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Metal-free imidazolium hydrogen carbonate ionic liquids as 
bifunctional catalyst for the one-pot synthesis of cyclic carbonates 
from olefins and CO2 
Jia Liu†, Guoqiang Yang†, Ying Liu, Dongsheng Wu, Xingbang Hu* and Zhibing Zhang*

A direct route for the synthesis of cyclic carbonates from olefins and CO2 has been achieved by using an imidazolium 
hydrogen carbonate ionic liquids ([CnCmIm][HCO3]) as bifunctional catalyst in the absence of solvent. [CnCmIm][HCO3] can 
convert into carbene-CO2 adduct spontaneously. The HCO3

- anion and carbene-CO2 can serve as the catalysts of olefins 
epoxidation and CO2 cycloaddition respectively, which obviously simplify the synthesis of cyclic carbonates. The reaction 
performs quite well at mild conditions. This cheap and simple method can be applied to various olefins with good to 
excellent yield of cyclic carbonates. The catalyst can be easily recycled at least four times without significant losing its 
catalytic activity.

Introduction
Carbon dioxide (CO2) is one of the main greenhouse gases. The 
reduction of CO2 concentration in atmosphere, which is 
regarded as an important way to slow down the greenhouse 
effect, has got a lot of attention1-4. On the other hand, CO2 is 
also an abundant, renewable, nontoxic and economical carbon 
source5. In this sense, using CO2 as an eco-friendly feedstock to 
synthesize industrial products is an ultimate solution that has 
become one of the most important branches of green 
chemistry and chemical engineering. Until now, many useful 
chemicals have been synthesized from CO2, such as formic 
acid3,5-7, methanol6-8, carboxylic acid9, 10, ketone11, 12, 
oxazolidinones13, amides14, methyl compounds15, imines16, 
dimethyl carbonate17, salicylic acid18, urea, and others1, 3. 

Cyclic carbonates are important industrial products that 
have been widely applied as polar aprotic solvent, organic 
synthesis intermediates, electrolytes in lithium-ion batteries 
and monomers of polymer1, 19. In recent decades, a number of 
syntheses of cyclic carbonates from CO2 have been described. 
Among them, a classical and industrial way is the cycloaddition 
of CO2 with epoxides. Until now, many catalytic systems have 
been developed for the cycloaddition of CO2 with epoxides, 
such as ionic liquid with halogen as anion20-25, metal halides26-

28, organic-metal complexes1, 29-31, metal oxides32, and 
immobilized molecular catalysts33. However, the complicated 

production and unstability of epoxides hamper the application 
of this process. Considering that epoxides are synthesized from 
olefins, 34 one-pot synthesis of cyclic carbonates from olefins 
and CO2 has attracted many interestings, because the reaction 
uses readily available and low-priced chemicals olefins, and 
avoids the preliminary synthesis of epoxides. Most of the 
reported processes adopted the strategy using two different 
catalysts in the one-pot synthesis (Scheme 1). One of the 
catalyst (catalyst A) is for olefins epoxidation and another 
(catalyst B) is for CO2 cycloaddition35-44. Though these 
reactions have achieved successes, the using of two different 
catalysts makes the processes quite complicated, especially for 
the catalyst recycling.

Scheme 1. Traditional strategy for one-pot synthesis of cyclic 
carbonates from olefins and CO2

Obviously, developing single catalyst with both catalytic 
ability for olefins epoxidation and CO2 cycloaddition is more 
attractive and challenging. However, only few examples were 
reported.45-48 Dupont et al. reported the one-pot synthesis of 
cyclic carbonate from styrene and CO2 at 150 ℃  using 
[BMim][Br] as catalyst and tert-butyl hydroperoxide (TBHP) as 
oxidant. 90% conversion of styrene and 40% selectivity of 
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cyclic carbonate were obtained. 45 Sun et al. reported the 
synthesis of styrene carbonate from styrene and CO2 catalyzed 
by basic resin R201 supported Au catalyst, using TBHP as 
oxidant under 4.0MPa CO2. The best yield of styrene carbonate 
was obtained at 150℃ (yield: 50.6%).46 Jain et al. reported the 
oxidative carboxylation of styrene catalyzed by Co(acac)2-
QPB@MCS which contains both cobalt(II) acetylacetonate 
complex and quaternary triphenylphosphonium bromide.47 
Duan et al. combined polyoxometalate ([ZnW12O40]6-), Zn ion, 
amino bridge ligand and chiral functional group to produce a 
metal-organic framework catalyst (ZnW-PYls). ZnW-PYls can 
catalyze the oxidative carboxylation of styrene by using TBHP 
as oxidant at mild conditions.48

