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1. General remarks

All reagents are provided by the commercial supplier. Aqueous solution was prepared
from MilliQ water, N, N-dimethylformamide (DMF), triethylamine (TEA), chloroform
(CHCIl3) were dried with CaH2> for ten days then it was distilled and stored hermetically
in saddle bottles for use. Aqueous solution was prepared from MilliQ water. All the
reactions were monitored through thin layer chromatography (TLC) and observed with
Portable UV lamps (UV), while column chromatography purifications were carried out
via silica gel. "HNMR and '3C NMR spectra were recorded on the WNMR-I 400 and
Bruker AVANCEIII 500. The solvents signals of CDClz '"H NMR spectrum were
referenced at & = 7.26, respectively. 'HNMR data are recorded in the order: chemical
shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, br = broad),
the number of protons. The solvents signals of CDCIs for '3C NMR spectrum were
referenced at 6 = 77.16 and 39.52 ppm, respectively. The solvent signals of CD3CN
(Acetonitrile-d3) for 'TH NMR and '3C NMR were referenced at 6 = 1.94 ppm and 1.32,
118.26 ppm, respectively. The mass spectra were obtained on an HP1100EMD
(electrospray ionization mass spectrometry, ESI MS).

2. Synthesis and characterization of HM1-HM9
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Scheme S1. Synthesis route of compounds 1-22.

Compounds 10-18 were synthesized according to previously reported procedures.S!
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19-Chemical Formula: Cs2H64N10O14
Compound 19. Compound 17 (4.05 g, 10.17 mmol) and compound 18 (2.0 g, 4.85
mmol) was dissolved in dry DMF (50 mL), then PyBop (6.05 g, 11.63 mmol), TEA (7
mL, 50.87 mmol) was added in the solution. The resulting mixture was reacted under
inert N2 atmosphere and stirred at 45°C for 24 hours, after which volatiles were
removed in vacuum. The crude product was purified by silica gel column
chromatography using dichloromethane and methanol (40:1, v/v) for two times to yield
11 as light yellow powder (3.8g, 63%). 'HNMR (400 MHz, CDCl3/Trifluoroacetic acid-
D 50:1) 68.52 (d, J=12.0 Hz, 4H), 8.32 (d, ] =9.3 Hz, 2H), 8.19 (s, 2H), 8.01 (d, J =
17.5 Hz, 4H), 5.36 (d, J = 10.8, 4.7 Hz, 5H), 5.11 (s, 2H), 4.18 (d, J = 12.5 Hz, 7H),
1.70 (d, J=12.1, 6.0 Hz, 31H), 1.57 (d, J = 6.0 Hz, 14H). '3C NMR (126 MHz, CDCl3)
0 169.77, 162.88, 150.49, 150.17, 141.76, 137.98, 137.57, 137.07, 124.79, 124.01,
123.78, 122.98, 122.34, 122.14, 121.71, 73.81, 54.83, 54.52, 46.84, 21.19. ESI m/z:
calculated for [M+H] " Ce2Hs5N10014 1273.5; Found 1273.5.
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20-Chemical Formula: Cs2HeoN10O12

Compound 20. A solution of 19 (2 g, 1.77 mmol) in dry CHCI3 (15 mL) was added a
solution of PPhs (1.34 g, 5.12 mmol), CClsa( 1.75 mL, 17.1 mmol) and TEA (2.46 mL,
17.1 mmol), and the resulting solution was stirred at 75°C for two days. The volatiles
were removed under reduced pressure to give a solid then dried in dried in vacuum oven
after which the crude product was purified by silica gel column chromatography with
eluent dichloromethane and methanol (50:1, v/v) to obtain the powder of compound 20
(1.24 g,75.6%). 'HNMR (400 MHz, CDCl3/Trifluoroacetic acid-D 50:1) & 8.48 (s, 2H),
8.29 (s, 2H), 8.01 (s, 2H), 7.93 (d, J = 9.3 Hz, 2H), 7.85 (d, J = 9.3 Hz, 2H), 7.07 (s,
2H), 5.23 (d, J=3.8 Hz, 4H), 4.91 — 4.79 (m, 2H), 3.77 (s, 6H), 1.86 — 1.56 (m, 42H),
1.45(d, J=5.8 Hz, 7H). 3CNMR (126 MHz, CDC13)& 169.77, 162.88, 150.49, 150.17,
141.76, 137.98, 137.57, 137.07, 124.79, 124.01, 123.78, 122.98, 122.34, 122.14,
121.71, 73.81, 54.83, 54.52, 46.84, 21.19. ESI m/z: calculated for [M+H] *
Ces2H61N10012 1237.4; Found1137.4; calculated for [M+K] * Cs2H6oN10012K 1175.4;
Found 1175.4
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9-Chemical Formula: C¢1Hs8N10O12

