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Many syntheses of heterocyclic compounds containing
selenium have been extensively investigated because of
their interesting reactivities1 and potential pharmaceuti-
cal significance.2 We are interested in the synthesis of
novel heterocyclic compounds containing selenium.3 We
found a new evidence for allenyl selenoketene formation
via a [3,3] sigmatropic rearrangement by trapping with
primary amines and its cyclization by new pathway. To
the best of our knowledge, though there are examples of
a ketene-allene cycloaddition in the literature,4 a seleno-
ketene-allene cycloaddition has not been reported.5
Reactions with various kinds of secondary amines also
were investigated. We describe here the reaction of
2-pentynyl phenylethynyl selenide with primary and
secondary amines.

Results and Discussion

The reaction leading to 2-imino-2H-5,6-dihydroselenine
5 is summarized in Scheme 1. In a typical procedure,
2-pentynyl chloride was added to THF solution of the
lithium alkyne selenolate 2, generated in situ from

phenylacetylene 1, n-BuLi, and elementary selenium, and
the mixture was stirred at 0 °C for 1.5 h. Subsequent
silica gel flash column chromatography afforded 2-
pentynyl phenylethynyl selenide 3 in a 87% yield. The
mixture of 3 and n-butylamine 4a in benzene was re-
fluxed for 5 h. After standard workup, 2-butylimino-4-
ethyl-3-phenyl-2H-5,6-dihydroselenine 5a was isolated in
a 88% yield as an orange liquid.

The reactions using other primary amines 4 were
investigated and gave 5 in 57-88% yields (Table 1).
Under optimized conditions, 5a was obtained, while 6a
was obtained in a low yield under conditions of lower
temperature or shorter reaction times (Table 1, entries
2, 3). The spectra of 6a was typical of a terminal allene.6
Previously, though an allenyl selenoketene 7 was sug-
gested to be formed from alkynyl propargyl selenide, it
could not be isolated.7 The isolation of 6a, bearing a
terminal allene, could secure the formation of an allenyl
selenoketene intermediate 7 in the present reaction
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Table 1. Reaction of 2-Pentynyl Phenylethynyl Selenide
3 and Primary Amines 4 in Benzene

yield (%)a

entry
primary amine 4

(R) 5a-d 6a-d

1b 4a, CH3(CH2)3 88 trace
2c 4a, CH3(CH2)3 58 2
3d 4a, CH3(CH2)3 29 6
4b 4b, CH3(CH2)2 60 2
5b 4c, C6H5(CH2)2 65 2
6b 4d, C6H5CH2 57 3

a Isolated yield. b Reaction mixture was refluxed for 5 h.
c Refluxed for 3 h. d At 70 °C for 5 h.

Table 2. Reaction of 2-Pentynyl Phenylethynyl Selenide
3 and Secondary Amines 8 in THF

entry
secondary amine 8

(R1)
yield (%)a

9a-f (E/Z)b

1 8a, CH3CH2 43 (56/44)c

2 8b, CH3(CH2)2 35 (50/50)c

3 8c, (CH3)2CH -d

4 8d, C6H5 -d

5 8e, -C4H8- 54 (66/34)c

6 8f, -C5H10- 59 (64/36)c

a Isolated yield. b The stereochemistry of the isomers was
confirmed by NOESY. c The ratio of each isomer was calculated
by 1H NMR measurement. d No reaction.

Scheme 1
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process and be explained by the mechanism presented
in Scheme 2. Subsequent nucleophilic attack of allenyl
selenoketene 7, which was generated from 3 through a
[3,3] sigmatropic rearrangement, by primary amine 4
afforded the observed products 5 and 6 (Scheme 2).

Our attention next turned to the reaction of 3 with
various secondary amines 8 (Scheme 2). The results are
shown in Table 2. Diethylamine 8a, di-n-propylamine 8b,
pyrrolidine 8e, and piperidine 8f all smoothly trapped
allenyl selenoketene 7, affording the corresponding Râ,γδ-
unsaturated selenoamides 9a-f as an inseparable mix-
ture of E/Z isomers (Table 2, entries 1, 2, 5, 6). In
contrast, the reaction with diisopropylamine 8c and
diphenylamine 8d gave no desired products (Table 2,
entries 3, 4), suggesting that these amines might not be
able to attack the center of selenoketene because of the
steric hindrance. In the case of the reaction with primary
amine, intermediate A was generated in situ and it
smoothly formed stable cyclic compound 5 via hydrogen
transfer (Scheme 2). On the other hand, the reaction with
secondary amine could not generate sterically labile
intermediate A bearing dialkyl groups; therefore, it might
be thought to be give only Râ,γδ-unsaturated seleno-
amides 9.

