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1 General Experimental Details 

All required fine chemicals were used directly without purification unless stated otherwise. All 

air and moisture sensitive reactions were carried out under Argon atmosphere using standard 

Schlenk manifold technique. All solvents were bought from Acros as 99.8% purity and 

degassed by Ar bubbling. 1H and 13C Nuclear Magnetic Resonance (NMR) spectra were 

acquired at various field strengths as indicated and were referenced to CHCl3 (7.27 and 77.16 

ppm for 1H and 13C respectively). 1H NMR coupling constants are reported in Hertz and refer 

to apparent multiplicities and not true coupling constants. Data are reported as follows: 

chemical shift, integration, multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, 

q = quartet, p = pentet, sx = sextet, hp = heptet, m = multiplet, dd = doublet of doublets, etc.). 

19F NMR spectra were recorded and reported unreferenced. High-resolution mass spectra were 

obtained using a JEOL JMS-700 spectrometer or a Fissions VG Trio 2000 quadrupole mass 

spectrometer. Spectra were obtained using electron impact ionization (EI) and chemical 

ionization (CI) techniques, or positive electrospray (ES). Analytical TLC: aluminum backed 

plates pre-coated (0.25 mm) with Merck Silica Gel 60 F254. Compounds were visualized by 

exposure to UV-light or by dipping the plates in permanganate (KMnO4) or followed by 

heating. Flash column chromatography was performed using Merck Silica Gel 60 (40–63 μm). 

Absorption and emission spectra were obtained using an Horiba Duetta spectrometer and 1 mm 

High Precision Cell made of quartz from Hellma Analytics. All mixed solvent eluents are 

reported as v/v solutions. The LEDs used are Kessil PR 160 530, 440, 427, 390 and 370 nm. 

Reactions irradiated at 254, 310 and 350 nm were carried out in a Photochemical Multirays 

Reactor from HeliosQuartz equipped with the corresponding lamps. All the reactions were 

conducted in CEM 10 mL glass microwave tubes.  
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2 General Procedures 

General Procedure for the Suzuki Cross Coupling – GP1 

 

A 15 mL pressure vessel equipped with a stirring bar was charged with the boronic acid (1.2 

equiv.), the bromo phenol (if solid; 1.0 equiv.), Pd(dppf)Cl2·CH2Cl2 (10 mol%) and K2CO3 (3.0 

equiv.). The pressure vessel was evacuated and refilled with N2 (x 3). Dioxane and H2O (10:1, 

0.2 M) and the bromo phenol (if liquid; 1.0 equiv.) were added. The mixture was stirred for 16 

h at 95 °C. After completion of the reaction as monitored by TLC, the mixture was diluted with 

EtOAc and NaHCO3(sat). The layers were separated, and the aqueous layer was extracted with 

EtOAc. The combined organic layers were washed with brine (x 2), dried (MgSO4) and filtered. 

The solvent was evaporated, and the residue was purified by column chromatography on silica 

gel to give the desired product.  

 

General procedure for the Robinson annulation – GP2 

 

A round bottom flask equipped with a stirring bar was charged with ethyl 2-fluoro-3-

oxobutanoate (1.1 equiv.), chalcone (1.0 equiv.), Cs2CO3 (2.0 mmol). The flask was evacuated 

and refilled with Ar (x 3) and CH3CN (0.3 M) was added. The mixture was stirred at 120 °C 

for 4 h. After completion of the reaction as monitored by TLC, the pH of reaction mixture was 

adjusted to 4 with HCl (1 M) and CH2Cl2 was added. The layers were separated, and the aqueous 

layer was extracted with CH2Cl2 (x 2). The combined organic layers were washed with brine (x 

2), dried (MgSO4) and filtered. The solvent was evaporated, and the residue was purified by 

column chromatography on silica gel to give the desired product.  

 

General procedure for reduction – GP3 

 

A round bottom flask equipped with a stirring bar was charged with 10% Pd/C (0.03 equiv), 

the corresponding hydroxyacetophenone (1.0 equiv.) and B2(OH)4 (2.2 equiv.). The flask was 
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evacuated and refilled with Ar (x 3) and THF (0.4 M) was added. The mixture was stirred at 60 

°C for 2 h. After completion of the reaction as monitored by TLC, the crude mixture was filtered 

through a celite plug eluting with CH2Cl2/MeOH (95:5). The solvent was evaporated, and the 

residue was purified by column chromatography on silica gel to give the desired product.  
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3 Starting Material Synthesis 

4'-Methyl-[1,1'-biphenyl]-3-ol (41) 

 

Following GP1, 3-bromophenol (520 mg, 3 mmol, 1.0 equiv.) and 4-methylphenylboronic acid 

(490 mg, 3.6 mmol, 1.2 equiv.) gave 41 (398 mg, 72%) as a solid. 1H NMR (CDCl3, 600 MHz) 

δ 7.48 (2H, d, J = 8.3 Hz), 7.30 (1H, t, J = 7.9 Hz), 7.25 (2H, d, J = 8.3 Hz), 7.16 (1H, ddd, J = 

7.7, 1.7, 0.9 Hz), 7.05 (1H, dd, J = 2.6, 1.7 Hz), 6.80 (1H, ddd, J = 8.0, 2.6, 1.0 Hz), 4.90 (1H, 

s), 2.40 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 155.9, 143.1, 138.0, 137.4, 130.1, 129.6, 127.1, 

119.7, 114.0 (2C), 21.2. Data in accordance with the literature.1 

 

4'-Fluoro-[1,1'-biphenyl]-3-ol (51) 

 

Following GP1, 3-bromophenol (400 mg, 2.3 mmol, 1.0 equiv.) and 4-fluorophenylboronic 

acid (388 mg, 2.8 mmol, 1.2 equiv.) gave 51 (650 mg, 79%) as a solid. 1H NMR (400 MHz, 

CDCl3) δ 7.56 – 7.49 (2H, m), 7.30 (1H, t, J = 7.9 Hz), 7.16 – 7.08 (3H, m), 7.01 (1H, dd, J = 

2.6, 1.7 Hz), 6.81 (1H, ddd, J = 8.0, 2.6, 1.0 Hz), 4.81 (1H, s); 13C NMR (CDCl3, 151 MHz) δ 

163.5, 161.9, 156.0, 142.2, 137.0, 130.2, 128.8 (d, J = 7.7 Hz), 119.8, 115.8 (d, J = 21.5 Hz), 

114.2 (d, J = 28.2 Hz). 19F NMR (CDCl3, 564 MHz) δ -115.45. Data in accordance with the 

literature.2  

 

3-Ethyl-5-methylphenol (61) 

 

Following GP2, 4-hexen-3-one (491 mg, 5 mmol, 1.0 equiv.) and ethyl-2-floroacetoacetate 

(889 mg, 6 mmol, 1.2 equiv.) gave 61 (571 mg, 84%) as a solid. Rf 0.31 [pentane:EtOAc (9:1)]. 

1H NMR (CDCl3, 600 MHz) δ 6.61 (1H, s), 6.50 (1H, s), 6.49 (1H, s), 4.84 (1H, br s), 2.57 (2H, 

q, J = 7.6 Hz), 2.28 (3H, s), 1.21 (3H, t, J = 7.6 Hz); 13C NMR (CDCl3, 151 MHz) δ 155.6, 
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146.2, 139.7, 121.4, 113.4, 111.9, 28.8, 21.5, 15.6. HRMS (EI): found M+ 136.0886, C9H12O 

requires 136.0888. 

 

5-Methyl-[1,1'-biphenyl]-3-ol (71) 

 

Following GP2, 4-phenyl-3-buten-2-on (731 mg, 5 mmol, 1.0 equiv.) and ethyl 2-

fluoroacetoacetate (889 mg, 6 mmol, 1.2 equiv.) gave 71 (663 mg, 72%) as a solid. 1H NMR 

(CDCl3, 600 MHz) δ 7.56 (2H, dd, J = 8.3, 1.2 Hz), 7.44 – 7.40 (2H, m), 7.38 – 7.29 (1H, m), 

7.00 (1H, t, J = 1.6 Hz), 6.87 (1H, t, J = 2.0 Hz), 6.65 (1H, t, J = 2.3 Hz), 4.75 (1H, s), 2.37 

(3H, s); 13C NMR (CDCl3, 151 MHz) δ 155.9, 143.0, 141.0, 140.3, 128.8, 127.5, 127.3, 120.9, 

115.1, 111.4, 21.6. Data in accordance with the literature.3 

 

2-Ethyl-5-methylphenol (101) 

 

Following GP3, 2’-hydroxy-4’-methylacetophenone (450 mg, 3 mmol, 1.0 equiv.) gave 101 

(155 mg, 38%) as an oil. 1H NMR (CDCl3, 400 MHz) δ 7.04 (1H, d, J = 7.6 Hz), 6.72 (1H, d, 

J = 7.8 Hz), 6.61 (1H, s), 4.57 (1H, s), 2.62 (2H, q, J = 7.5 Hz), 2.30 (3H, s), 1.24 (3H, t, J = 

