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(54) METHOD FOR PRODUCING SULFONIC-ACID-GROUP-CONTAINING MONOMER

(57) The present disclosure is directed to provide a process capable of producing a sulfonic acid group-containing
monomer in a good yield, which can be used as a raw material of fluorine-based polymer electrolytes, such as membranes
for fuel cells, catalyst binder polymers for fuel cells, and membranes for chlor-alkali electrolysis . A process for producing
a sulfonic acid group-containing monomer represented by the general formula (3) includes the step of mixing and stirring
a cyclic compound represented by the general formula (1) and a silanol compound represented by the general formula (2).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a process for producing a sulfonic acid group-containing monomer. More
particularly, the present disclosure relates to a process for producing a sulfonic acid group-containing monomer in a
good yield, which can be used as a raw material of various fluorine-based polymer electrolytes, such as membranes for
fuel cells, catalyst binder polymers for fuel cells, and membranes for chlor-alkali electrolysis.

BACKGROUND

[0002] Perfluoropolymers represented by the following general formula (6) have been typically used as main compo-
nents of membranes for fuel cells, membranes for chlor-alkali electrolysis , and the like:

(wherein p is an integer from 0 to 6, and q is an integer from 1 to 6).
[0003] It is well known that a polymer represented by the general formula (6) can be produced by subjecting a copolymer
of a fluorinated monomer represented by the following general formula (7) and tetrafluoroethylene (TFE) to saponification
and acid treatment:

(wherein p and q are as defined in the general formula (6)).
[0004] Among fluorinated monomers represented by the general formula (7), polymers produced from monomers
where p is 1 and q is 2-4 have been widely used. It is well known that monomers where p is 1 and q is 2-4 can be
produced via the following route:

[0005] In the meantime, it is well known that polymers where p is 0 in the general formula (6) have shorter spacer
portions between the main chain and sulfonic acid groups than those in polymers where p is 1 or more, and thus have
higher glass transition temperatures and higher strengths than polymers where p is 1 or more.
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[0006] Fluorinated monomers represented by the general formula (7) where p is 0, which are raw materials of polymers
where p is 0, have the shortcoming of difficulty in synthesis. More specifically, it is well known that, when
CF3CF(COF)O(CF2)qSO2F is subjected to decarboxylation and vinylation in the same manner as fluorinated monomers
represented by the general formula (7) where p is 1, the cyclization reaction becomes dominant and the yield of the
fluorinated monomer represented by the above general formula (7) having the short chain structure where p is 0 becomes
extremely low. For example, when q is 2, only cyclization proceeds, making production of the fluorinated monomer
difficult (see NPL 1, for example).

[0007] As another process for synthesizing a fluorinated monomer represented by the general formula (7) where p is
0, a synthesis process using a chlorine atom-containing fluoroepoxide is disclosed (see PTL 1, for example). This
process, however, is far from practical because it needs a special chlorine atom-containing fluoroepoxide which is not
widely available and synthesis of which is cumbersome.
[0008] As a process for synthesizing a fluorinated monomer represented by the general formula (7) where p is 0, PTL
2 discloses a production of a sulfonic acid group-containing monomer (CF2=CFO(CF2)2SO3Na). In this process, a 5-
membered cyclic compound is produced through decarboxylation of CF3CF(COF)O(CF2)2SO2F by heating with sodium
carbonate, and the 5-membered cyclic compound is then subjected to a reaction with sodium methoxide (NaOCH3), so
that the resultant sulfonic acid group-containing monomer is available for copolymerization with TFE. Further, it also
discloses a process for producing a fluorinated monomer represented by the general formula (7) where p is 0 and q is
2 (CF2=CFO(CF2)2SO2F) by subjecting this sulfonic acid group-containing monomer to a reaction with phosphorus
pentachloride to produce CF2=CFO(CF2)2SO2Cl, which is then subjected to a reaction with sodium fluoride.
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NPL 1: The 155th Committee on Fluorine Chemistry, Japan Society for the Promotion of Science, "Introduction to
Fluorine Chemistry 2010: The Frontiers of Basics and Applications," April 2010, pp. 353-355.
NPL 2: Gronwald, Oliver, et al. "Synthesis of difluoroethyl perfluorosulfonate monomer and its application." Journal
of Fluorine Chemistry 129 (2008) 535-540.

