
Online journal “Fluorine notes” ISSN 2071-4807, Vol. 5(138), 2021; DOI: 10.17677/fn20714807.2021.05.04

ARTICLE INFO
Received 04 October 2021
Accepted 08 October 2021
Available online October  2021

FLUORINATED ETHERS.
COMMUNICATION 2. PREPARATION BY THE REACTION OF

FLUORINATED ALCOHOLS WITH DIAZOMETHANE, ADDITION OF
POLYFLUOROALKYL IODIDES TO ALKENES, INTERMOLECULAR

DEHYDRATION, ADDITION OF PERFLUOROALKYL
HYPOHALOGENITES TO ALKENES AND PYROLYSIS OF DERIVATIVES

OF PERFLUORO-2-ALKOXYPROPIONIC ACIDS

S.V. Vershilova, V.V. Kornilov, A.S. Tsyrulnikovaa,b, L.M. Popovaa,b, N.V. Lebedevа

a S.V. Lebedev Scientific Research Institute of Synthetic Rubber,
 Gapsalskaya str. 1, St. Petersburg, 198035, Russia

b Peter the Great St.Petersburg Polytechnic University,
Novorossiyskaya str. 48, St. Petersburg, 194021, Russia

Abstract: The preparation of fluorinated ethers by the reaction of fluorinated alcohols with

diazomethane, addition of polyfluoroalkyl iodides to alkenes, intermolecular dehydration, addition

of perfluoroalkylhypohalogenites to alkenes, and pyrolysis of derivatives of perfluoro-2-

alkoxypropionic acids are considered in the second part of the review. The synthesis conditions and

possible mechanisms of reactions are presented for individual methods.
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Introduction

Two general methods for the preparation of fluorinated ethers were described in the first part

of the review [1]  - the alkylation of alcohols (alkyl and alkenyl halides, alkyl sulfates and alkyl

sulfonates) and the addition of alcohols to alkenes and alkynes. In this article, the authors discuss a

number of other methods for the preparation of fluorinated ethers, namely:

· reaction of fluorinated alcohols with diazomethane

· addition of polyfluoroalkyl iodides to alkenes



Online journal “Fluorine notes” ISSN 2071-4807, Vol. 5(138), 2021; DOI: 10.17677/fn20714807.2021.05.04

· intermolecular dehydration reactions

· addition of perfluoroalkyl hypohalogenites to alkenes

· pyrolysis of derivatives of perfluoro-2-alkoxypropionic acids

Some of these methods are mainly used in laboratory. Others, such as pyrolysis of derivatives of

perfluoro-2-alkoxypropionic acids, are widely used in industry.

1. Preparation of methyl-fluoroalkyl ethers by the reaction of fluorinated alcohols
with diazomethane

One of the first mentions of the reaction of fluorinated alcohols with diazomethane is found

in the A. Henne and M. Smook’s paper in 1950 [2]. The authors carried out the reaction of 2,2,2-

trifluoroethyl ether with diazomethane, which was dissolved in petroleum ether. The reaction was

carried out at -10°C to the yellow colour of the solution disappearance. The reaction gave the

corresponding methyl-2,2,2-trifluoroethyl ether in 27% yield.

CF3CH2OH  + CH2N2  →   CF3CH2OCH3

The addition of Al(O-i-Pr)3 (aluminium isopropoxide) to the process as an acid catalyst

made it possible to increase the yield to 75% but the resulting product contained a difficult-to-

separate hydrocarbon impurity. The use of other solvents, in particular dicyclohexyl, allowed only a

slight increase in the ether yield (30%).

H.G. Adolph, M.J. Kamlet [3] described the interaction of a diazomethane solution in ether

with 2,2-dinitro-2-fluoroethanol. The reaction product was the expected 2-fluoro-2,2-dinitroethyl

methyl ether. The authors noted that 2,2-dinitro-2-fluoroethanol actively reacted with diazomethane

in ether only in the presence of boron trifluoride etherate (BF3) as a catalyst, while the alcohol

conversion and the yield of the target methyl ether (bp 45°C, 3 mmHg) were low.

