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1. General Methods

Dichloromethane, toluene and DMF for reactions were obtained from an MBraun MBSPS-5-BenchTop solvent
purification system (SPS) under nitrogen. Chloroform-d for NMR was stored over K;COs3 and passed through a short
neutral alumina plug prior to use. All other reagents and solvents were obtained from commercial suppliers and used
as received unless otherwise stated.

Thin-layer chromatography (TLC) was carried out using commercially available (Merck) aluminum sheets precoated with
silica gel with fluorescence indicator and visualized under UV light at 254 or 360 nm. Purification by column
chromatography was carried out on silica gel (Si0,, 60 A, 40-63 pm, Merck). Preparative Analtech Uniplate preparative
TLC plates were used. Size exclusion chromatography (SEC) was carried out using Bio-Rad Bio-Beads S-X1 (40-80 um
bead size).

IH and 3C NMR spectra were recorded on either a Bruker AVIII HD 400, a Bruker AVIII HD 500, or a Bruker AVIII 600
with a broadband cryo-probe. Chemical shift values are quoted in ppm and coupling constants (J, reported 3Ju.4 if not
indicated differently) in Hertz to the nearest 0.1 Hz. H and *C NMR spectra are referenced against the residual solvent
peak (CHCls 6y = 7.26 ppm, CDCl3 6¢c = 77.16 ppm. UV-Vis-NIR measurements were carried out in a 1 cm path length
glass cuvette at 298 K using either a Perkin Lambda 20 or a Jasco V770 spectrophotometer.

MALDI-TOF mass spectra were recorded using a Bruker Autoflex instrument with DCTB as a matrix. Calibration was
performed before each measurement using Peptide Standard Il for the 700—-3500 Da Protein Standard | for the 5-20
kDa window (Bruker). Mass spectra of compounds with molecular weight up to 3.5 kDa were measured in a reflectron
mode, whereas for larger mass a linear mode was used.

Electrospray mass spectrometry was carried out on a Waters Micromass LCT Premier XE spectrometer using 90:10
MeOH:H,0 (+0.1% formic acid) as the mobile phase. High-resolution mass spectrometry (HR-MS) measurements were
performed on a Thermo Orbitrap Exactive MS with Waters Acquity Ultraperformance LC system.
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2. Synthetic Procedures
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Scheme S1. Additional synthetic schemes.
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Synthesis of Porphyrin Dimer 3a. Borylated porphyrin 2*?! (280 mg, 0.320 mmol,
2.1 equiv.), dibromide 1a? (99.0 mg, 0.152 mmol, 1 equiv.), Cs,COs (109 mg, 0.335
mmol, 2.2 equiv.) and Pd(PPhs); (21.1 mg, 0.0183 mmol, 0.12 equiv.) were placed
in a Schlenk tube, dried under vacuum for 1 h and the atmosphere was changed
to argon, then anhydrous, degassed toluene (4 mL) and DMF (2 mL) were added
and the mixture was degassed by a freeze-pump-thaw technique. The mixture was
heated at 80 °C on an oil bath for 16 h. After completion, the solvents were
evaporated and the mixture was passed through a short silica gel plug, eluting
with DCM. The solvent was evaporated and the mixture was subjected to SEC chromatography in THF, collecting first
the most intensively colored pink fraction (second fraction overall). After evaporation of the solvent, recrystallization
from DCM/MeOH was performed on a rotary evaporator followed by filtration, collecting pink solid as a pure product.
Yield of 3a: 63% (191 mg).

14 NMR (500 MHz, CDCls) § 10.22 (s, 2H), 9.37 (d, J = 4.5 Hz, 4H), 9.08 (d, J = 4.5 Hz, 4H), 8.97 (d, J = 4.7 Hz, 4H), 8.93 (d,
J=4.7 Hz, 4H), 8.20 (d, J = 8.3 Hz, 4H), 8.00 (d, J = 1.8 Hz, 8H), 7.94 (d, J = 8.3 Hz, 4H), 7.69 (t, J = 1.8 Hz, 4H), 6.52 (s, 4H),
1.40 (s, 72H), 1.18 (t, J = 7.9 Hz, 18H), 0.90 (g, J = 7.9 Hz, 12H).

13C NMR (126 MHz, CDCl3) & 150.38, 150.35, 149.8, 149.7, 148.5, 145.5, 142.0, 141.6, 134.2, 132.9, 132.1, 132.0, 131.8,
1315, 129.8,124.1, 121.9, 121.0, 120.7, 105.7, 71.8, 34.9, 31.7, 7.3, 6.8.

HRMS (MALDI) m/z: [M]* Calcd for Ci26H14aNs02Si2Zn, 1984.9528; Found: 1984.9985.
UV/Vis (CH,Cl,, 298 K) A, log €: 415(6.07), 506(3.87), 544 (4.73), 582 (3.82).

Cyclization of 3a to give 5a and 6a. The cyclization substrate 3a (100 mg, 0.05 mmol, 1 equiv.) was dissolved in dry
DCM (75 mL) under argon atmosphere. Propylene oxide (90 uL, 1.34 mmol, 27 equiv.) was added and the mixture was
cooled to —40 °C using a MeCN/dry ice bath. A solution of PIFA (28.1 mg, 0.063 mmol, 1.3 equiv.) in dry DCM (2 mL) was
added dropwise and the reaction mixture was stirred for 2.5 h at —40 °C. A gradual color change from pink to orange
was observed. After completion, triethylamine (0.7 mL, 5.0 mmol, 100 equiv.) was added and the mixture was allowed
to warm to room temperature. The solvents were evaporated. A short silica gel plug (DCM + 1% triethylamine) was
performed, collecting the orange fraction which contains a mixture of cyclic oligomers. Nanorings were separated from
each other using preparative TLC plates, using 3:1 DCM/hexane + 1% triethylamine as an eluent, eluting first 5a and
then 6a. After evaporation of the solvents and precipitation on a rotary evaporator from DCM/MeOH followed by
filtration, nanorings were obtained as brown solids. Yield: 5a 40% (40 mg), 6a 13% (13 mg).

5a

14 NMR (600 MHz, CDCls) 6 8.99 (d, J = 4.6 Hz, 12H), 8.85 (d, J = 4.6 Hz, 12H), 8.61 (d, J = 4.6 Hz, 12H), 8.31 (d, J = 7.9
Hz, 12H), 8.06 (d, J = 4.6 Hz, 12H), 7.99 (d, J = 8.0 Hz, 12H), 7.93 (d, J = 1.6 Hz, 24H), 7.46 (t, J = 1.6 Hz, 12H), 6.57 (s,
12H), 1.21 (t, J = 7.9 Hz, 54H), 1.18 (s, 216H), 0.93 (q, J = 7.9 Hz, 36H).

13C NMR (151 MHz, CDCl3) 6 154.7, 150.9, 150.0, 148.3, 145.5, 142.0, 141.5, 134.3, 133.7, 132.1 (overlapping peaks),
131.8,129.5,124.3, 123.2, 121.4, 120.5, 119.4, 71.9, 34.7, 31.5, 7.3, 6.8.

HRMS (MALDI) m/z: [M+Nal* Calcd for Cs7sHa2sN2406SisZnsNa 5984.8046; Found: 5984.7995.
UV/Vis (CH,Cl,, 298 K) A, log €: 419 (5.71), 453 (5.74), 559 (5.08), 600 (4.23).
6a

14 NMR (400 MHz, CDCls) 6 8.99 (d, J = 4.7 Hz, 16H), 8.89 (d, J = 4.7 Hz, 16H), 8.58 (d, J = 4.8 Hz, 16H), 8.28 (d, J = 7.9
Hz, 16H), 8.01 (d, J = 4.7 Hz, 16H), 7.98 (d, J = 7.9 Hz, 16H), 7.94 (d, J = 1.8 Hz, 32H), 7.53 (t, J = 1.8 Hz, 16H), 6.54 (s,
16H), 1.26 (s, 288 H), 1.19 (t, J = 7.9 Hz, 72H), 0.92 (q, J = 7.9 Hz, 48H).

13C NMR (101 MHz, CDCls, from HSQC experiment) § 134.3, 133.7, 132.2, 132.12, 132.14, 131.9, 129.5, 124.2, 120.6,
31.5, 7.3, 6.9 (only CH, CH; and CHjs carbons).

HRMS (MALDI) m/z: [M]* Calcd for CsosHsesN320sSisZng 7949.7532; Found: 7950.0483.

UV/Vis (CH,Cl,, 298 K) A, log €: 419 (5.92), 454 (5.90), 558 (5.28), 599 (4.39).
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Synthesis of Porphyrin Dimer 3c. A solution of TBAF (1.0 M in THF, 50 uL, 0.05
mmol, 5 equiv.) was added to a solution of 3a (20 mg, 0.01 mmol, 1 equiv.) in
dry THF (2 mL) under argon and a solution was stirred for 30 min at room
temperature. The reaction was quenched by addition of water (0.5 mL). Most
of the THF was evaporated under a stream of nitrogen and the resulting
mixture was treated with methanol (2 mL). The precipitate was filtered off on
wool with a small amount of hexane, redissolved in dichloromethane and
evaporated in vacuo to dryness to give 3c as a pink solid. Yield: 15.9 mg (90%).

14 NMR (600 MHz, CDCls + 1% pyr-ds) & 10.09 (s, 2H), 9.28 (d, J = 4.4 Hz, 4H), 9.01 (d, J = 4.4 Hz, 4H), 8.90 (AB quartet,
8H), 8.23 (d, J = 8.4 Hz, 4H), 8.00 (d, J = 1.8 Hz, 8H), 7.97 (d, J = 8.4 Hz, 4H), 7.71 (t, J = 1.8 Hz, 4H), 6.58 (s, 4H), 2.94 (s,
2H), 1.46 (s, 72H).

13C NMR (151 MHz, CDCl; + 1% pyr-ds) & 150.3, 150.2, 149.6, 149.5, 148.2, 143.3, 142.8, 142.3, 134.7, 132.7, 132.5,
131.8,131.4,131.2, 130.0, 123.4, 121.4, 120.4, 120.1, 105.2, 69.7, 34.9, 31.7.

HRMS (MALDI) m/z: [M]* Calcd for C114H116Ns0Zn; 1756.7799; Found: 1756.8772.
UV/Vis (CH.Cly, 298 K), A, log &: 414.5(6.31), 543 (4.96).

Deprotection of TESO-protected nanorings 5a and 6a to give 5c and 6c. A solution of TBAF (1.0 M in THF, 15 equiv., 24
pL) was added to a solution of 5a (10 mg, 1 equiv., 1.6 umol) in dry THF (1 mL) under argon and followed by stirring for
30 min at room temperature. The reaction was quenched by addition of water (0.5 mL). Most of THF was evaporated
under a stream of nitrogen and the formed mixture of water and precipitate of a reaction product was treated with
methanol (2 mL) and filtered through cotton wool which followed by washing with a small amount of hexane. Solid was
redissolved in dichloromethane and evaporated in vacuo to dryness to give a brownish solid. The product was used
quickly directly in next step without further characterization other than confirming completion by 'H NMR and mass
spectrometry. Yield of 5¢: 90% (8.8 mg)

6c was not isolated as a pure substance, only as a mixture with 5¢: A mixture of 5a and 6a purified after cyclization (10
mg) was dissolved in dry THF (1 mL) under argon and a solution of TBAF (1.0 M in THF, 1.6 umol, 24 uL) was added
followed by stirring of the mixture for 30 min at room temperature. Reaction was quenched by addition of water (0.5
mL). Most of the THF was evaporated under a stream of nitrogen and the resulting mixture was treated with methanol
(2 mL). The precipitate was filtered off on cotton wool with a small amount of hexane, redissolved in dichloromethane
and evaporated in vacuo to dryness to give a brownish solid. The material was used quickly directly in next step without
further characterization other than confirming formation of the product by *H NMR and mass spectrometry. Yield of
mixture of 5¢ and 6¢: 90% (8.8 mg).

5c¢

14 NMR (400 MHz, CDCls) 6 9.02 (d, J = 4.8 Hz, 12H), 8.91 (d, J = 4.7 Hz, 12H), 8.63 (d, J = 4.8 Hz, 12H), 8.37 (d, J = 8.0
Hz, 12H), 8.07 (d, J = 4.8 Hz, 12H), 8.04 (d, J = 8.1 Hz, 12H), 7.96 (d, J = 1.8 Hz, 24H), 7.52 (t, J = 1.8 Hz, 12H), 6.64 (s,
12H), 2.67 (s, 6H), 1.25 (s, 216H).

HRMS (MALDI) m/z: [M]* Calcd for CaazHsa2N2406Zns 5276.2953; Found: 5276.2483.
6¢

HRMS (MALDI) m/z: [M]* Calcd for CaseHassN320sZng 7035.0607; Found: 7036.0282

Preparation of nickel porphyrin 2Ni. Borylated zinc porphyrin 2 (100 mg, 0.114 mmol, 1 equiv.)

Ar
was dissolved in dichloromethane (60 mL) and treated with concentrated hydrochloric acid (0.78
mL, 9.13 mmol, 80 equiv.). After stirring at room temperature for 1 h, the acid was neutralized with B:Ot
e}
Ar

saturated aqueous solution of NaHCO; and thus obtained metal-free porphyrin was extracted with

dichloromethane (2x50 mL). Combined organic extracts were dried over anhydrous Na;SO, and

solvent was evaporated. The solid was dissolved in toluene (20 mL) together with nickel(ll)

acetylacetonate (293 mg, 1.14 mmol, 10 equiv.) and heated at reflux on an oil bath for 5 h. After completion and
evaporation of the solvent, short silica gel plug in dichloromethane was performed. Evaporation of the solvent provided
2Ni as a red solid with 85% (85 mg) yield. The compound is used as a substrate in two papers but synthetic procedure
and spectroscopic data was not reported.[t®-

14 NMR (400 MHz, CDCls) 6 9.84 (s, 1H), 9.79 (d, J = 4.8 Hz, 2H), 9.14 (d, J = 4.8 Hz, 2H), 8.94 (d, J = 4.8 Hz, 2H), 8.92 (d,
J=4.8Hz, 2H), 7.90 (d, J = 1.8 Hz, 4H), 7.77 (t, J = 1.9 Hz, 2H), 1.73 (s, 12H), 1.52 (s, 36H).
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13C NMR (101 MHz, CDCl3) § 149.1, 146.5, 143.3, 142.5, 141.9, 140.2, 133.6, 133.4, 132.4, 132.2, 129.0, 121.2, 119.8,
105.8, 85.0, 35.2, 31.9, 25.3.

HRMS (ESI) m/z: [M+H]* Calcd for CsaHs3BN2NiO2 869.4470; Found: 869.4462.
UV/Vis (CH,Cl,, 298 K), A, log &: 407.5 (5.57), 523 (4.35), 555 (4.05).

