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ABSTRACT

An efficient electrochemical strategy for the dehydration of carboxamides to their corresponding nitriles is reported. This method
replaces conventional dehydrating reagents with a thiocyanate-mediated electrochemical activation, providing a safer, milder,
and more sustainable alternative. Under optimized conditions in an undivided cell, 18 examples of aromatic and aliphatic car-
boxamides were smoothly converted to the corresponding nitriles at ambient temperature in good-to-excellent yields (up to 84%).
Hexafluoroisopropanol proved to be essential for reaction efficiency, while tetrabutylammonium thiocyanate acted as a redox
mediator, as confirmed by cyclic voltammetry studies, which revealed an EC-type-mediated oxidation process. The method dem-
onstrates broad functional-group tolerance, including halogenated, methoxylated, and sterically hindered substrates, as well as
complex molecules derived from pharmaceuticals and natural products. Importantly, the protocol was successfully scaled up
eightfold with minimal loss in yield, illustrating its robustness and practical applicability. Mechanistically, anodic oxidation
of thiocyanate generates highly reactive species that activate the amide functionality, leading to nitrile formation via an oxidative
dehydration pathway, while hydrogen evolution occurs at the cathode. This work expands the synthetic utility of electrochemical
dehydration reactions and offers a valuable, environmentally responsible route to nitrile-containing compounds of broad rele-
vance for pharmaceuticals, agrochemicals, and materials science.

1 | Introduction

The nitrile functionality represents a highly valuable structural
motif in organic synthesis, as it constitutes a key intermediate
and entity in countless bioactive molecules and advanced materi-
als [1]. Nitriles are ubiquitous in pharmaceuticals, agrochemicals,
and natural products [2], and serve as versatile precursors to
carboxylic acids, heterocycles, and as unique substrates for electro-
chemical reduction to primary amines (Scheme 1) [3, 4].
Traditionally, access to nitriles has relied on dehydrative protocols
utilizing harsh reagents such as phosphorus oxychloride, thionyl
chloride, or strong carbodiimides [5], conditions that often gener-
ate toxic waste [6], pose operational hazards, and offer limited
functional-group tolerance [7]. Alternative approaches, including

transition-metal-catalyzed cyanation [8] and oxidative ammoxida-
tion [9], typically require prefunctionalized substrates, costly
catalysts, or hazardous cyanide sources [10]. A mild way of dehy-
dration of oximes can be conducted either by electrochemical
[11, 12] or enzymatic methods [13-15]. Although these methods
are cyanide free, they rely on the corresponding aldehydes and
hydroxylamine as energetic compound. By contrast, carboxamides
are readily accessible, bench-stable, and environmentally benign
precursors for several chemical transformations, including the
electrochemical Hoffman rearrangement [16, 17], rendering their
direct dehydration to nitriles an attractive strategy within sustain-
able synthesis [6]. Electrochemical dehydration of carboxamides
therefore represents a promising and underdeveloped approach
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SCHEME 1 | Representative examples of nitrile-containing com-
pounds, highlighting the prevalence of the nitrile functional group in
materials (nitrile rubber), natural products (amygdalin), and pharma-
ceuticals (cyamemazine and citalopram).

to nitrile synthesis that bypasses conventional dehydrating agents
and hazardous cyanide-transfer reagents. Electrochemical synthe-
sis has experienced a significant renaissance in recent years, pro-
pelled by the growing demand for environmentally responsible,
energy-efficient, and reagent-saving chemical processes [18-26].

