wo 2017/112629 A1 |[IN I 000 O O O 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

29 June 2017 (29.06.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/112629 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
CO07C 41/18 (2006.01) CO7C 249/02 (2006.01)
CO07C 41/30 (2006.01) CO7C 253/18 (2006.01)

International Application Number:
PCT/US2016/067674

International Filing Date:
20 December 2016 (20.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/387,598 24 December 2015 (24.12.2015) US

Applicant: 3M INNOVATIVE PROPERTIES COM-
PANY [US/US]; 3M Center, Post Office Box 33427, Saint
Paul, Minnesota 55133-3427 (US).

Inventors: HIRSCHBERG, Markus E.; Carl-Schurz-
Strasse 1, 41453 Neuss (DE). HINTZER, Klaus; Carl-
Schurz-Strasse 1, 41453 Neuss (DE). QIU, Zai-Ming; 3M
Center, Post Office Box 33427, Saint Paul, Minnesota
55133-3427 (US). ROSCHENTHALER, Gerd-Volker;
Meldwnweg 19, 28357 Bremen (DE). PAJKERT, Ro-
mana; August-Bebel-Allee 6b, 28329 Bremen (DE).
TVERDOMED, Sergey N.; August-Bebel-Alee 6b, 28329
Breman (DE).

Intellectual Property Counsel, Post Office Box 33427,
Saint Paul, Minnesota 55133-3427 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
Agents: GEISE, C. Michael et al.; 3M Center, Office of

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: CONVERSION OF A PERFLUORINATED VINYL ETHER INTO A PARTIALLY FLUORINATED SATURATED
ETHER DERIVATIVE

(57) Abstract: Methods of converting a fluorinated vinyl ether to a saturated partially fluorinated ether, the method comprising: re-
acting the fluorinated vinyl ether with an amine, ammonia, or combination thereot to form the saturated partially fluorinated ether.



WO 2017/112629 PCT/US2016/067674

CONVERSION OF A PERFLUORINATED VINYL ETHER INTO A ARTIALLY
FLUORINATED SATURATED ETHER DERIVATIVE

FIELD
The present disclosure relates to synthetic methods and compounds formed using such disclosed

synthetic methods.

SUMMARY

Methods of converting a fluorinated vinyl ether to a saturated partially fluorinated ether, the
method comprising: reacting the fluorinated vinyl ether with an amine, ammonia, or combination thereof
to form the saturated partially fluorinated ether.

The above summary of the present disclosure is not intended to describe each disclosed
embodiment or every implementation of the present disclosure. The description that follows more
particularly exemplifies illustrative embodiments. In several places throughout the application, guidance
is provided through lists of examples, which examples can be used in various combinations. In each
instance, the recited list serves only as a representative group and should not be interpreted as an

exclusive list.

DETAILED DESCRIPTION

All scientific and technical terms used herein have meanings commonly used in the art unless
otherwise specified. The definitions provided herein are to facilitate understanding of certain terms used
frequently herein and are not meant to limit the scope of the present disclosure.

As used in this specification and the appended claims, the singular forms “a”, “an”, and “the”
encompass embodiments having plural referents, unless the content clearly dictates otherwise.

As used in this specification and the appended claims, the term “or” is generally employed in its
sense including “and/or” unless the content clearly dictates otherwise. The term “and/or” means one or all
of the listed elements or a combination of any two or more of the listed elements.

As used herein, “have”, “having”, “include”, “including”, “comprise”, “comprising” or the like
are used in their open ended sense, and generally mean “including, but not limited to”. It will be
understood that “consisting essentially of”, “consisting of”, and the like are subsumed in “comprising”
and the like. For example, a conductive trace that “comprises” silver may be a conductive trace that
“consists of” silver or that “consists essentially of” silver.

As used herein, “consisting essentially of,” as it relates to a composition, apparatus, system,
method or the like, means that the components of the composition, apparatus, system, method or the like
are limited to the enumerated components and any other components that do not materially affect the
basic and novel characteristic(s) of the composition, apparatus, system, method or the like.

