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Abstract: Two convenient rapid, efficient, stereoselective and
highly regioselective methods for the synthesis of b-hydroxy se-
lenides by the direct opening of epoxides with diselenides in aceto-
nitrile in the presence of either Zn/AlCl3 or zinc powder in aqueous
sodium hydroxide solution are described. These methods appear to
be competitive with the other methods previously reported.
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b-Hydroxy selenides are valuable selenium intermediates
in organic synthesis;1 they can be converted to allylic al-
cohols, olefins, bromohydrins, vinyl selenides and ep-
oxides.2–5 Several methods are available for the
preparation of b-hydroxy selenides. These hydroxy com-
pounds have been found as the addition products of sele-
nenic acids to olefins with a good regioselectivity.6 The
SN2 displacement of bromine from b-bromoselenides by
hydroxide ion is another stereoselective method.7 The
alkaline hydrolysis of b-acetoxyselenides has been de-
scribed.8 A convenient method for the synthesis of b-hy-
droxy selenide uses N-phenylselenophthalimide (NPSP)
in the presence of water.9 Another important method is the
reaction of aldehydes and ketones with selenium-
stabilized carbanions.10 The reduction11 or nucleophilic
addition of Grignard reagents,11 alkyllithium, a-seleno-
alkyllithiums12 to a-selenoaldehydes or b-selenoketones
provide other methods for access to b-hydroxy selenides.

The SN2 ring-opening of epoxides, using selenolate an-
ions, is a common method for preparing b-hydroxy se-
lenides. This method provides an excellent preparative
route to allylic alcohols via selenoxide elimination.2 Other
effective reagents for epoxide-opening include phenyl tri-
methylsilyl selenide,13 aluminum selenolates,14 selenobo-
ranes,15 and benzeneselenol in the presence of alumina.16

Attack by the selenolates generally occurs at the less hin-
dered epoxide carbon and is anti stereospecific. In cyclic
systems, a strong preference for approach from the axial
direction may outweigh other factors.

Herein, we report that alkyl and arylselenide ions can be
easily generated from the corresponding diselenides in the
presence of either Zn/AlCl3 under neutral conditions or
with zinc powder in aqueous sodium hydroxide solution.

The anion can then react, under mild and atmospheric
conditions, with different classes of epoxides to give b-
hydroxy selenides, formed via trans-opening of the ep-
oxides, in moderate to excellent yields (Scheme 1).
Table 1 shows the results obtained in the reactions of a
series of representative epoxides with diphenyl- and
dibenzyl diselenides in the presence of Zn/AlCl3 system in
anhydrous acetonitrile (method A), compared with the re-
sults obtained in the presence of zinc powder and aqueous
sodium hydroxide in acetonitrile (method B).

Scheme 1

From the results in Table 1 it is quite evident that, in the
case of unsymmetrical epoxides, the reaction proceeds
with a remarkable regioselectivity because in most cases
selenolate anions exclusively attack the less hindered car-
bon of the epoxide to give the regioisomer (2, Scheme 1).
The exceptions are given by styrene oxide (entries 13 and
14) and 1,2-epoxy-3-phenoxypropane (entry 15) where
mixtures of the two regioisomers are obtained. Under neu-
tral conditions, styrene oxide reacted with diphenyl dise-
lenide to give regioisomers (2h) and (3h) in 64:36 ratio
(83% total isolated yield); whereas, the same reaction un-
der alkaline conditions gave the two regioisomers (2h)
and (3h) as an 80:20 mixture (81% total isolated yield).
This regioselectivity is presumably due to partial stabili-
zation of developing positive charge at the more hindered
site of the epoxide. In the reaction of 1,2-epoxy-3-phen-
oxypropane with diphenyl diselenide under both reaction
conditions, while only one regioisomer (2i) was obtained
in alkaline medium (entry 16), equal quantities of both re-
gioisomers were detected under neutral conditions. The
reactions are completely anti-stereoselective as shown by
the reactions carried out on cyclohexene- and cyclooctene
oxides (entries 8–12), where no trace of the syn-adducts
were detected by 1H NMR spectroscopy.

When diselenides were reacted with Zn/AlCl3 in dry
MeCN (method A), the zinc powder almost disappeared
within 1.5 hours; this indicates a reductive cleavage of the
Se-Se bond17 leading to the zinc selenolate [(R2Se)2Zn]
intermediate which further undergoes nucleophilic attack
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on the epoxide.18 It seems that, in aqueous sodium hy-
droxide medium, zinc selenolate turns into the sodium
salt (R2Se–Na+) which is a more reactive selenolate ion to-
wards nucleophilic ring-opening of epoxides.19 Interest-
ingly, no corresponding diols were detected using this
method.

In conclusion, the new method described here appears to
be highly competitive with other methods reported in the
literature, and in some cases better results are obtained,
especially in terms of reaction time and yields.15,20 It has
been shown that the methods here reported are very effec-
tive for the opening of epoxides, with high regioselectivi-
ty, under simple and relatively mild conditions. The other
advantages of these methods are simple work-up, lower
toxicity, and low costs.
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Entry R1 or epoxide R2 Methoda Reaction time (h) Productb,c Yield (%)d

1
2

CH3 Ph A
B

1.5
0.5

2a21

2a
90
91

3
4

n-C6H13 Ph A
B

3
1

2b21

2b
61
86

5
6

HOCH2 Ph A
B

4
1

2c21

2c
76
80

7 ClCH2 Ph A 3 2d22 70

8
9

Ph A
B

5
3

2e20

68
65

10
11
12

Ph
Ph

A
B

2
0.5

2f20

78
80

PhCH2 B 4

2g23

60

13
14

Ph Ph A
B

4
1

2h/3h20

2h/3h
83e

81f

15
16

PhOCH2 Ph A
B

1.5
0.5

2i/3i24

2i
91g

91

17 PhOCH2 PhCH2 B 2 2j24 70

18
19

n-C4H9 Ph A
B

3
1

2k25

2k
70
89

a A: Zn/AlCl3 system in anhyd MeCN; B: Zn in MeCN–NaOH (aq).
b All products are known compounds.
c References of the known compounds.
d Isolated yields.
e Ratio 2h/3h = 1.8:1.
f Ratio 2h/3h = 4:1.
g Ratio 2i/3i = 1:1.
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