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Experimental Section

1. HPLC analysis method and yield calculation

The reaction progress was monitored, and the yields were quantified using high-

performance liquid chromatography (HPLC) with an external standard method.

1.1 Phenol analysis:

Mobile phase: Methanol/Water = 7:3 (v/v)

Flow rate: 1.00 mL/min

Detection wavelength: 270 nm

Standard curve: A series of phenol solutions in water (1-5 g/L) were analyzed. The 

calibration curve was y = 6.4805 × 10⁴ x (where y is the peak area and x is the 

concentration in g/L), with a correlation coefficient of R² = 0.9944 (Fig. S2).

1.2 Biphenyl analysis:

Mobile phase: Methanol/Water = 9:1 (v/v)

Flow rate: 1.00 mL/min

Detection wavelength: 254 nm

Standard curve: A series of biphenyl solutions in methanol (1-5 g/L) were analyzed. 

The calibration curve was y = 2.33062 × 10⁵ x, with a correlation coefficient of R² = 

0.9994 (Fig. S3).

1.3 Yield calculation:

During the reaction, samples were periodically withdrawn, diluted, and analyzed by 

HPLC. The concentration of the product in the sample (Ccalculated) was determined by 

substituting the measured peak area (Aunknown) into the corresponding standard curve 

equation (Ccalculated = Aunknown / k, where k is the slope). The actual mass of the product 

(mactual) was then calculated by considering the dilution factor (D). mactual = Ccalculated × 

Vunknown × Dunknown. The yield was finally calculated as: Yield (%) = (mactual / mtheoretical) 

× 100%, where mtheoretical is the theoretical mass of the product based on 100% 

conversion of the starting material.



Fig. S1. Preparation process of Cu-B2O3/PBN nanocatalyst.

Fig. S2. (a) HPLC images of phenol solutions with different concentrations. (b) 
Standard curve of phenol solution obtained from (a) data.



Fig. S3. (a) HPLC images of different concentrations of biphenyl in methanol solution. 
(b) Standard curve of biphenyl solution obtained from (a) data.

Fig. S4. Cu particle size distribution chart of Cu-B2O3/PBN.

Fig. S5. Survey XPS spectra of PBN and the fresh Cu-B2O3/PBN.



Fig. S6. O 1s XPS of PBN and Cu-B2O3/PBN.

Fig S7. N2 adsorption-desorption isotherm of Cu-B₂O₃/PBN.



Fig. S8. TG and DSC curves of the Cu-B₂O₃/PBN.

Fig. S9. FESEM image and EDAX analyses of the fresh Cu-B2O3/PBN. 



Fig. S10. FESEM image and EDAX analyses of the used Cu-B2O3/PBN (after six ipso-

hydroxylation reaction cycles).



Fig. S11. FESEM image and EDAX analyses of the used Cu-B2O3/PBN (after six C-C 

homocoupling reaction cycles).

Fig. S12. XRD analyses of the fresh and used Cu-B2O3/PBN. 



Fig. S13. The UV-Vis spectrum of detecting H2O2 in the reaction solution.

Fig. S14. The used Cu-B2O3/PBN Cu 2p XPS for phenol oxidation: (a) unetched and 
(b) argon ion etching (30 s).



Fig. S15. The used Cu-B2O3/PBN Cu 2p XPS for coupling reaction: (a) unetched and 
(b) argon ion etching (25s).

Fig. S16. The yields of phenylboric acid were oxidized to phenol at different conditions. 

Fig. S17. Heterohydroxylation of arylboric acid on different catalysts.



Fig. S18. The C-C homocoupling of aryl boric acid on different catalysts.

Table S1. The effect of reaction time on the yield of electron-withdrawing groups. 

Different products 90 min 

(%)

180 min 

(%)

300 min 

(%)

600 min 

(%)

1200 min 

(%)

 p-methylphenol 28 42 63 74 71

p-methoxyphenol 15 36 45 56 42

p-ethylphenol 12 21 34 37 20

p-chlorophenol 45 69 82 97 94

p-fluorophenol 15 21 37 41 35

1-naphthol 10 0 0 0 0

1-Thiophene 0 0 0 0 0

4-nitrophenol 20 50 85 80 74

4-hydroxybenzonitrile 23 51 88 78 71



Table S2. Catalytic activity comparison of various materials.