Compound 9. A solution of KOH (12.7 mg, 0.23 mmol) in methanol was added to the
solution of compound 20 (235 mg, 0.21 mmol) dissolved in acetonitrile(5 mL) at
0°C,what is more, 30 minutes later, 200 uL water was added to the reaction mixture
then the resulting solution was stirred at room temperature for 24 hours. The reaction
mixture was quenched with 0.1 M HCI. The organic solvents were removed by rotary
evaporation to get the crude product meanwhile the crude product was extracted with
dichloromethane (30 mL) and water (20 mL). The organic solvents were removed by
rotary evaporation to obtain the final product (185 mg, 80%). 'HNMR (400 MHz,
CDCls/ Trifluoroacetic acid-D 50:1) o 8.65 — 8.54 (m, 4H), 8.45 — 8.31 (m, 5H), 8.17
(s, 1H), 8.06 (d, J = 11.7 Hz, 2H), 5.66 — 5.15 (m, 7H), 4.25 (s, 3H), 1.85 — 1.62 (m,
42H). BCNMR (126 MHz, CDCl3) 8 169.77, 162.88, 150.49, 150.17, 141.76, 137.98,
137.57,137.07, 124.79, 124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81, 54.83,
54.52, 46.84, 21.19. ESI m/z: calculated for [M+H] * Cs1Hs9N10O12 1123.4; Found
1123.4; calculated for [M+K] " Ce2H358N10012K 1161.4; Found 1161.4.
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6-Chemical Formula: C70H76N12014

Compound 6. Dry TEA (0.325 mL, 4.5 mmol) was added to a solution of compound 9
(506 mg, 0.45 mmol), tert-butyl [2-(2-aminoethoxy) ethyl] carbamate (184 mg, 0.9
mmol) and PyBop (586 mg, 1.12 mmol) in dry DMF (2 mL) under inert N2 atmosphere.
The DMF was evaporated under vacuum while the mixture was stirred 12 hours at 35°C.
Then the residue was purified through silica gel column chromatography with the eluent
of dichloromethane and methanol to obtain light yellow solid (500 mg, 84%). '"H NMR
(400 MHz, CDCl3/ Trifluoroacetic acid-D 50:1) 6 8.62 — 8.09 (m, 12H), 5.64 — 5.13 (m,
6H), 4.20 (s, 3H), 3.84 — 3.52 (m, 7H), 3.32 (t, J = 5.2 Hz, 3H), 1.80 — 1.55 (m, 44H).
IBCNMR (126 MHz, CDC13) 8 169.77, 162.88, 150.49, 150.17, 141.76, 137.98, 137.57,
137.07, 124.79, 124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81, 54.83, 54.52,
46.84, 21.19. ESI m/z: calculated for [M+H] * C70H77N12014 1310.4; Found 1310.1;
calculated for [M+K] * C70H76N12014K 1348.4; Found 1348.1; calculated for [M+Na] *
C70H76N12014Na 1332.4; Found 1332.1
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21-Chemical Formula: CssHeoN12012"
Compound 21. Trifluoroacetic acid (1.5 mL) was added dropwise to a solution of
compound 6 (423 mg, 0.32 mmol) in dichloromethane (4 mL) under nitrogen at 0°C
and stirred at room temperature for 2 days. The organic solvents was removed under
reduced pressure after that the crude product was dispersed in Ethyl ether. After
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filtration, the precipitate was washed with ether. 'HNMR (500 MHz, CDCIs/
Trifluoroacetic acid-D 50:1) 6 8.60 — 7.99 (m, 12H), 5.61 — 5.34 (m, 5H), 5.19 (d,J =
12.4,6.1 Hz, 1H), 4.21 (d, ] = 8.9 Hz, 3H), 3.79 (d, ] = 8.0 Hz, 6H), 3.42 (s, 2H), 1.91
—1.49 (m, 30H). 3CNMR (126 MHz, CDCI3)5 169.77, 162.88, 150.49, 150.17, 141.76,
137.98,137.57,137.07,124.79, 124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81,
54.83, 54.52, 46.84, 21.19. ESI m/z: calculated for [M+H] © CssHeoN12012 1209.5;
Found 1209.5.
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22-Chemical Formula: Ce9H74N12014

