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Supplementary Notes 

General information 

All reactions were carried out under air atmosphere unless otherwise noted.All reagents and solvents were obtained from 

commercial suppliers such as FeCl2 (anhydrous, 99.99% pure) from Aldrich, Fe(acac)2(99.95% pure) from Aldrich, PMHS 

[CAS:9004-73-3, 15 to 40 mPa.s (at 20°C)] from Acros, CH3CN (distilled) from Adamas-beta Ltd. and used without further 

purification. Reactions were monitored by TLC on silica gel plates (GF254). 1H (400 MHz) and 13C NMR spectra (100 MHz) 

of solutions in CDCl3, Acetone-d6 or DMSO-d6 were recorded on a Bruker Avance400 NMR spectrometer. Chemical shifts 

were expressed in parts per million (ppm) downfield from tetramethylsilane and refer to the solvent signals (CDCl3: δH 7.28 

and δC 77.0 ppm; Acetone-d6: δH 2.05 and δC 29.84, 206.26 ppm; DMSO-d6: δH 2.50 and δC 39.50 ppm). The signals of water 

were observed at about 1.58 ppm in CDCl3, 2.84 ppm inAcetone-d6 and 3.33 ppm in DMSO-d6, respectively. Abbreviations for 

signal couplings are: br, broad; s, singlet; d, doublet; t, triplet; m, multiplet; dd, doublet of doublets; dt, triplet of doublets;td, 

doublet of triplets; tt, triplet of triplets; tdd, doublet of doublet of triplets. Coupling constants, J, were reported in hertz unit 

(Hz). HRMS was performed on a Q-TOF mass spectrometer. Infrared spectra of neat substances were recorded on a Thermo 

Nicolet Corporation GC-FTIR NEXUS670 spectrometer. GC-MS were determined with Agilent 7890-5975C. Note: The 

boron-bound carbon was not observed due to quadrupolar relaxation. 

 

General procedures for Fe-catalyzed oxidation of alkylarenes 

General Procedure A: A 25-ml flask was charged with Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 

0.0025 mmol), K2S2O8 (68.3 mg, 0.25 mmol), methylarene or alkylarene (0.25 mmol), MeCN (1.0 mL), H2O (1.0 mL), and 

PMHS (170 µL, 0.75 mmol). The mixture was stirred under 80℃ and atmospheric pressure for the indicated time. Then 0.5 

mL ammonia water was added into the mixture with vigorous stirring at room temperature. The reaction mixture was diluted 

with a saturated aqueous NaCl solution (10 mL) and then extracted with diethyl ether (3 × 10 ml). The organic phases were 

combined and evaporated under reduced pressure. The residue was purified by column chromatography (Petroleum ether/ 

diethyl ether) on silica gel to afford the corresponding product. 

General Procedure B: A 25 mL flask was charged with FeCl2 (3.2 mg, 0.025 mmol), arylboron (0.25 mmol), K2S2O8 (68.3 mg, 

0.25 mmol), TBAB (40.7 mg, 0.125 mmol), MeCN (1 mL), H2O (1mL), and PMHS (170 µL, 0.75 mmol). The reaction 

mixture was stirred under atmospheric pressure at 80 °C until the reaction was complete (observed by TLC). After the mixture 

was cooled to room temperature, the reaction mixture was diluted with 10 mL brine and extracted with ethyl acetate (3 × 10 

mL). The organic phases were combined and concentrated to give the crude product. The residue was purified by column 
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chromatography (Petroleum ether/ ethyl acetate) on silica gel to afford the corresponding product. 

Experimental data for the products 

 

2,4,5-Trimethylbenzaldehyde (2d): Following the general procedure A, 2d was isolated as a white solid (33.9 mg, 92%), 

known compound. The NMR spectroscopic data agree with those described in ref.[S1]. 1H NMR (400 MHz, CDCl3) δ: 10.21 (s, 

1H), 7.57 (s, 1H), 7.04 (s, 1H), 2.61 (s, 3H), 2.31 ppm (s, 6H); 13C NMR (100 MHz, CDCl3) δ: 192.6, 143.4, 138.1, 134.6, 

133.1, 133.0, 132.0, 19.9, 19.0, 18.9 ppm; mp: 41.0 - 43.2 ℃. 

 

4-(Tert-butyl)benzaldehyde (2e): Following the general procedure A, 2e was isolated as a colorless liquid (36.4 mg, 91%), 

known compound. The NMRspectroscopic data agree with those described in ref.[S2]. 1H NMR (400 MHz, CDCl3) δ: 10.0 (s, 

1H), 7.85 (d, J = 8.55 Hz, 2H), 7.58 (d, J = 8.55 Hz, 2H), 1.37 ppm (s, 9H); 13C NMR (100 MHz, CDCl3) δ: 192.1, 158.5, 

134.0, 129.7, 125.9, 35.4, 31.1 ppm. 

 

4-(Cyclopropylmethoxy)benzaldehyde (2f): Following the general procedure A, 2f was isolated as colorless oil (34.4 mg, 

78%), known compound. The NMR spectroscopic data agree those described in ref.
[S3]. 1H NMR (400 MHz, CDCl3): δ 9.86 (s, 

1H), 7.81 (d, J = 8.6 Hz, 2H), 6.98 (d, J = 8.6 Hz, 2H), 3.87 (d, J = 7.0 Hz, 2H), 1.28 (m, 1H), 0.66 (m, 2H), 0.36 ppm (m, 2H); 

13C NMR (100 MHz, CDCl3): δ 190.8, 164.0, 131.9, 129.7, 114.7, 73.1, 10.0, 3.2 ppm.     

 

Diethyl 4-formylphenyl phosphate (2g). Following the general procedure A, 2g was isolated as light yellow oil (59.0 mg, 

92%). The NMR spectroscopic data agree with those described in ref.[S4]. 1H NMR (400 MHz, CDCl3): δ 9.97 (s, 1 H), 7.89 (d, 

J=8.4 Hz, 2H), 7.38 (d, J= 8.4 Hz, 2 H), 4.28-4.20 (m, 4 H), 1.37 ppm (dt, J= 7.2, 0.8 Hz, 6 H); 13C NMR (100 MHz, CDCl3): 

δ 190.7, 155.4 (d, J = 6.6 Hz), 133.2, 131.7, 120.5 (d, J = 5.2 Hz), 65.0 (d, J = 6.1 Hz), 16.1 ppm (d, J = 6.6 Hz). 31P NMR 

(162 MHz, CDCl3): δ -6.64. 

 

2-Naphthaldehyde (2h): Following the general procedure A, 2h was isolated as a white solid (23.6 mg, 61%), known 

compound. The NMR spectroscopic data agree with those described in ref.[S5]. 1H NMR (400 MHz, CDCl3) δ: 10.17, (s, 1H), 
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8.34 (s, 1H), 8.02 - 7.90 (m, 4H), 7.68 - 7.58 ppm (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 192.2, 136.4, 134.5, 134.0, 132.6, 

129.5, 129.1, 129.0, 128.0, 127.0, 122.7 ppm; mp: 58.8 - 60.1℃. 

 

4-Iodobenzaldehyde (2i): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2i was isolated as a 

yellow liquid (46.8 mg, 81%), known compound. The NMR spectroscopic data agree with those described in ref.[S6]. 1H NMR 

(400 MHz, CDCl3): δ 9.98 (s, 1H), 7.94 (d, J = 8.24 Hz, 2H), 7.62 ppm (d, J = 8.24 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 

191.4, 138.4, 135.5, 130.8, 102.8 ppm. 

 

4-Iodo-3,5-dimethylbenzaldehyde (2j): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2j 

was isolated as colorless liquid (44.1 mg, 68%), known compound. The NMR spectroscopic data agree with those described in 

ref.[S7]. 1H NMR (400 MHz, CDCl3): δ 9.96 (s, 1H), 7.54 (s, 2H), 2.58 ppm (s, 6H); 13C NMR (100 MHz, CDCl3): δ 191.9, 

143.4, 135.5, 127.2, 116.8, 29.7 ppm. 

 

4-Bromobenzaldehyde (2k): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2k was isolated 

as a white solid (30.0 mg, 65%), known compound. The NMR spectroscopic data agree with those described in ref.[S8]. 1H 

NMR (400 MHz, CDCl3): δ 9.98 (s, 1H), 7.76 (d, J = 8.32 Hz, 2H), 7.70 ppm (d, J = 8.32 Hz, 2H); 13C NMR (100 MHz, 

CDCl3): δ 191.0, 135.0, 132.4, 130.9, 129.7 ppm; mp: 55.4 - 56.3 ℃. 

 

3-Bromo-5-methylbenzaldehyde (2l): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2l was 

isolated as yellow liquid (47.2 mg, 95%), known compound. The NMR spectroscopic data agree with those described in ref.[S9]. 

1H NMR (400 MHz, CDCl3): δ 9.94 (s, 1H), 7.83 (s, 1H), 7.63 (s, 1H), 7.61 (s, 1H), 2.44 ppm (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 190.9, 141.1, 137.9, 137.8, 129.7, 128.9, 123.1, 20.9 ppm. 

 

3-Chlorobenzaldehyde (2m): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2m was 

isolated as colorless liquid (33.4 mg, 95%), known compound. The NMR spectroscopic data agree with those described in 
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ref.[S10]. 1H NMR (400 MHz, CDCl3): δ 9.95 (s, 1H), 7.82 (s, 1H), 7.74 (d, J = 7.60 Hz, 1H), 7.57 (dd, J = 7.60, 3.6 Hz, 1H), 

7.46 ppm (td, J = 7.60, 2.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 190.8, 137.6, 135.3, 134.2, 130.3, 129.1, 127.9 ppm. 

 

2-Chlorobenzaldehyde (2nnnn): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2n was isolated 

as colorless liquid (32.9 mg, 94%), known compound. The NMR spectroscopic data agree with those described in ref.[S10]. 1H 

NMR (400 MHz, CDCl3): δ 10.48 (s, 1H), 7.93 (dd, J1 = 7.75 Hz, J2 = 1.69 Hz, 1H), 7.53 - 7.51 (m, 1H), 7.45 (d, J = 7.60 Hz, 

1H), 7.40 ppm (t, J = 7.63 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 189.7, 137.8, 135.1, 132.3, 130.5, 129.3, 127.2 ppm. 

 

2,4-Dichlorobenzaldehyde (2o): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2o was 

isolated as a yellow solid (36.9 mg, 85%), known compound. The NMR spectroscopic data agree with those described in 

ref.[S11]. 1H NMR (400 MHz, CDCl3): δ 10.44 (s, 1H), 7.91 (d, J = 8.40 Hz, 1H), 7.51 (d, J = 2.0 Hz, 1H), 7.40 ppm (ddd, J1 = 

8.40, 2.0, 0.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 188.5, 141.1, 138.5, 130.9, 130.5, 130.3, 127.9 ppm; mp: 68.2 - 

69.3 ℃. 

