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Hydroalumination of selenoacetylenes: a versatile generation and
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Abstract

The hydroalumination of butylseleno acetylenes with DIBAL-H followed by addition of n-butyllithium generated in situ the (Z)-
butylseleno vinyl alanates intermediates which were captured with C4H9TeBr furnishing the (E)-telluro(seleno)ketene acetals exclusively.
The isomers with opposite stereochemistry (Z)-telluro(seleno)ketene acetals were obtained by the reduction of phenylseleno acetylenes
with lithium di-(isobutyl)-n-butyl aluminate hydride (Zweifel’s reagent) followed by reaction of (E)-phenylseleno vinyl alanates inter-
mediates with C4H9TeBr.
� 2008 Elsevier Ltd. All rights reserved.
In recent decades organoselenium1 and organotellu-
rium2 chemistries have become promising research fields
leading to the development of new reagents with many
applications in organic synthesis. Vinyl tellurides3 have
attracted significant attention and interest because these
compounds can be used as electrophilic or nucleophilic
sp2 carbon sources in different carbon–carbon forma-
tion processes including synthesis of natural products.4

Moreover, stereo-retentive transmetallations represented
by Te/Li,5 Te/Cu4a and Te/Zn6 were developed mainly
for their application as precursors in chain elongation.

The synthesis of chalcogeno(ketene) acetals and their
use in the preparation of highly functionalised vinylmetallic
reagents is also of interest because carbon–carbon or car-
bon-heteroatom bond formation of these organometallics
affords polyfunctionalised olefins.7,8 Our group developed
methodologies to obtain compounds containing two
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organochalcogens groups attached at one double bond.
Telluroketene acetals9 were obtained by reaction of telluro-
acetylenes with bis(cyclopentadienyl)chloro zirconium
hydride (Schwartz’s reagent) followed by addition of
C4H9TeBr. Also, the stereoselective synthesis of (E)- and
(Z)-telluro(thio)ketene acetals10 was effected by the reac-
tion of phenylthio acetylenes with organoaluminium
hydrides as reducing agents and subsequent treatment of
the vinyl alanates intermediates with C4H9TeBr.

Few methodologies to obtain telluro(seleno)ketene ace-
tals have been published.9,11,12 The reaction of DIBAL-H
1 and phenylseleno acetylenes followed by addition of
electrophilic tellurium species furnished the (E)-tell-
uro(seleno)ketene acetals.11 However, the products desired
were obtained in low to moderate yields (22–50%) because
the Al/Te exchange reactions occurred with lower efficiency
in a-phenylseleno vinyl alanas intermediates.11

More recently, we described the ‘one pot’preparation of
(E)-telluro(seleno)ketene acetals via hydrozirconation of
alkynyl selenolate anions.12 Using this reaction it is
possible only to obtain the (E)-telluro(seleno)ketene
acetals compounds.12 To the best of our knowledge,
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methodologies to synthesise (Z)-telluro(seleno)ketene
acetals with high stereoselectivity have not yet been
published.

We report here a new, general and highly regio and ster-
eoselective synthesis of (Z)- and (E)-telluro(seleno)ketene
acetals employing the hydroalumination of selenoacetyl-
enes. Reactions involving DIBAL-H 1 (1.0 mmol) and
Table 1
Synthesis of (E)-telluro(seleno)ketene acetals

3a-g

Hexanes/0

n-C4H9Li

H Al

SeC4H9R

Hexanes/r.t.

2a-g
SeC4H9RH

Al

1

Entry Butylseleno acetylenes Productsa

1
SeC4H9C3H7

           2a

C3H7 S

T
5a

2
SeC4H9C4H9

  2b 

C4H9

                    

3
SeC4H9C6H13

                    2c 

C6H13 S

      5c 

4
SeC4H9C6H5

           2d

C6H5 S

5d

5
SeC4H9

            2e 
5e

6
SeC4H9

            2f 
                    

7

THPO

SeC4H9

            2g

THPO

5

a Fully characterised by NMR, MS, Microanalyses data.
b Formation of intermediates 3a–g.
c Isolated yields after purification by chromatography using silica flash (230–

ethyl acetate:hexane (2:8) for 5g.
butylseleno acetylenes 2a–g (1.0 mmol) in hexanes (5 mL)
at room temperature, occurred with cis-addition of hydride
at the triple bond and transference of the organoaluminium
moiety to the carbon sp2 terminal afforded the (Z)-butyl-
seleno vinyl alanas intermediates 3a–g, which were treated
with n-butyllithium (1.0 mmol) to give the (Z)-butylseleno
vinyl alanates 4a–g.
(E)-5a-g4a-g

oC

TeC4H9

R SeC4H9

H
THF-benzene/0 oC   

C4H9TeBr
Li

C4H9

R SeC4H9

AlH

Time reactionb (h) Yieldc (%)

