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ABSTRACT OF THE DISCLOSURE

There is provided an ionic compound of formula () having attached thereto a silyloxy group. There is aiso
provided methods of making this ionic compound as well as electrolytes, electrochemical cells and capacitors
comprising this ionic compound.
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IONIC COMPOUNDS HAVING A SILYLOXY GROUP

FIELD OF THE INVENTION

[001] The present invention relates generally to ionic compounds and ionic liquids. More particularly, the

present invention relates to ionic liquids bearing a silyloxy group that can be used in electrochemical cells.

BACKGROUND OF THE INVENTION

[002] Electrolytes in modemn electrochemical appliances like lithium ion batteries, electrochromic devices and
capacitors are made from various organic solvents containing conductive lithium salts like lithium
tetrafluoroborate, lithium hexafluorophosphate, lithium bisoxalatoborate, lithium triflate, lithium bistriflylamide, etc.
Such organic solvents (like alkyl carbonates, acetonitrile, N-methyl-2-pyrrolidone, y-butyrolactone and many
others) have a serious disadvantage. They can indeed ignite and, in the worst cases, cause an overheated

appliance to explode and start a fire.

[003]  Attempts have been made to circumvent this disadvantage of organic solvents by using ionic liquids (IL)
as solvents, as described for example in U.S. Patent Nos.6,365,301 and 6,365,068, U.S. Patent Application Nos
2008/0266642 and 2009/0045373, and PCT publication No. WO 2009/013046.

[004] Existing ionic liquids however do not solve all the problems associated with the manufacturing of
electrochemical appliances, especially high power lithium or lithium ion batteries. In batteries, several electrode
materials are used, so solvents or electrolytes for use with these materials should exhibit high thermal,

electrochemical and chemical stabilities.

[005] Tetralkylammonium salts, including cyclic analogs like piperidinium, morpholinium, pyrrolidinium and
azepanium, have the widest electrochemical window.! The most used IL for electronic applications are those
containing bis(trifluromethanesulfonylyamide anions (TFSA or TFSI), which have oxidation stability close to that of
BF-4 and PF 2 and exhibit the widest liquid range.

[006]  Electrochemical intercalation of lithium into graphite anodes in 1-ethyl-3-methylimidazolium (EMI) based
ionic liquids has aroused interest because these ionic liquids have low viscosities and high conductivities.
However, these ionic liquids have narrow electrochemical windows (ca 4.2 V). Imidazolium cations are prone to
being reduced at the electrode/electrolyte interface when the carbon electrode is polarized to 0.7V vs. LilLi+. The
strong decomposition reaction of the cations prevents the formation of LiCe compounds. The addition of a solvent
may however stabilize and protect the interface between a carbon negative electrode and the ionic liquid phase
against an undesirable irreversible reaction with the ionic liquid component. N. Koura, and coworkers

demonstrated the formation LiCs compound in LIC-EMICI-AIC; ionic electrolyte containing SOCI,.3 Satisfactory
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results were obtained for various carbonaceous materials. Holzapfel ef al. presented the lithium intercalation into
an artificial graphite in 1 M solution of LiPF6 in 1-ethyl-3-methyl imidazolium bis(trifluoromethylsulfonyl) imide
(EMI-TFSI) containing 5 wt% of vinylene carbonate (VC) as an additive.*

[007] However, despite many attempts, no pure ionic liquid providing reversible charging—discharging of a
graphitized negative electrode at ambient temperature without any additives has been reported yet. The practical
application of the imidazolium derivatives into lithium ion batteries is difficult. Lithium ion batteries using these
ionic liquids suffer from relatively small voltage. Graphite material, which is used as a low potential anode material
in lithium ion batteries, can cause reduction of unsaturated IL and consequent decomposition, especially of
imidazolium and pyridinium based IL. In some cases, the intercalation of cations of IL has caused the exfoliation
of graphite layer.

[008] Recently there have been some reports on ionic liquid electrolytes based on bis(fluorosulfonyl)imide
(FSI) for rechargeable Li batteries. In particular, FSI-based electrolytes containing Li-ion exhibited practical ionic
conductivity, and a natural graphite/Li cell with FSl-based electrolytes containing Li bis(trifluoromethanesulfonyl)
imide (LITFSI) showed cycle performance without any solvent, using 1-ethyl-3-methylimidazolium (EMIm)-FSI and
EMIm-TFSFE and using IL based on bis(fluorosulfonyllimide (FSI)® as anion and 1-ethyl-3-methylimidazolium
(EMI} and N-methyl-N-propylpyrrolidinium (Py13} as cations. It has further been observed that IL with TFSI anion
cannot be used alone with graphite electrodes, because only very low capacities could be reached. The use of
stabilizing agents like lithium bis(fluorosulfonyl)amide (FSI) in electrolyte and the preparation of IL containing
fluorosulfonyl trifluoromethanesulfonylamide (FTFSI) was proposed’, but these solutions are economically not
viable due to the high cost of LiFSI salt and complicated synthesis method.

[009] Choline-like compounds, possessing 2-hydroxyethyl group, are able to form deep eutectic mixtures, but
are not suitable for use in electrochemical appliances with high operating voltage because of the presence of
labile acidic hydroxyl groups. The methylation of hydroxyl groups in choline like compound may however improve
their stability.

[0010] Improvement of stability of various oligoethylene glycols was achieved by the protection of terminal
hydroxyl group by various siloxygroups, such as ftrimethylsilyl group.® The preparation of silylated choline
compounds has also been disclosed.®

[0011] JP 2010-095473A discloses ionic compounds containing trialkylsilyl moities and their use as antistatic
agents for low surface energy polymers (PTFE). The prepared antistatic agents were mostly solid at room
temperature.

[0012] There is thus a need for novel ionic compounds or ionic liquids for use in electrolytes and

electrochemical cells.

SUMMARY OF THE INVENTION

[0013] Inaccordance with the present invention, there is provided:
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1. An ionic compound comprising an anion and a cation, the ionic compound having attached thereto at

least one silyloxy group.

2. The ionic compound of item 1 being an ionic liquid.
3. The ionic compound of item 1 or 2 having attached thereto one silyloxy group.
4. The ionic compound of item 3 being of formula (I):
CAT R
AN |
L—O—?i—R
2
RO,
wherein:

CAT- represents said cation, the cation containing a positively singled charged atom, which is

nitrogen, phosphorus or sulfur;
R, R and R? are independently C+-Cs alkyl, alkenyl or alkynyl groups,
L represents a linker, and

ANI- represents said anion.

5. The ionic compound of item 4, wherein the positively charged atom is nitrogen.

6. The ionic compound of item 4 or 5, wherein R, R" and R? are independently C-Cy alkyl or alkenyl
groups.

7. The ionic compound of item 6, wherein R, R' and R? are independently C+-C4 alkyl or alkeny! groups.

8. The ionic compound of item 7, wherein R, R! and R? are independently C+-C4 alkyl groups.

9. The ionic compound of item 8, wherein R, R' and R? are independently C+-C; alkyl groups

10. The ionic compound of item 9, wherein R, R' and R? each represent methyl.

1. The ionic compound of any one of items 1 to 10, wherein L is a Cs-Cyo alkylene, alkenylene, or

alkynylene group, optionally comprising one or more ether function, and optionally substituted with one
or more halogen atoms.

12. The ionic compound of item 11, wherein L together with the oxygen atom to which it is attached form one
or more alkyleneoxy, alkenyleneoxy, or alkynyleneoxy group.

13. The ionic compound of item 12, wherein L together with the oxygen atom to which it is attached form one
or more alkyleneoxy group.

14. The ionic compound of item 13, wherein L together with the oxygen atom to which it is attached form one
or more ethyleneoxy group.

15. The ionic compound of item 14, wherein L together with the oxygen atom to which it is attached form one
or two ethyleneoxy group.
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16. The ionic compound of item 11, wherein L is a C4-Ci» alkylene group.
17. The ionic compound of item 16, wherein L is a C,-Cs alkylene group.
18. The ionic compound of item 17, wherein L is a C; alkylene group.
19. The ionic compound of item 18, wherein L is -CHz-CHo-.
20. The ionic compound of any one of items 1 to 19, wherein the cation is of formula (1la), (llb) or {llc):
A g a
R—N— R—P st
F|{5 | |[?5 | R/l |
(la), (I} (lic)
wherein R3, R* and R? are independently C-C1s alkyl, alkenyl, or alkynyl groups.
21 The ionic compound of item 20, wherein the cation is of formula (1la).
22, The ionic compound of item 20 or 21, wherein R3, R* and RS are independently C-Cg alkyl or alkenyl
groups.
23. The ionic compound of item 22, wherein R3, R* and RS are independently C4-C4 alkyl groups.
24 The ionic compound of item 23, wherein R3, R* and R5 are independently C4-Cs alkyl groups.
25. The ionic compound of item 24, wherein R3, R* and R each represent -CH.
26. The ionic compound of item 24, wherein R?, R* and R each represent —CH>CH.
27. The ionic compound of item 24, wherein R®and R* each represent —CHs and R® represent —-CH.CHs.
28. The ionic compound of item 24, wherein R? represent —CH; and R* and R® each represent -CH,CHa.
29 The ionic compound of any one of items 1 to 19, wherein the cation is of formula (1lla}, (1lib), or (llic):
R R°
b O O
{lla), {Ilb) (]
wherein:
X is a combination of one or more of —-CH,—, -0, and -N(CHa)- so that CAT is a cation of the
azetidinium,  pyrrolidinium,  pyrazolidinium, imidazolidinium, piperidinium, azepanium,
morpholinium, isomorpholinium, piperazinium, hexahydropyrimidinium, or
hexahydropyridazinium type; and
Réis a C4-C1s alkyl, alkenyl, or alkynyl group.
30. The ionic compound of item 29, wherein CAT* is of formula (llla).
3. The ionic compound of item 29 or 30, wherein X is —CH,CH,CH,CH-.



32.
33.
34.
35.

36.
37.
38.
39.
40.

The ionic compound of any one of items 29 to 31, wherein R8 is a Ci-Cs alkyl or alkenyl group.
The ionic compound of item 32, wherein R8 is a C+-C4 alkyl group.
The ionic compound of item 33, wherein R8 is —CHa.

The ionic compound of any one of items 1 to 19, wherein the cation is of formula (IVa), (IVb), or (IVc):

o
NNt N
LA .
27 NN W z7 N\t
\/ , alkyl or \/ ,
(IVa) (IVb) (IVe)

wherein;

Z is a combination of one or more of ~-CH—, -CH=, —O—, -N(alky!)- and -N= so that CAT*is a
cation of the azetinium, 3,4-dihydro-2H-pyrolium, pyridinium, azepinium, pyrimidinium,
pyrazinium, imidazolium, pyrazolium type, oxazinium, or triazolium, and

R is hydrogen or alkyl.
The ionic compound of item 35, wherein Z is -N({alkyl)-CH=CH-.
The ionic compound of item 36, wherein Z is -N{CH3)-CH=CH-.
The ionic compound of any one of items 35 to 37, wherein R” is hydrogen.
The ionic compound of any one of items 35 to 37, wherein R7 is ~CHs.
The ionic compound of any one of items 1 to 39, wherein the anion is:
a halide,
perchlorate,
hexafluorophosphate,
tris(pentafluoroethyl)trifluorophosphate,
tetrafluoroborate,
trifluoromethyltrifiuoroborate,
pentafluoroethyltriflucroborate,
heptafluoropropyltrifluoroborate,
nonafluorobutyltrifluoroborate,
trifluoromethanesulfonate,
trifluoroacetate,

bis(fluorosulfonyl)amide,

CA 2867628 2020-02-10
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41

42.

43.

4.
45,

The ionic compound of item 43, wherein the sulfonylamide of formula (V) is:

CA 02867628 2014-09-17

or a sulfonylamide of formula (V):

bis(trifluoromethanesulfonyl)amide,

bis(pentafluoroethylsulfonyl}amide,

AN-SO,B (V).
wherein A is F-SO;-, CF3-SOy-, CoF5-S0;-, C3F7-S0y-, C4F-SO.-, or CF3-C(=0)-; and
Bis —F, -CF3, -C2F5, -C3F7, -C4F9.

(
bis(heptafluoropropylsulfonyl)amide,
(

bis(nonafluorobutylsulfonyl)amide,

N-trifluoroacetyl-fluorosulfonylamide,

N-trifluoroacetyl-trifluoromethanesulfonylamide,

N-trifluoroacetyl-pentafluoroethylsulfonyl amide,

N-trifluoroacetyl-heptafluoropropylsulfonylamide,

N-trifluoroacetyl-nonafluorobutylsulfonylamide,

N-fluorosulfonyl-trifluoromethanesulfonylamide,

N-fluorosulfonyl-pentafluoroethylsulfonylamide,

N-fluorosulfonyl-heptafiuoropropylsulfonylamide,

N-fluorosulfonyl-nonafluorobutylsulfonylamide,

N-trifluoromethanesulfonyl-pentafluoroethylsulfonyl amide,

N-trifluoromethanesulfonyl-heptafluoropropylsulfonylamide, or

N-trifluoromethanesulfonyl-nonafluorobutylsulfonylamide.

PCT/CA2013/050277

The ionic compound of item 40 or 41, wherein the anion is chloride, bis{fluorosulfonyljamide,

bis(trifluoromethanesulfonyl)amide, or N-fluorosulfonyl-trifluoromethanesulfonylamide.

The ionic compound of item 42, wherein the anion is bis(fluorosulfonyl}amide, bis(trifluoromethan-

esulfonyl)amide, or N-flucrosulfonyl-trifluoromethanesulfonylamide.

The ionic compound of item 43, wherein the anion is bis(trifluoromethanesulfonyl}amide.

The ionic compound of item 1 comprising one single charged cation and one singled anion, the ionic

compound being an ionic liquid and being of formula:

wherein:
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46.
47.
48.

49.

CAT represents said cation, the cation containing a positively singled charged nitrogen atom,

the cation being of formula (lla):

5
R (lla), wherein R3, R* and R are independently C4-Cs alkyl groups;
R, R" and R? are independently C4-C alkyl groups;

L represents a linker and together with the oxygen atom to which it is attached form one or two

ethyleneoxy groups; and
ANI-represents said anion, which is a sulfonylamide of formula (V):
AN-SO»B  (V),
wherein A is F-S30,-, CF3-SO,-, CoF5-SO-, CaF7-SO»-, C4Fs-SO»-; and B is -F, -CF3,
-CoFs, -CaF7, -CaF.
The ionic compound of item 45, wherein R3, R* and R?® are independently C+-C5 alkyl groups.
The ionic compound of item 45 or 46, wherein R, R' and R? are independently C+-C, alkyl groups.

The ionic compound of any one of items 48 to 47, wherein the anion is bis(fluorosulfonyljamide,

bis(trifluoromethanesulfonyl)amide, or N-fluorosulfonyl-trifluoromethanesulfonylamide

The ionic compound of item 1 being:

m
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50. The ionic compound of item 1 being:

Tn
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H,C 0 O
CH

51. An electrolyte comprising at least one ionic compound as defined in any one of items 1 to 50 and a
conducting salt.

52. The eleclrolyte of item 51 further comprising an organic solvent.
53. The electrolyte of item 52, wherein the organic solvent is a polar organic solvent.
54. The electrolyte of any one of items 51 to 53, further comprising an unsaturated carbonate.

55. An electrochemical cell comprising an anode, a cathode, and an electrolyte as defined in any one of
items 51 to 54.
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56. The electrochemical cell of item 55 being part of electrochemical system, such as a battery, a capacitor
or an electrochromic device.

There is also provided a lithium or lithium-ion battery electrolyte consisting of a conducting lithium salt dissolved in

at least one ionic liquid of formula (1), and optionally up to 15 wt%, based on the total weight of the electrolyte, or

one or more unsaturated carbonate,

the ionic liquid of formula (1) being:

CAT' R
ANC O\ L
L—O0—Si—R
P
57' R (I) )

wherein:

CAT- represents a cation containing a positively singled charged atom, which is nitrogen, phosphorus or

sulfur;
R, R' and R? are independently C-Cs alkyl, alkenyl or alkynyl groups,

L represents a linker and is a C1-C12 alkylene, alkenylene, or alkynylene group, optionally comprising one

or more ether function, and optionally substituted with one or more halogen atoms, and

ANI- represents said anion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the appended drawings:

Figure 1 shows the cyclic voltametry of N1112-OTMS-TFSI;

Figure 2 shows the cyclic voltametry of N1122-OTMS-TFSI;

Figure 3 shows the cyclic voltametry of N1122-OTMS-TFSI+LITFSY;

Figure 4 shows the charge-discharge curves of LiFePOs vs Li metal in a N1122-OTMS-TFSI based electrolyte;
Figure 5 shows the charge-discharge curves graphite vs Li metal in a N1122-OTMS-TF S| based electrolyte;
Figure 6 shows the cyclic voltametry of N1132-OTMS-TFSI;

Figure 7 shows the cyclic voltametry of N1132-OTMS-TFSI + LiTFSI;

Figure 8 shows the charge-discharge curves of LiFePOq vs Li metal in a N1132-OTMS-TFS| based electrolyte;
Figure 9 shows the cyclic voltametry of N2222-OTMS-TFSI;

Figure 10 shows the cyclic voltametry of N2222-OTMS-TFS! + LiTFSI;

Figure 11 shows the cyclic voltametry of N1222-OTMS-TFSI;

Figure 12 shows the cyclic voltametry of N1222-OTMS-TFSI + LiTFSI;

Figure 13 shows the charge-discharge curves of graphite vs Li metal in a N1222-0TMS-TFSI based electrolyte;

CA 2867628 2019-07-23
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Figure 14 shows the charge-discharge curves of SiOx vs Li metal in a N1122-OTMS-TF S| based electrolyte;
Figure 15 shows the viscosity of the ionic compounds at different temperatures;

Figure 16 shows the conductivity of the ionic compounds at different temperatures;

Figure 17 shows the cyclic voltametry of N1122-OEDMS-TFSI;

Figure 18 shows the cyclic voltametry of N1122-OTES-TFSI;

Figure 19 shows the cyclic voltametry of N1122-OTMS-FTFSI;

Figure 20 shows the cyclic voltametry of N1122-OTMS-FSI;

Figure 21 shows the cyclic voltametry of N1123-OTMS-TFSI;

Figure 22 shows the cyclic voltametry of N1124-OTMS-TFSI;

Figure 23 shows the cyclic voltametry of N1126-OTMS-TFSI;

Figure 24 shows the cyclic voltametry of N112202-OTMS-TF S,

Figure 25 shows the cyclic voltametry of Im12-OTMS-TFS;

Figure 26 shows the charge-discharge curves of graphite vs Li metal in a N1124-OTMS-TFSI based electrolyte;

CA 2867628 2019-07-23
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Figure 27 shows the charge-discharge curves of graphite vs Li metal in a N112202-OTMS-TFSI based

electrolyte; and

Figure 28 shows the charge-discharge curves of graphite vs Li metal in a N112201-TFSI based electrolyte
{(comparative example with silyloxy group).

DETAILED DESCRIPTION OF THE INVENTION

lonic Compounds

[0015] Turning now to the invention in more details, there is provided an ionic compound having attached

thereto at least one silyloxy group. In embodiment, the ionic compound comprises one such silyloxy group.

[0016] Herein, “ionic compound” refer to a chemical compound consisting of at least two separated molecules
or atoms which bear opposite electrostatic charge and are, in the solid state, held together by ionic bonds, i.e. a
type of chemical bond formed through an electrostatic attraction between oppositely charged ions. In ionic
compounds the sum of all electrostatic charges is equal to zero. In these ionic compounds, the positively charged
molecule or atom is referred to as a cation and the negatively charged molecule or atom is referred to as an
anion. Each cation and anion bears at least one electrostatical charge, but can also be multiple charged. As a
result, an ionic compound can comprise cne or more cations and/or one or more anions. When dissolved or
melted, the ionic compound dissociates into freely movable cations and anions, the consequence is electrical

conductivity of such solutions or melts.

