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|. General Methods

All chemical reactions were performed under the nitrogen atmosphere. All reagents and
solvents for synthesis were purchased from commercial sources (Sigma-Aldrich,
Spectrochem) and used further without purification. The column chromatography was carried
out using Merck silica (100-200 / 230-400 mesh size). The thin-layer chromatography was
performed on E. Merck silica gel 60-F2s4 plates. Egg yolk phosphatidylcholine (EYPC) as a
solution of chloroform (25 mg/mL), mini extruder, polycarbonate membrane of 100 nm and
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200 nm were purchased from Avanti Polar Lipid. HEPES, HPTS, lucigenin, NaOH, Triton X-
100, valinomycin, and all inorganic salts were obtained as molecular biology grade chemicals

from Sigma Aldrich.

I. Physical Measurements

The 'H NMR spectra were recorded at 400 MHz, whereas *C spectra at 101 MHz. The
residual solvent signals were considered as an internal reference (6n = 7.26 ppm for CDCl;,
OH = 2.50 for DMSO-ds, and 61 = 1.94 for CD3CN) to calibrate spectra. The chemical shifts
were reported in ppm. Following abbreviations were used to indicate multiplicity patterns m:
multiplet, s: singlet, d: doublet, t: triplet, g: quartet, p: pentet, dd: doublet of doublets, td:
triplet of doublets. Coupling constants were measured in Hz. Infra-red (IR) spectra were
measured in cm~t using FT—IR spectrophotometer. Melting points were measured on a micro
melting point apparatus. High-resolution mass spectra (HRMS) were recorded on
electrospray ionization time-of-flight (ESI-TOF). Fluorescence experiments were recorded on
Fluoromax-4 from Jobin Yvon Edison spectrometer equipped with an injector port, a
microfluorescence cuvette holder, and a magnetic stirrer. All buffer solutions were prepared
from the autoclaved water. Adjustment of pH of buffer solutions was made using the Helmer
pH meter. The extravesicular dye was removed by performing gel chromatography using
Sephadex G-50 resin. The fluorescence studies were proceed using OriginPro 8.5.
ChemDraw 19 software was used for drawing structures and processing figures. UV-vis
spectra were recorded on a Varian Cary 5000 spectrophotometer. The single-crystal X-ray
diffraction (SCXRD) analysis was performed on a Bruker Smart Apex Duo diffractometer
using Mo Ka radiation (A = 0.71073A). The crystal structures were solved using intrinsic
methods and then refined by full-matrix least-squares against F? using all data by using
SHELXL-2014/7 built in the Apex-3 package.
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I11. Synthesis

Scheme S1: Synthetic scheme for the preparation of compounds 1a—1d.
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Synthetic Procedures

3-(Methoxycarbonyl)-5-(pentyloxy)benzoic acid, C14H180s (3): A solution of 2 (2.0 g, 7.13

OCgH14

@) )

O OH

-

mmol) and NaOH (260 mg, 6.49 mmol) in MeOH (150 mL) and H.O (25
mL) was heated under reflux conditions using an oil bath for 5 h. After
cooling to the room temperature, the reaction mixture was poured into

the cold water (60 mL) and the pH of the solution was adjusted to 1.0

using concentrated HCI. The reaction mixture was then extracted with ethyl acetate (2 x 50

mL), washed with brine and dried over Na;SO4. The solvant was evaoprated under reduced

pressure and the cru

de mixture was purified by column chromatography over 100-200 mesh

silica gel (Eluent: 1% MeOH in CHCls), to furnish the compound 3 as white solid (1.41 g,

81%). M.P.: 198.0—

200 °C; 'H NMR (400 MHz, CDCla): § 8.33 (s, 1H), 7.79 (s, 2H), 4.04

(t, J = 6.4 Hz, 2H), 3.94 (s, 3H), 1.82 (p, J = 6.5 Hz, 2H), 1.50 — 1.35 (M, 4H), 0.94 (t, J = 7.1

Hz, 3H); 3C NMR

(101 MHz, CDCls): 6 170.9, 166.1, 159.3, 131.8, 130.7, 123.3, 120.6,

120.2, 68.6, 52.4, 28.7, 28.1, 22.4, 14.0; IR (Neat, v/em™): 3726, 3262, 3014, 2962, 2230,
1738, 1656, 1588, 1216, 1099; HRMS (ESI) m/z: [M+H]" Calcd. for C14H180sH" 267.1227,

Found 267.1234.
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General procedure for synthesizing amide derivatives (4a—4c)

In a 25 mL round bottom flask 3-(Methoxycarbonyl)-5-(pentyloxy)benzoic acid 3 (150 mg, 1
equiv.), EDC-HCI (128 mg, 0.4 mmol, 1.2 equiv.), and HOBt (54 mg, 0.4 mmol, 1.2 equiv.)
were dissolved in DMF (10 mL). The resulted solution was stirred at room temperature for 30
min. After 30 min, para-substituted aniline derivatives (1 equiv.) and N, N-
diisopropylethylamine (65 mg, 1.5 equiv.) were added. The reaction mixture was stirred at
room temperature for an additional 12 h. After completion of the reaction, the reaction
mixture was quenched with water (10 mL), extracted with ethyl acetate (3 x 20 mL) and
washed with brine (2 x 20 mL). The combined organic layer was dried over Na;SO4 and
concentrated under reduced pressure. The crude mixture was purified by column

chromatography over 100-200 mesh silica gel to give pure 4a—4c.

Methyl-3-(pentyloxy)-5-((4-(trifluoromethyl)phenyl)carbamoyl)benzoate, C21H22F3sNO4
OCsH 1y (4a): The crude product was purified by column
chromotography (Eluent: EtOAc:petroleum ether 1:10 v/v),
to furnish 4a as white solid (165 mg, 72%). M.P.:
-0 HN\Q 184.0-2186 °C; 'H NMR (400 MHz, CDCl3): & 8.05 (s, 1H),
CF, 8.02 (t,J=1.4Hz 1H), 7.80 (d, J = 8.5 Hz, 2H), 7.74 (dd, J
= 2.6, 1.3 Hz, 1H), 7.68 — 7.65 (m, 2H), 7.63 (s, 1H), 4.06 (t, J = 6.5 Hz, 2H), 3.96 (s, 3H),
1.88 — 1.77 (m, 2H), 1.51 — 1.34 (m, 4H), 0.94 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz,
CDClg): 6 166.2, 164.8, 159.8, 140.8, 135.9, 131.9, 126.4, 126.4, 119.9, 119.2, 119.1, 118.3,
68.7, 52.6, 28.8, 28.1, 22.4, 14.1, 128-122 (qt); IR (Neat, v/em™): 3726, 3262, 3014, 2962,
2230, 1738, 1656, 1588, 1216, 1099; HRMS (ESI) m/z: [M+H]" Calcd. for C21H22FsNOsH*
410.1574; Found 410.1578.

O (@)

Methyl-3-((4-bromophenyl) carbamoyl)-5-(pentyloxy)benzoate, C20H22BrNO4 (4b): The
OCeH:, crude product was purified by column chromotography (Eluent:
EtOAc:petroleum ether 1:8 v/v), to furnish 4b as white solid

o) 0] (163 mg, 70%). M.P.: 225.0-227 °C; *H NMR (400 MHz,
e HN CDCls): 6 8.12 (s, 1H), 7.97 (t, J = 1.4 Hz, 1H), 7.67 (dd, J =
\QB 2.6, 1.3 Hz, 1H), 7.62 — 7.60 (m, 1H), 7.57 (d, J = 8.8 Hz, 2H),

7.47 (d, J = 8.8 Hz, 2H), 4.01 (t, J = 6.5 Hz, 2H), 3.92 (s, 3H),

1.80 (p, J = 6.6 Hz, 2H), 1.46 — 1.36 (m, 4H), 0.93 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz,
CDCls): 6 166.2, 164.7, 159.7, 136.9, 136.2, 132.1, 131.7, 121.9, 119.2, 118.9, 118.3, 117.4,

r
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68.7, 52.6, 28.8, 28.1, 22.4, 14.1; IR (Neat, v/em™): 3726, 3262, 3014, 2962, 2230, 1738,
1656, 1588, 1216, 1099; HRMS (ESI) m/z: [M+H]"* Calcd. for C20H22BrNOsH* 420.0805;
Found 420.0798.

