PROCESS FOR THE SYNTHESIS OF FLUORINATED ETHERS OF AROMATIC
ACIDS

Abstract of the Invention

Fluorinated ethers of aromatic acids are produced from haogenated aromatic acids in a
reaction mixture containing a copper (1) or copper (I1) source and a Schiff base ligand
that coordinates to copper. The fluorinated ethers of aromatic acids made using the
process described herein can be applied to, e.g., fibers, yarns, carpets, garments, films,
molded parts, paper and cardboard, stone, and tile to impart soil, water and oil resistance.
By incorporating the fluorinated ethers of aromatic acids, or diesters thereof, into
polymer backbones, more lasting soil, water and oil resistance, as well as improved flame
retardance, can be achieved.
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1. A process for preparing a fluorinated ether of an
aromatic acid, the ether being represented by the
structure of the following Formula :|I

C——0H

(Rf_O
n

wherein Ar is a G~Co0 nonocyclic or polycyclic aromatic
nucl eus, n and mare each independently a nonzero val ue,
ntmis less than or equal to 8, and wherein R is a
fluorinated al kyl, alkaryl, aralkyl or aryl group,
optionally containing one or nore ether |inkages -0-
with the proviso that R is not attached to the ether

oxygen in Formula I via a CF, group or a CF,CH,CH, group,
conpri si ng:

(a) contacting a hal ogenated aromati c acid that

Is represented by the structure of the follow ng Fornul a
Il
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C—OH
m
(x
n
II
wherein each X is independently CI, Br or I, and Ar, n
and mare as set forth above, wth
(1) a total of fromabout ntmto about n+mtl

equi val ents of the al coholate RO'M
(wherein Mis Na or K) per equivalent of
hal ogenated aronatic acid, in a polar
aprotic solvent or in RRCH as a sol vent;

(i) a copper (1) or copper (lIl) source; and

(tii) a ligand that coordinates to copper,
wherein the ligand conprises a Schiff
base;

to forma reaction m xture;

(b) heating the reaction mxture to formthe

mbasic salt of the product of step (a), as represented
by the structure of the followng Formula I11:
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(c) optionally, separating the Forrmula Il in

basic salt fromthe reaction m xture in which it is
formed; and

(d) contacting the Formula IIl mbasic salt
with acid to formtherefroma fluorinated ether of an

aromatic acid.

2. A process according to Claiml wherein R is
selected from the group consisting of:
CF3( CF2) a( CHy) b -

wherein a = an integer from 0 to 15 and b = 1, 3 or
4;
HCF,(CF,)(CHy)d -

wherein ¢ = an integer from 0 to 15 and d = 1, 3, or
4;

CF;CF,CF,OCFHCF,(OCH,CH,)e - and
CF;CF,CF,0OCF,CF,(OCH,CHy)e -,

wherein e = an integer from 1 to 12;
(CF3),CH-
(CRCF,CFH) (F) (CF3)C-
(CR:CF,CFH) (F) (CF3)CCH,-



(CR) 2(HQGGR2) (AC- , and
(CR) 2(H Q0GR (OO 5 and
pent af | uor ophenyl .

3. Aprocess according to daim1 wherein the
hal ogenated aromatic acid is selected fromthe group
consi sting of 2-bronobenzoic acid, 2,5-dibronobenzoic
acid, 2-brono-5-nitrobenzoic acid, 2-brono-5-
nmet hyl benzoi ¢ acid, 2-chlorobenzoic acid, 2,5-
di chl or obenzoi ¢ acid, 2-chloro-3,5-dinitrobenzoic acid,
2- chl or 0- 5- net hyl benzoi ¢ acid, 2-brono-5- et hoxybenzoi c
aci d, 5-brono-2-chl orobenzoi c acid, 2,3-dichlorobenzoic
acid, 2-chloro-4-nitrobenzoic acid, 2,5-
di chl orot erepht hal i ¢ acid, 2-chloro-5-nitrobenzoic acid,
2,5-di bronoterephthalic acid, and 2, 5-
di chl orot erepht hal i ¢ aci d.

4. A process according to daim1l wherein, in step
(a), atotal of about ntmto n+mtl nornal equival ents of
ROM are added to the reaction m xture per equival ent of
t he hal ogenated aromatic acid.

5. A process according to daim1 wherein the
copper source conprises a Qu(l) salt, a Qu(ll) salt, or a
m xt ure thereof.

6. A process according to Qaim5 wherein the
copper source is selected fromthe group consisting of
Qud, QuBr, Qul, Qu,S0,, CuN0d;, Qud,, QuBr, Cul, QuS0Oy,
Cu( NO3) ., and m xtures thereof.
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7. A process according to Qaim1 wherein the |igand

I's described by the structure of Formula |V

R
N

R! /n\ R2
Iv

wherein R, R and R are each independently sel ected from
substituted and unsubstituted Cl-Cl6 n-al kyl,

I so-al kyl and tertiary al kyl groups; and substituted and
unsubstituted G - CO aryl and heteroaryl groups.

8. A process according to Qaim1l wherein the
ligand is described by the structure of Fornmula V

R RS
N N
Rl"u‘"‘A;ﬂ“R2
\Y
wherein Ais selected fromthe group consisting of
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R, R, R and R are each independently sel ected from
substituted and unsubstituted Cl-Cl6 n-al kyl, iso-alkyl and
tertiary alkyl groups; and substituted and unsubstituted
B - GO0 aryl and heteroaryl groups;

R is selected fromH substituted and unsubstituted
Cl-Cl6 n-al kyl, iso-alkyl and tertiary al kyl groups; and
substituted and unsubstituted
B - QO aryl and heteroaryl groups; and hal ogen;

R, R, R and R are each independently sel ected from
H or a substituted or unsubstituted Cl-Cl6 n-al kyl, i so-
alkyl or tertiary alkyl group; and

p=0or 1

9. A process according to daima8 wherein
p=20and R and R are taken together to formthe CH-GC
G O+% noi ety bonded to the two nitrogen atons.

