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N-oxides by the retro-Cope elimination
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Abstract—Nitrones were reacted with 3-butenylmagnesium bromide to give alkenylhydroxylamines that were cyclised by
retro-Cope elimination. Heating the diastereomeric mixtures of pyrrolidine N-oxides in the absence of solvent affected a highly
diastereoselective isomerisation to provide the cis-2,5-disubstituted products in excellent yield. © 2000 Elsevier Science Ltd. All

rights reserved.

Since its independent discovery by House' and
Oppolzer® in the 1970s, the thermal cyclisation of
alkenylhydroxylamines has been known as a method to
prepare pyrrolidine and piperidine N-oxides from
acyclic precursors. Initially postulated to proceed by a
radical mechanism, it was only within the last decade
that the reaction’s true relationship to the Cope
elimination® was established.** The retro-Cope elimina-
tion is a concerted and reversible process, involving the
suprafacial addition of a hydroxylamine across a car-
bon-carbon double bond. However, in spite of under-
standing the mechanism of reaction, there have only
been a few applications of this methodology in the
synthesis of nitrogen-containing heterocycles.®

As part of our interest in the preparation of pyrro-
lidine-based alkaloids and in order to develop an asym-
metric variant of this process, we embarked upon
reviewing the use of the retro-Cope elimination for the
stereoselective synthesis of 2,5-disubstituted pyrrolidine
N-oxides. Although there have been a few relevant
examples of alkenylhydroxylamine cyclisation that pro-
ceeded with good diastereocontrol at ambient tempera-

ture,’®°" it has been found that, in general, for simple

systems the diasterecoselectivity of this reaction is quite
poor.’ Ciganek illustrated the limitations of this process
by reacting 3-butenylmagnesium bromide with Z-ni-
trone 1a, the hydroxylamine intermediate 2a cyclising
spontaneously under the reaction conditions to yield a
mixture of trans-3a and cis-2,5-disubstituted pyrro-
lidine N-oxide 4a/3a in a 3:2 ratio (Scheme 1).%2

Table 1. Isomerisation of pyrrolidine N-oxides 3a and 4a
at elevated temperatures

Entry Solvent Time (day) D.r?

1 Ethanol 1 72:28
2 Chloroform 1 57:43
3 Chloroform 2 86:14
4 Chloroform 4 937
5 Toluene 1 937
6 95°C, none 0.06 98:2

2 Refers to the ratio of cis/trans-2,5-disubstituted products as deter-
mined by 400 MHz 'H NMR assay.
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Scheme 2. Method A, CHCI;, A, 1 day; method B, 95°C, 15-90 min.

Since the diastereoselectivity of this process is critical
for application to the synthesis of pyrrolidine-based
natural products, we decided to develop a general
method to improve the stereoselectivity of this transfor-
mation that took advantage of the reversibility of the
retro-Cope elimination. It was postulated that should
the reaction be operating under conditions of thermo-
dynamic control then the diastereoselectivity of this
process would favour the formation of the more stable
cis-2,5-disubstituted pyrrolidine N-oxide products.
O’Neil and Jager have already shown that the solvent
employed for the retro-Cope elimination has a marked
effect upon the diastereoselectivity of reaction.®™—°
Prompted by this result, we now wish to report that the
highly diastereoselective formation of functionalised
pyrrolidine N-oxides may be achieved by the use of
elevated temperatures.

Using Ciganek’s study as a starting point, 3-butenyl-
magnesium bromide was added to a solution of nitrone
1a in ether at room temperature to give an inseparable
mixture of pyrrolidine N-oxide 3a and 4a in the same
ratio as reported in the original paper.®® Taking a
solution of this crude reaction product and submitting
it to conditions that promote the retro-Cope elimina-
tion, namely heating at reflux for a number of days in
a range of different solvents, favoured the formation of
cis-2,5-disubstituted pyrrolidine N-oxide 4a (Table 1).
The highest diastereoselectivity was observed when
heating in toluene at reflux for 1 day to provide the
cis-2,5-disubstituted product 4a in a diastereomeric ra-
tio of 93:7 (although significant decomposition accom-
panied cyclisation). The most promising and
reproducible results were obtained in chloroform until,

in a fortuitous experiment, the solution was allowed to
boil dry by accident. It was observed that heating the
crude reaction mixture to 95°C for 1.5 h optimised the
diastereoselectivity of reaction, generating N-oxide 4a/
3a in 98:2 d.r. and excellent yield without any need for
further purification. This procedure is remarkable as it
has been reported that heating N-oxides in the absence
of solvent promotes the Cope elimination process, and
yet it is our finding that this is a highly efficient method
for the diastereoselective formation of functionalised
pyrrolidine N-oxides.

Following this observation the scope and limitations of
this new method were investigated. 3-Butenylmagne-
sium bromide was added to a range of nitrones la—h,
prepared by condensing N-alkylhydroxylamine with the
corresponding aldehyde, to give mixtures of trans- and
cis-pyrrolidine N-oxides, 3a—h and 4a—h, respectively
(Scheme 2). The isomerisation of each of these mixtures
was studied using our new methodology, namely heat-
ing at reflux in chloroform or heating to 95°C for up to
90 min in the absence of solvent (Table 2). Reactions
conducted in toluene routinely gave complex mixtures
of products, whereas the use of chloroform as a solvent
(method A) was only successful for the synthesis of
4b/3b and 4c¢/3c in 83:17 and 94:6 d.r., respectively. Of
the procedures studied, the direct application of heat
(method B) was the superior method, preparing 4a—h/
3a—h in up to >98:2 d.r. Where possible, the cis-2,5-
disubstituted products 4a—h were identified by NOE
experiments, observing an enhancement of the signal
arising from H-2 or H-5 (and from protons in sub-
stituent R'") upon irradiation of the other o-proton. It
was evident from the tabulated data that, in general, as