SUMMARY

(Technical Problem)

[0011] In an actual process, though, when the 5-membered cyclic compound, which is produced through decarboxy-
lation of CF3CF(COF)O(CF2)2SO2F by heating with sodium carbonate, is subjected to a reaction with sodium methoxide,
a complex reaction mixture is produced in which the amount of production of the target sulfonic acid group-containing
monomer (CF2=CFO(CF2)2SO3Na) is small, but compounds presumably having the structures of CH3OCF2CFH- or
CF3CFH- have been produced in greater amounts. Although the exact reason why the compounds presumably having
the structures of CH3OCF2CFH- or CF3CFH- are produced in greater amounts is not clarified, it is hypothesized that a
methoxide (CH3O-) has a tendency to add to a vinyl group (CF2=CF-) generated during the reaction.
[0012] As a process for producing a sulfonic acid group-containing monomer (CF2=CFO(CF2)2SO3Na) not through
formation of 5-membered cyclic compounds, a process is disclosed in which CF3CF(COF)O(CF2)2SO2F is subjected to
a reaction with methanol to produce a methyl ester, which is neutralized with alcoholic sodium hydroxide to produce a
powdered CF3CF(CO2Na)O(CF2)2SO3Na, which is then decarboxylated by heating to produce CF2=CFO(CF2)2SO3Na.
However, CF3CF(CO2Na)O(CF2)2SO3Na needs to be completely dried by eliminating alcohol and water completely prior
to the decarboxylation by heating, which makes the reaction operations cumbersome (see PTL 3, for example).

[0013] Against such backgrounds, in order to produce a fluorinated monomer represented by the general formula (7)
where p is 0, there has been a demand for a process capable of producing a sulfonic acid group-containing monomer
serving as a synthetic intermediate of such a fluorinated monomer in a good yield and in an industrially advantageous
manner.
[0014] The present disclosure is directed to provide a process capable of producing a sulfonic acid group-containing
monomer in a good yield.

(Solution to Problem)

[0015] We have conducted extensive studies to solve the above-mentioned problems, which led to a discovery of a
process capable of producing a target sulfonic acid group-containing monomer in a good yield by mixing and stirring a
cyclic compound and a silanol compound, thereby completing the present disclosure.
[0016] Specifically, the present disclosure is as follows:

[1] A process for producing a sulfonic acid group-containing monomer, comprising the step of mixing and stirring
the following:

a cyclic compound represented by the following general formula (1)
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(in the formula (1), X is F or CF3 and n is an integer from 1 to 6, when n is 2 or more, each CFX can be the
same or different); and
a silanol compound represented by the following general formula (2)

R1R2R3Si(OM) (2)

(in the formula (2), M is an alkali metal or an alkaline earth metal; and each of R1 to R3 is independently an
optionally substituted hydrocarbon group having a carbon number from 1 to 10, or OM (M is an alkali metal or
an alkaline earth metal),
wherein the sulfonic acid group-containing monomer is represented by the following general formula (3)

CF2=CFO(CFX)nSO3Y (3)

(in the formula (3), n and X are the same as n and X in the general formula (1); and Y is a hydrogen atom, M,
or R1R2R3Si (wherein M and R1 to R3 are the same as M and R1 to R3 in the general formula (2)).

[2] The process for producing a sulfonic acid group-containing monomer according to [1], wherein the method
comprises the step comprising:

(i) isolating a siloxane represented by the following general formula (4) and/or a fluorine atom-containing silicon
compound represented by the following general formula (5),

R1R2R3SiOSiR1R2R3 (4)

(in the formula (4), R1 to R3 are the same as R1 to R3 in the formula (2))

R1R2R3SiF (5)

(in the formula (5), R1 to R3 are the same as R1 to R3 in the formula (2))
from a reaction mixture containing the sulfonic acid group-containing monomer represented by the general
formula (3) produced in the above step; and the siloxane represented by the general formula (4) and/or the
fluorine atom-containing silicon compound represented by the general formula (5);
(ii) converting the siloxane represented by the general formula (4) and/or the fluorine atom-containing silicon
compound represented by the general formula (5) isolated in (i), into the silanol compound represented by the
general formula (2); and
(iii) mixing and stirring the cyclic compound represented by the general formula (1) and the silanol compound
represented by the general formula (2) and obtained in (ii).

[3] The process for producing a sulfonic acid group-containing monomer according to [1] or [2], wherein the silanol
compound is a compound wherein M in the general formula (2) is an alkali metal.
[4] The process for producing a sulfonic acid group-containing monomer according to any one of [1] to [3], wherein
the silanol compound is a compound selected from the group consisting of lithium trimethylsilanolate, lithium tri-
ethylsilanolate, lithium triisopropylsilanolate, lithium (tert-butyl)dimethylsilanolate, lithium triphenylsilanediolate, di-
lithium dimethylsilanediolate, dilithium diethylsilanediolate, dilithium diphenylsilanediolate, sodium trimethylsi-
lanolate, sodium triethylsilanolate, sodium triisopropylsilanolate, sodium (tert-butyl)dimethyl silanolate, sodium
triphenylsilanediolate, disodium dimethylsilanediolate, disodium diethylsilanediolate, and disodium diphenylsilane-
diolate.
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(Advantageous Effect)

[0017] According to the present disclosure, a sulfonic acid group-containing monomer can be produced in a good yield.

