RGN e

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

B et 1 e TR RAER N NS DSy
PTG, by B W

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : (11) International Publication Number: WO 91/11420
C07C 43/17, 29/147, CO8F 16/04 Al (43) International Publication Date: 8 August 1991 (08.08.91)
(21) International Application Number: PCT/US91/00098 | (81) Designated States: AT (European patent), BE (European

(22) International Filing Date: 14 January 1991 (14.01.91)

(30) Priority data:
473,083 31 January 1990 (31.01.90) US
592,172 9 October 1990 (09.10.90) Us

(71) Applicant: E.J. DU PONT DE NEMOURS AND COM-
PANY [US/US]; 1007 Market Street, Wilmington, DE
19898 (US).

(72) Inventor: HUNG, Ming-Hong ; 2524 N. Lori Lane, Wil-
mington, DE 19810 (US).

(74) Agents: SIEGELL, Barbara, C. et al.; E.I. du Pont de Ne-
mours and Company, Legal/Patent Records Center,
1007 Market Street, Wilmington, DE 19898 (US). -

patent), CA, CH (European patent), DE (European pa-
tent), DK (European patent), ES (European patent), FR
(European patent), GB (European patent), GR (Euro-
pean patent), IT (European patent), JP, LU (European
patent), NL (European patent), SE (European patent).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: HYDROXY CONTAINING FLUOROVINYL COMPOUNDS AND POLYMERS THEREOF

(57) Abstract

Novel hydroxy containing fluorovinyl ethers, polymers of hydroxy containing fluorovinyl ethers, copolymers of selected
hydroxy containing fluorovinyl ethers, a process for reducing ester containing fluorovinyl compounds to the corresponding alco-
hol with borohydrides, and a process for polymerizing hydroxy containing fluorovinyl ethers are disclosed.




applications under the PCT.

AT
AU
BB
BE
BF
BG
BJ

BR
CA
CF
CG
CH
CI

(o7}
Cs

DE
DK

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Brazil

Canada
Central African Republic
Congo
Switverland
Cate d’voire
Cameroon
Czechoslovakia
Germany
Denmark

Fl
FR
GA

GN
GR
HU

Jp
KP

KR
LI
LK

MmMcC

Spain

Finland

France

Gabon

United Kingdom
Guinea

Greece

Hungary

ftaly

Japan

Democratic People’s Republic
of Korea
Republic of Korca
Liechtenstein

Sri Lanka
Luxcmbourg
Monaco

Madagascar
Mali
Mongolia
Mauritania
Malawi
Netherlands
Norway
Poland
Romania
Sudan
Sweden
Senegal
Sovict Union
Chad

Togo

United States of America

-

-

-



WO 91/11420 PCT/US91/00098

IITLE
HYDROXY CONTAINING FLUOROVINYL COMPOUNDS
AND POLYMERS THEREOF
5 EIELD OF THE INVENTION

A process for'reddging ester‘éontaining fluorovinyl
compounds to the corresponding alcohol with alkali metal’
borohydrides, selected novel hydroxy containing
fluorovinyl ethers, novel polymers of hydroxy containing

10 fluorovinyl ethers, a process for making such polymers
and novel copolymers of selected hydroxy containing
fluorovinyl ethefs are provided.

BA ND OF THE INVE
Japanese Patent 85602418'reports the synthesis of

15 7,7-dihydro—7-hydroxy(perfluoro%3roxehepten-1) by
chlorinating the methyl ester of perfluoro(3-oxa-1-
heptenoic acid), reduction of the chlorinated product
with NaBHs to give'the'coriesponding'alcohol, and then
reaction of the aicohol with‘zinc metal to regenerate

20 the vinyl ether, whlch is the de51red product. It is
reported that this compound can be free radically
copolymerized with at least one other fluorinated
monomer, and optionally non-fluroinated monomers, to
form useful polymers. »

25 U. S. Patent 4,564,717 reports the synthesis of
compounds of the formula CF2=CF(CF2)m(CH2)nOH wherein m
is an integer from ‘0 to 10 and n is an integer of 1 to
4. BAmong the methods of preparation described, is the
reduction of the compound CF2x1CFX2CcmOOR (sic) wherein

30 R is alkyl and %! and X2 are chlorlne or bromine, by
various reducing agents 1nclud1ng alkali metal
borohydrides. The olefin is then produced by
dehalogenation of the alcohol with a metal such as zinc.
In essence, in both this and the previous reference, the

35 double bond has been "protected" by halogenating it
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"(with chlorine or bromine) before the reduction step,
and dehalogenating after the reduction step.

European Patent Application 135,917 discloses
copolymers of vinylidene fluoride with a compound of the
formula CF2=CF (CF2)m(CH2)nOH where m is 0 to 10 and n is
1-4, and optionally another fluorinated termonomer.
Polymers of hydroxy containing fluorovinyl ethers are
not mentioned.

