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New, functionalised ionic liquids from Michael-type reactions—a chance
for combinatorial ionic liquid developmentt
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We describe for the first time an alternative and far more
efficient method to synthesise functionalised ionic liquids in
a simple, straightforward, two-step synthesis.

In recent years, ionic liquids have attracted a lot of interest as
potential replacements for volatile organic solvents in syn-
thetic—and especially in catalytic—applications.t While most
ionicliquidsinvestigated up to now are based on 1,3-dia kylimi-
dazolium or 1-akylpyridinium ions the use of cations with
functionalised alkyl groups has only been described in a few
papers. In their pioneering work Davis and Rogers have
reported the synthesis of imidazolium salts with urea, thiourea
and thioether groups in one of the N-alkyl substituents. These
ionic liquids have been used as [PFg] — salts to extract Hg2* or
Cd2+ ions from aqueous solutions.2 Chlorozincate and chloro-
stannate ionic liquids based on functionalised ammonium
cations of the type [MesNCH,CH,Y] (Y = OH, CI, OC(O)Me
or OC(O)Ph) were recently described by Abbott et al.3

Moreover, several research groups have described ionic
liquids with imidazolium cations carrying ether, amino or
acohol functionalities4 These authors reported special sol-
ubility properties (e.g. improved solubility of metal halide salts)
of their functionalised ionic liquids which are clearly linked to
the presence of the functional group.

However, the synthesis of functionalised ionic liquids has
been rather complicated so far and multi-step procedures were
used in all cases mentioned above. Theseincluded the synthesis
of afunctionalised alkylating agent followed by the alkylation

T Electronic supplementary information (ESI) availablee NMR and MS
spectra consistent with the indicated structures for the compounds
illustrated in Table 1. See http://www.rsc.org/suppdata/cc/b3/b306084e/

of the amine, some further modification of the obtained salt to
obtain the desired functiona group and finally—in most
cases—an anion exchange reaction. Obviously, the number of
steps and the specific features of some of these reaction steps
made it extremely difficult and expensive to obtain the
functionalised ionic liquid product in high quality.

In this paper we describe an aternative synthesis that offers
the chance of a much easier synthesis of functionalised ionic
liquids. In a one-pot, two-step synthesis, the protonation of a
tertiary amine or phosphine is followed by a Michael-type
addition to an «,f-unsaturated compound 1, catalysed by a
weak and volatile base such as e.g. pyridine (Scheme 1).
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Scheme 1 Synthesis of functionalised ionic liquids using a protonation—
Michael reaction sequence (A = anion, X = COOR, COMeg, CN).

This new pathway is based on our recently reported findings
that phosphines react with acrylates in the presence of HBF,4 to
yield the corresponding +y-oxophosphonium salt.> Further
investigations revealed that this chemistry can be extended to
amines, imidazoles and pyridines and that indeed many of the
products obtained represent ionic liquids.

Inthefirst step, thetertiary amine, e.g. N-methylimidazole, is
protonated by astrong acid, giving theammonium salt 2. Inthis
step, the anion of the fina ionic liquid is introduced.
Toluenesulfonic acid, MeSOs;H and HBF, have been used in
our studies so far. Besides these, pyridinium salts of alkylsul-
fates 3 and alkoxyalkylsulfates 4 have been prepared for further
conversion with Michael acceptors. This was achieved by

Table 1 lonic liquids synthesised via Michael-type addition pathway of protonated amines to methyl vinyl ketone2

No Protonated amine Product Viscosity/mPa's Yield (%)
o
1 [MelmH]*  [OTos]~ \NAN/\)J\ —b 84
\—/ OTos
o
2 [MelmH]+ ~O0s0; \N//&N/\)k ~"os0, 435 (1482 ppm H;0) >99
\—/
o)
3 [MelmH]*  [OMes]— \NA\N/\)J\ OMes™ 1255 (2900 ppm H,0) >99
\—/
)
4 [pyH]* \A ) SONP N \} 681 (2363 ppm H,0) >99
0S0, | 050
= X
)
5 [pyH]* )\ B X ;,/\)J\ )\ 915 (339 ppm H,0) >99
0S0, | P 080;

b Abbreviations: py = pyridine, Im = imidazole, OTos = p-toluenesulfonate, OMes = methanesulfonate. 2 Solid at room temperature, mp 62 °C.
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Scheme 2 Preparation of pyridinium akylsulfates by direct and solvent-free
reaction of the py—SO3; complex with the corresponding alcohol.