DETAILED DESCRIPTION

[0018] Hereinafter, an embodiment for embodying the present disclosure (hereinafter simply referred to as "the present
embodiment") will be described in detail.
[0019] The present disclosure is directed to a process for producing a sulfonic acid group-containing monomer, which
include the step of mixing and stirring the following:

a cyclic compound represented by the following general formula (1)

(in the formula (1), X is F or CF3 and n is an integer from 1 to 6, when n is 2 or more, each CFX can be the same
or different); and
a silanol compound represented by the following general formula (2)

R1R2R3Si(OM) (2)

(in the formula (2), M is an alkali metal or an alkaline earth metal; and each of R1 to R3 is independently an optionally
substituted hydrocarbon group having a carbon number from 1 to 10, or OM (M is an alkali metal or an alkaline earth
metal),
wherein the sulfonic acid group-containing monomer is represented by the following general formula (3)

CF2=CFO(CFX)nSO3Y (3)

(in the formula (3), n and X are the same as n and X in the above general formula (1); and Y is a hydrogen atom,
M, or R1R2R3Si (wherein M and R1 to R3 are the same as M and R1 to R3 in the above general formula (2)).

[0020] As used herein, a cyclic compound represented by the above general formula (1), a silanol compound repre-
sented by the above general formula (2), and a sulfonic acid group-containing monomer represented by the above
general formula (3) are also referred to as the "compound (1)", the "compound (2)", and "compound (3)", respectively.

<Cyclic compound (compound (1))>

[0021] In the compound (1), X is F or CF3 and n is an integer from 1 to 6, and when n is 2 or more, each CFX can be
the same or different. X is preferably F or CF3 and n is preferably 2 to 4, in view of the availability and ease of synthesis
of the compound (1).
[0022] The compound (1) can be synthesized, for example, through thermal decomposition of an alkaline metal car-
boxylate derived from CF3CF(COF)O(CFX)nSO2F (wherein X is F or CF3, and n is an integer from 1 to 6) (see PTL 2,
for example).

<Silanol compound (compound (2))>

[0023] In the compound (2), M is an alkali metal or an alkaline earth metal. M is preferably an alkali metal in view of
the availability and ease of synthesis of the compound (2). The alkali metal is preferably lithium, sodium, or potassium,
and particularly preferred are lithium and sodium in view of the reactivity with the compound (1). When a molecule of
the compound (2) has more than one M, each M can be the same or different, yet M is preferably the same.
[0024] In the compound (2), R1 to R3 are each independently an optionally substituted hydrocarbon group having a
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carbon number from 1 to 10, or OM (M is an alkali metal or an alkaline earth metal). Each of R1 to R3 can be the same
or different.
[0025] Examples of the "optionally substituted hydrocarbon group" in R1 to R3 include aliphatic hydrocarbon groups;
aromatic hydrocarbon groups such as a phenyl group; and fluorine-substituted hydrocarbon groups such as trifluorome-
thyl group in which all hydrogen atoms in a hydrocarbon group are substituted with fluorine atoms, for example.
[0026] Note that the hydrocarbon group may have a functional group if required. Examples of such a functional group
include halogen atoms such as fluorine atom, chlorine atom, and bromine atom, a nitrile group (-CN), ether group (-O-),
carbonate group (-OCO2-), ester group (-CO2-), carbonyl group (-CO-), sulfide group (-S-), sulfoxide group (-SO-),
sulfonyl group (-SO2-), and urethane group (-NHCO2-).
[0027] The carbon number in each hydrocarbon group in each of R1 to R3 is from 1 to 10, more preferably from 1 to
8 in view of the availability of the compound (2), and particularly preferably from 1 to 6 in view of the reactivity with the
compound (1).
[0028] Examples of R1 to R3 include aliphatic hydrocarbon groups such as methyl group, ethyl group, vinyl group, allyl
group, 1-methylvinyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl
group, and fluoromethyl group; and aromatic hydrocarbon group such as benzyl group, phenyl group, nitrile-substituted
phenyl group, and fluorinated phenyl group. Of these, methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, benzyl group, and phenyl group are more preferable, and methyl
group, ethyl group, isopropyl group, tert-butyl group, and phenyl group are particularly preferable.
[0029] Examples of the compound (2) include lithium trimethylsilanolate, lithium triethylsilanolate, lithium triisopropyl-
silanolate, lithium (tert-butyl)dimethylsilanolate, lithium triphenylsilanediolate, dilithium dimethylsilanediolate, dilithium
diethylsilanediolate, dilithium diphenylsilanediolate, sodium trimethylsilanolate, sodium triethylsilanolate, sodium triiso-
propylsilanolate, sodium (tert-butyl)dimethyl silanolate, sodium triphenylsilanediolate, disodium dimethylsilanediolate,
disodium diethylsilanediolate, and disodium diphenylsilanediolate.
[0030] The compound (2) may be a commercially-available product, or may be synthesized from an available com-
pound, such as a halogenated silane, a silanol, and a siloxane, for example.
[0031] A process for synthesizing the compound (2) is as follows. A halogenated silane (R1R2R3SiZ) (wherein R1 to
R3 are as defined in the compound (2); Z represents a fluorine atom, a chlorine atom, a bromine atom, or an iodine
atom, and when Z is a fluorine atom, it corresponds to the compound (5)) is hydrolyzed to be converted into a silanol
(R1R2R3SiOH) (wherein R1 to R3 are as defined in the compound (2)) or a siloxane (R1R2R3SiOSiR1R2R3) (wherein R1

