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1. General Methods and Instrumentation

Starting materials and reagents were purchased from Sigma Aldrich and used as
received. All reactions were performed under N, atmosphere. Anhydrous solvents were
obtained from a solvent purification system SPS-400-6 from Innovative Technologies,
Inc. All solvents were of HPLC grade quality, commercially obtained and used without

further purification.

'H,"C{'H} and ""F NMR spectra were recorded on a Bruker Avance II 400 Ultrashield
NMR spectrometer. '“F-'"F EXSY and variable temperature experiments were
performed on a Bruker Avance 500 (500.1 MHz for 'H NMR) Ultrashield spectrometer.
CDsCN from Sigma Aldrich was used for NMR studies. Chemical shifts are given in
ppm, relative to TMS. The '’F NMR chemical shifts were measured using CCL:F in

CDCl; as reference.

The ESR spectra were obtained using a Bruker ELEXYS E500 X band spectrometer
equipped with a field-frequency (F/F) lock accessory and built in NMR Gaussmeter. A
rectangular TE102 cavity was used for the measurements. The signal to noise ratio of
spectra was increased by accumulation of scans using the F/F lock accessory to
guarantee large field reproducibility. Precautions to avoid undesirable spectral
distortions and line broadenings, such as those arising from microwave power saturation
and magnetic field over modulation, were also taken into account. To avoid dipolar line
broadening from dissolved oxygen, solutions were always carefully degassed with pure

Argon. To control the temperature a Bruker Variable Temperature Unit was used.

The conductometric titrations were performed using a Mettler-Toledo conductimeter,

with a 84uS/cm sensor previously calibrated with a 0.00056 M KCI solution.

Cyclic voltammetry (CV) experiments were performed on a BASi Epsilon potentiostat
connected to a C3 standard electrochemical cell, consisting of a Pt gauche working
electrode, Pt-wire counter electrode, and a Ag/AgCl reference electrode. UV-Vis

measurements were performed in a UV-2401 PC from Shimadzu Corporation.
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2. Experimental procedures

HAT(CN)s was obtained following the procedure described in the literature. ' *C{'H}
NMR ((CD3;CN)) & 142.0 (Cg), 135.8 (Cn), 114.6 (Cc). FT-IR (ATR): v(CN) 2242 cm’.

Figure S1. Molecular structure of HAT(CN)g (1) and carbon assignment.

meso-tetra p-nitrophenyl-tetramethyl calix[4]pyrrole was obtained following the

procedure described in the literature.”
3. DFT calculations

The HOMO-LUMO energy levels of different species of 1, and anions used in the
present work were calculated using DFT with the Gaussian 09 program.” The BP86
functional was used, along with def2-TZVP basis set considering CH3CN solvation by
means of the Polarizable Continuum Model (PCM). The consideration solvation of
effects in the calculation of the energy levels is important since the HOMO energy
values of the anions are strongly influenced. A strong disagreement between theory and

experiment is observed if gas-phase values are considered.

The optimization of the complex between [HAT(CN)¢] and either F or OH was
performed without imposing symmetry constrains at the BP86-D3/def2-TZVPD level of
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theory using the program TURBOMOLE version 6.4." The interaction energies were
computed taking into account solvent effects by means of the Polarizable Continuum
Model (PCM) using the integral equation formalism variant (IEFPCM).” The geometry
of both complexes belongs to the C1 point group and they are stationary points. The
geometries are shown in Figure S2. The equilibrium distances (measured from the anion
to the ring centroid) are shorter compared to standard anion—r interactions (> 3 A),

indicating some degree of covalent bonding in the interaction.
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Figure S2. BP86-D3/def2-TZVP optimized geometries of the complexes between [1]~

and F~ and "OH anions. Distances in A.
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Cartesian coordinates of the complexes:
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0.2490621
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Figure S3. UV-Vis spectra of the titration of 1 (0.11 mM) in CH3CN solution with an
equimolar solution of TBAF and meso-tetra p-nitrophenyl-tetramethyl calix[4]pyrrole
(2) ([2]=[TBAF]=1.1 mM. Black solid lines: 1 + 0, 0.4, 0.6, 0.8, 1.0, 1.5, and 2 equiv of
2 + TBAF added). Inset: Structure of meso-tetra p-nitrophenyl-tetramethyl
calix[4]pyrrole (2). Up to 2 equiv of the F <2 complex were added. (Red solid line:
UV-Vis spectrum of an equimolar CH3CN solution of the titrant 2 + TBAF at a
concentration of [2]=[TBAF] = 0.01 mM.
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Figure S4. UV-Vis spectra of the titration of 1 in CH3CN solution (0.14 mM) with
TBACI (up to 60 equiv of TBACI were added). Inset: Expansion of the region of the

spectra from 450 to 800 nm.
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Figure S5. UV-Vis spectra of the titration of 1 in CH3CN solution (0.14 mM) with
TBABTr (up to 60 equiv of TBABr were added). Inset: Expansion of the region of the

spectra from 450 to 800 nm.
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Figure S6. UV-Vis spectra of the titration of 1 in CH3CN solution (0.14 mM) with
TBAI (up to 70 equiv of TBAI were added). Inset: Expansion of the region of the