The reactions of perfluoropinacone with diazomethane, dissolved in diethyl ether at room

temperature, are considered in the paper by A. Eleev and V. Cherstkov et al. [4]. The authors

obtained both monomethyl (bp 135°C, yield 85%) and dimethyl (mp 50-51°C, yield 60%)

perfluoropinacone ethers.

According to I.L. Knunyants et al. [5] the reaction of pentafluoropropen-2-ol (in the enol

form) with diazomethane in dibutyl ether led to various products depending on the synthesis

conditions. Pentafluoro-iso-propenyl methyl ether «A» (bp 32°С) thus was obtained at -78°С in

45% yield, and a mixture of pentafluoro-iso-propenyl methyl ether «A» and oxirane «B» was

obtained at 20°С ( 60 and 40%, according to the GLC data).
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2. Addition of polyfluoroalkyl iodides to alkenes

The use of perfluoroalkyl iodides in the reactions with aliphatic unsaturated ethers makes it

possible to introduce a perfluoroalkyl moiety into a substrate that already has an ether bond. The

addition reaction of n-perfluorobutyl iodide (C4F9I) to nonfluorinated vinyl ether was studied in the

paper by C. Dapremont and C. Amatore [6]. This reaction gave an 89% yield of the corresponding

ether during electrochemical activation.

n-C4F9I + CH2=CHOC4H9  → n-C4F7CH2CHIOC4H9

M. Knell and N. Brace's patent [7] describes the addition of 1-iodoperfluoroheptane to allyl

propyl ether to obtain n-propyl 2-iodo-1,1,2,3,3-pentahydroperfluorodecyl ether in the presence of

azobisisobutyronitrile (AIBN) as an initiator. The treatment of the reaction mixture for 12 hours at

70°C led to the target product in 71% yield.

n-C7F15I + CH2=CHCH2OC3H7  → n-C7F15CH2CHICH2OC3H7

In a similar way, N. Brace [8] obtained the addition product of 1-iodoperfluorobutane to

allyl perfluoroisopropyl ether (initiator AIBN) in 75% yield.

n-C4F9I + CH2=CHCH2OCF(CF3)2  → n- C4F9CH2CHICH2OCF(CF3)2

The addition of perfluoroalkyl iodide to the allyl fragment of polyethylene glycols was

carried out by H. Meinert et al at a higher temperature (170°C) [9].

C6F13I + CH2=CHCH2OR → C6F13CH2CHICH2OR

R = CH3(OC2H4)m, where m=7,12,17.

D. Lazzari et al. [10] synthesized a number of fluorinated multiblock molecules, in

particular 2,2,3,3,4,4,4-heptafluorobutyl 4,4,5,5,6,6,7,7,7-nonafluoroheptyl and

4,4,5,5,6,6,7,7,8,8,9,9,9-tridecafluorononyl 2,2,3,3,4,4,5,5,6,6,6-undecafluorohexyl ether. These
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ethers were obtained by the reaction of allyl polyfluoroalkyl ethers with perfluoroalkyl iodides

(C4F9I, C6F13I) followed by deiodination. The reactions were carried out in an aqueous medium in

the presence of the initiating system (Na2S2O5, AIBN) at a moderate temperature (80°C). The

synthesis time was 3 hours and the yield of adducts was high (95–98%).

V.I. Saloutin et al. [11] performed perfluoroalkylation of glycidyl ether with perfluoroalkyl

iodides in aqueous acetonitrile in the presence of Na2S2O4 (argon atmosphere, 0÷5°C, 1h, yield 68-

75%).

3. Preparation of fluorinated ethers
by the method of intermolecular dehydration of alcohols

Fluorinated alcohols are less apt to ether formation by dehydrating agents than their

fluorine-free analogues. A. Henne and M. Smook in their paper reported on an unsuccessful attempt

to obtain fluorinated ethers by intermolecular dehydration of alcohols using 2,2,2-trifluoroethanol

and 3,3,3-trifluoropropanol as examples [2].

