Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2014

Supporting Information

Thiosquaramides: pH switchable anion transporters

Nathalie BusschaeftRobert B.P. EIme¥,Dawid D. Czech Xin Wu,? Isabelle
L. Kirby,® Evan M. PecK,Kevin D. Hendzef,Scott ShaviBun Charf,Bradley
D. Smith®Katrina A. Jolliffe? and Philip A. Gal&®"

& Chemistry, University of Southampton, Southamp®@17 1BJ, UK; Tel: +44 (0)23 8059 3332; E-mail:
philip.gale @soton.ac.uk

® School of Chemistry (F11), The University of Sygn2006 NSW, Australia; Fax: +61 2 9351 3329; Fél1
2 9351 2297; E-maikate.jolliffe@sydney.edu.au

¢ Department of Chemistry and Biochemistry, Univgrsf Notre Dame, Notre Dame, Indiana, 46556, Uhite

States

dDepartment of Chemistry, Faculty of Science, Kirtgdalaziz University, Jeddah 21589, Saudi Arabia

[¥]These authors contributed equally to this work

S1



Contents

SL.  SYNINESIS ... e e e e e e e e e e e e e S3
S2. NMR and HPLC-MS dat@.........cccoiiiiiiiiiiiieeeee e S6
S3. Conformational analysis in solution (DNMR) .....ccc.ooiiiiiiiiiiiiiiiiii e S14
S4. Single crystal X-ray diffraCtioN .............mmmeeeeeiiieieee e e S17
S4.1. Crystal structure of 4 with DMSO (CCDC 1005459)........cccceeiiiiiiieeeeeeeneeee, S18
S4.2. Crystal structure of 5 with DMSO (CCDC 1005460Q).........cccceiiiiiiiieeeeeennnnnne. S20
S4.3. Crystal structure of 8 with DMSO (CCDC 1005461)........ccvviiiiiiiiieeeeeeanennn. S21
S4.4. Crystal structure of 6 with TMACI (CCDC 1005458)........ccuuiiiiiiiiieeeeeennnnnne. S23
S5.  H NMR Chloride Binding TitrationS ............cccemiuereeeeerieeeeeeeeeeeeeeeseeseesenenas S25
S6. Determination Of Ba VaAlUES ........ovuiiiiiiiii e S29
S7.  ANION tranSPOIt STUAIES.......ooiiiiiiiiiiiiii e e S34
S7.1.  General ProtOCOL........uuuuieeiiieeei e s S34
S7.2. Chloride/nitrate transport at pH 7.2 and pH 4.0......ccooviiiiiiiiiieeeee . 453
G TR o 111 ] 0] £ S36
ST7.4.  ChOIESEIOl LESIS ....eiiiiiiiiiiiiie e rrmeee e e e S39
S7.5. Calcein |eakage aSSAYS ........uuurruuumuimmmmmmmm i e eee e e et e et ena e e S41
Y S TR A g 1] oo g (5 S43
ST 7. HPTS GSSAYS...ciitiiiiiiiiiiiiiie ettt e e e e e e e na e eeaans S45
S7.8. Apparent pK determination .............ooovvvviiiiueeenimmmmmn e e e S54
S8. Thiosquaramide Stability ...............iiis oo e S61
SO, REIEIENCES ...ttt ettt e e e e e e e e e e e et e e e e e e e e e s S64

S2



S1. Synthesis

'H NMR spectra were recorded using a Bruker AvahicB0 at a frequency of 500.13
MHz, and are reported as parts per million (ppnmthvidMSO-ds (64 2.50 ppm) or CECN
(6n 1.94 ppm) as internal references. The data arateghas chemical shif6), multiplicity
(br = broad, s = singlet, d = doublet, m = multipleoupling constantJ( Hz) and relative
integral. '*C NMR spectra were recorded using a Bruker Avahic00 at a frequency of
125.76 MHz and are reported as parts per milligm(pwith DMSOds (6c 39.52 ppm) or
CDsCN (6¢ 118.26 ppm) as internal references. High resoluiShspectra were recorded on
a BrukerBioApex Fourier Transform lon Cyclotron Beance mass spectrometer (FTICR)
with an Analytica ESI source, operating at 4.7 d@rukerDaltonics Apex Ultra FTICR with
an Apollo Dual source, operating at 7 T. Infrargl) (@bsorption spectra were recorded on a
Bruker ALPHA Spectrometer with Attenuated Total Refion (ATR) capability, using
OPUS 6.5 software. LC-MS was performed on a Shimad€-MS 2020 instrument
consisting of a LC-M20A pump and a SPD-20A UV/Vistettor coupled to a Shimadzu
2020 mass spectrometer (ESI) operating in posimeee. Separations were performed on a
Waters Sunfire fum, 2.1 x 150 mm column (C18) operating at a flove raf 0.2 mL mift.
Separations were performed using a mobile pha€el8t formic acid in water (Solvent A)
and 0.1% formic acid in acetonitrile (Solvent Bdaa linear gradient of 0-100% B over 30
min. Analytical TLC was performed using precoatddta gel plates (Merck Kieselgel 60
F254). Squaramide starting materidls- 3 were synthesised as previously described,
thionating agent fSy.pyridine was synthesised according to the mettdBeogmanet. al?
and all other reagents were commercially availaolé used as supplied. All reactions were
carried out under an inert atmosphere and undertageg anhydrous solvents dried using an

Innovative Technologies PureSolve solvent purifarasystem.

3,4-bis(3,5-di-tert-butyl phenylamino)cyclobut-3-ene-1,2-dione (4).
Compound4 was synthesised according to the previously

Oj fo reported method of Tayloet al® using 3,5-ditertbutyl-
N N aniline (0.3 g, 1.46 mmol, 2.2 equiv), 3,4-diethoxy
H H cyclobut-3-ene-1,2-dione (0.11 g, 0.66 mmol, 1.0ieq

and zinc trifluoromethanesulfona(®.05 g, 0.13 mmol, 0.2

equiv). Purification by flash column chromatography elutimigh 5% acetone in DCM yieldetias a
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beige solid.(0.293 g, 90%)m.p. 333°C; *H NMR (500.13 MHz, DMSCdg): 1.30 (s, 36 H,
tBu),7.12 (t,J = 1.4 Hz, 2 H, Ar H), 7.36 (dl = 1.4 Hz, 4 H, Ar H), 9.77 (br s, 2 H, NH)C
NMR (125.76 MHz, DMSQdg): 15.8, 31.8, 35.4, 65.5, 113.4, 117.6, 152.3,266IRMS
(ESI) m/z calcd. for @HauN»ONa [M + NaJ 511.3295, found 511.3298may (film)/cm™:
2962, 1790, 1679, 1626, 1584, 1554, 1482, 14363,1B809, 1249.

3,4-bis(phenylamino)cyclobut-3-ene-1,2-dithione (5).
3,4-bis(phenylamino)cyclobut-3-ene-1,2-dione (0.2.§6 mmol,

S S

j\;/( 1.0 equiv)and RS, pyridine (0.575 g, 1.5 mmol, 2.0 equiwere
Oy -0

H H

suspended in anhydrous MeCN (15 mL) and heate@°aC%or 4 hrs.

The resultant precipitate was isolated by suctittrafion and washed
with 2M HCI (3 x 5 mL) and MeCN (3 x 5 mL) to yiellas a yellow solid(0.147 g, 66%)m.p.
243-C; 'H NMR (500.13 MHz, DMSQdg): 7.00 — 7.26 (m, 10 H, Ar H),10.79 (br s, 2 H,
NH): *C NMR (125.76 MHz, DMSQdg): 122.2, 125.4, 128.6, 169.4BIRMS (ESI) m/z
calcd. for GeHiaNos, [M + H]* 297.0515, found 297.051%max (film)/cm™: 3156, 2957,
1683, 1604, 1546, 1463, 1447, 1327, 1295, 12753,12304, 1130, 1074, 1028, 960, 932,
898.

3,4-bis(4-(trifluoromethyl)phenylamino)cycl obut-3-ene-1,2-dithione (6).

s s 3,4-bis(4-(trifluoromethyl)phenylamino)cyclobut- 8

e j\;/( CF, -1,2-dione (0.2 g, 0.5 mmol, 1.0 equivand

\Q\” H/Q/ PsSio pyridine (0.380 g, 1.0 mmol, 2.0 equiwere

suspended in anhydrous MeCN (15 mL) and heate@°at9

for 4 hrs. The solvent was removed under reducedspre and the crude residue was stirred in 2M
HCI before being subjected to flash column chromigphy eluting with 5% MeCN in DCM to yield
6 as a yellow solid(0.103 g, 48%)m.p. 193 C decomp;H NMR (500.13 MHz, CBCN):
7.25(d,J=8.3 Hz, 4 H, Ar H),7.37 (dl = 8.3 Hz, 4 H, Ar H),8.97 (br s, 2 H, NH}}C NMR
(125.76 MHz, CRCN): 123.4, 123.9, 126.09, 127.0, 127.6 Jg= 34.1) , 141.7, 170.4;
HRMS (ESI) m/z calcd. for GH1iFeNoS, [M + H]" 433.0262, found 433.0264)max
(film)/cm™: 3156, 3014, 1701, 1614, 1597, 1537, 1422, 13778,18498, 1273, 1221, 1177,
1126, 1111, 1065, 997, 867, 834.

S4



3,4-bis(3,5-bis(trifluoromethyl)phenylamino)cyclobut-3-ene-1,2-dithione (7).

