1 DESCRI PTI ON PROCESS FOR PRODUCTI ON OF FLUORCSULFONYLI M DE AMVONI UM
SALT 5 TECHNI CAL FI ELD [ 0001] The present invention relates to
a process for producing a fluorosul fonyl]i mde amoniumsalt. Mre
specifically, the present invention reI%tes to a process for 10
produci ng a fluorosul fonylimde ammoniumsalt with good efficiency
and maxi mum suppression of the cor?@d¥REYIION of metal inpurities that
degrade el ectrolyte properties and the |iKke. Priority is

cl ai med on Japanese Patent Application No. 2011-027563, filed
February 10, 2011, the content of which is incorporated herein by

reference. 15 BAGRGREMNOFORTPRODIRITION OF FH/UOROSULFOWYLINIHASE sal t s

are useful conpounds in a wide variety of fields, and are used as
el ectrol ytes, as additives addedAWQKBUM eddldol ytes of fuel cells,
and as 20sel ective el ectron withdrawi ng conmpounds and the |ike (see
Pat ent” Docunent 1). Fluorosulfonylimde alkali netal salts and

USing an al kal | metal compound of RS Bpound. ) oS

Fl uorosul fonyli m de anmoni um salts are useful as production

i nt er medi at es FAP1F | uorosul fonylim de alkali netal salts and

fluorosul fonylimde oniumsalts other than the 25anmoni um salts.
The present invention relates to a process for producing a fluorosulfonylimide

ammonium salt. More specifically, the present invention relates to a process for
10 producing a fluorosulfonylimide ammonium salt with good efficiency and maximum
suppression of the contamination of metal impurities that degrade electrolyte properties
and the like.
Priority is claimed on Japanese Patent Application No. 2011-027563, filed
February 10, 2011, the content of which is incorporated herein by reference.
15
BACKGROUND ART
[0002]
Fluorosulfonylimide salts are useful compounds in a wide variety of fields, and
are used as electrolytes, as additives added to the electrolytes of fuel celis, and as
20  selective electron withdrawing compounds and the like (see Patent Document 1).
Fluorosulfonylimide alkali metal salts and various fluorosulfonylimide onium salts can
be obtained by reactions using an alkali metal compound or an onium compound.
Fluorosulfonylimide ammonium salts are useful as production intermediates for
fluorosulfonylimide alkali metal salts and fluorosulfonylimide onium salts other than the

25  ammonium salts.



2 [0003] Vari ous processes have been proposed for synthesizing
fluorosul fonylimde amoni um salts. For exanple, Non-Patent Docunent
1 discloses a process of synthesizing di (fl uorosul fonyD m de
anmoni um salt fromdi (fl uorosul fonyflinmde and 5 ammoni a.

Pat ent Docunent 2 discloses a process for synthesizing a

bi s[ di (f1uoros[R%08hyflinide] oniumsalt by reacting

di (chl orosul fonyl)imde with an onium conpound to obtain a

chl or osul f onyl Vatioes procassesdalve beangtopdeed foreyathesiging fluveraalfonylsailde
with a fluoride containing at | east one elenment selected fromthe

group 10cgffionfunisal@f Fet emmipls Mdn-BaemDdchnteAt YURERsdD pracésierfourth
period to sixth period (but excluding arsenic and antinony). Exanples

of the fl i de: g ' : [ S i 1N
pat ent DodiuisaiE PR BnhiniBt A 08 <3 RGARHBRELBR e and
(CuF2). and_bi snuth fluoride (Bi F2). These conpounds are all solid
subst ance¥EO™for mal tenperature. 15Further, Non-Patent Docunments 2
and 3 disclose_a process for directly synthesizing

di (f1 uor osul f oRgteptiPerasncnt 3 disglosestd proeess Proypthesigingds usi ng ar seni ¢
trifluoride (AsF3) or antinony trifluoride (SbF3) as a fluorinating
agent . DOSsMHNTST oS fetBNREID | ARTIN? HRATERICt DEEAUNRNTS ul oL Ratvithtan
Docunent 1: Published Japanese Translation No. Hei 08-511274 of PCT
Pat ent  Doghii@ompoud @RASKIEE aléhwfamlﬁﬁglixﬁﬁie%ﬁmﬁ@ﬂ't 268 thepteadting Shis
Publ i cati on No. 2010- 168308 25NON- PATENT DOCUMENTS

onium salt with a fluoride containing at least one element selected from the group

10 consisting of elements of group 11 to group 15 in the fourth period to sixth period (but
excluding arsenic and antimony). Examples of the fluoride available in the production
process described in Patent Document 2 include zinc fluoride (ZnF3), copper fluoride
(CuF,) and bismuth fluoride (BiF,). These compounds are all solid substances at normal
temperature,

15 Further, Non-Patent Documents 2 and 3 disclose a process for directly
synthesizing di(fluorosulfonyl)imides from di(chlorosulfonyl)imides using arsenic

trifluoride (AsFs3) or antimony trifluoride (SbF3) as a fluorinating agent.

DOCUMENTS OF RELATED ART
20 PATENT DOCUMENTS
[0004]
Patent Document 1: Published Japanese Translation No. Hei 08-511274 of PCT
Patent Document 2: Japanese Unexamined Patent Application, First Publication No.
2010-168308

25 NON-PATENT DOCUMENTS



3 [0005] Non-Patent Docunent 1: Zeitschrift flier Chem e (1987),
27(6), 227-8 Non-Patent Docunent 2: John K Ruff and Max Lusti g,
Inorg. Synth., 11, 138 to 140 (1968) 5Non-Patent Docunent 3: Jeani ne

M Shreeve et al., Inorg. Chem, 1998, -37(24), 6295 to 6303
DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON
10[ 0006] [OPR&l di (f| uor osul fonyl )inide available as a starting

material in the synthetic process disclosed in Non-Patent Docunent 1
can be obNem-Fattnblpotumeeaitilngeisetrifirfedi Clegnae d1987), 20(@s227-8nyl ) i m de
salt with a strong acid. However, because di (fluorosulfonyl)imde is

itsel f a NbhPagnfDoeumém Y Sdhni 12l R @Al Maxdhsti SR SyighNol, BB%%-140
15Al t hough there is a process for synthesizing

di (fluoro %g)onyl )imde using an ion exchange resin, steps thereof
are conpl ex, ‘and the process is not suitable for industrial

roduction. Ln t synt hetic pr s _di scl osed inp, Pat

becaude «Han ek Boflhie! iknReds Thettechalnroe: Cane 10037 Shsto
deterioration in the electrolyte properties, the 20 netal el enent
derived f$3% the fluoride nust be renoved. hi order to conpletely
remove the nmetal elenent, a conplex refining operation nust be

per formed. The AsF3 available in the synthetic process

di scl osed in Non-Patent Document 2 or 3 is conparatively expensive.

Both As and Sb are el enents DHIBELEXORBIGF BNVENITIORvel of toxicity,
and therefore workability is problematic. Particularly in the case of
the PROBLEMS TO BE SOLVED BY THE INVENTION
10 [0006]
The di(fluorosulfonyl)imide available as a starting material in the synthetic
process disclosed in Non-Patent Document 1 can be obtained by treating and freeing a
di(fluorosulfonyl)imide salt with a strong acid. However, because
di(fluorosulfonyl)imide is itself a strong acid, industrial production thereof is not easy.
15 Although there is a process for synthesizing di(fluorosulfonyl)imide using an ion
exchange resin, steps thereof are complex, and the process is not suitable for industrial
production.
In the synthetic process disclosed in Patent Document 2, because the metal
element derived from the fluoride causes a deterioration in the electrolyte properties, the
20  metal element derived from the fluoride must be removed. In order to completely
remove the metal element, a complex refining operation must be performed.
The AsF; available in the synthetic process disclosed in Non-Patent Document 2
or 3 is comparatively expensive. Both As and Sb are ¢lements that exhibit a high level of

toxicity, and therefore workability is problematic. Particularly in the case of the

25  synthetic process using AsFs, compounds that are difficult to be separated from the target



25synt hetic process using AsF3, conpounds that are difficult to be
separated fromthe target 4 product are produced as by-products. As
a result, the synthetic process disclosed in Non-Patent Docunents 2
or 3 is unsuitable for industrial production. [0007] An object of the
present invention is to provide a process for producing a 5 _

f 1 uor osul ProAYStian predueadmsibirareducts. vikg aregulbdhe sinthstiemegceandisetasadrinifon-
suppression of the contam nation of netal inpurities that degrade

el ect r ol yPateprpantens aritistulhsuitablecfpr andstaibbarotlactipnovi de a process
for producing a fluorosul fonylimde salt containing no netal
impurities thapoggprade el ectrolyte properties and the like fromthe
fluorosul fonyl1 mde amoniumsalt. 10 MEANS TO SOLVE THE PROBLEMS

[ nvest i gat i ons i oyt BesRiaRlioh BMERoAR, UBRHL S pkBhaIE R ©

i nvestigations 1n ove 0 aresult they

di scovered that_ by.reacting a specific 15chl.orosul fonylimde anmoni um
Sal ¢ ovi P EROEE o B B et Sen IR 40 B MM sbpRErTon of
could be synthesized in an industrially sinple manner. Further, they
al so di sc@@@p@t@wnﬁé@nwm@éempwaqsﬁbattdég@d@megﬁwlm properties and the like, and
fluorosul fonylimde ammoniumsalt with an alkali netal conpound or

t he |i ke, algo fol provids alpf@reyd fonprieluaink al fluosestudfonglahide galt tdretaihingmo metal
containing no netal inpurities that degrade el ectrolyte properties

and the |ingfriies et BerRodéctionre propBRich RS BTdt1ikeMY R tHeduorstl BAVRh R ed
on the basis of these findings. [0009] In other words, the present
i nventionginel sides, 4 he fol l ow ng aspects.
10
MEANS TO SOLVE THE PROBLEMS
[0008]
The inventors of the present invention undertook intensive investigations in order
to achieve the above object. As a result they discovered that by reacting a specific
15 chlorosulfonylimide ammonium salt with hydrogen fluoride, a fluorosulfonylimide
ammonium salt could be synthesized in an industrially simple manner. Further, they also
discovered that by reacting the thus obtained fluorosulfonylimide ammonium salt with an
alkali metal compound or the like, a fluorosulfonylimide alkali metal salt or the like
containing no metal impurities that degrade electrolyte properties and the like could be
20  obtamed. The present invention was completed on the basis of these findings.
[0009]
In other words, the present invention includes the following aspects.

(1) A process for producing a fluorosulfonylimide ammonium salt represented by

formula [II] (hereafter also referred to as "compound [II]"), the process including



(1) A process for producing a fluorosul fonylimde anmoni um sal t
represented by fornula [II] (hereafter also referred to as "conpound
[I1]"), the process including 5 react |O{1g a conpound represent ed by
formula [1] (hereafter also referred t "conpound [I]") and
hydrogen fl uoride. (2) The process discl osed above in él), further
i ncl udi ngrepetinga W@wdmmtqd@rfemﬁﬂéﬂ (hgreaftar alsbaeferred jo Ehepmpdoist
also referred to as "conpound [M") wth Sammonia or a salt thereof

t o obt ai n[I}'hand byrogerdfluepleesented by forrmula [1]. (3) A process for
produci ng a fluorosul fonylimde salt represented by formula [W

(her eaf t ep) af 1RO rb&dse Hfs@%sécpalﬁﬁre n?Pl']Pﬁ?rHﬂQ‘ ihéMbmk reddiBg Brcgﬁl%gﬁnd

i ncl udi ng reactl ng the fluorosul fonyli mde amobni um salt represent ed

by formul ’ (2)
Cwen ar 1RspbiseERE BeBaE: 0 Mok RRS Rt oI SRR ST g of
aIkaIr metal co un 0 ounds and or gani npounds
(00205 0 TGRIAL Al TtgsoL40 ObER B FoDpaTEeRI R T
represents a fluorine atom a chlorine atom or a fluoroal kyI roup
havi ng | t@) 6A passenionpwdscing@diupyosulfonylimide salt represented by formula[ ?

(hereafter also referred to as "compound [IV]"), the process including reacting the
fluorosulfonylimide ammonium salt represented by formula [II] obtained by the process
disclosed above in (1) or (2) with at least one compound selected from the group

10 consisting of alkali metal compounds, onium compounds and organic amine compounds.

[0010]
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[0011]
In formula [I], R' represents a fluorine atom, a chlorine atom, or a fluoroalkyl

15  group having 1 to 6 carbon atoms.
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5
SN //S\R2
00 (II)

NHj

[0013]
In formula [IT], R* represents a fluorine atom or a fluoroalkyl group having 1 to 6
20  carbon atoms.

[0014]



[ O,,- O H\\INL1 NH4,Sz '--S, 2 Fr \\ N-RO O[II] _ [0013] In
formula [I11], R2 represents a fluorine atomor a fluoroal kyl group
having 1 to 6 20carbon atons. [0014] 660 0

o H o
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[0015]
In formula [I11], R is the same as defined above in formula [I].

[0016]
0 - 0
n+ N LN

N\
F e R

Z

[0017]

In formula [IV], M"" represents an alkali metal cation or an onium cation
(excluding NH4"), n corresponds with the valency of the alkali metal cation or onium
cation (excluding NH4") and is an integer of 1 to 3, and R? is the same as defined above

10 in formula [II].

[0018]
{4) The process disclosed above in (3), wherein the compound reacted with the
fluorosulfonylimide ammonium salt represented by formula [II] is an alkali metal
hydroxide or a tertiary amine compound, and M"" in formula [TV] represents an alkali

15  metal cation or a tertiary ammonium cation.

EFFECTS OF THE INVENTION
[0019]
The present invention enables a fluorosulfonylimide ammonium salt to be

20 produced in an industrially efficient manner. Further, by reacting the thus obtained



1/ S, a\W0O0-RJ[Ill) [0015] In formula [IIl], R is the
sane as defined above in formula [I].

7
fluorosulfonylimide ammonium salt with an alkali metal compound or the like, another
fluorosulfonylimide salt containing no metal impurities that degrade electrolyte

properties and the like can be produced.

5 EMBODIMENTS OF THE INVENTION

[0020]

In the following description, unless specifically stated otherwise, the term
"fluorosulfonylimide” refers to di(fluorosulfonyl)imide having two fluorosulfonyl groups
and N-(fluorosulfonyl)-N-(fluoroalkylsulfonyl)imides having a fluorosulfonyl group and

10 afluoroalkylsulfonyl group. Further, the term "chlorosulfonylimide” is similarly defined.
The aforementioned term "fluoroalkyl" describes an alkyl group of 1 to 6 carbon atoms
in which at least one hydrogen atom has been substituted with a fluorine atom, and
examples thereof include a fluoromethyl group, difluoromethyl group, trifluoromethyl
group, fluoroethyl group, difluoroethyl group, trifluoroethyl group, and pentafiuoroethyl

15  group.

[0021]

(Process for Producing Compound [I1])

The process for producing a compound [1I] according to the present invention
includes a step of reacting a compound [1] and hydrogen fluoride.

20 [0022]

The compound [I] available in the present invention is a compound represented
by formula [I].

[0023]



[0016] [ O kc O rvint S 00 R [0017] In formula [1V], IVIn+
represents an al kali netal cation or an oniumcation (excluding

NH4+) ,

n corresponds wth the val ency the al kali netal cation or

oni um cation (excluding NH44) and is aminteger of Ito 3, and R2 is

the sane as def
di scl osed abov

ed above 10in_forrmula [I1]. [0018] (4) The process
|ﬁ)(3) whe@ei t he conpound reacted wth the

fl uor osul X*llmdé iffimsalt represented by formula [I1] is an
al kali me {.:gxg e or/ a~ L dr |ary am ne conpound, and M+ in
forrrula[l\/j r se a | i taI cation or a tertiary
amoni um cat i on— EFFE INVE ON [ 0019] The

pr esent

I nventi on enabl es a fI uor osul fonyl I mde amoniumsalt to be

20produced in HM2édhdustrially efficient manner. Further, by reacting
t he thus obt ai ned

10

15

20

In formula [I], R' represents a fluorine atom, a chlorine atom, or a fluoroalkyl
group having 1 to 6 carbon atoms. Of these, R' is preferably a chlorine atom.

[0025]

The number of carbon atoms constituting the fluoroalkyl group for R! is from 1 to
6, preferably from 1 to 4, and more preferably from 1 to 2. Examples of the fluoroalkyl
group include a fluoromethyl group, difluoromethyl group, trifluoromethyl group,
fluoroethyl group, difluoroethyl group, 2,2,2-trifluoroethyl group, pentafluoroethyl group,
3,3,3-triﬂluoropropyl group, perfluoro-n-propyl group, fluoropropy! group,
perfluoroisopropyl group, fluorobutyl group, 3,3.4,4,4-pentafluorobutyl group, perfluoro-
n-butyl group, perfluoroisobutyl group, perfluoro-t-butyl group, perfluoro-sec-butyi
group, fluoropentyl group, perfluoropentyl group, perfluoroisopentyl group, perfluoro-t-
pentyl group, fluorohexyl group, perfluoro-n-hexyl group and perfluoroisohexyl group.
Among these groups, a trifluoromethyl group, pentafluoroethyl group or perfluoro-n-
propyl group is preferable, and a trifluoromethyl group or pentafluoroethyl group is more
preferable.

[0026]

Specific examples of the compound [I] include ammonium N-(chlorosulfonyl)-N-
(fluorosulfonyl)imide, ammonium di(chlorosulfonyl)imide, ammonium N-
(chlorosulfonyl)-N-(trifluoromethylsulfonyl)imide, ammonium N-(chlorosulfonyl)-N-
(pentafluorocthylsulfonyl)imide, and ammonium N-(chlorosulfonyl)-N-(perfluoro-n-

propylsulfonyl)imide.



