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N-Nitrosation of (E)-2-(benzylidene-amino)ethanols
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Abstract—Reaction of (E)-2-(benzylidene-amino)ethanol 2 with nitric oxide afforded an (E)-rotamer dominant mixture of (E)- and
(Z)-N-nitroso-2-aryl-1,3-oxazolidine 3 at room temperature in good overall yields.
� 2007 Published by Elsevier Ltd.
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Scheme 2. Ring–chain tautomerism of 2. (a) 2-Aminoethanol, THF,
MgSO4, 1 h.
N-Nitroso compounds, in general, possess intriguing
properties with an impact on medicine and biochemis-
try.1 For example, they have been implicated in muta-
genesis and carcinogenesis, but have also been
successfully employed in enzyme inhibition and active
site mapping.2 The partial double bond character of
N–NO bond (Scheme 1) leads to the rotation around
N–NO bond to be restricted. As a result, an (E) and
(Z) conformational isomerization occurs.3

N-Nitrosamines have been prepared by various
approaches such as the nitrosation of amines by NaNO2

and an acid,4 the nucleophilic substitution of nitric oxide
(NO) or another nitroso compounds by a nitrogen anion
under a strong basic condition,5 or the acid-catalyzed
addition of HO–NO.3b Among them, the production
of N-nitroso-2-aryl-1,3-oxazolidines with a five-mem-
bered ring containing nitrogen and oxygen is particu-
larly of importance.4b N-nitroso-1,3-oxazolidine was
prepared from aminoethanol in the presence of excess
sodium nitrite in aqueous acidic solution, but in very
low yield.4b Indeed, 2-aryl-1,3-oxazolidines 2 can be eas-
ily accessible from benzaldehyde 1 (Scheme 2).6 Com-
pound 2 exists as a ring–chain tautomer of an imine,
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Scheme 1. Resonance in N-nitrosamines.
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(E)-2-(benzylidene-amino)ethanol, with a chain struc-
ture (chain-2) and a 2-aryl-1,3-oxazolidine with a five-
membered ring structure (ring-2) containing nitrogen
and oxygen atoms. Yet, ring-2 desired for the further
chemical manipulation is the minor species at equilib-
rium6a and both tautomers are unstable and decompose
in the presence of water. Therefore, the conversion of
chain-2 into stable monocyclic 3 (Scheme 3) is certainly
of significance.

As part of our ongoing research program on the chem-
istry of NO,7–11 we studied the reaction of NO with
compound 2. However, we had to address two issues
and these were (a) that NO led to the cleavage of
C@N bonds in Schiff bases,12 and (b) that the reaction
of NO with secondary amines afforded diazenium-1,2-
diolates.13 Hence, the nitrosation of amines was carried
out smoothly using NO in the absence of strong bases
such as KH.5

In the present work, we will report our results on
the reaction of NO with tautomeric mixture 2. It
gave five-membered N,O-containing ring compounds,
N-nitroso-2-aryl-1,3-oxazolidines 3, as an (E)-structure
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Scheme 3. Reagents and conditions: (a) 2-Aminoethanol, THF, MgSO4, 1 h; (b) NO (trace O2), THF, 2 h.
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dominant mixture of (E)- and (Z)-conformer (Scheme
3). In a representative experiment,14 treatment of
o-chlorobenzaldehyde (1b) with 2-aminoethanol and
MgSO4 in anhydrous tetrahydrofuran (THF) for 1 h
gave rise to a mixture of chain- and ring-2b (Scheme
3). Purified NO was then directly bubbled through the
above stirred solution at room temperature for ca. 2 h.
2-o-Chlorophenyl-N-nitroso-1,3-oxazolidine 3b was
obtained as a colorless crystal in 90% isolated yield
(Table 1). Its structure was characterized by 1H and
13C NMR, gHMQC, MS, HRMS, and X-ray crystallo-
graphy diffraction. Figure 1 shows 3b existing as a single
E-conformation in solid.15,3a Furthermore, X-ray
diffraction data indicate that O(1), N(1), N(2), C(7),
Table 1. Reaction of (E)-2-(benzylidene-amino)ethanol 2 with NO in
THF

Benzaldehyde X Yield
of 2 (%)

Chain-2/
ring-2a

Yield
of 3 (%)

(E)-3/
(Z)-3b

1a H 98 98:2 88 84:16
1b o-Cl 96 95:5 90 86:14
1c p-Cl 98 94:6 90 82:18
1d p-NO2 94 82:18 92 76:24
1e p-OCH3 90 88:12 83 84:16
1f o-OCH3 92 90:10 85 86:14
1g p-CH3 98 96:4 88 85:15
1h m-NO2 96 85:15 90 77:23
1i o-NO2 95 88:12 91 78:22
1j o-CH3 97 95:5 90 84:16
1k m-Cl 97 96:4 89 82:18

a The ratio of chain-2 to ring-2 was evaluated using the characteristic
1H NMR peaks at 8.69–8.14 (N@CH) and 5.69–5.30 ppm (N–CH–
O).

b The ratio of (E)-3 to (Z)-3 was evaluated using the characteristic 1H
NMR peaks at 6.516–6.917 ((E)-3, N–CH–O) and 6.293–6.541 ppm
((Z)-3, N–CH–O).

Figure 1. Molecular structure of 3b.
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Scheme 4.
C(9), and C(8) lie almost on a plane except for O(2).
The bond length of N(1)–N(2) is given at 1.329 Å, being
shorter than a normal N–N single bond length of
1.449 Å.16 These observations imply partial double bond
character of the N–N(O) bond in 3b, in a manner similar
to the N–C(O) bond in amides,4c caused by the delocali-
zation of p-electrons on N@O bond onto the N–NO
bond through the conjugation interaction. It will largely
hinder the rotation of N–NO bond. Otherwise, the
phenyl moiety linked at C(7) is found to be perpendi-
cular with respect to the C(7)–N(2)–C(9)–C(8) plane.
In addition, two sets of 1H NMR peaks display 3b exist-
ing in solution as a mixture of two conformers, (E)-3b
and (Z)-3b.17

A proposed mechanism for the N-nitrosation of 2 is
depicted in Scheme 4. It appears that a trace of O2
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retained in reaction system plays a key role in the initi-
ation of reactions under consideration. NO is readily
oxidized to NO2 and then converted into N2O3. Dis-
placement of the good leaving group nitrite (�ONO)
from N2O3 by the Lewis basic nitrogen of ring-2 leads
to form 4, which then undergoes a deprotonation to give
end product 3. Thus the process has the tendency to roll
the tautomerisation of 2 from chain-2 to ring-2.

Further study was carried out to extend the substrate
scope for chiral oxazolidines. As an example, N-nitroso-
2-(2S)-(40-chlorophenyl)-4-(4S)-4-benzyl-1,3-oxazolidine
3l was prepared using a chiral 2-aminoethanol,
2-(2S)-amino-2-(4 0-chlorophenyl)ethanol, in a yield of
92% and a high diastereoselectivity (Scheme 5) with
the ratio of (S,S)-3l and (S,R)-3l up to 95/5 at room
temperature and up to 99/1 at 0 �C.18 Representatively,
the structure of (S,S)-3l (CCDC-630583) was established
by X-ray crystallography diffraction (Fig. 2).

In conclusion, an efficient approach to prepare (E)- and
(Z)-N-nitroso-2-aryl-1,3-oxazolidines has been devel-
oped herein. It offered advantages for a high diastereo-
selectivity in the preparation of N-nitroso-2-aryl-1,3-
oxazolidines.
Figure 2. Molecular structure of (S,S)-3l.
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