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TITLE

Polyaramid Comprising Fluorovinylether Functionalized Aromatic Moieties

FIELD OF THE INVENTION
The invention is directed to polyaramid polymers, comprising repeat units
of the condensation product of a fluorovinylether functionalized aromatic diacid
chloride and an aromatic diamine, and methods to make said polyaramid
polymers. The polymers of this invention are useful as high strength fibers or

solution cast films with reduced surface susceptibility to olil.

BACKGROUND
Fluorinated materials have many uses. In particular, they are used in
polymer-related industries, and, more particularly, in fiber-related industries, to
impart soll and oll resistance. Generally, these materials are applied as a topical
treatment, but their effectiveness decreases over time due to material loss via
wear and washing.

There Is a need to provide polymeric materials that have improved soil and

oll resistance.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a polymer comprising a fluoroviny!

ether functionalized aromatic repeat unit represented by the structure (1)

F /:
V4 %_Qa
- X
F

F

R O
\/ I
H R
W\/‘ﬁ— Ar\—ﬁ—N ) /
O / R O Y\\—H\/\M
R R1—”\ ) N
RS g

wherein,

Ar represents a benzene or naphthalene radical;
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each R is independently H, C1-Cyp alkyl, C5-C15 aryl, Cs-Cop arylalkyl; OH, or a
radical represented by the structure (1I)

7
X Q)—F
] N /G :
C
F2

F
—O0 11

with the proviso that only one R can be OH or the radical represented by
the structure (II);

Each R1 is independently H, C1-C10 alkyl, C5-C15 aryl, Co6-C20 arylalkyl;
Xi1s O or Cky;

Z is H, Cl, or Br;

a=0or1,;

and,

Q is represented by the structure (Ia)

C 1
C—Rf—

I la
[ Y— Rf2+ F
q

wherein g =0 - 10;
Y is O or CFy;
Rf' is (CF2)n, wherein n is 0-10;

and,

Rf is (CF2)p, wherein p is 0-10, with the proviso that when pis O, Y

IS CFo;.

In another aspect, the present invention provides a process, comprising
combining a fluorovinyl ether functionalized aromatic diacid chloride with an
aromatic diamine to form a reaction mixture, stirring said reaction mixture at a
temperature between about -70 °C and the reflux temperature of said reaction
mixture to form a polymer comprising repeat units having the structure (1),
wherein the fluorovinyl ether functionalized aromatic diacid chloride Is

represented by the structure (I1I),
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wherein,

Ar represents a benzene or naphthalene radical;

each R is independently H, C1-Cyp alkyl, C5-C15 aryl, Cs-Cop arylalkyl; OH, or a
5 radical represented by the structure (II)

7
X Q)—F
] N /G :
C
F2

F
—O 11

with the proviso that only one R can be OH or the radical represented by
the structure (II);

10 Xis O or CFy;
Z 1s H, Cl, or Br;
a=0or1;
and,

Q is represented by the structure (Ia)

C 1
C—Rf—

I la
[ Y— Rf2+ F

15 q
wherein g =0 - 10;
Y I1s O or Cky;
Rf' is (CF2)n, wherein n is 0-10;

and,
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Rf* is (CF2)p, wherein p is 0-10, with the proviso that when pis O, Y
IS CFQ;.
In another aspect, the invention provides a film comprising a polymer

comprising a fluorovinyl ether functionalized aromatic repeat unit represented by

F /:
7z %—Qa
- X
F

5 the structure (1)

R O i
N/ I
A C— AL ——C—N

R1
I / N\ l\/lmw
U\
4
R1

/
R1
¢

wherein,

Ar represents a benzene or naphthalene radical;

each R is independently H, C4-Cyp alkyl, C5-C15 aryl, Cg-Cop arylalkyl; OH, or a
10  radical represented by the structure (1)

Z
X Q)_F
F \ /Q a
C
F>

—O0 " 11

with the proviso that only one R can be OH or the radical represented by
the structure (II);

15 Each R1 is independently H, C1-C10 alkyl, C5-C15 aryl, C6-C20 arylalkyl;
Xis O or CFy;

Z is H, Cl, or Br;

a=0or1;

and,

20 Qs represented by the structure (Ia)
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F 1
C—Rf—

I la
[ Y— Rf2+ F
q

wherein g =0 - 10;
Y is O or Cko;
Rf' is (CF2)n, wherein n is 0-10;

and,

Rf* is (CF2),, wherein p is 0-10, with the proviso that when p is 0, Y
IS CFZ;.

DETAILED DESCRIPTION OF THE INVENTION

In the present invention, when a range of values Is provideq, it shall be
understood to encompass the end-points of the range unless specifically stated
otherwise. Numerical values are to be understood to have the precision of the
number of significant figures provided, following the standard protocol in
chemistry for significant figures as outlined in ASTM E29-08 Section 6.. For
example, the number 40 shall be understood to encompass a range from 35.0 to
44 .9, whereas the number 40.0 shall be understood to encompass a range from
39.50 t0 40.49.

It shall be understood herein that the parameters n,p, and q as employed
herein are each independently integers in the range of 1 — 10.

For the purposes of the invention, the term “fluorovinyl ether functionalized
aromatic diester” shall refer to that subclass of compounds of structure (I1I)
wherein R* is C1-C1g alkyl. The term “fluorovinyl ether functionalized aromatic
diacid” shall refer to that subclass of compounds of structure (II1) wherein R® is
H. Further for the purposes of the invention, the term “perfluorovinyl compound”
shall refer to the olefinically unsaturated compound represented by structure
(VID), infra.

For the purposes of the invention, the term “copolymer” shall refer to a
polymer comprising two or more chemically distinct repeat units, including
dipolymers, terpolymers, tetrapolymers and the like. Further for the purposes of

the invention, and following the normal practice of the art the term "nomopolymer”
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refers to a polymer consisting of a plurality of repeat units that are chemically

indistinguishable from one another.
For the purposes of the invention, in any chemical structure herein the
presence of a terminal bond, shown as "—", where no terminal chemical group Is
5 indicated, the terminal bond “—" shall be understood to represent a radical. For
example, —CHsshall be understood to represent a methyl radical.
In one aspect, the present invention provides a polymer comprising a

fluorovinyl ether functionalized aromatic repeat unit represented by the structure

(D).
\ S
Q,
i V4 X%_
F

F

R O
N/ 1
A C— AL ——C—N

N 1Y/inw
R —”\//\)

R

10
wherein,

Ar represents a benzene or naphthalene radical;
each R is independently H, C4-C1g alkyl, C5-C15 aryl, Cg-Cy arylalkyl; OH, or a

radical represented by the structure (1I)

7
X Q)—F
| N /Q :
C
F2

—O " 11

15

with the proviso that only one R can be OH or the radical represented by
the structure (II);

Each R1 is independently H, C1-C10 alkyl, C5-C15 aryl, C6-C20 arylalkyl;
20 Xis O or CFy;

Z is H, Cl, or Br;
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a=0or1;
and,

Q is represented by the structure (1a)

