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ABSTRACT

Electro-organic synthesis is a new methodology for synthesizing organic molecules, which
helped overcome the use of toxic oxidants and expensive catalysts and make the reaction greener.
The fundamental concepts of electrochemistry involve simple oxidation and reduction reactions,
where electrons act as the greener oxidant and reductant. This review discusses electrochemical
principles and basic terminologies that find their roots in physical organic chemistry to influence
a spectrum of organic and inorganic reactions. This review also discusses the different modes of
electrolysis, i.e., direct and indirect. Finally, the review highlights the importance of direct and indirect

electrolysis for various reactions.
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INTRODUCTION

The depletion of fossil fuels has prompted
a growing need for sustainable methods in
synthetic applications, leading to the emergence
of various techniques, such as photochemistry and
electrochemistry."? Electrochemical synthesis has
gained considerable popularity among these due to
its mild reaction conditions and excellent functional
group tolerance.®>” The roots of electrochemical
methodology trace back to Faraday's introduction
in 1830, aiming to drive non-spontaneous
organic reactions using current.® Despite early
contributions from Faraday, Kolbe, Haber, and
others, electrochemistry took nearly two centuries
to become mainstream in organic chemistry.® &5

The slow adoption of electrochemical
methodology can be attributed to the unfamiliarity
of organic chemists with the experimental setup and
electrochemical techniques, resulting in challenges
in reproducing results.'® However, the 21t century
witnessed a significant surge in the field, fueled by
the commercialization of standard electrolytic cells
and equipment designed for synthetic purposes.*516-18
Recent advancements in electrochemical synthesis
primarily stem from the desire to replace super
stoichiometric, harmful, and expensive chemical
oxidants/reductants, focusing on minimizing waste
by-products. Additionally, the shift towards electricity
as a cheaper source, derived from sustainable and
renewable energy sources rather than fossil fuels, '®-2!
has played a crucial role in the field's growth.
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Electro-organic synthesis, as a form of
electrochemical methodology, employs electricity
as a reagent for constructing organic molecules.
By harnessing the electrode potential to oxidize/
reduce a species,? electrochemical routes offer
sustainable, safe, atom-economic, inherently green,
and powerful eco-friendly tools for organic synthesis.
This approach contributes to environmental
sustainability and enhances our understanding of
chemical reactions and their mechanisms.”:20:23-25
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Concise History of Electro-Organic Synthesis
This segment provides a concise overview
of the research area, spanning its origins, historical
development, and progress. The rich history of
utilizing electric current to synthesize organic
molecules can be traced back to the ground-breaking
contributions of Faraday and Kolbe during the 19"
century.®°26 |In 1849, Kolbe notably elucidated the
synthesis of alkanes through the decarboxylative
dimerization of two carboxylic acids (Scheme 1.1).°
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Scheme 1.1. Example of Kolbe electrolysis

Subsequently, in 1898, Haber conducted
a significant experiment involving the electrolytic
reduction of nitrobenzene, resulting in the selective
production of aniline and phenylhydroxylamine
(Scheme 1.2). Notably, he observed that
phenylhydroxylamine was preferentially formed
at a less negative potential, where it consumed 4
electrons per molecule of nitrobenzene. In contrast,
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HO _OH

t - HZO
2ab

+28
+2H+

a more negative potential led to the formation of
aniline, involving the consumption of 6 electrons
(Scheme 1.2). This pivotal discovery played a crucial
role in advancing the field further. The experiments
underscored the essential role of electrode potential
as a fundamental parameter in determining the Gibbs
energy value of the electrode process, influencing
the selectivity and outcome of the reaction.?”

