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Scheme 1. The palladium-catalyzed hydrostannat
The palladium-catalyzed hydrostannation of acetylenes is widely exploited in organic synthesis as a
means of forming vinyl stannanes for use in palladium-catalyzed cross-coupling reactions. Application
of this methodology to ethyl ethynyl ether results in an enol ether that is challenging to isolate from
the crude reaction mixture because of incompatibility with typical silica gel chromatography. Reported
here is a highly efficient procedure for the palladium-catalyzed hydrostannation of ethyl ethynyl ether
using 0.1% palladium(0) catalyst and 1.0 equiv of tributyltin hydride. The product obtained is a mixture
of regioisomers that can be carried forward with exclusive reaction of the b-isomer. This method is highly
reproducible, relative to previously reported procedures, it is more economical and involves a more facile
purification procedure.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The palladium-catalyzed hydrostannation of acetylenes is a
well-known and useful reaction in organic synthesis.1 Application
of this methodology to ethyl ethynyl ether2 results in syn addition
of tributyltin hydride across the alkyne, forming a mixture of a and
b isomers of the ethyl enol ether (Scheme 1).3

The vinyl stannanes produced are valuable compounds for use
in Stille cross-coupling reactions—for example, in the total synthe-
ses of carazostatin and hyellazole and in our laboratory’s contin-
uing effort toward guanacastepene A.4,5 For our purposes,
coupling of (E)-[(4-iodo-3-methylbut-3-enyloxy)methyl]benzene
with a mixture of the a and b regioisomers of the tributylstannyl
enol ether proceeded without complication: only the (E)-tri-
butyl(2-ethoxyvinyl)stannane coupled with the vinyl iodide
(Scheme 2). This result is consistent with the much lower reactivity
observed with the more sterically congested a regioisomers.6

(E)-(b-Ethoxyvinyl)stannane has also been reported as a substrate
for coupling with 5-bromo-2-chloro-4-aminopyrimidines to form
2-chloro-5-(2-ethoxyvinyl)-4-aminopyrimidines and to provide
pyrrolopyrimidine structures after hydrolysis of the enol ether
ll rights reserved.
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functionality and cyclization to form the pyrrole portion of the ring
system.7 We have received several requests for the detailed exper-
imental procedure of our palladium-catalyzed hydrostannation of
ethoxy acetylene; since its original appearance5 we have signifi-
cantly improved the procedure, which we report herein.

Although similar transformations of acetylenes using stannyl-
cyanocuprates have been reported to proceed with much greater
regiocontrol relative to those of palladium-catalyzed reactions,8

this methodology provided us with poor results—that is, little or
no desired product evident in the 1H NMR spectrum of the crude
reaction mixture—when attempted with ethoxy ethynyl ether as
the substrate. Other routes offering enhanced regioselectivity in-
clude the use of 1-bromoalkynes as substrates or sterically bulkier
ligands on the palladium catalyst; unfortunately, the reported
reactions have not featured alkoxy-substituted alkynes.9 Maleczka
and co-workers reported that one-pot hydrostannation/Stille
coupling reactions proceeded with similar regioselectivity to those
of other palladium-catalyzed hydrostannations, although the
majority of the examples include tert-alkyl-substituted terminal
acetylene substrates.10 In one reported example, however, when
using a stoichiometric amount of tributyltin hydride, they obtained
a 71% yield of the coupled product when the terminal acetylene
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Scheme 2. Palladium-catalyzed Stille coupling of a mixture of both vinyl stannane
regioisomers.
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possessed a primary alkyl substituent. Thus, we were motivated to
apply Maleczka’s methodology to the hydrostannation of ethyl
ethynyl ether. Because the stannanes are typically not isolated,
we employed 1H NMR spectroscopy to analyze the crude reaction
mixture to determine the conversion of ethoxy acetylene into its
hydrostannation products. Using a CDCl3 solution containing
maleic anhydride as the internal standard, we found that con-
sumption of the starting material led to formation of the two vinyl
stannanes in a combined yield of only 33%. We concluded that, like
other hydrostannation procedures, Maleczka’s procedure was not
amenable to alkoxy-substituted acetylenes.

