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I. Materials and Methods 

All manipulations and reaction procedures were carried out using break-and-seal and glove-box 

techniques under an atmosphere of argon (Airgas, 99.999%).1 Tetrahydrofuran (THF) and hexanes 

(Sigma Aldrich) were dried over Na/benzophenone and distilled prior to use. 1,2-Dimethoxyethane 

(≥99%, DME) and tetrahydrofuran-d8 (≥99.5 atom %D, Sigma Aldrich) was dried over NaK2 alloy 

and vacuum-transferred. Potassium (98 %), rubidium (99.5 %), 18-crown-6 (99%), and 

[2.2.2]cryptand (99.0%) were purchased from Sigma Aldrich and used as received. C102H102 (1, 

TPP) was prepared according to the previously reported procedure.2 UV-vis-NIR absorption 

measurements were carried out in a 1 cm path length quartz cuvette with PTFE cap at 298 K using 

a Jasco V770 spectrophotometer. The 1H NMR spectra were recorded on a Bruker Ascend-500 

spectrometer (500 MHz for 1H). Chemical shifts (δ) are reported in parts per million (ppm) and 

referenced to the resonances of the corresponding solvent used. The EPR spectra were collected 

with an ADANI SPINSCAN X EPR spectrometer with the following parameters: center field = 

336.00 mT, sweep width = 15 mT, sweep time = 60 s, modulation amplitude = 100 uT, attenuation 

= 20 dB, temperature = 30.7 °C. The extreme oxygen- and moisture sensitivity of all reduced 

products, along with the presence of interstitial hexane and THF molecules, prevented obtaining 

elemental analysis data. 

 

[K+(DME)3][C102H102
•–]·2C6H14 ([K-1•–]·2C6H14) 

DME (1.0 mL) was added to a customized glass system containing excess K metal (3.0 mg, 0.077 

mmol) and TPP (1, 3.0 mg, 0.002 mmol). The reaction mixture was stirred at 25 °C under argon 

for 20 minutes. The initial red color (neutral ligand) changed to green in 15 minutes. The mixture 

was filtered after 20 minutes, and the green filtrate was layered with 1.5 mL of anhydrous hexanes. 

The ampule was sealed under argon and stored at 5 °C. After 7 days, green plate-shaped crystals 

formed in the ampule. The ampule was opened inside the glovebox, and the remaining solution 

was removed. Crystals were washed with anhydrous hexanes and dried. Crystals were weighted 

inside the glovebox and the yield was calculated based on the amount of TPP. Yield: 3.0 mg, 73%. 

UV-vis-NIR (THF): λmax 258 (sh), 279, 332, 351 (sh), 393, 417, 456 (sh), 484, 562 (sh), 602, 659, 

775 (sh) nm.  
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[Rb+(18-crown-6)]2[C102H102
2–]·2.5C4H8O ([Rb2-12–]·2.5C4H8O) 

THF (1.0 mL) was added to a customized glass system containing excess Rb metal (3.0 mg, 0.035 

mmol), 18-crown-6 (1.2 mg, 0.004 mmol), and TPP (1, 3.0 mg, 0.002 mmol). The reaction mixture 

was stirred at 25 °C under argon for 30 minutes. The initial red color (neutral ligand) changed to 

green in 10 minutes followed by purple-brown in 25 minutes. The mixture was filtered after 30 

minutes, and the purple-brown filtrate was layered with 1.5 mL of anhydrous hexanes. The ampule 

was sealed under argon and stored at 5 °C. After 14 days, black plate-shaped crystals formed in 

the ampule. The ampule was opened inside the glovebox, and the remaining solution was removed. 

Crystals were washed with anhydrous hexanes and dried. Crystals were weighted inside the 

glovebox and the yield was calculated based on the amount of TPP. Yield: 1.5 mg, 33%. UV-vis-

NIR (THF): λmax 269, 354, 384 (sh), 440, 506, 666 nm.  

