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1. General procedure for the synthesis of compounds 4
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Scheme S1 The synthesis of compound 4

Cyclohexanecarboxaldehyde was synthesized according to previous report!. A mixture of 40 mL
dimethylformamide (0.52 mol) and 40 mL of methylene chloride was chilled in an ice bath for 30
min. 37 mL phosphorus oxychloride (0.41 mol) and cyclohexanone (10 g, 0.10 mol) was added
dropwise to above mixture with stirring. The solution was refluxed for 4 h, cooled, poured onto 200
g of ice, and allowed to stand overnight. The yellow solid was collected with a yield of 9.56 g
(54.38%).

2. General procedure for the synthesis of compound 5

CH,COONa

Scheme S2 The synthesis of compound 5

Compound 5 was synthesized according to previous report!. 1, 2, 3, 3 — tetrametheyl - 3H -indolium
iodide (903 mg, 3.0 mmol), sodium acetate trihydrate (408.2 mg, 3.0 mmol) and 129.4 mg (0.75
mmol) of 3bohexanecarboxaldehyde were dissolved in 12 mL acetic anhydride in a flask. The
mixture was heated at 70 °C refluxing with constant stirring. After 10 min, another 129.6 mg (0.75
mmol) of 3bohexanecarboxal-dehyde was added into reacting solution. 30 min later, the reaction
solution was cooled to room temperature and the mixture was dropped into the methyl ether in an
ice bath and rude green powder was filtrated after precipitation. The crude was purified by column
chromatography on silica gel with a mixture of CH,Cl, and CH;0H as eluent. Removal of solvent
under vacuum afforded pure deep green powder 547.5 mg (59.73%).
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3. General procedure for the synthesis of compounds 1
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HO
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Scheme S3 The synthesis of compound 1
4. References
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5. Fluorescence spectra, UV absorption spectrum and color change

5.1 Color change

Fig. S1 The color change of 3¢ (10 uM) upon addition of NaF in a PBS/DMSO =3 : 7 (v/v, 0.01
M, pH = 7.4) solution. Each picture was recorded at 20 min after the addition of NaF (1-10: 0, 0.25,
0.5,0.75, 1.0, 1.25, 1.5, 1.75, 2.0, 3.0 equiv.). The color changes of 3a and 3b are same as 3c.

5.2 Photostability
200+ 0.7-
: (a) J(b)
=
& 0.6+
£ 150+ At
g i e . . d o . . © .
> g 1
= S 0.4
= i o
: 100 1 E.4 ]
g 3 0.3+
g 2
g 50 | 02-‘
= 0.1
=] - » " [ n ] [ ] [ ]
0 L] L] L] L] L) 0-0 T T T T T
0 60 120 180 240 0 60 120 180 240
Time/min Time/min

Fig. S2 Time-dependent of 3a (10 uM, PBS/DMSO = 3:7 (v/v, 0.01 M, pH =7.4) solution ) under
sustained illumination. (a) Fluorescence spectra. (b) UV absorption spectra.
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Fig. S3 Time-dependent of 3b (10 uM) under sustained illumination. (a) Fluorescence spectra. (b)
UV absorption spectra.
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Fig. S4 Time-dependent of 3¢ (10 pM) under sustained illumination. (a) Fluorescence spectra. (b)
UV absorption spectra.

