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a b s t r a c t

A novel and efficient electro-chemical initiated radical strategy was developed for the preparation of both

N-substituted and N-unsubstituted 4-selanylisoquinolin-1(2H)-ones through selenylation of isoquinolin-

1(2H)-ones with organodiselenides under chemical oxidant-, additive-free and ambient conditions.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Selenium-containing organic compounds have received much

attention in the field of pharmaceutical chemistry and mate-

rial science, given their diverse biological activities and fluores-

cent properties [1–4]. In particular, researches have demonstrated

that N-heterocycles modified with organylselanyl group exhibit

unique pharmacological activities and physicochemical properties,

and thereby have higher applied value. As a consequence, plenty of

efforts have been made in developing novel methods for prepar-

ing such compounds [4–13]. The cross-coupling reaction of N-

containing heterocycles with organodiselenides is regarded as an

efficient synthetic approach, which has the advantages of atom

economy, simplified procedures, and easy availability of cheap raw

materials [14–20].

Isoquinolin-1(2H)–one skeleton is the core structure of many

natural products and marketed pharmaceuticals [21–23]. Although

selenium can bring positive effect to the physiochemical prop-

erties of bioactive molecules and drugs, the methods of in-

troducing organic selenium groups into isoquinoline-1(2H)-ones

are still limited, and the related research seriously lagging be-

hind can no longer meet the social needs. So far, only two ap-

proaches available for constructing selenylated isoquinolin-1(2H)-

ones have been reported. In 2018, Zhu and colleagues pioneered

the synthesis of N-unsubstituted 4-selanylisoquinolin-1(2H)-ones

through AgSbF6-mediated selanylation of isoquinolin-1(2H)-ones

and organodiselenides (1 equiv.) via a radical pathway at high tem-

perature [24]. Recently, Cao’s group developed the electrochem-
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ical synthesis of N-alkyl 4-selanylisoquinolin-1(2H)-ones from N-

alkylisoquinolinium salts and organodiselenides (1 equiv.) with KI

as the electrolyte and Cs2CO3 as the base under oxygen atmo-

sphere, in which the selenium cation was key intermediate [25].

These achievements may be significant, but they cannot offset the

excessive demand for harmful chemical oxidants, additives and

organodiselenide reagents, which not only increases the manufac-

turing cost, but also causes environmental problems. Furthermore,

the above methods cannot be applied to the synthesis of both

N-unsubstituted and N-substituted 4-selanylisoquinolin-1(2H)-ones

at the same time. Therefore, an eco-friendly, economically and

generally method for the synthesis of both N-substituted and N-

unsubstituted 4-selanylisoquinolin-1(2H)-ones is still highly desir-

able.

In recent years, organic electrochemistry, as an efficient and

environmentally benign way to construct chemical bonds, has at-

tracted extensive attention [26–31]. In many cases, the usage of

harmful bases, chemical oxidants, reducing agents or even catalysts

could be avoided during the electro-synthetic process, which meets

with the green chemistry principles [32–41]. With our continuing

study in green chemistry [42–48], herein we report an electro-

synthetic reaction for the construction of both N-substituted and

N-unsubstituted 4-selanylisoquinolin-1(2H)-ones under chemical

oxidant- and base-free conditions (Scheme 1c).

Initially, the electrochemical reaction of N-methyl isoquinolin-

1(2H)-one (1a) and diphenyl diselenide (2a) was selected as the

template reaction. By using a graphite rod as the anode, a platinum

plate as the cathode, and LiBF4 (20 mol%) as the electrolyte, the

desired product 3a was formed in 95% NMR yield under 6 mA con-
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Scheme 1. Synthesis of 4-selanylisoquinolin-1(2H)-ones.

