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ABSTRACT

Highly regioselective Heck couplings of r,â-unsaturated tosylate and mesylate derivatives with N-acyl N-vinylamines and vinyl ethers were
achieved. Several 2-alkoxy-1,3-dienes and 2-acylamino-1,3-butadienes were synthesized in good yields using 1.5 mol % of Pd 2(dba)3, 3 mol %
of DPPF, and diisopropylethylamine in dioxane. When working with r,â-unsaturated ketones and esters, this method provides a less costly
alternative to similar couplings using a triflate electrophile.

Formation of new sp2 C-C bonds using the palladium(0)-
catalyzed Heck reaction is a well-known and widely used
technique.1 The degree of regioselectivity in the reaction is
strongly dependent on the substrates and the reaction
conditions used. Electron-deficient olefins, such as acrylates
or acrylamides, usually provideâ-substituted products,
whereas with electron-rich olefins (vinyl ethers and amides),
substitution occurs mainly at theR-position. Obtaining ex-

clusiveR-substitution on electron-rich alkenes often requires
the use of bidentate ligands, polar solvents, and aryl/alkenyl
triflates as the electrophile.2 Considerable work has been
devoted to the development of new catalytic systems to
facilitate couplings with the less reactive but also less expen-
sive and more readily available aryl chlorides instead of aryl
bromides/iodides.1f,g Aryl/alkenyl electrophiles carrying halo-
gens preferentially follow a neutral Heck mechanism leading
to a higher degree of theâ-substituted product. Unfortunately,
this complicates the use of these compounds regarding
couplings with electron-rich alkenes, which often leads to a
mixture of regioisomeric products. Additives such as silver
triflate remove the halogen from the solution and facilitate
pure R-substitution but increase the cost of the reaction.3

Palladium-catalyzed Heck couplings with alkenyl tosylates
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have previously been reported, but all the examples were
performed with electron-deficient alkenes.4,5 Developing new
catalytic systems replacing the toxic and expensive triflate-
substituted electrophiles would be of interest not only from
an academic point of view but also from an industrial one.

Previously, we reported a catalytic system facilitating the
coupling of anR,â-unsaturated tosylate toN-vinyl acetamide
affording 2-acylamino-1,3-butadiene1 in 55% isolated yield
and with>19:1 R-regioselectivity (Scheme 1).6-8

Herein, we report general reaction conditions for the
palladium(0)-catalyzed coupling ofR,â-unsaturated tosylates
to vinyl ethers and enamides with high regioselectivity and
good yields providing 2-alkoxy-1,3-dienes and 2-acylamino-
1,3-butadienes. Both types are useful compounds in the
synthesis of functionalized cyclohexenes by cycloaddition
reactions.9 Further expansion of this catalytic system to in-
cludeR,â-unsaturated mesylates was also successful, provid-
ing similar reactivities and regioselectivities in certain cases.

All tosylate and mesylate derivatives,2-6 (Table 1) and
16-18(Table 2), respectively, were synthesized according
to known literature procedures from commercially available
starting materials.10 The Heck reactions were performed with
Pd2dba3 as the palladium source, DPPF as the bidentate
ligand, and DIPEA as the stoichiometric base.8 Cross-
couplings with the tosylate derivatives andN-vinyl aceta-
mide11 generally went to completion within 6 h (Table 1,
entries 1, 3, 5, 7, and 9), but reaction times as short as 1 h
were observed for the synthesis of compound7 (entry 1).
An excess of the tosyl substrate (1.5 equiv) was applied to
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Scheme 1. Heck Couplings ofR,â-Unsaturated Tosylates with
N-Vinyl Acetamide

Table 1. Heck Couplings ofR,â-Unsaturated Tosylates with
Enamides and Butyl Vinyl Ethera

a Conditions for enamides: Enamide (1 equiv), tosylate (1.5 equiv),
DIPEA (2 equiv). Conditions for vinyl ether: Vinyl butyl ether (4 equiv),
DIPEA (3 equiv), tosylate (1 equiv). For reaction times, see Supporting
Information. Regioselectivity>19:1 branched:linear, measured by1H NMR.
All yields are isolated yields.
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ensure complete conversion ofN-vinyl acetamide, which
otherwise complicated purification of the coupling product.
Vinyl butyl ether was less reactive, and longer reaction times
were needed (entries 2, 4, 6, and 8) in most cases ranging
from 2.5 h for 8 (entry 2) to 23 h for10 (entry 4).

