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1. General Information

Synthesis and isolation. Solvents used were of analytical grade. All other chemicals were used 

as received unless otherwise indicated. Deionized water was used throughout. All oxygen or 

moisture-sensitive reactions were performed in dried glassware and under N2 atmosphere using 

standard Schlenk techniques. Dry solvents were obtained from an MBraun solvent purification 

system (SPS). Column chromatography was performed on silica gel (Silica 60 M, 0.04-0.063 

mm.

Reaction monitoring. Reactions were monitored using thin-layer chromatography (TLC) on 

aluminium sheets coated with silica gel 60 F254 (MERCK). Components were visualized by 

UV-light (254 nm, 365 nm) and potassium permanganate or Seebach staining. 

Analysis. Mass spectra were recorded on an AEI-MS-902 mass spectrometer (EI+) or a LTQ 

Orbitrap XL (ESI+, ESI-, APCI+). 1H- and 13C NMR were recorded on Bruker AM-400 

Spectrometer (400 MHz and 100.59 MHz, respectively using DMSO-d6 as solvent. Data are 

reported as follows: chemical shifts, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet), coupling constants (Hz), and integration. UV-Vis spectra were recorded on a 

SHIMADZU UV-2700i UV-Visible spectrophotometer in a quartz cuvette with 1 cm 

pathlength at 20 °C. Commercially available LEDs (power intensity: 3W, 440 nm, 455 nm, 520 

nm) was used as the light source for the PQ-ERA photoclick reaction. The detailed emission 

profile of LEDs can be found in Fig. S1-S3. 
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Fig. S1. Emission spectra of 440 nm LED.

Fig. S2. Emission spectra of 455 nm LED.

Fig. S3. Emission spectra of 520 nm LED.
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Nanosecond Transient Absorption Spectroscopy. Nanosecond transient absorption spectra 

have been recorded using the setup described previously.1–3 As a general rule, samples were 

prepared with an optical density between 1.0 and 1.5, while transient absorption spectra were 

taken using excitation at the wavelength of maximum absorption using a pulse energy of 0.1 

mJ. In some cases, poor solubility and/or low triplet quantum yields constrained us to use a 

lower optical density and/or higher pulse energies. We therefore specify for all spectra shown 

in the main manuscript and in the Supporting Information the employed optical density and 

pulse energies. All data have been analyzed using a global fit procedure as implemented in 

Glotaran.4 Since our previous studies showed that -as also observed in the present study- 

excitation of PQs is accompanied by the formation of  the pertaining ketyl radical, a parallel 

decay kinetic scheme has been used, leading to Decay Associated Difference Spectra (DADS) 

and rate constants that are reported in the main manuscript and in the Supporting Information.

Computational methods.  All theoretical calculations of PQ derivatives were carried out based 

on the density functional theory methods. The ground-state geometries are optimized without 

any symmetry constraints at the MN15/Def2-TZVP level, which was utilized to evaluate energy 

levels with comparatively high accuracy.1,5 The geometries of excited singlet and triplet were 

all optimized using the time-dependent DFT (TD-DFT) method at the same level of theory. To 

investigate the solvent effect on the energy level and electron transition of these compounds, 

the solvation model based on the polarizable continuum model (PCM) and self-consistent 

reaction field (SCRF) was considered in the calculations with the solvents of acetonitrile, 

toluene, and ethyl acetate, respectively.6 Analytical frequency calculations were also performed 

at the same level of theory to confirm that the optimized structures were at a minimum point. 

The adiabatic and vertical energy levels were summarized based on their lowest ground- and 

excited-state geometries. All the above calculations were carried out using Gaussian 16 

program (Revision A.03).7 The hole-electron analysis and frontier molecular orbitals were 

analysis using Multiwfn (Version 3.8)8,9 and displayed using the IQmol molecular viewer 
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package (Version 3.0.1).10 All coordinates of optimized geometries of PQ derivatives are 

provided in the corresponding excel file as the supporting file.

Photocycloaddition of PQs with traps in solution. Stock solutions of PQs (10 mM, in 

DMSO), and N-boc-2,3-dihydro-1H-pyrrole (PY, 100 mM, in MeCN), were prepared 

respectively. From them, a solution of PQs/PY (50/500) was prepared in MeCN (2.0 mL) in a 

quartz cuvette and degassed by N2 for 3 min. 420 nm, 440 nm, 455nm, and 520 nm LED were 

used as light source for photoclick reactions and positioned at a fixed distance to the cuvette. 

Changes in the absorption were monitored by UV-Visible spectrophotometer. The setup the 

irradiation system were shown below (455 nm LED was used as an example, Fig. S4 and S5).

Fig. S4. Photograph of LED-system.

 

Fig. S5. Photograph of the PQ-ERA reaction setup.

2. Synthesis of PQ compounds and photoclick products
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Scheme S1. Synthesis of PQ-2DiI.

