W) Check for updates .
Chemistry

Europe

European Chemical
Societies Publishing

Research Article

EurJOC - .
doi.org/10.1002/ejoc.202400236

European Journal of Organic Chemistry

www.eurjoc.org
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The Pt-cathode hydrogen evolution reaction (Pt-HER) of
acetone cyanohydrin provides an alternative method for
introducing the cyano group onto electrophilic carbons of
imines and chalcones. The synthesis of a-aminonitriles and (-
cyano ketones has been achieved smoothly with a small excess

Introduction

Cyanation reactions™ play a pivotal role in organic chemistry,
enabling rapid structural diversification through the straightfor-
ward transformation of the nitrile group in various other
functionalities such as amides, a-amino acids, amines, carbonyls
and heterocycles like oxazoles, oxazolines, tetrazoles etc.”
Moreover, the presence of a nitrile functionality may provide
added value per se, also allowing the further functionalization in
adjacent positions.”) However, the inherent toxicity and vola-
tility of hydrogen cyanide (HCN) poses significant challenges in
practical applications, prompting organic chemists to explore
more manageable synthetic equivalents and surrogates.”
Concurrently, there are ongoing efforts to develop safer, more
efficient processes utilizing alternative techniques such as
mechanochemical methods,” continuous flow,™
photocatalysis,” electrocatalysis,® and combined electrochem-
ical/continuous flow strategies.”’ These latest approaches are
particularly valuable as they also enabled the employment of
“non-CN” source and/or the cyanation of unactivated C—H.
Among the 3™ generation nucleophilic cyanide source,
acetone cyanohydrin (ACH) stands out as one of the most
convenient options, due to its liquid state, stability, ready
availability and cost-effectiveness. Consequently, this reagent
has found many useful applications, most notably in the
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of cyanating agent (2 equivalent), catalytic amount of support-
ing electrolyte and low electricity consumption (0.02 F/mol).
Besides demonstrating a general atom economy, the high
Faradaic efficiency, allows for a scale-up with low-demanding
electrochemical design and short electrolysis times.

[10] 1]

Strecker reaction,"” Mitsunobu reaction,!
addition."”

Base, metal and phase transfer catalysis have been tradition-
ally used to activate ACH, however, to the best of our
knowledge, there are no electrochemical studies focusing on
this cyanating agent.

Following a long-standing research program of one of us on
cathodic activation of nucleophiles using sub-stoichiometric/
catalytic electricity and similarly reduced amount of supporting
electrolyte,™ we here report an electrochemically-induced CN
addition to o,p-unsaturated ketones or imines using ACH as CN
source (Scheme 1).
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Scheme 1. Reagents used in electrochemical cyanation with accessible
products, and this work.
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Results and Discussion

As reported in Table 1, we started our investigation on the
electrochemically-induced CN addition to a,f-unsaturated ke-
tones, by screening the electrochemical parameters and
reaction conditions on the model compound 1a (Scheme 2).

Although ACH do not show any voltametric peak both in
DMF/TBABF, and CH,CN/TBABF, from the data of Table 1
(entry 1-3, 5, 7 and 10), the following insights emerge: i) the
reaction is initiated by a cathodic reduction process, then
progresses chemically until the consumption of 1a is com-
pleted, furnishing the expected product 2a in high isolated
yield; ii) although the whole process proceeds even “ex-cell”
after the pre-electrolysis of ACH with catalytic current (0.02-
0.04 F/mol of 1a), the separation of the two redox half-reactions
is mandatory for the attainment of the product; iii) the
utilization of Pt as the cathode is crucial for enhancing the
process efficiency (entry 10).

