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1. General Information: 

All the reagents and solvents were purchased from commercial sources like Sigma-Aldrich, 

Alfa Aesar, Merck and directly used without further purification, unless otherwise stated. 

Thin-layer chromatography (TLC) on silica gel 60 F254 (0.25 mm) was used to monitor the 

reactions. The column chromatography was performed using the silica gel of 120-200 mesh. 

The 
1
H NMR and 

13
C NMR were recorded at 400 and 100 MHz respectively by Bruker 

spectrometer. The chemical shifts were reported in parts per million (δ) using DMSO-d6, 

CDCl3 as internal solvent. The coupling constant (J) values were reported in hertz and the 

abbreviation were stated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m 

(multiple), and br (broadened). The high-resolution mass spectra (HRMS) were recorded at 

Agilent Q-TOF mass spectrometer with Z-spray source using built-in software for the 

analysis of the recorded mass data. Egg yolk phosphatidylcholine (EYPC) and cholesterol 

were purchased from Sigma Aldrich. Dipalmitoylphosphatidylcholine (DPPC) was purchased 

from Avanti Polar Lipids. HEPES buffer, 8-hydroxypyrene-1, 3, 6-trisulfonic acid (HPTS), 

lucigenin, calcein, Triton X-100 and inorganic salts and their corresponding hydroxide bases 

were also purchased from Sigma Aldrich. Ultrapure water (Milli-Q system, Millipore, 

Billerica, MA) was used for the preparation of all the buffers. The stock solutions of 

compounds were prepared in gas chromatographic grade DMSO which also purchased from 

Sigma.  

 

2. Synthesis of the Compounds:  

2.1. Synthesis of 1-isothiocyanato-2-(methylthio)ethane
1
 ─ To a stirring solution of 2-

(methylthio)ethan-1-amine (830 mg, 7.90 mmol) in chloroform (10 mL) and water (10 mL) at 

0 °C was added a solution of thiophosgene (0.9 ml, 11.86 mmol) and NaOH (948 mg, 23.7  

 

Scheme 1. Synthesis of 1-isothiocyanato-2-(methylthio)ethane. 

 

mmol) in chloroform (10 mL). After 10 minutes the reaction mixture was allowed to warm up 

to room temperate and the stirring was continued for 1-1.5 hours. The progress of reaction 

was monitored by TLC analysis. After completion of the reaction, the organic layer was 

extracted with chloroform (2 × 50 mL). The combined organic layers was dried over 

anhydrous Na2SO4 and concentrated under reduced pressure. The crude reaction mixture was 
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purified through the column chromatography with a solvent gradient system using 

methanol/chloroform to give a light yellow liquid compound with 70% yield.  

 

2.2. Synthesis of 1, 3, 5-triethyl-2, 4, 6-tris(isothiocyanatomethyl)benzene
1-3

 ─ To a stirring 

solution of 1,3,5-tris(bromomethyl)-2,4,6-triethylbenzene (200 mg, 0.45 mmol) in dry DMF 

solvent, were added tetrabutyl ammonium bromide (585 mg, 1.81 mmol), potassium 

thiocyante (308 mg, 3.17 mmol) and sodium iodide (55 mg, 0.36 mmol) at room temperature  

 

Scheme 2. Synthesis of 1, 3, 5-triethyl-2, 4, 6-tris(isothiocyanatomethyl)benzene. 

 

under N2 atmosphere. Then the reaction mixture was continued to stir for 2-3hours at 80 ⁰C 

temperature. The progress of reaction was monitored by TLC analysis. After completion of 

the reaction the unwanted salts were filtered through the filter paper. The filtrate was diluted 

with water (50 mL) and the organic layer was extracted with ethyl acetate (2 × 50 mL). The 

combined organic layers was dried over anhydrous Na2SO4 and concentrated under reduced 

pressure. The crude reaction mixture was purified through the column chromatography with a 

solvent gradient system using ethyl acetate/hexane to give a white solid compound with 60% 

yield.         

 

2.3. Synthesis of N-(2-aminoethyl)-7-nitrobenzo[c][1,2,5]oxadiazol-4-amine
4
 ─ To a 

stirring solution of NBD-Cl (250 mg, 1.252 mmol) in CH2Cl2 was added N-Boc-1,2-

diaminoethane (221 mg, 1.378 mmol) and triethylamine (2 mL, 1.378 mmol) in CH2Cl2 (10 

mL). The resulting dark-brown colour solution was continued to stirred until the 

disappearance of the  

 

Scheme 3. Synthesis of N-(2-aminoethyl)-7-nitrobenzo[c][1,2,5]oxadiazol-4-amine. 
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starting materials. The progress of the reaction was monitored by the TLC analysis. After 

completion of the reaction, the reaction mixture was diluted with CH2Cl2 (10 mL) and the 

organic layer was washed with NaHCO3 solution in water (2 × 10 mL). The collected organic 

layers were dried over the anhydrous Na2SO4, filtered and concentrated under reduced 

pressure. Then, the crude reaction mixture was dissolved in CH2Cl2 (5 mL) and 30% 

trifluoroacetic acid solution in CH2Cl2 (2 mL, 1:9 (v/v)) was slowly added at room 

temperature. After 2 hours, diethyl ether (30 mL) was added and the precipitated product was 

collected through filtration, washed with cold diethyl ether to give the brown colour product 

with 70% yield. 

 

2.4. Synthesis of bis(thiourea) derivatives ─ To a stirring solution of 1, 3-

phenylenedimethanamine (100 mg, 0.734 mmol) or 1, 2-diphenylethane-1, 2-diamine (100 

mg, 0.4710 mmol) in CH2Cl2 (15 mL) was added a solution of 1-isothiocyanato-2-

(methylthio)ethane (1.615 mmol for compound 1 and 1.036 mmol for 2)) in CH2Cl2 and the  

 

Scheme 4. Synthesis of bis(thiourea) derivatives. 

 

whole reaction mixture was allowed to stir for 4-5 hours at room temperature. The progress 

of the reaction was monitored by TLC analysis. After completion of the reaction, mixture was 

diluted with water and extracted with ethyl acetate. The organic layer was washed with brine 

solution and dried over anhydrous Na2SO4.  The organic solvent was removed under reduced 

pressure. The crude reaction mixture was purified through the column chromatography with a 
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solvent gradient system using MeOH/ CH2Cl2 to give the targeted compounds 1 and 2 with 

70 and 75% yield respectively. 

 

2.5. Synthesis of tris(thiourea) derivatives
3
 ─ To a stirring solution of N

1
-(7-

nitrobenzo[c][1,2,5]oxadiazol-4-yl)ethane-1,2-diamine (62 mg, 0.266 mmol) in CH3CN 

and/or 2-(methylthio)ethan-1-amine (97 mg, 1.065 mmol for compound 3 or 46 mg, 0.5054  

 

Scheme 5. Synthesis of tris(thiourea) derivatives. 

 

mmol for compound 4) was added a solution of 1,3,5-triethyl-2,4,6-

tris(isothiocyanatomethyl)benzene (100 mg, 0.266 mmol for both compounds 3 and 4) in 

CH3CN. The reaction mixture was then allowed to stir for 4-5 hours at room temperature. 

The progress of the reaction was monitored by the TLC analysis. A white precipitation was 

observed (for the compound 3) and the precipitate was filtered and washed with CH2Cl2 and 

CH3CN to get the pure compound 3 as white solid with 90% yield. However, there was no 

precipitation for compound 4. After completion of the reaction, the reaction mixture was 

diluted with water and extracted with ethyl acetate. The organic layer was washed with brine 

solution and dried over anhydrous Na2SO4. The organic solvent was removed under reduced 

pressure and the purification was done by the column chromatography using a gradient 
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solvent system of MeOH/CH2Cl2. The targeted compound 4 was obtained as white solid with 

50% yield. 

 

2.6. Synthesis of sulfonium derivatives
5
 ─  To a stirring solution of 1,1',1''-((2,4,6-

triethylbenzene-1,3,5-triyl)tris(methylene))tris(3-(2-(methylthio)ethyl)thiourea) (compound 

3; 1 equiv.) in CH3CN was added a solution of iodomethane (3.2 euiv. for compound 5 and 6) 

or 4-(bromomethyl)benzoic acid (3.2 equiv. for compound 7) in CH3CN. To this reaction 

mixture a trace amount of dry DMF was added and the mixture was heated (at 40-50 °C) to  

 

Scheme 6. Synthesis of sulphonium based compound.  

