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ABSTRACT

This invention provides prbcesses of the preparation of
polyamides, polyimides, and polyamideimides, whi-ch are easy to
purify after reactions, from polycarboxylic acids and
polyamines in high yield without side reactions such as a change
of color to black by direct polycondensation reaction with heat,
especially processes of preparing aromatic polyamides
(aramids), aromatic polyimides, and aromatic polyamideimides,
which are difficult to synthesize in direct polycondensation
reaction. Polyamides, polymides, and polyamideimides are
prepared in high yield by the polycondensation of aromatic
dicarboxylic acids, aromatic tetracarboxylic acids or aromatic
tricarboxylic acids and aromatic diamines, using arylboric
aclids such as 3,4,5-trifluorophenylboric acilids as
polycondensation catalysts, in a mixed solvent of
pentamethylbenzene and N-methylpyrrolidinone or a mixed

solvent of m-terphenyl and N-butylpyrrolidinone.
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SPECIFICATION

PROCESSES OF PREPARING CONDENSED POLYMERS WITH

POLYCARBOXYLIC ACIDS AND POLYAMINES
TECHNICAL FIELD

This invention relates to processes of preparing condensed
polymers that are polyamides, polyimides, or polyamidimides and
more specifically, it relates to processes of preparing
condensed polymers that are polyamides, polyimides, or
polyamidimides by reacting mixtures of polyamines and
polycarboxylic acids or the 1like in solvents by using arylboric
acids as polycondensation catalysts; processes of preparing
condensed polymers that are polyamides, polyimides, or
polyamidimides by reacting mixtures of polyamines and
polycarboxylic acids or the like by using pentamethylbenzene
as a solvent in the presence of polycondensation catalysts; and
processes of preparing condensed polymers that are polyamides,
polyimides, or polyamidimides by reacting mixtures of
polyamines and polycarboxylic acids or the like by using m-

terphenyl as a solvent 1in the presence of polycondensation

catalysts.

BACKGROUND OF THE INVENTION

Polyamides, with amide bonds in their princlpal chain, are

used as fiber materials in great quantity due to their excellent

frictional resistance, elasticity, chemical resistance, and
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dyeability. Further, they are used not only for parts of
various machines and electronics, but also for films due to
their excellent mechanical, abrasion-resistant, thermo-
tolerant and oilproof properties, and their low coefficient of
friction. Polyimides, with imide bonds in their principal
chain, are one of most heat-resistant plastics, and are used
for those parts of products on which high reliability is
required such as airplanes, transportation, machines, and
electric or electronic machines. Polyamideimides, with amide
and imide bonds in their chain, are used for various molded
materials and insulating varnish because these are excellent
in workabilities and abrasion resistance. The following
several processes have been proposed to prepare these
polyamides, polyimides, and polyamideimides.

In Japanese Laid-Open Patent Publication No.49-106597, there
is disclosed a process of preparing a macromolecular aromatic
polyamide by thermal polycondensation of an aromatic diamine
and an aromatic dicarboxylic acid diester, or an aromatic
aminocarboxylic ester without solvent by using at least one
compound of silicon, germanium, tin or lead as a
polycondensation catalyst.

In Japanese Laid-Open Patent Publication No.59-8728, there
1s disclosed a process of preparing an aromatic polyamide by
thermal polycondensation of an aromatic aminocarboxylic acid
and/or a mixture of aromatic dicarboxylic acid and an aromatic
diamine in a polar solvent in the presence of a dehydration
catalyst at a temperature of about 160°C or over.

In Japanese Laid-Open Patent Publication No.61-14219, there
1s disclosed a stable process of preparing a polyamide and/or

a polyamide acid which can be easily polycondensed. by using
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a sulfolane containing substantially no sulfolene and/or
isopropylsulfolanylether as a solvent in the process of
preparing a polyamide and/or polyamide acid by reacting one or
more polyvalent carboxylic acids and one or more diisocyanates
in the presence of one or more catalysts selected from alkali
metal hydroxides, alkali metal carbonates, and alkali metal
hydrogencarbonates.

In Japanese LLaid-Open Patent Publication No.8-333450, there
1s disclosed a process for preparing a polyimide which is stable
in dimension with little residual solvent, by thermally and
chemically imidising a polyimide precursor which is produced
by reacting in a mixed solvent of two or more solvents selected
from water soluble ether compounds, water soluble alcohol
compounds, water soluble amid compounds, water soluble ketona
compounds, and water, a specific aromatic diamine compound and
a tetracarboxylic acid dianhydride.

In Japanese Laid-Open Patent Publication No.8-302015, there
1s disclosed a polymide with a specific molecular weight and
a speclfic structural unit, which dissolves in organic solvents
having a wide range of boiling points with high solvency, 1is
excellent in molding workabilities, and has excellent thermal
resistance in spite of its softening temperature, and is useful
for varnish, modling products and the like.

In Japanese Laid-Open Patent Publication No.8-239470, there
1s disclosed a process of preparing a water- and oll-repellent
and heat-stable polyimide resin with low surface free energy
and high glass transmission temperature by reacting a specific
aromatic diamine and a specific aromatic tetracarboxylic acid
dianhydride.

In Japanese Laid-Open Patent Publication No.57-133126, there
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is disclosed a process for preparing a polyamideimide by
polycondensing a tribasic acid anhydride and a diisocyanate
compound in the presence of a tertiary amine catalyst in a
sulfolane solvent.

