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Novel Coumarin—Based Fluorescent Probes for Detecting
Fluoride Ions in Living Cells
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Abstract Fluoride, the smallest anion, is one of the most important anions in the human body which is involved in many
diseases and many life activities can be displayed by its situation. It is necessary to detect fluoride ions and determine its
concentration in organism. Compared to the traditional detection methods, fluorescence probes exhibit high sensitivity, high
selectivity and potential for real-time detection. Because coumarin derivatives have strong emission in the visible region, high
quantum yield, high photostability and excellent bioactivity, we choose them as fluorophore to prepare new fluorescent
probes. Based on the mechanism of intramolecular charge transfer (ICT), the fluorescent probes CS1, CS2 and CS3 that are
coumarin-based derivatives were designed, synthesized and utilized in fluoride ions detection. Their structures were con-
firmed by "H NMR, °C NMR, IR and HRMS. Meanwhile, the crystals of CS3 were obtained by slow evaporation of an ether
solution at room temperature over a period of a few days. The detection limits of CS1, CS2 and CS3 for fluoride ions were
respectively determined as 21.77, 3.52 and 1.99 pumol/L, indicating that probes have a good sensitivity to the detection of
fluoride. The selectivity experiment results demonstrated that the three probes were highly selective for fluoride ions over
other competitive. The recognition mechanism of the fluorescent response to fluoride ions was verified by HRMS and NMR
experiment in this work. A lot of detailed experiment results indicated that the fluorescent response of probes to fluoride ions
attributed to the specific fluoride promoted Si—O cleavage. The study of the effect of probes on viability of cells were car-
ried out using the methylthiazolyldiphenyl-tetrazolium bromide (MTT) assay. The experimental results indicated that the
three probes had low cytotoxicity. Then the three probes were successfully used to fluorescent detect and image fluoride ions
in MCF-7 cells by fluorescence spectrum and confocal fluorescence microscopic imaging, respectively.
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Figure 1 (a) Molecule structure of probe CS3 crystal. (b) Packing arrangement for probe CS3
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(4 : 6, V/V,20 mmol/L, pH 7.4) I\ F )&, KR 1E 396
nm AL BRGTR RS, A 7E 465 nm AL HIIL T HT
I HB Wit sn, 76 431 nm AP T SR (K
2a). MIN F )&, 54t CS1 M AKEFH KA T 69
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FhE s K, WA 0.44 FFEMWAER 22.04,
BATHEZ) 50 5 (LK S2a). Gt K Stokes 137 F% Al i
F R AR AL REAEARET CST1 1E A LR AL 5 IR EH K6
F . MEHERE CS2 M OKE-BERELZPPIEI(T 3,
VIV, 20 mmol/L, pH 7.4)HZH I F &, 1K RTE 460
nm A HBLER KR SIE, HRGRERE F R E G K
MR 2b), KGR A I 600 7247 K 211
AF I 2100 2245 (UL S2b), d i B S5 i) i 5 AR 4k AT A
RNFF RIS CIREI F. [H&5 1T % CS3 1 2Tk
TR ERZZ SRS 5, VIV, 20 mmol/L, pH 7.4)" & il
A F G, RARTE 450 nm A1 5 600 BE I #T FEAR, RIS
1E 500 nm Ak H IUET g HIZ #8658, JE7E 480 nm AbH
T ST (B 20). SN FORTAHLEL, $REF CS3 7K
HRFWEKAR T 50 nm, HEEHRE LA (Fsoo/ Faso) th
W& FOIRERIF iR, 3 HAMRG LR R, M
AR 1.9 TR 22.1, & THEZ 12 500
Kl S2¢), AT CAZEREN BT FVERI Fid bR B 5 k4R
EF.

NT B RRE CS1, CS2 A1 CS3 5 F IR/
MR R, BATUHIE T HTEMLE 2 #EE). 7 F
W 0~200 pmol/L TG I, #REF CS1 aimfE L
B (Fas/Fr6) 5 F IRE R RIFMZMERR, LMEHKXR
0 0.9953. MRAEIX — RIUFIZM ¢ R, FoA it i —
HHAE B AR T EREE CS1 X FRSRARK HBR(S/N
=3)421.77 pmol/L. fE F ¥KFEH 0~20 umol/L f7E
W, TREF CS2 7E 460 nm AL 158 e HEE S F kg 2 R AT
MLEVER R, LVEMERECH 0.9978, BAREK: HFR(S/N
=3)93.52 pmol/L. 7E F KN 0~12 pmol/L K6
W, BREE CS3 DL am I Ul (Fsoo/Faso) 5 F R EA RIT
MLEVER R, LVEMERECN 0.9957, FARE: HFR(S/N
=3) 1.99 umol/L. T DA b s HdE vl k01, SR4Et
CS1 ML, #REF €S2 A1 CS3 *f F~ A BARAIA R, H
PREF CS3 Xt F i AR,