 

solubilize the whole reaction mixture, and was allowed to stir for 24 hours at room 

temperature. For the synthesis of the compound 6 and 7, 20 mol% of AgBF4 were also added 

to prepare their respective tetrafluroborate salts for making them as a better water soluble 

compounds. The progress of the reaction was monitored by TLC analysis. The precipitation 

due to the silver salt was filtered and the filtrate part was washed with diethyl ether, CH2Cl2 

and CH3CN to obtain the pure product 6 and 7 as sticky liquid with 60% and 70% yields, 

respectively. As AgBF4 was not used for the preparation of compound 5, so there was not any 

precipitation under the experimental conditions and after the completion of the reaction, the 
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reaction mixture was simply washed with the diethyl ether, CH2Cl2 and CH3CN to get the 

pure product as sticky liquid with 90% yield. 

 

2.7. Synthesis of NBD-labeled sulfonium derivatives
5, 6

 ─ To a stirring solution of 

compound 4 in CH3CN (10 mL) was added a solution of iodomethane in CH3CN and the 

whole reaction mixture was allowed to stir for 24 hours at room temperature. After 

completion of the  

 

Scheme 7. Synthesis of NBD-labeled sulfonium derivatives. 

 

reaction the reaction mixture was washed with diethyl ether, CH2Cl2 and CH3CN to obtain a 

sticky compound 8 with 90% yield. For the synthesis of the compound 9, 20 mol% of AgBF4 

was added to the solution of compound 4 in CH3CN. The precipitate due to the presence of 

excess silver salt was filtered off and the filtrate part was washed with diethyl ether, CH2Cl2 

and CH3CN to get the pure product 9 as sticky compounds with 50% yield. 

 

3. Characterization of the Synthesized Compounds: 

3.1. 1,3,5-triethyl-2,4,6-tris(isothiocyanatomethyl)benzene ─ Following the general 

procedure as mentioned in section 2.2, using 1,3,5-

tris(bromomethyl)-2,4,6-triethylbenzene (200 mg,0.45 mmol), 

tetrabutyl ammonium bromide (585 mg,1.81 mmol), potassium 
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thiocyante (308 mg, 3.17 mmol) and the sodium iodide(55 mg, 0.36 mmol) provided the 

colourless solid compound as 70% yield. The product was characterized by the ES-MS, 
1
H 

NMR and 
13

C NMR analyses.
 1

H NMR (600 MHz, CDCl3) δ 4.68 (s, 6H), 2.79 (q, J = 7.7 

Hz, 6H), 1.21 (t, J = 7.7 Hz, 9H).
 13

C NMR (151 MHz, CDCl3) δ 144.1, 132.1, 129.9, 42.8, 

23.1, 15.7. ES-MS (ESI+) m/z: 376.098. HRMS (ESI) calcd. for C18H21N3S3 (M+ H)
+
: 

376.0970, found: 376.0981. 

 

3.2. N
1
-(7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)ethane-1,2-diamine

4
 ─ This compound was 

synthesized according to the reported procedure using NBD-Cl (250 mg, 1.252 mmol) in 

CH2Cl2 and N-Boc-1,2-diaminoethane (221 mg, 1.378 mmol). All the characterization data 

were matched with the reported literature.  

 

3.3. 1,1'-(1,3-phenylenebis(methylene))bis(3-(2-(methylthio)ethyl)thiourea)(1) ─ Following 

the general procedure as mentioned in section 2.4, using 

1,3-phenylenedimethanamine (100mg, 0.734 mmol)and 

(2-isothiocyanatoethyl)(methyl)sulfane (215 mg, 1.615 

mmol) provided the colorless solid compound as 70% 

yield. The product was characterized by the ES-MS, 
1
H 

NMR and 
13

C NMR analyses. 
1
H NMR (600 MHz, 

DMSO-d6) δ 7.97 (s, 2H), 7.60 (s, 2H), 7.29 (t, J = 7.5 Hz, 1H), 7.19 – 7.16 (m, 3H), 4.64 (s, 

4H), 3.62 (s, 4H), 2.63 (t, J = 7.0 Hz, 4H), 2.08 (s, 6H).
 13

C NMR (151 MHz, DMSO-d6) δ 

183.6, 139.8, 128.7, 126.7, 126.3, 47.5, 43.3, 32.9, 15.1. ES-MS (ESI+) m/z:  403.1119. 

HRMS (ESI) calcd. for C16H26N4S4 (M+ H)
+
: 403.1113, found: 403.1119. 

 

3.4. 1,1'-(1,2-diphenylethane-1,2-diyl)bis(3-(2-(methylthio)ethyl)thiourea) (2)─ Following 

the general procedure as mentioned in section 2.4, using 1,2-

diphenylethane-1,2-diamine (100 mg, 0.471 mmol) and (2-

isothiocyanatoethyl)(methyl)sulfane (138 mg, 1.036 mmol) 

provided the brownish solid compound as 75% yield. The 

product was characterized by the ES-MS, 
1
H NMR and 

13
C 

NMR analyses. 
1
H NMR (600 MHz, DMSO-d6) δ 7.91 (brs, 

2H), 7.61 (brs, 2H), 7.29-7.27 (m, 6H), 7.24-7.22 (m, 4H), 6.03 (brs, 2H), 3.51 (brs, 4H), 

2.01 (s, 6H).
 13

C NMR (151 MHz, DMSO-d6) δ 182.9, 157.6, 140.4, 128.3, 128.0, 127.5, 
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61.1, 43.2, 32.7, 15.0. ES-MS (ESI+) m/z: 479.1429. HRMS (ESI) calcd. for C22H30N4S4 

(M+ H)
+
: 479.1426, found: 479.1429. 

 

3.5. 1,1',1''-((2,4,6-triethylbenzene-1,3,5-triyl)tris(methylene))tris(3-(2-

(methylthio)ethyl)thiourea)(3) ─ Following the general procedure as mentioned in section 

2.5, using 1,3,5-triethyl-2,4,6-tris(isothiocyanatomethyl)benzene (100 mg, 0.266 mmol) and 

2-(methylthio)ethan-1-amine (97 mg, 1.065 mmol) 

provided the white solid compound as 90% yield. The 

compound was simply purified by the washing with the 

CH3CN and DCM solvent. The product was characterized 

by the ES-MS, 
1
H NMR and 

13
C NMR analyses.

 1
H NMR 

(600 MHz, DMSO-d6) δ 7.40 (brs, 6H), 4.61 (s, 6H), 3.64-

3.61 (s, 6H), 2.67-2.61 (m, 12H), 2.08 (s, 9H), 1.11 (t, J = 7.4 Hz, 9H).
 13

C NMR (151 MHz, 

DMSO-d6) δ 182.6, 143.9, 132.7, 43.0, 42.5, 32.9, 23.2, 16.8, 14.9. ES-MS (ESI+) m/z: 

649.2336. HRMS (ESI) calcd. for C27H48N6S6 (M+ H)
+
: 649.2337, found: 649.2336. 

 

3.6. Compound 4 ─ Following the general procedure as mentioned in section 2.5, using 

1,3,5-triethyl-2,4,6-tris(isothiocyanatomethyl)benzene (100 

mg, 0.266 mmol), 2-(methylthio)ethan-1-amine (46 mg, 

0.5059 mmol) and N
1
-(7-nitrobenzo[c][1,2,5]oxadiazol-4-

yl)ethane-1,2-diamine(59 mg, 0.266 mmol) provided the 

brownish solid compound as 70% yield. The product was 

characterized by the ES-MS, 
1
H NMR and 

13
C NMR analyses. 

1
H NMR (600 MHz, DMSO-

d6): δ 8.44 (s, 1H), 8.36 (brs, 1H), 7.57-7.49 (m, 4H), 6.44 (brs, 2H), 6.35 (s, 1H), 4.57 (s, 

6H), 3.05 (s, 4H), 2.79 (s, 2H), 2.60 (s, 6H), 2.06 (s, 6H), 1.88 (s, 6H), 1.29-1.07 (m, 9H).
 13

C 

NMR (151 MHz, DMSO-d6) δ 173.0, 152.9, 147.6, 144.8, 143.9, 136.9, 100.7, 45.1, 32.9, 

23.2, 22.6, 22.0, 16.8, 15.0. ES-MS (ESI+) m/z: (M+3H)
 +

: 783.2679 (M+4H)
 +

 784.2703, 

(M+5H)
+
 785.2652. 

