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Introduction
In general, most organic reactions have been heated using 
traditional heat transfer equipment such as oil baths, sand 
baths and heating jackets [1]. These heating techniques are 
however rather slow and a temperature gradient can develop 
with in the sample [2]. In addition, local overheating can lead to 
product, substrate and reagent decomposition [3]. In the early 
days of microwave synthesis household microwave ovens were 
used in chemical laboratory [4]. Although nowadays dedicated 
instrumentation is available there are still chemists who use 
kitchen microwave ovens for scientific purposes [5]. In inorganic 
chemistry, microwave technology has been used since the late 
1970s, while it has only been implemented in organic chemistry 
since the mid 1980s [6]. The development of the technology for 
organic chemistry has been rather slow compared, to for example, 
combinatorial chemistry and computational chemistry [7]. This 
slow up takes of the technology has been principally attributed 
to its lack of controllability and reproducibility [8]. Recent 
developments in microwave accelerated solvent less organic 
synthesis are summarised. This expeditious and solvent-free 
approach involves the exposure of neat reactants to Microwave 

(MW) irradiation in conjunction with the use of supported 
reagents or catalysts which are primarily of mineral

origin [9]. The salient features of these high yield protocols are the 
enhanced reaction rates, greater selectivity and the experimental 
ease of manipulation [10]. The chemistry of heterocyclic such 
as aziridine and its derivates has attracted the attention in the 
organics synthesis. This is due to the high reactivity of these 
heterocyclic, which makes them versatile species in organic 
synthesis [11]. Azeridine are important building blocks in the 
synthesis of polyamines and polymers that are typically prepared 
by elimination of a leaving group from haloamines [12] and 
similar molecules [13] are used in organic synthesis as polymers 
and copolymers [14] and as anticancer drugs [15]. Aziridine 
attract most of the synthetic chemists due to their tremendous 
potential and versatility in organic synthesis and medicinal 
chemistry [16]. They exhibit highly regio and stereoselective 
ring opening reactions which provide a convenient entry to the 
stereoselective preparation of functionalized amino compounds 
[17]. Various biologically important compounds such as amino 
acids, β-lactam, antibiotics and alkaloids are derived from 
aziridine [18]. In addition, aziridine have also found applications 
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as chiral auxiliaries and lately also as chiral ligands in asymmetric 
catalysis [19]. Even though highly reactive, the aziridine skeleton 
occurs in several natural products [20]. Numbers of molecules 
possessing an aziridine ring have shown to exhibit potent 
biological activity [21]. They are most attractive synthetic targets 
since they may exhibit anti tumor or antibiotic activity or still 
other biological properties [22]. The main target of this study 
was to synthesize functionalized nitrogen-containing three 
membered rings (phenyl aziridine) when we used maghnite-Na+ 
(Algerian MMT) as catalyst. The current state of the art features 
catalytic, highly enantioselective aziridination, reliable ring-
opening transformations, and stereoselective cycloadditions [23] 
all of which illustrate the unique reactivity of aziridine.

Experimental section
Materials 
Aniline, ethylene glycol, dibromoethane, chloroform and sodium 
hydroxide were purchased from Sigma Aldrich and used as 
received. Maghnite (Algerian MMT) used in this work comes 
from a quarry located in Maghnia (North West of Algeria) and 
was supplied by the company “ENOF” (Algerian manufacture 
specialized in the production of non-ferric products and useful 
substances). This catalyst can be easily separated from the 
product and regenerated by heating at a temperature above 
105°C.

Synthesis of N-phenyl aziridine 
All reactions was performed using the same methodology 
described below, with however, a variation of time for the 2% 
by weight of Mag-Na+ /monomers at 3 MN reaction .In a round 
bottom flask fitted with a condenser was mixed 1 g of Aniline and 
2 g Mag-Na+(basics clay fin) previously dried at 105˚C and 1 g of 
ethylene glycol or dibromoethane was added. The mixture was 
heated under microwave irradiation (180°C at 3 MN). Upon the 
addition of the Mag-Na+ a colour change was witnessed from 
clear to brown before finally becoming dark black. After 3 MN of 
heating a yellow oil was formed, and the suspension was cooled 
to room temperature. The residual yellow oil was dried at 80˚C 
overnight to remove any monomer traces.

