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1. Synthesis

All reagents were obtained from commercial sources and used as received. With the exception of
carbon tetrachloride and methanol, all reaction solvents were obtained from a Grubbs-type solvent
purification system and were sparged with nitrogen prior to use. All reactions were performed under
nitrogen atmosphere using standard Schlenk line techniques, and work-ups were performed under
air. Purification by recycling preparative gel permeation chromatography (GPC) was carried out on a
LaboACE LC-5060 (Japan Analytical Industry Co., Tokyo, JAPAN) recycling GPC system equipped with a
JAIGEL-2HR column and a TOYDADS8O0O0-S detector. CH,Cl, was used as the eluent for the preparative

recycling GPC in all cases, with a flow rate of 10 mL min™.

NMR spectra were recorded at room temperature on a Bruker Avance 400 MHz spectrometer and
referenced to the residual solvent peaks of CDCls or CD,Cl; at 7.26 or 5.32 (*H NMR) and 77.16 or 53.84
ppm (B3C{*H} NMR) respectively. The NMR signals were fully assigned for the separated regioisomers
6-cis and 6-trans (where the assignment was possible) using 2D correlation spectroscopy. Coupling

constants are measured in Hz.

1.1. 2-Bromo-1,4-bis(bromomethyl)benzene (1)

Br

Br

Br
Molecular Weight: 342.86

Prepared using a previously reported method for the conversion of over-brominated side product.?

2-Bromo-1,4-dimethylbenzene (20.0 g, 108 mmol, 1.0 equiv.) was dissolved in carbon tetrachloride
(100 mL) and degassed with N, for 1 hour. A separate flask was then charged with N-bromosuccinimide
(NBS; 42.3 g, 238 mmol, 2.2 equiv.) and dibenzoyl peroxide (DBPO; 0.2 g, 0.864 mmol, 0.008 equiv.).
The solution of 2-bromo-1,4-dimethylbenzene was added via cannula and the suspension was heated
to reflux and stirred for 2 hours. The suspension was then allowed to cool to room temperature,
filtered, and the solvent was removed in vacuo. To remove over-brominated species, the crude
product was dissolved in THF (300 mL) and diethylphosphite (DEP; 32.8 g, 238 mmol, 2.2 equiv.) and
N,N-diisopropylethylamine (DIPEA; 33.5 g, 259 mmol, 2.4 equiv.) were added. The solution was stirred
vigorously at room temperature, and the reaction was monitored by taking an aliquot, removing the
solvent in vacuo, and collecting a *H NMR spectrum, to check for consumption of the over-brominated

species (which present indicative singlets at ~6.55 ppm). After 2 days, the reaction was filtered to



remove the yellow precipitate. The solvent of the solution was then removed in vacuo, and the residue
was purified by silica gel column chromatography, eluting with hexane. The resulting near-pure
product was recrystallized from the minimum amount of boiling hexane to give product 1 as white

crystals (10.0 g, 29.2 mmol, 27%).

Note: The step involving DEP and DIPEA produces a large amount of an insoluble yellow material.
300 mL of THF (or more) and a large stirrer bar are required to ensure vigorous stirring over the entire

reaction time.

Characterisation supported by previously reported synthesis of this molecule.2 *H NMR (400 MHz,
CDCl3): 6 =7.62 (d, J = 1.6 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.32 (dd, J = 7.6, 1.6 Hz, 1H), 4.58 (s, 2H),
4.41 (s, 2H) ppm.

1.2. 2-Bromo-1,4-bis(triphenylphosphonium)benzene dibromide (2)

Br PhyP-.

Br

+ -
PPhs Br
Molecular Weight: 867.44

Compound 1 (10.0 g, 29.2 mmol, 1.0 equiv.) and triphenylphosphine (30.6 g, 117 mmol, 4.0 equiv.)
were dissolved in toluene (350 mL), heated to reflux, and stirred overnight, over which time a white
precipitate formed. The solid was collected by filtering through a sintered funnel, and the solid was
washed with toluene (3 x 200 mL) and dried in vacuo to yield product 2 as a fluffy white solid (24.3 g,
28.0 mmol, 96%).

