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An Interrupted Pummerer/Nickel-Catalysed Cross-Coupling

Sequence

Miles H. Aukland,® Fabien J. T. Talbot,” José A. Fernandez-Salas,”® Matthew Ball,

Pulis,”™ and David J. Procter*®

Abstract: An interrupted Pummerer/Ni-catalysed cross-coupling

strategy has been developed and used in the elaboration of styrenes.

The operationally simple method can be carried out in one-pot,
involves the direct formation of stable alkenyl sulfonium salt
intermediates, utilises a commercially available sulfoxide, catalyst
and ligand, operates at ambient temperature, accommodates sp, sp
and sp’-hybridised organozinc coupling partners, and delivers
functionalised styrene products in high yields over two-steps. An
interrupted Pummerer/cyclisation approach has also been used to
access carbo- and heterocyclic alkenyl sulfonium salts for the cross-
coupling.

Transition  metal-catalysed cross-couplings are an
indispensible tool for the construction of carbon-carbon bonds.*
In addition to traditional electrophilic partners used in such
couplings (e.g. halogens, triflates, etc.), sulfur-based partners
have, somewhat surprisingly given their reputation as catalyst
poisons,? emerged as willing participants in such transformations
and are highly valuable, alternative feedstocks.*® Recent
developments have shown that couplings can be achieved ug
thiols, sulfides, sulfoxides, sulfones, and sulphonamides,
comparison, sulfonium salts have been greatly underexploited
as coupling partners.*® In the majority of cases, sulfoni
couplings are carried out using palladium catalysts. Ag

many metal-catalysed processes due to its lo
natural abundance.” Unfortunately, only three ig
describe the use of nickel catalysts for the cross-cO®
sulfonium salts (Scheme 1A).**% In these cases, sulfonium
are typically accessed from sulfur-containing substrates b
alkylation of sulfur.**®
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Scheme 1. A. Underexploited sulfonium salts in metal-catalysed cross-
coupling. B. Selected bioactive natural and non-natural styrene-containing
compounds. C. An interrupted Pummerer/Ni-catalysed cross-coupling strategy.

Herein we report an operationally simple, interrupted
Pummerer/Ni-catalysed cross-coupling strategy and its
application in the elaboration of styrenes. The sequence has
broad scope, exploits bench-stable alkenyl sulfonium salt
intermediates formed directly from non-sulfur containing
substrates, utilises commercial sulfoxide, catalyst and ligand,
and can be carried out in one-pot at ambient temperature
(Scheme 1C). An interrupted Pummerer sulfenylation/cyclisation
approach has also been developed to access carbo- and
heterocyclic alkenyl sulfonium salts for cross-coupling.

We began our studies by investigating the interrupted
Pummerer reaction of styrene la. Gratifyingly, when la was



treated with either dimethyl sulfoxide (DMSO) or commercial
tetrahydrothiophene-S-oxide (THTSO), in combination with triflic
anhydride, the corresponding sulfonium salts were formed
quantitatively (by *H NMR), isolated in excellent yields, and their
structures confirmed by X-ray crystallographic analysis (Scheme
2).19
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Scheme 2. Direct, convenient and high yielding access to bench stable
sulfonium salts: Interrupted Pummerer reactions of styrene with activated
sulfoxides. [a] Using DMSO. [b] Using tetrahydrothiophene-S-oxide.

After optimisation of the interrupted Pummerer/Ni-catalysed
cross-coupling (see supporting information), a one-pot version of
the process was trialled on a variety of styrene derivatives la-q
and in all cases the coupling products 3a-q were isolatedgn
moderate to excellent yield (Scheme 3). To illustrate
scalability of the process, 3a was prepared on a gram scé
82% overall yield. Substrates bearing alkyl (3b), thiomethyl (3d),
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Scheme 3. 3Pbpe of the styrene coupling partner in a one-pot, interrupted
Pummerer/Ni-catalysed cross-coupling. Yields determined by 'H-NMR using
MeNO; as internal standard. Isolated yields in parentheses.

ing para-fluorostyrene, we next assessed the scope of the

rupted  Pummerer/Ni-catalysed coupling from the
spective of the nucleophilic organozinc coupling partner
cheme 4). Ortho-, meta-, and para-substituted arylzinc
reagents were all successfully coupled to give products 3r-y in
good to excellent yield. The presence of sensitive functionalities
did not hamper the reaction; for example, nitrile 3v and
heteroaryl products 3ab and 3ac were obtained in good yield. In
addition to aryl organozinc reagents, sp>-hybridised organozincs
proved to be competent coupling partners; the use of primary
and secondary alkylzincs delivered the expected coupling
products in good overall yield (3z, 3ad and 3ae). Similarly,
alkynylzinc reagents were shown to be effective partners (3af
and 3ag) and their use enabled convenient access to
conjugated enyne motifs; structures of interest due to their
presence in various bioactive marine natural products.?*
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S,°+ chloride gave 6 in 62% overall yield. Similarly, phenylacetylene 7
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Pummerer/Ni-catalysed cross-coupling. Yields determined by "H NMR using
MeNO, internal standard. Isolated yields in parentheses. [a] 10 mol% eater steric encumbrance of the C-S bond in
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Scheme 5. Mech two stages of the interrupted Bench stable alkenylsulfonium salts 11b-e were next
Pummerer/Ni-catalys ¢ prepared from the corresponding alkynes 10b-e and utilised in
the Ni-catalysed cross-coupling to give products 12b-e in
) o ) ) moderate to high overall, isolated yield. The structure of
We eliminary studies on extending the  gytonjium salt 11d was confirmed by X-ray crystallographic
appro, ucleophiles. Arene 4 underwent analysis. Both electron-donating and electron-withdrawing

regioselective s Ni-catalysed cross-coupling of

: i ) substituents were tolerated (formation of 12b and 12c), as were
the resultant aryl sulfonium salt 5 with p-methoxyphenylzinc

heteroatoms in the tether between alkyne and arene: The later



substrates delivered heterocyclic products 12d and 12e in good  [8]
yield.

In summary, an interrupted Pummerer process, using a
readily available sulfoxide, activates styrenes under metal-free
conditions. The resulting bench stable alkenyl sulfonium salts  [9]
undergo Ni-catalysed Negishi cross-coupling with commercial
ligands and catalysts to give high value products. The versatile
sequence can be carried out in one-pot, embraces a range of

. A . [10]
organozinc partners, and can form di-, tri-, and tetra-substituted
alkene products. Finally, interrupted Pummerer activation and
sulfonium salt formation can be extended to arenes and alkynes,
and in the later case, has been used to simultaneously trigger
cyclisation.
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