 

Results and Discussion
Kinetics studies 
N-phenyl aziridine was prepared firstly by reaction of aniline with 
ethylen glycol followed by a treatment with sodium hydroxide 
solution (Scheme 1) and secondary by reaction of aniline with 
dibromoethane (Scheme 2) in equimolar ratio and in free solvent 
under microwave irradiation .The conditions of the reaction 
and results of some selected experiments are summarized in 
(Table 1). The product (oil yellow liquid) was found to be soluble 
in water and organic solvents [24]. Here we wish to report an 
expeditious, catalytic route for the synthesis of substituted 
Aziridine directly from aniline and dibromoethane or ethylen 

glycol using Maghnite (Algerian MMT) as a catalyst. We have 
carried out the initial reaction by adding a solution of aniline (1 
equivalent) to a maghnite (2 equivalent) and dibromoethane or 
ethylene glycol (1 equivalent) under microwave irradiation. We 
observed that the reaction is very fast and the corresponding 
aziridine was isolated in 85.83% yield after 3 min of reaction. In 
order to find out the best reaction condition, we have investigated 
the effect of catalyst, temperature and time on the product yield. 
The reaction was also studied with varying amount of catalyst 
(Tables 1 and 2). Yields of the corresponding aziridine were found 
to be lower when the amount of the catalyst decries. Here we 
wish to report an expeditious, catalytic route for the synthesis 
of substituted aziridine directly from aniline and dibromoethane 
or ethylen glycol using Maghnite (Algerian MMT) as a catalyst. 
Finally, the use of (2 equiv) of catalyst was found to be optimum 
for the best result [25]. In order to find out the best reaction 
condition, we have investigated the effect of various solvents on 
the product yield (Tables 3 and 4). When tetrahydrofuran and 

Catalytic route for the synthesis of 
phenyl aziridine directly from aniline and 
dibromoethane    using Maghnite (Algerian 
MMT) as a catalyst.

Scheme 2

Catalytic route for the synthesis of phenyl 
aziridine directly from aniline and ethylene 
glycol using Maghnite (Algerian MMT) as a 
catalyst.

Scheme 1

 

Entry Solvent Aniline
(equiv.)

Dibromoethane
(equiv.)

Maghnite-Na+
(equiv.) Yield (%)

1 free 2 1 2 trace
2 - 1.5 1 2 9.32
3 - 1 1.5 2 15.78
4 - 1 1 2 85.09
5 - 1 2 2 trace
6 - 2 2 2 71.26

Table 1 Effect of reagents amount on the synthesis of N-phenyl aziridine 
form aniline/dibromoethane and maghnite under MW irradiation.
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dimethylformamide were used as a solvent the reaction did not 
produce the expected product after 3 min at 180°C of reaction. 
Further investigation on the reaction using ethyl ether as a solvent 
gave the best result of 88.59% isolated yield of the corresponding 
aziridine. When we studied with chloroform or acetonitrile, 
under the same reaction conditions, interestingly it gave 42.38% 
to 45.56% yield of aziridine form (Tables 3 and 4). So we selected 
ethyl ether as the best solvent [26]. Table 4 and Figure 1, shows 
the effect of the amount of Mag-Na+ on the reaction yield under 
effect of microwave irradiation. Indeed, using various amounts 
of Mag-Na+ : 1%, 1.5%, 2%, 2.5% and 3% by weight, the reaction 
was carried under microwave irradiation in free solvent at 200°C 
with excess of ethylene glycol or dibromoethane and in basics 
medium. The reaction yield increased with the amount of Mag-
Na+, thus clearly showing the effect of Mag-Na+ as a catalyst. This 
phenomenon is probably the result of an increase in the number 
of “initiating active sites” responsible of inducing reaction [27]. 
Effect of temperature on the yield of aziridation reaction of 
aniline under effect of maghnite-Na+ (2% by weight) for 3 min 
in microwave irradiation is shown in Table 5 and Figure 2. The 
aziridation yield reach maximum value around 180°C. On the 
other hand, with the increase in the reaction temperature above 
180°C, viscosity of the obtained aziridine increase and decrease 