F 1
C—Rf—

I la
[ Y— Rf2+ F
q

5 wherein g =0 - 10;
Y is O or CFko;
Rf' is (CF2)n, wherein n is 0-10;

and,

Rf is (CF2)p, wherein p is 0-10, with the proviso that when pis O, Y
10 IS CFo..
In one embodiment of the polymer hereof, Ar is a benzene radical.
In one embodiment of the polymer hereof, one R is OH.
In one embodiment of the polymer hereof, each R is H.
In one embodiment of the polymer hereof, one R is OH and the remaining
15 two Rs are each H.
In one embodiment of the polymer hereof, one R Is reperesented by the
structure (II) and the remaining two Rs are each H.
In one embodiment of the polymer hereof, each R' is H.
In one embodiment of the polymer hereof, X is O. In an alternative
20 embodiment, X is CF».
In one embodiment of the polymer hereof, Y is O. In an alternative
embodiment, Y is CFo.
In one embodiment of the polymer hereof Z is Cl or Br. In a further
embodiment, Z is Cl. In an alternative embodiment, one R Is represented by the
25  structure (II), and one Zis H. In a further embodiment, one R is represented by
the structure (II), one Zis H, and one Z is Cl.
In one embodiment of the polymer hereof, Rf' is CF»
In one embodiment of the polymer hereof, Rf* is CF-.
In one embodiment of the polymer hereof, Rf‘is a bond (that is, p=0), and
30 Yis CFo.

In one embodiment, a = 0.
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In one embodiment, a=1,q =0, and n = 0.

In one embodiment of the polymer hereof, Ar is a benzene radical, each R
is H, Zis Cl, each R'is H, X is O, Y is O, Rf' is CF,, and Rf* is perfluoropropenyl!,
and g = 1.

In one embodiment of the polymer hereof, the polymer of the invention Is a
homopolymer.

In one embodiment of the polymer hereof, the polymer of the invention Is a
copolymer whereof the repeat units represent a plurality of embodiments of the
repeat unit of structure (I). In one embodiment the repeat unit represented by

structure (I) is further represented by the structure (IVa)

F
Z e
. x—Q;
F
/O - [Va
H H
AAC C—N— Nv\Aans

| |
O

wherein Z,X,Q, and a are as stated supra.
In one embodiment the repeat unit represented by structure (1) is further

represented by the structure (IVD)

y4
X—Qa/
F
o F
F
/ IVt
\/\/\/\ﬁ
O |

|C|3——HN NVAAA
O

wherein Z,X,Q, and a are as stated supra.
In an alternative embodiment, the polymer of the invention is a copolymer
comprising fluorovinyl ether functionalized aromatic repeat units represented by

the structure (IVa) and fluorovinyl ether functionalized aromatic repeat units

3
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represented by the structure (IVb). In one embodiment, said copolymer Is a
random copolymer. In one embodiment, said copolymer is a block copolymer.
In another embodiment the polymer of the invention is a copolymer further

comprising aramid repeat units represented by the structure (V),

2 2 T3
P — =
MC—:(\ /\lc—ﬂ—(7 _>—H~NV~ V
I(l L/ \4\/) |C|) RS/\ _>R3
R? RZ RS

wherein each R? is independently H or alkyl, and each R° is independently H or
alkyl. In one embodiment, all the R“s are H, and all the R’s are H. In one
embodiment, the repeat unit represented by structure (V) is a terephthalate
radical. In an alternative embodiment, the repeat unit represented by the
structure is an isophthalate radical.

In an alternative embodiment, the polymer of the invention is a copolymer
further comprising terephthalate repeat units and isophthalate repeat units
represented by the structure (V). In one embodiment, said copolymer is a
random copolymer. In one embodiment, said copolymer is a block copolymer.

In another aspect, the present invention provides a process, comprising
combining a fluorovinyl ether functionalized aromatic diacid chloride with an
aromatic diamine to form a reaction mixture, heating to a temperature between
180-240°C followed by heating to 250-300°C, and, extracting volatiles by
subjecting said mixture to evacuation; wherein the fluorovinyl ether functionalized

aromatic diacid chloride is represented by the structure (11I),

Z X/Qa

F

R O
N/
Cl——C—— A, ——C——Cl

AN

111

O O

wherein,

Ar represents a benzene or naphthalene radical;

9
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each R is independently H, C1-Cyp alkyl, C5-C15 aryl, Cs-Cop arylalkyl; OH, or a
radical represented by the structure (1I)

7
X Q)—F
] N /G :
C
F2

F
—O 11

with the proviso that only one R can be OH or the radical represented by
the structure (II);

Xi1s O or Cky;

Z 1s H, Cl, or Br;
a=0or1;

and,

Q is represented by the structure (Ia)

F 1

C—Rf —

I la
[Y—Rf2+F

q

wherein g =0 - 10;

Y Is O or CFy;

Rf' is (CF2)n, wherein n is 0-10;

and,

Rf* is (CF2),, wherein p is 0-10, with the proviso that when p is 0, Y
IS CFQ;.

In one embodiment of the process hereof, one R is OH.
In one embodiment of the process hereof, each R is H.

In one embodiment of the process hereof, one R i1Is OH and the remaining
two Rs are each H.

In one embodiment of the process hereof, one R Is reperesented by the

structure (II) and the remaining two Rs are each H.

10
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In one embodiment of the process hereof, the aromatic diamine is 1,4-
diaminobenzene.

In one embodiment of the process hereof, X Is O. In an alternative
embodiment, X is CFo.

In one embodiment of the process hereof, Y is O. In an alternative
embodiment, Y is CF».

In one embodiment of the process hereof Z is Cl or Br. In a further
embodiment, Z is Cl. In an alternative embodiment, one R Is represented by the
structure (II), and one Z is H. In a further embodiment, one R Is represented by
the structure (II), one Zis H, and one Z is ClI.

In one embodiment of the process hereof, Rf' is CF»

In one embodiment of the process hereof, Rf* is CF».

In one embodiment of the process hereof, Rf*is a bond (that is, p=0), and
Y 1s CFo.

In one embodiment, a = 0.

In one embodiment, a=1,q =0, and n =0.

In one embodiment of the process hereof, the aromatic diamine is 1,4-
diaminobenzene, Ar is a benzene radical, each Ris H, Z is Cl, X is O, Y is O, Rf
is CF,, and Rf* is perfluoropropenyl, and q = 1.

Aromatic diamines suitable for use in the present invention include but are
not limited to 1,4-diaminobenzene, 1,3-diaminobenzene, or 2-(4-aminophenyl)-
1H-benzo[d]imidazol-5-amine.

In one embodiment of the process hereof, a mixture is formed by adding
the ingredients recited supra to a reaction vessel, stirring said reaction mixture at
a temperature between about -70 °C and the reflux temperature of said reaction
mixture to form a polymer. The thus resulting polymer can be separated by
vacuum distillation to remove the excess of amine.