5.3 Fluorescence spectra and UV absorption spectrum of 1a and 3a
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Fig. S5 (a) The fluorescence intensity changes depending the pH (2.4 - 8.4) of 1a (10 uM), Aex= 690
nm. Inset: the linear relationship of fluorescence intensity with pH (2.4 - 8.4) of 1a (10 uM). (b) The
UV-Vis absorption of 1a (10 uM) at pH from 2.4 to 8.4. All data were measured in PBS/DMSO=3 :
7 (v/v,0.01 M, pH=2.4-8.4).
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Fig. S6 Fluorescence response of 3a (10 uM) in the presence of NaF (3.0 equiv.) with other analytes
(10.0 equiv.) in a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution. The analytes: (1) F~; (2) F-+
SCN-; (3) F-+ HS-; (4) F-+ S,03%; (5) F- + SO4%; (6) F-+ Acy(7) F-+ H,PO%; (8) F- + HCO57; (9)
F- +NOs; (10) F-+ I (11) F-+ Br; (12) F-+ CI5; (13) F-+ CO;%; (14) F-+ Cu?*; (15) F-+ Zn*;
(16) F-+ Mn2*; (17) F-+ Ni%%; (18) F-+ Mg2*; (19) F-+ Fe?*; (20) F-+ Ca?*; (21) F-+ APP*; (22) F-+
K*; (23) F-+ Na*.
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Fig. S7 Fluorescence response of 3a (10 uM) to various analytes (3.0 equiv.) in a PBS/DMSO =3 :
7 (v/v, 0.01 M, pH =7.4) solution. Other analytes (H,PO42; Ac; SOy7; S,03%; HS; SCN-; CI; Br;
I; CO;3%; NO5; HCOs; Cu?'; Zn?'; Mn?t; NiZf; Mg?'; Fe?'; Ca?t; AP, K Nab). A= 690 nm
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Fig. S8 (a) The UV-vis absorption of 1a (10 uM), 3a (10 uM) and 3a (10 uM)+NaF (3.0 equiv.).
Measured in PBS/DMSO = 3 : 7 (v/v, 0.01 M, pH = 7.4). (b) UV titration of 3a (10 uM) upon
addition of NaF in a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution. Each spectrum was
recorded at 10 min after the addition of NaF (0.0 - 10.0 equiv.).
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Fig. S9 (a) Fluorescence titration studies of 3a (10 pM) upon addition of NaF (0.0 - 13.0 equiv.) in
a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution at room temperature. Inset: The relationship
between the fluorescent intensity and NaF concentration. (b) The linear correlation of probe 3a
between fluorescence intensity and concentration of F- in the range of 0 to 100 uM.

5.4 Fluorescence spectra and UV absorption spectrum of 1b and 3b
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Fig. S10 (a) The fluorescence intensity changes depending the pH (2.4 - 8.4) of 1b (10 pM), Aex =
690 nm. Inset: the linear relationship of fluorescence intensity with pH (2.4 - 8.4) of 1b (10 uM).
(b) The UV-Vis absorption of 1b (10 uM) at pH from 2.4 to 8.4. All data were measured in
PBS/DMSO=3:7 (v/v,0.01 M, pH=2.4-8.4).
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Fig. S11 Fluorescence response of 3b (10 uM) in the presence of NaF (3.0 equiv.) with other
analytes (10.0 equiv.) in a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution. The analytes: (1)
F; (2) F+ SCN; (3) F-+ HS (4) F-+ S,05%; (5) F- + S04%5(6) F-+ Ac; (7) F-+ H,POS>3 (8) Fr+
HCOs; (9) F-+NO57; (10) F-+ I5; (11) F+ Br; (12) F-+ CI; (13) F-+ COs%;(14) F-+ Cu?*; (15) F-
+ Zn**; (16) F-+ Mn?*; (17) F-+ Ni?*; (18) F-+ Mg?*; (19) F-+ Fe?*; (20) F-+ Ca?"; (21) F-+ A3
(22) F-+ K*; (23) F-+ Na*.
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Fig. S12 Fluorescence response of 3b (10 uM) to various anions (3.0 equiv.) in a PBS/DMSO =3 :

7 (v/v, 0.01 M, pH = 7.4) solution. Other analytes H,PO,>; Ac"; SOy7; S,05%; HS; SCN-; CI; Br;
I; CO;32; NO5; HCOs; Cu?'; Zn?t; Mn2*; Ni%t; Mg?'; Fe?'; Ca?'; A3t Kt; Na*).
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Fig. S13 (a) The UV-vis absorption of 1b (10 uM), 3b (10 uM) and 3b (10 uM)+NaF (3.0 equiv.).
Measured in PBS/DMSO = 3 : 7 (v/v, 0.01 M, pH = 7.4). (b) UV titration of 3b (10 uM) upon
addition of NaF in a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution. Each spectrum was
recorded at 10 min after the addition of NaF (0.0 - 12.0 equiv.).