In the article by V.A. Komarov et al. [12], it was also noted that the action of sulfuric acid or

phosphoric anhydride on 2,2-difluoro-2-nitroethanol did not lead to the formation of the

corresponding ether. However, in some cases fluorinated alcohols can react with other alcohols in

the presence of dehydrating agents such as concentrated sulfuric acid (H2SO4), methanesulfonic

acid (CH3SO3H), p-toluenesulfonic acid or glacial acetic acid.

H. Muramatsu et al. [13] thus obtained ethyl ethers of mono- (bp 75÷76°C), di- (bp

66÷67°C) and trifluoroethanol (bp 50÷51°C) with moderate yields by heating ethanol and the

corresponding fluorinated alcohol in the presence of sulfuric acid.

RFCH2OH + C2H5OH → RFCH2OC2H5
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RF =  H2FC- (yield 30%), HCF2- (yield   55%), CF3- (yield  18%).

The reaction of 2,2-dinitro-2-fluoroethanol with 1-bromo-1,1,4-trinitro-4-azapentanol-5 in

the presence of concentrated sulfuric acid (94%) (0÷10°С, 2 h) is described in the paper [14]. The

reaction gave unsymmetrical ether (mp 50÷53°C) in 70% yield.

FC(NO2)2CH2OH + R-N(NO2)CH2OH  → FC(NO2)2CH2OCH2N(NO2)-R,

R- = BrC(NO2)2CH2CH2-.

As noted by the authors of the cited paper, the predominant formation of the asymmetric

ether occurred when using an excess of 2,2-dinitro-2-fluoroethanol and 80-90% sulfuric acid. In the

case of equimolar amounts of reagents, a mixture of symmetric and unsymmetrical ethers was

formed.

In the paper of V.V. Korshak et al. [15], it was noted that tertiary vinyl ethynyl carbinols in

the presence of mineral acids formed ethers with alcohols more readily than primary alcohols. It

was shown that the reaction of dimethyl(vinyl)ethynylcarbinol with a number of polyfluorinated

alcohols (H2SO4, 20÷40°C, 20 h) gave the corresponding polyfluoroalkyl ethers in moderate yields

(40-60%).

CH2=CH-C≡C-C(CH3)2OH + HOCH2(CF2)nH → CH2=CH-C≡C-C(CH3)2OCH2(CF2)nH

Mitsunobu condensation variant, modified by J. Falk et al. [16], opened the possibility of

synthesis asymmetric polyfluorinated ethers by condensation of alcohols with polyfluorinated

primary, secondary and tertiary alcohols under relatively mild conditions. Condensation of non-

fluorinated and polyfluorinated alcohols in anhydrous benzene in the presence of 1,1'-

(azodicarbonyl)dipiperidine (ADDP) and tri-tert-butylphosphine (Bu3P) led to the target ethers with

a medium (33-55%) to high yield (83-96%) depending on the structure of non-fluorinated alcohol.
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4. Addition of perfluoroalkyl hypohalogenites to alkenes

One of the first reports on the interaction of perfluoroalkyl hypohalogenites with alkenes is

the article by R. Porter and G. Cady, published in 1957 [17]. The attempts to obtain trifluoromethyl

pentafluoroethyl ether by the reaction of trifluoromethyl hypofluorite with tetrafluoroethylene were

unsuccessful. A solid polymer or a mixture of carbonic oxide and tetrafluoromethane were obtained

as a result of the reaction. At the same time, the use of the less reactive perfluorocyclopentene led to

the production of the desired perfluoro(methoxycyclopentane) in almost quantitative yield.

The reaction of trifluoromethyl hypofluorite with ethylene to obtain trifluoromethyl 2-

fluoroethyl ether was described in 1959 in the article by J. Alison and D. Cady [18]. A fourfold

dilution of ethylene with nitrogen and UV irradiation for 12 hours was required to successfully

carry out the reaction with a yield close to quantitative.

