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S1. Instruments, materials and general methods
Compounds were fully characterized (m.p., IR, 'H- and "C-NMR and High resolution mass

spectrometry (HRMS)).

NMR spectroscopy (‘H-, ?C-NMR). NMR spectra were obtained on Varian Inova 500 MHz.

Chemical shifts are reported in ppm using the solvent residual signal as an internal reference
(CDCly: 6y = 7.26 ppm, 8. =77.23 ppm; CD,CL,: 6, = 5.32 ppm, 8. = 53.84 ppm; (CD,),CO: 6, =
2.05 ppm, 8- = 29.84ppm, 206.26 ppm; toluene-dy: &, = 7.09, 7.00, 6.98, 2.09 ppm; CDg: 8, =7.16
ppm, 8. =128.4 ppm). The resonance multiplicity is described as s (singlet), d (doublet), ¢ (triplet),
q (quartet), m (multiplet), br (broad signal). Coupling constants are reported in Hertz. All spectra

were recorded at 25 °C unless specified otherwise.

ESI-High resolution mass spectrometry (HRMS). ESI-HRMS was performed by the Fédération
de Recherche; ICOA/CBM (FR2708) platform of Orléans in France, on a Bruker maXis Q-TOF in
the positive ion mode. The analytes were dissolved in a suitable solvent at a concentration of 1
mg/mL and diluted 200 times in methanol (= 5 ng/mL). The diluted solutions (1xL) were delivered
to the ESI source by a Dionex Ultimate 3000 RSLC chain used in FIA (Flow Injection Analysis)
mode at a flow rate of 200 xL/min with a mixture of CH,CN/H,0+0.1% of HCO,H (65/35). ESI
conditions were as follows: capillary voltage was set at 4.5 kV; dry nitrogen was used as nebulizing
gas at 0.6 bars and as drying gas set at 200°C and 7.0 L/min. ESI-MS spectra were recorded at 1 Hz
in the range of 50-3000 m/z. Calibration was performed with ESI-TOF Tuning mix from Agilent
and corrected using lock masses at m/z 299.294457(methyl stearate) and 1221.990638 (HP-1221).

Data were processed using Bruker Data Analysis 4.1 software.

Matrix-Assisted Laser Desorption-Ionisation Time-of-Flight Mass Spectrometry analysis
(MALDI-TOF). MALDI-HRMS was performed by the Centre de spectrométrie de masse at the
Université de Mons in Belgium, using the following instrumentation: Waters QToF Premier mass
spectrometer equipped with a nitrogen laser, operating at 337 nm with a maximum output of 500
mW delivered to the sample in 4 ns pulses at 20 Hz repeating rate. Time-of-flight analyses were
performed in the reflectron mode at a resolution of about 10.000. The matrix, trans-2-[3-(4-tert-
butyl-phenyl)-2-methyl-2-propenylidene]malonitrile (DCTB), was prepared as a 40 mg/mL
solution in chloroform. The matrix solution (1 L) was applied to a stainless steel target and air
dried. Analyte samples were dissolved in a suitable solvent to obtain 1 mg/mL solutions. 1 L
aliquots of these solutions were applied onto the target area already bearing the matrix crystals, and

air dried. For the recording of the single-stage MS spectra, the quadrupole (rf-only mode) was set to

S2



pass ions from 100 to 1000 THz and all ions were transmitted into the pusher region of the time-of-

flight analyzer where they were analyzed with 1s integration time.

Infrared absorption spectroscopy (IR). IR spectra (KBr) were recorded on a Perkin Elmer 2000
spectrometer by Mr. Paolo de Baseggio (University of Trieste) or on a Perkin-Elmer Spectrum II
FT-IR System UATR, mounted with a diamond crystal (University of Namur). Selected absorption

bands are reported by wavenumber (cm™).

Ultraviolet-Visible absorption spectroscopy (UV-Vis). UV-Vis absorption spectra were recorded
on Agilent Cary 5000 UV-Vis-NIR Spectrophotometer. All absorption measurements were
performed at 25 °C unless specified otherwise. The estimated experimental errors are 2 nm on the
band maximum, 5% on the molar absorption coefficient and luminescence lifetime and 10% on the

emission quantum yield in solution.

Ultraviolet-Visible emission spectroscopy. Emission spectra were recorded on an Agilent Cary
Eclipse fluorescence spectrofluorimeter or with a PerkinElmer LS-50 spectrofluorimeter, equipped
with a Hamamatsu R928 phototube. All fluorimetric measurements were performed at 25 °C unless
specified otherwise. Emission lifetime measurements were performed on an Edinburgh FLS920
spectrofluorimeter equipped with a TCC900 card for data acquisition in time-correlated single-
photon counting experiments (0.5 ns time resolution) with a D2 lamp and a LDH-P-C-405 pulsed
diode laser or on a JobinYvon-Horiba FluoroHub single photon counting module, using Nano-LED
pulsed source at 459 nm. Quantum yield in solution of compounds 4 and 5 ™7/**-8"/ were
determined using a 4 in integrating sphere (Labsphere) using the method developed by DeMello.'
Solid state emission spectra were taken on a Agilent Cary Eclipse fluorescence spectrofluorimeter,
using 20 mm squared glass plates with small amounts of amorphous powder or crystals (glass plate
is kept at 45° in respect to the excitation source); CIE diagrams are calculated from uncorrected

emission spectra without taking into account any reabsorption effect.
Melting points (m.p.) were measured on a Biichi SMP-20.

Thermogravimetric analysis (TGA) was performed using a TGA Q500 (TA Instruments), treating
the samples placed in Pt pans with the following procedure: isotherm at 100°C for 20 min (to
remove residual solvent, if any), ramp from 100 to 700 °C at 10° C/min, under N, (flow rate on the

sample of 90 mL/min). Temperatures were taken from the onset of the transition.

Adsorption silica chromatography columns (SCC): Merck silica gel 60 (40-63 ym) was used.
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Chemicals were purchased from Sigma Aldrich, TCI, Acros, Fluorochem and Alfa Aesar and used
as received, unless otherwise stated. Cu-TMEDA catalyst (CAS: 30698-64-7; Lot: A0290621) and
p-toluenesulfonic acid monohydrate, ACS reagent = 98.5 % (CAS: 6192-52-5, Lot.: MKBC8188)
were purchased from Sigma Aldrich. 9-Phenanthrol, technical grade (CAS: 484-17-3; Lot:
BGBB3193V) was purchased from Sigma Aldrich and purified by column chromatography prior to
use (Si0, eluents: PET-EtOAc, 9:1).

Solvents were purchased from VWR, Sigma Aldrich and Acros, and deuterated solvents from
Sigma Aldrich, Fluorochem and Cambridge Isotope Laboratories and used as received. All solvents
used in reactions were anhydrous and purchased from Sigma Aldrich, TCI, Acros and Alfa Aesar

and used as received.
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S2. Synthesis and detailed experimental procedures

Synthesis of the boronate derivative 1b

‘In a flame-dried two-neck round-bottom flask, perylene (1.0 g, 3.96 mmol) was dissolved in ODCB
(100 mL, previously dried over 4 A molecular sieves) and the solution cooled to 0 °C. Anhydrous
AlCl; (528 mg, 3.96 mmol) was added in portions followed by the dropwise addition of rBuCl
(32.52 ml, 297.2 mmol) and the green suspension allowed to warm up at r.t. and stirred for 24 h
under Ar. The reaction was quenched by pouring the mixture into ice water and the organic layer
separated and the solvent removed in vacuo. The green residue was re-dispersed in CH,Cl, (250
mL), washed with water (3 x 200 mL) and dried over Na,SO,. The crude was subjected to flash
column chromatography (Al,O;, eluent: CHX) to afford 2,5,8,11-tetra-tert-butylperylene 1la (173
mg) and a mixture of 2, 5, 8, 11-tetra-; 2, 5, 8-tri-; and 2, 5-di-fert-butylperylene (1.4 g as orange
solid). The obtained mixture (1.4 g, 5.54 mmol, calc. in respect to perylene), di-tert-butyl-2,2-
bipyridine (dtbpy) (297 mg, 1.18 mmol), B,Pin, (5.63 g, 22.16 mmol) and anhydrous n-hexane (7
mL) were added to a flame-dried Schlenk flask under Ar. The reaction mixture was degassed three
times following freeze-pump-thaw procedure. [Ir(COD)(OMe)], (367 mg, 0.554 mmol) was added
as last, and the reaction mixture degassed one last time and stirred at 80 °C for 24 h. The reaction
mixture was concentrated under reduced pressure and purified by column chromatography (SiO,,
eluents: CHX (Et;N, 5 % v/v), toluene-CHX, 1:9 (Et;N, 5% v/v) and toluene (Et;N, 5% v/v)) to
afford compounds 1a as bright yellow solid (405 mg, 33 % (total yield obtained)), 1b as yellow
solid (426 mg, 20 %) and 1c after re-precipitated from cold MeOH as a yellow solid (684 mg, 30
%).

2,5,8,11-tetra-tert-butylperylene 1a

t-Bu l l t-Bu
t-Bu I l t-Bu

M.p.: > 300 °C; "H-NMR (500 MHz, CDCL,): & = 8.24 (d, *J = 1.5 Hz, 4H, AtH), 7.62 (d,*] = 1.5

Hz, 4H, ArH), 1.50 (s, 36H, C(CH;);). In accordance with spectroscopic data reported in the
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literature.” “C-NMR (125 MHz, CDCl;) 6 = 148.85, 135.01, 130.90, 125.90, 123.40, 117.81,

35.04,31.50.

44,5 5-tetramethyl-2-(5,8,11-tri-tert-butylperylen-2-yl)-1,3,2-dioxaborolane 1b

t-Bu [ l t-Bu
t-Bu I I BPin

M.p.: 126 °C; 'H-NMR (500 MHz, CD,CL,): 6 = 8.46 (s, IH, ArH), 8.35 (d,*J = 1.5 Hz, 1H, ArH),
8.30 (d,*J = 1.5 Hz, 1H, ArH), 8.26 (d,*J = 1.5 Hz, 1H, ArH), 8.14 (s, 1H, ArH),7.72 (d,*J = 1.5
Hz, 1H, ArH), 7.65 (m, 2H, ArH), 1.50 (s, 9H, C(CH,),), 1.49 (s, 18H, C(CH,),), 1.42 (s, 12H,
C(CH,),). "C-NMR (125 MHz, CD,CL,): & =149.65, 149.53, 149.46, 136.45, 135.50, 134.80,
131.48, 130.98, 130.94, 130.76, 129.34, 126.06, 124.59, 124.29, 124.14, 123.98, 120.06, 118.87,
118.43,84.61,35.43,35.36,35.37,31.64,31.62,31.56, 25.33; one peak is missing probably due to
overlap. IR (KBr) v (cm™) = 3436.85, 2963.14, 2868.24, 1629.09, 1604.05, 1509.14, 1439.32,
1421.76, 138543, 1367.34, 1336.27, 1320.34, 1258.57, 1209.12, 1165.02, 1142.97, 1104.98,
972.49,99.01, 893.95, 879.61, 854.30, 786.82, 694.62, 670.54, 645.26. HRMS (ESI, m/z): [M+H]"

calc. for C;3H,sBO, 547.3748, found: 547.3736.

