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Basic imidazolium-based ionic liquids not only possess the extraordinary physicochemical properties of
ionic liquids, but also have excellent basicity and surfactivity. 1-Propyl-3-alkylimidazole hydroxide ionic
liquids ([PRIM][OHI]) were synthesized and their catalytic and surfactant behavior were studied in this
work. [PRIM][OH] owned excellent surfactivity, and their alkyl chains and ion pairs benefit hydrophobicity
and hydrophilicity respectively. The surfactivity of [PRIM][OH] increased with increasing alkyl chain
length. [PRIM][OH] showed better catalytic performance than NaOH in the condensation of 2-

aminobenzonitrile with cyclohexanone in aqueous medium, and the catalytic performance was well
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Accepted 25th October 2018 coincident with their surfactant behavior. [PRIm][OH] could decrease the interfacial tension of solvent

effectively and form micelles in water. The formed micelles could solubilise more reactants into water

DOI: 10.1039/c8ra06378h and effectively increase the chance of contact between reactants and catalytic active sites. The catalyst

rsc.li/rsc-advances

1 Introduction

Ionic liquids have attracted extensive attention in a variety of
fields owing to their extraordinary physicochemical properties,
such as wide liquid range, high thermal stability, powerful
solvent capacity, nonflammability, nonvolatility, and good
reusability. They can work as catalysts, environmentally-benign
solvents, green reaction media, electrolytes and surfactants in
various fields like organic synthesis,' catalytic chemistry,*
electrochemistry,* separation,” material preparation® and elec-
trophoretic displays.”® Moreover, their properties can be varied
to some extent for specific applications by changing their
structure.’

Although significant progress has been achieved in the study
of acidic and neutral ionic liquids, the reports on basic ionic
liquids are relatively rare. Basic ionic liquids have been reported
to promote reactions, such as Michael addition,* Markovnikov
addition™ and Knoevenagel condensation," and Henry reac-
tion,” and they have shown good catalytic efficiency and recy-
cling property. However, much attention has been focused on
their significant roles in controlling various organic reactions as
solvents and catalysts. Our understanding of how basic ionic
liquids control the desired reactions is very limited.
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dosage obviously affected catalytic performance. The catalytic system is a promising recyclable system.

Imidazolium-based ionic liquids are an important kind of
ionic liquid, and they usually consist of ion pairs and long alkyl
chains.”*® These ionic liquids with long alkyl chains could
aggregate together and form micelles in aqueous solution,
which favors the miscibility of immiscible substances due to the
solubilization effect of the micelles.***® For basic imidazolium-
based ionic liquids, they could own both basicity and
surfactivity.

Quinazolinones are important and useful nitrogen-
containing heterocyclic compounds and show diverse bioac-
tivities, including anti-bacterial, anti-inflammatory, anti-
tumor and anti-hypertensive.">* The traditional methods to
synthesize quinazolinones have many drawbacks like multi-
step procedures, high cost, toxic reagents, harsh reaction
conditions and poor yields.**?*® A condensation between 2-
aminobenzonitrile and carbonyl compounds was reported to
synthesize quinazolinones,” and alkaline catalysts, typically
NaOH or 1,8-diazabicyclo [5.4.0]Jundec-7-ene(DBU), are used to
promote this reaction. However, high corrosivity and difficult
recovery hinder the wide application. N-heterocyclic carbine
was used to catalyze in this reaction by our group, and the yield
of quinazolinone arrived 97%.'® Unfortunately, N-heterocyclic
carbene catalyst was easy to decompose and difficult to be
recycled. The aqueous solution of ionic liquid with both
basicity and amphiphilicity is potential efficient, green and
recoverable catalytic for the synthesis of
quinazolinones.

In this work, basic 1-propyl-3-alkylimidazolium hydroxide
ionic liquids ([PRIm][OH]) were synthesized and used to
promote the synthesis of quinazolinone in aqueous medium.
The influences of surfactant behavior and catalytic

system
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performance of the synthesized ionic liquids on this reaction
were investigated.

2 Experimental

2.1. Materials and reagents

1-Propylimidazole (98%) was purchased from Energy Chemical.
1-Bromopropane (99%), 1-bromohexane (=98%), 1-bromodo-
decane (99%) and 1-bromohexadecane (99%) were purchased
from Sinopharm Chemical Reagent Beijing Co. Ltd. Absolute
ether, hydrochloric acid, hydrogen nitrate, Na,CO; NaOH, and
AgNO; were analytically pure and purchased from Beijing
Chemical Works. Anion exchange resin, 2-aminobenzonitrile
and cyclohexanone were purchased from J&K Scientific Ltd.
Water used was distilled water.