FRIUAR R ) pH WHERET B2 5R A B2 5, [
2 i PR A RE S TAE R R H B/ bR, A
I, ASCHIF TIRR pH XSHERER T2 650 i S i (O B

Acta Chim. Sinica 2017, 75, 383—390

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

9000
>
% 7200+
{om
Q 4
=
o 5400
o
c J
[0]
?
© 3600+
o
S J
* 1800+

0- T T T T T T T T =
360 400 440 480 520 560
Wavelength/nm
| (b) o ‘:%26933‘;1)(«5063071

2000_ ~ _%1400 =
é‘ 1 %1000
2 g 800
5 1500 + i
E 2
8 0
S 1000
O
%]
o
S 500
[T

0 T - T T .
450 480 510 540
Wavelength/nm

900 (c) P osonce2aus -
= ‘
‘@
c
2
=
[0]
[&]
C
[0]
@
o
o
=)
i

440 480 520 560 600
Wavelength/nm

B2 (a) #%F CS1 (10 pmol/L)JIA F~ (0~200 pwmol/L)f)%¢ 5tttk
A2k, A TAEZ. (b)y#REF CS2 (10 pmol/LYIA F~ (0~200
umol/L) B 5t i ARt i 28, B ARk, (o e CS3 (10
pumol/LYIIA F~ (0~150 umol/L)FIF 62k ih 2k, 1P T/EHh
2%
Figure 2 (a) Fluorescence spectra of probe CS1 (10 umol/L) in the
presence of F~ (0~200 pmol/L). Inset: A plot of Fyes/F396 vs. the con-
centration of F in the range of 0~200 pmol/L. (b) Fluorescence spectra
of probe CS2 (10 umol/L) in the presence of F~ (0~200 umol/L). Inset:
A plot of Fue vs. the concentration of F in the range of 0~20 pmol/L.
(c) Fluorescence spectra of probe CS3 (10 umol/L) in the presence of F
(0~150 pmol/L). Inset: A plot of Fso/Faso vs. the concentration of F in
the range of 0~ 12 pmol/L

S3), WAL T pH 7.4 1ENSLIZAME. A SOFRE
W F R [T TRF7E, RBREN CS1. CS2.

http://sioc-journal.cn 385



¥ F R

CS3 5 F MWk 24740 7 7522 90 min, 25 min. 50
min( 1.1 S4).
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Figure 3 The fluorescence spectra of (a) probe CS1 (10 umol/L), (b)
probe CS2 (10 umol/L) and (c) probe CS3 (10 umol/L) to various species
(100 umol/L for C1°, Br , I, SO,>", NO; , NO, , SOs* , HSO; , S, ,
SCN", CIO ", AcO ", S,0: ,CN, CO;* and F")

BT UL g ah B, ASCOUHAT TIREE €S1, €S2
I CS3 7£ MCF-7 4l jfd b i s BB 78 (901 DL ] S7.S8.
S FI7R). dEIRERH], —FIREH S REIR 4T bR 1C MCF-7 41
M. FEERER CS3 MAMIEIE 1, N T XA A sk
BB, FEAXAS B E Tk 400~450 nm P9G1E SR T 5 14,
4 475~525 nm IR AE ST 4560, K 8 AT LLE H,
MM AR FOEF, $REF CS3 RS FEEF
7£ 400~450 nm B, T 475~525 nm H9 615 5 HIxT
B85, AN Pk NP EREM bR AR DS, BRET

