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where a=0-3;
b=Q-3;
provided a+b=2 or 3;
Y=an acid derivative;
X=Cl, I, or Br;
M=OR, F, Cl, Br, I, OA;
A=alkali metal, alkali earth metal, a quaternary ni­

trogen and hydrogen;
Rj and Rfare independently selected from the group

consisting of F, Cl, perfluoroalkyls and fluoro­
chloroalkyls

R=an alkyl having one or more carbon atoms or an
aryl.

M
I

Y-(CFRpa-(CFRpb-O-?F-C=O

CF2X

The invention relates to a process to produce com­
pounds represented by the general formula

by decarboxylation of compounds represented by the
general formula
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1

PREPARATION OF VINYL ETHERS

2
sodium chloride is preferentially, but not exclusively
eliminated. For example

.BACKGROUND OF THE INVENTION ONa
. 5 I

U.S. Pat. No. 3,450,684 teaches the following reac- CICF2-CFCI-CF2-CFCI-CF2-C=O 3;;~. >
lion:

heat>
acti:
vator

IO

U.S. Pat. No. 3,114,778 shows the pyrolysis of

where X is F, CI, H, CF2H, CF2CI or CF3 n is at least
I. 20

U.S. Pat. No. 3,560,568 teaches the following reac­
tion:

to a vinyl ether.
U.S. Pat. No. 4,138,426 shows the pyrolysis reaction

where
Y is -COOR, -COOH, -COOM or -CN
R is an alkyl group of from 1-6 carbon atoms
M is an alkali metal
pislt05
nislt06
British Pat. No. 1,518,387 shows, and claims use of

polymers from as membranes, compounds represented
by the structure

CF2==CFOCF2(CFXOCF2)J(CFX')m(CF20CFX" ­
)n-A where I is 0 to 3; m is 0 to 6; n is Oto 4, and one
of! and n is notO; X,X' and X" are the same or different
and respectively represent F Of CF3; A represents
-C"""N, COF, COOH, COORI, COOM and
CONR2R3 and RI represents CI.1O alkyl group, R2 anq
R3 each represent a hydrogen atom or a CI-IO alkyl

50 group and M represents an alkali metal or a quaternary
ammonium group.

Compounds, such as

40

30
o 0
,~

s
/ "-CFX CF-CF3

I I
CF2-0

where X is F or CF3 35
U.S. Pat. No. 3,282,875 teaches that compounds rep­

resented by the general formula

may be pyrolyzed at 200°-600° C. in the presence of a 45
solid catalyst to compounds represented by the general
formula

60 are shown as prepared by the addition of two equiva­
lents of hexafluoropropylene oxide to one equivalent of

where
M is a radical selected from the group consisting ofF, 55

OH, amino, OMe
Me is an alkali metal radical, or a quaternary ammo-

nium radical
Z is ForOX
X is an alkali metal
X is F or CF3
nislt03
J. E. Fearn, et al teach in the Journal of Polymer

Science, Vol. 4, Part A-I, p. 131-140, (1966) "Polymers 65
and TerPolymers of Perfluoro-l,4,-pentadiene", that in
the pyrolysis of the sodium salts of carboxylic acids
which contain fluorine and chlorine in the beta position,

o
II

CH30CCF2CF2CF20CFCF20CF=CF2
I
CF3



4
a 5 or 6 membered ring can be formed by displacing that
leaving group from Y with the intermediate nucleo­
philic carbanion, then the 5 or 6 member ring would be
the expected product. It is well known that because of

5 the proximity of reactive groups involved in forming 5
or 6 membered rings and the stability of these rings, that
formation of the rings is highly favored.

During the decarboxylation reaction of U.S. Pat. No.
10 3,560,568 the following sequence is expected to occur

which forms areactive carbanion intermediate accord­
ing to the following and then cyclizes to a cyclic sulfone
from that intermediate.

4,358,412

o
II

CH30CCF2CF2CF20CF=CF2

BRIEF DESCRIPTION OF THE INVENTION

Compounds represented by the general formula

3
followed by decarboxylation to the vinyl ether. Com­
pounds derived from the addition of one equivalent of
the epoxide such as

are excluded by the general structure shown above.
R. D. Chambers, in his book, Fluorine in Organic

Chemistry, published by John Wiley & Sons, 1973, pages
211-212, teaches that carboxylic acid derivatives may
be converted to olefins. The conversion is taught to
involve the loss of carbon dioxide and formation of an
intermediate carbanion. The intermediate then looses
NaF to form the resulting olefin. 15

Y-(CFRprlCFRj)f,-O-CF=CF2 20 Na+
[FS02-CF2-CF2-0-CFe-CF3)~

are prepared by decarboxylation of compounds repre­
sented by the general formula