Synthesis of Porphyrin Dimer 3aNi. Borylated porphyrin 2Ni (146 mg, 0.168
mmol, 2.1 equiv.), dibromide 1a? (52.0 mg, 0.080 mmol, 1 equiv.), Cs,COs (57 mg,
0.176 mmol, 2.2 equiv.) and Pd(PPhs)s (11.1 mg, 0.0096 mmol, 0.12 equiv.) were
placed in a Schlenk tube, dried under vacuum for 1 h and the atmosphere was
changed to argon. Anhydrous, degassed toluene (2 mL) and DMF (1 mL) were
added and the mixture was degassed by a freeze-pump-thaw technique. The
mixture was heated at 80 °C in an oil bath for 16 h. The solvent was evaporated
and the mixture was passed through a short silica gel plug, eluting with DCM. The
solvent was evaporated and the mixture was subjected to SEC chromatography in THF, collecting first the most
intensively colored red fraction (second fraction overall). After evaporation of the solvent, precipitation from
DCM/MeOH was performed on a rotary evaporator and the solid was filtered, collecting the red precipitate which was
then purified by column chromatography (SiO,, petrol/DCM : 5/1 + 1% triethylamine), collecting the intense red band.
Precipitation from dichloromethane/methanol on a rotary evaporator and filtration provided pure product 3aNi as a
red solid. Yield: 32% (50 mg)

14 NMR (600 MHz, CDCls) & 9.79 (s, 2H), 9.09 (d, J = 4.7 Hz, 4H), 8.88 (d, J = 4.7 Hz, 4H), 8.75 (d, J = 4.9 Hz, 4H), 8.73 (d,
J=4.9Hz, 4H), 7.99 (d, J = 8.3 Hz, 4H), 7.83 (d, J = 8.4 Hz, 4H), 7.80 (d, J = 1.8 Hz, 8H), 7.64 (t, J = 1.8 Hz, 4H), 6.41 (s, 4H),
1.38 (s, 72H), 1.12 (t, J = 7.9 Hz, 18H), 0.84 (g, J = 7.9 Hz, 12H)

13C NMR (151 MHz, CDCl3) 6 147.8, 144.6, 141.9, 141.8, 141.6, 141.3, 139.2, 138.9, 132.5, 131.7, 131.2, 130.9, 130.74,
130.71, 127.8, 123.3, 119.9, 118.8, 117.9, 103.3, 70.6, 33.9, 30.5, 6.2, 5.6.

HRMS (MALDI) m/z: [M]* Calcd for C126H144NsNi20Si> 1972.9652; Found: 1972.9762.
UV/Vis (CH,Cl,, 298 K) A, log &: 408 (5.69), 521 (4.56).

Synthesis of Porphyrin Dimer 3cNi. A solution of TBAF (1.0 M in THF, 60 pL, 0.03
mmol, 5 equiv.) was added to a solution of 3aNi (10 mg, 0.005 mmol, 1 equiv.) in
dry THF (2 mL) and followed by stirring for 30 min at room temperature under
argon. The reaction was quenched by addition of water (0.5 mL). Most of the THF
was evaporated under a stream of nitrogen and the resulting mixture was treated
with methanol (2 mL). The red precipitate was filtered off on cotton wool,
redissolved in dichloromethane and evaporated in vacuo to dryness. Yield of 3cNi:
8.0 mg (92%).

14 NMR (400 MHz, CDCls) & 9.80 (s, 2H), 9.10 (d, J = 4.8 Hz, 4H), 8.89 (d, J = 4.8 Hz, 4H), 8.78 (d, J = 4.8 Hz, 4H), 8.76 (d,
J=4.8 Hz, 4H), 8.06 (d, J = 8.4 Hz, 4H), 7.91 (d, J = 8.3 Hz, 4H), 7.83 (d, J = 1.8 Hz, 8H), 7.68 (t, J = 1.8 Hz, 4H), 6.50 (s, 4H),
1.42 (s, 72H).

13C NMR (151 MHz, CDCl3) § 148.9, 143.3, 143.0, 142.9, 142.7, 142.3, 140.8, 139.9, 134.0, 132.8, 132.6, 132.3, 131.9,
131.8,128.9, 124.0, 121.0, 120.0, 118.7, 104.4, 69.6, 34.9, 31.6.

HRMS (MALDI) m/z: [M]* Calcd for C114H116NsNi>O2 1744.7923; Found: 1744.6343.
UV/Vis (CH.Cl,, 298 K) A, log €: 408.5 (5.42), 521.5 (4.30).

Synthesis of 4. Porphyrin dimer 3a (10 mg, 0.005 mmol, 1 equiv.) or

Ar Ar
3b (9 mg, 0.005 mmol, 1 equiv.) was placed in a Schlenk flask and
dried under high vacuum for 1 h. Dry THF (1.5 mL) was added under
argon. The solution was cooled to —78 °C in a dry ice bath and a O O Q
solution of sodium naphthalenide (0.2 M in THF, 0.5 mL, 0.1 mmol,
Ar Ar

20 equiv.) was added dropwise. The mixture was stirred at —78 °C for
20 min and this was accompanied by a color change from
brown/orange to blue. While still at =78 °C, a solution of iodine (1.0 M in THF, 130 uL, 25 equiv.) was added, followed
by an excess of a saturated solution of sodium thiosulfate (0.2 mL). The mixture was allowed to reach the room
temperature, diluted with dichloromethane, washed with water, dried over anhydrous Na,SO4 and evaporated to
dryness. The solid residue was washed several times with hexane and filtered. Subsequent short column
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chromatography using 2:1 DCM/petroleum ether as an eluent provided pure 4 as a pink solid. Isolated yield: 7.2 mg
(83%; similar yield is obtained when the methoxy analogue 3b is used instead of 3a in the same procedure).

IH NMR (600 MHz, CDCls) 6 10.13 (s, 2H), 9.33 (d, J = 4.4 Hz, 4H), 9.07 (d, J = 4.4 Hz, 4H), 9.02 (d, J = 4.6 Hz, 4H), 9.00 (d,
J=4.6 Hz, 4H), 8.34 (d, J = 8.1 Hz, 4H), 8.14 (s, 4H), 8.09 (d, J = 1.8 Hz, overlapping, 8H), 8.07 (d, overlapping, 4H), 7.78
(t, J=1.8 Hz, 4H), 1.54 (s, 72H).

13C NMR was not measured directly due to substantial aggregation and low solubility. Data from HSQC experiment (600
MHz, 300 K): 6 135.19, 132.61, 131.65, 131.32, 130.04, 128.10, 124.88, 120.70, 105.25, 31.85 (only CH and CH; carbons).

HRMS (MALDI) m/z: [M]* Calcd for Ci14H114NsZn, 1722.7744; Found: 1722.5678.
UV/Vis (CH.Cly, 298 K) A, log €: 417.5 (5.82), 544 (4.48).

Preparation of a 0.2 M solution of sodium naphthalenide: Naphthalene (128 mg, 1 mmol, 1 equiv.) was placed in a pre-
dried Schlenk flask equipped with a rubber septum and a glass-coated stirrer bar and the atmosphere was changed to
argon. Small pieces of freshly cut sodium metal (excess, ca. 50 mg, 2.2 mmol, 2.2 equiv.) were added quickly which was
followed by switching vacuum/argon three times. Dry THF (5 mL) under argon was added through a septum and the
mixture was stirred vigorously for 5 h at room temperature, which was accompanied by a change of color from colorless
to deep green.

Synthesis of Porphyrin Dimer 3b. Borylated porphyrin 2! (347 mg, 0.397 mmol,
2.1 equiv.), dibromide 1b® (85.0 mg, 0.189 mmol, 1 equiv.), Cs,CO; (135 mg,
0.415 mmol, 2.2 equiv.) and Pd(PPhs)s (26.2 mg, 0.0227 mmol, 0.12 equiv.) were
placed in a Schlenk tube, dried under vacuum for 1 h and the atmosphere was
changed to argon. Then anhydrous, degassed toluene (5 mL) and DMF (2.5 mL)
were added and the mixture was degassed using a freeze-pump-thaw technique.
The mixture was heated at 80 °C on an oil bath for 16 h. After completion, the
solvents were evaporated and the mixture was passed through a short silica gel
plug, eluting with DCM. Solvent was evaporated and the mixture was subjected to SEC chromatography (THF), collecting
the first intensely pink colored fraction (second fraction overall). After evaporation of the solvent, silica gel
chromatography was performed. The first fraction was eluted with 2:1 mixture of petroleum ether and DCM + 1%
triethylamine. Then, the eluent was changed to 3:2 DCM/petroleum ether +1% triethylamine and the product was
collected as a pink fraction. Solvents were evaporated and recrystallization from DCM/methanol on a rotary evaporator
was performed. Drying provided pure product as a pink solid. Yield of 3b: 254 mg (75%).

14 NMR (600 MHz, CDCls) § 10.07 (s, 2H), 9.27 (d, J = 4.4 Hz, 4H), 8.99 (d, J = 4.4 Hz, 4H), 8.88 (d, J = 4.5 Hz, 4H), 8.86 (d,
J=4.5Hz, 4H), 8.21 (d, J = 8.1 Hz, 4H), 7.97 (d, J = 1.8 Hz, 8H), 7.95 (d, J = 8.3 Hz, 4H), 7.69 (t, J = 1.8 Hz, 4H), 6.61 (s, 4H),
3.76 (s, 6H), 1.43 (s, 72H).

13C NMR (151 MHz, CDCl3) § 150.2, 150.1, 149.6, 149.5, 148.2, 143.2, 142.4, 142.3, 134.6, 134.0, 132.4, 131.8, 131.4,
131.1, 130.0, 123.9, 121.4, 120.3, 120.2, 105.1, 75.3, 52.3, 34.9, 31.7.

HRMS (MALDI) m/z: [M]* Calcd for C116H120Ns02Zn; 1784.8111; Found: 1784.9255.
UV/Vis (CH.Cl,, 298 K) A, log &: 414 (6.25), 542 (4.90).

Cyclization of 3b to give 5b and 6b. The cyclization substrate 3b (100 mg, 0.056 mmol, 1 equiv.) was dissolved in dry
DCM (75 mL) under argon. Propylene oxide (102 pL, 1.51 mmol, 27 equiv.) was added and the mixture was cooled to —
40 °C using a MeCN/dry ice bath. A solution of PIFA (31.2 mg, 0.073 mmol, 1.3 equiv.) in dry DCM (2 mL) was added
dropwise and the reaction was stirred for 2.5 h at —40 °C. A gradual color change from pink to orange was observed.
After completion, triethylamine (0.78 mL, 5.6 mmol, 100 equiv.) was added and the mixture was allowed to warm to
room temperature. The solvent was then evaporated and the resulting solid was redissolved in DCM and then passed
through a short silica gel plug (DCM + 1% EtsN), collecting the orange fraction which contains a mixture of a cyclic
oligomers. The desired cyclic products were then purified using preparative TLC plates, using 3:1 DCM/hexane + 1%
triethylamine as an eluent, eluting first 5b and then 6b. Evaporation of the solvents followed by recrystallization from
DCM/methanol on a rotary evaporator provided 5b and 6b as brown solids. Yield: 5b 39% (39 mg), 6b 11% (11 mg).

5b

14 NMR (600 MHz, CDCls) 6 9.03 (d, J = 4.7 Hz, 12H), 8.88 (d, J = 4.7 Hz, 12H), 8.63 (d, J = 4.7 Hz, 12H), 8.38 (d, J = 8.2
Hz, 12H), 8.08 (d, J = 4.7 Hz, 12H), 8.05 (d, J = 8.2 Hz, 12H), 7.95 (d, J = 1.9 Hz, 24H), 7.49 (t, J = 1.9 Hz, 12H), 6.71 (s,
12H), 3.82 (s, 18H), 1.21 (s, 216H).
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13C NMR (151 MHz, CDCl3) 6 154.8, 150.7, 149.8 (two overlapping signals), 148.2, 142.8, 142.7, 141.9, 134.6, 134.1,
133.5,131.93, 131.87, 131.7, 129.5, 124.2, 122.9, 120.8, 120.4, 119.5, 75.4, 52.4, 34.8, 31.5.

HRMS (MALDI) m/z: [M]* Calcd for CaasHssaN2406Zns 5360.3895; Found: 5358.4073.
UV/Vis (CH,Cl,, 298 K) A, log &: 420.5 (5.89), 453.5 (5.94), 559.5 (5.25), 601.5 (4.40).
6b

14 NMR (600 MHz, CDCls) 6 9.02 (d, J = 4.7 Hz, 16H), 8.92 (d, J = 4.7 Hz, 16H), 8.60 (d, J = 4.7 Hz, 16H), 8.34 (d, J = 8.0
Hz, 16H), 8.06 (d, J = 8.0 Hz, 16H), 8.03 (d, J = 4.8 Hz, 16H), 7.96 (d, J = 1.8 Hz, 32H), 7.57 (t, J = 1.8 Hz, 16H), 6.68 (s,
16H), 3.82 (s, 24H), 1.30 (s, 288H).

13C NMR (151 MHz, CDCl3) 6 153.7, 149.8, 148.92, 148.89, 147.3, 141.8, 141.4, 140.5, 133.5, 133.1, 132.7, 131.1,
131.0,130.8, 128.5, 123.3, 122.1, 120.1, 119.5, 118.4, 74.4, 51.4, 33.8, 30.5.

HRMS (MALDI) m/z: [M]* Calcd for CagaHa72N3205Zng 7148.1859; Found: 7148.1947.
UV/Vis (CH2Cl,, 298 K) A, log €: 419 (5.99), 454.5 (5.97), 559.5 (5.33), 599 (4.48).

Aromatization of 5b and 6b to 7 and 8. 5b (8.0 mg, 1.5 umol) was placed in a glass tube equipped with a J-Young cap
together with a glass-coated stir bar and dried for 2 h under high vacuum. Pieces of lithium metal (freshly squeezed with
tweezers to expose the metal surface) were added (around 30 mg, excess, ca. 3500 equiv.) The flask was evacuated and
filled with argon. While under argon, dry and freshly degassed (via 3 x freeze-pump-thaw cycles) THF (2 mL) was added.
The reaction vessel was then sealed and allowed to stir at room temperature overnight on 200 rpm rotation. After 16
h, stirring was increased to 800 rpm and reaction was monitored every hour until the color changed to deep brown and
then a slightly greenish color appeared (Figure S1). Quenching the reaction too late when the color of the mixture turns
completely green or black/grey causes complete decomposition of the material. Quenching the reaction too early
means that part of the cyclohexadiene rings are not aromatized. After the desired change of color was observed, the J-
Young seal was quickly opened and five drops of methanol were added. The solution was quickly (before much sodium
reacts with methanol) transferred to a separate flask followed by the removal of solvent. The resulting solid was washed
several times with methanol. The solid was redissolved in DCM (1 mL) and filtered through a pipette with a piece of
wool inside to remove insoluble impurities and the solvent was evaporated which provided product as a brown solid.
Yield: 7 (65%, 5.2 mg). No noticeable decomposition was noticed when solid samples of 7 were kept in a freezer for four
months, however storing them in solution for a prolonged period of time (>2 days) should be avoided.

reaction
ready to quench

Figure S1. Progress of aromatization reaction. The picture on the left was taken at the beginning of the reaction. In the
middle, reaction is close to completion but still requires time. On the right the reaction is finished and should be
quenched as soon as possible.

