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2. Synthetic procedures and characterization data

(1)  Synthesis of  5-(9,9-bis(12-bromododecyl)-9H-fluoren-2-yl)-2,3-
dihydrothieno [3,4-b][1,4]dioxine (2). 1 (1.84 g, 6.0 mmol) and potassium
tert-butanolate (2.02 g, 18.0 mmol) were dissolved in dry THF (40 mL) under
nitrogen atmosphere at 0 °C. Then 1,12-dibromododecane (7.88 g, 24.0 mmol)
in dry THF (40 mL) was added. After stirring for 6 h at ambient temperature,
the reaction was quenched with water. The aqueous phase was extracted
three times with dichloromethane, and the combined organic layer was
washed with water, brine and dried over MgSOs. Evaporation of the solvent
under reduced pressure and further purification was carried out by column
chromatography using PE : EA =40 : 1 as eluent to afford 2 as a light yellow
oil (2.04 g, 43%). 'H NMR (400 MHz, Chloroform-d) 6 7.73 (d, | = 8.0 Hz, 1H),
7.70 - 7.64 (m, 2H), 7.63 (s, 1H), 7.36 — 7.27 (m, 3H), 6.31 (s, 1H), 4.35 — 4.27 (m,
4H), 3.39 (t, ] = 6.9 Hz, 4H), 2.03 — 1.91 (m, 4H), 1.86 — 1.78 (m, 4H), 1.38 (t, ] =
7.6 Hz, 4H), 1.27 - 1.01 (m, 28H), 0.70 — 0.52 (m, 4H). C NMR (101 MHz,
Chloroform-d) 6 151.1, 150.9, 142.4, 140.9, 139.7, 138.0, 132.0, 126.9, 126.8, 124.9,
122.9, 120.3, 119.8, 119.6, 118.4, 97.2, 64.8, 64.5, 55.1, 40.4, 34.1, 32.9, 30.1, 29.5,
29.4,29.3, 28.8, 28.2, 23.8. HRMS (ESI) Calcd. for CisHeoBr20:S [M+H]* 801.2734,
found 801.2743.
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Figure S2. 3C NMR spectrum (101 MHz, chloroform-d, 298 K) of 2
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Figure S3. Electrospray ionization mass spectrum of 2

(2) Synthesis of (3).[! To a solution of compound 2 (1.06 g, 1.3 mmol) in dry
THF (10 mL) at -78 °C under protection gas atmosphere, n-BuLi (2.5 M in
hexane, 0.6 mL, 1.6 mmol) was added dropwise. After the mixture was stirred
at this temperature for another 1.5 h, tributyltinchloride (521 mg, 1.6 mmol)
was added to the solution. The reaction mixture was then slowly warmed to
room temperature and stirred for 8 h before it was concentrated under
reduced pressure. The residue was dissolved in PE, filtered and concentrated

to give a yellow oil (9.28 g) without further purification.

To a solution of 4,7-dibroMobenzol[1,2-c:4,5-c'|bis([1,2,5]thiadiazole) (1.00 g,
2.8 mmol) and the crude product (9.28 g, 8.5 mmol) in toluene (30 mL) under
protection gas atmosphere, Pd(PPhs3)2Cl2 (598 mg, 0.9 mmol) was added. The
mixture was stirred at 120 °C for 12 h. After cooling to room temperature, the
mixture was evaporated in vacuo. The crude product was subjected to column
chromatography using PE : EA =10 : 1 as eluent to afford 3 as a dark green oil
(389 mg, 29%). 'H NMR (400 MHz, Chloroform-d) 6 7.92 (d, ] = 7.9 Hz, 2H),
7.78 (s, 2H), 7.76 — 7.67 (m, 4H), 7.36 — 7.29 (m, 6H), 4.50 (s, 4H), 4.37 (s, 4H),
3.36 (t, ] = 6.9 Hz, 8H), 2.08 — 1.94 (m, 8H), 1.83 - 1.75 (m, 8H), 1.37- 1.32 (m,
8H), 1.31 — 0.94 (m, 64H), 0.71 — 0.63 (m, 8H). 3C NMR (101 MHz, Chloroform-
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d) 152.6, 151.1, 142.0, 140.8, 140.4, 138.4, 131.7, 128.0, 127.7, 1264, 126.1, 124.7,
123.7,122.9, 122.1, 121.6, 120.7, 120.5, 120.0, 119.1, 113.2, 108.8, 66.2, 64.8, 64.6,
63.3, 55.2, 41.7, 40.5, 39.2, 35.6, 34.1, 32.9, 31.6, 31.4, 30.7, 30.1, 29.5, 28.8, 28.2,
25.1, 23.9, 22.6. HRMS (ESI) Caled. for CoHusBraNsO:S: [M+H]* 1791.4802,
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Figure S4. '"H NMR spectrum (400 MHz, chloroform-d, 298 K) of 3
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Figure S5. 3C NMR spectrum (101 MHz, chloroform-d, 298 K) of 3
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Figure S6. Electrospray ionization mass spectrum of 3

