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Abstract

A type of mesoporous SBA-15 supported imidazolium functionalized ionic liquids were prepared, characterized and tested as
effective and practical catalysts for the synthesis of 2-oxazolidinones by the cycloaddition of CO, and aziridines. The effects
of reaction parameters such as type of catalysts, catalyst amount, CO, pressure, reaction temperature and catalyst stability
have also been investigated in detail, the catalyst SBA-15@DMIL-HOCH,COO exhibited high activity with good yields and
excellent regioselectivities. In addition, the catalyst can be easily and effectively recycled for five times with no significant
loss in its catalytic activity and selectivity. This work introduces a new, convenient, highly efficient and environmentally
friendly pathway to explore the supported ionic liquids for the chemical fixation of carbon dioxide.
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1 Introduction

Chemical fixation of carbon dioxide (CO,) into valuable
chemicals has attracted considerable attention due to its
prominent features of abundance, nontoxicity, inexpensive,
and ubiquitous C1 source [1, 2]. In the past decade, many
synthetic processes have been developed to convert CO, into
value-added products, such as cyclic carbonates, carboxylic
acids, 2-oxazolidinones, etc. [3—12]. Among those processes,
the selective cycloaddition of CO, with aziridines is one of
the most promising 100% atom economic approaches as the
obtained products 2-oxazolidinones are widely used as high
active building blocks for the formation of various pharma-
ceuticals, auxiliaries and other fine chemicals. Up to now,
a number of catalysts have been developed for the cycload-
dition of CO, with aziridines to produce 2-oxazolidinones,
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such as DBN [13], metal complexes [14—-16], MCM-41-IPr-
CO, [17], amine functionalized MCM-41 [18], [NH,Et,]I
[19], and others [20-22]. Nevertheless, most of these proto-
cols suffered from disadvantages such as harsh reaction con-
ditions, tedious process, need of co-catalyst or co-solvent,
and catalyst recycle problems. Thus, the search for a novel,
sustainable and efficient catalytic systems for the conversion
of CO, to oxazolidinones under mild reaction conditions
remains a great challenge.

Tonic liquids (ILs) have found various industrial applica-
tions in synthesis and catalysis due to their distinctive prop-
erties of negligible vapour pressure, thermal and chemical
stability, non-flammable, nonvolatile and strong structural
design prospects [23-27]. Through the functional design of
anions and cations of ionic liquids, the use of ILs as cata-
lysts in the efficient synthesis of 2-oxazolidinones have been
developed [28-30]. However, most of the catalytic systems
have the disadvantages of isolation of pure ILs and reus-
ability. Hence, the immobilization of functionalized ILs over
solid supports to explore solid base heterogeneous catalytic
systems could make the process easier through their easy
handling, simplifying isolation and recycling of the catalyst
[31-36]. Among these soild supports, mesoporous silica
materials offer significant advantages of large surface area,
highly ordered structure, thermal and chemical stabilities.
These materials can be used as a platform for the loading
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and dispersion of ILs active components, thereby increas-
ing their catalytic activities and have been widely utilized
as supports in the case of heterogeneous catalysis [37-44].
We herein report the preparation of a type of mesoporous
SBA-15 supported imidazolium functionalized ionic lig-
uids, which served as single-component catalysts for the
product of 2-oxazolidinones from the cycloaddition of CO,
with aziridines under mild conditions (Scheme 1). The pre-
sent work offers a novel and high-efficient strategy for CO,
fixation and conversion to value-added 2-oxazolidinones.
Moreover, the recycling performance of catalyst and pos-
sible catalytic mechanism were explored.

