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1. General Information

Reagents for synthesis and analysis were purchased from J&K or Sigma-Aldrich.
A Mini-Extruder used for vesicle preparation, egg yolk phosphatidylcholine (EYPC),
DPPC and 1, 2-diphytanoyl-sn-glycero-3-phosphocholine (DPhPC) were purchased
from Avanti Polar Lipids. '"H and '3C NMR spectra were recorded on Bruker 400 or
500 MHz NMR spectrometer. Chemical shifts are reported in ppm and referenced to
tetramethylsilane (TMS) or the residual solvent resonance. Abbreviations are used in
the description of NMR data as follows: chemical shift (6, ppm), multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m = multiplet), coupling
constant (J, Hz). Melting points are uncorrected. Infrared spectra were recorded on
Nicolet-6700 FT-IR spectrometer. Mass spectra were obtained on Bruker APEX-2
(HRMS). Elemental analysis was recorded on Thermo Quest CE Instruments flash EA
1112 analyser. All anhydrous solvents were dried according to standard procedures
prior to use. All other major chemicals were obtained from commercial sources and

used without further purification.
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2. Synthesis procedure
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351 (5.11 g, 20 mmol), 4 (17.77 g, 40 mmol) and dried DMF (20 mL) were
mixed in a flask. The mixture was heated to 100 °C for 3 h. Then
2-(2-aminoethoxy)ethanol 2 (6.31g, 60 mmol) was added, and the mixture was stirred
at 100 °C for 24 h. After cooling to room temperature, DMF was removed by rotary
evaporation. The residue dissolved in 100 mL ethyl acetate and 100 mL water, and the
two phases were separated. The aqueous phase was extracted with ethyl acetate (2 X
50 mL). The combined organic phase was washed with brine (2 x 100 mL) and then
dried with anhydrous sodium sulfate. After filtration and removal of organic solvent,
the residues were chromatographed on a silica gel column (100-200 mesh) with a
mixture of dichloromethane and acetone (35:1, v/v) as an eluent to give pure
compound 5 as a white solid (4.30 g, 27%). 5: m.p. 77-78 °C; 'H NMR (CDCls, 500
MHz) 6 7.91 (d, J = 8.0 Hz, 1H), 7.87-7.79 (m, 2H), 7.77 (s, 1H), 7.70 (dd, J = 12.9,
8.1 Hz, 2H), 7.36-7.29 (m, 5H), 7.24-7.19 (m, 2H), 7.19-7.13 (m, 3H), 5.27-5.20 (m,
3H), 3.94 (t, J = 5.4 Hz, 2H), 3.76 (t, J = 5.4 Hz, 2H), 3.73-3.67 (m, 2H), 3.67-3.53
(m, 4H), 2.04 (s, 1H); *C{'H} NMR (CDCls, 125 MHz) § 168.5, 167.3, 167.2, 166.5,
166.3, 139.0, 138.8, 136.5, 135.9, 135.8, 135.2, 133.0, 132.7, 132.6, 132.2, 128.9,
128.8, 128.7, 128.6, 128.4, 127.2, 125.1, 124.9, 123.9, 123.8, 123.4 (q, J = 286.2 Hz),
72.3, 68.4, 68.0, 65.2 (quint, J = 26.2 Hz), 61.9, 54.1, 38.1, 34.7; IR (KBr) v 3479,
3078, 2920, 2850, 1779, 1717, 1631, 1497, 1386, 1255 cm’'; HRMS (ESI"): m/z calc.
for [M+Na]" (C39H3008N2F¢Na") 791.1799, found 791.1793.
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Synthesis of 8
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61521 (1.29 g, 4 mmol), TBTU (1.57 g, 4.8 mmol), TEA (809 mg, 8 mmol) and
dried DCM (200 mL) were mixed in a flask. After 15 mins, 5 (3.07 g, 4 mmol) was
added. The mixture was heated to reflux for 6.5 d. After cooling to room temperature,
DCM was removed by rotary evaporation. The residue dissolved in ethyl acetate and
then washed with water and brine two times respectively. After removal of organic
solvent, EtOH (300 mL) and PPTS (410 mg, 1.6 mmol) were added to the residue.
The mixture was heated to reflux for 9 h. After cooling to room temperature, EtOH
was removed by rotary evaporation. The residue dissolved in ethyl acetate, washed
with water and brine two times respectively, and then dried with anhydrous sodium
sulfate. After filtration and removal of organic solvent, the residue was
chromatographed on a silica gel column (100-200 mesh) with a mixture of
dichloromethane and methanol (120:1, v/v) as an eluent to give pure compound 8 as a
white solid (1.73 g, 47%). 8: m.p. 98-99 °C; 'H NMR (CDCl3, 500 MHz) § 7.82 (d, J
= 8.0 Hz, 1H), 7.79-7.71 (m, 3H), 7.71-7.60 (m, 2H), 7.40-7.28 (m, 5H), 7.24-7.08 (m,
5H), 7.00 (d, J = 2.3 Hz, 2H), 6.55 (br, 2H), 6.38 (t, J = 2.3 Hz, 1H), 5.34-5.17 (m,