Compound 22. A solution of NaOH (37 mg, 0.9 mmol) in water was added to the
solution of compound 6 (489 mg, 0.37 mmol) dissolved in methanol (5 mL) at room
temperature. After 2 days, the volatiles were removed under reduced pressure which
can got the crude product. The crude product was dispersed in water then the suspension
was neutralized with 0.1 M HCl and filtered with purified water. The filter residue was
totally dried on vacuum at 50°C for 12 hours to get 0.9 g a yellowish solid. '"HNMR
(500 MHz, CDCl3/ Trifluoroacetic acid-D 50:1) 6 8.58 — 7.97 (m, 12H), 5.50 — 5.16 (m,
7H), 3.84 — 3.55 (m, 7H), 3.37 —3.30 (m, 2H), 3.20(d, J = 8.6,4.7 Hz, 1H), 1.96 — 1.45
(m, 36H). 3C NMR (126 MHz, CDCl3) 8 169.77, 162.88, 150.49, 150.17, 141.76,
137.98, 137.57, 137.07, 124.79, 124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81,
54.83, 54.52, 46.84, 21.19. ESI m/z: calculated for [M+H] * CeoH75N12014 1295.5;
Found 1295.6.
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1-Chemical Formula: C134H140N24025
Compound 1. Compound 21 (340 mg, 0.28 mmol), compound 22 (371 mg, 0.29 mmol),
were dissolved in dry DMF (5 mL), then dry TEA (0.203 ml, 1.4 mmol, 5 eq) was added
to the reaction mixture. After the compound 21 and compound 22 was totally
dissolution in the organic solvent, PyBop (439 mg, 0.84 mmol, 3 eq) was added under
inert atmosphere of N2 at room temperature. The reaction mixture was stirred at room
temperature for 1 hours after which the mixture was stirred at 45°C for 3 days. The
volatiles were removed in vacuum and the residue was sufficient dried in vacuum at
50°C, then the crude product was purified through silica gel column chromatography
by using the eluent of dichloromethane and methanol (40:1,v/v). Ultimately, the pure
compound 1 (350 mg, 51.2%) was got. 'HNMR (500 MHz, CDCIls/ Trifluoroacetic
acid-D 50:1) 6 8.66 —8.03 (m, 24H), 5.33 (d, J=25.4,18.6 Hz, 12H), 4.21 (s, 3H), 3.74
(d, I =60.1, 22.0 Hz, 13H), 3.34 (s, 3H), 2.08 — 1.13 (m, 87H). '3C NMR (126 MHz,
CDCls) 6 169.77, 162.88, 150.49, 150.17, 141.76, 137.98, 137.57, 137.07, 124.79,
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124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81, 54.83, 54.52,46.84, 21.19. ESI
m/z: calculated for [M+H] " C134H140N24025 2486.0; Found 2486.0.
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2-Chemical Formula: C129H133N24023
Compound 2. The compound 1 (380 mg, 0.15 mmol) was dissolved in DCM (4 mL),
TFA (2 mL) was added into the solution in two parts at ice bath and stirred at room
temperature for 2 days. The organic solvents were removed by rotary evaporation after
that the crude product was totally dispersed in Ethyl ether and adequately ultrasonic 10
minutes. The suspension was filtered to get compound 2. 'THNMR (500 MHz, CDCls/
Trifluoroacetic acid-D 50:1) 6 8.69 — 7.98 (m, 24H), 5.50 — 5.10 (m, 12H),4.19 (d, J =
14.6, 7.5 Hz, 3H), 3.70 (d, J = 55.9 Hz, 15H), 3.35 (s, 3H), 2.06 — 1.38 (m, 70H). 13C
NMR (126 MHz, CDCl3) 8 169.77, 162.88, 150.49, 150.17, 141.76, 137.98, 137.57,
137.07, 124.79, 124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81, 54.83, 54.52,
46.84,21.19. ESI m/z: calculated for [M+H] *C129H134N24023 2386.9; Found 2386.9.
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3-Chermcal Formula: C133H138N24025
Compound 3. The compound 1 (150 mg, 0.061mmol) wasdissolved in CH30H (4 mL),
NaOH (20mg, 0.5 mmol) and H20 (1 mL) was added into the solution stirred at room
temperature for 2 days. The organic solvents were removed by rotary evaporation after
that the crude product was totally dispersed in water (20 mL) then the suspension was

neutralized with 0.1 M HCI and filtered with purified water. The filter residue was
totally dried on vacuum at 50°C for 12 hours to get 140 mg product. '"H NMR (500