F\C s s CF, 3,4-bis(3,5-bis(trifluoromethyl)phenylamino)cycldbgr

j;/( ene-1,2-dione (0.2 g, 0.37 mmol, 1.0 equighd

QN N/@ PsSio pyridine (0.282 g, 0.74 mmol, 2.0 equiwvere
FaC " " CFs suspended in anhydrous MeCN (15 mL) and heate@°at Jor
4 hrs. The solvent was removed under reduced peessul the crude residue was stirred in 2M HCI
before being subjected to flash column chromatdgragbuting with DCM to yield7 as a yellow solid.
(0.157 g, 37%)m.p. 220-C decomp;H NMR (500.13 MHz, CBCN): 7.93 (s, 2 H, Ar H),
8.30 (s, 4 H, Ar H), 9.92 (br s, 2 H, NHY’C NMR (125.76 MHz, CRCN): 120.5, 122.2,
124.4, 124.6, 187.84RMS (ESI) m/z calcd. for gHoF1.N,S, [M + H]* 569.0010, found
569.0009;Vmax (film)/cm™: 3101, 2971, 1738, 1536, 458, 1434, 1367, 1328, 13023,
1217, 1195, 1181, 1145, 1126, 1109, 934, 912, 833, 846, 812.

3,4-bis(3,5-di-tert-butyl phenylamino)cyclobut-3-ene-1,2-dithione (8).
3,4-bis(3,5-di-tert-butylphenylamino)cyclobut-3-eh@-dione

S S (0.1 g, 0.2 mmol, 1.0 equivgnd RS, pyridine (0.233 g,
j;/( 0.6 mmol, 3.0 equiwvere suspended in anhydrous MeCN (8

N N

H H mL) and heated at 90° C for 7 hrs. The solvent weasoved

under reduced pressure and the crude residue iras s 2M
HCI before being subjected to flash column chromigphy eluting with 2% MeCN in DCM to yield
8 as a yellow solid0.063 g, 60%)m.p. 235°C; *H NMR (500.13 MHz, DMSQdg): 1.24 (s,
36 H, tBu), 7.3 (m, 6 H, Ar H), 10.48 (br s, 2 HHN **C NMR (125.76 MHz, DMSQdg):
1.1, 34.6, 116.4, 118.0, 119.1, 151.0, 1681BRMS (ESI) m/z calcd. for &Hs4NS,Na [M +
Na]" 543.2838, found 543.2838.x (film)/cm™: 2963, 2364, 2340, 2326, 1680, 1572, 1466,
1297.

S5



S2.

2.77

NMR and HPLC-MS data

—1.30
TN

I | )

L

K

MMWWM

T T T T T T T T T T T T T T T ]
8 -] 4 2 [ppm]

Figure S1:'H NMR (DMSO-ds, 500 MHz) spectra of.

—166.16
—152.33
—117.58
—113.43

65.52
——35.35
—31.78

15.78

I
200

| T T T ‘ | T T T T | ‘ T T T | T
150 100 50 0 [ppm]

Figure S2:*C NMR (DMSOds, 125 MHz) spectra of.

S6



10.79

— 7186
—7.02

S J

.

12 10 6 4 [ppm]
Figure S3:'H NMR (DMSO-ds, 500 MHz) spectra .
| [ ]
U
T T T T T T T T T T T T T
150 100 50 [ppm

Figure S4:*C NMR (DMSOds, 125 MHz) spectra d.

S7



897
7.38
7.36

12 10 8 6 4 2 [ppm]

Figure S5:'H NMR (CDCN, 500 MHz) spectra d.

o o WO M@~
3 ¢ @ERSHT
o -— P~ = 00 5 O
- il SN
= I Hugedd
I A ,
- . " N

T
100 50 0 [ppm]

Figure S6:°C NMR (CD;CN, 125 MHz) spectra .

I I
200 150

S8



9.92

830
830
—7.93

A { _)JL

187.79

B BB

L] 4 2 [bpm]

Figure S7:'H NMR (CDsCN, 500 MHz) spectra of 7.

—120.49

T
100 50 0 [ppm

I
150

Figure S8:C NMR (CD;CN, 125 MHz) spectra of 7.

S9



10.48
—T7.43

718
718
128

AN

i A

36.06

] 4 2 [kpm]

o

Figure S9:'H NMR (CD,CN, 500 MHz) spectra &.

w
o
@ w Teim
3 @ =G -
- o @oow @« g
= o] - =
- - 5

T T
150 100 50 0 [ppm]

Figure S10:*C NMR (CD;CN, 125 MHz) spectra &.

T
200

S10



Detector A Ch2

Absorbance (AU)

10

Ret. Time: 1-1(E+) [33.808]

Inten.

5000

20 50

Retention Time (mins)

" 60
min

40000

30000

20000

Relative Abundance

10000

136.0

£rar)
I

Lo
L]
™

312.3

g 3
o ["e]
I

200 300 400

500 600 700 800

999.8

745.8

801.1

1153.9
1249.6
1289.9
1385.7
1602.4

g

=—1521.7

I
I |

900 1000 1100 1200 1300

m/z

1698.1

1400 1500 1600 1700 1800

1738.4
=—1874.5

1900
m/z

Figure S11:Analytical LCMS trace of recepter;, Rt 33.81 min (0-100% B over 30 min, 0.1% FormigidiA =
254 nm); Calculated Mass [M+H]489.7; Mass Found (ESj 489.5
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S3. Conformational analysis in solution (DNMR)

Squaramides exist in two well-documented conforometi the anti/anti (open) and
anti/syn(closed) conformations (Figure S16). Lone pairjggation of the nitrogen into the
n-system of the cyclobutadenedione ring contribsigdike character to the nitrogérand
therefore limits rotation of the C-N bonds makirgaramides fairly rigid scaffoldswWhile
the anti/synconformation is not sterically favoured, there egports of engineered systems
where theanti/synconformation is favoured due to intramolecular togdn bonding that can
occur to the adjacent amide hydrogefihe anti/synconformation is also dependent on the
ligand and can be induced if a mixed acceptor-ddigand is presert. The syn/syn

conformer has not been reported due to the heavig strain that would entdil.

o 0 0 0
—.
— B w— P—
R—y y—"R ; S _—
H H H R
anti/anti anti/syn

Figure S16:The two reported conformations of squaramidesatttéanti andanti/synconformations,
respectively

The 'H NMR spectrum of compound in non-polar CBCl, is made complicated by self-
aggregation processes. For example, upon cooliagdmple to -55°C, a new set of peaks
emerges (indicated in Figure S17 with *) that ame tb intermolecular aggregates. A second
feature in Figure S17 is the chemical shift sewigjtiof aryl signal C to squaramide
conformation. At high temperatures, the signal appeat 7.10 ppm, but the signal shifts
dramatically to 7.48 ppm (Figure S17) upon coolimipich favors theanti/anti conformer.
This signal can be used a diagnostic tool to detexithe conformation of the squaramide in
different solvents. For example, in a 50:50 CBOMSO-d; solution, the chemical shift &
now appears at 7.3 ppm, indicating the moleculdked into ananti/anti conformation.
Cooling of the sample shows no broadening of thectspm, confirming a lack of
conformational exchange (Figure S18). Bindingdab DMSO could explain the observed
behaviour (see also Section S4: X-ray), as thisldvoause compound to adopt aranti/anti
conformation, allowing hydrogen bonding to the DM8%ygen
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Figure S18:Variable temperature NMR dfin 50:50 CDCYDMSO-d,

In contrast to4, the spectrum fo8 in a 50:50 CDGYDMSO-ds exhibits dynamic behaviour
(Figure S19), indicating th& is present in both thanti/anti and theanti/synconformations.
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It appears that substitution with sulfur has ae@fbn theanti/anti andanti/synconformation
equilibrium and also the barrier for C-N bond ragat But at low temperature, the molecule
adopts theanti/anti conformation as indicated by the symmetric natirthe pattern and the
chemical shift ofC (7.39 ppm).

CHCI,

s s
c
B J—
N N
H H

B
NH c
kW M mseeemR A
313K | o
293K |
273K N\ _ JL.A—/-\_
c
7.39 ppm B
NH
263K )_ |8 L_)L
E  —————————.
105 10.0 9.5 9.0 8.5 8.0 7.5 7.0
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Figure S19:Variable temperature NMR @& in 50:50 CDCYDMSO-d,
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S4. Single crystal X-ray diffraction

Data were collected on various diffractometers gitietbelow). Graphics are generated
using ORTEP-IIl, MERCURY 3.0 or ViewerLite and PBay. In all cases the non-hydrogen
atoms are refined anisotropically till convergenklydrogen atoms were stereochemically
fixed at idealized positions and then refined ispitally. Hydrogen bonds are calculated
using MERCURY 3.0. Structures were deposited wite Cambridge Crystallographic
Database Centre (CCDC).