European Patent Application 199,138 reports
preparation and polymerization (with other fluorine
containing olefins) of the compound
CF2=CFO (CF2CFYO) n (CF2CF2CH20) nCF2CF2CH2X, wherein X is
hydrogen or halogen, Y is fluorine or -CF3, m is an
integer of 0 to 5 and n is 0, 1 or 2. No mention is
made of a hydroxy group being present.

It is one object of the present invention to
provide a simplified method for the production of
hydroxy containing fluorovinyl compounds by the alkali
metal borohydride reduction on the corresponding esters.
It is an additional object to conduct the reduction
process so protection of the double bond, as by
halogenation, is unnecessary.

A further object of the invention ié to
homopolymerize hydroxy containing fluorovinyl ethers
using anionic catalysts. It is an additional object to
disclose polymers resulting from the polymerization of
hydroxy containing fluorovinyl ethers.

Finally, it is also an objective of this invention
to provide certain novel hydroxy containing fluorovinyl
ethers and their copolymers with selected monomers.

These and other objects are achieved by the
invention disclosed in the below specification and in
the appended claims. -
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This invention concerns é process for the
production of hydroéxy c@ﬁtaining fluorovinyl compounds,
comprising, contacting in a solvent an alkali metal

5 borohydride with a comﬁound of the formula CF2=CFRCOsR2
wherein R! is a covalent bond, a perfluoroalkylene group
and -OR3- wherein R3 is §5perfluorca1kylene group, and R2
is hydrocarbyl or“substi%utéd hydrocarbyl. This
invention further conéérhs hydroxy containing

10 fluorovinyl ethers of the formula
CF2=CF [OCF2CF (CF3) 1n (0) p(CF2) mCH20H wherein p is 0 or 1,
m is 0 to 10 and n is 1 to 20, provided that when m is
0, p is 0, andffurther'providEd that when m is greater
than 0, p is 1. Also,&§5closed is a process for

15 polymerizing hydroxy cdh%aining fluorovinyl ethers,
comprising, contacting a base with one or more hydroxy
fluorovinyl ethers of the formula CF=CFORYCF2CH20H,
wherein R% is perfluoroalkylene. 2 polymer consisting
essentially of the repeét formula -[CF2CFHOR4CF2CH20]~-,

20 wherein RY is perfluoroalkylene. Also disclosed is a
copolymer containing the hydroxy containing repeat unit

- [CF2-CF]~-
' Lpocncr' (CF3) 15 (0) p (CF2) nCH20H
25 - o
wherein p is 0 or 1, m is 0 to 10 and n is 1 to 20,
provided that when m is 0, p is 0, and further provided
that when m is greater than 0, p is 1, with other
selected repeat units. '
30 DETAILS OF THE INVENTION
In accordanbe‘with”the présent invention, there is
provided a process for the production of hydroxy
containing fluorovinyl compounds, comprising, contacting
in a solvent an alkali metal borohydride with a compound
35 of the formula CF2=CFR1CO2R? wherein R! is selected from
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wherein R3 is a perfluoroalkylene group, and R2 is
hydrocarbyl or substituted hydrocarbyl.

By "perfluoroalkylene group" herein is meant a
bivalent saturated radical regarded as derived from a
perfluorinated alkane by the removal of two fluorine
atoms from different carbon atoms. The
“"perfluoroalkylene group" may also contain oxygen atoms
between alkylene segments, to form one or more ether
groups in each perfluoroalkylene group. 7

By "substituted hydrocarbyl" herein is meant any
substituent in a hydrocarbyl group that will not
interfere with the reduction reaction. However, even
substituents that react with the alkali metal
borohydrides hay be present, provided enough borohydride
is added to reduce the ester to the alcohol.

Preferred alkali metal borohydrides are lithium
borohydride, sodium borohydride and potassium
borohydride. The molar ratio of borohydride to esterris
about 0.3 to about 1.2, preferably about 0.4 to about
0.8.

It is preferred that the solvent is an alcohol.
Preferrea alcohols are methanol and ethanol.

The process is carried out at about -10 to about
+30°C, preferably about 0 to about 15°C and most
preferably about 5 to about 10°C. External cooling may
be needed to maintain the correct temperature.

Any substantial amount of water should be excluded
from the reaction, and it is convenient to carry out the
reaction under an inert atmosphere such as hitrogen, in
order to exclude moisture. Starting materials should be
substantially dry. Agitation is preferred during the
reaction, and it is preferred if the agitation is

vigorous for efficient mixing.
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- Products may be isolated by standard techniques
well known to those skilled in the art, such as
distillation. Such techniques are illustrated in the
Examples.

Typical procedures for preparing compounds of the
formula CF2=CFRICO2R? are found U. S. Patent 4,275,226;
R. Sullivan in J. Org. Chem., vol. 34, pp. 1841-1844
(1969); U. S. Patent 4,281,092; and U. S. Patent
4,138,426.