CF3OF + CH2=CH2 → CF3-O-CH2CH2F

In the absence of dilution, mixing of the starting reagents led to an explosion after a short

induction period.

The article by L. Anderson et al. [19] describes the reactions of polyfluoroalkyl

hypochlorites with various alkenes, which led to the corresponding ethers in high yield (>90%).
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According to the authors of the cited article, the chlorine atom of the hypofluorite molecule

predominantly associates to the carbon atom at the double bond, which has the highest electron

density. Therefore, the reaction of trifluoromethyl hypochlorite with 1,1-difluoroethylene and vinyl

chloride almost proceeds selectively.

CF3OCl + CF2=CH2 → CF3OCF2CH2Cl (isomer CF3OCF2CH2Cl - 96%)

CF3OCl + CClH=CH2 → CF3OCHClCH2Cl

The formation of two isomers is observed in the cases where the difference between the

electron density on carbon atoms at the double bond was small (for example, in the

chlorotrifluoroethylene molecule).

CF3OCl + CClF=CF2 → CF3OCFClCF2Cl + CF3OCF2CFCl2

This assumption was also confirmed in [20], where the results of a study of the reaction of

hexafluoropropylene with trifluoromethyl hypochlorite at 0°С with the preparation of two adducts

are presented.

CF3OCl + CF2=CFCF3 → CF3OCF2CFClCF3 (70%) + CF3OCF(CF3)CF2Cl (30%)

The use of the reaction of perfluoroalkyl hypofluorites with perfluoroalkenes makes it

possible to synthesize completely fluorinated ethers in some cases. S. Toy and R. Stringham [21]

thus obtained perfluoro-n-propyl perfluoro-tert-butyl ether by the reaction of perfluoro-tert-butyl

hypofluorite with hexafluoropropene. In this case, the content of the isomer with the perfluoro-n-

propyl fragment exceeded 95%.

CF3CF=CF2 + (CF3)3COF → CF3CF2CF2OC(CF3)3

The authors of this paper suggested that the reaction could proceed through an electrophilic

attack of the O-F group followed by the addition of the fluoronium ion.
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In the Italian patent [22], it was shown that the reaction of trifluoromethyl hypofluorite with

1,2-dichlorodifluoroethylene at -70°C led to the production of trifluoromethyl 1,2-

dichlorotrifluoroethyl ether in 60% yield.

CF3OF + CClF=CClF → CF3-O-CClF-CClF2

The reaction of synthesis perfluoro-tert-butyl 1,2-dichlorotrifluoroethyl ether was described

in the article by C. Lu et al. (-55°C, yield  93%) [23].

5. Pyrolysis of derivatives of perfluoro-2-alkoxypropionic acids

Most of the known methods for the synthesis of fluorinated ethers are not suitable for the

preparation of perfluoro(alkyl vinyl) ethers (Rf-O-CF=CF2), which are the key monomers in the

production of highly fluorinated copolymers with unique properties.

It is possible to use dehalogenation of 1,2-dichlorotrifluoroethyl perfluoroalkyl ethers to

obtain a number of compounds for example perfluoro(methyl vinyl) ether. Such ethers can be

obtained by the addition of trifluoromethyl hypofluorite to alkenes (see chapter 4).

In addition, Ch. Fritz and S. Selman [24, 25] mentioned the possible reaction of alcoholates

of perfluorinated alcohols with tetrafluoroethylene.

RfOMe + CF2=CF2 →Rf-O-CF=CF2 + MeF

In 1965 M. Redwood and C. Willis [26] reported on the preparation of trifluoromethoxides

of a number of alkali metals by the reaction of carbonyl fluoride with metal fluorides in acetonitrile:

Where M=K, Rb, Cs.

Potassium, rubidium and cesium trifluoromethoxides were isolated and described as stable

solid crystalline compounds. The attempts to obtain lithium or sodium alcoholates under these

conditions were unsuccessful.
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In 1967 M. Redwood and S. Willis also obtained fully fluorinated ethoxides, n-propoxides,

isopropoxides, and n-butoxides of the heavier alkali metals (K, Rb, Cs) [27].

