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Figure 2 
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Example 1 
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PRODUCTION OF BO-DESEL 

0001. The present invention relates to a method of produc 
ing bio-diesel, and, more specifically, to a method of produc 
ing bio-diesel using a stable ionic liquid as both solvent and 
catalyst. 
0002 Bio-diesel is the name given to a clean burning 
alternative fuel produced from domestic, and renewable, 
resources. Bio-diesel contains no petroleum, but can be 
blended at any level with petroleum diesel to create a bio 
diesel blend. It can be used in compression-ignition (diesel) 
engines with little or no modifications. Bio-diesel is consid 
ered simple to use, biodegradable, non-toxic, and essentially 
free of sulfur and aromatics. 
0003 Bio-diesel is defined as mono-alkyl esters of long 
chain fatty acids derived from vegetable oils or animal fats. 
Generally, Bio-diesel is made through transesterification of 
animal fat, wherein the glycerin is separated from the fatty 
acid methyl ester. Alternatively, it can be made through the 
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esterification of vegetable oils, wherein the water byproduct 
is separated from the final fatty acid methyl ester. 
0004 Bio-diesel must be produced to strict industry speci 
fications (ASTM D6751) in order to ensure proper perfor 
mance and is the only alternative fuel to have fully completed 
the health effects testing requirements of the 1990 Clean Air 
Act Amendments. Bio-diesel that meets ASTM D6751 is 
registered with the Environmental Protection Agency as a 
legal motor fuel for sale and distribution. The term “bio 
diesel refers to the pure fuel before blending with diesel fuel. 
Bio-diesel blends are denoted as, “BXX” with “XX' repre 
senting the percentage of bio-diesel contained in the blend 
(ie: B20 is 20% bio-diesel, 80% petroleum diesel). 
0005 Bio-diesel is environmentally friendly as it is made 
from renewable resources and has lower emissions compared 
to petroleum diesel. It is also less toxic than table salt and 
biodegrades as fast as Sugar. 
0006. Many syntheses of bio-diesel are known, typically 
using acid or base catalysis. 

O 

HO S. We 

Acid catalyst 

Meh N 
(excess) 

O 

HCO 

O 

HO N 

- Base catalyst 
sa 

Base-H" 



US 2009/0235574 A1 

0007 For fatty acids (vegetable oil), the acid catalysed 
esterification reaction is preferred, as water is the only by 
product and this reaction occurs readily. The base catalysed 
esterification to methyl or ethyl esters usually fails at normal 
temperatures and pressures, because the catalyst is inacti 
vated by reaction with the carboxylic acid group (Scheme 1). 
0008 For fatty esters (animal fats—usually the glycerol 
ester), both the acid and base catalysed trans-esterification 
reaction occurs readily. The base catalysed transesterification 
to methyl or ethyl esters usually requires slightly higher reac 
tion temperatures and pressures, because this is a slower 
reaction (Scheme 2). 

Scheme 2, The acid and base catalysed 
transesterification of triglycerides, the major constituent of animal fat. 
O 

O 

Acid or Base 
Methanol 
(excess) 

horn-rot 
O OH 

3 

HCO Sn Ss. 

0009 Esterification of various organic acids with Ca-Cs 
alcohols using 1-octyl-3-methylimidazolium tetrafluorobo 
rate-para-toluenesulfonic acid (OMIMBF-PTSA), with 
out organic solvent, has been carried out but required exces 
sive heating or microwave irradiation to activate the reaction. 
Catalysed esterifications at room temperature, using ionic 
liquids are also known, but a catalyst must be present. How 
ever, this only applies to short chain acids (less than 10 carbon 
atoms) and in no way has been carried out with plant or 
animal derived fatty acids or esters. (Fraga-Dubreuil, J., 
Bourahala, K., Rahmouni, M., Bazureau, J. P., Hamelin, J., 
Catalysis Communication, 2002, 3, 185-190). 
00.10 Enzymes have also been used with ionic liquids for 
vacuum-driven lipase-catalysed direct condensation of 
L-ascorbic acid and fatty acids in ionic liquids, i.e. synthesis 
of a natural surface active antioxidant. The Brönsted acidic 
ionic liquid 1-methylimidazolium tetrafluoroborate has also 
been used for esterification. However, under acidic condi 
tions, BFI gives HF which is ultra corrosive, highly toxic 
and dissolves glass. 
0011. Also known is chymotrypsin-catalysed transesteri 
fication in ionic liquids and ionic liquid/supercritical carbon 
dioxide: Metallic Lewis acids-catalysed acetylation of alco 
hols with acetic anhydride and acetic acid in ionic liquids; 
transesterification/acylation reactions mediated by N-hetero 
cyclic carbene catalysts, and, Lipase-catalysed transesterifi 
cation in ionic liquids and organic solvents. 
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0012 BFI and IPF ionic liquids are not stable, and 
imidazolium ionic liquids are not base stable. 
0013 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. Ionic liquids 
may be derived from organic salts. 
0014. An ionic liquid may beformed 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/oranion. 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. 
0015 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 
it may refer to a heterogeneous composition containing more 
than one species of cation and/or more than one species of 
anion. 
0016. 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. 
(0017. The term “base' refers to Brönsted 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 sus 
pended in water. 
0018. The term “acid refers to Brönsted acids having the 
ability to react with (neutralise) bases to form salts. The pH 
range of acids is from 1.0 to 7.0 when dissolved or suspended 
in water. 
0019. The inventors of the present invention have surpris 
ingly found that it is possible to produce bio-diesel using an 
ionic liquid which is stable to reaction conditions, thereby 
allowing continued recycling. 
0020. Further, the inventors have surprisingly found that 
acid or base functionality can be incorporated into the ionic 
liquid to allow the ionic liquid to act as a catalyst and/or a 
solvent. 

0021. In accordance with the present invention, there is 
provided a method of obtaining bio-diesel comprising the 
step of esterifying or trans-esterifying fatty acids derived 
from plant or animal in the presence of a stable ionic liquid 
wherein the ionic liquid acts as both a solvent and a catalyst. 
0022 Preferably, the ionic liquid is acidic or basic. 
0023. Where the ionic liquid is basic, it may comprise a 
basic cation and a neutral anion, or a neutral cation and a basic 
anion, or both a basic cation and a basic anion, or mixture 
thereof. 

0024. Where the ionic liquid is acidic, it may comprise an 
acidic cation and a neutral anion, or a neutral cation and an 
acidic anion, or both an acidic cation and an acidic anion, or 
mixture thereof. 

