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BASIC IONIC LIQUIDS

The present invention relates to ionic liquids and more specifically to novel basic ionic
liquids and uses thereof as solvents in chemical reactions. The basic ionic liquids,

additionally, being capable of promoting, or catalysing, chemical reactions.

Aldol reactions which require base promotion or catalysis are described in US
6,552,232, where 1,2,3-trialkylimidazolium salts or 1,3-dialkylimidazolium salts are used
as solvents and/or catalysts for aldol reactions. US 6,552,232 also describes the
synthesis of imidazolium ionic liquids and uses thereof. However, the 1,2,3-
trialkylimidazolium salts or 1,3-dialkylimidazolium salts are not stable under basic
conditions and the BF, and PFs anions decompose to fluoride in the presence of acid or
base. This decomposition of imidazolium ionic liquids under basic conditions is
described in US 6,774,240 and ACS Symposium Series 856, page 25 (where the
instability of imidazolium hydroxides is exemplified). Further, the ionic salts of US
6,552,232 are basic only due to the presence of hydroxyl groups as the anionic species.

M. J. Earle, K. R. Seddon, and P. B. McCormac, Green Chem., 2000, 2, 261, and M. J.
Earle, P. B. McCormac, and K. R. Seddon, Chemical Communications, 1998, 2245
describe the use of hydroxide base in ionic liquids to promote nucleophilic displacement
reactions. However, as with US 6,552,232, the basicity present is due to hydroxyl

groups.

WO 03/062171 describes the use of the neutral molecule 1-methylimidazole for the
removal of acids from a reaction mixture e.g. silylation of alcohols. The 1-
methylimidazole / acid complex formed can be easily removed from the reaction mixture.

WO 04/029004 describes the synthesis of the basic ionic liquid N-(diethylaminobutyl)-
irimethylammonoim bis triflamide for use in the Suzuki coupling, where it is inferior in this
reaction to simple bases such as potassium carbonate. The basic ionic liquid disclosed
is not used as a solvent, but instead as a liquid support. The solvent, in contrast, is a
regular, non-basic, ionic liquid.

Davis (Chemistry Letters, 2004, 33, 1072-1077) discloses that the basic ionic liquid 1-
butyl-3-aminopropy! tetrafluoroborate reacts with carbon dioxide and that the amino
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group can chemically bond to reactants in a chemical process. The ionic liquid disclosed
is not base stable as it comprises a base unstable imidazole ring in conjunction with a

base unstable tetrafluoroborate anion.

Mateus, N. M. M. et. al. in Green Chem. 2003, 347 describes that some imidazolium
ionic liquids can be used in conjunction with a base, but Aggarwal, V. K. et. al. in Chem.
Commun. 2002, 1612-1613 teaches us that imidazolium ionic liquids are unsuitable for
base catalysed reactions (the Baylis-Hillman reaction in particular) because the
imidazolium cation reacts with the reagents used under basic conditions. Earle, M. J. at
the ACS symposium Washington DC 2001 (M. J. Earle, Abstracts of Papers of the
American Chemical Society, 2001, 221, 161), also demonstrated that 2-alkylated
imidazolium ionic liquids are unsuitable for base catalysed reactions because of side
reaction resulting in the modification of the imidazolium cation.

NaOH / benzyl bromide +, N

e N \%, N~cHy | R - HSC/NLQHQ [PFql"

CH; Ph

The reaction of 2-alkyl imidazolium ionic liquids in the presence of a base.

The term “ionic liquid” as used herein refers to a liquid that is capable of being produced
by melting a solid, and when so produced, consists solely of ions. lonic liquids may be

derived from organic salts.

An ionic liquid may be formed from a homogeneous substance comprising one species
of cation and one species of anion, or can be composed of more than one species of
cation and/or anion. Thus, an ionic liquid may be composed of more than one species
of cation and one species of anion. An ionic liquid may further be composed of one
species of cation, and one or more species of anion. Thus the mixed salts of the
invention can comprise mixed salts containing anions and cations.

Thus, in summary, the term “ionic liquid” as used herein may refer to a homogeneous
composition consisting of a single salt (one cationic species and one anionic species) or
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it may refer to a heterogeneous composition containing more than one species of cation
and/or more than one species of anion.

A class of ionic liquids which is of special interest is that of salt compositions with melting
points below 100°C. Such compositions are mixtures of components which are often

liquid at temperatures below the individual melting points of the components.

lonic liquids where the anion gives rise to the ionic liquid’s basicity have been disclosed
by Forsyth, S. A. et. al. in Chem. Commun. 2002, 714-715 for acetylation reactions, and
by S. Abello et. al. Chem. Commun. 2004. 1096-1097, for aldol reactions.

However ionic liquids where the cation gives rise to the basicity, together with application
as solvents which, can also be used to promote, or catalyse reactions have not been

disclosed.

The term “basic” refers to Bronsted bases having the ability to react with (neutralise)
acids to form salts. The pH range of bases is from 7.0 to 14.0 when dissolved or

suspended in water.

The present invention describes new uses of basic ionic liquids as solvents and in base
catalysed or promoted chemical reactions, separations or processes. By utilizing ionic
liquids as the reaction medium (i.e solvent) and/or catalyst it is possible to achieve
higher selectivity, improved yields, simplified separation or purification of products,

reduce or eliminate volatile solvents.

Unlike conventional solvent systems, these liquids exhibit low vapour pressure, tunable
polarity and properties, and high thermal stability. Depending on the choice of ionic
fragments, a reaction environment can be designed to accommodate the catalysis and
the separation of a chemical process in the most efficient way. By combining base
catalysis with the advantages of ionic liquids, it is possible to prepare catalyst media
which, exhibit significant advantages of selectivity and recyclability over existing catalyst
systems. '

According to one aspect of the present invention, there is provided the use of an ionic
liquid as a solvent in a base-catalysed chemical reaction, the ionic liquid being
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composed of at least one species of cation and at least one species of anion,
characterized in that a cation of the ionic liquid comprises (i) a positively charged moiety

and (ii) a basic moiety.

The basic ionic liquids for use in the present invention may be represented by the

formula:
[Cat*-Z-Bas] [X]
wherein: Cat® = positively charged moiety:
Bas = basic moiety; and
pA = a covalent bond joining Cat* and Bas, or 1, 2

or 3 aliphatic divalent linking groups each

containing 1 to 10 carbon atoms and each

optionally one, two or three oxygen atoms.
X = anion

Preferably, Bas comprises at least one nitrogen, phosphorus, sulphur, oxygen or boron
atom, for example, Bas may comprise at least one primary, secondary or tertiary amino

group.

Bas as defined herein does not include —OH, as it is not considered basic in the context
of the present invention, due to difficulties with protonation. More preferably, Bas does
not include —OH and -OR;.

Preferably, Bas is selected from —N(R1)(Rz), and -P(R;)(R2)(Rs); and wherein R;, Rz and
Rs can be the same or different and are each independently selected from hydrogen,

linear or branched alkyl, cycloalkyl, aryl and substituted aryl.

Preferably, Ry, Rz and Rs are each selected from hydrogen, methyl, ethyl, isopropyl,
propyl, butyl, sec-butyl, isobutyl, pentyl, hexyl, cyclohexyl, benzyl and phenyl.

Still more preferably, Bas is —~N(CHs),; or -N(CH(CHa)s)..
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Another aspect of the present invention is directed to use of compounds which are basic
ionic liquids and wherein Bas is a hindered basic moiety.

The term “hindered basic moiety” refers to a functional group that acts as a base, but
because of steric hinderance, does not chemically bond to the reagents or products.