2.1. Synthesis of compound PQ-2DiI

To 9,10-Phenanthrenequinone (1.6 g, 7.8 mmol), trifluoromethanesulfonic acid (10.1 mL, 120 

mmol) was added in a round bottom flask under nitrogen atmosphere and the resulting mixture 

was cooled to 0C. N-Iodosuccinimide (3.5 g, 15 mmol) was added slowly over 3 min and the 

reaction mixture was allowed to gradually warm to room temperature. After 6 h at room 

temperature, the reaction mixture was poured onto ice, filtered and dried to afford PQ-2DiI 

(3.35 g, 7.3 mmol) in 95% yield as an orange solid.  1H NMR (400 MHz, DMSO-d6) δ = 8.22 

(d, J = 1.8 Hz, 2H), 8.08 (dd, J = 8.4, 1.8 Hz, 2H), 8.03 (d, J = 8.5 Hz, 2H). 13C NMR (101 

MHz, DMSO-d6) δ =177.3, 143.6, 137.5, 134.5, 133.4, 126.9, 96.4, 96.4. The obtained data is 

in accordance with the literature.1

Scheme S2. Synthesis of PQs.
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2.2. Synthesis of PQ-CF3

A Schlenk tube containing PQ-2DiI (322 mg, 0.7 mmol), and (4  

(trifluoromethyl)phenyl)boronic acid (285 mg, 0.15 mmol), and Pd(PPh3)4 (46 mg, 0.04 mmol) 

was evacuated and backfilled with N2 for three times. After the addition of degassed K2CO3 

solution (304 mg in 3.5 mL H2O), ethanol (4 ml), and toluene (15 mL), the tube was sealed 

under N2 atmosphere and heated at 80 oC for 12 h. After being cooled to room temperature, the 

reaction mixture was diluted with dichloromethane, the phases were separated and the organic 

layer was washed with water and dried over anhydrous Na2SO4. Upon removal of solvents in 

vacuo, the residual was purified by column chromatography over silica gel eluted with ethyl 

acetate/dichloromethane (1/5, v/v) to obtain PQ-CF3 as an orange solid in 55% yield (0.39 

mmol, 191 mg). 1H NMR (400 MHz, CDCl3) δ 8.49 (d, J = 2.1 Hz, 2H), 8.20 (d, J = 8.4 Hz, 

2H), 8.02 (dd, J = 8.3, 2.1 Hz, 2H), 7.81 (q, J = 8.5 Hz, 8H). 13C NMR (151 MHz, CDCl3) δ 

179.9, 141.9, 141.1, 135.0, 134.4, 131.5, 129.0, 127.2, 126.1, 125.0. 

2.3. Synthesis of PQ-CHO

The title compound was synthesized using the same method as for PQ-CF3 employing (4-

formylphenyl)boronic acid (1.63 mmol, 245 mg) to obtain PQ-CHO as a dark red solid in 35% 

yield (0.23 mmol, 95 mg). 1H NMR (400 MHz, DMSO-d6) δ 10.10 (s, 2H), 8.54 (d, J = 8.1 Hz, 

2H), 8.40 (s, 2H), 8.25 (d, J = 5.6 Hz, 2H), 8.09 (d, J = 2.8 Hz, 8H). 13C NMR (151 MHz, 

CDCl3) δ 180.5, 143.4, 139.5, 136.8, 135.2, 134.3, 131.1, 130.8, 130.7, 129.5, 128.3, 126.2, 

123.9, 20.4. 

 2.4. Synthesis of PQ-COCH3

The title compound was synthesized using the same method as for PQ-CF3 employing (4-

acetylphenyl)boronic acid (1.63 mmol, 267 mg) to obtain PQ-COCH3 as a dark red solid in 

37% yield (0.24 mmol, 107 mg). 1H NMR (400 MHz, DMSO-d6) δ 8.52 (d, J = 8.3 Hz, 2H), 

8.38 (s, 2H), 8.23 (d, J = 9.2 Hz, 2H), 8.12 (d, J = 8.3 Hz, 4H), 8.00 (d, J = 8.4 Hz, 4H), 2.65 
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(s, 6H). 13C NMR (151 MHz, CDCl3) δ 197.4, 142.8, 136.9, 135.0, 134.3, 131.5, 129.16, 127.0, 

124.9, 29.7, 26.7.

2.5. Synthesis of PQ-H

The title compound was synthesized using the same method as for PQ-CF3 employing 

phenylboronic acid (1.63 mmol, 199 mg) to obtain PQ-H as a dark red solid in 50% yield (0.33 

mmol, 117 mg). 1H NMR (400 MHz, CDCl3) δ 8.47 (d, J = 2.1 Hz, 2H), 8.14 (d, J = 8.3 Hz, 

2H), 8.00 (dd, J = 8.3, 2.1 Hz, 2H), 7.72 (d, J = 7.1 Hz, 4H), 7.53 (t, J = 7.4 Hz, 4H), 7.45 (t, J 

= 7.3 Hz, 2H). 13C NMR (151 MHz, CDCl3) δ 142.3, 138.6, 134.3, 129.1, 128.8, 128.5, 126.9, 

124.7. 

2.6. Synthesis of PQ-tBu

The title compound was synthesized using the same method as for PQ-CF3 employing (4-(tert-

butyl)phenyl)boronic acid (1.63 mmol, 290 mg) to obtain PQ-tBu as a dark red solid in 50% 

yield (0.33 mmol, 154 mg). 1H NMR (400 MHz, DMSO-d6) δ 8.42 (d, J = 8.5 Hz, 2H), 8.27 (d, 

J = 1.9 Hz, 2H), 8.11 (dd, J = 8.2, 2.0 Hz, 2H), 7.75 (d, J = 8.3 Hz, 4H), 7.56 (d, J = 8.3 Hz, 

4H), 1.35 (s, 18H). 13C NMR (151 MHz, CDCl3) δ 180.5, 151.8, 142.0, 135.6, 134.3, 134.1, 

131.2, 128.5, 126.5, 126.1, 124.6, 34.7, 31.3. 

