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1. General Information
Unless otherwise indicated, all reagents were obtained from commercial sources and used as 
received without further purification. All reactions were carried out in oven-dried glassware and 
monitored by thin layer chromatography (TLC, pre-coated silica gel plates containing HF254). 
Reaction products were purified via column chromatography on silica gel (300–400 mesh). 
Melting points were determined using an open capillaries and uncorrected. NMR spectra were 
determined on Bruker AV400 in CDCl3 or DMSO-d6 with TMS as internal standard for 1H NMR 
(400 MHz) and 13C NMR (100 MHz), respectively. HRMS were carried out on a QSTAR Pulsar I 
LC/TOF MS mass spectrometer or Micromass GCTTM gas chromatograph-mass spectrometer. 
GC-MS were carried out on an Agilent 6890-5973N gas chromatograph-mass spectrometer. 

2. General preparation procedure and characterization data 
2.1 Mild and eco-friendly oxybromination. 
2.1.1 Oxybromination of 4-cresol into 1a. 

(0.9%)
OH

BrBr+

OH

Br2 (0.51 equiv)
H2O2 (0.55 equiv)

OH
CH2Cl2, 0 oC

(1.0 equiv) 1a (96%)

Br

General procedure: a three-necked flask was charged with 4-cresol (1.08 g, 10 mmol), CH2Cl2 
(10 mL) and H2O2 (30%, 0.58 mL, d = 1.11 g/mL, 5.5 mmol), and then the solution was cooled to 
0 oC. Under the temperature, to the solution was slowly added a solution of bromine (0.26 mL, d = 
3.12 g/mL, 5.1 mmol) and CH2Cl2 (5 mL) over 4 h through a syringe pump. Afterwards, the 
mixture was further stirred for another 4 h. An aqueous NaHSO3 (10 mL, 2%) was added to the 
mixture at 0 oC, and the reaction solution was allowed to stir for 1 h at room temperature. 
Furthermore, the solution was partitioned into two layers, and the aqueous phase was extracted 
with CH2Cl2 (5 mL × 3). Finally, the combined organic layers were dried over anhydrous Na2SO4, 
and concentrated to give a crude oil, which was purified via column chromatography on silica gel 
(eluents: petroleum ether/ethyl acetate 20:1) to provide the desired product 1a (chromatographic 
separation can provide a more credible yield). 

 2-Bromo-4-methylphenol (1a): yellow oil, 1.80 g (96%); 1H NMR (400 MHz, CDCl3, 1aOH
Br

ppm): 7.28 (br d, J = 1.6 Hz, 1H), 7.02 (br d, J = 8.0, 1H), 6.92 (br d, J = 8.0 Hz, 1H), 5.40 (br s, 
1H), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): 150.0, 132.1, 131.4, 129.8, 115.8, 109.8, 
20.2; HRMS (EI): m/z [M+] calcd. for C7H7OBr 185.9680, found 185.9682. 
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2,6-Dibromo-4-methylphenol:1 yellow solid, 24 mg (0.9%), m.p. 44–46 oC (lit1 OH
BrBr

m.p. 49–51 °C); 1H NMR (400 MHz, CDCl3, ppm): 7.26 (br s, 2H), 5.71 (br s, 1H), 2.26 (s, 3H); 
13C NMR (100 MHz, CDCl3, ppm): 147.1, 132.4 (4C), 109.4, 20.0; HRMS (EI): m/z [M+] calcd. 
for C7H6OBr2 263.8785, found 263.8787. 

2.1.2 Oxybromination of 4-hydroxybenzaldehyde into 2a. 

2g (13%)

CHO

OH
BrBr+

CHO

OH

Br2 (0.51 equiv)
H2O2 (0.55 equiv)

CHO

OH
CH2Cl2, 0 oC

2b (1.0 equiv) 2a (73%)

Br

General procedure: a three-necked flask was charged with 4-hydroxybenzaldehyde (1.22 g, 10 
mmol), CH2Cl2 (10 mL) and H2O2 (30%, 0.58 mL, d = 1.11 g/mL, 5.5 mmol), and then the 
solution was cooled to 0 oC. Under the temperature, to the solution was slowly added a solution of 
bromine (0.26 mL, d = 3.12 g/mL, 5.1 mmol) and CH2Cl2 (5 mL) over 4 h through a syringe pump. 
Afterwards, the mixture was further stirred for another 4 h. An aqueous NaHSO3 (10 mL, 2%) was 
added to the mixture at 0 oC, and the reaction solution was allowed to stir for 1 h at room 
temperature. Furthermore, the solution was partitioned into two layers, and the aqueous phase was 
extracted with CH2Cl2 (5 mL × 3). Finally, the combined organic layers were dried over 
anhydrous Na2SO4, and concentrated to give a crude oil, which was purified via column 
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the desired 
product 2a and dibromination product 2g. 

 3-Bromo-4-hydroxybenzaldehyde (2a):2 pale yellow solid, 1.46 g (73% yield), m.p. 2a

CHO

OH
Br

130–132 oC (lit2 m.p. 130–132 oC); 1H NMR (400 MHz, CDCl3, ppm): 9.83 (br s, 1H), 8.04 (br 
s, 1H), 7.77 (br d, J = 8.4 Hz, 1H), 7.15 (br d, J = 8.4 Hz, 1H), 6.43 (br s, 1H); 13C NMR (100 
MHz, CDCl3, ppm): 192.7, 151.8, 132.9, 130.3, 128.1, 127.5, 127.4; HRMS (EI): m/z [M+] 

calcd. for C7H5O2Br 199.9473, found 199.9474. 