7.6 Hz); 13C NMR (CDCl3, 101 MHz) δ 153.1, 137.0, 129.1, 127.5, 123.6, 116.1, 22.6, 21.0, 

14.4. Data in accordance with the literature.4 

 

4-Methyl-[1,1'-biphenyl]-2-ol (111) 

 

Following GP1, 6-bromo-3-methylphenol (748 mg, 4 mmol, 1.0 equiv.) and PhB(OH)2 (536 

mg, 4.4 mmol, 1.1 equiv.) gave 111 (397 mg, 76%) as a solid. 1H NMR (CDCl3, 600 MHz) δ 

7.51 – 7.44 (4H, m), 7.42 – 7.36 (1H, m), 7.15 (1H, d, J = 8.0 Hz), 6.85 – 6.81 (2H, m), 5.16 

(1H, s), 2.37 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 152.6, 139.2, 137.6, 130.2, 129.2, 129.0, 

127.4, 125.4, 121.6, 116.5, 21.2. Data in accordance with the literature.5 
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4-Ethyl-3-methylphenol (161) 

 

Following GP3, 4'-hydroxy-2'-methylacetophenone (451 mg, 3 mmol, 1.0 equiv.) gave 161 

(266 mg, 65%) as an oil. Rf 0.50 [pentane:EtOAc (9:1)].  1H NMR (CDCl3, 600 MHz) δ 7.01 

(1H, d, J = 8.1 Hz), 6.65 – 6.59 (2H, m), 4.46 (1H, s), 2.55 (2H, q, J = 7.5 Hz), 2.26 (3H, s), 

1.17 (3H, t, J = 7.6 Hz); 13C NMR (CDCl3, 101 MHz) δ 153.4, 137.4, 134.9, 129.1, 117.0, 

112.7, 25.5, 19.4, 14.8. HRMS (EI): found M+ 136.0882, C9H12O requires 136.0888. 

 

2-Methyl-[1,1'-biphenyl]-4-ol (171) 

 

Following GP1, 4-bromo-3-methylphenol (748 mg, 4 mmol, 1.0 equiv.) and PhB(OH)2 (536 

mg, 4.4 mmol, 1.1 equiv.) gave 171 (444 mg, 85%) as a solid. 1H NMR (CDCl3, 400 MHz) δ 

7.37 (2H, t, J = 7.3 Hz), 7.31 – 7.27 (3H, m), 7.08 (1H, d, J = 8.2 Hz), 6.76 (1H, d, J = 2.7 Hz), 

6.72 (1H, dd, J = 8.2, 2.6 Hz), 5.96 (1H, s), 2.21 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 154.7, 

141.7, 137.2, 135.0, 131.2, 129.5, 128.2, 126.6, 117.1, 112.8, 20.7. Data in accordance with the 

literature.6 

 

6-Methyl-[1,1'-biphenyl]-2-ol (181) 

 

Following GP1, 2-bromo-3-methylphenol (748 mg, 4 mmol, 1.0 equiv.) and PhB(OH)2 (536 

mg, 4.4 mmol, 1.1 equiv.) gave 181 (366 mg, 70%) as a solid. 1H NMR (CDCl3, 400 MHz) δ 

7.50 (2H, t, J = 7.3 Hz), 7.41 (1H, t, J = 7.4 Hz), 7.31 – 7.27 (2H, m), 7.15 (1H, t, J = 7.9 Hz), 

6.84 (2H, d, J = 6.8 Hz), 4.84 (1H, s), 2.06 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 153.0, 137.3, 

135.4, 130.4, 129.5, 128.6, 128.3, 128.2, 122.1, 112.8, 20.5. Data in accordance with the 

literature.7 
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 2,6-Dimethyl-[1,1'-biphenyl]-4-ol (201) 

 

Following GP1, 3-bromo-3,5-dimethylphenol (804 mg, 4 mmol, 1.0 equiv.) and PhB(OH)2 

(536 mg, 4.4 mmol, 1.1 equiv.) gave 201 (603 mg, 76%) as a solid. 1H NMR (CDCl3, 600 MHz) 

δ 7.40 (2H, t, J = 7.4 Hz), 7.31 (1H, t, J = 7.4 Hz), 7.12 (2H, dd, J = 8.2, 1.4 Hz), 6.59 (2H, s), 

5.46 (1H, s), 1.98 (6H, s); 13C NMR (CDCl3, 101 MHz) δ 154.6, 141.0, 137.8, 134.6, 129.8, 

128.4, 126.6, 114.1, 21.0. Data in accordance with the literature.6 
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4 Reaction Optimization 

A disubstituted phenol (3,5-dimethylphenol) was selected for the full optimization of the 

reaction parameters in order to have a more complete analysis of the reaction. 

4.1 General Procedure for the Reaction Optimization of 3,5-dimethylphenol (11) 

 

In an Argon filled glove box, a dry tube equipped with a stirring bar was charged with 3,5-

dimethylphenol (11) (16 mg, 0.1 mmol, 1.0 equiv.) followed by the corresponding acid (if solid, 

0.5 equiv.). The corresponding anhydrous and degassed solvent and the acid (if liquid, 0.5 

equiv.) were added and the tube was capped with a Supelco aluminium crimp seal with septum 

(PTFE/butyl). The tube was placed into a Helios photoreactor equipped with the corresponding 

lamps and a fan (for reactions at 254 and 310 nm) or under a Kessil lamp with a distance from 

the lamp to the bottom of the vial of 4 cm (for reactions at 370 nm, 390 nm and 427 nm). The 

lamps and the fan were switched on and the mixture was stirred under irradiation. The mixture 

was diluted with H2O (2 mL). 1,3- Dinitrobenzene (17 mg, 0.1 mmol, 1.0 equiv.) was added 

and the layers were separated. The aqueous layer was extracted with CH2Cl2 (2 mL x 2) and 

the combined organic layers were dried (MgSO4), filtered and evaporated. The crude was 

dissolved in CDCl3 (0.6 mL) and analysed by 1H NMR spectroscopy to obtain the reaction 

quantitative NMR yield. 

 

Table S1. Screening of wavelengths.  

entry hυ (nm) time (h) 12 (%) 13 (%) 14 (%) 11 (%) 

1 254 16 - - - - 

2 310  8 47 11 - 23 

3 310 16 63 11 - 11 

4 370 16 - - 80 - 

5 390 2 - - 99 - 

6 390 16 - - 90 - 

7 427 2 - 19 20 60 

8 427 16 - - 84 - 
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Considering the different selectivity observed by changing the wavelength, the rest of the 

reaction parameters were optimized both at 310 nm and 390 nm. 

 

Optimization of the reaction parameters at 310 nm 

 

Table S2. Screening of solvents using AlBr3 (0.5 equiv.) as the acid. 

entry solvent (0.1 M) time (h) 12 (%) 13 (%) 14 (%) 11 (%) 

1 CH2Cl2  8 47 11 - 23 

2 CHCl3  8 - - - 13 

3 MeCN  8 - - - 92 

4 THF  8 - - - 99 

5 Dioxane  8 - - - 91 

6 Et2O  8 - - - 95 

7 DCE  8 6 - - 48 

8 EtOAc  8 - - - 93 

9 Acetone  8 - - - 99 

10 HFIP 8 - - - 90 

 

Table S3. Screening of concentration using AlBr3 (0.5 equiv.) as the acid. 

entry time (h) concentration (M) 12 (%) 13 (%) 14 (%) 11 (%) 

1 16 0.2 30 14 - 57 

2 16 0.1 63 11 - 12 

3 16 0.05 60 23 - - 

4 16 0.025 47 23 - - 
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Table S4. Screening of reaction time in CH2Cl2 (0.1 M) using AlBr3 (0.5 equiv.) as the acid. 

entry time (h) 12 (%) 13 (%) 14 (%) 11 (%) 

1 1 5 - - 79 

2 2 14 <5 - 70 

3 6 34 7 - 37 

4 8 47 11 - 23 

5 16 63 11 - 12 

6 24 - - - - 
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Figure S1. Reaction over time at 310 nm.  
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Table S5. Screening of acids in CH2Cl2 (0.1 M). 

entry acid (0.5 equiv.) time (h) 12 (%) 13 (%) 14 (%) 11 (%) 

1 AlBr3 8 47 11 - 23 

2 B(C6F5)3 8 - - - 37 

3 Fe(OTf)3 8 - - - 40 

4 Ag(OTf) 8 - - - 87 

5 Cu(OTf)2 8 - - - 93 

6 Zn(OTf)2 8 - - - 90 

7 Sc(OTf)3 8 - - - 93 

8 Ce(OTf)3 8 - - - 93 

9 Al(OTf)3 8 - - - 91 

10 InBr3 8 - - - 94 

11 FeCl3 8 - - - 60 

12 ZnBr2 8 - - - 99 

13 CuBr 8 - - - 97 

14 AlCl3 8 40 10 - <5 

15 CeCl3 8 - - - 40 

16 BBr3 8 - - - 90 

17 BF3·OEt2 8 - - - 88 

18 TfOH 8 34 9 - 34 
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Table S6. Screening of AlBr3 loading in CH2Cl2 (0.1 M). 