2.7. Synthesis of PQ-CH3

The title compound was synthesized using the same method as for PQ-CF3 employing p-

tolylboronic acid (1.63 mmol, 222 mg) to obtain PQ-CH3 as a dark red solid in 49% yield (0.32 

mmol, 124 mg). 1H NMR (400 MHz, DMSO-d6) δ 8.42 (d, J = 8.3 Hz, 2H), 7.98 – 7.93 (m, 

2H), 7.82 (d, J = 8.2 Hz, 2H), 7.35 (dd, J = 12.1, 5.2 Hz, 8H), 2.32 (s, 6H). 13C NMR (151 

MHz, CDCl3) δ 180.5, 142.1, 138.5, 135.6, 134.3, 134.0, 131.1, 129.8, 128.4, 126.6, 124.6, 

21.2. 

2.8. Synthesis of PQ-OCH3

The title compound was synthesized using the same method as for PQ-CF3 employing (4-

methoxyphenyl)boronic acid (1.63 mmol, 248 mg) to obtain PQ-OCH3 as a dark red solid in 
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45% yield (0.29 mmol, 123 mg). 1H NMR (400 MHz, DMSO-d6) δ 8.38 (d, J = 8.5 Hz, 2H), 

8.23 (d, J = 2.1 Hz, 2H), 8.08 (dd, J = 8.4, 2.1 Hz, 2H), 7.78 (d, J = 8.8 Hz, 4H), 7.10 (d, J = 

8.8 Hz, 4H), 3.84 (s, 6H). 13C NMR (101 MHz, DMSO-d6) δ 179.51, 160.07, 140.59, 133.99, 

133.11, 131.99, 130.82, 128.18, 126.40, 125.75, 115.10, 55.73. HR-MS (ESI) m/z, calculated 

for [M+H]+: 421.1434 ; found: 421.1430. 

NH
＋ AcCl

CHCl3,
50 oC, 1h NH HN

Et3N (1.5 eq.)
BF3OEt2 (2 eq.)

CHCl3, rt., 1h
N

B
N

F F

NIS (2.5 eq.)

DCM/HFIP, 4:1
ice bath, 20 min

N
B

N

F F

I I

Me-Bodipy DiIbodipy

Scheme S3. Synthesis of DiIbodipy.

2.9. Synthesis of DiIbodipy

Acetyl chloride (108 mg, 1.38 mmol) was added to a solution of 2,4-dimethylpyrrole (238 mg, 

2.50 mmol) in chloroform (2.5 mL) and the resulting mixture was heated to 50 °C for 1 h. Then, 

the reaction was cooled in an ice-water bath, and Et3N (522 µL, 3.75 mmol) was added dropwise, 

followed by BF3OEt2 (620 µL, 5.00 mmol) dropwise. The reaction mixture was stirred at room 

temperature for 1 h, and then sat. NaHCO3 (10 mL) was added, along with dichloromethane 

(10 mL). The layers were separated, and the aqueous layer was extracted once more with 

dichloromethane (10 mL). The combined organic layers were dried over MgSO4, filtered, and 

concentrated. The residue was purified by column chromatography over silica gel eluted with 

toluene/pentane to yield Me-Bodipy as a dark brown powder (171 mg, 0.65 mmol, 52% yield). 

1H NMR (400 MHz, CDCl3) δ = 6.05 (s, 2H), 2.57 (s, 3H), 2.52 (s, 6H), 2.41 (s, 6H). 19F NMR 

(376 MHz, CDCl3) δ = -146.69. The obtained data is in accordance with the literature.11 

N-Iodosuccinimide (337 mg, 1.50 mmol) was added to a solution of Me-Bodipy (157 mg, 0.6 

mmol) in dichloromethane (4.8 mL) and hexafluoroisopropanol (1.2 mL) and the solution was 

cooled in an ice-water bath and stirred for 20 min. Sat. Na2S2O3 (10 mL) was added, along with 

Et2O (20 mL). The layers were separated, and the organic layer was washed once more with 

sat. NaHCO3 (aqueous, 10 mL). The organic layer was separated, dried over MgSO4, filtered 
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and concentrated to yield DiIbodipy as a deep red powder (256 mg, 0.50 mmol, 83% yield). 

1H NMR (400 MHz, CDCl3) δ = 2.64 (s, 3H), 2.61 (s, 6H), 2.47 (s, 6H). 19F NMR (376 MHz, 

CDCl3) δ = -145.9. The obtained data is in accordance with the literature.1,12

Scheme S4. Synthesis of PQs-PY derivatives.

2.10. Synthesis of PQ-CF3-PY

PQ-CF3 (0.065 mmol, 32 mg) and PY (0.67 mmol, 113 mg) were dissolved in MeCN (20 mL). 

Then, the mixture was stirred and irradiated using LED lamp (440 nm, 3 W, λmax = 436.5 nm, 

FWHM 15.9 nm) at a fixed distance for 1 cm under N2 atmosphere. The reaction was monitored 

by TLC. After completion, the volatiles were evaporated and the resulting residue was purified 

by column chromatography on silica gel (dichloromethane/ethyl acetate = 1:4, v/v) to afford 

PQ-CF3-PY as a colorless powder (30 mg, 0.046 mmol, 70 % yield). 1H NMR (400 MHz, 

DMSO-d6) δ 8.97 (d, J = 8.5 Hz, 2H), 8.41 (s, 2H), 8.10 (d, J = 8.1 Hz, 2H), 8.04 (t, J = 8.8 Hz, 

4H), 7.91 (t, J = 7.6 Hz, 4H), 5.76 (s, 1H), 5.30 – 5.22 (m, 1H), 3.67 – 3.54 (m, 2H), 2.12 – 

1.95 (m, 2H), 1.52 (s, 9H). 13C NMR (101 MHz, DMSO-d6) δ 153.7, 143.5, 132.8, 129.3, 126.8, 
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125.7, 125.6, 124.9, 124.8, 124.6, 124.5, 123.5, 116.6, 28.6. HR-MS (ESI) m/z, calculated for 

[M+H]+: 666.2074; found: 666.2016. 

