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ABSTRACT

The reaction of alkynylboron dihalides with benzylic, allylic, and propargylic alcohols provides an efficient route to internal acetylenes.
Isomerization of the product alkynes does not occur under the reaction conditions.

Alkynes are important building blocks in materials science1

and organic synthesis.2 They are also a common structural
unit in natural products and drugs.3 Among the synthetic
approaches to internal alkynes, the palladium-catalyzed
Sonogashira cross-coupling reaction between terminal alkynes
and aryl/alkenyl halides is widely utilized.4 Recent modifica-
tions include the use of more efficient palladium catalysts5

and more active alkynylmetal coupling partners (e.g., Sn,6

Zn,7 Mg,8 Al,9 and B10). However, the palladium-catalyzed
alkynylation of allylic, benzylic, and propargylic electrophiles
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has not been well developed;11 only a few examples have
appeared in the literature.7a,12 As a result, preparations of
secondary alkylacetylene derivatives still rely on traditional
methods such as substitution reactions of secondary halides
or elimination reactions involving 1,2-dihalides.13 Since these
reactions often require the use of strong bases or high
temperatures, in most cases the desired products are con-
taminated by allene byproducts that are difficult to remove.14

Therefore, an alternative route to these important reagents
would be desirable.

Our research has focused on the chemistry of boron halide
derivatives for many years, and several novel reactions have
been developed.15 Very recently, we reported the substitution
of hydroxyl groups with alkenyl moieties using alkenylboron
dihalides.16 The particularly appealing features of this novel
reaction are the mild reaction conditions and the absence of
a transition metal. A mechanistic study revealed that the
reaction involves a migration of the halovinyl group (Csp

2)
from boron to the carbon attached to oxygen. Encouraged
by these results, we postulated that an alkynyl group (Csp)
migration from boron to carbon might also occur. This would
provide a novel route to secondary alkylacetylene derivatives
from readily available alcohols. In this paper, we describe
the results of our study.

Unlike alkenylboron dihalides, the chemistry of alkynyl-
boron dihalides has not drawn much attention. Only one
method is currently available to generate alkynylboron
dihalides based on the boron-tin exchange reaction of boron
halides with alkynylstannanes at-78 °C.17 Considering the
toxicity of tin compounds, we examined the possibility of
generating alkynylboron dihalides by the sequential in situ
treatment of terminal alkynes withn-BuLi followed by boron
trichloride at 0°C (Scheme 1).18 Using this procedure, both

aryl and aliphatic alkynes can be converted to the corre-
sponding alkynylboron dihalides1a-e.

Due to its ready availability, diphenylmethanol,2a, was
chosen as a model substrate to investigate alkynyl group
migration (Scheme 2).

Fortunately, the reaction proceeded smoothly using alky-
nylboron dichloride1a in the presence ofn-BuLi at room
temperature.19 The desired product3a was isolated in 68%
yield. The NMR resonances observed at 90.2 and 84.9 ppm
in the13C NMR spectrum clearly demonstrate the existence
of the alkynyl group. In the1H NMR, a resonance at 5.19
ppm (singlet) was observed. To evaluate the scope and
limitations of the new reaction, alcohols2a-j were prepared

and subjected to the reaction conditions (Table 1). The
reactions proceeded smoothly with benzylic, allylic, and
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Scheme 1. Preparation of Alkynylboron Dihalides

Scheme 2. Preparation of 1,3,3-Triphenyl-1-propyne

Table 1. Coupling of Alkynylboron Dichloride1 with 2a

a Reaction carried out at room temperature on a 1.5 mmol scale in dry
methylene chloride (for the detailed procedure, see ref 19).b Yield of
isolated product based on the alkynylboron dichloride (alkyne).
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propargylic alcohols and produced the desired products in
good to high yields. Although alkynylation of benzylic
halides has been reported,7a,11 alkynylation of benzylic
alcohols had not yet been achieved. The successful alkynyl-
ation of allylic and propargylic alcohols provides a new route
to 1,4-enynes3l-n and 1,4-diynes3o-r which are suitable
for further elaboration.

In recent years, much effort has been devoted to tandem
reactions due to their potential utility in converting simple
starting materials into relatively complex molecules in a rapid
and efficient manner.20 Therefore, the in situ generation of
benzylic alkoxides from aryl aldehydes followed by treatment
with an alkynylboron dihalide was also examined (Scheme
3). The reaction is quite efficient and produces the anticipated
products in good yield.

In summary, we report a novel method for generating
alkynylboron dichlorides and their subsequent reaction with
secondary alcohols. The migration of the alkynyl group from
boron to carbon occurs under very mild reaction conditions.
The reaction provides an alternative route to secondary
alkylacetylene derivatives from readily available secondary
alcohols (the precursor of the alkoxides) and alkynes. The
new procedure obviates the difficulties associated with the
Pd-catalyzed alkynylation syntheses. Notably, the method
successfully overcomes the isomerizations that often occur
in the preparation of internal alkynes.
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Scheme 3. A Tandem Reaction to Internal Alkynes
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