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ty and Ins
A B S T R A C T

The deconstructive reorganization strategy for the synthesis of benzene-containing products from the
kojic acid- and maltol-derived alkynes has been recently reported. In this strategy, kojic acid and maltol
are analogous to the “Transformers”, which can transform into benzofurans and benzaldehydes via
annulation reactions. Under the synthetic standpoint, this deconstructive reorganization strategy
features high atom economy, innate scalability and functional group tolerance. In the near future, we
believe that this uniquemethodwill bewidely investigated and other novel transformations of kojic acid
and maltol will be discovered.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Rearrangement manipulations of compounds are widely found
in the chemical transformations taking place both in scientific
laboratories and nature [1,2]. In particular, scientists have studied
the rearrangement properties of molecules bearing unsaturated
bonds, such as carbonyl- and alkynyl-containing compounds, for
decades [2]. If applied appropriately, synthetic chemists may
synthesize the complex natural products from simple substrates.
In fact, reconstruction manipulations possess many benefits over
traditional general transformations, such as innate scalability, high
atom economy, functional group tolerance and high degree of
regioselectivity and stereoselectivity [1,2].

Pyrone moiety is widely found in the core structure of organic
synthetic intermediates, natural products and bioactive compounds
[3]. For example, the kojic acid and maltol which have been
extensively investigated and numerous transformations have been
described in organic synthesis [3–5]. Traditionally, Kojic acid and
maltol have been widely used in [5 + 2] cycloaddition reactions,
during which seven-membered rings can be formed in a single step
[4].Maltol-type [5 + 2]cycloadditionreactions involve the formation
of an oxidopyrylium zwitterion as the reactive intermediate. As
shown in Scheme 1a, themain body structure of substrates can also
be found in the products in these transformations [5]. Additionally, a
bridgingoxygen atomcan be formed during the process. The related
examples of the inter- and intramolecular [5 + 2] cycloaddition
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reactions occur upon treatment of zwitterionic intermediates with
unsaturated carbon-carbon double bonds.

In pyrone-based rearrangement, kojic acids and maltols are
commonly used as substrates to generate benzofurans and benzalde-
hydes. As shown in Scheme 1b, compared with [5 + 2] cycloaddition
reactions, the deconstructive reorganization strategies are general
description of the bond-breaking reactions of C��O bonds and the
construction of benzofurans or benzaldehydes in a single step.

The cascade Claisen rearrangement of the pyrone-containing
substrates, such as maltol propargyl ether 1, was reported
(Scheme 2) [6]. In this case, the thermal [3,3]-sigmatropic
rearrangement of maltol propargyl ether 1 to the corresponding
1,5-ene-allene intermediate 4 occurred under the high tempera-
ture. And then, the intermediate 4 was subjected to a second
Claisen rearrangement to provide the aldehyde 5 that was
converted to the key intermediate 6 after the keto-enol tautome-
rization. The 1,6-Michael addition of intermediate 6 was achieved
by treatment with an alkene 2 and the resulting 7 could be
transformed to the intermediate 8 after Friedel-Crafts alkylation.
Finally, the generated species 8 underwent intramolecular 1,5-
hydrogen transfer reaction to give the final product. In this
transformation, the maltol moiety was taken apart and then
reorganized into a benzene ring bearing an aldehyde group.

Preparation of polysubstituted salicylaldehydes by this cut-
and-sew strategy was described (Scheme 3) [7]. Under the similar
reaction conditions, Zhu and co-workers utilized an intramolecular
double Claisen rearrangement for the efficient construction of the
p-quinone-methide framework 12 which was similar to interme-
diate 6. Subsequently, the vinyl ether, trimethoxybenzene and
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Pyrone-based transformations.
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Scheme 2. Cascade Claisen rearrangement of the pyrone-containing substrates:
general strategy, mechanism and selected scope of the products.
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Scheme 3. Preparation of polysubstituted salicylaldehydes by the cut-and-sew
strategy: general strategy, mechanism and selected scope of the products.
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benzylthiol could be used as nucleophiles to trap the intermediate
12 leading to the final products.

It is well-known that keto alkynes can undergo cyclization to
form isomeric products [2a]. This deconstructive reorganization
strategy was demonstrated for the synthesis of benzofuran-
containing products from the kojic acid- and maltol-derived
alkynes (Scheme 4) [8]. In this case, activation of the carbon-
carbon triple bond with the indium salt generated ap-complex 15,
which could undergo the 5-endo-dig cyclization to provide the
pyrylium 17. The highly activated intermediate 17 could be
hydrolyzed to the stabilized 1,5-dicarbonyl compound 18, which
would then convert to ketol 19 through the intramolecular aldol
cyclization. The generated intermediate 19 underwent dehydra-
tion and aromatization giving rise to the dihydroxylated benzo-
furan 14. As the six-carbon synthons, the kojic acid and maltol
moieties of the substrates were deconstructed and then reor-
ganized into the hydroxylated benzene rings. At the beginning,
kojic acid-derived alkynes with a hydroxyl group were readily
converted to the corresponding C5, C6-dihydroxyl benzofurans
using In(OTf)3 as the alkynophilic catalyst. Under the same reaction
conditions, other reactants could be converted into the corre-
sponding C6-substituted, C5, C6-disubstituted and C4, C5, C6-
trisubstituted benzofurans. As a result, four kinds of substituted
benzofurans were synthesized with kojic acid-derived alkynes as
the startingmaterials. Encouraged by the positive results described
above, other substituted benzofurans could be prepared under the
conditions when maltol derivatives were used as the substrates.
Likewise, maltol-derived alkynes could also be easily transformed
into the C4-substituted and C4, C5-disubstituted benzofurans
bearing an unprotected hydroxyl group in good yields.

The hydroxylated benzofuran moiety is widely found in the
structure of drug candidates and natural products [9]. This
deconstructive reorganization strategy mentioned above would
be useful for the synthesis of natural products containing the
benzofuran moiety. In the past, the major challenge was how to
construct the substituents at different positions of the benzofuran
scaffold. Now, this challenge can be solved with this new strategy.
Treatment of kojic acid- and maltol-derived alkynes under the
general reaction conditions provided the hydroxylated
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Scheme 5. Total synthesis of benzofuran-containing natural products.
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Scheme 4. Substrate scope for the cycloisomerization of kojic acid- and maltol-
derived alkynes: general strategy, mechanism and selected scope of the products.
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benzofurans, which were subsequently subjected to derivatization
with different reagents providing diverse hydroxylated benzo-
furan-containing natural products. To confirm the practicability of
this methodology, various benzofuran-containing natural prod-
ucts, such as Cuspidan B, Alfafuran, Coumestrol and Wittifuran E,
were synthesized (Scheme 5) [8].

In summary, the highlighted reports demonstrate the unique
application of deconstructive reorganization strategy to unlock
new reactivity in organic synthesis. This strategy is general
description of the intramolecular bond-breaking reactions of
several old bonds and the construction of several new bonds in one
step. With this novel method, the main body structure of kojic
acids andmaltols, as a five- or six-carbon synthon, was taken apart
and then reorganized into a benzene ring bearing an unprotected
hydroxyl group, and a series of benzofuran-containing natural
products have been constructed. In this strategy, kojic acid and
maltol are analogous to the “Transformers”which are characters in
Marvel comics. Under the synthetic standpoint, this deconstructive
reorganization strategy features high atom economy, innate
scalability and functional group tolerance. In the near future, we
believe that this unique method will be widely investigated and
other novel transformations of kojic acid and maltol will be
discovered.
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