Some pioneer researches had suggested that bicarbonate may 
react with hyperoxide to produce peroxymonocarbonate which is 
known as the active intermediate of olefins epoxidation49-52. On 
the other hand, carbene-CO2 adduct has shown catalytic ability for 
the CO2 cycloaddition reaction53-57. In our previous research, 
we had reported that imidazolium hydrogen carbonate ionic 
liquids ([CnCmIm][HCO3] ILs) can convert into carbene-CO2 adduct 
spontaneously17. It means that there has both HCO3

- and carbene-
CO2 in [CnCmIm][HCO3], which provides an interesting chance to 
perform the one-pot synthesis of cyclic carbonates from olefins and 
CO2 (Scheme 2 ). Herein, we report a simple direct synthesis of 
cyclic carbonates from olefins and CO2 using a metal-free 
[CnCmIm][HCO3] as a bifunctional catalyst in the absence of 
solvent under mild reaction conditons. Good to excellent yield 
of cyclic carbonates were obtained and the catalyst 
[CnCmIm][HCO3] is easy to be recycled.

Scheme 2. The structure of catalyst used here, the equilibrium 
between [CnCmIm][HCO3] and carbene-CO2 (CnCm-CO2) derived from 
this IL is shown.

Results and discussion
Epoxidation of styrene catalyzed by the [CnCmIm][HCO3]

Before the one-pot synthesis of cyclic carbonates from 
olefins and CO2 was performed, it is necessary to investigate 
the catalytic ability of [CnCmIm][HCO3]. The epoxidation of 
olefins to epoxides and the cycloaddition of CO2 with epoxides 
to cyclic carbonates were separately investigated using 
[CnCmIm][HCO3] as catalyst.

The epoxidation of styrene was selected as a probe to 
investigate the reactivity of different catalysts (Table 1). The 
oxidation of styrene mainly produced styrene oxide (SO) and 
benzaldehyde (BA). Among the [CnCmIm][HCO3] catalysts 
investigated here, [C1C4Im][HCO3] shows the best catalytic 
reactivity (Table 1, Entries 1-4). Obviously, the conversion is 

quite low and no SO is produced in the absence of any catalyst 
(Entry 6). KHCO3 can slightly catalyze the reaction and the 
selectivity of SO can reach 78.7% (Entry 7). This result agrees 
well with previous researches 49-52 and suggests that the active 
center of [CnCmIm][HCO3] for the epoxidation is the HCO3

- 
anion. It is worth noticing that the cation also has non-
negligible influence on the catalytic ability. [CnCmIm]+ is better 
compared with K+. 

Table 1 The epoxidation of styrene catalyzed by the 
[CnCmIm][HCO3]/THBP systema

Selectivity(%)b
Entry Catalysts Conv.(%)b

BA SO
1 [C1C2Im][HCO3] 44.2 15.3 78.9
2 [C1C4Im][HCO3] 53.5 13.3 77.6
3 [C1C6Im][HCO3] 39.3 15.2 73.6
4 [C1C12Im][HCO3] 33.6 15.6 74.9
5 [C1C4Im][Br] 40.7 22.5 70.2
6 None 12.5 41.0 0.0
7 KHCO3 20.2 20.9 78.7
8c KHCO3 45.1 19.0 80.7
a

 Conditions: Styrene: 20mmol, Catalysts: 1.25mmol, Oxidants: 
TBHP 40mmol, Temp: 65℃, Time: 22h.
b

 Products were identified by GC and GC-MS.
c The reactor was pressurized with CO2 up to 2.0 MPa.

