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I. General Synthetic Methods

Unless otherwise noted, commercially available starting materials, reagents, catalysts, and dry
solvents were used without further purification. Reactions were performed using standard vacuum-
line and Schlenk techniques. All starting materials were obtained from TCI, Sigma Aldrich, BLD,
Alfa Aesar, Acros Organics, or Fluorochem. Catalysts were purchased from Strem. All reactions
dealing with air- or moisture-sensitive compounds were carried out in a dry reaction vessel under
argon (Ar) atmosphere using standard vacuum-line and Schlenk techniques. Anhydrous
dichloromethane was obtained from MBRAUN MB-SPS-5 solvent purification system. Column
chromatography was performed on silica (SiO2, particle size 0.063-0.200 mm, purchased from
VWR). Silica-coated aluminum sheets with a fluorescence indicator (TLC silica gel 60 F254,
purchased from Merck KGaA) were used for thin-layer chromatography. Recycling gel
permeation chromatography (rGPC) was carried out on a Japan Analytical Industry JAI-HPLC LC
9110 11 Next equipped with a JAIGEL-2HH and a JAIGEL-1HH column. Chloroform was used
as the eluent in a flow rate of 5 mL/min. NMR data were recorded both on a Bruker AV-11 300
spectrometer operating at 300 MHz for *H and 75 MHz for 13C. The 'H NMR titration experiment
was performed in toluene-ds at 30 °C. The following abbreviations are used to describe peak
patterns as appropriate: s = singlet, d = doublet, t = triplet and m = multiplet. High-resolution
matrix-assisted laser desorption/ionization time-of-flight mass spectra (HR-MALDI-TOF MS)
were recorded on a Bruker Autoflex Speed MALDI-TOF MS (Bruker Daltonics, Bremen,
Germany). All of the samples were prepared by mixing the analyte and the matrix trans-2-[3-(4-
tert-butylphenyl)-2-methyl-2-propenylidene] malononitrile (DCTB, purchased from Sigma
Aldrich, purity > 99%) in the solid state. UV-visible (UV-Vis) spectra were measured on an
Agilent Cary 5000 UV-VIS-NIR spectrophotometer by using 10 mm optical-path quartz cell at
room temperature. EPR measurements were performed using a CW X-band EMXplus
spectrometer with a premiumX microwave bridge (Bruker, Germany) and a high-sensitivity
resonator (ER 4119 HS, Bruker). The EPR spectra were registered at 100 kHz modulation and the
microwave power of 2 mW. For the precise determination of g-values, an NMR teslameter
(ER036TM, Bruker) was used. Variable-temperature EPR measurements were performed using
an integrated variable temperature controller.
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I1. Synthetic Procedures and Characterization

Compounds 1 and 2 were synthesized as reported in the literature report. 54
Pd(dppf)Cl, AcO

(i) n-BuLi
Br Br THF Br NBS KOAc KOAc Bp'”
78 °C OO AIBN TBAB _ Bainy
" .
(i) Mel CCly DMF 1 ,4-dioxane

THF 1 80 °C, 15h 100 °C, 18 h 80 °C,18h
-78 °C to RT
1,8-dibromonaphthalene

AcO Bpln

= o 00 o

K2003 ‘
1,4-dioxane/H,0 OO MeOH/THF OO CH,Cl,
100 °C, overnight OAc reflux, overnight OH RT. overnight

3,10-Dibromoperylene

(i) MesMgBr
THF

RT, overnight TCBQ

(i) BF5-OEt,

2H-c-CNK

Scheme S1. Synthesis scheme for c-CNK and all the intermediate compounds.

(8-bromonaphthalen-1-yl)methyl acetate (3)

Br AcO
Br KOAc Br
) — 0
e
DMF
2 100 °C, 18h 3

To a mixture of 1-bromo-8-(bromomethyl)naphthalene (2, 5 g, 16.7 mmol), KOAc (8.18g, 83.3
mmol) and tetra-n-butylammonium bromide (2.69 g, 8.33 mmol) were dissolved in 70 mL DMF
under Argon atmosphere. The mixture was heated at 100 °C for 18 h. After cooling to room
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temperature, 30 mL of ammonium chloride solution was added to the reaction mixture. The
mixture was extracted with DCM. The combined organic extracts were dried over MgSQOa. The
solvent was removed under vacuum and the residue was used directly for the next step.