Electrochemical approaches allow reactions to proceed under
comparatively gentle conditions [27], utilize electrical current
—ideally derived from renewable sources [28, 29]—as controlla-
ble and inherently clean redox input [30, 31], and substantially
diminish the generation of hazardous waste relative to conven-
tional stoichiometric oxidizing and reducing agents [32-38].
These advantages have positioned electrosynthesis as a powerful
and increasingly indispensable platform in modern organic chem-
istry [39, 40]. Recent advances highlight the rapidly expanding
landscape of electrochemical dehydration strategies (Scheme 2)
[41]. Electrochemical access to anhydrides from carboxylic acids
[42], the electrodehydrative formation of sulfonyl amidines from
sulfonamides [43], and the electrochemical synthesis of esters
from carboxylic acids via catalytic dehydration [44] collectively
demonstrate the synthetic potential of electric-current-driven
water removal. Most recently, electrochemical formation of cyclic
anhydrides [45] and in situ generation of sulfonic anhydrides [46]
further emphasized the growing importance of the electrochemi-
cal dehydration reaction. Despite these advances, electrochemical
dehydration of carboxamides to nitriles remains comparatively
unexplored, even though such a transformation would provide
a direct, scalable, and operationally simple route to nitrile products
under environmentally benign conditions.

In this work, an electrochemical dehydration of carboxamides to
their corresponding nitriles under mild reaction conditions is
reported. The nitriles are formed at ambient conditions and can
be easily isolated in high yields. This operationally straightfor-
ward method eliminates the need for classical dehydration
reagents, diminishes hazardous chemical waste, and provides
a safe and scalable alternative for the synthesis of highly
value-added nitrile compounds.
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SCHEME 2 | Recent progress in the electrochemical dehydration
reaction.

2 | Results and Discussion

Reaction optimization was initiated using conditions previously
established within our group for the electrochemical dehydration
of carboxylic and sulfonic acids to their corresponding anhy-
drides in the presence of thiocyanate-based supporting electro-
lytes [42, 45, 46]. The optimized reaction parameters for the
transformation of 2-fluorobenzamide are shown in Scheme 3.
Quantitative analysis was performed by *F NMR spectroscopy
using 4-fluorotoluene as an internal standard. Under these opti-
mized conditions (Table 1, entry 1), an NMR yield of 86% was
obtained.

To further investigate the influence of electrochemical parame-
ters, the amount of applied charge and current density were sys-
tematically varied (Table 1, entries 2 and 3) [47]. Lowering the
amount of applied charge to 10F resulted in a significant
decrease in yield to 44% (entry 2), and decreasing the current
density to 8.3mA cm™ likewise led to diminished efficiency
(entry 3). The presence and precise amount of 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) proved to be critical for achieving
high yields. Increasing its concentration to 3 vol% resulted in a
depressed yield of 42%, while omission of HFIP led to complete
loss of product formation (entries 4 and 5). These observations
suggest that HFIP likely serves multiple roles in the reaction
medium, including acting as a proton source for hydrogen evo-
lution at the cathode, stabilizing radical and ionic intermediates,
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SCHEME 3 | Scope of the carboxamide dehydration reaction. All yields are isolated yields. “(+)Pt | Pt(-).

and functioning as a cosolvent that enhances electrolyte solubil-
ity [48].

Subsequently, the impact of electrode materials on reaction per-
formance was evaluated. The use of platinum as the anodic mate-
rial afforded a respectable yield of 74% (entry 7), demonstrating
its viability as an alternative electrode for broader substrate
exploration. However, replacement of NBu,SCN by KSCN
resulted in a dramatically depressed yield of 4% due to the upper
cell voltage limit being reached (entry 9), likely a consequence of
the poorer solubility of KSCN in the reaction medium. In the
absence of NBu,SCN, no product formation was detected (entry
11). Likewise, control experiments conducted without applica-
tion of electrical current yielded no traces of the desired product
(entry 12), confirming the essential role of electrolysis in promot-
ing this transformation.

