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Abstract—The preparation and applications in the Knoevenagel and 1,3-dipolar cycloaddition reactions of new grafted soluble
liquid phases derived from imidazolium ionic liquids are described. Good yields and high regioselectivity are the features observed
with these unconventional liquid phases. © 2001 Elsevier Science Ltd. All rights reserved.

Molecular diversity based on combinatorial organic
synthesis1 is now being used for rapid lead generation
in both drug discovery and the development of biologi-
cally active compounds with potential therapeutic
value. This demand for large numbers of new com-
pounds has in turn, caused chemists to look for ways to
simplify, expedite, and automate the process of small
organic molecule synthesis. Synthetic approaches that
utilise solid phases exhibits several shortcomings owing
to the nature of heterogeneous reaction conditions.2

Reaction kinetics can be non-linear, slow reactions and
degradation of the polymer support after long reaction
time were mentioned. The transfer of traditional solid-
phase synthesis is often complicated. The soluble
polymers3 such as poly(ethylene)glycol (PEG),
poly(styrenes), polyethylenes couple the advantages of
homogeneous solution chemistry (reaction kinetics, lack
of diffusion phenomena) with those of solid-phase
methods (the ability to use an excess of reagents to
drive a reaction to completion, ease of analysis and
including ease of product isolation). The fact that they
can, in certain cases, be recycled for repeated use is also
interesting.

Previous work4 from our group has demonstrated that
room-temperature ionic liquids (IL) gave significant
rate enhancements and improved yields in solvent-free
1,3-dipolar cycloaddition when the dipolarophile was
covalently grafted on the ionic liquid. ILs5 have gained
increasing attention for performing all types of reac-

tion. By modification of the cation and anion, their
properties can be turned in many ways. There are
basically three modes of operation: use of the ionic
liquid as a co-solvent, as a pure solvent or in a biphasic
system.6

In this paper, we report our results about the first
application of ILs for liquid-phase synthesis into the
field of supported reagent. We have chosen the ILs as
liquid phase because: (1) they are soluble in a wide
range of both inorganic and organic materials, (2) they
are immiscible with a number of organic solvents and
provide a non-aqueous alternative for two-phase sys-
tems, and (3) ionic liquid phases are simple to prepare
and are potentially compatible with a broad spectrum
of reactions.7

Usual polymers for liquid-phase synthesis must also
provide a reasonable compromise between loading
capacity and solubilising power. With ILs as liquid
phases, the loading capacity was easily evaluated using
1H or 13C spectroscopy and after cleavage the starting
IL phase was recovered and reused for a further cycle.

As a suitable model reaction for ionic liquid-phase-sup-
ported organic synthesis, we have chosen to use ben-
zaldehyde bound to the ionic liquid moiety. The
synthesis of the corresponding grafted ionic liquid
phases 7(a–d) is shown in Scheme 1. For the prepara-
tion of the starting 4-(2-formylphenoxy)butyric acid8 3,
salicylaldehyde 1 was reacted in a Williamson ether
synthesis with ethyl bromobutyrate (EBB) to give ester
2 in 97% yield followed by saponification with KOH in
refluxing MeOH (3: 92% yield).
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Scheme 1. Reagents and conditions : (i) EBB, K2CO3 (2 equiv.), MeCN, reflux, 24 h; (ii) KOH 2N, MeOH, reflux, 1.5 h, HCl 5N;
(iii) chloroethanol (1 equiv.), 80°C, N2, 96 h; (iv) NH4BF4 (3 equiv.), MeCN, 60°C, 20 h; (v) DCC (1 equiv.), DMAP (5%),
MeCN, rt, 18 h; (vi) chloroethanol (1 equiv.), EtONa (1.1 equiv.), EtOH, reflux, 12 h.; (vii) DCC (1 equiv.), CuCl (0.1 equiv.),
70°C, 24 h; (viii) 3 (1 equiv.), MeCN, reflux, 20 h, satd NaHCO3; (ix) for 12a: MeI (1.5 equiv.), DCM, reflux, 72 h; for 12b: EtI
(1.5 equiv.), CHCl3, reflux, 96 h; for 12c: BuI (1 equiv.), MeCN, reflux, 72 h; (x) for 7(a–c): NH4BF4 (2 equiv.), MeCN, reflux,
48 h; for 7d: KPF6 (1.1 equiv.), THF, rt, 24 h.