In Japanese Laid-Open Patent Publication No.62-297329, there
1s disclosed a process of preparing an aromatic polyvamideimide
by thermal polycondensation of an aromatic tricarboxylic acid
and/or aromatic tricarboxylic acid anhydride and an aromatic
diamine in the presence of a dehydration catalyst and a solvent,

wherein a compound selected from the group consisting of
nitrobenzene, o-nitrotoluene, and benzonitrile is used as the
solvent.

The present inventors, on the other hand, reported that
arylboric acids with electron-withdrawing groups such as
3,4,5-trifluorophenylboric acid and 3,5~
bis(trifluoromethyl )phenylboric acid can be catalysts in amide

condensation of carboxylic acids and amines. (J. Org. Chem.

61, 4196-4197, 1996)

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide processes
of preparing polyamides, polymides, and polyamideimides, which
are easy to purify after the reaction, and especially aromatic
polyamides (aramids), aromatic polymides, and aromatic
polyamideimides, which are said to be difficult to synthesize
by direct ©polycondensation reactions from polyvalent
carboxylic acids and polyvalent amines with high yield and

“wilithout side reactions such as a change of color to black.

As mentioned above, the present inventors have already
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reported that arylboric acids can be a catalyst in the amide
condensation of carboxylic acids and amines. In the case of
polycondensation reactions where arylboric acids are used as
a catalyst to prepare polyamides, it is important to select an
appropriate solvent in polycondensation reaction system
because the polymerization will not proceed unless trimmers and
dimmers produced by the polycondensation are dissolved in the
solvent. The inventors found a process of preparing polyamides,
especially aromatic polyamides (aramids), which are said to be
difficult to synthesize by direct polycondensation reactions,
with high yield by direct thermal polycondensation reactions
by employing combinations of the arylboric acids and
appropriate solvents, and completed the present invention.
The inventors also found that there are no side reactions
accompanying a change of color to black when the direct
polycondensation reactions of aromatic polyamides are
performed at 200°C or over using pentamethylbenzehe or m-

terphenyl as solvents, and completed the present invention.
BEST MODES FOR CARRYING OUT THE INVENTION

Polyamides, polyimides, and polyamideimides are examples of
the condensed polymers in the processes of preparing condensed
polymers where polycarboxylic acids and polyamines,
polycarboxylic acids, polyamines and aminocarboxylic acids, or
aminocarboxylic acids are reacted in solvents in the presence
of arylboric acids as polycondensation catalysts of the present
invention, or where polycarboxylic acids and polyvyamines,
polycarboxylic acids, polyamines and amiocarboxylic acids, or

aminocarboxylic acids are reacted in the presence of
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polycondensation catalysts 1in pentamethylbenzene or m-
terphenyl as solvents of the present invention. Examples of
the polyamides include aromatic amides (aramids) produced from
aromatic dicarboxylic acids and aromatic diamines, aliphatic
amides produced fromaliphatic dicarboxylic acids and aliphatic

diamines, semiaromatic polyamides produced from aromatic
dicarboxylic acids and aliphatic diamines, or aliphatic
dicarboxylic acids and aromatic diamines.

The polycarboxylic acids used 1n the present invention can
be any of those having two or more carbbxyl groups within a
molecule. Dicarboxylic aclds includes fumaric acid, malonic
acid, adipic acid, terephthalic acid, isophthalic acid, sebacic
acid, dodecanedioic acid, diphenylether-4,4'-dicarboxylic
acid, pyridine-2,6-dicarboxylic acld or the like.
Tricarboxylic acids includes butane-1 2,4-tricarboxylic acid,
cyclohexan’e; l1,2,3-tricarboxylic acid, benzene-1,2,4-
tricarboxylic acid, naphthalene-1 2,4-tricarboxylic acid or
the like. Tetracarboxylic acids 1includes butane-1,2,3,4-
tetracarboxylic acid, cyclobutane-1,2,3,4-tetracarboxylic
acid, benzene-1,2,4,5-tetracarboxylic acid, 3,3',4,4'-
benzophenone tetracarboxylic acid, 3,3',4,4°'-diphenylether
tetracarboxylic acid or the like. Normally, dicarboxylic
acids, tetracarboxylic acids, and tricarboxylic acids are used
to prepare polyamides, polyimides, and polyamideimides,
respectively. The polycapboxyl:l.c acids can roughly be
classified into aliphatic polycarboxylic acids such as fumaric
acld and cyclohexane-1,2,3~-tricarboxylic acid, and aromatic
polycarboxylic acids such as terephthalic acid.

The polyamines used in the present invention can be any of

those having two or more amino groups in a molecule. Diamines
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include diaminobutane, hexamethylenediamine, trimethyl
hexamethylenediamine, m-xylilenediamine, p-phenylenediamine,
m-phenylenediamine, toluylenediamine, 4,4 -
diaminodiphenylmethane, 4,4' -diaminodiphenylether, 3,4 -
diaminodiphenylether, 4,4'-diaminobiphenyl, 3,3'-dimethyl-
4,4 -diaminobiphenyl, 4,4’ -diaminodiphenylsulfide, 2,6~
diaminonaphtalene, 4, 4'-bis(p-aminophenoxy)diphenylsulfone,

4,4 bis(m-aminophenoxy)diphenylsulfone, 4,4 -bis(p-
aminophenoxy)benzophenophene, 4,4 -bis(m-aminophenoxy)
benzophenophene, 4,4' -bis(p-
aminophenylmercapto)benzophenone, 4,4 ' -bis(p-

aminophenylmercapto)diphenylsulfone or the like. Triamines
include 4,4 ,4"-triaminotriphenylmethane, triamterene or the
like. The polyamines can roughly be classified into aliphatic
polyamines such as hexamethylenediamine, and aromatic
polyamines such as p-phenylendiamine.