3H), 4.36 (t, J= 5.0 Hz, 2H), 3.96 (t, J= 5.5 Hz, 2H), 3.86 (t, /= 5.4 Hz, 2H), 3.80 (t,
J = 4.5 Hz, 2H), 3.69-3.49 (m, 2H); *C{'H} NMR (CDCl;, 125 MHz) § 168.9, 167.8,
167.5, 167.0, 166.5, 166.2, 157.3, 138.9, 138.8, 136.4, 136.0, 135.8, 135.0, 132.7,
132.4, 132.0, 128.9, 128.8, 128.78, 128.7, 128.4, 127.2, 125.1, 125.0, 124.0, 123.9,
123.4 (q, J = 286.2 Hz), 109.0, 107.6, 68.7, 68.23, 68.17, 65.2 (quint, J = 26.2 Hz),
64.2, 54.2, 38.2, 34.7; IR (KBr) v 3412, 3078, 2947, 2872, 1779, 1717, 1602, 1454,
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1386, 1255, 1212 cm™; HRMS (APCI): m/z calc. for [M-H] (CcH33011N2F¢)
903.1994, found 903.2019.
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At room temperature, cyanuric chloride 7 (1.11 g, 6 mmol) and acetone (40 mL)
were mixed in a two-neck flask. The solution of 5 (3.07 g, 4 mmol) and
2,4,6-collidine (594 mg, 4.8 mmol) in acetone (40 mL) was then added dropwise
within 2 h. The resulting mixture was stirred for 32 h at room temperature. Acetone
was removed by rotary evaporation. The residue dissolved in ethyl acetate (200 mL)
and washed with water and brine two times respectively, and then dried with
anhydrous sodium sulfate. After filtration and removal of organic solvent, the residue
was chromatographed on a silica gel column (100-200 mesh) with a mixture of
petroleum ether and acetone (4:1, v/v) as an eluent to give pure compound 9 as a
white solid (2.74 g, 74%). 9: m.p. 75-76 °C; *H NMR (CDCls, 400 MHz) § 7.90 (d, J
= 8.0 Hz, 1H), 7.86-7.80 (m, 2H), 7.77 (s, 1H), 7.70 (t, J = 8.5 Hz, 2H), 7.37-7.28 (m,
5H), 7.24-7.11 (m, 5H), 5.27-5.20 (m, 3H), 4.62 (t, J = 4.5 Hz, 2H), 3.91 (t, J = 5.4
Hz, 2H), 3.88-3.81 (m, 2H), 3.78 (t, J = 5.4 Hz, 2H), 3.66-3.53 (m 2H); 3C{'*H}
NMR (CDCls, 125 MHz) 6 172.6, 171.2, 168.6, 167.1, 167.0, 166.5, 166.3, 139.0,
138.8, 136.5, 136.0, 135.8, 135.2, 133.0, 132.7, 132.6, 132.2, 128.9, 128.8, 128.7,
128.6, 128.4, 127.2, 125.1, 124.9, 123.9, 123.8, 123.5 (g, J = 286.2 Hz), 69.1, 68.1,
68.01, 67.98, 65.2 (quint, J = 26.2 Hz), 54.1, 37.7, 34.7; IR (KBr) v 3070, 3028, 2919,
1779, 1720, 1626, 1544, 1511, 1439, 1386, 1255 cm™*; HRMS (APCI*): m/z calc. for
[M+H]* (Ca2H3008NsCl2Fs*) 916.1370, found 916.1313.
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Synthesis of 10
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Potassium carbonate (332 mg, 2.4 mmol) and acetonitrile (34 mL) were mixed in
a two-neck flask and heated to reflux. The solution of 8 (905 mg, 1 mmol) and 9 (917
mg, 1 mmol) in acetonitrile (34 mL) was then added dropwise within 0.5 h. The
resulting mixture was refluxed for another 4 h and cooled to room temperature.
Acetonitrile was removed by rotary evaporation. The residue dissolved in ethyl
acetate (100 mL) and washed with water and brine two times respectively, and then
dried with anhydrous sodium sulfate. After filtration and removal of organic solvent,
the residue was chromatographed on a silica gel column (100-200 mesh) with a
mixture of dichloromethane and ethyl acetate (10:1, v/v) as an eluent to give pure
compound 10 as a white solid (716 mg, 40%). 10: m.p. 130-131 °C; 'H NMR (CDCls,
500 MHz) & 7.89 (d, J = 8.0 Hz, 2H), 7.85-7.75 (m, 14H), 7.73-7.62 (m, 8H), 7.51 (d,
J =2.2 Hz, 4H), 7.36-7.28 (m, 20H), 7.23-7.10 (m, 20H), 6.94 (t, J = 2.3 Hz, 2H),
5.27-5.20 (m, 12H), 4.61 (t, J = 5.0 Hz, 4H), 4.33 (t, J = 4.7 Hz, 4H), 3.96-3.83 (m,
12H), 3.83-3.71 (m, 12H), 3.67-3.50 (m, 8H); "*C{'H} NMR (CDCls, 125 MHz)
0174.4,173.1, 168.5, 167.2, 167.1, 167.0, 166.9, 166.50, 166.48, 166.3, 164.3, 151.9,
139.0, 138.9, 138.74, 138.69, 136.5, 136.0, 135.8, 135.2, 133.1, 133.0, 132.9, 132.8,
132.7, 132.6, 132.5, 132.2, 128.9, 128.8, 128.7, 128.6, 128.3, 127.1, 125.02, 124.99,
124.89, 124.87, 124.0, 123.9, 123.80, 123.78, 123.4 (q, J = 286.2 Hz), 121.2, 120.8,
68.4, 68.3, 68.2, 68.1, 67.98, 67.96, 65.2 (quint, J = 26.2 Hz), 64.7, 54.05, 54.03, 37.7,
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37.6, 34.7; IR (KBr) v 3066, 2921, 1779, 1722, 1717, 1627, 1578, 1558, 1497, 1443,
1386, 1255 cm’'; HRMS (ESI"): m/z calc. for [M+Na]® (Ci76H12203sN14F24Na")
3517.7553, found 3517.7583. Anal. Calcd. for C176H122038N14F24+ CHCls: C, 58.79;
H, 3.43; N, 5.42. Found: C, 58.65; H, 3.15; N, 5.24.

