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Experimental procedures

1/ Chemical compounds. The chemicals: D20, trifluoroacetic acid-D (TFA), and Amberlite®IRA 400
chloride form were purchased from commercial sources (Aldrich, Acros or TCI) and used without
further purification. Compound 1-butyl-3-methylimidazolium hexafluorophosphate was purchased from
Aldrich and modified into 1-Butyl-3-methylimidazolium chloride (BMIC) using Amberlite®IRA 400
chloride form. CB[7] was prepared according to a previous paperyl with extra caution regarding
remaining trace acid since batches not pure enough (pH of CB[7] solutions <7) could give inconsistent
NMR results. CB[7] batches giving neutral pH stock solutions were then used throughout this study.
NaCl (99.5%) was from Prolabo. V-P-1 was prepared according to a previously reported procedure.??

2/ NMR Measurements. NMR spectra were recorded on BRUKER Avance Ill nanobay — 300 or 400
spectrometers and a BRUKER Avance | — 500 spectrometer (*H-NMR 300.13, 400.13, and 500.13
MHz and ®C-NMR 75.46, 100.60, and 125.75 MHz respectively) using D,O as the solvent (internal
reference, 4.75 ppm, and a watergate sequence (water suppress) when necessary (potentially
affecting signals and integrals near the signal suppressed). Acetone was also used when necessary as
another reference. Splitting patterns are indicated as follows: s, singlet; d, doublet; t, triplet; m, multiplet.

3/ Mass spectrometry. A stock solution of 0.02 mM V-P-I with 0.06 mM CB[7] was prepared and the
pH adjusted to ~9 by a sodium hydroxide solution. The stock solution was diluted 4 times and filtrated
through a 450 nm filter membrane before ElectroSpray lonization Mass Spectrometry (ESI-MS). The
ESI-MS analysis was performed with a Thermo LTQ OrbiTrap XL instrument equipped with an
ESI/APcl multiprobe. The single injection mode was used. The syringe flow rate was set at 10 yL/min;
the Sheath Gas (arb) was set at 12; the Auxiliary Gas (arb) was set at 3; the ISpray Voltage was set at
4.0 kV; the Capillary Temperature was set at 275°C.

4/ DFT Calculations. DFT calculations were performed with the Gaussian09 Rev.D01 package. All the
structures were fully optimized at the B3LYP/6-31G(d) level of theory using a water continuum model
(CPCM) and frequency checked for true minimas. Dispersion was taken into account using BJ-
damping (additional keyword: empiricaldispersion=gd3bj).E! Three positions of the host around the
guest were considered (CB[7] on stations V, P or I). For V-P-1?*<CBJ[7], the most stable complex has
CBJ7] on station V. For V-P-I**<CB[7], the most stable complex has the host on station P, in line with
NMR results. For atomic coordinates of these two complexes, see the end of this document.
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5/ UV-visible spectra of V-P-1?*, V-P-I3*, V-P-I>*«CB[7] and V-P-I**<CB[7].
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Figure S1. UV-vis spectra of V-P-I12*, V-P-I**, V-P-12*<CBJ[7] and V-P-I3*-CB[7] and corresponding HOMO, LUMO,
and energy levels.

The HOMO-LUMO gaps increase as a result of protonation, which is consistent with higher energy
photons and so a shift toward more energetic wavelengths (UV) which is also observed experimentally

and visually as the solutions’ colors turn colorless with pH lowering.
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6/ pKa Measurements.
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Figure S2. pKa Values determined by UV-vis spectroscopy in water/HCI/NaOH.
(pKa1 = 6.76 + 0.05, pKaz = 11.50 + 0.10; [V-P-1] = 0.01 mM, [CB7]=0.04 mM).

At these concentrations for V-P-1 and CB[7], the proportion of 1:1 complex is ~95% while that of the 1:2
complex is only ~5% based on the binding constants reported in the paper. This allows for determining
pKa values for 1:1 complexes while minimizing the effect of 1:2 complexes.

7/ *H NMR of V-P-I3* and titration toward V-P-12* in D,O.
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Figure S3. Excerpt of the aromatic region of the 'H NMR spectra of V-P-I in acid conditions (V-P-I3*, top,
addition of 40 pL of a 25 mM solution of TFA into 0.5 mL of a 1 mM solution of V-P-12*) before gradual
addition of NaOH (25 mM) toward formation of V-P-12* (bottom) in D20.