Methyl 3-(pentyloxy)-5-(p-tolylcarbamoyl) benzoate, C2:1H2sNOa4 (4c): The crude product

was  purified by column  chromotography  (Eluent:

OCsH
o EtOAc:petroleum ether 1:10 v/v), to furnish 4c as white solid (156
o o mg, 78%); M.P.: 236-238 °C; 'H NMR (400 MHz, CDCls): &
5 N 8.00 (t, J = 1.4 Hz, 1H), 7.88 (s, 1H), 7.70 (dd, J = 2.6, 1.3 Hz,

1H), 7.66 (dd, J = 2.4, 1.7 Hz, 1H), 7.53 (d, J = 8.4 Hz, 2H), 7.18

(d, J = 8.3 Hz, 2H), 4.05 (t, J = 6.5 Hz, 2H), 3.95 (s, 3H), 2.35 (s,
3H), 1.86 — 1.77 (m, 2H), 1.48 — 1.36 (m, 4H), 0.94 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz,
CDCls): § 166.3, 164.5, 159.7, 136.6, 135.1, 134.5, 131.8, 129.7, 120.4, 119.1, 118.7, 118.3,
68.7, 52.5, 28.8, 28.1, 22.4, 21.0, 14.1; IR (Neat, v/em™): 3726, 3262, 3014, 2962, 2230,
1738, 1656, 1588, 1216, 1099; HRMS (ESI) m/z: [M+H]* Calcd. for CaH2sNOsH*
356.1856; Found 356.1859.

3-(Hydrazinecarbonyl)-5-(pentyloxy)-N-(4-(bromo)phenyl)benzamide (5a): In a 25 mL
OCsHq4 round bottom flask, 4a (150 mg, 0.366 mmol, 1 equiv.) was

dissolved in methanol (10 mL). Hydrazine monohydrate

o o (356 pL, 7.33 mmol, 20 equiv.) was added, and the solution
N HN\@\ was refluxed at 60 °C using an oil bath for 8 h. After the
cF, completion of the reaction monitored through TLC, the
solvent was evaporated under reduced pressure and the residue was extracted with ethyl
acetate (2 x 20 mL), washed with brine solution, and dried over Na,SO4. The solvent was
evaporated under reduced pressure and the crude product was used directly for the next

reaction step without any further purification.

(E)-3-(pentyloxy)-5-(2-(pyridin-2-ylmethylene)hydrazine-1-carbonyl)-N-(4-
OCsH1y (trifluoromethyl)phenyl)benzamide, Ca2sH25F3N4O3
(1a): In a 20 mL round bottom flask, 5a (150 mg, 0.366

mmol, 1 equiv.) was dissolved in absolute ethanol (6

N,NH HN\©\ mL). Picolinaldehyde (35 pL, 0.366 mmol, 1 equiv.)
cF. and acetic acid (2 mL) were added and the solution was
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stirred at room temperature for 12 h. After the completion of the reaction, the solvent was
removed under reduced pressure, extracted with ethyl acetate (3 x 20 mL), washed with brine
solution and dried over Na»SOs. The crude reaction mixture was purified by column
chromotography using 100-200 mesh silica gel (Eluent: 1% MeOH in CH2Cly), to furnish the
compound 1a as white solid (111 mg, 59%). M.P.: 245-247 °C; 'H NMR (400 MHz,
DMSO-ds): & 12.18 (s, 1H), 10.72 (s, 1H), 8.63 (d, J = 4.7 Hz, 1H), 8.51 (s, 1H), 8.11 (s,
1H), 8.02 (t, J = 9.7 Hz, 3H), 7.90 (t, J = 7.1 Hz, 1H), 7.75 (d, J = 8.7 Hz, 2H), 7.73 (s, 1H),
7.69 (s, 1H), 7.48 — 7.40 (m, 1H), 4.15 (t, J = 6.4 Hz, 2H), 1.79 (m, J = 6.6 Hz, 2H), 1.51 —
1.31 (m, 4H), 0.92 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, DMSO-ds): & 165.6, 162.9,
159.1, 153.6, 150.0, 148.9, 143.0, 137.3, 136.6, 135.23, 126.3, 126.1 — 125.7 (m), 124.9,
124.4, 123.4, 120.6, 119.8, 117.3, 115.1, 68.6, 28.7, 28.1, 22.3, 14.3; IR (Neat, v/em™):
3726, 3262, 3014, 2962, 2230, 1738, 1656, 1588, 1216, 1099; HRMS (ESI) m/z: [M+H]"
Calcd. for CoeHasF3sN4OsH* 499.1952; Found 499.1957.

N-(4-Bromophenyl)-3-(hydrazinecarbonyl)-5-(pentyloxy)benzamide (5b): In a 25 mL
OC4H, round bottom flask, 4b (150 mg, 0.356 mmol, 1 equiv.) was

dissolved in absolute methanol (10 mL). Hydrazine

0 o monohydrate (346 pL, 7.14 mmol, 20 equiv.) was added, and
|_|2N/NH HN\©\ the solution was refluxed at 60 °C using an oil bath for 8 h.
Br The completion of the reaction was monitored through TLC.

Subsequently, the solvent was evaporated under reduced pressure. The residue was extracted
with Ethyl acetate (2 x 20 mL), washed with brine solution, and dried over Na SOa. The
solvent was evaporated, and the crude product was used directly for the next step without any

further purification.

(E)-N-(4-bromophenyl)-3-(pentyloxy)-5-(2-(pyridin-2-ylmethylene)hydrazine
carbonyl)benzamide, C2sH2sBrN4Os (1b): In a 20 mL round bottom flask, 5b (150 mg,
OCsHy4 0.357 mmol, 1 equiv.) was dissolved in absolute ethanol
(6 mL). Picolinaldehyde (34 uL, 0.357 mmol, 1 equiv.)
and acetic acid (2 mL) were added and the solution was
n-NH HN stirred at room temperature for 12 h. The solvent was
\©\Br removed under reduced pressure and the residue was
| = extracted with ethyl acetate (3 x 20 mL), washed with

brine and dried over Na>SOs. The crude reaction mixture was purified by column
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chromotography using 100-200 mesh silica gel (Eluent: 3% MeOH in CH2Cly), to furnish the
compound 1b as white solid (142 mg, 78%). M.P.: 253-255 °C; 'H NMR (400 MHz,
DMSO-ds): & 12.12 (s, 1H), 10.46 (s, 1H), 8.59 (d, J = 4.4 Hz, 1H), 8.47 (s, 1H), 8.05 (s,
1H), 7.96 (d, J = 7.9 Hz, 1H), 7.86 (t, J = 7.5 Hz, 1H), 7.74 (d, J = 8.8 Hz, 2H), 7.64 (d, J =
11.4 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 7.42 — 7.34 (m, 1H), 4.09 (t, J = 6.3 Hz, 2H), 1.73 (q,
J = 6.6 Hz, 2H), 1.43-1.31 (m, 4H), 0.87 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, DMSO-
de): 6 165.2, 163.0, 159.2, 156.8, 153.7, 150.1, 149.0, 138.8, 137.4, 136.9, 135.2, 132.0,
125.0, 122.9, 120.5, 119.8, 117.1, 116.1, 68.7, 28.8, 28.2, 22.4, 14.4; IR (Neat, v/em™):
3726, 3262, 3014, 2962, 2230, 1738, 1656, 1588, 1216, 1099; HRMS (ESI) m/z: [M+H]"
Calcd. for C25H25BrN4OsH* 509.1183; Found 509.1178.

3-(Hydrazinecarbonyl)-5-(pentyloxy)-N-(p-tolyl)benzamide (5c): In a 25 mL round
OCsH; bottom flask, 4c (150 mg, 0.422 mmol, 1 equiv.) was dissolved

in absolute methanol (10 mL). Hydrazine monohydrate (410

o 0 uL, 8.44 mmol, 20 equiv.) was added, and the solution was
H2N/NH HN\©\ refluxed at 60 °C using an oil bath for 8 h. The completion of
the reaction was monitored by TLC. Subsequently, the solvent

was evaporated under reduced pressure. The residue was extracted with ethyl acetate (2 x 20
mL), washed with brine, and dried over Na>SOs. The solvent was evaporated and the crude

product was used directly for the next step without any further purification.