7 fluorosul fonylimde anmoniumsalt with an al kali netal conpound or
the |ike, another fluorosulfonylimde salt containing no netal
inpurities that degrade el ectrol yte pgﬁferties and the |i ke can be
produced. 5EMBODI MENTS OF THE | NVENTI [0020] In the follow ng
description, unless specifically stated otherwi se, the term

"f 1 uorosul fony[Q0@VHe" refers to di (fluorosul fonyl)im de having two
fl uorosul fonyl groups and

N- (f1 uorosul f omiérg afd #d particiad lktitaionk of vied ﬁb"l’odﬁs ub@MioR Producing the
fl uor osul fonyl group and 10a fl uor oal kyl su onyI group. Further, the

term " chl gRsdnliqny! (%{s@ C]ﬂ@ﬁbarrbé gﬁica s fg{ ﬁ%dgﬁflb y&gn@gfgméésgﬂﬁq

term"fl uoroa Kyl es group- o on atons In

o ot oot A R TR B 1o e

di fl uar onet hyl _gr oup rifluoronmethyl group, fluagroethyl group
di f 1 uor oet hyl 5¥WGS @fammealﬂéélﬂwallablsubtheéw hgsinfeaftiqnofop dhergpmpound
15group. [0021] (Process for Producing Compound [I1]) The

process f Bl inshudaoinmapismdieligesisnch pd arhmavivior dilogde, empioaiypn beemide and
invention includes a step of reacting a conpound [I] and hydrogen
fl uori de. adpAR@Riodkize conpound [I] available in the present
invention is a conpound represented by fornmula [1]. [0023]

[0028]

The compound [II1] is a compound represented by formula [I1I].

10 [0029]

o H o
N\ N7
RS S\ 1
cl”\\ /"R
0 0O (111)
[0030]
In formula [I11], R" is the same as defined above in formula [I].
[0031]

I5 Specific examples of the compound [111] include N-(chlorosulfonyl)-N-
(fluorosulfonyl)imide, di(chlorosulfonyl)imide, N-(chlorosulfonyl)-N-
(trifluoromethylsulfonyl)imide, N-(chlorosulfonyl)-N-(pentafluoroethylsulfonyl)imide,
and N-(chlorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide.

[0032]
20 The compound [III] may be a commercially available material, or may be

synthesized, for example, using the process disclosed in Z. Anorg. Allg. Chem., 2005,

631, 55t0 59. For example, di{chlorosulfonyl)imide, which is one compound



[- 0,,,0 \\PI 11 NH4.,S" C \\ N'"R 0 0 [0024] In fornul a
[1], Rl represents a fluorine atom a chlorine atom or a fluoroal kyl
group having 1 to 6 carbon atons. O tE se, Rl is preferably a

chl orine atom 5[ 0025] The nunber¥of carbon atonms constituting
the fluoroal kyl group for Rl is from1l to 6, preferably from1 to 4,
and nore spesee®by farawh (THb can bEﬁhﬁ@meésbycrcaorrns chlogasulfanyysocyannigpand
i ncl ude a fluoronethyl group, difluoronmethyl group, trifluoronethyl
group, flcdooeilforic arid ee CheflischrBeeichtel 1964025 8421285t ri f | uor oet hyl
group, pentafluoroethyl group, 103,3,3-trifluoropropyl group,

per fl uor o- n- prpEyler AN Wordsh MG iﬂ’PN PAbrod k1R f ilidQrah e RHARE b
group, fl uorobutylergrgup0r3 3, gpernt z;(?l uor)]g%alt; group ve

per 11 6Or Or O o @lifon L) HBCBHAONS Kl AR 1ocRBRIIAH0Y G by Uty

group, per up, uoro en uor pentyl
group, perfluororso rfluoro-t oup, . fl uor ohexyl
o oup'S peepttis R togR bR ey R SolasyToBEs 1SAmong
t hese groups, a trifluoromethyl group, pentafluoroethyl group or
perfluoro-n- pidpgl group is preferable, and a trifluoronethyl group

or pentafluoroethyl group is nore preferable. [0026] Specific
exanpl es of t hEheceaptamisttyedn tha comgenmiiibhandaninbeilloo & eslutiepsny tan be

performed by mixing the reactants, either within a solvent or in the absence of a solvent
(for example, see J. Inorg. Nuci. Chem., 1978, 40, 2001 to 2003). The reaction

10 temperature is preferably within a range from -40°C to 200°C, and more preferably from
-20°C to 100°C. The reaction time varies depending on the reaction scale, but is
preferably from 0.1 hours to 48 hours, and more preferably from 0.5 hours to 24 hours.

[0034]
In the reaction between the compound [11] and ammonia or a salt thereof, the

15 amount used of the ammonia or salt thereof is preferably within a range from 1 mol to 5
mol, and more preferably from 1 mol to 2 mol, relative to 1 mol of the compound [III].

[0035]
Examples of the solvent include aprotic solvents such as ethylene carbonate,
propylene carbonate, butylene carbonate, y-butyrolactone, y-valerolactone,

20  dimethoxymethane, 1,2-dimethoxyethane, tetrahydrofuran, 2-methyltetrahydrofuran, 1,3-
dioxane, 4-methyl-1,3-dioxolane, methyl formate, methyl acetate, methyl propionate,
dimethyl carbeonate, ethyl methyl carbonate, diethyl carbonate, sulfolane, 3-
methylsulfolane, dimethylsulfoxide, N,N-dimethylformamide, N-methyl oxazolidinone,
valeronitrile, benzonitrile, acetonitrile, ethyl acetate, isopropyl acetate, butyl acetate,

25  nitromethane, nitrobenzene, toluene, chlorobenzene, methylene chloride, carbon



20(fl uorosul fonyl )i m de, amoni um di (chl orosul fonyl )i m de, anmoni um
N (chlorosul fonyl)-N-(trifluoronethylsulfonyl)imde, amonium

N- (chl orosul fonyl)-N (pentafl uoroet hylli”' fonyflimde, and ammoni um
N- (chl orosul fonyl) - N- (perfl uoro-npropylfsul fonyl)imde. 9 [0027]
There are no particular limtations on the process used for producing
t he conpot¢hdchlande adechinrefosing ddopriae wiswppiat opachirydensypener werikpbilibd
[I] is a process that includes reacting a conpound [II1I] with anmoni a
or a sal tdurheyrefiiingEx kwebeitinghomtimalnerd ispdefesatdy aFkatwples ofsolveats having
synthesis reaction for the conmpound [I] include amoni um hal i des such
as anmoni iy @Fé ef ﬁ)ﬁﬁneﬁ'ﬁ%@%@ﬁ%&ﬁm@tﬁ%, PRI i Q681 alddfte Hutyl
The conmpound [II1] is a conpound represented by formula [I'I1].

10[ 0029] Qc%te{té, 11%%’1ywenelcl‘ﬁ‘c';ride\, ¥§b9n Petl[agl%mie and chloroform.
5 [0036]

Following completion of the synthesis reaction described above, the obtained
compound [I] may be used in the process for producing the compound [II] according to
the present invention without any further refining, or may be subjected to post-processing
and refining using normal methods before being used in the process for producing the

10 compound [lI] according to the present invention.

[0037]

The hydrogen fluoride available in the present invention is the compound
represented by the molecular formula HF. Hydrogen fluoride is a colorless gas or liquid,
and can therefore be easily transported into the reaction apparatus via a pipe or the like.

15 Hydrogen fluoride can be produced by mixing and heating fluorite (a mineral ore
containing calcium fluoride CaF, as the main component) and concentrated sulfuric acid.
Further, hydrogen fluoride can also be obtained by reacting fluorine F; with water.

The amount of hydrogen fluoride used is preferably within a range from 1 mol to

20 mol, more preferably from 1 mol to 10 mol, and still more preferably from 1 mol to 5
20 mol, relative to 1 mol of the compound [1].

[0038]

The reaction between the compound [I] and hydrogen fluoride can be conducted
within an organic solvent or in the absence of a solvent. There are no particular
limitations on the organic solvents available in the reaction, provided they do not impair

25  the fluorination reaction. Examples of the solvent include aprotic solvents such as



In formula [I11], RL is the sane as defined above in formula [1].

[ 0031] 15Specific exanples of the conpound [I11] include

N- (chl orosul fonyl)-N (fl uorosul fonypinide, di(chlorosulfonyl)im de,
N- (chl orosul fonyl)-N(trifluoromethyl subfonyl)i m de,

N- (chl orosul fonyl) - N- (pent af | uor oet hyl sul f onyei m de, and

N- (chl or o@bylpqug)om, peermyilanscerhenpieoppylens eashgnag, mitaeyrofao©se]v-20The
conpound [II1] may be a commercially available material, or may be
synt hesi zealgrofantonexdimetiexymsthage, tit: dimabessthdhs aéteehgdrofira,. 2-Anor g.
Al'lg. Chem, 2005, 631, 55 to 59. For exanple,

di (chlor %Uih?rﬁéb’dﬁyhfﬂfﬁ*ﬁn, WBididkahe ARRIFAIBOMBL0Iadd) nef/ SGiaTkteE thdiyl

formula [I11 can be obtained by reacting chlorosul fonyl isocyanate

and chl or ' ' . ' [

Furt her - R P AU BR a5 S RAP SRR O] Rkoffunditne HyiRateie,
obtained b reacti bet wee hl. or osu] f | js@cyanate. and a

{1 uor oal I elimeomEtagn g SN Daimebi i anios el

f 1 uoroal kyl sul fonyl isocyanate and chl orosul fonic acid. [0033]

The r eact ¢xHEokdinore: acaterdtrdeabaueiitrfle. hepzenidile wih aeetate, isopseml acetaiee of
can be perfornmed by mxing the reactants, either within a solvent or

i n the absepicactte, aitsmhotleanic, Gifroberegnepdlacnes eothbehzvne gnethviche clilbsde,,
1978, 40, 2001 to 2003). The reaction 10 tenperature is preferably

within a ¢apgttefra@iridtOaddlfoRrm. %Wﬁeﬂ?@ﬁm%%ﬁiﬁvﬁdg%ﬂco@l@c to
100C. The reaction tinme varies depending on the reaction scale, but

is_pref er&%g%ﬁ&ﬁﬁ?&e%upggé@ﬂ&r%aé%%nf‘&féruﬁ? %?ztﬁ‘ﬂolﬁﬂo‘i’ve?&l& %‘;ﬁ%@@v%e.f rom

0.5 hours't ours. e reac en the

corrpoll.bnd ]E)Lalnll;llesa (I:?fd prgferredn sSlvents ?nc?u%etacétgg{tr%%f éth%(lha%etate, isopropyl acetate and

butyl acetate.

The organic solvent is preferably dewatered prior to use. If water exists, then the
di(chlorosulfonyl)imide or di(chlorosulfonyl)imide ammonium salt becomes more prone
to decomposition, and therefore there is a possibility that the yield may deteriorate.

15 [0039]

The temperature of the fluorination reaction may be adjusted appropriately in
accordance with the state of progression of the reaction, but is preferably within a range
from -40°C to 200°C, and more preferably from -20°C to 100°C. The time required for
the reaction varies depending on the reaction scale, but is preferably from 0.1 hours to 48

20 hours, and more preferably from 0.5 hours to 24 hours.

[0040]

The compound [II] can be obtained by the production process according to the
present invention.

[0041]



15anmount used of the ammonia or salt thereof is preferably within a
range from1l nmol to 5 nol, and nore preferably from1 nol to 2 nol,
relative to 1 nol of the conpound [Illh [ 0035] Exanpl es of the
sol vent include aprotic solvents such é et hyl ene carbonat e,

propyl ene carb te, butylene carbonate, y-butyrol actone,
y-val er ol act ond, £bdi -hqé?nethane, |, 2- di met hoxyet hane,
tetrahydr@fl_gfa ., 23 nﬁtﬂ\ trahydrof uran, 1, 3- dioxane,

4- et hyl - 1, 3= dijoxokane, ~Nyl? formate, nethyl acetate, nethyl

propi onate, di hyl atggia .| et hyl t hyl carbonate, diethyl

car bonat e, sul f'el ane, “3-" neth sulfoléﬁ@, di et hyl sul f oxi de,

N, N- di net hyl f or mam de, N-net hyl oxazolidinone, valeronitrile,
benzonitrile, HOd4Rpnitrile, ethyl acetate, isopropyl acetate, butyl
acetate, 25nitronethane, nitrobenzene, toluene, chlorobenzene,

met hyl ene chl ofy RemuRINPAEP redrbsdr®d & AGHIRY 468 RAABRDEDLRIP haFIRM fohe

vi ewpoi nt of achi eving Superior workability during refining, a

L T e

this type of preferre y Inc acetoni acetat e,

i sopropyl acetate, buty]. acetate,  nethyl ene chloride, carbon
t et ragszl oferiiongd abeyg ‘Bﬁhméﬁ?rbesﬁflmb‘}‘m- Fol | owi ng conpl etion of

the synthesis reaction described above, the obtai ned conpound [1] nay
be used in theSpactliesaniples qitcienmpayind hepressnisd ydomylp [{Eméhldb ng to
the present invention wi thout any further refining, or may be

subj ect edarhmopimei dipflwmresdfonglymnde,r airmoniog Ngflogondfomgl)-Met hods before
bei ng used in the process for producing the 10compound [11] according

to the presgidromeUStuleAy)ihA83 Alnmonium If(‘@ucﬂ?z{ﬁﬂi%ﬁ?ﬂ-l\f-' uori de

available in the present  invention is the conpound represented. by the
mol ecul ar I Lae: i i quid,
andcan- 1 e Reffisy N OER, bha Bl NEARRLAIERD St e
vi a i pe or the like 15 rogen fl uori can he produced

i xi gl anoRBst R T ATBon L esen B alontine IR BHeaP g DESCE r e eabic.
fluoride CaF2 as the main conponent) and concentrated sul furic acid.
Further, hydr ol#®43¥ | uori de can al so be obtained by reacting fluorine

F2 with water. The amount of hydrogen fluoride used is
preferably w t hhewanpamnddll] sasefu] aodn inter@@diate for prodacipg ef erably from
1 nol to 10 nol, and still nore preferably from1l nol to 5 20nol,

rel ative figrdsul@nyRhiddralteepreeund ty themula [IV]. Further, the compound [11]

obtained in the manner described above is also useful as a material for an ion conductor

15  used in forming primary cells, secondary cells such as a lithium (ion) secondary cell, and
electrochemical devices such as electrolytic capacitors, electrical double-layer capacitors,
fuel cells, solar cells and electrochromic elements.

[0044]

{Process for Producing Compound [1V])

20 The process for producing a compound [IV] according to the present invention
includes a step of reacting the compound [II] obtained using the production process
described above with at least one compound selected from the group consisting of alkali

metal compounds, onium compounds and organic amine compounds.



[ 0038] The reaction between the conmpound [1] and hydrogen
fluoride can be conducted within an organic solvent or in the absence
of a solvent. There are no particular Limtations on the organic
solvents available in the reaction, pré@rded they do not inpair 25the
fluorination reaction. Exanples of the solvent include aprotic

sol vents such B¥4512 et hyl ene carbonate, propyl ene carbonate,

butyl ene carbonate, y-butyrol actone, yval erol actone,

di met hoxynet hafikis rdacflen nrthe@eyfoiniahiey mixdhg,ahyisr mésenadiof 2solvent, the

met hyl t et rahydr of uran, 1, 3-di oxane, 4-nethyl -1, 3-di oxol ane, net hyl

formate, ERhfUINdFARAR] & led@bﬁé’éorﬂﬁd&%@a@ét@d fr@h{‘%é bYdup%EQQtﬂfbt&? aliediny!

met hyl carbonate, diethyl carbonate, 5sulfolane, net hyl sult ol ane,

i ety Syt o Nl L b TR %mgrrg@apxrg ol 1 i none

acetonitr er oii enzoni r PIe i sopr opyl
acet ate, butyl ate, nitronethane, ni trobenzene toI uene,

chl oréoenzene [Oﬁé yl ene chl oride, carbon tetrachloride and
chloroform From the viewpoi nt of achieving snooth progression of the
fluorinati on rBsaaplencf thaalkal aneidl campebads ayeilstdein the regacaer mghide
10Exanpl es of preferred solvents include acetonitrile, ethyl acetate,

i sopr opyl halretidésssuahds bidk] NaOBt KO8, RbOH and BeO8l; gaboatessukeas Li,S0;,
preferably dewatered prior to use. If water exists, then the

di (chl or opld@NKLEON RIS CO); a8l (St oL %?H'ﬂoﬁv@rﬂyérbbﬁﬂtéi%u@lmﬂimgs AatCOo;,
becormes nore prone to deconposition, nd therefore there is a

possi bi | i k)qc’dp ARpHER M S AT, BAbAA s%éﬁ 8 Lr’f@ﬁ&’%ﬁ 1 RbCl hdsCl,

t enperat ure uori na reaction nma

et iton, bmassdufl & LEAORGBLRH, hBEr fafhie hyh 5’%&?@'@"@%&*?@@ RoF

nor e preferabll%ll from-20C to 100C. The tinme required for the reaction
vari es defudesiglkonideicempenidsisuph ax@HeOLbIFOLE t-;BrUé}I% pahi-BuPNenhgalrides

hours to 48 20 hours, and nore preferably fromO0.5 hours to 24 hours.
[ 0040] such aThaHc Krﬁ)muhljil-[, lahdl alkagHithienodinaponeds fychtak é-PpNdd et i Buli and
process according to the present invention. [0041]
t-BuLi (wherein Et represents an ethyl group, Pr represents a propyl group and Bu
represents a butyl group). Of these compounds, a hydroxide is preferable. By using a
15 hydroxide, ammonia is produced as a by-product of the reaction, and therefore by
removing this ammonia under reduced pressure, the equilibrium can be adjusted to a state
that promotes the reaction. By using an alkali metal compound, inorganic salt by-
products can be removed by filtration and water washing, meaning the product can be
easily purified.
20 [0047]
The amount of the alkali metal compound used is preferably from 1 mol to 10
mol, and more preferably from 1 mol to 5mol, relative to 1 mol of the compound [I1].
[0048]

Examples of the onium compounds available in the reaction include nitrogen-

25  based onium compounds such as imidazolium compounds, pyrazolium compounds,
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In formula [I1], R2 represents a fluorine atomor a
oroal kyl group having 1 to 6

15

pyridinium compounds, pyrrolidinium compounds, piperidinium compounds,
morpholinium compounds and ciuatemary ammonium compounds, phosphorus-based
onium compounds such as quaternary phosphonium compounds and tertiary phosphine
compounds, sulfur-based onium compounds such as sulfonium compounds, as well as
guanidinium compounds, isouronium compounds and isothiouronium compounds.
Among these compounds, organic onium compounds such as imidazolium compounds
and pyridinium compounds are preferable. Further, the onium compound preferably
contains no metal elements that degrade electrolyte properties and the like.