NHOH
+2e +28 +2H
TLoH - HzO
2ad 2ae

(Zac)

Scheme 1. 2. Example of Haber's nitrobenzene reduction

A groundbreaking advancement in
electro-organic synthesis occurred with Hickling's
introduction of the potentiostat in 1942. This
innovative device facilitated reactions at a constant
potential, employing a setup that contained three
electrodes where the potential was controlled on
the working electrode with respect to the reference
electrode. This marked the end of the reliance on
galvanostatic conditions in electro-organic synthesis,
where organic molecules were charged to a constant

current electrolysis, where with time the potential
of the reaction keep on rising.>?® Additionally, the
invention of cyclic voltammetry by Randles in 1948
provided a means for the precise measurement
of redox potentials of specific functional groups,
establishing itself as a crucial tool for electrochemists
to this day.®2° Some interesting classic examples
include the Monsanto adiponitrile process, which
showcased the scalability of electro-synthetic
reactions at industrial scales (Scheme 1.3).%°
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Scheme 1.3. Example of Monsanto adiponitrile process
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Additionally, Shono and collaborators
pioneered the inaugural direct anodic oxidation of
the a—methylene group, resulting in the generation

o

o
w 2 Fmol” W
= .
N MeOH MeO~" >N
co,Me anodic oxidation co,Me
(4aa) (4ab)
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of an amide (carbamate) and the formation of a
carbon-carbon bond through an N-acyliminium ion
intermediate (Scheme 1.4).331:32
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Scheme 1.4. Example of Shono oxidation

The evolution of electro-organic reactions
continued through pioneering studies, underscoring
the pivotal role of electrodes in facilitating organic
reactions. The recognition of direct electron
transfers between the substrate and the electrode
became a well-established concept among
scientists. While in the direct electrolysis electron
transfer between electrode surface and substrate
takes place heterogeneously, these processes often
encounter high kinetic barriers in the reactions.3®
Additionally, the accumulation of highly charged
intermediates near the electrode surface forms an
electrical double layer.?*3¢ Consequently, there is
a risk of these intermediates diffusing back into
the solution, potentially impacting the chemical
reactions of interest.

On the contrary, the remaining intermediate
undergoes decomposition at the electrode, leading
to electrode passivation. To address the issue of
electrode passivation, indirect electrolysis involving
an inorganic mediator was introduced in the early

- 2e
Q H Q+
co,Me co,Me
(5ab)
(5aa)

cation pool

éo,Me
(5ac)

1900s.% In this approach, a mediator, often a
redox catalyst, where heterogeneous electron
transfer is replaced with homogeneous electron
transfer. Subsequently, the field withessed a surge
in popularity, thanks to the notable contributions of
Steckhan. One noteworthy example is the oxidation
reaction of benzene to phenol using iron salts, where
the presumed "In-situ" formation of Fenton's reagent
takes place (Scheme 1.5).123637
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Scheme 1.5. Example of Steckhan reaction

Subsequently, in the latter part of the
20™ century, Yoshida introduced the concept of
electro-auxiliaries. This involves incorporating
functional groups such as silicon and sulfur
into the substrate to lower their electrochemical
potentials. This strategic modification enables
enhanced control over regioselectivities and
chemoselectivities in the electrochemical
reactions (Scheme 1.6).383%°

%
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Scheme 1.6. Example of Yoshida's reaction

Significant strides in electro-organic
synthesis were propelled by the groundbreaking
contributions of esteemed groups, including but
not limited to, Little et al.,’**° Schafer et al.,*' Lund
et al.,*> Moeller et al.,*> Amatore et al.,*® Jutand
etal.,*® and Yoshida et al.,"® These pioneering works
from the early stages laid the foundation for the
widespread recognition and popularity of electro-
organic chemistry in the 215 century.*+

Fundamentals of Electro-Organic Synthesis
Electro-organic reactions encompass

two distinct processes: the electrode process and
the chemical process (Fig. 1.1). In the electrode
process, a heterogeneous transfer of electrons
transpires, generating a reactive intermediate on the
electrode surface. Initially, the reaction is subjected
to the necessary electric potential, which results in
electrical double layer formation at an electrode-
electrolyte interface. Various phenomena, such as
diffusion, convection, or migration, come into play at
this interface, transforming the reactive species
into the active species.*®
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In the subsequent chemical process,
the reactive intermediate formed on the electrode
surface diffuses back into the solution, where the
desired chemical reaction takes place. Follow-up
reactions may involve processes such as elimination,
rearrangement, recombination, or substitution,
among others.