The words “preferred” and “preferably” refer to embodiments that may afford certain benefits,

under certain circumstances. However, other embodiments may also be preferred, under the same or other
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circumstances. Furthermore, the recitation of one or more preferred embodiments does not imply that
other embodiments are not useful, and is not intended to exclude other embodiments from the scope of
the disclosure, including the claims.

Also herein, the recitations of numerical ranges by endpoints include all numbers subsumed
within that range (¢.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc. or 10 or less includes 10, 9.4, 7.6,
5,4.3,29,1.62, 0.3, ¢tc.). Where a range of values 1s “up to” a particular value, that value 1s included
within the range. All upper and lower limits can be combined in any combination to form ranges for the
particular component or property for example.

Also herein, all numbers are assumed to be modified by the term “about” and preferably by the
term “exactly.” As used herein in connection with a measured quantity, the term “about” refers to that
variation in the measured quantity as would be expected by the skilled artisan making the measurement
and exercising a level of care commensurate with the objective of the measurement and the precision of
the measuring equipment used.

Use of “first,” “second,” etc. in the description above and the claims that follow is not intended to
necessarily indicate that the enumerated number of steps are present. For example, a “second” step 1s

27 ¢

merely intended to differentiate from another step (such as a “first” step). Use of “first,” “’second,” etc. in
the description above and the claims that follow is also not necessarily intended to indicate that one
comes earlier in time than the other.

When a group is present more than once in a formula described herein, each group is
“independently” selected, whether specifically stated or not. For example, when more than one R! group
is present in a formula, each R! group is independently selected. Furthermore, subgroups contained within
these groups are also independently selected.

As used herein, the term “room temperature” refers to a temperature of about 20 °C to about 23
°C or about 22 °C to about 25 °C.

Prior methods of oxidizing fluorinated compounds utilized Lewis Acids, for example antimony
pentafluoride and titanium chloride. Such methods provided low yields that are not workable for the
production of usable quantitics. Later methods added increased pressure, but still did not obtain desired
vields. Other methods obtained higher yields, but utilized very large amounts of reagents and produced
large amounts of undesirable byproducts. Therefore, there remains a need for additional methods of
converting fluorinated compounds to chain reduced fluorinated compounds that may in some cases be
more valuable.

Disclosed herein are methods of converting fluorinated compounds by ammonolyis into saturated
partially fluorinated compounds or derivatives thereof. Ammonolysis can be described as a particular type
of solvolysis reaction, which is a special type of nucleophilic substitution (Sx1) or elimination where the
nucleophile 1s an ammonia molecule. Ammonolysis can produce simple protonated compounds, amines,
other compounds or combinations thereof.

As used herein, “fluorinated” can refer to any compound that includes one or more than one

fluorine (F) atoms bonded to a carbon. Fluorinated compounds can include partially fluoriated
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compounds and perfluorinated compounds. “Perfluorinated” means that all hydrogen atoms are replaced
by fluorine atoms. For example, the term “perfluoromethyl” denotes an —CF5 group. “partially
fluorinated” means that at least one but not all hydrogen atoms are replaced by fluorine atoms. For
example, a -CFH; group or a -CF;H group are examples of partially fluorinated methyl residues.

Compounds that can be converted herein can include any functionalitics and can represent
virtually any classes of compounds. In some embodiments, the fluorinated compounds can be described
by the functionality(ies) that they may include, for example, the fluorinated compounds can include olefin
compounds or olefin containing compounds, or ether containing compounds, for example. It should also
be noted that a compound can be described by more than one class, for example a compound could be
both an olefin containing compound and an ether containing compound. It should also be noted that
fluorinated compounds to be converted herein can include any additional atoms, structures, or groups.
Typically, the fluorinated compounds converted herein are fluorinated alkyl compounds that contain one
or more than one functionality, such as those functionalities described herein.

As used herein “olefin containing compounds” or “olefin compounds” can refer to any compound
that includes at least one carbon-carbon double bond. Olefin containing compounds can also be referred
to as unsaturated compounds. Olefin containing compounds can include one or more than one carbon-
carbon double bond.

