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Description

PROCESS FOR PRODUCING FLUORINATED ORGANIC COMPOUNDS

[0001] This application claims priority to European application No.101 96096.1

filed December 2 1 , 2010, the whole content of this application being

incorporated herein by reference for all purposes.

Technical Field

[0002] The invention relates to a process for fluorinating hydrocarbon compounds

comprising at least one carbon-hydrogen bond, in particular compounds

selected among the group consisting of alkanes and ethers.

Background Art

[0003] Various methods of converting, part or all of, the C-H bonds in a

hydrocarbon compound are known. Examples include a method of using

cobalt trifluoride, a method of conducting fluorination reaction by using as

a fluorine source hydrogen fluoride generated in electrolysis in an

electrolytic bath (generally referred to as electrolytic fluorination) and a

method of conducting fluorination directly in the liquid phase by using

fluorine gas (generally referred to as direct fluorination) as disclosed in

SANDFORD, G .Perfluoroalkanes. Tetrahedron : Tetrahedron : 0040-4020.

2003, vol.59, p.437-454. and in CHAMBERS, R. D., et al. Elemental

fluorine. Part 11 [1]. Fluorination of modified ethers and polyethers.

Journal of Fluorine Chem.. 2000, vol.101 , p.97-105.

[0004] The fluorination method using cobalt trifluoride and the electrolytic

fluorination method may cause isomerization, cleavage of the main chain

and/or recombination reactions thus reducing the yield in the desired end

product.

[0005] On the other hand an issue encountered in the direct fluorination with

fluorine is the increasing difficulty in the hydrogen substitution with

increasing fluorine content in the compound. With increasing numbers of

neighbouring fluorine atoms C-H bonds become more electron deficient

and consequently hydrogen-abstraction by electrophilic fluorine atoms

becomes more difficult. To prevent carbon-carbon bond cleavage during a

fluorination reaction the heat generated in the reaction has to be rapidly

dissipated. Accordingly, fluorine is generally provided under dilute



conditions, typically diluted with an inert gas. Thus, in the initial stages of

the fluorination reaction dilute fluorine is used and the reaction system is

cooled. However, as the fluorination reaction progresses and fluorination

becomes increasingly difficult the concentration of fluorine has to be

increased and the temperature generally raised. The use of UV light to

activate the final stages of the fluorination reaction has been disclosed for

instance in EP 344935 A (DU PONT DE NEMOURS AND CO.)

06.12.1989 and in US 4960951 (DU PONT DE NEMOURS AND CO.)

02.10.1990 both directed to the preparation of perfluorinated polyethers

with elemental fluorine.

[0006] Addition of aromatic compounds, such as benzene, hexafluorobenzene or

toluene, to promote the final stages of the perfluorination reaction of

hydrogenated ethers and polyethers with molecular fluorine has been

disclosed for instance in US 5093432 (EXFLUOR RESEARCH

CORPORATION) 03.03.1992 which relates to a process for the liquid

phase fluorination of ethers and polyethers with fluorine in a

perhalogenated liquid medium. The use of trichloroethylene is mentioned

as a cosolvent to improve the solubility of the hydrogenated starting

material in the perhalogenated liquid medium.

[0007] However, the above described processes have the drawback that, to

obtain a fully fluorinated product, a large excess of fluorine over the

stoichiometrically required quantity, is needed. The need to provide a large

excess of fluorine over the stoichiometrically required quantity makes it

difficult to control the degree of hydrogen substitution when only partial

fluorination of the starting compound is required.

[0008] There is thus still a need in the art for a process for the fluorination, full or

partial, of hydrocarbon compounds, in particular alkanes and ethers,

comprising a fluorination step that may be carried out under mild

conditions and providing high yields. Additionally it would be highly

advantageous to have a process wherein the substitution of C-H bonds

with C-F bonds proceeds in a stoichiometric manner and with complete

conversion of the fluorine so that the degree of fluorine substitution can be

controlled by controlling the amount of fluorine fed to the reaction system.



Disclosure of Invention

[0009] It is thus an object of the present invention to provide a process for the full

or partial fluorination of hydrocarbon compounds free from functional

—C(O)- groups, which advantageously proceeds with high yields. It is also

an additional object of the present invention to provide a fluorination

process that proceeds with the stoichiometric substitution of the hydrogen

atoms in the starting compound without the need to operate with high

excess of fluorine, so that well defined mixture of products deriving from

the partial fluorination reaction of the starting material can be obtained by

controlling the amount of fluorine fed to the system.

[0010] The process of the invention thus comprises:

A . providing a compound selected from the group consisting of

straight-chain, branched-chain and cyclic alkanes, straight-chain,

branched-chain and cyclic ethers comprising at least one carbon-hydrogen

bond, said compound being free from -C(O)- functional groups;

B. reacting said compound with fluorine in the presence of at least one

(per)haloolefin comprising at least one carbon-carbon double bond and

having at least one fluorine or chlorine atom on either one of the carbon

atoms of said double bond, to obtain a compound wherein at least one

carbon-hydrogen bond has been replaced by a carbon-fluorine bond; the

amount of (per)haloolefin being from 0.1 to 30 mol % with respect to the

hydrogen atoms contained in the hydrocarbon compound.

[001 1] The presence of a (per)haloolefin in step B of the process, as above

described, allows to carry out the process according to the invention under

mild conditions, so that no undesired decomposition of the reagents

occurs. Additionally, a very high conversion of the hydrocarbon compound

as well as a remarkable selectivity in the formation of the desired partially

or fully fluorinated product are obtained. Furthermore, a large excess of

fluorine is not required to achieve substitution of C-H bonds, conversion of

this latter being very high in the present process. Without intending to limit

the invention to a particular theory, it is believed that the (per)haloolefin

acts as radical initiator in the reaction of fluorine with the hydrocarbon

compound and accordingly enables to achieve outstanding reaction rates



in the fluorination step.