In preferred embodiments R! is -OR3-, wherein R3 is
-(CF2)y~, wherein y is 2 to 10; or Rl is -OR3- wherein R3
is =[CF2CF(CF3)0]x(CF2),-, wherein z is 1 to 10 and x is
1 to 20; or Rl is perfluoroalkylene; or R! is a covalent
bond. In an especially preferred embodiments Rl is
-(CF2) g~ wherein q is 1 to 10; or x is 1 and z is 2. In
a preferred embodiment of the process R2 is alkyl, and
it is especially preferred if R2 is alkyl in combination
with any of the preferred embodiments of Rl. Unless
otherwise noted, all numerical ranges that refer to
chemical formulas herein, represent integers throughout
those particular ranges, and not fractional values.

The hydroxy containing fluorovinyl compounds
produced by the above process are useful as monomers in
polymerization, and may be homo- or copolymerized
(infra).

Also disclosed are hydroxy containing fluorovinyl
ethers of the formula CF2=CF[OCF2CF(CF3)]n(O)p(CFz)mCHon
wherein p is 0 or 1, m is 0 to 10 and n is 1 to 20,
provided that when m is 0, p is 0, and further provided
that when m is greater than 0, p is 1.

In a preferred embodiment of the hydroxy containing
fluorovinyl ethers n is 1 to 5, p is 1 and m is 2 to 10.
In the most preferred embodiment n is 1, P is 1 and m is
2.
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Also disclosed is a process for polymerizing
hydroxy containing fluorovinyl ethers, comprising,
contacting a base with one or more hydroxy fluorovinyl
ethers of the formula CFo=CFOR4CF2CH20H, wherein R? is

5 perfluoroalkylene.

' The polymers produced by this process are described
below. ,

The polymerization process is preferably carried
out in a solvent, preferably a polar but nonprotic

10 solvent. Such solvents are well known to those skilled
in the art, and include, but are not limited to N,N-
dimethylformamide, dimethylsulfoxide, N,N-dimethyl-
acetamide, tetrahydrofuran, the glymes, etc. N,N-
dimethylformamide is preferred. Protic solvents,

15 particularly those that contain a proton more acidic
than the hydroxy group in the hydroxy containing '
fluorovinyl ethers should be avoided. The solvents, and
indeed all starting materials should be substantially
free of water.

20 The base used in the process should be one whose
conjugate acid is less acidic than the hydroxy proton in
the hydroxy containing fluorovinyl ether. The base
should also be at least slightly soluble in the reaction
medium, so that reaction may be affected. Such bases

25 are well known to those skilled in the art, and include,
but are not limited to alkali metal alkoxides, alkali
metal hydrides, amines, etc. Alkali metal alkoxides are
preferred, and potassium t-butoxide is especially
preferred. The molar ratio of hydroxy containing

30 fluorovinyl ether to base is about 5 to about 100,
preferably about 8 to about 50, most preferably about 10
to about 25. '

‘The process is run at a temperature of about -10°
to about +100°C, preferably about 0° to about 50°C, most
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éreferably about 10° to about 30°C., Agitation of the
reaction mass is preferred to mix separate phases.

The product polymers may be isolated by techniques
well known to those skilled in the art, such as
evaporation of solvent. Such téchniques are illustrated
in the Examples. i '

In preferred hydroxy containing fluorovinyl ethers
used in the process R? is -(CFz)s=, wherein s is 1 to 10;
or RY is - [CF2CF (CF3)0]¢ (CF2) 4=, wherein u is 1 to 10 and
t is 1 to 20. 1In an.especially‘preferred embodiment t
is 1 and u is 1, or s is 2.

A polymer consisting essentially of the repeat
formula —[CFZCFHOR4CF2CH20]—, wherein R4 is
perfluoroalkylene. :

In preferred polymers R? is -(CFz),-, wherein s is
1 to 10; or R4 is ~[CF2CF (CF3)0l¢ (CF2)y—, wherein u is 1
to 10 and t is 1 to 20. In an especially preferred
embodiment t is 1 and u is 1, or s is 2.

These polymers are useful as lubricants, lubricant
precursors, macromonomers and coatings. These polymers
are made by the process described immediately above.

A copolymer comprising the hydroxy containing
repeat unit '

- [CF2-CF]~ )
CF2CF (CF3) 11 (0) p (CF2) mCH20H

wherein p is 0 or 1, m is 0 to 10 and n is 1 to 20,
provided that when m is 0, p is 0, and further provided
that when m is greafer than 0, p is 1, and one or more
other repeat units.