For hindered basic ionic liquids the group R should have fow nucleophilicity such as that
described for Hunig’s base (bis-(diisopropyl)ethylamine) (see Tetrahedron Letters 1981,
31, 1483). Also in this respecf, reference is made to paper, “Hindered non-nuclepohilic
base with high protein affinity”, Chem. Ber. 1958, 91, p380 ad Chem. Ber., 1993, 29,
p1042. This means that the basic group R is capable of forming a chemical bond with
free hydrogen ions, but does not form chemical bonds with the reagents or products in a

chemical process.

The Bas moiety should have lower nucleophilicity or greater steric hinderance thah that
given be three ethyl groups attached to the nitrogen as disclosed in WO 04/029004.

In accordance with the present invention Z may be selected from linear or branched C,
to Cys alkanediyl, substituted alkanediyl, dialkanylether or dialkanylketone, preferably C4
to Cg and more preferably C; to Cs,

Preferably, Z is selected from -(CHx-CHp)-, (CH2-CHz-CHy)-,-(CH2-CHo-CHo-CHy)-,
-(CH3-CH2-CH2~-CH>-CHyp)-,  -(CH2-CH2-CHo-CHo-CHo-CHy)-, -(CH2-CHo-O-CH2-CHy)-
and '(CHQ-CH2-O-CH2'CH2'CH2)-.

The Cat* moiety may comprise or consist of a heterocyclic ring structure selected from °
imidazolium, pyridinium, pyrazolium, thiazolium, isothiazolinium, azathiozolium,
oxothiazolium, oxazinium, oxazolium, oxaborolium, dithiazolium, triazolium,
selenozolium, oxaphospholium, pyrollium, borolium, furanium, thiophenium,
phospholium, pentazolium, indolium, indolinium, oxazolium, isooxazolium, isotriazolium,
tetrazolium, benzofuranium, dibenzofuranium, benzothiophenium, dibenzothiophenium,
thiadiazolium, pyrimidinium, pyrazinium, pyridazinium, piperazinium, piperidinium,
morpholinium, pyranium, annolinium, phthalazinium, quinazolinium, quinazalinium,

quinolinium, isoquinolinium, thazinium, oxazinium and azaannulenium.
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wherein: Bas and Z are as defined above; and

RP, R°, R%, R®, R, R? and R" can be the same or different, and are each independently
selected from hydrogen, a C; to Cy, straight chain or branched aikyl group, a Cs to Cs
cycloalkyl group, or a Cs to Cyo aryl group, wherein said alkyl, cycloalkyl or aryl groups
are unsubstituted or may be substituted by one to three groups selected from: C; to Cs
alkoxy, Cs to Cygaryl, CN, OH, NO,, C; to Cy aralkyl and C; to Cs alkaryl, or any two of
RP, R°, R% R° and R' attached to adjacent carbon atoms form a methylene chain -
(CH,)q- wherein q is from 8 to 20.

More preferably Cat*-Z-Bas is selected from:-

- N M 3
+ ~ (Qj + _ _—
N : N ‘ ; N
| | 7\ H c/ \z
\Bas Bas/ Bas
| _ 5 | . _

o O]

wherein: Bas, Z and RP are as define above.
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Still more preferably, Cat*-Z-Bas may be selected from the group consisting of:-

— - — -

/N/:\_;\N\/\N/k Q\/\NJ\ and C‘NJ)
P 1 RSN

AN

(all of the compounds above being considered “hindered”)

The Cat* moiety for use in the present invention may be obtained by akylation,
protonation and/or acylation of a precursor selected from imidazoles, pyridines,
pyrazoles, thiazoles, isothiazoles, azathiozoles, oxothiazoles, oxazines, oxazolines,
oxazoboroles, dithiozoles, triazoles, selenozoles, oxaphospholes, pyrroles, boroles,
furans, thiophenes, phospholes, pentazoles, indoles, indolines, oxazoles, isooxazoles,
isotriazoles, tetrazoles, benzofurans, dibenzofurans, benzothiophenes,
dibenzothiophenes, thiadiazoles, pyrimidines, pyrazines, pyridazines, piperazines,
piperidines, morpholines, pyrans, annolines, phthalazines, quinazolines, quinazalines,
quinolines, isoquinolines, thazines, oxazines, and azaannulenes.

In accordance with the present invention, the Cat* moiety may also be an acyclic organic

ion.

Where the Cat* moiety is acyclic, it preferably comprises or consists of a group selected
from amino amidino, imino, guanidino, phosphino, arsino, stibino, alkoxyalkyl, alkylthio,
alkylseleno and phosphinimino.

Where the Cat* moiety is acyclic, Cat*-Z-Bas is preferably selected from:

+ +
N(Z-Bas)(Rb)(R")(Rd)] and [P(Z-Bas)(Rb)(H°)(Hd)

wherein: Bas, Z, R®, R%, and R are as defined above

Where Cat" is an acyclic moiety, Bas is preferably not —OH, as the group, in the context
of the present ionic liquids, is not considered basic.
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More preferably, Cat™-Z-Bas is selected from:

THs CHS—/—N<CH3>2
/ II\I V4 Bas or

CHs CH3

wherein: Bas, Z and R® are as defined above.

Still more preferably, Cat*-Z-Bas is selected from:

+

X IS JI
\r V\o/\/\[i,\ , \( \/\O/\/\T\ , \r \/\NJ
W/N\/\O/\/O\/\Té

(all of the above compounds being considered “hindered” basic ionic liquids)

l +
N
NN J
~ T\
and
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In accordance with the present invention, Cat*-Z-Bas may also be:

- N - .

.

Rb

wherein: RP is as defined above

In accordance with any aspect of the present invention, the anion X" may be an alkylated
or halogenated salt of a Group IB, lliA, IVA, VA, VIA or VIIA element.

X is preferably selected from hydroxide, alkoxide, phenoxide, dicyanamide, borate,
phosphate, nitrate, sulfate, triflate, halogenated copperate, antimonate, phosphite,
substituted and unsubstituted metalloborane, substituted and unsubstituted carboxylate
and triflate; or mixtures thereof.

More preferably, X is selected from BF,4, PFs, CF3SOs, CF3COO, SbFs, CuCls, AsFe,
S0,, CF3CH,CH,COO, (CF3S0,)sC, CF3(CF2)s SO5, [CF3SO2]N and a metal inorganic

anion.

Still more preferably, X is selected from halide, triflate, bistrifluoromethanesulfonylamide
[(CF3S05)2N] and alkylsulionate [RSOs].

As noted above, the ionic liquid may comprise a mixture of one or more cations having a
basic moiety and a positively charged moiety.

The ionic liquid may further comprise a mixture of one or more anions.

The ionic liquid may further comprise a mixture of one or more ionic liquids composed of
a cation and an anion.

In a further aspect of the present invention, the ionic liquid may further comprise one or

more basic anions.

10
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The basic anion may be represented by the formula:
[X-R-Bas] -

Wherein: X and Bas are as defined above; and
R is a covalent bond joining X and Bas, or a linking group comprising
1 to 10 carbon atoms and optionally one, two or three oxygen atoms.

Preferably, R is selected from -(CHx>-CH,)-, (CH2-CH>-CHpy)-,-(CH2-CHp-CHo-CHy)-,
-(CH2-CH5-CHz-CH2>-CHp)-,  -(CH2-CHp-CHo-CHy-CH2-CHy)-,  -(CH2-CH2-O-CH»-CHyp)-
and -(CHz-CH»-O-CH2-CH>-CHy)-.

