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METHODS FOR PRODUCING SOLVENTS DERIVED FROM
1-CHLORGC-3,3,3-TRIFLUORQO-PROPENE {1233zd)

Cross reference to related applications

[0001] This application claims the benefit under Title 35, U.S.C. §118(e) of
U.S. Provisional Patent Application Serial No. 62/345 117, entitled METHODS FOR
PRODUCING SOLVENTS DERIVED FROM 1-CHLORO-3,3,3-TRIFLUORO-
PROPENE (1233zd), filed on June 3, 2018, the entire disclosure of which is

expressly incorporated by reference herein.

BACKGROUND

[0002] The present disclosure relates o the production of solvenis for use in
applications such as heat transfer, deaning and degreasing, for example and, in
particular, the present disclosure relates to the production of solvents that are
derived from 1-chloro-3,3,3-trifluoro-propensa.

[0003] 1-chiore-3,3, 3-trifluoro-propene (CFCH=CHCI, also known as 1233zd)
may be used as heat transfer fluid, as well as a cleaning solvent or a carrier solvent.
Advantageously, 1233zd is non-flammable, has a low global warming potential
(GWP), and low toxicity. 1233zd is also an effective solvent for a number of organic
substances, such as different kinds of oils and greases, making 1233zd useful as a
cleaning and degreasing sclvent.

[0004] However, because 1233zd has a low boiling point (18°C for the frans
isomer), when 1233zd is used as a solvent, challenges are presenied in connaction
with handling and operation. For example, 12332d is typically transported and
dispensed from a high pressure cylinder package, which may be costly and may
require complex process integration sieps with existing machinery and tooling, as
well as fraining of personnel. The low boiling point of 1233zd may also result in
higher vapor lnss, potentially leading to a higher rate of consumption. In addition to
potential challenges relating to the low boiling point of 1233zd, there is some
concem in certain use applications regarding the chiorine atom in the molecule, for
example, in the electronics manufacturing industry where halogen-free reagents and

solvents may be desired.
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[0005] Solvents based on 1233zd which exhibit one or more of the properties

of non-chlorine containing, low GWP, low toxicity, and non-flammability are desired.

SUMMARY

[0006] The present disclosure relates {0 the production of solvents for
applications such as heat transfer, cleaning, and degreasing, for example. In
particular, the present disclosure reiates the production of solvents derived from 1-
chiore-3,3, 3-triflucro-propene, such as chicro and/or fluoro substituted alkanes and
chioro and/or fluoro substituted trifluoropropenyl ethers.
[0007] In one form thereof, the present disclosure provides a method for
producing a product according to one of formuias:
CF3-CHz-CHCI-O-CpHFClz and
CF3-CH=CH-O-CoHFCl,

wherein:

nis tio5;

X, v,andzareeachOto 11 andy+z 2 1; and

x+y+z = 2(n-m)+1, wherein m is an integer of 0 to 2, the method comprising
the step of reacting a reaction mixture including an alcohol, a catalyst, and 1-chioro-
3,3, 3-{rifluoro-propens (1233zd).

[0008] The alcohol may be an alcoho!l according o the following formula:
CaHF,CLOH
wherein:
nistioh;

X, v, andzareeachOto 11 andy+z 2 1; and

¥+y+z = 2nt 1 for a saturated alcohol; or

»ry+z = 2n-1 for an unsaturated alcohol.
[0009] The alcohol may be selected from the group consisting of
fluocromethanol, 2,2, 2-triflucroethanocl, 3,3,3-trifluore-1-propanol, 2,23, 3-tetrafluoro-1-
propanoct, 2,2,3,3,4,4,5,5-octafluoropentansi, and 1,1,1,3,3,3-hexafluoro-propan-2-ol.
[0010] The catalyst may be an alkaline catalyst and, in particular, may include
at least one alkali hydroxide selected from the group consisting of sodium hydroxide

and potassium hydroxide and a combination thereof.
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[0011] The method may further include, after the reacting step, the additional
step of separating the product of from the reaction mixiure. The reacting step may
further include heating the reaction midure. The reacting step may further include
the additional steps of. mixing the alcohol and the catalyst in a reaction vessel, and
after the mixing step, adding 1-chioro-3,3 3-riflucro-propene (1233zd) to the reaction
vessel.
[0012] The 1-chioroe-3,3, 3-irifluoro-propene (1233zd) may be either the frans
isomer of 1-chloro-3 3, 3-trifluoro-propene (1233zd) or the ¢is isomer of 1-chioro-
3,3, 3-triftuore-propens (1233zd).
[0013] The product of the method may have the following formula:
CF3-CHo-CHCI-O-ChH,F,Cly

wherein:

nis tio5;

X, v,andzareeachOto 11 andy+z 2 1; and

x+y+z = 2(n-m)+1, wherein m is an integer of 0 to 2, said method comprising
the step of reacting a reaction mixture including an alcohol, a catalyst, and 1-chioro-
3,3, 3-{rifluoro-propens (1233zd).