Such a repeat unit,”which has a hydroxy contained
within it, is useful as a reactivg site along the
polymer chain to accomplish processes such as
crosslinking, or may change the surface characteristics
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'of a polymer while leaving the bulk properties

relatively unchanged. Thus in many cases the above
repeat unit will be present in the polymer in only
relatively small amounts, about 0.001 to about 30 mole
percent, preferably about 0.05 to about 15 mole percent.
It is especially useful in crosslinking relatively
unreactive polymers, such as fluoropolymers. Thus it
can be incorporated into polymers'containing repeat
units derived from monomers selected from the group
consisting of tetrafluoroethylene; hexafluoropropylene
and vinylidene fluoride; hexafluoropropylene, vinylidene
fluoride and tetrafluoroethylene; ethylene and
vinylidene fluoride; perfluoro (methyl vinyl ether) and
tetrafluoroethylene; perfluoro(methyl vinyl ether) and
hexafluoropropylene; chlorotrifluoroethylene} ethylene
and chlorotrifluoroethylene; vinylidene fluoride;
tetrafluoroethylene and propylene; tetrafluoroethylene
and ethylene; tetrafluoroethylene and
hexafluoropropylene; perfluoro-2,2-dimethyl-1,3-dioxole;
perfluoro-2,2-dimethyl-1,3-dioxole and tetrafluoro-
ethylene; vinyl fluoride; tetrafluoroethylene and
perfluoro[2-(fluorosulfonylethoxy)propyl vinyl ether];
and vinyl acetate and tetrafluoroethylene. In the
immediately above listing of monomers, each of the
monomer (s) between the semicolons represents a specific
copolymer of the hydroxy containing fluorovinyl ether
with that particular monomer or combination of monomers.
By "incorporated into polymers" in the sentence above is
meant that when the above polymers (and others not
specifically mentioned) are formed by free radical
polymerization, the appropriate amount of hydroxy
containing fluorovinyl ether monomer is added to the
polymerization reaction to be copolymerized with the
other monomer(s). It will be noted that the polymers
above contain fluoromonomers. The term fluoromonomers

o
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means a monomer containing a vinyl group to which at
least 1 fluorine atom is directly bound (i.e. has one or
more vinylic fluorine atbms).n Copolymers of the hydroxy
containing fluorovinyl ethers with fluoromonomers, and

5 optionally other monomers, are preferred. Also
preferred are copolymers with vinyl esters, and
especially preferred is vinyl'écetate. Such polymers
are useful for example, as molding resins (when plastic)
and elastomers (where the "base" pblymer is an

10 elastomer).

These copolymers can be made by methods well known
to those skilled in the art. Further illustrations of
typical polymerizations.%rocesSeé are given in the
Examples.

15 In the following Examples, the following
abbreviations and terms are used:

t-BuOK - potassium t-butoxide

dispersion factor - weigﬂf average molecular
weight/number average molecular weight

20 DMF - N,N-dimethylformamide

DSC - differential scanning calorimetry

EtOH - ethanol

EVE - methyl perfluoro(4,7-dioxa-5-methylhept-8-
enoate) . '

25 EVE alcohol - perfluoro(9,9-dihydro-9-hydroxy-3, 6~
dioxa-5-methylnon-l-ene)

F-113 - 1,1,2-trichloro-1,2,2-trifluoroethane

GPC - gel permeation chromatorgraphy

PDD - perfluoro(2,2-dimethyl-1l,3-dioxole) (Can be

30 made by methods described in U.S. Patents 3,865,845,
3,978,030 and 4,393,227)

PMMA - poly(methyl methacrylate)

TFE - tetrafluoroethylene

Tg - glass transition temperature
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Tm - melting temperature
VAc - vinyl acetate
EXAMPLE 1
Preparation of 9,9-Dihydro-9-hydroxy-perfluoro-(3, 6- .
dioxa—s-methyl-l—nonene)(CF2=CFO—CF2CF(CF3)O-CF2CF2-
CH20H) :

To a dry flask was charged EVE (211 g, 0.50 mole)
in absolute ethanol (300 ml) with a magnetic stirring
bar. Sodium borohydride (11.34 g, 0.30 mole) was added
slowly from a solid addition funnel. The reaction was
somewhat exothermic and the reaction pot was kept at
< 10°C by external cooling. After the addition of
sodium borochydride was completed, the reaction mixture
was stirred for 1 hr at room temperature. The pot
mixture was then dumped into an ice water (600 ml)/6N
HC1 (600 ml) mixture. The bottom product layer was
separated, washed with water and distilled to give the
desired product as a clear, colorless liquid. Bp.
68°C/25 mmHg. Yield: 168.7 g (85.6 %). H-1
NMR(CDC13): 4.00 (dt, J = 1.0 Hz, 13.5 Hz, 2H), 2.12
(s, br, 1H ); F-19 NMR (CDCl3, F-11 internal standard):
-80.4 (s, br, 3F), -84.2 (s, br, 2F), -85.3 (m, bxr, 2F),
-126.6 (t, J = 14 Hz, 2F), -145.7 (t, J = 21.8 Hz, 1F),
-113.4, -113.7, -113.8, -114.2 (4s, 1F), -121.6, -112.1,
-122.2, -122.7 (4t, J = 5.2 Hz, 1F), -135.3, -135.6,
~135.9, -136.2 (4t, J = 5.8 Hz, 1F).

