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Within the development of chemical processes, according to Green Chemistry and Engineering guidelines, the
use of solvents, given their toxicity, must be greatly reduced or eliminated. Reactions, realized in the absence
of solvent or using water, would be desirable. Unfortunately, these two alternatives are not always viable due
to two main reasons: (1) the use of a solvent is mainly necessary to facilitate the mass and heat transfer; (2)
water is an impractical solvent for organic transformations because most organic compounds are insoluble or
have a low solubility in water. As a consequence, many efforts are being made to find less harmful reaction
medium. Recently, a new generation of lonic Liquids with a functional group incorporated in the side chain to
meet the needs of specific reactions (TSILs) is gaining increasing interest, as they enclose both solvent and
catalytic properties. In this context, a new basic type of lonic Liquids (BILs), incorporating a 3-amino group in
the side chain was introduced (Primerano et al., 2013). In this paper the synthesis and use of a new IL of the
above class, containing the acetate as anion, together with an estimate of related E-factors is presented.
Some comments about the increasing environmental sustainability for the processes due the use of the
previous and novel BILs in water are given.

1. Introduction

lonic Liquids (ILs) continue to attract considerable attention in the context of green organic syntheses, due to
their unique physical and chemical properties (low volatility and flammability, thermal stability, controlled
miscibility and their ability to be easily recovered and recycled many times over). In this frame, popular
imidazolium-based ILs (Safaei-Ghomi et al., 2010; Sarkar et al. 2011a, Sarkar et al. 2011b) play an important
role within the class of Room-Temperature lonic Liquids (RTILs), because of their wide use in many different
areas, such as solvents in organic syntheses, polymerizations, nanoparticles’ syntheses, in analytical
chemistry, in extraction processes, as catalysts to improve the reaction time, the yield and the
chemoselectivity of organic reactions (Yu et al. 2010), as enzyme-friendly co-solvents and as lubrificant; they
are also used in batteries, in hydrocarbon petroleum industries as green solvents (Dharaskar Swapnil, 2012),
etc. Despite these successes, some drawbacks begin to emerge, which in some regard can limit their
“greenness”, such as their toxicity and/or thermal instability. Unfortunately, almost all the current ILs have no
available supporting toxicological data, furthermore decomposition/degradation processes have not been
sufficiently investigated. Moreover, most of the current synthetic protocols occur by using multi-step synthesis
with hazardous reagents (as alkyl halides) in organic solvents and complex purification processes. Nowadays,
as new protocols of synthesis that use less hazardous reagents in DMC (dimethyl carbonate) begin to appear
(Holbrey et al., 2002; Wasserscheidet al., 2003), the replacement of hazardous and toxic organic solvents with
less harmful ones has not yet found satisfactory solutions. For these reasons, the development of new
approaches for the preparation and purification of ILs through simpler and more environmentally sustainable
procedures that are also cost/time and atom efficient would be desirable. This trend also follows the concept
of Inherently Safer Design (ISD) of chemical processes, which aim at achieving a higher level of safety by
giving emphasis on eliminating or avoiding the hazards from manufacturing processed rather than relying on
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controlling the hazards (Fabiano et al., 2012); this was pointed as a strategic research lines by De
Rademaeker et al. (2014).

Recently, Primerano et al. (2013) have proposed a synthesis of new ILs in aqueous solution characterized by
having an amino-tertiary aliphatic portion in the side chain. These showed a successful activity as promoters
of dibromination nucleophilic reactions of C = C bonds of electron-rich and poor-alkenes, as well as solvents.
Due to their potential characteristics of base-catalysts, they can replace external bases, which could lead to
unwanted products because of the acidic nature of the proton H-2 sandwiched between the two nitrogen
atoms of imidazolium cation (Canal et al., 2006; Aggarwal et al., 2002); given the potentials of such ILs, we
decided to broaden the range of this new class of composts by preparing an IL with the acetate as anionic
portion instead of BF4~ or PFe or ClO47, which are potential toxic. A preliminary estimate of the E-factor is also
presented in order to quantify the improvement of the sustainability in preparing these ILs.

2. Materials and methods
2.1 Materials

All solvents and reagents were obtained from commercial sources and, where necessary, they were purified
before use. Merck Kiesel gel 60F254 plates were used for TLC, and Merck Silica gel 60 (0.063-0.100 mm)
was used for flash column chromatography. IR spectra were recorded in Nujol with a Nicolet Impact 410D
spectrometer. "H and 3C NMR spectra were obtained on a Varian 500 MHz spectrometer. The chemical shifts
(6) and coupling constants (J) are expressed in ppm and hertz respectively. Microanalyses were carried out
on a Carlo Erba EA 1102.

