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Ionic liquids based on three-membered ring aziridinium cations have been synthesized for the first time
using a straightforward synthetic route. N-butyl-N-methylaziridinium bis(trifluoromethanesulfonyl)imide,
N-propyl-N-ethylaziridinium bis(trifluoromethanesulfonyl)imide, N-butyl-N-[2-(2-methoxyethoxy)ethyl]aziri-
dinium bis(trifluoromethanesulfonyl)imide, N-butyl-N-methylaziridinium dicyanamide, and N-butyl-N-
ethylaziridinium dicyanamide were thus obtained in good yields and satisfactory purity and fully characterized.

J. Heterocyclic Chem., 49, 652 (2012).

INTRODUCTION

Ionic liquids (ILs) are room temperature fluids consti-
tuted of a bulky and asymmetric organic cation associated
with a small organic or inorganic anion. Interests in
ILs have steadily grown in recent years, because their
unique solvent properties provide the possibility for clean
manufacturing in chemical industry [1-3]. Regularly, vari-
ous publications and patents report novel applications of
ILs such as catalytic synthesis [4-7], separation [8—11],
polymerization [12], nanotechnology [13], biocatalysis
[14,15], composite preparation [16], and renewable re-
source utilization [17,18]. To date, there have been numer-
ous commercial applications since BASF’s (Badische
Anilin und Soda-Fabrik) first successful use of an IL in
2003 [19]. Because of their unique physicochemical prop-
erties [20] ionic liquids have been regarded as promising
candidates for lithium battery electrolytes. Conventional
nonaqueous organic electrolytes are widely used in com-
mercial Li-ion batteries, however, these organic solvents
are volatile and in many cases highly flammable. Li-ion
batteries using these electrolytes can become dangerous
when subjected to extreme conditions. Furthermore,
because of insufficient electrochemical stability electrolyte
decomposition may occur, accompanied by an irreversible
consumption of electrolyte and lithium, which leads to a

decrease of the specific energy of the battery and overall
performance [21,22]. Therefore, the search for new electro-
Iyte systems and optimization of conventional electrolytes
is an important research area in the Li battery industry.
Room temperature ionic liquids (RTILs) have advantages
of nonflammability, high electrochemical stability, and
negligible vapor pressure [23-25]. Application of RTILs
as electrolytes in Li-ion batteries may completely solve
the safety problems [26-28] and suppress the strong inter-
facial reactions. 1-Ethyl-3-methylimidazolium-based IL
electrolytes have the virtue of low viscosity and high con-
ductivity. However, practical application of imidazolium
RTILs in 4 V Li-ion batteries seems to be difficult because
of their narrow electrochemical window (ca. 4.2 V) to with-
stand cathodic reduction and anodic oxidation [29]. ILs with
more stable cations such as cyclic tetraalkylammonium
show wider electrochemical windows (often more than
5 V) [30-32]. An ionic liquid capable of operating as sup-
porting electrolyte for 4-V-class rechargeable Li batteries
must have the following properties: (i) a low melting point
to operate over a wide range of temperature, (i) a weakly
coordinating nature for its anion to depress ion pairing,
(iii) a low viscosity at room temperature to enhance the
mobility of ionic species, and (iv) a large electrochemical
window that allows the Li*/Li redox reaction taking place
in both the anode and the cathode sides to be reversible.
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Scheme 1. Synthesis of N-alkylaziridines.
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Concerning the anion, the bis(trifluoromethanesulfonyl)
imide ion ([(CF3S0,),N)], TESI) has been mentioned as
a promising candidate because of both its electrochemical
stability and its weakly coordinating capability [30].
Concerning the viscosity lowering, the dicyanamide ion
([(CN),N]~, DCA) also appears to be promising [33].
The length of the alkyl arms brought by the nitrogen atom
of the heterocyclic ring of the cation has also influence on
the above properties. As a rule, the alkyl groups should
have lengths different enough to avoid cation symmetry,
whereas maintaining a small ion size to favor low viscosity
[34]. Furthermore, introduction of oxygen atoms in the
alkyl side-chains is also known to lower the IL’s viscosity
in the case of cyclic quaternary ammonium cations [31].