[0014] The aicohol may be an alcohol according o the following formula:
CaH,F,CLOH
wherein:
nistioh;

X, v, andzareeachOto 11 andy+z 2 1; and

¥+y+z = 2nt 1 for a saturated alcohol; or

»ry+z = 2n-1 for an unsaturated alcohol.
[0015] The aicohol may be selected from the group consisting of
fluoromethanol, 2,2 2-trifluorosthanol, 3,3, 3-trifluore-1-propanol, 2,2,3,3-tetrafluoro-1-
propanol, 2,2,3,3,4,4,5,5-octafiuoropentansi, and 1,1,1,3,3,3-hexafluore-propan-2-ol.
[0016] The product of the method may have the following formuia:

CF3-CH=CH-O-CHF,Cly
wherein:
nisttos;

X ¥y, andzareeach0to 11 and y+z 2 1; and
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x+y+z = 2(n-m)+1, wherein m is an integer of 0 to 2, said method comprising
the step of reacting a reaction mixture including an alcohol, a catalyst, and 1-chioro-
3,3, 3-{rifluoro-propens (1233zd).

[0017] The aicohol may be an alcohol according o the following formula:
CaH,F,CLOH
wherein:
nistioh;

X, v, andzareeachOto 11 andy+z 2 1; and
¥+y+z = 2nt 1 for a saturated alcohol; or
»ry+z = 2n-1 for an unsaturated alcohol.
[0018] The aicohol may be selected from the group consisting of
fluoromethanol, 2,2 2-trifluorosthanol, 3,3, 3-trifluore-1-propanol, 2,2,3,3-tetrafluoro-1-
propanoct, 2,2,3,3,4,4,5,5-octafluoropentansi, and 1,1,1,3,3,3-hexafluoro-propan-2-ol.
[0019] in ancther form thereof, the present disclosure provides a liquid
composition including at least one solvent selected from formulas () and (i)
CF3-CHa-CHCIO-CrtuFyClz (1)
CF3-CH=CH-O-CrH:FyCiz (1)
and combinations thereof, whersin:
nisttos;
Xy, andzareeach 0io 11 and y+z 2 1; and
xX+y+z = 2(n-m)+1, wherein mis an integer of G to 2, said method comprising
the step of reacting a reaction mixture including an alcohol, a catalyst, and 1-chioro-
3,3, 3-triftuore-propene (1233zd}; and at least one solvent having a boiling point
between 20-250°C.
[0020] The solvent may have a boiling pint between 20-100°C or beiween 25-
70°C, and at least one solvent may have an ozone depletion potential (ODP) of not

greater than about 0.5.

DETAILED DESCRIPTION

[0021] The present disclosure relates o the production of solvenis for
applications such as heat transfer, cleaning, and degreasing, for example. In

particular, the present disclosure relates the production of solvents derived from 1-
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chioro-3, 3, 3-triflucro-propene, such as chioro and/or fiuoro substituted alkanes and
chioro and/or fluoro substituted trifiucropropenyl ethers.

[0022] 1-chloro-3,3, 3-trifluoro-propene, CRCH=CHC, also known as 1233zd,
is a non-flammable, low GWP, low toxicity solvent. The chemical struciure of

1233zd is set forth in formuia () below:

F
F
H
F
[0023] 1233zd exists as a frans isomer, as shown in formuia (1) above, in

which the CFa and Cl groups are on opposite sides of the double bond with respect
to the longest chain of carbon atoms, and as a ¢is isomer, shown formula (1) below,
in which the CFs and Cl groups are on the same side of the double bond with respect

to the longest chain of carbon atoms:

F

F
Cl
F
H H {an
[0024] The trans isomer has a boiling point of 19°C, while the ¢is isomer has a
boiling point of 40°C.
[0025] In order to form useful solvents derived from 1233zd, the 1233zd

starting material is reacied with an alcohol and a catalyst according to the overall
reaction (1) below, in which the alcohol is exempilified as fluoromethanol (CHaFOH)

and the catalyst is exemplified as potassium hydroxide:

CF3CH=CHC! + CHzFOH + KOH - CFiCH=CH-O-CHF + KCH +H:20 (1)

