
Chinese Chemical Letters 31 (2020) 1576–1579

Contents lists available at ScienceDirect

Chinese Chemical Letters

journal homepage: www.elsevier .com/ locate /cc let
[18_TD$DIFF]Communication
Electrochemical synthesis of selenocyanated imidazo[1,5-a]quinolines
under metal catalyst- and chemical oxidant-free conditions

Jinjin Zhanga, Huiqiao Wanga,*, Yaru Chena, Haiquan Xiea, Chenghua Dinga, Jiajing Tanc,*,
Kun Xua,b,**
aCollege of Chemistry and Pharmaceutical Engineering, Nanyang Normal University, Nanyang 473061, China
bCollege of Life Science & Bioengineering, Beijing University of Technology, Beijing 100124, China
cDepartment of Organic Chemistry, Faculty of Chemistry, Beijing University of Chemical Technology, Beijing 100029, China
A R T I C L E I N F O

Article history:

Received 28 October 2019
Received in revised form 18 November 2019
Accepted 20 November 2019
Available online 21 November 2019
Keywords:
Electrosynthesis
Organic electrochemistry
Anodic oxidation
Imidazo[1,5-a] [22_TD$DIFF]quinoline
Selenocyanation
* Corresponding authors.
** Corresponding author at: College of Ch
ing, Nanyang Normal University, Nanyang

E-mail addresses: huiqiaowang@163.com
(J. Tan), xukun@nynu.edu.cn (K. Xu).

https://doi.org/10.1016/j.cclet.2019.11.037
1001-8417/© 2019 Chinese Chemical Socie
emistry an
473061, Ch

(H. Wan

ty and Inst
[21_TD$DIFF]A B S T R A C T

Reported herein is the first example of electrochemical selenocyanation of imidazo[1,5-a]quinolineswith
KSeCN under metal catalyst- and chemical oxidant-free conditions. This sustainable strategy shows a
broad scope and great compatibility with functional groups, and affords synthetically and biologically
important selenocyanated imidazo[1,5-a]quinolines in good to excellent yields with cheap graphite and
Ni plates as the electrodes. The gram-scale synthesis was also successfully conducted, which might
demonstrate the potential value of this electrochemical protocol.
© 2019 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Imidazo[1,5-a]quinolines are recognized as ubiquitous struc-
tural motifs that existed widely in drug-relevant molecules and
biologically active agents [1–3]. Due to the great potential of these
compounds, many synthetic methodologies have been developed
for the construction of imidazo[1,5-a]quinolines [4–8]. Meanwhile,
organic selenocyanates displayed a wide range of biological
activities, such as anti-cancer and androgen receptor inhibition
activities [9,10]. Moreover, organic selenocyanates are also
synthetically useful reagents which can be transformed into other
selenium-containing organic compounds (selenols, diselenides,
etc.) [11–13]. In this context, the introduction of selenocyanates
into imidazo[1,5-a]quinolines is of interest for synthetic and
medicinal chemists. In contrast with numerous practical methods
for selenation of aromatic compounds with diselenides (ArSeSeAr)
[14–16], the selenocyanation of aromatic compounds continues to
be underdeveloped in spite of undisputable advances have been
achieved (Scheme 1a) [17,18]. First, the developed synthetic
methodologies are largely restricted to the use of stoichiometric
amounts of toxic chemical oxidants such as SeO2 and TBHP. Second,
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the aromatic compounds are limited to reactive electron-rich
systems such as indoles and aniline derivatives. However, the
selenocyanation of other heterocyclic aromatic compounds is less
explored. Recently, Feng, Yan and co-workers reported the first
example of the selenocyanation of imidazo[1,5-a]quinolines with
high efficiency (Scheme 1b) [19]. However, excess amounts of toxic
Se and TMSCN and the high reaction temperature are essential to
the reaction process. Considering the synthetic and biological
importance of imidazo[1,5-a]quinoline scaffolds and organic
selenocyanates, the development of a low-cost and eco-friendly
C–H selenocyanation of imidazo[1,5-a]quinolines in a regioselec-
tive manner is still desired.

Organic electrochemistry has recently witnessed a renaissance
by employing electrons as the “reagent” instead of toxic chemical
oxidants or reductants, thus provides a sustainable and attractive
way for the functionalization of organic molecules [20–26].
Inspired by the recent elegant examples of electrochemical
selenation of unsaturated systems with ArSeSeAr independently
developed by Sun [27], Kim [28], Guo [29] and Lei groups [30], we
proposed an oxidative reaction sequence to realize the electro-
chemical C–H selenocyanation of imidazo[1,5-a]quinolines
(Scheme 1c). First, SeCN� is oxidized at the anode to give radical
A. Subsequently, radical A has a radical addition to imidazo[1,5-a]
quinoline 1a giving radical B, which could be stabilized by the
adjacent nitrogen atom. Then, radical B loses one electron to
generate the carbocation C, which has a H+ elimination to afford
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Synthetic strategies for the selenocyanation of aromatic compounds.

