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DESCRIPTION

[0001] The present invention relates to methods of preparing tetrafluoro-1,2-epoxypropanes
and compounds which are 2,3,3,3-tetrafluoro-1,2-epoxypropane and fluorinated polyether
polymers derived from tetrafluoro-1,2-epoxypropanes such as 2,3,3,3-tetrafluoro-1,2-
epoxypropane and other related tetrafluoropropene epoxides, such as 1,3,3,3-tetrafluoro-1,2-
epoxypropane.

[0002] The present invention also relates to 3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane
and 2-bromo-1,1,1,2-tetrafluoropropan-3-ol, methods of preparing 3-acetoxy-2-bromo-
tetrafluoropropanes from tetrafluoropropenes, such as 3-acetoxy-2-bromo-1,1,1,2-
tetrafluoropropane from 2,3,3,3-tetrafluoropropene, methods of preparing 2-bromo-
tetrafluoropropan-3-ols from 3-acetoxy-2-bromo-tetrafluoropropanes, such as 2-bromo-
1,1,1,2-tetrafluoropropan-3-ol from 3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane, methods of
preparing tetrafluoro-1,2-epoxypropanes from 2-bromo-tetrafluoropropan-3-ols, and the
preparation of partially fluorinated polyether polymers derived from 2,3,3,3-tetrafluoro-1,2-
epoxypropane and other related tetrafluoropropene epoxides, such as 1 ,3,3,3-tetrafluoro-1,2-
epoxypropane.

[0003] Polyethers are an important class of materials with significant commercial value. They
are commonly used to manufacture products such as foams, sealants, surfactants, elastomers
and biomedical components.

[0004] The polymerisation of fluorinated epoxides is known in the art. The ring opening
polymerisation of fluorinated epoxides can produce oily or grease-like oligomers, which can be
utilized for vacuum pump oil and lubricants of high performance.

[0005] The polymerisation of 3,3,3-trifluoro-1,2-epoxypropane is described in, for example, J.
Am. Chem. Soc., 2010, 132, 16520 to 16525, Makromol. Chem., Rapid Commun., 13, 363 to
370, JP05-051445 and JP09-110980.

[0006] The polymerisation of hexafluoropropylene oxide is described in, for example,
EP0062325 and W02010/101337.

[0007] E. T. McBee et al., J. Am. Chem. Soc., 1953, 75, 4091-4092 relates to the preparation
of an epoxide containing a fluorine atom for substituted on a bridge carbon atom for a study of
the orientation effect of fluorine in epoxide ring opening. P. Schuster et al., Toxicology and
Applied Pharmacology, 2008, 233, 323-332 describes the biotransformation of HFO-1234yf,
and suggests that HFO-1234yf is subjected to a typical biotransformation reaction for
haloolefins, likely by a cytochrome P450 2E1-catalyzed formation of 2,3,3,3-
tetrafluoroepoxypropane at low rates, followed by glutathione conjugation or hydrolytic ring
opening.
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[0008] The listing or discussion of a prior-published document in this specification should not
necessarily be taken as an acknowledgement that the document is part of the state of the art
or is common general knowledge.

[0009] To date the polymerisation of tetrafluoropropene epoxides has not been reported.

[0010] Methods of obtaining tetrafluoropropene epoxides, such as 2,3,3,3-tetrafluoro-1,2-
epoxypropane and 1,3,3,3-tetrafluoro-1,2-epoxypropane, and methods of polymerising these
epoxides are desirable.

[0011] The invention is as defined in the claims. Any subject-matter falling outside the claims is
provided for information purposes only.

[0012] The present invention provides a partially fluorinated polyether of formula
[OCRR4CR3R3],, wherein n is 5 to 100 such as 20 to 60, Ris H, Ry is CF3, Ry is F and R3 is H,

or Ris F, Rqis CF3, Rois H and R3 is H and a method for the preparation of such polyethers,

such as poly(2,3,3,3-tetrafluoro-1,2-epoxypropane) and other poly(tetrafluoro-1,2-
epoxypropanes) such as poly(1,3,3,3-tetrafluoro-1,2-epoxypropane).

[0013] Tetrafluoro-1,2-epoxypropanes may be prepared by dehydrobromination of 2-bromo-
tetrafluoropropan-3-ol, which in turn may be prepared from 3-acetoxy-2-bromo-
tetrafluoropropane.

[0014] 2,3,3,3-tetrafluoro-1,2-epoxypropane may be prepared by dehydrobromination of 2-
bromo-1,1,1,2-tetrafluoropropan-3-ol, which in turn may be prepared from 3-acetoxy-2-bromo-
1,1,1,2-tetrafluoropropane.

[0015] Described herein is a compound 3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane.

[0016] The present invention also provides a method for the preparation of 3-acetoxy-2-
bromo-1,1,1,2-tetrafluoropropane, and other 3-acetoxy-2-bromo-tetrafluoropropanes such as
3-acetoxy-2-bromo-1,1,1,3-tetrafluoropropane.

A

R H RO O
F30>:<R1 F3C~Etr—i1—H
1234yf 3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane
R=FRs=H R=FRy=H
1234ze 3-acetoxy-2-bromo-1,1,1,3-tetrafluoropropane
R=H R{=F R=H R{=F

3-acetoxy-2-bromo-tetrafluoropropanes may be prepared by reacting a tetrafluoropropene with
a brominating agent in the presence of an acylating agent and an acid that has a pKa of less
than about 3 in a bromo-oxidation reaction.
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[0017] By the term 'acid that has a pKa of less than about 3', we include acids such as
sulphuric acid, hydroiodic acid, hydrobromic acid, perchloric acid, hydrochloric acid, p-
toluenesulfonic acid, methanesulfonic acid or mixtures thereof.