(E)-3-(pentyloxy)-5-(2-(pyridin-2-ylmethylene)hydrazine-1-carbonyl)-N-(p-

OCsHy4 tolyl)benzamide, C26H2sN4Os (1c): In a 25 mL round
bottom flask, 5¢ (150 mg, 0.422 mmol, 1 equiv.) was
dissolved in absolute ethanol (6 mL). Picolinaldehyde (40
N/NH HN uL, 0.422 mmol, 1 equiv.) and acetic acid (2 mL) were

\©\ added and the solution was stirred at room temperature for

= 12 h. After the completion of the reaction, the solvent was
removed under reduced pressure and the residue was extracted with ethyl acetate (3 x 20
mL), washed with brine and dried over Na2SO4. The crude reaction mixture was purified by
column chromatography using 100-200 mesh silica gel (Eluent: 1% MeOH in CH2Cl,), to
furnish the compound 1c as white solid (168 mg, 89%). M.P.: 236-238 °C; 'H NMR (400
MHz, DMSO-ds): 6 12.15 (s, 1H), 10.30 (s, 1H), 8.63 (d, J = 4.4 Hz, 1H), 8.51 (s, 1H), 8.09
(s, 1H), 8.00 (d, J =7.9 Hz, 1H), 7.90 (t, J = 7.5 Hz, 1H), 7.69 (d, J = 9.0 Hz, 2H), 7.66 (s,
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2H), 7.47 — 7.41 (m, 1H), 7.19 (s, 1H), 7.16 (s, 1H), 4.14 (t, J = 6.3 Hz, 2H), 2.28 (s, 3H),
1.78 (g, J = 6.6 Hz, 2H), 1.42 (ddd, J = 27.0, 14.8, 7.5 Hz, 4H), 0.92 (t, J = 7.1 Hz, 3H); 13C
NMR (101 MHz, DMSO-ds): & 164.9, 163.0, 159.1, 153.7, 150.1, 148.9, 137.4, 137.2,
136.9, 135.1, 133.3, 129.5, 125.0, 121.0, 120.5, 119.7, 117.2, 116.9, 68.6, 28.8, 28.2, 22.4,
21.0, 14.5; IR (Neat, viem™): 3726, 3262, 3014, 2962, 2230, 1738, 1656, 1588, 1216, 1099;
HRMS (ESI) m/z: [M+H]* Calcd. for CasHzsN4OsH* 445.2234; Found 445.2238.

(E)-3-(2-benzylidenehydrazine-1-carbonyl)-5-(pentyloxy)-N-(4-(trifluoromethyl)

OCsH 1 phenyl)benzamide, C27H26F3N3O3 (1d): In a 25 mL
round bottom flask, 5a (150 mg, 0.422 mmol, 1 equiv.)
was dissolved in absolute ethanol (6 mL). Benzaldehyde

N NH HN\©\ (40 pL, 0.422 mmol, 1 equiv.) and acetic acid (2 mL)
cr. Were added and the solution was stirred at room

I

©) temperature for 12 h. After the completion of the
reaction, the solvent was removed under reduced pressure and the residue was extracted with
ethyl acetate (3 x 20 mL), washed with brine and dried over Na;SOs. The crude reaction
mixture was purified by column chromotography using 100—200 mesh silica gel (Eluent: 1%
MeOH in CHxCI), to furnish the compound 1d as white solid (138 mg, 75%). M.P.:
212-214 °C; *H NMR (400 MHz, DMSO-ds): § 11.98 (s, 1H), 10.71 (s, 1H), 8.49 (s, 1H),
8.10 (s, 1H), 8.03 (d, J = 8.5 Hz, 2H), 7.75 (d, J = 8.2 Hz, 4H), 7.69 (d, J = 12.0 Hz, 2H),
7.47 (g, J = 4.8 Hz, 3H), 4.14 (t, J = 6.4 Hz, 2H), 1.79 (p, J = 6.6 Hz, 2H), 1.50 — 1.32 (m,
4H), 0.92 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, DMSO-ds): § 162.6, 159.1, 148.7, 143.1,
136.6, 135.4, 134.7, 130.7, 129.3, 127.6, 126.4, 126.1, 124.7-123.8 (q), 123.4, 120.7, 119.8,
117.3, 117.1, 68.6, 28.8, 28.1, 22.3, 14.4; IR (Neat, v/em™): 3726, 3262, 3014, 2962, 2230,
1738, 1656, 1588, 1216, 1099; HRMS (ESI) m/z: [M+H]* Calcd. for CasH2sF3NsOsH*
499.1952; Found 499.1957.

IV. Anion Binding Studies

IH NMR titration was carried out at room temperature on Bruker 400 MHz spectrometer. The
residual solvent signal (CD3CN, 6n= 1.94) was considered as an internal reference to
calibrate spectra. TBACI, TBABr, TBAI and TBACIO; salt, and receptor were dried under a
high vacuum before use. The titrations were performed by the addition of aliquots from either
solution of TBACI, TBABr, TBAI and TBACIO4 (0.5M in CD3CN) to the solution of
receptors 1a, 1b, 1c, 1d, and 1a-Z (i.e., the photoisomerized sample of 1a) (0.005 M in
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CD3CN). All NMR data were processed using MestReNova 6.0 and collected data was fitted
in a different binding mode using BindFit v0.5.5
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Figure S1. *H NMR titration spectra for 1a (5 mM) with stepwise addition of TBACI in

CD3CN. The equivalents of added TBACI are shown on the stack spectra.
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Figure S2. The plot of chemical shift (5) of H2 protons vs concentration of TBACI added,
fitted to 1:1 binding model of BindFit v0.5. The binding constant obtained is the mean of the
three independent experiments.
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Figure S3. 'H NMR titration spectra for 1a (5 mM) with stepwise addition of TBABr in
CD3CN. The equivalents of added TBABT are shown on the stack spectra.
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Figure S4. The plot of chemical shift (5) of H2 protons vs concentration of TBABr added,

fitted to 1:1 binding model of BindFit v0.5. The binding constant obtained is the mean of the

three independent experiments.
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Figure S5. 'H NMR titration spectra for 1a (5 mM) with stepwise addition of TBAI in

CD3CN. The equivalents of added TBAI are shown on the stack spectra.
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Figure S6. The plot of chemical shift (5) of Hz protons vs concentration of TBAI added,
fitted to 1:1 binding model of BindFit v0.5. The binding constant obtained is the mean of the

three independent experiments.

OCsH14 OCsHy4q
(@) (0] B A+ @ Y@Y
N. H N - A H N

/@: Hy SHON e /@: H, 3H4

Br H H NS Br H @ H NS
1 5 | 1 5 |
Z =
Equivalents of guest
5.0 H)\4 HAZ " JLI:IJ::J .
4.0 yl A | JJJ |
3.0 A A UJ“JL,
2.5 ) A UJ“JL
2.0 0 A ﬁ JJ j JULJMJJLL.
1.8 0 A bUHJL«.
16 )} ) LWJ "UL.JW 1T -
1.45 " o “U,Jw Won_
12 A A J‘LJ\MMM“U Jvkwuw
1.0 A Lt ol a_
0.8 A u MMJ‘\ ™"
08 L T
0.45 UMJJM-JL\,\A*\, L
02 Al
0 N
1;.0 15.5 15.0 1‘2.5 1‘2.0 1‘1.5 1‘1.0 1‘0.5 1‘0.0 5;.5 5;.0 z;.s z;.o 7‘.5

Chemical shift (5)

Figure S7. *H NMR titration spectra for 1b (5 mM) with stepwise addition of TBACI in
CD3CN. The equivalents of added TBACI are shown on the stack spectra.
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Figure S8. The plot of chemical shift (3) of H2 protons vs concentration of TBACI added,
fitted to 1:1 binding model of BindFit v0.5. The binding constant obtained is the mean of the

three independent experiments.
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Figure S9. 'H NMR titration spectra for 1c (5 mM) with stepwise addition of TBACI in
CD3CN. The equivalents of added TBACI are shown on the stack spectra.
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Figure S10. The plot of chemical shift (5) of H2 protons vs concentration of TBACI added,
fitted to 1:1 binding model of BindFit v0.5. The binding constant obtained is the mean of the
three independent experiments.
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Figure S11. 'H NMR titration spectra for 1d (5 mM) with stepwise addition of TBACI in
CD3CN. The equivalents of added TBACI are shown on the stack spectra.
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Figure S12. The plot of chemical shift (5) of H2 protons vs concentration of TBACI added,
fitted to 1:1 binding model of BindFit v0.5. The binding constant obtained is the mean of the
three independent experiments.
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Figure S13. *H NMR titration spectra for 1a (5 mM) with stepwise addition of TBACIO4 in
CD3CN. The equivalents of added TBACIO4 are shown on the stack spectra.
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H NMR titration studies for 1a-Z

To get the binding affinity for 1a—Z, a solution of 1a—E (i.e. the as-synthesized compound)
(10 mg) in acetonitrile was photoirradiated at 312 nm using UV tubes (8W x 3) for 30 min.
The photoirradiated sample was dried and then purified by column chromatography (Eluent:
1% MeOH in CH.Cl,) to get the pure la—Z. The pure la—Z was used for the 'H NMR
binding studies with TBACI (Figure S14).
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Figure S14. *H NMR titration spectra for 1a—Z (5 mM) with stepwise addition of TBACI in
CD3CN. The equivalents of added TBACI are shown on the stack spectra.
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Figure S15. The plot of chemical shift (3) of H2 protons vs concentration of TBACI added,
fitted to 1:1 binding model of BindFit v0.5. The binding constant obtained is the mean of the

three independent experiments.

Table S1. 'H NMR titration studies of compounds la—1d with different salts of TBACI,
TBABr, TBAI and TBACIO4 salts in acetonitrile-ds, and 1a—Z with TBACI.

