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Summary: Our investigation into the conversion of acid
chlorides to substituted acetylenes using tungsten
alkylidynes is presented. Several acid chlorides can be
converted to acetylenes in good yields, although a more
straightforward synthesis of the required tungsten
alkylidynes would be desirable.

Introduction

Although a number of methods exist for the conver-
sion of aldehydes into olefins, there are a limited
number of methods available for converting higher
oxidation state carbonyl compounds into acetylenes, and
essentially all of these methods require multistep
procedures.1,2 A potentially useful procedure that shows
promise for the synthesis of disubstituted acetylenes is
the reaction of acid chlorides with well-defined tungsten
alkylidynes. A single example of this reaction has been
reported, but no investigation of the scope or applicabil-
ity to typical organic substrates has been conducted.3
The ready availability of acid chlorides, either com-
mercially or in one step from the corresponding car-
boxylic acids, should allow for the straightforward
synthesis of a wide range of acetylenes that otherwise
could not be easily prepared. Hence, the development
of such a “Wittig-like” reaction for acid chlorides was
undertaken.

Results and Discussion

The reaction of the 2,6-diisopropylphenoxy (DIPP)
alkylidyne 1 with carbonyl functionalities is known to
result in the formation of vinyl oxo species (eq 1).3 This
transformation is high yielding with aldehydes, ketones,
and formate esters. However, when the carbonyl is an
acid chloride, a further reaction can take place, as
depicted in eq 2. Elimination of the tungsten chloride
across the double bond leads to an acetylene composed
of the original substituents from the acid chloride and
alkylidyne. The tungsten species that is eliminated
presumably ends up as a chlorotrialkoxy species. We
undertook an examination of this reaction with the
hopes of developing a broadly useful organic transfor-
mation.

The synthesis of alkylidyne 1 followed the five-step
literature procedure from WCl4, and 1 could be prepared
on a multigram scale using standard inert atmosphere
techniques.4 However, we routinely prepared the start-
ing WCl4 from WCl6, because in our hands commercial
samples of WCl4 were not sufficiently pure to allow for
a clean, high-yielding synthesis.5

The conversion of acetyl chloride to 4,4-dimethyl-2-
pentyne after treatment with alkylidyne 1 at room
temperature was successful as expected.3 The reaction
of several more complex acid chlorides with alkylidyne
1 also proceeded to give the desired acetylenes, as
depicted in Table 1.6 Most reactions proceeded to give
good to excellent yields of the desired product, including
the synthesis of an enediyne from fumaroyl dichloride,
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as shown in eq 3. However, reaction of the electron-
deficient p-nitrobenzoyl chloride proceeded sluggishly.
Although no byproducts were observed, the reaction
provided only 42% yield of the desired acetylene after 7
days. The electron-rich p-methoxybenzoyl chloride pro-
vided the desired acetylene in the highest yield, 88%.
We believe that this pattern of reactivity derives from
the Lewis acidic nature of the alkylidyne reagent. The
more electron-rich carbonyl species can more easily
provide electron density to bind to the tungsten metal
center, whereas electron-deficient carbonyls resist this
activation.

Having successfully synthesized a range of tert-butyl-
substituted acetylenes, we sought to further broaden the
scope of this transformation through the synthesis of
ethyl-substituted acetylenes. A straightforward ap-
proach to this goal would be to rely on the known
metathesis activity of tungsten alkylidynes,7 such that
a variety of alkylidyne substituents could be prepared
from a single metal precursor. However, this proposed
process is complicated by the fact that the metathesis
reaction of alkylidyne 1 with 3-hexyne proceeds to give
the metallacyclobutadiene 3 (eq 4), not the alkylidyne
2, by further addition of an additional equivalent of
3-hexyne to the short-lived 2.8

We proceeded to study the reactivity of 3 with a
number of acid chlorides, hopeful that a small amount

of the reactive 2 would be present in solution and be
capable of effecting the desired transformation. Unfor-
tunately, the desired acetylene products were never
observed. We examined other alkylidyne complexes as
well, including 4, 5, and 6, all of which failed to
participate in the desired transformation.

After significant experimentation, we observed that
the reaction of metallacyclobutadiene 3 with benzoyl
chloride in the presence of ethyl ether allowed the
reaction to proceed, albeit at a slower rate and in lower
yield, to give the desired acetylene product (eq 5).

We have been unable to observe any intermediates
in this reaction to date. However, we believe that in the
presence of a donating solvent such as ethyl ether,9 an
intermediate alkylidyne such as 7 can be formed in
sufficient quantity to react with the acid chloride in
solution and produce the desired acetylene (eq 6).
Complexes 89 and 99 (DMP ) 2,6-dimethylphenoxy),
similar to the proposed 7, but with pyridine ligands in
place of the ethers, have been observed previously.

With this information in hand, we attempted to devise
a simplified, optimized synthesis of a useful tungsten
precursor, so that this transformation could be readily
performed in the laboratory without the need for the
lengthy, six-step synthesis of alkylidyne 1. Because the
tungsten dimer W2DMP6 (10), possessing six 2,6-di-
methylphenoxy ligands, is known to react with acety-
lenes to produce metallacyclobutadiene complexes 11
(eq 6),8 we envisioned performing the parallel reaction
to generate the DIPP metallacyclobutadiene 3 (eq 7)
from dimer W2(DIPP)6, 12. Unfortunately, we have not
been successful in our efforts to prepare 12, probably
due to its highly hindered nature. In addition, the
reaction of 11 with acid chlorides does not parallel that
of 3, providing none of the desired acetylene products.
Presumably the steric hindrance derived from the DIPP
ligands is responsible for the enhanced reactivity of 3,
as well as the inaccessibility of 12.
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Table 1. Acetylene Synthesis

R yield

Me- 83%
CHdCHCH2CH2- 74%
trans-MeCHdCH- 75%
Ph- 70%
4-t-BuC6H4- 80%
4-MeO-C6H4- 88%
4-NO2-C6H4- 42%
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In conclusion, we have made progress toward a
reaction that is capable of generating disubstituted

acetylenes in a single reaction from readily available
acid chlorides. The reaction involves the use of a bulky
DIPP-substituted tungsten alkylidyne reagent, which
can be prepared on large scale.
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