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ABSTRACT

In contrast to the Diels−Alder reaction of fulvenes and various alkenes, 6-aminofulvenes react with maleic anhydride (or maleimide) to give
[6 + 2] cycloaddition adducts, constituting an efficient and novel route to pentaleno[1,2-c]furan, pentaleno[1,2-c]pyrrole, and cyclopenta[a]-
pentalene skeleton.

Cycloadditions of fulvenes (e.g., [4+ 3], [2 + 2], [4 + 2],
[2 + 4], [6 + 4]) provide powerful synthetic approaches to
various polycyclic systems and natural products.1 In addition
to these versatile reactions, we recently reported a novel
hetero [6+ 3] cycloaddition of fulvenes for the synthesis of
11-oxasteroids.2 In conjunction with our continuing efforts
in fulvene chemistry,3 we have now developed a [6+ 2]
cycloaddition using 6-aminofulvenes and maleic anhydride

(or maleimide) for the preparation of pentaleno[1,2-c]furans
and pentaleno[1,2-c]pyrroles. These compounds constitute
the basic skeleton of many natural products such as anis-
lactone A,4 anislactone B,5 merrilactone A,6 merrilactones
B and C,7 and various other important synthetic intermedi-
ates.8

[6 + 2] cycloadditions of cycloheptatriene, vinylcyclobu-
tanones, or azepine with alkenes are well precedented.9
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However, like cycloheptatriene, the [6+ 2] cycloaddition
of fulvene has received little attention.10,11

Many papers have reported that, in general, fulvene reacts
with maleic anhydride to give the [4+ 2] cycloaddition
adduct,12 (Scheme 1). In contrast, we have found that reaction
of 6-dimethylaminofulvene (1) with maleic anhydride gave
the intriguing pentalene derivative2, (Scheme 2). To the best
of our knowledge, this is the first reported synthesis of a
pentaleno[1,2-c]furan system via a [6+ 2] cycloaddition of

fulvene. In our hands, addition of 6-dimethylaminofulvene
(1) to a solution of maleic anhydride in benzene at 25°C
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and enamines, see: Wu, T. C.; Houk, K. N.J. Am. Chem. Soc.1985,107,
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315.

Table 1. Reaction of Alkenes and Alkynes with Fulvenes

a Isolated yield based on starting fulvene. Method A: C6H6, 25 °C. Method B: microwave irradiation at 10 W in DMF, 120°C. Method C: microwave
irradiation at 30 W in DMSO, 150°C. Method D: cat. BF3‚OEt2, -78 °C, THF. Method E: 1 equiv of BF3‚OEt2, reflux, THF. Method F: 1 equiv of
BF3‚OEt2, 50 °C, THF.

Scheme 1
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for 30 min provided the pentalene derivative2 in 81% yield
as the only isolable product, (entry 1, Table 1). The structure
of 2 was assigned on the basis of IR,1H and 13C NMR,
COSY, DEPT, HMQC, HMBC, MS, and HRMS analysis.
This dramatic difference in the chemoselectivity between
6-dimethylaminofulvene (1) and alkylfulvenes may be due
to an increase in the electron density of the 6-dimethylami-
nofulveneπ-system. The formation of2 may be rationalized
by the stepwise mechanism shown in Scheme 2. Initial
addition of1 to maleic anhydride generates the zwitterionic
intermediate. This is followed by nucleophilic attack at the
C-6 position of fulvene to give the pentalene derivative2.

A series of homologous maleic anhydrides and maleimide
were then reacted with various aminofulvenes to give the
corresponding products3-9 (entries 1-4, Table 1).13 Reac-
tion of 1 with maleimide afforded adduct5. The structure
of 5 was unambiguously assigned by single-crystal X-ray
analysis (Figure 1).14

Reaction of various aminofulvenes with maleic anhydride
and maleimide gave similar adducts3,4 and 6,7 in good

yields (entries 1 and 2, Table 1). Methyl maleic anhydride
and1 did not react in benzene at reflux; however, microwave
irradiation provided adduct8 in 63% yield (entry 3, Table
1). Unfortunately, we could not getγ-butyrolactone and1
to react. In this case, the use of Lewis acids such as BF3‚
Et2O, AlCl3, EtAlCl2, TiCl4, etc. gave decomposition of
fulvene and no other product (entry 4, Table 1). Reaction of
the methylaminofulvene with 2-cyclopentenone did not give
any reaction either (starting materials were recovered).
However, the 1,4-alkylation adduct10 (ca. 1:1 ratio of
regioisomers) was obtained in the presence of catalytic
amounts of BF3‚Et2O at -78°C (entry 5, Table 1).

Interestingly, reaction of aminofulvene and 2-cyclopen-
tenone with 1 equiv of BF3‚Et2O (reflux, 240 min) afforded
the tricyclic product11 in 65% yield (entry 6, Table 1).
Milder conditions could be used for 6-dimethylaminofulvene
(1 equiv of BF3‚Et2O, 50°C) to provide the tricyclic product
12 in 75% yield (entry 6, Table 1). Cyclopenta[a]pentalene
adducts11 and12 are structural analogues of biologically
active natural products incarnal,15 pleurotellol,16 ceratopi-
canol,17 and hypnophilin.

Reaction of dimethylaminofulvene with dimethyl acetylene-
dicarboxylate and methyl propiolate provided the dimethyl-
amine adducts1318 and1419 (entries 7 and 8, Table 1). A
plausible mechanism for this transformation is shown in
Scheme 3. Michael addition of the fulvene amino group to
the triple bond followed by hydrolysis during workup affords
2-dimethylaminomaleic acid dimethylester13.

In summary, a novel one-pot [6+ 2] cycloaddition of
fulvenes to maleic anhydride, maleimide, and cyclopentenone
has been reported. This constitutes a novel methodology for
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Scheme 2

Figure 1. ORTEP plots for X-ray crystal structures of5.
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the synthesis of pentaleno[1,2-c]furans (anislactone and
merrilactone skeletons), cyclopenta-[a]pentalenes (hirsutane
skeleton), and pentaleno[1,2-c]pyrroles. We are currently
pursuing the application of this methodology to the synthesis
of various natural products.
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