The aminocarboxylic acids used in the present invention can
be any of those having a carboxylic group and an amino group
in a molecule, and can be specifically exemplified as w -
aminoundecanoic acid, aminododecanoic acid, p-aminobenzoic
acid, m-aminobenzoic acid, 6-aminonaphtalene-2-carboxylic
acid, 4-(p-aminophenoxy)benzoic acid, 3-(p-
aminophenoxy)benzoic acid, 4 - (m-aminophenoxy)benzoic acid,
3-(m-aminophenoxy)benzoic acid or the like.

The arylboric acids used in the present invention can be any
arylboric acid as long as then can act as a catalyst in
polycondensing polycarboxylic acilids and polyamines,
polycarboxylic acids, polyamines and aminocarboxylic acids, or
aminocarboxylic acids in the presence of solvents. However,

it 1is preferable to use phenylboric acids with electron
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withdrawing groups at least at one of the 3, 4, and 5 positions,
which can be specifically exemplified as 3.4,5-

trifluorophenylboric acid, 3-nitrophenylboric acid, 3,5-

bis(trifluoromethyl )phenylboric acid, 3,5-
bis(trifluoromethyl)phenylboric acid, and 4 -
trifluoromethylphenylboric acid. Among these, 3,4,5-

trifluorophenylboric acid is the most desirable one in view of
yield. Electron withdrawing groups can be exemplified as -
CF,, -F, -NO,, -CN, -'NH,, -CHO, -COCH,, -CO,C,H,, -CO,H, -SO,CH,,
-SO;H and the 1like. The arylboric acids used as
polycondensation catalysts in the present invention are
particularly advantageous in commercial working because they
are stable, and can be easily retrieved.

As a polycondensation catalyst in the process of preparing
condensed polymers by reacting polycarboxylic acids and
polyamines, polycarboxylic acids, polyamines and
aminocarboxylic acids, or aminocarboxylic amines in the
presence of polycondensation catalysts by using
pentamethylbenzene as a solvent in the present invention, it
can be any of those capable of catalyzing polycondensation
reaction of those startingmaterials in the presence of solvents
containing pentamethylbenzene. As a polycondensation
catalyst in the process of preparing condensed polymers in
reacting polycarboxylic acids and polyamines, polycarboxylic
acids, polyamines and aminocarboxylic acids, or
aminocarboxylic acids in the presence of polycondensation
catalysts by using m-terphenyl as a solvent in the present
invention, it can be any of those usable as a catalyst in
polycondensing those starting materials in the presence of

solvents containing m-terphenyl. Apart from arylboric acids
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such as 3,4,5-trifluorophenylboric acid mentioned above,
various boron compounds, phosphorus compounds, and
heteropolyacids can be used as well.

Phosphorus compounds can be exemplified as phosphites such
as trimethyl phosphite, triethyl phosphite, tributyl phosphite,
triphenyl phosphite, tricresyl phosphite, tricyclohexyl
phosphite, diethyl phosphite, diphenyl phosphite, and o-
methyl-s,s’ -diphenyl dithiophosphite; phosphates such as
tributyl phosphate, triphenyl phosphate, ethylphenvl
phosphate, and ethylenephenyl phosphate; phosphoric acids such
as phosphoric acid, pyrophosphoric acid, methaphosphoric acid,
tetrapolyphosphoric acid, trimethaphosphoric acid, and
ethylmetaphosphoric acid; phosphonic acids such as
phenylphosphonic acid; phosphines such as triphenyl phosphine
and trioctyl phosphine; phosphine oxides such as
triphenylphosphine oxide, and 1l-phenylphospholine-3-oxide:
and other compounds such as phosphorus pentoxide, ammonium
dihydrogenphosphate, pP-diethyltrimethylsilylphosphate,
N,N’ ,N"-hexamethylphosphorus triamide,
tetrabutylpyrophosphite, phenylphonus acid, tetrakis-(2, 4-
ditertiarybutylphenyl)-4,4'-biphenylene diphosphonite,
distearyl pentaerythritol diphosphite.

As for a solvent in the process of preparing condensed
polymers by reacting polycarboxylic acids and polyamines,
polycarboxylic acids, polyamines and aminocarboxylic acids, or
aminocarboxylic acids, using arylboric acids as
polycondensation catalysts in the present invention in the
presence of solvents, it can be exemplified as
pentamethylbenzene, m-terphenyl, xylene, cresol, toluene,

benzene, ethylbenzene, l,3,5-triisopropylbenzene, O-
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dichlorobenzene, 1,2,4-trichlorobenzene, cyclohexane,
cyclopentane, phenol, naphthalene, 1,2,3,4-
tetrahydronaphthalene (tetralin), acetophenone, benzophenone,
diphenylsulfone, N-methylpyrrolidinone (N-methylpyrrolidone),
N-butylpyrrolidinone (N-butylpyrrolidone), N -
ethylpyrrolidone, N-methyl-2-pyrrolidone, l1,3-dimethyl-2-
pyrrolidone, N,N-dimethylformamide, dimethylacetoamide,
hexamethylphosphoramide, dimethylsulfoxide, nitromethane,
acetonitrile, pyridine, 1,3-dimethyl-2-imidazolidinone, 7 -

butylolactone.

