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Acrylonitrile is an important industrial platform chemical mainly produced by the SOHIO process using
fossil propylene, ammonia, and air as substrates. In view of climate change, ingenuity is needed to
become independent of fossil resources and to achieve sustainable production of basic chemicals such
as acrylonitrile. One opportunity is to use biogenic substrates that are converted by electrolysis. Using
electrons as oxidants is an environmentally friendly alternative to stochiometric amounts of molecular
oxidising agents that generate waste after usage. Here, we present a new route for the electrochemical
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synthesis of green acrylonitrile using the biogenic amino acid p,L-glutamic acid as a substrate by utilising
electro-oxidative decarboxylation and non-Kolbe electrolysis. By optimising the electro-oxidative de-
carboxylation, the number of steps was successfully reduced, resulting in a two-step process for the for-
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Introduction

Even after more than 180 years of research, the field of electro-
synthesis still holds unexplored aspects and provides novel
solutions to global challenges. Versatile techniques such as
(non-)Kolbe electrolysis provide novel synthesis routes to
industrially relevant chemicals based on renewable
feedstocks.’ Several industrially relevant chemicals contain
nitrogen, e.g. in the form of a nitrile group.>"* Since the post-
functionalisation of a hydrocarbon with ammonia is very
energy-intensive, the use of biomass-derived nitrogen-contain-
ing substrates such as amino acids for their production pre-
sents a sustainable alternative.® Amino acids play an increas-
ingly important role in industrial processes due to their avail-
ability and attractive price.” They are widely used as additives
in food and feed or as precursors in the production of flavours
and taste enhancers. The amino acid with the highest world-
wide annual production capacity is L-glutamic acid with 2.5 Mt
a % r-Glutamic acid is mainly produced by fermentation
based on glucose or sucrose under the addition of ammonium
sulphate. The microbial conversion of sugars into r-glutamic
acid is realised by the bacterium Corynebacterium glutamicum.’
Research in this field has improved the production of
r-glutamic acid from 10 g L™ (wildtype) to titers in the range
120-150 g L™.°* Furthermore, yields of at least 54%
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mation of the monomer. Acrylonitrile was synthesised with a maximum yield of 41.1%.

r-glutamic acid per gram of glucose are possible.”® However,
alternative production routes such as chemical synthesis or
enzymatic conversion are also being used for production.”

Besides using r-glutamic acid as a nutritional supplement,
it can also serve as a substrate to produce industrially relevant
substances. For example, Lammens et al.'* published the syn-
thesis of succinonitrile by homogeneous catalysis from
L-glutamic acid. After hydrogenation of succinonitrile, 1,4-di-
aminobutane is formed with potential application in the pro-
duction of polyamides. Alternatively, L-glutamic acid can also
be converted via electrosynthesis, as Dai et al."> have demon-
strated. They synthesised adiponitrile, a precursor of hexa-
methylenediamine used mainly for the fabrication of poly-
amide 6.6. For this purpose, Kolbe electrolysis was utilised.
Beyond these examples, -glutamic acid was rarely studied as a
substrate in (non-)Kolbe research.'*"*

In this study, we investigated the electrochemical pro-
duction of acrylonitrile from bp,i-glutamic acid. Acrylonitrile
had an annual production capacity of over 7 Mt in 2017.'%"”
Due to their high elasticity, thermal stability and low density,
homopolymers of acrylonitrile (PAN) offer ideal properties for
composite structures of aircraft or for the production of sails.
In addition, copolymers of acrylonitrile with 1,3-butadiene (as
nitrile rubber) or butadiene/styrene (ABS resins) are widely
used in the automotive, construction, or electrical industries
as well as in the textile sector. Due to the broad fields of appli-
cation, the demand for nitrile-containing intermediates is
rising and this explains the current high production capacities.
Particularly due to the interest in PAN-derived carbon fibres
for weight reduction of vehicles and aircrafts, production is
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predicted to grow further by 11-18% annually."®"” In addition
to the use of acrylonitrile for the formation of PAN, it is also
used as a substrate in the Baizer process for the production of
adiponitrile via a cathodic hydrocoupling reaction.'® The
Baizer process itself is a prominent example of a successfully
operated electrosynthetic reaction on an industrial scale. Since
the 1970s, about 0.3 Mt a~* of adiponitrile have been produced
via this route."®