Yield (%)
Entry

Different 
catalysts

Catalyst 
amount

Conditions Solvent
OH

Ref.

Air, K2CO3, 80 
℃, 5 h

H2O 99 0
1 Cu-B2O3/PBN 5 mg

Air, r.t., 5 h MeOH 3 94
This work

2 BN-OH 20 mg
H2O2, 50 ℃, 30 
min

H2O 95 ˗ s1

3 graphene oxide 15 mg H2O2, r.t., 10 min H2O 99 ˗ s2
4 Pd/eggshell 3.3 mol% H2O2, r.t., 3 min - 98 ˗ s3

5 Ag NPs
0.2 mL (10-

3 M)
H2O2, r.t., 10 min - 97 ˗ s4

6 Cu2O NPs 2 mg Air, 60 ℃, 5 h H2O 100 ˗ s5

7
CeO2 
nanostructures

10 mg H2O2, r.t., 5 min
H2O:EtOH
=1:1

95 ˗ s6

8 ZnO NPs 5 mol%
H2O2, r.t., 5 min,
ultrasonic 
vibration

H2O 95 ˗ s7

9
Cu(II)-based 
MOF

5 mol% H2O2, r.t., 30 min
H2O:EtOH
=1:1

99 ˗ s8

10 Fe2O3@SiO2 4 mg O2, 50 ℃, 2 h H2O 98 ˗ s9
11 CuSO4-EA 10 mol% O2, 60 ℃, 8 h EtOH 91 ˗ s10
12 Pd-Chit-CNT 0.5 mol% H2O2, r.t., 15 min ˗ 97 ˗ s11
13 Cu@C3N4-4 10 mg Air, r.t., 6 h H2O 95 s12

14 Au/MCC
0.0075 
mmol

Air, 300 K, 75 
min

H2O 0 98 s13

15 TiO2-AA-Cu(II) 0.15 mol% Air, r.t., 1 h THF ˗ 95 s14
16 Au-Ag/GO ˗ Air, r.t., 1 h H2O ˗ 95 s15

17
CuII/CuI 
@MIL-101(Cr)

100 mg Air, r.t. DMF ˗ 99.5 s16

18 CuCl 2 mol% Air, 28 ℃ MeOH ˗ 93 s17

19
AuNPs.

2 mL
Air, K2CO3, 50 
℃, 3 h

EtOH ˗ 95 s18

20
Pd(OAc)2 
/WEPA

1 mol%
Air, r.t., 0.25h

WEPA/
EtOH

˗ 95 s19

21 Cu(II)-TRIPTA Air, 60 ℃, 5 h MeOH ˗ 96 S20

22 CuCl2 ·2H2O 5 mol% Air, r.t., 15 min MeOH ˗ 97 s21



Products Characterization
1. Phenol derivatives

OHMe

1
H NMR (500 MHz, Chloroform-d) δ 7.05 (dd, J = 8.6, 3.5 Hz), 6.75 (dt, J = 8.5, 2.4 

Hz), 2.37 – 2.16 (m).
Data are consistent with those reported in Appl. Catal., A 2013, 466, 60-67.

OHMeO

1
H NMR (500 MHz, Chloroform-d) δ 6.92 – 6.68 (m), 6.05 – 4.52 (m), 3.77 (d, J = 

2.2 Hz).
Data are consistent with those reported in Appl. Catal., A 2013, 466, 60-67.

OHEt
1
H NMR (500 MHz, DMSO-d

6
) δ 9.08 (s, 1H), 7.02 – 6.93 (m, 2H), 6.66 (dd, J = 8.5, 

2.1 Hz, 2H), 2.47 (t, J = 7.6 Hz, 2H), 1.12 (t, J = 7.5 Hz, 3H).
Data are consistent with those reported in J. Organomet. Chem. 2017, 851, 52-56.

OHCl

1
H NMR (500 MHz, DMSO-d

6
) δ 9.66 (s, 1H), 7.24 – 7.14 (m, 2H), 6.81 – 6.72 (m, 

2H).
Data are consistent with those reported in J. Organomet. Chem. 2017, 851, 52-56.

