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st hydrolyses of peptidases!'. B3-amino acids (B-amino
with 3-site side chains) can be conveniently synthesized
from their corresponding a-amino acids via Arndt-Eistert
reaction’?, thus almost all the B3-amino acids with proteinogenic
side chains are commercially available!'. However, the synthesis

Abstract: B-Amino acids have
field of pharmaceuticals. Utilizj
catalysis and paired electroly
carbonyl compounds has be
various a-aryl-a-cyanoacetates,

added a-aryl-B-a ids. of BZ-amino acids (B-amino acids with 2-site side chains),
deficient aryl bromig@s i i especially when side chains are aryl groups, is more challenging.
products with good vy i ili In this situation, the a-arylation strategy is frequently
mild conditions. Excess aryl bromides  implemented to flexibly adjust kinds of aryl groups, requiring the

facilitates the self-coupling C gucts. DFT calculations ~ employment of palladium, copper, etc.
confirm that the presence electron-] aryl substitutions

decreases the reduction potel s of the product anions, making

them more susceptible to ox/g@ion at the anode. Based on

electroanalyses and mechanistic dies, it is proposed that the

enolate intermediate, rather than the radical intermediate,

participates in the catalytic cycle.

Introduction

In recent years, the B-amino acid scaffold has been applied to
various drug molecules, mostly B-peptides (oligomers of f-amino
acids) (Figure 1). Due to their unique structures, B-peptides
exhibit distinctive properties: (1) B-peptides have predictable
folding behaviors; (2) the behaviors of B-peptides are similar to
those of a-peptides in peptide—protein and protein—protein
interactions; and (3) B-peptides exhibit metabolic stability and
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Figure 1. Bioactive species with 3-amino acid skeletons.

The a-arylation of carbonyl compounds was first reporteg
Semmelhack group while synthesizing cephalotaxinone
presence of Ni(COD).*4. Following these works,

palladium-catalyzed intermolecular a-arylations
7, In 2007, Hara group successfully achie
Buchwald—Hartwig aminations by empl
catalyst with an NHC ligand under
conditions compared to palladium-cat
article by MacMillan group hi
eliminations of divalent palladi
those of divalent nickel speci
reductive eliminations of triv
By utilizing the electroche
divalent nickel spggi
facilitating the red¥
Electrochemical

electrochemical oxida
electrolysis. Electrochg
reduction involve using
electrode, with the consu
on another electrode to ba

of additiOfal reagents or itself
e charges. In contrast, paired
electrolysis allows both the J@@de and cathode to serve as
working electrodes, maximizind@energy utilization and atom
economy, and enabling control over nickel's various oxidation
states.

In our previous works, our group successfully formed C-O, C—N,
C—C, and C-S bonds using the paired electrolysis strategy!'®-'4,
However, combining a-arylation with paired electrolysis is
demanding due to the requirement for flawlessly matched
generation rates of both anodic and cathodic reactive
intermediates. Herein, we aimed to overcome those challenges
by preparing a-aryl-a-cyanoacetates, which can be reduced to
high-value-added a-aryl-B-amino acids, from commercially
available a-cyanoacetates and aryl bromides under mild reaction
conditions. Eventually, we proposed a catalytic mechanism

based on a sequence of mechanistic studies and DFT

calculations.

Experimental Section

Reagents

All the commercial reagents used in this study were purchased
from TCI, Adamas-beta, J&K, Macklin, Leyan, and Bidepharm.
They were used without further purification unless specified.
Nickel foam (NF) electrodes, reticulated vitreous carbon (RVC,
100 ppi porosity) electrodes, graphite sheet electrodes, and
fluorine-doped tin oxideg rodes were purchased from

e-commerce platfQ i eet electrodes were
purchased from Gao
Unless othe were carried out in

over-dried
zed with Xiamen

TLC plates were visualized
tain, potassium permanganate
acid stain. Flash column

Vith a stirring bar, a 10 mL heavy-walled test tube with
glass inner joint from Synthware served as the
lytic cell. An electrode holder from Gaoss Union was used,
ich consisted of a gold-plated copper rod, an insulated
polytetrafluoroethylene protector, and a platinum sheet. The
anode, a 0.5 x 1.0 x 0.2 cm RVC cube, was held in place by the
electrode holder. The cathode, a thin NF piece measuring 2.0 x
3.0 cm, was suspended by a copper wire. The electrode holder
and the copper wire were fixed in a rubber stopper through two
pre-drilled holes. Then, the rubber stopper was inserted into the
joint of the test tube (Figure 2).



