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1 General Methods 

Dry toluene, CHCl3, CH2Cl2, THF, NEt3 and pyridine were obtained from the solvent drying system MBraun MB-
SPS-5-BenchTop under nitrogen atmosphere (H2O content < 20 ppm as determined by Karl-Fischer titration). 
N,N-Diisopropylamine (i-Pr2NH) was distilled from CaH2 and kept over activated molecular sieves (3 Å, 8ς12 
mesh). Unless specified otherwise, all other solvents were used as commercially supplied. Flash 
chromatography was carried out using SiO2 (60 Å, 230ς400 mesh) under positive pressure. Analytical thin-layer 
chromatography was carried out on aluminum-backed silica gel 60 F254 plates. tŜǘǊƻƭŜǳƳ ŜǘƘŜǊ όt9ύ плҍслϲ/ 
was used unless specified otherwise. 

All UV-vis-NIR spectra were recorded in solution using a Perkin-Lambda 20 spectrometer (1 cm path length 
quartz cell). Chloroform (containing ca. 0.5% ethanol as stabilizer) or toluene was used for all titrations without 
any further purification (HPLC grade). Fluorescence lifetimes were obtained from time correlated single-photon 
counting (TCSPC) using a single-photon avalanche diode detector with a time-resolution of 40 ps.[1] 

Unless stated otherwise, 1H and 13C NMR spectra were recorded at 298 K using a Bruker AVIII HD 400, a Bruker 
AVII 500 or a Bruker AVIII 700 instrument. 1H and 13C NMR spectra are reported in ppm; coupling constants are 
given in Hertz, to the nearest 0.1 Hz. The solvent used was CDCl3 which was calibrated to residual CHCl3 at 7.26 
ppm. Diffusion coefficients were measured at 298 K in CDCl3 using a double stimulated echo sequence for 
convection compensation. The hydrodynamic radius was estimated from the diffusion coefficient using the 
Stoke-Einstein equation with a viscosity for CDCl3 at 298 K of 5.28 × 10ς4 Kg mς1 sς1. 

MALDI-ToF spectra were measured at the EPSRC UK National Mass Spectrometry Facility (NMSF, Swansea) 
using the Applied Biosystems Voyager DE-STR or at the University of Oxford using a Waters Micro MX 
spectrometer utilizing dithranol or trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile 
(DCTB) as a matrix. 

Size exclusion chromatography (SEC) was carried out using Bio-Rad Bio-Beads S-X1 (40ς80 ˃Ƴ ōŜŀŘ ǎƛȊŜύ. 
Analytical GPC was carried out using JAIGEL-3H-A (8 ×500) and JAIGEL-4H-A (8 ×500) columns in THF + 1% 
pyridine as eluent with a flow rate of 1.0 mL/min. Semi-preparative GPC was carried out on a Shimadzu 
Recycling GPC system equipped with a LC-20 AD pump, SPD-20A UV detector and a set of JAIGEL 3H (20 × 600 
mm) and JAIGEL 4H (20 × 600 mm) columns in toluene + 1% pyridine as the eluent at a flow rate of 3.5 mL/min. 
Where indicated NEt3-deactivated silica was used, which was prepared by stirring a slurry of silica in PE40-60/3% 
NEt3 at 20 °C overnight before removing the solvents under reduced pressure. 
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2 Compound Naming System 

The compounds discussed in this manuscript are systematically labeled according to the following naming 
system:  

Porphyrin monomers:   R-P1-R 

Linear Porphyrin oligomers: R-l-PN[bxey]-R in which 
l : denotes linear. 
N : number of porphyrin units in the linear oligomer. 
bx : x is the number of butadiyne [b] links between the porphyrin units in the linear oligomer. 
ey : y is the number of ethyne [e] links between the porphyrin units in the linear oligomer.  
R = H, Br, TMS (denoting Me3Si-acetylene), CPDMS (denoting CN(CH2)3Me2Si-acetylene), CPDIPS (denoting 
CN(CH2)3(i-Pr)2Si-acetylene), HC2 (denoting unprotected acetylene). 

Cyclic porphyrin hexamers:  c-P6[bxey] in which 
c : denotes cyclic. 
bx : x is the number of butadiyne [b] links between the porphyrin units in the cyclic oligomer.  
ey : y is the number of ethyne [e] links between the porphyrin units in the cyclic oligomer. 

The schematic representation of the nanorings (Figure S1), shows the porphyrin units as black spheres 
interconnected by either butadiyne (in black) or ethynyl linkages (in red). 

Templates are labeled T6 and T6* having phenyl or acetylene links between the hexasubstituted central 
benzene moiety and the pyridine arms, respectively: 

   
          T6         T6* 

Peak assignments in 1H are labeled according to the following conventions:  
a1(#)/a2(#) (belongs to EITHER a1(#) or a2(#)) 
a1(#),2(#)  (belongs to BOTH a1(#) and a2(#)) 
a1ς3   (belongs to a1, a2, a3, with and without #) 
 
Correlations in 2D 1H NMR are labeled according to the following conventions:  
s: strong correlation 
w: weak correlation 
o: overlap  
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Figure S1: Chemical structures, compound labels and schematic representations of the compounds used in this study. 
Ar = 3,5-bis(trihexylsilyl)phenyl. 

3 Synthetic Procedures 

Monomers Br-P1-Br,[2] Br-P1-H,[3] CPDIPS-P1-H,[3] and CPDIPS-P1-C2H,[4] templates T6,[5] and T6*,[3] and 
porphyrin nanorings c-P6[b6]·T6,[6] and c-P6[e6]·T6*,[3] were prepared as reported previously. 
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3.1 Synthesis of c-P6[b5e]·T6 and c-P6[b5e] 

 

Scheme S1: Synthesis of c-P6[b5e]·T6. We also prepared CPDMS-l-P6[b4e]-CPDMS by coupling H2C-l-P2[e]-C2H with excess H2C-l-P2[b]-
CPDMS but we found that c-P6[b5e]·T6 prepared by this more direct route was always contaminated by small amounts of c-P6[b6]·T6. 
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Br-P1-CPDMS:  

 

Br-P1-Br (1.40 g, 0.77 mmol), Pd2(dba)3 (70 mg, 0.077 mmol), CuI (15 mg, 0.077 mmol) and triphenylphosphine 
(40 mg, 0.15 mmol) were placed in a 250-mL two-necked flask. Dry toluene (36 mL) and i-Pr2NH (36 mL) were 
added and the mixture was deoxygenated by freeze-pump-thaw cycles. Cyanopropyldimethylsilylacetylene (97 

˃[Σ лΦсн ƳƳƻƭύ ǿŀǎ ŀŘŘŜŘ ŀƴŘ ǘƘŜ ǊŜŀŎǘƛƻƴ ƳƛȄǘǳǊŜ ǿŀǎ ǎǘƛǊǊŜŘ ŀǘ 45 C̄ for 40 min after which TLC (PE40-

60/CH2Cl2 4:1) showed the desired statistical distribution of products. The volatiles were removed in vacuo and 
the residue was purified by column chromatography (SiO2; gradient of PE40-60/CH2Cl2 100:0 to 1:1) affording the 
desired product Br-P1-CPDMS (332 mg, 23%) as a green solid. Furthermore, starting material Br-P1-Br (559 mg, 
40%) and the bis-acetylene substituted product CPDMS-P1-CPDMS (230 mg, 16%, for characterization see 
below) were obtained. 

1H NMR (400 MHz, CDCl3, 298 K): dH 9.72 (d, J = 4.5 Hz, 2H, a1/a1#), 9.67 (d, J = 4.5 Hz, 2H, a1/a1#), 8.94 (d, J = 
4.5 Hz, 2H, b1/b1#), 8.91 (d, J = 4.5 Hz, 2H, b1/b1#), 8.24 (d, J = 1.2 Hz, 4H, o), 8.01 (t, J = 1.2 Hz, 2H, p), 2.08 (t, J 
= 7.0 Hz, 2H, CPDMS-CH2), 2.04 (m, 2H, CPDMS-CH2), 1.49ς0.90 (m, 156H, THS), 1.18 (m, 2H, CPDMS-CH2), 0.61 

(s, 6H, CPDMS-CH3) ppm. 13C NMR (125 MHz, CDCl3, 298 K): dC 153.0, 151.5, 150.6, 149.6, 140.6, 140.3, 139.4, 
135.2, 133.7, 133.4, 133.2, 131.2, 124.0, 119.8, 108.9, 106.8, 99.9, 99.4, 33.7, 31.8, 24.2, 22.8, 21.1, 20.9, 16.3, 
14.3, 13.0, 12.8, 12.6 ppm. MALDI-ToF m/z 1883.77 (calculated for [C112H182BrN5Si5Zn]+: 1884.17). 