0025. The basic cation preferably has the formula: 
Cat-Z-Bas 

0026 wherein: 
0027 Cat" is a cationic species comprising or con 
sisting of ammonium, phosphonium, pyrazolium, 
DBU or DBN; 
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0028 Z is a covalent bondjoining Cat' and Bas or 1, 
2 or 3 aliphatic linking groups each containing 1 to 10 
carbon atoms and each optionally one, two or three 
oxygen atoms; and 

0029) 
0030 Bas preferably comprises at least one nitrogen, 
phosphorus, Sulphur, oxygen or boron atom. 
0031 More preferably, Bas comprises at least one pri 
mary, secondary or tertiary amino group. 
0032 Still more preferably, Basis selected from N(R) 
(R), and —P(R)(R); and wherein R and R2 can be the 
same or different and are each selected from hydrogen, linear 
or branched alkyl, cycloalkyl, aryl and substituted aryl. 
0033 RandR, are preferably each selected from hydro 
gen, methyl, ethyl, iso-propyl, butyl, sec-butyl, iso-butyl, 
pentyl, hexyl, cyclohexyl, benzyl and phenyl. 
0034) More preferably, Bas is selected from N(CH), 
and —N(CH(CH)). 
0035 Z may be selected from linear or branched C to Cs 
alkanediyl. Substituted alkanediyl, dialkanylether and dialka 
nylketone. 
0036 Preferably, Z is selected from —(CH-CH-) , 
(CH-CH CH)— —(CH-CH CH-CH)—, 
(CH2—CH2—CH2—CH2—CH2)—, (CH2CH2— 

CH2—CH2—CH2—CH)—, (CH, CH, O CH 
CH)—and —(CH-CH O—CH2—CH2—CH) 
0037. In accordance with the present invention, Cat"-Z- 
Bas may be selected from: 

Bas is a basic moiety. 

(Rd)" 

0038 wherein: 
0039 Bas and Z are as defined above; and 
10040 R,R, and R' can be the same ordifferent, and 

are each independently selected from hydrogen, a C 
to Cao straight chain or branched alkyl group, a C to 
Cs cycloalkyl group, or a C to Co aryl group, 
wherein said alkyl, cycloalkyl or aryl groups are 
either unsubstituted or may be substituted by one to 
three groups selected from: C to Calkoxy, C to Co 
aryl, CN, OH, NO, C, to Co. aralkyl and C, to Co 
alkaryl. 

0041) Preferably, Cat"-Z-Bas is selected from: 

O N and R-N-Z-Bas 
/ V 

Rb f 
Bas 

0042 wherein: 
10043 Z, Bas and Rare as defined above. 
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0044) More preferably, Cat"-Z-Bas is selected from: 

N- J 
N--> 

0045 Cat-i- may also comprise or consist of 1,3,5-trialkyl 
pyrazolium, 1,2-dialkylpyrazolium, and 1.2.3,5-tetraalky 
lpyrazolium. Preferably, Cat"-Z-Bas is selected from: 

H as H -- 2 as -- 
SS SS 
i and i 

N-y N-y 
/ Z-Bas / Z-Bas 

0046 wherein: 
0047 Z and Bas are as defined above. 

0048 Still further, Cat"-Z-Bas may be selected from: 
-- Bas -- 

71 

N 
s 

and 

N 

0049. Preferably, Cat"-Z-Bas may also be: 

Bas 
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0050 wherein: 
0051 Bas, Zand Rare as defined above. 

0052. In accordance with the present invention, the basic 
anion has the formula X, and may be selected from IFI, 
OHI, OR, R-COI, IPO, and ISO', wherein R 
is C to C alkyl. 
0053 Preferably, XI is OHI. 
0054 Further in accordance with the present invention, 
the acidic cation preferably has the formula: 

Cat-Z-Acid 

0055 wherein: 
0056 Cat" is a cationic species: 
0057 Z is a covalent bond joining Cat" and Acid 
containing 1 to 10 carbon atoms and each optionally 
one, two or three oxygen atoms; and 

0.058 Acid is an acidic moiety. 
0059 Acid is preferably selected from -SOH,-COH, 
—SO-Ph-R, -SOR, RPO(OH)2 and RPO(OH); wherein 
R is, for example, C to C alkyl. 
0060 Cat" may comprise or consist of a heterocyclic 
ring structure selected from imidazolium, pyridinium, pyra 
Zolium, thiazolium, isothiazolinium, azathiozolium, OXothia 
Zolium, oxazinium, oxazolium, oxaborolium, dithiazolium, 
triazolium, selenozolium, oxaphospholium, pyrollium, boro 
lium, furanium, thiophenium, phospholium, pentazolium, 
indolium, indolinium, oxazolium, isooxazolium, isotriazo 
lium, tetrazolium, benzofuranium, dibenzofuranium, ben 
Zothiophenium, dibenzothiophenium, thiadiazolium, pyrimi 
dinium, pyrazinium, pyridazinium, piperazinium, 
piperidinium, morpholinium, pyranium, annolinium, 
phthalazinium, quinazolinium, quinazalinium, quinolinium, 
isoquinolinium, thaZinium, oxazinium, azaannulenium and 
pyrrolidinium. 
0061 Preferably, Cat" may comprise or consist of a het 
erocyclic ring structure selected from pyridinium, pyrazo 
lium, thiazolium, isothiazolinium, azathioZolium, oXothiazo 
lium, oxazinium, oxazolium, Oxaborolium, dithiazolium, 
triazolium, selenozolium, oxaphospholium, pyrollium, boro 
lium, furanium, thiophenium, phospholium, pentazolium, 
indolium, indolinium, oxazolium, isooxazolium, isotriazo 
lium, tetrazolium, benzofuranium, dibenzofuranium, ben 
Zothiophenium, dibenzothiophenium, thiadiazolium, pyrimi 
dinium, pyrazinium, pyridazinium, piperazinium, 
piperidinium, morpholinium, pyranium, annolinium, 
phthalazinium, quinazolinium, quinazalinium, quinolinium, 
isoquinolinium, thaZinium, oxazinium, azaannulenium and 
pyrrolidinium 
0062 More preferably, Cat" may comprise or consist of 
a heterocyclic ring structure selected from pyrazolium, 
isothiazolinium, tetrazolium, piperidinium, morpholinium 
and pyrrolidinium. 
0063 Preferably, Cat"-Z-Acid is selected from:- 

Ra Ra 

R Ré R Ré 

O O 
Rb Rf Rb YRg 

Z Z 
YAcid s YAcid s 
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-continued 
Ra -- R8 -- 

