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Synthetic details

General considerations: [1]Br! and [PhySb]OTf> were prepared by following procedures
available in the literature. KF, triphenylphosphine oxide, and NOBF, were purchased from Alfa
Aesar. High purity grade 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES) was
purchased from VWR Life Science. 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC)
was purchased from Avanti Polar Lipids. Valinomycin was purchased from BioWorld. Potassium
gluconate was purchased from TCI America. Na,SO4 was purchased from EM Science. All
commercially available compounds were used as received. The Mini-Extruder used for size
selection of the vesicles was purchased from Avanti Polar Lipids. The Sephadex G-50 column was
purchased from GE Healthcare — Life Sciences. All solvents were ACS reagent grade and used as
received. 'H, 3C, 1F NMR, 3'P NMR spectra were recorded at room temperature on a Varian
Inova 500 FT NMR spectrometer, a Bruker Avance 500 NMR spectrometer or a Bruker Ascend
400 NMR spectrometer. 'H and '3C NMR chemical shifts are given in ppm and are referenced to
residual 'H and 13C solvent signals, respectively. The '°F NMR chemical shifts are referenced to
CFCl;. The 3'P NMR chemical shifts are referenced to H;PO,. Mass spectrometry analyses were
performed in-house at the Center for Mass Spectrometry. Elemental analyses were performed by
Atlantic Microlab (Norcross, GA). ISE assays were performed with a Thermo Scientific Orion
9609BNWP Fluoride Ion Selective Electrode connected to a pH-meter giving readings in mV
(PHM 290, Meter lab, Radiometer Analytical S.A., Villeurbanne, Cedex, France). Tetrahydrofuran
will be abbreviated as THF.

Crystallographic measurements. The crystallographic measurements were performed at 110 K
using a Bruker D8 Venture (Cu-Ko radiation, A = 1.54178 A) or a Brucker D8 QUEST
diffractometer (Mo-Ka radiation, A = 0.71069 A) equipped with Photon III detectors. In each case,
a specimen of suitable size and quality was selected and mounted onto a nylon loop. Integrated
intensity information for each reflection was obtained by reduction of the data frames with the
program APEX3.> The semiempirical method SADABS was applied for the absorption
correction.* The structures were solved by direct methods (ShelXT)> or intrinsic phasing and
refined by the full-matrix least-squares technique against F?> with anisotropic temperature
parameters for all non-hydrogen atoms (ShelXL)® using Olex2 interface.” The hydrogen atoms
were placed in calculated positions and refined using a riding model approximation. Diamond4
was employed for the final data presentation and structure plots. The data has been deposited with
the Cambridge Structural Database. CCDC 2106460-2106461 contains the supplementary
crystallographic data for this paper.

Synthesis of [o-Ph,P(=0)(CcH4)SbPh;][BF,] ([2]BF,): This experiment was performed under
ambient conditions. In a 20 mL vial, [1]Br (53.4 mg, 0.0769 mmol) was dissolved in 5 mL of “as-
provided” CH,Cl, and 0.5 mL of water was added to the solution. Upon addition of NOBF, (13.8
mg, 0.118 mmol), the solution turned to a light-yellow color. The resulting mixture was stirred
vigorously for 30 minutes after which the aqueous phase was extracted with CH,Cl, (2 x 5 mL)
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and water (5 mL). The combined organic phases were dried over Na,SO4 and the solvent was
removed under vacuum to afford a yellow solid. The solid was dissolved in CH,Cl, (1 mL) and
precipitated by addition of Et,O (10 mL). The resulting white solid was collected via filtration and
dried under vacuum to afford 50.4 mg of product (91% yield). Single crystals of [2]BF, were
obtained as colorless blocks by vapor diffusion of Et,0 into a saturated CDCl; solution of the salt.
'H NMR (500.13 MHz, CDCl;) & 8.12-8.05 (m, 1H), 8.05-7.98 (m, 1H), 7.89-7.82 (triplet, J =

5.90 Hz, 1H), 7.70-7.58 (m, 6H), 7.57-7.39 (m, 20H). "C NMR (125.77 MHz, CDCI,, see Figure
S2 for atom numbering) § 137.25 (d, J_, = 11.17 Hz, C, or C, ), 135.03 (s, C,), 134.98 (s, C,),

