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a-Azidoketones are valuable and versatile building blocks in the synthesis of various bioactive small molecules. Herein, we

describe an environmentally friendly and efficient electrochemical vicinal oxyazidation protocol of a-arylvinyl acetates to afford

diverse a-azidoketones in good yields without the use of a stoichiometric amount of chemical oxidant. A range of functionality is

shown to be compatible with this transformation, and further applications are demonstrated.

Introduction

Organoazides play important roles in pharmaceutical, bio-
orthogonal chemistry, and many other interdisciplinary research
areas [1-3]. Among them, azidoketones are also very versatile
building blocks in organic synthesis, pharmaceutical, and mate-
rials science [4-6]. Therefore, the development of a green, effi-
cient, and sustainable protocol for the synthesis of azidoketones

is of great significance [7-9].

Retrosynthetically, the nucleophilic substitution of a-bromo-
ketones by sodium azide [10] and oxidation of the azido alco-
hols [11] are among the most straightforward methods to
generate azidoketones. Remarkably, photoredox [12] and elec-

trochemical [13] oxyazidation of vinylarenes are also becoming

competent synthetic approaches. Besides vinylarenes, vinyl
acetates are potentially versatile precursors for the anticipated

vicinal oxyazidation.

For instance, Singh and co-workers have reported a manganese
dioxide-catalyzed radical azidation of enol acetates to afford the
corresponding azidoketones using dioxygen as the oxidant
(Scheme 1A) [14]. The adoption of electrosynthesis in green
and sustainable redox transformations has been experiencing a
dynamic renaissance [15-22] not only because it employs the
passage of charge instead of chemical oxidants or reductants but
also offers opportunities for the precise control of reactivity by

"dialing-in" the specific potential on demand [23-25].
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Scheme 1: From vinyl acetates to a-azidoketones.

Specifically, the electrochemical oxyfunctionalization of vinyl
acetates has been developed to afford the corresponding a-fluo-
rinated [26], -arylated [27], and -sulfenylated [28] ketones
(Scheme 1B). In addition, electrochemical azidation [29-33] has
also become a robust and reliable synthetic tool to incorporate
azido functionality [34,35] into diverse organic frameworks.
Herein, we report that the electrochemical oxyfunctionalization
strategy could be well applied to the synthesis of a-azidoketone
using readily available a-arylvinyl acetates, and azidotrimethyl-
silane (Scheme 1C).

Table 1: Optimization of reaction conditions.2
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Results and Discussion

The constant cell potential electrolysis (E¢cep = 2.3 V, carbon
cloth anode, and Pt cathode) of 1-phenylvinyl acetate (1) with
azidotrimethylsilane was performed and the desired a-azido-
ketone (2) was obtained in 68% yield (Table 1, entry 1, for
details of the reaction optimization see Supporting Information
File 1). The cyclic voltammetry studies showed while there was
no obvious oxidation peak for TMSNj3, 1-phenylvinyl acetate
(1) exhibits two oxidation peaks. The first peak (Ep = 1.51 V
vs Fc*/0) was assigned to be the oxidation of the vinyl acetate
moiety. The control experiment demonstrated that there was no
conversion without an electric current (Table 1, entry 2). In ad-
dition, in the absence of the electrolyte only a low yield of the
desired product was obtained (Table 1, entry 3). The use of
n-BuyNPFg was crucial because lower yields were generally ob-
tained with other electrolytes, such as n-Buy,NOAc or
n-BuyyNBF, (Table 1, entries 4 and 5). Note that the yield de-
creased without the addition of water suggesting water may
facilitate the formation of the azidoketone (Table 1, entry 6).
Interestingly, the H,'80 labeling experiment confirmed that
there was no '30 incorporation in the obtained a-azidoketone
(2, for details see Supporting Information File 1). Therefore, the
oxygen source of the newly formed carbonyl moiety may origi-
nate directly from the vinyl acetate. This conclusion is also
consistent with the fact that even in the absence of water, the

desired a-azidoketone was still obtained.