Recent research has also focused on the ILs for electric
double-layer capacitors, usually named supercapacitors.
Although batteries store energy in chemical reactions,
capacitors store it in surface charges, so they can provide
rapid bursts of power. Such power storage devices, when
involving porous materials with high surface areas serving
as electrodes, fill the gap between dielectric capacitors and
traditional batteries, and usually require salts dissolved in a
solvent having a high dielectric constant. However, the use
of solvent-free ILs enables to reach the high cell voltages
necessary for increasing energy.

One of the more promising classes of ILs as electrolytes
seems to be that containing the N-methyl-N-alkylpiperidinium
and pyrrolidinium cations [31]. Application of these ionic
liquids into Li-ion batteries seems to be more practical
[35-38]. In this paper, we synthesized several new ILs
based on three-membered ring aziridinium cations to
compare their electrochemical properties with their five-
membered ring pyrrolidinium homologs.

RESULTS AND DISCUSSION

The preparation of N-Alkyl-N-alkyl’-aziridinium ions
has been scarcely reported in the literature [39] because
of the lack of general synthetic access to their precursor
N-alkylaziridine [40]. However, N-butylaziridine may con-
veniently be prepared by cyclization of the corresponding
2-(butylamino)ethanol [41,42]. As large quantities of
N-alkylaziridines were required in this work, an efficient
laboratory procedure was developed from commercially
available 2-(alkylamino)ethanols by modification of the
Wenker’s general method [43]. A 2-(alkylamino)ethanol
was treated with concentrated chlorosulfonic acid at high
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temperature under vacuum to give the inner salt of the
sulfate ester. This intermediate was then treated in situ with
a concentrated solution of sodium hydroxide from which
the corresponding N-alkylaziridine was collected by steam-
distillation as a pure product (Scheme 1). N-butyl- and N-
ethylaziridines were synthesized using this procedure with
moderate but reproducible yields.

N-alkyl-N-alkyl’-aziridinium iodides were synthesized
by a modification of the Graetzel’s quaternization method
[44]. An alkyliodide and a slight excess of N-alkylaziridine
were mixed and stirred at room temperature without sol-
vent. Evaporation under vacuum of the excess of aziridine
gave high yield of the pure expected compounds (Scheme 2).
2-(2-Methoxyethoxy)ethyl iodide was synthesized in two
steps from 2-(2-methoxyethoxy)ethanol (Scheme 3).

N-Alkyl-N-alkyl’-aziridinium TFSI ILs were synthe-
sized by mixing two equimolar aqueous solutions of
N-alkyl-N-alkyl’-aziridinium iodide and lithium TFSI
according to a published method with modification
[30]. N-Alkyl-N-alkyl’-aziridinium DCA ILs were syn-
thesized by mixing an aqueous solution of N-alkyl-N-
alkyl’-aziridinium iodide and silver dicyanamide
(AgDCA) according to a published method with modifi-
cations (Scheme 4; ref. [41]).

Using this methodology, five ILs have been synthe-
sized: N-butyl-N-methylaziridinium TFSI, N-propyl-N-
ethylaziridinium TFSI, N-butyl-N-[2-(2-methoxyethoxy)
ethyl]aziridinium TFSI, N-butyl-N-methylaziridinium
DCA, and N-butyl-N-ethylaziridinium DCA.

The physicochemical data of these compounds are
reported in Table 1. The structure and composition of the
salts prepared were confirmed by elemental analysis and
by NMR spectroscopy. The thermal properties of the salts
prepared were characterized by differential scanning calo-
rimetry (mp). For salts that are liquid at room temperature,
their dynamic viscosity (1) and ionic conductivity (G) were
measured at 25°C. Electrochemical windows AE were also
determined.

Scheme 2. Synthesis of the N-alkyl-N-alkyl’-aziridinium iodides.
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Scheme 3. Synthesis of 2-(2-methoxyethoxy)ethyl iodide.

Scheme 4. Synthesis of N-alkyl-N-alkyl’-aziridinium ionic liquids.
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The data reported in Table 1 indicate that some of
the aziridinium-based ILs synthesized are liquid at room
temperature with quite low melting points. However, their
viscosities are relative high (on comparison with N-butyl-
N-methylpyrrolidinium TESI). As a direct consequence,
the conductivity is low (this value depends on the ions
mobility). Furthermore, the electrochemical windows,
situated around 2 V, are too narrow to be useful in battery
applications. This quite disappointing behavior may be
attributed to the flat nature of the aziridine ring favoring
some stacking of the molecules. A molecular modeling
such as that conducted on linear quaternary ammonium
IL [45] would probably be useful.