entry time (h) acid (equiv.) 12 (%) 13 (%) 14 (%) 11 (%) 

1 8 - - - - 94 

2 8 0.1 6 22 - 63 

3 8 0.3 33 9 - 54 

4 8 0.5 47 12 - 23 

5 8 0.7 27 17 - 63 

6 8 1 12 17 - 64 

7 8 1.2 27 7 - 57 

8 8 1.5 15 7 - 62 

9 8 2 7 5 - 61 

10 8 5 5 <5 - 60 

 

Optimization of the reaction parameters at 390 nm 

 

Table S7. Screening of solvents using AlBr3 (0.5 equiv.) as the acid. 

entry solvent (0.1 M) time (h) 12 (%) 13 (%) 14 (%) 11 (%) 

1 CH2Cl2  2 - - 99 - 

2 CHCl3  2 - - 80 - 

3 MeCN  2 - - - 99 

4 THF  2 - - - 99 

5 Dioxane  2 - - - 95 

6 Et2O  2 - - - 95 

7 DCE  2 - - 84 - 

8 EtOAc  2 - - - 99 

9 Acetone  2 - - - 99 

10 HFIP 2 - - - 98 

11  Toluene 2 - - 88 - 
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Table S8. Screening of concentration using AlBr3 (0.5 equiv.) as the acid. 

entry time (h) concentration (M) 12 (%) 13 (%) 14 (%) 11 (%) 

1 2 0.2 - - 98 - 

2 2 0.1 - - 99 - 

3 2 0.05 - - 97 - 

4 2 0.025 - - 98 - 

 

Table S9. Screening of reaction time in CH2Cl2 (0.1 M) using AlBr3 (0.5 equiv.) as the acid.  

entry time (h) 12 (%) 13 (%) 14 (%) 11 (%) 

1 15 min  46  24 

2 30 min  68   

3 1 - 22 63 - 

4 2 - - 99 - 

5 6 - - 89 - 

6 8 - - 87 - 

7 16 - - 84 - 

8 24 - - 74 - 
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Figure S2. Reaction over time at 390 nm.   
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Table S10. Screening of acids in CH2Cl2 (0.1 M). 

entry acid (0.5 equiv.) time (h) 12 (%) 13 (%) 14 (%) 11 (%) 

1 AlBr3 2 - - 99 - 

2 B(C6F5)3 2 - 46 - - 

3 Fe(OTf)3 2 - - - 88 

4 Ag(OTf) 2 - - - - 

5 Cu(OTf)2 2 - - - 99 

6 Zn(OTf)2 2 - - - 99 

7 Sc(OTf)3 2 - - - 99 

8 Ce(OTf)3 2 - - - 98 

9 Al(OTf)3 2 - - - 98 

10 InBr3 2 - - - 99 

11 FeCl3 2 - - - 80 

12 ZnBr2 2 - - - 98 

13 CuBr 2 - - - 99 

14 AlCl3 2 - - 92 - 

15 CeCl3 2 - - - 98 

16 BBr3 2 - - - 90 

17 BF3.OEt2 2 - - - 95 

18 TfOH 2 - 24 26 - 
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Table S11. Screening of AlBr3 loading in CH2Cl2 (0.1 M). 

entry time (h) acid (equiv.) 12 (%) 13 (%) 14 (%) 11 (%) 

1 2 - - - - 98 

2 2 0.1 - - 99 - 

3 2 0.3 - - 99 - 

4 2 0.5 - - 99 - 

5 2 0.7 - - 99 - 

6 2 1 - - 99 - 

7 2 1.2 - - 93 - 

8 2 1.5 - - 27 - 

9 2 2 - - - -* 

10 2 5 - - - -* 

*: decomposition of the starting material. 
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Tests on the Photostability of all Dimethylphenol Isomers at 310 and 390 nm 

 

 

Table S12. Screening of wavelengths.  

entry hυ (nm) 15 (%) 16 (%) 

1 310 30 - 

2 390  - 35 

 

 

Table S13. Screening of wavelengths.  

entry hυ (nm) 14 (%) 15 (%) 13 (%) 

1 310 16 50 24 

2 390  99 - - 

 

 

Table S14. Screening of wavelengths.  

entry hυ (nm) 15 (%) 12 (%) 

1 310 16 40 

2 390  63 - 
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Table S15. Screening of wavelengths.  

entry hυ (nm) 15 (%) 

1 310 50 

2 390  92 

 

 

Table S16. Screening of wavelengths.  

entry hυ (nm) 14 (%) 

1 310 77 

2 390  99 
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4.2 General Procedure for the Reaction Optimization of m-Cresol (22) 

 

In an Argon filled glove box, a dry tube equipped with a stirring bar was charged with 3-

phenylphenol (22) (10 mg, 0.1 mmol, 1.0 equiv.) and AlBr3 (13 mg, 0.5 equiv.) followed by dry 

and degassed CH2Cl2. The tube was capped with a Supelco aluminium crimp seal with septum 

(PTFE/butyl) and placed into a Helios photoreactor equipped with 310 nm lamps and a fan or 

under a Kessil lamp with a distance from the lamp to the bottom of the vial of 4 cm (for reactions 

at 390 nm). The lamps and the fan were switched on and the mixture was stirred under 

irradiation for 16 h. The mixture was diluted with H2O (2 mL). 1,3- Dinitrobenzene (17 mg, 0.1 

mmol, 1.0 equiv.) was added and the layers were separated. The aqueous layer was extracted 

with CH2Cl2 (2 mL x 2) and the combined organic layers were dried (MgSO4), filtered and 

evaporated. The crude was dissolved in CDCl3 (0.6 mL) and analysed by 1H NMR spectroscopy 

to obtain the reaction quantitative NMR yield. 

Table S17. Screening of wavelength in CH2Cl2 (0.1 M). 

entry hυ (nm) 21 (%) 23 (%) 22 (%) 

1 310 20 - 53 

2 390 - 64 15 

3 no light - - 93 

 

Optimization of the reaction at 310 nm 

 

Table S18. Screening of acid, concentration and time in CH2Cl2 (0.1 M). 

entry acid (0.5 equiv.) concentration (M) time (h) 21 (%) 23 (%) 22 (%) 

1 AlBr3 0.1 16 20 - 52 

2 TfOH 0.1 16 42 - 32 

3 AlBr3 0.05 16 68 - 8 

4 AlBr3 0.1 24 34 - 37 

5 no acid 0.1 16 - - 98 
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Optimization of the reaction at 390 nm 

 

Table S19. Screening of acid, concentration and time in CH2Cl2 (0.1 M). 

entry acid (0.5 equiv.) concentration (M) time (h) 21 (%) 23 (%) 22 (%) 

1 AlBr3 0.1 16 - 64 15 

2 TfOH 0.1 16 4 27 31 

3 BCF 0.1 16 - - 99 

4 AlBr3 0.05 16 14 63  

5 AlBr3 0.1 24 23 63 - 

 

Tests on the Photostability of all Methylphenol Isomers at 310 and 390 nm 

 

 

Table S12. Screening of wavelengths.  

entry hυ (nm) 21 (%) 

1 310 66 

2 390  76 

 

 

Table S12. Screening of wavelengths.  

entry hυ (nm) 23 (%) 

1 310 50 

2 390  92 
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4.3 General Procedure for the Reaction Optimization of 3-phenylphenol (31) 

 

In an Argon filled glove box, a dry tube equipped with a stirring bar was charged with 3-

phenylphenol (31) (17 mg, 0.1 mmol, 1.0 equiv.) and AlBr3 (13 mg, 0.5 equiv.) followed by dry 

and degassed CH2Cl2. The tube was capped with a Supelco aluminium crimp seal with septum 

(PTFE/butyl) and placed into a Helios photoreactor equipped with 310 nm lamps and a fan or 

under a Kessil lamp with a distance from the lamp to the bottom of the vial of 4 cm (for reactions 

at 390 nm, 427 nm, 440 nm and 530 nm). The lamps and the fan were switched on and the 

mixture was stirred under irradiation for 16 h. The mixture was diluted with H2O (2 mL). 1,3- 

Dinitrobenzene (17 mg, 0.1 mmol, 1.0 equiv.) was added and the layers were separated. The 

aqueous layer was extracted with CH2Cl2 (2 mL x 2) and the combined organic layers were 

dried (MgSO4), filtered and evaporated. The crude was dissolved in CDCl3 (0.6 mL) and 

analysed by 1H NMR spectroscopy to obtain the reaction quantitative NMR yield. 