 

2,6-Dichlorobenzaldehyde (2p): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2p was 

isolated as a white solid (30.4 mg, 70%), known compound. The NMR spectroscopic data agree with those described in ref.[S12]. 

1H NMR (400 MHz, CDCl3) δ: 10.52 (s, 1H), 7.42 ppm (s, 3H); 13C NMR (100 MHz, CDCl3) : δ 188.8, 136.9, 133.6, 130.4, 

129.7 ppm; mp: 69.3 - 70.2 ℃. 

 

Methyl 4-formylbenzoate (2q): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2q was 

isolated as a white solid (24.5 mg, 60%), known compound. The NMR spectroscopic data agree with those described in ref.[S13]. 

1H NMR (400 MHz, CDCl3): δ 10.10 (s, 1H), 8.20 (d, J = 8.40 Hz, 2H), 7.95 (d, J = 8.40 Hz, 2H), 3.96 ppm (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 191.6, 166.0, 139.1, 135.1, 130.2, 129.5, 52.6 ppm; mp: 62.2-63.1℃. 
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4-(Methylsulfonyl)benzaldehyde (2r): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2r 

was isolated as a white solid (28.5 mg, 62%), known compound. The NMR spectroscopic data agree those described in ref.[14]. 

1H NMR (400 MHz, acetone-d6): δ 10.2 (s, 1H), 8.20(d, J = 8.8 Hz, 2H), 8.18 (d, J = 8.8 Hz, 2H), 3.22 ppm (s, 3H); 13C NMR 

(100 MHz, acetone-d6): δ 192.5, 146.9, 140.8, 131.1, 129.0, 44.1 ppm; mp: 155.1-156.3 ℃. 

 

3,4,5-Trimethoxybenzaldehyde (2s): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2s was 

isolated as a white solid (23.5 mg, 48%), known compound. The NMR spectroscopic data agree with those described in ref.[S15]. 

1H NMR (400 MHz, CDCl3): δ 9.87 (s, 1H), 7.14 (s, 2H), 3.95 (s, 3H), 3.94 ppm (s, 6H); 13C NMR (100 MHz, CDCl3): δ 

191.0, 153.6, 143.6, 131.7, 106.7, 60.9, 56.2 ppm; mp: 72.4 - 74.3 ℃. 

 

4-((3,7-Dimethyloctyl)oxy)benzaldehyde (2t): Following the general procedure A, 2t was isolated as a yellow liquid (45.6 

mg, 70%), known compound. The NMR spectroscopic data agree those described in ref.[S16]. 1H NMR (400 MHz, CDCl3): δ 

9.87 (s, 1H), 7.82 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 4.09-4.05 (m, 2H), 1.87-1.81 (m, 1H), 1.65-1.60 (m, 2H), 

1.56-1.49 (m, 1H), 1.35-1.14 (m, 6H), 0.94 (d, J = 6.8 Hz, 3H), 0.86 ppm (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 

190.8, 164.2, 132.0, 129.7, 114.7, 66.7, 39.2, 37.2, 35.9, 29.8, 27.9, 24.6, 22.7, 22.6, 19.6 ppm. 

 

5-Bromothiophene-2-carbaldehyde (2u): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 2u 

was isolated as yellow liquid (42.8 mg, 90%), known compound. The NMR spectroscopic data agree with those described in 

ref.[S17]. 1H NMR (400 MHz, CDCl3): δ 9.79 (s, 1H), 7.55 (d, J = 4.0 Hz, 2H), 7.22 ppm (d, J = 4.0 Hz, 1H); 13C NMR (100 

MHz, CDCl3): δ 181.8, 145.1, 136.5, 131.4, 125.0 ppm . 

 

4-((2-Chlorothiazol-5-yl)methoxy)benzaldehyde (2v): Following the general procedure A except with K2S2O8 (204.9 mg, 

0.75 mmol), 2v was isolated as a Yellow liquid (57.8 mg, 71%), known compound. The NMR spectroscopic data agree those 

described in ref.[S18]. 1H NMR (400 MHz, CDCl3): δ 9.90 (s, 1H), 7.86 (d, J = 8.6 Hz, 2H), 7.58 (s, 1H), 7.05 (d, J = 8.6 Hz, 

2H), 5.27 ppm (s, 2H); 13C NMR (100 MHz, CDCl3): δ 190.7, 162.4, 153.2, 140.5, 135.2, 132.0, 130.7, 115.0, 62.6 ppm; mp: 

103.3-104.2℃. 
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1-(p-Tolyl)ethanone (4a): Following the general procedure A, 4a was isolated as colorless liquid (24.1 mg, 72%), known 

compound. The NMR spectroscopic data agree with those described in ref.[S19]. 1H NMR (400 MHz, CDCl3): δ 7.89 (d, J = 

8.18 Hz, 2H), 7.28 (d, J = 8.18 Hz, 2H), 2.60 (s, 3H), 2.43 ppm (s, 3H); 13C NMR (100 MHz, CDCl3): δ 197.9, 143.9, 134.7, 

129.2, 128.5, 26.6, 21.7 ppm. 

 

Dodecanophenone (4b): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 4b was isolated as a 

white solid (45.8 mg, 71%), known compound. The NMR spectroscopic data agree with those described in ref.[S20]. 1H NMR 

(400 MHz, CDCl3): δ 7.98 (d, J = 7.54 Hz, 2H), 7.57 (t, J = 7.20 Hz, 1H), 7.50 (t, J = 7.20 Hz, 2H), 3.00 (t, J = 7.43 Hz, 2H), 

1.79 (m, 2H), 1.45 - 1.28 (m, 16H), 0.91 ppm (t, J = 6.83 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 200.6, 137.1, 132.8, 128.5, 

128.0, 38.6, 31.9, 29.6, 29.5, 29.4, 29.3, 29.3, 24.4, 22.7, 14.1, 1.0 ppm; mp: 45.3 - 47.2 ℃. 

 

4-Hydroxy-1-phenylbutan-1-one (4c): Following the general procedure A, 4c was isolated as colorless liquid (28.6 mg, 70%), 

known compound. The NMR spectroscopic data agree with those described in ref.[S21]. 1H NMR (400 MHz, CDCl3): δ 8.0 (d, J 

= 7.60 Hz, 2H), 7.59 (t, J = 7.60 Hz, 1H), 7.49 (t, J = 7.60 Hz, 2H), 3.77 (s, 2H), 3.17 (t, J = 6.40 Hz, 2H), 2.07 - 2.01 (m, 2H), 

1.79 ppm (brs, 1H); 13C NMR (100 MHz, CDCl3): δ 200.5, 136.9, 133.1, 128.6, 128.1, 62.3, 35.3, 26.9 ppm. 

 

Benzophenone (4d): Following the general procedure A, 4d was isolated as a white solid (43.1 mg, 95%), known compound. 

The NMR spectroscopic data agree with those described in ref.[S22]. 1H NMR (400 MHz, CDCl3): δ 7.85 - 7.52 (m, 2H), 7.61 (tt, 

J = 7.20, 1.20 Hz, 1H), 7.52 - 7.49 ppm (m, 2H); 13C NMR (100 MHz, CDCl3): δ 196.8, 137.6, 132.4, 130.1, 128.3 ppm; mp: 

48.3 - 50.2 ℃. 

 

1-(Thiophen-2-yl)pentan-1-one (4e): Following the general procedure A, 4e was isolated as a yellow liquid (31.7 mg, 76%), 

known compound. The NMR spectroscopic data agree with those described in ref.[S23]. 1H NMR (400 MHz, CDCl3): δ 7.73 (d, 

J = 3.60 Hz, 1H), 7.64 (d, J = 5.2 Hz, 1H), 7.14 (t, J = 3.60 Hz, 1H), 2.92 (t, J = 7.60 Hz, 2H), 1.79 (quint, J = 7.60 Hz, 2H), 
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1.43 (sext, J = 7.60 Hz, 2H), 0.98 ppm (t, J = 7.20 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 193.6, 144.5, 133.3, 131.6, 128.0, 

39.1, 26.9, 22.5, 13.9 ppm.  

 

Isochroman-1-one (4f): Following the general procedure A, 4f was isolated as a yellow liquid (27.6 mg, 75%), known 

compound. The NMR spectroscopic data agree with those described in ref.[S24]. 1H NMR (400 MHz, CDCl3): δ 8.12 (d, J = 8.0 

Hz, 1H), 7.56 (td, J = 7.60, 1.20 Hz, 1H), 7.41 (t, J = 7.60 Hz, 1H), 7.28 (d, J = 7.60 Hz, 1H), 4.56 (t, J = 6.0 Hz, 2H), 3.08 

ppm (t, J = 6.0 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 165.1, 139.5, 133.6, 130.4, 127.7, 127.2, 125.3, 67.3, 27.8 ppm. 

 

Phenyl benzoate (4g): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 4g was isolated as a 

white solid (35.5 mg, 72%), known compound. The NMR spectroscopic data agree with those described in ref.[S25]. 1H NMR 

(400 MHz, CDCl3): δ 8.26 (dd, J = 8.40, 1.20 Hz, 2H), 7.68 (tt, J = 7.20, 1.20 Hz, 1H), 7.55 (t, J = 8.0 Hz, 2H), 7.48 (t, J = 8.4 

Hz, 2H), 7.34 - 7.30 (m, 1H), 7.27 ppm (d, J = 8.40 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 165.1, 150.9, 133.5, 130.1, 129.5, 

129.4, 128.5, 125.8, 121.6 ppm; mp: 69.4 - 70.5 ℃. 

 

(4-Formylphenyl)boronic acid (6a): Following the general procedure B, 6a was isolated as a white solid (30.8 mg, 82%), 

known compound. The NMR spectroscopic data agree those described in ref.[26]. 1H NMR (400 MHz, acetone-d6): δ 10.08 (s, 1 

H), 8.06 (d, J = 8.1 Hz, 2 H), 7.90 (d, J = 8.1 Hz, 2 H), 7.46 ppm (s, 2 H); 13C NMR (100 MHz, acetone-d6): δ 193.3, 138.8, 

135.5, 129.2; 11B NMR (128 MHz, acetone-d6): δ 28.5 ppm; Mp: 202.1-203.0 ℃. 

 

(3-Formylphenyl)boronic acid (6b): Following the general procedure B, 6b was isolated as a white solid (29.6 mg, 79%), 

known compound (CAS: 87199-16-4). 1H NMR (400 MHz, acetone-d6): δ 10.07 (s, 1 H), 8.40 (s, 1 H), 8.17 (dt, J = 7.4, 1.2 

Hz, 1 H), 7.97 (dt, J = 7.7, 1.5 Hz, 1 H), 7.59 (t, J = 7.5 Hz, 1 H), 7.44 ppm (s, 2 H); 13C NMR (100 MHz, acetone-d6): δ 193.3, 

140.8, 137.0, 136.4, 131.8, 129.2; 11B NMR (128 MHz, acetone-d6): δ 28.6 ppm; Mp: 168.9-169.7 ℃. 