 

3.7. Compound 5 ─ Following the general procedure as 

mentioned in section 2.6, using 1,1',1''-((2,4,6-triethylbenzene-

1,3,5-triyl)tris(methylene))tris(3-(2-(methylthio)ethyl)thiourea  

(50mg, 0.077 mmol), and  methyl iodide (16 µL, 0.2465 mmol) 

provided the white solid compound as 70% yield. The product was confirmed by the ES-MS, 
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1
H NMR and 

13
C NMR data.

 
 

1
H NMR (600 MHz, DMSO-d6): δ 9.53-9.43 (m, 1H), 9.22-

8.75 (m, 3H), 7.57-7.32 (m, 2H), 4.70-4.48 (m, 6H), 4.04-3.99 (m, 1H), 3.77 (s, 2H), 3.63-

3.61 (m, 3H), 2.83-2.76 (m, 4H), 2.69-2.63 (m, 8H), 2.18 (s, 8H), 2.15 (s, 4H), 2.09-2.05 (m, 

6H), 1.13-1.11 (m, 9H). The product was characterized by the ES-MS, 
1
H NMR and 

13
C 

NMR analyses.
 13

C NMR (151 MHz, DMSO-d6) δ 168.9, 146.7, 129.5, 128.8, 62.8, 55.5, 

49.1, 44.7, 42.6, 26.7, 25.5, 25.3, 24.0, 16.7, 15.5. ES-MS (ESI+) m/z: [M – 2I
-
 + H]

+
 

821.2031. 

 

3.8. Compound 6 ─ Following the general procedure as mentioned in section 2.6, using 

1,1',1''-((2,4,6-triethylbenzene-1,3,5-triyl)tris(methylene))tris(3-(2-

(methylthio)ethyl)thiourea)  (50mg, 0.077 mmol),  methyl iodide (16 µL, 0.2465 mmol) and 

AgBF4 (20 mol%) provided the brownish colour sticky  

compound as 65% yield. . The product was characterized by 

the ES-MS, 
1
H NMR and 

13
C NMR analyses.

 
 
1
H NMR (600 

MHz, DMSO-d6): δ 9.52 -9.49 (m, 1H), 9.14-8.98 (m, 2H), 

8.79-8.75 (m, 1H), 7.48-7.31 (brs, 2H), 4.64-4.51 (m, 6H), 

4.04-3.98 (m, 1H), 3.77 (brs, 2H), 3.62-3.60 (m, 3H), 2.98-

2.96 (m, 1H), 2.82-2.81 (m, 3H), 2.68-2.62 (m, 8H), 2.18 (s, 8H),2.15 (s, 4H), 2.08-2.04 (m, 

6H), 1.12-1.10 (m, 9H).
 13

C NMR (151 MHz, DMSO-d6) δ 168.9, 146.6, 129.4, 128.7, 62.7, 

55.4, 49.0, 44.6, 42.5, 26.6, 25.2, 23.9, 16.6, 15.5. ES-MS (ESI+) m/z: [M/3 + NH4
+
] 

337.1539. MALDI-TOF m/z: [M/2 + 1H]
+
 478.5. 

 

3.9. Compound 7 ─ Following the general procedure as mentioned in section 2.6, using 

1,1',1''-((2,4,6-triethylbenzene-1,3,5-

triyl)tris(methylene))tris(3-(2-

(methylthio)ethyl)thiourea)  (50mg, 0.077 mmol),  4-

(bromomethyl)benzoic acid (53mg, 0.2464 mmol) and 

AgBF4 (20 mol%)  provided the brownish color sticky  

compound as 65% yield. The product was characterized by the ES-MS, 
1
H NMR and 

13
C 

NMR analyses.
 
 
1
H NMR (600 MHz, DMSO-d6) δ 13.07 (brs, 3H), 9.81-9.21 (m, 4H), 7.99-

7.97 (m, 1H), 7.93-7.90 (m, 4H), 7.63 (s, 1H), 7.61 (m, 2H), 7.58-7.42 (m, 4H), 4.76 (s, 1H), 

4.61-4.45 (m, 11H), 3.76 (s, 3H), 3.63 (s, 3H), 2.72 (s, 4H), 2.62 (s, 8H), 2.08 (s, 9H), 1.12-

1.06 (m, 9H).
 13

C NMR (151 MHz, DMSO-d6) δ 183.1, 167.6, 165.3, 144.5, 144.3, 143.3, 

140.7,131.0, 130.3, 130.1, 129.9, 129.8, 129.7, 129.4, 44.9, 43.3, 42.6, 37.2, 33.8, 33.0, 23.5, 
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23.4, 23.2, 16.9, 16.8, 16.6, 15.3, 15.0, 14.8. ES-MS (ESI+) m/z: [M - 2BF4
-
 +NH4

+
] 

1159.7907, [M - 2BF4
-
 - 2Me + H]

+ 
1111.7909. MALDI-TOF m/z: [(M- BF4)/3 + 1H]

+
  

410.1. 

 

3.10. Compound 8 ─ Following the general procedure as mentioned in section 2.7, using 

compound 4 (100 mg, 0.128 mmol) and methyl iodide 

(17 µL, 0.2691 mmol) provided the solid compound as 

70% yield. The product was characterized by the ES-

MS, 
1
H NMR and 

13
C NMR analyses.

 
 

1
H NMR (600 

MHz, DMSO-d6) δ 8.44 (s, 1H), 8.35-8.34 (m, 1H), 

7.61-7.49 (m, 4H), 6.50 (s, 2H), 6.45-6.34 (m, 1H), 4.57 

(s, 6H), 3.84 (s, 2H), 3.05 (s, 2H), 2.79 (s, 4H), 2.59 (s, 4H), 2.06 (s, 6H), 1.88 (s, 12H), 1.22 

(s, 3H), 1.08-1.07 (m, 6H).
 13

C NMR (151 MHz, DMSO-d6) δ 173.0, 145.5, 144.8, 143.9, 

137.0, 100.7, 100.4, 63.5, 44.8, 43.2, 32.9, 31.7, 30.3, 29.5, 23.2, 22.6, 21.9, 16.8, 15.0, 14.4. 

ES-MS (ESI+) m/z:  [M + Br
-
 + H]

 +
 1145.5355, [M + Br

-
 + 2H]

 +
 1146.5326, [M + Br

-
 + 

2H]
 +

 1147.5347. MALDI-TOF m/z: [M/2 + 2H]
+
  534.6, [M/2 + 3H]

+ 
535.3,   [M/2 + 4H]

+ 

536.6. 

 

3.11. Compound 9 ─ Following the general procedure as mentioned in section 2.7, using 

compound 4 (100 mg, 0.128 mmol) and methyl iodide 

(17 µL, 0.2691 mmol) and AgBF4 (20 mol%) provided 

the sticky  compound as 70% yield. The product was 

characterized by the ES-MS, 
1
H NMR and 

13
C NMR 

analyses.
 
 

1
H NMR (600 MHz, DMSO-d6) δppm 8.45-

8.42 (m, 1H), 8.34-8.33 (m, 1H), 7.75-7.49 (m, 4H), 6.50-6.43 (m, 2H), 6.35-6.33 (m, 1H), 

4.57 (s, 6H), 3.83 (s, 2H), 3.04 (s, 2H), 2.78 (m, 4H), 2.59 (s, 4H), 2.06 (s, 6H), 1.87 (s, 12H), 

1.22 (s, 3H), 1.09-1.06 (m, 6H).
 13

C NMR (151 MHz, DMSO-d6) δ 173.2, 145.6, 144.9, 

144.1, 137.1, 100.8, 100.5, 63.6, 44.9, 43.3, 33.1, 31.9, 30.4, 29.6, 23.3, 22.7, 22.1, 16.9, 

15.1, 14.5. ES-MS (ESI+) m/z:  [ M + Br
-
] 1063.5571. MALDI-TOF m/z: [M-2BF4] 810.5, 

: [M-2BF4 + 2H]
+
 812.5, [M-2BF4 + 4H]

+
 814.5. 
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Table S1. Chemical properties of the compounds. 