Further, to investigate the potentiality of the newly syn-
thesized aziridinium-based ILs, we examined the perfor-
mances of a double-layer capacitor composed of a pair of
activated carbon fabrics as electrodes and N-butyl-N-[2-
(2-methoxyethoxy)ethyl]aziridinium TFSI, which was
compared with the commonly used nonaqueous electrolyte

(0]
Nal 7/ NN\
e, 0

O
O>37 acetone
O/

N-butyl-N-methylpyrrolidinium TFSI. A Whatman GF/A
separator was plunged in the electrolyte and sandwiched
between two identical immersed carbon fabrics (9 mm in
diameter; 1700 m* g~ ') acting as composite electrodes.
The cell was assembled in a glove box under argon atmo-
sphere. The assembled cell was charged (discharged) by
applying a constant voltage: 2 V (0 V). The capacitance
was evaluated from the charge curve. The capacitance of
the aziridinium-based cell was estimated at 160 mC cmfz,
whereas that of the N-butyl-N-methylpyrrolidinium TESI cell
was measured at 820mC cm 2.

CONCLUSIONS

In this work, we have synthesized representative com-
pounds of a new family of room temperature ionic liquids
built from three-membered ring aziridinium cations. The
reactions involved were straightforward and efficient with
only a few by-products. The anions used were the weakly
coordinating TFSI and DCA. The high viscosities and nar-
row electrochemical windows of these new ionic liquids
restrict their potentials as electrolytes in Li-ion batteries
and in supercapacitors. However, applications in catalysis
or extraction may be found for this new class of ionic
liquids.

Table 1

Physicochemical properties of synthesized aziridinium-based ILs.

mp* (°C) n° (cP) c°(mS em ) E. (V) E, (V) AE (V)
N-Butyl-N-methylpyrrolidinium TESI® -19 76 2.6 -3.0 +2.0 5.0
N-Butyl-N-methylaziridinium TFSI 53 - - - - -
N-Propyl-N-ethylaziridinium TFSI 129 - - - - -
N-Butyl-N-[2-(2-methoxyethoxy)ethyl]aziridinium TFSI —60 650 0.21 —1.5 +0.5 2.0
N-Butyl-N-methylaziridinium DCA —25 1050 0.40 - - -
N-Butyl-N-ethylaziridinium DCA —49 320 0.60 —-1.7 +0.7 24

“Melting point.

"Viscosity at 25°°C.

“Specific conductivity at 25°°C.

9Data obtained from the literature [31].

Journal of Heterocyclic Chemistry

DOI 10.1002/jhet



May 2012

EXPERIMENTAL

Reagents and methods All solvent were freshly distilled
from the appropriate reagents before use. The alkyl iodides, 2-
(butylamino)ethanol, 2-(ethylamino) ethanol, chlorosulfonic
acid, 2-(2-methoxyethoxy)ethanol, p-toluenesulfonyl chloride,
and lithium bis(trifluoromethanesulfonyl)imide were purchased
from Sigma-Aldrich Chemical (Lyon, France) and used
without further purification. Unless otherwise specified, all
manipulations were carried out on a double manifold Schlenk
vacuum line under an atmosphere of nitrogen.

'"H-NMR (300 MHz, Me,Si) and ">C-NMR (150 MHz, Me,Si)
spectra were collected using a Bruker ADX-300 spectrometer.
J values are given in Hz. Infrared spectra were obtained using a
Perkin-Elmer Spectrum 100 Spectrometer. Microanalyses were
conducted at the CNRS Service Central d’Analyse, France.

Melting points were determined using differential scanning
calorimetry in a Perkin-Elmer Pyris 1 DSC equipped with a liquid
nitrogen cryostatic cooling. An average sample weight of 5-10 mg
was sealed in an aluminum pan and quenched initially to —100°C,
and then heated at a rate of 5°C min™".

Dynamic viscosities (1) were measured with a Brookfield
viscosimeter (model DV-III+) using 1 mL sample at 25°C.