2 Experimental
2.1 Materials and apparatus

All chemicals and reagents were purchased from firms
and used without further purification. Pluronic 123
(EO,;PO;4EO,,) was purchased from Sigma-Aldrich. Scan-
ning electron microscopy (SEM) experiments, including
energy dispersive X-ray spectroscopy (EDX) for mapping of
elements, were performed on a JSM-7500F electron micro-
scope. Each sample was well dispersed in ethanol, drop
casted on a silicon wafer, dried and coated with gold using
a working distance of 5-12 mm and a voltage of 12-20 kV.
FT-IR spectra of all catalysts (KBr pellets) were obtained in
the range of 4000-400 cm™! using PerkinElmer Spectrum I
FT-IR equipment. Powder X-ray diffraction (XRD) data were
obtained using a Rigaku Ultima I'V diffractometer equipped
with Cu-Ka radiation (1.5418 A) at 40 kV and 40 mA at a
scan rate of 2° min~! in a scan range of 5°~80°. Thermo-
gravimetric analysis (TGA) was carried out on NETZSCH
STA 449 F5 (25 -600 °C, 10 °C min~!, under flowing
air gas). UV—Vis spectra were carried out in the range of
200-800 nm using a Shimadzu UV-2450 spectrophotometer,

using BaSO, as the reflectance standard material. N, adsorp-
tion—desorption isotherms were carried out a BELSORP-
max instrument and pore size distribution curves were calcu-
lated from the analysis of desorption branch of the isotherm
by the BJH (Barrett-Joyner—Halenda). Prior to the measure-
ment, all samples were degassed overnight at 130 °C under
a dynamic vacuum. The catalytic reaction was monitored
by gas chromatography (Agilent 7890) equipped with a
flame ionization detector (FID) and a capillary column (HP-
5,30 mx0.32 mm X 0.25 pm). The temperature program
employed was as follows: initial oven temperature at 60 °C
for 1 min, ramp at 10 °C/min, to 280 °C and hold isother-
mally for 5 min. The injection and detector temperatures
were 280 °C. '"H NMR spectra was recorded on a Bruker
400 MHz spectrometer with CDClj as the solvent and tetra-
methylsilane as an internal standard. Elemental analysis
for C, H, N and O was recorded on a Vario Micro cube
Elemental analyzer (Elementar Analysensysteme GmbH,
Langenselbold, Germany).

2.2 Preparation of supported functionalized ionic
liquids

SBA-15 was synthesized as described in literatures [39—41].
The supported ionic liquids were synthesized according to
literatures (Scheme 2) [34-36, 43, 44]. A typical proce-
dure was as follows: Sodium ethoxide (0.5 mol), ethanol
(250 mL) and imidazole (0.5 mol) were stirred at 80 °C
for 5 h, then 1,3-dichloropropane (0.25 mol) was added,
and the mixture was stirred at 70 °C for 3 h. After that,
the mixture was filtrated and the filtrate was evaporated,
washed with ethanol and dried under vacuum at 50 °C to
give 1. Next, 4-chloro-1-butano (0.3 mol), 1 (0.3 mol) and
ethanol (150 mL) was refluxed for 24 h. After evaporating
the solvent, the mixture was washed with ethyl acetate and
dried under vacuum to give 2. Subsequently, (3-chloropro-
pyD) triethoxysilane (0.3 mol), and 2 (0.3 mol), and toluene
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Scheme 2 Schematic diagram for the preparation of supported ionic liquids

(200 mL) were stirred at 95 °C under nitrogen for 24 h,
thereafter, the solvent was isolated and dried to give 3. Then,
3 (0.2 mol), HOCH,COONa or KPF, or NaBF, (0.4 mol),
acetonitrile (100 mL) were stirred at 60 °C for 24 h, then the
solvent was evaporated, the obtained residue was washed
with water and dried under vacuum to give ionic liquid 4
DMIL-HOCH,COO or DMIL-PF4 or DMIL-BF,. Finally,
SBA-15 (1.0 g) and 4 (0.2 g) were added into a solution
of dry toluene (100 mL), and the mixture was stirred and
refluxed for 24 h under nitrogen. Then the resulting solid was
filtered, cleansed twice with diethyl ether and dried under
vacuum to give the supported ionic liquids.

