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1. General Experimental Section

NMR spectra were recorded on a Bruker DRX 400 ("H NMR: 400 MHz, 3C{'H} NMR: 100
MHz) or a Bruker AMX 500 ("H NMR: 500 MHz, BC{'H} NMR: 125 MHz) spectrometers at
298 K and referenced to the residual solvent peak ('H: 7.26 ppm for CDCl;, *C{'H}: 77.16
ppm for CDCls, 'H: 2.50 ppm for DMSO-dy, C{'H}: 39.52 ppm for DMSO-d;). Coupling
constants (J) are denoted in Hz and chemical shifts (8) in ppm. High-resolution (HR) ESI mass
spectra were recorded on Bruker maXis II™ High Resolution LC-QTOF Mass Spectrometer.
UV—Vis absorption spectra were recorded by using a Varian Cary 50 UV-Vis
spectrophotometer. Steady-state excitation and emission spectra at room temperature were
recorded on an Edinburgh Instruments FS5 Spectrofluorometer equipped with a Hamamatsu
R928P PMT detector. A solution of quinine sulfate in 0.5 M H,SO4 (@, = 0.546, excitation
wavelength at 365 nm) was used as the reference. The excited-state lifetimes were measured

on a Hamamatsu C11367 Quantaurus-Tau Compact Fluorescence Lifetime Spectrometer.



2. Synthetic Procedures and Characterization Data

2.1 Synthesis of S1

T™MS

TMEDA ™S TMEDA
OMe  , BuLi TMSCI OMe | p-BuLi T™SCI OMe
—_— —_— —_—
OMe n-hexane -78 °C OMe | n-hexane _7goc OMe
RT 0°C T™S
s1

S1 was prepared according to a modified published procedure. 5!

In a 500-mL dry Schlenk flask, 1,2-Dimethoxybenzene (1.38 g, 10 mmol, 1.0 equiv.) was
dissolved in a mixture of dry hexane (100 mL) and tetramethylethylenediamine (4.5 mL, 30
mmol, 3.0 equiv.), n-BuLi (2.4 M in hexane, 4.58 mL, 11 mmol, 1.1 equiv.) was added dropwise
at room temperature. The reaction was stirred at room temperature for 12 h and cooled to —78
°C. Chlorotrimethylsilane (1.5 mL, 12 mmol, 1.2 equiv.) was slowly added and the reaction
was allowed to warm to room temperature over 12 h. Then add tetramethylethylenediamine
(4.5 mL, 30 mmol, 3.0 equiv.) and cooled to 0 °C, n-BuLi (2.4 M in hexane, 4.58 mL, 11 mmol,
1.1 equiv.) was added dropwise. The reaction was stirred at room temperature for 12 h and
cooled to —78 °C. Chlorotrimethylsilane (1.5 mL, 12 mmol, 1.2 equiv.) was added dropwise.
The reaction was allowed to warm to room temperature over 12 h. The reaction was quenched
with water, and the aqueous layer was extracted with dichloromethane (2x50 mL), and the
combined organic layer was concentrated under reduced pressure. The residue was purified by
column chromatography (dichloromethane—n-hexane = 1:10 v/v), and S1 (2.43 g, 86% yield)

was obtained as a colorless solid.

2.2 Synthesis of S2

T™MS |
OMe ICI OMe
—_—
OMe D?M OMe
™S 0°C i
S$1 S2

S2 was prepared according to a modified published procedure. $!

In a 200-mL dry Schlenk flask, 1,4-bis(trimethylsilyl)-2,3-dimethoxybenzene S1 (2.82 g, 10
mmol, 1.0 equiv.) was dissolved in dichloromethane (100 mL) and cooled to 0 °C. A solution
of iodine monochloride (3.4 g, 21 mmol, 2.1 equiv.) in dichloromethane (100 mL) was slowly
added. The reaction was warmed to room temperature, stirred for 30 minutes and quenched

with an aqueous solution of Na,S,0;. Organic layer was separated and dried over MgSQO,.
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Solvent was removed in vacuo and the crude product was purified by flash chromatography
(dichloromethane—n-hexane = 1:10 v/v) to give S2 (3.67 g, 94%) as a yellowish oil, which
slowly solidified at room temperature.

'"H NMR (400 MHz, 298 K, CDCl; &/ppm): 8 = 7.24 (s, 2H), 3.87 (s, 6H).

2.3 Synthesis of S3

-78°C

I
OMe BBr; OH
—»
DCM
OMe OH
I I
S2 S3

S3 was prepared according to a modified published procedure. 5!

In a 100-mL dry Schlenk flask,1,4-diiodo-2,3-dimethoxybenzene (S2, 3.5 g, 8.97 mmol, 1.0
equiv.) was dissolved in dry CH,Cl, (20 mL) and cooled to —78 °C. BBr; (2 M in CH,Cl,, 21
mL, 41.3 mmol, 4.6 equiv.) was added and the reaction was allowed to warm to room
temperature and stirred for 14 h. The reaction was quenched with ice water, the organic matter
was extracted with ethyl acetate (3%x50 mL), the organic layer is dried on anhydrous Na,SO,,
concentrated under vacuum under reduced pressure, and purified by column chromatography
(ethyl acetate—n-hexane = 1:1 v/v) to obtain a white solid of S3 (2.92 g, 90% yield).