to R3 are as defined in the compound (2)), for example. Subsequently, the silanol is subjected to a reaction with M, MH,
RM, or the like (M is as defined in the compound (2), and R represents an alkyl or aryl group having a carbon number
from 1 to 10), or the siloxane is subjected to a reaction with MOH, M2O, MNH2, RM, or the like (M is as defined in the
compound (2), and R represents an alkyl or aryl group having a carbon number from 1 to 10), to thereby synthesize the
compound (2).
[0032] Examples of M used for the reaction with the silanol include Li, Na, and K. Examples of MH include LiH, NaH,
and KH. Examples of RM include n-C4H9Li, sec-C4H9Li, tert-C4H9Li, CH3Li, C6H5Li, n-C4H9Na, and n-C4H9K. Of these,
MH and RM are preferred in view of the reactivity with the silanol and controllability of the reaction in an industrial scale,
and more preferred are NaH, KH, n-C4H9Li, and CH3Li.
[0033] The amount of above-mentioned M, MH, or RM used is preferably from 0.95 mol to 2 mol relative to 1 mol of
hydroxyl groups in the silanol. The reaction temperature is preferably from -100 °C to 200 °C, and the reaction time is
preferably from 0.01 hours to 100 hours.
[0034] Examples of MOH used for the reaction with the siloxane include LiOH, NaOH, and KOH. Examples of M2O
include Li2O, Na2O, and K2O. Examples of MNH2 include LiNH2, NaNH2, and KNH2. Examples of RM include n-C4H9Li,
sec-C4H9Li, tert-C4H9Li, CH3Li, C6H5Li, n-C4H9Na, and n-C4H9K. Of these, MOH and RM are preferred in view of the
reactivity with the siloxane and controllability of the reaction in an industrial scale, and more preferred are NaOH, KOH,
n-C4H9Li, and CH3Li.
[0035] The amount of the above-mentioned MOH, M2O, MNH2, and RM used is preferably from 0.95 mol to 4 mol
relative to 1 mol of siloxane bonds (Si-O-Si) in the siloxane. The reaction temperature is preferably from -100 °C to 200
°C, and the reaction time is preferably from 0.01 hours to 100 hours. When MOH is used, water may be generated in
the reaction system. In order to remove the generated water, LiH, NaH, KH, MgO, CaO, CaCh, MgSO4, Na2SO4,
molecular sieves, or active alumina may be added in the reaction system as a dehydrating agent, for example. The
amount of LiH, NaH, KH, MgO, CaO, CaCh, MgSO4, or Na2SO4 used is preferably 0.95 mol to 4 mol relative to 1 mol
of siloxane bonds (Si-O-Si) in the siloxane. The amount of the molecular sieves or active alumina used is preferably
from 1 g to 180 g relative to 1 mol of siloxane bonds (Si-O-Si) in the siloxane.
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<Production of sulfonic acid group-containing monomer (compound (3))>

[0036] The compound (3) can be produced by mixing and stirring the compound (1) and the compound (2).
[0037] The exact reason why the compound (3) is produced in a good yield by mixing and stirring the compound (1)
and the compound (2) has not been clarified. It is hypothesized as indicated below that the compound (1) is ring-opened
by the compound (2) to form a sulfonic acid silyl ester (CF2=CFO(CFX)nSO3SiR1R2R3), of which O-Si bond is then
cleaved by the compound (2) and/or a metal fluoride (MF) to yield the compound (3).

[0038] As described above, when a 5-membered cyclic compound is subjected to a reaction with sodium methoxide
(NaOCH3), for example, in place of the compound (2), a complex reaction mixture is produced in which the amount of
production of the target sulfonic acid group-containing monomer (CF2=CFO(CF2)2SO3Na) is small, but compounds
presumably having the structures of CH3OCF2CFH- or CF3CFH- have been produced in greater amounts. Alternatively,
when a 5-membered cyclic compound is reacted with potassium tert-butoxide (KOtC4H9), which is known to be a bulky
base, instead of the compound (2), a complex reaction mixture is similarly produced in which the amount of production
of the target sulfonic acid group-containing monomer (CF2=CFO(CF2)2SO3K) is small, but compounds presumably
having the structures of tC4H9OCF2CFH- or CF3CFH- have been produced in greater amounts.
[0039] From these facts, as the reason why the compound (1) and the compound (2) give the compound (3) in a good
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yield, it is hypothesized the compound (2) is a silicon compound and has a bulky structure and hence is difficult to add
to the vinyl group site in the generated compound (3).
[0040] In the production process of the present embodiment, a solvent is preferably used during the mixing and stirring.
[0041] A wide variety of aprotic polar solvents can be used as long as they are inert during reaction, and examples of
aprotic polar solvents include ether group-containing solvents, such as tetrahydrofuran, 1,2-dimethoxyethane, 1,2-di-
ethoxyethane, 1,4-dioxane, cyclopentyl methyl ether, ethylene glycol dimethyl ether, diethylene glycol dimethyl ether,
triethylene glycol dimethyl ether, tetraethylene glycol dimethyl ether, and 4-methyltetrahydropyran; nitrile group-contain-
ing solvents such as acetonitrile; and sulfonyl group-containing solvents such as sulfolane. Of these, an ether group-
containing solvent such as tetrahydrofuran, 1,2-dimethoxyethane, 1,2-diethoxyethane, and 4-methyl tetrahydropyran is
preferably used for producing the compound (3) in a good yield.
[0042] In the production process of the present embodiment, the compound (2) is used preferably in an amount of the
molar equivalent or more of the compound (1), more preferably in an amount of 1 to 4 times molar equivalent of the
compound (1), and most preferably in an amount of 1 to 3 times molar equivalent of the compound (1).
[0043] The temperature of the mixing and stirring is preferably -80 °C to 100 °C, and more preferably -50 °C to 80 °C.
[0044] The time of mixing and stirring is preferably 0.01 to 50 hours, and more preferably 0.1 to 10 hours.
[0045] The production process of the present embodiment may give, together with the target compound (3), a proton
adduct represented by the following general formula (8) (hereinafter referred to as the "compound (8)") as a by-product:

CF3CFHO(CFX)nSO3Y (8)

(in the formula (8), n and X are the same as n and X in the above general formula (1), Y is a hydrogen atom, M, or
R1R2R3Si (M and R1 to R3 are the same as M and R1 to R3 in the above general formula (2)). The compound (8) is
known to be readily converted into the compound (3) through addition of a bulky base such as lithium hexamethyl
disilazide to the compound (8), as disclosed in NPL 2.
[0046] Other than the above-described compound (8), the production process of the present embodiment gives a
siloxane represented by the following general formula (4) (hereinafter referred to as the "compound (4)")

R1R2R3SiOSiR1R2R3 (4)

(in the formula (4), R1 to R3 are the same as R1 to R3 in the above formula (2)); and/or a fluorine atom-containing silicon
compound represented by the following general formula (5) (hereinafter referred to as the "compound (5)")

R1R2R3SiF (5)

(in the formula (5), R1 to R3 are the same as R1 to R3 in the above general formula (2)) as by-products, together with
the target compound (3).
[0047] Further, the reaction may also give a metal fluoride (MF) (M is as defined in the above general formula (2))
which may be present in the reaction system. Although the exact reason why the compound (4), the compound (5), and
the metal fluoride (MF) are produced as the by-products is not clarified, it is hypothesized that the by-products are
generated by the mechanism described above.
[0048] We have also conducted extensive studies on a production process of the present embodiment which includes
(i) isolating the compound (4) and/or the compound (5) from a reaction mixture containing the target compound (3) and
the compound (4) and/or the compound (5) as the by-products, which are produced by mixing and stirring the compound
(1) and the compound (2); followed by (ii) converting the isolated compound (4) and/or compound (5) into the compound
(2); and (iii) mixing and stirring the compound (1) and the compound (2) obtained in (ii), to thereby produce the compound
(3). We have found this process industrially advantageous, which will be described below.
[0049] A wide variety of isolation techniques can be employed to isolate the respective components from the reaction
mixture containing the target compound (3) and the compound (4) and/or the compound (5) as by-products. Exemplary
techniques include isolation by distillation, and isolation by extraction by means of an organic solvent or water. When a
metal fluoride (MF) is precipitated or suspended in a suspension, the metal fluoride may be removed by filtration before
isolation and purification.
[0050] For example, in isolation by distillation, the compound (3) can be isolated by distilling off a solvent used and
the compound (4) and/or the compound (5) from the solution or suspension subsequent to the reaction. The distillate
containing the solvent, and the compound (4) and/or the compound (5) that have been distilled off may be subjected to
further distillation or extraction to separate the solvent, and the compound (4) and/or the compound (5) from each other.
[0051] In isolation by extraction by means of an organic solvent or water, for example, a solvent used is distilled off
from the solution or suspension subsequent to the reaction. Water is then added to the residue to thereby cause the
compound (3) to be dissolved into the water, so that the compound (3) can be isolated by filtration or the like.
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[0052] The compound (4) and/or the compound (5) obtained through the above isolation can be readily converted into
the compound (2), which is then mixed and stirred with the compound (1) for production of the compound (3), as described
above regarding the synthesis of the silanol compound (compound (2)).
[0053] As described above, the present disclosure enables an efficient production of a sulfonic acid group-containing
monomer which serves as a raw material of various fluorine-based polymer electrolytes having high heat resistances,
such as membranes for fuel cells, catalyst binder polymers for fuel cells, and membranes for chlor-alkali electrolysis.

