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The reaction of alkyl isocyanides with various aldehydes and 3-hydroxy-1H-phenalene-1-one is described.
The protocol offers facile and efficient synthesis of biologically interesting 9-(alkyl or arylamino)-7H-
phenaleno[1,2-b]furan-7-one derivatives from readily available starting materials in high yields.

Introduction

Modern synthetic design demands high efficiency in terms
of minimization of synthetic steps together with maximiza-
tion of complexity.1 One of the ways to fulfill these goals is
the development and use of multicomponent reactions which
consist of several simultaneous bond-forming reactions and
allow the high efficient synthesis of complex molecules
starting from simple substrates in a one-pot manner.2

Multicomponent reactions (MCRs), which can produce a
diversity of compounds, provide one of the most efficient
methods for the combinatorial synthesis of structurally
diverse compounds.3 Multicomponent reactions can also lead
to an increase in molecular complexity by combining a series
of reactions in one synthetic operation.4

Furophenalenone derivatives are well-known as structural
components in natural products, some of which exhibit useful
biological activity. For example, atrovenetin l, a fungal
metabolite of Penicillium atrouenetum, belongs to the class
of naturally occurring furophenalenones.5 Atrovenetin is
described as an antioxidant6 and as a cytostatic agent having
antineoplastic activity (see Scheme 1).7

Although isocyanide-based multicomponent reaction has
been applied to the synthesis of various fused furans,8 to
our knowledge, this synthetic strategy has not been applied
to the synthesis of substituted furophenalenone. There are
only three reports9–11 on cycloaddition entries into the fused
7H-phenaleno[1,2-b]furan-7-one ring system involving ring
synthesis by formation of two bonds from [3 + 2] atom
fragments ([CCO + CC]). All these oxidative cycloaddition
reactions employ a two-component condensation between a
3-hydroxy-1H-phenalene-1-one derivative and a conjugated
alkene or alkyne. The each of is catalyzed in two ways.9–11

As early as 1998, Lee and co-workers reported the ceric
ammonium nitrate (CAN)-mediated cycloaddition reaction
of 3-hydroxy-1H-phenalene-1-one with phenylacetylene lead-
ing to phenylfurophenalenone in 50% yield.9 Later, they
replaced phenylacetylene with conjugated olefins which led
to the corresponding dihydrofurophenalenones in moderate
yields.10 In a second approach, rhodium-catalyzed cycload-
dition reactions of 2-diazo-1H-phenalene-1,3(2H)-dione with
allyl halides leads to dihydrofurophenalenones with an exo-
olefin.11 Subsequently, treatment of these products with DBU
in benzene afforded the corresponding furophenalenone
derivatives. To date, we know of no published report
concerning the synthesis of furophenalenone ring systems
which proceed via the formation of three new bonds by a
[CCO + C + C] furannulation strategy.

Continuing our efforts directed toward the straightforward
preparation of biologically active heterocycles through iso-
cyanide-based multicomponent reactions12 herein, we would
like to report a facile and efficient procedure for the
preparation of 7H-phenaleno[1,2-b]furan-7-one derivatives
5 through a three-component reaction including 3-hydroxy-
1H-phenalene-1-one 2, various aldehydes 3 and alkyl iso-
cyanides 4 in refluxing toluene. The reaction can be
represented as in Table 1.

Results and Discussion

The one-pot, three-component condensation reactions of
3-hydroxy-1H-phenalene-1-one 2 with various aldehydes 3
in the presence of alkyl isocyanides 4 proceeded rapidly in
refluxing toluene and were complete after 20 h to afford
9-(alkyl or arylamino)-7H-phenaleno[1,2-b]furan-7-ones 5,
in good yields. 1H and 13C NMR spectra of the crude
products clearly indicated the formation of fused furophe-
nalenone 5. All the products were characterized by FT-IR,
1H and 13C NMR spectra, and elemental analysis.

The elucidation of the structure of 5 using 1H and 13C
NMR spectroscopic data is discussed with 5a as an example.
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The 1H NMR spectrum of 5a consisted of multiplet signals
for the cyclohexyl rings (δH 1.20-2.15 ppm) and the
NH-CH resonance (δH 3.78) and two sharp singlets for the
methoxy groups (δH 3.80 and 3.83 ppm). A broad resonance

(δH 4.30 ppm) was observed for the NH group. The aromatic
hydrogens give rise to multiplet signals in the aromatic region
of the spectrum.