!H NMR titrations of V-P-I** to V-P-I?* revealed signal changes in line with benzimidazole deprotonation
(signals corresponding to protons number 8 and 9 are the most affected).

S4



8/ Preparation and NMR spectra of V-P-I>*¢CB[7] and V-P-I3*CBJ[7].

Preparation and NMR spectra of V-P-12*-CB[7]:

A 1 mM solution of V-P-12*<CB[7] was prepared from a stock solution of 5 mM of V-P-I (prepared by
dissolution of 2.71 mg in 1.240 mL of D,O) and a stock solution of 5 mM of CBJ[7] (prepared by
dissolution of 21.25 mg in 3.650 mL of D,0); 100 uL of each solution and addition of 300 uL of D,0O,
leading to a yellow solution. 1D and 2D NMR spectra have already been reported (supporting
information).!?

'H NMR (500 MHz, D,0) 5 9.30 (d, J = 6.5 Hz, 2H, H5), 8.97 (d, J = 6.1 Hz, 2H, H2), 8.45 (d, J = 8.0
Hz, 2H, H7), 8.32 (d, J = 8.0 Hz, 2H, H6), 7.75 (m, 2H, H8 or H9), 7.40 (m, 2H, H8 or H9), 7.16 (m, 2H,
H4), 7.03 (m, 2H, H3), 5.67 (d, J = 14.2 Hz, 7H, CBJ[7]), 5.62 (d, J = 13.7 Hz, 7H, CB[7]), 5.45 (s, 14H,
CBI[7]), 4.62 (s, 3H, -CH3), 4.21 (d, J = 8.1 Hz, 7H, CB[7]), 4.18 (d, J = 8.1 Hz, 7H, CB[7]).

Preparation and NMR spectra of V-P-I**CB[7]:

A 1 mM solution of V-P-I**«CB[7] was prepared from a stock solution of 5 mM of V-P-I (prepared by
dissolution of 2.71 mg in 1.240 mL of D,O) and a stock solution of 5 mM of CBJ[7] (prepared by
dissolution of 21.25 mg in 3.650 mL of D,0); 100 uL of each solution and addition of 300 uL of D,O.
Then 2 equiv of TFA (40 uL of a 50 mM solution) was added, leading to an colorless solution.

1H NMR (500 MHz, D;O) &6 9.14 (d, J = 6.6 Hz, 2H, H2), 8.78 (s, 4H, H4 and H5), 8.66 (d, J = 6.1 Hz,
2H, H3), 8.07 (d, J = 6.0 Hz, 2H, H8 or H9), 7.77 (d, J = 6.0 Hz, 2H, H8 or H9), 7.57 (d, J = 8.1 Hz, 2H,
H7), 7.26 (d, J = 8.2 Hz, 2H, H6), 5.70 (d, J = 25.8 Hz, 7H, CB[7]), 5.67 (d, J = 25.8 Hz, 7H, CB[7]),
5.54 (s, 14H, CB[7]), 4.57 (s, 3H, H1), 4.26 (d, J = 10.2 Hz, 7H, CB[7]), 4.23 (d, J = 10.2 Hz, 7H,
CB[7)]).
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Figure S4. *H NMR spectrum of the V-P-1*CB[7] complex in D20 (Bruker AV500, 1 mM).
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Figure S5. COSY H-H NMR spectrum of the V-P-I13*«CB[7] complex in D20 (Bruker AV300, 1mM).

9/ Amount of proton stimulus required for total ring translocation.
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Figure S6. 'H NMR spectra (300MHz-NMR, 96 scans) of V-P-I2*«CBJ[7] (top, concentration: 1 mM in
D20, 300MHz-NMR) with gradual addition of trifluoroacetic acid TFA-D (concentration: 12.5 mM in D20)
toward formation of V-P-I3*«CBJ[7] (bottom, concentration: 1 mM in D20, Bruker AV500) in D20.
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10/ DFT calculations.

V-P-12++CB[7]

Figure S7. DFT minimized structures compatible with NMR data for the included complexes of
(top) V-P-12*<CB[7] and (bottom) V-P-I3*<CB[7].