EXAMPLE 2
Preparation of 9,9-Dihydro-9-hydroxyperfluoro-(3, 6-
dioxa-5-methyl-l-nonene)

EVE (21.1 g, 0.05 mole) was dissolved in absolute
ethanol (15 ml) at 0°C. In a separate flask was charged
sodium borohydride (1.15 g, 0.03 mole) in absolute
ethanol (20 ml) at 0°C. The NaBH4/EtOH solution was
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added slowly into EVE/EtOH solution while the pot

temperature was kept between 0 to 5°C. After addition,
the reaction mixture was stirred for 15 min at room
temperature. . The prodﬁct was worked up as described in
Example 1 and distilled to give the clear, colorless
product 11.7 g (59.4% yield) as a liquid. Bp.

70°C/25 mmHg.

EXAMPLE 3
Preparation of 7,7-Dihydro-7-Hydroxyperfluoro(3—Oxa-1-
Heptene) (CF2=CFO-CF2CF2CF2-CH20H) : '

To a dry flask was charged methyl perfluoro (5-oxa-
6-heptenoate) (61.2 g, 0.2 mole) in absolute ethanol
(120 ml). Sodium borohydride (4.54 g, 0.12 mole) was
added slowly into the reabtion solution via a solid
additional funnel while the temperature was kept at
about 10°C. The mixture was allowed to stir at room
temperature for 1 hr after the addition of NaBH4 was
completed. The mixture was then dumped into ice
water/6NHC1l (1:1 v/v, 500 ml) and worked up. The
product was isolated by final distillation. 47.6 g
(85.6% yield) of the deéired product was obtained as a
clear, colorless liquid.‘ Bp. 54-55°C/30 mmHg. H-1 NMR
(CDCl3): 4.10 (t, J = 14.5 Hz, 2H); 2.65 (s, br, 1H);
F-19 NMR (188.24 MHz, CDCl3): =85.7 (m, 2F), -123.4 (m,
2F), =127.6 (s, br, 2F), -113.7, -114.1, -114.2, -114.5
(4m, 1F), -121.8, -122.3, =122.4, -122.9 (4t, J = 5.6
Hz, 1F), -134.9, -135.2, -135.5, -135.8 (4t, J = 5.6 Hz,
iF).

EXAMPLE 4
Homopolymerization of CF2=CFO~CF2CF (CF3) O~CF2CF2-CH20H:
Potassium t-butoxide (0.112 g, 0.001 mole) was
dissolved in N,N-dimethyl formamide (DMF) (10 ml) and was
cooled to 0°C. The title vinyl ether alcohol (7.88 g,
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0.02 mole) in DMF (4 ml) was added slowly into the above

solution via syringe. The reaction was maintained
between at 10 to 25°C via external cooling. After the
addition was finished, the mixture was stirred for 2 hrs
at about 10°C, then warmed up gradually to room
temperature and was continued at ambient temperature for
6 hrs. The product mixture was dumped into ice water
and was extracted with ether. The ether layer was
separated, washed thoroughly with water and dried over
magnesium sulfate. Ether solvent was removed in vacuo
and the product polymer was further dried under high
vacuum. 4.24 g (53.8 % yield) of polymeric'viscous,oil
was obtained. The weight average molecular weight was
determined to be 4,100 with dispersion factor 1.51 by
GPC with PMMA as the reference standard. The structure
of the product was supported by its H-1 and F-19 NMR
spectroscopic data.

EXAMPLE 5

Homopolymerization of CF=CFO-CF2CF (CF3)0-CF2CF2-CH20H:

The title vinyl ether alcohol (7.88 g, 0.02 mole)
was polymerized with potassium t-butoxide (0.112 g,
0.001 mole) in DMF aé described in Example 4. After
warmed to room temperature, the reaction mixture was
stirred at ambient temperature for 48 hrs instead of
6 hrs. After working up, the polymeric oil was
determined to have weight average molecular weight 5,920
with a dispersion factor 1.74 by GPC with PMMA as
reference standard.

, EXAMPLE 6
Homopolymerization of CF2=CFO-CF2CF2CF2~CH20H:

Potassium t-butoxide (0.112 g, 0.001 mole) was
dissolved in DMF (10 ml) at 10°C. The alcohol substrate
(5.56 g, 0.02 mole) in DMF (4 ml) was added slowly into
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‘the t-BuOK/DMF solution slowly via syringe. After
stirring for 2 hrs,at”10°c, the reaction mixture was
warmed slowly to roomwtémperatdre;‘ Some exotherm was
observed when temperature reached 25°C. The reaction

5 mixture was cooled and kept stirring for 6 hrs at room
temperature. The product was then dumped into ice water
and was worked up as prev1ously described. 4.13 g (74.3
% yield) of pale-yellow viscous polymeric oil was
obtained. The weight atérage molecular weight of this

10 polymer was determined to be 4, 970 with dispersion
factor 2.00 by GPC by the use of PMMA as the reference
standard.