2.3 Catalytic synthesis of 2-oxazolidinones
from CO, and aziridines

In a typical reaction process, aziridine (10 mmol), SBA-
15@DMIL-HOCH,COO (0.3 g) were added into a 50 mL
stainless-steel autoclave equipped with a magnetic stirrer.
Then CO, was introduced into the autoclave and kept for
0.4 MPa pressure after the air evacuated, and the mixture
was stirred at 80 °C for mentioned time period. The reaction
mixture was quantitatively analyzed by GC. After the reac-
tion, the remaining CO, was released slowly. Meanwhile, the
reactor was cooled to room temperature and the product was
obtained by filtration and separation. Fresh substrates were
then recharged to the recovered catalyst and then recycled
under identical reaction conditions. All target products are
commercial, thus they were recognized by comparison with

those of standard compounds or by '"H NMR and Elemental
analysis.

2.4 Spectroscopic data for products

5-Methyloxazolidin-2-one (Table 2, entry 1): '"H NMR
(400 MHz, CDCl5): 6 1.42 (d, CH;, 3H), 3.12 (dd, CH,,
2H), 4.78 (m, CH, 1H), 6.24 (s, NH, 1H) ppm; Elemental
analysis for C;H;NO,: C, 47.49; H, 6.95; N, 13.83; O, 31.62.
Found: C, 47.52; H, 6.98; N, 13.85; O, 31.65.
Oxazolidin-2-one (Table 2, entry 2): "H NMR (400 MHz,
CDCl,): 6 3.18 (t, CH,, 2H), 4.71 (t, CH,, 2H), 6.27 (s, NH,
1H) ppm; Anal. Calcd. for C;HsNO,: C, 41.35; H, 5.76;
N, 16.09; O, 36.71. Found: C, 41.38; H, 5.79; N, 16.09; O,
36.75.
4,5-Dimethyloxazolidin-2-one (Table 2, entry 3): 'H
NMR (400 MHz, CDCl,): 6 1.28-1.39 (m, 2CH;, 6H), 4.74
(m, CH, 1H), 5.19 (m, CH, 1H), 6.28 (s, NH, 1H) ppm;
Anal. Calcd. for C;H\NO,: C, 52.12; H, 7.83; N, 12.15; O,
27.76. Found: C, 52.16; H, 7.88; N, 12.17; O, 27.79.
5-Phenyloxazolidin-2-one (Table 2, entry 4): '"H NMR
(400 MHz, CDCly): 6 3.57 (d, CH,, 2H), 5.63 (t, CH, 1H),
6.43 (s, NH, 1H), 7.32-7.43 (m, Ar—H, 5H) ppm; Elemental
analysis for CgHgNO,: C, 66.23; H, 5.52; N, 8.55; O, 19.57.
Found C, 66.25; H, 5.56; N, 8.58; O, 19.61.
3-Methyloxazolidin-2-one (Table 2, entry 5): 'H NMR
(400 MHz, CDCl5): 6 3.21 (s, CH;, 3H), 3.59 (t, CH,, 2H),
4.34 (t, CH,, 2H) ppm; Elemental analysis for C,H,NO,: C,
47.48; H, 6.94; N, 13.82; O, 31.61. Found C, 47.52; H, 6.98;
N, 13.85; O, 31.65.
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5-Methyl-3-phenyloxazolidin-2-one (Table 2, entry 6): 'H
NMR (400 MHz, CDCl,): 6 1.54 (d, CH;, 3H), 3.68 (d, CH,,
2H), 4.76 (m, CH, 1H), 7.11-7.15 (m, Ar-H, 1H), 7.35-7.51
(m, Ar-H, 4H); Elemental analysis for C,,H;;NO,: C, 67.75;
H, 6.23; N, 7.86; O, 18.02. Found C, 67.78; H, 6.26; N, 7.90;
0, 18.06.

Intensity (a.u.)

