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Abstract−The synthesis of dimethyl carbonate (DMC) through the transesterification of propylene carbonate (PC)

with methanol was investigated by using imidazolium salt ionic liquid catalysts. 1-alkyl-3-methyl imidazolium salts

of different alkyl group (C2, C4, C6, C8) and anions (Cl
−

, Br
−

, BF4

−

, PF6

−

) were used for catalysts. The reaction was carried

out in an autoclave at 140-180 oC under carbon dioxide pressure of 1.48-5.61 MPa. The imidazolium salts of shorter

alkyl group, and more nucleophilic counter anion exhibited higher catalytic activity. The conversion of PC increased

as CO2 pressure and reaction temperature increased. Kinetic studies were also performed to better understand the reac-

tion mechanism.
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INTRODUCTION

Using CO2 as an environmentally benign, safe, and cheap C1 build-

ing block in synthetic chemistry is a great challenge in “green chem-

istry” [1]. CO2 is a promising alternative to toxic substances, such

as CO and phosgene [2]. One of the most successful processes uti-

lizing CO2 is the synthesis of cyclic carbonate. The synthesis is based

on cycloaddition of carbon dioxide to epoxides instead of conven-

tional synthesis using phosgene as a starting material [3-6].

Recently, the use of ionic liquids as environmentally benign media

for catalytic processes or chemical extraction has become widely

recognized and accepted due to their particular properties, especially

with the emergence of the N,N-dialkylimidazolium cation deriva-

tives [7]. Both the cationic and the anionic partners can be easily

varied, so that these ionic liquid solvents can be designed for par-

ticular applications or for particular sets of properties [8]. Ionic liquids

have negligible vapor pressure, excellent thermal stability and spe-

cial characteristics in comparison with conventional organic and in-

organic solvents. Many reactions catalyzed with ionic liquids and

showing high performance have been reported [9-11]. Especially,

cyclic carbonate like propylene carbonate (PC), has been synthe-

sized from CO2 and epoxide with 1-alkyl-3-methylimidazolium salts

ionic liquids [12].

Nowadays, dimethyl carbonate (DMC) has become a new basic

material in the organic synthesis field. DMC can be synthesized

from transesterification of methanol and cyclic carbonate like ethy-

lene carbonate or propylene carbonate [13]. Several researchers re-

port the synthesis of DMC from ethylene carbonate and methanol

[14-18]. In these studies, alkali metals [14], zeolite [15,16], basic

metal oxides [13,17], and hydrotalcite [18] are used as catalysts. In

our previous work [19], we reported the synthesis of DMC from

propylene carbonate and methanol using quaternary ammonium

salt catalysts.

The aim of this study was to investigate the effects of structure

of ionic liquids, reaction temperature, and pressure for the synthe-

sis of dimethyl carbonate from propylene carbonate and methanol

without using any solvent in the presence of ionic liquid as a catalyst.

Kinetic studies were also performed to better understand the role

of ionic liquid and reaction mechanism.

EXPERIMENTAL

Propylene carbonate (PC) was supplied by Aldrich Co. and used

without further purification. Ionic liquids based on 1-ethyl-3-meth-

ylimidazolium (EMIm), 1-n-butyl-3-methylimidazolium (BMIm),

1-n-hexyl-3-methylimidazolium (HMIm) or 1-n-octyl-3-methylimi-

dazolium (OMIm) with different anions such as Cl
−

, BF4

−

, PF6

−

 were

prepared according to the procedures reported previously [20]. The

ionic liquids were dried and degassed under vacuum at 100 oC for

4 h prior to use.

The synthesis of DMC from propylene carbonate and methanol

by using ionic liquid was performed in a 50 mL stainless steel auto-

clave equipped with a magnetic stirrer. For each typical reaction,

ionic liquid (2 mmol) and PC (25 mmol) and methanol (200 mmol)

were charged into the reactor without solvent, and then CO2 was

introduced at room temperature to a preset pressure. The reaction

was run by stirring when the desired temperature and pressure were

attained. The products were analyzed by gas chromatograph.

RESULTS AND DISCUSSION

The synthesis of DMC from PC and methanol was carried out us-

ing various 1-alkyl-3-methyl imidazolium salt catalysts under a certain

carbon dioxide pressure. The main reaction is shown in Scheme 1.

The conversions of PC with different ionic liquids consisting of

cations of EMIm+, BMIm+, HMIm+, OMIm+ and anions of Cl
−

, BF4

−

,

PF6

−

 are summarized in Table 1. The conversion of PC decreased

as the chain length of alkyl substituent of the imidazolium salt ionic

liquid increased from EMIm+ to OMIm+. The variation of the length
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of the second carbon chain in the imidazolium salt ionic liquid alters

the physical characteristics of the substances used [20]. For a series

of 1-alkyl-3-methylimidazolium cations, Huddleston et al. [21] re-

ported that increasing the alkyl chain length decreased hydrophilic-

ity of the ionic liquid. Therefore, increasing the alkyl chain length

from ethyl to octyl might decrease the solubility of the ionic liquid

in methanol.