 

Table S20. Screening of wavelength in CH2Cl2 (0.1 M). 

entry hυ (nm) 32 (%) 31 (%) 

1 310 7 72 

2 390 22 55 

3 427 - 86 

4 440 - 95 

5 530 - 90 

 

Table S21. Screening of concentration in CH2Cl2 at 390 nm. 

entry concentration (M) 32 (%) 31 (%) 

1 0.1  22 55 

2 0.05 45 33 

3 0.025  32 25 

4* 0.05 21 38 

*: reaction performed with 2.0 equiv. of TfOH instead of AlBr3. 
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Table S22. Screening of time in CH2Cl2 (0.05 M) at 390 nm. 

entry time (h) 32 (%) 31 (%) 

1 16 h  45 33 

2 24 h 43 26 

3 48 h  37 21 
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4.4 General Procedure for the Reaction Optimization of 3,5-dimethylanisole (231) 

 

In an Argon filled glove box, a dry tube equipped with a stirring bar was charged with 3,5-

dimethylanisole (231) (18 mg, 0.1 mmol, 1.0 equiv.) followed by dry and degassed CH2Cl2 (0.1 

M) and the corresponding amount of triflic acid. The tube was capped with a Supelco 

aluminium crimp seal with septum (PTFE/butyl) and placed into a Helios photoreactor 

equipped with 310 mn lamps and a fan or under a 390 nm Kessil lamp with a distance from the 

lamp to the bottom of the vial of 4 cm. The lamps and the fan were switched on and the mixture 

was stirred under irradiation for 16 h. The mixture was diluted with H2O (2 mL). 1,3- 

Dinitrobenzene (17 mg, 0.1 mmol, 1.0 equiv.) was added and the layers were separated. The 

aqueous layer was extracted with CH2Cl2 (2 mL x 2) and the combined organic layers were 

dried (MgSO4), filtered and evaporated. The crude was dissolved in CDCl3 (0.6 mL) and 

analysed by 1H NMR spectroscopy to obtain the reaction quantitative NMR yield. 

 

Optimization of the reaction at 310 nm 

 

Table S23. Screening of TfOH loading in CH2Cl2 (0.1 M). 

entry TfOH (equiv.) 232 (%) 233 (%) 231 (%) 

1 1.0 equiv. AlBr3 - - 88 

2 0 - - 92 

3 0.5 - - 59 

4 1 - 20 50 

5 2 - 27 44 

6 5 - 19 60 

7 10 - 30 45 

 

  



 
S25 

 

Optimization of the reaction at 390 nm 

 

Table S24. Screening of TfOH loading in CH2Cl2 (0.1 M). 

entry TfOH (equiv.) 232 (%) 233 (%) 231 (%) 

1 1.0 equiv. AlBr3 - - 94 

2 0 - - 99 

3 0.5 - - 51 

4 1 - - 55 

5 2 8 - 27 

6 5 25 - 31 

7 10 24 - 17 
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4.5 Competition Experiments.  

 

 

Under our optimized conditions (16 h) we only observe 62 as reported in the manuscript. 

However, reaction analysis after 2 h of irradiation revealed the formation of 19% of A and 21% 

of 62 and 15% of unreacted 61. Crucially, we did not observe the formation of B. We believe 

this suggests that the Me group shift is faster than the Et group and this might be a result of 

sterics. 
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5 Pictures of Reaction Set-up 

 

  

Figure S3. Set-up for 0.1 mmol scale 

reactions at 254, 310 and 350 nm. 

Figure S4. Set-up for 0.1 mmol scale 

reactions at 370, 390, 427, 440 and 530 nm. 

 

 

Figure S5. Set-up for gram-scale  

reactions at 390 nm. 
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6 UV-Vis Spectra 

These analyses were not conducted using AlBr3 because the high dilution required for good 

resolution leads to decomplexation. The UV-Vis spectra were recorded in pure TfOH in order 

to favour the protonated species in solution. 

 

UV-Vis Spectra of 3,5-dimethylphenol (11) 
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Figure S6. UV-Vis of 3,5-dimethylphenol (11) 

 

UV-Vis Spectra of [1,1'-biphenyl]-3-ol (31) 
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Figure S7. UV-Vis of [1,1'-biphenyl]-3-ol (31)  
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7 Substrate Scope 

General Procedure for the Permutation of meta-Phenols – GP4 

 

In an Argon filled glove box, a dry tube equipped with a stirring bar was charged with the 

corresponding phenol (0.1 mmol, 1.0 equiv.) followed by AlBr3 (0.5 equiv.). Dry and degassed 

CH2Cl2 (0.1 M) was added and the tube was capped with a Supelco aluminium crimp seal with 

septum (PTFE/butyl). The tube was placed into a Helios photoreactor equipped with the 310 

nm lamps and a fan (GP4a) or under a 390 nm Kessil lamp with a distance from the lamp to 

the bottom of the vial of 4 cm (GP4b). The lamps and the fan were switched on and the mixture 

was stirred under irradiation for 16 h. The photoreactor and the fan were switched off. The 

mixture was diluted with H2O (2 mL). The organic layer was separated and the aqueous layer 

was extracted with CH2Cl2 (2 mL x 2) and the combined organic layers were dried (MgSO4), 

filtered and evaporated. The residue was purified by column chromatography on silica gel to 

give the desired product.  

 

3,4-Dimethylphenol (12) 

 

Following GP4a, 11 (13 mg, 0.1 mmol, 1.0 equiv.) gave 12 (63 %, 11 % 13, 12 % rsm) as a solid. 

1H NMR (CDCl3, 400 MHz) δ 7.01 (1H, d, J = 8.1 Hz), 6.68 (1H, d, J = 2.8 Hz), 6.62 (1H, dd, 

J = 8.1, 2.8 Hz), 5.27 (1H, s), 2.23 (3H, s), 2.21 (3H, s); 13C NMR (CDCl3, 101 MHz) δ 153.5, 

138.1, 130.6, 128.8, 116.8, 112.5, 19.9, 18.9. Data in accordance with the literature.8 

 

2,5-Dimethylphenol (13) 

 

Following GP4b, but using BCF (0.5 equiv.) as the Lewis Acid and running the reaction for 30 

minutes, 11 (13 mg, 0.1 mmol, 1.0 equiv.) gave 13 (69 %) as a solid. 1H NMR (CDCl3, 400 

MHz) δ 7.00 (1H, d, J = 7.6 Hz), 6.67 (1H, d, J = 7.6 Hz), 6.61 (1H, s), 4.56 (1H, s), 2.28 (3H, 



 
S30 

 

s), 2.21 (3H, s); 13C NMR (CDCl3, 101 MHz) δ 153.7, 137.2, 130.9, 121.6, 120.5, 115.8, 21.1, 

15.4. Data in accordance with the literature.8 

 

2,6-Dimethylphenol (14) 

 

Following GP4b, but running the reaction for 2 h, 11 (13 mg, 0.1 mmol, 1.0 equiv.) gave 14 (99 

%) as a solid. 1H NMR (CDCl3, 400 MHz) δ 7.01 (2H, d, J = 7.5 Hz), 6.79 (1H, t, J = 7.5 Hz), 

4.66 (1H, s), 2.28 (6H, s); 13C NMR (CDCl3, 101 MHz) δ 152.3, 128.7, 123.1, 120.3, 15.9. Data 

in accordance with the literature.8 

Following GP4b, but running the reaction for 2 h, 13 (13 mg, 0.1 mmol, 1.0 equiv.) gave 14 

(99 %) as a solid 

 

2,4-Dimethylphenol (15) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.05 M), 12 (13 mg, 0.1 mmol, 1.0 equiv.) 

gave 15 (80 %) as a solid. 1H NMR (CDCl3, 400 MHz) δ 6.98 (1H, s), 6.92 (1H, d, J = 8.0 Hz), 

6.71 (1H, d, J = 8.0 Hz), 4.78 (1H, s), 2.30 (3H, s), 2.27 (3H, s); 13C NMR (CDCl3, 101 MHz) 

δ 151.6, 131.8, 130.0, 127.5, 123.6, 114.9, 20.5, 15.8. Data in accordance with the literature.8 

Following GP4a, but running the reaction in CH2Cl2 (0.5 M), 13 (13 mg, 0.1 mmol, 1.0 

equiv.) gave 15 (46 %) as a solid 

Following GP4a, 16 (13 mg, 0.1 mmol, 1.0 equiv.) gave 15 (30 %) as a solid 

 

o-Cresol (21) 

 

Following GP4b, 22 (11 mg, 0.1 mmol, 1.0 equiv.) gave 21 (64 %, 15 % rsm) as an oil. 1H NMR 

(CDCl3, 400 MHz) δ 7.25 – 7.06 (2H, m), 6.91 (1H, td, J = 7.3, 1.2 Hz), 6.81 (1H, d, J = 7.9 

Hz), 5.04 (1H, s), 2.30 (3H, s); 13C NMR (CDCl3, 101 MHz) δ 153.8, 131.2, 127.2, 124.0, 

120.9, 115.1, 15.8. Data in accordance with the literature.9 
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p-Cresol (23) 

 

Following GP4a, 22 (11 mg, 0.1 mmol, 1.0 equiv.) gave 23 (68 %, 8 % rsm) as a solid. 1H NMR 

(CDCl3, 400 MHz) δ 7.04 (2H, d, J = 8.2 Hz), 6.74 (2H, d, J = 8.2 Hz), 4.82 (1H, s), 2.28 (3H, 

s); 13C NMR (CDCl3, 101 MHz) δ 153.4, 130.2, 115.2, 20.6. Data in accordance with the 

literature.9. 