 

(2-Formylphenyl)boronic acid (6c): Following the general procedure B, 6c was isolated as a white solid (31.5 mg, 84%), 
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known compound. The NMR spectroscopic data agree those described in ref.[26]. 1H NMR (400 MHz, acetone-d6): δ 10.21 (s, 1 

H), 7.97 (dd, J = 7.2, 1.6 Hz, 1 H), 7.89 (dd, J = 7.2, 1.6 Hz, 1 H), 7.73 (s, 2 H), 7.68-7.60 ppm (m, 1 H); 13C NMR (100 MHz, 

acetone-d6): δ 196.3, 141.1, 135.8, 134.0, 132.7, 130.5; 11B NMR (128 MHz, acetone-d6): δ 29.5 ppm; Mp: 112.7-113.5 ℃. 

 

(3-Formyl-5-methylphenyl)boronic acid (6d): Following the general procedure B, 6d was isolated as a white solid (33.2 mg, 

81%), known compound (CAS: 870777-33-6). 1H NMR (400 MHz, acetone-d6): δ 10.02 (s, 1 H), 8.19 (s, 1 H), 7.99 (s, 1 H), 

7.76 (s, 1H), 7.39 (s, 2 H), 2.43 ppm (s, 3 H); 13C NMR (100 MHz, acetone-d6): δ 193.4, 141.7, 138.7, 137.2, 133.9, 132.0, 

29.3; 11B NMR (128 MHz, acetone-d6): δ 28.9 ppm; Mp: 215.4-216.3 ℃. 

 

(2-Formyl-6-methylphenyl)boronic acid (6e): Following the general procedure B, 6e was isolated as a yellow solid (32.0 mg, 

78%), unknown compound. 1H NMR (400 MHz, acetone-d6): δ 9.98 (s, 1 H), 7.67 (dd, J = 6.9, 1.0 Hz, 1 H), 7.44-7.38 (m, 2 

H), 7.09 (s, 2 H), 2.42 ppm(s, 3 H); 13C NMR (100 MHz, acetone-d6): δ 194.1, 141.2, 139.9, 135.4, 129.3, 128.9, 21.5 ppm; 

HRMS (ESI) calcd. for C8H9BO3Na+ [M + Na+] m/z 187.05370, found m/z 187.05315; IR (KBr, cm-1): νmax 3312, 2964, 2918, 

2854, 1683, 1601, 1535, 1345, 784; 11B NMR (128 MHz, acetone-d6): δ 30.5 ppm; Mp: 103.2-104.1 ℃. 

 

(4-Formyl-2,6-dimethylphenyl)boronic acid (6f): Following the general procedure B, 6f was isolated as a white solid (32.1 

mg, 72%), known compound (CAS: 1228829-13-7). 1H NMR (400 MHz, acetone-d6): δ 9.93 (s, 1 H), 7.50 (s, 2 H), 7.45 (s, 2 

H), 2.41 ppm (s, 6 H); 13C NMR (100 MHz, acetone-d6): δ 193.2, 140.8, 137.3, 127.6, 22.0; 11B NMR (128 MHz, acetone-d6): 

δ 30.7 ppm; Mp: 106.4-107.3 ℃. 

CHO(HO)2B

H3CO  

(5-Formyl-2-methoxyphenyl)boronic acid (6g): Following the general procedure B, 6g was isolated as a yellow solid (34.2 

mg, 76%), known compound. The NMR spectroscopic data agree those described in ref.[27]. 1H NMR (400 MHz, acetone-d6): δ 

9.94 (s, 1 H), 8.35 (d, J = 2.2 Hz, 1 H), 8.0 (dd, J = 8.8, 2.2 Hz, 1 H), 7.24 (d, J = 8.8 Hz, 1 H), 7.15 (s, 2 H), 4.05 ppm (s, 3 H); 

13C NMR (100 MHz, acetone-d6): δ 191.6, 170.0, 139.6, 134.9, 131.0, 111.7, 56.6; 11B NMR (128 MHz, acetone-d6): δ 28.6 
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ppm; Mp: 125.6-126.5 ℃. 

 

(4-Chloro-2-formylphenyl)boronic acid (6h): Following the general procedure B, 6h was isolated as a white solid (34.1 mg, 

74%), known compound (CAS: 913835-76-4). 1H NMR (400 MHz, acetone-d6): δ 10.29 (s, 1 H), 7.93 (d, J = 2.2 Hz, 1 H), 

7.86 (d, J = 8.0 Hz, 1 H), 7.76 (s, 2H), 7.67 ppm (dd, J = 8.0, 2.2 Hz, 1 H); 13C NMR (100 MHz, acetone-d6): δ 194.5, 142.9, 

137.3, 136.2, 133.5, 130.5; 11B NMR (128 MHz, acetone-d6): δ 29.4 ppm; Mp: 120.1-121.0 ℃. 

 

(5-Chloro-2-formylphenyl)boronic acid (6i): Following the general procedure B, 6i was isolated as a yellow solid (34.5 mg, 

75%), known compound (CAS: 870238-36-1). 1H NMR (400 MHz, acetone-d6): δ 10.22 (s, 1 H), 7.97 (d, J = 8.2 Hz, 1 H), 

7.82 (s, 2 H), 7.81 (d, J = 2.2 Hz, 1 H), 7.64 ppm (dd, J = 8.2, 2.2 Hz, 1 H); 13C NMR (100 MHz, acetone-d6): δ 194.7, 140.1, 

139.5, 135.2, 133.8, 130.4; 11B NMR (128 MHz, acetone-d6): δ 29.1 ppm, Mp: 117.3-178.2 ℃. 

 

(4-Chloro-3-formylphenyl)boronic acid (6j): Following the general procedure B, 6j was isolated as a yellow solid (35.5 mg, 

77%), unknown compound. 1H NMR (400 MHz, acetone-d6): δ 10.47 (s, 1 H), 8.37 (d, J = 1.7 Hz, 1 H), 8.10 (dd, J = 8.0, 1.7 

Hz, 1 H), 7.57 (d, J = 8.0 Hz, 1 H), 7.57 (s, 2 H); 13C NMR (100 MHz, acetone-d6): δ 190.2, 141.8, 139.9, 136.1, 132.7, 130.8; 

11B NMR (128 MHz, acetone-d6): δ 28.2 ppm; HRMS (ESI) calcd. for C7H6BClO3Na+ [M + Na+] m/z 206.99907, found m/z 

206.99994; IR (KBr, cm-1): νmax 3566, 2924, 2853, 1697, 1591, 1507, 1339, 749; Mp: 98.7-99.6 ℃. 

CHO

F(HO)2B

Br
 

(6-Bromo-2-fluoro-3-formylphenyl)boronic acid (6k): Following the general procedure B, 6k was isolated as a yellow solid 

(49.2 mg, 80%), known compound (CAS: 1315340-55-6). 1H NMR (400 MHz, acetone-d6): δ 10.26 (s, 1 H), 8.05 (s, 2 H), 

7.71 (d, J = 8.2 Hz, 1 H), 7.56 ppm (d, J = 8.2 Hz, 1 H); 13C NMR (100 MHz, acetone-d6): δ 187.2 (d, J = 5.8 Hz), 165.9 (d, J 

= 253.5 Hz), 132.8 (d, J = 13.3 Hz), 130.3 (d, J = 2.7 Hz), 129.5 (d, J = 3.5 Hz), 123.4 ppm (d, J = 10.9 Hz); 19F NMR (376 

MHz, acetone-d6): δ -113.4; 11B NMR (128 MHz, acetone-d6): δ 28.8 ppm; Mp: 119.5-120.4 ℃. 

 

(4-Fluoro-2-formylphenyl)boronic acid (6l): Following the general procedure B, 6l was isolated as a yellow solid (29.8 mg, 
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71%), known compound. The NMR spectroscopic data agree those described in ref.[28]. 1H NMR (400 MHz, acetone-d6): δ 

10.33 (s, 1 H), 7.95-7.92 (m, 1H), 7.75 (s, 2 H), 7.66 (dd, J = 9.6, 2.4 Hz, 1 H), 7.43 ppm (td, J = 8.8, 2.4 Hz, 1 H); 13C NMR 

(100 MHz, acetone-d6): δ 194.6 (d, J = 1.5 Hz), 164.6 (d, J = 246.8 Hz), 143.8 (d, J = 5.6 Hz), 138.2 (d, J = 7.2 Hz), 120.6 (d, 

J = 20.3 Hz), 116.8 ppm (d, J = 22.4 Hz); 19F NMR (376 MHz, acetone-d6): δ -112.7 ppm; 11B NMR (128 MHz, acetone-d6): δ 

29.2 ppm; Mp: 113.2-114.1 ℃. 

 

(2-Fluoro-4-formylphenyl)boronic acid (6m): Following the general procedure B, 6m was isolated as a yellow solid (31.9 

mg, 76%), known compound (CAS: 871126-22-6). 1H NMR (400 MHz, acetone-d6): δ 10.06 (s, 1 H), 7.92 (m, 1H), 7.75 (m, 1 

H), 7.57 (s, 2 H), 7.54 ppm (d, J = 1.2 Hz, 1 H); 13C NMR (100 MHz, acetone-d6): δ 192.1 (d, J = 2.1 Hz), 167.6 (d, J = 245.3 

Hz), 140.5 (d, J = 7.0 Hz), 137.6 (d, J = 8.8 Hz), 125.8 (d, J = 2.8 Hz), 115.4 ppm (d, J = 25.6 Hz); 19F NMR (376 MHz, 

acetone-d6): δ -105.8 ppm; 11B NMR (128 MHz, acetone-d6): δ 28.4 ppm; Mp: 141.7-142.5 ℃. 

CHO

F

(HO)2B

 

(2-Fluoro-5-formylphenyl)boronic acid (6n): Following the general procedure B, 6n was isolated as a yellow solid (33.6 mg, 

80%), known compound (CAS: 352534-79-3). 1H NMR (400 MHz, acetone-d6): δ 10.03 (s, 1 H), 8.31 (dd, J = 6.0, 2.4 Hz, 1 

H), 8.03 (m, 1 H), 7.53 (s, 2 H), 7.29 ppm (t, J = 8.9 Hz, 1 H); 13C NMR (100 MHz, acetone-d6): δ 191.7, 171.0 (d, J = 253.1 

Hz), 139.5 (d, J = 10.7 Hz), 134.3 (d, J = 10.8 Hz), 133.9 (d, J = 2.7 Hz), 116.9 ppm (d, J = 26.1 Hz); 19F NMR (376 MHz, 

acetone-d6): δ -97.1 ppm; 11B NMR (128 MHz, acetone-d6): δ 28.0 ppm; Mp: 147.2-148.1 ℃. 