Fig. 1.1. Schematic representation of electron transfer
and chemical process combination in the electro-organic
oxidation reaction

Redox process at electrode/electrolyte process

In electrochemical reactions, the redox
process involves electron transfer between the
substrate and electrode, achieved by controlling
potential of the working electrode in relation to the
reference electrode. Applying a positive potential
to electrode, Fermi level energy of electrode get
lowered. Consequently, the energy level of the
electrode aligns with highest occupied molecular
orbital (HOMO) energy of substrate (Fig. 1.2).
This alignment facilitates electron transfer from
the substrate to the electrode, a process known
as oxidation.*®

Fig. 1.2. Representation of molecular orbitals of
species for the oxidation process
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Likewise, applying a negative potential
at the working electrode results in an elevation of
the energy of the Fermi level of the electrode. This
change aligns the energy level of the electrode with
substrates lowest unoccupied molecular orbital
(LUMO) energy (Fig. 1.3). Consequently, transfer of
electrons occur from surface of electrode to species
in solution, and process known as reduction.*®

Fig. 1.3. Representation of molecular orbitals of
species for the reduction process

Basic Terminology in Electrochemistry

Charge is a fundamental property of matter,
defining its ability to experience a force when situated
in an electric or magnetic field. It manifests as either
positive or negative, commonly associated with
protons or electrons, respectively. In electrochemical
reactions, the transfer of electrons is prevalent, and
this flow transpires only when the circuit is complete.
The principle of conservation of mass and charge
dictates that the number of donated electrons must
precisely match the number of accepted electrons.°
The calculation of charge is expressed by equation 1.1.
Q=nFN (1.1)
Herein, Q (C), n, F (C mol'), and N
(mol) represent the charge, number of electrons
transferred, Faraday's constant, and the number of
moles of species, respectively.

Voltage refers to the work done to move a
test charge from one point to another within a circuit.
In an electrochemical system, force is needed to
propel electrons from the anode to the cathode. This
relationship is represented by equation 1.2, where
(V) signifies voltage and W(J) denotes work.5°

(1.2)
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Current quantifies the flow of charge
particles per unit of time. Typically, these particles
are electrons moving through a wire, although,
in electrolytic solutions, the charge carriers are
ions that facilitate the circuit's completion. Another
interpretation of current is the flow of one coulomb
of charge in one second. This is mathematically
represented by equation 1.3, where | (A) denotes
current, and t (s) signifies time.%°

(1.3)

Current density is characterized as the
quantity of current passing through per unit area. In
electrochemistry, it holds greater significance as this
term becomes independent of the electrode surface
area. In contrast, the current quantity is proportional
to the electrode surface area. The relationship
expresses the current density calculation in equation
1.4, where j (A cm?) signifies current density and A
(cm2) represents the electrode area.®®

(1.4)

Faradaic process involves the transfer
of electrons across the electrode-electrolyte
interface, leading to the oxidation or reduction of a
species. In these reactions, the number of chemical
transformations resulting from the current flow is
directly proportional to the amount of electricity
passed. These reactions adhere to Faraday's law
and are known as faradaic processes.*®

Non-faradaic process occurs when no
charge-transfer reaction occurs across the electrode-
electrolyte interface within a specific range of
potentials. In this range, the reactions are both
thermodynamically and kinetically unfavourable.
Therefore, currents associated with non-faradaic
processes depend on the electrode surface area
and the electrolyte concentrations.®®

Mass transfer refers to the speed at which
the redox material moves from the solution to the
electrode surface. This movement is driven by
disparities in either electrical or chemical potentials
between the electrode-electrolyte interface and the
bulk solution.

