
The opening of the oxirane ring1 with various nucleophiles is
an important synthetic transformation to allow easy access to
a large number of functionalised intermediates that are
required during the synthesis of natural products.2–3The open-
ing of the oxirane ring with nucleophiles can be performed by
several methods:4 using Lewis acids, such as boron trifluoride
etherate, lanthanide chlorides, lithium perchlorate, cobalt(II)
chloride, neutral alumina, tetrabutylammonium fluoride, qua-
ternary onium salts,5,6 organic and inorganic bases.2,7

The reaction of epoxides with the phenylselenolate ion gave
organic selenides8,9,10which were formed via transopening of
the epoxides with the selenolate ion. However, many of these
reactions suffer from lack of generality, poor regioselectivity
and low temperature (–78 C).10 The phenylselenolate ion can
be obtained by reaction of diphenyl diselenide with sodium
borohydride,11,12 sodium metal,13 alkali metal hydroxide,14

sodium formaldehyde sulfoxylate,15 hypophosphoros acid,16

and tributylphosphine in NaOH/THF.10

In recent years interest has been shown in the study of
microwave assisted organic reactions,17 and some important
reviews have been published.17,18,19Microwave irradiation has
also been applied to several organic reactions.17 However, few
practical applications have been devised for the synthesis of
organoselenium compounds. Recently, we have reported the
synthesis of dibenzyl diselenide,20 diaroyl diselenides,21 aro-
matic ethers,22,23 chiral glycerol sulfide ethers24 and chiral
glycerol selenide ethers25 under phase-transfer catalysis and
microwave irradiation conditions.

We have found that diphenyl diselenide can be rapidly
reduced to the phenylselenolate ion by NaBH4/NaOH under
microwave irradiation, and then the phenylselenolate ion may
also rapidly react with epoxypropoxyphenols under
microwave irradiation to afford the 1-phenylseleno-3-
phenoxy-2-propanol. This method is very simple, rapid, and
has a high regioselectivity affords a good yield of the substi-
tuted glycerol selenide ethers.The reactions are shown in
Scheme 1 and the results are summarized in Table 1.

The efficiency of microwave irradiation on the formation of
phenylslenolate ion and substituted glycerol selenide ethers
was studied. The results show that the microwave irradiation

not only assisted in production of the phenylselenolate ion in
solution, but also assisted in the epoxypropoxylphenols ring
opening with phenylselenolate ion. In order to elucidate the
action of microwave irradiation, we have investigated the
reduction of diphenyl diselenide without irradiation. The
reduction of diphenyl diselenide was finished in NaBH4/
NaOH/C2H5OH system for 3h at 85–90oC under 
normal conditions. However, the reduction was finished in 6
minutes under microwave irradation conditions. Table 1 shows
the yield of 3c is 91%. Under normal conditions but without
the microwave irradiation for 10h, the yield of 3c is only 70%.
We have also found that the conversion of epoxyproxyphenols
to the corresponding 1-phenylseleno-3-phenoxy-2-propanol
were successfully achieved without affecting the ether func-
tion under microwave irradiation condition. The regioisomer 2-
phenylseleno-3-phenoxy-1-propanol, was not detected.
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Scheme 1

Table 1 Preparation of 1-phenylseleno-3-phenoxy-2-
propanol 3a–k

Entry Producta–c Yieldd

/%

3a 89

3b 89

3c 91

3d 90

3e 88

3f 89

3g 88

3h 86

3i 90

3j 87

3k 86

aMol ratio (Arse)2: epoxypropoxylphenol: NaBH4: NaOH = 4.05:
8:16:7.5. bIrradiation conditions: power, 750 W;time, 15 min.
cAbsolute ethanol used as solvent. dIsolated yield.



The efficiency of various solvents on the formation of 
1-phenylseleno-3-phenoxy-2-propanol was studied using
microwave irradiation. The results show that the EtOH is the
best solvent for the reaction. No reaction occus when C6H6,
CH2Cl2, PhCH and THF are used as solvents, since they can-
not stabilize the alkyl selenide ions (see Table 2).

We have also investigated the effects of irradiation power
time, and operation method on the reactions. It was found that
the high yields of compounds 3 can be obtained in 750W
power for 15 min continuous irradiation conditions. In conclu-
sion, we have investigated the possiblity of one-pot synthesis
of substituted glycerol selenide ethers. The yield of 3c was
only 50% lower than that of the two-step continuous irradiation
method.

Experimental 

The melting points were determined on a X4 micro-melting point appa-
ratus, and are uncorrected. IR spectra were recorded on a Alpha cen-
tauri FT-IR spectrometer. 1H-NMR spectra were measured on a FT-80
spectrometer at 80 MHz. Mass spectra were recorded on GC-MS QP-
1000. Elemental analyses were carried out with a Carlo Erba Model
1106 Elemental Analyzer. Microwave irriadition are carred out with an
improved reflux microwave oven using an inert gases protector.