Table 1
Optimization of reaction condition.a
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the desired selenocyanated imidazo[1,5-a]quinoline 2a. As a
complementary reaction pathway, radical A may have a dimeriza-
tion to give electrophilic selenocyanogen D, which has an
electrophilic attack on imidazo[1,5-a]quinoline affording the
carbocation C. While the above-mentioned reaction pathways
appear reasonable, cyclic voltammetric (CV) studies further
confirmed the possibility of the proposed reaction pathways
(Fig. 1). First, the CV of KSeCN in CH3CN exhibits two partially
resolved oxidation processes at potentials between 0.4 [23_TD$DIFF]V and 0.6 V,
and a reduction process at 0.1 V, which correspond to the
[(Fig._1)TD$FIG]

Fig.1. CV of related compounds in 0.1mol/L n-Bu4NBF4/CH3CNusing Ptwire and Ag
wire as the working and counter electrodes, and Ag/AgNO3 (0.1mol/L in CH3CN) as
the reference electrode, scan rate: 100mV/s, (a) blank (b) KSeCN (5mmol/L), (c) 1a
(5mmol/L).
pseudohalide system of {SeCN�-(SeCN)3�-(SeCN)2} (curve b)
[31,32]. The observed irreversible process may result from the
formation of (SeCN)2. Second, SeCN� is much easier to be oxidized
to give reactive species than 1a (curve c), which is beneficial to
regioselective C–H selenocyanation. In continuation of our interest
in imidazo[1,5-a]quinolines syntheses [4,5,7] and electrochemical
C–heteroatombonds formations [33–37], we herein report the first
example of electrochemical C–H selenocyanation of imidazo[1,5-a]
quinolines. Under catalyst- and chemical oxidant-free conditions,
synthetically and biologically important selenocyanated imidazo
[1,5-a]quinolines were obtained in good to excellent yields with
cheap graphite and Ni plates as the electrodes. The gram-scale
synthesis was also successfully conducted, which might demon-
strate the potential value of this electrochemical selenocyanation
protocol.

Initially, we took the selenocyanation of 1a with KSeCN as the
model reaction to optimize the reaction conditions (Table 1).When
the reaction was carried out in an undivided cell with Ni and
graphite plates as the electrodes and n-Bu4NBF4/CH3CN as the
electrolyte, the corresponding selenocyanated product 2a was
obtained in 86% yield (entry 1). Other supporting electrolytes such
as LiClO4 and n-Bu4NPF6 gave lower yields (entries 2 and 3).
Further optimization showed that the electrode materials have
much influence on the yield. For example, when C/Pt or Pt/Pt were
used as the electrodes, the yield of 2a decreased to 41% and 47%,
respectively (entries 4 and 5). However, when C/C were employed
as the electrodes, only trace amount of product was observed
(entry 6). The solvent optimizations showed that CH3CN was the
optimal solvent, while other solvents such as MeOH, DMF, and
DMSO gave much lower yields (entries 7–9). The control experi-
ments showed that the electricity and TFA were essential for the
transformation (entries 10 and 11). TFA not only helps the cathodic
H2 revolution but also facilitates the Minisci-type radical
substitution [38,39]. Replacing TFAwith HOAc decreased the yield
of 2a to 31% (entry 12).

With the optimized conditions identified, the substrate scope of
aryl-substituted imidazo[1,5-a]quinolines was examined. As
shown in Scheme 2, a series of selenocyanated imidazo[1,5-a]
quinolineswere obtained in good to excellent yields. The electronic
nature of the aryl substituents has an important role on the yield.
[TD$INLINE]

Entry Derivation from the standard conditions Yield (%)b

1 none 86
2 LiClO4 was used instead of n-Bu4NBF4 38
3 n-Bu4NPF6 was used instead of n-Bu4NBF4 27
4 C (+)-Pt (-) were used as the electrodes 41
5 Pt (+)-Pt (-) were used as the electrodes 47
6 C (+)-C (-) were used as the electrodes trace
7 MeOH was used as the solvent trace
8 DMF was used as the solvent 57
9 DMSO was used as the solvent 21
10 no electricity trace
11 no TFA trace
12 HOAc was used instead of TFA 31

a Reaction conditions: 1a (0.3mmol), KSeCN (0.75mmol), TFA (0.7mmol [16_TD$DIFF]),
0.2mol/L n-Bu4NBF4 in CH3CN (10mL), Ni plate [17_TD$DIFF](1�2 cm2), graphite plate
(1�2 cm2), J =10mA/cm2, r.t., 3 h.

b Isolated yield.
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Scheme 2. The substrate scope of aryl-substituted imidazo[1,5-a]quinolones.
Reaction conditions: 1 (0.3mmol), KSeCN (0.75mmol), TFA (0.7mmol), 0.2mol/L
n-Bu4NBF4 in CH3CN (10mL), Ni plate [12_TD$DIFF](1�2 cm2), graphite plate [13_TD$DIFF](1�2 cm2),
J =10mA/cm2, r.t., 3 h; isolated yield.