In one embodiment the reaction mixture comprises more than one
embodiment of the monomers encompassed in structure (III). In another
embodiment the reaction mixture further comprises an aromatic diacid chloride

represented by the structure (VI)

11
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R R
\ /
Ol——C—— Ar

AN

wherein Ar Is an aromatic radical;, each R is independently H or C4 — C4¢ alkyl.

C—o0l \2

In a further embodiment, each R is H. In one embodiment Ar is a benzene
radical. In an alternative embodiment, Ar is a naphthalene radical.

Suitable aromatic diacid chlorides of structure (VI) are derived from the
corresponding diacid by treatment of the diester with SO,CI, PCls, PCls, or
oxalylchloride. Suitable aromatic diacids of structure (VI) include but are not
limited to isophthalic acid, terephthalic acid, 2, 6-naphthalene dicarboxylic acid,
4.4’-sulfonyl bisbenzoic acid, 4-sulfophthalic acid and biphenyl-4,4’-dicarboxylic
acid. In one embodiment, the aromatic diacid is terephthallic acid. In an
alternative embodiment, the aromatic diacid is isophthallic acid.

Suitable fluorovinyl ether functionalized aromatic diesters can be prepared
by forming a reaction mixture comprising a hydroxy aromatic diester in the
presence of a solvent and a catalyst with a perfluoro vinyl compound represented
by the structure (VII)

N =
C
F;

=

F VIl
F

wherein X is O or CF,;, a=0o0r 1; and, Q is represented by the structure (I1a)

- 1
C—Rf'—

I la
[ Y— Rfﬂ— F

q
wherein q =0 - 10;
Y 1s O or CFy;
Rf' is (CF2)n, wherein n is 0-10;
Rf is (CF2)p, wherein p is 0-10, with the proviso that when p is 0, Y Is
CFo;.

12
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at a temperature between about -70 °C and the reflux temperature of said
reaction mixture..

Preferably the reaction is conducted using agitation at a temperature
above room temperature but below the reflux temperature of the reaction mixture.
The reaction mixture is cooled following reaction.

When a halogenated solvent is employed, the group indicated as “Z" in the
resulting fluorovinyl ether aromatic diester represented by structure (I1I) is the
corresponding halogen. Suitable halogenated solvents include but are not limited
to tetrachloromethane, tetrabromomethane, hexachloroethane and
hexabromoethane. If the solvent is non-halogenated Z is H. Suitable non-
halogenated solvents include but are not limited to tetrahydrofuran (THF),
dioxane, and dimethylformamide (DMF).

The reaction is catalyzed by a base. A variety of basic catalysts can be
used, I.e., any catalyst that is capable of deprotonating phenol. That is, a
suitable catalyst is any catalyst having a pKa greater than that of phenol (9.95,
using water at 25 °C as reference). Suitable catalysts include, but are not limited
to, sodium methoxide, calcium hydride, sodium metal, potassium methoxide,
potassium t-butoxide, potassium carbonate or sodium carbonate. Preferred are
potassium t-butoxide, potassium carbonate, or sodium carbonate.

Reaction can be terminated at any desirable point by the addition of acid
(such as, but not limited to, 10% HCI). Alternatively, when using solid catalysts,
such as the carbonate catalysts, the reaction mixture can be filtered to remove
the catalyst, thereby terminating the reaction.

Suitable hydroxy aromatic diesters include, but are not limited to, 1,4-
dimethyl-2-hydroxy terephthalate, 1,4-diethyl-2-5-dihydroxy terephthalate, 1,3-
dimethyl 4-hydroxyisophthalate, 1,3-dimethyl-5-hydroxy isophthalate, 1,3-
dimethyl 2-hydroxyisophthalate, 1,3-dimethyl 2,5-dihydroxyisophthalate, 1,3-
dimethyl 2,4-dihydroxyisophthalate, dimethyl 3-hydroxyphthalate, dimethyl 4-
hydroxyphthalate, dimethyl 3,4-dinydroxyphthalate, dimethyl 4,5-
dihydroxyphthalate, dimethyl 3,0-dihydroxyphthalate, dimethyl 4,8-
dihydroxynaphthalene-1,5-dicarboxylate, dimethyl 3,7-dinydroxynaphthalene-1,5-
dicarboxylate, dimethyl 2,6-dihydroxynaphthalene-1,5-dicarboxylate, or mixtures

thereof.

13
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Suitable perfluorovinyl compounds include, but are not limited to,
1,1,1,2,2,3,3-heptafluoro-3-(1,1,1,2,3,3-hexafluoro-3-(1,2,2-
trifluorovinyloxy)propan-2-yloxy)propane, heptafluoropropyltrifluorovinylether,
perfluoropent-1-ene, perfluorohex-1-ene, perfluoronhept-1-ene, perfluorooct-1-
ene, perfluoronon-1-ene, perfluorodec-1-ene, and mixtures thereof.

To prepare a suitable fluorovinyl ether functionalized aromatic diester a
suitable hydroxy aromatic diester and a suitable perfluovinyl compound are
combined In the presence of a suitable solvent and a suitable catalyst until the
reaction has achieved the desired degree of conversion. The reaction can be
continued until no further product is produced over some preselected time scale.
The required reaction time to achieve the desired degree of conversion depends
upon the reaction temperature, the chemical reactivity of the specific reaction
mixture components, and the degree of mixing applied to the reaction mixutre.
Progress of the reaction can be monitored using any one of a variety of
established analytical methods, including, but not limited to, nuclear magnetic
resonance spectroscopy, thin layer chromatography, and gas chromatography.

When the desired level of conversion has been achieved, the reaction
mixture Is quenched, as described supra. The thus quenched reaction mixture
can be concentrated under vacuum, and rinsed with a solvent. Under some
circumstances, a plurality of compounds encompassed by the structure (III) can
be made In a single reaction mixture. In such cases, separation of the products
thus produced can be effected by any method known to the skilled artisan such
as, but not limited to, distillation or column chromatography.

To prepare the corresponding diacid from the so-formed diester, the thus
produced fluorovinyl ether functionalized aromatic diester can be contacted with
an aqueous base, preferably a strong base such as KOH or NaOH, at reflux,
followed by cooling to room temperature, followed by acidifying the mixture,
preferably with a strong acid, such as HCI or HoSOy4, until the pH is between O
and 2. Preferably pH is 1. The acidification thus performed causes the
precipitation of the fluorovinyl ether functionalized aromatic diacid. The thus
precipitated diacid can then be isolated via filtration, redissolved in a solvent such

as ethyl acetate, and then recrystallized. The progress of the reaction can be
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followed by any convenient method, including but not limited to thin layer
chromatography, gas chromatography and NMR.
Once the fluorovinyl ether aromatic diacid has been prepareq, it is suitable
for conversion to the corresponding diacid chloride, as described supra..
5 In another aspect the invention provides a film of a polymer comprising a

fluorovinyl ether functionalized aromatic repeat unit represented by the structure

(D
\
A
F
R O 3
\/ I
H R’
wwWwC— Ar —C—N \/
AN RGN
R R1_ Nvww
Ny \/)
RT 7 R
wherein,