6b (8.0 mg, 1.1 pmol) was placed in a glass tube equipped with a J-Young cap together with a glass-coated stir bar and
dried for 2 h under high vacuum. Pieces of lithium metal (freshly squeezed with tweezers to expose the metal surface)
were added (around 30 mg, excess, ca. 3500 equiv.) The flask was evacuated and filled with argon. While under argon,
dry and freshly degassed (via 3 x freeze-pump-thaw cycles) THF (2 mL) was added. The reaction vessel was then sealed
and allowed to stir at room temperature overnight on 200 rpm rotation. After 16 h, stirring was increased to 800 rpm
and reaction was monitored every hour until the color changed to deep brown and then a slightly greenish color
appeared (Figure S1). Quenching the reaction too late when the color of the mixture turns completely green or
black/grey causes complete decomposition of the material. Quenching the reaction too early means that part of the
cyclohexadiene rings are not aromatized. After the desired change of color was observed, the J-Young seal was quickly
opened and five drops of methanol were added. The solution was quickly (before much sodium reacts with methanol)
transferred to a separate flask followed by the removal of solvent. The resulting solid was washed several times with
methanol. The solid was redissolved in DCM (1 mL) and filtered through a pipette with a piece of wool inside to remove
insoluble impurities and the solvent was evaporated which provided product as a brown solid. Yield of 8 (4.8 mg, 60%).
No noticeable decomposition was noticed when solid samples were kept in a freezer for four months, however storing
them in solution for a prolonged period of time (>2 days) should be avoided.
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7

IH NMR (400 MHz, CDCl3) 6 9.06 (d, J = 4.7 Hz, 12H), 8.97 (d, J = 4.7 Hz, 12H), 8.62 (d, J = 4.8 Hz, 12H), 8.17 (d, J = 7.9 Hz,
12H), 8.06 (s, 12H), 8.04 (d, J = 4.8 Hz, 12H), 8.00 (d, J = 1.9 Hz, 24H), 7.98 (d, overlapping with doublet at 8.00, 12H),
7.64 (t,J=1.8 Hz, 12H), 1.38 (s, 216H).

13C NMR (151 MHz, CDCl3) & 154.0, 150.5, 149.78, 149.75, 148.5, 141.7, 141.5, 139.96, 139.87, 134.8, 133.6, 132.5,
131.9, 129.5, 128.1, 125.4, 123.3, 120.8 (two overlapping peaks), 120.7, 118.8, 34.9, 31.6.

HRMS (MALDI) m/z: [M]* Calcd for Css2Hs36N24Zne 5174.2788; Found: 5177.3552.
UV/Vis (CH2Cly, 298 K) A, log €: 420.5 (5.76), 460 (5.69), 562 (5.06).
8

14 NMR (400 MHz, CDCls + 1% pyr-ds) 6 8.98 (d, J = 4.6 Hz, 16H), 8.91 (d, J = 4.6 Hz, 16H), 8.48 (d, J = 4.8 Hz, 16H), 8.23
(d, J = 8.2 Hz, 16H), 8.09 (s, 16H), 8.01 (d, J = 8.2 Hz, 16H), 7.98 (d, J = 1.9 Hz, 32H), 7.82 (d, J = 4.8 Hz, 16H), 7.63 (t, J =
1.9 Hz, 32H), 1.40 (s, 288 H).

13C NMR (151 MHz, CDCls + 1% pyr-ds) 6 154.4, 150.4, 149.7, 148.1, 142.8, 142.3, 140.1, 139.4, 135.7, 134.9, 133.4,
131.9,131.7,131.3, 129.6, 128.0, 125.1, 123.4, 122.6, 120.3, 119.4, 34.9, 31.7.

HRMS (MALDI) m/z: [M]* Calcd for CassHaasN32Zns 6899.0386; Found: 6902.8487.
UV/Vis (CH,Cl,, 298 K) A, log €: 420 (5.89), 461 (5.84), 562 (5.29).

Fusion of 7 t0 9. 7 (10 mg, 1.9 umol) was placed in a Schlenk flask together with DDQ (5.3 mg, 23 umol, 12 equiv.) and
Sc(OTf); (14.8 mg, 30 umol, 15.6 equiv.) and the atmosphere was changed to argon. Dry toluene (3.2 mL) was added
under argon and the mixture was stirred for 1.5 h in an oil bath at 80 °C. A color change from brown to blue/green was
observed. The reaction was cooled to room temperature and then quenched by addition of triethylamine (100 L, 0.72
mmol). The solvent was evaporated with rotary evaporator and the product was recrystallized from methanol,
redissolved in dichloromethane (1.5 mL) and filtered through cotton wool. Evaporation of solvent provided compound
9 as a violet/blue solid. Yield: 7.0 mg (70%). Under identical conditions, fusion of 8 was unsuccessful (See: Section 4f).

14 NMR (600 MHz, CDCls) 6 7.88 (d, J = 4.6 Hz, 12H), 7.79 (d, J = 8.1 Hz, 12H), 7.74 (s, 12H), 7.64 (d, J = 8.1 Hz, 12H),
7.61(d, J = 4.6 Hz, 12H), 7.56 (t, J = 1.8 Hz, 12H), 7.54 (d, J = 1.8 Hz, 24H), 7.06 (s, 12H), 1.40 (s, 216H).

13C NMR (151 MHz, CDCls) & 153.7, 153.2, 152.6, 148.8, 139.8, 135.6, 133.9, 131.4, 130.6, 128.2, 128.0, 127.5, 126.5,
125.2, 120.9, 116.5, 34.9, 31.6. 18 out of expected 23 carbons are visible due to low quality of the spectrum resulting
from low solubility and aggregation, even though a long experiment on an NMR instrument equipped with a cryoprobe
was used. We report HSQC and HMBC spectra in Figures S65 and S66.

HRMS (MALDI) m/z: [M]* Calcd for CsazH324N24Zns 5162.1849; Found: 5162.8419.

UV/Vis (CH,Cl,, 298 K) A, log €: 420.5 (5.06), 587.5 (4.99), 946 (4.28), 1059 (4.45).
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3. NMR and Mass Spectra

1607
8T T~
ov'T

TESO

TESO
1

A

=
[N

3
o
=
o

59—

69°L—
LCNAN
00'8—

078~ -

£6'8—
om.m%
80'6

9€°6—

cToT—

EFreer

Fo881
=80,

Eav

67T

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

chemical shift [ppm]

6.0

10.0 9.5 9.0 8.5

10.5

Figure S2. 'H NMR spectrum of 3a, CDCls;, 600 MHz, 300 K.
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Figure S4. Selected region of a MALDI mass spectrum of 3a together with simulated isotopic pattern (in red), [M]*.
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Figure S10. Selected region of a MALDI mass spectrum of 6a together with simulated isotopic pattern (in red), [M]*.
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Figure S33. *H NMR spectrum of 5b in CDCls (600 MHz, 300 K).
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Figure S34. 1*C NMR spectrum of 5b in CDCl; (151 MHz, 300 K).
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Figure S35. Selected region of a H-'H COSY NMR spectrum of 5b in CDCl3 (600 MHz, 300 K).
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Figure S36. Selected region of a *H-'H NOESY NMR spectrum of 5b in CDCl; (600 MHz, 300 K) showing correlations
crucial for the signals assignment.
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Figure $37. *H-13C HSQC NMR spectrum of 5b in CDCl3 (600 MHz, 300 K).
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Figure S38. 'H-3*C HMBC NMR spectrum of 5b in CDCl; (600 MHz, 300 K).
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Figure S39. MALDI mass spectrum of 5b together with simulated isotopic pattern (in red), [M]".
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Figure S41. *3C NMR spectrum of 6b in CDCl; (151 MHz, 300 K).
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Figure S40. *H NMR spectrum of 6b in CDCl; (600 MHz, 300 K).
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Figure S42. Selected region of a *H-'H COSY NMR spectrum of 6b in CDCl; (600 MHz, 300 K).
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Figure S43. Selected region of a *H-*H NOESY NMR spectrum of 6b in CDCl; (600 MHz, 300 K) showing correlations
crucial for the signals assignment.
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Figure S44. *H-13C HSQC NMR spectrum of 6b in CDCl3 (600 MHz, 300 K).
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Figure S45. 'H-3C HMBC NMR spectrum of 6b in CDCl; (600 MHz, 300 K).

—-S529 -

chemical shift [ppm]

chemical shift [ppm]



RT 5
X 7148.195
7] 4
8
c

154 7148.1947

7148.1859
1.0
1 "'7&ro""71bo""7z'oo T 7300

0.5

o.o....m.........,.#\{u{l. ————r T T T

5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 10000,

Figure S46. MALDI mass spectrum of 6b together with simulated isotopic pattern (in red), [M]*.
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Figure S47. *H NMR spectrum of 7 in CDCls (600 MHz, 300 K).
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Figure S49. Selected region of a *H-'H COSY NMR spectrum of 7 in CDCl; (600 MHz, 300 K).
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Figure S50. Selected region of a *H-'H NOESY NMR spectrum of 7 in CDCl3 (600 MHz, 300 K) with marked correlations

crucial for signals assignment.
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Figure S51. Selected region of a H-13C HSQC NMR spectrum of 7 in CDCl; (600 MHz, 300 K).
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Figure S52. Selected region of a *H-3C HMBC NMR spectrum of 7 in CDCls; (600 MHz, 300 K).
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Figure S53. MALDI mass spectrum of 7 together with simulated isotopic pattern (in red), [M]".
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Figure S55. 3C NMR spectrum of 8 in CDCls + 1% pyr-ds, (151 MHz, 300 K).
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Figure S56. Selected region of a *H-'H COSY NMR spectrum of 8 in CDCls + 1% pyr-ds (600 MHz, 300 K).
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Figure S57. Selected region of a *H-'H NOESY NMR spectrum of 8 in CDClz + 1% pyr-ds (600 MHz, 300 K) with marked
signals crucial for signal assignment.
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Figure S58. Selected region of a tH-13C HSQC NMR spectrum of 8 in CDCl; + 1% pyr-ds (600 MHz, 300 K).
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Figure $59. 'H-13C HMBC NMR spectrum of 8 in CDCl3 + 1% pyr-ds (600 MHz, 300 K).
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Figure S61. *H NMR spectrum of 9 in CDCl3 (600 MHz, 300 K).
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Figure $62. 13C NMR spectrum of 9 in CDCl3 (151 MHz, 300 K). Not all signals are visible (18, should be 23) due to low
solubility and aggregation. Signals corresponding to compound are ticked.
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Figure S63. Selected region of a *H-'H COSY NMR spectrum of 9 in CDCl; (600 MHz, 300 K).
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Figure S64. Selected region of a *H-'H NOESY NMR spectrum of 9 in CDCl; (600 MHz, 300 K) with marked correlations
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Figure S65. Selected region of a tH-13C HSQC NMR spectrum of 9 in CDCls (600 MHz, 300 K).
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4. Unsuccessful Attempts at Aromatization, Cyclization and Fusion Reactions

In this section, we briefly report our attempts to aromatize compounds 3a, 3b, 3c, 3cNi, 53, 5b, 5¢, 6a, 6b and 6¢ that
were unsuccessful, in case this may be helpful for Readers working with similar systems.

a) Aromatization of a cyclization substrate

Several methods were tested to aromatize 3c. First, reaction with SnCl, dihydrate in the presence of HCl was attempted.
Stirring with 1.1 equiv. of SnCl; and 2.2 equiv. of HCl in THF, followed by quenching with NaOH or triethylamine,
extraction and re-insertion of zinc(ll) which was demetalated due to presence of acid provided a mixture that was
analyzed. 'H NMR spectrum shows a mixture of products. One set of signals, with relatively low intensity, is the desired
aromatized product. The other set of signals is asymmetrical (two meso protons with equal intensity) and also shows
no signals in the cyclohexadienyl region. The observations, together with a recorded mass spectrum suggesting loss of
one oxygen atom, probably indicate an acid-mediated dienol-phenol-like rearrangement.

R OH OH
acid R

R OH R

Scheme S2. Postulated side reactivity.
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Figure S68. 'H NMR spectra of a reaction mixture after reaction of 3¢ with SnCl, dihydrate after re-insertion of zinc(ll)
and the substrate for comparison, CDCls (upper spectrum with addition of pydirine-ds), 600 MHz, 300 K.
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Figure S69. Selected region of a MALDI mass spectrum of a reaction mixture after reaction of 3¢ with SnCl, dihydrate

and HCI (before re-metalation) and comparison to the mass corresponding to a loss of one oxygen atom and
rearrangement.

Changing the temperature was found to not have an impact on the final result (0 °C, 20 °C, or 50 °C). Changing the
amount of SnCl, and HCl also did not change significantly the observed reactivity.

Other variants of the reaction with SnCl, were tested. The NMR spectra together with indicated reagents are shown
below, on Fig. S70. Similarly, they show mostly reactivity that suggests rearrangement. The highest ratio of the desired
aromatized product to the by-products was achieved when SnCl; (3.5 equiv.) was used without any acid added, by
stirring in THF for 2 h at 50 °C.
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Figure S70. *H NMR spectra of reaction mixtures after aromatization attempts with 3c using different conditions. CDCl3
+ 1% pyr-ds, 600 MHz, 300 K. Orange dots indicate part of signals corresponding to the desired aromatized product.
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Reactivity of methylated cyclization substrate 3b in the reaction with SnCl, or with SnCl; in the presence of HCl was
found to be similar to 3c, but the reaction in general tends to occur slower.

When cyclization substrates 3a or 3b were subjected to reaction with low-valent titanium generated in-situ by reaction
of TiCls and LiAlH4, color change to green was observed together with appearance of an insoluble material and turning

grey.

b) Aromatization of a nickel(ll) complex of a deprotected cyclization substrate 3cNi

Reaction with SnCl; dihydrate in the presence of HCl and without it was tested. Quenching by addition of aqueous NaOH
or triethylamine followed by extraction with DCM and short silica gel plug (DCM) provided a mixture which was then
analyzed. *H NMR spectrum (Fig. S71) is asymmetric, MALDI mass spectrometry shows mass consistent with a loss of
only one oxygen atom, consistently with proposed rearrangement (Fig. S72).
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Figure S71. *H NMR spectrum of a reaction mixture after reaction of 3cNi with SnCl, dihydrate, CDCls (600 MHz, 300
K).
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Figure S72. Selected region of a MALDI mass spectrum of a reaction mixture after reaction of 3cNi with SnCl,
dihydrate and comparison to the mass corresponding to a loss of one oxygen atom and rearrangement.
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c) Aromatization of porphyrin hexamer 5¢ with SnCl, in the presence of HCl and without

Asymmetric *H NMR spectrum is obtained after work-up of the reaction of 5¢ with SnCl, dihydrate (with HCl or without),
see Fig. S68. Changing the temperature was found to not have an impact on the final result (0 °C, 20 °C or 50 °C). Work-
up involves quenching either with aqueous NaOH and extraction with DCM or quenching with triethylamine without
extraction, followed by solvents evaporation, a short silica gel plug (DCM) and re-insertion of zinc(ll) by stirring with an
excess of zinc(ll) acetate in a mixture of DCM and methanol, followed by another short silica gel plug (DCM). Loss of
cyclohexadienyl signal was observed and new doublet in the aromatic region appeared at 7.41 ppm with coupling
constant of 8.2 Hz, suggesting that it corresponds to phenylene protons (Fig. 73). Seven tert-butyl signals are observed,
as opposed to only one for the aromatization substrates 3a-c and the desired product 7. The cleanest NMR spectrum is
observed when neat SnCl; dihydrate is used (3.3 equiv.) rather than with HCI.

