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a b s t r a c t

With KI as catalyst and m-chloroperbenzoic acid as the oxidant in acetic acid, a novel and efficient
catalytic procedure has been developed for acetoxyselenenylation of alkenes, which providing a series of
2-acetoxy-1-selenenylation compounds with high regioselectivity and good yields in mild conditions. In
this protocol, KI is first oxidized by m-chloroperbenzoic acid into acetylhypoiodite, which rapidly reacts
with diselenide to form the active electrophilic selenenylating reagent, following an electrophilic addi-
tion of alkenes and 2-acetoxy-1-selenenylation compounds are obtained. The suitable equivalent ratio of
alkene to diselenide is 1.2.

© 2014 Elsevier B.V. All rights reserved.

Introduction

The oxyselenenylation reaction is a very useful procedure for the
anti-l, 2-addition of an organylseleno group and an oxygen sub-
stituent (HO, RO, RCO2) to an olefin [1]. The prepared products can
also be transformed to the double-bond transpositioned allylic al-
cohols and ethers by oxidative deselenenylation sequence [2]. In
the electrophilic addition, the most common selenenylating re-
agents PhSeX (X ¼ Cl, Br) are usually commercially available, they
are also prepared from oxidative cleavage of diphenyl diselenide by
halogens [3]. However, the presence of toxic andmoisture-sensitive
nature of PhSeX, and the nucleophilic halide anions are sometimes
responsible for some undesirable processes such as addition of the
halide ion and the decrease in stereoselectivity, some new alter-
native methods have been developed such as cupric catalytic
oxidation [4], electrolytic oxidation [2c,5] and photoelectron
transfer [6]. Other production of the electrophilic phenylselenium
cation can be effected by the reaction of diphenyl diselenide with
ammonium peroxydisulfate [7] and m-nitrobenzenesulfonyl
peroxide [8]. Using hypervalent iodine reagent PhI(OAc)2, Tingoli
and co-workers reported the successful oxidative cleave the SeeSe
bond, and the electrophilic addition of the in situ generated reactive

electrophilic selenium species to alkenes proceeded smoothly [9].
Several further modifications of this reaction have recently been
reported [10]. However, the catalytic oxyselenenylation using
hypervalent iodine reagents as catalysts is developed rarely.

We have been interesting in oxidation and functionalization
of organic compounds using hypervalent iodine reagents, espe-
cially the catalytic utilization of hypervalent iodine reagents in
organic synthesis. In our new research, we have found that some
inorganic iodides or molecular iodine can be used to replace
hypervalent iodine reagents and the similar results have been
obtained [11]. Recently, we have investigated the acetox-
yselenenylation of alkenes with a catalytic amount hypervalent
iodine reagent. In a parallel study, we found that when the
hypervalent iodine reagent was replaced by KI, the acetox-
yselenenylation of alkenes was carried out fluently with high
regioselectivity and yields in mild conditions. Herein, we wish to
report the novel and convenient acetoxyselenenylation of al-
kenes using KI as catalyst and m-chloroperbenzoic acid as the
terminal oxidant, and to our knowledge this method has not
been reported before.

Discussion and results

Initially, NH4I was used as representative of inorganic iodides to
attempt the novel catalytic acetoxyselenenylation of alkenes. When
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0.2 equiv. of NH4I was added to the mixture of 1.0 equiv. of diphenyl
diselenide (2a), 1.2 equiv. of m-chloroperbenzoic acid (mCPBA) and
1.5 equiv. of styrene (1a) in acetic acid (AcOH), it was found that the
novel acetoxyselenenylation occurred smoothly at room tempera-
ture and after 6 h it afforded the predominated Markovnikov
addition product, 1-phenyl-2-(phenylselanyl)ethyl acetate (3a) in
70% yield (Table 1, entry 1). If NH4I was absent, a parallel experi-
ment gave only 5% yield of 3a (entry 2). Therefore, it was obvious
that NH4I played a key action in the reaction.

In light of the successful formation of 3a in the presence of NH4I,
the reaction conditions were optimized and the results are sum-
marized in Table 1. Firstly, several mixture solvents of acetic acid
were used in the reaction, however, the yields were low (Table 1,
entries 3e6). When CH2Cl2, CH3CN and H2O were used as sole
solvent respectively, and 3.0 equiv. of AcOH was added in the re-
action, the rather poor yields were determined (entries 7e9).When
NaOAc took the place of AcOH as nucleophilic reagent in CH3CN, no
the desired product was observed (entry 10). With AcOH as the
suitable solvent, two iodides NaI and KI were compared with NH4I,
and KI was the most effective one among them (entries 1, 11 and
12). Other oxidants, such as Oxone® and NaBO3$4H2O were active
in the reaction, normally resulted in good yields (entries 13 and 14).
The yields of 3a dropped down when the amount of mCPBA was
more or less then 1.0 equiv. due to the excess oxidant could lead to
elimination reaction to produce the vinylic acetate a-acetoxystyr-
ene (entries 12, 15e19) [2,12]. The amount of KI was investigated
and 0.2 equiv. was the best choice (entries 17, 20 and 21). As the
results showed that the reaction proceeded rapidly and it was

completed in only 2 h (entries 17, 22e25). Finally, the amount of
styrene was also checked, and 1.2 equiv. of it was optimal for the
reaction (entries 26e28).

