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Polycondensation reactions of bifunctional
monomers are generally carried out at elevated
temperatures above 200°C since the reactions are
usually accompanied by equilibrium between the
esterification or the amidation and the hy-
drolysis. Enhancement of monomer reactivity
can be achieved by using active monomers such
as acid chloride so that polycondensation reac-
tions take place under mild conditions.

On the other hand, various methods have been
developed to obtain polyamides or polyesters di-

NO

2
RCOOH + R'OH + 02NQC1 —— RCOOR' + 02NQOH
= Base

N02

This reaction was applied to the direct polycon-
densation of dicarboxylic acid and diol or diamine,
and it was found that polyamides and polyesters

H,N-R-NH,
or + HOOC-R"-COOH

HO-R’-OH

The general procedure used for the synthesis of
polyamide from p-aminobenzoic acid is as follows:
0.004 mol of p-aminobenzoic acid was dissolved in
10cm® of pyridine and then 0.005mol of picryl
chloride was added to the solution with stirring at
room temperature. As soon as the picryl chloride
was added, an exothermic reaction took place im-

rectly from dicarboxylic acid and diamines or diols
under mild conditions by direct polycondensation
with phosphorylation.! =7

This paper deals with direct polycondensation
without the use of phosphorylation reactions.
Recently, it was found® that a condensation re-
action takes place at room temperature between
acid and alcohol to form almost quantitatively an
ester compound in organic solvents in the presence
of picryl chloride and a base.

NO2
+ HCleBase

NO2

could be obtained very rapidly at room temperature
by the following reaction,

-NH-R-NHCO-R"’~CO-}-

Picryl chloride
in Pyridine

O-R’-OCO-R""-CO-)-

mediately and the solution became heterogeneous
with a separation of a solid polymer. After a given
period of time, excess acetone was added to remove
the solvent and by-product from the polymer, which
was then isolated by filtration. The polymer was
washed repeatedly with water and acetone, and
dried under reduced pressure. The polyester was
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obtained by a method similar to this. The solution
viscosities of polyamides and polyesters were de-
termined in concentrated sulfuric acid and m-cresol
at 30°C, respectively. Table I summarizes the results
of the polycondensation of various monomers in the
presence of picryl chloride, where it was seen that
polyamides were obtained in a good yield from p-
aminobenzoic acid, and a combination of aromatic
carboxylic acid and diamine failed to give satisfac-
tory results in terms of both polymer yield and
solution viscosity. When triethylamine was used in
place of pyridine, no polymer was obtained.

The polycondensation of aliphatic carboxylic
acid and diamine resulted in a higher yield than that
of an w-amino acid such as e-amonocaproic acid.
Table II shows the results of the synthesis of
polyesters from various dicarboxylic acids and

Oo,N

@]

diols. Bisphenol A (BPA) and 2,5-pyridinedicarbo-
xylic acid (2,5-PyDC) gave polyesters with relatively
high solution viscosities in a pyridine solution, but
no polymer was obtained in a triethylamine
solution.

1,6-Hexanediol gave a polyester with a higher
solution viscosity than those from ethyleneglycol
and 2,5-pyridinedicarboxylic acid. Terephthalic
acid and 1,4-butanediol yielded a much lower mo-
lecular weight polyester than that from 2,5-PyDC.

Since neither polyamide nor polyester could be
obtained in a triethylamine solution, it is thought
that pyridine might possibly participate with picryl
chloride in the reaction.

A possible reaction mechanism is suggested by
the following,

O,N
A 2 A 2

{ N+ c1©-N02 —> [¢ ‘N-——Cl—Q-NOz
O,N

N
2ON

2
RCOO——€‘>~NO2
R'

? oON —OH R-COOR' 0N
2 _— + HO NO2
or R' -NH,, R-CONHR' O.N
R-COC1 2
7
HC1*N __\>
Additional detailed studies on direct polyconden- 3. N. Ogata and H. Tanaka, Polym. J., 6, 461 (1974).

sation in polyamide and polyester syntheses are
being carried out so as to determine the optimum
reaction conditions and reaction mechanism in-
volved in this process. The results will be published
in the near future.
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