Characterisation supported by previously reported synthesis of this molecule.? *H NMR (400 MHz,
CDCls): & = 7.83-7.62 (m, 30H), 7.30 (m, 1H) 6.88 (m, 2H), 5.67 (d, J = 14.4 Hz, 2H), 5.44 (d, J = 14.4 Hz,

2H) ppm.



1.3. Dibrominated PCTs 3 (mixture of regioisomers 3-cis and 3-trans)

O Q. T
Br Br Br

3-cis 3-trans

Molecular Weight: 566.34 Molecular Weight: 566.34
Prepared by modifying a procedure that was first reported for the synthesis of unsubstituted PCT.3

Compound 2 (8.20 g, 9.45 mmol, 1.0 equiv.) and terephthaldehyde (1.27 g, 9.45 mmol, 1.0 equiv.)
were suspended in DMF (350 mL) and cooled to -40°C (using an acetonitrile/dry ice cooling bath). In a
separate flask, LiOMe (1.08 g, 28.4 mmol, 3.0 equiv.) was dissolved in dry MeOH (40 mL). The LiOMe
solution was added to the reaction mixture dropwise over the course of 8 hours (using a syringe pump)
while maintaining a temperature of -40°C. After the addition, the solution was allowed to warm to
room temperature and stirred overnight. The resulting bright yellow suspension was poured into
stirring water (300 mL) and subsequently extracted with diethyl ether (4 x 200 mL). The organic phases
were combined and washed with water (3 x 200 mL) and brine (200 mL). The solution was then dried
over MgSQ,, filtered, and the solvent was removed in vacuo to yield a bright yellow solid. This was
dissolved/suspended in CH,Cl, (10 mL) and filtered over a pad of silica, eluting with CH,Cl,. The solvent
was removed in vacuo, and the crude product was purified by recycling preparative GPC. The solvent
was removed in vacuo to yield product 3 as a bright yellow powder containing a mixture of the two

macrocyclic isomers 3-cis and 3-trans (240 mg, 0.42 mmol, 9%).

IH NMR (400 MHz, CDCls): & = 7.47-7.44 (m, 2H), 7.39-7.32 (m, 2H), 7.30-7.26 (m, 2H), 7.23-7.15 (m,
8H), 6.54-6.38 (m, 8H) ppm. *C{*H} NMR (101 MHz, CDCls): 6 = 138.8, 138.4, 136.8, 136.5, 136.1, 135.7,
135.6, 135.4, 134.0, 133.6, 131.3, 131.1, 130.9, 130.8, 130.10, 130.08, 129.3, 129.2, 129.1, 129.0,
128.51, 128.45, 127.0, 126.9, 124.5, 124.2 ppm.

'H NMR (400 MHz, CD,Cl,): 6 = 7.475 (br s) and 7.467 (br s, combined 2H), 7.37 (d, /i = 8.0 Hz) and
7.35(d, 3Jun = 8.0 Hz, combined 2H), 7.32-7.26 (m, combined 2H), 7.21 (s) and 7.20 (s, combined 8H),
6.57- 6.41 (m, 8H) ppm. Note: ‘and’ is used to denote signals which represent similar environments in
the two different isomers. Here the integration was taken over both signals to allow for comparison
with the ill-defined alkene signals. 3 C{*H} NMR (101 MHz, CD,Cl,): & = 139.3, 138.8, 137.1, 136.8,
136.4, 136.0, 135.9, 135.7, 134.2, 133.8, 131.4, 131.3, 131.14, 131.06, 130.4, 130.3, 129.44, 129.42,
129.35, 129.28, 129.24, 129.20, 128.69, 128.65, 127.3, 127.23, 124.6, 124.2 ppm.



Note: In the 13C NMR spectrum recorded in CDCls;, two signals fewer than expected 28 signals were
identified. These signals are believed to overlap with other signals due to the structural similarity of
the two isomers. In the 1*C NMR spectrum recorded in CD,Cl;, the expected number of signals was

identified.
HRMS (m/z): [M+H]* calcd for C3;H2:Br,: 565.0161; found: 565.0174 (APCI).