It is also worth noting that the reliance on catalytic current
quantity is especially beneficial in this scenario, where inher-
ently electroactive substrates like o,f-unsaturated ketones could
undergo to cross-coupling," or unwanted side-reactions. In-
deed, a control experiment conducted in absence of ACH,
demonstrated the complete disappearance of 1a, upon passing
a sub-stoichiometric quantity of electricity (0.7 F/mol), under
standard conditions. However, in such a case, no significant

Table 1. Optimization of the electrochemical cyanation of 1a with ACH.”
Entry® Deviation from standard conditions Yield"

1 None 96 %

2 No electricity -

3 Undivided cell -

4 DMF instead of CH;CN 90%

54 ex-cell reaction 82%

6 Electrolysis/reaction at r.t. 92%

7 Solvent-free, ACH (15 eq.) 30%

8 0.02 F/mol, CH;CN (1.5 ml) 72%

9t 0.02 F/mol, CH;CN (1.5 ml), ACH (3 eq.) 65%

10 GC as cathode 18%

12 0.02 F/mol, CH,CN (1 ml) 53%

[a] Other optimization data are reported in reported in S.., Table S1.
[b] For electrolysis using divided cell, the potential is ranging from 9 to
30 V. [c]lIsolated yield. [d] 1a was added post-electrolysis of ACH in
CH,CN. [e] Both electrolysis and reaction were conducted at r.t.

z + ACH ———
Ph 0.04 F/mol ~ Ph Ph
1a conditions A 2a

96%

Scheme 2. Electrochemical cyanation of chalcone with ACH. Conditions A:
divided cells by a glass frit 5G. Pt spirals as anode and cathode. Catholyte:
1a (0.5 mmol), ACH (1T mmol), CH,CN (0.5 ml), TBABF, (0.02 mmol). Anolyte:
CH,CN (0.5 ml), TBABF, (0.2 mmol). Current intensity: 6 mA, T=50°, reaction
time after the electrolysis, 12 h.
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selectivity towards specific products was observed on the TLC
plate.

With the optimal set of conditions in hand, we tested the
generality of the electrochemical cyanation using various o,f-
unsaturated carbonyls, as shown in Scheme 3.

The electrochemical cyanation of various chalcones bearing
alkyl, halogen, and methoxy substituents on either aromatic
ring proceeded smoothly, leading to the corresponding f-
ketonitriles in 84-96% isolated yields. High yield, with the
selective formation of the double cyanation product 2m as
diastereoisomer mixture was also obtained with benzylidenea-
cetone. Under similar conditions, substrate 1n and 10 exhibited
slightly reduced reactivity/selectivity, resulting in the formation
of the corresponding products 2n and 2o with isolated yields
of 51% and 52 %, respectively.

Instead, stringent limitations were encountered with the
substrates 1p-t which have been recovered mostly unreacted
upon varying several electrolysis/reaction conditions such as
current quantity, temperature, and reaction time. It is worth
noting that, despite exhibiting minimal reactivity under
standard electrolysis conditions, nitrostyrene 1p underwent
substantial hydrodimerization when subjected to undivided-cell
electrolysis with a stoichiometric quantity of current
(Scheme 3).™ Consequently, in an effort to reduce potential
side-reactions of sensitive functionalities, the cyanation of the
challenging functionalized o,-unsaturated amide 1t was tested
under “ex-cell” conditions with a slight increase in current
quantity. However, analysis via 'H NMR of the crude mixture
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)l\/\ R, * ACH ——— R/U\)\ R
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2¢, Ar= p-OMe-CgHg4 85% 2g, Ar= m-Br-CgHy 86%
2d, Ar= p-F-CgH, 84% 2h, Ar= m-MeO-CgHy 92%
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Scheme 3. Scope and limitations of the electrochemical cyanation of o,f-
unsaturated carbonyls. Unless otherwise indicated, electrolyses were con-
ducted under the conditions reported in Scheme 2. [a] Large scale cyanation
on 3.6 mmol of 1a.
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revealed only partial conversion of 1t, with the detection of 2t
as a diastereoisomeric mixture (HNMR of the crude is reported
in Supporting Information).

Subsequently, the generality of the electrocatalytic activa-
tion of ACH was further examined for its applicability in the
cyanation of imines aiming to produce a-aminonitriles, which
are valuable intermediates in the synthesis of a-aminoacids.

In order to optimize the reaction, a series of experiments
similar to those outlined in Table 1 were conducted, using
imine 3a as the reference compound (all these data are
collected in S.I., Table S2).

In comparison to the protocol previously established for
chalcones, an even lower amount of electricity (0.02 F/mol),
supporting electrolyte and ACH loading, achieved the trans-
formation of imine 3a into the corresponding 2-phenyl-2-
(phenylamino)acetonitrile 4a, in a good 94 % yield (Scheme 4).