In accordance with yet another aspect of the present invention, the Cat™ moiety may be
selected from those disclosed above and the anionic species X may also a basic ion.

Such basic ionic liquid is typically formed by reacting an ionic liquid precursor with either
an alkali metal hydroxide or alkali earth metal hydroxide in a solvent medium with the
loss of a salt, as is known by one skilled in the art. The most preferred anionic species

are those prepared from potassium hydroxide or sodium hydroxide.

The basic ionic liquids of the present invention may be used in a range of chemical
reactions. The chemical reactions include the Heck Reaction, Suzuki Coupling,
nucleophilic displacement reactions, hydrolysis, esterification, transesterification aldol
reactions, epoxidation, hydrogenation, condensation, oxidation reduction, hydration,
dehydration, substitution, aromatic substitution, addition (including to carbonyl groups),
elimination, polymerisation, depolymerisation, oligomerisation, dimersiation, coupling,
electrocyclic, isomerisation, carbene formation, epimerisation, inversion, rearrangement,
photochemical, microwave assisted, thermal, sonochemical and disproportionation
reactions. '

The basic ionic liquids of the present invention may also be used to catalyse and/or
promote reactions, such as those listed above. ' ’

The term “catalyst” is used herein to include all forms of catalysis, including classic
initiators, co-initiators, co-catalysts, activating techniques, etc.

11
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The above-referenced processes may be generally carried out at a pressure of from
about 1 atm (atmospheric pressure) to about 1000 atm (elevated pressure). The reaction
can be carried out over a wide range of temperatures and is not particularly limited.
Usually the reaction temperature is within the range of from about -50°C to 400°C, more
typically within the range of from 0°C to 250°C, such as from 20°C to 150°C.

The aldol condensation reactions of the instant case may run for approximately from
about 0.01 to 1000 hours, preferably from about 0.1 to 100 hours, and most preferably
for about 1 to 10 hours.

Another aspect of the present invention is directed to basic ionic liquids of formula:
[Cat"-Z-Bas] [X]

wherein: Cat" = a positively charged moiety comprising or
consisting of a heterocyclic ring structure
selected from pyridinium, pyrazolium,
thiazolium, isothiazolinium, azathiozolium,
oxothiazolium, oxazinium, oxazolium,
oxaborolium, dithiazolium, triazolium,
selenozolium, oxaphospholium, pyrollium,
borolium, furanium, thiophenium,
phospholium, pentazolium, indolium,
indolinium, oxazolium, isooxazolium,
isotriazolium, tetrazolium, benzofuranium,
dibenzofuranium, benzothiophenium,
dibenzothiophenium, thiadiazolium,
pyrimidinium, pyrazinium, pyridazinium,
piperazinium, piperidinium, morpholinium,
pyranium, annolinium, phthalazinium,
quinazolinium, quinazalinium, quinolinium,
isoquinolinium, thazinium, oxazinium and

azaannulenium;

12



WO 2006/072775

Bas

PCT/GB2006/000006

a covalent bond joining Cat* and Bas, or 1, 2

or 3 aliphatic divalent linking groups each

containing 1 to 10 carbon atoms and each

optionally one, two or three oxygen atoms;

is selected from alkoxide, phenoxide, dicyanamide,
borate, nitrate, sulfate, ftriflate, halogenated
copperate, antimonate, phosphite, substituted and
unsubstituted  metalloborane, substituted and
unsubstituted carboxylate and triflate, or mixtures
thereof; and

basic moiety as defined above.

Z may be selected from linear or branched C; to Cs alkanediyl, substituted alkanediyl,
dialkanylether or diatkanylketone. Preferably, Z is selected from -(CHz-CHz)-, (CH2-CHp-
CHy)-,-(CH,-CH2-CHz-CHy)-, -(CH2-CHa-CH2-CHo-CH)-, -(CHz-CHz-CHa-CHp-CH2-CHp)-,
-(CH2-CH2-0-CH,-CHy)- and -(CH,-CH-O-CH,-CH2-CHa)-.

The basic ionic liquid is preferably selected from a compound of formula:

Rc

Rb

RS

RO

[d

HB

Rf

%]

— » - +
R R®
x-
[*] ,
N
RY T/ \Hg
z
\Bas
[~ -]+
RO
RC, rll Rd
[ ]
O ’
R T CHoOH
Z
| \Bas a

13
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RS Ad RS, Ro
N/
Rb O/N\Hg ] ’ R? O)\Hd [*] ,
| |
z z
| \Bas | | \Bas _
— 1+ ~ 1+
RY Rh
Rb z _—Bas \N-——N/
e OV |1¥
O | TN |
RC o Rd I
Z
\
- — a Bas _
B 1+ B R 1+
RS Rd
RS Re
[x] [x]
RP N Re ’ ] : ’
N R /N\ R
Bas™ z RS ] B /Z R9 |
and
— =1 +
Hc
Rb
0 [x]
Z—N
Bas/ '_Lg R
Re
wherein: Bas, Z and X are as defined above; and

R°, R, RY R, R', R? and R" can be the same or different, and are each independently
selected from hydrogen, a C, to Caq, straight chain or branched alkyl group, a Cs to Cg
cycloalkyl group, or a Cs to Cqo aryl group, wherein said alkyl, cycloalkyl or aryl groups
are unsubstituted or may be substituted by one to three groups selected from: C; to Ce
alkoxy, Cg to Ciparyl, CN, OH, NO,, C; to Cy aralkyl and C; to Cso alkaryl, or any two of

14
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R®, R°, RY, R® and R' attached to adjacent carbon atoms form a methylene chain -(CHy)q-

wherein g is from 8 o 20.

Preferably, the basic ionic liquid is selected from:

N

and

wherein:

[x]

Bas

[x]

[s)

/

7N\

HaC

Bas, X and R’ are as defined above.

Bas

More preferably, the basic ionic liquid is selected from a compound of formula:

=\ X]
BN X1
A

QL
"L

-+

[x]

and

In yet another aspect of the present invention, the basic ionic liquid is selected from

compounds of formula:

wherein:

Cat*
4

[Cat*-Z-Bas] [X]

acyclic positively charged moiety;

a covalent bond joining Cat* and Bas, or 1, 2

or 3 aliphatic divalent linking groups each

15
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containing 1 to 10 carbon atoms and each
optionally one, two or three oxygen atoms;

X = anion;

Bas = -N(R1)(R2), -P(R1)(R2)(Rs), -PO(OR1),
PO(OR1)(ORg), -S(R4), ~-SO2(OR1),
and boron containing groups, wherein Ry, Rz
and Rs can be the same or different and are
each independently selected from hydrogen,
linear or branched alkyl, cycloalkyl, aryl and
substituted aryl; with the proviso that Bas is
not ~NH,, -NHMe, N(Et),, or boratrane; and
with the proviso that where Cat* comprises an
amino group, the anion X is selected from
dicyanamide, borate, phosphate, nitrate, sulfate,
triflate, halogenated copperate, antimonate,
phosphite, substituted and unsubstituted
metalloborane and mixtures thereof.

Preferably the acyclic ionic liquid is selected from a compound of formula:

— - + — .

CH

[X] _3—/—N(CH3)2 ‘
IL Z—Bas Rb— | 1X]
/ l or |

CHg CHg

wherein: Bas, Z, X and RP are as defined above.