1.4. Dithienyl-substituted PCTs 4 (mixture of regioisomers 4-cis and 4-trans)

4-trans

Molecular Weight: 572.78 Molecular Weight: 572.78

Dibrominated PCT 3 (50 mg, 0.088 mmol, 1.0 equiv.), thiophene-2-boronic acid pinacol ester (74 mg,
0.353 mmol, 4.0 equiv.), Na,CO3 (94 mg, 0.88 mmol, 10 equiv.) and Pd(PPhs), (20 mg, 0.018 mmol, 0.2
equiv.) were suspended in a mixture of toluene (15 mL), EtOH (5 mL) and deionised water (5 mL) under
N, atmosphere. The mixture was stirred vigorously and sparged with N, for 1 hour. It was then heated
to 80°C and stirred for 2 days. After cooling to room temperature, saturated aqueous NH4Cl solution
(100 mL) was added, and the mixture was extracted with CH,Cl, (3 x 100 mL). The organic phases were
combined, washed with deionised water (3 x 100 mL) and brine (100 mL), dried over MgSQ,, filtered,
and the solvent was removed in vacuo. Following this, the product was purified by recycling
preparative GPC. This gave product 4 as a mixture of the two isomers 4-cis and 4-trans (40 mg, 0.070

mmol, 79%).

'H NMR (400 MHz, CDCl3): 6 = 7.50-7.16 and 7.08-7.01 (both m, combined 20H), 6.57-6.37 (m, 8H)

ppm.

'H NMR (400 MHz, CD,Cl,): & = 7.53-7.17 (m, 18H), 7.09-7.02 (m, 2H), 6.59-6.38 (m, 8H) ppm. 3C{*H}
NMR (101 MHz, CD,Cl,): 6 = 142.6, 137.27, 137.25, 136.6, 136.0, 135.4, 134.3, 131.5, 134.4, 130.9,
130.82, 130.77, 130.6, 130.24, 130.16, 130.09, 130.06, 130.04, 129.7, 129.40, 129.35, 129.30, 129.25,
129.22,129.18, 129.1, 127.74, 127.68, 127.66, 127.62, 127.58, 127.5, 126.2, 126.13 ppm. Note: In the



13C NMR spectrum, two product signals fewer than expected 28 signals were identified. These signals

are believed to overlap with other signals due to the structural similarity of the two isomers.

HRMS (m/z): [M+H]* calcd for CaoH2sS,: 573.1705; found: 573.1703 (APCI).

1.5. Bis(bithiophene)-substituted PCTs 5 (mixture of regioisomers 5-cis and 5-trans)

5-trans

Molecular Weight: 737.02 Molecular Weight: 737.02

Compound 3 (100 mg, 0.177 mmol, 1.0 equiv.), 2,2’-bithiophene-5-boronic acid pinacol ester (155 mg,
0.530 mmol, 3.0 equiv.), Na>COs (188 mg, 1.77 mmol, 10.0 equiv.) and Pd(PPhs)s (20 mg, 0.018 mmol,
0.1 equiv.) were suspended in a mixture of toluene (30 mL), EtOH (10 mL) and deionised water (10
mL) under N, atmosphere. The mixture was stirred vigorously and sparged with N, for 1 hour. It was
then heated to 80°C and stirred for 2 days. After cooling to room temperature, saturated aqueous
NaHCOs solution (100 mL) was added, and the mixture was extracted with CH>Cl> (3 x 100 mL). The
organic phases were combined, washed with deionised water (3 x 200 mL) and brine (150 mL), dried
over MgS0., filtered, and the solvent was removed in vacuo. Following this, the product was purified
by recycling preparative GPC to yield product 5 as a mixture of the two isomers 5-cis and 5-trans (42

mg, 0.057 mmol, 32%).

'H NMR (400 MHz, CDCl3): & = 7.49-7.42 (m, 2H), 7.42-7.38 (m, 2H), 7.36-7.28 (m, 6H), 7.25 (s, 4H),
7.22-7.19 (m, 2H), 7.19-7.14 (m, 2H), 7.14-7.06 (m, 4H), 7.03-6.98 (m, 2H), 6.60-6.43 (m, 8H) ppm.
13C{*H} NMR (101 MHz, CDCls): & = 141.2, 137.9, 137.8, 137.49, 137.46, 137.0, 136.2, 135.9, 135.8,
135.7,134.9, 134.6, 134.1, 133.8, 130.8, 130.7, 130.6, 130.3, 130.2, 130.1, 130.0, 129.9, 129.5, 129.4,
129.20, 129.15,129.1,128.2, 128.1, 128.0, 127.5, 124.54 124.52, 124.13, 124.10, 123.8 ppm. Note: In
the 3C NMR spectrum, 8 of the 44 signals are considered to overlap with other signals due to the

structural similarity of the two isomers.