2.11. Synthesis of PQ-CHO-PY

The title compound was synthesized using the same method as for PQ-CF3-PY, employing 

PQ-CHO (0.1 mmol, 42 mg) to afford PQ-CHO-PY as a colorless powder (29 mg, 0.05 mmol, 

50 % yield). 1H NMR (400 MHz, DMSO-d6) δ 10.11 (s, 2H), 8.98 (d, J = 8.5 Hz, 2H), 8.45 (d, 

J = 1.5 Hz, 2H), 8.09 (t, J = 8.6 Hz, 10H), 5.76 (s, 1H), 5.33 – 5.23 (m, 1H), 3.67 – 3.55 (m, 

1H), 3.52 – 3.35 (m, 1H), 2.15 – 1.95 (m, 2H), 1.53 (s, 9H). 13C NMR (151 MHz, DMSO-d6) δ 

153.7, 141.5, 140.5, 135.3, 130.9, 130.2, 130.1, 128.1, 127.1, 126.9, 126.5, 126.1, 125.71, 125.4, 

125.3, 123.4, 120.7, 28.4, 20.7. HR-MS (ESI) m/z, calculated for [M+H]+: 586.2225; found: 

586.2278. 

2.12. Synthesis of PQ-COCH3-PY

The title compound was synthesized using the same method as for PQ-CF3-PY, employing 

PQ-COCH3 (0.1 mmol, 44 mg) to afford PQ-COCH3-PY as a colorless powder (31 mg, 0.051 

mmol, 51 % yield). 1H NMR (400 MHz, DMSO-d6) δ 8.97 (d, J = 9.1 Hz, 2H), 8.47 – 8.40 (m, 

2H), 8.13 (dd, J = 8.5, 2.7 Hz, 4H), 8.04 (t, J = 7.7 Hz, 4H), 8.01 – 7.95 (m, 2H), 5.76 (s, 1H), 

5.30 – 5.23 (m, 1H), 3.65 – 3.39 (m, 2H), 2.66 (s, 6H), 1.98 (d, J = 8.1 Hz, 2H), 1.54 (s, 9H). 

13C NMR (151 MHz, CDCl3) δ 197.7, 153.9, 145.5, 136.1, 128.9, 127.5, 126.8, 126.5, 126.3, 

126.2, 124.3, 123.5, 119.4, 81.1, 29.6, 28.4, 26.6. HR-MS (ESI) m/z, calculated for [M+H]+: 

614.2537; found: 614.2594. 

2.13. Synthesis of PQ-H-PY

PQ-H (0.1 mmol, 36 mg) and PY (1 mmol, 169 mg) were dissolved in MeCN (20 mL) with 

0.5 eq of DiIBodipy addition. Then, the mixture was stirred and irradiated using LED lamp 

(520 nm, 3W, λmax = 525.1 nm, FWHM 30.8 nm) at a fixed distance for 1 cm under N2 

atmosphere. The reaction was monitored by TLC. After completion, the volatiles were 

evaporated and the resulting residue was purified by column chromatography on silica gel 
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(dichloromethane/ethyl acetate = 1:4, v/v) to afford PQ-H-PY as a colorless powder (34 mg, 

0.065 mmol, 65 % yield). 1H NMR (400 MHz, DMSO-d6) δ 8.92 (t, J = 9.2 Hz, 2H), 8.34 (d, J 

= 13.3 Hz, 2H), 7.96 (d, J = 10.2 Hz, 2H), 7.85 (t, J = 8.5 Hz, 4H), 7.56 (t, J = 7.6 Hz, 4H), 

7.45 (t, J = 7.3 Hz, 2H), 5.74 (s, 1H), 5.30 – 5.19 (m, 1H), 3.64 – 3.54 (m, 1H), 3.50 – 3.40 (m, 

1H), 2.12 – 1.95 (m, 2H), 1.53 (s, 9H). 13C NMR (151 MHz, DMSO-d6) δ 153.7, 141.5, 140.4, 

135.3, 130.9, 130.2, 130.1, 128.1, 127.1, 126.9, 126.5, 126.1, 125.7, 125.4, 125.3, 123.4, 120.7, 

28.4, 20.7. HR-MS (ESI) m/z, calculated for [M+H]+: 530.2326; found: 530.2264. 

2.14. Synthesis of PQ-tBu-PY

The title compound was synthesized using the same method as for PQ-H-PY, employing PQ-

tBu (0.1 mmol, 47 mg) to afford PQ-tBu-PY as a colorless powder (48 mg, 0.075 mmol, 75 % 

yield). 1H NMR (400 MHz, DMSO-d6) δ 8.86 (d, J = 8.8 Hz, 2H), 8.37 – 8.28 (m, 2H), 7.97 – 

7.89 (m, 2H), 7.78 (d, J = 8.3 Hz, 4H), 7.57 (d, J = 8.4 Hz, 4H), 5.76 (s, 1H), 5.29 – 5.19 (m, 

1H), 3.64 – 3.50 (m, 2H), 2.05 – 1.94 (m, 2H), 1.54 (s, 9H), 1.36 (s, 18H). 13C NMR (151 MHz, 

CDCl3) δ 150.4, 139.0, 137.9, 126.9, 126.7, 126.4, 126.1, 125.7, 124.2, 123.0, 118.6, 80.9, 78.9, 

53.4, 40.1, 39.9, 39.8, 34.5, 31.3, 28.4. HR-MS (ESI) m/z, calculated for [M+H]+: 642.3578; 

found: 642.3532.