[0026] Suitable alcohols for use with the present metheds may be generally
described by the following chemical formula:
CaH,F,CLOH
wherein:
nistioh;

X, v, andzareeachOto 11, andy+z = 1; and
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x+y+z = 2n+1 for a saturated alcohol; or

¥+y+z = 2n-1 for an unsaturated alcohol.
[0027] In exemplary embodiments, the alcohol may be a chloro-alcohol, a
fluorc-alcohol, or a chioroffluoro-alcohol, having constituent carbons are at least
partially substituted with chiorine, fluorine, or both chlorine and fluorine atoms.
Exempiary fluoro-alcohols include, e.g., fluoromethanol (CH.FOH), 2,2,2-
trifluoroethanol (CFiCH20H), 3,3, 3-irifluoro-1-propanol (CF3CH2CH:OH), 2,2,3,3-
tetrafluorc-1-propanct (CHFCF,CH20H), 2,2,3,3,4 4,5 5-octafluoropentanol
(CHFCFCFCFCH0H), and 1,1,1,3,3,3-hexaflucro-propan-2-of {{CF3),CHOH).
[0028] The ailcohol functions as a solvent for the reaction, and as a chiorine
substituent to replace the chiorine atom of 12332zd to form an alkoxy group.
[0029] The catalyst may be an alkaline catalyst, such as an alkali hydroxide
including, for example, sodium hydroxide (NaQOH) and/or potassium hydroxide
(KOH), and functions in part to absorb the chiorine atom which is removed from
1233zd.
[0030] in one exemplary embodiment, the molar ratio of 123324 to alcohol
may be 10:1 to 1:20 and the molar ratic of 1233zd to catalyst may be 100:1 to 1.5,
in one particular embodiment, the molar ratio of 1233zd to alcohol to calalyst is
about 1:4:1.2.
[0031] The reaction may be iniliated by first combining the catalyst and the
alcohol in a reaction vessel, such as an autoclave, with stirring, followed by adding
the 1233zd to the reaction vessel with continued stirring.
[0032] in a first stage addition reaction, set forth as reaction {2) below and
again exemplified in connection with flucromethano! as the alcohol, the alcohol adds
across the double bond of 1233zd, typically with high selectivity for the addition of
the alcohol to the number 3 carbon opposite the double bond from the CFs group, to

form an intermediate alkane:
CF3CH=CHCI + CHoFOH = CF3CHCHCI-OCHF (2)
[0033] Depending on the alcohol used, the carbon{s} of the intermediate

alkane may be substituted with chiorine, fluorine, or both chiorine and fluorine.

Reaction (2) is excthermic and typically spontaneous, and a cooling medium may be

6
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emploved during the reaction, such as a cold water bath, for example, or the reaction
may be conducted in a cooled environment.

[0034] The products of the first stage addition reaction themselves could be
final products used as solvents for various applications according to the present
disclosure, wherein such products will have molecular weights and boiling points
higher than that of 1232zd, the boiling points typically higher than 40°C.

[0035] The alkane intermediate products of the first stage addition reaction

may be described by the following chemical formula:

Cj FS“CHZ“CHCE“O“C;} HxFyCEZ

wherein:

nistios;

¥, v,andzareeach 0to 11 andy+z 2 1; and

yry+z = 2(n-mi+1, wherein mis an integer of O to 2.
[0036] In a second stage elimination {or dehydrohalogenation) reaction
following reaction (2), set forth as reaction (3) below and again exempilified in
connection with fluorocmethanol as the alcohol and potassium hydroxide as the
catalyst, a triflucropropene ether is produced when the alkane intermediate loses the
chiorine atom and a hydrogen atom o re-form the double bond between the number

2 and 3 carbons:

CF3CHCHCIO-CHaF + KOH = CF3CH=CH-OCH:F + KCI + Hz0 (3)

[0037] Thus, in the exemplary reaction {3) above, 3,3,3- triflulcropropenyt
fluoromethyt ether is formed which, along with other products disclosed herein, will
have molecuiar weights and boiling poinis higher than that of 1233zd, the boiling
points typically higher than 40°C.

[0038] Reaction (3) above is endothermic and, in one embodiment, the
reaction vessel may be heated as needed 1o initiate and/or perpetuate the reaction.
[0039] Again, depending on the alcohol used, the number of carbon(s) of the
trifluoropropene ether may vary, and may be substituted with chioring, fluorine, or

both chioring and fiuocrine.
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The triflucropropene ether products of the second stage elimination

reaction may be described by the following chemical formula;

wherein;

nistios

C FE"CH:CH~O“C;\ HxFyCEz

X, v,andzareeachOto 11 andy+z 2 1; and

x+y+z = 2(n-m)+1, wherein mis an integerof G 1o 2.