'"H NMR (400 MHz, 298 K, CDCl; &/ppm): & = 7.00 (s, 2H), 5.61 (s, 2H).

2.4 Synthesis of S4

o)
OH K,CO3 o} OH
©: + CI\/\O/\/OH W
OH o) OH
100 °C K/O\)
s4

S4 was prepared according to a modified published procedure. 52

In a 100-mL dry Schlenk flask, 1,2-dihydroxybenzene (1.1 g, 10 mmol, 1.0 equiv.) was
dissolved in 50 mL dry DMF under nitrogen atmosphere and potassium carbonate (4.14 g, 30
mmol, 3.0 equiv.) was added. After 5 minutes stirring, 2-(2-chloroethoxy) ethanol (3.73 g, 33
mmol, 3.0 equiv.) was added and the reaction stirred at 100 °C overnight. The reaction was
allowed to cool down and DMF was removed in vacuum as far as possible. The residue was
dissolved in water and chloroform, the phases were separated and the water layer was extracted
with chloroform three more times. The combined organic layers were dried over MgSO, and
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the solvent was removed in vacuum. To remove the rest of DMF, the residue was further dried
in vacuum (oil pump) at 60 °C. The product was submitted to column chromatography on silica
gel (ethyl acetate—methanol = 5:1 v/v) to obtain a yellow oil of S4 (2.57 g, 85% yield).

'"H NMR (400 MHz, 298 K, CD;0D_ §/ppm): & = 6.98-6.96 (m, 2H), 6.91-6.89 (m, 2H), 4.13
(t,J=4.0 Hz, 4H), 3.82 (t, J = 4.5 Hz, 4H), 3.69 (t, /= 4.5 Hz, 4H), 3.63(t, J = 4.5 Hz, 4H).

2.5 Synthesis of S5

o

O OH (|)| KOH o] OTS
DCM o

0°Cc _o

OTS

N

S4 S5
S5 was prepared according to a modified published procedure. 52
In a 250-mL dry Schlenk flask, S4 (2.86 g, 10 mmol, 1.0 equiv.) was dissolved in CH,Cl, under
Argon. 4-Toluenesulfonyl chloride (4.18 g, 22 mmol, 2.2 equiv.) was added at 0 °C. Then,
finely grinded KOH (1.34 g, 30 mmol, 3.0 equiv.) was added slowly at the same temperature.
The reaction was stirred at room temperature for 3 h and filtered. The filtrate was then washed
with 30 mL of water and twice with 25 mL of HCI (3 M). The organic phase was dried over
MgSO,. After evaporation of the solvent, the crude was purified by column chromatography
on silica gel (CH,Cl,—n-hexane = 1:1 v/v) to obtain a colorless oil of S5 (5.4 g, 91% yield).
'"H NMR (400 MHz, 298 K, CDCl; &/ppm): 6 = 7.75 (d, J = 8.2 Hz, 4H), 7.26 (d, J = 8.0 Hz,
4H), 6.87-6.86 (m, 4H),4.15(t, J = 4.0 Hz, 4H), 4.03 (t, / = 4.4 Hz, 4H), 3.76-3.70 (m, 8H),
2.37(s, 6H).

2.6 Synthesis of S6

HO\/\O/\/O\/\OH
v

0
\
KOH SO~
+ el /@/ S 0N\-O__ Q‘S@/
0 DCM o S
< > §¢ 0°C s6

S6 was prepared according to a modified published procedure. 53

In a 250-mL round-bottom flask, triethylene glycol (1.5 g, 10 mmol, 1.0 equiv.) and 4-
toluenesulfonyl chloride (3.99 g, 21 mmol, 2.0 equiv.) in DCM (100 mL) was slowly added
freshly powdered KOH (4.48 g, 80 mmol, 8.0 equiv.) at 0 °C. The mixture was stirred for 3 h

at 0 °C before ice water (200 mL) was added. The phases were separated and the organic layer
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was washed with water (100 mL) and dried over MgSO,. The solvent was removed under

reduced pressure and the product was obtained as colorless solid (4.35 g, 9.5 mmol, 95% yield).

'H NMR (400 MHz, 298 K, CDCls) § = 7.72 (d, J= 8.1 Hz, 4H), 7.29 (d, J = 8.1 Hz, 4H), 4.08
(t,J=4.8 Hz, 4H), 3.59 (t, J = 4.8 Hz, 4H), 3.45 (s, 4H), 2.38 (s, 6H).