2.15. Synthesis of PQ-CH3-PY

The title compound was synthesized using the same method as for PQ-H-PY, employing PQ-

CH3 (0.1 mmol, 39 mg) to afford PQ-CH3-PY as a colorless powder (45 mg, 0.08 mmol, 80 % 

yield). 1H NMR (400 MHz, DMSO-d6) δ 8.85 (d, J = 10.2 Hz, 2H), 8.32 (d, J = 15.4 Hz, 2H), 

7.92 (d, J = 10.0 Hz, 2H), 7.74 (t, J = 7.6 Hz, 4H), 7.36 (d, J = 7.6 Hz, 4H), 5.72 (s, 1H), 5.30 

– 5.18 (m, 1H), 3.60 (t, J = 9.8 Hz, 1H), 3.49 – 3.40 (m, 1H), 2.39 (s, 6H), 2.02 (dt, J = 23.2, 

11.1 Hz, 2H), 1.54 (s, 9H). 13C NMR (151 MHz, CDCl3) δ 153.8, 139.0, 137.8, 137.1, 129.52, 

127.0, 126.8, 126.4, 126.1, 125.5, 125.4, 124.1, 123.0, 118.3, 80.8, 39.9, 31.4, 29.5, 28.3, 21.0. 

HR-MS (ESI) m/z, calculated for [M+H]+: 558.2639; found: 558.2579.

2.16. Synthesis of PQ-OCH3-PY
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The title compound was synthesized using the same method as for PQ-H-PY, employing PQ-

OCH3 (0.1 mmol, 42 mg) to afford PQ-OCH3-PY as a colorless powder (42 mg, 0.072 mmol, 

72 % yield). 1H NMR (400 MHz, DMSO-d6) δ 8.83 (d, J = 9.0 Hz, 2H), 8.28 (d, J = 13.5 Hz, 

2H), 7.90 (dd, J = 8.5, 1.9 Hz, 2H), 7.83 – 7.72 (m, 4H), 7.11 (d, J = 10.3 Hz, 4H), 5.73 (s, 1H), 

5.28 – 5.19 (m, 1H), 3.84 (s, 6H), 3.60 (s, 1H), 3.43 (s, 1H), 2.04 – 1.97 (m, 2H), 1.54 (s, 9H). 

13C NMR (101 MHz, DMSO-d6) δ 153.7, 143.9, 143.8, 131.4, 131.3, 129.1, 129.0, 127.0, 126.9, 

126.4, 126.3, 125.7, 125.2, 125.1, 125.0, 121.8, 119.7, 80.6, 28.5. HR-MS (ESI) m/z, calculated 

for [M+Na]+: 589.2459; found: 589.2439.
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3. NMR Spectra
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Fig. S6. 1H NMR of PQ-2DiI in DMSO-d6.
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Fig. S7. 13C NMR of PQ-2DiI in DMSO-d6.
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Fig. S8. 13H NMR of PQ-CF3 in CDCl3. 
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Fig. S9. 13C NMR of PQ-CF3 in CDCl3. 
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Fig. S12. 13H NMR of PQ-COCH3 in CDCl3. 
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Fig. S14. 1H NMR of PQ-H in CDCl3.
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Fig. S15. 13C NMR of PQ-H in CDCl3.
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Fig. S16. 13H NMR of PQ-tBu in DMSO-d6. 
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Fig. S17. 13C NMR of PQ-tBu in CDCl3. 



S21

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

6.
00

8.
35

2.
03

1.
94

1.
89

2.
32

7.
33

7.
34

7.
36

7.
37

7.
81

7.
83

7.
95

7.
96

8.
41

8.
43

7.27.37.47.57.67.77.87.98.08.18.28.38.48.5
f1 (ppm)

8.
35

2.
03

1.
94

1.
89

7.
33

7.
34

7.
36

7.
37

7.
81

7.
83

7.
95

7.
96

8.
41

8.
43

Fig. S18. 1H NMR of PQ-CH3 in DMSO-d6.
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Fig. S19. 13C NMR of PQ-CH3 in DMSO-d6.
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Fig. S20. 13H NMR of PQ-OCH3 in DMSO-d6. 
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Fig. S21. 13C NMR of PQ-OCH3 in DMSO-d6. 
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Fig. S23. 19F NMR of Me-Bodipy in CDCl3.
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Fig. S25. 19F NMR of DiIbodipy in CDCl3. 
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Fig. S26. 1H NMR of PQ-CF3-PY in DMSO-d6.
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Fig. S27. 13C NMR of PQ-CF3-PY in DMSO-d6.
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Fig. S28. 13H NMR of PQ-CHO-PY in DMSO-d6. 
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Fig. S29. 13C NMR of PQ-CHO-PY in DMSO-d6. 
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Fig. S30. 1H NMR of PQ-COCH3-PY in DMSO-d6. 
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Fig. S31. 13C NMR of PQ-COCH3-PY in CDCl3.
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Fig. S32. 1H NMR of PQ-H-PY in DMSO-d6.  
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Fig. S33. 13C NMR of PQ-H-PY in DMSO-d6. 
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Fig. S34. 1H NMR of PQ-tBu-PY in DMSO-d6.  
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Fig. S35. 13C NMR of PQ-tBu-PY in CDCl3.
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Fig. S36. 1H NMR of PQ-CH3-PY in DMSO-d6.
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Fig. S37. 13C NMR of PQ-CH3-PY in CDCl3.
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Fig. S38. 1H NMR of PQ-OCH3-PY in DMSO-d6.
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Fig. S39. 13C NMR of PQ-OCH3-PY in DMSO-d6.
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4. Photophysical and Photochemical Studies by UV-Vis Spectroscopy and Transient 
Absorption Spectroscopy

4.1. UV-Vis Spectra

Fig. S40. a) Comparison of UV-Vis absorption spectra of PQs and b) λmax. All measurements 

were performed in MeCN with 50 μM of PQs at 20 oC.