OHF

1
H NMR (500 MHz, DMSO-d

6
) δ 9.34 (s, 1H), 7.00 – 6.93 (m, 2H), 6.78 – 6.67 (m, 

2H).
Data are consistent with those reported in J. Organomet. Chem. 2017, 851, 52-56

OH



1
H NMR (500 MHz, DMSO-d

6
) δ 10.10 (s, 1H), 8.17 – 8.10 (m, 1H), 7.80 (dd, J = 

7.6, 1.5 Hz, 1H), 7.45 (dddd, J = 16.6, 8.2, 6.8, 1.5 Hz, 2H), 7.36 – 7.25 (m, 2H), 6.88 
(dd, J = 7.1, 1.3 Hz, 1H).
Data are consistent with those reported in ACS Appl. Mater. Interfaces 2023, 15 (7), 
9412-9420. 

OHO2N

1H NMR (500 MHz, Chloroform-d) δ 8.22 – 8.13 (m, 2H), 6.97 – 6.88 (m, 2H), 5.79 
(s, 1H).
Data are consistent with those reported in ACS Omega 2022, 7, 42126-42137. 

OHNC

1H NMR (500 MHz, Chloroform-d) δ 7.65 – 7.50 (m, 2H), 6.98 – 6.85 (m, 2H), 6.45 
(s, 1H).
Data are consistent with those reported in Lett. Org. Chem. 2022, 19, 902-907.

2. diphenyl derivatives

MeMe

1
H NMR (500 MHz, Chloroform-d) δ 7.55 – 7.49 (m, 4H), 7.27 (d, J = 7.9 Hz, 4H), 

2.42 (s, 6H).
Data are consistent with those reported in Mol. Catal. 2021, 501, 111366.

OMeMeO

1
H NMR (500 MHz, Chloroform-d) δ 7.47 (tt, J = 8.1, 3.4 Hz, 2H), 7.33 – 7.28 (m, 

2H), 7.26 (t, J = 2.0 Hz, 2H), 7.02 (dd, J = 8.3, 2.9 Hz, 2H), 4.02 – 3.93 (m, 6H), 3.92 
– 3.88 (m, 1H).
Data are consistent with those reported in Mol. Catal. 2021, 501, 111366.

EtEt

1
H NMR (500 MHz, Chloroform-d) δ 7.63 – 7.47 (m, 4H), 7.30 (dt, J = 36.2, 7.6 Hz, 

4H), 2.74 (ddd, J = 28.3, 14.9, 7.4 Hz, 4H), 1.39 – 1.25 (m, 6H).
Data are consistent with those reported in Green Chem. 2014, 16 (6), 2865-2875.



ClCl

1
H NMR (500 MHz, Chloroform-d) δ 7.50 – 7.44 (m, 4H), 7.43 – 7.38 (m, 4H).

Data are consistent with those reported in Green Chem. 2014, 16 (6), 2865-2875.

FF

1
H NMR (500 MHz, Chloroform-d) δ 7.53 – 7.47 (m, 4H), 7.16 – 7.10 (m, 4H).

Data are consistent with those reported in Green Chem. 2014, 16 (6), 2865-2875.

1
H NMR (500 MHz, Chloroform-d) δ 7.98 – 7.93 (m, 4H), 7.60 (dd, J = 8.3, 6.9 Hz, 

2H), 7.48 (ddd, J = 15.6, 7.5, 1.2 Hz, 4H), 7.41 – 7.38 (m, 2H), 7.29 (ddd, J = 8.3, 6.7, 
1.3 Hz, 2H).
Data are consistent with those reported in J. Org. Chem. 2003, 68 (26), 10130-10134.

S S

1
H NMR (500 MHz, DMSO-d

6
) δ 7.49 (dd, J = 5.1, 1.2 Hz, 2H), 7.29 (dd, J = 3.5, 1.2 

Hz, 2H), 7.08 (dd, J = 5.1, 3.6 Hz, 2H).
Data are consistent with those reported in Mol. Catal. 2021, 501, 111366.

NO2O2N

1H NMR (500 MHz, Chloroform-d) δ 8.36 (d, J = 8.1 Hz, 4H), 7.79 (d, J = 8.2 Hz, 
4H).
Data are consistent with those reported in Mol. Catal. 2021, 501, 111366.

CNNC



1H NMR (500 MHz, Chloroform-d) δ 7.82 – 7.75 (m, 4H), 7.74 – 7.62 (m, 4H).
Data are consistent with those reported in Green Chem. 2014, 16 (6), 2865-2875.
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