Synthesis of 1
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At room temperature, 10 (699 g, 0.2 mmol), 10% Pd/C (80 mg) and THF (100
mL) were mixed in a two-neck flask. The mixture was stirred for 24 h under H»
balloon. After filtration with siliceousearth, the filtrate was concentrated. The residue
was recrystallized with dichloromethane and methanol to give pure compound 1 as a
white solid (488 mg, 77%). 1: m.p. 180-181 °C; '"H NMR (CDCls, 500 MHz) § 7.90 (d,
J = 8.0 Hz, 2H), 7.84-7.64 (m, 22H), 7.45 (d, J = 1.8 Hz, 4H), 7.24-7.08 (m, 20H),
6.90 (s, 2H), 5.28-5.15 (m, 4H), 4.58 (s, 4H), 4.36-4.23 (m, 4H), 3.98-3.44 (m, 32H);
BC{'H} NMR (CDCls, 125 MHz) § 174.2, 173.5, 173.4, 173.21, 173.19, 173.0, 167.3,
167.2, 167.1, 166.40, 166.39, 166.37, 166.3, 166.2, 164.3, 151.8, 139.1, 139.0, 138.8,
138.7, 136.4, 136.0, 135.7, 135.6, 133.0, 132.9, 132.8, 132.7, 132.6, 132.5, 1324,
132.1, 128.8, 127.2, 125.2, 125.1, 125.0, 124.02, 123.97, 123.8, 123.4 (q, J = 286.2
Hz), 121.2, 120.8, 68.4, 68.3, 68.0, 65.2 (quint, J = 26.2 Hz), 64.7, 53.52, 53.50, 37.8,
37.6, 34.4; IR (KBr) v 3479, 3065, 2946, 1779, 1738, 1733, 1717, 1699, 1625, 1575,
1568, 1497, 1335, 1255, 1211 cm’'; HRMS (ESI): m/z calc. for [M-3H]*
(C1asHo5035N14F24%) 1043.8522, found 1043.8562. Anal. Calcd. for CiagHosO3sN 14F24:
C, 56.68; H, 3.15; N, 6.25. Found: C, 56.39; H, 3.22; N, 6.17.
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3. NMR titrations>’]

'"H NMR titrations were performed in CDCl; or CD3;CN at room temperature.
The solutions of 1 in CDCI3 or CD3CN, and stock solutions of each guest in CDCl; or
CDsCN were prepared respectively. Aliquots of guest solution were added directly to
an NMR tube containing the host solution. All proton signals were referenced to the
TMS or solvent residual peak. The association constants K were calculated by Bindfit

v0.5 (for this program, please see: http://app.supramolecular.org/bindfit/). The 1:2

stoichiometry was verified by a Job’s plot experiment for binding of 1 with CI’

(Figure S3c).

Table S1. Association constants K of 1 with BusN"CI" and BusN'Br calculated by

Bindfit v0.5 with a host-guest stoichiometry of 1:2.

