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(57) ABSTRACT 
The invention concerns ionic compounds in Which the 
anionic load has been delocaliZed. Acornpound disclosed by 
the invention is comprised of an amide or one of its salts, 
including an anionic portion combined With at least one 
cationic portion M+rn in suf?cient numbers to ensure overall 
electronic neutrality; the compound is further comprised of 
M as a hydroXonium, a nitrosonium NO", an ammonium 
—NH4+, a metallic cation With the valence m, an organic 
cation With the valence m, or an organometallic cation With 
the valence m. The anionic portion matches the formula 
RF—SOX—N_Z, Wherein RF is a per?uorinated group, X is 
1 or 2, and Z is an electroattractive substituent. The com 
pounds can be used notably for ionic conducting materials, 
electronic conducting materials, colorants, and the catalysis 

6,319,428. of various chemical reactions. 
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PERFLUORINATED AMIDE SALTS AND THEIR 
USES AS IONIC CONDUCTING MATERIALS 

[0001] The present invention relates to ionic compounds 
in Which the anionic charge is delocaliZed, and there uses. 

[0002] It is knoWn and it is particularly interesting to 
introduce ionic groups in molecules or organic polymers 
having various functions. Coulombic stresses correspond, 
indeed, to the stronger interactions Which are available at the 
molecular level, and the ionic groups modify in an utmost 
manner the molecules to Which they are bonded. Coloring 
matters Which are made soluble in Water by means of 
sulfonate or carboxylate functions may be mentioned. 

[0003] HoWever, the groups of this types, —CO2_1/mMrn+ 
or —SO3_1/mMm+, are not dissociated, and they do not 
induce solubility in solvents other than Water or certain 
highly polar protic solvents such as light alcohols, Which 
considerably restrict the scope of their utiliZation. 

[0004] On the other hand, salts of the compounds 
[RFSO2—N—SO2RF] 1/mMm+in Which RF is a per?uori 
nated group and Mrn+ is a cation of valence m+ are knoWn, 
Which are soluble and are dissociated in organic aprotic 
media or solvating polymers. It is hoWever considered that 
the existence of tWo per?uoroalkylsulfonyl groups (in par 
ticular the existence of ?uorine atoms on the a atom of 
carbon of each sulfonyl group) Which exert an important 
attracting poWer on the electrons of the ionic charge, is a 
necessary condition to obtaining properties of solubility and 
dissociation. For example, the pKa of the acid H[CF3SO2— 
N—SO2CF3] is only 1.95, Which compares to that of the 
non-?uorinated acid CH3SO3H (pKa=0.3) and is clearly 
inferior to that of per?uorinated acid CF3SO3H (pK,<-9) 
because of the basic character of the central nitrogen atom 
With respect to the oxygen atom of sulfonic acids. 

[0005] Surprisingly, the inventors have found that the 
excellent properties of solubility and dissociation of the 
ionic groups —SO2—N—SO2— Were maintained When a 
single sulfonated group has ?uorine atoms on atoms Which 
are adjacent to the sulfur atom, giving an extremely Wide 
choice of functional molecules. In a manner also quite 
unexpected, it has been noted that it Was possible for 
obtaining the same properties, to omit the group —SO2 
bound to the non-per?uorinated group provided that the 
group Which is directly bound to nitrogen has a Hammett 
parameter 0* higher than 0.6. By Way of comparison, the 
Hammett parameters 0* of a group —SO2— bound to a 
non-per?uorinated group is 3.5 and 4.55 for a group 

CF3SO2—. 
[0006] The present inventors have also found that the 
sulfonyl —SO2— groups could be replaced, With minor 
variations of properties, by sul?nyl —SO— or phosphonyl 
—PO=groups. 

[0007] It is consequently an object of the present invention 
to provide a family of ionic compounds having a good 
solubility and a good dissociation, Without having to rely on 
complex modi?cations of the starting molecule. The precur 
sors of the molecule of the invention are found in the form 
of derivatives of sulfonic acids or of amine groups on the 
one hand, and derivatives of per?uorosulfonyl types on the 
other hand, Which for the most part are industrial products 
and/or are easily accessible. In addition, it should be noted 
that a decrease of the per?uorinated fraction in the com 
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pounds of the invention enables to reduce the production 
costs of said compounds and consequently the cost of the 
applications in Which they are involved. 

[0008] A compound of the present invention is an ionic 
compound consisting of an amide or one of its salts, com 
prising an ionic part associated With at least a cationic part 
Mm+in suf?cient number to ensure an electronic neutrality to 
the assembly. It is characteriZed in that Mm+is a hydroxo 
nium, a nitrosonium NO", an ammonium —NH4+, a metallic 
cation having a valency m, an organic cation having a 
valency m, or an organo-metallic cation having a valency m, 
and in that the anionic part corresponds to the formula 
RF—SOX—N_Z, in Which: 

0009 the rou —SO — re resents a sulfon l g P X P y 
group —SO2— or a sul?nyl group —SO—; 

[0010] RF is a halogen or a perhalogenated alkyl, 
alkylaryl, oxa-alkyl, aZa-alkyl or thia-alkyl radical, 
or a radical corresponding to one of the formulae 

R ACF2—, R ACF2CF2—, R ACF2CF(CF3)— or 
CF3C(RA)F— in Which RA— represents a non 
perhalogenated organic radial; 

[0011] Z represents an electro-attractor radical hav 
ing a Hammett parameter at least equal to that of a 
phenyl radical, and selected from: 

[0012] j) —CN, —NO2, —SCN, —N3, —CF3, 
R‘FCH2— (R‘F being a pair of ?uorinated radicals, 
preferably CF3—), ?uoroalkyloxy radicals, ?uoro 
alkylthioxy radicals, 

[0013] radicals comprising one or a plurality of 
aromatic nuclei possibly containing at least one 
nitrogen, oxygen, sulfur or phosphorus atom, said 
nuclei possibly being condensed nuclei and/or said 
nuclei possibly carrying at least one substitutent 
selected from halogens, —CN, —NO2, —SCN, 
—N3, —CF3, CF3CH2—, CF2=CF—O—, per?uo 
roalkyl groups, ?uoroalkyloxy groups, ?uoroalky 
lthioxy groups, alkyl, alkenyl, oxa-alkyl, oxa-alk 
enyl, aZa-alkyl, aZa-allkenyl, thia-alkyl, thia-alkenyl 
groups, polymer radicals and radicals having at least 
one cationic ionophoric group and/or at least one 
anionic ionophoric group; 

[0014] it being understood that a substituent Z may 
be a monovalent radical, part of a multivalent radical 
carrying a plurality of groups RF—SOX—N—, or a 
segment of a polymer; or 

[0015] Z is a radical RD—Y— in Which Y is a 
sulfonyl, sul?nyl or phosphonyl group and RD is a 
radical selected from the group consisting of: 

[0016] a) alkyl or alkenyl radicals, aryl, arylalkyl, 
alkylaryl or alkenylaryl radicals, alicyclic or het 
erocyclic radicals, including polycyclic radicals; 

[0017] b) alkyl or alkenyl radicals comprising at 
least one functional ether, thioether, amine, mime, 
carboxyl, carbonyl, hydroxy, silyl, isocyanate or 
thioisocyanate functional group; 

[0018] c) aryl, arylakyl, arylalkenyl, allylaryl or 
alkenylaryl radicals, in Which the aromatic nuclei 
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and/or at least one substitutent of the nucleus 
comprises heteroatoms such as nitrogen, oxygen, 
sulfur; 

[0019] d) radicals comprising condensed aromatic 
cycles Which possibly comprise at least one het 
eroatom selected from nitrogen, oxygen, sulfur; 

[0020] e) halogenated alkyl, alkenyl, aryl, aryla 
lkyl, alkylaryl or alkenylaryl radicals in Which the 
number of carbon atoms carrying at least one 
halogen is at most equal to the number of non 
halogenated carbon atoms, the ot carbon of group 
Y not being halogenated When Y is —SO2—, said 
radicals possibly comprising functional ether, 
thioether, amine, mime, carboxyl, carbonyl, 
hydroxy, silylalkyl, silylaryl, isocyanate or 
isothiocyanate groups; 

[0021] f) radicals RCC(R‘) (R“)—O— in Which Rc 
is a per?uorinated alkyl radical and R‘ and R“ are 
independently from one another an hydrogen atom 
or a radical such as de?ned in a), b), c) or d) above 
[for example CF3CH2O—, (CF3)3CO—, 
(CF3)2CHO—, CF3 CH(C6H5)O—, 
—CH2(CF2)2CH2—]; 

[0022] g) radicals (RB)2N—, in Which the radicals 
RB are identical or different and are as de?ned in 

a), b), c), d) and e) above, one of the RB could be 
an hydrogen atom or the tWo radicals RB together 
forming a bivalent radical Which constitutes a 
cycle With N; 

[0023] h) radicals constituted by a polymer chain; 

[0024] i) radicals having one or more cationic 
ionophoric groups and/or one or more anionic 
ionophoric groups; 

[0025] it being understood that a substituent RD could 
be a monovalent radical, part of a multivalent radical 
carrying a plurality of groups RF—SOX—N—Y—, 
or a segment of a polymer; 

[0026] it being understood that When Y is a sulfonyl 
and When RD is a radical as de?ned in a), RF is 
R ACF2—, R ACF2CF2—, R ACF2CF(CF3)—, 
CF3C(RA)F— or a perhaloalkyl radical having 1 to 
2 carbon atoms not favouring a phase separation due 
to the aggregation of the ?uorinated segments. 

[0027] In a compound of the present invention, the cation 
may be a metallic cation selected from cations of alkali 
metals, cations of alkali-earth metals, cations of transition 
metals, cations of tri-valent metals, cations of a rare earth. 
By Way of example, Na”, Li", K", Sm3+, La3+, Ho3+> 5C3", 
A13", Y3", Yb3+, Lu3+, Eu3+may be cited. 
[0028] The cation may also be an organo-metallic cation, 
for example a metallocenium. By Way of example, there 
may be mentioned the cations derived from ferrocene, 
titanocene, Zirconocene, indenocenium or a metalloceniurm 
arene, cations of transition metals complexed With ligands of 
a phosphine type possibly having a chirality, organo-metallic 
cations having one or more alkyl or aryl groups co-valently 
?xed to an atom or a group of atoms, such as methylZinc, 
phenylmercury, trialkyltin or trialkyllead cations. The 
organo-metallic cations may be part of a polymer chain. 
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[0029] According to a variant of the invention, the com 
pounds of the invention have an organic cation selected from 
the group consisting of R3O+(oxonium), NR4+(ammonium), 
RC(NHR2)2+(amidiniurn), C(NHR2)3+(guanidinium), 
C5R6N+(pyridinium), C3R5N2+(imidaZolium), C3R7N2+ 
(imidaZolinium), C2R4N3+(triaZolium), SR3+(sulfonium), 
PR4+(phosphonium), IR2+(iodonium), (C6R5)3C+ (car 
bonium) cations. In a given cation, the radicals R may all be 
identical. HoWever, a cation may also include radicals R 
Which are different from one another. A radical R may be a 
H or it may be selected from the folloWing radicals: 

[0030] alkyl, alkenyl, oxa-alkyl, oxa-alkenyl, aZa 
alkyl, aZa-alkenyl, thia-alkyl, thia-alkenyl, sila-alkyl, 
sila-alkenyl, aryl, arylalkyl, alkyl-aryl, alkenyl-aryl, 
dialkylamino and dialkylaZo radicals; 

c c 1c or eteroc c 1c ra 1ca s oss1 com 0031 y l' h y l' d' l p 'bly 
prising at least one lateral chain comprising heteroa 
toms such as nitrogen, oxygen, sulfur; 

0032 c clic or heteroc clic radicals ossibl com y y P y 
prising heteroatoms in the aromatic nucleus; 

[0033] groups comprising a plurality of aromatic or 
heterocyclic, condensed or non-condensed nuclei, 
possibly containing at least one nitrogen, oxygen, 
sulfur or phosphorus atom. 

[0034] When an onium cation carries at least tWo radicals 
R Which are different from H, these radicals may constitute 
together a cycle Which is aromatic or non-aromatic, possibly 
enclosing the center carrying the cationic charge. 

[0035] When the cationic part of a compound of the 
invention is an onium cation, it may be either in the form of 
an independent cationic group Which is bound to the anionic 
part only by the ionic bond betWeen the positive charge of 
the cation and the negative charge of the anionic part. In this 
case, the cationic part may be part of a recurring unit of a 
polymer. 
[0036] An onium cation may also be part of the radical Z 
or the radical RD carried by the anionic centre. In this case, 
a compound of the invention constitutes a ZWitterion. 