'H NMR (400 MHz, CD,Cly): 6 = 7.45-7.39 (m, 4H), 7.35-7.21 (m, 12H), 7.20-7.16 (m, 2H), 7.15-7.07 (m,
4fH), 7.05-7.00 (m, 2H), 6.63-6.46 (m, 8H) ppm.

MS (m/z): [M]* calcd for CssH3,S4: 736.14; found: 736.64 (MALDI).

1.6. Bis(3-hexylthienyl)-substituted PCT isomers 6-cis and 6-trans (separated regioisomers)

Molecular Weight: 741.11 Molecular Weight: 741.11

Compound 3 (50 mg, 0.088 mmol, 1.0 equiv), 3-hexylthiophene-2-boronic acid pinacol ester (78 mg,
0.265 mmol, 3.0 equiv.), Na,CO3 (94 mg, 0.88 mmol, 10 equiv.) and Pd(PPhs), (20 mg, 0.018 mmol, 0.2
equiv.) were suspended in a mixture of toluene (40 mL), EtOH (7 mL) and deionised water (7 mL) under
N, atmosphere. The mixture was stirred vigorously and sparged with N, for 1 hour. It was then heated
to 80°C and stirred overnight. After cooling to room temperature, saturated aqueous NH4Cl solution
(50 mL) was added, and the mixture was extracted with CH,Cl; (3 x 50 mL). The organic phases were
combined, dried over MgSQ,, filtered, and the solvent was removed in vacuo. The crude product was
dissolved in CHCl,, filtered over a short pad of silica, eluting with CH,Cl,, and the solvent was again
removed in vacuo. Following this, the mixture was purified by recycling preparative GPC yielding two
separate product fractions which, upon removal of the solvent, presented as bright yellow solids. Each
of the fractions contained a different isomer of the cross-coupling product; isomer 6-trans (28 mg,

0.04 mmol, 43%) eluted first, followed by isomer 6-cis (22 mg, 0.03 mmol, 34%).

6-cis:

'H NMR (400 MHz, CDCl3): § = 7.60 (d, J = 8.0 Hz, 2H, H9), 7.50 (dd, J = 8.0, 1.2 Hz, 2H, H8), 7.35 (s, 4H,
H14/H15), 7.34 (s, 4H, H14/H15), 7.25 (d, J = 5.2 Hz, 2H, H2), 7.18 (d, / = 1.6 Hz, 2H, H6), 6.96 (d, J =
5.2 Hz, 2H, H1), 6.48 (d, J = 12.4 Hz, 2H, H11/H12), 6.43 (d, J = 12.4 Hz, 2H, H11/H12),6.31(d, J=12.4
Hz, 2H, H17/H18), 6.18 (d, J = 12.4 Hz, 2H, H17/H18), 2.47 (t, J = 7.6 Hz, 4H, H19), 1.51 (quin, J = 7.6
Hz, 4H, H20), 1.24-1.07 (m, 12H, H21, H22, H23), 0.78 (t, Ju.u = 6.8 Hz, 6H, H24) ppm. *C{*H} NMR (101
MHz, CDCls): 6 = 140.9 (C4), 136.7 (C7), 136.6 (C13/C16), 136.02 (C10), 136.00 (C3), 135.7 (C13/C16),



135.1 (C5), 133.2 (C6), 130.3 (C11 and C12), 129.7 (C17/C18), 129.6 (C17/C18), 129.2 (C14/C15), 129.1
(C14/c15), 128.9 (€9), 128.7 (C1), 127.4 (C8), 124.4 (C2), 31.7 (C21/C22/C23), 30.5 (C20), 29.2
(C21/C22/C23), 28.9 (C19), 22.7 (€C21/C22/C23), 14.2 (C24) ppm.