BusN*CI BusN*Br
K1 (M1 136.3 +3.7 21.3+1.9
Kz (M1 147.5 +4.2 23.9+17
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Figure S1. '"H NMR titration of 1 (1 x 10° mol/L in CDCls) upon addition of
different amounts of tetrabutylammonium chloride (from bottom to top: 0, 0.2, 0.4,
0.6,0.8,1.0,1.2,14,1.6,1.8,2.0,2.2,2.3,2.5,2.7,29,3.1,3.3,3.5,3.7,3.8,4.0,4.2,
4.4, 4.6 x 10 mol/L). Upon addition of chloride, the a-proton on phenylalanine
moiety (H14, H14’) moved upfield, indicating interaction of the carboxylic acid site
with chloride. Some benzene imide protons (H8-H13, H8’-H13”) also shifted upfield,
probably a result of shielding effect of the approaching chloride upon anion-n
contacting with the electron-deficient imide. The continuous downfield movement of
the inner proton (H1) within the macrocyclic V-shaped cavity suggested anion-mt
interaction between the triazine and chloride, in line with our previous observations.
For clarity, partial spectra are shown.
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Figure S2. '"H NMR titration of 1 (1 x 10° mol/L in CDCls) upon addition of
different amounts of tetrabutylammonium bromide (from bottom to top: 0, 1.0, 2.0,
3.0,4.0,5.0,10.0, 11.0, 11.5, 12.5, 13.5, 14.5, 15.5, 17.0, 19.0, 21.0, 23.0, 24.0, 25.0,

26.5,28.0, 30.0, 32.0, 33.5, 35.0 x 10 mol/L). For clarity, partial spectra are shown.
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Figure S3. Fitting plots of the chemical shifts of proton Hl of 1 with increasing
concentration of (a) BusNCl and (b) BusNBr using Bindfit v0.5 program. (c) Job-plot
for complex between 1 and CI'.
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Figure S4. 'H NMR titration of 1 (1 x 103 mol/L in CD3CN) upon addition of
different amounts of various cationic salts. (a) NaBPhs, from bottom to top: 0, 2.0, 4.0,
6.0, 8.0, 12.0, 19.0, 36.0, 52.0 x 10 mol/L. (b) NaPFs, from bottom to top: 0, 2.0, 4.0,
6.0, 8.5, 13.0, 20.0, 37.0, 53.0 x 10 mol/L. (c) KPFs, from bottom to top: 0, 2.0, 4.0,
6.0, 7.5, 13.0, 21.0, 37.0, 51.0 x 10 mol/L. In all spectra, the chemical shift changes
of the essential protons are very small (AS < 0.01 ppm), showing weak binding ability
towards the cations. KBPh4 was not used due to its poor solubility.
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4. Ion transport activity and DPPC assays 554

General preparation of Lucigenin or HPTS containing EYPC-LUVs. Egg
yolk phosphatidylcholine (EYPC, 25 mg) was dissolved in EtOH/CHCl;3 (2 mL, v/v
1:1). The solution was evaporated under reduced pressure on a rotary evaporator (40
°C) to give a thin film, and the resulting thin film was dried under high vacuum for
overnight to remove the residual solvent. The lipid film was hydrated in 1.0 mL buffer
solution (10 mM HEPES + 100 mM NaNO; + 1 mM Lucigenin, pH = 7.0; 10 mM
HEPES + 100 mM NaCl + 1 mM HPTS, pH = 7.0) for 20 mins at room temperature.
The suspension was submitted to freeze-thaw for 5 cycles (with liquid nitrogen and 50
°C water bath, respectively), and high-pressure extrusion at room temperature (21
times extrusions through polycarbonate membrane with pore diameter of 100 nm).
The LUV suspension was separated from extravesicular Lucigenin or HPTS dye by
size exclusion chromatography (Sephadex G-50, mobile phase: 10 mM HEPES + 100
mM NaNOs, pH =7.0; 10 mM HEPES + 100 mM NacCl, pH = 7.0).

General preparation of Lucigenin containing DPPC-LUVs. DPPC (25 mg)
was dissolved in MeOH/CHCIl3 (2 mL, v/v 1:1). The solution was evaporated under
reduced pressure on a rotary evaporator (50 °C) to give a thin film, and the resulting
thin film was dried under high vacuum for overnight to remove the residual solvent.
The lipid film was hydrated in 1.0 mL buffer solution (10 mM HEPES + 100 mM
NaNO; + 1 mM Lucigenin, pH = 7.0) for 20 mins at 50 °C. The suspension was
submitted to freeze-thaw for 5 cycles (with liquid nitrogen and 50 °C water bath,
respectively), and high-pressure extrusion at 65 °C (21 times extrusions through
polycarbonate membrane with pore diameter of 100 nm). The LUV suspension was
separated from extravesicular Lucigenin dye by size exclusion chromatography

(Sephadex G-50, mobile phase: 10 mM HEPES + 100 mM NaNOs, pH = 7.0).