2,2'-(8,11-di-tert-butylperylene-2,5-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 1c

t-Bu ! ! t-Bu
BPin l l BPin

M.p.:>300 °C. 'H-NMR (500 MHz, CD,Cl,): 6 = 8.56 (s, 2H, ArH), 8.31 (d, *J = 1.5 Hz, 2H,
ArH), 8.20 (s, 2H, ArH), 7.67 (d, *J = 1.5 Hz, 2H, ArH), 1.51(s, 18H, C(CH,);), 1.42 (s, 24H,
C(CH3),). "C-NMR (125 MHz, CD,CL,): 6 = 149.71, 136.95, 135.44, 134.05, 132.48, 131.08,
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130.85, 12598, 124.12, 118.92, 84.68, 35.44, 31.64, 25.32; two peaks are missing probably due to
overlap. IR (KBr) v (cm™) = 3436.26, 3055.69, 2973.88, 2869.49, 1626.50, 1596.43, 1513.14,
146298, 1416.13, 1390.03, 1369.19, 1341.38, 1300.04, 1270.05, 1204.85, 1142.60, 1105.03,
1004.50, 974.72, 964.16, 907.40, 897.01, 880.02, 855.07, 829.37, 817.09, 788.45, 710.82, 691.60,
659.02,617.96, 578.34, 543.43,517.23. HRMS (ESI, m/z): [M+H]" calc. for C,,H;,B,0, 617.3981,
found: 617.3973. Crystal suitable for X-ray diffraction was obtained by slow diffusion from a

CH,C1,/MeOH solution (see section S6).

5,8,11-tri-tert-butylperylen-2-ol 2

- ~
U N 3

A

t-BU// \\\{;J N OH
Compound 1b (200 mg, 0.36 mmol) and NaOH (43 mg, 1.08 mmol) were dissolved in THF (14

mL). An aq. sol. of H,0, (92 uL, 1.08 mmol, 35 wt%) was added drop-wise and the reaction
mixture stirred at r.t. for 2 h. The solution was acidified to pH 1-2 by addition of 1 M HCI solution.
The reaction mixture was extracted with CH,Cl, (3 x 20 mL) and the combined organic layers dried
over Na,SO, and the solvent removed in vacuo. The crude was purified by column chromatography
(Si0,, eluents: toluene-CHX, 9:1) to afford hydroxyl perylene 2 as a yellow solid (130 mg, 83%).
M.p.: 224-226 °C. 'H-NMR (500 MHz, (CD,),CO): 6 = 8.60 (s, 1H, OH), 8.44 (d,*J =1.5 Hz, 1H,
ArH), 8.34 (d,*J =2.0 Hz, 1H, ArH), 8.31 (d,*J =2.0 Hz, 1H, ArH), 7.94 (d,*J = 2.0 Hz, 1H, ArH),
7.76 (d,*J =1.5 Hz, 1H, ArH), 7.75 (d, *J =1.5 Hz, 1H, ArH), 7.55 (d,*J =1.5 Hz, 1H, ArH), 7.11
(d,*J =20 Hz, 1H, ArH), 1.50 (s, 9H, C(CH,),), 1.49 (s, 9H, C(CH,);), 1.47 (s, 9H, C(CH,);). *C-
NMR (125MHz, (CD;),CO): 6 = 156.77, 150.16, 149.79, 149.77, 137.80, 135.95, 133.55, 131.67,
131.50, 131.00, 126.37, 124.70, 124.35, 123.32, 122.83, 119.23, 119.02, 116.93, 111.90, 110.74,

35.54, 35.53, 35.48, 31.55, 31.52. IR (KBr) v (cm”) = 3509.34, 2962.54, 2905.73, 2868.25,
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1612.40, 1600.94, 1478.15, 1460.05, 1430.39, 1382.61, 1366.78, 1336.94, 125.69, 1200.35,
117891, 1150.36, 1009.51, 957.77, 920.28, 890.82, 872.76, 859.65, 820.22. 780.48, 736.92,
642.94, 619.89, 535.85, 432.07; HRMS (ESI, m/z): [M] calc. for C;,H;,0 436.2760, found:

436.2758; UV-Vis (toluene): A, = 445 nm (¢=25600 M cm™).

max

5,8,11-tri-tert-butyl-3-(2-hydroxynaphthalen-1-yl)perylen-2-ol 3

t-Bu/[\foJ\OH
HO\\ 72N
S

In an open single-neck round-bottom flask (50 mL), naphthalen-2-ol (70 mg, 0.48 mmol) and tri-
tert-butylperylen-2-ol 2 (140 mg, 0.32 mmol) were dissolved in CH,Cl, (6 mL). To this solution
[Cu(OH)(CI)TMEDA], (2.5 mg, 5.4 pmol) was added and the reaction mixture stirred at 20 °C, for
1.5 h. The reaction mixture was filtered over a thin pad of silica and washed with CH,Cl, The
solvent was removed in vacuo and the reaction crude purified by column chromatography (SiO,,
eluents: PET-CH,Cl,, 9:1->7:3) to afford first compound 4 as a dark yellow solid (26 mg, 9%),
thus compound 3 as dark yellow solid once evaporated from MeOH (48 mg, 26 %), an un-purified
fraction (68 mg) containing a mixture of compound 3 and starting 2-naphthol, and [1,1'-
binaphthalene]-2,2'-diol (30 mg, 16%). M.p.: 173-175 °C. '"H-NMR (500 MHz, (CD),CO): § =
8.48(d,*J =15 Hz, 1H, ArH), 8.43(d,*J = 1.5 Hz, 1H, ArH), 8.33(d, *J = 1.5 Hz, 1H, ArH), 8.14
(s, 1H, ArH), 7.98 (s, 1H, OH),7.93 (d,’J = 9 Hz, 1H, ArH), 7.89 (d,’J = 8 Hz, 1H, ArH), 7.81 (d,
“J=15Hz, 1H, ArH),7.79 (d,*J = 1.5 Hz, 1H, ArH), 7.37 (d,”J = 9 Hz, 1H, ArH), 7.31 — 7.21 (m,
3H, ArH),7.03 (d,*J = 1.5 Hz, 1H, ArH), 1.53 (s, 9H, C(CH,),), 1.51 (s, 9H, C(CH,);), 1.17 (s, 9H,

C(CHs;);). One OH peak is not visible due to signal overlap (at 7.81 ppm).
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BC-NMR (125 MHz, (CD,),CO): 6 = 155.29, 154.55, 149.96, 149.92, 136.98, 135.95, 135.34,
133.49, 131.86, 131.63, 131.01, 130.70, 129.99, 128.91, 127.02, 126.22, 125.62, 124.72, 124.38,
123.82, 123.68, 121.45, 119.49, 119.26, 119.17, 116.87, 115.57, 114.90, 112.26, 35.61, 35.59,
35.37, 31.57, 31.31, two peaks are missing probably due to overlap. IR (ATR) v (cm™) = 3534.78,
2960.8, 2869.11, 1602.11, 1515.05, 1464.38, 1433.22, 1393.61, 1363.35, 1345.95, 1254.86,
1211.55, 1141.78, 948.09, 922.97, 871.3, 817.52, 786.65, 748.66, 636.11; HRMS (ESI, m/z):
[M+1]" calc. for C,,H,;0, 579.3258, found: 579.3248; UV-Vis (toluene): A, = 452 nm (e=33700

M'cm™).

5,5'8,8',11,11'-hexa-tert-butyl-[3,3'-biperylene]-2,2'-diol 4

In a 50 mL single-neck round-bottom flask mounted with a reflux condenser perylen-2-ol 2 (150
mg, 0.34 mmol) was dissolved in CH,Cl, (10 mL). To this solution copper-TMEDA catalyst,
[Cu(OH)(C1)TMEDA], (2.0 mg, 4.3 pmol), was added and the reaction mixture stirred at 20 °C for
1 h under open air conditions. The mixture was filtered over a thin pad of silica and washed
abundantly with CH,Cl, The solvent was evaporated in vacuo and the reaction crude purified by
column chromatography (SiO,, eluents: toluene-CHX, 7:3) to afford compound 4. Evaporation
from MeOH gave a dark yellow solid (106 mg, 71%). M.p.: >300 °C. '"H-NMR (500 MHz,
(CD,),CO): 6 = 8.50(d, *J = 1.0 Hz, 2H, ArH), 8.46 (d, *J =1.0 Hz, 2H, ArH), 8.36 (d, *J =1.0 Hz,

2H, ArH), 8.17 (s, 2H, ArH), 7.94 (s, 2H, OH), 7.82 (d,*J =1.0 Hz, 2H, ArH), 7.80 (d, *J =1.0 Hz,
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2H, ArH), 7.18 (d, *J =1.0 Hz, 2H, ArH), 1.54 (s, 18H, C(CH,),), 1.52 (s, 18H, C(CH,),), 1.19 (s,
18H, C(CH,);). "C-NMR (125 MHz, (CD;),CO): 6 = 155.20, 149.95, 136.89, 135.98, 133.56,
131.84, 131.65, 131.03, 126.22, 124.76, 124.41, 123.80, 121.93, 119.34, 119.21, 116.83, 115.49,
112.37,35.63,35.60, 35.45,31.59, 31.41; two peaks are missing probably due to overlap. IR (KBr)
v (cm™) = 3535.60, 2962.02, 2907.26, 2869.05, 1603.47, 1477.84, 1463.88, 1434.19, 1393.92,
1363.28, 1254.96, 1212.99, 1183.55, 1151.60, 1031.23, 958.03, 922.15, 871.54, 822.53, 787.90,
726.02, 636.50; HRMS (ESI, m/z): [M] calc. for C,H,,0, 870.5370, found: 870.5360. UV/Vis
(toluene): A= 463 nm (65000 M cm™); crystal suitable for X-ray diffraction was obtained by

slow diffusion from a CH,Br,/MeOH solution (see section S6).