[0017] Herein, a “silyloxy” group is any univalent radical of general formula (R)}(R"}R”"}Si-O-. In embodiments,
the silyloxy group is a trialkylsilyloxy group (i.e. a compound of the above formula in which R, R” and R” are all
alkyl groups).

[0018] The ionic compounds of the invention are ionic liquids (IL). Herein, “ionic liquid” refers to an ionic
compound that is in a molten state at low temperature. Thus, the ionic liquid should have a low melting point, for
example a melting point below 100°C, preferably below 75°C, more preferably below 50°C, yet more preferably
below 25°C and most preferably below room temperature. Thus, in embodiments, the ionic compound of the

invention is molten at a temperature below 100°C, for example at room temperature.

[0019] There are many known classes of ionic liquids. The ionic compound of the invention can be any ionic
liquid known in the art to which at least one silyloxy group has been attached. It may also be any derivative of
these ionic liquids. Non-limiting examples of derivatives of ionic liquids include cations where substituents or side

chains have been added. Side chains can include alkyl, alkoxy, and alkoxylakyl chains.

[0020] The insertion of a silyloxy group allows producing ionic liquids with advantageous thermal,
electrochemical and/or chemical stabilities. This makes them suitable for use in many applications, such as
batteries, including lithium ions batteries, electrochromic devices, and capacitors. Further, as shown in the
Examples below, many ionic compounds of the invention have fairly large electrochemical windows and/or have

good oxidation stability and/or good reduction stability and/or have good compatibility with electrodes, including
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graphite electrodes. In embodiments, especially those containing a TFSI or FSI anion, electrolytes containing the
ionic compound of the invention have good compatibility with graphite electrodes, such as those used in lithium
ion batteries. These can, in embodiments, provide reversible charging-discharging of a graphitized negative
electrode at ambient temperature without or with reduced decomposition of the ionic compound, and with the

formation of an adequate passivation layer around the graphite particles of the electrode.

[0021] In embodiments, the ionic compounds comprise only one anion and one anion. In more specific

embodiments, the ionic compound comprises only one single charged anion and one single charged anion.

[0022] In embodiments of the ionic compounds or ionic liquid of the invention, the silyloxy group is attached to
the cation of the ionic liquid via covalent bonds. More specifically, the silyloxy group can be attached through a

linker.

[0023] In embodiments, the ionic compound is of formula (1):

+

CAT

AN\ i

wherein:

CAT" is a cation containing a positively single charged atom which is nitrogen, phosphorus or sulfur,

preferably nitrogen;

R, R" and R? are independently C+-Cg alkyl, alkenyl or alkynyl groups, preferably Cs-Cs alkyl or alkenyl
groups, more preferably C+-C4 alkyl or alkenyl groups, even more preferably C+-C4 alkyl groups, yet

more preferably C4-C; alkyl groups, and most preferably methyl;
L represents a linker, and
ANI-represents a single charged anion.

[0024] In embodiments, L is a C-Cy; alkylene, alkenylene, or alkynylene group, optionally comprising one or
more ether function, and optionally substituted with one or more halogen atoms. In further embodiments, L is a
Ci-Cy2 alkylene group, preferably a C»-Cs alkylene group, more preferably a C»-C4 alkylene group, even more
preferably C, or Cs alkylene group, and most preferably -CH,-CH,-.

[0025] In embodiments, L forms together with the oxygen atom to which it is attached (i.e. the oxygen atom of
the silyloxy group) one or more alkyleneoxy, alkenyleneoxy, or alkynyleneoxy group, preferably one or more
alkyleneoxy group, more preferably one or more ethyleneoxy group (such as 1, 2, 3, 4, 5, or 6 such groups) and
yet more preferably one or two ethyleneoxy groups. For certainty, where there are more than one such groups,
these groups are to be understood as attached to one another in a chain. For example, “two propyleneoxy
groups” is a moiety of formula -CH2CH>CH,-O-CH,CH2CH;-0-, the underlined oxygen atom being that belonging
to the sityloxy group.
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[0026] It should be noted that some of the above embodiments overlap. For example, an ionic compound
where L. being a -CH.-CH.- is the same compound as that where L together with the oxygen atom to which it is
attached forms one ethylenoxy group.

[0027] In embodiments, the cation of the ionic compound (identified as CAT* in formula (1) above) is of formula
(Ila), (b}, or {llc):

3 3
R 3
| ) R
| 5 | 4
R (), R (llb), or R (llc),

preferably of formula (11a),

wherein R?, R4 and R5 are independently C1-Cys alkyl, alkenyl, or alkynyl groups, preferably C-Cs alkyl or alkeny!
groups, and more preferably C4-Cs alkyl groups, and even more preferably Cq-Cs alkyl groups. Most preferably,
0,1, 2 orall 3of R3, R* and Rf is/are methyl (-CHs), while the rest of them is/are ethyl (-CH.CHs).

[0028] In embodiments, the cation is of formula (llla), (IlIb), or (llic):

6 6

R
/\I-'- /\ll‘- /\ .
X N— X P— X S—

~ ), S meor  S——"""" o)

preferably of formula (llla),

wherein R® is a C4-Ci alkyl, alkenyl, or alkynyl group, preferably a C+-Cs alkyl or alkenyl group, more preferably a
C+-C4 alkyl group, and maost preferably a methyl group; and

wherein X is a combination of one or more of —-CHs,—, -O-, and —N(alkyl)- so that CAT* is a cation of the
azetidinium,  pyrrolidinium,  pyrazolidinium, imidazolidinium, piperidinium, azepanium, morpholinium,
isomorpholinium, piperazinium, hexahydropyrimidinium, and hexahydropyridazinium type.

[0029] In embodiments, the alkyl in —N(alkyl}- is a Ci¢ alkyl, preferably Ci¢ alkyl, more preferably methyl.
Embodiments where —N(CH3)- is -N{CHs)- are usually advantageous in regard of their melting points and
viscosities.

[0030] Herein, a cation of the azetidinium type is a cation of formula (llla) above wherein X is — CH,- CHy- CHo-,
Re

[.

N
or in other words, a cation of formula: <> . It also refers, by analogy, to cations of formula (llib) and (lllc)
wherein X is -CHy- CHy- CHo-.

[0031] Herein, a cation of the pyrrolidonium type is a cation of formula (llla) above wherein X is
-CH-C(=0)-CH-CH2- or the equivalent -CH-CHx-C(=0)-CH»-, or in other words, a cation of
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Rs

~F
formula: . It also refers, by analogy, to cations of formula (lllb) and (llic) wherein X is

C Hz-C(=O)-CHz- CHo-.

[0032] Herein, a cation of the pyrazolidinium type is a cation of formula (llla) above wherein X is

-N(alkyl}-CH,-CH2-CHa- (or the equivalent -CHz-CH»-CHz-N(alkyl)-), or in other words, when alkyl is methyl, a
HiC

N\ Re

\

N
< SN
cation of formula: . It also refers, by analogy, to cations of formula (lllb} and (llic) wherein X is
N(alkyl}-CHo-CHp-CHo-.

[0033] Herein, a cafion of the imidazolidinum type is a cation of formula (llla) above wherein X is

-CH,-N(alkyl)-CH,-CH.- (or the equivalent -CH-CH,-N{alkyl}-CH>-), or in other words, when alkyl is methyl, a

R6

L
H3C\N/\N\
cation of formula: . It also refers, by analogy, to cations of formula (Illb) and (llic) wherein

Xis -CH,-N(alkyl)-CH,-CH..
[0034] Herein, a cation of the piperidinium type is a cation of formula (llla) above wherein X is
Re

.

-CHz-CH,-CH,-CH,-CH,-, or in other words, a cation of formula: . It also refers, by analogy, to
cations of formula {llib} and (lllc} wherein X is -CHz-CHo-CHy-CH2-CHo-.

[0035] Herein, a cation of the azepanium lype is a cation of formula (llla) above wherein X is

-CH,-CH;-CH,-CH-CH2-CHo-, or in other words, a cation of formula: . It also refers, by analogy,
to cations of formula (lllb) and (lllc) wherein X is -CHo-CH,-CHo-CHo-CHo-CHp-.

[0036] Herein, cations of the morpholinium or isomorpholinium types are cations of formula (llla} above wherein
Xis -CHy-CHz-O-CHy--CH; or -CH2-O-CHz-CH:--CH; (or the equivalent -CHz-CH.-CHo-O-CHy-), or in other words,
Re 6

| i
K\N+ O/\N
. o .
cations of formula: \) and K) . It also refers, by analogy, to cations of formula (llIb) and

(llic) wherein X is -CHp-CHo-O-CH,-CHy- or -CHp-0O-CHp-CH-CHo-.
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[0037] Herein, cations of the piperazinium, hexahydropyrimidinium and hexahydropyridazinium types are
cations of formula (llla) above wherein X is -CHa-CHz-N{alkyl) -CH2-CHy-, -CHa-N{alkyl)-CHs-CHp-CHy- (or the
equivalent  -CHy-CHo-CHo-N(alkyl)-CHa),  and  N{alkyl)-CH»-CH-CH-CH-  (or  the  equivalent
CH2-CH2-CH2-CHx-N(alkyl)-), respectively, or in other words, when alkyl is methyl, cations of formula:

'TG R® i
+ +
(\N\ Hac\N/\l\Il,, HSC\N/N/
Ny L L\;]
H3C , , and , respectively. It also refers, by

analogy, to cations of formula (lilb) and (llic) wherein X is -CHz-CHz-N(alkyl)-CHx-CHz-,

-CH2-N(alkyl)-CH2-CH2-CHg-, or N(alkyl)-CHa-CHp-CHo-CH-.

[0038] In more specific embodiments, the cation is of formula (llla) and X is -CH2-CH>-CH.CHa-. In other words,
Re

(7=
the cation is of formula: . In more specific embodiments, Rs in this last formula is methyl.

[0039] In embodiments, the cation of the ionic compound is of formula (IVa), (IVb), or (IVc):

L
X S
zZ N
z7 \\! N z7 N\t

C

(IVa), alkyl (IVb) or, \/ (IVe)

wherein Z is a combination of one or more of —-CHz—, —-CH=, -O~, ~N(alkyl}- and -N='so that CAT~ is a cation of

the azetinium, 3,4-dihydro-2H-pyrolium, pyridinium, azepinium, pyrimidinium, pyrazinium, imidazolium,

pyrazolium, oxazinium, or triazolium (1,2,3 or 1,2,4) type, and R7 is hydrogen or alkyl, preferably hydrogen or C1

alkyl, more preferably hydrogen or methyl, most preferably hydrogen.

[0040] In embodiments, in Z and/or in formula (IVb), the alkyl group is Cis alkyl, preferably C1¢ alkyl, more

preferably methyl.

[0041] Herein, a cation of the azetinium type is a cation of formula (IVa) above wherein Z is -CH=CH-, or in
e

other words, a cation of formula: \.. Italso refers, by analogy, to similar cations wherein R is alkyl.

[0042] Herein, a cation of the 3,4-dihydro-2H-pyrolium type is a cation of formula (IVa) above wherein Z is

NN
-CHy-CH2-CHg- or in other words, a cation of formula: C/ . It also refers, by analogy, to similar cations

wherein R7 is alkyl.

CA 2867628 2020-02-10
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[0043] Herein, a cation of the pyridinium type is a cation of formula (IVa) above wherein Z is -CH=CH-CH=CH-,
| \N+__
=

[0044] Herein, a cation of the azepinium type is a cation of formula (IVa) above wherein Z is

or in other words, a cation of formula: . It also refers, by analogy, to similar cations wherein R is

alkyl.

N
[\

-CH=CH-CH=CH-CH3-, or in other words, a cation of formula: — . It also refers, by analogy, to

similar cations wherein R” is alkyl.
[0045] Herein, a cation of the pyrimidinium type is a cation of formula (IVa) above wherein Z is -N=CH-CH=CH-,

N7

L
[0046] Herein, a cation of the pyrazinium type is a cation of formula (IVa) above wherein Z is -CH=N-CH=CH-,

@M

or in other words, a cation of formula: . It also refers, by analogy, to similar cations wherein R7 is

alkyl.

N

or in other words, a cation of formula: . It also refers, by analogy, to similar cations wherein R” is

alkyl.
[0047] Herein, a cation of the imidazolium type is a cation of formula (IVa) above wherein Z is

RN

alkyl—N
-N(alkyl)-CH=CH-, or in other words, a cation of formula: — . It also refers, by analogy, to

similar cations wherein R is alkyl.

[0048] Herein, a cation of the pyrazolium type is a cation of formula {1Vb) above wherein Z is -CH=CH-N(alkyl)-,

|+

/CN\N/aIkyI

[0049] Herein, cations of the oxazinium type are cations based on any one of the 14 known oxazine isomers.
This include cations of formula (IVa) above wherein Z is -CH=CH-CHz-O-, -CH2-CH=CH-O-, =CH-CH2-CHz-O-,
-0-CHy-CH=CH-, -O-CH=CH-CHj-, -CH=CH-0-CH;-, =CH-CH-0-CH2-, -CH2-O-CH=CH-, and =CH-O-CH,-CHz-.
It also refers, by analogy, to similar cations wherein R’ is alkyl.

or in other words, a cation of formula: . It also refers, by analogy, to similar cations wherein R

is alkyl.

CA 2867628 2020-02-10
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[0050] Herein, a cation of the 1,2/4-triazolium type is a cation of formula (IVa) above wherein Z is

(alkyl)-\l\l/\N*—
-N(alkyl)-N=CH-, or in other words, a cation of formula: N— . Italso refers, by analogy, to similar
cations wherein R7 is alkyl.

[0051] Herein, a cation of the 1,23-triazolium type is a cation of formula (IVc) above wherein Z is
alkyle Nt —
N N

[0052] In specific embodiment, Z in general formula (IVa) is —N(alkyl)-CH=CH- and more specifically

-N{alkyl}-CH=CH-, or in other words, a cation of formula:

HaC X —
-N(CH3)-CH=CH-, while R” is H or CHs. In other words, the cation is of formula \:/ or
CH,

[0053] In embodiments, the anion of the ionic compound (identified as ANI-in formula (I} above) is a halide,

perchlorate, hexafluorophosphate, tris(pentafluoroethyl)trifluorophosphate, tetrafluoroborate,

trifluoromethyltrifiuoroborate, pentafluoroethyltrifluoroborate, heptafluoropropyltriflucroborate,

nonafluorabutylirifluoroborate, trifluoromethanesulfonate, trifluoroacetate, or a sulfonylamide of formula (V):
AN-SO-B  (V),

wherein A is F-SO,-, CF3-SO;-, CoF5-SO;-, C3F7-SO;-, C4F-SO»-, or CF3-C(=0)-; and B is -F, -CF3, -C;Fs, -CsF7,

-C4Fs.

[0054] Examples of sulfonylamide of formula (V) include bis(flucrosulfonyljamide, bis(trifluoromethane-

sulfonyljamide, bis(pentafluoroethylsulfonyl)amide, bis(heptafluoropropylsulfonyl}amide,
bis(nonafluorobutylsulfonyljamide, N-trifluoroacetyl-fluorosulfonylamide,
N-trifluoroacetyl-trifluoromethanesulfonylamide, N-trifluoroacetyl-pentaflucroethylsulfonyl amide,
N-trifluoroacetyl-heptaflucropropylsulfonylamide, N-trifluoroacetyl- nonafluorobutylsulfonylamide,

N-fluorosulfonyl-trifiuoromethanesulfonylamide, N-fluorosulfonyl-pentafluoroethylsulfonyl amide, N-fluorosulfonyl-
heptafluoropropylsulfonylamide, N-fluorosulfonyl-nonafluorobutylsulfonylamide,
N-trifluoromethanesulfonyl-pentafluoroethylsulfonyl amide, N-trifluoromethane-
sulfonyl-heptefluoropropylsulfonylamide or N-trifluoromethanesulfonyl-nonafiuorobutylsulfonylamide.

[0055] In preferred embodiments, the anion is a halide or a sulfonylamide of formula (V). In more preferred
embodiments, the anion is chloride, bis(fluorosulfonyljamide, bis(trifluoromethanesulfonyljamide, or

N-fluorosulfonyl-trifiuoromethanesulfonylamide. In  even more preferred embodiments, the anion is
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fluorosulfonyl}amide, bis(trifluoromethanesulfonyl)amide, or N-fluorosulfonyl-trifluoromethanesulfonylamide. In
most preferred embodiments, the anion is bis(trifluoromethanesulfonyl)amide. This last anion is also called
bis(trifluoromethane)sulfonimide, bistrifimide, TFSI, or TFSA. Itis of formula CF3-SO,-N-SO»-CFs.

[0056] lonic compounds where L is a linear alkylene linker can be represented by the following general formula
(VI):

+
CAT

ANI R
( 2 AN I
0—Si—R'

RO,
wherein CAT* ANI, R, R' and R? are as defined above and wherein m is an integer varying from 0 to 10,

preferably from 1 to 5, and more preferably from 1 to 3.

Uses of the lonic Compounds

[0057] The ionic compounds, and ionic liquids, of the invention can, in embodiments, be used as electrolytes in
electrochemical cells like batteries, electrochromic devices and capacitors. Such electrochemical cells comprise
an anode, a cathode, and an electrolyte. It is preferable that the ionic compounds be liquid at the temperature of
operation of the specific electrochemical appliance they are destined to. It is possible to prepare such electrolytes

from pure ionic compounds of the invention or from a mixture of at least two ionic compounds of the invention.

[0058] To prepare electrolytes from these ionic compounds, it would be apparent to the skilled person that an
appropriate conducting salt should be dissolved in them. For use in lithium and lithium ion batteries, lithium salts
can be dissolved in an appropriate concentration, for example between 0.05 and 3 molflitre. Non-limiting
examples of lithium salts include perchlorate, tetrafluoroborate, hexafluorophosphate, bis(fluorosulfonyljamide,
bis(trifluoromethansulfonyl}amide and their derivatives. When the electrolyte is to be used in a different type of
electrochemical device, other salts can be dissolved in the ionic liquid(s), for example sodium and potassium

salts.

[0059] Various additives can be added to the electrolyte to improve its properties. For example, to diminish
viscosity and increase conductivity, one or more organic solvents, especially polar solvents like alkyl carbonates,

can be added, for example in a quantity varying from about 1 to about 80% of the total mass of electrolyte.

[0060] To improve stability at high and low voltages, unsaturated carbonates, like vinylene carbonate and
derivatives of ethane (that is vinyl compounds) can be added, for example ata concentration of from about 0.1 to
about 15 percent of weight based on the total weight of the electrolyte.

Methods of Making the lonic compounds of the Invention
[0061] lonic compounds with trialkylsiloxy group can be prepared in three steps:

i)  preparation of an onium salt with a simple anion (like halogenide or sulphate),
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i) anion metathesis, where the simple anion is exchanged by a more complex anions like triflate,
tetrafluoroborate, hexafluorophosphate, bis(fluorosulfonyljamide, bis(trifluoromethanesulfonyl)amide, or
tris(pentafluoroethyl)irifluorophosphate, and

iii} introduction of the trilakylsilyl group into the molecule.

[0062] In some cases, direct preparation of salts with more complex anions can be realized in one step, without

anion metathesis.

[0063] The tetraalkylammonium salts can be prepared using various procedures:

Step i)
Quaternisation of N,N-dialkyl-2-aminoethanol, or its longer chain analogues

[0064] Choline analogues can be prepared by quaternisation of N,N-dialkyl-2-aminoethanol, or its longer chain
analogues, like N,N-dialkyl-3-aminopropanol, with appropriate alkylating agents.

