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Refluxing a mixture of a heteroarylcarboxaldehyde and an N-alkylamino acid in dry toluene, in the pres-
ence of 4 Å molecular sieves, results in the formation of b-hydroxyamines through the 1,3-electrocyclisa-
tion of an azomethine ylide and the subsequent ring-opening hydrolysis of an aziridine. The intermediacy
of an azomethine ylide in this process is suggested by the isolation of oxazolidines from the cycloaddition
of the azomethine ylides to their aldehyde precursors.

� 2009 Elsevier Ltd. All rights reserved.
b-Hydroxyamines are an important class of b-blockers, with
medicinal uses as bronchodilators and agents for the treatment of
cardiac arrhythmias,1 and this structural moiety is also a key compo-
nent of many naturally occurring compounds.2 As a consequence of
their importance, many routes have been employed for the prepara-
tion of b-hydroxyamines, usually involving several steps via one of a
range of intermediates, for example, dimethylaminoketones,3 vici-
nal haloalcohols,4,5 oxiranes,5 oxazolidines6 and a-ketoacetamides.7

We describe here a new, one-step synthesis of 1-heteroaryl-2-
alkylaminoethanols involving an azomethine ylide intermediate.

Azomethine ylides 1 can be used in the preparation of a range of
heterocycles through 1,3-dipolar cycloadditions8, 1,5-electrocycli-
sations9 or 1,7-electrocyclisations,10,11 and routes to these versatile
intermediates include the decarboxylation of iminium salts,12 the
ring-opening of aziridines13 and the 1,2-prototropy of a-imino
esters.14
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Refluxing a mixture of a five-membered ring heteroaryl-2-carb-

oxaldehydes 2a–e and N-alkylamino acids 3a,b in dry toluene, in

the presence of 4 Å molecular sieves, resulted in a good yield of
the corresponding b-hydroxyamines 7a–f through the 1,3-electro-
cyclisation of the azomethine ylide 5, formed by the decarboxyl-
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ation of the iminium salt 4, and subsequent ring-opening
hydrolysis of the aziridine 6, Scheme 1, Table 1. A simple work-
up, consisting of filtration to remove any solid, and column chro-
matography of the residue obtained after evaporation of the
solvent, gave the products in moderate, unoptimised yields.15,16

Such a 1,3-electrocyclisation of azomethine ylides, as depicted in
Scheme 1, step 3 (5?6), is implicit in the cis/trans equilibration of
aziridines17 and has been detected using temperature shock–dilu-
tion conditions.18 Perhaps the most surprising aspect of this one-
step transformation, from the aldehydes 2 to the b-hydroxyamines
7, is the ring-opening hydrolysis of the aziridine 6 to the b-hydroxy-
amines 7, under such mild conditions as, in general, the ring-open-
ing of aziridines which do not have an electron-withdrawing group
on the nitrogen (‘non-activated’) requires either Lewis19 or Brønsted
acid catalysis.20 The relatively mild conditions required for this azi-
ridine ring-opening may be a result of it being facilitated by the elec-
tron-rich heterocycle, resulting in a two-step process via a
zwitterionic intermediate 8, Scheme 2.21

Evidence for the possible intermediacy of an azomethine ylide
in this process was obtained by the isolation of a mixture of oxaz-
olidines 11 (as an inseparable mixture of diastereoisomers) and 12
(again as a mixture of diastereoisomers), from the cycloaddition of
the azomethine ylide 10 onto a second molecule of its precursor 9,
when 3,4-dibromothienyl-2-carboxaldehyde 9 was reacted with
sarcosine (3a), Scheme 3. Inseparable mixtures of the diastereoiso-
mers of the hexahydropyrrolo[2,1-b]oxazoles 14a–c were also ob-
tained when the heteroaryl-2-carboxaldehydes 2a,c,d were
reacted with L-proline (3c) to give the azomethine ylides 13, which
subsequently underwent cycloaddition to their aldehyde precur-
sors 2, Scheme 4.
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Table 1
Yields of b-hydroxyamines 7 from the reaction of an N-alkylamino acid 3 and an
aldehyde 2

Product X R1 R2 R3 Yield (%)

7a S H Me H 43
7b S Br Me H 45
7c S H Bn Bn 44
7d O H Me H 44
7e NMe H Me H 46
7f NBn H Me H 64
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An identical transformation was observed when the heteroaryl-
3-carboxaldehydes 15a–c were employed as the precursors, with
the b-hydroxyamines 18a–c again being obtained in moderate to
good yields via the azomethine ylides 16 and aziridines 17, Scheme
5.

All the b-hydroxyamines were characterised by IR and 1H, 13C,
HMQC and HMBC spectroscopy, and by high resolution mass
spectrometry, with the 1H NMR spectra for the products 7a,b,d–
f and 18 showing either an A2X or an ABX spin system for the
CH2-CH protons.15 Single crystal X-ray crystallography of the
product of the reaction of thiophene-2-carboxaldehyde 2a with
sarcosine 3a confirmed the structure of the hydroxylamine 7a,
Figure 1.15

In conclusion, we have shown that a range of b-hydroxyamines
7 and 18 can be obtained in one-step via the 1,3-electrocyclisation
of azomethine ylides 5 and 16, formed by the reaction of an alde-
hyde 2 or 15 with N-alkylamino acids 3a,b in refluxing toluene
over 4 Å molecular sieves, followed by ring-opening hydrolysis of
the resulting aziridines 6 and 17.
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Figure 1. ORTEP representation of the single crystal X-ray structure of hydroxyl-
amine 7a.22
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