Among these solvents, in polycondenseing aromatic
polycarboxylic acids and aromatic polyamines, it is desirable
to use pentamethylbenzene or m-terphenyl, or more preferably,
a mixed solvent of pentamethylbenzene and N~
methylpyrrolidinone having a weight ratio of 70:30 - 90:10 or
a mixed solvent of m-terphenyl and N-butylpyrrolidinone having
a weight ratio of 3:1 - 10:1.

As a solvent used in the polycondensation of aliphatic
dicarboxylic acids such as adipic acid and aliphatic diamines
such as hexamethylendiamine, it is preferable to use a solvent
containing o-xylene. Further, it is preferable to add m-cresol
to o-xylene to effectively dissolve aliphatic amides such as
nylon 6,6 prepared by the polycondensation and to proceed the
reaction more sufficiently. The desirable amount of the m-
cresol added is 10 - 30 wt%, that is, it is desirable to use
a 70:30 - 90:10 mixed solvent of o-xylene and m-cresol,
especially a mixed solvent having a volume ratio of 4:1. In
the case where the amount of the m-cresol added is too much,
the catalytic activity may be hampered. Further, it was also

found that a desirable result was obtained when

10
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pentamethylbenzene or m-terphenyl was used instead of Oo-Xylene.
As 1s the case of o-xylene, when using pentamethylbenzene or
m-terphenyl, it is desirable to use a mixed solvent of
pentamethylbenzene and m-cresol having a weight ratio of 70:30
- 90:10, or a mixed solvent of m-terphenyl and m-cresol having
a welight ration of 70:30 - 90:10.

As a solvent containing pentamethylbenzene or m-terphenvyl
in the present invention, the solvents containing
pentamethylbenzene or m-terphenyl are used in the process of
preparing polyconsdensation products by reacting
polycarboxylic acids and polyamines, polycarboxylic acids,
polyamines and aminocarboxylic acids, or aminocarboxylic acids
in the presence of polycondensation catalysts using
pentamethylbenzene or m-terphenyl as a solvent. In the case
where 1, 3, 5-triisopropylbenzene, 1, 2, 4-trichlorobenzene,
tetralin, cresol or the like is used as solvents, the color of
the reaction system turns to black. However, it will not turn
to black even when it is heated up to 200°C by using
pentamethylbenzene, and up to 300°C by using m-terphenyl, and
the change of color will be prevented. The change of color may
be attributed to some side reactions due to the fact that it
also occurs in the reaction conducted under a deoxidized
atmosphere.

In the case where aromatic polyamides or the like are prepared
as a condensed polymer by polycondensation, it is preferable
to add N-methylpyrrolidinone (NMP) to pentamethylbenzene to
efficiently dissolve the product obtained by the reaction and
to sufficiently proceed the polycondensation reaction. The
amount of the N-methylpyrrolidinone added is preferably 10 -

30 wt¥, that is, it is preferable to use a mixed solvent of

11
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pentamethylbenzene and N-methylpyrrolidinone having a weight
ratio of 70:30 - 90:10, and more preferably, a 4:1 mixed solvent
of them. In the case where the amount of the N-
methylpyrrolidinone added is too much, the catalytic activity
may be hampered. Further, in the case where aromatic polyamides
are produced as condensed polymers by polycondensation, it is
preferable to add N-butylpyrrolidinone (NBP) to m-terphenyl to
effectively dissolve the product obtained by the reaction and
to sufficiently proceed the polycondensation reaction. The
desirable amount of the N-butylpyrrolidinone added is 9 - 25
wt¥, that is, it is desirable to use a mixed solvent of m-
terphenyl and N-butylpyrrolidinone having a weight ratio 3:1
- 10:1, and more desirably, a 10:1 mixed solvent of them. In
the case where the amount of the N-methylpyrrolidinone added
1s too much, the catalytic activity may be hampered. Further,
when aromatic dicaroxylic acids and aromatic diamines as
starting materials are large in molecular weights, the reaction
becomes effective by adding more solvent without changing the
ratio of a mixed solvent.

On the other hand, in the case where aliphatic polyamides
etc. are produced by polycondensation, it is desirable to add
m-cresol to pentamethylbenzene or m-terphenyl to dissolve the
product obtained by the reaction effectively and to proceed the
reaction more sufficiently. The amount of the m-cresol added
is preferably 10 - 30 wt%, that is, it is preferable to use a
mixed solvent of pentamethylbenzene or m-terphenyl and m-cresol
having a volume ratio of 70:30 - 90:10, and more preferably,
a 4:1 mixed solvent of them. In the case where the amount of

the m-cresol added is too much, the catalytic activity may be

hampered. Further, when the aromatic polycaroxylic acids and

12
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aromatic polyamines as starting materials are 1large in
molecular weights, the reaction becomes effective by adding
more solvent without changing the ratio of a mixed solvent.

It is preferable to conduct the polycondensation in a process
of preparing condensed products in the present invention under
a deoxidized atmosphere or an argon atmosphere. The deoxidized
atmosphere can be achieved by conducting the reaction in the
presence of an inert gas. In an argon atmosphere, it is
preferable to conduct the polycondensation reaction under argon
flow, and with this argon atmosphere in a reaction, the effects
of dehydration and a deoxidized atmosphere can be achieved at
the same time.

Further, in the case where aromatic polycarboxylic acids and
aromatic polyamines are polycondensed in pentamethylbenzene as
solvents, the reaction should preferably be conducted at 160
- 240°C, more preferably at 200°C, while stirring and in m-
terphenyl as solvents, it should preferably be conducted at 200
- 300° C, more preferably at 300°C, while stirring. In the case
where aliphatic polycarboxylic acids and aliphatic polyamines
are polycondensed, the reaction should preferably be conducted
at 140 - 200°C, more preferably at 150°C, while stirring. The
polyamides, polyimides, and poliamideimides prepared in the
processes of condensation can be purified by the previously well
known processes of purification. As mentioned above, side
reactions do not occur in the processes of preparation in the
present invention, and therefore the products produced by the
present processes can be purified more easily than those
produced by the previously well known processes.