Analysis of MALDI mass spectrometry results (Fig. S74) suggests loss of three oxygen atoms (observed mass 5224.1,
calcd. for the desired aromatized nanoring: 5175.0), consistently with postulated rearrangement suggested for 3c that
in this case, occurs on three rings and that leads to asymmetrical *H NMR spectrum (Fig. S73 and S75).
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Figure S73. *H NMR spectrum of a reaction mixture after reaction of 5¢ with SnCl, dihydrate, followed by zinc(ll) re-
insertion, CDCl; (600 MHz, 300 K).
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Figure S74. Selected region of a MALDI mass spectrum of a reaction mixture after reaction of 5¢ with SnCl, dihydrate,
followed by zinc(ll) re-insertion.
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Figure S75. Structure of postulated product(s) from rearrangement during aromatization.

d) Aromatization of porphyrin hexamer 5a/5b with sodium naphthalenide, sodium anthracenide or LiDBB

When reactions with the reducing agents above were performed in THF at—78 °C, followed by addition of |, complicated
and broad NMR spectra were observed. Change of the reaction time (from 15 min to 2 h), temperature of addition of I,
(=78 °C, 0 °Cor 20 °C) does not lead to formation of the desired products. Quenching with methanol instead of I, is
similarly unsuccessful.

e) Aromatization of porphyrin octamer 6a/6b with sodium naphthalenide, sodium anthracenide or LiDBB

Similar observations to when 5a/5b were used.

f) Aromatization of porphyrin octamer 6¢ with SnCl, in the presence of HCl and without

6c was tested as a mixture with 5c. It was unsuccessful similarly to when 5¢ was used, we could not see mass of the
desired product in MALDI experiments.

g) Aromatization of porphyrin hexamer 5b with SnCl, in the presence of HCl and without

Reaction is unsuccessful similarly to the case when hydroxy derivative 5¢ was used. NMR spectrum obtained after re-
insertion of zinc(ll) and silica gel plug is asymmetrical and disappearance of cyclohexadiene motif is observed, indicating
rearrangement (Fig. S76).

k] ]

after reaction

MJLJ L

T T T T T T T T T T T T T T
9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8
chemical shift [ppm]

Figure S76. *H NMR spectrum of a reaction mixture after reaction of 5b with SnCl, dihydrate, followed by zinc(ll) re-
insertion, CDCl; (500 MHz, 300 K).
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h) Aromatization of porphyrin hexamer 5a/5a with LiAlH4 and TiCl,

Similarly to the cyclization substrates 3a and 3b, when the nanoring is added to a solution of in-situ generated low-
valent titanium, color changes to green and decomposition is observed, manifested by precipitation of an insoluble
material few minutes after starting the reaction.

i) Cyclization on a nickel(ll) complex 3aNi

When 3aNi was subjected to the cyclization conditions at —40 °C, no changes were observed even after 6h. Increasing
the temperature to 0 °Cand room temperature led to formation of some oligomers (monitored with analytical GPC) but
disappearance of the cyclohexadienyl signals was observed (see Fig. S77).

e

T T T T T T T T T T T T T T T T T T T T

T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

Figure S77. Selected region of a 'H spectrum of a reaction mixture after cyclization attempt of 3aNi with PIFA at 0 °C.

i) beta-beta Fusion on porphyrin octamer 8

Asymmetrical *H NMR spectrum was observed, indicating that fusion of all porphyrins was not achieved (Fig. S78).
Solubility has dropped drastically, which is reflected by the signal intensity well below the 13C satellites of CDCls.
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Figure S78. *H spectrum of a reaction mixture after fusion attempt for 8, CDCls (600 MHz, 300 K).
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5. X-ray Crystallography

Single crystals of the compounds 3a, 5b and 6b were successfully prepared. Despite several attempts, crystals of
nanorings after aromatization were not obtained in any condition that we tested, similarly after the fusion reaction. 3a
was crystallized by slow evaporation of a solution in a mixture of chloroform and methanol with addition of a drop of
pyridine in a vial. Without addition of pyridine, it gave very thin plates that did not diffract. 5b was crystallized by vapor
diffusion of methanol into a solution in toluene. 6b was crystallized by slow evaporation of a solution in a mixture of
chloroform and methanol. During each crystallization, ca. 1 mg of material was used in a volume of ca. 0.6 mL. Crystals
were measured at National Crystallography Service, UK.

3a—CCDC 2222978

Single dark red lath-shaped crystals of 3a were recrystallized from a mixture of chloroform and methanol with addition
of a small amount (ca. 0.5 - 1%) of pyridine. A suitable crystal with dimensions 0.22 x 0.06 x 0.01 mm?3 was selected and
mounted on a MITEGEN holder in perfluoroether oil on a Rigaku 007HF diffractometer equipped with HF Varimax
confocal mirrors and an AFC11 goniometer and HyPix 6000HE detector. The crystal was kept at a steady 7= 100(2) K
during data collection. The structure was solved with the ShelXT 2018/2 (Sheldrick, 2018) solution program using dual
methods and by using Olex2 1.3 (Dolomanov et al., 2009)"*! as the graphical interface. The model was refined with
ShelXL 2018/3 (Sheldrick, 2015)!®! using full matrix least squares minimization on F2.

_refine_special_details: There are areas of highly disordered solvent which required solvent masking to be used. There
is disorder of the coordinated pyridine and an ethyl group. As such various restraints (SADI, DFIX, DANG, SIMU and RIGU)
have been used

_exptl_absorpt_process_details: CrysAlisPro 1.171.41.105a (Rigaku Oxford Diffraction, 2021) Empirical absorption
correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm.

Figure S78. X-ray molecular structure of 3a. One of the zinc(ll) centers has coordinated pyridine, the other one
methanol. Thermal ellipsoids are shown at 50% probability level.
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Compound 3a 5b 6b
CCDC 2222978 2222979 2222980
Formula C140CloH176N9OsSi2Zn2 | Ca17Ha50N24012Zne | Ca72Hs504N32016Zn08
Decate/ g cm™ 1.242 0.974 0.886
p/mm! 2.609 0.766 0.745
Formula
Weight 2618.86 6382.2 7404
Colour dark red black black
Shape lath-shaped block-shaped block-shaped
Size/mm’ 0.22x0.06x0.01 0210X0390X012 0.360x0.220%0.140
T/K 100(2) 100(2) 100(2)
Crystal System monoclinic trigonal tetragonal
Space Group D/a R-3c 141/a
alA 35.9450(4) 50.0713(3) 49.2172(6)
b/A 21.0751(3) 50.0713(3) 49.2172(6)
c/A 37.0027(6) 60.131(3) 22.9225(4)
aof 90 90 90
VA 91.4530(10) 90 90
A 90 120 90
V/A3 28022.2(7) 130559(6) 55525.9(17)
Z 8 12 4
Z' 1 0.333333 0.25
Wavelength/A 1.54178 1.54178 1.54178
Radiation type CuKs CuKs CuKs
Ohin!” 2.413 1.765 2.126
Ohnax!” 68.245 70.067 70.068
Measured 147581 263982 187544
Refl's.
Indep't Refl's 25566 27515 26249
Refl's I>2 o(1) 17127 17138 17391
Rint 0.1236 0.0564 0.091
Parameters 1497 1376 1886
Restraints 1729 24 6493
Largest Peak 1.133 0.829 1.313
Deepest Hole -0.835 -0.425 -0.445
GooF 1.078 1.247 1.408
wR; (all data) 0.269 0.3355 0.3685
wR> 0.2462 0.3063 0.3501
R; (all data) 0.117 0.119 0.1414
R; 0.0893 0.0951 0.1111

Table S1. Crystallographic data.
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5b — CCDC 2222979

Single black block-shaped crystals of 5b were grown by vapor diffusion of methanol into a solution in toluene. A suitable
crystal with dimensions 0.210 x 0.190 x 0.120 mm? was selected and mounted on a MITIGEN holder in oil on a Rigaku
007HF diffractometer with HF Varimax confocal mirrors, an UG2 goniometer and HyPix 6000HE detector. The crystal
was kept at a steady T = 100(2) K during data collection. The structure was solved with the ShelXT 2018/2 (Sheldrick,
2018) solution program using dual methods and by using Olex2 1.5 (Dolomanov et al., 2009)"* as the graphical interface.
The model was refined with ShelXL 2018/3 (Sheldrick, 2015)® using full matrix least squares minimization on F.

_refine_special_details: Solvent masking was employed. The structure shows signs of flexibility for which attempts to
model as disorder gave worse results. As such the gross architecture is given with various restraints (DFIX, DANG, FLAT,

SADI) employed

_exptl_absorpt_process_details: CrysAlisPro 1.171.42.51a (Rigaku Oxford Diffraction, 2022) using spherical harmonics,
implemented in SCALE3 ABSPACK scaling algorithm.

Figure S79. X-ray molecular structure of 5b. Thermal ellipsoids are shown at 50% probability level. Hydrogen atoms
were omitted for clarity.

~549 -



6b — CCDC 2222980

Single black block-shaped crystals of 6b were recrystallized from a mixture of chloroform and methanol by slow
evaporation. A suitable crystal with dimensions 0.360 x 0.220 x 0.140 mm? was selected and mounted on a MITIGEN
holder in oil on a Rigaku 007HF diffractometer equipped with Arc)Sec VHF Varimax confocal mirrors and a UG2
goniometer and HyPix 6000HE detector. The crystal was kept at a steady T= 100(2) K during data collection. The
structure was solved with the ShelXT 2018/2 (Sheldrick, 2018) solution program using dual methods and by using Olex2
1.5 (Dolomanov et al., 2009)" as the graphical interface. The model was refined with ShelXL 2018/3 (Sheldrick, 2015)!!
using full matrix least squares minimization on F2.

_refine_special_details: Solvent masking was used (assumed as chloroform). There is significant disorder of multiple
aromatic rings and t-butyl groups, generally split into 3 parts. As such various restraints (SADI, DFIX, DANG, FLAT, RIGU,
SIMU, SUMP) and constraints (AFIX) were used. The quality of data is not great meaning GOOF not fully optimized
resulting in multiple OMIT commands used.

_exptl_absorpt_process_details: CrysAlisPro 1.171.41.105a (Rigaku Oxford Diffraction, 2021) using spherical harmonics,
implemented in SCALE3 ABSPACK scaling algorithm.

Figure S80. X-ray molecular structure of 6b. Thermal ellipsoids are shown at 50% probability level. Hydrogen atoms,
methanol coordinated to each Zn center and meso substituents were omitted for clarity.
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6. DFT Calculations

Density functional theory (DFT) calculations were performed using Gaussian 16.”) DFT geometry optimizations were
carried out in unconstrained C1 symmetry, using molecular mechanics or semiempirical models as starting geometries.
The calculations were performed using the functional B3LYP and the 6-31G(d,p) basis set.®! Each structure was
optimized to meet standard convergence criteria, and the existence of a local minimum was verified by a normal mode

frequency calculation. Negative frequencies were not observed. Kohn-Sham orbitals were visualized using GaussView
6.0.16 software (isovalue 0.02).

6.1. General results

6.1.1. Calculated parameters

reference [SCFE [a.u.] [ZPVE [a.u.] [lowest freq. [cm] [  H[a.u.] Glaul [E,.,.JeV] [E.deV]
7 | -18677.9037| -18675.658 3.09 T18675.5043 | -18675.866 | -5.05 -2.32
) ~24903.908 | -24900.913 1.63 ~24900.7076| -24901.188 | -5.08 23
9 -18670.818 | -18668.699 314 "18668.5531| -18668.80 | -4.73 73.06
11 | -24894.4597 | -24891.635 1.79 -24891.4388| -24891.887 | -4.75 73.06
ST | -6689.31028| -6688.3797 4.27 ~6688.31801| -6688.4828
S2_ | -6686.94842] -6686.0602 461 ~6686.00102| -6686.1574

Table S2. From left to right: reference, SCF electronic energy, zero-point vibrational energy, lowest vibrational
frequency, sum of electronic and thermal enthalpies, sum of electronic and free energies, energy of the HOMO orbital,

energy of the LUMO orbital.

6.1.2. Calculated molecular geometries

Figure S81. Optimized geometries of 7,8,9 and 11.

