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Figure S1. 1H NMR spectra (600 MHz, CDCl3, 25 °C) of (a) the porphyrin derivative P3 

and Et3N (5.0 eq), (b) an equimolar mixture (0.50 mM) of P3 and P4b (Cap4), (c) the 

porphyrin derivative P4b. Fig. 3: Partial spectra of Figure S1. 
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Figure S2. COSY spectrum (600 MHz, CDCl3) of a mixture of P3 and P4b (Cap4). 
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Figure S3. ROESY spectrum (600 MHz, CDCl3) of a mixture of P3 and P4b (Cap4). 
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Figure S4. Mass spectrum (ESI) of the four-armed dimer Cap4: experimental (top) and 

calculated (bottom) isotopic patterns.   
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Figure S5. 1H NMR spectra (600 MHz, CDCl3 in the presence of DMSO-d6, 25 ℃) of a 

1:1 mixture (0.50 mM) of P1 and P2b (a) in CDCl3, (b) in CDCl3/DMSO-d6 (98:2), (c) 

in CDCl3/DMSO-d6 (93:7), (d) in CDCl3/DMSO-d6 (80:20), and (e) in CDCl3/DMSO-d6 

(65:35). Fig. 4: Partial spectra of Figure S5. 
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Figure S6. 1H NMR spectra (600 MHz, CDCl3/DMSO-d6, 25 ℃) of a 1:1 mixture (0.50 

mM) of P3 and P4b (a) in CDCl3, (b) in CDCl3/DMSO-d6 (66:34), (c) in CDCl3/DMSO-

d6 (60:40), (d) in CDCl3/DMSO-d6 (55:45), and (e) in CDCl3/DMSO-d6 (34:66). Fig. 5: 

Partial spectra of Figure S6.  
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Figure S7. 1H NMR spectra [600 MHz, CDCl3/DMSO-d6 (80:20), 0.50 mM] of a 1:1 

mixture of P1 and P2b. (a) 0 ℃; (b) –10 ℃, (c) –20 ℃, (d) –30 ℃, (e) –40 ℃ and (f) –

50 ℃. Fig. 6: Partial spectra of Figure S7. 
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Figure S8. 1H NMR spectra [600 MHz, CDCl3/DMSO-d6 (55:45), 0.50 mM] of an 

equimolar mixture of P3 and P4b. (a) 50 ℃; (b) 40 ℃, (c) 30 ℃, (d) 20 ℃, (e) 10 ℃ and 

(f) 0 ℃. 
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Figure S9. Arrhenius plots for the formation of (a) Cap2 and (b) Cap4. 
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Figure S10a. 1H NMR spectra (600 MHz, CD2Cl2, 25 ℃) of the dimer Cap4 (0.50 mM) 

(a) in the absence of trinitrobenzene G1 and in the presence of G1 (b) 0.2 eq, (c) 0.4 eq, 

(d) 0.6 eq, (e) 0.8 eq, (f) 1.0 eq, (g) 2.0 eq, (h) 3.0 eq, (i) 4.0 eq, (j) 6.0 eq, (k) 8.0 eq, (l) 

10 eq, (m) 15 eq, (n) 20 eq.  
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Figure S10b. Simulation of first titrations of Cap4 and trinitrobenzene G1 using BindFit. 
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Figure S10c. Simulation of second titrations of Cap4 and trinitrobenzene G1 using 

BindFit. 
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Figure S10d. VT NMR spectra (600 MHz, CD2Cl2) of a mixture of the dimer Cap4 (0.50 

mM) and G1 (0.6 eq) at (a) 25 °C, (b) 0 °C, (c) –20 °C, (d) –40 °C, (e) –60 °C, and (f) –

80 °C. 
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Figure S11a. 1H NMR spectra (600 MHz, CD2Cl2, 25 ℃) of the dimer Cap4 (0.50 mM) 

(a) in the absence of 1,4-naphthoquinone G2 and in the presence of G2 (b) 10 eq, (c) 20 

eq, (d) 30 eq, (e) 40 eq, (f) 50 eq, (g) 60 eq, (h) 80 eq, (i) 100 eq, (j) 150 eq, (k) 200 eq. 
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Figure S11b. Simulation of first titrations of Cap4 and 1,4-naphthoquinone G2 using 