10. A process according to daim9 wherein the
ligand is NN -dinesityl-2,3-diimnobutane or NN -
di (trifluoronethyl benzene) -2, 3-di i m noet hane.

11. A process according to daim21 wherein copper

I's provided in an anount of between about 0.1 and about 5
nol % based on nol es of hal ogenated aronatic acid.
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12. A process according to daim1l wherein the
ligand is provided in an anmount of between about one and
about two nol ar equival ents per nole of copper.

13. A process according to AQaim1 further
conprising a step of subjecting the ether of the aronatic
acid to a reaction to prepare therefroma conpound,
nononer, ol igoner or polyner.

14. A process according to daim13 wherein a
pol yner prepared conprises at |east one nenber of the
group consisting of pyridobisi mdazol e,
pyri dobi st hi azol e, pyri dobi soxazol e, benzobi si m dazol e,
benzobi st hi azol e, and benzobi soxazol e noi eti es.

15. A process according to Aaim 14 wherein a
pol yner prepared conprises a fluorinated
pyri dobi si m dazol e- 2, 6-di yl (2, 5-di al koxy- p- phenyl ene)
pol ymer or a fluorinated pyridobi si m dazol e-2, 6-di yl (2, 5-
di ar eneoxy- p- phenyl ene) pol yner.
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This application clains priority under 35
US C 8119(e) from and clains the benefit of, U S
Provi sional Application No. 61/239, 106, filed Septenber
2, 2009, which is by this reference incorporated in its
entirety as a part hereof for all purposes.

Technical Feld
This invention relates to the manufacture of

fluorinated ethers of aronmatic acids, or hydroxy aronatic
acids, which are valuable for a variety of purposes such
as use as surfactants, internediates or as nononers to
nmake pol yners.

Backgr ound

Fl uori nat ed organi ¢ conpounds have been used in
a wde variety of applications, for exanple, in surface
treatnments, as internediates in the synthesis of, eg.
phar maceutical s, and as nononers in the synthesis of
pol ymers with highly val ued properti es. In particul ar,
as conpounds or as conponents of polyners, they are used
to inpart soil, water and oil resistance, and inproved
flame retardancy to materials, especially in fiber-related
i ndustri es. Ceneral ly, the fluorinated conpounds are



applied as a topical treatnment, but their effectiveness
decreases over tine because of naterial |oss resulting
fromwear and washi ng.

A need thus remains to provide polyneric
materials that have inproved, nore durable soil and oil
resi st ance.

Summar y

The disclosures herein include new fluorinated
ethers of aromatic acids, processes for the preparation
of a fluorinated ether of an aronatic acid, processes for
the preparation of products into which such a fluorinated
et her can be converted, the use of such processes, and the
products obtai ned and obtai nabl e by such processes.

e enbodi nent of the processes hereof provides
a process for preparing a fluorinated ether of an
aronatic acid, the ether being represented by the
structure of the followng Formula I:

C—0H



wherein Ar is a G~GCy, nonocyclic or polycyclic aronatic
nucl eus, n and mare each independent|ly a nonzero val ue,
ntmis less than or equal to 8, and wherein R is a
fluorinated al kyl, alkaryl, aralkyl or aryl group,
optionally containing one or nore ether |inkages -0-
with the proviso that RF is not attached to the ether
oxygen in Forrula | via a C, group or a GR2GR2G2 group,
conpri si ng:

(a) contacting a hal ogenated aromatic acid that
is represented by the structure of the foll ow ng Formul a
Il

I
C—0OH
m
(x
n
I1
wherein each X is independently d, Br, or |, and Ar, n
and mare as set forth above, wth
(1) a total of fromabout ntmto about n+mtl

equi val ents of the al coholate RO'M
(wherein Mis Na or K) per equival ent of
hal ogenated aromatic acid, in a polar
aprotic solvent or in ROH as a sol vent;

(i) a copper (1) or copper (Il) source; and

(iii) a ligand that coordinates to copper,
wherein the ligand conprises a Schiff
base;



to forma reaction m xture;

(b) heating the reaction m xture to formthe
m basic salt of the product of step (a), as represented

by the structure of the following Fornula II1I:

IIT

(c) optionally, separating the Formula 111
m basic salt fromthe reaction m xture in which it is

formed; and

(d) contacting the Formula IlIl mbasic salt
with acid to form therefroma fluorinated ether of an

aromati c acid.

Anot her enbodi ment of this invention provides a
process for preparing a conpound, monomer, oligomer or
pol ymer by preparing a fluorinated ether of an aromatic
acid that is described by the structure of Forrmula I, and
then subjecting the ether so produced to a reaction
(including a multi-step reaction) to prepare therefrom a

conpound, nonomer, oligonmer or polymer.



It has been found that by incorporating fluorinated
aromatic diesters into pol ymer backbones, nore lasting
soil, water and oil resistance, as well as inproved flane
retardance, can be achi eved.