[0065] Alkyl halogenides can be used as starting materials. The chlorides are not very reactive. Therefore,
when they are used high reaction temperatures are needed and may result in the deterioration of the product and
contamination with coloured impurities that may be hard to remove. Alkyl iodides are very reactive, but the
resulting iodide anion can easily be oxidized to iodine, which causes undesired coloration and contamination of
the product. Alkyl bromides represent a good compromise between their reactivity and the stability of the final
product. For introduction of methyl or ethyl group into the molecule, dimethyl sulphate and diethyl sulphate are
also reagents of choice. For special alkyl groups, alkyl mesylates or tosylates can be used.

[0066] N,N-dialkyl-2-aminoethanal, or its longer chain analogues, like N,N-dialkyl-3-aminopropanol, is dissolved
in an inert solvent like acetonitrile, toluene, THF, or an ether, and a alkylating agent is added at such rate that a
certain reaction temperature is maintained. The quaternization reaction is in many cases very exothermic so great
care must be paid during the addition. The reaction temperature should be as low as possible to suppress
impurity formation, but if chlorides are used as alkylating agents, the reaction will be slow even in boiling toluene.
After the reaction is complete, the resulting salt is isolated. In most cases, this can be done by addition of ethyl
acetate to facilitate the precipitation of the solid product and its filtration. If the product is liquid, the solvent is
removed by evaporation and the remaining liquid washed with a solvent that dissolves the starting compounds but
does not dissolve products. The most appropriate solvents for this type of purification are generally ethers or
ethyl acetate. The product can be purified by recrystallization from a suitable solvent like water, acetonitrile,

acetone or an alcohol or a mixture thereof.

[0067] The scheme for this reaction is:
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4 r*
3 /R R°X 3 | + 5
R—N, R—N"—TR

solvent, A X
OH OH

o

X= Cl, Br, I, OSO,R, OSO,R

wherein Rs, R4, Rs and m are as defined above.

Quaternisation of trialkylamines with a derivative of ethanol or other aliphatic alcohol

[0068] The quaternisation of trialkylamines can be effected with a derivative of ethanol or other aliphatic alcohol;
especially with 2-chloro or 2-bromoethanol and 3-halopropanol. Bromo derivatives are more reactive so lower
temperatures are needed and the reaction usually proceeds smoothly without formation of impurities. This method
is especially suitable for preparation of cyclic analogues like imidazolium, piperidinium, morpholinium,

pyrrolidinium and azepanium salts.

[0069] Trialkyl amine and w-haloalcohol are reacted at elevated temperature, for example at the boiling point of

reaction mixture, in suitable solvent like acetonitrile, toluene, THF, or an ether. The scheme of this reaction is as

/(/\L\/OH >
4 X R

R solvent, A X

follows:

X=Cl, Br, T on

wherein Rs, R4, Rs and m are as defined above.

Reaction between trialkylammonium salts and ethylene oxide
[0070] A third option is to react a trialkylammonium salt with ethylene oxide in a pressure reactor. The scheme
of this reaction is as follows:

O

'y VAN R

T
wr.h / “
Z

#
=
|
|
=
Y
”
/ +
w-lk

][{3 solvent, A

OH
X= Cl, Br, 1, NO,, CF,COO,

CF,SO0,..

wherein Rs, Ry, and Rs are as defined above.

[0071] In cases where the trialkylammonium salt comprises a complex anion, a desired room temperature IL

can be prepared in a single step without anion metathesis.
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Step i} Anion Metathesis

[0072] In this step, the anion of an onium salt, produced by quaternisation, is exchanged for a desired usually
more complex, more stable and less associative anion. This procedure usually makes the onium salt liquid.
Usually, highly fluorinated anions like tetraflucroborate, hexafluorophosphate, triflate, bis(fluorosulfonyf)amide
(FSI), bis(triflucromethanesulfonyl)amide (TFSA), tris(pentaflucroethyl)trifluorophosphate (FAP) are introduced
into the structure of ionic compound or ionic liquid. Sources of these anions can be free acids or their salts,

preferably salts of alkali metals.

[0073] The onium salt and the source of the desired anion are mixed in an appropriate solvent, which can be for
example water or an organic solvent. The driving force of metathesis is a rapid ionic reaction, that is the
formation of a poorly dissociated compound (precipitate, gas) or the separalion of a reaction mixture in two layers

{that is the precipitation of an insoluble liquid).

[0074] FSI, TFSI and FAP are very hydrophaobic, so anion metathesis can be performed in water where the
resulting ionic liquid separates as denser layer. To remove the impurities, a simple wash with water is required.
In some cases, anion metathesis can be performed in organic solvents, especially when the desired ionic
compound is soluble in water and performing anion exchange in water could result in loss of part of the ionic

compound.

Step iii} Introduction of the Silyl Group

[0075] The introduction of the silyl group could be considered as similar to the protection of an aliphatic OH
group in a cafion molecule. Such aliphatic OH is a sensitive part of an ionic compound and is not compatible with
use in electrolytes. The result of the protection is a silyloxy group, which can be sensitive to interactions with
protic compounds and can be hydrolyzed. The hydrolytic stability of the silyloxy groups is improved by increasing
the size or branching of alkyl groups attached to the silicon atom. Various silyl groups can be infroduced, but it is
of advantage to use the smallest alkyl groups possible, as larger groups can increase the melting point of the

ionic compounds and/or the viscosity of the ionic liquids.

[0076] Trialky! silyl groups are introduced into the cation by a silylating agent, which is capable to react with an
aliphatic OH group. Not all silylating agents are however equally suitable. Trialkylsilyl halides, triflate, sulfonates
generalte acid during silylation and their removal from the reaction mixture can be very difficull. With ionic liquids,
the most acceptable method for purification is evaporation, so the best silylating agents are those which generate
only gaseous by-products. In this context, silazanes are the most suitable reagents for introduction of silyl group

because their only by-products are ammonia or amines. Other reagents can however be used.

[0077] For example, there are many silylating agents that can be used to introduce a trimethylsilyl (TMS) group.
TMS is commonly used as a protecting group in general organic synthesis. Use of hexamethyldisilazane (HMDS)
is most advantageous because it is inexpensive. Also  N,N-Bis{trimethylsilyl)methylamine,
N-trimethylsilyldimethylamine can be used as their by-products are methylamine and dimethyl amine, which are

gases at room temperature.
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[0078] For other silyl groups, silylating agents may not as readily available, but one can prepare silazanes from
chlorosilanes, purify them by distillation, and then use them in the preparation of silylated ionic liquids. For
example, N-triethylsityl-dimethylamine and N-triethylsilyl-diethylamine can be used to introduce a triethylsilyl
group. Similarly, N-ethyldimethylsilyl-dimethylamine and N-ethyldimethylsilyl-diethylamine can be used to
introduce a ethyldimethylsilyl group.

[0079] The silylation of hydroxyl-ionic compounds can be accomplished by mixing the silylating agent with the
ionic compound in an inert solvent, heating this mixture to elevated temperature and after completion the reation,
removing the by-product. The ionic compound is obtained after vigorous vacuum drying and is generally pure
enough for most purposes. Sometimes additional purification, such as decolourizing charcoal and filtration, may

be needed.

[0080] A solvent is not always needed for the silylation reaction. If the ionic compound is liquid at room
temperature, the reaction can be carried out without a solvent, but, in this case, vigorous stirring is generally
required as the silazane and the hydroxy ionic compound are generally not miscible. The induction period for this
reaction may be a bit longer than otherwise, but when the reaction starts, it generally continues until complete

transformation.

[0081] If HMDS is used for silylation, dichloromethane can be used as a solvent, because it will generally
dissolve both HMDS and the ionic compound.

[0082] In most cases, heating at a temperature around 50-60°C is sufficient to start vigorous reaction. To otaing
a complete ftransformation, the mixture may need to be heated for several hours. After that, the volatile

compounds are removed and the silylated ionic compound is obtained in generally pure form.

Definitions

[0083] Herein, the use of the terms "a" and "an" and "the" and similar referents in the context of describing the
invention (especially in the context of the following claims) are to be construed to cover both the singular and the

plural, unless otherwise indicated herein or clearly contradicted by context.

[0084] Also, the terms "comprising”, "having”, "including”, and "containing” are to be construed as open-ended

terms (i.e., meaning "including, but not limited to") unless otherwise noted.

[0085] Recitation of ranges of values herein are merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range, unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were individually recited herein. All subsets of values within the
ranges are also incorporated into the specification as if they were individually recited herein.

[0086] Similarly, herein a general chemical structure with various substituents and various radicals enumerated
for these substituents is intended to serve as a shorthand method of referring individually to each and every
molecule obtained by the combinations of any of the radicals for any of the substituents. Each individual
molecule is incorporated into the specification as if it were individually recited herein. Further, all subsets of
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molecules within the general chemical structures are also incorporated into the specification as if they were

individually recited herein.

[0087] All methods described herein can be performed in any suitable order unless otherwise indicated herein

or otherwise clearly contradicted by context.

[0088] The use of any and all examples, or exemplary language (e.g., "such as") provided herein, is intended
merely to better illuminate the invention and does not pose a limitation on the scope of the invention unless

otherwise claimed.

[0089] No language in the specification should be construed as indicating any non-claimed element as essential

to the practice of the invention.

[0090] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as

commonly understood by one aof ordinary skill in the art to which this invention belongs.

» U |u “« EIs |u a

[0091] In particular, herein, the terms "alkyl", “alkylene’, “alkenyl”, “alkenylene’, “alkynyl’, “alkynylene” and their
derivatives (such as alkoxy, alkyleneoxy, etc.} have their ordinary meaning in the art. Itis to be noted that, unless
otherwise specified, the hydrocarbon chains of these groups can be linear or branched. Further, unless otherwise
specified, these groups can contain between 1 and 18 carbon atoms, more specifically between 1 and 12 carbon
atoms, between 1 and 6 carbon atoms, between 1 and 3 carbon atoms, or contain 1 or 2 carbon atoms. For more
certainty, an alkyl is a monovalent saturated aliphatic hydrocarbon radical of general formula -CoHonsr.  An
alkylene is a bivalent saturaled aliphatic hydrocarbon radical of general formula -C,Han- (also called alkanediyl).
An alkenyl is a monovalent aliphatic hydrocarbon radical comprising at least one double bond. An alkenylene is a
bivalent aliphatic hydrocarbon radical comprising at least one double bond. An alkynyl is a monovalent aliphatic
hydrocarbon radical comprising at least one friple bond. An alkynylene is a bivalent aliphatic hydrocarbon radical
comprising at least one triple bond. An alkyloxy or alkoxy is a monovalent radical of formula —O-alkyl. An
alkyleneoxy is a bivalent radical of formula -O-alkylene-. An example of alkyleneoxy is -O-CH,-CH,-, which is
called ethyleneoxy. A linear chain comprising two or more ethyleneoxy groups attached together (i.e.
{-O-CH-CHz-}-} can be referred to as a polyethylene glycol (PEG), polyethylene oxide (PEO), or
polyoxyethylene (POE) chain. An alkenyloxy is a monovalent radical of formula —O-alkenyl. An alkenyleneoxy is a
bivalent radical of formula —O-alkenylene-. An alkynyloxy is a monovalent radical of formula —O-alkynyl-. An

alkynyleneoxy is a bivalent radical of formula -O-alkynylene.

[0092] Herein, the term "about" has its ordinary meaning. In embodiments, it may mean plus or minus 10% or
plus or minus 5% of the numerical value qualified.

[0093] Other objects, advantages and features of the present invention will become more apparent upon
reading of the following non-restrictive description of specific embodiments thereof, given by way of example only

with reference to the accompanying drawings.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENT
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[0094] The present invention is illustrated in further details by the following non-limiting examples.

[0095] More specifically, we report below the synthesis and testing of several ionic compound of the invention.

These compounds were all liquids at room temperature or were solids with a low melting point.

[0096] We also report cyclic voltametry results for several of these compounds. These results show the range
of stability of the ionic compounds and thus indicate the range of voltage of the device in which they are to be
used. For example, graphite has a working voltage of 0.1 or 0.2 V, lithium has a working voltage 0V, while lithium
titanate has a working voltage of 1.5V.

[0097] Finally, we also report on the compatibility of some of these ionic compounds with various electrodes.

Example 1 - Preparation of N-(2-trimethyisiloxyethyl)-N,N,N-trimethylammonium bis(trifluoro methane
sulfonyl)amide (N1112-OTMS-TFSI)

F
X
F .0

s~ O F
o~ \ .

[l
N—S F
H3C I

e
+

o}

-

a) Choline bis(trifluoromethanesulfonyl)amide:

[0098] 55.85 g (0.4 mol} of choline chloride (Sigma-Aldrich) were dissolved in 150 ml of MQ water. Under

vigorous stirring, the resulling choline chloride solution was mixed with a solution of 120 g (0.41mol) of lithium

bis(trifluoromethanesulfonyljamide (LITFSI) in 200 ml of MQ water. Phase separation occurred at once, but the
stirring was continued for another 5 hours at room temperature. Then, 100 ml of CH.Cl, were added and the
phases were separated. The water phase was extracted with 50 ml of CH.Cl, and the combined organic phases
were washed 6 times with 50 ml of MQ water. A clear colourless solution was obtained. This was poured into a
round bottom flask; the solvent was removed using a rotary evaporator and then under high vacuum at 60°C. In
this manner, 127 g (83 %) of pure choline bis(triflucromethanesulfonyl)amide (choline TFSI) were obtained.

[0099] H NMR (300 MHz, DMSO-ds) &/ppm: 3.11 (s, 9 H), 3.31 - 3.47 (m, 2 H), 3.84 (tt, J=5.03, 2.29 Hz, 2 H),
5.26 (t, J=4.94 Hz, 1 H).

[00100] 3C NMR (75 MHz, DMSO-~ds) 8/ ppm: 53.30 (br. t, J=3.50, 3.50 Hz), 55.31 (s), 67.18 (br. t, J=3.20, 3.20
Hz), 119.63 (g, J=321.70 Hz).

b} N-(2-trimethylsiloxyethyl)-N.N,N-trimethylammonium bis(trifluoromethanesulfonyl}amide

[00101] To a 500 ml round bottom flask containing 127 g (0.33 mol} of neat choline TFSI, 53 g (0.33 mol) of
hexamethyldisilazane (HMDS) were added at room temperature as a gentle stream of nitrogen was passed
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through the apparatus to facilitate removal of forming ammonia. The mixture was slowly heated to 60-70°C and
stirred so that a fine emulsion of HMDS in choline TFSI was formed. A vigorous evolution of gaseous ammonia
started as the temperature reached 60°C and ended after a few minutes. The mixture was heated and stirred for
additional 4 hours after the end of this vigorous reaction. Then, the remaining HMDS, which was in a separate
layer on top of desired product, was evaporated under high vacuum. The round bottom flask was then refilled 6
times with argon and again evacuated. The product was heated to 70°C during this manipulation. Finally the
apparatus was cooled down under vacuum and refilled with argon. In this manner, 150.5 g (100 %) of the title

compound in the form of a colourless liquid were obtained.

[00102] *H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.10 (s, 9 H), 3.14 (s, 9 H), 3.38 - 3.49 (m, 2 H), 3.87 -
403 (m, 2 H).

[00103] **C NMR (75 MHz, CHLOROFORM-d) d/ppm: -1.28 (s), 54.22 {t, J=3.50 Hz}, 56.67 (s), 67.56 (t, J=3.20
Hz), 119.63 (q, J=320.70 Hz).

Example 2 - Preparation of N-ethyl-N-(2-trimethylisiloxyethyl)-N,N-dimethylammonium
bis(trifluoromethane sulfonyl)amide (N1122-OTMS-TFSI)

a) N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium bromide

[00104] In a 500 ml round bottom flask equipped with a magnetic stirrer were placed 45.3 g (0.508 mol) of
2-dimethylaminoethanol dissolved in 150 ml of MeCN. To this solution, a mixture of 61.5 g (0.550 mol) ethyl
bromide and 60 ml of MeCN was added dropwise over a period of 1.5 h using a water bath (at 20°C) for cooling
during the addition. After half of the EtBr was added, a snow white crystalline product started to precipitate from
the solution. The mixture was stirred over a weekend (57 h), and then vacuum filtered, washed with a small
amount of acetone, and dried in a vacuum oven at 60°C. The filtrate was evaporated to dryness and additional
product was isolated. Altogether, 98.13 g (72 %) of N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium bromide

were obtained.

[00105] 'H NMR (300 MHz, DEUTERIUM OXIDE) &/ppm: 1.35 (i, J=7.28, 1.88 Hz, 3 H), 3.11 (s, 6 H), 3.38 -
3.52 (m, 4 H), 3.95-4.07 (m, 2 H).

[00106] **C NMR (75 MHz, DEUTERIUM OXIDE) d/ppm: 7.24 (s), 50.38 (t, J=3.90 Hz), 54.92 (s), 60.57 {t,
J=2.70 Hz), 63.94 (t, J=3.30 Hz)



CA 02867628 2014-09-17

WO 2013/149349 PCT/CA2013/050277
29

b} N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium bis(trifluoromethanesulfonyljamide

[001071 In a 250 ml round bottom flask, solutons of 52 g (0.263 mol) of
N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium bromide in 70 ml MQ water and 78 g (0.274 mol) of LiTFSI in
80 ml MQ water were mixed together under vigorous stirring. Phase separation occurred at once, but stirring was
continued for another 4 hours at room temperature. Then, 100 m! of CH.Cl, were added and the phases
separated. The water phase was extracted with 50 ml of CHxCloand the combined organic phases were washed 6
times with 100 ml of MQ water. A clear colourless solution was obtained and poured into a round bottom flask.
The solvent was removed using a rotary evaporator and then under high vacuum at 60°C. In this manner, 70 g
(67 %) of pure N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium bis(trifluoromethanesulfonyllamide as a

colourless liquid were obtained.

[00108] 'H NMR (300 MHz, DMSO-ci) S/ppm: 1.25 (br. t, J=7.30, 7.30 Hz, 3 H), 3.03 (5, 39 H), 3.28 - 3.46 (m, 26
H), 3.56 (s, 12 H), 3.75 - 3.91 (m, 13 H), 5.29 (t, J=4.94 Hz, 6 H).

[00109] *C NMR (75 MHz, DMSO-ck) 8/ppm: 7.63 (s), 50.23 (t, J=3.50 Hz), 54.96 (s), 59.50 - 60.18 (m), 64.19
(t, J=2.49 Hz), 119.50 (q, J=321.20 Hz).

¢) N-ethyl-N-(2-trimethylsiloxyethyl}-N,N-dimethylammonium bis(trifluoromethanesulfonyl}amide

[00110] To a 250 wml round  bottom flask containng 80 ¢ (0.20 mol) of neat
N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium TFSI, 31 g (0.20 mol) of hexamethyldisilazane (HMDS) were
added at room temperature as a gentle stream of nitrogen was passed through the apparatus to facilitate removal
of forming ammonia. The mixture was slowly heated to 60-70°C and stirred so that a fine emulsion of HMDS in IL
formed. A vigorous evolution of gaseous ammonia started as the temperature reached 60°C and ended after a
few minutes. The mixture was heated and stirred for an additional 4 hours after the end of the vigorous reaction.
Then, the remaining HMDS, which was in a separate layer on top of the desired product, was evaporated under
high vacuum. The round bottom flask was then refilled 6 times with argon and again evacuated. The product
was heated to 70°C during this manipulation. Finally, the apparatus was cooled down under vacuum and refilled
with argon. In this manner, 94 g (100 %) of the title compound in the form of a colourless liquid were obtained.

[00111] 'H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.10 (s, 9 H), 1.34 (br. t, J=7.10, 7.10 Hz, 3 H}, 3.06 (s, 6
H), 3.32 - 3.51 (m, 4 H), 3.86 - 4.04 (m, 2 H).

