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Introduction. Poly(arylene ether ketone)s (PEKs) are
known as one of the high-performance engineering ther-
moplastics having high glass transition temperature (T,
higher than 150 °C) and chemical stability. Several PEKs
such as poly(arylene ether ether ketone)! are commercially
available and have been utilized as coatings, adhesives,
composites, and molded components. Hergenrother et
al.? have reported PEKs with 2,6-naphthylene moieties
whose T,s were higher than those of PEKs containing
phenylene moieties. Semicrystalline PEKs are also char-
acterized by high molding temperature and low solubility
in common organic solvents in contrast to the excellent
properties mentioned above. To enhance the solubility,
Ritter et al.® have synthesized 1,5-naphthylene-based
PEKs with long alkoxy side chains, which show good
solubility but low thermal stability. Furthermore, Maier
et al.* have reported indan-based PEKs having good
solubility and high thermal stability (T, 167-213 °C).
Meanwhile, it has been reported that both 1,5-naphthylene
unit and methyl groups on the aromatic rings of a polyimide
backbone enhance the Tgs.> Introduction of methyl groups
onto the polymer main chain can increase the solubility
of the polymers, especially in the case of all aromatic
polymers. In this paper, we describe the synthesis of a
novel dimethylnaphthalene-based polymer having both
high thermal stability and solubility.

Results and Discussion. Friedel-Crafts acylation of
2,6-dimethylnaphthalene with 4-fluorobenzoy! chloride
was carried out at 80 °C in nitrobenzene in the presence
of aluminum chloride in nitrobenzene to give the difluo-
roarene formulated as 1 in 82% yield (Scheme 1).8
Occurrence of the regioselective dibenzoylation at sterically
hindered 1- and 5-positions of the naphthalene ring was
confirmed by the detailed TH-NMR study (500 MHz).

Polycondensation of 1 with Bisphenol A in toluene/N-
methyl-2-pyrrolidone (NMP) was carried out at 180 °C
for 3 h in the presence of a slight excess of potassium
carbonate as a condensation reagent,’ after the reaction
temperature was maintained at 140 °C for 1 h to remove
water by azeotropic distillation with toluene. Polymer
obtained quantitatively by precipitation from methanol
was determined to be poly(arylene ether ketone) 28 by
spectral analyses (Scheme 2).

Figure 1 shows the H-NMR spectra of 2 and its model
compound 3 which was prepared by the reaction of 1 with
4-isopropylphenol under similar conditions. All signals
corresponding to the unit structure of 2 were clearly
observed. Namely, two singlets attributable to g and h
methyl protons appeared in equal intensity at 1.7 and 2.3
ppm, respectively, and five doublets based on the aromatic
protons (a—f) were observed at 6.8-7.9 ppm. Thisspectrum
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Figure 1. 'H-NMR spectra of 2 (bottom) and its model

compound 3 (top) in CDCIl; at room temperature.

was in good agreement with that of the model compound
3 especially in the aromatic region, suggesting the proposed
polymer structure of 2. Polymer 2 showed exceptionally
high solubility: 2 was readily soluble in not only dimethyl
sulfoxide (DMSO) but also chloroform and tetrahydro-
furan (THF) at room temperature.

The gel permeation chromatogram of 2 (eluent: THF)
involved a unimodal peak with M), 34 900 (M,/M,, 1.96).
As the reaction time was prolonged, both M, and M./M,
increased and the polymer obtained after 24 h of polym-
erization had a M, of more than 100 000 (Table 1). DMSO
employed instead of NMP as the reaction solvent afforded
a similar result, whereas by polymerization in sulfolane
polymer 2 was obtained with a higher molecular weight
than that of the polymer obtained in NMP (Table 1).

In thermal analysis, polymer 2 exhibited no melting
endotherms but sufficiently high T, (222 °C, heating rate
of 20 °C/min under a nitrogen atomosphere) and 5%
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Table 1. Polycondensation of 1 with Bisphenol A%

time (h) yield (%)® solvent Myj10%c  M./My
4 quant NMP 3.49 1.96
16 quant NMP 6.22 1.93
24 quant NMP 10.2 2.47
4 quant DMSO 3.28 1.80
4 quant sulfolane 4.80 1.81

¢ The polycondensation was carried out with 3 mmol of 1, 3 mmol
of Bisphenol A and K2CO3 (8 mmol) in toluene (15 mL)/NMP (6
mL). ®» Methanol-insoluble part. ¢ Estimated by GPC (eluent: THF)
based on PSt standards.

weight loss temperature (Tg, 457 °C, heating rate of 20
°C/min in air), revealing its high thermal stability.

In accordance with good solubility and high molecular
weight as mentioned above, a self-standing, transparent,
flexible, and amorphous film could be prepared by casting
from a THF or chloroform solution of 2.

Asdescribed above, we could prepare novel poly(arylene
ether ketone) 2 possessing both high solubility and thermal
stability by using 1,5-bis(4-fluorobenzoyl)-2,6-dimethyl-
naphthalene (1) as the difluoroarene moiety. Poly(arylene
ether ketone) 4 which was prepared independently from
2,6-bis(4-fluorobenzoyl)naphthalene and Bisphenol A for
comparison showed a lower T, (185 °C) than 2 and was
insoluble in ordinary organic solvents such as DMSQO.2

(OH Do 0
4

The pronounced good properties of 2 originated from the
2,6-dimethylnaphthylene skeleton. The high solubility
of 2 compared with that of 4 might come from the unique
structure of 2 (or 1) in which two benzoyl groups are not
coplanar with the naphthalene ring probably due to the
steric repulsion of the neighboring two methyl groups
situated at the 2- and 6-positions and two hydrogens at
the peri position, as suggested by the X-ray crystal
structural analysis of 1.9 Thus, this work presents a high-
performance PEK which has both high solubility and
thermal stability, using the novel naphthalene-based
difluoroarene monomer.
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