11/ *H NMR titrations of V-P-1 with CB[7] in basic and acid conditions.
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Figure S8. Excerpts of the aromatic region of V-P-1?* (a) and V-P-I** (c) for the 'H NMR titration with CB[7] in D20
([V-P-1?*] = 556 uM and [V-P-I**] = 1 mM ([TFA] = 3 mM for c)). Proposed structures are shown in (b).
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12/ Preparation and NMR spectra of V-P-I1¥*CB[7]..

A 1 mM solution of V-P-1>**CB[7] was prepared from a stock solution of 5 mM of V-P-I (prepared by
dissolution of 2.71 mg in 1.240 mL of D,0O) and a stock solution of 5 mM of CBJ[7] (prepared by
dissolution of 21.25 mg in 3.650 mL of D>O); 100 uL of V-P-I solution and 400 pL of CB[7] solution (4
equiv of CBJ[7]). Then 2 equiv of TFA (40 uL of a 50 mM solution) was added, leading to an colorless
solution.

'H NMR (300 MHz, D»0) & 9.52 (d, J = 6.7 Hz, 2H, H5), 9.00 (d, J = 6.7 Hz, 2H, H2), 8.91 (d, J = 8.6
Hz, 2H, H7), 8.66 (d, J = 8.7 Hz, 2H, H6), 7.25 (d, J = 6.3 Hz, 2H, H4), 7.04 (m, 4H, overlapped of H3
and H8 or H9), 6.96 (m, 2H, H8 or H9), 5.76 (br m, 56H, CB[7]), 5.54 (s, 56H, CB[7]), 4.26 (d, J = 15.5
Hz, 56H, CB[7]).
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Figure S9. H NMR spectrum of the V-P-I3**CB[7]2 complex in D20 (Bruker AV300, 1mM, 4 equiv of CB[7]).
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Figure S10. COSY H-H NMR spectrum of the V-P-I3**CB[7]> complex in D20 (Bruker AV300, 1mM, 4 equiv of
CBI[7]).
13/ Mass spectrometry of V-P-1 with CB[7].
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Figure S11. MS spectrum of V-P-I and CB[7] showing the presence of 1:1 and 1:2 complexes.
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14/ Job plots of V-P-l with CB[7].
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Figure S12. Job plot for V-P-1 and CBJ[7] in basic conditions (pH = 9).
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Figure S13. Job plot for V-P-1 and CBJ[7] in acid conditions (pH = 2).
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15/ Determination of binding constants by competition NMR.

The binding constants of V-P-I*" and V-P-I**CB[7] toward CB[7] were determined via *H NMR using
competitors, following the procedures of Isaacs et al. and Macartney et al.

Determination of the binding constant of 1-butyl-3-methylimidazolium chloride (BMIC) toward
CB[7] using V-P-I?* as competitor.

Solutions of BMIC or BMIC+CBJ7] (Eq 1) were prepared (1 mM in D,O) and the NMR spectra were
recorded at 298 K on a Bruker AV300 spectrometer (120 scans). The *H NMR spectra permitted to
determine the values of the observed chemical shifts &q,s Of the CHs-protons of the butyl group for free
BMIC (Sobs smic = 0.916 ppm, Figure S13a) and BMIC+CB[7] (Sobs_smic-carj = 136 ppm, Figure S13b and
Table S1). We evaluated the chemical shift difference of the CHs-protons between free BMIC and
complexed BMIC : Adobs-chz = Oobs_mic - Oobs_emic-ca7; = 0.780 ppm (Table S1).

Competitive solutions (Eq 2) were prepared via mixing BMIC, CB[7] and V-P-I1**in D,O (volume: 0.500
mL, traces of acetone as internal reference) and their 'H NMR spectra (Figure S13c) permitted to
evaluate the values of the Ouwschs (Observed chemical shifts CHs-protons of the butyl group in
competition) of BMIC (Table S1). The equilibrium constant of the competition K*™ is represented in
Eg 4. The values of Adobs-chz and Oops-chz are used to calculate the concentrations of the different
species (Eq 6-9) and,™ eventually, Eq 5 gives the binding constant of BMIC K**-8M'C (Table S1) using
the binding constant of V-P-1>* toward CB[7] of 7.25 x 10°> M1.® the binding constant of BMIC was
151000 + 5000 M2,

Eq 1 BMIC + CB[7] {BMIC-CB[7]}
Eq 2 {BMIC-CB[7]} + V-P-I BMIC+ {V-P-I-CB[7]}
. {BMIC-CB[7]}
Eq3 K= W and [BMICleota = [BMIC]tree + [{BMIC-CB[7]}]
[BMIC]*[{V—P—1.CB[7]}] g1 VPl

