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Structure and reactivity of bicyclic methylene aziridines prepared by
intramolecular aziridination of allenes†

Jeremy Robertson,*a George C. Feast,a Louise V. White,a Victoria A. Steadman (née Doughty)‡b and
Timothy D. W. Claridgea

Received 4th March 2010, Accepted 20th April 2010
First published as an Advance Article on the web 18th May 2010
DOI: 10.1039/c003693e

Unprecedented bicyclic methylene aziridines are prepared by rhodium(II)-catalyzed allene aziridination
of buta-2,3-dienyl carbamates. Aspects of their NMR and X-ray data are described and a preliminary
reactivity profile is given, including overall SNV-mode ring-opening with organometallic reagents.

The chemistry of methylene aziridines (MAs) has been re-
invigorated over the past 15 years by the series of reports from the
Shipman group concerning their synthesis, by 2-bromoallylamine
cyclization,1 and derivatization by, for example, diastereoselec-
tive lithiation and alkylation.2 Their importance as synthetic
intermediates3 has been extended by the general multi-component
reaction summarized in Scheme 1.4 The reactions initiate by
nucleophilic ring-opening, alkylation of the so-formed metallo-
enamine follows, and a second nucleophile quenches the imine.
In these reactions, and others,5 the ring-opening process occurs,
unsurprisingly, at the allylic carbon, C(3). Reports describing
direct cleavage of the C(2)–nitrogen bond by carbon nucleophiles6

are confined to radical additions7 and Pd-catalyzed insertion
processes.8

Scheme 1 The reactivity of MAs illustrated by multicomponent processes
initiated by nucleophilic ring-opening at C(3).

The preparation of MAs by intermolecular aziridination of
allenes has been reported in single figure percentage yield.9 MAs
are implicated as intermediates in the thermal addition of ethyl
azidoformate and tetramethyl allene,10 and in the formation of a
diazaspiro[2.2]pentane from methyl 2-methylbuta-2,3-dienoate.11

However, in view of the emergence of reliable protocols for
alkene aziridination by rhodium-bound nitrenoids,12,13 we became
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interested in the potential of these recent reagent combinations to
achieve more practical syntheses of MAs from allenyl substrates
(Scheme 2). At the outset, and in view of the lack of precedent for
bicyclic MAs of the type shown, we envisaged that these intermedi-
ates might not be readily isolable, and their further transformation
in situ, for example by ring-opening and cycloaddition,14 was
planned as illustrated.

Scheme 2 A proposed one-pot allene aziridination, ring-opening and
[4+3]-cycloaddition resulting in polycyclic products from acyclic precur-
sors [X = CO, SO2; Y = CH2, O, NBoc].

We began this project with a study, described in this paper,
of the reactions of buta-2,3-dienyl carbamates; our results with
penta-3,4-dienyl sulfamates were quite different and have been
reported separately.15

When readily-available carbamate 1 (Scheme 3) was subjected to
Du Bois’ standard conditions for rhodium-nitrenoid generation,16

a slow reaction ensued resulting in a rather complex product
mixture. Remarkably, we were able to isolate MA 2 by column
chromatography and sufficient material was obtained to allow
a full spectroscopic analysis in support of the unprecedented
structure. Mass spectrometry confirmed the molecular formula
and the infra-red spectrum showed a clear absorption for the
bicyclic oxazolidinone carbonyl at 1792 cm-1, significantly higher
than typical for simple oxazolidinones. 1H NMR data revealed
the presence of a terminal methylene in the olefinic region (d 5.18
and 5.39, 2 ¥ 1 H, 2 ¥ d, J 3.2 Hz), the loss of the internal alkene
and a new resonance assigned as CHN (d 3.64, 1 H, d, J 5.6 Hz).
Resonances in the 13C NMR spectrum at d 91.4, 130.2 and 162.8
were assigned to the CH2=C–N–CO carbons respectively. The
NOE enhancements shown in Scheme 3(a) supported an endo-
disposition for the iso-propyl substituent. Finally, following full
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1H and 13C NMR assignment by HSQC, the correct connectivity
was established by HMBC experiments. In addition to the expected
two- and three-bond correlations in the 1H/13C HMBC spectrum,
one of the =CH2 protons correlated to the CHO carbon, and both
=CH2 protons correlated with the carbonyl carbon. These four-
bond couplings were initially disconcerting but such anomalies
are precedented in certain conformationally defined systems.17

The 1H/15N HMBC spectrum showed correlations between both
=CH2 protons and the nitrogen; as expected, the proton trans-
disposed to the nitrogen showed a much stronger correlation. In
this experiment the CHO proton did not correlate to the nitrogen,
which we attribute to a (C–H)/(C–N) dihedral angle close to 90◦.18

Scheme 3 Preparation of bicyclic MA 2 by intramolecular allene azirid-
ination under Du Bois’ conditions. Diagram (a) shows important NOE
correlations; diagram (b) indicates key C–H and N–H HMBC correlations
(dashed curve = weak).

Our first attempts to improve upon this result and to extend
the substrate scope met with little success.19 Thus, from substrate
3 (Fig. 1), only starting material was recovered in one run and
a second attempt generated unidentified products not consistent
with a MA. The penta-3,4-dienyl carbamates 4 and 5 afforded
C–H insertion products 6 and 7 respectively.