(a) 9007 51000 (b) 800 i y=avex ,
- =2 e | Adi. R-Square  0.98813 m
- 800 e 800 eo®* =' 700| Value Standard Error
= 2 . ] |8 Intercept 18,4275 18.66747 -
£ 7004 2 600 . = 60048 Slope 1078246 0.44624
) = . b
= 600+ EANE 'E 500 Wl
= S200{ ° i
2 500 g ) 2 *dé 4004 ’
= 4001 \ % 20 s 130 o " i
@ N [>] 300+ 7y
12 4 Concentration of NaF(pM) - g
E 300 8 2004 el
2 200+ g
& 5 100 - e
S 100 2 =
F"‘ 0 T T m = = = TS [TV, AT (ST ST TV o ) By, el [ S TIPS S |
750 800 850 10 0 10 20 30 40 50 60 70 80
Wavelength/nm Concentration of NaF (unM)

Fig. S14 (a) Fluorescence titration studies of 3b (10 M) upon addition of NaF (0.0 - 12.0 equiv.)
in a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution at room temperature. Inset: The linear
relationship between the fluorescent intensity and NaF concentration. (b) The linear correlation of
probe 3b between fluorescence intensity and concentration of F- in the range of 0 to 70 uM.

5.5 Fluorescence spectra and UV absorption spectrum of 1¢ and 3¢
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Fig. S15 (a) The fluorescence intensity changes depending the pH (2.4 - 8.4) of 1c (10 uM). A =
690 nm. Inset: the linear relationship of fluorescence intensity with pH (2.4 - 8.4) of 1¢ (10 uM) (b)
The UV-vis absorption of 1¢ (10 uM) at pH from 2.4 to 8.4. All data were measured in PBS/DMSO
=3:7(/v,0.01 M,pH=24-8.4).
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Fig S16 The linear correlation of probe 3¢ between fluorescence intensity and concentration of F-
in the range of 0 to 70 pM.

6. HPLC experiments
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Fig. S17 HPLC chromatograms analysis, a) 3a (0.2 mM). b) 3a (0.2 mM)+NaF (0.5 equiv.). ¢) 3a
(0.2 mM)+NaF (1.0 equiv.). d) 3a (0.2 mM)+NaF (1.5 equiv.). e) 1a (0.2 mM). f) DMSO/PBS= 7:
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3. Conditions: incubation for 10 min in a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution at
room temperature.
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Fig. S18 HPLC chromatograms analysis, a) 3b (0.2 mM). b) 3b (0.2 mM)+NaF (0.5 equiv.). c) 3b
(0.2 mM)+NaF (1.0 equiv.). d) 3b (0.2 mM)+NaF (1.5 equiv.). e) 1b (0.2 mM). f) DMSO/PBS= 7:
3. Conditions: incubation for 10 min in a PBS/DMSO =3 : 7 (v/v, 0.01 M, pH = 7.4) solution at
room temperature.

7. MTT assay
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Fig. S19 Cytotoxicity of 3a on HepG2 cells determined by MTT. a) 0 uM. b) 5 pM. ¢) 10 uM. d)
20 uM. e) 40 uM. f) 80 uM.
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Fig. S20 Cytotoxicity of 3b on HepG2 cells determined by MTT. a) 0 uM. b) 5 pM. ¢) 10 uM. d)
20 uM. e) 40 uM. f) 80 uM.
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Fig. S21 Cytotoxicity of 3¢ on HepG2 cells determined by MTT. a) 0 uM. b) 5 uM. ¢) 10 uM. d)

20 uM. e) 40 pM. f) 80 pM.
8. Cell and animal imaging
a) C)
A
a) c)
B
Fig. S22 Confocal microscope images of probe 3a in HepG2 cells. A: control. B: Image of the cells

incubated with 3a (20 uM) for 1 h, and further incubated with NaF (100 pM) for 10 min. (a)
emissions from the blue channel. (b) emissions from the red channel, and (c) Merge.

b)

a) b) C)
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Fig. S23 Confocal microscope images of probe 3b in HepG2 cells. A: control. B: Image of the cells
incubated with 3b (20 puM) for 1 h, and further incubated with NaF (100 pM) for 10 min. (a)
emissions from the blue channel, (b) emissions from the red channel, and (c) Merge.