15 Free RadicaI,Copolymerization of EVE Alochol with TFE:
In a shaker tube was charged EVE Alcohol (10 g,

0.0254 mole), 1,1,2-trichloro-1,2,2-trifluoroethane
(F-113) (60 g, 0.32 mole) and 4,4'-bis(t-butylcyclo-
hexyl)peroxy dicarbonete (0.05 g). The tube was sealed,

20 cool-evacuated and tet;afluoroethylene (10 g, 0.1 mole)
was then charged. ‘Theltube was;eealed again and was
heated at 50°C, 60°C and 70°C for 2 hrs respectively
with shaking. The solvent was removed from the unloaded
polymer solution and the polymer was finally dried in a

25 vacuum oven (ca. 150 mmHg) at 120°C for 24 hrs. White
polymer, 9.0 g,‘was obtadned. The polymer has a Tm at
240°C as measured by DSC The composition of this
polymer was determlned to be TFE/EVE alcohol = 87/13
(mole %) by F-19 hlgh temperature NMR spectroscopy.

30 N |
Free Radical Copolymerlzatlon of EVE Alcohol with TFE:

In the shaker tube was charged EVE alcohol (10 g,

0.0254 mole), F-113 solvent (20 g, 0.107 mole) and 4,4'-

35 bis(t-butylcyclohexyl)peroxy dicarbonate (0.03 g). The
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tube was sealed and cool-evacuated and tetrafluoro-

ethylene was charged in. The tube was heated to 45°C

D

and the pressure of tetrafluoroethylene maintained at
60 psi. The tube was shaken for 6 hrs and was worked up

L

as in Example 7. 3.3 g of the white polymer was
obtained. This polymer has shown a Tg at 164°C as
determined by DSC, and have a composition of TFE/EVE
alcohol = 74/26 (mole %) as determined by F-19 high
temperature NMR spectroscopy.
EXAMPIE O

Free Radical Copolymerization of EVE Alcohol and TFE:

This polymerization was carried out with EVE
alcohol monomer (4 g, 0.0102 mole), F-113 (72 g,
0.417mole ), 4,4'-bis(t-butylcyclohexyl)peroxy
dicarbonate (0.05 g) and tetrafluoroethylene (20 g, 0.2
mole) in a shaker tube at 50°C, 2 hrs; 60°C, 2 hrs and
70°C, 2 hrs. 17.3 g of white polymer was obtained. The
polymer has a Tm at 318.3°C as shown by DSC and has a

composition of EVE alcohol 98.5-99.0/1.5-1.0 (mole %) as
determined by F-19 NMR.

EXAMPLE 10

Free Radical Copolymerization of EVE Alcohol and PDD:

This polymerization was carried out with EVE
alcohol (5 g, 0.0127 mole) and PDD (30 g, 0.123 mole) in
F-113 (100 g, 0.533 mole) with 4,4'-bis(t-
butylcyclohexyl)peroxy dicarbonate (0.06 g) initiator
under the same temperature as described in Example 9.
White polymer 6.3 g was obtained after workup. This
polymer has a Tg at 210°C. The composition of this
polymer was determined to be PﬁD/EVE alcohol = 96.5/3.5,
(mole %) by F-19 NMR. _ 3

fac 3
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EXAMPLE 11

Free Radical Copolymerization of EVE Alcohol, TFE and
VAC

In the shaker tube'was charged EVE alcohol (10 g,
0.0254 mole), VAc (40 g, 0.465‘mo;e), F-113 (120 g,
0.64 mole) and 4,4'-bis(t-butylcyclohexyl)peroxy
dicarbonate (0.1 g). The tube was sealed and
tetrafluoroethylene (4 g, 0.04 mole) was added after the
tube was cooled and evacuated. The tube was resealed
and was heated at 60°C for 6 hrs. The resulting polymer
solution was dissolved {n acetone and precipitated with
ice water. The polymer was collected by filtration and
washed with‘water and was dried under nitrogen purge at
ambient temperature. White solid polymer 48.7 g was
obtained. The polymer has a Tg at 40.6°C by DSC and the
polymer has a composition of VAc/TFE/EVE alcohol =
62.8/27.6/9.6 (mole %) as calculated from its H-1 & F-19
NMR spectroscopic'data. The structure of the polymer
was also supported by its IR spectrum.

EXAMPLE 12
Free Radical Copolymerization of EVE Alcohol, TFE and
PDD '

This experiment was carried out with EVE alcohol
(2 g, 0.0051 mole), PDD (51 g, 0.209 mole) and
tetrafluoroethylene (1 g, 0.01 mole) in F-113 (165 g,
0.88 mole) by the use of 4,4'—bis(t¥butylcyclo-
hexyl)peroxy dicarbonate initiator (0.2 g) in a shaker
tube at 50°C, 60°C and 70°C for 2 hrs respectively.
44.9 g of white polymer was obtained after working up.
This polymer has shown a Tg at 224.3°C by DSC.

Although preferred embodiments of the invention
have been described hereinabove, it is to be understood
that there is no attempt to limit the invention to the
precise constructions herein disclosed, and it is to be
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further understood that the right is reserved to all
changes coming within the scope of the invention as
defined by the appended claims.

»

.
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What is claimed is: '

1. A process for the production of hydroxy
containing fluorovinyl compounds, comprising, contacting
in a solvent an alkali metal borohydride with a compound
of the formula5CF2=CFRlcozR2

wherein:

Rl is selected from a covalent bond, a
perfluoroalkylene group and -OR3-;

R? is hydrocarbyl or substituted hydrocarbyl;
and ‘

R3 is a perfluoroalkylene group.

