
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
M

ar
ch

 2
01

7.
 D

ow
nl

oa
de

d 
on

 2
/1

7/
20

26
 2

:4
4:

06
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Convenient iodin
aCollege of Chemical Engineering, Zhejian

310032, P. R. China. E-mail: jieyan87@zjut
bCollege of Biological and Environmental

Hangzhou 310015, P. R. China

† Electronic supplementary informa
10.1039/c6ra27202a

Cite this: RSC Adv., 2017, 7, 15709

Received 23rd November 2016
Accepted 23rd February 2017

DOI: 10.1039/c6ra27202a

rsc.li/rsc-advances

This journal is © The Royal Society of C
e-mediated aminoselenation of
alkenes using benzotriazoles as nitrogen sources†

Xiaolong Wang,a Hongjie Li,a Min Zhub and Jie Yan*a

A new and convenient procedure mediated by I2 was developed for the preparation of aminoselenides

bearing the benzotriazole structure using alkenes, diselenides, and benzotriazoles. In this protocol,

molecular I2 first reacts with diselenides to form active electrophilic selenium species, following an

electrophilic addition to afford the corresponding aminoselenides. This aminoselenation of alkenes

requires mild reaction conditions and is a simple procedure, and it provides the products with high

regioselectivity and in good yields, which extends the synthetic application of molecular iodine in

organic synthesis.
Introduction

Organoselenium compounds have been increasing in impor-
tance in recent years due to their synthetic applicability,1

biological activities, such as antitumor and antibacterial
activities, and other properties.2 The introduction of organo-
seleno groups into organic molecules has been widely studied,
in which the anti-l,2-addition of an organoseleno group and
a nucleophile into an alkene to form vicinal difunctional
groups provides a valuable method for synthetic strategies.3

The aminoselenation of alkenes is a type of difunctionaliza-
tion of alkenes, of which, both a selenium atom and amino
group can be installed into the carbon–carbon double bond.
Despite the vicinal aminoselenides being important in phar-
maceutics and in the synthesis of various useful biologically
active molecules, there are only a few studies reported on the
aminoselenation of alkenes.4 Therefore, the development of
simple, general, and direct methods for introducing both
selenium- and nitrogen-containing groups into alkenes is
highly desired.

More recently, using N-(phenylseleno)phthalimide (NPSP)
as both a nitrogen and selenium source and Lewis acid TiCl4
as a catalyst, Tang and co-workers reported an intermolecular
aminoselenation of alkenes with high regioselectivity and
diastereoselectivity.5 However, the use of metal catalyst,
which is required to be removed in the purication and the
pre-prepared NPSP, restricts its further application. More-
over, Sun's group demonstrated a new peroxodisulfate-
mediated aminoselenation of alkenes.6 This method is very
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interesting because it is general, efficient, and several amino
sources, including sulfamides and azoles, are effective in the
reaction (Scheme 1). However, compared with various
prepared aminoselenides using saccharin as nitrogen source,
only one example was reported with benzotriazole as
a nucleophile in the reaction.

Over the past few years, iodine-catalysed or iodine-mediated
reactions have been increasingly explored because iodine is
cheap, readily available, and eco-friendly, and it has metal-like
behavior.7 We were interested in the oxidation and functional-
ization of organic compounds using hypervalent iodine
reagents because they can promote the oxidative cleavage of the
Se–Se bond of diphenyl diselenide, resulting in reactive elec-
trophilic selenium species.8 In our recent research, we found
that molecular iodine can replace hypervalent iodine reagents
to promote some similar reactions. Based on this, to prepare
more aminoselenides and research on their unknown chemical
and biological properties, we investigated a novel amino-
selenation of alkenes using benzotriazoles as amino sources
due to the benzotriazole structure being a very useful moiety in
the synthesis (Scheme 1).9 To the best of our knowledge, this
convenient iodine-mediated intermolecular aminoselenation of
alkenes has not been reported before.
Scheme 1 Methods for alkene aminoselenation.
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Results and discussion

