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INTRODUCTION

Dihydric phenols like catechol, hydroquinone, and their methyl ethers are essential chemicals
widely used in industries such as agrochemicals and pharmaceuticals. They serve as
antioxidants, flavouring agents, and polymerization inhibitors. Catechol, a phenol derivative,
is important for synthesizing industrial antioxidants such as 4-tert-butylcatechol and
pharmaceutical compounds like adrenalone. Guaiacol acts as a precursor for vanillin, a major

flavouring agent. Hydroquinone finds applications in photographic processes.

Traditional synthetic methods for these phenols include catalytic oxidation of aromatic
hydrocarbons, hydroxylation of phenols, oxidative decarboxylation of aryl carboxylic acids,
and hydrolysis of halo-benzenes. However, these methods often involve prolonged reaction
times, harsh conditions, or expensive catalysts.

The Dakin reaction, which involves the conversion of aromatic aldehydes and ketones to
phenols in the presence of alkaline hydrogen peroxide, is popular for its efficiency and

hydroxyl

simplicity. This reaction is especially effective for substrates containing groups at the

ortho- or para-positions of aldehydes or ketones.

In contrast, the Dakin—West reaction converts amino acids into keto-amides using an acid
anhydride and a base, typically pyridine, with applications in peptide and pharmaceutical
chemistry. Both reactions are named after Henry Drysdale Dakin, a British chemist and

surgeon renowned for his contributions to organic chemistry, particularly in oxidation
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processes and amino acid transformations. His work has had a lasting impact on the field,

influencing numerous synthetic methodologies.!! (2

Although efficient, traditional Dakin reactions have certain limitations, such as slow reaction
rates and the requirement for large quantities of reagents or extreme conditions. Recent
developments have addressed these issues through the incorporation of hydrogen peroxide in
combination with boric acid,®! ! selenium compounds, or sodium percarbonate.®! ! The
innovation of new catalytic systems, such as Sn-Beta zeolites, has further enhanced the

reaction, enabling high-yield transformations under milder conditions./” &

Innovative approaches based on green chemistry principles now allow the conversion of aryl
aldehydes to phenols at room temperature in aqueous systems, without the use of transition
metals, toxic ligands, or organic solvents. These advancements have made the Dakin reaction
a more sustainable and economical route for industrial phenol production. Notably, enzymatic
catalysis has recently emerged as a promising alternative that aligns well with

environmentally friendly practices.

As a widely applicable tool for synthesizing valuable phenolic compounds such as catechol,
hydroquinone, and their derivatives, the Dakin reaction continues to attract significant
interest in both industrial and academic research. Other synthetically valuable products of
Dakin oxidation include guaiacol (a precursor to flavourants), hydroquinone (used in
photographic development), and antioxidants such as 2-tert-butyl-4-hydroxyanisole and 3-
tert-butyl-4-hydroxyanisole, which are used to preserve packaged food. The Dakin reaction
also plays a key role in the synthesis of indoquinones—naturally occurring compounds with
notable antibiotic, antifungal, and antitumor activities.X! (4

Ongoing innovations in catalyst development and process optimization are driving further
expansion of this reaction, reinforcing its role as a sustainable and efficient strategy for

phenol synthesis.
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Innovations in Dakin Reaction

Hydrogen Peroxide + Enhances oxidation efficiency;

Boric Acid greener alternative

Selenium Compounds Acts as a catalyst; increases
reaction speed

Sodium Percarbonate Solid source of H,0,; safer,
controlled release

Sn-Beta Zeolites Microporous, reusable catalysts
with high surface area

Room Temperature Operates under mild conditions;

Aqueous Systems eco-friendly

Enzymatic Catalysis Uses biological enzymes; high

Literature review:

1. H. D. Dakin (1923) synthesized Catechol, also known as pyrocatechol, by the oxidation of
salicylaldehyde and the demethylation of guaiacol. In the oxidation method, salicylaldehyde
was treated with hydrogen peroxide in a basic medium, yielding catechol with 69-73% vyield.
Alternatively, guaiacol was demethylated using hydrobromic acid to produce catechol with
85-87%. These synthesis methods are conventional techniques since toluene and
hydrobromic acid are used for extraction .M

2. Khemchand Surana et al.(2023) have presented an environmentally friendly method for
synthesizing catechol using the Dakin reaction. This technique employs hydrogen peroxide
(H2032) dissolved in tap water and reverse osmosis (RO) outlet water as solvents, utilizing
aromatic aryl aldehydes as reagents. Conducted at room temperature, the reaction yields
catechol ranging from 60% to 80%, depending on specific conditions and the concentrations
of H20: used. Notably, this catalytic system does not require activation or any transition
metal catalyst, toxic ligands, additives or promoters, bases, or organic solvents. Various
substituted hydroxylated benzaldehydes were tested to explore the capabilities of this
protocol. This approach aligns with green chemistry principles by replacing hazardous

reagents and organic solvents with safer, more sustainable alternatives.*t 22

3. Tomoya Nobuta et.(2024) reported the synthesis of phenols and Catechol from

salicylaldehyde and benzaldehyde substrates by Dakin reaction incorporating Oxone, which
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contains potassium peroxymonosulfate as a mild oxidant instead of hydrogen peroxide,
making it a green synthesis as this method does not require acidic additives or transition
metal catalysts like hydrogen peroxide. It was concluded that Oxone when used in a mixed
solvent of MeCN and MeOH is an efficient oxidant and was efficient in producing moderate
to high vyields of catechols and phenols from respective salicylaldehyde and
benzaldehydes. 3! 1141