BindFit. 
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Figure S11c. Simulation of second titrations of Cap4 and 1,4-naphthoquinone G2 using 

BindFit. 
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Figure S12a. 1H NMR spectra (600 MHz, CD2Cl2, 25 ℃) of the dimer Cap4 (0.50 mM) 

(a) in the absence of tetrafluoroterephthalonitrile G3 and in the presence of G3 (b) 0.50 

eq, (c) 1.0 eq, (d) 1.5 eq, (e) 2.0 eq, (f) 2.5 eq, (g) 3.0 eq, (h) 4.0 eq, (i) 5.0 eq, (j) 7.5 eq, 

(k) 10 eq. 
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Figure S12b. Simulation of first titrations of Cap4 and tetrafluoroterephthalonitrile G3 

using BindFit. 
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Figure S12c. Simulation of second titrations of Cap4 and tetrafluoroterephthalonitrile 

G3 using BindFit. 
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Figure S13a. 1H NMR spectra (600 MHz, CD2Cl2, 25 ℃) of the dimer Cap4 (0.50 mM) 

(a) in the absence of 1,3-dinitrobenzene G4 and in the presence of G4 (b) 10 eq, (c) 20 

eq, (d) 30 eq, (e) 40 eq, (f) 50 eq, (g) 60 eq, (h) 80 eq, (i) 100 eq, (j) 150 eq, (k) 200 eq. 
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Figure S13b. Simulation of first titrations of Cap4 and 1,3-dinitrobenzene G4 using 

BindFit. 
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Figure S13c. Simulation of second titrations of Cap4 and 1,3-dinitrobenzene G4 using 

BindFit.  
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Figure S14a. 1H NMR spectra (600 MHz, CD2Cl2, 25 ℃) of the dimer Cap4 (0.50 mM) 

(a) in the absence of hexafluorobenzene G5 and in the presence of G5 (b) 20 eq, (c) 40 

eq, (d) 60 eq, (e) 80 eq, (f) 100 eq, (g) 120 eq, (h) 160 eq, (i) 200 eq, (j) 300 eq, (k) 400 

eq. 
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Figure S14b. Simulation of first titrations of Cap4 and hexafluorobenzene G5 using 

BindFit. 

 

Simulation of second titrations of Cap4 and hexafluorobenzene G5 using BindFit was 

performed, however, the values were not obtained. 
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Figure S15. COSY spectrum (600 MHz, CDCl3, 25 ℃) of a mixture of P1 and P2b 

(Cap2). 
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Figure S16. ROESY spectrum (600 MHz, CDCl3, 25 ℃) of a mixture of P1 and P2b 

(Cap2). 
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Figure S17. 1H NMR spectrum [600 MHz, CDCl3/DMSO-d6 (87:13), 25 ℃] of the dimer 

Cap2 (0.50 mM) in the presence of naphthalenetetracarboxylic dianhydride G6 (1.5 mM).  
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Figure S18a. 1H NMR spectrum [600 MHz, CDCl3/DMSO-d6 (91:9)] of the dimer Cap4 

(0.50 mM) in the presence of naphthalene tetracarboxylic dianhydride G6 (1.0 mM). 

 

 

 

Figure S18b. 1H NMR spectrum [600 MHz, CDCl3/DMSO-d6 (93:7)] of the dimer Cap4 

(0.50 mM) in the presence of naphthalene tetracarboxylic dianhydride G6 (0.50 mM). 
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Figure S19. COSY spectrum [600 MHz, CDCl3/DMSO-d6 (89:11)] of a mixture of Cap2 

(0.50 mM) and naphthalene tetracarboxylic dianhydride G6 (1.5 mM). 
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Figure S20. ROESY spectrum [600 MHz, CDCl3/DMSO-d6 (91:9)] of a mixture of Cap2 

(0.50 mM) and naphthalene tetracarboxylic dianhydride G6 (1.0 mM). 
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Figure S21. COSY spectrum [600 MHz, CDCl3/DMSO-d6 (91:9)] of a mixture of Cap4 

