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Michael-type addition of hydroxide to alkynylselenonium
salt: practical use as a ketoselenonium ylide precursor
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Abstract—A novel synthetic method of ketodiphenylselenonium ylide from alkynylselenonium salt is described. A reaction of alkyn-
ylselenonium salt, hydroxide ion, and aldehyde in the presence of silver triflate and triethylamine gave oxiranylketones just as a
trans-isomer in moderate to good yields, whereas benzoyl aziridine derivatives were obtained from the reaction with sodium p-tolu-
enesulfonamide instead of a hydroxide ion.
� 2004 Elsevier Ltd. All rights reserved.
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Selenonium ylide, a versatile synthetic species in the
field of organic synthesis, induces several types of C–C
bond formation reactions.1 While the properties of
selenonium and sulfonium ylides show remarkable
resemblance, selenonium ylides stabilized by an elec-
tron-withdrawing group are more reactive than the cor-
responding sulfonium ylides toward electrophiles.2

Some stable selenonium ylides stabilized by two elec-
tron-withdrawing substituents on the carbanionic center
were generated by the reactions of the corresponding
selenuranes and the active methylene compounds,3 the
treatment of stable selenoxides with active methylene
compounds,4 or electron-deficient alkynes,5 and the dis-
placement of an aryliodonium group from the iodonium
ylide with the selenide.6 On the other hand, selenonium
ylides bearing an electron-withdrawing group were
formed only by the deprotonation of the corresponding
selenonium salts.2a,7 These stabilized ylides have dialkyl
groups on the selenium atom, which are inconvenient
for the reactions with nucleophiles because of the occur-
rence of a side reaction, dealkylation.8 There is only one
report on the synthesis of the b-ketodiarylselenonium
salt, but its reactivities are unknown.9 Thus, we are
interested in developing a new synthetic method of keto-
diarylselenonium ylide. Through our research on the
reactivities of diarylalkynylselenonium salts, we found
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that diarylalkynylselenonium salts act as a good
Michael acceptor toward certain nucleophiles.10 If the
Michael-type addition of the hydroxide ion occurs
toward an alkynylselenonium salt, a ketodiarylseleno-
nium ylide would be formed after enol–keto tautomeri-
zation (Scheme 1). On the basis of this hypothesis, we
investigated the reactions of the alkynylselenonium salts
with hydroxide to form the ketodiphenylselenonium
ylides and the capture of the ylide with aldehydes to
produce oxiranylketones.

We first examined the reactions of phenylethynyldiphen-
ylselenonium triflate 1a and lithium hydroxide with
aromatic aldehydes (Table 1). The reaction of p-nitro-
benzaldehyde with 2equiv of alkynylselenonium salt 1a
in the presence of 3equiv of lithium hydroxide at room
temperature proceeded slowly, and trans-oxiranylketone
2a and diphenyl selenoxide 3 were obtained in 17%
yields (entry 1). The formation of the selenoxide proba-
bly arose from the attack of hydroxide to the seleno-
nium cation directly.11 In order to activate the triple
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R
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O

Scheme 1. Michael addition of hydroxide to alkynylselenonium salt.
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Table 1. Reactions of alkynylselenonium salt 1a and ArCHO with

LiOH

Ph SePh 2

LiOH
Additive

TfO

ArCHO

CH 2Cl2-MeCN
r.t., 2 4 h

O H
Ph

O

ArH
Ph2Se(O)

+

1a 2 3

Entry Ar Additive Products (yield, %)

1 p-NO2C6H4 2a (17) 3 (17)

2 p-NO2C6H4 AgOTf (4equiv) 2a (78)

3 p-CNC6H4 AgOTf (4equiv) 2b (67)

4 p-ClC6H4 AgOTf (4equiv) 2c (25)

7460 S. Watanabe et al. / Tetrahedron Letters 45 (2004) 7459–7463
bond toward the Michael-type addition of a nucleophile,
a silver salt was added as a soft metal to the reaction
mixtures. Thus, the reaction with 4equiv of silver triflate
gave the product 2a in 78% yield (entry 2). While p-
cyanobenzaldehyde reacted with the alkynylselenonium
salt and lithium hydroxide to afford the desired epoxide
2b in good yield (entry 3), the reactivity of p-chlorobenz-
aldehyde was low to give the product 2c only in 25%
yield (entry 4). The compounds obtained from the reac-
tions were single trans-isomers, and their structures were
determined by comparing their 1H and 13C NMR data
with those of authentic samples.12