Detail ed Description

Thi s disclosure provides a process for
preparing a fluorinated ether of an aromatic acid, the
ether being represented by the structure of the follow ng
Formula I:

C—CH

n

wherein Ar is a B~Co nonocyclic or polycyclic aronatic
nucl eus, n and mare each independently a nonzero val ue,
ntmis less than or equal to 8 and wherein R is a
fluorinated al kyl, alkaryl, aralkyl or aryl group,
optionally containing one or nore ether |inkages -0- ,
with the proviso that F is not attached to the ether
oxygen in Formula | via a G group or a CGR2GR2G2 group,
conpri si ng:



(a) contacting a hal ogenated aromatic acid that
is represented by the structure of the follow ng Formula

II

wherein each X is independently ClI, Br or I, and Ar, n
and mare as set forth above, with
(i) a total of from about n+mto about n+m+l
equi val ents of the alcoholate ROM
(wherein Mis Na or K) per equivalent of
hal ogenated aromatic acid, in a polar
aprotic solvent or in ROH as a solvent;
(ii) a copper (lI) or copper (ll) source; and
(iii) a ligand that coordinates to copper,
wherein the ligand conmprises a Schiff
base;

to forma reaction m xture;

(b) heating the reaction m xture to form the
m basic salt of the product of step (a), as is
represented by the structure of the follow ng Formula
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111

(c) optionally, separating the Fornula IIl m
basic salt fromthe reaction m xture in which it is

formed; and

(d) contacting the Formula |11l mbasic salt
with acid to form therefroma fluorinated ether of an
aromati ¢ aci d.

As used herein, the term "alkyl" denotes a
uni val ent group derived from an al kane by removing a
hydrogen atom from any carbon atom -CH2x+; where x > 1.

As used herein, the term"aryl" denotes a
uni val ent group whose free valence is to a carbon atom of

an aromatic ring.

As used herein, the term "aral kyl" denotes an
al kyl group which bears an aryl group. One such example

is the benzyl group, i.e., the radical



CHy—

As used herein, the term"alkaryl" denotes an
aryl group which bears an al kyl group. Sone exanples are

t he 4-nethyl phenyl radical,

HsC
I

the nmesityl group (i.e., 2,4,6-trinmethylphenyl) and the
2, 6-dii sopropyl phenyl group (i.e., the (OBCHOB) ,CsHs-

radical).

Exanpl es of Rf include without linitation:

3 (OFy) o (O)b- wherein a = an integer fromO to 15
and b = 1, 3 or 4;

HCF, (GF) ¢ (CH) d - wherein ¢ = an integer fromO to 15
and d = 1, 3, or 4

CF3CF,CF,OCFHCF,( OCH,CH,) . - and
CF3CFR2CF200F2CF2 ( OCH,CH,) ¢ -/ wherein e = an integer from1l
to 12;

(CF3) O

(CF3CF2CFH) (F) (CF3)C-

(CF3CF2CFH) (F) (CF3)CCH,-

(CF3)2(H)C(CF3CFy) (F)C - , and

(CF3)2(H)C(CF3CF,;) (F)CCH,- ; and

pentafluorophenyl.
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In Formulae |, Il and 111, A is a G-Cy
nmonocyclic or polycyclic aromatic nucleus; n and mare
each independently a nonzero value and ntmis |ess than
or equal to 8 and in Formula Il, each X is independently
a, B or |

The radical denoted by

is an ntmval ent G~GC, nonocyclic or polycyclic aronatic
nucl eus forned by the renmoval of n+m hydrogens from
different carbon atons on the aromatic ring, or on the
aronmatic rings when the structure is polycyclic. The
radical "Ar" nmay be substituted or unsubstituted; when
unsubstituted, it contains only carbon and hydrogen.

e exanple of a suitable Ar group is
phenyl ene, as shown bel ow, wherei n n=n¥l.

Y
LN

A preferred Ar group is shown bel ow, wherein n=me2.

XX



An "mbasic salt", as the termis used herein,
is the salt forned froman acid that contains in each
nol ecule macid groups having a repl aceabl e hydrogen
at om

(



Various hal ogenated aromatic acids, to be used
as a starting material in the process of this invention,
are commerci al ly avail abl e. For exanpl e, 2-bronobenzoic
acid is available fromA drich Chemcal Conpany
(MIwaukee, Wsconsin). It can be synthesized, however,
by oxidation of brononethyl benzene as described in Sasson
et a, Jounal of Organic Chemistry (1986), 51(15), 2880-
2883. QG her hal ogenated aromatic acids that can be used
include without limtation 2,5-di bronmobenzoi c acid, 2-
br ono- 5- ni t robenzoi ¢ aci d, 2-brono-5- et hyl benzoi ¢ aci d,
2-chl orobenzoi ¢ acid, 2,5-dichlorobenzoic acid, 2-chloro-
3, 5-di ni trobenzoi c acid, 2-chloro-5-nethyl benzoi c acid,

2- br ono- 5- net hoxybenzoi ¢ aci d, 5-brono-2-chl or obenzoi c
acid, 2,3-dichlorobenzoic acid, 2-chloro-4-nitrobenzoic
acid, 2,5-dichloroterephthalic acid, 2-chloro-5-

ni trobenzoi ¢ acid, 2,5-dibronoterephthalic acid, and 2, 5-
dichloroterephthalic acid, all of which are comrercially
avai | abl e. Preferably, the hal ogenated aromatic acid is
2,5-di bronoterephthalic acid or 2,5-dichloroterephthalic
aci d.