(3) Synthesis of (4).2! To a solution of 4-picoline (996 mg, 10.7 mmol) in dry
THF (10 mL) at -78 °C under protection gas atmosphere, lithium diisopropyl

amide (2.0 M, 5.4 mL, 10.7 mmol) was added dropwise. After the mixture was
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stirred at this temperature for another 1.5 h, compound 3 (1.92 g, 1.1 mmol) in

dry THF (20 mL) was added to the solution. The reaction mixture was then

slowly warmed to room temperature and stirred for 24 h before it was

concentrated under reduced pressure. The crude product was subjected to

column chromatography using DCM : MeOH =40 : 1 as eluent to afford 4 as a

dark green oil (1.42 g, 72%). 'H NMR (400 MHz, Chloroform-d) 6 8.47 (d, | =

5.2 Hz, 8H), 793 (d, ] = 7.9 Hz, 2H), 7.79 - 7.72 (m, 6H), 7.37 — 7.28 (m, 6H),

7.09 (d, ] = 5.3 Hz, 8H), 4.52 (s, 4H), 4.39 (s, 4H), 2.57 (t, | = 7.6 Hz, 8H), 2.08 -

1.95 (m, 8H), 1.63 — 1.57 (m, 8H), 1.32— 0.98 (m, 64H), 0.71 - 0.63 (m, 8H). 0.70 —

0.60 (m, 8H). ®C NMR (101 MHz, Chloroform-d) d 152.6, 151.8, 151.2, 151.0,

149.9, 149.6, 149.4, 142.0, 140.8, 140.4, 138.3, 131.6, 127.1, 126.8, 125.5, 123.9,

122.9,121.1, 120.8, 119.8, 119.7, 113.1, 108.8, 64.7, 64.6, 55.2, 40.5, 35.2, 30.3, 30.1

7

29.6, 29.5, 29.4, 29.3, 29.2, 23.8. HRMS (ESI) Calcd. for Ci16H142NsOsSs [M+H]*

1841.0144, found 1841.0167.
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Figure S7. 'H NMR spectrum (400 MHz, chloroform-d, 298 K) of 4
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Figure S8. 3C NMR spectrum (101 MHz, chloroform-d, 298 K) of 4
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(4) Synthesis of IRCR.P! Compound 4 (447 mg, 0.24 mmol),

(bromomethyl) phenoxy)-2,4-dinitrobenzene® (685 mg, 1.94 mmol)

Figure S9. Electrospray ionization mass spectrum of 4

dissolved in Cyclic Host LiquidsP® (CHL, 12.43 g, 6.00 mmol), and the mixture

was stirred for 24 h at 70 °C. The crude product was directly subjected to
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column chromatography using DCM : MeOH = 25:1 as eluent to afford IRCR
as a dark green oil (2.18 g, 79%).
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Figure S10. 'H NMR spectrum (400 MHz, chloroform-d, 298 K) of IRCR
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Figure S11. Time of flight mass spectrum of IRCR
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(5) Synthesis of IR1. Compound 4 (117 mg, 0.06 mmol), 1-(4-(bromomethyl)
phenoxy)-2,4-dinitrobenzene (177 mg, 0.50 mmol) were dissolved in toluene
(5 mL), and the reaction mixture was stirred under reflux for 12 h. After
decanting the solvent, solid compound sticking to the wall of the glass bottle
was dissolved in CHsOH, and dried firstly in the rotator and then at high
vacuum. 'H NMR (400 MHz, DMSO-ds) & 9.12 — 9.08 (m, 6H), 8.94 — 8.90 (m,
4H), 8.46 — 8.43 (m, 6H), 8.05 - 8.02 (m, 8H), 7.94 - 7.74 (m, 8H), 7.70 — 7.69 (m,
8H), 7.38 — 7.32 (m, 12H), 7.23 — 7.19 (m, 6H), 5.82 (s, 8H), 4.50 (s, 4H), 4.37 (s,
4H), 2.84 - 2.80 (m, 8H), 2.11 - 1.88 (m, 8H), 1.60 — 1.54 (m, 8H), 1.36 — 0.83 (m,
72H), 0.64 - 0.50 (m, 8H).
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Figure S14. 'H NMR spectrum (400 MHz, DMSO-ds, 298 K) of IR1
(6) Synthesis of IR2. Compound 4 (117 mg, 0.06 mmol), bromoethane (55 mg,
0.50 mmol) were dissolved in toluene (5 mL), and the reaction mixture was
stirred under nitrogen atmosphere at 70 °C for 48 h. After decanting the
solvent, solid compound sticking to the wall of the glass bottle was dissolved
in CHsOH, and dried firstly in the rotator and then at high vacuum. 'H NMR
(400 MHz, Methanol-ds) 6 8.81 (m, 8H), 8.06 —7.78 (m, 16H), 7.35 (m, 6H), 4.65
—4.54 (m, 12H), 4.44 (m, 4H), 2.85 (m, 8H), 2.08 (m, 8H), 1.62 (m, 20H), 1.12 (m,
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72H), 0.63 (m, 8H). HRMS (ESI) Calcd. for Ci2sH162NsOsSs [M+1] 1955.1580,
found 1954.1502.

