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Abstract 

 Herein, we report an efficient protocol for the oxidative hydroxylation of arylboronic acids to phenols using nicotinic acid as 

organo-catalyst and aqueous H2O2 as an oxidant. This synthetic method features mild condition, simplicity and high yields.  
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Introduction 

 The phenol ring constitutes a key structural unit in many agrochemicals, natural products1 and pharmaceuticals.2-4 The 

traditional methods used to synthesise phenols usually involve the use transition-metal catalysts, complex ligands and harsh reaction 

conditions.5 In view of the easy availability, lower toxicity and higher stability the application of organoboronic acid for the synthesis 

of phenol derivatives is a highly efficient and advantageous strategy. As a consequence of this, efforts have been made for the 

transformation of arylboronic acids into phenols via ipso hydroxylation by using Oxone,6 NH2OH,7 N-oxides,8 potassium 

peroxymonosulphate,9 HOF,10 mCPBA,11 CuNP,12 I2-H2O2,
13 biosilica-H2O2,

14 lactic acid-H2O2,
15 organic hypervalent iodine (III)16 etc. 

However, these methods plagued by certain disadvantages like use of strong oxidising agent, commercially unavailable metal 

catalysts, ligand, higher temperature and harmful organic solvents. Therefore, to overcome these drawbacks development of simple, 

efficient and greener protocols is still in demand. 

 Herein, we present the organocatalyst, nicotinic acid for ipso-hydroxylation of arylboronic acids to phenols in aqueous 

environment without the use of toxic metal, base and problematic solvent.  

Results and discussion 

Table 1  

Optimization of nicotinic acid catalyzed ipso-hydroxylation 

 
 

Entry Nicotinic acid 

(mg) 

H2O2 

(ml) 

Solvent (2ml) Time (min) Yield 

(%)b 

1 100 0.50 H2O 5 96 

2 50 0.50 H2O 5 96 

3 25 0.50 H2O 5 89 

4 50 0.50 MeOH 5 84 

5 50 0.50 iPrOH 5 87 

6 50 0.50 CH3CN 5 81 

7 50 0.50 THF 5 77 

8 50 - H2O 60 - 

9 - 0.50  60 trace 

10 50 0.25 H2O 5 87 

 
a Reaction condition: Phenylboronic acid (1 mmol), H2O2 (30% aq.), Nicotinic acid catalyst. 
b Isolated yields. 
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Table 1  
Synthesis of phenols catalysed by nicotinic acida 

 

Entry R Yieldb (%) 

1 H 96 

2 m-CN 95 

3 p-I 92 

4 o-Me 88 

5 p-NO2 92 

6 m-NO2 89 

7 p-Cl 92 

8 α-Naphthol 91 

9 β-Naphthol 93 

10 p-COOH 90 

11 p-CHO 88 

12 p-COCH3 95 

13 m-CN 93 

14 p-Br 91 
 

a Reaction condition: Phenylboronic acid (1 mmol), 0.5 mL of H2O2 (30% aq), 50 mg of Nicotinic acid catalyst. 
b Isolated yields 

In the initial screening, we used to react phenylboronic acid (1a, 1 mmol) with H2O2 (0.5 mL) in the presence 25 mg nicotinic 

acid in 2 mL of water at rt and observed the formation of phenol (2a) in 89% yield in 5 min (Table 1, entry 3). Increasing the catalyst 

loading from 25 mg to 50 mg resulted into a gradual enhancement in the yield of phenol (entries 3–9). However, further increase in 

catalyst loading does not improve the yield of desired product (entry 10). The effect of concentration of H2O2 used in the present 

experimental conditions was also investigated (entry 5, Table 1). The hydroxylation reaction of arylboronic acids could not be 

performed in the absence of H2O2 and catalyst (Table 1, entry 8, 9). A range of solvents such as MeOH, iPrOH, CH3CN, THF and 

H2O were evaluated (entries 4-8, Table 1) and H2O was found to be the most effective solvent. 

 Finally, we have screened electronically diverse arylboronic acids for ipso-hydroxylation under optimized conditions (Table 

2). For substrates containing an electron-donating group such as -OMe, -NH2, -Me, -OH, -I and electron withdrawing groups like -Cl, 

-CHO, -NO2, -COCH3, -CN provided undoubtedly impressive results irrespective of their positions. 

Conclusion 

 In conclusion, a novel and versatile protocol has been put forward for the hydroxylation of arylboronic acids to phenols. Our 

approach was to find a practical way to promote this transformation, by utilizing aqueous hydrogen peroxide as the oxidant and a 

cheap and commercially available nicotinic acid as the catalyst. A variety of arylboronic acids transformed to the corresponding 

phenols in good yields. 

General procedure for the synthesis of phenols 

 To the mixture of arylboronic acid 1a (1 mmol), 30% H2O2 (0.50 ml) in water (2 mL) in a round-bottom flask was added 

nicotinic acid (25 mg) at room temperature. The completion of the reaction was monitored by TLC. After the completion of the 

reaction, water (10 mL) was added and it was worked up using diethylether (2 x 10 mL), washed with brine. The combined organic 

layer was dried over anhydrous Na2SO4 and concentrated in vacuo to give the crude mass. The crude compound was then purified by 

column chromatography on silica-gel (100-200) to afford the phenol 2a in pure form. 

ACKNOWLEDGMENT 

B.P.K is thankful to UGC, New Dehli, for the award of research fellowship. 

Selected experimental data 

3-hydroxybenzonitrile (Table 2, entry 2): 1H NMR (400 MHz, CDCl3) δ 7.39-7.34 (m, 1H), 7.24-7.22 (m, 1H), 7.11-7.05 (m, 2H), 

5.25 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 156.2, 130.5, 124.5, 120.6, 118.9, 118.5, 113.1. 

4-Chlorophenol (Table 2, entry 7): 1H NMR (400 MHz, CDCl3) δ 7.21-7.18 (m, 2H), 6.79-6.74 (m, 2H), 4.97 (s,1 H). 13C NMR 

(100 MHz, CDCl3) δ 154.2, 129.5, 125.7, 116.9. 

Naphthalen-2-ol (Table 2, entry 7): 1H NMR (400 MHz, CDCl3) δ 7.79-7.74 (m, 2H), 7.69 (d, J = 8.2 Hz, 1H), 7.45-7.42 (m, 1H), 

7.34-7.31 (m, 1H), 7.14 (d, J = 2.5 Hz, 1H), 7.11 (dd, J = 8.8, 2.5 Hz, 1H), 4.89 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 153.2, 134.7, 

129.9, 129.2, 127.7, 126.5, 126.4, 123.7, 117.9, 109.5. 

4-Bromophenol (Table 2, entry 14): 1H NMR (400 MHz, CDCl3) δ7.37-7.25 (m,2H), 6.75-6.71 (m, 2H), 4.67 (s, 1H). 13C NMR 

(100 MHz, CDCl3) δ 154.5, 132.7, 117.2, 113.2. 
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