 

(3-Fluoro-4-formylphenyl)boronic acid (6o): Following the general procedure B, 6o was isolated as a yellow solid (30.7 mg, 

73%), known compound. (CAS: 248270-25-9). 1H NMR (400 MHz, acetone-d6): δ 10.36 (s, 1 H), 7.83 (m, 2 H), 7.69 (d, J = 

11.4 Hz, 1 H), 7.63 ppm (s, 2 H); 13C NMR (100 MHz, acetone-d6): δ 187.7 (d, J = 6.1 Hz), 166.7 (d, J = 258.1 Hz), 143.3 (d, J 

= 9.4 Hz), 136.1 (d, J = 1.7 Hz), 124.5 (d, J = 7.1 Hz), 116.6 ppm (d, J = 19.4 Hz); 19F NMR (376 MHz, acetone-d6): δ -125.2 

ppm; 11B NMR (128 MHz, acetone-d6): δ 27.8 ppm; Mp: 203.1-204.0 ℃. 

 

(4-Fluoro-3-formylphenyl)boronic acid (6p): Following the general procedure B, 6p was isolated as a yellow solid (28.6 mg, 

68%), known compound (CAS: 374538-01-9). 1H NMR (400 MHz, acetone-d6): δ 10.34 (s, 1 H), 8.36 (m, 1 H), 8.19 (m, 1 H), 
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7.47 (s, 2 H), 7.30 ppm (m, 1 H); 13C NMR (100 MHz, acetone-d6): δ 187.9 (d, J = 6.1 Hz), 166.7 (d, J = 258.1 Hz), 143.3 (d, J 

= 9.3 Hz), 136.1 (d, J = 1.8 Hz), 124.5 (d, J = 7.1 Hz), 116.6 ppm (d, J = 19.3 Hz); 19F NMR (376 MHz, acetone-d6): δ -121.2 

ppm; 11B NMR (128 MHz, acetone-d6): δ 28.1 ppm; Mp: 132.1-134.2 ℃. 

 

(4-Formylnaphthalen-1-yl)boronic acid (6q): Following the general procedure B, 6q was isolated as a yellow solid (30.0 mg, 

60%), known compound. The NMR spectroscopic data agree those described in ref.[29]. 1H NMR (400 MHz, acetone-d6): δ 

10.43 (s, 1 H), 9.28 (d, J = 8.4 Hz, 1 H), 8.54 (d, J = 8.4 Hz, 1 H), 8.10 (d, J = 7.0 Hz, 1 H), 8.01 (d, J = 7.0 Hz, 1 H), 7,78 (s, 2 

H), 7.66 ppm (m, 2 H); 13C NMR (100 MHz, acetone-d6): δ 194.6, 137.1, 136.4, 132.9, 131.6, 130.9, 130.3, 129.0, 127.4, 

125.6;  11B NMR (128 MHz, acetone-d6): δ 29.9 ppm; Mp: 199.7-200.6 ℃. 

 

(5-Formylthiophen-2-yl)boronic acid (6r): Following the general procedure B, 6r was isolated as a yellow solid (29.6 mg, 

76%), known compound. The NMR spectroscopic data agree those described in ref.[26]. 1H NMR (400 MHz, acetone-d6): δ 

10.01 (s, 1 H), 7.96 (d, J = 3.6 Hz, 1 H), 7.77 (d, J = 3.6 Hz, 1 H), 7.74 ppm (s, 2 H); 13C NMR (100 MHz, acetone-d6): δ 

184.2, 149.3, 137.8, 137.1; 11B NMR (128 MHz, acetone-d6): δ 26.6 ppm; Mp: 115.8.1-116.8 ℃. 

 

 

        1        :          1 

(4-Formyl-3-methylphenyl)boronic acid and (3-formyl-4-methylphenyl)boronic acid (6s:6s' = 1:1): Following the general 

procedure B, 6s and 6s' were isolated as a white solid (30.4 mg, 74%, 1:1 mixture), known compound (CAS: 398151-59-2 and 

1106869-99-1). 1H NMR (400 MHz, acetone-d6): δ 10.31 (s, 1 H), 10.29 (s, 1 H), 8.31 (s, 1 H), 8.00 (dd, J = 7.5, 1.2 Hz, 1 H), 

7.87 (d, J = 7.6 Hz, 1 H), 7.80 (m, 2 H), 7.42 (s, 2 H), 7.36 (s, 2 H), 7.33 (d, J = 7.6 Hz, 1 H), 2.67 (s, 3 H), 2.66 ppm (s, 3 H); 

13C NMR (100 MHz, acetone-d6): δ 193.8, 193.6, 143.1, 140.0, 139.6, 139.0, 138.3, 136.4, 134.7, 132.7, 131.9, 131.3, 19.8, 

19.6; 11B NMR (128 MHz, acetone-d6): δ 28.8, 28.3 ppm; Mp: 178.1-179.0 ℃. 

 

(4-Acetylphenyl)boronic acid (6u): Following the general procedure B, 6u was isolated as a yellow solid (36.5 mg, 89%), 
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known compound. The NMR spectroscopic data agree those described in ref.[30]. 1H NMR (400 MHz, acetone-d6): δ 7.99 (d, J 

= 8.4 Hz, 2 H), 7.95 (d, J = 8.4 Hz, 2 H), 7.40 (s, 2 H), 2.59 ppm (s, 3 H); 13C NMR (100 MHz, acetone-d6): δ 198.3, 139.4, 

135.1, 127.9, 26.8; 11B NMR (128 MHz, acetone-d6): δ 28.7ppm; Mp: 222.5-223.3 ℃. 

 

(4-Pentanoylphenyl)boronic acid (6v): Following the general procedure B, 6v was isolated as a yellow solid (37.1 mg, 72%), 

known compound (CAS: 1106837-79-9). 1H NMR (400 MHz, acetone-d6): δ 7.99 (d, J = 8.4 Hz, 2 H), 7.96 (d, J = 8.4 Hz, 2 

H), 7,37 (s, 2 H), 3.03 (t, J = 7.2 Hz, 2 H), 1.68 (quint, J = 7.3 Hz, 2 H), 1.41 (sext, J = 7.4 Hz, 2 H), 0.94 ppm (t, J = 7.4 Hz, 3 

H); 13C NMR (100 MHz, acetone-d6): δ 200.6, 139.5, 135.1, 127.7, 38.8, 27.1, 23.0, 14.2; 11B NMR (128 MHz, acetone-d6): δ 

28.7 ppm; Mp: 91.1-92.0 ℃. 

 

(4-Formyl-2-methylphenyl)boronic acid (6w): Following the general procedure B, 6w was isolated as a white solid (20.5 mg, 

50%), known compound (CAS: 156428-81-8). 1H NMR (400 MHz, acetone-d6): δ 10.18 (s, 1 H), 7.86 (d, J = 7.6 Hz, 1 H), 

7.84 (s, 2 H), 7.79 (s, 1 H), 7.49 (d, J = 7.6 Hz, 1 H), 2.43 ppm (s, 3 H); 13C NMR (100 MHz, acetone-d6): δ 197.0, 141.3, 

140.8, 136.6, 134.8, 133.9, 21.1; 11B NMR (128 MHz, acetone-d6): δ 29.8 ppm; Mp: 70.3-71.2 ℃. 

 

1-O-(4’-Formylphenyl)-β-D-tetraacetylglucoside (8a): Following the general procedure A, 8a was isolated as a yellow oil 

(47.2 mg, 42%), unknown compound. 1H NMR (400 MHz, CDCl3): δ 9.94 (s, 1H), 7.87 (d, J = 8.80 Hz, 2H), 7.11 (d, J = 8.80 

Hz, 2H), 5.36 - 5.30 (m, 2H), 5.24 - 5.17 (m, 2H), 4.28 (d, J = 5.6 Hz, 1H), 4.21 - 4.18 (m, 1H), 3.97 - 3.92 (m, 1H), 2.08 (s, 

3H), 2.07(s, 3H), 2.071(s, 3H), 2.06 ppm (s, 3H); 13C NMR (100 MHz, CDCl3): δ 190.7, 170.5, 170.2, 169.4, 169.2, 161.2, 

131.8, 131.7, 116.7, 98.0, 71.5, 72.3, 70.9, 68.1, 61.8, 20.6, 20.5, 20.5, 20.5 ppm; HRMS (ESI) calcd. for [M + Na]+ m/z 

475.1211, found m/z 475.1239; IR (KBr, cm-1): νmax 2970, 2846, 1747, 1595, 1389, 1237, 1039, 843, 619 cm-1. 

 



14 
 

1-O-(2’-Methoxy-4’-formylphenyl)-β-D-tetraacetylglucoside (8b): Following the general procedure A, 8b was isolated as a 

white solid (65.0 mg, 54%), unknown compound. 1H NMR (400 MHz, CDCl3): δ 9.85 (s, 1H), 7.39 (dd, J = 8.40, 1.60 Hz, 1H), 

7.38 (d, J = 1.60 Hz, 1H), 7.20 (d, J = 8.40 Hz, 1H), 5.31 - 5.26 (m, 2H), 5.18 - 5.08 (m, 2H), 4.25 (dd, J = 12.40, 5.2 Hz, 1H), 

4.16 (d, J = 12.40 Hz, 1H), 3.86 (s, 3H), 3.82 (m, 1H), 2.05 (s, 3H), 2.04 (s, 3H), 2.02 (s, 3H), 2.021 ppm (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 190.8, 170.4, 170.1, 169.3, 169.1, 151.0, 150.9, 132.7, 125.3, 118.1, 110.7, 99.6, 72.3, 72.2, 70.9, 68.2, 

61.8, 56.0, 20.6, 20.5, 20.5, 20.4 ppm; HRMS (ESI) calcd. for [M + Na]+ m/z 505.1400, found m/z 505.1317; IR (KBr, cm-1): 

νmax 2970, 2880, 1763, 1585, 1379, 1209, 1049, 905, 727 cm-1; mp: 92.2 - 94.5 ℃. 

 

(1S,4aS,10aR)-7-acetyl-1,4a-dimethyl-9-oxo-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylic acid (8c): 

Following the general procedure A, 8c was isolated as colorless oil (51.0 mg, 65%), known compound. The NMR 

spectroscopic data agree with those described in ref.[S31]. 1H NMR (400 MHz, CDCl3): δ 7.89 (s, 1H), 7.43 (d, J = 8.15 Hz, 1H), 

7.31 (d, J = 8.15 Hz, 1H), 2.94 (hept, J = 6.80 Hz, 1H), 2.81 - 2.59 (m, 2H), 2.50 (d, J = 15.20 Hz, 1H), 2.39 (d, J = 12.80 Hz, 

1H), 1.88 - 1.80 (m, 4H), 1.70 - 1.65 (m, 1H), 1.36 (s, 3H), 1.28 (s, 3H), 1.25 ppm (d, J = 6.80 Hz, 6H); 13C NMR (100 MHz, 

CDCl3): δ 198.9, 183.3, 152.9, 146.9, 132.7, 130.5, 125.1, 123.5, 46.3, 43.5, 37.7, 37.2, 36.9, 36.4, 33.6, 23.8, 23.7, 23.6, 18.0, 

16.1 ppm; mp: 182.6 - 184.5 ℃. 