R. R8 R N Ra 

O. DOC Rb 2. Rb CHOH 
Z Z 
YAcid s YAcid s 

RC Rd -- RC R8 -- 
M 
N 

O O) Rb % NRs Rb N Rd 

Z Z 
YAcid s YAcid s 

R8 Rh -- 

Y \ -- 

- Acid 
R Z 

O Rb N RC 2). Z RC O Rd s YAcid , 

Ra -- 

RC Rd " 
R. Re 

Rb N Ré Rb N Rf 

A Ye A Ye 
Acid 1 s Acid 1 , and 

RC -- 

R 
O 

Z-N 
/ Ra 

Acid R8 
Ré 

0064 wherein: 
0065 Acid and Z are as defined above; and 
0066 R,R,R,R,R,R3 and R' can be the same or 
different, and are each independently selected from 
hydrogen, a C to Cao, Straight chain or branched alkyl 
group, a C to Cs cycloalkyl group, or a C to Co aryl 
group, wherein said alkyl, cycloalkyl or aryl groups 
are unsubstituted or may be substituted by one to three 
groups selected from: C to Calkoxy, C to Co aryl, 
CN, OH, NO, C, to Coaralkyl and C, to Coalkaryl, 
or any two of R,R,R,RandR attached to adjacent 
carbon atoms form a methylene chain -(CH2) - 
wherein q is from 8 to 20. 
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0067 More preferably, Cat"-Z-Acid is selected from:- 

Ra -- Ra -- 

R Ré R. Ré 

O O 
Rb N Rf Rb N21 ng 

Z Z 
YAcid s YAcid s 

Ra -- R8 -- 

R R8 R l Rd 

OCCOC Rb 19. Rb CH2OH 
Z Z 
YAcid s YAcid s 

RC Rd " 

s O s 

R3 Rh " + 
V A R R 

C) -S RC Rb N Re 
y A Ye 
YAcid s Acid 1 s 

Rd -- RC -- 

R Ré Rt. 
O 

Z-N 
Rb N Rf / Ra 

M. V. Acid R8 
Z R8 Re 

Acid 1 s 

0068 wherein: 
0069. Acid and Z are as defined above; and 
0070 R,R,R,R,R, R3 and R' can be the same or 
different, and are each independently selected from 
hydrogen, a C to Cao, Straight chain or branched alkyl 
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group, a C to Cs cycloalkyl group, or a C to Co aryl 
group, wherein said alkyl, cycloalkyl or aryl groups 
are unsubstituted or may be substituted by one to three 
groups selected from: C to Calkoxy, C to Caryl, 
CN, OH, NO, C, to Coaralkyl and C, to Coalkaryl, 
or any two of R,R,R,RandR attached to adjacent 
carbon atoms form a methylene chain -(CH2) - 
wherein q is from 8 to 20. 

(0071 Most preferably, Cat"-Z-Acid is: 

7 o \ 1N1-SO3H 
N. N 

0072. In accordance with the present invention, the acidic 
anion has the formula X, and is selected from HSO, 
HPO, HPO. , HCl and HX; wherein X=F, Cl, 
Br or I. 
(0073 Preferably, XI is selected from HF, HSOI 
and HPO. 
0074. Where the ionic liquid comprises a basic anion, the 
neutral cation may comprise or consist of ammonium, phos 
phonium, pyrazolium, DBU or DBN. 
(0075 Preferably, the neutral cation is selected from: 

0076 wherein: 
10077 R", R,R, and R' can be the same or different, 
and are each independently selected from hydrogen, a 
C to Cao, Straight chain or branched alkyl group, a C 
to Cs cycloalkyl group, or a C to Co aryl group, 
wherein said alkyl, cycloalkyl or aryl groups are 
unsubstituted or may be substituted by one to three 
groups selected from: C to Calkoxy, C to Co aryl, 
CN, OH, NO, C, to Coaralkyl and C, to Coalkaryl. 
More preferably, the neutral cation is selected from: 

O r-l- and --n- 
/N 

Re R 

0078 

0079 wherein: 
0080 R is as defined above. 

I0081. Still more preferably, the neutral cation is selected 
from: 
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-continued 

0082. The neutral cation may also comprise or consist of 
1,3,5-trialkyl pyrazolium, 1,2-dialkylpyrazolium, or 1,2,3,5- 
tetraalkylpyrazolium. Preferably, the neutral cation is 
selected from: 

0083 
from: 

Still further, the neutral cation may be selected 
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, and 

0084 wherein: 
(0085 R. R. R, R are a C, to Cao, straight or 
branched, alkyl group 

I0086. Where the ionic liquid comprises an acidic anion, 
the neutral cation may comprise or consist of a heterocyclic 
ring structure selected from imidazolium, pyridinium, pyra 
Zolium, thiazolium, isothiazolinium, azathiozolium, oXothia 
Zolium, oxazinium, oxazolium, oxaborolium, dithiazolium, 
triazolium, selenozolium, oxaphospholium, pyrollium, boro 
lium, furanium, thiophenium, phospholium, pentazolium, 
indolium, indolinium, oxazolium, isooxazolium, isotriaZo 
lium, tetrazolium, benzofuranium, dibenzofuranium, ben 
Zothiophenium, dibenzothiophenium, thiadiazolium, pyrimi 
dinium, pyrazinium, pyridazinium, piperazinium, 
piperidinium, morpholinium, pyranium, annolinium, 
phthalazinium, quinazolinium, quinazalinium, quinolinium, 
isoquinolinium, thaZinium, oxazinium, azaannulenium and 
pyrrolidinium. 
I0087 Preferably, where the anion is acidic, the neutral 
cation preferably comprises or consists of a heterocyclic ring 
structure selected from pyridinium, pyrazolium, thiazolium, 
isothiazolinium, azathioZolium, oXothiazolium, oxazinium, 
oxazolium, Oxaborolium, dithiazolium, triazolium, selenozo 
lium, oxaphospholium, pyrollium, borolium, furanium, 
thiophenium, phospholium, pentazolium, indolium, indo 
linium, oxazolium, isooxazolium, isotriazolium, tetrazolium, 
benzofuranium, dibenzofuranium, benzothiophenium, 
dibenzothiophenium, thiadiazolium, pyrimidinium, 
pyrazinium, pyridazinium, piperazinium, piperidinium, mor 
pholinium, pyranium, annolinium, phthalazinium, quinaZo 
linium, quinazalinium, quinolinium, isoquinolinium, thaZ 
inium, oxazinium, azaannulenium and pyrrolidinium. 
I0088 More preferably, the neutral cation comprises or 
consists of a heterocyclic ring structure selected from pyri 
dinium, pyrazolium, thiazolium, pyrimidinium, piper 
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azinium, piperidinium, morpholinium, quinolinium, iso 
quinolinium and pyrrolidinium. 
0089 Preferablv the neutral cation is selected from:- y 