Table 1

Optimization of reaction condition.a

Entry Variation from the standard reaction conditions Yield (%)b

1 None 95

2 C(+)|C(-) instead of C(+)|Pt(-) 79

3 C(+)|Ni foam (-) instead of C(+)|Pt(-) 62

4 C(+)|RVC(-) instead of C(+)|Pt(-) 74

5 Pt(+)|Pt(-) instead of C(+)|Pt(-) 82

6 RVC(+)|Pt(-) instead of C(+)|Pt(-) 80

7 RVC(+)|RVC(-) instead of C(+)|Pt(-) 72

8 EtOH instead of MeCN trace

9 DMSO instead of MeCN 14

10 DCM instead of MeCN 31

11c THF instead of MeCN 52

12 H4NI instead of LiBF4 11

13 KI instead of LiBF4 17

14 n-Bu4NBF4 instead of LiBF4 70

15 Et4NClO4 instead of LiBF4 78

16 10 mol% of LiBF4 66

17 0.75 equiv. of 2a 95

18 10 mA instead of 6 mA, 7 h 94

19 3 mA instead of 6 mA, 7 h 51

20 No electric current N.D.

a Conditions: Pt plate (15 mm × 15 mm × 0.3 mm) cathode, graphite rod (φ

6 mm) anode, constant current = 6 mA, 1a (0.5 mmol), 2a (0.25 mmol), LiBF4
(0.1 mmol), MeCN (8 mL), room temperature, in air, 7 h, undivided cell.

b Estimated by 1H NMR using 1,3,5-trimethoxybenzene as internal reference.

stant current at ambient temperature in an undivided cell (Table 1,

entry 1). Next, a number of electrode materials were screened to

improve the reaction efficiency. However, inferior results were ob-

tained when the graphite rod anode/platinum plate cathode sys-

tem was replaced by other electrode systems (entries 2–7). The

solvent effect was subsequently examined. Either trace amount or

a much lower yield of 3a was detected in EtOH, DMSO, DCM,

or THF (entries 8–11). As anticipated, the nature of electrolytes

played a key role on this reaction. Both H4NI and KI only gave

trace amount of 3a, whereas n-Bu4NBF4 and Et4NClO4 provided 3a

with moderate yields (entries 12–15). Reducing the LiBF4 loading

to 10 mol% marginally decreased the reaction efficiency (entry 16).

Varying the loading of 2a and constant current did not deliver im-

proved yield of 3a (entries 17–19). As a blank experiment, no prod-

uct was afforded when this reaction was conducted in the absence

of constant current (entry 20).

With the optimal reaction conditions (Table 1, entry 1), the gen-

erality of organodiselenides and isoquinolinone was comprehen-

sively investigated and the results were summarized in Scheme 2.

Scheme 2. Reaction scope. Conditions: Pt plate (15 mm × 15 mm × 0.3 mm) cath-

ode, graphite rod (φ 6 mm) anode, constant current = 6 mA, 1 (0.5 mmol), 2

(0.25 mmol), LiBF4 (0.1 mmol), MeCN (8 mL), room temperature, in air, 7 h, un-

divided cell.

To our delight, a variety of organodiselenides reacted with N-

methyl isoquinolin-1(2H)-one (2a) smoothly, delivering the target

products with yields in the range of 80%–93%. Diphenyl diselenides

2 bearing electron-donating or -withdrawing groups at the para-

position of the phenyl ring participated in this transformation ef-

ficiently and provided the desired products (3b-3g) in good to ex-

cellent yields. Employing diphenyl diselenides with one ortho- or

meta-methyl group did not impede the formation of product 3h

and 3i. The bulky 1,2-di(naphthalen-2-yl)diselane could also sur-

vive in the electrochemical reaction system, affording the desired

product 3j in 87% yield. Isoquinolin-1(2H)-ones with alkyl groups

of different chain lengths and isomeric structures at the N-atom

underwent this reaction smoothly and provided the corresponding

products (3m-3s) in 82%-91% yields. A series of functional-groups,

such as alkyl (3m and 3n), cyclo-propylmethyl (3o), benzyl (3p),

ester (3q) and cyano (3r and 3s) were proved to be entirely com-

patible in this reaction. As both of the previous reported meth-

ods did not work with 2-phenylisoquinolin-1(2H)-one, we were

very keen to see how it would work in our system. To our de-

light, 2-phenylisoquinolin-1(2H)-one were smoothly converted into

the corresponding product 3t in 83% yield. Furthermore, the N-

unsubstituted isoquinolin-1(2H)-one reacted as well with 2a, de-

livering the selenylated products (3u-3y) in 81%–92% yields.

