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Stereoselective synthesis of vinylic chalcogenides through
vinylic substitution by lithium organylchalcogenolates
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Abstract—Enol phosphates and enol tosilates of b-dicarbonyl compounds react with lithium organoselenolates to give b-organo-
seleno (Z)-a,b-unsaturated carbonyl compounds. Tetrasubstituted vinylic vic-bis(organylchalcogenides) of (E)-geometry have been
prepared by this method.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Organoselenium1a and organotellurium1b,c compounds
find use in organic synthesis. In view of the peculiar
reactivity of vinylic selenides and tellurides, these classes
of organochalcogen compounds have attained a special
attention. Recently their preparation and reactivity have
been reviewed.2 Among the reactions of synthetic
interest involving vinylic chalcogenides are the metal
catalyzed couplings of such species with other function-
alities, leading to chalcogen free olefins of defined
stereochemistry.2 In view of the stereospecificity of these
carbon–carbon bond formation reactions, the stereo-
selective synthesis of vinyl chalcogenides continues to
be a challenge. Some years ago one of us described a
general method for the synthesis of Z-vinylic tellurides
through a stereoselective vinylic substitution by metal
organotellurolates on activated enol derivatives of easily
obtained b-dicarbonyl compounds (Scheme 1).3 Z-vinyl-
ic tellurides 2 were formed in all cases, irrespective of the
stereochemistry of the starting enol 1.
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Scheme 1. Preparation of Z-vinylic tellurides by vinylic substitution.
Prior to this publication, few studies on the vinylic
substitution by metal organotellurolates have been
reported.4 On the contrary, the vinylic substitution by
metal selenolates have been more explored.5 Most of
the methods of synthesis of vinyl chalcogenides refer
to monochalcogen derivatives.2 The synthesis of vic-
vinylic bis-chalcogenides is little explored. Most of the
methods available for their synthesis employ alkynes
as the starting materials. These methods include the
photochemical addition of diorganodisulfides, disele-
nides, and ditellurides to alkynes,6 and the Pd catalyzed
addition of dichalcogenides to alkynes.7 For the free
radical addition of dichalcogenides, the reaction seems
to be effective only for terminal and activated alkynes.
This reaction was also effective for terminal and internal
alkynes when a binary system of (PhS)2–(PhSe)2 was
employed. The products are formed exclusively or pref-
erentially with the E-configuration.6a The thiotelluration
and selenotelluration of acetylenes also occurs with ter-
minal alkynes, although less efficiently.8 The addition of
internal alkynes with very high Z-selectivity was
attained using Ti-species.9 A new procedure was recently
described for the polymer-supported Pd stereoselective
S–S bond addition to terminal alkynes; however, the
methodology was not useful for Ph2Se2 addition.10 A
sequence of hydroboration-iodination of 1,2-bis-alkylse-
lenoacetylenes furnished vic-bis(selenides) of Z-preferen-
tial stereochemistry.11 Methods were also developed for
the synthesis of less substituted vic-bis(chalcogenides).12

In view of the above comments it is of interest to devel-
op practical stereoselective methods of the synthesis of
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Table 1. b-Organoselenium-a,b-unsaturated compounds prepared
according to Scheme 2

Entry Enol (3) Product (4) Yield (%)

1

3aH3C

O CO2Et(EtO)2P

O

H3C

n-BuSe CO2Et

4a
90
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vic-vinylic bis-chalcogenides, aiming to their use in the
construction of three- and tetrasubstituted olefins of de-
fined stereochemistry. Keeping in mind the initial obser-
vations summarized in Scheme 1, the vinylic substitution
reaction is a good choice to prepare vinylic mono- and
bis-chalcogenides, specially due to its stereoselectivity
and to the easy access to the starting materials.
2

3bPh

O CO2Me(EtO)2P

O

Ph

n-BuSe CO2Me

4b

86

3
O(EtO)2P

O CO2Me

3c

CO2Me

4c

n-BuSe 82

4

O(EtO)2P

O CO2Me

3d

tBu

CO2Me

4d

n-BuSe

tBu

79

5
O(EtO)2P

O

O

3e

O

4e

PhSe
68

6

H3C

(EtO)2P-O CO2Et

3f

O

H3C

4-ClPhSe CO2Et

4f
69

YAr

CORXO

Me

X = Ts, P(O)(OEt)2
6a-f

R

O O

YAr

1. NaH, THF, 0 ºC

2. Ts-Cl or ClP(O)(OEt)2

R = CH , OEt

5

2. Results and discussion

The starting enolphosphates were prepared by reaction
of b-dicarbonyl compounds with sodium hydride, fol-
lowed by diethylchlorophosphate.13 With the enolphos-
phates in hands we started the study by reacting
enolphosphate 3a with lithium n-butylselenolate at
0 �C. After 20 min all the starting materials have been
consumed. However, a 2:1 mixture of Z/E isomers in
low yield was detected. At lower temperatures a better
control of the stereochemistry was possible. At �78 �C
the pure Z isomer was isolated in 69% yield after purifi-
cation by column chromatography on silica gel eluting
with hexane/ethyl acetate (95:5).14 In this way, contrary
to the vinylic substitution using lithium organotelluro-
lates,3b the reaction of lithium organoselenolates
requires a strict control of the reaction temperature to
avoid the formation of stereoisomers.