[0041]

The products of the first and second stage reactions may be separated

from the reaction mixture and/or other products by suitable means depending on

their chemical struciure and/or boiling point, such as filiration, extraction with water

or other solvent and/or distillation, such as atmospheric distillation and/or reduced

pressure distillation, for example.

[0042]

Several exemplary alcohols, together with their resulting first and

second stage reaction producis that may be obtained in accordance with the present

disclosure, are set forth in the Table | below:

Table |

Exemplary alcohols and 15 and 2™ stage producis

Alcohol

15t stage product
{of reaction {2})

279 stage product
{of reaction {3}}

[CHaFCHOH] (n=2, x=4,
y=1, z=0)

Flucromethanol 1-chiore-3,3,3- 3,3, 3riflucropropenyl
{CHoFOH] trifluoropropyl fluoromethyl ether
n=1, x=2, y=1, z=0) fltuoromethyl ether or
or 1-fluoromethoxy-3,3,3-
1-chioro-1- trifluloropropene
fluoromethoxy-3,3,3- [CF3CH=CH-OCHF}
triflucropropane
[CFaCHCHCI-OCHF]
Difiuoromethanol 1-chioro-3,3,3- 3,3, 3-triflucropropenyl
{CHF0H] trifluoropropyl difiuoromethy! ether
(n=1, x=1, y=2, z=0) difftuocromethyl ether or
or 1-diffluoromethoxy-3,3,3-
1-chioro-1- frifluloropropene
diffucromethoxy-3,3,3- [CFCH=CH-OCHF,]
trifluoropropane
HOF O HCHCI-OCHF
2-fluorosthanol 1-chiore-3,3,3- 3,3, 3-trifluoropropenyl 2-

triflucropropyl 2-
fluoroethyl ether

fluoroethy! ether
or
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Alcohol

15t stage product
{of reaction {2})

279 stage product
{of reaction {3}}

or
1-chioro-1-(2-
fluoroethoxy)-3,3,3-
triflucropropane
[CF3CHCHCOI-
QCHCHF]

1-{Z-fluoroethoxy)-3,3,3-
trifluloropropene
[CF3CH=CH-OCH2CHLF]

2, 2-difluorosthanol
[CHF2CH20H] (n=2, x=3,
y=2, 2=0)

1-chloro-3,3,3-
trifluoropropyl 2,2-
diffuoroethyl ether
or
1-chioro-1-(2,2-
diffuoroethoxy)-3,3,3-
triflucropropans
[CFaCHCHCI-
OCHCHF2]

3,3, 3-trifluoropropenyl
2. 2-difluoroethyi ether
or
1-(2,2-difluoroethoxy)-
3,3, 3-trifluloropropens
[CFaCH=CH-OCHCHF3]

2,2, 2-triftluorosthanol
[CF3CH20H]
(n=2, x=2, y=3, z=0)

1-chiors-3,3,3-
triffuoropropyl 2,2,2-
trifiuoroethyl ether
or
1~chioro-1-(2,2,2-
triftucroethoxy)-3,3,3-
trifluoropropane
[CFCHCHCI-
CCHCF3]

3,3, 3-triflucropropenyl
2,2, 2-trifluoroethy! ether
or
1-(2,2 2-trifluoroethoxy)-
3,3, 3-trifluloropropene
[CFCH=CH-OCHLCF3]

2-flucroaliyl alcohol
[CHo=CFCHOH] (n=3,
x=4, y=1, z=0)

1-chiore-3,3,3-
triflucropropyl 2-
fluorcaliyl ether

or 1-(2-fiucroallyoxy)-3,3,3-
1-chioro-1-(2- trifluloropropene
fluorcallyoxy)-3,3,3- {CFaCH=CH-
triflucropropane OCHCHCHZF]
[CF3CHCHOL-
OCHCH2CHF]

3,3, 3-triflucropropenyl 2-
fluoroaliyl ether
or

3-fluore-1-propanc
[CHFCH2CH0H] (n=3,

1-chloro-3,3,3-
trifiucropropyl 3-

3,3, 3-trifluoropropenyl 3-
fluoropropyl ether

x=6, y=1, z=0) fluoropropyl ether or
or 1-(3-fiuoropropoxy}-3,3,3-
1-chioro-1-(3- trifiuloropropene
fluoropropoxy)-3,3,3- [CFaCH=CH-
triflucropropane QUCHCHCHF]
[CFaCHCHCI-
COHCHCH R
2, 2-difluoro-1~-propanol 1-chiors-3,3,3- 3,3, 3-triflucropropenyl