Eq 4 K™ = =

[{BMIC+CB[7]}]*[V—P~I] K1:1BMIC

and [V-P-12Yoa = [V-P-1?"Jree + [{V-P-I2*CB[7]}], [CB[7]low = [{BMIC-CB[7]}] + [{V-P-1**CB[7]}] +
[CB[7]]free ([CB[7]]free is negllglble)

[(BMIC-CB[7I}]*[V—P—I]*xK 1 VPI
[BMIC]<[{V—P-I-CB[7]}]

Eq 5 Kl:l BMIC _—

8obs — (8obs . Sobs. -0.136
Eq 6 [BMIC] = (8obs_cH3) — (8obs_BMIC CB[7])* [BMIC] 10 = (Sobs_cp3) « [BMIC 001
(A8ops_cHs) 0.780
(80 S )_(50 S ) 0-916_(80 S )
Eq 7 [{BMIC.CB[7]}] = —ff=— 2w [BMICleorar = —— o * [BMICleotar

Eq 8 [{V-P-1*CB[7]}] = [CB[7]]tot - [{BMIC-CB[7]}] ([CB[7]lwecis negligible).®

EqQ 9 [V-P-I] = [V-P-lJota - [{V-P-1sCB[7]}]
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Table S1. Calculation of binding constants from *H NMR data.?

Ratios of Oobs_CH3 % of free BMIC® Calculated binding
BMIC/V-P-12*/CBJ[7] (average)” constant of BMICH
1/0/0 0.916 ppm 100 -

1/0/1 0.136 ppm 0 -

1/1/1 0.670 ppm 68.5 153000 M?

2/1/1¢ 0.749 ppm 78.6 148000 M*

binding constant of BMICf = 151000 + 5000 M*

aConditions: [V-P-1?*lotar = [CB[7]}ta = 1 mM in D20, Bruker AV300 spectrometer, 80-120 scans, 298 K;
bchemical shift of CHs-group of butyl of BMIC Ous cHs, the presented values are the averages, the NMR
experiments were repeated 3 times; °calculated from Eq 6; 9calculated from Eq 5; ¢[BMIC] = 2 mM, [V-P-I1#*]iotal =
[CB[7]]totar = 1 mM; faverage value and standard deviation.
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Figure S14. 'H NMR of BMIC (a), {BMIC*CB[7]} (b) and a mixture of BMIC, V-P-I?* and CB[7] (c, ratio 1/1/1, 1
mM in D20), data collected at 298 K on a Bruker AV300 spectrometer, the spectra were calibrated using traces of
acetone as internal reference (6 = 2.220 ppm).[€l

Determination of the binding constant of V-P-I¥* toward CB[7] using 1-butyl-3-
methylimidazolium chloride (BMIC) as competitor.

Since the binding constant of BMIC was evaluated (151000 + 5000 M, Table S1) via a competitive tH
NMR method in D,O using the procedures reported by Isaacs et al.¥! and Macartney et al.,® we
applied the same method to evaluate the binding constant of V-P-I** toward CB[7], using BMIC as
competitor.

Solutions of the competitor (Eq 2) were prepared by mixing BMIC, CB[7], V-P-I>" and 2 equiv of TFA
(10 pL of 0.1 M solution in D20) in D,O (volume: 0.500 mL, traces of acetone as internal reference)
and their *H NMR spectra (Figure Sl4c) allowed to evaluate the values of the Oobs-chs (Observed
chemical shifts of CHs-protons of the butyl group in competition) of BMIC (Table S2).

The chemical shift difference Abobs-crs Of the CHs-protons (between free BMIC and complexed BMIC,
Adobs-crz = Oobs emic - Oobs Bmic-car7]) OF 0.780 ppm, the binding constant of BMIC toward CB[7] (151000 M
1 and equations Eq 5-10 were utilized for calculations (Table S2).

The binding constant of V-P-13* toward CB[7] was 1.04 + 0.07 x 10’ M,

S12



[BMIC]+[{V —P—I+CB[7]}]+K 1:1 BMIC

1:1VPI _
Eq 10 K - [{BMICsCB[7]}]*[V-P—I]

Table S2. Calculation of binding constants from *H NMR data.?