3,5-Dibromo-4-hydroxybenzaldehyde (2g):3 white solid, 0.36 g (13%), m.p. 
OH

CHO

BrBr
2g

182–184 oC (lit3 m.p. 181–183 °C); 1H NMR (400 MHz, CDCl3, ppm): 9.80 (br s, 1H), 8.00 (br 
s, 2H), 6.40 (br s, 1H); 13C NMR (100 MHz, CDCl3, ppm): 188.3, 154.5, 133.8 (2C), 131.5, 
110.9 (2C); HRMS (ESI): m/z [M–H+] calcd. for C7H3Br2O2 276.8500, found 276.8517. 
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2.2 Oxidation of 1a into 2a. 

Table S1. Optimizations for the reaction conditions.a 

OH
Br

CHO

OH
BrO2 (1.0 atm), EG, T., 9 h

cobalt salt (n1mol%)
NaOH (n2 equiv)

1a 2a

Entry Co salt (n1 mol%) NaOH (n2 equiv) T. (oC) Yield (%)b

1 CoCl2 (3.0) 2.0 50 trace
2 CoBr2 (3.0) 2.0 50 trace
3 CoF2 (3.0) 2.0 50 trace
4 Cobalt(II) acetylacetonate (3.0) 2.0 50 45
5 Cobalt tetramethoxyphenylporphyrin 

(3.0)
2.0 50 13

6 Co(C2O4) ·2H2O (3.0) 2.0 50 27
7 Co(OAc)2·4H2O (3.0) 2.0 50 53
8 Co(OAc)2·4H2O (3.0) 2.0 60 59
9 Co(OAc)2·4H2O (3.0) 2.0 70 68
10 Co(OAc)2·4H2O (3.0) 2.0 80 76
11 Co(OAc)2·4H2O (3.0) 0 80 0
12 Co(OAc)2·4H2O (3.0) 3.0 80 90
13 Co(OAc)2·4H2O (3.0) 4.0 80 90
14 Co(OAc)2·4H2O (2.0) 4.0 80 90
15 Co(OAc)2·4H2O (1.0) 4.0 80 90
16 Co(OAc)2·4H2O (0.5) 4.0 80 79
17 Co(OAc)2·4H2O (1.0) 4.0 80 tracec

aReaction conditions: 1a (5.0 mmol), cobalt salt (n1 mol%), NaOH (n2 equiv), EG (10 mL), O2 
(1.0 atm), 9 h. bIsolated yield. cPerformed under argon atmosphere. 

General procedure: a three-necked flask was charged with EG (10 mL), 1a (0.94 g, 5.0 mmol), 
cobalt salt (n mol%), and solid NaOH (n2 equiv), and then the solution was heated to 80 oC. The 
molecular oxygen was continuously supplied to the reaction through a top tube inlet for 9 h. 
Hydrochloric acid (10 mL, 10%) and methyl tert-butyl ether (MTBE, 15 mL) were successively 
added to the reaction mixture at room temperature. The MTBE phase was separated, and the 
aqueous phase was further extracted with MTBE (15 mL × 2). The combined organic layers were 
dried over anhydrous Na2SO4 and concentrated in vacuo to give a residue, which was purified via 
column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the 
desired product 2a. 

 3-Bromo-4-hydroxybenzaldehyde (2a):2 pale yellow solid, 0.90 g (as the best yield 2a

CHO

OH
Br

of 90%), m.p. 130–132 oC (lit2 m.p. 130–132 oC); 1H NMR (400 MHz, CDCl3, ppm): 9.83 (br s, 
1H), 8.04 (br s, 1H), 7.77 (br d, J = 8.4 Hz, 1H), 7.15 (br d, J = 8.4 Hz, 1H), 6.43 (br s, 1H); 13C 
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NMR (100 MHz, CDCl3, ppm): 192.7, 151.8, 132.9, 130.3, 128.1, 127.5, 127.4; HRMS (EI): 
m/z [M+] calcd. for C7H5O2Br 199.9473, found 199.9474. 

2.3 Reaction process analysis for the oxidation of 1a. 
2.3.1 The oxidation process of 1a in EG (Fig. 1 in the text). 

NaOH (4.0 equiv)
EG, 80 oC, 9 h

Co(OAc)2.4H2O (1.0 mol%)
O2 (1.0 atm)

OH

HO

Br
OH

HO

CHOBr

2a (90%)

4a

1a
Br

OH 3a
Br

O OH

Oxidation process analysis: a three-necked flask was charged with EG (10 mL), 1a (0.94 g, 5.0 
mmol), Co(OAc)2·4H2O (12.5 mg, 0.05 mmol) and solid NaOH (0.80 g, 20 mmol), and then the 
solution was heated to 80 oC. The molecular oxygen was continuously supplied to the reaction 
through a top tube inlet. About 0.2 mL of sample, withdrawn from the reaction mixture at the 
specified time (1.5, 3.0, 4.5, 6.0, 7.5 and 9.0 h), was acidified by hydrochloric acid (2.0 M) and 
was extracted with MTBE. The extracted sample was analyzed by GC-MS to evaluate the product 
distributions. It should be noted that the sample should be immediately analyzed after extraction. 