9

L = _— U

e

Figure S82. Comparison between planarity of tape fragmentsin 9, 10 and 11.
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6.1.3. Cartesian Coordinates
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-0.362000 -14.198000 0.473000
0.455000 -14.862000 -0.462000
1.822000 -14.736000 -0.561000
2.224000 -15.579000 -1.568000
3.532000 -15.700000 -2.043000
4.639000 -14.950000 -1.646000
5.941000 -15.004000 -2.267000
6.223000 -15.685000 -3.060000
6.700000 -14.036000 -1.682000
7.726000 -13.772000 -1.896000
5.874000 -13.402000 -0.677000
6.284000 -12.343000 0.154000
5.517000 -11.836000 1.223000
5.955000 -10.813000 2.152000
6.909000 -10.309000 2.121000
4.949000 -10.635000 3.052000
3.875000 -11.513000 2.658000
2.619000 -11.544000 3.259000
1.490000 -12.225000 2.805000
1.450000 -13.060000 1.715000
0.164000 -12.047000 3.339000
-0.684000 -12.741000 2.529000
-1.759000 -12.805000 2.603000
-0.084000 -11.439000 4.199000
4.920000 -9.957000 3.894000

4.245000 -12.240000 1.552000
4.629000 -13.986000 -0.666000
1.083000 -16.275000 -2.110000
1.121000 -17.007000 -2.906000
3.043000 -13.527000 0.530000
-0.014000 -15.820000 -1.440000
-1.045000 -16.114000 -1.573000
0.127000 -13.388000 1.518000
10.216000 -9.406000 -0.535000
8.507000 -9.806000 -1.566000

7.515000 -10.701000 -1.237000
6.417000 -10.572000 -2.174000
5.502000 -11.143000 -2.146000
6.776000 -9.620000 -3.079000

6.209000 -9.260000 -3.928000

7.562000 -11.611000 -0.161000
8.678000 -11.784000 0.677000
8.806000 -12.811000 1.689000
8.061000 -13.563000 1.903000
10.021000 -12.637000 2.280000
10.463000 -13.219000 3.079000
10.632000 -11.488000 1.656000
11.834000 -10.905000 2.057000
12.388000 -9.715000 1.580000
13.559000 -9.074000 2.126000
14.168000 -9.470000 2.928000
13.718000 -7.900000 1.452000
12.660000 -7.830000 0.467000
12.501000 -6.794000 -0.473000
11.562000 -6.817000 -1.526000
11.415000 -5.796000 -2.543000
10.398000 -6.188000 -3.359000
9.884000 -7.423000 -2.823000

8.733000 -8.062000 -3.283000

10.002000 -5.674000 -4.225000
12.008000 -4.898000 -2.617000
14.489000 -7.154000 1.586000
8.071000 -9.129000 -2.680000

9.809000 -11.001000 0.669000
10.619000 -7.800000 -1.726000
11.866000 -8.949000 0.566000
3.691000 -16.412000 -2.847000
2.482000 -10.906000 4.128000
12.365000 -11.396000 2.867000
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8.256000
13.267000
14.187000
14.486000
14.691000
15.389000
14.290000
13.446000
13.103000
14.592000
14.652000
14.659000
14.592000
14.290000
13.446000
12.951000
12.248000
13.267000
14.187000
14.486000
13.103000
14.691000
15.390000
14.652000
14.617000
14.658000
14.669000
12.951000
12.248000
14.669000
14.617000
12.501000
12.660000
11.867000
12.389000
11.834000
10.633000
10.022000
10.464000
8.806000

8.061000
8.679000
7.562000
7.516000
6.418000
5.503000
6.776000
8.072000
8.733000
9.884000
10.619000
10.398000
11.416000
12.008000
10.002000
6.210000
8.507000
9.810000
13.559000
14.168000
10.217000
13.719000
14.489000
11.562000

3.043000
4.245000
5.518000
5.956000
6.910000

-7.629000
-5.523000
-5.016000
-5.632000
-3.721000
-3.354000
-2.879000
-3.427000
-2.805000
-1.425000
-0.687000

0.704000
1.425000
2.878000
3.426000
4.720000
5.092000
5.522000
5.016000
5.631000
2.804000
3.721000
3.354000
0.686000
1.205000

-0.704000
-1.239000
-4.720000
-5.092000

1.238000
-1.206000
6.793000
7.830000
8.949000
9.715000
10.904000
11.488000
12.637000
13.218000

12.810000

13.563000

11.784000

11.611000

10.701000

10.571000

11.143000
9.620000
9.129000
8.061000
7.422000

7.799000
6.188000
5.796000
4.897000
5.674000

9.260000
9.806000

11.001000
9.073000

9.470000
9.406000
7.899000
7.154000
6.817000

13.527000

12.240000

11.835000

10.812000

10.309000

-4.157000
-0.275000
-1.206000
-2.049000
-1.085000
-1.832000
-0.034000

0.948000
1.768000
-0.010000
-1.205000

-1.195000
0.010000
0.034000
-0.948000
-0.833000
-1.572000
0.275000
1.206000

2.049000
-1.768000
1.085000
1.832000
1.205000
2.158000
1.195000
2.140000
0.833000
1.572000

-2.140000
-2.158000
0.473000

-0.467000
-0.566000

-1.580000
-2.057000
-1.656000
-2.280000

-3.079000

-1.689000
-1.903000

-0.677000
0.161000
1.237000
2.174000
2.146000

3.079000

2.680000

3.283000

2.823000

1.726000
3.359000
2.543000
2.617000
4.225000

3.928000
1.566000
-0.669000

-2.126000
-2.928000

0.535000

-1.452000
-1.586000
1.526000
-0.530000
-1.552000

-1.223000

-2.152000
-2.121000
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4.950000
4.921000
6.285000
5.875000
6.701000
7.726000
5.941000
6.223000
4.639000
3.532000
2.225000
1.083000
1.122000
-0.013000
0.456000
-0.362000
0.128000
-0.683000
0.164000
1.490000
2.620000
-0.083000
-1.758000
-1.044000
3.876000
4.630000
1.450000
1.822000
12.365000
8.256000
3.692000
2.483000
-1.846000
-2.742000
-2.356000
-4.116000
-4.781000
-4.648000
-3.754000
-4.123000
-6.058000
-6.726000
-7.935000
-8.529000
-9.638000
-9.691000
-10.565000
-10.537000
-11.418000
-11.439000
-12.122000
-8.981000
-10.569000
-10.599000
-7.920000
-8.354000
-6.718000
-6.262000
-2.385000
-1.713000
-8.402000
-6.258000
-12.137000
-13.117000
-13.691000
-14.618000
-15.375000
-15.280000
-15.974000
-16.701000
-15.517000

10.635000 -3.052000
9.957000 -3.894000
12.343000 -0.154000
13.402000 0.677000
14.036000 1.682000
13.772000 1.896000
15.004000 2.267000
15.685000 3.060000
14.950000 1.646000
15.700000 2.043000
15.579000 1.568000
16.275000 2.110000
17.007000 2.906000
15.820000 1.440000
14.862000 0.462000
14.198000 -0.473000
13.388000 -1.518000
12.741000 -2.529000
12.047000 -3.339000
12.225000 -2.805000
11.544000 -3.259000
11.439000 -4.199000
12.805000 -2.603000
16.114000 1.573000
11.513000 -2.658000
13.986000 0.666000
13.060000 -1.715000
14.736000 0.561000
11.395000 -2.867000
7.629000 4.157000
16.412000 2.847000
10.906000 -4.128000
14.229000 -0.276000
14.770000 -1.210000
15.333000 -2.055000
14.561000 -1.092000
14.980000 -1.841000
13.797000 -0.039000
13.342000 0.946000
12.738000 1.768000
13.333000 -0.016000
13.015000 -1.212000
12.327000 -1.203000
11.912000 0.002000
10.925000 0.025000
9.920000 -0.956000
8.845000 -0.841000
8.050000 -1.580000
8.719000 0.266000
9.769000 1.197000
9.721000 2.040000
9.933000 -1.776000
10.852000 1.076000
11.641000 1.823000
12.333000 1.197000
12.046000 2.150000
13.033000 1.188000
13.310000 2.133000
13.558000 0.833000
13.138000 1.575000
12.069000 -2.148000
13.242000 -2.164000
7.421000 0.465000
7.042000 -0.473000
5.796000 -0.570000
5.866000 -1.581000
4.792000 -2.056000
3.460000 -1.655000
2.357000 -2.277000
2.451000 -3.073000
1.217000 -1.688000
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-15.799000 0.196000
-14.560000 1.618000
-13.850000 0.737000
-13.034000 1.150000
-12.371000 0.262000
-12.410000 -0.816000
-11.721000 1.048000
-11.943000 2.415000
-11.346000 3.521000
-11.368000 4.838000
-12.065000 5.287000
-10.554000 5.899000
-10.725000 6.977000
-10.243000 7.939000
-9.908000 5.812000
-11.123000 0.736000
-12.751000 2.456000
-14.445000 2.989000
-14.648000 7.201000
-15.297000 7.531000
-13.260000 4.137000
-13.707000 7.924000
-13.446000 8.964000
-11.686000 6.595000
-13.261000 -4.137000
-12.751000 -2.455000
-13.034000 -1.150000
-12.371000 -0.262000
-12.410000 0.816000
-11.721000 -1.047000
-11.123000 -0.736000
-13.850000 -0.736000
-14.560000 -1.618000
-15.517000 -1.217000
-15.799000 -0.195000
-15.974000 -2.357000
-16.701000 -2.450000
-15.280000 -3.459000
-15.375000 -4.792000
-14.619000 -5.865000
-14.648000 -7.200000
-15.298000 -7.530000
-13.708000 -7.924000
-13.117000 -7.041000
-12.138000 -7.420000
-11.686000 -6.594000
-10.725000 -6.976000
-10.554000 -5.898000
-11.369000 -4.837000
-11.346000 -3.520000
-9.908000 -5.812000
-10.243000 -7.939000
-13.446000 -8.963000
-11.943000 -2.415000
-14.445000 -2.988000
-12.066000 -5.286000
-13.692000 -5.795000
-16.067000 5.008000
-10.730000 3.323000
-16.068000 -5.007000
-10.730000 -3.323000
-11.419000 -8.718000
-11.440000 -9.769000
-12.122000 -9.720000
-10.569000 -10.852000

-1.900000
-0.679000
0.157000
1.229000
2.164000
2.136000
3.066000
2.668000
3.270000
2.811000
1.716000
3.346000
2.531000
2.604000
4.210000
3.913000
1.558000
-0.671000
-2.127000
-2.927000
0.528000
-1.456000
-1.591000
1.516000
-0.528000
-1.558000
-1.229000
-2.164000
-2.136000
-3.066000
-3.913000
-0.157000
0.679000
1.688000
1.900000
2.277000
3.073000
1.655000
2.056000
1.581000
2.127000
2.927000
1.456000
0.473000
-0.465000
-1.516000
-2.531000
-3.346000
-2.811000
-3.270000
-4.210000
-2.604000
1.591000
-2.668000
0.671000
-1.716000
0.570000
-2.864000
4.142000
2.864000
-4.142000
-0.266000
-1.197000
-2.040000
-1.076000

-10.600000 -11.640000 -1.823000

-9.638000 -10.925000
-9.691000 -9.919000
-8.981000 -9.932000
-8.529000 -11.911000
-7.921000 -12.333000

-0.025000
0.956000
1.776000
-0.002000
-1.197000



T OZZITIITOOZ0000IO0OO0OO0O0O0IOIOOOOZ00IOIIOOIOOON

N
=)

TOOIITITITOIOOOOOIIITIOIO

-6.719000 -13.033000
-6.059000 -13.333000
-4.649000 -13.797000
-3.754000 -13.342000
-2.386000 -13.558000
-1.714000 -13.138000
-1.846000 -14.228000
-2.743000 -14.770000
-2.357000 -15.332000
-4.124000 -12.738000

-15.525000 11.438000
-15.481000 10.560000
-16.140000 9.335000
-16.039000 8.650000
-16.867000 8.932000
-16.982000 9.842000
-17.574000 9.573000
-14.862000 10.805000
-16.325000 11.071000
-16.425000 11.750000
-17.384000 7.530000
-18.364000 7.122000
-18.811000 5.833000
-19.780000 5.882000
-20.455000 4.778000
-20.249000 3.438000
-20.893000 2.322000
-21.643000 2.404000
-20.361000 1.189000
-20.592000 0.162000
-19.403000 1.607000
-18.636000 0.736000
-17.787000 1.156000
-17.047000 0.268000
-17.058000 -0.810000
-16.367000 1.054000
-16.660000 2.422000
-16.083000 3.534000
-16.223000 4.867000
-17.026000 5.323000
-15.465000 5.958000
-15.790000 7.071000
-15.392000 8.067000
-14.755000 5.871000
-15.711000 0.743000
-17.532000 2.462000
-19.359000 2.981000
-19.966000 7.243000
-20.677000 7.562000
-18.198000 4.152000
-19.085000 8.010000
-18.942000 9.079000
-16.782000 6.673000
-21.190000 4.982000
-15.403000 3.337000
-11.438000 -15.525000
-11.071000 -16.325000
-9.842000 -16.982000
-8.932000 -16.867000
-9.335000 -16.140000
-8.650000 -16.039000
-10.560000 -15.481000
-11.750000 -16.425000
-10.805000 -14.862000
-14.862000 -10.805000
-13.007000 -13.990000
-13.990000 -13.007000
-16.039000 -8.650000

-1.188000
0.016000
0.039000

-0.946000

-0.833000

-1.575000
0.276000
1.210000
2.055000

-1.768000

0.606000
-0.490000
-0.458000
-1.295000
0.673000
1.735000
2.605000
-1.347000
1.702000
2.543000
0.750000
-0.175000
-0.353000
-1.326000
-1.849000
-1.524000
-2.175000
-2.950000
-1.637000
-1.881000
-0.635000
0.159000
1.200000
2.075000
2.021000
2.955000
2.608000
3.216000
2.832000
1.815000
3.389000
2.674000
2.790000
4.201000
3.758000
1.547000
-0.581000
-1.764000
-2.515000
0.622000
-1.062000
-1.120000
1.696000
-2.622000
4.040000
-0.606000
-1.702000
-1.735000
-0.673000
0.458000
1.295000
0.490000
-2.543000
1.347000
1.347000
-1.817000
-1.817000
1.295000
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-4.117000 -14.561000
-4.782000 -14.980000
-6.727000 -13.015000
-6.258000 -13.241000
-7.936000 -12.327000
-8.402000 -12.068000
-10.565000 -8.845000
-10.537000 -8.050000
-6.263000 -13.309000
-8.354000 -12.045000

-15.481000 -10.560000
-12.635000 -14.649000
-14.649000 -12.635000
-16.140000 -9.335000
-15.525000 -11.438000
-13.356000 -14.339000
-14.339000 -13.356000
-16.867000 -8.932000
-16.325000 -11.071000
-16.982000 -9.842000
-16.425000 -11.750000
-17.574000 -9.573000
-9.573000 -17.574000
-13.135000 -14.869000
-14.869000 -13.135000
-5.833000 -18.811000
-5.882000 -19.780000
-4.778000 -20.455000
-3.438000 -20.249000
-2.322000 -20.893000
-2.404000 -21.643000
-1.189000 -20.361000
-0.162000 -20.592000
-1.607000 -19.403000
-0.736000 -18.636000
-1.156000 -17.787000
-0.268000 -17.047000
0.810000 -17.058000
-1.054000 -16.367000
-0.743000 -15.711000
-2.422000 -16.660000
-3.534000 -16.083000
-4.867000 -16.223000
-5.323000 -17.026000
-6.673000 -16.782000
-7.530000 -17.384000
-7.071000 -15.790000
-8.067000 -15.392000
-5.958000 -15.465000
-5.871000 -14.755000
-2.462000 -17.532000
-2.981000 -19.359000
-7.243000 -19.966000
-7.562000 -20.677000
-8.010000 -19.085000
-9.079000 -18.942000
-4.152000 -18.198000
-7.122000 -18.364000
-18.811000 -5.833000
-19.780000 -5.882000
-20.455000 -4.778000
-20.249000 -3.438000
-20.893000 -2.322000
-21.643000 -2.404000
-20.361000 -1.189000
-20.592000 -0.162000
-19.403000 -1.607000
-18.636000 -0.736000

1.092000
1.841000
1.212000
2.164000
1.203000
2.148000
0.841000
1.580000
-2.133000
-2.150000

0.490000
-0.632000
-0.632000
0.458000
-0.606000

0.534000

0.534000

-0.673000
-1.702000
-1.735000
-2.543000
-2.605000
-2.605000

1.456000

1.456000
0.353000
1.326000
1.849000
1.524000
2.175000
2.950000
1.637000
1.881000
0.635000