Figure 2. Electrochemical reactor.

Characterizations

'H NMR, "B NMR, 3C NMR, "®F NMR, and *'Gj
were recorded on an Agilent 400-MR DD2, a Vari
a Bruker Avance Ill HD (400 MHz, 128 M
and 79 MHz respectively) at Stat
Organometallic Chemistry, SIOC, CAS.
'"H NMR and 3%Si NMR w
tetramethylsilane (6 0.00 pp
chloroform). The chemical
relative to deuterated chlor
were reported according to
singlet, d = doul
multiplet, and br =
High-resolution mas
Thermo Fisher Scient
GCv4G-GCT MS, or an
DART+, Fl+, or El+
Organometallic Chemistry,
Spectrometry, SIOC, CAS.
Infrared spectra were recorded a Bruker tensor 27 at State
Key Laboratory of Organometallic Chemistry, SIOC, CAS.
Elemental analyses were carried out on an Elementar vario
MicroCube at Laboratory of Elemental Analysis, SIOC, CAS.

spectra

Electroanalyses

Alumina powders, polishing pads, platinum counter electrodes,
glassy carbon working electrodes, and silver wire reference
electrodes were purchased from Gaoss Union. Cyclic
voltammograms (CV) were recorded on a CHI760E workstation
at room temperature within a nitrogen-filled glovebox. The
reference electrode consisted of a silver wire electrode and 0.1

mol/L of AgNOs solution in acetonitrile, calibrated by 5 mmol/L
Fc*/Fc before CV tests (Figure 3).

Three-electrode system.

were plotted using OriginPro learning edition. Anodic
tentials (Epa) and cathodic peak potentials (Epc) of each
were labeled on the plots. For reversible and quasi-
reversible redox couples, half-wave potentials (E1), averages
between Epa and Ep., were used to estimate the reduction
potentials (Erd). For irreversible redox couples, inflection-point
potentials (E;), potentials where &2%i/0E? = 0 at dil0E # 0, were
employed to estimate Ereq!'ol.

Calculational Studies

All the calculational works were performed with Gaussian 16
A.03 packages!'® on the high-performance computing cluster of
State Key Laboratory of Organometallic Chemistry, SIOC, CAS.
DFT calculations were carried out using PBEO functionall'”
including D3 version of Grimme's empirical dispersion
correctionl'® with Becke—Johnson damping!'l. Optimizations and
single-point calculations were conducted in DMAc (SMD
model?) with def2-SVP basis sets?'-?2 and def2-TZVP basis
sets?'-22l respectively. Frequency analyses were carried out to
ensure that substances, products, and intermediates (IM) had no
imaginary frequency while each transition state (TS) only
possessed one. Intrinsic reaction coordinate (IRC) analyses
were carried out to confirm the reaction paths connecting their
reactant, transition state, and product. The calculation results
were represented by the Gibbs free energy change AG in
kcal/mol. The solvated Gibbs free energy was obtained by
combining the electronic energy calculated at PBEO-



D3(BJ)/def2-TZVP-SMD(DMAc) with the thermal-corrected
energy calculated at PBEO-D3(BJ)/def2-SVP-SMD(DMAc). 3D
representations were generated by CYLview softwarel?l,
Potential energy diagrams were generated by ChemDraw
Energy Diagram Plotter tool4. The analysis of weak interaction
was carried out using Multiwfn softwarel?® with an independent
gradient model based on Hirshfeld partition of molecular density
(IGMH)?8, and the result was visualized using VMD
softwarel?7128],

Preparations

Preparation of Phenyl a-Cyanoacetate (1h)

A mixture of a-cyanoacetate acid (0.85 g, 10 mmol, 1.0 equiv),
phenol (1.04 g, 11 mmol, 1.1 equiv), N,N-
dicyclohexylcarbodiimide (DCC, 2.27 g, 11 mmol, 1.1 equiv),
and 4-(dimethylamino)pyridine (DMAP, 0.12 g, 1 mmol, 0.1
equiv) in anhydrous DCM (15 mL) was stirred for 12 hours at
room temperature on a fume hood. Then, the mixture underwent
filtration with celite followed by concentration in vacuo. The
crude residue was purified by flash column chromatography on
silica gel (PE/EA = 6:1-2:1, R{PE/EA=6:1) = 0.26), affording
phenyl a-cyanoacetate 1h as a brown oil (562.5 mg, 35% yield