After determining the best experimental condition for
the vinylic substitution reaction, a detailed study was
performed by reacting several cyclic and acyclic enol
phosphates with alkyl and aryl selenolates (Scheme 2).
Good yields were usually obtained in most cases (Table
1). Detailed 1H and 13C analysis of products 4a–f indi-
cated the exclusive formation of only one stereoisomer,
irrespective of the stereochemistry of the starting mate-
rial. Products 4 presented the Z-stereochemistry, as
confirmed by an NOESY experiment showing a cis-rela-
tionship between the vinylic H and the R group on 4a
and 4f.

Aiming to expand the scope of the above discussed
reaction we explored the synthesis of 1,2-bis-organo-
chalcogen compounds by vinylic substitution on b-O-
phosphate/tosyl a-arylchalcogeno a,b-unsaturated
carbonyl compounds by chalcogenolate anions. The
expected product would be a tetrasubstituted alkene
bearing vinylic sulfide and vinylic selenide functions that
could be further used to perform other carbon–carbon
bond forming reactions.15 The starting materials for
these reactions were prepared from 1,3-dicarbonyl
compounds by the introduction of organosulfur or orga-
noselenium groups at the 2-position to give intermediate
5, followed by in situ treatment with a second equivalent
of base (NaH) and diethyl chlorophosphate or tosyl
R

O R1
O

R

R3Se R1
O

(EtO)2P
O

R3SeLi
conditions

Scheme 2.
chloride to give the vinylic species 6a–f, according to
Scheme 3 and Table 2. By this route a-arylchalcogeno
a,b-unsaturated carbonyl compounds functionalized at
the b-position by a good leaving group can be prepared.
Organosulfur and organoselenium species could be con-
veniently placed at the a-position of the b-dicarbonyl
compounds. Otherwise, organotellurium compounds
were too unstable to be isolated and purified. As can
be observed in Table 2, the compounds were obtained
as E/Z mixtures in a variable ratio. We did not pursue
further efforts to determine which isomer of 6 was
formed preferentially, since it is expected that one iso-
mer of 7 will be preferentially formed, irrespective of
the stereochemistry of 6.

The same reaction conditions employed for the synthesis
of 4 were employed for the synthesis of 7 (Scheme 3).
3

YAr

CORR1 Y

Me

R1YLi, THF
-78 ºC

7a-h

Scheme 3.



Table 2. Synthesis of enol compounds 6a–f according to Scheme 3

Entry 6 Enol 6 Yield (%) Isomer ratio

1 6a

Me

O

SePh

O

OEt(EtO)2P

O

88 50:50

2 6b

Me

O

SePh

O

OEtTs
73 91:9

3 6c

Me

O

SPh

O

OEt(EtO)2P

O

57 55:45

4 6d

Me

O

Se(p-ClPh)

O

OEt(EtO)2P

O

82 52:48

5 6e

Me

O

SePh

O

Me(EtO)2P

O

81 50:50

6 6f

Me

O

SePh

O

MeTs
76 86:14
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Starting from a 50:50 E/Z mixture of 6a and PhSeLi as
the nucleophile, 7a was obtained as a 9:1 E/Z mixture in
76% yield (Table 3, entry 1). We tried different condi-
Table 3.

Entry Enol (6) Product (7) Yield (%) E/Z ratio

1 6a

PhSe

Me SePh

CO2Et

7a

76 90:10

2 6a

p-ClPhSe

Me SePh

CO2Et

7b

73 100:0

3 6a

p-MePhSe

Me SePh

CO2Et

7c

70 100:0

4 6a

p-ClPhS

Me SePh

CO2Et

7d

63 95:5

5 6c

PhSe

Me SPh

CO2Et

7e

40 100:0

6 6c

n-BuTe

Me SPh

CO2Et

7f

56 100:0

7 6e

PhSe

Me SePh

COMe

7g

73 90:10

8 6e

p-ClPhSe

Me SePh

COMe

7h

71 100:0
tions, such as performing the reaction at higher temper-
atures and the use of sodium and magnesium
organylselenolates, but in all cases lower yields (32–
54%) and nearly 1:1 E/Z mixtures of isomers were ob-
served. Having determined the best experimental condi-
tion, we explored the scope of the reaction with different
nucleophiles of sulfur, selenium, and tellurium species.16

As can be seen in Table 3, reasonable to good yields of
the desired products were obtained. For most examples
studied, a good stereoselectivity was observed in favor
of E-isomer 7, irrespective of the stereochemistry of
the starting material 6.

The stereochemistry of compounds 7 was confirmed by
1H and 13C NMR analysis. The E-configuration at the
double bond has been proved unequivocally for com-
pounds 7d and 7g by X-ray structural analysis of the
major isomer.

In conclusion, we showed that the vinylic substitution
by lithium organylchalcogenolates is a useful method
for the stereoselective synthesis of functionalized vinylic
selenides, vinylic sulfides, and vinylic tellurides using
easily available 1,3-dicarbonyl compounds as starting
materials. Tri- and tetrasubstituted alkenes containing
organosulfur and organoselenium groups can be
prepared.
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