G her hal ogenated aromatic acids useful as a
starting material in the process of this invention
i ncl ude those shown in the left colum of the table
bel ow, wherein X =04, Br or I, and wherein the
correspondi ng ether of an aronatic acid produced
therefromby the process of this invention is show in
the right col um:
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{COOH) w—Ar—(X)

(COOH) ;—Axr—(OR¢) n

X OR;
SO o™
COOH COOH
X OR;
X OR,
COOH O O COOH
HOOC @G HOOC
X OR;
COOH OOH
O oo
X RO
COOH COOH
OOH COOH
X OR;
X OR;
COOH COOH
X R¢
HOOC COOH HOOC. 5 _COOH
COOH COOH
X
HOOC COOH OR,
COOH
HOOC COOH HOOC
X HOOC COOH

ORy




> T

HOO O Ny i :’ooc @

HO. Q OR,
COOH COOH

In step (a), a halogenated aromatic acid is
contacted with the al coholate ROM , wherein R is as
defined above and Mis Na or K in a polar aprotic
solvent or in RCH as a solvent; a copper (I) or copper
(1) source; and a ligand that coordi nates to copper,
wherein the |ligand conprises a Schiff base.

The al cohol may be RCH  which is preferred, or
it may be an alcohol that is not nore acidic than RCH
Exanpl es of suitable alcohols include without limtation
met hanol , ethanol, i-propanol, i-butanol, and phenol,
with the proviso that the alcohol is not nore acidic than
R CH

The solvent may al so be a polar protic or polar
aprotic solvent or a mxture of protic or polar aprotic
solvent. A polar solvent, as used herein, is a solvent
whose constituent nol ecul es exhibit a nonzero dipol e
nonment. A polar protic solvent, as used herein, is a
pol ar sol vent whose constituent nol ecules contain an O-H
or N-H bond. A pol ar aprotic solvent, as used herein, is
a pol ar sol vent whose constituent nol ecul es do not contain



an 0-H or N-H bond. Non-limting exanples of polar
sol vents other than an al cohol suitable for use herein
i ncl ude tetrahydrofuran, N nethyl pyrrolidone,

di met hyl f or ram de, and di net hyl acet am de.

In step (a), a halogenated aromatic acid is
preferably contacted with a total of fromabout ntmto
n+m-l equival ents of the al cohol ate ROM per equival ent
of hal ogenated aronatic acid. Between m and mtl
equivalents is used for formng the mbasic salt and
between n and n+l equivalents is used for the
di spl acenent reacti on. It is preferred that the total
anount of al cohol ate not exceed mtn+1. It is also
preferred that the total anount of alcoholate not be I|ess
than m¥n in order to avoid reduction reactions. e
"equivalent" as used in this context is the nunber of
nol es of al coholate ROM that will react with one nole of
hydrogen ions; for an acid, one equivalent is the nunber
of moles of acid that will supply one nol e of hydrogen
i ons.

As mentioned above, in step (a), the
hal ogenated aronatic acid is also contacted with a copper
(1) or (Il) source in the presence of a Schiff base
ligand that coordinates to copper. The copper source
and the ligand may be added sequentially to the reaction
m xture, or nay be conbined separately (for exanple, in a
solution of water or acetonitrile) and added together.

The copper source is a Qu(l) salt, a Qu(ll)
salt, or mxtures thereof. Exanpl es i nclude wi t hout
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[imtation Qud, QuBr, Qul, cu,scm CQuNO3, Qud ,, QuBry
Qul,, cuso,, and Cu(NG;),. The selection of the copper
source may be nade in relation to the identity of the

hal ogenated aromatic acid used. For exanple, if the
starting hal ogenated aromatic acid is a bronobenzoi c
acid, &wd, QBr, Ql, Qu,S04 CUNO;, CUCl,, QuBr, Cul,
cuscM and Qu(NO3), will be included anong the usef ul

choi ces. If the starting hal ogenated aromatic acid is a
chl orobenzoic acid, QuBr, CQul, QuBr, and Cul, will be

i ncl uded anong the useful choi ces. Qotionally, prior to
step (a), a neasured anount (~0.25 nol of 0,/ nol of Cul)
may be added to dissolve Qul in the di amne/al coho

sol uti on. QuBr and QuBr, are in general preferred

choi ces for nost systens. The anount of copper used is
typically about 0.1 to about 5 nol % based on nol es of

hal ogenat ed aronati c acid.

The ligand conprises a Schiff base. The term
"Schiff base" as used herein denotes a functional group
or type of chemcal conpound containing a carbon-nitrogen
doubl e bond with the nitrogen atom connected to an aryl
group or an al kyl group but not to hydrogen, such as shown
by the structure of Formula IV It is typically the
condensation product of a prinmary amne and a ketone or
al dehyde, produced by a reaction schene such as the
fol I ow ng



Schiff Base

wherein R, R and R are each independently selected from
substituted and unsubstituted C-Cyg n-al kyl, iso-alkyl and
tertiary al kyl groups; and substituted and unsubstituted
G - Go aryl and heteroaryl groups.

In one enbodi nent, a Schiff base suitable for
use herein as the ligand includes a diinine such as
descri bed generally by Formula V

3 Rt

hil
Ap
v

22—

>=

R R?

wherein A is selected fromthe group consisting of

17



—c= ~N-R'™—
R® , ~—0=-R°—, R, or 0—C—0—R*—,
R, R, R and R* are each independently sel ected
from substituted and unsubstituted C;- Ci¢ n-al kyl, iso-

alkyl and tertiary alkyl groups; and substituted and
unsubstituted G - G aryl and heteroaryl groups;

R is selected fromH substituted and
unsubstituted C-Cyg n-alkyl, iso-alkyl and tertiary alkyl
groups; and substituted and unsubstituted
G - G aryl and heteroaryl groups; and hal ogen;

R° R, R and R are each independently sel ected
fromH or a substituted or unsubstituted C-Cy n-al kyl,
iso-alkyl or tertiary alkyl group; and p = 0 or 1.