To prove the scalability of this protocol, the large-scale synthe-

sis of selenylated isoquinolin-1(2H)-one was performed. Perform-

ing the electrochemical selenylation with 5 mmol 1a gave the de-

sired product 3a in 93% isolated yield. In comparison to the small-

1502



Z.-L. Wu, J.-Y. Chen, X.-Z. Tian et al. Chinese Chemical Letters 33 (2022) 1501–1504

Scheme 3. Large-scale synthesis of 3a and synthesis with battery.

Scheme 4. Control experiments.

Fig. 1. Electricity on/off experiment

scale reaction, the concentration of 1a could be increased 3.75-fold

in gram-scale synthesis, thus minimizing the solvent consumption

(Scheme 3a). It is well-known that battery is an abundant and

readily available power supply. To our delight, the present electro-

chemical transformation could be easily achieved by employing 3-

volt battery as the sole power supply (Scheme 3b). Taken together,

the developed electrochemical protocol showed both practicability

and simplicity.

To address the mechanistic aspects of the present electrochem-

ical reaction, we conducted some mechanistic research. Firstly, the

standard reaction was fully suppressed in the presence of radical

scavengers (BHT and 1,1-diphenylethylene) [49]. The results of rad-

ical capture experiment suggested that this reaction may proceed

via a radical pathway (Scheme 4). Secondly, the electricity on/off

experiments revealed that the present reaction did not proceed

without constant current (Fig. 1), thus ruling out the free-radical

chain mechanism. Eventually, the cyclic voltammetry experiment

was conducted to gain information about the redox potential of

the substrates. As shown in Fig. 2, the diphenyl diselenide 2a was

oxidized at 1.10 V (vs. Ag/AgCl), which was lower than that of N-

methyl isoquinolin-1(2H)-one 1a (1.29 V), and similar result was

observed for the mixture of 1a and 2a, suggesting that 2a is ox-

idized preferentially at the surface of the anode in the developed

reaction.

Fig. 2. Cyclic voltammetry experiment.

Scheme 5. Plausible reaction mechanism.

Taking into account the experimental information and the pre-

viously reported literature [24,50,51], the possible mechanism for

this electrochemical reaction is shown in Scheme 5. Firstly, the

organodiselenide (2) underwent one-electron oxidation at the an-

ode and was converted into the organodiselenide radical cation in-

termediate (A), which decomposed into an organ selenium cation

(B) and an organ selenium radical (C). The intermediate B got one

electron at the cathode and regenerated the compound 2 for the

next cycle. Simultaneously, the radical C attacked C4 position of

isoquinolin-1(2H)-one to produce radical D, which underwent one-

electron oxidation to form isoquinolin-1(2H)-one cation (E). Ul-

timately, the intermediate E underwent dehydrogenation and re-

aromatization to form the desired product 3. During the electrol-

ysis process, the sole byproduct H2 was formed via one-electron

reduction of the proton at the cathode.

In summary, an environmentally friendly electrochemical ini-

tiated radical strategy was established for constructing both N-

substituted and N-unsubstituted 4-selenylatedisoquinolin-1(2H)-

ones (25 examples, 80%–93% yield). The present reaction, promoted

by traceless and renewable electron, can be operated at ambient

temperature under mild conditions, requiring neither chemical ox-

idants nor bass additives to proceed smoothly across a board range

of selenylated quinolin-1(2H)–ones. Importantly, this reaction has

achieved 100% atom economy with respect to expensive organodis-

elenides. The easily operated reaction conditions are neutral and

mild, tolerating a variety of functional groups, and affording high

yields with scalability. This methodology provides a new and effec-

tive way for the synthesis of 4-selenylatedisoquinolin-1(2H)-ones

for pharmaceutical and fine chemical industry.
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