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Abstract: Nucleophilic substitution of a bromine atom by the azide
group in aryl- and heteroaryl-a-bromoacetates triggers cascade re-
actions leading to imidazolin-5-ones formation. The a-azidoacetate
intermediates undergo a transformation into non-isolable 2-imino
esters that dimerize giving the heterocyclic imidazoline system. The
process described is strongly promoted by dipolar aprotic solvents
(DMF, DMSO) and could be realized under base- and metal-free
conditions.
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The chemistry of imidazoline derivatives plays an impor-
tant role in the field of biological and pharmacological
sciences. The therapeutic applications of imidazolines and
imidazoline-5-ones as anticonvulsant,1 CNS depressant,2

sedative and hypnotics,3 hypotensive4 and antiparkinso-
nian agents5 are well known and have been described in
the literature. The newest pharmaceutical investigations
of imidazoline-5-one derivatives come from their leish-
manicidal activity6 and strong inhibition of b-secretase7

(known as BACE1). Some imidazolin-5-ones substituted
with aromatic groups indicate the potential for optoelec-
tronic application and they are promising candidates for
organic light-emitting diodes (OLEDs), organic solar
cells8 and photosensitizers.9

Interest in the practical exploitation of imidazoline-5-one
derivatives has resulted in the search for new and simple
methods for preparation of this heterocyclic system. Syn-
thesis of the imidazoline-5-one core is usually accom-
plished in three ways. The first method consists in
transformation of 2-oxazolin-5-ones into imidazoline-5-
ones in the presence of an amine or Schiff base.10 The sec-
ond route is based on intermolecular cyclization of N-sub-
stituted a,b-unsaturated amino acid hydrazides.11

Condensation of a,b-dicarbonyl compounds with guani-
dine derivatives represents the third procedure for prepa-
ration of these heterocyclic products.7

During our investigations on thermal stability of organic
azides we noted that dipolar, aprotic solvents support
transformation of a-azidocarboxylic esters into a-imi-
nocarboxylates. Ethyl a-azido(phenyl)acetate (1a) under-

went slow and spontaneous decomposition in DMF or
DMSO at the room temperature with evolution of nitrogen
indicating formation of the nitrene intermediate. Increase
of the reaction temperature made the decomposition of a-
azido ester faster but the reaction remained controllable at
all times. Monitoring of the thermal decomposition of a-
azidophenylacetate 1a at 80 °C by GC gave evidence for
conversion into a-imino ester 2a followed by dimeriza-
tion to ethyl 5-oxo-2,4-diphenyl-2,5-dihydro-1H-imida-
zol-2-carboxylate (3a; Scheme 1). The final heterocyclic
product was isolated in very good yield from the reaction
mixture and its structure was determined using 2D NMR
experiments (COSY, HMBC, HSQC) to assign all NMR
signals and confirm the proposed structure.12 Transforma-
tions of a-azido esters into reactive a-iminocarboxylates
have been reported previously as decomposition of a-azi-
do ester enolates.13 The results of our research led us to the
conclusion that the conversion of ethyl a-azido(phe-
nyl)acetate (1a) into a-imino ester 2a can be realized not
only under basic conditions but also in the absence of any
base in dipolar aprotic solvents.

Efficient formation of the imidazolin-5-ones from a-azido
esters was observed only in DMF and DMSO. Analysis of
the solvent effects indicated that the highest reaction rate
for the conversion of ethyl a-azido(phenyl)acetate (1a)
into 5-oxo-2,4-diphenyl-2,5-dihydro-1H-imidazol-2-
carboxylate 3a at 80 °C occurred in DMSO whereas n-
butanol gave only traces of the dimerization product.
MeCN and toluene did not promote this transformation at
all. The spectroscopic data and physical properties deter-
mined for 3a were in accordance with those reported ear-
lier for the same compound prepared by a multistep
procedure.14

Scheme 1 Transformation of ethyl a-azido(phenyl)acetate (1a) into
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Esters of a-azidocarboxylic acids are not commercially
available. The standard procedure for synthesis of a-azi-
do(aryl)acetates consists in the reaction of the appropriate
a-bromo esters with sodium azide in DMF, DMSO or
MeCN at the room temperature.15 We noted, that solvent
and reaction temperature play the crucial role in the nu-
cleophilic substitution of bromine with azide group in a-
bromo(aryl)acetates 5. Ethyl a-bromo(phenyl)acetate
(5a) treated with sodium azide in DMF at the room tem-
perature gave ethyl a-azido(phenyl)acetate (1a) as the
main product. However, the same reaction carried out at
80 °C led to imidazolin-5-one 3a. GC analysis of the reac-
tion mixture showed nearly complete transformation of a-
bromo(phenyl)acetate into imidazolidin-5-one 3a in four
hours and only traces of a-imino(phenyl)acetate 2a were
indicated. We applied the same method for transforma-
tions of various a-bromo esters derived from commercial-

ly available aryl- and heteroarylacetates, to novel
imidazolin-5-one derivatives 3b–f16 (Scheme 2). We also
found that freshly prepared a-bromo esters 5 could be
used without purification,17 particularly important in rela-
tion to unstable a-bromo esters, which undergo decompo-
sition during chromatography or distillation.

