
Tetrahedron Letters 50 (2009) 2636–2639
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Synthesis of symmetrical 1,3-diynes via homocoupling reaction of n-butyl
alkynyltellurides

Fateh V. Singh a, Mônica F. Z. J. Amaral a, Hélio A. Stefani a,b,*

a Faculdade de Ciências Farmacêuticas, Universidade de São Paulo, Av. Prof. Lineu Prestes 580, São Paulo 05508-900, Brazil
b Departamento de Biofisica, Universidade Federal de São Paulo, SP, Brazil

a r t i c l e i n f o a b s t r a c t
Article history:
Received 14 January 2009
Revised 26 February 2009
Accepted 11 March 2009
Available online 16 March 2009

Keywords:
Homocoupling reaction
Symmetrical 1,3-diynes
Alkynyltellurides
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.03.078

* Corresponding author. Tel.: +55 11 818 3654; fax
E-mail address: hstefani@usp.br (H.A. Stefani).
An ultrasound-assisted synthesis of symmetrical 1,3-diyne compounds with electron-withdrawing or -
donating substituents is described and illustrated by the palladium-catalyzed homocoupling reaction
of n-butyl alkynyltellurides. This procedure offers easy access to 1,3-diynes in very short reaction times,
and the products are achieved in good to excellent yields.

� 2009 Elsevier Ltd. All rights reserved.
Symmetrical and unsymmetrical alkynes play an important role
as building blocks in many synthetic transformations, and in new
materials such as conjugated oligomers and polymers, liquid crys-
tals, non-linear materials, molecular wires, and in other engineer-
ing materials.1 Several symmetrical 1,3-diynes have been
exclusively used as equivalents to other functional groups in syn-
thetic organic chemistry.2 In addition, these 1,3-diynes are com-
mon structural motifs found in various natural products3 and
important biological activities, specially antifungal activity.4 In
the past two decades, 1,3-diynes have been recognized as an
important functionality in organic molecular materials such as
molecular wires and molecular architecture on the nanometer
scale.5 Therefore, the need for efficient and concise syntheses of
diynes having desired functionalities is evident in natural product
chemistry as well as in the discovery of new pharmaceutical
agents.

Carbon–carbon bond formation for the preparation of symmet-
rical and unsymmetrical diyne compounds is one of the most use-
ful and important tools in modern organic chemistry. The
construction of diynes can be achieved either by intermolecular-
or by intramolecular cross-coupling of two similar or dissimilar
alkynylic functionalities in the presence of organo-metal com-
plexes. Palladium-catalyzed cross-coupling reactions between the
electrophilic compounds Ar–X (X being mainly Cl, Br, I and OTf)
and organometallic species Ar–M (M being Mg, Zn, Sn, and B) are
on the verge of truly becoming a general process for the construc-
tion of diyne systems.
ll rights reserved.

: +55 11 3 815 4418.
Numerous synthetic approaches are available for the synthesis
of symmetrical 1,3-diynes in the literature, which include the tra-
ditional oxidative homocoupling of terminal acetylenes such as
Cadiot–Chodkiewicz,6 Eglington,7 Glaser,8 Hay,2b Sonogashira cou-
plings9 and the Pd(0)–Cu(I) catalyzed self-coupling of terminal al-
kynes in the presence of chloroacetone,10 iodine,11 allyl bromide,12

and ethyl bromoacetate.13 Recently, Cahiez14 and others15 demon-
strated the efficiency of the iron-catalyzed homocoupling of alky-
nyl Grignard reagents using 1,2-dihalogenoethanes as oxidants.
Following this, Knochel16 described the elegant transition-metal-
free homocoupling reaction of organomagnesium compounds by
direct oxidation with 3,30,5,50-tetra-tert-butyl-4,40-diphenoqui-
none. However, for industrial applications, these methods are lim-
ited since they require a stoichiometric amount of organic
oxidant.17 Recently, we reported the synthesis of 1,3-diyne sys-
tems by the Cu-mediated homocoupling of potassium alkynylic tri-
fluoroborate salts.18

In the current decade, organotellurium compounds have at-
tained remarkable development as synthons and intermediates in
synthetic organic chemistry. Organotellurium compounds have
been used instead of halogens as electrophilic partners in some
palladium-catalyzed cross-coupling reactions.19,20 Uemura and
his research group21 demonstrated the palladium-catalyzed homo-
coupling of some organotellurides, such as alkenyl and aryl tellu-
rides, but this approach was associated with poor yields and the
formation of some undesired side products. It was also disclosed
that homocoupling hardly occurred with tellurides such as diaryl,
alkyl aryl, dialkyl and alkynyl aryl tellurides, even in the presence
of a stoichiometric amount of palladium salts and at higher tem-
perature.21a Barton and his research group22 also reported the
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homocoupling of some organotellurides but the experimental de-
tails are not available.