[0018] By the term 'acylating agent’ we mean any compound capable of adding an acyl group
to a compound, such as an acyl halide or an acyl anhydride. Examples of acylating agents that
may be used in the method of the present invention include acetic acid, acetyl chloride or
acetic anhydride.

[0019] By the term 'brominating agent’, we include the meaning of any compound that can act
as a source to add bromine across a double bond, such as N-bromosuccinimide or bromine.

[0020] For example, 3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane may be prepared by
reacting 2,3,3,3-tetrafluoropropene with N-bromosuccinimide in the presence of acetic acid
and sulphuric acid in a bromo-oxidation reaction.

[0021] 2,3,3,3-tetrafluoropropene is also known as 1234yf. Hereinafter, unless otherwise
stated 2,3,3,3-tetrafluoropropene will be referred to as 1234yf.

[0022] 1,3,3,3-tetrafluoropropene is also known as 1234ze. Hereinafter, unless otherwise
stated 1,3,3,3-tetrafluoropropene will be referred to as 1234ze. The description of 1234ze also
includes the two (E) and (Z) geometric isomers of 1234ze. As used herein, "1234ze" means
any composition containing from 100% E isomer (0% Z isomer) to 100% Z isomer (0% E
isomer). Examples of 1234ze materials that may be used in the include those in which the bulk
of the material is the E isomer, for example more that 50% E isomer, more preferably >90% E
isomer, still more preferably >99% E isomer.

[0023] In the present invention, the bromo-oxidation of tetrafluoropropenes such as 1234yf or
1234ze, may be carried out batch-wise or continuously. Any suitable apparatus may be used,
such as a static mixer, a tubular reactor, a stirred tank reactor or a stirred vapour-liquid
disengagement vessel.

[0024] The 3-acetoxy-2-bromo-tetrafluoropropane product from the bromo-oxidation reaction
may be subjected to one or more purification steps. The purification may be achieved, for
example, by separation of the desired product or reagents by one or more distillation,
condensation or phase separation steps and/or by scrubbing with water or aqueous base and
drying with e.g. molecular sieves, zeolites or other desiccants. Any unreacted
tetrafluoropropene, such as 1234yf or 1234ze, may be recycled back into the reaction.

[0025] The bromo-oxidation reaction typically converts at least about 20% of the starting
tetrafluoropropene into 3-acetoxy-2-bromo-tetrafluoropropane, preferably at least about 40%,
such as at least about 60%, at least about 70% or at least about 80%, for example, at least
about 90%.
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[0026] The bromo-oxidation reaction is typically conducted in the liquid phase at atmospheric
pressure. A temperature of from about 60 to about 100°C may be used, e.g. from about 70 to
about 90°C, such as about 80°C. Lower and higher temperatures can be used. Typically, lower
or higher temperatures are used if the reaction pressure is higher or lower than atmospheric
pressure, respectively.

[0027] Any suitable solvent may be used or the reaction may be conducted in the absence of
any solvent. Preferably, no solvent is required, by this we mean that the reagents may act as a
solvent, but no additional solvent is used. By suitable solvent we mean a solvent in which the
reactants dissolve. The solvent should be stable to the bromo-oxidation reaction and should
not react with either the reactants or products within the taught ranges of temperature,
pressure etc.

[0028] At room temperature and pressure, tetrafluoropropenes such as 1234yf and 1234ze,
are gases. They can be fed to the solution comprising an acylating agent, such as acetic acid;
sulphuric acid and a brominating agent, such as N-bromosuccinimide as either a liquid or
vapour.

[0029] Described herein is a compound 2-bromo-1,1,1,2-tetrafluoropropan-3-ol.

[0030] The present invention also provides a method for the preparation of 2-bromo-1,1,1,2-
tetrafluoropropan-3-ol from 3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane, and other 2-bromo-
tetrafluoropropan-3-ols from 3-acetoxy-2-bromo-tetrafluoropropanes, such as 2-bromo-
1,1,1,3-tetrafluoropropan-3-ol from 3-acetoxy-2-bromo-1,1,1,3-tetrafluocropropane.

A

R O R OH
FoC——fH FoC———H

Br Ry Br R,
3-acetoxy-2-bromo-1,1,1,2- 2-bromo-1,1,1,2-tetrafluoropropan-3-
tetrafluoropropane ol
R=FRs=H R=FR;{=H
3-acetoxy-2-bromo-1,1,1,3- 2-bromo-1,1,1,3-tetrafluoropropan-3-
tetrafluoropropane ol
R=H R{=F R=H R{=F

[0031] 2-bromo-tetrafluoropropan-3-ols may be prepared by hydrolysing 3-acetoxy-2-bromo-
tetrafluoropropanes with an acidic species in an aqueous solution.

[0032] By the term 'an acidic species', we include the meaning of a compound or molecule with
a pKa of less than 7, such as a pKa of less than about 5 or less than about 3.