 

[Rb+(cryptand)]3[C102H102
•3–]·7.5C4H8O ([Rb3-1•3–]·7.5C4H8O) 

THF (1.0 mL) was added to a customized glass system containing excess Rb metal (3.0 mg, 0.035 

mmol), [2.2.2]cryptand (2.5 mg, 0.006 mmol), and TPP (1, 3.0 mg, 0.002 mmol). The reaction 

mixture was stirred at 25 °C under argon for 60 minutes. The initial red color (neutral ligand) 

changed to green in 10 minutes, followed by purple in 25 minutes and brownish green in 45 

minutes. The mixture was filtered after 60 minutes, and the brownish green filtrate was layered 

with 1.5 mL of anhydrous hexanes. The ampule was sealed under argon and stored at 5 °C. After 

7 days, dark green block-shaped crystals formed in the ampule. The ampule was opened inside the 

glovebox, and the remaining solution was removed. Crystals were washed with anhydrous hexanes 

and dried. Crystals were weighted inside the glovebox and the yield was calculated based on the 

amount of TPP. Yield: 3.0 mg, 41%. UV-vis-NIR (THF): λmax 441, 454, 562 (sh), 705 nm. 
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II. UV-vis-NIR Spectroscopic Investigation 

Sample preparation: THF (3.0 mL) was added to a quartz cuvette containing 1 (0.2 mg, 0.0001 

mmol) inside a glovebox. The cuvette was closed tightly with a PTFE cap with a piece of Rb metal 

(1.0 mg, 0.0117 mmol) attached to the inner surface, which prevented the initial reaction and 

allowed control over the reduction process. The capped cuvette was wrapped with Parafilm and 

removed from the glovebox. The UV-vis-NIR absorption spectra were measured without Rb metal 

initially and then monitored with Rb metal at different reaction times at 25 °C. 

 

 

Figure S1. UV-vis-NIR absorption spectra of Rb/1 in THF at 25 °C.
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Sample preparation: DME (2.0 mL) was added to a quartz cuvette containing 1 (0.2 mg, 0.0001 

mmol) inside a glovebox. The cuvette was closed tightly with a PTFE cap with a piece of K metal 

(1.0 mg, 0.0256 mmol) attached to the inner surface, which prevented the initial reaction and 

allowed control over the reduction process. The capped cuvette was wrapped with Parafilm and 

removed from the glovebox. The UV-vis-NIR absorption spectra were measured without K metal 

initially and then monitored with K metal at different reaction times at 25 °C. 

 

 

Figure S2. UV-vis-NIR absorption spectra of K/1 in DME at 25 °C. 
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Sample preparation: THF (2.0 mL) was added to a quartz cuvette containing 1 (0.2 mg, 0.0001 

mmol) and 18-crown-6 (0.1 mg, 0.0004 mmol) inside a glovebox. The cuvette was closed tightly 

with a PTFE cap with a piece of Rb metal (1.0 mg, 0.0117 mmol) attached to the inner surface, 

which prevented the initial reaction and allowed control over the reduction process. The capped 

cuvette was wrapped with Parafilm and removed from the glovebox. The UV-vis-NIR absorption 

spectra were measured without Rb metal initially and then monitored with Rb metal at different 

reaction times at 25 °C. 

 

 

Figure S3. UV-vis-NIR absorption spectra of Rb/1/18-crown-6 in THF at 25 °C.  



S6 
 

Sample preparation: THF (3.0 mL) was added to a quartz cuvette containing 1 (0.2 mg, 0.0001 

mmol) and [2.2.2]cryptand (0.2 mg, 0.0005 mmol) inside a glovebox. The cuvette was closed 

tightly with a PTFE cap with a piece of Rb metal (1.0 mg, 0.0117 mmol) attached to the inner 

surface, which prevented the initial reaction and allowed control over the reduction process. The 

capped cuvette was wrapped with Parafilm and removed from the glovebox. The UV-vis-NIR 

absorption spectra were initially measured without Rb metal and then monitored with Rb metal at 

different reaction times at 25 °C. 