[0037] When the cation of a compound of the invention is 
an onium cation, it may be selected so that it can introduce 
into the compound substituents permitting to confer speci?c 
properties to said compound. For example, the cation 
M+may be a cationic heterocycle With aromatic character, 
including at least one alkylated nitrogen atom in the cycle. 
By Way of example, there may be cited an imidaZolium, a 
triaZolium, a pyridinium, a 4-dimethylaniino-pyridinium, 
said cations possibly carrying a substituent on the carbon 
atoms of the cycle. Among these cations, those Which give 
an ionic compound according to the invention in Which the 
melting point is loWer than 150° C. are particularly pre 
ferred. Such a compound having a loW melting point is 
particularly useful for the preparation of materials With 
protonic conduction. A material With protonic conduction 
Which is particularly preferred comprises a compound 
according to the invention in Which the cation is formed by 
addition of a proton on the nitrogen of an imidaZoline, an 
imidaZole or a triaZole, as Well as the nitrogenated corre 
sponding base in a proportion of 0.5 to 10 in molar ratio. 

[0038] Acompound of the invention in Which the cation M 
is a cationic group having a bond —N=N—, —N=N", a 



US 2003/0052310 A1 

sulfonium group, an iodonium group, or a substituted or 

non-substituted arene-ferrocenium cation, possibly incorpo 
rated in a polymeric network, is interesting insofar as it can 
be activated by a source of actinic energy of suitable 
Wavelength. Particular eXamples of such compounds include 
those in Which the cation is a diaryliodonium, dialkylaryli 
odonium, triarylsulfonium, trialkylaryl sulfonium, or phena 
cyl-dialkyl sulfonium radical Which is substituted or non 
substituted. The above cations may be part of a polymer 
chain. 

[0039] The cation M of a compound of the invention may 
include a group 2,2‘[aZobis(2-2‘-imidaZolinio-2-yl)propane] 
2+or 2,2‘-aZobis(2-amidiniopropane)2+. The compound of 
the invention is then capable of releasing, under the action 
of heat or an ioniZing radiation, radicals Which enable 
initiation of polymeriZation, cross-linking reactions or, in a 
general manner, chemical reactions involving free radicals. 
Moreover, these compounds are easily soluble in polymeric 
and monomeric organic solvents even of loW polarity, con 
trary to the derivatives of anions of the type Cl‘normally 
associated With this type of compounds. On the other hand, 
they have a negligible vapour pressure contrary to the other 
radical initiators of the peroXide or am type, Which is a 
considerable advantage for the preparation of thin polymer 
?lms, the volatility of the initiator having as a consequence 
a bad polymeriZation or cross-linking of the surface of the 
?lm. 

[0040] In an embodiment of the invention, RF is a ?uorine 
atom or a pair of halogenated alkyl radicals preferably 
having from 1 to 12 carbon atoms, or a pair of halogenated 
alkylaryl radicals preferably having from 6 to 9 carbon 
atoms. The pair of halogenated alkyl radicals may be a linear 
or branched radical. In particular, radicals in Which the 
carbon atom Which Will be in 0t position With respect to the 
group —SOX— carries at least one ?uorine atom, may be 
cited. Examples of such radicals include R ACF2—, 
R ACF2CF2—, R ACF2CF(CF3)— or CF3C(RA)F— in Which 
R A represents a non-perhalogenated organic radical, an allyl 
group, an aryl group, an alkylaryl or arylalkcyl group; a 
group comprising at least one ethylenic unsaturation and/or 
a condensable group and/or a dissociable group; a meso 

morphous group; a chromophorous group; a self-doped 
electronic conductive polymer; a hydrolyZable alkoXysilane; 
a polymer chain carrying grafts including a carbonyl group, 
a sulfonyl group, a thionyl group or a phosphonyl group; a 
group capable of trapping free radicals such as a croWded 
phenol or a quinone; a dissociating dipole such as an amide, 
a sulfonamide or a nitrile; a redoX pair such as a disul?de, 
a thioaamide, a ferrocene, a pheno-thiaZine, a bis(dialky 
laminoaryl) group, a nitroXide or an aromatic jiide; a com 
pleXing ligand; a ZWitterion, an optically or biologically 
active amino acid or a polypeptide; a chiral group. 

[0041] The choice of substituent Z enables to adjust the 
properties of a compound of the invention. 

[0042] A particular family of compounds of the invention 
is the one in Which Z represents a group RDY—. The 
compounds in Which Y is —SO2— are especially preferred. 

[0043] In an embodiment, RD is selected from alkyl, 
alkenyl, oXa-alkyl, oXa-alkenyl, aZa-alkyl, aZa-alkenyl, thia 
alkyl or thia-alkenyl radicals having from 1 to 24 carbon 
atoms, or from aryl, arylalkyl, alkylaryl or alkenylaryl 
radicals having from 5 to 24 carbon atoms. 
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[0044] In another embodiment, RD is selected from alkyl 
or alkenyl radicals having from 1 to 12 carbon atoms and 
possibly comprising at least one heteroatom O, N or S in the 
main chain or in a lateral chain, and/or possibly carrying a 
hydroXy group, a carbonyl group, an amino group or a 
carboXyl group. 

[0045] A substituent RD may be a polymer radical, for 
eXample an oligo(oXyalkylene) radical. The compound of 
the invention then appears in the form of a polymer carrying 
an ionic group —[Y—N—SOX—RF]_, M". 

[0046] RD may be a recurring unit of a polymer, for 
eXample an oXyalkylene unit or a styrene unit. The com 
pound of the invention then appears in the form of an 
polymer in Which at least part of the recurring units carry a 
lateral group on Which an ionic group —[Y—N—SOX— 
RF]_, M+is bonded. By Way of eXample, a poly(oXyalkylene) 
in Which at least certain oXyalkylene units carry a substituent 
—[Y—N—SOX—RF]_, M", or a polystyrene in Which at least 
certain styrene units carry a substituent —[Y—N—SOX— 
RF]_, M", for eXample [styrenyl-Y—N—S(O)X—RF]_, may 
be mentioned. 

[0047] A particular category of compounds of the inven 
tion comprises the compounds in Which the substituent RD 
has at least one anionic ionophoric group and/or at least one 
cationic ionophoric group. The anionic group may for 
eXample be a carboXylate (—CO2—), a sulfonate function 
(—SO3—), a sulfonimide function (—SO2NSO2—) or a 
sulfonamide function (—SO2N—). The cationic ionophoric 
group may for eXample be an iodonium, sulfonium, OX0 
nium, ammonium, amidinium, guanidinium, pyridinium, 
uimdaZolium, uimdaZolinium, triaZolium, phosphonium or 
carbonium group. The cationic ionophoric group may totally 
or partially play the role of the cation M. 

[0048] When RD includes at least ethylenic unsaturation 
and/or a condensable group and/or a group Which is disso 
ciable by thermal or photochemical means or by ionic 
dissociation, the compounds of the invention are reactive 
compounds Which may be subject to polymeriZations, cross 
linkings or condensations, optionally With other monomers. 
They may also be used to ?x ionophoric groups on the 
polymers carrying a suitable reactive function. 

[0049] Asubstituent RD may be a mesomorphous group or 
a chromophorous group or a self-doped electronically con 
ductive polymer or a hydrolyZable alkoXysilane. 

[0050] A substituent RD may include a group capable of 
trapping free radicals, for eXample, a hindered phenol or a 
quinone. 
[0051] A substituent RD may also include a bipolar disso 
ciating agent, for eXample, an amide function, a sulfonamide 
function or a nitrile function. 

[0052] A substituent RD may also include a redoX couple, 
for eXample, a disul?de group, a thioamide group, a fer 
rocene group, a phenothiaZine group, a bis(dialkylami 
noaryl) group, a nitroXide group or an aromatic imide group. 

[0053] A substituent RD may also include a compleXing 
ligand or an optically active group. 

[0054] Another category of compounds of the invention 
comprises compounds in Which RD—Y— represent an 
amino acid, or an optically or biologically active polypep 
tide. 
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[0055] According to a variant, a compound of the inven 
tion comprises a substituent RD Which represents a radical 
having a valency v higher than 2, itself including at least one 
group RF—S(O)X—N—Y—. In this case, the negative 
charges present on the anionic part of the compound of the 
invention should be compensated by an appropriate number 
of cations or ionophorous cationic groups M. 

[0056] When a compound of the present invention corre 
sponds to the formula RF—S(O)X—N—Z, in Which Z is an 
electroattractive group Which is not bonded to the nitrogen 
Which carries the negative charge by a group Y, Z is 
advantageously selected from the group consisting of —CN, 
—OCnF2n+1, —OC2F4H, —SCDFZD+1 and —SC2F4H, 
—O—CF=CF2, —SCF=CF2, n being a Whole number 
from 1 to 8. Z may also be a radical CnF2n+1CH2—, n being 
a Whole number from 1 to 8, or among the heterocyclic 
compounds, in particular those derived from pyridine, pyra 
Zine, pyrimidine, oxadiaZole, thiadiaZole, Which are ?uori 
nated or non-?uorinated. Z may also represent a recurring 
unit of a polymer. The compound of the invention is then in 
the form of a polymer in Which at least part of the recurring 
units carry a lateral group on Which an ionic group —[(N— 
SOX—RF)—, M"] is ?xed. By Way of example, a polymer 
comprising one of the folloWing recurring units may be 
mentioned: 

[0057] or a polyZWitterion of a conductive polymer Which 
is a self-doped polyaniline in Which the recurring unit is: 

[0058] The compounds of the invention may be obtained, 
by a process in Which a compound RFSOX—L is reacted With 
a compound [A—N—Z]n_m nMm+, RF, X, M and Z being as 
previously de?ned, L representing an electronegative start 
ing group such as a halogen, a N-imidaZoyl radical, a 
N-triaZoyl radical, a radical RFSOX+1— and A represents a 
cation Mm", a trialkylsilyl group, a trialkylgermanyl group, 
a trialkylstannyl group or a tertiaryalkyl group, in Which the 
alkyl substituents have from 1 to 6 carbon atoms. By Way of 

2+ Z || U 
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example, the reaction of a ?uorosulfonyl ?uoride With a 
bi-salt of cyanamide according to the folloWing reaction 
scheme may be mentioned: 

FSO2—F+[NaNCN]’Na*=>NaF+[FSO2—NCN]’ 
Na". 

[0059] The reaction of a substituted aniline With tri?uo 
romethanesulfonic anhydride may also be mentioned. 

[0060] The compounds in Which Z represents RDY— may 
be obtained by a process in Which a compound RD—Y—L 
is reacted With a compound [RFSOX—N—A]“_m nMm+. By 
Way of example of such a process, the reaction of a per 
?uorosulfonamide or one of its salts With a sulfonyl halide 
may be mentioned. 

[0061] The use of a compound [A—N—Z]n_nMm+in 
Which A is a tertiary alkyl group is advantageous, because 
such a group is a proton precursor by formation of the 
corresponding alkene. The use of a trialkylsilyl is especially 
interesting When the starting group is a ?uorine atom, by 
reason of the very high stability of the bond F—Si. 

[0062] When there is used a compound [A—N—Z]n_ 
nMm+in WhichAis the proton, it is advantageous to carry out 
the reaction in the presence of a tertiary base or croWded 
base T capable of forming the salt L_(HT+) by combination 
of the proton, in order to promote the formation of the 
compound of the invention. The base may be selected from 
alkylamines (for example triethylamine, diisopropylamine, 
quinuclidine), 1,4-diaZobicyclo[2,2,2]octane (DABCO); 
pyridines (for example pyridine, alkylpyridines, dialkylami 
nopyridines); imidaZoles (for example N-alkylimidaZoles, 
imidaZo[1,1-a]pyridine); amidines (for example 1,5-diaZabi 
cyclo[4,3,0]non-5-ene (DBN), 1,8-diaZabicyclo[5,4,0]un 
dec-7-ene (DBU)); guanidines (for example tetramethyl 
guanidine, 1,3,4,7,8-hexahydro-1-methyl-2H-pyrimido[1,2 
a]pyrimidine (HPP). 
[0063] By Way of example of such a process, the process 
in Which a sulfonyl chloride RDSOZCI is reacted With a 
per?uorosulfonamide in the presence of DABCO may be 
mentioned. 

[0064] A compound according to the invention may also 
be obtained by reacting per?uorosulfonic acid or one of its 
salts With a compound (Ri)3P=N_Z in Which the Ri repre 
sent independently from one another an alkyl radical, an aryl 
radical or a dialkylamino radical. In the same manner, an 

acid RDSOX—OH or one of its salts may be reacted With a 
compound (Ri)3P=N—SOXRF. By Way of example, the 
reaction of a sodium alkylsulfonate With 

RFSO2N=P(C6H5)3 may be mentioned. 

[0065] The cation of a compound obtained according to 
either one of the processes described above may be replaced 
by knoWn processes of cation exchange, either by precipi 
tations or selective extractions, or by the use of ion exchange 
resins. 