Besides, another incomplete oxidation reaction (performed for 4 h) was worked up and purified 
via column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide 
the intermediates 3a and 4a for structure confirmation. 
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Fig. 1 Time-dependence curves for the oxidation 1a to 2a in EG (percentages as their respective 
ratios by area normalization method in the total ionization chromatography). 
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2-Bromo-4-((2-hydroxyethoxy)methyl)phenol (3a): yellow oil, 1H NMR (400 OH 3a
Br

O OH

MHz, CDCl3, ppm): 7.45 (br d, J = 2.0 Hz, 1H), 7.16 (dd, J = 8.0, 2.0 Hz, 1H), 6.95 (br d, J = 
8.0 Hz, 1H), 4.44 (s, 2H), 3.76 (t, J = 4.8 Hz, 2H), 3.57 (t, J = 4.8 Hz, 2H); 13C NMR (100 MHz, 
CDCl3, ppm): HRMS (ESI): m/z [M-
H+] calcd. for C9H10O3Br 244.9813, found 244.9823. 

2-Bromo-4-(hydroxymethyl)phenol (4a):4 white solid, m.p. 126–128 oC (lit4 m.p. 4aOH
Br

OH

127–129 °C); 1H NMR (400 MHz, DMSO-d6, ppm): 7.41 (br d, J = 2.0 Hz, 1H), 7.11 (dd, J = 
8.0, 2.0 Hz, 1H), 6.90 (br d, J = 8.4 Hz, 1H), 4.36 (s, 2H); 13C NMR (100 MHz, DMSO-d6, ppm): 
153.2, 135.3, 131.5, 127.5, 116.5, 109.3, 62.4; HRMS (EI): m/z [M+] calcd. for C7H7O2Br 
201.9629, found 201.9631. 

 3-Bromo-4-hydroxybenzaldehyde (2a): the spectral data see 2.1 section. 2a

CHO

OH
Br

2.3.2 The oxidation process of 1a in methanol (Fig. S1). 

NaOH (4.0 equiv)
MeOH, reflux, 60 h

Co(OAc)2.4H2O (1.0 mol%)
O2

OH

HO

Br
OH

HO

CHOBr

2a (71%)

4a

1a
Br

OH 3a'
Br

OMe

Oxidation process analysis: a three-necked flask was charged with MeOH (10 mL), 1a (0.94 g, 
5.0 mmol), Co(OAc)2

.4H2O (12.5 mg, 0.05 mmol) and solid NaOH (0.8 g, 20 mmol). The mixture 
was heated to reflux (about 75 oC), and molecular oxygen was charged to the reaction solution. 
About 0.2 mL of sample, withdrawn from the reaction mixture at the specified time (12, 24, 36, 48 
and 60 h), was acidified by hydrochloric acid (2.0 M) and was extracted with MTBE. The 
extracted sample was analyzed by GC-MS to evaluate the product distributions. It should be noted 
that the sample should be immediately analyzed after extraction. 
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Besides, an incomplete oxidation reaction (performed for 16 h) was worked up and purified via 
column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the 
intermediates 3a’ and 4a for structure confirmation. 

Furthermore, a preparation reaction (performed for 60 h) was worked up and purified via column 
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the desired 
product 2a. 
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Fig. S1 Time-dependence curves for the oxidation of 1a into 2a in methanol (percentages as their 
respective ratios by area normalization method in the total ionization chromatography).  

2-Bromo-4-(methoxymethyl)phenol (3a’): yellow oil, 1H NMR (400 MHz, CDCl3, 3a'OH
Br

OCH3

ppm): 7.39 (br s, 1H), 7.10 (br d, J = 8.0 Hz, 1H), 6.89 (br d, J = 8.0 Hz, 1H), 5.66 (br s, 1H), 
4.29 (s, 2H), 3.29 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): 150.8, 130.7, 130.6, 127.8, 114.9, 
109.1, 72.5, 56.9; HRMS (EI): m/z [M+] calcd. for C8H9O2Br 215.9786, found 215.9792. 

2-Bromo-4-(hydroxymethyl)phenol (4a): the spectral data see 2.3.2 section. 4aOH
Br

OH

6



 3-Bromo-4-hydroxybenzaldehyde (2a): pale yellow solid, 0.71 g (71% yield); the 2a

CHO

OH
Br

spectral data see 2.1 section. 
2.4 1H NMR spectra of compounds 2a and 5, in CD3ONa/CD3OD and CD3OD, 

respectively. 

3-Bromo-4-hydroxybenzaldehyde (2a): 1H NMR (400 MHz, CD3OD, ppm):  OH
Br

CHO

2a

(br s, 1H), 8.03 (br d, J = 2.0 Hz, 1H), 7.74 (dd, J = 8.0, 2.0 Hz, 1H), 7.02 (br d, J = 8.0 Hz, 1H). 

Sodium 2-bromo-4-formylphenolate: 1H NMR (400 MHz, CD3OD, 2a (6 mg) 
ONa

Br

CHO

phenolate of 2a

and CD3ONa (7 mg) dissolved in 0.5 mL CD3OD, ppm):  (br s, 1H), 7.89 (br d, J = 2.0 Hz, 
1H), 7.51 (dd, J = 8.4, 2.0 Hz, 1H), 6.63 (br d, J = 8.4 Hz, 1H). 