MHz, CDCL:) 5 8.63 — 8.01 (m, 24H), 5.39 (s, 8H), 5.20 (d, J = 54.5 Hz, SH), 3.82 (d,
J=16.8 Hz, 11H),3.67 (d, J= 5.4 Hz, 3H), 3.37 (dd, J= 15.8, 10.5 Hz, 3H), 3.22 (dd,
J = 8.6, 4.6 Hz, 3H), 1.84 — 1.20 (m, 75H). 13C NMR (126 MHz, CDCls) & 169.77,
162.88, 150.49, 150.17, 141.76, 137.98, 137.57, 137.07, 124.79, 124.01, 123.78,
122.98, 122.34, 122.14, 121.71, 73.81, 54.83, 54.52, 46.84, 21.19. ESI m/z: calculated
for [M+H] " C133H139N24025 2472.0; Found 2472.0.
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4-Chemical Formula: C141H147N25024
Compound 4. Compound 3 (20 mg, 0.0081 mmol), (S)-1-phenylethanamine (100 pL,
0.77 mmol), were dissolved in dry DMSO (0.5 mL), then dry TEA (0.5 ml, 3.58 mmol)
was added to the reaction mixture. After the compound 3 and N-methylbenzylamine

7



was totally dissolution in the organic solvent, PyBop (50 mg, 0.096 mmol) was added
under inert atmosphere of N2 at room temperature. The reaction mixture was stirred at
room temperature for 12 hours. The volatiles were removed in vacuum and the crude
product was dispersed into ultrapure water and was fully sonicated then filtration to
obtain pure product. Ultimately, the pure compound 4 (15 mg, 72.1%) was got. 'HNMR
(400 MHz, CDCl3) 6 8.66— 8.10 (m, 24H), 7.48 — 7.36 (m, 9H), 5.38 (s, 12H), 3.67 (s,
15H), 3.43 (s, 8H), 2.13 (s, 183H). '3C NMR (126 MHz, CDCl3) & 169.77, 162.88,
150.49, 150.17, 141.76, 137.98, 137.57, 137.07, 124.79, 124.01, 123.78, 122.98,
122.34, 122.14, 121.71, 73.81, 54.83, 54.52, 46.84, 21.19. ESI m/z: calculated for
[M+H] * Ci41H147N25044 2575.0; Found 2575.0.
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5-Chemical Formula: C141H147N25024

Compound 5. Compound 3 (15 mg, 0.0061 mmol), (R)-1-phenylethanamine (100 pL,
0.77 mmol), were dissolved in dry DMSO (0.5 mL), then dry TEA (0.5 ml, 3.58 mmol)
was added to the reaction mixture. After the compound 3 and N-Methylbenzylamine
was totally dissolution in the organic solvent, PyBop (50 mg, 0.096 mmol) was added
under inert atmosphere of N2 at room temperature. The reaction mixture was stirred at
room temperature for 12 hours. The volatiles were removed in vacuum and the crude
product was dispersed into ultrapure water and was fully sonicated then filtration to
obtain pure product. Ultimately, the pure compound 5 (10.6 mg, 70.1%) was got. 'H
NMR (400 MHz, CDCIl3) 6 8.66 — 8.10 (m, 24H), 7.48 — 7.36 (m, 9H), 5.38 (s, 12H),
3.67 (s, 15H), 3.43 (s, 8H), 2.13 (s, 183H). 3C NMR (126 MHz, CDCl3) & 169.77,
162.88, 150.49, 150.17, 141.76, 137.98, 137.57, 137.07, 124.79, 124.01, 123.78,
122.98, 122.34, 122.14, 121.71, 73.81, 54.83, 54.52, 46.84, 21.19. ESI m/z: calculated
for [M+H] * C141H147N250,4 2575.0; Found 2575.0.
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7- Chemical Formula: C69He7N11011
Compound 7. Compound 9 (20 mg, 0.018mmol), (S)-1-phenylethanamine (100 pL,
0.77 mmol), were dissolved in dry DMSO (0.5 mL), then dry TEA (0.5 ml, 3.58 mmol)
was added to the reaction mixture. After the compound 9 and N-Methylbenzylamine
was totally dissolution in the organic solvent, PyBop (18.5 mg, 0.036 mmol) was added
under inert atmosphere of N2 at room temperature. The reaction mixture was stirred at
room temperature for 12 hours. The volatiles were removed in vacuum and the crude
product was dispersed into ultrapure water and was fully sonicated then filtration to
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obtain pure product. Finally, the pure compound 7 (17 mg, 76.6%) was got. 'H NMR
(500 MHz, CDCl3) 6 8.56 (dd, J=12.9,9.3 Hz, 1H), 8.47 — 8.22 (m, 2H), 8.06 (s, 1H),
7.49 —7.33 (m, 1H), 5.67 — 5.10 (m, 2H), 4.21 (d, J = 29.2 Hz, 1H), 2.13 — 1.44 (m,
11H). 3C NMR (126 MHz, CDCl3) 6 169.77, 162.88, 150.49, 150.17, 141.76, 137.98,
137.57, 137.07, 124.79, 124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81, 54.83,
54.52, 46.84, 21.19. ESI m/z: calculated for [M+H] * Ci41H147N25024 1226.5; Found
1226.5.
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8-Chemical Formula: Ce9He7N11011