[0012] The expression "(per)haloolefin comprising at least one carbon-carbon

double bond and having at least one fluorine or chlorine atom on either

one of the carbon atoms of said double bond" is intended to encompass

fluoroolefins, chloroolefins, and fluorochloroolefins, these compounds

possibly comprising one or more heteroatom different from C I and F, in

particular oxygen. Preferably the (per)haloolefin is a perfluoroolefin.

[0013] Suitable starting material to be used in the inventive fluorination process is

a hydrocarbon compound selected from the group consisting of

straight-chain, branched-chain and cyclic alkanes, straight-chain,

branched-chain and cyclic ethers comprising at least one carbon-hydrogen

bond, said compound being free from -C(O)- functional groups. The

expression "-C(O)- functional groups" is intended to refer to any functional

group comprising carbon-oxygen double bonds and thus it is intended to

encompass, but is not limited to, carboxylic acid functional groups as well

as carboxylic acid derivatives, including acyl halides, amides, esters,

ketones, aldehyde functional groups. It has been observed that the

presence of-C(O)- functional groups, in particular -C(O)F functional

groups, may sometimes result is the formation of products deriving from

the addition of the -C(O)F group to the carbon-carbon double bond of the

olefin.

[0014] The starting hydrocarbon compound may be free of any carbon-fluorine

bond or it may be partially fluorinated, i.e. it may contain carbon-fluorine

bonds. Should the hydrocarbon compound be free of any carbon-fluorine

bond the end product of the process may be either a partially fluorinated

compound or fully fluorinated compound.

[0015] Should the hydrocarbon compound contain carbon-fluorine bonds the end

product of the process may be either a fully fluorinated compound or a

partially fluorinated compound wherein at least one carbon-hydrogen bond

has been replaced by a carbon-fluorine bond.

[0016] The term "alkane" is used herein to indicate a hydrocarbon containing only

single carbon-carbon bonds.

[001 7] According to an embodiment of the invention, the alkane comprising at



least one carbon-hydrogen bond is selected among the straight-chain or

branched-chain alkanes of formula (IA) or the cyclic alkanes of formula

(IB) here below:

a H(2a+2-b-c)FbXc ( A) Ca 'H(2a '-b'-c')Fb'XC' (IB)

wherein:

- X is selected from CI, Br, I , -SO2F, -SO2CI; preferably X is selected

from CI, -SO 2 F, -SO 2CI;

a is an integer > 1, preferably an integer from 1 to 30, more preferably

from 2 to 20, still more preferably from 3 to 15, and even more

preferably from 4 to 15;

b and c are integers > 0 , such that (b+c) < (2a+1);

a' is an integer from 3 to 20, preferably from 4 to 10;

b' and c' are integers > 0 such that (b'+c') < (2a'-1).

[0018] Preferably the alkane comprising at least one carbon-hydrogen bond is

liquid at the reaction temperature.

[0019] The hydrocarbon compound may alternatively be selected among

straight-chain, branched-chain and cyclic ethers. The term "ether" is used

herein to refer to organic compounds comprising at least one oxygen atom

linking two hydrocarbon groups and thus it encompasses compounds

comprising one or more than one etheric oxygen atom.

[0020] According to an embodiment of the invention, the ether comprising at least

one carbon-hydrogen bond is selected among the straight-chain or

branched-chain ethers of formula ( IA.) or the cyclic ethers of formula (MB)

here below:

CgH 2g+2H-i)FjX|Ok (MA) Cg.H(2g--jM ) j ' | k . (MB)

wherein:

- X is selected from CI, Br, I , -SO2F, -SO2CI, preferably X is selected

from -SO 2 F or -SO 2CI;

- g is an integer > 1;

- j and I are integers > 0 , such that (j+l) ≤ (2g+1);

- k and k' are integers > 1;

- g' is an integer > 3 , preferably from 3 to 20, more preferably from 4 to

10;



- j ' and I' are integers > 0 such that '+Γ) < (2g'-1).

[0021] According to an embodiment the ether is selected among ethers obtained

by addition of a hydrogen-containing alcohol, preferably a fluorine-free

alcohol, to a perfluorinated or fluorinated olefin. The reaction is typically

carried out by addition of the olefin to an alcohol, optionally in the

presence of a polar aprotic solvent, in the presence of a base.

Alternatively, the ether may be prepared by radical addition of a

hydrogen-containing alcohol, preferably a fluorine-free alcohol, to a

perfluorinatd or fluorinated olefin, followed by etherification of the partially

fluorinated alcohol thus obtained according to methods well known in the

art.

[0022] Non-limiting examples of suitable hydrogen-containing alcohols are C-|-C

8 monohydric or dihydric alcohols, preferably C -C 2 aliphatic alcohols

such as methanol, ethanol, 1-propanol, 1-butanol, 1,2-ethanediol,

1,3-propanediol, 2,2-dimethyl-1 ,3-propanediol, diethylene glycol,

triethylene glycol, tetraethylene glycol, glycerol, erythritol, xylitol, sorbitol.

[0023] Non-limiting examples of suitable perfluorinated or fluorinated olefins that

may be used in the preparation of the ether compound are notably: C2-C18

fluoro and/or perfluoroolefins, such as tetrafluoroethylene (TFE),

hexafluoropropylene (HFP), pentafluoropropylene, octafluorobutene,

hexafluorobutadiene; perfluoroalkylvinyl ethers, such as

perfluoromethylvinylether, perfluoroethylvinylether,

perfluoropropylvinylether; and fluorodioxoles, such as perfluorodioxole or

perfluoromethoxydioxole.