Today, the most relevant route for acrylonitrile production
is the SOHIO (Standard Oil of Ohio) process with about 6 Mt
a”'. Fossil propylene, ammonia and air are used and an over-
pressure of 50-200 kPa is applied. The reaction takes place at
400-510 °C in a fluidised bed reactor and is catalysed by
BiyPMo,,0s, on silica. By adding cobalt, nickel, and iron mol-
ybdates, the yield can reach about 80%. It is a single-pass
process with a propene conversion of 98%. However, environ-
mentally harmful and highly toxic hydrocyanic acid as well as
acetonitrile are produced in significant amounts as by-
products.”*° In general, feedstock costs account for 67% of
production costs. The current price of acrylonitrile of €2000
per t is strongly linked to the fluctuating price of propylene,
which is currently around €900 per t.>*

Accordingly, intensive research is devoted to alternative
syntheses based on biomass in order to reduce the depen-
dence on fossil raw materials. The highest yields of acryloni-
trile (60%) were achieved with glycerol as a biomass-based
feedstock. Since glycerol partly competes with the food indus-
try, its use for industrial purposes is not unrestricted.'” Le
Notre et al. showed that acrylonitrile can be synthesised from
glutamic acid via homogeneous catalysis.>” In the first step,
they synthesised 3-cyanopropanoic acid from glutamic acid
with a yield of 70%. NaBr was used in catalytic amounts, while
3 eq. of NaOCl were added. In the second step, a palladium
catalysed decarbonylation-elimination reaction was carried
out. By microdistillation for purification, they obtained acrylo-
nitrile with an overall yield of 17%. Although it is currently
economically difficult to compete with the fossil-based SOHIO
process, research on alternative reaction pathways may well
become relevant for the future.*

In this work, we present an electrochemical pathway to the
versatile monomer acrylonitrile starting from p,r-glutamic acid
as a potentially more sustainable alternative to the SOHIO
process. Our idea to produce acrylonitrile from b,L-glutamic
acid is based on a synthesis reported by Dai et al.'® In 2012,
they presented an environmentally benign route to adiponitrile
using electrochemistry."> Starting from r-glutamic acid
5-methyl ester, which is synthesised from r-glutamic acid with
HCI and MeOH according to Baldwin et al.,>® 3-cyanopropa-
noic acid methyl ester (CME) was generated via electro-oxi-
dative decarboxylation with sodium bromide as the mediator
(Scheme 1)."® During this electrolysis, the bromide anion was
converted into the hypobromite species at the anode, which
then selectively oxidised the a-amino acid moiety into the
nitrile (Fig. S11).%*>>* Subsequently, saponification of CME to
potassium 3-cyanopropanoate (3-CP) by the electrolyte KOH
took place before two carbon radicals underwent a classical
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Scheme 1 An environmentally friendly pathway to produce adiponitrile
from glutamic acid via 3 steps according to Dai et al. (blue box)*® and
applying non-Kolbe conditions to potassium 3-cyanopropanoate (3-CP),
obtained by saponification of 3-cyanopropanoic acid methyl ester (CME)
by KOH to synthesise acrylonitrile (green box).

Kolbe dimerisation. Saponification and Kolbe coupling were
carried out in a one-pot synthesis resulting in an adiponitrile
yield of 78%."°

Inspired by this study, we aimed at changing the electrolysis
conditions of the third step, including electrode material
(platinum (Pt) to graphite (C,,)) and current density (high to
low) to oxidise the radical intermediate further to a carbo-
cation. Subsequent deprotonation of the o-position with
respect to the carbocation should then lead to the desired
acrylonitrile.*>?® Along this line, we investigated nitrile for-
mation by electro-oxidative decarboxylation followed by sub-
sequent non-Kolbe electrolysis (Scheme 1).