2.2. Synthesis of basic ionic liquids

[PRIm][Br] (R: propyl, hexyl, dodecyl or hexadecyl) ionic liquids
were prepared through quaterisation. Equimolecular 1-propy-
limidazole and 1-bromoalkane (1-bromopropane, 1-bromohex-
ane, 1-bromododecane or 1-bromohexadecane) were mixed in
a three-necked flask and stirred at 60 °C for 24 h. After reaction,
the mixture was washed with absolute ether for five times for
the purification of [PRIm]|[Br] (R: propyl, hexyl, dodecyl). For
[PHeIm][Br], the washing process was carried out under —4 °C,
at which [PHeIm|[Br] would change into solid phase to facilitate
the separation of ionic liquid and solvent. Then [PRIm][Br] was
dried at 80 °C for 24 h to achieve the final ionic liquids. Finally,
an aqueous solution of [PRIm][Br] (0.1 g mL ") was then passed
through a column filled with strong basic anion exchange resin
to obtain an aqueous solution of [PRIm][OH]. HNO3/AgNO;
aqueous solution was used for judging of final completion of
ion exchange.

The [PRIm][OH] concentration of the obtained aqueous
solution were tested by neutralization titration using hydro-
chloric acid solution. Then a series of aqueous solution of
[PRIm][OH] with various concentration were prepared and used
in the following experiments and tests.

2.3. The condensation of 2-aminobenzonitrile with
cyclohexanone

The condensation reaction was performed at 60 °C in an
aqueous solution of [PRIm][OH] (or NaOH), which contained
0.4 mmol [PRIM][OH] (or NaOH), 1.0 mmol 2-amino-
benzonitrile and 1.5 mmol cyclohexanone (Scheme 1). The yield
of quinazolinone was determined by a Techcomp LC2000 HPLC
using an ultraviolet detector. A Kromasil 100-5 C18 column
(4.6 mm x 5 m x 250 mm) was used and the mobile phase was

aqueous solution of Q
basic ionic liquids (or NaOH) ©fu\NH
60°C N/%

H

(0]
CN
X+ O
NH,

Scheme 1 Condensation of
aminobenzonitrile.

cyclohexanone with 2-
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a weakly basic water/methanol mixture (50 : 50 v/v) at a flow rate
of 1.0 mL min~". The detection wavelength was 254 nm, and the
column was held at room temperature.

2.4. Characterization

Fourier transform infrared (FTIR) spectrometry analysis was
carried out on a NICOLET iS10 Fourier transform infrared
spectrometer (Thermo, America) in a frequency range of 400-
4000 cm ™" with a resolution of 4 cm ™", a scanning number of 16
and KBr as a reference. '"H NMR spectra of [PRIm][Br] were
tested on a varian mercury-plus 400 MHz nuclear magnetic
resonance spectrometer (Varian, America) using CDCl; as
solvent, and "H NMR spectra of [PRIm][OH] were performed on
a Ascend 400 MHz nuclear magnetic resonance spectrometer
using D,O as solvent. Surface tension values of aqueous [PRIm]
[OH] solution were tested on an QBZY automatic surface
tension instrument (Shanghai FangRui Instrument CO, LTD,
China) by Wilhelmy plate method. The instrument was adjusted
by standard weight before test, and distilled water was used as
test calibrant. Each solution was stirred to ensure the homo-
geneous mixing, and then was injected to a beaker with double-
wall casing. Water from a water bath was pumped round the
double walled casing with the aid of a SYC-1015D thermostat
(Gongyi City Yuhua Instrument CO, LTR, China), the tempera-
ture of which was kept constant within +0.1 °C of a desired
temperature. The surface tension measurements were carried
out at 60 °C and the measurements were repeated three times at
each step. A FE30 conductivity meter (Mettler Toledo, Switzer-
land) was used to test conductivity values of aqueous [PRIm]
[OH] solution. The current source was DC9v and the accuracy
level was 0.5. A series of aqueous [PRIm][OH] solution with
various concentration were prepared in advance and tested at
15 °C. The measurements were repeated three times. The size
analyses of ionic liquid micelles were carried out using a Nano
ZS particle size & zeta potential analyzer (Malvern, England) at
25 °C. A series of aqueous solution of [PRIm][OH] were prepared
in advance and tested at least three times for each sample.