(0.50 mM) and naphthalene tetracarboxylic dianhydride G6 (1.0 mM). 
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Figure S22. ROESY spectrum [600 MHz, CDCl3/DMSO-d6 (91:9)] of a mixture of Cap4 

(0.50 mM) and naphthalene tetracarboxylic dianhydride G6 (1.0 mM). 
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Figure S23a. 1H NMR spectra (600 MHz, CDCl3, 25 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.50 eq, (c) 1.0 eq, 

(d) 1.5 eq, (e) 2.0 eq, (f) 3.0 eq, (g) 4.0 eq, (h) 5.0 eq, (i) 6.0 eq, (j) 7.0 eq. Fig. 7: Partial 

spectra of Figure S23a. 
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Figure S23b. 1H NMR spectra (600 MHz, CDCl3, 20 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.50 eq, (c) 1.0 eq, 

(d) 1.5 eq, (e) 2.0 eq, (f) 3.0 eq, (g) 4.0 eq, (h) 5.0 eq, (i) 6.0 eq, (j) 7.0 eq. 
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Figure S23c. 1H NMR spectra (600 MHz, CDCl3, 15 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.50 eq, (c) 1.0 eq, 

(d) 1.5 eq, (e) 2.0 eq, (f) 3.0 eq, (g) 4.0 eq, (h) 5.0 eq, (i) 6.0 eq, (j) 7.0 eq. 
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Figure S23d. 1H NMR spectra (600 MHz, CDCl3, 10 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.50 eq, (c) 1.0 eq, 

(d) 1.5 eq, (e) 2.0 eq, (f) 3.0 eq, (g) 4.0 eq, (h) 5.0 eq, (i) 6.0 eq, (j) 7.0 eq. 
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Figure S23e. 1H NMR spectra (600 MHz, CDCl3, 5 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.50 eq, (c) 1.0 eq, 

(d) 1.5 eq, (e) 2.0 eq, (f) 3.0 eq, (g) 4.0 eq, (h) 5.0 eq, (i) 6.0 eq, (j) 7.0 eq. 
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Figure S23f. 1H NMR spectra (600 MHz, CDCl3, 0 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.50 eq, (c) 1.0 eq, 

(d) 1.5 eq, (e) 2.0 eq, (f) 3.0 eq, (g) 4.0 eq, (h) 5.0 eq, (i) 6.0 eq, (j) 7.0 eq. 
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Figure S24a. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 25 ℃. 
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Figure S24b. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 20 ℃. 
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Figure S24c. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 15 ℃. 
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Figure S24d. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 10 ℃. 
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Figure S24e. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 5 ℃. 
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Figure S24f. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 0 ℃. 
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Figure S25a. 1H NMR spectra (600 MHz, CDCl3, −20 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 
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Figure S25b. 1H NMR spectra (600 MHz, CDCl3, −10 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 
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Figure S25c. 1H NMR spectra (600 MHz, CDCl3, 0 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 
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Figure S25d. 1H NMR spectra (600 MHz, CDCl3, 10 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 
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Figure S25e. 1H NMR spectra (600 MHz, CDCl3, 20 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 



63 

 

 

 

Figure S25f. 1H NMR spectra (600 MHz, CDCl3, 30 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 
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Figure S25g. 1H NMR spectra (600 MHz, CDCl3, 40 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 



65 

 

 

 

Figure S25h. 1H NMR spectra (600 MHz, CDCl3, 50 ℃) of Cap2 (0.50 mM) (a) in the 

absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.40 eq, (c) 0.80 

eq, (d) 1.2 eq, (e) 1.6 eq, (f) 2.5 eq, (g) 3.3 eq, (h) 4.2 eq, (i) 5.1 eq, (j) 6.0 eq, (k) 6.9 eq. 
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Figure S26a. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at −20 ℃. 
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Figure S26b. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at −10 ℃. 
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Figure S26c. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 0 ℃. 
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Figure S26d. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 10 ℃. 
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Figure S26e. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 20 ℃. 
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Figure S26f. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 30 ℃. 
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Figure S26g. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 40 ℃. 
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Figure S26h. Determination of the association constants Ka of the dimer Cap2 with the 

guest G7 at 50 ℃. 
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Figure S27a. 1H NMR spectra (600 MHz, CDCl3, 25 ℃) of the dimer Cap4 (0.50 mM) 

(a) in the absence of 9,10-dibromoanthracene G7 and in the presence of G7 (b) 0.50 eq, 

(c) 1.0 eq, (d) 2.0 eq, (e) 3.0 eq. Fig. 8: Partial spectra of Figure S27a. 