Scheme 2 Two-step procedure for synthesis of 5-oxo 2,4-disubsti-
tuted 2,5-dihydro-1H-imidazol-2-carboxylates from commercially
available ethyl aryl- and heteroarylacetates. The reactions were car-
ried out without isolation of the intermediate a-azido esters. Reagents
and conditions: (i) NBS, Luperox®, CCl4, 74 °C; (ii) NaN3, DMF, 80 °C.

Table 1 Reaction of Ethyl a-Bromoacetates 5a–g with NaN3 (1.5 equiv) in DMF at 80 °C Leading to 5-Oxo 2,4-Disubstituted 2,5-Dihydro-
1H-imidazol-2-carboxylates 3a–g

Entry Substrate Time (h) Product Mp (°C) Isolated yield (%)

1

5a

5

3a

148–149 92

2

5b

30

3b

129–130 85

3

5c

18

3c

130–131 81

4

5d

24

3d

132–133 95

5

5e

30

3e

94–95 34

6

5f

8

3f

73–74 67

7

5g

18

3g

103–104 58
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The experimental observations suggest a ‘Type 1’ path-
way for the decomposition of ethyl a-azido(phe-
nyl)acetate18 that can be characterized by the initial
release of the molecular nitrogen and subsequent isomer-
ization of the nitrene to imine by 1,2-H shift.19 The mech-
anism for the conversion of a-imino esters into the
imidazolin-5-one heterocyclic system consists of two in-
dependent steps, nucleophilic attack and addition of the
imine group to the C=N double bond followed by conden-
sation reaction.20

Our research shows that formation of the nitrene can be
realized in the absence of any base by simple thermal de-
composition of a-azidoarylacetates in dipolar aprotic sol-
vents such as DMF or DMSO. We note that simple
aliphatic a-azido esters are more stable than a-azidoaryl-
acetates and do not undergo any thermal transformation
into nitrene derivatives below 120 °C, so they do not give
any aliphatic a-imino esters. We presume that there is a
correlation between the thermal stability of a-azido esters
and their a-CH acidity. Indeed, diethyl a-bromomalonate,
ethyl a-bromonitroacetate and ethyl a-bromocyanoace-
tate reacted quickly with sodium azide in DMF with ac-
companying nitrogen evolution even at room temperature.
GC of the reaction mixtures showed the absence of a-bro-
mo esters but spectroscopic analysis gave no evidence for
formation of imidazolin-5-ones. NMR investigation of
crude products indicated the formation of a-imino esters
as main products. However, separation of pure a-imino
esters was not possible owing to their hydrolytic instabil-
ity. When we tried to isolate diethyl iminomalonate21 after
reaction of diethyl a-bromomalonate with sodium azide,
NMR analysis of the crude extract confirmed the presence
of diethyl iminomalonate but its purification using col-
umn chromatography failed. However, we noted that this
intermediate did not undergo any thermal cyclization and,
after one hour of heating to 50 °C, gave a mixture of un-
defined decomposition products. Intermolecular cycliza-
tion of a-imino esters seems to begin with nucleophilic
attack of the NH group on a carbon atom at the C=NH
double bond and reaction rate depends on the basicity of
the nitrogen atom. The presence of electron-withdrawing
substituents at a-C reduces the basicity of the imino group
and strongly inhibits nucleophilic addition of the NH
group onto the C=NH double bond. The low basicity of a-
imino esters derived from diethyl a-bromomalonate, ethyl
a-bromonitroacetate and ethyl -bromocyanoacetate
makes the formation of imidazolin-5-one system impossi-
ble.

In summary, our method can be adapted for convenient
synthesis of 5-oxo-2,4-diaryl- and 5-oxo-2,4-diheteroaryl-
2,5-dihydro-1H-imidazol-2-carboxylates from readily
available a-bromo(aryl)- and a-bromo(heteroaryl)ace-
tates in a very simple manner. The optimized procedure
gives the substituted imidazolin-5-ones in moderate to
very good yields. 

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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