Association constant, Kax 10® (ML) in CDsCN

Comp. Cl- Br- I~ ClO4

la-E 11.16 + 675 2.59 + 289 0.069 + 17 -b
1b 7.9 +573 -2 _a _a
1c 4.2 + 257 -2 _a _a
1d 6.02 + 385 -2 —a _a

la—Z 0.053+11 -2 _a _a

2= H NMR titration was not done with these systems, and ° = Binding constant could not be

determined due to the absence of any chemical shift in *H NMR titration of 1a with CIO4~.
V. Mass Spectrometric Studies

Stock solutions of 1la and TMACI (Tetramethyl ammonium chloride) (1 mM each) were
prepared in spectroscopy grade CH3CN. Solutions were mixed in equal proportion and
diluted to get 10 uM concentrations of each species in CH3CN. Sample was electrosprayed at
a flow rate of 5.0 uL/min. A constant spray and highest intensities were achieved with a
capillary voltage of 2500 V at a source temperature of 80 °C. The parameters for sample cone

(20 V) and extractor cone voltage (5 V) were optimized for maximum intensities of the
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desired complexes. Figure S16 represents the ESI-MS data

solution of la with TMACI prepared in 1:1 molar ratio.

MAB 037A48 (0.894) AM2 (Ar,10000.0,554.26,0.00,LS 3); Sm (SG, 3x1.00) ,- .~
i 533.1575 N

100+

recorded from CHs3CN
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48e5

ALCULATED MASS
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=
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Figure S16. Complete (m/z = 50 to 1000) of ESI-MS spectrum of 1:1 mixture of la
and TMACI recorded in CH3CN.

V1. lon Transport StudiesS?
A. lon transporting activity studies across EYPC-LUVsoHPTS

Preparation of HEPES buffer and stock solutions: The HEPES buffer of pH = 7.0 was
prepared by dissolving an appropriate amount of solid HEPES (10 mM) and NaCl (100 mM)
in autoclaved water. The pH was adjusted to 7.0 by addition aliquots from 0.5 M NaOH

solution. The stock solution of all carriers was prepared using HPLC grade DMSO.

Preparation of EYPC-LUVsSoHPTS in NaCl: In 10 mL clean and dry round bottom flask,
a thin transparent film of egg yolk phosphatidylcholine (EYPC) was formed using a 1 mL
EYPC lipid (25 mg/mL in CHCIls3) by providing continuous rotation and purging nitrogen gas.
The transparent thin film was completely dried under a high vacuum for 4-5 h. After that, the
transparent thin film was hydrated with 1 mL HEPES buffer (1 mM HPTS, 10 mM HEPES,
100 mM NaCl, pH = 7.0) and the resulting suspension was vortexed at 10 min intervals

during 1 h. This hydrated suspension was subjected to 15 cycles of freeze-thaw (liquid
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nitrogen, 55 °C) followed by extrusion through 100 nm (pore size) polycarbonate membrane
for 21 times to obtain the vesicles of an average 100 nm diameter. The unentrapped HPTS
dyes were removed by size exclusion chromatography using Sephadex G-50 and eluting with
HEPES buffer (10 mM HEPES, 100 mM NaCl, pH = 7.0). Finally, collected vesicles were
diluted to 6 mL to get EYPC-LUVsoHPTS. Final conditions: ~5 mM EYPC, Inside: 1 mM
HPTS, 10 mM HEPES, 100 mM NaCl, pH = 7.0, Outside: 10 mM HEPES, 100 mM NacCl,
pH=7.0.

lon transport activity by HPTS assay: In clean and dry fluorescence cuvette, 1975 uL of
HEPES buffer (10 mM HEPES, 100 mM NaCl, pH =7.0) and 25 uL of EYPC-LUVSsSHPTS
vesicle was added. The cuvette was placed in slowly stirring condition using a magnetic
stirrer equipped within a fluorescence instrument (t =0 s). The time-dependent HPTS
emission intensity monitored at Aem = 510 nm (Aex = 450 nm) by creating pH gradient
between intra- and extra- vesicular system by adding 0.5 M NaOH (20 pL) att =20 s. Then
different concentrations of transporter molecules in DMSO were added at t = 100 s. Finally,
the vesicles were lysed by addition of 10% Triton X-100 (25 uL) at t = 300 s to disturbed pH

gradient.
The time axis was normalized according to Equation S1:
t=t-100 Equation S1

The time-dependent data were normalized to percent change in fluorescence intensity using

Equation S2:
Ir =[(It— lo) / (1o — lo)] x 100 Equation S2

where, lo is the initial intensity, ltis the intensity at time t, and |« is the final intensity after the
addition of Triton X-100.
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Details of assay:
In: 1 mM HPTS
10 mM HEPES,
100 mM NaCl,
pH=7.0
Out: 10 mM HEPES,
100 mM NaCl, pH =7.8

c = Transporter

%ﬁk = HPTS

Figure S17. Representation of fluorescence-based ion transport assay using EYPC-

LUVsoHPTS (A), and illustration of transport kinetics showing normalization window (B).

Dose-response activity: The fluorescence Kkinetics of each transporter at different
concentration was studied as a course of time. The concentration profile data were evaluated
at t = 290 s to get effective concentration, ECso (i.e. the concentration of transporter needed to
achieve 50% chloride efflux)® using Hill equation (Equation S3):

Y =Yoo+ (Yo—Yu) /[1 + (c/ECs0)"] Equation S3

where, Yo = Fluorescence intensity just before the transporter addition (at t = 0 S), Yo =
Fluorescence intensity with excess transporter concentration, ¢ = Concentration of transporter
compound, and n = Hill coefficient (i.e. indicative for the number of monomers needed to

form an active supramolecule).>*
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Figure S18. Concentration-dependent activity of la across EYPC-LUVsSHPTS (A), and
Hill plot of compound l1a att =180 s to get ECso and n (B).
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Figure S19. Concentration-dependent activity of 1b across EYPC-LUVsoHPTS (A), and

Hill plot of compound 1b at t = 180 s to get ECso and n (B).
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Figure S20. Concentration-dependent activity of 1c across EYPC-LUVsoHPTS (A), and

Hill plot of compound 1c at t = 180 s to get ECso and n (B).
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Figure S21. Concentration-dependent activity of 1d across EYPC-LUVsoHPTS (A), and

Hill plot of compound 1d at t = 180 s to get ECso and n (B).
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B. Chloride transport activity across EYPC-LUVsolucigenin vesicles

Preparation of EYPC-LUVsolucigenin vesicles: In 10 mL clean and dry round bottom
flask, the thin transparent film of egg yolk phosphatidylcholine (EYPC) was formed by
drying 1.0 mL egg yolk phosphatidylcholine (EYPC, 25 mg/mL in CHCI3) with providing
continuous rotation and purging nitrogen. The transparent thin film was kept under a high
vacuum for 4 hours to remove all traces of CHCIs Then the transparent thin film was
hydrated with 1.0 mL aqueous NaNOz (200 mM, 1.0 mM Lucigenin) with occasional
vortexing at 10 min intervals for 1 h. The resulting suspension was subjected to freeze and
thaw cycles (> 15, liquid nitrogen, 55 °C water bath) and 21 times extrusion through 200 nm
pore size polycarbonate membrane. The size exclusion chromatography (using Sephadex G-
50) was performed to remove extravesicular dye using 200 mM NaNOs solution as eluent.
The collected vesicles suspension was diluted to 4 mL. Final conditions: ~ 5 mM EYPC;
inside: 200 mM NaNOs, 1 mM lucigenin, pH = 7.0; outside: 200 MM NaNOgs, pH =7.0.

lon transport activity by Lucigenin assay

In clean and dry fluorescence cuvette, 200 mM NaNOz (1975 pL) and EYPC-
LUVsolucigenin (25 pL) were taken. This suspension was placed in a slowly stirring
condition in a fluorescence instrument equipped with a magnetic stirrer (at t = 0 s). The
fluorescence intensity of lucigenin was monitored at Aem = 535 nm (Aex = 455 nm) as a course
of time. The chloride gradient was created by the addition of 2.0 M NaCl (33.3 pL) att=20s
between intra- and extravesicular system, followed by addition of the transporter at t = 100 s.
Finally, vesicles were lysed by adding 10% Triton X-100 (25 uL) at t = 300 s for the
complete destruction of the chloride gradient. The time scale was normalized using Equation
S1.

The time-dependent data were normalized to percent change in fluorescence intensity using

Equation S4:
I =[(lt— lo) / (lo — lo)] x (—100) Equation S4

where, lo is the initial intensity, It is the intensity at time t, and I is the final intensity after
addition of Triton X-100.
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Figure S22. Representation of fluorescence-based ion transport activity assay using EYPC-

LUVsoLucigenin (A), and illustration of ion transport kinetics showing normalization

window (B).
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Figure S23. Concentration-dependent activity of 1a across EYPC-LUVsolucigenin (A), and
Hill plot of compound l1a att =180 s to get ECso and n (B).
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Figure S24. Concentration-dependent activity of 1d across EYPC-LUVsolucigenin (A), and
Hill plot of compound 1d at t = 180 s to get ECso and n (B).