2.2 General experimental procedures

2.2.1. Preparation of imidazolium acetate IL

N-Methylimidazole (1 mmol) was added to equivalent amounts of 2-(diethylamino) ethyl chloride hydrochloride
and NaOH in 5 mL water (Figure 1). The resulting mixture (~ 100 °C) was stirred at refluxing for 12 h. After
cooling at room temperature, an equivalent amount of sodium acetate (AcONa) was added and the stirring
was continued for further 1 h. The evaporation of water under vacuum left a solid residue, from which the IL
was extracted by warmed EtOH (yield = 93 %). As an alternative, the same IL was quantitatively prepared
from pure isolated imidazolium chloride IL (Primerano et al., 2014).

/=

NH* + NaOH

N
N Cl-
/S N\ \\
N-Methylimidazole

cl 2-(diethylaminojethyl chloride)

[ —— —
AcONa
— A
1 N
N + 100% N*
N
SN\ o S/ N\F aco-
Imidazolium Chloride IL Imidazolium Acetate IL
+ +
NaCl NaCl

Figure 1: Preparation of the imidazolium acetate IL
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Imidazolium acetate IL (93 %): [1H NMR, (300 MHz, CDCls): 8= 10.49 (s, 1H); 7.41 (d, J=1.69, 1H); 7.22 (d,
J=1.69, 1H); 4.24 (t, J=5.65, 2H); 3.93 (s, 3H); 2.72 (t, J=5.65, 2H); 2.4 (g, J=7.11, 4H); 1.84 (s, 3H); 0.82 (t,
J=7.11, 6H). 13C NMR, (75 MHz, CDCls): 8=177.52, 139.35, 122.54, 122.15, 52.77, 47.81, 46.77, 46.65,
36.08, 24.92, 11.55] C12H23N302 (%): caled C 59.75; H 9.54; N 17.43; found C 59.92; H 9.59; N 17.51.

2.2.2. General procedure for dibromination of alkenes

In a 25 mL flask containing imidazolium acetate IL (30 %) and water (5 mL), pure 1-octene or cyclohexene or
chalcone (3.0 mmol) was added. The flask was immersed in an ice-water bath to maintain the reaction mixture
between 0 °C and 10 °C. Under a continuous stirring, Br2 (3.0 mmol) was added dropwise by a syringe as
rapidly as the colour was destroyed. After all the bromine was added, stirring was continued for additional 15
minutes at room temperature (Figure 2). 1-trans-dibromo-cyclohexane and 1,3-diphenyl-trans-2,3-dibromo-1-
propanone (solids) were collected by filtration and purified by crystallization in the minimum amount of boiling
methanol (yield, respectively, 84 % and ~ 100 %), while the remaining aqueous solution containing
imidazolium acetate IL was ready for reuse. In the case of liquid 1,2-dibromooctane, the resulting mixture after
Br2 addition was extracted with ethyl acetate (3 times with 10 mL) and the extract was washed with water and
dried over anhydrous sodium sulfate (Na2S0Os4), while the remaining aqueous solution containing imidazolium
acetate IL was ready for reuse as above. The solvent evaporation left the crude product, which was purified by
flash chromatography over silica gel (hexane-ether 9:1) to provide pure 1,2-dibromo-octane (90 %) as a

colourless oil.
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Figure 2: Procedure for the dibromination of alkenes
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2.2.3. Synthesis of abromocyclohexen-2-one

Molecular Brz (1 mmol) was added dropwise using a syringe to a mixture of 2-cyclohexenone (1 mmol) and
imidazolium acetate IL (1.2 mmol) in water (5 mL). The resulting mixture was stirred at room temperature until
the reaction was completed (monitored by TLC), usually within 20 min and, then, extracted with ethyl acetate
(10 mL). The organic phase was washed with water! (10 mL) and dried over anhydrous sodium sulfate. The
solvent evaporation under vacuum left a crude product which was purified by flash chromatography over silica
gel (hexane-ethyl acetate 10:1) to provide in excellent yield (80 %) pure o-bromocyclohexen-2-one (Figure 3).
Its spectroscopic data (IR, 1H and 13C NMR) overlapped with those of an authentic sample (Bose et al., 2001;
Jyothi and HariPrasad, 2009; Ponaras and Zaim, 1986; Ye and Shreeve, 2004). The acidic aqueous phase,
instead, was treated with 10% NaOH until neutralization and, then, extracted with methylene chloride to
recover BIL that was reused for subsequent conversions.