Fig. S24 Fluorescence images of 3¢ in mouse. a) Mice injected with probe 3¢ (20 uM). b) Mice
injected with 3¢ (20 uM) and 28 mgF/kg sodium fluoride recorded at 15 min. ¢) Mice injected 3¢
(20 uM) with 28 mgF/kg sodium fluoride recorded at 2 h. d) Mice injected 3¢ (20 uM) with 28
mgF/kg sodium fluoride recorded at 4 h.

Fig. S25 Fluorescence images of 3¢ in mouse. a) Mice injected with probe 3c (20 uM). b) Mice
injected with 3¢ (20 uM) and 12 mgF/kg sodium fluoride recorded at 15 min. ¢) Mice injected 3¢
(20 uM) with 12 mgF/kg sodium fluoride recorded at 2 h. d) Mice injected 3¢ (20 uM) with 12
mgF/kg sodium fluoride recorded at 4 h.
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Fig. S26. Organic imaging, from left to right: heart, liver, spleen, lungs and kidney.

9. HRMS data
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Fig. S28 ESI mass spectrum of 1b and 3b
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Fig. S29 ESI mass spectrum of 1c and 3c
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Fig. S30 ESI mass spectrum of 3a+NaF
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Fig. S31 ESI mass spectrum of 3b+NaF

S13

800



402.1874

3c+NaF
/

600 700 800

T
500

400

60 4

40

‘uyuy

20

300

m/z

Fig. S32 ESI mass spectrum of 3c+NaF

10. '"H NMR, 3C NMR data

1a

wi—
L8

W9
69°T"

LSE—

665~
€079

£5°9
6979~
e
1T°L

£TL
1€

€€°L) \
mv.h__

LE8~
o8’

009
-<E60'C

Fsor

Jij? W

40 35 3.0 25

Froe

——=E66"0
=701

.mmwa.—
= 00°1
- €071

90°C

=LL6T0

=2[-66'0 |

1.0 0.5

1.5

2.0

5.0 45

70 65 6.0 55

2.0 85 80 75

f1 (ppm)

S14



s
nm.mnw
8L'8T,
9€°67
ssrs/

96°6F—

€F 66—
19°€01—

9T —
89°SI1—

L B

89°6T1 —
66°0€1 4

9L'0F1
_w.c:M\
98°1F1-

IL8ST—
99°¢91 —

€EELT -
POT9LY

90 80 70 60 50 40 30 20 10

f1 (ppm)

170 150 130 110

90

€L~
881

€9°T~
0L'T"

65"¢—

Ww

H,0

=00°9

rS0°T |

66'1
ﬂho.ﬂ

=66'T

Foo'1
>E0°]
€001
Hm_1= T
M::._
T

“€0°T

oot

1.0 05 0.0

1.5

f1 (ppm)

>)o 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 2.0

S15



0T

eﬂ.mﬂw
IL'8T
SH6T,
sis/

06°66—
SSE01—

SFII—
08511 —
S6°1¢CI —
Nc.mﬂ—l\‘w
6T'ET r
£
OF1F1 -~
Wkl
Liad!