S23



A B
— Heasidagy -

3. =1
s B s
= O -
2z s ;
3 A R
g o &
E 0 =

. N £
T (&3] “\\ ™
© o s

E £

5 o 5 -804
z z oy

AR o aing
-100 T T T -100 T T T
0 50 100 150 200 0 50 100 150 200
t(s) t(s)

Figure S25. Dose responsive studies of 1b (A) and 1c (B) across EYPC- LUVsolucigenin.
C. lon selective studies
Anion selectivity studies

Preparation of EYPC-LUVsDHPTS for anion selectivity: EYPC-LUVsSSHPTS (~ 5.0
mM EYPC, inside: 1 mM HPTS, 10 mM HEPES, 100 mM NacCl, pH = 7.0 and outside: 10
mM HEPES, 100 mM NaX, pH = 7.0; where, X~ = CI-, Br, ClO4s, NOs", and I") were

prepared following reported protocol.s®

Anion selectivity assay: In clean and dry fluorescence cuvette, 1975 uL HEPES buffer (10
mM HEPES, 100 mM NaX, pH = 7.0; where X = CI-, Br-, I, ClO4~, and NO3~) was taken,
followed by addition of 25 uL EYPC-LUVsoHPTS. The resulting solution was slowly
stirred in a fluorescence instrument equipped with the magnetic stirrer (t = 0 s). The
fluorescence intensity of HPTS was observed at Aem = 510 nm (Aex = 450 nm) as a course of
time t, with creating pH gradient by the addition of 20 uL 0.5 M NaOH at t = 20 s, followed
by the addition of transporter 1a (as a DMSO solution) at t = 100 s to initiate ion transport.
Finally, vesicles were lysed for the complete destruction of pH gradient by addition of 10%
Triton X-100 (25 uL) at t = 300 s. The time axis was normalized according to Equation S1.

The time-dependent data were normalized to percent change in intensity using Equation S2.
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Details of assay:
In: 1 mM HPTS
10 mM HEPES,
100 mM NaCl, pH=7.0
Out: 10 mM HEPES,
100 mM NaX, pH =7.8

c = Transporter

;jﬁk: HPTS

X~ =CI7, Br, I, NO37, and CIO4~

Figure S26. Schematic representation of fluorescence-based anion assay by changing

extravesicular anions.

Cation selectivity assay across EYPC-LUVsolucigenin vesicles

The vesicles were prepared by following the same protocol as stated above. In clean and dry
fluorescence cuvette, 200 MM NaNO3z (1975 pL) and EYPC-LUVsolucigenin (25 pL) were
taken. The suspension was kept in slowly stirring condition in a fluorescence instrument
equipped with a magnetic stirrer at t = 0 s. The quenching of fluorescence intensity of
lucigenin was monitored as a course of time at Aem = 535 nm (Aex = 455 nm). At t = 20 s, the
chloride gradient was created by addition of 2 M chloride salts (33.3 uL) of different cations
MCI (M = Li*, Na*, K, Rb*, and Cs™), followed by addition of transporter 1a att = 100 s.

N
o
1

Details of assay:
In: 1 mM Lucigenin
200 mM NaNOs3,
Out: 200 mM NaNOs,
33.3 mM MCI

c = Transporter
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Figure S27. Schematic representation of fluorescence-based cation selectivity assay (A)
Cation selectivity of 1a (1.25 uM) measured by varying external cations (M* = Li*, Na*, K*,

Rb*, and Cs*) across EYPC-LUVsoLucigenin (B).
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Finally, vesicles were lysed by the addition of 10% Triton X-100 (25 uL) at t = 300 s to
destruct the applied chloride gradient completely. The time scale was normalized using
Equation S1 and the time-dependent data were normalized to percent change in fluorescence

intensity using Equation S4 respectively.

D. Proof of antiport mechanism by lucigenin assay in the presence of external SO4?-

and NOsz~anions

Preparation of EYPC-LUVsolucigenin vesicles: In a 10 mL clean and dry round bottom
flask, the thin transparent film of egg yolk phosphatidylcholine (EYPC) was formed by
drying 1.0 mL egg yolk phosphatidylcholine (EYPC, 25 mg/mL in CHCI3) with providing
continuous rotation and purging nitrogen. The transparent thin film was kept under a high
vacuum for 4 hours to remove all traces of CHCIs Then the transparent thin film was
hydrated with 1.0 mL aqueous NaCl (200 mM, 1.0 mM Lucigenin) with occasional vortexing

at 10 min intervals for 1 h. The resulting suspension was subjected to freeze and thaw cycles
(> 15, liquid nitrogen, 55 °C water bath) and 21 times extrusion through 200 nm pore size

polycarbonate membrane. The size exclusion chromatography (using Sephadex G-50) was
performed to remove extravesicular dye using 200 mM NaCl solution as eluent. The collected
vesicles suspension was diluted to 4 mL. Final conditions: ~ 5 mM EYPC; inside: 200 mM
NaCl, 1 mM lucigenin, pH 7.0; outside: either 200 mM NaNO3z or 200 mM NazSOa.

lon transport assay

In a clean and dry fluorescence cuvette, either 200 mM of NaNO3z or 200 mM of NaxSO4
(1975 pL) and EYPC-LUVsolucigenin (25 pL) were taken. This suspension was placed in a
slowly stirring condition in a fluorescence instrument equipped with a magnetic stirrer (at t =
0 s). The fluorescence intensity of lucigenin was monitored at Aem = 535 nm (Aex = 455 nm)
as a course of time. The transporter molecule 1a was added at t = 100 s. Finally, vesicles
were lysed by adding 10% Triton X-100 (25 plL) at t = 300 s for the complete destruction of
chloride gradient. NOs™ transport occurred with the concomitant efflux of Cl-ions, and on the
other hand, SO4> being more hydrophilic is not transported easily, suggesting the operation

of antiport mechanism (Figure S28).

The time axis was normalized using Equation S1, and the time-dependent data were

normalized to percent change in fluorescence intensity using Equation S2.
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Details of assay:
In: 1 mM Lucigenin
200 mM NaCl c

100 4= Blank
Out: 200 mM NaNO4 = 1a with NO;~
or Na,SO, — 1a with SO,
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Figure S28. Representation of fluorescence-based antiport assay using EYPC-
LUVsolucigenin (A) Representation of ion transport kinetics showing normalization window
(B) Efflux of CI~ ion by 1a (10 uM) in the presence of either extravesicular SO4>~ or

extravesicular NO3™ ion with isoosmolar intravesicular CI™ (C).
E. lon transport studies through chloride-based ion selective electrode

Preparation of ISE wvesicles: A chloroform solution (1 mL) of 1-palmitoyl-2-
oleoylphosphatidylcholine (EYPC) (25 mg) was evaporated under reduced pressure to give a
thin film. The lipid film was dried under a high vacuum for 4 hours. The thin film was
rehydrated by vortexing with a potassium chloride solution (300 mM KCI, 5 mM phosphate
buffer at pH = 7.2). The lipid suspension was then subjected to fifteen freeze-thaw cycles and
was allowed to age for 1 h at room temperature. The suspension was extruded twenty-three
times through a 200 nm polycarbonate membrane using an extruder (Avanti, The Mini-
Extruder set) to obtain unilamellar vesicles containing KCI (300 mM in 5 mM phosphate
buffer at pH = 7.2). Non-encapsulated KCI salts were removed by dialyzing the vesicles three

times in a potassium gluconate solution (300 mM, 5 mM phosphate buffer at pH = 7.2).
lon transport activity in the presence of Valinomycin and Monensin

In a clean and dry glass vial, 50 pL of above lipid solution and 1950 pL of 300 mM K-
gluconate of respective pH buffer solutions was taken and kept in slowly stirring condition by

a magnetic stirrer (at t = 0 s) and chloride efflux was monitored with time. Transporter
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molecule 1a as DMSO solution was added at t = 50 s, Monensin and Valinomycin as DMSO
solutions were added at t = 10 s and finally at t = 300 s, 25 pL of 10% Triton X-100 was
added to lyse those vesicles for 100% chloride influx. The chloride efflux for la was
monitored in the presence and absence of Monensin and Valinomycin. The value at 50
seconds was set at 0% chloride efflux and the final chloride reading at 300 s was set as 100%

chloride efflux. The time axis was normalized using the Equation S5.

t=t-50 Equation S5
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Figure S29. Schematic representation of ISE-based Valinomycin and Monensin assay.
F. U-tube experiments for checking CI- transport

This experiment was performed to check whether the chloride ion is transported via a mobile
carrier mechanism by a transporter molecule or not. For that, an experiment was set up using
a U-tube, where the left arm (Source arm) of the tube was filled with 7.5 mL of 500 mM
NaCl solution buffered to pH 7.0 using 5 mM phosphate buffer, and the right arm (receiver
arm) of the tube was filled with 7.5 mL of 500 mM NaNO3 solution buffered to pH 7.0 using
5 mM phosphate buffer. Two different salts solutions in two different arms were separated by
15 mL solution of compound l1la in CHClz (1 mM compound la, and 1 mM
tetrabutylammonium hexafluorophosphate) in such a way that two salts solutions never come
contact with each other. Here transport of chloride ions is only possible via mobile carrier
mechanism due to the long length of the CHCI3 layer, which does not allow any ion channel
formation. For checking transport activity via carrier mechanism, chloride ion concentration
in the receiver arm was measured by chloride ion selective electrode. The gradual increase of
chloride ion concentration (Figure S30) was measured in a fixed time interval for the time

period of 10 days, gave evidence in support of the mobile carrier mechanism. In a control

S28



experiment, no increase in chloride ion concentration was observed when compound la was
not added in the CHCI; layer.