Results and discussion
Nitrile formation by electro-oxidative decarboxylation

Before acrylonitrile can be produced, synthesis of the inter-
mediate 3-CP from glutamic acid is necessary. The overall goal
was to produce the intermediate 3-CP in a sustainable way,
minimising the number of synthesis steps as much as poss-
ible. Thus, the direct conversion of glutamic acid to 3-CP
without the use of CME is highly desirable. Nevertheless, CME
was initially used as a substrate, since Dai et al. had already
demonstrated the general feasibility of converting CME to
3-CP via electro-oxidative decarboxylation followed by saponifi-
cation, respectively."®

As the first starting point, electrolysis of CME using the
parameters shown in Scheme 2 was chosen.'> MeOH-d,: D,O
(4:1) served as a solvent mixture to enable direct 'H-NMR
measurements of the product solution for quantification.
Compared to the study of Dai et al, the electrode pair was
changed from Pt-Pt to Pt-Ti. However, using 5.2 Faraday

This journal is © The Royal Society of Chemistry 2023
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Scheme 2 Conditions of the first experiment on the electro-oxidative
decarboxylation of L-glutamic acid 5-methyl ester to CME. The concen-
tration of L-glutamic acid 5-methyl ester was 0.2 M and the concen-
tration of NaBr was 0.3 M. The studies of Dai et al. served as the basis for
designing this experiment.*®

equivalents (Fq), a current density of 80 mA cm™, a reaction

temperature of 0 °C and Pt-Ti as the electrode pair resulted in
a CME yield of only 62% (£3%) (Fig. 1) compared with 91% in
the literature.'® Stirring the solution led to a small increase in
the yield (68.2% (+0.1%)), but did not increase the yield to the
value reported in the literature. Moreover, an inorganic colour-
less solid deposition occurred during electrolysis when NaBr
was applied as a mediator (Fig. S2t). Solid deposits are unde-
sirable, since they can cause blockage of the electrode surface.

Matthessen et al. investigated the electro-oxidative de-
carboxylation of different amino acids and proposed NH,Br as
an excellent mediator due to its acidity, which suppresses the
oxidation of water by favouring the oxidation of the bromide
species.” The change from NaBr to NH,Br not only led to an
increase in the yield from 68.2% (£0.1%) to 77% (+6%) at full
conversion but also avoided solid deposits. In the next step,
the amount of current that passed through the cell was
reduced from 5.2 F.q to 2.0 Feq, assuming that product
decomposition also contributed to the reduced yield.
Reducing the F,q to 2.0 increased the yield from 77% (+6%) to
91% (+5%) at full conversion. Under the optimised conditions,
a current efficiency (C.E.) of 46% (+2%) was obtained.

For subsequent Kolbe electrolysis, Dai et al. performed an
in situ saponification reaction of CME to 3-CP (Scheme 1). The
synthesis of acrylonitrile by non-Kolbe electrolysis also
requires 3-CP as a substrate, but so far, the reaction pathway
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Salt NaBr NaBr NH,Br NH,Br NH,Br
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Fig. 1 Variation of the reaction conditions and their influence on yield
(Yeme) and current efficiency (C.E.) for the synthesis of CME. Conditions:
Pt—Ti; solvent: MeOH-d,4: D,O (4 :1); L-glutamic acid 5-methyl ester: 0.2
M (1 eq.); mediator salt: 0.3 M (1.5 eq.); j = 80 mAcm™2 and T = 0 °C.
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from glutamic acid to 3-CP is neither atom-efficient nor step-
efficient due to the esterification and saponification reactions
(Scheme 3). The efficiency of the reaction sequence can be
increased if glutamic acid can be used directly as a substrate
for the synthesis of 3-CP. Indeed, the electro-oxidative de-
carboxylation of glutamate, the sodium salt of glutamic acid,
has already been shown by Matthessen et al.*

