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DESCRIPTION

[0001] This application claims priority to PCT/EP2009/058525 filed on July 6th, 2009 and EP - 10150276.3 filed on January 7th,
2010.

[0002] The present invention relates to a process for preparing alkenones.

[0003] Halogenated alkenones, such as 4-ethoxy-1,1,1-trifluoro-3-butenone (ETFBO), are building blocks in chemical synthesis,
as disclosed, for example, in U.S. Pat. No. 5,708,175. They may be prepared by reacting an acid chloride with a vinyl ether in the
presence of a base, as described in the aforementioned U.S. patent. For this reaction, the base may also be used in excess as a
solvent.

[0004] WO 03/066558 discloses production of alkenones from vinyl ethers and acid halides or acid anhydrides in the presence
of onium salts.

[0005] US 2006084813 A1 discloses i.a. simplified production of alkenones comprising addition of carboxylic acid halides to vinyl
ethers. The reference discloses that the addition product may be thermolyzed at temperatures up to 150°C. The production of
alkenones may be carried out at ambient pressure or under slight vacuum. Generated hydrogen halide may be removed from the
reaction mixture during or after the reaction e.g. by heating, vacuum or both.

[0006] L.F. Tietze et al, "Synthesis of Alkyl Propanoates by Haloform Reaction of a Trichloro Ketone", Organic Synthesis, Wiley
and Sons, New York, Vol. 69, 1990, pages 238-244 describe an elimination reaction of hydrogen chloride from a halogenated
precursor comprising a trichloromethyl group yielding 1,1,1-Trichloro-4-ethoxy-3-buten-2-one.

[0007] The present invention now makes available an improved process for the preparation of alkenones, in particular
concerning the selectivity and the yield of the production, whereby, amongst others, separation of the product can be simplified
and loss of material and need for disposal of by-products can be reduced.

[0008] The invention relates to a process for preparing an alkenone, which comprises the following steps:

1. (a) providing a halogenated precursor of the alkenone

2. (b) eliminating the hydrogen halide from said precursor to form the alkenone by a thermolysis treatment selected from a
thermolysis carried out at a temperature from greater than 90°C to 120°C, a flash thermolysis, vacuum thermolysis carried
out at a temperature from 60°C to 140°C and thermolysis under stripping with inert gas, wherein the halogenated precursor
of the alkenone corresponding to Formula (I): R1-C(O)-CH2-CH(X)-OR2 () wherein X represents fluorine, chlorine or
bromine and R1 is a fluorinated C1-C4 alkyl group, preferably a CF3 group; and R2 represents aryl, substituted aryl, or a
C1-C10 alkyl group which is optionally substituted by at least one halogen atom is prepared by reaction of an acid halide
corresponding to Formula (Il): R1-C(O)X (ll) in which X and R1 has the meaning given above, is reacted with a vinyl ether
corresponding to Formula (lll):CH2=C(H)-OR2 (lll) in which R2 has the meaning given above.

[0009] It has been found, surprisingly, that the process according to the invention, in particular a flash thermolysis, allows for
high conversion of the halogenated precursor of the alkenone, under productive conditions. The process according to the
invention also allows for particularly high selectivity, including configuration isomer selectivity, to alkenone, in particular ETFBO.
The high selectivity allows further for simplified purification and high isolated yield of the target product.

[0010] In step b), 2 or more thermolysis treatments can be combined. For example, thermolysis can be carried out at a
temperature from greater than 90 °C to 120 °C. under stripping with inert gas, or a vacuum thermolysis is combined with stripping
with inert gas.

[0011] The process according to the invention can be applied to preparation of an alkenone corresponding to the formula R1-
C(O)-C(H)=C(H)-OR2 (.

[0012] R1 is a fluorinated C1-C4 alkyl group. R1 preferably represents methyl, ethyl, n-propyl, isopropyl or methyl, ethyl, n-
propyl or isopropyl substituted by at least one fluorine atom. It is especially preferred if R1 represents methyl, ethyl or methyl or
ethyl substituted by at least one fluorine atom. CF3, CF2H, CF2C1, C2F5, C3F7 are particularly preferred as R1. CF3, CF2Cl
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and CF2H are more particularly preferred as R1.