More preferably, the ionic liquid is selected from:

+ +

\N/ . J/ X1 \N/ Jix
\r NN \( o~y X

~ ~
| |

(both of the above compounds being considered “hindered” basic ionic liquids)

16
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+

|
/N\/\/\/\'N) [X]
|\

and

Still yet another aspect of the present invention is directed to a basic ionic liquid of

formula:
_ N _—
Y g [ X_]
N
l,
wherein: X and R® are as defined above

In accordance with any aspect of the present invention, the basicity (or base strength) of
a basic ionic liquid can be altered, by adjusting the distance between the cationic centre
and the basic group. A separation of distances corresponding to (approximately) 2
methylene groups gives a mild basic ionic liquid. A separation of 6 methylene groups (or
similar distance to that or 6 methylene groups) gives a stronger basic ionic liquid. Hence
in this invention, the base strength of the ionic liquid can be adjusted.

In the present invention, the ionic liquid phase can be recycled by way of methods
known in the art and applied as reaction medium to form products. The ionic liquid

medium may  also be recycled  for use in other  reactions.

The present invention will now be described and discussed by way of the following

examples:

EXAMPLE 1 - DABCO IONIC LIQUIDS

The reaction of an alkyl halide with excess diazabicyclo[2,2,2]octane gives a basic series

of ionic liquids.
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/a4 \ 150 °C A N\, -
N N + R—Br — N N—R | Br
\/_\_// \/_\_//

[C,Dabco] Br

The mono alkyl DABCO bromides have fairly high melting points, but the hexyl, octyl and
decyl DABCO bromides are ionic liquids (m.p. <100° C). The decomposition
temperatures are all in the 220-250 °C range by DSC. The melting point of the
CeDABCO bromide ionic liquid (95 °C) fell to 25 °C for the [CsDABCO]N(SO,CF3)2]
which formed a gel at this temperature (see Figure 1).

Ethyl DABCO methanesulfonate [C.DABCQO][OSO,CHs] (mp 81 °C) and hexyl DABCO
methanesulfonate have also been synthesised from the reaction of DABCO and
ethylmethanesulfonate or hexylmethanesulfonate.

Typical Experimental Procedure
[C.DABCO]Br

Diazobicyclo-[2,2,0]-octene (1.13 g, 12.5 mmol) and alkyl bromide (10 mmol) were
heated under reflux (or at 150 °C which ever is the lower) for 1 to 24 hours. On cooling
a precititate formed. This was dissolved in a minimum quantity boiling ethyl acetate /
isopropanol for C2 to C10 DABCD bromides and boiling toluene / ethyl acetate for C12
to C18 DABCO bromides. The crystals that formed on cooling were filtered off and dried
by heating at 80 °C for 4 hours under vacuum (1 mmHg). The compounds were
analysed by NMR and DSC. Yields typically 60-80%

[C.DABCO]J[OSO,CHs]

Diazobicyclo-[2,2,0]-octene (1.13 g, 12.5 mmol) and alkyl methanesulfonate (10 mmol)
were heated at 100 °C for 1 hour. On cooling a precititate formed. This was dissolved
in é minimum quantity boilihg ethyl acetate / isopropanol. The crystals that. formed on
cooling were filtered off and dried by heating at 80 °C for 4 hours under vacuum (1
mmHg). The compounds were analysed by NMR and DSC. Yields typically 70-80%.
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[CnDABCO]N(SO:CF3)]

[CeDABCOIBr (2.75 g, 10.0 mmol) and lithium bisftifluoromethanesulfinimide (3.15 g, 11
mmol) were each dissolved in water (10 cm®. The two solutions were mixed and a
dense ionic liquid phase formed. This was extracted with dichloromethane (3 x 10 cm®),
dried over Na SOy, filtered and the solvent evaporated to give a colourless paste, which
became liquid at 25 °C. This paste was dried by heating at 80 °C for 4 hours under
vacuum (1 mmHg). The compounds were analysed by NMR and DSC.

EXAMPLE 2 -TMEDA SALTS

Tetramethylethylenediamine (TMEDA) ionic liquids are synthesised from TMEDA and an
alkyl bromide as below. The C,, Cs, Ce, Cs, C12 and Cyg alkyl bromides have been made
and [C,TMEDA]Br where n = 5, 6, 8, 10 are room temperature ionic liquids.

H5C :
N CHj; 150 °C \N_\L Hs i
H3C/ ——\_ N/ + R—Br — / ITI_ R Br
\
CH; CHjs

Synthesis of TMEDA ionic liquids.
[C.TMEDA]Br

Tetramethylethylenediamine (TMEDA) (2.32 g, 20 mmol) and alkyl bromide (25 mmol)
were heated under reflux (or at 130 °C which ever is the lower) for 1 hour resulting in a
dense phase forming. This was cooled to room temperature. For [Co,TMEDA]Br and
[C4sTMEDA]Br a crystaline solid formed and for [CisTMEDA]Br, a liquid crystaline
material formed. These products were washed with cyclohexane and dried under
vacuum (24h at 80 °C, 1 mmHg). Yields typically 60-80%
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EXAMPLE 3 - DMAP SALTS

N,N-dimethylaminopyidine (DMAP) ionic liquids are synthesised from DMAP and an
alkyl methanesulfonate as below.

, CH
7 CHs o NN N ]
NN N o+ R—OMs 10°C —/ \ew, | OV

[C.DMAP] [OMs]

Synthesis of new DMAP ionic liquids.

Dimethylaminopyridine (DMAP) (2.443 g, 20 mmol) and either ethyl or hexyl bromide (25
mmol) were heated under reflux (or at 130 °C which ever is the lower) for 1 hour. On
cooling a precititate formed. This was dissolved in a minimum quantity boiling ethy!
acetate / isopropanol for C, to Cs DMAP bromides. The crystals that formed on cooling
were filtered off and dried by heat at 80 °C for 4 hours under vacuum (1 mmHg). The
compounds were analysed by NMR and DSC. Yields typically 60-80%.

Dimethylaminopyridine (DMAP) (2.443 g, 20 mmol) and either ethyl or hexyl
methanesulfonate (256 mmol) were heated at 100 °C for 1 hour. On cooling a precititate
formed. This was dissolved in a minimum quantity boiling ethyl acetate / isopropanol for
C to C¢ DMAP methanesulfonates. The crystals that formed on cooling were filtered off
and dried by heat at 80 °C for 4 hours under vacuum (1 mmHg). The compounds were
analysed by NMR and DSC. Yields typically 80-85%.

EXAMPLE 4

Sodium hydride (60 % dispersion in oil) (45 mmol, 1.80 g) was added portionwise to a
solution of N,N-dimethylethanolamine (20 mmol, 1.78 g) in THF (100 cm®). The resultant
slurry was heated at 60 °C for 1. hour then cooled. 1-(N-morpholino)-2-chloroethane
hydrochloride (20 mmol, 3.72 g) was added portionwise and the slurry stirrer at 25 ° for
18 hours. Ethanol (10 cm®) followed by water (100 cm®) was added and the product was
extracted with dichloromethane (3 x 50 cm®. The dichloromethane extracts were dried
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over Na2S04, filtered and concentrated on a rotary evapourator.

PCT/GB2006/000006

The product was

Kugelrorh distilled at 110-120 °C, 1mmHg to give 2.3 g of a colourless oil (N-

morpholinoethyl dimethylaminoethyl ether).

o/ﬁ HCI salt
N ~
cl

\
N
/ _\_OH + HaH

- EXAMPLE 5

S

s

Basic ionic liquid
H,0,/H,0

The epoxidation of chalcone (above) using a DABCO-based basic ionic liquid as a base
showed a very slow reaction. It was assumed that the trialkylamine group of the ionic

liquid was to nucleophilic and formed an N-oxide in presence of hydrogen peroxide
rather that acting as a Brgnsted base. Diisopropylethylamine (Hiinig's base) is known to

be a non-nucleophilic base, this functional group was incorporated into an ionic liquid.
1-Chloro-2-(diisopropylamino)ethane hydrochloride is commercially available and was

use to quaternise methylimidazole,

yielding the imidazolium cation with a

diisopropylamino group in the side chain (below).

