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I. Experimental 

 

General procedure 

All reagents and solvents were of the commercial reagent grade and were used 

without further purification except where noted.  Dry CH2Cl2 were obtained by distilling over 

CaH2.  1H NMR and 19F NMR spectra were recorded on a JEOL ECA-600 spectrometer, and 

chemical shifts were reported as the delta scale in ppm relative to CHCl3 (1H NMR : d = 7.260, 

19F NMR : hexafluorobenzene as an external reference).  The spectroscopic grade CH2Cl2 was 

used as solvents for all spectroscopic studies.  UV/visible absorption was recorded on a 

Shimadzu UV-3100 spectrometer.  Mass spectra were recorded on a JEOL HX-110 

spectrometer, using positive-FAB ionization method with accelerating voltage 10 kV and a 

3-nitrobenzylalcohol matrix, or on a Shimadzu/KRATOS KOMPACT MALDI 4 spectrometer, 

using positive-MALDI ionization method with CA matrix.  ESI-MS spectra were recorded on a 

BRUKER microTOF using positive-ion mode and acetonitrile as a solvent.  Preparative 

separations were performed by silica gel flash column chromatography (Merck Kieselgel 60H 

Art. 7736), and silica gel gravity column chromatography (Wako gel C-400). 

 

Synthesis of rubyrin and [38]nonaphyrin(1.1.0.1.1.0.1.1.0) 

To a solution of meso-pentafluorophenyl substituted tripyrromethane (450 mg, 0.81 

mmol) in 90 ml of CH2Cl2 was added TFA (30.6 µl, 0.4 mmol) and the resulting solution was 

stirred for 90 min at room temperature under a nitrogen atmosphere.  Then chloranil (594 mg, 

2.63 mmol) was added and the mixture was refluxed for a further 90 min.  The reaction was 

quenched with aqueous NaHCO3 solution, and the organic layer was washed once with water, 

and dried over anhydrous Na2SO4.  After removal of solvent, the crude product was purified 

over a neutral alumina column using a mixture of CH2Cl2/hexane as an eluent.  After elution 

of deeply colored fractions, a purple fraction was eluted with CH2Cl2, which gave rubyrin (107 

mg, 24%).  The first eluted fraction in alumina column was further purified by silica gel 
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column chromatography using a mixture of CH2Cl2/hexane as an eluent to give a green fraction 

of [38]nonaphyrin(1.1.0.1.1.0.1.1.0) (38 mg, 8.5%). 

 

meso-Pentafluorophenyl substituted rubyrin (2).  1H NMR (CDCl3, 600 MHz  298 K): δ (ppm) 

11.49 (s, 2H; NH), 9.16 (d, J = 4.1 Hz, 2H; β-CH), 8.74 (m, 4H; β-CH), 8.66 (d, J = 4.1 Hz, 2H; 

β-CH), 1.63 (s, 2H; NH), –2.11 (d, J = 3.4 Hz, 2H; β-CH), and –2.18 (d, J = 3.4 Hz, 2H; β-CH); 19F 

NMR (CDCl3, 565 MHz, 298 K, Hexafluorobenzene): δ (ppm) –138.42 (d, J = 15.5 Hz, 4F; o-F), 

–138.82 (d, J = 15.5 Hz, 4F; o-F), –152.12 (t, J = 19.0 Hz, 2F; p-F), –153.72 (t, J = 20.7 Hz, 2F; p-F), 

–160.82 (m, 4F; m-F), and –162.58 (m, 4F; m-F); UV/vis (CH2Cl2): λmax [nm] (ε x 10–5) = 537 (1.70), 

802 (0.18), 832 (0.19), and 919 (0.11); HR-ESI-TOF MS: m/z (% intensity): 1105.1186 (100) [M+H]+, 

calcd for C52N6F20H17, 1105.1190. 

 

meso-Pentafluorophenyl substituted rubyrin TFA complex 2-(TFA)2.  1H NMR (THF-d8, 600 

MHz  298 K): δ (ppm) 16.47 (br s, 2H; NH), 10.91 (br s, 4H; β-CH), 10.16 (br s, 4H; β-CH), –3.29 

(s, 4H; β-CH), and –3.86 (s, 4H; NH); 19F NMR (THF-d8, 565 MHz, 298 K, Hexafluorobenzene): δ 

(ppm) –140.01 (s, 4F; o-F), –141.89 (s, 4F; o-F), –150.67 (s, 4F; p-F), –161.74 (s, 4F; m-F), and –161.97 

(s, 4F; m-F); UV/vis (CH2Cl2): λmax [nm] (ε x 10–5) = 555 (3.30), 737 (0.10), 808 (0.08), and 904 

(0.52). 