Ra -- Rd -- 

R. Re R Re 

O O 
Rb N Rf Rb N21 Ng 

k s k s 
Ra -- R8 -- 

R R8 R l Ra 

Rb N Ré Rb N CH2OH 

s k s 

RC Rd " RC Rg " 
M 
N 

O\, O) Rb % NRs Rb N Rd 

l l 
R8 Rh -- 

-- V M 
Rb Ra NN 

A O N 

O) || R. Y S R 
RC O Ra s Ra s 

Rd -- 

RC Rd " 
R Re 

Rb N Re Rb N Rf 
M V / V 

Re R8 s Re R8 , and 

Re 

0090 wherein: 
0.091 R, R. R. R. R. R. R3 and R' can be the 
same or different, and are eachindependently selected 
from hydrogen, a C to Cao, Straight chain or branched 
alkyl group, a Cs to Cs cycloalkyl group, or a C to Co 
aryl group, wherein said alkyl, cycloalkyl or aryl 
groups are unsubstituted or may be substituted by one 
to three groups selected from: C to Calkoxy, C to 
Caryl, CN, OH, NO, C, to Coaralkyl and C7 to 
C. alkaryl, or any two of R. R. R. R. and R/ 
attached to adjacent carbon atoms form a methylene 
chain-(CH2) - wherein q is from 8 to 20. 
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0092 More preferably, the neutral cation is selected from: p y 

Ra -- Ra -- 

R. Ré R Re 

c N 
Rb N Rf Rb N1 Ng 

Ra s Ra s 

Ra -- R8 -- 

d 

R N R8 O 
Rb 1. Rb CHOH 

Ra s Ra s 

RC Rd " 

Rb Ra " 
O. \ 

Rb R2NRs O)s 
l LR O R 

R ?' -- RC Rd " 
NN 

Rb N RC Rb N Ré 
/ V 

Ra s Ra R8 s 

Rd -- RC -- 

R Re R 
O 

R-N 
Rb N Rf Rd 

/ \ R8 
Re R8 , and Re 

0093 wherein: 
0094) R,R,R,R,R,R,R3 and Rare as defined 
above. 

0095. Where the ionic liquid comprises a basic cation or C p 
an acidic cation, the neutral anion may be a Sulfonate, phoshi 
nate, triflamide (amide), triflate, dicyanamide, oxide (phe 
noxide) or halide anionic species. 
(0096 Preferably, the neutral anion is selected from 
C(CN), NTf, OTf), R SOI, RPO, I, Cl, 
Brand III; wherein R is C to C alkyl, or C to Caryl. 
0097. The neutral anion may also be selected from Me 
SOI. Ph-SOI and Me-Ph-SOI. 
0098. In accordance with any part of the present invention, 
the plant fatty acid may be derived from vegetables or cereal, 
for example, rape-seed oil, canola oil or prioline. 
0099. At the end of the method of the present invention, 
C.2. 

IL 
Fatty acid + alcohol -- Biodiesel + H2O 
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-continued 
IL 

Fatty ester + R-OH - > Biodiesel + glycerol 

the ionic liquid will dissolve in solvents (reagents) such as 
methanol, water or ethanol, and remain separate from the 
bio-diesel phase. This allows the bio-diesel to be easily sepa 
rated from the ionic liquid, and the ionic liquid phase can then 
be recycled. 
0100. The present invention will now be further described 
by way of examples, and with reference to the figures in 
which: 

0101 FIG. 1 is a graph displaying variation of conversion 
with time for different methanol/catalyst concentrations. 
(Catalyst=emim HSO and determined by GCanalysis); 
0102 FIG. 2 is a picture showing a separate methyl oleate 
(upper layer) product layer, wherein the left tube is before 
reaction (methanol/glycerol/MIBSOTf, and the right after 
reaction; 
(0103 FIG.3 is a proton NMR of Run 12 (54% conversion 
to methyl oleate) showing the glycerol ester peaks at 4.25 and 
4.15 and the methyl oleate peak at 3.63 ppm. 
0104 FIG. 4 is a proton NMR of Run 1 (99% conversion 
to methyl oleate) showing the methyl oleate peak at 3.63 ppm 
and no glycerol ester peaks or ionic liquid peaks; and 
0105 FIG. 5 is a proton NMR of Run 1 showing the 
methanol layer. 
0106 The ionic liquids used in the present invention may 
be produced using known means, or, for example, using reac 
tions as or similar to those described below. 

Ammonium Salts 

N,N-Dimethylethanolamine Ionic Liquids 

01.07 

N,N-dimethyl ethanolamine N-alkyl-O-alkyl-N,N-dimethyl 
ethanolammonium ionic liquids 

O 

N-alkyl-O-alkyl DMEACX 
R = H, alkyl. R = H, alkyl, 

X = anion 

0108. A range of dimethylethanolamine salts and ionic 
liquids can be synthesised from dimethylethanolamine and 
alkylhalides, followed by exchange of the halide ion for other 
anions. These ionic liquids are useful because dimethyletha 
nolamine is cheap, stable, and the oxygen functionality low 
ers the melting point of these ammonium salts compared with 
similar tetra-alkylammonium salts. This material is a room 
temperature ionic liquid. 
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Scheme 1. The synthesis of Nc3-Oco DMEANTf 

\ 
N 

/ \-on + 1-I - - 

N+ I 

N- \-on 
S- I LiNTf \-on HO 

N-1 l NTf \-on 
0109 The alkylation of dimethylethanolamine occurs on 
the nitrogen atom. Di-alkylation on both the nitrogen and 
oxygen is observed when at least two moles of alkylating 
agent are used. Note: a base is also required. Hence a range of 
mono and dialkyl dimethylethanolamine salts can be synthe 
sised (see Scheme 2). 

\ 
N R-N Br 

/ \-on -- - * \-on 
\ \ 
N NaH N 

/ \-on 8. / \-os, 

B R-N Br 

:- - - |\ |" 
0110. If different N-alkyland O-alkyl groups are required, 
the product in the first step of Scheme 2 can be alkylated with 
a different alkyl halide. This is shown in Scheme 3, below. 

Scheme 3. The synthesis of dimethylethanolamine 
ionic liquids with different N- and O-alkyl groups. 

CH3 

R x + -X NE it to He 
R heat 

t 
R- X + NaX(s) 

CH OH 

DABCO Ionic Liquids 
0111. The reaction of an alkyl halide with excess diazabi 
cyclo2.2.2]octane give a base stable (and basic) series of 
ionic liquids. 