The term "unsubstituted”, as used with
reference to an alkyl or aryl group in a Schiff base as
descri bed above, neans that the al kyl or aryl group
contains no atons other than carbon and hydrogen. In a
substituted al kyl or aryl group, however, one or nore O
or S atons may optionally be substituted for any one or
nore of the in-chain or in-ring carbon atons, provided
that the resulting structure contains no -0-0- or -S-S-
noi eties, and provided that no carbon atomis bonded to

nore than one heteroatom



I n anot her enbodi ment, a suitable diimne for
use herein as the ligand includes N, N -dinesityl-2, 3-
di i mnobutane (such as described generally by Formula W)

Vi

In this instance, p=0, R = R =nesityl, and R and R are
taken together to formthe OB-GGGB noiety bonded to
the two nitrogen atons.

In a further enbodinment, a diimne suitable for
use herein as the ligand includes N N -
di (trifluoromet hyl benzene) -2, 3-di i m noet hane (such as
described generally by Formula VI 1I)

In this instance, p=0, R = R = (trifluoromethyl)benzyl,
and R and R are taken together to formthe OB-G G a8
noi ety bonded to the two nitrogen atons.



A ligand suitable for use herein may be
selected as any one or nore or all of the menbers of the
whol e popul ation of |igands described by nane or
structure above.

Vari ous copper sources and |igands suitable for
use herein may be nmade by processes known in the art, or
are available commercially fromsuppliers such as Alfa
Aesar (vrd HI1l, Mssachusetts), Gty Chemcal (Veést
Haven, Connecticut), Fisher Scientific (Fairlaw, New
Jersey), Sigma-Aldrich (. Louis, Mssouri) or Stanford
Materials (Aliso Viejo, California).

I n various enbodi nents, the ligand may be
provided in an amount of about 1 to about 8, preferably
about 1 to about 2, nolar equivalents of |igand per nole
of copper. In those and ot her enbodi nents, the ratio of
nmol ar equivalents of ligand to nolar equival ents of
hal ogenated aronatic acid may be less than or equal to
about 0. 1. As used herein, the term"nolar equival ent”
indicates the nunber of noles of ligand that wll
interact with one nole of copper.

In step (b), the reaction mxture is heated to

formthe mbasic salt as represented by the structure of
the following Formula I11:

2.6
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The reaction tenperature for steps (a) and (b)
is preferably between about 40 and about 120°C nore
preferably between about 50 and about 90°C Typical |y,
the tine required for step (a) is fromabout 0.1 to about
1 hour. The tine required for step (b) is typically
fromabout 1 to about 100 hours. Qptinal tines and
tenperatures may vary depending on the specific
materials. xygen may be desirably excluded during the
reaction. The solution is typically allowed to coo
before optional step (c) and before the acidification in
step (d) is carried out.

The mbasic salt of the ether of the aromatic
acid is then contacted in step (d) with acid to convert
it to the hydroxy aromatic acid product. Any acid of
sufficient strength to protonate the mbasic salt is
sui tabl e. Exanpl es include without limtation
hydrochloric acid, sulfuric acid and phosphoric acid.

I n one enbodi nent, the copper (lI) or copper

(1) source is selected fromthe group consisting of
QuBr, QuBr, and mxtures thereof; the ligand is sel ected

2J



fromthe group consisting of NN -dinmesityl-2, 3-

dii mnobutane and NN -di (trifl uoronet hyl benzene) -2, 3-
di i m noet hane; and the copper (1) or copper (llI) source
is conbined with two nolar equivalents of the |igand.

The fluorinated ethers of aromatic acids nade
using the process described herein can be fabricated as
fibers, yarns, carpets, garnents, filns, nolded parts,
paper and cardboard, stone, and tile to inpart soil
water and oil resistance. By incorporating the
fluorinated ethers of aromatic acids, or diesters thereof,
into pol yner backbones, nore lasting soil, water and oil
resi stance, as well as inproved flane retardance, can be
achi eved.

The process described above also allows for
effective and efficient synthesis of products nade from
the resulting fluorinated ethers of aronatic acids such
as a conpound, a nononer, or an oligoner or polymer
thereof. These produced materials nay have one or nore
of ester functionality, ether functionality, amde
functionality, imde functionality, imdazole
functionality, thiazole functionality, oxazole
functionality, carbonate functionality, acrylate
functionality, epoxide functionality, urethane
functionality, acetal functionality, or anhydride
functionality.

A Forrmula | conpound nay, as desired, be
isolated and recovered as described above. It nay al so
be subjected with or without recovery fromthe reaction
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mxture to further steps to convert it to another product
such as anot her conpound (e.g. a nonomner), or an oligoner
or a polyner. Another enbodi nent of a process hereof
thus provides a process for converting a Formul a |
conpound, through one or nore reactions, into another
conpound, or into an oligomer or a polymer. A Fornula I
conpound nay be nmade by a process such as descri bed
above, and then may be subjected, for exanple, to a

pol yneri zation reaction to prepare an oligoner or polymer
therefrom such as those having ester functionality or
amde functionality, or a pyridobisimdazol e-2, 6-

di yl (2, 5- di hydr oxy- p- phenyl ene) pol yner.