There are various modes of mass transfer,
such as:%°
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(1) Migration: The transport of charged particles
due to the influence of the electric field It is a
gradient of electric potential.

(2) Diffusion: The transportation of charge
material along a concentration gradient
represented in Figure 1.4.

Fig. 1.4. Schematically shown process of diffusion

Convection: The conveyance of charge
material through stirring (hydrodynamic transport)
illustrated in Figure 1.5.

Fig. 1.5. Pictorial representation of the process of convection

Modes of Electrolysis
Direct electrolysis

In the direct mode of electrolysis, electron
transfer occurs heterogeneously across the
electrode-electrolyte interface, simplifying the
determination of the redox potential of the substrate
in an electrochemical reaction. This direct electron
transfer mechanism involves a few steps. In the initial
step, the substrate migrates towards the electrode
surface, where it undergoes adsorption onto the
electrode surface. Subsequently, in the following
step, electron transfer occurs between the substrate
and the electrode, resulting in the formation of a
reactive intermediate.
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In the final step, the generated reactive
intermediate undergoes a chemical reaction, leading
to either the desorption of the formed product or the
desorption of the reactive intermediate, followed by
its transformation into the final product, as exhibited
in Figure 1.6.33%

Fig. 1.6. Diagrammatic representation of direct electrolysis

Therefore, by leveraging the fundamental

anodic oxidation

principles of electrochemistry and significant
breakthrough in electrochemical for organic
compounds synthesis using direct electrolysis have
been noticed in recent years. Notably, there has been
a substantial surge in metal-free functionalizations.
The latest contributions from various research
groups, including Baran et al.,* Waldvogel et al.,%!
Lei et al.,*® and others,*® are discussed below.

Examples of direct electrolysis

Electrochemical C-H Amination: Yoshida
et al., have introduced a novel methodology utilising
electrochemistry, where the electro-oxidation of
aromatic compounds occurs when pyridine is also
used in the system. This leads to a subsequent
formation of N-aryl pyridinium ions (Scheme 1.7).
The electrochemical reaction was executed in an
undivided cell employing a mixture of pyridine/
acetonitrile as the solvent system and 0.3 M
tetrabutylammonium tetrafluoroborate (TBABF ) as
the supporting electrolyte.??

Ri= pyridine/acetonitrile plperldlne Ri= NH,
\_/ 0.3 M TBABF,, 25 °C “acetonitrile, 80°C . \\_/
(6aa) (6ab) (6ac)

Scheme 1.7. Example of electrochemical C-H amination reaction.

Electro-Oxidative Reaction of Aminophenols
and Benzenesulfonate: Little et al., explored the
anodic oxidation of aminophenols through cyclic
voltammetry, revealing its capability for a Michael
addition reaction. Notably, the benzenesulfonate

group was introduced selectively on an amino group
atits meta position (Scheme 1.8). The electrochemical
anodic oxidation reaction was performed by applying
a potential of 0.4 V with respect to Ag wire in presence
of a sodium acetate/acetic acid buffer.5®

Scheme 1.8. Example of electrochemical anodic oxidation of aminophenols

Electrochemical Oxidative N-N Dimerization:
Baran et al., have introduced a distinctive
electrochemical methodology for the N-N dimerization
and it has been utilized on carbazoles and carbolines.
This methodology was particularly valuable for the
synthesis of dixiamycin B from xiamycin A, addressing

the challenge of obtaining N-N-linked natural products.
The reaction was conducted at a potential of 1.15V
in a simple undivided cell setup. A carbon electrode
served as the anode, and tetraethylammonium
bromide (Et NBr) functioned as the electrolyte
(Scheme 1.9).%
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C-anode, +1150 mV
Et,NBr, DMF, MeOH
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xiamycin A (8aa)

28%, dixiamycin B (8ab)