[0033] 2-bromo-1,1,1,2-tetrafluoropropan-3-ol may be prepared by hydrolysing the 3-acetoxy-
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2-bromo-1,1,1,2-tetrafluoropropane with an acidic species e.g. sulphuric acid in an aqueous
solution.

[0034] Aqueous solutions of the acid are typically prepared from concentrated solutions of acid
diluted with water, e.g. deionised water. Such preparation would be well known to the person
skilled in the art.

[0035] In the present invention, the hydrolysis of the 3-acetoxy-2-bromo-tetrafluoropropane
may be carried out batch-wise or continuously. Any suitable apparatus may be used, such as a
static mixer, a tubular reactor, a stirred tank reactor or a stirred vapour-liquid disengagement
vessel.

[0036] The 2-bromo-tetrafluoropropan-3-ol product from the hydrolysis reaction may be
subjected to one or more purification steps. The purification may be achieved, for example, by
separation of the desired product(s) or reagents by one or more distillation, condensation or
phase separation steps and/or by scrubbing with water or aqueous base and drying with e.g.
molecular sieves, zeolites or other desiccants. Any 3-acetoxy-2-bromo-tetrafluoropropane that
remains unreacted may be recycled back into the reaction.

[0037] The hydrolysis reaction typically converts at least about 40% of the starting 3-acetoxy-
2-bromo-tetrafluoropropane into the 2-bromo-tetrafluoropropan-3-ol, preferably at least about
60%, for example, about 80%.

[0038] The hydrolysis reaction is typically conducted in the liquid phase at atmospheric
pressure. Any temperature and pressure combination that enables the reaction to reflux may
be used. For example, a temperature of from about 60°C to about 400°C, at atmospheric
pressure, may be used, e.g. from about 100°C to about 350°C, such as about 330°C. Lower
and higher temperatures may be used. Typically, lower or higher temperatures are used if the
reaction pressure is higher or lower than atmospheric pressure, respectively.

[0039] Any suitable solvent may be used or the reaction can be conducted in the absence of
any solvent. Preferably, no solvent is required, by this we mean that the reagents may act as a
solvent, but no additional solvent is used. By suitable solvent we mean a solvent in which the
reactants dissolve. The solvent should be stable to the hydrolysis reaction and should not react
with either the reactants or products within the taught ranges of temperature, pressure etc.

[0040] Those skilled in the art will appreciate that under the appropriate conditions the bromo-
oxidation and hydrolysis steps may be carried out simultaneously to form the required 2-
bromo-tetrafluoropropan-3-ol product.

[0041] In an aspect of the invention, the method of preparing 2-bromo-tetrafluoropropan-3-ols
by the bromo-oxidation of 3-acetoxy-2-bromo-tetrafluoropropanes uses 3-acetoxy-2-bromo-
tetrafluoropropanes prepared as previously described.
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[0042] The present invention provides a method for preparing a tetrafluoro-1,2-epoxypropane
comprising reacting a 2-bromo-tetrafluoropropan-3-ol with an alkaline or alkaline earth metal
hydroxide solution. For example, the invention provides a method for the preparation of
2,3,3,3-tetrafluoro-1,2-epoxypropane from 2-bromo-1,1,1,2-tetrafluoropropan-3-ol and other
tetrafluoro-1,2-epoxypropanes from 2-bromo-tetrafluoropropan-3-ols, such as 1,3,3,3-
tetrafluoro-1,2-epoxypropane from 2-bromo-1,1,1,3-tetrafluoropropan-3-ol.

R OH 0
F3C—+—|—H F£>L\<21

Br Ry
2-bromo-1,1,1,2-tetrafluoropropan-3-ol 2,3,3,3-tetrafluoro-1,2-epoxypropane
R=FRs=H R=F R{=H
2-bromo-1,1,1,3-tetrafluoropropan-3-ol 1,3,3,3-tetrafluoro-1,2,-epoxypropane
R=H, R{=F R=H, R{=F

[0043] Tetrafluoro-1,2-epoxypropanes may be prepared by dehydrobromination of 2-bromo-
tetrafluoropropan-3-ols.

[0044] 2,3,3,3-tetrafluoro-1,2-epoxypropane may be prepared by dehydrobromination of the 2-
bromo-1,1,1,2-tetrafluoropropan-3-ol. Described herein is a compound which is 2,3,3,3-
tetrafluoro-1,2-epoxypropane.

[0045] Typically, the dehydrobromination comprises reacting the 2-bromo-1,1,1,2-
tetrafluoropropan-3-ol or 2-bromo-1,1,1,3-tetrafluoropropan-3-ol with an alkaline or alkaline
earth metal hydroxide e.g. sodium or potassium hydroxide in an aqueous solution, e.g. with
deionised water.

[0046] In the present invention, the dehydrobromination of 2-bromo-tetrafluoropropan-3-ols
may be carried out batch-wise or continuously. Any suitable apparatus may be used, such as a
static mixer, a tubular reactor, a stirred tank reactor or a stirred vapour-liquid disengagement
vessel. In a preferred embodiment the tetrafluoro-1,2-epoxypropane is removed from the
reactor by distillation as it is formed. This can maximise the yield and prevent polymerisation in
situ.

[0047] The dehydrobromination of 2-bromo-tetrafluoropropan-3-ols may also be carried out
using a multi-phase reactor system wherein the organic species are predominantly soluble in
one phase and the inorganic species another. Reaction occurs by transfer of reactants
between phases which can be facilitated with phase transfer catalysts such as Crown ethers or
Cryptands or surfactants such as Aliquat 336. Such a method of contacting is believed to help
prevent unwanted in situ polymerisation of the epoxide product.