[0049]

Specific examples of the imidazolium compounds include chlorides such as 1,3-
dimethylimidazolium chloride, 1-ethyl-3-methylimidazolium chloride, 1-butyl-3-
methylimidazolium chloride, 1-hexyl-3-methylimidazolium chioride, 1-octyl-3-
methylimidazolium chloride, 1-allyl-3-ethylimidazolium chloride, 1-allyl-3-
butylimidazolium chloride, 1,3-diallylimidazolium chloride, 1-ethyl-2,3-
dimethylimidazolium chloride, 1-butyl-2,3-dimethylimidazolium chloride and 1-hexyl-
2,3-dimethylimidazolium chloride; bromides such as 1,3-dimethylimidazolium bromide,
1-ethyl-3-methylimidazolium bromide, 1-butyl-3-methylimidazolium bromide, 1-hexyl-
3-methylimidazolium bromide, 1-octyl-3-methylimidazolium bromide, 1-allyl-3-
ethylimidazolium bromide, 1-allyl-3-butylimidazolium bromide, 1,3-diallylimidazolium
bromide, 1-ethyl-2,3-dimethylimidazolium bromide, 1-butyl-2,3-dimethylimidazolium
bromide and 1-hexyl-2,3-dimethylimidazolium bromide;

[0050]

iodides such as 1,3-dimethylimidazolium iodide, 1-ethyl-3-methylimidazolium
iodide, 1-butyl-3-methylimidazolium iodide, 1-hexyl-3-methylimidazolium iodide, 1-

octyl-3-methylimidazolium iodide, 1-allyl-3-ethylimidazolium iodide, 1-allyl-3-



carbon atons. Exanples of the fluoroal kyl group include the sanme
groups as those 5nenti oned above within the description of RI.

Speci fic exanples of the conpound represented by fornmula [I1] include
anmoni um di (fl uorosul fonyl )i m de, amonPfum

N-(fluorosul fonyl)-N(trifluoronethyl sul fonyei m de, anmoni um

N- (f | uor oeufyimiiazolivg pedidafl | JndinBeimidaselivp odide, hiette]-2ahd armoni um

N- (fluorosul fonyl)-N(perfluoro-n- 10propyl sul fonyl)im de. Anong

t hese, andmrthyiindtd{fdlivoriodidef bbyty)-21B-dienctls/lipriédziiainl iodidf @dd Blhexyl-2,3-
The conpound [I1] is useful as an internediate for producing a

f1 uor osul digfeylylimidgzoraht iofRe! ArEideskids she AUl a-dihMhylifidaboaim t he
conpound [11] "obtained in the manner described above’is al so useful

as a nategd fior i . [ r4m i: ells,
cecondar y HaP e v et i3 O O ity i EBlotu

el ectrochen cal, devic such.as, el.ectrolytic capacitors,.electrical
Goubl o1 SurSRpaEheS 3 Mt tare S b PR R Ui B ah
el ements. [0044] (Process for Produci ng Conpound LI \/1|1') 20The process
for produlydagxide.domtpdunethylinddagelsws Bydrgxide. k-alylpt-bushmidagoliym hydroxide,
i ncludes a step of reacting the conpound [I1] obtained using the

pr oduct i oh3piidbéissdaediom hedoabe ety )3 -diméthalahidand iumo hpdroxde, 1-butyl-
selected fromthe group consisting of alkali netal conpounds, onium

conpounds) anfimefhgBmidazeiim Gy aRXRRUENS-hexd 2 BOflARIhylimidazoliinthydRAGdd, on
may be performed by m xing, "'in the presence of a solvent, theé
conpound [11] @'@Egﬂt | east one conpound sel ected fromthe group

consi sting of al i metal conpounds, onium conpounds and organic

am ne .conpounds. 0046 Exanpl es of the al kal i tal c unds
el bl Mo Al of e A R serenstonds, Bl e L PBHES SRR Zkont
RobOH and CsOH, carbonates such as Li2C0O3, Na2CO3, K2CO3, Rbh2CO3 and
Cs2008, Hiilylohaa-teaetnimirazolsincehlards, 2rmosy]- g fitimethy ool i sbigidgn d
CsHCO3, chlorides such as LiCl, NaCl, KCl, RbCl and Csd,
2-butyl-1,3,5-trimethylpyrazolium chloride and 2-hexyl-1,3,5-trimethylpyrazolium
chloride; bromides such as 2-ethyl-1,3,5-trimethylpyrazolium bromide, 2-propyl-1,3,5-
trimethylpyrazolium bromide, 2-butyl-1,3,5-trimethylpyrazolium bromide and 2-hexyl-
15 1,3,5-trimethylpyrazolium bromide; and hydroxides such as 2-ethyl-1,3,5-
trimethylpyrazolium hydroxide, 2-propyl-1,3,5-trimethylpyrazolium hydroxide, 2-butyl-
1,3,5-trimethylpyrazolium hydroxide and 2-hexyl-1,3,5-trimethylpyrazolium hydroxide.
[0052]
Specific examples of the pyridinium compounds include [-acetonylpyridinium
20 chloride, 1-aminopyridinium iodide, 2-benzyloxy-1-methylpyridinium
trifluoromethanesulfonate, 1,1'-[biphenyl-4,4'-diylbis(methylene)]-bis(4,4'-bipyridinium)
bis(hexafluorophosphate), 1,1'-[biphenyl-4,4'-diylbis(methylene)]-bis(4,4'-bipyridinium)
dibromide, 1,1'-bis(2,4-dinitrophenyl)-4,4'-bipyridinium dichloride, bis(2,4,6-

trimethylpyridine)bromonium hexafluorophosphate, 2-bromo-1-ethylpyridinium

25  tetrafluoroborate, 4-bromopyridine hydrobromide, 4-bromopyridine hydrochloride, 1-



10 brom des such as LiBr, NaBr, KBr, RbBr and CsBr, fluorides such as
Li F, NaF, KF, RbF and CsF, al koxi de conpounds such as CH3OLi, EtOLi,
t-BuOK and t-BuONa, hydrides such as N@ , KH and LiH and

al I cyll'i thium conpounds such as i-Pr2NLf, Et Li, BuLi and t-BuLi
(wherein Et represents _an ethyl group, Pr resents a propyl group
and Bu r cBHHsmeETAPBIAIPRIOURS, |t emeitoimpoimes bremiigdl-Sabie- | s
preferable. By using a 15hydroxi de, ammonia is produced as a

by- pr oduchmethylpyhdimeachloone, hbatyl-Henethyperidiyiune cdurideg 1thutg-&nmoni a
under reduced pressure, the equilibriumcan be adjusted to a state
that pronpge ](p‘yhﬁrrf @A HekfMoréPhobifiiabd 188U Biﬁﬁrﬂrhmﬂﬁn@hrﬁ@mﬂg ridinium

i norgani c sa byproducts can be renove y filtration and water

Q’aniﬂin?gaf j '%?ﬁfﬁféﬁgfﬁ%%&n%@agﬁpﬁ@%h“ b at robOrJ?’?-
the copod 'aa”n‘ﬁ’crsr‘? Phateafpohdich chciile, b ERED bR Eb SRS

available in the reaction include nitrogen-25 based oni um conpounds
such as i ¢ArbRmolilomedaysidiaen Cbgprldzdr-mmiyé@hlpadﬁbzdroclmgmag;ﬂr di ni um
conpounds, pyrrolidinium conpounds, piperidinium conpounds,

nor phol i nichlorarnethpiypetsdisely dyoett @i dea 8y clalorommsthypyoidpetydsachloride,
phosphor us-based oni um conpounds such as quaternary phosphoni um
conpounds and [oest] ary phosphine conmpounds, sulfur-based onium
conpounds such as suI f oni um conpounds, as well as 5 guanidi nium

compounds, ?Jrzmaralrnnqaﬁrrgmﬁm%m%%R)&rgﬁ-'a@@gﬂmwﬁ?% Anong

t hese COI’TpOUI’] or ganl c ohi um comnpounds suc azo

conp nds nd in S ref e Furt her he oni um
conpoitha tshEfefbngcbiraRAY ??éff’ PR RPN Rtn e, 105
el ect roI yte properties and the |[ike. [0049] 10Specific exanpl es of

the ini da@anFthnhaewrﬁ)awrdjglunherraﬂeoremr@ﬁ ddsyapgethybpyrignium chloride,

di met hyl i m dazol i um chl ori de, 1-ethyl-3-nethylim dazolium chloride,
1-butyl- SGycltéJﬁSﬁparhqtiadj-dszIiathmh] totralde(hedafliexgphoSehatt) hiy | "rd’ibedugbﬂ,ﬂhm
chloride, 1l-octyl-3- nethylimdazoliumchloride,

1-al Iyl - 3pipyridthiue dﬁﬁl@htiblﬁy@r’ﬁieoﬁ|6d:ﬂchlﬂ>roalifM&ro§yrrbiﬂhMﬁ| m dazol i um
chloride, 1,3-diallylimdazoliumchloride, 1-ethyl-2,3-

Lot et AR IR | kR lﬁrﬁalﬂd‘ﬁrﬁrk"amﬁ‘?%ﬁ%f“é 1 ch
o3 SR APARAAOAP) PERTAOR it R R

3-net hyl i m dazol | um brom de, . 1-octyl- 3- net hyl i m.dazol i um brom d
1-al I y1-3l -ﬂem?pry ke m; thrﬁrmeoﬂndereethxlammqpynéiw;br@lmdaerzfthr@rmﬁe 4-
brom de, 3-diallylimdazolium

(dirnethylamino)-l-(triphenylmethyl)pyridinium chloride, 1,1'-dimethyl-4,4'-
bipyridinium dichloride hydrate, 1,1'-dimethyl-4,4'-bipyridinium dichloride, 1-
(dimethylcarbamoyl)-4-(2-sulfoethyl)pyridinium hydroxide intramolecular salt, 2,6-
20  dimethylpyridinium p-toluenesulfonate, 1,1'-di-n-octyl-4,4'-bipyridinium dibromide, 1,1'-

diphenyl-4,4'-bipyridinium dichloride, 1-dodecylpyridinium chloride,

[0054]

I-ethyl-3-(hydroxymethyl)pyridinium ethyl sulfate, 1-ethyl-4-
(methoxycarbonyl)pyridinium iodide, 1-ethyl-3-methylpyridinium

25  bis(trifluoromethanesulfonyl)imide, 1-ethyl-3-methylpyridinium ethyl sulfate, 1-



20br om de, 1-ethyl-2, 3-di nethylim dazolium brom de,

1- butyl-2, 3-di net hyl i m dazol i um brom de and

1- hexyl- 2, 3-di net hyl i m dazol i um br om di' [ 0050] i odi des such
as 1, 3-dinmethylimdazoliumiodide, 1-e ﬁyl- 3-net hyl i m dazol i um

i odi de, 1-butyl-3-nethylim dazoliumiodide, ) o

1- hexy 1- 3ethelphigidining Asasnidenh-cthipyedinium plletiflg; 11- Bugret - Hickl ogepsidiniwm

i odide, 1-allyl-3-ethylimdazoliumiodide, 1l-allyl-3- 16

but yl i m demafluernboratti A€fluoty-B-mkithylpydidimiutag-obluenmasuldsaliate 1 -flroedpyitlidvd-
di et hyl i m dazol i um i odi de, 1-butyl -2, 3-di methylim dazolium i odide

and 1- hex%ﬁmﬁn@he;ﬁaﬂtﬁhﬁmbérﬁiegmbi it kA SstraAEr D QAL BRF oSy dinifth

1, 3-di net hyl i m dazol i um hydr oxi de, 1-ethyl-3-nethylimdazolium
hydr oxi de, :al- =3 gl i Al Iy )
eyt Sttt RN TR0 4 SRR 0B e o oroborats fm
hydr oxi de, 1- - 3-et hylim.dazaoli um hydr oxi de s

o o S s R Ry R S metgh GAPRyre: Girards srasen P 1-

hydr oxi de, 1-ethyl-2, 3-dinethylimdazolium hydroxide, _

1- but yI 2, Bexaesyi-Aymethyloxsiémiumehiptde iy drateahaxadecylpyridinium bromide hydrate,
1- hexyl- 2, 3-di net hyl i m dazol i um hydr oxi de. [0051] 10Specific exanpl es
of the pyhaadtdylpwridanpowhétsidemodnotiedratel soh@esnsdichloade Rydrochloride,
ethyl-1, 3,5-trinmethyl pyrazolium chl ori de,

2- pr opy 1- UGEIoAR MRl yPiiddali-slab:aHethl¢#Rie, 1-methylpyridinium chloride,
2-butyl-1,3,5-trimethyl pyrazoliumchl ori de and

2. oty - 1B | T PR PR SR 55D IR O hifiy o
tri rr_e%}ﬂyl pyr aZﬁ)I 5( brom de, 2-butyl-1,3,5-trinmethyl pyrazolium
g6 BN

bro and 2- 151, 3, 5-tri net hyl pyrazol i um brom de; and
hydr oxi des such as 2-ethyl- 5- trinethyl pyrazolium hydroxi de,

yl-1,3, . . [ OX] :
2- propy1- 1, 3, sNtactadeelyA-pyibazed bramidsy dr(dRildeentacosadiynyl)pyridinium bromide,
2-butyl 1, 3,5-trinet hyl pyrazol i um hydroxi de and
2- hexy1- 1]-ph&acylppedinninp bronzidé.i Iyt hytepteriyldecbif(0@8R]cnSbr(4.4'digxahpiues
of the pyridinium conpounds include 1-acetonyl pyridinium
bis(hexafluorophosphate), 1,1'-[1,4-phenylenebis(methylene)]bis(4,4'-bipyridinium)
dibromide, N-phenylnicotinamide hydrochloride, 1-propylpyridinium chloride, pyridine-

15 2-carbonyl chloride hydrochloride, pyridine-2-carboxylic acid hydrochloride, pyridine
hydrobromide, pyridine hydrochloride, pyridinium bromide perbromide, pyridinium
chlorochromate, pyridinium dichromate, pyridinium fluorochromate, pyridinium 3-
nitrobenzenesulfonate, pyridinium poly(hydrogen fluoride), pyridinium p-
toluenesuifonate, pyridinium trifluoromethanesulfonate, pyridostigmine bromide,

20  pyridoxamine dihydrochloride monohydrate, pyridoxine hydrochloride, 3-pyridylacetic
acid hydrochloride, 2-pyridylacetic acid hydrochloride, 1-(4-pyridyl)pyridinium chloride
hydrochloride hydrate, 1-(3-sulfopropyl)pyridinium hydroxide intramolecular salt,
a,B,y,0-tetrakis(1-methylpyridinium-4-yl)porphyrin p-toluenesulfonate, 1-

(trifluoroacetyl)-4-(dimethylamino)pyridinium trifluoroacetate, 1-methylpyridinium-3-

25  carboxylic acid hydrochloride, and 2.4,6-trimethylpyridinium p-toluenesulfonate.



20chl ori de, 1-am nopyridi niumiodide, 2-benzyl oxy-1-nmnethyl pyridinium
trifluoromethanesul fonat e,

1, 1L[ bi phenyl-4, 4' -di yl bi s(net hyl ene) ] -lgi s(4, 41- bi pyri di ni um

bi s( hexaf | uor ophosphat e) ,

1, 11-[ bi pheny1-4,4' -diyl bi s(nethyl ene)]-bis(4,4'-bipyridinium

di broni de, 1, 10086k (2, 4- di ni t r opheny1) - 4, 41- bi pyri di ni um di chl ori de,
bis(2,4,6- trinethyl pyridine)bronmoni um hexafl uorophosphate,

2- br ono- 1- et hy$Spaerfickxaimphes28tiet pyafdlidori ol aoatpeynds-ibclode pyputydilne

hydr obr om de, 4-bronopyridi ne hydrochloride, 1- 17

but yl - 4- nigitdhyd peyriol idinfirk BYdwhide] HeutylL1 kel p v oedidabipotl diedeD il Winprioni de,
1-butyl-3- nethyl pyridiniumchloride, 1-butyl-4-nethylpyridinium

chl ori de, 4d+ o : IR

bt y1 py BT Ry AL Oy AL B AR o RAAEAR e

1- but yl pyri di nium hexaf | ugrophosphate,. 1-butyl pyr. qi.ni

Letrabl Uor obor AeBeaft Sxenilt SRS Bt cbinbyRaes A or i ce.