Lucigenin fluorescence assay. 50 uL Lucigenin-loaded EYPC-LUV solution
was suspended in 1950 pL of the buffer solution (10 mM HEPES + 100 mM NacCl,
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KCl or NaBr, pH = 7.0) and placed into a quartz cuvette at 25 °C. The intravesicular
Lucigenin fluorescence intensity (/;, Aex = 369 nm, Aem = 505 nm) was measured over
time. THF or the solution of compound 1 or 10 in THF (25 puL) was added at t =50 s
({p), and then triton X-100 (25 pL, 10% in water) was added at 500 s (/»). The
fluorescence intensity /; was normalized to fractional intensity /rusing equation (S1):
Ir=(I;- 1o)/(Io- 1) (S1)

Where Iyis the fluorescence intensity after addition of THF or compounds, and
I is the fluorescence intensity after addition of triton X-100.

The effective concentration £Cs9 and the Hill coefficient n were obtained by Hill
equation (S2):

Y=Y+ (Yo- Yx)/[1 + (c/ECs0)"] (S2)

Where Y is the Irvalue at 300 s, Ypis Y in the absence of compound, Y is ¥ with
excess compound, and ¢ is the compound concentration in the cuvette.

The molar ratio of 1 to lipid was obtained through dividing ECso (uM) by the

concentration (uM) of lipid in the quartz cuvette.
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Figure SS. Evaluation of the ion transport activity of compound 1 and 10 by
LucigenincEYPC-LUV fluorescence assay in KCI buffer solution (the final
concentration for 1 and 10 is 2 uM.).
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Evaluation of ECsy of 1 in different buffer solutions
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Figure S6. Evaluation of the ion transport activity of 1 in varied concentrations by
LucigenincEYPC-LUYV fluorescence assay, and Hill fit of the normalized intensities
at 300 s.

Table S2. ECso(uM), mol% of transporter to lipid and Hill coefficient n of 1 in NaCl,
KCI, NaBr buffer solution.

NaCl

KCI

NaBr

ECso

mol%

n

1.49
4.34.3

1.12

3.54).3

2.00#0.04 1.50#.05 1.7640.07

1.31
4.34).7
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HPTS assay.[>! 50 uL HPTS-loaded vesicle solution was suspended in 1950 pL
of the buffer solution (solution 1: 10 mM HEPES + 100 mM NaX, X = Cl, Br, I, NO3,
ClOg4, pH = 7.0; solution 2: 10 mM HEPES + 100 mM MCI, M = Li, Na, K, Rb, Cs,
pH = 7.0) and placed into a quartz cuvette at 25 °C. The intravesicular HPTS
fluorescence intensity (Aexi = 405 nm, Aem= 510 nm, /i405); Aex2 = 460 nm, Aem= 510
nm, li460); ratio fluorescence intensities Fr = Ii460)/It405)) was measured over time
during the addition of base (20 uLL. NaOH (0.5 M) for creating pH gradient) at t = 50 s,
THF or THF solution of 1 (25 pL) at t = 150 s, and 10% Trion X-100 (25 pL) at t =
450 s, respectively. Fluorescence time courses were normalized to fractional emission
intensity I" using equation (S3):

I" = (Fi- Fo)/(F»- Fo) (S3)

Where Fois the ratio fluorescence intensity after addition of 1, and Fis ratio
fluorescence intensity after addition of Triton X-100. The baseline (THF only) I"y was
then subtracted from I" to give I (S4):

I=1"-1"% (S4)
The obtained I was further normalized into fractional HPTS emission Ir using
equation (S5)
Ir =1/Imax (S5)
where Imax is a reference emission for the varied parameter of interest.
The time axis was normalized according to Equation (S6):

t=t-150 (S6)
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Figure S7. (a) Normalized anion transport activities of 1 (2 uM) with varied
extravesicular anions NaX (10 mM HEPES, 100 mM NaX, X = Cl, Br, I, NO3, ClO4,
pH = 7.0) by HPTScCEYPC-LUYV fluorescence assay. Background activities without 1
were subtracted after calibration. (b) HPTS assay for anion selectivity. Fractional
activity Y was relative to NaCl.
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Figure S8. (a) Normalized cation transport activities of 1 (2 uM) with varied
extravesicular cations MCIl (10 mM HEPES, 100 mM MCI, M = Li, Na, K, Rb, Cs,
pH =7.0) by HPTScCEYPC-LUYV fluorescence assay. Background activities without 1
were subtracted after calibration. (b) HPTS assay for cation selectivity. Fractional
activity Y was relative to NaCl.