[0013] R2 can be selected for example from aryl, for example, phenyl, C1-C4 alkyl groups and/or phenyl substituted by halogen
atoms. R2 is often a C1-C4 alkyl group. Preferably, R2 represents a linear or branched C1-C4 alkyl group, and particularly
preferably R2 represents methyl, ethyl, n-propyl or isopropyl, most preferably a methyl or an ethyl group.

[0014] Xis preferably selected from fluorine and chlorine, more preferably Xis chlorine.

[0015] In a first particular embodiment, the carboxylic acid halide is trifluoroacetyl chloride.

[00186] In a second particular embodiment, the carboxylic acid halide is Chlorodifluoroacetyl chloride.
[0017] In a third particular embodiment, the carboxylic acid halide is Difluoroacetyl chloride.

[0018] In a forth particular embodiment, the carboxylic acid halide is trifluoroacetyl fluoride.

[0019] In a fifth particular embodiment, the carboxylic acid halide is (trifluoroaceto)acetyl fluoride.

[0020] Step (a) of the process according to the invention comprises providing a halogenated precursor of the alkenone. This can
be carried out for example by filling or pumping halogenated precursor to a reaction zone wherein step (b) is carried out. The
halogenated precursor may be supplied for example by transportation of previously produced halogenated precursor in a suitable
tank. However, it is preferably provided by reaction of precursors thereof.

[0021] Suitable embodiments in particular for manufacture of 4-chloro-4-ethoxy-1,1,1-trifluoro-butane-3-one (CETFBO) from
ethyl vinylether (EVE) and trifluoroacetylchloride (TFAC) are selected from (a) carrying out the reaction in a reaction medium
containing carboxylic acid halide, (b) carrying out the reaction in a reaction medium using alkenone and/or halogenated precursor
as solvent, (c) carrying out the reaction under conditions allowing to avoid or minimize hot spots, in particular by carrying out the
reaction in a turbulent state, (d) carrying out the reaction in the absence of an acid scavenger for hydrogen halide and
combinations of these embodiments. These embodiments are explained in further detail inUS 2006084813,
PCT/EP/2009/058525 and copending European Appl. No. 10150234.2 and 10150229.2.

[0022] In a preferred embodiment of the present invention, the process for preparing an alkenone comprises the following steps:

1. (a) providing a halogenated precursor of the alkenone wherein at least two of the following features are performed: (1)
carrying out the reaction in a reaction medium containing carboxylic acid halide, (2) carrying out the reaction in a reaction
medium using alkenone and/or halogenated precursor as solvent, (3) carrying out the reaction under conditions allowing to
avoid or minimize hot spots, in particular by carrying out the reaction in a turbulent state, (4) carrying out the reaction in the
absence of an acid scavenger for hydrogen halide

2. (b) eliminating the hydrogen halide from said precursor to form the alkenone by a thermolysis treatment selected from a
thermolysis carried out at a temperature from greater than 90°C to 120°C, a flash thermolysis, vacuum thermolysis carried
out at a temperature from 60°C to 140°C and thermolysis under stripping with inert gas.

[0023] In an especially preferred embodiment, the process for preparing an alkenone comprises the following steps:

1. (a) providing a halogenated precursor of the alkenone wherein the reaction is carried out in a reaction medium containing
carboxylic acid halide, and the reaction is carried out in a reaction medium using alkenone and/or halogenated precursor
as solvent, and the reaction is carried out under conditions allowing to avoid or minimize hot spots, in particular by carrying
out the reaction in a turbulent state, and the reaction is carried out in the absence of an acid scavenger for hydrogen
halide

2. (b) eliminating the hydrogen halide from said precursor to form the alkenone by a thermolysis treatment selected from a
thermolysis carried out at a temperature from greater than 90°C to 120°C, a flash thermolysis, vacuum thermolysis carried
out at a temperature from 60°C to 140°C and thermolysis under stripping with inert gas.