Experimental Section

2-Pentynyl Phenylethynyl Selenide 3. To a solution of
phenylacetylene (0.51 g, 5.0 mmol) in dry tetrahydrofuran (30
mL) was added n-butyllithium, in n-hexane (3.3 mL, 5.0 mmol),
and the mixture was stirred at 0 °C for 30 min under an argon
atmosphere. Then selenium powder (0.40 g, 5.0 mmol) was added
to the mixture and stirred at room temperature for 1 h.
Moreover, 2-pentynyl chloride (0.56 g, 5.5 mmol) was added to
the reaction mixture and stirred at 0 °C for 1.5 h. The mixture
was extracted with diethyl ether and washed with saturated
NaCl solution. The organic layer was dried over sodium sulfate
and evaporated to dryness. The residue was purified by flash
chromatography on silica gel with n-hexane:diethyl ether (50:1)
to give 1.07 g 3 (87%) as a greenish yellow oil; 1H NMR (400
MHz, CDCl3) δ 1.13 (t, 3H, J ) 7.6 Hz, CH3), 2.23 (qt, 2H, J )
7.6, 2.4 Hz, CH2), 3.60 (t, 2H, J ) 2.4 Hz, CH2), 7.28-7.31 (m,
3H, Ar), 7.41-7.44 (m, 2H, Ar); 13C NMR (100 MHz, CDCl3) δ

12.6, 13.8, 15.5, 70.5, 74.2, 87.5, 101.7, 123.3, 128.2, 131.5; 77Se
NMR (76 MHz, CDCl3) δ 236.2; HRMS: m/z ) 247.1983, calcd
for C13H12Se, found 247.1975.

2-Butylimino-4-ethyl-3-phenyl-2H-5,6-dihydroselenine 5a.
To a solution of 2-pentynyl phenylethynyl selenide 3 (0.25 g, 1.0
mmol) in dry benzene (20 mL) was added n-butylamine 4a (0.20
mL, 2.0 mmol). The mixture was stirred at reflux for 5 h under
an argon atmosphere. The mixture was extracted with diethyl
ether and washed with saturated NaCl solution. The organic
layer was dried over sodium sulfate and evaporated to dryness.
The residue was purified by thin-layer chromatography on silica
gel with n-hexane:diethyl ether (10:1) to give 5a 0.28 g (88%)
as an orange liquid; 1H NMR (400 MHz, CDCl3) δ 0.84 (t, 3H, J
) 7.2 Hz, CH3), 0.95 (t, 3H, J ) 7.2 Hz, CH3), 1.23 (m, 2H, CH2),
1.51 (m, 2H, CH2), 1.95 (q, 2H, J ) 7.4 Hz, CH2), 2.78 (t, 2H, J
) 6.0 Hz, Se-CH2), 3.01 (t, 2H, J ) 6.2 Hz, dC-CH2), 3.30 (t,
2H, J ) 7.2 Hz, N-CH2), 7.08 (d, 2H, J ) 6.8 Hz, Ar), 7.26 (m,
3H, Ar); 13C NMR (100 MHz, CDCl3) δ 12.6, 13.8, 19.2, 20.6,
30.4, 30.6, 32.1,56.4, 125.2, 127.4, 129.7, 135.3, 140.3, 147.6,
154.6; 77Se NMR (76 MHz, CDCl3) δ 322.9; HRMS: m/z )
320.3364, calcd for C17H23NSe, found 320.3352. Anal. Calcd for
C17H23NSe: C, 63.74; H, 7.24; N, 4.37. Found: C, 63.65; H, 7.12;
N, 4.51.

