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Chapter 6: Horizons in synthetic organic
electrochemistry
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Abstract: Synthetic electrochemists have been working untiringly to incorporate the
environmentally friendly feature of viable energy foundations into the entire production
procedure. However, stoichiometric detrimental and costly chemical oxidants that minimize
atom efficiency constitute the foundation of many well-established processes. When
electrochemistry and organic synthesis are used in tandem, organic synthesis becomes more
efficient, particularly during periods of cost-effectiveness and atom economy. Thus, it is not
surprising that synthetic organic electrochemistry opens a new horizon that allows the direct
application of electrical input to create an advantageous attached organic framework in light of
the changing climate and the requirement to adhere to green chemistry principles. The reaction
is selective due to the adjustment of the electrode power options. In this chapter, different
reactions based on controlled potential electrolysis or constant current electrolysis are explored.
This will be valuable to entities who are skilled in synthetic organic electrochemistry, but it also
allows them to learn the galvanic potential in an assortment of selective controlled organic
mediated reactions.
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1 Introduction

Over the past 20 eons, as science and technology have worked untiringly to sustain
human appetite for the utmost possible improvement, our environment has become
contaminated and its natural steadiness upset. Many synthetic chemists are persistently
exploring to eradicate detrimental chemical products and minimize printed carbon
emissions from the industry sustaianble balance and communicate the green facet of a
viable energy source (Jos G.J. Olivier; Greet Janssens-Maenhout; Marilena Muntean;
Jeroen A.H.W. Peters, 2016). Because of this, synthetic academics are progressively
concerned in renewable resources, which could assist and enhance the efficiency of
organic synthesis by focusing on cost-effective practices (REN21, 2017). Therefore, by
nourishing some facets of raw chemistry, the collaborative practice of renewable
electric stimuli from the electrode with synthesis of organic framework is valuable
benefits that can benefit us preserve our environment by obeying to nearly green
principles (Kurul et al., 2025).

The groundwork for experimental scientists to explore electric input to a chemical
reaction was demonstrated by Michael Faraday (Faraday, 1834), who defined the
fundamental laws of electrolysis, followed by Hermann Kolbe (Kolbe, 1849), who
reported the first organic electro-synthesis. A wide assortment of grim approaches has
been reported during the course of the following era, from industrial procedures such
as Manuel Baizer's Monsanto adiponitrile process (Baizer, 1964) to central revolutions
like the Shono oxidation (Shono, 1984), Simon fluorination (Simons, 1949), and total
Corey synthesis (Corey et al., 1959). Figure 1 displays a brief chain of organic-
mediated electrolysis. The groundwork of direct electrolysis is based on substrate
activity, which regulates both selectivity and reactivity (Moeller, 2018). Therefore, we
essence on organic reactions facilitated by direct organic electrolysis that fall into two
groups. Both direct and indirect methods of organic electro-catalysis (OE) are
conceivable, which, when monitored by current, are known as constant current
electrolysis (or CCE) or controlled by potential (known as controlled potential
electrolysis, or CPE). Thereafter, Steckhan explores indirect electrolysis, which casts
off paired electrolysis to generate a direct redox reaction (Steckhan, 1987). By
eliminating undesirable redox elements, this electrolysis is supported at a lower power
output than the substrate, enhancing the activity's tolerance to the organic substrate
framework. Direct electrolysis eliminates the demand for a catalyst, and reactive
intermediates flux (radical cations and anions) are stimulated and generated in situ and
heterogeneously nearby to the electrode's surface (double layer) (Sperry et al., 2006).
By presenting an electro-catalyst that reduces the over-potential of electrons transferred
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during the reaction, controlled selectivity in the following transformation of reactive
intermediate has been attained (Francke et al., 2014).

Faraday
Electrolysis

Kolbe
Electrolysis

Baizer
Electrolysis

Shono
Electrolysis

Corey

‘ Electrolysis ’

Fig.1 The chain of organic electrolysis

1.1.Constant potential electrolysis facilitated the synthesis of the Fluoroated
Organic Framework

A controlled potential electrolysis of 4-methoxy-1-naphthol (R 1) and 4-nitro anisole
(R 2) had been demonstrated at platinum electrode by Saraswat et al (Saraswat et al.,
2013) to generate 2-flurorated organic framework (Scheme 1) using
EtsN.5HF/CHsCN/DME reaction media in an undivided cell. Employment of
EtsN.5HF-based ionic liquids in acetonitrile media display dual character of supporting
electrolyte and fluorine atom source for this framework.
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Scheme 1: Controlled potential facilitated synthesis of Fluoroated Organic Framework.

1.2. Controlled potential electrolysis facilitated the synthesis of the Catecholamine
Framework.

S. S. Hosseiny et al. (Davarani et al., 2008) demonstrated (Scheme 2) facilitated the
synthesis of the Catecholamine Framework, where several catechol variants undergo
anodic oxidation followed by the Michael addition method. According to the
mechanistic trail, catechol undergoes electrochemical oxidation to facilitate quinones,
which undergo a Michael addition reaction with 6-aminouracil and 6-amino-1,3-
dimethyluracil to generate catecholamine in a good yield.

H
H NH OH
CI:HB OH Carbon(+)- Platinum(-) H.C 2
O\\C’N NH, -2e-, -2H+ NN OH
H C’N\CIH ¥ 0.2 M sodium acetate solution O//é‘N/ <0
3 8 OH  Applied potential (V) 3 M Ag/AgCl éHs 91%
0.35 volt
6-amino-1,3-dimethyl uracil ~ Catechol CPE Catecholamine

Scheme 2: Controlled potential facilitated synthesis of Catecholamine Framework.