[00112] 5C NMR (75 MHz, CHLOROFORM-d) &/ppm: -1.25 (s), 7.94 (s), 50.96 (t, J=3.59 Hz), 5643 (s), 61.46
(br. s.), 64.54 (br. s.), 119.67 (g, J=321.20 Hz).

[00113] *°F NMR (470 MHz, CHLOROFORM-d) d/ppm: -78.89 (s).
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Example 3 - Preparation of N,N-diethyl-N-(2-trimethylsiloxyethyl)-N-methylammonium bis(trifluoro
methanesulfonyl)amide (N1222-OTM-TFSI)

Z70 F
s O¢S\N'g F
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/<N+ © F
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a) N,N-diethyl-N-2-hydroxyethyl-N-methylammonium methylsufate

[00114] In a 1L round bottom flask equipped with a magnetic stirrer were placed 117.10 g (1 mol) of
2-diethylaminoethanol dissolved in 250 ml of MeCN. The solution was cooled below 20°C with the help of an ice
water bath. To the cooled solution, a mixture of 130 g (1.03 mol) dimethyl sulfate and 100 ml of MeCN was added
dropwise over a period of 0.5 h, not allowing the temperature to rise above 40°C. The mixture was stirred over a
weekend (60 h) and MeCN was then removed using a rotary evaporator. 242 g (100 %) of
N, N-diethyl-N-2-hydroxyethyl-N-methylammonium methylsulfate were obtained in the form of a slightly pink
coloured oil.

[00115] *H NMR (300 MHz, DMSO-d¢) &/ppm: 1.20 (t, J=7.14 Hz, 6 H), 2.96 (s, 3 H}, 3.28 - 3.40 (m, 6 H), 3.40
(s, 3H},3.74-3.85(m, 2 H),5.09 (br.s., 1 H).z

[00116] *3C NMR (75 MHz, DMSO-ds) /ppm: 7.64 (s), 47.22 (br. s), 53.16 (s), 54.91 (s), 56.50 (br. s), 61.26 (or.
s).

b} N.N-diethyl-N-2-hydroxyethyl-N-methylammonium bis(trifluoromethanesulfonyllamide

[00117] In a 250 ml round bottom flask, solutions of 6858 g (0.282 mol) of
N, N-diethyl-N-2-hydroxyethyl-N-methylammonium methylsufate dissolved in 70 mI MQ water and 83.23 g (0.290
mol) of LiTFSI dissolved in 80 ml MQ water were mixed under vigorous stirring. Phase separation occurred at
once, but the stirring was continued for another 6 hours at room temperature. Then, 100 ml of CH,Cl, were added
and the phases separated. The water phase was extracted with 20 ml of CH.Cl, and the combined organic
phases were washed 6 times with 80 ml of MQ water. To this solution, 5 g of activated charcoal were added. The
resulting mixture was heated to its boiling point, allowed to cool down and stirred overnight (16h). The next
morning, the solution was filtered through a PTFE filter of 0.22 ym porosity. A clear solution was obtained and
poured into a round bottom flask. The solvent was removed using a rotary evaporator and then under high
vacuum at 60°C. In this manner, 65.65 g (56 %) of pure N,N-diethyl-N-2-hydroxyethyl-N-methylammonium
bis(trifluoromethanesulfonyljamide as a colourless liquid were obtained.
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[00118] "H NMR (300 MHz, DMSO-ds) 8/ppm: 1.20 (t, J=7.14 Hz, 6 H), 2.96 (s, 3 H), 3.28 - 3.40 (m, 6 H), 3.40
(s, 3 H), 3.74-3.85 (m, 2 H), 5.09 (br. s., 1 H).

[00119] C NMR (75 MHz, DMSO-d) &/ppm: 7.48 (s), 47.28 (br. s.), 54.87 (s), 56.60 (br. s.), 6148 (br. s.),
119.65 (q, J=321.20 Hz).

¢} N,N-diethyl-N-2-hydroxyethyl-N-methylammonium bis(trifluoromethanesulfonyljamide

[00120] To a 250 ml round bottom flask contaning 65 g (0.159 mol} of neat
N, N-diethyl-N-2-hydroxyethyl-N-methylammonium  bis(trifluoromethanesulfonyl)amide, 25.69 g (0.160 mol) of
hexamethyldisilazane (HMDS) were added at room temperature as a gentle siream of nitrogen was passed
through the apparatus to facilitate removal of forming ammonia. The mixture was slowly heated to 60-70°C and
stirred so that a fine emulsion of HMDS in IL formed. A vigorous evolution of gaseous ammonia started as the
temperature reached 60°C and ended after a few minutes. The mixture was heated and stirred overnight (16
hours after the end of the vigorous reaction). Then, the remaining HMDS, which was in separate layer on top of
the desired product, was evaporated under high vacuum. A slightly coloured oil was obtained and diluted with
100 ml of CH.Cl,. 5 g of activated charcoal were added. The mixture was heated to its boiling point, cooled to
room temperature and filtered after 1h through a 0.22 ym PTFE filter. The sclvent was removed using a rotary
evaporator and then 5 ml of fresh HMDS were added to the clear product. This mixture was vigorously stirred and
heated to 70°C for one hour. Then, the volatile compounds were removed in vacuo and the flask was refilled 6
times with argon and again evacuated. The product was heated to 70°C during this manipulation. Finally, the
apparatus was cooled down under vacuum and refilled with argon. In this manner, 72 g (93 %) of the title

compound in the form of a colourless liquid were obtained.

[00121] "H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.07 (s, 9 H), 1.27 (t, J=7.14 Hz, 6 H), 2.94 (s, 3 H), 3.25
-3.43(m, 6 H), 3.81-3.98 (m, 2 H).

[00122] **C NMR (75 MHz, CHLOROFORM-d) &/ppm: -1.37 (s), 747 (s), 47.74 (br. s.), 56.10 (s), 57.56 (br. s),
61.60 (or. s.), 119.62 (q, J=321.20 Hz).

Example 4 - Preparation of N,N,N-triethyl-N-(2-trimethylsiloxyethyl)Jammonium bis(trifluoromethanesulfo-
nyl)amide (N2222-OTM-TFSI)
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a})  N,N,N-triethyl-N-(2-hydroxyethyl)ammonium bromide

[00123] In a 500 ml round bottom flask equipped with a magnetic stirrer were placed 58.6 g (0.50 mol) of
2-diethylaminoethanoal dissolved in 80 ml of MeCN. To this solution, a mixture of 60 g (0.550 mol) ethyl bromide
and 40 ml of MeCN was added dropwise over a period of 0.75 h. The mixture was stirred over a weekend (57 h)
during which a white crystalline precipitate separated. This precipitate was vacuum-filtered, washed with a small
amount of acetone and dried in a vacuum oven at 60°C. The filtrate was evaporated to small volume and
addiional product was precipitated using ethyl acetate. Altogether, 8751 g (77 %) of
N, N, N-triethyl-N-(2-hydroxyethylJammonium bromide were obtained.

[00124] 'H NMR (300 MHz, DMSO-ds) &/ppm: 1.17 (t, J=7.14 Hz, 9 H), 3.26 - 3.31 (m, 2 H}, 3.32 (g, J=7.00 Hz,
6 H), 3.76 (br. d, J=4.80 Hz, 2 H), 5.26 ({, J=5.49 Hz, 1 H)

[00125] 3C NMR (75 MHz, DMSO-ds) 8/ppm: 7.31 (s), 52.72 (br. s), 54.37 (), 57.67 (br. s).

b)  N,N,N-triethyl-N-(2-hydroxyethyl}ammonium bis(trifluoromethanesulfonyl)amide

[00126] In a 250 ml round bottom flask, solutons of 40 g (0177 mol) of
N, N, N-triethyl-N-(2-hydroxyethyl)ammonium bromide in 70 ml MQ water and 53 g (0.185 mol) of LiTFSI in 80 ml
MQ water were mixed under vigorous stirring. Phase separation occurred at once, but the stirring was continued
overnight (16 hours) at room temperature. Then, 100 ml of CH,Cl, were added and the phases separated. The
water phase was extracted with 20 ml of CH2Cl, and the combined organic phases were washed 6 times with 80
ml of MQ water. A clear solution was obtained and poured into a round bottom flask. The solvent was first
removed using a rotary evaporator and then under high vacuum at 60°C. In this manner, 65.71 g (87 %) of pure
N, N, N-triethyl-N-(2-hydroxyethyl)ammonium  bis(trifluoromethanesulfonyl)amide as a colourless liquid were
obtained.

[00127] 'H NMR (300 MHz, DMSO-dg) &/ppm: 1.19 (t, J=7.14 Hz, 9 H), 3.19 - 3.40 (m, 8 H), 3.79 (d, J=4.76 Hz,
2H),525(t, J=5.13 Hz, 1 H).

[00128] **C NMR (75 MHz, DMSO-ds) &/ppm: 7.10 (s), 52.95 (br. s.), 54.71 (s), 57.94 (br. s.}, 119.69 (q,
J=321.20 Hz).

¢} NN, N-triethyl-N-(2-trimethylsiloxyethyl)ammeonium bis(trifuoromethanesulfonyllamide

[00129] To a 250 ml round bottom flask containing 65 g (0.152 mol) of neat
N, N, N-triethyl-N-(2-trimethylsiloxyethyljJammonium TFSI, 24.5 g (0.152 mol) of hexamethyldisilazane (HMDS)
were added at 60°C as a gentle stream of nitrogen was passed through the apparatus to facilitate removal of
forming ammonia. The reaction started 2 minutes after the addition. The mixture was stirred so that a fine
emulsion of HMDS in choline TFSI formed. Intense evolution of gaseous ammonia ended after a few minutes, but
the mixture was heated and stirred overnight (16 hours after the end of the intense reaction). Then, the remaining
HMDS, which was in separate layer on top of the desired product, was evaporated under high vacuum. The
round bottom flask was then refilled 5 times with argon and again evacuated. The product was heated to 70°C
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during this manipulation. Finally the apparatus was cooled down under vacuum and refilled with argon. In this

manner, 75.6 g (100 %) of the title compound in the form of a colourless liquid were obtained.

[00130] "H NMR (300 MHz, CHLOROFORM-d) 8/ppm: 0.11 (s, 9 H), 1.28 (t, J=7.3 Hz, 9 H), 3.17 - 3.50 (m, 8 H),
3.91 (br.s., 2 H)

[00131] 5C NMR (75 MHz, CHLOROFORM-d) 8/ppm: -1.20 (s), 7.23 (s), 53.72 (br. s.), 56.02 (s), 58.27 (br. s.),
119.76 (q, J=321.20 Hz).

Example 5 - Preparation of N-(2-trimethylsiloxyethyl)-N,N-dimethyl-N-propylammonium
bis(trifluoromethane sulfonyl)amide (N1132-OTMS-TFSI)

a}  N-(2-hydroxyethyl}-N.N-dimethyl-N-propylammonium bromide

[00132] In a 1000 ml round bottom flask equipped with a magnetic stirrer were placed 135 g (1.50 mol} of
2-dimethylaminoethanol dissolved in 200 mi of MeCN. The solution cooled considerably during mixing. To this
solution, a mixture of 200 g (1.64 mol} of propyl bromide, 80 ml of MeCN and 50 ml toluene was added dropwise
over a period of 1h while the temperature was not allowed to exceed 35°C. At first, an addition rate of about
5ml/min was used, after warming was detected, this rate was reduced to 5 drops/second. The mixture was stirred
over a weekend (57 h} during which a small amount of white crystalline precipitate separated. 200 ml of ethyl
acetate were added to precipitate the majority of the product, which was then vacuum-filtered, washed with a
small amount of ethyl acetate and dried in a vacuum oven at 60°C. The filtrate was evaporated to a small volume
and additional product was precipitated with ethyl acetate. Altogether, 307 g (96 %) of
N-(2-hydroxyethyl)-N, N-dimethyl-N-propylammonium bromide were obtained.

po13sl  *H NMR (300 MHz, DMSO-ds) d/ppm: 0.87 (t, J=7.3 Hz, 3 H), 1.57 - 1.78 (m, 2 H}), 3.08 (s, 6 H), 3.26 -
3.37(m, 2 H), 3.38-3.46 (m, 2 H), 3.81 (br. s, 2H), 5.26 (t, /=5.1 Hz, 1 H).

[00134] °C NMR (75 MHz, DMSO-d) &/ppm: 10.57 (s), 15.55 (s), 50.88 (1, J=3.5 Hz), 54.88 (s), 64.61 (br. ),
65.38 (br. ).

b}  N-(2-hvdroxyethyl}-N,N-dimethyl-N-propylammonium bis(trifluoromethanesulfonyl}amide

[00135] In a 500 ml round bottom flask, solutions of 100 g (0472 mal} of
N-(2-hydroxyethyl)-N, N-dimsthyl-N-propylammonium bromide in 100 ml MQ water and 135 g (0.472 mol) of
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LITFSI in 100 ml MQ water were mixed under vigorous stirring. Phase separation occurred at once, but the
stirring was continued ovemight (16 hours) at room temperature. Then, 120 ml of CH,Cl> were added and the
phases separated. The water phase was extracted with 20 ml of CHxCl, and the combined organic phases were
washed 7 times with 80 ml of MQ water. A clear solution was obtained and poured into a round bottom flask. The
solvent was removed first using at rotary evaporator and then under high vacuum at 60°C. In this manner, 154.67
g (80 %) of pure N-(2-hydroxyethyl}-N,N-dimethyl-N-propylammonium bis(trifluoromethanesulfonyl)amide as a
colourless liquid were obtained.

[00136] 'H NMR (300 MHz, DMSO-ds) &/ppm: 0.89 (t, J=7.3 Hz, 3 H), 1.59 - 1.80 (m, 2 H}, 3.05 (s, 6 H), 3.21 -
3.32(m, 2 H), 3.33-3.40 (m, 2H), 3.83 (br. s., 13 H), 5.26 {t, J=4.9 Hz, 6 H).

[00137] *3C NMR (75 MHz, DMSO-ds) d/ppm: 10.38 (s), 15.51 (s}, 50.87 (br. t}, 55.02 (s), 64.82 (br. t}, 65.65 (br.
t), 119.58 (g, /=321.8 Hz).

[00138] 9F NMR (470 MHz, DMSO-dk) /ppm: -78.76 (s).

¢} N-(2-trimethylsiloxyethyl}-N.N-dimethyl-N-propylammonium bis(trifluoromethanesulfonyl}amide

[00139] To a 250 ml round botiom flask contaning 154.6 ¢ (0.38 mol} of neat
N-(2-hydroxyethyl)-N, N-dimethyl-N-propylammonium bis(trifluoromethanesulfonyl)amide, 72.63 g (0.45 mol) of

hexamethyldisilazane (HMDS) were added at room temperature as a gentle stream of nitrogen was passed
through the apparatus to facilitate the removal of forming ammonia. The mixture was slowly heated to 60-70°C
and stirred so that a fine emulsion of HVIDS in IL formed. A vigorous evolution of gaseous ammonia started as
the temperature reached 60°C and ended after a few minutes, but the mixture was heated and stirred overnight
(16 hours after the end of vigorous reaction). Then, the remaining HMDS, which was in separate layer on top of
the desired product, was decanted. A slightly coloured oil was obtained and diluted with 150 ml of CH,Cl,. 10 g
of activated charcoal were added and the mixture was heated to its boiling point for 3 minutes. The mixture was
then cooled to room temperature and filtered after 1h through a 0.22 ym PTFE filter. The solvent was removed
using a rotary evaporator. 5 ml of fresh HMDS were added to the clear product. The resulting mixture was
vigorously stirred and heated to 70°C for one hour. Then, the volatile compounds were removed in vacuo and the
flask was refilled 6 times with argon and again evacuated. The product was heated to 70°C during this
manipulation. Finally, the apparatus was cooled down under vacuum and refilled with argon. In this manner, 183 ¢

(99 %) of the title compound in the form of a colourless liquid were obtained.

[00140] 'H NMR (300 MHz, CHLOROFORM-d) &fppm: 0.10 (s, 9 H), 0.95 (t, J=7.1 Hz, 3 H), 1.65 - 1.83 (m, 2 H),
3.08 (s, 6 H), 3.21 - 3.31 (m, 2 H), 3.40 (dt, J=4.5, 2.3 Hz, 2 H), 3.94 (br. s., 2 H).

[00141] *3C NMR (75 MHz, CHLOROFORM-d) 8/ppm: <4.96 - 1.24 (m), 9.90 (br. s.), 15.95 (br. s.), 5156 (br. s.),
56.49 (s), 64.90 (br. s.), 67.02 (or. s), 119.68 (q, J=321.2 Hz).

[00142] *F NMR (470 MHz, CHLOROFORM-d) &/ppm: -78.87 (s).
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Example 6 - Preparation of N-(2-trimethylsiloxyethyl)-N-methylpyrrolidinium bis(trifluoromethanesulfonyi)

amide
F
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a)  N-(2-hydroxyethyl)-N-methylpyrrolidinium chloride

[00143] In a 250 ml round bottom flask equipped with a magnetic stirrer were placed 30 g (0.352 mol) of
N-methylpyrrolidine dissolved in 83 g of toluene. To this solution, a mixture of 28.3 g (0.352 mol} of
2-chloroethanol in 20 g of toluene was added dropwise over period of 0.5 h. The mixture was stirred over a
weekend (57 h) during which no signs of completed reaction were observed. The mixture was thus heated to
80°C for 14 h during which phase separation occurred. The mixture was cooled to room temperature and the
bottom layer solidified. Toluene was decanted and the solid was then crushed and dissolved in methanol. 5 g of
activated charcoal were added. The mixture was heated to its boiling point, cooled and filtered. The filtrate was

evaporated to obtain 43.34 g (75 %) of the title N~(2-hydroxyethyl)-N-methylpyrrolidinium chloride.

[00144] 'H NMR (300 MHz, DMSO-ds) &/ppm: 1.93 - 2.17 (m, 4 H), 3.08 (s, 3 H), 3.47 (dd, J=6.04, 4.21 Hz, 2 H),
3.52-3.62 (m, 4 H), 3.80 (dd, J=4.39, 2.20 Hz, 2 H), 5.72 (t, J=5.31 Hz, 1 H).

[00145] *3C NMR (75 MHz, DMSO-ds) 6/ppm: 25.64 (s), 52.57 (br. s.), 60.17 (s), 68.93 (br. 5.}, 69.31 (br. 5.).

b} N-(2-hydroxyethyl}-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)amide

[00146] In a 250 ml round bottom flask, solutions of 38 g (0.23 mol) of N-(2-hydroxyethyl)-N-methylpyrrolidinium
chloride in 130 ml MQ water and 65 g (0.23 mol} of solid LiTFSI were mixed under vigorous sfirring. Phase

separation occurred at once, but the stirring was continued overnight (16 hours) at room temperature. Then, 80 ml
of CH.Cl, were added and the phases separated. The organic phase was washed 7 times with 80 ml of MQ
water. A clear solution was obtained and poured into a round bottom flask. The solvent was removed first using a
rotary evaporator and then under high vacuum at 65°C. In this manner, 67.46 g (70 %) of pure
N-(2-hydroxyethyl)-N, N-dimethyl-N-propylammonium  bis(trifluoromethanesulfonyl}amide as a colourless liquid

were obtained.

[00147] 'H NMR (300 MHz, DMSO-ds) d/ppm: 1.96 - 2.21 (m, 4 H), 3.03 (s, 3 H}, 3.42 (dd, J=5.86, 4.39 Hz, 2 H),
346-3.59 (m, 4 H),3.76 - 3.92 (m, 2H), 5.27 (t, J=4.76 Hz, 1 H).