1- (car banoyl net hyl ) pyri di ni um chl ori de, 3-

car banoy | WEtpipssidiykmdiremide chl ori de, 4- pi col y1 chl ori de

hydrochl oride, 2- (chloronethyl)pyridine hydrochl oride,

3- ( chl or onet hy$pasifid ekangldsyod thcinbphio Heipn] @dEjunds include 4-propyl-4-
2-chl or o- 1- et hyl pyri di ni um i odi de, 2-chl oro-1-nethyl pyridi ni um p-

10t ol uenegbthlyRcthRolitmathrizey4-{ ZhiehdvyethPAL BEThgBnorB REIH ity ch b fdle L
chl oride, 1-cyano-4- (dinethylam no)pyridiniumtetrafrluoroborate,

1- (cyano LAty BioRBis | ViiRelel 1 q e)
et ok SR Or T ety PR e BB R R AR Bl g I T

di chl.ori de hydrate ,O-dj,chloro-1-f| yor.o i di ni

e 11 96r el dafiped: Gl IRyt IR GRS, ShluctT ety 4-

bi s(tetrafl uoroboyate), .1, 1'- 15di heptyl-4,4'-Dbipyridinium di brom de,
2, 6-pyri df MLWTPE‘}/]HF%MYQWXHF; 4-di met hyl am no-

1- neopent yl pyridi ni um chl ori de, 4-dinmethyl am nopyridi ni um brom de

per broni de, 4-[0087kret hyl ami no) - 1- (tri phenyl met hyl ) pyri di ni um
chloride, 1,1'-dinethyl-4,4"- bipyridiniumdichloride hydrate,

1, 11- di net hy 1- 8pedifidaixaiipladionitheguditedhdrd airthonidm compounds include
(di met hyl car banoyl) - 4- ( 2- sul f oet hyl ) pyri di ni um hydr oxi de

i ntranmol egy ?[rirﬁith%lﬁnlﬁln&ljurgQﬁicﬁﬁhhﬁ’do?bﬂlég g%jdﬁidg@&w@_uenesul fonat e,

1,11-di-n-ocC , 4" -bipyridiniumdi brom de, 1,

l PO 1 oo Ry oA 8 e RO HANGH g o
cyclohexyltrimethylammonium fluoride and 2-hydroxyethyltrimethylammonium
fluoride; chlorides such as propyltrimethylammonium chloride, diethyl-2-
methoxyethylmethylammonium chioride, methyltrioctylammonium chloride,
cyclohexyltrimethylammonium chloride and 2-hydroxyethyltrimethylammonium

20  chloride; bromides such as propyltrimethylammonium bromide, diethyl-2-
methoxyethylmethylammonium bromide, methyltrioctylammonium bromide,
cyclohexyltrimethylammonium bromide and 2-hydroxyethyltrimethylammonium
bromide; iodides such as propyltrimethylammonium iodide, diethyl-2-

methoxyethylmethylammonium iodide, methyltrioctylammonium iodide,

25  cyclohexyltrimethylammonium iodide and 2-hydroxyethyltrimethylammonium iodide;



1- et hyl- 3- (hydroxynet hyl ) pyridi nium ethyl sulfate, 1-ethyl-4-

(et hoxycar bonyl ) pyri di ni um i odi de, 1-ethyl-3-nethyl pyridi num

25bi s(trifl uoronethanesul fonyl)i m de, é et hyl - 3-net hyl pyri di ni um
ethyl sulfate, 1- 18 ethyl pyridinium Pom’ de, 1-ethyl pyridinium
chl oride, 1-fluoro-2,6-dichloropyridiniumtetrafluoroborate,

2- f | uor o- hydaexides sugh iaapmp&flwwﬂtlwy&w@ﬁ@@ummﬁm@e, diethykdropyri di ni um
pyri di ne heptafl uorodi borate, 1-fluoropyridiniumtetrafl uoroborate,
1- f | uor opyethdkysthyintetliyl drmooniet inaliesdé, frethaylarioctylammonium hydroxide,
1-fluoro-2,4,6-trinmethyl pyridiniumtetrafluoroborate, 1-

Sf I uor o- Zeytidhekyitrimaétylamnhdriminy @ dxidd And D BriRs ﬂgwlh{ itmofdunar d' s
r eagent P,ﬁl- b%xadecgl- 4- et hﬁpyri di ni um%l%% e hyeg?gt e,

hexadecy!l L dhhi 1 i.di iy ehl ori de
nonohydr al{?%d’rb)ﬂlsigna:dg?g?% E@%‘ﬁd&ﬁ?{@??@t@gﬁﬁgﬂéﬁﬁ%ﬂ% IB%’%&Q@W

1- met hyl pyrj di ni 2-,al doxine chl oride - e | pyr.i di ni um chl ori de,
NoEpAR, | TREp AR ppt scete. BRI A br o de.
10[ 0055] N-oct adecyl-4-stil bazol e brom de, )

1- ( 10, 12- pEhsedyipehrliammaingiaaetaio ae nivdeoxyethyHemgdplaympaivm aneiate;
brom de, 1, 1141, 4- phenyl enebi s(net hyl ene)] bi s(4, 41- bi pyri di ni um

bi s( hexaf dnddrydpdpes phiated such as propyltrimethylammonium hydrogen suifate, dicthyl-2-
1, 1' 41, 4- phenyl enebi s(net hyl ene)] bi s( 4, 41- bi pyri di ni un) di brom de,

N-phenyl nmsmbkmmld@tmfmﬁm@ﬂi!uﬁrm}@%geh-snrf@@ylh@myitﬂbaylaﬁ@n%ﬁiﬁﬁih 8rogen
pyri di ne- 152-carbonyl chloride hydrochl oride, pyridine-2-carboxylic

aci d hydr {69E?‘§§he§§¥ﬁiﬁ’gﬁl&§’gwgﬁmmﬁ%&me${” L dlpe. hydrochl ori de,

pyri di ni um bro pyri di‘ni chl orochromat e, pyridinium

di chromat e r i, dini um fl uorochr te j di ni um 3-

ni t r obenz ﬁé@%ﬁ’ﬁl‘%ﬁ%@%ﬁw%ﬁ%%‘iﬂ% ogen fluoride), pyridinium
pt ol uenesul fonate, pyridiniumtrifl uoronethanesul fonate,

pyri dosti gm nel08p&hi de, 20pyri doxam ne di hydrochl ori de nonohydr at e,
pyri doxi ne hydrochl oride, 3-pyridylacetic acid hydrochloride,

2- pyri dyl acet i $peadfickxaygtesaifity prosphdnigm cpypounyds)ipsindei ni um chl ori de
hydr ochl ori de hydrate, 1-(3-sulfopropyl)pyridinium hydroxide

i nt ranol egitonitrifephénylphosphonium chloride, allyltriphenylphosphonium bromide,
a, 13,7, 8-tetraki s(1-nethyl pyridi nium4-yl)porphyrin

B e

hydr oGhl ofd I8iria?S9 -Gtody Syt TRAEHBYS HoT M HaRus AL HSHERR 199288 Striazol-
1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate,
benzyltriphenylphosphonium bromide, benzyltriphenylphosphonium chloride,
(bromomethyl)triphenylphosphonium bromide, 3-bromopropyltriphenylphosphonium
bromide, trans-2-butene-1,4-bis(triphenylphosphonium chloride),

20 butyltriphenylphosphonium bromide, (4-carboxybutyl)triphenylphosphonium bromide,
(3-carboxypropyl)triphenylphosphonium bromide, (4-
chlorobenzyl)triphenylphosphonium chloride, (2~-chlorobenzyl)triphenylphosphonium
chloride, (chloromethyl}triphenylphosphonium chloride, cinnamyltriphenylphosphonium
bromide, (cyanomethyl)triphenylphosphonium chloride,

25  cyclopropyltriphenylphosphonium bromide, di-tert-butylmethylphosphonium



19 [0056] Speci fic exanpl es of the pyrrolidinium conpounds
include 1-butyl-1- nethyl pyrrolidinium brom de,

1-butyl-1-net hyl pyrrolidiniumchloride,,1l-butyl-1-

propyl pyrrolidini umbrom de and 1- buty%l 1- propyl pyrrolidinium
chloride. 5A specific exanple of the piperidiniumconpounds is

1- but y1- 1tetraghenyibgrase (2 i diclilpioberay ephenylphospBpaisnt ¢dorideadpl es of t he
nor phol i ni um conpounds i ncl ude 4-propyl-4- nethyl norpholinium

chl ori de, dithefiRdamembethylkti pheiny 1 phosphiohignmbroptidd, i2A1 | Bxliokdm2i de, 4-
propyl- 4- net hyl nor phol i ni um br om de,

4- (2- et 1hkn RythiTRr iRoMideN 2UM3 1A MR-A&i)ethyltriphenylphosphonium
4- propyl?%?dn]g% hgﬁl mfrlgﬂ%?i ni um hydr oxi ge, and 4- (?-)mtyhogyetyh[ill )?4-
met hyl morphgl g ni um hydr oxi de. [0057] Speci fi c exanpl es of the
guat er nary ammoni um conpounds i ncl ude propyl trinet hyl anmoni um

chl orisde, fluor) gﬁs such as diethyl-2- 15nmet hoxyet hyl nmet hyl ammoni um
fluori‘de, net h[;?lo oct yl ammoni um fl uori de,

cycl ohexyl tri met hyl ammoni um fl uori de and _ )

2- hydr oxyet hyl ds3-fioxplanZnipnetimtphsayiphesphonivst bwaydedeh as

propyl tri met hyl anmoni um chl ori de, diethyl-2-

met hoxy et ¢thdxpbt gyl maplremi] phosphdoumdeomidet hyl t ri oct yl anmoni um chl ori de,
cycl ohexyl tri met hyl ammoni um chl ori de and

2- hydr ox yghWlchibonRiteyh _nyr}pﬂ&@nbﬂﬁmdgbmmp%9msprﬁﬂgipha§ahomum

pr oEyI tri met hyl anmoni um broni de, diethyl-2- _ _
L S e e
di et My1- 2oRsh B TR PRo PR brorFosine B Ree Ry P e PR Y mitcum
i odi de, 25cyc| ohexyl tri met h%_rlhammnj um i odi de and

2- hydr oxyetigrexybaathinipheryiphasahopmyeromide, isopropyltriphenylphosphonium

iodide, methoxycarbonylmethyl(triphenyl)phosphonium bromide,

(methoxymethyl)triphenylphosphonium chloride, (N-methyl-N-
phenylamino)triphenylphosphonium iodide, methyltriphenylphosphonium bromide,

15 methyltriphenylphosphonium iodide, (1-naphthylmethyDtriphenylphosphonium chloride,
(4-nitrobenzyl)triphenylphosphonium bromide, -
oxobis[tris(dimethylamino)phosphonium] bis(tetrafluoroborate),
phenacyltriphenylphosphonium bromide, tetrabutylphosphonium benzotriazolate,
tetrabutylphosphonium bis(1,3-dithiole-2-thione-4,5-dithiolate) nickel(111} complex,

20  tetrabutylphosphonium bromide, tetrabutylphosphonium chioride,
tetrabutylphosphonium hexafluorophosphate, tetrabutylphosphonium hydroxide,
tetrabutylphosphonium tetrafluoroborate, tetrabutylphosphonium tetraphenylborate,
tetraethylphosphonium bromide, tetraethylphosphonium hexafluorophosphate,
tetracthylphosphonium tetrafluoroborate, tetrakis(hydroxymethyl)phosphonium chloride,

25  tetrakis(thydroxymethyl)phosphonium sulfate, tetra-n-octylphosphonium bromide,



20 hydroxi des such as propyltrinethyl anmoni um hydroxi de, diethyl-2-
met hoxyet hyl nmet hyl ammoni um hydr oxi de, nethyltrioctyl anmoni um
hydr oxi de, cycl ohexyl tri nmet hyl amoni u ydr oxi de and

2- hydr oxyet hyl tri met hyl ammoni um hydr oxfde; acetates such as

propyl tri met hyl anmoni um acetate, diethyl-2- 5

net hoxyet hyl mef99lnmoni um acetate, methyltrioctyl anmoni um acet ate,
cycl ohexyl tri met hyl anmoni um acet ate and

2- hydr oxyet hyl tetrapifenilphasphionivunbiaaed | teraph ey hod plogéum shilokidees such
as propyl trinmet hyl ammoni um hydrogen sul fate, diethyl-2-

met hoxy et fayhpRhiiphaspreniutMoliR! REaphehyiphdéhonili Rithpidn9hoydt@mmoni um

hydr ogen sul fate, cycl ohexyltri nmethyl amoni um hydrogen”sul fate and 2-

10 hydro ' iU g - -
Spect 11 ¢ SEpHEbph AT B A0 B B B inceh it Rkphonium chloride,
acetonitrjile l,.phasphoni u hloride, allyltriphenyl phosphoni um

by o de. | SR ROAE Y SRR By P beebAmyr tretnide Rt ey R BRTOH urn
brom de, 1H  15benzotriazol -I|-yloxy-tripyrrolidi noghosphoni um
hexaf | uorpmddss frausylhayadpeplnsphondyms bromide, tributylmethylphosphonium iodide,
1-yl oxy-tris(di met hyl am no) phosphoni um hexaf | uor ophosphat e,

benzyl t r i toibety}-hpivod pimsphemutarboomdte, trbenziyltyiphgpaoyibphesafhandborate, tri-
chl oride, (brononethyl)triphenyl phosphoni um broni de,

3- br onoprgAutylhIRERH i RQSPABBh U B RO @ lohexyiphosphonium tetrafluoroborate
trans- 2- but eng”i, 4-9bi s(tri gdr?gnyjlqphosphodr%i@um cyh orPde) , 20 ’

(1 car bory e URGR PR rgsmrag oo, -
el onBoer oA bR R RRRRRT SRR (-frmbisity 2

(2-chl orobenzyptri phenyl phosphoni um chl ori de, ) )

(chl or owd:trﬁpyli/tflphwwmﬂmmbmlwﬂmﬁp@ny@ppargylphosphonnum bromide,

ci nnanyl tri phenyl phosphoni um br om de,

( cyanonetthiphgitylprppdplydsphasipmanomndes triphenyléetradecyl)phosphonium bromide, and
25cycl opropyl tri phenyl phosphoni um br om de,

di -tert - biblé i popaemom bismidl tetraphenyl borate,

(2, 4-dichl gr oﬂm%F) tri phenyl phosphoni um chl ori de, 2-

di met hyl am noqfq}g{ﬁ} Eiaﬁt@ﬂgyilllf?@ﬁé B%Hic%ﬂo%tﬂﬂg Ainpctns Sicli9xan- 2-

ypet hyl tri pheny osphoni um brom™Te,

2-(1,,3-dioxol.an-.2-ypet hyl tri phenyl sphoni um broni de, 05 .
(1. 375 o aHBIE ek e k! R s BERRIRR i Fie GF sy b Romphine, which
et hoxybenzyl tri phenyl phosphoni um brom de,

et hoxycarBB@NeRse) PhesphaniERL4af 18RS s phoni um br oni de,

et hyl t ri phenyl phosphoni um brom de, ethyltri phenyl phosphoni um i odi de,
(f or nyl net hyl )Ht())%}jhenyl phosphoni um 10chl ori de,

heptyl tri phenyl phosphoni um brom de, hexyltri phenyl phosphoni um

brom de, Specific examples of the sulfonium compounds include

dimethylsulfoniopropionate, trimethylsulfony! chloride, trimethylsulfonyl bromide, and
20 trimethylsulfonyl iodide.
[0062]
Specific examples of the guanidinium compounds include guanidinium chloride,
2-ethyl-1,1,3,3-tetramethylguanidinium chloride, guanidinium bromide, 2-¢thyl-1,1,3,3-
tetramethylguanidinium bromide, guanidinium hydroxide, and 2-ethyl-1,1,3,3-

25  tetramethylguanidinium hydroxide.



(2- hydroxybenzyl)tri phenyl phosphoni um brom de,

i sopropyl triphenyl phosphoni um i odi de,

nmet hoxycar bonyl net hyl (tri phenyl )phosph? i um brom de,

(et hoxynet hyl ) tri phenyl phosphoni um chfori de, (N nethyl-N-

phenyl am no) tri phenyl phosphoni um i odi de, nethyltri phenyl phosphoni um
brom de, 15net Hﬁ)ﬁﬁ}i phenyl phosphoni um i odi de,

(1- napht hyl et hypt ri phenyl phosphoni um chl ori de,

(4- ni t r obenzyl ypacifphemayp pidsad pixonRownonimroromigunds include 2-ethyl-1,1,3,3-
goxobi s[tri s(di met hyl am no) phosphoni um bi s(tetrafl uoroborate),
phenacy! t fetramefhyliResabAThTdR! 2RHEL.1 LS iakiniethIROSPRARM B¥dmide, and 2-
benzotri azol ate, tetrabutyl phosphoni um

bi s(1, 3-di.thi -2t i 4. B- o 1 R . ni ckel (111) conpl ex,
20tetrabu?%?pﬁgé:ﬁgﬁ?Eﬁ?ﬁ?gﬁﬁggp&?g@bgﬁﬁ%yIphosphoniun1ch|oride,
tetra tyIphos&@g%iun1hexafluorophosphate, t et rabut yl phosphoni um
hydr oxi de, tet yl phosphoni um tetraf| uor obor at e,

t et rabut yl phosphoni um t et raphenyl borate, tetraethyl phosphoni um
bromi de, "t et r adesifiparesplRsHil s kethicureivm shewphrdsdnclude 2-ethyl-1,1,3.3-
t et raet hyl phosphoni um tetrafl uoroborate,

t et r aki s(tetrdmethyh=ithiplijonhos phloride;@-ethyler, 1 38 -tetramethylisothiouronium bromide,
25t et r aki s( hydr oxynet hyl ) phosphoni um sul f at e,

t et r a- n- ogdy2-BiAE PN BN -tiiallc@iflidethioudchilil @§loxide. _

t et raphenyl phosphoni um brom de, tetraphenyl phosphoni um chl ori de,

t et raphenyl phog)ggg)]ni um i odi de, tetraphenyl phosphoni um

t et raphenyl borate,” t et raphenyl phosphoni um tetra-p-tolyl borate,

1 DU 1 3 oRBe SSRGS Orie S g dfarc preferable. By using

tri butyl dodecyl phosphoni um brom de, tri butyl hexadecyl phosphoni um

br oni de, 7y PIBWWIYHEXGSE GIMPOYRGANYMORIAd Rreduced as a by-product of the reaction,
tributyl-n-octyl phosphoni um brom de, tri-tert-butyl phosphoni um

t et r af | ucamdlgberatoss by rémenng tut yrhmoompindei raduded tprespimentk lequitibayum can be
tricycl ohexyl phosphoni um tetrafl uoroborat e,

2- (tri metdyhsidd tola) 2itd ehay pRIMteS the %h@ﬂ&ﬂ.PB?&ﬁhg!ah eih@eheshpaifd, he-
10tri nmet hyl silyl ethyl)tri phenyl phosphoni um i odi de,

011 et hyTsi [yl ety | _ .
Lo el gteahickn 8y ORI oah HeRARBVAVIRANGH iR RGP dthing, meaning the

brom.de, triphen tetradegyl) phosphoni um brom de, and

triph nyIR/rPﬂ@CI ﬁﬁ%%ﬁf&?}.‘mm‘ﬁ%m de. Further exanples include organic
phosphi ne conpoungs such as 15tri nmet hyl phosphi ne, triethyl phosphi ne,
tributyl phosphﬁoﬂé fand tri phenyl phosphi ne, whi ch

The amount used of the onium compound is preferably from 0.3 mol to 10 mol,
and more preferably from 0.3 mol to 5 mol, relative to 1 mol of the compound [II].
[0067]

20 Examples of the organic amine compounds available in the reaction include
tertiary amines such as trimethylamine, triethylamine and tributylamine, cyclic amines
such as 1,4-diazabicyclo[2.2.2]octane, tertiary amine salts such as trimethylamine
hydrochioride, triethylamine hydrochloride, tributylamine hydrochloride, 1,4~

diazabicyclo[2.2.2]octane hydrochloride, trimethylamine hydrobromide, triethylamine



can give rise to phosphonium cations. [0061] Specific
exanpl es of the sul foni um conpounds i ncl ude

di met hyl sul f oni opr opi onat e, trinethylsglfonyl chl ori de,
trimethyl sul fonyl brom de, and 20trine ﬁylsulfonyl i odi de. [0062]
Speci fic exanpl es of the guanidini um conpounds i ncl ude guani di ni um
chl ori de, hydremayyde and tgbuiviamipeg hydmbiogidsiand 6y elip amne salissuch as 1,4-
guani di ni um brom de, 2-ethyl-1,1, 3, 3- tetranethyl guani di ni um brom de,
guani di ni dinzdbycicni?.de |odant Bdetthgrhide, 1, 3, 3- 25t et r anet hyl guani di ni um
hydroxi de. 23 [0063] Speci fic exanples of the isouronium

conpounds i ncl YeRngtikisb¥dmpondd, BrtidEhmaits bAY by e Uhids ik RIFQABIE&ind
2-ethyl-1,1,3,3-tetranmet hyl i souroni um brom de,” and 2-

et hyl-1, L3 i i i . 4 : .Specific
exanpl o5 SPH ERHERRG Mtke OEAT, 18y IMRE Rferlfy B2 G0 sctp apif3:
tetranet hyl i sot hi our.oni um chl ori.de,. . . .