Applying the initial solvent mixture of MeOH-d,: D,O (4:1)
to glutamic acid (0.2 M) resulted in a suspension, which was
also present after electrolysis using the optimised parameters
shown in Fig. 1 (Fig. S31). The sediment was identified as non-
converted substrate. The reason for the decreased solubility is
the use of methanol. Various amino acids show reduced solu-
bility in non-aqueous solvents.>” Therefore, an increase in
polarity of the whole solvent mixture leads to an improved
solubility of amino acids such as glutamic acid.*® Using D,O
also resulted in an initial suspension, but this turned into an
orange solution during electrolysis. For the follow-up step, the
non-Kolbe electrolysis, the potassium species is required, and
an ion exchange was performed. This was achieved by the
addition of 2 eq. KOH to the product solution, which was veri-
fied by 'H-NMR measurements (Fig. S41). The resulting
'H-NMR spectrum confirmed the successful reduction of the
number of steps for the synthesis of 3-CP from glutamic acid.
Since full conversion (X = 95% (+5%)) was not achieved and 2
eq. of KOH were required to obtain the characteristic signals of
3-CP in the "H-NMR spectrum, 2 eq. of KOH were added to the
substrate solution. This allowed a better solubility of glutamic
acid and the initial pH changed from 3.1 to 9.3. Electrolysis
was then performed, but this acidified the product solution
(pH 3.9). Therefore, 2 eq. of KOH were added as before to
convert 3-cyanopropanoic acid to 3-CP. This variation led to
full conversion and improved the yield of 3-CP further from
67% (£7%) to 97.6% (+0.6%) (Fig. 2). With the optimised con-
ditions, an 8% higher yield of 3-CP can be achieved than that
published by Matthessen et al. for the electro-oxidative de-
carboxylation of glutamate to sodium 3-CP (Y = 91%).* In
addition, the C.E. reached 48.8% (+0.3%) using the optimised
reaction conditions.

this study o}

—»1 )k/\
HOWOH KO CN

Electro-oxidative

NH; decarboxylation 3-CP
Monoesterification P
1 3 |Saponification
Baldwin et al.
o o) 0
~ H 2 \OMCN
0 0 Electro-oxidative
NH, CME

decarboxylation

Scheme 3 The current pathway from bp,L-glutamic acid to 3-CP
requires 3 steps (red) and thus is neither step-efficient nor atom-
efficient.’® The synthesis of 3-CP can be more sustainable if b,L-glutamic
acid is decarboxylated without pre-modification (green, this study).
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Fig. 2 Electro-oxidative decarboxylation of p,L-glutamic acid to 3-CP.
Investigating the impact of the addition of 0 eq. or 2 eq. of KOH to the
substrate solution on the yield of 3-CP and the current efficiency.
Conditions: Pt—Ti; solvent: D,O; p,L-glutamic acid: 0.2 M (1 eq.); NH,4Br:
0.3 M (1.5 eq.); KOH (after electrolysis): 2 eq.; Feq = 2.0; j = 80 mA cm3
and T =0 °C.

Non-Kolbe electrolysis to acrylonitrile

In contrast to Kolbe electrolysis, non-Kolbe electrolysis uses
graphite anodes, low substrate concentrations, an alkaline
electrolyte, and low current densities (<100 mA em™?).>>?%>9732
Based on this, the first experiment was designed (Scheme 4),
which resulted in an acrylonitrile yield of 24% (+3%) (Fig. 3).
The conversion under these conditions was 61% (+8%), imply-
ing a selectivity for acrylonitrile formation of 39% (+10%). The
explanation for the low selectivity of acrylonitrile formation is