US 2009/0235574 A1 

(-\) 1500 C. A M + N N + R-Br - > N N-R Bir 

\ / \ / 
CDabco Br 

0112. These 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 decomposi 
tion temperatures are all in the 220-250° C. range by DSC. 
The melting point of the CDABCO bromide ionic liquid 
(95° C) falls to mp=-55° C. (by DSC) for CDABCON 
(SOCF) which forms a gel at this temperature. 
0113 Ethyl DABCO methanesulfonate CDABCO 
OSOCH (mp 81° C.) and hexyl DABCO methane 
sulfonate have also been synthesised from the reaction of 
DABCO and ethylmethanesulfonate or hexylmethane 
Sulfonate. 

Typical Experimental Procedure 

CDABCO Br 
0114 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 quan 
tity of boiling ethylacetate/isopropanol for C to Co DABCO 
bromides and boiling toluene/ethyl acetate for C to Cs 
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% 

CDABCOIOSOCH 
0115 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 dis 
Solved in a minimum quantity boiling ethyl acetatefisopro 
panol. 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% 

CDABCON(SOCF), 
0116 CDABCOBr (2.75 g, 10.0 mmol) and lithium 
bistrifluoromethanesulfinimide (3.15g, 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 (3x10 cm), dried over NaSO, fil 
tered 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 com 
pounds were analysed by NMR and DSC. 

TMEDA Salts 

0117 Tetramethylethylenediamine (TMEDA) ionic liq 
uids can be synthesised from TMEDA and an alkyl bromide 
as below. The C, Cs, C, Cs, C and Cs alkyl bromides have 
been made and appear slightly lower melting than the 
DABCO ionic liquids. ICTMEDABr where N=5, 6, 8, 10 
are room temperature ionic liquids. 
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H3C 
V 
N CH 
M M 1500 C. 

HC N + R-Br -- 
V 
CH3 

\ CH3 

CH 

The Synthesis of TMEDA Ionic Liquids. 

CTMEDA Br 
0118 Tetramethylethylenediamine (TMEDA) (2.32g, 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 ICTMEDA Brand ICTMEDABr a crystalline solid 
formed and for ICsTMEDABr, a liquid crystalline material 
formed. These products were washed with cyclohexane and 
dried under vacuum (24 h at 80°C., 1 mmHg). Yields typi 
cally 60-80%. 

Pyrazolium Ionic Liquids 

0119 The synthesis of pyrazolium ionic liquids from a 
pyrazole compound and alkyl iodides is feasible but rather 
expensive. The main difficulty encountered is that pyrazoles 
are poor nucleophiles and only react slowly with reactive 
alkylating agents. Maximum yields are approximately 90% 
with iodides, 60-80% with bromides and <5% with chlorides. 

2 R-X arn 
Ho 

f t if I - 
N-N N---K X 
M M V 

H3C H3C R 
1-methylpyrazole 

H3C 2 CH3 C8H17Br 
-a- 

f 150° C., 1 atm 
N-N Microwave 
M O 

HC thermal heating 

HC MS CH 

-- 

N=-K Br 
M V 

H3C R 

0.120. A new synthesis of pyrazolium ionic liquids was 
invented to eliminate decomposition. The approach used 
involved the reaction of alkyl methanesulfonate salts with 
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pyrazoles, to obtain methanesulfonate ionic liquids. Using 
this approach, the elimination side reaction was no longer a 
significant problem. The redesigned synthesis is shown 
below in Scheme 6. 

s is of 

O 

-CnH2n+1) EtsN/EtOAc 
HC-S-C1 + HO - - C.H.OSOCHs 

O 

"sy-" C.H.2, OSOCH3 
N-N 
M 

H3C 
H3C aS CH3 

SS 
+ i) 

NFN OSOCH) 
M V 

HC CnH2n+1) 

0121 DMAP Salts 
0122 N,N-dimethylaminopyidine (DMAP) ionic liquids 
are synthesised from DMAP and an alkyl methanesulfonate 
as below. 

CH3 
/ \ 1500 C. 

N N + R-OMs --> 

o CH3 

CH 
/ N / R-N + N OMs) 

V 
CH3 

CDMAPOMs) 

Synthesis of New DMAPIonic Liquids. 
(0123. 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 lowest 
temperature) for 1 hour. On cooling a precititate formed. This 
was dissolved in a minimum quantity boiling ethyl acetate/ 
isopropanol for C to C, 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%. 
012.4 Dimethylaminopyridine (DMAP) (2.443 g. 20 
mmol) and either ethyl or hexylmethanesulfonate (25 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 methane 
sulfonates. 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%. 
Basicity 
0.125 Increasing the distance between the cationic centre 
and the hindered base increases the basisity of the ionic liq 
uid. This can be achieved by the reaction sequence described 
below. 

10 
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HOS-1-1 r 
oHCI 

NaH 
-- 
THF 

S.--> 
-N 

s---> 
-N 

-- !---> Br 

Synthesis of an Ionic Liquid with a Longer Distance Between 
Cation and the Basic Group 
0.126 The 1-chloro-2-(diisopropylamino)ethane hydro 
chloride was used to alkylate dimethylaminoethanol, the 
resulting diamine was alkylated with propyl bromide. The 
quaternisation reaction itself is regiospecific, the diisopropy 
lamino 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 diisopropy 
lamino group. The metathesis reaction with lithium bistri 
flimide gave a room temperature ionic liquid. Its structure is 
shown below. 

-- 1N1 Ho 

1. K2CO/CH3CN 
He 

Reflux 12h 

2. DCM/LiNTf 

N 

NTf -N 
BIL1 
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-continued -continued 

\ / ". C / /N/ NafTHF 

salt l 

/ Y-N-4 

Sr. 
\ \, --> . Ll 2 

1. 1N1'N-1N 

NTf -> 
BIL4 

2. DCMLNT2 

NTf Y 

-N I0127. The above scheme shows a synthesis of a range of 
basic ionic liquids, for example, bearing a 5-atom spacer 

BIL2 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 

1. C2H5I/toluene involves the use of 2-diisopropylaminoethyl chloride reacting 
/ 2. LiNTf with a chosen nucleophilic reagent and is facilitated by the 
N neighbouring group participation from the diisopropylamino 
\ moiety. The synthetic strategy 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-nucleophilic 

) 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 alkylhalide. In all 

NTf cases the halide anion associated with the quaternary ammo 
nium salts was subjected to metathesis with lithium bis-tri 
flimide to generate base tethered ionic liquids BIL 1-4. ( 

BIL3 EXAMPLE 1. 