Preparation of 2-(4-Bromophenyl)-4,4,5,5-tetraethyl-1,3,
dioxaborolane (2e)

It was synthesized according to the referencel?%:
bromophenylboronic acid (1.00 g, 5 mmol
diethyl-hexane-3,4-diol (872 mg, 5
anhydrous DCM (50 mL) was stirr
temperature on a fume hood. After bein
the mixture was diluted with E
three times with saturated brij
filtered, and concentrated in
purified by flash column chro
= 0.57), affording
dioxaborolane 2¢
87% yield).

hase was washe
ydrous NaxSOyg,

5,5'-dimethyl-2,2"-bipyridine @& '-Me2-bpy, 5.5 mg, 0.03 mmol,
15 mol%), and tetrabutylam ium bromide (TBABr, 129 mg,
0.4 mmol, 2.0 equiv) in anhydroSg#PMAc (1.0 mL) was stirred for
15 minutes until its color changed from turquoise to light green.
a-Cyanoacetate 1 (0.3 mmol, 1.5 equiv), aryl bromide 2 (0.2
mmol, 1.0 equiv)) DMAc (1.0 mL), and 1,8-
diazabicyclo[5.4.0lundec-7-ene (DBU, 61 pL, 0.4 mmol, 2.0
equiv) were added to the solution, and the solution color
changed to yellowish brown. The hand-made electrochemical
reactor was assembled, sealed with Parafilm, and transferred to
a fume hood. The mixture was galvanostatically electrolyzed at
4.0 mA and 30 °C for 4 or 6 hours. The resulting solution was
diluted with EA. The organic phase was washed three times with
saturated aqueous NH4Cl solution, dried over anhydrous
Na2SO0;, filtered, and concentrated in vacuo. The crude residue

was purified by flash column chromatography on silica gel to
afford the corresponding desired product.

Results and Discussion

Initially, we picked up commercially available tert-butyl
cyanoacetate 1a and 4-bromobenzotrifluoride 2a as model
substrates. In the presence of 10 mol% of NiBrz-glyme, 15 mol%
of 4,4'-OMe2-bpy, 2.0 equiv of TBABr, and 2.0 equiv of LIHMDS
in DMAc at room temperature, the target product tert-butyl 2-
cyano-2-(4-(trifluoromethyl)phenyl)acetate 3aa was obtained in
23% proton NMR yield afiemgalvanostatic electrolysis at 4.0 mA
for 6 hours (Table 1 trace 3aa was detected
when omitting a cu a base, indicating that
el species and a
he catalytic cycle

NiBr2-glyme

(Table 1, Entries
1, Entry 7). Using

Ealed that electron-rich bpy-type ligands (Table 1,
2, 14—-15) brought higher yields than electron-deficient
pe ligands (Table 1, Entry 17). Notably, the 6,6"-
ubstituted bpy-type ligand caused a sharp decline in the yield
due to the steric hindrance of 6- and 6'-positions (Table 1, Entry
16). Reactive species generated from electrode reactions have
been decomposed or deactivated in lower temperatures before
participating in the slow catalytic cycle. Apart from that, to
ensure the reproducibility of this temperature-sensitive reaction
during different seasons, a constant-temperature oil bath at
30 °C was taken, although higher energy consumption (Table 1,
Entry 18). Aryl chloride 2a-Cl (4-CFs-CeHs-Cl), iodide 2a-l (4-
CF3-CeHs-1), and triflate 2a-OTf (4-CF3-CsH4-OTf) could also
achieve this conversion, albeit with lower yields than aryl
bromide 2a (Table S4). A decrease in the yield was observed
when using a graphite sheet as the anode, which is another form
of carbon electrode (Table S9). This could be attributed to its
smaller specific surface area in comparison to the RVC
electrode.

Table 1. Selected optimizations of reaction conditions (see Supporting
Information for details).