Next, in order to boost the formation of ketoselenonium
ylide by catalyzing the enol–keto tautomerization, the
effect of amine was examined in the reaction of p-chloro-
benzaldehyde (Table 2). The reaction of alkynylseleno-
nium salt 1a (2equiv) with the aldehyde and 3equiv of
lithium hydroxide in the presence of 4equiv of silver tri-
flate and 2equiv of triethylamine in a mixed solvent of
CH2Cl2–MeCN was carried out at room temperature
for 1day, and the yield of the desired compound 2c
was improved up to 61% (entry 1). While the reflux con-
dition reduced the reaction time, the yield of 2c was
decreased (entry 2). Although the increase of the
amount of triethylamine to 4equiv afforded the product
2c in 63% yield, the use of 10equiv of triethylamine
decreased the yield (entries 3 and 4).
Table 2. The effect of triethylamine

Ph SePh 2

LiOH, Et3N , AgOTf

TfO

p-ClC6 H4CHO

CH 2Cl2 -MeCN O H
Ph

O

C 6H4 -p-ClH

+

1a 2c

Entry Et3N Conditions 2c

1 2equiv rt, 1d 61%

2 2equiv Reflux, 8.5h 53%

3 4equiv rt, 1.5d 63%

4 10equiv rt, 1.5d 56%
In view of the results above, the conditions for the reac-
tion with p-chlorobenzaldehyde were optimized, and the
best yield was obtained by the use of 4equiv of alkynyl-
selenonium salt 1a, silver triflate, and triethylamine and
2equiv of lithium hydroxide toward the aldehyde after
12h (Table 3, entry 1).13 Under the same conditions,
several aromatic aldehydes underwent the reactions,
and good yields of the desired oxiranylketones were
obtained. The drop in the electron density of the aro-
matic ring accelerated the reaction rate. Furthermore,
the reactions of p-nitrobenzaldehyde with other alkynyl-
selenonium salts bearing p-chlorophenylethynyl or
p-methylphenylethynyl groups also afforded the corre-
sponding oxirane derivatives in high yields.14 NMR
analysis showed that these oxirane compounds obtained
from the above reactions were just trans-isomers.

Second, to broaden the scope of this reaction, we exam-
ined the reactions with a variety of aliphatic aldehydes
(Table 4). The reactions with linear aliphatic aldehydes
were carried out under the same reaction conditions that
were used for aromatic aldehydes. While the reaction
with 1-propanal gave the oxirane derivative 2l in 18%
yield, the chain lengthening of an aldehyde improved
the yield of the product, and the desired compound 2n
was obtained in 54% yield from the reaction with hydro-
cinnamaldehyde (entries 1–3). Additionally, isobutyl-
aldehyde as a chain-branching aldehyde, reacted with
the ketoselenonium ylide to produce the oxiranyl ketone
2o in 37% yield, and the reaction with valeraldehyde
showed a better result, giving a 63% yield of oxirane
2p (entries 4 and 5). Probably, the cause of the lower
yields of oxiranyl ketones in the reactions with aliphatic
aldehydes than with aromatic aldehydes is attributable
to side reactions, such as the self aldol reaction. In prac-
tice, when the more sterically hindered aldehyde was
used, the yields of desired products were increased by
preventing the side reactions. On the other hand, isobut-
ylaldehyde is too bulky to react with the ylide ade-
quately. The compounds obtained from the reactions
were single trans-isomers, and their structures were
determined by comparing their 1H and 13C NMR data
with those of authentic samples.15

On the basis of these results, we propose a plausible
mechanism for the reactions of an alkynylselenonium
salt with aldehydes and a hydroxide in the presence of
a silver salt and triethylamine (Scheme 2). The triple
bond of the alkynylselenonium salt is activated by a sil-
ver cation, and a hydroxide ion attacks the b-carbon of
the alkynylselenonium salt, similarly to the Michael-
type addition, to form the vinyl ylide 4, which is
transformed to the ketodiphenylselenonium ylide by
enol–keto tautomerization accelerated by triethylamine.
The ylide reacts with aldehydes to give oxiranylketones
together with diphenyl selenide (route A). On the other
hand, diphenyl selenoxide is formed by the attack of
hydroxide to a selenonium cation without activation of
a triple bond by a silver ion (route B). Since these reac-
tions were examined at room temperature, the diastereo-
selectivity on the betaine 5 would not be observed. The
reason that only trans-oxiranes are formed can be
explained by the assumption that an active methine



Table 5. Reactions of alkynylselenonium salt with ArCHO and

TsNHNa

Ph SePh 2

TsNHNa  (6 e q), Et3 N (4 eq),  
AgOTf (4 e q)

TfO

ArCHO

Solvent,  r.t., 3  d N
Ts

Ar
Ph

O

HH

+

1a (4 eq) 6

 (1 e q)

Entry Ar Solvent Products (yield, %)

1 p-ClC6H4 CH2Cl2–MeCN 6a (44)

2 p-NO2C6H4 MeCN 6b (44)

3 o-BrC6H4 MeCN 6c (48)

4 o-MeOC6H4 CH2Cl2–MeCN 6d (30)

Table 3. Preparation of oxiranylketones

Ar1 SePh2

LiOH (6 eq), Et3 N (4 eq),
AgOTf (4 eq)