-0.159000
-1.200000
-2.075000
-2.021000
-2.955000
-3.758000
-2.608000
-3.216000
-2.832000
-1.815000
-1.696000
-0.750000
-2.674000
-2.790000
-3.389000
-4.201000
-1.547000
0.581000
1.764000
2.515000
1.062000
1.120000
-0.622000
0.175000
0.353000
1.326000
1.849000
1.524000
2.174000
2.950000
1.637000
1.880000
0.635000
-0.159000
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-17.787000 -1.156000
-17.047000 -0.268000
-17.058000 0.810000
-16.367000 -1.054000
-15.711000 -0.743000
-16.660000 -2.422000
-16.083000 -3.534000
-16.223000 -4.867000
-17.026000 -5.323000
-16.782000 -6.673000
-17.384000 -7.530000
-15.790000 -7.071000
-15.392000 -8.067000
-15.465000 -5.958000
-14.755000 -5.871000
-17.532000 -2.462000
-19.359000 -2.981000
-19.967000 -7.243000
-20.677000 -7.562000
-19.085000 -8.010000
-18.942000 -9.079000
-18.198000 -4.152000
-18.364000 -7.122000
-14.192000 -12.462000
-12.462000 -14.192000
-4.982000 -21.190000
-3.337000 -15.403000
-21.190000 -4.982000
-15.403000 -3.337000
4.152000 -18.198000
2.981000 -19.359000
1.607000 -19.403000
1.189000 -20.361000
0.162000 -20.592000
2.322000 -20.893000
2.404000 -21.643000
0.736000 -18.636000
1.156000 -17.787000
0.268000 -17.047000
-0.810000 -17.058000
1.054000 -16.367000
0.743000 -15.711000
2.422000 -16.660000
3.534000 -16.083000
4.867000 -16.223000
5.958000 -15.465000
7.071000 -15.790000
6.673000 -16.782000
7.530000 -17.384000
7.122000 -18.364000
8.010000 -19.085000
7.243000 -19.967000
5.882000 -19.780000
4.778000 -20.455000
7.562000 -20.677000
9.079000 -18.942000
8.932000 -16.867000
9.842000 -16.982000
9.573000 -17.574000
11.071000 -16.325000
11.750000 -16.425000
11.438000 -15.525000
10.560000 -15.481000
10.805000 -14.862000
9.335000 -16.140000
8.650000 -16.039000
8.067000 -15.392000
3.438000 -20.249000
2.462000 -17.532000
5.833000 -18.811000
5.323000 -17.026000

-1.200000
-2.075000
-2.021000
-2.955000
-3.758000
-2.608000
-3.216000
-2.832000
-1.815000
-1.696000
-0.750000
-2.674000
-2.791000
-3.389000
-4.201000
-1.547000
0.581000
1.764000
2.515000
1.062000
1.120000
-0.623000
0.175000
-2.734000
-2.734000
2.622000
-4.040000
2.622000
-4.040000
0.623000
-0.581000
-0.635000
-1.637000
-1.880000
-2.174000
-2.950000
0.159000
1.200000
2.075000
2.021000
2.955000
3.758000
2.608000
3.216000
2.832000
3.389000
2.674000
1.696000
0.750000
-0.175000
-1.062000
-1.764000
-1.326000
-1.849000
-2.515000
-1.120000
0.673000
1.735000
2.605000
1.702000
2.543000
0.606000
-0.490000
-1.347000
-0.458000
-1.295000
2.791000
-1.524000
1.547000
-0.353000
1.815000
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3.337000
4.982000
5.871000
12.635000
13.356000
14.339000
14.649000
13.990000
14.192000
13.007000
12.462000
14.869000
13.135000
-12.635000
-13.356000
-13.135000
-14.339000
-14.869000
-14.649000
-13.990000
-13.007000
-14.192000
-12.462000
15.525000
15.481000
16.140000
16.039000
16.867000
16.982000
17.574000
14.862000
16.325000
16.425000
17.384000
18.364000
18.811000
19.780000
20.455000
20.249000
20.893000
21.643000
20.361000
20.592000
19.403000
18.636000
17.787000
17.047000
17.058000
16.367000
16.660000
16.083000
16.223000
17.026000
15.465000
15.790000
15.392000
14.755000
15.711000
17.532000
19.359000
19.966000
20.677000
18.198000
19.085000
18.942000
16.782000
21.190000
15.403000
11.438000
11.071000
9.842000

-15.403000 4.040000
-21.190000 -2.622000
-14.755000 4.201000
-14.649000 0.632000
-14.339000 -0.534000
-13.356000 -0.534000
-12.635000 0.632000
-13.007000 1.817000
-12.462000 2.734000
-13.990000 1.817000
-14.192000 2.734000
-13.135000 -1.456000
-14.869000 -1.456000
14.649000 0.632000
14.339000 -0.534000
14.869000 -1.456000
13.356000 -0.534000
13.135000 -1.456000
12.635000 0.632000
13.007000 1.817000
13.990000 1.817000
12.462000 2.734000
14.192000 2.734000
-11.438000 0.606000
-10.560000 -0.490000
-9.335000 -0.458000
-8.650000 -1.295000
-8.932000 0.673000
-9.842000 1.735000
-9.573000 2.605000
-10.805000 -1.347000
-11.071000 1.702000
-11.750000 2.543000
-7.530000 0.750000
-7.122000 -0.175000
-5.833000 -0.353000
-5.882000 -1.326000
-4.778000 -1.849000
-3.438000 -1.524000
-2.322000 -2.175000
-2.404000 -2.950000
-1.189000 -1.637000
-0.162000 -1.881000
-1.607000 -0.635000
-0.736000 0.159000
-1.156000 1.200000
-0.268000 2.075000
0.810000 2.021000
-1.054000 2.955000
-2.422000 2.608000
-3.534000 3.216000
-4.867000 2.832000
-5.323000 1.815000
-5.958000 3.389000
-7.071000 2.674000
-8.067000 2.790000
-5.871000 4.201000
-0.743000 3.758000
-2.462000 1.547000
-2.981000 -0.581000
-7.243000 -1.764000
-7.562000 -2.515000
-4.152000 0.622000
-8.010000 -1.062000
-9.079000 -1.120000
-6.673000 1.696000
-4.982000 -2.622000
-3.337000 4.040000
15.525000 -0.606000
16.325000 -1.702000
16.982000 -1.735000
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8.932000
9.335000
8.650000
10.560000
11.750000
10.805000
14.862000
13.007000
13.990000
16.039000
15.481000
12.635000
14.649000
16.140000
15.525000
13.356000
14.339000
16.867000
16.325000
16.982000
16.425000
17.574000
9.573000
13.135000
14.869000
5.833000
5.882000
4.778000
3.438000
2.322000
2.404000
1.189000
0.162000
1.607000
0.736000
1.156000
0.268000
-0.810000
1.054000
0.743000
2.422000
3.534000
4.867000
5.323000
6.673000
7.530000
7.071000
8.067000
5.958000
5.871000
2.462000
2.981000
7.243000
7.562000
8.010000
9.079000
4.152000
7.122000
18.811000
19.780000
20.455000
20.249000
20.893000
21.643000
20.361000
20.592000
19.403000
18.636000
17.787000
17.047000
17.058000

16.867000
16.140000
16.039000
15.481000
16.425000
14.862000
10.805000
13.990000
13.007000
8.650000
10.560000
14.649000
12.635000
9.335000
11.438000
14.339000
13.356000
8.932000
11.071000
9.842000
11.750000
9.573000
17.574000
14.869000
13.135000
18.811000
19.780000
20.455000
20.249000
20.893000
21.643000
20.361000
20.592000
19.403000
18.636000
17.787000
17.047000
17.058000
16.367000
15.711000
16.660000
16.083000
16.223000
17.026000
16.782000
17.384000
15.790000
15.392000
15.465000
14.755000
17.532000
19.359000
19.966000
20.677000
19.085000
18.942000
18.198000
18.364000
5.833000
5.882000
4.778000
3.438000
2.322000
2.404000
1.189000
0.162000
1.607000
0.736000
1.156000
0.268000
-0.810000

-0.673000
0.458000
1.295000

0.490000
-2.543000
1.347000
1.347000
-1.817000
-1.817000
1.295000
0.490000
-0.632000
-0.632000
0.458000
-0.606000
0.534000
0.534000

-0.673000
-1.702000

-1.735000
-2.543000

-2.605000

-2.605000

1.456000

1.456000
0.353000
1.326000
1.849000
1.524000
2.175000
2.950000
1.637000
1.881000
0.635000

-0.159000

-1.200000

-2.075000

-2.021000

-2.955000

-3.758000

-2.608000

-3.216000

-2.832000

-1.815000

-1.696000

-0.750000

-2.674000

-2.790000

-3.389000

-4.201000

-1.547000
0.581000
1.764000
2.515000
1.062000
1.120000

-0.622000

0.175000
0.353000
1.326000
1.849000
1.524000

2.174000
2.950000

1.637000
1.880000

0.635000

-0.159000

-1.200000

-2.075000

-2.021000
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16.367000
15.711000
16.660000
16.083000
16.223000
17.026000
16.782000
17.384000
15.790000
15.392000
15.465000
14.755000
17.532000
19.359000
19.967000
20.677000
19.085000
18.942000
18.198000
18.364000
14.192000
12.462000
4.982000
3.337000
21.190000
15.403000
-4.152000
-2.981000
-1.607000
-1.189000
-0.162000
-2.322000
-2.404000
-0.736000
-1.156000
-0.268000
0.810000
-1.054000
-0.743000
-2.422000
-3.534000
-4.867000
-5.958000
-7.071000
-6.673000
-7.530000
-7.122000
-8.010000
-7.243000
-5.882000
-4.778000
-7.562000
-9.079000
-8.932000
-9.842000
-9.573000
-11.071000
-11.750000
-11.438000
-10.560000
-10.805000
-9.335000
-8.650000
-8.067000
-3.438000
-2.462000
-5.833000
-5.323000
-3.337000
-4.982000
-5.871000

1.054000
0.743000
2.422000
3.534000
4.867000
5.323000
6.673000
7.530000
7.071000
8.067000
5.958000
5.871000
2.462000
2.981000
7.243000
7.562000
8.010000
9.079000
4.152000
7.122000
12.462000
14.192000
21.190000
15.403000
4.982000
3.337000
18.198000
19.359000
19.403000
20.361000
20.592000
20.893000
21.643000
18.636000
17.787000
17.047000
17.058000
16.367000
15.711000
16.660000
16.083000
16.223000
15.465000
15.790000
16.782000
17.384000
18.364000
19.085000
19.967000
19.780000
20.455000
20.677000
18.942000
16.867000
16.982000
17.574000
16.325000
16.425000
15.525000
15.481000
14.862000
16.140000
16.039000
15.392000
20.249000
17.532000
18.811000
17.026000
15.403000
21.190000
14.755000

-2.955000
-3.758000
-2.608000
-3.216000
-2.832000
-1.815000
-1.696000
-0.750000
-2.674000
-2.791000
-3.389000
-4.201000
-1.547000
0.581000
1.764000
2.515000
1.062000
1.120000
-0.623000
0.175000
-2.734000
-2.734000
2.622000
-4.040000
2.622000
-4.040000
0.623000
-0.581000
-0.635000
-1.637000
-1.880000
-2.174000
-2.950000
0.159000
1.200000
2.075000
2.021000
2.955000
3.758000
2.608000
3.216000
2.832000
3.389000
2.674000
1.696000
0.750000
-0.175000
-1.062000
-1.764000
-1.326000
-1.849000
-2.515000
-1.120000
0.673000
1.735000
2.605000
1.702000
2.543000
0.606000
-0.490000
-1.347000
-0.458000
-1.295000
2.791000
-1.524000
1.547000
-0.353000
1.815000
4.040000
-2.622000
4.201000
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14.210000 2.876000
13.163000 3.376000
12.696000 4.674000
11.842000 5.010000
13.253000 5.538000
14.360000 5.071000
14.847000 5.731000
12.653000 2.713000
14.826000 3.765000
15.674000 3.429000
14.515000 -1.420000
14.416000 -0.693000
14.416000 0.697000
14.515000 1.425000
14.739000 0.699000
14.816000 1.228000
14.739000 -0.694000
14.816000 -1.223000
14.311000 1.229000
14.311000 -1.225000
13.255000 -5.533000
12.698000 -4.671000
11.843000 -5.006000
13.164000 -3.372000
12.654000 -2.709000
14.211000 -2.872000
14.827000 -3.760000
15.675000 -3.424000
14.362000 -5.066000
14.849000 -5.726000
10.275000 -9.408000
9.379000 -10.715000
8.224000 -11.410000
7.854000 -12.153000
8.842000 -11.911000
7.458000 -11.434000
7.850000 -10.759000
7.091000 -10.830000
7.777000 -10.071000
7.518000 -9.872000
8.914000 -9.515000
9.792000 -8.573000
10.770000 -7.854000
11.465000 -6.711000
11.374000 -6.345000
12.187000 -6.174000
11.984000 -7.021000
12.559000 -6.830000
12.386000 -7.713000
13.107000 -7.638000
12.665000 -8.667000
11.654000 -9.360000
10.859000 -10.399000
12.981000 -8.927000
13.864000 -6.904000
12.793000 -5.282000
9.772000 -10.996000
8.944000 -9.959000
11.521000 -8.781000
11.114000 -8.038000
9.644000 -8.300000
11.068000 -10.723000
-0.357000 -14.285000
0.494000 -14.578000
1.851000 -14.363000
2.286000 -14.768000
3.583000 -14.600000
4.644000 -13.957000

-0.701000
-1.493000
-1.335000
-1.914000
-0.375000
0.353000
1.064000
-2.185000
0.197000
0.787000
-0.747000
-1.946000
-1.946000
-0.747000
0.435000
1.380000
0.435000
1.380000
-2.887000
-2.887000
-0.374000
-1.334000
-1.913000
-1.492000
-2.184000
-0.700000
0.197000
0.788000
0.354000
1.066000
0.240000
-1.045000
-0.836000
-2.024000
-2.949000
0.345000
1.517000
2.749000
3.667000
4.698000
2.978000
3.508000
2.813000
3.346000
4.360000
2.322000
1.166000
-0.111000
-1.200000
-2.451000
-3.231000
-2.475000
-2.972000
-4.232000
-2.689000
2.347000
-2.335000
1.674000
-1.235000
1.496000
4.549000
-3.987000
-0.106000
-1.196000
-1.232000
-2.471000
-2.969000
-2.334000
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5.900000 -13.609000
6.185000 -13.858000
6.605000 -12.875000
5.777000 -12.823000
6.182000 -12.172000
5.402000 -12.173000
5.843000 -11.551000
4.843000 -11.766000
3.793000 -12.473000
2.538000 -12.762000
1.426000 -13.249000
1.413000 -13.639000
0.090000 -13.279000
-0.737000 -13.636000
-1.813000 -13.715000
-0.181000 -13.018000
4.802000 -11.441000
4.162000 -12.721000
4.597000 -13.476000
1.179000 -15.296000
1.246000 -15.700000
3.018000 -13.598000
0.067000 -15.165000
-0.946000 -15.453000
0.097000 -13.884000
3.758000 -14.943000
2.377000 -12.497000
-4.611000 -13.737000
-3.654000 -13.080000
-2.297000 -13.325000
-1.579000 -12.753000
-1.828000 -14.240000
-2.785000 -14.965000
-2.457000 -15.717000
-3.974000 -12.307000
-4.149000 -14.716000
-4.864000 -15.282000
-8.484000 -11.854000
-7.805000 -12.132000
-6.601000 -12.827000
-6.021000 -13.275000
-6.761000 -13.106000
-6.342000 -13.438000
-7.968000 -12.410000
-8.465000 -12.213000
-6.087000 -13.001000
-8.213000 -11.775000
-11.419000 -8.708000
-10.392000 -8.656000
-10.255000 -7.748000
-9.499000 -9.708000
-8.670000 -9.598000
-9.590000 -10.865000

