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Synthesis of 1,3-dialkylimidazolium-2-carboxylates by
direct carboxylation of 1,3-dialkylimidazolium chlorides with CO2
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Abstract—1,3-Dialkylimidazolium-2-carboxylates 1a and 1b are obtained in good to excellent yield and selectivity by carboxylation
of the corresponding 1,3-dialkylimidazolium chloride salts with a CO2/Na2CO3 system at temperatures ranging from 80 to 135 �C.
The effect of temperature and reaction time on the yield and the selectivity of the carboxylation products has been studied. Coupling
the CO2-based synthesis of 1,3-dialkylimidazolium-2-carboxylates with the transcarboxylation reaction described earlier [Tommasi,
I.; Sorrentino, F.; Tetrahedron Lett., 2005, 46, 2141] allows us to set up a new synthetic procedure for the synthesis of organic car-
boxylates and alkylcarbonate anions avoiding the use of strong bases.
� 2006 Published by Elsevier Ltd.
ð2Þ
1. Introduction

We have recently published the utilisation of imidazolium
carboxylates of formula 1,3-dimethyl-imidazolium-2-car-
boxylate (1a) and 1-butyl, 3-methyl-imidazolium-2-car-
boxylate (1b) as CO2 carriers in a transcarboxylation of
acetophenone and methanol for the synthesis, in high
yield and 100% selectivity, of benzoylacetate and mono-
methylcarbonate anions (Eq. 1).1
ð1Þ
Previously, we reported the synthesis of 1,3-dimethyl-imi-
dazolium-2-carboxylate (1a) from 1-methyl-imidazole
and dimethylcarbonate according to Eq. 2.2,3
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In this reaction, DMC acts as an alkylating/carboxylating
agent. With the aim of setting up a new synthetic proce-
dure for compounds 1a and 1b using CO2 we set out to
investigate direct carboxylation reactions of the corre-
sponding 1,3-dialkylimidazolium chlorides with CO2.
Here we report the synthesis of 1,3-dialkylimidazolium-
2-carboxylates 1a and 1b by carboxylation of the corre-
sponding imidazolium chloride salt with a CO2/Na2CO3

system at temperatures ranging from 80 to 135 �C. The
synthesis of the 1,3-dialkyl-imidazolium-2-carboxylates
using CO2 and the subsequent transfer of the CO2-moiety
to C–H active compounds and alcohols represents a new
synthetic strategy for obtaining, in high yields, organic
carboxylates and alkylcarbonates avoiding the use of
strong bases.
2. Synthesis of 1,3-dialkylimidazolium-2-carboxylates

The synthesis and full characterisation of the imidazo-
lium carboxylates of formula 1,3-diisopropyl-4.5-
dimethyl-imidazolium-2-carboxylate4 3 (Eq. 3) and 1,
3-bis(2,6-diisopropylphenyl)imidazolium-2-carboxylate5

4 (Scheme 1) has been recently reported in the literature.
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These carboxylates were synthesised by different proce-
dures. Kuhn et al.4 has reported the synthesis of 1,
3-diisopropyl-4.5-dimethyl-imidazolium-2-carboxylate 3
from the corresponding carbene and CO2 as shown in
Eq. 3
ð3Þ

Scheme 2.
while Louie and co-workers5 has reported the synthesis of
1,3-dimesitylimidazolium-2-carboxylate (4a) and 1,3-
bis(2,6-diisopropylphenyl)imidazolium-2-carboxylate
(4b) either by condensation of the corresponding carbene
with CO2 (Scheme 1, route a) or by reaction of the 1,3-
dimesitylimidazolium and 1,3-bis(2,6-diisopropylphe-
nyl)imidazolium salts with KOtBu under an atmosphere
of CO2 (Scheme 1, route b).

The synthesis of carboxylates 1a and 1b by procedures
described in Eq. 3 and Scheme 1 is made difficult as
the reaction of the imidazolium salts with KOtBu at
room temperature caused dimerisation of the corre-
sponding imidazole-2-ylidenes. As a matter of fact, the
isolation of 1-butyl, 3-methyl-imidazol-2-ylidene re-
quires more drastic conditions as reported by Seddon.6

We have shown that 1,3-dialkylimidazolium-2-carboxy-
lates 1a7 and 1b8 can be synthesised from 1,3-dialkylim-
idazolium chlorides and CO2 through a Kolbe–Schmitt-
type reaction carboxylating the imidazolium salts with
Na2CO3/CO2 in DMF according to Eq. 4.
Table 1. Effect of temperature and reaction time on the yield and selectivity of the c
Cl) and 1-butyl, 3-methyl-imidazolium chloride (BMIM Cl) salts