[0066] In addition, the substituent RD of a compound of 
the invention may be modi?ed by means of knoWn reactions. 
For example, a substituent RD Which comprises an allyl 
group may be converted by reaction With a peroxide to give 
an epoxidiZed substituent RD. A group —NHR may be 
converted into a vinylester group by reaction With a strong 
base such as potassium tert-butoxide, then With vinylchlo 
roformate. The processes enabling to carry out these modi 
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?cations and others are available to those skilled in the art. 
Of course, the functions carried by radical R A and R Which 
could interfere With the reactions leading to the preparation 
of the compounds of the invention may be temporarily 
protected by means of knoWn techniques. For example, an 
amine function may be protected by a group t-BOC (ter 
tiobutoxycarbonyl) Which is stable in the presence of bases 
T but Which is easily removed by treatment in an acid 
medium. 

[0067] The ionic compounds of the present invention 
comprise at least one ionophoric group on Which substitu 
ents Which can vary to a large extent are ?xed. Taking into 
account the large choice possible for the substituents, the 
compounds of the invention enable the production of prop 
erties of ionic conduction in most of the organic media, 
liquids or polymers having even a loW polarity. The appli 
cations are important in the ?eld of electrochemistry, in 
particular for storing energy in primary or secondary gen 
erators, in supercapacitances, in combustible batteries and in 
electroluminescent diodes. The compatibility of the ionic 
compounds of the invention With polymers or organic liq 
uids enable to induce noted anti-static properties, even When 
the content of ionic compound is extremely loW. The com 
pounds of the invention Which are polymers, as Well as 
polymer compounds obtained from the compounds of the 
invention having the property of polymeriZing or co-poly 
meriZing, shoW the properties mentioned above With the 
advantage of having an immovable anionic charge. This is 
Why another object of the present invention resides in an 
ionically conductive material consisting of an ionic com 
pound of the present invention in solution in a solvent. 

[0068] In an embodiment, the ionic compound used for the 
preparation of an ionically conductive material is selected 
from the compounds in Which the cation is ammonium, or a 
cation derived from a metal, in particular lithium or potas 
sium, Zinc, calcium, metals of rare earths, or an organic 
cation, such as a substituted ammonium, an imidaZolium, a 
triaZolium, a pyridinium, a 4-dimethylamino-pyridinium, 
said cations optionally carrying a substituent on the carbon 
atoms of the cycle. The ionically conductive material thus 
obtained has an elevated conductivity and solubility in 
solvents, resulting from Weak interactions betWeen the posi 
tive charge and the negative charge. Its ?eld of electrochemi 
cal stability is extended, and it is stable in reducing as Well 
as oxidiZing media. Moreover, the compounds Which have 
an organic cation and a melting point loWer than 150° C., in 
particular imidaZolium, triaZolium, pyridinium, 4-dimethy 
lainino-pyridiniun compounds have an intrinsic elevated 
conductivity, even in the absence of solvent, When they are 
in molten phase. 

[0069] The materials With ionic conduction Which incor 
porate a compound of the invention in Which RF is a ?uorine 
atom or a perhalogenated alkyl radical having from 1 to 12 
carbon atoms, or a perhalogenated alkylaryl radical having 
from 6 to 9 carbon atoms are interesting to the extent that the 
loW interactions betWeen the atoms of ?uorine of the chain 
result in high solubility and conductivity, even in the case 
Where the remainder of the molecule contains groups having 
a tendency to give strong interactions such as conjugated 
aromatic radicals or ZWitterions. 

[0070] The choice of a compound of the invention in 
Which RF is selected from the radicals RACF2—, 
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R ACF2CF2—, R ACF2CF(CF3)— or CF3C(RA)F— enable it 
to very precisely adapt the properties of the ionically con 
ductive material by selecting the substituent R A in an appro 
priate manner. In particular, they permit to rely, With a 
reduced number of ?uorine atoms, on the properties of 
dissociation and of solubility inherent to the anionic charges 
of the per?uorinated systems. These groups are easily acces 
sible from industrial products such as tetra?uoroethylene or 
tetra?uoropropylene. The reduced quantity of ?uorine ren 
ders these compounds less susceptible to reduction by 
metals Which are even electropositive, such as aluminum, 
magnesium or especially lithium. 

[0071] The properties of the ionically conductive material 
may also be adapted by the choice of the substituent RD. 

[0072] The choice for R A or RD of an alkyl group, an aryl 
group, an alkylaryl group or an arylalkyl group, enables to 
introduce into the ionically conductive material properties of 
mesogene type, in particular alkyl groups having from 6 to 
20 carbon atoms, aryl-alkyl groups, in particular those 
containing the biphenyl entity Which form phases of the 
liquid crystal type. Properties of conduction in phases of the 
liquid crystal, nematic, cholesteric or discotic types, are 
interesting for applications relating to optical posting or to 
reduce the mobility of anions in the electrolytes, in particular 
in polymer electrolytes, Without affecting the mobility of the 
cations. This characteristic is important for applications in 
electrochemical generators, and particularly those involving 
lithium cations. 

[0073] When the substituent R A is a mesomorphous group 
or a group comprising at least one ethylenic unsaturation 
and/or a condensable group and/or a group Which is disso 
ciable by thermal means, by photochemical means or by 
ionic dissociation, or When RD is a substituent containing 
one of these groups, the ionically conductive material easily 
forms polymers or copolymers Which are polyelectrolytes, 
either intrinsically When the polymer carries solvating 
groups, or by addition of a polar solvent of a liquid or 
polymer type, or by mixture With such a solvent. These 
products have a conductivity Which is solely due to the 
cations, Which constitutes a property Which is very useful in 
the applications of the electrochemical generator type. In 
loW molar fraction in a copolymer, they produce antistatic 
properties Which are stable and are little dependent on 
humidity, and promote the ?xation of cationic coloring 
materials, this property being useful for textile ?bres and 
lasers With coloring materials. 

[0074] The presence of a substituent R A or RD Which is a 
self-doped electronically conductive polymer improves the 
stability of the ionically conductive material as compared to 
outside agents. The conductivity is stable in time, even at 
elevated temperatures. In contact With metals, these mate 
rials give very loW interface resistance and, in particular, 
protect ferrous metals or aluminum against corrosion. 

[0075] When the substituent R A or RD is an hydrolyZable 
alkoxysilane, the ionically conductive material may form 
stable polymers by the simple mechanism of hydrolysis 
condensation in the presence of Water, thereby enabling 
treatment of oxide, silica, silicate, in particular glass surfaces 
to induce properties of surface conduction, antistatic prop 
erties, or to promote the adhesion of polar polymers. 

[0076] When the substituent R A or RD is a group compris 
ing a free radical trap such as a congested phenol or a 
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quinone, the ionically conductive material has the following 
advantages and properties: it acts as an antioxidant With no 
volatility and being compatible With polar monomers and 
polymers, to Which it additionally provides antistatic prop 
erties. 

[0077] When the substituent R A or RD comprises a disso 
ciating dipole such as an amide, a sulfonamide or a nitrile, 
the ionically conductive material has an improved conduc 
tivity in media With loW or average polarity, in particular in 
solvating polymers, Which enables to minimiZe, even to 
remove the addition of solvents or volatile plasticiZing 
agents. 

[0078] The presence of a substituent RA or RD Which 
contains a redox couple such as a disul?de, a thioamide, a 
ferrocene, a pheno-thiaZine, a bis(diallylaminoaryl) group, a 
nitroxide, an aromatic imide, enables introduction into the 
ionically conductive material shuttle redox properties Which 
are useful as an element for the protection and the equal 
iZation of the charge of electrochemical generators, in pho 
toelectrochemical systems, in particular for converting light 
into electricity, in systems for modulating light of the 
electrochrome type. 

[0079] The presence of a substituent R A or RD Which is a 
complexing ligand in an ionically conductive material 
enables chelation of metallic cations, in particular those 
Which possess an elevated charge (2, 3 and 4), in the form 
of a complex Which is soluble in organic media, including 
aprotic media, and enable transportation of these cations in 
particular in the form of an anionic complex, in solvating 
polymers. The metallic cations of elevated charge are indeed 
immovable in solvating polymers. This type of complexing 
gives redox couples Which are particularly stable, With 
certain cations of transition metals (Fe, Co . . . ) or certain 

rare earths (Ce, Eu . . . 

[0080] The ionically conductive materials containing a 
compound of the invention in Which RD is an alkyl or an 
alkenyl substituent Which contains at least one heteroatom 
selected from O, N and S have a complexing and plasticiZing 
property, in particular in polar polymers and especially 
polyethers. The heteroatoms N and S are selectively com 
plexing for cations of transition metals, Zn and Pb. 

[0081] When a substituent RD alkyl or alkenyl additionally 
carries an hydroxy group, a carbonyl group, an amino group, 
a carboxyl group, an isocyanate group or a thioisocyanate 
group, the ionic compound of the invention may give by 
polycondensation a polymer or copolymer and the ionically 
conductive material Which contains such a polymer or 
copolymer shoWs polyelectrolyte properties. 

[0082] The presence, in the ionically conductive material 
of the invention, of a compound in Which RD is selected 
from radicals aryl, arylalkyl, alkylaryl or alkenylaryl, in 
Which the lateral chains and/or the aromatic nuclei comprise 
heteroatoms such as nitrogen, oxygen, sulfur, improves 
dissociation and increases the possibility of forming com 
plexes depending on the position of the heteroatom (pyri 
dine), or of giving by duplicating oxidation conjugated 
polymers or copolymers (pyrrol, thiophene). 

[0083] When the ionically conductive material contains a 
compound of the invention in Which RD represents a recur 
ring unit of a polymer chain, the material constitutes a 
polyelectrolyte. 
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[0084] A compound of the invention in Which the sub 
stituent Z is selected from the group consisting of 
—OCnF2n+1, —OC2F4H, —SCDF2n+1 and —SC2F4H, 
—OCF=CF2, —SCF=CF2, n being a Whole number from 
1 to 8, is a precursor of stable monomers and polymers in 
particular toWards oxygen even at temperatures higher than 
80° C. When dealing With polymers. An ionically conductive 
material Which contains such a compound is therefore 
particularly suitable as as electrolyte of a combustible bat 
tery. 

[0085] An ionically conductive material of the present 
invention comprises an ionic compound of the invention in 
solution in a solvent. 

[0086] The solvent may be an aprotic liquid solvent, a 
polar polymer or a mixture thereof. 

[0087] The aprotic liquid solvent is selected for example 
among linear ethers and cyclic ethers, esters, nitriles, ritro 
derivatives, amides, sulfones, sulfolanes, alkylsulfamides 
and partially halogenated hydrocarbons. Particularly pre 
ferred solvents include diethylether, dimethoxyethane, 
glyme, tetrahydrofurane, dioxane, dimethyltetrahydro 
furane, methylformate or ethylformate, propylene or ethyl 
ene carbonate, alkyl carbonates (such as dimethyl carbonate, 
diethyl carbonate and methylpropyl carbonate), butyrolac 
tones, acetonitrile, benZonitrile, nitromethane, nitrobenZene, 
dimethylformamide, diethylformamide, N-methylpyrroli 
done, dimethylsulfone, tetramethylene sulfone and tet 
raalkylsulfonamides having from 5 to 10 carbon atoms. 

[0088] The polar polymer may also be selected from a 
cross-linked or non cross-linked solvating polymer, With or 
Without grafted ionic groups. A solvating polymer is a 
polymer Which includes solvating units containing at least 
one heteroatom selected from sulfur, oxygen, nitrogen and 
?uorine. By Way of example of solvating polymers, there 
may be mentioned polymers With linear structure, comb or 
block type, Which may or may not form a netWork, based on 
poly(ethylene oxide), or copolymers containing an ethylene 
oxide, propylene oxide or allylglycidylether unit, polyphor 
phaZenes, cross-linked netWork based on polyethylene gly 
col cross-linked With isocyanates, or netWorks obtained by 
polycondensation and carrying groups Which permit the 
incorporation of cross-linkable groups. Block copolymers in 
Which certain blocks carry functions Which have redox 
properties may also be mentioned. Of course, the above list 
is not limiting, and all the polymers having solvating prop 
erties may also be used. 

[0089] An ionically conductive material of the present 
invention may simultaneously comprise an aprotic liquid 
solvent selected from the above-mentioned aprotic liquid 
solvents and a polar polymer solvent comprising units 
containing at least one heteroatom selected from sulfur, 
nitrogen, oxygen and ?uorine. It may comprise 2 to 98% 
liquid solvent. By Way of example of such a polar polymer, 
polymers Which mainly contain units derived from acryloni 
trile, vinylidene ?uoride, N-vinylpyrolidone or methyl 
methacrylate may be mentioned. The proportion of aprotic 
liquid in the solvent may vary from 2% (corresponding to a 
plasticiZed solvent) to 98% (corresponding to a gelled 
solvent). 
[0090] An ionically conductive material of the present 
invention may additionally contain a salt commonly used in 
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the prior art for preparing an ionically conductive material. 
Among the salts Which may be used in admixture With an 
ionic compound according to the invention, a salt selected 
from the per?uoroalcanesulfonates, bis(per?uoroalylsulfo 
nyl)imides, bis(per?uoro-alkylsulfonyl)methanes and 
tris(per?uoroalkylsulfonyl)methanes is particularly pre 
ferred. 