Ratios of Oobs_CH3 % of free BMIC® Calculated  binding
BMIC/V-P-I3*/CB[7] (average) constant of V-P-|3* d
1/0/0 0.916 ppm 100 -

1/0/1 0.136 ppm 0 -

1/1/1 0.830 ppm?® 89.0 9.9 x 108 M?

2/1/1¢ 0.859 ppm 92.7 11.3 x 108 M2

binding constant of V-P-I1** =10.4 £ 0.7 x 10 MLf

aConditions: [V-P-1?*lotar = [CB[7]Jtta = 1 mM in D20, Bruker AV300 spectrometer, 80-120 scans, 298 K;
bchemical shift of CHs-group of butyl of BMIC &os chs, the presented values are the averages, the NMR
experiments were repeated 2 times; °calculated from Eq 6; 9calculated from Eq 5; ¢[BMIC] = 2 mM, [V-P-I**]iotal =
[CB[7]ltotar = 1 mM; faverage value and standard deviation.

a. BMIC

i

b. BMIC-CB[7]

]

c. V-P-13*, BMIC, CB[7]

o5 o0 85 80 75 70 65 60 55 50 ppmJ.s 40 35 30 25 20 15 1o 05 00
Figure S15. 'H NMR of BMIC (a), {BMIC*CB[7]} (b) and a mixture of BMIC, V-P-1>*, CB[7] (c, ratio 1/1/1, 1 mM
in D20) and 2 equiv of TFA (10 pL of 0.1 M solution in D20), data collected at 298 K on a Bruker AV300

spectrometer, the spectra were calibrated using traces of acetone as internal reference (5 = 2.220 ppm).[®l

Determination of the binding constant of {V-P-I**«CB[7]} toward CB[7] using 1-Butyl-3-
methylimidazolium chloride (BMIC) as competitor.

Following the method of Macartney et al.® and considering the high binding constant of V-P-I3* toward
CB[7] (10.4 £ 0.7 x 10° M), we approximated that the main equilibrium for a solution containing V-P-
I** and 2 equiv of CB[7] was between {V-P-I13*CB[7]} and {V-P-I**«(CB[7])2} (Eq 11). Solutions of the
competitor (Eq 2) were prepared via mixing BMIC, CBJ[7], V-P-1>* (Eq 12) and 2 equiv of TFA (10 pL of
0.1 M solution) in D.O (volume: 0.500 mL, traces of acetone as internal reference) and their *H NMR
spectra (Figure S15c) allowed to determine the values of the Oos-chs (Observed chemical shifts CHs-
protons of the butyl group in competition) of BMIC (Table S3). The chemical shift difference Adobs-cHs Of
the CHs-protons (0.780 ppm) and the binding constant of BMIC toward CB[7] (151000 M) were used
for calculations via equations Eq 6, 7 and 13.
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Eq 11 {(V-P-13*CB[7]} + CB[7] {V-P-I**(CB[7])2}

Eq12 (v-P-I3*(CBJ[7]),} + BMIC {V-P-13*-CB[7]} + {BMIC'CBI[7]}

[BMIC]*[{V—P—I+(CB[7])2}]*xK 11 BMIC
[{BMIC+CB[7]}]*[{V—-P—I+CB[7]}]

Eq 13 K1:2 VPI _

Table S3. Calculation of binding constants from *H NMR data.?

Ratios of Oobs_CH3 (average)’ % Of free BMIC® Calculated binding
BMIC/V-P-I3*/CBJ[7] constant of V-P-I**«CBJ[7]
1/0/0 0.916 ppm 100 -

1/0/1 0.136 ppm 0 -

1/1/2¢ 0.221 ppm 10.9 2300 M-t

binding constant for V-P-I3*CB[7]. = 2300 + 700 M.

aConditions: [V-P-12*lotar = [CB[7]ltta = 1 mM in D20, Bruker AV300 spectrometer, 80-120 scans, 298 K;
bchemical shift of CHs-group of butyl of BMIC Ous cHs, the presented values are the averages, the NMR
experiments were repeated 3 times; °calculated from Eq 6; 9calculated from Eq 5; ¢[BMIC] = 1 mM, [V-P-I**}otal =
1 mM, [CBI[7]ltta = 1 mM; faverage value and standard deviation.

a. BMIC

b. BMIC-CB[7]

.

c. V-P-13*, BMIC, 2 CB[7]