The invention will be more clearly understood with reference

to the following examples. The scope of this invention, however,

13
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is not restricted in any way by the following examples:

Lot{l|ON K. A GA1C ® e CLITLL C

Aramid was synthesized by the polycondensation reaction
indicated 1in reaction formula (chemical formula 1).
Isophthalic acid (4 mmol, 0.665 g), p-phenylenediamine (4 mmol,
0.433 g), pentamethylbenzene (the amount obtained by
subtracting the NMP amount from the amount of the total solvent
> g 1n Table 1), N-methylpyrrolidinone (NMP)(the weight $
against the total amount of solvent 5 g in Table 1), 3.,4,5-
trifluorophenylboric acid (the amount represented in mol% in
Table 1) was put in a Schlenk, and were stirred at 200°C or 170°C
(temperature of oil bath represented in Table 1) for specific
time (reaction times set forth in Table 1l). During the stirring,
argon was continuously poured to remove the water slowly (about
20 ml/min). After the reaction, the mixture was cooled to room
temperature, and crude products of powdery aramids were
obtained by adding acetone 50 ml and filtering. Further, after
the crude products had been heated and refluxed in methanol (50
ml) for one hour, they were cooled to room temperature and
refined by filtering. The isolation yields of aramids are shown
in Table 1. In the case where the amount of the catalyst was
S mol®%, and the concentration of the NMP in a solvent was 20
wt¥ 1in Table 1, the catalysts were retrieved after the
polycondensation reaction. After the reaction products were
filtered, the filtrate was concentrated, and the catalyst was

purified by using silica gel chromatography, showing that a

retrieval rate was 71%.

14
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(chemical formula 1)

F B(OH),

HQN\Q HO,C COH
+ U '
NH, pentamethylbenzene-NMP

Nargon flow (-H,0)
IS
NH

Table 1

Amount

Concentration Reaction Reaction
of of NMP T ¢ . Yield
Solvent . enmperature | Time (%)
(mo) in Solvents (°C) (h)
10 170 |4 | 55
200 | 4 ] a1
200 | 4 [ 66

—
47
4 | 86
200 4 ] 92
96
30

4

4
200 | 4 | 30

24 | >99

G L. C : WL ® AL = -

Terephthalic acid (4 mmol, 0.665 g), p-phenylenediamine (4
mmol, 0.433 g), pentamethylbenzene (4 g). N -
methylpyrrolidinone (NMP) (1 g), and 3,4,5-
trifluorophenylboric acid (0.04 mmol, 7.1 mg) were put in a
Schlenk, and stirred at 200°C (temperature of o0il bath) for one
day. During the stirring, argon was poured continuously to
remove the water slowly. After the reaction, it was cooled to

room temperature and powdery crude kevlar was obtained by adding

15
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50 ml acetone and filtering. Further, after the crude product
had been heated and refluxed for one hour in methanol (50 ml),
1t was éooled to room temperature, and purified by filtering.
The isolation yield of kevlar was 99% or more (968 mg, light
vellow powder).

-

G L 4 L11C oS N OLIC 2

Next, various aromatic dicarboxyic acids (4 mmol), wvarious
aromatic diamines (4 mmol), pentamethylbenzene (4 g), N-
methylpyrrolidinone ( NMP ) (1 g)., and 3,4,5-
trifluorophenylboric acid (0.04 mmol) were poured into a
Schlenk and stirred at 200°C (temperature of 0il bath) for one
day. The other conditions were the same as in Example 2. When
m-phenylenediamine and isophthalic acid were polycondensed as
in chemical formula 2, the isolation yield of nomex was 99% or
more. As to the isolation yvield of kevlar, the same result was
obtained for a case of chemical formula 3, where p-
phenylenediamine and terephthalic acid were polycondensed.
The isolation yield of nomex was 97% for a case of chemical
formula 4, where diaminodiphenylether and isophthatic acid were
polycondensed. The isolation yvield of tellurone was 42% for

a case of chemical formula 5, where p-aminobenzoic acid was

polycondensed.

(chemical formula 2)

Q HO,C CO,H
HaoN NHy U

(chemical formula 3)

IR CWEER G |
+
NH ) CO.H
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(chemical formula 4)

4

(chemical formula 5)

NH,

# *

SO L C Y11 41C il CALIEL G

Aramid was synthesized following the polycondensation
reaction indicated in chemical formula 6. Isophthatic acid (1
mmol, 0.166 g), p-phenylenediamine (1 mmol, 0.108 g), m-
terphenyl (the amount obtained by subtracting NBP from the
amount of the total solvent 4 g in Table 2), N-
butylpyrrolidinone(NBP) (the weight % against the total amount
of solvent 4 g in Table 2) and 3, 4, S-trifluorophenylboric acid
(the amount represented in mol% in Table 2) were poured in a
Schlenk, and were stirred at 300°C (temperature of oil bath)
for certain time (reaction times in Table 2). During the
stirring, argon was poured continuously to remove the water
slowly (about 20 ml/min). After the reaction, it was cooled
to room temperature, 30 ml acetone was added and the mixture
was filtered to obtain the powdery crude aramid. Further, the
crude product was heated and refluxed in methanol (15 ml) for
one hour, and cooled to room temperature, and purified by
filtering. The treatment with methanol was repeated three
times. The isolation yield of aramid is indicated in Table 2.