CCDC 1005458:
A single crystal was mounted on MiTeGen and the deas subsequently collected on a

Rigaku AFC12 goniometer equipped with an enhaneedisvity (HG) Saturn724+ detector
mounted at the window of an FR-E+ SuperBright mdgium rotating anode generator with
HF Varimax optics (100 um focus) operating at 100C¢ll determination, Data collection,
Data reduction, cell refinement and absorptionexion were performed using CrystalClear-
SM Expert 2.0 r7 (Rigaku, 2011). The structure veadved with SHELXS97 (G. M.
Sheldrick, Acta Cryst. (1990) 46 467-473) and further refined with SHELXL97 (G. M.
Sheldrick (1997), University of Gottingen, Germany)

CCDC 1005459:
An arbitrary sphere of data was collected on a Brukappa X8-APEX-II diffractometer

operating at 120 K using a combinatione@fand ¢-scans of 0.5°. Data were corrected for
absorption and polarization effects and analyzed dpace group determination using
SADABS (Sheldrick, 2013). The structure was solweith SHELXT-2014/2 and further
refined with SHELXL-2013. All non-hydrogen atoms neeefined with anisotropic thermal
displacement parameters. Unless otherwise notedroggn atoms were included in
calculated positions. Thermal parameters for thdrdyens were tied to the isotropic thermal
parameter of the atom to which they are bondedXXds methyl, 1.2 x for all others).

CCDC 1005460-1005461:

Crystal were attached with Exxon Paratone N, th@tdength of fibre supported on a thin

piece of copper wire inserted in a copper moungiimy The crystal was quenched in a cold

nitrogen gas stream from an Oxford Cryosystems €irgam. A SuperNova Dual equipped
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with an Atlas detector and employing mirror monachated Cu (kv) radiation from a
micro-source was used for the data collection celistants were obtained from a least
squares refinement against 12339 reflections Idchastween 8.85 and 152.00. Data was
collected at 150 K withw scans to 152.94°02 The data processing was undertaken with
CrysAlis Pro(CrysAlisPro Version 1.171.36.28. Agilent Techno&sgg 2013) and subsequent
computations were carried out with WinGWinGX, Farrugia, L. J. (1999) J. Appl. Cryst.,
32, 837-838) and ShelXle (ShelXle: graphical ustgriace for SHELXL; C. B. Hubschle, G.
M. Sheldrick and B. Dittrich. J. Appl. Cryst. (201244, 1281-1284). A multi-scan absorption
correction was appliédto the data. The structure was solved with SHELX$SG. M.
Sheldrick, Acta Cryst. (1990) 46 467~473) and further refined with SHELXL97 (G. M.
Sheldrick (1997), University of Gottingen, Germany)

S4.1. Crystal structure of 4 with DMSO (CCDC 1005459)

Single crystals suitable for X-ray diffraction wegbtained by slow evaporation of an 95:5
CHCI3;:DMSO solution of compound. Crystal data for4-DMSO). G4HsoN2OsS, M, =
566.82 g/mol, crystal size = 0.165 x 0.129 x 0.08@3, colourless tablet, triclinic, space
groupP-1, a = 11.0175(6) Ab = 12.8086(7) Ac = 12.9025(7) A, = 91.871(2) °53 =
113.774(2) °y= 96.730(2) °V = 1648.39(16) A Z = 2, 0. = 1.142 g cif, ;= 0.132 mrit,
radiation and wavelength = MoK\a (0.71073),= 120(2) K, 8nax = 28.467, reflections
collected: 33121, independent reflections: 83§ € 0.0530), 375 parametef’jndices (all
data): R, = 0.0840, MR, = 0.1109, finalR indices [ > 20l]: Ry = 0.0460, VR, = 0.0965,
GOOF = 1.015, largest diff. peak and hole = 0.332 @n@80 e As.

Table S1.Hydrogen bond properties fot: OMSO) calculated usinglercury 3.0

Donor--H- - - Acceptor H---AR) D---A (A) D-H---A (°)
N1--H1---O3 2.018 2.860 159.73
N2--H2---0O3 1.928 2.797 169.23
C10--H10---03 3.325 3.932 123.66
C20--H20---03 3.124 3.769 126.72
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C34

L~

Figure S20:ORTEP diagram of4¢ DMSO) with atom numbering, showing 50% probabilégtor for the
thermal ellipsoids.

Figure S21:Schematic representation of the intermoleculardyen bonds in the crystal ¢f- ODMSO). For
clarity, only atoms involved in hydrogen bonding ¢éabelled. Hydrogen bonds are represented by ddstes.
Torsion angles between the planes defined by tbloytene ring and the aromatic substituents asevshn
turquoise (calculated usiriercury 3.0.
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S4.2.  Crystal structure of 5 with DMSO (CCDC 1005460)

Single crystals suitable for X-ray diffraction weobtained by recrystallization from a
concentrated DMSO solution of compoundCrystal data forg: DMSO). GgH1gN20S, M, =
374.52 g/mol, crystal size = 0.117 x 0.080 x 0.06&3, yellow prism, monoclinic, space
groupP21/n a = 8.0488(1) Ap = 11.6233(1) Ac = 19.2104(1) A = 90 °,3=90.883(1) °,
y=90°V =1796.99(3) A Z = 4, p. = 1.384 g cil, ;4 = 3.826 mn, radiation and
wavelength = CuK\a (1.5418),= 150.01(10) K &nax = 76.402, reflections collected: 40089,
independent reflections: 376R,{ = 0.0260), 228 parameterR, indices (all data)R, =
0.0315, iR, = 0.1199, finaR indices [ > 20l]: R; = 0.0296, Wr, = 0.1166,GOOF = 1.098,
largest diff. peak and hole = 0.513 and -0.385.e A3

Table S2.Hydrogen bond properties fd:©OMSO) calculated usinglercury 3.0

Donor--H- - - Acceptor H---A (A) D---A (A) D-H---A (°)
N5--H5N--- 024 2.084 2.815 166.01
N6--H6N- - - 024 2.023 2.774 170.22
C12--H12---024 3.233 3.850 124.44
C16--H16---024 3.260 3.814 119.16

523

v C26
Cc25

o] O

Figure S22:ORTEP diagram ofs DMSO) with atom numbering, showing 50% probabilégtor for the
thermal ellipsoids.
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Figure S23:Schematic representation of the intermoleculardyen bonds in the crystal & OMSO). For
clarity, only atoms involved in hydrogen bonding ¢&abelled. Hydrogen bonds are represented by ddistess.
Torsion angles between the planes defined by tbeloytene ring and the aromatic substituents ave/stin
turquoise (calculated usiriercury 3.0.

S4.3.  Crystal structure of 8 with DMSO (CCDC 1005461)

Single crystals suitable for X-ray diffraction weobtained by recrystallization from a
concentrated DMSO solution of compoudCrystal data for§ DMSQO). GgHseN202Ss, M,
=677.11 g/mol, crystal size = 0.21 x 0.12 x 0.0W3norange prism, monoclinic, space group
P21/ a = 18.2073(6) Ap = 11.9379(2) Ac = 19.5492(6) Ag = 90 °,4= 115.355(4) °y=
90°,V=3839.82) R Z=4,0. = 1.171 g crii, = 2.511 mr, radiation and wavelength =
CuK\a (1.54184),T = 150(2) K, énax = 76.470, reflections collected: 60156, indepehden
reflections: 8007 R = 0.0871), 391 parameterR,indices (all data)R; = 0.1040, iR, =
0.2305, finalR indices | > 20l]: Ry = 0.0742, iR, = 0.2098,GOOF = 1.110, largest diff.
peak and hole = 0.661 and -0.440 e A3. Disord@résent in some of thtert-butyl groups,
which were modelled by splitting it over two paaisd keeping the disordered carbon atoms

isotropically.
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Table S3.Hydrogen bond properties f&8:OMSO) calculated usinglercury 3.0

Donor--H- - - Acceptor H---A (A) D---A (A) D-H---A (°)

N1--H101---03 1.881 2.755 160.55

N2--H102---0O3 1.872 2.776 164.12

C10--H10---03 3.503 3.931 110.78

C16--H16---0O3 3.272 3.800 118.22
& 2 C36

A

Figure S24:ORTEP diagram ofg: DMSO) with atom numbering, showing 50% probabilégtor for the

thermal ellipsoids.
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Figure S25:Schematic representation of the intermoleculardyen bonds in the crystal & OMSO). For
clarity, only atoms involved in hydrogen bonding $éabelled. Hydrogen bonds are represented by ddstes.
Torsion angles between the planes defined by tbloytene ring and the aromatic substituents asevshn
turquoise (calculated usiriercury 3.0.

S4.4.  Crystal structure of 6 with TMACI (CCDC 1005458)

Single crystals suitable for X-ray diffraction wewbtained by slow evaporation of a 1:9
water:acetonitrile solution of compouldn the presence of excess TMACI (~5 equivalents).
Crystal data for §),- CI[[TMA] *. CagH32F12N5S4Cl, M, = 974.40 g/mol, crystal size = 0.07 x
0.02 x 0.01 mmg, orange block, triclinic, spaceugr®-1, a = 8.0301(5) Ab = 16.9861(11)

A, c=17.5950(11) A = 64.243(4) °B = 80.825(6) °y= 77.765(5) °V = 2106.2(2) R Z =
2, p. = 1.536 g cni, x = 0.380 mnt, radiation and wavelength = MoK\a (0.7107%)=
100(2) K, Bnax = 27.50, reflections collected: 25975, independeifiections: 9528 R =
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0.0749), 587 parametemR,indices (all data)R; = 0.1221, ViR, = 0.1769, finaR indices [ >
20l]: Ry = 0.0683, MR, = 0.1492,GOOF = 1.051, largest diff. peak and hole = 0.708 and -
0.597 e As. Rotational disorder was present in-t8& groups, which was modelled by
splitting over 2 positions. Geometric restraintd$) were applied.