However, the authors of this review could not find any works describing the possible

synthesis of perfluoro(alkyl vinyl) ethers by the reaction of alcoholates of perfluorinated alcohols

with tetrafluoroethylene or chlorofluoroethylenes.

The only practical method for synthesis a wide range of perfluoroalkyl vinyl ethers is

pyrolysis of fluoroanhydrides or salts of perfluoro-2-alkoxypropionic acids to date. A brief

description of the method is given in the book by S. Ebnesajjad on the example of perfluoro(propyl

vinyl) ether synthesis (PPVE) [28].

In the first stage of the process, hexafluoropropylene oxide (HFPO) reacts with

perfluorinated acyl fluoride in the presence of a fluorine anion (for example, alkali metal fluorides)

to form perfluoro-2-alkoxy-propionyl fluoride.

In the second stage, perfluoro-2-alkoxy-propionyl fluoride reacts with an oxygen-containing

salt (carbonates, sulfates) of an alkali or alkaline earth metal at an elevated temperature. The range

of used temperatures depends on the nature of the salt. In some cases, perfluoro-2-alkoxy-propionyl

fluoride is converted into an alkali or alkaline earth metal salt, which is then decarboxylated. This

stage of the process is often named like the pyrolysis stage.

A possible mechanism for the reaction of HFPO with perfluoroacyl fluorides is presented in

the work by H. Millauer et al. [29] on the example of synthesis perfluoro(2-propoxypropionyl)

fluoride. At the initial stage, perfluoropropionyl fluoride can transform into the equilibrium form of

perfluoropropoxide ion 2, which interacts with one HFPO molecule to form alkoxide 3. Further, the

alkoxide 3, depending on the process conditions, can either interact with the next HFPO molecule

or transform into perfluoro-2-propoxypropionyl fluoride 4 after elimination of one fluoride-ion.
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The patent of C. Fritz, E. Moore and S. Selman [24] is one of the first examples of synthesis

perfluoro(alkyl vinyl) ethers by pyrolysis. This patent describes the preparation of perfluoro(methyl

vinyl), perfluoro(ethyl vinyl), perfluoro(n-propyl vinyl) (PPVE) and several other ethers.

The reaction of perfluoroacyl fluoride with HFPO was carried out in the presence of a

catalyst in an inert polar solvent. Activated carbon, alkali metal fluorides, silver fluoride, or a

quaternary ammonium salt were used as a catalyst.

The second stage of pyrolysis was carried out at temperatures from 100 to 600°C. The

examples describe the use of sodium sulfate, potassium sulfate, cesium carbonate and a number of

other salts.

A possible two-stage mechanism for the formation of sodium salts of carboxylic acids was

proposed by C. Fritz and S. Selman using sodium sulfate and carbonate as an example [25].

The authors of this patent noted that oxygen-containing salts used for pyrolysis must be

thoroughly dried since residual moisture leads to the formation of hydrogen-containing compounds.

By the example of the pyrolysis of perfluoro-2-(2-propoxypropoxy)propanoyl fluoride it

was shown that, depending on the taken amount of sodium carbonate for the reaction relative to

perfluoroacyl fluoride, the direction of the pyrolysis process can lead to the predominant formation

of perfluoro(alkyl vinyl) ethers or the corresponding diperfluoro-1-methyl-2-oxaalkyl ketones [30]:
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In 1961 D. Anderson and S. Selman published an article [31] where applied the method of

pyrolytic decarboxylation to obtain divinyl ethers. At the first stage of the process, perfluoro-2-

methyl-3-oxa-adipoyl fluoride was obtained from perfluoromalonyl fluoride and HFPO.

The process was carried out in a polar solvent medium (ethylene glycol dimethyl ether,

acetonitrile, and dimethyl sulfoxide or N-methylpyrrolidone) with the addition of catalytic amounts

of alkali metal or quaternary ammonium fluorides.

