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Stereocontrolled approach to 1-azabicyclo[4.1.0]heptanes:
application to the synthesis of trans-2,6-disubstituted piperidines
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Abstract—Stereocontrolled synthesis of a 1-azabicyclo[4.1.0]heptane is achieved by formation of an NH aziridine from the corre-
sponding 1,2-azido alcohol and subsequent intramolecular conjugate addition onto a tethered a,b-unsaturated ester. Regioselective
ring opening of the product at C-7 by heteroatom based nucleophiles yields trans-2,6-disubstituted piperidines in moderate to good
yields.
� 2007 Elsevier Ltd. All rights reserved.
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Relief of ring strain provides a strong thermodynamic
driving force for many important chemical reactions.
For example, the chemistry of epoxides and aziridines,
highly valued intermediates in organic synthesis, is
dominated by their ring opening reactions.1,2 Strained
polycycles containing the aziridine nucleus are also
useful in medicinal and synthetic chemistry. For exam-
ple, the 1-azabicyclo[4.1.0]heptane (1-ABH) ring system
has been used to produce DNA targeting agents,3 as
well as potential enzyme inhibitors of chorismate
mutase,4 and various glycosidases.5 Moreover, strained
1-ABHs have been used as intermediates en route to
several alkaloids including aspidospermidine,6 vindoline7

and cryptopleurine.8

A number of methods exist for the synthesis of 1-ABHs.
Most commonly, these involve ring closure reactions of
preformed piperidines,3,5,9 cycloamination of aziridine-
containing olefins,10 Diels–Alder reactions of 2H-azi-
rines with dienes,11 or dipolar cycloaddition of azides
onto olefins with subsequent extrusion of molecular
nitrogen.6–8 However, in view of the usefulness of the
1-ABH nucleus, the development of new approaches
to this ring system are merited. In this Letter, we
describe a simple, stereocontrolled approach to 1-ABHs
based upon a ‘one-pot’ double cyclisation sequence.
Moreover, we demonstrate that the resulting 1-ABHs
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can be used to prepare a range of highly functionalised
trans-2,6-disubstituted piperidines by regiospecific open-
ing of the resultant aziridine ring.

Our strategy for the construction of 1-ABHs is illus-
trated in Scheme 1. Reaction of a 1,2-azido alcohol with
a phosphine was expected to trigger Staudinger-type
closure12 to the corresponding NH aziridine. Further
intramolecular conjugate addition of this aziridine onto
a tethered alkene bearing an electron withdrawing group
(EWG) was anticipated to lead to the 1-ABH in a single
operation.13 From the outset of this work, it was appar-
ent that control of the relative stereochemistry at C-2
and C-6 would be essential if this method was to have
significant utility.

To test these ideas, we targeted the synthesis of 1-azabi-
cyclo[4.1.0]heptane 1 incorporating an a-amino ester
side-chain. The synthesis of the requisite 1,2-azido alco-
hol precursor was achieved in just three steps from
commercially available methyl 2-benzyloxycarbonyl-
amino-2-(dimethoxy-phosphinyl)acetate (2) (Scheme 2).
Treatment of 2 with 5-hexenal14 in the presence of
DBN provided dehydroamino ester 3 in 79% yield as a
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Scheme 1. Proposed double cyclisation route to substituted 1-ABHs.
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Scheme 2. Synthesis of 1,2-azido alcohol 5.
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Scheme 4. Derivatisation of 1-azabicyclo[4.1.0]heptane 1.
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single geometric isomer after column chromatography.
The (Z)-stereochemistry of the trisubstituted double
bond was assigned by analogy with closely related
systems.13,15 Chemoselective epoxidation of the more
nucleophilic double bond of 3 was achieved using
mCPBA, which provided monoepoxide 4 in 62% yield.
Subsequent ring opening of this epoxide with sodium
azide furnished azido alcohol 5 as a single regioisomer
in 70% yield.

With 1,2-azido alcohol 5 in hand, the double cyclisation
could be examined. This azide was treated under Stau-
dinger-type conditions with triphenylphosphine to
produce the corresponding NH aziridine.16 Conjugate
addition of this aziridine to the a,b-unsaturated ester
to assemble the 1-ABH did not proceed in MeCN. How-
ever, by simply removing the solvent and redissolving
the NH aziridine in MeOH, the second cyclisation to
1-azabicyclo[4.1.0]heptane 1 could be achieved (Scheme
3). Of the four possible diastereomers that could be pro-
duced, only two compounds were detected in apprecia-
ble amounts in the crude 1H NMR. After column
chromatography, 1 was isolated as a 9:1 mixture of
two diastereomers in 66% yield. The stereochemistry
of the depicted major diastereomer being deduced by
NOE studies17 and further derivatisation (vide infra).
We have been unable to establish if the minor diastereo-
mer is epimeric at C-2, or the a-amino ester centre.

Hydrogenation of 1 using Pd/C resulted in reductive
cleavage of the N1–C7 bond of the aziridine ring and
concomitant hydrogenolysis of the Cbz group (Scheme
4). Further reaction of the resultant diamine with
triphosgene produced crystalline urea 6 as a single
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Scheme 3. Stereoselective cyclisation to 1-ABH 1.
diastereoisomer in 65% yield over the two steps. X-ray
diffraction performed on a single crystal of 6 grown
from diethyl ether confirmed the structure and stereo-
chemistry of this material (Fig. 1). By extrapolation,
we conclude that the major diastereomer of 1, produced
by cyclisation of azide 5, has the stereochemistry
illustrated.

The stereochemical outcome of the cyclisation can be
rationalised using the transition state TS1 in which the
developing 6-membered ring adopts a half-chair confor-
mation with the alkene placed pseudo-equatorial.19 Con-
comitant protonation at the a-carbon of the amino ester
on the opposite face of the olefin to the incoming aziri-
dine accounts for the observed stereochemical outcome.
The need to conduct the cyclisation in a protic solvent is
consistent with this assertion. Moreover, high levels of
deuterium incorporation at the a-carbon of the amino
ester (>80% D) was observed when CD3OD was used
as the cyclisation solvent.

Finally, we have explored the ring opening reactions of 1
with a range of simple nucleophiles (Scheme 5). As
anticipated, opening at the more sterically accessible
C-7 carbon of the aziridine ring was observed in all
cases.3,5 Using this chemistry, a series of highly function-
alised trans-2,6-disubstituted piperidines, namely 7–9,
were produced in moderate to good yields.

In summary, a new stereocontrolled approach to 1-aza-
bicyclo[4.1.0]heptanes has been devised based upon a
simple, double cyclisation sequence. Our initial findings
suggest that further ring opening reactions of these
Figure 1. Solid state X-ray crystal structure of urea 6 drawn with
thermal ellipsoids at 50% probability.18
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Scheme 5. Reagents and conditions: (i) PhSH, Et3N, CH2Cl2, 18 h,
67%; (ii) AcOH, CH2Cl2, 18 h, 44%; (iii) HCl, MeOH, 18 h, 82%.
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systems by heteroatom based nucleophiles provides a
flexible approach to a wide variety of functionalised
trans-2,6-disubstituted piperidines.20 Work to develop
and exploit these findings is ongoing in our laboratories.
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