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Abstract 

An efficient Alumina supported CuO catalyzed synthesis of phenols from various arylboronic acids in presence of K2CO3 under 

ligand free condition is reported. This protocol provides a variety of differently substituted phenols by a simple straightforward 

and efficient methodology in good yields. The explored catalyst is inexpensive, air-stable and recyclable up to three cycles. 
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1. Introduction 

Phenols serve as synthetic building blocks as well as versatile 

synthons in preparing oxygenated heterocycles [1, 2] and are 

very important intermediates in the chemical, pharmaceutical 

and material industries. These occur abundantly in nature as 

constituents in coal tar, amino acids, flavonoids, tannins and 

hormones (Figure 1) [2]. Simple phenols as well as poly 

phenols are found to be effective disinfectants [3]. Phenol and 

its derivatives are traditionally synthesized either by the 

nucleophilic substitution reaction of activated aryl halides or 

by the copper-catalyzed transformation of diazirines [4]. 

However, these methods generally suffer from limitations 

such as the harsh reaction conditions [5] as well as expensive 

catalysts. 

Recently, several palladium catalyzed processes have 

allowed the cross-coupling of aryl halides with hydroxide 

salts to proceed under milder conditions [6]. Buchwald and co-

workers reported reactions with catalyst systems derived 

from Pd2dba3 and phosphine ligands providing an effective 

route for the preparation of phenols from neutral, electron-

rich, ortho-substituted and functionalized aryl/heteroaryl 

bromides and chlorides [7]. Beller et al. developed a practical 

imidazole-based phosphine ligands for selective palladium-

catalyzed hydroxylation of aryl halides [8]. However, these 

palladium catalyzed reactions have certain limitations such as 

high cost of palladium salts, phosphine ligands and tedious 

synthetic procedures.  

The economic viability of copper as an effective catalyst has 

led to a remarkable progress in the development of copper-

catalyzed coupling reactions [9], such as the copper mediated 

hydroxylation of aryl halides with hydroxide salts (like KOH 

and NaOH) as nucleophiles to form phenols under milder 

reaction conditions. Wang et al reported the direct catalytic 

hydroxylation of arylboronic acids to phenols by using 

simple copper salts and 1,10-phenanthroline in the presence 

of KOH as a base at room temperature in water [10]. Taillefer 

et al described a selective hydroxylation process for both 

activated and unactivated aryl bromides and iodides in 

aqueous medium in the presence of a metal hydroxide and a 

copper catalytic system along with simple diketone ligands 
[11]. Fu et al developed a simple, practical and efficient 

copper-catalyzed synthesis of substituted phenols from aryl 

halides by using environ friendly water as a solvent medium 

under mild conditions [12]. Jingson You and co-workers 

reported the synthesis of phenol derivatives from aryl halides 

by coupling with potassium hydroxide under simple reaction 

conditions, in the presence of CuI and 1, 10-phenanthroline 

(phen), an inexpensive and commercially available ligand [13]. 

These copper catalyzed reactions also involve drawbacks, 

such as the use of stoichiometric amounts of the catalyst, high 

reaction temperatures and lack of recyclability.  

The heterogeneous catalysts are economically more attractive 

than homogeneous catalysts. Moreover, in the realm of cross-

coupling reactions, metal anchored heterogeneous supported 

reagents gained prominence in the recent past, in view of their 

advantages like improved efficacy due to the presence of 

numerous stable active sites, easy product purification. 

Diaconescu demonstrated that palladium nanoparticles 

supported on polyaniline nanofibers as a semi-heterogeneous 

catalyst in water for the synthesis of phenols from aryl halides 

and potassium hydroxide [6a]. Furthermore, the nanoscale 

catalysts are more advantageous as more active surface area 

is available to bind the substrates selectively and enhance the 

reaction efficiency [16]. Very recently Xu and Feng reported 

that the CuI in the form of nanoparticle catalyzed selective 

synthesis of phenols from aryl halides in aqueous solution.9d 

However, a literature survey reveals that copper-catalyzed 

synthesis of phenols from aryl halide and base has only a few 

reports with recovery of the catalyst. Here in we describe a 

simple, efficient and recyclable catalytic system for the 

synthesis of phenols, by an oxidative hydroxylation of 

arylboronic acids, employing hydroxide salts under ligand-

free conditions. 
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Fig 1: Some of the biologically active bromo phenols. 
 