Table S4.Hydrogen bond properties fo)g: CI[[TMA] * calculated usindlercury 3.0

Donor--H- - - Acceptor H---A (A) D---A (A) D-H---A (°)
N1--H1---Cl1 2.293 3.163 169.85
N2--H2---Cl1 2.338 3.209 170.80
N3--H3---Cl1 2.323 3.175 162.63
N4--H4---Cl1 2.317 3.183 168.67
C6--H6---CI1 3.553 4.134 121.90
C15--H15---Cl1 3.525 4.147 125.20
C24--H24---Cl1 3.442 4.023 121.65
C35--H35---Cl1 3.547 4.105 119.99
y Ca7
C40 N5/

Figure S26:ORTEP diagram of f),- CI[[TMA] © with atom numbering, showing 50% probability fadiar the
thermal ellipsoids.
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Figure S27:Schematic representation of the intermoleculardyen bonds in the crystal oBjg- CI[[TMA] *.
For clarity, only atoms involved in hydrogen borglare labelled. Hydrogen bonds are representecslyed
lines. Torsion angles between the planes defindthdygyclobutene ring and the aromatic substituaréshown
in turquoise (calculated usimgercury 3.0.

S5.  'H NMR Chloride Binding Titrations

'H NMR titrations were performed by additions of qaldts of chloride as the
tetrabutylammonium (TBA) salt (0.15 — 0.2 M), is@lution of the receptor (2.5 x $®) in
either 0.5% HO in DMSO«ds or CDsCN to a 2.5 x 18 M solution of the receptor in either
0.5% HO in DMSOds or CD;CN. Typically, up to 12 equivalents of the aniorrevadded to
the solution. Both salt and receptor were driedenrtugh vacuum prior to usé NMR
spectra were recorded on a BrukerAvance Ill 50@tspmeter at a frequency of 500.13 MHz
and calibrated to the residual protio solvent peaBRMSO-ds (6 = 2.50 ppm) or CEBCN (6 =
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1.94 ppm). Stack plots were made using MestReNa@raidvh 6.0. Where possible and when
the change in chemical shift was larger than O0.Bh,ppon-linear curve fitting of the
experimentally obtained titration isotherms (eqlewés of anionvs. chemical shift of the
squaramide NH protons or thiosquaramide NH protarssig the commercially available

software program HypNMR (Hyperqua8 package) enabled the calculation of association
constants (¥M™) using a 1:1 model.

(a) : - (b)
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114 10.8 10.2 84 80 7.6 7.2 68

96 92 88
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Figure S28:(a): 'H NMR stackplot o with TBACI in 0.5% HO in DMSO; at 300 K. (b): Fitplot for NH
proton at =9.8 ppm.
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Figure S29:(a): 'H NMR stackplot o6 with TBACI in 0.5% HO in DMSO; at 300 K. (b): Fitplot for NH
proton at = 10.8 ppm.
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Figure S30:(a): 'H NMR stackplot o6 with TBACI in 0.5% HO in DMSO; at 300 K. (b): Fitplot for NH
proton at = 11.3 ppm.
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Figure S31:(a): 'H NMR stackplot of7 with TBACI in 0.5% HO in DMSO; at 300 K. (b): Fitplot for NH
proton at = 12.5 ppm.

(b)

124, A

11.9

sLikg g J

115 J

113

11.1 A

Chemical Shift (ppm)

109 -

10.7 -

105 %
0.0

80 100 120 140 160 180 200
Chloride Equivalents

40 6.0

20

12.2 11.0 82 74 6.6

FIMBACOM
Figure S32:(a): 'H NMR stackplot o8 with TBACI in 0.5% HO in DMSO; at 300 K. (b): Fitplot for NH
proton at = 10.5 ppm.
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Figure S33:(a): *H NMR stackplot o6 with TBACI in CD;CN at 300 K. (b): Fitplot for NH proton &t= 9.98
ppm.
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Figure S34:(a): *H NMR stackplot of7 with TBACI in CD;CN at 300 K. (b): Fitplot for NH proton &t= 9.91
ppm.
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S6. Determination of pK, values

pKa values were experimentally determined using theeleamgth of maximum difference
in absorbance between the UV/Vis spectra of theramiand the neutral species. For each
compound the absorbance was measured on a sointiddeCN/H,O (9:1) containing 0.1M
TBAPFs with pH values between 2.5 and 14. The solutioasevadjusted to acidic pH using
an excess of HN¢before being slowly basified by small aliquotsaofaqueous 0.1 M NaOH
solution. The absorbance values at the wavelergthagimal difference were plotted against
the pH values. A four parameter sigmoid curve ustigma Plot (Systat Software Inc.,
Chicago, IL, USA) was fitted through the data psinvith the point of inflexion

corresponding to thely value.

(a) (b)

25 25

335nm - m EEEEEg
| :
2 0
g1s
g 5 #2650m
215 5
I 3 4] ®335nm
< < 357
nm
< 05 - Py 4
* * L2 2 24
\ . /
0.5 0 + T
0 5 10 15
265 nm pH
0 "
230 280 330 380 430 480 530 580

Wavelength (nm)

e Absorbance at 357 nm vs. pH
— Fit

Absorbance

Figure S35:(a) Absorption spectra taken over the course dfi-@pectrophotometric titration df(8 x 10° M)
in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 265 #)in (
335 nm @) and 357 nm £) vs. pH.(c) Four parameter sigmoid curve fit witle point of inflexion
corresponding to theiy value.
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Figure S36:(a) Absorption spectra taken over the course df-@pectrophotometric titration @ (6 x 10° M)
in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 268 nm
(A), 340nm &) and 370 nm«) vs. pH.(c) Four parameter sigmoid curve fit witle point of inflexion
corresponding to thelqy value.
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Figure S37:(a) Absorption spectra taken over the course df-@pectrophotometric titration &f(6 x 10° M)
in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 257 €)n (
338nm @) and 380 nm £.) vs. pH.(c) Four parameter sigmoid curve fit wiitle point of inflexion
corresponding to theify value.
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Figure S38:(a) Absorption spectra taken over the course df-@pectrophotometric titration @f(6 x 10° M)
in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 268 #)n (
338nm @) and 360 nm £) vs. pH.(c) Four parameter sigmoid curve fit wiitle point of inflexion

corresponding to thelqy value.
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Figure S39:(a) Absorption spectra taken over the course df-@pectrophotometric titration & (6 x 10° M)
in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 287 #)in (
333nm @) and 404 nm £.) vs. pH.(c) Four parameter sigmoid curve fit witle point of inflexion

corresponding to theia value.
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Figure S40:(a) Absorption spectra taken over the course df-@pectrophotometric titration & (5 x 10° M)
in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 288 nm
(4A), 331nm &) and 408 nm«) vs. pH.(c) Four parameter sigmoid curve fit witle point of inflexion
corresponding to theiqy value.
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Figure S41:(a) Absorption spectra taken over the course df-@pectrophotometric titration af(6 x 10° M)

in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 276 #)n (

335 nm @), 388 nm () and 405 nmx) vs. pH.(c) Four parameter sigmoid curve fit witle point of inflexion
corresponding to theifa value.
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Figure S42:(a) Absorption spectra taken over the course df-@pectrophotometric titration & (6 x 10° M)
in an acetonitrile/water mixture (9/1 v/v; 0.1 MTBAPF;). (b) Comparison plots of absorbance at 249 #)n (
339 nm @) and 407 nm £.) vs. pH.(c) Four parameter sigmoid curve fit wiitle point of inflexion
corresponding to theify value.

Computational pKvalues were obtained using density functional th€DFT) at the MO06-
2X/6-311+G(3df,2p) level, in conjunction with theM® continuum solvation model. Two

water molecules were included in the model in otddake into account explicit interactions

(see Figure S43).

(a) (b)

A A

e ¢

Figure S43:Model system (fod, as an example) used in the DFT calculationséajrall<2H,O and (b)
deprotonated«2H,O
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S7. Anion transport studies

S7.1. General protocol

This procedure describes a typical membrane trahdests. Internal and external
solutions can vary and are detailed in the captbrnhe figures. Chloride concentrations
during transport experiments were determined uam@ccumetchloride-selective electrode.
The electrode was calibrated against sodium cldagautions of known concentrations prior
to each experiment. POPC (1-palmitoyl-2-olesmglycero-3-phosphocholine) was supplied
by Genzymeand was stored at —20°C as a solution in chlonof¢t g POPC in 35 mL
chloroform). Cholesterol was supplied Bygma-Aldrich Octaethylene glycol monododecyl
ether was used as detergent and was suppli@cby

A lipid film of POPC or 7:3 POPC:cholesterol wasnmed from a chloroform solution under
reduced pressure and dried under vacuum for &t 4eheurs. The lipid film was rehydrated
by vortexing with a metal chloride (MCI) salt sobrt. The lipid suspension was then
subjected to nine freeze-thaw cycles, where thpesigion was alternatingly allowed to freeze
in a liquid nitrogen bath, followed by thawing inveater bath. The lipid suspension was
allowed to age for 30 min at room temperature ams wubsequently extruded 25 times
through a 200 nm polycarbonate membramic{eoporé™) using a LiposoFast-Basic
extruder setAvestin, Ing. The resulting unilamellar vesicles were dialyZ8gectra/Por® 2
Membrane MWCO 12-14 kD) against the external mediamemove unencapsulated MCI
salts. Internal and external solutions vary fronpesknent to experiment, but in general an

ionic strength of 500 mM was used.