(8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)naphthalen-1-yl)methyl acetate (4)

AcO Pd(dppf)Cl,, CH2Cl,  AcO OB,O
Br KOAGc
) —— 99
1,4-Dioxane
3 80 °C, overnight 4

A mixture of compound (8-bromonaphthalen-1-yl)methyl acetate (3, 2 g, 7.17 mmol), Bzpinz (2.73
g, 10.8 mmol), K.CO3 (1.41 g, 14.3 mmol) and Pd(dppf)Cl2-CH2Cl; (585.1 mg, 0.72 mmol) was
added to a 25 mL Schlenk flask, and degassed with Ar for 30 min. Then, degassed 1,4-dioxane (15
mL) was added via syringe. The reaction mixture was stirred at 80 °C overnight. After being cooled
to room temperature, the solvent was removed under reduced pressure, and the residue was
subjected to column chromatography (silica gel, isohexane/EtOAc = 10/1 to 5/1) to afford the
product (8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)naphthalen-1-yl)methyl acetate (4, 72%,
over two steps).

IH NMR (300 MHz, CDCls) § 7.92-7.89 (d, 1H), 7.83-7.80 (m, 2H), 7.62-7.58 (d, 1H), 7.49—
7.42 (m, 2H) 2.08 (s, 3H), 1.45 (s, 12H).

13C NMR (75 MHz, CDCls) 170.91, 134.28, 133.94, 133.21, 131.57, 129.98, 127.56, 125.19,
124.83, 84.53, 83.64, 77.58, 77.16, 76.74, 66.61, 25.17, 25.13, 21.29.

HR-ESI-MS (m/z): Calc. for [M+Na*]. 349.1587 found, 349.1583

Synthesis of the intermediate compound 5
AcO

2 I
o I
OO Pd(PPhy), O OAc
() — (]
14-dioxane/H,0
OO 100 °C, overnight O OAc

" 2

5
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3,10-dibromoperylene (500 mg, 1.22 mmol) K2CO3 (1.68 g, 12.2 mmol) and Pd(PPhz)4 (140.9 mg,
0.122 mmol) was added to a 100 mL Schlenk flask, and degassed with Ar for 30 min. Then,
degassed 1,4-dioxane/H»O (10/1, 66 mL) was added via syringe. The reaction mixture was stirred
at 100 °C for 18 h. After being cooled to room temperature, the solvent was removed under reduced
pressure, and the residue was subjected to column chromatography to afford the mixture of 5 (48%,
yellow solid), which was used directly for next step.

Synthesis of the intermediate compound 6

(2 e

O OAc OO OH
KOH .
‘ MeOH/THF ‘
OO OAc reflux, overnight OO OH

80 L

5 6

Compounds 5 (200 mg, 0.308 mmol), KOH (345.9 mg, 6.17 mmol) were dissolved in MeOH/THF
(1/1, 10 mL) under argon atmosphere. The mixture was refluxed overnight. After cooling down to
room temperature, the solvent was removed under vacuum to get crude product. The residue was
subjected to column chromatography (silica gel, isohexane/DCM/EtOAc = 10/1/1 to 4/1/1) to
afford the product (perylene-3,10-diylbis(naphthalene-8,1-diyl))dimethanol 6 (43%, yellow solid).

IH NMR (300 MHz, CDCl3) 8.36-8.22 (m, 4H), 8.03-8.00 (d, 2H), 7.97-7.94 (d, 2H), 7.69-7.66
(d, 2H), 7.62-7.52 (m, 6H), 7.46-7.43 (d, 2H), 7.43-7.31 (m, 2H), 7.23— 7.20 (d, 2H), 4.43-4.38
(d, 2H), 4.18-4.13 (d, 2H).

13C NMR 75 MHz, CDCls) 141.97, 141.93, 137.88, 136.95, 135.18, 134.46, 131.66, 131.52,
131.34, 131.19, 130.76, 130.52, 129.73, 129.37, 128.63, 127.95, 127.31, 126.97, 126.51, 125.88,
125.08, 120.94, 120.77, 120.06, 119.90, 77.58, 77.16, 76.74, 64.30.