 

Compound LogP
a
 pKa1 

(N-H)
b
 

pKa2 

(N-H)
b
 

Kd (mM)
c 

1 3.01 13.93 14.53 68.84 

2 4.83 14.37 13.73 - 

3 6.40 13.74 14.22 81.84 (N-Ha) 

47.65 (N-Hb) 

LogP
a
, 

b
pKa1 and pKa2 were calculated using the MarvinSketch 17.27 program. 

c
Kd values of the compounds were calculated using 

1
H NMR titration. 

 

4. 
1
H-NMR Titrations: 

4.1. Anion binding analysis by 
1
H-NMR titrations

7, 8
 ─ The 

1
H NMR titration was 

performed for compound 1 and 3 in DMSO-d6. The stock solutions of the compound (8.4 

mM) and tetrabutyl ammonium chloride (TBACl; 6 M) were prepared in DMSO-d6. The 

TBACl was used as the source of Cl
─
 ion. 

1
H-NMR titrations of the compounds in DMSO-d6 

were performed by the subsequent addition of TBACl (0-35 equiv.). The changes in chemical 

shift (∆δ) values of the N-H protons of the compounds were analysed. MestReNova software 

was used for the stacking of all the titration spectra. The changes in chemical shift against the 

concentration of chloride ion were fitted by the WinEQNMR2 program using 1:1 binding 

model.
8
 The dissociation constant (Kd) values were determined by taking the reciprocal of 

binding constant (Ka; as mentioned in WinEQNMR2 program). The following equation (Eq.-

S1) was used to calculate the binding constant- 
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       ∑ ∑
               

        

   
   

   
   …………………Eq.-S1 

 

Where, M represents the free, uncomplexed receptor and L is the ligand; δcalc, is the weighted 

average of the chemical shifts of the various M-containing species present, MmLn, and i and j 

represent the maximum values of m and n respectively.
8
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Figure S1: 
1
H-NMR (600MHz) titration spectra for compound 1 with sequential addition of 

TBACl in DMSO-d6 solvent. The amounts of added TBACl are shown on the spectra (A). 

Plot of concentration of TBACl verses chemical shift of 
1
H signal, fitted to 1:1 binding model 

of WinEQNMR2 program (B). 
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Figure S2: 
1
H-NMR (600MHz) titration spectra for compound 3 with sequential addition of 

TBACl in DMSO-d6 solvent. The amounts of added TBACl are shown on the spectra (A). 

Plot of concentration of TBACl verses chemical shift of 
1
H signal (for N-Ha), fitted to 1:1 

binding model of WinEQNMR2 program (B). Plot of concentration of TBACl verses 

chemical shift of 
1
H signal (for N-Hb), fitted to 1:1 binding model of WinEQNMR2 program 

(C). 
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4.2. Determination of anion binding stoichiometry by Job’s plot
3, 7, 9

 ─ A continuous 

variation method of Job’s plot was used to determine the binding stoichiometry of the 

complex which was formed during the titration of compound 3 in the presence of Cl
─
 ion 

(TBACl). The DMSO-d6 solvent was used to prepare the stock solutions of host (compound) 

and the guest (TBACl). During the titration experiments total 10 separate NMR tubes 

containing the required amount of host and guest concentrations were taken to keep the final 

concentration fixed to be at 10 mM. The chemical shift values were recorded and the changes 

of chemical shift of N-H proton at different mole fraction of the Cl
─
 ion were tabulated 

(Table S2). The Job’s plot of compound 3 specifies a 1:1 binding stoichiometry of the 

complex.
7
 

 

Table S2: Calculation and result table for the Job’s plot analysis. 

Sample No. Host 

conc. 

([H], 

mM) 

Guest 

conc. 

([G], mM) 

[H] + 

[G] 

(mM) 

[H]/ 

([H]+[

G]) 

δ of 

proton 

Δδ {[H] / 

( [H] 

+[G])}*Δδ 

JB-1-1d 1.0 9.0 10 0.1 7.66 0.25 0.025 

JB-2-1d 2.0 8.0 10 0.2 7.65 0.24 0.048 

JB-3-1d 3.0 7.0 10 0.3 7.62 0.21 0.063 

JB-4-1d 4.0 6.0 10 0.4 7.6 0.19 0.076 

JB-5-1d 5.0 5.0 10 0.5 7.57 0.16 0.08 

JB-6-1d 6.0 4.0 10 0.6 7.54 0.13 0.078 

JB-7-1d 7.0 3.0 10 0.7 7.51 0.1 0.07 

JB-8-1d 8.0 2.0 10 0.8 7.48 0.07 0.056 

JB-9-1d 9.0 1.0 10 0.9 7.44 0.03 0.027 

JB-10-1d 10 0.0 10 1 7.41 0 0 
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Figure S3: Job’s plot for the compound 3 (according to Table S2). 

 

5. Crystallographic Study:  

The crystal was obtained by crystallisation of compound 3 in the presence of Me4N
+
Cl

− 
in 

DMSO solvent at room temperature.
3
 The crystallographic data were recorded by the Bruker 

Nonius SMART APEX CCD diffractometer equipped with a graphite monochromator and 

Apex CCD camera using SMART software. All crystallographic data were refined using the 

software SHELXL-2014/7 and or Olex2 1.2-alpha. The ORTEP diagram was obtained with 

the help of ORTEP software with 50% thermal ellipsoid. The tetrabutylammonium chloride 

salt was used as a chloride ion source for co-crystallization with the compound 3 in presence 

of DMSO solvent. The crystallographic parameters and refinement data were listed in Table 

S3. All H-atoms are omitted from the ORTEP diagram for clarity. 
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Table S3: Crystal parameters and refinement data of the anion complex. 

Parameters 

 

Compound 3 

Formula C27 H48 N6 S6, C16 H36 N, Cl, O 

Fw 942.98 

Crystal system triclinic 

Space group 'P -1' 

a/Å 12.8015(8) 

b/Å 13.8204(8) 

c/Å 16.5396(7) 

α/° 67.517(5) 

β/° 87.324(4) 

γ/° 85.158(5) 

V/Å3 2693.8(3) 

Z 2 

Dc/g cm−3 1.163 

μ Mo Kα mm−1 0.341 

F000 1024.0 

T/K 293(2) 

θ max. 25.00 

Total no. of reflections 18456 

Independent reflections 9485 

Parameters refined 557 

R1, I > 2σ(I 0.0739 

wR2, I > 2σ(I 0.1708 

GOF (F2 ) 1.020 

CCDC 1900065 
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Figure S4: ORTEP diagram of complex 3 (50% thermal ellipsoid plot, H-atoms are omitted 

for clarity). The TBA
+
 cations outside the cavity were omitted for clarity.  

 

 

Figure S5:  X-ray crystal structure depicting the non-covalent interactions involved in 2 : 2 

Cl
─
 ion encapsulation (capped sticks and spacefill model) by compound 3 ((3·Cl

─
·H2O)2), 

where the green ball represents the chloride ion, red ball represents the water molecules, the 

purple colour represents the nitrogen atom and yellow colour represents sulphur atom. One 

molecule of compound 3 is coloured orange and the other is coloured the grey. The TBA
+
 cations 

outside the cavity were omitted for clarity. 
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6. Ion Transport Activity Studies: 

6.1. Ion transport activity studies using fluorescence based assay
7, 9, 10

 

6.1.1. Preparation of EYPC/CHOL-LUVHPTS ─ An appropriate amount of EYPC (stock 

solution, 50 mg/mL in deacidified CHCl3) and cholesterol (stock solution, 25 mg/mL in 

deacidified CHCl3) were taken in a clean and dry glass vial so that the molar ratio of EYPC 

and cholesterol would be 6:4. The solution was then dried under vacuum for minimum 6 

hours to remove any remnants of CHCl3 to form a transparent thin film. The dry film was 

then hydrated with 500 µL of 20 mM HEPES buffer, pH 7.2 containing 100 mM NaCl and 1 

mM HPTS. The solution was then kept at room temperature for 1 hour with occasional 

vortexing (6-7 times). The suspension was further passed through 12-13 cycles of freeze-

thaw (freezing with liquid N2 and melting with lukewarm water respectively) to break up the 

multilamellar vesicles. After this the suspension was vortexed for the next 15 minutes. The 

vesicle solution was extruded through a polycarbonate membrane (using a mini-extruder 

from Avanti Polar Lipids) having pore size of 200 nm (size of LUVs are > 200 nm) for 

19/21-times (as it must be an odd number), to give LUVs with a mean diameter of ~200 nm. 