 

CPDMS-P1-CPDMS:  

 

Br-P1-Br (454 mg, 0.25 mmol), Pd(PPh3)2Cl2 (35 mg, 0.05 mmol) and CuI (9.5 mg, 0.05 mmol), were placed in a 
Schlenk tube, and placed under argon atmosphere by three vacuum-argon refill cycles. Dry toluene (25 mL), i-
Pr2NH (4.5 mL) and pyridine (0.6 mL) were injected to the Schlenk tube. 3-Cyanopropyldimethylsilylacetylene 

(151 mg, 0.16 mL, 1.00 mmol) was added by syringe. The reaction mixture was stirred at 50 ̄ C under argon 
atmosphere for 2.5 h. The solvents were removed in vacuo and the residue was purified by column 
chromatography (SiO2; gradient of PE40-60/CH2Cl2 10:1 to 5:1 to 2:1) affording the desired product CPDMS-P1-
CPDMS (419 mg, 79% yield) as an oily green solid. 

1H NMR (400 MHz, CDCl3, 298 K): dH 9.63 (d, J = 4.5 Hz, 4H, a1), 8.88 (d, J = 4.5 Hz, 4H, b1), 8.22 (d, J = 1.2 Hz, 
4H, o), 7.99 (t, J = 1.2 Hz, 2H, p), 2.55 (t, J = 7.0 Hz, 4H, CPDMS-CH2), 2.13 (m, 4H, CPDMS-CH2), 1.46ς0.89 (m, 

156H, THS), 1.19 (m, 4H, CPDMS-CH2), 0.59 (s, 12H, CPDMS-CH3) ppm. 13C NMR (125 MHz, CDCl3, 298 K): dC 
152.2, 150.8, 140.5, 140.2, 139.4, 135.2, 133.3, 131.1, 124.3, 119.8, 108.9, 101.0, 99.7, 77.4, 77.2, 76.9, 33.7, 
31.8, 24.2, 22.8, 21.1, 20.9, 16.3, 14.3, 13.0, 12.8, 12.6, ҍ1.3 ppm. MALDI-ToF m/z 1953.10 (calculated for 
[C120H194N6Si6Zn]+: 1953.33).  
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Br-P1-C2H:  

 

K2CO3 (140 mg, 1.0 mmol) was added to a solution of Br-P1-CPDMS (95 mg, 0.051 mmol) in THF (5 mL), MeOH 
(5 mL) and pyridine (0.1 mL). The suspension was stirred at room temperature for 30 min before the mixture 
was passed through a plug (SiO2; PE40-60/CH2Cl2 2:1 + 1% pyridine). The volatiles were removed in vacuo yielding 
Br-P1-C2H (90.3 mg 100%) as a green solid. 

1H NMR (400 MHz, CDCl3, 298 K): dH 9.75 (t, J = 5.0 Hz, 4H, a1,1#), 8.97 (d, J = 4.7 Hz, 2H, b1/b1#), 8.94 (d, J = 4.7 
Hz, 2H, b1/b1#), 8.26 (d, J = 0.8 Hz, 4H, o), 8.02 (t, J = 0.8 Hz, 2H, p), 4.19 (s, 1H, c), 1.51ς0.91 (m, 156H, THS) 

ppm. 13C NMR (100 MHz, CDCl3, 298 K): dC 153.2, 151.5, 150.7, 149.5, 140.7, 140.3, 139.4, 135.2, 133.7, 133.4, 
133.2, 131.4, 123.9, 106.7, 99.2, 86.0, 83.9, 33.7, 31.8, 24.2, 22.8, 14.3, 12.8 ppm. MALDI-ToF m/z 1758.62 
(calculated for [C106H171BrN4Si4Zn]+: 1759.11). 

 

Br-P1-TMS:  

 

Zn(OTf)2 (1.20 g, 3.3 mmol) was placed in a Schlenk flask under argon atmosphere. CH2Cl2 (7.5 mL) and NEt3 
(0.9 mL) were added and this mixture was stirred for 30 min. Br-P1-C2H (287 mg, 0.16 mmol) in CH2Cl2 (3 mL) 
was added and the reaction mixture was stirred for 1 h before trimethylsilyl ŎƘƭƻǊƛŘŜ όпм ˃[Σ лΦоо ƳƳƻƭύ ǿŀǎ 
added. The mixture was stirred overnight after which MALDI-ToF analysis confirmed completion. Saturated 
aqueous NH4Cl was added and the organic layer was extracted and washed with H2O. The organic layer was 
dried over MgSO4 and the volatiles were removed in vacuo. The residue was purified by column 
chromatography (SiO2; PE40-60/CH2Cl2 15:1) affording the desired product Br-P1-TMS (220 mg, 75%) as a green 
solid. 

1H NMR (400 MHz, CDCl3 + 1% pyridine-d5, 298 K): dH 9.63 (d, J = 1.2 Hz, 2H, a1/a1#), 9.62 (d, J = 1.2 Hz, 2H, 
a1/a1#), 8.84 (t, J = 4.8 Hz, 4H, b1,1#), 8.27 (d, J = 1.0 Hz, 4H, o), 7.97 (s, 2H, p), 1.49ς0.87 (m, 156H, THS), 0.56 

(s, 9H, TMS) ppm. 13C NMR (100 MHz, CDCl3 + 1% pyridine-d5, 298 K): dC 153.0, 151.2, 150.5, 149.3, 140.9, 
140.8, 139.0, 134.7, 133.2, 132.9, 132.6, 131.0, 123.4, 106.2, 100.5, 99.3, 95.6, 33.7, 31.7, 24.2, 22.8, 14.3, 12.8, 
0.44 ppm. MALDI-ToF m/z 1831.08 (calculated for [C109H179BrN4Si5Zn]+: 1831.15).  
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HC2-P1-CPDMS:  

 

CPDMS-P1-CPDMS (980 mg, 0.50 mmol) was dissolved in CHCl3 (130 mL, with 1.3 mL EtOH) and cooled to 0 ̄C. 
TBAF (1.0 M in THF, 0.25 mL, 0.25 mmol) was added and the reaction was monitored by TLC (PE40-60/CH2Cl2 4:1). 
After 20 min, the reaction was warmed to room temperature. After 50 min total reaction time, the reaction 
was quenched by adding acetic acid (0.05 mL, 0.9 mmol) and passed through a short plug (SiO2; CH2Cl2 + 1% 
pyridine). Solvents were removed in vacuo and the residue was purified by column chromatography (SiO2; 
gradient of PE40-60/CH2Cl2 4:1 to 1:1) to afford the bis-deprotected product[6] (214 mg, 25%) as a green solid, 
mono-deprotected product HC2-P1-CPDMS (417 mg, 46%) as a green solid, and starting material CPDMS-P1-
CPDMS (200 mg, 20%) as a green solid. 

1H NMR (400 MHz, CDCl3, 298 K): dH 9.65 (d, J = 4.5 Hz, 2H, a1/a1#), 9.59 (d, J = 4.5 Hz, 2H, a1/a1#), 8.86 (d, J = 
4.5 Hz, 4H, b1,1#), 8.21 (s, 4H, o), 7.97 (s, 2H, p), 4.14 (s, J = 1H, c), 2.55 (t, J = 7.0 Hz, 2H, CPDMS-CH2), 2.13 (m, 
2H, CPDMS-CH2), 1.49ς0.90 (m, 156H, THS), 1.18 (m, 2H, CPDMS-CH2), 0.59 (s, 6H, CPDMS-CH3) ppm. 13C NMR 

(100 MHz, CDCl3, 298 K): dC 152.3, 152.1, 150.7, 150.6, 140.9, 140.7, 139.1, 136.0, 134.8, 133.0, 132.9, 130.9, 
130.7, 123.9, 122.5, 119.9, 110.0, 100.0, 99.5, 98.6, 86.9, 83.3, 33.7, 31.8, 24.2, 22.8, 21.1, 20.9, 16.4, 14.3, 
12.8, ς1.27 ppm. MALDI-ToF m/z 1829.08 (calculated for [C114H183N5Si5Zn]+: 1828.26). 

 

TMS-l-P2[e]-CPDMS: 

 

Br-P1-TMS όмол ƳƎΣ тмΦл ˃ƳƻƭύΣ HC2-P1-CPDMS όмпл ƳƎΣ тсΦр ˃ƳƻƭύΣ Pd2(dba)3 όмпΦс ƳƎΣ мпΦн ˃ƳƻƭύΣ AsPh3 

όмтΦо ƳƎΣ рсΦу ˃Ƴƻƭύ ǿŜǊŜ ŀŘŘŜŘ ƛƴǘƻ ŀ ŦƭŀǎƪΣ ŀƴŘ ǇƭŀŎŜŘ ǳƴŘŜǊ ŀǊƎƻƴ ŀǘƳƻǎǇƘŜǊŜ ōȅ ǘƘǊŜŜ ǾŀŎǳǳƳ-argon refill 

cycles. Dry THF (5 mL) and NEt3 (1 mL) were injected to the flask. The reaction mixture was stirred at 60 ̄ C for 
17 h under argon atmosphere. The solvents were removed and the residue was purified by SEC (toluene + 1% 
pyridine) and further purified by column chromatography (SiO2; gradient of PE40-60/CH2Cl2 10:1 to 10:3) to 
afford TMS-l-P2[e]-CPDMS (163 mg, 64%) as a green solid. 