*Yep
134.85 (d, J, = 11.34 Hz, C)), 134.31 (d, CP—1148HZ C) 134.07 (d, J., = 2.78 Hz, C)),
132,56 (d, J., =99.76 Hz, C.), 132.23 (s, C), 132.22 (d, J_, = 11.15 Hz, C,), 130.88 (d, J ., =

8.03 Hz, C, or C, ), 130.57 (s, C,)), 130.34 (s, C,,), 129.52 (d, J ., = 13.18 Hz, C ,), 127.12 (d,
Jop = 107.79 Hz, C, ). SIP{TH} NMR (161.95 MHz, CDCl3) 6 31.33 (s). ESI-MS calcd for
C36Hy9OPSb™  [M]" 629.09887, found 629.0975. Elemental Analysis calculated (%)
C36H0POSbBE,: C, 60.29; H, 4.08; found C, 60.05; H, 4.16.

Synthesis of 0-Ph,P(=0)(CcH4)SbFPh; (2-F): This experiment was performed under ambient
conditions. In a small vial, [2]BF, (15 mg, 0.021 mmol, 1 eq.) was dissolved in 2 mL of MeOH.
An excess of KF (30 mg, 0.51 mmol, 24 eq.) was added to the MeOH solution and stirred for 30
minutes during which a white precipitate progressively formed. The precipitate was recovered by
filtration and washed with MeOH to yield 5.2 mg of the product as a white powder (38% yield).
Single-crystals of 2-F were obtained as colorless needles by diffusion of Et,O into a CH,Cl,
solution. '"H NMR (500.13 MHz, CD,Cl,) 6 7.85-7.11 (broad, m). The product was hardly soluble
in any solvent. Despite our best efforts, 3C NMR could not be obtained because of its poor
solubility. F NMR (376.53 MHz, CD,Cl,) 6 -61.10 (s). *'P{'H} NMR (162.00 MHz, CD,Cl,) 6
26.87 (s). Elemental Analysis calculated (%) C3;sH,9POSbF: 66.59; H, 4.50; found C, 66.28; H,
4.79.
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Figure S1. 'H NMR spectrum of [2]BF4in CDCl;.
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Figure S2. 3C NMR spectrum of [2]BF, in CDCl;.
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Figure S6. 3'P NMR spectrum of 2-F in CD,Cl,.
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Fluoride anion binding experiments monitored by 3'P{'H} NMR spectroscopy using [2]BF,
in the mixture of THF and water (8:2, v/v)

In a typical experiment, a KF (or KCI) stock solution in H,O (5 M) was added by small increments
(0.2 uL-30 pL) to an NMR tube containing an 8:2 THF/water solution (1 mL) of [2]BF, (5§ mM).
After mixing the solution by inverting the NMR tube upside down two times and by shaking it 5
times, the 3'P{"H} NMR spectrum was recorded. The conversion to the corresponding fluoride
adduct (2-F) was followed until the chemical shift of the signal no longer changed. The resulting
data points were fitted to a 1:1 binding isotherm to provide the fluoride binding constant. No
change in the 3'P{'H} NMR was observed after addition of 50 eq. of KCl to [2]BF, indicating no
appreciable formation of the chloride adduct.
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Figure S8. Top: Representative 3'P{'H} NMR spectra obtained upon incremental addition of KF
to [2]BF4 in THF/H,0 8:2 (v/v). Bottom: Resulting chemical shift data and 1:1 binding isotherm
providing the best fit to the experimental data. This fitting afforded K = (1.0 £ 0.1) X 10* M1
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Computational details

All calculations were carried out using density functional theory (DFT) as implemented in the Gaussian 09
program.® All optimizations were conducted with the B3LYP? functional and mixed basis sets (cc-pVTZ!?
with ECP28 MDF!! for Sb, 6-31+g(d) for P, 6-31g for all carbon, hydrogen and fluorine atoms) starting
from the crystal structure geometries. No imaginary frequencies were found for the optimized structures,
confirming that a local minimum on the potential energy hypersurface had in all cases been reached.
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Table S1. XYZ coordinates of the optimized geometry of [2]".
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-3.044558
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-3.177247
-0.353762
0.732139
0.555523
1.146180
2.991640
2.994000
0.926566
1.658867
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Table S2. XYZ coordinates of the optimized geometry of 2-F.
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4.176816
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Natural bond orbital (NBQO) analysis

The optimized structures were also subjected to NBO analysis. The molecular orbitals and NBOs
were visualized and plotted using the Avogadro program.'?

g ALk

Figure S9. Donor-acceptor interactions (isovalue = 0.05) present in [2]BF,. All Ip(O) — o*(Sb-
C) donor-acceptor interactions contribute £,,; = 51.9 kcal/mol to the stability of the compound.