General procedure for preparation of 1-phenylseleno-3-phenoxy-
2-propanol 3a-k: To a solution of diphenyl diselenide (4.05 ml) in
EtOH (30 ml) were added in succession NaOH (7.5 mmol), NaBH4
(16.0 mmol) and the mixture was irradiated with 750W for 6 min
under Ar protection. Then epoxypropoxyphenols (8.0 mmol) in
ethanol (10 ml) solution were added dropwise to above mixture over
about 5min under the same irradiation conditions and then irradiation
was continued for 4min. After completion of the reaction,the solvent
was removed by evaporation under reduced pressure and the residue
was acidified with hydrogen chloride (10%).The organic phase was
extracted with benzene (3×20ml), dried (MgSO4), and concentrated.
The pure solid products were obtained by recrystallization from
ethanol, and the pure liquid products were isolated by a short silica
gel column using petroleum ether:ethylacetate (18:1, V/V) as an elu-
ent. Chromatographic optical resolution of compounds 3a-j by HPLC
on chiralcel OD column.

1-Phenylseleno-3-phenoxy-2- propanol 3a: Oil; 1HNMR(C6D6)
δ1.7 (s, 1H, OH), 2.9(d, 2H, CH2

a), 3.6(d, 2H, CH2
b), 3.7(m, 1H,

CH), 6.6-7.4(m, 10H, ArH); IR ν (KBr) 3434, 3050, 2920, 1599,
1495, 1240, 730; MS(m/e, %): 307(M+), 215(15), 171(20), 133(45),
109(100). (Found: C, 58.95; H,5.13; O, 10.64; Se, 25.28. Calcd. for
C15H16O2Se: C, 59.19; H,5.30; O, 10.52; Se,24.99%).

1-Phenylseleno-3-(α-naphthyloxy)-2-propanol 3b: Oil;
1HNMR(C6D6) δ1.7 (s, 1H, OH), 3.0(d, 2H, CH2

a), 3.8(d, 2H, CH2
b),

3.9–4.2 (m, 1H, CH), 6.5–7.5(m, 12H, ArH); IR ν (KBr) 3422, 3054,
2930, 1620, 1595, 1588, 1509, 1240, 772; MS(m/e, %) 358(M+1),
281(17), 265(22), 207(100). (Found: C,63.92; H,4.99; O,8.81;
Se,22.28. Calcd. for C19H18O2Se: C, 63.84; H, 5.08; O, 8.96; Se,
22.12%).

1-Benzylseleno-3-(α-naphthoxy)-2-propanol 3c: m.p. 53.5–54°C;
1HNMR(C6D6) δ 1.2(s, 1H, OH), 2.2(s, 2H, CH2), 2.9(d, 2H, CH2

a),
3.6(d, 2H, CH2

b), 3.9(m, 1H, CH), 6.7–7.4(m, 12H, ArH); IR ν (KBr)
3243, 3035, 2923, 1599, 1500, 1381, 1244, 801;MS(m/e %)
371(M+), 280(6.3), 156(27). (Found: C, 64.82; H, 5.55; O, 8.50; Se,
21.13 Calcd. for C20H20O2Se: C, 64.66; H, 5.43; O, 8.62; Se,
21.29%).

1-Benzylseleno-3-phenoxy-2-propanol3d: m.p. 67.5–68°C;
1HNMR(C6D6) δ1.2(s, 1H, OH), 2.1(d, 2H, CH2

a), 2.5(d, 2H, CH2
b),

3.3(s, 2H, CH2), 3.6–3.8(m, 1H, CH), 6.7–7.4(m, 10H, ArH); IR
ν(KBr) 3384, 3061, 2925, 1590, 1566, 746; MS(m/e, %) 321(M+),
228(5.4), 133(13.3), 91(100), 77(19).( Found: C, 59.93; H, 5.71; O,
10.00; Se, 24.36. Calcd. for C16H18O2Se: C, 59.79; H, 5.65; O, 9.96;
Se, 24.60%).

1-(4-Methyphenylseleno)-3-phenoxy-2-propanol 3e: Oil;
1HNMR(C6D6) δ 1.9(s, 3H, CH3), 2.2(s, 1H, OH), 2.9(d, 2H, CH2

a),
3.6(d, 2H, CH2

b), 3.9(m, 1H, CH), 6.7–7.4(m, 9H, ArH); IR ν (KBr)
3421, 3035, 2923, 1599, 1500, 1381, 1244, 801; MS(m/e, %):
322(M+1, ) 212(25),134(95), 105(100). ( Found: C, 59.82; H, 5.47;
O, 10.01; Se, 24.70. Calcd. for C16H18O2Se: C, 59.79; H, 5.65; O,
9.96; Se, 24.60%).