The conpounds of Forrmula | nade by the process
di scl osed herein, or their diesters, in particular
di nethyl esters, can be used in condensation
pol yneri zations to produce fluorinated condensation
pol ymers, e.g., including without limtation pol yesters,
pol yam des, polyi mdes, and pol ybenzi m dazol es.
Representative reactions involving a material of this
invention, or a derivative of such naterial, such as a
diester, include, for exanple, naking a polyester from
one or nore conpounds of Formula | and either diethylene
glycol or triethylene glycol in the presence of 0.1% of
Zn3( B03) » i n 1-net hyl napht hal ene under nitrogen, according
to the nmethod taught in US 3,047,536 (which is
incorporated in its entirety as a part hereof for all
purposes). Smlarly, a fluorinated ether of aronatic
acid is suitable for copolynerization wth a dibasic acid
and a glycol to prepare a heat-stabilized fluorinated
pol yester according to the method taught in US 3,227, 680

23



(which is incorporated in its entirety as a part hereof
for all purposes), wherein representative conditions
involve formng a prepol ymer in the presence of titanium
tetrai sopropoxi de in butanol at 200~250°C, followed by
sol i d- phase pol yneri zation at 280°C at a pressure of 0.08

nm Hy.

CGher diols useful to nake froma pol yester
froma Formula | conpound are those that are derived from
a fermentation process, and another enbodi nent of this
invention thus involves a process for naking froma
Formula | conpound an ol igomer or polymer that further
includes a step of providing a diol to such a process
froma fernentation process.

A Formula | conpound may be converted into a
pol yam de ol i gonmer or polyner by reaction with a di amne
in aprocess in which, for exanple, the polynerization
takes place in solution in an organic conpound that is
liquid under the conditions of the reaction, is a solvent
for both the Formula I conpound and the di am ne, and has
a swelling or partial salvation action on the pol yneric
product. The reaction may be effected at noderate
tenperatures, e.g. under 100°C and is preferably
effected in the presence of an acid acceptor that is al so
soluble in the chosen solvent. Suitable solvents include
net hyl ethyl ketone, acetonitrile, N N-dinethylacetamde
dinethyl fornmamde containing 5% Ilithiumchloride, and N
net hyl pyrrolidone containing a quaternary ammoni um
chloride such as nmethyl tri-n-butyl ammoni umchloride or
net hyl -tri-n-propyl ammoni umchloride. GConbi nation of



the reactant conponents causes generation of considerable
heat and the agitation, also, results in generation of
heat energy. For that reason, the solvent system and
other materials are cooled at all tines during the
process when cooling is necessary to maintain the desired
tenperature. Processes simlar to the foregoing are
described in US 3,554,966; US 4,737,571, and CA

2, 355, 316.

A Formula | conpound nmay al so be converted into
a pol yamde oligoner or polymer by reaction with a
diamne in a process in which, for exanple, a solution of
the diamne in a solvent nay be contacted in the presence
of an acid acceptor with a solution of the Formula I
conpound in a second solvent that is immscible with the
first to effect polynerization at the interface of the
two phases. The diamne may, for exanple, be dissol ved
or dispersed in a water containing base with the base
bei ng used in sufficient quantities to neutralize the
acid generated during pol ynerization. Sodi um hydroxi de
may be used as the acid acceptor. Preferred solvents for
the diacid(halide) are tetrachl oroet hyl ene,
nmet hyl enechl ori de, naphtha and chloroform The sol vent
for the Formula | conpound should be a rel ative non-
solvent for the amde reaction product, and be relatively
immscible in the amne solvent. A preferred threshold
of inmscibility is as follows: an organic sol vent should
be soluble in the amne solvent not nore than between
0.01 weight percent and 1.0 weight percent. The di am ne,
base and water are added together and vigorously stirred.
H gh shearing action of the stirrer is inportant. The
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solution of acid chloride is added to the aqueous slurry.
Contacting is generally carried out at from0°C to 60°C
for exanple, for fromabout 1 second to 10 m nutes, and
preferably from5 seconds to 5 mnutes at room
tenperature. Polynerization occurs rapidly. Processes
simlar to the foregoing are described in US 3,554, 966
and US 5, 693, 227.

A fluorinated ether of aromatic acid can al so
be polynerized with the trihydrochl ori de-nmonohydrate of
tetraamnopyridine in a condensati on polynerization in
strong pol yphosphoric acid under slow heating above 100°C
up to about 180°C under reduced pressure, followed by
precipitation in water, as disclosed in US 5, 674, 969
(which is incorporated in its entirety as a part hereof
for all purposes); or by mxing the nononers at a
tenperature fromabout 50°C to about 110°C and then
145°C to forman oligoner, and then reacting the oligoner
at a tenperature of about 160°C to about 250°C as
disclosed in U S. Provisional Application No. 60/665, 737,
filed March 28, 2005 (which is incorporated in its
entirety as a part hereof for all purposes), published as
VWD 2006/ 104974. The pol ynmer that may be so produced nmay
be a pyridobi si m dazol e- 2, 6-di yl (2, 5-di al koxy- p-
phenyl ene) pol ymer or a pyridobi si mdazol e-2, 6-diyl (2, 5-
di ar eneoxy- p- phenyl ene) pol yner such as a pol y(1, 4-(2, 5-
di areneoxy) phenyl ene-2, 6-pyrido[2, 3-d. 5, 6-

d' ] bi si mdazol e) polyner. The pyridobi si mdazole portion
t hereof may, however, be replaced by any one or nore of a
benzobi si m dazol e, benzobi st hi azol e, benzobi soxazol e,

pyri dobi st hi azol e and a pyri dobi soxazole; and the 2,5-
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di al koxy- p- phenyl ene portion thereof may be repl aced by
an alkyl or aryl ether of one or nore of isophthalic
acid, terephthalic acid, 2,5-pyridine dicarboxylic acid,
2, 6-napht hal ene di carboxylic acid, 4,4 -diphenyl

di carboxylic acid, 2,6-quinoline dicarboxylic acid, and
2, 6- bi s(4- car boxyphenyl ) pyri dobi si m dazol e, wherein such
a fluorinated ether is produced according to the nethods
di scl osed herei n.