DPPC assay. 50 uL Lucigenin-loaded DPPC-LUV solution was suspended in
1950 pL of NaCl buffer solution (10 mM HEPES + 100 mM NacCl, pH = 7.0) and
placed into a quartz cuvette at 25 °C. The intravesicular Lucigenin fluorescence
intensity (1;, Aex= 369 nm, Aem = 505 nm) was measured over time at 25 °C. THF or

the solution of compound 1 in THF (25 pL) was added at t = 50 s (/y), and then triton
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X-100 (25 pL, 10% in water) was added at 300 s (/). The fluorescence intensity /;
was normalized to fractional intensity /rusing equation (S7):
Ir=(I;- 1o)/(1o- 1) (S7)
Where Iy is the fluorescence intensity after addition of THF or compound, and 7.

is the fluorescence intensity after addition of triton X-100.

For DPPC assay at 45 °C, the intravesicular Lucigenin fluorescence intensity

was measured over time at 45 °C. The other processes are the same as that mentioned

above.

DPPC test results
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Figure S9. CI” transport by 1 in Lucigenin-loaded DPPC-LUV at 25 °C and 45 °C, the
molar ratio of 1 to lipid is 1:112.
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5. Planar lipid bilayer experiments®

The chloroform solution of 1,2-diphytanoyl-sn-glycero-3-phosphocholine
(DPhPC, 25 mg/mL, 10 pL) was evaporated using nitrogen gas and dissolved in
n-decane (25 uL). 0.5 pL of the n-decane solution was painted onto the aperture of the
Delrin cup (diameter = 200 um, Warner Instruments) and the n-decane was removed
with nitrogen gas. In a traditional planar lipid bilayer conductance measurement
experiment, the chamber (cis side) and the Delrin cup (¢rans side) were filled with 1.0
M KCI aqueous solution (1.0 mL). Ag-AgCl electrodes were placed into the two
solutions with the frans side grounded. Planar lipid bilayer was formed by painting
0.5 pL of the above mentioned n-decane solution around the pretreated aperture. The
formation of planar lipid bilayer was confirmed by capacitance value ranging from 80
to 120 pF. THF or compound 1 in THF (0.5 pL) was added to the cis chamber to reach
a final concentration of around 107 M, and the solution was stirred for about five
minutes. Then the baseline and current signals were recorded at different holding
potentials in a Faraday cage, amplified with BC-535 bilayer clamp amplifier (Warner
Instruments), low-pass filtered with an 8-pole Bessel filter at 1 kHz (LPF-8, Warner
Instruments), A-D converted (1550B, Axon Instruments), and sampled with a sample
interval at 10 kHz by Clampex 10.6, The data were analyzed by Clampfit 10.6 with a

digital filter at 100 Hz. All the measurements were performed at room temperature (ca.

25 °C).
W
Ag/AgClI Ag/AgCI
| Ground
KCI (1.0 M) KCI (1.0 M)
cis chamber trans chamber

Figure S10. Schematic diagram of the planar lipid bilayer experiments. Experimental
conditions: DPhPC in n-decane (10 mg/mL); cis/trans = 1.0 M/1.0 M KCI solution(1
mL/1 mL); applied voltages: 150 mV, 100 mV, 60 mV, 0 mV, -60 mV, -100 mV, -150
mV; addition: 0.5 uLL THF solution of channel molecule 1 (1 mM), final concentration
is 0.5 uM.
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Figure S11. Current traces of channel molecule 1 at 150 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.5 uM. Top, full spectra;
bottom, enlarged spectra.
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oo closed

Figure S12. Current traces of channel molecule 1 at 100 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.5 uM. Top, full spectra;
bottom, enlarged spectra.
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Figure S13. Current traces of channel molecule 1 at 60 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.5 uM. Top, full spectra;
bottom, enlarged spectra.

|
1005 W

Figure S14. Current trace of channel molecule 1 at 0 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.5 pM. Full spectra.

1pA

Figure S15. Current traces of channel molecule 1 at -60 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.5 uM. Top, full spectra;
bottom, enlarged spectra.
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Figure S16. Current traces of channel molecule 1 at -100 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.5 uM. Top, full spectra;
bottom, enlarged spectra.

closed

Figure S17. Current traces of channel molecule 1 at -150 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.5 uM. Top, full spectra;
bottom, enlarged spectra.
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Table S3. The current under the corresponding voltage and slope conductance g in
symmetrical KCI solutions (cis/trans = 1.0 M/1.0 M, the final concentration of 1 is
0.5 uM).

Current (pA)

Entry 150 100 60 0 -60 -100 -150 g (S)
(mV) (mV) (mV) (mV) (@mV) (mV) (mV)

1 3.04 2.04 0.82 0 -0.79  -1.94 -3.20  19.8£1.0

2 3.18 1.96 0.79 0 -0.90  -2.00 -3.25  20.0£1.0

3 3.53 2.10 0.79 0 -0.81  -2.31 -3.36 21.7£1.0

4 - 1.77 1.02 0 -0.80 -1.94 -3.05 18.7£1.0

5 3.14 2.0 0.70 0 -094  -2.18 -3.77  21.5£1.0

6 3.60 2.01 1.02 0 -1.22 -2.19 -3.78  23.0£1.0

2pA

5s
Figure S18. Current trace of channel molecule 1 at 100 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