5,5',8,8',11,11'-hexa-tert-butyl-2,2'-dimethoxy-3,3'-biperylene 4b

t-Bu 2 s t-Bu

To a stirred mixture of compound 4 (30 mg, 34 umol) and K,CO3 (30 mg, 220 umol) in acetone (2
mL) at 60 °C under Ar, Mel (16.5 pL, 272 pmol) was added, and the mixture stirred at 60 °C for 48
h under Ar. After cooling to r.t. the solvent was removed in vacuo and the residue taken in CH,Cl,
(10 mL) and washed with H,O (3 x 15 mL) and brine (15 mL). The organic layer was dried over
NaSO4, and evaporated. The reaction crude was purified by column chromatography (SiOg,
eluents: PET-toluene, 8:2) to afford compound 4b (29 mg, 82 %) as yellow solid. M.p.: >300 °C.
"H-NMR (500 MHz, C¢Dy): 6 = 8.55 (d, *J = 1.5 Hz, 2H, ArH), 8.50 (d, *J = 1.5 Hz, 2H, ArH),
8.44 (d, *J= 1.5 Hz, 2H, ArH), 8.23 (s, 2H, ArH), 7.75 (d, *J = 1.5 Hz, 2H, ArH), 7.73 (d, *J = 1.5
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Hz, 2H, ArH), 7.71 (d, *J = 1.5 Hz, 2H, ArH), 3.53 (s, 6H, OCHs), 1.47 (s, 18H, C(CHs)3), 1.44 (s,
18H, C(CHs)3), 1.20 (s, 18H, C(CH;)3). “C-NMR (125 MHz, CeDs): 6 = 156.72, 149.44, 149.06,
148.86, 136.50, 135.73, 133.10, 131.88, 131.84, 131.40, 126.52, 124.34, 123.95, 122.20, 121.25,
118.54, 118.34, 117.06, 107.88, 56.29, 35.04, 35.02, 35.00, 31.52, 31.49, 31.29; one peak is
missing probably due to overlap. IR (ATR) v (cm™) = 2951.09, 2904.80, 2868.15, 1597.06,
1583.56, 1508.33, 1477.47, 1460.11, 2904.80, 1392.61, 1367.53, 1340.53, 1325.10, 1253.73,
1211.30, 1205.51, 1180.44, 1141.86, 1093.64, 1043.49, 1028.06, 999.13, 972.12, 918.12, 896.90,
875.68, 867.97, 848.68, 823.60, 788.89, 742.59, 727.16, 636.51, 609.51, 557.43, 459.06, 437.84,
416.62, 405.05; HRMS (MALDI, m/z): [M] calc. for C¢sH740,, 898.5689 found: 898.5671. UV-Vis

(toluene): Amax = 470 nm (e=59600 M™' cm™).

10,13,16-tri-tert-butylnaphtho[2,1-b]peryleno[3,2-d]furan 5"

Compound 3 (11 mg, 19 umol) was dissolved in toluene (1.5 mL) and refluxed in the presence of
p-TsOH (72 mg, 380 pmol) for 4 h under Ar atmosphere. The reaction was quenched with aq. sat.
K,CO; solution (5 mL) and extracted with CH,Cl, (3 x 10 mL). Combined organic layers were
washed with brine and dried over Na,SO,. The solvent was removed in vacuo and the crude
purified by short column chromatography (SiO,, eluents: CHX-toluene, 8:2) to afford compound
5" as orange solid (6 mg, 56%). M.p.: 288-290 °C. 'H-NMR (500 MHz, C,D,): 6 = 9.30 (d,*J =
8.5 Hz, 1H, ArH), 9.18 (s, 1H, ArH), 8.68 (d,*J =1.5 Hz, 1H, ArH), 8.64 (d,*J =1.5 Hz, 1H, ArH),

8.57 (s, 1H, ArH), 8.37 (d, *J =1.0 Hz, 1H, ArH), 7.84 (d,*J = 8.0 Hz, 1H, ArH), 7.74 (m, 2H,
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ArH),7.65 —7.60 (m,2H, ArH),7.57 (t,’J =8.5 Hz, 1H, ArH), 7.38 (t,’J = 7.5 Hz, 1H, ArH), 1.54
(s, 9H, C(CH.,),), 1.48 (s, 9H, C(CH,),), 1.40 (s, 9H, C(CH,),). *C-NMR (125 MHz, C,D,.): 6 =
156.18, 155.46, 149.35, 149.19, 149.17, 135.60, 132.88, 132.24, 131.98, 131.75, 131.23, 130.98,
12991, 129.10, 128.62, 126.39, 126.16, 126.08, 125.87, 124.74, 124 .46, 124.26, 122.47, 120.23,
120.19, 119.22, 118.82, 118.01, 11291, 105.88, 35.57, 35.06, 35.04, 31.65, 31.51, 3145; IR
(ATR) v (cm™) = 2959.89, 2906.07, 2868.3, 1608.6, 1478.23, 1463.31, 1393.02, 1367.21, 1332.81,
1260.69, 1204.09, 1066.73, 1028.96, 1009.32, 954.26, 922.33, 895.36, 873.55, 846.54, 800.9,
74225, 722.03, 636.14, 524.21. HRMS (MALDI, m/z): [M] calc. for C,,H,,0, 560.3079, found:
560.3079. UV-Vis (toluene): A,,=477 nm (¢=47300 M"' cm™). Crystal suitable for X-ray

diffraction was obtained by slow diffusion from a C,D,/MeOH solution (see section S6).

9,12,15-tri-tert-butylbenzo[1,8]isochromeno[5,4,3-cde]benzo[5,10]anthra[9,1 ,2-

hijlisochromene 5"

To a solid mixture of compound 3 (20 mg, 34 ],tmol), Cul (20 mg, 103 gmol) and pivalic acid (6.9
mg, 68 ymol), anhydrous DMSO (1.5 mL) was added and the resulting mixture stirred under open

air conditions at 140 °C for 2 h. CH,Cl, (5 mL) was added and the solution washed with NH,OH

(3 x10 mL), water (10 mL) and brine (10 mL). The aqueous phase was subsequently washed with
CH,CI, (2 x 20 mL) and combined organic layers dried over Na,SO,. The solvent was evaporated
under reduced pressure and the material purified by re-precipitation from THF/MeOH to afford
compound 5™ as purple solid (11 mg, 57%). M.p.: > 300 °C. '"H-NMR (500 MHz, C,D,): 6 =8.22
(s, 1H, ArH), 8.13 (s, 1H, ArH), 8.01 (s, 1H, ArH), 7.65 (s, 1H, ArH), 7.59 (s, 1H, ArH), 7.58 (s,
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1H, ArH), 691 (d,’J = 8.5 Hz, 1H, ArH), 6.87 — 6.86 (m, 2H, ArH), 6.66 — 6.64 (m, 1H, ArH), 6.61
(d,’J =9 Hz, 1H, ArH), 1.53 (s, 9H, C(CH,),), 1.41 (s, 9H, C(CH;);), 1.32 (s, 9H, C(CH,),). “C-
NMR could not be recorded. IR (ATR) v (cm™) = 2954.07, 1596.38, 1479.35, 1459.17, 1424.09,
139048, 1363.9, 1247.83, 1128.29, 1069.12, 886.4, 865.55, 855.19, 810.55, 792.32, 777.09,
738.83, 714.15, 696 .03, 632.63; HRMS (MALDI, m/z): [M] calc. for C,,H;50,, 574.2872 found:

574.2889; UV-Vis (toluene): A, = 556 nm (¢=36300 M' cm™).

2,5,8,14,17,20-hexa-tert-butyldiperyleno[2,3-b:3',2'-d]furan 6"

t-Bu”

Compound 4 (20 mg, 23 umol) was dissolved in toluene (1.5 mL) and refluxed in the presence of
p-TsOH (87.5 mg, 460 umol) for 4 h under Ar atmosphere. The reaction was quenched with aq. sat.
K,CO; solution (5 mL) and extracted with CH,Cl, (3 x 10 mL). Combined organic layers were
washed with brine and dried over Na,SO,. The solvent was removed in vacuo and the crude
purified by short column chromatography (SiO,, eluents: PET-toluene, 8:2) to afford compound 6"
as red powder (17.8 mg, 90%). M.p.: > 300 °C. '"H-NMR (500 MHz, C,D,): 6 = 9.02 (d,*J=1.0
Hz, 2H, ArH), 8.68 (s, 4H, ArH), 8.63 (d, *J = 1.0 Hz, 2H, ArH), 8.41 (d, *J= 1.0 Hz, 2H, ArH),
7.75(d,*J =10 Hz, 2H, ArH), 7.74 (d,*J=1.0 Hz, 2H, ArH), 1.57 (s, 18H, C(CH,);), 1.49 (s, 18H,
C(CH,);), 1.39 (s, 18H, C(CH,),). "C-NMR (125 MHz, C,D;): 6 = 156.94, 149.46, 149.22, 149.15,

135.60, 133.17, 132.35, 131.78, 131.28, 126.17, 126.14, 124.54, 124 .29, 121.16, 120.50, 119.31,
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119.17, 118.99, 105.59, 35.58, 35.08, 35.04, 31.67, 31.52, 31.46; one peak is missing probably due
to overlap. IR (ATR) v (cm™) = 2955.52, 1692.39, 1599.03, 1463.09, 1393.57, 1366.27, 1330.62,
1259.48, 1034.77, 864.17, 844.52, 805.47, 781.08, 636.36. HRMS (MALDI, m/z): [M] calc. for
Cy,H0, 852.5270, found 852.5268. UV-Vis (toluene): A,,,, = 534 nm (¢=97400 M cm™). Crystal
suitable for X-ray diffraction was obtained by slow evaporation of solvent from a C,D¢/hexane

solution (see section S6).

2,5,9,12,15,19-hexa-tert-butylbenzo[5',10' Janthra[9',1',2':7 8,1]isochromeno[5 ,4,3-
cde]benzo[5,10]anthra[9,1,2-hijlisochromene 6"°

t-Bu. _~._ _~. _tBu

T

B
t-Bu "”L\f;[\
O.

)4
B

\L/ ~0
) /l _t-Bu

~ RN NP

I Ij
tBu” 7 7 “tBu
To a solid mixture of compound 4 (25 mg, 29 ymol), Cul (16.4 mg, 86 ymol) and pivalic acid (6.0
mg, 58 ymol), anhydrous DMSO (2.5 mL) was added and the resulting mixture stirred under open
air conditions at 140 °C for 2 h. CH,Cl, (5 mL) was added and the solution washed with NH,OH_,
(3 x 10 mL), water (10 mL) and brine (10 mL). The aqueous phase was further extracted with
CH,CI, (2 x 15 mL). The combined organic layers were dried over Na,SO, and evaporated in
vacuo. The residue was purified by re-precipitation in THF/MeOH affording compound 6" as dark
blue powder (21 mg, 84%). M.p.: > 300 °C. 'H-NMR (500 MHz, C,D;CD,): 6 =8.24 (d,*J=1.0
Hz, 2H, ArH), 8.19 (s, 2H, ArH), 8.15 (d, *J = 1.0 Hz, 2H, ArH), 7.77 (s, 2H, ArH), 7.63 (s, 2H,
ArH), 7.60 (s, 2H, ArH), 1.64 (s, 18H, C(CH,);), 1.45 (s, 18H, C(CH,),), 1.33 (s, 18H, C(CH,)5).

