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Alkyl phenyl selenides have recently attracted considerable
interest since they can be used as precursors for various
organic transformations.1 Additionally, selenides have played an important role in biochemical processes serving as
therapeutic compounds ranging from antiviral and anticancer agents to naturally occurring food supplements.2
Although numerous methods for preparing alkyl phenyl
selenides have been reported,3 these methods sometimes
suffer from difficulties in handling the selenide reagent used
as the selenium source, strongly basic or acidic reaction
conditions, and low yields of tertiary alkyl phenyl selenides.4
Recently, we reported a mild procedure for the preparation
of alkyl phenyl selenides from alkyl halides using PhSeSePh
in the presence of In.5 This protocol has a number of advantages including a simple experimental procedure, neutral pH
and mild reaction conditions, and high yields of the desired
products even in the case of tertiary alkyl phenyl selenides.
In an attempt to extend the scope of our methodology, we
decided to explore the preparation of alkyl phenyl selenides
under our conditions using a new type of precursor, alkyl
diphenyl phosphinites (Scheme 1).
The latter can be simply prepared from the corresponding
alcohols by reacting with ClPPh2, Et3N and DMAP.6 Many
reports have demonstrated the use of these phosphinites as
key intermediates for oxidation-reduction condensations to
prepare a variety of organic functional groups such as isocyanates, diorganyl sulfides, esters, ethers, and others.7 However, there are no reported methodologies for preparation of
alkyl phenyl selenides via phosphinites. Thus, the present
work focused on the development of an efficient and mild
procedure for the synthesis of alkyl phenyl selenides from
alkyl diphenyl phosphinites with PhSeSePh in the presence
of In. Reaction parameters, such as reaction solvents and
mole ratios of reagents, were varied to establish optimal
reaction conditions.

Scheme 1

Reaction of 1-adamantyl diphenyl phosphinite with
PhSeSePh in the presence of In under various reaction
conditions was investigated (Table 1). At room temperature,
the reaction proceeded for 24 h to give 1-adamantyl phenyl
selenide in 47% yield, whereas a similar yield could be
attained in a shorter reaction time at reflux (entries 1 and 2)
with half of the starting material still remained. When the
amount of 1-adamantyl diphenyl phosphinite and In were
1:1.5, respectively, the desired product were furnished in
53% yield at room temperature after 24 h and in 83% yield
after refluxing for 2 h (entries 3 and 4). In the absence of In,
the reaction did not proceed, which revealed the necessity of
In for the reaction (entry 5).
The scope and limitations of this methodology were
investigated by treating various alkyl diphenyl phosphinites
(1 equiv) with PhSeSePh (1 equiv) in the presence of In (1.5
equiv) in CH2Cl2 at reflux to afford a wide range of alkyl
phenyl selenides (Table 2). Under these conditions, primary
and tertiary alkyl phenyl selenides could be attained in high
yields (entries 1-5). Similarly, preparations of benzyl and
allyl phenyl selenides were also achieved (entries 6-8). Allyl
diphenyl phosphinite is more reactive than the substituted
allyl diphenyl phosphinite (entries 7 and 8). Acyclic secondary alkyl diphenyl phosphinites underwent clean reactions to
provide the corresponding alkyl phenyl selenides in high
Table 1. Synthesis of 1-adamantyl phenyl selenide from 1adamantyl diphenyl phosphinite

Entry
1
2
3
4
5

ROPPh2 PhSeSePh
In
Time Isolated yield
Temp
(equiv) (equiv) (equiv)
(h)
(%)
1
1
1
1
1

0.5
0.5
1
1
1

3
3
1.5
1.5
0

rt
reflux
rt
reflux
reflux

24
2
24
2
2

47
45
53
83
0

1848
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Table 2. Synthesis of alkyl phenyl selenides from alkyl diphenyl
phosphinites
Entry
1

RSePh

Time (h) Isolated yield (%)
2
71

2

2

83

3

2

96

4

2

89

5

2

80

6

3

89

7

2

78

8

2

69

9

4

98

10

3

86

11

4

0

12

2

28a

13

24

0 (23)b

a

Analyzed by GC. bThe reaction was carried out in the presence of I2 (0.5
equiv) for 4 h.

yields. However, longer reaction times were required compared to reactions using primary and tertiary phosphinites
(entries 9 and 10). On the other hand, diphenyl methyl
phenyl phosphinite was unreactive even when the reaction
time was extended to 4 h (entry 11). In the case of cyclic
secondary alkyl diphenyl phosphinites, the reaction did not
proceed smoothly. Cyclohexyl phenyl selenide was obtained
in 28% yield (entry 12), and the reaction with cyclododecyl
diphenyl phosphinite did not proceed at all (entry 13). There
have been many reports of reactions using metals that were
promoted by the addition of I2.8 The conversion of cyclododecyl diphenyl phosphinite was tried in the presence of
0.5 equiv of I2 and afforded the corresponding phenylselenide albeit in moderate yield (entry 13). We speculate
that adding I2 under these reaction conditions enhanced the
rate of reaction.
A series of experiments was performed to gain some
insight into the reaction pathway. Reactions of 1-adamantyl
diphenyl phosphinite with only PhSeSePh or with only In
failed to proceed, whereas the reaction of PhSeSePh and In
yielded a yellow solution. These results clearly revealed that
the reaction commenced with the interaction of PhSeSePh
and In to afford In(SePh)3.9 It has been reported that
selenides could be synthesized through a radical pathway
initiated by In.3a,5 To probe whether the reaction proceeds by
a free radical process, the reaction of 1-hexadecanyl diphen-