3 Results and discussion

Chemical composition of the synthesized [PRIm][Br] ionic
liquids were analyzed by FTIR and "H NMR spectra, and shown
in Fig. 1. As shown in Fig. 1(a), 2960 cm ™', 2925 cm ™' and
2854 cm™ " were assigned to stretching vibration of saturated
C-H bond; 1464 cm ' was assigned to bending vibration of
saturated C-H bond; 1378 cm ™' was assigned to the symmet-
rical bending vibration of CHj; 721 cm ™" was assigned to swing
vibration of alkyl chain of (CH,), (n = 4); at the same time,
3062 cm ™' and 3130 cm~ ' were assigned to vibration of
unsaturated C-H bond; 1563 cm ™" was assigned to stretching
vibration of imidazole ring, 750 cm™ ' was assigned to the
bending vibration of imidazole ring. Besides, all of the
hydrogen atoms appeared in their "H NMR spectra (Fig. 1(b)).
The analyses above prove the formation of [PRIm][Br] ionic
liquid.

This journal is © The Royal Society of Chemistry 2018
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Fig. 1 FTIR (a) and 'H NMR (b) spectra of [PRIm][Br].

After the ion-exchange the [PRIm][OH] aqueous solutions
were obtained and their "H NMR spectra were shown in Fig. 2.
Compared with the "H NMR spectra of [PRIm][Br], all hydrogens
in cations showed up. However, the hydrogen assigned to N-
CH-N of imidazole ring was not so obvious and the peak
assigned to OH™ did not appear, which were due to the rapid
exchange of that H atom with D in D,0 solvent on the NMR time
scale.™ It could be seen that the cations in [PRIm][OH] preserve
their structure after the ion exchange process. Combined with
the disappearance of Br~ judged by HNO3/AgNO; aqueous
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Fig. 2 *H NMR spectra of [PRIm][OHI.
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solution, it could be concluded that the formation of [PRIm]
[OH].

The synthesized ionic liquids owned hydrophilic ion pairs
and hydrophobic alkyl groups, endowing them with amphi-
pathy. The obtained [PRIm][Br] and [PRIm][OH] could be dis-
solved in water easily, indicating their excellent hydrophilicity.
Besides, in the FTIR spectra of [PRIm][Br], the peaks of
3435 cm ™' and 1630 cm™ ' assigned to the stretching vibration
and bending vibration of O-H bond of absorbed water also
showed up, indicating the existence of absorbed water. It was
due to that [PRIm][Br] were apt to absorb water very easily.
Nevertheless, with the alkyl chain length increasing, the
intensities of these peaks decreased, meaning that the tendency
of absorbing water decreased. It proved that the alkyl group
favors the hydrophobicity of ionic liquids, and with the alkyl
chain length increasing, the hydrophobicity of ionic liquids
increases.

The amphipathic structure of [PRIm][OH]| provides the
possibility of their surfactivity. Micellization is an important
characterization of the surfactants, and critical micelle
concentration (CMC) of [PHIm][Br] and [PDoIm][Br] were tested
by conductance method and compared with the reported
values. As shown in Fig. 3 and Table 1, the CMC values of the
ionic liquids at 15 °C were close to the reported ionic liquids.
The CMC value of [PDoIm][Br] was derived by the equation
descripted as log(CMC) = A — BN,* where N is number of
carbon atoms in the chain, A and B are constant determined
from known values of CMC for one member of the series. The
calculated CMC value of [PDolm][Br] was between the CMC
values of 1-methyl-3-dodecylimidazolium bromide ([MDolm]
[Br]) and 1-methyl-3-tertadecylimidazolium bromide ([MTeIm]
[Br]) at 15 °C, which were reported to be 10.1 mmol L™ and
2.7 mmol L' respectively.?® This proved the accuracy of the
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Fig. 3 Plots of conductance against the concentration of ionic liquid
aqueous solution.
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Table 1 CMC values of [PRIm][Br]. The test temperature: 15 °C

Ionic liquids CMC (mmol L)

[PPIm][Br]* 239.2
[PHIm][Br]® 70.4
[PDoIm][Br]’ 6.1
[PHeIm][Br]* 1.2
[MDoIm][Br] 10.1
[MTelIm][Br] 2.7

“ Calculated values. ” Tested values. ¢ Reported values from ref. 31.

derivation. The [PRIm][Br] gave CMC values, and with carbon
numbers of the alkyl groups increasing, the CMC values of
[PRIm][Br] decreased greatly. It could be concluded that the
synthesized [PRIm][Br] own surfactivities, and their surfactiv-
ities increased with the alkyl chain length increasing.