PC-NMR spectrum could not be recorded. IR (KBr) v (cm™) = 3511.40, 3430.26, 2955.24,
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2909.03, 2870.14, 1619.30, 1590.20, 1478.70, 1463.90, 1434.57, 1417.94, 1392.82, 1325.38,
1286.92, 1259.82, 1228.30, 1202.09, 1188.35, 1125.25, 1109.12, 1036.21, 962.23, 946 .42, 870.32,
854.07, 815.46, 788.20, 765.43, 706.87, 650.98, 628.07, 505.68; HRMS (MALDI, m/z): [M] calc.

for C,,H,O,, 866.5063, found 866.5059. UV-Vis (toluene): A, = 639 nm (¢=66400 M' cm™).

Synthesis of compounds 9, 7", 77, 8""" and 8"

779 Ar=Ph, 91%
gFur 320,

2-naphthol

7PP Ar=Ph, 13%
8PP 86%

Scheme S1. Synthetic pathway undertaken for the synthesis of compounds 9, 77", 7, 8™ and 8. Reagents and
conditions: a) 9-phenanthrol, [Cu(OH)(Cl)TMEDA],, air, CH,Cl,, 20 °C, 2 h, b) p-TsOH, toluene, reflux, Ar, 4 h, c)
Cul, (CH;);CCOOH, DMSO, 140 °C, 2 h.

10-(2-hydroxynaphthalen-1-yl)phenanthren-9-ol 9

N

P N |
P
TN TOH
g
XN

In an open single-neck round-bottom flask (100 mL), naphthalen-2-o0l (300 mg, 2.08 mmol) and

freshly purified 9-phenanthrol (367 mg, 1.89 mmol) were dissolved in CH,Cl, (23 mL). To this
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solution copper-TMEDA catalyst, [Cu(OH)(CHTMEDA], (13 mg, 28.4 umol), was added and the
reaction mixture stirred at 20 °C for 2 h. The reaction mixture was filtered over a thin pad of silica
and washed with CH,Cl, The solvent was removed in vacuo and the reaction crude purified by
column chromatography (SiO,, eluents: CHX-EtOAc, 10:0.5) to afford first [9,9'-biphenanthrene]-
10,10'-diol as white solid (152 mg, 21 %), compound 9 as a light yellow solid (195 mg, 31%), an
un-purified mixture of compound 9 and unreacted starting materials (160 mg) and as last, a fraction
containing [1,1'-binaphthalene]-2,2'-diol, which yield was not quantifiable due to the presence of
other oxidized by-products. M.p.: 85-87 °C.'H-NMR (500 MHz, (CD,Cl,): 6 = 8.82 (d,’J = 8.5,
1H), 8.76 (d,”J = 8.5, 1H), 8.43 (d,’J = 8.0, 1H), 8.04 (d,°J =9.0, 1H), 7.94 (d,’J = 8.0, 1H), 7.84
- 7.81 (m, 1H), 7.75-7.72 (m, 1H), 7.57-7.53 (m, 1H), 7.46 — 7.35 (m, 3H), 7.33 — 7.27 (m, 1H),
721 (d,J = 8.5 Hz, 1H), 7.14 (d, J = 8.5 Hz, 1H), 5.53 (s, 1H, OH), 5.23 (bs, 1H, OH). "C-NMR
(125 MHz, CD,Cl,): 6 = 153.69, 149.68, 134.21, 132.48, 132.35, 132.10, 130.21, 129.01, 128.65,
128.11, 127.99, 127.63, 127.43, 12548, 125.37, 125.30, 124.71, 124.61, 123.83, 123.50, 123.27,
118.33, 111.60, 107.84; IR (ATR) v (cm™) = 3503.69, 3060.51, 1619.45, 1593.99, 1515.22,
1494.09, 1466.24, 144991, 140744, 1388.12, 1326.75, 1301.1, 12664, 1211.86, 1149, 11349,
1109.1, 1094.82, 1029.71, 961.27, 819.41, 758.08, 725.65, 670.83, 575.73. HRMS (ESI, m/z):

[M+H]" calc. for C,,H,,0,,337.1223, found: 337.1223.

Naphtho[2,1-b]phenanthro[9,10-d]furan 7"

Compound 12 (28 mg, 83 ymol) was dissolved in toluene (4 mL) and refluxed in the presence of p-

TsOH (317 mg, 1.66 mmol) for 4 h under Ar atmosphere. The reaction was quenched with aq. sat.
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K,CO; solution and extracted three times with CH,Cl, Combined organic layers were washed with
brine and dried over Na,SO,. The solvent was removed in vacuo and the crude purified by short
column chromatography (SiO,, eluents: CHX-EtOAc, 9.5:0.5) to afford compound 7" as white
solid (24 mg, 91%). Characterization in accordance with spectroscopic data reported in literature.’
M.p.: 205-207 °C. '"H-NMR (500 MHz, CD,Cl,): 6 =9.17 (d,*J = 8.5, 1H), 9.14 (d, *J = 8.5, 1H),
8.88 (d,’J = 8.5, 1H), 8.81 (d,’J = 7.5, 1H), 8.57 (m, 1H), 8.11 (d, *J =8.5, 1H), 8.0 (d, ] =90,
1H), 7.95 (d,*J = 9.0, 1H), 7.87 — 7.71 (m, 5H), 7.61 (¢, °J = 7.5 Hz, 1H); C-NMR (125 MHz,
CD,Cl): 0 = 154.72, 151.63, 132.02, 130.89, 130.00, 129.26, 129.03, 128.63, 128.45, 12791,
127.59, 127.16, 126.80, 126.65, 126.13, 125.84, 125.08, 124.59, 123.83, 122.74, 121.87, 120.44,
117.20, 113.21. IR (ATR) v (cm™) = 2922.27, 2851.36, 1608.46, 1583.81, 1505.38, 1442.67,
1390.79, 1365.55, 1311.42, 1256.77, 1234.66, 1085.44, 1031.39, 996.98, 949.59, 860.11, 806.26,
755.18, 748.02, 723.05, 698 .95, 623.06, 528.41, 514.15. HRMS (MALDI, m/z): [M+H]": calc. for
C,,H,,0, 318.1045 found: 318.1044. UV-Vis (toluene): A, = 352 nm (€=26900 M' cm™). Crystal
suitable for X-ray diffraction was obtained by slow evaporation of solvent from a CD,Cl, solution

(see section S6).

Benzo[c]xantheno[2,1,9,8-klmna]xanthene 7*"

N
:\\\ /_,/J‘:\\_\\/ﬂ
D
g ,:,[\ ./J\\\\_

\_‘],:/ ~ .

PN
Method A: To a 5 mL round-bottom flask, compound 12 (45 mg, 0.13 mmol), Cul (76.2 mg, 0.4
mmol) and pivaloic acid (26.5 mg, 0.26 mmol) and DMSO (1.5 mL) were added. The resulting
mixture was stirred under open air conditions at 140 °C for 2 h. CH,Cl, (20 mL) was added and the

solution washed with NH,OH,,,, water and brine. Subsequently, the aqueous phase was washed with

CH,CIl, and combined organic layers dried over Na,SO, and evaporated in vacuo. The solid crude
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was purified by flash column chromatography (SiO,, eluents: CHX-EtOAc, 10:0.5) to afford
compound 7 as yellow solid (5.6 mg, 13%).

Method B: In a 10 mL microwave-reactor tube containing a stirring bar, compound 12 (20 mg, 59
pumol) and CuO (57 mg, 0.71 mmol) were dissolved into 0.2 mL of nitrobenzene. The reaction
vessel was sealed and placed into the microwave reactor. The temperature heating profile for the
reaction mixture was as follows: rt O 240 °C over a 4-min period (200 W maximum power), the
reaction mixture was held at 240 °C (200 W maximum power) for 120 min. The crude was filtered
over celite and washed abundantly with CH,Cl, The solvent was removed in vacuo and the residue
re-precipitated several times from hot THF and MeOH to obtain compound 7" as yellow solid (7.4
mg, 37%). M.p.: >300 °C. "H-NMR (500 MHz, C;D;, 65 °C): 6 = 8.18 (dd, J = 8.5, 1.0 Hz, 1H),
8.15 (d, *J = 8.5 Hz, 1H), 7.66 (d, *J = 8.0 Hz, 1H), ), 7.38 — 7.33 (m, 1H), 7.30 — 7.25 (m, 1H),
7.04 (¢t,°J = 8.0 Hz, 1H), 6.97 (d,*J = 9.0 Hz, 1H), 6.91 — 6.84 (m, 2H), 6.80 (d,’J = 8.0 Hz, 1H),
6.75 (d, *J =9.0 Hz, 1H), 6.67 (dd, J = 7.0, 1.5 Hz, 1H); IR (ATR) v (cm™) = 2922.31, 2852.72,
1623.2,1493.66, 1457, 1431.6, 1318.83, 1273.94, 1238.01, 1090.14, 822.3, 768.35, 747.82. HRMS

(EI, m/z): [M+H]™": calc. for C,;H,,0,™, 332.0837 found: 332.0824; UV-Vis (toluene): A, = 446

max

nm (e=14100 M cm™).

Dinaphtho[2,1-b:1',2'-d]furan 8" *

.

N

W\
W\

A
/

Commercially available [1,1'-binaphthalene]-2,2'-diol (200 mg, 0.69 mmol) was dissolved in
toluene (35 mL) and refluxed in the presence of p-TsOH (1.3 g, 6.9 mmol) overnight under Ar
atmosphere. The reaction was quenched with aq. sat. K,CO; solution and extracted three times with

CH,Cl, Combined organic layers were washed with brine and dried over Na,SO,. The solvent was
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removed in vacuo and the crude purified by short column chromatography (SiO,, eluents: CHX-
EtOAc, 10:0.5) to afford compound 8" as crystalline white solid (60 mg, 32%). 130 mg (66 %) of
unreacted starting material was collected. Characterization in accordance with spectroscopic data
reported in literature.* M.p. 155-156 °C. "H-NMR (500 MHz, CDCL): 6 = 9.17 (d, *J = 8.0 Hz,
2H), 8.08 (d,”J = 8.0 Hz, 2H), 7.97 (d,”J = 9.0 Hz, 2H), 7.85 (d, ’J = 9.0 Hz, 2H), 7.76 (¢,°J = 8.0
Hz, 2H), 7.60 (¢, °J = 8.0 Hz, 1H); "C-NMR (125 MHz, CDCl,): 6 = 154.51, 131.38, 129.65,

128.78,128.49, 126.35, 125.78, 124.56, 119.58, 112.90.