Table 2 The cycloaddition of CO2 and styrene oxide catalyzed 
by the [CnCmIm][HCO3]a

Entry Catalysts Conv.(%)b Sel.(%)b

1 [C1C2Im][HCO3] 92.3 98.4
2 [C1C4Im][HCO3] 94.5 99.2
3 [C1C6Im][HCO3] 94.2 98.7
4 [C1C12Im][HCO3] 94.2 98.5
5 [C1C4Im][Br] 72.4 98.7
6 None 0 -
7 KHCO3 0 -
8c SMes-CO2 90.2 98.8

a Conditions: Styrene oxide: 20mmol, Catalyst: 1.25mmol, 
CO2: 2.0MPa, Temp: 60℃, Time: 30h.
b

 Products were identified by GC and GC-MS.
c CO2: 4.0MPa, Temp: 100℃  

Cycloaddition of CO2 and styrene oxide catalyzed by the 
[CnCmIm][HCO3] 

A series of imidazolium hydrogen carbonate ILs were used to 
catalyze the synthesis of styrene carbonate from CO2 and 
styrene oxide. As shown in Table 2 (Entries 1-4), the 
conversions and the styrene carbonate selectivities were 
higher than 92% and 98% respectively. Further experiments 
revealed that no product was obtained in the absence of any 
catalyst (Entry 6). 
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To find out the catalytic species in the cycloaddition reaction, 
some control experiments were further performed. No 
reaction happens when KHCO3 was used alone (Entry 7), 
indicating that HCO3

- anion is not the active center for the 
cycloaddition between CO2 and styrene oxide. Previous 
researches have shown that carbene-CO2 adduct can serve as 
catalyst for the CO2 cycloaddition reaction53-57. Considering 
that [CnCmIm][HCO3] can transform quickly into a carbene-CO2 
adduct and there has about 35% carbene-CO2 in the 
[C1C4Im][HCO3],17 we rationalize that the carbene-CO2 in the 
ILs should be the catalyst. Herein, when the SMes-CO2, a well-
known carbene-CO2 adduct, was added into the reaction 
system, 90.2% conversion of styrene oxide and 98.8% 
selectivity of SC were obtained (Entry 8). Above results clearly 
reveal that the equilibrium coexistence carbene-CO2 in the 
[CnCmIm][HCO3] catalyzes the cycloaddition between CO2 and 
styrene oxide. 

Oxidative carboxylation of styrene catalyzed by 
[C1C4Im][HCO3]

According to above results, [C1C4Im][HCO3] showed good activity 
and selectivity for both epoxidation and cycloaddition reactions. 
Then, [C1C4Im][HCO3] was used as catalyst for the synthesis of 
styrene carbonate in one-pot process. It is exciting to find that good 
styrene conversion and styrene carbonate selectivity were obtained 
in the one-pot process (Table 3). Especially, the styrene conversion 
in the one-pot process is obviously higher than that in the 
epoxidation. For example, 53.5% conversion of styrene was 
obtained at 65 ℃  in the epoxidation reaction (Table 1, Entry 2), 
whereas the conversion is 91.2% at the same temperature in one-
pot process (Table 3, Entry 4). To check the possible influence of 
CO2 on the oxidation, the epoxidation reaction using KHCO3 as 
catalyst was performed with and without CO2 (Table 1, Entries 7 
and 8). Higher conversion was obtained in the presence of CO2, 
indicating that CO2 can enhance the oxidation. 58, 59 From this 
viewpoint, the one-pot direct synthesis can not only simplify the 
process but also reduce the amount of oxidant for the epoxidation 
reaction. 

Temperature has important influence on the styrene conversion 
and the styrene carbonate selectivity (Table 3). Low temperature is 
benefit for improving the selectivity. With the decreasing 
temperature in the oxidative carboxylation process from 70 to 50 
℃ , the conversion of styrene gradually decreased from 92.8 to 
56.4%, whereas the selectivity of styrene carbonate generally 
increased from 75.7 to 88.7%. The main byproduct is benzaldehyde 
which is produced in the epoxidation reaction. 