® €] \
Br Y
)\ paired
X RVC NF
C + X
& N NiBr,-glyme (10 mol%) | j
CF3 Ligand (15 mol%) Y
TBABF (2.0 equiv), Base (2.0 equiv) CF3
Solvent (2.0 mL), 4.0 mA, t, T, N
1a 2a 3aa
(x mmol) (y mmol)

Entry Base Solvent  x y t() Ligand T(°C) Yield[®
1 LHMDS DMAc 02 02 60 44-OMeybpy rt 23%
2P LiHMDS DMAc 02 02 60  44-OMeybpy rt 2%
3¢ LiHMDS DMAc 02 02 60  44-OMeybpy rt 2%
4 None DMAc 02 02 60  44-OMeybpy rt 1%
5 K2CO3 DMAc 02 02 6.0 4,4'-OMey-bpy rt n.d.
6 BuOK  DMAc 02 02 60  44-OMeybpy rt 1%
7 DBU DMAc 02 02 60  44-OMeybpy rt 51%
8 DBU DMF 02 02 60 44-OMeybpy rt 22%
9 DBU THF 02 02 60 44-OMeybpy rt nd.

10 DBU DMAc 02 04 60  44-OMeybpy rt 41%

1 DBU DMAc 03 02 60  44-OMeybpy rt 59%

12 DBU DMAc 03 02 40 44-OMey-bpy rt 71%
130lel - pBU DMAc 03 02 40  44-OMeybpy rt nd.

14 DBU DMAc 03 02 40 55-OMeybpy  rt 62%

15 DBU DMAc 03 02 40  55-Meybpy rt 78%

16 DBU DMAc 03 02 40  66-Meybpy rt 4%

17 DBU DMAc 03 02 40 55-CFa)bpy  rt 4%

18 DBU DMAc 03 02 40  55-Meybpy 30 81% (71%)

MeO OMe
S0 O @
M

e

R=0OMe 5,5-OMe;-bpy eo-bpy
Me  5,5-Mey-bpy
CF3  5,5(CF3)2-bpy

4,4'-OMey-bpy

[a] Yields were determined by proton NMR u dibromomethane
internal standard. The isolated yield j
detected. [b] Without a current.

detected after the electrolysis. [e]

] No 2a was

50 mol% of
,4'-OMez-bpy.

e scope of cm

under ions (Figureyp 4). The
corresponding des isolation
yields were obtained § ). Notably,

benzylic position. Phenyl cy@l®acetate 1h*did not undergo this
transformation, as evident fro e crude proton NMR spectrum
which showed that 0.9 equiv o remained out of the initial 1.5
equiv. It was suggested that the Bulky phenyl group near the o-
site might be responsible for its lack of reactivity. Additionally,
allyl cyanoacetate 1i was found to decompose under the given

reaction conditions completely.

D), instead of 1i’

@ Q
Br red
© RvVC paire NF

[ NiBry-glyme (10 mol%)

CFs3 5,5-Me,-bpy (15 mol%)
TBABr (2.0 equiv), DBU (2.0 equiv) CF,
DMAc (2.0 mL), 4.0 mA, 4 h, 30 °C, N,
1 2a 3
(0.3 mmol) (0.2 mmol)
o
N
CF3 CF3 CF3
3aa (71%) 3ba (67%) 3ca (64%)

\l

CF4
3fa (64%)

afforde®@esired products in good to excellent yields (Figure 5).
The toleralCe of the alkyne group (3af) demonstrated a lower
likeli of forming a radical intermediate in the reaction
s. The presence of a nitro group in 2k resulted in a TLC
e displaying disordered plots. Steric hindrance resulted in the
exclusive formation of dehalogenation products for both 1-
bromonaphthalene 2l and 4-bromo-1-naphthonitrile 2m. Notably,
the classic boronic ester, 2-(4-bromophenyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane  2e’ (4-Br-CeHs-Bpin), afforded the
corresponding product 3ae’ in 51% NMR vyield. Still, the
purification of 3ae' was troublesome due to undesired over-
absorption, strong tailing, and similar R; values of 2e’ and 3ae’.
A novel boronic ester developed by lkawa groupl®®, 2-(4-
bromophenyl)-4,4,5,5-tetraethyl-1,3,2-dioxaborolane 2e (4-Br-
CsHs-B(Epin)), produced the corresponding product with a
separation yield of 71% and no tailing. Our DFT calculations
revealed that two of four ethyl groups in this boronic ester
dynamically “blocked” the unoccupied orbitals of the boron atom
(Figure 6, down. See Figure S5 for the IGMH analysis).

