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An efficient route to vinyl substituted oxadiazoles
and triazoles using phenylselanyl derivatives as precursor
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Abstract—Vinyl substituted oxadiazoles and triazoles were obtained from selenoxide syn-elimination of phenylselanylethyl substituted
oxadiazoles and triazoles, which were prepared through hydrazinolysis, acylation, and cyclocondensation reactions of phenylselanyl-
propionate. Using phenylselanyl group as the precursor of terminal double bond is critical to the success of the reactions.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Vinyl substituted heterocycles are versatile intermediates
for the synthesis of complex natural products and bio-
logically active compounds,1 which are observed in many
therapeutic agents. In addition, vinyl substituted hetero-
cycles play an important role as useful additives in material
chemistry.2

In view of the fact that vinyl substituted heterocycles have
such a potential in organic synthesis, we wish to study the
preparation of vinyl substituted oxadiazoles and triazoles.
Therefore, we designed retrosynthetic Route A initially
(Scheme 1). However, the preparation of a,b-unsaturated
hydrazide 8 is difficult. When the conventional method
for preparing acyl hydrazides was applied to the a,b-unsat-
urated ester, the predominant product was the pyrazolidi-
none due to hydrazinolysis and an undesired subsequent
0040–4020/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2007.05.080
intramolecular Michael-type cyclization.3 Alternatively,
acyl hydrazides can be prepared by condensing carboxylic
acids with hydrazine in the presence of coupling agents.4

Nevertheless, most of these methods provide low yields
and complicated product isolations.5 Moreover, we failed
to get the desired cyclocondensation product 6 from inter-
mediate 7 by reaction with arylphosphazoanilide (Ar-
N]P-NH-Ar).10 Vinyl substituted heterocycle 6 has a
highly reactive terminal double bond, which is directly con-
nected to an electron withdrawing group (heterocycle),6

and therefore is easily polymerized at high reaction temper-
ature. In the search for alternative strategies to solve this
problem, considering the protection of terminal double
bond, we turned our attention to organoselenium. Diorganic
selenides have attracted considerable interest because they
are key intermediates7 that can be efficiently introduced,
manipulated, and removed under mild conditions and
usually in good yields.
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Scheme 1. Retrosynthetic route of the vinyl substituted 1,2,4-triazoles 6.
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Fortunately, our careful investigation resulted in a high
yielding Route B. We reasoned that the facile selenoxide
syn-elimination8 of the phenylselanyl group could be used
to mask a vinylic functionality, thus serving as a ‘pro-vinyl’
group during the reaction and finally through facile selen-
oxide syn-elimination to get vinyl substituted heterocycles.
Based on our continuous studies9 on the application of sele-
nium in solid- and solution-phase organic syntheses, here we
reported an efficient protocol to prepare vinyl substituted
oxadiazoles and triazoles via selenoxide syn-elimination
of phenylselanylethyl substituted oxadiazoles and triazoles
with the advantages of stability and good yield of the
product.

2. Results and discussion

We began our experiment from diphenyl diselenide, which
was treated with NaBH4 and ethyl 3-chloro-propionate to
get ethyl 3-phenylselanyl-propionate 2 almost quantitatively
(Scheme 2).
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Scheme 2. Reagents and conditions: (a) NaBH4, THF/DMF, rt, 8 h;
ClCH2CH2COOEt, rt, 4 h.

Since the direct reaction of phenylselanyl-propionate 2
and acylhydrazine did not occur, two-step reaction was
adopted to synthesize hydrazide 4 (Scheme 3). Hydrazide
4 can undergo cyclocondensation reaction with arylphos-
phazoanilide (Ar-N]P-NH-Ar) to get phenylselanylethyl
substituted 1,2,4-triazoles 5.10 Followed by the selenoxide
syn-elimination, vinyl substituted 1,2,4-triazoles could be
obtained in good yield regardless of whether R1 and R2 (in
products 6) are alkyl or aryl with an electron-donating group
or an electron-withdrawing group (Scheme 3). Results are
described in Table 1.

Besides vinyl substituted 1,2,4-triazoles, vinyl substituted
1,3,4-oxadiazoles11 could also be obtained through hydra-
zinolysis, acylation, cyclocondensation, and elimination
reaction of ethyl 3-phenylselanyl-propionate 2. With this
hydrazide 4 in hand, the cyclocondensation reaction was
carried out in the presence of phosphorus oxychloride to
form phenylselenoethyl substituted 1,3,4-oxazole 9, which
was then followed by selenoxide syn-elimination to obtain
vinyl substituted 1,3,4-oxazole 10 in good yield (Scheme 4).
The results are summarized in Table 2.
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Scheme 4. Reagents and conditions: (a) phosphorus oxychloride, reflux,
6 h; (b) H2O2, THF, 0 �C, 10 min, then rt, 1.5 h.

3. Conclusions

In summary, we have developed an efficient cyclocondensa-
tion route to phenylselanylethyl substituted oxadiazoles and
triazoles, which followed by selenoxide syn-elimination
gives vinyl substituted oxadiazoles and 1,2,4-triazoles, re-
spectively. During the reaction, the phenylselanyl group
acted as an efficient precursor of terminal double bond,
which is critical to the success of the reactions.

Table 1. Synthesis of the phenylselenoethyl substituted 1,2,4-triazoles 5 and
the vinyl substituted 1,2,4-triazoles 6

R1 R2 Product 5 Yield 5a

(%)
Product 6 Yield 6b

(%)

C6H5 2-CH3C6H4 5a 71 6a 96
C6H5 3-CH3OC6H4 5b 62 6b 95
C6H5 2,4-(CH3)2C6H3 5c 68 6c 97
C6H5 4-ClC6H4 5d 73 6d 98
C6H5CH2 4-CH3C6H4 5e 80 6e 97
C6H5CH2 C6H5 5f 79 6f 98
4-CH3OC6H4 4-CH3C6H4 5g 71 6g 96
4-CH3OC6H4 2-CH3C6H4 5h 67 6h 97
4-CH3OC6H4 4-ClC6H4 5i 72 6i 97
CH3 4-CH3C6H4 5j 82 6j 98
CH3 a-Naphthalenyl 5k 70 6k 97
CH3 3-CH3OC6H4 5l 59 6l 97
i-C3H7 C6H5 5m 70 6m 96
i-C3H7 4-CH3C6H4 5n 69 6n 97
i-C3H7 2-CH3C6H4 5o 65 6o 98
n-C6H13 3-CH3C6H4 5p 71 6p 97
n-C6H13 2-CH3C6H4 5q 63 6q 97

a Yield of the product 5 is based on the compounds 2.
b Yield of the product 6 is based on the compounds 5.

Table 2. Synthesis of the phenylselenoethyl substituted 1,3,4-oxadiazoles 9
and the vinyl substituted 1,3,4-oxadiazoles 10

R1 Product 9 Yield 9a (%) Product 10 Yield 10b (%)

C6H5 9a 69 10a 98
4-CH3OC6H4 9b 66 10b 97
CH3 9c 71 10c 98
i-C3H7 9d 62 10d 97
n-C6H13 9e 58 10e 96

a Yield of the product 9 is based on the compounds 2.
b Yield of the product 10 is based on the compounds 9.
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Scheme 3. Reagents and conditions: (a) NH2NH2H2O, CH3OH, reflux; (b) R1COCl, pyridine, CH2Cl2, 0 �C, then rt; (c) R2–N]P-NH-R2, o-dichlorobenzene,
reflux, 3 h; (d) H2O2, THF, 0 �C, 10 min, then rt, 1.5 h.
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4. Experimental

4.1. General

The melting points were uncorrected. THF and toluene were
distilled from sodium/benzophenone immediately prior to
use. 1H NMR (400 MHz) and 13C NMR (100 MHz) spectra
were recorded on a Bruker Avance spectrometer, using
CDCl3 as the solvent and TMS as an internal standard.
Mass spectra (EI, 70 eV) were recorded on an Agilent
5975 inert mass selective detector. Infrared spectra were
recorded on a Bruker Vector 22 spectrometer. Elemental
analyses were performed on a Flash EA 1112 instrument.

4.1.1. Typical procedure for the preparation of arylphos-
phazoanilide (Ar-N]P-NH-Ar). To a solution or suspen-
sion of the amine (78 mmol) in 100 mL toluene was
slowly added phosphorus trichloride (15 mmol) dropwise.
The mixture was stirred for 1.5 h at the reflux temperature.
After completion of the reaction, the reaction mixture was
filtered, and the filter cake was washed with hot toluene
(2�30 mL). The filtrate was evaporated to dryness under
vacuum to obtain the crude products, which were recrystal-
lized via ethanol; the yield was 60–70%.