1H NMR (400 MHz, CDCl3, 298 K): dH 10.35 (d, J = 4.5 Hz, 2H, a1/a2), 10.33 (d, J = 4.5 Hz, 2H, a1/a2), 9.71 (d, J = 
4.5 Hz, 2H, a1#/a2#), 9.66 (d, J = 4.5 Hz, 2H, a1#/a2#), 9.06 (d, J = 4.5 Hz, 2H, b1/b1#/b2/b2#), 9.05 (d, J = 4.5 Hz, 
2H, b1/b1#/b2/b2#), 8.92 (d, J = 4.5 Hz, 2H, b1/b1#/b2/b2#), 8.90 (d, J = 4.5 Hz, 2H, b1/b1#/b2/b2#), 8.31 (m, 8H, 
o), 8.01 (m, 4H, p), 2.58 (t, J = 6.9 Hz, 2H, CPDMS-CH2), 2.15 (m, 2H, CPDMS-CH2), 1.50ς0.82 (m, 312H, THS), 

1.18 (m, 2H, CPDMS-CH2), 0.62 (s, 6H, CPDMS-CH3), 0.60 (s, 9H, TMS) ppm. 13C NMR (125 MHz, CDCl3, 298 K): dC 
152.6, 152.6, 152.5, 152.4, 150.6, 150.6, 150.6, 150.5, 144.6, 141.0, 140.9, 140.7, 140.6, 136.0, 134.8, 134.7, 
133.0, 132.9, 130.9, 130.8, 130.7, 130.5, 129.2, 128.4, 124.3, 124.2, 122.7, 122.2, 119.9, 110.1, 108.6, 103.2, 
102.7, 100.9, 100.6, 100.5, 99.7, 98.5, 53.6, 41.5, 33.7, 33.7, 31.8, 31.7, 29.2, 24.2, 22.8, 21.1, 20.9, 20.6, 19.6, 
16.4, 14.3, 13.0, 12.8, 12.6, 11.6, 0.5, ҍ1.2 ppm. MALDI-ToF m/z 3579.58 (calculated for [C223H361N9Si10Zn2]

+: 
3579.48). UV-vis-bLw όǘƻƭǳŜƴŜ Ҍ м҈ ǇȅǊƛŘƛƴŜύ ˂max όƭƻƎ ʶύΥ 754 (4.92), 580 (4.28), 495 (5.51), 430 (5.28).  
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HC2-l-P2[e]-C2H: 

 

TMS-l-P2[e]-CPDMS (109 mg, 30.5 ˃ mol) was dissolved in CH2Cl2 (10 mL) and pyridine (0.1 mL). TBAF (1.0 M in 
THF, 0.46 mL, 0.46 mmol) was added and the reaction was stirred for 20 min at room temperature before 
passing through a plug (SiO2; CHCl3 + 1% pyridine). The volatiles were removed in vacuo to afford HC2-l-P2[e]-
C2H (97 mg, 94%) as a green solid. 

1H NMR (500 MHz, CDCl3, 298 K): dH 10.31 (d, J = 4.5 Hz, 4H, a1), 9.66 (d, J = 4.5 Hz, 4H, a1#), 8.99 (d, J = 4.5 Hz, 
4H, b1/b1#), 8.86 (d, J = 4.5 Hz, 4H, b1/b1#), 8.28 (s, 8H, o), 7.97 (s, 4H, p), 4.16 (s, 2H, c), 1.49ς0.90 (m, 312H, 

THS) ppm. 13C NMR (125 MHz, CDCl3, 298 K): dC 152.6, 150.7, 150.6, 145.5, 141.1, 140.7, 139.1, 136.0, 134.8, 
133.05, 132.97, 130.8, 130.7, 124.1, 122.9, 102.9, 100.7, 98.9, 87.1, 83.2, 33.7, 31.8, 24.2, 22.8, 14.3, 12.8 ppm. 
MALDI-ToF m/z 3378.77 (calculated for [C214H342N8Si8Zn2]

+: 3382.38). 

 

CPDMS-l-P4[b2e]-CPDMS: 

 

HC2-l-P2[e]-C2H (96 mg, 29 mmol) and HC2-P1-CPDMS (417 mg, 0.23 mmol) were dissolved in dry toluene (25 

mL). Pd(PPh3)2Cl2 (10 mg, 14 mmol), CuI (27 mg, 0.14 mmol), and 1,4-benzoquinone (61 mg, 0.57 mmol) were 
dissolved in a mixture of dry toluene (25 mL) and dry i-Pr2NH (5 mL) and this catalyst solution was added to the 
porphyrin solution. The reaction was stirred at room temperature and monitored by TLC. After 1 h, the mixture 
was passed through a plug (SiO2; CHCl3 + 1% pyridine). The solvents were removed and the residue was purified 
by SEC (toluene + 1% pyridine) and further purified by recycling GPC (toluene + 1% pyridine) to afford CPDMS-l-
P4[b2e]-CPDMS (103 mg, 50%) as a yellow-brown solid.  

1H NMR (400 MHz, CDCl3, 298 K): dH 10.34 (d, J = 4.5 Hz, 4H, a1), 9.89 (overlapping doublets, J = 4.5 Hz, J = 4.5 
Hz, 8H, a1#,2), 9.61 (d, J = 4.5 Hz, 4H, a2#), 9.01 (d, J = 4.5 Hz, 4H, b1), 8.96 (overlapping doublets, J = 4.5 Hz, J = 
4.5 Hz, 8H, b1#,2), 8.87 (d, J = 4.5 Hz, 4H, b2#), 8.34 (s, 8H, o), 8.27 (s, 8H, o), 8.02 (m, 8H, p), 2.58 (t, J = 7.0 Hz, 
4H, CPDMS-CH2), 2.16 (m, 4H, CPDMS-CH2), 1.52ς0.83 (m, 624H), 1.22 (m, 4H, CPDMS-CH2), 0.62 (s, 12H, 

CPDMS-CH3) ppm. 13C NMR (125 MHz, CDCl3, 298 K): dC 153.4, 153.1, 152.7,152.2, 150.8, 150.8, 150.5, 150.5, 
143.8, 140.9, 140.7, 139.3, 136.1, 135.0, 134.9, 133.4, 133.3, 133.1, 133.0, 130.9, 130.8, 124.5, 122.6, 119.9, 
109.9, 103.5, 101.1, 100.2, 99.5, 98.9, 88.5, 88.2, 82.7, 82.5, 33.7, 31.8, 24.2, 22.8, 21.1, 20.9, 16.4, 14.4, 14.3, 
12.8, ҍ1.3 ppm. MALDI-ToF m/z 7037.81 (calculated for [C442H704N18Si18Zn4]

+: 7036.87). UV-vis-NIR (toluene + 
м҈ ǇȅǊƛŘƛƴŜύ ˂max όƭƻƎ ʶύΥ 816 (5.28), 659 (4.75), 483 (5.53), 460 (5.61).  
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HC2-l-P4[b2e]-C2H: 

 

CPDMS-l-P4[b2e]-CPDMS (88 mg, 12 mmol) was dissolved in CH2Cl2 (5 mL) and pyridine (0.05 mL). TBAF (1.0 M 
in THF, 0.18 mL, 0.18 mmol) was added and the reaction was stirred for 20 min at room temperature before 
the mixture was passed through a plug (SiO2; CHCl3 + 1% pyridine). The solvents were removed to afford HC2-l-
P4[b2e]-C2H (84 mg, 100%) as a brown solid.  

1H NMR (400 MHz, CDCl3, 298 K): dH 10.33 (d, J = 4.5 Hz, 4H, a1), 9.91 (d, J = 4.5 Hz, 4H, a1#/a2), 9.89 (d, J = 4.5 
Hz, 4H, a1#/a2), 9.67 (d, J = 4.5 Hz, 4H, a2#), 9.01 (d, J = 4.5 Hz, 4H, b1), 8.96 (d, J = 4.5 Hz, 4H, b1#/b2), 8.95 (d, J 
= 4.5 Hz, 4H, b1#/b2), 8.88 (d, J = 4.5 Hz, 4H, b2#), 8.33 (s, 8H, o), 8.27 (s, 8H, o), 8.01 (m, 8H, p), 4.17 (s, 2H, c), 
1.54ς0.82 (m, 624H, THS) ppm. MALDI-ToF m/z 6785.39 (calculated for [C430H682N16Si16Zn4]

+: 6786.74).  