Xantheno[2,1,9,8-kimna]xanthene 8"

Commercially available [1,1'-binaphthalene]-2,2'-diol (100 mg, 0.35 mmol), Cul (200 mg, 1.05
mmol), PivOH (71.5 mg, 0.7 mmol) and DMSO (4 mL) were stirred open to air at 140 °C for 2h.
CH,CI, (15 mL) was added and the solution washed with NH,OH,, (3 x 20 mL) and brine. The
aqueous phase was washed with CH,Cl, (3 x 20 mL), combined organic layers dried over Na,SO,
and evaporated in vacuo. The residue was purified by column chromatography (SiO,, eluents: PET-
CH,CL,, 9:1) affording PXX as a yellow fluorescent solid (83 mg, 86 %). Characterization in
accordance with spectroscopic data reported in literature.” 'H-NMR (500 MHz, C,D): 0 = 6.89 (d,

°J = 9.0 Hz, 2H), 6.81 (m, 4H), 6.69 (d, °J = 9.0 Hz, 2H), 6.56 (m, 2H). “C-NMR (125 MHz,

C¢Dy): 0 = 153.18, 144.70, 131.76, 127.36, 126.56, 122.13, 120.37, 117.50, 112.01, 108.95.
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Figure S1. 500 MHz 'H-NMR (top) and 125 MHz *C-NMR (bottom) spectra of 1b in CD,CL,.
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Figure S2. ESI-HRMS mass spectrum of molecule 1b.
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Figure S6. ESI-HRMS mass spectrum of molecule 2.
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Figure S8. ESI-HRMS mass spectrum of molecule 3.
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Figure S10. ESI-HRMS mass spectrum of molecule 4.
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Figure S11. 500 MHz 'H-NMR (top) and 125 MHz >C-NMR (bottom) spectra of 4b in C¢Ds.
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Figure S12. MALDI-HRMS mass spectrum of molecule 4b (matrix: DCTB).
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Figure S14. MALDI-HRMS mass spectrum of molecule 5" (matrix: DCTB).
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Figure S24. ESI-HRMS mass spectrum of molecule 9.
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S4. NMR Investigations
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Figure S25. VT 'H-NMR (500 MHz) spectral changes of 7°° from r.t. to 65 °C in C¢Dj.
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Figure S26. VT 'H-NMR (500 MHz) spectral changes of 57" from r.t. to 60 °C in C¢Dj.
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Figure S27. VT-'H NMR (500 MHz) spectral changes of 6" from r.t. to 80 °C in toluene-dy and respective cooling
cycles from 80 °C to 25 °C.

S45



S5. Scanning electron microscope (SEM)

All analyzed samples, if not otherwise stated, were gently re-precipitated several times from

THF/MeOH, dried under vacuum overnight, and sputter coated with gold in a Edwards S150A

apparatus (Edwards High Vacuum, Crawley, West Sussex, United Kingdom), and examined with a

Leica Stereoscan 4301 scanning electron microscope (Leica Cambridge Ltd).

Det r= SE1 1pn —

Figure S28. Scanning Electron Microscopy (SEM) images of compounds 6" (a, b) drop-casted from a toluene
solution (¢ =2 mM) on silicon wafer and (b, ¢) powder evaporated from a 2mM solution in toluene.
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Figure S29. SEM images of the organic nanostructures obtained from a TH
compounds 5" (a, b), 5" (c, d), 6™ (e, f) and 6" (g, h).
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S6. Crystallographic data

Crystallographic data of compounds 4, 5™, 6™, 7" and 1c

Data collections were performed at the X-ray diffraction beamline (XRD1) of the Elettra
Synchrotron, Trieste (Italy),” with a Pilatus 2M hybrid-pixel area detector. Complete datasets
werecollected at 100 K (nitrogen stream supplied through an Oxford Cryostream 700) with a
monochromatic wavelength of 0.700, 0.800 or 0.900 A through the rotating crystal method. The
crystals of compound 4, ¥ 6™, 7" and 1c were dipped in N-paratone and mounted on the
goniometer head with a nylon loop.

Complete dataset for the triclinic crystal 4 form has been obtained merging two different data
collections done on the same crystal, mounted with different orientations. The diffraction data were
indexed, integrated and scaled using XDS.” The structures were solved by direct methods using
SIR2014. and/or the dual space algorithm implemented in the SHELXT code.” Fourier analysis
and refinement were performed by the full-matrix least-squares based on F* implemented in
SHELXL-2014." The Coot program was used for modeling." Hydrogen atoms were included at
calculated positions with isotropic Uy, = 1.2 U, or Upes = 1.5 U, for methyl and hydroxyl
groups. Essential crystal and refinement data (Table S1) are reported below.

Structure 4 refinement and analysis. Anisotropic thermal motion modeling has been applied to
atoms with occupancy greater than 50%. Restrain on bond lengths, angles and thermal motion
(DFIX, DANG, SIMU and DELU) for disordered methanol molecules have been applied. The
molecule 4 model has been refined as a 2-component perfect twin, because all the crystals tested
show non merohedral twinning (twin domains relationship has been identified as a 180.0 degree
rotation about [001] reciprocal lattice direction). Twin fraction has been estimated as 41% of crystal
volume. One crystallographically independent molecule is present in the asymmetric unit (Figure
S30); weak hydrophobic interactions keep molecules packed. Solvent cavities have been found
parallel to a cell axis, where molecule 4 hydroxyl groups are exposed and interact with methanol

molecules (four disordered solvent molecules have been modeled).
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Figure S30. X-ray structure of 4 (50% probability ellipsoids). Coordinated solvent molecules and
hydrogens omitted for clarity.

Structure 5" refinement and analysis. Anisotropic thermal motion modeling has been applied to
all atoms. One crystallographically independent molecule is present in the asymmetric unit (Figure
S31). No solvent molecules have been found in the crystal packing. Weak hydrophobic interactions
keep molecules packed; couples of molecules related by crystallographic inversion centers show

extensive stacking interactions with mean distance between molecule planes of ~3.6 A.

\l¢ A AN
7%»/\,/ o)
N TN

L

Figure S31. X-ray structure of 5™ (50% probability ellipsoids). Hydrogens omitted for clarity.

Structure 6" refinement and analysis. Anisotropic thermal motion modeling has been applied to
all atoms. The presence of a crystallographic twofold axis passing through the furan ring, makes
half crystallographically 6™ molecule independent in the asymmetric unit (Figure S32. Disordered
hexane molecules have been found in the crystal packing, with a 1:~1.5 6"** molecule:solvent ratio.
Restrain on bond lengths, angles and thermal motion (DFIX, DANG and DELU) for solvent
molecules have been applied. Partial perylene mt-t overlaps glue neighbor 6™ molecules to form
layers, parallel to cell bc face; these layers are interleaved by hexane channels (aligned with ¢ axis),

delimited by tert-butyl groups.
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Figure S32. X-ray structure of 6" (50% probability ellipsoids). Coordinated solvent molecules and
hydrogens omitted for clarity.

Structure 7" refinement and analysis. Anisotropic thermal motion modeling has been applied to
all atoms. One crystallographically independent molecule is present in the asymmetric unit (Figure
S33). No solvent molecules have been found in the crystal packing. Pillars, aligned with a cell axis,

show extensive stacking interactions with mean distance between molecule planes of ~3.6 A. Weak

hydrophobic contacts keep neighbor pillars packed through peripheral CH-it bonds.
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Figure S33. X-ray structure of 7""" (50% probability ellipsoids). Hydrogens omitted for clarity.

Structure 1c refinement and analysis. Diffraction for compound 1c¢ crystals was limited to 0.94
A, due to static disorder on the compound of interest and solvent molecules. One
crystallographically independent molecule has been identified in the asymmetric unit (Figure S34).
Anisotropic thermal motion modeling has been applied to all atoms of 1c, excluding solvent
molecules. One disordered solvent site has been successfully modeled with half water and half
methanol molecules. Restrain on bond length and thermal motion (DFIX and DELU) for disordered
methanol molecule have been applied. A region of diffuse disordered electron density has been
identified, probably connected to additional averaged solvent molecules. The contribution of this
region to the scattering was estimated as ca. 308 electrons/cell, in a volume of ca. 2694 A® and it
was removed with the SQUEEZE routine of PLATON."” The formula mass and unit-cell

characteristics reported for 1¢ do not take into account this disordered solvent. Dimers of 1c
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molecules, mutually perpendicular, can be found in the packing; arrangements of these dimers,

around crystallographic threefold axis, generate channels parallel to ¢ axis, were solvent is placed.

Molecule 1¢ boronic oxygens are exposed in these channels and coordinate methanol moieties.

,‘gl Iy v/
P —~ 7 s
p 9 (
N 7 |

Figure S34. X-ray structure of 1¢ (50% probability ellipsoids). Coordinated solvent molecules and hydrogens
omitted for clarity.

Table S1. Crystallographic data and refinement details for compound 4, 5™, 6", 7""" and 1c.
4 st 6" 7t Ic

CCDC Number 1424425 1424426 1424427 1424428 1424424
C40H50B,04

Moiety Formula C¢4H700,-4CH4O C4Hi00O CesHesO1.5CH 4 C,4H;40 -O.SCH4OO-0.5H2

Sum Formula CesHgOs C4Hi00 C73HgoO C,4H;40 Cy05H52B,05

fD";‘)““la weight 999.36 560.74 982.62 31835 640.44

Temperature (K) 100(2) 100(2) 100(2) 100(2) 100(2)

Wavelength (A) 0.800 0.700 0.700 0.700 0.900

Crystal system Triclinic Monoclinic Monoclinic Orthorhombic Trigonal

Space Group P-1 P2,/c P2/c P 22,2, R-3

a(A) 10.598(2) 11.049(5) 10.730(2) 5.633(1) 43.246(14)

b (A) 15.1772) 11.024(1) 12.406(3) 14.558(3) 43.246(14)

c(A) 19.662(2) 25.124(4) 22.974(5) 18.397(4) 12.043(4)

a(®) 107.777(3) 920 90 90 90

B (°) 100.222(1) 93.41(5) 102.10(3) 90 90

v (®) 96.282(6) 920 90 90 120

V (A% 2918.2(7) 3054.8(15) 2990.3(11) 1508.6(5) 19506(14)

S51




zZ

p(gem?)

F(000)

u (mm™)

0 min,max (°)
Resolution (A)

Total refl. collctd
Independent refl.