0 ) O
) i C ? Br
K
Br r
0

2,3-dibromo-cyclohexane a—bromo-cyclohexen-2-one

Imidazolium Acetate IL

Figure 3: Synthesis of a-bromocyclohexen-2-one

2.3 E factor analysis

The E-factor (EF) is a parameter to measure the (potential) environmental acceptability of chemical processes.
It can be estimated as the mass ratio of waste (masswase) to desired product (masSproduct) Or as the total mass of
raw materials (massnput) minus the mass of product divided by the mass of product (Sheldon, 2010) (Eq. 1):

EF = Mass, qe _ rT]assnput - rnassprocluct

mass mass )

product product

The amount of waste includes reagents, solvent losses (water is excluded), by-products, process aids and
fuel; thus the EF is calculated by using the yield of the reaction.

The EFs was estimated for the following reactions for the alternative syntheses of ILs compared to those
synthesised by Primerano et al. (2013) and Primerano et al. (2014).

3. Results and discussion

The preparation of imidazolium acetate IL is a "one-pot" consecutive multicomponent transformation (Figure
1), which occurs in water and proceeds via the initial formation of the imidazolium choride IL and the
subsequent anion metathesis by addition of an acetate salt to the same reaction mixture.

Alternatively, the imidazolium chloride IL can be isolated and converted quantitatively in the imidazolium
acetate IL, according to the method of Primerano et al. (2014). By means of both methods, however, the pure
imidazolium acetate IL must be separated from NaCl by evaporation under vacuum of the aqueous medium
and subsequent extraction with warm EtOH. From environmental point of view, this preparation and the
previous one are less harmful than those conducted in organic solvents because a step of the whole
traditional synthesis is eliminated and also because the EtOH is easily recoverable and reusable.

The imidazolium acetate IL is liquid at room temperature, thus, it could be used as a solvent. It is miscible with
water and, at the same time, is able to solubilise organic compounds. It can be also considered in conducting
organic reactions in aqueous phase. With this background, given the nature of the anion, it was initially tested
for dibromination reactions in water of both selected electron-rich and -poor olefins (Figure 2). Results were

Ia preliminary washing with NaOH (10%) was needed to remove any traces of phenolic by-products (Belmont and Paquette, 1985).
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compared with those of the analogous ILs containing the anions PFs or BF4". Also these reactions efficiently
proceeded in water to give vicinal dibromides at room temperature without the need of other catalysts or
working in the dark, they also were completed in a short time, confirming once again the crucial role of the
amine side chain and not of the anionic portion in the dibromination reaction. The reaction with 2-
cyclohexenone is an exception: because its base-catalyst action under usual conditions (i.e. with the
imidazolium acetate IL, catalytic amount equal to 30 %), the expected product 2,3-dibromo-cyclohexane
(Nishiyama et al., 2000) was simultaneously obtained with another compound that was identified as o-
bromocyclohexen-2-one, on the basis of its spectroscopic data and analytical. Using, however, an equimolar
amount of 4, only a-bromocyclohexen-2-one was produced with acceptable yields (80 %), probably through
the scheme described in Figure 3.

Further, the addition of bromine is resulted completely stereoselective as previously reported: the cyclohexene
producing trans-dibromo-cyclohexane isomer and trans-chalcone lead to erythro 1,2-diphenyl-trans-2,3-
dibromo-1-propanone. By considering that the ILs containing PFe” or BF4~ can be toxic as they can generate
hazardous HF during recycling, they have high cost and limited disposability (Kamal et al., 2005) and the
complete observed diastereoselectivity, the synthesis and reactivity of this imidazolium acetate IL appears
interesting and overall environmentally benign compared with those of the previous synthesised ILs of the
same class (Primerano et al., 2013; Primerano et al., 2014). This statement is evident from the calculation of
the numbers of Sheldon given in Table1.

Table 1: Estimates of EF

Synthesis Yield EF Reference

Traditional synthesis of IL incorporating BF4 95 32.29 Primerano et al., 2013
Alternative synthesis of IL incorporating BF4- 95 6.55 Primerano et al., 2014
Synthesis of imidazolium chloride IL 95 0.48 Primerano et al., 2014
Synthesis of imidazolium acetate IL 93 0.63 Present work

4. Conclusions

An attempt was made to determine whether the imidazolium chloride IL can be used as solvent and catalyst.
The use of imidazolium chloride IL, as starting material for ILs, having in common the imidazolium cation, was
demonstrated (Primerano et al, 2014). For this purpose, the above reactions were repeated in the presence of
imidazolium chloride IL; the results agreed with those of imidazolium acetate IL showing, therefore, that it
remains unchanged and that the chloride anion does not enter into the side reactions to produce chlorinated
by-products. Moreover, this evidence suggests that the quality, as base-catalysts, of these ILs derives from
the side chain amino and not from the nature of the anion is suspected for the reactions with imidazolium
acetate IL.

The potential of these ILs for organic synthesis and other uses are actually studied in our laboratories.
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