 

CPDMS-l-P6[b4e]-CPDMS: 

 

HC2-l-P4[b2e]-C2H· (60 mg, 7.8 mmol) and HC2-P1-CPDMS (156 mg, 78 mmol) were dissolved in dry toluene (15 

mL). Pd(PPh3)2Cl2 (8.4 mg, 12 mmol), CuI (23 mg, 0.12 mmol), and 1,4-benzoquinone (92 mg, 0.85 mmol) were 
dissolved in a mixture of dry toluene (15 mL) and dry i-Pr2NH (2 mL). The porphyrin solution was added to the 
catalyst solution. The mixture was stirred at room temperature and monitored by TLC. After 3 h, the mixture 
was filtered through a plug (SiO2; CHCl3 + 1% pyridine). The solvents were removed and the residue was 
purified by SEC (toluene + 1% pyridine) and further purified by recycling GPC (toluene + 1% pyridine) to afford 
CPDMS-l-P6[b4e]-CPDMS (57 mg, 68%) as a brown solid. 

1H NMR (400 MHz, CDCl3, 298 K): dH 10.38 (d, J = 4.5 Hz, 4H, a1), 9.98 (m, 16H, a1#,2,2#,3), 9.68 (d, J = 4.5 Hz, 
4H, a3#), 9.10 (d, J = 4.5 Hz, 4H, b1), 9.03 (m, 16H, b1#,2,2#,3), 8.94 (d, J = 4.5 Hz, 4H, b3#), 8.39 (s, 8H, o), 8.37 
(s, 8H, o), 8.31 (s, 8H, o), 8.05 (m, 12H, p), 2.58 (t, J = 6.9 Hz, 4H, CPDMS-CH2), 2.15 (m, 4H, CPDMS-CH2), 1.52ς
0.83 (m, 936H, THS), 1.21 (m, 4H, CPDMS-CH2), 0.63 (s, 12H, CPDMS-CH2) ppm. 13C NMR (125 MHz, CDCl3, 298 

K): dC 153.5, 13.2, 152.8,152.3, 151.0, 150.8, 150.7, 143.6, 140.9, 140.7, 140.3, 139.5, 135.4, 135.3, 133.6, 
133.3, 131.2, 125.2, 124.7, 122.6, 119.8, 101.4, 100.9, 96.3, 87.6, 82.7, 33.7, 31.8, 24.2, 22.9, 21.1, 20.9, 16.3, 
14.4, 14.3, 12.8, ҍ1.3 ppm. MALDI-ToF m/z 10441 (calculated for [C658H1044N26Si26Zn6 ]

+: 10441). UV-vis-NIR 
όǘƻƭǳŜƴŜ Ҍ м҈ ǇȅǊƛŘƛƴŜύ ˂max όƭƻƎ ʶύΥ 832 (5.53), 593 (4.72), 493 (5.76), 464 (5.81).  
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HC2-l-P6[b4e]-C2H: 

 

CPDMS-l-P6[b4e]-CPDMS (18 mg, 1.7 mmol) was dissolved in CH2Cl2 (2 mL) and pyridine (0.05 mL). TBAF (1.0 M 

in THF, 26 mL, 26 mmol) was added. The reaction mixture was stirred for 20 min at room temperature before it 
was passed through a plug (SiO2; PE40-60/CH2Cl2 3:1 + 1% pyridine). The solvents were removed in vacuo to 
afford HC2-l-P6[b4e]-C2H (17 mg, 100%) as a brown solid. 

1H NMR (400 MHz, CDCl3, 298 K): dH 10.34 (d, J = 4.5 Hz, 4H, a1), 9.90 (m, 16H, a1#,2,2#,3), 9.67 (d, J = 4.5 Hz, 
4H, a3#), 9.03 (d, J = 4.5 Hz, 4H, b1), 8.97 (m, 16H, b1#,2,2#,3), 8.89 (d, J = 4.5 Hz, 4H, b3#), 8.35 (s, 8H, o), 8.32 
(s, 8H, o), 8.28 (s, 8H, o), 8.01 (m, 12H, p), 4.18 (s, 2H, c), 1.53ς0.83 (m, 936H) ppm. MALDI-ToF m/z 10191.76 
(calculated for [C646H1022N24Si24Zn6]

+: 10191.10) 

 

c-P6[b5e]·T6: 

 

HC2-l-P6[b4e]-C2H (13 mg, 1.3 mmol) was dissolved in dry CHCl3 (14 mL) and dry i-Pr2NH (1.2 mL). T6 (2.6 mg, 2.6 
˃Ƴƻƭύ was dissolved in CHCl3 (3 mL) and added to the porphyrin hexamer solution under inert atmosphere. 
Complex formation was confirmed by UV-vis-NIR spectroscopy. A catalyst mixture of Pd(PPh3)2Cl2 (90 mg, 0.13 
mmol), CuI (24 mg, 0.13 mmol) and 1,4-benzoquinone (14 mg, 0.13 mmol) was added as solids and the reaction 
progress was monitored by UV-vis-NIR spectroscopy. After 4 h, the mixture was passed through a plug (SiO2; 
CHCl3 + 1% pyridine). The solvents were removed and the residue was purified by SEC (toluene + 1% pyridine) 
and further purified by recycling GPC (toluene + 1% pyridine) to afford c-P6[b5e]·T6 (5.4 mg, 37%) as a red-
brown solid. 

1H NMR (500 MHz, CDCl3, 298 K): dH 10.02 (d, J = 4.4 Hz, 4H, a1), 9.43 (m, 16H, a2ς3), 9.37 (d, J = 4.4 Hz, 4H, 
a1#), 8.79 (d, J = 4.4 Hz, 4H, b1), 8.67 (m, 16H, b2ς3), 8.59 (d, J = 4.4 Hz, 4H, b1#), 8.31 (s, 8H, ƻΩн,3), 8.28 (s, 4H, 
ƻΩм), 7.96 (s, 4H, p1/p2/p3), 7.95 (shoulder, 4H, o1), 7.94 (s, 8H, p1/p2/p3), 7.91 (br s, 8H, o2,3), 5.50 (d, J = 8.7 
Hz, 4H, ɻ о), 5.44 (d, J = 8.4 Hz, 4H, ɻн), 5.35 (d, J = 8.7 Hz, 4H, ɹо), 5.33 (d, J = 8.7 Hz, 4H, ɹн), 5.25 (d, J = 8.7 Hz, 

4H, ɻ 1), 5.16 (d, J = 8.1 Hz, 4H, ɹ 1), 4.81 (m, 8H, ̡ нΣ3), 4.68 (d, J = 6.4 Hz, 4H, ̡ м), 2.06 (d, J = 5.8 Hz, 4H, h м), 
1.95 (m, 8H, h нΣо), 1.47ς0.72 (m, 936H, THS) ppm. MALDI-ToF m/z 11184 (calculated for [C718H1068N30Si24Zn6]

+: 
11186). UV-vis-bLw όǘƻƭǳŜƴŜύ ˂max όƭƻƎ ʶ): 967 (4.88), 874 (5.78), 831 (5.83), 790 (5.69), 505 (6.04), 441 (5.77).  
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c-P6[b5e]: 

 
 

A solution of freshly recrystallized DABCO in toluene (260 mg/mL) was prepared. A SEC column (toluene) was 
eluted with DABCO solution (20 mL) such that the top of the column was saturated with DABCO. c-P6[b5e]·T6 
όпΦл ƳƎΣ лΦос ˃Ƴƻƭύ was dissolved in DABCO solution (0.5 mL) and loaded onto the SEC column. The column 
was eluted with DABCO solution (8 mL) and subsequently with toluene. The collected material was diluted to 

40 mL in toluene and washed with water (4 ³ 50 mL). The toluene fraction was dried over MgSO4 and 
concentrated. The material was purified on a short plug (SiO2; PE40-60/CH2Cl2 4:1 + 1% pyridine). This procedure 
was repeated twice to ensure complete template removal from the nanoring to yield c-P6[b5e] (3.0 mg, 83%) 
as a brown solid. 

1H NMR (500 MHz, CDCl3 + 1% pyridine-d5, 298 K): dH 10.01 (d, J = 4.4 Hz, 4H, a1), 9.52 (m, 20H, a1#,a2ς3), 8.74 
(d, J = 4.4 Hz, 4H, b1), 8.67 (m, 20H, b1#,b2ς3), 8.07 (s, 24H, o1ς3,ƻΩмς3), 7.91 (s, 12H, p1ς3), 1.47ς0.72 (m, 
936H, THS) ppm. MALDI-ToF m/z 10192.86 (calculated for [C646H1020N24Si24Zn6]

+: 10189.09). UV-vis-NIR (toluene 
+ 1% pyridineύ ˂max όƭƻƎ ʶύΥ 803 (5.62), 610 (4.68), 502 (5.93), 442 (5.73).  
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3.2 Synthesis of c-P6[be5]ϊT6* and c-P6[be5] 

 

Scheme S2: Synthetic overview of linear precursor HC2-l-P6[e5]-C2H  
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Br-P1-Br: 

 

A solution of NBS (0.35 g, 2.0 mmol) in dry CHCl3 (76 mL) was added to a solution of porphyrin H-P1-H (1.5 g, 

0.9 mmol) in dry pyridine (14 mL) and dry CHCl3 (60 mL) at ς78 C̄ under inert atmosphere. The reaction 

mixture was stirred at ς41 C̄ for 1 h before acetone (10 mL) was added to quench the excess of NBS. The 
solution was concentrated under reduced pressure, and passed through a short plug (SiO2; PE40ς60/CH2Cl2 5:1). 
The solvent was removed under reduced pressure to give Br-P1-Br (1.58 g, 96%) as a red oil. 