M
I

Y-(CFRpa-(CFRj?b-O-yF-C=O

CF2X

25

o 0
~~

S
/'-

CF2 CF-CF3
I I
CF2-0

Based upon the known art, one would expect to pro- 50
duce cyclic compounds by decarboxylating compounds
represented by the general formula

In this intermediate there is located a nucleophile (the
30 carbanion) in a position such that formation of l!- 5 mem­

bered ring is possible by reaction of the c;irbanion with
the sulfur, displacing F, to form NaF. This ring forma­
tion is shown by the patent and is confirmed by our

35 comparative Example 1.
Ring formation is expected not only with FSOz but

with other groups which fit the above description. For
example, it is well known that carboxylic acid halides
and phosphonic acid halides and esters readily react
with nucleophiles such 'as OH-, or carbanions, such as
methyl lithium, displacing the halide or alkoxide from
the carbonyl or phosphoryl.

However, it has been unexpectedly found that a lin­
ear olefin results when X is CI, I, or Br, as opposed to
the prior art where X was F.

The following compounds do not form rings during
decarboxylation, although ring formation would be
expected, but rather, they form linear, vinyl ether mon­
omers useful in polymer synthesis, as shown by the
following reaction:

DETAILED DESCRIPTION OF THE
INVENTION

where
a=0-3
b=0-3
provided a+b=2 or 3
Y is an acid derivative
X=Cl, Br, or I
M=OR, F, Cl, Br, lor OA
A = alkali metal or quaternary nitrogen salt or hydro­

gen
Rj and Rfare independently selected from the group

consisting of F, Cl, perfluoroalkyl and chlorofluoroal- 40
kyl

R is an alkyl group having one or more carbon atoms
or aryl.

The decarboxylation is carried out at from about 50°
C. to about 60° C. An activator such as a base, ZnO, 45
silica or other known activators may be used.

M
I

Y-(CFRPa-(CFR'Pb-O-yF-C=O

CF2X

M
I

Y(CFRpa-(CFRj?b-O-CF-C=O~
55 I

CF2X

Y(CFRp.{CFRj?bOCF=CF2

60 where
a=0-3
b=0-3
provided a+b=2 or 3,
Y is an acid derivative,
X=CI, Br, I,
M=OR, F, Cl, Br, I or OA,
A=alkali metal, alkali earth metal, quaternary nitro­

gen, or hydrogen;

when Y is an acid derivative having a group displace­
able by a nucleophile and when a+b=2 or 3.

This is the case as shown by U.S. Pat. No. 3,560,568
which shows ring formation when Y-FSOz,
R.t=Rj=F, X=F and a+b=2.

It is generally accepted (see Chambers) that decar­
boxylations of acids or derivatives to olefins involves 65
loss of carbon dioxide to form an intermediate carban­
ion. When Y contains a leaving group which can be
displaced by a nucleophile, and a+b=2 or 3 such that



6
resulted when decarboxylation

o 0
~~s

CF/ "CFCF alcoholic>
I 2 I 3 base(KOH)

CF2-0

The cyclic sulfone starting material is prepared by
decarboxylation of

of cyclic compounds
reactions were used.

There is one reported method to prepare the com­
pound FS02CF2CF20CF=CF2 (U.S. Pat. No.

5 3,560,568). In this patent is taught the following se­
quence:

4,358,412
5

RJ and Rfare independently selected from the group
consisting of F, CI, perfluoroalkyl and chlorofluoroal­
kyl,

R is an alkyl group having one or more carbons or
aryl.

Even though all ring-forming conditions are met,
reaction site on Y for displacement and 5 or 6 mem­
bered ring formation, reaction occurs to produce the'
olefin substantially completely. Substantially complete
formation of olefin, rather than cyclic compounds, by 10
NaX elimination, particularly NaCI, is indeed surprising
and unexpected.

The decarboxylation is conducted according to
known methods, such as those taught by Chambers. For
example, the decarboxylation temperatures may be 15
from about 50· C. to about 600· C. The decarboxylation
reaction may be conducted in the presence of an activa­
tor. The activator may be a base such as sodium carbon­
ate or ZnO, silica or other known activators.

Optionally, a dispersant may be used to enhance the 20
decarboxylation reactions. Suitable dispersants should
be unreactive and may include such materials as tetra­
glyme, diglyme or glyme.

It is particularly convenient to use a slurry of Na2- 25
C03 in the above dispersants for the decarboxylation
reactions.

[n general formula, Y is an acid derivative. For exam­
ple, Y may be

30

S02Z, p=o or c=o
I I

(Z)2 Z
x = F, Rf= Rj= F, a + b = 2).

where Z is a leaving group such as OR, F, CI, Br, or I 35
and R is an alkyl radical having one or more carbon
atoms or an aryl radical.

[n the general formula, M may be OR, F, CI, Br, I or
OA where A is hydrogen, an alkali metal or a quater­
nary nitrogen and R is an alkyl radical having one or 40
more carbon atoms or an aryl radical.