HR-MS MALDI-TOF (m/z): calc. 564.2083 found, 564.2068
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Synthesis of the intermediate compound 7

(L

OO OH C13H43104
‘ DMP
90
OH RT, overnight

Compound 6 (10 mg, 17.7 pmol), and Dess-Martin oxidant (18.1 mg, 42.5 mmol) were dissolved
in DCM (2 mL) under air atmosphere. The mixture was stirred at room temperature overnight.
Then, NaHCO3 was added to quench the reaction, the solvent was removed under vacuum to get
a crude product. The residue was subjected to column chromatography (silica gel, isohexane/DCM
= 1/1 to 2/3) to afford the product 8,8'-(perylene-3,10-diyl)bis(1-naphthaldehyde) 7, (41%, yellow
solid).

IH NMR (300 MHz, C2D2Cls) 9.51-9.45 (d, 2H), 8.29-8.22 (m, 4H), 8.16-8.13 (d, 2H), 8.04-8.01
(m, 2H), 7.85-7.81 (m, 2H), 7.68-7.64 (m, 4H), 7.59-7.54 (m, 2H), 7.47-7.44 (m, 4H), 7.40-7.35
(m, 2H).

13C NMR (75 MHz, C2D,Cls) 192.20, 192.02, 140.71, 136.35, 134.93, 134.64, 133.08, 131.47,
131.31, 131.24, 129.27, 129.14, 128.84, 127.62, 126.32, 126.22, 125.59, 121.43, 120.61, 120.34,
74.31, 74.20, 73.94, 73.58.

HR-MS MALDI-TOF (m/z): calc. 560.1781, found 560.1795

Synthesis of the precursor compound 2H-c-CNK

(i) MesMgBr
THF
rt, overnight

(i) BF3-OEt,
DCM
rt,1h

2H-c-CNK
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To a solution of compound 7 (10 mg, 17.8 umol) in 7.5 mL of dry THF, mesityl magnesium
bromide (0.178 mL, 1M in diethylether,178 umol) was added under an argon atmosphere and the
reaction mixture was stirred at room temperature for overnight. Then the reaction mixture was
poured into 50 mL water and extracted by DCM. The organic layer was dried over anhydrous
MgSOs and the solvent was removed under reduced pressure. The residue was redissolved in 15
mL of dry DCM under argon atmosphere and 0.5 mL of BF3z-OEt, was added at 0 °C dropwise.
The mixture was stirred for 1 h at room temperature and quenched with water at 0 °C. Then the
reaction mixture was washed with NaHCOs solution (3x20 mL) and brine and dried over
anhydrous MgSOQOas. The solvent was removed under reduced pressure. After a flash column, the
residue was purified by preparative TLC (isohexane/DCM = 5/1) to get the target compound 2H-
c-CNK (9.2 mg, 68%).

IH NMR (300 MHz, CD:Cly) & 8.64 (d, 8.6 Hz, 2H; 8), 8.26 (d, 7.5 Hz, 2H; 10), 8.26 (d, 7.4 Hz,
2H: 7), 7.81 (d, 8.1 Hz, 2H; 5), 7.71 (d, 8.2 Hz, 2H; 4), 7.58 (t, 8.2 Hz, 2H; 6), 7.55 (dd, 8.5 Hz,
2H: 9), 7.35 (t, 8.1 Hz, 2H; 3), 7.23 (s, 2H; 11), 7.21 (m, 2H), 6.90 (m, 2H; 2), 6.79 (m, 2H), 6.06
(m, 2H; 1), 2.45 (s, 6H), 2.37 (s, 6H), 1.49 (s, 6H).

13C NMR (75 MHz, CD,Cly) 138.95, 137.80, 136.51, 136.40, 133.94, 131.42, 130.34, 128.66,
127.36, 126.56, 126.28, 126.13, 125.52, 125.25, 125.14, 123.03, 120.49, 120.33, 54.15, 53.79,
53.43, 53.07, 52.71, 44.30, 29.68, 20.83, 20.76.

HR-MS MALDI-TOF (m/z): calculated for CesHas [M]", 764.3443; found, 764.3451.

In-situ synthesis of c-CNK

TCBQ

2H-c-CNK c-CNK

To a degassed solution of 2H-c-CNK (10mg) in toluene (3mL) at 100 °C was added TCBQ (1leq,
3.21mg). The reaction mixture was stirred for 6 hours. The reaction was monitored by UV-Vis-
NIR spectroscopy and MALDI-TOF mass analysis.