 

 

 

Figure S4. UV-vis-NIR absorption spectra of Rb/1/cryptand in THF at 25 °C. 
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III. NMR Spectroscopic Investigation 

Sample preparation: THF-d8 (0.60 mL) was added to an NMR tube containing excess Rb metal 

(2.0 mg, 0.023 mmol) and 1 (1.0 mg, 0.0007 mmol). The tube was sealed under argon. The 1H 

NMR spectra of 1 were collected immediately, and spectra of in situ generated anions were 

collected at different reaction times. After 24 hours, the solution was exposed to dry oxygen by 

opening the tube and its spectrum was recorded as an O2 quenched product. 

 

 

 

Figure S5. 1H NMR spectra of 1, in situ generated anions, along with the product quenched by O2 

at 25 °C in THF-d8. Note: The 1H NMR spectrum of 14– remained the same for three weeks. 
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Figure S6. 1H NMR spectra of 1, in situ generated anions, along with the product quenched by O2 

at 25 °C in THF-d8, aromatic region.  

Note: The 1H NMR spectrum of 14– remained the same for three weeks.  
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IV. EPR Spectroscopic Investigation 

 

Figure S7. EPR spectra of in situ generated monoanion 1•– under different conditions (solution) 

and crystals of K-1•– (solid) at 30 °C. 

 

 

Figure S8. EPR spectra of in situ generated trianion 1•3– under different conditions (solution) and 

crystals of Rb3-1•3– (solid) at 30 °C. 
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V. Crystal Structure Solution and Refinement 

Data collection of K-1•– and Rb3-1•3– was performed at 100(2) K on a Huber Kappa system with 

a DECTRIS PILATUS3 X 2M(CdTe) pixel array detector using ϕ scans (synchrotron radiation at 

λ = 0.41328 Å) located at the Advanced Photon Source, Argonne National Laboratory (NSF’s 

ChemMatCARS, Sector 15, Beamline 15-ID-D). The dataset’s reduction and integration were 

performed with the Bruker software package SAINT (version 8.38A).3 Data were corrected for 

absorption effects using the empirical methods as implemented in SADABS (version 2016/2).4 

Data collection of Rb2-12– was performed at 100.00(10) K on a Rigaku XtaLAB Synergy-S X-ray 

diffractometer equipped with a HyPix-6000HE hybrid photon counting (HPC) detector and a 

microfocus Cu-Kα radiation (λ = 1.54178 Å). Data collection strategy to ensure completeness and 

desired redundancy were determined using CrysAlisPro.5 Data processing was performed using 

CrysAlisPro.5 Empirical absorption correction was applied using the SCALE3 ABSPACK scaling 

algorithm.6 The structures were solved by SHELXT (version 2018/2)7 and refined by full-matrix 

least-squares procedures using the Bruker SHELXTL (version 2019/2)8 software package through 

the OLEX2 graphical interface.9 All non-hydrogen atoms, including those in disordered parts, were 

refined anisotropically. Hydrogen atoms were included in idealized positions for structure factor 

calculations with Uiso(H) = 1.2 Ueq(C) and Uiso(H) = 1.5 Ueq(C) for methyl groups. In the structure 

model, two tert-butylphenyl groups, one tert-butyl group, and all dimethoxyethane molecules were 

found to be disordered. All disordered molecules and groups were modeled with two orientations 

with their relative occupancies refined. The geometries of the disordered parts were restrained to 

be similar. The anisotropic displacement parameters of the disordered molecules in the direction 

of the bonds were restrained to be equal with a standard uncertainty of 0.004 Å2. They were also 

restrained to have the same Uij components, with a standard uncertainty of 0.01 Å2. In each unit 

cell of K-1•–, two hexanes solvent molecules were found to be severely disordered and removed 

by the Olex2’s solvent mask subroutine.9 The total void volume was 1,959.6 Å3, equivalent to 

16.61 % of the unit cell’s total volume. Further crystal and data collection details are listed in Table 

S1. 
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Table S1. Crystallographic data of K-1•–, Rb2-12–, and Rb3-1•3–. 