 

(10S,13S)-10,13-dimethyl-17-oxohexadecahydro-1H-cyclopenta[a]phenanthren-3-yl-2-(4-formylphenyl)propanoate 

(8d): Following the general procedure A, 8d was isolated as colorless oil (67.5 mg, 60%), unknown compound. 1H NMR (400 

MHz, CDCl3): δ 9.99 (s, 1H), 7.84 (d, J = 8.18 Hz, 2H), 7.46 (d, J = 8.18 Hz, 2H), 4.70 (m, 1H), 3.75 (q, J = 7.20 Hz, 1H), 

2.43 (dd, J = 19.20 Hz, 8.80 Hz, 1H), 2.10 - 2.01 (m, 1H), 1.95 - 1.88 (m, 1H), 1.79 - 1.75 (m, 3H), 1.70 - 1.66 (m, 2H), 1.63 - 

1.57 (m, 2H), 1.51 (d, J = 7.20 Hz, 3H), 1.48 - 1.42 (m, 2H), 1.31 - 1.27 (m, 6H), 1.18 - 1.15 (m, 1H), 1.06 - 0.93 (m, 2H), 0.85 

(s, 3H), 0.81 (s, 3H), 0.72 - 0.66 ppm (m, 1H); 13C NMR (100 MHz, CDCl3): δ 221.7, 192.4, 173.4, 135.3, 130.0, 128.2, 125.0, 

74.2, 54.3, 51.3, 47.8, 45.9, 44.6, 36.7, 35.8, 35.6, 34.9, 33.8, 31.5, 30.7, 28.2, 27.1, 21.7, 20.5, 18.4, 13.9, 12.2 ppm; HRMS 

(ESI) calcd. for [M + Na]+ m/z 473.2662, found m/z 473.2677; IR (KBr, cm-1): νmax 2898, 2836, 1629, 1397, 1129, 843, 681 

cm-1. 

 

5-(2-Formyl-5-methylphenoxy)-2,2-dimethylpentanoic acid (8e): Following the general procedure A, 8e was isolated as 
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light yellow oil (60.5 mg, 92%). known compound. The NMR spectroscopic data agree with those described in ref.[S32]. 1H 

NMR (400 MHz, CDCl3): δ 10.43 (s, 1H), 7.72 (d, J = 7.6 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.74 (s, 1H), 4.05 (t, J = 6.0 Hz, 

2H), 2.38 (s, 3H), 1.86-1.82 (m, 2H), 1.77-1.73 (m, 2H), 1.26 ppm (s, 6H); 13C NMR (100 MHz, CDCl3): δ 189.6, 183.6, 161.4, 

147.4, 128.2, 122.5, 121.6, 112.9, 68.4, 41.9, 36.6, 25.0, 24.9, 22.3 ppm. According to analysis of the 1H NMR spectroscopy, 

the regioselectivity of 8e is more than 95%. 

 

(R)-4-Formylphenyl-4-((3R,5S,7R,8R,9S,10S,12S,13R,14S,17R)-3,7,12-trihydroxy-10,13-dimethylhexadecahydro-1H-cy

clopenta[a]phenanthren-17-yl)pentanoate (8f): Following the general procedure A, 8f was isolated as a white solid (70.3 

mg, 55%), unknown compound. 1H NMR (400 MHz, CDCl3): δ 9.97 (s, 1H), 7.91 (d, J = 8.20 Hz, 2H), 7.26 (d, J = 8.20 Hz, 

2H), 3.96 (s, 1H), 3.83 (s, 1H), 3.56 (s, 3H), 3.43 (s, 1H), 2.67 - 2.47 (m, 2H), 2.24 (m, 2H), 2.03 - 1.24 (m, 20H), 1.10 - 0.95 

(m, 3H), 0.87 (s, 3H), 0.68 ppm (s, 3H); 13C NMR (100 MHz, CDCl3): δ 190.9, 172.0, 155.4, 133.7, 131.1, 122.2, 99.9, 72.9, 

71.7, 68.3, 46.8, 46.3, 41.5, 41.4, 39.3, 39.2, 35.2, 34.7, 34.6, 31.3, 30.7, 30.2, 28.1, 27.5, 26.2, 23.1, 22.3, 17.2, 12.4 ppm; 

HRMS (ESI) calcd. for [M + Na]+ m/z 535.3030, found m/z 535.3048; IR (KBr, cm-1): νmax 3426, 2934, 1629, 1407, 1111, 735 

cm-1; mp: 207.2 - 208.5 ℃. 

 

3-Methoxy-4-methylphenyl((R)-2,5,7,8-tetramethyl-4-oxo-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl) succinate 

(8g): Following the general procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 8g was isolated asawhite solid (94.5 mg, 

57%), unknown compound. 1H NMR (400 MHz, CDCl3): δ 6.90 (d, J = 8.0 Hz, 1H), 6.77 (s, 1H), 6.73 (d, J = 8.0 Hz, 1H), 

3.79 (s, 3H), 3.05 (m, 6H), 2.39 (s, 3H), 2.34 (s, 3H), 2.13 (s, 3H), 2.08 (s, 3H), 2.02 (m, 2H), 1.52 (m, 2H), 1.36 (s, 4H), 1.26 

(m, 12H), 1.15 (m, 4H), 0.86 ppm (d, J = 6.6 Hz, 12H) ; 13C NMR (100 MHz, CDCl3): δ 194.5, 192.5, 170.6, 170.5, 156.4, 

150.5, 141.6, 137.0, 136.9, 129.9, 128.9, 124.3, 123.6, 122.3, 121.2, 113.3, 80.1, 55.8, 39.4, 37.4, 37.3, 37.1, 32.8, 29.8, 29.6, 

29.3, 28.84, 28.82, 28.0, 27.2, 25.5, 24.8, 24.4, 22.7, 22.6, 21.4, 19.7, 19.6, 14.1, 14.0, 13.9, 12.1 ppm; HRMS (ESI) calcd. for 

C41H61O7
+ [M+H]+ 

m/z 665.44118, found m/z 665.44110; IR (KBr, cm-1): νmax 3566, 2922, 2850, 1760, 1681, 1646, 1507, 1457, 

1417, 1374, 1287, 1269, 1201, 1131, 768; mp: 121-122℃. 
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(2R)-2,5,7,8-Tetramethyl-4-oxo-2-((4R)-4,8,12-trimethyltridecyl)chroman-6-ylnicotinate (8h): Following the general 

procedure A except with K2S2O8 (204.9 mg, 0.75 mmol), 6g was isolated as a brown solid (52.1 mg, 38%), unknown 

compound. 1H NMR (400 MHz, CDCl3) δ: 9.48 (s, 1H), 8.93 (d, J = 4.0 H, 1H), 8.65 (d, J = 8.0 Hz, 1H), 7.67-7.64 (m, 1H), 

2.77 (t, J = 14.2 Hz, 1H), 2.61 (t, J = 15.4 Hz, 1H), 2.43 (s, 3H), 2.17 (s, 3H), 2.12 (s, 3H), 1.55-1.46 (m, 2H), 1.40-1.25 (m, 

16H),1.15-1.07 (m, 6H), 0.87-0.83 ppm (m, 12H); 13C NMR (100 MHz, CDCl3) δ: 194.4, 162.6, 156.7, 151.5, 148.9, 141.2, 

140.1, 136.5, 128.8, 126.2, 124.72, 124.65, 116.9, 80.3, 39.3, 37.4, 37.3, 32.8, 32.6, 28.0, 24.8, 24.4, 23.6, 22.7, 22.6, 21.0, 

19.73, 19.66, 19.59, 19.57, 19.52, 19.50, 14.12, 14.03, 12.2 ppm; IR (KBr): 3364, 2922, 2850, 1744, 1682, 1645, 1591, 1460, 

1418, 1378, 1266, 1098, 736; HRMS (ESI) m/z calcd for C35H51NO4
+ (M+H)+ 550.3891, found 550.3895; mp: 101.3-102.2℃. 

 

(3-((4-Oxo-4-(((R)-2,5,7,8-tetramethyl-4-oxo-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl)oxy)butanoyl)oxy)pheny

l)boronic acid (8i): Following the general procedure B except with O2 (1 atm) as the atmosphere and 90 oC as the reaction 

temperature, 8i was isolated as a yellow solid (79.7 mg, 48%), unknown compound. 1H NMR (400 MHz, acetone-d6): δ 7.75 (d, 

J = 7.4 Hz, 1 H), 7.57 (s, 1 H), 7.39 (t, J = 8.0 Hz, 1 H), 7.30 (s, 2 H), 7.16 (d, J = 8.0 Hz, 1 H), 3.08 (m, 6 H), 2.37 (s, 3 H), 

2.16 (s, 3 H), 2.10 (s, 3 H), 2.0 (m, 1 H), 1.96 (m, 1 H), 1.52 (m, 2 H), 1.39 (s, 4 H), 1.32 (m, 11 H), 1.15 (m, 5 H), 0,87 (m, 12 

H); 13C NMR (100 MHz, acetonitrile-d3): δ 195.1, 172.3, 172.0, 157.0, 151.4, 142.7, 138.0, 132.4, 129.9, 129.6, 127.8, 126.4, 

125.3, 124.7, 81.1, 40.0, 38.0, 37.9, 33.5, 30.3, 29.9, 29.8, 29.5, 29.4, 28.7, 25.5, 25.0, 23.0, 22.9, 20.1, 20.0, 14.3, 14.2, 12.3; 

11B NMR (128 MHz, acetone-d6): δ 28.5 ppm; HRMS (ESI) calcd. for C39H58BO8H
+ [M + H+] m/z 665.42193, found m/z 

665.42145; IR (KBr, cm-1): νmax 3446, 2926, 2867, 1759, 1682, 1601, 1575, 1456, 1428, 1361, 1134, 905, 771, 731, 706, 583; 

Mp: 102.3-103.1 ℃. 
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(3-((2-(4-(4-Chlorobenzoyl)phenoxy)-2-methylpropanoyl)oxy)-5-formylphenyl)boronic acid (8j). The reaction was 

conducted under the normal conditions as the general procedure B except with O2 (1 atm) as the atmosphere and 90 oC as the 

reaction temperature to provide the title product in 40% yield. During work-up and purification, we observed the product was 

decomposed easily on silica gel. Therefore, the yield of the product was determined by 1 H NMR using nitromethane as an 

internal standard. And the characterization of the product was analyzed by HRMS shown in the following Figure 1. 

 

                       Supplementary Figure 1. HRMS of 8j. 

5 mmol-Scale synthesis of 2e and 6a 

For 2e: A 100-ml flask was charged with Ferrocene (94.9 mg, 0.5 mmol), Fe(II)Pc (29.6 mg, 0.05 mmol), K2S2O8 (1.38 g, 5 

mmol), 1e (0.9 mL, 5 mmol), MeCN (7.5 mL), H2O (7.5 mL), and PMHS (3.4 mL, 15 mmol) before standard three cycles of 

evacuation and back-filling with dry and pure oxygen. The mixture was stirred under 80℃ and 1 atm of O2 for 3 h. Then 10 

mL ammonia water was added into the mixture with vigorous stirring at room temperature. The reaction mixture was extracted 

with diethyl ether (3 × 15 ml). The organic phases were combined and evaporated under reduced pressure. The residue was 

purified by column chromatography (Petroleum ether/ diethyl ether) on silica gel to afford 0.718g (90%) of the title compound 

as colorless liquid. 