Initially, we utilized styrene 1a, diphenyl diselenide 2a, and
benzotriazole 3a as model substrates to explore the amino-
selenation of alkenes in the presence of molecular I2. It was
found that on simple stirring of the mixture of 1.2 equiv. of 1a
with 1.0 equiv. of 2a, 3a, and I2 in MeCN for 24 h, the expected
aminoselenide, 1-[1-phenyl-2-(phenylseleno)ethyl]-1H-benzo-
triazole 4a was obtained in 53% yield (Table 1, entry 1). Then,
the aminoselenation of 1.2 equiv. of 1a with 1.0 equiv. of 2a
mediated by I2 at room temperature in air was optimized.
Several solvents were rst evaluated, in which 4a was obtained
in the yields ranging from 31 to 53% (entries 1–6). When more
3a was added in the mixture, the yield increased (entries 7–9).
When the yield was not good enough, several mixed solvents
were examined to improve the reaction. Fortunately, a mixture
of the solvents MeCN and EtOAc was found to be suitable for the
reaction, and when the volume ratio reached 1 : 1, the yield
increased to 80% (entries 10–14). In the mixed solvent, the
optimal amount of I2 was screened and 1.0 equiv. proved to be
the best choice (entries 10, 15–17). However, in the absence of
I2, 4a was formed only in 10% yield (entry 18). Other iodine-
containing salts such as KI, NaI, and NH4I were also checked
in place of I2, but all were ineffective in the reaction. Under the
Table 1 Optimization of alkene aminoselenation mediated by I2

Entry
Benzotriazole
(equiv.) I2 (equiv.)

1 1.0 1.0
2 1.0 1.0
3 1.0 1.0
4 1.0 1.0
5 1.0 1.0
6 1.0 1.0
7 1.3 1.0
8 1.5 1.0
9 2.0 1.0
10 1.5 1.0
11 1.5 1.0
12 1.5 1.0
13 1.5 1.0
14 1.5 1.0
15 1.5 1.4
16 1.5 0.6
17 1.5 0.2
18 1.5 —
19 1.5 1.0
20 1.5 1.0

a Isolated yields.

15710 | RSC Adv., 2017, 7, 15709–15714
optimized conditions, the reaction smoothly progressed and
was completed in 24 hours (entries 10, 19–20).

Based on the extensive screening process, we obtained the
optimal reaction conditions. Next, the aminoselenation of 1.2
equiv. of alkenes 1 with 1.0 equiv. of diselenides 2 and 1.5 equiv.
of benzotriazoles 3 in the presence of 1.0 equiv. of I2 in
MeCN : EtOAc (1 : 1) at room temperature for 24 hours was
investigated, and as a result, a series of corresponding amino-
selenides 4 were obtained. The results are summarized in
Table 2.

As shown in Table 2, the I2-mediated aminoselenation was
compatible with the studied alkenes 1a–1h, affording the cor-
responding aminoselenides 4a–4h and 4o–4t in good yields. It is
obvious that the substituents on benzene ring for these
aromatic alkenes, whether they were electron-donating (methyl
and t-butyl) or electron-withdrawing (bromo and chloro)
groups, usually had no signicant inuence on their reactivity.
However, when cyclohexene 1i and 1-hexene 1j were treated as
representative aliphatic alkenes, low yields of 41% and 35%
were obtained for 4i and 4j, respectively, indicating our protocol
is more suitable for aromatic alkenes. Dibenzyl diselenide 2b,
similar to 2a, an aliphatic diselenide, was also effective in the
reaction, resulting in the corresponding products 4k–4m from
aromatic alkenes in good yields and a yield of 40% for 4n.
Solvent Time (h) Yielda (%)

CH3CN 24 53
CH2Cl2 24 52
EtOAc 24 40
CH2ClCH2Cl 24 42
THF 24 35
DMSO 24 31
CH3CN 24 62
CH3CN 24 69
CH3CN 24 71
CH3CN : EtOAc (1 : 1) 24 80
CH3CN : EtOAc (2 : 1) 24 75
CH3CN : EtOAc (3 : 1) 24 63
CH3CN : EtOAc (5 : 1) 24 60
CH3CN : EtOAc (1 : 2) 24 49
CH3CN : EtOAc (1 : 1) 24 81
CH3CN : EtOAc (1 : 1) 24 53
CH3CN : EtOAc (1 : 1) 24 31
CH3CN : EtOAc (1 : 1) 24 10
CH3CN : EtOAc (1 : 1) 15 70
CH3CN : EtOAc (1 : 1) 10 51