4-Ethyl-3-phenyl-2-propylimino-2H-5,6-dihydrosele-
nine 5b. 5b (0.19 g, 60%) was obtained as an orange oil; 1H
NMR (400 MHz, CDCl3) δ 0.74 (t, 3H, J ) 7.6 Hz, CH3), 0.87 (t,
3H, J ) 7.6 Hz, CH3), 1.47 (m, 2H, CH2), 1.87 (q, 2H, J ) 7.6
Hz, CH2), 2.70 (t, 2H, J ) 6.0 Hz, Se-CH2), 2.93 (t, 2H, J ) 6.0
Hz, dC-CH2), 3.19 (t, 2H, J ) 7.2 Hz, N-CH2), 7.00 (d, 2H, J
) 6.8 Hz, Ar), 7.11-7.23 (m, 3H, Ar); 13C NMR (100 MHz, CDCl3)
δ 11.9, 12.6, 19.2, 21.7, 23.3, 30.4, 30.6, 58.2, 126.0, 128.1, 129.7,
135.2, 140.2, 147.7, 155.0; 77Se NMR (76 MHz, CDCl3) δ 323.0;
HRMS: m/z ) 306.3095, calcd for C16H21NSe, found 306.3078.
Anal. Calcd for C16H21NSe: C, 62.74; H, 6.91; N, 4.57. Found:
C, 62.71; H, 6.89; N, 4.60.

4-Ethyl-2-phenethylimino-3-phenyl-2H-5,6-dihydrosele-
nine 5c. 5c was obtained (0.24 g, 65%) as an orange oil; 1H NMR
(400 MHz, CDCl3) δ 0.91 (t, 3H, J ) 7.6 Hz, CH3), 1.93 (q, 2H,
J ) 7.6 Hz, CH2), 2.72 (t, 2H, J ) 6.0 Hz, Se-CH2), 2.82 (t, 2H,
J ) 7.2 Hz, CH2), 2.94 (t, 2H, J ) 6.2 Hz, dC-CH2), 3.50 (t,
2H, J ) 7.2 Hz, CH2), 7.03-7.34 (m, 5H, Ar); 13C NMR (100
MHz, CDCl3) δ 12.5, 19.0, 30.3, 30.4, 36.4, 57.8, 125.6-139.7,
140.4, 147.9, 155.9; 77Se NMR (76 MHz, CDCl3) δ 322.9;
HRMS: m/z ) 368.3803, calcd for C21H23NSe, found 368.3792.
Anal. Calcd for C21H23NSe: C, 68.47; H, 6.29; N, 3.80. Found:
C, 68.51; H, 6.35; N, 3.62.

2-Benzylimino-4-ethyl-3-phenyl-2H-5,6-dihydrosele-
nine 5d. 5d (0.20 g, 57%) was obtained as an yellow oil; 1H NMR
(400 MHz, CDCl3) δ 0.94 (t, 3H, J ) 7.6 Hz, CH3), 1.97 (q, 2H,
J ) 7.6 Hz, CH2), 2.77 (t, 2H, J ) 6.0 Hz, Se-CH2), 3.01 (t, 2H,
J ) 6.0 Hz, dC-CH2), 4.54 (s, 2H, CH2), 7.12-7.34 (m, 5H, Ar);
13C NMR (100 MHz, CDCl3) δ 12.5, 19.3, 30.3, 30.5, 59.1, 126.1-
139.7, 140.0, 148.3, 156.8; 77Se NMR (76 MHz, CDCl3) δ 328.1;
HRMS: m/z ) 354.3535, calcd for C20H21NSe, found 351.3532.
Anal. Calcd for C20H21NSe: C, 67.79; H, 5.97; N, 3.95. Found:
C, 67.78; H, 5.94; N, 3.99.