 

 

 



75 

 

 

 

 

Figure S27b. 1H NMR spectra (600 MHz, CDCl3) of a mixture Cap4 (0.50 mM) and 

9,10-dibromoanthracene G7 (1.0 mM) at (a) 50 ℃, (b) 40 ℃, (c) 30 ℃, (d) 20 ℃, (e) 

10 ℃, and (f) 0 ℃.  
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Figure S28. Arrhenius plots for the complexation of the dimers Cap2 and Cap4 with 

9,10-dibromoanthracene G7. 
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Figure S29. 1H NMR spectra (600 MHz, CDCl3, 25 ℃) of equimolar mixtures of 

porphyrin derivatives (0.50 mM). (a) P1 and P2b (Cap2), (b) P1, P2b, P3, and P4b, (c) 

P3 and P4b (Cap4). Fig. 9: Partial spectra of Figure S29. 
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Figure S30a. 1H NMR (600 MHz, CDCl3, –50 ℃) spectra of mixtures of Cap2 (0.5 mM), 

Cap4 (0.5 mM), and G1 (0–2.0 mM). (a) Cap2 and Cap4, (b) Cap2, Cap4, and G1 (0.25 

mM), (c) Cap2, Cap4, and G1 (0.50 mM), (d) Cap2, Cap4, and G1 (0.75 mM), (e) Cap2, 

Cap4, and G1 (1.0 mM), (f) Cap2, Cap4, and G1 (1.25 mM), (g) Cap2, Cap4, and G1 

(2.0 mM). Fig. 10: Partial spectra of Figure S30a. 
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Figure S30b. 1H NMR (600 MHz, CDCl3, 25 ℃) spectra of mixtures of Cap2 (0.5 mM), 

Cap4 (0.5 mM), and G1 (0–2.0 mM). (a) Cap2 and Cap4, (b) Cap2, Cap4, and G1 (0.25 

mM), (c) Cap2, Cap4, and G1 (0.50 mM), (d) Cap2, Cap4, and G1 (0.75 mM), (e) Cap2, 

Cap4, and G1 (1.0 mM), (f) Cap2, Cap4, and G1 (1.25 mM), (g) Cap2, Cap4, and G1 

(2.0 mM).  
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Figure S31. 1H NMR spectra (600 MHz, 25 ℃) of mixtures of Cap2 (0.50 mM) and 

Cap4 (0.50 mM), and G6 (0–1.25 mM). (a) Cap2 and Cap4 in CDCl3, (b) Cap2, Cap4, 

and G6 (0.25 mM) in CDCl3/DMSO-d6 (96:4), (c) Cap2, Cap4, and G6 (0.50 mM) in 

CDCl3/DMSO-d6 (92:8), (d), Cap2, Cap4, and G6 (0.75 mM) in CDCl3/DMSO-d6 

(89:11), (e) Cap2, Cap4, and G6 (1.00 mM) in CDCl3/DMSO-d6 (86:14), (f) Cap2, Cap4, 

and G6 (1.25 mM) in CDCl3/DMSO-d6 (83:17). Fig. 11: Partial spectra of Figure S31. 
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Figure S32a. 1H NMR spectrum (600 MHz, CDCl3) of compound 2. 
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Figure S32b. 13C NMR spectrum (125 MHz, CDCl3) of compound 2. 
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Figure S33a. 1H NMR spectrum (600 MHz, CDCl3) of the porphyrin derivative P2b. 
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Figure S33b. 13C NMR spectrum (150 MHz, CDCl3) of the porphyrin derivative P2b. 
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Figure S34a. 1H NMR spectrum (600 MHz, CDCl3) of the porphyrin derivative P4b. 
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Figure S34b. 13C NMR (150 MHz, CDCl3) spectrum of the porphyrin derivative P4b. 

 