This journal is © The Royal Society of Chemistry 2017
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Table 2 Alkene aminoselenation mediated by I2
a,b

a Reaction conditions: 1 (0.24 mmol), 2 (0.1 mmol, 0.2 equiv.), 3 (0.3 mmol), I2 (0.1 mmol, 0.2 equiv.) in 2 mL MeCN : EtOAc (1 : 1), stirred at r.t. for
24 h. b Yield of the isolated product.
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Aer investigated the aminoselenation of alkenes using
benzotriazole 3a and 5,6-dimethylbenzotriazole 3b as amino
sources, to prepare more aminoselenides that bear the ben-
zotriazole structure, we then explored the activities of 5-
methylbenzotriazole 3c and 5-chlorobenzotriazole 3d in the
reaction. Due to low yields that were usually obtained with
aliphatic alkenes, the following aminoselenation was mainly
focused on aromatic alkenes (Table 3). Under the optimal
reaction conditions, both monosubstituted benzotriazoles
typically gave 5-substituted and 6-substituted isomer mixtures
4u–4z2 with yields ranging from 58 to 73%. It is important to
isolate the mixed products; however, aer several attempts, we
failed to achieve the goal. Finally, with 1H-NMR analysis, the
ratio was nearly 1 : 1 for most 5-substituted and 6-substituted
isomers.

To explore the mechanism, a stoichiometric radical scav-
enger, 2,2,6,6-tetramethylpiperidine1-oxyl (TEMPO), was
added in the reaction of 1a with 2a, 3a, and I2 under the
optimized conditions. It was found that the aminoselenation
This journal is © The Royal Society of Chemistry 2017
still carried out well, affording the product 4a in 76% yield
(Scheme 2). This result suggests that the reaction may not
undergo a radical pathway. According to the above
mentioned results and control experiments, a plausible
electrophilic addition mechanism mediated by I2 is shown in
Scheme 3. Thus, molecular I2 rst smoothly reacts with dis-
elenide 2 to form the active intermediate A, followed by
a rapid Se–Se bond cleavage.10 The in situ generated active
electrophilic selenium species then reacts with alkene 1 to
produce the unstable cyclic seleniranium intermediate B.
Finally, intermediate B is attacked by nucleophile benzo-
triazole 3 to provide the desired product amonoselenide 4 as
a single isomer via an SN1 mechanism. Accompanying the
reaction, another active intermediate ArSeI11 can further
transfer a second equivalent of electrophilic selenium to
alkene 1. As for monosubstituted benzotriazoles 3c and 3d
resulting in 5-substituted and 6-substituted isomer mixtures,
it is mainly that 1H-benzotriazole forms a conjugated struc-
ture N� ion when it acts as a nucleophile in the reaction.
RSC Adv., 2017, 7, 15709–15714 | 15711
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Table 3 Aminoselenation of alkenes mediated by I2
a,b

a Reaction conditions: 1 (0.24 mmol), 2a (0.1 mmol, 0.2 equiv.), 3 (0.3 mmol), I2 (0.1 mmol, 0.2 equiv.) in 2 mLMeCN : EtOAc (1 : 1), stirred at r.t. for
24 h. b Yield of the isolated product.

Scheme 2

Scheme 3 Proposed mechanism for I2-mediated alkene aminoselenation.

15712 | RSC Adv., 2017, 7, 15709–15714 This journal is © The Royal Society of Chemistry 2017
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Conclusions

In summary, we developed a new and convenient procedure for
the preparation of aminoselenides from alkenes, diselenides,
and benzotriazoles mediated by I2 at room temperature. This
aminoselenation of alkenes has some advantages such as mild
reaction conditions and simple procedure, which provides
a series of aminoselenides containing benzotriazole structure
with high regioselectivity and in good yields. Furthermore, this
reaction will extend the application scope of molecular iodine in
organic synthesis.
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