2. The process as recited in Claim 1 wherein said
solvent is an alcohol.

3. The process as recited in Claim 2 wherein said
alcohol is ethanol and methanol.

4. The process as recited in Claim 1 wherein the
temperature is about -10° to about +30°C.

5. The process'as'recited in Claim 1 wherein the
molar ratio of said borohydride to said compound is
about 0.3 to about 1.2. ' '

6. The process as recited in Claim 2 wherein the
temperature is about -10° to about +30°C.

7. The process as recited in Claim 6 wherein said
temperature is about 0° to about 15°C.

8. The process as recited in Claim 7 wherein said
temperature is about 5° to about 10°C.
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9. The process as recited in Claim 2 wherein the
molar ratio of said borohydride to said compound is : N
about 0.3 to about 1.2.

10. The process as recited in Claim 9 wherein said
molar ratio is about 0.4 to about 0.8.

11. The process as recited in Claim 1 wherein the
reaction mass is agitated.

12. The process as recited in Claim 2 wherein the
reaction mass is agitated.

13. The process as recited in Claim 1 wherein said
Rl is -OR3-, wherein R3 is -(CFz)y~, wherein y is 2 to
10. '

14. The process as recited in Claim 1 wherein said
R! is -OR3-, wherein R3 is —[CF2CF (CF3)0lx(CF3) .-,

wherein z is 1 to 10, and x is 1 to 20.

15. The process as recited in Claim 14 wherein
said x is 1 and said z is 2.

16. The process as recited in Claim 1 wherein said
Rl is perfluoroalkylene.

17. The process as recited in Claim 16 wherein
said Rl is -(CF2)q~, wherein g is 1 to 10.

18. The process as recited in Claim 1 wherein said
R! is a covalent bond.
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21. The process
R? is alkyl.

22. The process
R2 is alkyl.

23. The process
R2 is alkyl.

24. The process
R? is alkyl.

25. The process
R? is alkyl.

26. The process
R? is alkyl.

27. The process
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temperature is about -10

28.
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recited

recited

recited:

recited

recited

recited

recited

recited
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in Claim 1 wherein said

in

in

in

in

in

in

Claim 2 wherein said

Claim 13

Claim 14

Claim 15
Claim 16

Claim 17

Claim 18

wherein

wherein

wherein

wherein

wherein

wherein

recited in Claim 9 wherein the
to about +30°C.

Hydroxy containing fluorovinyl ethers of the

formula CF2=CF [OCF2CF (CF3) 1n (0) p (CF2) nCH20H wherein:
p is 0 or 1;
mis 0 to 10 and n is 1 to 20; and
provided that when m is 0, p is 0; and

0, p

further provided that when m is greater than

is 1.
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The ethers as recited in Claim 28 wherein:
n is 1 to 5;

p is 1; and

m is 2 to 10.

'-n

3

The ethers as recited in Claim 28 wherein:
n is 1;

p is 1; and

m is 2.

A process for polymerizing hydroxy containing

fluorovinyl ethers, comprising, contacting a base with

one or more hydroxy fluorovinyl ethers of the formula
CF2=CFOR4CF2CH20H, wherein R% is perfluoroalkylene.

32.

The process as recited in Claim 31 carried out

in a solvent.

33.

The process as recited in Claim 32 wherein

said solvent is a polar, nonprotic solvent.

34.

The process as recited in Claim 33 wherein

said solvent is selected from the group consisting of

N,N-dimethylformamide, dimethylsulfoxide, N,N-

dimethylacetamide and tetrahydrofuran.

35.

The process as recited in Claim 34 wherein

said solvent is N,N—dimethylformamide.

36.

said base is selected from the group consisting of

The process as recited in Claim 31 wherein

>

alkali metal alkoxides, alkali metal hydrides and

amines.
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37. The process as recited in Claim 36 wherein
said base is an alkali metal alkoxide.

38. The process as recited in Claim 37 wherein
said alkali metal alkoxide is potassium t-butoxide.

39. The process as recited in Claim 33 wherein
said base is selected f:pm;the group consisting of
alkali metal alkoxides,.alkali metal hydrides and
amines. '

40. The process as recited in Claim 39 wherein
said base is an alkali metal alkoxide.

41. The process as. recited in Claim 40 wherein
said alkali metal alkoxide is potassium t-butoxide.

42. The process as recited in Claim 31 wherein the
temperature is about -~10° to about +100°C.

43. The process as récit@d in Claim 33 wherein the
temperature is about =-10° to about +100°C.

44. The process as recited in Claim 43 wherein
said temperature is about 0° to about 50°C.

45. The process as-recited in Claim 44 wherein
said temperature is about 10° to about 30°C.

46. The process as recited in Claim 31 wherein the

molar ratio of said hydroxy containing fluorovinyl ether
to said base is about 5 to about 100.