yl phosphinite was performed under standard conditions in
the presence of galvinoxyl free radical.10 The corresponding
phenyl selenide was obtained in 87% yield, which was not
different from the same reaction in the absence of radical
scavenger. Finally, the reaction of an optically active sub25
strate, (R)-(−)-2-octanol ( [ α ] D −9.4 (c 1.0, CH2Cl2)) could
be successfully transformed into the chiral (S)-(+)-2-octyl
26
phenylselenide ( [ α ] D +15.2 (c 1.0, CH2Cl2)) with complete
conversion. It is therefore clear that under optimized conditions, this reaction proceeded via an SN2 mechanism. In the
case of tertiary alkyl phenyl selenides, the mechanistic pathway possibly proceeds by an SN1 process driven by formation
of a strong P=O bond in diphenylphosphine oxide to
generate a tertiary carbocation intermediate.
In summary, we developed an efficient method for preparing alkyl phenyl selenides by the In-mediated reaction of
alkyl diphenyl phosphinites with PhSeSePh. Significant
advantages of the method are short reaction times, neutral
and mild reaction conditions, and high isolated yields of the
products even in the case of tertiary alkyl phenyl selenides.
The general procedure is as follows: a mixture of alkyl
diphenyl phosphinite (0.5 mmol), PhSeSePh (156.1 mg, 0.5
mmol) and In powder (86.1 mg, 0.75 mmol) in dried CH2Cl2
(20 mL) was heated at reflux for 2 h under argon. The
reaction mixture was quenched with 1 M HCl. The organic
layer was washed with brine, dried over anhydrous MgSO4,
and purified by column chromatography on silica gel eluting
with hexane to give the corresponding alkyl phenyl selenide.
Acknowledgments. This study was supported by the
Graduate School, Chulalongkorn University, Thailand and
CBMH at Yonsei University, Korea.
References and Notes
1. (a) Uemura, S.; Hirai, Y.; Ohe, K.; Sugiti, N. J. Chem. Soc., Chem.
Commun. 1985, 1037-1038. (b) Lenardão, E. J.; Mendes, S. R.;
Ferreira, P. C.; Perin, G.; Silveira, C. C.; Jacob, R. G. Tetrahedron
Lett. 2006, 47, 7439-7442.
2. (a) Nicolaou, K. C.; Petasis, N. A. In Selenium in Natural Products
Synthesis; CIS: Pennsylvania, 1984. (b) Krief, A.; Derock, M.
Tetrahedron Lett. 2002, 43, 3083.
3. (a) Ranu, B. C.; Mandal, T. Tetrahedron Lett. 2006, 47, 5677-5680. (b)
Braga, A. L.; Schneider, P. H.; Paixão, M. W.; Deobald, A. M.
Tetrahedron Lett. 2006, 47, 7195-7198. (c) Zhao, X.; Yu, Z.; Yan, S.;
Wu, S.; Liu, R.; He, W.; Wang, L. J. Org. Chem. 2005, 70, 7338-7341.
4. (a) Movassagh, B.; Shamsipoor, M. Synlett 2005, 121-122. (b)
Cohen, R. J.; Fox, D. L. J. Org. Chem. 2004, 69, 4265-4268.
5. (a) Munbunjong, W.; Lee, E. H.; Chavasiri, W.; Jang, D. O.
Tetrahedron Lett. 2005, 46, 8769-8771. (b) Munbunjong, W.; Lee.
E. H.; Ngernmaneerat, P.; Kim, S. J.; Singh, G.; Chavasiri, W.;
Jang, D. O. Tetrahedron 2009, 65, 2467-2471.
6. Ikegai, K.; Pluempanupat, W.; Mukaiyama, T. Chem. Lett. 2005,
34, 638-639.
7. (a) Mukaiyama, T.; Ikegai, K.; Aoki, H. Proc. Japan Acad. 2005,
81, 103-109. (b) Mukaiyama, T.; Ikegai, K. Chem. Lett. 2004, 33,
1522-1523. (c) Mukaiyama, T.; Masutani, K.; Hagiwara, Y. Chem.
Lett. 2004, 33, 1192-1193.
8. Ranu, B. C.; Mandal, T. J. Org. Chem. 2004, 69, 5793-5795.
9. Kumar, R.; Mabrouk, H. E.; Tuck, D. G. J. Chem Soc. Dalton
Trans. 1998, 1045.
10. Tu, Z.; Lin, C.; Jang, Y.; Jang, Y. J.; Ko, S.; Fang, H.; Liu, J. T.;
Yao, C. F. Tetrahedron Lett. 2006, 47, 6133-6137.