[C1C4Im][Br] has been reported as catalyst for the one-pot 
synthesis of cyclic carbonate from styrene and CO2 at 150℃ , 
which showed 90% conversion of styrene and 40% selectivity 
of cyclic carbonate. 45 At lower temperature, the performances 
of [C1C4Im][Br] are poorer comparing with that of  [C1C4Im][HCO3] 
in not only the epoxidation and cycloaddition, but also the one-
pot process (Tables 1-3). Besides, the yield of cyclic carbonate 
using [C1C4Im][HCO3] as catalyst at 65℃ is also obviously higher 
than that using [C1C4Im][Br] as catalyst at 150℃.45

Table 3 The oxidative carboxylation of styrene catalysed by 
[C1C4Im][HCO3]a

Sel.(%) b
Entry

Temp(℃
)

Conv.(%) b
SC BA

1 50 56.4 88.7 3.2
2 55 73.0 86.3 5.3
3 60 79.1 87.3 7.6
4 65 91.2 82.3 10.5
5 70 92.8 75.7 19.0
6c 65 79.4 64.7 15.3

a One-pot single step process: Styrene: 20mmol, [C1C4Im][HCO3]: 
1.25mmol, Oxidants: TBHP 40mmol, CO2: 2.0MPa, Time: 30h. 
b Products were identified by GC and GC-MS.
c Catalyst: 1.25mmol [C1C4Im][Br].

Table 4 The oxidative carboxylation of different olefins catalyzed by 
the [C1C4Im][HCO3].a

Entry Substrate Product Conv.(%)b Sel.(%)b

1 O
O

O

91.2 82.3

2 Cl
O

O

O

Cl 71.4 77.3

3
Cl

O
O

OCl

48.8 79.5

4
Cl

O
O

OCl

75.5 63.5

5 O
O

O

93.0 84.7

6 O
O

O

91.0 89.0

a Conditions: Substrate: 20mmol, [C1C4Im][HCO3]: 1.25mmol, 
Oxidants: TBHP 40mmol, CO2: 2.0MPa, Temp: 65℃, Time: 30h.
b Products were identified by GC and GC-MS.

Oxidative carboxylation of various olefins catalyzed by 
[C1C4Im][HCO3]

To explore the substrate scope of this new one-pot process for 
the synthesis of cyclic carbonates, different olefins were 
investigated (Table 4). The catalyst is reactive for all the substrates 
presented in the table. However, the conversions and cyclic 
carbonates selectivities depend strongly on the olefin structures. 
For the oxidative carboxylation of 3-Methylstyrene and 4-
Methylstyrene, the conversions are high (>91%), and the cyclic 
carbonates selectivities are 89.0 and 84.7% respectively, due to 
electron-donating effect of methyl (Table 4, Entries 5 and 6). 
Comparing with methylstyrenes, due to electron-withdrawing 
effect, the conversions of chlorostyrenes and the cyclic carbonates 
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selectivities are lower (Table 4, Entries 2-4).  The non-aromatic 
olefins have also been used as substrates, such as 1-hexene and 1-
octene. However, no cyclic carbonates were obtained in the one-
pot process.

Fig. 1 Recycling of [C1C4Im][HCO3]. Reaction conditions: Styrene 
(20mmol), [C1C4Im][HCO3] (1.25mmol), TBHP (40mmol), CO2 
(2.0MPa), Temp. (65℃), Time (30h).

Recycling of the catalyst

Recycling of the catalyst is very important for the large-scale 
application. Hence, the recycling studies of [C1C4Im][HCO3] were 
investigated in the oxidative carboxylation of styrene. After the 
reaction, the catalyst can be easily separated from the solution by 
extraction and reused without further treatment except drying 
under vacuum. The catalyst can be used at least five cycles without 
significantly losing its catalytic reactivity (Fig. 1).