Figure S10. Donor-acceptor interactions (isovalue = 0.05) present in 2-F. All Ip(O) — o*(Sb-C
or Sb-F) donor-acceptor interactions contribute E,; = 55.7 kcal/mol to the stability of the
compound.



Bonding

orbital P (%) € (%)
Sb-C1 3412  65.88
Sb-C7 3698  63.02

Sb-C13 31.35 68.65
Sb-C19 35.08 64.92

obital. P09 €04
Sbh-C1 29.94 70.06
Sb-C7 33.49 66.51
Sh-C13 29.37 70.63
Sh-C19 Fullyionic

Figure S11. Parentages of the Sb-C bonding orbitals in [2][BF,] (Top) and 2-F (Bottom).



Electrostatic potential surface (ESPs) and distribution of the electrostatic potential on the
molecular surfaces (V)

Electrostatic potential surfaces (ESPs) were created based on the optimized structures and
determined at an isodensity value of 0.001 electrons/Bohr.!3 ESP maps were generated and
analyzed using the Mutliwfn program!# and visualized using VMD.!®> The Mutliwfn program was
also used to identify the positions of maximum electrostatic potential (Vs, max).

Fluoride anion affinity in the gas-phase (FIA)

All fluoride anion affinity calculations were carried out using density functional theory as
implemented in the Gaussian 09 program.! The optimized geometries of [2]" and 2-F were
subjected to a single-point energy calculation using the gradient-corrected Becke exchange
functional and the Lee—Yang—Parr correlation functional (B3LYP) with a mixed basis set (the cc-
pVTZ'" with ECP28 MDF! for Sb; 6-311+g(2d,p) for all C, H, F, and P). The reaction enthalpies
AH were derived from the energy of each molecule (from the single-point calculation) corrected
to enthalpy by the “thermal correction to enthalpy term” obtained in the frequency calculations.
This approach was previoulsy benchmarked against the experimentally determined fluoride anion
affinity of CF,0.!°

LA—F |~

-AH = FIA

LA+ F
LA = Lewis acid




Partition Coefficients

Using a published approach!”- 18 illustrated in Figure S12, the solute electron density-based implicit
solvation model (SMD)! was used to estimate the solvation of free energy of [2]BF, in water
(AGy,) and in n-octanol (AG,). Only the gas phase structure was optimized. The energy of the
solvated molecule was obtained via single point calculations. The octanol-water partition
coefficient K,,, was calculated based on the following equation with T =298 K.?. The calculation
results were determined to be: AG,, = -129.8217 kcal/mol , AG, = -130.8128 kcal/mol, -AG,,, =
0.9911 kcal/mol, logK,,, = 7.20.

ow

POSb+(Water) > POSb+(octano|)
POSb+(gas)

\ PC)Sb-i-(octanol)
—

ow ~ -
2.303RT 2.303RT
Figure S12. Diagram representing the approach adopted to determine the partition coefficient
KOW.




Vesicle preparation

POPC-LUVs. The transport experiments were conducted using POPC large unilamellar vesicles
(200 nm diameter) loaded with a fluoride cargo. The vesicles were prepared according to a
previously established method.?! A thin film of the lipid was prepared by evaporation of a solution
of POPC (40 mg) dissolved in CHCI; (1.6 mL). This film was dried under vacuum overnight. A
buffered KF solution (1 mL, 10 mM HEPES, 300 mM KF, pH 7.2) was then added, resulting in a
suspension which was then subjected to nine freeze-thaw cycles (liquid N,, 47 °C water bath), and
extruded 39 times through a 200 nm polycarbonate membrane. To remove any extravesicular
component, the vesicle suspension was passed through a size exclusion column (Sephadex G-50)
using a buffer solution (10 mM HEPES, 300 mM KGlc, pH 7.2) as an eluent.