With our optimized reaction conditions in hand, the scope of the
dehydration reaction was investigated with a range of different
carboxamides as starting materials, as shown in Scheme 3. First,

aromatic carboxamides were evaluated, giving the corresponding
aromatic nitrile in yields up to 83% (1a to 10a). 2-fluorobenzamide
as substrate gave the nitrile 1a in 79% isolated yield, while
3-fluoro- and 4-fluorobenzamide gave nitriles 2a and 3a with
yields of 79% and 83%, respectively. The similarity in yields
for these nitriles shows that the electronic structure of the aro-
matic ring most likely does not greatly influence the reaction.
Similarly, benzamides bearing methoxy-group substituents at
different positions at the arene gave 5a, 6a, and 7a, in good
yields (78%, 49%, and 64%, respectively). Furthermore, 4a
was isolated in 75% yield. 2-naphthamide gave the correspond-
ing carbonitrile 8a in a lower yield of 18%. Investigation of the
crude reaction mixture with GC-MS techniques showed the
possible formation of dimers and deamidation of the starting
material, although the precise composition of these species is
still under investigation. 4-chlorobenzonitrile 9a was isolated
in 61% yield, while 4-bromobenzonitrile 10a was obtained in
60% yield, using platinum instead of palladium electrodes for
both compounds. Next, aliphatic carboxamides were tested.
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TABLE 1 | Optimization of the test reaction.

F o “NBu,SCN (4 equiv.) F

collidine (2.2 equiv) o 2N
NH,

(+)Pd | Pd(-), 13.9 mA cm2, 40 F
CH,Cly, HFIP (2 vol%)

0.05M undivided cell, ambient conditions  86% °F NMR yield
Entry Deviation from optimal conditions Yield
1 none 86%
2 F=10 44%
3 8.3mAcm™? 42%
4 HFIP 3 vol% 42%
5 no HFIP 0%
6 MeCN instead of CH,Cl, 6%
7 Pt anode 74%
8 2 equiv. NBu,SCN 44%
9 KSCN instead of 4%
NBu,SCN
10 1.5 equiv 2,4,6-collidine 23%
11 NBu,BF, instead of NBu,SCN 0%
12 no electricity 0%

Note: Conditions: 2-fluorobenzamide (0.25 mmol, 35 mg, 1 equiv.), NBu,SCN

(1 mmol, 300 mg, 4 equiv.), 2,4,6-collidine (0.55 mmol, 75 pL, 2.2 equiv.), CH,Cl,
(5ml, 0.05M), HFIP (100 pL, 2 vol%), (+)Pd | Pd(-), 13.9mA cm ™2, 40 F,
constant current, undivided cell. Yields are reported as '°F NMR yields, using
4-fluorotoluene as internal standard.

l-adamantanecarboxamide gave the corresponding tertiary car-
bonitrile 11a in 71% yield. Primary carboxamides were also well
tolerated, yielding 12a in 81% yield. When switching to plati-
num electrodes, nitrile 12a was isolated in an only slightly lower
yield of 74%. We then went on to investigate the reactivity of sev-
eral carboxamides derived from natural products and pharmaceut-
icals. Nitrile 13a, derived from (-)-isosteviol, was isolated in 84%
yield. This scaffold has significant importance for affinity materials
in sensing applications [49, 50]. Ibuprofen- and naproxen-derived
carbonitriles could also be obtained in respectable yields (14a and
15a). The electrochemical dehydration of levetiracetam gave 16a
in a yield of 42%. To assess the reactivity of dicarboxamides, the
industrially relevant adiponitrile 17a was synthesized using our
method in a 41% yield from adipamide. Finally, the phenylalanine
derived carbonitrile 18a was isolated in a 17% yield. In this case,
the lower yield could be partially explained by the formation of the
HFIP ester as a major by-product of the reaction (details provided
in the Supporting Information (SI)). Some substrates proved to
be unsuccessful, including 2-nitrobenzamide and thiophene-2-
carboxamide, likely due to their electrochemical instability toward
redox reactions of the substrate backbone.