The synthesis of perfluoro(alkyl vinyl) ether from the obtained acyl fluoride was conducted

by two methods:

1) When a dry oxygen-containing salt of an alkali metal or zinc oxide interacts with

perfluoro-2-methyl-3-oxa-adipoyl fluoride at 250 ÷ 350°C.

M = alkali metal or zinc.

2) Perfluoro-2-methyl-3-oxa-adipoyl fluoride was treated with an aqueous solution of an

alkali metal hydroxide to give the corresponding salt. Next, the resulting salt was pyrolized at

250÷270°C.
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FOC-CF2-CF2-O-CF-COF

CF3

M'OH
M'OOC-CF2-CF2-O-CF-COOM'

CF3

M'OOC-CF2-CF2-O-CF-COOM'

CF3

CF2=CF-O-CF=CF2

M’= alkali metal.

R. Sullivan showed the possibility of monodecarboxylation of salts of dicarboxylic acids

with the formation of perfluoro(alkyl vinyl) ethers containing a carboxyl group [32]. The

unsymmetrical diacyl fluorides were obtained as a result of the addition of HFPO to

perfluoroglutaryl and succinyl fluorides.

n = 3,4; yield ~70%.

When studying the pyrolysis process of the obtained salts, it was found that at a low

temperature of 185÷200°C, monodecarboxylation occurs with predominant decarboxylation of a

carbonyl group having a trifluoromethyl group in the α-position. The author attributed this to the

stabilizing role of the α-CF3 group in the intermediate carbanion formation.

KOH
C O

F

(CF2)4-O-CF

F

O C

CF3

KO2C-(CF2)4-O-CF-CO2K

CF3

(a) (b)

200-225oC
CF2=CF-(CF2)2-O-CF=CF2

KO2C-(CF2)4-O-CF-CO2K

CF3

k1

-CF2-(CF2)3-O-CF-CO2K

CF3

KO2C-(CF2)4-O-CF-CO2K

CF3

k2
KO2C-(CF2)4-O-CF-

CF3

(a)

(b)

k2>k1

It should be noted that the yield of potassium perfluoro-6-oxa-7-octenoate obtained in this

way was low (~ 25%).



Online journal “Fluorine notes” ISSN 2071-4807, Vol. 5(138), 2021; DOI: 10.17677/fn20714807.2021.05.04

It was noted that in the case of perfluoro-oxa-alkanedicarboxylic acids having 6-7 atoms in

the chain, pyrolysis of their salts proceeds predominantly with the formation of cyclic compounds

[33]. During the pyrolysis of diacyl fluorides, obtained as a result of the addition of HFPO to

perfluoromalonyl and succinyl fluorides, the formation of perfluoro-2-methyloxalan-3-one and

perfluoro-2-methylpyran-3-one was observed, respectively.

The process of monodecarboxylation, which avoids cyclization processes in the preparation

of vinyl ethers by the pyrolytic method, is described in the article by M. Yamabe [34].

Acyl fluorides 1(a-c) were treated with HFPO in the presence of anhydrous cesium fluoride

to obtain the intermediate 2-(perfluoroalkoxy)-2,3,3,3-tetrafluoropropinonyl difluorides 2(a-c).

The pyrolysis stage was carried out in the gas phase by passing dilute vapors of asymmetric diacyl

fluorides 2(a-c) through the pyrolysis zone. The temperatures, diluent composition, and other

reaction parameters are shown in the table.