[CHRCFCHOH] (n=3,
x=5 y=2 z=0)

triflucropropyl 2,2~
diffluoropropy! ether
or
1-chloro-1-(2,2-

2, 2-diflucropropy! ether
or
1-(2.2-diffucropropoxy)-
3,3, 3-trifluloropropene

9
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[CF3CHCHOH] (n=3,
x=4, y=3 z=0)

Alcohol 15t stage product 279 stage product
{of reaction {2}) {of reaction {3}}
difiucropropoxy)-3,3,3- [{CFCH=CH-
triflucropropans OCHCFS20H:]
[CFaCHCHCI-
OCHCFCH5l
3,3, 3-trifluoro-1-propanocl 1-chlore-3,3,3- 3,3, 3-trifluoropropenyl

trifluoropropyl 3,3,3-
triflucropropyl ether
or
1-chioro-1-(3,3,3-

3,3, 3-trifluoropropyl ether
or
1-(3,3, 3-trifluoropropoxy)-
3,3, 3-trifluloropropene

trifluoropropoxy)-3,3,3- [CFCH=CH-
triflucropropane OCHCHCF 3]
[CF3CHCHCI-
OCHCHLCF 3]
2.2,3,3-tetraflucro-1- 1-chiore-3,3,3- 3,3, 3-riflucropropenyl

propanol triflucropropyl 2,2,3,3- 2,2,3,3-tetrafluoropropyi
[CHFCFCHOHY (n=3, | tetrafiuoropropyl ether ether
x=3, y=4, z=0) or or
t~-chioro-1-(2,2,3,3- 1-(2,2,3,3-
tetrafluoropropoxy)- tetrafluoropropoxy)-3,3,3-
3,3, 3-trifluoropropane frifluloropropene
[CFaCHCHCI- {CF:CH=CH-
QCHCFCHFE ] OCHCFCHF ]
2,2,3,3,3-pentafluore-1- 1-chioro-3,3,3- 3,3, 3-triflucropropenyl
propanol trifluoropropyl 2,2,3,3,3- 22,333
[CFCFCH20H] (n=3, pentafiuoropropyl ether | pentafluoropropyl ether
x=2, y=5 z=0) or or
1-chioro-1-(2,2,3,3,3- 1-(2,2,3,3,3~
pentafiuoropropoxy)- pentafluoropropoxyl-
3,3, 3-triflucropropane 3,3, 3-trifluloropropens
[CF3CHCHCI- [CF3CH=CH-
OCHCFCF3] OCHCF2CF3]
1,1.1,3,3,3-hexafluore-2- 1-chlore-3,3,3- 3,3, 3-trifluoropropenyl
propanol triflucropropyl 1,1,1,3,3,3-
[{CF3),CHOH] 1,1,1,3,3,3- hexafluoroisopropy! ether
(n=3, x=1, y=06, z=0) hexafluorcisopropyi or
gther 1-(1,1,1,3,3,3-
or hexafluoroisopropoxy)-

1-chioro-1-(1,1,1,3,3,3-
hexafluoroisopropoxy)-
3,3, 3-triflucropropane
[CFaCHCHCI-
OCH(CF3)2]

3,3, 3-trifluloropropens
[CF:CH=CH-OCH(CF3)2]

2-chloro-1-ethanol
[CH2CICH0H]
(n=2, x=4, y=0, z=1)

1-chiors-3,3,3-
triflucropropyl 2-
chioroethyl ether
or
1-chioro-1-(2-

3,3, 3-triflucropropenyl
vinyl ether
or
1-vinyloxy-3,3,3-
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Alcohol

15t stage product
{of reaction {2})

279 stage product
{of reaction {3}}

chioroethoxy)-3,3,3-

trifluloropropene

[(CH2C)CHOH]
(n=3, x=5, y=0, z=2)

triflucropropane [CF:CH=CH-OCH=CH3]
[CFaCHCHCI-
QCHCHCH
1,3-dichloro-2-propancl 1-chlore-3,3,3- 3,3, 3-triflucropropenyl 1-

trifluoropropyt 1,3~
dichioroisopropyl ether
or
1-chiore-1-(1,3-
dichloroisopropoxy)-
3,3, 3-triflucropropans

chioromethylethenyl ether
or
1-(1-
chioromethylethenyloxy}-
3,3, 3-trifluloropropene
[CFCH=CH-