Obs. Refl. [Fo>4 ¢
(Fo)]

I/o(1) (all data)
I/o(I) (max resltn)
Completeness (all

data)

Completeness
(max resltn)

Rmerge (all data)

Rmerge (max
resltn,)
Multiplicity (all
data)

Multiplicity (max
resltn)

Data/restraint/para
meters

Goof

R, [1>2.0 5 (D)],
WR,“ [1>2.0 & (I)]

R,“ (all data), wR,“
(all data)

2
1.137
1084
0.090

1.3,30.8
0.78
21677

12308, [R(int) =
0.0375]

11049

16.3

3.7

0.96

0.84
0.083
0.091

3.5

1.6

12308 /128/769

0.994

0.1268, 0.3316

0.1203, 0.3365

4
1.219
1200
0.068

2.0,27.8
0.75

47029

7320, [R(int) =
0.0299]

6222

21.1

11.4

0.98

0.94
0.042
0.108

6.3

6.4

7320/0/429

1.029

0.0599, 0.1517

0.0530, 0.1457

2
1.093
1072
0.060
1.8,27.8
0.75
25169

7314, [R(int) =
0.0202]

6385

12.9

94

0.99

1.00
0.021
0.054

34

33

7314/28/376

1.025

0.0483, 0.1369

0.0543, 0.1427

4
1.402
664
0.081
1.8,27.8
0.75
23893

3689, [R(int)
=0.0094]

3669

59.6

49.8

0.99

1.00
0.016
0.019

11.0

10.4

3689/0/226

1.050

0.0305, 0.0835

0.0306, 0.0837

18
0.981
6210
0.105

2.1,28.6
0.94
23902

5283, [R(int) =
0.0483]

4465

14.0

5.5

0.98

0.93
0.146
0.063

4.5

4.4

5283/38/564

1.076

0.1040, 0.2728

0.1126, 0.2813

R, =2 FollFcll ) 5lFol, wR, = [2 w (Fo? — Fe? )2 1 Sw (Fo? )".

S52




S7. Thermogravimetric analysis (TGA)
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Figure S35. TG curves (black) and corresponding DTG curves (blue) of (a) 8, (b) 4, (c) 6" and (d) 6" with a

heating rate of 10 °C/min under N, flow (90 mLmin™).
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Figure $36. TG curves (black) and corresponding DTG curves (blue) of 6" with a heating rate of 10 °C/min under air
flow (60 mLmin™).
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S8. UV/Vis Characterization

UV-Vis absorption spectra were recorded on Agilent Cary 5000 UV-Vis-NIR Spectrophotometer
using quartz cuvette with 10 mm path-length. Toluene (Sigma Aldrich, HPLC grade) was used as

solvent.

10-(2-hydroxynaphthalen-1-yl)phenanthren-9-ol (9): 1.52 mg was dissolved in 4.5 mL of
toluene to make a stock solution (¢ = 1.0 x 10° M),which was then diluted to achieve an
appropriate concentration for measurements. ¢ = 8.3 x 10° M; 4.16 x 10° M, 2.08 x 10° M, and

1.04 x 10° M were used for the calculation of the molar extinction coefficient (g).

naphtho[2,1-b]phenanthro[9,10-d]furan (7"""): 1.03 mg was dissolved in 3.2 mL of toluene to
make a stock solution (¢ = 1.0 x 10° M), which was then diluted to achieve an appropriate
concentration for measurements. ¢ = 3.3 x 10°M; 1.6 x 10° M, 8.3 x 10° M, 4.16 x 10*M and 1.6

x 10° M were used for the calculation of the molar extinction coefficient.

benzo[c]xantheno[2,1,9,8-klmna]xanthene (7""): 0.89 mg was dissolved in 8.1 mL of toluene to
make a stock solution (¢ = 3.3 x 10* M), which was then diluted to achieve an appropriate
concentration for measurements. ¢ = 6.6 x 10°M; 3.3 x 10°M, 1.6 x 10° M, 8.2 x 10° M and 1.3

x 10° M were used for the calculation of the molar extinction coefficient.

5.8,11-tri-tert-butylperylen-2-ol (2): 1.87 mg was dissolved in 4.28 mL of toluene to make a stock
solution (¢ = 1.0 x 10 M), which was then diluted to achieve an appropriate concentration for
measurements. ¢ = 1.64 x 10°M; 8.2 x10° M, 4.1 x10°M, 2.0 x 10° and 1.0 x 10° M were used

for the calculation of the molar extinction coefficient.

5.8,11-tri-tert-butyl-3-(2-hydroxynaphthalen-1-yl)perylen-2-ol (3): 1.12 mg was dissolved in
1.93 mL of toluene to make a stock solution (¢ = 1.0 x 10~ M), which was then diluted to achieve
an appropriate concentration for measurements. ¢ = 1.64 x 10°M; 82 x 10°M,4.1 x 10°M, 2.0 x

10° and 1.0 x 10 M were used for the calculation of the molar extinction coefficient.

10,13,16-tri-tert-butylnaphtho[2,1-b]peryleno[3,2-d]furan (5™"): 0.53 mg was dissolved in
0.945 mL of toluene to make a stock solution (¢ = 1.0 x 10 M), which was then diluted to achieve
an appropriate concentration for measurements. ¢ = 1.64 x 10°M;82 x 10°M,4.1 x 10°M, 2.0 x

10 and 5.46 x10”7" M were used for the calculation of the molar extinction coefficient.
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9,12,15-tri-tert-butylbenzo[1,8]isochromeno[5,4,3-cde]benzo[5,10]anthra[9,1 ,2-

hijlisochromene (5"): 0.62 mg was dissolved in 1.07 mL of toluene to make a stock solution (¢ =
1.0 x 10° M) which was then diluted to achieve an appropriate concentration for measurements. ¢
=1.64 x 10°M; 82 x 10° M, 4.1 x 10° M and 6.8 x 107 M were used for the calculation of the

molar extinction coefficient.

5,5'8,8',11,11'-hexa-tert-butyl-[3,3'-biperylene]-2,2'-diol (4): 0.97 mg was dissolved in 1.1 ml of
toluene to make a stock solution (¢ = 1.0 x 10° M), which was then diluted to achieve an
appropriate concentration for measurements. ¢ = 1.64 x 10°M; 8.2 x 10° M, 4.1x10°M, 2.0 x 10°

and 5.46 x107 M were used for the calculation of the molar extinction coefficient.

2,5,8,14,17,20-hexa-tert-butyldiperyleno[2,3-b:3' 2'-d]furan (6™"): 1.07 mg was dissolved in
1.25 mL of toluene to make a stock solution (¢ = 1.0 x 10~ M), which was then diluted to achieve
an appropriate concentration for measurements: ¢ = 8.2 x 10° M, 4.1 x 10° M, 2.0 x 10° and 3.1

x10”7 M were used for the calculation of the molar extinction coefficient.

2,5,9,12,15,19-hexa-tert-butylbenzo[5',10' Janthra[9',1',2':7 8,1 ]isochromeno[5 ,4,3-
cde]benzo[5,10]anthra[9,1,2-hijlisochromene (6?): 0.88 mg was dissolved in 1.015 mL of

toluene to make a stock solution (¢ = 1.0 x 10° M), which was then diluted to achieve an
appropriate concentration for measurements: ¢ = 1.64 x 10°M; 8.2 x 10°M, 4.1 x 10° M, 2.0 x 10°
%and 5.46 x107 M were used for the calculation of the molar extinction coefficient.

VT measurements were performed using a 1.22 x10 M solution.
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Figure S37. Normalized absorption (solid lines) and emission (dotted lines) spectra of naphthol-phenanthrol
derivatives 12 (black), 7°"" (cyan) and 7*® (green) in toluene at room temperature.

a) b) 50000
25000 -
40000
20000 -
F'E 'E 30000 -
G 15000 1o
= = 20000-
w 10000 4 @
50004 10000 -
0 T ' T T v T v 1 0 T T T T 1
300 400 500 600 700 800 300 400 500 600 700 800
A/nm Al nm
c) 100000 -
80000
‘e 60000
[&]
= 40000
@
20000
0 v T v T T T ¥ T ¥ 1
300 400 500 600 700 800
Al nm

Figure S38. Absorption spectra of a) naphthol-phenanthrol derivatives 12 (black ), 7" (cyan) and 7*P (olive); b)
naphthol-perylenol derivatives 3 (dark yellow), 5™ (green) and 5*P (purple), and c) biperylenol derivatives 4 (orange),
6" (red) and 6"" (blue)
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Figure S39. VT-UV spectral changes of 6" (¢ = 1.22 x 10™ M) a) from 20 °C (red line) to 80 °C (green line) and b)
cooling cycles from 80 °C (green line) to 20 °C (red line) in toluene by steps of 10 °C.
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Figure S40. Normalized absorption spectra recorded in 1,2-dichlorobenzene at 25 °C.
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S9. Fluorescence characterization

Fluorescence spectra were recorded on a Varian Cary Eclipse fluorescence spectrofluorimeter. All
fluorimetric measurements were performed at 25 °C. The same solutions were used from the

absorbance measurements.
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Figure S41. Excitation (solid line) and emission (dotted line) spectra recorded for compounds a) 9 (¢ = 1.0 x 10” M),
Jexe= 310 nm, b) 7™ (1.6 x 10 M), 2ex=337 nm, and ¢) 7" (3.6 x 10° M), A.=418 nm in toluene.
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Figure S42. Excitation (solid line) and emission (dotted line) spectra recorded for compounds a) 3 (¢ = 1.0 x10° M),

Jexe= 426 nm, b) 5™ (5.46 x107 M), Loy = 448 nm, ¢) 5 (6.8 x107 M), Lexe= 515 nm in toluene.
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Figure S43. Excitation (solid line) and emission (dotted line) spectra recorded for compounds a) 2 (¢ = 1.0 x 10° M),
Jexe=421 nm, b) 4 (5.46 x 107 M), Jere= 437 nm, ¢) 6" (3.1 x 107 M), Aex.=497 nm and d) 6" (5.46 x 107 M), dex=

585 nm in toluene.
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Figure S44. Emission spectra of 8™ (black line) and 8" (yellow line) in solid samples at 25 °C. Excitation
wavelengths: 330 and 360 nm, respectively.