350
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3004 = Blank
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Figure S30. Change of chloride ion concentration in a U-tube experiment with and without

compound 1a (1.0 mM).
VI1I. Photoisomerization Studies by UV-Vis and 'H NMR

A. UV-Vis studies

Photoisomerizations of compounds 1a, 1b, 1c and 1d were carried out in CH3CN. Initially,
stock solutions of these compounds (2 mM in CH3CN) were prepared in different vials, and

covered with an aluminium foil.

In a2 mL UV cuvette, was placed either 1900 pL of CH3CN and 100 pL of either 1a, 1b, 1c
or 1d (2 mM in CH3CN) was added to get the final concentration of 100 uM.

The cuvette was placed in a UV-Vis spectrometer and the UV-Vis spectrum was recorded.

trans to cis Isomerization: Subsequently, each of these samples was irradiated at A =312 nm
using UV tubes (8 x 3 Watt) for varied time intervals to isomerize the acylhydrazone moiety.
After each irradiation, the UV-Vis spectrum was recorded (Figures S31A, S32A, S33A, and
S34A).

H NMR studies: trans (E) to cis (Z) photoisomerization: For monitoring the trans (E) to
cis () isomerization by *H NMR, a sample of 1a, 1b, 1c, or 1d (4.0 x 102 M) in CDsCN was
prepared in an NMR tube and then irradiated at A = 312 nm using UV tubes (8 x 3 Watt) for
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30 min and then the *H NMR data before and after photoirradiation were compared. The
trans to cis ratio after photoirradiation for 1a, 1b, 1c, and 1d were 15:85, 10:90, 17:83, and

62:38, respectively (Figures S31B, S32B, S33B and S34B).
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Figure S31. UV-Vis spectral changes for 1a (100 pM) upon irradiation with 312 nm using
UV tubes (8 x 3 Watt) (t = 0-10 min) (A). Partial 400 MHz *H NMR spectrum of 1a (4.0 x
10~ M, down) in CD3CN at 25 °C, and that of photoirradiated sample of 1a (top) by 312 nm

light for 30 min (B).
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Figure S32. UV-Vis spectral changes for 1b (100 uM) upon irradiation with 312 nm using
UV tubes (8 x 3 Watt) (t = 0-10 min) (A). Partial 400 MHz *H NMR spectrum of 1b (4.0 x
10~ M, down) in CD3CN at 25 °C, and that of photoirradiated sample of 1b (top) by 312 nm
light for 30 min (B).
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Figure S33. UV-Vis spectral changes for 1c (100 pM) upon irradiation with 312 nm using
UV tubes (8 x 3 Watt) (t = 0-10 min) (A). Partial 400 MHz *H NMR spectrum of 1c (4.0 x
10~ M, down) in CDsCN at 25 °C, and that of photoirradiated sample of 1c (top) by 312 nm
light for 30 min (B).
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Figure S34. UV-Vis spectral changes for 1d (100 uM) upon irradiation with 312 nm of light
using UV tubes (8 x 3 Watt) (t = 0-10 min) (A). Partial 400 MHz *H NMR spectrum of 1d
(4.0 x 102 M, down) in CD3CN at 25 °C, and that of photoirradiated sample of 1d (top) by
312 nm light for 30 min (B).

Absorbance

Thermal stability: To study the stability of 1a and 1d in photoisomerized Z state, 1a-E and
1d-E in CD3CN were irradiated at 312 nm to photoisomerize them into 1a-Z and 1d-Z form.
After that, the photoisomerized samples were kept in the dark and *H NMR was recorded at
different intervals of time. No significant change was observed for 1a-Z during 30 days while
keeping in dark Figure S35. On the other hand, compound 1d-E was poorly photoisomerized
into the 1d-Z state with 62:38 E:Z at the PSS. In addition to this, the photoisomerized 1d-Z
state got thermally relaxed back fully within one day Figure S36. These results are the
outcome of the presence of intramolecular hydrogen bonding in the photoisomerized Z state
of 1a between the pyridine nitrogen and acylhydrazone N—Hs, which shall stabilize it. The
lack of this intramolecular hydrogen bonding in 1d leads to its poor photoisomerization and

low thermal stability.
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Figure S35. Overlapped *H NMR spectra of 1a-Z in acetonitrile-ds after 1 and 30 days of
standing in the dark. No significant changes were observed in the spectra within the

investigated time.
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the dark. 1d—E form was regained back within 1d of thermal relaxation.

Acid-catalyzed reversible photoisomerization studies: Initially, *H NMR was recorded for

la-E in acetonitrile-ds. The sample was then irradiated with 312 nm of light using UV tubes
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(8 x 3 Watt) for 35 min to convert la—E to 1la—Z. The 1la—Z sample was then first treated
with 5 equiv. of TFA followed by the addition of 5 equiv. of TEA to generate the initial la—E
form (Figure S37). This process of photoirradiation and acid/base reactivation process was

repeated for a number of cycles without the loss of efficiency (Figure 5B in manuscript).
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Scheme S2. Proposed photo and acid-induced switching cycle of the receptor 1a between the
binding E and non-binding Z isomers.
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Figure S37. 'H NMR (acetonitrile-ds) spectra of one photo/acid switching cycle (bottom to
top) in the E/Z isomerization of la-E (2 mM). One cycle involves 3 steps: 1)
photoisomerization of 1a-E to 1a-Z (312 nm, 30 min, 90% PSS); 2) acid-induced quantitative
back-isomerization to protonated la-E; 3) neutralization of the protonated la-Z with TEA

restoring the non-protonated l1a-E.
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VI11. Stimuli-Responsive lon Transport Activity

Photodeactivation of ion transport through EYPC-LUVsDHPTS assay

The EYPC-LUVsOHPTS vesicles were prepared using the same protocol as stated above. In
a clean and dry fluorescence cuvette, 100 mM NaCl (1975 pL) and EYPC-LUVsoHPTS (25
pL) were taken. This suspension was placed in a slowly stirring condition in a fluorescence
instrument equipped with a magnetic stirrer. The fluorescence intensity of lucigenin was
monitored at Aem = 510 nm (lex = 450 nm) as a course of time. The pH gradient was created
by the addition of 2.0 M NaOH (25 pL) at t = 20 s between intra- and extravesicular system,
followed by the addition of transporter la at t = 100 s. Finally, vesicles were lysed by
addition of 10% Triton X-100 (25 pL) at t = 300 s for the complete destruction of the pH
gradient. Initially, the transport activity of the compound 1a (0.3 uM, using a stock solution
of 1 mM in acetonitrile was recorded. Subsequently, the stock sample was irradiated at A =
312 nm using UV tubes (8 x 3 Watt) for 0 to 30 min to photoisomerize the acylhydrazone
subunit, and the transport activity using each photoisomerized sample was recorded at
different time intervals. Photoisomerization leads to a substantial decrease in transport
activity (Figure S38A).

Furthermore, the transport activity of 1a was monitored by keeping the sample in the dark in
the cis photoisomerized form. There was no significant increment in the transport activity

during this time of 9 h (Figure S38B), which showed its better thermal stability.

