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Abstract: Starting from silyl enol ether 4 the corresponding
alkenylnonaflate 5 was generated by treatment with nonafluoro-
butanesulfonyl fluoride (NfF) and a catalytic amount of tetra-n-butyl-
ammonium fluoride (TBAF). By Pd-catalysis 5 was directly Heck-
coupled with a variety of olefins to furnish functionalized 1,3-dienes
6 - 12. This one-pot procedure could be extended to other silyl enol
ethers and provides new synthetic options.

In 1982 Hirsch, Hiinig, and Reissig reported an interesting cation effect
observed with enolate 1.1 A smooth C-sulfonylation of the lithium
enolate occurs with benzenesulfonyl fluoride to give 2 whereas the
corresponding cesium or ammonium enolates provide the O-
sulfonylation product 3 exclusively. This effect could be exploited to
prepare various alkenylsulfonates starting from silyl enol ethers and
applying catalytic amounts of tetraalkylammonium fluorides. A few
nonafluorobutanesulfonates  (nonaflates) had been among the
examples.2
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Due to our interest in Pd-catalyzed coupling reactions® we disclose here
our results of a one-pot nonaflation-Heck-reaction* which starts from
silyl enol ethers and provides substituted and functionalized 1,3-dienes
in a simple and flexible manner.

1-Trimethylsiloxycycloheptene (4) served as model substrate for the
procedure. Its reaction with commercially available nonafluorobutane-
sulfonyl fluoride (NfF) in the presence of catalytic amounts of tetra-n-
butylammonium fluoride (TBAF) furnished nonaflate § after careful
distillation in 71% yield. The quality of the fluoride source is crucial for
the success of this transformation. Good results were obtained when a
THF solution of TBAF was further dried with molecular sieves.’

Having established the first step of the two-step one-pot procedure 5
was directly coupled to several monosubstituted olefins without
isolation (Table). For the Heck step we employed Pd(OAc), as catalyst
(0.035 eq.), Ky,CO3/KOAc as base and DMF as solvent.® These
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ingredients were just added to the solution containing § and then the
mixture was heated to 65 - 85 °C. This unoptimized protocol provided
1,3-dienes 6 - 10 in the range of 40 - 65% overall yield. The reaction
with acrylonitrile as olefin furnished diene 7 as a mixture of E/Z-
isomers (4:1) whereas all other isolated 1,3-dienes of the table were pure
E-isomers.’
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Table. Synthesis of 1,3-Dienes 6-11
Alkene Conditions Product | Yield
X Y |Time[h] Temp. [°C] [%)]
COMe H 6 85 6 64
CN H 6 65 72 43
Ph H 6 80 8 64
SO,Ph H 6 85 9 39
PO(OMe), | H 6 85 10 56
CO;Me Me 6 80 11 40

? Mixture of E/Z-isomers (4 : 1)

The examples of Scheme 1 show that disubstituted olefins can be used
with somewhat reduced efficiency, whereas silyl enol ethers 14 and 16
behave in a way similar to that of 4. Their coupling to styrene succeeded
in ca. 60% yield. Only pinacolone based silyl enol ether 18 provided the
expected diene ester 19 in lower yield.®
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Scheme 1

Alkenyltriflates, which are equivalent to alkenylnonaflates, are usually
generated from carbonyl compounds, bases and triflating reagents such
as PhNTf,, OTf,, and therefore at least 50% of the valuable Tf group is
lost.2® What are the advantages of our method? First, it employs the
technical product NfF, which is a considerably cheaper sulfonating
agent. Second, the resulting nonaflates should even be slightly more
reactive than the corresponding triflates due to the better leaving group
quality.lo Third, our method should allow to exploit all the advantages
of silyl enol ether properties, as are their regio- and stereoselective
preparation or the to purify by distillation or
chromatography.“ This gives additional synthetic options compared
with the direct sulfonylation of enolates. We are currently exploring
these possibilities and extend the one-pot protocol to other Pd-catalyzed
couplings.
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