Compound 8. Compound 9 (20 mg, 0.018 mmol), (R)-1-phenylethanamine (100 pL,
0.77 mmol), were dissolved in dry DMSO (0.5 mL), then dry TEA (0.5 ml, 3.58 mmol)
was added to the reaction mixture. After the compound 9 and N-Methylbenzylamine
was totally dissolution in the organic solvent, PyBop (18.5 mg, 0.036 mmol) was added
under inert atmosphere of N2 at room temperature. The reaction mixture was stirred at
room temperature for 12 hours. The volatiles were removed in vacuum and the crude
product was dispersed into ultrapure water and was fully sonicated then filtration to
obtain pure product. In the end the pure compound 8 (15.8 mg, 71.1%) was got. 'H
NMR (500 MHz, CDCl3) 6 8.56 (dd, J=12.9, 9.3 Hz, 1H), 8.47 — 8.22 (m, 2H), 8.06
(s, 1H), 7.49—-7.33 (m, 1H), 5.67 —5.10 (m, 2H), 4.21 (d, J=29.2 Hz, 1H), 2.13 - 1.44
(m, 11H). 3C NMR (126 MHz, CDCl3) & 169.77, 162.88, 150.49, 150.17, 141.76,
137.98,137.57, 137.07,124.79, 124.01, 123.78, 122.98, 122.34, 122.14, 121.71, 73.81,
54.83, 54.52, 46.84, 21.19. ESI m/z: calculated for [M+H] * Cis1H147N25024 1226.5;
Found 1226.5.
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Figure S1. "H NMR spectrum of compound 19 in CDCl3 (CDCl3/ Trifluoroacetic acid-
D 50:1).
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ESI-full spectrum
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Figure S2. ESI MS spectrum of compound 19.
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Figure S3. 'H NMR spectrum of compound 20 in CDCl3 (CDCl3/ Trifluoroacetic acid-

D 50:1).
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Figure S4. ESI MS spectrum of compound 20.
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Figure S5. '"HNMR spectrum of compound 9 in CDCI3 (CDCls/ Trifluoroacetic acid-

D 50:1).
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ESI-full spectrum

In:;ng’é_ a: [HM9+K]+ f- [HM9+H-4ip[‘]+ +MS, 0.3min #15
{ b:[HM9+H]" g : [HM9+H-Sipr|*
104 c:[HM9+H-ipr]* h: [HMS+H-6ipr]"
1 d:[HM9+H-2ipr|* '* [HM9+H-Tipr]*
osd e:[HM9+H-3ipr|* 1079.4
0.6
] e d
47 P g 1037.4
11 h g 953.3 b a
0278271 ggo2 9112 11234 1161.4
0.0

850 900 950 1000 1050 1100 1150 mz
Intens. +MS, 0.3min #15
x109 ]
204
] a : [HM9+K]*
1-5-_ 1161.4
1.0 1162.4
0.5 1163.4
| 1164.4
0.0+ T f f y T T T I S T T T
1158 1160 1162 1164 1166 1168 1170 mz
Intens. +MS, 0.3min #15
X109
2.0 .
] b : [HM9+H]
151 1123.4
] 1124.4
1.0
051 1125.4
] I‘ 1126.4
00 U 2 1 U ] U ] s T I 1 T T — T am—
1122 1124 1126 1128 1130 1132 1134 mz