[0048] The crude tetrafluoro-1,2-epoxypropane product from the dehydrobromination reaction
may be subjected to one or more purification steps. The purification may be achieved, for
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example, by separation of the desired product(s) or reagents by one or more distillation,
condensation or phase separation steps and/or by scrubbing with water or aqueous base and
drying with e.g. molecular sieves, zeolites or other desiccants. Any 2-bromo-tetrafluoropropan-
3-ol that remains unreacted may be recycled back into the reaction.

[0049] The dehydrobromination reaction is typically conducted in the liquid phase. A
temperature of from about 60°C to about 120°C may be used, e.g. from about 80°C to about
110°C, such as about 90°C or about 100°C. Lower and higher temperatures may be used.
Typically, lower or higher temperatures are used if the reaction pressure is higher or lower than
atmospheric pressure.

[0050] The reaction is typically conducted in an aqueous environment. Any suitable additional
solvent may be used or the reaction can be conducted in the absence of any additional
solvent. Preferably, no additional solvent is required, by which we mean that the reagents may
act as a solvent, with no additional solvent is used. By suitable we include the meaning of a
solvent in which the reactant(s) dissolve at least partially. The additional solvent should be
stable to the dehydrobromination and should not react with either the reactants or products
within the taught ranges of temperature, pressure etc.

[0051] The present invention also provides a method for the preparation of tetrafluoro-1,2-
epoxypropanes, formed directly from 3-acetoxy-2-bromo-tetrafluoropropanes, such as 2,3,3,3-
tetrafluoro-1,2-epoxypropane  from  3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane, by
treatment of the 3-acetoxy-2-bromo-tetrafluoropropane with an aqueous alkaline or alkaline
earth metal hydroxide solution, e.g. sodium hydroxide.

[0052] In the present invention, the alkaline hydrolysis of 3-acetoxy-2-bromo-
tetrafluoropropane may be carried out batch-wise or continuously. Any suitable apparatus may
be used, such as a static mixer, a tubular reactor, a stirred tank reactor or a stirred vapour-
liquid disengagement vessel.

[0053] The tetrafluoro-1,2-epoxypropane product from the hydrolysis reaction may be
subjected to one or more purification steps. The purification may be achieved, for example, by
separation of the desired product(s) or reagents by one or more of distillation, condensation or
phase separation steps. Any 3-acetoxy-2-bromo-tetrafluoropropane that remains unreacted
may be recycled back into the reaction.

[0054] The hydrolysis reaction is typically conducted in the liquid phase. A temperature of from
about 60°C to about 120°C may be used, e.g. from about 80°C to about 110°C, such as about
90°C or about 100°C. Lower and higher temperatures may be used. Typically, lower or higher
temperatures are used if the reaction pressure is higher or lower than atmospheric pressure.

[0055] The reaction is typically conducted in an aqueous environment. Any suitable additional
solvent may be used or the reaction can be conducted in the absence of any additional
solvent. Preferably, no additional solvent is required, by which we mean that the reagent(s)
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may act as a solvent, with no additional solvent is used. By suitable we include the meaning of
a solvent in which the reactants dissolve at least partially. The additional solvent should be
stable to the hydrolysis and should not react with either the reactants or products within the
taught ranges of temperature, pressure etc.

[0056] In an aspect of the invention, the method of preparing tetrafluoro-1,2-epoxypropanes
by the dehydrobromination of 2-bromo-tetrafluoropropan-3-ols uses 2-bromo-
tetrafluoropropan-3-ols or 3-acetoxy-2-bromo-tetrafluoropropanes prepared as previously
described.

[0057] The present invention also provides a process for the preparation of partially fluorinated
polyether polymers via the polymerisation of tetrafluoropropene oxides, such as 1,3,3,3-
tetrafluoro-1,2-epoxypropane or 2,3,3,3-tetrafluoro-1,2-epoxypropane.

R_AR; oRenRs
R Ro R™ Ry

n
R=ForH
R1=CF3
R>=F orH
R3=H

[0058] For 1,3,3,3-tetrafluoro-1,2-epoxypropane and poly(1,3,3,3-tetrafluoro-1,2-
epoxypropane) Ris H, Rqis CF3, Rois F and Rais H and n is from 5 to 100, such as 20 to 60.
For 2,3,3,3-tetrafluoro-1,2-epoxypropane and poly(2,3,3,3-tetrafluoro-1,2-epoxypropane) R is
F, Ry is CF3, Ryis Hand Rz is H and n is from 5 to 100, such as 20 to 60.

[0059] The present invention also provides partially fluorinated polyether polymers obtainable
by the polymerisation of tetrafluoropropene oxides, such as 1,3,3,3-tetrafluoro-1,2-
epoxypropane or 2,3,3,3-tetrafluoro-1,2-epoxypropane. For example, the present invention
provides poly(1,3,3,3-tetrafluoro-1,2-epoxypropane) and poly(2,3,3,3-tetrafluoro-1,2-
epoxypropane).

[0060] The polymerisation of the tetrafluoropropene oxides is preferably a ring opening
polymerisation, producing polymers of molecular weight of from about 200 to about 250000.
Oligomers, dimers and trimers can also be obtained.