[CFsCH2CHCH- OC({CHCH=CHz]
QCH{CH2CH]
2,2,3444- 1-chiore-3,3,3- 3,3, 3-riflucropropenyl
hexafluorocbutanc] frifluoropropyl 223444
[CFsCHFCF2CHL0H] 2,234,4.4- hexafiuorobutyl
(n=4, x=3, y=6, z=0) hexaflucrobuty gther
gther or
or 3.3,3-
1-chioro-1-(3- trifiuoropropenyloxy-
flucropropoxy)- 2,234 4 4-
22344 4- hexafluorcbutane
hexafluorchutane [CF3CH=CH-OCHCF»
[CFaCHCHCI- CHFCF3]
OCHCF, CHFCF3]
223344 4- 1-chlore-3,3,3- 3,3, 3-trifluoropropenyl
heptaflucrcbutanol triflucropropyl 2,2,3,3,4,4 4-hepta
[CF:CF2CF2CH-0H] 2,2,3,3,4 .4 4-hepta fluorobutyl
(n=4, x=2, y=7, z=0) fluorobutyl ether
ether or
or 3,33
1-chioro-1-(3- trifluoropropenyioxy-
fluoropropoxy)- 2,2,3,3,4 4 4-hepta
2,2,3,3,4 4 4-hepta fluorohutane
fluorobutane [CFaCH=CH-QCHCF2
[CF3CHCHOH- CHFCF3]
OCH2CF2 CFCFs]
22334455 1-chloro-3,3,3- 3,3, 3-trifluoropropenyl
octaflucropentanol trifluoropropyl 22334455
[CHFCFCFCFCHOH] 22334455 octafluoropentyl
(n=5, x=2, y=8, z=0) oclaflucropentyl ether
gther or
or 3,35
1-chioro-1-(3- friflucropropenyioxy-
fluoropropoxy)- 22334455
22334455 octaflucropentane
octafluoropeniane [CF3CH=CH-OCHCF2
[CF3CHCHCI- CF,CE,CHE]
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Alcohol 15t stage product 279 stage product
{of reaction {2}) {of reaction {3}}
QCHCF»
CF2OFCHF]
[0043] Advantageously, the products of the first and second stage reactions

will have a higher molecular weight, and therefore a higher boiling point, than 1233zd
and, in many cases, such products will have a boiling point higher than room
temperature (between 15 °C and 25 °C), thereby facilitating use of the products as
solvents in many potential applications.

[0044] The products of the first and second stage reactions, i.e., the disclosed
compounds, exhibit ong or morg, and may exbibil all, of the following propertias:
chemical siability; no substantial ozone depleting potential (QDP); relatively high
degree of miscibility with common contaminants, pariicuiarly mineral ol and/or
siicong ol low or no flammability; low or no wxicily, and low or no global warming
potential (GWP).

[0045] More spacifically, the disclosed compounds may have: no subsiantial
ozong depletion polential, preferably an ODP of not grester than about 0.5, not
greaier than about §.25, or not grealer than about 0.1, a GWF of not greater than
about 150, or not greater than about 50

[0046] in many of the embodiments, the disclosed compounds have g normal
bolling point as low as 200C, 25°C, 45%C or 50°C or as high as 80°C, 70°C, 100°C or
250°0, or within any rangs defined belween any two of the foregoing values, such as
from 20°C to 70°C, from 45°C 10 80°C, or from 50°C 10 80°C, for example.

[0047] The disclosed compounds may also have no flash point as measured
by one of the standard flash point methods, for example ASTM-1310-86 "Flash point
of liguids by tag Open-cup apparatus” and an atmospheric lfetime of not greater
than about 100 days, such as not greater than about 50 days. Further, the disclosed
compound are miscibie with greater than 20% by weight of minaral ol and/or silicons
off, such a3 in 3 weight ratio in the range of at least about 8620 to about 20:80, orin
substantiaily all proportions.

[0048] The disclozad compounds may exhibit a relatively low oxicity value.
[0049] As used hergin, ODP is defingd in the "Sdieniific Assessment of Ozonsg
Depletion, 20027, a repert of the World Melsorclogical assodiation, incorporated

hersin by reference. As used herein, GWF s defined relative o that of carbon
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dioxide and over g 100 yaar tme horizon, and defined in the same reference as for
the ODF menticnsed above. As usad herein, miscibility is measursd in accordances
with visual evaluation of phase formation or separation when two iquids are mbed
together, as is known 1o thoss skdlied in the art

[0050] The disclosaed compounds thus gengrally possess properties and
characteristics that are highly desirable for use in connection with many different
appiications, including many different ypes of cleaning and contaminant removal
appicgtons.