the molecular weight of the product progressively, suggesting the 
possible occurrence of thermal degradation [28]. On the basis 
these results, subsequent aziridations were carried out at 180°C 
under effect of microwave irradiation in free solvent and with 
excess of ethylene glycol or dibromoethane.

Structure analysis 
The product was analyzed after chromatographic separation 
by HNMR and FTIR spectroscopic analysis. In the proton NMR 
spectra of the aziridine from aniline and dibromoethane or 
ethylen glycol, all aromatic protons were appeared in the range 
7-8 ppm as multiples [29]. For the aromatic group attached to the 
azote atom, the protons appeared as two doublets in the aromatic 

Entry Solvent Aniline
(equiv.)

Ethylene glycol
(equiv.)

Maghnite-Na+
(equiv.) Yield (%)

1 free 1 1 1 46.28
2 - 1 1 1.5 54.95
3 - 1 1 2 84.88
4 - 1 1 2.5 72.12
5 - 1 1 3 67.11
6 - 1 1 3.5 52.63

Table 2 Effect of reagents amount on the synthesis of N-phenyl aziridine 
form aniline/ethylene glycol and maghnite under MW irradiation. 

Entry Solvent Aniline
(equiv.)

Dibromoethane
(equiv.)

Maghnite-Na+
(equiv.) Yield (%)

1 THF 1 1 2 trace
2 DMF 1 1 2 trace
3 ACN 1 1 2 42.38
4 CDCl3 1 1 2 45.56
5 EthE 1 1 2 82.59
6 free 1 1 2 88.92

Table 3 Effect of solvent on reaction d’aziridation of aniline with 
dibromoethane under microwave irradiation.

Entry Solvent Aniline
(equiv.)

ethylen glycol
(equiv.)

Maghnite-Na+
(equiv.) Yield (%)

1 THF 1 1 2 15.25
2 DMF 1 1 2 trace
3 ACN 1 1 2 39.05
4 CDCl3 1 1 2 51.35.
5     EthE 1 1 2 80.83
6    Free 1 1 2 85.73

Table 4 Effect of solvent on reaction d’aziridation of aniline with ethylen 
glycol under microwave irradiation.

Time (min) 1 2 3 4 5

Catalyst (%) 1 1.5 2 2.5 3

Yield (%) 38.89 78.88.86 88.93 87.73 86.95

Table 5 Effect of amount of catalyst on reaction d’aziridation of aniline 
with dibromoethane under microwave irradiation.

Effect of temperature on aziridation reaction of aniline 
with dibromoethane under microwave irradiation.

Figure 2

 

Effect of amount of catalyst on reaction d’aziridation 
of aniline with dibromoethane under microwave 
irradiation.

Figure 1
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region. By FTIR spectroscopic analysis as show in (Figures 3  
and 4), this compounds has both a phenyl ring, you can detect 
the familiar sp3 C-H peaks below 3000 cm-1, the phenyl ring 
usually shows multiple C-H peaks between 3100 and 3000 cm-1 

and phenyl rings almost always show a weaker sharp peak right at 
1600 cm-1 [30]. The (CH2) group appeared as a singlet at around 
2.3 ppm (Figures 5 and 6). Want three more pieces of proof that 
you have a phenyl ring. Phenyl rings generally show two very 

FT-IR spectra of N-phenyl aziridine obtained by the 
intercaled method between Aniline/dibromoethane 
and Maghnite-H+ under MW irradiation.