[0061] The ring opening polymerisation is typically conducted using a cationic, anionic or
organometallic mediated polymerisation, although other polymerisation methods may be used
and would be known to the person skilled in the art.
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[0062] An example of cationic mediated polymerisation is through the use of acids such as
H,S0O4, HOSO,CF 3 and HCIO4.

[0063] Examples of anionic mediated polymerisation include the use of alkali metal tert-
butoxides, such as terf-C4HgOLIi, tert-C4HgOK, tert-C4HgORb, and tert-C4HgOCs, potassium
hydroxide, metal chlorides such as aluminium chloride or iron chloride, and metal fluorides
such as caesium fluoride or potassium fluoride.

[0064] Examples of organometallic mediated polymerisation include the use of organozinc
compounds, such as Zn(CsHs)s, (CoH5ZnOCH3)4, [ZN(OCH3)2 (CoHsZNOCH3)g], (ZN(OCH3)2),

and [CoHsZnMP]o[ZnMP2]o (wherein MP is CH3OCH,CH(CH3)O-); and organoaluminium

compounds such as trimethylaluminium, triethylaluminium or triisobutylaluminium.

[0065] It is also possible to perform the polymerisation reaction stereospecifically, using regio-,
enantio- or iso-selective catalysts, such as the bimetallic cobalt catalyst described by Thomas
et al, in J. Am. Chem. Soc., 2010, 132, 16520-16525.

[0066] In the present invention, the polymerisation may be carried out batch-wise or
continuously. Any suitable apparatus may be used, such as a static mixer, a tubular reactor, a
stirred tank reactor or a stirred vapour-liquid disengagement vessel.

[0067] Typically, the polymerisation is conducted in the absence of oxygen, such as under a
nitrogen atmosphere.

[0068] The product from the polymerisation of either 1,3,3,3-tetrafluoro-1,2-epoxypropane or
2,3,3,3-tetrafluoro-1,2-epoxypropane may be subjected to one or more purification steps. The
purification may be achieved, for example, by separation of the desired product(s) or reagents
by one or more distillation, condensation or phase separation steps and/or by treatment with
an acid/solvent mixture such as hydrochloric acid with acetone or methanol, followed by
washing with water. Any epoxide that remains unreacted can be recycled back into the
reaction.

[0069] Typically, the polymerisation is terminated by treatment with a suitable solvent such as
methanol or acetone, containing a small portion (such as from about 0.1% to about 10%) of
acid, such as hydrochloric acid. The precipitated polymer is then filtered washed and dried.
Precipitation can be aided by the addition of water, such as deionised water).

[0070] The polymerisation reaction typically converts at least about 15% of the starting oxide
into the partially fluorinated polyether polymer, preferably at least about 40%, for example,
about 80%.

[0071] The polymerisation reaction is typically conducted in the liquid phase at atmospheric
pressure. A temperature of from about -50°C to about 100°C may be used, e.g. from about
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-5°C to about 90°C, such as about 80°C or from 0 to 5°C. Lower and higher temperatures may
be used. Typically, lower or higher temperatures are used if the reaction pressure is higher or
lower than atmospheric pressure.

[0072] Any suitable solvent may be used or the reaction can be conducted in the absence of
any solvent. By suitable we mean a solvent in which the reactants dissolve. The additional
solvent should be stable to the polymerisation reaction and should not react with either the
reactants or products within the taught ranges of temperature, pressure etc.

[0073] Persons skilled in the art will appreciate that these partially fluorinated polyethers can
be co-polymerised with each other and/or with other epoxides of fluoroolefins, for example,
1,1,1-trifluoro-1,2-epoxypropane, 1,1,1,2,3,3-hexafluoro-1,2-epoxypropane, ethylene oxide
and propylene oxide.

[0074] The partially fluorinated polyethers may be obtained via a process in which the reaction
to form 2,3,3,3-tetrafluoro-1,2-epoxypropane or 1,3,3,3-tetrafluoro-1,2-epoxypropane and the
reaction to form the partially fluorinated polyether take place in the same reaction vessel.

[0075] As an example, ring closing of 2-bromo-1,1,1,2-tetrafluoropropan-3-ol or 2-bromo-
1,1,1,3-tetrafluoropropan-3-ol with sodium or potassium hydroxide (for example aqueous
sodium or potassium hydroxide) to form 2,3,3,3-tetrafluoro-1,2-epoxypropane or 1,3,3,3-
tetrafluoro-1,2-epoxypropane may be accompanied by in situ polymerisation to poly(2,3,3,3-
tetrafluoro-1,2-epoxypropane) or poly(1,3,3,3-tetrafluoro-1,2-epoxypropane). For such a "one-
pot" reaction, a temperature of from about -50°C to about 100°C may be used, e.g. from about
-5°C to about 90°C, such as about 80°C or from 0 to 5°C. Lower and higher temperatures may
be used. Typically, lower or higher temperatures are used if the reaction pressure is higher or
lower than atmospheric pressure.

[0076] Polymeric species of the invention derived from 1234yf or 1234ze have been found to
be soluble in 1234yf and 1234ze and are suitable for use in lubricant compositions, for
example for use with refrigerant compositions comprising these HFO fluids.

[0077] The present invention also provides the use of partially fluorinated polyether polymers
in an effective amount in a lubricant composition and/or a heat transfer composition due to
their thermal and mechanical stability, lubricity, viscosity, pour point, anti-oxidation and anti-
corrosive properties.

