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ABSTRACT

The reactions of ( E)-2,3-difluoro-3-stannylacrylic ester with acid chlorides under catalysis of CuI stereospecifically afforded ethyl (2 Z)-2,3-
difluoro-4-oxo-substituted 2-butenoates in good yields. Moreover, direct spectroscopic observation of the corresponding organocopper reagent
was observed for the first time in Stille coupling reactions of organostannanes.

The Stille cross-coupling reaction of organostannanes and
organic electrophiles is a powerful carbon-carbon bond
formation reaction in synthetic organic chemistry.1 The use
of cocatalytic copper(I) in Stille coupling reactions is well
documented.2-6 Nevertheless, the role of copper(I) has not
been unequivocally determined. The beneficial use of copper-
(I) as a scavenger for free phosphine ligands was suggested
by Farina and Liebeskind.3,4 However, in highly polar
solvents, the rate-accelerating effect of copper(I) has been
attributed to a preliminary transmetalation of the organostan-
nane to generate a more reactive organocopper inter-
mediate.3-5,7 Recently, Baldwin and co-workers utilized this
concept and demonstrated that the combination of a copper-
(I) salt and cesium fluoride can significantly enhance Stille

coupling reactions.8 However, the formation of the presumed
organocopper species has never been directly observed in
these reactions. As part of our ongoing investigation for the
introduction ofcis-difluoroethenyl units into organic mol-
ecules,9 we wish to report the Cu(I)-mediated coupling
reactions of (E)-2,3-difluoro-3-stannylacrylate19d with acid
chlorides as the first synthetic route tocis-difluoro-substituted
analogues of 4-oxo-2-butenoates, which have been widely
used as intermediates in organic synthesis10 and pharmaceuti-
cal agents11 and, more importantly, to the best of our
knowledge, the first direct spectroscopic observation of the
organocopper intermediate in Stille coupling reactions.

Although Stille reported that Pd(PPh3)4 alone catalyzed
the coupling reaction of vinylstannanes and acid chlorides,
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no coupling reaction between1 and benzoyl chloride was
observed when Pd(PPh3)4 was used alone (rt/overnight).
Under Liebeskind conditions3,6 [5 mol % of Pd(PPh3)4 and
10 mol % of CuI], the desired product was formed in
moderate yield (∼40%), which could not be separated pure
from byproducts by column chromatography. Surprisingly,
in the absence of the palladium catalyst, a very clean reaction
was observed, based on19F NMR analysis of the reaction
mixture, and the pure desired product was readily obtained
in 75% yield.12 A variety of acid chlorides were studied,
and all gave satisfactory results. These results are summarized
in Table 1.

Both aromatic and aliphatic acid chlorides worked well.
The coupling reactions were not affected by the presence of
either electron-withdrawing or electron-donating groups on
the aromatic ring. When a sterically hindered aliphatic acid
chloride such as pivaloyl chloride was employed as substrate,
the reaction occurred smoothly to give the product in good
yield. Thus, this method offered a facile synthetic route to
ethyl (2Z)-2,3-difluoro-4-oxo-substituted 2-butenoates.

After the successful coupling reaction of1 with acid
chlorides with copper(I) catalysis, we turned our focus to
the role of copper(I) in the reactions summarized in Table
1. An initial experiment indicated that copper(I) is crucial
in these reactions. In the absence of copper(I), no coupling

product was formed from the mixture of1 and benzoyl
chloride in DMF, and only slow reduction of1 was observed
(i.e., 29% of (2Z)-CHFdCFCO2Et was formed after 6 h at
rt). Moreover,19F NMR analysis of the reaction mixture after
3 h at rt showed that treatment of1 with a stoichiometric
amount of copper(I) iodide gave an apparent equilibrium
mixture consisting of1 and the presumed organocopper
species913 in a ratio of 1.3:1, along with 1% of the
homocoupled product of1 and 3% of the reduction product
of 1 (normalized19F NMR yield), and after another 33 h at
rt, the ratio of 1 and 9 changed to 1:1.1. The proposed
equilibrium14 is illustrated in Scheme 1.

The presumed presence of the organocopper species was
confirmed by comparison with an independent preparation
of the copper reagent from the corresponding zinc reagent,16

as illustrated in Scheme 2.

Treatment of1 with I2 afforded ethyl (2E)-2,3-difluoro-
3-iodoacrylate8, which when treated with zinc dust gave
the corresponding zinc reagent10 in 93% 19F NMR yield
with an 86:14 ratio of the mono- and bis-fluoroalkenylzinc
reagents17 (by 19F NMR analysis of the reaction mixture, vs
PhCF3 as internal standard). Subsequently, treatment of10
with stoichiometric CuI afforded9 in 74% 19F NMR yield,
whose chemical shifts matched exactly with the presumed
organocopper species in the equilibrium mixture of1 and
CuI. The resultant copper reagent9 reacted with benzoyl
chloride to give the coupling product in∼30% 19F NMR
yield.

On the basis of transmetalation from the organotin
compound to the organocopper intermediate and a proposed
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Table 1. Reactions of1 with Acid Chlorides

entry RCOCl product
yielda

(%)

1 C6H5COCl (Z)-C6H5COCFdCFCO2Et (2) 75
2 p-O2NC6H4COCl (Z)-p-O2NC6H4COCFdCFCO2Et (3) 70
3 n-C9H19COCl (Z)-n-C9H19COCFdCFCO2Et (4) 83
4 p-MeOC6H4COCl (Z)-p-MeOC6H4COCFdCFCO2Et (5) 67
5 Me3CCOCl (Z)-Me3CCOCFdCFCO2Et (6) 59
6 p-IC6H4COCl (Z)-p-IC6H4COCFdCFCO2Et (7) 60

a Isolated yield based on1.

Scheme 1

Scheme 2
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equilibrium between them, addition of another tin chloride
would generate another tin ester. In the absence of CuI, no
reaction was observed between1 and Me3SnCl in DMF.
However, a mixture of1, CuI (10 mol %), and Me3SnCl in
DMF gave a mixture of the trimethyltin ester and1 with a
ratio of 1:10 after 2 h at rt.18 The presence of two tin esters
was further confirmed by formation of the iodoester8 via
treatment of the mixture with iodine (Scheme 3).

However, when the corresponding (Z)-2,3-difluoro-3-
stannylacrylate was treated with benzoyl chloride under
similar reaction conditions, no coupling product was ob-
served. Thetrans tin ester was consumed completely, and
the reduction product (trans-CHFdCFCO2Et) was formed
in 74% 19F NMR yield (Scheme 4). Our attempt to

independently prepare thetransanalogue of copper reagent
was not successful. Loss of fluorine signal was observed

when thetransanalogue of the zinc reagent was treated with
stoichiometric CuI. Apparently, thetransanalogue of copper
reagent is not stable in our case. The stability ofcis copper
reagent is presumably attributed to the coordination19 between
copper and oxygen of ester group in9.

In summary, ethyl (2Z)-2,3-difluoro-4-oxo-substituted
2-butenoates were prepared stereospecifically for the first
time in good yields via the reaction of1 with acid chlorides
with CuI catalysis. In addition, via19F NMR spectroscopy,
we were able to directly observe the presence of the
organocopper intermediate for the first time in Stille coupling
reactions. The formation of the organocopper species directly
from the organostannane, at least in our case, opens up new
possibilities in organotin chemistry, e.g., the cross-coupling
reaction of organostannanes promoted by copper(I) salts only.
Other publications have also suggested that Cu(I)-mediated
coupling reactions from organostannanes may become
synthetically important.20-23
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