Rf and RJ in the general formula, may be indepen­
dently F, CL or a perfluoroalkyl or a chlorofluoroalkyl
containing from one or more carbon atoms. a and b may
independently represent an integer of 0 to 3, inclusive, 45
provided that a+b is equal to 2 to 3.

In addition to unexpectedly forming vinyl ether com­
pounds rather than cyclic compounds, it is also surpris­
ing that there is not evidence of formation of X substi­
tuted olefins. In the decarboxylation reaction either 50
NaX can be eliminated to form -OCF=CF2 of NaF
can be eliminated to form -OCF=CFX. While it is not
surprising that elimination of NaX predominates, it is
surprising, particularly when X=CI, to have substan­
tially exclusive elimination of NaX. Fearn reports the 55
preferential elimination of chloride from pyrolysis of
sodium salts of carboxylic acids which contain both
fluorine and chlorine in the {3 position, but not exclusive
elimination of chloride. Fearn actually isolated some of
the product resulting from fluoride elimination. No 60
evidence, by LR., Mass Spectrocopy or FI9 NMR, has
shown indications of NaF elimination in the decarboxy­
lation reactions of the present invention.

The discovery described herein represents a marked
improvement over methods of the prior art for produc- 65
Ing acid derivative functional vinyl ethers having three
or four atoms, inclusive, between the functional group
and the vinyl group. As discussed previously, formation

Clearly, all of the steps shown by the above sequence
are in addition to the reaction of the present invention.
The same reaction as used for making the starting cyclic
sulfone for the above sequence is the only reaction
required for making the desired vinyl ether monomer in
the present invention.

It is important to have the sulfonyl fluoride group in
the vinyl ether monomer rather than having the sulfur
present as sulfonic acid or the acid salt. Polymers and
copolymers with other vinyl monomers made from the
sulfonyl fluoride form of the monomer, and hence hav­
ing the sulfonyl fluoride in the resulting polymers, are
thermoplastic and can thus be fabricated into films,
pellets and the like by conventional plastic fabrication
techniques such as melt extrusion. Once fabricated, the
polymers can then be hydrolyzed, with base, to the
sodium salt of the acid which can then be easily con­
verted to the sulfonic acid with a variety of commercial
acids such as HCI, HN03, H2S04, and the like. Repre­
sentative of these conversions are:

These materials, in the acid and salt forms, are ex­
tremely useful as solid acid catalyst and ion exchange
membranes, particularly as membranes in electrolytic
chlor-alkali cells.

Preparation of the polymers with the monomer in the
acid or salt form results in polymers with the functional
group in the same form and renders the polymers essen­
tially unfabricatable by conventional fabrication tech­
niques.

The above arguments apply equally well when
Y=COZ and PO(Zh. The fact that it is desirable to
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15 by VPC were added dropwise over a 3 hour period
with evolution of C02. The reflux condenser was re­
moved. The reactor was heated to 78° C.-80° C. while
maintaining a slight N2 sweep through the reactor to
remove the product. 15.69 grams were recovered in the

20 first cold trap and 0.6 grams in the second. The product
was analyzed by VPC and IR. Conversion of the

7
have Z equal halogen, OR or the like so that thermo­
plastic polymers can be formed, fabricated and then
easily converted to the acid or salt form means that Z
must be a leaving group. Formation of the vinyl ether
monomers by decarboxylation and having the proper- 5
ties provided by Z in the polymers as discussed above
are mutually exclusive when X-F. The values pro­
vided for X in the present invention allow formation of
the monomers by the one, simple, decarboxylation step 10
and provide all of the desirable properties for the subse­
quently formed polymers.

EXAMPLES

EXAMPLE 1

300 ml of dry tetraglyme and 62.2 grams anhydrous
Na2C03 were added to a 1000 ml 3 neck flask equipped
with a magnetic stirrer, thermometer, reflux condenser
and an inlet port. Two _78° C. cold traps were located
in series downstream of the reflux condenser. 154 grams
of product containing 92.1 %

8

COMPARATIVE EXAMPLE 1.