2.7 Synthesis of S7

d %
OH KoCOs 0 HO
@[ + CI\/\O/\/O\/\OH T
OH DMF o HO
100 °C Lo o
\_/
s7

S7 was prepared according to a modified published procedure. 54

In a 100-mL dry Schlenk flask, 1,2-dihydroxybenzene (1.1 g, 10 mmol, 1.0 equiv.) was
dissolved in 50 mL dry DMF under nitrogen atmosphere and potassium carbonate (4.14 g, 30
mmol, 3.0 equiv.) was added. After 5 minutes stirring, 1,2-bis(2-chloroethoxy) ethane (3.7 g,
22 mmol, 2.2 equiv.) was added and the reaction stirred at 100 °C overnight. The reaction was
allowed to cool down and DMF was removed in vacuum as far as possible. The residue was
dissolved in water and chloroform, the phases was separated and the water layer was extracted
with chloroform three more times. The combined organic layers were dried over MgSO, and
the solvent was removed in vacuum. To remove the rest of DMF, the residue was further dried
in vacuum (oil pump) at 60 °C. The product was submitted to column chromatography on silica
gel (ethyl acetate—-methanol = 4:1 v/v) to obtain a yellow oil of S7 (3.63 g, 97% yield).

'"H NMR (400 MHz, 298 K, CDCl;, 8/ppm): 6 = 3.36 (s, 2H), 3.61 (m, 4H), 3.66 (m, 4H), 3.72
(m, 8H), 3.88 (m, 4H), 4.17 (m, 4H), 6.91 (m, 4H).

2.8 Synthesis of S8

/_\o

/} (\O
0 HO 9 KOH o) TSO
e 2
o HO it DCM o) TSO
K,o o\) oc K,o o
\_/ \_/
S7 S8

S8 was prepared according to a modified published procedure. 5*
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In a 250-mL dry Schlenk flask, S5 (2.24 g, 6 mmol, 1.0 equiv.) was dissolved in CH,Cl, under
argon. 4-toluenesulfonyl chloride (2.5 g, 13.2 mmol, 2.2 equiv.) was added at 0 °C. Then, finely
grinded KOH (1.34 g, 30 mmol, 5.0 equiv.) was added slowly at the same temperature. The
reaction was stirred at room temperature for 3 h and filtered. The filtrate was then washed with
30 mL of water and twice with 25 mL of HCI (3 M). The organic phase was dried over MgSQO,.
After evaporation of the solvent, the crude was purified by column chromatography on silica
gel (CH,Cl,—n-hexane = 1:1 v/v) to obtain a colorless oil of S8 (3.72 g, 91% yield).

'"H NMR (400 MHz, 298 K, CDCl; 6/ppm): 6 = 7.68 (d, J = 8.0 Hz, 4H), 7.22 (s, 4H), 6.86-
6.75(m, 4H), 4.04(dt, J= 7.4, 4.7 Hz, 8H), 3.72(t, J = 5.0 Hz, 4H), 3.62-3.53(m, 8H), 3.49(dd,
J=5.8, 3.5 Hz, 4H).

BC{'H} NMR (125 MHz, 298 K, CDCl;, 6/ppm): 6 = 148.99, 144.85, 132.95, 129.87, 127.92,
121.67, 114.94, 70.74, 70.71, 69.80, 69.37, 68.85, 68.65, 21.60.

2.9 Synthesis of 1

| (\0/\ K,CO;4
OH C[O oTs KPF6 KBr D
+
OH 0 oTS CH3CN
| o/ 100 °C
s3 S5 1

A 200-mL Schlenk flask was charge with S3 (0.36 g, 1.0 mmol, 1.0 equiv.), S5 (0.59 g, 1.0
mmol, 1.0 equiv.), K,CO; (0.55 g, 4.0 mmol, 4.0 equiv.), KPF4 (0.74 g, 4.0 mmol, 4.0 equiv.),
KBr (2.38 mg, 0.02 mmol, 0.02 equiv.) and acetonitrile (80 mL) under N, atmosphere. The
reaction mixture was stirred at 100 °C for 24 h. After cooling down to room temperature, the
solvent was removed under reduced pressure. The resulting solid was purified by column
chromatography (petroleum ether—ethyl acetate = 5:1 v/v) to give 1 (581 mg, 95% yield) as a
white solid.

'"H NMR (400 MHz, 298 K, CDCls, 8/ppm): 6 = 7.24 (s, 2H), 6.92 (s, 4H), 4.22 (t, J= 4.1 Hz,
8H), 4.06 (t, J=4.6 Hz, 4H), 4.03-3.97 (m, 4H).

BC{'H} NMR (125 MHz, 298 K, CDCl;, 6/ppm): 6 = 152.31, 149.07, 135.57, 121.65, 114.58,
93.20, 77.23, 72.87, 70.62, 69.95, 69.55.
HRMS (ESI): calculated for C,,H,,1,06 [M+Na]* 634.9398. Found: 634.9398.