2 pA

3 closed
S

Figure S19. Current trace of channel molecule 1 at 80 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.
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Figure S20. Current trace of channel molecule 1 at 60 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

0.8 pA

5s
Figure S21. Current trace of channel molecule 1 at 40 mV in symmetrical KCI

solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

0.4 pA|

closed
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Figure S22. Current trace of channel molecule 1 at 20 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

—=— AR
5s

Figure S23. Current trace of channel molecule 1 at 0 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

closed
5s
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Figure S24. Current trace of channel molecule 1 at -20 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.
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Figure S25. Current trace of channel molecule 1 at -40 mV in symmetrical KCl
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

s closed
S

1.4 pA

Figure S26. Current trace of channel molecule 1 at -60 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

closed

5s
-1.4 pA

Figure S27. Current trace of channel molecule 1 at -80 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.

closed
5s

1.8 pA

Figure S28. Current trace of channel molecule 1 at -100 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 0.05 uM. Full spectra.
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Table S4. The current under the corresponding voltage and slope conductance g in
symmetrical KCI solutions (cis/trans = 1.0 M/1.0 M, the final concentration of 1 is
0.05 uM).

Current (pA)
Entry 100 80 60 40 20 0 -20 -40 -60 -80 -100 (gS)
p
mv) (mv) (mv) (mv) (mv) mVvV) @mV) @mVv) @mV) mVv) (mV)
17.2+
1 2.00 1.40 093 057 023 0 -0.19 -059 -0.81 -1.17 -1.96 2
21.1+
2 229 2.06 154 074 0.36 0 -0.48 -083 -132 -141 -173 ”s
16.0+
3 2.16 1.01 - - - 0 -0.21 -033 -0.65 -0.88 ~-1.75 07

S FWPY. VPR GPPRr PN closed

Figure S29. Current traces of channel molecule 1 at 150 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 1.0 uM. Top, full spectra;
bottom, enlarged spectra.

S26



ZpA‘

2s

2 pA
| - " - A eCC b closed

02s

Figure S30. Current traces of channel molecule 1 at 100 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 1.0 uM. Top, full spectra;
bottom, enlarged spectra.
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Figure S31. Current traces of channel molecule 1 at 60 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 1.0 uM. Top, full spectra;
bottom, enlarged spectra.
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Figure S32. Current trace of channel molecule 1 at 0 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 1.0 uM. Full spectra.

Figure S33. Current trace of channel molecule 1 at -60 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 1.0 pM. Full spectra.

Figure S34. Current traces of channel molecule 1 at -100 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 1.0 uM. Top, full spectra;
bottom, enlarged spectra.
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Figure S35. Current traces of channel molecule 1 at -150 mV in symmetrical KCI
solutions (cis/trans = 1.0 M/1.0 M), final concentration is 1.0 uM. Top, full spectra;

bottom, enlarged spectra.

Table SS. The current under the corresponding voltage and slope conductance g in
symmetrical KCl solutions (cis/trans = 1.0 M/1.0 M, the final concentration of 1 is

1.0 uM).

Current (pA)

Entry 150 100 60 0 -60  -100  -150 g (pS)
(mV) (mV) (@mV) (mV) (@mV) (@mV) (mV)

1 328 2,09 0.79 0 -0.88  -2.00 -3.39 20.9+1.1
2 3.10 1.86  0.73 0 -0.81 -1.92 -3.01 19.2£1.0

3 3.09 2.07  0.67 0 - -2.21 -3.02  20.2+1.0
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6. Ion selectivity study by planar lipid bilayer experiments

Conditions for anion/cation selectivity experiments were that: cis chamber 1.0 M
KCI aqueous solution (1 mL), trans chamber 0.5 M or 0.25 M KCI aqueous solution
(1 mL); holding potentials changing between -100 mV and +100 mV; the final

concentration of 1 is 0.5 pM.

3 pA

Y closed

Figure S36. Current traces of channel molecule 1 at 100 mV in KCI solutions
(cis/trans = 1.0 M/0.25 M). Top, full spectra; bottom, enlarged spectra.

closed

Figure S37. Current traces of channel molecule 1 at 60 mV in KCI solutions
(cis/trans = 1.0 M/0.25 M). Top, full spectra; bottom, enlarged spectra.
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Figure S38. Current traces of channel molecule 1 at 20 mV in KCI solutions
(cis/trans = 1.0 M/0.25 M). Top, full spectra; bottom, enlarged spectra.

e closed

Figure S39. Current traces of channel molecule 1 at 0 mV in KCl solutions (cis/trans
= 1.0 M/0.25 M). Top, full spectra; bottom, enlarged spectra.