[0024] Notable examples of ethers deriving from the reaction of a fluorine-free

alcohol with a fluorinated olefin are: HCF2CF2OCH2CH2OCF2CF2H, HCF2

CF2OCH2CH2CH2OCF2CF2H, CF3CFHCF2OCH2CH2OCF2CFHCF3, CF3

CFHCF2OCH2CH2CH2OCF2CFHCF3, HCF2 CF2OCH2 [CH(OCF2 CF2H)]2

CH2OCF2CF2 H, HCF2CF2OCH2CH2OCH2CH2OCF2CF2H, CF3CFHCF2

OCH2CH2OCH2CH2OCF2CFHCF3.

[0025] According to another embodiment suitable ethers are fluorine-free ethers

comprising recurring units R chosen among the group consisting of:

( ) -CH2O-;



(ϋ ' ) -CH 2 C H 2 O - ;

(iii') -CH 2 C H 2 C H 2 O-;

( ν ' ) -CH C H C H C H O-.

[0026] Notable examples are for instance poly(oxymethylene), poly(ethylene

oxide), poly(propylene oxide), poly(tetrahydrofuran).

[0027] According to a further embodiment the ether is selected among those that

comply with formula ( II C ) here below:

RO-(Rf) R ' (ll C )

wherein:

- R and R , equal or different from each other, are independently chosen

among -C m H 2m+ , -C q F 2q+ , -C n F 2n+ - H , -C p F 2p+ - 'X ' , -C z F 2 z O C y F

2y+ l , - u F2u-u'H u C w F 2w+ -W 'H W ' , -C u F 2 u -u
<H u

<OCyF 2 y + groups, with m ,

n , p, q , u , w , y, z being integers from 1 to 8 , preferably from 1 to 7 , h , h', u'

and w' being integers > 1, chosen so that h < 2n+1 , h' < 2p+1 , u' < 2u, w'

< 2w+1 , X being a halogen atom chosen among C I, Br, I , preferably C I;

with the proviso that at least one of R and R ' in formula ( I I C ) is a -C m H

2m+ l , -C n F n + i - H h group or a -C u F u -u
<H u C w F w+1 -w' HW' group, as

defined above; - r is 0 or 1;

- R f is a fluoropolyoxyalkylene chain comprising recurring units R , said

recurring units being chosen among the group consisting of:

(i) -CFYO-, wherein Y is F or C F 3 ;

(ii) -CF CFYO-, wherein Y is F or C F 3 ;

(iii) -CFYCF O-, wherein Y is F or C F 3 ;

(iv) -CF C F C F O-;

(v) -CH C F C F O-;

(vi) -CF C F C F C F O-;

(vii) -(CF 2 )k-CFZ-O-, wherein k is an integer from 0 to 3 and Z is a group of

general formula -OR-1-T3 , wherein R is a fluoropolyoxyalkylene chain

comprising a number of recurring units from 0 to 10, said recurring units

being chosen among the followings: -CFXO- , -CF 2 CFYO-, -CF 2 C F 2 C F 2

O-, -CF 2 C F 2 C F 2 C F 2 O-, with each of Y being independently F or CF3, and

T 3 is a C 1-C5 perfluoroalkyl group, and mixtures thereof.

[0028] Preferably, in formula ( I I C ) above:



- R and R', equal or different from each other, are independently chosen

among -Cm H2m+l . - q F2q +i , -Cn F2n+i - , -C^u-u'Hu'OC^w+i-w'Hw'.

-Cu F2u-u'HU'OCyF2y+i groups, with m , n , u , w , y being integers from 1 to 8 ,

preferably from 1 to 7 , h , u' and w' being integers > 1, chosen so that h <

2n+1 , u' < 2u, w' < 2w+1 , with the proviso that at least one of R and R' is a

- n F2n+i - group, as defined above; ;

- r is equal to 1;

- Rf has the same meaning as defined above.

[0029] More preferably in formula (II C) above:

-R and R , equal or different from each other, are independently chosen

between - Cq F2 + and -Cn F2n+i - groups, with q , n being integers from

1 to 3 , h being integer > 1, chosen so that h < 2n+1 , with the proviso that

at least one of R and R is a -Cn F2n+i - group, as defined above;

- Rf is chosen among the following:

(1) -(CF2O)a-(CF2CF2O) -(CF2-(CF2)z'-CF 2 O)Y , with a , β and γ being

integers up to 100, preferably up to 50, and z' being an integer equal to 1

or 2 , a > 0 , β > 0 , Y > 0 and +β > 0 ; preferably, each of a and β being > 0

and β/ being comprised between 0.1 and 10;

(2) -(C3F6O) Y
<-(C2F 4 O) -(CFYO)t- , with Y being, at each occurrence,

independently selected among -F and -CF3; β , γ ' and t being integers up

to 100, γ ' > 0 , β > 0 , t > 0 ; preferably, β and t > 0 , γ '/β being comprised

between 0.2 and 5.0 and (γ '+β)Λ being comprised between 5 and 50;

(3) -(C3F6O) Y -(CFYO)t- , with Y being, at each occurrence, independently

selected among -F and -CF3; γ ' and t being integers up to 100, γ ' > 0 , t >

0 , preferably t > 0 , γ '/t being comprised between 5 and 50.

