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ylide with ring expansion sequence
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Dipartimento di Chimica, Facoltà di Scienze, Via Vienna 2, I-07100 Sassari, Italy

Received 26 November 2002; revised 13 February 2003; accepted 14 February 2003

Abstract—Enantiomerically pure bicyclic 1,4-oxazepinone was obtained by the Cu(II)-catalyzed decomposition of an �-diazo
carbonyl compound tethered to a chiral morpholinone, through the cascade evolution of the spirocyclic ammonium ylide formed.
LiAlH4 reduction and transesterification of the lactone moiety of the oxazepinone afforded pure chiral pyrrolidine and 3-prolinone
bicyclic hemiacetal, respectively, both bearing a quaternary stereocentre. © 2003 Elsevier Science Ltd. All rights reserved.

The tandem ammonium ylide generation/rearrangement
sequence has a great potential as a simple method for a
rapid preparation of nitrogen heterocycles.1

As regards chirality transfer, while in the case of the
[2,3]-shift of spiro ammonium ylides important exam-
ples are known,2 only one case of the [1,2]-Stevens
rearrangement was reported by West and Naidu to
proceed with remarkable diastereo- but modest enan-
tioselectivity, in the key step synthesis of epilupinine
alkaloids.3

Recently, following our interest in asymmetric synthesis
through the carbenoid intramolecular reactivity,4

according to this cascade methodology, we prepared
5,7-condensed bicyclic 1,4-oxazepinones, with moderate
diastereo-, but complete enantioselectivity, starting
from 3-oxo-2-diazopentanoate N-linked to (3R)-6-oxo-
3-phenyl-4-morpholine.5 The retention of configuration
at the benzylic carbon atom involved in the [1,2]-ylide
shift was observed.6

Herein is reported the preparation, by this protocol, of
enantiopure nitrogen heterocycles of therapeutical
interest.

To accomplish the [1,2]-sigmatropic rearrangement, we
chose the diazocompound 3 in which the moiety bear-
ing a diazo function is tethered to (2R,3S)-diphenyl-
morpholinone 1. The latter has been previously
employed, as a chiral template, in the Williams
aminoacid syntheses (Scheme 1).7

The catalytic decomposition of 3 was expected to lead
to the 5,7-bicyclic system 6 (Scheme 2), with better
diastereoselectivity as in the case previously described.5

This expectation was supported, in addition of
Williams’ work, also by the better asymmetric induc-
tion obtained with 1,8 if compared with the other chiral
auxiliary mentioned.9 The asymmetric 3-prolinone and
pyrrolidine targets will be respectively obtained through
the lactonic ring opening of 6 by LiAlH4 reduction and
by a transesterification reaction, respectively.

Scheme 1.
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Both enantiomers and racemate of morpholinone 1 are
commercially available as N-Boc- or N-Cbz- deriva-
tives.10 Moreover, the pure enantiomer was obtained in
a less expensive way according to the procedure
reported by Brussee and co-workers, who started from
the convenient chiral mandelonitrile.11 The synthesis of
ethyl 2-diazo-5-[(5S,6R)-5,6-diphenyl-2-oxomorpholin-
4-yl]-3-oxopentanoate 3 was performed in (79%) yield,
following the procedure previous described,4 by conju-
gate addition of 1 to ethyl 2-diazo-3-ketopent-4-enoate,
212 (Scheme 1).

The decomposition of 3, accomplished in boiling tolu-
ene, in the presence of 1% copper(II)acetylacetonate,
was allowed to proceed until the diazo stretching
band disappeared in the IR spectrum (15�); it quantita-
tively provided the rearranged ethyl-(1S,2R,9aR)-1,2-
diphenyl - 4,9 - dioxohexahydropyrrolo[1,2 - d ][1,4]oxa-
zepine-9a-(7H)-carboxylate, 6, as a single diastereomer
(Scheme 2).

The superior catalytic activity of copper(II)-
acetylacetonate for carbenic generation of onium
ylides13 is confirmed. However, decomposition of 3,
performed with rhodium(II)-based catalysts, afforded
complex reaction mixtures containing 6 as a minor

component. Transesterification of the lactone 6 in
methanol, in the presence of TsOH, gave directly the
bicyclic hemiacetal 8, without traces of the expected
3-prolinone (Scheme 3). As a consequence of our fail-
ure to obtain crystals of compound 6 for an X-ray
diffraction analysis, this was performed on compound 8
(Fig. 1).

Single-crystal X-ray analysis of the latter revealed the
presence of a single enantiomer in the crystal, as shown
by the space chiral group P21.14 This evidence confi-
rmed the absolute structure of the 5,7-bicycle 6. Partic-
ularly, the absolute configuration of the quaternary
carbon bearing the ester group in cis position to the
phenyl group at the neigbouring benzylic carbon has
been established. Since the quaternary carbon is not
affected in the ring opening process, its absolute
configuration in compound 6 is identical to that in
hemiacetal 8. Moreover, LiAlH4 reduction of 6 gave the
substituted pyrrolidine 9, as a single diastereomer in
which the configuration of the quaternary carbon stereo-
chemistry is established. Finally, the remaining absolute
configuration assignement to the C-3 carbon of 9 was
deduced from the 2D NOESY correlation, as depicted
in Scheme 3. Consequently, the formation of

Scheme 2.

Scheme 3. Reagents and conditions : (a) TsOH, MeOH, rt, 3 h; (b) LiAlH4, THF, rt, 12 h.
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Figure 1. Atomic labelling scheme for compound 8. The
hydrogen atoms are labelled according to their parent atoms
to which they are bonded (the ellipsoidal displacements are
drawn at 40% probability level).
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the intermediate spiranic ylide 5 can result from a
carbenoid attack to nitrogen on the same face of both
phenyl substituents. As a consequence of the complete
retention of configuration at the migrating group, this
process could still be considered intramolecular. How-
ever, a dissociation–recombination pathway involving a
caged biradical could not be excluded, in spite of the
fact that traces of products possibly arising from radi-
cal reactions were not detected, as in earlier examples of
spiro ylides.15

In summary, herein is described a rapid and convenient
construction of the bicyclic skeleton 6 in enantiopure
form, through a cascade high asymmetric process with
a radical key step.

The bicyclic 1,4-oxazepinone can be considered as a
starting material to more complex systems like optically
active alkaloids. Due to its convenient availability, this
procedure can be extended to the (+)-enantiomer of the
morpholinone 1. Moreover, it is remarkable that in
compounds 6, 8 and 916 a quaternary carbon atom is
present: the construction of molecules bearing asym-
metric quaternary stereocentres has represented a very
challenging and dynamic area in organic synthesis over
the past decade.17

Finally, it is noteworthy that the enantiopure heterocy-
cle 9 fits in the class of hydroxylated pyrrolidines,
potential specific and competitive inhibitors of glycosi-
dase enzymes with application in a range of medicinal
areas including anti-HIV activity.18 The inhibition
potency of this compound and its enantiomer against a
variety of glycosidases will be reported in due course.
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