[0091] Of course, an ionically conductive material of the 
invention may additionally contain the additives knoWn to 
be used With this type of material, for example mineral or 
organic charges in the form of a poWder or ?bres. 

[0092] An ionically conductive material of the invention 
may be used as an electrolyte in an electrochemical genera 
tor. It is therefore an object of the present invention to 
provide an electrochemical generator comprising a negative 
electrode and a positive electrode, both being separated by 
an electrolyte, Wherein the electrolyte is an ionically con 
ductive material as de?ned above. According to a particular 
embodiment, such a generator comprises a negative elec 
trode consisting of metallic lithium, or one of its alloys, 
optionally in the form of nanometric dispersion in lithium 
oxide, or a double nitride of lithium and a transition metal, 
or an oxide With loW potential having the general formula 

Li1+ W3Ti2_X/3O4 (02x; 1, Oéyé 1), 'or carbon and carbon 
ated products resulting from pyrolysis of organic materials. 
According to another embodiment, the generator comprises 
a positive electrode selected from vanadium oxide VOX 
(2§x§2,5), LiV3O8, LiyNi1_XCoXO2, (Oéxél; Oéyél), 
magnesium spinels LiVMn1_XMXO2 (M=Cr, Al, V, Ni, 
0§x§0,5 ; OéyéZ), organic polydisul?des, FeS, FeS2, 
ferric sulfate Fe2(SO4)3, phosphates and phosphosilicates of 
iron and of lithium of olivine structure, or products Wherein 
iron is substituted by manganese, used alone or in admix 
tures. The collector of the positive electrode is preferably 
aluminum. 

[0093] An ionically conductive material of the present 
invention may also be used in a supercapacitance. Another 
object of the present invention is consequently a superca 
pacitance utiliZing at least one carbon electrode With high 
speci?c surface, or an electrode containing a redox polymer, 
in Which the electrolyte is an ionically conductive material 
as de?ned above. 

[0094] An ionically conductive material of the present 
invention may also be used for the p or n doping of a 
polymer With electronic conduction and this use constitutes 
another object of the present invention. 

[0095] In addition, an ionically conductive material of the 
present invention may be used as an electrolyte in an 
electrochrome device. An electrochrome device in Which the 
electrolyte is an ionically conductive material according to 
the invention is another object of the present invention. 

[0096] It has been noted that the strong dissociation of the 
ionic species of the compounds of the invention result in a 
stabiliZation of the carbocations, in particular those in Which 
there is a conjugation With oxygen or nitrogen and, surpris 
ingly in a strong activity of the proponic form of the 
compounds of the invention on certain monomers. It is also 
an object of the invention to provide for the utiliZation of the 
ionic compounds as photoinitiators Which constitute sources 
of Bronsted acids, catalysts for the polymeriZation or cross 
linking of monomers or prepolymers capable of cationic 
reaction, or as a catalysts for the modi?cation of polymers. 
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[0097] The process of polymeriZation or cross-linking of 
monomers or prepolymers capable of cationic reaction is 
characteriZed in that there is used a compound of the 
invention as photoinitiator constituting a source of acid 
Which catalyZes the polymeriZation reaction. The com 
pounds according to the invention in Which the cation is a 
group having a bond —N=N+, —N=N—, a sulfonium 
group, an iodonium group, or an optionally substituted 
arene-ferrocenium cation, possibly incorporated in a poly 
meric skeleton, are particularly preferred. 

[0098] The choice of substituent RF on the one hand, and 
of substituents RD or Z on the other hand, is made in a 
manner to increase the solubility of said compound in the 
solvents used for the reaction of the monomers or prepoly 
mers, and as a function of the desired properties for the ?nal 
polymer. For example, the choice of a non-substituted alkyl 
radicals gives solubility in loW polar media. The choice of 
radicals comprising a group oxa or a sulfone gives solubility 
in polar media. The radicals including a sulfoxide group, a 
sulfone group, and a phosphine oxide group, a phosphonate 
group, respectively obtained by the addition of oxygen on 
the atoms of sulfar or phosphorus, may provide improved 
properties With respect to adhesion, glossiness, resistance to 
oxidation or UV to the polymer obtained. The monomers 
and polymers Which may be polymeriZed or cross-linked by 
means of the photoinitiators of the present invention are 
those Which may be subject to a cationic polymeriZation. 

[0099] Among the monomers, those Which include a 
cyclic ether function, a cyclic thioether function or a cyclic 
amino function, vinyl compounds (more particularly vinyl 
ethers), oxaZolines, lactones and lactames may be men 
tioned. 

[0100] Among the monomers of the cyclic ether or thio 
ether type, ethylene oxide, propylene oxide, oxetane, 
epichlorhydrin, tetrahydrofurane, styrene oxide, cyclohex 
ene oxide, vinylcyclohexene oxide, glycidol, butylene 
oxide, octylene oxide, glycidyl ethers and esters (for 
example glycidyl methacrylate or acrylate, phenyl glycidyl 
ether, bisphenol A diglycidylether or its ?uorinated deriva 
tives), cyclic acetals having from 4 to 15 carbon atoms (for 
example dioxolane, 1,3-dioxane, 1,3-dioxepane) and spiro 
bicyclo dioxolanes may be mentioned. 

[0101] Among the vinyl compounds, vinyl ethers consti 
tute a very important family of monomers Which are subject 
to cationic polymeriZation. By Way of example, there may 
be mentioned ethyl vinyl ether, propyl vinyl ether, isobutyl 
vinyl ether, octadecyl vinyl ether, ethyleneglycol monovinyl 
ether, diethyleneglycol divinyl ether, butanediol monovinyl 
ether, butanediol divinyl ether, hexanediol divinyl ether, 
ethyleneglycol butyl vinyl ether, triethyleneglycol methyl 
vinyl ether, cyclohexanedimenthanol monovinyl ether, 
cyclohexanedimethanol divinyl ether, 2-ethylhexyl vinyl 
ether, poly-THF-divinyl ether having a Weight betWeen 150 
and 5000, diethyleneglycol monovinyl ether, trimethylol 
propane trivinyl ether, aminopropyl vinyl ether, and 2-di 
ethylaminoethyl vinyl ether. 

[0102] Other vinyl compounds may include by Way of 
example 1,1-dialkylethylenes (for example isobutene), aro 
matic vinyl monomers (for example styrene, x-alkylstyrene, 
such as x-methylstyrene, 4-vinylanisole, acenaphthene), 
N-vinyl compounds (for example N-vinylpyrolidone or 
N-vinyl sulfonamides). 
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[0103] Among the prepolymers, there may be mentioned 
the compounds in Which the epoxy groups are carried by an 
aliphatic chain, an aromatic chain, or a heterocyclic chain, 
for example glycidyl ethers or bisphenol A Which are 
ethoxylated by 3 to 15 ethylene oxide units, siloxanes having 
lateral groups of the type epoxycyclohexene-ethyl obtained 
by hydrosilylation of copolymers of dialkyl, alkylaryl or 
diaryl siloxane With methyl hydrogenosiloxane in the pres 
ence of vinylcyclohexene oxide, condensation products of 
the type sol-gel obtained from triethoxy or trimethoxy 
silapropylcyclohexene oxide, urethanes incorporating reac 
tion products of monovinylether butanediol and an alcohol 
of a function higher than or equal to 2,With an aliphatic or 
aromatic di or tri isocyanate. 

[0104] The process of polymeriZation according to the 
invention consists in mixing at least one monomer or 
prepolymer capable of cationic polymeriZation and at least 
one ionic compound of the invention, and subjecting the 
mixture obtained to actinic or D radiation. Preferably, the 
reaction mixture is subjected to irradiation after having been 
shaped as a thin layer having a thickness loWer than 5 mm, 
preferably in the form of a thin ?lm having a thickness loWer 
than or equal to 500 pm. The duration of the reaction 
depends on the thickness of the sample and the poWer of the 
source at the active Wavelength k. It is de?ned by the speed 
in front of the source, Which is comprised betWeen 300 
nm/min and 1 cm/min. Layers of ?nal material having a 
thickness higher than 5 mm may be obtained by repeating 
many times the operation consisting of spreading a layer and 
treating it byu irradiation. 

[0105] Generally, the quantity of photoinitiator used is 
betWeen 0.01 and 15% by Weight With respect to the Weight 
of the monomer or prepolymer, preferably betWeen 0.1 and 
5% by Weight. 

[0106] An ionic compound of the present invention may 
be used as photoinitiator in the absence of solvent, for 
example When it is intended to polymeriZe liquid monomers 
in Which the ionic compound used as photoinitiator is 
soluble or easily dispersible. This type of use is particularly 
interesting, since it permits to get rid of problems associated 
With solvents (toxicity, ?ammability). 

[0107] An ionic compound of the present invention may 
also be used as photoinitiator in the form of a homogenous 
solution in a solvent Which is insert during polymeriZation, 
Which solution is ready to use and easily dispersible, in 
particular in the case Where the mixture to be polymeriZed 
or cross-linked has a high viscosity. 

[0108] As an example of inert solvent, there may be 
mentioned volatile solvents, such as acetone, methyl-ethyl 
ketone and acetonitrile. These solvents Will merely be used 
for diluting the products to be polymeriZed or cross-linked 
(to make them less viscous, especially When dealing With a 
prepolymer). They Will be eliminated by drying after poly 
meriZation or cross-linking. Non-volatile solvents may also 
be mentioned. Anon-volatile solvent is also used for diluting 
the products that are intended to be polymeriZed or cross 
linked, and to dissolve the salt A+X_of the invention used as 
photoinitiator, hoWever, it Will remain in the material formed 
and Will thus act as a plasticiZing agent. By Way of example, 
propylene carbonate, y-butyrolactone, ether-esters of mono-, 
di-, tri- ethylene or propylene glycols, ether alcohol of 
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mono-, di-, tri- ethylene or propylene glycols, plasticiZing 
agents such as phthalic acid esters or citric acid esters may 
be mentioned. 

[0109] According to another embodiment of the invention, 
there is used as solvent or diluent a compound Which is 
reactive toWards polymeriZation, Which has a loW molecular 
Weight and loW viscosity and Which Will act simultaneously 
as a polymeriZable monomer and as solvent or diluent for 
more viscous monomers or prepolymers used jointly. After 
the reaction, these monomers Which have been used as 
solvents Will be part of the macromolecular netWork ?nally 
obtained, their integration being greater When dealing With 
bi-functional monomers. The material obtained after irra 
diation is noW free of products having a loW molecular 
Weight and an appreciable vapour tension, or susceptible to 
contaminate objects With Which the polymer is in contact. 
By Way of example, a reactive solvent may be selected from 
mono- and di- vinyl ethers of mono-, di-, tri-, tetra- ethylene 
and propylene glycols, N-methylpyrolidone, 2-prope 
nylether of propylene carbonate Which is commercially 
available for example under the designation PEPC from ISP, 
NeW Jersey, United States. 

[0110] To irradiate the reaction mixture, the irradiation 
may be selected from ultraviolet radiation, visible radiation, 
X-rays, y rays and [3 radiation. When ultraviolet light is used 
as an actinic radiation, it may be advantageous to add to the 
photoinitiators of the invention photosensitiZers intended to 
permit an ef?cient photolysis With Wavelengths less ener 
getic than those corresponding to a maximum of absorption 
of the photoinitiator, such as those emitted by industrial 
devices ()tz300 nm With mercury vapour lamps in particu 
lar). Such additives are knoWn, and by Way of non-limiting 
example, there may be mentioned anthracene, diphenyl-9, 
10-anthracene, perylene, phenothiaZine, tetracene, xan 
thone, thioxanthone, acetophenone, benZophenone, 1,3,5 
triaryl-2-pyraZolines and derivatives thereof, in particular 
derivatives Which are substituted on the aromatic nuclei by 
alkyl, oxa- or aZa- alkyl radicals enabling among others to 
change the absorption Wavelength. Isopropylthioxantone is 
a preferred example of photosensitiZer When an iodonium 
salt according to the invention is used as a photoinitiator. 

[0111] Among the various types of radiation mentioned, 
ultraviolet radiation is particularly preferred. On the one 
hand, it is easier to use than the other radiations mentioned 
above. On the other hand, photoinitiators are in general 
directly sensitive to UV rays and photosensitiZers especially 
since the difference of energy (by) is loWer. 