20 (degree)

Fig. 1 XRD patterns of SBA-15@DMIL-PF¢ (a), SBA-15@DMIL-
BF, (b), SBA-15@DMIL-HOCH,COO (c), and SBA-15 (d)

3 Results and discussion

Figure 1 presented the XRD patterns of our synthesized
supported ionic liquids. Compared to the XRD pattern of
pure SBA-15, the spectra of pure SBA-15 and supported ILs
are almost the same, only one broad peak appears at about
20=22.7°, which is the characteristic structure of SBA-15
[40, 41]. No typical peaks corresponding to ionic liquids
were observed, suggested that the ionic liquid species were
well-dispersed on the parent support framework. The surface
morphology and elemental composition of the supported ILs
catalysts are characterized by SEM and EDX. As can be seen
from the SEM image (Fig. 2), the SBA-15 exhibited charac-
teristic rope-like morphology. After the immobilization of
ionic liquid on the SBA-15 support, the typical aggregated
small spherical particles can be seen in the support frame-
work. The SEM images of SBA-15 and SBA-15 supported
ionic liquids indicated that both of them have irregular parti-
cle morphologies, which are almost identical to the literature
[40-42]. The EDX images of the supported ILs were exhib-
ited in Fig. 3, in which the corresponding elemental signals
were distributed homogeneously and consistently, indicating
the successful formation of the supported ILs species.

The UV-Vis spectras for the supported ILs were pre-
sented in Fig. 4, the intensity of diffraction peak at around
305 nm was attributed to Si—O species of SBA-15. The

Fig.2 SEM images of SBA-15@DMIL-PFq (a), SBA-15@DMIL-BF, (b), SBA-15@DMIL-HOCH,COO (c¢), and SBA-15 (d), and five times

recovered SBA-15@DMIL-HOCH,COO (e)

@ Springer



Journal of Porous Materials (2022) 29:131-142

135

Fig.3 EDX images of SBA-15@DMIL-PF, (a), SBA-15@DMIL-BF, (b), SBA-15@DMIL-HOCH,COO (c), and SBA-15 (d)
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Fig.4 UV-Vis spectras of SBA-15@DMIL-PF (a), SBA-15@
DMIL-BF, (b), SBA-15@DMIL-HOCH,COO (c), and SBA-15 (d)

supported ILs exhibited characteristic absorption peaks
around 200-240 nm and since pure SBA-15 shows no
absorption in this area, which are assigned to the presence
of ligand ionic liquid charge transfer and is usually used as
the direct proof that organic ILs have been incorporated into
the framework of mesoporous SBA-15 [38—41]. Obviously,
after immobilization of ionic liquids, no significant peaks
attributed to the ionic liquids particles were found in the
UV-Vis spectras, which may be owing to the well-dispersed

Transmittance (%)

T T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Fig.5 FT-IR spectras of SBA-15@DMIL-PF (a), SBA-15@DMIL-
BF, (b), and SBA-15@DMIL-HOCH,COO (c)

ionic liquids particles encapsulated in mesoporous channels
of the SBA-15 support. FT-IR spectras of the supported
ionic liquids were shown in Fig. 5. The peaks in the absorp-
tion band from 3580 to 3370 cm™! suggested the exist-
ence of hydroxyl stretching vibration. The peak at around
1096 cm™! is ascribed to the presence of Si—-O-Si. The peak
observed at around 728 cm™! is ascribed to the CH, chain
flexural vibration of lactate. The vibrations of N=N and
C-N bonds of imidazole generated the observed peaks at
around 1628 cm™" and 1536 cm™!, respectively [34-37]. N,
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absorption—desorption isotherms and BJH pore size distribu-
tion curves of the supported ILs are displayed in Fig. 6. All
supported ILs and bare SBA-15 show a type IV isotherms
according to the [IUPAC nomenclature with an H1 hysteresis
loop starting at about 0.6 relative pressure (P/P,) [42—47].
This is a characteristics of materials which exhibited
mesoporous nature, indicating the presence of mesoporous
structure in the supported ILs. On the other hand, pore
size distributions curves of the supported ILs presents the
probable pore size centered at 6.8026 nm, 6.8640 nm, and
6.7462 nm for SBA-15@DMIL-PF,, SBA-15@DMIL-BF,,
and SBA-15@DMIL-HOCH,COQO, respectively, which also
indicated mesoporous structure in the supported ILs. The
bare SBA-15 exhibits 546.52 m?g~" of BET surface area
and 0.7628 cm’g~! of pore volume. The BET surface area of
SBA-15@DMIL-PF,, SBA-15@DMIL-BF,, and SBA-15@
DMIL-HOCH,COO composites are 319.65 m’g~"!, 289.86
m?g~!, and 302.57 m?g~! respectively, which were smaller
than SBA-15 due to the anchoring of ionic liquid species,
which had nearly a small surface area (Table 1). At the same
time, after the immobilization of ionic liquids on the SBA-
15 support, the pore volume of the supported ILs was also
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Table 1 BET surface area and pore volume of the samples