The time axis was normalized using Equation S1, and the time-dependent data were

normalized to percent change in fluorescence intensity using Equation S2.
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Figure S38. Transport activity of la after irradiation at 312 nm for 0-30 min (A) lon
transport of photoisomerized 1a while keeping the sample in the dark for 0-9 h (B)
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Stimuli-responsive reversible ion transport activity through ISE studies

Preparation of ISE vesicles: A chloroform solution (1 mL) of 1-palmitoyl-2-
oleoylphosphatidylcholine (EYPC) (25 mg) was evaporated under reduced pressure to give a
thin film. The lipid film was dried under a high vacuum for 4 hours. The thin film was
rehydrated by vortexing with a sodium chloride solution (500 mM NaCl, 10 mM phosphate
buffer at pH = 7.0). The lipid suspension was then subjected to fifteen freeze—thaw cycles and
was allowed to age for 1 h at room temperature. The suspension was extruded twenty-three
times through a 200 nm polycarbonate membrane using an extruder (Avanti, The Mini-
Extruder set) to obtain unilamellar vesicles containing NaCl (500 mM in 10 mM phosphate
buffer at pH = 7). Non-encapsulated NaCl salts were removed by dialyzing the vesicles three

times in a sodium nitrate solution (500 mM, 10 mM phosphate buffer at pH = 7.0).
Switchable ion transport studies using ion selective electrode

In a clean and dry glass vial, 50 pL of above lipid solution and 1950 puL of 500 mM NaNO3
of respective pH buffer solutions were taken and kept in slowly stirring condition by a
magnetic stirrer (at t = 0 s) and chloride efflux was monitored with time. Transporter
molecule 1a as acetonitrile solution was added att = 50 s, at t = 250 s, 25 pL of 10% Triton
X-100 was added to lyse the vesicles for 100% chloride influx. Initially, the chloride efflux
was recorded for 1a (30 uM) using the stock solution of 5 mM of 1a. Subsequently, the stock
solution was photoirridiated for 30 min using 312 nm UV tubes and ion transport activity was
recorded. The ion transport activity of 1a was greatly reduced upon photoirradiation at 312
nm, likely due to the photoisomerization of la-E form to la-Z form. Eventually, to this
photoisomerized stock solution was added triflic acid (5 equiv.) and the solution was kept for
30 min to get the 1a-E form back. After 30 min, triethylamine (TEA, 5 equiv.) was added to
neutralize the solution and the chloride efflux was recorded again. The activity was
significantly regained back upon the treatment of acid and base (Figure S39C). This process
of alternative photoirradiation and acid/base reactivation process was repeated for three
cycles (Figure 5B in the manuscript). Finally, the value at 50 seconds was set at 0% chloride
efflux and the final chloride reading at 250 s was set as 100% chloride efflux. The time axis

was normalized using the Equation 5.
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Figure S39. Schematic representation of ISE vesicles (A). 1la-E to 1a-Z Photoisomerization
and acid/base reactivation process of 1a acetonitrile solution (5 mM). Chloride efflux of 1a in
E and Z forms (C).

IX. X-Ray Crystallographic Studies
General procedure for crystallization

The solution of 1d (10 mg) in acetonitrile was heated with TBACI salt (05 equiv.) ina 5 mL
of glass vial and then filtered to separate any undissolved component. The solution was then
left in a stable place to evaporate slowly. After few days, colorless needle-like crystalline

material precipitated from the vial. Suitable crystals were chosen for the X-ray measurement.
X-ray single crystal diffraction analysis

The single-crystal X-ray diffraction (SCXRD) analysis of compound 1d was performed on a
Bruker Smart Apex Duo diffractometer using Mo Ka radiation (A = 0.71073A). The crystal
structures were solved using intrinsic methods and then refined by full-matrix least-squares
against F? using all data by using SHELXL-2014/7 built in the Apex-3 package.>® The
crystallographic refinement data for compound 1d are listed in (Table S2). All the non-
hydrogen atoms were refined anisotropically if not stated otherwise. Hydrogen atoms were
constructed in geometric positions to their parent atoms.>” Some of the atom positions (CFs
group) disordered sites and their occupancies were modeled using the different

crystallographic constrain commands. The DIAMOND-3.1 software was used to describe the
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bond length, bond angles and various structural illustrations of compound 1d with chloride

ion.

Table S2. Crystallographic data for compound 1d—ClI- at 100 K.

Crystallographic details

Compound 1d—ClI-

Chemical formula
Formula weight (g/mol)
Temperature

Crystal system

Space group

a(A); a ()

b (A); B (°)

c(A)v (%)

V (A%; z

p (calc.) g cm®

(Mo Ko) mm?

20max (°)

R(int)

Completeness to 0
Data / param.

GOF

R1 [F>40(F)]

wR2 (all data)

max. peak/hole (e.A?)

Ca3He2CIF3N4O4
791.41

100(2)K
Monoclinic

P 2/n

20.366(9); 90
8.237(4); 110.575(9)
27.647(12): 90
4342.(3): 4
1.211

0.145

46.5

0.2887

99.4

6200/494

1.028

0.0987

0.2971
0.995/-0.628

Table S3. Crystallographic data for compound 1d—CI- at 100 K.

D-H...A d(D-H) d(H...A) d(D-A) <DHA Symmetry
operations
N(L)-H(1)...CI(1) 0.8800(4)  2.4576(11)  3.3062(15)  162.127 (75) X, Y,z
N(3)-H(3)...CI(1) 0.8800(3)  2.4620(9) 3.3151(11)  163.470(45) XY,z
C(1)-H(1A)...CI(1) 0.9500(4)  2.8173(9) 3.6590(13)  148.196(56) X, Y, Z
C(12P)-H(12P)...CI(1) ~ 0.9500(3)  2.5028(7) 3.4454(10)  171.587(50) XY, Z
C(17P)-H(17P)...CI(1) ~ 0.9500(4)  2.8074(10)  3.7202(14)  161.406(45) XY,z
C(18P)-H(18P)...CI(1)  0.9500(3)  2.7404(10)  3.5484(12)  143.379(49) X, Y,z
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Bond length
N1-N2: 1.384(7)
N1-H1:0.88
N3-C8: 1.381(9)
N3-H3: 0.88
01-C3: 1.433(12)
03-C2: 1.183(7)
C1-H1A:0.95
C3-C4:1.525(13)
C3-H3B: 0.99
C4-H4A: 0.99
C5-C6: 1.513(14)
C5-H5B: 0.99
C6-H6A: 0.99
C7-H7A: 0.98

C7-H7C: 0.98

C1P-C2P: 1.39

C1P-H1P: 0.95
C2P-H2P: 0.95
C3P-H3P: 0.95
C5P-C6P: 1.39
C6P-H6P: 0.95
C7P-C12P: 1.39
C8P-H8P: 0.95
C10P-C11P: 1.39

C11P-C12P: 1.39

C13P-C14P: 1.39

C14P-C15P: 1.39
C15P-C16P: 1.39
C16P-C17P: 1.39
C17P-C18P: 1.39
C18P-H18P: 0.95

N1C-C24C: 1.515(7)

Bond length
C3P-C4P: 1.39
C4P-C5P: 1.39
C5P-H5P: 0.95
C7P-C8P: 1.39
C8P-C9P: 1.39
C9P-C10P: 1.39
C10P-H10P: 0.95
C12P-H12P: 0.95
C13pP-C18P:1.39
C14P-H14P: 0.95
C15P-H15P: 0.95
C16P-C9: 1.461(9)
C17P-H17P: 0.95
N1C-C24C: 1.515(7)
N1C-C25C: 1.517(7)

C11C-C12C:
1.486(10)

C11C-H11B: 0.98
C12C-C13C: 1.515(9)
C12C-H12B: 0.99
C13C-H13A: 0.99
C14C-N2C: 1.520(7)
C14C-H14B: 0.99
C15C-N2C: 1.518(7)
C15C-H15B: 0.99
C16C-H16A: 0.99

C17C-C18C:
1.493(11)

C17C-H17B: 0.99
C18C-H18B: 0.98
N2C-C15C:1.518(7)
C21C-C22C: 1.500(9)
C21C-H21B: 0.98

C22C-C23C: 1.505(9)

Bond angle
N2-N1-C2: 118.3(6)
C2-N1-H1: 120.8
C8-N3-C13P: 126.3(5)
C13P-N3-H3: 116.8
N2-C1-C4P: 121.7(6)
C4P-C1-H1A: 119.1
03-C2-C7P: 123.0(7)
01-C3-C4: 100.6(9)
C4-C3-H3A: 111.6
C4-C3-H3B: 111.6
C5-C4-C3: 132.7(12)
C3-C4-H4A: 104.1
C3-C4-H4B: 104.1
C4-C5-C6: 121.4(12)

C6-C5-H5A: 107.0
C6-C5-H5B: 107.0

C7-C6-C5: 106.8(11)
C5-C6-HBA: 110.4
C5-C6-H6B: 110.4
C6-C7-H7A: 109.5
H7A-C7-H7B: 109.5
H7A-C7-H7C: 109.5
02-C8-N3: 121.9(8)
N3-C8-C11P: 117.5(6)

C2P-C1P-H1P: 120.0
C1P-C2P-C3P: 120.0

C3P-C2P-H2P: 120.0
C4P-C3P-H3P: 120.0
C3P-C4P-C5P: 120.0
C5P-C4P-C1: 118.4(4)
C6P-C5P-H5P: 120.0

C5P-C6P-C1P: 120.0
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Table S4. Selected bond lengths [A] and angles [°] for compound 1d—CI- at 100 K.