2. Results and Discussion 

As a part of our continuous research interest in the field of 

heterogeneous catalysis [14], the role of inexpensive CuO on 

alumina, as a recyclable catalyst was investigated for the first 

time in the synthesis of phenol and its derivatives. Initially, a 

reaction was performed with arylboronic acid [1a] and 

K2CO3in the presence of CuO/Al2O3 catalyst at room 

temperature in MeOH for 10 h to provide the corresponding 

product [2a] in 90% yield. The reaction parameters such as 

solvent, base and catalyst loadings were optimized during the 

preliminary studies. The influence of different solvents such 

as MeCN, DMSO, DMF, MeOH and H2O was examined 

(entries 1 - 5, Table 1), and MeOH was found to be the most 

efficient solvent for this reaction affording the best yield of 

phenol (entry 4, Table 1). Among various bases tested, 

K2CO3 was observed to be more efficient than other bases 

such as Cs2CO3, t-BuOK and NaOH (entries 1 - 4, Table 2).  

Several copper catalysts were also screened for their 

influence on the synthesis of phenols and the results are 

summarized in Table 3. No product formation was observed 

in the absence of any copper catalyst (entry 1, Table 3). The 

heterogeneous CuO/Al2O3 produced phenol [2a] in an 

impressive yield compared to other catalysts such as CuSO4, 

CuBr, Cu2O, CuO, Cu(OAc)2 and CuCl (entries 2 - 8, Table 

3). Moreover, their catalytic activities were lower than 

CuO/Al2O3 system (entry 6, Table 3). The optimal reaction 

conditions observed for the synthesis of phenols employing 

hydroxide salts were CuO/Al2O3 (150 mg, 13 wt %), 2.0 

equiv of K2CO3 and MeOH as a reaction medium 3 mL, at 

room temperature.  

While exploring the scope of the reaction, various 

arylboronic acids were subjected to hydroxylation process by 

employing hydroxide salts in the presence of heterogeneous 

CuO/Al2O3 catalyst under ligand-free conditions. In general, 

all the reactions were simple, very clean and the phenol and 

its derivatives were obtained in high yields under optimized 

conditions. The substitutions on arylboronic acid at different 

positions played a major role in governing the reactivity of 

the substrate. The arylboronic acids containing electron 

withdrawing groups at para-position afforded higher yields 

compared to those with electron donating groups at para-

position and the results are summarized in Table 4. Sterically 

demanding ortho-substitution hampered the reaction and led 

to the formation of the products in lower yields (entries 14-

15, Table 4). Satisfactory yields were obtained in the case of 

arylboronic acids containing substitutions at meta-position 

(entries 16 - 17, Table 4).  

Further the reusability of the heterogeneous CuO/Al2O3 was 

studied in the hydroxylation of arylboronic acids. After 

completion of the reaction, the catalyst was recovered by 

centrifugation and washed with water followed by acetone, 

then dried in vacuum and used directly for further catalytic 

reactions. No significant change in the efficacy was observed 

up to three cycles.  

After separation, the solid catalyst was checked by XPS and 

SEM techniques and it was found that there was no change in 

the nature of the catalyst before and after the reaction. The X-

ray photoelectron spectroscopic (XPS) study [15], of the fresh 

and used CuO/Al2O3 catalyst at the Cu 2p level shows the 

2p3/2 lines at 934.5 and 934.6 eV and the Cu 2p level shows 

the 2p1/2 lines at 954.6 and 954.8 eV respectively, which 

indicates that Cu is in the +2 oxidation state before and after 

the reaction (Figure 2). The SEM images of the CuO/Al2O3 

catalyst before and after the cycles were recorded and it was 

observed that the morphology and size of the catalyst did not 

change considerably, even after the last cycle (Figure 3). The 

above experimental results clearly suggest that there was no 

significant change in the oxidation state and catalytic activity 

of CuO/Al2O3 catalyst before and after the reaction.  