4.1.2. Typical procedure for the preparation of ethyl 3-
phenylselanyl-propionate 2. Under a positive pressure of
nitrogen, NaBH4 (30.0 mmol) was added slowly to the
reaction flask containing diphenyl diselenide 1 (3.12 g,
10.0 mmol) dissolved in anhydrous THF/DMF (60/12 mL).
After 8 h of stirring at room temperature, ethyl 3-chloro-pro-
pionate (21.0 mmol) was added, and the mixture was stirred
for 4.0 h at room temperature. The cooled mixture was par-
titioned between DCM and water. The organic layer was
separated and the aqueous layer was extracted with DCM
twice. The combined organic layers were washed with brine,
dried over Mg2SO4, and concentrated in vacuo. The residual
oil was loaded on a silica gel column and eluted with petro-
leum ether/ethyl acetate (20/1) to afford the product 2.

4.1.3. Typical procedure for the preparation of the
substituted acid N0-(3-phenylselanyl-propionyl)-hydra-
zide 4. The mixture of ethyl 3-phenylselanyl-propionate 2
(5.0 mmol) and hydrazine hydrate 85% (100 mmol) in meth-
anol (40 mL) was refluxed under nitrogen. After the reaction
was completed, monitored by TLC, the mixture was con-
centrated in vacuo to get the solid, which was washed with
petroleum ether to give the 3-phenylselanyl-propionic acid
hydrazide 3.

Under a nitrogen atmosphere, acyl chloride in anhydrous
DCM (5 mL) was added dropwise to the mixture of anhy-
drous pyridine (6.0 mmol) and compounds 3 (3.0 mmol) in
anhydrous DCM (30 mL) at 0 �C. The mixture was stirred
at room temperature. After the reaction was completed,
monitored by TLC, the resulting precipitate was collected
on a filter, washed with distilled water, petroleum ether,
and cool DCM to give the product 4.

4.1.4. Typical procedure for the preparation of the 5-phen-
ylselenoethyl-3,4-disubstituted-1,2,4-triazoles (products
5a–q). Under a positive pressure of nitrogen, the compounds
4 (0.5 mmol) and arylphosphazoanilide (Ar-N]P-NH-Ar)
(0.55 mmol) were dissolved in 1,2-dichlorobenzene (3 mL).
The mixture was stirred for 3 h at reflux temperature and
then cooled to room temperature. The reaction mixture
was loaded on a silica gel column and eluted with petroleum
ether/ethyl acetate to afford the product 5.

4.1.4.1. 3-Phenyl-5-(2-phenylselanyl-ethyl)-4-o-tolyl-
4H-[1,2,4]triazole (5a). Oil. 1H NMR (CDCl3) d 7.41–7.39
(3H, m), 7.32–7.29 (5H, m), 7.26–7.24 (2H, m), 7.20–7.17
(4H, m), 3.19–3.17 (2H, m), 2.95–2.93 (2H, m), 1.85 (3H,
s); 13C NMR (CDCl3) d 154.8, 153.7, 135.5, 133.5, 132.5,
131.8, 130.2, 129.6, 129.2, 129.1, 128.5, 127.9, 127.7,
127.4, 127.1, 127.0, 26.5, 23.7, 17.3; MS m/z 338 (100),
419 (M+); IR nmax (cm�1) 3057, 2925, 1579, 1500, 1473,
1441, 773, 736, 694; Anal. Calcd for C23H21N3Se: C,
66.03%; H, 5.06%; N, 10.04%; Found: C, 66.11%; H,
5.10%; N, 10.09%.

4.1.4.2. 4-(3-Methoxy-phenyl)-3-phenyl-5-(2-phenyl-
selanyl-ethyl)-4H-[1,2,4]triazole (5b). Oil. 1H NMR
(CDCl3) d 7.42–7.40 (2H, m), 7.34–7.24 (6H, m), 7.19–
7.17 (3H, m), 7.02–7.00 (1H, m), 6.65–6.64 (2H, m), 3.72
(3H, s), 3.18–3.16 (2H, m), 3.06–3.04 (2H, m); 13C NMR
(CDCl3) d 160.4, 154.7, 153.7, 135.2, 132.4, 130.7, 129.4,
129.0, 128.9, 128.2, 128.0, 126.9, 126.6, 119.2, 115.2,
112.9, 55.4, 26.5, 23.8; MS m/z 354 (100), 435 (M+); IR
nmax (cm�1) 3057, 2938, 1604, 1492, 1476, 1231, 1023,
736, 692; Anal. Calcd for C23H21N3OSe: C, 63.59%; H,
4.87%; N, 9.67%; Found: C, 63.48%; H, 4.95%; N, 9.71%.

4.1.4.3. 4-(2,4-Dimethyl-phenyl)-3-phenyl-5-(2-phen-
ylselanyl-ethyl)-4H-[1,2,4]triazole (5c). White solid, mp
90–92 �C. 1H NMR (CDCl3) d 7.43–7.41 (2H, m), 7.31–
7.16 (8H, m), 7.08–7.02 (3H, m), 3.17–3.14 (2H, m),
2.94–2.92 (2H, m), 2.39 (3H, s), 1.78 (3H, s); 13C NMR
(CDCl3) d 154.7, 153.5, 140.1, 134.7, 132.2, 132.1, 130.5,
129.3, 129.0, 128.8, 128.2, 128.1, 127.4, 127.2, 126.9,
126.7, 26.4, 23.5, 21.0, 17.0; MS m/z 352 (100), 433 (M+);
IR nmax (cm�1) 3052, 2920, 1578, 1506, 1473, 1441, 738,
694; Anal. Calcd for C24H23N3Se: C, 66.66%; H, 5.36%;
N, 9.72%; Found: C, 66.54%; H, 5.53%; N, 9.81%.

4.1.4.4. 4-(4-Chloro-phenyl)-3-phenyl-5-(2-phenyl-
selanyl-ethyl)-4H-[1,2,4]triazole (5d). White solid, mp
94–96 �C. 1H NMR (CDCl3) d 7.38 (2H, d, J¼8.4 Hz),
7.35–7.30 (5H, m), 7.27–7.18 (5H, m), 7.04 (2H, d,
J¼8.4 Hz), 3.15–3.11 (2H, m), 3.01–2.97 (2H, m); 13C
NMR (CDCl3) d 154.5, 153.6, 135.5, 132.6, 132.5, 130.1,
129.5, 128.9, 128.8, 128.4, 128.3, 128.0, 126.9, 126.2,
26.3, 23.8; MS m/z 358 (100), 439 (M+); IR nmax (cm�1)
3058, 1577, 1496, 1416, 1094, 842, 739, 695; Anal. Calcd
for C22H18ClN3Se: C, 60.22%; H, 4.13%; N, 9.58%; Found:
C, 60.31%; H, 4.29%; N, 9.41%.

4.1.4.5. 3-Benzyl-5-(2-phenylselanyl-ethyl)-4-p-tolyl-
4H-[1,2,4]triazole (5e). White solid, mp 64–66 �C. 1H
NMR (CDCl3) d 7.26 (2H, d, J¼8.0 Hz), 7.15–7.11 (8H,
m), 6.92–6.90 (2H, m), 6.72 (2H, d, J¼8.0 Hz), 3.94 (2H,
s), 3.10–3.06 (2H, m), 2.91–2.89 (2H, m), 2.39 (3H, s);
13C NMR (CDCl3) d 153.8, 153.4, 139.5, 135.3, 132.0,
130.1, 129.9, 128.8, 128.6, 128.1, 127.9, 126.5, 126.4,
126.2, 31.0, 26.0, 23.4, 20.8; MS m/z 352 (100), 433 (M+);
IR nmax (cm�1) 2972, 1579, 1516, 1431, 1217, 755, 550;
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Anal. Calcd for C24H23N3Se: C, 66.66%; H, 5.36%; N,
9.72%; Found: C, 66.73%; H, 5.33%; N, 9.81%.

4.1.4.6. 3-Benzyl-4-phenyl-5-(2-phenylselanyl-ethyl)-
4H-[1,2,4]triazole (5f). Oil. 1H NMR (CDCl3) d 7.46–
7.44 (1H, m), 7.37–7.33 (2H, m), 7.27–7.26 (2H, m),
7.15–7.11 (6H, m), 6.89–6.83 (4H, m), 3.97 (2H, s), 3.13–
3.09 (2H, m), 2.92–2.89 (2H, m); 13C NMR (CDCl3)
d 154.0, 153.5, 135.3, 133.0, 132.2, 129.6, 129.5, 128.9,
128.8, 128.3, 128.1, 127.0, 126.7, 126.5, 31.3, 26.2, 23.6;
MS m/z 338 (100), 419 (M+); IR nmax (cm�1) 3058, 2929,
1599, 1499, 1478, 1436, 733, 694; Anal. Calcd for
C23H21N3Se: C, 66.03%; H, 5.06%; N, 10.04%; Found: C,
65.90%; H, 5.20%; N, 10.09%.