TfO

Ar2CHO

CH 2Cl2-MeCN O H
Ar1

O

Ar2H

+

1 (4 eq) 2

Entry 1 Ar2 Time (h) Products (yield, %)

1 1a (Ar1 = Ph) p-ClC6H4 12 2c (78)

2 1a p-NO2C6H4 3.5 2a (84)

3 1a o-NO2C6H4 1.5 2d (71)

4 1a m-NO2C6H4 2 2e (58)

5 1a p-BrC6H4 9 2f (55)

6 1a o-BrC6H4 2 2g (92)

7 1a m-BrC6H4 5 2h (90)

8 1a Ph 6.5 2i (40)

9 1b (Ar1 = p-ClC6H4) p-NO2C6H4 3 2j (89)

10 1c (Ar1 = p-MeC6H4) p-NO2C6H4 3 2k (71)
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Scheme 2. Plausible mechanism of the reactions of an alkynylseleno-

nium salt with an aldehyde and a hydroxide in the presence of a silver

cation and triethylamine.

Table 4. Reactions of ketoselenonium ylide with RCHO

Ph SePh 2

LiOH  (6 eq ), Et3N  (4 eq), 
AgOTf (4 eq)

TfO

RCHO

CH 2Cl2-MeCN O H
Ph

O

RH

+

1a (4 eq) 2

Entry R Time Products (yield, %)

1 CH3CH2 Overnight 2l (18)

2 CH3(CH2)2 24h 2m (34)

3 Ph(CH2)2 Overnight 2n (54)

4 (CH3)2CH Overnight 2o (37)

5 (CH3)CHCH2 24h 2p (63)
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hydrogen in the betaine intermediate is easily deproto-
nated by excess bases in this system and the resulting
thermodynamically stable conformer cyclizes to produce
the trans-epoxides 2.2a

One reaction feature of the alkynylselenonium salt is
that other nucleophiles are available as Michael donor
in place of hydroxide ion. In anticipation of the produc-
tion of oxiranyl imines, a p-toluenesulfonamide was
selected as a nucleophile (Table 5). The reaction of
alkynylselenonium salt 1a with p-chlorobenzaldehyde
and sodium p-toluenesulfonamide16 in the presence of
triethylamine and silver trifluoromethanesulfonate was
undertaken under similar conditions to Table 3. Unex-
pectedly, 2-benzoyl-3-(p-chlorophenyl)-1-tosylaziridine
6a was obtained in 44% yield as a single cis-isomer after
3days (entry 1). The structure of 6a was determined by
comparing its spectral data with that of an authentic
sample.17 Other aldehydes also reacted to give tosylazir-
idine derivatives in moderate yields (entries 2–4). The
coupling constants of the methine protons on the azir-
idine ring of 6 (7–8Hz) indicate that these isomers are
cis geometry.17
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The initial step of the above reaction is presumed to be a
formation of an N-sulfonylaldimine and a hydroxide ion
from a p-toluenesulfonamide monosodium salt and an
aromatic aldehyde. The subsequent reaction of the N-
sulfonylaldimine with b-ketoselenonium ylide, which is
generated by an alkynylselenonium salt and a hydroxide
ion would lead to producing an aziridine derivative.
However, the reaction of alkynylselenonium salt 1a with
N-tosyl-4-nitrobenzaldimine and lithium hydroxide in
the presence of triethylamine and silver trifluoromethan-
sulfonate at room temperature for 10h gave oxiranyl-
ketone 2a in 42% yield and the desired aziridine
derivative was not obtained. The reason for the cis selec-
tivity on the aziridine formation is attributable to the
stability of the cis-isomer.18 While so far reports on
the preparation of aziridines starting from ylides and
imines are limited,17,19 we have been able to achieve a
novel type of aziridine formation reaction using alkynyl-
selenonium salt, aldehyde, and sodium p-toluene-
sulfonamide.

In summary, we have developed a novel synthetic
method of ketodiphenylselenonium ylide from alkyny-
lselenonium salt, and the formation of the ylide was
indirectly confirmed by a trap of aldehydes to afford
oxiranyl-ketones. On the other hand, by the use of
sodium p-toluenesulfonamide as nucleophile instead of
lithium hydroxide, benzoyl aziridines were obtained in
moderate yields. A silver cation assists the Michael-type
addition of hydroxide to an alkynylselenonium salt.
Although the excess amount of starting materials
toward aldehyde is a disadvantage, we found interesting
reactions with alkynylselenonium salt involving the con-
trol on the addition of a hydroxide ion with a silver ion
to alkynylselenoioum salt. In addition, the preparation
of oxiranes and aziridines was successful by only chang-
ing the hydroxide to amide. This is the first example in
which an alkynylonium salt is used as an ylide precur-
sor. Further applications of this methodology are cur-
rently underway in our laboratory.
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