S10. Electrochemical analysis

Cyclic voltammetry experiments were carried out at room temperature in nitrogen-purged 1,2-
dichlorobenzene (freshly filtered on alumina, 50-200 um) with a Model 800 potentiostat (CH
Instruments). The working electrode consisted of a glassy carbon electrode (3 mm diameter), the
counter electrode was a Pt spiral and a Ag wire was used as quasi-reference electrode (AgQRE).
Working electrode and quasi-reference electrodes were polished on a felt pad with 0.05 or 0.3 um
alumina suspension and sonicated in deionized water for 1 minute before each experiment; the Pt
wire was flame-cleaned. Tetrabutylammonium hexafluorophosphate (TBAPF,) is added to the
solution as a supporting electrode at concentrations typically 100 times higher than the electroactive
analyte. Ferrocene (sublimed at reduced pressure) is used as an internal reference (Ep., . 0.00 V).
HOMO and LUMO energies were calculated from the first formal redox potentials (half-wave
potentials) using equations:'>'*

Epomo=-5.1eV+E"' vs.Fc/Fc)
E omo=-(5.1eV+E'_ vs. Fc'/Fc)

In the cases where oxidation or reduction waves were not detected by means of cyclic voltammetry,
HOMO or LUMO levels are calculated using the optical gap E,,, considering the maxima of the

emission maxima recorded in toluene, following equation:

E ,,(eV)=1240 (eV-nm) / A, (nm)
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Figure S45. Cyclic voltammograms at variable scan rates and relative linear dependence between anodic or cathodic
peak currents and scan rate? for compounds: a-b 8™ (0.80 mM), e¢-d 7™ (0.75 mM), e-f 8" (PXX) (0.81 mM). For
each calculated linear regression, the coefficient of determination r* is reported. Experimental conditions: 1,2-
dichlorobenzene is used as solvent, supporting electrolyte: TBAPF, (0.06+0.07 M for all experiments). Ferrocene is
used as internal reference standard (Eg, s = 0.00 V).
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Figure S46. Cyclic voltammograms at variable scan rates and relative linear dependence between anodic or cathodic
peak currents and scan rate'? for compounds: a-b 7*® (0.43 mM), c-d 4b (0.53 mM). For each calculated linear
regression, the coefficient of determination 7* is reported. Experimental conditions: 1,2-dichlorobenzene is used as
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solvent, supporting electrolyte: TBAPF, (0.06+0.07 M for all experiments). Ferrocene is used as internal reference

standard (Eg,,z=0.00 V).
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calculated linear regression, the coefficient of determination 7’ is reported. Experimental conditions: 1,2-
dichlorobenzene is used as solvent, supporting electrolyte: TBAPF, (0.06+0.07 M for all experiments). Ferrocene is
used as internal reference standard (Eg,:=0.00 V).
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Figure S48. Cyclic voltammograms at variable scan rates and relative linear dependence between anodic or cathodic

peak currents and scan rate

12

for compounds: a-c¢ 6" (0.63 mM). For each calculated linear regression, the coefficient

of determination r° is reported. Experimental conditions: 1,2-dichlorobenzene is used as solvent, supporting electrolyte:
TBAPF, (0.06+0.07 M for all experiments). Ferrocene is used as internal reference standard (Eg,z=0.00 V).
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S11. Theoretical studies
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Figure S49. Frontier orbitals of compound 8" calculated with DFT methods (B3LYP/6-31G**).
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Figure S50. Frontier orbitals of compound 7*" calculated with DFT methods (B3LYP/6-31G**).
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Figure S51. Frontier orbitals of compound 5" calculated with DFT methods (B3LYP/6-31G**).
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Figure S52. Frontier orbitals of compound 6" calculated with DFT methods (B3LYP/6-31G**).
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Figure S53. Frontier orbitals of compound 8™ calculated with DFT methods (B3LYP/6-31G**).

HOMO-1 HOMO-2 HOMO-3 HOMO-4
LUMO+1 LUMO+2 LUMO+3 LUMO+4

FUXW

Figure S54. Frontier orbitals of compound 77" calculated with DFT methods (B3LYP/6-31G**).
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Figure S55. Frontier orbitals of compound 57" calculated with DFT methods (B3LYP/6-31G**).
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Figure S56. Frontier orbitals of compound 6™ calculated with DFT methods (B3LYP/6-31G**).
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S12. NLO measurements

The NLO absorption and refraction are expressed in terms of the nonlinear absorption coefficient,

3, and the nonlinear refractive index parameter, y’, which are related to the imaginary (Imy"’) and

(3) (3)

real (Rey") parts of the third-order nonlinear susceptibility, 7, respectively. The magnitude of ¥
denotes the strength of the NLO response of a material and is a concentration dependent quantity.
For a more straightforward assessment of the nonlinear optical response of different materials, often
being in various phases (e.g., solution or thin film) the second hyperpolarizability, y, is used. This
can be regarded as a molecular property, defined as: y=y"”/NL', where N is the number of
molecules per unit volume, and L is the Lorentz-Lorenz local field correction factor, defined as:
L=(n,"+2)/3 with n, being the refractive index of the solvent or polymeric matrix.

The NLO properties of the O-doped PAHs were measured using the Z-scan technique, which
allows for the simultaneous determination of both the sign and the magnitude of the nonlinear
absorption and refraction of a sample from a single measurement. According to this technique, the
transmission of a sample, translated along the propagation direction of a focused Gaussian laser
beam (e.g. the z-axis), is measured by two different experimental configurations, i.e. the “open-
aperture” and the “closed-aperture” ones. From these transmission measurements the nonlinear

absorption coefficient f and the nonlinear refraction parameter y’ can be derived following the

15-18 (3))

procedure described in details elsewhere. These parameters are related to the imaginary (/my’
and real (Rey™) parts, respectively, of the third-order nonlinear susceptibility y through the

following relations:

2.2
Im x*® (esu) =107 %/j (cm/W) (D
967" w
2
Re ¥ (esu)=10"° & ' (cm?/W) (2)

where c is the speed of light in cm/s, ny is the (linear) refractive index at the excitation wavelength
and o is the excitation frequency in s™.

The “open-aperture” Z-scan recordings can exhibit a minimum or a maximum, indicating reverse
saturable absorption (RSA) or saturable absorption (SA) behavior respectively, as it is depicted in
Figures 13a-b of the manuscript for molecules 8" and 5P, respectively.

Correspondingly, the “divided” Z-scan (resulting from the division of the “closed-aperture” Z-scan
by the corresponding “open-aperture” one) can exhibit a transmission minimum followed by a post-
focal transmission maximum (i.e. a valley-peak configuration) or the opposite situation (i.e. a peak-

valley configuration). The former situation corresponds to self-focusing behavior, while the latter
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denotes self-defocusing behavior. In the former case the sample acts as a focusing (positive) lens
exhibiting (by definition) positive sign nonlinear refractive parameter y’ (or equivalently
Rey™>0), while in the latter case the sample behaves as a defocusing (negative) lens exhibiting
negative sign nonlinear refractive parameter y’ (Rey®’<0). The 4T, »v parameter is related to the

NLO refraction parameter y’, through the following relation:

V2
0.406(1-5)

o35 ATy 3)

7/ =
kloL,,;

where: [j is the on-axis peak irradiance, k(=27/1) is the wavenumber of the laser wavelength in

vacuum, L, is the effective thickness of the sample given by the following relation:

L, = (1 —e " ) /ao , a, 1s the sample’s (linear) absorption coefficient at the laser wavelength, L is the

sample’s length (thickness) and §=1 _e It is the linear aperture transmission, which depends on

both the aperture and the beam radii », and w, respectively.

In the case of solutions, it might happen that solute and solvent possess opposite sign nonlinear
refraction. In this case, a detailed Z-scan study of different concentration solutions can reveal
unambiguously the sign and the magnitude of the nonlinear refractive response of the solute and the
solvent under the given excitation conditions. It is useful to note here, that most of the organic
solvents exhibit self-focusing (i.e. valley-peak configuration) under visible ps/fs laser excitation."
In Figures S57a-b the “divide” Z-scans of different concentrations toluene solutions of molecules
5" and 6" and neat toluene are presented. As can be seen from Figure S57a, 5*P and toluene
exhibit opposite sign NLO refraction, as the increase of the concentration of 5" resulted in
decrease of the 47),., value of toluene. The opposite situation holds for 6" and toluene, as it
depicted in Figure S57b, where the A47,, of the solution was found increasing with the
concentration of molecule 6.

In Figures S58a-b, the variation of the A7,., parameter as a function of the incident laser energy is
presented for molecules 5°” and 6" and toluene. As can be seen, the values of the AT}, parameter
were found to scale linearly with the laser energy, suggesting a third-order NLO response. From the
slopes of the straight lines shown in Figure S58, corresponding to the linear best fits of the
experimental data points, the NLO refractive index parameter y’ was deduced. The corresponding
value of toluene was also determined as a reference and because it was the solvent employed for the

solutions preparation.
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Figure S$57 “Divided” (a, b) Z-scans of some toluene solution of 5*?, 6*" and neat toluene, measured under 35 ps, 532
nm laser excitation.
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Figure S58 Dependence of 47, on the incident laser energy for toluene solutions of molecules 5™ and 6" and only
toluene, under 532 nm laser excitation (35 ps).
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Figure S59. (a) Energy- and (b) concentration-dependence of the nonlinear absorption coefficient 8 for derivatives 8
and 5" in toluene solutions.

The dependence of the NLO absorption coefficient f as a function of the incident laser energy
(Figure S59a) and of concentration (Figure S59b) are shown for molecules 8" and 5. As it clearly
appears from the profiles, the NLO absorption coefficient f values do not depend on the laser
energy (for the range of laser energies used), whereas they vary linearly with the concentration,
indicating the absence of higher order and/or saturation effects, confirming the quality of the

measurements.

Sample preparation. For the preparation of the solutions analytical grade toluene was used. The
prepared samples were placed in 1 mm thick quartz cells for the Z-scan measurements. UV-Vis
absorption spectra of prepared solutions were recorded on JASCO V670 UV-Vis-NIR
Spectrophotometer. All absorption measurements were performed at 25 °C unless specified
otherwise and checked regularly in order to ensure that no laser induced photo-degradation and/or
any other unwanted changes (e.g. aggregation, etc.) have occurred. Experimental and calculated
UV-Vis-NIR spectra of compounds 8™"*?, 55"""? and 6"*? are reported in Figures S60 and S61

showing a good agreement between experimental and theoretical results.
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A/nm

A/ nm

Figure S60. Theoretical (red line) and experimental (black line) UV-Vis-NIR absorption spectra of toluene solutions of
molecules a) 8™ (¢ = 0.6 mM), b) 8" (¢ =2 mM), ¢) 5" (¢ = 0.3 mM), and d) 5" (¢ = 0.36 mM) measured in 1 mm
quartz cell at 25 °C.
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Figure S61. Theoretical (red line) and experimental (black line) UV-Vis-NIR absorption spectra of toluene solutions of
molecules a) 6™ (¢ = 0.13 mM), b) 6" (¢ = 0.3 mM) and ¢) 4, (¢ = 0.4 mM) measured in 1 mm quartz cell at 25 °C.

The laser source employed for the Z-scan measurements was a mode-locked Nd:YAG laser
(Quantel YG900) delivering 35 ps pulses at 1064 nm, operating at 10 Hz. For the experiments the
second harmonic (SHG) was used at 532 nm obtained using a BBO crystal. The laser energy was
monitored by means of a previously calibrated joule-meter, while the beam was attenuated by
means of calibrated neutral density filters. The laser beam was focused into the sample cell with a
20 cm focal-length quartz plano-convex lens. The laser beam waist at the focal plane was
determined using a CCD camera (Watec LCL-903HS) and was found to be 18 and 30 pum at 532

and 1064 nm respectively.