Conclusions
We have demonstrated a direct one-pot synthesis of cyclic 

carbonates from olefins and CO2 at mild conditions catalyzed by 
metal-free imidazolium hydrogen carbonates [CnCmIm][HCO3]. The 
[CnCmIm][HCO3] are active not only for the epoxidation but also for 
the cycloaddition reaction. For the one-pot synthesis of styrene 
carbonate, good conversion of styrene and selectivity of styrene 
carbonate can be obtained at mild reaction conditions. The scope of 
this new catalytic system can be extended to other substrates. 
Compared with previous systems which contain two different 
catalysts, 35-44 the bifunctional catalyst reported here is easy to be 
reused without significantly losing its catalytic reactivity. From the 
viewpoint of green chemistry, the direct synthesis of cyclic 
carbonates from olefins and CO2 catalyzed by the simple and cheap 
[CnCmIm][HCO3] system in the absence of solvent would have great 
application potential. 

Conflicts of interest
There are no conflicts to declare.

Acknowledgements
This work was supported by National Natural Science 
Foundation of China (No. 21878141, 21676134 and 21776122) 
and the Fundamental Research Funds for the Central 
Universities (020514380175).

Notes and references
1 X. B. Lu and D. J. Darensbourg, Chem. Soc. Rev., 2012, 41, 

1462-1484.
2 M. Y. He, Y. S. Sun and B. X. Han, Angew. Chem. Int. Ed., 

2013, 52, 9620-9633.
3 W. H. Wang, Y. Himeda, J. T. Muckerman, G. F. Manbeck 

and E. Fujita, Chem. Rev., 2015, 115, 12936-12973.
4 J. Leclaire and D. J. Heldebrant, Green Chem., 2018, 20, 

5023-5236.
5 M. Aresta, A. Dibenedetto and A. Angelini, Chem. Rev., 

2014, 114, 1709-1742.
6 E. A. Romero, T. X. Zhao, R. Nakano, X. B. Hu, Y. T. Wu, R. 

Jazzar, G. Bertrand, Nat. Catal., 2018, 1, 743-747.
7 T. X. Zhao, X. B. Hu, Y. T. Wu, Z. B. Zhang, Angew. Chem. 

Int. Ed., 2019, 58, 722-726
8 J. Albo, M. Alvarez-Guerra, P. Castano and A. Irabien, Green 

Chem., 2015, 17, 2304-2324.
9 M. Börjesson, T. Moragas and R. Martin, J. Am. Chem. Soc., 

2016, 138, 7504-7507.
10 W. Y. Gao, H. F. Wu, K. Y. Leng, Y. Y. Sun and S. Q. Ma, 

Angew. Chem. Int. Ed., 2016, 55, 5472-5476.
11 K. H. Chen, G. L. Shi, W. D. Zhang, H. R. Li and C. M. Wang, 

J. Am. Chem. Soc., 2016, 138, 14198-14201.
12 H. T. He, C. R. Qi, X. H. Hu, Y. Q. Guan and H. F. Jiang, Green 

Chem., 2014, 16, 3729-3733.
13 J. Y. Hu, J. Ma, Q. G. Zhu, Z. F. Zhang, C. Y. Wu and B. X. 

Han, Angew. Chem. Int. Ed., 2015, 54, 5399-5403.
14 L. Zhang, Z. B. Han, X. Y. Zhao, Z. Wang and K. L. Ding, 

Angew. Chem. Int. Ed., 2015, 54, 6186-6189.
15 O. Jacquet, X. Frogneux, C. Das Neves Gomes and T. 

Cantat, Chem Sci., 2013, 4, 2127-2131.
16 A. Tlili, X. Frogneux, E. Blondiaux and T. Cantat, Angew. 

Chem. Int. Ed., 2014, 53, 2543-2545.
17 T. Zhao, X. Hu, D. Wu, R. Li, G. Yang and Y. Wu, 

ChemSusChem, 2017, 10, 2046-2052.
18 T. Iijima and T. Yamaguchi, Appl. Catal. A: Gen., 2008, 345, 

12-17.
19 Q. W. Song, Z. H. Zhou and L. N. He, Green Chem., 2017, 19, 

3707-3728.
20 B. H. Xu, J. Q. Wang, J. Sun, Y. Huang, J. P. Zhang, X. P. 