 

For 6a: A reaction of FeCl2 (64 mg, 0.5 mmol), K2S2O8 (1.38 g, 5 mmol), TBAB (814 mg, 2.5 mmol), 4-tolylboronic acid 5a 

(700.8 mg, 5.0 mmol), and PMHS (3.4 mL, 15 mmol) in MeCN (7.5 mL) and H2O (7.5 mL) was carried out in O2 atmosphere 

at 80 °C for 12 h. After the mixture was cooled to room temperature, the reaction mixture was diluted with 25 mL brine and 

extracted with ethyl acetate (3 × 25 mL). The organic phases were combined and concentrated to give the crude product. The 
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residue was purified by column chromatography (Petroleum ether/ethyl acetate) on silica gel to afford 

(4-formylphenyl)boronic acid 6a in 79% yield (0.593 g) 

Supplementary Tables 

Supplementary Table 1. Conditional optimization for iron-catalyzed oxidation of toluene (1a). 

 

Entry [Fe] [H] [O] Solvent % yield (2a/2A) 

1 Fe(acac)2 PMHS K2S2O8 CH3CN    4/1 

2  Fe(acac)2 PMHS K2S2O8 CH3CN/H2O 81/3 

3  Fe(acac)2 PMHS K2S2O8 Dioxane/H2O 5/- 

4  Fe(acac)2 PMHS K2S2O8 DCE/H2O 36/5 

5  Fe(acac)2 PMHS K2S2O8 DMF/H2O -/- 

10 - PMHS K2S2O8 CH3CN/H2O 4/- 

11 Fe(acac)2 - K2S2O8 CH3CN/H2O 16/10 

12 Fe(acac)2 (EtO)3SiH K2S2O8 CH3CN/H2O 17/2 

13 Fe(acac)2 Et3SiH K2S2O8 CH3CN/H2O 35/3 

16 Fe(acac)2 PMHS DTBP CH3CN/H2O 3/- 

17 Fe(acac)2 PMHS TBHP CH3CN/H2O 4/- 

18 Fe(acac)2 PMHS mCPBA CH3CN/H2O -/- 

19 Fe(acac)2 PMHS H2O2 CH3CN/H2O -/- 

20 Fe(acac)3 PMHS K2S2O8 CH3CN/H2O 19/3 

21 FeCl2 PMHS K2S2O8 CH3CN/H2O 27/6 

22 Fe(OAc)2 PMHS K2S2O8 CH3CN/H2O 46/4 

23 FeSO4.7H2O PMHS K2S2O8 CH3CN/H2O 61/3 

24a Fe(II)Pc PMHS K2S2O8 CH3CN/H2O 46/1 

25 Ferrocene PMHS K2S2O8 CH3CN/H2O 55/1 

26 Ferrocene/ Fe(II)Pc(1 mol%) PMHS K2S2O8 CH3CN/H2O 86/2 

26b Ferrocene/ Fe(II)Pc(1 mol%) PMHS K2S2O8 CH3CN/H2O 66/2 

27c Ferrocene/ Fe(II)Pc(1 mol%) PMHS K2S2O8 CH3CN/H2O 38/2 

28d Ferrocene/ Fe(II)Pc(1 mol%) PMHS K2S2O8 CH3CN/H2O 28/2 

29e Ferrocene/ Fe(II)Pc(1 mol%) PMHS K2S2O8 CH3CN/H2O 89/2 

28f Ferrocene/ Fe(II)Pc(1 mol%) PMHS K2S2O8 CH3CN/H2O -/- 

Reaction conditions (unless otherwise noted): 1a (0.25 mmol), [Fe] (0.025 mmol), oxidant (0.25 mmol), [H] (3 equiv),  

solvent/H2O= 1mL:1mL, 80 , ℃ 3 h, and air. Yields were determined by 1HNMR using chlorobenzene as the internal standard.  

a Fe(II)Pc: Fe(II)phthalocyanine. b Ferrocene 5 mol%. c PMHS (2 equiv). d 50℃. e Performed under O2. 
f Performed under N2. 
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Supplementary Table 2. Optimization studies for iron-catalyzed oxidation of 4-methylphenylboronic acid (5a).a 

 

Entry [Fe] [O] [H] Additive Solvent 
Yield of 

6a/6a‘/6a‘‘ (%)b 

1 FeCl2 K2S2O8 PMHS - MeCN/H2O 74/4/4 

2 FeCl3 K2S2O8 PMHS - MeCN/H2O 52/2/5 

3 Ferrocene K2S2O8 PMHS - MeCN/H2O 44/7/8 

4 Fe(acac)2 K2S2O8 PMHS - MeCN/H2O 71/4/6 

5 FePc K2S2O8 PMHS - MeCN/H2O 57/2/5 

6 - K2S2O8 PMHS - MeCN/H2O 22/3/5 

7 FeCl2 - PMHS -- MeCN/H2O 5/0/0 

8 FeCl2 K2S2O8 - - MeCN/H2O 40/17/5 

9 FeCl2 (NH4)2S2O8 PMHS - MeCN/H2O 71/2/3 

10 FeCl2 Oxone PMHS - MeCN/H2O 5/0/64 

11 FeCl2 H2O2 PMHS - MeCN/H2O 25/0/4 

12 FeCl2 DTBP PMHS - MeCN/H2O 42/1/1 

13 FeCl2 K2S2O8 (EtO)3SiH - MeCN/H2O 45/0/2 

14 FeCl2 K2S2O8 TMDSO - MeCN/H2O 73/5/2 

15 FeCl2 K2S2O8 DEMS - MeCN/H2O 55/2/3 

16 FeCl2 K2S2O8 PhSiH3 - MeCN/H2O 62/1/3 

17 FeCl2 K2S2O8 Et3SiH - MeCN/H2O 68/6/4 

18 FeCl2 K2S2O8 PMHS - H2O 10/0/25 

19 FeCl2 K2S2O8 PMHS - MeCN 0/0/0 

20 FeCl2 K2S2O8 PMHS - tBuOH/H2O 71/5/4 

21 FeCl2 K2S2O8 PMHS - DMSO/H2O Trace 

22 FeCl2 K2S2O8 PMHS - CH2Cl2/H2O 26/2/16 

23 FeCl2 K2S2O8 PMHS TBAB MeCN/H2O 83(75)c(82)d/2/2 

24 
Ferrocene/ 

Fe(II)Pc(1 mol%) 
K2S2O8 PMHS TBAB MeCN/H2O 78/2/8 

25 FeCl2 K2S2O8 PMHS 18-Crown-6 MeCN/H2O 75/1/8 

26 FeCl2 K2S2O8 PMHS TEAB MeCN/H2O 82/2/2 

27 FeCl2 K2S2O8 PMHS HTAB MeCN/H2O 79/3/2 

a Reaction conditions (unless otherwise stated): 5a (0.25 mmol), [Fe] (10 mol%), oxidant [O] (0.25 mmol), reductant [H] (0.75 mmol), additive (0.125 mmol), 

solvent (2.0 mL), 80 oC, 12 h, and air. b Yields were determined by 1 H NMR using nitromethane as an internal standard. c TBAB (0.05 mmol). d TBAB (0.25 

mmol); HTAB (Hexadecyl trimethyl ammonium bromide); TEAB (Tetraethylammonium bromide). 
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Supplementary Table 3. Comparison of Catalyst Systems 

 

 
a 1H NMR yields with anisole as an internal standard. b A mixture of overoxidized products with a ratio of 1:2. 

Entry 1 and 4: A 25 mL flask was charged with the appropriate metal salt (0.025 mmol), Gemfibrozil (64 mg, 0.25 mmol), 

acetic acid (16 mg, 0.25mmol), DMSO (2 mL) before standard three cycles of evacuation and back-filling with dry and 

pure oxygen. The reaction mixture was stirred and heated at 100 °C during 4 h with a balloon filled with O2 through the 

septum. After cooling down to room temperature, anisole (28 µL, 0.25 mmol) was added to the reaction mixture as an 

internal standard for 1H NMR analysis of the crude material. 

Entry 2: A 25 mL flask was charged with Co(OAc)2·4H2O (0.8 mg, 0.0025 mmol), N-Hydroxyphthalimide (8.4 mg, 

0.05mmol), Gemfibrozil (64 mg, 0.25 mmol), BuOAc (2 mL) before standard cycles (three times) of evacuation and 

back-filling with dry and pure Oxygene (balloon). The reaction mixture was stirred and heated at 100 °C during 4 h with a 

balloon filled with O2 through the septum. After cooling down to room temperature, anisole (28 µL, 0.25 mmol) was added 

to the reaction mixture as an internal standard for 1H NMR analysis of the crude material. 

Entry 3: The result of entry 3 was reported by Pappo group (Angew. Chem. Int. Ed. 2017, 56, 5912). 

Entry 5: A 25 mL flask was charged with Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 mmol), 

K2S2O8 (68.4 mg, 0.25 mmol), Gemfibrozil (64 mg, 0.25 mmol), and PMHS (170 µL, 0.75 mmol) in MeCN (1.0 mL) and 

H2O (1.0 mL) were carried out in air atmosphere at 80 °C for 4 h. After cooling down to room temperature, anisole (28 µL, 

0.25 mmol) was added to the reaction mixture as an internal standard for 1H NMR analysis of the crude material. 
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Discussion 

Insight into aromatic radical cation intermediate 

 

Following the general procedure A, a reaction of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 

mmol), K2S2O8 (68.4 mg, 0.25 mmol), 1w (29 µL, 0.25 mmol), 2w (60.2 mg, 0.5 mmol), and PMHS (170 µL, 0.75 mmol) in 

MeCN/H2O (2.0 mL) were carried out in N2 atmosphere at 80 °C for 4 h. 1-(2-Methoxyphenyl)-1H-benzo[d][1,2,3]triazole and 

1-(4-methoxyphenyl)-1H-benzo [d][1,2,3]triazole (1:1) (3w and 3w‘) was isolated as a yellow solid (28.1 mg, 50%), known 

compound. The NMR spectroscopic data agree those described in ref.[33] 1H NMR (400 MHz, CDCl3): δ 8.13 (dd, J = 8.4, 

2.8Hz, 2H), 7.66 (m, 3H), 7.52 (m, 3H), 7.45 (m 2H), 7.39 (m 2H), 7.16 (m, 2H), 7.11 (d, J = 8.9 Hz, 2H), 3.90 (s, 3H), 3.80 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ 159.8, 153.6, 145.9, 145.1, 134.0, 132.6, 131.1, 129.8, 128.08, 128.06, 127.7, 125.1, 

124.6, 124.4, 124.1, 121.1, 120.0, 119.6, 114.9, 112.3, 111.2, 110.3, 55.8, 55.6ppm. This result supports formation of aromatic 

radical cation intermediate in the present catalytic system.[33] 

 

Supplementary Figure 2.
 1H NMR (400 MHz, CDCl3) of compound 3w and 3w‘ (1:1). 