 

[1,1'-Biphenyl]-4-ol (32) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.05 M), 31 (15 mg, 0.1 mmol, 1.0 equiv.) 

gave 32 (45 %) as a solid. 1H NMR (CDCl3, 400 MHz) δ 7.55 (2H, d, J = 7.0 Hz), 7.49 (2H, d, 

J = 8.6 Hz), 7.42 (2H, t, J = 7.7 Hz), 7.31 (1H, t, J = 7.3 Hz), 6.92 (2H, d, J = 8.6 Hz), 4.96 

(1H, s); 13C NMR (CDCl3, 101 MHz) δ 155.2, 140.9, 134.2, 128.9, 128.5, 126.9, 126.8, 115.8. 

Data in accordance with the literature.10 

 

4'-Methyl-[1,1'-biphenyl]-4-ol (42) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.025 M) for 48 h, 41 (18 mg, 0.1 mmol, 

1.0 equiv.) gave 42 (42 %) as a solid. 1H NMR (CDCl3, 600 MHz) δ 7.46 (2H, d, J = 8.0 Hz), 

7.43 (2H, d, J = 8.2 Hz), 7.22 (2H, d, J = 8.2 Hz), 6.89 (2H, d, J = 8.6 Hz), 5.17 (1H, s), 2.38 

(3H, s); 13C NMR (CDCl3, 151 MHz) δ 155.0, 137.9, 136.5, 133.9, 129.0, 128.2, 126.6, 115.7, 

21.1. Data in accordance with the literature.11 
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4'-Fluoro-[1,1'-biphenyl]-4-ol (52) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.025 M) for 48 h, 51 (19 mg, 0.1 mmol, 

1.0 equiv.) gave 52 (55 %) as a solid. 1H NMR (CDCl3, 600 MHz) δ 7.48 (2H, dd, J = 8.6, 5.3 

Hz), 7.42 (2H, d, J = 8.6 Hz), 7.11 (2H, t, J = 4.4 Hz), 6.91 (2H, d, J = 8.6 Hz) 5.12 (1H, s); 

13C NMR (CDCl3, 151 MHz) δ 163.4, 161.4, 156.2, 137.0 (d, J = 3.1 Hz), 133.0, 128.7 (d, J = 

7.9 Hz), 115.8 (d, J = 11.3 Hz), 115.6; 19F NMR (CDCl3, 564 MHz) δ -116.71. Data in 

accordance with the literature.12 

 

2-Ethyl-6-methylphenol (62)  

 

Following GP4b, 61 (15 mg, 0.1 mmol, 1.0 equiv.) gave 62 (29 %) as an oil. 1H NMR (400 

MHz, CDCl3) δ 7.00 – 6.96 (2H, m), 6.79 (1H, t, J = 7.5 Hz), 4.13 (1H, s), 2.63 (2H, q, J = 7.3 

Hz), 2.25 (3H, s), 1.24 (3H, t, J = 7.6 Hz); 13C NMR (101 MHz, CDCl3) δ151.8, 132.1, 129.5, 

126.3, 123.1, 120.2, 23.9, 15.9, 13.3. Data in accordance with the literature.13 

Following GP4b, 101 (15 mg, 0.1 mmol, 1.0 equiv.) gave 62 (40 %) as an oil. 

 

4-Methyl-[1,1'-biphenyl]-3-ol (72) 

 

Following GP4b, but running the reaction for 24 h, 71 (18 mg, 0.1 mmol, 1.0 equiv.) gave 72 

(50 %, 20 % rsm) as a solid. 1H NMR (CDCl3, 400 MHz) δ 7.57 (2H, d, J = 7.0 Hz), 7.43 (2H, 

t, J = 7.6 Hz), 7.34 (1H, t, J = 7.4 Hz), 7.20 (1H, d, J = 7.9 Hz), 7.11 (1H, dd, J = 7.7, 1.8 Hz), 

7.03 (1H, d, J = 1.8 Hz), 4.83 (1H, s), 2.31 (3H, s); 13C NMR (CDCl3, 101 MHz) δ 154.1, 140.9, 

140.7, 131.5, 128.9, 127.3, 127.1, 122.9, 119.7, 113.8, 15.6. Data in accordance with the 

literature.14 
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5-Fluoro-2-methylphenol (82) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.05 M), 81 (13 mg, 0.1 mmol, 1.0 equiv.) 

gave 82 (49 %, 15 % rsm) as an oil. 1H NMR (CDCl3, 600 MHz) δ 7.04 (1H, t, J = 7.4 Hz), 6.59 

– 6.53 (2H, m), 5.06 (1H, s), 2.20 (3H, s); 13C NMR (CDCl3, 101 MHz) δ 161.9 (d, J = 243.1 

Hz), 154.7 (d, J = 11.0 Hz), 131.5 (d, J = 9.6 Hz), 119.4 (d, J = 3.2 Hz), 107.3 (d, J = 21.0 Hz), 

102.8 (d, J = 24.4 Hz), 15.2; 19F NMR (CDCl3, 564 MHz) δ -112.92. Data in accordance with 

the literature.15 

 

5-methoxy-2-methylphenol (92) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.05 M) and irradiating at 370 nm, 91 (14 

mg, 0.1 mmol, 1.0 equiv.) gave 92 (60 %) as a solid. 1H NMR (CDCl3, 400 MHz) δ 7.01 (1H, 

d, J = 9.0 Hz), 6.42 (2H, dd, J = 8.2, 2.6 Hz), 6.39 (2H, d, J = 2.5 Hz), 4.82 (2H, s), 3.76 (6H, 

s), 2.18 (8H, d, J = 1.7 Hz); 13C NMR (CDCl3, 101 MHz) δ 159.2, 154.6, 131.3, 115.8, 106.1, 

101.6, 55.5, 15.0. Data in accordance with the literature.16 

 

2-Ethyl-4-methylphenol (102) 

 

Following GP4a, 101 (15 mg, 0.1 mmol, 1.0 equiv.) gave 102 (18%, 23 % rsm) as an oil. 1H 

NMR (CDCl3, 600 MHz) δ 7.02 – 6.96 (1H, m), 6.91 – 6.84 (1H, m),6.57 (1H, d, J = 8.2 Hz), 

5.20 (1H, s), 2.59 (2H, q, J = 7.2 Hz), 2.19 (3H, s), 1.16 (3H, t, J = 7.3 Hz); 13C NMR (CDCl3, 

151 MHz) δ 151.8, 136.6, 130.6, 126.3, 123.6, 114.9, 28.1, 16.1, 15.9. Data in accordance with 

the literature.17 
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3-methyl-[1,1'-biphenyl]-2-ol (112) 

 

Following GP4b, 111 (18 mg, 0.1 mmol, 1.0 equiv.) gave 112 (57%, 7 % rsm) as an oil. 1H 

NMR (CDCl3, 600 MHz) δ 7.55-7.41 (5H, m), 7.11 (1H, d, J = 7.4 Hz), 7.09 (1H, dd, J = 7.6 

Hz, J = 1.2 Hz), 6.92 (1H, t, J = 7.5 Hz), 5.23 (s, 1 H), 2.33 (s, 3 H); 13C NMR (CDCl3, 151 

MHz) δ 150.7, 137.5, 130.7, 129.5, 129.3, 128.0, 127.9, 127.8, 124.8, S14 120.4, 16.4. Data in 

accordance with the literature.18 

 

2-Fluoro-6-methylphenol (122) 

 

Following GP4b, 121 (13 mg, 0.1 mmol, 1.0 equiv.) gave 122 (34 %, 29 % rsm) as an oil. 1H 

NMR (CDCl3, 600 MHz) δ 6.92 – 6.86 (2H, m), 6.73 (1H, td, J = 7.9, 5.4 Hz), 5.62 (1H, s), 

2.27 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 151.1 (d, J = 235.7 Hz), 141.9 (d, J = 14.2 Hz), 

126.9, 126.1 (d, J = 3.0 Hz), 120.9 (d, J = 6.1 Hz), 112.7 (d, J = 18.4 Hz), 15.4 (d, J = 3.1 Hz); 

19F NMR (CDCl3, 564 MHz) δ -141.96. Data in accordance with the literature.19 

 

4-Isopropyl-2-methylphenol (132) 

 

Following GP4a, but running the reaction in CH2Cl2 (0.0255 M), 131 (13 mg, 0.1 mmol, 1.0 

equiv.) gave 132 (57 %) as a solid. 1H NMR (400 MHz, CDCl3) δ 6.98 (1H, d, J = 2.3 Hz), 6.94 

(1H, dd, J = 8.3, 2.3 Hz), 6.70 (1H, d, J = 8.1 Hz), 4.55 (1H, s), 2.82 (1H, hept, J = 6.8 Hz), 

2.24 (3H, s), 1.21 (6H, d, J = 7.0 Hz). 13C NMR (CDCl3, 101 MHz) δ 151.9, 141.4, 129.2, 124.9, 

123.5, 114.9, 33.4, 24.4, 16.0. Data in accordance with the literature.20 
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2-Isopropyl-6-methylphenol (133) 

 

Following GP4b, but running the reaction for 2 h, 141 (13 mg, 0.1 mmol, 1.0 equiv.) gave 133 

(86 %) as an oil. 1H NMR (400 MHz, CDCl3) δ 7.10 – 7.02 (1H, m), 6.98 (1H, d, J = 7.5 Hz), 

6.84 (1H, t, J = 7.6 Hz), 4.66 (1H, s), 3.20 (1H, hept, J = 6.8 Hz), 2.26 (3H, s), 1.27 (6H, d, J = 

6.9 Hz); 13C NMR (101 MHz, CDCl3) δ 151.2, 133.9, 128.3, 124.1, 123.0, 120.6, 27.2, 22.8, 

16.1. HRMS (EI): found M+ 150.1039, C10H14O requires 150.1039. 

Following GP4b, 131 (1,5 g, 10 mmol, 1.0 equiv.) gave 133 (78 %) as an oil.  