The role of ionic liquid catalyst in the synthesis of DMC may be

proposed as shown in Scheme 2 [22]. The initial step is the activa-

tion of methanol by the ionic liquid to form a complex (CH3OH ·

AMImCl) followed by the reaction with propylene carbonate to

form an intermediate which reacts again with the complex to pro-

duce DMC. Bulky imidazolium salt, having longer distance between

cation and anion, is generally known to exhibit higher ability in ac-

tivating anions [8]. However, this controversial effect of alkyl chain

length seems to be less important compared to the decrease of solu-

bility for bulky ionic liquid.

The effects of anions in the reaction of PC and methanol are com-

pared in Run 1, 5 and 6. The conversion of PC increased in the order

of PF6

−

<BF4

−

<Cl
−

, which is consistent with the order of the nucleo-

philicity of anions. The imidazolium salt with more nucleophilic

anion might be more active to form a complex with methanol as

shown in Scheme 2.

The effect of pressure on the synthesis of DMC was studied us-

ing EMImCl at 140 oC. Table 2 shows the conversion of PC and

the selectivity to DMC and PG. The conversion of PC increased as

the initial pressure of the reactor increased from 1.48 to 3.55 MPa.

Then it did not vary significantly from 3.55 to 5.61 MPa. CO2 did

not involve in the transestrification of PC and methanol. However,

a high pressure of CO2 is considered to be favorable for the inhibi-

tion of PC decomposition to propylene oxide and CO2.

Table 3 summarizes the conversion of PC and DMC selectivity

at different temperatures using EMImCl catalyst. The increase of

reaction temperature from 140 oC to 180 oC greatly increased the

conversion from 32.7 to 75.1%. High operation temperature is one

of the advantages of this ionic liquid compared to other solvents.

Quaternary ammonium salt catalyst used in our previous study [19]

is known to be degraded over 150 oC [23].

The transesterification of propylene carbonate and methanol shown

in Scheme 1 was carried out with excess amount of methanol. There-

fore, the rate equation can be written as pseudo first order with re-

spect to the concentration of PC.

−rPC=k [PC] [MeOH]2=k' [PC]

where k'=k [MeOH]2

Fig. 1 shows the plots of ln[1/(1−X)] vs. time, where X is con-

version of PC. One can see that the experimental data fit well to

the first order rate equation. The pseudo first order reaction rate con-

stant was determined as 0.0801, 0.2789 and 0.4051 h−1 for 140, 160,

Scheme 1. Synthesis of DMC from PC and methanol.

Table 1. Conversion of PC and selectivity to DMC and PG with
imidazolium salt ionic liquid catalysts of different anions
and cations

Run Catalyst
PC conversion

(%)

Selectivity (%)

DMC PG

1 EMImCl 35.7 43.2 40.5

2 BMImCl 26.7 67.0 58.6

3 HMImCl 22.1 33.4 20.4

4 OMImCl 20.8 25.6 14.3

5 EMImBF4 25.2 31.9 20.0

6 EMImPF6 22.7 21.4 11.4

Reaction condition: MeOH/PC=8/1, catalyst=2 mmol, P=3.55 MPa,

T=140 oC, time=6 h.

Table 2. Conversion of PC and selectivity to DMC and PG at dif-
ferent reactor pressures

Run
Pressure

(MPa)

PC conversion

(%)

Selectivity (%)

DMC PG

7 1.48 20.3 21.7 4.9

1 3.55 35.7 43.2 40.5

8 5.61 36.6 45.7 43.3

Reaction condition: MeOH/PC=8/1, catalyst=EMImCl (2 mmol),

T=140 oC, time=6 h.

Scheme 2. Plausible mechanism for the synthesis of DMC using
alkylmethyl imidazolium chloride (AMImCl).

Table 3. Conversion of PC and selectivity to DMC and PG at
different reaction temperatures

Run
Temperature

(oC)

PC conversion

(%)

Selectivity (%)

DMC PG

01 140 32.7 46.1 48.5

09 160 55.4 70.1 97.7

10 180 75.1 80.4 90.7

Reaction condition: MeOH/PC=8/1, catalyst=EMImCl (2 mmol),

P=3.55 MPa, time=6 h.
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and 180 oC, respectively. From the Arrhenius plot (Fig. 2), the acti-

vation energy was estimated as 63.6 kJ/mol.

CONCLUSION

Imidazolium salt ionic liquids of shorter alkyl chain length and

more nucleophilic anion exhibited higher reactivity in the synthesis

of DMC from PC and methanol. The conversion of PC increased

with the increase of reaction temperature and carbon dioxide pres-

sure. The transesterification of PC with methanol by using ionic

liquid catalyst can be considered as pseudo-first order with respect

to PC concentration and its activation energy was estimated as 63.6

kJ/mol.
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Fig. 1. Plots of ln[1/(1−X)] vs. time.

Fig. 2. Arrhenius plot.
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