HR-MS MALDI-TOF (m/z): calculated for CesHas [M]", 762.3272; found, 762.3281.
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I11. UV-Vis-NIR Absorption spectroscopy

UV-Vis-NIR spectral data were measured at room temperature (298 K) with a Varian Cary 5000
spectrophotometer. All solvents used for solution samples were dried and degassed before use.
Wavelengths are shown in nanometers (nm), and absorption is reported in arbitrary units
(normalized).

(a) —412 (b) —— 0 min
—41a —— 10 min
;: —— 20 min —_
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Q % Q c
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@ 2 © S
L el £ 2
o < 9 o < -
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< Wavelength (nm) < Wavelength (nm)
400 600 800 1000 1200 400 600 800 1000 1200
Wavelength (nm) Wavelength (nm)

Figure S1. (a) UV-Vis-NIR absorption spectra of compounds c-CNK and the precursor 2H-c-CNK. (b) Time-
depended UV-Vis-NIR absorption spectra of compound c-CNK. The spectra were recorded in dry and degassed DCM
under ambient air and light irradiation.
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IV. EPR spectroscopy
The compound ¢-CNK exhibits a strong EPR signal with a g value of 2.0026 at 293K.
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Figure S2. (a) EPR spectrum at of in-situ generated c-CNK 293 K. (b) EPR spectrum at of in-situ generated c-CNK
at in the beginning of experiment at 293 K, after 24 h at 293K and at slightly higher temperature 310K. The EPR
signal intensity is lower both at 310K and after 24h due to possible degradation of the c-CNK due to its high reactivity.
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Figure S3. (a) EPR spectrum of c-CNK (2mM) in d-toluene formed at 100K and 273K (b) EPR spectrum of c-CNK
(2mM) at the start of experiment and after four hours (c) EPR spectrum of c-CNK (2mM) at 293K at the start and

after one hour in d-toluene.
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V. Raman spectroscopy

The reported spectra were recorded using an HR800 UV dispersive Raman HORIBA Jobin-Yvon
instrument coupled to an Olympus BX41 optical microscope and a Peltier-cooled CCD. The
excitation line was 405 nm. A film of the samples was deposited on brass from a dichloromethane
solution. The measurements were carried out in micro-Raman mode with a spot size of about 1
micron, focusing the laser on the sample using a 50x objective with a numerical aperture of 0.75.
The laser power on the sample varied from 0.01 mW to 0.1 mW. The single accumulation time
was 20 seconds, and each Raman spectrum was the result of the average of two accumulations. To
minimize unwanted photodegradation effects, during the measurements, the sample was translated
with the micro stage of the instrument at a constant focusing distance.

Density-functional theory (DFT) calculations were performed at the CAM-B3LYP/6-311G(d,p)
level on gas-phase molecular models of 2H-c-CNK and c-CNK. We used the Gaussian code [S2].
After verifying that c-CNK decreases its energy by more than 35 kcal/mol when optimized with
broken symmetry unrestricted calculations as opposed to closed-shell calculations, we continued
the investigation of the Raman spectra by considering unrestricted calculations. In these
conditions, the triplet state of c-CNK is higher in energy than the singlet state by about 0.9
kcal/mol. Therefore, we limited ourselves to analyzing the simulated Raman spectra for the
unrestricted broken symmetry singlet states. The Raman intensities were computed for finite
excitation wavelengths in the range 405 — 415 nm. Resonance Raman spectra were simulated from
the intensities computed by DFT after complete geometry optimization. We applied a scaling
factor of 0.97 to the wavenumbers of the computed vibrational normal modes to account for the
known systematic overestimation of wavenumbers produced by DFT. The value of the scaling
factor was determined through a least-square regression performed on selected pairs of
experimental and computed peaks of 2H-c-CNK.

@ (b)

Exp. Exp.