EXAMPLES

[0054] While the present disclosure will now be described in more details with reference to examples and comparative
examples, it is understood that the present disclosure is not limited to these examples.
[0055] The analytical techniques used in examples and comparative examples are as follows:

Nuclear magnetic resonance spectrometry (NMR): molecular structure analyses by 1H-NMR and 19F-NMR
Analytical apparatus: nuclear magnetic resonance apparatus type JNM-ECZ400S (manufactured by JEOL Ltd.)
Solvents: deuterochloroform and deuterium oxide
Reference material: CFCl3 (0 ppm)

(Example 1)

[0056] A 3-L round-bottomed flask equipped with a mechanical stirrer, a dropping funnel, and a reflux condenser was
charged with sodium carbonate (328.6 g, 3.10 mol) which had been dried at 180 °C for 6 hours, and tetraglyme (1000
mL). While the temperature inside the reactor was kept 30 °C or lower, CF3CF(COF)OCF2CF2SO2F (934.2 g, 2.70 mol)
was added dropwise for more than 3 hours. After the dropwise addition completed, the reaction mixture was further
stirred at 40 °C for 1 hour to yield a carboxylic acid sodium salt (CF3CF(CO2Na)OCF2CF2SO2F). The resultant reaction
mixture was heated at 160 °C under normal pressure to induce decarboxylation. A volatile component was distilled off,
which was collected in an ice-cooled vessel. This colorless liquid was identified as the cyclic compound (741.9 g, 2.65
mol; yield: 98%) by 19F-NMR.

19F-NMR: δ (ppm) -124.7 (IF), -120.6 (IF), -115.4 (IF), -90.1 (IF), -80.5 (3F), -78.0 (IF)
[0057] A 500-mL 4-necked flask under a nitrogen atmosphere was charged with the cyclic compound (20.39 g, 73
mmol) produced in the above-mentioned step, and was cooled to 0 °C. Next, a solution of sodium trimethylsilanolate
(available from Sigma Aldrich Co., LLC; 16.03 g, 143 mmol) dissolved in 4-methyltetrahydropyran (120.85 g) was added
dropwise to this flask for 1 hour, followed by further stirring at room temperature for 2 hours. The resultant reaction
mixture was sampled, of which analysis by 19F-NMR indicated disappearance of the cyclic compound and production
of 93% by mol of CF2=CFOCF2CF2SO3Na and 7% by mol of CF3CFHOCF2CF2SO3Na. Formation of trimethylsilyl
fluoride (boiling point: 16 °C) was confirmed at -158.5 ppm by 19F-NMR, and formation of hexamethyldisiloxane (boiling
point: 100 °C) was confirmed at 0.8 ppm by 1H-NMR. The resultant reaction mixture was heated under reduced pressure
(190 hPa), and a liquid (125.22 g) was distilled off and a solid residue (28.7 g) remained. The distilled liquid was identified
to be a mixture of 4-methyltetrahydropyran (91.0% by mass) and hexamethyldisiloxane (9.0% by mass) by 1H-NMR
(internal standard: benzotrifluoride). In addition, the solid residue was identified to contain 70.0% by mass (yield: 92%)
of CF2=CFOCF2CF2SO3Na and 6.4% by mass (yield: 8%) of CF3CFHOCF2CF2SO3Na by 19F-NMR (internal standard:
trifluoroethanol).

CF2=CFOCF2CF2SO3Na

19F-NMR: δ (ppm) -136.3 (IF), -123.3 (IF), -118.8 (2F), -115.4 (IF), -85.4 (2F)

CF3CFHOCF2CF2SO3Na
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19F-NMR: δ (ppm) -147.3 (IF), -118.8 (2F), -85.8 (IF), -85.0 (3F), -84.3 (IF)

(Example 2)

[0058] A 50-mL 4-necked flask under a nitrogen atmosphere was charged with hexamethyldisiloxane (1 g, 6 mmol),
which had been obtained by purification by distillation from the distillate liquid (the mixture of 4-methyltetrahydropyran
and hexamethyldisiloxane) prepared as described in Example 1, sodium hydroxide (0.49 g, 12 mmol), NaH (content:
62%) (0.70 g, 18 mmol), and 1,2-dimethoxyethane (4 g). The system was heated at 85 °C for 10 hours, and was then
cooled to room temperature. Insoluble components were filtered out to prepare a solution of sodium trimethylsilanolate
in 1,2-dimethoxyethane.
[0059] A 50-mL 4-necked flask under a nitrogen atmosphere was charged with the cyclic compound (1.71 g, 6 mmol)
prepared as described in Example 1. The solution of sodium trimethylsilanolate in 1,2-dimethoxyethane as prepared
above was added dropwise while the system was cooled to 0 °C, followed by further stirring at room temperature for 1
hour. The resultant reaction mixture was sampled, of which analysis by 19F-NMR indicated disappearance of the cyclic
compound and production of 87% by mol of CF2=CFOCF2CF2SO3Na and 13% by mol of CF3CFHOCF2CF2SO3Na.
Further, formation of trimethylsilyl fluoride was confirmed at -158.5 ppm.

