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Experimental procedures 
General information and instrumentation. 1H NMR spectra were performed on a Varian 
Unity INOVA (300 MHz).  Chemical shift values are expressed in ppm (δ) relative to 
residual CHD2OD (δ 3.30). UV-vis measurements were performed on a Varian Cary 3E 
UV-vis spectrophotometer equipped with a Helma QX optical fiber probe (path 
length=1.000 cm), using solvents of spectroscopic grade. Calorimetric measurements 
were carried out using a Microcal VP-ITC microcalorimeter with a cell volume of 1.4115 
mL.  
Synthesis: Synthesis of porphyrins 19 and of calix[4]arene 2,8 buffer preparation, dilution 
experiments to confirm the absence of porphyrin aggregation and UV-vis studies of the 
assembly formation have been described elsewhere. Cobalt porphyrin Co-1b has been 
prepared using the same free base precursor9 used to prepare Zn-1b. Metallation with 
CoAc2 has been carried out under the same experimental conditions used for the insertion 
of Zn. 
Capsules formation and UV-vis studies on guest recognition: Assemblies 1•2 are easily 
prepared by mixing aqueous solutions of the molecular building blocks 1a-e and 2. 
Remarkably, no precipitation is observed upon addition of up to three equivalents of 
calix[4]arene 2 to porphyrin solutions of concentrations up to 2-5 mM,9 conditions 
ensuring >95% assembly formation (based on K1•2, vide infra). 
Assembly 1c•2 and 1e•2 were prepared in situ by addition of calix[4]arene 2 to the 
porphyrin in carbonate buffer solution (I=0.008 M, pH=9.6) in order to reach >80% 
assembly formation in the final solution. The amount of calix[4]arene 2 needed was 
calculated from the assembly formation constants K1•2 measured under the same 
conditions used for the guest recognition experiments. 11 equiv of 2 were used to prepare 
assembly 1c•2 for titration with caffeine and 1.2-1.5 equiv were instead used to prepare 
assemblies 1c•2, 1e•2 when titrated with 4-MePyr or 1-MeIm. Binding of guests to 
porphyrins 1c, 1e and to assemblies 1c•2, 1e•2 was evaluated by UV-vis titration. 
Spectral variation as a function of ligand concentration were monitored in the Soret band 
region (400-480 nm) for caffeine or in the Q-band region (500-630 nm) for 4-MePyr and 
1-MeIm. Porphyrin concentrations were 2.6 ×10-6 M and ×10-5 M, respectively. 
Each titration consisted of 13 to 20 data points. The experimental spectral changes were 
fitted to a 1:1 or to a 1:1:1 binding model (see text). A nonlinear least-squares fitting 
procedures considering simultaneously 6 different wavelenghts was used in case of 1:1 
complexation (model written with program Scientist®, MicroMath®).  A nonlinear least-
squares fitting procedure, considering separately 4-5 different wavelenghts followed by 
average of the results, was used for 1:1:1 complexation (model written with program 
Microsoft® Excel). 
Microcalorimetry (ITC): Aliquots of a calix[4]arene 2 solution (1.05 mM) in carbonate 
buffer (I=0.010 M, pH=9.6 or I=0.045 M, pH=10) contained in the buret were added to 
the porphyrin 1 solution (in the same buffer) contained in the calorimetric cell (porphyrin 
concentration 0.090-0.105 mM). Data were fitted for metalated receptors and to a 1:2  
(receptor/guest) model in case of free base receptor 1d. Fittings of the experimental data 
to a 1:1 binding model were obtained using Origin®

 implemented with the calorimetric 
set up provided by Microcal Inc. 
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Conductometry 
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Figure S1.  Conductometric titration of porphyrin 1e (4.3×10-5 M) with calix[4]arene 2 
(8.3×10-4 M), H2O, T=25ºC. Extrapolation of the linear sections of the afforded the end-
titration point (the point were the two solid lines intersect), which was found to be 0.85 
equivalents. This is in reasonable agreement with the proposed 1:1 stoichiometry. 
 