19



Intens. +MS, 0.3min #15
x106-
104 .
¢ : [HM9+H-ipr|*
0.8 1079.4
0.6
| 1080.4
0.4
0.2 1081.4
1 k 1082.4
00 v A I A v I v I ' I k — I ' ) ' ) ' 1
1076 1078 1080 1082 1084 1086 1088 m'z
Intens. +MS, 0.3min #15
x109 ]
4] d : [HM9+H-2ipr]*
. 1037.4
3]
5] 1038.4
Ly 1039.4
] L1040.4
0 B e T T U ] U 1 }L —4 T T "| T T T
1034 1036 1038 1040 1042 1044 1046 m'z
Intens. ] +MS, 0.3min #15
x105j
5-
. e : [HM9+H-3ipr]*
41
] 995.3
3]
] 996.3
24
13
] 997.3
Ny 998.3
0 T T T T 1 T T A T T T T T Um—
992 994 996 998 1000 1002 1004 m'z

20




Intens. +MS, 0.3min #15

f : [HM9+H-dipr|*

9533

954.3

948 950 952 954 956 958 960 " iz

Intenssj +MS, 0.3min #15
x10°]

25
] g : [HM9+H-5ipr|*
20

] 9112
15

1.0 9122

054
i 913.2

o ] A_ 914.2

908  oi0 912 o4 916 o1s mz

Intenss.- +MS, 0.3min #15
x10° 7

20
] h : [HM9+H-6ipr]*

1.5 869.2

1.0+
870.2

054

o.o: L L.

866 ses 870 872 814 876 mz

Intenss- +MS, 0.3min #15
x107 ]

20 i: [HM9+H-7ipr|*

] 827.1
15

1.0
] 828.1
05
] 829.1

0.0 ....,...,,.......—.J.“..............’.‘............,.
824 825 826 827 828 829 830 831 832 mz
21



Figure S6. ESI MS spectrum of compound 9.
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Figure S7. '"HNMR spectrum of compound 6 in CDCI3 (CDCls/ Trifluoroacetic acid-

D 50:1).
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ESI-full spectrum
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Figure S8. ESI MS spectrum of compound 6.
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Figure S10. ESI MS spectrum of compound 21.
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Figure S11. "THNMR spectrum of compound 22 in CDClz (CDCl3/ Trifluoroacetic acid-
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Figure S12. 'H NMR spectrum of compound 6 and compound 22 in CDCl3 (CDCl3/

Trifluoroacetic acid-D 50:1).
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Figure S15. ESI MS spectrum of HM1.
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Figure S17. ESI MS spectrum of HM2.

12’8

1145

8€'8~
6€°87
0v'8-]
ov'g
'8
e

€5

158 ]
658

[ L9°Ct

¥ 082
99'2

ggoL f

v 26|

N 6972

~00°v2

11 10

12

Figure S18. '"H NMR spectrum of HM3 in CDCI3 (CDCls/ Trifluoroacetic acid-D 50:1).
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Figure S19. ESI MS spectrum of HM3.
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Figure S20. ESI MS spectrum of HM3.
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Figure S22. 'HNMR spectrum of HMS5 in CDCl; (CDCls/ Trifluoroacetic acid-D 50:1).
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Figure S23. ESI MS spectrum of HM4 and HMS.
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Figure S24. '"HNMR spectrum of HM7 in CDCl3 (CDCl3/ Trifluoroacetic acid-D 50:1).
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Figure S25. '"HNMR spectrum of HM8 in CDCl3 (CDCl3/ Trifluoroacetic acid-D 50:1).
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Figure S26. ESI MS spectrum of HM7 and HMS.
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Figure S28. 13C NMR spectrum of compound 20 in CDCl3 (CDCl3/ Trifluoroacetic
acid-D 50:1).
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Figure S30. 1*C NMR spectrum of compound 6 in CDCI3 (CDCl3/ Trifluoroacetic
acid-D 50:1).
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Figure S32. 13C NMR spectrum of compound 22 in CDCl3 (CDCl3/ Trifluoroacetic
acid-D 50:1).
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Figure S33. 13C NMR spectrum of HM1 in CDCl3 (CDCls/ Trifluoroacetic acid-D
50:1).
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Figure S38. The HPLC chromatograph of compound 1-4, compound 6, compound 22.
HPLC analysis with C4 column ( (CBM-20A, YMC-Pack Pro C4; Mobile phases: water
and acetonitrile; flow rate:0.5mL/min; A =365 nm)k
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4. The CD spectra of HM1 / HM4 / HMS / HM7 / HM8 / HM9
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Figure S39. (a) The CD spectra of HM9 at 25 uM. (b) The CD spectra of HM1 at 25