Entry Compound Conditions Yielda (%)

Temperature (�C) Time (h) 1,3-Dialk
imidazoliu

1 MMIM Cl 80 24 65 100
2 MMIM Cl 110 36 92 91
3 MMIM Cl 135 8 87 68
4 BMIM Cl 80 24 63 100
5 BMIM Cl 110 36 82 82
6 BMIM Cl 135 8 71 60

a Total conversion with respect to 1,3-dialkylimidazolium chlorides.
ð4Þ
The reaction proceeds in high yield under strictly anhy-
drous conditions. Table 1 illustrates the dependence of
the yield and the selectivity of the carboxylation prod-
ucts on the reaction conditions. The results show that
the direct carboxylation can be carried out at relatively
moderate temperatures (80 �C) in good yield without
the formation of significant amounts of 4- and 5-carbox-
ylate isomers (Scheme 2) that are formed at higher
temperatures.

Moreover, optimal conditions for the synthesis of 1a
were obtained carrying out the reaction at 110 �C for
36 h (entry 2). Under these conditions, the 1,3-dimethyl-
imidazolium-2-carboxylate is formed in high yield
(92%) and selectivity (91%). Carrying out the reaction
at 135 �C for 8 h causes the formation of the 4- and 5-
carboxylate isomers in a relatively high yield (entries 3
and 6).9
3. Recycle of the imidazolium cation

As we have reported in a previous letter1 the 1,3-dialkyl-
imidazolium salt obtained as a product of the trans-
carboxylation reaction (2a and 2b, Eq. 1) can be
recovered easily and quantitatively from the reaction
mixture. Due to the stability of the dialkylimidazolium
cation under the reaction conditions, we set out to inves-
arboxylation reaction of 1,3-dimethylimizolium chloride (MMIM

Selectivity (%)
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tigate the recycling of the cation in a new carboxylation
reaction. Attempts to carboxylate the imidazolium cat-
ion starting from its BF4

�, PF6
�, and BPh4

� salts (these
anions were used in the transcarboxylation reaction,1

Eq. 1) afforded a very low yield of the carboxylate prod-
uct (<5%). Good results were obtained in the carboxyl-
ation reaction of 1,3-dialkylimidazolium chlorides
(results shown in Table 1) and, in particular, 1,3-di-
methylimidazolium-2-carboxylate was obtained with a
higher yield and selectivity (entry 2, Table 1). In order
to obtain 1,3-dialkylimidazolium chlorides, as products
of the transcarboxylation reaction, Na+ or K+ chlorides
had to be used which show a very low solubility in most
organic solvents. We solved this problem by carrying
out the transcarboxylation reaction using NaBPh4 and
recovering 1,3-dialkylimidazolium chloride from the
reaction mixture by anion metathesis from 1,3-dialkyl-
imidazolium tetraphenylborate.10 It is possible, thus,
to set up a two-step synthetic procedure for the synthesis
of organic carboxylates and alkylcarbonates using CO2

with recycling of the 1,3-dimethylimidazolium cation
(Scheme 3).

The literature reports several examples of carboxylation
with CO2 of active methylene compounds, including
acetophenone, by using a variety of catalysts such as me-
tal phenoxides (MOPh, M = alkali metals11,12 or Zn13),
La(OPri)3

14 complexes and organic bases like guani-
dine,15 DBU,16 diphenylcarbodiimide,17 anilides.18

These synthetic methodologies are usually affected by
relatively low yields in benzoylacetate or require an ex-
cess of the catalyst for substrate quantitative conver-
sion.11 Here we present a new synthetic strategy for
the synthesis of benzoylacetate in high yield avoiding
the use of strong bases.
4. Conclusions

We describe a new easy synthesis of imidazolium
carboxylates 1a and 1b by the direct carboxylation of
dialkylimidazolium chlorides with CO2. Coupling this
carboxylation reaction to the transcarboxylation reac-
tion of acetophenone or methanol previously reported1

(Eq. 1) provides a new synthetic strategy for the synthe-
sis of organic carboxylates and alkyl carbonates with
CO2 avoiding the use of strong bases. The dimethyl-
imidazolium chloride (acting as a ‘catalyst’ in the syn-
thetic process) can be effectively recycled from the
reaction mixture by anion metathesis with NaCl.
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autoclave, pressurised by CO2 up to 50 bar, and the
mixture was heated to 110 �C for 36 h. The reaction was
stopped by cooling and depressurising the autoclave. The
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