— hg U
/N \\+’, N\/\N Cl-
\( e H3C Ny )\

: +
N

Ho-NM N+ cr” N
.HCl

Synthesis and structure of methyl-(2-diisopropylamino)-imiazolium chloride
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The metathesis reaction with lithium bistriflimide yielded a room temperature ionic liquid
that was insoluble in water. This ionic liquid acted as a mild base.

EXAMPLE 6

Increasing the distance between the cationic centre and the hindered base increases the
basisity of the ionic liquid. This can be achieved by the reaction sequence described
below.

"

I .HCl b | /'\

| 0 J\
\T/\/O\/\N/k e . /\/-FT/\/ NN Br

Synthesis of an ionic liquid with a longer distance between cation and the basic group

The  1-chloro-2-(diisopropylamino)ethane  hydrochloride was used to alkylate
dimethylaminoethanol, the resulting diamine was alkylated with propyl bromide. The
quaternisation reaction itself is regiospecific, the diisopropylamino group is non-
nucleophilic and cannot be quaternised under the applied conditions. The obtained salt
shows a five atom chain between the cation and the basic diisopropylamino group. The
metathesis reaction with lithium bistriflimide gave a room temperature ionic liquid. Iis
structure is shown in below.

N NG N |}3csoz/ \SOZCF;]

The epoxidation reaction of chalcone was carried out in this ionic liquid and gave 100 %
conversion. The substrate was dissolved in the ionic liquid phase and an aqueous phase
containing hydrogen peroxide was added.
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EXAMPLE 7

The determination of the absolute basicity of an ionic liquid is not trivial because the
Bronsted basicity scale is based on water as a medium. A dry ionic liquid does not
contain any water, yet it can act as an acid or base. In order to assess the relative
basicity to compare ionic liquids, a colour indicator was used. Universal indicator TM,
used for PH paper, is also available as a solution. It contains a range of indicator
molecules which change colour according to whether they are protonated or not,
covering the whole pH range in water with specific colours. When dissolved in an ionic
liquid in the absence of water, these indicators also change colour, although their
colours do not correspond to the conventional pH-values. But an ionic liquid showing a
blue colour would still indicate more basic properties than an ionic liquid showing a
yellow or orange colour. Figure 2 shows a picture of three different bistriflimide ionic
liquids after addition of a defined amount of indicator followed by evaporation of the
solvent. The sample on the left shows [bmim][NTf,], in the centre is methyl-(2-
diisopropylamino)-imiazolium [NTf,], both containing the same concentration of indicator.
According to their colour they seem to possess a similar basicity.

Figure 2 shows the indicator in an ionic liquid with a five atom chain between the base
and the cation, its colour is shifted towards blue, indicating stronger basic properties.
This ionic liquid did act as a good base catalyst (and solvent) in the chalcone
epoxidation reaction.

EXAMPLE 8
The synthesis of a basic ionic liquid based on methylpyrrolidine is shown below.
\NK LK,CO;/CHCN >\
E> * Cl/\/ Y Reflux 12h 3 E®>\/\N NTﬂS
? 3
2. DCM / LiNT, / )\

The synthesis of a hindered basic ionic liquid N-meth yI-N-(bisdiisopropyl)aminoethyl!

\ HCI salt

pyrrolidinium bistriflamide
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The above scheme shows the synthesis of an ionic liquid bearing a two carbon spacer
between the quaternary nitrogen and the basic nitrogen. The DSC of the basic ionic
liquid indicates that the melting point of the ionic liquid is -27 °C.

EXAMPLE 9
7 N\( 1. K,CO,/CH.CN ®+
—N + Cl/\/ bkt /N\/\N/k

\ HCI salt Reflux 12h NT‘f‘2 /K
2. DCM/ LiNTY,

\N_/"OH N T Na / THF
) ~
. o~

HCI salt A
NT, N\ Asl

N
/ )xo /Q 2. LiNTH,
\/\N

A

Y

BIL 2

\Z/
/S
N—"

1. C,H;l/ toluene
_\\ 2. LiNTT, /N
- +
N | NT_‘Z\R /
\ N

—

L R\

0
1. n-Bul H
\__\N"'\/\O/\/O\/\N/k Am YNY

4 NTY, /K

BIL 4

N ‘
\\\o + )\N ~_-Cl  NaH/THF \\\
A
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The above scheme shows a synthesis of a range of basic ionic liquids, for example,
bearing a 5-atom spacer between the quaternary nitrogen and the basic nitrogen. The
general synthetic strategy for the preparation of BIL 1-4 is simple and versatile and is
shown in the Scheme above. A vital part of the synthesis of the base-tethered ionic
liquids involves the use of 2-diisopropylaminoethyl chloride reacting with a chosen
nucleophilic reagent and is facilitated by the neighbouring group participation from the
diisopropylamino moiety. The synthetic sirategy for the preparation of BIL 1, 2 and 4
takes into account the ability to selectively quaternise the pendant amino, imidazolyl or
pyridyl groups as against the diisopropylalkylamino group which is non-nucleophiolic in
nature. The synthetic strategy for the preparation of BIL 3 makes use of the insolubility
of the mono-quaternised diamine which precipitates out of toluene (solvent) thereby
preventing it from further reaction with the alkyl halide. In all cases the halide anion
associated with the quaternary ammonium salts was subjected to metathesis with lithium
bis-triflimide to generate base tethered ionic liquids BIL 1-4.

EXAMPLE 10

A group of ionic liquids similar to those given in Example 9 is as follows:

N;;&&j:? <j:z+NTB X:i;z--NTQ
H / / AN

BIL 1a BIL 1b BIL 2b
/ -NTf,
— e

Y

BIL 2a
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The physical properties of these ionic liquids are given in the table below. All of them are
viscous room temperature ionic liquids and are pale yellow in colour.

lonic liquid | BIL1 | BlL1a | BIL1b | BIL2 | BlL2a | BIL2b | BIL3 | BIL 4
Melting point | -73°C | 33°C" | -28°C | -77°C | -77°C | -73°C | -59°C | -82°C
Viscosity/cP | 540 | 417 313 | 398 | 330 310 475 | 195

Density/g cm™ | 1.300 | 1.354 | 1.311 | 1.277 | 1.245 | 1.242 | 1.319 | 1.247

*jonic liquid BIL 1a is supercooled with a freezing point of -10 °C
Viscosity and density data at 25°C on base-tethered ionic liquids BIL 1-4

The relative base strength of these ionic liquids was measured by the aid of the
universal indicator. A series of similar indicators had been used before to estimate the
basicity of dicyanamide ionic liquids. Figure 3 shows the manner in which the UV/Vis
spectral characteristics of the universal indicator .change with the nature of the basic

ionic liquids.

These UV/Vis spectra give an indication of how the base strength of the pendant amino
group varies with chain length and/or nature of the atoms in the chain. This can be
explained by the fact that electronic repuision between two cations (in the protonated
state) decreases with increasing chain length, leading to higher basicity. The short wave-
length band (~ 400-460 nm) represents the ‘proton attached form’ of the dye of the
indicator while the long wave-length band (~620-640 nm) represents the ‘deprotonated
form’ of the dye. The growth of the long wave-length band increases with the length of
the chain between the two nitrogen atoms. Furthermore, long wave-length band is also
associated with a small bathochromic shift. We have qualitatively shown here how the
basicity of an ionic liquid can be tuned to a certain extent by simply changing the
distance between the two nitrogen atoms without having to vary the nature of the

dialkylamino group.