Fig. 1

We were concerned that AcOH generated during these reactions
might lead to unproductive reactions of any MA products,
therefore attention turned to Lebel’s system in which the substrates
are introduced into the reaction at the correct oxidation level, as
N-tosyloxycarbamates.13c In this system, in addition to a source
of Rh(II), only K2CO3 is required in order to effect elimination
of TsOH. Application of these conditions to iso-propyl substrate
8 raised the yield of MA 2 to 27% which, whilst low,20 was
reproducible and sufficient to access usable quantities of MA for
further experiments. MAs and other products prepared by this
reaction are depicted in Table 1.21

The naphthyl-substituted MA (12) was crystalline and single
crystals were grown that proved suitable for X-ray structural

Table 1 Rh(II)-catalyzed aziridinations of allenyl carbamate derivatives

Substrate Major isolated product/sa and yields

a Reagents and conditions: Rh2(OAc)4 (0.05 equiv.), K2CO3, acetone, 20 ◦C,
18 h.

analysis (Fig. 2).22 In this structure, the naphthylmethyl substituent
is endo-disposed, in accordance with the relative stereochemistry
assigned by NMR to MA 2. As expected, the nitrogen atom is
highly pyramidalized, being 0.79 Å out of the C2–C5–C6 plane
(crystal numbering).

The two products (16 and 17) isolated from the reaction of
dimethyl-substituted allenyl substrate 15 could result as secondary
products from a first-formed MA. Alternatively, they could be
derived from 2-aminoallyl intermediate15,23 20 by proton transfer
or formal dipolar cycloaddition with the solvent (Scheme 4).

The structural information acquired for MAs 2 and 12 show
that of the two C–N bonds in the aziridine, the HC–N bond is nat-
urally antiperiplanar to the carbonyl bond (in 12: (O=C)/(C–N)
dihedral angle = 176◦) whereas the =C–N bond is more closely
orthogonal to the carbonyl (in 12: (O=C)/(C–N) dihedral an-
gle = 116◦). In effect, cleavage by nucleophiles of the =C–N
bond should be accompanied by delocalization of developing
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Fig. 2 Molecular structure of bicyclic MA 12. Displacement ellipsoids
are drawn at the 50% probability level.

Scheme 4 Postulated reaction pathway for the formation of non-MA
products from substrate 15.

negative charge on nitrogen into the C=O p-system without
significant conformational change. On this basis, we envisaged
that appropriate nucleophiles would react with MAs such as 2 in
an SNV mode24 rather than at the usual ‘allylic’ position.

In view of the precedent4b,25 for both N-acyl and N-alkyl
aziridine ring-opening by organolithium and Grignard reagents,
mediated in some cases by Cu(I) and BF3·OEt2 additives, we
treated MA 2 with ethylmagnesium bromide under a variety of
conditions, the best yield being obtained when CuI (0.05 equiv.)
and BF3·OEt2 (1.5 equiv.) were added to the Grignard (3.0 equiv.)
prior to addition of the aziridine. The only identifiable product
in this reaction was the formal SNV product, the alkenyl oxa-
zolidinone 21,26 isolated in 72% yield. Similar reactions27 were
achieved with iso-propyl, butyl,28 phenyl, and vinyl nucleophiles
as summarized in Table 2.29

Table 2 Formal SNV products by organometallic ring-opening of MA 2

R–M (conditions)a Major isolated product (yield)

EtMgBr (A) 21, R = Et (72%)
i-PrMgCl (A) 22, R = i-Pr (26%)
BuMgCl (B) 23, R = Bu (32%)
Ph2CuLi (C) 24, R = Ph (45%)
Vinyl-MgBr (B) 25, R = vinyl (31%)

a A: cat. CuI, BF3·OEt2, THF, –40 → 0 ◦C, 1 h; B: as A, omitting the
BF3·OEt2; C: Et2O, 0 ◦C, 30 min.

Returning to the initial aim of this work, we were disappointed
to find that the furan MA 14 could not be isolated cleanly
and little material was available with which to test the ring-
opening/cycloaddition proposal. However, it soon became clear
that a major product was generated as the MA apparently
decomposed. An NMR sample of MA 14 left at RT in CDCl3

solution was monitored for an extended period and, after 28 d,
little MA remained so the product was isolated by preparative
TLC. We were pleased to find that all data supported the
11-oxatricyclo[6.2.1.01,5]undecenone derivative 28 (Scheme 5) aris-
ing by formal cycloaddition of aminoallyl cation 26 and hydrolysis
of the imine (in 27) in situ. The reaction time (14 → 28, 22%) was
reduced to 48 h when camphorsulfonic acid was added as catalyst
to a dilute chloroform solution.

Scheme 5 Aminoallyl cation cycloaddition from MA 14 under acidic
conditions.

The stereochemical assignment of tricycle 28 was developed
from a consideration of the two possible reasonable approaches of
the furan to the 2-aminoallyl cation (Scheme 6) to generate imine
27 and its C(1)/C(8) diastereomer 27¢. In both products there is
a cis- relationship between H(4) and H(5) which would be carried
forward to 28/28¢. A NOESY experiment (on 28) allowed H(9) to
be distinguished from H(10) by its correlation to H(7a) and the Me
group. From this, correlation of H(10) to H(5) set the CH=CH
bridge syn- to H(5) to complete the assignment.

Scheme 6 Exo- and endo- mode cycloadditions should afford products
27 and 27¢ differing only in the stereochemistry of the –O– bridge.

In summary, we have described the first intramolecular azirid-
inations of allene carbamate derivatives and shown that the un-
precedented, structurally fascinating and rather fragile products,
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undergo interesting chemistry including formal SNV ring-opening
and acid-mediated [4+3]-cycloaddition. Future work will focus on
increasing the efficiency of the aziridinations and clarifying the
mechanistic and stereochemical details of the SNV reaction.

The authors gratefully acknowledge GSK and the EPSRC for
funding, and the Oxford Chemical Crystallography Service for use
of the instruments.
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