10  Arrepresents a benzene or naphthalene radical;
each R is independently H, C4-C1o alkyl, Cs-C15 aryl, Cg-Coo arylalkyl; OH, or a
radical represented by the structure (1I)

Z
X Q)_F
o \ /Q a
C
F»

—O " 11

15  with the proviso that only one R can be OH or the radical represented by

the structure (1I);

Each R1 is independently H, C1-C10 alkyl, C5-C15 aryl, Co-C20 arylalkyl,
X 1S O or Cky;

Z 1s H, CI, or Br;
20 a=0or1;

and,

15
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Q is represented by the structure (Ia)

- 1
C—Rf—

I la
[ Y— Rf2+ F

q
wherein g =0 - 10;
Y is O or Cky;
5 Rf' is (CF2)n, wherein n is 0-10;

and,

Rf* is (CF2),, wherein p is 0-10, with the proviso that when p is 0, Y
IS CF»;.
The films of the invention provide a polyaramid film that exhibits reduced
10  surface energy vis a vis polyaramids that do not contain the fluorovinylether
moiety of the film hereof. For example, the literature value for the surface energy
of Kevlar® Polyaramid available from the DuPont Company is 44 dyne/cm
whereas, as shown in Example 11 infra, films of the invention exhibited surface
energy well below 30 dyne/cm.
15 The invention Is further described but not limited by the following specific
embodiments.
EXAMPLES
The following chemicals and reagents were used as received from Sigma-
Aldrich, Milwaukee, WI:

20 e potassium t-butoxide
o dimethyl 5-hydroxyisophthalate
o tetrahydrofuran
o dimethyl formamide
e dichloromethane
25 e hexane
o tetrachloromethane
e anhydrous sodium sulfate
e carbon tetrabromide (tetrabromomethane)
e hydrochloric acid (HCI)
30 o 1,4-dimethyl-2-hydroxy terephthalate

16
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o potassium hydroxide (KOH)

o ethyl acetate

e thionyl chloride

o 2-(4-aminophenyl)-1H-benzo[d]imidazol-5-amine
5 e para-phenylene diamine

e meta-phenylene diamine

The following chemicals were used as received from SynQuest Labs.,
Alachua, FL:
10 e 1,1,1,2,2,3,3-heptafluoro-3-(1,1,1,2,3,3-hexafluoro-3-
(1,2,2trifluorovinyloxy)propan-2-yloxy)propane

o Heptafluoropropyltrifluorovinylether

Preparation of Dimethyl 5-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-

15 erfluoropropoxvi)propoxv)ethoxv)isophthalate

A reaction mixture was prepared Iin a dry box by combining

20 tetrahydrofuran (THF, 1000 mL) and dimethyl 5-hydroxyisophthalate
(42.00 g, 0.20 mol) in an oven-dried round bottom reaction flask equipped
with a stirrer. Potassium t-butoxide (6.16 g, 0.055 mol) was added to the
flask. 1,1,1,2,2,3,3-Heptafluoro-3-(1,1,1,2,3,3-hexafluoro-3-
(1,2,2trifluorovinyloxy)propan-2-yloxy)propane (216 g, 0.50 mol) was then

25 added via an addition funnel to the reaction mixture, and the mixture was
stirred at room temperature. After 24 hours the reaction was terminated
via the addition of 80 mL of 10% HCI. The resulting mixture was

concentrated at reduced pressure, diluted with dichloromethane, washed
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with 10% HCI (2 x 100 mL) and then with water (2 x 100 mL), to form an
aqueous phase and an organic phase. The organic phase was separated
and then dried over anhydrous sodium sulfate, followed by concentration
at reduced pressure to form a crude product. The crude product was
purified by column chromatography to give 86.07 g (67.32%) yield of the
desired material, dimethyl 5-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)isophthalate.

Preparation of dimethyl 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-

nerfluoropropoxv)propoxv)ethoxy)terephthalate

i F
H o F _F
F = ONF
? K F JF O\
_CHs
O
O
CHa

O

In a dry box, Tetrahydrofuran (THF, 288 mL) was combined with
1,4-dimethyl-2-hydroxy terephthalate (30.25 g, 0.144 mol) in an oven-dried
multiple neck 500 mL reaction flask equipped with a stirring bar and a
pressure equaling (PE) addition funnel. The mixture so formed was stirred
until a homogeneous solution resulted. Potassium t-butoxide (4.435 g,
0.040 mol) was then added, resulting in a heterogeneous mixture. Via the
PE funnel,1,1,1,2,2,3,3-heptafluoro-3-(1,1,1,2,3,3-hexafluoro-3-(1,2,2-
trifluorovinyloxy)propan-2-yloxy)propane (155.52 g, 0.36 mol) was then
added resulting to form a reaction mixture. The reaction mixture was
stirred at room temperature (approximately 25 °C) for ~40 hours. The
resulting mixture was quenched by the addition of 5 mL of 10% HCI. The
product in the reaction flask was concentrated at reduced pressure, and
then dissolved in dichloromethane (~300 mL) followed by washing with
10% HCI (2 x 75 mL) and after that, with water (~75 mL), yielding an
organic and an aqueous phase. The separated organic phase was then

dried over anhydrous sodium sulfate. The sodium sulfate was then filtered
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off and the resulting material concentrated at reduced pressure and then
fractionally vacuum distilled. The fractions boiling between 134-136 °C at
1.4- 1.1 torr (84.55 g, 91.4 % vyield) and 136-138 at 1.1 torr (3.35 Q)
(combined yield: 95.04%) were collected. NMRs (nuclear magnetic

5 resonance) of these samples were consistent with dimethyl 2-(1,1,2-
trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalate.

Preparation of Dimethyl 2-(2-chloro-1,1,2-trifluoro-2-(1,1,2,3,3,3-

10 hexafluoro-2- perfluoropropoxv)propoxv)ethoxy)terephthalate

FT 0 F
S NP g
T F F
F F F
O/
0
O
15 In a dry box, dimethyl formamide (DMF, 10.0 mL) and

tetrachloromethane (50 mL) were combined with 1,4-dimethyl-2-hydroxy
terephthalate (1.05 g, 0.005 mol) in an oven-dried 100 mL reaction flask
equipped with a stirring bar and a pressure equaling (PE) addition funnel.
The mixture so formed was then stirred until a homogeneous solution

20  resulted. Potassium t-butoxide (0.154 g, 0.001375 mol) was added to the
reaction flask, resulting in a heterogeneous mixture. Via the PE
funnel,1,1,1,2,2,3,3-heptafluoro-3-(1,1,1,2,3,3-hexafluoro-3-
(1,2,2trifluorovinyloxy)propan-2-yloxy)propane (5.40 g, 0.0125 mol) was
added to form a reaction mixture. The reaction mixture was stirred at

25  room temperature (about 25°C) for ~24 hours. The reaction was
quenched by the addition for 2 mL of 10% HCI. The resulting mixture was
concentrated at reduced pressure, followed by dissolution In
dichloromethane (~150 mL). The thus prepared solution was then washed
with 10% HCI (2 x 25 mL) followed by water washing (~25 mL) to form an
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organic phase and an aqueous phase. The separated organic phase was
then dried over anhydrous sodium sulfate. The sodium sulfate was then
filtered off and the filtrate concentrated at reduced pressure to produce a
crude product. NMR of the crude product was consistent with high purity
of the desired material, dimethyl 2-(2-chloro-1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2-perfluoropropoxy)propoxy)ethoxy)terephthalate, with a small
amount of dimethyl formamide present. The crude material was then
purified by column chromatography (R 0.,50 dichloromethane (1)/Hexane
(1)) to give the purified dimethyl 2-(2-chloro-1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2- perfluoropropoxy)propoxy)ethoxy)terephthalate, as a clear
oil, 2.60 g (76.92% vyield).