In the case of the amount of the catalyst was 10 mol% and the

NBP concentration in the solvent was 9 wt% in Table 2, the
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catalyst was retrieved after the polycondensation reaction.
Following the filtration of the reaction product, the filtrate
was concentrated, and the catalyst was purified by silica gel
chromatography, showing that the retrieval rate was 71%.
Nin in "@a” in Table 2 indicates the result when it is measured
in concentrated sulfuric acid of 0.0667 g/dl at 25°C, and "b"
indicates the result of the measurement of the relative average
molecular weights measured by GPC (gel permeation
chromatography) by dissolving 2 wt% purified aramid in NBP
containing 0.01 M LiCl and 0.05 M H,PO, using polystyrene as
a standard reference material.

(chemical formula 6) R

F B(OH),

HgN
2 \@\ HO,C CO,H F
NH, \O/

m-terphenyl-NBP
argon flow (-H,0)

\Q 0

Table 2

ount Cg:::n;- Reacti .
of © action Reaction Yield 1, MnP°/ Mw 4/
of NBP Temperature tah i 10
Solvent in (* C) Time (dl/qg) 10
¢)
(mol/) solvents o

!

of

15 2

o wt% | 300 [ 2days [ >99 |
25 we | 300 | 2 days | >99
owt% | 300 | 2h | 84
owt% | 300 | 2h [ 34

10

o+ |t
o] %

xampJle : nthesi o Kevle
Terephthalic acid (1 mmol, 0.166 g), p-phenylenediamine (1
mmol, 0.108 g), m-terphenyl (3.33 g), N-butylpyrrolidinone

18
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(NBP) (0.67g), and 3, 4, 5-trifluorophenylboric acid (0.1 mmol,
17.8 mg) were poured into a Schlenk, and stirred at 300°C
(temperature of oil bath) for two days. During the period,
argon was poured continuously to remove the water slowly (about
20 ml/min). After the reaction, it was cooled to room
temperature, and powdery crude product of kevlar was obtained
by adding 30 ml acetone and filtering. Further, the crude
product was heated and refluxed in methanol (15 ml), cooled to
room temperature, and filtered for purification. The
treatment with methanol was repeated three times. In the case
of chemical formula 7, where p-phenylenediamine and

terephthalic acid were polycondensed, the isolation yield of

kevlar was 98% (954 mg, light yellow powder). It had 7 ion =1.19

dl/g (measured in concentrated sulfuric acid solution of

0.067g/dl at 25°C).

(Chemical formula 7)

H, HO,
+
NH COLH

= 10{108 X <200+ B 4 L41C e A L C

2

Terephthalicacid (1 mmol), di(4-aminophenyl) ether (1 mmol),
m-terphenyl (3.64 g), N-butylpyrrolidinone (NBP) (0.36 g), and
3,4,5-trifluorophenylboric acid (0.1 mmol) were poured into a
Schlenk, and stirred at 300°C (temperature of oil bath) for two
days. The other conditions were the same as in Example 5. 1In
the case of chemical formula 8, where the condensation
polymerization of di(4-aminophenyl) ether and terephthalic

acid was conducted, the isolation yield of the aramid was 98%

(white powder). Ithad 7,,=0.90dl/g (measured in concentrated
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sulfuric acid of 0.067 g/dl at 25°C).

(Chemical Formula 8)
Ho NH, HO_
Qs
COsH

pXamp.le : QALNES ] 0 Bl dlll 1l C

Next, various carboxylic acids (1 mmol), various aromatic
amines (1 mmol), m-terphenyl (3 g), N-butylpyrrolidinone (NBP)
(1 g), and 3,4.,5-trifluorophenylboric acid (0.1 mmol) were
poured into a Schlenk, and stirred at 300°C (temperature of oil
bath) for two days. The other conditions were the same as in
Example 5. The 1isolation yield was 78% in the case of
polycondensation of amino acids as shown in chemical formula
9. In the case of polycondensation of 1,4-diaminobenzene and
l,3-adamantanedicarboxylic acid as s.hown in chemical formula
10, the isolation yield of aramid was >99%, and 77,, was 0.30
dl/g (measured in concentrated sulfuric acid solution of 0.067
g/dl at 25°C). In the case of polycondensation of di(4-
aminophenyl) ether and 1,3-adamantanedicarboxylic acid as
shown in chemical formula 11, the isolation yield of aramid was
91%, and 7n,, was 0.60 dl1/g (measured in concentrated sulfuric

acid of 0.067 g/dl at 25°C).

(chemical formula 9)

U\
O CO,H

(chemical formula 10)
OoH

NH + 002H

2
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(chemical formula 11)

O,H

Ho NH> .
Ly cos
O

- .
RCUINVLE O A L A1C o e e CRARLL O

Isophthalic acid (1 mmol), di(4-aminophenyl) ether (1 mmol),
m-terphenyl (3.63 g), N-butylpyrrolidinone (NBP) (0.37 g), and
3.4,5-trifluorophenylboric acid (0.01 mmol) were poured into
a Schlenk, and stirred at 300°c (temperature of oil bath) for
two days. The other conditions were the same as in Example 5.

In the case of polycondensation of di(4-aminophenyl) ether and

isophthalic acid indicated in chemical formula 12, the

isolation yield of aramid was >99%, and 7,, was 0.60 dl/g

(measured in concentrated sulfuric acid solution of 0.067 g/dl
at 25°C).

