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Abstract—1,3-Dialkylimidazolium-2-carboxylate compounds have recently been fully characterised. Here we describe the utilisation
of 1,3-dimethyl (1a) and 1-butyl-3-methyl-imidazolium-2-carboxylate (1b) in a carboxylation reaction with transfer of the CO2 moi-
ety to benzoylacetone and methanol for the synthesis, in high yield, of benzoylacetate and monoalkylcarbonate anions, respectively.
Conversely, when compounds 1a and b are reacted with carbonylic substrates lacking C–H active bonds, a product resulting from
nucleophilic attack of the 1,3-dialkylimidazol-2-ylidene species on the carbonyl moiety is obtained. The reported reactions can find
applications in organic synthesis and in the synthesis of halogen-free ionic liquids.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

There are very few examples in the literature for the syn-
thesis and characterisation of 1,3-dialkylimidazolium-2-
carboxylates. After the first description by Schossler and
Regitz1 of an 1,3-diphenylimidazolinium-2-carboxylate
Kuhn et al. have reported the synthesis of 1,3-diisopro-
pyl-4,5-dimethyl-imidazolium-2-carboxylate by reduc-
tion of the relevant 1,3-dialkylimidazol-thione with K
and subsequent reaction of the intermediate carbene
with CO2.

2 More recently Tkatchenko and co-workers
have published the unexpected formation of 1,3-dialkyl-
imidazolium-2-carboxylates from the reaction of 1-alkyl
imidazoles with dimethylcarbonate3 while Louie and
co-workers have reported the direct carboxylation of a
1,3-dialkylimidazol-2-ylidene with CO2.

4

Here we describe some aspects of the reactivity of 1,3-
dimethylimidazolium-2-carboxylate (1a) and 1-butyl-3-
methylimidazolium-2-carboxylate (1b) towards organic
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substrates in the presence of Na+ and K+ cations. De-
spite the thermal stability of compounds 1a and b to-
wards decarboxylation in solution we have found that,
by reaction with methanol or benzoylacetone in the
presence of Na+ (NaBF4, NaBPh4) or K+ (KPF6) salts,
an easy transfer of the CO2 moiety to the organic sub-
strate is observed to produce effectively monomethylcar-
bonate and benzoylacetate anions, respectively.
Conversely, when 1,3-dimethylimidazolium-2-carboxyl-
ate (1a) is reacted with benzaldehyde in the presence
of NaBPh4, product 3 is formed which can be formally
obtained by nucleophilic attack of a 2-ylidene species
on the carbonyl group and transfer of CO2 to the Alco-
holate function.
The reported reactions can find application in the syn-
thesis of monomethyl carbonate, benzoylacetate anions
and halogen-free ionic liquids.
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2. Synthesis of alkylcarbonate anion and halogen-free
ionic liquids

Both 1,3-dimethyl (1a) and 1-butyl-3-methyl-imidazo-
lium-2-carboxylates (1b) are very stable towards decar-
boxylation at room temperature in most organic solvents
(alcohols, DMF, acetone). At high temperatures
(>100 �C) they behave differently according to the na-
ture of the solvent,5 but they are very stable when heated
in ethylene glycol up to 140 �C.6 Despite their thermal
stability we have found that compounds 1a and b readily
react with dry methanol in the presence of a stoichio-
metric amount of sodium (NaBF4) or potassium (KPF6)
salts quantitatively affording the corresponding 1,3-dial-
kylimidazolium salt and CH3OC(O)ONa according to
Eq. 1.7

ð1Þ
After solvent evaporation under reduced pressure, a
mixture of salts is obtained. By addition of dry acetone
the ionic liquids (i.e., 1,3-dimethylimidazolium tetrafluoro-
borate8 or 1-butyl-3-methylimidazolium hexafluoro-
phosphate9) can be quantitatively extracted from the
salt mixture. It is worth noting that if the reaction
reported in Eq. 1 is carried out using 1,3-dialkylimidazo-
lium-2-carboxylates synthesised from 1-alkylimidazoles
and DMC3 (thus, avoiding the use of alkyl halides),
the ionic liquid obtained is completely halogen-free.
Scheme 1. (a) Reactivity of 3,4-dimethylthiazolium cation, a model of

thiamine.16 (b) Reactivity of 1,3-dimethylimidazolium-2-carboxylate.
3. Carboxylation of benzoylacetone

Reacting 1,3-dimethyl-(1a) and 1-butyl-3-methylimi-
dazolium-2-carboxylates (1b) at room temperature with
benzoylacetone, in the presence of NaX (X ¼ BF�

4 or
BPh�
4 ), affords the corresponding ionic liquid and benz-

oylacetate through a quantitative transcarboxylation
reaction shown in Eq. 2.10

ð2Þ
NMR analysis of the crude reaction mixture shows an
almost quantitative conversion of reactants (>95%)
and a high selectivity of the reaction (100%) as benzoyl-
acetate and the ionic liquid are observed as the only
reaction products. Yield in the carboxylation product
is significantly lowered by the presence of adventitious
water. After work-up of the crude reaction mixture the
benzoylacetate salt can be obtained in 81% yield as a
pure product and the corresponding acid can easily be
obtained by acidification in water (at 4–5 �C) and
extraction with ether.11

The time necessary for completion of the transcarboxyl-
ation reaction is limited by the solubility of salt in the
reaction mixture. When 1b is reacted with acetophenone
and NaBF4 (or KPF6) in THF the reaction takes around
70 h for completion because of the low solubility of the
salt in the reaction mixture. Conversely, when 1a or b is
reacted with acetophenone and NaBPh4 in THF, the
reaction are complete in 12 h.12 As can be seen in Eq.
2, imidazolium-2-carboxylates 1a and b act as CO2-car-
riers, which is finally transferred to benzoylacetate.

We have also shown that 1,3-dialkylimidazolium-2-carb-
oxylates 1a and b can be synthesised from 1,3-dialkylimi-
dazolium salts and CO2.

13 Consequently, coupling the
synthesis of the 1,3-dialkylimidazolium-2-carboxylate
using CO2 to the subsequent transfer of the CO2 moiety
to an organic substrate provides a novel route to benz-
oylacetic acid from benzoylacetone and CO2.
4. Reactivity of 1,3-dimethylimidazolium-2-carboxylate
towards benzaldehyde

Reacting 1,3-dimethylimidazolium-2-carboxylate with
benzaldehyde at room temperature in the presence of a
stoichiometric amount of NaBPh4 allows product 3 to
be isolated in 63% yield according to Eq. 3.14
ð3Þ
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Product 3 can be isolated as a complex ionic compound.
An attempt to isolate the corresponding 2-(a-hydroxy-
benzyl)-1,3-dimethylimidazolium product by acidification
led to decomposition.

It should be noted that product 3 is formally obtained
by nucleophilic attack of an imidazol-2-ylidene species
on the carbonyl carbon of benzaldehyde with subse-
quent transfer of the CO2 moiety to the alcoholate
functionality.
5. Intermediacy of an imidazolium-2-ylidene species

Whether the observed reactions (Eqs. 1–3) can be ex-
plained on the basis of an in situ generated 1,3-dial-
kylimidazol-2-ylidene reacting, respectively, as a base
or nucleophile towards selected organic substrates, or
whether a different reaction mechanism is involved, is a
matter for detailed investigation. Some preliminary
investigations have shown that reacting 1,3-dimethylimi-
dazolium-2-carboxylate with NaBPh4 in THF-d8 did not
indicate the presence of the free carbene (C2, 215 ppm as
reported by Arduengo et al.15) nor that of free CO2 in the
13C NMR spectrum of the reaction solution [within the
sensitivity allowed by the spectroscopic technique].

On the contrary, when compound 1b was reacted with
1,3-diisopropyl-4,5-dimethylimidazol-2-ylidene in anhy-
drous THF-d8 the carboxylate underwent exchange of
CO2 with the diisopropyl-imidazol-2-ylidene.16 Based
on this finding, the intermediacy of a free 2-ylidene spe-
cies in the carboxylation of C–H active compounds
might be proposed. By analogy with the reactivity of
1,3-dimethylimidazolium-2-carboxylate towards benz-
aldehyde (Eq. 3), thiazol-2-ylidenes react with pyruvic
acid to give the 2-(a-hydroxyethyl)-3,4-dimethylthiazo-
lium cation (Scheme 1a).17

Also in this case, based on this analogy, the intermedi-
acy of a free 2-ylidene species able to attack the carbon-
ylic carbon of benzaldehyde (Scheme 1b) affording
product 3 can be proposed.

As far as the role of Group I cations is concerned, the
activity of Na+ and K+ as promoters of a transcarboxyl-
ation reaction find a precedent in the transcarboxylation
reaction of aromatic carboxylates (Henkel reaction)18

even though this reaction takes place at a much higher
temperature (370–465 �C).
ð4Þ
In conclusion, we describe a new aspect of the reactivity
of 1,3-dialkylimidazolium-2-carboxylates as CO2-carri-
ers. Compounds 1a and b were observed to react
selectively with benzoylacetone resulting in an enolisa-
tion–carboxylation reaction and behaving as nucleo-
philes towards benzaldehyde. The decarboxylation of
compounds 1a and b in CH3OH (Eq. 1) together with
the synthesis of 1-alkylimidazoles and dimethylcarbon-
ate, allow the synthesis of halogen-free ionic liquids that
may find wide application in catalysis.19
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