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ABSTRACT 

The objective of this study is to evaluate the impact of “on water” reaction conditions on the 

oxidation of organic compounds under the atmosphere of molecular oxygen. Experiments 

highlighted herein utilize water as the sole reaction solvent or as a major co-solvent. The study 

describes standardization of the method for the oxidation of phenolic compounds utilizing “on 

water” reaction concepts using molecular oxygen. 

 

INTRODUCTION 

Quinones are a large class of organic compounds having rich and fascinating chemistry1. 1,4-

Benzoquinone or p-benzoquinone (1) is the basic structure of quinonoid compounds. They are 

abundantly distributed in the natural world2, play major role in the biological functions including 

oxidative phosphorylation and electron tranfer3. A large number of chemical derivatives having 

1,4-benzoquinone as the basic moiety shows prominent pharmacological applications as 

antibiotic4, antitumor5, antimalarial6 and herbicidal activity7. Quinones also have wide 

applications in the field of synthetic organic chemistry8. In coordination chemistry quinones are 

used for designing magnetic materials9.  

The kneen interest on quinone chemistry has been observed from the middle of 19 th century10. 1 

was the first synthesized quinone in late 1830 from the oxidation of quinic acid with manganese 

dioxide and sulfuric acid11 (Scheme 1). The commonly used oxidizing agents applied for quinone 

synthesis are silver oxide12, manganese oxide13, nitric acid14, salcomine/O2
15,  chromium 

oxidants16, benzene selenic anhydride17,  ceric ammonium nitrate(CAN)18 and DDQ19. The 
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combination of solvent and oxidizing agents, such as ferric chloride in DMF20, ceric ammonium 

nitrate in acetonitrile-water21, silver oxide in benzene22, and sodium hypochlorite23, and nitric 

acid-impregnated manganese dioxide in methylene chloride24 have been utilized for the 

oxidation of hydroquinones to 1,4-benzoquinones. Among polymers, polyaniline is known to 

have various oxidation states, which permits the reversible redox cycle for the catalytic reactions 

25. 

  Various techniques have been reported for the oxidation of phenol to benzoquinones. The 

Teuber reaction26 (Scheme 2), which uses Fremy’s salt, (KSO3)2NO as oxidizing agent has been 

the earliest reported and widely used method. The nitric acid oxidation of phenols into the 

corresponding quinines is very well known27. The electrosynthesis of benzoquinone is achieved 

by the anodic oxidation of phenol in acetonitrile-water mixtures using PbO2 electrodes (Scheme 

3 )28. The recent advancement in the quinone synthesis from phenol is following the green 

chemistry route. The solar chemical synthesis of quinones by the photo-oxygenation of phenols 

was carried out by Oelgemollar and co-workers29. One of the earliest synthetic route of I,4-

benzoquinones from hydroquinone was revealed by Vliet30 around 70 years back, using Cr (VI) 

salt for the oxidation. Bernini et al31 disclosed the first catalytic methodology to obtain p-

benzoquinone by oxidation of catechin and epicatechin derivatives with the hydrogen 

peroxide/methyltrioxo rhenium catalytic system (Scheme 4). “Telescoped process”, discovered 

by Bjorsvik and colleges32, constitutes a green and environment friendly synthesis of 1,4-

Benzoquinone in the following three steps: i) oxidation using hydrogen peroxide in the presence 

of a Bronsted acid, nitric acid as a catalyst; ii) elimination of excess oxidant using sodium 

metasulfite; iii) oxidation using concentrated nitric acid (Scheme 5).   

Synthesis of 1, 4-Benzoquinone from unique precursors 

Several reports are mentioned in the literature about the synthesis of quinones from organic 

moieties other than commonly applied phenols. 

1. Coombes and Moody33 synthesized the product from brown algae Perithalia capillaries 

(Scheme 6). 
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2. N-Arylsulphonamides gave p-benzoquinone on oxidation with ceric ammonium nitrate 

(Scheme 7)34. 

3. Synthesis of annelated quinones was reported by Moore and co-workers35 (Scheme 8). The 

reaction proceeds via thermal rearrangement. 

4. Mathur et al36 reported a photochemically promoted one-step synthesis of 1,4-

benzoquinones (Scheme 9). 

5. Moody and co-workers37 reported microwave-mediated Claisen rearrangement followed 

by phenol oxidation to give the desired product. Wide range of 1,4-benzoquinone were 

designed by Pardasani and co-workers following this method34 (Scheme 10). 