The visual colour changes that can be seen when Universal indicator interacts with basic

ionic liquids, is depicted in Figure 4.
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BASE CATALYSED OR PROMOTED REACTIONS
EXAMPLE 11

A use of the Mannich reaction in ionic liquids is in the synthesis of Tramadol (an
analgesic).

O
BIL
C /CH3 N -
+ / + H~N >
0 \ I
n CH3
MgBr

6]
_ OH
é/\N @ ------- - H3CO \\\“\‘\ d
. I N
OCHj I

racemic Tramadol

EXAMPLE 12

Another classical reaction is the Robinson annulation. This involves a Michael reaction
of an unsaturated ketone with a ketone followed by an internal aldol condensation. The
reaction is typically carried out in solvents such as alcohols and in some cases, dipolar
aprofic solvents such as DMF or DMSO are necessary. The Robinson annulation is a

two step reaction and the intermediate Michael product is not normally isolated.

0 alkoxide
+ base

l solvent

The Robinson annulation above was carried out using a base ionic liquid. At room
temperature, the Michael product was obtained in high yield in under 5 minutes. This
was considerably faster than a similar reaction carried in ethanol. The aldol
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condensation only occurred in the ionic liquid when the temperature was raised to 80 °C.
This reaction can also be carried out with a basic ionic liquid including but not limited to
those in Examples 1-4.

Q O  10%XK OBu!
d‘:\L ’ r“\ 25 - i‘:\(\/“\ 80 C @
0

EXAMPLE 13

(0] o) o 0
. CH; CH;
CHj; ’)'\ L-Proline
> —_—
(0] (6] o

Proline is known to catalyse the reaction of 2-methylcyclohexat,3-dione with MVK and is
reported to give a 49 % yield of the annulated product (70 % ee) in DMSO at 35 °C. This
reaction was attempted in a basic ionic liquid and the Michael reaction worked efficiently.

This reaction can also be carried out with a basic ionic liquid including but not limited to
those in Examples 1-4.

EXAMPLE 14

The condensation of acetone to isophorone can be performed in basic ionic liquids.

0

' 0 0
(0]
)j\ —_— — —_— X
BIL OH |
0
BIL = Basic ionic liquid
 —
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The condensation of cyclohexanone is a more complex.

Side Reaction

RIT, = Rasic ionic Nawid o 0 o
H)ﬁ + H)‘l —_— H/“T\/R

The Basic ionic liquids acts as both a catalyst and solvent

BIL = Basic ionic liquid - -
[R-DABCO] Br
EXAMPLE 15
f!l . T
\N/\/\/\/ ~N Toluene \+I/\/\/\/m\
| + ?_> N I
N ( "
. |
-
\ﬁ/\/\/\/ N
A
l CHCl,
NTE, ' . l
N , N N
HNTN TN N LiNTS Y N NN
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Synthesis of a basic ionic liquid based on tetramethylhexane-1,6-diamine synthesised
according to the above procedure. These ionic liquids are stronger bases that the
DABCO, or DMAP ionic liquids due to the greater separation between the cationic centre

and the basic functional group.

EXAMPLE 16

- — _ _| — —
O A A 3l :
\O (@]
N | B /\!(vox/ NS G| o-bon
72 X
<+ O/ N” O
B M
[C.DABCO] Codimethylethyloamime Codimethylaminopyridine
bromide triflamide [Co.DMEA]INTT,] methanesulfonate
[C.DMAP][OMSs]
O o 0] OH
* )J\/\/ _>
H
1 2 3 -H,0
(0] 0
~
5 4

In a typical procedure, cyclopntanone (10 mmol), ionic liquids 1g and catalyst (base or
acid) were stirred together at desired temperature, after attainment of the temperature a
known quantity of pentanal was added dropwise to avoid the self-condensation of the
reactive aldehyde. Small aliquots of sample were withdrawn and extracted with water-
hexane mixture. The organic layer was then passed through MgSO, plug and then was
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analysed by a gas chromatography. The compounds were identified using standards or
by GC-MS. Heterogenous basic catalyst HT [hydrotalcite (Mg/Al atomic ratio=2)] and
Zn(proline), were prepared as reported procedures [Tichit et al., J. Catal., 219 (2003)
167] [Darbre et al., Chem. Commun., 2003, 10901, respectively.

«_|lonic Liquids. - Wt %

;| Ketone/ | Catalyst-- - Reaction : .

Expt ald, | Temp |\ Ti

sAd |- 1 T2MNaOH |80 |3 |85 |85
SA23 |- 4 Ca(OH), |80 |3 80 |70
SA1 | [C.DABCOIBr |1 : 80 |3 99 |90
SA5 | [C.DABCO|Br |1 : 80 |18 |85 |85
SA6 | [C.;DMAP]OMs] | 1 T 80 |3 30 |60

The ionic liquids used in the above experiments were hydrophilic in nature and due to
the presence of the nucleophilic nitrogen, they were also capable of catalysing the aldol
condensation. The NMR spectroscopy revealed that the ionic liquids remain intact after
the reaction so that these can be used further for the next cycle provided the products
are separated by distillation. It is also possible to make these ionic liquids hydrophobic
by replacing the anions, Br" or [OMs] by the [NTf,]" anion. The basic ionic liquids give
superior yield and selectivity in the crossed aldol reaction.

Thus, aldol chemistry route to the synthesis of dihydrojasmone in ionic liquids catalysed

by proline offers excellent yields of MDJ-1. It is also possible to obtain MDJ-2 via

catalytic distillation and can be viewed as one pot synthesis.
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EXAMPLE 17

The Heck coupling to give lilial was very successful.

Heck reaction

0
| I
Pd (OAc)
p/ + /]\/OH —
Basic IL

B-Lilial

Knoevenagel reaction

X
N o 250C
OEt Basic IL +

~ON
CO,Et

The reaction of b-methallyl alcohol with 4-t-butyliodobenzene was examined at 95°C

CO,Et

using palladium acetate as the catalyst. 4-t-Butyliodobenzene (5 mM) and b-methallyl
alcohol (5.1 mM) and Pd(OAc), (0.05 mM) were added to BIL 2 (10 mM) ionic liquid in a
Schlenk tube. The sealed reaction vessel was heated at 95°C for 10h with stirring. The
cooled reaction mixture was extracted with cyclohexane (4x5 ml) to remove products
from the ionic liquid. Evaporation of the solvent from combined cyclohexane extracts
yielded the products.

The conversion to lilial was ~32% when BIL 1 was used as the reaction medium. This is
probably due to the reduced basicity of the pendant diisopropylamino group because of
its proximity to the quaternary nitrogen atom. However the conversion to lilial increased
dramatically to 84% when the Heck coupling was carried out under identical conditions
in BIL 2. The extended length between quaternary nitrogen and the basic nitrogen and
the contribution of the oxygen atom in the middle of the chain towards the overall
basicity of the pendent amino group may account for this observation (see below).
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Stabilisation of the protonated base by the oxygen atom in the chain

Similarly the Knoevenagel reaction as shown above was carried out in BIL 1 obtaining
near quantitative yields. Benzaldehyde (4mM) and ethylcyano acetate (4.1 mM) were
added to BIL 1(1 ml) in a Schlenk tube which was then stoppered and stirred at room
temperature overnight. The products were extracted into cyclohexane (4x4 ml) and
evaporation of the solvent from combined cyclohexane extracts yielded the products.