3,5-Di-tert-butyl-4-hydroxybenzaldehyde (5): 1H NMR (400 MHz, CD3OD, OH
t-But-Bu
5

CHO

ppm):  (br s, 1H), 7.75 (br s, 2H), 1.46 (s, 18H). 

Sodium (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methanolate: 
O

t-But-Bu

H

H H

ONa

enolate of 5

1H NMR (400 MHz, CD3OD, 5 (7 mg) and CD3ONa (7 mg) dissolved in 0.5 mL CD3OD, ppm): 
 (br s, 1H), 7.67 (br s, 1H), 7.25 (br s, 1H), 1.38 (s, 18H). 

2.5 Co(OAc)2
.4H2O-catalyzed oxidation of 2-bromo-4-cresol (1a), 4-cresol (1b) 

and 2-methoxy-4-cresol (1c, Scheme 5 in the text). 
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OH OH

CHO

OH

6b (6%)

NaOH (4.0 equiv)
EG, 80 oC, 9 h

Co(OAc)2.4H2O (1.0 mol%)
O2 (1.0 atm)

OH
1a

Br

(a)

2a (90%)

CHO

OH

NaOH (4.0 equiv)
EG, 80 oC, 9 h

Co(OAc)2.4H2O (1.0 mol%)
O2 (1.0 atm)

OH
1b

(b)

2b (81%)

tars+ +

OH OH
6c (11%)

CHO

OH

NaOH (4.0 equiv)
EG, 80 oC, 9 h

Co(OAc)2.4H2O (1.0 mol%)
O2 (1.0 atm)

OH
1c

(c)

vanillin (2c, 55%)

more tars+ +
OMe OMe MeO OMe

Br
OH OH
6a (0%)

no tars+ +
Br Br

Scheme 5. Oxidations of 1a, 1b and 1c under the standard conditions. Reaction performed with 1 
(5.0 mmol), Co(OAc)2·4H2O (0.05 mmol), NaOH (20 mmol), EG (10 mL) and O2 (1.0 atm) at 80 
oC for 9 h. 

General procedure: a three-necked flask was charged with EG (10 mL), 1a, 1b or 1c (5.0 mmol), 
Co(OAc)2·4H2O (12.5 mg, 0.05 mmol) and solid NaOH (0.80 g, 20 mmol), and then the solution 
was heated to 80 oC. The molecular oxygen was continuously supplied to the reaction through a 
top tube inlet for 9 h. Hydrochloric acid (10 mL, 10%) and methyl tert-butyl ether (MTBE, 15 mL) 
were successively added to the reaction mixture at room temperature. The MTBE phase was 
separated, and the aqueous phase was further extracted with MTBE (15 mL × 2). The combined 
organic layers were dried over Na2SO4 and concentrated in vacuo to give a residue, which was 
purified via column chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to 
provide 2 and dimer 6, respectively. 

3-Bromo-4-hydroxybenzaldehyde (2a): pale yellow solid, 0.90 g (90%); the spectral 2a

CHO

OH
Br

data see 2.1 section. 

4-Hydroxybenzaldehyde (2b):5 yellow solid, 0.49 g (81% yield), m.p. 116–118 oC ((lit5 

CHO

OH 2b

m.p. 115–118 °C); 1H NMR (400 MHz, CDCl3, ppm): 9.87 (br s, 1H), 7.83 (br d, J = 8.8 Hz, 
2H), 7.98 (br d, J = 8.8 Hz, 2H), 6.29 (br s, 1H); 13C NMR (100 MHz, CDCl3, ppm): 191.2, 
161.5, 132.5 (2C), 129.9, 116.0 (2C); HRMS (EI): m/z [M+] calcd. for C7H6O2 122.0368, found 
122.0367. 
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5,5'-Dimethylbiphenyl-2,2'-diol (6b):6 white solid, 32.1 mg (6% yield), m.p. 
OH OH

6b

148–150 oC (lit6 m.p. 155 oC); 1H NMR (400 MHz, CDCl3, ppm): 7.11 (dd, J = 8.0, 1.6 Hz, 2H), 
7.06 (br d, J = 1.6 Hz, 2H), 6.92 (br d, J = 8.0 Hz, 2H), 5.43 (br s, 2H), 2.32 (s, 6H); 13C NMR 
(100 MHz, CDCl3, ppm): 150.6 (2C), 131.6 (2C), 130.8 (2C), 130.3 (2C), 123.7 (2C), 116.5 
(2C), 20.5 (2C); HRMS (EI): m/z [M+] calcd. for C14H14O2 214.0994, found 214.0992. 

 Vanillin (2c):7 white solid, 0.42 g (55%), m.p. 82–83 oC (lit7 m.p. 80–81 oC); 1H 2c

CHO

OH
OMe

NMR (400 MHz, CDCl3, ppm): 9.82 (br s, 1H), 7.43–7.41 (m, 2H), 7.04 (br d, J = 8.8 Hz, 1H), 
6.30 (br s, 1H), 3.96 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): 191.1, 151.8, 147.2, 129.8, 
127.6, 114.5, 108.9, 56.1; HRMS (ESI): m/z [M-H+] calcd. for C8H7O3 151.0395, found 151.0400. 