Recently, we have achieved the palladium-catalyzed homocou-
pling of n-butyl aryltellurides successfully in minutes by using
ultrasonic waves as a source of energy.23 The ultrasound effects
are attributed to a physical process called cavitation.24

Herein, we report a new protocol for the synthesis of 1,3-diyne
systems by the palladium-catalyzed homocoupling of functional-
ized n-butyl alkynyltellurides using ultrasonic waves as a source
of energy. The strength of the procedure lies in formation of the
C–C bond and in the introduction of electron-donor or -acceptor
functionalities into the molecule.

The approach to prepare 1,3-diyne compounds 2a–j was based
on the palladium-catalyzed homocoupling reaction of functional-
ized n-butyl alkynyltellurides 1a–j. The parent precursors n-butyl
alkynyltellurides 2a–j were conveniently prepared in high yields
by the lithiation of terminal alkynes followed by the addition of
metallic tellurium and n-bromobutane.25

Initially, we paid attention to the determination of the optimal
conditions for the homocoupling of alkynyltelluride 1. Toward this
end, n-butyl phenylacetylenic telluride 1a was chosen as a model
substrate and a variety of conditions were screened (Table 1).
The reactions were monitored by TLC or GC.

In order to find an appropriate catalyst for the homocoupling
of n-butyl phenylacetylenic telluride 1a, we tested several reac-
tions with palladium and non-palladium catalysts. The reactions
with the palladium catalysts were successful in most cases. The
Pd(II) and (0) species were used in these homocoupling reactions
and the best result was obtained with PdCl2 (Table 1, entry 2).
Table 1
Study of the effect of a catalyst on the homocoupling of n-butyl phenylacetylenic
telluride 1a

TeBu-n
Et3N, PdCl2 (8%)

AgOAc, MeOH

Ultrasonic1a 2a

Entry Catalysta Yieldb (%)

1 — nr
2 PdCl2 95
3 PdCl2(BzCN)2 88
4 Pd(PPh3)4 91
5 CuI nr
6 PdCl2(dppf)CH2Cl2 71
7 Fe(Acac)3 60
8 Pd(OAc)2 92

a 10 mol % of catalyst was used.
b The yield was determined by GC analysis.

Table 2
Study of the effects of additive and base on the homocoupling of n-butyl
phenylacetylenic telluride 1a

Entry Base Additive (equiv) Pd(PPh3)4 (mol %) Yielda (%)

1 Et3N — PdCl2 (10) nr
2 Et3N AgOAc (1) PdCl2 (10) 98
3 Et3N Ag2O (1) PdCl2 (10) 31
4 Et3N CuI (1) PdCl2 (10) 67
5 Et3N AgOAc (2) PdCl2 (10) 81
6 — AgOAc (1) PdCl2 (10) nra

7 Na2CO3 AgOAc (1) PdCl2 (10) 92
8 DIPEA AgOAc (1) PdCl2 (10) 95
9 Et3N AgOAc (1) PdCl2 (5) 71

10 Et3N AgOAc (1) PdCl2 (8) 98

a The yield was determined by GC analysis.
AgOAc was used as an additive, triethylamine used as the base,
and methanol used as the solvent. The reaction was irradiated
for 20 min in an ultrasound bath. The product was obtained in
95% yield.

The next step was the determination of the best base and the
necessity of an additive in the reaction. Initially, organic bases such
as triethylamine and diisopropyl ethyl amine (DIPEA) were used in
the presence of AgOAc and the desired compound was observed in
98 and 95% yields respectively (Table 2, entries 2 and 8). When the
same reaction was performed with an inorganic base, such as so-
dium carbonate, the desired compound was achieved in 92% yield
(Table 2, entry 7). In order to verify the effect of the base we per-
formed the same reaction without base, but no reaction was ob-
served (Table 2, entry 6).