[00561] For sxample, in deaning applications, the disclosed compounds may
be used in liguid compositions, either alone or with one or more co-solvents, as
cleaning solvents for greases, oils, waxes and the like, for use in mechanical part
cleaning, precision cleaning and/or electronics cleaning, such as cleaning electric
motors, compressors, heavy metal parts, delicate precision metal parts, printed
circuit boards, gyroscopes, guidance systems, aerospace and missile hardware,
aluminum parts and the like. Other applications include degreasing, dry-cleaning,
solvent etching, and as a solvent for aerosocls or other sprayable compositions, as
carrier solvents for lubricants, or other surface treatment applications.

[0052] For example, in degreasing operations, the disclosed compounds may
be used as solvents in vapor degreasing methods, in which an article to be cleaned
is exposed 10 a solvent vapor, preferably at or above room temperature, {0 remove
grease or other contaminants from the surface of the article or alternatively, in liquid
degreasing operations, in which an arlicle to be cleaned is exposed to the solvent in
liguid form by immersing the article in the liguid solvent, typically at an slevated
temperature approaching the boiling point of the solvent.

[00563] In one pariicuiar application, the solvents disclosed herein may be
formulated with other components, such as a Cy-Cs alcohol and/or a Cs-Ce
hydrocarbon, to form a composition useful for removing ink or ink-based markings
from the surfaces of articles of manufacture, such as optical lenses, electro-
mechanical or electrical parts, before the parts are packaged and commercially sold
without damaging the underlying surfaces of the articles themselves. The articles
and their surfaces may be metal or metal-based, cellulose-based, silica-based, or
made from a plastic polymeric material, and the solvents may be inthe form of a

liquid, aerosol and/or sprayable composition.

13
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[0054] The disclosed compounds may also be used as a heat transfer
medium, flame suppressing agent, or foam blowing agent, for exampie. In particular,
the disclosed compounds may be used as heat transfer fiuids in methods and
systems for transferring heat, such as refrigerants used in refrigeration, air
conditioning and heat pump systems, and well as fire suppressants, such as
additives to reduce the flammability of fluids, and as components involved in the
formation of foam, foam premixes, foam products and biowing agents for foams.
[0055] Further details regarding exemplary applications of the disclosed
compounds are disclosed in U.S. Patent No. 7,985,299, assigned to the assignee of
the present invention, the entire disclosure of which is incorporated by reference

herein.

[0056] While this invention has been described as having exemplary designs,
the present invention can be further modified within the spint and scope of this
disclosure. This application is therefore intended to cover any variations, uses, or
adaptations of the invention using its general principles. Further, this application is
intended {o cover such departures from the present disclosure as come within known
or customary practice in the art to which this invention pertains and which fall within

the limits of the appended claims.
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CLAIMS

1. A method for producing a product according to one of formulas:
CFE”CHZ“CHCE“O”C(; HxFyCEz aﬂd
CFS“CH:CH“O“CHHxFyCEZ

[0057] wherein:

[0058] nis 1t 5;

[0059] X ¥, andzareeachOto 11 andy+z 2 1; and

[0060] xty+z = 2{n-m)t+1, wherein m is an integer of 0 1o 2, said

method comprising the step of reacting a reaction mdture including an alcchol, a

catalyst, and 1-chiore-3,3,3-triflucro-propene (1233zd).

[0061] 2. The method of claim 1, wherein the alcohol is an alcohol

according to the following formula:

[0062] CrHxF,CLOH
[0063] wherein:
[0064] nis 1t 5;
[0065] X ¥, andzareeachOto 11 andy+z 2 1; and
[0066] xtyt+z = 2n+1 for a saturated alcohol; or
[0067] x+y+z = 2n-1 for an unssturated alcchol.
3. The method of claim 2, wherein the alcohol is selected from the group

consisting of flucromethanol, 2,2, 2-trifluorosthanct, 3,3,3-triflucro-1-propanc,
2.2,3, 3-tetrafluoro-1-propanol, 2,2,3,3,4.4.5 5-octafluoropentancd, and 1,1,1,3,3,3-

hexafluoro-propan-2-ol.

4. The method of claim 1, wherein the catalyst is an alkaline catalyst.

5. The method of claim 4, wherein the catalyst is at least one alkali hydroxide
selected from the group consisting of sodium hydroxide and potassium hydroxide

and a combination thereof.

8. The method of claim 1, further comprising, after said reacting step, the

additional step of separating the product of from the reaction mixiure.
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7. The method of claim 1, wherein said reacting step further comprises heating

the reaction mixture.