2= et hy) - 10manie 13 Brodnced SRASBROANCHin e rentignoddhereiagg by removing this
2-ethyl-1,1, 3, 3-tetramet hyl i sot hi our oni um hydr oxi de. [00651 10Anong

t hese conPBWABE Ungder igAveed dressidethe sApdibrE canbe glisied aph stateghatipspmgtes
an oni um hydr oxi de conpound, amonia is produced as a by-product of

t he reactthemgactionl Ohéhedtherchdmd, the imorgamic sdit lsy-prodoctts that ackeprodumdd eddn
pressure, the equilibriumcan be adjusted to a state that pronotes

the reactiugih a Bytidt§afiGn@dr DRICUTHMEAMME rethBeed BIOfiGANLE asdivhter washing,
by- products can be renoved by filtration and water washi ng, neaning
the 15pr offugting 8RR REaRRsA be RfiY bhied.

10 [0068]

The amount used of the organic amine compound is preferably from 0.3 mol to 10
mol, and more preferably from 0.3 mol to 5 mol, relative to 1 mol of the compound [II].

[0069]

There are no particular limitations on the organic solvent available in the reaction.

15  Examples of preferred solvents include aprotic solvents such as ethylene carbonate,
propylene carbonate, butylene carbonate, y-butyrolactone, y-valerolactone,
dimethoxymethane, 1,2-dimethoxyethane, tetrahydrofuran, 2-methyltetrahydrofuran, 1,3-
dioxane, 4-methyl-1,3-dioxolane, methyl formate, methyl acetate, methyl propionate,
dimethyl carbonate, ethyl methyl carbonate, diethyl carbonate, sulfolane, 3-

20 methylsulfolane, dimethylsulfoxide, N.N-dimethylformamide, N-methyl oxazolidinone,
acetonitrile, valeronitrile, benzonitrile, ethy] acetate, isopropyl acetate, butyl acetate,
nitromethane and nitrobenzene. Among these solvents, acetonitrile, ethyl acetate,
1sopropyl acetate and butyl acetate can be used in both the reaction between the

compound [I] and hydrogen fluoride, and the reaction between the compound [II] and at

25  least one compound selected from the group consisting of alkali metal compounds,



[ 0066] The anopunt used of the onium conpound is preferably fromO0.3
nol to 10 nol, and nore preferably fromO0.3 nol to 5 nol, relative to
1 nol of the conpound [I1]. [0067] ZOEésrrpl es of the organic am ne
conpounds available in the reaction in€tfude tertiary am nes such as
trimethylanmine, triethylamne and tributylam ne, cyclic am nes such
as 1, 4- di YHHB; ©FoENgs Mdoraatiamineicomporids, ard theredRir me selyent sbstitution
trimet hyl am ne hydrochl oride, triethylam ne hydrochl oride,

tri but yl awirequiteddaicthe ebivitagactioss cati xzpdrformed ofpide@utRebowdinia the same
hydrochl ori de, trinmethylam ne hydrobrom de, triethylamne 24

hydr obr omdgtheen@nehitli istprefétabrd. ne hydrobrom de, and cyclic amne salts
such as 1, 4- diazabicycl o[ 2. 2. 2] oct ane hydr obr om de. Anong

t hese conpoundﬁ%mg rtiary am nes and cyclic am nes are preferable,
and tertiary amnes are nore preferable. By using a tertiary am ne or
a cycldc amn Samoni a J.s,pr.oduced as _a by-product in the reactjon,
2nd t Rer ef or o BUFTs gt gt Haiiifies 2R k/die Plafiie s rhaereativg, b
equi libriumcan be adjusted to a state that pronotes the reaction. On
t he ot herthpsgraperatyes i3 pederablydram OfC B9 20064 a@f mofhprefestdy fesulEdowhen
using a tertiary amne or a cyclic amne can be renoved by filtration
and wat er 1{B€hiTihg timmerzgiinegy folh thereasdiontvadenddpendiag ioh yhgueactianesdale, but is
10[ 0068] The amount used of the organic am ne conpound is

pref er abl yreferaby Eomh 0 Ihoti td @3 MBliss, AnoRRefBfBfvefral!yYs Ao @2 Bhoms.
to 5 nol, relative to 1 nol of the conpound [II]. [0069] There are no

particular |inmkiRbicANEe Rcti &rtg:adyr' S04 ¥ ﬁ:‘{-@d' I

reaction. 15Exang+ egg o? p(r:e ecr: re soﬁ\rlent Sﬁclibrrr]g u elpg%%lgrﬁ @ té%ﬁ%\fg%etss

such as ethylene carbonpate r | ene car bpnat butvl ene. car honat e,

o~ butdF or wdra Ao P B ARG S50 MRt Frapigl b RS R mder

1, 2-di net hgxyet hane, tetrahydrofuran, 2-nethyltetrahydrofuran, 1, 3-

di oxane, %dneedmysssuresnahles tieamumoniathay is mredusad as a pepigduchiodicaemoved,

met hyl propionate, dinethyl carbonate, ethyl nethyl carbonate,

di et hyl ctheisbpsiting theibqwlibmen add facilitating synthesis of the product. When the
reaction is performed under reduced pressure, although there are no particular limitations
on the reaction pressure, a pressure within a range from atmospheric pressure to 0.01 torr

15 is preferable, and a pressure under which the solvent can be refluxed at a temperature
within a range from 0°C to 100°C is more preferable.

[0071]

By performing the above reaction, the compound [IV] can be obtained.

[0072]
n+ A N W
M S

S\ 7 R2
F e R
20 n (IV)

[0073]



20 met hyl sul f ol ane, di et hyl sul f oxi de, N, N-di net hyl f or mam de,

N net hyl oxazol i di none, acetonitrile, valeronitrile, benzonitrile,
ethyl acetate, isopropyl acetate, butyg acetate, nitronethane and

ni trobenzene. Anong these solvents, ac ?onitrile, et hyl acetate,

i sopropyl acetate and butyl ,acetate can be used in both the reaction
bet ween the colfp@uAulallyl, ﬁﬁd reprerenisan allialignetakecatign @r aianipareatioan
between the conmpound [I1] and at 25l east one conpound sel ected from

t he gr oup(ezcludingtNig).of comtekpirids methethe valapouofdbe alkals netal gati@oommmium s
and organi c am ne conpounds, and therefore no solvent substitution is
required, caipd (tudBoNel,Nendtii anhteRNoPEtdEha RIedthe 3mne ayiéMridabove
within the sanme solvent, which is preferable. [0070] 5There are no
parti cul ag, hifhh@frj.ons on the tenperature of the above reaction, but
the tenperature i's preferably fromOC to 200C, and nore preferably
fron1§pc to loﬁ% The tinme required for the reaction varies dependi ng
on the reactio gé le, but is preferably fromO0.1 hours to 48 hours,
and nore preferably fromO0.5 hours to 24 hours. Although the reaction
can be per f or E¥RRleEe! the plkali metdlcatipn include prjghismecation, spdiufh eationg
conpound having a hydroxide ion is used, perform ng the reaction
under r edpsessiyon eatiur mibédininl cation hed ecasiumn cationh & thesepa bithire dataen, aodium
by- product to be renoved, thereby tilting the equilibrium and
facilitatg¢ationsypblassis cafiod Rergepdlect . Wen the reaction is perforned
under reduced pressure, although there are no particular Iimtations
on the reactiogmpgpssure, a pressure within a range from at nospheric
pressure to 0.01 torr 15is preferable, and a pressure under which the

10001 more prarup b FEne pefah ARG G EpdieG i dE S Ho-phdBbaliCh ne
conpound (Exlo\lgun? %Qtio%? Sl?l (;[n?Lllmn %gfion[, (gl(zlgrzo]niunnir cs[ttic%? c]\ﬂ\o}'onium cation, bromonium
cation, iodonium cation, selenonium cation, telluronium cation, arsonium cation,
stibonium cation, bismutonium cation;
[0076] |
15 iminium cation, diazenium cation, nitronium cation, diazonium cation,
nitrosonium cation, hydrazonium dication, diazenium dication, diazonium dication,
imidazolium cation, pyridinium cation, quaternary ammonium cation, tertiary ammonium
cation, secondary ammonium cation, primary ammonium cation, piperidinium cation,
pyrrolidinium cation, morphelinium cation, pyrazolium cation, guanidinium cation,
20  isouronium cation and isothiouronium cation.
[0077]
The onium cation is preferably an onium cation having an organic group, namely
an organic onium cation. Examples of the organic group include saturated or unsaturated

hydrocarbon groups. The saturated or unsaturated hydrocarbon group may be linear,

25  branched or cyclic. The number of carbon atoms that constitute the saturated or



20 26 In formula [IV], M+ represents an al kali netal cation
or an onium cation (excluding NH4), n corresponds with the val ency of
the alkali netal cation or oniumcati 027(excl uding NH4) and is an
integer of Ito 3, and R2 is the sane as§’defined above in fornula
[1l]. 5[0074 Exanples of the alkali nmetal cation include a

i t hi um céitseByated Bydrasarben SteHp e sahlyi froent fooks, apd o prefesally dierahép
cesiumcation. O these, a lithiumcation, sodiumcation or potassium
cati on i s8.fhefmiabifatonfi007H)m bidpangs that cofistitiie tonorgamic @tduprpreferably
(excl udi ng NH4+) include a phosphoni um cation, oxonium cati on,

sul f oni unngRidk QMhydfdge® bR/, MMofiaé ko, afiMPER0H,UMikRslo8p, anHie BRIubU&ther
cation, iodoniumcation, selenoniumcation, telluronium cation,

TE ot i i o Hard BRADHE S0 by oL BEY, WBHERH B BB Aoy erou,
catiorn, nitrosonium,gation h@jﬁ]ﬁazoni um di cat.i on, di aani u&}]di fati on,

di azom unEME&UBnSULGRE SRy PHRFE BEUBAMIURST 8P ORYEED AFos and SHIUL Aipaty

anmoni um cation, tertiary anmoni um cation, secondary anmoni um cati on,
primary adhdoRPishrefsrabbnhinclyde ahydiogen atosnifiugrine pfpm: sihergiorprhydsasybn,
nmor phol i ni um cati on, pyrazolium cation, guanidiniumcation,

20i sour ongronp,cyan®groandnd sdfdric@uowmni Tim aganiogroupeédMave only onBhod tlogse um
cation is preferably an onium cation having an organi c group, namely

an or gani gtoe ot BloaRiropingSea Mdyaave ht Tehe 06 BfMhe Gtdii Cothtbr Grélfengs.
saturated or unsaturated hydrocarbon groups. The saturated or

unsat ur at G Y046 9l sHRulPte BBndda"5R s RRNARHE b Alie Y lofain

The nunber of carbon atons T onstitute the saturated or

10 structures of the organic groups, between the main structures of the organic groups and

an aforementioned atom grouping, or between atom groupings described above.

[00738]

Examples of the onium cation having an organic group include imidazolium
cations such as a 1 3-dimethylimidazotium cation, 1-ethyl-3-methylimidazolium cation,

15 1-propyl-3-methylimidazolium cation, 1-butyl-3-methylimidazolium cation, 1-pentyl-3-
methylimidazolium cation, 1-hexyl-3-methylimidazolium cation, I-heptyl-3-
methylimidazolium cation, 1-octyl-3-methylimidazolium cation, 1-decyl-3-
methylimidazolium cation, 1-tetradecyl-3-methylimidazolium cation, 1-hexadecyl-3-
methylimidazolium cation, 1-octadecyl-3-methylimidazolium cation, 1-allyl-3-

20  ethylimidazolium cation, 1-allyl-3-butylimidazolium cation, 1,3-diallylimidazolium
cation, 1-ethyl-2,3-dimethylimidazolium cation, 1-butyl-2,3-dimethylimidazolium cation,
1-hexyl-2,3-methylimidazolium cation, and 1-hexadecyl-2,3-methylimidazolium cation;

[0079]
pyridinium cations such as a 1-ethylpyridinium cation, 1-butylpyridinium cation,

25  1-hexylpyridinium cation, 1-octylpyridinium cation, 1-ethyl-3-methylpyridinium cation,



27 unsaturated hydrocarbon group is preferably from1 to 18, and nore
preferably from1l to 8 Exanples of atons or atom groupings that
constitute the organic group preferabl Si ncl ude a hydrogen atom
fluorine atom am no group, imno grou%, am de group, ether group,

hydr oxyl graqu ester group, . hydroxyl group, carboxyl group,.

car banoy! ?-Qﬂb'fré:hyéwﬁwﬂgﬁlm&ln@m q%ﬁ@gbbww -mgiihy prediBusugation; t-buigkn
atom oxygen atom and sul fur atom and nore preferably include a

hydr ogen 4&imethylpyrubnivmecativon -oetyhéimeghdpyridinydr eatiph, bbotyp3.4eyano
group and sul fone group. The organic group may have only one of these

atoms or d@ihehydseldmiagscation, anayl -haye3 stdimedgtpytidMigh chigh; at ons or
at om groupi ngs. Wien at | east two organi c groups are bonded, bonds
may be forned @@g@\fen the main 10structures of the organic groups,
between the main structures of the organic groups and an

abover [oo7a] Ao, hon G AL R B T PR Sy

group include imdazoliumcations such as a 1, 3-dinet h){l i mdazol i um
cation, 1€HRghYlammaniHy catiang EAGPIORHAEHREIRM cation, tetrabutylammonium cation,
151- propyl- 3-net hyl i m dazol i um cation, 1-butyl-3-nethylimdazolium
cation, lepalmpyaBmonamnnyition téaldxylammoanibongation, tetraoctylammonium cation,
1-hexyl-3-met hyl i m dazol i um cation, 1-heptyl-3- nethylim dazolium
cation, lrietiyyidetBylaBintoniniica@adn ptapyticidietilambofiafydatidn, diethyl-2-

met hyl i m dazol ium cation, 1l-tetradecyl-3-nethylim dazolium cation,

1- hexade %&h@iyé%ﬁ}lﬂ%*ﬂ%mgggélﬂhhf%iﬁﬁpﬂl&ﬁyl{r_i%cﬂl ?/Tp}?piu% catio

1- oct adecyl- 3-et’hyl | Ium cat’i on, t ;lf’i m dazol i um

cation, 1-allvyl-3- i dazol i um cat ion -di al lylim.dazol.ium
cati o, TRl gty et PR ey T SA SR it
1-butyl-2, 3-di net hy] i m dazoliuym cation, 1-hexyl-2,3-nethylimdazolium
cation, a'?i‘&‘e’cljhﬂ&)?é’é{ QIEP'@-%E%%W?H%WW&%ﬁatw[noom]
pyridiniumcations such as a 1-ethyl pyridiniumcation,
1- but y| pybenayliribiylaaumosiym 2@ ionh bsyzlypyiethyllaninuonigmtcation,
1-octyl pyridiniumcation, 1-ethyl-3-nethylpyridiniumcation,
dimethyldistearylammonium cation, diallyldimethylammonium cation, 2-
methoxyethoxymethyltrimethylammonium cation, and
15  tetrakis(pentafluoroethyl)ammonium cation;
[0081]
tertiary ammonium cations such as a trimethylammonium cation,
triethylammonium cation, tributylammonium cation, diethylmethylammonium cation,
dimethylethylammonium cation, dibutylmethylammonium cation, and 4-aza-1-
20  azoniabicyclo[2.2.2]octane cation; secondary ammonium cations such as a
dimethylammonium cation, diethylammonium cation, and dibutylammonium cation;
primary ammonium cations such as a methylammonium cation, ethylammonium cation,

butylammonium cation, hexylammonium cation, and octylammonium cation;

[0082]



28 1-et hyl- 3- hydroxynet hyl pyri di ni um cati on,

1- buty1- 3- et hyl pyridi nium cation, 1-butyl 4-nethyl pyridinium cation,
1-octyl-4-nethyl pyridiniumcation, 1- bz?yl-& 4- di net hyl pyridi ni um
cation, and 1-butyl-3,5-dinmethyl pyridi fitum cation; [0080] 5quaternary
anmoni um cati ons such as a tetranethyl amoni um cation

t et r aet hyl anmoPiSawe AEFIGHIMcationssielhdy ahionsthemearmpetylammonium cation, N-
t et rabut yl anmoni um cati on, tetraheptyl amoni um cati on,

t et r ahexyéthonpdningthy batrmoamynt @tiom ot \N-proporytumettatd arompnium cation;
triethyl met hyl ammoni um cation, propyltrimethyl amoni um cation,

di et hy1- Zpipgedihiny edtioys Bshhi ladnpipl U MntailgiperidiBiuRy Edtionasl M L@bmoni um
cation, 10 cycl ohexyltri nmet hyl ammoni um cati on,

2- hydr 0XY&E€B¥%&%§t€1ﬂZ~ f]%t?z‘l PRk iHRieA ChiRdh; p frbmpit% %@Hgkm&il- opyl-1-

cation, benzy ?h moni um cat 1 on, “benzy yI anmoni u

cation, ben triethyl anmoni t.i on i.met.hyl di st earyl.a ium
cation dlpgﬁ]gf y&rloﬁ,gltnﬁw gﬁt%:l'%%yggfgﬁlilyfi _rroilmfnum catlon,)f-hew)ﬁ?ﬂ

met hoxyet hoxypet hyl t ri net hyl amoni um cation, and . ) o

15t et r aki @e%myapﬁéw%fsﬁm Rerbeeiyint dagthylyrplidiginm cation; merpholipipm
amoni um cations such as a trinmethyl ammoni um cation, triethyl anmoni um
cation, tedtions suchrmredi-pnopyed-nethylndomholihivet dapionand A+ @mebexiyethy)-4-

di et hyl et hyl anmoni um cati on, di butyl met hyl ammoni um cati on, and

4-aza- 1- Rehypnorpholiehehdor? pileoliafeatieds sU0h aSL2QAMTY3, S$mDNi UM
cations such as a di net hyl anmoni um cation, diethyl anmoni um cati on,

d di but . AN : . _
and dibu t¥%ﬁ@@>gﬁfﬂéﬁ‘% Jéa%?ﬁ);}[ Pk M,Wﬁétﬁ?l‘pg&tzb CRUIGD 281,35

met hyl anmmo n, a I um'cation; butyl anmoni Gdm cat i én,

hexyl.amoni ion, and. oc ni ation, [0082 9 .

or gartle AR e aR S 2R T F s Ozt b i um
cation, Net hox@ %met hyl amoni um cati on, and

N- propoxytri e é lanmoni um cati on; piperidiniumcations such as a

1- propyl- 1- et hyl pi peridi niumcation and 1-(2-

met hoxyet hyl ) - quanstimympiapeny slichias m2esthyloln] .3 gyterramnetiyiguamidivatn oatsons uc h
as a 1-propyl-1- 5nethyl pyrrolidin umcation,

1- but yl - Isuifeiifuyh patione budhi Riatrimedtyisaifonitmheation: phospRdrivih yifidral subh ad am
cation, and 1-octyl-1-nethyl pyrrolidiniumcation; norpholinium
catlons Wﬁ@xﬁ@trﬁdébzflﬁh%%n mA Bt TRLRNAI BhtiRs SadH & Lﬂ-_@fﬂr\g-l,l 3.3-

4- (2-met hoxyet hyl') -4- met hyl mor phol i ni um cati on; pyrazol i um cations
2" or oy TRy Fsohqinin syBATENT AR BUER bty ag-gti-1.1.33-

tetramethylisothiouronium cation.