[0078] The present invention also provides the use of lubricant compositions and heat transfer
compositions comprising partially fluorinated polyether polymers obtained using the process of
the present invention in applications that require lubricant compositions and heat transfer
compositions such as air conditioning, refrigeration and heat transfer systems. The partially
fluorinated polyether polymers are generally miscible with lubricant materials and/or heat
transfer compounds or compositions. Such lubricant compositions may contain a partially
fluorinated polyether obtained in accordance with the invention in combination with one or
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more known lubricant materials. Likewise, such a heat transfer composition may contain a
partially fluorinated polyether obtained in accordance with the invention in combination with
one or more known heat transfer compounds or compositions. As an example, a partially
fluorinated polyether obtained in accordance with the invention may be used in combination
with 1234yf, for example in a heat transfer composition. For example, poly(2,3,3,3-tetrafluoro-
1,2-epoxypropane) may be included in a composition comprising 1234 yf.

Brief Description of the Figures:

[0079]

Figure 1: Shows the GC mass spectral analysis of a sample of the reaction mixture of Example
4a taken 1 hour after the KOH addition was completed.

Figure 2: Shows the region in the GC mass spectral traces where 2,3,3,3-tetrafluoro-1,2-epoxy
propane eluted, sampled at intervals during the progress of the reaction.

Figure 3: Shows the 19FNMR spectrum of 2,3,3,3-tetrafluoro-1,2-epoxy propane obtained in
Example 4b.

Figure 4: Shows the "FNMR spectrum of poly(2,3,3,3-tetrafluoro-1,2-epoxy propane) obtained
in Example 4b.

Figure 5a: Shows the regions of the "°FNMR spectrum of poly(2,3,3,3-tetrafluoro-1,2-epoxy
propane) obtained in Example 4b in 1234yf that contained resonances associated with the CF4

groups, the spectra of 1234yf and the polymer alone are included for reference.

Figure 5b: Shows the '®FNMR spectrum of poly(2,3,3,3-tetrafluoro-1,2-epoxy propane)
obtained in Example 4b in E-1234ze.

Figure 6a: Shows the '"SFNMR spectrum of 1,3,3,3-tetrafluoro-1,2-epoxy propane in the
trifluoromethyl region as used in Examples 5a and 5b.

Figure 6b: Shows the "®FNMR spectrum of poly(1,3,3,3-tetrafluoro-1,2-epoxy propane) in the
trifluoromethyl region obtained in Example 5a.

Figure 6¢: Shows the "SFNMR spectrum of poly(1,3,3,3-tetrafluoro-1,2-epoxy propane) in the
trifluoromethyl region obtained in Example 5b.

[0080] The invention will now be illustrated by the following non-limiting examples.

Examples
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Example 1: Bromo-oxidation of tetrafluoropropene to form acetoxy-bromo-
tetrafluoropropane: Synthesis of 3-acetoxy-2-bromo-1,1,1,2-tetrafluoropropane

[0081] N-bromosuccinimide (57.2 g, 0.322 mol) was added to a 500 mL flask fitted with a
condenser and thermometer. Excess concentrated acetic acid (247 mL) and concentrated
sulphuric acid (0.1 equivalents, 0.0322 mol) were added at room temperature. The mixture
was stirred and heated to 80 °C. 1234yf was then bubbled intermittently into the solution from
a pressure cylinder via a flow controller, over a 5 day period until the reaction had turned a
very pale yellow. Once the reaction had cooled to 60 °C it was transferred to a separating
funnel and diluted with deionised water. The clear oil was separated, and the aqueous layer
was washed twice with ether. The combined organics were washed with saturated NaHCOs,
dried with MgSQy, filtered under vacuum and concentrated affording the acetyl-bromohydrin in

21% yield (25.94 g, 0.103 mol) 13C NMR (DMSO): 5= 168.9, 120.9, 98.6, 63.0, 20.5; 19F NMR
(DMSO): 5= 0.5, -58.1 MS: m/z 43.0, 73.0, 173.0, 253.0

Example 2: Hydrolysis of acetoxy-bromo-tetrafluoropropane to form bromo-
tetrafluoropropanol: Synthesis of 2-bromo-1,1,1,2-tetrafluoropropan-3-ol.

[0082] Concentrated sulphuric acid (3.4 mL, 0.0638 mol) and deionised water (34.4 mL) were
added to a 50 mL three-necked round-bottom flask fitted with a condenser. 3-Acetoxy-2-
bromo-1,1,1,2-tetrafluoropropane (12.84 g, 0.051 mol) was added with stirring at room
temperature. The reaction was heated to reflux for 24 hours. Once cooled the contents were
transferred to a separating funnel and extracted twice with ether, the combined organics were
washed with saturated NaHCOs, dried with NaSQy,, filtered and concentrated affording the

alcohol in 68% vyield (7.3 g, 0.0346 mol). 13C NMR (DMSO): 5= 120.6, 101.1, 64.0; 15F NMR
(DMSO): 5= 0.03, -58.2; MS: m/z 69.0, 159.9, 189.9, 209.9.