N-Butyl-3-ethyl-2-phenyl-3,4-pentadieneselenoamide 6a.
To a solution of 2-pentynyl phenylethynyl selenide 3 (0.25 g, 1.0
mmol) in dry diethyl ether (20 mL) was added n-butylamine 4a
(0.20 mL, 2.0 mmol). The mixture was stirred at 70 °C for 5 h
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under an argon atmosphere. The mixture was extracted with
diethyl ether and washed with saturated NaCl solution. The
organic layer was dried over sodium sulfate and evaporated to
dryness. The residue was purified by thin-layer chromatography
on silica gel with n-hexane:diethyl ether (10:1) to give 6a 0.02 g
(6%) as an yellow oil; IR (neat) 852, 1530, 1955 cm-1; 1H NMR
(400 MHz, CDCl3) δ 0.82 (t, 3H, J ) 7.2 Hz, CH3), 0.97 (t, 3H, J
) 7.2 Hz, CH3), 1.22 (m, 2H, CH2), 1.53 (m, 2H, CH2), 1.99 (m,
2H, CH2), 3.50-3.66 (m, 2H, N-CH2), 4.73-4.84 (m, 2H, dCH2),
5.02 (s, 1H, CH), 7.20-7.29 (m, 5H, Ar), 7.81 (br s, 1H, NH);
13C NMR (100 MHz, CDCl3) δ 11.8, 13.4, 19.8, 25.3, 29.3, 49.0,
68.4, 79.2, 105.4, 126.5, 127.9, 128.7, 137.4, 205.6, 205.9; 77Se
NMR (76 MHz, CDCl3) δ 581.3; MS (CI): m/z ) 322 [M+ + 1].
Anal. Calcd for C17H23NSe: C, 63.74; H, 7.24; N, 4.37. Found:
C, 63.71; H, 6.36; N, 4.11.

3-Ethyl-2-phenyl-N-propyl-3,4-pentadieneselenoamide
6b. A yellow oil; IR (neat) 853, 1453, 1955 cm-1; 1H NMR (400
MHz, CDCl3) δ 0.81 (t, 3H, J ) 7.2 Hz, CH3), 0.97 (t, 3H, J )
7.2 Hz, CH3), 1.50-1.67 (m, 2H, CH2), 1.90-2.05 (m, 2H, CH2),
3.43-3.76 (m, 2H, N-CH2), 4.73-4.84 (m, 2H, dCH2), 5.02 (s,
1H, CH), 7.21-7.27 (m, 5H, Ar), 7.83 (br s, 1H, NH); 13C NMR
(100 MHz, CDCl3) δ 11.1, 11.8, 20.7, 25.3, 50.9, 68.4, 79.3,
105.4, 127.6, 127.9, 128.7, 205.8, 205.9; 77Se NMR (76 MHz,
CDCl3) δ 581.2; MS (CI): m/z ) 308 [M+ + 1]. Anal. Calcd for
C16H21NSe: C, 62.74; H, 6.91; N, 4.57. Found: C, 62.71; H, 6.89;
N, 4.55.

3-Ethyl-N-phenethyl-2-phenyl-3,4-pentadieneseleno-
amide 6c. A yellow oil; IR (neat) 857, 1453, 1935 cm-1; 1H NMR
(400 MHz, CDCl3) δ 0.96 (t, 3H, J ) 7.6 Hz, CH3), 1.89-2.00
(m, 2H, CH2), 2.92 (t, 2H, J ) 7.2 Hz, CH2), 3.85-3.99 (m, 2H,
N-CH2), 4.58-4.73 (m, 2H, CH2), 5.03 (s, 1H, CH), 7.06-7.29
(m, 5H, Ar), 7.87 (br s, 1H, NH); 13C NMR (100 MHz, CDCl3) δ
11.9, 25.3, 33.3, 50.0, 68.6, 79.2, 1085.4, 126.7, 127.6, 128.0,
128.4, 128.7, 128.8, 137.3, 137.5, 205.9; 77Se NMR (76 MHz,
CDCl3) δ 592.8; MS (CI): m/z ) 370 [M+ + 1]. Anal. Calcd for
C21H23NSe: C, 68.47; H, 6.29; N, 3.80. Found: C, 68.42; H, 6.13;
N, 3.85.

N-Benzyl-3-ethyl-2-phenyl-3,4-pentadieneselenoamide
6d. A yellow oil; IR (neat) 855, 1454, 1954 cm-1; 1H NMR (400
MHz, CDCl3) δ 1.02 (t, 3H, J ) 7.2 Hz, CH3), 1.97-2.11 (m, 2H,
CH2), 4.71-4.91 (m, 2H, dCH2), 5.16 (s, 1H, CH) 7.79-7.32 (m,
5H, Ar), 8.06 (br s, 1H, NH); 13C NMR (100 MHz, CDCl3) δ 11.8,
25.3, 53.5, 68.3, 79.5, 105.3, 127.6, 127.7, 127.9, 128.0, 128.6,
128.7, 135.0, 137.3, 206.6; 77Se NMR (76 MHz, CDCl3) δ 609.5;
HRMS: m/z ) 354.3535, calcd for C20H21NSe, found 351.3513.