[0024] In one embodiment of the process according to the invention and the particular embodiments thereof which is
advantageous when the process is carried out batch-wise, steps (a) and (b) are carried out in the same reaction zone, for



DK/EP 2451764 T3

example, a vessel surmounted by a distillation column.

[0025] In another, preferred, embodiment of the process according to the invention and the particular embodiments thereof,
which is advantageous when the process is carried out continuously, step (a) is carried out in a first reaction zone and step (b) is
carried out in a second reaction zone different from the first reaction zone.

[0026] The first reaction zone is often an optionally stirred tank reactor preferably a continuously stirred tank reactor. The
second reaction zone can be, for example, a distillation column.

[0027] Thermolysis in the sense of the present invention can suitably be carried out by heating a liquid fraction comprising
halogenated precursor to the temperature of the thermolysis treatment. Heating can be carried out by suitable means such as in
particular contacting the liquid fraction with a heated solid body such as for example, the walls of a reactor, a heat exchanger and
a heated pipe. Heating can also be carried out by providing a hot gas, in particular a hot inert gas such as in particular nitrogen to
the liquid fraction.

[0028] The thermolysis in the process according to the invention is suitably carried out in an apparatus facilitating withdrawal of
formed gaseous hydrogen halide from the liquid fraction. Often, such apparatus include means for increasing the surface of the
liquid fraction. "Means for increasing the surface of the liquid fraction" is understood to denote in particular any means which
provides an increased surface of the liquid fraction in contact with a gas phase when compared with the surface which is in
contact with a gas phase of the same volume of liquid fraction when filled into a spherical flask having double volume of the liquid
phase. Particular examples of such apparatus include film evaporators and, preferably columns having a flow resistance. Use may
be made, for example, of plate columns or plate columns of dual-flow type or preferably of columns with bulk or structured
packing. Particular examples of suitable columns are packed, for example with Pall or preferably Raschig rings.

[0029] The means for increasing the surface of the liquid fraction is generally connected to at least one line allowing for
withdrawal of a gas stream, in particular a hydrogen halide stream. If desired such line may also be used to apply a vacuum, in
particular as described herein. The means for increasing the surface of the liquid fraction may be connected, if desired, to at least
one line allowing for supply of inert gas in particular as described herein.

[0030] When a means for increasing the surface of the liquid fraction is used, heating of the liquid fraction may be suitably
provided externally, for example by circulating the liquid fraction between the means for increasing the surface of the liquid
fraction and a means for heating, in particular as described above, preferably a heat exchanger.

[0031] The temperature of the thermolysis treatment is often at least 50°C, often equal to or greater than 60°C, preferably equal
to or greater than 70°C preferably equal to or greater than about 80°C. The temperature of the thermolysis treatment is generally
less than 150°C, often less than 140°C, preferably less than or equal to 130°C. A thermolysis treatment carried out at a
temperature from 90°C to 120°C, in particular about 100°C is particularly preferred. It has been found that this temperature range
is particularly efficient, in particular for thermolysis of CETFBO to ETFBO.

[0032] For the purpose of the present invention, the term "flash thermolysis" refers to a process wherein the liquid reaction
medium is heated up in a short time. Typical heating times for flash thermolysis are less than 1 hour, in particular less than 30
min, preferably about 15 minutes. Generally, the heating time is greater than Is, often greater than 15s.

[0033] "Heating time" is understood to denote in particular the time required to heat the liquid fraction containing halogenated
precursor, in particular a liquid reaction medium, from an initial temperature to the temperature of the thermolysis treatment. A
typical initial temperature is less than 50°C, often less than 40°C, preferably equal to or less than 30°C. In one aspect, the
temperature is preferably equal to or less than about -25°C. The initial temperature is generally at least -50°C, often equal to or
greater than -40°C, preferably equal to or greater than -30°C. Often, the initial temperature corresponds to the temperature with
which the alkenone precursor leaves its manufacturing process. In an stirred tank reactor, for example, the reaction temperature
for the addition of the acid halide to a vinyl ether is often carried out at a temperature from 0°C to 40°C. Consequently, the initial
temperature of the precursor is also in that range.