4.2. Analysis of reactions rates

To assess the different reaction rates of the photo-induced [4+2] cycloaddition of the various 

phenanthrenequinone (PQs) substrates PY, we adapted procedures previously published for the 

evaluation of the kinetics of chemical13 and photochemical click reactions.14 Photochemical 

transformations are strongly dependent on the used light source and setup, etc., as shown e.g. 

for photocatalyic transformations15 and photoclick reactions.16,17 Therefore, we determined the 

respective rate constants via UV-Vis absorption spectroscopy using the fixed LED setup, 

described above, to achieve reliable comparability of the individual substrates. All reactions 

were performed at the same concentration (PQs: 50 μM, traps: 500 μM) and under irradiation 

with the same light source and intensity, independently from the molar attenuation coefficient 

of the respective PQs at this wavelength. Both the wavelength of irradiation and λobs were 

chosen in the spectral regions where only the starting materials, PQ, and the photoclick product, 
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absorb. Rate constants kobs for the different PQs (50 μM) were measured under pseudo-first-

order conditions with a 10-fold excess of PY in MeCN (N2 atmosphere) by time-dependent 

analysis. Mixing the appropriate volume of the prepared stock solutions the desired final 

concentration was derived in sample vials, and the mixture was transferred into a 1 cm optical 

path quartz optical cuvette, degassed by N2. Signals were read out by monitoring the absorption 

signal of the PQs. The data were analyzed using single-exponential fits. All data processing 

was performed using Origin-pro software. 

Fig. S41. Photo-induced [4+2] cycloaddition of PQ-CF3 with PY. Reaction scheme a), time-

resolved UV-Vis absorption spectra b) and kinetic traces of the photocycloaddition between 

PQ (50 M) with c) PY (50 M), d) PY (75 M) e) PY (100 M) and f) PY (150 M) in 2.5 

mL MeCN (N2 atmosphere) was irradiated with 440 nm LED at 20 oC. The reaction was 
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monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-CF3-PY formation was fitted to 

an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs.

Fig. S42. Photo-induced [4+2] cycloaddition of PQ-CHO with PY. Reaction scheme a),  time-

resolved UV-Vis absorption spectra b) and kinetic traces of the photocycloaddition between 

PQ-CHO (50 M) with different concentration of PY c) 150 M, d) 200 M, e) 250 M, f) 

300 M in 2.5 mL MeCN (N2 atmosphere) was irradiated with 440 nm LED at 20 oC. The 

reaction was monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-CHO-PY formation 

was fitted to an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs. g) 

Plot of 𝑘440
𝑜𝑏𝑠  vs PY concentration. The second-order rate constant k2 was determined to be 6723 

M-1 s-1 based on the slope of the fitted line.
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Fig. S43. Photo-induced [4+2] cycloaddition of PQ-COCH3 with PY. Reaction scheme a),  

time-resolved UV-Vis absorption spectra b) and kinetic traces of the photocycloaddition 

between PQ-COCH3 (50 M) with different concentration of PY c) 150 M, d) 200 M in 2.5 

mL MeCN (N2 atmosphere) was irradiated with 440 nm LED at 20 oC. The reaction was 

monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-COCH3-PY formation was fitted 

to an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs. e) Plot of 
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𝑘440
𝑜𝑏𝑠  vs PY concentration. The second-order rate constant k2 was determined to be 6207 M-1 s-

1 based on the slope of the fitted line.

Fig. S44. Reaction scheme a) and kinetic traces of the photocycloaddition between PQ-H and 

PY. 50 M PQ with different concentrations of PY ((b) 150 M , (c) 200 M , (d) 250 M ,  

and (e) 300 M , respectively) in 2.5 mL MeCN (N2 atmosphere); the reaction mixture was 

irradiated with 455 nm LED at 20 oC. The formation of the [4+2] cycloaddition product PQ-
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H-PY was monitored by UV-Vis absorption spectroscopy (λobs=460 nm, 1 cm cuvette) and the 

trace was fitted exponentially using the equation, y = (y0-a) e kobs*t + b, to give 𝑘460
𝑜𝑏𝑠 . 

Fig. S45. Photo-induced [4+2] cycloaddition of PQ-tBu with PY. Reaction scheme a),  time-

resolved UV-Vis absorption spectra b) and kinetic traces of the photocycloaddition between 

PQ-tBu (50 M) with different concentration of PY c) 400 M, d) 450 M, e) 500 M in 2.5 

mL MeCN (N2 atmosphere) was irradiated with 455 nm LED at 20 oC. The reaction was 

monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-tBu-PY formation was fitted to 

an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs. f) Plot of 𝑘460
𝑜𝑏𝑠  

vs PY concentration. The second-order rate constant k2 was determined to be 52 M-1 s-1 based 

on the slope of the fitted line.
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Fig. S46. Photo-induced [4+2] cycloaddition of PQ-CH3 with PY. Reaction scheme a),  time-

resolved UV-Vis absorption spectra b) and kinetic traces of the photocycloaddition between 