3,3'-Dimethoxy-5,5'-dimethylbiphenyl-2,2'-diol (6c):8 brown 
OH

OMe

6c
OH

MeO

solid, 75.4 mg (11% yield), m.p. 132–134 oC (lit8 m.p. 133–135 oC); 1H NMR (400 MHz, CDCl3, 
ppm): 6.73 (br s, 2H), 6.72 (br s, 2H), 5.96 (br s, 2H), 3.91 (s, 6H), 2.33 (s, 6H); 13C NMR (100 
MHz, CDCl3, ppm): 147.1 (2C), 140.3 (2C), 129.6 (2C), 124.4 (2C), 123.4 (2C), 111.3 (2C), 
56.0 (2C), 21.2 (2C); HRMS (ESI): m/z [M+H+] calcd. for C16H19O4 275.1283, found 275.1283. 

2.6 Co(OAc)2
.4H2O-catalyzed oxidation of 1 (Table 2 in the text). 

Table 2. Co(OAc)2-catalyzed oxidation of 1.a 

NaOH (4.0 equiv)
EG, 80 oC, 9 h

Co(OAc)2.4H2O (1.0 mol%)
O2 (1.0 atm)

OH 1
R2R1

OH

CHO

2
R2R1

OH

CHO

Cl

2d, 87%b
OH

CHO

F

OH

CHO

ClCl
OH

CHO

BrF
OH

CHO

OMeF
OH

CHO

OMeNC

OH

CHO

BrBr

2e, 85%b 2g, 90%b,c

2h, 91%b,c 2i, 88%b,c 2k, 86%b,c2j, 89%b,c

OH

CHO

NC

2f, 83%b
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aReaction conditions: substrates 1 (5.0 mmol), Co(OAc)2
.4H2O (0.05 mmol), NaOH (20.0 mmol), 

EG (10 mL) and O2 (1.0 atm) at 80 oC for 9 h. b Isolated yield via column chromatography. 
cPerformed with NaOH (10.0 mmol). 

General procedure: a three-necked flask was charged with EG (10 mL), 1 (5.0 mmol), 
Co(OAc)2·4H2O (12.5 mg, 0.05 mmol) and solid NaOH (0.80 g, 20 mmol for 1d, 1e, 1f; 0.40 g, 
10 mmol for 2g, 2h, 2i, 2j, 2k), and then the solution was heated to 80 oC. The molecular oxygen 
was continuously supplied to the reaction through a top tube inlet for 9 h. Hydrochloric acid (10 
mL, 10%) and methyl tert-butyl ether (MTBE, 15 mL) were successively added to the reaction 
mixture at room temperature. The MTBE phase was separated, and the aqueous phase was further 
extracted with MTBE (15 mL × 2). The combined organic layers were dried over anhydrous 
Na2SO4 and concentrated in vacuo to give a residue, which was purified via column 
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 20:1) to provide the desired 
products 2. 

3-Chloro-4-hydroxybenzaldehyde (2d): yellow oil, 0.68 g (87%); 1H NMR (400 OH

CHO

Cl
2d

MHz, CDCl3, ppm): 9.85 (br s, 1H), 7.54 (br d, J = 2.4 Hz, 1H), 7.47 (dd, J = 8.8, 2.4 Hz, 1H), 
6.96 (br d, J = 8.8 Hz, 1H), 5.98 (br s, 1H); 13C NMR (100 MHz, CDCl3, ppm): 195.6, 160.3, 
137.1, 132.7, 124.8, 121.3, 119.6; HRMS (EI): m/z [M+] calcd. for C7H5ClO2 155.9978, found 
155.9977. 

3-Fluoro-4-hydroxybenzaldehyde (2e): yellow oil, 0.60 g (85%); 1H NMR (400 OH

CHO

F
2e

MHz, CDCl3, ppm): 9.85 (br s, 1H), 7.67-7.61 (m, 2H), 7.15 (br d, J = 8.0 Hz, 1H), 5.98 (br s, 
1H); 13C NMR (100 MHz, CDCl3, ppm): 190.2 (d, J = 2.2 Hz), 151.2 (d, J = 239.8 Hz), 149.6 (d, 
J = 14.7 Hz), 130.2 (d, J = 4.8 Hz), 128.6 (d, J = 2.8 Hz), 117.6 (d, J = 1.9 Hz), 115.8 (d, J = 18.3 
Hz); HRMS (EI): m/z [M+] calcd. for C7H5FO2 140.0274, found 140.0270. 

5-Formyl-2-hydroxybenzonitrile (2f): yellow oil, 0.61 g (83%); 1H NMR (400 OH

CHO

NC
2f

MHz, CDCl3, ppm): 12.35 (br s, 1H), 9.83 (br s, 1H), 8.24 (br d, J = 2.4 Hz, 1H), 8.02 (dd, J = 
8.8, 2.0 Hz, 1H), 7.18 (br d, J = 8.8 Hz, 1H); 13C NMR (100 MHz, DMSO-d6, ppm): 190.5, 
165.4, 137.4, 135.3, 128.9, 117.3, 116.4, 100.1; HRMS (ESI): m/z [M–H +] calcd. for C8H4NO2 
146.0242, found 146.0258. 
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3,5-Dibromo-4-hydroxybenzaldehyde (2g): white solid, 1.26 g (90%); the OH

CHO

BrBr
2g

spectra see 2.1 section. 