uM.
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Figure S40. (a) - (d) The comparison of CD intensity by HM4 and HM?7 in different
concentration (10 pM, 25 uM, 50 uM and 70 pM).
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Figure S41. (a) (b) (c¢) (d) The comparison of CD intensity by HMS and HMS8 in
different concentration (10 uM, 25 uM, 50 uM and 70uM).

Ration = 6(HM4)/6(HM7) or Ration = 6(HM5)/6(HMS8)

Concentration
70

Ration 2.5 2.9 2.8 3.5

Table S1. The ration of the CD intensity of HMS and HMS8 in different concentration
(10 uM, 25 uM, 50 uM and 70 uM) at the wavelength of 395 nm.
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5. Fluorescence spectra of HM1 / HM3
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Figure S42. (a) Quantified analysis of the relationship between the maximum emission
wavelength and the molar concentration of HM1 and HM3.
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Figure S43. Fluorescence titration of ophenanthroline-oxadiazole-based trimer
(excitation wavelength: 370 nm). (a) Molecule concentration between 1 uM and 500
uM. (b) Molecule concentration between 600 pM and 10 mM.
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6. The UV spectra of HM1 / HM3 / HM4
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Figure S44. (a) (b) The ultraviolet-visible (UV-Vis) spectra of HM1 in CHCIl3 at 298K
at different concentrations. (c) (d) The ultraviolet-visible (UV-Vis) spectra of HM3 in
CHCI3 at 298K at different concentrations. (e) Plots of absorbance at 370 nm versus
concentrations in relation to HMI1. (f) Plots of absorbance at 370 nm versus
concentrations in relation to HM3.
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Figure S45. (a) The UV-Vis spectra of HM4 in CHCI3 at 298 K at different
concentrations (0-7 pM); (b) Plots of absorbance at 340 nm versus concentrations.

7. The assembly of HM1 / HM2 on the silicon wafer surface

The HM1 and HM2 were dissolved in acetonitrile which their concentration was varied
from 108 M to 10 M. Applied 5 uL of the solution to the silicon wafer and evaporated
the solvent naturally in sealed surface dish at 45°C. To prevent the contamination of the
silicon wafers, the silicon wafers with assembled molecules must be conserved in an
airtight environment before testing.
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Figure S46. (a) AFM images of the self-assembly of HM1 in acetonitrile with multiple
assembly sizes. (b) AFM images of the self-assembly of HM2 in acetonitrile with
multiple assembly sizes.
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8. Fluorescence titration experiments of ion-bounding
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(a), (b) The fluorescence titrations of HM1 for K™ and Na' at the
concentration of 10 uM in DMSO upon adding 10 eq the corresponding ions. (c) (d)
The fluorescence titrations of HM2 for K™ and Na* at the concentration of 10 uM in the
mixture solvent acetonitrile/water (9:1, vol/vol) through adding different amounts of
corresponding ions. (¢) The increments in fluorescence intensity of HMI1. (f) The
increments in fluorescence intensity of HM2.
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9. Ion transport experiments using HPTS assay

The vesicles were prepared as follows: 50 mg EYPC (egg yolk L-o-
phosphatidylcholine) dissolved in 5 mL chloroform and divided them into equally into
five clear flat-bottomed vials then the solution was dried under a nitrogen atmosphere
after that the phospholipids are kept under vacuum for 12 hours. Keep the drained
phospholipids sealed in the fridge at -20°C for auxiliary. Before using the prepared
phospholipids, the vial is naturally warming to room temperature. The phospholipid
was hydrated in HEPES (1 mL, 10 mM HEPES 100 mM NaCl/Na2SO4/K2SO4, pH =
7.0) buffer solution with 1 mM HPTS for 3 hours in a 37°C thermostat. The suspension
was subjected to ten freeze-thaw cycles through liquid nitrogen and 40°C thermostat
water-bath. The mixture was extruded through 200 pm polycarbonate membrane for
ten times, then the mixture was purified by Sephadex G-50 to remove the dye outside
the vesicles with HEPES buffer mobile phase.