[0034] In particular aspects of the process according to this embodiment, the flash thermolysis is conducted at a temperature
ranging from -20° C to 140° C and a period of time ranging from 30 seconds to 1 hour, preferably at a temperature ranging from
0° C to 130° C and a period of time ranging from 30 seconds to 30 min, more preferably at a temperature ranging from 20° C to
120° C, preferably from 50°C to 120°C and a period of time ranging from 30 seconds to 20 min.

[0035] An additional advantage of the flash thermolysis is that the formation of the Hetero-Diels-Alder product of 2 molecules of
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the alkenone, especially when ETFBO is prepared, is avoided. The Hetero-Diels-Alder product is increasingly formed if the
thermolysis is performed in a too long time range.

[0036] The thermolysis or flash thermolysis, in particular as described herein before, can be optionally carried out under
stripping with an inert gas stream such as nitrogen gas, argon gas.

[0037] For the purpose of the present invention, the term "stripping" denotes in particular a physical separation process where
one or more components, in particular HCI, are removed from the liquid reaction medium by a gas stream. The liquid and gas
streams can have concurrent or countercurrent flow directions.

[0038] If appropriate, the stripping is advantageously carried out with a nitrogen stream.

[0039] The process according to this embodiment, generally comprises carrying out the thermolysis at a temperature of -20° C to
140° C, preferably from 60 to 130°C, for example at equal to or about 80 °C and more preferably at equal to or about 120 °C.

[0040] The thermolysis or flash thermolysis may be carried out under vacuum. In that case, the vacuum is often from 100 to 600
mbar, preferably from 100mbar to lower than 500 mbar, for example from 200 to 450 mbar.

[0041] It is understood that the different processes and embodiments disclosed herein apply in most preferred way to the
manufacture of halotrifluoroalkoxybutanones, especially chlorotrifluoroalkoxybutanone from alkyl-vinylether and trifluoroacetic
acid halide, in particular from ftrifluoroacetyl chloride and ethyl vinyl ether and subsequent elimination to form
trifluoroalkoxybutenone, in particular ETFBO.

[0042] It is understood that the different processes and embodiments disclosed herein apply in most preferred way to the
manufacture of halodifluoroalkoxybutanones, especially chlorodifluoroalkoxybutanone from alkyl-vinylether and difluoroacetic acid
halide, in particular from difluoroacetyl chloride and ethyl vinyl ether and subsequent elimination to form difluoroalkoxybutenone,
in particular 4-ethoxy-1,1-difluoro-3-butenone (EDFBO).

[0043] The examples here after are intended to illustrate the invention without however limiting it.

[0044] In these examples and throughout this specification the abbreviations employed are defined as follows: TFAC is
trifluoroacetylchloride, EVE is ethyl vinyl ether, CETFBO is 4-Chloro-4-Ethoxy-1,1,1-trifluoro-3-butan-2-one, ETFBO is Ethoxy-
1,1,1-trifluoro-3-buten-2-one.

Example -Two-ste p manufacture of 4-Ethoxy-1,1,1-trifluoro-3-buten-2-one Step (a)

[0045] In a 100ml three-necked flask surmounted by a dry-ice cooler, equipped with a Pt100 internal thermometer 66,24g (0.5
mole) trifluoroacetylchloride was condensed in at -30°C. 36.06g (0.5 mole) of ethyl vinyl ether was added dropwise over 1 hour.
After the addition, further 0.5 mole trifluoroacetylchloride was added. GC of a sample showed almost quantitative yield of 4-
Chloro-4-Ethoxy-1,1,1-trifluoro-3-butan-2-one.

Step (b)

[0046] After the reaction of step (a) described above, the flask was warmed to room temperature and subjected to fractional
distillation in vacuo. Afirst fraction (B.P. 59.3-66.4°C at 47mbar) contained a mixture of 4-Chloro-4-Ethoxy-1,1,1-trifluoro-3-butan-
2-one and 4-Ethoxy-1,1,1-trifluoro-3-buten-2-one, which could be redistilled to provide further 4-Ethoxy-1,1,1-trifluoro-3-buten-2-
one. A second fraction (B.P. 66.4-70°C at 30mbar) contained pure Ethoxy-1,1,1-trifluoro-3-buten-2-one (E/Z ratio 98.5:1.5). The
isolated yield was 97.5% of theoretical yield.