2.10 Synthesis of 2

/N
| (\ o/w K,COs | (\O O/w
OH @[ TSO KPFg, KBr o] o:©
+ —_—
OH (0] TSO CH3CN
| K,o\_/o\) 100°c K,o o\)
s3 s8 2
A 200-mL Schlenk flask was charge with S3 (0.36 g, 1.0 mmol, 1.0 equiv.), S8 (0.68 g, 1.0
mmol, 1.0 equiv.), K,CO; (0.55 g, 4.0 mmol, 4.0 equiv.), KPF4 (0.74 g, 4.0 mmol, 4.0 equiv.),
KBr (2.38 mg, 0.02 mmol, 0.02 equiv.) and acetonitrile (80 mL) under N, atmosphere. The
reaction mixture was stirred at 100 °C for 24 h. After cooling down to room temperature, the
solvent was removed under reduced pressure. The resulting solid was purified by column
chromatography (CH,Cl,—ethyl acetate = 5:1 v/v) to give 2 (630 mg, 90 % yield) as a light
yellow oil.
'"H NMR (500 MHz, 298 K, DMSO-dg, 6/ppm): 6 =7.31 (s, 2H), 6.96 (dt, /= 7.7, 3.8 Hz, 2H,),
6.88 (dd, J=6.0, 3.6 Hz, 2H), 4.07 (q, J = 4.6 Hz, 8H), 3.79 (dt, /= 12.4, 4.5 Hz, 8H), 3.71-
3.62 (m, 8H).

BC{'H} NMR (125 MHz, 298 K, DMSO-d;s, 8/ppm): & = 152.46, 148.91, 135.91, 121.73,
114.70, 94.28, 72.89, 70.54, 70.16, 69.58, 69.09, 60.24, 39.71.

HRMS (ESI): calculated for C,4H301,05 [M + Na]* 722.9944. Found: 722.9922.

2.11 Synthesis of 3

|
K,CO
OH C\)\S’O\/\ KPI2: K38r
* /Q/%) 0N~0 C\)\S —
OH 0" CH3CN
| 0

100 °C

s3 s6 3

A 200-mL Schlenk flask was charge with S3 (0.36 g, 1.0 mmol, 1.0 equiv.), S6 (0.66 g, 1.0
mmol, 1.0 equiv.), K,CO; (0.55 g, 4.0 mmol, 4.0 equiv.), KPF4 (0.74 g, 4.0 mmol, 4.0 equiv.),
KBr (2.38 mg, 0.02 mmol, 0.02 equiv.) and acetonitrile (80 mL) under N, atmosphere. The
reaction mixture was stirred at 100 °C for 24 h. After cooling down to room temperature, the
solvent was removed under reduced pressure. The resulting solid was purified by column
chromatography (n-hexane—ethyl acetate = 3:1 v/v) to give 3 (276 mg, 29 % yield) as a light

yellow solid.



"H NMR (500 MHz, 298 K, DMSO-ds, 8/ppm): 6 = 7.34 (s, 4H), 4.10-4.06 (m, 8H), 3.84—3.80
(m, 8H), 3.66 (s, 8H).

BC{'H} NMR (125 MHz, 298 K, DMSO-ds, &/ppm): 6 = 152.85, 136.13, 94.76, 73.44, 70.99,
70.04, 39.54.

HRMS (ESI): calculated for C,4H,5I,O0g [M + Na]* 974.7855. Found: 974.7876.

2.12 Synthesis of S9

—_—

O Br
Br i j HO O
n-BuLi o

THF
Br -78°C HO

Br
S9

S9 was prepared according to a modified published procedure. 5

A 200-mL dry Schlenk flask was charged with 1,4-dibromobenzene (11.8 g, 50 mmol, 1.0
equiv.) and 80 mL anhydrous THF. n-BuLi in n-hexane (22.0 mL, 2.5 mol/L, 55.0 mmol, 1.1
equiv.) was added dropwise at —78 °C over 5 minutes under N, atmosphere. The reaction
mixture was stirred for 1 h at —78 °C, then 1,4-benzoquinone (2.16 g, 20.0 mmol, 0.4 equiv.)
was added portionwise (ca. 0.54 g each). The reaction mixture was allowed to warm to room
temperature and stirred for 16 h. The reaction was quenched with water (40 mL) and diluted
with diethyl ether (40 mL). After layer separation the aqueous layer was extracted with diethyl
ether three times. The combined organic layers were washed with brine, dried over magnesium
sulfate. The organic solvents were removed under reduced pressure. The crude product was
precipitated from CH,Cl, in petroleum ether three times and the precipitate was recrystallized
from diethyl ether and n-hexane several times to yield the S9 (1.26 g, 15 % yield) as a colorless
crystalline solid.

'H-NMR (500 MHz, 298 K, d,-DCM, &/ppm): 6 = 7.26—7.53 (m, 8H), 6.02 (s, 4H), 2.64 (s,
2H).
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2.13 Synthesis of S10

Br Br
HO. NaH MeO
g =
—»
HO THF.DMF  MeO
Br Br
S9 $10

S10 was prepared according to a modified published procedure. S°

A 50-mL dry Schlenk flask was charged with S9 (1.26 g, 3 mmol, 1.0 equiv.) and 20 mL
anhydrous THF. Sodium hydride (480 mg, 12 mmol, 60 % in mineral oil, 4.0 equiv.), methyl
iodide (0.58 mL, 9.0 mmol, 3.0 equiv.) and anhydrous DMF (2.0 mL) were added to the reaction
at 0 °C. The mixture was allowed to warm up to room temperature overnight. Deionized water
(10 mL) was added carefully to quench the sodium hydride, the resulting mixture was extracted
with Et,0 (3x50 mL). The combined organic layers were concentrated under reduced pressure
and purified by column chromatography (CH,Cl,—n-hexane = 1:1 v/v) to give S10 (1.32 g, 98 %
yield) as a light yellow solid.