Demonstrating the scalability of an electrochemical protocol
is essential, as it provides a foundation for potential translation
to industrial applications. To assess the robustness and scal-
ability of the present electrochemical dehydration reaction,
3-phenylpropan-amide was subjected to electrolysis on an
eightfold preparative scale using platinum electrodes to gener-
ate 3-phenylpropanenitrile (Figure 1). After standard work-up,
the corresponding product 12a was isolated in 64% yield, which
is in line with what we obtained on a small batch. Additional

2 NBu,SCN (4 equiv.) ~N
z
©/\)LNH2 collidine (2.2 equiv.) @/\/
(+)Pt| Pt(-), 13.9 mA cm2, 40 F

12a
CH,Cl,, HFIP (2 vol%) 64% (scale-up)

undivided cell, ambient conditions vs.
74% (small scale)

2 mmol

15cm.

FIGURE 1 | Scale-up reaction.

experimental details and operational considerations for the
scale-up procedure are provided in the SI.

Although mechanistic investigations have been conducted before
for electrochemical dehydration reactions, we performed cyclic
voltammetry (CV) measurements to get some insight on the
mechanism of this particular chemical transformation. The cyclic
voltammogram provides clear insight into the electrochemical
behavior of the reaction components and highlights the central
role of thiocyanate in the system (Figure 2). The trace corre-
sponding to the supporting electrolyte (purple wave, 0.1 M
NBu,BF,) shows only background capacitive currents, confirm-
ing that no significant faradaic processes occur within the
scanned potential window. Neither 2-fluorobenzamide nor colli-
dine introduce appreciable oxidation features, indicating that
both species remain electrochemically silent under these condi-
tions and that their oxidation potentials lie outside the accessible
range (yellow and black wave). In contrast, the introduction of
40 mM NBu,SCN generates a distinct anodic wave at ~1.0V,
which can be attributed to the irreversible oxidation of the thio-
cyanate anion (green wave). This feature is consistent with oxi-
dation of SCN™ and marks the first substantial faradaic response
in the voltammogram. When 2-fluorobenzamide is added
together with thiocyanate, the anodic peak increases in intensity
and shows a slight shift, suggesting that the oxidized thiocyanate
species participate in subsequent chemical steps involving the
amide (blue wave). This behavior is characteristic of an EC-type
mechanism [51], in which a chemical reaction follows the initial
electron-transfer event. The presence of collidine alongside both
SCN™ and the amide further amplifies this effect, producing the
most pronounced oxidation current and shifting the onset to
slightly higher potential. This enhancement indicates that
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0.1 M NBu,BF, (blank)
0.20 + 10 mM 2-fluorobenzamide
+ 22 mM collidine
+40 mM NBu,SCN
0.16 + + 10 mM 2-fluorobenzamide + 40 mM
NBu,SCN
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FIGURE 2 | CV experiments. Conditions: in DCM, HFIP (2 vol%),
WE: platinum, CE: platinum wire, RE: Ag/Ag", scan rate: 100 mV/s.
CV = Cyclic voltammetry.

collidine facilitates downstream chemical steps—likely through
proton transfer or stabilization of reactive intermediates—which
in turn increases the turnover of the oxidized thiocyanate species.
Overall, the CV data strongly support a mediated oxidation pro-
cess, in which thiocyanate serves as the redox-active species,
while the amide and collidine modulate the efficiency of the sub-
sequent chemical steps that drive the overall electrochemical
transformation.

With the data provided by the CV experiments, we propose a
mechanism for the electrochemical dehydration reaction of
carboxamides.