Consistently, this electrochemical protocol facilitated the
cyanation of several imines 3a-j derived from differently
substituted aromatic aldehydes and N-aryl protecting groups,
with yields ranging from 63 % to 94 % (Scheme 5).

Benzyl (3h), propargy! (3i) and tosyl (3j) protecting groups
were also well tolerated, while the reaction failed with Boc-
protected imine 3k and the alkyl derivative 31.

Significantly, the electrochemical activation could also be
exploited for a one-pot process directly leading to 4a, by
electrolyzing ACH in the presence of benzaldehyde and aniline,
with 72% yield (one pot, Scheme 5).

-1+

. CN
H Ph
X . Ph S -
Ph” N * ACH ) oF/mol PR N
conditions B
3a 4a 94%

Scheme 4. Electrochemical cyanation of imine 3a with ACH. Conditions B:
divided cells by a glass frit 5G. Pt spirals as anode and cathode. Catholyte:
3a (0.25 mmol), ACH (0.38 mmol), CH,CN (0.8 ml), TBABF, (0.015 mmol).
Current Intensity: 6 mA. T=r.t.; reaction time after the electrolysis: 18 h.
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Scheme 5. Scope of the electrocatalytic cyanation of imines. [a] Large scale
cyanation on 3a. One pot reaction: Benzaldehyde (0.32 mmol), aniline

(0.21 mmol), ACH (0.32 mmol) in CH,CN (0.67 mL), TBABF, (0.006 mmol) were
electrolyzed using standard conditions B. Current quantity (0.05 F/mol).
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Based on the results reported in Table 1 and DFT computa-
tions of the standard free energies and the redox potentials, we
can outline an electrochemical-chemical (EC) pathway starting
with the cathodic reduction of ACH. Its subsequent thermos-
dynamically thermodynamically highly favored HER (AG =
—145 kJ/mol) generates the deprotonated species A. The
reaction should then evolve chemically by 1,4-addition of CN™
to the o,B-unsaturated carbonyls (or 1,2-addition to the imine)
reaching completion (Scheme 6).

Accordingly with the experimental data,'* DFT calculations
predicted 1a as the more reducible species in our system;
however, side-reactions resulting from its electro-activation are
only observed when ACH is absent, when undivided-cell
electrolysis is performed, or when the HER of ACH is disfavoured
because of electrode materials having higher overpotentials
with respect to the Pt cathode (Table 1, entry 10).

It is also worth to note that the reduction and subsequent
HER of acetonitrile (ACN), while less favored compared to the
direct activation of the cyanating agent (AV=13V, AG°=
—44 kJ/mol of ACN vs. AV=1.5 AG°= —144 kJ/mol of ACH), can
concurrently initiate the reaction via acid-base reaction (in blue
in Scheme 6).0¢

Despite the vigorous gas evolution at the Pt-cathode as the
galvanostatic electrolysis began, cyclic voltammetry experi-
ments failed in identifying the reduction peak of ACH. As a
result, direct production of [ACH]*~ may be expected for sure
only in solvent-free conditions (Table 1, entry 7).

Thus, to gain a more comprehensive understanding of the
reaction pathway, we also investigated alternative channels for
the indirect electrochemical ACH activation using DFT calcu-
lations (Scheme 7). Based on these results, the only plausible
alternative involves the solvent used for the electrolysis
(Scheme 7, Equation 3).

Chemical process (C) CN
(0]

[} -
0 CN Me,C-O  + pp 2~

Ph/u\)\Ph CN 0~ CN
2a I
Me,C-OH + pp AN
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a 29v 1.a ACN ACN 4G 44 CH,CN + ACH
' A2 H,
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side-reactions . HER

(not observed under optimized conditions) -
Scheme 6. Proposed EC pathway for the electrochemical cyanation process.
Standard free energies (AG® (kJ/mol)) are calculated at 25°C. AV are
calculated excluding the reference electrode absolute redox potential. Free
energy values of other plausible reactions or involving the reduction of other
species such as 1a, TBABF, or solvents (DMF) are reported in S.I., Table S3.
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Scheme 7. Thermodynamics for indirect electrochemical activation of ACH.
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Conclusions
[1] a) L. P. Silva, I. F.S. Marra, G. W. Amarante, Quim. Nova 2022, 45, 712;
. X X b) L. Wang, Y. Shao, J. Cheng, Org. Biomol. Chem. 2021, 19, 8646; c) S.
In summary, the electrochem|caIIy-|nduced synthe5|s of a- Saranya, M. Neetha, T. Aneeja, G. Anilkumar, Adv. Synth. Catal. 2020,
aminonitriles and p-cyano ketones has been successfully 362, 4543.

