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Our interest in arisugacin (1), a novel and selective
inhibitor of acetylcholine esterase that was isolated from
penicillium sp. Fo-4259,2 has led us to explore the
synthetic potential of γ-pyrones as dienophiles in [4 + 2]
cycloaddition reactions. Particularly, we envisioned that
if dienes such as 2 could be used, then such a cycload-

dition would lead to a convergent approach for construct-
ing not only the tetracyclic frame of arisugacin, but also
of other structurally analogous natural products such as
pyripyropenes3 and forskolin.4 Given the significant
therapeutic potential of arisugacin in the treatment of
Alzheimer’s disease,2,5 this strategy could serve as a
useful entry to a wide range of structural analogues with
unique biological activities.
It was surprising to find that there have been very few

reports on [4 + 2] cycloaddition reactions using γ-pyrones
as dienophiles.6,7 We have focused our interest on
3-cyanochromone derivatives because to the best of our
knowledge, the dienophilic reactivity of these compounds
have gone unnoticed,8 and they could be excellent sys-

tems for exploring the potential of our strategy as well
as for investigating the scope (i.e., regio- and stereose-
lectivity) of γ-pyrones in [4 + 2] cycloadditions. In
addition, the aromatic ring of cyanochromone derivatives,
when appropriately substituted, could serve as a precur-
sor for constructing the D-ring of arisugacin, and more
importantly, analogues of arisugacin containing aromatic
D-rings could offer interesting biological activities. We
report here our initial success in achieving high stereo-
selectivities in the first [4 + 2] cycloaddition reactions
using 3-cyanochromone derivatives as dienophiles and
in demonstrating the synthetic application of this reac-
tion for constructing the ABC tricyclic core of arisugacin.
The reaction of 3-cyanochromone (5) with TBS-pro-

tected Danishefsky’s diene (6) in toluene proceeded well
at 200 °C in a sealed tube for 72 h to give the desired
cycloadduct 7 in 80% yield (Scheme 1) without observing
any inverse-electron demand [4 + 2] cycloadducts.9
However, the endo:exo ratio was only 1.3:1 as determined
from 1H NMR, and the stereochemistry was assigned
according to NOE experiments.10 A strong electron-
withdrawing group at the C-3 position was essential and
the most effective in adjusting the electron density of the
γ-pyrone system of chromone derivatives and enhancing
the dienophilic reactivity. For examples, 3-bromo-
chromone (8)11 was found to be reactive only with 1,3-
cyclohexadiene giving the adduct 10 in <16% yield with
an isomeric ratio of 2:1 (stereochemistry not vigorously
assigned) after heating at 300 °C for 120 h. An acyl group
at the C-2 position rendered the compound 9 more
reactive providing 11 (1:1 endo:exo) in 25% yield after
120 h at 270 °C, but the regioselectivity suffered in this
case since regioisomers were isolated in an equal amount.
The reactions of 5 with 1-methoxy-1,3-butadiene pro-

vided a much different stereochemical outlook giving the
cycloadduct 12 in 83% yield with an endo:exo ratio of 92:8
(entry 1 in Table 1). This represents the first example
of a highly diastereoselective [4 + 2] cycloaddition reac-
tion involving a γ-benzopyrone dienophile.6b Subsequent
reactions of 5 with all other less oxygenated dienes were
found to be highly endo selective (Table 1, entries 2-4).
However, the rate of reaction was noticeably slower when
the electron density of the diene decreased. For nonoxy-
genated dienes, reactions had to be promoted by the use
of a Lewis acid (Table 1, entries 4 and 5). After screening
a variety of Lewis acids, TiCl4 (1.0 equiv) was found to
be most suitable, and the stereoselectivity in these
reactions remained in favor of the endo products (Table
1, entry 4). When the diene 16, which bears an electron-
withdrawing group was used, no cycloadducts were
isolated under any conditions (Table 1, entry 6). In
comparison, the diene 16 reacted well with 2-cyclohex-
enone and methyl vinyl ketone under Lewis acid condi-
tions.12 This suggests that the lack of reactivity observed
here with 3-cyanochromone (5) is likely not due to the
steric nature (being 1,1-disubstituted) but rather the
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electronic nature of the diene 16. This suggests that 16
sets a lower limit for the electron density of dienes that
would be reactive toward γ-benzopyrones.
The most intriguing results are shown in entries 7-11

of Table 1, where substituents at the C-6 position on the
benzene ring of chromone derivatives significantly effect
the rate of reactions as well as the stereoselectivity. Both
bromine and chlorine substituents (inductively electron
withdrawing) at the C-6 position rendered the cyano-
chromone derivatives 17 and 20 more reactive toward
both oxygenated (entries 7 and 9) and nonoxygenated
(Table 1, entries 8 and 10) dienes as indicated by the
shorter reaction time and/or lower reaction temperature.

The levels of endo-selectivity remained very high in all
cases, and the thermal reactions of 17 and 20 with 1,3-
cyclohexadiene were far more efficient (Table 1, entries
8 and 10) than that of 5 (Table 1, entry 3). Reactions of
17 and 20 are of synthetic significance since halogen
substituents are potential precursors for functionalizing
the aromatic ring and constructing the D-ring in arisuga-
cin. An electron-donating methyl group at the C-6
position of the cyanochromone 23, on the other hand,
reduced the level of selectivity to essentially stereo
random (Table 1, entry 11). At this point, it is not clear
why the stereoselectivity dropped so dramatically in this
reaction, given that the Alder’s endo rule so far can be
applied to all other reactions. These results, however,
do suggest that the dienophilicity of the γ-benzopyrones
can be adjusted via appropriate substitutions at the C-6
position and perhaps other positions as well on the
aromatic ring. We are currently exploring these sub-
stituent effects in detail.
Finally, to examine the potential of this reaction in

developing our convergent strategy for constructing the
ABC tricyclic frame of arisugacin, the diene 2513 was
reacted with 2.0 equiv of 6-bromo-3-cyanochromone (17)
at 300 °C in toluene for 7 d to give the desired adduct 26
in 32% yield with an endo:exo ratio of 86:14 (Scheme 2).
The stereochemistry here was assigned according to NOE
experiments. The moderate yield observed here is en-
couraging given the fact that with the exception of highly
reactive dienophiles such as benzoquinone14 and acety-
lenedicarboxylic acid derivatives4,15 essentially no other
examples of dienophiles are known to react with the diene
25 without the usage of extreme high pressure or Lewis
acids.14b
We have shown here the first highly stereoselective [4

+ 2] cycloaddition reactions using cyanochromones as
dienophiles and demonstrated the potential of this reac-
tion in constructing the tricyclic core of arisugacin in a
convergent manner. We are currently exploring this
approach for syntheses of arisugacin and other analogues.
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Scheme 1

Table 1. [4 + 2] Cycloaddition Reactions of
3-Cyanochromone Derivatives

a Concentrations of γ-pyrones were 0.1 M in thermal reactions
and 0.2 M in Lewis acid-promoted reactions. In all cases, 2.0 equiv
of dienes was used. b Thermal reactions were carried out in toluene
using a sealed tube, and the temperature indicated here was
measured at the bottom of a sand bath. Methylene chloride was
the solvent for Lewis acid-promoted reactions, and these reactions
were carried at room temperature. c Ratios were obtained by using
1H NMR, and the stereochemistry was assigned according to NOE
experiments. d All yields were isolated yields. e The source of this
diene came from 1-methoxy-1,3-cyclohexadiene via a 1,5-hydrogen
shift under the high temperature.

Scheme 2
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