Acta Chim. Sinica 2017, 75, 383—390



¥ F R AR
7000 (a) CS1 + others + F~ E
/A O‘i(
> 6000+ \ >Esi 0] 0._0
‘@ — >
§ 5000 2N ®
g o ICT Weak
8 3000
@ weakly fluorescent
S 2000 A
i
1000 g o. .0
0 H
360 400 440 480 520 560 NS
Wavelength/nm N\G
F ICT Strong
20004 (b) -
> CS2 + others + F highly fluorescent
‘@
S 1500 Bl5 dREF CS3 R F RIME LI
IS Figure 5 A proposed mechanism of the reaction between probe CS3
3 and F
g 1000+
o
S @ | o 00
2 50 L
O
0 T T T T T ) o i A
450 475 500 525 550 575 8 98 =88 8
. . . . . —_ B NS
WaVeIength/nm 115 11.0 10.5 10.0 95 9.0 85 8.0 5 7.0
(c) (b) O 0.0 )
800 CS3 + others + F~ / NS
H appeared N\©
>
2 600 () | Sk k-
9] =3 =] QN —= SO =&
z S S cca o2 99
- . — . . . — - — —t —
§ 400 i 11.5 11.0 10.5 10.0 9.5 5 9.0 85 .0 Y& 7.0
8
0
o B 6 (a) HREF CS3 AL, (b) HEF CS3 A KF RN P24 &
E 200+ Figure 6 (a) '"H NMR spectrum of probe CS3. (b) '"H NMR spectrum of
the isolated product of the probe CS3 reacted with KF
0 T T T T
440 480 520 560 600 _
Wavelength/nm __ 5@ o
‘S 4 >§f’ 00 [M+HT*
B4 (a)fR%F CS1 (10 pmol/L), (b)FR%l CS2 (10 pmol/L)F(c)iR%l CS3 Z:’/ 37 css 0
(10 pmol/L)7E F~ (100 pmoVL)/#A7E FAIAAFIBIES (100 pmol/L)F 5 2'_
PO £ 1 _—
Figure 4 The fluorescence spectra of (a) probe CS1 (10 umol/L), (b) %00 180 200 250 300 350 400 450 500 550
probe CS2 (10 umol/L) and (c) probe CS3 (10 umol/L) to various species miz
(100 pumol/L CI”, Br', I', SO/, NO;~, NO, , SO5*", HSO;", S,
SCN', CIO, AcO, S,0:*, CN, CO;%) in the presence of F~ (100 E A P M 0003
umol/L) < 1.0 L M+ HI
F¥yd RS
N P 2 Ty clc) 0.6; 5 4
CS3 7E 400~450 nm J% B 17605 50859, 1M 475~525 204 -
nm ﬁ&ﬁg%% %%gﬁ, %%ﬁ%‘[‘ﬂn)\ Fqu‘H‘E%[E 8%‘ ,'l 2012817 293.0373 2950312 'IA,'I" ll i ol 090 s0z0m HLE
PR, BIRSEIGEE IR, PREF CS3 AT H &4 290 202 294 296 298 300
m/z

P RS = BB B2 T 55 AR

3 g

ALEIERT —RETEHFEISRIHE F %L
£ CS1, CS2 Fl CS3, ZKHRE I T A i fi 2 s B

Acta Chim. Sinica 2017, 75, 383—390

B 7 ()fREH CS3 i BB I, (b)#REF CS3 I KF J& 15 73 #
ik
Figure 7 (a) HRMS of probe CS3, (b) HRMS of probe CS3 upon
addition of KF

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

387

http://sioc-journal.cn



¥ F R

bright field blue channel

green channel ratiometric(g/b)

B8 4t CS3 1 MCF-7 4 th ifif% Sz, (a~d)4HM 2354 CS3 (5 pmol/L)Jeth 5 B84 B, (e~h) B A 454t CS3 (5 pmol/L) )5, A F-
(50 umol/L)$5 77 5 & B, 85 (@ IE IR EE 400~450 nm HEIN(E S, SEEEIE 475~525 nm EEIIES, HRREE R 8 4 0w i