05851 —
1Le91—

S6°€LT
18'bL1

60 50 40 30 20 10

70

110

130

150

170

L9T—
Totl
19'C
e
oz

LEE—

85'S~_
795"

9L'9
8L
¥8'94
98'9

ﬁ
!
689
=m..%
SEL
L0'8~
o'

cDel

00'9
—==_ F30°T

- mm—::m

€0°C

— F£8'C

== 1960

£6°0
m?a.a
=SE10
—= EH0°T

— 18'0
L6'0
€L'0

01

= 196'0 |

1.0 05 0.0

1.5

f1 (ppm)
S16

90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20



& @ E@8s T 23 REeuw 9 Zinioumaeiie
e g 355 ¥£LUE 2z P
) o (ol e, o = G R s = Wi R R e A A
| | | I e | S "
mmmwm.mm I.MJ.MIAU P Lum.li..un...u st PRI T P
l90 170 130 110 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
g
2
i

Wl M'HAJMMMMMLM..MMHNMMMWﬂ
95

-110 -125 -140 -155 -170 -185
f1 (ppm)

-80 &

S17



TBDPSO

LO'1—

wi—

61—

0L~

6L7T

vy —

91°s—

WL~
YL
€L

€L

mm.nM
LELA,
65L—

bl
9L
mw.h.\
6F°L”

LYL~
69°L

-00°1
L6'0
wo

u_ﬂmm.—

roL° 1

1T

=101
kL0

6071

€61

wT
66°1

7.4 7.3

f1 (ppm)

7.6

CDCL;

=S0°6

=009

- BR0T |

= 00°C
N Wam.—

-= Fosz

-— 861

2.0 85 80 75 7.0 65 6.0 55 350 45 40 35 3.0 25 2.0

1.0 05 0.0

1.5

f1 (ppm)

L6l

amdNW
8E'FT—
LI'8T—
1L eE—

Lb0S—

6L 0L—

L"T01 -~
95°F01
06°TH—
007071 —

8TLTI—
S0°8T1 g
IS°SE1 /
SFIrl N
8T°Tr1 i
aLsPl

FEPSI—

657191
91°791 /

8S°LLL—

90 80 70 60 50 40 30 20 10

f1 (ppm)

170 150 130 110

90

S18



TBDPSO

SO°T—

| P2
S8

99°T-,_
e’

90°F—

LI'S—

ore—

80°L—

WL
.&.hw
L
6T L~
1€L—
€L
SEL-

E..ta
PrL—
b L
st

o

f1 (ppm)

wy

=6T°6

+00°9

Fpo°T

9w
Maa.—

Fo0'E

F66"1

OO
=00'¢
=k

1.0 05 0.0

1.5

f1 (ppm)

.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 2.0

9€°61

S .=NV
0€re—
L8LT—

867¢€E—

89°05—

65°1L—

09° 101~
€0°S01—

96'TIT—
S8'6IT—

LI~
SH8TI /

mm.mm—\
05°IPL -

60°TP1 /
65°TS1—
LYSST -7
08951 “
om.:o—

T0°8L1—

10

90 80 70 60 50 40 30 20

f1 (ppm)

170 150 130 110

90

S19



TBDPSO

LO'T—

wi—
68°1—

LT~
sLT

Yo —

10°s—

¥s9
L9
9L9
8.9
989
989

9I°L—
€L

LYL
LY'L N
69°L

95°8-
098"

'L~
SI'L—
€TL—
9T L—
1€L—
€€°L
e/

€h'L—
Sh'L;
9L

L9°L
L9~
69°L
69°L

=60°6

=009

90°I |
£0°1|
Foo1
0870
m«qn‘
rere

81|
Wk
101

Feorzr

L0z
Wk

12

76 75 74 73

i

< 4

el |

¥0°T
M”ma:m

n

86T

=L6°1
_—
E
="
=1
-
— |
= =00°1
L}
=1
2 1]
T
wT
=001

1.0 05 0.0

1.5

f1 (ppm)

>0 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 2.0

15761

nm..uNW
05—
90°8T—

€Tre—

69705 —

80°TL—

I1°€0T ~
80°S0T -

80°€IT—
POTOTI —

8P LTI—
SRRTI .
ogzer !

95 TkT —
18°Skl—
TSI~

€0°951 —
w9

€6°LLT—

90 80 70 60 50 40 30 20 10

f1 (ppm)

170 150 130 110

90

S20



—-134.93

-110 -120

-140
f1 (ppm)

S21

-160

-180

-200