The pol yner prepared in such nanner nay, for
exanpl e, contain one or nore of the follow ng units:

pyri dobi si m dazol e- 2, 6-di yl (2, 5- di al koxy- p-
phenyl ene) and/or pyri dobi si m dazol e- 2, 6-di yl (2, 5-
di phenoxy- p- phenyl ene) units;

units selected fromthe group consisting of
pyri dobi si m dazol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene),
pyri dobi si m dazol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene),
pyri dobi si m dazol e- 2, 6-di yl (2, 5-di pr opoxy- p- phenyl ene),
pyri dobi si m dazol e- 2, 6-di yl (2, 5- di but oxy- p- phenyl ene) and
pyri dobi si m dazol e- 2, 6-di yl (2, 5-di phenoxy- p- phenyl ene) ;

pyri dobi st hi azol e- 2, 6-di yl (2, 5- di al koxy- p-
phenyl ene) and/ or pyri dobi st hi azol e- 2, 6-di yl (2, 5-
di phenoxy- p- phenyl ene) units;

units selected fromthe group consisting of
pyri dobi st hi azol e- 2, 6-di yl (2, 5-di met hoxy- p- phenyl ene) ,
pyr i dobi st hi azol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene) ,
pyri dobi st hi azol e- 2, 6-di yl (2, 5-di propoxy- p- phenyl ene) ,
pyri dobi st hi azol e- 2, 6-di yl (2, 5- di but oxy- p- phenyl ene) and
pyri dobi st hi azol e- 2, 6-di yl (2, 5-di phenoxy- p- phenyl ene) ;



pyri dobi soxazol e- 2, 6-di yl (2, 5- di al koxy- p-
phenyl ene) and/or pyri dobi soxazol e-2, 6-di yl (2, 5-
di phenoxy- p- phenyl ene) units;

units selected fromthe group consisting of
pyri dobi soxazol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene),
pyri dobi soxazol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene),
pyri dobi soxazol e- 2, 6-di yl (2, 5- di pr opoxy- p- phenyl ene),
pyri dobi soxazol e- 2, 6- di yl (2, 5- di but oxy- p- phenyl ene) and
pyri dobi soxazol e- 2, 6-di yl (2, 5- di phenoxy- p- phenyl ene) ;

benzobi si m dazol e- 2, 6-di yl (2, 5-di al koxy- p-
phenyl ene) and/or benzobi si m dazol e- 2, 6-di yl (2, 5-
di phenoxy- p- phenyl ene) wunits;

units selected fromthe group consisting of
benzobi si m dazol e- 2, 6-di yl (2, 5- di met hoxy- p- phenyl ene),
benzobi si m dazol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene),
benzobi si m dazol e- 2, 6-di yl (2, 5- di propoxy- p- phenyl ene),
benzobi si m dazol e- 2, 6-di yl (2, 5- di but oxy- p- phenyl ene) and
benzobi si m dazol e- 2, 6-di yl (2, 5- di phenoxy- p- phenyl ene) ;

benzobi st hi azol e- 2, 6-di yl (2, 5- di al koxy- p-
phenyl ene) and/or benzobi st hi azol e-2, 6-di yl (2, 5-
di phenoxy- p- phenyl ene) units;

units selected fromthe group consisting of
benzobi st hi azol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene) ,
benzobi st hi azol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene) ,
benzobi st hi azol e- 2, 6-di yl (2, 5- di pr opoxy- p- phenyl ene),
benzobi st hi azol e- 2, 6- di yl (2, 5- di but oxy- p- phenyl ene) and
benzobi st hi azol e- 2, 6-di yl (2, 5- di phenoxy- p- phenyl ene) ;

benzobi soxazol e- 2, 6-di yl (2, 5-di al koxy- p-
phenyl ene) and/or benzobi soxazol e- 2, 6-di yl (2, 5- di phenoxy-
p- phenyl ene) wunits; and/or
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units selected fromthe group consisting of
benzobi soxazol e- 2, 6-di yl (2, 5- di net hoxy- p- phenyl ene),
benzobi soxazol e- 2, 6-di yl (2, 5- di et hoxy- p- phenyl ene),
benzobi soxazol e- 2, 6-di yl (2, 5- di pr opoxy- p- phenyl ene),
benzobi soxazol e- 2, 6-di yl (2, 5- di but oxy- p- phenyl ene) and
benzobi soxazol e- 2, 6-di yl (2, 5- di phenoxy- p- phenyl ene).

Exanpl es

The advantageous attributes and effects of the
processes hereof may be seen in | aboratory exanpl es, as
descri bed bel ow. The enbodi ments of these processes on
whi ch the exanple is based are representative only, and
the selection of those enbodinents to illustrate the
invention does not indicate that conditions,
arrangenent s, approaches, steps, techniques,
configurations or reactants not described in the exanple
are not suitable for practicing these processes, or that
subject matter not described in the exanple is excluded
fromthe scope of the appended clains and equival ents
t her eof .

The meani ng of abbreviations is as follows "nL"
means mlliliter(s), "g" neans gran(s), "mmol" neans
mllinole(s), "N neans norrmal, and "THF" neans
t et rahydr of ur an.