4. Zhi Wang et.al. (2017) have developed a green synthesis method by lipase, especially
through Novozym 435 for Dakin reaction. This reaction uses substrates like salicylaldehyde,
and hydroxylated benzaldehydes in the presence of urea hydrogen peroxide and ethyl acetate,
which acts as solvent and source of peracid. This method produces phenols ranging from
90% to 97% vyield. This reaction works under mild conditions, like at room temperature, and
a reaction time of half an hour, which tells about its efficiency. Novozym 435, an

immobilized lipase enzyme, can be reused for ten cycles without losing its activity.2! 18

5. Shuai Chen et al.(2012) have introduced an organocatalytic method for developing
phenols through electron-rich aryl aldehydes by using catalysts such as hydro peroxyflavin
for Dakin reaction. This method uses hydrogen peroxide as an oxidant under mild, basic
conditions by using some solvents like DMSO, dichloromethane, and methanol. The phenols
which were synthesized using this method including catechols are obtained with high
efficiency. For example, oxidation of salicylaldehyde produced more than 95% by converting
it to catechol using Hydroperoxy flavin 5a (R=CI) as a catalyst with 1 equivalent H2O- in 2
hours. Along with it, 2-hydroxy acetophenone is converted to catechol under similar
conditions with a 90:10 DMSO/ MeOH solvent mixture. This method mainly focuses on
green synthesis, especially in the aerobic environment by using O,/Zn system which
eliminates the use of H.O. to make the process safer. 22 28!

6. Emerson Telxeira da Silva et al.(2008) have introduced solvent-free Dakin oxidation,
which converts aromatic aldehydes into phenols by using mCPBA in a solid-state reaction.
These are formed by simple mixing of aldehyde and mCPBA in mortar and pestle that
produces a paste-like mass that reacts within 10 minutes. Synthesised phenols like 3,4-
methylenedioxyphenol,3,4-dimethoxyphenol,4-methoxyphenol, and 4-chlorophenol yield up
to 95%. This reaction also includes hydrolysis of 10% aqueous Sodium hydroxide followed
by extraction with diethyl ether and dichloromethane. This method represents a green

synthesis approach due to solvent-free and solid-state properties.}% 24
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7. Seong-Ryu Joo et al. (2022) have synthesized phenols by using green synthesis. Phenols
are formed by reacting with various hydroxy aryl aldehydes and ketones by using the
combination of hydrogen peroxide and aqueous choline hydroxide. The whole procedure was
performed at ambient temperature in an aerobic environment. The reactivity of ChOH/
H-0.was dependent upon the position of the hydroxyl group of the aromatic ring. The yield

of the synthesized phenols was found up to 95% based on eleven examples.[2 22

8. Roberta Bernini et al. (2005) have synthesized an efficient method for the preparation of
phenols. These are formed by the oxidation of hydroxylated and methoxylated benzaldehydes
and acetophenones by using hydrogen peroxide/ methyltrioxorhenium in ionic liquids like
BF; and PFs. Good vyields of products within short reaction times are produced. Example:
Conversion of 4-methoxybenzaldehyde to 4-methoxy phenol in the presence of H.O-/
CH3ReO;3 and ionic liquids BF4/PFg at 50 degrees for 4 hours yields up to 85-87%.12%1 4]

9. Bishwajit Saikia et al. (2015) discussed a green synthesis method for the Dakin reaction,
in which hydroxylated benzaldehydes are converted into phenols by using hydrogen peroxide
and Water Extract of Banana (WEB) as the catalysts. Water Extract of Banana is derived from
banana ash, this acts as the catalyst, ligand, solvent, and base, eliminating the need for
hazardous reagents, transition metal catalysts, or organic solvents. The synthesis was
performed at room temperature under aerobic conditions, showcasing an eco-friendly
approach. Phenols, including hydroxylated phenols and catechols, were synthesized with a
90%-98% yield. This protocol is not only efficient but also aligns with principles of green
chemistry making it an alternative sustainable method to conventional methods. This study
highlights the wide range of applications of phenols in pharmaceuticals, agrochemicals, and
antioxidants. The approach emphasizes operational simplicity, cost-effectiveness, and

minimal environmental impact.1?! (%81

10. Ishwari A. Kale et al. (2019) focused on the green synthesis of phenols by the Dakin
oxidation method using the natural catalysts extracted from agricultural waste. In this
reaction, aldehydes act as the starting materials, and natural extracts like potato peel extract
(PPE), mango peel extract (MPE), grape pomace extract (GPE), pomegranate pomace extract
(PE), all rich in gallic acid and Water extract of banana (WEB) is used as both catalyst and
base. This method synthesizes various phenolic compounds, such as 4-hydroxyphenol, 2,4-
dichlorophenol, and 2-bromophenol with high yields. For example, 2-bromophenol achieved