4.1.4.7. 3-(4-Methoxy-phenyl)-5-(2-phenylselanyl-eth-
yl)-4-p-tolyl-4H-[1,2,4]triazole (5g). White solid, mp
86–88 �C. 1H NMR (CDCl3) d 7.32 (2H, d, J¼8.8 Hz),
7.30–7.28 (2H, m), 7.21 (2H, d, J¼8.0 Hz), 7.17–7.14
(3H, m), 6.98 (2H, d, J¼8.0 Hz), 6.74 (2H, d, J¼8.8 Hz),
3.68 (3H, s), 3.15–3.11 (2H, m), 3.02–2.98 (2H, m), 2.39
(3H, s); 13C NMR (CDCl3) d 159.9, 154.1, 153.2, 139.3,
132.0, 131.2, 130.2, 129.1, 128.7, 128.5, 126.5, 126.4,
118.6, 113.3, 54.6, 26.1, 23.4, 20.7; MS m/z 368 (100),
449 (M+); IR nmax (cm�1) 3055, 2936, 1613, 1578, 1514,
1476, 1253, 1178, 1029, 835, 738; Anal. Calcd for
C24H23N3OSe: C, 64.28%; H, 5.17%; N, 9.37%; Found: C,
64.19%; H, 5.28%; N, 9.41%.

4.1.4.8. 3-(4-Methoxy-phenyl)-5-(2-phenylselanyl-eth-
yl)-4-o-tolyl-4H-[1,2,4]triazole (5h). Oil. 1H NMR
(CDCl3) d 7.45–7.41 (1H, m), 7.35 (2H, d, J¼8.8 Hz),
7.30–7.28 (4H, m), 7.18–7.15 (4H, m), 6.76 (2H, d,
J¼8.8 Hz), 3.72 (3H, s), 3.17–3.15 (2H, m), 2.93–2.91
(2H, m), 1.83 (3H, s); 13C NMR (CDCl3) d 160.3, 154.1,
153.2, 135.2, 133.2, 132.1, 131.6, 130.0, 129.1, 128.8,
128.6, 127.7, 127.5, 126.7, 119.1, 113.7, 54.9, 26.2, 23.4,
17.1; MS m/z 368 (100), 449 (M+); IR nmax (cm�1) 3056,
2937, 1612, 1471, 1254, 1180, 1028, 838, 737; Anal. Calcd
for C24H23N3OSe: C, 64.28%; H, 5.17%; N, 9.37%; Found:
C, 64.22%; H, 5.24%; N, 9.49%.

4.1.4.9. 4-(4-Chloro-phenyl)-3-(4-methoxy-phenyl)-5-
(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5i). Low point
solid. 1H NMR (CDCl3) d 7.38 (2H, d, J¼8.4 Hz), 7.30–7.28
(2H, m), 7.25 (2H, d, J¼8.8 Hz), 7.23–7.18 (3H, m), 7.05
(2H, d, J¼8.4 Hz), 6.76 (2H, d, J¼8.8 Hz), 3.72 (3H, s),
3.13–3.09 (2H, m), 2.99–2.95 (2H, m); 13C NMR (CDCl3)
d 160.3, 154.1, 153.4, 135.4, 132.5, 132.4, 130.0, 129.4,
128.8, 128.7, 128.4, 126.9, 118.2, 113.7, 54.9, 26.2, 23.7;
MS m/z 311 (100), 469 (M+); IR nmax (cm�1) 3055, 2937,
1678, 1612, 1499, 1254, 1180, 1028, 839, 738; Anal. Calcd
for C23H20ClN3OSe: C, 58.92%; H, 4.30%; N, 8.96%;
Found: C, 59.0%; H, 4.35%; N, 9.04%.

4.1.4.10. 3-Methyl-5-(2-phenylselanyl-ethyl)-4-p-tolyl-
4H-[1,2,4]triazole (5j). White solid, mp 87–89 �C. 1H NMR
(CDCl3) d 7.16–7.14 (4H, m), 7.04–7.02 (3H, m), 6.87–6.85
(2H, m), 2.99–2.95 (2H, m), 2.84–2.80 (2H, m), 2.30 (3H, s),
2.08 (3H, s); 13C NMR (CDCl3) d 153.3, 151.2, 139.6, 132.1,
130.5, 130.2, 128.8, 128.5, 126.5, 126.1, 26.0, 23.5, 20.7,
10.6; MS m/z 276 (100), 357 (M+); IR nmax (cm�1) 3052,
2930, 1582, 1518, 1435, 802, 695; Anal. Calcd for
C18H19N3Se: C, 60.67%; H, 5.37%; N, 11.79%; Found: C,
60.60%; H, 5.41%; N, 11.86%.

4.1.4.11. 3-Methyl-4-naphthalen-1-yl-5-(2-phenylse-
lanyl-ethyl)-4H-[1,2,4]triazole (5k). Oil. 1H NMR
(CDCl3) d 8.06–7.99 (2H, m), 7.61–7.53 (3H, m), 7.32–
7.30 (1H, d), 7.17–7.06 (6H, m), 3.09–3.02 (2H, m), 2.86–
2.82 (2H, m), 2.16 (3H, s); 13C NMR (CDCl3) d 154.6,
152.4, 134.3, 132.3, 130.6, 129.8, 129.6, 129.0, 128.9,
128.7, 128.4, 127.4, 126.8, 125.6, 125.4, 121.3, 26.4, 23.8,
10.7; MS m/z 312 (100), 393 (M+); IR nmax (cm�1) 3057,
2929, 1520, 1473, 1426, 865, 779, 739; Anal. Calcd for
C21H19N3Se: C, 64.28%; H, 4.88%; N, 10.71%; Found: C,
64.36%; H, 4.79%; N, 10.78%.

4.1.4.12. 4-(3-Methoxy-phenyl)-3-methyl-5-(2-phenyl-
selanyl-ethyl)-4H-[1,2,4]triazole (5l). Oil. 1H NMR
(CDCl3) d 7.43–7.39 (1H, m), 7.33–7.31 (2H, m), 7.19–
7.17 (3H, m), 7.07–7.04 (1H, m), 6.72–6.70 (1H, m),
6.66–6.65 (1H, m), 3.81 (3H, s), 3.16–3.12 (2H, m), 3.00–
2.96 (2H, m), 2.26 (3H, s); 13C NMR (CDCl3) d 160.5,
153.6, 151.5, 134.5, 132.4, 130.7, 129.1, 128.9, 126.8,
118.8, 115.1, 112.6, 55.4, 26.4, 23.8, 10.9; MS m/z 292
(100), 373 (M+); IR nmax (cm�1) 3059, 2935, 1601, 1492,
1424, 1226, 1026, 740, 693; Anal. Calcd for C18H19N3OSe:
C, 58.07%; H, 5.14%; N, 11.29%; Found: C, 58.18%; H,
5.23%; N, 11.20%.

4.1.4.13. 3-Isopropyl-4-phenyl-5-(2-phenylselanyl-
ethyl)-4H-[1,2,4]triazole (5m). Oil. 1H NMR (CDCl3)
d 7.53–7.51 (3H, m), 7.28–7.26 (2H, m), 7.17–7.13 (5H, m),
3.13–3.09 (2H, m), 2.96–2.92 (2H, m), 2.81–2.74 (1H, m),
1.24–1.23 (6H, m); 13C NMR (CDCl3) d 159.2, 153.3,
133.3, 132.2, 132.0, 129.8, 129.6, 128.7, 126.9, 126.6, 26.1,
24.8, 23.6, 20.8; MS m/z 290 (100), 371 (M+); IR nmax

(cm�1) 3054, 2971, 2931, 1578, 1500, 1436, 774, 738,
693; Anal. Calcd for C19H21N3Se: C, 61.62%; H, 5.72%;
N, 11.35%; Found: C, 61.51%; H, 5.81%; N, 11.40%.

