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ABSTRACT

Intermolecular and intramolecular [4 + 3] cycloaddition reactions of readily available cyclopropanone hemiacetals with furans are described.

Cyclopropanone has attracted considerable attention from
theoretical and synthetic chemists because of its severe strain
energy and exceptional reactivity.2 Among several ring
opening reactions, the [4+ 3] cycloaddition of cyclopro-
panone to a 1,3-diene is of particular mechanistic and
synthetic interest and closely related to that of oxyallyl, which
has provided a useful method for the stereocontrolled
construction of seven-membered carbocycles.3 However, the
difficulties in the preparation and handling of labile cyclo-
propanones have limited their use in synthesis. Cyclopro-
panone chemistry has subsequently been expanded by the
utilization of cyclopropanone hemiacetals as a suitable
surrogate.4 As expected, cyclopropanone hemiacetals are
susceptible to ring cleavage reactions, and many of these
reactions can be explained in terms of a cyclopropanone
hemiacetal-cyclopropanone equilibrium. Nonetheless, no
example of the [4+ 3] cycloaddition of a cyclopropanone

hemiacetal to a 1,3-diene such as furan or cyclopentadiene
was previously known.5 Herein we report the successful [4
+ 3] cycloadditions between cyclopropanone hemiacetals and
furans in both intermolecular and intramolecular reactions.6

The requisite cyclopropanone hemiacetals2a-d were
conveniently prepared as a ca. 2:1 diastereomeric mixture
by the titanium-mediated coupling of ethylene carbonate with
terminal olefins1a-d (Scheme 1).7 Moderate (43-58%)

yields were offset by a one-step, convenient procedure that
employed readily available starting materials and was also
tolerant of a wide range of functional groups.

An intermolecular [4+ 3] cycloaddition reaction of2a
with furan was first investigated. Of paramount importance
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to the successful implementaion was the use of a non-
nucleophilic, high ionizing solvent such as 2,2,2-trifluoro-
ethanol or 1,1,1,3,3,3-hexafluoro-2-propanol.8 Several typical
organic solvents were uniformly ineffective in inducing the
[4 + 3] cycloaddition. As can be seen in Scheme 2, the

addition of a small amount of benzoic acid proved to be
advantageous. Thus, the optimal conditions comprised 2 mol
% of benzoic acid and 1,1,1,3,3,3-hexafluoro-2-propanol as
the reaction solvent, where3a (R ) OTIPS) was obtained
in 82% yield as a 1.3:1 diastereomeric mixture. Under
identical conditions,3b (R ) CH2Br; structure not shown)
was obtained in 51% as a 1:1 diastereomeric mixture.

Regioselectivity in the cycloaddition of2a was examined
by utilizing 2-methylfuran as the diene partner (Scheme 3).

It was surprising that all of the four possible stereoisomers
4 and 5 were obtained in 65% in a 1:0.9:0.6:0.6 ratio. In
view of the disappointing lack of regio- and diastereocontrol,
no attempt was made to make their unequivocal stereochem-

ical assignment. With sterically more encumbered 2,5-
dimethylfuran, the cycloadduct6 was obtained in lower
(44%) yield as a 1.5:1 diastereomeric mixture.

An intramolecular [4+ 3] cycloaddition of the furan-
tethered cyclopropanone hemiacetals2c and 2d was next
studied (Scheme 4). Under unoptimized conditions employ-

ing 2 mol % benzoic acid and 2,2,2-trifluoroethanol as the
solvent, the cycloadducts7 and 8 were obtained as a 1:1
mixture of both diastereomers in 41% and 47% yield,
respectively. The yields of these cycloadducts could un-
doubtedly be improved by further experimentation. However,
this research has demonstrated that tricyclic carbocycles
containing useful fuctionalities can be rapidly assembled by
sequential application of the titanium-mediated cyclopropa-
nation of ethylene carbonate and the [4+ 3] cycloaddition
of the resulting cyclopropanone hemiacetals.

From mechanistic and synthetic viewpoints, there are
several unique characteristics in the [4+ 3] cycloaddition
reactions of cyclopropanone hemiacetals, especially com-
pared to the well-known [4+ 3] cycloaddition of oxyallyls.
The observed lack of diastereoselectivity in the intermolecu-
lar and intramolecular cycloadditions of cyclopropanone
hemiacetals was surprising, since those of oxyallyls have
been shown to proceed with an exceptional level of diaste-
reocontrol as a consequence of the compact transition states
of W-shaped oxyallyls.3 This unexpected discrepancy be-
tween the two cycloaddition methods may be attributed to
the high temperature (e.g., refluxing 1,1,1,3,3,3-hexafluoro-
2-propanol or 2,2,2-trifluoroethanol) required for the cyclo-
propanone hemiacetal route, whereas the oxyallyl approach
generally entails room temperature or below. Similarly, the
unexpected absence of regiocontrol in the intermolecular
cycloaddition reactions of cyclopropanone hemiacetals might
be related to the higher temperature conditions. In practice,
the above-mentioned lack of diastereocontrol can be easily
dealt with by base-induced equilibration to stereoselectively
afford the alkyl-substituted cycloadducts at the pseudoequa-
torial position.9 Finally, it is noteworthy that the present
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cycloaddition method allows the direct preparation of the
[4 + 3] cycloadducts containing a monoalkyl substituent.
On the other hand, other known methods for the [4+ 3]
cycloadditions require the presence of suitable, removable
substituents (e.g., a chloro group) to facilitate the generation
of the corresponding parent or monoalkyl-substituted oxyallyl
intermediates.

In summary, we have developed the intermolecular and
intramolecular [4+ 3] cycloaddition reactions of readily
available cyclopropanone hemiacetals.10 This cycloaddition

protocol could provide a new, convenient method for
preparing monoalkyl-substituted [4+ 3] cycloadducts.
Further mechanistic and synthetic studies will be reported
in due course.
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(10) It is presumed that the [4+ 3] cycloaddition proceeds via
cyclopropanone or ring-opened oxyallyl.

(11)Typical Cycloaddition Procedure.To a solution of cyclopropanone
hemiacetal2a (60 mg, 0.2 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol (2
mL) were added sequentially furan (0.4 mL, 6 mmol) and benzoic acid
(0.4 mg, 4 mmol). The reaction mixture was heated at reflux for 2 d, cooled
to room temperature, and treated with water (5 mL). The aqueous layer
was extracted twice with ether. The combined organic extracts were washed

with brine, dried (MgSO4), filtered, and concentrated under reduced pressure.
Purification of the residue by column chromatography afforded 51 mg (82%)
of the cycloadduct3a as a colorless oil: IR (CHCl3) 1715 cm-1; (the data
for one diastereomer)1H NMR (360 MHz, CDCl3) δ 1.08 (m, 21 H), 2.08
(m, 2 H), 2.30 (d,J ) 15.4 Hz, 1 H), 2.76 (dd,J ) 4.8, 15.4 Hz, 1 H), 2.91
(m, 1 H), 3.80 (m, 2 H), 5.02 (d,J ) 4.1 Hz, 1 H), 5.09 (d,J ) 4.8 Hz, 1
H), 6.29 (s, 2 H);13C NMR (90 MHz, CDCl3) δ 11.9, 18.0, 28.8, 46.0,
54.5, 61.7, 78.0, 80.9, 132.3, 134.4, 207.1; HRMS (M+ - i-Pr) calcd for
C15H25O3Si 281.1599, found 281.1573.

Org. Lett., Vol. 3, No. 18, 2001 2893