Selectivity for the reaction was also excellent exhibiting 99:1 ratios for the two possible
products. The basicity of BIL 1 was suifficient to carry out the Knovenagel reaction even
though the two nitrogens are separated only by a two carbon chain. It is also noteworthy
that BIL 1 failed to deprotonate the dye present in the Universal indicator.

EXAMPLE 18

N-butyl-N-((N",N’-diisopropylaminoethoxy)-ethyl)-pyrolidinium
bistrifluoromethanesulfonylamide
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EXAMPLE 19

Improvement to hydrogenation reactions
Hydrogentation (using BIL)

Unsat. Lilial Lilial

Using traditional base in [mbpyrr][NTf,]

Base Yield %
[No base 62
EtaN [55
Hunig’s 97
2,6-dimethylmorpholine 85*

* All Lilial was converted to Fenpropimorph

Using basic ionic liquids

BIL  Jlodide [IL Yield %
100% [ - 52
50% | 50% |93
- 50% [|50% |28
1% - 99% |89

Employment of a basic ionic liquid gave improved yields.
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CLAIMS

Use of an ionic liquid as a solvent in a base-catalysed chemical reaction, the
ionic liquid being composed of at least one species of cation and at least one
species of anion, characterized in that a cation of the ionic liquid comprises (i)
a positively charged moiety and (i) a basic moiety.

Use according to Claim 1 wherein the ionic liquid is represented by the

formula:

[Cat*-Z-Bas] [X]

wherein: Cat* = positively charged moiety:
Bas = basic moiety; and
y4 = a covalent bond joining Cat* and Bas or 1, 2

or 3 aliphatic divalent linking groups each

containing 1 to 10 carbon atoms and each

optionally one, two or three oxygen atoms.
X = anion; and

with the proviso that Bas is not —OH.

Use according to Claim 2, wherein Bas comprises at least one nitrogen,
phosphorus, sulphur, oxygen or boron atom.

Use according to Claim 3, wherein Bas comprises at least one primary,

secondary or tertiary amino group.

Use according to Claim 3, wherein Bas is selected from —N(R1)(R»), and -
P(R1)(R2)(Rs); and wherein Ry, Rz and Rg can be the same or different and are
each independently selected from hydrogen, linear or branched alkyl,

cycloalkyl, aryl and substituted aryl.
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10.

Use according to Claim 5, wherein Rq, R, and Rj; are each selected from
hydrogen, methyl, ethyl, isopropyl, propyl, butyl, sec-butyl, isobutyl, pentyl,
hexyl, cyclohexyl, benzyl and phenyl.

Use according to Claim 5 or Claim 6, wherein Bas is selected from —N(CHj),
and ~N(CH(CHy3),)».

Use according to any one of Claims 2 to 7, wherein Z is selected from linear
or branched C; to Cyg alkanediyl, substituted alkanediyl, dialkanylether or
dialkanylketone.

Use according to Claim 8, wherein Z is selected from —(CHy-CH,)-,
-(CH2-CH2-CHy)-, -(CH,-CHy-CH2-CHy)-, -(CH2-CH,-CHp-CHo-CHy)-,
-(CH2-CH2-CH,-CH,-CHy-CHy)-, -(CH2-CH2-O-CHx-CHy)- and
-(CH2-CH»-0-CH2-CH,-CHy)-.

Use according to any one of Claims 2 to 9, wherein the Cat" moiety
comprises or consists of a heterocyclic ring structure selected from
imidazolium, pyridinium, pyrazolium, thiazolium, isothiazolinium,
azathiozolium,  oxothiazolium, oxazinium, oxazolium, oxaborolium,
dithiazolium, triazolium, selenozolium, oxaphospholium, pyrollium, borolium,
furanium, thiophenium, phospholium, pentazolium, indolium, indolinium,
oxazolium, isooxazolium, isotriazolium, tetrazolium, benzofuranium,
dibenzofuranium, benzothiophenium, dibenzothiophenium, thiadiazolium,
pyrimidinium,  pyrazinium, pyridazinium, piperazinium, piperidinium,
morpholinium,  pyranium, annolinium, phthalazinium, quinazolinium,
quinazalinium, quinolinium, isoquinolinium, thazinium, oxazinium and

azaannulenium.
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11, Use according to Claim 10, wherein Cat*-Z-Bas is selected from:-

Rd

RS Re®

O

N——-73Z

N

Bas

Rd

RS . RY
-

Ol

N

Bas _

RG

N—32Z

RS, Rd

-+
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RP Re

Bas
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B Rd 7] +
RS, Re
3
2
AP N Rf
VAN
/Z R9
| Bas _
and
Re ¥
Rb
(0]
Z—N
| R
RY
Re
—

wherein: Bas and Z are as defined above; and

R, R°, RY, R°, R', RY and R" can be the same or different, and are each
independently selected from hydrogen, a C; to Cgo, straight chain or branched

alkyl group, a Cs to Cg cycloalkyl group, or a Cg to Cyq aryl group, wherein

said alkyl, cycloalkyl or aryl groups are unsubstituted or may be substituted by

one to three groups selected from: C to Cg alkoxy, Cs to Cqo aryl, CN, OH,
NO;, C7 to Cq aralkyl and Cy to Cs alkaryl, or any two of R?, R®, R, R® and R’
attached to adjacent carbon atoms form a methylene chain -(CHp)q~ wherein

q is from 8 to 20.
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Use according to Claim 11, wherein the Cat*-Z-Bas is selected from:

[ N B 0 T+ _ _
N [N ’ N
L Z/ \CH3 H3C/ \z\
| \Bas Bas/ 8 Bai
+
and Rb—N/ \ N/
—/  \

wherein: Bas, Z and RP are as defined above.

Use according to Claim 11, wherein Cat*-Z-Bas is selected from:

_ aul T T T
/N/:’/'\N\/\NJ\ , /N\/\N/L and C"\'J)
A PR RN

AN

Use according to any one of Claims 10 to 13, wherein Cat* is obtained from
akylation, protonation and/or acylation of a precursor selected from

imidazoles, pyridines, pyrazoles, thiazoles, isothiazoles, azathiozoles,

oxothiazoles, oxazines, oxazolines, oxazoboroles, dithiozoles, triazoles,

selenozoles, oxaphospholes, pyrroles, boroles, furans, thiophenes,
phospholes, pentazoles, indoles, indolines, oxazoles, isooxazoles,
isotriazoles, tetrazoles, benzofurans, dibenzofurans, benzothiophenes,
dibenzothiophenes, thiadiazoles, pyrimidines, pyrazines, pyridazines,

piperazines, piperidines, morpholenes, pyrans, annolines, phthalzines,

quinazolines, quinoxalines, quinolines, isoquinolines, thazines, oxazines, and

azaannulenes.
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15.  Use according to any one of Claims 2 to 9, wherein Cat" is an acyclic organic
moiety. ‘

16.  Use according to Claim 15 wherein the Cat” moiety comprises or consists of a
group selected from amino, amidino, imino, guanidino, phosphino, arsino,

stibino, alkoxyalkyl, alkylthio, alkylseleno and phosphinimino.

17.  Use according to Claim 16, wherein Cat*-Z-Bas is selected from:
+ +
N(Z-Bas)(Rb)(Rc)(Rd)] and [P(Z—Bas)(Rb)(Rc)(Rd)

wherein: Bas, Z, R®, R% and RY are as defined above; with the
proviso that Bas is not —OH and —N(Et),

18.  Use according to Claim 16 wherein Cat*-Z-Bas is selected from:

‘I’HS ‘l’Hi_/—N(CHs)a
T b
/ T Z Bas or R l

CHg CHa

wherein: Bas, Z and R® are as defined above.
19. Use according to Claim 17, wherein Cat’-Z-Bas is selected from:

W’.N\/\O/\/\'I\'\ W/N\/\O/\/\'I\l\
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and

20.