[0112] The ionic compounds of the invention may also be 
used in association With initiators of radical types Which are 
produced thermally or by the action of actinic radiation. It is 
thus possible to polymeriZe or cross-link mixtures of mono 
mers or prepolymers containing functions in Which the 
modes of polymeriZation are different, for example mono 
mers or prepolymers Which polymeriZe by free radical 
reaction and monomers or prepolymers Which polymeriZe 
by cationic polymeriZation. This possibility is particularly 
advantageous for providing interpenetrated netWorks having 
different physical properties from those Which Would be 
obtained by a mere mixture of polymers originating from 
corresponding monomers. The vinyl ethers are not or are 
very little active by radical initiation. It is therefore possible, 
in a reaction mixture containing a photoinitiator according to 
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the invention, a free radical initiator, at least one monomer 
of vinyl ether type and at least one monomer comprising 
non-activated double bonds such as those of the allyl groups, 
to carry out a separate polymeriZation of each type of 
monomer. On the other hand, it is knoWn that monomers 
Which are de?cient in electrons, such as esters or amides of 
fumaric acid, maleic acid, acrylic or methacrylic acid, ita 
conic acid, acrylonitrile, methacrylonitrile, maleinides and 
derivatives thereof, are formed in the presence of electron 
enriched vinyl ethers, charge transfer complexes Which give 
alternating polymers 1:1 by free radical initiation. An initial 
excess of vinyl monomers With respect to this stoichiometry 
enables preservation of polymeriZable functions by pure 
cationic initiation. Triggering of the activity of a mixture of 
free radical initiator and cationic initiator according to the 
invention may be carried out simultaneously for the tWo 
reactants in the case for example of isolation With actinic 
radiation of a Wavelength in Which the photoinitiators of the 
invention and the free radical initiators selected are active, 
for example )\.=250 nm. By Way of example of initiators, the 
folloWing commercial products may be mentioned: Irgacure 
184®, Irgacure 651®, Irgacure 261®, Quantacure DMB®, 
Quantacure ITX®. 

[0113] It may also be advantageous to use the tWo types of 
polymeriZation in a sequential manner to form ?rst prepoly 
mers Which are easy to produce and in Which hardening, 
adhesiveness, solubility as Well as cross-linking degree may 
be is modi?ed by initiating the activity of the cationic 
initiator. For example, a mixture of a thermo-dissociable free 
radical initiator and a cationic photoinitiator according to the 
invention enables to provide sequential polymeriZation and 
cross-linkings, ?rst under the action of heat, then under the 
action of actinic radiation. In a similar manner, if a free 
radical initiator and a cationic photoinitiator according to the 
invention are selected, the ?rst being photosensitive to 
longer Wavelengths than the ones Which initiate the photo 
initiator according to the invention, there is obtained a 
cross-linking in tWo controllable steps. Free radical initiators 
may for example be Irgacure 651®, enabling initiation free 
radical polymeriZations at Wavelengths of 365 nm. 

[0114] It is also an object of the invention to use ionic 
compounds of the invention for reactions of chemical ampli 
?cation of photoresists for microlithography. During such a 
use, a ?lm of a material comprising a polymer and an ionic 
compound of the invention is subject to irradiation. The 
irradiation causes the formation of the acid by replacement 
of the cation M With a proton, Which catalyZes the decom 
position or transformation of the polymer. After decompo 
sition or transformation of the polymer on the parts of the 
?lm Which have been irradiated, the formed monomers or 
the polymer Which has been converted are eliminated and 
What remains is an image of the non-exposed parts. For this 
particular application, it is advantageous to use a compound 
of the invention Which is in the form of a polymer consisting 
essentially of styrenyl recurring units having an ionic sub 
stituent RF—SOX—N_—. These compounds enable to pro 
duce, after photolysis, products Which are non-volatile, and 
therefore non-odorous When dealing With sul?des. Among 
the polymers Which may thus be modi?ed in the presence of 
a compound of the invention, there may be mentioned for 
example polymers containing ester groups or terdoalkyl 
arylether groups, for example poly(phthaldehydes), poly 
mers of bisphenol A and a diacid, polytertiobutoxycarbonyl 
oxy-styrene, polytertiobutoxy-ot-methyl styrene, polyditer 
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tiobutyl?imarate-co-allyltrmethylsilane and polyacrylates of 
a tertiary alcohol, in particular tertiobutyl polyacrylate. 
Other polymers are described in J. V. Crivello et al, Chem 
istry of Materials 8, 376-381, (1996). 

[0115] The ionic compounds of the present invention, 
Which have a high thermal stability, have numerous advan 
tages With respect to the knoWn salts of the prior art. They 
have initiation and propagation speeds Which are compa 
rable or higher than those obtained by means of coordination 
anions of the type PF6—, AsF6— and especially SbF6—. In 
addition, the coefficient of diffusion of the anion RF—SOX— 
N— is higher than the one of hexa?uorometallate anions or 
tetra?uoroborate anions or phenylborate anions. These prop 
erties are explained by the delocaliZation of the negative 
charge and the ?exibility of the anion around the bond S—N. 

[0116] In the compounds of the present invention, the 
pairs of ions have a very high dissociation, Which enables 
the expression of the intrinsic catalyst properties of the 
cation Mm", in Which the active orbits are easily exposed to 
the substrates of the reaction, especially in various media. 
Most of the important reactions of organic chemistry may 
thus be carried out under easy conditions, With excellent 
yields, and facilitate the separation of the catalyst from the 
reaction mixture. The appearance of asymmetric induction 
by the use of an ionic compound according to the invention 
Which carries a chiral group is particularly important 
because of its generality and its ease of application. It should 
be noted that the chiral per?uorinated molecules [RFSO2— 
N—SO2RF]_, 1/mMm+are unknoWn and Would only present 
a negligible optical activity because of the loW polariZable 
character of the per?uorinated groups. Consequently, it is 
another object of the present invention to use compounds of 
the invention as catalysts in Friedel and Craft reactions, 
Diels and Alder reactions, aldoliZation reactions, additions 
of Michael, allylation reactions, reactions of pinacolic cou 
pling, reactions of glycosilation, reactions of openings of 
oxetane cycles, reactions of methathesis of alcenes, poly 
meriZation of the Ziegler-Natta type, polymeriZations of the 
type methathesis by opening of the cycle and polymeriZa 
tions of the type methathesis of acyclic dienes. The preferred 
ionic compounds of the invention for use as catalyst in the 
reactions mentioned above are those in Which the cation is 
selected from lithium, magnesium, copper, Zinc, tin, triva 
lent metals, including rare earths, platinoids, their organo 
metallic couples, in particular metallocenes. 

[0117] The compounds of the invention may also be used 
as a solvent for carrying out chemical, photochemical, 
electrochemical, photoelectrochemical reactions. For this 
particular use, ionic compounds in Which the cation is an 
imidaZolium, a triaZolium, a pydridinium or a 4-dimethy 
lamino-pyridinium are preferred, said cation optionally car 
rying a substituent on the carbon atoms of the cycle. The 
compounds being used in liquid form, those Which have a 
melting point loWer than 150° C., more particularly loWer 
than 100° C. are particularly preferred. 

[0118] The inventors have also found that the anionic 
charge carried by the group RF—SOX—N_Z exerts a stabi 
liZing effect on electronic conductors of the conjugated 
polymer type, and that the use of a compound in Which the 
substituent Z comprises a long alkyl chain Would cause these 
polymers to be soluble in the usual organic solvents, even in 
doped state. Grafting of these charges on the polymer itself 
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gives polymers in Which the global charge is cationic, Which 
are soluble in organic solvents and provide, in addition to 

their stability, properties of anti-corrosiveness toWards met 
als, such as aluminum and ferrous metals. It is also an object 

of the present invention to provide electronically-conductive 
materials comprising an ionic compound of the present 
invention in Which the cationic part is a polycation consist 

ing of a “p” doped conjugated polymer. The preferred ionic 
compounds for this application are those in Which the 
substituent Z contains at least one alkyl chain having from 

6 to 20 carbon atoms. By Way of example, the compounds 

in Which Z is RDY—, RD being an alkyl radical, may be 
mentioned. There may also be mentioned compounds in 

Which RF is R ACF2—, R ACF2CF2—, R ACF2CF(CF3)— or 
CF3C(RA)F— in Which R A— represents an alkyl radical. 
Additionally, compounds in Which Z represents an aromatic 
nucleus carrying an alkyl radical may also be mentioned. 

[0119] Coloring materials of cationic type (cyanines) are 
used more and more frequently as sensitiZers of photo 
graphic ?lms, for the optical storing of information (optical 
disks Which are accessible in Writing), for lasers. The 
tendency of these conjugated molecules to be stacked over 
one another When they are in solid phases limits their use, 
because of the variations of the optical properties With 
respect to the isolated molecule. The use of ionic compounds 
of the invention for the manufacture of cationic coloring 
materials in Which the counter ions, eventually ?xed to this 
same molecule, correspond to the functions of the invention, 
enables to reduce the phenomenons of aggregation, includ 
ing in solid polymer matrices, and to stabiliZe these coloring 
materials. It is another object of the invention to provide a 
composition of colouring material, characteriZed in that it 
contains an ionic compound according to the invention. The 
particularly preferred ionic compounds of this application 
are those in Which the negative charge(s) of the ionic group 
RF—SOX—N_—Z are either ?xed to the molecule of the 
colouring material, or they constitute the counter-ion of the 
positive charges of the colouring material. By Way of 
example of such compounds, the folloWing compounds may 
be mentioned: 

Q? 0 N 

N \ \ \ >:S 
N 

K’r O 
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[0120] The present invention is illustrated by the folloW 
ing examples, hoWever, it is not limited thereto. 
[0121] Examples 1 to 7 describe the preparation of some 
compounds used as reactants for the synthesis of the ionic 
compounds of the present invention. Examples 8 to 78 
illustrate the preparation of compounds according to the 
invention and their uses. 

EXAMPLE 1 

Tri?uoromethanesulfonamide 

[0122] To a suspension under strong stirring of 140.53 g 
(1.8 moles) of ammonium carbamate HZNCOZNH4 (com 
mercially available from Aldrich) in 11 of dichloromethane 
at 0° C., there is added drop-Wise during 2 hours 282.13 g 
(1 mole) of tri?uoromethanesulfonic anhydride (CF3SO2)20 
(commercially available from Aldrich) diluted in 250 ml of 
dichloromethane. Carbon dioxide evolved according to the 
folloWing reaction: 

(CF3SO2)2O+1,5H2NCO2NH4—>CF3SO3’NH4*+ 
CF3SO2NH’NH4*+1,5 C02 

[0123] After 3 hours at 0° C., the reaction is continued for 
24 hours at room temperature, and dichloromethane Was 
evaporated and the product Was reclaimed With 400 ml of 
Water. The addition of 250 ml of a solution of hydrochloric 
acid 4 M has permitted release of tri?uoromethanesulfona 
mide CF3SO2NH2 Which Was extracted With three fractions 
of 200 ml of ether. After drying the ether phase (600 ml) With 
magnesium sulfate, the product Was recovered after evapo 
ration of ether and puri?ed by sublimation under secondary 
vacuum at 60° C. There is obtained 137.16 g of tri?uo 
romethanesulfonamide CF3SO2NH2 (92% yield) having a 
puri?ty characteriZed by a proton and ?uorine RMN higher 
than 99%. 

[0124] The corresponding sodium salt Was prepared by 
reacting tri?uoromethanesulfonamide With sodium carbon 
ate NaZCO3 in Water (20% in excess). After evaporation of 
Water and drying, the product obtained Was reclaimed in 
acetonitrile and the excess of carbonate Was removed by 
?ltration. After evaporation of acetonitrile and drying, there 
is obtained a quantative amount of sodium salt of tri?uo 
romethanesulfonamide CF3SO2NHNa. 
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[0125] Microanalysis has given: H 0.52 (0.59); C 7.22 
(7.02); N 8.41 (8.19); F 33.82 (33.32); Na 13.21 (13.44); s 
18.65 (18.74). 

[0126] The lithium salt CF3SO2NHLi and potassium salt 
CF3SO2NHK have been obtained by a similar process; by 
replacing sodium carbonate respectively With lithium car 
bonate and potassium carbonate. 

EXAMPLE 2 

Fluorosulfonamide 

[0127] The compound Was prepared under similar condi 
tions to those described in Example 1; by replacing the 
tri?uoromethanesulfonamide CF3SO2NH2 by 182.11 g (1 
mole) of ?uorosulfonic anhydride (FSO2)2O (commercially 
available from SST Corporation) previously puri?ed by 
vacuum distillation. There is obtained 80.25 g of ?uorosul 
fonamide FSOZNH2 (81% yield); having a purity character 
iZed by a proton and ?uorine RMN higher than 99%. The 
corresponding sodium salt Was prepared by dosing an aque 
ous solution at 0° C. of ?uorosulfonamide FSOZNH2 With a 
titrated solution of sodium hydroxide until reaching the 
neutraliZation point determined by pH-metry. After lyophi 
liration and drying under vacuum during 24 hours; the 
sodium salt of ?uorosulfonamide FSOZNHNa Was recov 
ered quantitatively. 

[0128] Microanalysis has given: H 0.78 (0.83); N 11.32 
(11.57); F 15.12 (15.69); Na 18.66 (18.99); s 26.01 (26.48). 