Synthesis of Bio-Diesel from Fatty Acids 

/ I0128. The esterification reaction (Reaction 1) is an equi 
N librium reaction driven to completion by using an excess of 

methanol. As can be seen, water is the only byproduct. The 
-- 1n- NaHFTHF advantage of this method is that the ionic liquid/water metha 

nol mixture obtained at the end of the reaction is immiscible 

l -N with the FAME product and forms a separate phase (Reaction 
1b). The bio-diesel is isolated by phase separation. Another 

OH advantage of this reaction is that the reaction occurs at room 
temperature and hence no energy input is required in this step. 
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Reaction 1a, 
The esterification of vegetable oil 

(Priolene 6927) with emim)HSO4). 

Vegetable Oil 

HO 

Methanol 
(excess) 1. sy-N/ HSO) 

FAME + H2O 
(Fatty acid 

methyl ester) 
Reaction 1b, 

The phase behaviour change during Reaction 1a. 

Vegetable oil H2O/H3COH 
-- -- emim)HSO) 

Methanol FAME 
-- 

emim)HSO4. 

0129. As can be seen in FIG. 1 and the table below, the 
reaction proceeds Smoothly to give the expected products. TABLE 2 
With 1% emim)HSO catalyst the equilibrium yields 
(Table) are close to what you would expect from a statistical Composition of the 5% emim HSO 
analysis of the reaction (60, 80 and 90% yields for 250%, 
500% and 1000% CH-OH respectively). Where more catalyst 
is present, (2.5% and 5%) the final yields are greater than 90% 
(by NMR). The errors in the integration approximate to plus 
or minus 3%. 

catalysed methyl oleate rich phase (by "H NMR). 

Component Mol% Wt 96 

FAME (Bio-diesel) 48 87 
Fatty acid 2 3 
Methanol 48 10 

Final equilibrium yields (144 hours reaction time, 20° C.) emim (HSO) O O 
determined by NMR analysis (Error = its%). 

TABLE 1. 

1% emim 2.5% emim 5% emim 
HSO) HSO) HSO) 

EXAMPLE 2 
250% CH-OH 50 57 61 
SOO% CH-OH 76 81 an 
too. CHOH 90 92 98 Synthesis of Bio-Diesel from Triglycerides 

O130 

Methanol Ionic 
(excess) Liquid 
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-continued 
O 

3 N. 
HCO 

OH 
FAME 

(Fatty acid it OH 
methyl ester) 

OH 

EXAMPLE 3 

Acid Catalysed Transesterifications of Lard (Triglyc 
erides) 

0131) 

Reaction 3 ification of 

(1) 

(2) 

H2PO4) Nst N 1 Ne- N-1\-1Nso 
(3) 

(4) 

FCSO) Ns 2N-1N1a 1 Na SOH 

OC-R (1), (2), (3), 
(4) or p-TSA 

OC-R + excess CH-OH - - -> 

OC-R 
OH 

3 HC-O-C-R + OH 
bio-diesel 

OH 

glycerol 

TABLE 3 

the acid catalysed transesterification of lard after 0.5 hours 
in microwave oven lard (1.0 g) + 2.0 g of methanol 

and 0.25 g of catalyst. 

Run Catalyst (0.25 g) Temperature? C. % Yield 

1 (1) 120 99 
2 (2) 140 2 
3 (3) 140 30 
4 (4) 120 96 
5 p-TSA 120 98 

(0132) As can be seen, the catalysts (1) and (4) {4-(3- 
methylimidazolium)butanesulfonic acid bistrifluo 
romethanesulfonylamide and 4-(3-methylimidazolium)bu 
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tanesulfonic acid trifluoromethanesulfonate} catalyse the 
reaction well at 120° C. (Table 3). This reaction was per 
formed in the microwave over and under pressure to stop the 
methanol form evaporating. These gave similar results to the 
conventional acid para-toluenesulfonic acid (p-TSA). The 
ionic liquids have the advantage that they are not volatile and 
remain in the methanol/glycerol layer. The acid catalysts (2) 
and (3) are less effective and require higher reaction tempera 
tures to catalyse the reaction. Hence this reaction provides a 
method for measuring the acidity of these new acidic ionic 
liquids. 

TABLE 4 

the acid catalysed transesterification of lard after 0.5 hours 
in microwave oven (0.5 g) with methanol (1.0 g) lard 

and 0.25 g of catalyst. 

Run Catalyst (0.25 g) Temperature? C. %Yield 

6 (4) 90 26 
7 (4) 100 43 
8 (4) 110 61 
9 (4) 120 95 
10 (4) 140 99 

0.133 Table 4 shows that the reaction is temperature 
dependent and at least 120° C. is needed to give over the 
required 95% conversion to meet the bio-diesel specification. 
The product forms a separate layer on the surface of the 
methanol/glycerol layer/ionic liquid layer as shown in FIG.2. 

EXAMPLE 4 

Base Catalysed Transesterifications of Lard (Triglyc 
eride) 

0134) 

(5) 
Reaction 4, catalysts used in the base catalysed 

transesterification of lard after 0.5 hours in microwave 
oven 1.0 g lard + 2.0 g of methanol and 0.25g of catalyst 

CH OH 

/ HC-N (OH) 

(6) 
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-continued 

OC-R 

(7) 

1), (2), or (3 OC-R + excess CH3OH (), (2), or (3) 

OC-R 
OH 

3 HC-O-C-R + OH 
bio-diesel 

OH 

glycerol 

Reaction conditions for Runs 1-15 

Run Catalyst (0.25 g) Temperature? C. % Yield 

11 (5) 100 98 
12 (6) 100 S4 
13 (7) 140 8 
14 (7) 150 18 
15 (7) 160 32 

0135 Animal fat (lard—a triglyceride of mostly oleic 
acid) (1.0 g), methanol (2.0 g) and catalyst (0.25 g) (unless 
otherwise stated) (selected from (1) to (7) above) was placed 
in a microwave tube with a magnetic stirrer flea and heated to 
the desired temperature for the desired time (See Tables 3, 4 
and 5) for conditions. This was cooled to room temperature 
and the two layers were analysed by NMR (CDC1 for fat 
layer and CDOD for methanol layer). The yield was deter 
mined by comparing the integration of the —CH2—group in 
the glyceride with the OCH group in the methyl ester of 
methyl oleate (bio-diesel) (see FIGS. 3 to 5). 
0.136 Product isolation: The upper methyl oleate layer 
was decanted and the dissolved methanol was distilled off by 
heating to 120°C., or heating to 60° C. at 1 mmHg pressure. 
The product was found to be free of ionic liquid catalyst. 
0.137 Catalyst recycling: Methanol and water or glycerol 
were separated from the catalyst by distillation or vacuum 
distillation. The catalyst could be then recycled and reused. 