[00148] **C NMR (75 MHz, DMSO-ds) d/ppm: 20.89 (s}, 47.98 (t, J=3.50 Hz), 55.59 (s), 64.31 (t, J=2.80 Hz),
64.66 (t, J=2.80 Hz), 119.54 (q, J=322.00 Hz).
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¢) N-(2-trimethylsiloxyethyl}-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)amide

[00149] To a 250 ml round bottom flask contaning 6746 g (0.164 mol) of neat
N-(2-hydroxyethyl)-N-methylpyrrolidinium bis(trifluoromethanesulfonyl)amide, 27 g (0.168 mal} of hexamethyl-
disilazane (HMDS) were added at room temperature as a gentle stream of nitrogen was passed through the
apparatus to facilitate removal of forming ammonia. The mixture was slowly heated to 60-70°C and stirred so that
a fine emulsion of HVIDS in IL formed. A vigorous evolution of gaseous ammenia started close to 60°C and
ended after a few minutes. The mixture was heated and stirred overnight (16 hours after the end of vigorous
reaction). Then, the volatile compounds were removed in vacuo and the flask was refilled 6 times with Ar and
again evacuated. The product was heated to 70°C during this manipulation. Finally, the apparatus was cooled
down under vacuum and refilled with argon. In this manner, 81 g (100 %) of the title compound in form of a
colourless liquid, which solidified at room temperature, were obtained. The melting point of this solid was around
40°C.

[00150] 'H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.07 (s, 9 H}, 2.01 - 2.26 (m, 4 H), 3.02 (s, 3 H}, 3.32 -
343 (m, 2 H), 3.44-3.62 (m, 4 H), 3.84 -4.00 (m, 2 H).

[00151] *3C NMR (75 MHz, CHLOROFORM-d)) 8/ppm: -1.35 (s), 20.96 (s}, 48.29 (br. 5.}, 56.65 (s}, 65.11 (br. s.),
65.35 (br. s, 119.57 (q, J=323.70 Hz).

[00152] 9F NMR (470 MHz, CHLOROFORM-d) 8/ppm: -79.21 (s)

Example 7 - Preparation of 1-(2-trimethylsiloxyethyl)-2,3-dimethylimidazolium
bis(trifluoromethanesulfonyl) amide
N
FX%O o F
oZ N\ _ |
-
HSC\N)\M/\/% " CHy
_ Nsi
Hee” CHg

a) 1-(2-hydroxyethyl}-2.3-dimethylimidazolium chloride

[00153] In a 250 ml round bottom flask equipped with a magnelic stirrer were placed 48.07 g (0.5 mol} of
1,2-dimethylimidazole dissolved in 80 ml of toluene. To this solution, 40.26 g (0.5 mol) of 2-chloroethanol were
added in one portion. The mixture was stirred over a weekend (57 h) at 70°C during which no sign of completed
reaction were observed. The mixture was heated to reflux for 24 h during which phase separation occurred. The
mixture was cooled to room temperature and the lower yellow oily layer solidified. The toluene was decanted and
the salid was then crushed, washed with fresh toluene and filtered. Product was dried to obtain 87.25 g (98 %) of
the title 1-(2-hydroxyethyl}-2,3-dimethylimidazolium chloride.
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[00154] 'H NMR (300 MHz, DMSO-ds) /ppm: 2.63 (s, 3 H), 3.64 (q, J=5.13 Hz, 2 H), 3.79 (s, 3 H), 4.23 (¢
J=4.94 Hz, 2 H), 5.59 {t, J=5.68 Hz, 1 H), 7.69 - 7.79 (m, 2 H).

[00155] 3C NMR (75 MHz, DMSO-di) &/ppm: 9.78 (s), 34.72 (s), 50.22 (s), 59.60 (s), 121.23 (s), 122.13 (s),
144.86 (s).

b) 1-(2-hydroxyethyl}-2,3-dimethylimidazolium bis(trifluoromethanesulfonyl)amide

[00156] In a 250 ml vround bottom flask, a soluion of 20 g (0.113 mol) of
N-(2-hydroxyethyl)-N-methylpyrrolidinium chloride in 130 ml MQ water and 36 g {0.125 mol} of solid LiTFS! were
mixed under vigorous stirring. Phase separation occurred at once, but the stirring was continued overnight (16
hours} at room temperature. Then, 80 ml of CH.Cl, were added and the phases separated. The organic phase
was washed 4 times with 50 m| of MQ water. A clear solution was obtained and poured into a round bottom flask.
The solvent was removed first using a rotary evaporator and then under high vacuum at 65°C. In this manner,
23.2 g (49 %) of 1-(2-hydroxyethyl)-2,3-dimethylimidazolium bis(trifluoromethanesulfonyl}amide as a colourless
liquid were obtained.

[00157] H NMR (300 MHz, DMSO-ds) 8/ppm: 2.59 (s, 3 H), 3.64 - 3.74 (m, 2 H), 3.76 (s, 3 H), 4.18 (t, J=4.70
Hz, 2H), 5.11 (br. s, 1 H), 7.59 (s, 2 H).

[00158] 5C NMR (75 MHz, DMSO-ds) &/ppm: 9.48 (s), 34.71 (), 50.38 (s), 59.76 (s), 119.63 (g, 4=321.70 Hz),
121.36 (s), 122.26 (s), 144.95 (s).

¢} 1-(2-trimethylsiloxyethyl)-2,3-dimethylimidazolium bis(trifluoromethanesuifonyl}amide

[00159] To a 50 ml round bottom flask, 8.42 g (0.02 mol) of neat 1-(2-hydroxyethyl)-2,3-dimethylimidazolium
bis(trifluoromethanesulfonyljamide and 3.42 g (0.02 mol) of hexamethyldisilazane (HMDS) were added at room
temperature, as gentle stream of nitrogen was passed through the apparatus to facilitate the removal of forming
ammonia. The mixiure was slowly heated to 60-70°C and stirred so that a fine emulsion of HMDS in IL formed.
A vigorous evolution of gaseous ammonia started as the temperature reached to 80°C and ended after a few
minutes. The mixture was stirred for 4 hours at 80°C and overnight at room temperature (16 hours after the end
of the vigorous reaction). Then, the volatile compounds were removed in vacuo. The flask was refilled 6 times
with argon and again evacuated. The product was heated to 70°C during this manipulation. Finally, the
apparatus was cooled down under vacuum and refilled with argon. In this manner, 9.8 g (100 %) of the titie
compound in form of a colourless liquid were obtained.

[00160] 'H NMR (300 MHz, CHLOROFORM-d) d/ppm: 0.00 (s, 9 H), 2.55 (s, 3 H), 3.75 (s, 3 H), 3.82 (t, J=4.70
Hz, 2 H), 4.15 (t, J=4.70 Hz, 3 H), 7.18 (m, J=2.20 Hz, 1 H), 7.24 (m, J=1.80 Hz, 1 H)

[00161] *C NMR (75 MHz, CHLOROFORM-d) /opm: -2.61 - 0.00 (m), 9.56 (s), 35.01 (s), 50.67 (s), 60.70 (s),
119.58 (q, J=321.70 Hz), 121.22 (s), 122.13 (s), 144.50 (s).

[00162] *SF NMR (470 MHz, CHLOROFORM-d) I/ppm: -79.19 (s)
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Example 8 - Preparation of 1-(2-trimethylsiloxyethyl)-3-methylimidazolium chioride
cr
HiC (X
[ i
/
HiC CHs

a}) 1-(2-hydroxyethyl}-3-methylimidazolium chloride

[00163] In a 250 ml round bottom flask equipped with a magnelic stirrer were placed 30.3 g (0.37 mol) of
1-methylimidazole dissolved in 50 ml of MeCN. To this solution, 35 g (0.435 mol} of 2-chloroethanol were added
in one portion. The mixture was stirred refluxed for 48 hours during which no sign of completed phase separation
occurred. The mixture was cooled to room temperature and a small part of it (5 ml} was mixed with 30 ml ethyl
acetate. A yellow oil separated, was washed with fresh ethyl acetate and dried under vacuum. Upon standing, it
solidified info a crystalline solid, which was identified as 1-(2-hydroxyethyl}-3-methylimidazolium chloride.

[00164] "H NMR (300 MHz, DMSO-di) 8/ppm: 3.68 {t, J=4.94 Hz, 2 H), 3.87 (s, 3 H), 4.25 (t, J=4.94 Hz, 2 H),
560 (br. s., 1H), 7.79 - 7.84 (m, 1 H), 7.85 (t, J=1.65 Hz, 1 H), 9.41 (s, 1 H).
[00165] 3C NMR (75 MHz, DMSO-ds) 8/ppm: 35.71 (s), 51.49 (s), 59.29 (s), 122.66 (s), 123.26 (s), 136.90 (s).

b} 1-(2-trimethylsiloxyethyl)-3-methylimidazolium chloride

[00166] The remaining of the reaction mixture of the above step a) was mixed with 53 ml of HMDS at room
temperature and brought to reflux under a N2 purge. At the beginning, two layers formed, but after about 30
minutes, they became miscible and blended together. After 24 hours, the volatile compounds were removed using
a rotary evaporator and a high vacuum. 80 g (98%) of a very viscous yellow oil were obtained.

[00167] "H NMR (300 MHz, CHLOROFORM-d) &/ppm: -0.15 (s, 9 H), 3.68 - 3.79 (m, 2 H), 3.91 (s, 3 H), 4.23 -
4.38 (m, 2 H), 7.37 (t, J=1.65 Hz, 1 H), 7.60 (t, J=1.65 Hz, 1 H), 10.13 (s, 1 H)

[00168] °C NMR (75 MHz, CHLOROFORM-d) &fppm: -1.19 (s), 36.07 (s), 5149 (s), 60.74 (s), 122.59 (s),
122.89 (s), 137.11 (s).

Example 9 - Cyclic Voltametry (CV) of N-(2-trimethylsiloxyethyl)-N,N,N-trimethylammonium bis(trifluoro-
methanesulfonyllamide (N1112-0TMS-TFSI)

[00169] The compound prepared in Example 1 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 06V vs. Liata
rate of 1mV/s (Fig.1).
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Example 10 - CV of N-ethyl-N-(2-trimethylsiloxyethyl)-N,N-dimethylammonium bis(trifluoromethane-
sulfonyl)amide (N1122-OTMS-TFSI)

[00170] The compound prepared in Example 2 was charged into an electrachemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 06 V vs. Liata
rate of 1mV/s (Fig.2).

Example 11 - CV of 0.3 M LiTFSI in N-ethyl-N-(2-trimethylsiloxyethyl)-N,N-dimethylammonium
bis(trifluoromethanesulfonyl)amide (N1122-OTMS-TFSI)

[00171] A 0.3 molar solution of LiITFSI was prepared by mixing 1.7225 g LITFSI in 20 ml of IL of Example 2. This
solution was charged into an electrochemical cell. This was a three electrodes cell having a Pt wire as a working
electrode, lithium metal (as a sheet) as a counter electrode and another sheet of lithium metal as a reference

electrode. The CV curve was measured between 0-6 V vs. Li at a rate of 1mV/s (Fig. 3).

Example 12 - Compatibility of electrolyte with LiFePO, electrode

[00172] The electrolyte prepared in Example 11 was tested in a three-electrode electrochemical cell with a
LiFePOy4 (LFP) electrode. The cathode material was prepared using a mixture of LiFePO;, carbon black and
polyvinylidene fluoride (PVDF) in a ratio 84:3:3:10% by weight in N-methylpyrrolidone (NMP). This mixture was
then coated on an aluminum current collector. The electrode material was dried at 120°C in a vacuum oven for
12h before use. Two pieces of Li metal sheets were used as reference electrode and counter-electrode. The
working electrode based on LiFePO4 was cycled between 2—4 V versus Li, at a current rate C/24 (Fig. 4). The

reversible capacity was found at 142mAh/g in the third cycle of the formation.

Example 13 - Compatibility of electrolyte with LiNiy,Mn3;04 electrode

[00173] The electrolyte prepared in Example 11 was tested in a three-electrode electrochemical cell with a
LiNi1zMn3,04 electrode. The cathode material was prepared using a mixture of LiNii2Mnaz04, carbon black and
polyvinylidene fluoride (PVDF) in a ratio 84:3:3:10% by weight in NMP. The mixture was then coated on an
aluminum current collector. The electrode material was dried at 120°C in a vacuum oven for 12 h before use. Two
pieces of Li metal sheets were used as reference electrode and counter-electrode. LiNiizMns,04, as the working
electrode, was cycled between 3—4.9 V versus Li, at a current rate C/24. Only half of the theoretical capacity with

very high hysteresis of charge/discharge was observed. The plateau potential could not be observed.

Example 14 - Compatibility of electrolyte with graphite electrode

[00174] The electrolyte prepared in Example 11 was tested in a three-electrode electrochemical cell with graphite
(OMAC, Osaka Japan) electrode. The negative electrode was prepared by mixing the graphite, carbon black and
PVDF in a ratio 92:2:6 % by weight in NMP and then coating the mixture on a copper current collector. The

electrode material was dried at 120°C in a vacuum oven for 12 h before use. Two pieces of Li metal sheets were
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used as reference electrode and counter-electrode versus Li. The graphite working electrode was cycled between
0-2 V vs. Li at a current rate C/24 (Fig. 5). A coulombic efficiency in the first cycle of 83% and a reversible

capacity of 290mAh/g were observed.

Example 15 - CV of N-(2-trimethylisiloxyethyl)-N,N-dimethyl-N-propylammonium
bis(trifluoromethanesulfonyljamide (N1132-OTMS-TFSI)

[00175] The compound prepared in Example 5 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0-6 V vs. Li ata
rate of 1mV/s (Fig.6).

Example 16 - CV of 0.3 M LiTFSI in N-(2-trimethylsiloxyethyl)-N,N-dimethyl-N-propylammonium
bis(trifluoromethanesulfonyllamide (N1132-OTMS-TFSI)

[00176] A 0.3 molar solution of LITFSI in the IL of Example 5 was prepared by mixing 1.7225 g LiTFSI in 20 ml of
the IL. This electrolyte was charged into an electrochemical cell. This was a three electrodes cell having a Pt wire
as a working electrode, lithium metal (as a sheet) as a counter electrode and another sheet of lithium metal as a

reference electrode. The CV curve was measured between 0-6 V vs. Li at a rate of 1mV/s (Fig. 7).

Example 17 - Compatibility of electrolyte with active LiFePO, electrode

[00177] The electrolyte prepared in Example 16 was tested in a three-electrode electrochemical cell with a
LiFePQ;, electrode. The cathade material was prepared as described in Example 12. Two pieces of Li metal
sheets were used as reference electrode and counter electrode. The LiFePO; as working electrode was cycled
between 2-4 V versus Li, graphite between 2 and 4V vs. Li at a current rate C/24 (Fig. 8). A reversible capacity of
113mAh/g was observed.

Example 18 - Compatibility of electrolyte with active LiNiy:Mn;,0; electrode

[00178] The electrolyte prepared in Example 16 was tested in a three-electrode electrochemical cell with a
LiNi12Mn3,04 electrode. The cathode material was prepared as described in the Example 13. Two pieces of Li
metal sheets were used as reference electrode and counter electrode. The working electrode, LiNitoMns2O4, was
cycled between 3-4.9 V versus Li at current rate C/24. A capacity of 70mAh/g was obtained with a high voltage
cathode.

Example 19 - Compatibility of electrolyte with active graphite electrode

[00179] The electrolyte prepared in Example 16 was tested in a three-electrode electrochemical cell with a
graphite electrode. The anode material was prepared as described in Example 14. Two pieces of Li metal sheets
were used as reference electrode and counter electrode and graphite was used as a working electrode. The cell

was cycled between 0-2.5V versus Li at current rate C/24. A reversible capacity of 30mAh/g was obtained.
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Example 20 - CV of N,N,N-triethyl-N-(2-trimethylsiloxyethyl)ammonium
bis(trifluoromethanesulfonyl)amide (N2222-OTM-TFSI)

[00180] The compound prepared in Example 4 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0—6 V vs. Li at rate
of 1mV/s (Fig. 9).

Example 21 - CV of 0.3 M LiTFSI in N,N,N-triethyl-N-(2-trimethylsiloxyethyl)lammonium
bis(trifluoromethanesulfonyl)amide

[00181] A 0.3 molar solution of LITFSI in the IL prepared in Example 4 was prepared by mixing 1.7225 g LiTFSI
in 20 ml of the IL. This solution was charged into an electrochemical cell. This was a three electrodes cell having
a Pt wire as a working electrode, a sheet of lithium metal as a counter electrode and another sheet of lithium
metal as a reference electrode. The CV curve was measured between 0-6 V vs. Li at rate of 1mV/s (Fig. 10).

Example 22 - Compatibility of electrolyte with active electrodes

[00182] The electrolyte prepared in Example 21 was tested in a three-electrode electrochemical cell. The anode
material was prepared as described in Example 14. Two pieces of Li metal sheets were used as reference and
electrode and graphite was used as the working electrode. The cell was cycled between 0-2.5V versus Li at

current rate C/24. 160mAh/g of reversible capacity was obtained in the 3+ cycle.

Example 23 - CV of N,N-diethyl-N-(2-trimethylisiloxyethyl)-N-methylammaonium bis(trifluorome-
thanesulfonyl)amide (N1222-OTMS-TFSI)

[00183] The compound prepared in Example 3 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal {as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0—6 V vs. Li at rate
of 1mV/s (Fig. 11).

Example 24 - CV of 0.3 M LiTFSI in N,N-diethyl-N-(2-trimethylsiloxyethyl)-N-methylammonium
bis(trifluoromethanesulfonyllamide (N1222-OTM-TFSI+ 0.3M LiTFSI)

[00184] A 0.3 molar solution of LiTFSI in the IL prepared in Example 3 was prepared by mixing 1.7225 g LiTFSI
in 20 ml of the IL and charged into an electrochemical cell. This was a three electrodes cell having a Pt wire as a
working electrode, a sheet of lithium metal as a counter electrode and another sheet of lithium metal as a

reference electrode. The CV curve was measured between 0-6 V vs. Li at rate of 1mV/s (Fig. 12).

Example 25 - Compatibility of electrolyte with graphite

[00185] The electrolyte prepared in Example 24 was tested in a three-electrode electrochemical cell with a

graphite electrode. The anode material was prepared as described in Example 14. Two pieces of Li metal sheets
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were used as reference electrode and counter electrode and graphite was used as the working electrode. The
cell was cycled between 0-2.5V versus Li at current rate C/24 (Fig. 13). The lithium intercalation in the graphite
was successful with a low coulombic efficiency in the first cycle and increasing in the subsequent cycles up to
84% after 6 cycles at C/24 with a reversible capacity of 192mAh/g.

Example 26 - Compatibility of electrolyte with SiOx

[00186] The electrolyte prepared in Example 11 was tested in a three-electrode electrochemical cell with a SiOx
electrode. The negative electrode was prepared by mixing the SiOx powder, carbon black and alginate in a ratio
83:2:15 % by weight in NMP and then coating this mixture on a copper current collector. The electrode material
was dried at 150°C in a vacuum oven for 12 h before use. Two pieces of Li metal sheets were used as reference
and counter electrode and graphite was used as working electrode. The cell was cycled between 0.05-2.5V
versus Li at current rate C/24 and 60°C (Fig. 14). The lithium insertion in the SiOx material was successful with
good coulombic efficiency in the first cycle (99%) at C/24 and with a reversible capacity of 520mAh/g.

Example 27 - Determination of viscosities

[00187] The viscosity of the above ionic liquids was determined using an Anton Paar Physica MCR301
instrument using PP50-SN5204 measuring equipment. At high temperature, a comparable viscosity was obtained
for all the ionic liquids (Fig. 15). The viscosity increased in the following order: N1122-, N1112-, N1132-, N1222-,
N2222-OTMS-TFSI.