[0084]
Among these, imidazolium cations such as a 1,3-dimethylimidazolium cation, 1-
ethyl-3-methylimidazolium cation, 1-butyl-3-methylimidazolium cation, 1-hexyl-3-

20 methylimidazolium cation, 1-octyl-3-methylimidazolium cation, 1-allyl-3-
ethylimidazolium cation, 1-allyl-3-butylimidazolium cation, 1,3-diallylimidazolium
cation, 1-ethyl-2,3-dimethylimidazolium cation, 1-butyl-2,3-dimethylimidazolium cation,
and 1-hexyl-2,3-dimethylimidazolium cation; and organic ammonium cations such as a
propyitrimethylammonium cation, diethyl-2-methoxyethylmethylammonium cation,

25  methyltrioctylammonium cation, cyclohexyltrimethylammonium cation, 2-



10t ri met hyl pyrazol ium cation, and 2-hexyl-1, 3,5-trinethyl pyrazolium
cation; [0083] guani di ni um cations such as a
2-ethy1-1,1,3,3-tetranethy|guanidiniung ation; sulfoniumcations such
as a trinethylsulfoniun1cation phosphdhi um cati ons such as a
trlhexyltet adecyl phosphoni um cati on; | souroniumcations such as a

2- et hyl - 1midrexyg!] Y}i@ ﬁﬂﬁ%ml% ERHYn ITURSTREAMBION U gt e iR TB RO i
cations such as a 2-ethyl-1,1,3,3- tetranethylisothiouronium cation.

[ 0084] Angstignt h@yéflammpmmat@m wult4-azasl -azahabacycho[2.2. 2]octane cation are

1, 3-di met hyl i m dazol i um cation, 1- ethyl-3-nethylim dazolium cation,
1- but y1- Spmedribie.] Anazohdsuoatiahd hat cohidiexy hneal cROweitd Wit d¥igetalz @ldctiotyte
cation, 1l-octyl-3-nethylimdazoliumcation, 1-allyl-3-

ethylimd MsPih B
1, 3-di al Igti%)?!r:rﬂlngazol i E%&gasgdlcg# Hﬁn%?hyl dnh%ﬂlg?t;nﬁsh%%%lazol ium

AR = L Ty RS ARG L Py ————

such as a pr tri net I ammnl um catl on

di et hyl - lﬁy CAPPREAHI um cation, 25nethyl trioctyl amoni um
cation, cycl ohexyl tr| net hyl anmoni um cation, 2- 30

hydroxyet hyl t riQﬁBﬁhyl ammoni um cation, trimethyl ammoni um cati on,
triethylamoni um cation, tributyl ammoni um cat i on, and

4- aza- 1- azoni aPpezyiid @s[aﬂlpl?esib]fmhet eoreparat] [ iacledolitian diyfleorodiituig])imide,
these, cations that contain no netal elenents that degrade

el ectrol yh@iuh W@Lﬁ)h%ﬁlf@ﬁ%) m&rlﬂh&%meﬁ%lfﬁﬁyﬁlﬁfﬂé é}ﬁMuﬁ&mﬂhé’rﬁkulfonyl)

cations, speC|f|ca Y, trlnethy annDnlun1cat|on triet y anoni um

catiof, arﬁg&@i\tQﬂ%’rB&Hﬁ?&&”&{ﬁ)‘fﬁ de?&oaﬁtﬁldﬁ?ﬁ?(fﬁ%?osﬁff&%hﬁlw‘?@extﬂ‘u%rc?-ﬂ'- um

cati on.

propylsulfonyl)imide; potassium di(fluorosutfonyl)imide, potassium N-(fluorosulfonyt)-
N-(trifluoromethylsulfonyl)imide, potassium N-(fluorosulfonyl)-N-
(pentafluoroethylsulfonyl)imide, and potassium N-(fluorosulfonyl)-N-(perfluoro-n-
propylsulfonyl)imide; sodium di(fluorosulfonyl)imide, sodium N-(fluorosulfonyl)-N-
15 (trifluoromethylsulfonyl)imide, sodium N-(fluorosulfonyl)-N-
(pentafluoroethylsulfonyl)imide, and sodium N-(fluorosulfonyl)-N-(perfluoro-n-
propyisulfonyl)imide;
[0086]
1,3-dimethylimidazolium di(fluorosulfonyl)imide, 1,3-dimethylimidazolium N-
20 (fluorosulfonyl)-N-(triflucromethylsulfonyl)imide, 1,3-dimethylimidazolium N-
(fluorosulfonyl)-N-(pentafluoroethylsuifonyl)imide, and 1,3-dimethylimidazolium N-
(fluorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide; 1-ethyl-3-methylimidazolium
di(fluorosulfonyl)imide, 1-ethyl-3-methylimidazolium N-{(fluorosulfonyl)-N-
(trifluoromethylsulfonyl)imide, 1-ethyl-3-methylimidazolium N-(fluorosulfonyl)-N-

25  (pentafluoroethylsulfonyl)imide, and 1-ethyl-3-methylimidazolium N-(fluorosulfonyl)-



Speci fic exanples of the conpound [IV] include |ithium

di (fluorosulfonyl)imde, lithium

N-(fluorosul fonyl)-N-(trifluoronethyl sa@fonyl Yimde, lithium

N- (fl uorosul fonyl)- 10N (pentafl uoroethyl sul fonyl)imde, and lithium
N-(fluorosul fonyl)-N (perfluoro-n- propylsul fonypi m de; potassium

0 (11 or oNPFRRITY eI oA SR iR RORHT-SHasEx] I GRgoi i
N-(trifluoronethyl sul fonypi mde, potassium N (fluorosulfonyl)-N
(pent af | udil(ﬂlmrhglﬂﬁmh’f)m’lﬁyib,)li-bﬂillljb,’)-naﬁthlylpnidamliuunN-(ﬂuorosulfonyl)-N-

N- (fl uorosul fonyl)-N(perfluoro-npropylsul fonyl)imde; sodium

di (f1 uor ogtiflfiexoiellividutienyidigdiel rll-tht&M-ht(ﬂtl@ﬂMﬁlH%Ylth(ﬂuorosulfonyl)-N-
15(trifluoronethyl sul fonyl)imde, sodi um N- (fl uorosul fonyl) -

taf |
O TP AT it oo
]1‘ g g:snrrgt ﬂfPF{ﬁ ggc%-g-lpr(?ﬁls%[l ny i eullfl yY 5 mg{hdhm]dazollum
20(f| uor os, ﬂlfonyl N-(trifluoromet h}gl sul fonyei m

3-di rret Fleteal Byﬁ)wN_I-hexyl -3-met yhmldazollumN (ﬂuorosulfonyl)-N—
(fI uor osul fonyl) - N- ( pent af | uor oet hyl sul fonyl )i m de, and
1, 3- di net tisiflverothathylsulionyl)imide, 1-hexyl-3- methy]nmldazohumN (fluorosuifonyl)-N-
N(fl uorosul fonyl)-N(perfluoro-n-propyl sul fonyflim de;
i 6': Eyi- 33(-pﬁﬁﬁat Eull)nomhg&nﬁ'f)mymhﬂde(, ahdiofes Y3 -aHyliniiig®lium N-(fluorosulfonyl)-
et hy met hyl i m dazol i um
N- (1 uor ogubEemydo-nNed gllﬂég pghbyl sul fonypi m de,
1l-ethyl- 3- !Fr{ebt hyl i m%z‘%‘l |uum fI uor osul fony1) - N-
25(pe1rbt af l uoro ? j sul f onypi m de and 1-ethyl-3-nethylimdazolium
N- (fluorosulfo ?( 31 N-(perfluoro-n-propylsul fonyl)im de;

1-butyl-3-neth azo| i di al uo quo
1- butzl 3- et hi//-pptgt}g Lylmdaz %um d1(ﬁuoros ¥onymm1de [ -octyl-3-
N- (fluorosul fonye-N(trifl uoronethyl sul fonyDi m de,

1- but y1- 3maidyhglidazliam Y- i(ﬂ;mrosu@ﬁonubfhbﬁmllﬂuoromethylsu!fonyl)1m1de 1-octyl-3-
fonyl) - N( pent af | uor oet hyl sul f onyei m de, and

1- but y 1- 3mothytiylidaxoldam ot - flwordsul foh yioMNdgpantattipigethylsulfonyl)imide, and 1-octyl-
5N- (perfl uoro-n-propyl sul fonyl )i m de; 1-hexyl-3-nethylim dazolium

di (1 uor s chiymhitihadiide NxnoseydifanMel pbinubarg pkd -
N-(fl uor osulef onyll) hili?(lt ri fﬂ(uor onet hyl sumjonypl m P dd,i/@ulfonyl)lmide -allyl-3

&I— ? f i(])t%r Uit ony %n'ﬁ?agh{'%udgop Sul rﬂldleSuFIr%I P niszoligm N-
N (por {1 GBBLeRS @63%??@9?9%@5&81&111 8%2ﬂ%gllyl-3-ethylimidazolium N

1-oetyl-3-methyl i m dazoliumdi (fluorosul fonyl)imde, 1-octyl-3-
met hyl i mi (deeispleryl)-N-(pentafluoroethylsulfonyl)imide, and 1- allyl -3-ethylimidazolium N-

N-(fluorosul fonyl)-N-(trifluoronmethylsul fonyl)imde, 1-octyl-3-
met hyl i m {@erdsuldonyl)-N-(perfluoro-n-propylsulfonyl)imide;

N- (fl uorosul fonyl)-N (pentafl uoroethyl sul fonyl)imde, and 1-octyl-
3-nmet hyl i m dazghggm N-(fl uorosul fonyl)-N

-(perfluoro-n-propyl sul fonyl)imde; 1-allyl-3-

20 1-allyl-3-butylimidazolium di(fluorosulfonyl)imide, 1-allyl-3-butylimidazolium
N-(fluorosulfonyl)-N-(trifluoromethylsulfonyl)imide, 1-allyl-3-butylimidazolium N-
(flucrosulfonyl)-N-(pentafluoroethylsulfonyl)imide, and 1-allyl-3-butylimidazolium N-
(fluorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide; 1,3-diallylimidazolium
di(fluorosulfonyl)imide, 1,3-diallylimidazolium N-(fluorosulfonyl)-N-

25  (trifluoromethylsulfonyl)imide, 1,3-diallylimidazolium N-(fluorosulfonyl)-N-



15et hyl i m dazol i um di (fl uorosul fonyl)i m de,

1-al ly1-3-ethylimdazolium N

(fluorosul fonyl)-N-(trifluoronethyl sul fﬁnyl )i m de,
1l-allyl-3-ethylimdazolium

N(f | f 1) - N t af.l hyl su] f )i m de, and

lf al Fsa?ggpgp%@ﬁpgwggggffgﬁglm?&{ ?11? lﬁ-c%gllylgl?%la%(;lium N-(fluorosulfonyl)-N-
N(fluorosul fonyl)-N-(perfluoro-n-propylsul fonyl)imde; [0088]

201- al | y 1(m@rfhwrg-nipropidsidfanyhimidef 1-athiybd 3Hdioethy) imidatelivm

1-all y1-3-butylim dazolium

N- (f 1 uor ogigfldaroytgfolyl)intidé, luethlnE B hlimmsthlyfigidazo Him ®e(fluorosulfonyl)-N-
1-allyl-3-butylimdazolium o

N(f I uor Oséﬂiﬂ%}ﬁﬂﬂe_tlﬁ'&l%ﬁf/lﬁtﬂiﬂ'ﬁ rlotﬁﬁﬁyiﬁ-ldliﬁ‘l&ﬁylliﬂﬂdﬁﬁﬁ]m W—‘H]uorosulfonyl)-N-

1-all y1-3-butylim dazolium

13 aicar 1 P ARNGLa GRS Badi RN SRR 1 sazol 1 um

N- (fl uorosul fon - 5(trifluoromethyl sul fonyl)im de,
5L el L TSI S R BGOSR TRide: 3
(pent af | uoroet hyl sul fonyl )i m de, and 1, 3-diallylimdazolium

N- (1 uor osul f of)P891 N( per f | uor o- n- propyl sul fonyl )i mi de;
1-ethyl-2, 3-di nmet hyli m dazoliumdi (fluorosul fonyl)im de,

1-et hyl- 2, 3- di mbutyyRi3vlidaziollimitazelium di(fluorosulfonyl)imide, 1-butyl-2,3-
N-(fluorosul fonyl)-N(trifluoronethyl sul fonyl)imde,

1- et hyl - 2qidredtyitiBepolitindRZ Alibre by ) LN Qfr AR Ik ¥ imide, 1-butyl-2,3-
5( pent af | %%Tregie){t%l sullf onyl)i df~‘711{é(§jlﬂe,hjmé{n)dllﬁ‘Slzfret hy(%lﬁg}%mél?br?gpﬁ?ﬁeml 3&?(1) i’3u

N- (fluor - Ny f -R- i.pide. 9

1 purkls 2 e LR o BB DRSSt Ry P G L2 5.
di net hylim | j.u - . -
N (F1 or o@&vdlraﬁvﬁ'j’%ykwqa@wMﬂmtp%'&fpmsw-meﬁﬂ%9-n1pmauﬁg)fa@,l)ymde;
10di net hyl i m dazol ium ) i o

N- (f | uor okbEtd3ylimethy snidazalivar détlwrpsifonghipmides IdtbsxyhkAd-1-

butyl-2, 3-dinethyl imdazol i um N (fl uorosul fonyl)-N(perfl

uor o- n- pr dimettsikri dappl N -(fleoroduifoay)IN ZirFhudrareéthylbulforddial dey trhexyl-2,3-
di ef  uorosul fonyflimde, 1-hexyl-2,3- dinethylimdazolium

N- (f | uor ogirlefimydhdaAdtiGi i Heo ARy LIS LR RIr S8t B\A sul fomb BitXiic Zandt 1 -

di met hyl i m dazol i um

N- (f1yuor %L—?%@ih@Ny(%ﬂﬁﬁ'ﬁz%[ihﬁ'ﬁ‘ﬁ—?ﬁﬁ(ﬂ&lﬁPgngfﬁm‘{-l(gérﬂh&%’—n—&%gyljshlfonyl)imide;

15hexy1- azol 1um
N-(fluorosulfo - N- (perfluoro-n-propyl sul fonyl)im de;
(0650]

1-butylpyridinium di(fluorosulfonyl)imide, 1-butylpyridinium N-(fluorosulfonyl)-
N-(trifluoromethylsulfonyl)imide, 1-butylpyridinium N-(fluorosulfonyl)-N-
(pentafluoroethylsulfonyl)imide, and [-butylpyridinium N-(fluorosulfonyl)-N-(perfluoro-

20 n-propylsulfonyl)imide; 1-hexylpyridinium di(fluorosutfonyl)imide, 1-hexylpyridinium

N-(fluorosutfonyl)-N-(trifluoromethylsulfonyl)imide, 1-hexylpyridinium N-
(fluorosulfonyl)-N-(pentafluoroethylsulfonyl)imide, and 1-hexylpyridinium N-
(fluorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide; I-octylpyridinium
di(fluorosulfonyl)imide, 1-octylpyridinium N-(fluorosulfonyl)-N-

25 (trifluoromethylsulfonyl)imide, I-octylpyridinium N-(fluorosulfonyl)-N-



[ 0090] 1- butyl pyridiniumdi (fluorosul fonyl)im de,

1- butyl pyridi ni um N-(fl uorosul fonyl) -

N-(trifluoronethylsul fonyeimde, 1 - bug?!l pyridini um

N- (fl uorosul fonyl)-N(pent af | uoroet hyl s fonypi m de and

1buty|py |d| ium N- uor osul fonyl) N-(pef uor

20n- pr opy (repially Wfﬁllfeny )_erwé%(w%irqcaﬂwr 'am(h%(t]Bﬁ»r@gldquwﬂgl&(mrﬂeoro-
1- hexyl pyridi nium N-(fluorosul fonyl)-N-(trifluoronethyl sulfonyl)im
de, 1- hexwwsu&fpnyli)lunde 1-ethyl-3- methylpyrldlmum di(fluorosulfonyl)imide, 1-ethyl-3-
N(fl uorosul fonyl)-N-(pentafluoroethyl sul fonyl)imde, and