Preparation of Dimethyl 2-(2-bromo-1,1,2-trifluoro-2-

erfluoropropoxv)ethoxv)terephthalate

In a dry box, dimethyl formamide (20.0 mL) and carbon
tetrabromide (12.5 g) were combined with1,4-dimethyl-2-hydroxy
terephthalate (1.05 g, 0.005 mol) in an oven-dried 100 mL reaction flask
equipped with a stirring bar and a pressure equaling (PE) addition funnel.
The mixture so-prepared was stirred until a homogeneous solution
resulted. Potassium t-butoxide (0.154 g, 0.001375 mol) was then added
to the reaction flask, resulting in a heterogeneous mixture. Via the PE
funnel, heptafluoropropyltrifluorovinylether (3.325 g, 0.0125 mol) was
added to produce a reaction mixture. The thus prepared reaction mixture
was stirred at room temperature (about 25°C) for ~24 hours. The reaction
was quenched by the addition of 2 mL of 10% HCI. The resulting mixture
was concentrated at reduced pressure, and then dissolved in
dichloromethane (~150 mL) followed by washing with 10% HCI (2 x 25
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mL) and then with water (~25 mL) to form an organic phase and an
aqueous phase. The separated organic phase was then dried over
anhydrous sodium sulfate. The sodium sulfate was then filtered off and
the filtrate concentrated at reduced pressure to form a crude product.
NMR of the crude product was consistent with high purity of dimethyl 2-(2-
bromo-1,1,2-trifluoro-2-(perfluoropropoxy )ethoxy)terephthalate, with small
amounts of dimethyl formamide and carbon tetrabromide present. The
crude product was then purified by column chromatography to give the
purified product, dimethyl 2-(2-bromo-1,1,2-trifluoro-2-
(perfluoropropoxy)ethoxy)terephthalate, as a clear oil, 2.280 g (82.31%
yield).

Preparation of 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalic acid

P T F
| H _F F
AR
O g0 EF AW
_H £k
0

Dimethyl 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)-propoxy)ethoxy)jterephthalate (2.25 g, 0.035 mol) was
added to a solution of water (50 mL) and potassium hydroxide (KOH, 1.96
g) In a reaction flask. The resulting solution in the reaction flask was
heated for 5 hours, cooled to room temperature (about 25°C) and then
acidified by adding concentrated HCI to the reaction flask until a pH of ~1
was achieved accompanied by the formation of a precipitate in the
reaction flask. The precipitate was filtered and dried under vacuum.
Proton NMR of this precipitate was consistent with 2-(1,1,2-trifluoro-2-
(1,1,2,3,3,3-hexafluoro-2-(perfluoropropoxy)propoxy)ethoxy)terephthalic
acid. The precipitate was then crystallized from ethyl acetate (EtOAc, ~1

part) and hexane (~4 parts). After filtration and drying under vacuum, the
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resulting white di-acid, , 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalic acid, had a melting point of
236-239°C.

Preparation of 2-(2-chloro-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalic acid

= F
f Cl _F F F
ARONIV.
O pO gF F\ "
T F' F
O/
,O
H
O
Dimethyl 2-(2-chloro-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalate (10.00 g, 0.0148 mol) was
added to a solution of water (100 mL) and potassium hydroxide (KOH, 8.0
g) in a reaction flask. The resulting solution in the reaction flask was
heated to reflux overnight, cooled to room temperature (about 25°C) and
then acidified by adding concentrated HCI to the reaction flask to achieve
a pH of ~1 accompanied by the formation of a precipitate in the reaction
flask. The precipitate was filtered and dried under vacuum. NMR of this
precipitate was consistent with 2-(2-chloro-1,1,2-trifluoro-2-(1,1,2,3,3,3-

hexafluoro-2-(perfluoropropoxy)propoxy)ethoxy)terephthalic acid.

Preparation of 2-(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalic acid
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Dimethyl 2-(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
5  (perfluoropropoxy)propoxy)ethoxy)terephthalate (10.9 g, 0.15 mol) was

added to a solution of water (100 mL) and potassium hydroxide (KOH, 8.0
g) in a reaction flask. The resulting solution in the reaction flask was
heated to reflux overnight, cooled to room temperature (about 25°C) and
then acidified by addition of concentrated HCI to the reaction flask until a

10 pH of ~1 was achieved accompanied by the formation of a precipitate.
The precipitate was filtered and dried under vacuum, yielding 10.90 g.
NMRs (proton and carbon) of this material was consistent with 2-(2-
pbromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalic acid.

15
Preparation of 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthaloyl dichloride

P F
F

H F F

FNO\%OWF

O O
= F -F

Cl
Cl
O
20

2-(1,1,2-Trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-(perfluoropropoxy)-
propoxy)ethoxy)terephthalic acid (1.129 g) was placed in a round bottom
reaction flask equipped with a reflux condenser, stirrer and kept under

nitrogen. Thionyl chloride (5.8 mL) was added to the reaction flask and
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the reaction solution heated to a gentle reflux overnight. The resulting
solution was cooled to room temperature (about 25°C) and the excess
thionyl chloride was removed by vacuum. NMR was consistent with 2-
(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthaloyl dichloride. The product

was an oll.

Preparation of 2-(2-chloro-1,1,2-trifluoro-2-

(perfluoropropoxy)ethoxy)terephthaloyl dichloride

F I:|:
L CF
)\T/OJF
F
0 0 gF

Cl
Cl

2-(2-chloro-1,1,2-trifluoro-2-(perfluoropropoxy)ethoxy)terephthalic acid
(50.99 g, 0.1056 mol) was place in an oven-dried round bottom reaction
flask equipped with a stirrer, reflux condenser and kept under nitrogen to
form a reaction mixture. Thionyl chloride (423 mL) was added to the
reaction flask and the resulting reaction mixture was heated to reflux over
night. The resulting mixture was cooled to room temperature and the
excess thionyl chloride was removed under vacuum. The resulting
material was then purified by vacuum distillation. NMR was consistent
with 2-(2-chloro-1,1,2-trifluoro-2-(perfluoropropoxy)ethoxy)terephthaloyi
dichloride, 46.04 g, 74.5% yield, with a boiling point 124-126 °C at 1.1 torr.

