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Abstract—A multicomponent reaction of allenes, diaryl diselenides, and nucleophiles in the presence of iodosobenzene diacetate has
been developed, providing a novel method for the preparation of synthetically useful 3-functionalized-2-arylselenyl substituted allyl
derivatives.
� 2006 Elsevier Ltd. All rights reserved.
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During the last decade, allenes have attracted much atten-
tion of chemists and have been widely investigated due to
their higher reactivity than non-cumulated C–C double
bonds. A variety of compounds could be synthesized with
the employment of allenes.1 Usually the reactions of
allenes include ionic additions,2 free radical additions,3

transition metal catalyzed reactions4 and so on.

The ionic additions of allenes provide allyl derivatives,
which are important building blocks in transition metal
catalyzed organic synthesis.5 Selenium compounds are
of great interest because of their synthetic applications6

and biological activities such as antitumor, antibacterial
activities, and other properties.7 However, to the best of
our knowledge, the direct synthesis of 3-functionalized-
2-arylselenyl substituted allyl derivatives is not well
documented in the literature.8

It is well known that arylselenyl cation can be generated
from diaryl diselenide in the presence of oxidants and
the addition of arylselenyl cations to C–C double bonds
will produce b-arylselenyl substituted carbon cations,
which can react with nucleophiles.9 Thereby, we hypo-
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thesized that 3-functionalized-2-arylselenyl substituted
allyl derivatives 2 could be prepared by the addition
of arylselenyl cation to allenes, then followed by the
trapping with nucleophiles on the double bond between
C1 and C2 selectively (Scheme 1).

We initially examined the reaction of 1-phenyl allene 1a
and diphenyl diselenide in the presence of dibenzoyl per-
oxide in ethanol at reflux. After 12 h, the expected prod-
uct 2-phenylselenyl-3-ethoxyl-3-phenyl-1-propylene was
obtained in 33% yield (Table 1, entry 1). Further screen-
ing demonstrated that iodosobenzene diacetate was a
better oxidant (Table 1, entry 3). The yield of 2a
increased at higher temperature (Table 1, entries 3 and
4). The employment of excess alcohol as solvent was
necessary and the yield of 2a decreased sharply when
the reaction was carried out in other solvent such as
chloroform (Fig. 1; Table 1, entry 5).
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Table 1. Reaction of 1-phenyl allene, diphenyl diselenide and ethanol
in the presence of oxidantsa

C

Ph

+ PhSeSePh + EtOH
oxidant

SePh

OEt

Ph

1a 2a

Entry Oxidant Solvent Temperature
(�C)

Timeb

(h)
Yieldc

(%)

1 (PhCO2)2 EtOH 78 12 33
2 SeO2 EtOH 78 14 0d

3 PhI(OAc)2 EtOH 78 10 64
4 PhI(OAc)2 EtOH 60 14 43
5 PhI(OAc)2 CHCl3

e 60 16 15f

a Compound 1a (0.3 mmol), diphenyl diselenide and oxidant, and 2 mL
of solvent were used.

b The reaction was monitored by TLC (eluent: petroleum ether).
c Isolated yields.
d Compound 2a was not observed but a series of unidentified

compounds were obtained.
e Containing 0.6 mmol of EtOH.
f Besides 2a, 31% of 2e (Fig. 1) was obtained; the acetate anion came

from iodosobenzene diacetate.
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Table 2. Preparation of 3-functionalized-2-arylselenyl allyl deriva-
tivesa

C

R

+ ArSeSeAr +  NuH
PhI(OAc)2

1 2

R

SeAr

Nu

Entry R Ar NuH Yield of 2b

1 C6H5 C6H5 EtOH 2a (64)
2 C6H5 C6H5 CH3OH 2b (62)
3 C6H5 C6H5 (CH3)2CHOH 2c (41)
4 C6H5 C6H5 (CH3)3COH 2d (28)
5 C6H5 C6H5 CH3COOH 2e (71)
6 C6H5 C6H5 C3H7COOH 2f (61)
7 C6H5 p-MeC6H4 EtOH 2g (70)
8 p-MeC6H4 C6H5 EtOH 2h (61)
9 o-MeC6H4 C6H5 EtOH 2i (56)

10 2,6-(CH3)2C6H3 C6H5 EtOH 2j (47)
11 a-C10H7 C6H5 EtOH 2k (63)

a Compound 1 (0.3 mmol), diaryl diselenides and iodosobenzene
diacetate, and 2 mL of NuH were used. The reaction was carried out
at 100 �C when the boiling point of NuH was higher than 100 �C,
otherwise, the reaction was carried out at reflux.

b Isolated yields.
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With these encouraging results in hand, a series of nucleo-
philes, diaryl diselenides, and allenes were employed to
prepare the corresponding 3-functionalized-2-arylselenyl
allyl derivatives (Table 2).10

It is obvious that the primary alcohols were easier to
react with the a-arylselenyl substituted carbon cations
and the yields of the corresponding 2-arylselenyl substi-
tuted allyl derivatives 2 were higher (Table 2, entries 1
and 2). When secondary or tertiary alcohols were
employed, the yields of the products were lower (Table
2, entries 3 and 4), probably due to the steric hindrance.
When carboxylic acids were employed, the correspond-
ing 2-arylselenyl substituted allyl esters could also be
obtained smoothly (Table 2, entries 5 and 6).

The 3-functionalized-2-arylselenyl allyl derivatives 2
were obtained smoothly when aryl substituted allenes
were employed (Table 2, entries 8–11). However, when
alkyl substituted allenes were employed, 3 were obtained
instead of the expected products 2 (Scheme 2).

Here we propose a possible mechanism: the arylselenyl
cation, generated from diaryl diselenide and iodosobenz-
ene diacetate,9 may add to allene 1 and form the aryl-
selenyl substituted carbon cation 4. When R is an aryl
group, 4 could be well stabilized by the adjacent aryl
group and the nucleophiles would attack the C1 carbon
to produce the final product 2. When R is an alkyl
group, nucleophiles would attack the C3 carbon due
to the lower steric hindrance. Thus, 3 would be
produced (Scheme 3).
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In conclusion, we reported a facile synthesis of 3-func-
tionalized-2-arylselenyl allyl derivatives via the multi-
component reaction of allenes, diaryl diselenides, and
nucleophiles. The reaction mechanism and synthetic
applications of this methodology are being further
studied in our laboratory.
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