05 pA
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Figure S40. Current traces of channel molecule 1 at -20 mV in KCI solutions
(cis/trans = 1.0 M/0.25 M). Top, full spectra; bottom, enlarged spectra.
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Figure S41. Current traces of channel molecule 1 at -60 mV in KCI solutions
(cis/trans = 1.0 M/0.25 M). Top, full spectra; bottom, enlarged spectra.
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Figure S42. Current traces of channel molecule 1 at -100 mV in KCI solutions
(cis/trans = 1.0 M/0.25 M). Top, full spectra; bottom, enlarged spectra.
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Figure S43. Current traces of channel molecule 1 at 100 mV in KCI solutions
(cis/trans = 1.0 M/0.5 M). Top, full spectra; bottom, enlarged spectra.
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Figure S44. Current traces of channel molecule 1 at 20 mV in KCI solutions
(cis/trans = 1.0 M/0.5 M). Top, full spectra; bottom, enlarged spectra.
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Figure S45. Current traces of channel molecule 1 at 0 mV in KCl solutions (cis/trans
= 1.0 M/0.5 M). Top, full spectra; bottom, enlarged spectra.
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Figure S46. Current traces of channel molecule 1 at -20 mV in KCI solutions
(cis/trans = 1.0 M/0.5 M). Top, full spectra; bottom, enlarged spectra.
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Figure S47. Current traces of channel molecule 1 at -60 mV in KCIl solutions
(cis/trans = 1.0 M/0.5 M). Top, full spectra; bottom, enlarged spectra.

closed
-2 pA

Figure S48. Current traces of channel molecule 1 at -100 mV in KCI solutions
(cis/trans = 1.0 M/0.5 M). Top, full spectra; bottom, enlarged spectra.

Table S6. Reversal voltage V; and permeability ratio Pci/Px.

cis/trans=1.0 M/0.25 M KCl cis/trans=1.0 M/0.5 M KCI
Entry Reversal voltage b Reversal voltage b

Vr (mV) : PCI—/PK+ Vr (mV) ’ PCl—/PK+

1 12.89 2.38 4.12 1.63

2 10.12 1.95 4.48 1.70

3 12.47 2.31 4.72 1.75

4 8.78 1.78 5.22 1.87

5 7.11 1.59 4.52 1.71

6 7.54 1.64 4.21 1.64
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7 7.50 1.63 4.40 1.68

a, obtained after correcting the potential caused by chloride concentration gradient; b, calculated

from the equation derived from Goldman-Hodgin-Katz equation:
PCl_/PK+ = [aK, cis = AK, transexp('VrF/RT)]/[aCL cisexp('er/RT) - daci, frans]

where ax, s and ak, nans are the activities of K™ in the cis and the trans chambers, aci, .is and

aci, trans the same for CI.

Conditions for anion/anion selectivity experiments were that: cis chamber 1.0 M
KCl aqueous solution (1 mL), trans chamber 1.0 M KBr aqueous solution (1 mL);
holding potentials changing between -100 mV and +200 mV; the final concentration

of 11s 0.5 uM.

1pA‘

2s

Figure S49. Current traces of channel molecule 1 at 200 mV in KCI and KBr
solutions (cis/trans = 1.0 M KCI/1.0 M KBr).

05 pA|

5s

Figure S50. Current traces of channel molecule 1 at 150 mV in KCI and KBr
solutions (cis/trans = 1.0 M KCI/1.0 M KBr).
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Figure S51. Current traces of channel molecule 1 at 50 mV in KCI and KBr solutions
(cis/trans = 1.0 M KCI/1.0 M KBr).

-1pA| 2s

Figure S52. Current traces of channel molecule 1 at 0 mV in KCl and KBr solutions
(cis/trans = 1.0 M KCI/1.0 M KBr).

| 5
A pA s

Figure S53. Current traces of channel molecule 1 at -50 mV in KCl and KBr
solutions (cis/trans = 1.0 M KCI/1.0 M KBr).

o

Figure S54. Current traces of channel molecule 1 at -100 mV in KCl and KBr
solutions (cis/trans = 1.0 M KCI/1.0 M KBr).
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Table S7. Reversal voltage V and permeability ratio Pci/Psr .

cis/trans=1.0 M KCIl/1.0 M KBr

Entry Reversal voltage Vr (mV) PCl /PB a
1 78.62 21.32
) 79.36 21.94
3 83.06 25.34
4 81.08 23.46
5 81.64 23.98
6 80.35 22.81
7 78.20 20.97

a, calculated from: V, = {RTIn(PA[A]/P&s[B])}/zF
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7. Calculation

Geometry optimizations were carried out with the Accelrys Material Studio 7.0
suite by DMol® code at LDA PWC/DNP level, and the orbital cut off was set at fine
quality. A self-consistent field procedure was performed with a convergence criterion

of 10 Ha. We calculated Frequency analysis and electrostatic potential using DFT

method based on B3LYP/6-31G level.

Cartesian coordinates (A) of the optimized structure.
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Figure S60. 1*C NMR spectrum of 8.
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