 

2-Isopropyl-4-methylphenol (142) 

 

Following GP4a, but running the reaction in CH2Cl2 (0.025 M), 141 (13 mg, 0.1 mmol, 1.0 

equiv.) gave 142 (52 %) as a solid. 1H NMR (CDCl3, 400 MHz) δ 7.02 (1H, d, J = 2.2 Hz), 6.91 

– 6.84 (1H, m), 6.66 (1H, d, J = 8.0 Hz), 4.64 (1H, s), 3.20 (1H, hept, J = 6.9 Hz), 2.30 (3H, s), 

1.27 (6H, d, J = 6.9 Hz); 13C NMR (CDCl3, 101 MHz) δ 150.6, 134.3, 130.2, 127.1 (2C), 115.3, 

27.1, 22.8, 20.9. Data in accordance with the literature.21 

 

4-Methyl-6-pentylphenol (152) 

 

Following GP4a, 151 (18 mg, 0.1 mmol, 1.0 equiv.) gave 152 (42 %) as a solid. Rf 0.34 

[pentane:EtOAc (95:5)]. 1H NMR (CDCl3, 600 MHz) δ 6.93 (1H, d, J = 2.1 Hz), 6.87 (1H, dd, 

J = 8.0, 2.3 Hz), 6.66 (1H, d, J = 8.0 Hz), 4.49 (1H, s), 2.74 – 2.48 (2H, m), 2.26 (3H, s), 1.70 

– 1.53 (2H, m), 1.38 – 1.26 (4H, m), 0.97 – 0.70 (3H, m); 13C NMR (CDCl3, 151 MHz) δ 151.2, 

130.9, 130.0, 128.5, 127.5, 115.2, 31.9, 30.1, 29.8, 22.7, 20.7, 14.2. HRMS (EI): found M+ 

178.1352, C12H18O requires 178.1352. 

  



 
S36 

 

2-Methyl-6-pentylphenol (153) 

 

Following GP4b, 151 (18 mg, 0.1 mmol, 1.0 equiv.) gave 153 (86 %) as a solid. 1H NMR (400 

MHz, CDCl3) δ 7.00 (2H, d, J = 7.5 Hz), 6.80 (1H, t, J = 7.5 Hz), 4.63 (1H, s), 2.61 (2H, d, J = 

7.9 Hz), 2.28 (3H, s), 1.70 – 1.60 (2H, m), 1.38 (4H, h, J = 3.8 Hz), 0.99 – 0.89 (3H, m); 13C 

NMR (101 MHz, CDCl3) δ 151.9, 128.6, 128.0, 127.9, 123.2, 120.4, 31.9, 30.2, 29.6, 22.7, 

16.1, 14.2. Data in accordance with the literature.22 

 

4-Ethyl-2-methylphenol (162) 

 

Following GP4b, 161 (15 mg, 0.1 mmol, 1.0 equiv.) gave 162 (70 %) as an oil. 1H NMR (CDCl3, 

600 MHz) δ 6.94 (1H, s), 6.90 (1H, d, J = 8.2 Hz), 6.69 (1H, d, J = 8.2 Hz), 4.63 (1H, s), 2.54 

(2H, q, J = 7.6 Hz), 2.23 (3H, s), 1.19 (3H, t, J = 7.6 Hz); 13C NMR (CDCl3, 151 MHz) δ 151.8, 

136.6, 130.6, 126.3, 123.6, 114.9, 28.1, 16.1, 15.9. Data in accordance with the literature.23 

 

3-Methyl-[1,1'-biphenyl]-4-ol (172) 

 

Following GP4b, but running the reaction for 24 h, 171 (18 mg, 0.1 mmol, 1.0 equiv.) gave 172 

(35 %, 36 % rsm) as a solid. 1H NMR (CDCl3, 600 MHz) δ 7.57 (2H, d, J = 8.3 Hz), 7.46 – 

7.39 (3H, m), 7.38 – 7.29 (2H, m), 6.86 (1H, d, J = 8.2 Hz), 5.50 (1H, s), 2.35 (3H, s); 13C NMR 

(CDCl3, 151 MHz) δ 153.7, 141.1, 133.9, 129.9, 128.8, 126.8, 126.7, 125.8, 124.4, 115.3, 16.1. 

Data in accordance with the literature.24 
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5-Methyl-[1,1'-biphenyl]-2-ol (182) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.05 M), 181 (18 mg, 0.1 mmol, 1.0 

equiv.) gave 182 (70 %) as a solid. 1H NMR (CDCl3, 600 MHz) δ 7.54 – 7.46 (5H, m), 7.09 – 

7.07 (2H, m), 6.90 (1H, d, J = 8.7 Hz), 5.13 (1H, s), 2.34 (3H, s); 13C NMR (CDCl3, 101 MHz) 

δ 150.3, 137.4, 130.8, 130.1, 129.7, 129.3, 129.2, 128.0, 127.8, 115.8, 20.6. Data in accordance 

with the literature.25 

 

2-Chloro-4,6-dimethylphenol (192) 

 

Following GP4b, 191 (16 mg, 0.1 mmol, 1.0 equiv.) gave 192 (90 %) as a solid. 1H NMR 

(CDCl3, 600 MHz) δ 7.05 (1H, s), 6.80 (1H, s), 5.29 (1H, s), 2.19 (3H, s), 2.16 (3H, s); 13C 

NMR (CDCl3, 151 MHz) δ 147.4, 130.5, 129.5, 126.5, 125.6, 119.2, 20.4, 16.3. Data in 

accordance with the literature.26 

 

2,5-Dimethyl-[1,1'-biphenyl]-4-ol (202) 

 

Following GP4b, but irradiating at 350 nm, 201 (20 mg, 0.1 mmol, 1.0 equiv.) gave 202 (47 %) 

as a solid. 1H NMR (CDCl3, 600 MHz) δ 7.41 – 7.36 (2H, m), 7.32 – 7.27 (3H, m), 6.99 (1H, 

s), 6.69 (1H, s), 5.01 (1H, s), 2.24 (3H, s), 2.20 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 153.1, 

141.8, 134.6, 134.2, 132.5, 129.5, 128.1, 126.5, 121.0, 116.7, 20.2, 15.4. Data in accordance 

with the literature.27 
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3,5-Dimethyl-[1,1'-biphenyl]-4-ol (203) 

 

Following GP4b, 201 (20 mg, 0.1 mmol, 1.0 equiv.) gave 203 (14 %, 20 % 202) as a solid. 1H 

NMR (CDCl3, 600 MHz) δ 7.58 (2H, d, J = 7.2 Hz), 7.46 (2H, t, J = 7.6 Hz), 7.29 (1H, t, J = 

7.5 Hz), 7.27 (2H, s), 4.62 (1H, s), 2.29 (6H, s); 13C NMR (CDCl3, 151 MHz) δ 151.0, 141.5, 

132.9, 128.4, 127.1, 126.5, 126.3, 122.9, 15.8. Data in accordance with the literature.28 

 

4-Chloro-2,5-dimethylphenol (212) 

 

Following GP4b, but running the reaction at 370 nm, 211 (16 mg, 0.1 mmol, 1.0 equiv.) gave 

212 (80 %, 11% 213, 11 % rsm) as a solid. 1H NMR (CDCl3, 600 MHz) δ 7.08 (1H, s), 6.64 (1H, 

s), 4.56 (1H, s), 2.28 (3H, s), 2.18 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 152.3, 134.5, 131.0, 

128.2, 122.9, 117.4, 19.8, 15.3. HRMS (EI): found M+ 156.0335, C8H9OCl requires 156.0336. 

 

4-Chloro-2,6-dimethylphenol (213) 

 

Following GP4b, but running the reaction at 370 nm, 211 (16 mg, 0.1 mmol, 1.0 equiv.) gave 

213 (11 %, 80% 212, 11 % rsm) as a solid. 1H NMR (CDCl3, 400 MHz) δ 6.96 (2H, s), 4.54 (1H, 

s), 2.22 (3H, s), 2.20 (3H, s); 13C NMR (CDCl3, 101 MHz) δ 150.9, 128.6, 127.9, 124.7, 15.9. 