[0129] The salts of lithium FSOZNHLi and of potassium 
FSOZNHK have been obtained by a similar process; by 
replacing sodium hydroxide respectively by lithium hydrox 
ide and potassium hydroxide. 

EXAMPLE 3 

Penta?uoroethanesulfonyl Chloride 

[0130] In 600 ml of ether cooled to —78° C. under argon; 
60 g (244 mmoles) of penta?uoroethyl iodine CZFSI (com 
mercially available from Strem Chemicals) Were condensed. 
Under stirring; there is then added 153 ml of a solution 1.6 
M of methyllithium in ether (244 mmoles); (commercially 
available from Fluka). After 5 minutes; there Was introduced 
z20 g (@312 mmoles) of sulfur dioxide SO2 into the solution; 
the reaction Was continued during 2 hours at —78° C. Then; 
the solution Was alloWed to reach room temperature during 
2 hours; and after 1 hour at room temperature; the solvents 
Were evaporated. After drying; 44.51 g of lithium penta?uo 
roethanesul?nate CZFSSOZLi (96% yield) Were recovered. 

[0131] A ?oW of chlorine Cl2 Was then alloWed to pass in 
200 ml of Water containing 28.5 g (150 mmoles) of lithium 
penta?uoroethanesul?nate CZFSSOZLi. Rapidly; there 
appeared a second phase; denser than Water Which Was 
extracted With fractions of 25 ml of anhydrous dichlo 
romethane. After drying the organic phase With magnesium 
sulfate; 26.55 g of penta?uoroethanesulfonyl chloride 
CZFSSOZCl (81% yield) Were recovered by fractionate dis 
tillation. The product has a purity characteriZed by a ?uorine 
RMN ?uorine higher than 99%. 

EXAMPLE 4 

Per?uorobutanesulfonamide 

[0132] To 30.21 g (100 mmoles) of per?uoro-1-butane 
sulfonyl ?uoride C4F9SO2F (commercially available from 
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Aldrich) and 8.91 g (100 mmoles) of ethyl carbarnate 
CZHSOZCNH2 in 100 ml of anhydrous tetrahydrofarane at 0° 
C.; there is added in portions 1.75 g (220 mmoles) of 95% 
lithium hydride LiH at 95% (commercially available from 
Aldrich). After stirring for 72 hours under argon; the reaction 
mixture Was centrifuged and ?ltered to remove the precipi 
tate of lithium ?uoride LiF and the excess of lithium 
hydride. The solvent Was thereafter evaporated and the 
product obtained Wasreclaimed in 100 ml of Water. After 
adding 3.5 g (200 mmoles) of lithium hydroxide monohy 
drate; the reaction mixture Was heated to a re?ux overnight 
to hydrolyZe the ester function. After cooling; the reaction 
mixture Was given a pHzl by addition of a solution of 
hydrochloric acid 10 M in order to remove the carboxyl 
function Which is present; and it Was extracted With three 
fractions of 50 ml of ether after 24 hours of stirring. After 
drying of the organic phase With magnesium sulfate and 
evaporation; 27.2 g of per?uoro-1-butanesulfonamide 
CA‘FQSOZNH2 (91% yield) having a purity characteriZed by a 
proton and ?uorine RMN higher than 99%; Were recovered 
after drying under vacuum. 

[0133] The corresponding sodium salt Was prepared by 
reacting per?uoro-1-butanesulfonamide With sodium car 
bonate Na2CO3 in Water (20% in excess). After evaporating 
Water and drying; the product obtained Was reclaimed in 
tetrahydrofurane and the excess of carbonate Was removed 
by ?ltration. After evaporation of tetrahydrofurane and dry 
ing; the sodium salt of per?uoro-1-butanesulfonamide 
C4F9SO2NHNa Was obtained quantitatively. 

[0134] Microanalysis has given: H 0.25 (0.31); C 15.35 
(14.96); N 4.63 (4.36); F 54.1 (53.25); Na 7.36 (7.16); s 
10.35 (9.98). 

[0135] The lithium and potassium salts Were obtained by 
a similar process; by replacing lithium carbonate respec 
tively With sodium carbonate and potassium carbonate. 

EXAMPLE 5 

Penta?uoroethanesulfonamide 

[0136] 10.93 g of penta?uoroethanesulfonyl chloride 
CZFSSOZCl; prepared as in Example 3; Were added sloWly to 
50 ml of a 1 M solution of sodium bis(trimethylsilyl)amide 
((CH3)3Si)2NNa in tetrahydrofurane (50 mmoles; commer 
cially available from Aldrich) at —20° C. 

[0137] After 2 hours at —20° C.; the solvent Was evapo 
rated and the product Was reclaimed in 50 ml of Water; the 
pH Was brought to z2 and the aqueous phase Was extracted 
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With tWo fractions of 20 ml of ether. After drying the organic 
phase With magnesium sulfate, the recovered product Was 
sublimated under vacuum. After 24 hours, 6.17 g of pen 
ta?uoroethanesulfonamide CZFSSOZNH2 (62% yield) hav 
ing a purity characteriZed by a proton and ?uorine RMN 
higher than 99% Were recovered on a cold ?nger. 

[0138] The corresponding sodium salt Was prepared by 
reacting per?uoroethanesulfonamide With sodium carbonate 
NaZCO3 in Water (20% in excess). After evaporating Water 
and drying, the product obtained Was reclaimed in tetrahy 
drofurane and the excess of carbonate Was removed by 
?ltration. After evaporating tetrahydrofurane and drying, the 
sodium salt of per?uoroethanesulfonamide CZFSSOZNHNa 
Was obtained quantitatively. 

[0139] Microanalysis has given: H 0.42 (0.46); C 10.35 
(10.87); N 6.73 is (6.34); F 42.01 (42.97); Na 10.89 (10.4); 
s 1425 (14.5). 

[0140] Salts of lithium and potassium Were obtained by a 
similar process, by replacing sodium carbonate respectively 
With lithium and potassium carbonate. 

EXAMPLE 6 

Potassium Tri?inate 

[0141] To a suspension in 50 ml of anyhydrous acetonitrile 
at —18° C. of 22.64 g (100 mmoles) of the bi-potassium salt 
of 2,2-dimercapto-1,3,4-thiadiaZole (commercially avail 
able from Aldrich), there is added 17.36 g (103 mmoles) of 
tri?uoromethanesulfonyl chloride CF3SO2Cl. After 48 hours 
While stirring at room temperature, the reaction mixture Was 
?ltered to remove potassium chloride and the poly(2,2 
dimercapto-1,3,4-thia-diaZole) formed during the reaction 
according to the folloWing reaction scheme: 

[0142] After evaporating the solvent and drying under 
vacuum at room temperature during 24 hours, 16.3 g of 
potassium tri?inate CF3SO2K (95% yield) Were recovered 
With a purity characteriZed by a ?uorine RMN higher than 
98%. 

[0143] Microanalysis has given: C 6.72 (6.98); F 32.6 
(33.11); 8 18.32 (18.62); K 22.29 (22.71). 

EXAMPLE 7 

3-Sulfonyl-1,2,4-TriaZine Chloride 

[0144] 28.83 (300 mmoles) of 3-amino-1,2,4,-triaZine 
(commercially available from Aldrich) Were added to a 
mixture under stirring of 100 ml of concentrated hydrochlo 
ric acid and 30 ml of glacial acetic acid. The reaction 
mixture Was brought to —10° C. and 22.42 g (325 mmoles) 
of sodium nitrite NaNO2 in 35 ml of Water Were added 
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sloWly. The diaZotation reaction Was alloWed to proceed for 
1 hour. At the same time, a How of sulfur dioxide SO2 Was 
passed through a frit in 300 ml glacial acetic acid until 
saturation. FolloWing this, 7.5 g of copper chloride (I) CuCl 
Were added and the addition of sulfur dioxide Was continued 
until the colour of the reaction mixture Went from yelloW 
green to blue-green. After having brought the temperature of 
the reaction mixture to loWer than 10° C., the previously 
prepared diaZonium Was added during 30 min. A small 
amount of ether Was added to decrease the quantity of foam 
Which is formed after each addition. After the end of 
diaZonium addition, the reaction mixture Was poured into 1 
liter of a mixture of Water and ice (1:1). After melting of the 
ice, a yelloW oil Was separated in a decanting ?ask, and the 
aqueous phase Was extracted With tWo fractions of 100 ml 
ether. After adding the ether phase to the oil Which has been 
collected, the solution Was Washed With a concentrated 
solution of sodium bicarbonate until reaching neutrality, and 
then With Water, and ?nally it Was dried With magnesium 
sulfate. After evaporation of the solvent, 35.1 g of 3-sulfo 
nyl-1,2,4-triaZine (65% yield) having a purity characteriZed 
by proton and ?uorine RMN higher than 98% Were collected 
after vacuum distillation. 

[0145] Microanalysis has given: C 20.6 (20,1); H 0.6 
(1.1); N 23.6 (23.4); s 17.6 (17.9); c1 19.3 (19.7). 

EXAMPLE 8 

3-Chloropropanesulfonyl(Trifluoromethanesulfonyl) 
Imide 

[0146] 17.7 g (100 mmoles) of 3-chloropropanesulfonyl 
chloride Cl(CH2)3SO2Cl and 37.44 g (200 mmoles) of 
potassium tri?uoromethanesulfonamide CF3SO2NHK Were 
reacted at 0° C. in 50 ml of tetrahydrofurane anhydride. 
After 3 hours at 0° C., and 24 hours at room temperature, 
tetrahydrofurane Was evaporated and the product Was crys 
talliZed in 40 ml of Water, recovered by ?ltration and dried. 
There Were obtained 23.6 g of the potassium salt of tri?uo 
romethanesulfonyl(3-chloropropanesulfonyl)-imide 
Cl(CH2)3SO2NKSO2CF3 (72% yield) having a purity char 
acteriZed by proton and ?uorine RMN higher than 99%. 

[0147] Microanalysis has given: H 1.76 (1.85); C 14.23 
(14.66); N 4.56 (4.27); F 17.78 (17.39); 8 19.09 (19.56); c1 
10.28 (10.82); K 11.45 (11.93). 

[0148] By a similar process, the potassium salt of ?uoro 
sulfonyl(3-chloropropane-sulfonyl)imide (65% yield) Was 
obtained from the potassium salt of ?uorosulfonamide 
obtained in Example 2 and the potassium salt of penta?uro 
ethane-sulfonyl(3-chloropropanesulfonyl)imide (82% yield) 
Was obtained from the potassium salt of penta?uorosulfona 
mide obtained in Example 5. 
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[0149] Lithium salts Were obtained in quantitative yields 
by treatment of the potassium salts in anhydrous tetrahy 
drofurane With a stoichiometric quantity of anhydrous 
lithium chloride, ?ltration of the reaction medium, evapo 
ration of the solvent and drying under vacuum. 

[0150] These three salts are soluble in most of the usual 
organic solvents (tetrahydrofurane, acetonitrile, dimethyl 
formamide, ethyl acetate, glymes, . . . ) and in aprotic 
solvating polymers such as poly (ethylene oxide). In this 
latter solvent at a concentration O/K of 14/1, they have an 
ionic conductivity greater than 10'3 S.cm_1 at a temperature 
of 100° C. 

[0151] These salts may be easily grafted on different 
substrates including a site Which is sufficiently nucleophilic 
such as an alcoholate, an amide or a methylide. 

EXAMPLE 9 

2,2,2-Tri?uoroethanesulfonyl(Tri?uoromethane 
sulfonyl) Imide 

[0152] To a solution in 30 ml of anhydrous acetonitrile at 
0° C. of 9.13 g (50 mmoles) of 2,2,2-tri?uoroethanesulfonyl 
CF3CH2SO2Cl (commercially available from Aldrich) and 
7.45 g (50 mmoles) of tri?uoromethanesulfonamide 
CF3SO2NH2, 7.91 g (100 mmoles) of anhydrous pyridine 
Were added drop-Wise. After 2 hours at 0° C., the reaction 
Was continued during 48 hours at room temperature. The 
reaction mixture Was then ?ltered to remove the pyridinium 
hydrochloride formed. The reaction mixture Was then stirred 
during 48 hours With 5.79 g (50 mmoles) of lithium phos 
phate Li3PO4. After ?ltration, evaporation of the solvent and 
drying, 14.6 g of the lithium salt of tri?uoromethanesulfo 
nyl(2,2,2-tri?uoroethane-sulfonyl) imide 
CF3CH2SO2NLiSO2CF3 (97% yield) Were obtained. 
[0153] Microanalysis has given: H 0.72 (0.67); Li 2.48 
(2.3); c 11.56 (11.97); N 4.88 (4.65); F 38.02 (37.86); 8 
21.56 (21.3). 

[0154] This salt has a conductivity of 23x10‘4 S.cm_1 at 
60° C. in poly (ethylene oxide) at a concentration of O/Li of 
12/1. 

[0155] It has a proton presenting an acid character 
enabling to give reactions of nucleophilic substitution in the 
presence of a base With, for example, alkyl or acid halides. 