All the unencapsulated dye from the extravesicular solution was removed using gel filtration 

technique (Sephadex G-50) and 20 mM HEPES buffer, pH 7.2 containing 100 mM NaCl as 

the eluting solvent. The final lipid concentration was 25 mM (assuming 100 % lipid 

regeneration).  

 

6.1.2. Ion transport activity across EYPC/CHOL-LUVHPTS
7, 9, 10

 ─The HPTS 

fluorescence assay was performed according to the reported procedure. Briefly, in a clean and 

dry 3 mL fluorescence cuvette, 2890 µL of buffer solution (20 mM HEPES buffer, pH 7.2 

containing 100 mM NaCl), 50 µL of 25 mM EYPC/CHOL-LUVHPTS and 50 µL of 0.75 

M NaOH were taken and the cuvette was placed in the fluorescence spectrophotometer 

(Fluoromax-4 spectrofluorometer) under slow stirring condition for approximately 3 minutes. 

During this time a pH gradient of ~ 0.6 gets generated between the extra and intra-vesicular 

system. The HPTS fluorescence intensity was monitored (at t = 0 s) at λem = 510 nm (λex = 

450 nm). After addition of 10 µL of the compound at t = 50 s, the Cl
─
 ion transport kinetics 

was recorded and finally at t = 450 s, the vesicles were lysed by adding 20 µL of 20% Triton 

X-100 solution. The fluorescence intensity measurement was continued for further 50 s (i.e. 

up to t = 500 sec). 
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Figure S6. Concentration dependent curves for the compounds 1 (A), 2 (B) and 3(C). The 

Cl
─
 ion transport activity of the compounds were measured across the EYPC/CHOL-

LUVHPTS. 

 

6.1.3. Quantitative measurement of transport activity from HPTS assay
7, 9, 10

 ─The 

fluorescence emission intensities of the HPTS dye were normalized and the intensities 

appearing at t = 0 and t = 500 s were taken as 0 and 100 units, respectively. The normalized 

fluorescent intensities (FI) at t = 450 s (prior to the addition of Triton X-100 solution) were 

considered to measure the transport activity of the compounds. 

 

                                  
     

       
                                                 ............ Eq.-S2 

 

Where, Ft = fluorescence intensity at time t = 450 s, F0 = fluorescence intensity immediately 

before the addition of the compound (t = 0 s) and F∞ = fluorescence intensity after addition of 

Triton X-100 solution (i.e. at saturation after complete saturation at t = 500 s). 

 

6.1.4. Measurement of half maximal effective concentrations (EC50) of compound from 

HPTS assay
7, 9, 10

 ─ The fluorescence signals from the HPTS dye were normalized between 0 

to 100 units (t = 0 to t = 400 s). The normalized fluorescent intensity (FI) values at t = 450 s 

(prior to the addition of Triton X-100 solution) were considered as the transport activity of 

the compound. The transport activity (T) of a compound at a particular concentration was 

determined by using previous Eq.-S2. To get the effective concentration (EC50) of the 

compound, the transport activity values were plotted against concentration and fitted using 

the Hill equation (Eq.-S3). 
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Here, T0 and T∞ correspond to the transport activity obtained in the absence and at excess 

concentration of the compound, respectively. c = Concentration of the compound. EC50 value 

corresponds to the concentration of compound required to obtain half of the maximum 

transport activity. The number of molecules required for the transportation of a single ion is 

given by ‘n’ and it is the Hill coefficient for the compound. 

 

6.2. Ion transport activity studies using ion selective electrode based assay 

6.2.1. Chloride ion efflux studies using chloride ion selective electrode (chloride-ISE) ─ 

The extent of chloride ion efflux by the compounds from the LUVs was measured using a 

chloride ion selective electrode (chloride ISE from Thermo Scientific™ Orion™). The 

chloride–ISE was calibrated prior to each experiment with standard 1 ppm, 10 ppm and 100 

ppm of aqueous NaCl solution. The Cl
─
 ion concentration (ppm) appearing in the display of 

the ion meter was set in the continuous mode for the time-dependent measurements. 

 

6.2.2. Preparation of EYPC/CHOL-LUV ─ The large unilamellar vesicles (LUVs) were 

prepared by mixing appropriate amount of EYPC (stock solution, 50 mg/mL in deacidified 

CHCl3) and cholesterol (stock solution, 25 mg/mL in deacidified CHCl3) in a clean and dry 

glass vial in the molar ratio of 6:4. The solution was dried under vacuum for minimum 6 

hours to remove any remnants of CHCl3 and to form a transparent thin film. The dry film was 

then hydrated with 500 μL buffer (5 mM phosphate and 100 mM NaCl, pH 7.2). It was then 

kept at room temperature for 1 hour with occasional vortexing (6-7 times). The suspension 

was further passed through 12-13 cycles of freeze-thaw (freezing with liquid N2 and melting 

with lukewarm water respectively) to break up the multilamellar vesicles. After this the 

suspension was vortexed for the next 15 minutes. The vesicle solution was extruded through 

a polycarbonate membrane (using a mini-extruder from Avanti Polar Lipids) having pore size 

of 200 nm (size of LUVs are > 200 nm) for 19/21-times (as it must be an odd number), to 

give LUVs with a mean diameter of ~200 nm. The unilamellar vesicles were dialyzed with 5 

mM phosphate buffer at pH 7.2 containing 100 mM NaNO3 (iso-osmolar with 100 mM NaCl 

buffer) to remove the extravesicular NaCl solution. The LUVs were then collected and the 
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final volume adjusted to 500 µL with 5 mM phosphate buffer at pH 7.2 containing 100 mM 

NaNO3. The final lipid concentration was 25 mM (assuming 100 % lipid regeneration). 

 

6.2.3. Chloride efflux study across EYPC/CHOL-LUVs ─ To measure the extent of chloride 

efflux using ISE, the EYPC/CHOL-LUVs (50 µL) and 5 mM phosphate buffer at pH 7.2, 

containing 100 mM NaNO3 (3940 µL) were taken in a clean and dry glass vial and kept under 

mild stirring condition while the glass electrode was immersed into the solution. To initiate 

the Cl
─
 ion transport kinetics at t = 50 s, 10 µL of the synthetic compound was added into the 

stirring solution and the readings were noted from the ion meter. After 5 minutes, the vesicles 

were lysed using 50 µL of 20% Triton X-100 solution. The total Cl
─
 ion efflux reading was 

taken at 7 minutes (allowing complete disruption of the LUVs). The initial reading was 

considered as 0% Cl
─
 ion efflux and the final reading at 7 min was considered as 100% Cl

─
 

ion efflux. 

 

6.2.4. Quantitative measurement of transport activity from chloride-ISE assay ─ The Cl
─
 

ion efflux efficiency of the compounds were normalized and the Cl
─
 ion efflux appearing at t 

= 0 and t = 700 s were taken as 0 and 100 units, respectively. The normalized chloride efflux 

efficiencies (EE) at t = 500 s (prior to the addition of Triton X-100 solution) were considered 

for the measurement of chloride transport efficiency of the compounds- 

 

                                               
       

         
                     ............ Eq.-S1 

 

Where, EEt = Cl
─
 ion efflux efficiency at t = 500 s (prior to the addition of Triton X-100 

solution), EE0 = Cl
─
 ion efflux efficiency immediately before the addition of the compounds 

(t = 0 s) and EE∞ = Cl
─
 ion efflux efficiency after addition of Triton X-100 solution (i.e. at 

saturation after complete leakage at t = 700 s). 

The differences in the Cl
−
 ion transport activities of the compounds between the 

HPTS and ISE based assays could be due to the concentration differences of the compounds 

used for both the assay. 
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Figure S7. Transmembrane Cl
−
 ion transport activity of the compounds (1-3, Compound 

concentration = 18 μM) across the EYPC/CHOL-LUVs as measured by chloride-ion 

selective electrode at pH 7.2.  

 

 

Figure S8. Concentration dependent Cl
─
 ion transport activity of the compounds across the 

EYPC/CHOL-LUVHPTS. Dose-response plot of Cl
─
 ion transport activity of the 

compounds at 450 sec (after the addition of the compounds).  The effect solvent on the 

transport activities was corrected. The EC50 values of compounds 1 and 2 cannot be measured 

because of the aggregation formation at higher concentrations. 