-2.948000
-3.962000
-2.024000
-0.836000
0.346000
1.518000
2.749000
3.668000
2.980000
3.511000
2.816000
1.499000
3.350000
2.327000
2.353000
4.364000
4.699000
1.676000
-1.043000
-3.227000
-4.229000
0.243000
-2.447000
-2.684000
1.170000
-3.985000
4.552000
-0.694000
-1.486000
-1.328000
-1.907000
-0.369000
0.360000
1.070000
-2.178000
0.203000
0.793000
-0.742000
-1.941000
-1.940000
-0.741000
0.441000
1.386000
0.440000
1.385000
-2.881000
-2.882000
-0.373000
-1.331000
-1.909000
-1.488000
-2.178000
-0.696000

-10.669000 -10.955000 0.200000
-10.801000 -11.858000 0.790000

-11.568000 -9.900000
-12.384000 -9.993000
-13.291000 -4.192000
-13.973000 -2.763000
-13.998000 -1.416000
-14.454000 -0.724000
-14.735000 -1.701000
-13.639000 -0.739000
-13.253000 -1.416000
-12.939000 -0.722000
-12.626000 -1.696000
-12.327000 -1.570000
-12.711000 -2.959000

0.356000
1.066000
0.236000

-1.050000

-0.843000
-2.032000
-2.957000

0.340000
1.513000

2.745000

3.664000
4.696000

2.976000
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-12.334000
-12.198000
-11.555000
-11.195000
-11.448000
-12.078000
-12.196000
-12.873000
-13.165000
-13.833000
-13.931000
-14.433000
-14.214000
-12.906000
-10.977000
-14.409000
-13.108000
-13.366000
-12.526000
-12.027000
-14.816000
-12.198000
-12.875000
-13.368000
-13.933000
-14.435000
-14.410000
-14.735000
-15.091000
-14.454000
-13.998000
-13.639000
-13.254000
-12.939000
-12.627000
-12.712000
-12.336000
-12.199000
-12.527000
-11.557000
-11.450000
-10.980000
-11.197000
-12.327000
-13.109000
-13.973000
-13.835000
-14.217000
-13.292000
-13.167000
-12.909000
-12.080000
-14.817000
-12.028000
-9.594000
-9.502000
-10.395000
-10.258000
-11.422000
-11.571000
-12.387000
-8.673000
-10.672000
-10.805000
-6.025000
-6.605000
-7.809000
-8.488000
-7.972000
-8.469000
-6.766000

-4.190000 3.507000
-5.396000 2.812000
-6.568000 3.347000
-6.672000 4.362000
-7.462000 2.324000
-6.864000 1.166000
-7.457000 -0.111000
-6.867000 -1.202000
-7.530000 -2.454000
-6.633000 -3.235000
-5.411000 -2.479000
-4.204000 -2.978000
-6.777000 -4.237000
-8.552000 -2.690000
-8.433000 2.350000
-2.964000 -2.342000
-2.763000 1.670000
-5.584000 -1.239000
-5.603000 1.494000
-4.197000 4.548000
-4.224000 -3.994000
7.453000 -0.113000
6.862000 -1.203000
5.580000 -1.240000
5.406000 -2.480000
4.198000 -2.979000
2.958000 -2.343000
1.696000 -2.958000
1.573000 -3.972000
0.719000 -2.032000
1.411000 -0.843000
0.735000 0.339000
1.412000 1.512000
0.719000 2.745000
1.692000 3.664000
2.955000 2.975000
4.186000 3.506000
5.392000 2.811000
5.599000 1.493000
6.565000 3.345000
7.459000 2.322000
8.430000 2.348000
6.669000 4.360000
1.567000 4.696000
2.759000 1.670000
2.758000 -1.051000
6.628000 -3.236000
6.772000 -4.239000
4.187000 0.236000
7.525000 -2.455000
8.547000 -2.692000
6.860000 1.165000
4.218000 -3.995000
4.194000 4.548000
10.862000 -0.698000
9.704000 -1.489000
8.652000 -1.332000
7.744000 -1.911000
8.704000 -0.374000
9.896000 0.354000
9.989000 1.064000
9.594000 -2.180000
10.952000 0.198000
11.854000 0.788000
13.273000 -0.743000
12.824000 -1.943000
12.129000 -1.943000
11.851000 -0.744000
12.408000 0.438000
12.210000 1.383000
13.104000 0.438000
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-6.346000
-8.217000
-6.091000
-1.832000
-2.301000
-1.583000
-3.659000
-3.978000
-4.616000
-4.154000
-4.869000
-2.790000
-2.463000
3.014000
4.593000
5.772000
6.601000
5.896000
6.178000
5.397000
5.840000
4.840000
4.798000
3.789000
2.534000
1.422000
0.086000
-0.185000
-0.742000
0.093000
-0.361000
0.489000
0.062000
1.174000
2.281000
3.578000
1.241000
-0.952000
-1.817000
4.639000
4.158000
1.847000
1.408000
2.373000
3.753000
12.556000
12.383000
11.518000
11.651000
10.856000
9.769000
8.838000
8.910000
7.850000
8.221000
7.454000
7.847000
7.088000
7.774000
8.911000
9.789000
10.767000
11.112000
11.462000
12.185000
12.791000
11.372000
7.514000
8.941000
9.376000
12.662000

13.436000
11.772000
12.999000
14.239000
13.324000
12.752000
13.078000
12.305000
13.736000
14.714000
15.280000
14.964000
15.717000
13.599000
13.477000
12.825000
12.876000
13.610000
12.174000
12.175000
11.554000
11.768000
11.443000
12.475000
12.763000
13.250000
13.280000
13.019000
13.637000
13.884000
14.285000
14.578000
15.164000
15.296000
14.768000
14.600000
15.700000
15.452000
13.715000
13.958000
12.723000
14.363000
13.640000
12.499000
14.943000
6.834000
7.717000
8.785000
9.364000
10.402000
10.999000
11.913000
12.285000
12.156000
11.412000
11.437000
10.762000
10.833000
10.075000
9.519000
8.577000
7.858000
8.042000
6.716000
6.178000
5.287000
6.350000
9.876000
9.963000
10.718000
8.670000

1.383000
-2.884000
-2.883000
-0.372000
-1.331000
-1.909000
-1.488000
-2.180000
-0.697000

0.200000

0.790000

0.357000

1.067000

0.240000
-1.046000
-0.838000
-2.026000
-2.951000
0.343000
1.515000
2.747000
3.665000

4.697000
2.978000
3.508000
2.814000
3.347000

4.362000

2.325000
1.168000
-0.109000
-1.199000
-2.450000
-3.230000
-2.474000
-2.972000
-4.232000
-2.687000

2.350000
-2.336000

1.673000
-1.235000

1.496000
4.549000
-3.988000
-0.112000
-1.202000
-1.237000
-2.476000
-2.974000
-2.338000
-2.952000
-3.965000
-2.026000
-0.839000
0.343000
1.515000
2.747000
3.665000

2.977000
3.506000
2.811000

1.494000
3.344000
2.321000

2.346000
4.359000
4.696000
1.672000
-1.047000
-3.232000
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12.978000 8.931000
10.272000 9.412000
13.105000 7.642000
13.861000 6.908000
11.981000 7.026000

15.152000 -11.745000
14.864000 -10.624000
15.593000 -9.447000
15.315000 -8.581000
16.644000 -9.335000
16.977000 -10.474000
17.811000 -10.430000
14.014000 -10.652000
16.244000 -11.655000
16.524000 -12.518000
12.183000 -14.880000
12.617000 -14.279000
13.624000 -13.322000
14.246000 -12.919000
13.878000 -13.587000
14.330000 -13.294000
12.869000 -14.546000
12.553000 -14.983000
13.928000 -12.869000
12.149000 -14.559000
8.481000 -17.091000
8.647000 -16.048000
7.795000 -15.725000
9.859000 -15.379000
9.930000 -14.531000
10.964000 -15.724000
10.818000 -16.810000
11.665000 -17.134000
9.601000 -17.482000
9.514000 -18.313000
18.408000 3.739000
18.999000 2.283000
18.969000 0.935000
19.398000 0.230000
19.713000 1.198000
18.584000 0.267000
18.213000 0.954000
17.861000 0.268000
17.576000 1.249000
17.265000 1.130000
17.725000 2.510000
17.425000 3.756000
17.400000 4.983000
16.882000 6.203000
16.524000 6.319000
16.893000 7.133000
17.463000 6.498000
17.659000 7.112000
18.250000 6.477000
18.598000 7.133000
19.157000 6.187000
19.140000 4.947000
19.541000 3.711000
19.541000 6.312000
18.447000 8.181000
16.539000 8.152000
19.443000 2.470000
18.123000 2.306000
18.603000 5.149000
17.762000 5.186000
17.108000 3.770000
19.919000 3.716000
17.280000 -7.997000

-4.234000
0.238000

-2.453000

-2.690000
1.165000

-0.536000
-1.332000
-1.212000
-1.802000
-0.285000
0.465000
1.159000
-2.007000
0.344000
0.940000
-0.574000
-1.769000
-1.768000
-0.574000
0.606000
1.549000
0.606000
1.549000
-2.708000
-2.708000
-0.287000
-1.212000
-1.803000
-1.333000
-2.007000
-0.536000
0.343000
0.939000
0.464000
1.157000
0.182000
-1.119000
-0.917000
-2.108000
-3.032000
0.262000
1.434000
2.661000
3.581000
4.610000
2.902000
3.447000
2.776000
3.337000
4.351000
2.341000
1.172000
-0.085000
-1.199000
-2.440000
-3.249000
-2.517000
-3.036000
-4.253000
-2.652000
2.389000
-2.411000
1.598000
-1.268000
1.467000
4.486000
-4.054000
-0.084000
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11.065000 10.726000 -3.989000

9.641000 8.304000
8.915000 -12.283000
-15.091000 -1.578000
6.181000 13.859000

17.903000 -7.392000
18.322000 -6.084000
18.868000 -5.909000
19.331000 -4.695000
19.295000 -3.451000
19.628000 -2.194000
19.986000 -2.079000
19.362000 -1.211000
18.899000 -1.893000
18.547000 -1.207000
18.143000 -1.875000
17.825000 -1.172000
17.492000 -2.137000
17.577000 -3.404000
17.216000 -4.634000
17.130000 -5.858000
17.481000 -6.079000
16.551000 -7.050000
16.514000 -7.980000
16.110000 -8.979000
16.187000 -7.147000
17.187000 -2.003000
17.985000 -3.220000
18.861000 -3.242000
18.824000 -7.149000
19.201000 -7.293000
18.198000 -4.666000
18.217000 -8.065000
18.014000 -9.104000
17.116000 -7.374000
19.709000 -4.719000
16.898000 -4.631000
20.064000 1.065000
11.745000 15.152000
10.624000 14.864000
9.447000 15.593000
8.581000 15.315000
9.335000 16.644000
10.474000 16.977000
10.430000 17.811000
10.652000 14.014000
11.655000 16.244000
12.518000 16.524000
14.880000 12.183000
14.279000 12.617000
13.322000 13.624000
12.919000 14.246000
13.587000 13.878000
13.294000 14.330000
14.546000 12.869000
14.983000 12.553000
12.869000 13.928000
14.559000 12.149000
17.091000 8.481000
16.048000 8.647000
15.725000 7.795000
15.379000 9.859000
14.532000 9.930000
15.724000 10.964000
16.810000 10.818000
17.134000 11.665000
17.482000 9.601000
18.313000 9.514000

4.547000
-3.963000
-3.972000
-3.965000

-1.198000
-1.267000
-2.516000
-3.035000
-2.410000
-3.032000
-4.046000
-2.108000
-0.916000
0.262000
1.435000
2.661000
3.581000
2.903000
3.448000
2.777000
1.468000
3.338000
2.342000
2.390000
4.352000
4.611000
1.599000
-1.118000
-3.248000
-4.252000
0.183000
-2.439000
-2.651000
1.173000
-4.053000
4.487000
-4.046000
-0.535000
-1.332000
-1.211000
-1.802000
-0.285000
0.466000
1.159000
-2.006000
0.344000
0.941000
-0.573000
-1.768000
-1.768000
-0.573000
0.607000
1.549000
0.607000
1.549000
-2.707000
-2.707000
-0.286000
-1.212000
-1.803000
-1.333000
-2.007000
-0.536000
0.343000
0.940000
0.465000
1.158000
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-3.739000 18.408000
-2.283000 18.999000
-0.935000 18.969000
-0.230000 19.398000
-1.198000 19.713000
-0.267000 18.583000
-0.954000 18.213000
-0.268000 17.861000
-1.249000 17.576000
-1.130000 17.265000
-2.511000 17.724000
-3.756000 17.424000
-4.983000 17.400000
-6.203000 16.882000
-6.319000 16.524000
-7.134000 16.892000
-6.498000 17.463000
-7.112000 17.659000
-6.477000 18.250000
-7.133000 18.598000
-6.187000 19.158000
-4.947000 19.140000
-3.711000 19.541000
-6.312000 19.542000
-8.181000 18.447000
-8.152000 16.539000
-2.470000 19.443000
-2.306000 18.122000
-5.149000 18.603000
-5.186000 17.762000
-3.770000 17.108000
-3.716000 19.920000
7.997000 17.280000
7.392000 17.903000
6.084000 18.322000
5.909000 18.868000
4.695000 19.331000
3.451000 19.295000
2.194000 19.628000
2.079000 19.986000
1.211000 19.362000
1.893000 18.899000
1.207000 18.547000
1.875000 18.142000
1.172000 17.825000
2.137000 17.491000
3.404000 17.577000
4.634000 17.215000
5.857000 17.130000
6.079000 17.481000
7.050000 16.550000
7.980000 16.514000
8.979000 16.110000
7.147000 16.187000
2.003000 17.187000
3.220000 17.985000
3.242000 18.861000
7.149000 18.824000
7.293000 19.201000
4.666000 18.198000
8.065000 18.217000
9.105000 18.014000
7.374000 17.116000
4.719000 19.709000
4.631000 16.898000
-1.065000 20.065000
-15.152000 11.745000
-14.864000 10.624000
-15.593000 9.447000
-15.315000 8.581000
-16.644000 9.335000