Example 28 - Determination of conductivities

[00188] The conductivity of the ionic compounds/liquids was measured between room temperature and 90°C
using a MMulty Conductimeter made by Materials Mates Italia S.r.L. The conductivity measurements show
conductivity of the different ionic compound or ionic liquid in the following order (Fig. 16): N1122- > N1112- >
N2222- > N1222- > N1132-0TMS-TFSI. At 24°C, the highest value was 1.38x10-3 (N1122) and lowest value was
1.05x103 (N1132). At 60°C, the highest value was 4.41x102 (N1122) and lowest value was 3.83x103 (N1132).

Example 29 - Preparation of N-ethyl-N-(2-(ethyldimethylisiloxy)ethyl)-N,N-dimethylammonium
bis(trifluoromethanesulfonyljamide (N1122-OEDMS-TFSI)

\\ /CHS \ +,CH3
/Si\o ﬂ\// \\)(
H;C > SN \\ F

[00189] To a 250 ml round bottom flask containing 91 g (0.228 mol} of neat
N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium TFSI prepared in a manner similar to that described in
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Example 4 a and b, 45 g (0.282 mol) of (diethylamino)ethyldimethylsilane were added at room temperature as a
gentle stream of nitrogen was passed through the apparatus to facilitate removal of forming ammonia. The
mixture was slowly heated to 60-70°C and stirred so that a fine emulsion of silane in IL was formed. A vigorous
evolution of gaseous diethylamine was observed as the temperature reached 60°C. This vigorous evolution
lasted a few minutes. The mixture was heated and stirred for 5 hours after the end of the vigorous reaction. Then,
the remaining silane, which was in a separate layer on the top of desired product, was evaporated under high
vacuum. The product was dissolved in CH.Cl, and activated charcoal was added. The mixture was heated to its
boiling point, cooled to room temperature, filtered and again evaporated. Then, the round bottom flask was refilled
6 times with argon and again evacuated. The product was heated to 70°C during this manipulation. Finally, the
apparatus was cooled down under vacuum and refilled with argon. In this manner, 100 g (90 %) of the title

compound were obtained.

[00190] 'H NMR (300 MHz, CHLOROFORM-d)} 8/ppm: 0.08 (s, 6 H), 0.56 (g, J=8.19 Hz, 2 H), 0.84 - 0.95 (m, 3
H), 1.34 (t, J=7.32 Hz, 3 H}), 3.07 (s, 6 H), 3.34 - 3.40 (m, 2 H), 3.44 (q, J=7.60 Hz, 2 H), 3.91 - 4.00 {m, 2 H).
[00191] '3C NMR (75 MHz, CHLOROFORM-d) 8/ppm: -3.43 (s}, 6.27 (s), 7.28 (s), 7.97 (s}, 50.97 (1, J=3.45 Hz),
56.59 (s}, 61.49 (br. s.), 64.58 (br. 5.}, 119.67 (g, 4=320.70 Hz).

[00192] *F NMR (470 MHz, CHLOROFORM-d) &/ppm: -78.90 (s).

Example 30 - Preparation of N-ethyl-N-(2-(triethylsiloxy)ethyl)-N,N-dimethylammonium bis(trifluorometha-
nesulfonyl)amide (N1122-OTES-TFSI)
CH4

Wi 7 ;

Si\o/\/N*/CHs F#\ 2 ?\)(F
S S

< > Fog>N"w F
(@] (0]

CH, H,C

Hj

[00193] To a 250 ml round bottom flask containing 80 g (0.201 mol) of neat
N-ethyl-N-2-hydroxyethyl-N, N-dimethylammonium TFSI prepared in @ manner similar to Example 4aand b, 40 g
{0.251 mol) of (dimethylamino)triethylsilane were added at room temperature as a gentle stream of nitrogen was
passed through the apparatus to facilitate removal of forming ammonia. The mixture was slowly heated to 60—
70°C and stimed so that a fine emulsion of silane in IL was formed. A vigorous evolution of gaseous
dimethylamine was observed as the temperature reached 60°C. This vigorous evolution lasted a few minutes.
The mixture was heated and stirred for 4 hours after the end of the vigorous reaction. Then, the remaining silane,
which was in a separate layer on the top of the desired product, was evaporated under high vacuum. The product
was dissolved in CH,Cl, and activated charcoal was added. The mixture was heated to its boiling paint, cooled to
room temperature, filtered, and again evaporated. Then, the round bottom flask was refilled 6 times with argon

and again evacuated. The product was heated to 70°C during this manipulation. Finally, the apparatus was
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cooled down under vacuum and refilled with argon. In this manner, 102 g (100 %) of the title compound were

obtained.

[00194] 'H NMR (300 MHz, CHLOROFORM-d} &/ppm: 0.58 (q, J=8.20 Hz, 6 H), 0.90 (t, J=8.20 Hz, 9 H), 1.33 1,
J=71.32 Hz, 3H), 3.06 (s, 6 H), 3.35 - 3.39 (m, 2 H), 3.44 (q, /=7.02 Hz, 2 H), 3.90 - 4.04 (m, 2 H).

[00195] *C NMR (75 MHz, CHLOROFORM-d) §/ppm: 3.73 (s), 6.32 (s), 7.92 (s), 50.91 (i, J=3.45 Hz), 56.88 (s),
61.45 (br. ), 64.58 (br. s.), 119.65 (q, J=321.90 Hz).

[00196] *F NMR (470 MHz, CHLOROFORM-d) &/ppm: -78.90 (s).

Example 31 - Preparation of N-ethyl-N-(2-(trimethylsiloxy)ethyl)-N,N-dimethylammonium
N-fluorosulfonyl-trifluoromethansulfonylamide (N1122-OTMS-FTFSI)

.C H3 F\

o]
AN\ 20 F
H,C N )
NN o?\ I
HaC | N—ﬁ F
HSC—?—CHS 5 b
CH;

a) N-ethyl-N-2-hydroxyethyl-N, N-dimethylammonium N-fluorosulfonyl-trifluoromethansulfonylamide

[00197] In  a 250 ml round bottom flask, solutons of 60 ¢ (0.304 mol) of
N-ethyl-N-2-hydroxyethyl-N, N-dimethylammonium bromide (prepared in a manner similar to Example 4a) in 70 ml
MQ water and 83 g (0.309 mal} of lithium N-fluorosulfonyl-trifluoromethansulfonylamide (Li-FTFSI) in 80 ml MQ
water were mixed together under vigorous stirring. Phase separation occurred at once, but stirring was continued
for another 4 hours at room temperature. Then, 100 mi of CH,Cl, were added and the phases separated. The
water phase was extracted with 50 ml of CH2Cl2 and the combined organic phases were washed 6 times with 100
ml of MQ water. A clear colourless solufion was obtained. This solution was poured into a round bottom flask.
The solvent was removed using a rotary evaporator and then under high vacuum at 60°C. In this manner, 89 g
(84 %) of pure N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium N-fluorosulfonyl-triflucromethansulfonylamide
were obtained.

[00198] 'H NMR (300 MHz, DMSO-ds) 8/ppm: 1.15 - 1.34 (m), 3.03 (s), 3.32 - 3.44 (m), 3.83 (s), 5.27 (t, J=4.97
Hz).

[00199] *3C NMR (75 MHz, DMSO-ds) &/ppm: 7.87 (s), 49.98 - 50.75 (m), 55.09 (s}, 59.44 - 60.37 (m), 64.02 -
64.60 (m), 119.74 (qd, J=321.90, 2.30 Hz).

[00200] °F NMR (470 MHz, DMSO-ds) 8/ppm: -77.98 (d, J=3.58 Hz, 3 F), 57.57 (q, J=3.97 Hz, 1 F).
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b)  N-ethyl-N-(2-(trimethylsiloxy)ethyl)-N,N-dimethylammonium

N-fluorosulfonyl-trifluoromethansulfonylamide

[00201] To a 250 ml round bottom flask containing 89 g (0.255 mol) of neat
N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium FTFSI, 32 g (0.20 mol) of hexamethyldisilazane (HMDS) were
added at room temperature as a gentle stream of nitrogen was passed through the apparatus to facilitate removal
of forming ammonia. This mixture was slowly heated to 50°C and stirred so that fine emulsion of HMDS in IL was
formed. A vigorous evolution of gaseous ammonia was observed as the temperature reached 50°C. This
vigorous evoluation lasted a few minutes. The mixture was heated and stirred for additional 4 hours after the end
of the vigorous reaction. Then, the remaining HMDS, which was in a separate layer on the top of the desired
product, was evaporated under high vacuum. Then, the round bottom flask was refilled 6 times with argon and
again evacuated. The product was heated to 70°C during this manipulation. Finally, the apparatus was cooled

down under vacuum and refilled with argon. In this manner, 106 g (99 %) of the title compound were obtained.

[00202] 'H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.12 (s, 9 H), 1.36 {t, J=7.02 Hz, 3 H), 3.08 (s, 6 H), 3.36
-3.41(m, 2 H), 3.45 (q, J=7.60 Hz, 4 H), 3.97 (s, 2 H).

[00203] °C NMR (75 MHz, CHLOROFORM-d) &/ppm: -1.07 (s), 8.15 (s), 51.17 (t, J=3.45 Hz), 56.56 (s), 61.65
(br. s.), 64.75 (br. 5.), 119.87 (qd, J=321.90, 2.30 Hz).

[00204] *°F NMR (470 MHz, CHLOROFORM-d) &/ppm: -78.07 (d, J=4.17 Hz, 3 F), 57.52 (q, J=3.98 Hz, 1 F).

Example 32 - Preparation of N-ethyl-N-(2-(trimethylsiloxy)ethyl)-N,N-dimethylammonium
bis(fluorosulfonyl)amide (N1122-OTMS-FSI)

CH;  HC F
HiC. of S \r-CHs /\840 0
/ \O/\\/ o~ \N_—g—F
HaC > :
H,C 0

a} N-ethyl-N-2-hydroxyethyl-N. N-dimethylammonium bis(fluorosulfonyl}amide

[00205] In a 250 ml round bottom flask, solutions of 53 g (0268 mol) of
N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium bromide (prepared in a manner similar to Example 4a) in 70 ml
dry MeCN and 60 g (0.273 mol) of potassium bis(flucrosulfonyl)amide (K-FSI} in 80 ml dry MeCN were mixed
under vigorous stirring. Phase separation occurred at once, but stirring was continued overnight at room
temperature. Then, 100 ml of CH,Cl, were added and KBr was fitered off. The filtrate was washed three times
with 50 ml of CH.Cl.. A clear colourless solution was obtained which was poured into a round bottom flask. The
solvent was removed using a rotary evaporator and then under high vacuum at 65°C. In this manner, 74 g (93 %)
of pure N-ethyl-N-2-hydroxyethyl-N,N-dimethylammonium bis(fluorosulfonyllamide in the form of gelatinous

crystals were obtained.
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[00206] ‘H NMR (300 MHz, DMSO-ds) 6/ppm: 1.24 (tt, J=7.30, 1.80 Hz, 3 H), 3.02 (s, 6 H), 3.31 - 3.44 (m, 4 H),
3.73-3.90 (m, 2 H}, 5.27 (t, J=4.97 Hz, 6 H).

[00207] °C NMR (75 MHz, DMSO-c) &/ppm: 7.87 (s), 50.28 {t, J=3.40 Hz), 54.96 (s), 59.78 (t, J=2.30 Hz),
64.16 (t, J=2.30 Hz).

[00208] 'F NMR (470 MHz, DMSO-dk) 8/ppm: 53.18 ().

b)  N-ethyl-N-(2-{trimethylsiloxy)ethyl)-N.N-dimethylammonium bis(fluorosulfonyl}amide

[00209] To a 250 ml round bottom flask containing 74 g (0.237 mol) of
N-ethyl-N-2-hydroxyethyl-N, N-dimethylammonium FSI dissolved in 80 ml of dry MeCN, 32 g (0.20 mol} of
hexamethyldisilazane (HMDS) were added at room temperalure as a genlle slream of nitrogen was passed
through the apparatus to facilitate removal of forming ammonia. The mixture was slowly heated to 40°C and
stirred. A vigorous evolution of gaseous ammonia started immediately and lasted a few minutes. The mixture was
healed and stirred for 4 hours after the end of the vigorous reaction. Then, volaliles were evaporated under high
vacuum. What remained was dissolved in CH.Cl,, purified with activated charcoal, filtered and evaporated.
Then, the round bottom flask was refilled 6 times with argon and again evacuated. The product was heated to
70°C during this manipulation. Finally, the apparatus was cooled down under vacuum and refilled with argon. In
this manner, 74 g (85 %) of title compound as a colourless liquid were obtained.

[00210] *H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.08 (s, 9 H), 1.32 {t, J=7.32 Hz, 3 H), 3.03 (s, 6 H), 3.30
-3.35(m, 2 H), 3.39(q, J=7.20 Hz, 2 H), 3.93 (dt, J=4.24, 2.27 Hz, 2 H).

[00211] ™“C NMR (75 MHz, CHLOROFORM-d) &/ppm: -1.31 (s), 7.88 (s), 50.91 (t, J=3.45 Hz), 56.25 (s), 61.36
(br. s.), 64.52 (t, J=2.30 Hz).

[00212] '9F NMR (470 MHz, CHLOROFORM-d) &/ppm: 53.04 (s).

Example 33 - Preparation of N-ethyl-N-(3-(trimethylsiloxy)propyl)-N,N-dimethylammonium
bis(trifluoromethanesulfonyl)amide (N1123-OTMS-TFSI)

CHj, CH F 00 "\ _F
HC / D >< 7N X
S| *  _CH
/ \O/\/\/Nv 3 //S\N_/S\\ '
HsC H4C o} o)

a) N-ethyl-N-(3-hydroxypropyl)-N .N-dimethylammonium chloride

[00213] In a 300 ml 316 SS autoclave equipped with a magnetic stirer were placed 94.5 g (1 mol} of
3-chloropropanol and 74 g (1.01mol) of ethyldimethylamine. The mixture was stirred and heated to 140°C for 24 h
using a stirring hot plate. After cooling, the resulting waxy solid was dissolved in 350 ml MeOH, boiled with

activated charcoal, cooled and filtered. The filtrate was evaporated to dryness and the product was isolated as a
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colourless crystalline solid. Altogether, 150 g (90 %) of N-ethyl-N-(3-hydroxypropyl)-N,N-dimethylammonium
chloride were obtained.

[00214] 'H NMR (300 MHz, DMSO-de) 8/ppm 1.21 (t, J=7.02 Hz, 3 H), 1.71 - 1.88 {m, 2 H), 3.02 (s, 6 H), 3.30 -
340 (m, 4 H), 3.39 - 3.49 (m, 2 H), 5.13 (t, J=5.27 Hz, 1 H).

[00215] "C NMR (75 MHz, DMSO-ds) /ppm: 7.79 (s), 25.29 (s), 49.47 (t, J=3.45 Hz), 57.48 (s), 58.26 (br. s.),
60.36 (br. s.).

b)  N-ethyl-N-(2-hydroxypropyl)-N,N-dimethylammonium bis(trifluoromethanesulfonyllamide

[00216] In a 250 ml round bottom flask, solutions of 60 g (0.358 mol) of
N-ethyl-N-(3-hydroxypropy!}-N, N-dimethylammonium chloride in 70 ml MQ water and 104 g (0.360 mol) of LiTFSI
in 80 ml MQ water were mixed together under vigorous stirring. Phase separation occurred at once, but sfirring
was continued for another 4 hours at room temperature. Then, 100 ml of CH,Cl, were added and the phases
separated. The water phase was extracted with 50 ml of CH.Cl, and the combined organic phases were washed
6 times with 100 ml of MQ water. A clear colourless solution was obtained. This solution was poured into a round
bottom flask. The solvent was removed using a rotary evaporator and then under high vacuum at 60°C. In this
manner, 111.2g (75 %) of pure N-ethyl-N-(2-hydroxypropyl)-N,N-dimethylammonium  bis(trifluoro-

methanesulfonyl)amide as a colourless liquid were obtained.

[00217] "H NMR (300 MHz, DMSO-ds) /ppm: 1.18 - 1.30 (m, 3 H), 1.73 - 1.86 (m, 2 H), 2.98 (s, 6 H), 3.22 - 3.39
(m, 4 H), 3.49 (q, J=5.27 Hz, 2 H), 4.78 (t, J=4.68 Hz, 1 H).

[00218] 5C NMR (75 MHz, DMSO-) &/ppm: 7.68 (5), 25.31 (s), 49.20 - 49.78 (m), 57.66 (s), 58.56 (br. s.),
60.07 - 61.14 (m), 119.58 (q, J=321.80 Hz).

[00219] '°F NMR (470 MHz, DMSO-ds) &/ppm: -78.78 (s).

¢) N-ethyl-N-(3-frimethyisiloxypropyl)-N, N-dimethylammonium bis(trifluoromethanesulfonyl}amide

[00220] To a 250 ml round botiom flask contaning 111 g (0269 mol) of neat
N-ethyl-N-(3-hydroxypropyl)-N,N-dimethylammonium TFSI, 43 g (0.266 mol) of hexamethyldisilazane (HMDS)
were added at room temperature as a gentle siream of nitrogen was passed through the apparatus to facilitate
remaoval of forming ammonia. The mixture was slowly heated to 60-70°C and stirred so that a fine emulsion of
HMDS in IL was formed. A vigorous evolution of gaseous ammonia was observed as the temperature reached
60°C. This evolution lasted a few minutes. The mixture was heated and stirred for 4 hours after the end of the
vigorous reaction. Then, the remaining HMDS, which was in a separate layer on top of the desired product, was
evaporated under high vacuum. Then, the round bottom flask was refilled 6 times with argon and again
evacuated. The product was heated to 70°C during this manipulation. Finally, the apparatus was cooled down
under vacuum and refilled with argon. In this manner, 129 g (99 %) of the title compound in the form of a
colourless liquid were obtained.
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[00221] *H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.04 (s, 9 H), 1.30 (t, J=7.02 Hz, 3 H), 1.78 - 1.97 (m, 2
H), 2.96 (s, 6 H), 3.23 - 3.37 (m, 4 H), 3.60 (t, J=5.56 Hz, 2 H).

[00222] 5C NMR (75 MHz, CHLOROFORM-d) &/ppm: -1.12 (s), 7.65 (s), 25.37 (s), 50.29 (t, J=3.45 Hz), 58.16
(s), 59.61 (br. s.), 61.41 (br. s.), 119.61 (g, J=321.90 Hz).

[00223] "9F NMR (470 MHz, CHLOROFORM-d) &/ppm: -79.22 ().

Example 34 - Preparation of N-ethyl-N-(4-(trimethylsiloxy)butyl)-N,N-dimethylammonium
bis(trifluoromethanesulfonyllamide (N1124-OTMS-TFSI)

E
(SINe) F

a)  N-ethyl-N-{4-hydroxybutyl)-N,N-dimethylammonium chloride

[00224] In a 300 ml 316 SS autoclave equipped with a magnetic stirrer were placed 50 g of 86 % (0.391 mol) of
4-chlorobutancl and 34 g (0.469 mol} of ethyldimethylamine. The mixture was stirred and heated to 150°C for 30
h using a stirring hot plate. After cooling, the resulting waxy solid was dissolved in water, basified with NaOH to
remove unquaternised amine, and finally evaporated to dryness. Altogether, 56.8 g (approx. 70 %)} of
N-ethyl-N-(4-hydroxybutyl)-N, N-dimethylammonium chloride as a mixture with NaCl and NaOH were obtained.

[00225] "H NMR (300 MHz, DMSO-dk) 8/ppm 1.09 - 1.25 (m, 3 H), 1.27 - 1.46 (m, 2 H), 1.64 (dt, J=16.09, 7.75
Hz, 2 H), 2.99 (s, 6 H), 3.20 - 3.45 (m, 6 H), 4.40 (br. s, 1 H).