HRMS (m/z): [M+H]* calcd for CsyHs,S,: 741.3583; found: 741.3586 (APCI).
6-trans:

'H NMR (400 MHz, CDCls): & = 7.60 (d, J = 8.0 Hz, 2H, H9), 7.53 (dd, J = 8.4, 1.6 Hz, 2H, H8), 7.40 (d, J =
8.4 Hz, 4H, H14/H15), 7.35 (d, J = 8.4 Hz, 4H, H14/H15), 7.26 (d, J = 5.2 Hz, 2H, H2), 7.20 (d, J = 1.6 Hz,
2H, H6), 6.97 (d, J= 5.2 Hz, 2H, H1), 6.49-6.41 (m, 4H, H11/H12), 6.31 (d, J = 12.4 Hz, 2H, H18), 6.19
(d, J = 12.4 Hz, 2H, H17), 2.47 (t, J = 7.6 Hz, 4H, H19), 1.52 (quin, J = 7.6 Hz, 4H, H20), 1.23-1.08 (m,
12H, H21, H22, H23), 0.78 (t, J = 7.8 Hz, 6H, H24) ppm. 3C{*H} NMR (101 MHz, CDCls): & = 140.9 (C4),
136.9 (C7), 136.3 (C13/ C16), 136.2 (C10), 135.9 (C3), 135.6 (C13/C16), 134.9 (C5), 133.6 (C6), 130.4
(C11/€12), 129.6 (C11/C12), 129.5 (C18), 129.3 (C17), 129.2 (C14/C15), 129.0 (C14/C15), 128.9 (C9),
128.6 (C1), 127.2 (C8), 124.3 (C2), 31.7 (C21/C22/C23), 30.5 (C20), 29.1 (C21/C22/C23), 28.9 (C19),
22.6 (C21/C22/C23), 14.2 (C24) ppm.

HRMS (m/z): [M+H]* calcd for Cs,Hs,S,: 741.3583; found: 741.3563 (APCI).



2. 'H and *C{"H} NMR spectra
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Figure S1. *H NMR (400 MHz, CDCls) of compound 1.
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3. Mass spectra

040522_18765A #145-212 RT: 0.18-0.27 AV: 68 SB: 121 0.03-0.19 NL: 8.16E6
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Figure S17. HRMS (APCI) spectra of compounds 3.
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Figure S18. HRMS (APCI) spectrum of compounds 4.

LA RS LRSS AR RAARE ALY RARAS RASAS RARAN RAMMS RARM) RARRE RAARE}
600 620 640 660

L
680

mi

Figure $19. MS (MALDI) spectrum of compounds 5.
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Figure $20. HRMS (APCI) spectrum of compounds 6-cis.
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Figure S21. HRMS (APCI) spectrum of compounds 6-trans.
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4. Thermogravimetric analysis (TGA)

TGA was carried out at a heating rate of 10°C min under a nitrogen flow of 50 mL min’. The initial
weight loss of 6-cis was attributed to CH,Cl, inclusions (presumably a result of the porous nature of

the macrocyclic material), which cannot easily be removed following purification by recycling GPC.
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Figure S22. TGA of compounds 3.
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Figure $23. TGA of compounds 6-cis.

20



5. Electrochemical measurements

5.1. Cyclic voltammetry in solution

Cyclic voltammetry (CV) measurements in solution were carried out at arbitrary concentrations of the
macrocycles in 0.1 M [n-BusN]PFs in DMF with a Metrohm Autolab PGSTAT101 Electrochemical
Analyser interfaced to NOVA software at a scan rate of 0.1 V s™'. A one-compartment three-electrode
electrochemical cell was used for all measurements, featuring a 3 mm diameter glassy carbon working
electrode, an Ag/Ag* non-aqueous quasi-reference electrode, and a Pt counter electrode. Residual
oxygen was removed from the electrolyte and it was saturated with dried N, by bubbling for 20 min
prior to each measurement. Ferrocene was added as an internal reference upon completion of sample
measurements.