accomplished using 2 equivalents of ACH as cyanating agent [2] a) R.C. Larock, thT. Yao, In Comprehensive Organic Transformations, (Ed:
R. C. Larock), 3™ ed., Hoboken, NJ : John Wiley & Sons, 2018; b) R. C.

and remarkably low electricity consumption (0.02 F/mol). Mech- Larock, Comprehensive Organic Transformations: A Guide to Functional
anistic insights based on DFT calculations, suggest the involve- Group Preparations, VCH, New York, 1989; c)Z. Rappoport, The

ment of a Pt-cathode hydrogen evolution reaction of the ACH. Chemistry of the Cyano Group, Interscience Publishers, London 1970.
[3] X.-Q. Chu, D. Ge, Z.-L. Shen, T.-P. Loh, ACS Catal. 2018, 8, 258.

Besides demonStratmg a general atom economy, the hlgh [4] For a comprehensive recent review for non-toxic cyanide source, see:

Faradaic efficiency, calculated at 5000%, appears to be A. M. Nauth, T. Opatz, Org. Biomol. Chem. 2019, 17, 11.

promising for straightforward scale-up with short electrolysis %! la-l) T_; H‘z" H. ‘évhangr JZ.O);I:";Ré_ﬁj'laZnZg7,9L.bZ)hCant,|X. '-I;';S”'ﬂ" CQSL'E' Z Z';]aor

. .. . . . Ly, Green em. ; ; ; . bolm, R. Moccl, C. Schumacher,

times and minimal demands on electrochemical equipment. M. Turberg, F. Puccetti, J. G. Hernandez, Angew. Chem. Int. Ed. 2018, 57,
2423,

[6] a) T. Vieira, A.C. Stevens, A. Chtchemelinine, D. Gao, P. Badalov, L.
Heumann, Org. Process Res. Dev. 2020, 24, 2113; b) D. B. Ushakov, K.
Gilmore, D. Kopetzki, D. T. McQuade, P. H. Seeberger, Angew. Chem. Int.
Ed. 2014, 53, 557; c) A. M. Seayad, B. Ramalingam, C.L.L. Chai, C. Li,
M. V. Garland, K. Yoshinaga, Chem. Eur. J. 2012, 18, 5693.

Experimental Section

Detailed experimental procedures, electrochemical design and

electrolysis conditions are reported in supporting information. [7] a) R I. Patel, S. Sharma, A. Sharma, Org. Chem. Front, 2021, 8, 3166; b) N.
Starting materials 1a, 1m-q, and 3j-k are commercially available Holmberg-Douglas, D. A. Nicewicz, Org. Lett. 2019, 21, 7114.

and were used without any further purification. Starting materials [8] For a recent review on electrochemical cyanation, see: H. Hu, S. Wu, F.
1b-1"72 11,17 167, 1479 and 3a-i"®! were prepared as reported Yan, M. Makha, Y. Sun, C-X. Du, Y. Li, J. Energy Chem. 2022, 70, 542. For
in the literature. recent selected examples on electrochemical cyanation, see: a)S.S.

Grishin, O. M. Mulina, V. A. Vil', A. O. Terent'ev, Org. Chem. Front. 2024,

11, 327; b)Y.-T. Zheng, H.-C. Xu, Angew. Chem. Int. Ed. 2024, 63,

€202313273; ¢) X. Kong, Y. Wang, Y. Chen, X. Chen, L. Lin, Z.-Y. Cao, Org.

S ti Inf ti Chem. Front. 2022, 9, 1288; d) Z. Fu, Y. Fu, J. Yin, G. Hao, X. Yi, T. Zhong,

upporting Information S. Guo, H. Cai, Green Chem. 2021, 23, 9422; €) H. Yang, Y. Shen, Z. Xiao,

C. Liu, K. Yuan, Y. Ding, Chem. Commun. 2020, 56, 2435; f) I. Yavari, S.

The authors have cited additional references within the Shaabanzadeh, S. Sheikhi, Chem. Sel. 2020, 5, 564; g) A. J. J. Lennox, S. L.