 

meso-Pentafluorophenyl substituted rubyrin HCl complex 2-(HCl)2.  1H NMR (CDCl3, 600 

MHz  298 K): δ (ppm) 10.57 (d, J = 3.5 Hz, 4H; β-CH), 9.75 (d, J = 3.4 Hz, 4H; β-CH), and 8.95 (s, 

4H; β-CH), –3.05 (s, 2H; NH), and –3.26 (s, 4H; NH); 19F NMR (CDCl3, 565 MHz, 298 K, 

Hexafluorobenzene): δ (ppm) –137.12 (s, 8F; o-F), –150.52 (s, 4F; p-F), –161.43 (s, 8F; m-F); UV/vis 

(CH2Cl2): λmax [nm] (ε x 10–5) = 518 (3.35), 700 (0.16), 764 (0.12), and 848 (0.24). 

 

meso-Pentafluorophenyl substituted nonaphyrin (1.1.0.1.1.0.1.1.0) (3).  1H NMR (CDCl3, 600 

MHz  298 K): δ (ppm) 11.28 (br s, 1H; NH), 10.98 (br s, 1H; NH), 8.00 (d, J = 4.8 Hz, 1H; β-CH), 
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7.82 (d, J = 4.8 Hz, 1H; β-CH), 7.60 (d, J = 4.8 Hz, 1H; β-CH), 7.53 (d, J = 4.1 Hz, 1H; β-CH), 7.16 

(d, J = 4.8 Hz, 1H; β-CH), 7.09 (d, J = 4.8 Hz, 1H; β-CH), 6.98 (d, J = 4.9 Hz, 1H; β-CH), 6.91 (d, J 

= 4.8 Hz, 1H; β-CH), 6.85 (d, J = 4.8 Hz, 1H; β-CH), 6.78 (2H; β-CH), 6.30 (m, 2H; β-CH), 6.08 (d, 

J = 4.8 Hz, 1H; β-CH), 5.67 (d, J = 4.1 Hz, 1H; β-CH), 5.54 (d, J = 4.1 Hz, 1H; β-CH), 4.73 (d, J = 

4.1 Hz, 1H; β-CH), and 4.64 (d, J = 4.8 Hz, 1H; β-CH); 19F NMR (CDCl3, 565 MHz, 298 K, 

Hexafluorobenzene): δ (ppm) –134.67 (o-F), –135.87 (o-F), –136.70 (o-F), –137.10 (o-F), –137.32 

(o-F), –137.45 (o-F), –137.57 (o-F), –137.82 (o-F), –137.53 (o-F), –138.37 (o-F), –138.93 (o-F), –139.52 

(o-F), –150.83 (t, J = 20.7 Hz, 1F; p-F), –151.41 (t, J = 20.7 Hz, 1F; p-F), –152.13 (t, J = 20.7 Hz,1F; 

p-F) –152.27 (t, J = 20.7 Hz, 1F; p-F), –152.41 (t, J = 20.7 Hz, 1F; p-F), –152.79 (J = 20.7 Hz, 1F; p-F), 

–159.59 (m, 1F; m-F), –160.53 ~ –161.10 (8F; m-F), –161.50 (br s, 1F; m-F), –161.78 (m, 1F; m-F), and 

–164.68 (m, 1F; m-F); UV/vis (CH2Cl2): λmax [nm] (ε x 10–5) = 427 (1.00), 724(1.46), 970 (0.10), and 

1107 (0.16); HR-ESI-TOF MS: m/z (% intensity): 1656.1699 (100) [M+H]+ Calcd for C78N9F30H24, 

1656.1670. 

The peaks due to the o-position of pentafluorophenyl substituents have not been clearly 

assigned yet.  This can be illustrated by coordination of water or solvent molecules inside the 

cavity, which would be also the reason why the three NH peaks have not been detected yet. 
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II. Absorption spectral changes upon protonation with various acids 

 

Figure S1. UV/vis spectra of rubyrin and protonated rubyrin with various acids.  TFA and 

MSA stand for trifluoroacetic acid and methanesulfonic acid, respectively. 
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III. X-ray crystal structure of 2-(HCl)2 

 

 

Figure S2. X-ray crystal structure of 2-(HCl)2, a) top view, and b) side view.  The thermal 

ellipsoids were illustrated at 50% probability level.  Solvent molecules were omitted in the top 

view, and meso-pentafluorophenyl substituents and hydrogen atoms at β-position were omitted 

in the side view for clarity.  Dashed line in the side view are indicative of hydrogen bonding 

interactions. 
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IV. Variable temperature 1H-NMR spectra of rubyrin 

 
Figure S3. Variable temperature 1H-NMR spectra of rubyrin recorded in tetrachloroethane-d2.  
∗Solvent and impurity. 

 