The proposed electrochemical mechanism for the dehydration of
carboxamides to their corresponding nitriles is shown in
Scheme 4. At the anode, the thiocyanate-based mediator I
(X’=SCN7, OSCN™, or O,SCN™) undergoes a two-electron oxi-
dation to generate the reactive species IT X", which subsequently
engages in a sequence of chemical steps with the carboxamide

©

X~ =SCN~, OSCN~, O,SCN~

Ha
+2e”
2 H*
OH le)
/‘K JI\
R—
R NH R NH,
X g I
o’
BH*
- BH* [
R=—=—=N
- X=0" VI
\%

SCHEME 4 | Proposed mechanism.

substrate III. The oxidized mediator interacts with the amide
to form an activated O-acyl intermediate IV through nitrogen-
centered activation and proton-transfer processes facilitated by
the base (B/BH™). This sequence ultimately generates a highly
activated intermediate that eliminates species V and collapses
to the nitrile VI (R-C=N). At the cathode, proton reduction
occurs generating molecular hydrogen and closing the overall
redox balance of the system. Together, these steps illustrate a
mediated electrochemical pathway, in which thiocyanate species
enable efficient oxidative dehydration under mild conditions.

3 | Conclusion

In summary, we have established a practical and efficient
electrochemical method for the dehydration of carboxamides
to their corresponding nitriles under mild and operationally sim-
ple conditions. This procedure eliminates the need for classical
stoichiometric dehydrating agents and hazardous cyano-transfer
reagents, thereby offering a safer and more sustainable alterna-
tive for accessing nitrile functionalities. Systematic optimization,
which yielded 1a in 86% '°F NMR yield, revealed the essential
role of thiocyanate as a redox mediator and the critical contribu-
tion of HFIP to reaction efficiency, insights that were further sup-
ported by CV studies. The electroanalytical data indicate a
mediated anodic oxidation mechanism, in which the thiocyanate
species facilitate the key activation steps, leading to nitrile forma-
tion. Across a scope of 18 examples, the reaction exhibited broad
functional-group tolerance and delivered isolated yields of up to
84%. Moreover, it can be scaled up with minimal loss in efficiency
(64% vs. 74% isolated yield), underscoring its robustness and
potential applicability beyond laboratory conditions. Overall, this
study expands the scope of electrochemical dehydration chemis-
try and provides a valuable, environmentally conscious platform
for the synthesis of nitrile-containing molecules.
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Supporting Fig. S1: Undivided screening setup similar to the setup avail-
able from IKA (left) and undivided cell equipped with palladium foil as
anode and cathode (right)®. Supporting Fig. $2: 50 mL undivided cell
with glassy carbon anode and platinum cathode and electrode holders used
for the scale-up. Supporting Fig. S3: Typical '>F NMR spectrum in CDCl,
of a reaction mixture used for quantification of 1al?l, Supporting Fig. S4:
Cyclic voltammogram of 0.1 mol/L NBu,BF, in CH,Cl,/HFIP (2 vol%)
(purple curve), addition of 2-fluorobenzamide 0.01 mol/L (orange curve).
CV of collidine 0.022 mol/L in NBu,BF, (black curve), CV of NBu,SCN
0.04 mol/L in NBu,BF, (green curve). CV of 2-fluorobenzamide
0.01 mol/L and NBu4SCN 0.04 mol/L in NBu,BF, (blue curve), addition
of collidine 0.022 mol/L (red curve). Ag*/Ag reference electrode (RE), plat-
inum as working electrode (WE), and platinum wire as counter electrode
(CE). Each CV measurement was referenced against ferrocene. Oxidation
potentials are marked and displayed as the half-wave potential of the
respective peak (IUPAC convention). Scan has been taken in this direction:
0V - + 20/22V - -02 V - 0V, with a scan rate of 100 mV/s.
Supporting Fig. S5: Cyclic voltammogram of 0.1 mol/L NBu,BF, in
CH,CL,/HFIP (2 vol%) (blue curve), addition of 2-fluorobenzonitrile
0.01 mol/L (black curve). CV of 2-fluorobenzamide 0.01 mol/L in
NBu,BF, (green curve), CV of NBu,SCN 0.04 mol/L in NBu,BF, (red
curve). Ag*/Ag RE, platinum as WE, and platinum wire as CE. Each
CV measurement was referenced against ferrocene. Oxidation potentials
are marked and displayed as the half-wave potential of the respective peak
(IUPAC convention). Scan has been taken in this direction: 0 V. — +2.0
V—-0.2 V- 0V, with a scan rate of 100 mV/s. Supporting Fig. Sé:

