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A CONVENIENT SYNTHETIC METHOD OF β-BROMO
ALKENYL PHENYL SELENIDES BY THE REACTION OF
ALKYNES WITH DIPHENYL DISELENIDE AND COPPER(II)
BROMIDE

Yutaka Nishiyama, Haruko Ohnishi, Masako Iwamoto,
and Noboru Sonoda
Department of Applied Chemistry, Faculty of Engineering, Kansai University,
Osaka, Japan

When alkynes were allowed to react with diphenyl diselenide in the presence of copper(II)
bromide, bromophenylselenation of the carbon–carbon triple bond smoothly proceeded to
give the corresponding β-bromo alkenyl phenyl selenides in moderate to good yields. Sim-
ilarly, chlorophenylselenation of alkynes occurred by the use of copper(II) chloride as a
copper salt giving β-chloro alkenyl phenyl selenides in good yields.

Keywords Alkyne; copper(II) bromide; diphenyl diselenide

INTRODUCTION

β-Halo alkenyl phenyl selenides such as β-chloro and β-bromo alkenyl phenyl se-
lenides have been useful intermediates in organic synthesis.1 Then, there have been some
reports on the synthesis of β-halo alkenyl phenylselenides.2 The addition of phenyse-
lenenyl halides, such as phenylselenyl chloride (PhSeCl) and bromide (PhSeBr), to the
carbon–carbon triple bond of alkynes is the one of the direct synthetic methods of β-halo
alkenyl phenyl selenides (2a–e, 2g, and 2h). However, there are some disadvantages to the
preparation and utilization of phenylselenyl halides: (i) low humidity conditions, (ii) the
handling of chlorine and bromine, (iii) the use of phenylselnocyanate, and (iv) the formation
of phenylselnenyl trihalides as byproducts.3 As an approach to solve these problems, we
investigated another generation method of phenyselenenyl halides and found that the treat-
ment of dipehnyl diselenide copper(II) bromide and chloride is a useful in situ generation
method of phenyselenenyl halides (Scheme 1).
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R1 R2 PhSeSePh CuX2
X

SePhR1

R2

Scheme 1

RESULTS AND DISCUSSION

When phenylacetylene (1) was allowed to react with diphenyl diselenide (2) in the
presence of copper(II) bromide in toluene solution at 25◦C for 3 h under an atmosphere of air,
bromophenylselenation of the carbon–carbon triple bond of 1 smoothly proceeded to give
(E)-2-bromo-2-phenyl-1-phenylselenoethylene (3), which was an anti-addition product, in
88% yield along with the formation of small amount of regioisomers, 2-bromo-1-phenyl-
1-phenyselenoethylene (4) (5%) (see entry 1 in Table I). To know the optimized reaction
conditions, 1 was treated with 2 and copper(II) bromide under various reaction conditions,
and these results were shown in Table I. Even when hexane, acetic acid, and acetonitrile were
used as solvents, the addition products were formed in good yields; however, regioselectivity
of the products was slightly decreased (Table I, entries 2–4). At lower reaction temperature
(0◦C), the yields of bromophenylselenation products were improved by the extending of
the reaction time (15 h) (Table I, entries 5 and 6). The yield of 4 was also affected by the
ratios of copper(II) bromide used (Table I, entries 8 and 9). The results have shown that both
bromine atoms on copper(II) bromide were not introduced on the products. In contrast, it
is interesting to note that both phenylseleno groups on diphenyl diselenide were efficiently
utilized in the reaction (Table I, entry 9).4,5

A variety of alkynes were allowed to react with diphenyl diselenide and copper
(II) bromide, and these results are shown in Table II.6 The treatment of terminal alkyne,
which was substituted with an alkyl group, gave the corresponding bromophenylselenated

Table I Reaction of phenylacetylene with diphenyl diselenide in the presence of CuBr2

PhC CH PhSeSePh CuBr2
Br

SePhPh

Hsolv. (3.0 mL) PhSe

BrPh

H
1 2 0.3 mmol 3 4

Yield (%)a

Entry 1 (mmol) 2 (mmol) Solv. Temp. (◦C) Time (h) 3 4

1 0.3 0.3 C6H5CH3 25 3 88 5
2 0.3 0.3 C6H14 25 3 68 13
3 0.3 0.3 CH3COOH 25 3 73 18
4 0.3 0.3 CH3CN 25 3 60 27
5 0.3 0.3 C6H5CH3 0 3 13 3
6 0.3 0.3 C6H5CH3 0 15 62 7
7 0.3 0.3 C6H5CH3 25 1 37 3
8 0.6 0.3 C6H5CH3 25 3 35 11
9b 0.6 0.3 C6H5CH3 25 3 75 24

aGC yield based on 1.
bCuBr2 (0.6 mmol) was used.
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Table II Reaction of alkynes with diphenyl diselenide and CuBr2
a