TR
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47. The process as recited in Claim 32 wherein the
molar ratio of said hydroxy containing fluorovinyl ether
to said base is about 5 to about .100.

48. The process as recited in Claim 47 wherein
said molar ratio is about 8 to about 50.

49. The process as recited in Claim 47 wherein
said molar ratio is about 10 to about 25.

50. The process as recited in Claim 36 wherein the
molar ratio of said hydroxy containing fluorovinyl ether
to said base is about 5 to about 100.

51. The process as recited in Claim 31 wherein the
reaction mass is agitated.

52. The process as recited in Claim 33 wherein the
reaction mass is agitated.

53. The process as recited in Claim 33 wherein
said R? is - (CF2)s-, wherein s is 1 to 10.

54. The process as recited in Claim 53 wherein
said s is 2.

55. The process as recited in Claim 33 wherein
said R% is —[CF2CF(CF3)0l¢ (CF2)y=, wherein u is 1 to 10,
and t is 1 to 20.

56. The process as recited in Claim 55 wherein
said t is 1 and 'said u is 1.

57. The process as recited in Claim 53 wherein the
temperature is about =-10° to about +100°C.

PCT/US91/00098

Y
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58. The process as recited in Claim 55 wherein
said temperature is about ~10° to about +100°C.

5 59. The process as recited in Claim 57 wherein the
molar ratio of said hydroxy containing fluorovinyl ether
to said base is about 5 to about 100.

60. The process as recited in Claim 58 wherein the
10 molar ratio of said hydroxy containing fluorov;nyl ether
to said base is about 5 'to about 100.

61l. The process as recited in Claim 59 wherein
said base is an alkali ‘metal alkoxide.
15
62. The process as recited in Claim 60 wherein
said base is an alkali metal alkoxide.
63. A polymer consisting essentially of the repeat
20 formula -[CF2CFHOR4CF2CH20]-, wherein R4 is
perfluoroalkylene.

64. A polymer as recited in Claim 63 wherein said
RY is -(CF2)s-, wherein s is 1 to 10.
25
65. The polymer as recited in Claim 64 wherein
said s is 2. ’

66. A polymer as recited in Claim 63 wherein said
30 RY is -[CF2CF(CF3)O]t(CF2)u wherein t is 1 to 20, and u
is 1 to 10. i

67. A polymer as recited in Claim 66 wherein said
t is 1 and said u is 1.
35
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68. A copolymer comprising the hydroxy containing
repeat unit

-[CF2-CF]-
CF2CF (CF3) ]1n (0) p (CF2) mCH20H

wherein:
p is 0 or 1;
m is 0 to 10; and
n is 1 to 20;
provided that when m is 0, p is 0; and
further provided that when m is greater than

‘0, Pp is 1; and

one or more other repeat units.

69. The copolymer'as recited in Claim 68 wherein
said hydroxy containing repeat unit is about 0.001 to
about 30 mole percent of the total repeat units in the
copolymer.

70. The copolymer as recited in Claim 68 wherein
said hydroxy containing repeat unit is about 0.05 to
about 15 mole percent of the total repeat units in the
copolymer.

71. The copolymer as recited in Claim 68 wherein
at least one of said other repeat units is derived from
a fluoromonomer.

72. The copolymer as recited in Claim 68 wherein
the said other repeat unit(s) are derived from monomers
selected from the group consisting of tetrafluoro-
ethylene; hexafluoropropylene and vinylidene fluoride;
hexafluoropropylene, vinylidene fluoride and
tetrafluoroethylene; ethylene and vinylidene fluoride;

PCT/US91/00098
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perfluoro(methyl vinyl ether) and tetrafluoroethylene;
perfluoro(methyl vinyl ether) and hexafluoropropylene;
chlorotrifluoroethylene; ethylene and chlorotrifluoro-
ethylene; vinylidene fluoride; tetrafluoroethylene and

5 propylene; tetrafluoroethylene and ethylene; tetra-
fluoroethylene and hexafluoropropylene; perfluoro-2,2-
dimethyl-1, 3-dioxole; perfluorp—Z,2-dimethy1-1,3—dioxole
and tetrafluoroethylene; vinyl fluoride;
tetrafluoroethylene and perfluoro[2-(2-fluoro-

10 sulfonylethoxy)propyl vinyl ether]l; and vinyl acetate
and tetrafluoroethylene. V

73. The copolymer as recited in Claim 68 wherein
at least one of said other repeat units is derived from
15 a vinyl ester.

74. The copolymer as recited in Claim 73 wherein
said vinyl ester is vinyl acetate.

20 75. The copolymer as recited in Claim 68 wherein
said other repeat units are derived from vinyl acetate
and tetrafluoroethylene.

76. The process as recited in Claim 1 wherein said
25 alkali metal borohydride is selected from the gorup
consisting of lithium borohydride, sodium borohydride
and potassium borohydride.

77. The process as recited in Claim 2 wherein said
30 alkali metal borohydride is selected from the group
consisting of lithium borohydride, sodium borohydride
and potassium borohydride.
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