Data in accordance with the literature.29 

 

2,4,5-Trimethylphenol (222) 

 

Following GP4a, 221 (15 mg, 0.1 mmol, 1.0 equiv.) gave 222 (26 %) as a solid. 1H NMR 

(CDCl3, 600 MHz) δ 6.88 (1H, s), 6.59 (1H, s), 5.16 (1H, s), 2.27 (3H, s), 2.26 (3H, s), 2.17 



 
S39 

 

(3H, s); 13C NMR (CDCl3, 151 MHz) δ 151.7, 135.2, 132.2, 128.7, 120.6, 116.4, 19.5, 18.8, 

15.3. Data in accordance with the literature.30 

 

2,3,6-Trimethylphenol (223) 

 

Following GP4a, but running the reaction for 2 h, 221 (15 mg, 0.1 mmol, 1.0 equiv.) gave 223 

(99 %) as a solid. 1H NMR (CDCl3, 600 MHz) δ 6.86 (1H, d, J = 7.6 Hz), 6.67 (1H, d, J = 7.6 

Hz), 4.64 (1H, s), 2.25 (3H, s), 2.22 (3H, s), 2.16 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 152.0, 

135.7, 127.5, 121.9, 121.8, 120.3, 20.1, 15.9, 11.7. Data in accordance with the literature.31 

 

2,4,6-Trimethylphenol (224) 

 

Following GP4a, 223 (15 mg, 0.1 mmol, 1.0 equiv.) gave 224 (92 %) as a solid. 1H NMR 

(CDCl3, 400 MHz) δ 6.80 (2H, s), 4.48 (1H, s), 2.23 (3H, s), 2.23 (6H, s); 13C NMR (CDCl3, 

101 MHz) δ 150.0, 129.4, 129.2, 122.9, 20.5, 15.9. Data in accordance with the literature.32 

 

1-Methoxy-2,4-dimethylbenzene (232) 

 

Following GP4a, but using TfOH (2.0 equiv.) as the additive, 231 (14 mg, 0.1 mmol, 1.0 equiv.) 

gave 232 (42 %, 24 % rsm) as a solid. 1H NMR (CDCl3, 600 MHz) δ 6.96 – 6.91 (2H, m), 6.71 

(1H, d, J = 9.0 Hz), 3.81 (3H, s), 2.25 (3H, s), 2.18 (3H, s); 13C NMR (CDCl3, 151 MHz) δ 

155.8, 131.6, 129.0, 127.0, 126.3, 110.0, 55.5, 20.5, 16.2. Data in accordance with the 

literature.33 
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2-Methoxy-1,3-dimethylbenzene (233) 

 

Following GP4b, but using TfOH (5.0 equiv.) as the additive, 231 (14 mg, 0.1 mmol, 1.0 equiv.) 

gave 233 (40 %, 31 % rsm) as a solid. 1H NMR (CDCl3, 600 MHz) δ 7.00 (2H, d, J = 7.2 Hz), 

6.93 – 6.88 (1H, m), 3.72 (3H, s), 2.28 (6H, s); 13C NMR (CDCl3, 151 MHz) δ 157.6, 130.4, 

128.9, 123.4, 59.7, 15.9. Data in accordance with the literature.34 
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7.1 Additional Substrates 

 

 

 

2-ethylphenol (S12) 

 

Following GP4b, but running the reaction in CH2Cl2 (0.05 M), S11 (12 mg, 0.1 mmol, 1.0 

equiv.) gave S12 (68 %, 18 % S13) as a solid. 1H NMR (CDCl3, 600 MHz) 7.15 – 7.01 (2H, m), 

6.89 – 6.82 (1H, m), 6.73 (1H, d, J = 8.0 Hz), 4.61 (1H, s), 2.62 (2H, q, J = 7.6 Hz), 1.22 (3H, 

t, J = 7.6 Hz); 13C NMR (CDCl3, 151 MHz) 153.6, 130.0, 129.6, 127.3, 21.2, 115.0, 23.0, 14.3. 

Data in accordance with the literature.35 

 

4-ethylphenol (S13) 

 

Following GP4a, but running the reaction in CH2Cl2 (0.05 M), S11 (12 mg, 0.1 mmol, 1.0 

equiv.) gave S13 (13 %, 62 % rsm) as a solid. 1H NMR (CDCl3, 600 MHz) 7.09 (2H, d, J = 8.5 

Hz), 6.72 (2H, d, J = 8.5 Hz), 2.51 (2H, q, J = 7.6 Hz), 1.22 (3H, t, J = 7.6 Hz); 13C NMR 

(CDCl3, 151 MHz) 153.5, 136.7, 129.0, 115.1, 27.6, 15.8. Data in accordance with the 

literature.35 

 

4-(tert-butyl)phenol (S22) 

 

Following GP4b, S21 (14 mg, 0.1 mmol, 1.0 equiv.) gave S22 (31 %, 10 % rsm) as a solid. 1H 

NMR (CDCl3, 400 MHz) δ 7.25 (1H, d, J = 8.7 Hz), 6.77 (1H, d, J = 8.8 Hz), 4.86 (1H, s), 1.29 
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(6H, s); 13C NMR (CDCl3, 101 MHz) δ 153.3, 143.7, 126.6, 114.9, 34.2, 31.7. Data in 

accordance with the literature.36 
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8 Computational Details 

All calculations have been carried out in the framework of density functional theory (DFT) 

using the CAM-B3LYP exchange-correlation functional.37 Unless indicated otherwise, the 

Gaussian 16 43 software was employed. Here we provide a list of the corresponding level of 

theory used for different calculation  

 

• Ground-state geometry optimizations and harmonic vibrational frequencies: For 

both potential-energy minima and transition states, CAM-B3LYP functional and cc-

pVDZ38 basis set in gas phase. Minima are characterized by all-real vibrational 

frequencies, whereas transition states show one single imaginary frequency that 

corresponds to the reaction normal mode. 

• Intrinsic reaction coordinate (IRC) calculations: CAM-B3LYP functional and cc-

pVDZ basis set in gas phase. The default algorithm was employed, and analytic second 

derivatives were recalculated every 10 steps. 

• Single-point energy calculations: CAM-B3LYP functional and aug-cc-pVTZ basis set 

including solvent effects (DCM) with the SMD model.39 

• Vertical excitation energies: Within the time-dependent (TD) DFT formalism40, TD-

CAM-B3LYP functional and aug-cc-pVTZ basis set including solvent effects (DCM) 

with the SMD model. 

• Optimization of S1/S0 conical intersections: Using ORCA 5.0.341, TD-CAM-B3LYP 

functional and cc-pVDZ basis set in gas phase. 

• Non-adiabatic molecular dynamics (NAMD): Using TURBOMOLE 7.7.042, TD-

CAM-B3LYP functional and cc-pVDZ basis set in gas phase. The Tully’s fewest-

switches surface hopping algorithm was employed. For each system, 100 initial 

geometries were generated from a Wigner sampling using the CAM-B3LYP/cc-pVDZ 

harmonic vibrational frequencies. For each of those geometries, the initial velocities 

were randomly generated using the mdprep module of TURBOMOLE 7.7.0, 

corresponding to a Maxwell-Boltzmann distribution at a selected temperature of 298.15 

K. Using a time step of 40 a.u. (ca. 1 fs), all trajectories were propagated for 512 steps 

(ca. 500 fs). From the combined trajectories, the excited-state half-life was estimated as 

the time in which half of the trajectories reached the ground state, and the 

photoisomerization quantum yield corresponds to the sum of all trajectories for which 
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the corresponding C-C bond distance went below 1.70 Å at some point of the trajectory, 

regardless of subsequent events. 

 

UV-Vis absorption spectra: For each of the geometries generated with the Wigner sampling, 

the vertical excitation energies for the lowest 10 excited singlet states were calculated at the 

TD-CAM-B3LYP/aug-cc-pVTZ/SMD(DCM) level of theory. Then, for each geometry an 

absorption spectrum was generated from the excitation energies and oscillator strengths by 

convolution to Gaussian functions using a half-width of 0.2 eV. Finally, the (semiclassical) 

absorption spectrum was obtained as the sum of all the individual absorption spectra. 
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9 Computational Studies 

We carried out several computational simulations to further understand the mechanism of the 

permutation of phenols. In particular, we were interested in assessing why the permutation of 

22 is wavelength-dependent and can lead to the formation of either the ortho or the para isomers, 

whereas the permutation of 31 always leads to the para isomer, regardless of the irradiation 

wavelength. We first started by elucidating the effect of the Lewis acid on the acidity of the OH 

group (Figure S8). Here we used AlCl3 as model to reduce the computational effort, as we 

observed a nearly identical reactivity as if AlBr3 is used instead. The self-protonation of phenols 

has a very large reaction energy (ΔG0 > 55 kcal mol-1). Coordination of AlCl3 to the OH group 

through one of the oxygen lone-pairs decreases the basicity of the ring (ΔG0 > 70 kcal mol-1). 