Characterization data matched those previously reported.[2] 

 

CPDIPS-P1-CPDIPS: 

 

Porphyrin Br-P1-Br (0.83 g, 0.46 mmol) was placed in an argon flushed Schlenk flask. Dry toluene (7 mL) and 
dry i-Pr2NH (7 mL) were added. 3-Cyanopropyldiisopropylsilylacetylene (0.48 g, 0.49 mL, 2.3 mmol) was added. 
The solution was freeze-pump-thaw degassed (3 cycles). While frozen, catalysts Pd(PPh3)2Cl2 (65 mg, 0.093 
mmol) and CuI (9.0 mg, 0.046 mmol) were added under a stream of argon, before performing three additional 

freeze-pump-thaw cycles. The solution was stirred at 50 C̄ for 2 h before cooling to room temperature and 
removing the solvents under reduced pressure. The residue was subjected to a plug (SiO2; gradient of PE40ς

60/CH2Cl2 5:1 to 1:1) giving target porphyrin CPDIPS-P1-CPDIPS (0.90 g, 95%) as a green-purple oily solid. 

Characterization data matched those previously reported.[4] 

 

HC2-P1-H: 

 

To a solution of CPDIPS-P1-H (1.35 g, 0.72 mmol) in dry CH2Cl2 (13 mL) was progressively added TBAF (1.0 M in 
THF, 2.50 mL, 2.50 mmol) under inert atmosphere over 15 min at room temperature until full deprotection was 
indicated by TLC. The reaction mixture was directly passed through a short plug (NEt3-deactivated SiO2; CH2Cl2) 
and the solvents removed under reduced pressure. Purification by SEC (toluene) yielded HC2-P1-H (1.13 g, 93%) 
as a dark green oily solid. 

Characterization data matched those previously reported.[3]  
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H-l-P3[e2]-H: 

 

To a dried, argon flushed Schlenk-tube was added Br-P1-Br (0.28 mg, 0.15 mmol) and HC2-P1-H (0.65 mg, 0.38 
mmol) together with dry THF (40 mL) and dry NEt3 (5 mL) before performing two consecutive freeze-pump-
thaw cycles. While frozen, Pd2(dba)3 (13.5 mg, 15 µmol) and AsPh3 (69 mg, 0.22 mmol) were added under a 
stream of argon, before performing three additional freeze-pump-thaw cycles. The solution was heated to 60 

C̄ for 2 d before cooling to room temperature and removing the solvents under reduced pressure. A short plug 
(SiO2; PE40ς60/CH2Cl2 5:1) followed by SEC (toluene + 1% pyridine) yielded H-l-P3[e2]-H (580 mg, 75%) as a dark 
brown oily solid. 

Characterization data matched those previously reported.[3] 

 

Br-l-P3[e2]-Br: 

 

H-l-P3[e2]-H (100 mg, 20 µmol) was placed in a round-bottom flask. Argon-degassed dry ethanol-stabilized 

CHCl3 (4 mL), and dry pyridine (1.5 mL) were added before cooling to ς78 ̄ C. In a second flask, a solution of 
NBS (8.0 mg, 44 µmol) in argon-degassed dry ethanol-stabilized CHCl3 (9 mL) was prepared and subsequently 

added to the first solution over 30 min at ς78 ̄ C. Stirring was continued for an additional 10 min at ς78 °C. The 

solution was allowed to warm to ς41 C̄ in a dry ice/MeCN bath, and stirred for 1 h. Finally, the reaction 

mixture was placed in an ice bath at 0 C̄ for 45 min. The course of the reaction was monitored by 1H NMR of 
reaction aliquots. The reaction mixture was subjected directly to a short plug (SiO2; PE40ς60/CH2Cl2 5:1) yielding 
Br-l-P3[e2]-Br (78 mg, 76%) as a dark brown oily solid. 

Characterization data matched those previously reported.[3]  
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CPDIPS-l-P5[e4]-CPDIPS: 

 

To a dried, argon flushed Schlenk-tube was added Br-l-P3[e2]-Br (68 mg, 13 µmol) and HC2-P1-CPDIPS (100 mg, 
53 µmol) together with dry THF (3.5 mL) and dry NEt3 (0.5 mL) before performing two consecutive freeze-
pump-thaw cycles. While frozen, Pd2(dba)3 (1.2 mg, 1.3 µmol) and AsPh3 (6.0 mg, 19.5 µmol) were added under 
a stream of argon, before performing three additional freeze-pump-thaw cycles. The solution was heated to 60 

C̄ for 2 d before cooling to room temperature and removing the solvents under reduced pressure. A short plug 
(NEt3-deactivated SiO2; gradient of PE40ς60/CH2Cl2 50:1 to 5:1), and subsequent short SEC (toluene + 1% 
pyridine) and recycling GPC (toluene + 1% pyridine) yielded CPDIPS-l-P5[e4]-CPDIPS (82 mg, 71%) as a dark 
brown oily solid. 

Characterization data matched those previously reported.[3] 

 

HC2-l-P5[e4]-CPDIPS: 

 

To a solution of CPDIPS-l-P5[e4]-CPDIPS (0.151 g, 17.2 µmol) in dry CH2Cl2 (9 mL), dry ethanol-stabilized CHCl3 
(4.5 mL) and dry pyridine (0.1 mL) was progressively added TBAF (1.0 M in THF, 0.17 mL, 0.17 mmol) under 

inert atmosphere over 15 min at 0 ̄C. The course of the reaction was monitored by TLC. The reaction mixture 
was subjected directly to a short plug (NEt3-deactivated SiO2; CHCl3) to quench the excess of TBAF and purified 
by flash column chromatography (NEt3-deactivated SiO2; gradient: PE40ς60, PE40ς60/CH2Cl2 40:1 to 10:1) yielding 
HC2-l-P5[e4]-CPDIPS (78 mg, 53%) as a dark brown oily solid. 

Characterization data matched those previously reported.[3]  
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Br-l-P6[e5]-CPDIPS: 

 

To a dried, argon flushed Schlenk-tube was added HC2-l-P5[e4]-CPDIPS (97 mg, 11.3 µmol) and Br-P1-Br (102 
mg, 56.4 µmol) together with dry THF (3.5 mL) and dry NEt3 (0.5 mL) before performing two consecutive 
freeze-pump-thaw cycles. While frozen, Pd2(dba)3 (1.0 mg, 1.1 µmol) and AsPh3 (5.2 mg, 17 µmol) were added 
under a stream of argon, before performing three additional freeze-pump-thaw cycles. The solution was 

heated to 60 C̄ for 3 d before cooling to room temperature and removing the solvents under reduced 
pressure. A short plug (NEt3-deactivated SiO2; CH2Cl2), and subsequent short SEC (toluene) and recycling GPC 
(toluene + 1% pyridine) yielded Br-l-P6[e5]-CPDIPS (67 mg, 58%) as a dark brown oily solid. 

Characterization data matched those previously reported.[3] 

 

CPDIPS-l-P6[e5]-CPDIPS: 

 

To a dried, argon flushed Schlenk-tube was added Br-l-P6[e5]-CPDIPS όмоΦл ƳƎΣ мΦнс ˃Ƴƻƭύ ŀƴŘ ŀŎŜǘȅƭŜƴŜ-
/t5Lt{ όмΦол ƳƎΣ сΦнф ˃Ƴƻƭύ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŘǊȅ ǘƻƭǳŜƴŜ όн Ƴ[ύ ŀƴŘ ŘǊȅ i-Pr2NH (1 mL) before performing three 
consecutive freeze-pump-thaw cycles. While frozen, Pd(PPh3)2Cl2 όмтт ˃ƎΣ нл Ƴƻƭ҈ύΣ ŀƴŘ /ǳL όол ˃ƎΣ мл Ƴƻƭ҈ύ 
were added under a stream of argon, before performing three additional freeze-pump-thaw cycles. The 

solution was heated to 50 ̄C for 2 h before cooling to room temperature and removing the solvents under 
reduced pressure. The residue was subjected to a plug (NEt3-deactivated SiO2; PE40ς60/CH2Cl2 1:1) giving target 
CPDIPS-l-P6[e5]-CPDIPS (12.5 mg, 95%) which was directly used in the next step. 

