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ABSTRACT

â-Methylselenenyl r,â-unsaturated ketones were effectively synthesized by treating selenoamides with methyl triflate, followed by reaction
with lithium acetylides. The reaction proceeded with high stereoselectivity to give exclusively Z-isomers. 77Se NMR studies and X-ray molecular
structure analysis of â-methylselenenyl r,â-unsaturated ketones suggested that the products show 1,5-nonbonding interaction between the
selenium atom and carbonyl oxygen atom.

Considerable attention has been paid to the chemistry of
organoselenium compounds because of their value as syn-
thetic reagents1 and their possible biological application.2 In
the course of our studies on selenocarbonyl compounds,3 we
previously reported efficient methods for the synthesis of
aliphatic selenoamides4 and the conversion ofR,R-disub-
stituted selenoamides with organolithium reagents to asym-
metrical ketones.5 We further found that the reaction of
selenoamides with lithium acetylide derived from (trimethyl-
silyl)acetylene and methyl iodide givesâ-methylselenenyl
R,â-unsaturated ketones.5 However, only a limited number
of lithium acetylides and selenoamides were suitable for this

transformation. We describe here the efficient synthesis of
â-methylselenenylR,â-unsaturated ketones by the MeOTf-
mediated reaction of selenoamides with lithium acetylides.
The â-methylselenenylR,â-unsaturated ketones were char-
acterized by77Se NMR spectra and X-ray molecular structure
analysis.
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Initially, the aromatic selenoamide1a6 was reacted with
lithium acetylide2a derived from (trimethylsilyl)acetylene
at 0°C to room temperature for 1.5 h, and then methyl iodide
was added to the reaction mixture as described previously.5

As a result, alkynyl ketone4 was obtained in 62% yield along
with a small amount ofâ-methylselenenylR,â-unsaturated
ketone3a (Scheme 1). After several disappointing results
in the selective synthesis of ketone3a, treatment of seleno-
amide 1a with methyl trifluoromethanesulfonate (methyl
triflate) prior to the reaction with lithium acetylide2a gave
ketone3a in 96% yield7,8 with Z-stereoselectivity.

This new procedure leading to3a allowed for the use of
various selenoamides1 and lithium acetylides2 (Scheme
2). The results are summarized in Table 1. As the seleno-

amide, aromatic selenoamides1a- 1c, selenoacetamide1d,
and R-mono- andR,R-disubstituted selenoamides1e-1h
were used. In almost all cases, the reaction proceeded
smoothly at room temperature and was complete within 3 h
to afford Z-isomers ofâ-methylselenenylR,â-unsaturated
ketones3 as major products.9 In the reaction of aromatic
selenoamides bearing a methoxy group and bromine atom,
1b and1c did not affect the yields of the products3c and
3d (entries 2 and 3). The reaction with lithium acetylides2c
and2ederived from phenylacetylene and 1-hexyne gave the
products3 in moderate to good yields (entries 4, 5, 8, and
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(7) Experimental procedure: To an Et2O solution of 1-(1-phenyl-1-
selenoxomethyl)pyrrolidine (1a) (0.238 g, 1 mmol) was added methyl triflate
(0.115 mL, 1 mmol) at room temperature, and the mixture was stirred for
30 s at this temperature. To this was added an Et2O solution (5 mL) of
lithium acetylide2a prepared from (trimethylsilyl)acetylene (0.42 mL, 3
mmol) and BuLi (1.6 M hexane solution, 1.88 mL, 3 mmol) at 0°C, and
this was stirred for 1.5 h at room temperature. The resulting mixture was
poured into a saturated aqueous solution of NaHCO3 and extracted with
Et2O. The organic layer was dried over MgSO4 and concentrated in vacuo.
The residue was purified by column chromatography (SiO2, hexane:CH2-
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(8) Preliminary77Se NMR studies have indicated a change in the chemical
shift from 717.6 ppm, corresponding to selenoamide1a, to 442.5 ppm upon
the addition of methyl triflate to a CDCl3 solution of1a. Thus, methylse-
lenenyl iminium ion5 may be formed in the initial stage of the reaction.

(9) The stereochemistry of some of the products was determined by
phase-sensitive NOESY spectroscopy, and that of others was estimated on
the basis of the similarities in1H and13C NMR spectra.

Table 1. Reaction of Selenoamides with Lithium Acetylidesa

a The selenoamide1 (1 mmol) was treated with methyl triflate (1 mmol)
in Et2O (5 mL) at 0°C for 30 s. Then, to the reaction mixture was added
an Et2O solution of the lithium acetylide2 (3 mmol), and the solution was
stirred for 1.5 h.b Isolated yield.c The reaction mixture was stirred for 0.5
h. d The reaction mixture was stirred for 3 h.
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11). However, in the reaction with lithium acetylides2b and
2d derived from enynes, the yields of the products depended
on the starting selenoamides1 (entries 1, 7, 9, 10, 12, and
13), probably because of the stability ofR,â,γ,δ-unsaturated
ketones3.10 The reaction of aromatic selenoamide1a and
R,R-disubstituted selenoamides1g and 1h with lithium
acetylide2b gave the corresponding products in 50-74%
yields (entries 1, 9, and 12), whereas the reaction of
R-monosubstituted selenoamide1f gave the product3h in
39% yield (entry 7). Furthermore, the desired products were
not obtained from the reaction of selenoamides1d and1e
with lithium acetylide2b.

The â-methylselenenylR,â-unsaturated ketones3 were
characterized by77Se NMR spectra, as shown in Table 2.

The signals ofZ-isomers of3 were in a lower region than
those ofE-isomers of3. The results in Table 2 suggest that
the selenium atoms ofZ- andE-isomers of3 are in a different
electronic environment.11 To elucidate the structural features
of the products3, an X-ray molecular structure analysis of
â-methylselenenylR,â-unsaturated ketone3b was carried
out. This confirmed that the product3b had aZ-configuration
(Figure 1).12 The intramolecular distance between the
selenium atom and the oxygen atom of the carbonyl group
was 2.74(8) Å and was within the sum of the van der Waals
radii of both atoms.13 Accordingly, 1,5-nonbonding intra-
molecular interaction between these two atoms is present.14

Additionally, the dihedral angle formed by theR,â-unsatur-

ated carbonyl unit and the cyclohexenyl plane is almost a
right angle (87.4(7)°).

In summary, we have demonstrated a highly efficient
conversion of selenoamides toâ-methylselenenylR,â-
unsaturated ketones by the MeOTf-mediated reaction with
lithium acetylides. Further studies should focus on the
synthetic application of the present reactions and elucidation
of their reaction pathways, which should involve several
types of new chemical species.
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Table 2. 77Se-NMR Spectra ofR,â-Unsaturated Ketones3

77Se-NMR (CDCl3) δ (ppm)

entry compound 3 Z-isomer E-isomer

1 3a 419.6 310.5
2 3e 372.6 306.4
3 3f 369.4 304.2
4 3g 413.1 300.1

Figure 1. Ortep drawing of3b. Hydrogen atoms are omitted for
clarity. Selected bond lengths (Å): Se1-C1, 1.892(4); Se1-C16,
1.939(7); O1-C3, 1.217(5); C10-C15, 1.408(8); C10-C11, 1.345-
(7). Selected torsion angles (deg): Se1-C1-C10-C11, 91.8(6);
Se1-C1-C2-C3,-2.5(7); O1-C3-C2-C1,-0.7(8); O1-C3-
C4-C5-26.8(7).
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