[0030] Non limiting examples of ethers described by formula (II C) include, but

are not limited to, the following compounds and mixtures thereof: HCF2

O(CF 2 C F2 O)CF 2 H; HCF 2 O(CF2CF 2 O)2CF2H; HCF 2 O(CF2CF2O)2(CF 2 O)

2 C F2 H ; HCF 2 O(CF2CF 2 O)3CF2H; HCF 2 O(CF2CF2O)3(CF2O)2CF 2 H; HCF

2O(CF2CF 2 O)4 CF2H; HCF 2 O(CF2CF2O)3CF 2 OCF2H; HCF 2 O(CF2CF 2 O)4

C F2 OCF 2 H; C F3O(CF2CF 2 O)2CF2H; C F3O(CF2CF2O)2(CF 2 O)CF2H; C F3

O(CF 2 CF2O)(CF 2 O)2CF2H; C F3O(CF2CF2O)2(CF2O)2CF 2 H; C F3 O(CF 2

CF(CF3)O) 2 C F2 H; C F3O(CF2CF(CF3)O)3CF 2 H; C F3O(C3F 6 O)2(CF(CF3



)O)CF 2 H ; CH3 O(CF2CF 2 O)2CH3; CH3O(CF2CF2O)(CF2O)(CF2CF 2 O)CH3

; CH3 O(CF2CF 2 O)3CH3; CH3O(CF2CF2O)(CF2O)2(CF2CF2O)CH 3 ; C2 H5

OCF2CF2OC2H5; C2 H5O(CF2CF2O)2C 2 H5; C2 H5O(CF2CF 2 O)2CF2H.

[0031] In step B of the process, the hydrocarbon compound comprising at least

one carbon-hydrogen bond is reacted with fluorine in the presence of a

(per)haloolefin, as above defined, to obtain a hydrocarbon compound

wherein at least one carbon-hydrogen bond has been replaced by a

carbon-fluorine bond.

[0032] The process has been found to proceed in a stoichiometric manner

whereby to each molecule of net fluorine F2 fed to the reaction system

corresponds the replacement of one carbon-hydrogen bond with one

carbon-fluorine bond and the formation of hydrogen fluoride.

[0033] In the present specification the term "net" when used with reference to the

amount of fluorine fed to the reaction system is used to indicate the

amount of fed fluorine that has not been consumed in the reaction with the

(per)haloolefin, i.e. the difference between the total amount of fluorine

introduced into the reaction system and the stoichiometric amount reacted

with the (per)haloolefin.

[0034] Generally fluorine is added to the reaction in an amount slightly higher

than the stoichiometric amount necessary to convert a carbon-hydrogen

bond in the hydrocarbon compound into a carbon-fluorine bond. Typically,

the amount of net fluorine is 30 mol % , preferably 20 mol % , more

preferably 10 mol % higher than said stoichiometric amount. Thus, the

process typically proceeds by feeding to the reaction system from 1 to 1.3,

preferably from 1 to 1.2, more preferably from 1 to 1. 1 , equivalents of

fluorine per number of carbon-hydrogen bonds that have to be replaced in

the hydrocarbon compound. Conversion of fluorine is generally greater

than 90%.

[0035] According to one embodiment of the process, (per)haloolefins suitable for

use in step B are those represented by the following formula:



wherein Ra , b , c and Rd are each independently selected from the

group consisting of F, CI and hydrocarbon groups, possibly comprising

one or more chlorine and/or fluorine atoms, optionally having one or more

heteroatoms different from F and CI, e.g. oxygen, possibly directly linked

to the double bond. At least one of Ra , Rb, Rc d Rd is selected from

fluorine or chlorine.

[0036] Preferably, Ra , Rb, Rc d Rd are each independently selected in the

group consisting of F, CI, C1-C4 perfluorocarbon groups, C1-C4

oxygen-containing perfluorocarbon groups, C1-C4 fluorochlorohydrocarbon

groups, and C1-C4 oxygen-containing fluorochlorohydrocarbon groups.

More preferably, at least three of Ra , Rb, Rc d Rd are selected from F,

C I and mixtures thereof.

[0037] As examples of such (per)haloolefins, mention may be made of

tetrafluoroethylene (TFE), hexafluoropropylene (HFP) and its dimers and

trimers, octafluorobutene, perfluoropentene, pe uorohexene,

perfluoroheptene, perfluorooctene, perfluorocyclobutene,

perfluorocyclopentene, perfluorocyclohexene, chlorotrifluoroethylene,

dichlorodifluoroethylene, chloropentafluoropropene, perfluorobutadiene,

perfluoromethylvinylether, perfluoroethylvinylether,

perfluoropropylvinylether; CF3OCCI=CCIF, trichloroethylene,

tetrachloroethylene, dichloroethylene isomers; and fluorodioxoles of

formula:

wherein X | , X2, X3, and X4, equal to or different from each other, are

independently selected from F, Rf and ORf, wherein Rf is a

(perfluorocarbon group, and wherein at least one of X3, and X 4 is fluorine.

Preferably the (per)haloolefin is selected from the group consisitng of

tetrafluoroethylene (TFE), hexafluoropropylene (HFP) and its dimers and

trimers.

[0038] The amount of (per)haloolefin used in step B of the process is typically



comprised in the range of 0.1 to 30 mol % with respect to the hydrogen

atoms contained in the hydrocarbon compound. Preferably, said amount is

comprised in the range of 0.5 to 20 mol % with respect to the hydrogen

atoms contained in the hydrocarbon compound. More preferably, said

amount is comprised in the range of 1 to 15 mol % with respect to the

hydrogen atoms contained in the hydrocarbon compound.

[0039] The (per)haloolefin can be initially loaded in the reaction vessel or can be

advantageously continuously fed in the required amount during the

fluorination reaction.

[0040] Fluorine may be fed into the reactor as a pure gas or diluted with an inert

gas, such as N2, Ar and He.

[0041] Hydrogen fluoride is generated as a by-product during the fluorination

reaction. Thus it may be preferable to add a hydrogen fluoride scavenger

to the reaction system. Notable examples of hydrogen fluoride scavenger

are for instance alkali metal fluorides such as NaF and KF.