N
N

N

OMe
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Supplementary Figure 3.
 13C NMR (100 MHz, CDCl3) of compound 3w and 3w‘ (1:1). 

 

Following the general procedure A, a reaction of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 

mmol), K2S2O8 (68.4 mg, 0.25 mmol), 1x ( 51.5 mg, 0.25 mmol), and PMHS (170 µL, 0.75 mmol) in MeCN/H2O (2.0 mL) 

were carried out in air atmosphere at 80 °C for 6 h. 2-(Cyclopropylmethoxy)-4-isopropylbenzaldehyde (2x) was isolated as a 

colorless liquid (39.4 mg, 72%), known compound (CAS: 1289164-41-5). 1H NMR (400 MHz, CDCl3): δ 10.49 (s, 1H), 7.76 

(d, J = 8.0 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 6.78 (s, 1H), 3.94 (d, J = 6.8 Hz, 2H), 2.91 (septuplet, J = 6.9 Hz, 1H), 1.33-1.30 

(m, 1H), 1.25 (d, J = 6.9 Hz, 6H), 0.69-0.64 (m, 2H), 0.40-0.36 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 189.7, 161.7, 158.1, 

128.3, 123.2, 119.0, 110.9, 73.2, 34.9, 23.5, 10.1, 3.1. The probe substrate (1x) containing isopropyl and methyl substitutes 

was subjected to the standard reaction conditions and give the single methyl oxidation product 2x (72%) with the 

retention of the isopropyl group. This findings rule out that sulfate radical anion may abstracts a hydrogen atom from 

alkylarene to produce the benzyl radical (Oxidation of tertiary benzylic C-H is much easier than primary benzylic C-H 
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by hydrogen atom transfer mechanism)
[34] and further support the process of SET to produce the alkylaromatic radical 

cation.[35] 

 
Supplementary Figure 4.

 1H NMR (400 MHz, CDCl3) of compound 2x. 

 
Supplementary Figure 5.

 13C NMR (100 MHz, CDCl3) of compound 2x. 
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Following the general procedure A, a reaction of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 

mmol), K2S2O8 (68.4 mg, 0.25 mmol), 1y (41 µL, 0.25 mmol), and PMHS (170 µL, 0.75 mmol) in MeCN/H2O (2.0 mL) were 

carried out in air atmosphere at 80 °C for 0.5 h. 4-Isopropylbenzaldehyde (2y) was isolated as a colorless liquid (18.5 mg, 

50%), known compound. The NMR spectroscopic data agree with those described in ref.[36]. 1H NMR (400 MHz, CDCl3): 
1H 

NMR (400 MHz, CDCl3): δ 9.97 (s, 1H), 7.81 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 2.99 (septuplet, J = 8.0 Hz, 1H), 

1.28 (d, J = 8.0 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 192.0, 156.2, 134.5, 130.0, 127.1, 34.5, 23.6. The probe substrate 

(1y) containing isopropyl and methyl substitutes was subjected to the standard reaction conditions and also give the single 

methyl oxidation product 2y (50%) with the retention of the isopropyl group. This findings also rule out that sulfate radical 

anion may abstracts a hydrogen atom from alkylarene to produce the benzyl radical (Oxidation of tertiary benzylic C-H is 

much easier than primary benzylic C-H by hydrogen atom transfer mechanism)
[34] and further support the process of SET to 

produce the alkylaromatic radical cation.[35] 

 

Supplementary Figure 6.
 1H NMR (400 MHz, CDCl3) of compound 2y. 

 

O

1H NMR (400 MHz, CDCl3)

2y
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Supplementary Figure 7.
 13C NMR (100 MHz, CDCl3) of compound 2y. 

 

Interception of radical intermediate 

Fe(acac)2 (10 mol%), K2S2O8 (0.25 equiv)

PMHS (3.0 equiv), TEMPO (3.0 equiv)

MeCN/H2O (1:1), 80 oC, O2 (1 atm), 2 h
3a

4a'

O
N (4)

 

Following the general procedure A, a reaction of Fe(acac)2 (6.4 mg, 0.025 mmol), K2S2O8 (17.1 mg, 0.063 mmol), TEMPO 

(0.75 mmol), 3a (36µL, 0.25 mmol), and PMHS (170 µL, 0.75 mmol) in MeCN/H2O (2.0 mL) were carried out in O2 

atmosphere at 80 °C for 2 h. Consequently, the oxidation process is completely inhibited and a benzyl radical intermediate is 

intercepted by TEMPO to generate 4a’ that is detected according to HRMS (ESI) analysis (Figure S1). This result supports 

formation of carbon radical intermediate. 
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Supplementary Figure 8. HRMS of 4a‘. 

Kinetic isotope effect (KIE) 

 

Following the general procedure A, we investigated the proton/deuterium KIE of the reaction. The yields were determined by 

GC/MS analysis of the crude reaction mixture using chlorobenzene as the internal standard. The value of kH/kD is 1.02 suggests 

that the cleavage of the C–H bond is not the overall turnover-limiting step. 
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The use of copper instead of PMHS as the reductant 

 

Entry 1: Following the general procedure A, a reaction of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 

0.0025 mmol), K2S2O8 (68.4 mg, 0.25 mmol), and 1e (45 µL, 0.25 mmol) in MeCN/H2O (1:1, 2.0 mL) were carried out in air 

atmosphere at 80 °C for 6 h. After cooling down to room temperature, anisole (28 µL, 0.25 mmol) was added to the reaction 

mixture as an internal standard for 1H NMR analysis of the crude material. 

Entry 3: Following the general procedure A, a reaction of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 

0.0025 mmol), K2S2O8 (68.4 mg, 0.25 mmol), copper powder (48 mg, 0.75 mmol), and 1e (45 µL, 0.25 mmol) in MeCN/H2O 

(1:1, 2.0 mL) were carried out in air atmosphere at 80 °C for 6 h. After cooling down to room temperature, the mixture was 

purified by column chromatography (Petroleum ether/ diethyl ether) on silica gel to afford 2e in 52% yield. 

Entry 4: Following the general procedure A, a reaction of K2S2O8 (68.4 mg, 0.25 mmol), copper powder (48 mg, 0.75 mmol), 

and 1e (45 µL, 0.25 mmol) in MeCN/H2O (1:1, 2.0 mL) were carried out in air atmosphere at 80 °C for 6 h. After cooling 

down to room temperature, anisole (28 µL, 0.25 mmol) was added to the reaction mixture as an internal standard for 1H NMR 

analysis of the crude material. 
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1
H NMR monitoring the reaction of 1a 

 

As per the general procedure A, three reactions of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 

mmol), K2S2O8 (68.4 mg, 0.25 mmol), 1a (28 µL, 0.25 mmol), and PMHS (170 µL, 0.75 mmol) in CD3CN (1.0 mL) and D2O 

(1.0 mL) were carried out in air atmosphere at 80 °C for 0.5 h, 2 h and 6 h, respectively, one as a control. Subsequent 1H NMR 

analysis of the reaction mixtures suggests that the intermediates 2a‘ and 2a‘‘ are absent in the reactions. 

Benzoic acid as the substrate 

 

Following the general procedure A, a reaction of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 

mmol), K2S2O8 (68.4 mg, 0.25 mmol), 2A (30.8 mg, 0.25 mmol), and PMHS (170 µL, 0.75 mmol) in MeCN (1.0 mL) and H2O 

(1.0 mL) were carried out in air atmosphere at 80 oC 3 h. As shown in equation, 100% 2A was recovered without any aldehyde 

2a, implying that the high chemoselectivity for aldehyde did not result from reduction of over-oxidized carboxylic acid. 

The effect of PMHS on the overoxidation 

 

As per the general procedure A, two reactions of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 

mmol), K2S2O8 (205 mg, 0.75 mmol), 2n (35.5 mg, 0.25 mmol) in MeCN/H2O (1:1, 2.0 mL) were carried out, one as a control. 

PMHS, 3 equiv (170 µL, 0.75 mmol) and 0 equiv, respectively, was introduced to the reactions. All reaction mixtures were 

stirred under air atmosphere at 80 °C for 6 h. As shown in equation, these two experimental observations indicate PMHS 

suppresses the overoxidation of aldehyde, suggesting that PMHS plays an important role in achieving high chemoselectivity 

for aldehydes in the present transformation. 
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+
K2S2O8 (1 equiv), MeCN (1

mL), H2O (1 mL), 80 oC, 3 h

CHO

2a (0.25 mmol)

COOH

2a 2a'

with PMHS (3.0 equiv) 82% 12%
without PMHS 55% 40%

CH3

1a (0.25 mmol)

+

Ferrocene (10 mol%)
FePc (1 mol%)

CHO

 

As per the general procedure A, two reactions of Ferrocene (4.7 mg, 0.025 mmol), Ferrous phthalocyanine (1.5 mg, 0.0025 

mmol), K2S2O8 (68.3 mg, 0.25 mmol), 1a (28 µL, 0.25 mmol), 2a (27 µL, 0.25 mmol) in MeCN/H2O (1:1, 2.0 mL) were 

carried out, one as a control. PMHS, 3 equiv (170 µL, 0.75 mmol) and 0 equiv, respectively, was introduced to the reactions. 

All reaction mixtures were stirred under air atmosphere at 80 °C for 3 h. As shown in the above equation, these two 

experimental observations indicate PMHS suppresses the overoxidation of aldehyde, further suggesting that PMHS plays an 

important role in achieving high chemoselectivity for aldehydes in the present transformation. 
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Copies of NMR spectra 

     

Supplementary Figure 9.
 1H NMR (400 MHz, CDCl3) of compound 2d. 

 

Supplementary Figure 10.
 13C NMR (100 MHz, CDCl3) of compound 2d. 
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Supplementary Figure 11.
 1H NMR (400 MHz, CDCl3) of compound 2e. 

 

Supplementary Figure 12.
 13C NMR (100 MHz, CDCl3) of compound 2e. 
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Supplementary Figure 13.
 1H NMR (400 MHz, CDCl3) of compound 2f. 

 

Supplementary Figure 14.
 13C NMR (100 MHz, CDCl3) of compound 2f. 
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Supplementary Figure 15.
 1H NMR (400 MHz, CDCl3) of compound 2g. 

 

Supplementary Figure 16.
 13C NMR (100 MHz, CDCl3) of compound 2g. 

13C NMR (100 MHz, CDCl3)
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Supplementary Figure 17.
 1H NMR (400 MHz, CDCl3) of compound 2h. 

 

Supplementary Figure 18.
 13C NMR (100 MHz, CDCl3) of compound 2h. 
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Supplementary Figure 19.
 1H NMR (400 MHz, CDCl3) of compound 2i. 