 

Compound K-1•– Rb2-12– Rb3-1•3– 

Empirical formula  C126H160KO6 C136H170Rb2O14.5 C186H270N6Rb3O25.5 

Formula weight  1809.63 2207.65 3254.47 

Temperature (K)  100(2) 100(2) 100(2) 

Wavelength (Ǻ) 0.41328 1.54178 0.41329 

Crystal system  Orthorhombic Tetragonal Triclinic  

Space group  Cmc21 I41/a P–1 

a (Å) 26.623(2) 27.49950(10) 14.192(2) 

b (Å) 12.2818(9) 27.49950(10) 23.883(4) 

c (Å) 36.081(3) 70.8136(5) 28.136(5) 

 (°) 90.00 90.00 88.137(2) 

 (°) 90.00 90.00 80.210(3) 

 (°) 90.00 90.00 77.124(2) 

V (Å3) 11797.7(16) 53550.8(5) 9161(3) 

Z 4 16 2 

calcd (g·cm-3) 1.019 1.095 1.180 

 (mm-1) 0.035 1.385 0.218 

F(000) 3932 18816 3486 

Crystal size (mm) 0.02×0.04×0.09 0.03×0.09×0.16 0.007×0.015×0.018 

θ range for data 

collection (°) 

0.889-17.232 2.592-79.714 0.662-14.362 

Reflections collected 227228 105590 173823 

Independent reflections 18484 

[Rint = 0.0790] 

28218 

[Rint = 0.0330] 

30165 

[Rint = 0.1303] 

Transmission factors 

(min/max) 

0.5430/0.6372 0.89488/1.00000 0.5541/0.7438 

Data/restraints/params. 18484/1091/899 28218/2226/1890 30165/3515/2616 

R1,a wR2b (I > 2(I)) 0.0663, 0.1843 0.0485, 0.1325 0.0918, 0.2525 

R1,a wR2b (all data) 0.0732, 0.1943 0.0623, 0.1452 0.1852, 0.3132 

Quality-of-fitc 1.035 1.031 1.004 

Rint = |Fo
2-<Fo

2>|/|Fo
2| 

aR1 = ||Fo|-|Fc||/|Fo|. bwR2 = [[w(Fo
2-Fc

2)2]/[w(Fo
2)2]]. 

cQuality-of-fit = [[w(Fo
2-Fc

2)2]/(Nobs-Nparams)]½, based on all data. 
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Figure S9. ORTEP drawing of asymmetric unit of K-1•–, drawn with thermal ellipsoids at the 40% 

probability level. Hydrogen atoms are omitted for clarity. Color key: C gray, O red, K dark orchid. 

 

 

 

Figure S10. ORTEP drawing of asymmetric unit of Rb2-12–, drawn with thermal ellipsoids at the 

40% probability level. Hydrogen atoms are omitted for clarity. Color key: C gray, O red, Rb 

orange. 
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Figure S11. ORTEP drawing of asymmetric unit of Rb3-1•3–, drawn with thermal ellipsoids at the 

40% probability level. Hydrogen atoms are omitted for clarity. Color key: C gray, O red, N spring 

green, Rb orange. 

 

 

 

Figure S12. C–H···π interactions (2.419(6)–3.059(6) Å) between the cationic moieties and the 1•– 

core. 
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Figure S13. C–H···π interactions (2.456(11)–3.062(11) Å) between the cationic moieties and the 

1•3– core. The intramolecular C–H···π interactions are shown in red and the intermolecular C–

H···π interaction (2.534(11) Å) is shown in blue. Independent cations are highlighted in different 

shades of orange. 

 

 

Figure S14. The relative positions of Rb+ moieties to the 1•3– core, (a)-(b) top view and (c) bottom 

view.  
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Figure S15. 1D columns of (a) K-1•– and (b) Rb3-1•3–, space-filling models. The cationic Rb+ 

moieties are shown in different shades of orange.  

 

Figure S16. (a) C–H···π interactions between the cationic moieties and the 12– core in Rb2-12–, 

capped-stick model. The phenyl substituents, tBu groups, and hydrogen atoms on the anion are 

omitted for clarity. The C–H···π interactions within the tetrahedral subunit [Rb2-12–]4 are shown 

in blue, the C–H···π interaction that builds the 3D network is shown in red. (b) 3D network in 

Rb2-12–, mixed model. Independent Rb cations are highlighted in different shades of orange.  
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Table S2. Selected C–C bond distances (Å) in 1, 1•–, 12–, and 1•3–, along with a labeling scheme. 