With the optimal conditions in hand, in order to assess the
scope of this method, several alkenes 1 (1.2 equiv.) were treated
with mCPBA (1.0 equiv.) and diselenide 2 (1.0 equiv.) in the
presence of KI (0.2 equiv.) in AcOH for 2 h, a series of 2-acetoxy-1-
selenenylation compounds, most new compounds were prepared
(Table 2).

As shown in Table 2, the reaction was compatible with most of
the studied alkenes except 2-methyl-3-buten-2-ol (1k), which
provided the corresponding 2-acetoxy-1-selenenylation com-
pounds in good to excellent yields (entries 1e11). It was also found
that the groups on the benzene ring, no matter they were electron-
donating or electron-withdrawing groups, did not influence on the
yield (entries 2e7). Cyclohexene (1i) and bicyclo[2.2.1]hept-2-ene
(1j), when they were treated under the same conditions, the
addition proceeded in a trans fashion and single stereoisomers
were isolated with excellent yields (entries 9 and 10). Compared
with 2a, dibenzyl diselenide (2b), an aliphatic diselenide also
reacted easily with alkenes, but the yields slightly dropped down
(entries 12e14).

Based on the remarkably catalytic effect of KI in the acetox-
yselenenylation of alkenes, a plausible reaction pathway is sug-
gested in Scheme 1 [2c,5]. Thus, KI is first oxidized by mCPBA to
the corresponding acetylhypoiodite A, which reacts smoothly
with diselenide 2 to form the active intermediate B [13], following
a rapid cleavage of SeeSe bond, the electrophilic selenium species

Table 1
Optimization of the acetoxyselenenylation of alkenes using KI as catalyst.

Se
Se

Se
OAc

+
I-, Oxidant

Solvent, r.t.

1a 2a 3a

Entry Styrene (equiv.) Oxidant (equiv.) I� (equiv.) Solvent Time (h) Yield (%)a

1 1.5 mCPBA (1.2) NH4I (0.2) AcOH 6 70
2 1.5 mCPBA (1.2) e AcOH 6 5
3 1.5 mCPBA (1.2) NH4I (0.2) AcOH-CH2Cl2 (1:1) 6 54
4 1.5 mCPBA (1.2) NH4I (0.2) AcOH-CH3CN (1:1) 6 47
5 1.5 mCPBA (1.2) NH4I (0.2) AcOH-H2O (1:1) 6 20
6 1.5 mCPBA (1.2) NH4I (0.2) AcOH-EtOAc (1:1) 6 52
7 1.5 mCPBA (1.2) NH4I (0.2) CH2Cl2 6 15b

8 1.5 mCPBA (1.2) NH4I (0.2) CH3CN 6 11b

9 1.5 mCPBA (1.2) NH4I (0.2) H2O 6 0b

10 1.5 mCPBA (1.2) NH4I (0.2) CH3CN 6 0c

11 1.5 mCPBA (1.2) NaI (0.2) AcOH 6 87
12 1.5 mCPBA (1.2) KI (0.2) AcOH 6 90
13 1.5 Oxone (1.2) KI (0.2) AcOH 6 89
14 1.5 NaBO3.4H2O

(1.2)
KI (0.2) AcOH 6 80

15 1.5 mCPBA (2.0) KI (0.2) AcOH 6 38
16 1.5 mCPBA (1.5) KI (0.2) AcOH 6 78
17 1.5 mCPBA (1.0) KI (0.2) AcOH 6 94
18 1.5 mCPBA (0.8) KI (0.2) AcOH 6 88
19 1.5 mCPBA (0.6) KI (0.2) AcOH 6 71
20 1.5 mCPBA (1.0) KI (0.3) AcOH 6 94
21 1.5 mCPBA (1.0) KI (0.15) AcOH 6 89
22 1.5 mCPBA (1.0) KI (0.2) AcOH 2 95
23 1.5 mCPBA (1.0) KI (0.2) AcOH 1.5 92
24 1.5 mCPBA (1.0) KI (0.2) AcOH 1 86
25 1.5 mCPBA (1.0) KI (0.2) AcOH 0.5 71
26 1.3 mCPBA (1.0) KI (0.2) AcOH 2 95
27 1.2 mCPBA (1.0) KI (0.2) AcOH 2 95
28 1.0 mCPBA (1.0) KI (0.2) AcOH 2 84

a Isolated yields.
b 3.0 equiv. HOAc was added.
c 3.0 equiv. NaOAc was added in CH3CN.
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