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Lithium butylchalcogenolates are generated in situ by reacting the elements (S, Se, and Te) with butyl-
lithium at 0 �C. Reaction of the lithium alkylchalcogenolates with activated alkenes and aldehydes gives
the corresponding aldol adducts. The selenium-containing products give Morita–Baylis–Hillman adducts
after the oxidation/elimination of the selenoxide. The whole sequence can be performed in a one-pot
procedure.
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The addition of chalcogenols or metal alkyl chalcogenolates to
activated alkenes is a useful method to prepare functionalized
alkylchalcogenides.1 A serious drawback of this methodology is
the use of alkylchalcogenols or dialkylchalcogenides as starting
materials, since these compounds are volatile and very bad smell-
ing. Recently we demonstrated that alkylchalcogenols, generated
in situ by reacting commercial alkyllithiums and elemental sulfur,
selenium and tellurium, react with activated alkenes to give func-
tionalized dialkylchalcogenides in good yields.1 This protocol con-
stitutes an important advance in preparative organochalcogen
chemistry, since it allows the preparation of non-volatile products
starting from easily available and friendly precursors. It is espe-
cially important in the context of the sulfur chemistry, since lith-
ium alkylthiolates, which are widely used in synthesis,
surprisingly continue to be generated by deprotonation of foul
smelling alkylthiols.2

Application of our protocol to activated alkenes and capture of
the intermediate enolate with an aldehyde, followed by sulfoxide
or selenoxide elimination would constitute a simple and efficient
one-pot access to Baylis–Hillman adducts (Scheme 1).3 In addition,
the tellurium containing products are precursors of functionalized
reactive organometallics, as recently demonstrated by our group.4

In this Letter we disclose our preliminary results on the reaction
sequence shown in Scheme 1 and in Table 1.

Initially we investigated the best experimental conditions to
perform the chalcogenation/condensation sequence. Several reac-
tion conditions and sequence of addition of the components were
tested. The best experimental protocol found was to generate the
lithium alkylchalcogenolate by adding an equimolar amount of
ll rights reserved.
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nBuLi to a suspension of the chalcogen in THF under nitrogen at
0 �C. The limpid solution was cooled to �70 �C and then equimolar
amounts of freshly distilled benzaldehyde, and after 5 min, the
activated alkene were added. The mixture was then allowed to
reach room temperature to give the adducts in the isolated yields
as shown in Table 1.5 No additive was needed to promote the con-
densation reaction.3 As can be observed, the reaction works well
with the three chalcogens. In one case (Table 1, entry 3) a two-
substituted olefin was used, with a good yield being obtained.
The products are almost odorless oils, stable to the light and air,
and can be purified by column chromatography. When stored un-
der refrigeration the sulfides and selenides do not degrade to an
observable extent. The tellurides are less stable and after some
days some degree of decomposition can be detected by the darken-
ing of the samples. However, by taking the proper care, evaporat-
ing the solvent immediately after the work-up, even the
tellurides can be safely manipulated in the presence of the light
and the air. It is worth mentioning that during the reaction course,
no bad smell typical of butylthiol, -selenol, or dibutylditelluride
was detected.

The best yield was achieved when lithium butylselenolate and
acrylonitrile were reacted (Table 1, entry 5). It is well known that
the selenoxide syn-elimination reaction occurs under much milder
conditions than the sulfoxide syn-elimination;6 while the sulfoxide
syn-elimination requires reflux at about 120 �C to occur,7 the selen-
oxide syn-elimination proceeds at room temperature or below.8

This fact is especially important if we intend to apply this protocol
in the synthesis of more complex and sensitive substrates. In view
of this we concentrated our efforts in the reaction involving the
lithium butylselenolate to test the influence of the aldehyde in
the reaction yield and to obtain the butyl selenides for further sel-
enoxide elimination.
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Scheme 1. Morita–Baylis–Hillman adducts formation.

Table 1
Three-component electrochalcogenation reactionsa

Y0

nBuLi, THF, 0 oC

Y = S, Se, Te

nBuYLi, PhCHO

THF, -70 oC to r.t., N2

OH

EWG

nBuYEWG

Entry Chalcogen
(Y0)

Alkene Aldol product Yieldb

(%)

1 Te CO2Me

OH

nBuTe

OMeO
1

73

2 Se CO2Me

OH

nBuSe

OMeO
2

78

3 Se CO2Me

OH

nBuSe

OMeO
3

81

4 S CO2Me

OH

nBuS

OMeO
4

68

5 Te CN

OH

CN

nBuTe

5

79

6 Se CN

OH

CN

nBuSe

6

95

7 S CN

OH

CN

nBuS

7

79

a All the reactions were performed in THF using stoichiometric amounts of the
alkene, aldehyde, and the lithium butylchalcogenolate in a 3 mmol scale.