 

 1 1•– 12– 1•3– 

C1–C2 1.390(3) 1.401(3) 1.409(3) 1.403(9) 

C1–C42 1.410(4) 1.413(3) 1.396(3) 1.400(9) 

C42–C42’ 1.409(3) 1.408(6) 1.420(3) 1.458(9) 

C2–C2’ 1.429(3) 1.433(5) 1.467(3) 1.481(9) 

C2–C3 1.485(3) 1.471(3) 1.436(3) 1.430(9) 

C3–C4 1.386(3) 1.408(3) 1.438(3) 1.447(9) 

C3–C8 1.409(3) 1.415(3) 1.411(3) 1.433(9) 

C4–C5 1.427(4) 1.406(3) 1.382(3) 1.369(9) 

C10–C11 1.465(3) 1.457(3) 1.459(3) 1.459(9) 

C11–C12 1.402(4) 1.414(3) 1.408(3) 1.403(10) 

C11–C16 1.407(4) 1.408(3) 1.410(3) 1.431(9) 

C12–C13 1.373(4) 1.375(3) 1.377(3) 1.387(9) 

C13–C14 1.399(4) 1.413(3) 1.406(3) 1.390(10) 

C14–C15 1.379(4) 1.384(3) 1.376(3) 1.398(9) 

C15–C16 1.405(3) 1.409(3) 1.411(3) 1.414(9) 

C16–C17 1.470(4) 1.459(3) 1.464(3) 1.423(10) 

C9–C10 1.408(3) 1.416(3) 1.423(3) 1.437(9) 

C10–C23 1.417(3) 1.415(2) 1.414(3) 1.415(9) 
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C23–C23’ 1.424(3) 1.430(4) 1.428(3) 1.435(8) 

C9–C9’ 1.433(3) 1.450(4) 1.480(3) 1.489(8) 

C6–C9 1.491(3) 1.467(3) 1.439(3) 1.427(9) 

C5–C6 1.396(3) 1.417(3) 1.447(3) 1.467(9) 

C6–C7 1.410(3) 1.417(3) 1.412(3) 1.418(8) 

C7–C8 1.356(4) 1.374(4) 1.385(3) 1.369(9) 

C22–C17 1.420(3) 1.424(3) 1.423(3) 1.428(9) 

C17–C18 1.394(4) 1.395(3) 1.402(3) 1.482(11) 

C18–C19 1.387(4) 1.404(3) 1.380(3) 1.398(11) 

C19–C20 1.386(4) 1.390(3) 1.395(3) 1.412(10) 

C20–C21 1.395(4) 1.404(3) 1.400(3) 1.436(10) 

C21–C22 1.414(4) 1.421(3) 1.423(3) 1.433(9) 

C22–C23 1.445(3) 1.438(2) 1.443(3) 1.441(9) 

C21–C21’ 1.473(3) 1.464(4) 1.459(3) 1.425(9) 

* The C–C bonds were shown in red/blue when the distances are shorter/longer compared to the 

distances in 1. The bond distances are averaged according to Cs symmetry of the molecule. 
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Table S3. Selected distances (Å) and angles (°) in 1, 1•–, 12– and 1•3–, along with a labelling scheme. 

 

 1 1•– 12– 1•3– 

L 13.707(7) 13.250(6) 13.885(3) 13.817(9) 

H 3.447(7) 6.037(6) 1.362(3) 3.104(9) 

D 3.245(7) 3.811(6) 2.777(3) 3.078(9) 

∠A/B 24.8(3) 40.6(2) 10.6(2) 21.4(6) 

∠A/C 23.3(3) 26.7(2) 18.1(2) 21.2(6) 

∠B/C 2.1(3) 14.0(2) –7.5(2)* 0.2(6) 

Helical angle ∠A/E 45.4(3)/46.3(3) 50.6(2) 25.8(2)/26.8(2) 39.3(6)/44.0(6) 

Twist angle ∠F/F’ 1.5(3) 2.3(2) 6.5(2) 8.8(6) 

* The negative value shows that ring B bends away from the bowl. 