PQ-CH3 (50 M) with different concentration of PY c) 300 M, d) 350 M, e) 400 M in 2.5 

mL MeCN (N2 atmosphere) was irradiated with 455 nm LED at 20 oC. The reaction was 

monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-CH3-PY formation was fitted to 

an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs. f) Plot of 𝑘470
𝑜𝑏𝑠  

vs PY concentration. The second-order rate constant k2 was determined to be 39 M-1 s-1 based 

on the slope of the fitted line.
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Fig. S47. Reaction scheme a) and kinetic traces of the photocycloaddition between PQ-OCH3 

and PY. 50 M PQ with different concentrations of PY ((b) 1.0 mM, ((c) 1.5 mM,  and (d) 2 

mM, respectively) in 2.5 mL MeCN (N2 atmosphere); the reaction mixture was irradiated with 

520 nm LED at 20 oC. The formation of the [4+2] cycloaddition product PQ-OCH3-PY was 

monitored by UV-Vis absorption spectroscopy (λobs=520 nm, 1 cm cuvette) and the trace was 

fitted exponentially using the equation, y = (y0-a) e kobs*t + b, to give 𝑘520
𝑜𝑏𝑠 . 
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Fig. S48. Reaction scheme a), time-resolved UV-Vis absorption spectra b) and kinetic traces 

of the photocycloaddition between PQ-CF3 and PY. 50 M PQ with 250 M PY in 2.5 mL 

MeCN/PBS buffer (v/v). From c) to g) means: 10 % PBS buffer, 20 % PBS buffer, 30 % PBS 

buffer, 40 % PBS buffer, and 50 % PBS buffer respectively; the reaction mixture was irradiated 

with 440 nm LED at 20 oC. The formation of the [4+2] cycloaddition product PQ-CF3-PY was 

monitored by UV-Vis absorption spectroscopy (λobs=440 nm, 1 cm cuvette) and the trace was 

fitted exponentially using the equation, y = (y0-a) e kobs*t + b, to give 𝑘440
𝑜𝑏𝑠 . 
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Fig. S49. Reaction scheme a), time-resolved UV-Vis absorption spectra b) and kinetic traces 

of the photocycloaddition between PQ-H and PY. 50 M PQ with 250 M PY in 2.5 mL 

MeCN/PBS buffer (v/v). From c) to g) means: 10 % PBS buffer, 20 % PBS buffer, 30 % PBS 

buffer, 40 % PBS buffer, and 50 % PBS buffer respectively; the reaction mixture was irradiated 

with 455 nm LED at 20 oC. The formation of the [4+2] cycloaddition product PQ-H-PY was 

monitored by UV-Vis absorption spectroscopy (λobs=460 nm, 1 cm cuvette) and the trace was 

fitted exponentially using the equation, y = (y0-a) e kobs*t + b, to give 𝑘455
𝑜𝑏𝑠 .
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Fig. S50. Reaction scheme a), time-resolved UV-Vis absorption spectra b) and kinetic traces 

of the photocycloaddition between PQ-OCH3 and PY in the present of DiIBodipy. 50 M PQ, 

250 M PY and 25 M DiIBodipy in 2.5 mL MeCN/PBS buffer (v/v). From c) to f) means: 

10 % PBS buffer, 30 % PBS buffer, 40 % PBS buffer, and 50 % PBS buffer respectively; the 

reaction mixture was irradiated with 520 nm LED at 20 oC. The formation of the [4+2] 

cycloaddition product PQ-OCH3-PY was monitored by UV-Vis absorption spectroscopy 

(λobs=520 nm, 1 cm cuvette) and the trace was fitted exponentially using the equation, y = (y0-

a) e kobs*t + b, to give 𝑘520
𝑜𝑏𝑠 .
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Fig. S51. Photo-induced [4+2] cycloaddition of PQ-CF3 with PY. Reaction scheme a),  time-

resolved UV-Vis absorption spectra b) and kinetic traces of the photocycloaddition between 

PQ-CF3 (50 M) and PY (500 M) in 2.5 mL MeCN (N2 atmosphere) was irradiated with 520 

nm LED at 20 oC. The reaction was monitored by UV-Vis absorption spectra (λobs=440 nm, 1 

cm cuvette). PQ-CF3-PY formation was fitted to an exponential rise to the maximum equation, 

y = (y0-a) e kobs*t + b, to give kobs. 
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Fig. S52. Photo-induced [4+2] cycloaddition of PQ-CHO with PY in the present/absence of 

DiIbodipy. Reaction scheme a), time-resolved UV-Vis absorption spectra and kinetic traces of 

the photocycloaddition between PQ-CHO (50 M) and PY (500 M) in 2.5 mL MeCN (N2 

atmosphere) without (b, c) and with (d, e) DiIbodipy (50 M) addition respectively, these 

samples were irradiated with 520 nm LED at 20 oC. The reaction was monitored by UV-Vis 

absorption spectra (1 cm cuvette). PQ-CHO-PY formation was fitted to an exponential rise to 

the maximum equation, y = (y0-a) e kobs*t + b, to give kobs. 

Fig. S53. Photo-induced [4+2] cycloaddition of PQ-COCH3 with PY in the present/absence of 

DiIbodipy. Reaction scheme a), time-resolved UV-Vis absorption spectra and kinetic traces of 

the photocycloaddition between PQ-COCH3 (50 M) and PY (500 M) in 2.5 mL MeCN (N2 

atmosphere) without (b, c) and with (d, e) DiIbodipy (50 M) addition respectively, these 

samples were irradiated with 520 nm LED at 20 oC. The reaction was monitored by UV-Vis 

absorption spectra (1 cm cuvette). PQ-COCH3-PY formation was fitted to an exponential rise 

to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs. 
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Fig. S54. Photo-induced [4+2] cycloaddition of PQ-H with PY. Reaction scheme a),  time-

resolved UV-Vis absorption spectra b) and kinetic traces of the photocycloaddition between 

PQ-H (50 M) and PY (500 M) in 2.5 mL MeCN (N2 atmosphere) was irradiated with 520 

nm LED at 20 oC. The reaction was monitored by UV-Vis absorption spectra (1 cm cuvette). 