Relative Raman intensity
Relative Raman intensity

DFT, 406 nm

J&I 405 nm ? \ DFT, 405 nm

1200 1300 1400 1500 1600 1700 1800 1200 1300 1400 1500 1600 1700 1800

DFT, 410 nm

Wavenumber 4cm" ) Wavenumber (cm ‘I

Figure S4. (a) Resonance Raman spectra of c-CNK; (b) Resonance Raman spectra of 2H-c-CNK. Each spectrum
has been normalized to unity. Experimental (black lines) and computed (red lines). Computed spectra are labeled
with the excitation wavelength considered in the calculation.
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Table S1

Representation of the vibrational modes of ¢-CNK associated to the Raman peaks mentioned in the main text. In the
first column, the wavenumber computed by DFT; in the second column, the DFT wavenumber multiplied by the shift
factor; in the third column, the correspondent experimental peak position; in the fourth column, the computed Raman
activity; in the fifth column, a cartoon representing the computed vibrational normal mode, where the green and blue

segments. Cartoons indicated with (*) are referred to in the main text.

Computed
) Raman
DFT Scaled DFT Experimental activity
wavenumber wavenumber peak position A ] Computed vibrational mode
(cm™) (cm™) (cm™) (A famu;
Aexe =
406 nm)
N\
PataTawy
SN (N )
1410 1368 1383 2.0-10° — R N\ S '
*)
1635 1586 1582 2.1-107
*)
.J‘ \I -
_. ‘H e \.
/ < \
1658 1608 1607 2.2-10° /N .
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Table S2

Representation of the vibrational modes of 2H-¢-CNK associated to the Raman peaks mentioned in the main text. In
the first column, the wavenumber computed by DFT; in the second column, the DFT wavenumber multiplied by the
shift factor; in the third column, the correspondent experimental peak position; in the fourth column, the computed
Raman activity; in the fifth column, a cartoon representing the computed vibrational normal mode, where the green
and blue segments represent stretching and contracting bonds, respectively, and the red arrows represent nuclear
displacements. Cartoons indicated with (*) are referred to in the main text.

DFT Scaled DFT | Experimental | Computed Raman
wavenumber | wavenumber | peak position activity (A4/amu; Computed vibrational mode
(cm™) (cm™) (cm™) Aore = 410 nm)
1391 1349 1357 6.4 107 N ( N ) N/
N A T AN
¥, N\
1408 1366 1383 1.5-10° SN VY eSS N\
™)
— \ / —
1415 1373 1383 8.2-10° > < (
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1424 1381 1383 1.2-10°
1650 1601 1582 5.8-10°
1664 1614 1607 1.1-10°
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V1. Single Crystal XRD

Crystal data and structure refinement for 2H-c-CNK.

Bond precision: C-C = 0.0030 A

Wavelength = 1.54184

Cell: a=9.2019(2) b = 13.3162(2) ¢ = 20.6547(4)
Alpha =90 beta = 94.599(2) gamma = 90
Temperature: 100 K

Calculated Reported
Volume 2522.76(8) 2522.76(8)
Space group P 2/n P12/n1
Hall group -P 2yac -P 2yac
Moiety formula Ce0 Has, 2(Ce Hs Cl) Ce Hs Cl, C30 H22
Sum formula C72 Hs4 Cl2 Css H27 Cl
Mr 990.05 495.02
Dx,g cm 1.303 1.303
Z 2 4
Mu (mm™) 1.505 1.505
F000 1040.0 1040.0
F000’ 1043.95
h,k,I max 11,16,26 11,16,26
Nref 5349 5045
Tmin, Tmax 0.860,0.860 0.785,1.000
Tmin’ 0.860

Correction method = # Reported T Limits: Tmin=0.785  Tmax = 1.000
AbsCorr. = MULTI-SCAN

Data completeness = 0.943 Theta (max) = 76.984

R(reflections) = 0.0486(3899)

wWR?(reflections) = 0.1437(5045)

S =1.047 Npar= 337
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Sd LS

Unit cell along a-axis Unit cell along b-axis

Figure S5. Unit cell of single crystal structure of 2H-c-CNK.

Figure S6. Unit cell packing of single crystal structure of 2H-c-CNK. Hydrogen atoms omitted for clarity. (a) along
a-axis (b) along b-axis.
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VI1I. Mass spectrometry

Organische Chemie HRMS Report XEVO-G2XS-QTOF
A:H:0 (0.5 mM NH:OAc); B:MeCN; C:MeOH
Kun Liv/Imran, MIR-04, m 326.1687, ESI_MS_PosSens_50_1200_t1, C_Isocratic_02mI_t1_col2 25-Nov-2024
Kun Liu, Imran, MIR-04 32 (0.193) Cm ((26:46+107:148)) 1: TOF MS ES+
349,1583 7.52e8
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Figure S7. HR-ESI-MS mass spectrum of compound 4 [M+Na*].
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Figure S8. HR-MALDI-TOF mass spectrum of compound 6.