Figure 3

 

FT-IR spectra of N-phenyl aziridine obtained by the 
intercaled method between Aniline/ ethylen glycol 
and Maghnite-H+ under MW irradiation.

Figure 4

 

H-NMR spectra of N-phenyl aziridine obtained by the 
intercaled method between Aniline/ dibromoethane 
and Maghnite-H+ under MW irradiation.

Figure 5

H-NMR spectra of N-phenyl aziridine obtained by the 
intercaled method between Aniline/ ethylen glycol 
and Maghnite-H+ under MW irradiation.

Figure 6

Proposed mecanism of N-phenyl aziridine obtained by the intercaled method between Aniline/dibromoethane and Maghnite-H+ 
under MW irradiation.

Scheme 3

 

Proposed mechanism of N-phenyl aziridine obtained by the intercaled method between Aniline/ethylen glycol and Maghnite-H+ 
under MW irradiation.

Scheme 4
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narrow peaks at 1450 and 1500 cm-1. Phenyl rings always have a 
strong, sharp peak in the region of 700 to 800 cm-1. Also, phenyl 
rings almost always show jagged craziness (it’s weak) between 
2000 and 1650 cm-1[31,32].

Proposed mechanism
There is a strong possibility of generation of benzonyl nitrene 
from aniline and dibromoethane in the presence of maghnite-
Na+ (clay). Initial step of the reaction is the abstraction of the Br- 
ion by the clay which subsequently loses NaBr to form the nitrene 
with evaporation of HBr (Schemes 3 and 4).We observed that the 
solution becomes very turbid at the end of the reaction which is 
due to the precipitation of NaBr [33,34].

Conclusion
In this study, we have developed a new method for the synthesis 
of N-phenyl aziridine and synthesized two N-substituted aziridine 

derivatives of the same nature. In the first reaction we started 
by the aziridation of aniline with ethylene glycol and in the other 
by the aziridation of aniline with dibromoethane. The method 
developed in this study begins with the direct cyclization of aniline 
under the effect of maghnite-Na+ (basics clay fin) in free solvent. 
The reaction of dialcohols or dibromo compounds with aliphatic 
or aromatic primary amines gave the same aziridine (N-phenyl 
aziridine) in a yield of 88.7% to 88.8%.The main advantage of our 
reaction is in free solvent, catalyzed by green catalyst and the 
time (reactions are finished in 5 MN under MW).The aziridination 
method described afforded very good yields of easily purified 
products using only a slight excess of sodium hydroxide 

Acknowledgment
All our gratitude to the anonymous refers for their careful reading 
of the manuscript and valuable comments which helped in 
shaping this paper to the present form.

REFERENCES
1 Seon Oh Y, Kotani S, Sugiura M, Nakajima M (2010) Development 

of chiral dinitrones as modular Lewis base catalysts: asymmetric 
allylation of aldehydes with allyltrichlorosilanes. Tetrahedron 
Asymmetry 21: 1833-1835

2 Denise B, Parlier A, Rudler M, Vaissermann J, Daran JC, et al. (1988) 
Carbene-complex-promoted ring expansion of aziridine: formation 
of the 1-azabicyclo [4.3.0] ring system by a double alkyne and 
a single carbon monoxide insertion reaction. J Chem Soc Chem 
Commun 19:1303.

3 Baldwin JE, Adlington RM, O’Neil IA, Schofield C, Spivey AC, et al. 
(1989) J Chem Soc Chem Commun 23:1852.

4 Kobayashi S, Jorgensen KA (2002)Cycloaddition Reactions in Organic 
Synthesis .Wiley-VCH, Weimheim,USA.

5 Tanner D, Andersson PG, Harden A, Somfal P, Kurihara M, et al. 
(1994) C2-symmetric bis(aziridines): A new class of chiral ligands 
for transition metal-mediated asymmetric synthesis. Tetrahedron 
Letters 35:4631-4634.