4.1.4.14. 3-Isopropyl-5-(2-phenylselanyl-ethyl)-4-p-
tolyl-4H-[1,2,4]triazole (5n). Oil. 1H NMR (CDCl3)
d 7.30 (2H, d, J¼8.0 Hz), 7.28–7.26 (2H, m), 7.19–7.15
(3H, m), 7.02 (2H, d, J¼8.0 Hz), 3.12–3.08 (2H, m), 2.96–
2.92 (2H, m), 2.81–2.74 (1H, m), 2.45 (3H, s), 1.24 (3H,
s), 1.23 (3H, s); 13C NMR (CDCl3) d 159.3, 153.4, 139.8,
132.1, 130.6, 130.3, 128.9, 128.7, 126.7, 126.5, 26.1, 24.8,
23.6, 20.9, 20.8; MS m/z 304 (100), 385 (M+); IR nmax

(cm�1) 3052, 2972, 2930, 1578, 1515, 1434, 829, 738;
Anal. Calcd for C20H23N3Se: C, 62.49%; H, 6.03%; N,
10.93%; Found: C, 62.40%; H, 6.07%; N, 10.98%.

4.1.4.15. 3-Isopropyl-5-(2-phenylselanyl-ethyl)-4-o-
tolyl-4H-[1,2,4]triazole (5o). Oil. 1H NMR (CDCl3)
d 7.48–7.44 (1H, m), 7.38–7.34 (2H, m), 7.28–7.25 (2H,
m), 7.19–7.16 (3H, m), 7.08–7.06 (1H, m), 3.14–3.10
(2H, m), 2.95–2.89 (1H, m), 2.77–2.73 (1H, m), 2.63–2.59
(1H, m), 1.94 (3H, s), 1.27–1.21 (6H, m); 13C NMR
(CDCl3) d 159.2, 153.2, 135.2, 132.3, 132.1, 131.5, 130.1,
129.0, 128.9, 127.8, 127.3, 126.7, 26.2, 25.1, 23.4, 21.4,
20.5, 16.9; MS m/z 304 (100), 385 (M+); IR nmax (cm�1)
3053, 2971, 2930, 1578, 1505, 1468, 1433, 774, 737;
Anal. Calcd for C20H23N3Se: C, 62.49%; H, 6.03%; N,
10.93%; Found: 62.38%; H, 6.12%; N, 11.00%.
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4.1.4.16. 3-Hexyl-5-(2-phenylselanyl-ethyl)-4-m-tolyl-
4H-[1,2,4]triazole (5p). Oil. 1H NMR (CDCl3) d 7.39–
7.24 (4H, m), 7.14–7.12 (3H, m), 6.91–6.89 (2H, m),
3.12–3.08 (2H, m), 3.96–3.92 (2H, m), 2.53–2.49 (2H, m),
2.36 (3H, s), 1.60–1.56 (2H, m), 1.23–1.14 (6H, m), 0.81–
0.77 (3H, m); 13C NMR (CDCl3) d 154.6, 153.0, 139.8,
133.0, 131.8, 130.1, 129.3, 128.8, 128.5, 126.9, 126.3,
123.5, 30.6, 28.1, 26.6, 26.0, 24.4, 23.4, 21.8, 20.7, 13.4;
MS m/z 346 (100), 427 (M+); IR nmax (cm�1) 3053, 2926,
2858, 1583, 1516, 1458, 794, 738, 694; Anal. Calcd for
C23H29N3Se: C, 64.78%; H, 6.85%; N, 9.85%; Found: C,
64.83%; H, 6.89%; N, 9.79%.

4.1.4.17. 3-Hexyl-5-(2-phenylselanyl-ethyl)-4-o-tolyl-
4H-[1,2,4]triazole (5q). Oil. 1H NMR (CDCl3) d 7.47–
7.45 (1H, m), 7.40–7.34 (4H, m), 7.20–7.17 (3H, m),
7.08–7.06 (1H, m), 3.17–3.12 (2H, m), 2.95–2.77 (2H, m),
2.53–2.39 (2H, m), 1.96 (3H, s), 1.63–1.59 (2H, m), 1.28–
1.18 (6H, m), 0.85–0.81 (3H, m); 13C NMR (CDCl3)
d 154.8, 153.2, 135.1, 132.1, 132.0, 131.4, 130.0, 128.9,
128.8, 127.6, 127.3, 126.7, 30.9, 28.5, 26.7, 26.2, 24.7,
23.3, 22.0, 16.8, 13.7; MS m/z 346 (100), 427 (M+); IR
nmax (cm�1) 3054, 2927, 2858, 1579, 1503, 1459, 736;
Anal. Calcd for C23H29N3Se: C, 64.78%; H, 6.85%; N,
9.85%; Found: C, 64.66%; H, 6.92%; N, 9.90%.

4.1.5. Typical procedure for the preparation of the 5-vi-
nyl-3,4-disubstituted-1,2,4-triazoles (products 6a–q).
Compounds 5 (0.3 mmol) were dissolved in THF (15 mL),
30% (aq) H2O2 (0.4 mL) was added, and the mixture was
stirred for 10 min at 0 �C followed by 1.5 h at room temper-
ature. The mixture was partitioned between DCM and water.
The organic layer was separated and the aqueous layer was
extracted with ethyl acetate twice. The combined organic
layers were washed with brine, dried over Mg2SO4, and con-
centrated in vacuo. The residual compounds were loaded on
a silica gel column and eluted with petroleum ether/ethyl
acetate to afford the product 6.

4.1.5.1. 3-Phenyl-4-o-tolyl-5-vinyl-4H-[1,2,4]triazole
(6a). White solid, mp 125–127 �C. 1H NMR (CDCl3)
d 7.44–7.42 (3H, m), 7.36–7.34 (2H, m), 7.27–7.21 (4H,
m), 6.20–6.18 (2H, m), 5.48–5.45 (1H, m), 1.93 (3H, s);
13C NMR (CDCl3) d 153.7, 152.9, 135.8, 133.5, 131.7,
130.3, 129.7, 128.5, 128.1, 127.7, 127.6, 126.8, 122.0,
120.6, 17.4; MS m/z 261 (M+, 100); IR nmax (cm�1) 3061,
2920, 1496, 1467, 1426, 1384, 980, 929, 781, 696; Anal.
Calcd for C17H15N3: C, 78.13%; H, 5.79%; N, 16.08%;
Found: C, 78.02%; H, 5.83%; N, 16.15%.

4.1.5.2. 4-(3-Methoxy-phenyl)-3-phenyl-5-vinyl-4H-
[1,2,4]triazole (6b). White solid, mp 81–83 �C. 1H NMR
(CDCl3) d 7.47–7.26 (6H, m), 7.05–7.03 (1H, m), 6.82–
6.72 (2H, m), 6.34–6.32 (2H, m), 5.56–5.53 (1H, m), 3.79
(3H, s); 13C NMR (CDCl3) d 160.7, 153.9, 153.1, 135.5,
130.8, 129.6, 128.4, 128.3, 126.7, 122.4, 120.6, 119.8,
115.5, 113.3, 55.6; MS m/z 277 (M+, 100); IR nmax (cm�1)
2923, 2852, 1604, 1493, 1467, 1180, 1026, 695; Anal. Calcd
for C17H15N3O: C, 73.63%; H, 5.45%; N, 15.15%; Found: C,
73.52%; H, 5.42%; N, 15.24%.

4.1.5.3. 4-(2,4-Dimethyl-phenyl)-3-phenyl-5-vinyl-4H-
[1,2,4]triazole (6c). White solid, mp 155–157 �C. 1H NMR
(CDCl3) d 7.47–7.45 (2H, m), 7.30–7.25 (3H, m), 7.16–7.06
(3H, m), 6.22–6.18 (2H, m), 5.46–5.43 (1H, m), 2.40 (3H, s),
1.88 (3H, s); 13C NMR (CDCl3) d 153.7, 153.0, 140.5, 135.2,
132.3, 130.8, 129.6, 128.5, 128.3, 127.8, 127.5, 127.0, 121.6,
120.8, 21.2, 17.3; MS m/z 275 (M+, 100); IR nmax (cm�1)
3055, 2921, 1505, 1471, 1445, 1427, 774, 694; Anal. Calcd
for C18H17N3: C, 78.52%; H, 6.22%; N, 15.26%; Found: C,
78.45%; H, 6.25%; N, 15.30%.