OOH QOH

1) HOR; Example 1: HOR; = HOCH,CF,
Br  hase ORy
Cu catalyst Example 2: HOR;= HOCH;CF.CF,H
——n e i
B 2) Aq. HCI RO
COOH COOH

Exanpl e 1 Preparation of 2, 5-bis (2,2, 2-
trifluoroethoxy)terephthalic acid

To a solution of 8 nL 2,2, 2-trifl uoroet hanol
(GG in 15 nk of THF is carefully added 0.19 g (7.9
mml ) of sodiumhydride. Wen gas evolution is conplete,
0.488 g (1.5 mmol ) of 2,5-dibronoterephthalic acid was
added to the solution, followed by addition of a solution
of QuBr, (0.092 mml) and N N -dinesityl -2, 3-di i m nobut ane

(0019 mmol ) in 1.5 nL of CGFRCHOH The resulting pae
blue slurry is heated at 60°C for four days. Agueous HCL
(1N is added to precipitate the product. The product
is washed with water, then dissolved in nethanol, and the
resulting solution is filtered. The nethanol is renoved

under vacuumto give the product 2,5-bis (2,2, 2-
trifluoroethoxy)terephthalic acid as col orl ess
m crocrystal s.
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Exanple 2 . Preparation of 2,5-bis(2,2,3,3-
tetraf | uor opropoxy)terephthalic acid

A flask is charged with 5 nL of anhydrous THF and
8.1 mol of sodiumhydride. A solution of 1.5 g (11.4
mmol ) of 2,2,3,3-tetrafl uoropropanol (HFCCHMH in 5
m. of THF is added dropwi se. Wen gas evolution is
conplete, 2,5-dibromoterephthalic acid (1.51 mmol) is
added to the colorless solution. Next, a mxture of QuBr,
(0.13 mol ) and N, N -di (trifluoromet hyl benzene)-2, 3-

di i m noet hane
CF, F3
v o)
Y

(022 mol) in 0.5 g of HOF,GF,CHCH is added to the
solution. The resulting pale blue slurry is heated at
60°C for two days. The product 2, 5-bis(2,2,3, 3-

tetraf | uor opr opoxy)terephthalic acid

is isolated by treating the cool ed reaction product with
0.5 NHC1, then with water, and washing the precipitate
with water.

Each of the formul ae shown herein describes
each and all of the separate, individual conpounds that
can be formed in that formula by (1) selection from
within the prescribed range for one of the variable
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radi cal s, substituents or nunerical coefficients while
all of the other variable radicals, substituents or
nunerical coefficients are held constant, and (2)
performng in turn the same selection fromwthin the
prescribed range for each of the other variable radicals,
substituents or nunerical coefficients with the others
being held constant. 1In addition to a sel ection nmade
within the prescribed range for any of the variable

radi cal s, substituents or nunerical coefficients of only-
one of the nenbers of the group described by the range, a
plurality of conpounds may be described by selecting nore
than one but less than all of the nenbers of the whol e
group of radicals, substituents or nunerica

coefficients. Wen the selection nmade within the
prescribed range for any of the variable radicals,
substituents or nunerical coefficients is a subgroup
containing (i) only one of the nenbers of the whol e group
described by the range, or (ii) nore than one but |ess
than all of the menbers of the whole group, the selected
nmenber (s) are selected by omtting those nenber(s) of the
whol e group that are not selected to formthe subgroup.
The conpound, or plurality of conmpounds, nay in such
event be characterized by a definition of one or nore of
the variable radicals, substituents or numerica
coefficients that refers to the whole group of the
prescribed range for that variable but where the
nmenber(s) omtted to formthe subgroup are absent from

t he whol e group.

Were a range of nunerical values is recited
herein, the range includes the endpoints thereof and all
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the individual integers and fractions wthin the range,
and al so includes each of the narrower ranges therein
formed by all the various possible conbinations of those
endpoints and internal integers and fractions to form
subgroups of the larger group of values within the stated
range to the same extent as if each of those narrower
ranges was explicitly recited. Were a range of

nunerical values is stated herein as being greater than a
stated value, the range is nevertheless finite and is
bounded on its upper end by a value that is operable
within the context of the invention as described herein.
Were a range of numerical values is stated herein as
being less than a stated value, the range is neverthel ess
bounded on its lower end by a non-zero val ue.

In this specification, unless explicitly stated
otherwise or indicated to the contrary by the context of
usage, anounts, sizes, ranges and other quantities and
characteristics recited herein, particularly when
nodi fied by the term"about”, nay but need not be exact,
and may al so be approxinate and/or larger or snaller (as
desired) than stated, reflecting tol erances, conversion
factors, rounding off, neasurenent error and the |ike, as
well as the inclusion within a stated val ue of those
val ues outside it that have, within the context of this
invention, functional and/or operable equival ence to the
stated val ue.

Where an enbodi nent of this invention is stated

or described as conprising, including, containing,
havi ng, being conposed of or being constituted by certain
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features, it is to be understood, unless the statenent or
description explicitly provides to the contrary, that one
or nore features in addition to those explicitly stated
or described nay be present in the enbodinent. An
alternative enbodi ment of this invention, however, nay be
stated or described as consisting essentially of certain
features, in which enbodi nent features that woul d
materially alter the principle of operation or the

di stingui shing characteristics of the enbodi nent are not
present therein. A further alternative enbodi nent of
this invention may be stated or described as consisting
of certain features, in which enbodinent, or in
insubstantial variations thereof, only the features
specifically stated or described are present.
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