S7.2.  Chloride/nitrate transport at pH 7.2 and pH 4.0

Unilamellar POPC vesicles containing NaCl, prepagdiescribed in Section S7.1., were
suspended in the external medium consisting of Nadd@ition buffered to pH 7.2 or pH 4.0.
The lipid concentration per sample was 1 mM. A DM&fution of the carrier molecule was
added to start the experiment and the chloridenefftas monitored using a chloride sensitive
electrode. At 5 min, the vesicles were lysed withub of octaethylene glycol monododecyl
ether (0.232 mM in 7:1 water:DMSO v/v) and a tafalride reading was taken at 7 min. The
initial value was set at 0% chloride efflux and fimal chloride reading (at 7 minutes) was set

as 100% chloride efflux. All other data points weadibrated to these points.
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Figure S44:Chloride efflux from POPC vesicles at pH 7.2 (eyrptmbols) and pH 4.0 (filled symbols). POPC
vesicles were loaded with a 489 mM NacCl solutioffdred to pH 7.2 with 5 mM phosphate salts or to48i
with 5 mM citrate salts, and were suspended inGmBl NaNQ solution buffered to pH 7.2 with 5 mM
phosphate salts or to pH 4.0 with 5 mM citratessat the end of the experiment (300 s), detergerst added to
lyse the vesicles and calibrate the ISE to 100%rité efflux. Each point represents the average mfnimum
of 6 independent trials. DMSO was used as a cor{apl; (b) 2; (c) 3; (d) 4; (e)5; () 6; (9) 7; (h) 8.
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S7.3.  Hill plots

During Hill plots the chloride/nitrate transportsags are performed as described above
for various concentrations of carrier. The chloraftux (%) 270 s after the addition of carrier
is plotted as a function of the carrier concentratiData points can then be fitted to the Hill
equation usin@rigin 8.1

XI"I n

Y =V, —— =100%——
k +x

ECg + X"

wherey is the chloride efflux at 270 s (%) ards the carrier concentration (mol% carrier to
lipid). Vmax k andn are the parameters to be fitt&lax is the maximum efflux possible (often
fixed to 100%, as this is physically the maximumodide efflux possible)n is the Hill
coefficient andk is the carrier concentration needed to redgh/2 (when Vyaxis fixed to
100%, k equalsECsg). From the Hill plot it is therefore possible taettly obtain EGo 270s
values, defined as the carrier concentration (mo#msier to lipid) needed to obtain 50%
chloride efflux after 270 s. The Hill plots of commds1-3 at pH 7.2 have been previously
published’ while compoundd, 7 and8 were not active enough to allow Hill plots.
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80 - //’/i
]
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x 60 |
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o : y=Vmax*x*n/(
B 404 Equation Prreseing
‘g Reduced 7.86265
5 Chi-Sqr
© 20 Adj. R-Square 0.99007
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Figure S45:Hill plot for chloride release mediated by rece@drom unilamellar POPC vesicles loaded with
489 mM NaCl buffered to pH 7.2 with 5 mM sodium ppbate salts. The vesicles were dispersed in 489 mM
NaNQ; buffered to pH 7.2 with 5 mM sodium phosphatessdhloride efflux was measured at 270 s. Each
points represent the average of a minimum of thepeats and eror bars represent standard deviations
Concentrations used: 0.0125 mol%, 0.25 mol%, 0.B4n& mol%, 2 mol%, 3 mol%, 5 mol% with respect to

lipid.
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Figure S46:Hill plot for chloride release mediated by recedtdrom unilamellar POPC vesicles loaded with
489 mM NaCl buffered to pH 4.0 with 5 mM citratdtsaThe vesicles were dispersed in 489 mM NaNO
buffered to pH 4.0 with 5 mM citrate salts. Chlarieffflux was measured at 270 s. Each points reptrése
average of a minimum of three repeats and erorrearesent standard deviations. Concentrations Osgd
mol%, 1 mol%, 1.5 mol%, 2 mol%, 3 mol%, 4 mol% widspect to lipid.
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Figure S47:Hill plot for chloride release mediated by rece@drom unilamellar POPC vesicles loaded with
489 mM NaCl buffered to pH 4.0 with 5 mM citratdtsaThe vesicles were dispersed in 489 mM NaNO
buffered to pH 4.0 with 5 mM citrate salts. Chlariefflux was measured at 270 s. Each points reptrése
average of a minimum of three repeats and erorrearesent standard deviations. Concentrations Gsetl
mol%, 0.02 mol%, 0.05 mol%, 0.1 mol%, 0.25 mol%g thol%, 1 mol% with respect to lipid.
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Figure S48:Hill plot for chloride release mediated by rece@drom unilamellar POPC vesicles loaded with
489 mM NaCl buffered to pH 4.0 with 5 mM citratdtsaThe vesicles were dispersed in 489 mM NaNO
buffered to pH 4.0 with 5 mM citrate salts. Chlerieffflux was measured at 270 s. Each points reptrése
average of a minimum of three repeats and erorrearesent standard deviations. Concentrations Gsedll
mol%, 0.005 mol%, 0.01 mol%, 0.025 mol%, 0.1 mol¥%5 mol% with respect to lipid.
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Figure S49:Hill plot for chloride release mediated by recef@drom unilamellar POPC vesicles loaded with
489 mM NaCl buffered to pH 4.0 with 5 mM citratdtsaThe vesicles were dispersed in 489 mM NaNO
buffered to pH 4.0 with 5 mM citrate salts. Chlarieffflux was measured at 270 s. Each points reptrése
average of a minimum of three repeats and erorrearesent standard deviations. Concentrations 0sed5
mol% (large error), 0.0075 mol% (large error), 0r8dl% (large error), 0.0125 mol%, 0.015 mol%, &%,
0.5 mol%, 1 mol% with respect to lipid. Large esat low concentration are due to highalue and this
prevented the accurate determination of the;B@owever, all concentration above 0.0125 mol%iesaito-lipid
gave chloride effluxes above 50% with low errord #rus the EE; value can be estimated around 0.0125 mol%
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Figure S50:Hill plot for chloride release mediated by receg@drom unilamellar POPC vesicles loaded with
489 mM NaCl buffered to pH 4.0 with 5 mM citratdtsaThe vesicles were dispersed in 489 mM NaNO
buffered to pH 4.0 with 5 mM citrate salts. Chlarieffflux was measured at 270 s. Each points reptrése
average of a minimum of three repeats and erorrearesent standard deviations. Concentrations Gsetl
mol% (large error), 0.0112 mol% (large error), 25 Mol%, 0.015 mol%, 0.025 mol%, 0.05 mol% withpexst
to lipid. Large errors at low concentration are ttuéighn-value and this prevented the accurate determimatio
of the EG,. However, all concentration above 0.0125 mol%iegito-lipid gave chloride effluxes above 50%
with low errors and thus the Egralue can be estimated around 0.0125 mol%

S7.4. Cholesterol tests

For the cholesterol tests, the chloride/nitratagpmrt experiments (see Section S7.2) were
repeated with vesicles consisting of 3:7 chole&fe@PC. Cholesterol is believed to increase
the viscosity of the membrane, hence slowing doiksion in the lipid bilayer. This effect
should be more pronounced in the case of a mohilsec mechanism, while no effect is
expected for an ion channel. Figure S51 and Figb2 indicate that there is indeed a
significant reduction in the transport ability b8, especially at pH 4.0. This suggests that the
both squaramides and thiosquaramides operate mialdle carrier mechanism at both low
and high pH conditions. The results for oxosquada®i-3 at pH 7.2 have been previously
published! Cholesterol tests were not performed for compouhasd8 due to their very low

transport activity.
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Figure S51:Chloride efflux promoted by compoun8s7 from unilamellar POPC vesicles (filled symbols) or
unilamellar 7:3 POPC:cholesterol vesicles (empiyitsyls) loaded with 489 mM NacCl buffered to pH 7 i#wb
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mol% of compound. (c) 1 mol% of compound.
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Figure S52:Chloride efflux promoted by compountis from unilamellar POPC vesicles (filled symbols) or
unilamellar 7:3 POPC:cholesterol vesicles (empiisyis) loaded with 489 mM NacCl buffered to pH 4.i¢hwvb
mM citrate salts. The vesicles were dispersed &1 NaNQ buffered to pH 4.0 with 5 mM citrate salts. At
the end of the experiment, detergent was addegséothe vesicles and calibrate the ISE to 100%rictdcefflux.
Each point represents the average of three t{&@ld mol% of compound. (c) 0.1 mol% of compoun®l (c)
0.1 mol% of compound; (d) 0.015 mol% of compounil (e) 0.015 mol% of compourgl (f) 1 mol% of

compound?.
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S7.5. Calcein leakage assays

A lipid film of POPC was formed from a chloroforrolstion under reduced pressure and
dried under vacuum for at least 6 hours. The lipid was rehydrated by vortexing with a
NaCl solution (100 mM calcein, 489 mM NacCl, 5 mMogphate buffer at pH 7.2 or 5 mM
citrate buffer at pH 4.0). The lipid suspension wan subjected to nine freeze-thaw cycles
and allowed to age for 30 min at room temperat@fere extruding 25 times through a 200
nm polycarbonate membrane. The unincorporated icalsas removed by size exclusion
chromatography on a Sephadex G-50 column usingdaursosulfate or sodium nitrate
solution as eluent (162 mM BBO, or 489 mM NaN@, 5 mM phosphate buffer at pH 7.2 or
5 mM citrate buffer at pH 4.0).