EXAMPLE 10 

N-Methyl-Sulfonyl(Tri?uoromethanesulfonyl)Imide 
[0156] Under argon, there is added drop-Wise during 2 
hours 100 ml of a 2M solution of methylamine CH3NH2 
(200 mmoles), (commercially available from Aldrich) in 
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tetrahydrofurane to a solution, at —20° C. under strong 
stirring, of 13.5 g (100 mmoles) of sulfuyl chloride SOZC12 
in 50 ml of anhydrous dichloromethane. After 3 hours at 
—20° C., the reaction mixture Was subjected to centrifugation 
to remove the precipitate of methylammonium hydrochlo 
ride CH3NH3+Cl_formed. After evaporation of tetrahydro 
furane, the remaining liquid Was distilled under vacuum. 
There are obtained 12.82 g of N-methyl-chlorosulfonamide 
ClSO2NH(CH3) (95% yield) having a purity characteriZed 
by a proton RMN higher than 98%. 

[0157] 6.48 g (50 mmoles) of N-methyl-chlorosulfona 
mide Were then reacted in 30 ml of anhydrous tetrahydro 
furane With 7.45 g (50 mmoles) of tri?uoromethanesulfona 
mide, and With 11.22 g (100 mmoles) of 1,4-diaZabicyclo 
[2.2.2]octane (DABCO). After 48 hours, the reaction 
mixture Was ?ltered to remove the DABCO hydrochloride 
precipitate formed. After evaporation of the solvent, the 
product obtained Was reclaimed in 20 ml of ethanol and 
40.91 g (100 mmoles) of potassium acetate Were added. The 
precipitate Was then formed. After recrystallization, ?ltra 
tion and drying, 9.95 g of potassium tri?uoromethanesulfo 
nyl(N-methylsulfonyl)imide CF3SO2NKSO2NH(CH3) 
(71% yield) Were recovered, in Which the purity character 
iZed by proton and ?uorine RMN is higher than 98%. 

[0158] Microanalysis has given: H 1.31 (1.44); C 8.38 
(8.57); N 9.85 (9.99); F 20.89 (20.34); 8 22.35 (22.88); K 
13.52 (13.95). 

K” CH3 

[0159] By a similar process, the potassium salt of tri?uo 
romethanesulfonyl(N-ethyl-sulfonyl)imide Was obtained 
from ethylamine and the potassium salt of tri?uoromethane 
sulfonyl(N-propyl-sulfonyl)imide Was obtained from propy 
lamine. 

[0160] The lithium salts Were prepared quantitatively by 
ionic exchange betWeen the potassium salts and lithium 
chloride in anhydrous tetrahydrofurane. 

[0161] These compounds have a labile proton permitting 
to give reactions of nucleophilic substitution in the presence 
of a base With alkyl and acid halides for example. 

EXAMPLE 11 

5 -Formyl-2-Furanesulfonyl(Trifluoromethanesulfonyl) 
Imide 

[0162] To 9.91 g (50 mmoles) of the sodium salt of 
5-formyl-2-furanesulfonic acid (commercially available 
from Aldrich) in 30 ml of anhydrous dimethylformamide at 
0° C., 6.35 g (50 mmoles) of oxalyl chloride ClCOCOCl in 
solution in 20 ml of anhydrous dichloromethane Were added 
sloWly, then, after 2 hours at 0° C., 18.72 g (100 mmoles) of 
the potassium salt of tri?uoromethanesulfonamide 
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CF3SO2NHK Were added. This reaction Was continued for 
48 hours at room temperature, and the solvent Was evapo 

rated and the product obtained Was crystallized in 40 ml of 
Water. After ?ltration and drying, 10.88 g of the potassium 
salt of tri?uoromethanesulfonyl(5-formyl-2-furane-sulfo 
nyl)imide (63% yield) having a purity determined by ?uo 
rine and proton RMN higher than 99% Were recovered. 

[0163] Microanalysis has given: H 1.01 (0.88); C 20.55 
(20.87); N 4.15 (4.06); F 16.91(16.51); 8 18.17 (18.57); K 
11.76 (11.32). 

H 
CF3SO2NSO2 O CH 

[0164] By the same process; the potassium salt of ?uoro 
sulfonyl(5-formyl-2-furane-sulfonyl)imide Was obtained. 

Fso2Nso2 O 

[0165] The aldehyde function enables grafting of this salt 
on substrates containing a group capable of reacting With 
this function; for example; an amino group or a double bond. 

EXAMPLE 12 

Allylsulfonyl(Tri?uoromethanesulfonyl)Imide 

[0166] To 14.41 g (100 mmoles) of the sodium salt of 
2-propene-sulfonic CH2=CHCH2SO3Na in suspension in 
60 ml of anhydrous acetonitrile at —20° C.; 11.9 g (100 
mmoles) of thionyl chloride SOCl2 diluted in 20 ml of 
benZene Were added drop-Wise during 2 hours. The mixture 
Was alloWed to stand overnight at —20° C.; and it Was 
centrifuged to remove sodium chloride formed and the 
solvents Were evaporated by means of a rotary evaporator 
provided With a membrane pump. The liquid obtained Was 
then distilled under vacuum in a short column to give 10.97 

g of 2-propene-sulfonyl CH2=CHCH2SO2Cl (78% yield) 
characteriZed by a proton RMN. 7.03 g (50 mmoles) of this 
compound Were then reacted With 18.72 g (100 mmoles) of 
potassium tri?uoro-methanesulfonamide CF3SO2NHK in 
60 ml of an anhydrous acetonitrile at 0° C. during 2 hours; 
folloWed by a reaction period at room temperature for 24 
hours. After evaporation of the solvent; the product Was 
recrystalliZed in 20 ml of Water. After ?ltration and drying; 
17.22 g of the potassium salt of trifuoromethane-sulfonyl(2 
propenesulfonyl)imide CH2=CHCH2SO2NKSO2CF3 (66% 
yield) having a purity characteriZed by a proton and ?uorine 
RMN higher than 98%. 

[0167] Microanalysis has given: H 1.68 (1.73); C 16.22 
(16.49); N 4.6 (4.81); F 19.12 (19.57); 8 22.29 (22.01); K 
13.23 (13.42). 
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[0168] According to the same process; the potassium salt 
of penta?uoroethanesulfonyl(2-propene-sulfonyl)imide 
(69% yield) Was obtained from the potassium salt of pen 
ta?uoroethanesulfonamide obtained in Example 5. 

[0169] These salts have the characteristic of homo- or 
copolymeriZing by a polymeriZation Which is initiated by 
free radical polymeriZation or by means of an ole?n poly 
meriZation catalyst of the Ziegler-Natta type; such as a 
Zircanocene; and more generally; they are characteriZed by 
being able to undergo chemical reactions inherent to ethyl 
enic bonds. 

EXAMPLE 13 

3,4-Epoxyprop ane-1 -Sulfonyl(Tri?uoromethane 
sulfonyl)Imide 

[0170] To 11.65 g (40 mmoles) of the potassium salt of 
tri?uoromethanesulfonyl(2-propenesulfonyl)imide; 
obtained in Example 12; in 100 ml of Water; there Were 
added 6.9 g (40 mmoles) of 3-chloroperoxybenZoic acid 
obtained according to the procedure described by SchWartZ 
& Blumbergs (J. Org. Chem.; (1964); 1976). After 1 hour of 
strong stirring; the solvent Was evaporated and the residue 
Was recrystalliZed in 15 ml ethanol. After ?ltration and 
drying; 7.5 g of the potassium salt of 2,3-epoxy-propane-1 
sulfonyl(tri?uoromethane-sulfonyl)imide (61% yield) hav 
ing a purity characteriZed by proton and ?uorine RMN 
higher than 98% Were recovered. 

[0171] Microanalysis has given: H 1.84 (1.64); C 15.2 
(15.63); N 4.99 (4.56); F 18.01 (18.55); 8 20.15 (20.87); K 
12.01 (12.72). 

O 

[0172] According to the same procedure; there is obtained 
the potassium salt of a 2,3-epoxypropane-1-sulfonyl(pen 
ta?uoroethanesulfonyl)imide from the potassium salt of 
penta?uoroethanesulfonyl(2-propene-sulfonyl)imide 
obtained in Example 12. 

O 
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[0173] Lithium salts Were obtained by treating potassium 
salts in anhydrous tetrahydrofurane With the stoichiometric 
quantity of anhydrous lithium chloride, ?ltration of the 
reaction mixture, evaporation of the solvent and drying 
under vacuum. 

[0174] These salts may be homo- or copolymeriZed by 
means of a polymerization initiated by anionic or cationic 
means. More generally, they may undergo chemical reac 
tions Which are inherent to oxetanes. 

[0175] The homopolymer of 2,3-epoxypropane-1-sulfo 
nyl(tri?uoromethane-sulfonyl)imide Was prepared by poly 
meriZation in tetrahydro?urane Which Was initiated by 
anionic polymeriZation With potassium tert-butoxide, then 
the polysalt of lithium Was prepared by ionic exchange With 
anhydrous lithium chloride. The latter has a conductivity in 
a gelled medium (21% by Weight of polyacrylonitrile, 38% 
ethylene carbonate, 33% propylene carbonate, 8% 
homopolymer) of 1.1><10_3 S.cm_1 at 30° C. The cationic 
transport number of this electrolyte is 0.82. Moreover, this 
homopolymer is soluble in most of the usual organic sol 
vents (tetrahydrofurane, acetonitrile, dimethylformamide, 
ethyl acetate, glymes, . . . ) and in aprotic solvating poly 
mers. 

EXAMPLE 14 

Vinylsulfonyl(Tri?uoromethanesulfonyl)Imide 

[0176] To a solution at 0° C. and under argon of 8.15 g (50 
mmoles) of 2-chloro-1-ethane-sulfonyl chloride 
ClCHZCHZSOZCl (commercially available from Aldrich) 
and 7.45 g (50 mmoles) of tri?uoromethanesulfonamide 
CF3SO2NH2 in 25 ml of anhydrous tetrahydrofurane, there is 
added drop-Wise during 30 min, a solution of 16.83 g (150 
mmoles) of DABCO diluted in 25 ml of anhydrous tetrahy 
drofurane. After the end of the addition of the base, the 
reaction is continued during 2 hours at 0° C., and then for 24 
hours at room temperature. The reaction mixture Was then 
?ltered to remove the DABCO hydrochloride formed. Then, 
2.12 g of anhydrous lithium chloride (50 mmoles) Were 
added, the reaction mixture Was stirred during 24 hours, and 
it is again ?ltered to remove the DABCO hydrochloride 
formed. After evaporation of tetrahydrofurane and drying, 
11.89 g of the lithium salt of tri?uoromethanesulfonyl(vi 
nylsulfonyl)imide CH2=CHSO2NLiSO2CF3 (98% yield) 
Were recovered having a purity Which is characteriZed by a 
proton and ?uorine RMN higher than 98%. 

[0177] Microanalysis has given: H 1.28 (1.23); Li 2.78 
(2.83); c 14.91 (14.7); N 5.82 (5.71); F 22.5 (23.25); s 25.8 
(26.16). 

[0178] According to the same process, the lithium salt of 
per?uorobutanesulfonyl)vinyl-sulfonyl)imide (99% yield) 
Was obtained from the per?uorobutanesulfonamide obtained 
in Example 4. 
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[0179] These salts may be homo- or copolymeriZed by a 
polymeriZation Which is initiated by free radical polymer 
iZation. More generally, they may undergo chemical reac 
tions Which are inherent to activated vinyl bonds, in par 
ticular additions of Michael, With for example an alcoholate. 

EXAMPLE 15 

7,8-Octene -3,6-Oxa-1 -Sulfonyl(Tri?uoromethane 
Sulfonyl)Imide 

[0180] To 2.2 g (25 mmoles) of ethylene glycol vinyl ether 
CH2=CHO(CH2)2OH in 60 ml of anhydrous dimethylfor 
mamide, there is added 6.13 g (25 mmoles) of the lithium 
salt of vinylsulfonyl-(tri?uoromethanesulfonyl)imide, 
obtained in Example 14, 5.87 g of anhydrous potassium 
carbonate KZCO3 (42.5 mmoles) and 330 mg (1.25 mmoles) 
of a croWn ether, 18-CroWn-6 (acting as complexing agent 
of the potassium cation). The reaction mixture Was then 
stirred under argon at 85° C. After 48 hours, the reaction 
mixture Was ?ltered on a fritted glass of porosity N° 3, and 
the solvent Was evaporated under reduced pressure. After 
drying, the compound Was recrystalliZed in 10 ml of Water 
containing 1.86 g (25 mmoles) of anhydrous potassium 
chloride KCl. After ?ltration and drying, 5.66 g of the 
potassium salt of 7,8-octene-3,6-oxa-1-sulfonyl(tri?uo 
romethane-sulfonyl)imide (62% yield) having a purity char 
acteriZed by a proton and ?uorine RMN higher than 98% 
Was recovered. 