1H NMR (400 MHz, CDCl3, 298 K): dH 10.36ς10.31 (m, 20H, a1ς2,a3), 9.64 (d, J = 4.4 Hz, 4H, a3#), 9.03ς8.99 (m, 
20H, b1ς2,b3), 8.87 (d, J = 4.4 Hz, 4H, b3#), 8.38 (s, 8H, o), 8.36 (s, 8H, o), 8.29 (s, 8H, o), 8.02ς8.00 (m, 12H, p), 
2.57 (t, J = 7.2 Hz, 4H, CPDIPS-CH2), 2.26ς2.18 (m, 4H, CPDIPS-CH), 1.54ς0.70 (m, 968H, THS, CPDIPS) ppm. 
MALDI-ToF m/z 10453 (calculated for [C658H1060N26Si26Zn6 ]

+: 10458). UV-vis-bLw όǘƻƭǳŜƴŜ Ҍ м҈ ǇȅǊƛŘƛƴŜύ ˂max 
όƭƻƎ ʶύΥ 873 (4.88), 498 (5.15), 440 (5.01). 
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HC2-l-P6[e5]-C2H: 

 

To a solution of CPDIPS-l-P6[e5]-CPDIPS όмнΦр ƳƎΣ мΦнл ˃Ƴƻƭύ ƛƴ ŘǊȅ /I2Cl2 όнΦл Ƴ[ύ ŀƴŘ ŘǊȅ ǇȅǊƛŘƛƴŜ όнл ˃[ύ 
was progressively added TBAF (1.0 M in THFΣ тΦн ˃[Σ тΦн ˃Ƴƻƭύ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǎǘƛǊǊŜŘ ŦƻǊ мр ƳƛƴΦ ¢ƘŜ 
course of the reaction was monitored by TLC. The reaction mixture was subjected directly to a short plug (NEt3-
deactivated SiO2; CH2Cl2) yielding HC2-l-P6[e5]-C2H (12 mg, 96%) as a dark brown meta-solid. Due to the 
tendency to homo-couple in the presence of oxygen, the target is best directly subjected to cyclization. 

1H NMR (400 MHz, CDCl3, 298 K): dH 10.37ς10.33 (m, 20H, a1ς2,a3), 9.68 (d, J = 4.4 Hz, 4H, a3#), 9.04ς9.01 (m, 
20H, b1ς2,b3), 8.89 (d, J = 4.4 Hz, 4H, b3#), 8.38 (s, 8H, o), 8.37 (s, 8H, o), 8.31 (s, 8H, o), 8.03ς8.01 (m, 12H, p), 
4.18 (s, 2H, c), 1.56ς0.71 (m, 936H, THS) ppm. 
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Scheme S3: Synthetic overview of c-P6[be5]. 
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c-P6[be5]·T6*: 

 

To a dried, argon flushed Schlenk-tube was added HC2-l-P6[e5]-C2H (12.0 ƳƎΣ мΦмф ˃Ƴƻƭύ ŀƴŘ T6* (2.44 mg, 3.57 
˃Ƴƻƭύ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŘǊȅ, ethanol-stabilized CHCl3 (10 mL) and dry i-Pr2NH (0.5 mL) before degassing by a 
stream of argon and stirring for 15 min at room temperature. Under counter-flow, 1,4-benzoquinone (10 mg, 
фн ˃ƳƻƭύΣ tŘόttƘ3)2Cl2 όмл ƳƎΣ мп ˃Ƴƻƭύ ŀƴŘ /ǳL όмл ƳƎΣ рн ˃Ƴƻƭύ ǿŜǊŜ ŀŘŘŜŘ ŀƴŘ ŘŜƎŀǎǎƛƴƎ ŎƻƴǘƛƴǳŜŘ ŦƻǊ р 
min. The solution stirred at room temperature for 1.5 h before removing the solvents under reduced pressure. 
The residue was subjected to a short plug (NEt3-deactivated SiO2, PE40ς60/CH2Cl2 1:1), and subsequent short SEC 
(toluene) and recycling GPC (toluene + 1% pyridine) giving target ring c-P6[be5]·T6* (3.2 mg, 25%) as a brown 
solid.  

1H NMR (700 MHz, CDCl3, 298 K): dH 9.93 (d, J = 4.2 Hz, 4H, a1#), 9.90 (dd, J = 8.9, 4.4 Hz, 16H, a2ς3), 9.36 (d, J = 
4.3 Hz, 4H, a1), 8.66 (d, J = 4.2 Hz, 4H, b1#), 8.61 (d, J = 4.8 Hz, 16H, b2ς3), 8.49 (d, J = 4.3 Hz, 4H, b1), 8.06 (s, 
8H, ƻΩн,3), 8.02 (s, 4H, ƻΩм), 7.92ς7.90 (m, 20H, o1ς3,p2,3), 7.88 (s, 4H, p1), 4.40 (d, J = 6.1 Hz, 4H, ̡м), 4.21 (d, J 
= 6.4 Hz, 8H, ̡ н,3), 2.00 (t, J = 6.1 Hz, 8H, h н,3), 1.94 (d, J = 5.8 Hz, 4H, h м), 1.58ς0.46 (m, 936H, THS) ppm. 
MALDI-ToF m/z 10774 (calculated for [C686H1044N30Si24Zn6 ]

+: 10778). UV-vis-bLw όǘƻƭǳŜƴŜ Ҍ м҈ ǇȅǊƛŘƛƴŜύ ˂max 
όƭƻƎ ʶύΥ 436 (5.39), 500 (5.74), 853 (5.45), 899 (5.40), 955 (5.15). 
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c-P6[be5]: 

 

To remove the template, c-P6[be5]·T6* (3.2 ƳƎΣ лΦол ˃Ƴƻƭ) was dissolved in pyridine/toluene (100:1) and 

subjected to repeated SEC (pre-saturated with pyridine/toluene 100:1, 4³) and another plug (NEt3-deactivated 
SiO2; PE40ς60/CH2Cl2 1:1) yielding desired template-free c-P6[be5] (2.9 mg, 99 %) as a brown solid. 

1H NMR (700 MHz, CDCl3, 298 K): dH 9.94ς9.90 (m, 20H, a1#,a2ς3), 9.43 (d, J = 4.3 Hz, 4H, a1), 8.71ς8.69 (m, 
20H, b1#,b2ς3), 8.62 (d, J = 4.4 Hz, 4H, b1), 8.02 (br s, 24H, o), 7.91ς7.90 (m, 12H, p), 1.48ς0.38 (m, 936H, THS) 
ppm. MALDI-ToF m/z 10097 (calculated for [C638H1020N24Si24Zn6 ]

+: 10094). UV-vis-NIR (toluene + 1% pyridine) 

m˂ax όƭƻƎ ʶύΥ 428 (5.45), 494 (5.81), 780 (5.36). 
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4 
1H-NMR Assignment of c-P6[b5e]·T6, c-P6[b5e], c-P6[be5]·T6* and c-
P6[be5] 

In the following section, the full assignments of the 1H-NMR spectra of the nanorings c-P6[b5e] and c-P6[be5], 
with and without the template T6(*), are described. All 1H-NMR spectra were recorded at 298 K using a Bruker 
AVIII 700 instrument with CDCl3 as the solvent. The 2D-NMR techniques COSY and NOESY were used to achieve 
full assignment of the signals. COSY correlations are indicated in blue, NOESY correlations are indicated in red. 
The assignment of the nanostructure will be discussed systematically.  

 

4.1 Assignment of c-P6[b5e]·T6 

 
 

Assignment of Porphyrin 1 
We can assign the 4H-doublet at 10.02 ppm with confidence to proton a1, on the basis of its unusual chemical 
shift; this enables us to assign b1 through a COSY correlation (Figure S2). The other distinct COSY correlation in 
this region between two 4H-doublets is assigned to a1# and b1# (supported by NOE correlations as discussed 
below). 
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Figure S2: Region of the COSY correlation spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the COSY correlation between 
proton a1 and proton b1 and proton a1# and b1#. 

NOESY correlations from proton a1 to o1, oΩ1, ʰм and ̡ м (Figures S3 and S4) enable the assignment of these 
protons. Protons h м and ̡ м exhibit a COSY correlation (not shown), confirming their assignment. 

 
Figure S3: Region of the NOESY spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the NOEs between proton a1 and protons 
o1 and ƻΩм. 
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Figure S4: Region of the NOESY spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the NOEs between proton a1 and protons 

a1 and b1. 

NOE cross-peaks correlating o1/ƻмΩ and a1# and b1# confirm their assignment (Figure S5). NOEs between 
o1/ƻΩм and p1 could not be distinguished due to the overlap between o1 and p1. 

 
Figure S5: Region of the NOESY spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the NOEs between protons o1/ƻΩм and 
protons a1, a1

#
, b1 and b1

#
. 
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Finally, NOEs from hм and ̡ м to ʴм and ɻ м (Figure S6) (and a COSY correlation from ʴм to ʵм; not shown), 
complete the assignment of porphyrin 1. 

