after reaction with different concentrations of CIO  solution
under the illumination of fluorescent lamps, and (b) fluorescence
color change of the test paper containing probe A4 after reaction

with CIO™ solutions of different concentrations under UV light
irradiation

3 WY

31 E5EH

&5 solanx 70 FT-MS 543 #8 5 i54%; Quantum-I
plus NMR (400 MHz) BURZ RESLIRAC; 3 UV-1800 %8
ANEEA; H AL F-4600 5% 661X S, 4 O ZB8.
ToKTUERRNE . &8 . Thie. S L. 3-m%E-4-
TROR RS, 2-FH R IR IERE-2- 2155 AN Fh AN 6] [ 2 7
PIPU T HR g 4
32 ZWHE
3.2.1 A2 #94%

% 2-HFL (S g, 34.92 mmol) Al 3-FiFE-4-JR 7K
fi%(8.03 g, 34.92 mmol)JH A 100 mL [FJEFHH, EAR
Bl NAE 140 C FIN#EEE 12 h, AEEZREMA 50
mL oK ZBEBES . ok, WCERIEYE. M. A Tk
Witd, R L/KOBERELS HSE A2 105 g 7%
84.6%. XIEME A, mp. 154~156 ‘C; 'H NMR (400
MHz, CDCl3) d: 8.13 (d, J=8.5 Hz, 1H), 8.06 (d, J=8.5
Hz, 1H), 8.02 (s, 1H), 7.78 (d, J=8.1 Hz, 1H), 7.73 (t, J=
7.7 Hz, 1H), 7.70 (d, J=15.2 Hz, 1H), 7.65~7.55 (m,
3H), 7.51 (t, J=7.5 Hz, 1H), 7.39 (d, J=16.2 Hz, 1H); 1*C
NMR (100 MHz, CDCly) 6: 154.51, 150.15, 148.29,
137.48, 136.82, 135.47, 132.25, 131.19, 130.48, 130.16,
129.41, 127.69, 127.68, 126.85, 123.80, 119.79, 113.71.
HRMS-ESI caled for C7H;;N,0,Br [M+H]" 355.0077,
found 355.0078.
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3.22 A3 894 %

S CHER[23), B EALEN(900 mg, 22.52 mmol). 2-
IE 2 f%(798 mg, 6.76 mmol)F1 /K PUEHEE(30 mL)
BIN 100 mL )1 = e, Ny B 3 7k, &R T
F£0.5h, ARJEIMALLEY) A2 (2 g 5.63 mmol), %V E #
3K, W T AREERE 2 h, 2 i I S N HERE.
SN TEA R, MBI ERER KSR T pH B 55 BR 1
(pH 5~6), H 4R CEAHL, WAEANUAH, HAE K
Vek 3 IR, RTCKBRBRAA T, d5e)m, TR e
FREMR FERE I A S OB OB, V0 V=3 1 )4k,
BE A3 1.68 g, FZFK 72.7%. BEGEA, mp. 142~
144 “C; '"H NMR (400 MHz, CDCl;) J: 8.56 (d, J=4.6
Hz, 1H), 8.27 (d, J=3.8 Hz, 1H), 8.14 (d, J=8.7 Hz, 1H),
8.08 (d, J=8.9 Hz, 1H), 7.87 (s, 2H), 7.78~7.74 (m, 2H),
771 (d, J=15.2 Hz, 1H ), 7.65~7.59 (m, 2H), 7.52 (d,
J=3.9 Hz, 2H), 7.44 (d, J=16.1 Hz, 1H), 7.25 (d, J=8.3
Hz, 1H), 6.32 (s, 1H); '3C NMR (100 MHz, CDCls) §:
154.44, 153.30, 150.18, 148.20, 148.05, 138.68, 137.62,
136.69, 132.58, 131.96, 131.93, 130.44, 130.05, 129.35,
128.38, 127.63, 127.60, 126.77, 123.67, 123.49, 122.62,
119.72, 118.17, 41.01. HRMS-ESI calcd for C,4H7N4O,
[M+H]" 393.1346, found 393.1344.

323 A4 8945k

S HR[23], FLEY A3 (1.2g 3.06 mmol)Fi1Z,
I .l (30 mL)7E 100 mL [FJEEFEH A HiH: 0.5 h, 28500
A SnCl, (2.90 g 15.29 mmol)Fl 0.5 mL KM, A E
B3 Wk, 1E 80 CRIEI 4 h, Mk s vk,
SN TERE, DINBRER BN KR ™Y pH 31 558801 (pH
8~9)id Ik, M LML, A 100 mL LR,
WA WA, WA & hK Pk, FC/KBREREN T8,
J&, BT I R A, A e Al i
MWEE/ OB OWE, ViV=1. 1133 A4 053 g, =%
47.7%. #EE AR, mp. 143~145 C; '"H NMR (400
MHz, DMSO-ds) d: 10.77 (s, 1H), 8.47 (d, J=4.9 Hz, 1H),
8.26 (d, J=8.6 Hz, 1H), 7.98 (d, J=8.5 Hz, 1H), 7.91~
7.82 (m, 3H), 7.74~7.66 (m, 3H), 7.69 (d, J=17.6 Hz,
1H), 7.55~7.48 (m, 2H), 7.41~7.33(m, 3H), 7.32 (d, J=
16.2 Hz, 1H), 6.93 (q, J=4.5 Hz, 1H); 3C NMR (100
MHz, DMSO-ds) 6: 156.71, 156.55, 150.65, 148.08,
147.88, 136.50, 136.22, 136.15, 133.61, 129.75, 128.48,
127.81, 127.80, 126.79, 126.33, 125.67, 124.12, 120.43,
119.72, 117.90, 116.58, 116.33, 108.45, 91.17. HRMS-ESI
caled for CaH 19Ny [M+H]" 363.1606, found 363.1604

HHBhM EL(Supporting Information) {54 A2~A4 [
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