Scheme 1.9. Example of electro-oxidative N-N dimerisation

Dehydrogenative Coupling of Phenols and C-C
bond formation

Waldvogel et al., have demonstrated
metal-free electrochemical oxidative reaction
of phenols with various electron withdrawing
groups, which give rise to carbon-carbon bonds,

as illustrated in Scheme 1.10. These reactions are
straightforward to conduct under electrochemical
conditions and exhibit scalability. Importantly,
this reaction condition aligns with environmental
considerations by minimizing the production of
waste by-products.5s

R|
anodic oxidation |\ N EWG
BDD or ite electrodes
graphite P
OH 5 mA/cm? OH
_— EWG .-
N HFIP, rt | X
NG
(%aa) R’ EWG (9ab)
up to 64 %

Scheme 1.10. Example of C-C coupling of phenols

Despite these advances, electrochemical
metal-free C(sp3)-C(sp3) bond formation is still very
less explored due to its complexity of bond formation.
One of the reports includes:

Semipinacol Rearrangements of Allylic Alcohols
Using Electrochemistry to Construct All-Carbon
Quaternary Stereocenters

Zhang et al., have documented a pioneering

instance of electrochemical trifluoromethylation and
sulfonylation of allylic alcohols via semipinacol
rearrangement (Scheme 1.11). Using stable and cost-
effective sodium sulfinates (RSO Na) as reagents
is notable. Furthermore, this electrochemical
reaction avoids use of transition metal catalysts,
stoichiometric oxidants, as well as harsh conditions.%¢

anodic oxidation

undivided cell ?
HO LiCIO,4 R e
- : ~ \ R
’ R'SO,Na “--
(10aa) 1,2-migration (10ad,)
HO HO
R’ R
(10ab) (10ac)

Scheme 1.11. Example of semipinacol rearrangements of allylic alcohols
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Indirect electrolysis

Direct electrolysis is a specific scenario
within electrochemical reactions where electron
transfer at electrode is a heterogeneous process.
In contrast, indirect electrolysis shifts the electron
transfer step to homogeneous process, creating
the electrochemical active specie which acts
as mediator or electrocatalyst. This mediator
constitutes redox couple which is reversible in
nature and formed at surface of electrode, which
accelerates reaction of interest. To carry out
reaction catalytic amount of mediator is needed,
thereby allowing the avoidance of reagent
waste generation. Additionally, it serves to
prevent electrode passivation, eliminating kinetic
inhibition.12:33.36

Principle of indirect electrolysis

The underlying principle of indirect
electrolysis involves substituting the step
of heterogeneous electron transfer with a
homogeneous electron transfer (Fig. 1.7).
Electrochemically the electroactive species can
be generated and regenerated in situ within the
same electrolytic setup and this is termed as in
cell process and when it takes place in different
cell, it is known as ex cell process. In the former
process, a redox reagent is employed in small
amounts (catalytic) as they can be continuously
recreated on electrode. Consequently, the reaction
conditions are carefully selected to ensure that
only the mediator performs electron transfer
with electrode. At the same time, substrate,
intermediate, and product should not interfere
with catalysts when they regenerate. Additionally,
during in cell process, activated form of the
mediator must exhibit sufficient stability to react
promptly with the substrate of interest. Conversely,
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the ex-cell process mediator should be stable
enough for transfer to a new vessel. Therefore,
the in-cell approach is generally preferred for
economic reasons. 23336

Mechanism of indirect electrolysis
Indirect electrolysis consists of two types
of electron transfer mechanisms.3¢

(i) Outer sphere mechanism
(ii) Inner sphere mechanism

In the outer sphere mechanism, outer
sphere electron transfer or non-bonded transfer of
electron occurs amidst mediator and the substrate
(Fig. 1.8). Conversely, in the inner sphere reaction
pathway, formation of bond occurs in-between
active form of mediator and substrate due to a
homogeneous chemical reaction amongst two
species. Inner sphere electron transfer occurs
through the charge transfer complex (Fig. 1.8).
Notably, reactions following this mechanism can be
conducted at much lower potentials (>1 Volt) from
actual potential of substrate itself.%

Fig. 1.7. Representation of the principle of
the redox mediator

Fig. 1.8. Representation of the mechanism of the redox mediator
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Advantages of indirect electrolysis
Indirect electrolysis offers several
advantages over direct electrolysis, including:*

(i) Elimination of kinetic inhibition. This results in
reduced overpotential and an acceleration of
the reaction kinetics.