eC4H9

eC4H9

2.0 85

SeC4H9

TeC4H9

 5b 

2.5 87

eC4H9

TeC4H9

2.5 80

eC4H9

TeC4H9

3.0 76

SeC4H9

TeC4H9

2.5 75

TeC4H9

SeC4H9

 5f 

2.5 70

TeC4H9

SeC4H9

g

2.0 76

400mesh) and hexane as the eluent for compounds 5a–f and a mixture of



Table 2
Synthesis of (Z)-telluro(seleno)ketene acetals

SeC6H5

Li

C4H9

Al

H

diglyme/reflux

n-C4H9Li
TeC4H9R

SeC6H5H
THF-benzene/0 oC

C4H9TeBrLi

C4H9

R Al

H
diglyme/0 oC

7a-g
SeC6H5R

H

Al

6 8a-g (Z)-9a-g

1

Entry Phenylseleno acetylenes Productsa Time reactionb (h) Yieldc (%)

1
SeC6H5C3H7

7a

C3H7

SeC6H5

TeC4H9

9a

1.5 89

2
SeC6H5C4H9

7b

C4H9

SeC6H5

TeC4H9

9b

1.5 80

3
C6H13 SeC6H5

7c

C6H13 TeC4H9

SeC6H5

9c
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4
SeC6H5C6H5

7d

TeC4H9

SeC6H5

C6H5

9d

2.5 76

5
SeC6H5

7e

TeC4H9

SeC6H5

9e

2.5 75

6
SeC6H5

7f

TeC4H9

SeC6H5

9f

2.0 72

7 SeC6H5

THPO

7g

THPO

SeC6H5

TeC4H9

9g

1.5 71

a Fully characterised by NMR, MS, Microanalyses data.
b Formation of intermediates 8a–g.
c Isolated yields after purification by chromatography using silica flash (230–400 mesh) and hexane as the eluent for compounds 9a–f and a mixture of

ethyl acetate:hexane (2:8) for 9g.
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Finally, these vinyl alanate intermediates were cap-
tured with C4H9TeBr (4.0 mmol) in THF/benzene at
0 �C furnishing exclusively the (E)-1-butyltelluro-1-butyl-
seleno-2-organoyl ethenes 5a–g13 with good yields
(Table 1).

The stereochemistry of the (E)-telluro(seleno)ketene ace-
tals was determined by the gNOESY in the 1H NMR spec-
tra of 5b. An enhancement of the methylenic protons next
to tellurium was observed as the vinylic proton of 5b was
irradiated.

The NOE effect was also observed between the allylic
protons and the CH2 of the butylseleno group. Futher-
more, correlations were not observed between the vinylic
hydrogen and the CH2 attached at the selenium atom.
These NMR experiments indicate that the butylseleno
group is situated close to the alkyl group attached to the
adjacent carbon (E configuration).

In the context of our strong interest in exploring a con-
venient access to (Z)-telluro(seleno)ketene acetals we stud-
ied the hydroalumination of butylseleno acetylenes using
the lithium di-(isobutyl)-n-butyl aluminate hydride 6

(Zweifel’s reagent)14 obtained ‘in situ’ by the addition of
n-butyllithium (1.0 equiv) to a solution of DIBAL-H
(1.0 equiv.) in diglyme (10 mL) at 0 �C.

The first attempt at trans-stereoselective reaction of the
1-selenobutyl-1-hexyne 2b failed, and the hydroalumina-
tion afforded a mixture of alkylselenides as product due
to Csp–Se cleavage from the starting material.

However, when we reacted the phenylseleno acetylenes
(1.0 mmol.) 7a–g and lithium di-(isobutyl)-n-butyl alumi-
nate hydride 6 (1.5 mmol) in diglyme (10 mL) under reflux,
the (E)-phenylseleno vinyl alanate intermediates 8a–g were
generated by the anti-addition of the hydride from Zwei-
fel’s reagent to the triple bond.

Consequently, the organoaluminium moiety was trans-
ferred to the carbon sp2 bearing the phenylseleno group
and finally these intermediates 8a–g were trapped with
C4H9TeBr furnishing the (Z)-telluro(seleno)ketene acetals
9a–g15 exclusively and good yields (Table 2).

The stereochemistry of the (Z)-telluro(seleno)ketene
acetals was also determined by the gNOESY experiments.
For example we utilised compound 9c to demonstrate the
(Z)-configuration of the trisubstituted olefins 9a–g. NOE
effects from allylic CH2 to the CH2 directly attached to
the tellurium atom and between vinyl hydrogen and CH
aromatic from phenyl group bonded to the selenium atom
were observed. On the other hand, correlations were not
observed between the vinylic hydrogen and CH2 bonded
directly at the tellurium atom.

In summary, we developed two new methodologies that
permit the exclusive synthesis of (E)- and (Z)-tell-
uro(seleno)ketene acetals with total control of regio and
stereochemistry. The vinyl aluminates complexes described
here for the first time are responsible for the stereospecific-
ity of tellurium compounds formation which were obtained
by NOE experiments. Synthetic applications involving the
Te/Li exchange and cross coupling reactions of these tell-
uro(seleno)ketene acetals are under development in our
laboratory.
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