Zhang and S. J. Zhang, Green Chem., 2015, 17, 108-122.
21 Q. He, J. W. O'Brien, K. A. Kitselman, L. E. Tompkins, G. C. T. 

Curtis and F. M. Kerton, Catal. Sci. & Technol., 2014, 4, 
1513-1528.

22 B. Sarmah and R. Srivastava, Ind. & Eng. Chem. Res., 2017, 
56, 8202-8215.

23 R. A. Watile, K. M. Deshmukh, K. P. Dhake and B. M. 
Bhanage, Catal. Sci. & Technol., 2012, 2, 1051-1055.

24 Q. Su, Y. Q. Qi, X. Q. Yao, W. G. Cheng, L. Dong, S. S. Chen 
and S. J. Zhang, Green Chem., 2018, 20, 3232-3241.

25 J. Y. Hu, J. Ma, H. Z. Liu, Q. L. Qian, C. Xie and B. X. Han, 
Green Chem., 2018, 20, 2990-2994.

26 J. Tharun, G. Mathai, A. C. Kathalikkattil, R. Roshan, J. Y. 
Kwak and D. W. Park, Green Chem., 2013, 15, 1673-1677.

27 J. W. Comerford, I. D. V. Ingram, M. North and X. Wu, 
Green Chem., 2015, 17, 1966-1987.

28 J. Steinbauer, A. Spannenberg and T. Werner, Green Chem., 
2017, 19, 3769-3779.

29 D. J. Darensbourg, Chem. Rev., 2007, 107, 2388-2410.

Page 4 of 6Green Chemistry

G
re

en
C

he
m

is
tr

y
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 1
3 

Ju
ne

 2
01

9.
 D

ow
nl

oa
de

d 
by

 B
os

to
n 

U
ni

ve
rs

ity
 o

n 
6/

13
/2

01
9 

7:
47

:3
9 

A
M

. 

View Article Online
DOI: 10.1039/C9GC01088B

https://doi.org/10.1039/c9gc01088b


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins

Please do not adjust margins

30 S. Verma, R. I. Kureshy, T. Roy, M. Kumar, A. Das, N. H. 
Khan, S. H. R. Abdi and H. C. Bajaj, Catal. Commun., 2015, 
61, 78-82.

31 D. X. Ma, J. X. Li, K. Liu, B. Y. Li, C. G. Li and Z. Shi, Green Chem, 
2018, 20, 5237-5406.

32 W. L. Dai, S. L. Luo, S. F. Yin and C. T. Au, Appl. Catal. A: 
Gen., 2009, 366, 2-12.

33 T. Sakai, Y. Tsutsumi and T. Ema, Green Chem., 2008, 10, 
337-341.

34 Q. H. Xia, H. Q. Ge, C. P. Ye, Z. M. Liu and K. X. Su, Chem. 
Rev., 2005, 105, 1603-1662

35 J. Sun, S. i. Fujita, B. M. Bhanage and M. Arai, Catal. 
Commun., 2004, 5, 83-87.

36 N. Eghbali and C. J. Li, Green Chem., 2007, 9, 213-215.
37 D. S. Bai and H. W. Jing, Green Chem., 2010, 12, 39-41.
38 F. Chen, T. Dong, T. Xu, X. Li and C. Hu, Green Chem., 2011, 

13, 2518-2524.
39 O. V. Zalomaeva, N. V. Maksimchuk, A. M. Chibiryaev, K. A. 

Kovalenko, V. P. Fedin and B. S. Balzhinimaev, J. Energy 
Chem., 2013, 22, 130-135.

40 X. Q. Yang, J. Wu, X. W. Mao, T. F. Jamison and T. A. 
Hatton, Chem. Commun., 2014, 50, 3245-3248.

41 P. Ramidi, C. M. Felton, B. P. Subedi, H. Zhou, Z. R. Tian, Y. 
Gartia, B. S. Pierce and A. Ghosh, J. CO2 Util., 2015, 9, 48-
57.