Example 2 -Manufacture of 4-Chloro-4-Ethoxy-1,1,1-trifluoro-3-butan-2-one and 4-Ethoxy-1,1,1-trifluoro-3-buten-2-one
under turbulent conditions and ETFBO as solvent.

[0047] General procedure: Pure ETFBO, obtained by a previous synthesis, was placed into the flow part of a recirculation
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system and cooled using a chiller. This recirculation system comprises a 20 L flask, 2 one meter distillation columns filled with 10
mm glass Raschig rings placed on top of another distillation column, a circulation pump (1500 I/h), 3 tube reactors each with 3 m
path length (diameter 1.5 cm). Once the desired temperature was reached in the recirculation system, gaseous or liquid
trifluoroacetylchloride (15 kg/h; 113.2 mol/h) was introduced in the turbulent circulation in front of the first 3 m reactor and then a
small molar excess of ethyl vinyl ether (TFAC/EVE = 1:1.01) was added after the first 3 m reactor. The level in the 20L flask of the
recycle apparatus was kept constant by pumping material using a membrane pump into a second apparatus. This second
apparatus which served for the thermolysis of 4-Chloro-4-Ethoxy-1,1,1-trifluoro-3-butan-2-one (CETFBO) to 4-Ethoxy-1,1,1-
trifluoro-3-buten-2-one (ETFBO), comprised a 100 L Pfaudler ceramic vessel with 3 one meter distillation columns filled with 10
mm glass Raschig rings and a cooler with removal. The conversion of CETFBO to ETFBO under loss of HCI took place either
through batchwise thermolysis when the ceramic vessel is full or through continuous feeding of the CETFBO stream from the
recycle apparatus. The fine distillation was further carried out continuously or batchwise in the distillation columns.

Example 2a:

[0048] The recirculation system was filled with pure ETFBO and cooled to a temperature of 10 °C. Following the general
procedure, TFAC and EVE were introduced at a rate of 12.4 mol/h and 12.8 mol/h, respectively. A GC sample taken every hour at
the top of the recycle apparatus, showed a complete reaction from TFAC with EVE whereby the CETFBO concentration was
increasing continuously with a decreasing of the ETFBO concentration. The continuous introduction of TFAC and EVE was
carried out during 8 hours and all the material was collected in the ceramic vessel. The thermolysis was carried out at 80°C under
a nitrogen stream, followed by a fractional distillation to provide 4-Ethoxy-1,1,1-trifluoro-3-buten-2-one in an isolated yield of 87 %
of the theoretical yield and with a purity (cis + trans isomer) of 98 %. Example 2b :

[0049] The same procedure was followed as example 2a but the recirculation system was kept at a temperature of 20°C. Ethoxy-
1,1,1-trifluoro-3-buten-2-one was obtained in an isolated yield of 87 % of the theoretical yield and with a purity (cis + trans isomer)
of 98 %.

Example 3 - Conversion of CETFBO to ETFBO by thermolysis treatment.

[0050] General procedure: After the reaction of step (a), as described above in example 1, the flask, fitted with a reflux
condenser, was heated to the desired temperature by using an oil bath. The thermolysis or flash thermolysis was performed
under different conditions: at different temperatures, with or without an inert gas stream or under vacuum. The conversion of
CETFBO to ETFBO was followed by GC analyses. When the composition of the reaction mixture remained constant, the resulting
reaction mixture was further subjected to a distillation in vacuo (70°C, 20mbar) to obtain Ethoxy-1,1,1-trifluoro-3-buten-2-one. The
experimental data are summarized in Table 1. The thermolysis time refers to the time after which the composition of the reaction
mixture remained constant.