Under the optimal conditions, the substrate scope of this elec-
trochemical oxyazidation reaction was investigated (Scheme 2).
Enol acetates derived from various alkyl-substituted phenylace-

C(+)| Pt(-
OAc Eua23V i
+ TMSN; Ns
TMSN3 (2.0 equiv), H,0 (5.0 equiv)
1 n-BuyNPFg (0.1 M), MeCN 2
rt, N, 6 h

Entry Variation from the standard reaction conditions Yield (%)
1 none 65 (68)°
2 no current n.d.
3 without electrolyte 9
4 n-BuyNOACc instead of n-BusNPFg 12
5 n-BuyNBF, instead of n-BuyNPFg 35
6 without Ho,O 34

@Reaction conditions: 1 (0.5 mmol), TMSN3 (1.0 mmol), n-BugNPFg (0.5 mmol), H2O (2.5 mmol), MeCN (5 mL), carbon cloth anode, platinum
cathode, undivided cell, Ege = 2.3 V, room temperature, 6 h, yields were determined using 'H NMR with dibromomethane as the internal standard.

bisolated yield.
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Scheme 2: Substrate scope. Reaction conditions: a-arylvinyl acetate (0.5 mmol), TMSN3z (1.0 mmol), n-BugNPFg (0.5 mmol), H2O (2.5 mmol), MeCN
(5 mL), carbon cloth anode, platinum cathode, undivided cell, E¢g) = 2.3 V, room temperature, 6 h. 22 h.

tones were generally well tolerated (3-9, 40-76% yields). The
relatively low yield of the isopropyl-substituted one (7) was at-
tributed to the competing oxidation of the isopropylbenzene
moiety [31,36], which was consistent with its relative low oxi-
dation potential (Eqpge = 1.68 V vs Fc*/0). Other electron-
donating substituents, such as the OMe (10-12), OPh (13), and
OAc (14) were also well tolerated.

However, halogenated substrates, including fluoro (15), chloro
(16), and bromo (17), proceeded with the anticipated reactivity
less efficiently (30—48% yields). The presence of other electron-
withdrawing groups, such as CO,Me (18) and OCF3 (19),
exhibited similar negative effects on the reaction yields. Naph-
thalene (20), thiophene (21), benzothiophene (22), and benzo-

furan (23) were all amenable in this transformation. In addition,
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various linear- (24, 25) and cyclic enol acetates (26, 27) also
readily underwent the anticipated oxyazidation. Unfortunately,
the current protocol was not applicable to the oxyazidation of
enol acetate deriving from aliphatic ketones, such as cyclo-
hexanone (see Supporting Information File 1 for details). As
illustrated in Scheme 3, the synthetic utility of a-azidoketone
was further evaluated [37,38]. Click reaction between 2-azido-
1-phenylethan-1-one (2) and ethisterone (28) [39-41] readily
afforded the target triazole product (29) in 84% yield. Upon
treatment with piperidinium acetate and ethyl 3-(2-formyl-
phenyl)acrylate (30), a-azidoketone (2) was transformed into
isoquinoline product (31) in 58% yield [42].

Based on our reaction results and the known literature [13,14], a

possible mechanism is proposed (Scheme 4). The enol acetate A

%
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first undergoes anodic oxidation to form a radical cation inter-
mediate B, which is then intercepted by azidotrimethylsilane to
afford the benzyl radical C. Subsequently, this radical is further
anodically oxidized to its oxocarbenium ion intermediate D,
which finally reacts with water to form the desired product E.
According to our 180 labeling experiment, the oxygen source of
the newly installed carbonyl group probably originates from the

vinyl acetate, not from H,O.

Conclusion

In summary, we have developed an environmentally friendly
and efficient electrochemical oxyazidation of a-arylvinyl
acetates to access diverse vicinal a-azidoketones. The protocol
employs the experimentally simple undivided electrochemical

cell and tolerates a broad substrate scope. The obtained
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Scheme 4: Proposed mechanism.
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a-azidoketones have been shown to be versatile building blocks

for the preparation of biologically relevant heterocycles.

Supporting Information

Supporting Information File 1

Experimental procedures, characterization data, copies of
'H and '3C NMR spectra.
[https://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-18-103-S1.pdf]
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