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a-Addition of activated methylenes to alkynoates.
A straightforward synthesis of multifunctional compounds
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Abstract—The present work describes a simple one pot access to o-(gem-difunctional) acrylic esters and to polysubstituted dihydro-
thiophenes exploiting the addition of activated methylenes to alkynoates rerouted by triphenyl phosphine.

© 2004 Elsevier Ltd. All rights reserved.

The Michael addition of stabilized enolates with alkyno-
ates constitutes a fundamental synthetic reaction, which
normally yields C-conjugate Michael adducts. This classi-
cal reactivity can be circumvented by the addition of cata-
lytic amount of N-methylmorpholine (NMM) or
DABCO, which have been recently described to induce
the formation of unusual O-conjugate Michael adducts 3
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through the reactivity of ammonium intermediate 2
(Scheme 1)."' On another hand, addition of nucleophiles
at the a-position of these Michael acceptors are also pos-
sible through the catalysis of phosphines. This has been
described using nitrogen-based nucleophiles providing a
useful synthetic route to dehydroamino acids.” According
to the described mechanism, the first step of the process
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Scheme 1. Possible mechanisms of the reaction of stabilized enolates to ethylpropiolate 1a catalyzed by amines and phosphines.
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involves a Michael addition of the phosphine to the
alkynoate generating an active phosphonium intermediate
(4, Scheme 1), which undergoes nucleophilic a-addition of
the nitrogen nucleophile followed by a H*-transfer and
elimination of the phosphine generating the product.

Based on these findings,?** we envisioned that interme-
diate 4, although very similar to intermediate 2, should

Table 1. Synthesis of multifunctional acrylic esters

display complete different manifold by changing the re-
gio- and chemo-selectivity of the addition—elimination
reaction of stabilized enolates to propiolates. In this
work, we explore the reactivity of carbonyl-based acti-
vated methylene toward such a reaction.

Using the system (PPh;/AcOH/AcONa) described for
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Scheme 2. Synthesis of 4,5-dihydrothiophenes derivatives.

alkylpropiolates 1a—c exclusively through o-C-addition
generating the desired product 5a—c in 83-88% yields
(Table 1, entry 1). This reaction occurs for a range of
enolates bearing electron withdrawing group in moder-
ate to good yields.* Low yields were sometimes obtained
due to a degradation of the product or starting material
but no o-0O adducts neither Michael type adducts were
observed. Increasing the quantity of PPh; was necessary
to improve the yields when malonates or B-ketoesters
are used as substrates (Table 1, entries 2 and 3). The
reaction proceeds with 1,3,5-trione generating double
o-C adduct with lower yield than for simple substrates
(Table 1, entry 5). Ethylphenylpropiolate 1d partici-
pated well in this reaction, but required prolonged time
of heating, to give the adducts Sh-i as a mixture of E-Z
isomers (Table 1, entries 6 and 7).

This procedure represents an improvement of the syn-
thesis of functionalized acrylic esters since many steps
were required using the previous preparations.’

We then investigated the reaction using f-oxodithiobutyr-
icacid methylester.® Such compound is known to display
thiol tautomeric forms,’ which are known to be excellent
nucleophiles for Michael additions. We found that, even
with this substrate, PPh; was able to completely reroute
the reaction in favor of the a-C-addition. Under our
experimental conditions, the resulting adduct undergo
cyclization generating dihydrothiophenes 6a-b in reason-
able yields (Scheme 2).3 The cis—trans diastereoisomers of
3,4-dihydrothiophene 6b were separated (cis/trans ratio:
1/4) and assigned on the basis of Jy4 115 values.’

In summary, we have shown that 1, 3-diketones, malo-
nates, P-ketoesters, and B-ketophosphonates undergo
ready o-C-addition to alkynoates through the catalysis
of PPh;. The functionalized acrylic esters obtained by
this method are widely used as building blocks for many
synthesis.

Moreover, using B-oxodithiocarboxylates the procedure
allows a one step preparation of functionalized dihydro-
thiophenes. This straightforward transformation should
find useful applications in heterocycles chemistry.
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