The oxidation of hydroquinone to benzoquinone is marked as an important physiological 

reaction, which is most efficiently catalyzed by copper metal38, 39. This particular reaction 

prompts me to use the copper salt as a catalyst in my experiment. 

Oxidation of hydroquinone to 1,4- benzoquinone using various oxidising agents 
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Scheme 1. First synthesis of benzoquinone. 
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Scheme2. Mechanism of Teuber reaction 
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Scheme3 . Electrosynthesis of benzoquinone. 
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Scheme 4 . Synthesis of benzoquinone by Bernini et al. 
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Scheme 5 . A green telescoped process for the synthesis of quinones 
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Miscellaneous synthesis of 1,4-benzoquinones from unique precursors 
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Scheme 6 . Synthesis of  benzoquinone by Coombes and Moody 
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Scheme 7 . Conversion of N-arylsulphonamides to benzoquinone 
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Scheme 8 . Synthesis of benzoquinone by Moore and co-worker 
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Scheme 9 . Synthesis of benzoquinone by Mathur et al. 
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Scheme 10. Synthesis of benzoquinone by Pardasani and coworkers. 

 

 

EXPERIMENTAL SECTION 

Materials 

Hydroquinone was purchased from Loba Chemie Pvt. Ltd., India. Copper sulphate was supplied 

by Fisher Scientific Qualigens, India.  

i) “In water” catalytic oxidation of hydroquinone to 1 

In a 25 ml round-bottomed flask, hydroquinone (2 mmol) and water (6 ml) were added and the 

reaction mixture was stirred at room temperature for one and a half hour under the atmosphere of 

molecular oxygen (oxygen balloon) in presence of alkaline medium  and catalytic amount of 

copper sulphate (20  mole%) (Scheme 11). 

ii) “On water” catalytic oxidation of hydroquinone to 1 

Slurry of 5 mmol of hydroquinone was made in hexane, and then it was quenched with minimum 

amount of water to achieve a heterogeneous mixture. “On Water” catalytic oxidation of this 

heterogeneous mixture was proceeded in the similar manner as mentioned above. The oxidative 

conversion of hydroquinone to 1 (obs. m.p 114-1160C; reported m.p 1150C) was achieved within 

45 min. The conversion rate was up to 80-90%, which is higher in comparison to the “in water” 

oxidation (70-80%). 
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 Scheme 11. Catalytic oxidation of hydroquinone to 1 
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RESULT AND DISCUSSION 

The optimization of the process obviously depends on ascertaining the role of pH, catalyst and 

molecular oxygen in the reaction. 

pH selection 

The oxidation of hydroquinone with molecular oxygen is very sensitive to the pH.  Experiments 

were also performed at neutral and acidic pH under the similar conditions but no oxidation was 

observed. 

 

Role of the catalyst 

From the optimization study on the reaction conditions, I found that when hydroquinone was 

stirred at room temperature under atmospheric oxygen at alkaline pH, without the addition of 

catalyst a small amount (<1%) of 1 was formed. On addition of catalytic amount (20 mole %) of 

copper sulphate at neutral pH the conversion of hydroquinone to 1 was about 5%. By making the 

reaction mixture alkaline the oxidative conversion exceeds up to 40-50%.  

 

 

Role of molecular oxygen 

Similar experimental conditions (pH, amount of catalyst) were used to compare the oxidation of 

hydroquinone under atmospheric oxygen and molecular oxygen. Maximum oxidative conversion 

(80-90%) was obtained when the oxidation was proceeded under the atmosphere of molecular 

oxygen (oxygen balloon). For these reasons, the use of molecular oxygen seems to be very 

promising, as the oxidizing agent. 

Hence, this screening process reveals that here, the catalyst, pH and molecular oxygen are all 

equally essential for facilitating the oxidation of hydroquinone to 1,4- benzoquinone. The 

conclusion drawn from the above experiment was that hydroquinone was partially oxidized to 

benzoquinone even on addition of catalyst to the reaction mixture at alkaline pH under 
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atmospheric oxygen. But the rate of oxidation was very high when the reaction was proceeded 

under similar conditions in the presence of molecular oxygen. 

 

CONCLUSION 

 In conclusion, a new protocol has been developed for the oxidation of hydroquinone to 

benzoquinone. This process is rapid and easy to perform at room temperature. The methodology 

developed here is environmentally benign, as it uses molecular oxygen as an oxidant and found 

to be highly efficient for the oxidation of hydroquinone to 1 with the efficacy of 80-90%.  
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