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Abstract—The oxidation of a range of B-cyanoethyl tertiary amines with mCPBA gives the corresponding N-oxides, which can
be isolated or undergo Cope-elimination to give secondary hydroxylamines in excellent yield. © 2001 Published by Elsevier

Science Ltd.

As part of our studies on the use of the reverse-Cope
cyclisation in the synthesis of nitrogen heterocycles we
have shown that functionalised hydroxylamines can be
readily prepared by the ring opening of epoxides with
simple N-alkylhydroxylamines (Scheme 1). The reac-
tion is regioselective and gives access to the desired
substrates  for  the  subsequent reverse-Cope
cyclisations.!

Various other methods are available for the synthesis of
secondary hydroxylamines, but most have serious limi-
tations. These include the oxidation of secondary
amines,? reduction or addition of an appropriate nucleo-
phile to a nitrone,® addition of organometallic reagents
to nitro or nitroso compounds,* the addition of hydrox-
ylamines to o,B-unsaturated systems,> the reverse Cope
cyclisation,® use of the Mitsunobu reaction’ and the
Cope elimination of suitable tertiary amine N-oxides.®
This latter method has generally not been widely
exploited due to the high temperatures required and the
problems associated with regiochemistry of the elimina-
tion in many cases. There have been isolated reports of
the use of electron withdrawing groups placed P to the
N-oxide facilitating the elimination. Nagasawa et al.’
have reported that the use of an appropriately posi-
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tioned B-electron withdrawing nitrile allows the elimi-
nation to occur at significantly lower temperatures. In
their system, proline (1) was treated with acrylonitrile
to give the corresponding tertiary amine (2). This was
then oxidised with mCPBA in methanol to give the
N-oxide as a single diastereoisomer. The stereochem-
istry of the product was assigned on the basis of IR as
the isomer (3) in which the N-oxide and the carboxylic
acid were trans. This is in contrast to our earlier work
on related systems and it is more probable that the
product is the cis isomer (4).'°

The N-oxide (3) was reported to undergo Cope elimina-
tion on warming in acetone to give the hydroxylamine
(5) in a moderate 50% yield (Scheme 2).

We recently required a number of chiral hydroxyl-
amines and have examined this reaction in more detail.
We have found that it is an excellent method for the
synthesis of a range of secondary hydroxylamines. The
parent secondary amines (6) were treated with acryloni-
trile in methanol to give the tertiary PB-cyanoethyl
amines (7) in excellent yield. Oxidation of these com-
pounds with mCPBA gave the corresponding N-oxides
(8). If the reaction was carried out in methanol as the
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solvent the N-oxides could be isolated and character-
ised, although they slowly decomposed on standing.

This is presumably a consequence of the methanol
hydrogen bonding to the N-oxide. However, if the
oxidation was performed in a non hydrogen bonding
solvent such as CH,Cl, then the intermediate N-oxide
(8) underwent Cope elimination in situ to generate
the hydroxylamine (9) in excellent yield (Scheme 3).

The reaction works for both cyclic and acyclic sys-
tems (Table 1). Apart from entries 3 and 4 in Table
I, all of the secondary hydroxylamines reported are
new compounds.

We are currently exploring the use of these chiral
hydroxylamines in asymmetric transformations and
their scope in the synthesis of a range of nitrogen
based heterocycles.

Table 1. Synthesis of secondary hydroxylamines via Cope elimination of B-cyanoethylamines (see Scheme 3)

- % Yield
Entry Substrate %C‘;l::]doﬁ Product Hydroxylamine
ethylamine
1
D\ 90 \ 68
N
OH
NC\) OH OH
Ph
2 Wh 100 N Ph 96
N Ph OH OH
el o
3 O (0}
93
100
. )
on 3
4
O |
94
. i
N OH
5 0] O 93
N N
HN 97 |
NC N oH HN.
(CH2)gCH: (CH2)gCH:
(O 0 BN
6 N~ YCoMe N” "COMe 96
NC\) OH
7 Q\ 90 % 20
NC\) O\/\ \/\
OH OH
CHg CH
8 ~ 3
i NCH 89 o 95
NC/\/ 3 HO/NCHg




1. A. O’Neil et al. / Tetrahedron Letters 42 (2001) 8247-8249

O\ mCPBA, MeOH
CO.H

A eN

_

QCOZH H,0,KOH N
(1) S (2

NC

Scheme 2.
R. R
ROR ZON W mCPBA
\ S —
H MeOH CHoCly
NC
(6) )
Scheme 3.
Acknowledgements

I.LO’N. would like to thank Millennium Pharmaceuti-
cals for their continued generous financial support and
Dr. Tom Gilchrist (Liverpool) for helpful discussions.