3,5-Dichloro-4-hydroxybenzaldehyde (2h):9 white solid, 0.87 g (91% yield), 

CHO

OH
ClCl
2h

m.p. 158–160 oC (lit9 m.p. 157 oC); 1H NMR (400 MHz, CDCl3, ppm): 9.81 (br s, 1H), 7.83 (br 
s, 2H), 6.43 (br s, 1H); 13C NMR (100 MHz, CDCl3, ppm): 188.6, 153.1, 130.3 (2C), 129.9 (2C), 
122.4; HRMS (ESI): m/z [M–H+] calcd. for C7H3Cl2O2 188.9510, found 188.9511. 

3-Bromo-5-fluoro-4-hydroxybenzaldehyde (2i): white solid, 0.96 g (88% yield), 

CHO

OH
BrF
2i

m.p. 138–140 oC; 1H NMR (400 MHz, CDCl3, ppm): 9.74 (d, J = 2.0 Hz, 1H), 7.78 (t, J = 1.6 
Hz, 1H), 7.54 (dd, J = 9.6, 1.6 Hz, 1H), 6.33 (br s, 1H); 13C NMR (100 MHz, CDCl3, ppm): 
188.8, 151.2 (d, J = 247.3 Hz), 147.3 (d, J = 15.0 Hz), 130.7 (d, J = 2.7 Hz), 130.1 (d, J = 5.4 
Hz), 115.7 (d, J = 18.8 Hz), 111.6 (d, J = 1.4 Hz); HRMS (ESI): m/z [M–H+] calcd. for 
C7H3BrFO2 216.9300, found 216.9296. 

3-Fluoro-4-hydroxy-5-methoxybenzaldehyde (2j): white solid, 0.76 g (89% 

CHO

OH
OMeF
2j

yield), m.p. 116–118 oC; 1H NMR (400 MHz, CDCl3, ppm): 9.81 (br s, 1H), 7.32–7.26 (m, 2H), 
5.98 (br s, 1H), 4.00 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): 190.2 (d, J = 2.3 Hz), 150.6 (d, 
J = 243.8 Hz), 148.8 (d, J = 5.3 Hz), 140.1 (d, J = 13.5 Hz), 128.2 (d, J = 6.3 Hz), 113.1 (d, J = 
18.5 Hz), 106.1 (d, J = 1.7 Hz), 56.8; HRMS (ESI): m/z [M–H+] calcd. for C8H6FO3 169.0301, 
found 169.0305. 

5-Formyl-2-hydroxy-3-methoxybenzonitrile (2k): white solid, 0.76 g (86% 

CHO

OH
OMeNC
2k

yield), m.p. 196–198 oC; 1H NMR (400 MHz, CDCl3, ppm): 9.83 (br s, 1H), 7.66 (br s, 1H), 
7.58 (br s, 1H), 6.90 (br s, 1H), 4.03 (s, 3H); 13C NMR (100 MHz, DMSO-d6, ppm): 190.2, 
155.6, 148.5, 129.2, 128.7, 115.8, 113.1, 99.3, 56.4; HRMS (ESI): m/z [M–H+] calcd. for 
C9H6NO3 176.0348, found 176.0361. 
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2.7 Methoxylation of 2a for preparing vanillin (Scheme 7 in the text). 

vanillin (98%)

quantitative yield
inexpensive CuCl
potent HCOOMe
recovering pure MeOH

2a

CHO

Br
OH

CHO

OMe
OH

CuCl (4 mol%)
HCOOMe (40 mol%)

MeONa (3.0 equiv)
MeOH, 115 oC, 2 h

General procedure: the Teflon-lined autoclave (25 mL) was charged with 2a (0.80 g, 4.0 mmol), 
MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl (15.8 mg, 0.16 mmol) and HCOOMe (0.10 mL, 
d = 0.97 g/mL, 1.6 mmol). The autoclave was heated to 115 oC and stirred for 2 h. After the 
completion of reaction, the reactor was cooled to room temperature. The reaction mixture was 
stirred for 0.5 h in open system, and then concentrated to recover pure MeOH. To the residue was 
added MTBE (5 mL) and diluted hydrochloric acid (1.0 M, 8 mL) to adjust pH to 2.0–3.0. 
Furthermore, the solution was partitioned into two layers, and the aqueous phase was extracted 
with MTBE (5 mL × 3). The combined organic layers were dried over anhydrous Na2SO4, and 
concentrated in vacuo to give a solid, which was purified via column chromatography on silica gel 
(eluents: petroleum ether/ethyl acetate 15:1) to provide the desired vanillin. Besides, the purity of 
the recovered MeOH was more than 99% measured by GC, and water content of the recovered 
MeOH was less than 0.12% measured by Karl Fischer method. 

Vanillin: white solid, 596.4 mg (98% yield); the spectral data see 2.5 section. vanillin

CHO

OH
OMe

2.8 CuCl/HCOOMe-catalyzed methoxylation (Table 3 in the text). 
Table 3. CuCl/HCOOMe-catalyzed methoxylation.a

CuCl (4 mol%)
HCOOMe (40 mol%)

MeONa (3.0 equiv)
MeOH, 115 oC, 2 h

Br

R

OMe

R 7

OMe

OMe

OMe
OH

O
O

OH
OMe OMe

OH

OEt

OMe

MeO2C

7b, 98%b
(100/100)c

7c, 98%b
(100/100)c

OMe

7d, 98%b
(100/100)c

7e, 98%b
(100/100)c

7f, 99%b
(100/100)c

7g, 98%b
(100/100)c

7h, 98%b
(100/100)c

OMe

OH

OMe

OMe

7a, 98%b
(100/100)c

a Reaction conditions: aryl bromides (4.0 mmol), MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl 
(15.8 mg, 0.16 mmol) and HCOOMe (0.10 mL, d = 0.97 g/mL, 1.6 mmol). b Isolated yield via 
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column chromatography. c Conv. (%)/Sele. (%) determined by GC-MS by area normalization 
method in the total ionization chromatography. 