4.1.5.4. 4-(4-Chloro-phenyl)-3-phenyl-5-vinyl-4H-
[1,2,4]triazole (6d). White solid, mp 158–160 �C. 1H
NMR (CDCl3) d 7.50 (2H, d, J¼8.8 Hz), 7.40–7.38 (2H,
m), 7.34–7.28 (3H, m), 7.19 (2H, d, J¼8.8 Hz), 6.30–6.26
(2H, m), 5.55–5.52 (1H, m); 13C NMR (CDCl3) d 153.7,
152.8, 135.7, 132.6, 130.1, 129.6, 128.7, 128.4, 128.2,
126.2, 122.5, 120.1; MS m/z 281 (M+, 100); IR nmax

(cm�1) 3091, 3063, 1493, 1468, 1426, 1092, 1009, 933,
844, 756, 700; Anal. Calcd for C16H12ClN3: C, 68.21%;
H, 4.29%; N, 14.91%; Found: C, 68.13%; H, 4.33%; N,
14.95%.

4.1.5.5. 3-Benzyl-4-p-tolyl-5-vinyl-4H-[1,2,4]triazole
(6e). White solid, mp 99–101 �C. 1H NMR (CDCl3) d 7.22
(2H, d, J¼8.0 Hz), 7.15–7.13 (3H, m), 6.96–6.94 (2H, m),
6.84 (2H, d, J¼8.0 Hz), 6.20–6.10 (2H, m), 5.40–5.37
(1H, m), 4.01 (2H, s), 2.42 (3H, s); 13C NMR (CDCl3)
d 153.7, 152.3, 139.7, 135.4, 130.3, 130.0, 128.2, 128.0,
126.8, 126.4, 121.0, 120.6, 31.0, 20.9; MS m/z 275 (M+,
100); IR nmax (cm�1) 3037, 2924, 1516, 1443, 940, 829,
740, 698, 575; Anal. Calcd for C18H17N3: C, 78.52%; H,
6.22%; N, 15.26%; Found: C, 78.60%; H, 6.25%; N,
15.15%.

4.1.5.6. 3-Benzyl-4-phenyl-5-vinyl-4H-[1,2,4]triazole
(6f). White solid, mp 93–95 �C. 1H NMR (CDCl3) d 7.48–
7.40 (3H, m), 7.14–7.13 (3H, m), 9.96–9.91 (4H, m),
6.22–6.11 (2H, m), 5.42–5.39 (1H, m), 4.02 (2H, s); 13C
NMR (CDCl3) d 153.7, 152.3, 135.3, 133.1, 129.6, 129.5,
128.2, 128.1, 127.2, 126.5, 121.3, 120.6, 31.1; MS m/z 261
(M+, 100); IR nmax (cm�1) 3055, 2921, 1597, 1500, 1455,
1441, 986, 930, 769, 738, 696; Anal. Calcd for C17H15N3:
C, 78.13%; H, 5.79%; N, 16.08%; Found: C, 78.03%; H,
5.83%; N, 16.14%.

4.1.5.7. 3-(4-Methoxy-phenyl)-4-p-tolyl-5-vinyl-4H-
[1,2,4]triazole (6g). White solid, mp 141–143 �C. 1H
NMR (CDCl3) d 7.37 (2H, d, J¼8.8 Hz), 7.31 (2H, d,
J¼8.0 Hz), 7.10 (2H, d, J¼8.0 Hz), 6.79 (2H, d,
J¼8.8 Hz), 6.28–6.25 (2H, m), 5.48–4.45 (1H, m), 3.75
(3H, s), 2.44 (3H, s); 13C NMR (CDCl3) d 160.2, 153.7,
152.7, 139.7, 131.6, 130.4, 129.5, 127.1, 121.4, 120.6,
118.9, 113.6, 55.0, 21.0; MS m/z 291 (M+, 100); IR nmax

(cm�1) 3037, 2933, 2838, 1613, 1515, 1466, 1438, 1254,
1179, 1031, 835; Anal. Calcd for C18H17N3O: C, 74.20%;
H, 5.88%; N, 14.42%; Found: C, 74.11%; H, 5.92%; N,
14.49%.

4.1.5.8. 3-(4-Methoxy-phenyl)-4-o-tolyl-5-vinyl-4H-
[1,2,4]triazole (6h). White solid, mp 106–108 �C. 1H
NMR (CDCl3) d 7.48–7.44 (1H, m), 7.38–7.35 (4H, m),
7.22–7.20 (1H, m), 6.78–6.76 (2H, m), 6.21–6.15 (2H, m),
5.46–5.43 (1H, m), 3.75 (3H, s), 1.93 (3H, s); 13C NMR
(CDCl3) d 160.4, 153.4, 152.4, 135.6, 133.5, 131.6, 130.1,
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128.9, 128.0, 127.5, 121.3, 120.6, 119.1, 113.8, 55.0, 17.2;
MS m/z 291 (M+, 100); IR nmax (cm�1) 2933, 2840, 1612,
1496, 1465, 1254, 1180, 1030, 838, 772; Anal. Calcd for
C18H17N3O: C, 74.20%; H, 5.88%; N, 14.42%; Found: C,
74.26%; H, 5.90%; N, 14.37%.

4.1.5.9. 4-(4-Chloro-phenyl)-3-(4-methoxy-phenyl)-5-
vinyl-4H-[1,2,4]triazole (6i). White solid, mp 139–
141 �C. 1H NMR (CDCl3) d 7.50 (2H, d, J¼8.8 Hz), 7.32
(2H, d, J¼8.4 Hz), 7.20 (2H, d, J¼8.8 Hz), 6.81 (2H, d,
J¼8.4 Hz), 6.27–6.25 (2H, m), 5.53–5.49 (1H, m), 3.77
(3H, s); 13C NMR (CDCl3) d 160.5, 153.7, 152.5,
135.6, 132.8, 130.2, 129.7, 128.8, 122.2, 120.3, 118.5,
113.8, 55.1; MS m/z 311 (M+, 100); IR nmax (cm�1) 3044,
2937, 2836, 1612, 1495, 1251, 1179, 1092, 1024, 834,
757, 596, 520; Anal. Calcd for C17H14ClN3O: C, 65.49%;
H, 4.53%; N, 13.48%; Found: C, 65.44%; H, 4.56%; N,
13.53%.

4.1.5.10. 3-Methyl-4-p-tolyl-5-vinyl-4H-[1,2,4]triazole
(6j). White solid, mp 152–154 �C. 1H NMR (CDCl3)
d 7.36 (2H, d, J¼8.0 Hz), 7.11 (2H, d, J¼8.0 Hz), 6.20–
6.09 (2H, m), 5.44–5.41 (1H, m), 2.46 (3H, s), 2.29 (3H,
s); 13C NMR (CDCl3) d 152.1, 151.8, 140.0, 131.1, 130.5,
126.7, 121.1, 120.0, 21.1, 10.9; MS m/z 199 (M+, 100); IR
nmax (cm�1) 3059, 3034, 2922, 1518, 1430, 932, 830;
Anal. Calcd for C12H13N3: C, 72.33%; H, 6.58%; N,
21.09%; Found: C, 72.25%; H, 6.61%; N, 21.14%.

4.1.5.11. 3-Methyl-4-naphthalen-1-yl-5-vinyl-4H-
[1,2,4]triazole (6k). Pale yellow solid, mp 141–143 �C. 1H
NMR (CDCl3) d 8.06–8.00 (2H, m), 7.64–7.61 (2H, m),
7.56–7.54 (1H, m), 7.42–7.41 (1H, m), 7.22–7.20 (1H, m),
6.12–6.04 (2H, m), 5.34–5.32 (1H, m), 2.21 (3H, s); 13C
NMR (CDCl3) d 152.9, 152.7, 134.4, 130.7, 130.1, 129.8,
128.6, 128.4, 127.4, 125.8, 125.4, 121.6, 121.4, 120.9,
10.7; MS m/z 235 (M+, 100); IR nmax (cm�1) 3057, 2925,
1596, 1518, 1427, 810, 780; Anal. Calcd for C15H13N3: C,
76.57%; H, 5.57%; N, 17.86%; Found: C, 76.49%; H,
5.60%; N, 17.91%.

4.1.5.12. 4-(3-Methoxy-phenyl)-3-methyl-5-vinyl-4H-
[1,2,4]triazole (6l). White solid, mp 145–147 �C. 1H NMR
(CDCl3) d 7.49–7.45 (1H, m), 7.10–7.07 (1H, m), 6.83–
6.81 (1H, m), 6.76–6.75 (1H, m), 6.30–6.25 (1H, m),
6.15–6.10 (1H, m), 5.47–5.44 (1H, m), 3.87 (3H, s), 2.32
(3H, s); 13C NMR (CDCl3) d 160.6, 152.0, 151.8, 134.7,
130.8, 121.4, 120.8, 119.1, 115.2, 112.9, 55.5, 10.9; MS
m/z 215 (M+, 100); IR nmax (cm�1) 3053, 2925, 1603,
1494, 1425, 1276, 1232, 1024, 801, 703; Anal. Calcd for
C12H13N3O: C, 66.96%; H, 6.09%; N, 19.52%; Found: C,
67.01%; H, 6.05%; N, 19.49%.