Surface tension is another powerful tool to gain insight into
the surface activity of surfactants at various surfaces and
interfaces. The surface tension values of the aqueous solution of
[PRIm][OH] as a function of their concentration at 60 °C were
tested by Wilhelmy plate method and shown in Fig. 4(a). The
surface tension value of water tested at 60 °C is 66.28 mN m ™,
which is in good agreement with the reported value of water by
Vargaftik et al.** The surface tension value of aqueous solution
of NaOH is 48.10 mN m ™. Compared with aqueous solution of
NaOH, the surface tension value of aqueous solution of [PRIm]|
[OH] decreased rapidly, and the surface tension deviation
increased obviously with alkyl chain length increasing. It indi-
cates that [PRIm][OH] own excellent surfactivity, and the sur-
factivity increased obviously with alkyl chain length increasing.
Dynamic light scattering has been employed to gain insight into
the size of the formed micelles. Fig. 4(b) shows the light scat-
tering profiles for [PRIm]|[OH] at a concentration three times
that of their respective cmc values. It can be seen in Fig. 4(b)
that the formed micelles exhibit hydrodynamic diameters,
proving the existence of micelles.

The surfactant behavior and catalytic performance of basic
ionic liquid were characterized by the model condensation of 2-
aminobenzonitrile with cyclohexanone and displayed in Fig. 5.
It could be observed that NaOH showed the lowest catalytic
performance with the product yield of 5%. Compared with
NaOH, [PPIm][OH] showed a slightly better catalytic property.
For basic ionic liquids with carbon numbers of the alkyl groups
no more than 12, the catalytic performance increased obviously
with alkyl chain length increasing, while for [PHeIm]OH]
whose carbon number of alkyl group exceed 12, its catalytic
performance decreased slightly. [PDoIm][OH] achieved the
highest product yield. The analyses above indicated the signif-
icant role of [PRIm]JOH in the condensation of 2-amino-
benzonitrile with cyclohexanone. The reaction process was
observed and displayed in Fig. 6. Basic [PDoIm]|[OH] aqueous
solution was completely colorless transparent. When the
hydrophobic reactants were added into the solution, a yellow
and transparent solution formed. With the reaction going on,
white solid product formed and precipitated at the bottom till
the reaction ended.
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Fig. 4 (a) Variation of surface tension in aqueous solutions of [PRIM]

[OH] as a function of their concentration at 60 °C; (b) dynamic light
scattering profiles represented as intensity % for micellar solutions of
[PRImM][OH] showing different hydrodynamic diameters at 25 °C.

To reveal the disperse state of each component and analyze
synthesis mechanism, the aggregation states of [PRIm][OH] and
reactants in water were simulated by dissipative particle
dynamics method. As shown in Fig. 7(a), [PDolm][OH] with

Yield / %

Fig. 5 Catalytic performance of [PRIm][OH]. The reaction time:

120 min.
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Fig. 6 Photos of the condensation process, (a) aqueous solution of
[PDolm][OH]; (b) agueous solution of [PDolm][OH] with reactants; (c)
reaction system after 30 min; (d) reaction system at the end.

concentration of 150 mmol L ™" could be dissolved in water and
formed a transparent solution at 60 °C. Cyclohexanone could be
dissolved in water at 60 °C, while 2-aminobenzonitrile showed
poor miscibility with water (Fig. 7(b)). When [PDoIm][OH] and
reactants were added into water simultaneously, an uniform
transparent liquid formed (Fig. 7(c) and 6(b)). The snapshot of
the simulated system showed that [PDoIm]|[OH| mainly aggre-
gated on the interface between water and hydrophobic reactant
and the micelles formed. At one hand, the formed micelles
brought increased contact interface area and contact odds; at
the other hand, the basic catalysts at the interface facilitated the
contact of reactants with catalytic activity sites and accelerated
reaction process. Furthermore, the formed solid product would
precipitate from the reaction system (Fig. 6(c) and (d)), which
could also favor reaction conversion.