[0042] The process is generally carried out in the liquid phase. The hydrocarbon

compound may be allowed to react with fluorine in a non-solvent phase,

provided that it is liquid in the reaction conditions, as well as diluted in a

suitable solvent. Among suitable solvents, mention can be notably made of

organic halogenated compounds, such as perfluoroalkanes,

chlorofluoroalkanes, CF3OCFCICF2CI, tertiary perfluorinated alkyl amines,

perfluoropolyethers.

[0043] Surprisingly, the use of concentrated or pure reagents in the process does

not lead to decomposition of the hydrocarbon compound, as the reaction

exothermicity may be controlled.

[0044] As a matter of fact, the reaction temperature may be advantageously

maintained in the range of -100°C to + 50°C.

[0045] Typically, fluorine and the (per)haloolefin, in separate feeds, are

continuously added to the hydrocarbon at the given temperature of the

process.

[0046] The process may proceed to the complete fluorination of the starting

hydrocarbon compound. In such a case the end of the reaction can be

advantageously detected by online analysis, by checking fluorine



conversion, which typically suddenly drops to zero. Advantageously, no

temperature increase, fluorine concentration increase or UV irradiation is

required to perform the complete fluorination of the hydrocarbon

compound.

[0047] Alternatively, the process may be controlled to reach only the partial

substitution of the carbon-hydrogen bonds with carbon-fluorine bonds.

[0048] The process of the invention advantageously allows the controlled

step-wise replacement of each carbon-hydrogen bond in the hydrocarbon

compound with carbon-fluorine bond. The degree of substitution can be

precisely controlled by feeding only the stoichiometric amount of net

fluorine as discussed above.

[0049] The hydrogen substitution is not selective, in the sense that it is not

generally possible to direct the substitution reaction onto a specific

carbon-hydrogen bond in the hydrocarbon compound. Thus the product of

the partial fluorination reaction will typically be a mixture of hydrocarbon

compounds having the same number of carbon and, when present oxygen

atoms and X substituents as defined above, but a different average degree

of fluorine substitution. Said mixture of hydrocarbon compounds is

characterised, with respect to the starting hydrocarbon compound, by a

higher average number of carbon-fluorine bonds and a lower average

number of carbon-hydrogen bonds. The difference between the number of

carbon-fluorine bonds (or the number of carbon-hydrogen bonds) between

the starting hydrocarbon compound and the final mixture of products is

directly proportional to the amount of net fluorine fed to the system.

[0050] Without being bound by a particular theory the Applicant believes that the

reaction for an alkene of formula ( IA) or an ether of formula ( IIA) might be

represented as indicated in Scheme 1:

(per)haloolefin

*-'a'~'(2a+2-b-c)^b^c x
2 * aH 2a+2 .b-c-x F b+x X + H F

(IA)

(per)haloolefin

g H (2g+2-j-l) F jX l°k + X F 2 " g H (2g+ 2-j-l-x )F + )X l°k + X H F

( IIA )



[0051] In Scheme 1, X , a , b, c , g , j , k and I are as defined above and x represents

the moles of net fluorine fed to the reaction system.

[0052] The possibility to precisely control the degree of fluorine substitution in the

hydrocarbon compound allows obtaining well defined mixtures of partially

fluorinated compounds, starting from one single compound, whose

physico-chemical properties, e.g. boiling temperature, may be fine tuned

by changing the amount of fluorine fed during the process.

[0053] This feature of the inventive process may be particularly advantageous for

the preparation of mixtures of partially fluorinated hydrocarbon compounds

for use as solvents, e.g. in cleaning or coating applications, as refrigerants,

as heat transfer fluids, as blowing agents.

[0054] Partially fluorinated hydrocarbon compounds, in particular ethers, are

generally characterised by low ozone depletion potential, a boiling range

suitable for solvent cleaning applications, and high solvency, i.e., the

ability to readily dissolve or disperse organic and/or inorganic

contaminants, such as water, hydrocarbon-based compounds, and

fluorocarbon-based compounds, good thermal and chemical stability, short

atmospheric lifetimes and low global warming potentials.

[0055] The Applicant has found that ethers derived from the reaction of a

fluorine-free polyhydric alcohol with a perfluorinated olefin are particularly

suitable starting hydrocarbon compounds to provide mixtures of

compounds whose physico-chemical properties, in particular the boiling

temperature, may be successfully fine tuned by means of the inventive

process.

[0056] Fluorination of ethers derived from the reaction of a fluorine-free polyhydric

alcohol with a perfluorinated olefin to obtain fully fluorinated products has

been disclosed in SIEVERT, Allen, et al. Synthesis of perfluorinated ethers

by an improved solution phase direct fluorination process. J. Fluorine

Chem.. 1991 , vol.53, p.397-417.

[0057] Preferred starting hydrocarbon compounds for the preparation of mixtures

are compounds which comply with formulas (II D) or (II E) below:



H g 1 2g1 " H 2
CH G C 2),-OC 2 (II D)

HC 4F2g40 - [(CH2)s
,-0] s-Cg5 2g5 H (II E)

wherein:

- each g ,g2. i equal or different from each other, is independently

chosen from integers from 2 to 10, preferably from 2 to 6 ;

- G is an integer > 0 and up to 4 ; J is an integer > 0 and up to 6 ;

- s' is an integer from 1 to 4 ; S is an integer from 2 to 5 .

[0058] Preferably, in formula (II D) above, each gj, equal or different from each

other, is independently 2 or 3 ; G is 0 or 1 and J is an integer from 1 to 4 .

