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a b s t r a c t

a-Hydroxyketones undergo efficient tandem oxidation-Wittig olefination reactions in the presence of an
oxidant to produce high yields of c-ketocrotonate products. On carrying out the oxidation-Wittig olefin-
ation reaction in the presence of 2,3-dimethyl-1,3-butadiene, a novel multicomponent reaction sequence
provides access to cycloadducts in high yield.

� 2010 Elsevier Ltd. All rights reserved.
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There has been considerable interest in reaction processes that
efficiently create complex structures from simple reactants
through one-pot operations, which has led to significant advances
in the areas of multicomponent processes (MCRs), domino reac-
tions, combinatorial chemistry and sequential/tandem transforma-
tions.1 This interest has primarily been stimulated by the
requirement to generate diverse libraries of heterocyclic com-
pounds for drug discovery applications, and a number of innova-
tive approaches have been described.2 The incorporation of
cycloaddition reactions into MCR strategies is a highly attractive
proposition for the rapid generation of molecular complexity, as
multiple bonds are formed in a single step, and indeed, a number
of MCR strategies incorporating intramolecular Diels–Alder reac-
tions have been described, particularly for heterocycle formation.3

It is surprising that the inclusion of intermolecular Diels–Alder
reactions into MCR sequences has attracted less interest,4 espe-
cially given the opportunities for introducing high levels of skeletal
and stereochemical complexity. As part of an ongoing programme
concerned with the development of efficient routes to heterocyclic
natural products,5 we envisioned that the exploitation of such
methodology would provide a potentially rapid and highly flexible
route for the construction of a variety of highly functionalised cyc-
lic structures. With this in mind, we explored a MCR strategy in
which construction of the dienophile component was achieved
employing a tandem oxidation-Wittig olefination strategy, which
subsequently underwent Diels–Alder cycloaddition in the presence
of a diene (Scheme 1).

A number of groups have reported the successful development
of tandem protocols for the direct transformation of alcohols into
olefins employing stabilised ylides in the presence of an oxidant.6

These protocols not only lead to increases in efficiency, but are
especially useful when applied to carbonyl compounds that are dif-
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ficult to isolate due to their instability, toxicity or volatility. Singly
activated dienophiles, such as ethyl cinnamate, are easily con-
structed using this approach, but cycloaddition employing these
materials typically require prolonged reaction times at very high
temperatures or high pressures in order to achieve acceptable
yields.7 Indeed, in our hands, this dienophile produced no cycload-
duct products under a variety of reaction conditions when gener-
ated from benzyl alcohol in the presence of manganese dioxide,
ylide 1a and 2,3-dimethyl-1,3-butadiene. We, therefore, consid-
ered alternative dienophile candidates, such as c-ketocrotonates,
which being doubly activated, are more reactive in Diels–Alder
cycloadditions and so require milder reaction conditions. The
inclusion of additional functionality into the dienophile compo-
nent has the additional benefit that it provides cycloadducts which
are highly attractive advanced intermediates for subsequent elab-
oration into a range of natural products including anthraquinones
and hydrindane targets.7a,8 The synthesis of c-ketocrotonates from
the corresponding a-ketoaldehydes, has been reported to be prob-
lematic due the high reactivity of the aldehyde carbonyl group
which leads to facile hydration, aerial oxidation or polymerisation
reactions.9 Their synthesis, however, has been described from a-
hydroxyketones, such as hydroxyacetophenone 2 and hydroxyace-
tone 3, employing a tandem oxidation-Wittig approach.10

In order to establish conditions for our proposed MCR, we ini-
tially concentrated our efforts on the critical cycloaddition compo-
nent in order to ensure compatibility with the oxidation-Wittig
sequence. Thus, c-ketocrotonate 4a, produced from hydroxyaceto-
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phenone 2,10 was reacted with 2,3-dimethyl-1,3-butadiene under a
variety of reaction conditions (Scheme 2), of which, toluene at re-
flux proved to be most efficient giving an excellent yield of the cyc-
loadduct 5a.