 

7. Ion Selectivity Studies using HPTS Assay with Applied pH Gradient: 

7.1. Buffer and stock solution preparation ─ Required amount of HEPES buffer and MCl or 

NaxA salt (LiCl, NaCl, KCl, CaCl2, MgCl2, NaBr, NaI, NaNO3, and NaClO4) were added and 

dissolved in Milli-Q water to attain a buffer composition of 20 mM HEPES buffer pH 7.2, 

containing 100 mM of the respective salt (MCl or NaxA). 
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7.2. EYPC/CHOL-LUVHPTS preparation ─ The EYPC/CHOL-LUVHPTS were 

prepared following a similar procedure as in section 6.1.1. 

 

7.3. Anion selectivity studies
7, 9, 10

 ─ For the HPTS fluorescence assay, in a clean and dry 3 

mL fluorescence cuvette buffer solution (2890 µL of 20 mM HEPES buffer pH 7.2, 

containing 100 mM NaxA, pH = 7.2, where A = Cl
─
, Br

─
, I

─
, NO3

─
, and ClO4

─
), 50 µL of 25 

mM EYPC/CHOL-LUVHPTS and 50 µL of 0.75 M NaOH were taken and the cuvette was 

placed in the fluorescence spectrophotometer under slow stirring condition for approximately 

3 minutes. During this time period a pH gradient of ~ 0.6 gets generated between the extra 

and intra-vesicular system. The HPTS fluorescence intensity was monitored (at t = 0 s) at λem 

= 510 nm (λex = 450 nm). After addition of 10 µL of the respective compound at t = 50 s, the 

Cl
─
 ion transport kinetics was recorded and finally at t = 450 s, the vesicles were lysed by 

adding 20 µL of 20% Triton X-100 solution. The fluorescence intensity measurement was 

continued for further 50 s. 

 

7.4. Cation selectivity studies
7, 9, 10

 ─ For cation selectivity assay a similar procedure was 

followed as reported in section 7.3. Here, 20 mM HEPES buffer pH 7.2, containing 100 mM 

MCl (where M = Li
+
, Na

+
, K

+
, Ca

2+
, and Mg

2+
) was used. In this experimental condition no 

difference in Cl
─
 ion transport activity was observed for the cations. 

 

 

Figure S9. Anion (A) and cation (B) selectivity of compound 3 as measured by HPTS-based 

fluorescence assay in the presence of a pH gradient of ~0.6. 
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8. Evidence for the Mechanistic Pathway for Chloride Ion Transport
7, 9, 10

 

8.1. Preferential ion selectivity assay using FCCP ─ The LUVs were prepared by following 

a similar procedure as discussed in the section 6.1.1. For this assay, 2890 µL of buffer 

solution (20 mM HEPES buffer, pH 7.2 containing 100 mM NaCl), 50 µL of 25 mM 

EYPC/CHOL-LUVHPTS and 50 µL of 0.75 M NaOH were taken in a clean and dry 

fluorescence cuvette and the cuvette was placed in the fluorescence spectrophotometer under 

slow stirring condition for approximately 3 minutes. During this time a pH gradient of ~ 0.6 

gets generated between the extra and intra-vesicular system. The HPTS fluorescence intensity 

was monitored (at t = 0 s) at λem = 510 nm (λex = 450 nm). The time-dependent Cl
─
 ion 

transport activities were measured in the presence of compound (8 µL), and/or FCCP (2 µL 

from 1.5 µM stock solution). The kinetics measurements were initiated at t = 50 s and finally 

at t = 450 s, the vesicles were lysed by adding 20 µL of 20% Triton X-100 solution. The 

fluorescence intensity measurement was continued for further 50 s. To investigate whether 

the anionophore is transporting H
+
 the assay was done both in presence and in absence of 

FCCP (2 µL of DMSO was used in place of 2 µL of FCCP in the latter case). 

 

8.2. Preferential ion selectivity assay using valinomycin ─ The LUVs were prepared by 

following a similar procedure as discussed in the section 6.1.1. In this assay 20 mM HEPES 

buffer, pH 7.2 containing 100 mM KCl was used as the extravesicular buffer. To investigate 

the preferential ion selectivity, 2890 µL of buffer solution (20 mM HEPES buffer, pH 7.2 

containing 100 mM KCl), 50 µL of 25 mM EYPC/CHOL-LUVHPTS and 50 µL of 0.75 M 

NaOH were taken in a clean and dry fluorescence cuvette and the cuvette was placed in the 

fluorescence spectrophotometer under slow stirring condition for approximately 3 minutes. 

During this time a pH gradient of ~ 0.6 gets generated between the extra and intra-vesicular 

system. The HPTS fluorescence intensity was monitored (at t = 0 s) at λem = 510 nm (λex = 

450 nm). After addition of 8 µL of the compound and 2 µL of valinomycin (2.0 pM) at t = 50 

s, the kinetics was initiated and finally at t = 450 s, the vesicles were lysed by adding 20 µL 

of 20% Triton X-100 solution. The fluorescence intensity measurement was continued for 

further 50 s. The data was recorded once using valinomycin and again in absence of 

valinomycin (2 µL of valinomycin was replaced with 2 µL of DMSO in the latter case). 
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8.3. Evidence for mobile carrier mechanism 

8.3.1. Cholesterol dependency assay
7
 ─ The LUVs were prepared according to the procedure 

mentioned in 5.1.2. by varying the molar ratios of EYPC and cholesterol as 6:4, 8:2 and 10:0 

to delve into the fact whether increasing the cholesterol concentration in preparing the 

vesicles (cholesterol is known to  increase the rigidity of the lipid bilayer) has any effect on 

the Cl
─
 ion transport activity of the compound. The chloride transport activity of the 

compound was measured using ISE. In case of a mobile carrier the transport activity was 

anticipated to decrease on increasing the molar ratio of cholesterol (increasing cholesterol 

slows the diffusion process) while for an ion channel mechanistic pathway no difference in 

transport activity should be there. For this assay similar procedure as described in section 

6.2.3 was followed using three compositions of liposomes. No significant change was 

observed in the chloride ion transport activity indicating mobile carrier mechanism being 

followed by the compound. 

 

8.3.2. U-tube experiment ─ The ‘U-tube’ experiment was performed to confirm the 

mechanistic pathway for the Cl
─
 ion transport. The lipid bilayer was mimicked here by using 

nitrobenzene as the organic layer. First, compound (0.2 mM) and TBA
+
PF6

─ 
(2 mM) were 

dissolved in nitrobenzene (16 mL) and placed in a U-tube (1.5 cm cone with 15 cm arm 

length). The TBA
+
PF6

─ 
(2 mM) was used to provide a counter anion for the transportation of 

Cl
─
 ion. In the source end 8 mL of 5 mM phosphate buffer at pH 7.2 containing 489 mM 

NaCl was used. In the receiver end 10 mL of 5 mM phosphate buffer at pH 7.2 containing 

489 mM NaNO3 was used. The organic phase was stirred gently using a magnetic stirrer and 

the Cl
─
 ion concentration of the receiver end was monitored using a chloride ion selective 

electrode. 
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Figure S10. Effect of the concentration of cholesterol in the EYPC/cholesterol membrane on 

Cl
─
 ion transport activity of compound 3. 

 

 

Figure S11. Measurement of the Cl
−
 ion transport efficacy by U-tube assay in the presence of 

compound 3, using a chloride ISE and NaCl gradient (A). Schematic representation to 

illustrate the transport of Cl
−
 ion via carrier mechanism (B). 