As used herein “ether containing compounds™ can refer to any compound that includes at least
one oxygen atom interposed between two carbon atoms (R-O-R). Ether containing compounds can
include one or more than one R-O-R group. In some embodiments, ether containing compounds could be
vinyl ether containing compounds. As used herein, “vinyl ether” means a moiety in a compound having
two carbon atoms bonded to each other by a carbon—carbon double bond, and at least one ether oxygen
bonded to one of said double-bonded carbons atoms.

In some embodiments, fluorinated compounds to be converted herein can include fluorinated
olefin compounds, for example. Such fluorinated olefin compounds can be linear, branched, cyclic or
combinations thereof. A linear olefin is one that includes only a single chain of carbon (or other atoms),
whereas a branched olefin is one that includes at least one pendant carbon group. In some embodiments,
lincar or branched fluorinated olefins can be converted herein. In some illustrative embodiments, the
linear or branched fluorinated olefins can also include one or more ether groups. In some illustrative
embodiments, the linear or branched fluorinated olefins can be perfluorinated linear or branched olefins.

In some specific illustrative embodiments, fluorinated linear olefin containing compounds can
include from four (4) to twelve (12) carbon atoms, from four (4) to eight (8) carbon atoms, or from four
(4) to six (6) carbon atoms. Specific illustrative examples of perfluorinated vinyl- containing compounds
can include CsF7-0-[CF(CF3)-CF-0]x-CF=CF; (with x = 0 or 1), CF2=CF-0-CF»-CF>-0O-CF3, CF3-0O-
(CF2)3-0-CF=CF,, CF>=CF-0-CF>-CF»-0-CF2-0O-CF3, CF:=CF-0-(CF>):-O-CF=CF> (with x = 2 to 6) or
similar compounds. Specific illustrative examples of partially fluorinated olefin containing compounds
can include HCF;-CF>-CF3-O-[CF(CF3)-CF>-O]-CF=CF; (with x = 0 or 1) and CF3-CH;-O-CF=CF-.
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In some specific illustrative embodiments, fluorinated branched olefin containing compounds can
include from four (4) to twelve (12) carbon atoms, from four (4) to ten (10) carbon atoms, or from four
(4) to eight (8) carbon atoms. Specific illustrative examples of fluorinated branched olefin containing
compounds can include C;F,OCF(CF;)CF,OCF=CF;, (PPVE-2) (1-[1-[difluoro[(1,2,2-
trifluorocthenyl)oxy Jmethyl]-1,2,2,2-tetrafluoroethoxy]-1,1,2,2.3,3,3-heptafluoro propane) or similar
compounds.

In some embodiments, fluorinated compounds to be converted herein can include fluorinated
cther containing compounds. Fluorinated cther containing compounds can include one or more than one
ether groups. In some embodiments, fluorinated ether containing compounds can include one cther
groups, two ether groups, or more than two ether groups. Fluorinated ether containing compounds can
also include one or more carbon-carbon double bonds (c.g., be an olefin containing compound as well),
for example. In some specific examples, the fluorinated ether containing compound including one or
more carbon-carbon double bonds could be a vinyl ether containing compound. In some embodiments,
fluorinated ether containing compounds may be perfluorinated ether containing compounds, for example.
More specifically, they could be perfluorinated ether olefin containing compounds, for example. Even
more specifically, they could be perfluorinated vinyl ether containing compounds, for example. Specific
illustrative examples of perfluorinated vinyl ether containing compounds can include
CsF,0CF(CF3)CF,OCF=CF; (PPVE-2) or similar compounds. Even more specifically, they could be
perfluorinated vinyl ether containing compounds that include a second ether group, for example.

Disclosed methods include reacting the fluorinated compound, for example a fluorinated vinyl
ether containing compound, with an amine, ammonia, or combinations thereof to form a saturated
partially fluorinated ether compound.

In some embodiments ammonia can be reacted with the fluorinated compound. Ammonia, NH3,
is a gas at room temperature conditions. In some embodiments, the ammonia can be utilized as a solution
of NH: in water, or an aqueous solution of ammonia. The ammonia can be present in solution at amounts
(by weight) of not less than 10 %, not less than 20 %, not less than 25 %, or not less than 27 %. The
ammonia can be present in solution at amounts (by weight) of not greater than 40 %, not greater than 35
% or not greater than 32 %. In some embodiments, an ammonia solution in water can be a solution that
has from about 28 % to about 30 % ammonia by weight in water. Ammonia could also be utilized in an
alcohol solution. Examples of possible alcohols can include, for example methanol, ethanol, propanol,
butanol, or combinations thereof. The amounts of ammonia in an alcohol solution can be the same or
similar to the amounts illustrated above for an aqueous solution.