With conditions for the cycloaddition in place, we next studied
the MCR of 2 with ylides 1a and 1b in the presence of activated
MnO2 and an excess of 2,3-dimethyl-1,3-butadiene, and were de-
lighted to observe that these substrates underwent an efficient oxi-
dation-Wittig olefination-Diels–Alder sequence to produce
cycloadducts 5a and 5b in high isolated yield (Table 1, entries 1
and 2). The reaction was also achieved in a sequential, one-pot ap-
proach, in which the diene component was added to the reaction
mixture on completion of the oxidation-Wittig olefination se-
quence. Disappointingly, however, only poor yields of cycloadduct
7a were isolated from the reaction of hydroxyacetone 3 and ylide
Table 1
Multicomponent oxidation-Wittig olefination-Diels–Alder reactions of a-
hydroxyketones
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a All products gave satisfactory spectroscopic data.
b Yields refer to isolated purified yields of isomer shown.
c Diene component added on completion of the oxidation-Wittig-olefination

reaction.
1a in the presence of 2,3-dimethyl-1,3-butadiene under these reac-
tion conditions (entry 3).

1H NMR analysis of the crude reaction mixtures indicated that
these low isolated yields of cycloadduct were explained by poor
conversion of 3 under these reaction conditions leading us to con-
sider alternative oxidising agents. We have previously reported
that employing less activate grades of MnO2 can be highly benefi-
cial in MnO2-mediated tandem oxidation-Wittig sequences pro-
ducing improved yields, especially where the starting material or
product is prone to decomposition.11 Replacing the activated grade
oxidant with MnO2 of particle sizes <10 lm, however, gave no sig-
nificant improvement in the formation of 6a (Table 2, entry 1). We
next considered the use of silica-supported pyridinium chlorochro-
mate (PCC), a reagent that has been successfully employed in
sequential and tandem oxidation-Wittig sequences.5b,6h In light
of the fact that there have been no previous examples of its use
in tandem processes employing a-hydroxyketones, we first under-
took a short study to assess the suitability of this reagent with
these substrates (Table 2). We were delighted to observe that, in
the presence of excess silica-supported PCC, sodium acetate and
ylide 1a, excellent yields of 6a were achieved under a range of
reaction conditions (Table 2, entries 2–4). Importantly, the tandem
oxidation-Wittig olefination sequence proceeded readily when car-
ried out at the elevated temperatures required for efficient cyclo-
addition reaction (Table 2, entry 4). Application of these modified
reaction conditions to the oxidation-Wittig olefination reaction of
2 also proved to be successful, giving 4a in high isolated yield
(Table 2, entry 5).12

Finally, we investigated the multicomponent reactions of a-
hydroxyketones 2 and 3 under our modified PCC-mediated condi-
tions13 and were satisfied to observe that both alcohols underwent
highly efficient oxidation-Wittig olefination-Diels–Alder sequences
to give cycloadducts 5a and 5b (Table 1, entries 4 and 5) and 7a and
7b (entries 6 and 7) in high isolated yields.14 This novel sequence
allows for the efficient formation of multiple carbon–carbon bonds
in a simple, three-component, one-pot operation.

In conclusion, we have demonstrated that a-hydroxyketones
undergo efficient tandem oxidation-Wittig olefination reactions
in the presence of silica-supported PCC to produce high yields of
Table 2
PCC-mediated oxidation of a-hydroxyketones 2 and 3

R
(Ph)3P

CO2Et
H

OxidantO
OH

R

O

O

OEt

4a or 6a2 or 3

Entry Reaction conditions Yielda (%)

1 3/MnO2 (<10 lm)/toluene/D Traceb

2 3/PCC-NaOAc/CH3Cl/D4 h 75
3 3/PCC-NaOAc/toluene/rt/24 h 78
4 3/PCC-NaOAc/toluene/D3 h 86
5 2/PCC-NaOAc/toluene/D3 h 81c

a Reactions produced �5% Z-isomer.
b Determined from 1H NMR analysis of the crude reaction mixture.
c Product is 4a.
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c-ketocrotonate products. On carrying out this oxidation-Wittig
olefination sequence in the presence of 2,3-dimethyl-1,3-butadi-
ene, a novel multicomponent reaction protocol can be achieved
in which the c-ketocrotonates, once formed, undergo efficient
Diels–Alder reaction giving cycloadducts in high yield. The simplic-
ity and convenience of this MCR protocol, and its efficiency in cre-
ating skeletal and stereochemical complexity in a single operation,
provides ready access to functionalised cyclic building blocks that
can be elaborated into complex structural motifs found in a range
of natural products.
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