[0}

KOJK/\CN

MeOH-d

. 4 /\CN
CorTi, 1 Fog
0°C, 40 mAcm™2

Scheme 4 |Initial conditions for the non-Kolbe electrolysis of 3-CP to
acrylonitrile. The substrate concentration was 0.071 M. This experiment
served as the standard experiment for the following variations.
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Fig. 3 Effects of the current density on the yield of acrylonitrile (Yc)
and the two Hofer—Moest side products 3-hydroxypropanenitrile (Ya)
and 3-methoxypropanenitrile (Yg). Furthermore, the conversion of the
substrate (X) is visualised. Conditions: Cg,-Ti; solvent: MeOH-d,; 3-CP:
0.071 M; Fq = 1.0; stirring; and T = 0 °C.
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given by the corresponding 'H-NMR spectrum (Fig. S57),
emphasising that the Hofer-Moest side products 3-hydroxy-
propanenitrile (Y4 = 3.9% (+0.5%)) and 3-methoxypropanenitrile
(Ys = 8.9% (+1.5%)) were formed. In addition, the formation of
oligomers of acrylonitrile was observed. Determination of the
oligomer yield was not possible with the available analytical
methods. A stability test of acrylonitrile in the stirred reaction
solution (pH 8.6) without current supply showed no oligomer
formation (Fig. S6t), so, an anionic oligomerisation mecha-
nism cannot be the source for oligomer formation. Therefore,
we suggest that the oligomers are formed by free-radical oligo-
merisation under electrolysis conditions (Fig. S7t). It is
assumed that this radical oligomerisation is initiated by
current-induced oxidation of the substrate molecule to the
corresponding acyloxy radical that can react with olefins like
acrylonitrile in a free radical oligomerisation reaction until ter-
mination occurs (Fig. $87).%°

Since the yield of the first experiment (24% (+3%)) showed
potential for optimisation, the impact of the current density
on product formation was investigated, as this affects the
number of radicals on the anode surface.>® Therefore, current
densities of 20, 30, 40 and 50 mA cm™> were used and their
influence on product formation was studied (Fig. 3).
Theoretically, in addition to using graphite as an anode, low
current densities increase the chance of consecutive oxidation
yielding the non-Kolbe product via a cationic pathway.>> With
a decreasing current density, the concentration gradient at the
anode is lower, so that the substrate is supplied more slowly.*?
In this way, intermolecular reactions become less likely.
However, at a current density of 20 mA ¢cm ™2 acrylonitrile for-
mation decreased to 9.1% (+0.4%) although the conversion
reached 74% (+3%). An increase of both Hofer-Moest products
was not observed (Fig. 3). Instead, the 'H-NMR spectrum of
the product solution produced at 20 mA cm™> showed a stron-
ger oligomer formation than at a current density of 40 mA
cm™? (Fig. S91). The increased oligomer formation at 20 mA
em™? could be explained by the kinetics. The current density
as a measure of the (over)potential can influence the adsorp-
tion time of the organics. If uncharged acrylonitrile is not dis-
placed quickly from the anode surface at low current densities
for migration reasons, the probability to oligomerise increases.
No difference in conversion and acrylonitrile formation was
measured for current densities of 30 and 40 mA cm™>
Increasing the current density from 40 mA cm™> to 50 mA
em? resulted in a lower conversion (from 61% (£8%) to 57%
(+4%)) and acrylonitrile formation (from 24% (+3%) to 19.0%
(+1.6%)). Instead, the conditions favoured the formation of
3-methoxypropanenitrile. Based on these results, the applied
current density should neither be too small nor too high for
the formation of acrylonitrile.

To increase the yield of acrylonitrile, the formation of the
oligomers should be inhibited. However, the addition of
common polymerisation inhibitors or retarders such as phe-
nothiazine (PTZ) or monomethyl ether hydroquinone (MEHQ)
did not show any increase in the yield of acrylonitrile, while
maintaining high conversion rates (Fig. S127).