PQ-H-PY formation was fitted to an exponential rise to the maximum equation, y = (y0-a) e 

kobs*t + b, to give kobs. 

Fig. S55. Photo-induced [4+2] cycloaddition of PQ-tBu with PY in the present/absence of 

DiIbodipy. Reaction scheme a), time-resolved UV-Vis absorption spectra and kinetic traces of 
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the photocycloaddition between PQ-tBu (50 M) and PY (500 M) in 2.5 mL MeCN (N2 

atmosphere) without (b, c) and with (d, e) DiIbodipy (50 M) addition respectively, these 

samples were irradiated with 520 nm LED at 20 oC. The reaction was monitored by UV-Vis 

absorption spectra (1 cm cuvette). PQ-tBu-PY formation was fitted to an exponential rise to 

the maximum equation, y = (y0-a) e kobs*t + b, to give kobs.

Fig. S56. Photo-induced [4+2] cycloaddition of PQ-CH3 with PY in the present/absence of 

DiIbodipy. Reaction scheme a), time-resolved UV-Vis absorption spectra and kinetic traces of 

the photocycloaddition between PQ-CH3 (50 M) and PY (500 M) in 2.5 mL MeCN (N2 

atmosphere) without (b, c) and with (d, e) DiIbodipy (50 M) addition respectively, these 

samples were irradiated with 520 nm LED at 20 oC. The reaction was monitored by UV-Vis 

absorption spectra (1 cm cuvette). PQ-CH3-PY formation was fitted to an exponential rise to 

the maximum equation, y = (y0-a) e kobs*t + b, to give kobs.
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Fig. S57. Photocycloaddition between PQ-OCH3 and PY in the present of different amounts 

of DiIbodipy. a) reaction scheme, and kinetic trace of the photocycloaddition between PQ- 

PQ-OCH3 (50 M) and PY (500 M) in the presence of b) 0.005 eq,  c) 0.025 eq, d) 0.25 eq, 

e) 0.5 eq, and f) 1 eq of DiIbodipy in MeCN (2.5 mL, N2 atmosphere) respectively; the reaction 

mixture was irradiated with a 520 nm LED at 20 oC. The reaction was monitored by UV-Vis 

absorption spectroscopy (1 cm cuvette). PQ-OCH3-PY formation following equation: y = (y0-

a) e kobs*t + b, provided 𝑘520
𝑜𝑏𝑠 .
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Fig. S58. Solvent effect on the PQ-CF3/PY photoclick reaction. Reaction scheme a), time-

resolved UV-Vis absorption spectra and kinetic traces of the photocycloaddition between PQ-

CF3 (50 M) and PY (500 M) in 2.5 mL toluene (b, c) and EA (d, e) (N2 atmosphere) 

respectively, these samples were irradiated with 440 nm LED at 20 oC. The reaction was 

monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-CF3-PY formation was fitted to 

an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs.
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Fig. S59. Solvent effect on the PQ-H/PY photoclick reaction. Reaction scheme a), and kinetic 

traces of the photocycloaddition between PQ-H (50 M) and PY (500 M) in 2.5 mL toluene 

(b) and EA (c) (N2 atmosphere) respectively, these samples were irradiated with 455 nm LED 

at 20 oC. The reaction was monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-H-PY 

formation was fitted to an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to 

give kobs.
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Fig. S60. Solvent effect on the PQ-OCH3/PY photoclick reaction. Reaction scheme a), time-

resolved UV-Vis absorption spectra and kinetic traces of the photocycloaddition between PQ-

OCH3 (50 M) and PY (500 M) in 2.5 mL toluene (b, c) and EA (d, e) (N2 atmosphere) 

respectively, these samples were irradiated with 440 nm LED at 20 oC. The reaction was 

monitored by UV-Vis absorption spectra (1 cm cuvette). PQ-OCH3-PY formation was fitted 

to an exponential rise to the maximum equation, y = (y0-a) e kobs*t + b, to give kobs.
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4.3. Nanosecond Transient Absorption Spectroscopy

Figure S61. Transient absorption decays of DiIBodipy (at the concentration of 25 μM, 50 μM 

and 100 μM respectively) at 445 nm. The samples were irradiated at 545 nm.

Figures S62-S69 show heat maps of transient absorption spectra of PQ-CF3, PQ-H, and PQ-

OCH3 in various solvents together with DADS resulting from their global analysis. Indicated 

in each case is the optical density of the solution at the employed excitation wavelength and the 

laser pulse energy.
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Fig. S62. Transient absorption spectra and DADS PQ-CF3 in acetonitrile (OD 1.45; 0.1 mJ).

Fig. S63. Transient absorption spectra and DADS PQ-CF3 in EA (OD 1.56; 0.1 mJ). 

Fig. S64. Transient absorption spectra and DADS PQ-CF3 in toluene (OD 1.48; 0.1 mJ). 
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Fig. S65. Transient absorption spectra and DADS PQ-H in acetonitrile (OD 0.51; 1.0 mJ). 

Fig. S66. Transient absorption spectra and DADS PQ-H in ethyl acetate (OD 0.98; 0.1 mJ). 

Fig. S67. Transient absorption spectra and DADS PQ-H in toluene (OD 1.56; 0.1 mJ). 