. . h9.34 Goes, M. P. Webster, H. F. Koolman, S. W. Djuric, S. S. Stahl, J. Am. Chem.

Supportlng Information. Soc. 2018, 140, 11227; h) D. Hayrapetyan, R. K. Rit, M. Kratz, K. Tschulik,
L. J. GooBen, Chem. Eur. J. 2018, 24, 11288.

[9] a) M.-A. Carvalho, S. Demin, C. Martinez-Lamenca, F. Romanov-Michaili-

dis, K. Lam, F. Rombouts, M. Lecomte, Chem. Eur. J. 2022, 28,

Acknowledgements €202103384; b) E. Sato, M. Fujii, H. Tanaka, K. Mitsudo, M. Kondo, S.
Takizawa, H. Sasai, T. Washio, K. Ishikawa, S. Suga, J. Org. Chem. 2021,
L.P. and M.A. acknowledge Italian Ministry of University and 86, 16035. ‘ . o
K X X . [10] a) M. Pori, P. Galletti, R. Soldati, D. Giacomini, Eur. J. Org. Chem. 2013,
Research (MUR) and NextGenerationEU for financial support in 1683; b) R. P. Herrera, V. Sgarzani, L. Bernardi, F. Fini, D. Pettersen, A.
the context of PRIN2022 (Prot. P2022WXPMB) and the European Ricci, J. Org. Chem. 2006, 71, 9869; c) B. A. B. Prasad, A. Bisai, V. K. Singh,
Union-NextGenerationEU under the Italian Ministry of University Tetrahedron Lett. 2004, 45, 9565.
X . [11] a) S. Fletcher, Org. Chem. Front. 2015, 2, 739; b) T. Tsunoda, K. Uemoto,
and Research (MUR) National Innovation ECOSyStem grant C. Nagino, M. Kawamura, H. Kaku, S. It6, Tetrahedron Lett. 1999, 40,
ECS00000041-VITALITY-CUP E13C22001060006. M.A. thanks 7355; ) B. K. Wilk, Synth. Commun. 1993, 23, 2481.

Cineca-ltaly for an Iscra-C grant. Authors wish to thank Prof. [12] a) D. Tejedor, S. Delgado-Hernandez, L. Colella, F. Garcia-Tellado, Chem.
Eur. J. 2019, 25, 15046; b) J. C. Anderson, A.J. Blake, M. Mills, P.D.

Marta Feroci and Dr. Martina Bortolami University “La Sapienza Ratcliffe, Organic Lett. 2008, 10, 4141; <) J.E. Ellis, E. M. Davis, P. L.
(Rome) for providing voltametric curves and useful discussions. Brower, Org. Process Res. Dev. 1997, 1, 250.
Open Access publishing facilitated by Universita degli Studi  [13] @ L. Palombi, A. DiMola, A. Massa, New J. Chem. 2015, 39, 81; b) T.
dell' i £ th i Caruso, M. Feroci, A. Inesi, M. Orsini, A. Scettri, L. Palombi, Adv. Synth.
ell'Aquila, as part of the Wiley - CRUI-CARE agreement. Catal. 2006, 348, 1942; c) L. Palombi, M. Feroci, M. Orsini, A. Inesi,
Tetrahedron:Asymmetry 2002, 13, 2311.
Eur. J. Org. Chem. 2024, 27, 202400236 (4 of 5) © 2024 The Author(s). European Journal of Organic Chemistry published by Wiley-VCH GmbH