95% with mango peel extract and 4-hydroxyphenol achieved 93% yield with mango peel
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extract. This reaction is carried out at room temperature under aerobic conditions with low
reaction times, emphasizing principles of green chemistry, and environmentally friendly.
While the pharmacological actions of derived phenols are not detailed the process highlights
their potential, as phenols have anti-inflammatory, antimicrobial, and antioxidant properties.
This method is a sustainable approach to chemical synthesis using agricultural waste,

presenting an economical and eco-friendly method to conventional methods.!2% (28]

11. Natu et al. (2014) developed a modified and efficient protocol for the Dakin reaction
using trifluoroacetic acid (TFA) as an acid additive to accelerate the conversion of aromatic
aldehydes to their corresponding phenols. Traditional Dakin reactions are often time-
consuming and require harsh conditions or additional reagents such as selenium dioxide
(SeO2). In this work, the authors demonstrated that the use of TFA in dichloromethane
(DCM) with hydrogen peroxide at room temperature significantly improved reaction rates
and yields, achieving up to 92% product yield within 4 hours without the need for SeO.. The
study also showed that TFA stabilized hydrogen peroxide under acidic conditions, which
prevented its decomposition and enhanced the efficiency of the reaction. A variety of
substituted benzaldehydes were successfully converted to phenols, highlighting the method’s
versatility and potential application in the synthesis of natural product precursors like
flavonoids and coumarins. This improved protocol offers a cleaner, faster, and more

environmentally benign approach to the classic Dakin reaction.2! B4

12. Banerjee et al. (2022) demonstrated that Dakin oxidation reaction can occur
spontaneously in aqueous microdroplets containing only ketones or aldehydes, without any
added oxidants, acids, bases, or catalysts. These reactions are driven by hydrogen peroxide
(H202) generated in situ at the air—water interface of microdroplets under ambient conditions.
Factors such as droplet size, high surface-to-volume ratio, and short reaction times
significantly influence the reaction efficiency. Mass spectrometry confirmed the formation of
oxidation products and intermediates. Dakin reactions benefited from surface OH™ and H*
ions. This work highlighted the potential of aqueous microdroplets as green microreactors for
promoting environmentally friendly oxidation chemistry. 1122
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(a) mango peel extract

(b) grape peel extract

(c) pomagranate peel extract

(d) potato peel extract [27] [28]

1. H:O»- Se0,
11) Ar-CHO TFA,DCM 4hRT Ar-OHI29] [30]
12) CHO OH
aqg microdroplets
no oxidant & catalyst -
R R [31] [32]

CONCLUSION

The Dakin reaction has become an important method for producing hydroxylated compounds
such as catechols, phenols, and their derivatives, which are highly useful in the
pharmaceutical, agrochemical, and other sectors. Although existing alternative methods are
competent, they often pose challenges due to harsh reaction conditions, long reaction times,
and the use of toxic reagents. The Dakin reaction has seen notable improvements in terms of

green chemistry and catalytic systems, making it more economical and convenient.
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Recent studies suggest that the reaction has been significantly enhanced by the use of eco-
friendly reagents such as hydrogen peroxide, novel catalysts like enzymes (e.g., Novozyme
435) and organocatalysts, and innovative oxidation systems such as peroxodicarbonate and
Oxone. Some methods even utilize agricultural residues such as banana ash or fruit peel

extracts as natural catalysts, thereby promoting sustainability.

The reviewed literature highlights the Dakin reaction's ability to achieve high yields under
mild conditions while adhering to green chemistry principles. These methods eliminate the
need for transition metal catalysts, toxic ligands, and organic solvents, making them safer and
more sustainable. Furthermore, the scalability and versatility of these approaches underscore
their significance in industrial applications.

Overall, advancements in the Dakin reaction not only enhance the synthesis of valuable
phenolic compounds but also contribute to the broader goal of sustainable industrial
practices. Continued focus on green innovations and catalyst development is expected to
further improve the reaction’s efficiency, solidifying its role as a cornerstone of

environmentally conscious chemical synthesis.

Abbreviations:

RT = Room Temperature

DMSO = Dimethyl sulfoxide

MeOH = Methanol

mCPBA = meta-chloroperoxybenzoic acid
BF, = Tetrafluoroborate anion

PF¢ = Hexaflurophosphate

Equiv = Equivalent

CH3ReO3 = Methylrhenium trioxide
AET = Aqueous Ethanolic Treatment
ChOH = Hydroxy-substituted Carbon
HBr = Hydro bromic acid

NaOH = Sodium hydroxide

MeCN = Methyl Cynide

NaHCOj3; = Sodium bicarbonate
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