Specific ionic conductivities (G) were measured by a conduc-
tivity meter (Radiometer Analytical, model CDM230) in a sealed
conductivity cell at 25°C.

The cathodic and anodic limits, E.. and E, (V), versus ferrocene
(Fe)/ferrocenium (Fc™) redox couple were investigated by linear
sweep voltammetry on a glassy carbon electrode.

N-Butylaziridine. Chlorosulfonic acid (213 mmol, 25 g) was
placed into a round bottomed flask and cooled to 0°C in an ice
bath. 2-(Butylamino)ethanol (213 mmol, 25 g) was placed in a
dropping funnel and added slowly to the acid while maintaining
the temperature at 0°C. After the addition, the mixture was
heated to 150°C under vacuum for 2 h. The reaction was
cooled, and water (30 mL) was added followed by an aqueous
solution of potassium hydroxide (60 g of KOH in 60 mL of
water). The alkaline solution was gently heated to ~120°C and
the desired product that distilled off was collected as a light
yellow mobile oil (12.3 g, 58%). Eb = 100-105°C [41].
dy(DMSO): 2.08 (2H, t, J = 7.1), 1.52 (2H, m), 1.42
(2H, m), 1.33 (2H, m), 1.00 (2H, m), 0.87 (3H, t, J = 7.2).
3c(DMSO): 62.2, 30.0, 28.1, 21.4, 14.8. Found: C, 72.37; H,
13.35; N, 14.23. Calc. for C¢Hi3N: C, 72.67; H, 13.21; N,
14.12%.

N-Ethylaziridine. N-Ethylaziridine was obtained using a
similar procedure as described for N-butylaziridine (7.2 g,
46%). Eb = 45-50°C. 6x(DMSO): 2.11 (2H, q, J = 7.1),
1.52 2H, m, J = 23), 1.03 3H, t, J = 7.1), 0.99 (2H, m,
J = 2.3); 8c(DMSO): 57.3, 27.1, 14.5. Found: C, 67.23; H,
12.91; N, 19.51. Calc. for C4HoN: C, 67.55; H, 12.75; N,
19.69%.

N-Butyl-N-methylaziridinium iodide. N-Butylaziridine
(20 mmol, 2.0 g) was cooled in an ice bath and iodomethane (18
mmol, 2.5 g) was slowly added while stirring. Following the
addition, the reaction was stirred for 24 h at room temperature. After
this time the reaction volume was reduced under high vacuum (1
mmHg), leaving the desired product as a white solid (4.1 g, 95%).
du(DMSO): 3.66 (4H, m), 3.52 (2H, m), 3.25 (3H, s), 1.63 (2H, m),
1.26 2H, m), 0.92 (3H, t). Found: C, 34.50; H, 6.23; N, 5.85; 1,
52.67. Calc. for C;H ¢NI: C, 34.87; H, 6.69; N, 5.85; 1, 52.63%.
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N-Propyl-N-ethylaziridinium iodide. N-Ethylaziridine (42 mmol,
3.0 g) was mixed with iodopropane (38 mmol, 6.5 g) and stirred for 24
h at room temperature. After this time, the reaction volume was
reduced under high vacuum (1 mmHg) leaving the desired product
as a white solid (8.7 g, 95%). du(DMSO): 3.75 (4H, s), 3.57 (2H,
m), 3.40 (2H, m), 1.63 (2H, m), 1.23 (3H, m), 0.95 (3H, m).
Found: C, 34.55; H, 7.01; N, 5.12; 1, 52.42. Calc. for C;H(NI: C,
34.87; H, 6.69; N, 5.85; 1, 52.63%.

N-Butyl-N-ethylaziridinium iodide. N-Ethylaziridine (42 mmol,
3.0 g) was mixed with iodobutane (36 mmol, 6.6 g) and stirred
for 24 h at room temperature. After this time, the reaction
volume was reduced under high vacuum (1 mmHg) leaving the
desired product as a white solid (8.7 g, 95%). 6g(DMSO): 3.71
(4H, m), 3.51 (2H, m), 3.28 (2H, m), 1.63 (2H, m), 1.30
(2H, m), 1.23 (3H, t), 0.97 (3H, t). Found: C, 36.96; H, 6.85;
N, 5.72; 1, 49.37. Calc. for CgH¢NI: C, 37.66; H, 7.11; N,
5.49;1, 49.74%.