85U8017 SUOWILIOD 3AIERID 3|qedldde 8y Aq pauienob aie 1L YO @SN JO S3NJ oy ARIgIT8UIUO /8|1 UO (SUORIPUOD-PUR-SLIBY W00 A3 | 1M AReq 1 Ut UO//SA)Y) SUORIPUOD pue SLLB | 34} 83S *[GZ02/70/2T] U0 ARIqITauluO A8IM 'IpNiS 11Be@ BIsIeAILN A] 92007202 20B/200T OT/I0p/W0d"A8 | ImAreJq1jeu U adoune-A1is IwaLo//:Sdiy Woly papeo|umod ‘2z ‘40z ‘0690660T


https://doi.org/10.1039/D1OB01520F
https://doi.org/10.1002/adsc.202000827
https://doi.org/10.1002/adsc.202000827
https://doi.org/10.1021/acscatal.7b03334
https://doi.org/10.1039/C8OB02140F
https://doi.org/10.1039/D2GC04506K
https://doi.org/10.1002/anie.201713109
https://doi.org/10.1002/anie.201713109
https://doi.org/10.1021/acs.oprd.0c00172
https://doi.org/10.1002/anie.201307778
https://doi.org/10.1002/anie.201307778
https://doi.org/10.1002/chem.201200528
https://doi.org/10.1039/D1QO00162K
https://doi.org/10.1021/acs.orglett.9b02678
https://doi.org/10.1039/D3QO01690K
https://doi.org/10.1039/D3QO01690K
https://doi.org/10.1039/D1QO01858B
https://doi.org/10.1039/D1QO01858B
https://doi.org/10.1039/D1GC02529E
https://doi.org/10.1039/C9CC08975F
https://doi.org/10.1021/jacs.8b08145
https://doi.org/10.1021/jacs.8b08145
https://doi.org/10.1002/chem.201802247
https://doi.org/10.1021/acs.joc.1c01242
https://doi.org/10.1021/acs.joc.1c01242
https://doi.org/10.1002/ejoc.201201533
https://doi.org/10.1002/ejoc.201201533
https://doi.org/10.1021/jo061566u
https://doi.org/10.1016/j.tetlet.2004.11.015
https://doi.org/10.1039/C5QO00016E
https://doi.org/10.1016/S0040-4039(99)01509-9
https://doi.org/10.1016/S0040-4039(99)01509-9
https://doi.org/10.1080/00397919308011134
https://doi.org/10.1002/chem.201903402
https://doi.org/10.1002/chem.201903402
https://doi.org/10.1021/ol801691c
https://doi.org/10.1021/op960048q
https://doi.org/10.1039/C4NJ01606H
https://doi.org/10.1002/adsc.200606082
https://doi.org/10.1002/adsc.200606082
https://doi.org/10.1016/S0957-4166(02)00636-5

Chemistry
Europe

European Chemical
Societies Publishing

Research Article

EurJOC . .
doi.org/10.1002/ejoc.202400236

European Journal of Organic Chemistry

[14] M. Garbini, A. Brunetti, R. Pedrazzani, M. Monari, M. Marcaccio, G.
Bertuzzi, M. Bandini, Chem. Commun. 2024, 60, 404.
M. WeBling, H. J. Schéfer, Beilstein J. Org. Chem. 2015, 11, 1163.
I. Chiarotto, L. Mattiello, M. Feroci, Acc. Chem. Res. 2019, 52, 3297.
a) J. R. M. Ferreira, R. N. Da Silva, J. Rocha, A. M. S. Silva, S. Guieu, Synlett
2020, 31, 632-634; b) V. Marsicano, G. Marraffa, M. Chiarini, L. Palombi,
A. Arcadi, Eur. J. Org. Chem. 2022, e202201187; c) C.J. Evoniuk, M. Ly,
I. V. Alabugin, Chem. Commun. 2015, 51, 12831; d) W. Zhi, J. Li, D. Zou,
Y. Wu, Y. Wu, J. Org. Chem. 2017, 82, 12286.
[18] C. Wang, K. Huang, J. Wang, H. Wang, L. Liu, W. Chang, J. Li, Adv. Synth.
Catal. 2015, 13, 2795-2802.
[19] H.-R. Dong, W.-J. Dong, R.-S. Li, Y.-M. Hu, H.-S. Dong, Z.-X. Xie, Green
Chem. 2014, 16, 3454,
[20] X. Kong, X. Chen, Y. Chen, Z.-Y. Cao, J. Org. Chem. 2022, 87, 7013.
[21] S.Lin, Y. Wei, F. Liang, Chem. Commun. 2012, 48, 9879.
[22] Z.Li, C. Liu, Y. Zhang, R. Li, B. Ma, J. Yang, Synlett 2012, 23, 2567.
1
]

[15
[16
[17

[23] J. Yang, F. Chen, Chin. J. Chem. 2010, 28, 981.
[24] M. A. Leyva-Acuiia, F. Delgado-Vargas, G. Lopez-Angulo, Y. P. Ahumada-
Santos, I. A. Rivero, S. Duran-Pérez, J. Montes-Avila, Russ. J. Org. Chem.