 
NMR for complex 1c•2 formation 
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Figure S2.  Spectral changes upon assembly 1c•2 formation in D2O/CD3OD (9:1), (for  
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clarity only one peptide arm and three of the four pyridyl rings are shown). (a)  
Calix[4]arene 2, 1 mM. (b) Assembly 1c•2, 1 mM. (c) Porphyrin 1c, 1 mM. * Residual 
CD2HOD signal. 
 
Molecular Simulation 

 
Figure S3. Molecular simulation (CHARMm 24.0) for the structure of assemblies 1•2. 
For simplicity, the N-alkyl groups and the calix[4]arene lower rim alkyl groups are 
methyls. Porphyrin 1 is shown in gray and the pyridyl N atoms are in white; calix[4]arene 
2 is in dark gray. 
 
NMR spectra for 4-MePyr complexation  
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Figure S4. 1H NMR spectra of (a) assembly 1c•2, (b) 1c•2 + 1 eq 4-MePyr, (c)  
porphyrin 1c + 1 eq 4-MePyr, (d) 4-MePyr. 1 mM solutions in 9:1 D2O/CD3OD.  
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1H NMR spectra for caffeine complexation 
We have previously shown that the binding mode of caffeine to porphyrins 1a-e is 
substantially different from the binding mode of ligands like imidazole or pyridine 
derivatives.9 The steric bulk of the ligand and the tendency towards stacking are 
responsible for a non-perpendicular arrangement of caffeine with respect to the porphyrin 
plane. Nevertheless, the 1H NMR spectra for the caffeine complexation (Figure 5) 
suggest direct interaction with the Zn atom via the nitrogen N-9. The protons closest 
(imidazol ring protons) to the porphyrin center are the most upfield shifted, consistently 
with this mode of interaction between caffeine and porphyrin 1c. When caffeine is bound 
to the self-assembled receptor 1c•2, all its proton signals are remarkably less upfield 
shifted than when the ligand is bound to porphyrin 1c alone (Table 1). This behavior is 
exactly opposite to what was observed for encapsulation of 4-MePyr. In contrast to those 
from 4-MePyr, the signals relative to the methylene bridges of the calix[4]arene moiety 
and to the i-Pr groups of the peptidic chains in assembly 1c•2 are shifted downfield 
(∆δ∼0.1−0.2 ppm, and smaller ∆δ are observed for the other calix[4]arene signals) upon 
caffeine binding, indicating a larger reorganization to accommodate the ligand on the 
open porphyrin face. 

34 2 1 0ppm

(c)

(b)

(a)

(d)

Hp

Meo

Men
Mem

N

N

N

N9O

O

Mei-Pr

Hi-Pr

10 89 7

(Double column illustration, final size)

 
 

Figure S5. 1H NMR spectra of (a) assembly 1c•2, (b) 1c•2+1 equiv caffeine, (c) 
porphyrin 1c+1 equiv caffeine, (d) caffeine. (1 mM solutions in 9:1 D2O/CD3OD). For 
assignment protons Mei-Pr and Hi-Pr see Figure 2.  
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Table 1. Chemical Shifts Observed for the Binding of Caffeine to Porphyrin Receptor 1c and to Assembly 
1c•2 (1 mM in 9:1 D2O/CD3OD). 

caffeine 

δf (ppm) 

1c+1 equiv caffeine 

∆δ=δ-δf (ppm) 

1c•2+1equiv caffeine

∆δ=δ-δf (ppm) 

Hp 7.89 -1.36 -0.75 
Mem 3.34 -1.07 - 
Meo 3.53 -1.05 -0.70 
Men 3.95 -1.14 -0.62 

δf chemical shift for uncomplexed caffeine. For proton assignment, see Figure 5. 
 
 

 
 
Oxygen transport  
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Figure S6. Facilitated O2 transport (dots) observed for a Millipore VMWP membrane 
loaded with a solution of assembly 1b•2 in water in the presence of 1-MeIm at 10ºC 
(1b=2.0×10-3 M, 3 equiv 2, 10 equiv of 1-MeIm). The solid line shows the O2/N2 
selectivity of the membrane loaded with only H2O. 
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