4.1.5.13. 3-Isopropyl-4-phenyl-5-vinyl-4H-[1,2,4]tri-
azole (6m). White solid, mp 68–70 �C. 1H NMR (CDCl3)
d 7.55–7.54 (3H, m), 7.23–7.21 (2H, m), 6.20–5.99 (2H,
m), 5.44–5.36 (1H, m), 2.83–2.76 (1H, m), 1.26 (3H, s),
1.24 (3H, s); 13C NMR (CDCl3) d 159.8, 152.1, 133.9,
130.0, 129.9, 127.5, 121.3, 121.0, 25.1, 21.2; MS m/z 198
(100), 213 (M+); IR nmax (cm�1) 3048, 2972, 2931, 1598,
1500, 1442, 926, 781, 707; Anal. Calcd for C13H15N3: C,
73.21%; H, 7.09%; N, 19.70%; Found: C, 73.11%; H,
7.13%; N, 19.76%.
4.1.5.14. 3-Isopropyl-4-p-tolyl-5-vinyl-4H-[1,2,4]tri-
azole (6n). White solid, mp 89–91 �C. 1H NMR (CDCl3)
d 7.31 (2H, d, J¼8.0 Hz), 7.06 (2H, d, J¼8.0 Hz), 6.21–
6.14 (1H, m), 5.99–5.94 (1H, m), 5.34–5.31 (1H, m),
2.78–2.74 (1H, m), 2.41 (3H, s), 1.21 (3H, s), 1.20 (3H, s);
13C NMR (CDCl3) d 159.9, 152.1, 140.1, 131.1, 130.5,
127.2, 121.1, 121.0, 25.0, 21.2; MS m/z 212 (100), 227
(M+); IR nmax (cm�1) 3030, 2972, 2929, 1515, 1439, 931,
830, 762; Anal. Calcd for C14H17N3: C, 73.98%; H,
7.54%; N, 18.49%; Found: C, 74.07%; H, 7.51%; N,
18.42%.

4.1.5.15. 3-Isopropyl-4-o-tolyl-5-vinyl-4H-[1,2,4]tri-
azole (6o). Oil. 1H NMR (CDCl3) d 7.48–7.46 (1H, m),
7.43–7.39 (2H, m), 7.19–7.17 (1H, d), 6.26–6.19 (1H, m),
5.93–5.89 (1H, m), 5.38–5.35 (1H, m), 2.70–2.66 (1H,
m), 2.00 (3H, s), 1.30–1.26 (6H, m); 13C NMR (CDCl3)
d 159.5, 151.5, 135.7, 132.7, 131.5, 130.2, 127.8, 127.4,
121.1, 120.8, 25.0, 21.4, 20.7, 17.1; MS m/z 212 (100),
227 (M+); IR nmax (cm�1) 3053, 2972, 2929, 1498, 1439,
1098, 1012, 778; Anal. Calcd for C14H17N3: C, 73.98%;
H, 7.54%; N, 18.49%; Found: C, 73.90%; H, 7.57%; N,
18.53%.

4.1.5.16. 3-Hexyl-4-m-tolyl-5-vinyl-4H-[1,2,4]triazole
(6p). Oil. 1H NMR (CDCl3) d 7.47–7.36 (2H, m), 7.04–
7.03 (2H, m), 6.29–6.23 (1H, m), 6.11–6.06 (1H, m),
5.43–5.40 (1H, m), 2.62–2.58 (2H, m), 2.46 (3H, s), 1.64–
1.61 (2H, m), 1.28–1.19 (6H, m), 0.85–0.81 (3H, m); 13C
NMR (CDCl3) d 155.1, 151.7, 140.0, 133.4, 130.3, 129.5,
127.4, 124.0, 120.8, 120.7, 30.9, 28.4, 27.0, 24.6, 22.0,
21.0, 13.7; MS m/z 198 (100), 269 (M+); IR nmax (cm�1)
3049, 2926, 2857, 1609, 1493, 1456, 927, 797, 700; Anal.
Calcd for C17H23N3: C, 75.80%; H, 8.61%; N, 15.60%;
Found: C, 75.68%; H, 8.65%; N, 15.67%.

4.1.5.17. 3-Hexyl-4-o-tolyl-5-vinyl-4H-[1,2,4]triazole
(6q). Oil. 1H NMR (CDCl3) d 7.44–7.35 (3H, m), 7.13–
7.11 (1H, d), 6.23–6.16 (1H, m), 5.90–5.85 (1H, d), 5.34–
5.31 (1H, d), 2.49–2.43 (2H, m), 1.96 (3H, s), 1.60–1.56
(2H, m), 1.25–1.16 (6H, m), 0.80–0.77 (3H, m); 13C NMR
(CDCl3) d 155.1, 151.6, 135.5, 132.6, 131.5, 130.2, 127.6,
127.4, 121.1, 120.6, 31.1, 28.6, 26.9, 24.7, 22.2, 17.1,
13.8; MS m/z 212 (100), 269 (M+); IR nmax (cm�1) 3053,
2927, 2857, 1637, 1498, 1461, 1012, 928, 759; Anal. Calcd
for C17H23N3: C, 75.80%; H, 8.61%; N, 15.60%; Found: C,
75.71%; H, 8.66%; N, 15.63%.

4.1.6. Typical procedure for the preparation of the 5-phen-
ylselenoethyl-2-substituted 1,3,4-oxadiazoles (products
9a–e). The mixture of compounds 4 (0.5 mmol) and
15 mL phosphorus oxychloride was refluxed for 6 h under
nitrogen atmosphere. After completion of the reaction, the
mixture was evaporated to dryness under vacuum. The
residual compounds were loaded on a silica gel column
and eluted with petroleum ether/ethyl acetate to afford the
product 9.

4.1.6.1. 2-Phenyl-5-(2-phenylselanyl-ethyl)-[1,3,4]oxa-
diazole (9a). Oil. 1H NMR (CDCl3) d 7.98–7.95 (2H, m),
7.54–7.52 (2H, m), 7.48–7.45 (3H, m), 7.24–7.22 (3H, m),
3.29 (4H, s); 13C NMR (CDCl3) d 165.4, 164.7, 133.6,
131.6, 129.2, 128.9, 128.5, 127.6, 126.7, 123.8, 26.9, 23.1;
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MS m/z 249 (100), 330 (M+); IR nmax (cm�1) 3057, 2931,
1727, 1575, 1478, 1177, 738, 691; Anal. Calcd for
C16H14N2OSe: C, 58.37%; H, 4.29%; N, 8.51%; Found: C,
58.31%; H, 4.34%; N, 8.59%.

4.1.6.2. 2-(4-Methoxy-phenyl)-5-(2-phenylselanyl-
ethyl)-[1,3,4]oxadiazole (9b). White solid, mp 72–74 �C.
1H NMR (CDCl3) d 7.82 (2H, d, J¼8.8 Hz), 7.46–7.43
(2H, m), 7.16–7.14 (3H, m), 6.88 (2H, d, J¼8.8 Hz), 3.73
(3H, s), 3.20–3.18 (4H, m); 13C NMR (CDCl3) d 164.5,
164.2, 161.7, 133.1, 128.8, 128.2, 128.0, 127.1, 115.8,
113.9, 55.0, 26.5, 22.7; MS m/z 279 (100), 360 (M+); IR
nmax (cm�1) 2931, 2836, 1615, 1502, 1301, 1254, 1178,
1022, 959, 717; Anal. Calcd for C17H16N2O2Se: C,
56.83%; H, 4.49%; N, 7.80%; Found: C, 56.78%; H,
4.56%; N, 7.88%.

4.1.6.3. 2-Methyl-5-(2-phenylselanyl-ethyl)-[1,3,4]-
oxadiazole (9c). Oil. 1H NMR (CDCl3) d 7.41–7.39 (2H,
m), 7.16–7.14 (3H, m), 3.11–3.07 (4H, m), 2.31 (3H, s);
13C NMR (CDCl3) d 165.0, 163.1, 133.0, 128.7, 128.1,
127.0, 26.2, 22.5, 10.4; MS m/z 187 (100), 268 (M+); IR
nmax (cm�1) 3055, 2934, 1595, 1569, 1478, 1437, 1217,
1050, 740, 692; Anal. Calcd for C11H12N2OSe: C,
49.45%; H, 4.53%; N, 10.48%; Found: C, 49.52%; H,
4.60%; N, 10.39%.