References

1. (a) O’Neil, I. A.; Southern, J. M. Tetrahedron Lett. 1998,
39, 9089-9092; (b) O’Neil, 1. A.; Cleator, E.; Southern, J.
M.; Hone, N.; Tapolczay, D. J. Synlett 2000, 695-697; (c)
O’Neil, 1. A.; Cleator, E.; Southern, J. M.; Hone, N.;
Tapolczay, D. J. Synlett 2000, 1408-1410.

2. (a) Murray, R. W.; Singh, M. Synth. Commun. 1989, 19,
3509-3522; (b) Murray, R. W.; Singh, M. J. Org. Chem.
1990, 2954-2957.

3. (a) Chang, Z. Y.; Coates, R. M. J. Org. Chem. 1990, 55,
3475; (b) Schwartz, M. A.; Hu, X. Tetrahedron Lett.
1992, 33, 1689-1692; (c) Gravestock, M. B.; Knight, D.
W.; Thornton, S. R. Chem. Commun. 1993, 169-171; (d)
Hanrahan, J. R.; Knight, D. W. Chem. Commun. 1998,
2231-2232.

4. Bartoli, G.; Marcantoni, E.; Petrini, M. Chem. Commun.
1993, 1373-1374.

5. (a) Niu, D.; Zhao, K. J. Am. Chem. Soc. 1999, 121,
2456-2459; (b) Pan, S.; Wang, J.; Zhao, K. J. Org. Chem.
1999, 64, 4-5; (c) Sibi, M. P.; Liu, M. Org. Lett. 2000, 2,
3393-3396; (d) Carlier, P.; Gelas-Mialhe, Y.; Vessiere, R.
Can. J. Chem. 1977, 55, 3190-3201; (e¢) O’Neil, I. A.;
Cleator, E.; Southern, J. M.; Bickley, J. F.; Tapolczay, D.
J. Tetrahedron Lett. 2001, 42, 8251-8254.

8249

A, Me,CO

N COZH
|
OH (5)

RO R
NS O R, R
[ (o) , \,\Il/ . /\CN
CN OH
(8) )
6. (a) Ciganek, E.; Read, Jr., J. M.; Calabrese, J. C. J. Org.

10.

Chem. 1995, 60, 5795-5802 and 5803-5807; (b) Knight,
D. W.; Salter, R. Tetrahedron Lett. 1999, 40, 5915-5918;
(c) Bell, K. E.; Coogan, M. P.; Gravestock, M. B.;
Knight, D. W.; Thornton, S. R. Tetrahedron Lett. 1997,
38, 8545-8548; (d) Coogan, M. P.; Gravestock, M. B.;
Knight, D. W.; Thornton, S. R. Tetrahedron Lett. 1997,
38, 8549-8552; (e) Wheildon, A. R.; Knight, D. W,;
Leese, M. P. Tetrahedron Lett. 1997, 38, 8553-8556; (f)
Oppolzer, W.; Spivey, A. C.; Bochet, C. G. J. Am. Chem.
Soc. 1994, 116, 3139-3140; (g) Ciganek, E. J. Org. Chem.
1990, 55, 3007-3009; (h) Fox, M. E.; Holmes, A. B.;
Forbes, 1. T.; Thompson, M. J. Chem. Soc., Perkin
Trans. 11994, 3379-3395.

Knight, D. W.; Leese, M. P. Tetrahedron Lett. 2001, 42,
2593-2595.

(a) Cope, A. C.; Lee, H. H. J. Am. Chem. Soc. 1957, 79,
964-965; (b) Rogers, M. A. T. J. Chem. Soc. 1955,
769-772; (c) Witkop, B.; Kissman, H. M. J. Am. Chem.
Soc. 1953, 75, 1975-1980.

Nagasawa, H. T.; Kohlhoff, J. G.; Fraser, P. S.; Mikhail,
A. A. J. Med. Chem. 1972, 15, 483-486.

(a) O’Neil, I. A.; Miller, N. D.; Peake, J.; Barkley, J. V;
Low, C. M. R.; Kalindjian, S. B. Synlett 1993, 515-518;
(b) O’Neil, 1. A.; Miller, N. D.; Barkley, J. V.; Low, C.
M. R.; Kalindjian, S. B. Synlett 1995, 617-618; (c)
O’Neil, I. A.; Miller, N. D.; Barkley, J. V.; Low, C. M.
R.; Kalindjian, S. B. Synlett 1995, 619-621; (d) O’Neil, 1.
A.; Potter, A. J. Tetrahedron Lett. 1997, 38, 5731; (e)
O’Neil, I. A.; Potter, A. J. Chem. Commun. 1998, 1487—
1488.