The effect of catalyst dosage on the condensation was
investigated and illustrated in Fig. 5. It was obvious that the
reaction rate increased sharply with the [PDoIm][OH] concen-
tration increasing. The states of the components in the reaction
systems were simulated and shown in Fig. 7(c—f). As the [PDoIm]
[OH] concentration increased from 150 mmol L™" to 400 mmol
L™, more [PDoIm][OH] assembled together, and the size of the
formed micelles increased, resulting in more solubilization of
hydrophobic reactants in the “micro micelle reactor” and more
catalytic sites at the interface of the micelles.

Based on the analyses above, basic ionic liquids play a key
role in the synthesis of quinazolinone in aqueous media, and

." , : ." y &

Fig. 7 Snapshots of simulated systems of [PDolm][OH] in water (a),
reactants in water (b), reaction systems with [PDolm][OH] dosages of
150 mmol L™ (c), 250 mmol L~ (d), 350 mmol L™ (e) and 400 mmol
L.

This journal is © The Royal Society of Chemistry 2018
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Scheme 2 Synthesis scheme of the condensation. Red, green and
yellow spheres represented respectively 2-aminobenzonitrile, cyclo-
hexanone and product, and ellipsoid pairs with long tails are basic ionic
liquid.

Table 2 Recyclable property of [PDolm][OH]“

Catalysts Y (%)
[PDoIm][OH]1* 68
[PDoIm][OH]2" 66
[PDoIm][OH]3™ 66

“ Reaction time: 240 min, catalyst: 150 mmol L.

their basicity and surfactivity favor the condensation

profoundly (Scheme 2). When NaOH was used as catalyst,
hydrophobic reactants could not be dissolved in water, and the
reaction could only happen at the limited interface of water and
reactants. The limited interface supplied insufficient contact of
reactants with catalytic active sites, resulting in a poor product
yield. When [PPIm][OH] was used as catalyst, its concentration
in the reaction system was 150 mmol L™", much lower than its
CMC value of 546 mmol L™, which affected the miscibility of
the reactants in water badly and resulted in poor product yield.
For [PRIm][OH] (R = H, Do and He) ionic liquids, which showed
excellent surfactant, their dosages in the reaction system were
higher than their CMC values. When they were added into the
reaction system, they could shrink the interfacial tension
greatly and form micelles. The formed micelles could solubilise
more reactants into water and enlarge the contact interface and
chance of reactants with catalytic active sites effectively, leading
to increased product yield. As increasing of their dosages, the
solubilization was definitely improved, and the product yield
increased remarkably. The catalytic performances of basic ionic
liquids are well coincidence with their surfactant behavior.

Keeping as close as possible to the general experimental
conditions stated above, the recyclable property of [PDoIm][OH]
was studied and illustrated in Table 2. The aqueous solution of
[PDoIm][OH] was collected by simple filtration and reused in
the reaction. It could be seen that the product yield decreased in
the second run, which was probably owing to the wastage of
[PDoIm][OH] caused by the adsorption onto the solid product of
quinazolinone at the first run. In the third run, the yield of
quinazolinone did not change obviously. This result indicated
that the catalytic system is a promising recyclable system.

4 Conclusions

The basic [PRIm][OH] ionic liquids were synthesized via qua-
terisation and ion exchange process. [PRIm|[OH] owned

RSC Adv., 2018, 8, 36769-36774 | 36773
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hydrophilic ion pairs and hydrophobic alkyl groups, endowing
them with excellent surfactivity. The surfactivity of [PRIm][OH]
increased with alkyl chain length increasing. The synthesized
[PRIm][OH] were used to promote the condensation of 2-ami-
nobenzonitrile with cyclohexanone in aqueous medium.
Compared with NaOH, [PRIm][OH] showed better catalytic
property, and the tendency was very coincidence with the
surfactant behaviour. The surfactivity of basic ionic liquid could
decrease the interfacial tension greatly and help to form
micelles. The formed micelles could solubilise more reactants
into water, and enlarge the contact interface and the contact
chance of reactants with catalytic active sites effectively. Higher
catalyst dosage favored the catalytic performance, and the best
catalytic performance was achieved at 400 mmol L™'. The
catalytic system is a promising recyclable system.
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