Two synthetic strategies were developed for the prepa-
ration of the ionic liquid phases 7(a–d). In the direct
route A, the novel 1-(2-hydroxyethyl)-3-methylimida-
zolium tetrafluoroborate ([hydemim][BF4]) 6 was easily
prepared in two steps using standard procedures (83%
yield). Then esterification of 3 (1.01 equiv.) with the IL
6 in dry MeCN in the presence of dicyclohexyl-
carbodiimide9 (DCC) produced the new ionic liquid
phase 7a in more than 97% yield as pale yellow oil after
repeated washings of the crude residue with benzene.
The conversion was almost quantitative as judged by
acquisition of clean 1H and 13C NMR as well as by
FAB-MS. In route B, we directed our efforts toward a
simple and general route to imidazolium iodides 12
with various lipophilic side chains of the cation. The
available N,N �-dicyclohexyl isourea10 10 (63% yield)
from 2-imidazol-1-yl ethanol11 9 (62% yield from 8)
reacted with 3 in refluxed MeCN for 20 h. After
repeated washings with saturated NaHCO3, ester 11
was obtained in 81% yield and undergoes quantitative
quaternisation with alkyl iodides (12(a–c): 92–99%).
Subsequent anion metathesis of iodide salts 12(a–c)
with NH4BF4 (2 equiv.) or KPF6 (1.1 equiv.) respec-
tively in MeCN (60°C, 2 days) and in THF (25°C, 24 h)
leads to the desired grafted ionic liquid phases 7(a–d).
These ionic liquid phases (ILPs) 7 are isolated in high
yield (�98%) as straw-coloured liquids after filtration
to remove NH4I or KI followed by vacuum evapora-

tion of the solvent. At room temperature the ILPs 7 are
viscous oils and became fully liquid at 60°C without
decomposition.12

In order to define the ability of the ILPs 7a13 in
liquid-phase combinatorial synthesis, we have checked
the reactivity of the formyl group covalently grafted on
the IL phase for Knoevenagel reactions14 and dipolar
cycloadditions. As shown in Scheme 2, we obtained
successfully catalysed (2% of piperidine) Knoevenagel
reactions with malonate derivatives 13 (1 equiv.) using
solvent-free conditions associated with focused
microwave irradiations15 (��: Synthewave® 402 oven16)
after a short reaction time (15–60 min) at 80°C. Follow-
ing AcOEt or Et2O washings of the IL phase, the
bound products 14(a–c) were subjected to a very
efficient cleavage from the IL phase with NaOMe in
methanol.17 Reaction progress was conveniently moni-
tored by 1H and 13C NMR spectroscopy. After removal
of solvent in vacuo, the expected compounds 15(a–c)
were extracted with CH2Cl2 in 87% yield without the
need for silica gel chromatography (Table 1) and,
finally, it was possible to reuse the insoluble
[hydemim][BF4] 6 in another cycle of synthesis.18

By utilising this IL-phase methodology, reaction of 7a
with various alkylamines 16 (1 equiv.) gave the desired
bound aldimines 17(a–c) in short reaction times (20
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Scheme 2. Reagents and reaction conditions : (i) 13 (1 equiv.), piperidine (2%), ��, 80°C; (ii) MeONa (0.1 equiv.), MeOH, rt, 18
h; (iii) 16 (1 equiv.), ��, 80°C, 20 min; (iv) 18 (1 equiv.), 70°C, 15 h.

min). The successful regioselective addition of amines
onto the IL-phase 7a will allow diversity introduction
at this step, i.e. R=iPr (17a, 93%), nPr (17b, 95%), tBu
(17c, 84%). Next, the IL-phase dipolarophile 17b was
submitted to a regioselective 1,3-dipolar cycloaddition19

reaction with the imidate 18 derived from dimethyl
aminomalonate (1 equiv.). Finally, treatment of bound
cycloadduct 19b with 10% NaOMe in MeOH resulted
also in a practical cleavage from the Il phase to provide
only the diethyl 2-imidazoline-4,4-dicarboxylate 20b in
84% yield and the structure was confirmed by 1H, 13C
NMR and FAB-MS.

In summary, we have shown that benzaldehyde bound
to IL can be readily prepared and used in Knoevenagel
reactions and 1,3-dipolar cycloadditions using solvent-
free conditions assisted by focused microwave irradia-

Table 1. Compounds 14 and 15 generated via Scheme 2

EWG2 Reaction time Yield (%)cCompound EWG1

CO2Me14a CN 15 mina 98
CO2Me 1 ha14b 98CO2Me

14c 981 haCO2EtCO2Et
15 minaCN 98CN14d

COMe14e 2 haCOMe 98
CO2Me CN15a 18 hb 87
CO2Me 8715b 18 hbCO2Me

8718 hbCNCN15c

a The reaction was monitored by 1H NMR spectroscopy in CDCl3 as
solvent with TMS as internal reference.

b The reaction was considered complete when no starting compound
13 was detected by TLC.

c Yields are based on the conversion of 13 to 14, 14 to 15 and are
isolated yields.
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tions. Product isolation is routine and the reactions are
high yielding. The use of this novel IL phase in liquid-
phase organic synthesis (LPOS) offers considerable
advantages because the side product is removed by
simple extraction and washings from the cleaved IL
phase, so no chromatography is necessary. In contrast
to the various restrictions of reaction development in
solid-phase synthesis, IL phases allow standard analyti-
cal methods (NMR, TLC) to monitor reaction pro-
gress. This work has highlighted a novel soluble-phase
approach to LPOS. Perhaps one of the exciting features
of the IL phases is their generality, with potential
applications to many other chemistries. Finally the
IL-phase methodology should be compatible with high-
throughput organic synthesis and automation technol-
ogy. We are currently exploring the scope and the
potential of microwave assisted liquid-phase synthesis20

by extending this approach to other IL-phase
transformations.
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