[0059] Preferably in formula (II E) above, each gj, equal or different from each

other, is independently 2 or 3 ; s' and S are independently from each other

1, 2 or 3 . More preferably s' is 2 or 3 and S is 1, 2 or 3 .

[0060] The mixtures obtained by partial fluorination according to the inventive

process of a hydrocarbon compound represented by formulas (II D) or (II

E) as detailed above, can be represented by the following general

formulas (II D1) or (II E1) respectively:

C[A+G+J]H(4+2G+2J-0)F[2A+0]O(G+2) (II D1)

wherein:

- ∆ = g1+g3+G g2 and Θ is a rational number that can take any value from

0 to (4+2G+2J), extremes excluded;

C[A'+s ,S]H(2+2s ,S-0')F[2A ,+ ,]O(S+1) ( H E1)

wherein

- ∆ '= g4+g5; and

- Θ ' is a rational number that can take any value from 0 to (2+2s' S),

extremes excluded.

[0061] The value of Θ or Θ ' is proportional to the amount of fluorine reacted with

the starting hydrocarbon compound. By varying Θ , or Θ ' it is possible to

change the physico-chemical properties of the mixture. For instance it is

possible to vary the boiling temperature of the mixture over a wide range



which is comprised between the boiling temperature of the fully fluorinated

hydrocarbon compound, when 0=4+2G+2J in formula (II D1) or 0'=2+2s'

S in formula (II E1)) and that of the starting material, when 0=0 or 0'=O.

[0062] Accordingly a further object of the invention is a composition comprising at

least two compounds selected either from the group of compounds having

formula (II D1) said at least two compounds characterised by the same

values of ∆ , G and J and each one having a different value of 0 or at least

two compounds selected from the group of compounds having formula (II

E1) said at least two compounds characterised by the same values of ∆ ' ,

s' and S and each one having a different value of 0'.

[0063] Said compositions advantageously have boiling temperatures comprised

between 20 and 350°C, typically between 50 and 250°C, more typically

between 75 and 200°C, and even more typically between 70 and 180°C.

[0064] In a first embodiment the composition comprises at least two compounds

selected from the group of compounds having formula (II E1) wherein

g4=g5=2, s'=2 and S=1 . In a preferred aspect of this first embodiment the

composition has a boiling temperature between 75 and 135°C, preferably

between 80 and 130°C.

[0065] In a second embodiment the composition comprises at least two

compounds selected from the group of compounds having formula (II E1)

wherein g4=g5=2, s'=2 and S=2. In a preferred aspect of this second

embodiment the composition has a boiling temperature between 110 and

200°C, preferably between 140 and 190°C.

[0066] In a third embodiment the composition comprises at least two compounds

selected from the group of compounds having formula (II E1) wherein

g4=g5=2, s'=3 and S=1 . In a preferred aspect of this third embodiment the

composition has a boiling temperature between 120 and 180°C, preferably

between 125 and 170°C.

[0067] In a fourth embodiment the composition comprises at least two

compounds selected from the group of compounds having formula (II E1)

wherein g4=g5=3, s'=2 and S=1 . In a preferred aspect of this fourth

embodiment the composition has a boiling temperature between 110 and

170°C, preferably between 120 and 160°C.



[0068] Compositions having boiling temperatures falling within said ranges are

suitable for applications such as: solvents for e.g cleaning or coating

applications; heat transfer fluids; blowing agents.

[0069] The invention will be now described in more detail with reference to the

following examples, whose purpose is merely illustrative and not intended

to limit the scope of the invention. Should the disclosure of any patents,

patent applications, and publications which are incorporated herein by

reference conflict with the description of the present application to the

extent that it may render a term unclear, the present description shall take

precedence.

[0070] EXAMPLES

[0071] EXAMPLE 1 - Synthesis of a mixture having raw formula C6H4F10O2

[0072] In a 250 ml stainless steel reactor a mixture constituted by 20 .3 g (0 .077

mol) of HCF2CF2OCH2CH2OCF2CF2H (C6 H6F8O2) and 114.2 g of CF3

OCFCICF2CI as solvent were charged. The temperature was set at -50°C

and fluorine ( 1 .65 Nl/h in 3.0 Nl/h of helium) and hexafluoropropylene

(0 .15 Nl/h in 1.5 Nl/h of helium) were fed under vigorous stirring, by two

inlet pipes. After 150 minutes the feeding of the gaseous reagents

(corresponding to 0 .167 mol of net fluorine) was stopped and any residual

gas purged away by a helium flow; the crude mixture was distilled

providing a mixture of ethers having the raw formula C6H4F10O2 (as

determined by NMR analysis) and a boiling temperature of 125°C.

[0073] EXAMPLE 2 - Synthesis of a mixture having raw formula C6H2.2F1 1.802

[0074] The same procedure described in Example 1 (20.1 g , 0 .077 mol of starting

ether and 10 1 .3 g of solvent) was repeated but feeding fluorine and

hexafluoropropylene for 4 hours and 35 minutes (corresponding to 0 .307

mol of net fluorine). The crude mixture was distilled providing a mixture of

ethers having the raw formula C6H2.2Fn .8O2 (as determined by NMR

analysis) and a boiling temperature of 100 °C.

[0075] EXAMPLE 3 - Synthesis of a mixture having raw formula C6HF13O2

[0076] The same procedure described in Example 1 (20.2 g , 0 .077 mol, of

starting ether and 105.7 g of solvent) was repeated but feeding fluorine

and hexafluoropropylene for 6 hours and 15 minutes (corresponding to



0 .418 mol of net fluorine). The resulting mixture had the raw formula C6HF

3Ο 2 and a boiling temperature of 80°C.

