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An efficient cobalt catalyst for the neutral Diels–Alder reaction
of acyclic 1,3-dienes with internal alkynes
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Abstract—The efficiently cobalt(I)-catalysed neutral Diels–Alder type reactions of internal alkynes with substituted 1,3-dienes is
described. The regiochemistry for the dihydroaromatic products of reactions of isoprene with unsymmetrical reaction partners
(2-alkynes and 1-trimethylsilyl-1-hexyne) is investigated. The dihydroaromatic reaction products are easily oxidised electrochemi-
cally to the corresponding functionalised durene and isodurene derivatives. © 2001 Elsevier Science Ltd. All rights reserved.

The transition metal-catalysed Diels–Alder reactions of
1,3-dienes with non-activated internal alkynes as
dienophiles is of special interest for the preparation of
1,4-dihydroaromatic systems.1 Whilst the thermal
Diels–Alder reaction of simple olefins and alkynes pro-
ceeds only under drastic conditions, transition metal
complexes can catalyse such reactions under much
milder conditions. These catalysts are mostly cobalt-,
rhodium-, nickel- or iron-based complexes2 (Scheme 1).

As we reported earlier, the CoBr2(dppe)/ZnI2/Bu4NBH4

system serves as an excellent catalyst for the homo
Diels–Alder reaction of norbornadiene with alkynes, as
well as for the neutral Diels–Alder reaction of acyclic
1,3-dienes with terminal alkynes.3

Herein we wish to report the use of internal symmetri-
cal and unsymmetrical alkynes as dienophiles in the
neutral Diels–Alder reaction with symmetrical and
unsymmetrical 1,3-dienes. The reaction of the symmet-
rical alkynes 3-hexyne (Table 1, entries 1–3,) and 1,4-
dimethoxy-2-butyne (entries 4–6) with different
1,3-dienes furnished the corresponding products in
excellent yields and under very mild conditions.

The reactions are generally complete within 2–4 h (GC
analysis) when 2–3 mol% of the cobalt catalyst is
employed. The dihydroaromatic products are easy to
isolate via filtration through silica gel, but are some-
what sensitive towards oxidation, giving the corre-
sponding aromatic compounds. The rate of the
reactions with sterically more demanding dienes, such
as 2-methyl-1,3-pentadiene, is somewhat diminished so
that the reactions are complete within 12–16 h. This can
be explained by the higher steric demand of the 1,3-
pentadiene substrate while coordinated to the cobalt
centre during the carbon�carbon bond formation pro-
cess. Nonetheless, unfunctionalised as well as function-
alised polysubstituted 1,4-cyclohexadiene derivatives
can be generated in a simple and efficient way and these
compounds can be used for further transformations.5

We then investigated the reactions of unsymmetrical
alkynes with isoprene in order to determine the regiose-
lectivity of the reactions (see Table 2). Whilst the
regiochemistry of the reaction of isoprene with 2-
hexyne (Table 2, entry 1) could not be influenced by the
addition of cosolvents (benzene, toluene, THF, dioxane
or diethyl ether afforded only slightly different regiose-

Scheme 1.
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Table 1. Neutral Diels–Alder reactions with internal symmetrical alkynes4

Table 2. Results of neutral Diels–Alder reactions of isoprene with internal unsymmetrical alkynes4

lectivities), the ratio of regioisomers6 could be signifi-
cantly influenced by using sterically more hindered
alkynes. Complete regiocontrol was observed when t-
butyl- and trimethylsilyl-functionalised alkynes were
employed (entries 3 and 4). In these experiments the
regioisomer with less steric hindrance was formed with
good to excellent regioselectivity. Again, for these steri-
cally more demanding alkynes the rate of the reaction is
somewhat diminished; however, the reactions are still
generally complete within 16 h when 2–3 mol% of
cobalt catalyst is used.

The oxidation of these dihydroaromatic systems can be
performed under very mild conditions in a quasi-
divided electrochemical cell (2–3 F/mol) using a glassy
carbon anode and a platinum wire cathode in
dichloromethane (0.1 M tetrabutylammonium tetra-
fluoroborate as supporting electrolyte) to generate the
corresponding aromatic compounds.7 The electrochemi-
cal oxidation was preferred over aerobic oxidation
because, by further electrochemical oxidation in the
presence of nucleophiles, it opens up further possibili-
ties for functionalisation of the generated arene com-
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Scheme 2.

pounds.8 The reactions can not only be performed
sequentially as shown above but also in a one pot
procedure. The goal for further investigations is the
electrochemical generation of the reactive Co(I) species
in combination with the electrochemical oxidation of
the dihydroaromatic reaction products. The attractive-
ness in this approach lies in the easy synthesis of
well-defined substituted arene derivatives, particularly
durene and isodurene aromatic systems, which are
difficult to obtain by other methods9 (Scheme 2).

The synthesis of the dimethoxy derivatives of isodurene
and durene (80 and 78% isolated yield over two steps,
respectively) illustrates the usefulness of the key reac-
tion in furnishing polysubstituted arenes with well-
defined substitution and functionalisation patterns.
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