Bond angle
H13A-C13C-H13B: 108.0
C13C-C14C-H14A: 108.4
C13C-C14C-H14B: 108.4
H14A-C14C-H14B: 107.5
C16C-C15C-H15A: 108.3
C16C-C15C-H15B: 108.3
H15A-C15C-H15B: 107.4
C15C-C16C-H16A: 109.4
C15C-C16C-H16B: 109.4
H16A-C16C-H16B: 108.0
C18C-C17C-H17A: 108.5
C18C-C17C-H17B: 108.5
H17A-C17C-H17B: 107.5
C17C-C18C-H18B: 109.5

C17C-C18C-H18C: 109.5

H18B-C18C-H18C: 109.5

C15C-N2C-C14C: 110.5(3)
C15C-N2C-C14C: 111.3(4)
C14C-N2C-C14C: 106.7(6)
C22C-C21C-H21B: 109.5
C22C-C21C-H21C: 109.5
H21B-C21C-H21C: 109.5
C21C-C22C-H22A: 109.0
C21C-C22C-H22B: 109.0

H22A-C22C-H22B: 107.8

C24C-C23C-H23A: 109.5

C24C-C23C-H23B: 109.5
H23A-C23C-H23B: 108.1
C23C-C24C-H24A: 108.3
C23C-C24C-H24B: 108.3
H24A-C24C-H24B: 107.4

C26C-C25C-H25A: 108.2



N1C-C25C: 1.517(7)

C11C-H11A:0.98

C11C-H11C: 0.98

C12C-H12A:0.99

C13C-C14C: 1.517(8)

C13C-H13B: 0.99

C14C-H14A:0.99

C22C-H22B: 0.99

C23C-H23A:0.99

C24C-H24A:0.99

C25C-C26C: 1.511(8)

C25C-H25B: 0.99

C26C-H26A: 0.99

C27C-C28C: 1.540(9)

C15C-C16C: 1.510(9) C27C-H27B: 0.99

C15C-H15A: 0.99

C28C-H28B: 0.98

C16C-C17C: 1.511(10) C9-F3" 1.274(16)

C16C-H16B: 0.99

C17C-H17A: 0.99

C18C-H18A: 0.98

C18C-H18C: 0.98

N2C-C14C: 1.520(7)

C21C-H21A:0.98

C21C-H21C: 0.98

C22C-H22A: 0.99

C23C-C24C: 1.504(8)

C23C-H23B: 0.99

C24C-H24B: 0.99

C25C-H25A: 0.99

C26C-C27C: 1.515(9)

C26C-H26B: 0.99
C27C-H27A: 0.99
C28C-H28A: 0.98
C28C-H28C: 0.98

C9-F2: 1.279(11)

C9-F2': 1.341(16)

C9-F1'": 1.490(16)

C9-F1: 1.303(11)
C9-F3: 1.364(10)
N1-C2: 1.388(8)
N2-C1: 1.261(8)
N3-C13P: 1.398(6)
01-C9P: 1.371(6)
02-C8: 1.218(9)

C1-C4P: 1.454(7)

C2-C7P: 1.476(7)

C3-H3A: 0.99

C4-C5: 1.252(11)

C4-H4B: 0.99

C5-H5A: 0.99
C6-C7: 1.386 (15)
C6-H6B: 0.99
C7-H7B: 0.98
C8-C11P: 1.480(9)

C1P-C6P: 1.39

C2P-C3P: 1.39

C1P-C6P-H6P: 120.0
C8P-C7P-C2: 115.8(4)
C9P-C8P-C7P: 120.0
C7P-C8P-H8P: 120.0
01-C9P-C8P: 124.9(5)
C9P-C10P-C11P: 120.0
C11P-C10P-H10P: 120.0
C10P-C11P-C8: 116.0(4)
C11P-C12P-C7P: 120.0
C7P-C12P-H12P: 120.0
C14P-C13P-N3: 123.2(4)
C15P-C14P-C13P: 120.0
C13P-C14P-H14P: 120.0
C14P-C15P-H15P: 120.0
C15P-C16P-C17P: 120.0
C17P-C16P-C9: 119.4(5)
C18P-C17P-H17P: 120.0

C17P-C18P-C13P: 120.0

C13P-C18P-H18P: 120.0

C24C-N1C-C25C:
110.9(3)

C24C-N1C-C25C:
110.8(3)

C25C-N1C-C25C:
106.5(6)

C26C-C25C-H25B: 108.2
H25A-C25C-H258: 107.4
C25C-C26C-H26A: 109.8
C25C-C26C-H26B: 109.8
H26A-C26C-H26B: 108.2
C26C-C27C-H27A: 109.0
C26C-C27C-H27B: 109.0
H27A-C27C-H278B: 107.8
C27C-C28C-H28B: 109.5
C27C-C28C-H28C: 109.5
H28B-C28C-H28C: 109.5
F3-C9-F2 107.7(13)
F1-C9-F3: 107.1(9)
F2-C9-C16P: 111.2(8)
F2'-C9-C16P: 122.1(9)
F3-C9-F1' 98.4(12)
C16P-C9-F1': 109.3(8)
C27C-C26C-H26B: 109.8

C26C-C27C-C28C:
112.8(6)

C28C-C27C-H27A: 109.0

C28C-C27C-H27B: 109.0

C27C-C28C-H28A: 109.5

C12C-C11C-H11B: 109.5 H28A-C28C-H28B: 109.5

C12C-C11C-H11C: 109.5 H28A-C28C-H28C: 109.5

H11B-C11C-H11C: 109.5 F2-C9-F1: 112.4(10)

C11C-C12C-H12A: 108.7 F2-C9-F3: 104.5(10)

C11C-C12C-H12B: 108.7 F3'-C9-C16P: 120.1(11)

H12A-C12C-H12B: 107.6 F1-C9-C16P: 112.7(9)

C12C-C13C-H13A:
109.4

F3-C9-C16P: 108.4(7)

C12C-C13C-H13B: 109.4 F2'-C9-F1": 92.8(11)

S40



Figure S40. The asymmetric unit of 1d with TBACI (Here the H-atoms are removed for

structure clarity).
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Figure S41. Hydrogen-bonded crystal structure of 1d with CI~ in 1:1 receptor:Cl- binding
mode. Some of the aliphatic and aromatic H-atoms, tetrabutylammonium cation (TBA) and

disordered fluorine moieties are removed for structure clarity, CCDC: 2092373).
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Figure S42. ORTEP diagram of 1d co-crystalized TBACI. Ellipsoids are drawn at 50%
probability.

Figure S43. Hydrogen-bonded crystal structure of 1d with Cl=in 2:2 receptor:Cl~ binding

mode (TBA cation moieties are removed for structure clarity).
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Figure S44. 400 MHz *H NMR spectrum of 3 in CDCls.
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Figure S45. 101 MHz 3C NMR spectrum of 3 in CDCls.
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Figure S46. 400 MHz 'H NMR spectrum of 4a in CDCls.

€0L0°¥T —
TLLY'TT —
OTLT'8T\
TTT8'8T —
0S€E9'2S —
£08L°89
TYLEBTT
£ 86ST'6TT
o 9LTT'6TT x
., LOE6'6TT
L s9zvoTt \
/ 9€91°9CT \
© T806'TET
SE66'SET’,
o 8LL8°0VT
I
z
ObES'6ST —
0T88'¥9T
6EVT 99T —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical shift (ppm)

180

Figure S47. 101 MHz 3C NMR spectrum of compound 4a in CDCls.
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Figure S48. 400 MHz *H NMR spectrum of 4b in CDCls.
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Figure S49. 101 MHz 3C NMR spectrum of compound 4b in CDCls.
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Figure S50. 400 MHz *H NMR spectrum of 4c in CDCls.
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Figure S51. 101 MHz 3C NMR spectrum of compound 4c in CDCls.
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Figure S52. 400 MHz *H NMR spectrum of 1a in DMSO-ds.
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Figure S53. 101 MHz 3C NMR spectrum of compound 1a in DMSO-ds.
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Figure S54. 400 MHz *H NMR spectrum of 1b in DMSO-ds.
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Figure S55. 101 MHz 3C NMR spectrum of compound 1b in DMSO-ds.
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Figure S56. 400 MHz *H NMR spectrum of 1c in DMSO-ds.
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Figure S58. 400 MHz *H NMR spectrum of 1d in DMSO-de.
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Figure S59. 101 MHz 3C NMR spectrum of 1d in DMSO-ds.
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