'H NMR (500 MHz, 298 K, d,-DCM, 8/ppm): 8 = 7.20~7.49 (m, 8H), 6.07 (s, 4H), 3.40 (s,
6H).

2.14 Synthesis of S11

OH o)

O PhI(OAC), O OMe
—_—
O QA

Br Br
S11

S11 was prepared according to a modified published procedure. ¢

In a 200-mL dry Schlenk flask, 4-bromo-4'-hydroxybiphenyl (12.5 g, 50 mmol, 1.0 equiv.),
PhI(OAc), (20.0 g, 62 mmol, 1.24 equiv.) was dissolved in anhydrous MeOH (100 mL). The
reaction mixture was allowed to stir at room temperature under N, atmosphere. After stirring
for 48 h, the solvent was removed under vacuum and the resulting product was extracted with
CH,CI,. Solvent was removed in vacuo and the crude product was purified by flash
chromatography (ethyl acetate—n-hexane = 1:10 v/v) to give S11 (9.16 g, 65%) as a yellow
solid.

11



'H NMR (500 MHz, 298 K, CDCls, 8/ppm): 6=7.47 (d, J = 7.8 Hz, 2H), 7.32 (d, J = 8.0 Hz,
2H), 6.73 (d, J = 9.6 Hz, 2H), 6.40 (d, J = 9.7 Hz, 2H), 3.40 (s, 3H).

2.15 Synthesis of S12

A )

MeO. . Br NaH
-BuL
n-BuLi s11 CHyl
—_— ——» ——— 3 MeO
THF THF,DMF
MeO 78 °C
s10 Br

S12 was prepared according to a modified published procedure. 87

In a 200-mL dry Schlenk flask was charged with S10 (1.8 g, 4.0 mmol, 1.0 equiv.) and 80 mL
anhydrous THF. n-BuLi in n-hexane (4.8 mL, 2.5 M, 12.0 mmol, 3.0 equiv.) was added
dropwise at —78 °C. After stirring the mixture for 3 min at —78 °C, S11 (3.38 g, 12.0 mmol, 3.0
equiv.) was added, and the resultant mixture was further stirred at —78 °C for 2 h. After warmed
up to room temperature, the mixture was quenched with H,O, extracted with EtOAc, dried over
Na,SOy,, and concentrated under reduced pressure. NaH (672 mg, 60 % mineral oil, 17.2 mmol,
4.2 equiv.) was suspended in 20 mL anhydrous THF and cooled to 0 °C. The above crude
product was put into the cooled suspension portionwise. After 30 min stirring, Mel (1.3 mL,
21.5 mmol, 5.3 equiv.) was added dropwise. The mixture was warmed to room temperature and
stirred for 8 h. The excess sodium hydride was quenched by the addition of water. After layer
separation, the aqueous layer was extracted with diethyl ether three times. The combined
organic layers were washed with brine, dried over Na,SO4 and the organic solvents were
removed under reduced pressure. The residue was purified by silica gel column

chromatography (ethyl acetate—n-hexane = 1:10 v/v) to give S12 as a white solid (2.8 g, 79%).

'H NMR (500 MHz, 298 K, CDCls, 8/ppm): & = 7.47 (dd, J = 8.6, 6.7 Hz, 2H), 7.42 (td, J =
7.0, 6.4, 4.0 Hz, 4H), 7.36-7.29 (m, 6H), 7.27-7.23 (m, 4H), 6.14-6.00 (m, 12H), 3.43-3.39
(m, 15H), 3.29-3.21 (m, 3H).
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2.16 Synthesis of 4

$12 MeO

4 was prepared according to a modified published procedure. 57

In a 100-mL dry Schlenk flask was charged with S12 (3.0 g, 3.4 mmol, 1.0 equiv.) and 50 mL
anhydrous THF. n-BuLi in n-hexane (3.4 mL, 2.5 M, 8.54 mmol, 2.5 equiv.) was added
dropwise at —78 °C over 5 minutes under N, atmosphere. Isopropyl pinacol borate (2.2 mL,
10.2 mmol, 3.0 equiv.) was added immediately, and the solution was stirred for 30 min at —78
°C. The reaction was warmed up to room temperature and water (20 mL) was then added to the
solution and the mixture was allowed to stir for 10 min before extracting with CH,Cl, (2x20
mL). The crude product was purified by column chromatography (ethyl acetate—n-hexane =

1:10 v/v) to give 4 as a white solid (1.8 g, 55%).

'H NMR (500 MHz, CDCls, 298 K, 8/ppm): & = 7.80 (m, 3H), 7.55 (m, 2H), 7.45-7.32 (m,
11H), 3.41 (s, 15H), 3.31-3.14 (m, 3H), 1.32 (s, 24H).