[0077] EXAMPLE 4 - Perfluorination of CF2HO(CF20 )m(CF2CF20)nCF2H

[0078] 59 .8 g (0 .127 mol) of a compound having generic formula CF2HO(CF2O) m

(CF2CF2O) nCF2H , with m and n values giving a molecular weight of 472

g/mol were charged in a 250 ml stainless steel reactor kept at 5°C and

under vigorous stirring. Fluorine ( 1 .60 Nl/h in 3.0 Nl/h of helium) and

hexafluoropropylene (0.10 Nl/h in 1.5 Nl/h of helium) were fed by two inlet

pipes; after 4 hours the addition of the gaseous reagents (corresponding to

0 .268 mol of net fluorine) was stopped and the residual gases vented

away. The crude mixture was analyzed by NMR analysis: 10 ppm of

residual hydrogen atoms (vs. 4200 ppm in the starting compound) with a

hydrogen conversion higher than 99%.

[0079] EXAMPLE 5 - COMPARATIVE

[0080] The reaction described in Example 4 was repeated without the addition of

hexafluoropropylene. Hydrogen conversion resulted below 5%.

[0081] EXAMPLE 6 - Synthesis of a mixture having raw formula C7H7.2F8.8O2

[0082] 57.9 g (0 .210 mol) of HCF2CF2OCH2CH2CH2OCF2CF2H (C7 H8F 8O2)

were charged in a 250 ml stainless steel reactor cooled at -30°C. Fluorine

( 1 .65 Nl/h in 3.0 Nl/h of helium) and hexafluoropropylene (0.15 Nl/h in 1.5

Nl/h of helium) were fed under vigorous stirring. After 2 hours and 50

minutes the flow of gaseous reagents was stopped (corresponding to

0 .190 mol of net fluorine) and the residual gases purged away by helium.

The crude mixture was washed with a saturated NaHCO3 water solution

obtaining a mixture of ethers having the raw formula C7H7 .2F8.8O2 (as

determined by NMR analysis). The boiling point of the mixture was 162°C.

[0083] EXAMPLE 7 - Synthesis of a mixture having raw formula C7H6F10O2

[0084] Following the same procedure described in Example 6 (49.9 g , 0 .181 mol,

of starting ether) fluorine and hexafluoropropylene were fed for 6 hours

and 15 minutes (corresponding to 0 .401 mol of net fluorine). The resulting

mixture, after basic wash, had the raw formula C7H6F10O2 and a boiling

temperature of 152°C.

[0085] EXAMPLE 8 - Synthesis of a mixture having raw formula C8H4.5F13.5O2



[0086] 45.2 g (0.125 mol) of CF3CFHCF2OCH2CH2OCF2CFHCF3 (C8H6F 12 O2)

were charged in a 250 ml stainless steel reactor at 0°C. Fluorine ( 1 .65 Nl/h

in 3.0 Nl/h of helium) and hexafluoropropylene (0.15 Nl/h in 1.5 Nl/h of

helium) were fed under vigorous stirring. After 3 hours and 10 minutes the

flow of gaseous reagents was stopped (corresponding to 0.212 mol of net

fluorine) and the residual gases purged away. The crude mixture was

washed with a saturated water solution of NaHCO3 obtaining a mixture

having the raw formula C8H4 5F13 5O2 (as determined by NMR analysis)

and a boiling temperature of 146°C.

[0087] Possible modifications and/or additions may be made by those skilled in

the art to the hereinabove disclosed and illustrated embodiment while

remaining within the scope of the following claims.



Claims

1. A process for fluorinating hydrocarbon compounds, which comprises:

A . providing a compound selected from the group consisting of straight-chain,

branched-chain and cyclic alkanes, straight-chain, branched-chain and cyclic

ethers, said compound comprising at least one carbon-hydrogen bond and

being free from -C(O)- functional groups;

B. reacting said compound with fluorine in the presence of at least one

(per)haloolefin comprising at least one carbon-carbon double bond and having

at least one fluorine or chlorine atom on either one of the carbon atoms of said

double bond, said (per)haloolefin being present in an amount of 0.1 to 30

mol% with respect to the hydrogen atoms contained in said hydrocarbon

compound, to obtain a compound wherein at least one carbon-hydrogen bond

has been replaced by a carbon-fluorine bond.

2 . Process according to claim 1 wherein said alkane is selected among the

straight-chain or branched-chain alkanes of formula (IA) Ca H(2a+2-b-c)FbXc or

the cyclic alkanes of formula (IB) Ca 'H(2a'-b'-c')Fb'Xc' wherein: X is selected

from CI, Br, I , -SO2F, -SO2CI; a is an integer > 1, preferably an integer from 1

to 30; b and c are integers > 0 , such that (b+c) < (2a+1); a' is an integer from 3

to 20; b' and c' are integers > 0 such that (b'+c') < (2a'-1).

3 . Process according to claim 1, wherein said ether is selected among the

straight-chain or branched-chain ethers of formula ( IIA.) CgH(2g+2-j-i)FjX|Ok or

the cyclic ethers of formula (MB) Cg H(2g'-j'-i )Fj'X|Ok', wherein: X is selected

from CI, Br, I , -SO2F, -SO2CI; g is an integer > 1; j and I are integers > 0 , such

that (j+l) < (2g+1); k and k' are integers > 1; g' is an integer > 3 , preferably from

3 to 20; j ' and I' are integers > 0 such that (j'+ Γ) < (2g'-1).