In contrast, the lability of the O-H bond is highly increased, leading to the formation of a 

phenolate-AlCl3 anion and a free protonated phenol with a ΔG0 ca. 50 kcal mol-1 lower than the 

self-protonation. Despite being still endergonic, AlCl3-mediated proton transfer is much more 

favorable than self-protonation. 

 

 

Figure S8. TD-CAM-B3LYP/aug-cc-pVTZ/SMD(DCM) Gibbs free energies for the possible 

self-protonation reactions of 22 (blue) and 31 (purple) mediated by AlCl3. 

 

It is worth noting that we provided ranges for the ΔG0 values as there are multiple potential 

sites for protonation, including the OH group and each of the six carbon atoms of the phenyl 

ring (we did not consider protonation of the Ph substituent of 31). Figure S9 shows the relative 

stabilities of the possible protonated isomers. Protonation at the C4 position is the most 

favorable regardless of the substituent, followed by C2/C6 at ca. 2-3 kcal mol-1, which is 

consistent with the ortho- and para-directing effect of the OH group. All the other isomers lie 

much higher in energy.  
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Figure S9. TD-CAM-B3LYP/aug-cc-pVTZ/SMD(DCM) relative Gibbs free energies (in kcal 

mol-1) for the possible isomers of the protonated species of 22 (blue) and 31 (red). 

 

Therefore, following coordination to AlCl3, a small protonation of the C2 and C4 positions is 

expected, with the C2-protonated species being in a much lower proportion due to their higher 

relative energies. As we observed wavelength-dependent photoisomerization selectivities in the 

experiments, we decided to calculate the UV-vis absorption spectra of the neutral, C2-

protonated and C4-protonated species of the two model phenols, which are shown in Figure 

S10. For 22, no absorption is observed above 400 nm. Focusing on the irradiation wavelengths, 

at 310 nm the absorption is dominated by the C4-protonated species, whereas the absorption at 

390 nm corresponds exclusively to the C2-protonated species. In contrast, irradiation of 31 at 

both 310 and 390 nm targets the C4-protonated isomer, as the absorption spectra of both 

protonated isomers of 31 is red-shifted ca. 100 nm with respect to 22. In all cases, the lowest-

energy absorption band corresponds to the excitation to the S1 state, of π,π* character. 

 

 

Figure S10. TD-CAM-B3LYP/aug-cc-pVTZ/SMD(DCM) UV-vis absorption spectra of 22 

(left) and 31  (right) phenols, for their neutral (red), C2-protonated (green) and C4-protonated 

(blue) forms. 

 

Next, we wanted to investigate why the 1π,π* state evolves towards the formation of different 

isomers depending on the protonation site. We carried out NAMD simulations (Figure S11) to 

study the excited-state dynamics of 22 following 310 nm irradiation (excitation of the C4-

protonated species) and 390 nm irradiation (excitation of the C2-protonated species). At the 
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beginning of the simulations, t = 0 fs, all the trajectories start in the S1 state. With time, internal 

conversion leads to the repopulation of the ground state. Regardless of the irradiated protonated 

species, ground-state repopulation is completed 500 fs after the excitation. However, the rate at 

which it takes place differs between these two isomers. The excited-state half-life, i.e. the time 

at which the populations of the S0 and S1 states are both equal to 0.5 (50%), is 163 fs for 22-

C2H+ and 78 fs for 22-C4H+, two times lower. Moreover, the de-excitation of 22-C4H+ is more 

sudden, as it mostly takes place in ca. 50 fs. 

 

 

Figure S11. Time evolution of the S0 (blue) and S1 (green) populations for the excited-state 

relaxation of the C2-protonated (left) and C4-protonated (right) forms of 22, obtained from 100 

trajectories of TD-CAM-B3LYP/cc-pVDZ NAMD simulations. 

 

The analysis of the internal conversion points revealed that the geometries of the conical 

intersections are characterized by the loss of planarity of the phenyl ring and the first stages of 

the formation of a bond between the carbon atoms adjacent to the CH2 group (C1 and C3 for 22-

C2H+, and C3 and C5 for 22-C4H+). Therefore, we tracked the evolution of these interatomic 

distances for all the calculated trajectories, which allowed us to obtain estimates for the 

photoisomerization quantum yields. For 22-C4H+, 79% of the trajectories led to the formation 

of the carbon-carbon bond, leading to the bicyclo[3.1.0]hexyl intermediate. In contrast, the 

photoisomerization quantum yield of 22-C2H+ is much lower, about 18%, and once the bicyclic 

intermediate is formed the reversion to the planar species is more facile. Crucially, we did not 

detect the formation of undesired photoproducts in any of the 200 trajectories, which rules out 

side reactions. This means that the differences in quantum yields are only relevant for the sake 

of irradiation efficiency and not for reaction yields. 
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Figure S12. Evolution of the key carbon-carbon distances during the excited-state relaxation 

of the C2-protonated (left) and C4-protonated (right) forms of 22, obtained from TD-CAM-

B3LYP/cc-pVDZ NAMD simulations. The green lines represent the trajectories that undergo 

photoisomerization to the closed form, i.e. the distance goes below 1.70 Å at some point after 

internal conversion. The red lines represent the trajectories that directly return to the ground-

state minimum. 

 

As the forming carbon-carbon bond always takes place so it generates an exocyclic CH2, the 

possible phenyl isomer (ortho or para) that could arise following rearrangement of the bicyclic 

intermediate is unique for each protonated species. For 22-C2H+ (Figure S13 left), only the ortho 

isomer can be formed from one of the bicycles, as all the other ones would regenerate the initial 

meta isomer. This bicyclic structure has a low activation barrier for its formation (8.2 kcal mol -

1) and is considerably more stable than the isomer formed in the photochemical ring closure (-

24.9 kcal mol-1). 

 

 

Figure S13. Computed pathways for the thermal isomerization of the closed forms of the C2-

protonated (left) and C4-protonated (right) forms of 22. TD-CAM-B3LYP/aug-cc-
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pVTZ/SMD(DCM) Gibbs free energies (in kcal mol-1) are given relative to the isomer formed 

during the photochemical ring closure, which is drawn at the top in both schemes. The color 

of the structure determines which isomer would rise following cleavage of the bridge bond: 

ortho in green, meta (original) in red, para in blue. 

 

The situation is slightly different for 22-C4H+ (Figure S13 right). The generation of the para-

forming bicyclic isomer is not the most favorable rearrangement, as clockwise migration of the 

CH2 group has a slightly lower barrier (11.1 kcal mol-1) than the counterclockwise migration 

(12.2 kcal mol-1). Moreover, that isomer is 7.2 kcal mol-1 more stable. However, the only 

implication these features will have is to reduce the effective photoisomerization quantum yield, 

as the regeneration of the meta phenol is more favorable during these thermal rearrangement 

steps. 
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9.1 Summary 

A complete summary of the reaction mechanism can be found in Figure S14 below. First, 22 is 

protonated by the 22-AlCl3 complex, leading to A3 or A1. These species absorb light of a 

specific wavelength to populate the S1 state, which lead in both cases to a conical intersection 

(CI) to the ground state in a barrierless way. Internal conversion triggers the ring closure to B1 

and B6 respectively. From here, a series of thermal steps could occur, involving rearrangement 

via 1,2-methylene shift, ring opening, and rearomatization mediated by the AlCl3-phenolate 

anion. An alternative approach, as discussed in the manuscript, would require 1,2-methylene 

shift, deprotonation, photoexcitation to the triplet state and ring opening. 

 

 

Figure S14. Complete mechanism for the permutation of 22 into 23 (top) and 21 (bottom).  
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10 Mechanism for Dimethyl Phenols (11-16) 

A summary of the reaction mechanism for the dimethyl phenols 11-16 is provided in this section. 

 

 

Figure S15. Protonated forms of dimethyl phenols 11-16 leading to arenium ions C1-C10 and 

other additional less stable arenium ions C11-C16. 
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Figure S16. Possible bicyclic cation intermediates D1-D2 formed from the 4π-

electrocyclization of the corresponding arenium ion. 

 

Figure S17. Proposed pathways for the permutation of dimethyl phenols 13 and 14. 
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Figure S18. Proposed pathways for the permutation of dimethyl phenols 12, 15 and 16. 

 

Figure S19. Proposed pathways for the permutation of dimethyl phenols 11, 13 and 15. 
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Figure S20. Proposed pathways for the permutation of dimethyl phenols 11 and 12. 
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11 Unsuccessful Substrates 

 

  



 
S56 

 

12 NMR Spectra 

61 – 1H NMR (400 MHz, CDCl3)  

 

61 – 13C NMR (101 MHz, CDCl3) 
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161 – 1H NMR (400 MHz, CDCl3)  

 

161 – 13C NMR (101 MHz, CDCl3) 
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133 – 1H NMR (400 MHz, CDCl3) 

 

133 – 13C NMR (101 MHz, CDCl3) 
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152 – 1H NMR (600 MHz, CDCl3) 

 

152 – 13C NMR (151 MHz, CDCl3) 
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212 – 1H NMR (600 MHz, CDCl3) 

 

212 – 13C NMR (151 MHz, CDCl3) 
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