In some embodiments amines can be reacted with the fluorinated compound. Amines have the
formula R'NH», where R! is a carbon containing group with one (1) to ten (10) carbons. In some specific
illustrative embodiments, the amines may have the formula H-(CH2)x-NH> with x = 1 to 10.

Amines can also include polyamines such as diamines and triamines. Diamines could also be
described as having the R"NH, formula but R! itself includes another NH; group. The general formula of

a diamine is therefore NH,R*NH,, where R? is a carbon containing group. [llustrative diamines can
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include those with two carbons (e.g., ethylene diamine (H2N(CH2).NHa), three carbons (e.g., 1,2-
diaminopropane (H:NCH>CH(NH;)CH5), or 1,3-diaminopropane (H:N(CH;);NH>)), etc.. Amines can be
reacted with a fluorinated compound in water, alcohol, or a combination thereof.

The amount of ammonia, amine or combination thercof (referred to herein as “ammonia/amine”
when considering molar ratios or amounts of moles) reacted with the fluorinated compound can also be
described by the molar ratio of the ammonia/amine to the fluorinated compound. In some embodiments,
the moles of ammonia/amine to the amount of moles of fluorinated compound can be not less than 1
moles to 1 moles (1:1), not less than 2 moles to 1 moles (2:1), not less than 4 moles to 1 moles (4:1), or
not less than 5 moles to 1 moles (5:1). In some embodiment, the moles of ammonia/amine to the amount
of moles of fluorinated compound can be not greater than 10 moles to 1 moles (10:1), not greater than 8
moles to 1 moles (8:1), not greater than 5 moles to 1 moles (5:1), or not greater than 4 moles to 1 moles
4:1).

The ammonia, amine or combinations thercof can be reacted in a solution that contains only
water, only alcohol (one or more), only inert solvent(s), or a solution that contains water and one or more
alcohols. Inert solvents can include non-reactive solvents such as inert fluorinated (either partially
fluorinated or perfluorinated) solvents, supercritical liquids or gases, for example supercritical carbon
dioxide (scCQ»), or other such solvents. A solution that contains one or more alcohols (and optionally
water) can be referred to herein as an alcoholic solution. A solution that contains water (and optionally
one or more alcohols) can be referred to as an aqueous solution.

Various reaction conditions can be controlled and/or modified when carrying out various
disclosed methods. Examples of such reaction conditions can include, for example temperature and
pressure. In some embodiments, methods can be carried out at a temperature less than room temperature,
e.g., 0 °C or greater. In some embodiments, methods can be carried out under an increased temperature
(e.g. not less than room temperature, about 25 °C), for example. In some embodiments, reacting a
fluorinated compound with an amine, ammonia, or combinations therecof can be carried out at
temperatures of not less than 25 °C, not less than 50 °C, not less than 100 °C, or not less than 150 °C, for
example. In some embodiments, reacting a fluorinated compound with an amine, ammonia, or
combinations thereof can be carried out at temperatures of not greater than 300 °C, not greater than 250
°C, not greater than 200 °C, not greater than 50 °C, or not greater than 45 °C. In some embodiments,
methods can be carried out under an increased pressure (e.g., greater than atmospheric temperature, about
1 bar), for example. In some embodiments, disclosed methods can be carried out at pressures not greater
than 20 bar (e.g., < 20 bar), or in some embodiments not greater than 5 bar (e.g., < 5 bar). In some
embodiments, disclosed methods can be carried out at pressures not less than 1 bar (e.g., > 1 bar).

Disclosed methods can be carried out using known synthesis methods, processes, reaction vessels
and other standard equipment. Disclosed methods can be carried out in a batch mode, in a continuous
mode (e.g., a flow reactor), or a combination thercof.

