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Sodium nitrate was used as an effective redox mediator in the electrochemical oxidation of primary and
secondary aromatic alcohols in biphase electrolysis at ambient temperature. The oxidation reactions
were carried out in an undivided cell equipped with carbon anode and stainless steel cathode in which
upper aqueous phase contained 0.83% sodium nitrate with minimum amount of HCl whereas, the lower
organic phase consisted of aromatic alcohols in chloroform. A variety of aromatic alcohols were effi-
ciently oxidized to aldehydes and ketones in good yields with maximum selectivity (>99%).
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The transformation of alcohols into corresponding carbonyl
compounds is one of the simplest and fundamental reactions in or-
ganic synthesis.! In particular, aldehydes represent an important
class of products and versatile intermediates in the field of fine
chemicals such as fragrances or food additives.? Generally, alcohol
oxidation requires stoichiometric amounts of toxic heavy metal
salts® or expensive catalysts containing transition metals.*~° Most
of these inorganic oxidants create an environmental problem by
producing large amount of ‘spent reagent’ and hence the process
is not eco-friendly. The catalytic oxidation of alcohols with molec-
ular oxygen using transition metal salts''"'® and polyoxometa-
lates’®2? is also reported in the literature. At present, only a few
reports are available related to environmentally benign reagents
such as silica-supported reagents?! and carbon-supported plati-
num catalysts?? for the synthesis of aldehydes.

In recent years, electro organic synthesis has also paved a new
way to green chemical processes by introducing environmentally
benign reagents compared to conventional redox reactions. How-
ever, the reactions involving nitroxyl radical compound-mediated
processes used costly catalyst along with mediators in the electro-
chemical oxidation of alcohols.?>-2> Moreover, in homogeneous
electrolysis system, mixture of products is obtained due to over
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Scheme 1. Selective oxidation of aromatic alcohols in biphasic electrolysis.

oxidation of reactant on electrode surface which leads to lower
selectivity. In the case of emulsion electrolysis, electrode passiv-
ation leads to higher current density and consumes more electrical
energy. The above said two systems may pose problem in the sep-
aration of spent mediator at the end of the reaction but biphase
electrolysis offers obvious advantages over homogeneous electrol-
ysis with respect to easy handling and mediator recycling.?®

Presently, only a few reports are available on the syntheses of
fine chemicals by biphase electrolysis method.?’?® Recently, we
developed a biphase electrolysis system involving electrochemical
oxidation of benzyl alcohol to benzaldehyde mediated by sodium
nitrate at ambient temperature.?® The current work focuses on
the selective oxidation of aromatic alcohols using the optimized
reaction conditions (Scheme 1).3°

The primary and secondary alcohols were oxidized to corre-
sponding aldehydes and ketones, respectively. Interestingly,
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Table 1
Electrochemical selective oxidation of aromatic alcohols in biphasic medium

Entry Alcohols Product Yield® (%) Faraday Current efficiency (%)
H (0]

95 2 95.0

Oy, OO

63 315
H O
3 5 72 2 72.0
/O /O
OH H O
4 (é 5 85 2 85.0
OH H O
5 é 5 81 4 405
Cl Cl
OH H O
6 é 5 10 4 05.0
NO, NO,
OH H O
7° é é 44 4 22.0
NOZ NOZ
p OH = 0]
8 H 71 4 37.0
OH O
9 5 5 75 2 75.0
OH O
10 /5 /5 32 4 16.0

Biphase electrolysis conditions: current density = 50 mA/cm?; electrodes = carbon/stainless steel; temperature = ambient temperature (30-34 °C); stirring rate = 50 rpm;
aqueous layer = 0.83% NaNOs + 0.37 M HCl (60 ml); organic layer = alcohols (10 mmol) dissolved in chloroform (20 ml).

@ Selectivity >99% in each entry.

b Reaction (entry 7) was carried out in acetonitrile solvent (homogeneous electrolysis) as the alcohol has low solubility in chloroform.
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Scheme 2. Carbon-centered radical mechanism.

further oxidation to acid was minimized in this biphase electrolysis
system. The results are summarized in Table 1. The product alde-
hydes or ketones were determined by HPLC. Authentic samples
were used to calculate the peak area of the corresponding experi-
mental products for yield calculation. The alcohols and other re-
agents were purchased from Sigma-Aldrich, Alfa-Aesar, & Merck.
They were used without further purification.

Sodium nitrate was chosen as a cheaper redox mediator to carry
out the selective oxidation of aromatic alcohols effectively in bi-
phase electrolysis. In the aqueous phase one electron oxidation®'
of nitrate ion allows in situ generation of nitrate radical which is
known to be an efficient hydrogen abstractor.3? Electrochemically
generated nitrate free radical reacts with aromatic alcohol at the
interphase region of the organic and aqueous phases selectively
to offer aldehyde or ketone. Finally, the nitrate radical can be effec-
tively regenerated at carbon anode after reaction with alcohol.
After completion of the electrolysis, separation of organic phase
and evaporation of the organic solvent afford the product.

Electrochemical selective oxidation of benzyl alcohol was effec-
tively carried out in biphasic system with 2 F/mol of charge which
resulted in excellent yield (95%). Using this biphasic system aro-
matic alcohol and substituted aromatic alcohols were oxidized to
the corresponding carbonyl compounds at room temperature in a
single compartment cell in high yields (Scheme 1).3° The yields
of the products are listed in Table 1. We observed a smooth oxida-
tion of aromatic alcohols substituted with electron-donating
groups such as -methoxy, -methyl groups (entries 3 and 4) yielding
72% and 85%, respectively with 2 F/mol current, while alcohols
substituted with electron-withdrawing group such as -chloro (en-
try 5) required 4 F/mol of electricity with a maximum yield of 81%.
The strong electron-withdrawing group such as -nitro, substituted
aromatic alcohol (entry 6) gave only 10% aldehyde due to its poor
solubility in chloroform solvent. When the same oxidation was
conducted in homogeneous condition (CH3CN as solvent) 44% yield
of 4-nitrobenzaldehyde was obtained (entry 7). Among the second-
ary alcohols (entries 9 and 10) 1-phenyl ethanol gave higher yield
(75% yield with 2 F/mol current) than the 1-phenyl propanol (32%
yield with 4 F/mol current). Probably the presence of additional
methyl group may have hindered the bulky nitrate radical to come
closer to the benzylic hydrogen—hence the yield was poor. In all
the above entries 1-10 the selectivity was observed >99%.

A possible mechanism for the electrochemical selective oxida-
tion of aromatic alcohols in biphasic medium is proposed in
Scheme 2 as cited in literature.*

In conclusion, sodium nitrate mediator, carbon, and stainless
steel electrodes are cheaper reagents that were employed in the
selective oxidation of aromatic alcohols in biphase electrolysis at
ambient temperature. This method brings more advantages than
homogeneous systems with respect to easy handling, atom utility,
and reuse of spent mediator. The selectivity was observed greater
than 99% in all oxidation reactions. The biphase electrolysis set
up is so simple that the reactions can be carried out at room tem-
perature compared with the conventional oxidation reactions. On
the whole, the proposed electrochemical process and reaction set
up are simple and contribute to an extent as a greener synthesis.
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