 

 
 

 
 

Fig 2: XPS profiles of (a) Cu 2p orbital of native CuO/Al2O3 

catalyst (b) Cu 2p orbital of reused CuO/Al2O3 catalyst.  
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Fig 3: SEM images of heterogeneous CuO on alumina catalyst (a) native catalyst and (b) reused catalyst. 

 
Table 1: Solvent optimization studies.a 

 

 
a Reaction conditions: Arylboronic acid (1mmol), 

cuo?Al2 O3 (150 mg, 13 wt%), K2 CO3 (2.0 equiv.), 

solvent (3mL), rt, 10h.b Isolated yield  

 

Table 2: Efficacy of different based on hydroxylation of 

arylboronic acids.a 

 

 
a Reaction conditions: arybooronic acid (1mmol), 

CuO/Al2 O3 (150mg, 13wt%), base (2.0 equiv.), MeOH 

(3mL), rt, 10h.b lsolted yield. 
 

Table 3: Catalytic efficiency of different Cu sources on the 

hydroxylation of aryboronic acids. Arylboronic acids. a 

 

 
a Reaction conditions: Arylboronic acid (1 mmol), Cu 

source, K2CO3 ( 2.0 equiv.), Meoh (3ml), rt, 10h.b Isolated 

yield 

Table 4: Synthesis of phenols using heterogeneous copper oxide 

on alumina as a Catalyst.a 
 

 

a Reactions conditions: Arylboronic acid (1 mmol), CuO/Al2O3 (150 mg, 

13wt%), K2CO3 (2.0 equiv.), MeOH (3ml), rt, 10h. b Isolated yield 
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Table 5: recovery of catalyst>a 

 

 
Reaction conditions: arylboronic acid (1mmol), k2co3 (2.0 equiv.), 

MeOH (3ml), rt, 10 h. B with recovered catalvst. 

 

Conclusions 

In conclusion, a general and efficient preparation of phenols 

was developed by a CuO/Al2O3 catalyzed oxidative 

hydroxylation of arylboronic acids at room temperature in 

methanol under ligand free conditions. To the best of our 

knowledge, this is the first report of a simple protocol for the 

synthesis of phenols catalyzed by heterogeneous recyclable 

copper oxide on alumina by the oxidative hydroxylation of 

arylboronic acids. 

 

Experimental section 

 General Information: Arylboronic acid (99%), CuO on 

Alumina (99.9%) were purchased from Sigma Aldrich 

and used without purification. Column chromatography 

was carried out with 60-120 sized mesh silica gel using 

ethyl acetate and hexane as eluents. Analytical TLC was 

performed with Merck silica gel 60 F254 plates, and the 

products were visualized by UV detection. 1H NMR and 
13C NMR (Avance 300, Innova 400 MHz and Brucker 

Gemini 200 MHz) spectra were recorded in CDCl3 using 

TMS as an internal standard. Chemical shifts (δ) were 

reported in ppm, and spin-spin coupling constants (J) are 

in Hz. Melting points were determined on a Fischer-Johns 

melting point apparatus. EI-MS were recorded on a 

Finnegan MAT 1020 mass spectrometer operating at 70 

eV. 

 Representative experimental procedure for the 

synthesis of phenol by using CuO/Al2O3 as a catalyst: 

Arylboronic acid was mixed with K2CO3 (2.0 equiv.) and 

CuO/Al2O3 catalyst (13wt%, 150 mg) in MeOH (3.0 mL) 

and the reaction mixture was stirred at room temperature 

under air for 10 h, The progress of the reaction was 

monitored by TLC. After completion of the reaction, the 

reaction mixture was extracted with ethyl acetate (3x10 

mL). The combined organic layers were dried with 

anhydrous Na2SO4. The solvent was evaporated under 

vacuum to give the crude product, which was purified by 

column chromatography with ethyl acetate/ hexane as an 

eluent to yield the expected product [2a] (85 mg, 90%) as 

a colorless oil. The purity of the product was confirmed 

by 1H, 13C and mass spectroscopy. 