Unsuccessful substrates. Supporting Fig. S7: 'H NMR spectrum
(400 MHz, 25°C, CDCl;) of 13. Supporting Fig. S8: *C{*"H} NMR spec-
trum (101 MHz, 25°C, CDCl;) of 13. Supporting Fig. S9: '"H NMR spec-
trum (400 MHz, 25°C, CDCL,) of 14. Supporting Fig. $10: *C{'"H} NMR
spectrum (101 MHz, 25°C, CDCl,) of 14. Supporting Fig. S11: '"H NMR
spectrum (400 MHz, 25°C, CDCl,) of 15. Supporting Fig. S12: *C{'H}
NMR spectrum (101 MHz, 25°C, CDCl;) of 15. Supporting Fig. S13:
'H NMR spectrum (400 MHz, 25°C, CDCl;) of 18. Supporting
Fig. S14: '*C{'"H} NMR spectrum (101 MHz, 25°C, CDCl;) of 18.
Supporting Fig. S15: 'H NMR spectrum (400 MHz, 25°C, CDCls)
of 1a. Supporting Fig. S16: *C{'"H} NMR spectrum (101 MHz,
25°C, CDCI3) of 1a. Supporting Fig. S17: '°F NMR spectrum (376
MHz, 25°C, CDCl;) of 1a. Supporting Fig. $18: "H NMR spectrum
(400 MHz, 25°C, CDCl;) of 2a. Supporting Fig. S19: '*C{'"H} NMR
spectrum (101 MHz, 25°C, CDCl;) of 2a. Supporting Fig. S20: '°F
NMR spectrum (376 MHz, 25°C, CDCl;) of 2a. Supporting Fig. S21:
'H NMR spectrum (400 MHz, 25°C, CDCls) of 3a. Supporting Fig. S22:
BC{*H} NMR spectrum (101 MHz, 25°C, CDCl;) of 3a. Supporting
Fig. $23: F NMR spectrum (376 MHz, 25°C, CDCl;) of 3a.
Supporting Fig. $24: "H NMR spectrum (400 MHz, 25°C, CDCl;) of
4a. Supporting Fig. S25: >C{'"H} NMR spectrum (101 MHz, 25°C,
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spectrum (400 MHz, 25°C, CDCl;) of 7a. Supporting
Fig. S31: '*C{'H} NMR spectrum (101 MHz, 25°C, CDCl;) of 7a.
Supporting Fig. $32: "H NMR spectrum (400 MHz, 25°C, CDCls) of
8a. Supporting Fig. $33: *C{*H} NMR spectrum (101 MHz, 25°C,
CDCI;) of 8a. Supporting Fig. $34: '"H NMR spectrum (400 MHz,
25°C, CDCls) of 9a. Supporting Fig. $35: ">*C{'H} NMR spectrum
(101 MHz, 25°C, CDCl3) of 9a. Supporting Fig. $36: 'H NMR spectrum
(400 MHz, 25°C, CDCl;) of 10a. Supporting Fig. $37: '*C{*H} NMR
spectrum (101 MHz, 25°C, CDCl;) of 10a. Supporting Fig. $38: 'H
NMR spectrum (400 MHz, 25°C, CDCl;) of 1la. Supporting Fig.
$39: 3C{'H} NMR spectrum (101 MHz, 25°C, CDCl;) of 1la.
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CDCl;) of 17a. Supporting Fig. S52: '"H NMR spectrum (400 MHz,
25°C, CDCl;) of 18a. Supporting Fig. S53: *C{*H} NMR spectrum
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electrochemical dehydration of compound 18. Supporting Table S1:
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