560 562 564
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400 600 800 1000 1200 1400
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Figure S9. HR-MALDI-TOF mass spectrum of compound 7.
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Figure S10. HR-MALDI-TOF mass spectrum of compound 2H-c-CNK.
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Figure S11. HR-MALDI-TOF mass spectrum of c-CNK.
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c-CNK

c-CNK+10

‘ull‘ L c-CNK+20
JL

750 760 770 780 790 800

u—lgulkl A

500 1000 1500 2000 2500 3000
m/z

Figure S12. MALDI-TOF mass spectrum of c-CNK shows the formation of c-CNK along with oxidized product (light
pink), dimer formation (light green) and trimer formation (teal). There are also unidentifiable decomposition products
as well.
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(a) c-CNK+[O] (b) ¢-CNK+[20]
CGOHMO CS{JHAOOZ Exp
Exact mass: 777.32 Exact mass: 792.30| |[____ Sim:
Exp.
— Sim.
N P

~s
V
a2’

776 777 778 779 780 781 782 792 793 794 795 796
m/z m/z
(c) (d)
c-CNK dimer
C.H c-CNK dimer +[0]
120" 80 ) C H O
Exact mass: 1520.63 Exp. 120" Exp.
—— Sim Exact mass: 1535.61 si
' —— Sim.

“’\Q—H-W

1520 1521 1522 1523 1524 1525 1526 1535 1536 1537 1538 1539 1540 1541

m/z m/z
(e)
c-CNK trimer
C180H118 E
. Xp.
Exact mass: 2278.92 :
—— Sim.

2078 2279 2280 2281 2282 2283 2284 2285 2286
m/z

Figure S13. Comparison between experimental and simulated mass spectra of (a) c-CNK+[10] (b) c-CNK+20 (c)
c-CNK dimer (d) c-CNK dimer+[10] and (e) c-CNK trimer.
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VIII. DFT Calculations

DFT calculations were performed with the Gaussian09 suite of programs. [S2] The input
files were generated from Gaussview 5.0.8. Ground and first triplet excited state geometries were
optimized in Gaussian09 using the density functional b3lyp with a 6-31+g(d) basis set. Frequency
calculations were performed to confirm the presence of local minima (only positive frequencies).

Table S3
Calculated energy of different energy states of compound c-CNK.

Spin Multiplicity

Parameters Singlet open-shell Triplet Singlet closed-shell
Energy (Hartrees) -2312.107714 -2312.107044 -2312.082207
AEg 1 (kcal, meV) 0.42 kcal/mol, 18.2 meV
Biradical Yield (Y,) 0.97

simulated spectrum
| (c-CNK)
2
=
c
o)
E .
llII T T T T T
500 750 1000 1250 1500 1750 2000
Wavelength (nm)
simulated spectrum
il (radical cation c-CNK)
>
‘@
C
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=
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500 750 1000 1250 1500 1750 2000
Wavelength (nm)

Figure S14. Simulated UV-Vis-NIR spectrum of c-CNK and its radical cation using TD-DFT using basis set ub3lyp/6-
31g(d) scrf=(solvent=dichloromethane).
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DFT optimized structural coordinates:

Singlet closed shell optimized geometry of c-CNK at rb3lyp/6-31G(d) level of theory.
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-1.88696400
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Energy: -2312.082207 Hartree

Dipole moment: 0.557528 Debye

Singlet open shell optimized geometry of c-CNK at ub3lyp/6-31G(d) level of theory.
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-3.55631700
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-2.42409000
3.96865500
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2.63918700

Energy: -2312.107714 Hartree
Dipole moment: 0.593747 Debye
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Triplet open shell optimized geometry of c-CNK at ub3lyp/6-31G(d) level of theory.
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Energy: -2312.107044 Hartree

Dipole moment: 0.592197 Debye
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IX. NMR Spectra
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13C NMR spectrum (75 MHz, CDCIs) of compound 6.
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