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General Procedures 
Unless stated otherwise, all reagents were obtained from commercial sources and used as received without 
further purification. Chloroform and toluene were dried by passing over activated alumina. 
Diisopropylamine was dried by distillation over CaH2. Linear porphyrin hexamer P6Si2 and hexakis-(4-[4-
pyridy]phenyl)benzene T6 were synthesized using published procedures.1–3 The linear porphyrin dodecamer 
P12Si2 synthesized in this study has been prepared previously by another route; material from both routes 
gave identical NMR spectra, mass spectra and GPC traces.4 

NMR spectra were recorded on a Bruker AVII400, Bruker AVIII400 (400 MHz) or Bruker DRX500 (500 
MHz) spectrometer. The residual solvent peak was used as internal reference (chloroform, 1H δ = 7.26 ppm, 
13C δ = 77 ppm).  

Preparative recycling GPC was performed on a JAIGEL H-P pre-column, a JAIGEL 3H (20 mm × 600 mm) 
and a JAIGEL 4H column (20 mm × 600 mm) in series with toluene/pyridine 100/1 as eluent. 

Partial deprotection of P6Si2 
To a solution of P6Si2 (10 mg, 0.9 µmol) in CD2Cl2 (0.4 mL) and pyridine-d5 (20 µL) in an NMR tube was 
added TBAF (2 µL of 1.0 M solution in THF, 2 µmol). The contents of the tube were mixed thoroughly and 
the reaction was monitored by 1H NMR. The conversion was estimated by the ratio of the integrals for the β-
protons adjacent to the outer alkynes (~9.8 ppm, Ha/Hb and ~9.0 ppm Hc/Hd) and the free alkyne CH (~4.4 
ppm, 1H @ 50% conversion). A typical NMR spectrum is shown in Figure S1. When optimal conversion 
was observed, acetic acid (20 µL) was added to quench the reaction. The reaction mixture was passed 
through a small silica plug (100:1 CH2Cl2:pyridine) and concentrated to yield a mixture of P6Si2, P6Si and P6 
as a black solid. 

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2017



S2 
 

  

Figure S1. Partial 1H NMR spectrum of a statistical mixture of P6Si2, P6Si and P6 (250 MHz, CDCl3 at 25 °C). 

General procedure for scavenger template reactions  
To a solution of a mixture of P6Si2, P6Si and P6 in CHCl3 was added T6 (2 eq.). The mixture was sonicated 
for 15 min and stirred at 20 °C for 1 h before addition of Pd(PPh3)2Cl2 (50 mol%, added as a solution in 
CHCl3), CuI (50 mol%, added as a solution in 1:1 CHCl3 : i-Pr2NH) and 1,4-benzoquinone (2 eq., added as a 
solution in CHCl3). The reaction mixture was stirred for 4 h at 20 °C and then an aliquot was taken and 
analyzed by GPC (vide infra). If the reaction was not complete, an additional portion of catalyst was added 
and stirring was continued. 

Determination of binding constants  
UV/vis/NIR spectra were recorded on a Perkin-Elmer Lambda 20 photospectrometer at 25 °C. To assess the 
stability of the complexes between the T6 template and protected and deprotected hexamer, respectively, a 
solution of a 1:1 complex in CHCl3 was titrated with pyridine (Figure S2). Denaturation constants Kdn were 
obtained by fitting the data to a binding model:5 

𝐴 − 𝐴!
𝐴! − 𝐴!

=  
−𝐾!" Py ! +  𝐾!"! [Py]!" + 4 𝐾!" [Py]! [P]!

2 [P]!
 

where A is the absorption at a given point in the titration, A0 is the initial absorption at [Py] = 0, A∞ is the 
asymptotic final absorption at [Py] = ∞, and [P]0 is the total concentration of 1:1 porphyrin oligomer 
template complex at the start of the titration. The final values are obtained by averaging of at least two runs. 
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Figure S2. Representative UV/vis/NIR titration of P6Si2·T6 (left) and P6·T6 (right) in CHCl3 with pyridine. Inset: fit of the data to 
the binding model. In each titration, the initial concentration of 1:1 porphyrin oligomer template complex was [P]0 = 1.3 µM. 

The formation constants Kf for the complexes could be determined using: 

𝐾! =  
𝐾!"!

𝐾!"
 

where KPy is the binding constant of a single molecule of pyridine to a molecule of hexamer. KPy can be 
approximated by the binding constant of pyridine to porphyrin monomer P1Si2, which was determined by 
titration to be 8.92 × 103 M–1 (Figure S3). 

Table 1. Summary of equilibrium constants (in CHCl3 at 25 °C) 

Complex Kdn Kf 

P6Si2·T6 4.19 ± 2.16 × 105 M–5 1.20 ± 0.74 × 1018 M–1 

P6·T6 1.63 ± 0.58 × 105 M–5 3.09 ± 1.5 × 1018 M–1 

P1Si2·Py  8.92 ± 0.49 × 103 M–1 
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Figure S3. Determination of the binding constant of porphyrin monomer P1Si2 with pyridine in CHCl3 at 25 °C. 
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Figure S4. a) Partial 1H NMR spectrum (CDCl3, 400 MHz) of a 1:1 mixture of P6Si2 and P6. b) The same mixture after addition of 1 
equivalent of T6. c) The same mixture after addition of a second equivalent of T6.  
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GPC analysis 
Analytical gel permeation chromatography (GPC) was performed on a JAIGEL H-P pre-column, a JAIGEL 
3H-A (8 mm × 500 mm) and a JAIGEL 4H-A column (8 mm × 500 mm) in series with toluene/pyridine 
100/1 as eluent. Samples were passed through a short size-exclusion column (Bio-Beads S-X1, CHCl3) 
before analysis to remove any traces of low molecular weight compounds and insoluble material. The sample 
was cycled for two runs to ensure maximum separation of the peaks. Chromatograms were analyzed by 
absorption at 591 nm. Peak areas were then corrected for differences in molar absorption coefficients 
between species at this wavelength (P6Si2: 5.6 × 104 M–1 cm–1, c-P6·T6: 8.3 × 104 M–1 cm–1) to obtain the 
final GPC yield. The molar absorption coefficient for longer oligomers was estimated by extrapolation of the 
molar absorption coefficients of a series of linear oligomers according to the equation ε591 = 6562 + 8118N, 
where N is the number of porphyrin units. The template totally dissociates from all the linear porphyrin 
oligomers under the conditions of the GPC analysis (1% pyridine in toluene) to form pyridine complexes, 
whereas it does not dissociate from the cyclic hexamer.   
 
Chromatograms 

 

Figure S5. GPC chromatogram of the coupling of a mixture of P6Si2, P6Si and P6 (2 mM) in the absence of template. 
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Figure S6. GPC chromatogram of the coupling of a mixture of P6Si2, P6Si and P6 (2 mM) in the presence of template. 

 

Figure S7. GPC chromatogram of the coupling of a mixture of P6Si2, P6Si and P6 (0.2 mM) in the absence of template. 
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Figure S8. GPC chromatogram of the coupling of a mixture of P6Si2, P6Si and P6 (0.2 mM) in the presence of template. 
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