0.183000
-1.118000
-0.916000
-2.107000
-3.031000
0.263000
1.435000
2.661000
3.581000

4.611000
2.902000
3.448000
2.776000
3.337000
4.352000
2.341000
1.172000
-0.085000
-1.199000
-2.440000
-3.248000
-2.517000
-3.036000
-4.252000
-2.652000
2.390000
-2.410000
1.598000
-1.268000
1.467000
4.486000
-4.054000
-0.084000
-1.197000
-1.267000
-2.516000
-3.035000
-2.409000
-3.031000
-4.046000
-2.107000
-0.916000
0.263000
1.435000
2.661000
3.582000
2.903000
3.449000
2.778000
1.468000
3.338000
2.342000
2.391000
4.353000
4.611000
1.599000
-1.118000
-3.247000
-4.251000
0.184000
-2.438000
-2.651000
1.173000
-4.053000
4.487000
-4.046000
-0.535000
-1.332000
-1.212000
-1.802000
-0.285000
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-16.977000
-17.811000
-14.014000
-16.244000
-16.524000
-12.183000
-12.617000
-13.624000
-14.246000
-13.878000
-14.330000
-12.869000
-12.553000
-13.928000
-12.149000
-8.481000
-8.647000
-7.795000
-9.859000
-9.930000
-10.964000
-10.818000
-11.665000
-9.601000
-9.514000

10.474000
10.430000
10.652000
11.655000
12.518000
14.880000
14.279000
13.322000
12.919000
13.587000
13.294000
14.546000
14.983000
12.869000
14.559000
17.091000
16.048000
15.725000
15.379000
14.532000
15.724000
16.810000
17.134000
17.482000
18.313000

-18.408000 -3.739000

-18.999000
-18.969000
-19.398000
-19.713000
-18.584000
-18.213000
-17.861000
-17.576000
-17.265000
-17.725000
-17.425000
-17.400000
-16.882000
-16.524000
-16.893000
-17.463000
-17.659000
-18.250000
-18.598000
-19.157000
-19.140000
-19.541000
-19.541000
-18.447000
-16.539000
-19.443000
-18.123000
-18.603000
-17.762000
-17.108000
-19.919000
-17.280000
-17.903000
-18.322000
-18.868000
-19.331000
-19.295000
-19.628000
-19.986000
-19.362000
-18.898000
-18.547000
-18.143000
-17.825000
-17.492000

-2.283000
-0.935000
-0.230000
-1.198000
-0.267000
-0.954000
-0.268000
-1.249000
-1.130000
-2.511000
-3.756000
-4.983000
-6.203000
-6.319000
-7.134000
-6.498000
-7.112000
-6.477000
-7.133000
-6.187000
-4.947000
-3.711000
-6.312000
-8.181000
-8.152000
-2.470000
-2.306000
-5.149000
-5.186000
-3.770000
-3.716000
7.997000
7.392000
6.084000
5.909000
4.695000
3.451000
2.194000
2.079000
1.211000
1.893000
1.207000
1.875000
1.172000
2.137000

0.465000
1.159000
-2.007000
0.344000
0.940000
-0.574000
-1.768000
-1.768000
-0.573000
0.606000
1.549000
0.606000
1.549000
-2.707000
-2.708000
-0.286000
-1.212000
-1.803000
-1.333000
-2.007000
-0.536000
0.343000
0.940000
0.465000
1.158000
0.182000
-1.119000
-0.917000
-2.108000
-3.032000
0.262000
1.434000
2.661000
3.580000
4.610000
2.902000
3.447000
2.776000
3.336000
4.351000
2.340000
1.171000
-0.086000
-1.199000
-2.441000
-3.249000
-2.518000
-3.037000
-4.253000
-2.653000
2.389000
-2.411000
1.598000
-1.269000
1.466000
4.485000
-4.054000
-0.084000
-1.198000
-1.267000
-2.517000
-3.036000
-2.410000
-3.032000
-4.046000
-2.108000
-0.916000
0.262000
1.435000
2.661000
3.581000
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Zn
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-17.577000 3.404000
-17.216000 4.634000
-17.130000 5.857000
-17.481000 6.079000
-16.551000 7.050000
-16.514000 7.980000
-16.110000 8.979000
-16.187000 7.147000
-17.187000 2.003000
-17.985000 3.220000
-18.861000 3.242000
-18.824000 7.149000
-19.201000 7.293000
-18.198000 4.666000
-18.217000 8.065000
-18.014000 9.105000
-17.116000 7.374000
-19.709000 4.719000
-16.898000 4.631000
-20.064000 -1.065000
-11.745000 -15.152000
-10.624000 -14.864000
-9.447000 -15.593000
-8.581000 -15.315000
-9.335000 -16.644000
-10.474000 -16.977000
-10.430000 -17.811000
-10.652000 -14.014000
-11.655000 -16.244000
-12.518000 -16.524000
-14.880000 -12.183000
-14.279000 -12.617000
-13.322000 -13.624000
-12.919000 -14.246000
-13.587000 -13.878000
-13.294000 -14.330000
-14.546000 -12.869000
-14.983000 -12.553000
-12.869000 -13.928000
-14.559000 -12.149000
-17.091000 -8.481000
-16.048000 -8.647000
-15.725000 -7.795000
-15.379000 -9.859000
-14.531000 -9.930000
-15.724000 -10.964000
-16.810000 -10.818000
-17.134000 -11.665000
-17.482000 -9.601000
-18.313000 -9.514000
3.739000 -18.408000
2.283000 -18.999000
0.935000 -18.969000
0.230000 -19.398000
1.198000 -19.713000
0.267000 -18.583000
0.954000 -18.213000
0.268000 -17.861000

2.903000
3.448000
2.777000
1.468000
3.338000
2.342000
2.390000
4.352000
4.610000
1.598000
-1.118000
-3.248000
-4.252000
0.183000
-2.439000
-2.651000
1.172000
-4.053000
4.487000
-4.047000
-0.536000
-1.332000
-1.212000
-1.802000
-0.286000
0.465000
1.159000
-2.007000
0.344000
0.940000
-0.574000
-1.769000
-1.769000
-0.574000
0.606000
1.549000
0.606000
1.549000
-2.708000
-2.708000
-0.287000
-1.213000
-1.803000
-1.333000
-2.007000
-0.536000
0.343000
0.939000
0.464000
1.157000
0.182000
-1.119000
-0.917000
-2.108000
-3.032000
0.262000
1.434000
2.661000
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1.249000 -17.576000
1.130000 -17.265000
2.511000 -17.724000
3.756000 -17.425000
4.983000 -17.400000
6.203000 -16.882000
6.319000 -16.524000
7.133000 -16.892000
6.498000 -17.463000
7.112000 -17.659000
6.477000 -18.250000
7.133000 -18.598000
6.187000 -19.157000
4.947000 -19.140000
3.711000 -19.541000
6.312000 -19.541000
8.181000 -18.447000
8.152000 -16.539000
2.470000 -19.443000
2.306000 -18.122000
5.149000 -18.603000
5.186000 -17.762000
3.770000 -17.108000
3.716000 -19.919000
-7.997000 -17.280000
-7.392000 -17.903000
-6.084000 -18.322000
-5.909000 -18.868000
-4.695000 -19.331000
-3.451000 -19.295000
-2.194000 -19.628000
-2.079000 -19.986000
-1.211000 -19.362000
-1.893000 -18.898000
-1.207000 -18.547000
-1.875000 -18.142000
-1.172000 -17.825000
-2.137000 -17.492000
-3.404000 -17.577000
-4.634000 -17.215000
-5.858000 -17.130000
-6.079000 -17.481000
-7.050000 -16.551000
-7.980000 -16.514000
-8.979000 -16.110000
-7.147000 -16.187000
-2.003000 -17.187000
-3.220000 -17.985000
-3.242000 -18.861000
-7.149000 -18.824000
-7.293000 -19.201000
-4.666000 -18.198000
-8.065000 -18.217000
-9.104000 -18.014000
-7.374000 -17.116000
-4.719000 -19.709000
-4.631000 -16.898000
1.065000 -20.064000

3.580000
4.610000
2.902000
3.447000
2.776000
3.337000
4.351000
2.340000
1.171000
-0.086000
-1.199000
-2.440000
-3.249000
-2.518000
-3.036000
-4.253000
-2.653000
2.389000
-2.411000
1.598000
-1.269000
1.466000
4.486000
-4.054000
-0.084000
-1.198000
-1.268000
-2.517000
-3.036000
-2.410000
-3.032000
-4.046000
-2.108000
-0.916000
0.262000
1.435000
2.661000
3.581000
2.903000
3.448000
2.777000
1.467000
3.338000
2.341000
2.390000
4.352000
4.610000
1.598000
-1.118000
-3.248000
-4.252000
0.183000
-2.439000
-2.651000
1.172000
-4.053000
4.486000
-4.047000



6.2. Strain energy calculations

Strain energy for aromatized nanorings (7 and 8) and fused nanorings (9 and 11) was estimated using appropriate
homodesmotic reactions shown below (Scheme S3).

Geometry of the substrates for the homodesmotic reactions were first optimized by finding the lowest-energy
conformer with CREST program implemented into the xTB package (xTB-GFN2).>% Then, DFT calculations on a
B3LYP 6-31G(d,p) level of theory were performed.

OO0 % % OO« —— e "{}
biPh
S1
S o * {}
nanoring
» OO OO
()
S2

Scheme S3. Homodesmotic reactions used for estimation of strain energies.

Reference H [Hartree] SE [Hartree] | SE [kJ/mol]
7 -18675.50426 0.058592 154
8 -24900.70761 0.042858 112
9 -18668.55315 0.058754 154
11 -24891.43884 0.043692 115
biPh -463.13039
S1 -6688.318006
S2 -6686.001023

Table S3. Parameters used for DFT calculations and calculated strain energies.
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6.3. MO contours for 7 and 9.

LUMO

HOMO

Figure S83. Calculated Kohn-Sham HOMO and LUMO orbitals for 7 and 9.
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6.4. Radius of curvature for 7and 9

The radius of curvature R was calculated from the DFT coordinates of 7 and 9, by considering both the porphyrin
units (coordinates of meso carbons, four in total) and the p-phenylene bridges (coordinates of carbon atoms at
para positions, six in total). Cartesian coordinates in the plane of the bridge (Table S4) were fitted to the equation
of a circle to get value of a bending radius using Origin software. For 7 R = 17.1 A and 11.7 A for porphyrins and
p-phenylenes respectively, and upon fusion of porphyrins to compound 9 R = 19.0 A (value similar to a
hypothetical fully fused [14]porphyrin nanobelt) and 11.4 A (value similar to the [16]cycloparaphenylene).

7, porphyrins

7, phenylenes

x (A) y(A) x (A) y(A)
0.0000 0.0000 0.0000 0.0000
3.4530 5.9808 1.4230 2.4647
4.5577 7.0048 2.3810 3.5986
10.4000 10.6310 4.6116 5.3709

5.9307 6.0457
8.6199 6.9281
9, porphyrins 9, phenylenes

x (A) y(A) x (A) y(A)
0.0000 0.0000 0.0000 0.0000
3.4435 5.9643 1.4240 2.4664
4.4431 7.0473 2.3619 3.6148
10.1060 10.9670 4.5620 5.4156

5.8781 6.0997
8.5782 6.9987

Table S4. Coordinates used to calculate radii of curvature.

124
114 7, porphyrins 94 7, phenylenes
R=17.1A R=11.7A
10 4 84
94
74
84
6
74
6 > 51 X
> 5 Model CurvRad (User) 4 Model Curszad(lsterp , ‘
1 ' . g m1+sqrt(((m2)*(m2))-(x-m3)°(x:
Equation m1+sqri(((m2)*(m2))-(x-m3)*( Equation art(( r)“g» )-(x-m3)'( ‘
4 4 x-m3)) |
Plot B 34 Plot B
34 ml -5.47345 £ 0.41231 ml -4.56167 £ 0.094
m2 17.11686 + 0.58653 2 m2 116715 £0.11944
2 m3 16.2172 £ 0.45249 m3 10.74193 £ 0.08438 |
14 Reduced Chi-Sar 0.00538 14 Reduced Chi-Sqr 38135264 |
R-Square (COD) 0.99991 R-Square (COD) 0.99997 ‘
0 Adj. R-Square 0.99972 04 Adj. R-Square 0.99994 |
-1 N s e | T T T T (‘) ; é :'5 "1 é é ; 1‘3 é 1‘0
-1 0 1 2 3 4 5 7 8 9 10 11 12
X
124 10
114 9, porphyrins o] 9, phenylenes
10 R=19.0A R=11.8A
84
9
8 7
74 64
64 54
> Model CurvRad (User) .
Model CurvRad (User)
54 Equat m1+sqr(((m2)*(m2))-(x-m3)*( 44 lode!
quation x-m3)) Equation m|~sun<«m2)‘(3r;w'2)>-<x-m3>'<x~
A m
4 Plot B 34 - 5
34 m1 -6.36881 + 0.00839 lot
m2 19.0133 £ 0.01233 P m1 -4.54236  0.10871
2 m3 17.91489 £ 0.00957 m2 1176173 £ 013932
Reduced Chi-Sqr 1.57736E-6 14 m3 10.85116 + 0.09916
1 R-Square (COD) 1 Reduced Chi-Sqr 5.09413E-4
0 Adj. R-Square 1 04 R-Square (COD) 0.99995
] Adj. R-Square 0.99992
-1 T T T T T T T T T T T T T T T T 1

7 8

T T T 1
9 10 11 12

Fig S84. Fitting curves for bending radii. The radius of curvature R is the parameter m2.
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7. Electrochemistry

Voltammetry measurements were made using an Autolab PGSTAT 12 with a 3 mm glassy carbon working
electrode, platinum wire counter electrode and Ag/AgNO; (0.01 M in acetonitrile) reference electrode.
Voltammograms were referenced to the Fc/Fc* couple (0.0 V) as an internal reference. Square-wave (SW)
voltammograms were acquired with a 5 mV step potential, 50 mV modulation amplitude and 2 Hz frequency.
The supporting electrolyte was tetra-n-butylammonium hexafluorophosphate (BusNPFs, TBAP) Inhibitor-free
CH,Cl; (from the SPS system) was added to the dry electrolyte to achieve an electrolyte concentration of 0.10
M. Analyte solutions were prepared by addition of this electrolyte solution to a particular compound (2-5 mg).

Ccv
square wave

+1.09

+1.02
+0.76

-1.35 -1.10 +0.04+0:26

T T T T T T
-2 -1.5 -1 -0.5 0 0.5 1 15 -2 -1.5 -1 -0.5 0 0.5 1 1.5

E vs ferrocene [V] E vs ferrocene [V]

7 5b

+0.76

T T T
2 45 4 05 0 05 1 15 2 5 4 05 0 05 1 15

E vs ferrocene [V] E vs ferrocene [V]

Figure S77. Cyclic (red) and square wave (blue) voltammograms measured for compounds 5b, 7,9 and a
reference compound 10. Asterisks indicate waves that probably correspond to impurities.
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