General procedure: the Teflon-lined (25 mL) was charged with the aryl bromides (4.0 mmol), 
MeOH (5 mL), freshly prepared MeONa (0.65 g, 12 mmol), CuCl (15.8 mg, 0.16 mmol) and 
HCOOMe (0.10 mL, d = 0.97 g/mL, 1.6 mmol). The autoclave was heated to 110 oC and stirred 
for 2 h. After the completion of reaction, the reactor was cooled to room temperature. The reaction 
mixture was stirred for 0.5 h in open system, and then concentrated to recover pure MeOH. To the 
residue was added MTBE (5 mL) and diluted hydrochloric acid (1.0 M, 8 mL) to adjust pH to 2.0–
3.0. Furthermore, the solution was partitioned into two layers, and the aqueous phase was 
extracted with MTBE (5 mL × 3). The combined organic layers were dried over anhydrous 
Na2SO4, and concentrated to give a crude product, which was purified via column 
chromatography on silica gel (eluents: petroleum ether/ethyl acetate 15:1) to provide the desired 
vanillin. Generally, the purity of the recovered MeOH was more than 99% measured by GC, and 
water content of the recovered MeOH was less than 0.12% measured by Karl Fischer method. In 
particular, the sample of the crude product was used to determine conversion and selectivity by 
GC-MS by area normalization method in the total ionization chromatography. 

1,3-Dimethoxybenzene (7a): colorless oil, 541.6 mg (98% yield); 1H NMR (400 

OMe

OMe
7a

MHz, CDCl3, ppm):  7.19 (t, J = 8.0 Hz, 1H),6.52 (dd, J = 8.0, 2.0 Hz, 2H), 6.48 (t, J = 2.0 Hz, 
1H), 3.80 (s, 6H); 13C NMR (100 MHz, CDCl3, ppm):  160.9, 129.9, 106.2 (2C), 100.5 (2C), 
55.2 (2C); HRMS (EI): m/z [M+] calcd. for C8H10O2 138.0681, found 138.0680. 

1,4-Dimethoxy-2-methylbenzene (7b): colorless oil, 596.6 mg (98% yield); 1H NMR 

OMe

OMe7b

(400 MHz, CDCl3, ppm):  6.76 (br d, J = 8.8 Hz, 2H), 6.69 (dd, J = 8.8, 3.2 Hz, 1H), 3.79 (s, 
3H), 3.76 (s, 3H), 2.22 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm):  153.5, 152.2, 127.8, 117.1, 
110.9, 110.8, 55.8, 55.6, 16.4; HRMS (ESI): m/z [M+H+] calcd. for C9H13O2 153.0916, found 
153.0924. 

4-Methyl-2-methoxyphenol (7c): colorless oil, 541.6 mg (98% yield); 1H NMR 

OMe
OH

7c

(400 MHz, CDCl3, ppm): 6.82 (br d, J = 8.0 Hz, 1H), 6.69 (br s, 1H), 6.68 (br d, J = 8.0 Hz, 1H), 
5.50 (br s, 1H), 3.87 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm):  146.3, 143.4, 
129.7, 121.6, 21.1; HRMS (EI): m/z [M+] calcd. for C8H10O2 138.0681, found 
138.0682. 
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5-Methoxybenzo[d]1,3-dioxole (7d): pale yellow oil, 596.4 mg (98% yield); 1H NMR 
O

O

OMe

7d

(400 MHz, CDCl3, ppm): 6.71 (br d, J = 8.4 Hz, 1H), 6.49 (br s, 1H), 6.32 (br d, J = 8.4 Hz, 1H), 
5.91 (s, 2H), 3.75 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): 155.2, 148.3, 141.6, 107.9, 104.7, 
101.1, 97.5, 56.0; HRMS (ESI): m/z [M+H+] calcd. for C8H9O3 153.0552, found 153.0531. 

2-Methoxy-4,6-dimethylphenol (7e):10 pale yellow solid, 596.6 mg (98% yield), 

OH
OMe

7e

m.p. 28–30 oC (lit10 m.p. 34–35 oC); 1H NMR (400 MHz, CDCl3, ppm): 6.57 (br s, 1H), 6.55 (br 
s, 1H), 5.53 (br s, 1H), 3.86 (s, 3H), 2.27 (s, 3H), 2.24 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): 
146.1, 141.5, 128.6 (2C), 123.6, 109.2, 56.0, 21.1, 15.4; HRMS (ESI): m/z [M+H+] calcd. for 
C9H13O2 153.0916, found 153.0893. 

2-Ethoxy-6-methoxy-4-methylphenol (7f): pale yellow oil, 721.6 mg (99% 

OMe
OH

OEt7f

yield); 1H NMR (400 MHz, CDCl3, ppm): 6.38 (br s, 2H), 5.36 (br s, 1H), 4.09 (q, J = 6.8 Hz, 
2H), 3.87 (s, 3H), 2.28 (s, 3H), 1.43 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3, ppm): 
146.9, 146.1, 132.7, 128.7, 106.7, 105.7, 64.7, 56.2, 21.6, 15.0; HRMS (ESI): m/z [M+H+] calcd. 
for C10H15O3 183.1021, found 183.1023. 