[0181] Microanalysis has given: H 3.12 (3.03); C 23.26 
(23.01); N 3.77 (3.83); F 15.89 (15.6); 8 17.12 (17.55); K 
10.23 (10.7). 

[0182] There is obtained a quantitative yield of the lithium 
salt by treatment of the potassium salt in anhydrous tetrahy 
drofurane With the stoichiometric quantity of anhydrous 
lithium chloride, ?ltration of the reaction mixture, evapora 
tion of the solvent and drying under vacuum. 

[0183] This salt may be homopolymeriZed by cationic 
polymeriZation. It may also be copolymeriZed by cationic 
polymeriZation, optionally by polymeriZation Which is alter 
nated With an unsaturated monomer. More generally, it may 
undergo chemical reactions Which are characteristic of alkyl 
vinyl ethers. 

[0184] The homopolymer prepared by polymeriZation in 
anhydrous acetonitrile initiated by cationic polymeriZation 
With bis(tri?uoromethanesulfonyl)imide has a conductivity 
at a concentration of 0.8 M in a mixture of dimethylcarbon 
ate and ethylene carbonate (2:1) of 6x10“3 S.cm_1 at 30° C. 
Moreover, this homopolymer is soluble in most of the 
knoWn organic solvents (tetrahydrofurane, acetonitrile, dim 
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ethylformamide, ethyl acetate, glymes, . . . ) and in the 
aprotic solvating polymers such as poly (ethylene oxide). 

[0185] EXAMPLE 16 

4—Styrenesulfonyl(Tri?uoromethanesulfonyl)Imide 
[0186] In 100 ml of anhydrous tetrahydrofurane under 
argon at 0° C., 20.27 g (10 mmoles) of 4-styrenesulfonyl 
chloride CH2=CHC6H4SO2Cl (commercially available 
from Monomer-Polymer & Dajac Laboratories) Were 
reacted With 14.91 g (10 mmoles) of tri?uoromethane 
sulfonamide CE3SO2NH2 and 22.44 g (20 mmoles) of 
(DABCO). After 2 hours at 0° C. and 48 hours at room 
temperature, the solution Was ?ltered to remove the DABCO 
hydrochloride formed, and it Was thereafter treated With 424 
mg (10 mmoles) of anhydrous lithium chloride, Which is 
stored and Weighed in a glove box. Immediately, a precipi 
tate of DABCO hydrochloride Was formed and the reaction 
mixture Was then again ?ltered after stirring for 6 hours. 
After evaporation and drying under vacuum, during 24 
hours at room temperature, 31.16 g of the lithium salt of 
tri?uoromethane-sulfonyl(4-styrenesulfonyl)imide Were 
recovered Which have a purity characteriZed by a proton and 
?uorine RMN higher than 97%. 

[0187] Microanalysis has given: H 2.4 (2.2); Li 2.56 
(2.16); c 33.15 (33.65); N 4.79 (4.36); F 17.14 (17.74); 5 
19.51 (19.96). 

[0188] According to the same process, lithium salts of 
?uorosulfonyl(4-styrenesulfonyl)-imide (98% yield) Were 
prepared from the ?uorosulfonamide obtained in Example 2, 
of penta?uoroethanesulfonyl(4-styrenesulfonyl)imide (97% 
yield) from the penta?uoroethanesulfonamide obtained in 
Example 5 and of per?uorobutanesulfonyl(4-styrenesulfo 
nyl)imide (99% yield) from the per?uorobutanesulfonamide 
obtained in Example 4. 

Li’r 

[0189] These salts may be homo- or copolymeriZed by 
polymeriZation initiated by anionic, cationic and more par 
ticularly free radical means. They may also be grafted on a 
polymer matrix such as vinylidene poly?uoride by irradia 
tion. 

[0190] The homopolymers obtained by free radical poly 
meriZation in deaerated Water, initiated by cyanovaleric acid 
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at 60° C. are soluble in the usual organic solvents and in 
aprotic solvating polymers. In poly(ethylene oxide) at a 
concentration O/Li of 16/1, these salts have a conductivity 
z6><10_4 S.cm_1 at 100° C. Moreover, in a concentrated 
solution in acetone (m1 M as lithium cation), these 
homopolymers may be used as catalysts in Diels-Alder 
reactions, and in this Way they act as chemical micro 
reactors. 

Example 17 

5 -(4-Methylene- 1 ,3 —Dioxolane)-2-Furanesulfonyl 
(Tri?uoromethanesulfonyl)Imide 

[0191] 5.18 g (15 mmoles) of the potassium salt of trif 
luoro-methanesulfonyl(5—formyl-2-furanesulfonyl)imide, 
1.66 g (15 mmoles) of 3-chloro-1,2-propanediol 
ClCH2CH(OH)CH2(OH) (commercially available from 
Aldrich) and m1 mg of p-toluenesulfonic acid monohydrate 
Were mixed in 30 ml of toluene. An aZeotropic distillation 
Was then carried out until the appearance of Water in the 
Dean-Stark ceased to be observed. After evaporation of the 
solvent, the product obtained Was recrystalliZed in 10 ml of 
Water. After ?ltration and drying, 5.13 g of the potassium salt 
of 5-(4-methylene-1,3-dioxolane)-2-furanesulfonyl(tri?uo 
romethane-sulfonyl)imide (82% yield) Were recovered, and 
this product had a purity determined by proton and ?uorine 
RMN higher than 98%. 

[0192] Microanalysis has given: C 26.65 (26.93); H 1.89 
(1.76); N 3.99 (3.49); 5 15.28 (15.98); F 13.8 (14.2); K 9.41 
(9.74). 

O 

[0193] A quantitative yield of the lithium salts Was 
obtained by treatment of the potassium salt in anhydrous 
tetrahydrofurane With a stoichiometric quantity of anhy 
drous lithium chloride, ?ltration of the reaction mixture, 
evaporation of the solvent and drying under vacuum. 

[0194] This salt may be homo- or copolymeriZed by a 
polymeriZation initiated by cationic or free radical means. 
The homopolymer of this salt Was obtained by photopoly 
meriZation, Which is initiated by cationic means through 
irradiation of tris(4-methylphenyl)sulfonium hexa?uoroan 
timonate With a U.V. lamp during 10 min at 36° C. It has a 
conductivity at a concentration of 0.5 M in tetraethylsulfa 
mide (C2H5)2NSO2N(C2H5) of 4x10“3 S.cm_1 at 20° C. 

EXAMPLE 18 

1 -Acryloyl-2,2,2-Tri?uoroethanesulfonyl-(Tri?uoro 
Methanesulfonyl)Imide 

[0195] By operating in a glove box under argon, 7.53 g (25 
mmoles) of the lithium salt of tri?uoromethanesulfonyl(2, 
2,2-ti?uoro-ethanesulfonyl)imide CF3CH2SO2NLiSO2CF3, 
prepared as in Example 9, Were solubiliZed in 15 ml of 
anhydrous tetrahydrofurane. After adjusting the temperature 
of this solution to —20° C., 50 ml of a 1 M solution (25 
mmoles) in tetrahydrofurane of sodium bis(trirethylsilyl)a 
mide ((CH3)3Si)2NNa (commercially available from Ald 
rich) Were added. After 15 nin, there is sloWly added 2.26 g 
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(25 mmoles) of acryloyl chloride CH2=CHCOCl previ 
ously puri?ed by distillation under vacuum. The reaction 
Was continued during 2 hours at —20° C., and the reaction 
mixture Was ?ltered to remove the precipitate of sodium 
chloride. The solvent Was then evaporated and there is 
obtained after drying under vacuum at room temperature 8.7 
g (98% yield) of the lithium salt of tri?uoromethanesulfo 
nyl(1-acryloyl-2,2,2-tri?uoroethanesulfonyl)imide 
CH2:CHCOCH(CF3)SO2NLiSO2CF3 having a purity char 
acteriZed by a proton and ?uorine RMN higher than 98%. 

[0196] Microanalysis has given: H 1.26 (1.14); Li 1.69 
(1.95); c 20.06 (20.29); N 3.79 (3.94); F 32.33 (32.1); 8 
18.26 (18.05). 

CF3 Li+ 
6 

CH2: CHCCHSO2NSO2CF3 

O 

[0197] This salt may be homo- or copolymeriZed by 
photopolymeriZation in the presence of a photo-sensitiZer. 

[0198] There is prepared a mixture containing this salt (16 
Weight %), a poly(ethylene glycol) dimethacrylate having a 
molar Weight of 600 g/mole (81 Weight % commercially 
available from Aldrich), particles of silica having a speci?c 
surface of 300 m2/g (3 Weight %, Aerosil, commercially 
available from Degussa AG) and xanthone. This solution 
Was deposited With a reel on a glass plate covered With a 
layer of tungsten trioxide WO3 and a conductive sub-layer of 
tin oxide. There is obtained a membrane Which is optically 
transparent in the visible range and Which adheres on the 
support by photopolymeriZation initiated by irradiation by 
means of UV. lamp during 10 min at 32° C. Then, an 
electrochrome system Was prepared by assembling in a 
glove box a counter-electrode consisting of the deposit on a 
glass plate of a layer of hydrogenated iridium oxide HXIrO2 
and a sub-layer of tin oxide. This electrochrome has given a 
variation of the optical absorption from 80% (discoloured 
state) to 30% (coloured state) and good performances in 
cycling. is thus possible to produce a number of cycles of 
coloring/discoloring greater than 20,000. 

EXAMPLE 19 

3-Maleimidopropanesulfonyl(Tri?uoromethane 
Sulfonyl)Imide 

[0199] To a solution of 2.43 g of maleimide (25 mmoles) 
in 20 ml of anhydrous tetrahydrofurane there Were added by 
portions 215 mg of lithium hydride LiH (27 mmoles). After 
1 hour, a potassium salt of tri?uoromethanesulfonyl(3 
chloropropane-sulfonyl)imide prepared as in Example 8 Was 
added to the ?ltered solution. The reaction Was continued 
during 24 hours at 60° C., and the reaction mixture Was 
?ltered to remove the potassium chloride KCl precipitate, 
the solvent Was evaporated and the product Was dried. There 
is thus obtained 8.37 g (94% yield) of the lithium salt of 
tri?uoromethanesulfonyl(3-maleimido-propanesulfonyl)im 
ide (—COCH=CHCO—)N(CH2)3SOZNLiSOZCF3 having 
a purity characteriZed by a proton and ?uorine RMN z96%. 
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[0200] Microanalysis has given: H 2.15 (2.26); Li 2.15 
(1.95); c 26.72 (26.97); N 7.66 (7.86); F 16.54 (16); 8 18.25 
(18). 

O 

[0201] According to the same process, the lithium salt of 
penta?uoroethanesulfonyl(3-maleimido-propanesulfo 
nyl)imide (98% yield) Was obtained from the potassium salt 
of penta?uoroethane-sulfonyl(3-chloropropanesulfonyl)im 
ide obtained in Example 8. 

O 

[0202] These salts may be homopolymeriZed by free radi 
cal or anionic polymerization or can be copolymeriZed by 
anionic or free radical polymeriZation optionally by poly 
meriZation alternated With an electron donor monomer 

(N-vinyl-2-pyrrolidone, N-vinyl formamide, vinyl ether, . . 

[0203] The homopolymer prepared by polymeriZation in 
anhydrous tetrahydrofurane at —78° C., initiated by anionic 
polymeriZation With sec-butyllithium, is soluble in the usual 
organic solvents (tetrahydrofurane, acetonitrile, dimethyl 
formamide, ethyl acetate, glymes, . . . ) and in aprotic 
solvating polymers such as poly (ethylene oxide). 

EXAMPLE 20 

2-(Triethoxysilyl)Ethanesulfonyl(Tri?uoromethane 
Sulfonyl)Imide 

[0204] In a Parr chemical reactor, there is introduced a 
solution of 9.36 g (50 mmoles) of the potassium salt of 
tri?uoromethanesulfonamide CF3SO2NHK and 264 mg of a 
potassium cation complexing croWn ether, 18-CroWn-6, in 
60 ml of anhydrous acetonitrile. After closing the reactor, 
?ushing With argon Was carried out during 15 min before 
isolating it. There Were then introduced 6.41 g (50 mmoles) 
of sulfur dioxide SO2 (commercially available from Fluka) 
and, after 10 min, 9.52 g (50 mmoles) of vinyltriethoxysi 
lane (commercially available from Fluka) in solution in 20 
ml of anhydrous acetonitrile. After 6 hours at room tem 
perature, the temperature of the reactor Was raised to 40° C. 
and Was kept at that temperature during 48 hours, and the 
solvent Was evaporated. After drying under vacuum, the 
product Was stored under argon. A quantitative yield of the 
potassium salt of tri?uoromethanesulfonyl(2-triethoxysi 
lyl)ethane-sulfonyl)imide having a purity characteriZed by a 
?uorine and proton RMN higher than 99% Was recovered. 




























