Because tetrakis(triphenylphosphine)palladium, which is typi-
cally employed as the catalyst for hydrostannation, and ethoxy
ethynyl ether are both expensive commercial materials, efficient
and high-yielding reactions of this type would be very desirable.
An additional challenge is purification of the vinyl stannane prod-
ucts from the crude reaction mixture—the enol ether unit present
is readily hydrolyzed under the conditions of typical silica gel chro-
matography. Even with more stable vinyl stannanes, some product
loss is expected during column chromatography as a result of pro-
teolytic cleavage of the tin–carbon bond.3b Although these com-
pounds can be distilled from their crude reaction mixtures under
high vacuum, a typical 5% catalyst loading leaves a significant mass
of solid impurities from the catalyst, trapping small amounts of
product and causing excessive bumping. In this Letter, however,
we report a highly efficient and facile procedure for the formation
and purification of this sensitive vinyl stannane in 95% isolated
yield (b:a ratio, 1:0.69; 1H NMR spectroscopy) from commercially
available ethoxy ethynyl ether and a catalytic amount (0.1 mol %)
of tetrakis(triphenylphosphine)palladium(0).

In an effort to reduce the amount of solid residue left from the
catalyst in the crude reaction mixture, we used 1H NMR spectro-
scopy to monitor the hydrostannations with varying catalyst load-
ings. These reactions all reached completion almost immediately at
catalyst loadings as low as 0.1%, which we believe to be the lowest
value reported for the palladium-catalyzed hydrostannation of any
acetylene. This low loading not only makes the reaction much
more economical, but it also allows for more facile distillation of
the desired product from a much smaller amount of solid material.
The reaction conditions employed for a hydrostannation typically
call for more than 1.0 equiv of tributyltin hydride, resulting in
yet another challenge in purification.3,11 Excess tributyltin hydride
reacts with the transition metal catalyst to produce the byproduct
hexabutylditin, which is difficult to remove through fractional
distillation.3b We found that reducing the amount of tributyltin
hydride to 1.0 equiv had no effect on the rate of the reaction or
the overall conversion of alkyne into the desired products, but it
reduced the formation of hexabutylditin.

In conclusion, we believe that the procedure described herein
(see Section 2) is the most facile method for the hydrostannation
of ethyl ethynyl ether. This procedure is a highly efficient, high
yielding, and highly reproducible, forming a mixture of (E)-tri-
butyl(2-ethoxyvinyl)stannane and tributyl(1-ethoxyvinyl)stann-
ane from commercially available ethyl ethynyl ether. Because
only 0.001 equiv of tetrakis(triphenylphosphine)palladium(0) and
1.0 equiv of tributyltin hydride are required, the reaction is quite
economical and the products are easily removed from the byprod-
ucts and catalyst in the crude reaction mixture.

2. Experimental

2.1. General

Tetrakis(triphenylphosphine)palladium(0) was purchased from
Strem as a yellow powder and used without further purification.
Tributyltin hydride was purchased from Alfa Aesar as a colorless
liquid and used without further purification. Ethyl ethynyl ether
was purchased from Alfa Aesar as a 50%-by-weight solution in hex-
anes. Immediately prior to use, the brown solution of ethyl ethynyl
ether was distilled at atmospheric pressure under argon to yield a
colorless solution of the alkyne in hexanes; the acetylene-to-hex-
anes ratio was determined through 1H NMR spectroscopic analysis.
Methylene chloride was distilled from calcium hydride prior to
use. Reaction monitoring and determination of the regioisomeric
ratios were performed through 1H NMR spectroscopic analysis
using a Bruker 300-MHz NMR spectrometer and samples dissolved
in deuterated chloroform.

2.2. E-(b-Ethoxyvinyl)stannane

Tetrakis(triphenylphosphine)-palladium(0) (125 mg, 0.108
mmol, 0.001 equiv) were added to a flame-dried flask equipped
with a stirrer bar and then the flask was purged with argon. Freshly
distilled methylene chloride (384 mL) was then added to dissolve
the catalyst. A freshly distilled solution of ethoxy acetylene
(7.56 g, 108 mmol) in hexanes was then added via syringe to the
stirred solution. The mixture was cooled to 0 �C and then neat tri-
butyltin hydride (28.6 mL, 108 mmol) was added dropwise over
5 min. Immediately after the addition of tributyltin hydride, an ali-
quot of the reaction mixture was removed for 1H NMR spectro-
scopic analysis. The total time that elapsed to produce the 1H
NMR spectrum was less than 20 min from the initial introduction
of tributyltin hydride; at that point the starting acetylene was
completely consumed. The solvent was evaporated under reduced
pressure. The resulting dark oil was stirred and then chilled pen-
tanes was added until no further precipitation occurred. The brown
precipitate was separated through gravity filtration and the solvent
evaporated under reduced pressure. The crude oil was purified
through high vacuum distillation (110–115 �C at 0.25 mmHg; the
a isomer had a slightly lower boiling point) yielding 37.1 g (95%)
of a colorless oil. 1H NMR spectroscopic analysis of the purified
material revealed the presence of the two regioisomers in
a 1:0.69 ratio (b:a); their signals were consistent with those
reported in the literature.8
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