21.

22.

23.

24,
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Use according to any one of Claims 2 to 4, wherein Cat*-Z-Basis a compound
of formula:

N 7 +

>

. R

wherein: RP is as defined above

Use according to any one of Claims 1 to 20, wherein X is an alkylated or
halogenated salt of a Group IB, IlIA, IVA, VA, VIA or VIIA element.

Use according to Claim 21 wherein X the anion is hydroxide, alkoxide,
phenoxide, dicyanamide, borate, phosphate, nitrate, sulfate, triflate,
halogenated copperate, antimonate, phosphite, substituted and unsubstituted
metalloborane, substituted and unsubstituted carboxylate and triflate; or
mixtures thereof.

Use according to Claim 21 or 22, wherein X is selected from BF,, PFs,
CF3803, CF3COO, SbFs, CuCly, AsFs, SO, CF3CH2CH-COO, (CFsS0,)sC,
CF3(CF2)s SOs, [CF3sSO2]:N and a metal inorganic anion.

Use according to any one of Claims 1 to 21, wherein, X is selected from

halide, triflate,  bistrifluoromethanesulfonylamide [(CF3S0,).N] and
alkylsulfonate [RSOg].
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25.

26.

27.

28.

29.

30.

31.

Use according to any one of the preceding claims, wherein the ionic liquid
comprises a mixture of one or more cations having a basic moiety and a

positively charged moiety.

Use according to any one of the preceding claims, wherein the ionic liquid
comprises a mixture of one or more anions.

Use according to any one of the preceding claims, wherein the ionic liquid
further comprises a mixture of one or more ionic liquids composed of a cation

and an anion.

Use according to any one of the preceding claims wherein the chemical
reaction is catalysed by the basic ionic liquid.

Use according to any one of the preceding claims, wherein the chemical
reaction is selected from the Heck Reaction, Suzuki Coupling, nucleophilic
displacement reactions, hydrolysis, esterification, transesterification aldol
reactions, epoxidation, hydrogenation, condensation, oxidation reduction,
hydration, dehydration, substitution, aromatic substitution, addition (including
to carbonyl groups), elimination, polymerisation, depolymerisation,
oligomerisation, dimersiation, coupling, electrocyclic, isomerisation, carbene
formation,  epimerisation, inversion, rearrangement, photochemical,
microwave assisted, thermal, sonochemical and disproportionation reactions.

Use according to any one of Claims 1 to 29 wherein the chemical reaction is
promoted by the basic ionic liquid.

Use according to any one of Claims 1 to 21 and 26 to 31, wherein X is
represented by the formula:

[X-R-Bas] "

Wherein: X and Bas are as defined above; and
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32.

A basic ionic liquid of formula:

PCT/GB2006/000006

R is a covalent bond joining X and Bas, or a linking group

comprising 1 to 10 carbon atoms and optionally one, two or three

oxygen atoms.

[Cat*-Z-Bas] [X]

wherein:

Cat*

is a positively charged moiety comprising or
consisting of a heterocyclic ring structure

selected from pyridinium, pyrazolium,

“thiazolium, isothiazolinium, azathiozolium,

oxothiazolium, oxazinium, oxazolium,
oxaborolium, dithiazolium, triazolium,
selenozolium, oxaphospholium, pyrollium,
borolium, furanium, thiophenium,
phospholium, pentazolium, indolium,
indolinium, oxazolium, isooxazolium,
isotriazolium, tetrazolium, benzofuranium,
dibenzofuranium, benzothiophenium,
dibenzothiophenium, thiadiazolium,
pyrimidinium, pyrazinium, pyridazinium,
piperazinium, piperidinium, morpholinium,
pyranium, annolinium, phthalazinium,
quinazolinium, quinazalinium, quinolinium,
isoquinolinium, thazinium, oxazinium and

azaannulenium;

a covalent bond joining Cat* and Bas or 1, 2
or 3 aliphatic divalent linking groups each
containing 1 to 10 carbon atoms and each
optionally one, two or three oxygen atoms;

is selected from alkoxide, phenoxide,
dicyanamide, borate, nitrate, sulfate, triflate,
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Bas
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halogenated copperate, antimonate,

phosphite, substituted and unsubstituted
metalloborane, substituted and unsubstituted
carboxylate and triflate, or mixtures thereof;

and

basic moiety as defined above.

33. A basic ionic liquid according to Claim 32 selected from a compound of

formula:

RS R®

Rf

RY

— A -1 +
R Re
or |
i T/“\Rg
z
\Bas
r o 1+
RS I‘L gd
o
)
AP ‘ T CH,OH
z
- \Bas -
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+
r RS R
X
RO Q/N\Rg [ ]
I
Z
\
L Bas _
B 1+
b 7 _.—Bas
IN/ [X]
RS 9)\Hd
L J
B 1+
R% Rd
[x]
RP N Re
Bas™ Z/ \Rg
L —
Basg’
wherein:

RC

PCT/GB2006/000006

A RY 1t
N/
(O
R N Rd
|
b
\
Bas |
N
N——N
FOWIY
A N R® !
|
Z
\
Bas _

— o -+
RS, Re [X]
RY ] /N\HQ Rf

| Bas/ a

- +

Bas, Z, R, R%, RY, R®, R, R9, R" and X" are as defined above.
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34. A basic ionic liquid according to Claim 33, selected from :
- N 14 o
B 1+
N ) ’ N
| N\ w2
\ / \
Bas Bas Bas
/ +
" " /\_—_\>_N\ :
wherein: Bas, Z, X and R are as defined above.
35. A basic ionic liquid according to Claim 33, selected from:
Ak | CH S
—~NgoN
hd \/)l\ , /N\/\NJ\ and G\L\
/I\ Os/\N’k
i i | AN |
36. A basic ionic liquid represented by the formula:

[Cat*-Z-Bas] [X']

wherein: Cat" = acyclic positively charged moiety;

Z = a covalent bond joining Cat” and Bas or 1, 2
or 3 aliphatic divalent linking groups each ¢
containing 1 to 10 carbon atoms and each
optionally one, two or three oxygen atoms;

X = anion;
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Bas =
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-N(R+)(Rz), -P(R1)(R2)(Rs), -PO(ORy),
PO(OR1)(ORz), -S(Ry), -SO(OR4),

and boron containing groups, wherein Ry, Rz
and R can be the same or different and are
each independently selected from hydrogen,
linear or branched alkyl, cycloalkyl, aryl and
substituted aryl;

with the proviso that Bas is not -NH,, -NHMe,
N(Et),, or boratrane; and

with the proviso that where Cat™ comprises an
amino group, the anion X is selected from
dicyanamide, borate, phosphate, nitrate, sulfate,
triflate, halogenated copperate, antimonate,
phosphite, substituted and unsubstituted
metalloborane and mixtures thereof.

37. A basic ionic liquid according to Claim 36 , selected from a compound of formula:

+
| wa [x]
N——Z—Bas RoO—
/ l or I
CHs CHs
wherein: Bas, Z, X and RP are as defined above.

38. A basic ionic liquid according to Claim 36, selected from a compound of formula:

+

X J/ X1 X J i1

~
I

+

\FN\/\O/\/\'?\
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|

/N\/\/\/\NJ [x]
l\

and

wherein: X is as defined above.
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