Disclosed methods convert fluorinated compounds, such as fluorinated vinyl ether containing

compounds into saturated partially fluorinated ether containing compounds. The specific partially
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fluorinated ether containing compounds produced can depend, at least in part on the specific ammonia or
amine reactants utilized, the solution (e.g., aqueous, alcoholic, or combinations thereof) that the reaction
takes place in, the reaction conditions, or any combination thereof.

In some embodiments, Scheme 1 below represents a specific example of a fluorinated compound
and a specific partially fluorinated ether containing compound that could be produced using disclosed
methods. The particular example illustrated by Scheme 1 includes use of ammonia in aqueous solution
with an increased temperature. The reaction that is illustrated by Scheme 1 generally decreases the
number of carbons in the carbon chain. More specifically, it can be described as converting a -
CF,OCFCF; group in the fluorinated vinyl ether into a hydrogen (H) in the saturated partially fluorinated

cther. It should be noted that these reagents and conditions are offered merely as an example.
R F rRF F R F
F o] F NFs F o _H
07 X —_—
F F
F F F F H,O F F F
F F A F F
F F
Scheme 1
In some embodiments, Scheme 2 below represents a specific example of a fluorinated compound
and a specific partially fluorinated ether containing compound that could be produced using disclosed

methods. The particular example illustrated by Scheme 2 includes use of a diamine in aqueous solution

with an increased temperature. It should be noted that these reagents and conditions are offered merely as

an example.
R F F
NH2CH2CH2NH2 F o) H
F F F
HzO F71°F
F
+ oligomers

Scheme 2
In some embodiments, Scheme 3 below represents a specific example of a fluorinated compound
and a specific partially fluorinated ether containing compound that could be produced using disclosed
methods. The particular example illustrated by Scheme 3 includes use of ammonia in an alcoholic
solution. The reaction noted in Scheme 3 can be carried out at various temperatures, including for
example from 0 °C to 45 °C. It should be noted that these reagents and conditions are offered merely as

an example.
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FFHFHH

EtOH
F R F F FFHF

F
0 o)ﬁ/F NH, W

Scheme 3

The following is a summary of particular, specific embodiments of the present disclosure.

Some illustrative embodiments include methods of converting a fluorinated vinyl ether to a
saturated partially fluorinated ether, the method comprising: reacting the fluorinated vinyl ether with an
amine, ammonia, or combination thereof to form the saturated partially fluorinated cther.

In the following paragraph “such methods™ refer to the illustrative method immediately above as
well as any other methods disclosed in this paragraph. Such methods, wherein the fluorinated vinyl ether
comprises 1,1,1,2,2.3 3-heptafluoro-3-({1,1,1,2,3,3-hexafluoro-3-[(trifluorocthenyl)oxy|propan-2-
vl}oxy)propane, which is also known as PPVE-2. Such methods, wherein the ammonia, amine or
combination thereof is present in a molar ratio of from about 1:1 to about 10:1 of the moles of the
fluorinated vinyl ether. Such methods, wherein the ammonia, diamine or combination thereof is present in
a molar ratio of from about 4:1 to about 8:1 of the moles of the fluorinated vinyl ether. Such methods,
wherein the reaction occurs at a temperature from about 0 °C to 250 °C. Such methods, wherein the
reaction occurs at a temperature from about 25 °C to 200 °C. Such methods, wherein the reaction occurs
at a temperature from about 50 °C to 200 °C. Such methods, wherein the reaction takes place in an
aqueous solution. Such methods, wherein the reaction takes place in a solution that contains water but no
alcohol. Such methods, wherein the fluorinated vinyl ether is reacted with ammonia. Such methods,
wherein the fluorinated vinyl ether is reacted with an amine. Such methods, wherein the fluorinated vinyl
ether is reacted with a diamine. Such methods, wherein the saturated partially fluorinated ether has less
carbons than the fluorinated vinyl ether. Such methods, wherein the fluorinated vinyl ether comprises a -
CF,OCFCF; group that is converted to a hydrogen (H) in the saturated partially fluorinated ether. Such