N,N-Diethyl-3-ethyl-2-phenyl-2,4-pentadieneseleno-
amide 9a. To a solution of 2-pentynyl phenylethynyl selenide
(0.25 g, 1.0 mmol) in dry benzene (20 mL) was added diethyl-
amine 8a 0.21 mL (2.0 mmol). The mixture was stirred at reflux
for 5 h under an argon atmosphere. The mixture was extracted
with diethyl ether and washed with saturated NaCl solution.
The organic layer was dried over sodium sulfate and evaporated
to dryness. The residue was purified by thin-layer chromatog-
raphy on silica gel with n-hexane:diethyl ether (10:1) to give 9a
(0.27 g, 43%) as a yellow oil; IR (neat) 1495 cm-1; 1H NMR (400
MHz, CDCl3) δ 0.75 (t, J ) 7.5 Hz, CH3), 0.96 (t, J ) 7.4 Hz,
CH3), 1.01 (t, J ) 7.6 Hz, CH3), 1.11 (t, J ) 7.6 Hz, CH3), 1.25
(t, J ) 7.5 Hz, CH3), 2.13-2.47 (m, CH2), 3.31-3.71 (m, CH2),
3.76-4.28 (m, CH2), 5.07 (d, J ) 9.2 Hz, CH2), 5.19 (d, J ) 10.8
Hz, CH2), 5.28 (d, J ) 17.6 Hz, CH2), 5.33 (d, J ) 17.6 Hz, CH2),
6.34 (dd, J ) 10.4, 6.8 Hz, CH), 6.56 (dd, J ) 11.2, 6.4 Hz, CH),
7.20-7.28 (m, Ar), 7.55-7.59 (m, Ar); 13C NMR (100 MHz,

CDCl3) δ 10.7, 10.8, 12.2, 12.5, 12.6, 14.0, 20.9, 23.2, 48.0, 48.3,
48.6, 115.5, 115.8, 127.6-130.3, 134.2, 134.3, 135.5, 136.4, 142.2,
142.5, 202.5, 203.1; 77Se NMR (76 MHz, CDCl3) δ 668.2, 680.7;
HRMS: m/z ) 320.3364, calcd for C17H23NSe, found 320.3364.
Anal. Calcd for C17H23NSe: C, 63.74; H, 7.24; N, 4.37. Found:
C, 63.65; H, 7.12; N, 4.45.

N,N-Di-n-propyl-3-ethyl-2-phenyl-2,4-pentadieneseleno-
amide 9b. 9b (0.12 g, 35%) was obtained as a yellow oil; 1H
NMR (400 MHz, CDCl3) δ 0.68 (t, J ) 7.2 Hz, CH3), 0.79 (t, J )
7.4 Hz, CH3), 0.93 (t, J ) 7.6 Hz, CH3), 0.95 (t, J ) 7.6 Hz, CH3),
1.09 (t, J ) 7.4 Hz, CH3), 1.19 (t, J ) 7.4 Hz, CH3), 1.76-1.90
(m, CH2), 2.24-2.53 (m, CH2), 3.23-3.29 (m,CH2), 3.57-3.60 (m,
CH2), 3.69-3.78 (m, CH2), 3.91-3.98 (m, CH2), 4.02-4.08 (m,
2H, CH2), 4.18-4.25 (m, CH2), 5.16 (d, J ) 12.0 Hz, CH2), 5.26
(d, J ) 11.6 Hz, CH2), 5.36 (d, J ) 17.6 Hz, CH2), 5.40 (d, J )
16.4 Hz, CH2), 6.43 (dd, J ) 11.2, 6.4 Hz, CH), 6.67 (dd, J )
11.2, 6.4 Hz, CH), 7.27-7.36 (m, Ar), 7.64-7.68 (m, Ar); 13C NMR
(100 MHz, CDCl3) δ 10.7, 10.9, 11.1, 12.6, 14.1, 18.8, 18.9, 20.3,
20.5, 20.9, 23.3, 55.5, 55.8, 115.3, 115.8, 127.6-130.3, 134.4,
134.5, 135.6, 136.4, 142.4, 142.7, 203.1, 203.6; 77Se NMR (76
MHz, CDCl3) δ 678.1, 694.1; HRMS: m/z ) 348.3901, calcd for
C19H27NSe, found 348.3889. Anal. Calcd for C19H27NSe: C, 65.50;
H, 7.81; N, 4.02. Found: C, 65.52; H, 7.84; N, 4.01.