6 Leeson PD, James K, Carling RW, Moore KW, Smith JD, et al. 
(1990) Transannular cyclizations of 5 (hydroxyamino)dibenzo[a,e]
cyclooctatrienes Regioselective synthesis of dibenzohomotropane 
analogs. The Journal of Organic Chemistry 55:2094-2103.

7 Sepulveda-Arques J, Armero-Alarte T, Acero-Alarcon A, Zaballos-
Garcia E, Solesio BY, et al. (1996) Stereoselective ring transformation 
of n-alkyl aziridines into oxazolidin-2-ones.Tetrahedron 52: 2097-
2102.

8 Narayan S, Muldoon J, Finn MG, Fokin VV, Kolb HC, et al. (2005) Cover 
Picture: “On Water”: Unique Reactivity of Organic Compounds in 
Aqueous Suspension. Angew Chem Int Ed 44: 3157-3157.

9 Loeppky RN, Feng Q, Srinivasan A, Glaser R, Barnes CL, et al. (1991) 
Nitrosoaziridinium ion isomerization: dihydrodiazete-N-oxides and 
azoxyalkenes from aziridine nitrosation. J Am Chem Soc 113:2308- 
2309.

10 Maligres PE, See MM, Askin D, Reider PJ (1997) Nosylaziridines: 
Activated aziridine electrophiles. Tetrahedron Lett 38:5253-5256.

11 Raspertova I, Osetska O, Gubina K, Lampeka R (2011) Synthesis and 
study Co, Mn, Cu, Ni and UO2-ion coordination complexes with 
aliphatic dinitrones. Polyhedron 30:2320-2325.

12 Padwa A, Pearson WH (2003) Synthetic Application of 1,3-Dipolar 
Cycloaddition Chemistry toward Heterocycles and Natural Products. 
Wiley publishers, New Jersey.

13 Ohno H, Toda A, Fujii N, Miwa Y, Tage T, et al. (1999) Sterically 
congested chiral activated aziridines: Synthesis of both 2,3-cis- and 
2,3-trans-2-alkenyl-3-alkylaziridines from common intermediates. 
Tetrahedron Lett 40:1331-1334.

14 Miyamoto Y, Wada N, Soeta T, Fujinami S, Inomata K , et al. 
(2013) One-Pot Stereoselective Synthesis of 2-Acylaziridines and 
2-Acylpyrrolidines from N-(Propargylic)hydroxylamines. Chemistry-
An Asian Journal 8:824-831.

15 Evans DA, Faul MM, Bilodeau MT, Anderson BA, Barnes DM 
(1993) Bis(oxazoline)-copper complexes as chiral catalysts for the 
enantioselective aziridination of olefins. J Am Chem Soc 115:5328-
5329.

16 Ishikawa T, Kudoh T, Yoshida J, Yasuhara A, Manabe S, et al. (2002) 
Dicobalt Octacarbonyl Promoted Rearrangement of 4-Isoxazolines 
to Acylaziridines:  Dramatic Rate Acceleration with Very High 
Substrate Tolerance. Organic Letters 4: 1907-1910

17 Lee HY, Lee S, Kim D, Kim BK, Bahn JS, et al. ( 1998) Total synthesis 
of α-cedrene: A new strategy utilizing N-Aziridinylimine radical 
chemistry. Tetrahedron Lett 39:7713-7716.

18 Palacios F, Ochoa de Retana AM, de Marigorta EM, de los Santos JM 
(2001) 2H-Azirines as Synthetic Tools in Organic Chemistry. Eur J Org 
Chem 2401-2414.

19 Tanaka K, Ohsuga M, Sugimato Y, Okafuji Y , Mitsuhashi K (1988) 
Applications of the fluorinated 1,3-dipolar compounds as the 
building blocks of the heterocycles with fluorine groups. Part XII. 
Synthesis of trifluoromethylisoxazolines and their rearrangement 
into trifluoromethylaziridines. J Fluorine Chem 39:39-45.

