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The reaction of readily accessible (3-furyl)allylamines with maleic anhydride, followed by a domino
sequence involving acylation/cycloaddition/proton shift steps, led to the formation of furo[2,3-f]-
isoindoles—the aza-analogs of pinguisane-type sesquiterpenes. The key intramolecular Diels–Alder
vinylfuran (IMDAV) reaction proceeded under mild conditions, with high levels of diastereoselectivity
and satisfactory yields.

� 2015 Elsevier Ltd. All rights reserved.
A large group of pinguisane-type sesquiterpenoids, possessing
the indeno[5,6-b]furan core, are widely distributed in liverworts.1

Compounds isolated from these plants show a broad and diverse
spectrum of biological activities that include antidermatitis,2 anti-
cancer,3 and antimicrobial4 activities. Several representative exam-
ples of such compounds, with structures closest to the subject of
this work, are shown in Figure 1.

It is well known that the introduction of an additional heteroa-
tom into a drug-molecule can dramatically alter its biological
activity. Thereby, this work was aimed at the development of a
simple entry to aza-analogues of pinguisane-type sesquiterpenes.

The intramolecular Diels–Alder furan (IMDAF) reaction5 is a
powerful and useful tool for the synthesis of alkaloids and other
natural and bioactive substances. The key step of such reactions
is the [2+4] cycloaddition where the furan moiety plays the role
of an internal diene (transformation 4 ? 5, Fig. 2). The related
intramolecular cycloaddition, where a vinylfuran fragment acts
as the internal diene—the intramolecular Diels–Alder vinylfuran
(IMDAV) reactions (7 ? 8),6 are much less studied.
Unlike IMDAF, use of IMDAV allows preservation of the furan
motif in the target molecules, making it possible to synthesize in
one step furans, that are [b]annulated with six-membered rings.
These benzo[b]furans (9, Fig. 2) are of ubiquitous structure in the
plant kingdom.7

A literature survey showed that to date a very limited number
of examples for the successful synthesis of benzofurans using the
IMDAV reaction have been described.7,8 Typically, this process
(7 ? [8] ? 9, Fig. 2) requires high temperatures8 (200–300 �C),
which restricts the synthetic potential of this method. In some
cases the reaction stops after formation of intermediate 88e or is
complicated by the formation of isomeric mixtures.8d Allenes and
alkynes7e,9 can also perform as the dienophile in this type of
transformation. Information about the synthesis of furo[2,3-
f]isoindoles using the IMDAV reaction is nearly absent.8f,10

The present communication is aimed at the development of a
simple approach to furo[2,3-f]isoindoles, based on the use of
readily available compounds such as furylacroleins and aliphatic
or aromatic amines.

Initially (3-furyl)allylamines 12a–l were synthesized by the
one-pot method,11 shown in Scheme 1. Neither azomethines 11
nor allylamines 12 were isolated, and were used in the next step
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Table 1
Yields and melting points of the obtained furo[2,3-f]isoindoles 15

Compound 15 R1 R2 Mp (�C) Yielda (%)

a H i-Pr 224.9–225.5 72
b H Allyl 186.9–187.5 40
c H Cyclopentyl 215.5–216.5 70
d H Bn 212–214 62
e H Ph 251–252 64
f Me Ph 234–235 61
g Me Bn 178.5–179 82
h 2-CF3C6H4 4-MeOC6H4 250–251 74
i 2,4-Cl2C6H3 2-FC6H4 293–294 69
j 2,4-Cl2C6H3 Ph 247–248 72
k 2-ClC6H4 4-MeOC6H4 234–235 70
l 2-FC6H4 4-MeOC6H4 258–259 75

a All yields are based on the initial furylacroleins 10.

Figure 3. Molecular structure of one of two independent molecules of 15b.13

Molecule with (4R,4aR,7aS) absolute configuration is presented.
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Figure 1. Representative examples of natural sesquiterpenes including the
indeno[5,6-b]furan moiety 1–3.
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Figure 2. An overview of IMDAF and IMDAV approaches in synthesis.
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without purification. Amines 12a–l were acylated with an equimo-
lar amount of maleic anhydride under moderate heating. This reac-
tion did not stop at the N-acylation stage, and was followed by the
IMDAV reaction of the intermediate maleic amides 13a–l, and
spontaneous prototropic tautomerism of adducts 14a–l.12 The
described domino-cascade gave the target furo[2,3-f]isoindoles
15a–l in good yields (Table 1) as single diastereoisomers. The rela-
tive arrangement of the substituents was established using com-
pounds 15b13 (Fig. 3) and 15e.14

The relatively low yield (40%) of allyl derivative 15b (R2 = Allyl)
is postulated to be due to competitive side reactions of intermolec-
ular and intramolecular cycloaddition of the allyl substituent.

A single crystal X-ray structure determination was carried out
for compound 15b (Fig. 3). The crystal was found to be centrosym-
metric and its asymmetric part consisted of two independent
molecules, A and B (ESI, Fig. S1), of same chirality and similar
geometry. The only considerable difference between them was
the conformation of the allyl group. The isoindole five-membered
rings in both independent molecules adopt envelope conforma-
tions that are puckered on the C7a atom, whereas the six-mem-
bered rings are half-chair-puckered. The carboxyl hydrogen
atoms were involved in strong hydrogen bond formation with
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Scheme 1. Synthesis of initial 3-(furan-2-yl)prop-2-en
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the O15 carbonyl atoms of neighboring molecules, giving rise to
(A. . .B. . .)n chains.

In summary, we have developed a practical one-pot, three-step
domino sequence for the construction of furans that are [b]-annu-
lated with a perhydro isoindole ring, using inexpensive and readily
available starting compounds. The use of maleic anhydride as the
dienophile gave rise to furo[2,3-f]isoindoles from an IMDAV reac-
tion. In contrast to existing methods, the IMDAV reaction was
observed to proceed under rather mild reaction conditions, and
with a high level of diastereoselectivity. Our synthetic groups
aim to continue exploring the fruitful chemistry described herein
by broadening the diversity of the initial dienes to 2-vinylthio-
phene, 2-vinylpyrrole, and 3-vinylindole moieties.
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