[(Scheme_3)TD$FIG]

Scheme 3. The substrate scope of alkyl-substituted imidazo[1,5-a]quinolones.
Reaction conditions: 1 (0.3mmol), KSeCN (0.75mmol), TFA (0.7mmol), 0.2mol/L
n-Bu4NBF4 in CHCN (10mL), Ni plate [12_TD$DIFF](1�2 cm2), graphite plate [14_TD$DIFF](1�2 cm2),
J =12mA/cm2, r.t., 3 h; isolated yield.

[(Scheme_4)TD$FIG]

Scheme 4. Gram-scale synthesis.

[(Scheme_5)TD$FIG]

Scheme 5. Radical-trapping experiment.
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For example, the presence of a strong electron-donating substitu-
ent lowered the yields (2d, 2e, 2g-2i), while the weak electron-
withdrawing substituents could maintain the yields (2b, 2c, and
2f). The strong electron-donating substituents lowered the
oxidation potentials of imidazo[1,5-a]quinolines which would
lead to the competition reaction with the SeCN� oxidation. This
finding suggests that the electrophilic addition of selenocyanogen
D to imidazo[1,5-a]quinoline 2a affording intermediate C was the
minor reaction pathway (Scheme 1c, path b). The naphthyl-
substituted substrate was well tolerated under the optimized
conditions, giving the corresponding product 2j in 88% yield. It is
worth mentioning that thienyl-substituted substrate was smooth-
ly selenocyanated affording the corresponding product 2l in 74%
yield. For the imidazo[1,5-a]pyridines, the selenocyanation reac-
tions also underwent smoothly to give 2m-2owith up to 84% yield.

Having established the substrate scope of aryl-substituted
imidazo[1,5-a]quinolines, the substrate scope of alkyl- and allylic-
substituted imidazo[1,5-a]quinolines was then investigated under
the optimized conditions with a higher electronic density
(Scheme 3). First, imidazo[1,5-a]quinolines with linear aliphatic
chains were examined. The aliphatic chains with no functional
groups were well tolerated, giving the corresponding products 3a-
3d with up to 85% yield. The benzyl-substituted imidazo[1,5-a]-
quinoline was also a suitable substrate, albeit with a lower yield
(3e). It is noteworthy [24_TD$DIFF]that aliphatic chainswith functionalities such
as thioether and amides were also well tolerated, yielding
functionalized imidazo[1,5-a]quinolines 3f-3h in 54%–80% yields.
The allylic substituted imidazo[1,5-a]quinoline also underwent the
selenocyanation reaction smoothly to give the corresponding
product 3i in 35% yield. Next, the branched aliphatic substituents
were also tested under the optimized conditions, and the
corresponding selenocyanated imidazo[1,5-a]quinolines 3j-3m
were obtained with up to 83% yield. For the alkyl-substituted
imidazo[1,5-a]pyridine, the selenocyanation reaction also under-
went smoothly to give the corresponding product 3n in 77% yield.
To illustrate the synthetic utility of this protocol for the
synthesis of selenocyanated imidazo[1,5-a]quinolines, the reaction
of 1 [25_TD$DIFF]g with KSeCN on a gram-scale was conducted (Scheme 4,
details see the Supporting information). To our delight, the
corresponding product 3[26_TD$DIFF]g was obtained in 64% yield.

To gain insight into the mechanism, the radical trapping
experiment was carried out (Scheme 5). When butylated
hydroxytoluene (BHT) as the radical scavenger was subjected into
the reactionmixture, the yield of product 2a decreased to 56%. This
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result suggests that radical species were involved in this
electrochemical selenocyanation transformation (Scheme 1c, path
a). However, reaction pathway involving anion species could not be
ruled out (Scheme 1c, path b). These results are in accord with the
observed irreversible process of the pseudohalide system of
{SeCN�-(SeCN)3�-(SeCN)2} (Fig. 1).

In conclusion, we have developed the first example of
electrochemical selenocyanation of imidazo[1,5-a]quinolines
with KSeCN under metal catalyst- and chemical oxidant-free
conditions. This sustainable strategy shows a broad scope and
great compatibility with functional groups, and affords syntheti-
cally and biologically important selenocyanated imidazo[1,5-a]-
quinolines in good to excellent yields with cheap graphite and Ni
plates as the electrodes. The gram-scale synthesis demonstrates
the potential value of this electrochemical selenocyanation
protocol.
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