20 Padwa A (2008) In Comprehensive Heterocyclic Chemistry. Elsevier, 
New York.

21 Pinho e Melo TMVD, Lopes CSJ, AM d’A Rocha Gonsalves (2000) 



2019
Vol. 5 No.1:1

6                                                                                                                                                                   This article is available in: http://green-chemistry.imedpub.com/archive.php

Trends in Green Chemistry
ISSN 2471-9889

Synthesis and reactivity of 2-halo-2H-azirines towards nucleophiles. 
Tetrahedron Lett 41:7217: 7220.

22 Chakraborty B, Rai N (2008) synthesis of some new class of Isoxazoline 
derivatives and their functionalization to 1,3 -amino Ketones: A new 
Approach. George Thieme-Verlag, Stuttgart, Germany.

23 Atkinson RS, Draycott RD, Hirst DJ, Parratt MJ, Raynham TM (2002) 
Completely diastereoselective aziridination of α,β-unsaturated 
acids via intramolecular reaction of 3-acetoxyaminoquinazolin-
4(3H)-ones. Tetrahedron Lett 43-2083: 2085.

24 Baldwin JE, Pudussery RG, Qureshi AK, Sklarz B (1968) Valence 
rearrangement of hetero systems. The 4-isoxazolines. J Am Chem 
Soc 90: 5325-5326.

25 Andrews DR, Dahanukar VH, Eckert JM, Gala D, Lucas BS, et al. 
(2002) Reaction of aziridinium ions with organometallic reagents: 
optimization of the key step of ecopipam synthesis. Tetrahedron 
Lett 43:6121- 6125.

26 Gayon E, Debleds O, Nicouleau M, Lamaty F, Van derLee A, et 
al. (2010) Highly Diastereoselective Baldwin Rearrangement of 
Isoxazolines intocis-Acylaziridines. J Org Chem 75:6050-6053.

27 Fioravanit S, Morreale A, Pellacani L, Tardella PA (2003) Reagent-
controlled diastereoselective aminations with a new chiral 
nosyloxycarbamate. Tetrahedron Lett 44:3031- 3034.

28 Chakraborty B, Sharma PK, Chhetri MS (2012) High Yield One-Pot 
Synthesis of Some NovelN-Methyl Isoxazolidine Derivatives UsingN-
Methyl-α-chloro Nitrone in Water. J Heterocycl Chem 49:1260-1265.

29 Vitis LD, Florio S, Granito C, Ronzini L, Troisi L, et al. (2004) 
Stereoselective synthesis of heterosubstituted aziridines and their 
functionalization. Tetrahedron 60:1175-1182.

30 Padwa A (2008) In Comprehensive Heterocyclic Chemistry. Elsevier, 
Amsterdam.

31 Bergmeier SC, Katz SJ, Huang J, McPherson H, Donoghue PJ, et 
al. (2004) Intramolecular cyclization reactions of aziridines with 
π-nucleophiles .Tetrahedron Lett 45: 5011- 5014.

32 Mita T, Fujimori I, Wada R, Wen J, Kanai M, et al. (2005) Catalytic 
Enantioselective Desymmetrization ofmeso-N-Acylaziridines with 
TMSCN. J Am Chem Soc 127:11252.

33 Hodgson DM, Stefane B, Miles TJ, Witherington J (2004) Unsaturated 
1,2-amino alcohols and ethers from aziridines and organolithiums. 
Chem Commun 2234-2235.

34 Deshong P, Li W, Kennington JW, Ammon HL, Leginus JM (1991) 
A nitrone-based cycloaddition approach to the synthesis of the 
glycosyl system of nogalomycin, menogaril, and their congeners. J 
Org Chem 56:1364-1373.