 Representative procedure for recycling: After 

extraction of the organic compounds with ethyl acetate, 

the recovered heterogeneous catalyst was placed in a 25 

mL round-bottomed flask. Aryl boronic acid [1a] (1.0 

mmol) and K2CO3 (2.0 equiv.) were added under air, 

followed by addition of MeOH (3.0 mL) and the reaction 

mixture was stirred at room temperature for 10 h. After 

completion of the reaction (as monitored by TLC), the 

heterogeneous mixture was then cooled to room 

temperature and treated with ethyl acetate (2 mL). The 

aqueous layer was separated and extracted with ethyl 

acetate (3x5 mL). The combined organic layers were 

dried with anhydrous Na2SO4 and concentrated under 

reduced pressure to yield the product, which was purified 

by column chromatography using silica gel (ethyl 

acetate/hexane) to obtain the pure product [2a] (80 mg, 

85%) as a colorless oil. The product was characterized by 
1H and 13C NMR, and MS analysis and compared with the 

literature values. The same procedure was extended for 

further cycles.  

 Phenol [11] (2a) (entry 1, Table 4): 90%, Colorless oil, 1H 

NMR (300 MHz, CDCl3): δ 7.25 - 7.16 (m, 3H), 6.91 - 

6.83 (m, 1H), 6.81 - 6.74 (m, 2H), 5.11 (br s, 1H). 13C 

NMR (75 MHz, CDCl3): δ 155.4, 129.6, 120.7, 115.3. EI-

MS: 94. 

 

Supporting information 

Supporting Information: Full experimental detail, 1H, 13C 

NMR, FT-IR and Mass spectral data of phenol and its 

derivatives. This material can be found in the “Supporting 

Information” section of this article. 

 

Acknowledgements 

The authors thank the Council of Scientific and Industrial 

Research (CSIR) New Delhi,India and University Grants 

Commission (UGC) New Delhi, India for financial 

assistance. 

 

References 

1. A) Ruchirawat S, Mutarapat T. An efficient synthesis of 

lamellarin alkaloids. Tetrahedron Letters. 2001; 

42(6):1205-1208. 

b) Fougerousse A, Gonzalez E, Brouillard R. A 

convenient method for synthesizing 2-aryl-3-hydroxy-4-

oxo-4H-1-benzopyrans or flavonols. The Journal of 

Organic Chemistry. 2000; 65(2):583-586.  

c) Brigati G, Lucarini M, Mugnaini V, Pedulli G F. 

Determination of the Substituent Effect on the O−H 

Bond Dissociation Enthalpies of Phenolic Antioxidants 

by the EPR Radical Equilibration Technique. The 

Journal of Organic Chemistry. 2002; 67(14):4828-4832. 

2. a) Tyman JHP. Synthetic and Natural Phenols. Elsevier, 

New York. 1996; 52:699. 

b) Rappoport Z. The chemistry of functional groups. The 

Chemistry of Phenols; Wiley-VCH: Weinheim, 2003. 

3. Soleas GJ, Diamandis EP, Goldberg DM. Wine as a 

biological fluid. Journal of Clinical laboratory Analysis. 

1997; 11(5): 287. 

4. a) Hoarau C, Pettus TRR. Strategies for the Preparation 

of Differentially Protected ortho-Prenylated Phenols. 

Synlett. 2003; 2003(1): 0127-0137.  

b) Hanson P, Jones JR. Taylor AB. Walton PH, Timms 

AW. An investigation into the reductions steps of 

sandmeyer hydroxylation and chlorination reactions. 

Journal of Chemical society, Perkin transactions 2. 2002; 

2002(6): 1135-1150.  

c) George T, Mabon R, Sweeney G, Sweeney JB, 

Tavassoli J. Alcohols, ethers and phenols. Journal of 

Chemical society, Perkin transactions 1. 2000; 2000(16): 

2529.  

d) Willis MC. Palladium-catalyzed coupling of ammonia 

and hydroxide with aryl halides, the direct synthesis of 

primary amines and phenols. Angewandte Chemie 

International Edition. 2007; 46(19), 3402. 