In Table S2, the detailed results of the NLO parameters of the studied O-annulated PAHs are

presented. 4,4« denotes the position of the lowest-energy transitions of the molecules.
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Table S2. NLO parameters of the O-doped PAHs under 35 ps, 532 nm laser excitation.

Molecule
(Amax) Conc. " ' 2 (><1ﬂ0'11 Refg@) Im{g@) |Xf3)| 1|31 e 1 %
e (mM) (X107 m“/W) m/W) (107" esu) (x107"esu) (%107 esu) (x107 esu mM™) (X107 esu)
120.00 -0.26+0.06 - -0.40+0.06 - 0.40+0.06 0.003£0.001
gFur 0.0015 =
(357nm) 0.0003
50.00 -0.13+0.08 - -0.19+0.08 - 0.19+0.08 0.004+0.001
24.00 -0.46+0.04 0.56+0.04 -0.66+0.05 0.33+0.05 0.74+0.06 0.03+0.01
8" PXX 0.013 + 0.002
(444 nm) : :
12.00 -0.24+0.01 0.33+0.05 -0.35+0.02 0.18+0.05 0.39+0.05 0.03+0.01
. 1.00 -0.19+0.06 - -0.27+0.06 - 0.27+0.06 0.27+0.06
5 ur
(477 nm) 0.11 £+ 0.05
0.50 -0.09+0.07 - -0.13+0.07 - 0.13+0.07 0.26=0.09
, 0.90 0.16+£0.04 -0.35+0.04 0.23+0.06 -0.21+0.05 0.30+0.05 0.34+0.06
5 P
(556 nm) 0.14 + 0.04
0.45 0.07+0.01 -0.19+0.02 0.09+0.02 -0.11+0.02 0.15+0.02 0.32+0.04
. 0.13 -0.03+0.01 - -0.04+0.01 - 0.04+0.01 0.31£0.07
6 ur
(534 nm) 0.14+0.05
0.05 -0.01+0.01 - -0.02+0.01 - 0.02+0.01 0.36=0.09
, 0.30 0.65+0.01 - 0.91+0.05 - 0.91£0.05 3.02+0.20
6 P
(639 nm) 1.34+0.20
0.15 0.36+0.01 - 0.51+0.02 - 0.51£0.02 3.40+0.10
8.00 -0.37+0.01 - -0.52+0.01 - 0.52+0.01 0.07+0.01
4
(463 nm) 0.03 +0.01
4.00 -0.15+0.01 - -0.22+0.01 - 0.22+0.01 0.06+0.01
Toluene 1.16+0.03 1.65+0.2 1.65+0.2

Thin Film preparation. The thin films were prepared by spin coating method (1000 rpm, 30 s) on
20 mm squared glass plates. Before the deposition of the films, the glass was cleaned by acetone,
ethanol and water with ultrasonic cleaning and dried under N,. All the compounds were solubilized
in an appropriate volume of PMMA solution in toluene and sonicated for 10 min prior to use. The
stock PMMA solution (¢ = 60 mg/mL) was prepared dissolving 600 mg of PMMA (Poly(methyl
methacrylate), approx. M.W. 15000, ACROS Organics, CAS: 9011-14-7, Cat. No. 190690500) in
10 mL of toluene (Spectroscopic grade, Alfa Aesar) through sonication (20 min). Film thickness
was measured by a Dektak XT™ stylus profilometer (350-550 nm for all samples).

S75




A/a.u.

Ala.u.

18- b) 25¢ |
I — 8" ¢ =0.6mMin toluene —8:, ¢=2mMin toluene .
er —— 8, c=6.5mM, PMVA thin film

r — 8", ¢ =6.4mM, PMVA thin film
14+
3
o
<
500 600 600
A/ nm A/ nm
10r —— 5" ¢=0.3 mMin toluene d) 025
EY o8, VIVA thi —— 5%, c=0.36 mMin toluene
¢ 6= 64 mil, PIMAT fim —— 5™ ¢ =3.2mM, PMMA thin fim
00 L I | 0.00 ! ! L 1 Y
300 400 500 600 300 400 500 600 700 800 1000
A/ nm

A/ nm

Figure S62. UV-Vis-NIR absorption spectra in a 60 mg/mL PMMA solution in toluene spin-coated

on glass (red lines) and in toluene solution (black lines) of compounds a) 8™, b) 8"?, ¢) 57" and d)

5Pp,

S76



—6", c=043mMin toluene b) —— 6", ¢=0.30mM in toluene
——6", c=64mM,PMMAthinfims 041 ——6” c=1.9mM, PMMA thin film

a) 014

—T1

012}
0.10

0.08

0.04

0.02

0.00

d PR PEEPE B i L L i P
300 300 400 500 600 700 800 900 1000
A/ nm A/ nm

| —4, c=04mMin toluene
——4, ¢=1.13 mM, PMMAthin film

A/nm

Figure S63. UV-Vis-NIR spectra of a 60 mg/mL PMMA solution in toluene spin-coated on glass

(red lines) and in toluene solution (black lines) of compounds a) 6'™, b) 6P and c) 4.

S13. NLO theoretical calculations

Methods
All the reported data for the molecular structures, static and frequency-dependent electronic second

hyperpolarizabilities, Enomo, Erumo and the excitation spectrum of the considered derivatives, have
been calculated by employing a computational approach which includes, ab-initio methods
(MP2%%), Density Functional Theory (B3LYP*', CAM-B3LYP*), analytic** and a finite field”
technique for the computation of the second hyperpolarizabilities.

Molecular Structures. The employed molecular structures were optimized by using the B3LYP/6-

31G** method (Figure S64), imposing tight convergence criteria. Vibrational analysis was used,
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for all structures, in order to verify that a stationary point has been found. The B3LYP functional

has been successfully applied for the study of the molecular geometries of several polycyclic

. 26-28
aromatic hydrocarbon structures.
4
+ 0’ + bg
‘ & “ )
+*9 " 2 9 >
> b ¢
0“ - b |
“ 9 *d 7‘4
Y 9 9 o
o o 9 e 2
s 99 e, 4
P 9 29 o " ad
e
5 3 3
Fur .
8 |4/ll 5“"[6/1]
Y
>z
b
9
4“ “OJ ’ g 9 0
P ] “J “ C ]
o L ] o,
s IS 2 9
? 9
° 9 2 9 “.
=) 9
9 2@ J“ °
29 7 9
L R -9
J“ ‘O ? 4 N
J“: | ad
o
$ 2 8°p[4/2]
6" 8/1]
9
o "
“0“4
2 "] 2 ' ) ?
> 29 L
99 29 e , ‘0%,0
29 290 29 Aue 2
29 29 29 9 o 2o
29 29 29 99,0
99 odq o e :
29 wa Y
’ |
n'S WP
s ) R
5'p[6/2] ’
6"p[8/2]
« . L b
« & ¢ €
¢ e F ’,;’ o
‘¢ O e 0 J
¢ © e o€
‘e e $E 6 $e
L W ve w€
. ¢ ¢ .
o ]
(S
4

Figure S64. The optimized structures of DNF derivatives 8", 5%, 6", PXX derivatives 8", 5, 6" and perylene
derivative 4 computed with B3LYP/6-31G** method at the gas phase.
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Excitation Spectrum. The transition energies were computed by employing the time-dependent
density functional theory® (TD-DFT), using the CAM-B3LYP functional. The latter provided
satisfactory estimates of transition energies for some organic dyes, compared with experiment.’’>

Electronic (hyper)polarizabilities. When a molecule is set in a uniform static electric field F, its

energy, E, may be expanded as follows:
E= Eo — ,u,-F,-— (1/2)OCUF1F} —(1/6)ﬂku1F}Fk — (1/24)])Uk1F,F}FkF]—, (6)

where E? is the field free energy of the molecule, F, Fj, F, F; are the electric field components, u;,
aij, Piix and y;i are the tensor components of the dipole moment, linear dipole polarizability, first
and second hyperpolarizability, respectively. Summation over repeated indices is implied. For the
computation of the static second hyperpolarizability components, y;i (0;0,0,0), where i,j,k /=x,z,y, a
finite field approach was employed,” including a numerical differentiation of the total energy
(eq.1) with the respect to the applied electric field. A constant field value of 0.0008 a.u. was used,
whereas the numerical stability for the y;u values was safeguarded by employing the Romberg-

Rutishauser approach.’*>® The average value of the second hyperpolarizability is given by:
1
Y = X Yuj; T Vijiy + Vijji (7)

The dynamic intensity-dependent refractive index (IDRI), y;i (-o;w,-0,m), values were computed
analytically with the aid of the cubic response functions, as they are implemented in the DALTON
software.”* All the static and frequency-dependent molecular second hyperpolarizabilities were
computed by using the long range corrected version of B3LYP, CAM-B3LYP, which yields
satisfactory values of (hyper)polarizabilities of large and extended molecular systems.”*”’ The 6-
31+G** basis set for C, S, O, H atoms has been employed. We have used 4/1 and 4/2 as model
systems for testing the adequacy of the employed methodology (CAM-B3LYP/6-31+G**) for the
considered systems (Table S3). For comparison Hartree-Fock (HF) and MP2 (second order Mgller-
Plesset perturbation theory) data are also reported (Table S3). We observe that the DFT results for
7(0;0,0,0) are in good agreement with the corresponding MP2 ones. Comparison of the MP2 with
the HF results shows the significant effect of correlation on the second hyperpolarizability. The
effect of the solvent on the electronic hyperpolarizabilites was computed by the polarizable

continuum model®® (PCM). Besides DALTON,** we have also used the GAUSSIAN software.”
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Table S3. The average values of the second hyperpolarizability computed by
employing a series of methods. The B3LYP/6-31G** gas phase optimized
geometry was used. All the reported values have been computed in the
presence of the toluene solvent.

Method/6-31+G** 7 (050,0,0)[x10 J/a.u.
PP grur
HF/6-31+G** 117 133
MP2/6-31+G** 188 196
CAM-B3LYP/6-31+G** 166 175
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Figure S65. The natural transition orbital pairs for the first allowed electronic transition, computed with CAM-
B3LYP/6-31+G** method. Left and right columns show the initial and final state, respectively. Green and red colors
depict positive and negative regions, respectively.
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Figure $66. Simulated UV-vis absorption spectra for derivative 8" with CAM-B3LYP/6-31+G** method. A description of the
allowed electronic transitions calculated for the individual bands, along with the percentage contribution to the absorption is also

given.
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Figure S67. Simulated UV-vis absorption spectra for derivative 8" with CAM-B3LYP/6-31+G** method. A description of the
allowed electronic transitions calculated for the individual bands, along with the percentage contribution to the absorption is also

given.
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S14. Miscellaneous

Figure S68 Pictures of solid compounds (from left to right) 7%, 7, 4, 5™, 6™, 5"* and 6" under (a) visible
and (b) UV light.
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