4.1.6.4. 2-Isopropyl-5-(2-phenylselanyl-ethyl)-[1,3,4]-
oxadiazole (9d). Oil. 1H NMR (CDCl3) d 7.44–7.41 (2H,
m), 7.18–7.15 (3H, m), 3.14–3.08 (4H, m), 3.04–2.98 (1H,
m), 1.26 (3H, s), 1.24 (3H, s); 13C NMR (CDCl3) d 170.5,
165.0, 133.1, 128.8, 128.2, 127.2, 26.4, 25.8, 22.6, 19.5;
MS m/z 215 (100), 296 (M+); IR nmax (cm�1) 3055, 2975,
1587, 1563, 1478, 1437, 1022, 739, 692; Anal. Calcd for
C13H16N2OSe: C, 52.89%; H, 5.46%; N, 9.49%; Found: C,
52.98%; H, 5.50%; N, 9.46%.

4.1.6.5. 2-Hexyl-5-(2-phenylselanyl-ethyl)-[1,3,4]oxa-
diazole (9e). Oil. 1H NMR (CDCl3) d 7.50–7.47 (2H, m),
7.24–7.22 (3H, m), 3.19–3.15 (4H, m), 2.73–2.70 (2H, m),
1.71–1.68 (2H, m), 1.33–1.24 (6H, m), 0.86–0.83 (3H, m);
13C NMR (CDCl3) d 166.8, 165.1, 133.3, 128.9, 128.3,
127.3, 31.0, 28.3, 26.5, 26.0, 25.0, 22.7, 22.1, 13.7; MS
m/z 257 (100), 338 (M+); IR nmax (cm�1) 3056, 2930, 2858,
1590, 1566, 1478, 1437, 1173, 738, 692; Anal. Calcd for
C16H22N2OSe: C, 56.97%; H, 6.57%; N, 8.30%; Found: C,
56.85%; H, 6.66%; N, 8.39%.

4.1.7. Typical procedure for the preparation of the 5-vi-
nyl-2-substituted 1,3,4-oxadiazoles (products 10a–e).
Compounds 9 (0.3 mmol) were dissolved in THF (15 mL),
30% (aq) H2O2 (0.4 mL) was added, and the mixture was
stirred for 10 min at 0 �C followed by 1.5 h at room temper-
ature. The mixture was partitioned between DCM and water.
The organic layer was separated and the aqueous layer was
extracted with ethyl acetate twice. The combined organic
layers were washed with brine, dried over Mg2SO4, and con-
centrated in vacuo. The residual compounds were loaded on
a silica gel column and eluted with petroleum ether/ethyl
acetate to afford the product 10.

4.1.7.1. 2-Phenyl-5-vinyl-[1,3,4]oxadiazole (10a). Oil.
1H NMR (CDCl3) d 8.10–8.08 (2H, m), 7.55–7.50 (3H,
m), 6.83–6.76 (1H, m), 6.37–5.85 (2H, m); 13C NMR
(CDCl3) d 164.1, 163.5, 131.8, 129.0, 126.9, 124.8, 123.7,
120.0; MS m/z 172 (M+, 100); IR nmax (cm�1) 3066, 2925,
1551, 1523, 1485, 1450, 781, 706, 690; Anal. Calcd for
C10H8N2O: C, 69.76%; H, 4.68%; N, 16.27%; Found: C,
69.66%; H, 4.73%; N, 16.35%.

4.1.7.2. 2-(4-Methoxy-phenyl)-5-vinyl-[1,3,4]oxadi-
azole (10b). White solid, mp 80–82 �C. 1H NMR (CDCl3)
d 7.89 (2H, d, J¼8.8 Hz), 6.89 (2H, d, J¼8.8 Hz), 6.71–
6.64 (1H, m), 6.23–5.73 (2H, m), 3.75 (3H, s); 13C NMR
(CDCl3) d 163.5, 162.6, 161.8, 128.1, 123.9, 119.4, 115.5,
113.9, 54.9; MS m/z 135 (100), 202 (M+); IR nmax (cm�1)
3107, 2999, 2951, 1615, 1501, 1311, 1264, 1182, 1088,
1019, 835, 696, 610; Anal. Calcd for C11H10N2O2: C,
65.34%; H, 4.98%; N, 13.85%; Found: C, 65.40%; H,
4.94%; N, 13.82%.

4.1.7.3. 2-Methyl-5-vinyl-[1,3,4]oxadiazole (10c). Oil.
1H NMR (CDCl3) d 6.73–6.66 (1H, m), 6.23–5.78 (2H,
m), 2.56 (3H, s); 13C NMR (CDCl3) d 163.8, 163.2, 124.4,
119.9, 10.9; MS m/z 110 (M+, 100); IR nmax (cm�1) 2926,
2855, 1719, 1563, 1271, 1072; Anal. Calcd for C5H6N2O:
C, 54.54%; H, 5.49%; N, 25.44%; Found: C, 54.40%; H,
5.55%; N, 25.49%.

4.1.7.4. 2-Isopropyl-5-vinyl-[1,3,4]oxadiazole (10d).
Oil. 1H NMR (CDCl3) d 6.74–6.67 (1H, m), 6.24–5.78
(2H, m), 3.23–3.18 (1H, m), 1.43 (3H, s), 1.41 (3H, s); 13C
NMR (CDCl3) d 170.3, 163.4, 124.2, 119.9, 26.1, 19.7;
MS m/z 55 (100), 138 (M+); IR nmax (cm�1) 2977, 2936,
1725, 1563, 1467, 1152, 1061; Anal. Calcd for C7H10N2O:
C, 60.85%; H, 7.30%; N, 20.28%; Found: C, 60.74%; H,
7.34%; N, 20.33%.

4.1.7.5. 2-Hexyl-5-vinyl-[1,3,4]oxadiazole (10e). Oil.
1H NMR (CDCl3) d 6.74–6.67 (1H, m), 6.23–5.77 (2H,
m), 2.88–2.84 (2H, m), 1.83–1.79 (2H, m), 1.41–1.31 (6H,
m), 0.91–0.88 (3H, m); 13C NMR (CDCl3) d 166.4, 163.4,
124.1, 119.8, 31.0, 28.4, 26.2, 25.1, 22.2, 13.7; MS m/z
110 (100), 180 (M+); IR nmax (cm�1) 2931, 2860, 1572,
1529, 1462, 982; Anal. Calcd for C10H16N2O: C, 66.63%;
H, 8.95%; N, 15.54%; Found: C, 66.50%; H, 9.01%; N,
15.59%.

Acknowledgements

We are grateful to the National Natural Science Foundation
of China (Project nos. 20672095 and 20332060).

References and notes

1. (a) Genin, M. J.; Allwine, D. A.; Anderson, D. J.; Barbachyn,
M. R.; Emmert, D. E.; Garmon, S. A.; Graber, D. R.; Grega,
K. C.; Hester, J. B.; Hutchinson, D. K.; Morris, J.; Reischer,
R. J.; Ford, C. W.; Zurenko, G. E.; Hamel, J. C.; Schaadt,
R. D.; Stapert, D.; Yagi, B. H. J. Med. Chem. 2000, 43, 953–
970; (b) Diana, G. D.; Volkots, D. L.; Nitz, T. J.; Bailey,
T. R.; Long, M. A.; Niranjan, V.; Aldous, S.; Pevear, D. C.;
Dutko, F. J. J. Med. Chem. 1994, 37, 2421–2436; (c)
Modzelewska-Banachiewicz, B.; Banachiewicz, J.;



7873Y.-G. Wang et al. / Tetrahedron 63 (2007) 7866–7873
Chodkowska, A.; Jagie11o-W�ojtowicz, E.; Mazur, L. Eur. J.
Med. Chem. 2004, 39, 873–877.

2. (a) Hung, M. C.; Liao, J. L.; Chen, S. A.; Chen, S. H.; Su,
A. C. J. Am. Chem. Soc. 2005, 127, 14576–14577; (b)
Meng, H.; Yu, W. L.; Huang, W. Macromolecules 1999, 32,
8841–8847.

3. (a) Shintani, R.; Hayashi, T. J. Am. Chem. Soc. 2006, 128,
6330–6331; (b) Perri, S. T.; Slater, S. C.; Toske, S. G.;
White, J. D. J. Org. Chem. 1990, 55, 6037–6047; (c)
Mamedov, V. A.; Mustakimova, L. V.; Gubaidullin, A. T.;
Litvinov, I. A.; Levin, Y. A. Russ. J. Org. Chem. 2005, 41,
694–702.