2-(2-Methoxyethoxy)ethyl iodide. 2-(2-Methoxyethoxy)ethanol
(0.54 mol, 65 g) was dissolved in dry ether (500 mL), and powdered
potassium hydroxide (0.5mol, 28 g) and p-toluenesulfonyl chloride
(0.5 mol, 95.3 g) were added. The suspension was vigorously stirred
at room temperature for 10 h under nitrogen. The mixture was then
filtered, and the filtrate washed with water (3 x 50 mL) then
dried under MgSO, before concentrating under vacuum to
leave raw 2-(2-methoxyethoxy)ethyl-p-toluene sulfonate (118 g,
86%). This product (118 g, 0.43 mol) was dissolved in dry
acetone (250mL) and sodium iodide (0.5 mol, 75 g) was
added. The solution was stirred at room temperature under
nitrogen in the dark for 24 h. The solvent was evaporated
under vacuum to give a colorless liquid that was distilled
(82 g, 77%; Eb = 120°C at 20 mmHg) [40]. 6u(CDCl;):
3.28 (2H, t), 3.42 (3H, s), 3.55 (2H, t), 3.68 (2H, t), 3.75
(2H, t). Found: C, 26.50; H, 4.11; I, 55.42. Calc. for
CsH; 0,0 C, 26.10; H, 4.82; O, 13.91; I, 55.16%.

N-Butyl-N-[2-(2-methoxyethoxy)ethyl]aziridinium iodide.
N-Butylaziridine (200 mmol, 19.8 g) was added to 2-(2-
methoxyethoxy)ethyl iodide (180 mmol, 41 g), and the
reaction was stirred for 24 h at room temperature. After this
time, the reaction volume was reduced under high vacuum
(1 mmHg) for 24 h resulting in a white solid (57 g, 96%).
du(CDCly): 3.73 (4H, m), 3.52 (2H, t), 3.35 (2H, m), 3.29
(2H, t), 3.27 (2H, t), 3.19 (2H, t), 1.63 (2H, m), 1.26 (2H,
m), 1.23 (3H, t), 0.95 (3H, t). Found: C, 40.23; H, 7.36; N,
4.50; 1, 38.22. Calc. for C;HpyNO,I: C, 40.13; H, 7.35; N,
4.25; 0, 9.72; 1, 38.55%.

N-Butyl-N-methylaziridininm bis(trifluoromethanesulfonyl)
imide. N-Butyl-N-methylaziridinium iodide (15.3 mmol, 3.7 g)
was dissolved in distilled water (100 mL), and lithium bis
(trifluoromethanesulfonyl)imide (15.3 mmol, 4.4 g) dissolved in
water (20 mL) was added. The solution was vigorously stirred for
1 h then allowed to stand. A pale yellow phase, which separated
from the water layer, was collected and washed three times with
distilled water. The ionic liquid product was dissolved in ethanol
and passed through a plug of basic alumina and charcoal. The
liquid volume was reduced under high vacuum (1 mmHg) for 1
week and the final product stored under dry nitrogen (5.8 g, 96%).
Su(DMSO): 3.66 (2H, m), 3.52 (2H, m), 3.25 (2H, m), 3.01
(3H, s), 1.63 (2H, m), 1.26 (2H, m), 0.92 (3H, t). Found: C,
27.71; H, 4.23; N, 7.41; S, 15.61; F, 2853. Calc. for
CoH6N>O4F¢S5: C, 27.41; H, 4.09; N, 7.10; O, 16.23; S, 16.26;
F, 28.90%.
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N-Propyl-N-ethylaziridinium bis(trifluoromethanesulfonyl)
imide. N-Propyl-N-ethylaziridinium iodide (8.3 mmol, 2.0 g) was
dissolved in water (25 mL) and a solution of lithium bis
(trifluoromethanesulfonyl)imide (8.3 mmol, 2.4 g) dissolved in
water (20 mL) was added. The reaction was stirred for 4 h, then
the water layer was decanted off and the remaining oil was
washed three times with water. The remaining product was
dissolved in a small amount of acetone and filtered, the filtrate
volume was reduced under high vacuum (1 mmHg) for 1 week
and the final product stored under dry nitrogen (3.1 g, 94%).
du(DMSO): 3.66 (2H, m), 3.52 (2H, m), 3.25 (2H, m), 3.21 (2H, m),
1.62 (2H, m), 1.28 (3H, t), 0.96 (3H, t). Found: C, 27.85; H, 4.34;
N, 7.32; S, 15.74; F, 28.62. Calc. for CoH¢N,O4FsSy: C, 27.41;
H, 4.09; N, 7.10; O, 16.23; S, 16.26; F, 28.90%.