The cyclic voltammograms shown in Fig. 3a show the second cycle of the measurement. In line with
best practice for solution measurements,* the redox potentials shown in Fig. 3a were estimated from
the half-wave potential (E¥2) when reversibility was observed and from the inflection-point potential
(E') when no reversibility was observed. In addition to the estimated redox potentials, Fig. 3a also

shows the cathodic and anodic peak potentials (in smaller font size).
5.2. Cyclic voltammetry of thin films

For thin film measurements, 5 mg mL™ solutions were prepared for each macrocycle. These were then
dropcast onto the working electrode and the solution was allowed to evaporate to form a film. These
were then measured in the same three-electrode configuration as described above for the solution
state measurements, using oxygen removed and N; saturated 0.1 M [n-BuiN]PFs in CH3sCN as the
electrolyte.

The cyclic voltammograms in Fig. 3b show the first cycle of the measurement as the irreversible
oxidation at high potential resulted in changes in the second cycle of the measurement. The redox
potentials shown in Fig. 3b were estimated from the onset of the reduction.

As the coverage of the working electrode with macrocycle thin films appeared to alter the ferrocene
measurements when adding ferrocene as an internal reference, a separate ferrocene measurement

with cleaned electrodes was recorded as a reference for all thin-film measurements.
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6. UV-vis absorption and photoluminescence measurements

Solution measurements were obtained using 5 uM (6-cis and 6-trans) or 10 uM (PCT, 3, 4 and 5)
solutions in chloroform, and thin film measurements were obtained from cleaned glass slides coated
with 40 pL of 5 mg mL? solutions using a spin coater at 1000 rpm for 1 min.

UV-vis absorption spectra were recorded on an Agilent Cary 60 UV-Vis spectrophotometer at room
temperature under regular lab conditions at a data interval of 0.5 nm.

Photoluminescence (PL) spectra of the macrocycles in solution were acquired on an Agilent Cary
Eclipse fluorescence spectrophotometer at a data interval of 1.0 nm, using the same solutions as for
the UV-vis absorption measurements. The excitation and emission slits were set to 5 nm, and the

detector voltage was set to ‘high’ (800 V).

Table S1. UV-vis absorption data.

Molecule Aabs, max [nm] Aabs, max [nm]
(solution) (thin film)
PCT 307 318
3 303 319
4 308 315
319
> 341 (shoulder) 325
6-cis 311 316
6-trans 312 316
0.5 Y T T
= PCT
0.4+ 3 .

0.3

0.2

Absorbance

0.1+

0.0

400 500 600
Wavelength (nm)

300

Figure S24. Thin-film UV-vis absorption spectra of the macrocycles.
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7. Computational analysis

Geometry optimisations on the singlet ground state (So), the 2+ and 2- charged states, as well as the
triplet (T1), were carried out using the PBEO functional with def2-SV(P) basis set and D3 dispersion
correction.>® For the singlet states, spin-restricted Kohn-Sham (RKS) computations were performed,
and for the triplet unrestricted KS (UKS) was used. Vibrational frequency analyses at the same level
were performed to verify the nature of the stationary points as minima and to obtain thermostatistical
corrections for the redox potentials. Additional single-point computations were performed at the D3-
PBEO/def2-SVPD level, including solvation effects using the SMD model of Truhlar and co-workers® to
represent DMF. Redox potentials were computed from these D3-PBEQ/def2-SVPD energies along with
D3-PBEQ/SV(P) thermostatistical corrections as described previously.l® The excited singlet state (Si)
was optimised using time-dependent density functional theory (TDDFT) at the LC-BLYP/def2-SV(P)
level using a range separation parameter of u = 0.1 a.u.* The calculations were performed in Orca

5.0.12

Nucleus-independent chemical shifts (NICS)*3 were computed at the PBEO/def2-SVP level using gauge
including atomic orbitals’* as implemented in Gaussian 09.%° NICS tensors were represented
graphically using the visualisation of chemical shielding tensors (VIST) method®® as implemented in

TheoDORE 3.0Y and using VMD as a graphical interface.®

Changes in the electron density for the charged states and T1 were modelled by computing natural
difference orbitals.' This analysis was performed using the “analyze_nos” functionality of TheoDORE
3.0 using the molecular orbitals of the charged and neutral states (both computed at the geometry of

the charged state) as input. The analysis of S; states was done using natural transition orbitals.?®