4 . Process according to claim 3 , wherein the ether is selected among those that

comply with formula (II C) R O -(Rf) R , wherein:

- R and R , equal or different from each other, are independently chosen

among -Cm H2m+l . - q F2q+i , - n F2n+i-hHh, - F2 +i-h'Xh'. - z F2ZOCyF2y+i,

-CUF 2U-U'HU'OCW F2W+1-W'HW', -CuF2u-u'HU'OCyF2y+i groups, with m , n , p, q , u ,

w , y , z being integers from 1 to 8 , preferably from 1 to 7 , h , h', u' and w ' being

integers > 1, chosen so that h < 2n+1 , h' < 2p+1 , u' < 2u, w ' < 2w+1 , X being a

halogen atom chosen among CI, Br, I ; with the proviso that at least one of R



and R' in formula (II C) is a -Cm H2m+l . - n 2n+i - group or a -CuF2U-u'HU'

Cw F2w+i-w'Hw' group, as defined above;

- r is 0 or 1;

- Rf is a fluoropolyoxyalkylene chain comprising recurring units R , said

recurring units being chosen among the group consisting of:

(i) -CFYO-, wherein Y is F or CF3 ;

(ii) -CF2CFYO-, wherein Y is F or CF3 ;

(iii) -CFYCF2O-, wherein Y is F or CF3 ;

(iv) -CF2CF2CF2O-;

(v) -CH2CF2CF2O-;

(vi) -CF2CF2CF2CF2O-;

(vii) -(CF2)k-CFZ-O-, wherein k is an integer from 0 to 3 and Z is a group of

general formula -OR-1-T3, wherein R is a fluoropolyoxyalkylene chain

comprising a number of recurring units from 0 to 10, said recurring units being

chosen among the followings: -CFXO- , -CF2CFYO-, -CF2CF2CF2O-, -CF2CF2

CF2CF2O-, with each of Y being independently F or CF3, and T3 is a C1-C5

perfluoroalkyl group, and mixtures thereof.

5 . Process according to claim 3 , wherein the ether is selected among ethers

obtained by addition of a hydrogen-containing alcohol, preferably a

fluorine-free alcohol, to a perfluorinated or fluorinated olefin.

6 . Process according to claim 5 , wherein the ether complies with formula (II D) or

(II E):

g2 2g2

H g 1 F 2g1 " H 2 CH G C 2),-OC 2 (II D)

HCg4F2g40 - [(CH2)s,-0] s-C85F2 H (II E)

wherein:

- each g ,g2, . gi equal or different from each other, is independently chosen

from integers from 2 to 10;



- G is an integer > 0 and up to 4 ; J is an integer > 0 and up to 6 ;

- s' is an integer from 1 to 4 ; S is an integer from 2 to 5 .

7 . Process according to claim 6 wherein in step B the amount of fluorine is less

than the amount required to replace all the carbon-hydrogen bonds in the

hydrocarbon compound with carbon-fluorine bonds, said process providing a

mixture of compounds represented by the general formula ( II D1):

C[A+G+J]H(4+2G+2J-0)F[2A+0]O(G+2) ( D1)

wherein:

- ∆ = g1+g3+G g2 and Θ is a rational number that can take any value from 0 to

(4+2G+2J), extremes excluded; or by the general formula ( II E1):

C[A'+s ,S]H(2+2s ,S-0')F[2A ,+0 ,]O(S+1) ( H E1)

wherein

- ∆ '= g4+g5; and

- Θ ' is a rational number that can take any value from 0 to (2+2s' S), extremes

excluded; and wherein each g ,g2. i equal or different from each other, is

independently chosen from integers from 2 to 10.

8 . A process according to anyone of the preceding claims, wherein in step B said

(per)haloolefin complies with the following formula:

Ra Rc

Rb
>=<

Rd

wherein Ra , b, c d Rd are each independently selected in the group

consisting of F, C I and hydrocarbon groups, possibly comprising one or more

chlorine and/or fluorine atoms, optionally having one or more heteroatoms

different from fluorine and chlorine, possibly directly linked to the double bond.

9 . A process according to anyone of the preceding claims, wherein in step B the

amount of fluorine is 1 to 1.3 equivalents of fluorine per number of

carbon-hydrogen bonds that have to be replaced in the hydrocarbon

compound.

10. A composition comprising either at least two compounds selected from the

group of compounds having formula ( II D1) C[A+G+J]H(4+2G+2J-0)F[2A+0]O(G+2)

said at least two compounds characterised by the same values of ∆ , G and J

and each one having a different value of Θ wherein 0 < Θ < (4+2G+2J) or at



least two compounds selected from the group of compounds having formula (II

E1) C[ '+s 'S]H(2+2s ,s-0')F[2A ,+ ,] (s+i) said at least two compounds

characterised by the same values of ∆ ' , s' and S and each one having a

different value of Θ ' wherein 0 < Θ ' < (2+2s' S); and wherein ∆ , G , J , ∆ ' , s' and

S are as defined in claim 7 .

11. Composition according to claim 10 wherein when the at least two compounds

are selected from the group of compounds having formula (II D1) each gj,

equal or different from each other, is independently 2 or 3 ; G is 0 or 1 and J is

an integer from 1 to 4 or when the at least two compounds are selected from

the group of compounds having formula (II E1) each gj, equal or different from

each other, is independently 2 or 3 ; and s' and S independently of each other

are 1, 2 or 3 .

12. Composition according to claim 10 or 11 having a boiling temperature in the

range from 20 to 350°C.

13. Composition according to anyone of claims 10 to 12 wherein the at least two

compounds are selected from the group of compounds having formula (II E1)

wherein each gj, equal or different from each other, is independently 2 or 3 ;

and s' and S independently of each other are 1, 2 or 3 ; said composition

having a boiling temperature in the range from 75 to 200°C.

14 . Use of a composition of anyone of claims 10 to 13 as solvent for cleaning or

coatings applications.

15. Use of a composition of anyone of claims 10 to 13 as heat transfer fluid.
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