1-(2,3-Dimethyl phenylseleno)-3-(α-naphoxy)-2-propanol3f: Oil;
1HNMR(C6D6) δ 1.7(s, 3H, CH3), 2.0(s, 1H, OH), 2.3(s, 3H, CH3),
3.0(d, 2H, CH2

a), 3.8(d, 2H, CH2
b),3.9-4.1(m, 1H, CH),6.3–8.3(m,

10H, ArH); IR ν (KBr) 3421, 3053, 3010, 2926, 1730, 1620, 1595,
1580,1509, 791. MS(m/e, %) 386(M+1, ), 263(10), 243(55); 199(30),
183(27), 119(86), 109(100). (Found: C, 65.44; H, 5.66; O, 8.36; Se,
20.54. Calcd. for C21H22O2Se: C, 65.42; H, 5.76; O, 8.31; Se,
20.51%).

1-(3,4-Dimethyl phenylseleno)-3-phenoxy-2-propanol 3g: Oil;
1HNMR(C6D6) δ1.6(s, 3H, CH3), 2.0(s, 3H, CH3), 2.3(s, 1H, OH),
2.9(d, 2H, CH2

a), 3.7(d, 2H, CH2
b),3.8-4.2(m, 1H, CH), 6.6–7.3(m,

8H, ArH); IR ν (KBr)3412, 3037, 2926, 1590, 1500, 1245, 754;
MS(m/e, %) 336(M+1), 243(20), 213(25), 199(35), 185(46), 133(95),
119(100). (Found: C, 60.95; H, 6.03; O, 9.60; Se, 23.42. Calcd. for
C17H20O2Se: C, 60.87; H, 6.02; O, 9.54; Se, 23.57%).

1-(3,5-Dimethyl phenylseleno)-3-(α-naphthoxy)-2-propanol 3h:
Oil; 1HNMR(C6D6) δ1.70(s, 1H, OH), 2.0(s, 3H, CH3), 2.4(s, 3H,
CH3), 3.0(d, 2H, CH2

a), 3.8(d, 2H, CH2
b), 3.9–4.2(m, 1H, CH),

6.5–7.5(m, 10H, ArH); IR ν (KBr) 3427, 2930, 2922, 1599, 1500,
1377, 1244, 754; MS(m/e, %) 386(m+1, ),336(80),243(35),213(65),
185(100). (Found: C, 65.45; H, 5.58; O, 8.39; Se, 20.58. Calcd. for
C21H22O2Se: C, 65.42; H, 5.76; O, 8.31; Se, 20.51%).

1-(β-Naphthseleno)-3-(α-naphthoxy)-2-propanol 3i: Oil;
1HNMR(C6D6) δ1.2(s, 1H, OH), 2.4(d, 2H, CH2

b), 3.5(s, 2H, CH2
a),

3.6-3.7(m, 1H, CH), 6.8-7.3(m, 14H, ArH) ;IR ν (KBr) 3430, 3050,
3020, 2925, 1607, 1600, 579; MS(m/e, %) 408(M+1), 309(100),
229(20), 211(25), 181(27). (Found: C, 67.75; H, 5.08; O, 8.02; Se,
19.15. Calcd. for C23H20O2Se: C, 67.79; H, 4.95; O, 7.86; Se,
19.40%).

1-(β-Naphthseleno)-3-phenoxy-2-propanol3j: Oil; 1HNMR(C6D6)
δ2.3(s, 1H, OH), 3.1(d, 2H, CH2

a), 3.4(d, 2H, CH2
b), 3.8(m, 1H, CH),

6.9–7.9(m, 12H, ArH); IR ν (KBr) 3401, 3057, 2920, 1640, 1590,
1497, 1456, 1240,754; MS(m/e, %) 358(M+1), 281(17), 265(22),
221(55), 207(100). (Found: C, 63.88; H, 5.17; O, 8.83; Se, 22.12.
Calcd. for C19H18O2Se: C, 63.84; H, 5.08; O, 8.96; Se, 22.12%).

1-(α-Naphthalseleno)-3-phenoxy-2-propanol 3k: Oil;
1HNMR(C6D6) δ1.3(s, 1H, OH), 2.5(d, 2H, CH2

b), 3.6(d, 2H, CH2),
3.7(d, 2H, CH2

a), 3.8(m, 1H, CH), 6.7–7.7(m, 12H, ArH). IR ν (KBr)
3400, 3057, 2925, 1675, 1585, 1500, 1465, 1240,476; MS(m/e, %)
372(M+1), 141(100), 140(99), 101(1), 77(2). Found: C, 64.67; H,
5.46; O, 8.59; Se, 21.28 Calcd. for C20H20O2Se: C, 64.66; H, 5.43; O,
8.62; Se, 21.29%).
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Table 2 Effect of solvent on the synthesis of 3a

Entry Solventa Irradiation power Irradiation time Yieldb

/W /min /%

1 Benzene 750 15 0
2 Toluene 750 15 0
3 Dichloromethane 750 15 0
4 Tetrahydrofuran 750 15 0
5 Methylcyanide 750 15 32
6 N,N-Dimethylformamide 750 15 76
7 Absolute ethanol 750 15 89
aMol ratio: (ArSe)2 :epoxypropoxylphenol: NaBH4 : NaOH = 4.05 : 8 : 16 : 7. 5. bIsolated yield.
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