In order to investigate the effect of the additive, the same reac-
tion was performed with three different additives, mainly AgOAc,
Ag2O, and CuI, and the desired product 2a was achieved in 98, 31
and 67% yields, respectively (Table 2, entries 2–4). To establish
the stoichiometry of the reaction, we performed this reaction with
two equivalents of Ag2OAc, and the desired compound was
achieved in 81% yield (Table 2, entry 5). No reaction was observed
in the absence of additive (Table 2, entry 1).

In order to achieve the best solvent, we performed different
reactions with different kinds of solvents. The best result was
achieved with a polar protic solvent (methanol) in 98% yield (Table
3, entry 1). The optimizations results with different solvents are
described in Table 3.

During the optimization studies for 1,4-diphenylbuta-1,3-diyne
2a, it was observed that the reaction mixture containing 1.0 equiv
of n-butyl phenylacetylenic telluride 1a, 1.0 equiv of Ag2OAc,
2.0 equiv of triethylamine, and 8 mol % of PdCl2 in methanol, irra-
diated under ultrasonic waves for 15 min, was the best for the syn-
thesis of 1,4-diphenylbuta-1,3-diyne 2a. After achieving the best
conditions for the synthesis of the desired compound 2a, we syn-
thesized a series of symmetrical 1,3-diyne compounds 2a–j using
the optimized conditions in 77–91% yields (see Table 4). Interest-
ingly this reaction worked nicely with both aliphatic and aromatic
acetylenic tellurides. All synthesized compounds were character-
ized by spectroscopic analysis.32

On the basis of available literature21a we propose a possible cat-
alytic cycle for the homocoupling reaction of n-butyl alkynyltellu-
rides as described in Figure 1. According to this cycle, the reaction
proceeds with the formation of a telluride-palladium(II) complex
(A) followed by the transmetallation of the alkynyl group to give
the alkynyl palladium species (B), which reacts with another alky-
nyltelluride molecule to give a dialkynyl palladium intermediate
(C). On reductive elimination the intermediate C undergo homo-
coupling to give product 2 and Pd. The palladium species is later
oxidized with AgOAc to give palladium(II) thus completing the cy-
cle. We observed the formation of dibutyltelluride in trace
amounts by GC–MS.

In summary, we have demonstrated the ultrasound-assisted
synthesis of alkyl and aryl substituted 1,3-diynes by the homocou-
pling reaction of easily accessible alkynyltellurides. This methodol-
ogy has the flexibility of introducing electron-donor or -acceptor
Table 3
Study of the solvent effect on the homocoupling of n-butyl phenylacetylenic telluride
1a

Entry Solvent Yielda (%)

1 MeOH 98
2 MeCN 21
3 THF 10
4 Dioxane 19

a The yield was determined by GC analysis.



Table 4
Homocoupling reaction of functionalized n-butyl alkynyltellurides 1a–j

TeBu- n
Et3N, PdCl2 (8%)

AgOAc, MeOH

Ultrasonic1 2

R R R

Entry Alkynyltellurides Products Reaction time (min) Yieldsa (%)

a TeBu-n 15 85

b TeBu-nMe MeMe 20 87

c TeBu- nn-C5H11 n-C5H11n-C5H11
15 85

d
TeBu-n

MeO MeO OMe 20 91

e TeBu-n 20 82

f TeBu- nn-C3H7 n-C3H7 n-C3H7 20 87

g TeBu- nn-C4H9 n-C4H9 n-C4H9 15 75

h TeBu- nn-C5H11 n-C5H11 n-C5H11 20 80

i TeBu- nSi Si Si 20 77

j TeBu-nMeOH2C MeOH2C CH2OMe 20 85

a Isolated yields.

R TeBu -n

PdCl2

R TeCl

R Pd-Cl

R Pd R

Pd0

AgOAc

R R

R TeCl

TeCl2

(A)

(B)

(C)

[(R Te Bu-n).PdCl2]2
or

[(R Te Bu-n)2.PdCl2

Figure 1. Possible catalytic cycle of the homocoupling reaction of n-butyl
alkynyltellurides.
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functionalities in the 1,3-diynes. Further applications of our meth-
odology for the synthesis of substituted diynes are currently in
progress.
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