Sample Agpr (m%/g)? V, (cm¥/g)° dypyy (nm)°
SBA-15 546.52 0.7628 6.8693
SBA-15@DMIL-PF, 319.65 0.7218 6.8026
SBA-15@DMIL-BE, 289.86 0.7535 6.8640
SBA-15@DMIL-HOCH- ~ 302.57 0.6351 6.7462

,COO

aSpecific surface area obtained using a Brunauer—-Emmett—Teller
(BET) plot

bSpecific pore volume

“Pore diameter obtained using the Barrett-Joyner-Halenda method

gradually decreased, which was due to the incorporation of
ionic liquid species in the pore walls. These results are in
good agreement with the fact that the surface of SBA-15 has
been successfully immobilized by functional ionic liquid.
After the characterization of supported ionic liquids, they
were applied in the catalytic synthesis of 5-methyloxazoli-
din-2-one by the model cycloaddition of 2-methylaziridine
and CO, for condition optimization (Table 2). Firstly, all
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Fig.6 Nitrogen adsorption isotherms and size distribution of SBA-15@DMIL-PF (a), SBA-15@DMIL-BF, (b), SBA-15@DMIL-HOCH,COO

(c), and SBA-15 (d)
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Table 2 Screening of

. Entry Catalyst Catalyst (g) Time (h) Yield (%)* Selectivity (%)°

catalysts on the synthesis of

S-methyloxazolidin-2-one 1 SBA-15@DMIL-PF 0.3 3 83 97.9
2 SBA-15@DMIL-BF, 0.3 5 68 94.7
3 SBA-15@DMIL-HOCH,COO 0.3 2 95 99.1
4 DMIL-BF, 0.4 6 64 92.6
5 DMIL-PFg 0.4 5 72 96.5
6 DMIL-HOCH,COO 0.3 3 84 98.2
7 SBA-15 0.5 24 17 90.4
8 - - 24 Trace Trace
9 SBA-15@DMIL-HOCH,COO 0.1 3 58 98.2
10 SBA-15@DMIL-HOCH,COO 0.2 3 82 98.7
11 SBA-15@DMIL-HOCH,COO 0.4 2 96 98.8
Reaction conditions: 2-methylaziridine (10 mmol), CO, pressure (0.4 MPa), 80 °C
Tsolated yield
®Determined by GC analysis