(chemical formula 12)

H, NH,  HO, O.H
Ly
O

[ 4
® - O N1 Q€E

L=11130 - ’ .

Amines (1 mmol), carboxylic acids (1 mmol), m-terphenyl (3
g). N-butylpyrrolidinone (NBP) (1 gqg), and 3,4,5-
trifluorophenylboric acid (0.01 mmol), as shown in chemical
formula 13, were poured into a Schlenk., and stirred at 300°C
(temperature of oil bath) for two days. The other conditions
are the same as in Example 5. The isolation yvield of polyimide

was 97%.
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(chemical formula 13)
s
O HOLC COsH

CAMD 1 € J 2 1TNnes C e H

Next, various carboxylic acids (1 mmol), various aromatic
amines (1 mmol), m-terphenyl (3.63 g), N-butylpyrrolidinone
(NBP) (0.679g), and 3, 4, S-trifluorophenylboric acid (0.01 mmol)
were poured into a Schlenk, stirred at 200°C (temperature of
oil bath) for one day, and then stirred at 250°C (temperature
of oil bath) for one day, and finally stirred at 300°C
(temperature of oil bath) for one day. The other conditions
were the same as in Example 5. In the case of polycondensation
of amines and carboxylic acids indicated in chemical formula
14, the isolation yield of polyimide was 93%. And in the case
of polycondensation of amines and carboxvlic acids indicated

in chemical formula 15, the isolation vield of polyimide was
96%.

(chemical formula 14)

H2N I
NH 99
: C

HO»

(chemical formula 15)

H2 NH,
SR
O

»
TAaAmMmp.le - 1T NE o \ LY

Terephthalic acid (1 mmol), 1,9-diaminononane (1 mmol),
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m-terphenyl (3.63 g), N-butylpyrrolidinone (NBP) (0.37 g), and
3,4,5-trifluorophenylboric acid (0.01 mmol) were poured into
a Schlenk, and stirred at 200°C (temperature of oil bath) for
one day, and then stirred at 250°C (temperature of oil bath)
for one day, and finally stirred at 300°C (temperature of oil
bath) for one day. The other conditions were the same as in
Example 5. In the case of polycondensation of 1,9-
diaminononane and terephthalic acid indicated in chemical
formula 16, the isolation yield of nylon 9,T was 94%. The
molecular weight of the product measured as a 2.5 mg/ml solution
of hexafluoroisopropanol (HFIP) containing 0.01 M sodium
trifluoroacetate by GPC with poly(methylmethacrylate) as a
standard material, was Mn=103,000 and Mw=2,292,000.

(chemical formula 16)

HO,
HZN/\/\/\/\/\NHQ .
CO,H

RAID L€ «: wYNLNES] Q \ QIl_© , C

Nylon 6,6 was synthesized by the condensation polymerization
reaction indicated in the reaction formula (chemical formula
17). Adipic acid (2.5 mmol), hexamethylenediamine (2.5 mmol),
3,4,5-trifluorophenylboric acid (the amount indicated in Table
2 represented in mol%), solvent (4 ml of the solvent indicated
in Table 2, weight ratio of toluene to xylene was 3:1, and that
of xylene to NMP was 4:1) were poured into a flask., and were
heated and refluxed (the reaction temperature and time
indicated in Table 2). During the reaction, a Soxhlet's
extractor was connected to the top of the flask, and molecular

sieve 4A was poured, and the water was removed. After the
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reaction, it was cooled to room temperature, and acetone (30
ml) was added to filtrate. The powdery nylon was purified by

washing with water and acetone. The result is shown in Table

3.
(chemical formula 17)
K
F B(OH),
O
/\/\,/\/NH2
SO'Ventv —'Hzo
Table 3 n
Amount of Reaction
Solvent Solvent Temperature T:Iilme Yi:ld Mw/Mn | Mz /Mn
(mol%) _ © | W™
m

—
Cresol -

——mm | 2680 [ 8330
Xylene-
I e T I R Y BT R
1 | Cresol | 180 | 24 | 86 | | | 1
o0 | cresox | 180 | 24 | €0 | | | |
RS T R
74

for twenty hours. The isolation yield of polyamide indicated

in chemical formula 18 was 96%, and the ilsolation yield of
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polyamide indicated in chemical formula 19 was 99%. It was
confirmed that semiaromatic nylon 6T was prepared from
terephthalic acid and hexamethylenediamine, that polyimide was
prepared from benzene-1,2,4,5- tetracarboxylic acid and
hexamethylendiamine, and that polyamideimide was prepared from
benzene-1,2,4-tricarboxylic acid and hexamethylendiamine with
high yield for each process by the polycondensation reactions
in the presence of 3,4,5-trif luorophenylboronic acid as

polycondensation catalyst and hexamethylbenzene as solvent.

(Chemical formula 18)

B R

(Chemical formula 19)

O
N
n
INDUSTRIAL APPLICABILITY

This invention makes it pPossible to produce polyamides,
Polyimides, and polyamideimides . Which are easy to purify after
reaction from polycarboxylic acids and Polyamines by direct

thermal polycondensation with high yield and without side

to produce aromatic polyamides (aramids), aromatic polyimides

' 4

and aromatic polyamideimides, which are said to be difficult

to prepare by direct thermal polycondensation.
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CLAIMS:

1. A process of preparation of a condensed polymer Dby
reacting a polycarboxylic acid and a polyamine, a
polycarboxylic acid, a polyamine and an aminocarboxylic

5 acid, or an aminocarboxylic acid in the presence of a
polycondensation catalyst and a solvent, wherein an

arylboric acid is used as the polycondensation catalyst.