 

8.4. Test for the leaching-out of the compounds from the membrane bilayer environment 

7
─ To confirm that these synthetic compounds reside in the EYPV/CHOL membrane bilayer 

and do not come out in the aqueous solution over the period of time, leaching test was 

performed. It is hypothesized that if the compounds leached out from the membrane bilayer 

environment to the aqueous medium then transport rate of the compounds will be greatly 

affected (reduced) by the dilution of the vesicular solution. Whereas dilution factor will not 

affect the transport rate if the compounds are localized inside the bilayer environment. For 
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this assay, various concentrations of EYPC/CHOL-LUVHPTS and the buffer solution (20 

mM HEPES and 100 mM NaCl, pH 7.2, final concentration of the vesicles were 300 µM, 400 

µM, 500 µM and 600 µM respectively in each case) and 50 µL of 0.75 M NaOH were taken 

in a clean and dry 3 mL fluorescence cuvette which was placed in a slow stirring condition 

for about 3 minutes followed by addition of the compound (10 µL from the DMSO stock 

solution to maintain a fixed anionophore/lipid ratio in all cases) at t = 50 s. The HPTS 

fluorescence intensity was monitored (at t = 0 s) at λem = 510 nm (λex = 450 nm). Finally at t 

= 450 s, the vesicles were lysed by adding 20 µL of 20% Triton X-100 solution. The 

fluorescence intensity measurement was continued for further 50 s. The results confirm that 

the compound remains in the lipid bilayer during the course of all our experiments. 

 

 

Figure S12. Leaching experiment of compound 3 (at compound to lipid ratio of 0.142 

mol%). 

 

9. Evidence of Vesicle Stability in the Presence of the Compounds: 

Calcein leakage assay
7
 ─ The vesicles were prepared according to the method described in 

section 6.1.1, with the exception that in this assay 50 mM calcein was used for the vesicle 

preparation (instead of 1 mM HPTS). For this assay, 2940 µL of buffer (20 mM HEPES 

buffer and 34 mM Na2SO4) and 50 µL of 25 mM EYPC/CHOL-LUVcalcein were taken in 

a clean and dry fluorescence cuvette and kept under a slow stirring condition for about 3 

minutes. The calcein fluorescence intensity was monitored (t = 0 s) at 520 nm (λex = 490 nm). 
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After t = 50 s, compound (4 mol%) was added and the change in calcein fluorescence 

intensity were monitored using the fluorescence spectrophotometer. Finally the vesicles were 

lysed by adding 50 µL of 20% Triton X-100 solution to the cuvette and the fluorescence 

measurement was carried out for further 50 s. The result shows that the synthetic compound 

didn’t cause any disruption of the vesicles during the various assays performed (the vesicles 

were stable during the experimental conditions) and that no large channels were being formed 

in the EYPC/CHOL membrane, hence our transporter behave as a mobile carrier. 

 

 

Figure S13. Extent of calcein leakage from the EYPC/CHOL-LUVcalcein in the presence 

of compounds. After time t = 50, DMSO solutions of compound or DMSO (blank) was added 

and the fluorescence intensity (λex = 490 nm, λem = 520 nm) was recorded. After t = 450 sec 

the LUVs were lysed using triton X-100.  

 

 

The leaching test confirmed the membrane localization of the compound (Figure S12). The 

non-leaky property of the calcein dye from the vesicles in the absence or presence of 

compounds confirms the integrity of the vesicles (Figure S13). 
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Figure S14. Calculation of the initial slope from the concentration dependent transport 

activities of compound 3. Plot of the initial rates of Cl
─
 ion transport activities at different 

concentrations of compound 3. 

 

Table S4. Aqueous solubility of the selected compounds. 

Compound Code Aqueous solubility (mg/mL) 

3 insoluble
a
 

5 2.0  

6 3.3 

7 4.0 

8 2.5 

9 3.3 

a
insoluble in 1 mL water.  

 

10. Regeneration of the Active Transporter by Dealkyation of the Proanionophores: 

The tetrafluoroboratesulfonium salt 7  (1 mM) was dissolved in 10 mM PBS, pH 7.4 

containing 10 mM reduced glutathione (GSH) and the mixture was incubated in 37 °C. At 

different time points, an aliquot of the reaction solution was removed and monitored by 

HPLC analysis. The aliquot was dissolved in methanol before its injection to the analytical 

HPLC (Waters 600E HPLC) system.  The Hypersil GOLD™ C18 Selectivity LC Column 

and a UV-detector (214 nm) was used for the analysis. Methanol/water gradient (70% 
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methanol and 30% water) was used as the mobile phase at a flow rate of 1.0 mL/minute for 

20 minutes run time. Regeneration of lead compound and reduction of sulfonium compound 

were analysed by inbuilt software and confirmed by ES-MS (ESI+). 

 

 

Figure S15. Reaction of compound 7 in the presence of GSH in PBS at 37 ºC. Regeneration 

of compound 3 and formation of mono- (10) and di-dealkylated (11) intermediates and GSH 

derivative (12). 
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Figure S16. Mass spectral signals of compounds 7 and 11 (in water) after separation by 

HPLC analyses. 
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Figure S17. Mass spectral signals of compounds 10 and 3 (in water) after separation by 

HPLC analyses. 
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Figure S18. Mass spectral signals of GSH derivative, 12 in water (from reaction mixture). 

 

Figure S19. Plot of dealkylated compounds at different time intervals. 
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Figure S20. HPLC traces of compound 7 at different time intervals in the absence of GSH. 

 

 

Figure S21. Transport of Cl
─
 ion by the regenerated compound 3 in the presence of GSH at 

different time intervals (A). Transport of Cl
─
 ion by the compound 7 in the absence of GSH 

at different time intervals (B). 

 

11. Biological Activities of the Compounds: 

11.1. MTT-based cytotoxicity assay
7
 – HeLa, BHK-21 and MDCK cells were seeded in a 96-

well flat bottom tissue culture plates at a density of 10
4 

cells/well (per 100 µL) in Dulbecco’s 

modified Eagle medium (DMEM) containing 10% fetal bovine serum (FBS). The cells were 

incubated in three different plate at 37 °C and 5% CO2 for 16 h. The media was discarded and 
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each well was washed with PBS.  The compounds were added with media to each well in 

different concentrations (0, 5, 10, 20, 40, and 80 µM) and incubated. At every 24 hours 

intervals, MTT solution (10 µL of 5 mg MTT/mL of PBS) was added in each plate and cells 

were incubated for 4 hours. MTT containing media was removed from each well and 100 µL 

of DMSO was added (in each well) to dissolve the formazan crystals. The absorbance was 

recorded in a microplate reader (Multiskan™ GO) at the wavelength of 570 nm. All 

experiments were performed in triplicate, and the relative cell viability (%) was expressed as 

a percentage relative to the untreated cells. 

 

 

11.2. Measurement Clˉ transport in the presence of the compounds
9
 – Transport of Cl

─
 ion 

in presence of compound into the HeLa cell was measured by using chloride selective cell 

permeable fluorescent dye N- (ethoxycarbonylmethyl)-6 methoxyquinolinium bromide 

(MQAE). Cells were seeded in a 96-well flat bottom tissue culture treated plates at density of 

10
4
 cells/well (per 100 µL) and incubated at 37 °C, and 5% CO2 for 16 hours. The plain 

DMEM with MQAE dye added to each well by maintaining final concentration as 5 mM for 

4 hours. Cells were washed with PBS to remove the extracellular dye and compound was 

added in plain DMEM at three different concentrations (10 and 20 µM) and incubate for 4 

hours then visualized a fluorescence microscope (Thermo Fisher Scientific) using a blue 

channel. 

 

11.3. Cellular uptake of the compounds – The uptake of NBD-tagged compounds was also 

investigated under the cellular environment. The HeLa cells were seeded on cover slip and 

incubate for 16 hours at 37 °C and 5% CO2. After the incubation period the media was 

removed and washed three-times with PBS. The NBD-tagged compounds were added at 50 

and 100 μM concentrations, and incubated for additional 4 hours. The cells were then washed 

three-times with PBS and fixation was performed with 4% formaldehyde at room temperature 

for 10 minutes. After that, cells were washed 3-4 times and the slides were prepared for 

microscopic (both confocal and fluorescence) analyses 
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Figure S22. Cell viability of the compounds 3 and 7 was measured at different 

concentrations of 0-80 μM. Cell viability was measured in BHK-21, HeLa and MDCK cells 

after 24, 48 and 72 hours of compound treatment. All experiments were performed in 

triplicates. 
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Figure S23. Fluorescence microscopic images of the MQAE dye (λex = 350 nm and λem = 

460 nm) labelled HeLa cells in the absence and presence of the compound 3. Both blue 

channel (A, C and E) and grey channel (B, D and F) illustrate the fluorescence intensity of 

the MQAE dye in the absence and presence of the compound 3. 
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12. Transport of Chloride Ion across Giant Unilamellar Vesicles (GUVs):  