resulting the supported ionic liquids catalysts SBA-15@ 100.] Y

DMIL-PF,, SBA-15@DMIL-BF, and SBA-15@DMIL- .Fi_,,_,rf“f""f/.;t::?f—\o

90 — T

HOCH,COO were evaluated for the catalytic synthesis of
5-methyloxazolidin-2-one (Table 1, entries 1-3). The cata-
lytic activity of SBA-15@DMIL-PF or SBA-15@DMIL-
BF, is low in the reaction conditions studied whereas SBA-
15@DMIL-HOCH,COO showed the excellent performance
in the cycloaddition with 95% yield and 99.1% selectivity
(Table 2, entry 3). The catalytic performance of bulk ionic
liquids DMIL-BF,, DMIL-PF,, DMIL-HOCH,COO and the
support SBA-15 as the catalysts in the cycloaddition were
compared (Table 2, entries 4-7). Results showed that both
bulk ionic liquids and support SBA-15 exhibited very low
catalytic activities in the reaction. The amount of catalysts
had strong effect on the reaction, and the effect of amount
of best catalyst SBA-15@DMIL-HOCH,COO was studied.
The product yield was increased from 58 to 82% when the
amount of catalyst was increased from 0.1 to 0.2 g (Table 2,
entries 9 and 10). After a steady growth, the product yield
reached 95% in the presence of 0.3 g amount of catalyst
(Table 2, entry 3). However, the amount of catalyst was fur-
ther increased to 0.4 g, no obvious enhancement of prod-
uct yield and selectivity were observed (Table 2, entry 11).
A control experiment in the absence of catalyst revealed
that SBA-15@DMIL-HOCH,COO was responsible for the
efficient reaction transformation (Table 2, entry 8). There-
fore, SBA-15@DMIL-HOCH,COO can act as a suitable
catalyst for the cycloaddition.

Since SBA-15@DMIL-HOCH,COO shows the better
catalytic activity than other catalysts, it is employed as
the benchmark to optimize the reaction conditions. The
reaction was remarkably influenced by the CO, pres-
sure. As shown in Fig. 7, the product yield and selectiv-
ity was increased with an increase in the CO, pressure
from 0.1 MPa to 0.4 MPa, however, minor decrease in the

—=— Yield
80 - —e— Selectivity

70

60 4
50 /
40

304

(%)

20

. —— : . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
CO2 pressure (MPa)

Fig.7 Effect of CO, pressure on the synthesis of 5-methyloxazolidin-
2-one. Reaction conditions: 2-methylaziridine (10 mmol), SBA-15@
DMIL-HOCH,COO (0.3 g), 80 °C, 2 h

product yield and selectivity was noticed above this pres-
sure. It was because CO, was compressed and present in
the liquid phase at pressures below 0.4 MPa, thus resulting
in improve the product yield and selectivity. At pressures
higher than 0.4 MPa, 2-methylaziridine was present in the
gaseous form, which decrease the concentration and retard
the interaction with SBA-15@DMIL-HOCH,COQO, there-
fore minor decrease in the product yield and selectivity.
Figure 8 showed that the reaction temperature exhibited
remarkable influence on the reaction. The product yield
and selectivity was increased with an increase in the reac-
tion temperature from 50 to 80 °C, however, a decrease
in the product yield and selectivity was observed above
80 °C, which was due to the formation of side products at
higher temperature (by GC analysis).
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Fig.8 Effect of reaction temperature on the synthesis of 5-methyl-
oxazolidin-2-one. Reaction conditions: 2-methylaziridine (10 mmol),
CO, pressure (0.4 MPa), SBA-15@DMIL-HOCH,COO (0.3 g),2 h
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Fig.9 Recyclability of SBA-15@DMIL-HOCH,COO

In order to craft the greener and economical aspect of
the developed catalytic system, the cycling performance of
SBA-15@DMIL-HOCH,COO was studied and the corre-
sponding result is plotted in Fig. 9. In each cycle, the catalyst
SBA-15@DMIL-HOCH,COO was easily isolated by filtra-
tion and can be used directly for consecutive runs. It showed
that the catalyst possessed a good reusability and maintained
high catalytic performance at least five times without consid-
erable reduction in catalytic activity. The stability of SBA-
15@DMIL-HOCH,COO was also confirmed by the ther-
mal gravimetric analysis (Fig. 10). The first step of weight
loss (1.05%) below 200 °C was related to the removal of
adsorbed water and other volatile solvent residues, whereas
the main weight loss (10.47%) from 200 to 600 °C in the
second step was corresponded to degradation of the organic

@ Springer
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Fig. 11 FT-IR spectra of the fresh and recovered SBA-15@DMIL-
HOCH,COO

moieties of ionic liquid. These observations demonstrated
that the catalyst SBA-15@DMIL-HOCH,COO was ther-
mally stable below 200 °C, which was beneficial for the
recycling catalytic experiments. The recovered catalyst after
five cycles has no obvious change in morphology (Fig. 2e).
The FT-IR analysis of SBA-15@DMIL-HOCH,COO after
five cycles showed the existence of expected characteristic
framework (Fig. 11), which indicated that the characteristic
structure of the catalyst remain stable after five cycles.