(Example 3)

[0060] A 50-mL 2-neck flask under a nitrogen atmosphere was charged with NaH (content: 62%) (0.308 g, 8.0 mmol)
and 1,2-dimethoxyethane (3 g), and was cooled to 0 °C. To this flask, a solution of triphenylsilanol (available from Tokyo
Chemical Industry Co., Ltd.; 1.972 g, 7.1 mmol) dissolved in 1,2-dimethoxyethane (3 g) was added dropwise, followed
by further stirring at 0 °C for 30 minutes, thereby preparing a solution of sodium triphenylsilanolate in 1,2-dimethoxyethane.
[0061] A 50-mL 2-necked flask under a nitrogen atmosphere was charged with the cyclic compound (1.00 g, 3.6 mmol)
prepared as described in Example 1, and was cooled to 0 °C. The solution of sodium triphenylsilanolate in 1,2-dimeth-
oxyethane prepared as described above was added dropwise to the flask, followed by further stirring at 0 ° C for 1 hour.
The resultant reaction mixture was sampled, of which analysis by 19F-NMR indicated disappearance of the cyclic com-
pound and production of 95% by mol of CF2=CFOCF2CF2SO3Na and 5% by mol of CF3CFHOCF2CF2SO3Na. Further,
formation of triphenylsilyl fluoride was confirmed at -170.1 ppm.

(Example 4)

[0062] A 200-mL 3-necked flask under a nitrogen atmosphere is charged with a solution of 1 M of sodium trimethyl-
silanolate in tetrahydrofuran (available from Sigma Aldrich Co., LLC; 44 mL, 44 mmol), and the cyclic compound (5.60
g, 20 mmol) prepared as described in Example 1 was added dropwise while the system was ice-cooled, followed by
stirring at room temperature for 2 hours. Distillation of the liquid from the resultant reaction mixture under reduced
pressure gave a yellow solid (9.64 g). The resultant yellow solid was identified to contain 57% by mass (yield: 93%) of
CF2=CFOCF2CF2SO3Na and 4.7% by mass (yield: 7%) of CF3CFHOCF2CF2SO3Na from 19F-NMR (internal standard:
hexafluorobenzene).

(Example 5)

[0063] The same procedure as in Example 3 was carried out except that triethylsilanol (available from Tokyo Chemical
Industry Co., Ltd.) was used instead of triphenylsilanol used in Example 3. The resultant reaction mixture was sampled,
of which analysis by 19F-NMR indicated disappearance of the cyclic compound and production of 83% by mol of
CF2=CFOCF2CF2SO3Na and 17% by mol of CF3CFHOCF2CF2SO3Na. Further, formation of triethylsilyl fluoride was
confirmed at -176.1 ppm.

(Example 6)

[0064] A 100-mL 3-necked flask under a nitrogen atmosphere was charged with lithium trimethylsilanolate (available
from Sigma Aldrich Co., LLC; 2.11 g, 22 mmol) and 1,2-dimethoxyethane (30 mL), which were stirred. The cyclic com-
pound (5.60 g, 20 mmol) prepared as described in Example 1 was then added dropwise while the system was ice-cooled,
followed by further stirring at room temperature for 2 hours. The resultant reaction mixture was sampled, of which analysis
by 19F-NMR indicated disappearance of the cyclic compound and production of 90% by mol of CF2=CFOCF2CF2SO3Li
and 10% by mol of CF3CFHOCF2CF2SO3Li. Further, formation of trimethylsilyl fluoride was confirmed at -158.5 ppm.
Distillation of the liquid from the resultant reaction mixture under reduced pressure gave a yellow solid (7.60 g). The
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resultant yellow solid was identified to contain 67% by mass (yield: 90%) of CF2=CFOCF2CF2SO3Li and 8% by mass
(yield: 10%) of CF3CFHOCF2CF2SO3Li from 19F-NMR (internal standard: hexafluorobenzene).

(Example 7)

[0065] A 100-mL 3-necked flask under a nitrogen atmosphere was charged with triethylsilanol (available from Tokyo
Chemical Industry Co., Ltd.; 0.66 g, 5 mmol), and tetrahydrofuran (12 mL), which was cooled to 0 °C. A solution of 1.6M
of n-butyl lithium in hexane (3.1 mL) was then added dropwise, followed by further stirring at 0 °C for 30 minutes, thereby
preparing a solution of lithium triethylsilanolate in tetrahydrofuran. The cyclic compound (1.40 g, 5 mmol) prepared as
described in Example 1 was added dropwise to this flask, followed by stirring at 0 °C for 30 minutes and further stirring
at room temperature for 2 hours. The resultant reaction mixture was sampled, of which analysis by 19F-NMR indicated
disappearance of the cyclic compound and production of 82% by mol of CF2=CFOCF2CF2SO3Li and 18% by mol of
CF3CFHOCF2CF2SO3Li. Further, formation of triethylsilyl fluoride was confirmed at -176.8 ppm.

(Example 8)

[0066] The same procedure as in Example 7 was carried out except that triphenylsilanol (available from Tokyo Chemical
Industry Co., Ltd.) was used instead of triethylsilanol used in Example 7. The resultant reaction mixture was sampled,
of which analysis by 19F-NMR indicated disappearance of the cyclic compound and production of 80% by mol of
CF2=CFOCF2CF2SO3Li and 20% by mol of CF3CFHOCF2CF2SO3Li. Further, formation of triphenylsilyl fluoride was
confirmed at -170.9 ppm.