When evaluating aryl bromides bearing electron-donating
groups, it was observed that the proton NMR signals of a-H
atoms in the resulting products were absent. Subsequent
characterizations indicated that these products had dimeric
structures (Figure 7). 1-Bromo-4-(methoxy)benzene 2n and 2-
bromo-5-(trifluoromethyl)pyridine 20 also afforded self-coupling
products 4an and 4ao. Notably, 4-bromo-1,1"-biphenyl 2j yielded
both a monomeric product 3aj and a self-coupling product 4aj.
During the synthesis of 4an on a large scale, a small amount of
3an was separated from the mixture in a 3% yield. Such a low



yield was onerous to distinguish on the TLC plate during the 0.2
mmol-scale reaction. These observations suggested that the
self-coupling product 4 might be generated from 3.

® ©
Br paired N L
RVC NF h O'Bu

g F
,L ‘ e NiBr,-glyme (10 mol%) ‘ =
R? 5,5"-Mey-bpy (15 mol%) X,
TBABr (2.0 equiv), DBU (2.0 equiv) R
DMAG (2.0 mL), 4.0 mA, 4 h, 30 °C, N,
1a 2 3
(0.3 mmol) (0.2 mmol)
N N N
D'Bu Bu B
CF3 CHF, SCF3 0=8=0
Me

3aa (71%) 3ab (51%) 3ac (77%) 3ad (82%)

(o] o]

N3 Il N I N

oo Il N MeO™ ~O
RﬁR ™S

3ae’ R=Me (51%)l! 3ag (84%)P! 3ah (63%)®!

3ae R=Et (61%)

3af (40%)!

Ph NO,

3ak (n.d. I R=H
3am R=CN (

Bu0” 0

3ai (86%)"! 3aj (18%)

[a] Yields were determined by proton R us dibromomethane as‘
internal standard. [b] Electrolyzed for, :

Figure 5. Evaluations of aryl bromi earing electron-wit| groups

Figure 6. 3D structures of 4-Br-CsH4-Bpin 2e’ (up) and 4-Br-Ce¢Hs-B(Epin) 2e

(down).
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o Br I paired N O
N RVC NF

NiBr,-glyme (10 mol%)

R? 5,5"-Me,-bpy (15 mol%) _—
TBABr (2.0 equiv), DBU (2.0 equiv) ‘

DMAc (2.0 mL), 4.0 mA, 4 h, 30 °C, N,

1a 2 4
(0.3 mmol) (0.2 mmol)

4aj (34%)

4a0 (58%)

[a] Electrolyzed for 6 ho(

ith an electron-withdrawing group is hardly oxidized to
gdical, yielding the desired product after subsequent

0

substifiuted groups were calculated at PBEO-D3(BJ)/def2-TZVP-
Ac)//PBEO-D3(BJ)/def2-SVP-SMD(DMAC). The
ences between the Gibbs free energies of 3-anion and 3-
radical were substituted into Nernst Equation to determine
relative reduction potentials (Table 2, see Supporting
Information for calculation protocols). The 3-anion that forms the
self-coupling product 4 has a lower reduction potential. In the
case of 3aj-anion, it has a moderate reduction potential, yielding
both 3aj and 4aj simultaneously.

N
.

(0)

self-coupling
_ 4
EDG
[}]
]
-g -e 3-radical
c
< Ns o
@ pBUH DBU
EDG EDG
3-anion 3

Scheme 1. Proposed formation mechanism of the self-coupling product 4.

Table 2. DFT calculations of relative reduction potentials (vs SHE).



. ‘ + O ol —— NiBry - glyme + 5, 5'-Mey-bpy
I ° I NiBr, - glyme + 5, 5'-Me,-bpy + ArBr
Ar Ar 20 -
3-radical 3-anion o
G(3-radical) G(3-anion) Erea  Product 20 F
Entry Ar (hartree) (hartree) V) Type

—-477.456019 -477.623715 0.282

2 FC -1045.151159 -1045.318921 0.284 3 B
-80 |- :
3 FCS—Q -1443.212811 -1443.380928 0.294 3 100 | E 1742V
4 (Epin)B -1275.504322 -1275.667444 0.158 3 -120 -
E, 1.831V

5 Ph -939.076787 -939.23613 0.055 3+4

6 Me —747.534187 -747.690877 -0.017 4

PPPYPY;

7 MeO -822.695455 -822.847737  -0137 4
[a] Black line; . , 5,5" (0.15 mmol), TBAPFs
mV/s. The solution
. NiBrz2-glyme (0.10
mmol), TBAPFs (2.0
's. The solution resistance