 

 

 

Figure S17 Core deformation in 1, 1•–, 12–, and 1•3–. The tBu-groups and phenyl rings are omitted 

for clarity. 
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Table S4. Planarity measurement for selected rings in 1, 1•–, 12–, and 1•3–, along with a labeling 

scheme. 

 

 A B C 

1 –0.003x–

0.053y+0.999z+10.645=0 

RMSD/A: 0.079 

–0.062x–0.366y–0.928z–

17.266=0 

RMSD/A: 0.004 

0.035x+0.344y+ 

0.938z+17.006=0 

RMSD/A: 0.078 

1•– 0.972y+0.235z+11.412= 0 

RMSD/A: 0.075 

0.891y–0.454z–1.281=0 

RMSD/A: 0.010 

0.974y–0.226z+2.622=0 

RMSD/A: 0.063 

12– –0.258x+0.715y–0.649z–

9.295=0 

RMSD/A: 0.078 

–0.115x+0.808y–0.578z–

6.455=0 

RMSD/A: 0.021 

–0.016x+0.860y–0.510z–

2.957=0 

RMSD/A: 0.050 

1•3– –0.639x–0.355y+0.682z–

7.260=0 

RMSD/A: 0.077 

0.800x+0.030y–

0.599z+5.856=0 

RMSD/A: 0.009 

–0.800x–0.034y+0.599z–

5.859=0 

RMSD/A: 0.069 
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VI. Computational Studies 

Quantum chemical calculations were performed using the ORCA program suite10 (versions 5.0.4. 

and 6.0.0). Geometries were optimized at the PBE0/def2-TZVP level of theory.11,12 In all cases, 

we adopted the D3-BJ dispersion correction scheme as proposed by Grimme.13 For efficient 

evaluation of Coulomb- and exchange integrals, the RIJ-COSX approximation was used.14,15 The 

solvent was modeled using the Conductor-like Polarizable Continuum Model16 (CPCM) with 

parameters for THF (εr = 7.25, nfrac = 1.4070, Rsolv = 1.3 Å). 

 

Hyperfine coupling (HFC) tensors were calculated employing the TPSS exchange-correlation 

functional17 and adopting the EPR-III basis set18 (and still including the CPCM correction). As this 

basis is not available for K and Rb, the x2c-TZVPall-s basis19 set was used for K and Rb. Only the 

most abundant isotopes were considered. EPR spectra were simulated in the isotropic limit using 

the EPRsim package by Stephan Rein.20 The center field was set to 336 mT with a sweep width of 

± 4 mT. The spectra were broadened adopting a Voigtian line shape with 0.07 mT Gaussian and 

0.07 mT Lorentzian line widths (full width at half maximum, FWHM). 

 

HOMA (Harmonic oscillator model of aromaticity) values are defined as21 

𝐻𝑂𝑀𝐴 = 1 −  
𝛼

𝑛
∑(𝑅𝑜𝑝𝑡 − 𝑅𝑖)

2

𝑖

 

where n is the number of bonds in the ring, and i numbers the individual bonds. We are using the 

C–C reference bond length Ropt = 1.388 Å and  = 257.7 of Ref. 21. 
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Figure S18. Difference electron density maps of the a) monoanion 1•–, b) dianion 12–, and c) 

trianion 1•3– with respect to the neutral molecule 1 (level: PBE0/def2-TZVP). Lobes are plotted at 

an isovalue of 0.003 e/bohr3.  
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Figure S19. Spin density maps of the a) monoanion 1•–, b) trianion 1•3– (level: PBE0/def2-TZVP). 

Lobes are plotted at an isovalue of 0.003 e/bohr3. 
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Figure S20. Simulated EPR spectra of the monoanion 1•– from DFT hyperfine couplings, without 

(top) and with (bottom) explicit counterion (level: TPSS/EPR-III). 