100 ml of tetraglyme and 9.84 gms anhydrous Na2­
C03 were added to a 500 ml 3 neck flask equipped with
a magnetic stirrer, thermometer - 78° C. reflux con­
denser, and a dropping funnel. Two - 78° C. cold traps
were located in series downstream of the reflux con­
denser. 29.35 grams of product analyzing 84.4%

FS02CF2CF20-CFCFO
I
CF2CI 25

FS02CF2CF20CFCFO
I
CF3

The product was believed to be the sulfone

was essentially complete giving a yield of 77% to a
product which was not a fluorosulfonylperfluoro vinyl
ether. IR analysis showed bands as follows:

o
-S-

O

o
-S­

O

Wave No. (em-I)

IIso

1360

as identified by GCMS and VPC analyses were added
dropwise. There was a slight temperature rise from 22°
C. to about 35° C. over the period during the addition. 30
Temperature of reactor was increased to 82° C. At this
temperature there was obtained considerable reflux.
The reflux condenser was removed and the product
collected in the cold traps. The temperature was raised
to 150° C. with the system under vacuum. 80.5 gms of 35
the product was collected in first cold trap and 1 gm in
the second. The product was analyzed by VPC and IR.
Essentially all of the starting material had reacted. The
yield to the n-o product (FS02CF2CF20CF=CF2)
was 70.6% as a product analyzing 95% FS02CF2C- 40 B_.P_t_.-_80_·_C_. _
F20CF=CF by VPC. IR analysis showed bands as
follows:

o
/"CF2 CFCF3

I I
CF2-S02

o 0
II ~

CH30CCF2CF20CFC is reacted

I "F
CF2Cl

Using a procedure similar to Example I,

with a slurry of sodium carbonate in tetraglyme. After
liberation of carbon dioxide,

451830 wave no. (em-I)
1460 wave no.
1240 wave no.
8IO wave no.

Vinyl Ether
- S02F
-S02F
-SF
VPC

B. PI. = 75·-76· C. 3 6 56
-------------------- 50 described in U.S. Pat. No. ,5 0, 8.

EXAMPLE 2A direct titration of the unsaturation in the above
product with Br2 in CCl4 was done to further confirm
the structure. Twenty milliliters of CCl4 solution con­
taining 2 g Br2 was made up as titrant. Two grams ofthe 55
monomer was dissolved into 5 ml CCl4 and titrated at
ambient temperature to the point of color persistance.
The titration required 10.9 ml of the bromine solution or
0.0068 moles of bromine. The apparent molecular
weight of the monomer is then (2 g)/(0.0068) mo- 60
les=293.6 or a difference from the proposed structure
of

293'~80 280 X 100 = 5.4%.
65

o
II

CH30CCF2CF20CF=CF2
This value is in excellent agreement with the purity
indicated by VPC analysis: is distilled from the reaction medium.



in the presence of an activator when M=OR, F, CI, Br
or I and at a temperature of from about 50· C. to about
600· C. for a time sufficient for said decarboxylation to

10 occur where:

9

EXAMPLE 3

By the same procedure as Example 2,

4,358,412

5

10

M
I

Y(CFRpa-(CFR'pb-O-CF-C=o
I
CF2X

is decarboxylated to yield the vinyl ether
X=CI,IorBr;

15
Y = SQzZ, p=o or c=o;

I I
(Zh Z

EXAMPLE 4

25
is reacted with a slurry of sodium carbonate in tetra­
glyme using conditions as described in Example 1.
The linear vinyl ether,

20

30

RJ and Rfare independently selected from the group
consisting of F, CI, perfluoroalkyl radicals and
fluorochloroalkyl radicals;

Z=OR, F, CI, Br or I;
a=0-3;
b=0-3;
a+b=2 or 3;
M=OR, F, CI, Br, lor OA;
A is selected from the group consisting of alkali met­

als, alkali earth metals, quaternary nitrogen and
hydrogen; and

R=an alkyl containing one or more carbon atoms or
an aryl.

2. The method of claim 1 where Y is S02Z, Z=F,
RpRJ F, and X=C1.

3. The method of claim 1 where

35
EXAMPLE 5

is distilled from the reaction medium.

• • • • *

o
~y=c
"'­OR

. 40 RpRJ F and X=Cl.
4. The method of claim 1 where Y PO(OR)z,

RpRJ F.
5. The method of claim 1 where Y=S02F,

RpRJ F, X=CI and a+b=2.
6. The method of claim 1 wherein decarboxylation is

carried out in the presence of an activator when
M=OA.

7. The method of claim 1 where the activator is se­
lected from the group consisting of sodium carbonate,

50 ZnO and silica.
8. The method of claim 7 where the activator is so­

dium carbonate.
9. The method of claim 1 carried out in the presence

of a dispersant.
55 10. The method of claim 9 where the dispersant is

selected from the group consisting of tetraglyme, di­
glyme, glyme and a sodium carbonate slurry.

11. The method of claim 1 wherein the decarboxyla­
tion is carried out at a temperature of from about 50· C.

60 to about 150· C.

o
~

FS02CF2CF20CFC-ONa,
I
CF2Cl

which comprises decarboxylating

in methanol, is titrated with two equivalents of sodium
hydroxide. Evaporation of the solvent gave, as a solid 45
residue,

which was then pyrolyzed to give FS02CF2C­
F20CF=CF2·

We claim:
1. A method of preparing compounds represented by

the general formula:
Y(CFRtl.,-{CFR'ptr-O-CF=CF2

65
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