Reaction Conditions for Runs 16 to 24 

0138 Rape seed oil (1.0 g), methanol (2.5, 5.0 or 10.0 fold 
excess) and catalyst (emim)HSO) (1.0 mol %, 2.5 mol % 
or 5.0 mol %) was placed in a glass tube with a magnetic 
stirrer flea. This was stirrer at room temperature (20°C.) and 
the samples were analyses by GC after 2 hours, 4 hours and 
144 hours (this was assumed to be long enough for equilib 
rium to be established) (See Tables 1 and 2: Reaction 1b; and 
FIG. 1 for conditions). The two layers were also analysed by 
NMR (CDC1 for fat layer and (CDOD for methanol layer). 
The yield was determined by comparing the integration of the 
—CH2— group in the glyceride with the OCH group in the 
methyl ester of methyl oleate (bio-diesel). 
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0.139 Bio-diesel in accordance with European and Ameri 
can regulations, must be composed of 95.6% fatty acid 
methyl (or ethyl)ethers. Using the ionic liquid process of the 
present invention, 5 mol % catalyst and 10 fold excess of 
methanol are required to produce a bio-diesel that meets this 
specification for the acid ionic liquid catalyst. 
0140 For the acid catalysed transesterification of animal 
fat with methanol, higher reaction temperatures are needed 
(typically 90 to 160° C.). The transesterification can be car 
ried out with an acidic or basic ionic liquid, with the acidic 
ionic liquids giving better results. 

1-49. (canceled) 
50. A method of obtaining Bio-diesel comprising the step 

of esterifying fatty acids derived from plant or animal in the 
presence of a stable ionic liquid wherein the ionic liquid is 
both a solvent and a catalyst. 

51. A method according to claim 50, wherein the ionic 
liquid comprises a basic cation and a neutral anion, or a 
neutral cation and a basic anion, or both a basic cation and a 
basic anion. 

52. A method according to claim 50, wherein the ionic 
liquid comprises an acidic cation and a neutral anion, or a 
neutral cation and an acidic anion, or both an acidic cation and 
an acidic anion. 

53. A method according to claim 51, wherein the basic 
cation has the formula: 

Cat-Z-Bas 

wherein: 
Cat" is a cationic species comprising or consisting of 
ammonium, phosphonium, pyrazolium, DBU or 
DBN; 

Z is a covalent bond joining Cat" and Bas or one, two, or 
three aliphatic linking groups each containing 1 to 10 
carbon atoms and each optionally one, two, or three 
Oxygen atoms; and 

Bas is a basic moiety. 
54. A method according to claim 53, wherein Bas com 

prises at least one nitrogen, phosphorus, Sulphur, oxygen, or 
boron atom. 

55. A method according to claim 54, wherein Bas com 
prises at least one primary, secondary, or tertiary amino 
group. 

56. A method according to claim 53, wherein Bas is 
selected from —N(R)(R), and —P(R)(R)(R); and 
wherein R and R can be the same or different and are each 
selected from hydrogen, linear or branched alkyl, cycloalkyl, 
aryl, and Substituted aryl. 

57. A method according to claim 56, wherein RandR are 
each selected from the group consisting of hydrogen, methyl, 
ethyl, isopropyl, butyl, sec-butyl, isobutyl, pentyl, hexyl, 
cyclohexyl, benzyl, and phenyl. 

58. A method according to claim 53, wherein Z is selected 
from the group consisting of linear or branched C to Cs 
alkanediyl. Substituted alkanediyl, dialkanylether, and dial 
kanylketone. 

59. A method according to claim 58, wherein Z is selected 
from the group consisting of —(CH-CH)— —(CH 
CH-CH2)— —(CH2—CH2—CH2—CH2)— —(CH2 
CH2—CH2—CH2—CH)—, (CH, CH, CH 
CH2—CH2—CH2)— —(CH2—CH2—O—CH2—CH)—, 
and —(CH2—CH2—O—CH2—CH2—CH2) 
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60. A method according to claim 53, wherein Cat"-Z-Basis 
selected from: 

N(Z-Bas)(R)(R)(R) and P(Z-Bas)(R)(R) 
(Rd)" 

wherein: 

Bas and Z are as defined above; and 
R. R. and R' can be the same or different, and are each 

independently selected from hydrogen, a C to Cao, 
straight chain or branched alkyl group, a C to Cs 
cycloalkyl group, or a C to Caryl group, wherein said 
alkyl, cycloalkyl oraryl groups are unsubstituted or may 
be substituted by one to three groups selected from: C to 
C alkoxy, C to Co aryl, CN, OH, NO, C7 to Co 
aralkyl and C, to Coalkaryl. 

61. A method according to claim 53, wherein Cat"-Z-Basis 
selected from: 

O and Rb-N-Z-Bas 
1n, 

Bas 

wherein: 

Z. Bas and R is as defined above. 
62. A method according to claim 61, wherein Cat"-Z-Basis 

selected from: 

and 
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-continued 

N- J 
N-- N 

63. A method according to claim 53, wherein Cat+ com 
prises or consists of 1,3,5-trialkylpyrazolium, 1,2-dialky 
lpyrazolium, and 1,2,3,5-tetraalkylpyrazolium. 

64. A method according to claim 63, wherein Cat'-Z-Basis 
selected from: 

H 2^S H as 

S S 
NFN NFN 

/ \ / \ Z-Bas Z-Bas and 

65. A method according to claim 53, wherein Cat'-Z-Basis 
selected from: 

-- -- 

and x 

66. A method according to claim 53, wherein Cat"-Z-Bas 

Bas 

is: 

wherein: 
Bas, Zand Rare as defined above. 

67. A method according to claim 51, wherein the basic 
anion has the formula DX, and is selected from the group 
consisting of FI, OH, OR, R-COI, IPO, and 
SO, wherein R is C to C alkyl. 
68. A method according to claim 52, wherein the acidic 

cation has the formula: 

Cat-Z-Acid 

wherein: 
Cat" is a cationic species; 

Z is a covalent bondjoining Cat' and Acid containing 1 to 
10 carbon atoms and each optionally one, two, or three 
Oxygen atoms; and 

Acid is an acidic moiety. 
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69. A method according to claim 68, wherein acid is 
selected from the group consisting of —SOH, -COH, 
—SO, PH-R, -SOR, RPO(OH), and RPO(OH), 
where R is C to C alkyl or C to Caryl. 