N-(3-Ethyl-2-phenyl-1-selenoxo-2,4-pentadienyl)pyrroli-
dine 9e. 9e (0.17 g, 54%) was obtained as a yellow oil; IR (neat)
1445 cm-1; 1H NMR (400 MHz, CDCl3) δ 0.97 (t, J ) 7.6 Hz,
CH3), 1.12 (t, J ) 7.6 Hz, CH3), 1.90-2.06 (m, CH2), 2.31-2.40
(m, CH2), 2.48-2.57 (m, 2H, CH2), 3.38 (t, J ) 6.2 Hz, CH2),
3.05-3.11 (m, CH2), 3.38-3.41 (m, CH2), 3.67-3.72 (m, CH2),
3.79-3.86 (m, CH2), 5.07 (d, J ) 12.4 Hz, CH2), 5.21 (d, J )
11.6 Hz, CH2), 5.30 (d, J ) 17.2 Hz, CH2), 5.36 (d, J ) 16.0 Hz,
CH2), 6.29 (dd, J ) 10.8, 6.8 Hz, CH), 6.49 (dd, J ) 11.2, 6.0 Hz,
CH), 7.19-7.29 (m, Ar), 7.48-7.54 (m, Ar); 13C NMR (100 MHz,
CDCl3) δ 12.6, 14.0, 20.9, 22.9, 24.17, 24.25, 26.2, 26.3, 52.7,
52.8, 55.8, 56.0, 116.0, 116.2, 127.7-130.7, 133.0, 133.8, 134.1,
134.3, 135.1, 136.2, 143.1, 143.4, 199.3, 199.7; 77Se NMR (76
MHz, CDCl3) δ 688.8, 689.3; HRMS: m/z ) 318.3205, calcd for
C17H21NSe, found 318.3205. Anal. Calcd for C17H21NSe: C, 64.15;
H, 6.65; N, 4.40. Found: C, 64.12; H, 6.60; N, 4.45.

N-(3-Ethyl-2-phenyl-1-selenoxo-2,4-pentadienyl)piperi-
dine 9f. 9f (0.20 g, 59%) was obtained as a yellow oil; IR (neat)
1491 cm-1; 1H NMR (400 MHz, CDCl3) δ 1.05 (t, J ) 7.2 Hz,
CH3), 1.20 (t, J ) 7.4 Hz, CH3), 1.37-1.47 (m, CH2), 1.50-1.81
(m, CH2), 2.19-2.54 (m, CH2), 3.56-3.65 (m, CH2), 3.72-3.79
(m, CH2), 4.08-4.13 (m, CH2), 4.31-4.42 (m, CH2), 4.56-4.64
(m, CH2), 5.14 (d, J ) 11.2 Hz, CH2), 5.26 (d, J ) 11.2 Hz, CH2),
5.35 (d, J ) 17.6 Hz, CH2), 5.40 (d, J ) 21.2 Hz, CH2), 6.37 (dd,
J ) 11.2, 6.4 Hz, CH), 6.62 (dd, J ) 11.2, 6.4 Hz, CH), 7.27-
7.27 (m, Ar), 7.55-7.63 (m, Ar); 13C NMR (100 MHz, CDCl3) δ
12.7, 13.8, 20.8, 22.4, 23.0, 23.6, 24.1, 25.0, 25.1, 25.4, 25.8, 25.9,
26.0, 53.1, 53.2, 53.5, 53.6, 54.9, 55.5, 58.2, 115.6, 115.7, 126.0-
130.2, 129.1, 130.3, 134.0, 134.1, 135.7, 136.7, 141.8, 142.1, 201.5,
202.1; 77Se NMR (76 MHz, CDCl3) δ 625.0, 626.5; HRMS: m/z
) 332.3474, calcd for C18H23NSe, found 332.3456. Anal. Calcd
for C18H23NSe: C, 65.05; H, 6.98; N, 4.21. Found: C, 65.00; H,
6.89; N, 4.22.
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