2023, 59, 1598.

[25]1 N. A. Aksenov, D.A. Aksenov, I.A. Kurenkov, A.V. Aksenov, A.A.
Skomorokhov, L. A. Prityko, M. Rubin, RSC Adv. 2021, 11, 16236.

[26] K. Kim, S. Lee, S. H. Hong, Org. Lett. 2021, 23, 5501.

[27] S. Gallagher-Duval, V. Lapointe, G. Bélanger, Org. Lett. 2021, 23, 8606.
[28] V. K. Pandey, C.S. Tiwari, A. Rit, Chem. Asian J. 2022, 17, €202200703.
[29] Y. Tao, S. She, X. Wang, F. Wang, X. Ji, B. Yan, C. Chu, S. Wang, J.

Organomet. Chem. 2022, 970, 122357.

[30] C. Grundke, T. Opatz, Green Chem. 2019, 21, 2362.

[31] J. Yang, B. Chatelet, F. Ziarelli, V. Dufaud, D. Hérault, A. Martinez, Eur. J.

Org. Chem. 2018, 45, 6328.

32] J. D. Chai, M. Head-Gordon, J. Chem. Phys. 2018, 10, 6615.

33] J. Tomasi, B. Mennucci, R. Cammi, Chem. Rev. 2005, 105, 2999.

[34] M. J. Frisch, et al. Gaussian 09 Revision D.01, Gaussian Inc., Wallingford
CT, 2009.

Manuscript received: February 29, 2024
Revised manuscript received: April 26, 2024
Accepted manuscript online: May 1, 2024
Version of record online: May 17, 2024

Eur. J. Org. Chem. 2024, 27, 202400236 (5 of 5)

© 2024 The Author(s). European Journal of Organic Chemistry published by Wiley-VCH GmbH

85U8017 SUOWILIOD 3AIERID 3|qedldde 8y Aq pauienob aie 1L YO @SN JO S3NJ oy ARIgIT8UIUO /8|1 UO (SUORIPUOD-PUR-SLIBY W00 A3 | 1M AReq 1 Ut UO//SA)Y) SUORIPUOD pue SLLB | 34} 83S *[GZ02/70/2T] U0 ARIqITauluO A8IM 'IpNiS 11Be@ BIsIeAILN A] 92007202 20B/200T OT/I0p/W0d"A8 | ImAreJq1jeu U adoune-A1is IwaLo//:Sdiy Woly papeo|umod ‘2z ‘40z ‘0690660T


https://doi.org/10.1039/D3CC04920E
https://doi.org/10.1021/acs.accounts.9b00465
https://doi.org/10.1039/C5CC04391C
https://doi.org/10.1021/acs.joc.7b02104
https://doi.org/10.1039/C4GC00386A
https://doi.org/10.1039/C4GC00386A
https://doi.org/10.1021/acs.joc.1c03134
https://doi.org/10.1039/c2cc35528k
https://doi.org/10.1002/cjoc.201090182
https://doi.org/10.1134/S107042802309018X
https://doi.org/10.1134/S107042802309018X
https://doi.org/10.1039/D1RA02279B
https://doi.org/10.1021/acs.orglett.1c01846
https://doi.org/10.1021/acs.orglett.1c03323
https://doi.org/10.1016/j.jorganchem.2022.122357
https://doi.org/10.1016/j.jorganchem.2022.122357
https://doi.org/10.1039/C9GC00720B
https://doi.org/10.1021/cr9904009

	Electrocatalytic Hydrogen Evolution Reaction Enabling Cyanation of Electron-poor Carbons with Acetone Cyanohydrin
	Introduction
	Results and Discussion
	Conclusions
	Experimental Section
	Supporting Information
	Acknowledgements
	Conflict of Interests
	Data Availability Statement