The above results demonstrated that SBA-15@DMIL-
HOCH,COO was an efficient and stable catalyst for the syn-
thesis of 5-methyloxazolidin-2-one from the cycloaddition
of 2-methylaziridine with CO,.

Under the optimal reaction conditions, the cycloaddition
of CO, with other aziridines were investigated. As shown
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in Table 3, the terminal aziridines are transferred into the
corresponding 2-oxazolidinones with the satisfied catalytic
activities in the presence of SBA-15@DMIL-HOCH,COO.
The corresponding 2-oxazolidinones were obtained in good
to high yields with excellent selectivities within 4 h. Aziri-
dines with no substituted groups at the nitrogen atom gave
the high yields with excellent selectivities (>99%) whitin
2 h. The aziridines bearing substituted groups at the nitrogen
atom, aziridines such as 1-methylaziridine and 2-methyl-
1-phenylaziridine with steric hindrance of N-substituted
group also afforded the corresponding 2-oxazolidinones
in good yields with significant selectivity of 99% (Table 3,
entries 5 and 6).

On the basis of experimental results and previous lit-
eratures [14-21], a possible catalytic mechanism is pro-
posed for the catalytic synthesis of 2-oxazolidinones from
cycloaddition of CO, with aziridines (Scheme 3). The first
step involves the activation of aziridine by the O atom
coordination with hydroxyl sites of the catalyst SBA-15@
DMIL-HOCH,COO for the formation of intermediate a. At
the same time, the catalyst helps to activate CO, for the
formation of the carbonate species. Next, the intermediate
a adds to the less sterically hindered C atom of aziridine
by nucleophilic attack to give the intermediate b, followed
by the nucleophilic interaction to give the intermediate c.
Ultimately, cyclization via intramolecular substitution of
anion and the desired product was produced along with the
regeneration of catalyst for the next cycle.

Table 3 Catalytic synthesis

T Entry Epoxide Product Time (h) Yield (%)* Selectivity (%)°
of 2-oxazolidinones from
cyf:lhza}ddition of CO, with 1 H 0] 2 95 99.1
aziridines
i
2 H (0] 2 93 100
A A
-/
3 H (0] 2 95 100
A A NH
4 H )O]\ 2 92 99.3
/ (0] NH
5 | O 3 89 99
N
N A
/
6 )O]\ 4 86 99
)
/NA

Reaction conditions: aziridine (10 mmol), SBA-15@DMIL-HOCH,COO (0.3 g), CO, (0.4 MPa), 80 °C

Isolated yield
°GC analysis
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Scheme 3 Proposed possible catalytic reaction pathway

4 Conclusion

In conclusion, a type of mesoporous SBA-15 supported
imidazolium functionalized ionic liquids were prepared
and tested as catalysts for the synthesis of 2-oxazolidi-
nones by the cycloaddition of CO, and aziridines. The
experiment demonstrated that the catalyst SBA-15@
DMIL-HOCH,COO possessing abundant active sites
exhibited excellent activity in high to excellent yields and
selectivities. The catalyst having full utilization of active
sites can be easily recovered and reused for five times
without considerable loss in activity. The protocol was
found to be advantageous in terms of high to excellent

@ Springer

OOCH,0H_
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N/\/\N/\‘ /\/\/OH

@/N

yields, ease of isolation and reusability of the catalyst.
This study provide indication of the application of SBA-
15 supported hydroxyacetate anionic functionalized ionic
liquid catalyst as an environmentally benign and high effi-
cient alternative in chemical fixation of carbon dioxide.
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