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Lewis acid promoted [3+ 2] cycloaddition reactions of donor-
acceptor cyclopropanes are valuable synthetic processes for the
construction of heterocyclic and carbocyclic structures (Scheme
1).1-3 In an effort to extend the versatility of cyclopropanes to the
synthesis and functionalization of carbohydrate derived systems,
we have recently reported the facile, stereospecific preparation of
4 and established its utility for the asymmetric synthesis of natural
products.4 Investigations into the unique chemistry of glycal-derived
cyclopropanes prepared by intramolecular cyclopropanation re-
vealed novel reactivity, and herein we report the highly stereose-
lective formal [3+ 2] cycloaddition of these cyclopropanes with a
wide variety of nitriles, affording synthetically versatile dihydro-
pyrroles in high yield (see Tables 1 and 2). To the best of our
knowledge, dipolar cycloaddition reactions of donor-acceptor
cyclopropanes with nitriles are unknown.5-7 The efficient and
stereoselective assembly of densely functionalized amine-containing
heterocycles is an active area of investigation due to wide
occurrence of these species in natural products and synthetic
materials. The 2H-3,4-dihydropyrrole products from the cycload-
dition contain an aminal, a functional group that has classically
served as a latent iminium ion.8

We have found that successfully revealing the dipolar nature of
glycal-derived cyclopropanes is highly dependent upon the Lewis
acid employed.9,10Activation with Me3SiOTf, even in the presence
of potential nucleophiles such as allyltrimethylsilane, gave the
anhydrosugar5 (Scheme 2). In stark contrast, when benzonitrile
was added to the reaction mixture, activation of4 by Me3SiOTf at
room temperature gave the imine6a in 81% isolated yield.11,12The
structural assignment of6awas unambiguously established by X-ray
crystallography (Figure 1).

A wide variety of nitriles were found to participate in the
cycloaddition reaction (Table 1).13 Aliphatic nitriles ranging from
MeCN to the much largert-BuCN all gave the expected imine
adduct (entries 2-6). The nitrile could be used as solvent, and where
this was impractical, the use of MeNO2 or CH2Cl2 with 5 to 10
equiv of nitrile also gave excellent yields (compare entries 2 and
3). The cycloaddition ofR,â-unsaturated nitriles in nitromethane
occurred exclusively at the nitrile functional group (entries 7-9).7a

Reaction withâ-methoxy acrylonitrile proved useful for introducing
an aldehyde functional group (entry 9), and the vinylogous amide
6h was isolated in 78% yield. All the cycloaddition reactions
reported herein were highly stereoselective, providing solely one
diastereomeric product.

The di-tert-butylsilylene protective group is not a necessary
structural feature for successful [3+ 2] cycloaddition, and
cyclopropanes with distal acetate and benzyl ether protective groups
were equally effective substrates (Table 2, entries 1 and 2). In
addition to carbohydrate-derived substrates, cyclopropanes prepared
from other readily availableγ-hydroxy dihydropyrans participate
in the cycloaddition reaction (entries 3 and 4).14 This and related
processes offer a new approach to the functionalization and
utilization of the growing number of enantiomerically pure dihy-

ropyrans available from hetero-Diels-Alder cycloadditions.15 Ring
expansion of the pyran to the seven-membered oxacycle was not
observed from any of these cycloaddition reactions.16,17 Reaction
with the furanose substrate in entry 5 gave the imine addition
product in 43% yield. Intramolecular cyclopropanation of dihy-
drofuran substrates was not possible due to facile furan formation.4,18

Figure 1. X-ray structure of6a.

Scheme 1

Scheme 2

Table 1. Nitrile Additions to Cyclopropane 4
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The intramolecular glycal cyclopropanation strategy4 appears to
have been an important advance necessary for accessing the 3,4-
dihydro-2H-pyrrole cycloaddition products. The substrates in Figure
2 were prepared by intermolecular cyclopropanation,19 but attempted
nitrile [3 + 2] cycloaddition reactions with these cyclopropanes
gave multiple products. The1H NMR spectra of the crude reaction
mixtures suggested imine formation, but decomposition occurred
before purification was possible.

In summary, a novel Me3SiOTf-activated [3+ 2] cycloaddition
reaction between donor-acceptor cyclopropanes and nitriles has
been described. Excellent yields of 3,4-dihydro-2H-pyrrole cy-
cloaddition products are generally observed with aliphatic, aromatic,
andR,â-unsaturated nitriles.
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Table 2. Nitrile [3 + 2] Cycloadditions Acetonitrile

a Isolated yields.b Reaction solvent) CH2Cl2.

Figure 2.
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