International Journal of Chemical Science 

48 

5. Fyfe CA. The Chemistry of the Hydroxyl Group (Ed.: S. 

Patai), Wiley-Interscience, New York. 1971; 1: 83. 

6. a) Gallon BJ, Kojima RW, Kaner RB, Diaconescu PL. 

Palladium Nanoparticles Supported on Polyaniline 

Nanofibers as a Semi‐Heterogeneous Catalyst in Water. 

Angewandte Chemie International Edition. 2007; 

46(38):7251-7254.  

b) Sergeev A G, Schulz T, Torborg C, Spannenberg A, 

Neumann H, Beller M. Palladium‐Catalyzed 

Hydroxylation of Aryl Halides under Ambient 

Conditions. Angewandte Chemie International Edition. 

2009; 48(41):7595-7599.  

c) Willis MC. Palladium‐Catalyzed Coupling of 

Ammonia and Hydroxide with Aryl Halides: The Direct 

Synthesis of Primary Anilines and Phenols. Angewandte 

Chemie International Edition. 2007, 46(19), 3402-3404.  

d) Chen G, Chan A S C, Kwong F Y. Palladium-

catalyzed C–O bond formation: direct synthesis of 

phenols and aryl/alkyl ethers from activated aryl halides. 

Tetrahedron Letters. 2007; 48(3): 473-476.  

e) Liu Q, Li G, He J, Liu J, Li P, Lei A. Palladium‐
Catalyzed Aerobic Oxidative Carbonylation of 

Arylboronate Esters under Mild Conditions. 

Angewandte Chemie International Edition. 2010; 

49(19): 3371-3374.  

f) Chowdhury AD, Mobin SM, Mukherjee S, Bhaduri S, 

Lahiri GK. [Pd(L)Cl2]‐Catalyzed Selective 

Hydroxylation of Arylboronic Acids to Phenols. 

European Journal of Inorganic Chemistry. 2011; 

2011(21):3232-3239.  

7. Anderson K W, Ikawa T, Tundel R E, Buchwald S L. 

The Selective Reaction of Aryl Halides with KOH:  

Synthesis of Phenols, Aromatic Ethers, and 

Benzofurans. Journal of American Chemical Society. 

2006; 128(33):10694-10695.  

8. Schulz T, Torborg C, Schiffner B, Huang J, Zapf A, 

Kadyrov R, et al. Practical Imidazole‐Based Phosphine 

Ligands for Selective Palladium‐Catalyzed 

Hydroxylation of Aryl Halides. Angewandte Chemie 

International Edition. 2009; 48(5):918-921. 

9. a) Jia J, Jiang C, Zhang X, Jiang Y, Ma V. CuI-catalyzed 

hydroxylation of aryl bromides under the assistance of 5-

bromo-2-(1H-imidazol-2-yl)pyridine and related 

ligands. Tetrahedron Letters. 2011; 52(43):5593-5595.  

b) Paul R, Ali M A, Punniyamurthy T. Copper-Catalyzed 

Hydroxylation of Aryl Halides with 

Tetrabutylammonium Hydroxide: Synthesis of 

Substituted Phenols and Alkyl Aryl Ethers. Synthesis 

2010; 24:4268-4272.  

c) Jing L, Wei J, Zhou L, Huang Z, Li Z, Zhou X. 

Lithium pipecolinate as a facile and efficient ligand for 

copper-catalyzed hydroxylation of aryl halides in water. 

Chemical Communications. 2010; 2010(46): 4746-4749.  

d) Xu H J, Liang Y F, Cai Z Y, Qi H X, Yang C Y, Feng 

Y S. CuI-Nanoparticles-Catalyzed Selective Synthesis 

of Phenols, Anilines, and Thiophenols from Aryl Halides 

in Aqueous Solution. Journal of Organic Chemistry. 