N-Butyl-N-[2-(2-methoxyethoxy)ethyl]aziridinium
bis(trifluoromethanesulfonyl)imide. N-Butyl-N-[2-(2-
methoxyethoxy)ethyl]aziridinium iodide (82 mmol, 27 g) was
dissolved in distilled water (100 mL), and lithium bis
(trifluoromethanesulfonyl)imide (82 mmol, 23.5 g) dissolved in
water (20 mL) was added. The solution was vigorously stirred for
1 h, and then allowed to stand. A pale yellow phase, which
separated from the water layer, was collected and washed three
times with distilled water. The ionic liquid product was dissolved
in ethanol and passed through a plug of basic alumina and
charcoal. The liquid volume was reduced under high vacuum
(1 mmHg) for 1 week and the final product stored under dry
nitrogen (36 g, 91%). dx(CDCly): 3.66 (4H, m), 3.48 (2H, t), 3.25
(2H, m), 3,21 (2H, t), 3.18 (2H, t), 3,01 (2H, 1), 1.55 (2H, m),
1.16 (2H, m), 1.20 (3H, t), 0.91 (3H, t). Found: C, 32.82; H, 5.58;
N, 5.38; S, 13.27; F, 23.03. Calc. for C;3H,4N,O6F¢S,: C, 32.36;
H, 5.01; N, 5.81; O, 19.90; S, 13.29; F, 23.63%.

N-Butyl-N-methylaziridinium dicyanamide. Sodium
dicyanamide (4.5 mmol, 0.4 g) dissolved in water (20 mL) was
added to a solution of silver nitrate (4.5 mmol, 0.77 g) in
water (30 mL). The white precipitate, which immediately
formed, was collected via filtration and washed with water [42].
The AgDCA precipitate was added to a solution of N-butyl-N-
methylaziridinium iodide (4.1 mmol, 1.0 g) in water (20 mL).
The mixture was stirred for 3 h at 40°C, and it gradually turned
pale yellow (due to the formation of Agl). The mixture was
cooled and filtered, and the volume reduced under high vacuum.
Acetone was added to the remaining oil to precipitate any
remaining silver iodide or AgDCA (0.7 g, 92%). dy(DMSO):
3.66 (2H, m), 3.52 (2H, m), 3.25 (2H, m), 3.01 (3H, s), 1.63
(2H, m), 1.26 (2H, m), 0.92 (3H, t). Found: C, 59.26; H, 8.95;
N, 31.15. Calc. for CoH ¢Ny: C, 59.97; H, 8.95; N, 31.08%.

N-butyl-N-ethylaziridinium dicyanamide. Sodium
dicyanamide (15.7 mmol, 1.4 g) dissolved in water (30 mL)
was added to a solution of silver nitrate (15.7 mmol, 2.7 g) in
water (30 mL). The white precipitate, which immediately formed,
was collected via filtration and washed with water. The AgDCA
precipitate was added to a solution of N-butyl-N-ethylaziridinium
iodide (14.5 mmol, 3.7 g) in water (30 mL). The mixture was
stirred for 3 h at 40°C, and it gradually turned pale yellow (due
to the formation of Agl). The mixture was cooled and filtered
and the volume reduced under high vacuum. Acetone was added
to the remaining oil to precipitate any remaining silver iodide or
AgDCA (2.6 g, 93%). d5(DMSO): 3.66 (2H, m), 3.52 (2H, m),
3.25 (2H, m), 3.21 (2H, m), 3.01 (3H, s), 1.63 (2H, m), 1.26 (2H,
m), 0.92 (3H, t). Found: C, 61.45; H, 9.77; N, 28.24. Calc. for
CioHsNy: C, 61.82; H, 9.34; N, 28.84%.
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