BB R M HAE &N, F5U2 30 pm
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139.33, 127.74, 122.40, 117.30, 113.88, 107.39, 25.58,
18.26, 16.98, —4.41; IR (KBr) v: 3276, 3075, 2881, 1691,
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cmfl; HRMS calcd for C,sH,,05Si1 [M—i—H]+ 291.1411,
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mmol ZREFERMGM, SR FFFIEAA 6.0 mmol LRI
12.0 mmol HHEAE. = FHHE 2.0 h FRAERBIA
20.0 mL VKoK, Sk EGIEE, JEA EEE L, FR 0
Bk 5. @AAREYF, K 1.0 mmol EiAFE@EAS A 1.5
mmol PR T 30.0 mL JG/K THF H, iR THi#E 0.5 h
JERIREMA 1.2 mmol #UT 3 “HEA MR, SR T
PP 8 h. MW E R RF A 50.0 mL UKK,
F CH,ClL, ZHL =K, A HUHZ K 7 KRR N
T, A UER RJEHE TN, SIS AT R B R
afi (Ve LR LBR/AmEE 15/1), 193] 0.21 g a0
stk [EfA CS3, 7% 51.3%, m.p. 159~160 C, 'H NMR
(400 MHz, CDCls) : 9.06 (s, 1H), 8.08 (d, J=8.0 Hz,
1H), 7.98 (d, J=8.0 Hz, 1H), 7.60 (d, J=9.1 Hz, 1H), 7.53
(t, J=8.2 Hz, 1H), 7.42 (t, J=7.6 Hz, 1H), 6.89 (s, 1H),
6.87 (d, J=8.6 Hz, 1H), 1.01 (s, 9H), 0.30 (s, 6H); "°C
NMR (100 MHz, CDCl;) 6: 161.01, 160.48, 160.20,
155.66, 152.37, 141.69, 136.58, 130.55, 126.39, 125.10,
122.63, 121.72, 118.59, 116.97, 113.31, 107.42, 25.54,
18.30, —4.33; IR (KBr) v: 3415, 2971, 2859, 2696, 1722,
1598, 1515, 1438, 1346, 1255, 1126, 910, 746, 634 cm ';
HRMS caled for CpH,sOsNSSi [M+H]" 410.1241,
found 410.1245.
4.2 RAREIEFBHAEPHREGEHAR

YA EEPESLES: EAREE 90%LL F 1) MCF-7 4
i, S 0.25% 0 gt G RGRE, R B AR JS 1 4H M 3
96 FLIRH, 1E 5% CO,. 37 CHEEhREIELHR. HED
A 96 FUIR H I AAS R BE 4R % CS1, €S2 #1 CS3,
FIRERI S R RS9 24 h. S8R5, HA4— LR IN 10
ul MTT, JF4k8:853% 4 h. $53R45 0 516 /] PBS 220
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MR R, it i 1 mL DMSO #HT AR,
B e B FRACAE 490 nm Y FE e FLuk, AbHE %
P, i gl .

Y B RS A% SE 56 % MCF-7 4 2R 0.25% 1 iR 2 (A i
HA 5 min JFETRFRILA, IS 10%06 4 M35 1)
RPMI 1640 ¥;7:3E, 7F 5% CO,. 37 CHIE: TR it
BRR. WS, R gH M EE R RO L REILF, £ 5%
C0O,.37 CHMFREFE 12 h, FEHMEEE S5 1T 5256,
AN BIBCHIIREE CS1, €S2 A1 CS3 WV, 7%
HEMFER S umol/L. KW EE J5 ¥ 40 B 4> 1 FH BT EC PR £
WREFE 30 min, $45 H PBS MBS 4 =, i
Olympus FV1000 5 £ 5 it B se A7 I g i sk
5. BEEW EiRg 5 F (50 pmol/L)1% 3% 30 min,
PBS 2P % Ja PO
4.3 1R$F CS3I B RIEFRSNE

ARSI DL LN, BT B AR E RS B RE
CS3 [F5 . MHBIE B RSHE A I, s E T
Bruker Smart ApexIICCD X-ray #. g fiTit X b, 7E296(2)
KEET, FW A58 s e fb AR ) Mo Ka SR
=0.71073 A)WSEERTI AR, A 1>20(DATH ST
B S5 R o M. i AR 45 R At L SHELXS-97 Al
SHELXL-97 #2717, @A vIaai e b, SRS+ nT
F{H Fourier & AR, FHE F2 450 M — 3Rk
X S AR AR S 25 1) S S RO AT RS2, SR AL bR
RN B T R AR R, R AR E i & 4
AHEE TR RS G2 RASE R, XEHPEE
CCDC F kbR 5N 1525667, 4% CS3 SR EE
MBS HI TR S2, HAMMEL, BA%YE &
SR AL FR RIS TR PR RS 00 ) LA S3. 3 S4 I
#* Ss.

X ##15 B (Supporting Information)

SEB A A A A BB e L A ek
SAREF I G5 K A S B S B S5 B Ve L “ SCRHE 27
(Supporting Information) .
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