Reference Example 3: Ring closing of bromo-fluoropropanol to form fluorinated
epoxypropane: Synthesis of 1,1,1-trifluoro-1,2-epoxypropane

[0083] 2-bromo-1,1,1-trifluoropropan-3-ol (10 g, 0.0524mol) was placed in a 2-necked round
bottom flask fitted with a distillation set up and then heated to 95 °C. Sodium hydroxide (3 g,
0.0754 mol) was dissolved in water (12 g) at 0 °C with stirring. Once the solution was
homogenous it was then added dropwise to the 2-bromo-1,1,1-trifluoropropan-3-ol with rapid
stirring via dropping funnel. As the head temperature reached 60 °C clear liquid was collected
in a receiver flask (4.2 g). GC area%: 1,1,1-trifluoro-1,2-epoxypropane (52%), 2-bromo-3,3,3-
trifluoropropene + ethyl ether (26%), 3-acetoxy-2-bromo-1,1,1-trifluoropropane (7%), acetone
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(2%), unknown (13%).

Example 4a: Ring closing of 1,1,1,2-tetrafluoro-2-bromopropanol to form 2,3,3,3-
tetrafluoro-1,2-epoxypropane

[0084] 1,1,1,2-tetrafluoro-2-bromopropanol (20 g, 0.095 mol) was placed in a 3 necked round
bottomed flask along with diethyl ether (40 g). This solution was stirred and cooled to between
0-5°C in an ice bath and then aqueous potassium hydroxide (6.26 g KOH in 13 g water) was
added dropwise over approximately 1 hour. The mixture was stirred for a further 7 hours. A
sample was withdrawn 1 hour after the KOH addition was complete and analysed by GC-MS.
The presence of 2,3,3,3-tetrafluoro-1,2-epoxy propane in the reaction mixture was confirmed
based on mass spectral analysis of the species that eluted prior the diethyl ether solvent, see
Figure 1.

Example 4b: Ring closing of 1,1,1,2-tetrafluoro-2-bromopropanol to form 2,3,3,3-
tetrafluoro-1,2-epoxy propane and its in situ polymerisation to poly(3,3,3,2-tetrafluoro-
1,2-epoxy propane)

[0085] 1,1,1,2-tetrafluoro-2-bromopropanol (8 g, 0.038 mol) was placed in a 3 necked round
bottomed flask along with petroleum ether (40-60, 21 g) and 2-3 drops of Aliquat 336. The
solution was brought to reflux (45°C) and then aqueous sodium hydroxide (1.6 g NaOH in 20 g
water) was added dropwise over approximately 1 hour. The mixture was kept at reflux for a
further 6 hours and samples of the organic layer were periodically withdrawn for analysis by

GC-MS and "°F NMR spectroscopy. Figure 2 shows the region in the GC traces where 2,3,3,3-
tetrafluoro-1,2-epoxy propane eluted. At the end of the experiment unreacted 2,3,3,3-
tetrafluoro-1,2-epoxy propane in petroleum ether solution was obtained by distillation from the

reaction mixture and was analysed by'°F NMR spectroscopy. The '®F NMR spectrum of
2,3,3,3-tetrafluoro-1,2-epoxy propane is shown in Figure 3.

[0086] By these methods it was shown that the desired product 2,3,3,3-tetrafluoro-1,2-epoxy
propane was formed and built up in the petroleum ether layer but under the high
temperature/basic conditions that prevailed began to polymerise and form poly(2,3,3,3-
tetrafluoro-1,2-epoxy propane) in situ.

[0087] The poly(2,3,3,3-tetrafluoro-1,2-epoxy propane) product was obtained from the
reaction mixture distillation residue as a viscous yellow oil following water washing and

extraction into dichloromethane, yield 3.24 g (66 %). The '9F NMR spectrum of the polymeric
product is illustrated in Figure 4, which shows broad, complex signals characteristic of
polymeric materials.

[0088] The resulting polymeric oil was found to be soluble in 1234yf and E-1234ze, confirming
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its utility in heat transfer compositions comprising 1234yf and/or E-1234ze.

[0089] Solutions of poly(2,3,3,3-tetrafluoro-1,2-epoxy propane) in 1234yf were prepared and

analysed by '9F NMR spectroscopy, the region of their NMR spectra that contained
resonances associated with the CF3- groups in these species are illustrated in Figure 5a. For

reference, spectra of 1234yf and the polymer alone are also included.

[0090] Solutions of poly(2,3,3,3-tetrafluoro-1,2-epoxy propane) in E-1234ze were prepared
and analysed by '9F NMR spectroscopy, as showed in Figure 5b.

Example 5: Polymerisation of 1,3,3,3-Tetrafluoro-1,2-epoxy propane

5a: Potassium t-butoxide initiator

[0091] The initiator (2 g) was weighed into a 100 ml capacity autoclave along with solvent
(THF, 52 g) and 1,3,3,3-Tetrafluoro-1,2-epoxy propane (30 g). The autoclave was sealed and
the contents heated to 100°C with stirring for 7 hours. After cooling the contents were
recovered and the solvent removed in vacuo. The residual oil was dissolved in
dichloromethane and the solution washed with water before being dried over anhydrous

sodium sulphate. Removal of the solvent in vacuo afforded a viscous yellow oil. The '9F NMR
spectrum of the oil is illustrated in Figure 6b along with that of the starting material for
comparison.