1- hexyl pymithylpysidinium N-(fluorosulfonyl)-N-(trifluoromethylsulfonyl)imide, 1-ethyl-3-
N(fl uorosul fonyl)-N-(perfluoro-n-propyl sul fonyl)i m de;

1-octyl thbﬁl?r[Hyﬁ'ﬂhﬁL'lrﬁfl\h Eﬁ{&(@éﬂlfoﬁ?lﬂh) (ﬁ@n@'ﬁluo%eﬂf{)ﬁ(ﬁi@ﬁf&l’)ﬂiﬂé,% 1-ethyl-3-

N-(fluorosul fonyl)-N 2 r|fluororrethylsulfon

1-oct ] py L i

(pentaS:‘I u@r%ghp@%r%oan&géﬁg 089% % %‘% WPPH‘I‘Swf%mmlde

N (fluorosulfo i N- (perfl uoron- propyl sul fonypl m de;

1-ethyl-3-neth é i di ni um di (fluorosul fonyl)im de, 1-ethyl-3-

met hyl pyri di ni um N-(fl uorosul fonyl)-N-(trifluoronethylsulfonypim de,
1- et hyl- 3- et hpu rrdethylparidinium di(fluorosulfonyl}imide, 1-butyl- 3-methy1pyr1dm1um
N- (fl uorosul fonyl) - N (pentafl uoroethyl sul fonyl)imde, and 1-ethyl-3 -
Snet hyl pyNi(@nososmifonyl)-N-(trifluoromethylsulfonyl)imide, 1-butyl-3-methylpyridinium N-

N- (fl uorosul fonye-N(perfluoro-n-propyl sul fonyl)imde; [0091]

1- but 'y 1- 3rRkdavifomyil-Si pesandblobhy RUASMITiRNN, hhd $8tyl-3-methylpyridinium N-
1-butyl- 3 rret hyl pyri di ni um

N-(f I1 ro h%ﬂ?faﬁf’;lm(@sfﬂdopg B%ﬁﬁéﬂlﬁ)ﬂw)%ﬁg' %9@1 4-methylpyridinium

1- butyl 3-

[II(LL;J Srlogéjgi'{ équbgp ] 1?1{1] %Ll]l roz? me¥hy71lajylfrgdo 1211}/1}(1‘1|N (ﬂuorosflal?onyl)-N-

10(f luorosul fonyl) - N ffperf | uor 0- n- propylsulfonyl )i m de;
1- but y1- 4(Irrkﬂ@019mp§lwisa AnYlmide, flrhmyldlsmeflw&gmrydnmumé\l (fluorosulfonyl)-N-
1-butyl-4- et hyl pyridi ni um N- (fluorosul fonyl)- N

(trifl uor@eetflybeuthysnlfoyyil)indd, add biul-44methyIpytiginiir N?(ﬂumrosulfonyl)-N-
N-(fluorosul fonyl)-N(pentafl uoroethyl sul fonyei m de, and

1-butyl- 4p Bﬁm&)’d-ﬁéﬁrd) |$Ul Y1) imide;
N-(fl uorosul fonyl) - N(Cperfluoro-n-propyl sul fonyei m de; 15[ 0092]

di et hyl - 2- net hgwyet hyl met hyl ammoni um di (f 1 uorosul fonyl )i m de,
di et hyl-2- net ox@et hyl met hyI ammni um

N-(fluorosul fo trfI | sul.f onyl

0 ot hyl - - et FORORE PRSI Y‘& Aot Qb Gy Djmide. diethyl-2-
(pent af | uor get hyl sul f onypi m de,

di et hy1- gnﬁ@pw@)gmﬁg}'qy}?ﬁmgm1gm{ﬂ-rﬁﬂmfpwlfonyl) -N-(trifluoromethylsulfonyl)imide,

diethyl-2-methoxyethylmethylammonium N-(fluorosulfonyl)-N-
(pentafluoroethylsulfonyl)imide, and diethyl-2-methoxyethylmethylammonium N-
20 (fluorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide; methyltrioctylammonium
di(fluorosulfonyl)imide, methyltrioctylammonium N-(fluorosulfonyl)-N-
(trifluoromethylsulfonyl)imide, methyltrioctylammonium N-(fluorosulfonyl)-N-
(pentafluoroethylsulfonyl)imide, and methyltrioctylammonium N-(fluorosulfonyl)-N-
(perfluoro-n-propylsulfonyl)imide; cyclohexyltrimethylammonium

25 di(fluorosulfonyl)imide, cyclohexyltrimethylammonium N-(fluorosulfonyl)-N-



20(fl uorosul fonyl) - N-(perfl uoro-n-propyl sul fonypi m de;

met hyl tri octyl anmoni um di (fl uorosul fonyl )i m de,

nmet hyl tri octyl anmoni um

N- (fluorosul fonyl)-N(trifl uoronethyl su??onypi m de,

met hyl tri octyl anmoni um o . ,

N- (1 uor odtflryRyEThyi§ubeRY amide cyephgaduinresnjanmoaam Nr#luorosulfonyl)-N-
nmet hyl tri octyl anmoni um

N- (f | uor oipehfafngropthysploiyljionde, anp cypgesultfimathylamrdenium N-(fluorosulfonyl)-
cycl ohexyl tri met hyl ammoni um 25di (f | uor osul f onypi m de,

cycl ohexyNt(péﬂmbi‘wh?mmﬂlﬂumybiﬁiH@or osul fonyl)-N- 34
(trifluoronethylsul fonyl)imde, cyclohexyltrimnmethylamoni um

N (f 1 uorosul fg@()ﬁz N( pent af | uor oet hyl sul fonyflim de, and

cycl ohexyl tri net yIammni um N- (fl uorosul fonyl) -

N- (perd | uor o- n-pr | sul fonyl)km de: . 0093], 5tri hyl anmonj,um
di (f 1 Qor osul f o‘ﬁ(})ﬁ%ﬁ?ﬂ?‘ﬁg’,"‘]{ﬁ ﬂ@H?IP%'H‘FF{S‘HBﬁﬂqdfiﬂ"me%tla'xm"m“m%'
(fl uorosul fonyl&- N-(trifluoronethyl sul f_on%q;:i m de, trinmet hyl amoni um
N( f | uor osdiupEtsyHeu-NodriflugromsthylsuHonydin ¢ yiinethy eumegigm N-
trimet hyl anmoni um

N( f | uor os(lubrasyliynNp-Ne@ehtatoomwethyisn oy Eomidep ayd Jrimdétbigdammonium N-
triethylamoni umdi (fl uorosul fonyl)imde, triethylamoni um

N- (f | uor oglubfazabfdnyNN-Geffiucrd-nuroyailioylBishidenyikyntigonium
triethylammoni um N-(fl uorosul fonyl)-N

(pent af | u&(%@ﬁhf?ﬁk}?ﬁﬂ&[&'tﬁ%?ﬁmn%ﬁu& N-ﬁ%ﬁ%@ﬁ@gﬁn

N- (fl uorosul fonyl per 1l uoro-n-propyls

trib I ni i (f r . imd i hutv| a '

R AR TS R GRS R T A ——
N (fl | f - t af | hyl syl f imd d

155 ri lt;a'[ %gmﬁﬁgrgﬁg%fsﬁﬁgnﬁ)im? el; gl? tr%{ethsy'famr(rjlg%i?llrnml\l-(%hOI%rs]ulfonyl)-N-

N- (fl uorosul fonyl)-N-(perfluoro- n-_Bro yl sul fonyflimde; 4-aza-I-
azoni abi cipetfboro-p-ppmdswiveyingitle:Lobukylantroenifuni di{fierosulfonyl)imide,
4-aza-1-azoni abi cycl o[ 2. 2. 2] oct ane

N- ( f | uor osiblifybamythpaibden( N e(flibrosul6orsd Ay grifl fopmmtthiyiildenyl)imide,
4-aza- 1- azoni abi cycl o[ 2. 2. 2] oct ane

N- (f 1 uor ogiulifyPmychdnib REALSOSHERBLRY betth firydh s d€onyBRdidd; %R 1-

azoni abi cycl 0] 2. 2. 2] oct ane

N (fl ’ y - f i de: .. 20L 0094

1 pr iy S P M R B P SR T vy e k-
t hyl pi i di ni . . _y

N (1 uor GZAMRBIRYEIPLa Rlactane difunmaswmybimiste, Arat-dazoniabieygigla. 2 octane
thvl oi i dini

N- (1 uor ¥ fiRegulfom S itioremetbrlshiforsilimisey fHazarl capniabigyclo[2 2 2Joctane

1- propyl 1- met hyl pi peri di ni um

N- ( f 1 uor asflboroydlford)E € pértaibrcresthpsdforyithidenyel 4vagte] - 1- propyl -

251- et hyl pyrrol i di ni um di (fl uorosul fonyei m de,

1- pr opy 1-dmoARbityt1BYX 2. 9] dcfing INLAMNTosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide;
20 [0094]
1-propyl-1-methylpiperidinium di{fluorosulfonyb)imide, 1-propyl-1-
methylpiperidinium N-(fluorosulfonyl)-N-(trifluoromethylsulfonyl)imide, 1-propyl-1-
methylpiperidinium N-(fluorosutfonyl)-N-(pentafluoroethylsulfonyl)imide, and 1-propyl-
1-methylpiperidinium N-(fluorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide; 1-propyl-

25  l-methylpyrrolidinium di{fluorosulfonyl)imide, 1-propyl-1-methylpyrrolidinium N-



35 (fluorosul fonyl)-N-(trifluoronethylsul fonypim de,

1- propyl- 1- et hyl pyrrolidinium

N( fl uor osul fonyl) - N- (pent af | uor oet hyl s%f onyei m de, and
1- propyl- 1- net hyl pyrrolidinium

N-(fluorosyul fonyl) - erfl uorg-n- propyl sul fonypi m de;

1- but y1- ffﬁ@fwrféwl%(-ﬁaﬂﬂ?ram%hyew?fraay f¢.dnpopylnd -gisthylpyrrofidinium N-
1-butyl-1-net hyl pyrrolidiniumN (fluorosul fonyl)-N

5(t ri f | uotfinereskifbsyl)-Notpehiatlnprpethyisubionyl limiderand y4npewyd-dHineihyl pymolidinium
N- (fluorosul fonyl)-N (pentafluoroethyl sul fonyl)imde, and

1- but y 1- INA@ubds piysryd)-Neipsi fLisrdNn{prdpiodudfony Hididd;) --butyl-1-methylpyrrolidinium
N- (perfl uoro-n-propyl sul fonyl)imde; [0095

4- propy1l- 4 b Ny ' I 1-4-
TR nglpﬁp?d#iaggngﬂﬁhm by Sheirgipeirdil i NthHSrosdrdy BN

N ‘;]'y Hor ?@ﬁgf SN Mol by it L, AL Sl R B MBI SB Ty )-N-

gt E)LL, l{? z?ﬁ?pglpf B%é%@g@&&gg{]%l&? rér?g t1 %%ltysl-ull-x];lgtrlll%%ymoﬁgfniu%] (Ij\l-(Afﬂuorosulfonyl)-
N- (fluorosul fonyl)-N(perfluoro-n-propyl sul fonyl)im de;

2- but yI - INIpefupiarepngdyisptfanpl)imide;di (f | uor osul fonyl )i m de, 2-butyl -
1,3,5- trimethyl pyrazolium

N- (fluorosul f ofiyy23+ N-(trifluoronethylsul fonyl)imde, 2-butyl-1,3,5-
15t ri met hyl pyrazol i um

N-(fl | f . » but yl -
iruorosy hSfligﬁpgygfrﬁﬁg]ymdrgmm%mmk(ﬂublfo@mdﬂyn)%ﬁe,4@&%&1 uty

> ot i Ty B Ao N RO R B0 ARG LB TRGDim R Rbropy1-+-
2-ethyl-1,1, 3, 3- ) | .. dini -
N (1| or B BRRIE G- P OO TpareHoractisifony Binsige. and 4-

201, 1, 3, 3-tetranet hyl guani di ni um o
N- (f 1 uor ograpylohyeshyimerpdatiamir(@uetoguiéenyt oNy(pgriflwoen-peongisulfonyl)imide;
2-ethyl-1,1, 3, 3-tetranet hyl guani di ni um

N- (f I uor ozbhfybiy3]y-trivnéthelpltazolinom if(flopyosslidrfydyyipden? datyl-1,3,5-
trimethylsul foniumdi(fluorosul fonyl)imnde, trinethylsulfonium
N- (f | uor ogimdipnprhzdiubd NL{ueSsemBi NSt fi@ymbiifsdFonyDimide, 2-butyl-1,3,5-

trimethyl sul foni'um

NCT 1 uar 0%ﬁ%%%%ﬂt@fub%[l%ﬁﬁ@%ﬁ%tﬁﬁ%r&mﬂﬁl’fmﬁﬁ‘ﬂmide, and 2-butyl-

trimethyls

25(f 1 uorosyl fonyl) - N- rfluoro-n-propylsul fonyl)imnde; o

£rt hexyl + bordaBtmaeBRom Hrebs BRI aeaitbuhy Promiatonyimide;

trihexyltet radecgl phosphoni um

N- (f1 uorosul f ol¥9P§L N(tri fl uor omet hyl sul f onypi mi de,

tri hexyl tetradecyl phosphoni um

N- (f 1 uor osul f aivgthyt-N1Beefametindgidnydisuhf difffdrosul fdeyl)iatide, 2-ethyl-1,1,3,3-

tri hexyl tetradecyl phosphoni um N-(fl uorosul fonyl)-

N- (per f | ueframethpref Ry fidrh JnyHuorSut@nyl)-N-(trifluoromethylsulfonyl)imide, 2-ethyl-

20 1,1,3,3-tetramethylguanidinium N-(fluorosulfonyl)-N-(pentafluoroethylsulfonyl)imide,

and 2-ethyl-1,1,3,3-tetramethylguanidinium N-(fluorosulfonyl)-N-(perfluoro-n-
propylsulfonyl}imide; trimethylsulfonium di(fluorosulfonyl)imide, trimethylsulfonium
N-(fluorosulfonyl)-N-(trifluoromethylsulfonyl)imide, trimethylsulfonium N-
(fluorosulfonyl)-N-(pentafluoroethylsulfonyl)imide, and trimethylsulfonium N-

25  (fluorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide; trihexyltetradecylphosphonium



5[ 0097] 2-ethyl-1,1, 3, 3-tetranet hyl i souroni um

di (fluorosulfonyl)imde, 2-ethyl-1,1,3,3- tetranethylisouronium
N-(fluorosul fonyl)-N-(trifluoronet hyI s%fonyl )i m de,

2-ethyl 1,1, 3,3-tetranet hyl i souroni um

gl- ((EI Ih;|0r Oﬁi{hé&gé’qﬁ)p’\‘gﬁﬁﬁ%ﬁ Lt Oeq&qgﬁp%gégh%g u ﬂuorosul? onyl)-N-

N- (fl uorosul fony erfluoro-n- 10propyl sul fonyl )i m de;

2- et hyl - 1(tmﬂ90®me§ml hl;)nmd@ttﬁh@mt@mdmyl@hqsnhgmum+(ﬂuwyapmlﬁmryé)-N-
2-ethyl-1,1, 3, 3-tetranet hyl i sot hi our oni um

N- (f 1 uor O@ehfa(ﬁlmyﬁ))ethy(mtfoﬂj/miﬂfidmmhdhyﬂifeuy]ftamﬂpdzy’ri)lctephonium N-(fluorosulfonyl)-
2-ethyl-1,1,3,3-tetranet hyl i sot hi ouroni um

N(f I uor osnLdemibo-heprfMudfonygigige:hy! sul f onyei m de, and
2-ethyl-1,1,3, 3- tetrarethyliSothiouroni um

N-(flup rosul fo )] N- (perfl uoro-n-propyl sul fonyflimde. 15[ 0098]
The corrpound [ I)bt ained in accordance with the production process

of the present t contajns a snal f cont am tlon
by motal | mpur PEEE rh it desr dhdsphonare o rerprd s et LetihG 1 hg

| i ke when conpared wi th conpounds obtai ned by conventional processes,
and can tiskperdydsasoniyedN{dvepadfonyBsN-4trifmosrmethylseforahinise, 2-ethyl-
20conductor used in formng primary cells, secondary cells such as a
lithiumi b,ﬂl,3$thmnadaﬂwlis@lrb1;1iuarm-(ﬂhmmmlﬁniyda)ﬁlﬂqwntﬁimdrwﬁylsmﬁfﬂlyb)'smide,

el ectrolytic capacitors, electrical double-Iayer capaci tors, fuel

cell's, sohpi2-c@lyl-$ 1@3}@&@&%&1{;@@&5@%& NL(‘ﬂ'iISstﬁlfo b&BuoR n-
The present invéntion is described belowin furth etail based on a

seri ef Ofgﬁpﬁm?&ﬁl HPd@Z%‘Eh 14ihes BY gt?@?ét%@éﬁﬂ&dr? Sdi ﬁho?c?suﬂ%}{ylgiplide,

i mted oW ng exal npl és; anges ‘can

o csont | AR o2 St%%ﬂweﬁg%ﬁr”hﬁﬁg?hvwvéﬂﬁwﬁﬁr fort ot e

5within the technical scos)e of the present invention. [0100
Synt hesi s(tEfaeramethyIsyligoy lmld%@a@bi’lcﬂnl I Ssispmetyligpleigusgnium B-stirrer,
a thernmoneter and a refl ux
(fluorosulfonyl)-N-(pentatluoroethylsulfonyl)imide, and 2-ethyl-1,1,3,3-
tetramethylisothiouronium N-(fluorosulfonyl)-N-(perfluoro-n-propylsulfonyl)imide.
15 [0098]

The compound [I'V] obtained in accordance with the production process of the
present invention contains a smaller amount of contamination by metal impurities that
degrade the electrolyte properties and the like when compared with compounds obtained
by conventional processes, and can therefore be used favorably as a material for an ion

20 conductor used in forming primary cells, secondary cells such as a lithium ion secondary

cell, and electrochemical devices such as electrolytic capacitors, electrical double-layer

capacitors, fuel cells, solar cells and electrochromic elements.