4-Methoxy-2,3,6-trimethylphenol (7g):11 white solid, 651.6 mg (98% yield), m.p. 

OMe

OH 7g

104–106 oC (lit11 m.p. 101–102 oC); 1H NMR (400 MHz, CDCl3, ppm): 6.52 (s, 1H), 4.26 (br s, 
1H), 3.76 (s, 3H), 2.24 (s, 3H), 2.18 (s, 3H), 2.14 (s, 3H); 13C NMR (100 MHz, CDCl3, ppm): 
151.3, 145.9, 123.9, 123.6, 120.0, 110.9, 56.3, 16.3, 12.2, 11.9; HRMS (ESI): m/z [M+H+] calcd. 
for C10H15O2 167.1072, found 167.1071. 

Methyl 3-methoxybenzoate (7h): colorless oil, 651.4 mg (98% yield); 1H 

OMe

MeO2C 7h

NMR (400 MHz, CDCl3, ppm): 7.64 (dt, J = 8.0, 1.2 Hz, 1H), 7.56 (dd, J = 2.8, 1.6 Hz, 1H), 
7.34 (t, J = 8.0 Hz, 1H), 7.10 (ddd, J = 8.0, 2.8 Hz, 2.4 Hz, 1H), 3.92 (s, 3H), 3.85 (s, 3H); 13C 
NMR (100 MHz, CDCl3, ppm): 167.0, 159.5, 131.4, 129.4, 122.0, 119.5, 113.9, 55.4, 52.2; 
HRMS (ESI): m/z [M+H+] calcd. for C9H11O3 167.0708, found 167.0719. 
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2.9 CuCl-catalyzed methoxylation of 2a with different co-catalysts (Table 4 in the 
text). 
Table 4. CuCl-catalyzed methoxylation of 2a with different co-catalysts.a 

vanillin2a

CHO

Br
OH

CHO

OMe
OH

CuCl (4 mol%)
co-catalyst (n1 mol%)

MeONa (3.0 equiv)
MeOH, 115 oC, 2 h

Entry Co-catalyst n1 mol% Conv./Sele. (%)b Yield (%)c

1 HCOOMe 40 100/100 98
2 MeCOOMe 40 100/95 91
3 DMF 40 100/94 89
a Reaction conditions: 2a (4.0 mmol), MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl (15.8 mg, 
0.16 mmol) and co-catalyst (n1 mol%). b Determined by GC-MS. c Isolated yield via column 
chromatography. 

General procedure: the Teflon-lined autoclave (25 mL) was charged with 2a (0.80 g, 4.0 mmol), 
MeOH (5 mL), MeONa (0.65 g, 12 mmol), CuCl (15.8 mg, 0.16 mmol) and co-catalyst (n1 mol%). 
The autoclave was heated to 115 oC and stirred for 2 h. After the completion of reaction, the 
reactor was cooled to room temperature. The reaction mixture was stirred for 0.5 h in open system, 
and then concentrated to recover pure MeOH. To the residue was added MTBE (5 mL) and 
diluted hydrochloric acid (1.0 M, 8 mL) to adjust pH to 2.0–3.0. Furthermore, the solution was 
partitioned into two layers, and the aqueous phase was extracted with MTBE (5 mL × 3). The 
combined organic layers were dried over anhydrous Na2SO4, and concentrated in vacuo to give a 
crude product, which was purified via column chromatography on silica gel (eluents: petroleum 
ether/ethyl acetate 15:1) to provide the desired vanillin. In particular, the sample of the crude 
product was used to determine conversion and selectivity with GC-MS by area normalization 
method in the total ionization chromatography. 

 Vanillin: white solid, 596.4 mg (98% yield with HCOOMe as co-catalyst); the vanillin

CHO

OH
OMe

spectral data see 2.5 section. 

 Vanillin: white solid, 553.8 mg (91% yield with MeCOOMe as co-catalyst); the vanillin

CHO

OH
OMe

spectral data see 2.5 section. 
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 Vanillin: white solid, 541.6 mg (89% yield with DMF as co-catalyst); the spectral vanillin

CHO

OH
OMe

data see 2.5 section.  
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4. Copies of Spectra 
4.1 Copies of spectra for oxybromination of 4-cresol into 1a. 
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4.2 Copies of spectra for oxybromination of 4-hydroxybenzaldehyde into 2a. 
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4.3 Copies of spectra for the oxidation process of 1a in EG. 
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4.4 Copies of spectra for the oxidation process of 1a in methanol. 
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4.5 Copies of 1H NMR spectra for compounds 2a and 5, in CD3ONa/CD3OD and CD3OD, respectively. 
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4.6 Copies of spectra for Co(OAc)2
.4H2O-catalyzed oxidation of 1a, 1b and 1c. 
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4.7 Copies of spectra for Co(OAc)2
.4H2O-catalyzed oxidation of 1. 
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4.8 Copies of spectra for CuCl/HCOOMe-catalyzed methoxylation. 
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4.9 Copies of GC-MS for CuCl/HCOOMe-catalyzed methoxylation of aryl bromides. 
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4.10 Copies of GC-MS for CuCl-catalyzed methoxylation of 2a with different co-catalysts. 
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