2011; 76(7):2296-2300.  

e) Yang K, Li Z, Wang Z, Yao Z, Jiang S. Highly 

Efficient Synthesis of Phenols by Copper-Catalyzed 

Hydroxylation of Aryl Iodides, Bromides, and 

Chlorides. Organic Letters. 2011; 13(16):4340-4343. 

f) Maurer S, Liu W, Zhang X, Jiang Y, Ma D. An 

Efficient Synthesis of Phenol via CuI/8-

Hydroxyquinoline-Catalyzed Hydroxylation of Aryl 

Halides and Potassium Hydroxide. Synlett. 2010; 6:976-

978.  

10. Xu J, Wang X, Shao C, Su D, Cheng G, Hu Y. Highly 

Efficient Synthesis of Phenols by Copper-Catalyzed 

Oxidative Hydroxylation of Arylboronic Acids at Room 

Temperature in Water. Organic Letters. 2010; 

12(9):1964-1967. 

11. Tlili A, Xia N, Monnier F, Taillefer M. A Very Simple 

Copper‐Catalyzed Synthesis of Phenols Employing 

Hydroxide Salts. Angewandte Chemie International 

Edition. 2009; 48(46):8725-8728. 

12. Yang D, Fu H. A Simple and Practical Copper‐Catalyzed 

Approach to Substituted Phenols from Aryl Halides by 

Using Water as the Solvent Chemistry- A European 

Journal. 2010; 16(8):2366-2370. 

13. Zhao D, Wu N, Zhang S, Xi P, Su X, Lan J, et al. 

Synthesis of Phenol, Aromatic Ether, and Benzofuran 

Derivatives by Copper‐Catalyzed Hydroxylation of Aryl 

Halides. Angewandte Chemie International Edition 

2009; 48(46):8729-8732. 

14. a) Venkanna A, Goud P V K, Rao P V. Recyclable and 

reusable nano-CuFe2O4 catalyzed C-O cross-coupling. 

European Journal of Chemistry. 2012; 3(3): 298-304.  

b) Venkanna A, Swapna K, Rao P V. Recyclable nano 

copper oxide catalyzed synthesis of quinoline-2,3-

dicarboxylates under ligand free conditions. RSC 

Advances. 2014; (4):15154-15160.  

c) Venkanna A, Goud PVK, Vijayaprasad P, Shanker M, 

Rao PV. One‐Step Synthesis of Xanthones and Thio‐
Xanthones by Using Magnetically Separable Copper 

ferrite Nanoparticles as a Catalyst under Ligand Free 

Conditions. Chemistry Select. 2016; 1(10):2271-2276.  

d) Vijayaprasad P, Venkanna A, Shanker M, Kishan E, 

Rao P V. Triflic acid promoted solvent free synthesis of 

densely functionalized furans. RSC Advances. 2017; 

2017(7):10524-10528.  

e) Shanker M, Venkanna A, Vijayaprasad P, Kumara 

Swamy M, Rao PV. Molecular Iodine-Mediated Ring 

Opening Reaction of Spiro-Epoxy Oxindoles with 

Electron Rich Arenes. ChemistrySelect. 2017,(2): 

10150-10152. 

15. a) Bhadra S, Sreedhar B, Ranu B C. Recyclable 

Heterogeneous Supported Copper‐Catalyzed Coupling 

of Thiols with Aryl Halides: Base‐Controlled 

Differential Arylthiolation of Bromoiodobenzenes. 

Advanced Synthesis & Catalysis. 2009, 351(14-15), 

2369-2378. 

b) Kantam M L, Arundhathi R, Likhar P R, Damodara 

D. Reusable Copper‐Aluminum Hydrotalcite/rac‐
BINOL System for Room Temperature Selective 

Aerobic Oxidation of Alcohols. Advanced Synthesis & 

Catalysis. 2009; 351(16): 2633-2637. 

16. a) Pacchioni G. Quantum chemistry of oxide surfaces: 

from co chemisorption to the identification of the 

structure and nature of point defects on MgO. Surface 

Review and Letters. 2000; 7(3): 277-306.  

b) Knight W D, Clemenger K, de Heer W A, Saunders 

W A M, Chou Y, Cohen M L. Electronic Shell Structure 

and Abundances of Sodium Clusters. Physical Review 

Letters. 1984, 52(24), 2141-2141. 