PhSeSePh CuBr2

Br

SePhR1

R2
solvent PhSe

BrR1

R2

5 6
25 °C, 3 h

R2R1

Yield (%)b

Entry R1 R2 Solvent 5 6

1 Ph H C6H5CH3 88 5
2 H n-C4H9 CH3CN 89 5
3 Ph C2H5 C6H5CH3 84 3
4 H COCH3 CH3COOH 89 0
5 H COOC2H5 CH3COOH 72 0
6 c-C6H9 H C6H5CH3 72 22

aReaction conditions: alkyne (0.6 mmol), PhSeSePh (0.3 mmol), CuBr2 (0.6 mmol) and solvent (3.0 mL) at
25◦C for 3 h.

bGC yield based on alkyne.

products, (E)-1-bromo-2-phenylseleno-1-hexene, in 89% yield with highly regioselectivity
(Table II, entry 2). When alkynes bearing electron-withdrawing groups, such as but-3-yn-
2-one and ethyl propiolate, were allowed to react with diphenyl diselenide in the presence
of copper(II) bromide, β-bromo alkenyl phenyl selenides, in which the phenylseleno group
was introduced on the α-carbon of the starting materials, were formed in 89% and 72%
yields, respectively (Table II, entries 4 and 5).7 The use of unsymmetrical 1,2-disubstituted
alkyne also gave the addition products in 84% yield (Table II, entry 3). In the case of
1-ethynyl-cyclohex-1-ene, which has both carbon–carbon double and triple bonds, bro-
mophenylselenation of the carbon–carbon triple bond occurred with selectivity to afford
the mixture of 2-bromo-2-cyclohexenyl-1-phenylseleno ethylene (72%) and 2-bromo-1-
cyclohexenyl-1-phenylseleno ethylene (22%) (Table II, entry 6).

Next, to investigate the application of the reaction, we examined the chlorophenylse-
lenation of alkynes with diphenyl diselenide and copper chloride. When the reaction was
carried out at 80◦C, chlorophenylselenation of alkynes proceeded smoothly to give the
corresponding β-chloro alkenyl phenyl selenides in good yields (Scheme 2).

PhC CH PhSeSePh CuCl2
Cl

SePhPh

HToluene (3.0 mL) PhSe

ClPh

H
%6%49lomm3.0lomm3.0lomm3.0

80 °C, 3 h

C4H9C CH PhSeSePh CuCl2

0.3 mmol 0.3 mmol 0.3 mmol

H

SePhC4H9

ClCH3CN (3.0 mL) PhSe

ClC4H9

H
71 % 12 %

80 °C, 3 h

Scheme 2

We cannot explain the reaction pathway in detail, but it was suggested that the
formation of episelenium ion (7) was the first step in the reaction. The halogen ion (Br−

or Cl−) attacked the 7 from the less hindered side to form anti-addition product. But in the
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case of 1-hexyne, the ring opening of 7 predominantly proceeded to form the vinyl cation
intermediate (8). Then 8 reacted with the bromine anion to give the corresponding addition
product. Therefore, the stability of 8 played an important role on the regioselectivity.

We find a new synthetic method of β-bromo and β-chloro alkenyl phenyl selenides
by the reaction of alkynes with diphenyl diselenide and copper(II) bromide and chloride.
The halogen atom on the copper (II) halide and both phenylseleno groups on the diphenyl
diselenide are efficiently used in the reaction. The application of the reaction in organic
synthesis is now progress.

EXPERIMENTAL

A toluene (3.0 mL) solution of diphenyl diselenide (0.3 mmol), alkyne (0.6 mmol),
and CuBr2 (0.6 mmol) was stirred at 25◦C for 3 h under air. After the reaction, the resulting
solution was extracted with ether (10 mL × 3). The organic layer was dried over MgSO4

and filtered. The organic solvent was removed under reduced pressure. Purification of the
residue by HPLC afforded the corresponding β-bromo alkenyl phenyl selenide.
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