No
Starting

compound
2

Temperature
(°C) Diluter

Gas
volume
ratios

Volumetric
flow rate
(min. -1)

Conversion
(%)

Selectivity
3a-c (%)

1 2a 295 N2 1/6 2.2 18.5 3a 79
2 2a 300 N2/SO2 (4:1) 1/6 2.2 14.3 3a 83

3 2a 300 Air/H2O
(1000:5) 1/20 6.5 22.5 3a 92
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4 2b 295 N2 1/6 2.2 19.5 3b 85
5 2b 300 N2/SO2 (4:1) 1/6 2.2 15.0 3b 85

6 2b 300
Air/H2O
(1000:5) 1/6 6.5 20.0 3b 85

7 2b 370 N2 1/6 2.2 80.0 3b 85
8 2c 290 N2 1/6 2.2 20.3 3c 83
9 2c 300 N2/SO2 (4:1) 1/6 2.2 14.5 3c 81

10 2c 300 Air/H2O
(1000:5) 1/6 6.5 25.0 3c 89

11 2c 370 N2 1/6 2.2 78.5 3c 32

V. Bardin and H. Frohn's article describes a typical procedure for the preparation of

perfluoro(alkyl vinyl) ethers using PPVE (C3F7OCF=CF2) as an example. This procedure includes

the pyrolysis process (300÷350°C) of the sodium salt of the corresponding acid, which was pre-

dried for 4 hours at 150°C [35].

C3F7OCF(CF3)CO2Na   → C3F7OCF=CF2  (bp 35°С, yield 46%)

The preparation of perfluoro-2-methoxypropionyl fluoride and the synthesis of various

perfluoro(alkyl vinyl) ethers are described in the patent by J. Harris [36]. These substances were

obtained from the corresponding perfluoro-2-alkoxypropionyl fluorides by pyrolysis while passing

through a potassium sulfate layer. Another method for producing ethers consisted in heating the

potassium salts of perfluoro-2-alkoxy-propionic acids previously obtained from perfluoro-2-

alkoxypropionyl fluorides

As an example, this patent shows the synthesis of perfluoro-2-methoxypropionyl fluoride

(bp 10÷12°C) by the reaction of carbonyl fluoride with HFPO (CsF, diglyme, autoclave, -80°C,

75°C, 4 h) with a yield about 70%.

Perfluoro(methyl vinyl) ether (bp -22°С, 60%) was obtained at the next stage by passing

perfluoro-2-methoxypropionyl fluoride through a layer of dry K2SO4 (300°С, the contact time 10

min).

In another example of this patent, it is shown that when using a dry potassium salt of

perfluoromethoxypropionic acid, the yield of vinyl ether was 80% at a lower pyrolysis temperature

(185÷215°C, 24 h). Perfluoro(propyl vinyl) ether (PPVE) was obtained by pyrolysis of the

potassium salt in 79% yield in a similar manner.
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2-Perfluoropropoxypropionyl fluoride was synthesized directly from HFPO in some cases.

In these processes, perfluoropropionyl fluoride was formed in situ by isomerization of the HFPO

molecule in the presence of cesium fluoride or other sources of fluoride ion [29].

Alkylamines can be used for isomerization of HFPO to perfluoropropionyl fluoride in

addition to alkali metal fluorides. The example of such synthesis is given in the article by

N. Ishikawa et al. [37]. HFPO was added to a mixture of tetramethylurea (Me2N)2CO) and diglyme

at - 70°C. The mixture then was brought to room temperature and stirred for 3 hours. The yield of

perfluoro-2-propoxypropionyl fluoride was about 70%.

Perfluoro-2-propoxypropionyl fluoride was obtained by treating HFPO with silver fluoride

or tetraethylammonium iodide in acetonitrile at 0°C in E. Moore's patent [38].

As noted above, the absence water traces during pyrolysis is an important factor for the

preparation of perfluoro(alkyl vinyl) ethers. Perfluoromonohydroalkanes, formed in the presence of

water traces, are by-products in the production of vinyl ethers which reduce their yield [32]. At the

same time, some researchers consider the pyrolysis of salts or fluoroanhydrides of perfluorinated

ether acids in the presence of moisture (or another source of hydrogen ions) as a method for

synthesis hydro-derivatives [39, 40]. The treatment of sodium or potassium salts of perfluorinated

mono- and dicarboxylic acids, most often in ethylene glycol at 120÷170°C, leads to the

decarboxylation products and the formation of terminal mono- and dihydro-compounds.
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