12.1. Preparation of GUVs
11

 ─ In a clean and dry glass vial EYPC, cholesterol and DPPS 

(from the respective stock solution) were taken in the molar ratio of 6:3.5:0.5 and dried under 

vacuum for 6 hours. To that lipid film, 200 µL of light liquid paraffin oil was added and the 

mixture was sonicated for 30 minutes; until the lipid film gets fully dissolved in the paraffin 

oil. After that, 20 µL of the upper buffer (100 mM HEPES, 200 mM sucrose, 1 mM 8-

hydroxypyrene-1,3,6-trisulfonic acid (HPTS) in H2O, pH = 7.4) was added and the solution 

was mixed thoroughly to form an emulsion. The emulsion was then carefully added to 500 

µL of lower buffer (100 mM HEPES, 200 mM glucose in H2O, pH = 7.4) in a centrifuge tube 

and the whole mixture was pipetted up and down thoroughly to mix everything. The 

emulsion was centrifuged for 15 minutes at 10000 rpm to remove the oil as well as the 

extravehicular free dye. This process was repeated for 4-5 times to remove maximum amount 

of the paraffin oil from the solution. The final pellet (dense solution containing the GUVs) 

was mixed with 100 µL of lower buffer (final vesicle conc. of 15 mM).  

 

12.2. Ion transport measurements using GUVs coated on the glass surface ─ The coated 

glass surface was prepared by following the reported method with minor modifications. In an 

acid washed glass vial, N-(3,4-dihydroxyphenethyl)palmitamide and DPPS solutions were 

taken in the molar ratio of 1:4 and dried under reduced pressure for 6 hours to remove any 

traces of organic solvents. The lipid mixture was then dissolved in 0.1 mL of THF/water (9:1 

v/v) and the solution was added to 0.9 mL of 5 mM PBS buffer, pH 5.6 (final conc. of 0.2 

mM). The solution was then sonicated for 5 minutes. The prepared vesicle solution was 

directly used for the glass coating. The vesicle solution was drop casted on the surface of a 

glass bottom disk and incubated for overnight at 37 °C. Finally, the substrate was washed by 

HEPES buffer thoroughly. 

The prepared GUV solution (100 µL) and compound 3 were added on the 

hydrophobic coated glass bottom dish. The GUVs were allowed to settle down for 5 hours. 

After that, NaCl solution (0.1 M) was added. The images were recorded (in a Nikon 

ECLIPSE Ts2R fluorescence microscope) before and after the addition of NaCl in the green 

as well as in the bright field channel to ensure the integrity of the GUVs and quenching of 

HPTS fluorescence intensity. Here the decay of the HPTS fluorescence intensity is due to Cl
─
 

influx and consequently OH
─ 

efflux (as compound follow OH
─
/Cl

─
 antiport mechanism for 

its chloride transport activity). 
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Figure S24. Fluorescence microscopic images of the HPTS loaded GUVs were recorded at 

different time intervals (0, 2, 10, 20, and 30 minutes), after the addition of compound 3 and 

NaCl (0.1 M). The change in integrity of the GUVs and encapsulated HPTS fluorescence 

intensity were monitored using bright-field and green channels, respectively. 

 

 

Figure S25. Fluorescence microscopic images of the HeLa cells treated with NBD-labelled 

compounds 4 and 9. Green channel illustrating compound uptake, bright field illustrating the 

cell morphology. 
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Figure S26. Confocal microscopic images of the HeLa cells treated with NBD-labelled 

compounds 4 and 9. Green channel illustrating compound uptake, bright field illustrating the 

cell morphology, merge of green and bright field channels illustrating cell morphology in the 

presence of NBD-labelled compounds. 

 

13. Regeneration of Anionophore from Proanionophore under Cellular Environments: 

HeLa cells were been cultured in T25 culture flasks containing Dulbecco's Modified Eagle's 

Medium (DMEM) (Gibco) along with 10% fetal bovine serum (FBS), 1% L-glutamine, 1% 

penicillin/streptomycin, and 1% pyruvate (Gibco), maintaining at 37 °C in a humidified 

atmosphere with 5% CO2. Cells were re-cultured and maintained for further study. The cells 

are counted using trypan blue stain using Countess II FL Automated Cell counter (Thermo 

Fisher Scientific). In order to examine the effect of GSH and GSH inhibitor, 5 × 10
6
 cells/well 

were seeded onto six well plate and maintained in DMEM media containing 10% FBS. After 

12 h the cells were washed twice with PBS and treated with external GSH (10 mM) and GSH 

inhibitor (1 mM) in serum free media for 12 h, after incubation period GSH and GSH 

inhibitor were aspirated and replaced with media containing 2%FBS. After 72 h the media 

was aspirated and washed twice with PBS. The cells were harvested by centrifugation at 480g 

for 10 min. The cell pellet were washed twice with ice-cold PBS and kept on ice. The pellets 

https://www.sciencedirect.com/topics/chemistry/l-glutamine
https://www.sciencedirect.com/topics/chemistry/pyruvate
https://www.sciencedirect.com/topics/chemistry/trypan-blue
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were re-suspended in 1 mL of the lysis buffer (150 mM NaCl + 50mM Tris-Cl (pH 7.4) and 

incubated in ice for 15 min. The lysate was centrifuged at 20,000g for 10 min at 4
0
C. The 

supernatant was removed carefully in a fresh tube and the samples were used for further 

experiments. 

 Later, matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) mass 

spectrometry (Autoflex speed, Bruker, Germany) analysis was carried out to conform the 

formation of aninophore and intermediates. The HeLa cell lysates were mixed with matrix 

(Sinapinic acid) as 1:1 ratio for the MALDI-TOF analysis.  

 

 

Figure S27. MALDI-TOF mass spectral analysis of HeLa whole cell lysate. 

 



S45 
 

 

Figure S28. MALDI-TOF mass spectral analysis of HeLa whole cell lysate. The HeLa cells 

were incubated with compound 7 (50 μM). 

 

 

Figure S29. MALDI-TOF mass spectral analysis of HeLa whole cell lysate. The HeLa cells 

were incubated with external GSH (10 mM) and compound 7 (50 μM). 
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Figure S30. MALDI-TOF mass spectral analysis of HeLa whole cell lysate. The HeLa cells 

were incubated with buthionine sulfoximine (BSO; 1 mM) and compound 7 (50 μM).  
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14. NMR- Spectra of the Synthesized Compounds 

 

 

Figure S31: 
1
H NMR (A) and 

13
C NMR (B) spectra of (2-

isothiocyanatoethyl)(methyl)sulfane. 

A

B
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Figure S32: 
1
H NMR (A) and 

13
C NMR (B) spectra of 1,3,5-triethyl-2,4,6-

tris(isothiocyanatomethyl)benzene. 

A

B
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Figure S33:
 1

H NMR (A) and 
13

C NMR (B) spectra of compound 1. 

 

A

B
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Figure S34: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 2. 

A

B
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Figure S35: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 3. 

A

B
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Figure S36: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 4. 

A

B
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Figure S37: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 5. 

A

B
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Figure S38: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 6. 

A

B
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Figure S39: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 7. 

A

B
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Figure S40: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 8. 

A

A B
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Figure S41: 
1
H NMR (A) and 

13
C NMR (B) spectra of compound 9. 

A

B
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15. ES-MS Spectra of the Synthesized Compounds: 

 

 

 

Figure S42: ES-MS spectra of compound 3 (A), 4 (B) and 5 (C). 

[M + H]+

A

B

[ M + 3H]+

[ M + 4H]+

[ M + 5H]+

[ M – 2I- + H ]+

C
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Figure S43: ES-MS spectra of compound 6 (A), 7 (B) and 8 (C).  

[ M/3 +NH4
+ ]

A

[ M – 2BF4
- -2Me +H]+

[ M – 2BF4
- + NH4

+]

B

[ M + Br- + H]+

[ M + Br- + 2H]+

[ M + Br- + 3H]+C
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Figure S44: ES-MS spectra of compound 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[ M + Br- ]

A
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16. MALDI-TOF Analysis of the Compounds 

 

Figure S45: MALDI-TOF analysis of compound 6 (A) and 7 (B). 

(A)

(B)
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Figure S46: MALDI-TOF analysis of compound 8 (A) and 9 (B). 

 

 

 

 

 

(A)

(B)
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