(ii) Prevention of electrode passivation by
avoiding direct electron transfer.

(iii)  The ability to conduct electrochem ical
reactions at a much lower potential of substrate.
Consequently, mild conditions can be used for
reactions, minimizing side reactions.

(iv) Improved yield and selectivity of reactions.

Choice of a suitable mediator

To be a suitable mediator for an
electrochemical reaction, certain essential criteria
should be met:%

(i) The mediator should have lower redox
potential than substrate. However, the
potential difference between these two
species should not be so significant that the
reaction becomes practically impossible.
As a general guideline, the outer-sphere
mechanism is expected not to exceed
0.5V, while the inner-sphere mechanism can
tolerate upto 2 V.

(i) There should be a reversible and rapid
electron transfer amid mediator and surface
of electrode, and also between reactant and
mediator. Or else, increasing the surface
area of the electrode or elevating the reaction
temperature enhance slow rate of reaction.

(i)  The mediator in its active form should not
react toward other species to avoid unwanted
reactions.

(iv)  The mediator should exhibit high solubility in
the solvent to form a homogeneous solution.
Alternatively, a biphasic electrolyte system or
co-solvent can be considered.

Technique to evaluate the electrocatalytic process

Cyclic voltammetry proves to be a valuable
technique for assessing electrocatalytic processes.
It aids in determining the difference in potentials of
the catalyst as well as reacting specie, facilitating
identification of the catalytic activity onset. The
efficiency in catalytic process is calculated by measure
of current response in a cyclic voltammogram at the
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mediator's potential when both the mediator and
substrate are present in the solution. Consequently,
efficient electron transfer processes result in the
appearance of a catalytic current. Fig. 1.10 illustrates
typical cyclic voltammetry responses. The black
dashed line represents the voltammogram of only the
mediator, while the addition of a substantial amount
of substrate leads to an increase in peak current
(red dotted line). The introduction of a base further
enhances the catalytic current (blue dash-dotted
line), primarily due to a significant acceleration in the
deprotonation step rate.333¢

Fig. 1.10. Representation of the effect of base
and mediator on the cyclic voltammogram

2,2,6,6-Tetramethylpiperidine-N-oxyl Radical
(TEMPO) Mediated Electrosynthesis

Concepts of indirect electrolysis for organic
synthesis was first introduced by Steckhan in the
1980s."2%7 A comprehensive survey of this field
was later conducted by Little and Francke® in 2014.
In recent years, Stahl and colleagues have made
significant contributions, extensively utilising TEMPO
and its derivatives as mediators for the electro-
oxidation of benzyl alcohols.®¥-%2 Furthermore,
various research groups, including Xu et al.,®® Lin
et al.® Mei et al.,®> and others, have expanded
applications in TEMPO catalyzed reactions under
electrochemical conditions.

Examples of these contributions include
Electrochemical Oxidation of Aldehydes
and Alcohols to Carboxylic Acids using 4-Acetamido
TEMPO: Stahl and colleagues introduced an
electrocatalytic method for the oxidation of alcohols
and aldehydes utilizing the mediator 4-acetamido-
2,2,6,6-tetramethyl-piperidinedin-1-oxyl (ACT) to
their respective acids, Scheme 1.12.%° The reactions
were conducted at room temperature using a
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cost-effective catalyst in an aqueous medium where
carbonate/bicarbonate buffer served as both the
base and electrolyte.