methods, wherein the reaction occurs in an alcoholic solution. Such methods, wherein the reaction occurs
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1n a solution that contains one or more alcohols but no water. Such methods, wherein the reaction takes
place in a solution comprising methanol, ethanol, propanol, butanol, or combinations thereof. Such
methods, wherein the ammonia, amine or combination thereof is present in a molar ratio of from about
1:1 to about 5:1 of the moles of the fluorinated vinyl ether. Such methods, wherein the ammonia, amine
or combination thereof is present in a molar ratio of from about 2:1 to about 4:1 of the moles of the
fluorinated vinyl ether. Such methods, wherein the reaction occurs at a temperature from about 0 °C to
about 50 °C. Such methods, wherein the reaction occurs at a temperature from about 20 °C to 45 °C. Such
methods, wherein the saturated partially fluorinated ether comprises CsF2OCF(CFz)CF,OCFHCF,C;Hs,
CsF70CF(CF3)CF,OCFHCF=NH, C;F,0CF(CF3)CFOCFHCN, or combinations thereof.

Objects and advantages of this disclosure may be further illustrated by the following non-limiting
examples, but the particular materials and amounts thereof recited in these examples, as well as other

conditions and details should not be construed to limit this disclosure in any way.

EXAMPLES
Unless otherwise noted, all chemicals used in the examples can be obtained from Sigma-Aldrich
Corp. (Saint Louis, MO).
The following abbreviations are used in this section: g=grams, mol=moles, mmol=millimoles,
mL=milliliters, h=hours, NMR=nuclear magnetic resonance, MHz=megahertz, Trcacion=reaction

temperature, tracion=reaction time, w/w=by weight.

Table 1: Materials used in examples

Material Description

PPVE-2 Perfluoro(5-methyl-3,6-dioxanon-1-ene), available from abcr GmbH, Germany

Ammonia/Water 28-30% aqueous solution of ammonium hydroxide, available from Sigma-
Aldrich

Ethanol Available from Sigma-Aldrich

Ethylene diamine Availalble from Sigma-Aldrich, dissolved to 30% (w/w) in water

NaxSO4 Available from Sigma-Aldrich

Characterization

NMR spectra were obtained on a JEOL ECX 400 spectrometer operating at 400 MHz for 'H
(TMS), 376 MHz for "°F (CFCl3) and 100 MHz for >C (TMS) at 22 °C. The yields were obtained by the

weighed quantity of sample and the determined molar/weight ratio.

Example 1 (EX-1)
PPVE-2 (42.3 g, 0.1 mol) and a solution of ammonia/water (89.5 g of a 28-30 % solution, 0.74
mol) were added to a steel autoclave (300 mL) equipped with a stir bar. The reaction mixture was heated

upon intensive mixing at 160 to 165 °C for 12 h. After cooling to room temperature, the gaseous products
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were removed. The liquid residue of the autoclave (bottom layer) was separated and washed with water (3
x 25 mL) to neutral pH, dried over Na,SQ4, and consisted of practically pure C;F;-O-CFH-CF3. The yield
of C;F7-O-CFH-CF; (molecular weight 286.0 g/mol) was 50 % (15.3 g, 0.05 mol), confirmed by NMR.

Example 2 (EX-2)

The same procedure was followed as described for EX-1, with the following deviations: the
amount of PPVE-2 used was (14.4 g, 33 mmol); instead of a solution of ammonia/water, a solution of
ammonia in ethanol was used (39.3 g of a 2 M solution in ethanol, 0.1 mol); and the reactor was heated to
45 °C. The procedure yielded a mixture of C3F;OCF(CF;)CF,OCFH-X, where X 1s CF.C,Hs, CF=NH, or
CN, confirmed by NMR.

Example 3 (EX-3)

The same procedure was followed as described for EX-1, with the following deviations: the
amount of PPVE-2 used was (29.1 g, 0.07 mol); and instead of a solution of ammonia/water, a solution of
ethylene diamine in water was used (30 % (w/w), 30.0 g (0.5 mol) of ethylene diamine in 105 mL water,).
The procedure yielded a mixture of C3F;0CFHCF; and oligomers, confirmed by NMR. The yield of
CsF;0CFHCF; was 18 %.