4. (a) Carter, D. S.; Vranken, D. V. J. Org. Chem. 1999, 64, 8537–
8545; (b) Patterson, J. E.; Ollmann, I. R.; Cravatt, B. F.; Boger,
D. L.; Wong, C. H.; Lerner, R. A. J. Am. Chem. Soc. 1996, 118,
5938–5945.

5. (a) Long, K.; Boyce, M.; Lin, H.; Yuan, J. Y.; Ma, D. W. Bioorg.
Med. Chem. Lett. 2005, 15, 3849–3852; (b) Breitinger, H. G.
Tetrahedron Lett. 2002, 43, 6127–6131; (c) Braslau, R.;
Anderson, M. O.; Rivera, F.; Jimenez, A.; Haddad, T.; Axon,
J. R. Tetrahedron 2002, 58, 5513–5523.
6. Thibault, R. J.; Takizawa, K.; Lowenheilm, P.; Helms, B.;
Mynar, J. L.; Frechet, J. M. J.; Hawker, C. J. J. Am. Chem.
Soc. 2006, 128, 12084–12085.

7. (a) Krief, A. Comprehensive Organic Chemistry; Pergamon:
Oxford, 1991; (b) Liotta, D. Organoselenium Chemistry;
Wiley-Interscience: New York, NY, 1987; (c) Wirth, T.
Organoselenium Chemistry; Springer: Berlin, Heidelberg,
2000; (d) Back, T. G. Organoselenium Chemistry; Oxford
University Press: Oxford, 1999.

8. (a) Clive, D. L. J. Tetrahedron 1978, 34, 1049–1095; (b) Reich,
H. J. Organoselenium Chemistry; Liotta, D., Ed.; Wiley: New
York, NY, 1987; Chapter 5.

9. (a) Xu, W. M.; Tang, E.; Huang, X. Tetrahedron 2005, 61, 501–
506; (b) Wu, Z. M.; Shen, R. W.; Ren, L. J.; Huang, X.
Synthesis 2005, 2171–2175; (c) Wu, Z. M.; Huang, X. Synlett
2005, 526–528; (d) Wang, Y. G.; Xu, W. M.; Huang, X.
Synthesis 2007, 28–32; (e) Wang, Y. G.; Xu, W. M.; Huang,
X. J. Comb. Chem. 2007, 9, 513–519.

10. Klingsberg, E. J. Org. Chem. 1958, 23, 1086–1087.
11. Barnett, M. D.; Daub, G. H.; Hayes, F. N.; Ott, D. G. J. Am.

Chem. Soc. 1960, 82, 2282–2285.


	An efficient route to vinyl substituted oxadiazoles and triazoles using phenylselanyl derivatives as precursor
	Introduction
	Results and discussion
	Conclusions
	Experimental
	General
	Typical procedure for the preparation of arylphosphazoanilide (Ar-NP-NH-Ar)
	Typical procedure for the preparation of ethyl 3-phenylselanyl-propionate 2
	Typical procedure for the preparation of the substituted acid Nprime-(3-phenylselanyl-propionyl)-hydrazide 4
	Typical procedure for the preparation of the 5-phenylselenoethyl-3,4-disubstituted-1,2,4-triazoles (products 5a-q)
	3-Phenyl-5-(2-phenylselanyl-ethyl)-4-o-tolyl-4H-[1,2,4]triazole (5a)
	4-(3-Methoxy-phenyl)-3-phenyl-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5b)
	4-(2,4-Dimethyl-phenyl)-3-phenyl-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5c)
	4-(4-Chloro-phenyl)-3-phenyl-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5d)
	3-Benzyl-5-(2-phenylselanyl-ethyl)-4-p-tolyl-4H-[1,2,4]triazole (5e)
	3-Benzyl-4-phenyl-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5f)
	3-(4-Methoxy-phenyl)-5-(2-phenylselanyl-ethyl)-4-p-tolyl-4H-[1,2,4]triazole (5g)
	3-(4-Methoxy-phenyl)-5-(2-phenylselanyl-ethyl)-4-o-tolyl-4H-[1,2,4]triazole (5h)
	4-(4-Chloro-phenyl)-3-(4-methoxy-phenyl)-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5i)
	3-Methyl-5-(2-phenylselanyl-ethyl)-4-p-tolyl-4H-[1,2,4]triazole (5j)
	3-Methyl-4-naphthalen-1-yl-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5k)
	4-(3-Methoxy-phenyl)-3-methyl-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5l)
	3-Isopropyl-4-phenyl-5-(2-phenylselanyl-ethyl)-4H-[1,2,4]triazole (5m)
	3-Isopropyl-5-(2-phenylselanyl-ethyl)-4-p-tolyl-4H-[1,2,4]triazole (5n)
	3-Isopropyl-5-(2-phenylselanyl-ethyl)-4-o-tolyl-4H-[1,2,4]triazole (5o)
	3-Hexyl-5-(2-phenylselanyl-ethyl)-4-m-tolyl-4H-[1,2,4]triazole (5p)
	3-Hexyl-5-(2-phenylselanyl-ethyl)-4-o-tolyl-4H-[1,2,4]triazole (5q)

	Typical procedure for the preparation of the 5-vinyl-3,4-disubstituted-1,2,4-triazoles (products 6a-q)
	3-Phenyl-4-o-tolyl-5-vinyl-4H-[1,2,4]triazole (6a)
	4-(3-Methoxy-phenyl)-3-phenyl-5-vinyl-4H-[1,2,4]triazole (6b)
	4-(2,4-Dimethyl-phenyl)-3-phenyl-5-vinyl-4H-[1,2,4]triazole (6c)
	4-(4-Chloro-phenyl)-3-phenyl-5-vinyl-4H-[1,2,4]triazole (6d)
	3-Benzyl-4-p-tolyl-5-vinyl-4H-[1,2,4]triazole (6e)
	3-Benzyl-4-phenyl-5-vinyl-4H-[1,2,4]triazole (6f)
	3-(4-Methoxy-phenyl)-4-p-tolyl-5-vinyl-4H-[1,2,4]triazole (6g)
	3-(4-Methoxy-phenyl)-4-o-tolyl-5-vinyl-4H-[1,2,4]triazole (6h)
	4-(4-Chloro-phenyl)-3-(4-methoxy-phenyl)-5-vinyl-4H-[1,2,4]triazole (6i)
	3-Methyl-4-p-tolyl-5-vinyl-4H-[1,2,4]triazole (6j)
	3-Methyl-4-naphthalen-1-yl-5-vinyl-4H-[1,2,4]triazole (6k)
	4-(3-Methoxy-phenyl)-3-methyl-5-vinyl-4H-[1,2,4]triazole (6l)
	3-Isopropyl-4-phenyl-5-vinyl-4H-[1,2,4]triazole (6m)
	3-Isopropyl-4-p-tolyl-5-vinyl-4H-[1,2,4]triazole (6n)
	3-Isopropyl-4-o-tolyl-5-vinyl-4H-[1,2,4]triazole (6o)
	3-Hexyl-4-m-tolyl-5-vinyl-4H-[1,2,4]triazole (6p)
	3-Hexyl-4-o-tolyl-5-vinyl-4H-[1,2,4]triazole (6q)

	Typical procedure for the preparation of the 5-phenylselenoethyl-2-substituted 1,3,4-oxadiazoles (products 9a-e)
	2-Phenyl-5-(2-phenylselanyl-ethyl)-[1,3,4]oxadiazole (9a)
	2-(4-Methoxy-phenyl)-5-(2-phenylselanyl-ethyl)-[1,3,4]oxadiazole (9b)
	2-Methyl-5-(2-phenylselanyl-ethyl)-[1,3,4]oxadiazole (9c)
	2-Isopropyl-5-(2-phenylselanyl-ethyl)-[1,3,4]oxadiazole (9d)
	2-Hexyl-5-(2-phenylselanyl-ethyl)-[1,3,4]oxadiazole (9e)

	Typical procedure for the preparation of the 5-vinyl-2-substituted 1,3,4-oxadiazoles (products 10a-e)
	2-Phenyl-5-vinyl-[1,3,4]oxadiazole (10a)
	2-(4-Methoxy-phenyl)-5-vinyl-[1,3,4]oxadiazole (10b)
	2-Methyl-5-vinyl-[1,3,4]oxadiazole (10c)
	2-Isopropyl-5-vinyl-[1,3,4]oxadiazole (10d)
	2-Hexyl-5-vinyl-[1,3,4]oxadiazole (10e)



	Acknowledgements
	References and notes