b The yields refer to the isolated products purified by column chromatography.
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In Table 2 we can see the result of the reaction sequence using
aromatic aldehydes bearing electron-withdrawing and electron-
donating groups, as well as aliphatic aldehydes. In all cases the
yields were high except for the nitrobenzaldehydes (Table 2, en-
tries 2 and 3). In these cases a darkening of the reaction mixture
was observed. However, it is well known that reaction of com-
pounds bearing the nitrogroup with carbanionic substrates is trou-
blesome. Entry 4 shows that the reaction is sensitive to steric
factors.

As mentioned before, the selenoxide syn-elimination reaction is
milder than the analogous sulfoxide syn-elimination. Normally the
selenoxide elimination is performed with substrates bearing aryl
groups linked to the selenium atom, electron-withdrawing substit-
uents enhancing the elimination rate.6,9 However, the presence of
an acidic proton a to the organoselenium moiety of the aldol ad-
ducts (Table 2, entries 8–18) facilitates the elimination, which oc-
curred in 74% isolated yield when compound 15 was subjected to
the oxidation reaction with H2O2 in THF at 0 �C for 10 min (Eq.
1), while the oxidation of the same compound with tBuOOH,
Ti(OiPr)4, and DHP10 for 10 min at room temperature gave 19 in
93% isolated yield (Eq. 2).

Cl

OH

CN
Cl

OH

CN

nBuSe H2O2, THF, -10 oC r.t.

1915

20 min, 74%

ð1Þ

15 19
10 min, r.t., 93%

tBuOOH, Ti(OiPr)4, DHP ð2Þ

The oxidation/elimination sequences described in Eqs. 1 and
2 were performed in a 3 mmol scale and the isolated yields
are in the range expected for the selenoxide syn-elimination reac-
tion.11 A number of reaction conditions are available to perform
this classical transformation.6 In this way, the proper choice of
reagents and reaction conditions can be made, depending on
the substrate structure. The whole reaction sequence, that is,
lithium butylselenolate generation, Michael addition to the acti-
vated alkene, aldol condensation, and selenide oxidation/elimi-
nation can be performed in one-pot operation as shown in Eq.
(3), when compound 15 was transformed into 19 in 61% overall
yield.12
Se0
nBuLi, THF

r.t.
[nBuSeLi]

1) p-ClPhCHO, -70oC

2) CH2 CHCN , -70oC, 10 min

3) -70oC r.t.

4) Ti(OiPr)4, then tBuOOH,
     10 min, r.t.
     61% overall

19

ð3Þ



Table 2
Three-component electroselenylation reaction of acrylonitrilea

Se0

nBuLi, THF,
0oC, N2

[nBuSeLi], RCHO

THF, -70 oC to r.t.
R

OH

CN

nBuSeCN

Entry Aldehyde Aldol productsc Yieldb (%)

1 H

O OH

CN

nBuSe
8

95

2 H

O
NO2 nBuSe

CN

OH
NO2

9

40

3 H

O

NO2

nBuSe
CN

OH

NO2
10

32

4 H

O Br

nBuSe
CN

OH Br

11

57

5 H

O

OEt

nBuSe
CN

OH

OEt12

87

6 H

O

nBuSe
CN

OH

13

81

7 H

O

nBuSe
CN

OH

14

81

8 H

O

Cl

nBuSe
CN

OH

Cl
15

88

9
H

O

O nBuSe
CN

OH

O

16

72

10
H

O
nBuSe

CN

OH

17

70

11
H

O
nBuSe

CN

OH

18

83

a All the reactions were performed in THF using stoichiometric amounts of
alkene, aldehyde, and the lithium butylchalcogenolate in a 3 mmol scale. Com-
pound 15 was prepared in a 10 mmol scale.

b The yields refer to the isolated products purified by column chromatography.
c All prepared compounds were subjected to the selenoxide syn-elimination to

eliminate a stereogenic center facilitating the product analysis. No attempts were
made to improve the yields of this step, except for the oxidation–elimination
reaction of compounds 2 and 15.
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In conclusion, a three-component sequence leading to highly
functionalized alkyl chalcogenides was developed. The reactions
were performed under friendly conditions, which avoid the manip-
ulation of bad smelling alkyl thiols, selenols, and dialkylditellu-
rides. In the case of the selenides, the oxidation/elimination
occurs under very mild conditions and the whole reaction se-
quence can be performed in a one-pot operation, leading to a Mori-
ta–Baylis–Hillman adduct.
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