Table 2. The isomerisation of pyrrolidine N-oxides 3a—h and 4a-h at elevated temperatures

Nitrone R! R? D.r. before heating® Method A d.r.? Method B d.r.? Yield %
la Me Ph 40:60 57:43 98:2 96
1b Me Me 58:42 83:17 96:4 52
1le Me Et 50:50 94:6 94:6 944
1d Me i-Pr 67:33 b 96:4 62°¢
1le Me t-Bu 94:6 ¢ 96:4 73
1f Bn Ph 75:25 ¢ 83:17 95
1g Ph Ph 93:7 b 95:5 98¢
1h Cyclohexyl Ph >08:2 ¢ >08:2 71¢

a Refers to the ratio of cis/trans-2,5-disubstituted products as determined by 400 MHz '"H NMR assay.

® Significant decomposition prevented calculation of d.r.
¢ No 2,5-disubstituted pyrrolidine N-oxides were detected.
4 Some decomposition occurred on heating.

¢ Heat was required to produce fully cyclised material.
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the steric bulk of substituents R! and R? increased the
diastereoselectivity of the initial cyclisation at ambient
temperature improved, such that N-oxide 4h was
formed as a single diastereoisomer according to 400
MHz '"H NMR spectroscopic analysis.

For many of the cases studied when substituents R!
and R? were relatively small, the use of elevated tem-
peratures, either in solution or in the absence of sol-
vent, must promote the formation of the
thermodynamic product in a reversible cyclisation. This
finding has enabled a variety of cis-2,5-disubstituted
pyrrolidine N-oxides 4a—h to be prepared in good yield
and with excellent diastereocontrol, in a reliable process
that can now tolerate a wide range of different sub-
stituents. This represents the first report of heat alone
promoting the retro-Cope elimination and the first ex-
ample of a pyrrolidine N-oxide diastereomeric ratio
being changed by the use of elevated temperatures.
Studies are now underway to develop an asymmetric
variant of this process and apply this new methodology
to the synthesis of a range of pyrrolidine based natural
products.

Acknowledgements

We are grateful to Cardiff University, the Royal Soci-
ety and the Nuffield Foundation for financial support,
the EPSRC Mass Spectrometry Service, Swansea, for
high-resolution mass spectra and John Fossey for pre-
liminary experiments.

References

1. (a) House, H. O.; Manning, D. T.; Melillo, D. G.; Lee, L.
F.; Haynes, O. R.; Wilkes, B. E. J. Org. Chem. 1976, 41,

855. (b) House, H. O.; Lee, L. F. J. Org. Chem. 1976, 41,
863.

. (a) Oppolzer, W.; Siles, S.; Snowden, R. L.; Bakker, B. H.;

Petrzilka, M. Tetrahedron Lett. 1979, 4391, footnote 5. (b)
Oppolzer, W.; Siles, S.; Snowden, R. L.; Bakker, B. H.;
Petrzilka, M. Tetrahedron 1985, 41, 3497.

. For a review of the Cope elimination, see Cope, A. C.;

Trumbell, E. R. Org. React. 1960, 11, 317.

. (a) Ciganek, E. J. Org. Chem. 1990, 55, 3007. (b) Op-

polzer, W.; Spivey, A. C.; Bochet, C. G. J. Am. Chem. Soc.
1994, 116, 3139.

. (a) Ciganek, E.; Read Jr., J. M.; Calabrese, J. C. J. Org.

Chem. 1995, 60, 5795. (b) Ciganek, E. J. Org. Chem. 1995,
60, 5803.

. (a) Davison, E. C.; Holmes, A. B.; Forbes, 1. T. Tetra-

hedron Lett. 1995, 36, 9047. (b) Davison, E. C.; Forbes, 1.
T.; Holmes, A. B.; Warner, J. A. Tetrahedron 1996, 52,
11601. (¢) Holmes, A. B.; Collins, J.; Davison, E. C.;
Rudge, A. J.; Stork, T. C.; Warner, J. A. Pure Appl. Chem.
1997, 69, 531. (d) Fox, M. E.; Holmes, A. B.; Forbes, 1. T.;
Thompson, M. J. Chem. Soc., Perkin Trans. 11994, 3379.
(e) Williams, G. M.; Roughley, S. D.; Davies, J. E.;
Holmes, A. B. J. Am. Chem. Soc. 1999, 121, 4900. (f) Bell,
K. E.; Coogan, M. P.; Gravestock, M. B.; Knight, D. W.;
Thornton, S. R. Tetrahedron Lett. 1997, 38, 8545. (g)
Coogan, M. P.; Gravestock, M. B.; Knight, D. W.; Thorn-
ton, S. R. Tetrahedron Lett. 1997, 38, 8549. (h) Wheildon,
A. R.; Knight, D. W.; Leese, M. P. Tetrahedron Lett.
1997, 38, 8553. (i) Hanrahan J. R.; Knight, D. W. Chem.
Commun. 1998, 2231. (j) Knight, D. W.; Salter, R. Tetra-
hedron Lett. 1999, 40, 5915. (k) Gravestock, M. B.;
Knight, D. W.; Thornton, S. R. J. Chem. Soc., Chem.
Commun. 1993, 169. (1) O’Neil, 1. A.; Southern, J. M.
Tetrahedron Lett. 1998, 39, 9089. (m) O’Neil, I. A
Cleator, E.; Southern, J. M.; Hone, N.; Tapolczay, D. J.
Synlett 2000, 695. (n) Palmer, A. M.; Jager, V. Synlett
2000, 1405. (o) O’Neil, I. A.; Cleator, E.; Hone, N.;
Southern, J. M.; Tapolczay, D. J. Synlett 2000, 1408.