Table 2
Example Amine molar ratio | Treaction | treaction | conversion of products
of amine : [°C] [h] PPVE-2?
PPVE-2
EX-1 NH3/H,O 7:1 160 - 12 100 C;F,0CFHCF;
(30 %) 1659 (isolated yield:
50 %)
EX-2 NHs in 3:1 0-45 24 100 mixture of
EtOH C;F,0CF(CF;)C
F,OCFH-X,
where X is
CF,C,Hs,
CF=NH_ or CN
EX-3 NHo- CsF,OCFHCF; +
CH)»- 160 - oligomers
Ngiz/})IZO 71 1650 | 14 100 (18 5 yield of
(30 %) C;F;0CFHCF3)

Y qutoclave condition

Thus, embodiments of methods for converting fluorinated compounds are disclosed. The
implementations described above and other implementations are within the scope of the following claims.
One skilled in the art will appreciate that the present disclosure can be practiced with embodiments other
than those disclosed. The disclosed embodiments are presented for purposes of illustration and not

limitation.
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Exemplary embodiments include the following:
Embodiment 1. fluorinated vinyl ether to a saturated partially fluorinated ether, the method comprising:
reacting the fluorinated vinyl ether with an amine, ammonia, or combination thereof to form the

saturated partially fluorinated ether.

Embodiment 2. The method according to embodiment 1, wherein the fluorinated vinyl ether comprises

1,1,1,2,2,3 3-heptafluoro-3-({1,1,1,2,3,3-hexafluoro-3-[ (trifluoroethenyl)oxy |propan-2-yl }oxy)propane.

Embodiment 3. The method according to any one of embodiments 1 or 2, wherein the ammonia, amine or
combination thereof is present in a molar ratio of from about 1:1 to about 10:1 of the moles of the

fluorinated vinyl ether.
Embodiment 4. The method according to any one of embodiments 1 to 3, wherein the ammonia, diamine
or combination thereof is present in a molar ratio of from about 4:1 to about 8:1 of the moles of the

fluorinated vinyl ether.

Embodiment 5. The method according to any one of embodiments 1 to 4, wherein the reaction occurs at a

temperature from about 0 °C to 250 °C.

Embodiment 6. The method according to any one of embodiments 1 to 5, wherein the reaction occurs at a

temperature from about 25 °C to 200 °C.

Embodiment 7. The method according to any one of embodiments 1 to 6, wherein the reaction occurs at a

temperature from about 50 °C to 200 °C.

Embodiment 8. The method according to any one of embodiments 1 to 7, wherein the reaction takes place

in an aqueous solution.

Embodiment 9. The method according to any one of embodiments 1 to 7, wherein the reaction takes place

in a solution that contains water but no alcohol.

Embodiment 10. The method according to any one of embodiments 1 to 9, wherein the fluorinated vinyl

ether 1s reacted with ammonia.

Embodiment 11. The method according to any one of embodiments 1 to 10, wherein the fluorinated vinyl

cther is reacted with an amine.

10
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Embodiment 12. The method according to any one of embodiments 1 to 11, wherein the fluorinated vinyl

ether is reacted with a diamine.

Embodiment 13. The method according to any one of embodiments 1 to 12, wherein the saturated

partially fluorinated ether has less carbons than the fluorinated vinyl ether.

Embodiment 14. The method according to any one of embodiments 1 to 13, wherein the fluorinated vinyl
ether comprises a -CF,OCFCF; group that is converted to a hydrogen (H) in the saturated partially

fluorinated ether.

Embodiment 15. The method according to any one of embodiments 1 to 14, wherein the reaction occurs

in an alcoholic solution.

Embodiment 16. The method according to any one of embodiments 1 to 7 or 10 to 15, wherein the

reaction occurs in a solution that contains one or more alcohols but no water.

Embodiment 17. The method according to embodiments 1 to 8 or 10 to 16, wherein the reaction takes

place in a solution comprising methanol, ethanol, propanol, butanol, or combinations thereof.

Embodiment 18. The method according to any one of embodiments 15 to 17, wherein the ammonia,
amine or combination thereof is present in a molar ratio of from about 1:1 to about 5:1 of the moles of the

fluorinated vinyl ether.

Embodiment 19. The method according to any one of embodiments 15 to 18, wherein the ammonia,
amine or combination thereof is present in a molar ratio of from about 2:1 to about 4:1 of the moles of the

fluorinated vinyl ether.