Preparation of 5-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)isophthaloyl dichloride
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5-(1,1,2-Trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)isophthalic acid (46.63 g, 0.076 mol)
was placed in an oven-dried round bottom reaction flask equipped with a
stirrer, reflux condenser and kept under nitrogen. Thionyl chloride (304
mL) was added to the flask to form a reaction mixture, and the thus
prepared reaction mixture was heated to reflux over night. The resulting
mixture was cooled to room temperature (about 25°C) and the excess
thionyl chloride was removed from the mixture under vacuum, forming a
reaction product. The resulting product was then vacuum distilled to purify
the product: 5-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)isophthaloyl dichloride, 38.96 g, 78.8%
yield, with a boiling point of 116-123 °C at 0.60 torr.

Preparation of 2-(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthaloyl dichloride ((A)
~87%) and 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthaloyl dichloride ((B)
~13%)

F F|: F I:|:

| B F F | H _F F

O Lo F O F 7 F O F
FCl F _F % F

O O
Cl Cl
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2-(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalic acid (57.70 g) containing
~13% of the 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthalic acid was place in an oven-
dried round bottom reaction flask equipped with a stirrer, reflux condenser
and kept under nitrogen to form a reaction mixture. Thionyl chloride (334
mL) was added to the flask to form a reaction mixture. The so formed
reaction mixture was heated to reflux over night. The resulting mixture
was cooled to room temperature (about 25°C) and the excess thionyl
chloride was removed from the mixture under vacuum to form a reaction
product. The resulting product was then vacuum distilled to give a
product: , 38.96 g, 78.8% yield, with a boiling point of 150-165 °C at ~0.30
torr. Proton NMR was consistent with a mixture of 2-(2-bromo-1,1,2-
trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthaloyl dichloride (~87%) and 2-
(1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2-
(perfluoropropoxy)propoxy)ethoxy)terephthaloyl dichloride.

Example 1: Polymerization of m-Phenylene diamine with 2-(2-bromo-

1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2- (perfluoropropoxy)-
propoxy)ethoxy)terephthaloyl dichloride

PCT/US2010/047514

F - FER A~UF
= —+NH O F F
FViF F Br(H) "F UF ¢ F

E113733-074
C16H3BrCloF 1605 O
Mol. Wt.: 729.98
2.8629 (3.9207mmole)

A

MPD
CeHgN>
Mol. Wt.: 108.14
0.4249 (3.9208mmole)

Proton NMR indicates this material contains ~13% of the H form

26
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m-Phenylene diamine ( 0.424, 3.9208 mmol) was added to an
oven-dried reaction vial containing dimethyl acetamide (28.84 g) to form a
solution. The solution was cooled, then 2-(2-bromo-1,1,2-trifluoro-2-
(1,1,2,3,3,3-hexafluoro-2- (perfluoropropoxy)-propoxy)ethoxy)terephthaloy!
dichloride (2.862 g, 3.9208 mmol) (note, via NMR this acid chloride
contain ~13% 2-(1,1,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
hexadecafluorooctyloxy)terephthaloyl dichloride) was added to the
reaction vial and stirred rapidly to form a reaction mixture. The solution
exhibited a light color which appeared and then disappeared In the
reaction vial. After 4 hours the resulting homogeneous solution was
poured into a Waring blender containing ~150 mL of water, and a white
fiborous material was formed. The resulting white fibrous material was
dried under vacuum. Proton NMR of the resulting material showed the
characteristic two amide protons of the resulting poly-aramid, a polymer of
m-Phenylene diamine with 2-(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2- (perfluoropropoxy)-propoxy)ethoxy)terephthaloyl dichloride.

Example 2: Polymerization of p-Phenylene diamine with 2-(2-bromo-
1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2- (perfluoropropoxy)-
propoxy)ethoxy)terephthaloyl dichloride

O F R F~UF
F F F i
i o g o () F VFE F
FF cocl '_QNH P
DMAc _ F
HoN NH, 28.84g o " Br(H)
CIOC

MPD E113733-074
CgHgN> C16HSB"(_3|2F1605 S
Mol Wt 108 14 Mol. Wht.: 729.98

0.424q (3.9208mmole) 2-°629 (3.9207mmole)

A

Proton NMR indicates this material contains ~13% of the Hform
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p-Phenylene diamine ( 0.424, 3.9208 mmol) was added to an oven
reaction vial containing dimethyl acetamide (28.84 g) to form a solution.
This solution was cooled, then 2-(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2- (perfluoropropoxy)-propoxy)ethoxy)terephthaloyl dichloride
(2.862 g, 3.9208 mmol) (note, via NMR this acid chloride contain ~13% 2-
(1,1,2,3,3,4,4,5,5,6,0,7,7,8,8,8-hexadecafluorooctyloxy)terephthaloy!
dichloride) was added to the vial and stirred rapidly to form a reaction
mixture. The resulting solution exhibited a light color which appeared and
then disappeared in the reaction vial. After 4 hours the resulting viscous
solution was poured into a Waring blender containing ~150 mL of water,
and an off-white solid product was formed. The resulting off white solid
product was dried under vacuum. The product was identified as a polymer
of p-phenylene diamine with 2-(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2- (perfluoropropoxy)-propoxy)ethoxy)terephthaloyl dichlorigde.

Example 3: Aramid co-polymer with 2-(4-aminophenyl)-1H-

benzo[d]imidazol-5-amine with para-phenylene diamine

238
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N F F o <g Br(H) .
PPD F

F
CeHeN, F COCI HoN
Mol. Wt.: 108.14 Chemical Formula: C43HoNy
0.424g (1 x 3.9208mmole) CIOC

Exact Mass: 224.11
SIS S04 Molecular Weight: 224.26

0.424/2 = 0.212 g {1.963 mmol) Yol 17573 g (2 x 3.9207 mmol)

8.5860¢g (3 x 3.9207/mmole) 1 TRTRD = T88 g {3.913 mmoi}

8.5860/2 = 4.2930 g (5.881 mmol)
8.5860/2 = 4.2930 g (5.881 mmol) x 0.87

3.7350 g {5.11647 mmol) {Br)
0.4969 g {(0.7645 mmol) {H)

Polym. Time: ~ 3 hrs

Solvent: DMAC
ppt In water, dried

A
N O

In a flask, 2-(4-aminophenyl)-1H-benzo[d]imidazol-5-amine (0.87606

g, 3.913 mmol) and para-phenylene diamine (0.212 g, 1.963 mmol) were
dissolved in DMAC (~100mL) at room temperature to form a solution. A
reaction mixture was formed by the addition to the solution so prepared 2-
(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2- (perfluoropropoxy)-
propoxy)ethoxy )terephthaloyl dichloride (2.862 g, 3.9208 mmol) (note, via
NMR this acid chloride contain ~13% 2-(1,1,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
hexadecafluorooctyloxy)terephthaloyl dichloride) (4.2319 g). The reaction
mixture was stirred overnight at room temperature (about 25°C). The
reaction mixture was then poured into a Waring blender containing ~200
mL of water, and a polymer precipitate was then formed. This precipitated
polymer was washed with additional water and dried under vacuum giving
~4.5 g of polymer product. The product was identified as an aramid co-
polymer with 2-(4-aminophenyl)-1H-benzo[d]imidazol-5-amine with para-

phenylene diamine.