The thus obtained unilamellar POPC were suspenmdadNiaSO, or NaNQ solution buffered

to pH 7.2 with sodium phosphate salts or to pHwitl citrate buffer. The lipid concentration
per sample was 1 mM. The fluorescence emissioheoéhcapsulated calcein at 520 nm after
excitation at 490 nm was recorded using Varian Cary Eclipse Fluorescence
SpectrophotometeAt t = 10 s, a solution of the carrier molecuteDMSO (1 mol% w.r.t.
lipid) was added to start ion transport. At the efidhe experiment the vesicles were lysed
with 30 ul of octaethylene glycol monododecyl ether (0.23%1 im 7:1 water:DMSO v/v).
The fractional calcein release (FR) was calculaedbllows (withl; = fluorescence intensity
at time t,lo = fluorescence intensity at time 0 ahdx = fluorescence intensity after addition

of detergent):

The results depicted in Figure S53 and Figure 3f4ve no sign of leakage of the calcein
dye from the vesicles. This indicates that the clesi are stable under the experimental
conditions and that not the oxosquaramides nothiosquaramides induce vesicles leakage.
This is additional evidence that compourdd8 do not cause the formation of large channels
in the POPC membranes and most likely function akila carriers for chloride ions. Calcein
leakage assays were not performed for compodnaisd 8 due to their very low transport

activity.
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Figure S53:Calcein leakage by-8 (1 mol% carrier-to-lipid) from unilamellar POPCsieles loaded with 100
mM calcein and 489 mM NaCl, buffered to pH 7.2 vitmM sodium phosphate salts. The vesicles were
dispersed in 489 mM NaNuffered to pH 7.2 with 5 mM sodium phosphatessait t = 10 s, a DMSO

solution of the transporter was added to stareftpeeriment. At the end of the experiment, detergerst added

to lyse the vesicles. The results are shown agdlegon of calcein leaked from the vesicles.
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Figure S54:Calcein leakage by-8 (1 mol% carrier-to-lipid) from unilamellar POPCsieles loaded with 100
mM calcein and 489 mM NaCl, buffered to pH 4.0 vistmM citrate salts. The vesicles were dispersetBh
mM NaNG; buffered to pH 4.0 with 5 mM citrate salts. At 18 s, a DMSO solution of the transporter was
added to start the experiment. At the end of theedment, detergent was added to lyse the vesitlesresults
are shown as the fraction of calcein leaked froensicles.
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S7.6.  Antiport tests

Unilamellar POPC vesicles containing 489 mM MCI éMNa, Cs) solution buffered to pH
7.2 or pH 4.0 with 5 mM phosphate or citrate sgitgpared as described in Section S7.1.,
were suspended in the external medium consistirggd2 mM NaSO, solution buffered to
pH 7.2 or pH 4.0 with 5 mM phosphate or citratedssalrhe lipid concentration per sample
was 1 mM. A DMSO solution of the carrier moleculasnradded to start the experiment and
chloride efflux was monitored using a chloride st electrode. At 5 min, the vesicles were
lysed with 50uL of octaethylene glycol monododecyl ether (0.23¢ im 7:1 water:DMSO
v/v) and a total chloride reading was taken at @.nhe initial value was set at 0% chloride
efflux and the final chloride reading was set a®%0chloride efflux. All other data points
were calibrated to these points. For some expetsnarpH gradient was applied. In these
cases the vesicles were prepared containing a MIGtien buffered to pH 4.0 with citrate
salts and they were dialysed with a Naj\{® Na SO, solution buffered to pH 4.0 with citrate
salts. Immediately before the measurements, th&lgsswere diluted with a NaNQOor
NaSO, solution buffered to pH 7.2 with phosphate saltereate the gradient, followed by
the addition of a DMSO solution of the transport€éhe rest of the experiments was
performed similar to the other ion-selective eledé tests. The antiport tests were not

performed for compoundsand8 due to their very low transport activity.

The following conclusions can be made based ong$idts shown in Figure S55:

e The small difference in chloride efflux from vesslloaded with NaCl and vesicles
loaded with CsCl indicates that the counterion dao@splay a significant role in the
transport process. Metal-chloride symport by thliojsquaramides is therefore

unlikely.

* The large difference in activity seen when nitratesulfate is the external anion
suggests that the anion in the external solutiamportant for the transport process.

The most likely mechanism is therefore chloride#té antiport.

 The absence of an increase in chloride transpodiatesl by the thiosquaramides
when a pH gradient is applied, suggest that HClpynndoes not occur. However, it
must be noted that only a small amount of HCI need® transported to dissipate the

pH gradient and this might not be picked up bydhieride-selective electrode.
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Figure S55:Chloride efflux from POPC vesicles at various ddnds mediated by-8 (1 mol% with respect to
lipid). POPC vesicles were loaded with a 489 mM NI@I= Na, Cs) solution buffered to pH 7.2 with 5 mM
phosphate salts or to pH 4.0 with 5 mM citratess¢il), and were suspended in a 489 mM Ngh0©162 mM
N&SO, solution buffered to pH 7.2 with 5 mM phosphatissar to pH 4.0 with 5 mM citrate salt®(T). At
the end of the experiment (300 s), detergent wdedtb lyse the vesicles and calibrate the ISEDG9%4
chloride efflux. Conditions with N©as the external anion are shown in filled symbetsle conditions with
SO, as the external anion are shown in empty symialsh point represents the average of a minimum of 3
independent trials. DMSO was used as a controlL;(@)) 2; (c) 3; (d) 5; (e)6; (f) 7.

S44



S7.7. HPTS assays

The HPTS fluorescence in the conditions of thegpant experiments was first calibrated
against pH. For this, a lipid film of POPC was feanfrom a chloroform solution under
reduced pressure and dried under vacuum for &t éehsurs. The lipid film was rehydrated
by vortexing with a NaCl solution (1 mM HPT8-liydroxypyrene-1,3,6- trisulphonic acid)
489 mM NaCl, 5 mM citrate buffer at pH 6.0). Thpidi suspension was then subjected to
nine freeze-thaw cycles and allowed to age for 8 ahroom temperature before extruding
25 times through a 200 nm polycarbonate membrame ufincorporated HPTS was removed
by size exclusion chromatography on a Sephadex GeAfmn using a sodium sulfate or
sodium nitrate solution as eluent (162 mM,8I@, or 489 mM NaN@, 5 mM citrate buffer at
pH 6.0). The thus obtained unilamellar POPC liposerwere suspended in a JjS&, or
NaNQO; solution buffered to pH 6.0 with citrate buffehd lipid concentration per sample was
1 mM. The vesicles were then lysed with octaethylghycol monododecyl ether. Small
aliquots of a concentrated NaOH solution were adddadcrease the pH (total range pH 6 —
pH 8). At each addition, the pH of the solution wasasured using a pH electrode and at the
same time the HPTS fluorescence was monitored biagion at both 403 nm and 460 nm
and recording the emission at 510 nm usingVarian Cary Eclipse Fluorescence
SpectrophotometeA calibration curve could then be obtained byrfg a plot of the pHY()
against the ratio of HPTS emission after excitaadd60 nm and 403 nnuédl403 X) to the

following equation (See Figure S5§)= a + b-In(x+c).

(a) . (b)

- - T
= &

’ o Model  Log3P1
- 7 ’,( V\E/Iodel LOQSPLq 0 74 o Equation Y = - bn(x+Q)
o quation y =a-biIn(x+c ]
Reduced 0.00306
* Reduced 0.00331 ’/. Redics

. A Chi-Sqr -, '
:/ Adj. R-Square 0.99153 Adj. R-Squ 0.99276

pH
| |

»
Value  Standard Error, .: Value Standard E
6.59123 0.15276 64 2 a 6.9448  0.08518
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Figure S56: Calibration curve for pHyj from the ratio of HPTS emission after excitatatr#60 nm and 403 nm
(l46d/1403 X). (@) in the presence of NaNdb) in presence of NaS0O
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For the actual HCI symport assays, a lipid fimR®PC was formed from a chloroform
solution under reduced pressure and dried undaruwador at least 6 hours. The lipid film
was rehydrated by vortexing with a NaCl solutionniM HPTS B-hydroxypyrene-1,3,6-
trisulphonic acid)489 mM NaCl, 5 mM phosphate buffer at pH 7.2 on citrate buffer at
pH 6.0). The lipid suspension was then subjectexinie freeze-thaw cycles and allowed to
age for 30 min at room temperature before extruddty times through a 200 nm
polycarbonate membrane. The unincorporated HPTS measoved by size exclusion
chromatography on a Sephadex G-25 column usingdaursosulfate or sodium nitrate
solution as eluent (162 mM BBO, or 489 mM NaN@, 5 mM phosphate buffer at pH 7.2 or
5 mM citrate buffer at pH 6.0). The thus obtainedlamellar POPC were suspended in a
NaSO, or NaNQ solution buffered to pH 7.2 with sodium phospled#s or to pH 6.0 with
citrate buffer. The lipid concentration per samples 1 mM. A DMSO solution of the carrier
molecule was added to start the experiment (whgH gradient was applied a small amount
of the appropriate acid or base was added to thesreat solution just before the start of the
experiment in order to achieve a pH gradient of qi¢ unit). The fluorescence of
intravesicular HPTS was monitored by excitatiomath 403 nm and 460 nm and recording
the emission at 510 nm usingv/arian Cary Eclipse Fluorescence Spectrophotometethe
end of the experiment, the vesicles were lysed wdth uL of octaethylene glycol
monododecyl ether (0.232 mM in 7:1 water:DMSO viMe HPTS tests were not performed
for compound€l and8 due to their very low transport activity. The imal pH was obtained