[00226] "C NMR (75 MHz, DMSO-ck) S/ppm: 7.96 (s), 18.93 (s), 30.14 (s), 49.43 (br. s.), 58.32 (br. s.), 60.15
(s), 62.53 (s).

b)  N-ethyl-N-{4-hydroxybutyl}-N, N-dimethylammonium bis(trifluoromethanesulfonyl)amide

[00227] In a 250 ml round bottom flask, a water solution of the mixture obtained in a) above was neutralised with
HCI and mixed with a solution of 87 g (0.300 mol) of LiTFSI in 80 ml MQ water under vigorous stirring. Phase
separation occurred at once, but stirring was continued for another 4 hours at room temperature. Then, 100 ml of
CH,Cl, were added and the phases separated. The water phase was extracted with 50 ml of CH,Cl, and the
combined organic phases were washed 6 times with 100 ml of MQ water. A clear colourless solution was
obtained. It was poured into a round bottom flask. The solvent was removed using a rotary evaporator and then
under high vacuum at 60°C. In this manner, 53.29 g of pure N-ethyl-N-(4-hydroxybutyl)-N, N-dimethylammonium

bis(trifluoromethanesulfonyljamide as a colourless liquid were obtained.

[00228] "H NMR (300 MHz, DMSO-d) 8/fppm: 1.15 - 1.30 (m, 3 H), 1.37 - 1.58 (m, 2 H), 1.61 - 1.80 (m, 2 H),
2.89-3.00 (m, 6 H), 3.16 - 3.38 (m, 4 H), 3.41 - 3.52 (m, 2 H), 4.55 (s, 1 H).



CA 02867628 2014-09-17

WO 2013/149349 PCT/CA2013/050277
49

[00229] **C NMR (75 MHz, DMSO-d) &/ppm: 18.70 (s), 29.06 (s), 48.98 - 49.88 (m), 58.55 (br. 5.), 59.91 (s),
62.45 (br. s.), 70.05 (), 119.56 (g, J=321.90 Hz).

[00230] 9F NMR (470 MHz, DMSO-ds) 8/ppm: -75.36 ().

¢) N-ethyl-N-(4-trimethvlsiloxybutyl)-N. N-dimethylammonium bis(trifluoromethanesulfonyl)amide

[00231] To a 250 ml round bottom flask containing 53 g (0.125 mol) of neat
N-ethyl-N-(4-hydroxybutyl)-N, N-dimethylammonium TFSI, 20 g (0.125 mol) of hexamethyldisilazane (HMDS) were
added at room temperature as a gentle stream of nitrogen was passed through the apparatus to facilitate removal
of forming ammonia. The mixture was slowly heated to 60-70°C and stirred so that a fine emulsion of HMDS in IL
was formed. A vigorous evolution of gaseous ammonia was observed as the temperature reached 60°C. This
evolution lasted a few minutes. The mixture was heated and stirred for 4 hours after the end of the vigorous
reaction. Then, volatiles were evaporated under high vacuum. What remained was dissolved in CHxCla, purified
with activated charcoal, filtered and evaporated. Then, the round bottom flask was refilled 6 times with argon and
again evacuated. The product was heated to 70°C during this manipulation. Finally, the apparatus was cooled
down under vacuum and refilled with argon. In this manner, 47 g (74 %) of the title compound as a colourless

liquid were obtained.

[00232] "H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.07 (s, 9 H), 1.33 {t, J=7.32 Hz, 3 H), 1.46 - 1.64 (m, 2
H), 1.67 - 1.86 (m, 2 H), 2.98 (s, 6 H), 3.15 - 3.28 (m, 2 H), 3.34 (g, J=7.02 Hz, 2 H), 3.60 (t, J=5.85 Hz, 2 H).

[00233] 5C NMR (75 MHz, CHLOROFORM-d} &/ppm: -0.83 (s), 7.83 (s), 19.26 (s), 28.49 (s), 50.13 (br. s.),
59.70 (br. s.), 61.04 (s), 63.54 (br. s), 119.69 (q, J=321.90 Hz).

[00234] '*F NMR (470 MHz, CHLOROFORM-d) 6/ppm: -79.16 (s).

Example 35 - Preparation of N-ethyl-N-(6-(trimethylsiloxy)hexyl)-N,N-dimethylammonium
bis(trifluoromethanesulfonyl)amide (N1126-OTMS-TFSI)

F
CH H4C F
H3C\Si/ 3 3 \N+,CH3 X 5
/ >0 F Z°0 F
HsC > o#X 1l
N—S F
O F

a) N-ethyl-N-(6-hydroxyhexyl}-N.N-dimethylammonium chloride
[00235] In a 300 ml 316 SS autoclave equipped with a magnetic stirer were placed 25 g of (0.183 mol) of
6-chlorohexanol, 16 g (0.220 mol) of ethyldimethylamine and 50 mg of KI. The mixture was stirred and heated to
100°C for 72 h using a stirring hot plate. After cocling, the resulting waxy solid was crushed and evacuated at
80°C/1.4 mm Hg, and finally recrystalised from MeOH/acetone.  Altogether, 38 g (99 %) of
N-ethyl-N-{6-hydroxyhexyl)-N,N-dimethylammonium chloride were obtained.
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[00236] 'H NMR (300 MHz, DMSO-ck) 8/ppm 1.21 (t, J=7.10 Hz, 3 H), 1.24 - 1.48 (m, 6 H), 1.55 - 1.71 (m, 2 H),
3.00 (s, 8 H), 3.18 - 3.30 (m, 2 H), 3.30 - 3.43 (m, 4 H), 4.5 (t, J=4.97 Hz, 1 H).

[00237] 5C NMR (75 MHz, DMSO-ds) S/ppm: 7.82 (s), 21.66 (br. 5), 25.00 (br. s), 25.67 (br. s), 32.17 (s), 49.30
(t, J=3.40 Hz), 58.29 (br. s.), 60.38 (s), 62.21 (br. 5.).

b)  N-ethyl-N-(B-hydroxyhexyl}-N,N-dimethylammonium bis(triflucromethanesulfonyl)amide

[00238] In a 250 ml round bottom flask, solutons of 30 g (0143 mol) of
N-ethyl-N-(6-hydroxyhexyl)-N,N-dimethylammonium chloride and 43 g (0.150 mol) of LiTFSI in 80 ml MQ water
were mixed together under vigorous stirring. Phase separation occurred at once, but stirring was continued for
another 4 hours at room temperature. Then, 100 ml of CH,Cl, were added and the phases separated. The water
phase was extracted with 50 ml of CH,Cl, and the combined organic phases were washed 6 times with 100 mi of
MQ water. A clear solution was obtained. This solution was poured into a round bottom flask. The solvent was
removed using a rotary evaporator and then under high vacuum at 60°C. In this manner, 58.4 g (90 %) of pure
N-ethyl-N-(6-hydroxyhexyl)-N,N-dimethylammonium bis(trifluoromethanesulfonyl}amide as liquid were obtained.

[00239] 'H NMR (300 MHz, DMSO-0k) &/ppm: 1.23 (t, J=7.20 Hz, 3 H), 1.27 - 1.51 (m, 6 H), 1.55 - 1.76 (m, 2 H),
2.96 (s, 6 H), 3.14 - 3.25 (m, 2 H), 3.31(q, J=7.02 Hz, 2 H), 3.40 (t, J=6.15 Hz, 2 H), 4.36 (br. s., 1 H).

[00240] 5C NMR (75 MHz, DMSO-ds) 8/ppm: 7.70 (s), 21.74 (s), 25.03 (s), 25.67 (s), 32.23 (), 48.68 - 49.74
(m), 58.58 (br. s.), 60.55 (s), 62.53 (br. 5.), 119.56 (q, J=321.90 Hz).

[00241] *F NMR (470 MHz, DMSO-ds) &/ppm: -78.79 (s).

¢) N-ethyl-N-(6-trimethylsiloxyhexyl)-N,N-dimethylammonium bis(trifluoromethanesulfonyl)amide

[00242] To a 250 ml round bottom flask contaning 58 g (0.129 mol) of neat
N-ethyl-N-(4-hydroxybutyl)-N, N-dimethylammonium TFSI, 20 g (0.129 mol) of hexamethyldisilazane (HMDS) were
added at room temperature as a gentle stream of nitrogen was passed through the apparatus to facilitate the
removal of forming ammonia. The mixture was slowly heated to 60-70°C and stirred so that a fine emulsion of
HMDS in IL was formed. A vigorous evolution of gaseous ammonia was observed as the temperature reached
60°C. This evoluation lasted a few minutes. The mixture was heated and stirred for 4 hours after the end of the
vigorous reaction. Then, the volatiles were evaporated under high vacuum. What remained was dissolved in
CH,Cl,, purified with activated charcoal, filtered and evaporated. Then, the round bottom flask was refilled 6
times with argon and again evacuated. The product was heated to 70°C during this manipulation. Finally, the
apparatus was cooled down under vacuum and refilled with argon. In this manner, 63 g (93 %) of the fitle

compound as a viscous liquid were obtained.

[00243] 'H NMR (300 MHz, CHLOROFORM-a) 8/ppm: 0.05 (s, 9 H), 1.22 - 1.41 (m, 7 H), 1.47 (d, J=7.02 Hz, 2
H), 1.55 - 1.75 (m, 2 H), 2.96 (s, 6 H), 3.10 - 3.22 (m, 2 H), 3.31 (g, J=7.00 Hz, 2 H), 3.52 (t, J=6.15 Hz, 2 H).
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[00244] "C NMR (75 MHz, CHLOROFORM-d) /ppm: -0.76 (s), 7.82 (s), 22.31 {s), 25.09 (s), 25.62 {s), 32.10
(s), 50.01 (br. s.), 59.68 (br. s), 61.99 (s), 63.83 (or. s), 119.84 (q, J=321.90 Hz).

[00245] '°F NMR (470 MHz, CHLOROFORM-d) &/ppm: -79.16 (s).

Example 36 - Preparation of N-ethyl-N-2-(2-(trimethylsiloxy)ethoxy)ethyl-N,N-dimethylammonium
bis(trifluoromethanesulfonyl)amide (N112202-O0TMS-TFSI)

CH,
HiC
S o 3 J 71\// \\k
/Si/ \/\O/\/ \ F F
Hy,C” A\ CHj // SN \\

CH,

a) N-ethyl-N-2-(2-hydroxyethoxy)ethyl-N, N-dimethylammenium chloride
[00246] In a 300 ml 316 SS autoclave equipped with a magnetic stirrer were placed 50 g of (0.401mol} of
2-chloroethyl 2-hydroxyethyl ether, 35 g (0.482 mol) of ethyldimethylamine and 50 mg of KI. The mixture was
stirred and heated to 150°C for 22 h using a stirring hot plate. After cooling, the resulting very viscous liquid (with
a consistence similar to honey) was dissolved in water, basified with NaOH, evaporated and dissolved in CHCla.
Activated charcoal was then added. The mixture was stirred ovemnight, filtered and evaporated. Altogether, 72 g

(91 %) of colourless N-ethyl-N-2-(2-hydroxyethoxy)ethyl-N, N-dimethylammonium chloride were obtained.

[00247] 'H NMR (300 MHz, DMSO-ds) &/ppm 1.13 - 1.28 (m, 3 H}, 3.03 - 3.18 (m, 6 H), 3.39 - 3.51 (m, 6 H),
3.58 (d, J=4.10 Hz, 2 H), 3.81 (br. 5., 2 H}), 5.06 (br. 5., 1 H).

[00248] 5C NMR (75 MHz, DMSO-de) &/ppm: 8.02 (s), 50.08 (br. s.), 59.45 (s), 59.75 (s), 61.60 (s), 63.87 (s),
72.08 (s).

b)  N-ethyl-N-2-(2-hydroxyethoxy)ethyl-N, N-dimethylammonium bis(trifluoromethanesulfonyl}amide

[00249] In a 250 ml round  bottom flask, solutons of 47 g (0290 mol) of
N-ethyl-N-2-(2-hydroxyethoxy)ethyl-N,N-dimethylammonium chloride and 100 g (0.348 mol) of LITFSI in 80 ml
MQ water were mixed together under vigorous stirring. Phase separation occurred at once, but stirring was
continued for another 4 hours at room temperature. Then, 100 mi of CH.Cl, were added and the phases
separated. The water phase was extracted with 50 ml of CH,Cl,and the combined organic phases were washed 6
times with 100 mi of MQ water. A clear solution was obtained. It was poured into a round bottom flask. The
solvent was removed using a rotary evaporator and then under high vacuum at 60°C. In this manner, 121.8 g (92
%) of pure N-ethyl-N-2-(2-hydroxyethoxy)ethyl-N,N-dimethylammonium bis(trifluoromethanesulfonyl)amide as a

liquid were obtained.

[00250] "H NMR (300 MHz, DMSO-ds) 8/ppm: 1.26 (t, J=7.32 Hz, 3 H), 3.04 (s, 6 H), 3.41 (q, J=7.41 Hz, 2 H),
346 -3.62 (m, 6 H), 3.83 (br. s., 2 H), 4.64 (t, J=4.97 Hz, 1 H).
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[00251] C NMR (75 MHz, DMSO-ci) &/ppm: 7.81 (s), 50.36 (br. s), 60.15 (br. s), 62.16 (br. 5.), 64.01 (s), 72.39
(s), 119.68 (q, J=321.90 Hz).

[00252] 9F NMR (470 MHz, DMSO-ds) &/ppm: -79.10 (s).

¢} N-ethyl-N-2-(2-(trimethylsiloxylethoxylethyl-N. N-dimethylammonium bis(trifluoromethanesulfonyllamide

[00253] To a 250 ml round bottom flask containing 1218 g (0.275 mol) of neat
N-ethyl-N-2-(2-hydroxyethoxy)ethyl-N,N-dimethylammonium TFSI, 44 g (0.273 mol} of hexamethyldisilazane
(HMDS) were added at room temperature as a gentle stream of nitrogen was passed through the apparatus to
facilitate the removal of forming ammonia. The mixture was slowly heated to 60-70°C and stirred so that a fine
emulsion of HMDS in IL was formed. A vigorous evolution of gaseous ammonia was observed as the
temperature reached 60°C. The evoluation lasted a few minutes. The mixture was heated and stirred for 4 hours
after the end of the vigorous reaction. Then, volatiles were evaporated under high vacuum. What remained was
dissolved in CH,Cl,, purified with activated charcoal, filtered and evaporated. Then, the round bottom flask was
refilled 6 times with argon and again evacuated. The product was heated to 70°C during this manipulation.
Finally, the apparatus was cooled down under vacuum and refilled with argon. In this manner, 140 g (99 %) of the

title compound as a viscous liquid were obtained.

[00254] 'H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.06 (s, 9 H), 1.33 {t, J=7.02 Hz, 3 H), 3.03 - 3.11 (m, 6
H), 3.37 - 3.49 (m, 4 H), 3.49 - 3.56 (m, 2 H), 3.62 - 3.71 (m, 2 H), 3.85 (br. 5., 2 H).

[00255] *2C NMR (75 MHz, CHLOROFORM-d) &/ppm: -0.88 (s), 7.97 (s), 50.96 (br. s.), 61.30 (s), 61.42 (br. s),
62.72 (br. s.), 64.41 (s), 72.45 (s), 119.64 (q. J=321.90 Hz).

[00256] 'SF NMR (470 MHz, CHLOROFORM-d) &/ppm: -79.18 (s).

Example 37 - Preparation of 3-methyl-1-(2-(trimethylsiloxy)ethyl)imidazolium bis(trifluoromethane-
sulfonyl)amide {Im12-OTMS-TFSI)

. F F
HSC\N AN/\/O\ /CH3 F>< //O O\\ XF
\—/ Si S S
HaC” CH PEONTY F

a) 1-(2-hydroxyethyl}-3-methylimidazolium bromide

[00257] In a 250 ml round bottom flask equipped with a magnetic stirrer were placed 49 g (0.597 mol) of
1-methylimidezole. These were dissolved in 60 ml of MeCN. To this solution, 76 g (0.610 mol} of 2-bromoethanol
were added dropwise in 15 min. The mixture was stirred refluxed for 48 hours during which no sign of completed
phase separation was observed. The mixture was heated to reflux for 2 h and cooled to room temperature. The
solvents were evaporated and the resulting solid was purified by pouring its methanolic solution into a 1:1 mixture
of ethyl acelale (AcOEl) and acelone. The resulling white powder was filtered and washed with fresh ethyl

acetate and dried under vacuum. 125 g (95 %) of 1-(2-hydroxyethyl)-3-methylimidazolium bromide were obtained.



CA 02867628 2014-09-17

WO 2013/149349 PCT/CA2013/050277
53

[00258] 'H NMR (300 MHz, DMSO-ds) 8/ppm: 3.70 (q, J=5.13 Hz, 2 H), 3.88 (s, 3 H), 4.24 (t, J=4.94 Hz, 2 H),
515 (t, J=5.31 Hz, 1 H), 7.76 (d, J=1.46 Hz, 1 H), 7.79 (t, J=1.65 Hz, 1 H), 9.23 (s, 1 H).

[00259] **C NMR (75 MHz, DMSO-de) &/ppm: 35.73 (s), 51.53 (s}, 59.26 (s), 122.61 (s), 123.28 (s}, 136.76 (s)

b} 1-(2-hydroxyethyl}-3-methylimidazolium bis(trifluoromethanesutfonyljamide
[00260] In a 250 ml round bottom flask, a water solution of 59 g (0285 mol) of
1-(2-hydroxyethyl)-3-methylimidazolium bromide and a solution of 82.3 g (0.287 mol} of LiTFSI in 80 ml MQ water
were mixed together under vigorous stiring. Phase separation occurred at once, but stirring was continued for
another 4 hours at room temperature. Then, 100 ml of CH.,Cl; were added and the phases separated. The water
phase was extracted with 50 ml of CH,Cl, and the combined organic phases were washed 6 times with 100 ml of
MQ water. A clear solution was obtained. It was poured into a round bottom flask. The solvent was removed
using a rotary evaporator and then under high vacuum at 60°C. In this manner, 69 g (60 %) of pure

1-(2-hydroxyethyl)-3-methylimidazolium bis(trifluoromethanesulfonyl)amide as colourless liquid were obtained.

[00261] 'H NMR (300 MHz, DMSO-ds) 8/ppm: 3.74 (g, J=4.88 Hz, 2 H), 3.86 (s, 3 H), 4.16 - 4.25 (m, 2 H), 5.18
(t, J=5.13 Hz, 1 H), 7.63 (t, J=1.65 Hz, 1 H), 7.68 (t, J=1.83 Hz, 1 H), 9.05 (s, 1 H).

[00262] "C NMR (75 MHz, DMSO-d) 8/ppm*C NMR (75 MHz, DMSO-ds) & ppm 35.73 (s, 9 C), 51.85 (s, 12
C), 59.49 (s, 12 C), 119.68 (q, J=321.80 Hz, 8 C), 122.77 (s, 12 C), 12343 (s, 12 C), 137.01 (s, 8 C).

¢} 3-methyl-1-(2-(trimethylsiloxy)ethyllimidazolium bis(trifluoromethanesulfonyljamide

[00263] To a 250 ml round bottom flask containing 68 g (0.167 mol} of neat
1-(2-hydroxyethyl)-3-methylimidazolium TFSI, 25.8 g (0.160 mol} of hexamethyldisilazane (HMDS) were added at
room temperature as a gentle stream of nitrogen was passed through the apparatus to facilitate removal of
forming ammonia. The mixture was slowly heated to 50-60°C and stirred so that a fine emulsion of HMDS in IL
was formed. A vigorous evolution of gaseous ammonia was observed as the temperature reached 60°C. The
evolaution lasted a few minutes. The mixture was heated and stirred for 4 hours after the end of the vigorous
reaction. Then, the volatiles were evaporated under high vacuum. What remained was dissolved in CH2Clo,
purified with activated charcoal, filtered and evaporated. Then, the round bottom flask was refilled 6 times with
argon and again evacuated. The product was heated to 70°C during this manipulation. Finally, the apparatus was
cooled down under vacuum and refilled with argon. In this manner, 70 g (88 %) of the title compound as a viscous

liquid were obtained
[00264] 'H NMR (300 MHz, CHLOROFORM-d) &/ppm: 0.03 (s, 9 H), 3.79 - 3.86 (m, 2 H), 3.89 (s, 3 H), 4.17 -
4.29 (m, 2 H),7.31 (t, J=1.83 Hz, 1 H), 7.37 ({, J=1.65 Hz, 1 H), 8.59 (br. s, 1 H).