5b: Sulphuric acid initiator

[0092] 1,3,3,3-Tetrafluoro-1,2-epoxy propane (23 g) was added to a 50 ml round bottomed
flask equipped with a dry ice condenser containing the initiator (98 % wt, 1 ml). The resulting
mixture was stirred for 7 hours and then the excess epoxide was distilled off. The resulting oily
residue was washed with water and extracted into diethyl ether. The ether solution was dried
over anhydrous sodium sulphate and the ether removed in vacuo vyielding a viscous red

coloured oil. The '9F NMR spectrum of the oil is illustrated in Figure 6¢ along with that of the
starting material for comparison.
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Fremgangsmader

Patentkrav:

1. En fremgangsmade til fremstiling af en tetrafluor-1,2-epoxypropan, hvilken
fremgangsmade omfatter reaktion af en 2-brom-tetrafluorpropan-3-ol med en alkali- eller
jordalkalimetalhydroxidoplgsning, hvor 2-brom-tetrafluorpropan-3-ol'en veelges fra
gruppen bestaende af 2-brom-1,1,1,2-tetrafluorpropan-3-ol og 2-brom-1,1,1,3-tetrafluor-
propan-3-ol, og

hvor 2-brom-1,1,1,2-tetrafluorpropan-3-ol'en eller 2-brom-1,1,1,3-tetrafluorpropan-3-ol'en
fremstilles i en proces, der omfatter reaktion af 3-acetoxy-2-brom-1,1,1,2-tetrafluorpropan

eller 3-acetoxy-2-brom-1,1,1,3-tetrafluorpropan med svovlsyre i en vandig oplgsning.

2. Fremgangsmaden ifglge krav 1, hvor 3-acetoxy-2-brom-1,1,1,2-tetrafluorpropanen
eller 3-acetoxy-2-brom-1,1,1,3-tetrafluorpropanen fremstilles i en proces, der omfatter
reaktion af 1234yf eller 1234ze med N-bromsuccinimid i en oplgsning af eddikesyre og

svovlsyre.

3. Fremgangsmaden til fremstiling af en tetrafluor-1,2-epoxypropan, hvilken
fremgangsmade omfatter reaktion af en 3-acetoxy-2-brom-tetrafluorpropan med en alkali-
eller jordalkalimetalhydroxidopl@sning, fx natrium- eller kaliumhydroxid, hvor 3-acetoxy-2-
brom-tetrafluorpropanen veaelges fra gruppen bestaende af 3-acetoxy-2-brom-1,1,1,2-

tetrafluoropropan og 3-acetoxy-2-brom-1,1,1,3-tetrafluoropropan.

4. Fremgangsmaden ifglge krav 3, hvor 3-acetoxy-2-brom-1,1,1,2-tetrafluorpropan
eller 3-acetoxy-2-brom-1,1,1,3-tetrafluorpropan undergar reaktion med natrium- eller
kaliumhydroxid for at danne af 2,3,3,3-tetrafluor-1,2-epoxypropan eller 1,3,3,3-tetrafluor-

1,2-epoxypropan.

5. En delvist fluoreret polyether med formlen [OCRR1CR2Rz],, hvor n er fra 5 til 100,
hvor Rer H, Ryer CF;, Rzer F,og Rz erH, ellerR er F, Ry er CF3, Rz er H, og Rs er H.

6. Fremgangsmaden til fremstilling af en delvist fluoreret polyether ifglge krav 5,
hvilkken fremgangsmade omfatter polymerisering af 2,3,3,3-tetrafluor-1,2-epoxypropan

eller 1,3,3,3-tetrafluor-1,2-epoxypropan.
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7. Fremgangsmaden ifglge krav 6, hvor 2,3,3,3-tetrafluor-1,2-epoxypropanen eller
1,3,3,3-tetrafluor-1,2-epoxypropanen fremstilles ifglge et hvilket som helst af kravene 1
til 5.

8. Fremgangsmaden ifelge krav 7, hvor reaktionen til dannelse af 2,3,3,3-tetrafluor-
1,2-epoxypropan eller 1,3,3,3-tetrafluor-1,2-epoxypropan og reaktionen til dannelse af den

delvist fluorerede polyether finder sted i samme reaktionsbeholder.

9. Fremgangsmaden ifelge et hvilket som helst af kravene 6 til8, hvor
polymeriseringsreaktionen initieres under anvendelse af en kationisk initiator, en anionisk
initiator eller en organometallisk baseret initiator, eventuelt hvor initiatoren er enten:
(i) et alkalimetal-tert-butoxid, natrium- eller kaliumhydroxid, svovisyre, metalchlorid
eller metalfluorid, sasom caesiumfluorid, eller
(ii) en organozink- eller organoaluminiumforbindelse,
eventuelt hvor initiatoren veelges fra gruppen bestdende af Zn(CzHs)2,
(C2HsZNOCHs3)a, [Zn(OCH3)2(C2HsZNOCHs3)s], (Zn(OCHas)2)n,
[CoHsZNMPL[ZNMP2.  (hvor MP er CH3OCH.CH(CH3)O-), trimethyl-

aluminium, triethylaluminium og triisobutylaluminium.

10. Anvendelse af en delvist fluoreret polyether ifglge krav 5 som et smaremiddel.
11. En smeremiddelsammensaetning, der omfatter en delvist fluoreret polyether ifglge
krav 5.

12. Anvendelse af en delvist fluoreret polyether ifglge krav 5 i en varmeoverfgrsels-

sammensaetning.

13. En varmeoverfgrselssammensaetning, der omfatter en delvist fluoreret polyether

ifelge krav 5.
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