by fitting the data to the equation obtained afedibrating the HPTS fluorescence to pH:

pH = 659+ lO9Dh(I‘ﬂ + O.SOJ for external nitrate

403

pH = 694+ 086[]]1[|‘ﬂ+ 024] for external sulfate

403

When nitrate is the external anion (Figure S57-S&@) results reveal that in the absence of a
pH gradient the intravesicular pH does not changenuthe addition of (thio)squaramide
based transporters (Figure S57-S58). However, wehegi gradient is applied across the
phospholipid bilayer, a fast dissipation of thedieat is observed upon the addition of both
oxosquaramides and thiosquaramidks3, suggesting that HCI" symport (or OHCI
antiport) can occur under these conditions (Figb8). However, when sulfate is the external

anion, the results are slightly different (Figui@0S562). In this case only a small increase in
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internal pH was observed when both the intraveaicaind extravesicular solution were
buffered to pH 7.2 (Figure S60), while a large @&se in internal pH was seen when a pH
gradient was applied (Figure S62). However, untike nitrate tests (Figure S58), a large
increase in internal pH was also observed when imbth- and extravesicular solution were
buffered to pH 6.0 (Figure S61), hinting that/€l” symport (or OHCI™ antiport) can occur
without a pH gradient providing that sulfate is ghéernal anion.
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Figure S57: Investigation of HCI transport facilitated by8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® ihM NaCl, 1 mM HPTS, buffered to pH 7.2 with
phosphate buffer and suspended in a solution ofd8INaNQ; buffered to pH 7.2 with phosphate buffer. At
time t = 50 s a DMSO solution of the transporteswdded (1 mol% with respect to lipid) and at tirse350 s
detergent was added. Each line represents thegevef@ independent trials and DMSO was used astat.
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Figure S58: Investigation of HCI transport facilitated &y8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® ikhM NaCl, 1 mM HPTS, buffered to pH 6.0 with
phosphate buffer and suspended in a solution ofd8INaNQ; buffered to pH 7.2 with phosphate buffer. At
time t = 50 s a DMSO solution of the transporteswawdded (1 mol% with respect to lipid) and at tirse350 s
detergent was added. Each line represents thegevefé& independent trials and DMSO was used asa.
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Figure S59:Investigation of HCI transport facilitated By8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® khM NaCl, 1 mM HPTS, buffered to pH 6.0 with ate
buffer, and suspended in a solution of 489 mM Nal@ifered to pH 6.0 with citrate buffer. At timet50 s a

NaOH solution was added to achieve an externalfpHGO At time t = 150 s a DMSO solution of thertsporter

was added (1 mol% with respect to lipid) and aetire 500 s detergent was added. Each line repeeten
average of 3 independent trials and DMSO was usedcantrol.
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Figure S60: Investigation of HCI transport facilitated by8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® ihM NaCl, 1 mM HPTS, buffered to pH 7.2 with
phosphate buffer and suspended in a solution ofdM2N&SO, buffered to pH 7.2 with phosphate buffer. At
time t = 50 s a DMSO solution of the transporteswadded (1 mol% with respect to lipid) and at tirwe350 s
detergent was added. Each line represents thegevefe& independent trials and DMSO was used asa.
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Figure S61: Investigation of HCI transport facilitated by8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® ihM NaCl, 1 mM HPTS, buffered to pH 6.0 with
phosphate buffer and suspended in a solution ohdM2NaSO, buffered to pH 7.2 with phosphate buffer. At
time t = 50 s a DMSO solution of the transporteswawdded (1 mol% with respect to lipid) and at tirse350 s
detergent was added. Each line represents thegevef@ independent trials and DMSO was used astat.
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Figure S62:Investigation of HCI transport facilitated By8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® khM NaCl, 1 mM HPTS, buffered to pH 6.0 with ate
buffer, and suspended in a solution of 162 mM3@ buffered to pH 6.0 with citrate buffer. Attime20 s a
NaOH solution was added to achieve an externalfpHGO At time t = 100 s a DMSO solution of thertsporter

was added (1 mol% with respect to lipid) and attirr 400 s detergent was added. Each line repeeten

average of 3 independent trials and DMSO was usedcantrol.
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In order to see if any other acids can be transdoaicross POPC bilayers, the HPTS tests
were repeated with the internal and external smgtiexchanged or with the pH gradient in
opposite directions. The results shown in Figuré3-S66 indicated that HCl and HN©®an

be transported b¥-8, but HSQ" (or H,SOy) cannot be transported by these compounds.

pH

HNO3

6.0 T T T T T T T T T 1
0 100 200 300 400 500

Time (s)

Figure S63:Investigation of HN@transport facilitated b§—8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® ikhM NaCl, 1 mM HPTS, buffered to pH 7.2 with
phosphate buffer, and suspended in a solution @8l NaNQ buffered to pH 7.2 with phosphate buffer. At
time t = 10 s a HN@solution was added to achieve an external pHZfA&t time t = 150 s a DMSO solution of
the transporter was added (1 mol% with respedptd)land at time t = 450 s detergent was addedh iae

represents the average of 3 independent trial &80 was used as a control.
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Figure S64:Investigation of HSQ transport facilitated b$—8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wi® ihM NaCl, 1 mM HPTS, buffered to pH 7.2 with
phosphate buffer, and suspended in a solution i NgSO, buffered to pH 7.2 with phosphate buffer. At
time t = 10 s a k50O, solution was added to achieve an external pH2f& time t = 100 s a DMSO solution of
the transporter was added (1 mol% with respedpid)land at time t = 400 s detergent was addedh line

represents the average of 3 independent trial DMEO was used as a control.
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Figure S65:Investigation of HCI transport facilitated By8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded wid M NaNQ@, 1 mM HPTS, buffered to pH 7.2 with
phosphate buffer, and suspended in a solution @8 NaCl buffered to pH 7.2 with phosphate buffit.
time t = 10 s a HCI solution was added to achievexernal pH of 6.2. At time t = 150 s a DMSO siolu of
the transporter was added (1 mol% with respedpid)land at time t = 450 s detergent was addedh line
represents the average of 3 independent trial &8O was used as a control.
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Figure S66:Investigation of HCI transport facilitated By8 using the fluorescent dye HPTS to estimate the
intravesicular pH. POPC vesicles were loaded with thM NaSQO,, 1 mM HPTS, buffered to pH 7.2 with
phosphate buffer, and suspended in a solution @8 NaCl buffered to pH 7.2 with phosphate buffit.
time t = 10 s a HCI solution was added to achievexernal pH of 6.2. Attime t = 100 s a DMSO siolu of
the transporter was added (1 mol% with respedptd)land at time t = 400 s detergent was addedh Eiae
represents the average of 3 independent trial DMEO was used as a control.
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There is a spectral overlap between the absorbagien of the thiosquaramides and HPTS
(400-500 nm), which might cause interference. T tghether interference was an issue,
aqueous HPTS solutions were prepared (1 mM HPTS,d@ NacCl, buffered with 5 mM
phosphate salts to pH 7.2 or with 5 mM citratessédt pH 6.0) and diluted with a NaCl
solution (489 mM NacCl, buffered with 5 mM phosphagdts to pH 7.2 or with 5 mM citrate
salts to pH 6.0) so that the fluorescence intensityiPTS was similar to those obtained
during the transport experiments and the emisgiectsa after excitation at 403 nm and 460
nm were then collected. A small amount of trangpontas subsequently added (aliquots of 6
pL of a 5 mM DMSO solution were added to a 3 mLette, to mimic the conditions of the
transport experiments) and the emission spectra wa@tected. The results shown in Figures
S67-S72 reveal that there is some interferencehen HPTS fluorescence due to the
thiosquaramides, resulting in a reduction in flsoence intensity. However, when the ratios
of the HPTS fluorescence intensity at 510 nm adtesitation at 403 nm and 460 nm are
calculated, as well as the pH values based on tlagiss, it is clear that the interference from
the thiosquaramides does not affect the ratio effthorescence intensity at 510 nm. This
implies that the results shown in Figures S57-S&6&dae to real changes in intravesicular pH

and not due to interference.
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Figure S67:Investigation of possible interference in HPT®flescence by compourid Some interference is
present, but this does not affect the pH deterngnata) HPTS solution at pH 6.0 using 5 mM citratdfer; (b)
HPTS solution at pH 7.2 using 5 mM phosphate buffer
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Figure S68:Investigation of possible interference in HPT®flescence by compouid Very little interference
is present. (a) HPTS solution at pH 6.0 using 5 aitkate buffer; (b) HPTS solution at pH 7.2 usingh
phosphate buffer.
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Figure S69:Investigation of possible interference in HPT S flescence by compouidd Very little interference
is present. (a) HPTS solution at pH 6.0 using 5 aitkate buffer; (b) HPTS solution at pH 7.2 usingh
phosphate buffer.
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Figure S70:Investigation of possible interference in HPT®flescence by compousd Some interference is
present, but this does not affect the pH deternignata) HPTS solution at pH 6.0 using 5 mM citratdfer; (b)
HPTS solution at pH 7.2 using 5 mM phosphate buffer
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Figure S71:Investigation of possible interference in HPTSflscence by compouid Some interference is
present, but this does not affect the pH deternanafa) HPTS solution at pH 6.0 using 5 mM citratdfer; (b)
HPTS solution at pH 7.2 using 5 mM phosphate buffer
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Figure S72:Investigation of possible interference in HPTSflscence by compouifd Some interference is
present, but this does not affect the pH deternignata) HPTS solution at pH 6.0 using 5 mM citratdfer; (b)
HPTS solution at pH 7.2 using 5 mM phosphate buffer