This journal is © The Royal Society of Chemistry 2023
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Since no full conversion was obtained, the next step was to
study the impact of the amount of charge (F.q) on the acrylo-
nitrile formation. Increasing the F.q from 1.0 to 3.0 raised the
conversion from 61% (+8%) to 95% (+3%) (Fig. 4). The yield of
acrylonitrile increased from 24% (+3%) to 27% (+1%) when
the amount of electricity applied to the reaction solution was
increased from 1.0 Feq to 2.0 Feq. A further increase to 3.0 Feq
resulted in a decrease in the yield to 2.8% (+0.2%). Besides,
the current efficiency also decreased strongly. While it was
24% for 1.0 Feq, it only reached 13.5% for 2.0 F.q, even though
a slightly higher yield of acrylonitrile was obtained with 2.0
Feq. The constantly growing gap between conversion and yield
of acrylonitrile can be explained by an enhanced oligomer for-
mation with more current passed through the cell, since the
Hofer-Moest product 3-hydroxypropanenitrile showed con-
stant values below 10%, while 3-methoxypropanenitrile was
produced in yields between 8.9% (+1.5%) (1.0 Fq) and 18%
(£8%) (2.5 Feq). "H-NMR spectra of the different product solu-
tions confirmed increasing oligomer signals, showing that
with increasing F.q, not only the conversion was higher but
also the formation of these oligomers (Fig. S131). In summary,
using 2.0 Feq resulted in the highest yield of acrylonitrile,
while applying 1.0 Fq led to the highest C.E.

To increase the yield of acrylonitrile by preventing the for-
mation of the oligomers, it is necessary to stop or reduce
bimolecular reactions. In (non-)Kolbe electrolysis, the addition
of perchlorates reduces the probability of bimolecular reac-
tions during electrolysis of carboxylates. The anions block
parts of the anode surface, which reduces the radical concen-
tration at the electrode and increases the yield of the non-
Kolbe product.® As the oligomer formation is also a bimolecu-
lar reaction, applying foreign anions to suppress oligomer for-
mation was tested.

Adding tetrabutylammonium perchlorate (0.1 M) to a 0.071
M 3-CP solution (solvent: MeOH-d,) resulted in the formation
of a sediment (Fig. S147). Electrolysis of the suspension was
performed, but no homogeneous solution was subsequently
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Fig. 4 Effects of the Faraday equivalents on the yield of acrylonitrile
(Yc) and the two Hofer—Moest side products 3-hydroxypropanenitrile
(Ya) and 3-methoxypropanenitrile (Yg). Furthermore, the conversion of
the substrate (X) is visualised. Conditions: Cg,-Ti; solvent: MeOH-dj;
3-CP: 0.071 M; j = 40 mA cm™2; stirring; and T = 0 °C.
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found. "H-NMR analysis allowed identification of the sediment
as unconverted substrate (Fig. S15%). Since the sedimentation
made quantitative analysis difficult, varying the substrate con-
centration was identified as another way to reduce the number
of radicals at the anode electrode. To study the impact of 3-CP
concentration on product distribution, the initial concen-
tration was continuously halved from 0.142 M to 0.009
M. Decreasing the concentration from 0.142 M to 0.018 M
resulted in a constant increase in the yield and C.E. from 19%
(+4%) to 41.1% (+1.2%) (Fig. 5). Thus, high substrate concen-
trations counteract the stabilisation and/or formation of acry-
lonitrile with respect to C.E. (1.0 Fq was used). The highest
selectivity for acrylonitrile was obtained with a 0.018 M 3-CP
solution (68% (+2%)). A further decrease in the substrate con-
centration did not improve yield or selectivity. The yield of the
identified side products 3-hydroxypropanenitrile and 3-meth-
oxypropanenitrile remained constant over the whole concen-
tration range. Indeed, screening the influence of substrate con-
centration on product formation confirmed the assumption
that the initial substrate concentration has an impact on the
outcome of non-Kolbe electrolysis and is therefore consistent
with the literature.>®>**> If less substrate is present, the
radical concentration at the anode surface is lower, leading to
a higher yield of the corresponding olefins.?® Furthermore,
this study has shown an alternative to the addition of foreign
anions if bimolecular reactions should be circumvented.

