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Materials and Methods

All solvents were dried before use following the standard procedures. Unless indicated otherwise, all
starting materials were obtained from commercial suppliers and used without additional purification.
Analytical thin-layer chromatography (TLC) was performed on silica-gel plates w/UV254. '"H NMR and '3C
NMR spectra were recorded on Bruker AVANCE NEO 600MHz, at a constant temperature of 298.0 K.
Chemical shifts are reported in d values in ppm using residual solvent as internal standard and coupling
constants (J) are denoted in Hz. MALDI-TOF MS spectra were recorded on a Bruker autoflex maX
spectrometer, matrix is trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile(DCTB).
High resolution mass spectra were recorded using ESI ionization in the positive mode on ThermoFisher
LTQ-Orbitrap Elite. The morpholgy of supramolecular assemblies was revealed by a high-resolution
transmission electron microscope (JEOL JEM-F200) operating at an accelerating voltage of 200 kV. The
sample was prepared by dropping the solution onto a carbon-coated copper grid and then was air-dried.
The ground state geometries were derived by density functional theory (DFT). All the computations were
performed using the Gaussian 09 program on a personal computer using B3LYP and wB97XD in
conjunction with 6-31G (d, p). All analyses as well as drawing of various kinds of maps were finished using
the Multiwfn 3.7 code.S". S2

Synthesis of macrocycle MC
Macrocycle MCS23 was synthesized according to the reported literature.
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Figure S1. "H NMR spectrum (600 MHz, CDCIl3;/DMSO-ds = 4/1, v/v, 298.0 K) of MC.
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Figure S3. HRMS (ESI)-mass spectrum of MC (top: experimental, bottom: simulated).
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Figure S2. '3C NMR spectrum (600 MHz, CDCIl3/DMSO-ds = 4/1, viv, 298.0 K) of MC.
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Figure S4. Partial DOSY spectrum (600 MHz, CDCI3/DMSO-ds = 4/1, v/v, 298.0 K) of MC. [MC] = 1.0 mM.

Synthesis of guests MP1, MP2, BP1 and BP2
The synthetic routes of guests are shown in Scheme S1.
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Synthesis of MP154: 4-picoline (93.1 mg, 1.0 mmol, 1.0 eq) and methyl iodide (238.9 mg, 2.0 mmol, 2.0
eq) were mixed in toluene (2 ml). The solution was stirred at room temperature for 4 h, and refluxing for
1h. After cooling, the precipitated MP1 was filtered and washed with ethyl ether, and was further dried in
vacuum for 2 h, the product was collected as light yellow solid (180.1 mg), yield 77.0%. "H NMR (600
MHz, DMSO-ds, 298.0 K) & (ppm): 8.82 (d, J = 6.6 Hz, 2H), 7.95 (d, J = 6.3 Hz, 2H), 4.26 (s, 3H), 2.59 (s,
3H). 3C NMR (150 MHz, DMSO-dg, 298.0 K) & (ppm): 158.27, 144.58, 128.01, 47.16, 21.35. HR-ESI MS:

calcd for [M-1]* m/z 108.0808, found m/z 108.0805.

Synthesis of MP2S5; 4-picoline (93.1 mg, 1.0 mmol, 1.0 eq) and 1-Bromooctane (289.7 mg, 1.5 mmol, 1.5
eq) were mixed in CH3CN (1 ml). The solution was stirred at 70°C for 24 h. After cooling, solvent was
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removed under reduced pressure. The product was purified by column chromatography (SiOs,
CHCI/MeOH) to obtain compound MP2 as a yellow viscous solid (228.0 mg), yield 80.0%. '"H NMR (600
MHz, DMSO-ds, 298.0 K) 6 (ppm): 8.93 (d, J = 6.8 Hz, 2H), 7.99 (d, J = 6.2 Hz, 2H), 4.51 (1, J = 7.4 Hz,
2H), 2.60 (s, 3H), 1.87 (m, J = 7.5 Hz, 2H), 1.24 (m, J = 8.1 Hz, 10H), 0.89 — 0.81 (m, 3H). "3C NMR (150
MHz, DMSO-ds, 298.0 K) & (ppm): 158.77, 143.76, 128.37, 59.87, 13.99. HR-ESI MS: calcd for [M-Br]*
m/z 206.1903, found m/z 206.1902.

Synthesis of BP158: 4,4'-Bipyridine (156.2 mg, 1.0 mmol, 1.0 eq) and 1-Bromooctane (424.9 mg, 2.2 mmol,
2.2 eq) were mixed in N,N-Dimethylformamide (4.0 ml). The solution was stirred at 120°C for 24 h. After
cooling, the precipitated 1 was filtered and washed with N,N-Dimethylformamide and ethyl ether, and was
further dried in vacuum for 2 h, the product was collected as yellow solid (434.0 mg), yield 80.0%. For
anion exchange, an aqueous solution of 1 (434.0 mg, 0.80 mmol, 1.0 mM) was added to the NH4PF;
(317.9 mg, 2.0 mmol, 3.0 eq) at room temperature. The mixture was stirred for 1 h, the precipitated BP1
was filtered and washed with water, and was further dried in vacuum for 24 h, the product was collected
as light yellow solid (403.5 mg), yield 75.0%. "H NMR (600 MHz, DMSO-ds, 298.0 K) & (ppm): 9.36 (d, J
=7.0Hz, 4H), 8.76 (d, J = 7.0 Hz, 4H), 4.67 (t, J = 7.5 Hz, 4H), 1.97 (m, J = 7.2 Hz, 4H), 1.33 — 1.22 (m,
20H), 0.89 — 0.83 (m, 6H). '3C NMR (150 MHz, DMSO-ds, 298.0 K) d (ppm): 148.67, 145.76, 126.63,
60.99, 31.16, 30.76, 28.49, 28.39, 25.46, 22.07, 13.97. HR-ESI MS: calcd for [M-2PF¢]* m/z 191.1669,
found m/z 191.1667.