Example 4: Aramid co-polymer with 2-(4-aminophenyl)-1H-

benzo[d]imidazol-5-amine and meta-phenylene diamine
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NH
NH "
2 F’SX N
F~_-O |
+ F - Br(H +
MPD F
F H->N
CeHaN, F COCI 2
Mol. Wi.: 108.14 Chemical Formula: C3HosN4

0.424g (1 x 3.9208mmole) ClOC £113733-074 Exact Mass: 224.11
C. HBICIE O Molecular Weight: 224.26
(0.424/2 = 0.212 g {1.963 mmol) 16 3= 2 165 1.7573 g (2 x 3.9207 mmol)

Mol. Wt.: 729.98

8.58609 (3 x 3.9207/mmole) 1.7573/2 = 0.8788 g {3.913 mmoi})

8.5860/2 = 4.2930 g (5.881 mmol)

8.5860/2 = 4.2930 g (5.881 mmol) x 0.87

3.7350 g {5.11647 mmol) (Br}
0.4969 g {0.7645 mmol} {H)

l Solvent: DMAC

Polym. Time: ~ 3 hrs
ppt in water, dried

- _
"I\ H 8 ?
) L F _F F Q0 .
FBrH) - FFF - F F Br(H)

5 In a flask, 2-(4-aminophenyl)-1H-benzo[d]imidazol-5-amine (0.8766

g, 3.913 mmol) and meta-phenylene diamine (0.212 g 1.963 mmol) were
dissolved in DMAC (~100mL) at room temperature forming a solution. A
reaction mixture was prepared by addition to the solution so formed of 2-
(2-bromo-1,1,2-trifluoro-2-(1,1,2,3,3,3-hexafluoro-2- (perfluoropropoxy)-
10  propoxy)ethoxy)terephthaloyl dichloride (2.862 g, 3.9208 mmol) (note, via
NMR this acid chloride contain ~13% 2-(1,1,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
hexadecafluorooctyloxy)terephthaloyl dichloride) (4.2319 g). The
resulting reaction mixture was stirred overnight at room temperature
(about 25°C). The reaction mixture was then poured into a Waring blender
15 containing ~200 mL of water and a polymer precipitate formed. The
precipitated polymer was washed with additional water and dried under
vacuum, giving ~5.45 g of aramid co-polymer of 2-(4-aminophenyl)-1H-

benzo[d]imidazol-5-amine and meta-phenylene diamine.

20
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Example 5: Aramid

F
NF
| H _F -
Y TR
@ F F F

Cl

Para-phenylene diamine (1.08 g, 0.01 mol) was placed in an oven-
dried 250 mL reaction flask equipped with a mechanical stirrer in a dry
box. To this solution in the reaction flask was added 2-(1,1,2-trifluoro-2-
(1,1,2,3,3,3-hexafluoro-2-(perfluoropropoxy)propoxy)ethoxy)terephthaloyl
dichloride (6.66 g, 0.01023 mol), forming a reaction solution. The resulting
reaction solution was stirred overnight at room temperature (about 25°C)
and then the resulting polymer precipitated in water. The resulting

polymer was washed with additional water and then dried under vacuum
at 60°C.

Example 6: Aramid
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ClI Cl
O O
Y
H HO O
‘{N N
N
F
S L 5 o AGAT
Fef

Meta-phenylene diamine (1.08 g, 0.01 mol) was placed in an oven-
dried 250 mL reaction flask equipped with a mechanical stirrer in the dry
box. To this solution was added 5-(1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2-(perfluoropropoxy)propoxy)ethoxy)isophthaloyl dichloride
(6.66 g, 0.01023 mol) to form a reaction solution. The resulting reaction
solution was stirred overnight at room temperature (about 25°C) and then
the resulting polymer precipitated in water. The resulting polymer was

washed with additional water and then dried under vacuum at 60°C.

Example 7: Aramid
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H}JLCHL
ﬁ;

Para-phenylene diamine (1.08 g, 0.01 mol) was placed in an oven-
dried 250 mL reaction flask equipped with a mechanical stirrer in a dry
box. To this reaction solution was added 2-(1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2-(perfluoropropoxy)propoxy)ethoxy)terephthaloyl dichloride
(6.66 g, 0.01023 mol) to form a reaction solution. The resulting reaction
solution was stirred overnight at room temperature (about 25°C) and then
the resulting polymer precipitated in water. The resulting polymer was

washed with additional water and then dried under vacuum at 60°C.

Example 8: Aramid
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Cl Cl

Para-phenylene diamine (1.08 g, 0.01 mol) was placed in an oven-
5 dried 250 mL reaction flask equipped with a mechanical stirrer in a dry
box. To this solution was added 5-(1,1,2-trifluoro-2-(1,1,2,3,3,3-
hexafluoro-2-(perfluoropropoxy)propoxy)ethoxy)isophthaloyl dichloride
(0.06 g, 0.01023 mol) to form a reaction solution. The reaction solution
was stirred overnight at room temperature (about 25°) and then the
10  resulting polymer precipitated in water. The resulting polymer was

washed with additional water and then dried under vacuum at 60°C.

Example 9: Aramid

Nﬁoii Nde_,_ [ 1§ Q i

Cl

CIO \\/{\/K/F

15
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Meta-phenylene diamine ( 1.08 g, 0.01 mol) was placed in an oven-
dried 250 mL reaction flask equipped with a mechanical stirrer in the dry
box. To this solution was added 2-(2-chloro-1,1,2-trifluoro-2-
(perfluoropropoxy)ethoxy)terephthaloyl dichloride (5.19 g, 0.010 mol) to

5 form a reaction solution. The resulting reaction solution was stirred
overnight at room temperature (about 25°C) and then the resulting
polymer precipitated in water. The resulting polymer was washed with

additional water and then dried under vacuum at 60°C.

10 Example 10: Aramid

mi

FO F NH2—> _Q Qﬂ

Cl

CIO Y(\/NF

15
Para-phenylene diamine (1.08 g, 0.01 mol) was placed in an oven-
dried 250 mL reaction flask equipped with a mechanical stirrer in the dry
box. To this solution was added 2-(2-chloro-1,1,2-trifluoro-2-
(perfluoropropoxy)ethoxy)terephthaloyl dichloride (5.19 g, 0.010 mol) to
20  form a reaction solution. The resulting reaction solution was stirred
overnight at room temperature (about 25°) and then the resulting polymer
precipitated in water. The resulting polymer was washed with additional

water and then dried under vacuum at 60°C.