13



2.17 Synthesis of 5

MeQ, OMe

<>

K3PO, MeO 0 % o™

[DPPF Pd G4] m (o) 0.
—_—
1,4-Dioxane MeO o O:‘
e
85°C
§ 4 K/O\)

<

— MeO OMe

/sodium naphthalene
o™ THF
D

-78 °C

(0] (@)

A 200-mL Schlenk flask was charged with 1 (63 mg, 0.10 mmol, 1.0 equiv.), 4 (100 mg, 0.10
mmol, 1.0 equiv.), K;P0,(436 mg, 2.05 mmol, 20.0 equiv.), [DPPF Pd G4] (9.4 mg, 0.01 mmol,
0.1 equiv.), 1,4-dioxane (50 mL) and deionized water (1.0 mL) under N, atmosphere. The
reaction mixture was stirred at 85 °C for 24 h under N, atmosphere. After cooling down to room
temperature, the solvent was removed under reduced pressure. The resulting solid was purified
by column chromatography (dichloromethane—methanol = 25:1 v/v) to give crude macrocycle

as a light yellow solid.

The crude macrocycle was dissolved in 10 mL anhydrous THF under nitrogen and cooled down
to —78 °C. At this point, freshly prepared sodium naphthalenide (1.0 mL, 1.0 mmol, 1.0 M in
THF) was added. The reaction mixture was stirred for 2 hours at —78 °C before MeOH (5 mL)
was added. Then the resulting mixture was warmed up to room temperature. After removal of
the solvent under reduced pressure, the crude solid was purified by silica gel column
chromatography (CH,Cl,—methanol = 30:1 v/v) to give 5 (17.7 mg, 20 % yield) as a yellow
solid.

'H NMR (500 MHz, 298 K, CDCls, 8/ppm): & = 7.67-7.32 (m, 28H), 6.92 (s, 4H), 6.58 (s, 2H),
4.35 (s, 4H), 4.22 (s, 4H), 3.98 (d, J = 13.2 Hz, 8H).

BC{'H} NMR (125 MHz, 298 K, CDCl;, 8/ppm): 6 = 149.49, 149.18, 139.17, 137.95, 137.85,
137.81,137.78, 137.71, 137.38, 131.07, 128.69, 127.51, 121.73, 114.84, 73.89, 29.72.

HRMS (ESI): calculated for Cs,Hs0O6 [M + Na]* 913.3500. Found: 913.3504.
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2.18 Synthesis of 6

e]
| o ) KsPO,
MeO.
0 OD [DPPF Pd G4]
—_—
(0] O 1,4-Dioxane
| o o\) 85°C MeO
\_/
2

-78°C

sodium naphthalene
THF

A 200-mL Schlenk flask was charged with 2 (100 mg, 0.14 mmol, 1.0 equiv.), 4 (139 mg, 0.14
mmol, 1.0 equiv.), KsPO, (605 mg, 2.85 mmol, 20.0 equiv.), [DPPF Pd G4] (13 mg, 0.014
mmol, 0.1 equiv.), 1,4-dioxane (60 mL) and deionized water (1.42 mL) under N, atmosphere.
The reaction mixture was stirred at 85 °C for 24 h under N, atmosphere. After cooling down to
room temperature, the solvent was removed under reduced pressure. The resulting solid was
purified by column chromatography (CH,Cl,—methanol = 20:1 v/v) to give crude macrocycle

as light yellow solid.

The crude macrocycle was dissolved in 10 mL anhydrous THF under nitrogen and cooled down
to —78 °C. At this point, freshly prepared sodium naphthalenide (1.0 mL, 1.0 mmol, 1.0 M in
THF) was added. The reaction mixture was stirred for 2 h at —78 °C before MeOH (5 mL) was
added. Then the resulting mixture was warmed up to room temperature. After removal of the
solvent under reduced pressure, the crude solid was purified by silica gel column
chromatography (CH,Cl,—methanol 30:1 = v/v) to give 6 (23.29 mg, 17% yield) as a yellow
solid.

'H NMR (500 MHz, 298 K, CDCl,, 8/ppm): & = 7.68-7.35 (m, 28H), 6.89 (d, J = 3.4 Hz, 4H),
6.56 (s, 2H), 4.34 (t, J = 4.9 Hz, 4H), 4.19-4.10 (m, 4H), 3.92-3.87 (m, 4H), 3.83 (t, J= 5.6
Hz, 8H), 3.76-3.70 (m, 4H).

3C{'H} NMR (125 MHz, 298 K, CDCls, 8/ppm): & = 149.58, 149.07, 139.12, 137.94, 137.85,
137.81, 137.78, 137.70, 137.46, 128.62, 127.51, 121.54, 114.39, 77.23, 73.88, 71.12, 70.82,
70.64, 69.90, 69.48.

