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Aromatic Polyamides
A New Direct Condens ation Reaction

Constantin L. Chiriac

"Petru Poni” Institute of Macromolecular Chemistry, 6600 Jassy, Romania

Sumnmary

Aromgtic polysasmlides are prepsered by a direct condenw
sation reaction using phenyldichlorophosphite as reagent at
80~909(2h) and 95~100°(4h) in Nemethyl-2-pirrolidone and
pyridine as acceptor for hydrochloric acid.

Introduction

Polyamides are usually prepared by melt polyconden-
sation from dlcarboxyllic acids and diamines at high temperea-
tures (1). Dehydration of aromatic amino acids by thermal
means has generally led to low molecular weight polymer. For
example when p-aminobenzoic acld is heated at 250-300°, poly-
mer with low molecular weight results (2). 4 paper by Iwakura
reports the preperation of poly-p-benzamide with inherent
viscosity 1.5, by thermal polymerisation at 300~3500 of p=
(phenoxycsrboxylaminobenzamide) benzolc acid (3). Recently,it
was found thet diphenyl and triphenyl phosphite reacted with
carboxylic acids 1in the presence of pyridine to give the a-
cyloxy=-N-phosphonium salt of pyridine accompanied by dephe-
noxylation which produced the corresponding amides on amino—
lysis (4). We used the same reaction with triphenyl phosphite
prepared "in situ" from phenol and phosphorus trichloride in
pyridine as solvent and acceptor for hydrochloric acid (5).

Results and discussion

In g previous paper, we showed that phenyldichloro-
phosphite is & new reagent for synthesis of aromatic amides (6).

In this work, we hgve investigated if the phenyldichlo-
rophosphite is a good resgent for the syntheslis of earomatic
polyemides. The phenyldlichlorophosphite has two reactive
groups (two atoms of chlorine), which participate in the syn~
thesls of aromatic amides at 110-~1207(6). At lower temperatu-
res, only one atom of chlorine is reactive. For the synthesis
of the polyamides, we used 1 mole reagent for 1 mole monomer.
For example, in the case of aninovenzoic acid, we used phe-—
nyldichlorophosphite (1 mole), p—seminobenzoic acid (1 mole)
and lithium chloride in N=methyle2~-pyrrolidons (NMP) as 80l=
vent and pyridine as acceptor for hydrochloric acid. The obw
talned mixture was heated, when the solution beceme wviscous,
resulting the corresponding polymer, When we used only 0,5
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mole phenyldichlorophosphite for 1 mole p-aminobenzole acid,
a polymer with low viscosity was formed.As acceptor for hydro-
chloric acld we tried many tertiary amines, but the pyridine
was found to be the most suitaeble base. In the case of reac—~
tion between arometic dicarboxylic acids (1 mole) and aromatilc
diemines (1 mole), we used 2 moles phenyldichlorophosphite.

As a result of these investi%ations and similar with
other cases (6), we propose the following mechenism of

HBCGO(CI)POOC-Ar—COOP(Cl)0061{5 + 2PyHTCL”

(11)

(II) + BN = Ar' - —
2 80 = 100°

(111)
(=OC = Ar = CONH = Ar'-NH=), + 2CgH-OP(C1)0H
(V)

We supposed, similar as in other cases (6~9),that
this resction involves a four-centre transition state (V)i

N
Ar - ? - ? - P(C1)0C4H,
Ar'- ? !

H

)

Experimental

The following mgterials were used: p-aminobenzolec acld
was recrystsllized from water,4,4'-disminodiphenyl ether and
benzidine were recrystallized from ethanol, while 4;4'wdia=
minodiphenylmethane was recrystallized from benzene. lzophthae
lic acld waes recrystallized from ethanol and terephthalic acid
from acetlc acld. NMP was freshly distilled from P205 snd
pyridine from KOH,

Polycondensation reaction of p—aminobenzoic acid

A solution of LiCl (2g) end p-aminobenzoic acid
E2.74 gy, 0.02 moles) in dried NMP (40 ml) and dried pyridine
7 ml) was stirred till 1t became clear. To the obtained so-
lution, wWinder stirring and cooling to O=5 ,2.8 ml (0,02 moles)
phenyldichlorophosphite (10) was added very slowly (the
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reaction is exothermic).The mixture was stirred for 1 h at
room temperature. Then it was heated gradually to 80~90°(2h)
and at 95-1000(4h), under nitrogen and stirring. At the end
of reaction, the hot solution (%0-800) was slowly poured into
& large volume of methanol (300 ml) with vigorous stirring.
The fibrous polymer was collected by filtratlion,washed well

with methanol (3-4 times) and dried at 100° under reduced
pressure.

Genersl procedure for the preparation of polyamides l-6

A solution of isophthalic or terephthglic acid (1.661
g, 0.01 mole), lithium chloride (1.6 g) and 0,01 mole of aro=-
matic diamine in 20 ml NMP and 20 ml pyridine, was treated as
above with 2.8 ml (0.02 mole) phenyldichlorophosphite. The
polymers were preclipitated by the work-—up described sbove.
: Tagble 1 shows the aromatic polyamides obtained in
this waye.

TABLE 1
Aromatic polysmides obtglned by means of the
phenyldichlorophosphite as reagent.

T | P | fpmee whmiel
l'gﬁg;ggiggiﬁggf' Isophthalic acid 0.89
2°§ﬁgéggigﬁﬁ2g?i' Isophthalic acid 0.73
5°gziﬁggg%en°‘ Isophthalic acid 0.81
4,.Benzidine Isophthalic acid 0.3
5'@i§£§£§f§%§g;ne Terephthalic acid 0.42
6‘%52;5212%:£°d1' Terephthalic acid 0.36
7e p-Aminobenzole acid Lokt

e =

8)phe products were identified by elementary analysis
and IR spectra.

Py 50, at 25°.

By this new direct synthesis we obtained aromatic
polyamides with high inherent viscositles, which are diffie-
cult to obtain by the heating of aromatic dlemines with
aromstic dicarboxylic aclds.
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