70. A method according to claim 68, wherein Cat" com 
prises or consists of a heterocyclic ring structure selected 
from the group consisting of imidazolium, pyridinium, pyra 
Zolium, thiazolium, isothiazolinium, azathiozolium, OXothia 
Zolium, oxazinium, oxazolium, oxaborolium, dithioZolium, 
triazolium, selenozolium, oxaphospholium, pyrollium, boro 
lium, furanium, thiophenium, phospholium, pentazolium, 
indolium, indolinium, oxazolium, isooxazolium, isotriazo 
lium, tetrazolium, benzofuranium, dibenzofuranium, ben 
Zothiophenium, dibenzothiophenium, thiadiazolium, pyrimi 
dinium, pyrazinium, pyridazinium, piperazinium, 
piperidinium, morpholinum, pyranium, annolinium, 
phthalzinium, quinazolinium, quinaxalinium, quinolinium, 
isoquinolinium, thaZinium, oxazinium, aZaannulenium, and 
pyrrolidinium. 

71. A method according to claim 70, wherein Cat" com 
prises or consists of a heterocyclic ring structure selected 
from the group consisting of pyrazolium, isothiazolinium, 
tetrazolium, piperidinium, morpholinium, and pyrroli 
dinium. 

72. A method according to claim 71, wherein Cat"-Z-Acid 
is selected from:— 

Ra Ra 

R Ré R Ré 

O O 
Rb Rf Rb YRg 

Z Z 
Acid s Acid s 

Ra -- R8 -- 

R. R8 R N Rd 

O DOC 
Rb 19. Rb CHOH 

Z Z 
YAcid s YAcid s 
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-continued 
Ra -- 

RC Rd " 
R. Re 

Rb MN Re Rb MN Rf 
1. Z R8 1 Z R8 

Acid s Acid , and 

RC -- 

R 
O 

Z-N 
/ Ra 

Acid R8 
Ré 

wherein: 

Acid and Z are as defined above; and 
R. R. R. R. R. R3 and R' can be the same or different, 

and are each independently selected from hydrogen, a 
C to Cao, Straight chain or branched alkyl group, a C to 
Cs cycloalkyl group, or a C to Caryl group, wherein 
said alkyl, cycloalkyl oraryl groups are unsubstituted or 
may be substituted by one to three groups selected from: 
C to Calkoxy, C to Co aryl, CN, OH, NO, C, to Co 
aralkyland C, to Coalkaryl, or any two of R. R. R. R. 
and Rattached to adjacent carbon atoms form a meth 
ylene chain -(CH2) - wherein q is from 8 to 20. 

73. A method according to claim 72, wherein Cat"-Z-Acid 
is: 

o 1N1-SO3H -- 

1Ne. 

74. A method according to claim 52, wherein acidic anion 
has the formula X, and is selected from the group consist 
ing of HSO, HPO, HPO, HCl, and HX, 
wherein X=F, Cl, Br, or I. 

75. A method according to claim 51, wherein the neutral 
cation comprises or consists of ammonium, phosphonium, 
borate, pyrazolium, DBU, or DBN. 

76. A method according to claim 75, wherein the neutral 
cation is selected from: 

wherein: 

R. R. R., and R' can be the same or different, and are 
each independently selected from hydrogen, a C to 
Cao straight chain or branched alkyl group, a C to Cs 
cycloalkyl group, or a C to Co aryl group, wherein 
said alkyl, cycloalkyl or aryl groups are unsubstituted 
or are substituted by one to three groups selected 
from: C to Calkoxy, C to Caryl, CN, OH, NO, 
C, to Coaralkyl and C7 to Co alkaryl. 
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77. A method according to claim 76, wherein the neutral 
cation is selected from: -continued 

OH “N-n-n- -- R-N-R and Ra-1N1 and 
N | | | M. V. 

Re R 

wherein: 
R" is as defined above. 

78. A method according to claim 76, wherein the neutral 
cation is selected 81. A method according to claim 76, wherein the neutral 

from: cation is selected from: 

O s N-n-n- 1\1\-1N1)a. 
Nu-N-1N1 nu-1 

--- 
--- 

1N-1N1\-1N1\-1N1\ 

79. A method according to claim 76, wherein the neutral 
cation comprises or consists of 1,3,5-trialkyl pyrazolium, 
1.2-dialkylpyrazolium, or 1,2,3,5-tetraalkylpyrazolium. 

80. A method according to claim 79, wherein the neutral r 
cation is selected from: 

N 
and 

6 y 
NN 82. A method according to claim 52, wherein the neutral 
/ s cation comprises or consists of a heterocyclic ring structure 

selected from the group consisting of imidazolium, pyri 
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dinium, pyrazolium, thiazolium, isothiazolinium, azathioZo 
lium, oXothiazolium, oxazinium, oxazolium, Oxaborolium, 
dithiozolium, triazolium, selenozolium, oxaphospholium, 
pyrollium, borolium, furanium, thiophenium, phospholium, 
pentazolium, indolium, indolinium, oxazolium, isooxazo 
lium, isotriazolium, tetrazolium, benzofuranium, dibenzofu 
ranium, benzothiophenium, dibenzothiophenium, thiadiaZo 
lium, pyrimidinium, pyrazinium, pyridazinium, 
piperazinium, piperidinium, morpholenium, pyranium, 
annolinium, phthalazinium, quinazolinium, quinazalinium, 
quinolinium, isoquinolinium, thaZinium, oxazinium, azaan 
nulenium, and pyrrolodinium. 

83. A method according to claim 82, wherein the neutral 
cation comprises or consists of a heterocyclic ring structure 
selected from the group consisting of pyridinium, pyrazo 
lium, thiazolium, pyrimidinium, piperazinium, piperidinium, 
morpholinium, quinolinium, isoquinolinium, and pyrroli 
dinium. 

84. A method according to claim 51, wherein the neutral 
anion is a Sulfonate, phoshinate, triflamide (amide), triflate, 
dicyanamide, oxide (phenoxide), or halide anionic species. 
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85. A method according to claim 52, wherein the neutral 
anion is a Sulfonate, phoshinate, triflamide (amide), triflate, 
dicyanamide, oxide (phenoxide), or halide anionic species. 

86. A method according to claim 84, wherein the neutral 
anion is selected from the group consisting of NTf. 
(OTf), R SOI, RPO, I, Cl, Br, and II; wherein 
R is C to C alkyl, or C to Caryl. 

87. A method according to claim 50, wherein the plant fatty 
acid is derived from rape seed oil or prioline. 

88. A method according to claim 50, wherein the bio-diesel 
product and the ionic liquid are immiscible. 

89. A method according to claim 50, wherein the bio-diesel 
product is obtained from the reactants by phase separation. 

90. A method according to claim 50, wherein the ionic 
liquid is recycled. 

91. Use of bio-diesel obtained by the method of claim 50 in 
blending with a petroleum compound. 

92. Use according to claim 91, wherein the petroleum 
compound is diesel. 