 

Figure S6: Region of the NOESY spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the NOEs between protons a1 and b1 and 

protons g1 and d1. 
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Assignment of Porphyrins 2 and 3 
The assignment of porphyrins 2 and 3 follows from the assignment of porphyrin 1 using the COSY correlations 
and NOEs from the template. There are NOEs from ʵм to ʵн (Figure S7) enabling the identification of ɻн, which 
has NOEs to ̡н,3 and h н,3 (both the h  and ̡  signals for porphyrins 2 and 3 overlap at 1.95 ppm and 4.81 ppm, 
respectively).  

 

Figure S7: Region of the NOESY spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the NOEs between protons d1 and d2 and 

subsequently protons d2 and b2,3 and a2,3. 
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Proton ɻ н has a COSY correlation to ʴн at 5.33 ppm (Figure S8). There is another pair of template protons 
displaying a COSY correlation which is assigned to ʵо (5.50 ppm) and ɹ о (5.35 ppm). This assignment is further 
confirmed by NOEs from ɹн and ɹ о to the overlapping signal ̡ н,3 (Figure S7). 

 

Figure S8: Region of the COSY correlation spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the COSY correlation between 
proton ɻ о and proton ɹ о and proton ɻ н and ɹ н. 
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The signal at 8.31 ppm can be assigned to ƻΩн and ƻΩо as there is a strong NOE between the signal at 8.31 ppm 
and the h н,3 signal at 1.95 ppm and a very weak NOE between the signal at 8.31 ppm and the ʲн,3 signal at 
4.81 ppm (Figure S9).  

 

Figure S9: Region of the NOESY spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the NOEs between protons ƻΩн,3 and h н,3 
and ̡ нΣо and NOEs between protons hн,3 and ̡ нΣо to a2ς3 and b2ς3. 
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The NOE between the signal at 8.31 ppm and the signal at 9.43 ppm identifies the latter as a2ς3 which itself 
displays a NOE to the signal at 7.91, identifying this signal as o2,3 (Figure S10). This also enables the assignment 
of the multiplet at 8.67 as b2ς3 as this signal shows strong NOEs to ʰн,3, weak NOEs to ̡н,3 (Figure S9), strong 
NOEs to a2ς3, and strong NOEs to o2,3 and ƻΩн,3 (Figure S10).  

 

Figure S10: Region of the NOESY spectrum (500 MHz, CDCl3, 298 K) of c-P6[b5e]·T6, indicating the NOEs between protons ƻΩн,3 and a2-3 
which subsequently shows NOEs to o2,3, and indicating the NOEs between b2-3 to a2-3, o2,3 and ƻΩн,3. 

The remaining signals at 7.96 ppm and 7.94 ppm are assigned to p1ς3. SƛƴŎŜ ǘƘŜǎŜ ǎƛƎƴŀƭǎ ŘƻƴΩǘ ŘƛǎǇƭŀȅ ŀƴȅ 
NOE or COSY correlations, a specific assignment is not possible.  
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Table S1: Correlation matrix depicting the COSY and NOE correlations in the 
1
H NMR spectrum of c-P6[b5e]·T6 (labels; s:  strong 

correlation, w: weak correlation, o: overlapping signals). 
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4.2 Assignment of c-P6[b5e] 

 

Assignment of Porphyrins 1, 2 and 3 

The 1H NMR spectrum of c-P6[b5e] has more overlapping signals than its template-complex counterpart c-
P6[b5e]·T6 and hence most of the individual signals cannot be assigned. We can assign the 4H-doublet at 10.01 
ppm with confidence to proton a1; this enables us to assign b1 through a COSY correlation (Figure S11). There 
is only one other distinct COSY correlation in this region between two 20H-multiplets which are overlapping 
signals for a1#,a2ς3 at 9.52 ppm and b1#,b2ς3 at 8.67 ppm.  

 

Figure S11: Region of the COSY correlation spectrum (500 MHz, CDCl3 + 1% pyridine-d5, 298 K) of c-P6[b5e], indicating the COSY 
correlation between proton a1 and b1 and protons a1

#
,a2ς3 and b1

#
,b2ς3. 
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NOESY correlations from the 20H multiplets at 9.52 ppm and 8.67 ppm to the 24H singlet at 8.07 ppm confirms 
the assignment of the latter as o1ς3, oΩмς3 (denoted in Figure S12 as o). A weak NOESY correlation between 
this singlet and the 12H singlet at 7.91 enables the assignment of this signal as p1ς3 (denoted as p) and 
completes the assignment of c-P6[b5e]. 

 
Figure S12: Region of the NOESY spectrum (500 MHz, CDCl3 + 1% pyridine-d5, 298 K) of c-P6[b5e], indicating the NOEs between protons 
a1

#
,a2ς3 and b1

#
,b2ς3 to o, and the weak NOE from o to p.  
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Table S2: Correlation matrix depicting the COSY and NOE correlations in the 
1
H NMR spectrum of c-P6[b5e] (labels; s:  strong correlation, 

w: weak correlation, o: overlapping signals). 
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4.3 Assignment of c-P6[be5]·T6* 

  
Assignment of Porphyrin 1 
As we can assign the 4H-doublet at 9.36 ppm with confidence to proton a1, this enables us to assign b1 
through a COSY correlation as the 4H-doublet at 8.49 ppm (Figure S13). The other distinct COSY correlation in 
this region between two 4H doublets is assigned to a1# and b1# (supported by NOE correlations; Figure S14). 
Unlike the COSY spectrum, the NOESY also shows a weak correlation between the near beta protons b1 and 
b1# (Figure S14). 

 

Figure S13: Region of the COSY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the COSY correlations between protons a1 
and b1, and protons a1

#
 and b1

#
. 
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Figure S14: Region of the NOESY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the NOE cross peaks correlating beta 
protons a1 and b1, a1

#
 and b1

#
, and b1 and b1

#
. 

 
The signals for the aryl protons ortho to the porphyrin are split due to the different environments inside and 
outside the nanoring. The NOE cross peaks correlating the beta protons (b1 and b1#) and the downfield shifted 
ortho proton at 8.02 ppm allow us to identify this 4H-singlet as ƻΩм. Along the same lines, the NOE cross peaks 
correlating the beta protons (b1 and b1#) and the upfield shifted ortho proton lead us to locate the proton o1 
as part of a 20H-multiplet between 7.92ς7.90 ppm. In addition, the NOE cross peak correlating the proton ƻΩм 
and the corresponding para proton p1 allowed us to identify the latter as a 4H-singlet at 7.88 ppm (Figure S15). 

Figure S16 shows the NOE cross peaks correlating proton ƻΩм and the template resonances which enables us to 
identify protons h м at 1.94 ppm (strong correlation) and ̡м at 4.40 ppm (weak correlation). Moreover, the 
correlation between the template protons, namely h м and ̡ м, is easily observable in both COSY and NOESY 
spectra (Figure S17). 
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b1

a1#

b1#

b1#
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Figure S15: Region of the NOESY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the NOE cross peaks correlating the beta 
(b1 and b1

#
) and the ortho protons (o1 and ƻΩм). The proton ƻΩм also correlates with the p1. 

 

Figure S16: Region of the NOESY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the NOE cross peaks correlating proton 
ƻΩм and template resonances (hм and ̡ м). 
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Figure S17: Region of the COSY (left) and NOESY (right) spectra (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the correlations 
between template protons h and ̡ . 

  

Assignment of Porphyrins 2 and 3 
The assignment of porphyrins 2 and 3 follows from the assignment of porphyrin 1. We can assign the 16H-
doublet of doublets at 9.90 ppm with confidence to protons a2ς3, which enables us to assign protons b2ς3 
through a COSY correlation as a 16H-doublet at 8.61 ppm (Figure S18). Figure S19 shows the NOE cross peaks 
correlating the beta protons (a2ς3 and b2ς3) and the aryl protons ortho to the porphyrin. Thus, we easily 
identified the downfield shifted protons ƻΩ2,3 as the 8H-singlet at 8.06 ppm and the upfield shifted protons 
o2,3 along with p2,3 as part of a 20H-multiplet between 7.92ς7.90 ppm. 

Figure S20 depicts the NOE cross peaks correlating the aryl ortho protons and the template resonances. 
Specifically, the protons ƻΩ2,3 strongly correlates to protons 2h,3 at 2.00 ppm and ̡2,3 at 4.21 ppm, whereas 
protons o2,3 weakly correlates only to protons h2,3. As also commented earlier for porphyrin 1, the correlation 
between the template protons, namely 2h,3 and ̡ 2,3, is easily observable in both COSY and NOESY spectra 
(Figure S17). 
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Figure S18: Region of the COSY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the COSY correlations between protons 
a2ς3 and b2ς3. 