HRMS (ESI): calculated for C¢Hs3Og [M + Na]* 1001.4024. Found: 1001.4053.
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2.19 Synthesis of 7

Meo-_ ()
| o O |
: :o oj )\;
+
o} MeO
i o |
N

85°C

KsPOy

[DPPF Pd G4] l 1,4-Dioxane

A;Jm naphthalene

THF
-78°C

MeO OMe Vel OMe

A 200-mL Schlenk flask was charged with 3 (105 mg, 0.11 mmol, 1.0 equiv.), 4 (214 mg, 0.22
mmol, 2.0 equiv.), K;PO, (467 mg, 2.20 mmol, 20.0 equiv.), [DPPF Pd G4] (10.2 mg, 0.011
mmol, 0.1 equiv.), 1,4-dioxane (60 mL) and deionized water (1.1 mL) under N, atmosphere.
The reaction mixture was stirred at 85 °C for 24 h under N, atmosphere. After cooling down to
room temperature, the solvent was removed under reduced pressure. The resulting solid was
purified by column chromatography (CH,Cl,—methanol = 15:1 v/v) to give crude macrocycle

as a light yellow solid.

The crude macrocycle was dissolved in 10 mL anhydrous THF under nitrogen and cooled down
to —78 °C. At this point, freshly prepared sodium naphthalenide (1.0 mL, 1.0 mmol, 1.0 M in
THF) was added. The reaction mixture was stirred for 2 hours at —78 °C before MeOH (5 mL)
was added. Then the resulting mixture was warmed up to room temperature. After removal of
the solvent under reduced pressure, the crude solid was purified by silica gel column
chromatography (CH,Cl,—methanol = 25:1 v/v) to give 7 (13.3 mg, 10 % yield) as a yellow
solid.

'H NMR (500 MHz, 298 K, CDCLy, 8/ppm): 8 = 7.57 (d, J = 8.6 Hz, 57H), 6.59 (s, 4H), 4.33
(s, 8H), 3.85 (t, J = 4.0 Hz, 8H), 3.75 (s, SH).

BC{'H} NMR (125 MHz, 298 K, CDCl;, 6/ppm): 6 = 149.74, 139.30, 137.94, 137.90, 137.82,
137.77,137.69, 137.57, 130.60, 128.60, 77.22, 74.61, 70.71, 70.52.

HRMS (ESI): calculated for C;ogHgsOg [M + Na]* 1531.6058. Found:1531.6060.
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3. X-Ray Crystallographic and Optimized Structure Details

Figure S5. Solid-state structure of 6, representation of the packing structure. The cif-file was
deposited in the Cambridge Structural Database under identifier CCDC 2393490. Single

crystals of 6 were prepared by slow diffusion of diisopropyl ether into toluene solution.

Table S1 Crystal data and structure refinement for 6

Empirical formula Co6Hs3Os
Formula weight 1162.88
Temperature/K 150.00
Crystal system monoclinic
Space group P2/c

a/A 21.9739(14)
b/A 21.8794 (13)
c/A 27.0805 (16)
a/° 90

pre 106.434 (3)
y/° 90
Volume/A3 12487.7 (1)
z 8
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Pealcg/cm’

wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

1.237

0.620

4940.0

0.22 x0.16 x0.14

CuKa (A =1.54184)

4.192 to 130.57
-25<h<16,-23<k<25,-30<1<3l1
112251

21290 [Riy = 0.1008, Rgigma = 0.0833]
21290/170/1597

1.256

R; =0.1140, wR, = 0.3217
R;=0.1527, wR, = 0.3659
0.78/-0.50
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Figure S6. Solid-state structure of 6oK*, representation of the packing structure. The cif-
file was deposited in the Cambridge Structural Database under identifier CCDC 2393489.
Single crystals of 6oK* were prepared by through slow evaporation of the CHCl;

Table S2 Crystal data and structure refinement for 6OK*

Empirical formula CesHs30gK
Formula weight 120.96
Temperature/K 150.00
Crystal system monoclinic
Space group Pc

a/A 23.096 (14)
b/A 22.914 (16)
c/A 25.886 (19)
a/° 90

pre 90.17 (2)
v/° 90
Volume/A3 13699 (16)
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Peateg/cm’

wmm-!

F(000)

Radiation
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Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
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Largest diff. peak/hole / e A3

Flack parameter

8
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0.836

475.0
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69783

24391 [Ryy = 0.0663, Ryjgnma = 0.0639]
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R, =0.1597, wR, = 0.4154

R, =0.1861, wR, = 0.4383

1.57/-1.46
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Figure S7. Optimized geometry of 7 obtained by DFT calculations at B3LYP/6-31G(d) level
of theory.