8. The method of claim 1, wherein the product has the following formula:
CF3-CHo-CHCI-O-CiH,F,Cl,

[0068] wherein:

[0069] nis1to§;

[0070] X ¥, andzareeachOto 11 andy+z 2 1; and

[0071] xty+z = 2{n-m)+1, wherein m is an integer of 0 to 2, said

method comprising the step of reacting a reaction mixture including an alcohol, a

catalyst, and 1-chiore-3,3,3-triflucro-propene (1233zd).

8. The method of claim 1, wherein the product has the following formula:
CFS“CH:CH”O“ConFyCEZ

[0072] wherein:

[0073] nis 1o 5;

[0074] X, ¥, andzareeachOto 1t and y+z 2 1; and

[0075] xty+z = 2{n-m)+1, wherein m is an integer of 0 {o 2, said

method comprising the step of reacting a reaction mixture including an alcohol, a

catalyst, and 1-chlore-3,3,3-triflucro-propene (1233zd).

10, Aliguid composition comprising at least one solvent selecied from formulas (1)
and (i

CF3-CH-CHCIO-CrHkF,Clz ()

CF3-CH=CH-O-CoHFCl: (1)

[0076] and combinations thereof, wherein:

[0077] nis 105

[0078] x, vy, andzareeachOto 11 and y+z 2 1; and

[0079] x+y+z = 2(n-mi+1, wherein m is an integer of 0 to 2, said

method comprising the step of reacting a reaction mixiure including an alcohol, a
catalyst, and 1-chloro-3,3, 3-triflucro-propene (1233zd); and

[0080] at least one solvent having a boiling point between 20-250°C.
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AMENDED CLAIMS
received by the International Bureau on 19 October 2017 (19.10.2017)

1. A method for producing a product according to one of formulas:
CF;-CH-CHCI-O-C,H,FyCl, and
wherein:
nislto5;

X, ¥, and z are each 0 to 11 and y+z > 1; and

x+y+z = 2(n-m)+1, wherein m is an integer of 0 to 2, said method comprising
the step of reacting a reaction mixture including an alcohol, a catalyst, and 1-chloro-3,3,3-

trifluoro-propene (1233zd).

2. The method of claim 1, wherein the alcohol is an alcohol according to the following

formula:
C.H,F,CL,OH
wherein:
nis1to5;

X, y, and z are each 0 to 11 and y+z>1; and
x+y+z = 2n+1 for a saturated alcohol; or

x+y+z = 2n-1 for an unsaturated alcohol.

3. The method of claim 2, wherein the alcohol is selected from the group consisting of
fluoromethanol, 2,2,2-trifluoroethanol, 3,3,3-trifluoro-1-propanol, 2,2,3,3-tetrafluoro-1-
propanol, 2,2,3,3,4,4,5,5-octafluoropentanol, and 1,1,1,3,3,3-hexafluoro-propan-2-ol.

4, The method of claim 1, wherein the catalyst is an alkaline catalyst.
5. The method of claim 4, wherein the catalyst is at least one alkali hydroxide selected

from the group consisting of sodium hydroxide and potassium hydroxide and a combination

thereof.
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6. The method of claim 1, further comprising, after said reacting step, the additional step

of separating the product from the reaction mixture.

7. The method of claim 1, wherein said reacting step further comprises heating the

reaction mixture.

8. The method of claim 1, wherein the product has the following formula:
CF3-CH,-CHCI-O-C H,F,Cl,
wherein;
nis 1to5;
X, y, and z are each 0 to 11 and y+z>1; and

x+y+z = 2(n-m)+1, wherein m is an integer of 0 to 2, said method comprising
the step of reacting a reaction mixture including an alcohol, a catalyst, and 1-chloro-3,3,3-

trifluoro-propene (1233zd).

9. The method of claim 1, wherein the product has the following formula:
| CF3-CH=CH-O-C.H,F,Cl,
wherein:
nisltoS5;
X, ¥,and z are each O to 11 and y+z > 1; and

x+y+z = 2(n-m)+1, wherein m is an integer of 0 to 2, said method comprising
the step of reacting a reaction mixture including an alcohol, a catalyst, and 1-chloro-3,3,3-

trifluoro-propene (1233zd).

10. A liquid composition comprising at least one solvent selected from formulas (T) and
().
CF;-CH,-CHCI-0-C,H,F,Cl, (I)
CF;-CH=CH-O-C;HyF,Cl, (II)

18
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and combinations thereof, wherein:
nislto35;

X, Y, and z are ¢ach 0 to 11 and y+z > 1; and

x+y+z = 2(n-m)+1, wherein m is an integer of 0 to 2; and

at least one solvent having a boiling point between 20-250°C.
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