[00265] ©*C NMR (75 MHz, CHLOROFORM-d) &/ppm: -1.21 (s), 36.03 (s), 52.01 (s), 60.46 (s), 119.63 (g,
J=320.70 Hz), 123.06 (s), 123.15 (s), 135.97 (s).



CA 02867628 2014-09-17

WO 2013/149349 PCT/CA2013/050277
54

Example 38 - CV of N-ethyl-N-(2-(ethyldimethylsiloxy)ethyl)-N,N-dimethylammonium bis(trifluoromethane-
sulfonyl)amide (N1122-OEDMS-TFSI)

[00266] The compound prepared in Example 29 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 06V vs. Li at a
rate of 1mV/s (Fig. 17).

Example 39 - CV of N-ethyl-N-(2-(triethylsiloxy)ethyl)-N,N-dimethylammonium bis(trifluoromethane-
sulfonyl)amide (N1122-OTES-TFSI)

[00267] The compound prepared in Example 30 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0-6 V vs. Liat a
rate of TmV/s (Fig. 18).

Example 40 - CV of N-ethyl-N-(2-(trimethylsiloxy)ethyl)-N,N-dimethylammonium
N-fluorosulfonyl-trifluoromethansulfonylamide (N1122-OTMS-FTFSI)

[00268] The compound prepared in Example 31 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 06 V vs. Li at a
rate of 1mV/s (Fig. 19).

Example 41 - CV of N-ethyl-N-(2-(trimethylisiloxy)ethyl)-N,N-dimethylammonium bis(fluorosulfonyf)amide
(N1122-OTMS-FSI)

[00269] The compound prepared in Example 32 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter eleclrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 06 V vs. Liata
rate of 1mV/s (Fig. 20).

Example 42 - CV of N-ethyl-N-(3-(trimethylsiloxy)propyl)-N,N-dimethylammonium bis(trifluoromethane-
sulfonyl)amide (N1123-OTMS-TFSI)

[00270] The compound prepared in Example 33 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0-6 V vs. Li at a
rate of 1mV/s (Fig. 21).
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Example 43 - CV of N-ethyl-N-(4-(trimethylsiloxy)butyl)-N,N-dimethylammonium bis(trifluoromethane-
sulfonyl)amide (N1124-OTMS-TFSI)

[00271] The compound prepared in Example 34 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 06 V vs. Liata
rate of 1mV/s (Fig. 22).

Example 44 - CV of N-ethyl-N-(6-(trimethyIsiloxy)hexyl)-N,N-dimethylammonium bis(trifluoromethane-
sulfonyl)amide (N1126-OTMS-TFSI)

[00272] The compound prepared in Example 35 was charged into electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0-6 V vs. Liat a
rate of TmV/s (Fig. 23).

Example 45 - CV of N-ethyl-N-2-(2-(trimethylsiloxy)ethoxy)ethyl-N,N-dimethylammonium
bis(trifluoromethanesulfonyllamide (N112202-OTMS-TFSI)

[00273] The compound prepared in Example 36 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter electrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0-6 V vs. Li at a
rate of 1mV/s (Fig. 24).

Example 46 - CV of 3-methyl-1-(2-(trimethylsiloxy)ethyl)imidazolium bis(trifluoromethanesulfonyl)amide
(Im12-0OTMS-TFSI)

[00274] The compound prepared in Example 37 was charged into an electrochemical cell. This was a three
electrodes cell having a Pt wire as a working electrode, lithium metal (as a sheet) as a counter eleclrode and
another sheet of lithium metal as a reference electrode. The CV curve was measured between 0-6 V vs. Liata
rate of 1mV/s (Fig. 25).

Example 47: Compatibility of electrolyte with graphite

[00275] A 0.3 molar solution of LiITFSI in the ionic liquid (IL) prepared in Example 34, was prepared by mixing
1.7225 g LiTFSl in 20 ml of the IL. This solution was charged into a three-electrode electrochemical cell with a
graphite electrode. The anode material was prepared as described in Example 14. Two pieces of Li metal sheets
were used as reference and counter electrodes and graphite was used as a working electrode. This cell was
cycled between 0-2.5V versus Li at a current rate C/24 (Fig. 26). The lithium was successfully intercalated in the
graphite with low coulombic efficiency in the first cycle. This improved in the second cycle to reach 89 % with a
reversible capacity of 253mAh/g.
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Example 48: Compatibility of electrolyte with graphite
[00276] A 0.3 molar solution of LITFSI in the ionic liquid (IL} prepared in Example 36, was prepared by mixing

1.7225 g LiTFSl in 20 ml of the IL. This solution was charged into a three-electrode electrochemical cell with a
graphite electrode. The anode material was prepared as described in Example 14. Two pieces of Li metal sheets
were used as reference and counter electrodes and graphite was used as a working electrode. The cell was
cycled between 0-2.5V versus Li at a current rate C/24 (Fig. 27). The lithium intercalation in the graphite was quite
successful, but only in the third cycle after a solid electrolyte interface layer was well formed. The coulumbic
efficiency reached 78% in the 5th cycle with a reversible capacity of 130mAh/g.

Example 49: Comparative example: Preparation of N-ethyl-N-(2-methoxethyl)-N,N-dimethylammonium
bis(trifluoromethane sulfonyl)amide (N1122-01-TFSl)

a)  N-ethyl-N-(2-methoxyethyli-N.N-dimethylammonium bromide

[00277] In a 500 ml round bottom flask equipped with a magnetic stirrer were placed 36.6 g (0.500 mol) of
ethyldimethylamine dissolved in 100 ml of MeCN and MeOH (1:1). To this solution, 48 g (0.508 mol) of methyl
2-chloroethyl ether was added drop wise. Then, the mixture was refluxed for 96 h. The mixture was then
evaporated  and recrystallized  from  acetone.  Altogether, 662 g (86 %)  of
N-ethyl-N-(2-methoxyethyl)}-N,N-dimethylammonium chloride were obtained.

b} N-ethyl-N-(2-methoxyethyl}-N.N-dimethylammonium bis(trifluoromethanesulfonyl}amide

[00278] In a 250 ml round bottom flask, solutons of 66 g (0430 mol) of
N-ethyl-N-(2-methoxyethyl}-N, N-dimethylammonium chloride in 70 mi MQ water and 125 g (0.435 mol} of LiTFSI
in 80 ml MQ water were mixed together under vigorous stirring. Phase separation occurred at once, but stirring
was continued for another 4 hours at room temperature. Then, 150 ml of CHxCl, were added and the phases
separated. The water phase was extracted with 50 ml of CH.Cl. and the combined organic phases were washed 6
times with 100 ml of MQ water. A solution of the ionic compound in dichloromethane was obtained and purified by
addition of aclivated charcoal and subsequent filtration. The sclvent was removed using a rotary evaporator and
then under high vacuum at 60°C. In this manner, 150 g (85 %) of pure
N-ethyl-N-(2-methoxyethyl)}-N,N-dimethylammonium bis(trifluoromethanesulfonyl)amide as a colourless liquid
were obtained.

[00279] 'H NMR (300 MHz, DMSO-ds) 8/ppm: 1.24 (t, J=7.10, 7.10 Hz, 3 H), 3.02 (s, 6 H}, 3.30 (s, 3 H), 3.38 (q,
J=7.10 Hz, 2 H}, 3.45- 3.52 (m, 2 H), 3.73 (br. s., 2 H).

[00280] **C NMR (75 MHz, DMSO-ds) &/ppm: 7.80 (s), 50.11 (br. s.), 57.84 (s), 59.77 (br. s.), 61.87 {br. 5.},
65.36 (s), 119.54 (q, J=321.80 Hz).

[00281] *F NMR (470 MHz, CHLOROFORM-d) &/ppm: -78.79 (s).
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Example 50: Comparative example: Compatibility of electrolyte with graphite
[00282] A 0.3 molar solution of LITFSI in the ionic liquid (IL} prepared in Example 49, was prepared by mixing

1.7225 g LiTFSI in 20 ml of the IL. This solution was charged into a three-electrodes electrochemical cell with a
graphite electrode. The anode material was prepared as described in Example 14. Two pieces of Li metal sheets
were used as reference and counter electrodes and graphite was used as a working electrode. The cell was
prepared to be cycled between 0-2.5V versus Li at a current rate C/24 (Fig. 28). The potential reached a plateau
at approx 0.8 V in the first cycle and did not drop down to 0 V in 30 h of reduction, what is indicative of a
decomposition reaction. Consequently, no reversible capacity was obtained. Therefore, this electrolyte cannot be

used for low reductive voltages, such as graphite anode based batteries.

[00283] The scope of the claims should not be limited by the preferred embodiments set forth in the examples,

but should be given the broadest interpretation consistent with the description as a whole.
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CLAIMS:

1.

N

L N o a0 & w

10.

1.

12.
13.

A lithium or lithium-ion battery electrolyte consisting of a conducting lithium salt dissolved in at least one
ionic liquid of formula (1), and optionally up to 15 wt%, based on the total weight of the electrolyte, or one
or more unsaturated carbonate,

the ionic liquid of formula (1) being:

wherein:

CAT+ represents a cation containing a positively singled charged atom, which is nitrogen,
phosphorus or sulfur;

R, R* and R? are independently C1-Cs alkyl, alkeny! or alkynyl groups,

L represents a linker and is a C+-Cy, alkylene, alkenylene, or alkynylene group, optionally
comprising one or more ether function, and optionally substituted with one or more halogen

atoms, and

ANI- represents an anion.
The electrolyte of claim 1, wherein the positively charged atom is nitrogen.
The electrolyte of claim 1 or 2, wherein R, R' and R? are independently C+-Cg alkyl or alkenyl groups.
The electrolyte of claim 3, wherein R, R* and R? are independently Cs-C4 alkyl! or alkeny! groups.
The electrolyte of claim 4, wherein R, R* and R? are independently C+-C. alkyl groups.
The electrolyte of claim 5, wherein R, R* and R? are independently Cs-C: alkyl groups
The electrolyte of claim 6, wherein R, R' and R? each represent methyl.

The electrolyte of any one of claims 1 to 7, wherein L fogether with the oxygen atom to which it is

attached form one or more alkyleneoxy, alkenyleneoxy, or alkynyleneoxy group.

The electrolyte of claim 8, wherein L together with the oxygen atom to which it is attached form one or

more alkyleneoxy group.

The electrolyte of claim 9, wherein L together with the oxygen atom to which it is attached form one or

more ethyleneoxy group.

The electrolyte of claim 10, wherein L together with the oxygen atom to which it is attached form one or

two ethyleneoxy group.
The electrolyte of any one of claims 1 to 11, wherein L is a C4-C42 alkylene group.

The electrolyte of claim 12, wherein L is a C:-Cs alkylene group.
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14, The electrolyte of claim 13, wherein L is a C; alkylene group.

15. The electrolyte of claim 14, wherein L is -CHa-CHy-.

16. The electrolyte of any one of claims 1 to 15, wherein the cation is of formula (lfa), (IIb) or (llc):
N i <
R—N— R=—P 5t
F|€5 | lle | R‘i |
(Na), (I1b) (lic)
wherein R3, R* and R® are independently C+-Css alkyl, alkenyl, or alkynyl groups.
17. The electrolyte of claim 16, wherein the cation is of formula (lla).
18. The electrolyte of claim 16 or 17, wherein R%, R* and R® are independently C+-Cg alkyl or alkenyl groups.
19. The electrolyte of claim 18, wherein R3, R4 and RS are independently Ci-C, alkyl groups.

20. The electrolyte of claim 19, wherein R3, R* and R® are independently Cs-Cs alkyl groups.
21. The electrolyte of claim 20, wherein R3, R* and RS each represent ~CHs.
22. The electrolyte of claim 20, wherein R3, R* and R® each represent ~-CH,CHs.

23. The electrolyte of claim 20, wherein R*and R* each represent ~CH; and R?® represent ~CH;CH.

24, The electrolyte of claim 20, wherein R? represent ~CHs and R4 and RS each represent —~CH,CHj.
25. The electrolyte of any one of claims 1 to 15, wherein the cation is of formula (lila), (Ilib), or (llic):
R® R
N e W
(Ma), (Hib) (Nc)
wherein:

Xis -CHp-CHa-CHy-, -CH2-C(=0)-CH3-CH3-, -CH2-CH2-C(=0)-CHo-, -N(alkyl)-CHz-CHz-CHo-,
-CH2-CHa-CHa-N(alkyl)-, -CHa-N(alkyl)-CHa-CHa-, -CH2-CH-N(alkyl)-CH,-,
-CH2-CH2-CHz-CHz-CHz-, -CH2-CH2-CH2-CH2-CH2-CHy-, -CHo-CH2-0-CHy--CHy-,
-CH2-0-CH2-CH2-CHy-, -CH3-CH3-CHa-O-CHz-, -CH,-CHa-N(alkyl)-CH2-CHo-,
-CH2-N(alkyl)-CHa-CH3-CH2-, -CHz-CH2-CHa-N(alkyl)-CHz-, N(alkyl)-CH2-CH2-CH2-CHo-, or
-CH2-CH2-CH2-CHa-N(alkyl)-; and
R is a Ci-Cs alkyl, alkenyl, or alkynyl group.

26. The electrolyte of claim 25, wherein CAT* is of formula (llla).

27. The electrolyte of claim 25 or 26, wherein X is =CH,CH2CH2CHo-.

28. The electrolyte of any one of claims 25 to 27, wherein R¢ is a C+-Cs alkyl or alkenyl group.

CA 2867628 2020-02-10



61

29. The electrolyte of claim 28, wherein Ré is a C+-Cs alkyl group.

30. The electrolyte of claim 28, wherein Rf is —CHs.
31. The electrolyte of any one of claims 1 to 15, wherein the cation is of formula (1Va), {IVb), or (IVc):
7
R R

/& N N

Z. N \N
z” SN \r?/ 27 N\t
\\NJ// amyl or \\\,//

(IVa) (IVb) (IVe)

wherein:

Z is -CH=CH-, -CHz-CH-CH,-, -CH=CH-CH=CH-, -CH=CH-CH=CH-CH>-, -N=CH-CH=CH-,
-CH=N-CH=CH-, -N(alkyl)-CH=CH-, -CH=CH-N(alkyl)-, ~-CH=CH-CH-O-, -CH,-CH=CH-OC-,
=CH-CH,-CH2-O-, -0-CHy-CH=CH-, -0-CH=CH-CH-, -CH=CH-O-CHo-, ='CH-CH2-O-CH2-,
-CH,-0-CH=CH-, =CH-0-CH,-CHy-, -N(alkyl)-N=CH-, or -N(alkyl}-CH=CH-; and
R7 is hydrogen or alkyl.

32. The electrolyte of claim 31, wherein Z is -N{alkyl)-CH=CH-.

33. The electrolyte of claim 32, wherein Z is -N{CH3)-CH=CH-.

34. The electrolyte of any one of claims 31 to 33, wherein R is hydrogen.
35. The electrolyte of any one of claims 31 to 33, wherein R” is ~CHs.
36. The electrolyte of any one of claims 1 to 35, wherein the anion is:

a halide,

perchlorate,

hexafluorophosphate,

tris(pentafluoroethyl)trifluorophosphate,
tetrafluoroborate,
trifluoromethyltrifluoroborate,
pentafluoroethyltrifluoroborate,
heptafluoropropyltrifluoroborate,
nonafluorobutyltrifiuoroborate,
trifluoromethanesuifonate,
trifluoroacetate,

bis(fluorosulfonyl)amide,
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38.
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40.
41,
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or a sulfonylamide of formula (V):
AN-SOB (V)
wherein A is F-SO2-, CF3-SOy-, CoF5-SOy-, C3F7-SOx, C4F¢-SO»-, or CF3-C(=0)-; and
Bis —F, -CF3, -CoFs, -CaF, or -C4F.

The electrolyte of claim 36, wherein the sulfonylamide of formula (V) is:
bis(trifluoromethanesulfonyl)amide,
bis(pentafluoroethylsulfonyl)amide,
bis(heptafluoropropylisulfonyljamide,
bis(nonafluorobutylsulfonyl)amide,
N-trifluoroacetyl-fluorosulfonylamide,
N-trifluoroacetyl-trifluoromethanesulfonylamide,
N-trifluoroacetyl-pentafluoroethylsulfonyl amide,
N-trifluoroacetyl-heptafluoropropylsulfonylamide,
N-trifluoroacetyl-nonafluorobutylsulfonylamide,
N-fluorosulfonyl-trifluoromethanesulfonylamide,
N-fluorosulfonyl-pentafluorcethylsulfonylamide,
N-fluorosulfonyl-heptafluoropropylsulfonylamide,
N-fluorosulfonyl-nonafluorobutylsulfonylamide,
N-trifluoromethanesuifonyl-pentafluoroethylsulfonyl amide,
N-trifluoromethanesulfonyl-heptafluoropropylsulfonylamide, or
N-trifluoromethanesulfonyl-nonafluorobutylsulfonylamide.

The electrolyte of claim 35 or 36, wherein the anion is chloride, bis(fluorosulfonyl)amide, bis(trifluoro-

methanesulfonyl)amide, or N-fluorosulfonyl-trifluoromethanesulfonylamide.

The electrolyte of claim 37, wherein the anion is bis(fluorosulfonyl)amide, bis(trifluoromethan-

esulfonyl)amide, or N-fluorosulfonyl-trifluoromethanesulfonylamide.
The electrolyte of claim 38, wherein the anion is bis(trifluoromethanesulfonyl)amide.
The electrolyte of claim 1, wherein:

CAT* represents a cation of formula (lla):

R™  (lla), wherein R%, R* and RS are independently C1-Cs alkyl groups;
R, R! and R? are independently C+-C4 alkyl groups;
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L represents a linker and together with the oxygen atom to which it is attached form one or two
ethyleneoxy groups; and

AN represents a sulfonylamide of formula (V):
AN-SO-B  (V),
wherein A is F-SO,-, CF3-SOy-, C2F5-SOz-, C3F7-SO2-, or C4F¢-SO2-; and
B is —F, -CF3, -CsFs, -CaF7, or -CaFe.
42, The electrolyte of claim 41, wherein R3, R4 and RS are independently C;-Cs alkyl groups.
43. The electrolyte of claim 41 or 42, wherein R, R' and R? are independently Cs-C: alkyl groups.

44, The electrolyte of any one of claims 41 to 43, wherein the anion is bis(fluorosulfonyl)amide, bis(trifluoro-
methanesulfonyljamide, or N-fluorosulfonyl-triflucromethanesulfonylamide

45, The electrolyte of claim 1, wherein the ionic liquid is;

N
H C/ \CH o)
3 3 \__CH,
H C/Sl\
3 CH,

N= O F
/ \
HaC  CHy—O
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F//

CHs F
Hae™ N Pl
/"0 o\
H3C l N—
HsC ?i—CH3
CHj3
CHs H;C Fy
H3C\SI/ \ +/CH3 /S%
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46. The electrolyte of claim 1, wherein the ionic liquid is:
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47, An electrochemical cell comprising an anode, a cathode, and an electrolyte as defined in any one of
claims 1 to 46.
48. The electrochemical cell of claim 47 being part of electrochemical system.
49, The electrochemical cell of claim 48 being part of a lithium or lithium-ion battery.
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