 

Supplementary Figure 20.
 13C NMR (100 MHz, CDCl3) of compound 2i. 
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Supplementary Figure 21.
 1H NMR (400 MHz, CDCl3) of compound 2j. 

 

Supplementary Figure 22.
 13C NMR (100 MHz, CDCl3) of compound 2j. 
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Supplementary Figure 23.

 1H NMR (400 MHz, CDCl3) of compound 2k. 

 

Supplementary Figure 24.
 13C NMR (100 MHz, CDCl3) of compound 2k. 
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Supplementary Figure 25.

 1H NMR (400 MHz, CDCl3) of compound 2l. 

 

Supplementary Figure 26.
 13C NMR (100 MHz, CDCl3) of compound 2l. 

13C NMR (100 MHz, CDCl3)
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Br
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Supplementary Figure 27.
 1H NMR (400 MHz, CDCl3) of compound 2m. 

 

Supplementary Figure 28.
 13C NMR (100 MHz, CDCl3) of compound 2m. 
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 Supplementary Figure 29.
 1H NMR (400 MHz, CDCl3) of compound 2n. 

 

Supplementary Figure 30.
 13C NMR (100 MHz, CDCl3) of compound 2n. 
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  Supplementary Figure 31.

 1H NMR (400 MHz, CDCl3) of compound 2o. 

 

Supplementary Figure 32.
 13C NMR (100 MHz, CDCl3) of compound 2o. 
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 Supplementary Figure 33.
 1H NMR (400 MHz, CDCl3) of compound 2p. 

 

Supplementary Figure 34.
 13C NMR (100 MHz, CDCl3) of compound 2p. 
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Supplementary Figure 35.

 1H NMR (400 MHz, CDCl3) of compound 2q. 

 
Supplementary Figure 36.

 13C NMR (100 MHz, CDCl3) of compound 2q. 
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Supplementary Figure 37.
 1H NMR (400 MHz, acetone-d6) of compound 2r. 

 

Supplementary Figure 38.
 13C NMR (400 MHz, acetone-d6) of compound 2r. 
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 Supplementary Figure 39.
 1H NMR (400 MHz, CDCl3) of compound 2s. 

  

Supplementary Figure 40.
 13C NMR (100 MHz, CDCl3) of compound 2s. 
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Supplementary Figure 41.
 1H NMR (400 MHz, CDCl3) of compound 2t. 

 

Supplementary Figure 42.
 13C NMR (100 MHz, CDCl3) of compound 2t. 
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  Supplementary Figure 43.
 1H NMR (400 MHz, CDCl3) of compound 2u. 

 

Supplementary Figure 44.
 13C NMR (100 MHz, CDCl3) of compound 2u. 

1H NMR (400 MHz, CDCl3)

2u

SBr O
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Supplementary Figure 45.
 1H NMR (400 MHz, CDCl3) of compound 2v. 

 

Supplementary Figure 46.
 13C NMR (100 MHz, CDCl3) of compound 2v. 
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 Supplementary Figure 47.
 1H NMR (400 MHz, CDCl3) of compound 4a. 

 

 

Supplementary Figure 48.
 13C NMR (100 MHz, CDCl3) of compound 4a. 
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Supplementary Figure 49.
 1H NMR (400 MHz, CDCl3) of compound 4b. 

    

 

Supplementary Figure 50.
 13C NMR (100 MHz, CDCl3) of compound 4b. 
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  Supplementary Figure 51.
 1H NMR (400 MHz, CDCl3) of compound 4c. 

 

Supplementary Figure 52.
 13C NMR (100 MHz, CDCl3) of compound 4c. 
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  Supplementary Figure 53.
 1H NMR (400 MHz, CDCl3) of compound 4d. 

 

Supplementary Figure 54.
 13C NMR (100 MHz, CDCl3) of compound 4d. 
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Supplementary Figure 55.
 1H NMR (400 MHz, CDCl3) of compound 4e. 

   

 

Supplementary Figure 56.
 13C NMR (100 MHz, CDCl3) of compound 4e. 
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Supplementary Figure 57.
 1H NMR (400 MHz, CDCl3) of compound 4f. 

   

 

Supplementary Figure 58.
 13C NMR (100 MHz, CDCl3) of compound 4f. 
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Supplementary Figure 59.
 1H NMR (400 MHz, CDCl3) of compound 4g. 

   

 

Supplementary Figure 60.
 13C NMR (100 MHz, CDCl3) of compound 4g. 
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Supplementary Figure 61.
 1H NMR (400 MHz, acetone-d6) of compound 6a. 

 

 

Supplementary Figure 62.
 13C NMR (100 MHz, acetone-d6) of compound 6a 
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Supplementary Figure 63.
 1H NMR (400 MHz, acetone-d6) of compound 6b. 

 

 

Supplementary Figure 64.
 13C NMR (100 MHz, acetone-d6) of compound 6b. 
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Supplementary Figure 65.
 1H NMR (400 MHz, acetone-d6) of compound 6c. 

 

 

Supplementary Figure 66.
 13C NMR (100 MHz, acetone-d6) of compound 6c. 
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Supplementary Figure 67.
 1H NMR (400 MHz, acetone-d6) of compound 6d. 

 

Supplementary Figure 68.
 13C NMR (100 MHz, acetone-d6) of compound 6d. 
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Supplementary Figure 69.
 1H NMR (400 MHz, acetone-d6) of compound 6e. 

 

Supplementary Figure 70.
 13C NMR (100 MHz, acetone-d6) of compound 6e. 
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Supplementary Figure 71.
 1H NMR (400 MHz, acetone-d6) of compound 6f. 

 

Supplementary Figure 72.
 13C NMR (100 MHz, acetone-d6) of compound 6f. 
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Supplementary Figure 73.
 1H NMR (400 MHz, acetone-d6) of compound 6g. 

 

Supplementary Figure 74.
 13C NMR (100 MHz, acetone-d6) of compound 6g. 
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Supplementary Figure 75.
 1H NMR (400 MHz, acetone-d6) of compound 6h. 

 

Supplementary Figure 76.
 13C NMR (100 MHz, acetone-d6) of compound 6h. 
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Supplementary Figure 77.
 1H NMR (400 MHz, acetone-d6) of compound 6i. 

 

Supplementary Figure 78.
 13C NMR (100 MHz, acetone-d6) of compound 6i. 
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Supplementary Figure 79.
 1H NMR (400 MHz, acetone-d6) of compound 6j. 

 

Supplementary Figure 80.
 13C NMR (100 MHz, acetone-d6) of compound 6j. 
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Supplementary Figure 81.
 1H NMR (400 MHz, acetone-d6) of compound 6k. 

 

Supplementary Figure 82.
 13C NMR (100 MHz, acetone-d6) of compound 6k. 
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Supplementary Figure 83.
 1H NMR (400 MHz, acetone-d6) of compound 6l. 

 

Supplementary Figure 84.
 13C NMR (100 MHz, acetone-d6) of compound 6l. 
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Supplementary Figure 85.
 1H NMR (400 MHz, acetone-d6) of compound 6m. 

 

Supplementary Figure 86.
 13C NMR (100 MHz, acetone-d6) of compound 6m. 
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Supplementary Figure 87.
 1H NMR (400 MHz, acetone-d6) of compound 6n. 

 

Supplementary Figure 88.
 13C NMR (100 MHz, acetone-d6) of compound 6n. 
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Supplementary Figure 89.
 1H NMR (400 MHz, acetone-d6) of compound 6o. 

 

Supplementary Figure 90.
 13C NMR (100 MHz, acetone-d6) of compound 6o. 
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Supplementary Figure 91.
 1H NMR (400 MHz, acetone-d6) of compound 6p. 

 

Supplementary Figure 92.
 13C NMR (100 MHz, acetone-d6) of compound 6p. 
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Supplementary Figure 93.
 1H NMR (400 MHz, acetone-d6) of compound 6q. 

 

Supplementary Figure 94.
 13C NMR (100 MHz, acetone-d6) of compound 6q. 
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Supplementary Figure 95.
 1H NMR (400 MHz, acetone-d6) of compound 6r. 

 

Supplementary Figure 96.
 13C NMR (100 MHz, acetone-d6) of compound 6r. 
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Supplementary Figure 97.
 1H NMR (400 MHz, acetone-d6) of compound 6s. 

 

Supplementary Figure 98.
 13C NMR (100 MHz, acetone-d6) of compound 6s. 
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Supplementary Figure 99.
 1H NMR (400 MHz, acetone-d6) of compound 6u. 

 

Supplementary Figure 100.
 13C NMR (100 MHz, acetone-d6) of compound 6u. 
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Supplementary Figure 101.
 1H NMR (400 MHz, acetone-d6) of compound 6v. 

 

Supplementary Figure 102.
 13C NMR (100 MHz, acetone-d6) of compound 6v. 
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Supplementary Figure 103.
 1H NMR (400 MHz, acetone-d6) of compound 6w. 

 

Supplementary Figure 104.
 13C NMR (100 MHz, acetone-d6) of compound 6w. 
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Supplementary Figure 105.
 1H NMR (400 MHz, CDCl3) of compound 8a. 

   

  

Supplementary Figure 106.
 13C NMR (100 MHz, CDCl3) of compound 8a. 
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Supplementary Figure 107.
 1H NMR (400 MHz, CDCl3) of compound 8b. 

  

 

Supplementary Figure 108.
 13C NMR (100 MHz, CDCl3) of compound 8b. 
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Supplementary Figure 109.
 1H NMR (400 MHz, CDCl3) of compound 8c. 

 

Supplementary Figure 110.
 13C NMR (100 MHz, CDCl3) of compound 8c. 



81 
 

 

Supplementary Figure 111.
 1H NMR (400 MHz, CDCl3) of compound 8d. 

   

 

Supplementary Figure 112.
 13C NMR (100 MHz, CDCl3) of compound 8d. 
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Supplementary Figure 113.
 1H NMR (400 MHz, CDCl3) of compound 8e. 

 

Supplementary Figure 114.
 13C NMR (100 MHz, CDCl3) of compound 8e 
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Supplementary Figure 115.
 1H NMR (400 MHz, CDCl3) of compound 8f. 

 

Supplementary Figure 116.
 13C NMR (100 MHz, CDCl3) of compound 8f. 
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Supplementary Figure 117.
 1H NMR (400 MHz, CDCl3) of compound 8g. 

 

Supplementary Figure 118.
 13C NMR (100 MHz, CDCl3) of compound 8g. 
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Supplementary Figure 119.
 1H NMR (400 MHz, CDCl3) of compound 8h. 

 

Supplementary Figure 120.
 13C NMR (100 MHz, CDCl3) of compound 8h. 
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Supplementary Figure 121.
 1H NMR (400 MHz, acetone-d6) of compound 8i. 

 

Supplementary Figure 122.
 13C NMR (100 MHz, acetonitrile-d3) of compound 8i. 
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