Fluoride efflux in the presence of valinomycin

External solution: KGlc 300 mM, HEPES 10mM, pH 7.2

The following assay was adapted from a previous report.?> POPC vesicles containing KF were
suspended in the external solution (5 mL) such that the final lipid concentration was equal to 0.7
mM. After the electrode voltage had stabilized (~30 s), the measurement was initiated using a
fluoride selective electrode. At t = 0 s, valinomycin dissolved in DMSO (0.7 mM) was added the
assay such that the final valinomycin concentration was 0.1 mol %. At t = 30 s, aliquots of a 10
mM solution of the transporters ([2]BF, and [PhySb]OTF) dissolved in DMSO were added to the
assay. Att=300 s, 50 uL of a Triton X solution (10:1:1 H,O:DMSO:Triton X (v/v/v)) was added
to lyse the vesicles triggering complete release of the fluoride cargo. The value corresponding to
100% fluoride efflux was recorded at t = 420 s, 2 min. after lysing the vesicles. The data shown in
the manuscript main text was replotted with t =0 corresponding to the addition of the transporter.
On this corrected scale, Triton-X 100 was added at t = 270s.
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Figure S13. Fluoride efflux graph triggered by addition of 7 uL of 10 mM [2]BF, and
[PhySb]OTf in DMSO solution.



Initial rate of fluoride efflux in the presence of valinomycin

The initial rate of fluoride efflux (k;,) was obtained by nonlinear fitting analysis of the
experimentally measured fluoride efflux (%) versus time (s), with the following asymptotic
function?’ using Origin Student 2020b:

y=a—b-c(x-30)
y is the fluoride efflux (%)
x is time (s).
Kin;. is then derived from k;,; = —b-In(c) (%-s™).

The data points before the addition of transporters were omitted from the fit. Since the addition of
transporters occurs at t = 30 s, we modified the function above.
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Figure S14. Kinetic fit of the valinomycin-coupled fluoride efflux data observed when POPC
vesicles are treated with [2]BF, as a transporter (2.0 mol% with respect to the lipid concentration).
The POPC vesicles were loaded with KF (300 mM) and suspended in KGlc (300 mM) buffered to
pH 7.2. Each data point represents the average of two repeat measurements. &;,; = -b-In(c) = 1.10
%- sl
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Figure S15. Kinetic fit of the valinomycin-coupled fluoride efflux data observed when POPC
vesicles are treated with [PhySb]OTf as a transporter (2.0 mol% with respect to the lipid
concentration). The POPC vesicles were loaded with KF (300 mM) and suspended in KGlc (300

mM) buffered to pH 7.2. Each data point represents the average of two repeat measurements. k;,;.
=-b'In(c) =0.21 %-s.

11



Hill plot measurement and analysis

The fluoride efflux assay described above was carried out with different concentrations of [2]BF,.

The resulting data was used to generate a Hill plot according to the following equation:
n

y = 100 o
where
x is the [2]BF, cation concentration
y is the fluoride efflux (%) at 270 s
n is the Hill coefficient
k is the ECs.
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Figure S16. Hill plot analysis of the fluoride efflux from POPC vesicles (POPC concentration =
0.7 mM) mediated by [2]BF, in the presence of valinomycin. Valinomycin (0.1 mol% with respect
to the lipid concentration) was added at time t = 0 s as a DMSO solution. After the 30 s, the
transporter ([2]BF,) was added as a DMSO solution, and the chloride efflux was monitored using
a chloride selective electrode. Att=300s, 50 uL of a Triton X solution (10:1:1 H,O:DMSO:Triton



X (v/v/v)) was added to lyse the vesicles triggering complete release of the chloride cargo. The
value corresponding to 100% chloride efflux was recorded at t = 420 s, 2 min. after lysing the
vesicles. For the graphs, the addition of transporter was set to t=0 s. Concentrations of [2]BF, used:
0 mol% (DMSO), 0.125 mol%, 0.25 mol%, 0.5 mol %, 1 mol%, 2 mol% with respect to the lipid
concentration. (ECsyp = 0.24 (£0.03) mol%, n = 0.81)).
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