1.3.Controlled potential electrolysis facilitated the synthesis of the Aziridine
Framework.
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A controlled potential-facilitated aziridination of olefin was demonstrated by Yudin et
al. (Siu et al., 2002) (Scheme 3) at the platinum electrode in an undivided cell to
generate aziridine derivatives.

R, CPE AT Pt R, R,
1.76 volt
O + Ry \_R, > R _|>N=NPhth
Et;NH/CH3COOH, CH4CN 4
NH, 3 R

RT,3.5t04 hrs 36
divided cell

N-aminopthalimide Olefin Aziridine derivatives

Scheme 3: Controlled potential facilitated synthesis of Aziridine Framework.

1.4.Controlled potential electrolysis facilitated Ulmann thiolation of aryl iodide
Framework.

Ulmann thiolation of aryl iodide was catalyzed by nickel in a cross-coupling method
reported by Wang et al. (Wang et al., 2019) (Scheme 4). A decisive requirement for
this electrochemical procedure is the consumption of lithium bromide in an undivided
cell with a potential of 3.0 volts to generate the thiol product.

Ulmann thiolation
CPE AT GFE(+) FNE (-)

] S
| + R,SH E cell = 3V, undivided cell . /@ “CN o /@ OCF,
R pyridine (2 equiv), LiBr (3 eqiuv)

1

NiCl,. glyme (10 mol%), dtbbpy (15 mol%)

=0OCF orCN . . .
R, 3 DMA (4mL), 12 hrs, RT, Ar Ni catalyzed cross-coupling reaction

Scheme 4: Controlled potential facilitated electrolysis of Ulmann thiolation of aryl
iodidie Framework.

1.5. Constant current electrolysis facilitated framework for amino-oxygenation of
alkene

Xu et al. (Xu et al., 2014) reported the utilization of TEMPO (2, 2, 6, 6-tetramethyl
piperidine-1-yl)oxy) for a current electrolysis facilitated framework for amino-
oxygenation of alkene (Scheme 5). A reported investigation demonstrated that
TEMPO aids in the generation of amidyl radical intermediate and traps the C-radical,
which is generated in situ during cyclization.

@\ R Rj CCE AT RVC (+) Pt (-)
2 10 mA, undivided cell o
A Na_o (L edu) Rs
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1
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Scheme 5: Constant current electrolysis facilitated framework for amino-oxygenation
of alkene.

1.6.Constant current electrolysis facilitated the synthesis of the 4H-Chromene
Framework

Elinson et al. (Elinson et al., 2006) reported constant current electrolysis to facilitate
cascade reaction for electrosynthesis of 4H-Chromene framework by utilizing sodium
bromide as an electrolyte executed in an undivided cell at ambient temperature
(Scheme 6). When 0.03 F/mol of electricity is transmitted through 1-propanol as a
solvent, cyclic 1,3-diketone derivatives, malononitrile, and benzaldehyde undergo a
reaction with a current density of 4.0 mA/cm? to produce the corresponding 5,6,7,8-
tetrahydro-4H-chromene in 85-95% vyields.

9 CCE R
-~ CHO 0.03 F/mol, PrOH/NaBr
+ +R
R/\ l NCSCN 2R (6] 4 mA/cm2
2
T oh = H, 4-Me, 4-Et, 4-F, 4-Cl 85-95%
Ry Ry
Benzaldehyde Malononitrile Cyclic 1,3-diketone derivatives 5,6,7,8-tetrahydro-4H-chromene derivaties

Scheme 6: Constant current electrolysis facilitated synthesis of 4H-Chromene
Framework.

1.7.Controlled current electrolysis facilitated syntheisis of thiazolidine
Framework

Constant current electrolysis facilitated syntheisis of thiazolidine Framework had been
demonstrated by Housas & Sbei et al (Haouas et al., 2016; Sbei et al., 2017) to
generate thiazolidine Framework by utilzing electro-generated base of acetonitrile.
This electrolysis executed at at -20 °C between ethyl bromoacetate (R 3) or an alkene
(R 4) to deliver 2-imino-1,3-thiazolidin-4-one or alkyl 2-(2-imino-4-oxothiazolidin-5-
ylidene)acetates respectively in good yield.

Magenesium anode & Stainless steel cathode

R 3 + XCH,CO,Et

S Mg(CH2CN)2 S R = Ph: 99%

R ¢ N=( \é o
Ho o 2.2 F, 9-22 mAlcm O R = Alkyl:60-70%
20°C OF 0 °C H
undivided cell L . L

. 2- imino-1,3-thiazolidin-4-one

Thiourea
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Magenesium anode & Stainless steel cathode

+ EtOZ 2Et
R4
b
R\
NH HN*
_C. 2.2 F,9-22 mA/cm? E:
S NH 20°C or 0°C {
R R = Ph: 55%
EtO,C R = Alkyl:75-90%
Thiourea 2-(2-imino-4-oxothiazolidin- 5-ylidene)

Scheme 7: Constant current electrolysis facilitated synthesis of thiazolidine
Framework

2 Future Outlook

A new edge of galvanic potential in terms of electrolysis for creating outline with
added worth is the harmonious fusion of electrochemistry with organic synthesis,
which opens new horizons that limit carbon footprint from the industries. Through the
use of a controlled voltage or a steady current, they are able to precisely manage the
reactive intermediate with the electrode, providing clean substitutes for chemical
oxidants and enabling a selective reaction. The latest framework for organic-mediated
electrolysis is examined, which is useful for people who are not necessarily skilled
electrochemists but can understand the potential aids of various organic electro-
catalysis. Since the only reagent cast-off in these direct organic electrolysis-faciliated
reactions is an electron, the technique is intrinsically innocuous and environmentally
benign.
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