EXAMPLES

25 [0099]



condenser was charged with 123.9 g (1.10 nol) of chlorosulfonic acid
(C1S03H) and 1098.1 g (0.70 nol) of chlorosul fonyl isocyanate. The
tenperature of this mxed |iquid was rg'zsed to 130C under stirring
over a period of 2.5 hours, and reacti was performed at this
tenperature for, 9 hours. FQ||OWI ng.conpl etion of the reaction,
reduced pressufBe present ingntion s descrihedslovetn fugher detail based @J‘haﬁﬁ’ses of
collected at 98.5C to 101C/ 4.2 torr. Di(chlorosul fonyl)imde was
obt ai ned examplesol lbowesss, the prespdinvention gun doiwaydmisedohyrthe 6lloiszg. 9 g
(0.36 nol). [0101] Exanmple 1 (Synthesis of ammoni um

di (chl or ostinipdery hnd appiepriate clemgtd i, vPshRde, bemaddahiestimcérTording vath
(100 mol) of the 20 i (chl orosul fonyl )im de obtained in Synt hesl s

Exanpl e 1; I et of the g}esﬂg iReRlioNihishé @ e{&ﬁg& -dfe 911 6 dBWe)in@hded

anmoni um c ed to the vess and a reaction was

Fol | ovd ng Ehinals [LnRRascPie.dr Be BN MERBoRCTa v T emoved by

fiItratlon and_washed wi th acetonltrlle The sol vent was renoved from
t he obt ai ned OE(HQQ c phase by distillation under reduced 25pressure,
and 25.4 g of a yellow oily substance was obtained. 38 [0102]

( Synt hesi Syrshessiaxampienl di (f | uor osul f onyei ni de) A reaction

vessel was charged, at -20C, with 5.2 m (240 mmol ) of anhydrous
hydrogen fl uor Ad@oanicred®ionlvesdel apeppsudiwith & etirrdrOa tHeh@omesr agtgetfluqver

a period of 6
condenser was charged with 123.9 g (1.10 mol) of chlorosulfonic acid (CISO:H) and
10 98.1 g (0.70 mol) of chlorosulfonyl isocyanate. The temperature of this mixed liquid was
raised to 130°C under stirring over a period of 2.5 hours, and reaction was performed at
this temperature for 9 hours. Following completion of the reaction, a reduced pressure
distillation was performed, and a fraction was collected at 98.5°C to 101°C / 4.2 torr.
Di(chlorosulfonyl)imide was obtained as a colorless transparent liquid in an amount of
15 77.9 g (0.36 mol).
[0101]
Example 1
(Synthesis of ammonium di(chlorosulfonyl)imide)
A reaction vessel was charged with 21.4 g (100 mmol) of the
20 di(chlorosulfonyl)imide obtained in Synthesis Example 1. Then, 100 ml of acetonitrile
and 5.4 g (100 mmol) of ammonium chloride were added to the vessel, and a reaction
was performed at 23 to 26°C for 1.5 hours under constant stirring. Following completion
of the reaction, the solid was removed by filtration and washed with acetonitrile. The

solvent was removed from the obtained organic phase by distillation under reduced

25  pressure, and 25.4 g of a yellow oily substance was obtained.



5 mnutes, a 30 mM acetonitrile solution of 15.3 g of the amoni um
di (chl orosul fonyl )i m de synt hesi zed above. Fol |l ow ng conpl etion of
the addition, the tenperature was rai rsrgg to 80C over a period of 1.5
hours, and a reaction was then perfor under reflux at 80 to 84C
for 2.5 hours. Fglgj owi ng conpl etion of the reaction, the tenperature
was cool ed to Y tenperature, and the hydrogen fluoride was flushed
out by nitrogen bubbling. 10Ethyl acetate and water were then added
to the veCwathesiawd ammmwum di(flrenoswfonydémidagn perfornmed with amoni um
hydr ogen carbonate. The solid was renoved by filtration.

Subsequent |y, Aheacioganise] whasieryais aisQpET avigds. 2 Thig24ahenol pbbghydass
extracted 3 tines with ethyl acetate. The organi c phases obtained in

the extr agfdr88ORRRAEIADSOWR ST 2640 HNEdTo HRE wfa%%@émw%ggegbg%%c
phase was washed wi th wafer. The solvent was 15t hen renoved by

distildat] n ar T thus t ai ned. . subs ce na
anal yzed BSE allSHERERBRTPh B0 SR b R BB A G GRS RESp e
were neasured,. and the substitution rate from chlorine to fluorine
was quant Pthsgizehabeyisi diollaring ceamdeinn g @40 Y thgtsmpprairs B@s raisedfo
amount of 10.5 g (53.4 nmmol ). [0103] 20 Exanple 2 (Synthesis of

pot assi und@fi{ dvenamedod pHhY hpirs; ahed) a reactionawvasethen perforoed swtenmafux haflged
with 6.2 g (23.5 nmmol ) of amoni um di (fl uorosul fonyflimde, 47 m of
butyl ace84tefor arschoar Rolvspineanslelied ofxhe esanticn, thewgmberaburg wab8odled to
mmol ) of potassi um hydroxi de, and the m xture was refluxed under

reduced 2ppheRRpeRnRt, £ thOhyd fhlorilé o i iid On
liquid was t heﬁhbcof)l ed t(;125%.r6ﬁ%19 g&%sg}%g%ltsl Y, ‘2%&“&%@&%@3%@

separgfio . i [res
weh By opSPRcehis R TaG: pBRULI SN FneRSREE o3 EIRARAN S v frch
extraction gperati.ons were conpbi ned, and t sol vent was en,. renpoved
from t he BFIAMP Wilbabumpyiley SFestachdRndRade F%‘&h&’éﬁjfeﬁ}oé@é by Sitrafion,
39 m of nethylene chloride was 5added, and the m xture was stirred
at room t 3wpequently.cthe ergag® phasriwassepsiaasle duienater phabreway pdtagied 3viemes
collected by filtration. The thus obtained crystals were washed with
39 nl of withkthyba=tadl Bhé cdeaniamtiasee obtaifednn drei exdraation @emtioaspereat ur e
under reduced pressure. Potassiumdi (fluorosul fonyei m de was obtai ned

in an anvmﬁbiﬁéd,an@ﬂﬁ-coﬁhﬁnerdetﬁ%éﬁiép@e_fse Yl Washell WitR watka! Yhié Solbant @kl on
chromat ography reveal ed that the entire product 10 was conposed of

the pof asgil Bngdel byHidinaABh ahas detRePROMY MhOMSs obtained substance was

analyzed by ’F-NMR. The areas of the peaks in the analysis chart were measured, and
the substitution rate from chlorine to fluorine was quantified. Ammonium
di(fluorosulfonyl)imide was obtained in an amount of 10.5 g (53.4 mmol).

[0103]

20  Example 2

(Synthesis of potassium di(fluorosulfonyl)imide)

A reaction vessel was charged with 6.2 g (23.5 mmol) of ammonium
di(fluorosulfonyl)imide, 47 ml of butyl acetate, and a 20% aqueous solution containing
16.5 g (58.8 mmol) of potassium hydroxide, and the mixture was refluxed under reduced

25  pressure at 65 torr and at 37°C for one hour. The reaction liquid was then cooled to 25°C.



[0104] Exanple 3 (Synthesis of lithiumdi (fluorosulfonyl) mde) To
9.8 g (49.6 mmol ) of ammonium di (fluorosul fonyl)im de were added 99
m of 15butyl acetate, 6.2 g (148.8 b) of 1ithium hydroxide
nonohydrate and 37 m of water, and theé"m xture was refl uxed under
reduced pressure at 65 taqrr and at, 37C for, one hour. The reaction

li qui d wasvisewntlyot bauiddigpitsepaisioryaenenigrmed, mddle duafsr qhpsg was
separation was perfornmed, and the water phase was extracted 3 tines
Wi th 50 nextegctadi timesiwish ad anl ofthatyd aeriate.c Thiargesicqibinsds wbthined in e
extraction operations were conbi ned, and then 20 washed twice with 3

M of wat extracBubspsttiisiislwere thabmed e theasvane way ditnrymeveat frdrhalid Gaanic
under reduced pressure. Then, 50 ml of nethylene chloride was added,

and the m : ' t :
Subsequent e of SERRaBd SRR Ghcl ERRRTERNR ) B PPeIcNe hridy ves
obt ai ned t al r.e washed. wi.t h 50 of t ne chl qride d
vere Chentoft B ipt RSt o Fow R ot P Eull Sobiprflh,
25di (fl uorosul fonyl )i m de s obtained in an amount of 4.5 g. The
resul ts oﬁle&@@% ke W@ecta%%éﬁﬁrwﬂs Thg thugrabiinedrgiale Bgreapashed with 39
revealed that the entire product was conposed of the lithiumsalt,
and cont amhetimathytemshiouide. andsyerf 0o sirichatrpohetempsiadya uhdairedused

sodi um di (fluorosul fonyl)imde) To 4.9 g (24.7 mmol) of ammoni um

di (f 1 uor oprebsues)yPothssiuse didftusroad ftag)#Ridatwae bbtaiierlin a6 eimatiet Gad 8 2090
aqueous solution containing 12.4 g (61.8 mml) of sodi um hydroxi de,

and the meshiw & qiBRGETd MapdisURdetion %Hﬁbﬁ?a‘?o%?lﬁﬁﬁz%{?@aléﬁtth@ﬁh% %m[@r;ssioo%t

37C for one hour. The reaction’liquid was then'cooled to 2

Subsegue LAuiga-11 quj. S I for. , and the
wat erﬂj;hgé”éy% dé’%@?g@lfé’(?&gg'ﬁ{n#%g’ Tt Oﬁg‘gpe%“\gﬁafsm‘ﬁﬁlﬁlﬁ‘ lrrg%t ate. The
organi ¢ phases qﬁgﬁl ned in the extraction operations were conbi ned,
and the sol ventd then renoved fromthe organi c phase by

distillation under reduced pressure.
Example 3

(Synthesis of lithium di(fluorosulfonyl)imide)
To 9.8 g (49.6 mmol} of ammonium di(fluorosulfonyl)imide were added 99 ml of
15 butyl acetate, 6.2 g (148.8 mmol) of lithium hydroxide monohydrate and 37 ml of water,
and the mixture was refluxed under reduced pressure at 65 torr and at 37°C for one hour.
The reaction liquid was then cooled to 25°C. Subsequently, a liquid-liquid separation
was performed, and the water phase was extracted 3 times with 50 ml of butyl acetate.
The organic phases obtained in the extraction operations were combined, and then
20  washed twice with 3 ml of water. Subsequently, the solvent was removed by distillation
under reduced pressure. Then, 50 ml of methylene chloride was added, and the mixture
was stirred at room temperature for 19 hours. Subsequently, the crystals were collected
by filtration. The thus obtained crystals were washed with 50 ml of methylene chloride,
and were then dried at room temperature under reduced pressure. Lithium

25  di(fluorosulfonyl)imide was obtained in an amount of 4.5 g. The results of quantitative



Then, 41 m of nethylene chloride was added, and the m xture was
stirred at roomtenperature for 15 m nutes. Subsequently, the
crystals were collected by filtration. ,The 15t hus obtai ned crystals
were washed with 20 m of nethyl ene ch|4 ride, and were then dried at

room tenperature under_ reduced pressure. Sodi um
di (f1 uor o%'m?sfsw §ation FhrapAo L BRI wuelod fhabing sl Preductwes gomngsed of the

results of quantitative analysis by cation chromatography reveal ed

t hat the kihiuym salhrapdgentained ne empogdein @dnst he sodi um salt, and

cont ai ned no amoni umions. 20[0106] Exanple 5 (Synthesis of

tri et hyl anmmoni [gmod] (f1 uorosul fonyl )i m de) To a separating
funnel were added 0.88 g (4.46 mol) of ammoni um

di (fluoropfmeul )imde, 10 mM of butyl acetate, 1.38 g (10.00 nmol)
of triethylamne 25 hydrochloride and 1 ml of water, and the

conponent re nex h 0l M. 1.Subsequently, a liquid-liquid
separg"tai 0 y@g&sﬁf%ﬁﬁ@ﬁ(ﬂ%ﬁﬂ)syﬁ%@éﬁ@éﬁﬁC phase was washed 4 tines
with 1 m of ter. The solvent was the emoved by distillation
under r educedwﬁ? 895t 7 pmalpfgnmorgypmgli uomspgﬁwi/lmﬁoww@@fided 49 ml of
di (fluorosul fonyl)imde. The results of 11-1-NWR neasurenents

conf i r medbutieacetakeeandrd 20% phegousselution sertziningd 2ske (6 1I5hmoieftodium

| NDUSTRI AL APPLI CABI LI TY [0107] According to the present invention,

f1 uor osul liyainytideane tiamixmiiie W atflexedamdberediiet pedscdd at 65 @tr and at 37°C
industrially efficient manner. Further, by reacting the thus obtained

F1 uorosul fop@ié hérrdernd FERAbH Hgs \&as%&rhc&{l'e@t’o&%bdl EﬁEs’éhu&RHPfﬁ?glﬂﬁ'idQEquid

the |i ke, another fluorosulfonylimde salt containing no ne

| mpuryd i essepélg'%n %9 E)%qgrn’?eld,egﬁc{ t?lleX\;a?er%thPe%ési &?ragt@g 3ttHI%:S|ViVih’FZ§ ) OP Eutyl

pr oduced.

acetate. The organic phases obtained in the extraction operations were combined, and the
solvent was then removed from the organic phase by distillation under reduced pressure.
Then, 41 ml of methylene chloride was added, and the mixture was stirred at room
temperature for 15 minutes. Subsequently, the crystals were collected by filtration. The
15  thus obtained crystals were washed with 20 ml of methylene chloride, and were then
dried at room temperature under reduced pressure. Sodium di{fluorosulfonyl)imide was
obtained in an amount of 3.5 g. The results of quantitative analysis by cation
chromatography revealed that the entire product was composed of the sodium salt, and
contained no ammonium ions.
20 [0106]
Example 5
(Synthesis of triethylammonium di(fluorosulfonyl)imide)
To a separating funnel were added 0.88 g (4.46 mmol) of ammonium
di(fluorosulfonyl)imide, 10 ml of butyl acetate, 1.38 g (10.00 mmol) of triethylamine

25  hydrochloride and 1 ml of water, and the components were mixed thoroughly.



CLAI M5 1. A process for producing a fluorosulfonylimde amoni um
salt represented by fornula [Il], the process conprising reacting a
conpound represented by formula [1] ang15hydrogen fluoride: NH4+ |
O\l 7NN ,5) ....s\ ,0s, 1 a\RO0OO "wherein Rl represents a
fluorine ato a chlagrine atom or. a fluoroal kyl oup having 1 to 6
carbon at g%‘%s%feéaﬂy,)a fquid-Tiged %pavﬂsomwmeﬂfor@epﬁudgtﬁe pleapicphgse was
10wherein R2 represents a fluorine atomor a fluoroal kyl group having
1 to 6 cawbdwdditones witiz]l mird watesc ddis selvewsrwiisribert xeneivad hy distiflattarnader
conprising reacting a conpound represented by fornula [II1] with
?mmn: a Fre]dacala;imssmeyietﬂing 0.02 tcfitmcthViemewmion dilfluepsesenadidey The
ormula [I]: 15

results of 'H-NMR measurements confirmed that the triethylammonium salt had been

5  produced.

INDUSTRIAL APPLICABILITY
[0107]
According to the present invention, fluorosulfonylimide ammonium salts can be
10 produced in an industrially efficient manner. Further, by reacting the thus obtained
fluorosulfonylimide ammonium salt with an alkali metal compound or the like, another
fluorosulfonylimide salt containing no metal impurities that degrade electrolyte

properties and the like can be produced.



0,1/4,110 1/ ,SC \W\RO O wherein Rl is as defined in forrmula [I].
3. A process for producing a fluorosul fonylimde salt represented by
formula [IV], the process conprising rgicti ng a fluorosul fonylimde
anmoni um salt represented by 43 fornul@a [I11] obtained by a process
according to claim1 or 2 with at leéﬁt one conpound sel ected from
t he group consisting of alkali netal unds, oni um conpounds and
organi ¢ am ne conpounds: il RS'S." 0 0 00 \IN/ 5wherein W+
represents an al kali metal cation or an onium cation (excl uding
NH4+), n corresponds with a valency of the alkali metal cation or
oni um cat ton (Axobeds fig pPhdtbicirnalflicroanfonpligiiranghodiuingsal refrognidd bys
as defined in formula [I1].

formula [1I], the process comprising reacting a compound represented by formula [I] and

5  hydrogen fluoride:

0 - 0

+ N N/
clm ) //S\R1

©0 (1)

NH,

wherein R' represents a fluorine atom, a chlorine atom, or a fluoroalkyl group having 1 to

6 carbon atoms,

O - 0
+ N\ N/

S S
F7N\ \Rz
C 0 (II)

NH,4

10 wherein R represents a fluorine atom or a fluoroalkyl group having 1 to 6 carbon atoms.

2. The process according to claim 1, further comprising reacting a compound
represented by formula [1II] with ammonia or a salt thereof to obtain the compound

represented by formula [1]:

o H o
N N/
- 1
c”\ /R
15 00 (III)

wherein R' is as defined in formula [I].

3. A process for producing a fluorosulfonylimide salt represented by formula [IV],

the process comprising reacting a fluorosulfonylimide ammonium salt represented by



4. The process disclosed according to claim3, wherein the

fluorosul fonylimde 10 ammonium salt represented by formula [I1] is
reacted wwth an al kali netal hydroxide,r a tertiary am ne conpound,
and 1W in fornmula [I1V] represents an alkali netal cation or a

tertiar nmoni ation. . . .
y ?Ormupa flllTo%tamednby a process according to claim 1 or 2 with at least one compound
selected from the group consisting of alkali metal compounds, onium compounds and

organic amine compounds:

Q - 0O
n+ N N7

M S
SO \N/AE
00
n (1V)
5  wherein M™ represents an alkali metal cation or an onium cation (excluding NH,), n

corresponds with a valency of the alkali metal cation or onium cation (excluding NH4")

and is an integer of 1 to 3, and R? is as defined in formula [11].

4. The process disclosed according to claim 3, wherein the fluorosulfonylimide
10 ammonium salt represented by formula [1I] is reacted with an alkali metal hydroxide or a
tertiary amine compound, and M"" in formula [TV] represents an alkali metal cation or a

tertiary ammonium cation.