The overall vision of the one-pot synthesis from p,r-gluta-
mic acid is desirable (Scheme 5). The direct synthesis of 3-CP
from b,i-glutamic acid was demonstrated in this study.
Therefore, electrolysis of 3-CP in the presence of 1.5 eq. NH,Br
was tested. Applying 0.93 F.q only resulted in a low conversion
(2% (+4%)) and no acrylonitrile was formed. Under these con-
ditions, a carbon balance of 98% (+4%) was measured.
Increasing the F.q to 2.76 increased the conversion to 5.3%
and a carbon balance of 94.7% was present, but still no
product formation was observed. In conclusion, non-Kolbe
electrolysis does not appear to be possible in the presence of

90
80
70
— 60 l
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> 40 l
30
I
20 I
10 L
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Ya Ye Ye X
®0.009M ®0.018M m0.036 M 0.071 M 0.142 M

Fig. 5 Effects of the initial 3-CP concentration on the yield of acrylo-
nitrile (Y¢) and the two Hofer—Moest side products 3-hydroxypropane-
nitrile (Ya) and 3-methoxypropanenitrile (Yg). Furthermore, the conver-
sion of the substrate (X) is visualised. Conditions: Cg,-Ti; solvent: MeOH-
dg; Feq=1.0;j=40 mA cm™3; stirring; and T = 0 °C.

Green Chem., 2023, 25, 6231-6237 | 6235


https://doi.org/10.1039/d3gc01045g

Published on 11 July 2023. Downloaded on 5/8/2026 10:05:21 PM.

Paper
(o} 0}
Vision:
- . N
HOWOH 1) Electro-oxidative " "CN
~ NH, decarboxylation Actvionitril
Glutamic acid 2) Non-Kolbe crylonitrile
Electro-oxidative oxidation Non-Kolbe
decarboxylation o oxidation
Y =97.6% )J\A Y=41.1%
KO CN
3-CP

Scheme 5 Vision for the synthesis of acrylonitrile using electro-oxi-
dative decarboxylation and non-Kolbe electrolysis (light blue). So far, the
one-pot synthesis has not been realised. However, it was shown that in
principle acrylonitrile can be produced from glutamic acid using
electrochemistry.

1.5 eq. NH,Br, which is explainable by an assumed BrO™ layer
at the electrochemical active surface that blocks non-Kolbe
electrolysis (Fig. S167). Consequently, it seems necessary to
remove the bromide species when performing non-Kolbe elec-
trolysis after electrochemical decarboxylation of p,rL-glutamic
acid.

Conclusions

We presented a new two-step concept for the synthesis of acrylo-
nitrile starting from b,r-glutamic acid by electrosynthesis. In
the first step, mediated electro-oxidative decarboxylation was
utilised to synthesise the intermediate 3-cyanopropanoate
(3-CP). The highest yield of 97.6% (+0.6%) was obtained after
electrolysis of a reaction solution containing p,L-glutamic acid
(0.2 M), NH,Br (1.5 eq.) as mediator and 2 eq. of KOH. It was
shown that it is not necessary to synthesise 3-CP via L-glutamic
acid 5-methyl ester (CME), the protected version of r-glutamic
acid, to achieve high yields. Furthermore, the impact of the
mediator salt, applied charge, and stirring of the reaction
mixture on the mediated electro-oxidative decarboxylation was
investigated using CME as a model compound. Here, decreas-
ing the F.q from 5.2 to 2.0 showed the highest impact on the
yield, as it increased from 77% (£6%) to 91% (+5%).

In the second part, 3-CP was converted into acrylonitrile by
non-Kolbe electrolysis. Here, the effects of current density,
applied charge, and substrate concentration on acrylonitrile
formation were studied. Oligomer formation was identified as
an undesirable side reaction that reduces the yield of acrylo-
nitrile. Avoiding oligomer formation by using polymerisation
inhibitors or retarders (PTZ or MEHQ) or low current densities
(20 or 30 mA cm™?) showed no effect. In contrast, a higher
yield of acrylonitrile was achieved by the reduction of the sub-
strate concentration. By decreasing the initial 3-CP concen-
tration to 0.018 M the yield of acrylonitrile increased to 41.1%
(+1.2%) using a current density of 40 mA cm™>, a graphite
anode and 1.0 F.q at 0 °C.
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Data availability

The complete dataset can be found at https://zenodo.org/
record/8033581. It comprises the experimental data used as
the basis of the electrochemical transformation of p,L-glutamic
acid into acrylonitrile: yields and faradaic efficiencies of the
transformations under different reaction conditions.
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