spectra from 450 to 800 nm.
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Figure S7. UV-Vis spectra of the titration of 1 in CH3CN solution (0.14 mM) with
TBA(OCN) (a) and TBA(SCN) (b) (up to 30 and 40 equiv of TBA(OCN) and
TBA(SCN) were added, respectively). Inset: Expansion of the region of the spectra
from 450 to 800 nm.
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Figure S8. Photoinduced electron transfer study (the three spectra were acquired during
5 minutes of irradiation at 365 nm) of 1 in CH3CN (0.14 mM) with TBABr (a) and
TBAI (b) (60 equiv of TBABr or TBAI were added). Inset: Expansion of the region of
the spectra from 450 to 800 nm.
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Figure S9. Photoinduced electron transfer study (the spectra were acquired at different
intervals during a total time of 5 minutes of irradiation at 365 nm) of 1 in CH3CN (0.14
mM) with TBACI (60 equiv of TBACI were added). Inset: Expansion of the region of
the spectra from 450 to 800 nm.
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Figure $10. '°F NMR titration (CD;CN, 298 K) of TBAF-3H,0 (I mM) with 0 (a),

0.25 (b), 1.2 (¢), 1.5 equiv (d) of 1.
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Figure S11. "’F NMR titration (CD3CN, 298 K) of [1] (7 mM) with 0.5 (a), 1.0 (b), 2.0
(c), 3.0 (d), 5.0 (e), 7.0 (f), 10.0 equiv (g) of TBAF-3H,0.
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Figure S12. "C{'H} NMR spectra (CD;CN, 298 K) of [1] (7 mM) after addition of 0
(a), 1 (b), 3 (c) and 15 equiv (d) of TBAF-3H,0 (512 scans).
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Figure S13. >C{'"H} NMR spectra (CD;CN, 298 K) of [1] (7 mM) after addition of: 0
(a), and 1 equivalent of TBAI (b).
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Figure S14. "C{'H} NMR spectra (CD;CN, 298 K) of [1] (7 mM) before (a) and after
addition of 1 equivalent of TBAF (b). Addition of 1 equivalent of NOBF, lead to the
oxidation of [1]" regenerating neutral HAT(CN)s (c). Spectrum of the solution in (c)
with an increased acquisition time (2048 scans) in order to observe the carbon signal of
the putative products deriving of the modification of the covalent structure of 1 (d). The
covalent modification of the structure of 1 was inferred from the regeneration
experiment being non quantitative. Benzene has been used as internal reference to
quantify the percentage of regeneration of 1 (~80%). Inset: Expansion of the region

from 150 to 130 ppm of spectra (d).
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Figure S15. “C{'H} NMR spectra (CDsCN, 298 K) of [1] (7 mM) : (a) before (b) after
2 equivalent of TBAF are added and (c) following the addition of more than 3
equivalents of NOBF, to the previous solution. The oxidation does not produce
quantitatively the neutral HAT(CN)s. Subproducts are formed in a significant extent

compared to the reoxidized HAT.
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Figure $16. >C{'H} NMR spectra (CD;CN, 298 K) of [1] (7 mM): (a) before , (b) after
1 equivalent of TBAOH is added and (c) following the addition of 1 equivalent of
NOBF, to the previous solution. Spectrum of the solution in (¢) with an increased
acquisition time (2048 scans) in order to observe the carbon signal of the putative
products deriving of the modification of the covalent structure of 1 (d). The covalent
modification of the structure of 1 was inferred from the regeneration experiment being
non quantitative. Benzene has been used as internal reference to quantify the percentage
of regeneration of 1 (~40%). Inset: Expansion of the region from 150 to 130 ppm of
spectra (d).
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Figure S17. "C{'H} NMR spectra (CD;CN, 298 K) of [1] (7 mM): (a) before, (b) after
2 equivalent of TBAOH are added, and (c) following the addition of 5 equivalent of
NOBF;, to the previous solution. Spectrum of the solution in (c¢) with an increased
acquisition time (2048 scans) in order to observe the carbon signal of the putative
products deriving of the modification of the covalent structure of 1 (d). Inset: Expansion

of the region from 200 to 80 ppm of spectra (d).
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Figure S18. Correlation between conductometric values obtained upon 1: TBAX molar

ratio (X = F (a), I(b)).
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Figure S19. Plot of the linear relationship that exists between the integral of the EPR

signal and the concentration of TBAF in the titration experiment of 1.
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Figure S20. EPR titrations of 1 (0.95 mM) with TBACI (a) and TBABr (c¢) and
photoinduced electron transfer study by EPR titrations of 1 (0.9 mM) with TBACI (b)
and TBABTr (d).
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Figure S21. "’F- "F EXSY NMR experiment at 298 K for a solution of TBAF 31 mM
in CH3CN.
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Figure S22. EPR spectrum of a frozen mixture of 1 and 10 equivalent of TBAF at 140
K in CH3CN.

S23



5.00E+05 ,

3.00E+05

1.00E+05 -

-1.00E+05-

| /a.u.

-3.00E+05-

-5.00E+05-

-7.00E+05 : : ; , : : : : :
3462 3464 3466 3468 3470 3472 3474 3476 3478 3480
H / Gauss

Figure S23. EPR spectrum at 298 K of a CH3CN solution of 1 containing 2 equivalent
of TBAOH.
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