Synthesis of BP257: trans-1,2-Di(4-pyridyl)ethylene (182.1 mg, 1.0 mmol, 1.0 eq) and 1-Bromooctane
(424.9 mg, 2.2 mmol, 2.2 eq) were mixed in N,N-Dimethylformamide (4 ml). The solution was stirred at
120°C for 24 h. After cooling, the precipitated 2 was filtered and washed with N,N-Dimethylformamide and
ethyl ether, and was further dried in vacuum for 2 h, the product was collected as yellow solid (367.9 mg),
yield 65.0%. For anion exchange, an aqueous solution of 2 (367.9 mg, 0.65 mmol, 1.0 mM) was added to
the NH4PF¢ (317.9 mg, 2.0 mmol, 3.0 eq) at room temperature. The mixture was stirred for 1 h, the
precipitated BP2 was filtered and washed with water, and was further dried in vacuum for 24 h, the product
was collected as light yellow solid (218.0 mg), yield 49.1%. '"H NMR (600 MHz, DMSO-ds, 298.0 K) d
(ppm): 9.12 (d, J = 6.1 Hz, 4H), 8.33 (d, J = 5.4 Hz, 4H), 8.11 (s, 2H), 4.57 (s, 4H), 1.93 (m, J = 7.3 Hz,
4H), 1.34 — 1.20 (m, 20H), 0.88 — 0.83 (m, 6H). '3C NMR (150 MHz, DMSO-ds, 298.0 K) d (ppm): 150.37,
145.19, 134.05, 125.48, 60.48, 31.19, 30.65, 28.51, 28.42, 25.48, 22.11, 14.01. HR-ESI MS: calcd for [M-
PFs]* m/z 553.3141, found m/z 553.3156.
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Figure S5. The energy-optimized structure for MC.
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Details

Time to fit 1.7984 s
SSR 2.3816e-3
Fitted datapoints 126
Fitted params 14
Parameters
Parameter
(bounds) Optimised  Error Initial
Kn(0—=) 11669.98 +15.2756  1000.00
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K21 (0— =) 1565.33 +8.1310 100.00
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Figure S9. Nonlinear least-squares analysis of the '"H NMR binding data (Figure 2a) corresponding to the
formation of MC,oMP1 complexes. The data were fitted to a 2:1 (host : guest) binding model to give Ky, =
(1.17 £ 0.18) x 10*M"and K, = (1.56 + 0.13) x 103 M-'. The residual distribution is shown below the binding
isotherm. All solid lines were obtained from non-linear curve-fitting with the Nelder—Mead method to a 2:1
binding model using the http://supramolecular.org/ web applet.
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Figure S11. Partial DOSY spectrum (600 MHz, CDCI3/DMSO-ds = 4/1, viv, 298.0 K) of MP1. [MP1] = 1.0
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Figure S12. Partial DOSY spectrum (600 MHz, CDCly/DMSO-ds = 4/1, viv, 298.0 K) of MC,oMP1. [MC]
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=2.0 mM, [MP1] = 1.0 mM. Arrows represent NOEs between MC and MP1. (The flexible alkyl chains were
omitted for clarity.)
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Figure S18. Nonlinear least-squares analysis of the "H NMR binding data (Figure S14) corresponding to
the formation of MC,oMP2 complexes. The data were fitted to a 2:1 (host : guest) binding model to give
K11 = (1.07 £ 0.01) x 103 M-"and Ky = (2.29 £ 0.06) x 102 M-". The residual distribution is shown below
the binding isotherm. All solid lines were obtained from non-linear curve-fitting with the Nelder—Mead
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method to a 2 : 1 binding model using the http://supramolecular.org/ web applet.
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Figure S24. Partial 'H NMR spectra (600 MHz, CDCly/DMSO-ds = 4/1, v/v, 298.0 K) of MC,5BP1. [MC]
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Figure S28. ESI| mass spectra of MC with (a) 1.1 eq., (b) 3.2 eq., (c)7.6 eq. and (d)13 eq. BP1, ESI mass
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Figure S29. Partial '"H NMR spectra (600 MHz, CDCI3/DMSO-ds = 4/1, viv, 298.0 K) of MC at a
concentration of 1.0 mM with different equivalent of BP2 (The pink dotted line represents the bound guest,
the blue dotted line represents the free guest).
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Figure S31. Partial DOSY spectrum (600 MHz, CDCI3/DMSO-ds = 4/1, viv, 298.0 K) of BP2. [BP2] = 1.0
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Figure S32. Partial DOSY spectrum (600 MHz, CDCly/DMSO-dg = 4/1, viv, 298.0 K) of MC3;5BP2. [MC]
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Figure S36. TEM images of the guests (a) MP1, (b) MP2, (c) BP1 and (d) BP2.
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Figure S37. TEM images of the thick membrane of (a) vesicle [MC,2oMP1], (b) vesicle [MC,oMP2], (c)
vesicle [MC,5BP1] and (d) vesicle [MC3;oBP2]. (TEM image of [MC,oBP1] stained with uranyl acetate).
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