The HPTS-containing LUV suspension 50 pL (the vesicle contains 100 mM NaCl at
pH = 7.0) was added into 950 uLL HEPES buffer solution (10 mM HEPES, 100 mM
NaCl/Na2S04/K2SO4pH = 7.8) to generate a pH gradient for ion transport study. The
channel was dissolved in DMSO, 10 pL channel is added to the test system and stirred.
Fluorescence intensity (Et) was consecutively monitored at 510 nm (excitation 460 nm,
emission of HPTS at 510 nm) at the moment of addition of the channel molecules. The
monitoring of fluorescence changes was terminated at the moment of the addition of
20% Triton X-100 solution. The fluorescence data was normalized according to the
equation:

Rf = (Et - Eo)/(E~ - Eo)
R¢: normalized fluorescence intensity.
Eo: the initial emission intensity.
Ew: the final emission intensity.
Y was considered as transmembrane transport activity.
The Hill coefficient n and effective concentration EC50 can be obtained by the Hill
equation:

Y =Y, + (Yo — Y1 + (c/EC50)n)
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Figure S48. (a) K™ and (b) Na"transport activity of HM2 at different concentration
(external-vesicle KCl buffer pH = 7.8). (c) K* and Na* Hill plot for transport by HM2
(external-vesicle KCI buffer pH = 7.8).
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Figure S49. (a) K" transport activity of HM3 at different concentration. (b) K™ Hill plot
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Figure S50. (a) The transport activity for K™ of HM#6 at different concentration. (b) The
transport activity for Na® of HM6 at different concentration. (c¢) The transport activity
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10. The inhibition for K* transport by Lys of HM1
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Figure S51. (a) Schematic illustration for the transport inhibition experiment by addition of Lys;
(b) The inhibition to the K* transport of HM1 through the addition of 1 mM Lysine (Lys).
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11. Continuous regulation of the pH-responsive behaviour for

potassium of HM2
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Figure S52. (a) The schematic representation of liposomes with continuous dynamic
regulation for K* about HM2.

12. Proton transfer experiment
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Figure S53. (a) The liposomal diagram for proton transport by HM2 in a discharged
state; (b) The proton transport activities of HM1, HM2, and gA at the concentration of
500 nM.
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13. The selectivity (Skn.) of HM1 / HM2 / HM6

The selectivity of K" and Na* (Sk»wa') was calculated through vesicle transport

experiment according to first-order rate equation.

The first-order rate equation:
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Figure S54. (a) K and Na* transport activity of HM6 at 500 nM. (b) Fitting of
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14. Planar lipid bilayer conductance experiment

The DiPhyPC was dissolved in CHCI3 and dried under nitrogen atmosphere. Before
testing, the n-decane was added into the vials with the concentration of 25 mg/mL. 0.2-
0.3 pL of hexane solution containing phospholipid was pre-coated on the pore with the
diameter of 200 pm in the Delrin cup. While the capacitance value is situated between
80 pF and 120 pF, which is conducive for molecules to be embedded into the film. To
obtain single-channel signals of HM1 and HM2 to potassium ions, the 1 mL 1 M KCI
or 1 M NH4Cl was filled in both the cup (#rans) and chambers (cis). The Ag-AgCl
electrodes were inserted vertically into the solution of chambers. Then the 1 uL 100
uM DMSO solution of HM1 or HM2 was added into the cup and stir the solution so as
to increase the probability of channel embedding in the phospholipid membrane. Itis
imperative to adjust the voltage on both sides of the membrane to obtain a current signal
with a series of voltage.
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Figure S55. Schematic diagram for the patch clamp experiments with planar lipid
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14-1. Single-channel conduction current of HM1 for K* (the supplementation of data
for lipid bilayers). We captured some signals from multiple channels simultaneously
embedded in phospholipid membranes fortunately we capture the longer open time of
HM1 and HM2.
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Figure S56. Single-channel current traces of HM1 recorded at different voltages (trans
chamber = 1 M KCl, cis chamber = 1 M KCI).
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14-2. Single-channel conduction current of HM2 for K*. We captured some signals
from multiple channels simultaneously embedded in phospholipid membranes.
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Figure S57. Single-channel current traces of HM2 for K* recorded at different voltages
(trans chamber = 1 M KCl, cis chamber = 1 M KCI).

14-3. Asymmetric BLM experiments of HM1.
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Figure S58. Preferential assembly mode of molecules on membranes.
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