Table 1:
Example Conditions Thermolyis time % wt of %wt of ETFBO Isolated yield of
[min] CETFBO (cis/trans) ETFBO (%)
3a 80°C 43 52 88.911.3 85.7
3b 80 °C/Np stream 80 0.3 97.6/1.6 915
(241/n)
3c 80 °C/vacuum 80 14 95.11.7 89.3
(400mbar)
3d 120°C 17 12 94.311.4 89.9
3e flash thermolysis 13 1.0 949/M1.5 93.0
120°C
3f flash thermolysis 25 2.8 93.71.4 93.7
100°C
The % wt of CETFBO and %wt of ETFBO (cis/trans) were measured by GC analyses.
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Patentkrav

1. Fremgangsmade til fremstilling af en alkenon, der
omfatter fglgende trin:

(a) tilvejebringelse af en halogeneret precursor af alkenonen,

(b) fjernelse af hydrogenhalogenidet fra precursoren til
frembringelse af alkenonen ved hjelp af en
termolysebehandling, der er udvalgt blandt en termolyse, der
udfgres ved en temperatur fra over 90 °C til 120 °C, en
lyntermolyse, vakuumtermolyse, der udfgres ved en temperatur
fra 60 °C til 140 °C, og termolyse under stripning med inert
gas, hvor den halogenerede precursor af alkenonen, der svarer
til formel (I): R1-C(O)-CH2-CH(X)-OR2 (I), hvor X er fluor,
chlor eller brom, og Rl er en fluoreret Cl-Cd4-alkylgruppe,
fortrinsvis en CF3-gruppe; og R2 er aryl, substitueret aryl
eller en Cl-ClO-alkylgruppe, som eventuelt er substitueret med
mindst ét halogenatom, fremstilles ved hjalp af reaktion af et
syrehalogenid, der svarer til formel (II): RI1I-C(O)X (II),
hvori X og R1 har betydningen, der er anfegrt ovenfor, med en
vinylether, der svarer til formel (III): CH2=C(H)-OR2 (III),

hvori R2 har betydningen, der er anfert ovenfor.

2. Fremgangsmade ifglge krav 1, hvor R2 er en Cl-C4-
alkylgruppe, fortrinsvis en methyl- eller ethylgruppe.

3. Fremgangsmade 1ifglge et hvilket som helst af kravene 1

til 2, hvor carboxylsyrehalogenidet er trifluoracetylchlorid.

4, Fremgangsmade ifglge et hvilket som helst af kravene 1
til 3, hvor termolysen er udvalgt Dblandt lyntermolyse og
termolyse under stripning med inert gas og udfgres ved en
temperatur pa fra -20 °C til 140 °cC.

5. Fremgangsmade ifglge et hvilket som helst af kravene 1

til 4, hvor termolysen udfgres under en gasstrgm.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1

til 5, hvor termolysen udfgres under stripning med nitrogen.



10

15

20

25

DK/EP 2451764 T3

7. Fremgangsmade 1ifglge et hvilket som helst af kravene 1

til 6, hvor termolysen udfgres under wvakuum.

3. Fremgangsmade ifglge krav 7, hvor termolysen udfgres

under et vakuum pa fra 100 til 600 mbar.

9. Fremgangsmade 1ifglge et hvilket som helst af kravene 1

til 8, hvor termolysen er en lyntermolyse.

10. Fremgangsmade ifelge krav 9, hvor termolysen udfegres i et

tidsrum i intervallet fra 30 sekunder til 1 time.

11. Fremgangsmade ifglge et hvilket som helst af kravene 1

til 10, der udfgres partivis.

12. Fremgangsmade ifglge et hvilket som helst af kravene 1
til 10, der udfgres kontinuerligt.

13. Fremgangsmade 1ifglge et hvilket som helst af kravene 1
til 12, der yderligere omfatter separering af alkenonetheren,
der dannes i trin (b), fra hydrogenhalogenid, ureageret
carboxylsyrehalogenid og ureageret halogeneret precursor, og
eventuelt recirkulering af carboxylsyrehalogenid til trin (a)

og halogeneret precursor til trin (b).
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