Embodiment 20. The method according to any one of embodiments 15 to 19, wherein the reaction occurs

at a temperature from about 0 °C to about 50 °C.

Embodiment 21. The method according to any one of embodiments 15 to 20, wherein the reaction occurs

at a temperature from about 20 °C to 45 °C.
Embodiment 22. The method according to any one of embodiments 15 to 21, wherein the saturated

partially fluorinated cther comprises C:F70CF(CF3)CF20CFHCF,C:Hs,
CsF7,0CF(CF3)CF>,0OCFHCF=NH, C;F;0CF(CF;)CF;OCFHCN, or combinations thereof.

11
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Claims:

1. A method of converting a fluorinated vinyl ether to a saturated partially fluorinated ether, the
method comprising:
reacting the fluorinated vinyl ether with an amine, ammonia, or combination thereof to

form the saturated partially fluorinated ether.

2. The method according to claim 1, wherein the fluorinated vinyl ether comprises 1,1,1,2,2,3,3-

heptafluoro-3-({1,1,1,2,3,3-hexafluoro-3-[(trifluorocthenyl)oxy [propan-2-yl }oxy)propane.

3. The method according to any one of claims 1 or 2, wherein the ammonia, amine or combination
thereof'is present in a molar ratio of from about 1:1 to about 10:1 of the moles of the fluorinated

vinyl ether.
4. The method according to any one of claims 1 to 3, wherein the ammonia, diamine or combination
thereof'is present in a molar ratio of from about 4:1 to about 8:1 of the moles of the fluorinated

vinyl ether.

5. The method according to any one of claims 1 to 4, wherein the reaction occurs at a temperature
from about 0 °C to 250 °C.

6. The method according to any one of claims 1 to 5, wherein the reaction occurs at a temperature
from about 25 °C to 200 °C.

7. The method according to any one of claims 1 to 6, wherein the reaction occurs at a temperature
from about 50 °C to 200 °C.

8. The method according to any one of claims 1 to 7, wherein the reaction takes place in an aqueous

solution.

9. The method according to any one of claims 1 to 7, wherein the reaction takes place in a solution

that contains water but no alcohol.

10. The method according to any one of claims 1 to 9, wherein the fluorinated vinyl ether is reacted

with ammonia.

11. The method according to any one of claims 1 to 10, wherein the fluorinated vinyl ether is reacted

with an amine.

12
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12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22

The method according to any one of claims 1 to 11, wherein the fluorinated vinyl ether is reacted

with a diamine.

The method according to any one of claims 1 to 12, wherein the saturated partially fluorinated

cther has less carbons than the fluorinated vinyl cther.

The method according to any one of claims 1 to 13, wherein the fluorinated vinyl ether comprises
a -CF>OCFCF; group that is converted to a hydrogen (H) in the saturated partially fluorinated
cther.

The method according to any one of claims 1 to 14, wherein the reaction occurs in an alcoholic

solution.

The method according to any one of claims 1 to 7 or 10 to 15, wherein the reaction occurs in a

solution that contains one or more alcohols but no water.

The method according to claim 1 to 8 or 10 to 16, wherein the reaction takes place i a solution

comprising methanol, ethanol, propanol, butanol, or combinations thereof.

The method according to any one of claims 15 to 17, wherein the ammonia, amine or
combination thereof is present in a molar ratio of from about 1:1 to about 5:1 of the moles of the

fluorinated vinyl cther.

The method according to any one of claims 15 to 18, wherein the ammonia, amine or
combination thereof is present in a molar ratio of from about 2:1 to about 4:1 of the moles of the

fluorinated vinyl cther.

The method according to any one of claims 15 to 19, wherein the reaction occurs at a temperature

from about 0 °C to about 50 °C.

The method according to any one of claims 15 to 20, wherein the reaction occurs at a temperature

from about 20 °C to 45 °C.

The method according to any one of claims 15 to 21, wherein the saturated partially fluorinated
cther comprises C3;F,OCF(CF;)CF.OCFHCF,C;Hs, C3F,OCF(CF3)CF,O0CFHCF=NH,
CsF,0CF(CF3)CF2,OCFHCN, or combinations thereof.
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