 

 

Figure S19: Region of the NOESY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the NOE cross peaks correlating the beta 
protons (a2ς3 and b2ς3) and the aryl ortho protons (ƻΩнΣо and o2,3). 
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Figure S20: Region of the NOESY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5]·T6*, indicating the NOE cross peaks correlating the aryl 
ortho protons (ƻΩнΣо and o2,3) and the template resonances (hнΣо and ̡ нΣо). 
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Table S3: Correlation matrix depicting the COSY and NOE correlations in the 
1
H NMR spectrum of c-P6[be5]·T6* (labels; s: strong 

correlation, w: weak correlation, o: overlapping signals). 
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4.4 Assignment of c-P6[be5] 

 

Assignment of Porphyrin 1 
As we can assign the 4H-doublet at 9.43 ppm with confidence to proton a1, this enables us to assign b1 
through a NOESY correlation as the 4H-doublet at 8.62 ppm (Figure S21). Unlike the template-based system, 
here the protons a1# and b1# resonate together with the rest of beta protons of the nanoring, namely a2ς3 and 
b2ς3, respectively. 

 

Figure S21: Region of the NOESY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5], indicating the NOE cross peak correlating protons a1 
and b1. 
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Assignment of Porphyrins 2 and 3 
We can assign the 20H-multiplet between 9.94ς9.90 ppm with confidence to protons a1# and a2ς3, which 
enables us to assign protons b1# and b2ς3 through a NOESY correlation as the 20H-multiplet between 8.71ς
8.69 ppm (Figure S22). 

The signals for the aryl protons ortho to the porphyrin are broader than for the template-based system, thus 
indicating conformational exchange. Figure S22 also depicts the NOE cross peaks correlating the beta protons 
(a1, a1#,a2ς3, b1 and b1#,b2ς3) and the aryl ortho protons o as a 24H-broad singlet at 8.02 ppm. Finally, the 
12H-multiplet between 7.91ς7.90 ppm is assigned to all the aryl para protons p of the system. 

 

Figure S22: Region of the NOESY spectrum (700 MHz, CDCl3, 298 K) of c-P6[be5], indicating the NOE cross peaks correlating the beta 
protons (a1, a1

#
,a2ς3, b1 and b1

#
,b2ς3) and the ortho protons o. The protons a1

#
,a2ς3 also correlate to b1

#
,b2ς3. 
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Table S4: Correlation matrix depicting the NOE correlations in the 
1
H NMR spectrum of c-P6[be5] (labels; s: strong correlation, w: weak 

correlation, o: overlapping signals). 
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5 Spectra Confirming Identity of New Compounds 

 

Figure S23: 
1
H NMR spectrum of compound Br-P1-CPDMS (400 MHz, CDCl3, 298 K). 

 

 

Figure S24: 
13

C NMR spectrum of compound Br-P1-CPDMS (125 MHz, CDCl3, 298 K). 
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Figure S25: (top) Simulated MALDI-ToF spectrum of compound Br-P1-CPDMS ([C112H182BrN5Si5Zn]
+
). (bottom) Measured MALDI-ToF 

spectrum of compound Br-P1-CPDMS (matrix: DCTB). 

 

 

Figure S26: 
1
H NMR spectrum of compound CPDMS-P1-CPDMS (400 MHz, CDCl3, 298 K, * denotes coordinated pyridine). 
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Figure S27: 
13

C NMR spectrum of compound CPDMS-P1-CPDMS (125 MHz, CDCl3, 298 K). 

 

 

Figure S28: (top) Simulated MALDI-ToF spectrum of compound CPDMS-P1-CPDMS ([C120H194N6Si6Zn]
+
). (bottom) Measured MALDI-ToF 

spectrum of compound CPDMS-P1-CPDMS (matrix: DCTB). 
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Figure S29: 
1
H NMR spectrum of compound Br-P1-C2H (400 MHz, CDCl3, 298 K).  

 

Figure S30: 
13

C NMR spectrum of compound Br-P1-C2H (100 MHz, CDCl3, 298 K). 
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Figure S31: (top) Simulated MALDI-ToF spectrum of compound Br-P1-C2H ([C106H171BrN4Si4Zn]
+
). (bottom) Measured MALDI-ToF 

spectrum of compound Br-P1-C2H (matrix: DCTB). 

 

 

Figure S32: 
1
H NMR spectrum of compound Br-P1-TMS (400 MHz, CDCl3 + 1% pyridine-d5, 298 K).  
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Figure S33:
 13

C NMR spectrum of compound Br-P1-TMS (100 MHz, CDCl3 + 1% pyridine-d5, 298 K). 

 

 

Figure S34: (top) Simulated MALDI-ToF spectrum of compound Br-P1-TMS ([C109H179BrN4Si4Zn]
+
). (bottom) Measured MALDI-ToF 

spectrum of compound Br-P1-TMS (matrix: DCTB). 
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Figure S35: 
1
H NMR spectrum of compound HC2-P1-CPDMS (400 MHz, CDCl3, 298 K, * denotes coordinated pyridine). 

 

 

Figure S36: 
13

C NMR spectrum of compound HC2-P1-CPDMS (125 MHz, CDCl3, 298 K). 
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Figure S37: (top) Simulated MALDI-ToF spectrum of compound HC2-P1-CPDMS ([C114H183N5Si5Zn]
+
). (bottom) Measured MALDI-ToF 

spectrum of compound HC2-P1-CPDMS (matrix: DCTB). 

 

 

Figure S38: 
1
H NMR spectrum of compound TMS-l-P2[e]-CPDMS (400 MHz, CDCl3, 298 K). 
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Figure S39: 
13

C NMR spectrum of compound TMS-l-P2[e]-CPDMS (125 MHz, CDCl3, 298 K). 

 

      

Figure S40: (top) Simulated MALDI-ToF spectrum of compound TMS-l-P2[e]-CPDMS ([C223H361N9Si10Zn2]
+
). (bottom) Measured MALDI-

ToF spectrum of compound TMS-l-P2[e]-CPDMS (matrix: DCTB). 
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Figure S41: 
1
H NMR spectrum of compound HC2-l-P2[e]-C2H (500 MHz, CDCl3, 298 K, * denotes coordinated pyridine. 

 

Figure S42: 
13

C NMR spectrum of compound HC2-l-P2[e]-C2H (125 MHz, CDCl3, 298 K). 
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Figure S43: (top) Simulated MALDI-ToF spectrum of compound HC2-l-P2[e]-C2H ([C214H342N8Si8Zn2]
+
). (bottom) Measured MALDI-ToF 

spectrum of compound HC2-l-P2[e]-C2H (matrix: DCTB). 

 

 

Figure S44: 
1
H NMR spectrum of compound CPDMS-l-P4[b2e]-CPDMS (400 MHz, CDCl3, 298 K, * denotes coordinated pyridine). 
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Figure S45: 
13

C NMR spectrum of compound CPDMS-l-P4[b2e]-CPDMS (125 MHz, CDCl3, 298 K). 

 

 

Figure S46: (top) Simulated MALDI-ToF spectrum of compound CPDMS-l-P4[b2e]-CPDMS ([C442H704N18Si18Zn4]
+
). (bottom) Measured 

MALDI-ToF spectrum of compound CPDMS-l-P4[b2e]-CPDMS (matrix: DCTB). 
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Figure S47: 
1
H NMR spectrum of compound HC2-l-P4[b2e]-C2H (400 MHz, CDCl3, 298 K, * denotes coordinated pyridine). 

 

 

Figure S48: (top) Simulated MALDI-ToF spectrum of compound HC2-l-P4[b2e]-C2H ([C430H682N16Si16Zn4]
+
). (bottom) Measured MALDI-ToF 

spectrum of compound HC2-l-P4[b2e]-C2H (matrix: DCTB). 
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Figure S49: 
1
H NMR spectrum of compound CPDMS-l-P6[b4e]-CPDMS (400 MHz, CDCl3, 298 K, * denotes coordinated pyridine). 

 

 

Figure S50: 
13

C NMR spectrum of compound CPDMS-l-P6[b4e]-CPDMS (125 MHz, CDCl3, 298 K). 
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Figure S51: (top) Measured MALDI-ToF spectrum of compound CPDMS-l-P6[b4e]-CPDMS (matrix: DCTB). (bottom) Simulated MALDI-
ToF spectrum of compound CPDMS-l-P6[b4e]-CPDMS ([C658H1044N26Si26Zn6]

+
). 

 

Figure S52: 
1
H NMR spectrum of compound HC2-l-P6[b4e]-C2H (400 MHz, CDCl3, 298 K, * denotes coordinated pyridine). 
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Figure S53: (top) Simulated MALDI-ToF spectrum of compound HC2-l-P6[b4e]-C2H ([C646H1022N24Si24Zn6]
+
). (bottom) Measured MALDI-

ToF spectrum of compound HC2-l-P6[b4e]-C2H (matrix: DCTB). 

  

Figure S54: 
1
H NMR spectrum of compound c-P6[b5e]·T6 (500 MHz, CDCl3, 298 K). 
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