25 Example 11
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F] ¢ F
F
HoN - 07 F
Iy a
NH + + Na,CO
Cl c Cl Cl 273

5 5 O O
MPD 5-(1,1,2-trifluoro-2-(1,1,2,3,3, 3- isophthaloyl dichloride
CgHgNy hexatluoro-2-(perfluoropropoxy)  Chemical Formula: CgH4Cl,0,
Mol. Wt.: 108.14 ~ Propoxyjethoxyjisophthaloyldichloride £, 56 (Mass: 201.96
5.4 g (50.0 mmole) Chemical Formula: C1HaGlP1605  Molecular Weight: 203.02

Exact Mass: 649.92
Molecular Weight: 651.08
1.03 g (1.58 mmol)

- F
PO T F L
F

H
F H N
w) ")

O O O O

~3.1 mol%

9.98 g, (49.16 mmol)

The indicated diacid chlorides were weighed out in a. dry box in a 250 mL flask
THF (150 mL) was added and the mixture stirred until a homogeneous solution
resulted. The diamine and sodium carbonate (10.6 g) were added to a Waring
blender containing water (150 mL). The resulting solution was rapidly stirred and
the THF acid chlorides solution added. The resulting mixture was stirred for ~5
minutes, the polymer was filtered and washed with water (1liter) and then with
acetone (1 liter). The resulting polymer was dried under vacuum at 600C for ~24
hours. The resulting polymer had a IV of 1.177 (H2S04).

One gram of the resulting polymer was dissolved in NMP (25 mL) and poured
Into a glass casting plate and placed in an oven at 60 °C under vacuum with a
small bleed for ~72 hours and the resulting film was tested to determine Contact
Angles and Surface Energy. Additional specimens were prepared by heating the
thus prepared film at 150 °C under vacuum for five hours. Results are shown In
Table 1.
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Contact
Angle
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9
(water)

102+/-1.7

111+/-

Contact
Angle
Receding
(water)

71+/-

TABLE 1

Contact
Angle
Advancin
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(Methyle
nhe di-
lodide

76+ -
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CLAIMS
What is claimed is:

1. a polymer comprising a fluorovinyl ether functionalized aromatic

5 repeat unit represented by the structure (I)

i Z X Q,
F
R O - i
\ / I
H R
Mﬁ— Ar\—ﬁ—N < /
O R/ R O R1Y\_HW
|
kSt
wherein,

Ar represents a benzene or naphthalene radical;

each R is independently H, C4-Cqp alkyl, C5-C15 aryl, Cg-Cy arylalkyl; OH,

10  or a radical represented by the structure (II)

Z
X Q)_F
F \ /Q a
C
F>

—O0 " 11

with the proviso that only one R can be OH or the radical represented by

the structure (1I);

15 each R1 is independently H, C1-C10 alkyl, C5-C15 aryl, C6-C20 arylalkyil;
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Xis O

Z 1S H,

or CF2;

Cl, or Br;

a=0or1;

and,

Q is represented by the structure (Ia)

- 1
C—Rf——

I la
[ Y— Rf2+ F

q

wherein g =0 - 10;

Yis O

or CFQ;

Rf' is (CF2), wherein n is 0-10;

and,

PCT/US2010/047514

Rf is (CF2),, wherein p is 0-10, with the proviso that when p is O, Y is

Cko..

2.

3.

4.

The polymer of Claim 1 wherein, Ar is a benzene radical.

The polymer of Claim 1 wherein, each R is H.

The polymer of Claim 1 wherein, one R is reperesented by the

structure (II) and the remaining two Rs are each H.

5.

The polymer of Claim 1 wherein, each R is H.
The polymer of Claim 1 wherein, X is O.
The polymer of Claim 1 wherein, X is CF».

The polymer of Claim 1 wherein, Y is O.
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9. The polymer of Claim 1 wherein, Y is CF».
10.  The polymer of Claim 1 wherein Z is Cl.

11.  The polymer of Claim 1 wherein one R is represented by the

structure (II), one Zis H, and one Z is Cl.
5 12.  The polymer of Claim 1 wherein, Rf' is CF»
13.  The polymer of Claim 1 wherein, Rf* is CF-.
14.  The polymer of Claim 1 wherein p=0 and Y is CF».

15.  The polymer of Claim 1 wherein, Ar is a benzene radical, each R is
H, Z is Cl, each R'is H, X is O, Y is O, Rf' is CF», and R is

10  perfluoropropenyl, and q = 1.

16.  The polymer of Claim 1 further comprising aramid repeat units

represented by the structure (V),

2 2 R’
P —|—
A :
a'a 'l ® “\ —C—N \/ / NvAAA V
|c|> /- \7\/ c|> 5 \_7RS
2 2 LE

wherein each R? is independently H or alkyl, and each R° is independently

15 Horalkyl.

17.  The polymer of Claim 1 wherein all the R*s are H, and all the R°s

are H.
18. A process, comprising combining a fluorovinyl ether functionalized
aromatic diacid chloride with an aromatic diamine to form a reaction mixture,

20 heating to a temperature between 180-240°C followed by heating to 250-300°C,
and, extracting volatiles by subjecting said mixture to evacuation; wherein the

fluorovinyl ether functionalized aromatic diacid chloride is represented by the

structure (111),
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7 Q
F X

R O "
N/
Cl——C—— A, ——C—Cl

AN

111

O O

wherein,

Ar represents a benzene or naphthalene radical;

each R is independently H, C1-Cyp alkyl, C5-C15 aryl, Cs-Cop arylalkyl; OH, or a
5 radical represented by the structure (II)

7
X Q)—F
] N /G :
C
F2

F
—O 11

with the proviso that only one R can be OH or the radical represented by
the structure (II);

10 Xis O or CFy;
Z 1s H, Cl, or Br;
a=0or1;
and,

Q is represented by the structure (Ia)

- 1
C—Rf—

I la
[ Y— Rf2+ F

15 q
wherein g =0 - 10;
Y I1s O or Cky;
Rf' is (CF2)n, wherein n is 0-10;

and,
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Rf* is (CF2)p, wherein p is 0-10, with the proviso that when pis O, Y
IS CFQ;.

19. In one embodiment of the process hereof, each R is H.

20. In one embodiment of the process hereof, one R is reperesented by

the structure (II) and the remaining two Rs are each H.
21. In one embodiment of the process hereof, X is O.
22. In an alternative embodiment, X is CFo.

23. In one embodiment of the process hereof, Y is O.
24 . In an alternative embodiment, Y is CFo.

25. In a further embodiment, Z i1s Cl.

26. In an alternative embodiment one R is represented by the structure
(II), one Zi1s H, and one Z is ClI.

27.  In one embodiment of the process hereof, Rf' is CF»
28  In one embodiment of the process hereof, Rf? is CF».
29. In one embodiment of the process hereof,p=0 and Y is CF-».

30. In one embodiment of the process hereof, the aromatic diamine Is
1,4-dilaminobenzene, Ar is a benzene radical, each Ris H, Zi1s Cl, X is O,

Y is O, Rf' is CF,, and Rf* is perfluoropropenyl, and q = 1.

31. In another embodiment the reaction mixture further comprises an

aromatic diacid chloride represented by the structure (VI)

R R
\ /
Cl—C—— Ar C—Cl Vi
VAN
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wherein Ar is an aromatic radical; each R is independently H or C1 — C1g
alkyl.

32. In a further embodiment, each R is H.

33. In one embodiment Ar IS a benzene radical.
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