The underlying computational research data is available via a separate repository (DOI:
10.17028/rd.lboro.22306207): Orca input/output files for geometry optimisations, frequency

analyses, and solvated single-point computations; Gaussian input/output files for NICS computations.
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Figure $25. Analysis of the neutral and doubly charged states for 4-cis and 4-trans. Centre: VIST
plots. Left and right: Dominant natural difference orbitals (NDOs) between the neutral states and the
dications (blue/red NDOs for electron detachment) and the dianions (green/orange NDOs for

attachment).
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Figure $26. VIST plots for the neutral and doubly charged states of a macrocycle at the geometry of
4-cis but with removed thienyl unit. The increased deshielding in the doubly charged states shown
by the tensor of the removed thienyl unit (at the outside of the macrocyclic conjugated system) is a
result of the macrocyclic diatropic currents in these states. This deshielding effect can explain the
reduced shielding in this position if the thienyl unit is present, an effect also observed for the other
aryl-substituted macrocycles.
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Figure S27. Analysis of the So, S1, and T; states for 4-trans. Centre: VIST plots (using T; also at the S,
geometry). Left and right: Dominant natural transition/difference orbitals (NTOs/NDOs) for the S;
and T, states (blue/red for electron detachment; green/orange for attachment).
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Figure S28. Analysis of the S, S1, and T; states for 5-cis. Centre: VIST plots (using T; also at the S;

geometry). Left and right: Dominant natural transition/difference orbitals (NTOs/NDOs) for the S;
and T; states (blue/red for electron detachment; green/orange for attachment).
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Figure $29. Analysis of the So, S1, and T; states for 5-trans. Centre: VIST plots (using T; also at the S,
geometry). Left and right: Dominant natural transition/difference orbitals (NTOs/NDOs) for the S;
and T; states (blue/red for electron detachment; green/orange for attachment).
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Table S2. NICS values (in ppm) corresponding to the tensor component perpendicular to the plane of

the PCT core at the centre of the molecule (Centre) as well as to the main component of the tensors

above the substituted (Ph1) and unsubstituted phenylene subunits (Ph2) of the PCT core, and above
the thienyl/thienylene unit directly linked to the PCT core (Thio) and further away (Thio2).

Molecule | State | Centre | Phl | Ph2 | Thio | Thio2
4-cis 0 1.1 [ 233 119.8 %— 25.4
24 242 [ 197 346 [ -21.8
2- 34.2 17.2 36.5 19.4
triplet 4.4 14.1 20.2 5 25.5
singlet BT -36.8] [ W -22.0
4-trans 0 10.9 %— -23.9 20.0] [ M -25.1
2+ g 26.6 215 37.1 % 213
2- 34.7 % 185 36.8 19.7
triplet 224 [§ 107 30.3 % 24.1
singlet 3370 [ -206 3700 [ -218
5-cis 0 11.1 % 23.2 196] | W -19.4 22.9
24 9.0 [ -195 23.8 % [14.2 118.9
2- 20,6 % 16.4 27.0 11.8 184
triplet 4.7 13.9 -20.0 & 19.1 22.9
singlet 321 [ 182 358 [ 146 20.8
5-trans 0 11.0 %— 237 198 [ B -18.9 23.0
2+ 108 [ -21.0 256 [ -14.1 -19.2
2- 22,0 % 18.7 285 |8 111 118.8
triplet 62 [ -147 100 [ -193 22.7
singlet 329 [ -205 365 [ -16.1 % 215
4-cis with 0 10.9 %_ 235 19.8 2.9
removed 2+ 274 [ -206 37.4 6.7
thienyl unit |  2- 357 [ -17.2 -37.3 7.7

concealed antiaromaticity /
local aromaticity

global aromaticity global aromaticity

Figure S30. ACID plots for 4-cis in the neutral and doubly charged states.
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Table S3. Computed redox potentials for the reduction (0 to -2) and oxidation (0 to +2) of thienyl-
and bithienyl-substituted PCTs vs. Fc/Fc* using a voltage of 4.7 V for the reference electrode.

-2/0 0/+2

4-cis | -2.077 0.596
4-trans | -2.080 0.607
5-cis | -2.071 0.598
5-trans | -2.083 0.633
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