42 N. V. Maksimchuk, I. D. Ivanchikova, A. B. Ayupov and O. A. 
Kholdeeva, Appl. Catal. B: Environ., 2016, 181, 363-370.

43 H. T. D. Nguyen, Y. B. N. Tran, H. N. Nguyen, T. C. Nguyen, 
F. Gandara and P. T. K. Nguyen, Inorg. Chem., 2018, 57, 
13772-13782.

44 L. D. Dias, R. M. B. Carrilho, C. A. Henriques, M. J. F. 
Calvete, A. M. Masdeu-Bulto, C. Claver, L. M. Rossi and M. 
M. Pereira, Chemcatchem., 2018, 10, 2792-2803.

45 A. L. Girard, N. Simon, M. Zanatta, S. Marmitt, P. Gonçalves 
and J. Dupont, Green Chem., 2014, 16, 2815-2825.

46 D. Xiang, X. Liu, J. Sun, F. S. Xiao and J. Sun, Catal. Today., 
2009, 148, 383-388.

47 S. Kumar, N. Singhal, R. K. Singh, P. Gupta, R. Singh and S. L. 
Jain, Dalton. Trans., 2015, 44, 11860-11866.

48 Q. X. Han, B. Qi, W. M. Ren, C. He, J. Y. Niu and C. Y. Duan, 
Nat. Commun., 2015, 6. 10007.

49 H. Yao and D. E. Richardson, J. Am. Chem. Soc., 2000, 122, 
3220-3221.

50 M. V. Gomez, R. Caballero, E. Vazquez, A. Moreno, A. de la 
Hoz and A. Diaz-Ortiz, Green Chem., 2007, 9, 331-336.

51 J. Mielby and S. Kegnæs, Catal. Lett., 2013, 143, 1162-1165.
52 B. Hincapie, S. M. Llano, H. F. Garces, D. Espinal, S. L. Suib 

and L. J. Garces, Adsorpt. Sci & Technol., 2018, 36, 9-22.
53 Y. Kayaki, M. Yamamoto and T. Ikariya, Angew. Chem. Int. 

Ed., 2009, 48, 4194-4197.
54 F. D. Bobbink, W. Gruszka, M. Hulla, S. Das and P. J. Dyson, 

Chem. Commun., 2016, 52, 10787-10790.
55 A. H. Liu, Y. L. Dang, H. Zhou, J. J. Zhang and X. B. Lu, 

Chemcatchem, 2018, 10, 2686-2692.
56 H. Zhou, W.Z. Zhang, C.H. Liu, J. Qu and X. B. Lu, J. Org. 

Chem. 2008, 73, 8039-8044.
57 L. F. B. Wilm, T. Eder, C. Muck-Lichtenfeld, P. Mehlmann, 

M. Wunsche, F. Buss and F. Dielmann, Green Chem., 2019, 
21, 640-648.

58 J. Song, Z. Zhang, T. Jiang, S. Hu, W. Li, Y. Xie and B. X. Han, 
J. Mole. Catal. A: Chem. 2008, 279, 235-238.

59 A. A. Kahtani, N. A. Y. Abduh and A. Aouissi, Green Process 
Synth., 2019, 8, 85-92.

Page 5 of 6 Green Chemistry

G
re

en
C

he
m

is
tr

y
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 1
3 

Ju
ne

 2
01

9.
 D

ow
nl

oa
de

d 
by

 B
os

to
n 

U
ni

ve
rs

ity
 o

n 
6/

13
/2

01
9 

7:
47

:3
9 

A
M

. 

View Article Online
DOI: 10.1039/C9GC01088B

https://doi.org/10.1039/c9gc01088b


Table of contents entry:

A direct route for the synthesis of cyclic carbonates from olefins and CO2 has been achieved by 
using an imidazolium hydrogen carbonate ionic liquids as bifunctional catalyst in the absence of 
solvent.
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