Several cyclic voltammetry tests were performed within a
nitrogen-filled glovebox. After conducting a preliminary trial
(Figure S3), we judiciously chose a switching potential to
prevent excessive reduction of the monovalent nickel species to
the zerovalent state. The voltammogram depicted the quasi-
reversibility of the L,Ni"Br2/L,Ni° redox couple with E1> of —1.
V (Figure 8, black line), which is a double-electron p
according to the electroanalyses by Baran groupB®'l.

reduced at the cathode to form a zerovalent nickel

rapid oxidative addition of L.Ni'Br to 2 low-valent Nil species generated by the

dimeric form, [L.Ni'Br]., is unreactiv
oxidative addition from a zerov
than from a monovalent Ni s
speculated that L.Ni'B
comproportionation of LsNi

bromide 2, generating a trivalent nickel intermediate
. Then, INT1 is reduced at the cathode to form a divalent
nickel species INT3. INT3 can undergo ligand exchange with an
excess of 1-anion in the solution, where one bromide ion is
replaced, forming INT4. INT4 migrates to the anode and
undergoes an oxidation to form a trivalent nickel species INT6.
Finally, the high-valent nickel species quickly undergoes a
reductive elimination, releasing the product 3 spontaneously and
returning to the monovalent state.

value of -2.062 V coul® i > ® G o
rather than the [Ni"")/[Ni"] 7 It wa pothesized that this 1
response corresponded to @& redox of the L,Ni"ArBr/L.Ni'Ar
couplelB4. L,Ni"ArBr was fori through the reduction of the

DBU
L.Ni"ArBr; species. 5 1-anion
l ligand
exchange
|~u '»ru
L*f}ll L*l}ll
Ar INT4 Br INT3

| ! ArBr

Ar
LNl L-Ni"Br ————= L—Nill-Br
Ar INT6 ér INT1
LNi'Br,

LNi® =——— LNi'Br,
- cathodic
| - reduction

Scheme 2. Proposed mechanism.



At the same level of theory mentioned earlier, we performed
DFT calculations for this process. The relative Gibbs free
energies of each intermediate and transition state are shown in
Figure 9. It is noticed that the conformation of 1a-anion has
some influence on the Gibbs free energies of each intermediate,
but the overall trends are very close. Oxidative additions, ligand
exchanges, and reductive eliminations have low-energy barriers
(AG” < 20 kcal/mol) that allow overcoming at room temperature.

The energy barrier of the reductive elimination of the divalent
nickel species INT4 was calculated subsequently (Figure 10,
left). The reductive elimination of INT4 requires passing through

cathodic
reduction

ligand

oxidative addition e riati
dissociation

relaxation

ligand exchange

o
uJ

a high-energy-barrier transition state TS4 (AG* > 20 kcal/mol)
and is unspontaneous (AG > 0) at room temperature. For this
reason, thermal chemical reactions catalyzed by the Ni%Ni' pair
often rely on strong heating®. In contrast, the reductive
elimination of the trivalent nickel species INT6 requires passing
through a low-energy-barrier transition state TS3 (AG* < 20
kcal/mol) and is spontaneous (AG < 0) at room temperature
(Figure 10, right). These also illustrate the advantage of
adjusting the oxidation states of nickel species through an
electrochemical protocol.

anodic
oxidation

ligand

relaxation T
coordination

reductive elimination

Me

r N
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£ o r :waBr
= N :
s - 14.8 7 Ar
= 00 < TTsT 51
B0 T( INTT \ e
E L B LNiBr
@ Me
£ a0 {
=
= L _N_Br \_-618
< CFs :,\], Br N 2
20 | N
= 80 7N A
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Figure 9. DFT calculations of the proposed mechanism at
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Figure 10. Energy barriers of reductive eliminations from divalent Ni species (left) and trivalent Ni species (right) at PBE0-D3(BJ)/def2-TZVP-SMD(DMAc)//PBEO-

D3(BJ)/def2-SVP-SMD(DMAc).

Conclusion

Using the paired electrolysis protocol, we have successfully
demonstrated a nickel-catalyzed a-arylation of a-cyanoacetates
under mild conditions. Our electroanalyses and DFT
calculational works supported our proposed enolate-

intermediate-participated mechanism. In the meantime, DFT
calculations showed that trivalent nickel species are more likely
to undergo reduction eliminations compared to divalent ones. In
light of these findings, we are conducting further investigations
on a-arylations of broad-spectrum carbonyl compounds in our
laboratory.
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