NHAC
RS A
= o
N = (11aa)
\
BH (11ad) B, H,O
NHAC BH OH
e
=
(1 1ab)
éH
(1 1 ac)
Scheme 1.12. Example of ACT-catalyzed electrochemical
oxidation
Electrochemical C-H Thiolation Reaction using

TEMPO catalysis

Xu et al., devised a reagent- and metal-
free synthesis approach for thiazolopyridines
and benzothiazoles using TEMPO, as illustrated
in Scheme 1.13.% They carried out the reaction
using high surface area RVC electrode and
platinum cathode and also delved into the reaction
mechanism and found that the reaction approaches
via inner-sphere electron transfer.

.‘.u

PRt

TBABF4 (001 8M
MeOH/MeCN gt (1

Scheme 1.13. Example of TEMPO-catalyzed
electrochemical C-H thiolation
TEMPO-N3 Charge-Transfer Complex
Mediated Azidooxygenation of Alkenes using

Electrochemistry

Lin and colleagues discovered an effective
and gentle electrochemical method for accessing
diverse vicinal C-N along with C-O difunctionalization
products usin alkenes, utilizing TEMPO as the
mediator (Scheme 1.14).%¢ They conducted
in-depth studies on the reaction mechanism and

(12aa)
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determined that the one-electron oxidation of
TEMPO produces electrochemically oxoammonium
ions. Subsequently, the oxoammonium ion forms a
charge-transfer complex with azide TEMPO-NS3 i.e.
the charge transfer complex to generate an azidyl
radical (Scheme 1.14).

[
R, N
TEMPO, NaN; R,

Carbon

LiCIO, in MeCN/H,0 Ry N
O pH 7 phosphate buffer 3
(13aa) pri © phosp * (13ag)
|~ 7(j<
N g Ny eemeeeeeeeeos
(13ad) HN™ QN

13ab 3 A
o e ( ) i D%N\O '
3 (13af)
charge-transfer
N
N (13ae)
o

complex
(13ac)

Scheme 1.14. Example of TEMPO-catalyzed
electrochemical azidooxygenation of alkenes
Electrochemical TEMPO-Catalyzed Enantio-
selective Oxidative Reactions of Secondary

Acyclic Amines

The reaction of accylic amines was
demonstrated by Mei and colleagues and they
reported asymmetric coupling using electrochemistry
where the two platinum electrodes were used as the
anode and cathode. The introduction of an N-oxyl
radical as a redox mediator enables the selective
oxidation of the substrate over the product, despite
a slight difference in their oxidation potentials of
approximately 13 mV. This electrochemical process
occurs without the need for stoichiometric additives
such as metals, oxidants, and electrolytes, ensuring
excellent compatibility with various functional
groups. The mechanistic investigations indicate
that proton-mediated racemization of the product
is averted through the reduction of protons at the
cathode. The notable achievements in this research
were enantioselectivity and diastereoselectivity,
which resulted in good to excellent yields
(Scheme 1.15).%
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Ar
o & |E]| TEmMPO, DMSO 0 HN'
T 1.5mA, 5h, 1t . “_OR 4 H,
Ar OR COOH ,
2

(14aa) (14ab)

(14ad)
(14ac)

Scheme 1.15. Example of TEMPO-catalyzed enantioselective coupling

CONCLUSION

This review comprehensively discusses
the basic concepts of electrochemistry and various
driving factors behind electrochemical reactions.
It summarises diverse efforts in making various
electrochemical organic reactions greener. Throughout
the years, the electrochemical approach has proven
effective in oxidizing and reducing a wide range of
substrates only by using electrodes as the source
of oxidant/reductant. This versatile methodology has
been applied in various reactions, i.e. direct/indirect

electrolysis using a simple electrochemical setup. The
breadth of chemistry explored through electrochemical
studies makes it a unique and invaluable approach,
difficult for other methods to match.
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