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Our recent investigations into metallonitrene initiated cascade
reaction processes lead us to postulate that an electrophilic
metallonitrene could interact with an allene to generate
an intermediate with a reactivity resembling that of a
2-amidoallylcation (Figure 1).

Historically, related trimethylenemethane and 2-oxyallylcation
species have proven particularly useful for the construction of
complex carbo- and heterocyclic molecules.1 New methods to
generate and control these powerful synthons remain the focus of
many contemporary research groups.2 Additionally allene epoxi-
dation has been developed into a useful tool for complex molecule
synthesis,3 and these studies provide insight into possible reaction
pathways. However, despite the prevalence of nitrogen functionality
in pharmaceutically important molecules, conceptually related
2-amidoallylcations have received considerably less attention.
Although these systems can be generated by halide abstraction from
R-chloroimines and R-chloroenamines with stoichiometric silver(I)
salts, starting material instability and generally low reaction
efficiencies have hampered further development.4 In an important
advance, the Shipman group has recently demonstrated that strained
methyleneaziridines can be activated with Lewis acids (typically
150 mol % BF3 ·OEt2) to participate in efficient intramolecular
[4+3] cycloadditions with tethered dienes.5 Despite this important
discovery, a general method for 2-amidoallylcation synthesis and
subsequent exploration of 2-amidoallylcation reactivity have yet
to be disclosed.

In this communication we report the successful implementation
of an allene amination strategy and outline the utility of this
approach for the synthesis of highly substituted aminocyclopro-
panes.6 Additionally, we provide examples of the metallonitrene/
allene cascade reactions terminated by either [3+2] or [3+3]
cycloaddition processes, highlighting the versatility of this new
methodology.

Sulfamate esters have been established as convenient and
versatile precursors to reactive metallonitrenes.7 Their propensity
to form seven-membered rings in intramolecular reactions with
alkynes led us to adopt homoallenylsulfamate ester 1 for our
exploratory work (Scheme 1).8 A brief optimization study surveying
dirhodium(II) tetracarboxylate catalysts, hypervalent iodine oxidants,
and various solvents identified Du Bois’ Rh2(esp)2,

9 PhI(O2CtBu)2,
and trifluorotoluene as particularly effective for this reaction.

Under these conditions the reaction of sulfamate ester 1 gave
N-sulfamoyl-O-pivaloylcyclopropylaminol 2 in 73% yield (93:7

d.r.).10 Although no direct evidence of an intermediate N-sulfa-
moylmethyleneaziridine was observed, we cannot rule out the
possibility that such a species is present on the reaction pathway.
Oxidative rearrangement of the allene leads to the formation of
strained cyclopropylimine 3 that is subsequently trapped by the
pivalic acid present in the reaction mixture.

Further investigation revealed that this oxidative rearrangement
is general for a variety of 1,1-disubstituted allenes and that the
respective intermediate cyclopropylimines can be intercepted with
a range of Grignard reagents to provide highly substituted ami-
nocyclopropanes with excellent diastereoselectivity (Figure 2).

Figure 1. Allene amidation with electrophilic metallonitrenes: a general
approach to 2-amidoallylcations.

Scheme 1. Intramolecular Allene Amidation Results in
Rearrangement Generating N-Sulfamoyl-O-pivaloylcyclopropyl-
aminol 2

Figure 2. Metallonitrene initiated oxidative rearrangement of allenes
provides highly substituted aminocyclopropanes. aGrignard reagents were
either commercially available or prepared by insertion using Knochel’s
method (see Supporting Information).11 bProducts were obtained as single
isomers unless otherwise noted. c93:7 d.r.
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In all cases the nucleophile is observed to approach the
cyclopropylimine predictably from the convex face of the bicyclic
system. Alkyl, vinyl, aryl, and heteroaryl substituents were all
introduced efficiently (4-9). With respect to allene substitution,
moderately sized substituents (Me, allyl, and benzyl) were all
tolerated (8-13). However, increases in steric bulk (e.g., iPr, phenyl)
suppressed the amination reaction.

Having established the basic reactivity of a sulfamate ester
derived metallonitrene with a tethered allene, we investigated the
possibility of chirality transfer from an enantioenriched allene to
generate an enantioenriched aminocyclopropane. Thus, 1,3-disub-
stituted allene 14 (96% e.e.) was subjected to the standard reaction
conditions, and upon quenching with para-methoxyphenylmagne-
sium bromide the enantioenriched tetrasubstituted aminocyclopro-
pane 15 was isolated (56%, 74% e.e.). By employing alternative
oxidant 16, the racemization could be somewhat suppressed and
the product was obtained in 53% yield and 82% e.e. as a single
diastereomer (eq 1).10,12

To probe the versatility of the 2-amidoallylcation intermediate
with respect to alternative transformations, sulfamate ester 17 was
subjected to standard oxidative conditions in the presence of
catalytic Rh2(esp)2 and benzaldehyde as a dipolarophile. After
reductive workup with sodium borohydride, trisubstituted tetrahy-
drofuran 18 was isolated in 40% yield as a single regio- and
diastereoisomer (eq 2).10 The 2,5-cis-stereochemistry observed in
tetrahydrofuran 18 is consistent with an endo approach of the
aldehyde to the 2-amidoallylcation.

Additionally, we investigated the [3+3] cycloaddition of the
postulated 2-amidoallylcation with nitrone 19 (eq 3). To our
surprise, the cycloaddition proceeded with complementary
regioselectivity to the [3+2] benzaldehyde cycloaddition. The
nitrone was observed to add across the nitrogen and the most
substituted carbon of the intermediate 2-amidoallylcation to give
the bicyclic aminal 20.10 In this case, the observed stereochemistry
suggests that steric interactions dominate the transition state, with
the carbon substituent of the nitrone oriented away from the bulky
sulfamate ester of the 2-amidoallylcation. Studies to elucidate the

origin of the regiochemical dichotomy in these two reactions are
ongoing in our laboratory.

The sulfamate ester tether, which is important both for the
positioning of the rhodium nitrene with respect to the allene and
for imparting appropriate electrophilicity on the reactive nitrene,
is a versatile functional handle, easily displaced by a variety of
nucleophiles upon activation by N-acylation.7,13

In conclusion, we have demonstrated that the intramolecular
interaction of a sulfamate ester derived metallonitrene with an allene
generates a versatile intermediate with 2-amidoallylcation-like
reactivity, capable of rearranging to give highly substituted imi-
nocyclopropanes or acting as a novel dipolar species engaging
external dipolarophiles. Studies to understand and exploit the
reactivity of this intermediate remain a focus of our laboratory.
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