 

  

1•– without explicit counterion 

[K+(DME)3][1
•–] 
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Figure S21. Simulated EPR spectra of the trianion 1•3– from DFT hyperfine couplings, without 

(top) and with (bottom) explicit counterions (level: TPSS/EPR-III).  

1•3– without explicit counterion 

[Rb+(cryptand)]3[1
•3–] 
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Table S5. Selected C–C distances (Å) in 1, 1•–, 12–, and 1•3– from DFT-optimized structures, 

along with a labelling scheme. 

 

 1 1•– 12– 1•3– 

  
w/o counter 

ions 

w counter 

ions 

w/o counter 

ions 

w counter 

ions 

w/o counter 

ions 

w counter 

ions 

C2–C2’ 1.426 1.442 1.439 1.464 1.459 1.469 1.464 

C2–C3 1.478 1.457 1.455 1.433 1.432 1.432 1.430 

C3–C4 1.383 1.407 1.406 1.430 1.429 1.432 1.428 

C3–C8 1.403 1.405 1.403 1.410 
1.406 / 

1.410 
1.412 1.409 

C4–C5 1.427 1.403 1.402 1.384 
1.380 / 

1.384 
1.386 1.384 

C5–C6 1.387 1.415 1.414 1.440 
1.437 / 

1.440 
1.440 1.436 

C6–C7 1.403 1.407 1.403 1.411 
1.407 / 

1.414 
1.412 1.410 

C7–C8 1.360 1.369 1.367 1.376 1.378 1.375 1.373 

C6–C9 1.483 1.457 1.453 1.431 
1.425 / 

1.436 
1.435 

1.435 / 

1.430 

C9–C9’ 1.426 1.449 1.448 1.479 1.469 1.461 1.459 

C21–C21’ 1.456 1.459 1.457 1.460 1.459 1.432 1.430 

C42–C42’ 1.401 1.411 1.409 1.419 1.422 1.420 1.423 

* The tBu-groups and σ-phenyl rings are omitted for clarity. The bonds lengths were shown in 

red/blue when the distances are shorter/longer compared to the distances in 1. 
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Table S6. HOMA values from experimental crystal and computed structures.  

 

 1 1•– 12– 1•3– 

ring Exp.a) DFTb) Exp.a) DFTb) DFTc) Exp.a) DFTb) DFTc) Exp.a) DFTb) DFTc) 

A 0.76 0.84 0.63 0.72 0.74 0.40 0.48 0.57 0.18 0.50 0.55 

B 0.86 0.89 0.83 0.83 0.85 0.65 0.68 0.71 0.38 0.65 0.68 

C / 

C’ 
0.85 0.88 0.85 0.90 0.91 0.69 0.76 

0.76 / 

0.79 

0.26 / 

0.47 
0.75 0.78 

D -0.24 -0.03 0.08 0.29 0.36 0.29 0.32 0.42 0.18 0.44 0.49 

E -0.10 0.07 0.11 0.33 0.38 0.37 0.44 0.50 0.11 0.41 0.48 

* Values computed from: a) crystal structure, b) DFT optimized structure without counter ions, c) 

DFT optimized structure including counter ions. A HOMA value close to one indicates an aromatic, 

a value of zero a non-aromatic and significant negative values an antiaromatic character of the 

respective ring. 
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Table S7. Absolute isotropic hyperfine coupling parameters |Aiso| in MHz computed on the 

TPSS/EPR-III level. Only values with |Aiso| > 1 MHz for least one of the radical species are 

reported. 

 

 

 1•– 1•3– 

Hydrogen bound to w/o counter ion w counter ion w/o counter ion w counter ion 

C4 / C4’ 3.3 3.0 / 3.1 0.2 < 0.1 / 0.2 

C5 / C5’ 5.5 5.7 / 5.9 0.4 0.3 / 0.4 

C13 / C13’ < 0.1 < 0.1 2.0 1.8 / 2.0 

C18 / C18’ 0.1 0.1 10.3 9.8 / 10.5 

C20 / C20’ 0.2 0.2 8.4 8.4 / 9.9 
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