Regioselectivities were determined by1H NMR spectral
analysis of the crude reaction mixture and, in all cases,
proved better than>19:1 (branched:linear). Compounds
7-15 were purified by column chromatography, affording
yields as high as 91%. Surprisingly, no reaction occurred
when theN-vinyl oxazolidinone was examined (entry 10).

Next we tested the possibility of using the mesylate
derivatives16-18 (Table 2) as such derivatives represent
an even less expensive class of electrophiles than the
tosylates.12 Subjecting16 to the reaction conditions used for
the tosylates andN-vinyl acetamide with a reaction time of
5 h resulted in formation of7 in a similar yield and with a
>19:1 (branched:linear) regioselectivity (entry 1). Other
coupling attempts between mesylates and enamides were also
performed (entries 3, 5, 7, and 8), although the latter two
proved more sluggish and hence led to lower coupling yields.
Butyl vinyl ether was also successfully coupled to the
mesylates (entries 2, 6, and 9), although typically longer
reaction times were required compared to the enamides (from
11 to 24 h). In contrast to the tosylates, no coupling between
the enamides and butyl vinyl ether and the mesylated deriva-
tives of coumarin and 4-hydroxy-6-methyl-2-pyrone were
observed with complete isolation of the starting substrates.
This implies that the mesylate derivatives are less reactive
as electrophiles than the corresponding tosylates, requiring
a strong electron-withdrawing group in the starting materials.
Alternatively, a catalytic system with more electron-donating
ligands that possibly facilitate the oxidative addition step
could be explored. Reacting16 with N-vinyl pyrrolidone,
an N,N-disubstituted enamide, resulted in no reaction,
suggesting that the monosubstituted amide functionality
might play an important role in the reaction mechanism.

In summary, we have prepared several 2-alkoxy-1,3-dienes
and 2-acylamino-1,3-butadienes starting from inexpensive
tosylate and mesylate derivatives. The couplings proceed in
good yields and with regioselectivities attaining>19:1. This
proves that alternatives to the expensive and toxic triflating
agents exist when working withR,â-unsaturated systems.
The high degree of regioselectivity obtained implies that a
cationic reaction mechanism is operating for these couplings.
Further work is now ongoing to optimize the coupling with
electron-deficient olefins, as well as broadening the perspec-
tive of applying the mesyl electrophiles to other known Pd-
(0)- and Ni(0)-catalyzed reactions.
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cedures for (a) the synthesis of the tosylate and mesylate
derivatives, and (b) the Heck coupling reactions.1H NMR
and 13C NMR spectra for the tosylate and mesylate com-
pounds and coupling products. This material is available free
of charge via the Internet at http://pubs.acs.org.

OL052136D

(12) Aldrich prices on reagent grade compounds in euro/mol: mesyl
chloride) 15.38, tosyl chloride) 27.16, triflic anhydride) 460.88.

Table 2. Heck Couplings ofR,â-Unsaturated Mesylates with
Enamides and Butyl Vinyl Ethera

a Conditions for enamides: Enamide (1 equiv), tosylate (1.5 equiv),
DIPEA (2 equiv). Conditions for vinyl ether: Vinyl butyl ether (4 equiv),
DIPEA (3 equiv), tosylate (1 equiv). For reaction times, see Supporting
Information. Regioselectivity>19:1 branched:linear, measured by1H NMR.
All yields are isolated yields.
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