Figure S16. 'H NMR of BMIC (a), {BMIC*+CB[7]} (b) and a mixture of BMIC, V-P-I2* and CB[7] (c, D20, ratio
1/2/2, 1 mM of BMIC or V-P-I2*, 2 mM of CB[7]), data collected at 298 K on a Bruker AV300 spectrometer, the

spectra were calibrated using traces of acetone as internal reference (& = 2.220 ppm).[®
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16/ Cyclic voltammetry of V-P-I*, V-P-I**, V-P-|2*sCB[7] and V-P-13*+CB[7]

Cyclic voltammetry experiments were performed with a Versastat potentiostat (AMETEK), an Ag/AgCI
reference electrode and a glassy carbon electrode (0.071 cm?). The data were analyzed using EC-
Lab10.40® software. A solution containing 0.80 mM of V-P-1?* (15.7 mg in a total volume of 45 mL of
distilled water) and 0.2 M of NaCl (0.525 g in a total volume of 45 mL of distilled water) was analyzed
with a scan rate of 50 mV stin the range of 0.0/-1.2/0.0 V and then was acidified with 0.072 mL of a 1
M HCI solution (3 equiv.) to permit the analysis of a V-P-I** solution. The redox potentials of V-P-
I2*+«CB[7] were measured from a solution containing 0.80 mM of V-P-12*, 0.2 M of NaCl and 0.90 mM of
CBJ[7] (41.8 mg, 1.1 equiv.) with a scan rate of 50 mV stin the range of 0/-1.4/0 V. The same solution
was acidified with 0.072 mL of 1 M HCI solution (3 equiv.) with a scan rate of 50 mV s™in the range of
0.0/-1.0/0.0 V. Addition of NaHCO3 permitted to neutralize HCI and to observe the E'1; redox waves of
V-P-12*<CB[7] from the resulting solution (range of 0.0/-0.8/0.0 V), showing the reversible redox
properties of the V-P-12*<CB[7]/ V-P-I3*<CB[7] system in neutral or acidic conditions, respectively.

a) I (mA) b) I (mA)

Potential (mV vs Ag/AgCl) Potential (mV vs Ag/AgCl) e

. -
-1,4 -1,2 - -0, o -0, 2 0 -1,6 -1,4 -1,2

— \/PI2+.CB7 0,2

—\VPI2+ _g35

-——- o e e \/P|3+.CB7 -0,25
VPI3+ 03

...... VPI2+.CB7* -0,3

Figure S17. Cyclic voltammograms of V-P-I>* and V-P-I3* (a, left) and V-P-12*<CB[7] and V-P-I3*-CBJ[7] (b, right,
V-P-|2*CB[7]* regenerated via addition of NaHCOs3) on a glassy carbon electrode (0.071 cm2) and Ag/AgCl
reference electrode. Conditions: concentration 0.80 mM, NaCl concentration of 0.2 M, scan rate of 50 mV s-1.

Table S4. Redox potentials of V-P-I2*, V-P-I3*, V-P-I>*+CB[7] and V-P-I3*+CB[7] determined from the
corresponding cyclic voltammograms (potential expressed in volts (V) vs. a Ag/AgCl electrode). Potential of
VPI2*-CB7* determined after addition of NaHCO3 onto an acidic solution of VPI**-CB7.

Elred (V) Elox (V) E11/2 (V) Ezred (V) Ezox (V) E21/2 (V)
VPI2* -0.51 -0.21 -0.36 -0.99 -0.52 -0.76
VPI?* -0.36 -0.13 -0.25 -0.72 -0.54 -0.63
VPI?*CB[7] | -0.55 -0.19 -0.37 -0.99 -0.49 -0.74
VPI**CBJ[7] | -0.35 -0.10 -0.23 -0.73 -0.49 -0.61
VPI?*CBJ[7]* | -0.56 -0.13 -0.35 - - -
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17/ UV-visible spectra recorded in acid and basic conditions every 10 cycles and up to 100
cycles.

