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A formal [3 + 3] cycloaddition reaction of R,â-unsaturated
aldehydes or ketones with monoketone or 1,3-diketone
equivalents could serve as a viable strategy leading to
complex six-membered heterocycles (A + B f C in Figure
1).5 However, the synthetic scope of this strategy has been
limited to only a few examples.6,7 In general, reactions of
R,â-unsaturated aldehydes or ketones with 1,3-dicarbonyl
systems suffer from the regiochemical issues caused by the
competing 1,2- versus 1,4-addition and the C- versus O-
addition.6 These problems usually result in diverse reaction
pathways that lead to complex mixtures of reaction products
where the desired six-membered heterocycles are either not
found or isolated in low yields. Although the use of certain
cyclic enals that possess diminished conjugation has led to
improved regiochemical control,7 a general solution remains
elusive.Ourcontinuedsyntheticeffortstowardarisugacin7a,8-10

(Figure 1) have led us to explore such a strategy. Specifically,

we have studied cycloaddition reactions of acyclic R,â-
unsaturated iminiums with 1,3-dicarbonyl systems and have
chosen 4-hydroxy-2-pyrones as the 1,3-diketone equivalent
since the DE-ring of arisugacin has been deemed structurally

significant in the inhibition of acetylcholinesterase (AChE).8
We report here results of our initial investigation of this
formal cycloaddition strategy and its utility in synthesis of
unique spiro pyranyl systems.

Our initial solution for solving the regiochemical issue was
to block the â-position of the enal. As shown in Scheme 1,
the pyrone 111 was treated with 3-methyl-2-butenal in the
presence of 0.5 equiv of L-proline (not very soluble in EtOAc)
in anhydrous EtOAc6,7a at 85 °C under nitrogen (sealed flask)
and after 48 h afforded the pyran 212 in moderate 46% yield.
No other products were observed to arise from other
potential reaction pathways. Although this protocol offered
improvement, further mechanistic evaluation revealed a
much better solution to this problem. A postulated mecha-
nistic pathway could involve C-1,2-addition to the aldehyde13

assisted by an amine to provide an intermediate such as 3
(Scheme 1). After elimination (proposed to be reversible here)
of the amino group, a 6π-electron electrocyclic ring closure
of 414 could then follow, providing the cyclized product 2.
This tandem 1,2-addition-electrocyclic ring-closure process
could formally constitute a [3 + 3] cycloaddition reaction.

Given this mechanistic model, it was perceived that the
1,2-addition may be greatly facilitated if the R,â-unsaturated
iminium intermediate could be generated prior to the
addition of nucleophiles (4-hydroxy-2-pyrones in this case).
The 3-methyl-2-butenal was stirred in the presence of 1.0
equiv of piperidine (with better solubility in anhydrous
EtOAc) and 1.0 equiv of Ac2O in EtOAc at 85 °C in a sealed
flask for 45 min. The presumed iminium solution was then
transferred without cooling to the solution of pyrone 1 in
EtOAc. After the solution was stirred at 85 °C in a sealed
flask for 36 h, the pyran 2 was obtained in 83% yield.

As summarized in Table 1, using this protocol, reactions
of 3-methyl-2-butenal with 4-hydroxy-2-pyrones (5, 7, 9, 11,
and 13) afforded various cyclized products (6, 8, 10, 12, and
14) in excellent yields (entries 1-5). More significantly, a
variety of acyclic R,â-unsaturated enals containing only one
â-substituent could be used. Both acyclic R,â-unsaturated(1) UMN Undergraduate Research Participants, 1997-1998.
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Pharmacol. Ther. 1997, 76, 45.

(9) Obata, R.; Sunazuka, T.; Tian, Z.; Tomoda, H.; Harigaya, Y.; Õmura,
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iminiums 15 and 17 generated from the corresponding enals
afforded cyclized products 16 and 18 in good yields (entries
6-8). Although the iminium 19 derived from cinnamalde-
hyde provided only a moderate yield of cyclized product 20
and 21 as a mixture (2:1), these products have not been
isolated in any previous literature attempts.6 All of these
pyranyl heterocycles are CDE-ring analogues of arisugacin,
and we are currently evaluating their inhibitory potential
against AChE.

Given the synthetic potential of this reaction, we explored
reactions of R,â-unsaturated cycloalkylidene acetaldehydes
in an attempt to generate interesting pyranyl spirocycles.
As summarized in Table 2, cycloalkylidene acetaldehydes
22 and 25 could be subjected to the same reaction conditions
to give the corresponding spirocycles 23, 24 and 26, 27 in
excellent yields (entries 1-4). In addition, 4-tetrahydropy-
ranylidene acetaldehyde 28 provided synthetically interest-
ing pyranyl spirocycles 29 and 30 in 55% and 73% yields,
respectively (entries 5 and 6).

We then attempted to control the stereochemistry of the
spiro carbon by using chiral alkylidene acetaldehydes. When
the R,â-unsaturated iminium ion derived from camphylidene
acetaldehyde 31 (only one olefinic isomer) was reacted with
the pyrone 5 at 110 °C for 96 h, the spirocycle 32 was
obtained in 29% yield with a diastereomeric ratio of 10:1.
Stereochemistry of the major isomer was assigned according
to NOE experiments. A major product isolated in 68% yield

was spectroscopically assigned as the uncyclized product 33.
Although only one isomer of 33 was observed, stereochem-
istry of the olefin exocyclic to the pyrone moiety could not
be easily distinguished. However, when 33 was heated in
toluene at 250 °C in a sealed tube for 96 h, the cyclized
product 32 was obtained in 21% yield with a ratio of 10:1 in
favor of the same major isomer, in addition to unreacted 33
(Scheme 2). The high temperature and long reaction time
suggest that the cyclization step was quite slow due to the
steric encumbrance of camphor group. This model reaction
not only indicates that a high degree of stereochemical
control at the quaternary center can be achieved by using
chiral enals, but further study of this model could provide
insight into the mechanism of this cyclization process.

We have explored a formal [3 + 3] cycloaddition strategy
that is synthetically useful for constructing pyranyl hetero-
cycles and novel spirocycles. We are currently studying the
synthetic scope of this reaction as well as the stereochemical
control of the spirocenter.
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Table 1. Reactions of r,â-Unsaturared Iminiums

a All reactions were carried out in anhydrous EtOAc. Com-
mercial enals were filtered through silica gel prior to use. The ratio
of enals to acetic anhydride to piperidine is 1:1:1, and the ratio of
enals to 4-hydroxy-2-pyrones is 2:1 except for entries 3 and 4 where
it is 2.5:1. Ac2O was added at -10 °C. Reactions were carried out
at 85 °C in a sealed flask under nitrogen for 24-48 h after
transferring the iminium solution to pyrone. b All yields were
isolated yields.

Table 2. Preparations of Pyranyl Spirocycles

a Reactions were carried out as described in Table 1. b The ratio
of enal to pyrone is 2.5:1. c Isolated yields.

Scheme 2
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