Table S3. optimized structure of 7

13.440400 -3.039700 -1.720500
14.251000 -1.955600 -1.405400
14.508200 -1.600300 -0.069000
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13.278900 -3.593300 0.598600
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4.826300 2.875900 1.349800

4.144500 2.589100 0.153200
13.099200 4.452900 1.726000
13.696600 3.911400 0.572900
13.298500 4.467400 -0.656100
12.205100 5.321200 -0.741300
11.431000 5.631000 0.392900
11.984600 5.276700 1.637800
9.990200 5.974800 0.283800
9.297700 5.673300 -0.903300
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7.169800 5.568700 0.271100
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14.407000 2.610600 0.606300
14.071300 1.696700 1.620900
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14.820300 -0.193600 0.280400
3.379400 -1.922300 1.820900
2.852700 0.657800 2.088300
-10.029100 6.046100 -1.849900
-11.307000 5.783200 -1.370700
-11.565100 5.693400 0.008900
-10.537500 6.129100 0.865700
-9.253300 6.356500 0.388600
-8.937100 6.194300 -0.973700
-7.352100 5.073800 -2.546400
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4. Photophysical properties.
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Figure S8. UV-Vis absorbance (solid lines) and fluorescence (dashed lines) spectra for 5
(conc. 1.0x107° M in dichloromethane).
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Figure S9. UV-Vis absorbance (solid lines) and fluorescence (dashed lines) spectra for 6
(conc. 5.0x107° M in dichloromethane).
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5. Guest Recognition and Gas Sensing

Kss0c values were evaluated by applying a nonlinear curve-fitting method to photoluminescence
changes (APL) observed for the host molecules upon titration with Cg, or Cyy:

APL = (L(1 + Kyg0eX + Kigs0cA) — (L2 (Kss0eX T KassocA 1) — 4K 00 2AXL2 )05 )/2K g0 A
where X and A represent [Guest],,; and [Host], , respectively; L denotes APL at 100%

complexation; L. and K, are parameters.
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Figure S10. Fluorescence spectra and fluorescence titration of Cgin the presence of 6

(0.0-1.0x10°M) in toluene.
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Figure S11. Optimized geometry of 75Cg (1:1) obtained by DFT calculations at B3LYP/6-
31G(d) level of theory.

Table S4. optimized structure of 75Cg,
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Fabrication of gas sensors

The fabrication process of film electrodes involved a straightforward solution-based quasi-
Langmuir-Shéfer (QLS) technique (Figure S6).5% Firstly, the 75Cy complex was
ultrasonically dissolved in chloroform. A small amount of the dispersion was then gently
dropped onto the surface of ultrapure water. As the chloroform evaporated, the 75Cg, complex
or 7 self-assembled to dense thin film at the ultrapure water interface. Subsequently, the film

was easily transferred from the water surface onto the substrate of ITO IDEs, resulting in the

72C¢ complex or 7 QLS film electrodes.

v

¢ 7 =

solvent evaporation

CHyCI
evaporation

monolayer
formation

Figure S12. The fabrication of film electrodes by QLS method.
I-V test
The current-voltage (I-V) characteristics were obtained using a Keysight B2911B Precision
Source/Measurement Unit system at room temperature in air. Current-voltage (I-V) curves were
registered in the -10 to 10 V voltage range, starting and finishing at 0 V bias to avoid irreversible
polarization effects.

The conductivity can be calculated according to the following equation:
dl
o =—
(2n-1)LhV (1)

where d is the interelectrode spacing, / the current, n the number of electrode digits, L the
overlapping length of the electrodes, and % the electrode thickness as the microstructures
thickness exceeds that of the ITO electrodes in the present case.

The gas sensing performance test

The sensing performance of the fabricated sensors was monitored at room temperature. The
fabricated sensors were connected to the precision measurement system (Keysight B2911B).
The gas inlet and outlet are mounted at the opposite ends of the chamber through which the
analyte can pass. The NO, and NH; were diluted directly to the desired concentration by mixing

with dry synthetic air. The vapor of methyl alcohol (MeOH), ethyl alcohol (EtOH),
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triethylamine (TEA), tetrahydrofuran (THF), HyO were obtained by volatilization of the
compound liquid and diluted with dry synthetic air to the desired concentrations. The steady-
state baseline resistance curve of the fabricated sensor was recorded in the dry air first under a
constant applied voltage of 10 V, and then the analytes was injected into the chamber and the
corresponding resistance change of the fabricated sensor was test and record under a constant
applied voltage of 10 V. The interval for recording resistance was set 0.5 s. The response in this
work is defined as (Ri-Rg)/Ry x100%. Ry: initial resistance; R;: real time resistance.

Data processing

The theoretical limits of detection (LOD) were calculated using reported protocols.3® The noise-
based deviation in AR/Ry (%) was calculated as the root mean squared (rms) value of the
baseline trace before exposure to analyte. The sum of squared residuals (SSR) V.2 was then
calculated using Equation (2), where y; is measured AR/R, (%) and y is the value calculated
from the polynomial fit. The root-mean-square deviation (rms,,;.) was calculated by Equation
(3).

V=Y i—y? ()
4 2

X

TMSnoise = N (3)
The plots for concentration of analyte versus response (AR/R (%)) after a specific exposure

time were isolated wherein this relationship was linear (slope = m). The theoretical LOD was

calculated from Equation 4.

noise

LOD=3x mM (4
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Figure S14. Dynamic response curves of 7 toward 0.1-1.5 ppm NO,
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Figure S15. Reproducibility of the 75Cq, complex for 1 ppm NO.
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6. NMR Spectra
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Figure S17. 3C{'H} NMR spectrum (125 MHz, 298 K, CDCl;) of 1.
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Figure S23. 3C NMR spectrum (125 MHz, 298 K, CDCl;) of 5.
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