For the pH responsive fatigue resistance tests, a 100 mL stock solution (pH = 4.5) of 0.04 mM V-P-I
with 1.1 equiv CB[7] was prepared adjusting the pH with an HCI solution. A volume of 3 mL from the
stock solution was collected for UV-Vis measurements (UV-Vis reference spectrum of V-P-I13*-CBJ[7]).
Then, an NaOH solution was added into the stock solution to adjust the pH to 9.5 before collecting a
volume of 3 mL for UV-Vis measurements. Then, HCI and NaOH solutions were successively and
alternatively introduced in the stock solution to adjust the pH to 4.5 or 9.5, respectively, repeating the
alternative acid/base changes for 10 times (10 acid/base cycles). Volumes of 3 mL were collected from
the stock solution for UV-vis measurements after each 10 cycles and pH adjustments were repeated
until reaching 100 cycles. Measurements (acid and basic conditions) were so performed every 10
cycles. All the volume changes during the fatigue tests have been taken into account (dilution effects)
for the calculations of the corrected absorbance intensities.

= cycle 0
= cycle 0.5
25 | — cycle 10
‘ — cycle 10.5
= cycle 20
- cycle 20.5
‘ — cycle 30
2 ‘ cycle 30.5
‘ - cycle 40
cycle 40.5
‘ - cycle 50
15 | cycle 50.5
cycle 60
cycle 60.5
cycle 70
cycle 70.5
cycle 80
cycle 80.5
cycle 90
cycle 90.5
cycle 100
cycle 100.5

Absorbance

0.5

—

0
200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700

Wavelength / nm

Figure S18. UV-vis spectra of a V-P-I solution containing CBJ[7] (1.1 equiv) over cycles of acid and basic pH
changes.
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18/ Effect of NaCl on the efficiency of cycling.

Switching tests for the ring translocation of CB[7] over V-P-I1?* or V-P-I** at various NaCl concentrations.

v-mb-cs[ﬂ
V-P-P*eCB[7]
NaCl (10 mM)
V-P-P+eCB[7]

NaCl (10 mM) J/\/\

V-P-P*eCB[7]
NaCl (110 mM)
V-P-P+eCB[7]

NaCl (110 mM)

V-P-I2*CB[7] JVK

NaCl (150 mM) ﬂ

V-P-P++CB[7]

NaCl (150 mM)

V-P-F*+CB[7] JVL N N M_ ,M

J
M A

-

Figure S19. 'H NMR spectra of V-P-12*«CB[7] and V-P-I3*«CB[7] (1 mM) in D20 in the presence of NaCl (10, 110
or 150 mM in D20). V-P-I3*-CB[7] solutions were prepared via addition of 2 equiv of TFA (25 L, 12.5 mM in D20)
into the V-P-12*«CB[7] corresponding solutions (300 MHz, 160 scans).
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19/ Cytotoxicity assays.

BEL 7402 and RAW 264.7 cell lines were obtained from the Committee of Type Culture Collection of
Chinese Academy of Sciences (Shanghai, China). BEL 7402 and RAW 264.7 cells were seeded in a
96-well plate at a density of 8 x 102 cells per well in 100 yL of DMEM medium containing 10 % FBS
and 1 % PS and incubated in a humidified 5 % CO, atmosphere at 37 °C for 24 h. The cell culture
medium was replaced with 100 uL of a fresh one containing V-P-lI and V-P-I-CB[7]. The cells were
further incubated for additional 24 h, subsequently the medium was replaced with 100 uL of a fresh
medium containing 10 pyL of methylthiazolyldiphenyl-tetrazolium bromide (MTT) (5 mg/mL) for an
additional 4 h at 37 °C. After gentle removal of the medium, the purple water-insoluble crystals formed
by live cells remaining at the bottom of the wells were dissolved with 100 yL of DMSO and the solution
was gently shaken for 10 min. UV absorption of the resulting solution at 590 nm was measured by a
multi-well plate reader. The same experiments were performed for 3 times to obtain a mean value and
standard deviation.

a) RAW 264.7 24h b) BEL 7402 24h
100 - 25+
£ 2
o) e
8 i
> >
3 8
s o o Q> '»"{‘b NS AT T S S
Concentration of CB7(uM) Concentration of CB7(uM)

Figure S20. Cell viability (%) of RAW 264.7 cell line (a) and BEL 7402 cell line (b) treated with the 9 yM V-P-I
and increasing concentrations of CB[7].
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20/ Atomic coordinates of the minimized complexes.