S7.8. Apparent pK, determination

Unilamellar POPC vesicles containing NaCl, prepaediescribed in Section S7.1., were
suspended in the external medium consisting of Nadtution buffered to various pH. For
the preparation of the buffer of both the interaatl external solutions, an online application

was usedHttp://www.biomol.net/en/tools/buffercalculator.hinwhereby the concentration of

buffer was set to 5 mM and the ionic strength t6 BM (the following buffers were used:
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pH 4.0 — pH 6.0 = citrate, pH 7.2 = phosphate, pB 8 pH 9.0 = Tris, pH 10.0 =
ethanolamine, pH 11.0 = methylamine, pH 11.5 — pB51= phosphate). The lipid
concentration per sample was 1 mM. A DMSO solutabthe carrier molecule was added (to
achieve 1 mol% carrier-to-lipid concentration) tarsthe experiment and the chloride efflux
was monitored using a chloride sensitive electréddes min, the vesicles were lysed with 50
pL of octaethylene glycol monododecyl ether (0.232 m 7:1 water:DMSO v/v) and a total
chloride reading was taken at 7 min. The initidlueawas set at 0% chloride efflux and the
final chloride reading (at 7 minutes) was set a8%hloride efflux. All other data points

were calibrated to these points.

In order to calculate apparent pkalues from this data, plots were made of thespart
activity versus pH and subsequently fitted to thiéofving equation (wherg is a measure of
transport activity,x is the pH,MIN is the minimum transport activity anblAX is the
maximum transport activity):

, (MIN ~MAX)

= MAX
Y (1+10°%7™)

In theory there are various measures of transpitity that can be uses.g. percentage of
chloride efflux at a given time or initial rate dfloride efflux (k). However, when using the
single-point data of percentage of chloride effadxa given time, artificially high pKvalues
can be obtained for highly active chloride transgisr (see Figures S73-S77). This is because
the maximum efflux that can be achieved is 100%hidghly active transporter can achieve
this 100% chloride efflux in 60 s, 90s, 300 s, &lais means that when you plot the chloride
efflux at 300 s versus pH for a highly active tqamger, a platform at 100% chloride efflux is
maintained for a wider range of pH than when a plas made of the chloride efflux at 60 s
versus pH. This is because in the first case 100iride efflux could be achieved in 60 s or
in 300 s and no distinction is made between thed@es while they correspond to an actual
difference in transport activity. In order to avaeids error, it is better to use the initial rafe o
chloride efflux (k,) as a measure of transport activity. Thewalues were obtained by fitting
the chloride efflux versus time plots with the évlling asymptotic function using Origin 8.1:
y = a - b-& wherey is the chloride efflux (%) ang is time (s). The initial rate of chloride
release (k) is then given by, = -b:In(c) and is obtained in %’s In order to give more
comparable values between the different compournits different activities, the jk values

were normalised to the highest kalue (at pH = 4.0).
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Figure S73:Apparent pK determination of receptdr (a) Chloride efflux mediated by 1 mol¥%from
unilamellar POPC vesicles loaded with 489 mM Nadfdred to various pH. The vesicles were dispemsed
489 mM NaNQ buffered to the same pH as the internal solut@th points represent the average of a
minimum of three repeats and error bars represantiard deviations. (b) pKletermination based on the
percentage of chloride efflux at 60 s, 120 s ar@l 8dc) pK, determination based on normalisgg ¥alues.
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Figure S74: Apparent pK determination of recept@: (a) Chloride efflux mediated by 1 mol2dfrom
unilamellar POPC vesicles loaded with 489 mM Nadfdred to various pH. The vesicles were dispemsed
489 mM NaNQ buffered to the same pH as the internal solut@th points represent the average of a
minimum of three repeats and error bars representiard deviations. (b) pKletermination based on the
percentage of chloride efflux at 60 s, 120 s ar@ 8(c) pk, determination based on normalisgg \alues.
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Figure S75: Apparent pK determination of recept®: (a) Chloride efflux mediated by 1 mol84rom
unilamellar POPC vesicles loaded with 489 mM Nadfdred to various pH. The vesicles were dispemsed
489 mM NaNQ buffered to the same pH as the internal solut@th points represent the average of a
minimum of three repeats and error bars representiard deviations. (b) pKletermination based on the
percentage of chloride efflux at 60 s, 120 s ar@l 8dc) pK, determination based on normalisgg ¥alues.
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Figure S76: Apparent pK determination of recept@: (a) Chloride efflux mediated by 1 molS4rom
unilamellar POPC vesicles loaded with 489 mM Nadfdred to various pH. The vesicles were dispemsed
489 mM NaNQ buffered to the same pH as the internal solut@th points represent the average of a
minimum of three repeats and error bars representiard deviations. (b) pKletermination based on the
percentage of chloride efflux at 60 s, 120 s ar@l 8dc) pK, determination based on normalisgg ¥alues.
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Equation |y = MAX+((MIN-MAX)/(1+10"(pKa-x)
Reduced C 4.026 3.28996 292612
Adj. R-Squ  0.99682 0.99784 0.99818
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Figure S77:Apparent pK determination of recept@: (a) Chloride efflux mediated by 1 molédrom
unilamellar POPC vesicles loaded with 489 mM Nadfdred to various pH. The vesicles were dispemsed
489 mM NaNQ buffered to the same pH as the internal solut@th points represent the average of a
minimum of three repeats and error bars representiard deviations. (b) pKletermination based on the
percentage of chloride efflux at 60 s, 120 s ar@ 8(c) pk, determination based on normalisgg \alues.

S60



S8. Thiosquaramide stability

Some of the thiosquaramides (especiéllgnd 7) were found to be unstable in DMSO. It was
found that the UV/Vis absorbance spectra 6ofchanges over time due to degradation of the
thiosquaramide (Figure S78). On the other hand,libhaviour was not seen in acetonitrile solutions
of the thiosquaramides, indicating that the thi@sgmides are more stable in this solvent (see &igur
S79). In acetonitrile degradation only became irtgodrafter more than 24 hours (see Figure S80).
Unfortunately, not all of the compounds were sadulol acetonitrile and therefore DMSO was still
used as the solvent of choice for the anion bindimg) anion transport studies. To overcome the issue
of instability, all of the experiments were perf@unon freshly made DMSO solutions that were used
immediately. The'H NMR spectra obtained during the anion bindingdists, indicated that the
thiosquaramides remained stable over the coursieoéxperiment. To check if the instability had an
effect on the anion transport studies, some ofatien transport experiments were repeated with
acetonitrile solutions of the thiosquaramides (tles only possible foé and 7, because the other
compounds were not soluble in acetonitrile). It i@amd that using acetonitrile stock solutions gave
identical results as using fresh DMSO stock sofut{see Figures S81-S82), indicating that the
instability of the thiosquaramides had no effecttom results of the anion transport studies. Howeve
when old DMSO stock solutions were used (7 day} alsignificant change in anion transport ability
was seen, suggesting that the thiosquaramides bgdadkd. All of the transport experiments
described above and in the manuscript were perfmith freshly made DMSO solutions and should

therefore be valid.
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Figure S78:Changes in absorbance of a DMSO solution of comgéwover time.
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Figure S80:Changes ifH NMR spectra of a MeCN solution of compouidver time.
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Figure S81:Chloride efflux from POPC vesicles at pH 4.0 (ajl @H 7.2 (b) mediated by compouidl mol%
with respect to lipid). POPC vesicles were loadé@t & 489 mM NaCl solution buffered to pH 7.2 wghmM
phosphate salts or to pH 4.0 with 5 mM citratessahd were suspended in a 489 mM Nal@ution buffered
to pH 7.2 with 5 mM phosphate salts or to pH 4.thvs mM citrate salts. The experiment was startethb
addition of a DMSO or MeCN solution of compoud@l0 pL of a 5 mM stock solution). At the end o th
experiment (300 s), detergent was added to lysedbieles and calibrate the ISE to 100% chloridienefEach
point represents the average of a minimum of 3peddent trials.
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Figure S82:Chloride efflux from POPC vesicles at pH 4.0 (ajl @H 7.2 (b) mediated by compoundl mol%
with respect to lipid). POPC vesicles were loadé@t & 489 mM NaCl solution buffered to pH 7.2 wghmM
phosphate salts or to pH 4.0 with 5 mM citratessahd were suspended in a 489 mM Nal@ution buffered
to pH 7.2 with 5 mM phosphate salts or to pH 4.thvs mM citrate salts. The experiment was startethb
addition of a DMSO or MeCN solution of compoundl0 pL of a 5 mM stock solution). At the end o th
experiment (300 s), detergent was added to lysedbieles and calibrate the ISE to 100% chloridlenefEach
point represents the average of a minimum of 3peddent trials.
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