Intens.

2021-10-21_0_017_000003.d: +M5
x107

1954,1502

25

1926.1085
20

1898.0918

05

1869.1293

2075.1433  2109.1662
18411158 2051.1162
20121437

0.0 N m.uj " " | o T " "
1800 1850 1900 1950 2000 2050 2100 miz
[ +ms |

Figure S15. Electrospray ionization mass spectrum of IR2
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Figure S16. '"H NMR spectrum (400 MHz, CDsOD, 298 K) of IR2

(7) Synthesis of PP5!!

OMe MPEG000-N3 OMe
Hz Na Ascorbate Hy
C e E—— C
CuS04+5H,0
o} 5 DMF Q 5
/ 75% yield
V4 B

5 N" pps
PEGz000

Scheme S1. Synthesis of PP5

mMPEG2000-N3 (1.00 g, 0.5 mmol), copper sulfate pentahydrate (3 mg, 0.013
mmol) and sodium ascorbate (5 mg, 0.025 mmol) were added to a solution of
compound 5 (74 mg, 0.085 mmol) in N N’-dimethylformamide (10 mL). The
mixture was heated in a three-necked flask under nitrogen atmosphere at
90 °C for 1 d. The reaction mixture was diluted with dichloromethane and
washed with water. The organic phase was dried over magnesium sulfate and
tiltered. The solvent was removed under reduced pressure. The residue was

dissolved in THF and precipitated into an excess of cold diethyl ether. The

S13



above dissolution-precipitation cycle was repeated three times. The final
product was dried in a vacuum oven overnight at room temperature, yielding
a white solid (667 mg, 75%). The molecular composition and weight of PP5
were determined by 'H NMR spectrum (Figure S18) and SEC curve (Figure
$19).

CDCly

IS M AN

Figure S17. 'H NMR spectrum (400 MHz, chloroform-d, 298 K) of PP5
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Figure S18. SEC curve of PP5
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2. Images of the Tyndall effect in water

Figure S19. Images of the Tyndall effect in water, (a) PP5 (b) PP5-IR1 (c) PP5-
IR2 (d) PP5-IR1 after adding GSH

3. Spectra response of IR1 towards GSH

(a) IR1

b _;LLMJM

(b) IR1-7d
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o5 90 ss5 &0 175 1.0 65 &0 55 50 45 40 35 30 25 20 L5 L0 05 00 0.5

Figure 520. '"H NMR spectra (400 MHz, chloroform-d, 298 K) (a) IR1 (b) IR1-

7% day (c) IRI+GSH (d) IR1+GSH-7* day
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Figure S21. The ESI-MS of IR1 upon addition of GSH

4. TEM image and size distribution of PP5-IR1 upon addition of GSH.
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Figure S22. TEM image (a) and size distribution (b) of PP5-IR1 upon
addition of GSH.
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Figure S22e. Particle number distribution for PP5-IR1 upon addition of

GSH.

5. NMR spectra response of IRCR towards GSH
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Figure 523. '"H NMR spectra (400 M
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Figure S24. 2D NOESY spectrum of IRCR (400 MHz, ((CDs).CO/D:0 = 1:1,

298 K)
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Figure S25. 2D NOESY spectrum of IRCR upon addition of GSH (400 MHz,

((CD3)2CO/D:0 = 1:1, 298 K)



6. The optical spectra of IRCR, PP5-IR1, PP5-IR2
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Figure S26. (a) Absorption spectra of IR1, IR2, IRCR; (b) fluorescence
emission spectra of IR1, IR2, IRCR. (c = 0.40 mg/mL).
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Figure S27. The emission spectra (Lex =808 nm) of IRCR (1.8 mg/mL), PP5-IR1
(0.40 mg/mL), PP5-IR2 (0.40 mg/mL) in water at 7" day
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7. The fluorescence intensity ratio of IRCR in CHsCN/PBS buffer upon

addition of various analytes
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Figure S28. The fluorescence intensity ratio of IRCR (0.36 mg/mL) in

CHsCN/PBS buffer

(2:3, v/v, 10 mM, pH = 7.4) upon addition of 100 pM

various analytes at Aem = 1015 nm:(1) Blank; (2) GSH; (3) Cys; (4) Hcy; (5) Met;

(6) Gly; (7) His; (8) Gln; (9) Thr; (10) Asp; (11) Arg; (12) Glu; (13) Phe; (14) Cl;

(15) SH; (16) SO« (17) COs*; (18) pH = 2.

8. The CCK-8 experimental results of A549 incubated with IRCR, PP5-IR1

and PP5-IR2 for 48 h
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Figure 529. The CCK-8 experimental results of A549 incubated with IRCR in

EtOH/H20 (v:v = 5:95), PP5-IR1 and PP5-IR2 in H20 for 48 h.
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