174

scf done: -5358.276814

C -12.735165 -0.613108 -0.087030
C -14.182490 -0.891762 -0.038174
C -14.795418 -1.206087 1.183490
C -16.160281 -1.394230 1.238141
N -16.911569 -1.272119 0.120100
C -16.349825 -0.997800 -1.076166
C -14.983320 -0.814619 -1.183161
C -12.216543 0.358304 -0.955035
C -10.873915 0.671600 -0.914909
N -10.051723 0.038738 -0.040104
C -10.515724 -0.936556 0.780513
C -11.850948 -1.274344 0.774472
C -18.378335 -1.402460 0.244129
C -8.658808 0.406567 0.063055
C -7.885101 0.522449 -1.091420
C -6.543781 0.8560452 -0.960282
C -5.972935 1.070395 0.306253
C -6.780410 0.950304 1.448857
C -8.125360 0.617520 1.334406
C -4.552027 1.409742 0.389286
N -3.788560 1.689691 -0.655802
C -2.52999¢6 1.943869 -0.138406
C -2.547719 1.808304 1.274209
N -3.852165 1.472300 1.576404
C -1.337524 2.290034 -0.790584
C -0.202640 2.485922 -0.011386
C -0.239467 2.343966 1.392944
C -1.411790 2.003114 2.062338
H -14.226922 -1.263532 2.102193
H -16.673830 -1.612216 2.164611
H -17.003099 -0.906158 -1.932984
H -14.558534 -0.618459 -2.159851
H -12.852076 0.920257 -1.625917
H -10.442490 1.438675 -1.540944
H -9.785822 -1.424764 1.412452
H -12.186630 -2.061483 1.436707
H -18.705862 -0.693008 1.003003
H -18.617201 -2.425790 0.538475
H -18.832044 -1.163947 -0.713899
H -8.319634 0.309089 -2.060882
H -5.913136 0.939067 -1.837410
H -6.378231 1.134901 2.438798
H -8.755006 0.541323 2.215321
H -4.204748 1.256203 2.497681
H -1.311388 2.397907 -1.870488
H 0.734904 2.753621 -0.489450
H 0.669021 2.505254 1.965413
H -1.439942 1.894787 3.141753
0 -14.150003 -5.591995 -1.196805
0 -15.132623 -3.405209 -3.948773
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scf done: -5358.742702

C -6.598286 0.282561 2.401938
C -7.887392 0.712401 1.828682
C -8.840624 -0.207285 1.376333
C -10.019959 0.251139 0.822749
N -10.257811 1.576720 0.703679
C -9.347916 2.484958 1.124719
C -8.154725 2.081981 1.690656
C -6.052060 0.955742 3.499638
C -4.765854 0.671792 3.901106
N -4.024675 -0.233319 3.216765
C -4.562723 -0.971483 2.211262
C -5.858006 -0.744946 1.803116
C -11.547918 2.037497 0.142519
C -2.600736 -0.279071 3.445031
C -1.904564 0.929985 3.391902
C -0.522896 0.916501 3.508433
C 0.149914 -0.302405 3.682802
C -0.569112 -1.506421 3.738318
C -1.954252 -1.499753 3.618043
C 1.600907 -0.299254 3.804546
N 2.327036 0.697543 4.338470
C 3.666937 0.341496 4.333555
C 3.733415 -0.931039 3.730730
N 2.429774 -1.277110 3.411225
C 4.811145 0.995135 4.792469
C 6.018735 0.326744 4.620411
C 6.085132 -0.945387 4.011916
C 4.945732 -1.598569 3.554549
H -8.683686 -1.275218 1.463122
H -10.795645 -0.413552 0.466654
H -9.606821 3.526202 0.987152
H -7.422587 2.825760 1.987172
H -6.590196 1.728372 4.031034
H -4.307783 1.156604 4.749202
H -3.914911 -1.676093 1.710165
H -6.214733 -1.2950093 0.943586
H -12.282245 2.090803 0.948327
H -11.873748 1.330154 -0.618287
H -11.405942 3.020188 -0.303377
H -2.425775 1.863451 3.212726
H 0.032033 1.841996 3.413294
H -0.057696 -2.446584 3.890674
H -2.525701 -2.418677 3.680301
H 1.916923 1.516652 4.808422
H 2.136284 -2.142034 2.934034
H 4.756257 1.971959 5.259323
H 6.935384 0.795333 4.963125
H 7.051262 -1.426474 3.900511
H 4.989974 -2.576751 3.089512
O -5.449327 3.760936 2.606631
0 -4.918086 2.902364 5.994136
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