[NR;H]* [ROSO,]

solvent-free addition of stoichiometric amounts of pyridine-
SO; complex 5 with the corresponding alcohols (Scheme 2).

Remarkably, we found that the pyridinium salts of ethoxy-
ethyl sulfate 4a and methoxyethylsulfate 4b are both room
temperature liquids with low viscosity (200 mPa s at 188 ppm
water for 4a, 154 mPa s at 212 ppm water for 4b). The
pyridinium salt can directly be used in the Michael reaction or
can be exchanged prior to the reaction with another amine of
typically higher boiling point than pyridine.

In the second step, the protonated amine 2 is reacted with an
«,pB-unsaturated compound to yield the ionic liquid 6. The
results for the addition of several imidazolium and pyridinium
sats to methyl vinyl ketone are summarised in Table 1.
Typicaly the reactions were run a 70 °C for 16 h. In cases
where the protonated intermediates are liquids (e.g. pyridinium
alkylsulfate sdts), no solvent is necessary to facilitate the
reaction.6

Thematerialswere obtained in very high to quantitativeyield
in all cases described and—uwith entry 1 being the exception—
are al room temperature liquid salts. As expected, their
viscosity is somewhat higher in comparison to the viscosity of
related, unfunctionalised materials. Thisis no surprise since the
keto functionality introduces a strong hydrogen bound acceptor
site into the salt. Taking this fact into account the low melting
points of the obtained materials are even more remarkable.

It is also important to note that the overall reaction sequence
proceeds with perfect atom effiency since no by-product is
formed. Furthermore no ion-exchange, extraction or filtration
step is necessary. This alows for the first time the rapid
synthesis of libraries of functionalised ionic liquids in a
combinatorial fashion using the new synthetic approach.

In Scheme 3 this option isillustrated for three methylimida-
zolium salts in combination with three Michael acceptors.
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Scheme 3 Synthesis of libraries of functionalised ionic liquids.

As a result of our initiadl combinatorial experiments (3
amines, 3 acids, 5 Michael acceptors) we found that the reaction
proceeds very smoothly applying acrylonitrile and unsub-
stituted acrylates as Michael acceptors. Substituted acrylates,
such as methyl methacrylate and cinnamic acid esters, were not
as successful, leading to incomplete conversion (in the case of
the former) or to no reaction at all (in the case of the latter).

In al experiments described here, the reactivity did not show
great dependence on the anion of the ammonium salt.

Besides the possibility to create libraries of new function-
dised ionic liquids, the new synthesis offers potential for the
synthesis of cheap, industrial ionic liquids since some amines,
acids and Michael acceptors (such as e.g. methyl acrylate) are
products of large scale industrial production processes. How-
ever, for a wider industrial application of the here described
ionic liquids their limited thermal stability may be a concern,
since the Michael-type addition reaction was found to be
reversible at higher temperatures. An additional functiona
group transformation reaction could however help to solve this
problem.

Finaly, it should be mentioned that a highly attractive
version of reaction results from the combination of an amine
with achiral acid (such as camphorsulfonic acid) and aprochiral
Michael acceptor (such as cyclohexen-2-one). In thisreaction a
new stereocenter is created in the presence of a chira ionic
liquid. A detailed report of our ongoing work on this particular
issue will be published elsewhere.

In summary, we have found a new, highly efficient way to
synthesise large varieties of new, functionalised ionic liquids.
Without doubt, the new method offers a powerful tool to
improve our understanding of structure—property relationships
with regard to functionalised ionic liquids.
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8.92 (s, 1H), 7.64 (d, J = 7 Hz, 2H), 7.45 (s, 1H), 7.36 (s, 1H), 7.18 (d,
J = 8Hz, 2H), 433 (t, J = 6 Hz, 2H), 3.82 (s, 3H), 3.07 (t, J = 6 Hz,
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