2 . The process as claimed in claim 1, wherein the
condensed polymer 1s polyamide, polyimide, or

10 polyamidelimide.

3. The process as claimed in claim 1 or 2, wherein
the arylboric acid is phenylboric acid having an
electron-withdrawing group at least at one of the 3, 4, and

5 positions.

15 4. The process as claimed 1in claim 3, wherein the
phenylboric acid having an electron-withdrawing group at
least at one of the 3, 4, and 5 positions 1s one oOr more
members selected from 3, 4, 5-trifluorophenylboric acid,
3-nitrophenylboronic acid, 3,

20 5-bis(trifluoromethyl)phenylboric acid, 3,
5-bis(trifluoromethyl)phenylboric acid and
4-trifluoromethylphenylboric acid.

5. The process as claimed in any one of claims 1-4,

wherein the condensed polymer 1s polyamide, and the

25 polycarboxylic acid and the polyamine, the polycarboxylic
acid, the polyamine and the aminocarboxylic acid, or the
aminocarboxylic acid comprises any combination of an
aromatic dicarboxylic acid and an aromatic dilamine, an
aromatic dicarboxylic acid and an aliphatic diamine, an

30 aliphatic dicarboxylic acid and an aromatic diamine or an
aliphatic dicarboxylic acid and an aliphatic diamine.
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6. The process as claimed 1in claim 5, wherein an

aromatic dicarboxylic acid and an aromatic diamine are used

as the
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combination of an ardmatic dicarboxylic acid and an aromatic
diamine, an aromatic dicarboxylic acid and an aliphatic diamine,
an aliphatic dicarboxylic acid and an aromatic diamine, or an
aliphatic dicarboxylic acid and an aliphatic diamine.

7. The process as claimed in claim 6, wherein terephthalic acid
and p-phenylendiamine are used as the aromatic dicarboxylic
acid and the aromatic diamine.

8. The process as claimed in any one of claims 1 - 4, wherein
an aromatic tetracarboxylic acid and an aliphatic diamine are
used for é comblination of the polycarboxyiic acid and the
polyamine, the polycarboxylic acid, the polyamine and the
aminocarboxylic acid, or the aminocarboxylic acid, and the
condensed polymer is polyimide.

9. The process as claimed in any one of claims 1 - 4, wherein
an aromatic tricarboxylic acid and an aromatic diamine are ﬁé’éd
for a combihation of the polycarboicylic acid and the polyvamine,
the polycarboxylic acid, the polyamine and the aminocarboxylic
acid, or the aminocarboxylic acid, and the condensed polymer
is polyamideimide.

10. The process as claimed in any one of claims 1 - 9, wherein
the solvent used contains pentamethylbenzene.

11. The process as claimed in claim 10, wherein a mixed solvent

of pentamethylbenzene and N-methylpyrrolidinone is used as the

solvent containing pentamethylbenzene.

12. The process as claimed in claim 11, wherein a mixed solvent
of pentamethylbenzene and N-methylpyrrolidinone having a
weight ratio of 70:30 - 90:10 is used as the mixed solvent of
pentamethylbenzene and N-methylpyrrolidinone.

13. The process as claimed in any one of claims 1 - 9, wherein

a solvent containing m-terphenyl is used as the solvent.
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14 . The process as claimed in claim 13, wherein a mixed solvent
of m-terphenyl and N-butylpyrrolidinone is uéed as the solvent
containing m-terphenyl. :

15. The process as claimed in claim 14, wherein a mixed solvent
of m-terphenyl and N-butylpyrrolidinone having a weight ratio
of 3:1 - 10:1 is used as the mixed solvent of m-terphenyl and
N-butylpyrrolidinone.

16. The prbcess as claimed in any one of claims 1 - 15, wherein
the reaction is carried out under a deokid:l.zed atmosphere.
17. The process as claimed in any of claims 1 - 16, wherein
the reaction is carried out under an argon atmosphere.

18. The process as claimed in claim 5, wherein an aliphatic
dicarboxylic acid and an aliphatic diamine are used for the
combinations of an aromatic dicarboxylic acid and an aromatic
‘diamine, an aromatic dicarboxylic acid and an aliphatic diamine,
an aiiphatic'*dicarboxylic acid and an aromat.f_i.c-diamine, or an
aliphatic dicarboxylic acid "and an aliphatic diamine.

19. The process as claimed in claim 18, wherein adipic acid
and hexamethylenediamine are used as the aliphatic gicarﬁoxylic
acid and the aliphatic diamine. ‘

20. The process as claimed in claim 18 or 19, wherein a soivent
containing o-xylene 1is ‘usedm as the solvent.

21. The process as claimed in claim 20, wherein a mixed solvent
of o-xylene and m-cresol is used as the solvent containing
'o~xylene.‘

22. The process as claimed in claim 21, wherein a mixed solvent
of o-xylene to m-cresol having a volume ratio of 70:30 - 90:10
is used as the fmixéd solvent of o-xylené and m-cresol..

23. The process as claimed in claim 18 or 19, wh‘erein. a mixed

solvent of pentamethylbenzene and m-cresol 1s used as the

28
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solvent.

24. The process as claimed in any one of claims 18 - 23, wherein
the reaction is carried out at 140 - 200°C. |

25. The process as claimed in claim 18 or 19, wherein a mixed
solvent of m-terphenyl and m-cresol is used as the solvent.

26. The process as claimed in claim 25, wherein the reaction

is carried out at 140 - 300°C.

SMART & BIGGAR
OTTAWA, CANADA
PATENT AGENTS
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