The 1H decoupled 13C NMR spectrum of 5a showed 27
distinct resonances in agreement with the suggested structure.
The 1H decoupled 13C NMR spectra of 5b-n are similar to
those of 5a except for the R or R′ groups, which exhibit
characteristic signals with appropriate chemical shifts.13

The scope and limitations of the reaction with respect to
the aldehyde component was examined, and it was found
that aliphatic aldehydes, substituted aromatic aldehydes
containing electron-withdrawing groups and electron-donat-
ing groups, and R,�-unsaturated aldehydes all tolerate the
reaction conditions with good yields. Only with 4-(N,N-
dimethylamino)benzaldehyde did the TLC and 1H NMR
spectrum of the reaction mixture clearly indicate a complex
mixture of at least five products together with some of the
unreacted 3-hydroxy-1H-phenalene-1-one and the aldehyde.
After purification by silica gel column chromatography with
ethyl acetate:n-hexane 1:3 as eluent we obtained the corre-
sponding Knoevenagel condensation adduct in 15% yield as
a new product. To explore the scope of this reaction with
respect to isocyanides, we have examined five alkyl or aryl
isocyanides. We have found that the reaction proceeds very
efficiently even with hindered alkyl or aryl isocyanides.

Although the mechanism of the reaction between 3-hy-
droxy-1H-phenalene-1-one and aldehyde in the presence of
isocyanide has not yet been established experimentally, a
possible explanation is proposed in Scheme 2.

The mechanism envisages an initial acid-base reaction
of activated CH-acid 2, 3-hydroxy-1H-phenalene-1-one, with
isocyanide 4 to give an ion pair complex 6.14 The conjugate
base of the CH-acid is now sufficiently active for nucleophilic
attack to aldehyde 3 to produce intermediate 7. Intermediate
7 can lose a molecule of water to afford the Knoevenagel
condensation adduct 8. This is presumably followed by [4
+ 1] cycloaddition reaction or Michael-type conjugate
addition of isocyanide with concomitant cyclization to give
iminolactone intermediate 9. The subsequent isomerization
of iminolactone 9 leads to formation of 9-(alkyl or ary-
lamino)-7H-phenaleno[1,2-b]furan-7-ones 5. Presumably, the
isomerization of 9 to 5 is driven by the stability of the fully
conjugated aminofuran heteroaromatic moiety.

In order to confirm the mechanism of the reaction in
Scheme 2, we examined the reaction of the 3-hydroxy-1H-
phenalene-1-one with aldehydes under the same reaction
conditions without isocyanide component to produce the
Knoevenagel condensation adduct 8. Our attempts to carry
out this reaction with a wide range of aliphatic and aromatic
aldehydes, from highly electron-rich such as 4-(N,N-dim-

Table 1. Synthesis of 7H-Phenaleno[1,2-b]furan-7-one
Derivatives

a Refers to purified yield. Compound purity is >95% as determined
by NMR.

Scheme 1. Atrovenetin, a Natural Biologically Active
Furophenalenone
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ethylamino)benzaldehyde to highly electron-poor such as
4-nitrobenzaldehyde were not successful. For all of the
aldehydes apart from 4-nitrobenzaldehyde the TLC of the
reaction mixture clearly indicated that the Knoevenagel
adduct 8 was not formed, and starting materials (3-hydroxy-
1H-phenalene-1-one and aldehyde) recovered unchanged. In
the case of the reaction of 3-hydroxy-1H-phenalene-1-one
with 4-nitrobenzaldehyde, after refluxing for 20 h in toluene,
the corresponding Knoevenagel adduct 8b was isolated in
8% yield, but this same reaction in the presence of cyclohexyl
isocyanide has afforded 9-(cyclohexylamino)-8-(4-nitrophe-
nyl)-7H-phenaleno[1,2-b]furan-7-one 5b (Table 1, Entry 2)
in 93% yield. These results have made us to establish a
significant catalytic role for isocyanide component in Kno-
evenagel condensation reaction of 3-hydroxy-1H-phenalene-
1-one with aldehyde.

Finally, the 2-[(4-nitrophenyl)methylene]-1H-phenalene-
1,3(2H)-dione 8b as a representative Knoevenagel condensa-
tion adduct 8 was synthesized separately by the condensation
of 4-nitrobenzaldehyde and 3-hydroxy-1H-phenalene-1-one
in toluene at refluxed overnight under 10 mol % of HCl
catalysis. Then, we examined the reaction of the isolated
2-[(4-nitrophenyl)methylene]-1H-phenalene-1,3(2H)-dione
8b with one equivalent amount of cyclohexyl isocyanide in
refluxing toluene, and we obtained the product 8b in 95%.

In conclusion, we have developed a simple, one-pot, three-
component procedure for the preparation of 9-(alkyl or
arylamino)-7H-phenaleno[1,2-b]furan-7-one derivatives of
potential synthetic and biological interest. The method is

simple, starts from readily accessible commercial reagents,
and provides biologically interesting furophenalenone deriva-
tives in good yields without any other additive to promote
the reaction. Moreover, it is worth noting that two C-C and
one C-O bonds were formed with concomitant creation of
a fused furophenalenone ring in this one-pot, three-
component process.
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