(Comparative Example 1)

[0067] A 50-mL 3-necked flask under a nitrogen atmosphere was charged with sodium methoxide (NaOCH3) (0.19 g,
3.52 mmol) and diethyl ether (7 mL), followed by stirring. The cyclic compound (1.19 g, 4.25 mmol) prepared as described
in Example 1 was then added dropwise while the system was ice-cooled, followed by further stirring at room temperature
for 24 hours. An analysis by 19F-NMR indicated that the cyclic compound (37% by mol) remained, and the target
compound CF2=CFOCF2CF2SO3Na (13% by mol) and compounds (50% by mol) presumably having the structures of
CH3OCF2CFH- or CF3CFH- were produced, in the resultant reaction mixture.

(Comparative Example 2)

[0068] A 50-mL 3-necked flask under a nitrogen atmosphere was charged with potassium tert-butoxide (KOtC4H9)
(1.12 g, 10 mmol) and 1,2-dimethoxyethane (10 mL), followed by stirring. The cyclic compound (2.80 g, 10 mmol)
prepared as described in Example 1 was then added dropwise while the system was ice-cooled, followed by further
stirring at room temperature for 24 hours. An analysis by 19F-NMR indicated that the cyclic compound (33% by mol)
remained, and the target compound CF2=CFOCF2CF2SO3K (15% by mol) and compounds (52% by mol) presumably
having the structures of tC4H9OCF2CFH- or CF3CFH- were produced, in the resultant reaction mixture.

INDUSTRIAL APPLICABILITY

[0069] According to the present disclosure, a sulfonic acid group-containing monomer can be produced in a good
yield, which is a raw material of fluorine-based polymer electrolytes having high heat resistances useful for applications,
such as membranes for fuel cells, catalyst binder polymers for fuel cells, and membranes for chlor-alkali electrolysis.

Claims

1. A process for producing a sulfonic acid group-containing monomer, comprising the step of mixing and stirring the
following:

a cyclic compound represented by the following general formula (1)
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(in the formula (1), X is F or CF3 and n is an integer from 1 to 6, when n is 2 or more, each CFX can be the
same or different); and
a silanol compound represented by the following general formula (2)

R1R2R3Si(OM) (2)

(in the formula (2), M is an alkali metal or an alkaline earth metal; and each of R1 to R3 is independently an
optionally substituted hydrocarbon group having a carbon number from 1 to 10, or OM (M is an alkali metal or
an alkaline earth metal),
wherein the sulfonic acid group-containing monomer is represented by the following general formula (3)

CF2=CFO(CFX)nSO3Y (3)

(in the formula (3), n and X are the same as n and X in the general formula (1); and Y is a hydrogen atom, M,
or R1R2R3Si (wherein M and R1 to R3 are the same as M and R1 to R3 in the general formula (2)).

2. The process for producing a sulfonic acid group-containing monomer according to claim 1, wherein the method
comprises the step comprising:

(i) isolating a siloxane represented by the following general formula (4) and/or a fluorine atom-containing silicon
compound represented by the following general formula (5),

R1R2R3SiOSiR1R2R3 (4)

(in the formula (4), R1 to R3 are the same as R1 to R3 in the formula (2))

R1R2R3SiF (5)

(in the formula (5), R1 to R3 are the same as R1 to R3 in the formula (2))
from a reaction mixture containing the sulfonic acid group-containing monomer represented by the general
formula (3) produced in the above step; and the siloxane represented by the general formula (4) and/or the
fluorine atom-containing silicon compound represented by the general formula (5);
(ii) converting the siloxane represented by the general formula (4) and/or the fluorine atom-containing silicon
compound represented by the general formula (5) isolated in (i), into the silanol compound represented by the
general formula (2); and
(iii) mixing and stirring the cyclic compound represented by the general formula (1) and the silanol compound
represented by the general formula (2) and obtained in (ii).

3. The process for producing a sulfonic acid group-containing monomer according to claim 1 or 2, wherein the silanol
compound is a compound wherein M in the general formula (2) is an alkali metal.

4. The process for producing a sulfonic acid group-containing monomer according to any one of claims 1 to 3, wherein
the silanol compound is a compound selected from the group consisting of lithium trimethylsilanolate, lithium tri-
ethylsilanolate, lithium triisopropylsilanolate, lithium (tert-butyl)dimethylsilanolate, lithium triphenylsilanediolate, di-
lithium dimethylsilanediolate, dilithium diethylsilanediolate, dilithium diphenylsilanediolate, sodium trimethylsi-
lanolate, sodium triethylsilanolate, sodium triisopropylsilanolate, sodium (tert-butyl)dimethylsilanolate, sodium
triphenylsilanediolate, disodium dimethylsilanediolate, disodium diethylsilanediolate, and disodium diphenylsilane-
diolate.
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